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HEUTPO®WUJIbl: HEOAQHO3HAYHAS POJ1b
B MATONEHE3E TYBEPKVYJIE3A

N.A. JIunre, A.C. Anr

OI'BHY Ilenmpanvuoiit HUH mybepkynesa, Mockea, Poccus

Pesiome. TyOepkyne3 (TH) mo cux mop ABisieTcs BaXKHOI HepellleHHON MeIWLIMHCKON mpobnemoii. [IpumepHO yer-
BEpTh YesioBeyecTBa 3apaxeHa Mycobacterium tuberculosis, n'y 5—10% paHo wiu no3nHo pa3BuBaetcst Th. Makpodaru
n T-numdonutel CD4* aBisiioTcd OCHOBHBIMU UMMYHHBIMU KJIeTKaMM, poTuBocTosamnMu Th-undexkuun. Topaszno
MEHBIIIE MU3BECTHO O pojiu HeliTpoduios pu Th. HeliTpoduibl, KOPOTKOXKUBYIIME JEHKOLNTHI, B YUCIIE TICPBBIX pearu-
PYIOT Ha TPOHUKHOBEHHUE MHMOEKIINM, MUTPUPYIOT B 09ar BOCIIAJICHUS 1 TOTJIONIAI0T MUKOOAKTepuy B Jerkux. C omHO
CTOPOHBI, €CTh CBUCTEIHCTBA 3AIUTHON pOJIM HEHTPOGDUIIOB 3a CUET MPOTYKIIMH TETITUIOB, TTOAABISIONIUX POCT MU-
KobakTepuii, ycuneHus aktuBauu T-numdponnroB CD4" u Murpaunu AeHIAPUTHBIX KJIETOK B TUM@oy3ibl. C apyroii
CTOPOHBI, THOUIIMPOBAHNE TEHETUUYECKN YYBCTBUTEIbHBIX K TH XXMBOTHBIX MPUBOAUT K U30BITOUHOMY IIPUTOKY Heli-
TpoduIIOB B JIeTKHe, (POPMUPOBAHIIO HEKPOTUIECKIX TPaHyJIeM 1 ObICTpoi Troeu. HelTpoduibl HampssMyo M1 oroc-
pemoBaHHO BO3MEHCTBYIOT HA MUKOOAKTEPUU, UCIIONbB3Ys PAa3IMUHbIC OKUCIUTEIbHBIC 1 HEOKMCIUTEIbHBIC PEaKIIny,
a TakKe 00pasyst HeiTpoduabHble BHeKIeTouHbIe ToBYIKHY (NETS). darountos MukobakTepuii HeRTpoduiaMu CTUMY-
JIMPYeT BbIACICHNE UMM MHOXKECTBA IIPOBOCIIATUTEIBHBIX MEINATOPOB, TO3TOMY HEUTPOMHIIBI SABISIOTCS aKTHUBHBIMU
YYaCTHMKAMH BOCIIAJICHUS Ha BCEX CTAIUSIX Pa3BUTHUS MHMEKIIMOHHOTO Tpoliecca. B KoHeUHOM MTOre HEUTPOMDUIIBI ITO-
rubaloT IMyTeM aIonTo3a I HeKpo3a. [ nbenb HeUTpo(pHIoB MyTeM HeKpo3a, MHULIMUPYEMOTO aKTUBHBIMU (hopMaMu
KHUCIIOPOIa, B CBOIO 04YePeIb TAKKe MPOBOIIMPYET U3TUIITHEE BOCTIaIeHYE. B CBSI31 C 3TUM BeJIMKa BEPOSTHOCTD TOTO, UYTO
MMEHHO HEHTPOUIIBI CITOCOOCTBYIOT Nepexony Th B TepMUHAIBHYIO CTAAMI0, YYaCTBYS B pacrae jerouHoii tTkanu. Kpo-
M€ TOTO, HECMOTPSI Ha TO UTO 3BOJIIOIIMOHHO HEHTPOMUIBI UMEIOT TOCTATOYHO BO3MOXKHOCTEH BO3ICHCTBIS Ha TTATOTeH,
MO-BUAMMOMY, CaMU TI0 ce0e OHM He 001aJal0T T0CTaTOUHOM OaKTepUIIMIHON aKTUBHOCTHIO B OTHOIIIEHUM MUKOOAKTe-
puii BeeacTBre (DOPMUPOBAHUS Y TIOCISTHUX MEXaHM3MOB 3aIIIUTHI, TIO3BOJISIIOIINX BHIXKMBATh BHYTPH KJIETOK. Takum
00pa3oM, HeHTPODUIIBI (HarOIIUTUPYIOT, HO HE YOMBAIOT MUKOOAKTEPHH 1 MOTYT BBICTYIIATh B POJIU «TPOSTHCKOTO KOHSI»,
SKpaHUpys baKkTepuu oT bosee 3(PHEKTUBHBIX 3aIIUTHBIX IHCTBUI Makpodaros. B aToM 0630pe MBI 0000111aeM TaHHbIE
MOCICAHUX JIET 00 YJacTUU HEUTPODUIOB B TyOSpKYIE3HOM BOCHaIeHUU. MBI 00CyXIaeM HEOTHO3HAYHOCTh UX POJIU
B ITaTOr¢He3¢ B 3aBUCKIMOCTH OT BUPYJICHTOCTU MUKOOAKTEPUIA ¥ TEHETMYECKMX OCOOCHHOCTEH X03s1MHa, TMHAMMKY ITpHU-
TOKa HEUTPOGUIIOB B 04ar BOCMAJIEHUS U NIEPCUCTUPOBAHME B HAYaJILHOM M XPOHMYECKOM CTanUsIX MH(PEKIINH.

Karouesnie caosa: mybdepkynes, Mycobacterium tuberculosis, Heiimpoghuasl, necounoe ochasenue, UMMYHHbLI omeem,
XeMoammpaKmanmol, AHMUMUK00aKmepUuanbHole a2eHmbl.

A CONTROVERSIAL ROLE OF NEUTROPHILS IN TUBERCULOSIS INFECTION PATHOGENESIS
Linge I.A., Apt A.S.
Central Tuberculosis Research Institute, Moscow, Russian Federation

Abstract. Tuberculosis (TB) continues to be an important and unresolved medical problem. About a quarter of mankind
is infected with Mycobacterium tuberculosis, and about 5—10% of these people eventually develop TB. Macrophages and
CD4* T cells are considered the key cells providing defense against TB infection. The role of neutrophils in TB is less
well defined. Neutrophils are short-lived granulocytes among first migrate into the infectious lung tissue and phagocy-
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tose mycobacteria. On the one hand, there is evidence for protective role of neutrophils in TB released via anti-microbial
peptides inhibiting mycobacterial growth, up-regulation of CD4" T-cell activation, and dendritic cell migration in the
lymph nodes. On the other hand, infection of genetically TB susceptible animals leads to an overwhelming lung neutrophil
inflammation, development of necrotic granulomata, and a rapid death. Neutrophils act directly or indirectly on myco-
bacteria by different oxidative or other reactions including neutrophil extracellular traps (NETs) formation. Phagocytosis
of mycobacteria by neutrophils is accompanied by the production of pro-inflammatory factors, thus making neutrophils
active participants of inflammation in all stages of the infectious process. Finally, neutrophils die by apoptosis or necrosis.
Necrosis of neutrophils, which is activated by reactive oxygen species, also prolongs the inflammation. In this way, there
is strong evidence that neutrophils are the cells involved in the transition of infection to the terminal stage, participating
in lung tissue destruction. Although neutrophils evolutionary developed many ways to resist pathogens, it is likely, that
neutrophils do not possess sufficient anti-mycobactericidal capacities due to the development of many adaptations allow-
ing mycobacteria to survive inside the neutrophils. Neutrophils effectively phagocytose but poorly kill mycobacteria, thus
hiding bacilli from more efficient killers, macrophages, and playing the role of the “Trojan Horse”. In this review, we sum-
marize the data on the involvement of neutrophils in TB inflammation. We discuss their ambiguous role in pathogenesis
which depends upon mycobacterial virulence, host genetics, dynamics of migration to inflammatory foci, and persistence

during initial and chronic stages of the infectious process.

Key words: tuberculosis, Mycobacterium tuberculosis, neutrophils, lung inflammation, immune response, chemoattractants,

antimycobacterial agents.

BeepgeHue

Tyo6epkynes (Th) mo cux mop sIBiasgeTCs OOHOI
M3 TJIAaBHBIX MIPUYMH TUOeIu JoAeil oT MHMEeKIIu-
OHHBIX 3a00JIeBaHUN. DTOMY CIIOCOOCTBYIOT pa3-
JIMYHBbIE BHEITHUE (haKTOPhI, B TOM YUCJIE MUTpa-
LM JTI0ACeH U3 HebJlaronoJy4dyHbIx 1o Th pernoHos,
pacrnpocTpaHEeHUE IITAMMOB MUKOOAKTEPpUii C Jie-
KAapCTBEHHOM YCTOMUYMBOCTBIO, a TaKXKE BO3pPacCT
M TeHeTUYecKasl MpeapaciogokKeHHOCTh YyeJoBeKa
K pa3Butuio Th, pasHooOpa3Hble UMMYHOIE(UIIN-
ThI, B TOM unucie BUY-undpexkuus u CITU/.

IIpunsaTo cuutaTth, uyto T-mTuMpouutsr CD4",
npoayuupytomue [IFNy, 1 akTuBUpOBaHHBIE 3 TUM
LUMTOKMHOM Makpodaru SBISIIOTCSI OCHOBHBIMU
KJIETKaMU, yY4acTBYIOIIMMU B 0OpbOe ¢ MUKOOAK-
TepusMu [59, 65], XoTs1 pe3yabTaThl HEKOTOPBIX HE-
ITaBHUX WCCIACAOBAHUM [67] TOCTaBUIIU PSIT CEPhE3-
HBIX BOIIPOCOB K JaHHOMY MocTyJjiaTy. Kak OblI TO
HU OBbLJIO, B pa3BUTHME UMMYHHOTIO OTBETa K MUKO-
OaKTepusIM BOBJIEKAIOTCSI BCE KJETKM MMMYHHOM
CHUCTEMBbI, B TOM UHCJIe U HEUTPOoMdUIbl, BKIad KO-
TOPBIX B 00pbOY ¢ MH(MEKIIMEH U TTaToreHe3 3adoJe-
BaHUM, BbI3BAHHBIX MUKOOAKTEpPUSIMU, CUUTACT-
Cs1 MEHee 3HAYMTEJIbHBIM, XOTS OH M3Yy4YeH JajieKo
He TIOJTHOCThIO. TeM He MeHee Ha pa3HbIX CTaIusIX
MHGEKIIMOHHOTO Mpoliecca 3TU KJIETKU MOTYT Cy-
IIIECTBEHHO BJMSTH Ha UcXo 3a0osieBaHUsI. KpoMe
TOI'0, OMHU U T Xe KJICTKU MMMYHHOU CHUCTEMBbI
MOT'YT HNPOSIBJISTh 3allIMTHBIC U MaTOT€HETUYECKIE
CBOICTBA B 3aBUCUMOCTH OT CTaAMU1 Pa3BUTUS UM-
MYyHHOTO oTBeTa. CUunTaeTCs, YTO OOHUM U3 TJIaB-
HBIX (pakTOpOB naroreHe3a Th saBasieTcss U30BITOY-
HOeE, TIJIOXO KOHTPOJIMpPYyeMOe BOCIaJIeHUE JIErod-
HO# TKaHU, MIPUBOISIIEE K ee pa3pylicHuio [88].
MukobGakTepun MHULMUPYIOT Pa3BUTUE UMMYH-
HOT'o OTBETa U BOCIIAJICHU S, KOTOpOE HEOOXOIMMO
IS 3alIUTHI XO35IMHA, HO TOJXKHO OCTaBaThCs IO
KECTKMM KOHTPOJIEM, YTOOBI HE 3aKOHUYMUTHCS pas3-
BUTHUEM TSIXKEJIOMN TTaTOJIOTHU.

MukobakTepuun TyOepKyJjesa IoliaJaloT B Op-
TaHM3M BO3IYIITHO-KAIIeJIbHBIM ITyTEeM IIPU BIbIXa-
HUM MUKpPOKAaIeJb MOKPOTHI, COJepKaIINX 0aKTe-
puu. B 1erkvux oHu MoriomarTcs aabBeOJISIPHBIMU
makpodaramu (AM) [64]. TTociie saToro AM, co-
IepxKalinue MUKOOAKTepUH, MUTPUPYIOT B MHTEP-
CTULIMAJIBHYIO TKaHb Jerkoro. AM BbICBOOOXIAIOT
TaKue IIPOBOCHaJIUTeIbHBIe (DaKTophl, Kak TNFo,
I1L-6, IL-10. 1 IL-1PB [39], uTO TIpUBIEKaeT U ApyTUe
darouuTer: Makpodaru CD64"CDI11c"MHCII,
HeUTpoduabl 1M, B MEHbIIENW CTENEeHU, ACHIPUT-
HBIE KJIETKM W WHTEePCTUIIMAJIbHBIC MaKpodarm.
BricBoOoxknariuecs: u3 AM MuKoOOaKTepuu 3a-
XBaThIBAIOTCS BHOBBH IIPUOBIBINUMHU (DaronuTaMu,
M TaKUM 00pa30M ITPOUCXOAUT TUCCEMUHAIIUS MU-
KoOaKTepWili B Apyrue KJISTKHM MMMYHHOU CHCTE-
Mbl [13]. 3aTeM paronThl ¢ MUKOOAKTEPUSIMU BHY-
TPU MUTPUPYIOT B peruoHapHbIe TuMboy3ibl (JI1Y),
e MPOMCXOAUT IIPE3CHTAIIUsl aHTUTEHOB MUKO-
o6akTepuii T-muMmdponmTamM, 1 TaKUM 00pa30M aKTH-
BUPYETCs BETBb aalITUBHOIO UMMYHHOTO OTBETa.

HeiiTpodunbl — KOPOTKOXMBYIIME JIEUKOIIM-
THI, KOTOPBIC B YHMCJIC TIEPBBIX pearupyioT Ha IIPO-
HUKHOBCHHE MUKOOAKTEPUI, MUTPUPYIOT B JISTKHE
M MOTJIOILIAI0T MUKOOAKTEpUU. Y OOJIbHBIX aKTUB-
HBIM JIETOYHBIM TYOEpKYJIE30M HEUTpoduibl 00-
HapyXMBAIOTCSI B MOKPOTE M OPOHXO0AJIbBEOJSIP-
HOM kuakoctu (BAJI) [27] n IBASITOTCS OCHOBHBI-
MU (aronuTaMH, COACPXKAITMMU MUKOOAKTCPUH.
B onHOM u3 ucciienoBaHUM, MPOBEAEHHBIX B DH-
IEMUYHOM pailoHe Adpuku, ObLJIO MOKa3aHO, YTO
y O00JbHBIX aKTUBHBIM Th B KpoBU 3HAYUTEJIbHO
0oJIbIlIe HEUTPODUIIOB, UeM Y 3TOPOBBIX KOHTAKT-
HBIX JIMII WJIU JIIOIEH C JaTEHTHBIM TyOepKYyJIe30M
(olleHKA TI0 TIOJIOXKUTEIBHON TyOCpKYJIMHOBOM
npobe TSTY). IllectuMecsuHoe JleueHMEe WHOEK-
OWU IPUBOIMIIO K CHUXXCHUIO YMCIa HEUTPODHUIIOB
IO YPOBHSI, XapaKTEPHOT'O IJIST JIATCHTHBIX HOCUTE-
neit [82]. B HemaBHeit paboTe Tak:Ke ITOKa3aHO, YTO
npu TyOepKyJIe3HOM ILICBPUTEC HAKOIJICHUE Heil-
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TpodUJIOB B TJIEBPAJbHOU MOJOCTU aCCOLMUPO-
BAaHO C BBICOKMM YPOBHEM MapKepOB BOCITAJICHUS
B CBIBOPOTKE KPOBHU, a TaKke ¢ 0ojiee 4acCThIM 00-
Hapy>KeHUEeM MUKOOaKTepuil B MaeBpaibHON XU I-
koctu [11]. ITpu 3TOM HERTPODUIBI, TO-BUIMMOMY,
He o0OylamaloT JOCTaTOYHBIMU OaKTEPULIUIHBIMU
CBOICTBaMM, T. €. OHM (arolIUTUPYIOT, HO HE BCEr-
na a(p@deKTUuBHO yOMBalOT MuUKoOakTepum [25].
HecMoTpst Ha OOCTAaTOYHO 3HAYUTEIBHOE KOIM-
YeCTBO JAaHHBIX, IOJYYSHHBIX IIPU UCCICTOBAaHUM
0oabHBIX Th 1M B aKCriepuMeHTAIbHBIX MOJESIX
Th Ha XKUBOTHBIX, IO CUX ITOP HET SAMHOTO MHEHU ST
O pOJIM HEUTpo(PUIJIOB B OOpbOE C TyOEepKyae3HOM’
nHdexuueit. B atom 0630pe Mbl 0600111aeM TaHHbIE
MOCJEeIHUX JIET 00 yYaCTUU HEUTPO(PUIIOB B TyOEp-
KYyJIE3HOM BocmajieHUuu. Mbl 00CyXJaeM HEOMTHO-
3HAYHOCTH MX POJIM B 3aBUCUMOCTH OT BUPYJIEHT-
HOCTHU MMKOOAKTEepUil U TeHETUYECKUX OCOOEHHO-
cTell X03s1MHa, aKTUBHOCTHY MPUTOKA HEUTPODUIIOB
B oYar BoCHaJeHMs, a TAK>Ke BpeMEeHU NepCUCTUPO-
BaHMS B HAYAJIbHOM Y XPOHUYECKOM CTAIU1 PA3BU-
TUS MH(MEKIIMOHHOTO ITpoIiecca.

JBoncTBEHHas posib HENTPOPUIOB.
Pro et contra

Heittpodpunsl IBISIOTCI aKTUBHBIMU y4YacT-
HUKaMHM BOCIIAJICHUSI Ha BCEX CTAIUSIX Pa3BUTUS
UHGEKIIMOHHOTO mpolecca. B3aumopeiicTBue
MHKOOAKTEpUIl ¢ HeWTpodUIaMU M 3aITycK II0-
CICAYIOIINX peaKLU ITPOUCXOISAT MPU yIaCTUU
MHOXKEeCTBa PELENITOPOB Ha UX MOBEPXHOCTU. DTO
ToJin-nonooHeie peuentopbl (TLRS), nekTuHo-
Bble penenTopbl (C-type lectins receptors, CLRs)
U pelenTopbl K uuTokuHaMm [19, 29, 44, 47, 75].
Heiitpodunsl BBIOEISIIOT MHOXECTBO ITPOBOCIIA-
JIUTEABHBIX MEINATOPOB, a TAKXKE B3aUMOJICHCTBY-
IOT ¢ IPYTUMH KJETKaMU WMMYHHOW CHUCTEMHI,
BIMSIS Ha pa3BUTHE BOCIAJUTEIBHOTO Ipoliecca.
B 3aBUCHUMOCTH OT aKTUBHOCTH IIPUTOKA HEHTPO-
¢unoB, BpeMeHMN UX MEPCUCTUPOBAHMUS B Hayallb-
HOM MJIN XpOHUWYECKON CTaaui MHPEKIINHU, a TaK-
XKe cTereHn n1uddepeHIIMPOBKH, X POJIb B BOCIIA-
JINTEIBHOM MPOIIeCCe MOXKET OBITh PA3JIMYHOIM.

MHorue MCClIeNOoBaHUs TTOKAa3bIBAIOT, UTO POJIb
HelTpoduaos npu Th HeonHo3HauHa. B psae padot
OMMUCHIBAETCSl 3alllMTHasl POJb HEUTPOMUIOB MpU
Th. B yactHOoCTH, OBLJIO MOKa3aHO, YTO HaKOIJIe-
HUe HEeHTpoGUIOB y JIIOACH, KOHTAKTUPOBABIINX
Cc OOJILHBIMM TYOEpKYyIe30M, SBJISJIOCH (PAKTOPOM
MPOTEKIINM, MOCKOJbKY ITPOAYLIUPYyEeMbIe HEUTPO-
dunamMu nientuabl, Karenuouaud LL-37 n aumo-
KaJWH-2, CAepXKUBAIOT poCT OakTepuii [45]. I pyroii
OpUMEp 3alMUTHON POJIM HEHTPOMDUIOB OBLI IIPO-
neMoHCTpupoBaH B moaenu Th Ha kpeicax. LPS-
WHIYIUPOBAHHBIN MTPUTOK HEUTPODUIIOB B 3HAUM-
TEeJIbHOW CTeTNeHn OJIOKMpPOoBa 0Opa3oBaHue Y HUX
JIETOYHEBIX TpaHyJieM. [1pu 3ToM caM HEMTPOUITHI,
akTUBUpoBaHHbIe LPS in vivo, HanpsmMy1o uiu orno-

CpelloBaHHO yOMBajlu MUKOOakTepuu in vitro [79].
B mopensix Ha Mmbllnax v peidax Danio rerio Ob110 MO-
Ka3aHo, YTO HEUTPO(UIbl CITOCOOCTBYIOT MUTIpa-
LMW AEHAPUTHBIX KJIETOK [6] M 3alLUIIAIOT OT MU-
KOOaKTepuit 3a CUET OKUCIUTENbHBIX peakluii [94].
Kpome Toro, mpeamnosarajiocb, 4To HEUTPODUIbI
B3aUMOJEICTBYIOT ¢ MaKpodaraMu U CIIOCOOCTBY-
IOT Jy4YImeMy KOHTPOII0 WH(EeKIUU OJaromaps
NPONYKIINH IMTOKUHOB W BRICBOOOXKICHUIO COMIEP-
JKUMOTO CrielIM(pPUIECKUX TPpaHyJ, KOTOPbIe B CBOIO
oyepenb aKTUBUPYIOT 00a TUIIA KJIETOK U ITPUBJIC-
KaroT HOBBIC (parouuTsl [83, 94]. HakoHel, B omHOM
M3 TIOCJIEMHUX WCCJIEIOBAaHMI TMOKa3aHo, YTO Heil-
TpOoGhUJIbl BHICBOOOXKIAIOT BHEKJETOUHbIE BE3UKY-
JIbI, CITOCOOCTBYIOIIME MEXKKIETOUHBIM B3aMOCIH-
CTBUSIM C MIOCJICMYIOMIEH TTPOMYKIINEH CYTIePOKCHI-
aHUOHA. DTO MPUBOAUT K TTOBBIIIIEHUIO 3KCTIPECCUU
B Makpodarax accolMMpoBaHHOIo ¢ ayTodaruei
mapkepa LC3-II. IMocnenyroliee yBeamyeHUe ypoB-
HS ayTodaruu 3apakeHHBIX MaKpodaroB MpUBOIUT
K TIOaBJIEeHUIO pocTa OakTepuii BHYyTpu Hux [31].
TakuMm oO6pa3oM, TOBOJIBHO 3HAYUTEILHOE KOJTUYE-
CTBO UCCJIEAOBAHU CBUIETEIBCTBYET O 3ALIMTHOM
poan HEUTPODUIIOB.

C Ipyroii CTOPOHBI, MHOTHE TaHHBIC, TTOJTYICH-
HBIE B 9KCIIEpUMEHTAJIBHBIX MoaelIsIX Th Ha JKuBOT-
HBIX, CBUJIETEJIbCTBYIOT O MaTOT€HETUUECKOI pOau
HeHATpodUIOB. YpOBEeHb HEUTPODUIBHOTO BOCHa-
JICHUSI 3aBUCUT OT ycToiunBocTU K Th mcmonb3ye-
MBIX JUHUN MBIIIEH, a TaKKe OT BUPYJICHTHOCTH
o0akTepuii. bonbuias yactes ucciaegoBanuii Tb B Mmo-
JIEJIW Ha MBIIIaX ITPOBEACHB HA OTHOCUTEIBHO pe-
sucteHTHOM TuHUKM C57BL/6 (B6). UMMYHHBI OT-
BET, JIETOYHAs MMaTOJIOTWsI, COCTaB IrpaHyseM, Ghop-
MUPYIOLIUXCS ITPU a3PO30JIbHOM 3apakeHU U TaKUX
JKMBOTHBIX, HE TTOXOXX U Ha aHAJIOTUYHBIC ITPOIIECCHI
B OpraHM3Me 4YejJoBeKa. DTO BIIOJHE OOBSICHUMO:
MOCKOJIBKY 3a00JIeBAalI0OT MMEHHO YYyBCTBUTEIb-
HbIE, a He ycToluuBbie K Th nroau, pe3aucTeHTHBIX
KMBOTHBIX HEJb3s CUUTATh ONTHUMAJIbHOW Mome-
Abo. Y Mmblitei B6 HabGnmomaercsa UL HEOGOIb-
IIOM TIPUTOK HEUTPOMdUIOB B JIETKME Ha paHHUX
cpokax Iocjie MHGUIMPOBAHUS IO CPaBHEHUIO
C YYBCTBUTEIAbHBIMM MblmiamMu [37]. Vmanenue
HENTPOMUIOB y TaKUX MBIIIE HEIMOCPEACTBEHHO
nepen 3apaxkeHuem [71, 95] unau B octpoit paze [70]
He BJIMSIET Ha KOJMYECTBO OaKTEepUil M MaTOJOr U0
nerkux. IlpumeyaTesbHO, YTO €CIAM IJsl 3apake-
HUS MCHOJb30BaTh 0OJiee BUPYJICHTHBIN IJIsT MBI-
et mramMmm Mukodakrepuit M. tuberculosis Erdman
NI KIMHUYECKUN TUTIEPBUPYICHTHBIN M30JISIT
HNS878, To naxe y mbllreit B6 ypoBeHb MHGUMIIBTpa-
oUW HEHTPOdUIOB B JISTKMX MOBBIIIACTCS U 0Opa-
3yI0TCSI NOAOOHBIE YEJIOBEUECKUM TpaHyaeMbl [12].

CoBceM apyrasi KapTUHa HaOJogaeTcss y 9yB-
CTBUTEJIBHBIX K MHUKOOAKTEPUSIM KUBOTHBIX.
Hampumep, wuHGUIIMPOBaHNE BBICOKOYYBCTBU-
TenbHBIX K Th Mbiteit iuauu 1/St mpuBoauT K 13-
OBITOYHOMY NPUTOKY HEHTPOMDUIIOB B JIETKUE, YTO
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BJIEUET 3a COO0OI OBICTPYIO TUOEb XKUBOTHBIX [25].
Heiitpodunel MHOrMX ApPYTUMX 4YYBCTBUTEILHBIX
K Th nuHuii Meimeit o0pa3yloT HEKPOTHMUECKUE
oyaru BHyTpHu rpanyiiem [35, 37, 46, 95], Boiaessisa
OpHU paciiage MHOXECTBO (haKTOPOB, IpPHBJIEKAIO-
IIUX B 00J1aCTh BOCITAJICHUST HOBBIC KJICTKH, KOTO-
pbI€ 3aMeIaloT 3I0POBYIO TKAHb JIETKOT0. YIaaeHue
HelTpoduIoB y yyBcTBUTENbHOI K Th muann 1/St
BIIepBbIE THU MOCJIE 3apakeH U sl TPUBOAUT K yMEHb-
IIEHUIO0 OaKTepralbHOI HAarpy3KM B OpraHax, CHU-
KEHUI0 KaXeKCUM W YBEJIMYCHUIO MPOIOIKMUTEIb-
HOCTH XW3HU TAaKUX XKUBOTHBIX [95].

MHoruve wuccienoBaTen CYUTAIOT, YTO MMEH-
HO HEUTPOMGUIIBI IBISIOTCS YYaCTHUKAMU TePMMU-
HaJIbHOW CTaauu pa3BUTUS WHOEKIUU, TPUBOIS
K pacrniaay TkaHu jierkoro [23, 31, 32, 53]. B nonab-
3y 3TOM TEOPUU CBUIACTEIbCTBYET HCCICHOBaHUE,
IEMOHCTPHUPYIOIIee, 9YTO HEUTPOMDUIBI SIBIASIOTCS
OPEeANOYTUTEIbHON HUIIEH IS pa3sMHOXCHUS
MUKOOAKTEPUUN Yy UYBCTBUTEIBHBIX K TH MbIlei
Ha TIO3MHUX CpOKax pas3BUTHUsS WHGEKIIMOHHOTO
npolecca, Toraa Kak a¢@eKTuBHbIN T-KJI€TOYHBI I
OTBET HampaBJIeH Ha 32JIUMHUHALUIO OaKTepuiu
BHYTpU Makpodaros, HO He HeiTpoduaos [41].
ITokazaHoO TakxKe, YTO HaXXe MBIIIN YCTOMIUBOM
JuHUU B6 ¢ BBIKJIIOYUEHHBIM B HEATpoduiIax U MO-
HOLIMUTAaX TeHOM a#g5, KOHTPOJUPYIOIIUM IIPOLIECC
ayTodaruu, ymupaioT yxe yepe3d 30—40 nHeit mocie
3apaxkeHuss M. tuberculosis oT M30BITOUHOI'O TIPU-
TOKa HEUTPOGUJIIOB B JICTKHE 1 YBEJIUUCHUS pa3Me-
poB ouaros nopaxenus [10, 36]. I1pu sTom ynane-
HUe HEUTPODUIIOB Taxe Y YCTOMYMBBIX MbIleii B6
B XpOHMYECKoil ¢aze pas3BUTUSI WHGEKIIMOHHO-
ro Impollecca CHUXaeT O0aKTepuaJibHYI0 HarpysKy
B nerkux u ceneszeHke [70]. [TpuBeaeHHbIe TaHHBIE
CBUIETEIBCTBYIOT O HEOOAHO3HAYHOMN POJI HEUTPO-
¢duioB. OmHaKO yaaieHre N30BITOYHOI'0 YHCTIa Hell-
TPOMUIIOB U Y YYBCTBUTCIBHBIX, U ¥ YCTONUMBBIX
K MH(EKIINY XKUBOTHBIX CHUXKAET TSIKECTh MaToJI0-
TMYECKOTO ITPOoIiecca U yMEHbIIIaeT 0aKTepraibHYIO
HarpysKy B JIETKUX.

dakTopbl, PEFYAMPYIOLLIME MUTPALMIO
HenTpohuIoB

MHOXeCTBO XeMOKWHOB, IIUTOKWUHOB M IPYTUX
OCJIKOBbIX MOJIEKYJ TIPUBJIEKAIOT HEUTPODUIIBI
B MH(PULIMpOBaAHHOE Jierkoe. Takue xeMoaTrTpak-
TAaHTHl TPOU3BOAST Pa3IUYHBIC SIUTEIMAJIbHBIC,
SHAOTEANAIbHBIE 1 UMMYHOKOMITETEHTHBIC KJICT-
KU, a TakKXe caMu HEeUTpodubl, TAaKUM 00Opa3zoM
o0pa3sys MeTJI0 NOJIOXKUTEIbHOIM 00paTHOM CBSI3U.
Cpenu stux mosekyn CXCLI, CXCL2, CXCLS,
TNFo u G/GM-CSF, akTuBMpyIOIllIe U CIOCO0-
cTByo1Me 1uddepeHIIuPOBKe, CO3PEBAHUIO U MU-
rpanuu HeiTpoduios, a tTakxe 1L-1B, G/GM-CSF
n [L-3, koTopble HEOOXOMMUMBI [IJisl BBIKMBAHUS
HelTpoduUI0B U co3peBaHus ux rpany [80, 85, 92].
B Momenn Ha MbIIax moka3aHO, YTO HEKOTOpPHIE

JuraHabl xeMoKMHOBBIX perentTopoB CCR1 (CCL3,
CCL4, CCL5 u CCL7), CXCR1 u CXCR2 (CXCL1,
CXCL2, CXCL3 1 CXCL5) noBbIIaIOT 3KCIpec-
CHIO B OTBET Ha TyOepKyJIe3HYI0O MH(PEKINI0, ITO
CIOCOOCTBYET NPUTOKY HelTpoduios [58]. B atoii
Xe paborte mokaszaHo, yTo TLR2-3aBucumast npo-
nykunsg CXCLS snutennanbHBIMU KJIETKAMMU JIET-
KOTO CTUMYJIMPYET MPUTOK HEUTPOGUIIOB U CIIO-
COOCTBYeT NEeCTPYKIIMU TKAHM JIETKOTO, TOTJAa KakK
BbikoueHUe reHoB 151 CXCR2 unu CXCLS npu-
BOOMT K YMCHBIIIEHUIO MATOJOTUHU JICTKUX WHOU-
urMpoBaHHBIX KUBOTHBIX. Niazi M.K.K. u coaBr.
nokKasajii Ha ayTOpPeIHBIX MBIIIAX, YTO TIXKECTh
TeyeHus Th acconmupoBaHa ¢ HaKOIJIEHUEM Heil-
TpopuniioB M GOPMUPOBAHUEM HEKPOTUYSCKUX
ouaroB [57]. Ilpu »TOM OBLIO YCTAaHOBJEHO, UYTO
YPOBEHb HEKpo3a HEUTPO(GUIIOB B JIETKUX TIPSIMO
KOppeJupyeT C YPOBHEM IPOAYKIIMU ITPHBJEKAalO-
mero HeliTpoduanl xemoknHa CXCLI1. B HenaBHeM
uccienoBanum Scott N.R. u coast. [70] nmoka3zanu,
yTto ypoBeHb CXCL1 u CXCL10 B KpoBU O0JbHBIX
akTUBHBIM TB BbIIIIe, YeM y 3I0pOBBIX IOHOPOB, YTO
TaK>ke yKa3bIBaeT Ha POJIb 3TUX XeMOKMHOB B MaTO-
renese Th.

IMTpu aktuBHoM Thb B sierkux npeobianaroT Heli-
TpOoDMJIBI U yMHUpaloliue HEKpPOo30oM Makpodaru.
Takue KJIeTKUM MOPOAYLHMPYIOT OEJOK KaJbIIpo-
TekTuH S100 [31] m3 cemeiictBa Monekyn DAMP
(Damage-Associated Molecular Pattern). YposeHb
6enkoB S100A8/A9 B CHIBOPOTKE KPOBHM OOJBHBIX
akTuBHBIM Th mpsMo KoppeaupyeT co CTeneHbIO
Pa3BUTHS BOCHAJICHUS B JISTKUX U TSIXKECTHIO Tede-
HUus Oose3Hu. Ilpomyuupyemblii HedTpobuiamMu
S100A8/A9 cHuxkaeTcs yxKe yepes 2 HeJeIu JeueH st
MalMeHTOB MPaBUJbHO MOAOOPAaHHBIMU AaHTUOUO-
TUKaMH1 1 BHOBb MOBBIIIAETCS MOCJIC PeaKTUBAILIUN
MHKOOakTepnii. Kpome TOoro, mo mocjiemHUM HaH-
HbiM, ypoBeHb MPHK S100A8 u S100A9 B kpoBU
y MaLMEHTOB C JaTeHTHBIM Th 3HauMMO TOBBIIIA-
eTCsI IIPUMEPHO 3a 6 MecCsILeB A0 AUAarHOCTUKU IIPO-
rpeccupyitomero Th, 1o cpaBHEHHUIO CO 3MOPOBBEIMHA
JIIOABMU UJIW TEMU, ¥ KOTO HE Pa3BUJICS aKTUBHBIMN
Thb [70]. I'ereponumep 6esikoB S1I00A8/A9 sBasieTcs
ayTOKPUHHBIM peryastopoM. Tak, Gopal R. u co-
aBT. MoKaszaJii, YTo HUTOKUH IL-17 crmocoOGcTByeT
HaKOIMJIEHUI0 HEUTPOMUIOB, TPOLYIIUPYIOIIUX
S100A8/A9, koTOophIE B CBOIO OUYEpelb UHAYLUPYIOT
NPUTOK HEHTPOMDUIOB U MOHOIIMTOB MOCPEACTBOM
aKTUBALIUM MPOAYKIIUU TPOBOCIIAJIMTEIBHBIX XE-
MOKMWHOB U IIMTOKUHOB [66, 81], a TaKKe peryanpys
ypoBeHb 3Kcrnpeccun uHTerpuHa CDI1b, HeoO-
XOIMMOTO ISl HAaKOIJEHUSI HEHTPOMDUIOB B JIeT-
kux. [TokazaHo, uTo reHeTn4YecKnii HokayT S100A9
y Mblleit B6 IpUBOAUT K JIydIlIeMy KOHTPOJTIO MU-
KOOaKTepHaJbHON MHMEKIIMY B XpPOHUYECKOM cTa-
IUU 1 CHUXKaeT cTeneHb peakTuBaiuu Th [70].

Bo MHOroumciaeHHBIX paboTaxX C HCIIOJIb30Ba-
HueM Monenu Th Ha MBITIIax ¢ HOKAyT-MyTallusSIMU
MO pa3HbIM UMMYHOJIOTMYECKN aKTUBHBIM TeHaM
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MOKa3aHO y4yacTHe COOTBETCTBYIOLINX OCJIKOB B pe-
TYJSIIUKA HEUTpohUuIbHOTO BocnajieHus. B gact-
HOCTHU, B OTCyTcTBUEe LMTOKMHA [L-18, HeoOxomu-
Moro aJist popmupoBanust IFNy-nmipogyuupyrommx
T-xnerok CD4* u CDS8", y Mbllleil pa3BuBaeTcs
YCUJICHHOE BOCTaJIeHHE B JIETKMX, COMMPOBOXIAI0-
1meecss yBEJIUMUYEHHBIM IIPUTOKOM HEUTPOodUIOB
W TIOBBILIEHHOW 3KCIPECCUEH T€HOB ILIUTOKWHOB
n xemokuHos IL-6, IL-17, CXCL1, CXCL2, CCL2
n CCL3 B ChIBOpOTKE M JErodyHoOM TKaHu [69].
Y wmbimeit 6e3 curHanbHO Mosekyiasl CARDO,
npoBonsiieid curHaa ot pasdHbeix PRRs (Pattern
Recognition Receptors), Haba0maeTCs TTOBBIILIEH-
HBI YPOBEHb BOCTalUTeNAbHbIX (pakTOopoB CCL2,
CXCL1 u G-CSF 1 yBeMYEeHHBI1 MPUTOK HEUTPO-
¢dunoB B gerkue [22]. B orcytctBue akrtopa MIF
(Macrophage migration inhibitory factor), mpous-
BOAMMOro Makpodaramu, TMuMboIuTaMu U Jeroy-
HBIMU SMUTEANATBHBIMU KJIETKAMU, TaK3Ke pa3BU-
BaeTcs OoJjiee TskKesioe TedeHUe MHGEKIIMOHHOTO
npoliecca ¢ YBeIMUYEHHBIM KOJIMUYECTBOM HEHUTPO-
¢dunoB u ypoBHemM CXCL2 u G-CSF [18]. ¥ mbImeit
BMC c HokayTowm reHa peuentopa ajist [IFNy B anu-
TeIMAJIbHBIX U SHIOTEINAIbHBIX KJIeTKaX HEKOH-
TPOJIMPYEMBII POCT MUKOOAKTEepUil B JIETKUX CO-
MPOBOXIAeTCSI MACCUBHBIM ITPUTOKOM HEUTPODU-
JIOB M TIOBBIIIIeHHOM 3Kcmpeccueit CCL3, CXCL2,
CXCLS5, IL-1B u MMP-9 [21].

TakuM o6pa3zomM, 0OJIBIIOE KOJIUYECTBO ILIUTO-
KWHOB, XeMOKWHOB U JIPYTUX MOJIEKYJI, B TOM YHCJIE
MMPOM3BOJMMBIX CAMUMHU HEUTpoduIaMu, IIPSIMO
WJIM OTIOCPEI0BAHO BJIMSIIOT HAa MPUTOK 3TUX KJIE-
TOK B 3apak€HHOE JIETKOoe.

BavaHne HeMTPOodUNOB Ha OKpyXatoLme
KNeTkn 1 BocnanexHve npun Tb

Heiitpoduabl npous3BoasiT MHOXECTBO LIUTO-
KWHOB M XEMOKWHOB, BO3ICHCTBYIOIINX HAa OKPY-
XKarolire KJIeTKU U BIUSIOIIAX HAa pa3BUTHE UM-
MYHHOTO OTBeTa. B 9acTHOCTM, OHU CEeKPETUPYIOT
IL-1o, CXCL1/KC, CXCLS8/IL-8, CCL3/MIP-1a.,
CCL4/MIP-18, GM-CSF, wMertannonpoTenHasbl
(MMPs) u ipyrue ak TUBHbIE MOJIEKYJTbI [61, 62, 68].

Boinensiemble HeliTpoduiamu xeMmokuHbl CXCL1
u CXCLS [3, 34, 73, 78, 91], a Tak>ke tiuTokuHbI [L-13
n TNFo npuBiekaloT HOBble HEUTPOGUIbI B 00-
JIACTh BOCTIAJICHU I U aKTUBUPYIOT UX, CIIOCOOCTBYS
JIerpaHyAsIIM1, Pa3BUTUIO KUCJIOPOAHOIO B3phIBa
U CTUMYJHUPYSI CEKPETOPHYI aKTUBHOCTH (IIOMI-
poOHO 00cyxkaeHo B o63ope [77]). OnHa u3 K-
yeBbIX posieil IL-1 — MHAyKIIMs BBICBOOOXIE-
HUS 3Ko3aHOUAOB, npoctarnananHa E2 (PGE2)
n neiikorpueHa B4 (LTB4) meitrpodpumammu u Ma-
KpodaramMu. DIKO3aHOUIBI — BasKHBIC JTUTTUTHBIC
MeOMaTOPhl BOCITAJICHUSI, OBICTPO CUHTE3UpPYEMEBIe
darouutamMmu Tipu TYOEpKynae3HOU UHGEKIIUU
¥ TIpUBJIEKAOIMe HOBbIe HEUTPOMUIIBI B 001aCTh
BocrniasieHus. Kpome Ttoro, LTB4 ctumynupyet

darorTo3 U GAKTEPUIIMIHYIO aKTUBHOCTb HEM-
TpoduIoB. DTOT MEXaHU3M OCHOBAaH Ha B3aWMO-
NEWCTBUU HEUTPOMDUIOB C MUKOOAKTEPUSIMU TO-
cpeactBom TLRs (Toll Like Receptors), akTuBupy-
omuMu NF-kB, uTo onsThb-Taku NpuBOAUT K DKC-
NpecCUuM B HEUTpoduIax reHOB BOCIIAJIUTEIbHBIX
uuToknHoB IL-1B 1 TNFa [38, 51].

CywuTaeTcsd TakxXe, YTO HEUTPOMUIIBI SIBISTIOTCS
BcriomoraresibHbIM ucToYHUKOM [FNYy. Ero cuHTe3
CTUMYyAUpyeTcsd LUTOKMHOM IL-12, nubo Heno-
CPEICTBEHHO, TM00 B COYCTAHUU C APYTUMU CTH-
mysamu — LPS, 1L-2, [L-18 u IL-15 [26]. [Toka3aHo,
4TO y 00JbHBIX JJeTOYHBIM Th nmaTtonorus accoumu-
poBaHa C HeWTpoduIamMu, TPOAYLUUPYIOUIUMU
IFNy n natepdepons 1 Tuna. [1pu aToM B KJeT-
KaxX KPOBU MEHSIIOTCSI CUTHAJIbHBIC TTYTU, UHUITU M-
poBanHble IFNY u untepdeponamu 1 thna Heit-
TpoduabHoro npoucxoxaeHus [4]. IFN 1 tuna
CITOCOOCTBYIOT IMPOrpeCcCUPOBaAHUIO 3a00JIeBaHU S,
torna kak IFNy MoxeT ObICTpO CTUMYyIUpPOBATh
YHUYTOXEHME MUKOOaKkTepuii [24].

Kak yxe oTMedeHo BbIlIe, HEMTPOMUIIBI OOQHU-
MM U3 TIEPBBIX IPOHUKAIOT B JIETKOE TT0cjie MHpU-
M POBAHUS MUKOOAKTEPUSIMU U OBICTPO HAKaTLIM -
BaroTcs TaM. [1nk HaKoTUICHU ST TH(UIMPOBAHHBIX
HEeNTpodUIOB MpealIecTByeT NMUKY HAKOIJICHUS
UHOGULUMPOBAHHBIX AEHAPUTHBIX KiIeToK (K)
BJierkux moitiei [95]. [TokazaHo, 4TO HEUTPOPUITBI
ycunuBatoT murpauuio K B 1umM@oy3siibl, a TakKe
JMOCTAaBJISIIOT OaKTEPUU IS BTOPUYHOTO (harouu-
TO3a Apyrum darouuram, cnocooOCcTBys Oosiee (-
(GEeKTUBHOI TIpe3eHTAllUd MUKOOAKTepualbHBIX
aHTuUTreHOB TnuMdonntam CD4* [6]. Tak, UMerOTCS
JaHHbIE, YTO NPU BHYTPUKOXHOM BBeaeHuu BCG
HelTpoduibl  (GarouuTUPyIOT MHUKOOAKTEpUU
M IOCTaBJISIIOT UX B IpEeHUpPYIOIIre TuMboy3asl [1].
B npyroii paboTte 66110 NPOAEMOHCTPUPOBAHO, YTO
ynajgeHrue HeMTpodUIOB Npu UMMYHM3AIUUA MBI-
mei MomupuurpoBaHHON BakIMHONM mc2-CMX
(M. smegmatis, mpomyuupympomas Ociakm Ag85c,
MPTS51 u HspX M. tuberculosis) napyuiano ¢popmu-
poBaHue crieniududeckoro Thl-3aBUCUMOro oTBe-
Ta, a TaKXKe YXYAIIaJI0O KOHTPOJb MHMDEKIINU TTpU
nocJjieaymolueM 3apaxxeHuu [84].

Bo3pgencTteme HenTpoopuios
Ha MMKOBaKTEPUM

HeiiTpoduabl HanpsMylo UJINU ONMOCPEAOBAHHO
BO3JEHCTBYIOT HAa MUKOOAKTEPU U, UCTIOJIb3Ys pa3-
JIMYHBIC OKUCIUTEIbHbBIC 1 HEOKUCIUTEIbHBIC Pe-
akuuu. MaronmTo3 MUKoOaKTEpuil HEUTpOoduIa-
MM IPOBOILIMPYET UX IeTrpaHyasiunio. B pe3ynbra-
Te U3 HEUTPODUIBHBIX TPaHYJI BHICBOOOXTAIOTCS
pas3nTuYHbIe ITpoTeas3bl (B TOM YMCIIE 3jlacTasa, Ka-
TericuH G, ipoTeasa 3), TUAPOoJIa3bl, AHTUMUKPOO-
Hble nenTtuabl (AMII) u okcuaaHTBl — KOMIIOHEH-
ThI TaK Ha3bIBAEMOI'0 «KHUCJIOPOTHOTO B3pbIBa» |14,
15, 17,40, 49, 56]. CTOUT OTMETUTD, YTO BLICBOOOXK-
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JTaloIIMeCs areHThI AEUCTBYIOT HE TOJIBKO Ha MUKO-
OaKTepuu, HO 1 Ha KJIETKM OKPY>KaloIIMX TKaHEH.
B wacTHOCTH, OKCHMIAHTHI MIPUBOAST K pa3pylie-
HUIO TKAHU 3a CYeT aKTUBAIIUU Pa3JINIHBIX MEeTaJl-
gornporenHas [54]. Heiltpodunasl Takxke Npous-
BOJSIT aKTUBHBIE (pOPMbI a30Ta U Kucjaopona [47].
Boiaensiemble akTUBHbIE popMbl Kuciopoaa (ADK)
CITOCOOCTBYIOT Pa3BUTHIO HEKPoO3a HENTPOdUIIOB.
BiokupoBanue ADPK nmpuBOAUT K OCTAHOBKE pa3-
BUTU S HEKpo3a U 3dhepouTo3y — MOIIOIIEHU IO
YMUPAIINX 3apakeHHBIX HEHTPOMUIOB MaKpo-
daraMu, 4TO BBI3BIBACT 3AIIMTHBEINA 3(D(EKT TIpu
Th, cnocobGcTBysl mopaBjieHUI0 MHMekuuu [16].
H,0, — nepokcua Bogopoaa, ONMH U3 KOMIIOHEH-
TOB KHMCJIOpOAHOro B3phbiBa. [lokazaHo, 4TO cam
H,O, cnabo geiictByeT Ha MuKobakTepuu [87], on-
Hako obOpa3oBaHUE ATUX MOJIEKYJ CIIOCOOCTBYET
MUIpalluu HEUTPOMdUIOB M IPOJOHTUPYET BOC-
najieHue B TkaHu [55]. Kpome Toro, mokaszaHo, 4To
ADK Biusor Ha NF-xB [50, 89] ¢ nocinenyrolei
nHnyknueit Beipabotku IL-1B u 1L-8 (CXCLS).
A®DK Takxke crnocoocTByor cekpenuun TNFa,
MIP-2 u BbBIOpOCY HEUTPOGUIBHBIX JIOBYIIEK,
NETs (Neutrophil Extracellular Traps) [19].

Ponbs NETs npu Th uccienoBaHa HemocTaTou-
HO TIOAPOOHO, HO YCTAHOBJIEHO, YTO TaKWe JO-
BYIIKU 00pa3yloTCs IPU HEITOCPEACTBEHHOM BO3-
NEMCTBUM MUKOOaKTepuii Ha HelTpoduiansl [28].
Ilpennonaraercsi, uto NETs croco6CcTBYIOT (u-
3UYECKOMY 3aliepXXKaHWI0 MUKOOAKTEpUil U orpa-
HUYMBAIOT MX pacOpoCTpaHEHUE B JpPyrue opra-
HBI, a TakKxXe CcOo3JaioT Oapbep MJIST TOKCHUUYECKHMX
BemiecTB [8]. CumTaeTcs Takxke, 9T0 BEIOpoc NETs
HelTpoduIaMmu cnocoO6CTBYET KOHIIEHTpAIIUW aH-
TUMUKPOOHBIX (pakTOpOB [9, 60].

I'paHyJibl HEUTPODUITIOB MOTYT CIIMUBAThCA C (pa-
rojim3zocomMaMu ¢ BeicBoOoOKmeHrueM AMII. Ha ce-
TOAHSIIIIHUI IeHb Y YeJloBeKa OOHapyKeHOo 3 rpymn-
nbl AMIT: nedbeH3UHbI, KATEAULIUANHBI U TUCTATH -
HBI [30, 96]. DTU KOPOTKHUE, MOJOXUTEIBLHO 3apsi-
JKEHHBIC MOJICKYIBI IIPOHUKAIOT B OaKTepHUaIbHBIC
KJIETKHM, CBS3bIBAIOTCS C MeMOpaHoil, oOpa3sys
MOPbI M KaHAJbl UJIU BBICTUJIAS €€ U3HYTPU, U hOop-
mupytot komruiekesl ¢ JIHK n PHK, B pesynbrarte
yero 0aKTepuu moruodaroT.

B a3zypoduabHBIX I'paHyjax coaepxKarcsl o-ae-
¢deH3uHbl. OgHAaKO BUPYJEHTHbIE MMKOOAKTEpUU
YCIIEIITHO OJOKMPYIOT CIUSHUE (DarocoM ¢ TaKUMU
rpaHyJlaMu, BCeAcTBUE yero 2PdeKT aedeH3nHOB
orpaHuyeH [52]. Ecau xe asypoduibHbIE TpaHy-
JIbI  allONTOTUYECKUX HEUTPOMdUJIOB MOoMaaaloT
B Makpodaru, pocT MUKOOaKTepuii B HUX MOJAB-
nsiercs [33]. Aas HeKoTophIxX nedeH3MHOB IToKa3a-
HO TIpsiMOe nelicTBhe Ha MukoOaktepuu. NHP-1
(Human neutrophil peptide 1) nomaBisieT pocT
M. tuberculosis B KyJbType U BHYTpU Makpodaron
in vivo n in vitro [72]. A3ypOIMANH JUIIb YaCTUI-
HO nopaasiisieT pocT M. tuberculosis B Kynabrype [33].
JIns KaTerncuHOB MoOKa3aH WHIUOMpYIOIIUi 3¢-

dexT TONBKO B oTHomeHWH M. bovis BCG [76].
Crnenmduyeckue rpaHyJ/abl HSUTPOGhUIOB coaepxkar
oenok karenuuuauH. [Momaganue mMukoOGakTepuit
B HEUTPOMUIBI IIPUBOAUT K OTIICTIJIICHUIO IIPOTEH-
Hazoit 3 C-TepMHUHaAJIbHOI'O TENTUaa KaTeaIUuL 1 Iu-
Ha LL-37 [63], KOTOpBIi1 MOAABJISIET POCT MUKOOAK-
Tepuit B HeiitTpodmiax [45]. [TokazaHo TakxXKe, 4TO
OIMMCAHHBIN BBIIIE MHHUTOIJIA3MATUUECKUIT OeIoK
HeliTpoduinoB kanbnpoTeKTUH S100A8/A9, Bbipa-
OaTbIBaIOLIUIICI B OTBET Ha TYyOEpKYJE3HYIO MH-
dek1nIo, OorpaHMYNBACT POCT MUKOOAKTEPUIA, CBSI-
3pIBast HEOOXOAMMBIE UM KAaTUOHBI IMHKA [33].

Takum ob6pa3om, XOTS 3BOJIOLIMOHHO HEUTpPO-
GbuJIbl MMEIT MHOXECTBO MEXaHHU3MOB BO3JIei-
CTBHUS Ha MaTOreH, MUKOOAKTepUU HE OYCHb YyB-
CTBUTENBHBI K 3TUM peaKIUsSIM, ITO-BUINMOMY,
O6maromapst GOpPMUPOBAHUIO TOCTATOUHOIO UYMCIIa
32U THBIX MEXaHU3MOB, MO3BOJISTIOIINX OaKTEpU-
SIM BBIXKMBaTh BHYTPU 3TUX KJIETOK.

AnonTo3 nnm Hekpo3?

darounto3 MHUKOGAKTEpUil HeUTpodUIaMu
OPUBOIUT K CMEPTU HEUTPODUIIOB ITyTeM Pa3BU-
THS arnornTo3a UJIu HeKpo3a. MHorue mccienoBa-
HMS YETKO IEMOHCTPUPYIOT, YTO Pa3BUTHUE AIlOMN-
TO3a WJIM HEKPO3a CBSI3aHO C BUPYJCHTHOCTHIO
MHMKOOAKTEepHii, a 0JJOKMPOBAHUE allIONTO3a MUKO-
OaKTepusIMU CIIOCOOCTBYET UX BbIKMBaHUIO |5, 20,
86]. B cinyuae cMepTH HEHTpOGMUIOB MyTeM HEK-
po3a rubenn MUKOOaKTepuii He mpoucxoauT [43].
Bbonee toro, makpodaru, moriomamiIme HeKpo-
TU3UPOBAHHBIE HEUTPOGUIIBI, ComepxKallue MU-
KobOaKTepuu, TakxXe Hed3((GEKTHBHO TOAABISIOT
pocTt nociaeaHux [16]. Pa3BuTnio HeKpo3a crnocoo-
CTBYIOT BbIfeissemble HeliTpodunamu ADPK. Eciu
Ke X 3a0JJ0KMPOBaTh, TO HEUTPODUT TMOHET My-
TeM anorTo3a. [Ipu daronmTose HemoOCPEeACTBEH-
HO OakTepuil Uau 6aKTepUid, OIICOHU3UPOBAHHBIX
KOMILJIEMEHTOM WJIM aHTUTEJIaMU, B HEUTpouiax
3aIrycKaeTcsl IIporpaMma (paromuTo3-uHIYIUPO-
BaHHOI kjaeTouHoi cmepTtu, PICD (Phagocytosis-
Induced Cell Death), HeoO6Xo0AMMOI1 AJII OYUCTKU
opraHm3Ma OT IOTHUOAIOIIMX KJIESTOK MYTEM ITOCIIe-
nytorero addeponnrtosa [48]. BenencrBue peanu-
3auuu PICD uau anmonto3a MUKOOAKTEepUU OCTa-
FOTCS MHKATICYJIMPOBAHHBIMHA B allONTOTUYECKUX
rpaHyjax U He MPensITCTBYIOT CIAMSHUIO U CO3pe-
BaHUIO (parocoM M JIM30COM MakpodaroB Iocie
adpdepountosa [15]. Takume makpodaru MOJHO-
LIEHHO CIPaBJISIOTCS C 6aKTepPUsSIMU U YO BAIOT UX.

B onbiTax in vitro nokaszaHo, 4To 100aBJIeHNE He-
KPOTUYECKUX HEUTPODUIIOB K KJIETKAM KPOBH CITO-
COOCTBYEeT METAa0OJM3MYy MUKOOAKTEPUIA, a TaKXKe
MOBBIIIIEHHOW MPOAYKIIMU MPOTUBOBOCHATUTE b-
Horo uutokuHa IL-10, poctoBbix pakTopoB G-CSF
n GM-CSF, a takxe xemoknHa CCL2 — arTpak-
TaHTa MOHOOMUTOB [43]. OcHOBHAsT (PYHKIIUS ITUX
MOJIEKYJT — TIpUBJIEYEHWE B OYar HOBBIX KJIETOK.
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G-CSF nonaepxuBaeT poCT U pa3MHOXEHUE TIpe-
IIECTBEHHUKOB HEUTPO(GUIOB B KOCTHOM MO3Te,
a GM-CSF peiicTByeT Ha paHHUE TpPEaIIEeCTBEH-
HUKUW HEUTPOGUIIOB U1 MOHOIIMTOB U WX HE3peJIble
dopmbl. Kpome toro, G-CSF u GM-CSF wmoryt
onocpeaoBaHoO AecTBOBaTh HA MYHKIUU U (HEHO-
TUNn HeiTpodunos [7, 74, 90], 3amennsiss pa3BuTuUe
aroriTo3a, a TakxKe YCUJIMBasi OKMCIUTEIbHBIE pe-
aKIUW, TMPUBONMIINE K Pa3pylIeHUIO JIETOYHOM
TKaHu. BaXkXHO OTMETUTh, YTO TIPU MHAYKIIUU MU-
KOOaKTepusIMU HEeKpO3a MUTPUPYIOIINE B 001aCTh
BOCHAJICHUST HOBbIE KJIETKU TaKKe IOTM0aroT He-
KPO30M 1 BBICBOOOXIAIOT BCE OOJIbIIIE METMAaTOPOB
BOCHAJICHU S M pa3pyllieHUs TKaHU, YTO B pe3yJibTa-
T€ U NIPUBOAMUT K TMOEIN XKUBOTHOTO [42].

3ak/o4yeHne

Taxum ob6pazom, HEUTPODHUIIBI, OMHUMU U3 TIeP-
BBIX MHUTPUPYIOIINE B 00JACTh MOITaTaHUsI MUKO-
OaKkTepWii M HAYMHAIOIIETOCS BOCHAJIMTEIBHOTO
mpoliecca, 9acTO HE CHPAaBISIIOTCS C ITaTOTSHOM.
3amyckasi KacKajll peakKIMii, HalIpaBJICHHBIX MPO-

TUB MUKOOAKTepuii, HO MaJio3(OEKTUBHBIX, HEl-
Tpoduabl NMPUBJIEKAIOT HOBbIE KJETKU B 00JIaCThb
BOCITAJIEHU S, 3aMOJH SIS JIETOUHYIO TKaHb, HEOOXO-
IuMylo s abixaHusd. B ciydae passutusi PICD
M arornTo3a HeUTpoduJibl moaBepraroTcs agpdepo-
LMUTO3y MakpodaraMu ¢ TMOCAeAYIOINUM IOAaBJe-
HUeM MHOEKIIUU U BOocHajeHUsl, Yero He IMpouc-
XOJIUT MpU HeKpo3e HelTpohuios. [1pu aToMm ecinu
Ha TIepBBIX ATamax pa3BUTUSI UMMYHHOI'O OTBETa
HEeUTpodUJABl MOTYT CHOCOOCTBOBATh aKTUBALIUU
T-numdpouutos CD4* u murpauum JAK B num-
Gboy3Jibl, UHULIMUPYSI TEM CaMbIM OTBET Ha MaTo-
reH, TO NJUTEJIbHOE MEPCUCTUPOBAHUE HEUTPO-
(UIOB B JIETKOM OKa3bIBaeT MaryoOHbIil 3 ¢eKT.
Heiitpodunasl TakuM o0pa3oM MOTYT BBICTYIaTh
B POJIU «TPOSIHCKOT'O KOHSI», DKPaHUPYS OaKTEepUU
oT 6oJiee 3 HEeKTUBHBIX 3aALLIUTHBIX AeHCTBUI Ma-
KpodaroB u napasieJbHO MPOBOLIMPYST U3TUIITHEE
BocrajieHue. B ¢Bs3U ¢ 9TUM OUeHb BaxKeH OajaHC
HEKOETO «CPeIHET0» YPOBHS MHIYKIINY U TTOAIEp-
XKaHWS UMMYHHOIO OTBeTa AJs1 obecrieueHus ad-
(EeKTUBHON 3alIUTHl OT MUKOOAKTepUaJIbHOU MH-
ek 6e3 pa3pylleHU s JeTOYHOM TKaHU.
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BJINMAHUE MPUPOAHO-KJINMMATUYECKUX
PAKTOPOB HA ANMNAEMUOJIOMYECKYIO
CUTYALMUIO NO NPUPOLOHO-O4YAIrOBbIM
UHPEKLNAM

J.A. Ilpucaeruna'?, B.M. Jlyosauckuii’-2, A.E. Ilnaronos?, O.B. Manaeukas'
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Pe3iome. JlaHHas cTaThsl MOCBSILEHA aHAIKM3Yy U OO0OOIIEHUIO Pe3yJbTaTOB OTEUECTBEHHBIX U 3apyO0exKHBIX padoT
10 BIMSHUIO TPUPOTHO-KINMATHIECKNX (haKTOPOB Ha MHTCHCHMBHOCTH IMPOSIBICHHWI SMUIEMUYECKOrO IPOIeC-
ca M XHU3HEIESITeIbHOCTh TIEPEHOCYMKOB BO3OYIMTENIel Hanboee aKTyalbHBIX MIsT Poccuiickoit Denepauu mpu-
POIHO-04YarOBEIX MHMeKIMit. Ha mpoTsSKeHNN MOCAeIHIX CeMHU JIeT MHMEKIINH, Tiepedaloluecs KIemaMu (Cpean
KOTOPBIX TIO PACIpPOCTPAHEHHOCTU U YaCTOTE PErMCTPAIlMK CyyaeB JIUAMPYET MKCOMOBBIN KJIeUIeBOi OOppenos),
cocTaBsioT 6osee 50% B 00IICH HO30JOTUUECKON CTPYKTYpE MPUPOTHO-0UAroBBIX 00Je3Hell. Cepbe3HYI0 YTpo3y
IIJIsI 3I0POBbS HAaCEJICHUS CTPaHBI O-TIPEXXHEMY ITPEACTaBIISIECT KJICIIeBOI BUPYCHEIH sHIIedanuT. Ha 1ore EBporeii-
cKoif yacTu Poccum coxpaHsieTcsl HampsisKeHHas SITUAEMHUOJIOrndYecKast CuTyamnus mo KpeiMcKoit reMopparmieckoit
JIMXOpaJKe: TOMUMO €XErolHOro BbISIBJICHUS] MHOXECTBEHHBIX CIydyaeB 3a00JeBaHMs, HaOII0MaeTCsl BbIpaKeHHas
TEHIEHIIMS CMEILEHUs U paclIMpeHus apeaja BO30yIUTeNsI B CEBEPHOM HaIpaBJIEHUH, UTO CO3AaeT PUCK pacrpo-
ctpaHeHus BUpyca Kpbimckoii-KoHro remopparnueckoi JMXopaaky 3a Ipeaesbl I0XKHBIX perMOHOB CTpaHbl. Peru-
CTpUpYeTCs BHICOKMI YPOBEHb 3a001€BA€MOCTH OIMACHOM TPaHCMUCCUBHON MH(PEeKIMel — T1XxopaaKoi 3amagHoro
Hwuna — c BoBIeUeHNEM B 3TIMAEMUUYECKHUIA TTPOIIECC HOBBIX CYOBEKTOB 1 MOSBJICHNEM MECTHBIX CJyUaeB 3apakKeHU s
Ha paHee HeOHICMUYHBIX TeppuTOpuax. OTMedaeTcsl paclIupeHne TPaHUIl IPUPOTHBIX 09arOB TeMOpparndeckoit
JIMXOPAIKU C TIOYCTHBIM CHHIPOMOM, SIBIISTIOIIEHCS CaMbIM IITMPOKO PACIIPOCTPAHEHHBIM ITPHUPOIHO-0IaTOBBIM 300-
HO30M BUPYCHOI 3THONOTNHY B Poccuiickoir Menepallnyl ¥ B TeUeHNE MHOTHX JICT 3aHMMAIOIICH 110 YaCTOTE BBISIBIIC-
HUS 00JIBHBIX BTOPOE MECTO TIOCIe MHPEKIINH, TTepeJaloiInxcs KiemaMu. B xome paboTsl ObIIIM CHCTEMaTU3UPOBAHEI
MAHHBIC WCCICIOBAHUI O 3aBUCMOCTH UYHMCICHHOCTH MEPECHOCUYMKOB BO3OYIUTENICH TTPUPOIHO-0IaTOBEIX MH(EK-
IV 1 IMTHAMKUKY 3200J1€BAeMOCTH STUMH MHPEKIUSIMHI OT 3HAYCHU I KITMMaTHIECKNX (DaKTOPOB, TIOATBEPK ICHHOM
C TIOMOIIBIO Pa3JTMYHBIX METOIOB MaTEMaTUUECKOM CTATUCTUKHM (aHAJIM3a BPEMEHHBIX PSIZIOB, aBTOPErpecCUr MHTE-
I'PUPOBAHHOTO CKOJB3SIIET0 CPEIHEro, JOTUCTUYECKON perpeccuu, KoppeasiiMOHHOIo aHaan3a, ONHO(GaKTOPHOIO
JUCTIEPCUOHHOI0 aHallu3a U APYrux). YCTaHOBJIEHO, YTO OOIIMMU aOMOTUUECKUMU (haKTOpaMu JAJsI BCeX paccMa-
TPUBAEMbIX MHGEKILIUI SIBISIOTCS TeMIlepaTypa M BJIaXXHOCTb BO3AyXa M MOYBBI, KOJUUYESCTBO BHIMABIIMX OCATKOB,
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BBICOTA CHEXXHOTO TIOKPOBA, 3HAYCHU ST KOTOPBIX MOTYT OBITh MCITOJIb30BAHBI TS TTOCIEAYIONIETO COCTABIICHMST DITH-
JIEMUOJIOTMYECKOTO IMPOrHo3a. [lepcreKTUBHEBIM SIBJISIeTCA JaIbHEIee N3yYeHNEe CBSI3H YPOBHSI 3a00JIeBAEMOCTH Ha-
CeJIeHUsI, YUCIEHHOCTU YWICHUCTOHOTMX MEPEHOCUMKOB BO3OYAUTENEH U MEJIKMX MJIEKOMMUTAIOLIMX C TTOKa3aTeasIMU
BJIAXKHOCTU M TeMIIEpaTyphbl TOYBHI HA Pa3JIMYHON I1yOMHe, TUAPOTEPMUUYECKOro KoadhduiiieHTa, HOpMaIu30BaH-
HOT'O OTHOCUTEJIBHOIO MHIEKCA PACTUTEIbHOCTH, HAKOIIJICHHBIX 3HAUEHU I TEMIIEpaTyphl U 0CaJIKOB, a TAKXKe MPo-
Be/ICHUE aHAJIOTUYHBIX UCCIIEI0BAHUM MO PYTUM PACIIPOCTPAHEHHBIM B CTPaHe MPUPOIHO-04aroBbIM HHQEKITUSIM.

Karwuesvie caosa: kaumamuueckue pakmopsl, Kaewegoii 6upycHoulii snyedarum, Kpvimckas eemoppasuueckas auxopaoxa,
auxopadka 3anadnoeo Huna, eemoppaeuueckas auxopaoka c noueuHvl;M CUHOpOMOM, NEPeHOCHUKY 6030y0umeneil uHgexuui,
3a60.1€6aeM0OCHb HACeNCHUS.

EFFECT OF THE NATURAL AND CLIMATIC FACTORS ON EPIDEMIOLOGICAL SITUATION RELATED
TO NATURAL FOCAL INFECTIONS
Prislegina D.A.*", Dubyanskiy V.M.*", Platonov A.E.", Maletskaya O.V.?

@ Stavropol Plague Control Research Institute, Stavropol, Russian Federation
b Central Research Institute of Epidemiology, Moscow, Russian Federation

Abstract. This article is dedicated to the analysis and generalization of the Russian and foreign research results on natural
and climatic factors effect on the intensity of epidemic process manifestations and the natural focal infections pathogens
vectors vital activity which are the most widespread in the Russian Federation. Over the past seven years tick-borne infec-
tions have been accounting for more than 50 per cent in the natural focal diseases general nosological structure. Among
the diseases of this group Lyme borreliosis leads in prevalence and frequency of cases identification. Tick-borne viral en-
cephalitis is still a serious danger for national health. Crimean-Congo hemorrhagic fever epidemiological situation remains
unfavorable in the south of the European part of Russia. In addition to the annual patients identification, the demonstrable
trend of shifting and expansion of the pathogen’s area in a northerly direction was established. It creates a risk for the spread
of the Crimean-Congo hemorrhagic fever virus outside the southern regions of the country. High incidence of the danger-
ous vector-borne infection — West Nile fever — with the involvement of new subjects in the epidemic process and the emer-
gence of local cases of infection in previously non-endemic territories is registered. Expansion of hemorrhagic fever with
renal syndrome natural foci borders, which is the most widespread natural focal zoonosis of viral etiology in the Russian
Federation and is the second by the frequency of patients identification after tick-borne infections, is noted. Research data
for the dependence of the carriers pathogens number and the dynamics of the natural focal infections incidence on the val-
ues of climatic factors, confirmed using various methods of mathematical statistics (time-series analysis, autoregression
integrated moving average, logistic regression, correlation analysis, one-way analysis of variance and other) were systema-
tized. It was found that the temperature and humidity of the air and soil, the amount of precipitation, the height of the snow
cover are the common abiotic factors for all of investigated infections. The values of these factors can be used for the subse-
quent epidemiological forecast. The further study of relationship between the incidence rate of the population, the number
of arthropod vectors and small mammals with indicators of soil moisture and temperature at different depths, hydrothermal
coefficient, normalized relative vegetation index, accumulated values of temperature and precipitation, as well as similar
studies on other actual natural focal infections in the Russian Federation will be very promising.

Key words: climatic factors, tick-borne viral encephalitis, Crimean-Congo hemorrhagic fever, West Nile fever, hemorrhagic fever with renal
syndrome, vectors of pathogens, disease rate.

BnrusHue knammara Ha 3I0pPOBbE HacCEJICHUS
SIBJISIETCSI OMHOI M3 HanuboJjiee MIMPOKO MCCIeaye-
MBIX IIPOOJIEM TIOCIeTHMX necsaTtuiaeTuii. Kpome
HEMOCPEICTBEHHOTO BO3IOCHCTBUS Ha OpPTraHU3M
yejoBeKa, abmoTmueckue (pakTopbel, (GopMupys
YCIIOBUS IIJIST XXU3HEASSITSIIbHOCTH M pacIipocTpa-
HEHUS TMaTOTEHHBIX MUKPOOPraHW3MOB, BO MHO-
TOM OIIPENesIIOT MHTCHCHUBHOCTHh ITPOSIBJICHUM
SIMUASMHUUYECKOTO TIpoliecca MHOTUX WH@EeKIIn-
OHHBIX 0osie3Heit. OCOOEHHO SIPKO 3Ta CBSI3b MPO-
SBIISIETCSI Ha IIpUMepe TMPUPOAHO-OYATOBBIX HH-
dexkuuii (ITOM), duCIeHHOCTh cHeOU(PUUIECKUX
MEePEHOCUYNKOB BO30yIUTEJCH KOTOPBHIX B 3HAUYU-
TEJILHOUW CTENEHMW 3aBUCUT OT ITPUPOTHO-KIIMa-
Tndeckux pakTopoB. Kaxaeiii rog B Poccuiickoit
Ddenepanin peructpupyercsd okoJyio 20 ThIC. CITy-

yaeB [1OU (B 2019 r. — 27 996, B 2018 . — 17 212,
B 2017 . — 20 171). Habmomaembie M3MEHCHUS
KJInMaTa CIOCOOCTBYIOT pacIIMpeHUIO apeajia
BO30OyaHMTEIeit MHOTUX MHMEKINI W MOSBICHUIO
cyJaeB 3apaskeHUs Ha TePPUTOPHUSIX, TIe OHU pa-
Hee He peructpupoBanuchk [10, 14, 30]. Tsaxenoe
TeUEeHME W BBICOKWI PUCK JICTAJIBHOTO UCXOIa MPU
OTCYTCTBMUM TIpeIapaTroB M CIIeIUDUISCKON
npodumaktTukyu oonpmnHcTBa [TOU Takxke 1on-
TBEPKIAIOT BO3PACTAIOIIYIO aKTyaJlbHOCTh U3yde-
HUSI a0MOTUYCCKUX (haKTOPOB KaK ITPEAITOCHLIOK
OCJIOXKHEHMST 3MHU300TOJIOTO-3MUIeMUOJIOTUYEC-
KO CUTyallMM — IJIsI TIPOTHO3MUPOBAHUS YPOBHS
3a00JIeBaEMOCTH  HACEJICHUSI, CBOCBPEMEHHOTO
TJIAHUPOBAHUS U TIPOBEICHUS HeCTIeIIN(UICCKUX
NpoPUIIaKTUIECKUX MEPOITPUSITUIA.
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O.A. NpucnernHa n ap.

MHdekumns n uMmyHuTeT

Ha ceropHsmHuii aeHb MMeeTcs psa pador,
MOCBSIILIEHHBIX M3YYEHUIO CBSI3U KJIMMaTUUYECKUX
YCJIOBU# C aKTUBHOCTBIO TIPUPOJHBIX OUaroB U AU-
HaMUKOM 3MUAEeMUYECKUX NPOSIBJCHU I TPAHCMUC-
CHUBHBIX M 300HO3HBbIX MH(peKkuuii. Ho pe3yabraThl
WCCJIeIOBAaHUI MPeACTaBJISIIOT CO00i MHOXECTBO
Pa3pO3HEHHBIX JAHHBIX JJIsSI pa3JIUYHbIX HO30J0TU-
yeckux GopM, MOITOMY UCIOAb30BaTh UX IMPU CO-
CTaBJIEHUU 3MUAEMUOJOTMUYECKOI0 MPOrHO3a OJHO-
BpeMeHHO 1J1s1 HeckoJibkux TTOW kpaiiHe 3atpyn-
HUTENbHO. CIMIIKOM 00bIIIOE YMCIIO TIOKa3aTeIei,
OTCYTCTBUE UX AUBPepeHIUPOBAHUS MO CTENEeHU
BJIWSHUS Ha >KU3HEAESITEJIbHOCTh MEPEHOCYUKOB
3HAYUTEIbHO OCJIOXHSET U YAJUHSIET NpOBeAcHUE
aHaau3a, a TaKKe MOXKET 3HAUMTEJIbHO CHU3UTh
TOYHOCTb MOJlydaeMbIX pesysbraToB. Kpome Toro,
abuoTuueckue (akTopbl, paccMaTpuBaeMble pas-
HBIMM aBTOpaMHU B KauyeCTBE BeAYILIMX, 3HAUNUTE/Ib-
HO pas3/JInvyaloTCs U 3a4acTylo 3aBUCST OT pervoHa,
B KOTOPOM TIPOBOAMUJIUCH UCCIIETOBAHM .

Taxkum obpa3om, lieJib JaHHOU pabOThl — Ha OC-
HOBE Pe3yJbTaTOB OTEYECTBEHHBbIX U 3apyO0e kK HbIX
WCCJIEAOBAHUI BBIAEIUTh IMPUPOJHO-KJIMMATU-
yeckue (aKTopbl, OKa3bIBalOIINWE KOMIIJIEKCHOE
JEUCTBUME Ha KMU3HEAEITEJIbHOCTh TMepPeHOCUYU-
KOB BO30ynuTesieii Haubojee pacrpocTpaHEH-
HbIX B Hamei ctpanHe [IOUW nns mocnemyrolie-
ro pPHUCK-OPUEHTUPOBAHHOIO MPOTrHO3UPOBAHUS
SMUJIEMUOJIOTUUECKON CUTYalLlUU.

PeaynbraThl

B o61mieit ctpykType 3ab6oaeBaemoctu [TOU (6ak-
TepUaJIbHOU U BUPYCHOM 3THOJI0TUM) B Poccuiickoit
Ddenepaiy Ha TIPOTSKEHU U TIOCTCAHUX CEMU JIET
6oJee 50% cocraBisiioT MHGEKLIUH, TIepeaalOLIecs
kaemamu (MITK) [22, 23, 40]. ITo pacripocTpaHeH-
HOCTU 1 YaCTOTE PETUCTPALIMU CPEAU HUX TUAUPYET
MKCOMOBHI KiemieBoii 6oppenno3 (MKB). Cioyuan
3a00JieBaHUSI TIOYTU €XEroJHo OoTMedaroTcss B 77
n3 85 cyobekToB cTpaHbl. B 2019 I. ObIJTO BBISIBIIE-
HO 8023 GoabHbIX (5,46 Ha 100 ThIC. HacelleHUS),
4yTOo Ha 23,8% Bblllle YPOBHS IIPEAbIAYILIEro roga —
6481 yenosek (4,42 Ha 100 ThIC. HaCeCHUSI).

BTtopoe mMecTo 3aHMMaeT KJCIICBOW BUPYCHBIM
sHuedanmut (KBD). HecmoTtpst Ha TO, 4TO apeas nH-
ek OXBaThIBaeT MEHBIIE TEPPUTOPUIA, ec aK-
TyaJIbHOCTH UPEe3BBIYaiiHO BHICOKA BBUIY BO3MOX-
HOCTH pa3BUTUS TSIXKEIBIX (POpM O0JIC3HH, TIPUBO-
ISIIAX K CTOMKOW MHBAJUAN3AINH U JIeTaJIbHBIM
ncXomaM, KOTOpBIE PETUCTPUPYIOTCS €KEeTOmTHO.
Taxk, B 2019 1. BeIsIBICH 1781 cmyyait KB3D, B Tom
qucie 23 — nertanbHbIX (B 2018 . — 1721 1 22 co-
OTBETCTBEHHO).

HauGonpiee smuaeMHOIOTHYECKOE 3HAYCHHE
B Ka4eCTBE OCHOBHBIX IEPEHOCYNKOB BO30YIUTEIICH
o0oux MHGpEKINIl Ha TEPPUTOPUH IEHTPaJIbHBIX,
BOCTOYHBIX PaiifOHOB U YACTUYHO JICCHOI 30HBI €B-
pOTEICKOI YacTh CTpaHBI UMEIOT MKCOIOBBIE KJIe-

mm Ixodes persulcatus, a Ha TEpPUTOPUU 3aMTaTHBIX —
Ixodes ricinus. KpoMe TOro, [okazaHo IIMPOKOE pac-
NpoCTpaHEeHWe MUKCT-WHOUIIMPOBAHUS JIIONEH
rmocJie MmprcacblBaHU S JIECHBIX U TaeXKHBIX KJICIIIEH,
KOTOpbIe OBIBAIOT OTHOBPEMEHHO 3apakeHbl BO30Y-
nutensimu KBD, MKbB u npyrux INTOUA [33, 40].

JU1s1 o5 AEMUOJIOTMYeCKOTro OJ1aronorydym st Hace-
JneHus rora EBporneiickoii yactu Poccuu cepbe3Hylo
yrposy nipencranisieT KpbsiMckasi reMopparudeckast
guxopanka (KIJI) — ocob6o omacHas apboBupycHast
MH(EKIMS, MHOKECTBEHHBIE CJIydyau 3a00JIeBaHUS
KOTOpPOI B T€YEHUE TMOCJICAHUX ABAAIATHU JIET eXe-
TOTHO PETUCTPUPYIOTCS Ha SHIAEMUYHON TEpPUTO-
puu HOxHoro u CeBepo-KaBkasckoro deaepaib-
HbIX OKpyToB [8, 14, 29, 40]. OCHOBHBIM MEPEHOCUYU-
koM Bupyca KpbeiMcKkoii-KoHro remopparmyeckoi
guxopanku (KKIJI) sasasitorca knemm Hyalomma
marginatum, Ho BO30ynuTe b UHMOEK MU U30JIMPOBAH
M OT KJielei apyrux Buaos [14, 37, 39, 40]. Cutyauuto
OCJIOKHSIET BBbIpa’keHHasl TEHICHIIUSI CMEIIeHU s
u paciiupeHust apeana Bupyca KKIJI B ceBepHOM
HampaBJIeHUU, YTO ITOATBEPXKIACTCS €XETOMHbBIM
(c 2016 r.) obHapyXeHUeM BHPYCOGOPHBIX KJIEIIei
Ha TeppuTOpuu paiioHOB Bosrorpaackoit o6jacTtu,
rpaHnyJaiux ¢ IIpuBokckuM denepabHbIM OKPY-
rom (CapaToBCKOI 00J1aCThlO). DTO CO3[AaeT PUCK
pacnpoctpaHeHus: Bo3oyautens KIJI 3a mpenenbl
IOXKHBIX perrnoHoB Poccuiickoit Denepaliviu, ¢ BO-
BJICUEHUEM B SITUIEMUYECKUI TPOIIECC HOBBIX CYOh-
€KTOB CTpaHBblI [14].

Ha cerogHs1IHMIA IeHb U3BECTHO, UYTO YPOBEHbD
3aboseBaemoctu HaceaeHuss MITK mo Oosbiueit
YacTW 3aBUCUT OT BIMUSHUS IIPUPOITHO-KIMMATH-
yeckuX (akTopoB, B KOHEYHOM UTOI'e BO MHOTOM
OITpeAeISTIONINX HEe TOJBKO OOIIYI0 YUCIEHHOCTD
MOITYJISIIWI KJIeIel, HO M KOJMYEeCTBO MHGMUIIH-
poBaHHBIX ocobeii. [ToaToMy Npu aHaM3e ANUAe-
MMOJIOTUYECKOM CUTyallMM M COCTABJIICHUUW BIH-
JIEMHUOJIOTMYECKOTO TTPOrHO3a, Hapsiy cO CBele-
HHUSIMU O TIPOBEICHUM aKapUIIMIHBIX 00paboOTOK,
HEOOXOIMMO YYUTHIBATh METEOPOJOTMYECKHUE Xa-
PaKTEPUCTUKU ITPEAIISCTBYIOIIETO U Ha4aBIIEerocs
TEKYIIIEro SMUJAEMUIYECKOr0o Ce30Ha.

BaxHelimmuMm ¢akTopoM, BIHUSIOIIUM Ha BCe
CTaIiuu Pas3sBUTUS KJICIIEU, SIBISIETCS TeMIlepaTy-
pa Boszayxa [2]. JlaHHBIN MMoKa3aTesib OnpeaesieT
He TOJIBKO HayaJio Tlepuoga aKTUBHOCTU UKCOIUI,
HO M YMCJICHHOCTbh MMaro B CJIEAYIOIIEeM TO1Y, TO-
CKOJIBKY BJIMSIET KaK Ha COXpaHEHUWE XKMU3HEeCITO-
COOHOCTM 3UMYIOIINX (POPM, TaK U Ha MPOIECCHI
aMOpHOTreHe3a, U BhIKMBAEMOCTh TMYMHOK, XUTH-
HOBBIII TTOKPOB KOTOPBIX CIIOCOOEH BBIAEPXKUBATh
ornpeneseHHbIe TeMIIepaTypHbIe TUana3oHsl [2, 21,
27, 37, 39, 78]. 3HauuMOCTb 3TOro (akropa Ioji-
TBEPXKIAETCSI 3aBUCUMOCTBIO MEXIy TToKa3aTesi-
MU TeMIepaTyphl B heBpalie, MapTe, alpesie, uioJjie,
aBryCTe, OKTSIOpe W BBICOKMM WMJIUM HU3KUM ypPOB-
HaMmu 3ab6oneBaemoctu KBD® B HoBocubupckoit
obyactu [6]. BeIsiBJIeHBI CUJIBHBIE KOPPEISIITMOH-
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Hble cBs3U uyucia ciydyaeB KBD (Ha 100 ThIC. Xu-
TeJiell) ¢ MakpolLMKIaMU TeMIlepaTypbl (eBpais
MapTta, Masi, aBrycTa 1 CyMMOM CpeaHEMeCSUHBIX
TeMIIepaTyp 3a TEIJIbII 1 XOJOAHBI ITepuobl Toa
B I. Mpkytcke [13]. Ha nmpumepe Bramumupckoi
u VpKyTcKoii obiacTeil ycTaHOBJIEHO CTaTUCTUYE-
CKM JOCTOBEPHOE KOCBEHHOE BJIMSIHUE CpEeIHEME-
CSIYHOM TeMIIepaTyphbl MIOJISI U CEHTSIIOPS TIPEIbI Y-
1iero rojaa Ha yuciio 6oabHbIX UKD [38].

CHuxeHue 3aboaeBaemoctu KBD npu Beicokoit
YUCJIEHHOCTH KJellel, mepuoanyecku Habaonae-
MOE€ MOCJI€ OTHOCUTEJIbHO TEMJOr0o 3MMHET0 IepUo-
Jla, MOXET OBITh OOBSICHEHO TeM, UYTO HAPsSIAY C BbI-
COKOTIATOT€HHBIMM TaKKe BBIXKMBAIOT HU3KOBUPY-
JICHTHBIE IITAMMBbI BUpPYCa, BbI3bIBAIOIINE JIETKHUE,
3a4acTyO He perucTpupyembie GOpMbl UHGMEKIIUU.
KpaiiHe HU3KYIO TeMmepaTypy Bo3ayxa CIIOCOOHBI
BBIJIEP>KMBATh TOJIBKO CaMble BUPYJICHTHBIE IIITaM-
MbI Bo3oyauTeas KBD [32].

CMeHa CcTaaMil XWU3HEHHOro HMKJa KJelei
TaKXe 3aBUCUT OT KOJIMYECTBa BBITTABIINX OCaIKOB
M BJIaXKHOCTU TOYBHI [39]. OTpuuaTeabHO Ha TIpe-
MMarvHaJibHble (a3bl AEHCTBYIOT KaK OOMJIbHBIC
ocalKu, TaK U WX HEIOCTAaTOK, BHI3BIBAIOIIMIL CY-
XOCTh MOYBEHHOTO ITOKpoBa. Taxk, IMpu MOSIBJICHUN
JIMYMHOK M3 siilla TToKa3aTean BJIaKHOCTH TTOYBBI
He JOJIKHBI BBIXOIUTH 3a MPEAesbl ONpPEaeIeHHOTO
Jrana3oHa, 4TOObl HE MPOM30IIJIO UX BbIChIXaHUE.
Jnst TMHBKY TMYUHKU U ee Tlepexoia B Maro He-
00XOIMMO ONTHUMAJIBHOE COYETaHUE CONAEpPXKaHUS
BJaru B TIOYBE W TeMIlepaTypbl BO3Ayxa, WHaue
0COOb MepecTaHeT pacTy U Mpoleaias JMHbKa 3a-
KOHUYUTCS JeTasibHO [21]. Upe3aMepHO HU3Kas BIax-
HOCTB BO3/lyXa TaK>Ke BbI3bIBA€T BHICBIXaHUE XUTH-
HOBOTI'O MOKPOBA 1 MPUBOAUT K TMOEIN OCOOEIA.

BbICOKMiT CHEXKHBI TIOKPOB B COYETAHUU C HU3-
KO CKOpPOCThIO BeTpa co3JaeT OJaronpusiTHbIE
MUKPOKJIMMATUIECKUE YCIOBUS IJIsI 3UMYIOIINX
KJelieit, odbecreuyrnBasi COXpaHeHHUE XK U3HECIIOCO0-
HOCTHU OOJIBIIMHCTBA ocooOerli [14].

KommiekcHoe BO3AeicTBUE HaHHBIX (AaKTOPOB
Ha YUCJIEHHOCTh KJICILIel U yPOBEHb 3a0071€BAEMOCTU
UIIK noarBepxkaaeTcssi MHOTOYMCIEHHBIMU OTe-
YEeCTBEHHBIMU U 3apyOesKHBIMU MCCJIEIOBAaHUSIMU.
JlokazaHoO BJMSIHHWE TUAPOTEPMMUUYECKUX YCJIOBUU
Ha YUCJIEHHOCTh TaeXkHOro KJjienia B KpacHosipckoMm
Kpae, Ha Tepputopuu roxHoro IIpubaiikanbs,
B Pecnnyonuke Kapenus [5, 7, 12]. BoisiBjieHa cBsI3b
MEXy TOBBIIIEHHBIMU 3HAYEHUSIMU TEMITEPATyPbI
BO3AyXa, NJUTEIbHOCTBIO 0€3MOPO3HOTrO Tepuoaa,
yYBEJMYEHUEM YKCIa UKCOAOBBIX KJIEIIEH U POCTOM
KOJIMYeCcTBa OOJIbHBIX KJICLIEBBIM OOpPPEIN030M
B MpkyTckoii obmactu u 3abaiikajibckoM Kpae [9,
16, 20]. Ha ocHOBe pe3yJIbTaTOB aHaJu3a BIMSHUS
METEOPOJIOTUYEeCKUX (haKTOPOB Ha XU3HEACSTEb-
HOCTb mnepeHocuukoB KD, cBUAETEIbCTBYIOIIUX
0 3HAaYMMOCTHU TaKUX MTOoKa3aTeseil KaK OTHOCUTEJb-
Hasl BJIaXXHOCTb BO3ayXa (HOSIOpsl MpeaIecTBYolIe-
ro roja, anpess U UIoHs TEKYIIEro) U TeEMIIepaTyphl

BO3ayxa (MIOHS), ObLIM pa3paboTaHbl JIOTUKO-BE-
POSITHOCTHBIE MOJEJAU TPOTHO3UPOBAHUS YPOB-
H$ 3200J71eBa€MOCTU HacCeJeHUS 3TOW WHGEeKIUen
B UpkyTcke, lopHo-AnTaticke u HoBocubupcke [3].

B EBporie nccienoBaHus BIUSIHUS TeMIEpaTypbl
BO3ayxa (CpeaHell 1 MaKCUMaJIbHOM), CpeqHeCcyToY-
HOI OTHOCUTEJILHON BJIAa>KHOCTU BO3AyXa U KOJIUYE-
CTBa OCAJIKOB Ha YMCJIEHHOCTb U (heHoJIoruto /. ricinus
MPOBOIMJIMCH HA OCHOBE OOOOIIEHHBIX aITUTUBHBIX
JIMHEWHBIX MOJIEJield — C OTPULIATeIbHBIM OMHOMMU-
aJIbHBIM pacrpeejeHueM BeposTHOCTU (generalized
linear models (GLM) with negative binomial probabi-
lity distribution, NBGLM) B IlIBefinapuu u ¢ pac-
npeneneHuem IlyaccoHa u jiorapudMUUYecKOil CBSI-
3pt0 (generalized additive linear model with Poisson
distribution and log link) B Yexuu [47, 53]. B FOxxHoit
CkanaunaBuu (Januu, Hopseruu u lIBeryn) npu
MPOTrHO3UPOBAHUN YMCJIEHHOCTU WUKCOIOBBIX KJ€-
1Iefl ¢ MOMOIIBIO METOJAa AepeBa paclliupPEeHHON pe-
rpeccuu (boosted regression tree, BRT) B kauecTBe oc-
HOBHBIX KJIMMaTU4YECKUX (paKTOPOB B pacueThbl ObLIN
BKJIIOYEHBI 3HAUY€HUS HOPMAaJIU30BaHHOIO OTHO-
CUTEJILHOTO BereTallMOHHOro uHaekca (normalized
difference vegetation index, NDVI), MmakcumanbHOI
¥ MUHUMaJILHOM TeMIIepaTypbl BO3MyXa pa3IMIHbIX
CE30HOB rofia ¥ KOJIMYECTBO BBIMABIIMX OCAIKOB [57,
60]. C ucronp30BaHUEM KJIIMMATUUECKUX TaHHBIX
u NDVI 6bi1u pa3paboTaHbl MPOTrHO3HAST MOJE/b
M KapThl pucka 3apaxeHus: Bozoyauteasimu UKD
u KB3 Hacenenus B Yenickoii Pecnyonuke (FOxkHoI
Yexun) u l'epmanuu (Huxneit baBapuu u BepxHem
TldpanrbLe) [54].

OO000I1IIeHHbIE JaHHbIE MO BAUSIHUIO KJIMMAaTU-
yecKUX (HhakKTOpPOB Ha KU3HEAESITEIbHOCTb Mepe-
HocuukoB Bo3oynutesieii KBD u ypoBeHb 3a00i1e-
BAaEMOCTU HacejieHUs (B TOM 4MCJie 3aBUCUMOCTb
OT ONpee/IEeHHbBIX UMCIOBbIX 3HAYEHU ) TpeIcTaB-
JIeHbI B Ta0JI. 1.

Psn 3apy0eskHbIX paOOT MOCBSIIEH U3YYEHUIO 3a-
BUCUMOCTHU MHTEHCUBHOCTHU 3IMUIAEMUYECKUX ITPO-
saiaeHut KIJI oT mpupomHO-KIUMaTUYECKUX YCIIO0-
BUI OKpy>Kalollel cpeabl, BAUsmux Ha H. margi-
natum. Tak, aHaJIu3 BpeMEHHBbIX PSOOB (time series
analysis), TpOBEAEHHBIN C UCITOJb30BAaHUEM MOACIU
aBTOPErpecCud WMHTETPUPOBAHHOIO CKOJIB3SIIIETO
cpenHero (seasonal auto-regression integrated moving
average (SARIMA) model) B IOro-BocTtouHom
WpaHe, cBUAETEIBCTBYET O BbIPAaXXKEHHOU CBSI3U YKC-
J1a OOJIBHBIX C €XXeMeCSIYHON CpeTHe TeMmnepaTypoi
BO3Ayxa (IpsIMOIi — C JlaroM B iBa Mecslia U oopar-
HOI — B ISITh MECSLIEB), MAaKCUMaJbHOI MeCSUHO
OTHOCUTEJbHOU BJIA)KHOCTBIO U HAKOIJIEHHBIM
KOJIMYECTBOM OCAJKOB C JIalOM B JBa U MSITh Me-
caueB cooTBeTcTBeHHO [43]. B Boctounom Wpane
METOIOM perpeccuoHHoro aHanusza IlyaccoHa
(Poisson regression analysis) ¢ nceBno-R-kBaapaTom
MakdanneHa (McFadden’s pseudo R?) BbwIsiBIeHa
CUJIbHASI KOPPEJISILMSI KOJMYEeCTBa C/ydyaeB CO 3Ha-
YeHUSIMU MaKCUMaJbHOW TeMIlepaTypbl (IIpeabl-
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IYIIETO Mecsa) M OTHOCHUTEJIBHOW BJIAXKHOCTH
Bo3nyxa (B TeYeHHWE IIPEAIIeCTBYIOIIETO Mecsia
¥ moyronaa) [64]. B pesyabraTe anmpobaliii BpeMeH-
HOI MOJeJIM Ha OCHOBE JIOTMCTUYECKOW perpeccuu
(temporal logistic regression model) 111 KpaTKOCpOU-

o6iero unciaa 6oabHbIX KIJI B UpaHe ycTaHOBJIEHO,
YTO C YBEJIMYEHUEM MaKCUMaJIbHOUW TeMIiepaTyphl
BO3MyXa TpeX MpeAlIecTBYONNX MecsieB Ha 1°C
M OTHOCHUTEJIBHOW BJIAXKHOCTU JBYX MHPEIbIIYIIUX
MecsleB Ha 1% pUCKM BO3HUKHOBEHUS CydaeB
3a00JieBaHUs TOBBIIIAIOTCS Ha 9 u 4% cooTBeT-

HOTO (Ha TPEACTOSIINIA MeCsII]) TIPOTHO3UPOBAHUS

Ta6auua 1. BnugHue knumatuyeckmx ¢pakTopoB Ha XU3HE[eATeIbHOCTb YIEHUCTOHOrUX NePeHOCHUKOB
BUpYyca KneweBoro aHuedanuta u 3abonesaemMocTtb HaceneHus KB

Table 1. Effect of climatic factors on vital activity of arthropod vectors of tick-borne encephalitis virus and tick-borne
viral encephalitis incidence

Ne ®dakTopbl HYucnosblie 3HaYyeHUs paKkToOpoOB BnusiHue
No. Factors Factors numeric values Effect
-10,0...-1,9 B mapTe
1 Temnepartypa Bo3gyxa, °C -10.0...-1.9in March Huskuii ypoeeHb 3a6onesaemocTu’
Air temperature, °C +16,9...+19,0 B uione Low incidence'
+16.9...+19.0 in July
-18,0...-11,0 B peBpane
-18.0...-11.0in February
2 Temnepartypa Bo3gyxa, °C -10,0...-1,9 B mapTe Huskuii ypoeeHb 3a6onesaemocTu’
Air temperature, °C -10.0...-1.9in March Low incidence'
+16,9...+19,0 B uione
+16.9...+19.0in July
-1,5...+3,0 B anpene
3 Temnepatypa Bo3ayxa, °C -1.5..+3.0in April Bbicokuii ypoBeHb 3a6onesaeMocTu?
Air temperature, °C +19,0...+22,2 B uione High incidence?
+19.0...+22.2 in July
+19,0...+22,2 B uione
+19.0...422.2 in July
4 Temnepartypa Bo3ayxa, °C +15,0...+18,7 B aBrycre Bbicokuii ypoBeHb 3a60n1eBaemMocTu?
Air temperature, °C +15.0...+18.7 in August High incidence?
+2,1...+ 5,6 B oKTA0pe
+2.1...+ 5.6 in October
71,3-78,0 B MmapTe
5 Bnagz:)?:iz:;na?y?a, % 71.3-78.0 in March Huakwit yposens ;aﬁon:esaemocm‘
Relative air humidity, % 68,0-74,5 6 aBrycte Lowincidence
68.0-74.5 in August
64,0-73,6 B nioHe
OTHOCUTeNbHasg 64.0-736in June
6 | snaxwocrasosapaa,% | O TLIAREe e
Relative air humidity, % ’ ’
73,5-80,0 B okTSIGpE
73.5-80.0in October
72,5-83,5 B peBpane
- Bnagmc():?r:gig:iyaxﬂa, % 72.5-83,5in February Bbicokuii ypOIBel.lb :.35160112e|3aemoc'rm2
Relative air humidity, % 79,8-85,0 B nekabpe High incidence
79,8-85 in December
72,5-83,5 B peBpane
72.5-83.5in February
OtHocutenuHas 58,0-73,0 B anpene Bbicokuii ypoBeHb 3a6oneBaemMocTu?
8 | Bnaxuocth BO3AYXa, % 58.0-73.0 in April High incidence?
Relative air humidity, % ’ ’
79,8-85,0 B nekabpe
79.8-85.0in December
9 Temnepartypa Bo3ayxa, °C +3,0...+5,0 BecHoW Hauano npoOGyxnaeHus I. persulcatus
Air temperature, °C +3.0...+5.0in spring Onset of I. persulcatus awakening (the end of diapause)
Temnepatypa Bo3ayxa, °C Bbiwe +15,0 BecHom MakcumanbHas akTUBHOCTb I. persulcatus
10 i : : . .
Air temperature, °C above +15.0 in spring Maximum activity of I. persulcatus

Mpumeyanue. ' — o1 2 1o 19 cnyyaes Ha 100 Thic. Yenosek; > — o1 20 4o 61 cnyyas Ha 100 ThiC. YenOBEK.
Note. ' — from 2 to 19 cases per 100,000 population; 2 — from 20 to 61 cases per 100,000 population.
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crBeHHO [65]. C momoIibio 0mHO(GaKTOPHOIO THC-
MepCUOHHOTO0 aHau3a (one-way analysis of variance,
ANOVA) B bosrapum BBISIBJICHO, UTO YBEJIMUCHUE
cpeaHeit temnepaTypbl Bodayxa 1 NDVI Ha enuHu-
Oy TPUBOAUT K POCTY MWHTEHCHUBHOCTU IIPOSIBJIC-
HM sruaemudeckoro npouecca KIJT Ha 5,5% [74].
OmpeneneHre CTaHIAPTU3MPOBAHHOTO IMOKa3aTess
anomanuii NDVI (pa3HUILIBI MEXIY AeCITUIICTHUMU
3HAYCHUSIMU U CPETHUM 3a TIPSABIIYIIN I TOM), TIPO-
BeaeHHoro B Typiiuu, MO3BOJSIET IMTPOrHO3UPOBATh
BO3HUKHOBEHHNE SMUICMHOJIOTUUCCKUX OCIOXHE-
Huit Ha 20 DHeK Boeped ¢ TOYHOCThIO A0 82% (10-ii
MPOLEHTUIB) niau 98% (25-i1 kBapTuib) [50].

B Poccuiickoit @enepaliii UcCieIoBaHUE KOM-
MJEKCHOTO JEeHCTBUSI KJIMMaTHUYeCKUX (haKTOPOB
pa3IMIHBIX CE30HOB Iofia Ha pa3BUTHE BCEX CTaIMit
JKU3HEHHOTO 1uKJa H. marginatum M JTUHAMUKY
3abosieBaemMoctu HaceiaeHuss KIJI Obiio BbITOJ-
HeHo Ha mpuMepe CTaBpOIOJbCKOTro Kpas. bbinu
BBISIBJICHBI CHJIBHBIE KOPPEISIUMN 3HAUYCHUU TeM-
rnepaTypbl BO3Jyxa, KOJMYECTBA BHIMIABIINX OCA-
KOB 3MMHeTro (IIpsiMasi KOPPEeJIsIlvsl) U BEeCEHHETO
(o6paTtHast Koppensiiuus) MepuoaoB TEKYIIEeTro rojaa
C MHIEGKCOM OOWMJIMS KJIeIIeH Ha CeIbCKOXO3SIii-
CTBCHHBIX JKUBOTHBIX, MX KOJIMYECTBOM IIPU COOpe
«Ha y4eTYMKa», M JIETHETo nepuoaa (IMpeablayIiero
SIMUIEMHUYECKOro Ce30Ha) — C MHAEKCaMU OOUJIMS
JTUINHOK, HUM) H. marginatum, a TaKXe C YMUCIOM
3apeructpupoBaHHbIX 001abHBIX KIJI. YuuteiBas
MoJIy4eHHbIe JaHHbIe, HA OCHOBE TeopeMbl baiieca
U TIOCJEA0BAaTEIbHOIO CTaTUCTUYECKOro aHaliv3a
Banbna Obli1a pazpaboTaHa pUCK-OpUEHTUPOBaAHHAas
METOOMKA IIJISI COCTaBJICHUS €XKEeTOOTHOTO KpaTKo-
CPOYHOI'0 KOJTMYECTBEHHOI'O SMUAEMUOJIOT NUECKO-
ro MpPOrHo3a Mo OTAEJAbHBIM aIMUHUCTPATUBHBIM
paiionam CraBpoIrosbcKoro kpas [8, 28, 29].

O06001eHHbBIe JaHHBIC MO BANSHUIO KJINMAaTH-
yeckuX (haKTOPOB Ha XXM3HENESITEIbHOCTDH Tiepe-
HocuukoB Bo3oyauTteneit KI'JI u ypoBeHb 3ab0e-
BacMOCTHU HaceJeHUs (B TOM YMCJIE 3aBUCUMOCTh
OT OIIpeNecICHHBIX YMCIOBBIX 3HAYCHU ) TIpEICTaB-
JICHBI B Ta0J. 2.

AxTyaiibHOM 1J1s1 Poccmiickoii Denepaiinm Tak-
Xe SBISIETCS Apyrasi ocobo oItacHas TpPaHCMUC-
cuBHas nHbeKIMsI — Juxopanaka 3anagHoro Huma
(JI3H) [18, 25, 37]. Hapsny ¢ coxpaHeHUEM pocTa 3a-
00JIeBaEMOCTU HaceJeHU s Ha MPOTSI)KEHU Y MOCIeI-
HUX IBYX JIET, OTMeYaeTCsI MHTEHCUBHOE BOBJICUCHUE
B SIIUIEMUYCCKUX ITPOILIECC HOBBIX CYOBEKTOB U MO~
SIBJICHWE MECTHBIX CJIy4aeB 3apa’keHWsl Ha paHee
HEdHAEMUYHBIX TeppuTopusx. Tak, B 2019 r. ObL10
3aperucTpupoBaHo 352 1abopaTOpHO MOATBEPK-
neHHbIx caydas JI3H (0,2 #a 100 TBIC. 94eTOBEK), 9YTO
B 2 pa3a BbIllIE CPEAHEMHOIOJIETHETO TTOKa3aTess
(2012—2018 rr., 0,1 Ha 100 ThIC.) U B 4 pa3za — ypoB-
Ha 2018 1. (0,05 Ha 100 thIC.) [30]. MHTEeHCUBHOCTH
OPOSIBJICHUI SIUACMUYCCKOTO TIIpollecca HATOU
WHMEKIINU BO MHOTOM OIpPENessieTcs] TIPUPOIHO-
KJINMAaTUIYEeCKUMU  YCIIOBUSIMH, JEHCTBYIOIINMU

Ha YUCJIEHHOCTh KOMapoB — IePEHOCUYMKOB BUpyca
3amagnoro Huna (3H) [25, 26, 35, 67].

Tak, Ha CeromHSIIHUI IeHb HOKa3aHO, YTO JH-
MHUTHUPYIOIINM (PAaKTOPOM SIBIISICTCS TeMIIeparypa
BO3MyXa, KOTOpasl BJIMSIET HEe TOJBKO Ha pa3BUTHE
KOMapoB, UX MUTaHWE, METa00JIM3M, PEITPOAYKIIMIO,
HO M Ha CKOPOCTh PETIMKATUBHOTO IIpoliecca CaMo-
ro Bozoynutens JI3H [25, 26, 67]. Bupyc 3H cnioco-
OeH pa3MHOXAaThCSI B IIMPOKOM AUAITa30HE TeMIIe-
patyp — oT +14°C y komapoB g0 +45°C y ntul [42,
45, 58]. C moBbIIIEHUEM TeMIlepaTypbl CKOPOCTh
peTUIUKAIIY yYBeInunBaeTcs. Tak, KOJIMIECTBO BU-
pyca, HeobxonuMoe 1Jisi UHMULIMPOBAHU S YeJI0BeKa
yepe3 yKyc Komapa, HakarmBaeTcs npu +14°C ye-
pe3 58 nueii, ipu +18°C — yepe3 22, npu +23,5°C —
gepe3 15 u mpu +30°C — ugepe3 11 cyrtoxk [25, 31].
YCTaHOBJIEHO, YTO OCJIOKHEHUST SIMUIEMUOIOTU-
yeckoii cutyauuu mno JI3H HabmrogaroTcs B TEILIbIe
roabl (0COOEHHO ¢ 60JIee BLICOKUMMU TeMIIepaTypamMu
BJeTHUe Mecsaibl) [1, 35, 51, 52, 66, 69, 72].

CunbHbIE KOPPEJISIIMOHHBIE CBSI3U BBISIBIIC-
HbI MEXIYy KOJMYECTBOM ClIydyaeB 3TON MHGEKIIUU
M KJIUMaTUYSCKUMU (aKTOpaMU, BIUSIOINIUMU
Ha pa3BUTHE JIMYMHOK KOMapoB [72]. 3aBUCUMOCTH
ypoBHs 3a6osieBaemoctu JIBH ¢ ocankamu BbIpa-
>KeHHasi, HO HEOJHO3HayHasi — YCTaHOBJIEHbI KaK
npsimMasi, Tak M oOpaTHast Koppeassuuu [44, 46, 48,
72, 75]. I3BecTHO, YTO JOXKAU CITOCOOCTBYIOT yBe-
JIMYEHUIO TUIOMIAAM CTOSYMX BOIOEMOB — MeECT
HETIOCPEICTBEHHOrO BbITIona KomapoB. C apy-
TOM CTOPOHBI, 3aCyXM YBEJIMYMBAIOT TUIOTHOCTH
OTUIL 1 KOMapOB BOKPYT OCTABIIIMXCS BOMHBIX HC-
TOYHUKOB, TEM CaMBIM aKTHUBUPYS IIPOIIeCC Tepe-
nmauu Bupyca 3H mexny Humu [66, 71]. Kpome Toro,
CIMUIIKOM OOMJIbHbBIE OCaAKM pa30aBJIsIIOT colepka-
HHME IMUTATeIbHBIX BEIIEeCTB, OTPUIATEIILHO BIIMSIS
Ha pa3BUTHE JUYMHOYHBIX CTAIWil M Jake MOTYT
MPUBECTU K YHUUYTOXEHUIO UX MEeCT oouTtaHus [55].
Takum obpazom, KIMMaTUUYECKUMU TIPEANOCHIIKA-
MU JJIs1 OCJIOKHEHMS SIUIEMUOJOrMYEeCKON CUTya-
nuu o JI3H sBiseTcs yBermuyeHe KOJINYeCTBa BBI-
MaBIINX OCAJKOB B MPEAbIAYIIEM SMUASMUYESCKOM
CE30HEe U UX HEKOTOPbI AePULIUT B TeKy1IeM [57].

OTHOCHUTENIbHAsT BJIAaXXHOCTh BO3AyXa BJIUSCT
KaK HEIIOCPEACTBEHHO Ha XM3HEACITCIBHOCTD KO-
MapoB (Ha HUX OTPULIATESILHO BIIUSIOT U Upe3Mep-
Hasl CyXOCTb, U OTHOCHUTEJIbHAsI BJaXXHOCTb, Mpe-
BhiLIalomas 60%), Tak U1 Ha CKOPOCTh sIMLICKJIa-
K" [41]. YcTaHOBIEHO, YTO MTPU BHLICOKOM TeMIlepa-
Type (+35°C) 1 HU3KOI OTHOCUTEIbHOU BJIaXKHOCTHU
(60%) y B3pocCJbIX caMOK HaOJjomajiach HU3Kast
CKOpOCTh siilekaanku (55+4,8 saiia). C mgpyroi
CTOPOHBHI, IpH 00JIee HMU3Ko Temmepatype (+25°C)
U BBICOKO# Bi1axkxHOCTU (80%) CKOPOCTD SiilieKJIai-
KU 3HaUYUTEIbHO TMOBbIIanack (99+3,6 siiua) [41].

Pe3ynbraThl KOMITJIEKCHOTO PETPOCHEKTUBHO-
ro ucciaegoBaHust B Poccuiickoii Menepaiinu 1mo-
TBEPKIAIOT HAJMUME MPSIMOUM 3aBUCUMOCTU KOJIU-
yecTtBacaydaeBJI3H oTcpenHux Temriepatyp BO3ay-
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Ta6nuua 2. BangHme knumatuyeckux ¢akTopoB Ha XXU3HeAeAaTe /IbHOCTb YJIEHUCTOHOIMX NepPeHOCYMKOB
BUpYyca KneweBoro aHuedanuta u 3abonesaemoctb HaceneHus KB

Table 2. Climatic factors effect on the ticks (CCHF virus vectors) vital activity and CCHF incidence

Ne ®dakTopsl 3HauyeHus pakTopoB BnusHne
No. Factors Factors magnitude Effect
TemnepaTypa Bo3ayxa BeCHoOM, °C: HeoOxoaumo ang akTuBu3auum
— OHEeBHas — He Huxe +9,0 nepesumMmoBaBLuMnx ocobeli H. marginatum

1 - HOYHas — He Huxe +2,0 M Hayana ux NUTaHUs Ha XXUBOTHbIX
Spring air temperature, °C: Necessary for activation of overwintered
- daytime - not lower than +9.0 H. marginatum and onset of their feeding
- nighttime - not lower than +2.0 on animals
CpepHeMecsvHas i

2 |remneparypa sosayxa secHoii, °C +16,9 Muk nap'aawrupoaaluuﬂ H. margl.natum

. ) o H. marginatum maximum parasitism
Spring average monthly air temperature, °C

3 CpepHeMecs4yHas CyMMa 0CafKoB, MM 34.7 Muk napasutuposanus H. marginatum

Average monthly precipitation, mm ’ H. marginatum maximum parasitism
OnTumanbHo ans aMbpuoreHesa (npu 6onee
BeceHHe-neTHsi TeMnepartypa Bo3ayxa HU3KMX 3HAYEHUNIX Pa3BUTUE UL,

4 (man—-uioHb), °C +26.0...428.0 H. marginatum 3apepxuBaeTcs)
Spring-summer air temperature T Optimal condition for embryogenesis
(May-June), °C (H. marginatum eggs development is delayed

under lower temperature)
FyouTenbHo ans npeMmaruHanbHbix pas

5 Ocapku (Mmari—uionb) OOunbHbIE OCaaKu H. marginatum
Precipitation (May-July) Heavy precipitation Detrimental to H. marginatum preimaginal

phases
HepocTtatok ocagkoB, |BbicbixaHue nokpoBa v ru6enb

6 Ocapku, BaXHOCTb NO4YBbI (Mail—MIONb) CYXOCTb MOYBbI npenMaruHanbHbix a3 H. marginatum

Precipitation, soil moisture (May-July) Shortage of precipitation, | H. marginatum preimaginal phases dehydrate

dry soil and die
HeGnaronpuaTHo Ans BbXXMBAEMOCTH
7 (B::;f:gﬂsmnn Temneparypa sosnyxa MpoxnapgHas noroga | AMYMHOK H. marginatum
. . Cool weather Unfavorable for survival of H. marginatum

Spring-summer air temperature (May-July) larvae
BnaronpusaTHO ANS XN3HE[EATENbHOCTH
Kneweii, MOXeT YBeJIU4UTb

8 TemnepaTtypa Bo3Ayxa OCEHbIO Tennas noropa NPOAOCIXUTENbHOCTb ANUAEMUYECKOr0

Autumn air temperature Warm weather Cce3oHa
Favorable for tick vital activity, may increase
duration of epidemic season
BnaronpusiTHO Ans XXM3He[eaTeNbHOCTH
KNeLei, MoOXeT yBeIn4UTb

9 Ocapku oceHblo Mano ocankos NpPoOAOIXUTENbHOCTb ANUAEMUYECKOro

Precipitation in autumn Little precipitation Ce3oHa
Favorable for tick vital activity, may increase
duration of epidemic season

TemnepaTypa Bo3ayxa 3umoli (aekabpb—

10 deepans), °C Huxe -20,0 Mpomep3aHue NoYBbI M TMGENb KeLei
Winter air temperature (December— Below -20.0 Soil freezing and tick death
February), °C
CpepHeMecsvHas
TeMnepaTypa Bo3ayXa BECHOM (MapT— :eono,gm:o ANs Hayana napa3uTUpPOBaHUS

11 |anpens), °C +10,5 - margihatum .

Spring average monthly air temperature N;)r(:e\essitsisg foronset of H. marginatum
(March—April), °C P
CpeaHeMecs HaR CyMMa 0CaAKOB Heoﬁxo;_mmo ANs Hayana napa3MTUpPOBaHUS
» H. marginatum
12 | BeCHOI, MM 47 '
Spring average monthly precipitation, mm Necessary for onset of H. marginatum
’ parasitism
MakcumanbHasi Temneparypa Bo3gyxa , PHCKH BOSHMKHOBEHNS CAIYHaeB
Tpex npeALecTBYIOWNX MecsLeB YBenunyeHnue Ha 1°C o

13 Maxi irt ; f1h ) I by 1°C 3a6o0sieBaHus NOBbILWAOTCS Ha 9%

th?gclemngé?]ti:rs emperature ot the previous nerease by The risk of disease cases is increased by 9%
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Knumatnyeckune daktopsl 1 MOU

Ne dakTopbl
No. Factors

3HauyeHus paKkTopoB
Factors magnitude

BnusgHue
Effect

MakcumanbHasi OTHOCUTENbHAS
BJIQXXHOCTb TPEX NpeALeCcTBYIOLNX

14 |mecsuesB

Maximum relative humidity of the previous
three months

YBenuyenue Ha 1%
Increase by 1%

Puckv BO3HUKHOBEHUS cnyyaes
3aboneBaHus nosbiwatoTca Ha 4%

The risk of disease cases is increased by 4%

CpepnHsas TemnepaTtypa BoO3gyxa

15 Average air temperature

YBenuueHue Ha 1°C
Increase by 1°C

PocT 3aGonesaemoctn Ha 5,5%
Incidence rate is increase by 5.5%

16 |NDVI

YBenuyenue Ha 1
Increase by 1

Poct 3a6oneBaemocTty Ha 5,5%
Incidence rate is increased by 5.5%

Xa (CpeIHEeroloBbIX, CPETHECE30HHBIX TeMIIepaTyp
BO3yXa BECHBI U JieTa) U OOpaTHON — OT cpeaHece-
30HHOI BJIa>)KHOCTH BO3ayxa jeTa u BecHbI [30)].

B xauecTBe BCcrioMoraTeibHO OCHOBBI JIJIsI yTOY-
HSIIOLLIEro MporHo3a 3adosieBaemoctu JI3H Ha npen-
CTOSIIIIUI CE30H MCTIOB3YIOTCS 3HAUCHU S CpeaHEN
TeMIepaTypbl U CpeHEN OTHOCUTEILHOM BJIaXXHO-
cTH 25-11 Hepgenu roga. Tak, ¢ UCIIOIb30BAHUEM JIO-
TUCTUYECKOU PErpeccuy M MeToia TIOCTPOCHUSI JIe-
PEBbEB pEIICHUI YCTaHOBJICHO, YTO PEe3KHe SMUIC-
MUYECKUe IMObeMbl HAOTI0Ial0TCs B TOIBI CO 3HAYE-
HUSIMU JaHHBIX IToKa3aTeiel Bolte +22°C 1 HUXKe
50% cootBeTcTBeHHO [35]. BMecTe ¢ TeM cTemneHb
BJIUSTHUS OMHUX M TEX K€ a0MOTUYECKUX (paKTOPOB
B pa3HbIX cyObeKTax HeoaMHakoBa. Tak, Haubosee
3HAYMMBIMM TIOKA3aTeSIMU IJIsI TIPOTHO3UPOBa-
HUS Pas3BUTHUST BIUJACMUOJIOTUYECKON CHUTyallun
no JI3H, cornacHo pe3yJjibTaTaM KOPPEasiIUOHHOTO
aHanu3a, Ui TeppuTopur Bonrorpamnckoii odnactu
MOXXHO CUYMTATh 3HAYEHUSI TEeMIIepaTypbl BO3IyXa
JIETHETO Tiepuofa (CpeaHEeCe30HHbIe) W BIIAKHO-
CTU BO3/yXa BECHBI U JieTa (CpeTHEMECSUHbBIC), TS
PocToBckoil 061acTi — cpenHeMecsIYHbIe TeMIiepa-
TypHBbIE TaHHBIE JeTa U BecHBbI [30].

HccnenoBanne CBsI3M WHTEHCUBHOCTH TPO-
SIBJEHUM snuaeMudeckoro npouecca JI3H u neii-
CTBUSI MOTOMHO-KJIMMATUUYECKUX YCJIOBUU TaKkKe
OBLJIO BBITIOJTHEHO METOJIOM JIepeBbeB KJlaccudurka-
nuu u perpeccuu (classification and regression trees
method, CRT) c mocraeayiouieil mpoBepKoil Me-
TOJIOM aBTOMAaTUYECKOTO OOHapyXXEeHUS B3aMMO-
neicTBus 1o kputeputo xu-kBaapat (Chi-squared
automatic interaction detection, CHIAD). CornacHo
MOJTyYeHHBIM pe3yibrataMm, ajisi Bosrorpanuckoii
obsiacTu HauboJiee CUIBHOI ObLIa CBSI3b YPOBHS
3a00JIEBAEMOCTH C TeMIleparypaMH Masi M WIOJs
(BCITBIIIKY MHGEKIIUU TTPOUCXOANIIN B TOABI, KOT-
Jla CpemHsIsl TeMIlepaTypa B T€UeHHE ITUX MecCs-
neB npesbilnana +21°C). B PocToBckoii obimactu
HaunboJjiee BaKHbIM (aKToOpoM Obljia TemIiepaTypa
B Mae U B MEHBIIIEH CTETIEH! B MIOHE, HO HE B UIOJIE.
PocT 3a00sieBaeMOCTH TakXe OTMedaJicsd MpU TO-
BBIIIEHHBIX 3HAUYEHUSIX TeMIIepaTypHBIX IMOKa3a-
TeJiel B nekabpe npolioro rojga. B ActpaxaHcKoit
o0JlacTu JIETHUE TEeMIIepaTyphbl, KaK TIpaBUJIO,
OOBIYHO JIOBOJILHO BBICOKME W HE OKa3bIBalOT
BIAWSHUS Ha BNUIEMHOJIOTUYECKYIO CUTYalInIo,

MO3TOMY B KauyeCTBE OrpaHMYMBAIOIIETO (haKTOpa
MOXET BBICTYNAaTh TeMIlepaTypa 3UMHETO Mepruoaa
(c nexabps Mo sSTHBaphb): MPU 3HaYCHUSIX HUKe —5°C
oTMeJYaeTCsi CHUKEeHUe YHMCiia caydaeB MH(peKITn .
Kpowme Toro, Obi1a mocTpoeHa obuiast MpOrHOCTU-
yecKasi MOJIeJTb [Tl BCeX TPEeX MCCIEAYEMBbIX CyOh-
€KTOB, BKJIIOUAlOUIas IMoKa3aTeau TeMIepaTyphl
BO3AyXa B Mae, IHBape U aBrycre—ceHTsope [68].
IMonydyeHHble JaHHBIE TaKXKe MOATBEPXKIAI0TCS
W JOTIOJTHSIOTCS pe3yJibTaTaMM 3apyOeXXHBbIX WC-
cinenoBaHuii. Tak, B XopBaTUU YCTAHOBJIEHO HAJIU-
Y€ MOJIOKUTEbHONW KOPPEJISIIIUUA CpeHEe CUIThI
Mexay yucyioM caydaeB JI3H u cpenHeMecsUHbI-
MM TeMIepaTypaMy BO3/lyXa B BOCTOUYHBIX U CEBE-
po-3amaaHbIX palioHax cTpaHbl. [Ipu IpoBeaeHUN
KOPPEJSIIIMOHHOTO aHaJin3a yncjia 00JbHBIX U M-
CSTYHOTO KOJIMYECTBA OCAIKOB BBISIBJIEHA OTpUIIA-
TeJIbHAs CBSI3b CPEIHEN CUJIBI B CEBEPO-3aliaTHbIX
paiioHax u ciabass — B BocTouHbIX [30]. B I'petiuu
MpU TIPOBEAEHUN MHOXECTBEHHOTO JIOTUCTUYEC-
KOro perpeccMoHHoro aHajwusa (multiple logistic
regression analysis) ycTaHOBJIEeHAa 3aBUCUMOCTbD
YPOBHS 3a00J1€BA€MOCTH OT TEMIIEPATyPbl U OTHO-
CUTEJILHOM BJIaXKHOCTH BO3/1yXa, a TAKKEe OT KOJIH-
yecTBa 0CaJKOB, TEMIIEPATyPhl U BJIAXKHOCTHU TTOY-
BbI [72]. Hanbosee BaxKHbIMU (haKTOpaMU, BAUSIO-
IUMU Ha yuciaeHHocThb Culex pipiens B CeBepHOM
WMpaHe nipu cocTaBJIICHUW MOJIEJIN 3KOJIOTUIECKOMI
HUIIKA, OBIIM TOMOBOW AMamna3oH TeMmIlepaTryp,
OcaJKM C€aMOTO XOJIOMHOTO KBapTaJjia, MaKCH-
MajbHasl TeMIiepaTypa caMoro TEIlJIoro Mecslia,
ocagku camoro cyxoro kBaptajyia. B CIIIA usyue-
HUE BJIUSHUS TIPUPOTHO-KJIMMATUUECKUX ak-
TOPOB Ha MH(MUIIMPOBAHHOCTH KOMapOB BUPYCOM
3H u yucno cnyuaes 3a6osieBaHus JI3H Ob1y10 BbI-
MOJTHEHO C UCITOJIb30BaHUEM HEMpPOCeTEeBOr0 MOJ-
X0Jla — aJIFTOpPUTMa MAIIMHHOTO OOYUYEHUS «CITy-
JaiiHbIH Jlec» (random forest analysis). Pe3ynbTarsl
WCCIIeAOBAaHUS CBUAETEIBCTBYIOT O TOM, YTO IIO-
BBINIIEHWE YPOBHS 3apa’keHHOCTHU IePEHOCUYNKOB
HaOJII0IaJIOCh TIPU YBEJIMYEHUUW CpPEeIHE MUHMU-
MaJbHOU TeMIlepaTyphbl WIOJISI, aBTyCTa U CEHTSI-
Opsi. BeisiBieHa HeJllMHEHas 3aBUCUMOCTD MOKa-
3aTesisT MHOUIIMPOBAHHOCTU KOMapoB OT BJIaK-
HOCTM TIOYBHI B ampeyie, Mae W WIOHe. Bbicokas
3apaxeHHocTb C. pipiens oTMmedajach B TOJbI
C HU3KUMM 3HAYCHUSIMU BJIAXXHOCTHU TIOUYBBI WJIU
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MpU COYeTaHUU HOPMaJIbHOM BJIaXXHOCTH ITOYBBI
U TIOBBILIIEHHBIX 3HAYCHUSIX CPEIHUX MUHUMAJb-
HBIX TeMnepaTtyp. Takxke oOHapyxkeHa CBsI3b 0oJiee
BBICOKO#l MH(MUIIMPOBAHHOCTA KOMAapOB C ITOBHI-
IICHHBIMU 3HAYCHUSIMU CpeaHE MUHUMAaJIbHOU
TeMnepaTypbl SSHBaps, (peBpasi, MapTa U 3aCyXoi
B UI0JIe, aBrycTe u ceHTsa0pe. Camasi HU3Kas 3apa-
KEHHOCTH IIEPEHOCUYNKOB OTMEUaIach B ITPOXJIAI-
HbI€ TOJIbl C HOpMaJbHO BJIaXX HOCThHIO MOYBHI [58].
C nomomrkio koppenasuuu Ilupcona (Pearson
correlations), ouHapHoI (binary logistic regression)
W TIOIWHOMUAJIBHON JIOTUCTUICCKON perpeccun
(multinomial logistic regression) B psle cTpaH
EBpomnbl, A3uu u bauzknHero Boctoka (PymMbiHUY,
I'peuun, Typuuun, M3paune) Oblaa ycTaHOBJICHA
3aBUCHUMOCTH MEXIYy HayajloM 1 YPOBHEM 3a00Jie-
BaemocTu JI3H oT TemmnepaTypbl BO31yxa, OTHO-
CUTEJbHOI BJIAXXHOCTU U KOJMYECTBA BbIMABILIUX
0CaJKOB B TeUEHME JIETHE-BECEHHUX Mecs1eB [66].
PesynbraTel nMcCKpUMUHAHTHOTO aHanmu3a (discri-
minant analysis) CBUIETETbCTBYIOT O CBSI3U BBICO-
Koit 3abosneBaemocTu JI3H B KaHaaCKOW MPOBUH-
nuu CackauyeBaH ¢ HUBKMM KOJIMUYECTBOM OCaJIKOB
B WIOHEe—UIOJIe M BBICOKMMM 3HAYCHUSIMU TEeMIIC-
patypsbl B utojie—aBrycte [49, 68]. CoriacHo uccie-
noBaHusIM, npoBeaeHHbIM B CIIA, npennoceli-
KaMH pocTa MTH(PUIIMPOBAHHOCTU KOMapoB U YHC-
sa 6osbHBIX JI3H SBASIIMCH TTOBBIIIIEHHBIC 3HAYEC-
HUS KyMYJISITUBHBIX TeMmnepatyp (Bbiure +22°C)
U aepuuuT JeTHUuX ocaakosn [70]. BaxxHocTb yueTa
KJIuMaTu4yeckux (akKTOPOB TaKXKe IOATBEpXKe-
Ha B X0l MHOro(akKTOPHOTO ITPOTHO3UPOBAHUS
perbimek JIBH B EBporie ¢ TOMOIIBIO TMHEHHBIX
mopesieii cMemraHHbIX 3ddexkToB (linear mixed-
effects models) u ucnonb3oBaHUsT MHPOpPMALIU-
oHHorOo Kputepus Axkauke (Akaike information
criterion, AIC) — ObuUIM OOHApyXXEHBI TMOJOXMU-
TeJIbHbIE KOpPPEJSLMU YyPOBHS 3a00J€BaEMOCTU
HaceJeHUs CO 3HAUYCHUSIMU CPEIHUX TeMIlepaTyp
B MIOHE—CEHTI0pe, a TaKxXXe O0IMM KOJTMYECTBOM
JIHEM ¢ ocaJiKaMU B KOHIIE 3MMbI—BECHBI [63].

O0001eHHbBIE JaHHBIE TI0 BIMSTHUIO KJIMMaTH4ecC-
KX (paKTOPOB Ha )KM3HEACSATEIbHOCTD IIEPEHOCUKOB
BosoyauTtesneii JISH u ypoBeHb 3a001€BaeMOCTH Hace-
JIeHUS (B TOM YMCJIe 3aBUCMMOCTD OT OITpeIe/ICHHBIX
YUCJIOBbIX 3HAYEHU 1) MpeACTaBIeHbI B Ta0I. 3.

Tak>xe Ha MpPOTsI>XKeHUU MHOrux jet B Poccuii-
ckoii Deepaliny CoXpaHsIETCsl HAIIPsI)KEHHAs 3111~
JIeMHUOJIOTUYeCKasl CUTyalldsI II0 TeMopparmdec-
Kol uxopanke ¢ rnodyedyHbiM cuHapomoM (IJITIC).
TJITIC gaBnsieTcs caMbIM IIMPOKO PACIIPOCTPaHEH-
HBIM (0osiee 90%) U3 MPUPOAHO-0YATOBBIX 300HO-
30B BHUPYCHOM STHOJIOTMM W B OOIIE CTPYKType
OakTepuanbHbiXx U BUpPYCHbIX [TOU, BbIsIBASIEMBIX
B CTpaHe, 3aHMMaeT BTOPOE MECTO (B pa3HbIE TOMIbI
ot 40 10 50%) 110 YacTOoTE PEerucTpalvu CJIydyaeB 3a-
oomeBanus rociae MITTK [19, 22, 23, 24, 34]. B 20191,
0 CPAaBHEHUIO C TIPEIBIAYIIINM TOIOM, YHUCIIO BEISIB-
JIEHHBIX O0JILHBIX BO3pOcCo B 2,4 pa3a [24]. bblia 3a-

perucTprpoBaHa BCITbIKa nH(ek1nu B T. CapaToBe
M 3HAYUTEJIbHBI pOCT 3a00JIeBAEMOCTU Ha TEPPUTO-
pUU APYTUX SHACMUIHBIX CYOBeKTOB. Pe3epByapom
M UCTOYHUKOM MHMEKIINH IJIST 9YeJT0BeKa SIBIISTIOTCS
MBIIIEBUIHBIC TPBI3YHBI — KasK Bl TUTI XaHTaBUPY-
COB IPEUMYIIIECTBEHHO CBSI3aH C UX ONpPEeaeICHHBIM
BuaoM [15, 19, 37]. B HacTos11Iee BpeM s LIUPK YIS
Bosoynutenst [JITIC ycrtaHOBIeHa Ha TEPPUTOPUU
Bcex (enepanbHbix oKpyroB Poccum [34]. Kpome
TOro, HaOJIIoAaeTCs SIPKO BbIpakeHHasl TEHIACHIINS
pacIIMpeHusT TPaHUI IIPUPOTHBIX OUYaroB C BOBJC-
YeHHEM HOBBIX CYOBEKTOB, paHEe CUUTABIINXCS
CBOOOAHBIMU OT 3TON MHPeKuu. Tak, 3a nocaen-
Hee aecaTuaeTue ooHapyxkeHbl HoBble ouaru [JITIC
B Pecnnyonuke Anrait, HoBocubupckoii, MpkyTckoii
n KeMepoBcKoit 00J1acTSIX, YyCTAHOBJICHEBI HOBBIC pe-
3epByapbl nHGek1uu B mpupoze [10].

Takum o6pa3oM, ITOBCEMECTHOE PaCIPOCTpaHe-
Hue [JITIC, Habarogaemast TEHASHIIUS K POCTY YPOB-
H 3200JIeBaéMOCTH HACCJICHUS 1 paclIIpeHe apea-
Jla UMPKYJSIIUUA XaHTaBUPYCOB CBUIETEHLCTBYIOT
0 HEOOXOIMMOCTU TMPOBEACHMSI KOMITJIEKCHOIO aHa-
JIN3a aOMOTUYECKUX (B TOM YMCJIE TIOTOMHBIX) YCIIO-
BUI, OIIPENEISIONINX MHTCHCUBHOCTD SIUASMIIEC-
KUX TIPOSIBJICHUH M aKTUBHOCTH 3MM300TUUYECKOTO
npolecca JaHHOM nH(peKIMu. Bmecte ¢ TeM cocTaB-
JICHUE e3KeTrOTHOTr0 SMUAEMHUOJIOrMYECKOro IMPOrHo3a
no IJITIC B HacTosIiee BpeMsI BBIIIOJTHSICTCS TIpe-
MMYIIIECTBEHHO Ha OCHOBE MPOTrHO3a YUCJIEHHOCTU
MEJIKMX MJIEKONTMTAIOIINX, 0e3 AeTalbHOro ydera
3HAYCHU U KIMMaTUYECKUX (haKTOPOB, MEPCHEKTUB-
HOCTb HCIOJIb30BaHUSI KOTOPBIX B LIEISIX ITOBbIIIIE-
HUS TOYHOCTU TIPOTHO3UPOBAHWUS, TOATBEPXKICHA
pe3yJbraTaMM MHOTOYMCJICHHBIX OTEYeCTBEHHBIX
M 3apyOeKHBIX UCCIIETIOBAHUIA.

Taxk, Ha cerogHSIIIIHUKM A€Hb U3BECTHO, YTO OJia-
TONPUSATHBIMU YCIOBUSIMU IJISI YCHUJICHHOTO pa3-
MHOXEHUST TPBI3YHOB SIBJISIIOTCS TeIljlasi 3MMa, OT-
CYTCTBME BECEHHEIo IMaBoJKa U YMEPEHHO TEIlIoe,
HO He Xapkoe Jjieto [4]. Kpome Toro, ot moromHbIx
YCJIOBUI (TeMIIepaTyphl, BIIAXKHOCTH M OCAIKOB) 3a-
BUCHUT YPOXaHOCTb KOPMOBBIX pacTteHuii. [ToaTomy
MPU COCTABJECHUM MPOrHO3a 3a00JIeBAEMOCTU TaK-
e BaxKHO yuyuThiBaTh 3HaueHusi NDVI. JlaHHbId
moKa3aTejib KOPPEeIUpPyeT ¢ KOJIMICCTBOM U TIPO-
ITYKTUBHOCTBIO CEIBCKOXO3SIUCTBEHHBIX KYJBTYD,
YTO SBJISIETCS XOPOIIMM MoKa3aTesieM IHUTaHus
IPBI3YHOB. PacTUTEIBHOCTH TakKXKe oOecIieunBaeT
YKpBITHE, OC30MacHOCTh M 3allWINacT OT XWII-
HHUKOB. YMCIEHHOCTbh MEJIKUX MJIEKOIUTAIOIINX
YMEHbIIIaeTcsl B 3aCylJIMBbIE TOAbI, KOrma ouomMac-
ca pacTUTEJIbHOI'O KOpMa IJisT HUX cHuxaetcs [15].
Takum o6pazom, IPUPOAHO-KIMMATHUYECKE (Dak-
TOPBI OKA3BIBAIOT KaK MPSIMOE BJIMSTHUE Ha YNCIICH-
HOCTb TIOMYJSIIUI TNEPEHOCYMKOB XaHTaBUPYCOB
(Ha KoJIM4ecTBO GepeMeHHOCTel, pa3Mep MoMeTa,
pPOXIaeMOCTh M KO3((OUIIMEHT BBIKMBAEMOCTH),
TaK M OINOCPEJOBAaHHOE — Ha YCJIOBUS UX KU3HU
M1 00€CIeYeHHOCTD ITUIIEBBIMU PECYpPCaMH.
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IlpoBenenHniit B Camapckoit obnactu (r. Tosnb-
SITTA) KOPPEISIIMOHHO-PErPECCUOHHBIN  aHaJIN3
MOATBEPXKAAET HAJTMUME TOCTOBEPHOM CBSI3U MEXITY
ypoBHeM 3a6oeBaemocTtu I'JITIC, oceHHell ynuciaeH-
HOCTBIO MEJIKMX MBIIIEBUAHBIX MJICKOITUTAIOIINX
W 3HAYCHUSIMM TEeMIIEpaTypbl BO3IyXa M OCAIKOB
getHero nepuona [17]. PesyabraThl anmpodauuu pe-
TPECCUOHHON MO KPAaTKOCPOYHOTO IMPOTHO-
supoBaHus 3abosieBaeMoctu [JITIC Ha mnpumepe
OpeHOyprckoit 0671aCTU CBUAETEILCTBYIOT, UTO HAW-
Oosblllee MPOrHOCTUYECKOE 3HAYEHUE MMEIOT TeM-
reparypa Bo3ayXxa B OKTSIOpe 1 KOJIMUECTBO OCaIKOB
B HOSIOpeE TIPEeIbIAYIIEro roga, MaKCUMaJIbHbI 1 M-
HHUMAaJIbHBIM YPOBHU BBICOTHEI CHEXXHOIO TIOKpPOBa
B (deBpase, a Takxke yucio Boabpa (c 3ama3gbiBa-
HueM Ha 2 roga) [11]. Ilpu cocTaBjieHMM MPOrHO3a
SMU300TUYECKON aKTUBHOCTU IIPUPOIHBIX OYAroB
T'JITIC Ha 0ocCHOBE MHOXKECTBEHHOTIO PErPeCCUOHHOIO

aHayim3a B CapaToBCKO1 00J1acTH B KaUeCTBE OCHOB-
HBIX a0MOTUYEeCKUX (PaKTOPOB OBLIN MCITOJIb30BAHbI
3HAUEHUST KJIMMATUYECKUX TIoKaszaTejeid 3UMHEro
Mepuoaa: CpeaHssl TeMIleparypa U BJIaXKHOCTh BO3-
JlyXa, BbICOTA CHEXXHOro IoKpoBa, uucjio Boibda,
a TaK>Ke KOJIMYECTBO JTHEI C OCaIKaMU.

ITpumepamMu 3apyOeKHBIX padOT, MTOCBSIIIEHHBIX
M3YUYCHMIO TaHHOU IPOOJEMBI, SBJISETCS PsII WC-
ciienoBaHuit, TpoBeAeHHBbIX B KnTtae. Tak, mpu mmpo-
BEICHUU KPOCC-KOPPEJISIIIMOHHOTO aHajin3a (Cross-
correlation analysis) u amnpobGauuu 0000IEeHHO
agnuTUBHONW Mopaenu (generalized additive model,
GAM) BpeMeHHOro psia Oblia BBISIBJIEHA CUJIb-
Hasl Koppensuus Mexny 3adoseBaeMocTbio [JITIC
W TeMIlepaTypoil, OTHOCUTEJIBHOW BJIAXXHOCTBIO
BO3/IyXa U OcaJKaMH B MPEAIIeCTBYIOIIUE TPU Me-
cs11a ¥ peablayIeM roay B ipoBuHIMK [laHbIyH,
r. HuHmao. Beutn ycTaHOBJIEHBI OTpUILIATEIbHBIC

Ta6auua 3. BausiHue knumatuyeckux ¢akTopoB Ha XU3HeAeaTeNIlbHOCTb KOMapoOB — NEPEHOCYUKOB

Bupyca 3H u 3a6onesaemocTtb HaceneHus JISH

Table 3. Effect of climatic factors on the mosquitoes (West Nile virus vectors) vital activity and WNF incidence

Ne ®dakTopbl
No. Factors

Yucnosbie 3HaYeHUS
dakTopoB
Factors numeric values

BnunsHune
Effect

TemnepaTypa Bo3ayxa B utoHe, °C
Air temperature in June, °C

Bbiwie cpepHetii Ha 3,9
Above average by 3.9

MakcumanbHbIA 3NNAEeMUYECKUn
noabem 3a6osieBaeMoCTH

Maximum epidemic increase incidence

Temnepatypa Bo3gyxa 25-it Hegenu roga,
HaKaHyHe anuAaeMuU4ecKoro ce3oHa, °C

Air temperature at week 25 of the year, before
the epidemic season, °C

Bblwe cpepHeit Ha 5,2
Above average by 5.2

MakcumManbHbIA 3aNUAEeMUYECKUI
noabem 3abosieBaeMocTun
Maximum epidemic-related increase
in disease incidence

OTHOCUTENbHasA BNaXHOCTb BO3AyXa
3 |BuioHe, %
Relative air humidity in June, %

Huxe cpenHeii Ha 16,7
Below average by 16.7

MakcumanbHbIN 3NNAEeMUYeCKum
noabem 3abonesaeMocTu
Maximum epidemic-related increase
in disease incidence

OTHOCUTENbHAs BNAaXHOCTb BO3ayxa 25-i
Hepenuroga, HakaHyHe anuAemMm4yeckoro
4 |ce30Ha, %

Relative air humidity at week 25 of the year,

before the epidemic season, %

Huxe cpepnHeii Ha 24,2
Below average by 24.2

MakcumManbHbIN 3NNAEeMUYEeCKUm
noabem 3abonesaeMocTu
Maximum epidemic-related increase
in disease incidence

HakonneHHas cymMMa aKTUMBHbIX
TemnepaTtyp Bo3ayxa uioHs, °C

22,0 n BbiLe

MakcumManbHbIN 3NNAEMUYECKUn
noabem 3abonesaeMocTu

to January, °C

S Accumulated amount of active air 22,0 and above Maximum epidemic-related increase
temperatures in June, °C in disease incidence
CyMma aKTUBHbIX TEMNepaTyp Bo3ayxa 22.0 1 BBILE YBenuyeHuve AnuTenbHOCTH
6 |wiong, °C 29 (’) dab anNMaeMmnyYecKoro cesoHa
Amount of active air temperatures in July, °C U andabove Increased duration of epidemic season
Mokasatenu 25-i Hepenu ropa:
— cpepHei TemnepaTypbl BO3ayxa, °C; — Bbile 22,0 Peskuit anupemunyeckuin
— CpPeAHei OTHOCUTENIbHOMN BAaXHOCTN — Huxe 5,0°C noabeM ypoBHs 3a60sieBaeMOCTH
7 Bo3ayxa, %
Data of the week 25 of the year: Sharp epidemic increase in disease
- average air temperature, °C; -above 22,0 pep incidence
- average relative air humidity, % - below 5,0°C
8 52?1??3 TeNepaTypaBoSAYXa B Mae= Bbiwe 21,0 Bcenbiwku 3aboneBaHuns
b .
Average air temperature in May-July, °C Above 21,0 Disease outbreaks
Cpeanss Teomneparypa Bo3ayxa ¢ Aekabps YpoBeHb 3a60N1€BaeMOCTU HNXE
no siHBapb, °C Huxe -5,0
9 ) 006bIYyHOrO
Average air temperature from December Below -5,0

Incidence is lower than usual rate
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KOPPEISIIMOHHBIE CBSI3U MEXAY YMCIOM OOJbHBIX
¥ TeMIepaTypHBIM auamna3oHoM ot +6,0 o +23,7°C
U MOJOXUTEIbHbIE — CO 3HAYEHUSIMU BJIAXHOCTU
Bo3ayxa Bbile 85,7% u Huke 67,5% [56]. I1pu usyye-
HUU MPEANOCHIIOK aKTUBU3AILUU STTU300TUYECKOTO
npolecca XaHTaBUPYCHOM MHMEKIINU ¢ TTOMOIIbIO
METOJIOB IJTaBHBIX KOMIOHEHT (principal component
analysis, PCA) u noructuueckoii perpeccuu (logistic
regression analysis) B MpOBUHIIMM XyHaHb B Kaye-
cTBe (haKTOPOB pHCKa, KPOME CPETHETOOBOI TeM-
neparypbl Bo3ayxa U TOAOBOrO KOJIMYECTBa OcCal-
KOB OBLTM MCIOJIb30BaHbI €XXeMECSYHbIC 3HAYCHUS
TeMIiepaTypbl moBepxHocTu 3emyin U NDVI (ko-
TOpbIE TaK>Ke€ KOCBEHHO CBUJAETEJIbCTBYET O BJaX-
HOCTM TI04YBHI) [76]. Pe3ynbrarhl BeiiBiaeT-aHaIM3a
(Wavelet analysis) — BeliBiaeT-npeoOpa3oBaHus
(Wavelet transform) c BeiiBaetrom Mopie (Morlet
wavelet) 1 Kpocc-KOppeasiLIMOHHOTO aHaau3a (Cross
correlation analysis), — TIpPOBENEHHOTO B IPOBUH-
uuu JIsionuH (r. Xyaynao), CBUAETEIbCTBYIOT O Ha-
JIMYUU BbIPAXXEHHOM MOJOXUTETbHONH KOPPETsau
YUCJIEHHOCTU HOPBEXCKUX KPBIC C MOKa3aTeasIMU
CpellHEN, MAaKCMMaJIbHO U MUHUMAaJIbHOM TeMIIe-
paTypbl BO3Ayxa, HAKOIJIEHHBIMU OCaJiKaMu U a0-
COJIIOTHOM BlaxkHOCThIO [62]. C ucIoab30BaHUEM
BeiliBneT-aHaiu3a (Morlet wavelet) 1 6ailecoBCKOIA,
CKOppeKTUpoBaHHOU 1o IlyaccoHy Moaenu Bpe-
MeHHoro psiaa (Bayesian time-series adjusted Poisson
regression model) BbISIBJEHBI OCHOBHBIE (PaKTOPBI
pucka Bo3HUKHOBeHUs Bernbliiek [JITIC B mpoBUH-
uu IsHbcu (r. CuaHb) — YUCJIEHHOCTh I'PHI3YHOB,
KOJIMYECTBO BBIMABIIUX OCAIKOB U TeMIlepaTypa
BO3IyXa, 3HAYEHUS KOTOPBIX CUJBHO KOPPEJIUpPO-
BaJii C KOJUYECTBOM 3a0oseBlIuX (¢ 2-, 3- u 4-me-
CSIYHBIM JIarOM COOTBeTCTBeHHO) [73]. B ropoackom
okpyre YsHBUYXKOY IPOrHO3MpOBaHUE 3aboJieBae-

moctu [JITIC OblI0 BBIMOJHEHO Ha OCHOBE MO-
eI TIOJIMHOMUWHAJIBHO pachpele/ieHHbIX JIaroB
(polynomial distributed lag (PDL) model). B kaue-
CTBE IIEPBOrO0 KOMITOHEHTa OBLIM HCIOJb30BaHBI
YuCcJIeHHOCTh I'phidyHOB, NDVI u cpengHeMecsiuHast
TeMmrepaTypa, BTOPOTO — CpeIHeMeCSIYHOe KOJIM-
YeCTBO OCaJKOB U CpeTHeMeCSIUHass OTHOCUTEIbHAsI
BJIaXXHOCTbh, TPETUI OBLJT MMPpeACTaBIeH YMCIEHHOC-
ThIO TPHI3YHOB U CPEeIHEMECIYHON OTHOCUTEIBHOM
BiIaXHOCThIO. [lodydeHHBIE pe3yJbTaThl TaKXKe
MOATBEPAMIN HAJIMUME BIPaXKeHHOI 3aBUCUMOCTHU
YPOBHSI 3a00JIeBA€MOCTM HacCeJICHUsI OT 3HAYCHU A
Bcex uccienyeMbix ¢akTtopoB [77]. C nomolliblo
pEerpecCMOHHON MOAEIN TJIABHBIX KOMITOHEHTOB
(principal components regression (PCR) model)
M MOJIEJIM CE30HHOTO MHTETPUPOBAHHOTO CKOJIb3sI-
mero cpeaHero (SARIMA) ¢ aBToperpeccueii ObLIn
YCTAHOBJIEHBI CBSI3M MHTEHCUBHOCTU ITPOSIBJICHU I
snunemuyeckoro mnpoiecca IJITIC B mpoBUHLIMSAX
TupuH u X3UIyHU3SH CO CpeAHEMECSTYHbBIMU 3Ha-
YeHUSIMU CPEIHEei, MaKCMMaJIbHOM M MUHUMaJIb-
HOITI TeMITepaTypbl BO3/lyXa, OTHOCUTEIbHOM BJIaK-
HOCTM BO3/lyXa, HAKOMJEHHBIMU OCaJKaMU U CKO-
pocThlo BeTpa [61, 79].

O06o006I1IeHHbIe JaHHbIE M0 BAUSHUIO KJIUMAaTU-
yeckuX (aKTOPOB Ha KU3HEACSTEJIbHOCTbH Ilepe-
HocuukoB Bo3oyauTeneit I'JITIC u ypoBeHb 3a001€-
BaeMOCTH HaceJIeHU s MpeacTaBIeHbI (B TOM YUCIIe
3aBUCMMOCTB OT OIIPeIeJICHHBIX YMCIOBBIX 3HAUE-
HUIT) B Ta0. 4.

TakuM 006pa3oM, OCHOBHBIMU (paKToOpaMu, KO-
TOpBIE BJIUSIOT HAa YUCJIEHHOCTh NEPEHOCYNKOB BO3-
OynuTteneil HauboJiee pacrpocTpaHeHHbIX B Poc-
cuiickoit Menepanuu [TOU, gBisoTCS TeMIiepa-
Typa, BJIa>KHOCTb (ITOYBBI U BO3/1yXa) U KOJUYECTBO
BBITTABIINX OCAAKOB. [laHHBIE (haKTOPBI MOT'YT OBIThH

Ta6nuua 4. BausiHue knumatunyeckux ¢akTopoB Ha XXU3HEAEeaTeNbHOCTb MbILLEeBUAHbIX FPbI3YHOB —
NnepeHOCYMKOB XaHTaBUPYCOB 1 YypOBeHb 3aboneBaemocTu Hacenenus MNMNC
Table 4. Effect of climatic factors on vital activity of mouse-like rodents (hantaviruses vectors) and HFRS incidence

Ne ®dakTopsbl
No. Factors

3HayeHus pakTopoB
Factors values

BnugHue
Effect

TemnepaTypa Bo3ayxa Tpex
npeaLwecTByloWmx mecaues, °C
Air temperature of the previous three

months, °C

+6,0... +23,7

OTpuuaTeanan KoppenaunoHHas CBA3b
C 4ncnom 6osbHbIX
Negative correlation with the number
of patients

TemnepaTtypa Bo3ayxa Tpex
npepwecTByOWMUX Mecaues, °C

Bbiwe 23,7 v Huxe 6,0

MonoxuTtenbHas KOpPEnsLUOHHANA

Lack of spring flood

2 : : CBf13b C YUCIOM OOJIbHBIX
Air temperature of theoprewous three Above 23.7 and below 6.0 Positive correlation with the number of patients
months, °C
BnaxHocTb BO3Aayxa Tpex
3 npepLwecTByOWUX mecsues, % Bbiwe 85,7 u Huxe 67,5 no"?;:;?l":::ﬂ?g%iﬂi::&""a"
Air humidity of the pgewous three Above 85.7 and below 67.5 Positive correlation with the number of patients
months, %
TemnepaTtypa Bo3ayxa 1eToOM Tennas, HO He XapKas BnaronpusatHo Ang ycunexHoro
4 A tp yp t Ay W ’ butnot h Ft) pPa3MHOXEHUS rPbI3yHOB
I temperature in summer armbutnotho Favorable for enhanced rodent reproduction
BnaronpuaTHO ANS YCUNEHHOro
5 OTcyTCTBME BECEHHEro naBoaka DASMHOXGHMS FPLIZYHOB

Favorable for enhanced rodent reproduction
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PucyHok. KomnnekcHoe BAMsHue KnumMaTuyeckux ¢pakTopoB Ha aNMAeMmnonormyeckyto cutyauuio no NOU
Figure. The complex climatic factors impact on the natural focal infections epidemiological situation

OJITHOBPEMEHHO MCHOJIb30BaHBbI JIJIsl IPOTrHO3a 311U~
JeMUOoJornueckoii cutyauuu no kjiemeBbiM (KIJI,
KB3, UKB), 3ooH03HbIM (I'JITIC) 1 nepenaBaeMbIiM
yepes ykychl KoMapoB (JIBH) nnpekumusaMm (puc.).

3akJiioyeHme

Takum oOpa3zoM, pes3yabTaTbl MPOBEAEHHOTO
aHaJim3a MHOTOYMCIIEHHBIX JINTEPAaTypPHBIX JTaH-
HBIX TIOATBEPXIAIOT 3aBUCUMOCTH YPOBHS 3a-
oosneBaemoctu HacesneHus [MIOM ot mpupomHo-
KJIUMaTU4ecKuX (haKTOPOB, BIMSIONINX HA XKU3-
HENESATEeJIbHOCTh OCHOBHBIX TEPEHOCUYUKOB WX
BO30ynuTesel — KJelleil, KoMapoB, MBIIIIEBUTHBIX
TPBI3YHOB, — a TaKXe€ CBUJETEJIbCTBYIOT 00 aKTy-
aJIbHOCTU MPOJIOJIKEHU I UCCIIETOBAHUN B JAHHOM

HanpaBiaeHUU. JlanbHellliero u3ydeHusi TpeoyeT
CBSI3b aKTHUBHOCTHU IMMPUPOIHBIX OUaroB MUHMEKIIU A
C BJIaXKHOCTBIO U TEMIIEpaTypoii MOUBHI Ha pa3JIny-
HOM r1yOMHe, TUAPOTEPMUUYECKUM KO3(hDUIIMEH-
ToMm, NDVI, HakomJIeHHBIMU 3HAYEHUSIMU TEMIIE-
paTyphl U KoJaudecTBa ocaakoB. Kpome Toro, oco-
00e BHUMaHMUEe HEOOXOAUMO YIEeaITh TAKUM IIIUPO-
KO pacrnpocTpaHeHHBIM B Poccuiickoit @enepannn
TTOM, KoTOpbIM Ha CEeTOAHSIIHUN IeHb MOCBSIIE-
HO JIMIIIb HEOOJIBIIIOE YMCIO OTEUECTBEHHBIX paboT
(UKB, KI')T) unu netaabHbIe UCCIIENOBAHU ST KOTO-
PBIX MO BJUSIHUIO MOTOAHBIX YCJIOBUM Ha MHTEH-
CHUBHOCTBH AIMU300TUYECKOro IMpoliecca U BIujie-
MMUYECKUX TMPOSBICHUIN J0 HACTOSIIET0 BpEeMEHU
IIIMPOKO HE IMPOBOAMJIMCH (HaIlpuMep, acTpaxaH-
cKas MSITHUCTAas JUXopaaka).
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AHTUMUKPOBHbLIE NMENTUADI
KAK NMEPCIMNEKTUBHbIE CPEACTBA TEPATNUA
NEPBU4YHbIX BUPYCHbIX MTHEBMOHWUN

M.IO. Illeakanos’>34, A.B. LIpioyasckuii’, B.I'. Jlenkos’, 1.B. I'aakuna?, B.B. MaJees®

'®@I'BHY HUMU snudemuonocuu u muxpoouonoeuu um. I.I1. Comoea Pocnompebnaodsopa, e. Bradusocmox, Poccus

2 llanvresocmounotii ghedepanvioiii ynugepcumem (Lllkora nayk o scuznu u 6uomeduyunst), 2. Bradusocmor, Poccus

I Dedepanvubiii nayunotii [lenmp 6uopasnoobpasus nazemuoii buomor Bocmounoii Azuu Jarvnesocmounoeo omoenenuss PAH,
2. Baradusocmok, Poccus

4 Hayuonanavnotii Hayunoii Llenmp mopckoil 6uonoeuu Jarvnesocmounoco omoenenuss PAH, e. Baadusocmok, Poccus

SOBYH HUMU snudemuonocuu u muxpoobuonoeuu umenu [lacmepa, Canxm-Ilemep6ype, Poccus

¢ [lenmpanvHolil HAy4HO-UCCAC008AMENbCKULL UHCmMUumym anudemuonozuu, Mockea, Poccus

Pestome. [Tanmemuss COVID-19, nauasmasics B mapTe 2020 I., BHOBb IpUBIIEKIa BHUMaHUE K MPo0OJIeMe Tepanuun
MepBUYHBIX BUPYCHBIX THeBMoHMIt (I1BIT), korma mopaxkeHue TKaHeil HUXXHUX OTIEIOB PECIIMPATOPHOTO TpakKTa,
BKJTIouast GyHKIIMOHAJIBHO BaXKHbIC aJIbBEOIUTHI, IPOUCXOAUT B pe3yibTaTe UHGUIIMPOBAHUS KJIETOK MMaTOreHaMu1
u3 uapcTBa Virae. B To BpeMsi Kak JieueHre MHEBMOHU I OaKTepuaibHOM 3TUOJOTUU ONMpaeTcsl Ha 0a30BbIi MTOAXO]I,
CBSI3aHHBIN C TPUMEHEHNEM aHTUOMOTUKOB (3P (DEKTUBHOCTb KOTOPBIX TPEOYeTCs BCe yallle BepubUuIIMpoBaTh B CBSI-
31 C «IIPOKJISATHEM 3(heKTa pe3UCTEHTHOCTH» — OXHAKO 3TO HE OTMEHSET CYIIECTBO 0a30BOro moaxoxaa), addex-
tusBHoe nedeHue [1BI1 ocymecTBuMO IUIIb TPU HAJTMYUU 3THOTPOIHBIX ITPOTUBOBUPYCHBIX IIPEIIapaToB, KOTOPBIX
KaTacTpoduyecKn HemoCcTaTouHo. B ciayuae Bupyca rpunma A (Articulavirales: Orthomyxoviridae, Alphainfluenzavirus)
STUOTPOITHBIC TIpenapaTsl U3BECTHBI CO BTOPOIA TTOJOBUHBI MPOIIIOro Beka. OqHAaKO KOHCEHCYC Cpeny KIMHUIIMC-
TOB OTCYTCTBYET IO OTHOIIEHMIO K 0C000 omacHbIM KopoHaBupycaM (Nidovirales: Coronaviridae, Betacoronavirus)
YeJI0BeKa, MO TUI0M OIMacHOCTH KOTOPBIX pa3BuBaeTcs MupoBas anuaeMmuoorus XXI seka: SARS-CoV (mompon
Sarbecovirus), MERS-CoV (Merbecovirus), SARS-CoV-2 (Sarbecovirus). I cieayeT TOTOBUTHCS K TOMY, UTO yBEJIMYe-
HHE IUIOTHOCTU HaceJeHUs M MacIlITAOMPOBaHKE MPOIIECCOB aHTPOITOTEHHOT'O BO3MEHCTBUS HAa SKOCUCTEMBI YBEIH-
YUBaeT BEPOSITHOCTD IMMPEONOJICHMS MEXBUIOBBIX 0apbepPOB MPUPOTHO-0YaTOBEIMU BUPYCAMHU U UX IPOHUKHOBEHU ST
B YEJIOBEYECKYIO TOMYJSLIMIO ¢ HEOJArONPUITHBIMU 3MUAEMUYeCKUMHU nocaenctBusiMu. [loatomy tepanus T1BII
yXe B OMMKaiiiiee BpeMs J0JKHa MOJYIUTh cucTeMHoe pasButue. [lnardopmoii 1yt pa3paboTKM TaKOW CUCTEMBI
MOTJIH OBl CTaTh aHTUMUKPOOHBIE enTuasl (AMII), mpeacTasismomme coo0ii 31eMEHTH HeCTICIIU(DUIECKOTO BPOX-
JMEHHOTO UMMYHHUTETA K T POKOMY KPYT'Y MH(MEKIIMOHHBIX TaTOT€HOB: 0aKTepHii, MUKPOCKOMUYECKUX TPUOOB 1 BU-
pycoB. B mpenacTaBiaeHHOM 0030pe 000CHOBBIBAaeTCS BHIOOP YKa3aHHOM MIaTGOpMBbI M IPUBOASITCS U3BECTHBIC TTPHU-
MepHI yerenrHoro ucrnoib3oBanust AMII B nedennu I1BIT u cBI3aHHBIX ¢ HUMUY MATOJIOTMYECKUX COCTOSTHUIA.
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ANTIMICROBIAL PEPTIDES AS PROMISING DRUGS FOR TREATMENT OF PRIMARY

VIRAL PNEUMONIA
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Abstract. The COVID-19 pandemic which began in March 2020 has again drawn attention to the problem of treating
primary viral pneumonia (PVP), wherein damage to the tissues of the lower respiratory tract including functionally im-
portant alveolocytes occurs as a result of cell infection by pathogens of the Virae Kingdom. Whereas treatment of bacterial
pneumonia is based on the basic approach related to the use of antibiotics (which effectiveness needs to be verified more
often than ever due to the “curse of the resistance effect” — that, however, does not cancel the essence of the basic ap-
proach), efficient PVP treatment is feasible only in case of available etiotropic, but catastrophically few, drugs. Such drugs
in case of the influenza A virus (Articulavirales: Orthomyxoviridae, Alphainfluenzavirus) have been known since the second
part of the XX century. However, no consensus was achieved among clinicians regarding particularly dangerous human
coronaviruses (Nidovirales: Coronaviridae, Betacoronavirus) which threat has driven the world epidemiology in the X XI*
century: SARS-CoV (subgenus Sarbecovirus), MERS-CoV (Merbecovirus), SARS-CoV-2 (Sarbecovirus). And we should
be prepared to the fact that increase in population density and scaling up of anthropogenic impact on ecosystems elevates
a probability of overcoming interspecies barriers by natural focal viruses and their penetration into the human population
with adverse epidemic consequences. Therefore, PVP therapy should be developed systematically in the nearest future.
Antimicrobial peptides (AMP) as the components of non-specific innate immunity against a wide range of infectious
pathogens: bacteria (Bacteria), microscopic fungi (Fungi) and viruses (Virae) may serve as a platform for developing such
system. Our review justifies a way to select such platform and provides well-known examples of successfully used AMP
in treatment of PVP and related pathological conditions.

Key words: respiratory disease, pneumonia, primary viral pneumonia, antimicrobial peptides, innate immunity, coronaviruses, COVID-19.

PecriupaToOpHBId TpakT y BCEeX MJIEKONMUTAIO-
LW X OCYIIECTBIISIET XKU3HEHHO BaXKHY0 QYHKIIUIO
razoobMeHa U OTHOBPEMEHHO C TUM ITPEACTaBI -
€T coO0l OTKPBIThIE BOPOTA AJII TPOHUKHOBEHUS
pa3JInyHOTO poaa naroreHoB. OMHUM U3 HauboJee
OMACHBIX OCJIOXHEHUIN OCTPBIX PECHUPATOPHBIX
3200J1eBaHUM ABJISIETCS THEBMOHUS — MOpaXKeHne
TKaHEU JIESTKUX U Pa3BUTUE B HUX BOCITAJIUTEIbHBIX
npoieccoB [22]. C aTuoA0ru4eckoit TOUKM 3peHUsd
MHEBMOHUU MOXHO pa3de/iuTh HAa IBE OCHOBHBbIE
TPYNITbl: BBI3BAHHBIE MAaTOr€HAMU OaKTEepUaTbHOU
WJIM BUPYCHOU aTUoJoruu. [Ipu sTom, mepBuUHbIE
BupycHble mHeBMOHUU (I1BIT) B oTCcyTCTBUE aneK-
BaTHOTO JICUEHU S, KaK MPABUJIO, MTPOAOIXKAIOTCS
B (hbopMe BTOPUIHBIX OaKTEpUaATIbHBIX TTHEBMOH WA,
U HA00OPOT — TMEPBUYHBIE OaKTepralbHbIE THEB-
MOHUUM MOTYT COTIPOBOXIAThCSI BUPYCHBIMU WH-
dekuusamu [6, 13, 21, 22].

JleueHne MHEBMOHUN O6aKTepUaJbHOW 3THUOJO-
TUU ONupaeTcd Ha OA3UCHBIN MOAXOMA, CBI3aHHBINU
C MIPUMEHEHUEM aHTUOUOTUKOB. D(PHEKTUBHOCTH
3TOTO MOAXOAA HYXIAETCSd B MOCTOSSHHOW BEpu-
dbuKalnu BCIEACTBUE MOSIBJICHUS U NaJbHEUIIETO
pacrpoCTpaHEHUS PE3UCTEHTHBIX OaKTepUaIbHBbBIX
BapuaHTOB. OMHAKO 3TO HE OTMEHSET CYLIECTBO
0asucHoro noaxonaa. dpdekrtubHoe geueHue [TBIT
OCYIIECTBUMO JIUIIb MTPU BBITIOJTHEHUU IBYX O0S-
3aTEJIBHBIX YCJIOBUU: 1) HAJIW4YUS STUOTPOIMHBIX

npernapaToB; 2) OTCYTCTBUS y aKTyaJIbHOIO BUPYC-
HOrO IITaMMa YCTOMYUBOCTU K IPUMEHSIEMOMY
STUOTPONMHOMY mnpenapaty. Hampumep, mpotus
Bupyca rpunia A (Articulavirales: Orthomyxoviridae,
Alphainfluenzavirus) B xonue 1960-x rT. ObLI pa3pa-
0OTaH >TUOTPONHBIN NpenapaT PemanTanuH (mpo-
U3BOAHOE aJlaMaHTaHa), UHTMOUPYIOUINIA aKTUB-
HOCTb MOHHBIX KaHAJIOB, KOTOPbIe (hOPMUPYIOTCS
(M2),-TeTpamepamMu BUpYcHoOTo 6enka M2 [2, 16,
29]. OnHako yxke K KoHIly XX BeKa aIUIeMUYECKIe
LITAMMBI BUpYCa ITpuUIina A 0Ka3aJucCh B OOJbIINH-
crBe cBoeM (70—90%) pe3ucTeHTHBI K PeMaHTanuny
BCJIEACTBUE MYTallMii B CEIbMOM T€HETUYECKOM
cerMeHTe, Konupytomem M2 [32]. [TaHneMuyeckuii
(2009—2010 rr.) BapuaHnT Bupyca rpunna A(HIN1)
pdm09 ¢ camoro MomMeHTa cBoero )opMuUpoOBaHUS
B pe3yJbTaTe peaccopTalluu NBYX CBUHBIX T'€HO-
TUIMOB 3TOr0 BUpYyca 00Jagan Pe3UCTEHTHOCTHIO
K Pemantanuny [11, 13]. OnHako K TOMy BpeMEHU
yXe ObLI BHEIPEH 3TUOTPOIHBIA MPOTUBOTPUII-
no3HbI mpenapaT Os3enbTaMuBUP [5], KOTOpBIA
obL1 5pdexTrBeH npoTuB BUpyca rpunna A(HINT1)
pdmO09 [11, 13], HO maxe 3TO He MUCKJIOUYUJIO pa3-
Butue JietaabHbix [IBIT kak B sanunce3one 2009—
2010 rr. (korga TpPOTUBOIMAHIEMUYECKU KOMIIO-
HEHT B COCTaBe MPOTUBOTPUNTMO3HON BaKIIUHBI OT-
cyTcTtBoBan) [12, 15], Tak 1 B MOCTIaHAEeMUYECKU I
nepuon rnepuoasl [9, 10, 14].
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Hauano XXI Beka mpollJo MoJa 3TUJA0N 3IU-
JIEeMUYeCKOil omacHOCTU co cTopoHbl [IBII,
9THOJIOTUYECKU CBSI3aHHBIX C KOpOHaBUpYycaMU
(Nidovirales: Coronaviridae, Betacoronavirus) Ts-
JKEJIOTO OCTPOro pecnupaToOpHOro CUHIApoMa
(SARS-CoV — Severe acute respiratory syndrome-
related coronavirus) (moapon Sarbecovirus) [23, 28],
OJIMKHEBOCTOYHOIO PECIMPATOPHOrO CUHApPOMA
(MERS-CoV — Middle East respiratory syndrome-
related coronavirus) (Merbecovirus) (24, 25], Tsxe-
JIOTO OCTPOro pPeCcnupaToOpHOro CHUHApOMa 2-TO
tuna (SARS-CoV-2 — Severe acute respiratory synd-
rome-related coronavirus 2) (Sarbecovirus) [26, 30].
OcobOeHHO TaXkesasi CUTyalusl CJI0XuUaach C Jeue-
HueM COVID-19, cBa3anHbIM ¢ SARS-CoV-2, ko-
TOPBIN TMOJYYUJI MaHAEMUYECKOE pacHpocCTpaHe-
HUE: Ha Ha4aJIbHOM 2Tarle He TOJIbKO OTCYTCTBOBAJ
eIUHBINA MPOTOKOJ, HO U TOSIBUJICSI «MYTHBIH ITO-
TOK» MaJioAoKa3aTeJbHbIX MpenapaToB, IPUMeHe-
HUE KOTOphIX Jaxe B Tepanuu off-label BbI3bIBaIO
COMHEHMU S y MEAUIIMHCKOTO coob1ecTBa [26].

BMmecTte ¢ TeM ciaeayeT roTOBUTHCSI K TOMY, UTO
yBeJIUUYEHME IIJIOTHOCTU HAceJeHUs W MacliTa-
OMpoBaHUE MPOLECCOB aHTPOIMOIeHHOro BO3JeH-
CTBUSI Ha 9KOCUCTEMBI YBEJIMYMBAET BEPOSITHOCTh
MPEOIOJICHUST MEXBHUIOBBIX OapbepoB MPUPOJI-
HO-0YaroBbIMM BUpPYCaMU W MX MPOHUKHOBEHWU S
B YEJIOBEUYECKYIO TTOMYJISIIMIO C HeOJIaronpusTHbI-
MU 3MUAEMUYECKUMHU TTOCHeACTBUSIMU. [loaToMy
tepanus I1BIT yxxe B Onuxariliee BpeMs J0JIKHA
MOJYYUTh CUCTEMHOE pa3Butue. [1iardopmoit ais
pa3paboTKU TaKO CUCTEMBI MOTJIM ObI CTaTh AaHTU-
MUKpoOHble nentuabl (AMII), koTopble Tmpen-
CTaBJIAIOT COOOI MenTUIHbIE MOJEeKYJIbI U3 10—150
aMMHOKMCJIOTHBIX OCTaTKOB (a.0.) (4allue BCero —
12—30 a.0.) u ABASIOTCS 2JAEMEHTaAMU Hecneuubu-
YEeCKOro BPOXIEHHOT0 MMMYHUTETa K IIUPOKO-
MYy Kpyry MHGMEKIIMOHHBIX MaTOTE€HOB: O0aKTepuit,
MUKPOCKOITUYECKUX TPUOOB U BUPYCOB.

IlenTuagamMu Mo CBOEMY XMMHUUYECKOMY COCTa-
BY SIBISIIOTCS M HEKOTOpble aHTUOWOTUKM, Hapy-
IIalolre IEeJ0OCTHOCTh U (YHKIIMOHUPOBAHUE
MeMOpaH: HanmpuMep, rpamuuauH {A, B, CD, D,
S}2 120, 55], monmuMmukcuHsl [51]. OnHaKo, B OT/IU-
yue OT aHTUOMOTUKOB, AMII He TOJIbKO uMeIoT 60-

Jiee IIUPOKUI CITEKTp MpuMeHeHus® (oHU 3 dek-
TUBHBI B TOM YHUCJE U MIPOTHUB BUPYCOB), HO U 00-
JagaroT 6oJiee pa3HOOOpPa3HBIMU OMOJOTMUYECKUMU
abdekramMmu? u MexaHusMamMu AeiicTBUs (Tabil.),
MHOrMe M3 KOTOPbIX MUKpPOOpPTraHU3MaM KpaliHe
CJI0XXHO KOMIIEHCUPOBAaTh MyTeM (GOpMUPOBAHUS
pe3MCTEHTHBIX® BapuaHTOB [17, 35, 41, 46, 48].

TTo-Buaumomy, AMII gBASIIOTCS HACTOJBKO
NPEBHUM W YHUBEPCAJbHBIM MEXaHU3MOM IIpO-
TUBOJNEUCTBUS MHMEKIMSIM, YTO BCTpeYaroTcs
Yy BCeX XUBBIX OpraHM3MoB. B HacTosIiee Bpems,
AMII oGHapyKeHBI Y IpoKapuoT [68, 76, 99], pac-
TeHuii [19, 56, 102], 6ecrno3BoHOYHBIX [83, 94, 101]
1 mo3BOHOYHEBIX [80, 92, 106], BKIIoUYass 4yeioBe-
ka [50, 92]. Ilpu 3TOM B MHOT'OKJETOYHBIX Opra-
HU3MaxX MPaKTUYECKU BCE TKAHU CIIOCOOHBI MPO-
ayuupoBaTb AMII B oTBeT Ha UH(DEKIIMIO, OJHAKO
B pa3JIMUYHBIX KOMITaPTMEHTaX OpraHru3Ma UMEETCS
cBoil criekTp AMII [92]. KoJjioccasibHble BO3MOX-
HOCTM OTKpbIBalOTCS Npu uzydyeHuu AMII mMop-
cKux Oecno3BoHOYHBIX [47, 71, 79]: Hampumep,
OTEUECTBEHHBII TPOTUBOBUPYCHBIM Mpernapar
Wurasupun® [4, 7, 8] npeactasisieT coboii aHaIor
MCeBIOIENTU A U3 HEPBHOM TKAHU MOPCKOTO 3aii-
ua (Aplysia californica) — OpIOXOHOTOI0 MOJIJTIOCKA
(Gastropoda: Opisthobranchia, Aplysiidae).

AMII cuHTesupytotes usd L- unu D-a.0.% 1u6o
Ha pubocoMax B cocTaBe 0oJiee MPOTIAKEHHBIX I10-
JIUIPOTEUHOB-MPEAIIECTBEHHUKOB C HUX IOCJe-
NYIOIIUM MPOTEOIU30M U MOCTTPAHCISIIUMOHHOMN
Moaudukanuei (MUKo3UIUpoBaHUEM, hochopu-
JIMPOBAaHMEM, rajoreHMupoBaHueM U T.11.) [17, 63],
100 B KPYMHBIX (EePMEHTHBIX Kackaaax, B KOTO-
pPBIX MOTYT (OPMUPOBATHCS HEMPOTECMHOTeHHbBIE
aMUHOKHWCJIOTHBIE OCTaTKU: HAIpUMeEP, BAHKOMMU -
1uH [58], nonumukcuHbl [103].

TlonaBasitomee 6onapminHcTBO AMIT amduna-
TUYHBI, T. €. Y HUX UMeeTCd TUAPOPOOHBIN 1 TH-
IpodUNAbHBI KOHIbI, Ojaromapsi 4eMmy TaKue
MOJIEKYJIbl MOTYT B3aMMOAEWCTBOBATh KaK C TU-
Ipo(pOoOHBIMU CTPYKTypaMu (B 4YaCTHOCTH, JIU-
NUIHBIMU MeMOpaHaMUu), TaK U ¢ (pusnogorunyec-
Kumu kuakoctsiMu. Yaiue scero AMII 3apsi>keHbl
MOJIOXKUTENABHO (T. €. SIBJASIOTCS KATUOHHBIMU MeMn-
Tugamu). OgHako u aHuoHHble AMIIT nmeroT Baxk-

! 3nech u najiee GUrypHbie CKOOKH 3aKJII0YAIOT B ce0e BapuaTHBHbIE KOMIIOHEHTHI TEPMUHA: HAlIpUMep, rpaMuLiuanH {A, B} o3Havaer

«IpaMULUANH A ¥ TpaMUIIMAUH B».

~

I'pamunuaun S (ot anri. Soviet — CoBercknii), BeraeneHHbIi B 1942 1. B CCCP u3 xkynstypsl Bacillus brevis var. G.B. [55], B pycCKOsS3bIUHOI
JIUTEPATYPe YaCTO UMEHYETCs «rpaMULUINH Cr.

B cnenmnanuszupoBanHbix 6a3ax naHHbiXx — ADAM (A Database of AntiMicrobial peptides), APD (Antimicrobial Peptide Database), BioPD (Bio-
logically active Peptide Database), CAMP (Collection of sequences and structures of AntiMicrobial Peptides), DBAASP (Database of Antimicro-
bial Activity and Structure of Peptides), LAMP (Linking AntiMicrobial Peptides) — npeacrtasiero 190 antuBupycHbix, 1153 TpoTUBOTpUOKOBBIX
1 2677 aHTMOAKTepUaTbHBIX TIENTHIOB.

OrnucaHHbIe B HACTOsIIIIEe BpeMsl HAaIlpaBJIeHU I Ouosiornueckoit aktuBHocT AMII: 1) anTubakTepuanbHas; 2) IpoOTUBOTPUOKOBas;

3) IpOTUBOBUPYCHAsT; 4) MPOTUBOOITYXO0JIEBAST; 5) reMOJIMTHYECKAST; 6) TOKCUH-HEUTpaanu3yomias (B TOM YKCJIe — B OTHOLIEHUU

GakTepHra bHbIX 9HJIOTOKCUHOB); 7) aHTUMapa3uTapHasi; 8) ciepMuLinaHas; 9) nHceKTuLMaHas; 10) xeMoTakTHUecKasi;

11) panosaxusinsiomias; 12) antuokcuaantHas; 13) depment-uHrudupyiorias [3, 50, 63, 91, 99].

Bonee Toro, AMII paccmarpuBaloTest Kak Hanbosiee peajibHasi BO3MOXHOCTB ITPEOI0JICH ST aHTUOMOTUKOPE3UCTEHTHOCTH MaTOTeHHBIX
0akTepuii, B TOM 4Mciie — HauboJiee OnmacHOM MyJIbTUAparpe3ucTeHTHocTH [17, 42, 82, 88].

B HekoTopbix AMII mpaBusibHOE pacrniojioxeHue L- n D-a.0. mMeeT NpUHLIMITNATbHOE 3HAUeHUE: HATIPUMeED, TPAMUIIUANH A, TPOHUKAs

B MeMOpaHy, CBOpauMBaeTCs B CliMpalib, B KoTopoit CO-rpymnsl yepenyromuxcs L- u D-a.o0. HanpapjieHbl B pa3Hble CTOPOHBI, Y4TO OTKPbIBAET
nopsl guameTpom 0,5—0,8 um [20, 90].
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HOe OMOJIOTMYEeCKOe 3HauyeHue: Halpumep, JepM-
LHMOWH, MPOAYLUPYEMbIii MOTOBBIMU XKeJie3aMu,
UrpaeT 3aMETHYIO pOJIb B aHTUMUKPOOHOM 3alIUTE
koxwu [3, 104]; SP-{A, D} B cocTaBe J1Iero4HOro0 Cyp-
dakTaHTa yJ4acTBYIOT HE TOJBHKO B IMPOTUBOMUK-
POOHOI 3a111MTe, HO M B CHUXEHUU TTOBEPXHOCTHO-
ro HaTSIXXKEHU S XKUIKOCTH, 3aTIOJTHIONIEH aIbBeO-
JIBI, YTO MPETISITCTBYET UX CXJIoMbIBaHUIO [22, 59].
MeTonbl OMonH@popMalLiMOHHOroO aHau3a u AMP-
CIIEKTPOCKOMNMU TO3BOJSIOT BBIAECJIUTHL 4 OCHOB-
HbIe TuIla KoHdbopmanuu AMII: 1) TUHEHHBIN
OenTuA; 2) TeTICBOM MENTUA, B KOTOPOM 3aMBbI-
KaHUSA QOPMUPYIOTCS TUCYIbGUIHBIMU CBI3SIMU,
3) oa-cnupanb; 4) B-ckiaanka, cTabuausupyemast
nucyabGuIHbIMU cBa3amu [17, 20, 63, 70].
Karnonnsie AMII MoryT B3amMoOAeiicTBOBATh
C OTpMIIATEJIbHO 3apsiKeHHBIMU MaKpPOMOJIEKY-
aamu (AHK, PHK, nonucaxapugamu) u KJeTod-
HBIMU CTEHKaMHU MPOKapUOT, MMEKIINX OTpU-
HaTeJbHBI TTOBEPXHOCTHBIN 3apsan M3-3a OOJb-
IIOro KoJInYecTBa KUCAbIX (ochoaunuaos [34].
DyKapuOoTUUECKHUE KJIeTKU COAepXKaT Ha CBOEH Mo-
BEPXHOCTHU TOpa3/i0 MeHbIIIee KOJIUUeCTBO pocdo-
JIMTIUIOB U IPYTUX OTPUIATEIIHHO 3apSIsKEHHBIX MO-
JIEKYJ1, a HAaJTM41e aKTUBHOTO MOHHOTO TpaHCIIopTa
MPUBOIUT K BOSBHUKHOBEHUIO TPAHCMEMOPaHHOTO
noTeHIIMaja, ujiu noreHuaaa HepHera, moaoxu-
TEJBHOTO IJISI BHEIIHE IoBepXxHOCTHU. PaszHoCTh
noteHuuanoB cocrasasger 30—100 mB [1], onHa-
KO TpaJueHT 3JeKTPUUYECKOTO TIIOJISI, YYUTHIBAs
TOJILIMHY MeMOpaHbl B 5—10 HM, cocTaBisieT 3Ha-
YUTEJIbHYIO BeJuuuHy mnopsaka 60—200 xB/cM.
DTO MOBHIIIAET CEJIEKTUBHOCTD IEMCTBUS KaTHOH-
HbIX AMII 1o oTHOIIEHU IO K OaKTepusiM, a TaKXKe
00BSICHSIET MPUCYTCTBHE OTPULIATEIBHO 3apsiXKeH-
HBIX MOJIMCAaXapua0B U aHMOHHBIX OCJIKOB B COCTa-
B€ OTHEINISIEMOIrO CIM3KUCTOM, MOKPHIBAIOIIETO pe-
CIIUPATOPHBI TPAKT, W JIETOYHOTO cypdaKTaHTa,
HaXoJsI1IEerocsi Ha MOBEPXHOCTU aJIbBEOLIUTOB.
O06ooueyHbIe BUPYCHI, 3aXBaThIBaoIIue ¢Gpar-
MCHT JIMITUAHOTO OMCIION ¥ XO3SIMCKOU KIIETKH |2,
16], HE B COCTOSIHUU IMOOAEPXKMBATH AKTHUBHBIM
MOHHBIN TpaHCIIOPT, U noTeHMaa HepHeTa cnana-
eT 10 HyJs1. HekoTopbie 060JI0uedHBIE BUPYCHI CO-
JIepKaT Cpear CTPYKTYPHBIX OCJIKOB BUPOIOPUHBI,
dopMmupyoIlie MOHHBIE KaHaJIbl — HaIlpuMmep,
(M2), Bupyca rpunmna A [31] unu E; kopoHaBUpy-
coB [28], — omHaKO OHM He MpeaHa3HayeHbI JJIs
noaaepXaHWsT TpaHCMEMOpPaHHOrO MOTEHIIMAJA:
WOHHBIN KaHaJ, chopMUpOoBaHHBIN (M2),, OTKPHI-
BaeTCs IoCjie TPOHUKHOBEHM SI BUpYCa B IIUTOIJIA3-
MY KJIeTKHU-MUIIIEHU B COCTaBe 9HI0COMBI TTOCJIE €€
3aKUCIeHU [29], a npucyTCTBUEC HE3HAYUTEIBHOTO
konuuecTBa E; B BUpMOHE KOPOHABUPYCOB SIBJISI-
eTcs apredakToMm ero coopku [24, 26]. JiunmuaHas
0007104Ka BUPMOHOB MM€EET OTpHUILIaTeAbHbI 2J1eK-
TPUUYECKUU 3apsia, 9YTO OOJIerdyaeT UM IIEPBUYHBIC
JIOpEHenTOPHBIC 3TAITbl B3aMOIECHUCTBUS C KJICT-
KOM-MUIIEHBIO. DJIEKTPOCTATUUYECKUI MeXaHU3M

MEPBUYHON ancopOIIMM BUPHUOHOB Ha TTOBEPXHO-
CTU MOTEHLMAJIbHON X03siickoii kjeTku [33, 43,
53] aBnsgeTcs, MO-BUAMMOMY, HACTOJIBKO YHUBEP-
CaAJIbHBIM, YTO IJISI TIOIABJISIOIIETO OOJBIINHCTBA
BUPYCOB (KaK 00OJIOUEYHBIX, TaK U 0e3000/04ey-
HBIX) 3HAYECHU ST U302JeKTpuUeckux Touek (pl) mx
BUPHUOHOB JieXXaT B auamnasone 3,5—7,0 [67] — aTO
SKBUBAJICHTHO HAJIMYMIO Ha MMOBEPXHOCTU OTPU-
HaTteJbHOro 3apsiaa mnpu dusnogorunueckux pH.
B uacTHOCTH, IJid SNUAESMMUYECKU aKTyaJbHO-
ro KOpOHaBHpYycCa TSXEJIOro OCTPOro pecnupa-
TopHOrO cmHIpoma 2-ro tuma (SARS-CoV-2 —
severe acute respiratory syndrome-related virus 2)
(Nidovirales: Coronaviridae, Betacoronavirus, mogpon,
Sarbecovirus) [26, 30] pl cnaiikoBoro 6eika S, Tpu-
MepBI KOTOPOTro (DOPMUPYIOT Hanmbojiee 3aMeTHBIC
OyJJTaBOBUJHBIC TETJIOMEepPhl Ha TMOBEPXHOCTU BH-
PUOHA U OCYLIECTBJLIOT PELIENITOPHOE B3aUMOIEH-
ctBue [18, 26], paBHO 6,2 (in silico) [78] u 5,3 (1mocie
TIMKO3UIUpOBaHus) [62].

Takum ob6pa3om, katTuoHHbie AMII, Hapyiaio-
e ILEJIOCTHOCTh JIMIMUIHBIX MeMOpaH, MOTyT
OBbITh HCITOJIb30BAHBI TIPOTUB O0OJOYCUHBIX BUPY-
coB. Ucknwouenue cocrapissioT e AMII, koTopsie
(opMUPYIOT B TUNMTUTHOM OUCIOE MOHHBIE KaHAJIBI
(Tab:1.), MOCKOJIbKY 000JIOUKM BUPMOHOB TECHO B3a-
MMOJIEHCTBYIOT C 00palleHHbIMU K HUM TUaAPOP00-
HBIMU (parMeHTaMU HyKJeokarncuaa [2, 16], mpe-
ISITCTBYSI (h)OPMUPOBAHUIO CKBO3HOTO KaHaja Itocie
cobopku BupuoHa. Ilpumepom kaTtnoHHoro AMII
CBBIPaXX€HHOI CIOCOOHOCThIOPA3PyIIaThO0OI0UYECY -
HbI€ BUPUOHBI SIBJISIETCS MEJIUTTUH — 26-4JICHHBI
nentun (GIGAVLKVLTTGLPALISWIKRKRGG),
COCTOSIIIMI M3 ABYX O-CIUPAJIbHBIX (PparMeHTOB
C <«IIPOJIMHOBBIM Pa3pbIBOM» U TTOJOXUTEIbHO 3a-
psixkeHHOIT C-KOHIIEBOI «TOI0BKOW» [81], — OCHOB-
Hoit koMTIoHeHT (40—50% cyxoii MacChl) TYETUHOTO
ga1a [66]. B Gu3noa0ornyecKux yCaoBUsIX MEJIUTTUH
dopMuUpyeT TeTpamepbl, KOTopbie 3((HEKTUBHO ae-
CTAOUIM3UPYIOT JUIIMAHBIC OMCJIOW, JIMIIICHHBIC
MOJOXUTEIBHOTO MMoTeHIIMAaa. ITockonbpKy hursno-
JIOTUYEeCKMe MpOoIecChl B MHOUIIMPOBAHHON KJIET-
K€ MePeoOpUeHTUPYIOTCS Ha TIPOAYKIIMIO BUPYCHBIX
0CJIKOB, aKTUBHOCTH MOHHBIX HACOCOB IMMOCTEIIEHHO
ocabeBaeT, MOJOXMUTEIBHBIN TpaHCMeMOpaHHBINA
MOTEHIIAJI CHUXXAETCI U MEJIUTTUH HaUMHAEeT JIN-
3UpOBaTh, B MEPBYIO oyepenb, UHOUIIMPOBAHHbBIE
KneTku. I[IpoTMBOBUpYCHAsi aKTUBHOCTb MEJIUT-
TUHA T0Ka3aHa B OTHOIICHUU KaK OOOJIOYCUHBIX,
Tak U 0e3000JI0YEYHBIX BUPYCOB: apeHaBUPYCOB
(Bunyavirales: Arenaviridae) [36], BHUpraBUpycoOB
(Martellivirales: Virgaviridae) [64], reprecBupycoB
(Herpesvirales: Herpesviridae) [98], opTOMUKCOBUPY-
coB (Articulavirales: Orthomyxoviridae) [84], nukopHa-
BUpycoB (Picornavirales: Picornaviridae) |84], mHeB-
MOBUDPYCOB (Mononegavirales: Pneumoviridae) [84],
pabmoBupycoB (Mononegavirales: Rhabdoviridae) |52],
petpoBupycoB (Ortervirales: Retroviridae) [57, 89],
dnaBuBupycoB (Amarillovirales: Flaviviridae) [74].
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AHTUMUKPOOHbIE NENTUABI Y THEBMOHUN

I[ToGoYHBIM nelicTBUEM MEIMTTUHA SIBJSIETCS €ro
LUTOJUTUYECKASI aKTUBHOCTb, OJJHAKO, BO-TIEPBbIX,
OHa MPOSBJSIETCS MPU JTOCTATOYHO BBICOKON KOH-
HeHTpauu 3toro AMII, a BO-BTOpbIX — B YCJIOBU-
gaX in vivo 300POBbBIE CIIU3UCTBIE 3alUIIEHBI OTPU-
aTeJbHO 3apsiXKEHHBIMU TOJMCaXapuaaMu U aHU-
oHHbIMU AMII B cocTaBe OTAEISIEMOro CAU3UCTONU
M JIESTOYHOTo cypdakTaHTa [66].

TlpeumyiecTBOM (HO OAHOBPEMEHHO — U CJIOXK-
HOCTbIO) MpuMeHeHus1 AMII aBisieTcs nposiBJeHue
UX OUOJOrMYEeCKOW aKTUBHOCTU Ha Pa3JUUYHBIX
YPOBHSIX CHUCTEMHOI opraHusanuu. Hamnpuwmep,
MEJUTTUH, TIOMUMO TIPSIMOrO MPOTUBOBUPYCHOTO
JNEeCTBUSI, aKTUBUPYET CUCTEMBbI BOCITPOU3BEOE-
HU S NIPOCTarjaHAMHOB B apTepUalbHbIX CTEHKAaX,
YTO MPUBOAUT K YBEIUYEHUIO aKTUBHOCTU MPO-
CTallMKJMHA, PACIIMPSIONIET0 KPOBEHOCHBIE CO-
cynbl [54, 85]. Kpome Toro, MeIuTTUH HapyllaeT
npoiecc TpoMOOOOpa3zoBaHMS, yTrHeTass aKTUB-
HOCTbh TPOMOOIJIACTUHA U BbI3bIBas ICHATYpallMIO
dudbpuHoreHa [73, 75]. B cnyuae tsaxenbix TTBIIT,
9TUOJIOTUYECKU CBSI3aHHBIX, HATIPUMED, C BUPYCOM
rpunmna A(HIN1)pdmO09 [13, 27], SARS-CoV [23,
28], MERS-CoV [24, 25] uau ¢ SARS-CoV-2 [18,
26], cnageHne U TpoM0OO03 COCYIOB SIBIISTIOTCS BazK-
HBIMU DJIEMEHTaMU TaToreHe3a. B aTux ciyyasx
COCyI0opaclIupUTEIbHOE U MPOTUBOTPOMOOTHUYEC-
Koe JefiCTBUE MEJIUTTUHA MOXKET UMETh IOJOXKU-
TeJbHbIN 3 deKT. B HayyHOIl A1uTepaType UMEIoT-
csl onucaHus TexHogoruit focraBku AMII B cmecu
C aJIeMeHTaMU cypdakTaHTa B 1UCTAJIbHbIE OTACIbI
pecnupaTopHOro TpakTa, B TOM 4yMcjie — U B obJa-
CTM KoJljiarica jierkoro [38].

Hexotopsie AMII crocoOGHbl HEWTpaau3o-
BaTh BUPYCHI, B3AUMOAEUCTBYS CO CTPYKTYPHBIMU
OenkamMu, MPUHUMAIOIIMMU y4YacTuUe B TMPOHUK-
HOBEHMU BUpYyca B KJETKYy-MHUIIIeHb. Hampuwmep,
16-mepubiii paynen (WLVFFVIFYFFRRRKK)
CBS3bIBAETCSI C BUPYCHBIM T€MarrJIOTUHUHOM,
MPEMsTCTBYS €ro B3aUMOAEUCTBUIO C KJIETOYHBIMU
pelenTopaMu — cuajio3uaaMu (moaucaxapuiaamMu,
TEPMUHUPOBAHHBIMU OCTAaTKOM CUAJIOBOU KUCJO-
Thl) [37]. Takue AMII nmo MexaHU3My CBOEro Jeu-
CTBUS COJMMXKAIOTCS C HEUTPATU3YIOIUIMMU aHTU-
TeJlaMU, TOYHEe — C MUHUMAaJIbHO BO3MOXHBIMU
B CTPYKTYPHOM OTHOLIEHWU MUHUAHTUTEJIaAMU,
BOCITPOM3BOASIIUMU 3D HEKTOPHBIE YACTU JIETKUX
WY TSXKenabix uerneir Fab-dparmeHToB HeilTpanu-
sytomux anturtena [2, 16]. CoBpeMeHHbIE MOJIEKY-
JISPHO-T€HETUYECKUE TEXHOJIOTUU TTO3BOISIOT BbI-
SIBJIITh MOJOOHBIEC OJTMTONENTUAbl HA OCHOBE aHa-
nu3za MPHK TsXenbix U Jerkux Lenei HedTpain-
3yIOIIMX MOHOKJIOHAJIbHBIX aHTUTEN U TOoJydaTh
HUX 3aTe€M IyTeM XUMUUYECKOTO CUHTE3a.

Jpyrum nonxonom K KOHCTpyupoBaHuio AMII,
MPEISITCTBYIOIIMX TPOHUKHOBEHUIO BUPYycCa B KJIET-
Ky, MOXET SIBJISITbCSI BOCIpOU3BeneHUe (hparMeH-
TOB BMPYCHBIX OEJKOB, KOTOpble, 0Onamasi Gosee
BBICOKMM Koa(dduumeHToM AUGEY3UU, MOTIU Obl
3G (HEKTUBHO KOHKYPUPOBATh C BAPMOHAMU 3a CBSI-
3bIBaHUE C KJIETOUHBIMU pEeLEeNTOpaMU UJU 3a UHU-
nuupoBaHue (y3MU BUPYCHON M KJIETOUHOW MeM-
OpaH. MccnenoBaHusi B 9TOM HanpaBJIeHU W aKTUBU-
3upoBaHbl B oTHolIeHUU SARS-CoV-2: K cepenuHe
2020 r. B 6a3e nanHbix DBAASP (https://dbaasp.org)
WJIM MpeAcTaBeHbl yxXe 13 menTuaoB, CNOCOOHbBIX
MHTUOMPOBAaTh paHHUE 3Talbl BUPYCHOI pPEIpo-
NYyKUUU. BbeIpakeHHbIA MHTUOUpyomuii 3¢hdekT
B OTHOILIEHUU KOPOHABUPYCOB UMEIOT UCKYCCTBEH-
HO CHUHTE3MpPOBaHHbIC JUIOMENTUIbl Ha OCHOBE
2-ro rentagHoro noBtopa (HR2 — heptad repeat 2)
S-0esika, KOHBIOTMPOBAHHOIO C XOJIECTEPOJIOM WJIU
NPYTUMU  JIMTIOCOAEPXKAIIMMU ~ MoJIeKyJamu |61,
95, 107]. Panee »TOoT e Tmoaxod ObLI MCHOJb30-
BaH nJig co3pmanusa AMII Ha ocHoBe HR1-mentnna
u3 S-6enka KopoHaBupyca yenoBeka OC437, koro-
phbiii oka3zajicsd 3¢HEKTUBEH MO OTHOIIEHUIO K He-
CKOJILKMIM KOpOHaBHpycaM JejioBeka [96].

AMII MOTyT UMUTUPOBATh JIEMEHTHI MOJIMME-
pa3HOTO KOMTIIJIEKCAa M HapylIaTh ero (hyHKIIMOH M-
poOBaHUe, BCTpanBasiCb B COOTBETCTBYIOLIE MOJIE-
KyJasipHble cTpyKTyphl. [Ipumepom AMII ¢ Takum
MEXaHU3MOM ITPOTMBOBUPYCHOTO NEHCTBUS SIBJISI-
I0TCsl, HanpuMep, N-KOHILIEBbIE TTENITUIBI U3 CYyOb-
enuHuubl PB1 Bupyca rpurmima A3 [65].

HuTokuH-Monyaupywoiuii noreHuuan AMII
MO3BOJISIET pacCMaTpUBaTh UX KaK MEPCIEKTUBHOE
CPEICTBO KOHTPOJISI «IIMUTOKMHOBOTO IIITOPMa» —
CUCTEMHOI BOCIAJUTEJIbHOU peakiuu B Pe3yJib-
TaTe HEKOHTPOJIMPYEMOU MPOAYKIIMH SHIOTEHHBIX
UMMyHoMmonyastopos [26, 100]. B wactHocTH, Te-
Ta-nedeH3uHbl, MPEeACTaBJSIONINEe CO00il MaKpo-
HUKJIUYECKUE MENTUIbI, CITOCOOHBI MOIYJIUPOBATh
Bbipa0boTKY TNFo (Tumor Necrosis Factor type o —
dakTOp HEKpo3a OMyXOJMU ) U APYTrUX MPOBOC-
NaauTeNbHbIX LUTOKUHOB [77]. ITlpeumyliecTBo
LHUKJIUYECKUX NeDEeH3UHOB MO CPaBHEHUIO C MPO-
ynmu AMII 3akiouaeTcs B 60jiee BLICOKOM YPOB-
He CTaOMJIBHOCTU U MPOJOHTUPOBAHHOM BPEMEHU
KU3HU DTUX MOJIEKYJ B (DU3MOJOTMYECKUX YCIIO-
BUsIX [45]. B opraHnusmMe yejioBeka MUMeIOTCs 6 TEHOB
TeTa-n1edEeH3UHOB, KOTOPhIE HE BKCITPECCUPYIOTCS
BCJICICTBUE HAJUYUS TIPEKIAEBPEMEHHOIO CTOIM-
komoHa [60, 69]. CMHTe3 MCKYCCTBEHHBIX TeTa-/Ie-
(beH3MHOB YejoBeKa (KOTOPbIe MOIJIU Obl AKCITpec-
CUPOBATBHCS €CTECTBEHHBIM ITyTEM ITPU OTCYTCTBUU
NPEeXIeBPEMEHHOTO CTOI-KOJIOHA), Ha3BaHHBIX
PETPOLIMKIMHAMU, TIO3BOJUJ DKCIEPUMEHTAIb-

7 Koponasupyc yenoeka OC43 (HCoV43 — Human coronavirus OC43) B HacToOsi1liee BpeMsi paCCMaTPUBAETCs KaK BAPUAHT OETaKOpOHABUpYca
1-ro Tuna (BetaCoV-1 — Betacoronavirus 1) (Nidovirales: Coronaviridae, Betacoronavirus, nonpon Embecovirus) |31].
8 TlonuMepas3HbIil KOMITJIEKC BUpyca rpuriina A GopMupyeTcst TpeMst OeTKOBBIMU CYyObeTMHULIAMY, KOTUPYEMbIMU OTAETbHBIMY TeHETHIECKUMU

cermeHtamu: PB2 (cerment 1), PB1 (2), PA (3) [28, 30, 32].
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MHdekumns n uMmyHuTeT

HO TIPOAEMOHCTPUPOBATh UX aKTUBHOCTb B OTHO-
IIIEHUU BUpyca MUMMYHoIedUIUTa yejoBeka I-ro
tuna (HIV-1 — Human immunodeficiency virus 1)
(Ortervirales: Retroviridae, Lentivirus) [72, 87], anb-
darepnecBupyc dejioBeka 2-ro tuna (HAHV-2 —
Human alphaherpesvirus 2) (Herpesvirales: Herpes-
viridae, Simplexvirus) [44] u Bupyca rpunmna A [49].
IToka3zano, yto RTD-1 (Rhesus Theta-Defensin 1 —
pe3yc TeTa-nedeH3uH 1-ro Tuma) 3aliuiiaeT Ja-
OOpaTOPHBIX MBIIIEH OT JETaJbHOIO UCX0aa U 00-
IIUPHBIX TMOPaXXeHUI JIETOYHOUW TKaHU TIPU DKC-
nepuMeHTaJbHOU uHbekuuu mramMmmom MAILS
KOpPOHaBUpPYca TSIXKEJI0ro OCTPOro pecrpaTopHOro
cunapoma (SARS-CoV) (Nidovirales: Coronaviridae,
Betacoronavirus, noapon Sarbecovirus), aganTupo-
BaHHOTO K PECIIUPATOPHOMY TPaKTy Mbllei [93].

Iupokoe BHeapeHue AMII B KJIMHUYECKYIO
NPaKTUKY CTaJKWBAETCs C BIIOJHE MPEOIOJIUMBbI-
MM CIOXHOCTSIMU. Bo-mepBbix, moayyeHue AMII
MeToAaMU MEeNTUAHOro CUHTE3a OCTaeTCsl JoCTa-
TOYHO JOPOTOCTOS UM, OJJHAKO UX CEOECTOMMOCTb
MOXET OBbITh CHUXKEHa MYyTeM MacllTabupOBaHUS
MPOU3BOJCTBA U B pe3yJibTaTe LeJieHaNpaBJIeHHO-
ro rnoucka dosiee 3pheKTUBHBIX B 9KOHOMUYECKOM
MJiaHe CXeM CUHTe3a.

Bo-BTOphIX, OCTalOTCS HEAOCTAaTOYHO W3-
YUYEeHHBIMU MexaHu3Mbl aeiictBusgs AMII u Bo3-
MOXHBbIE TMOOOYHbIe 2(PGhEKThl UX MPUMEHEHUS
(0COOEHHO — TpPU COYETAHHOM MCITIOJb30BaHUM).
Hanpumep, mHorue AMII B noCTaTOYHO BBICO-
KUX 103aX MPOSBISIOT TEMOJIUTUYECKU 2 DEeKT.
OnHako WHTeHcubuKauus G@yHIaMeHTaTbHbIX
U IPUKJIaAHbIX UccaenqoBaHuii AMIT numerot xopo-
LK€ IIaHChI TUIIUTh 3TY MPOOJIEMY aKTyaJdlbHOCTU
yKe B Onuxkariliee Bpemsi.

B-tpeTbux, MmaccoBoe npumeHeHue AMII mipu-
BEJET K TOJIOXKUTEIbHON CEeNeKIIMU PE3UCTEHTHBIX
BapuaHTOB MUKPOOPraHu3MoB. M XoTs naxe B Ha-
YUYHOI TUTEepaType MOXKHO BCTPETUTD U3JTUIIIHE OTI-

Cnucok nutepatypbl/References

TUMUCTUYHBIE YTBEepXKJIeHU s 0 ToM, uTo AMII mo-
3BOJISIIOT HE TOJIbKO WHIMOMPOBATh PENPOAYKIIUIO
AHTUOMOTUKOPE3UCTEHTHBIX MUKPOOPraHU3MOB,
HO U BOOOIIIE U30aBUTHCS OT «IPOKJISATUST» 3 deK-
Ta PE3UCTEHTHOCTHU, TOCJeaHee, pa3yMeeTcs, He-
BEPHO: CITOCOOHOCTH MpeAcTaBUTEIeil MUKpOMUPA
C UX OOIIMPHBIMU NONYJSLMSIMU, CTPEMUTEbHOMI
CMEHOI MOKOJEeHUN 1 OoraTeMiliuM ONbITOM 3BO-
JIIOLIMOHUPOBAHMU 51 MPEO0I0JIEBATh JIIOObIE TTOMBITKU
OrpaHUYUTh UX IKOJOTMUYECKUE HUILIU HE AOJIKHAa
BbI3bIBAaTh COMHEHMUI, IO KpaliHEel Mepe, B CpeTHe-
CPOUYHOI MepcnekTruBe. B yacTHOCTU, MeXaHU3MBbI
dopmupoBaHus pe3ucteHTHOcTU K AMII MoryTt
BKJIIOUaTh: 1) IPOTEOJUTHUYECKYIO Ierpagaliuio ne-
NTUIO0B; 2) MPOAYKIIUIO MOJIEKYJ, HEHTpaau3yro-
mux gaeiicteue AMII nyrem crneuuguyeckoro
B3aMMOJENCTBUS ¢ HUMU; 3) U3MeHeHue (PU3NKO-
XUMUYECKUX CBOMCTB MUIIEHU; 4) TOTOJHUTEIb-
HOE 9KpaHUpOBaHUE MUILLIEHU; 5) MOoJaBJIeHUE TTPO-
nykuuu AMII B opranusme [39]. OnHako nepevyuc-
JIEHHBbIE Me€XaHWU3Mbl PE3UCTEHTHOCTU TOTPEOyIOT
MOSIBJAEHUSI MHOXECTBEHHBIX FT€HETUYECKUX MYyTa-
LU, a cieAoBaTeIbHO JaAyT CEPbe3HbI BHIMTPHILLI
MO BPEMEHU, UTO SIBJISIETCS €lle ONHUM IMTpeuMyIle-
CTBOM HcnoJib3oBaHust AMII.

BakuuHa — 2310 Haubosiee 3(pGeKTUBHOE TTPO-
duIaKTUYECKOE CPEeICTBO B OTHOIIEHUU JIIOOOM
BUpycHOU nHdek1mu. [Tpu aTOM 006513aTETBHBIM yC-
JoBUeM 3((PEeKTUBHOCTU BaKLMHBI SIBJISIETCS DMU-
JeMuJeckasi aKTyaJbHOCTh BaKIIMHHOIO IlITaMMa:
MMEHHO MO3TOMY BaKILIMHY HEBO3MOX HO 3arOTOBUThH
3apaHee, U 60jee TOro — MPUXOAUTCS MepUoanye-
CKM TIepecMaTpuBaTh LITAMMOBBIM COCTaB BaKIIMH,
KaK 3TO MPOUCXOIUT €XKEroaHO B Ciyyae C BUPYCOM
rpunmna A [2, 26]. Co3naBast BAKIIMHY, HAyYHOE CO-
ob1ecTBO — nepedpasupys Y. Hepuniisa® — «Bcer-
Jla TOTOBUTCS K YK€ HauaBlleicsl BoitHe». PazButue
miatdopmbl AMIT nmo3BosisieT afeKBaTHO TOTOBUTh-
Cs1 K OyIylLIMM yIrpo3aM.
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POJIb CTPENTOKUHA3bI B MOAEJIMPOBAHUA
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JI.A. Byposa', E.A. T'aspusiosa?, I1.B. ITurapesckuii', Aprem A. Torosan’
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Pesiome. TTocTcTpenTokokkoBblii rnoMepyaoHeGpuT (PSGN) oTHOCUTCS K OCIOXKHEHUSIM OCTPOi MH(EKIIUU, BbI-
3BaHHOI Streptococcus pyogenes (cTpenTOKOKKoM rpynbl A, CI'A). [laHHas maToorus u3ydyaeTcs 1aBHO, HO U Cerof-
H4 NMPEeNNPUHUMAIOTCS MOMNBITKU UAEHTU(DUKALUN TPOLYKTOB XKU3HEAEATEIbHOCTH CTPENTOKOKKOB, CIIOCOOHBIX
MHUIIMMPOBATh UMMYHOIMATOJOTMUYECKUI TIpoliecc B Mmouykax. Hanbonblliee BHUMaHUE YASASIETCS CTPENTOKMHA-
3¢ — (pepMeHTY, TpaHC(HOPMUPYIOIIEMY IIJIa3MUHOTEH KPOBH B IJIA3MUH, CTIOCOOHBII B KOMIIJIEKCE C IJIa3MHHOBBIM
perienitopoM (NAPIr) moBpexXaaTh CTPYKTYPY MOYEUHBIX TTIOMEPYJI, a TaAKKe aKTUBUPOBATH CUCTEMY KOMITJIEMECHTA.
Lexp nccaeqoBaHms COCTOSIA B PeIICHU N ABYX 3a7a4: B M3YYCHUM CIIOCOOHOCTH cTpenToknHa3sl CI'A TpaHcdop-
MUPOBATh MJIa3MUHOTCH Pa3IMIHON BUIOBOM IIPUHAMICXKHOCTH B IUIA3MHUH, a TAKXKe B MI3YYCHUH €T0 POJIU B pa3-
BuTuu PSGN y KpOJIMKOB C TOAKOXHO MMIITAHTUPOBAHHBIMUM CETUYATHIMU TKAaHEBBIMU KamepaMu. Mamepuans
u memodsl. B pabote ucronbzoBanbl CI'A TunoB M1, M12, M22 u ux ska~ mytaHTbl. [IpemapaTbl YUCTOTO MJIa3MUHO-
reHa IMoJTyyajiv U3 CBeXel Mjia3Mbl KPOBM YeJI0BeKa, KPOJMKa MJIM MBIIIH C TTOMOIIbI0 XpoOMaTorpady Ha KOJIOHKaX
¢ nu3uH-cedaposoit 4B. 11 BHISIBJICHUS CIIOCOOHOCTH CTPENTOKMHA3bl aKTMBUPOBATH TJIAa3MUHOTEH B TIIa3MUH
K ee mpernapaTy B KOHLIeHTpauuu 1 Mr/MJ 106aBisiau no 10 MKI OYMIIEHHOTro Mja3MUHOIeHa YeJoBeKa, KpoJIrKa
nau Mbiy. KoHIeHTpaluio njaasMuHa onpenessiu GoTOMETPUUECKH C UCIOIb30BAaHUEM XPOMATOI€HHOIO Cy0-
ctpara S-2251 (Chromogenix, CIIIA). C uenbio BocrnpousBeneHnsi PSGN Ha Kpolukax UM MoJ KOXY BXUBJISIIU
10 YeThIpe KaMephl; XKUBOTHBIX 3apaxkaau MmyTeM BBedeHMs KyabTyp CIA B KaMepsl MOC/e MOJTHOTO 3aXKUBICHU S
paH M HaOJIIoIaIu B TeueHUe Tpex Henedb. Ha 14-if JeHb XMBOTHBIX 00padaThiBaly OeH3MITIEHUIMIIUHOM. [Tou-
KM BBIKMBIIUX KPOJUKOB IOJBEPrai MMMYHOTUCTOJIOTUYECKOMY aHanu3y. Pesyassmamor. CTpentToknHasza n3 CTA
trna M1, M12 u M22 B onsITax in vitro oKa3ajia BeIpaxkeHHY0 GYHKIIMOHAIbHY0 aKTUBHOCTH B OTHOIIICHUH T1J1a3-
MUHOIeHA YejioBeKa, TPaHC(OPMUPYS €ro B IIa3MUH: IIOKA3aTeIU ONTUYECKOM IIJIOTHOCTH Ipu A = 405 HM cocTaB-
nsanu 0,4—0,7 B cpaBHeHUU ¢ oTpuliateabHbIM KoHTpoJieM (OIT < 0,001). CtpenTokrHa3a He aKTUBAPOBAJIa MbIIIU-
Hbiit mnasmuHoreH (OIT = 0,001) u kpaiiHe c1abo BaMsIa Ha TpaHCHOPMaLIMIO Kpoauubero miasmuHoreHa (OI1 =
0,002). B onbiTax Ha kpoaukax mo uHaAyKuuu PSGN He ynanoch BbISIBUTh yUacTUE CTPENTOKMHA3bI, TTOCKOJbKY
He ObLTM 00HApYKeHBI KaKNe-TM00 pa3inumsl B MHUIIMAIIMU TIIOMepyIoHedpUTa KaK MCXOIHBIMH IITAMMaMU, TaK
U ska~ U30TeHHBIMU MyTaHTaMU. MyTaHTHBIE IITAMMBI, 1e(UIUTHBIE TIO TEHY, OTBETCTBEHHOMY 32 CUHTE3 CTpETl-
TOKMHAa3bl, HO COXPAaHUBIIKE CITOCOOHOCTH CBsA3bIBaTh IgG KposuKa U yejoBeKa, BbI3bIBAIU U3MEHEHUS B TKaHU
noyek, xapaktepHoie 119 PSGN. [IpoBeneH cpaBHUTEIbHBIN aHAIU3 KPoJnubeil U MblnHOK Moaeeit PSGN; Bbi-
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MTOJIHEHHBIE TI0 OTHOI U TOH e cXeMe, OHU JIOMYCKaloT ITPOTHBOITOJIOXHBIE BHIBOJIBI O POJIM CTPENTOKMHA3BI B pa3-
BUTUHU IKCIIEpPUMEHTaJIbHOTO IoMepyoHedputa. O6cyxaaercs poab IgG Fe-csaspiBaromux 6e1kos CI'A B reHese
9KCIIEPUMEHTAIBHOTO TIOCTCTPENTOKOKKOBOTO TIOMEpYJIOHEDPUTA.

Karouessie caosa: Streptococcus pyogenes, cmpenmokunasa, naazmunozet, naazmun, IgG Fc-cesasvieaioujas akmugnocms
CMpPenmoKoKK08, IKCnepuMeHmanbHblii cmpenmokoKKo8bLi 210MepyaoHeppum.

A ROLE OF STREPTOKINASE IN EXPERIMENTAL POST-STREPTOCOCCAL GLOMERULONEPHRITIS
Burova L.A.?, Gavrilova E.A.”, Pigarevsky P.V.?, Totolian Artem A.*

a Institute of Experimental Medicine, St. Petersburg, Russian Federation
b Hospital for Veterans, St. Petersburg, Russian Federation

Abstract. Post-streptococcal glomerulonephritis (PSGN) refers to the sequela of the acute infection, caused by Strepto-
coccus pyogenes (group A streptococcus, GAS). This pathology has been studied for a long time, and today attempts are
being made to identify the products of their life activity, able to initiate an immunopathological process in kidneys. Most
attention has been paid to streptokinase, the enzyme transforming blood plasminogen into plasmin, capable, together with
the plasmin receptor (NAPIr), of damaging the glomerular tissue, as well as activating the complement system. The aim
of the study was to consider two tasks: to study the ability of the GAS-obtained enzyme to transform plasminogen of differ-
ent species into plasmin as well as to study its role in the development of PSGN in rabbits having subcutaneously implanted
tissue chambers. The animals were infected by inoculating GAS cultures into the chambers. Materials and methods. GAS
strains of M types 1, 12, 22 and their ska~ isogenic mutants were used in the study. Purified plasminogen preparations were
isolated from fresh human, rabbit or mouse plasma by using chromatographic column with Lysine Sepharose 4B. To reveal
the ability of streptokinase to activate plasminogen into plasmin, its preparation at a concentration of 1 mg/ml was added
to 10 ug of purified human, rabbit or mouse plasminogen. The concentration of plasmin was defined photometrically us-
ing S-2251 (Chromogenix, USA). To reproduce PSGN, four chambers were implanted under the skin in each rabbit; after
the complete wound healing animals were infected and observed for three weeks. On day 14, the animals were treated with
benzylpenicillin. The kidneys from survived rabbits were subjected to immunohistology analysis. Results. During in vitro
experiments, M1, M12 and M22 GAS streptokinase showed distinct functional activity on human plasminogen, trans-
forming it into plasmin: optical density indicators at A = 405 nm were 0.4—0.7 compared with the negative control (OD <
0.001). Streptokinase did not activate mouse plasminogen (OD = 0.001) and exerted quite a weak effect on transformation
of the rabbit plasminogen into plasmin (OD = 0.002). In experiments on PSGN induction in rabbits, we failed to detect
streptokinase involvement, because no differences between initiation of glomerulonephritis by wild strains or ska~ isogenic
mutants were identified. Mutant strains deficient in the gene responsible for streptokinase synthesis but retained ability
to bind rabbit and human IgG, caused morphological changes in kidney tissue, specific for PSGN. In addition, a com-
parative analysis of PSGN “rabbit” and “mouse” models developed by the same technology, was carried out and led to op-
posing conclusions regarding a role of streptokinase in pathogenesis of experimental glomerulonephritis. The role of IgG
Fc-binding activity of GAS in development of experimental PSGN is discussed.

Key words: Streptococcus pyogenes, streptokinase, plasminogen, plasmin, streptococcal IgG Fe-binding proteins, experimental streptococcal
glomerulonephritis.

BeepgeHue

JlaHHbIle MEIMIIMHCKOW HayKu M IIpakKTu-
KW MO3BOJISIIOT paccMaTpMBaTh CTPEIITOKOKKO-
BY10 MH(EKIIMIO Y BbI3bIBaeMble €10 OCJIOXKHEHM S
B KayecTBe OJAHOM U3 rj00aJIbHbIX MPOOJIEeM CO-
BPEMEHHOTO 3JpaBooXpaHeHUs. BaxHyl0 poib
B 9TOI MaTOJIOTMM YeJIOBeKa Urpaet Streptococcus
pyogenes, MITaAMMbl KOTOPOT'O BXOJST B CEPOJIOTU-
yeckyto rpynny A (CI'A), o0beIUHSIONIYIO OKOJIO
150 M-tunoB Bo30ynutensi. OHU BBI3LIBAIOT Ta-
Kue 3a001eBaHUsI KaK TOH3UIJIOMAapUHTUT, CKap-
JlaTMHA, MMHOAEPMMUS, HEKPOTUYECKUI daciuuuT
M MMO3MUT, CEIICUC, CUHIPOM TOKCHUUYECKOTO II0Ka
U IPYTHE NMPOSIBJIEHUST OCTPOU CTPENTOKOKKOBOW
nHbpEeKIIM1, He TOBOPS yKe 00 MMMYHOIIaTOJIO-
TMUYECKUX TIpolieccax MO TUIYy PEBMaTHMYECKOTO

MopaKeHusl cepalla U OCTPOro MOCTCTPENTOKOK-
koBoro raomepysioHedppurta (PSGN). B oTHole-
HUM MaToreHe3a 3Toi (popMBbI riIoMepyIoHedpUTa
OOJIBIIMHCTBO aBTOPOB IIPUIACPKUBACTCS MPEI-
CTaBJICHUI 00 UMMYHOKOMIIJIEKCHOI ITpUpoe ee
pasButusg [7, 11, 17, 33]. Ycunusa uccienoBareneii
HamnpaBJIeHbl Ha MIACHTUMUKAIMIO MHUKPOOHOTO
daxkTopa, obecreyuBaloIIero Tak Ha3bIBaeMYIO
«HepuToreHHOCTh» MmTaMMoB CIA. OHa npu-
BOIUT K BOCIIAJICHUIO, AeTeHepalluu U AeCTPYK-
OUM TKaHU TIOYEYHBIX KJIYOOUKOB U B HTOTE
K 00pa3oBaHMUIO ayTOAHTUIE€HHBIX CyOCTaHIIMMA.
OCHOBHOE MECTO Cpear KaHIWAATOB B BeAyIlue
daxkTOpbl HEPPUTOTEHHOCTU OTBOJUTCS CTPEITO-
KMHa3e, TMMOCKOJbKY 3TOT 3KCKPETUPYEMBbIii ITPO-
nykT CI'A crmocobeH paclIeIsaTh IJ1a3MUHOIeH
KPOBU B CEPUHOBYIO MPOTEMHA3y — IIJIa3MUH.
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ITo MmHeHwMIO psima aBTOpOB [16, 20, 28], OH ABJS-
eTCsl MHUIMMPYIOIIUM 3BEHOM B IeHe3e IJIoMe-
pyjioHedpuTa. bblI0 TokKazaHO, YTO BBeIeHUE
CTI'A, sKcrpeccupylonero CTpenToOKUHa3y reHo-
tuna skal unu ska2 [21, 22, 23, 27], MblllIaM JU-
Huu BALB/c B MOAKOXHO MMIIJTAHTUPOBaHHBIE
KaMepbl COMNPOBOXHAaeTcs MOPGhOJIOrnIeCKUMU
W3MEHEHUSIMU B IIOYKaX, JICHKOIIMTAapHOW WH-
dunbpTpanveil TKaHU raoMepys, npoaudepanen
KJIETOK Me3aHTH s U Aeno3ulineit C3-KoMITOHeHTa
koMmrieMeHTa U IgG Ha 0Ga3ajabHOU MeMOpaHe
KJyOOUYKOB. Y HEKOTOPBIX JKUBOTHBIX OOHapYKe-
HBI aHTUTEJIa K CTPEeNTOKMHAa3€e, a TaKXe ee Jie-
no3uuus Ha 6azanbHoit MeMOpaHe [28]. Cinenyer,
OIHAaKO, OTMETUTb, UTO BO M30eXKaHHUE OIINOOK
B TPAKTOBKE KCIEPUMEHTOB I10 MOJIEIMPOBAHUIO
PSGN nocTtynat o Beayiei pojivi CTpenTOKUHA3bI
B €ro reHese cjienyeT 00s13aTeJibHO CONPOBOAUTH
JI0Ka3aTeJIbCTBOM €€ CITIOCOOHOCTH aKTUBUPOBATh
MJa3MWH, paclleIissl IJIa3MUHOTEH BKCIIepH-
MEHTaJIbHOTO JKMBOTHOTO.

HeonHo3HAaYHOCTh JTaHHBIX, PETUCTPUPYEMBIX
B Pa3HBIX 2KCIIEPUMEHTaX I10 M3YYEHUIO UMMY-
HOITaTOJIOTMYECKUX ITPOIIECCOB CTPENTOKOKKOBOM
9THOJIOTUU, MOXET OBbITh BbI3BaHa PSIOM OOCTO-
SITEIbCTB. BO-TIEPBBIX, CJIOXHOCTBIO CTPYKTYDbI
MUKPOOHOW KJIETKU, OOTaTCTBOM aKTUBHBIX KOM-
MMOHEHTOB, YYaCTBYIOIIUX BO B3aMUMOIEHCTBUHA T1a-
TOT€Ha W XO3SIMHA; BO-BTOPBIX, MHOTOIJIAHOBOC-
TBHIO OTBETHBIX peaKlnii MH(MUIITMPOBAHHOTO Opra-
HMU3Ma; U, B-TPETbUX, COCTOSTHUEM €ro UMMYHHO
cucteMbl. C 3TUM CBsI3aHbl pas3JIMIHbBIC TTPOSIBIIC-
HUS MOCTCTPENTOKOKKOBBIX OCJIOKHeHU . [ToHSATh
WX MOXHO TeM MOJIHee, YeM OJIMXKe OITbITHAasl MO-
JeJib K €eCTECTBEHHOMY Mpoleccy y yeiaoBeka [4].
OueBUIHO, YTO B3aMMOCBI3aHHOCTh MHOTUX (hakK-
TOPOB 3aTPyIHSIET OIpeAe/ieHre BKJada KaKIo-
ro U3 HUX B ITaTOJIOru1o. IMeHHO Mo3TOMY cpenu
MHOTUX (haKTOpPOB Tepexoaa OCTPoil MHpeKIInu
B MMMYHOTIaTOJIOTHUIO Ba’XHO CYMETh ONpPEIeIUTh
BEAYIIWI, OTOEIIUB €ro OT (haKTOPOB, MOIICPXKM-
BalIIMX pa3BUTHUE IaTojioruu. PaHee B oIlbITax
no unaykuuu PSGN Obl1a oOHapyKeHa Crioco0-
HOCTh ayToaHTuTen K IgG sKcrepuMeHTalbHO-
ro XMBOTHOIO (KpoJiMKa) MOBpeX/aaTh MOYEUHBIS
romepyasl [1, 2, 3, 5, 6, 9]. ®DopMupoBaHKe aHTH-
IgG aHTHTEN, a 3aTeM M UMMYHHBIX KOMIIJIEKCOB
tuna IgG—auntu-IgG, ObLJIO BbI3BAHO BBEACHUEM
KpOJIMKaM MAaCCUBHBIX /103 YOUTBIX MUKPOOHBIX
ten (108—10° KDE/mn) CI'A, coCOGHBIX CBSI3bI-
Bath IgG xo3suMHa 3a cuyeT MoBepxHOCTHBIX IgG
Fc-cBa3biBaolux 0eJIKOB MUKpoOa U Mocaeayro-
el aHTUTeHHON TpaHchoOpMallud CBSI3aHHOTO
IgG. MyTtanTHbIe mTaMMbl CI'A, AuIIeHHbIE yKa-
3aHHBIX OEJIKOB, HE BBI3bIBAJIM MATOJOTUYECKUIA
MpOIeCC B MOYEYHON TKaHU. DTH HCCJEeIOBaHMSI
no3poauau onpeneautsb IgG Fc+ coctosnue CTA
KakK Beayllee ycJioBUe, 00yCOBIMBAIOIIEe ero He-
dputorenHocts [12, 13, 15].

C y4eToM BBILIEU3JIOKEHHOT0 OBLIN OIpesese-
HBI 3a/1a41 HACTOSIIIETO UCCIIEAOBAHUS:

— H3YYUTh CIIOCOOHOCTh CTPENITOKMHA3KI psijia

M-tunoB CI'A TpaHchoOpMUpPOBaATH IIJIa3MU-

HOT€H Pa3JIMYHOrO BUIAOBOIO MPOUCXOXKACHMU S

B IJITa3MUH B KaUueCTBE BaXKHOTO 3BEHA B IT€HE3€

PSGN;

— CMOJEJNMPOBATh TJIOMEPYJIOHEDPUT Yy Kpo-

JIMKOB BBEACHUEM B UMILJIAHTUPOBAHHbBIE MOM

koxy kaMmepsbl IgG Fc-cpaspiBatomux CI'A, mpo-

IYLUPYOIINUX U HE TPOAYLMPYIOIIUX CTPENTO-

KUHas3y.

PemieHue 3Tux 3amay MO3BOJUT AaTh CPaBHU-
TEJbHYIO OLIEHKY Pa3HbIM IOAXOJaM IO MOAEIU-
poBaHuio PSGN u nombITaTbCcsd onpeaciuTh Ma-
TOreHEeTUUYEeCKOe 3HaYeHUEe OTIEIbHBIX (PaKTOPOB
npoliecca, HalpuMep CTPENTOKMHA3bI.

Matepuanbl n MeToapl

baxmepuanvnvie wumammol. B padbote ObLIN UC-
MOJB30BAaHBI CJIEAYIOIINE CTPENTOKOKKHN TpYyII-
nbel A: mtammbl M1 (40/58) u M12 (1800) u3 xoi-
nekoumu WHO Streptococcal Reference Laboratory
(HanmoHanpHBINI MHCTUTYT OOIIECTBEHHOTO 310-
poBbs, [1para, Yexust); iutamm M22 (AL168), Bbiae-
JICHHBIU OT OOJIBHOTO (PapMHTUTOM, TTOJTYUYCHHBIN
ot noktopa Lindahl G. (OToem METUIIMHCKOM MU-
Kpoobuoiiorun, Jlynackuii yauBepcutet, L Beirus);
M30TeHHBIEe MYTaHTHBI ska~ TUnoB M1 1 M22, noiy-
JyeHHBIe OT HoKTopa Sjobring U. (Otmen MeaumH-
CKOM MUKpOOMoIornuu, JIyHICKUIT YHUBEPCUTET,
HIBenus). lTtammbr xpanunu npu —70°C B cpege
Tonma—XprouTa (Todd-Hewitt Broth, THB) ¢ 20%
SMOpPUMOHAJIBHOM TeJisiubeil ChIBOPOTKOM. Jlnst ux
KYJIBTUBUPOBAHUS TaKXe MCIOJb30BAId CPEaY
Tonma—Xprouta (Difco, CIIA; Hi-Media, Uagns).

IIpenapamsi. B uMMyHOMOPGOIOTUISCKUX Te-
CTax MCITOJIb30BaJIN KPOJIUYBIO CBIBOPOTKY C AaHTH -
TeqaMi K C3-KOMITOHEHTY KOMITJIEMEHTa JeI0Be-
Ka, mepekpecTHO pearmpympmylo ¢ C3 Kpoimka
(Dako, daHmns); TOJIUKIOHAIBHBIC KO3bM aHTUTEIA
K TNFo kporuka (AMS Biotechnology, CIIIA), 110-
JIMKJIOHAJIbHbIE MBIIIMHBIE aHTUTeNa K [L-1B kpo-
JIMKa Y MOJUKJOHAJIbHbIE KO3bM aHTUTeNA K 1L-6
genoBeka (Biosource International, CIIIA). Takxe
WCTOJIb30BaJII MOHOCIIEIIU(PUIESCKIEe aHTUCHIBO-
poTtku K IgG Kponmka, KO3bl ¥ MBIIIN, MEUCHBIC
nepokcumasoit (Sigma-Aldrich, CIIIA).

Bobidenernue u ouucmxa cmpenmoxkuHna3sol. J171s1 BbI-
IEeJIeHUST CTPEINITOKMHA3bl n3 KyiabsTyp CIA TuUIos
M1, M12niu M22 ucrionb30Baau ITPOJOHTUPOBAH-
HYI0 MHKYOAILnio MUKpoOoB: 2 M 18—20-gyacoBoii
KyabTypbl BHOCUAM B 200 MJ1 mogorpeToit no 37°C
cpeansl THB ¢ 2% npoxKeBoro sKCTpakTa 1 JOMOJ-
HUTEJIbHO MHKYyOupoBanu eme 8—10 9. Hamocamok,
MOJIYICHHBINU mocie 25 MUH LeHTpuGyrupoBaHU
npu 12 000g n 4°C, ¢punbTpoBanu yepe3 QGUILTPHI
0,45 mxMm (Millipore, CIIIA) m KOHIEHTpPHpPOBa-
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au B 10 pa3 ¢ momolibio MeMopaH Amicon PM-10
(Millipore, CIIIA). CKOHLEHTpUPOBAHHBIN cynep-
HaTaHT CO CKOPOCThIO 6 MJI/4 HaHOcuJIM Ha HiTrap
NHS-akTuBupoBaHHylo abhdOUHHYIO KOJIOHKY,
KOHBIOTUPOBAHHYIO C IUJIA3MUHOTEHOM YeJIOBe-
ka. g sawouuu ucnosb3oBaau 0,1 M pactBop
rmuauHa pH 2,0. O6beM cobupaeMbix (ppakiiuii
He npeBbiman 200 MKJT; KaxXaAyo hpaKIMio ¢ Hau-
BBICIIMM TIOKa3aTejeM OITUYECKON TJIOTHOCTHU
npu AJIMHE BOJHBI 280 HM HCCieIoBaau B BECTEPH-
0J10TEe Ha HAJIMYME CTPEITTOKMHA3HI.

Becmepn-6a0om anaau3z oas eviaenenHus cmpen-
mokuna3sl. 10 M 18-4acoBOM KyJbTYyphl UCCIIEAYE-
Mmbix CI'A ueHTpudyrupoBaim u 1 MJ KaxIoro
HajJocajaka MEPeHOCWJIM B ITPOOMPKU, Kynda J0-
oaBasan 500 M 10% TpUXIIOPYKCYCHOM KHCIIO-
Thl U CMECh BbIJAEpKUBaJIU B TeueHue 1 4 ripu 4°C.
JIs monydyeHUsT ocaaka MpPOOUPKU LIEHTpudy-
rupoBaiu B TedeHue 10 muH npu 14 000 06/MUH.
K ocaaky nob6apnsau 20 mxa SDS-0ydepa, nepe-
MEIIMBaJIM Ha Mellajke Tumna Vortex TPUXIbI
no 45 ¢ 10 MOJHOTO PacTBOPEHUs ocaaka. 15 MK
obpasua wucciaenoBaau SDS-snekTpodopezoMm
B 10%-HOM TIOJIMaKpUJIAMUAHOM TeJjie 110 METO-
nuke Nerville D. [27]. dns sneKTpornepeHoca uc-
nonb3oBasu PVDF-meMOpaHBbl COr1acHO METO-
nuke Tombin H. u coasr. [36]. TTocie snekTpo-
nepeHoca mMeMmoOpaHbsl nometianu B PBS ¢ 0,25%
Tween-20 u 0,25% >xenaTWHBI U WHKYOUPOBAaU
C MOHOKJIOHAJIbHBIMM aHTUTEJaMU K CTPETITOKM-
Ha3ze, pa3BeaeHHbIMU 1:1000 B G1oKMpylolIeM Oy-
depe. Tlocyie oTMbIBaHU ST K MeMOpaHe n100aBasiaun
2[-nporenn G B koHueHTpauuu 200000 cpm/
MJI. OTMBITYIO M BBICYIIEHHYIO MeMOpaHy s
BBISIBJICHUSI CTPENTOKWHA3bl IOMEIIaju B Kac-
cety Phosphor Imager. PanuoakTuBHOCTH ompe-
JIeJISIJIA C TIOMOIIIBIO KOMITBIOTEPHOM TpOoTrpaMMbl
STORM 840 Phosphor Screen. I1Ipu uccienoBanuu
dpakumit ¢ apbunHoi Hi-Trap KoJoHKU Ha Ha-
JIMYME CTPEIITOKMHA3BI 00pa3Iibl TTOC/Ie HelTpaJiv-
3auuu g0 pH 7,0—7,2 nobaBnenuem 1 M pacTBopa
NaOH nanocuau B 10% SDS-nosimakpuiaMu HbI i
rejb B o0beMe 15 Mk, OcTajnbHbIe 3Tanbl (JTEK-
Tpodope3, 2IEeKTpolepeHoC U o0paboTka MeM-
OpaH) aHAJIOTUYHBI ONTMCAHHBIM BBILIIE.

Ouucmka nAA3MUHOREHA pA3AUYHOU BUO0B0LL
cneyuguunocmu. I11a3sMUHOTEH TOJyJYaau U3 CBe-
JKel T1a3M bl KpOBU YeJI0BEKa, KPOJMKa MJTA MBIIIIH.
OTtueHTpudyrupoBaHHyio B redeHue 1 4 npu 40°C
u 20 000g niaa3My cMelIrMBadu € JIU3UH-cedapo-
3oi1 4B (GE Healthcare, CIIIA) u cMech BbIAEPXKU-
Basiu 2 4 nipu 40°C. 3aTeM ee NepeHOCUJU B XPO-
MaTorpaguyeckyo KOJOHKY, KOTOPYIO OTMbIBaJIU
PBS u3 pacueta 5—10 M1 Ha 1 M UCXOOHOTO 00b-
ema myia3mbl 1 moBTopHOo PBS ¢ 0,5 M NaCl u3 pac-
yeta 1—2 mia Ha 1 MJa ucxogHoro odbema IJjas-
MBI, [l 37001MU TIJ1a3MUHOTeHA WCIOJIbh30BaIn
0,2M pacTtBOp €-aMHUHOKAIIPOHOBOM KMCIOTHI

(Sigma Aldrich, CIIIA). O6beMm dhpakiiuii He Tpe-
Bbiman 2,0—2,5 M. YUCTOTY MOJIy4YeHHBIX (hpak-
LU ¢ MJIAa3MUHOT€HOM KOHTPOJUPOBAJIU MYyTEM
SDS-anekTpodopesa B 10% monnakpuiaMuITHOM
rejae U XxpaHuiau npu Temreparype —70..—80°C.
JormycKanock JUIIb OMHOKPATHOE UX Pa3MOpaKu-
BaHUE BO M30exXaHWe MOTepu IpernapatoM (pyHK-
LIMOHAJbHOW aKTUBHOCTH.

Tecm Ha QYHKUUOHAAbHYI0O AKMUBHOCMb NAA3-
Munoeena. K 2 MKJI KOMMEpPUYECKOU CTpenTOKMHA-
3bl C (Streptase, Sigma-Aldrich, CIIIA) B KOHIIEeH-
Tpauuu 1 Mr/mia no6asisiin 10 MKI OYMILEHHOTO
MJa3MUHOT€Ha YeJOBeKa, KPOJMKa WM MBIIIH.
Cwmech mHkyoupoBanu 1 u npu 37°C. K KoHIly
cpoka WHKYyOanuu nOJs1 BBISIBACHUS IJIa3MUHA
B CMeChb A00aBIsAM crielnudruYecKuil XpoMaTo-
reHHblin cyoctpat (S-2251, Chromogenix, Sigma)
B o0beme 1 miu. MHKyOalumo cMecu MpoaoJiKalun
elle B TeYeHUe OJHOro yaca, MocJje 4ero ormnpene-
JISLJIA oniTU4YecKylo miaoTHocTh (OIT) pacTBOpa npu
A = 405 M. INokazarenu OIT KOHTPOJBHBIX ITPOO,
colepXallliuX TOJbKO TJIA3MUHOTEeH pa3IudyHOMI
BUJOBOU MPUHAAJEXKHOCTU UJU C OMHON CTPENTO-
KMHAa30M, He JOJXKHBI ObLIu npeBbiaTh 0,001, uto
YKa3bIBajlo Ha OTCYTCTBUE B pacTBOpE MJIa3MHUHA.
Ilpu mMogudukanuu Taa3MUHOIE€Ha B IJIa3MUH
B pe3yJibTaTe ACUCTBUS UCCIEAYEMOUN CTPENTOKU-
Haswl mokasatesu OIl npu A = 405 HM paBHSJIUCH
wiu npesbimanu 0,1. IIpu TecTUupoBaHUM pa3HBIX
00pa3loB CTpenToKuHa3bl K ajrwaraM ¢ HiTrap
adppuHHOI KOMOHKMU B oO0beMe 5, 10 mau 20 MK
nob6asisyiv 10 MKT mjla3MUHOreHa yejaoBeka, Kpo-
Jiuka uiu Mbliu. OcTajabHbIe 2Tallbl aHAIU3a aHa-
JIOTUYHBI OTTMCAaHHBIM Bbile [10].

Paduoummynonoecuneckuit memod onpedenenus
IgG Fc-ceazviearowein akmusnocmu CIA. 1gG Fc-
CBSI3bIBAIOIIYI0 aKTUBHOCTh OaKTepUabHBIX KJie-
TOK OIPENessiu MO WX CIOCOOHOCTU CBSI3bIBATh
IgG yenoeka, MeueHHbIi '»°1 [14]. MonupoBaHue
npermnaparoB [gG yesoBeka MPOBOAUIIN C UCITOJIb30-
BaHueM '’ npou3BOACTBA pagUOXUMUYECKOIO LIEH-
Tpa Amersham (AHIIKS) U 00bearHEeHU S «30TOMm»
(Poccus) o metony Greenwood F.C. u coasr. [18].
B uccrnemoBaHusx ObLT MCHOJIb30BaH KOMMED-
yeckuii IgG uyenoBeka dupmbl Kabi (IIBeuus).
Kpoauumit 1 MbimuHbiii IgG ObLJIM BbIIEIEHBI
U3 TyJla COOTBETCTBYIOLIUX ChIBOPOTOK METOJIOM
apuHHOII XpoMmaTorpaduu Ha KOJIOHKe ¢ cedapo-
3011 4B, KOHBIOTUPOBaHHOI ¢ mpoTernHOM G.

CyTb TecTa cocTosina B caenytomem: 1,0—1,5 Mxr
1gG, meuennoro 1, nodasssiv K 200 MKJI cTaHIapT-
Hoit B3Becu CI'A (10° KDOE/MiT) u 3amepsiii o01IyIO
pagvoakTUBHOCTL cMmecu. Ilociae 60 MuH MHKYyOa-
1Y MTPU KOMHATHOI TeMIieparype, LeHTpUdyrupo-
BaHUS U OTMbIBaHM ocajaka pactsopoM PBS ¢ 0,1%
Tween-20 wu3Mepsiii  paauOaKTUBHOCTh OcaaKa.
1gG Fc-cBga3biBaloliyto aKTUBHOCTb MCCJIETYEMOTO
IITaMMa PacCYUTHIBAIMU B MPOLIEHTAX CBSI3aHHOIO
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IgG '»I ot gob6asiieHHoro obuiero IgG '»’I. Pasnuna
MEXIY OBYMS ITapaijicJbHBIMUA TeCT-TIpOOMpPKaMU
He J0JXKHa Oblja mpeBbllaTh 3%. 3a MO3UTUBHbBIM
MPUHUMAJIH IITaMM, CBsi3biBatouii >10%, a 3a He-
raTuBHbIA — < 5% MmeuyeHnHoro IgG.

Hmmynomopghoaoeuueckoe uccaedosanue noveu-
HoU mKkaHu kpoauxos. DukcupoBaHHble B 4%-HOM
napagopmanbsaernae (12 4) u genapadpuHUPOBAH-
HBbIe TKaHEBBIE CPE3bl OABEPraair UMMYHOMOPGhO-
JIOTUYeCcKOMY aHauxu3dy. Ha HMX HAaHOCHIIU COOT-
BeTcTBYIolIMe aHTUTena (K 1gG, C3-KOMMNOHEHTY
KOMIUIEMEHTa MJIM K IIMTOKWHAM) B pa3BeIcHUU
1:50 B 0,01 M dochataom oydepe (PBS, pH 7.4)
¢ 1% BSA u BbiaepxyBaiu 1 4 Ipyu KOMHATHOM TeM-
nepatype. [locne ormbiBanus B PBS cpesbl nHKYy-
OupoBaiu 1 yac ¢ aHTUTEIaMU, MEYEHbIMU TIEPOK-
CUa30ii, TaK Ha3bIBaeMbIMU BTOPBIMU aHTUTEJIA-
mu. B kauecTBe cyocTpara npuMeHstiain 0,05%-Hblid
IUaMUHOOeH3naMH-TeTparuapoxjopund u 0,03%-
HYI0 Tepekuch Bomopona B PBS u nocne 20 MuH
KOHTaKTa Cpe3bl IIPOMBIBAIN TUCTUIIMPOBAHHOMU
BOIOM U 3aKJIIOYaJU B INIULIEPUH-KEJTaTUHY.

®dukcanuio Kpoanubero IgG B cpe3ax BBISIB-
JISIIA KO3bMMHU MOHOCHEHM(PUUECKUMU aHTUTe-
namu K IgG kposvka ¢ nocjieayouieil o0padboTKoi
Cpe30B aHTHUTeIaMMU K Ko3zbemy Ig(G, MeuyeHHBI-
MU Tepokcuaaszoit. Hemo3unuio-C3 KOMIIOHEHTa
KOMITJIEMEHTA OIIpeaessyii 00paboTKOI Cpe30B
nepBOHAYaJIbHO KPOJUYbLEN ChIBOPOTKON K C3-
KOMITOHEHTY 4YeJIoBeKa, a 3aTeM MOHOCIel upuyec-
KO#l CBIBOPOTKOI K Kponnubemy IgG, MedeHHOMY
nepokcuaas3oii. st BEISIBACHUS LINTOKMHOB CPE3bI
006pabaThIBaI MBIIIMHBIMYU aHTUTeNamMu K [L-1B
KpOJIMKA, KO3bMMU aHTUTeNaMu K 1L-6 yeaoBeka
n ko3puMu aHtutesamMu K TNFo kponuka coor-
BETCTBEHHO. B KauecTBe BTOPBIX aHTUTEJ UCTIOJ b-
30BaJIM AaHTUKO3UI MJIN aHTUMBIIIMHBIN IgG, me-
YeHHbIe IepoKcuaa30i. Iy okpalimBaHusI CPe30B
MCIOJIb30BaJId TeMaTOKCUINH-303UH. Cpe3nbl n3-
y4daau B MUKpockorie Axiomat (Opton, 'epmaHus).
AHaun3 Kax1oro oobpasiia TKaH! BKJI0YaJl OLIEHKY
M3MEHCHMI TP HU3KOM M CPpEAHEM YBEIMUYCHUU
(x100—600). Marepuaj, o0pabOTaHHBIA MMMYH-
HBIMU CHIBOPOTKAMU, UCCJIEIOBAJIN TIPU yBEJINYIEC-
Hun x900—1100 mns BeIABIEeHUS aerno3uToB IgG
n C3-KOMIUJIEMEHTA, a TaKXKe MPOBOCTATUTEIbHBIX
HOUTOKWHOB.

Pesynbrathl

CnocoOHOCTb CTPENTOKUHA3bI TPaHCHOPMUPOBaATh
NJ1Ia3MUHOreH Pa3JIM4HO BUO,OBOMN
cneundrUYHOCTHU B N1a3MUH

CorjacHO COBPEMEHHBIM MPEICTABICHUSIM I10-
BpexaeHue riaomepya npu PSGN y yenoBeka pas-
BUBaeTCs IO CJACAYIOIIC CXeMe: CTPelITOKMHA3a,
npoayuupyemas CI'A, TpaHchopMupyeT Mjia3Mmu-
HOTeH KPOBHW B IJIa3MUH — NPOTEOJTUTUUICCKUN

depmeHT. [locnenHuit, B COBOKYITHOCTU C HEDPUT-
aCCOLMMPOBAHHBIM ILJIa3MUHOBBIM PEHEITOPOM
(NAPIr), paspymaer O0eJKM TKaAaHU U MHPUBOAUT
K GOPMUPOBAHHUIO ayTOAHTUTEHOB U CUHTE3Y IPO-
TUBOTKaHEBBIX aHTUTEN. [Ipoliecc cormpoBoxkaaeT-
cs Aerpanaliyeil BHEKJIETOYHOIO MaTpuKca IJioMe-
pPyJI, IPOOYKIIME ITPOBOCITAIUTEIBHBIX TUTOKMI-
HOB, neno3uiuer C3-KOMIIOHEHTa KOMIIJIEMEHTAa
M pa3IMYHBIX MMMYHHBIX KOMIIJIEKCOB. Mcxoms
W3 BBIIICU3JIOKEHHOTO, TPU MOASIMPOBAHUN
PSGN Ha XMBOTHBIX KpailHe HEOOXOIMMO KOH-
TPOJIMPOBATh XOI OTBETHBIX peaKIIMii OpraHU3Ma,
M B IEPBYIO ouepeab TpaHCGhOpMaIMIO TJIa3MUHO-
reHa TOro WJM WHOTO BUIAa JKMBOTHOTO B IIJIa3MUH.
B cooTBeTCcTBUU C 3TUM, HAMU BBIIIOJTHEHA CEpUSI
OMNBITOB IO CITOCOOHOCTHU CTPEINTOKMHA3bI, BbIIEC-
JIEHHOU u3 pa3auuHbix M-tunos (M1, M12 u M22)
CI'A, TpaHCchOpPMHUpPOBaTh IJTa3MUHOTESH Pa3HOTO
MPOUCXOXIAEHUSI B TIa3MUH. YUCTOTY MOJIy4YeH-
HBIX C KOJIOHKM Ju3uH-cedapossl 4B dpakuunii
MJIa3MUHOTEHA BBISABISIN MeToaoM SDS anekTpo-
dopesa B ToJIMaKpuJIaMUIHOM rejie. PesynbraTh
IpuBEICHEI Ha puc. 1.

Bce tpu M-tuna CI'A akKTMBHO TIPOAYLIMPO-
BaJIn CTPENITOKMHA3Y, OJHAKO HaMOOJbIIEl ak-
TUBHOCTBIO 00J1agaau ITaMMBbl TUIIOB M1 1 M22.
Pesynprar aHanus3a B BeCTepH-0J0TE IpenapaTroB
CTPEIITOKNHA3EI, BHIICICHHBIX U3 CTPEITOKOKKOB
Tuna M1, ipencrasieH Ha puc. 2. [TonoxxutenbHbIe
B BECTEpH-0JI0Te (PpaKILIUU CTPENTOKMHA3Bl MC-

-
-
-

Lo
-...-.-- - -

3 45 6 7 8 9 10

PucyHok 1. YunctoTa npenapaTtoB njiasMuHOreHa
pas3nuyHoli BUAOBOW NpUHaanexHocTu B SDS-
anekTpodopese B NoMakpuiaMmaHom rene
Figure 1. Purity of species-specific plasminogen
preparations in SDS-PAGE

Mpumeyanusa. 1 — ctaHaapT 6€51KOB BEICOKOMO
MOMEKYNAPHOro Beca, 2 — cTaHaapT 6enkoB HU3KOro
MOJIEKYISAPHOr O Beca, 3-6 — ppakumm nnasMmHoreHa
yenoseka, 7-8 — ppakuumn NNasMmHOreHa MbiLln,

9-10 — dppakumm NnasMMHOreHa Kpoauka.

Notes. 1 — standard for high molecular weight proteins,

2 — standard for low molecular weight proteins,

3-6 — fractions of human plasminogen, 7-8 — mouse
plasminogen fractions, 9-10 — rabbit plasminogen fractions.
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cjenoBaav B (PYHKIIMOHAJIBHOM TECTe C IJIa3MU-
HOTE€HOM pa3JIM4YHOW BHUIOBOM CHEHU(MUIHOCTU.
CrpentokuHaza u3 CI'A atux M-TumnoB nposiBuaa
YeTKO BBIPA’KeHHYIO0 aKTUBHOCTH TOJBKO B OTHO-
IIEHWU TIJIa3MUHOI'eHa YeJloBeKa, TpaHC(hOpMUpYs
eroBIutasMuH: Ol mpu A =405 1M cocrasisina0,4—
0,7 mo cpaBHEHUIO C OTPULIATEIbHON KOHTPOJbHO
npo6oii (OIT < 0,001). CtpenToKMHa3a He aKTHUBU-
poBajia MBI HBIN T1a3MuHOreH — OIT He mpeBbI-
maua 0,001. B oTHolIeHU Mia3MUHOTeHa KpoJiiKa
OTMeYaJioch HEKOTOPOE TPEBBIIIIEHUE MTOKa3aTeIei
OIT (0,002), uTo paccMaTpuBaJOCh KaK KpailHe cjia-
0ast ero aktuBalus. TUNMUYHBIA TPUMEP OITHOTO
M3 MHOTMX WCITBITAHUN aKTUBHOCTHU CTPETITOKM-
Ha3bl npuBeneH B TadJ. 1. CtpentokuHasa u3z CT'A
MI (ctpentokuHaza A), Kak U cTpenTokuHaza C
(komMepueckMit mpenapaT Streptase), TpaHcdop-
MUPOBaJIY B IJIa3MHUH TOJBKO IJIa3MUHOTEH YeJIo-
Beka: nokasarenu OIl cocraBnsgiu 0,5112 u 0,6947
npu A = 405 HM cooTBeTcTBeHHO. O0O€ CcTpenTo-
KWHa3bl He IeMICTBOBAJIM Ha IMJa3MUHOTEeH MBIIIN
W BBI3BIBaJIM He3HaYMTeJbHOEe ToBbimeHue OI1

1 2

3 4 5 67 8 9 1011

PucyHok 2. UccnepoBaHue ¢ppakumi
CTPenToKMHa3bl, BbiAEJIEHHON U3 CTPENTOKOKKa
Tuna M1 (40/58), anionpoBaHHbix ¢ HiTrap NHS-
aKTUBUPOBaAHHO apPUHHOWN KOJIOHKN

Figure 2. Study of streptokinase fractions isolated from
GAS type M1 (40/58) eluted from HiTrap NHS-activated
affinity column

MpumeyaHusa. 1 — npenapaTt KOMMepPYECKOMN
cTpenTokuHasbl C (Streptase) — KOHTPONb;

2 — cynepHaTaHT KynbTypasbHOM XNAKOCT CTPENTOKOKKA
Tuna M1 (40/58), o6paboTaHHbIin 10%-HO TPUXJIOPYKCYCHOM
KMCNOTOW A9 0CaXaAeHust CTPEeNnTokMHa3bl; 3—11 — dpakuun,
anompoBaHHble ¢ HiTrap NHS-akTuBnpoBaHHo adbduHHoOM
KOJIOHKM 1 UCCNe0BaHHbIe B BECTEPH-OM10TE HA Hanuune
cTpenToknHasbl: 3—6 1 10-11 — oTpuuaTenbHble, 7-9 —
NONOXUTENbHBIE HA HANNYME CTPENTOKMHA3bI dpakLum.
Notes. 1 — commercial streptokinase C (Streptase) — control;
2 — culture fluid supernatant of GAS type M1 (40/58), treated
with 10% trichloroacetic acid for streptokinase precipitation;
3-11 — fractions eluted from HiTrap NHS-activated affinity
column and tested in Western blot for streptokinase:

3-6 and 10-11 — negative fractions, 7-9 — positive

fractions for streptokinase.

(0,0019 m 0,0115) npu noGaBAeHUU K TIJIa3MUHO-
reHy KpoJIuKa, 4YTO COOTBETCTBOBAJIO MUHUMAJIb-
HOW KOHILEHTpallMu IjaadMuHa B pactBope: 0,002
u 0,01 mr B nepecuete Ha 1 mu. [MonydyeHHbIe naH-
Hble (PAKTUUYECKU TTO3BOJISIOT JOMYCTUTh, YTO CU-
cTeMa «IJI1a3MUHOI'eH—IIJIa3MUWH» HE€ Y4YacTBYeET
HU B MHULMaL WU, HU B pa3BUTUU PSGN y mblieii
U OCTaBJSIOT claldylo HaAeXAy Ha ee BOBJCUEeHUE
B IIPOLIECC Y KPOJUKOB.

NHpykuus rnomepynoHedputa y KpoJIMKoB
C UCMOMNb30BaHUEM NOAKOXHO MMMIAaHTUPOBAHHbIX
TKaHeBbIX kKamep

Boiiee cTporue aprymMeHThbl B I10JIb3y BbICKa-
3aHHOTO BBIIIIE Te3Mca ObLIM IOJYYEHBI B OMNbITAX
no wmonenupoBaHur PSGN HemocpeacTBeHHO
Ha KpOJIMKaX C MCIOJb30BaHMEM METOJa, paHee
NPUMEHEHHOTO JJisI BOCHPOM3BEICHUSI Mpolecca
Ha Mmbimax [29]. «Kupbsie» Kyabrypbl ska* mram-
MoB CI'A u ux ska~ MyTaHTHBIX KJIOHOB BBOJM-
JIM KPOJIMKaM B KaMephbl, BXXUBJIECHHBIC MO KOXY.
CozmaBas TakKuM o00pa3oM JIOKaJibHbIE oOdYaru
CTPENTOKOKKOBOI MH(MEKIIMHU, DKCIIEPUMEHTATOP
obecrieurBaJl 10JIrOBPEMEHHOE ITOCTYIJIEHUE B Op-
raHuU3M >XMBOTHOIO CEKPETUPYEMbIX IMPOAYKTOB
CTI'A, B yacTHOCTU cTpernToKnHa3bl. Kpome Toro,
WUCIBITYeMble IITAaMMBblI OO0JIalajiu BbIpaxKeHHOM
nponykuueit IgG Fc-cBsa3biBaommnx O0EJIKOB, Tak-
K€ CIOCOOHBIX B CHUJIY MX MOJIEKYJISIDHOI MaccChl,
OJIN3KOI K TaKOBOM IJisl CTpenTOKMHa3bI (45 kDa),
MNPOHUKATh B OpraHMU3M Xo3ssuHa. HamoMHuM, 4TO
IgG Fc-cBs3biBaoniye 6ea1Ku 001a1al0T YHUKATb-
HOIl crocoOHOCTBhIO CBSA3bIBaTh IgG orpaHuyeH-
HOI'0 4yucJia BUAOB (Y4esioBeKa, KPoJarKa U CBUHbMU,
HO He MbImu [24, 25]). PaHee HaMm yagasioch moka-
3aTh POJib 3TUX Xe O€JKOB B MHUILIMALIMU Pa3BU-
tust PSGN y KpoJauKOB, CXOIHOTO Mo MOp(oa0ruun
C IPOSIBJCHUSIMU MOCTCTPENTOKOKKOBOI'O IJIOME-
pyJioHedpuTa y yenoBeka [3, 5, 12].

CeTuarble CTaJibHble KaMepbl LIMJIMHIAPUYECC-
Kol popMmbl U pazmepoM 1,8 x 2,2 cm (puc. 3), us-

PucyHok 3. TkaHeBble KaMepbl, UCNOJIb30OBaHHbIE
A9 NOAKOXHOW MMMJIaHTauMmu Kponukam

Figure 3. Tissue chambers used for subcutaneous
implantation in rabbits
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TOTOBJIEHHBIE B MacTepCcKoll YHUBepcuTeTa YmMeo
(IBeuust), Mcnoab30BaJu JJisl BXMBJEHUS TIOM
KOXYy KpoJimkaM BecoMm 3,5—4,0 Kr (mo 4eTnipe
Ha KpoOJMKa) B YCJOBUSIX 00e€300JMBaHUS U MO/
KOHTpPOJIEM BeTepUHApHOro Bpaya MHCTUTYTa BKC-
nepuMeHTalbHOI MenulIuHbI. Yepes 4 Heleau Mmo-
cJie CHSTUS LIBOB, MPU YCJIOBUU 3aXKUBJICHUS pPaH

U OTCYTCTBHUS BOCIAJEHUS B OOJaCTU MMILJIAH-
TaTta (B MPOTHMBHOM cCjydyae KPOJUK MUCKJIIOYaIcs
M3 OIbITa), B KaMepbl BBOAUJIU cycrieH3uu CI'A Tu-
noB M1, M22 nux ska- MyTaHTOB. XapakKTepUCTUKA
LITAaMMOB TITpuBeacHa B TabJ1. 2. Bce oHu obnananu
BbicOKOU IgG-cBsI3bIBaONIEl aKTUBHOCTBIO B OT-
pomeHnn IgG denoseka (34—78,5%) m Kpoliika

Ta6auua 1. AKTUBaLME Na3MUHOreHa pasinyHo BUA0BOI cneuudUYHOCTU B NPUCYTCTBUM
cTpenToknHa3sbl C 1 CTpenToKuHa3bl, BbiAeJIEHHOW U3 cTpenTokokka Tuna M1 (40/58)

Table 1. Activation of species-specific plasminogen in the presence of streptokinase C and streptokinase

isolated from streptococcus type M1 (40/58)

Moka3atenu KoHueHTpauus
Homep onTU4ecKom 6enka (Nnna3sMuHa)
oOpasua Uccnepyembiii npenapart NJIOTHOCTHU B MI/Mn
Sample Studied preparation npu A =405 Hm Protein (plasmin)
number Optical density concentration
atA=405nm in mg/ml
1 MnasmuHoreH yenoeeka 10 mkr + ctpentokuHasa M1 (40/58) 05112 05
Human plasminogen 10 ug + streptokinase M1 (40/58) ’ '
5 MnasmuHoreH yenoeeka 5 Mkr + ctpenTokuHasa M1 (40/58) 0.3823 0.38
Human plasminogen 5 pug + streptokinase M1 (40/58) ’ ’
3 MnasmuHoreH kponuka 20 mkr + ctpentoknHasa M1 (40/58) 0.0019 0.002
Rabbit plasminogen 20 ug + streptokinase M1 (40/58) ’ ’
4 Mna3amuHoreH mbiwm 20 mkr + cTpentoknHasa M1 (40/58) 0.001 0
Mouse plasminogen 20 ug + streptokinase M1 (40/58) ’
5 Streptase + NNasMuHoreH yenoseka 10 mkr 0,6947 07
Streptase + human plasminogen 10 ug
Streptase + nnaammuHoreH kponuka 20 Mkr
6 Streptase + rabbit plasminogen 20 ug 0,015 0,01
7 Streptase + nnasmvmore.u MbIm 20 MKr 0,0003 0
Streptase + mouse plasminogen 20 ug
8 nnasmuuorer.l yenoBeka 10 mkr ~0,0015 0
Numan plasminogen 10 ug
MnasmuHoreH kponuka 20 MKr
9 Rabbit plasminogen 20 ug ~0,0026 0
10 I'Inasmmloreﬂ Mbliwu 20 MKr ~0,0029 0
Mouse plasminogen 20 pug
CtpentokuHasa M1 (40/58) 20 mkn _
1 Streptokinase M1 (40/58) 20 ug 0,0046 0
Streptase 10 mkn
12 Streptase 10 ug ~0,0052 0

TaGnuua 2. XapakTepucTuka LUITaMMOB CTPENTOKOKKOB rpynnbl A, MICNOJIb30BaHHbIX B 3KCMEepUMeHTax
Ha KpoJIMKax ¢ UMMJIaHTUPOBaHHbIMM TKaHEBbIMM KamepaMu

Table 2. Characteristics of GAS strains used in experiments on rabbits with implanted tissue chambers

CesizbiBaHue IgG, %
BeBoaumblie CTPENTOKOKKOBbIE LUTAMMbI Binding of IgG, % Mpoaykuusa cTpenToKuHa3bI*
Inoculated streptococcal strains YyenoBeka Kponuka MbILLIN Streptokinase production*
human rabbit mouse
M1 (40/58) 78,5121 54,8%1,5 3,0+0,3 +
M1 (40/58) ska- 75,017 54,0£2,0 3,0+0,08 -
M22 (AL 168) 34,0£1,5 22,01,4 3,0+0,09 +
M22 (AL 168) ska~ 34,5+1,3 21,541,3 3,0+0,2 -

MpumMeyanus. *Hannyme CTpenTokMHa3bl BLISBASAN B KYALTYPasbHbIX CynepHaTaHTax, ocaxaeHHbix 10% TpMxa0opykCyCHON KUCAOTOM, C MOMOLLbIO
BecTepH-610Ta. HUTpoLenon03Hyio MeMbpaHy A8 BbIIBNEHWS CTPENTOKMHAa3bl 06pabaTthiBany MOHOK/IOHANbHBIMW aHTUTEeNaMu K CTpenTokuHase C
1 NpoTeMHoM G, MeyeHHbIM '], MpoayKLuMs CTPENTOKOKKAMM CTPENTOKMHA3bI: (+) — BbIPAXEHHAS, (-) — OTCYTCTBYET.

Note. *The presence of streptokinase was detected in culture supernatants sedimented with 10% trichloroacetic acid using a Western blot.

The nitrocellulose membrane was treated with monoclonal antibodies to streptokinase C and protein G labeled ?| to detect streptokinase. Expression

of streptokinase by streptococci: (+) — pronounced, (-) — absent.
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(22—-54,8%), vHo He 1gG mbimm (3%). McxomHbie
mramMmMbl CI'A B oTin4ue oT ska- MyTaHTOB IMMPOAY-
LIMPOBAJIA CTPENTOKUHA3ZY.

HITtaMMBI OBIIM UCOBITAHBI Ha BUPYJIEHTHOCTH
Ha OeyibIX O0ecnmopomHbIX MbIlax BecoM 8—I10 T:
no 5 MJ1 18-4acoBbIX KYJbTYpP LEHTPUGDYTUPOBAIU
20 muH npu 3000 06/MUH; OcalKU B3BELIMBAJIU
B UCXOAHBIX o0beMax PBS um ucnonb3zoBanu mis
npuroToBJieHus 10-kpaTHbIX pa3BeaeHuit. Kaxaoe
pa3BeaeHue no 0,5 MJ BBOAMJIU 5 MbI1lIaM B OJIOCTh
OprolIMHBI. BUPpYJIEHTHOCTh OLIEHUBAJIU T10 YUCTY
HaBIIMX yepes3 24 4 MbIIIel 13 yuciaa 3apakeHHbIX.
KomnuectBo K®PE cTpenTOKOKKOB, BBI3BaBIINX
100% rmbenb MBITIECH, IIPUHUMAJIK 3a JIETAJILHYIO
no3zy — JI/,,,. Beicokas JieTadbHOCTb J151 MbIIIEH
Oblj1a BbISIBJIEHA y IITaMMa Tuna M1 u ero ska my-
tanTa: JI[,,, cocraBasaa 10° KOE. [lltTamMbl TUIa
M22 6bln aBupyaeHTHBI: 103a B 108 KDE He BbI-
3bIBaJia TUOEb MBIIIEH.

Jns1 BBeAEHU S B KaMephl MCIIOJIb30Ban 18-ya-
coBble KyabTypbl CI'A, BeipanieHHble B cpeae THB:
100 MxJ1 B ctanmMoHapHol (paze pocTa MUKPOOOB
nepeHocunu B 10 M cBexeit, mogorpetoii 1o 37°C
cpenbl Ui TIOCHAeaylolleil MHKybaluu B Tede-
HHUEe 5—6 4 J0 BKCIOHEHIIMalbHOUM (a3bl pocTa;
nocyie LeHTpUGyrupoBaHUS MUKPOOHBIE KJIET-
KU OTMbIBaJU U pecycneHauposaiu B 10 ma PBS.
HenocpencTtBeHHO Tmepen BBEAECHUEM B KaMepbl
TOTOBWJIM CJIeAYyIOIIUE pa3BeleHUsI MUKPOOOB:
107 KOE/Mmin mis ucxonHbix v 108 KOE/mi piis my-
TAaHTHBIX IITaMMOB. boJiee BbicOKasi KOHLIEHTpALIU ST
MYTaHTHBIX OakKTepuili oOycjioBjeHa OoJiee AJIU-
TeJbHOI HavyajabHOU (da3oit ux pocta. Kussie CT'A
BbICEBAJIMCh U3 TKaHEBbIX Kamep A0 11-ro mHs ¢ Mo-
MEHTa MHOUIIMPOBAHUS KPOJIUKOB C MAKCUMYMOM
Ha 3-ii nedHb. Ha aTOT nepuon nmpuxoauaach U Hau-
OoJibliIas JeTaJbHOCTh KPOJIMKOB OT CTPEIITOKOKKA

tuna M1 u ero ska~ MmyTaHTa 110 CpaBHEHUIO C KPO-
JIMKaMU, KOTOPbIM BBOAMJIM IITaMMbl TUna M22.
Ha 14-ii nenb u3 Kamep 0akTepuu O0JIbIIIE HE BbICE-
Basinuch. Ha 16-if neHb BceM BBIXKMBIIUM KPOJMKAM
UHBELUPOBAIU BHYTPUMBIIIEYHO OEH3UIMNEHU-
uuaIuH u3 pacuera 10 mr Ha 1 kr Beca. Ha 21-it neHb
KPOJIMKOB 00ECKPOBIMBAJIY, a X MOYKHU 3a0Mpaau
JUTSI UMMYHOTHCTOJIOTMYECKOro aHaJiu3a.

Bcero B onbIT Ob11M B35THI 30 KPOJIUKOB C UM-
MJIAHTUPOBAaHHBIMU KamMepaMu. CyMMapHbIEe UTOTU
9KCMEPUMEHTOB MpUBeAeHbI B Taba. 3. OueBUIHO,
4YTO MOJEJIMPOBaHUE IIIOMepyIoHedpUTa Y KpOoJau-
KOB C UMITJTAaHTUPOBAaHHBIMU KaMepaMU ObLJIO CO-
MNPSIKEHO C TU0eJIbIO XXMBOTHBIX, KOTOpas CBsI3aHa
C BBICOKOU BMPYJIEHTHOCTbIO JTUOO TOKCUTEHHOC-
ThIO KYJBTYP, @ TaKXe C HEBO3MOXHOCTBIO IO yC-
JIOBUSIM OMNBITOB MPUMEHSITh aHTUOUOTUKMU B TeUe-
HUeE MTOYTU ABYX HElle b IT0CJI€ BBEICHU ST MUKPOOOB
B Kamephbl. Bbicokasi JieTaTbHOCTh COBMaJia C BBeIE-
HUEM BUPYJIEHTHBIX IITAMMOB TUIIa M1 — BBIXKUJIO
no 2 kpoauka u3 10 B onbiTe U KoHTpoJe. 3 yucia
KPOJUKOB, 3apa*ke€HHbIX IITaMMaMu Tuia M22,
BBIXKMJIO TI0 YEThIpe KPOJUKA U3 MATU 3apaxeH-
HBIX. BpicOKas BUPYJIEHTHOCTbD JJIsi KPOJUKOB MO-
>KET OrpaHUYMBATh UCIOJb30BaHNE JAHHON MOJIe-
JIA TIPpU U3YYEHUU HeMPUTOreHHOU MOTEHIIUU BbI-
COKOBUPYJEHTHBIX IITaMMOB CI'A.

TexHoJiorus cozgaHus oyaroB MHGEKIIUU B UM-
MJIAHTUPOBAHHBIX KaMmepaX MO3BOJISIET COCPENo-
TOYUTh BHUMAaHUE Ha POJIA DKCTPALETIONSIPHBIX
NPOAYKTOB MHUKpPOOa, a HE Ha MHBIX KJETOUHO-
aCCOLIMMPOBAHHBIX MaTOreHeTUYeCKUX (hakTopax
OakTepuil, K KOTOpbIM MOXHO oTHecTu u IgG Fc-
ceasbiBaolue M-60enku CIA. MHunuupyromas
posabnocaegHux BreHe3de PSGN Obl1a HeoJHOKpaT-
HO MoOKa3aHa B HalllMX MHOIOJIETHUX ombiTax [1,
2, 3, 13]. Benenue kponukam youtbsix IgG Fc-

Ta6auua 3. UHAYKLMS 3KCnepuMeHTasbHOro rnomepynoHedpuTa y KpOsIMKOB NPy BBEO,EeHUMU
cTpenTokokkoB Tuna M1 unm M22 n ux ska- MyTaHTOB B UMNJIAHTUPOBaHHbIE NOAKOXHO TKaHEBble Kamepbl
Table 3. Induction of experimental glomerulonephritis in rabbits by injections of M1 or M22 type streptococci

and their ska- mutants into implanted subcutaneous tissue chambers

Yucno Kponmkos
LUTammbl KonunuyectBo ¢ m:r:ﬂ"gg::::;’:uwl:fm / Aeno3uums IgG | Mpoaykums IL-1B,
CTPEenTOKOKKOB npoonepupoBaHHbIX KPONMKOB nC3 IL-6, TNFo
Strains KpPOJIKOB Number of rabbits with Deposition IgG Production IL-1f,
of streptococci Number of operated rabbits glomerulonephritis*/number and C3 IL-6, TNFo.
of surviving rabbits
M1 (40/58) 10 2/2 + +
M1 (40/58) ska- 10 2/2 + +
M22 (AL168) 5 3/4 + +
M22 (AL168) ska~ 5 4/4 + +

Mpumeyanus. *Kponviku, y KOTOPbIX NPU FTMCTONOMMYECKOM Y UMMYHOMOP®OAOTMYECKOM aHaNN3e NOYEYHO TKaHW Oblnv BbISIBAEHbI YETKME

Mopd0o0rnyeckne USMeHeHUs!, xapakTePU3YIoLLVe pa3BUTE UMMYHHOrO BOCTaneHns i MemMbpaHo3HO-NponndepaTMBHOro rnoMepynoHedpuTa.
CTeneHb BbipaxeHHoCTH feno3uuum IgG, C3-koMnnemeHTa 1 NPOAyKLMN MHTEPNENKMHOB: (+) — BbIpaXEHHas.
Note. *Rabbits with verified histological and clear inmunomorphological renal tissue morphological changes that characterize the development
of immune inflammation and membranous-proliferative glomerulonephritis. Level of deposited IgG, C3 complement and interleukin expression:

(+) — pronounced.
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no3uTuBHbIX OakTepuit CI'A psma M-Tunos, oT-
MBITBIX OT BHEKJIETOYHBIX MPOMYKTOB, BbI3HIBAJIO
B ITOYKaX U3MEHEHU ST, TATTMYHBIE 1151 MEMOpaHO3-
Ho-nipoaudepatuBHoro PSGN ¢ aumdouuTapHoi
UHbUIbTpaneid TKaHu, aeno3uuueir IgG, C3-
KOMIUJIEMEHTa U TIPOAYKIIME MpPOBOCHAIUTEb-
HBIX IMTOKMHOB. B KOHTPOJIBHBIX OIBITAX, C MC-
MOJIb30BAaHUEM YOUTBIX MPUPOAHBIX UJIU MYTaHT-
HbIX [gG Fc-HeratuBHbIX K1oHOB CI'A, Takue npo-
siBJIeHUsT oTcyTcTBoBaau [13]. Jlonmyckajloch, 4TO
cBa3biBaHUe IgG XXKMBOTHOI'O COMPOBOX1aJIOCh €TO
ayTOAHTUTEHHBIM Mpeodpa3oBaHUEM U CUHTE30M
aHTu-IgG aHTUTEeNn K cobcTBeHHBIM IgG XUBOT-
Horo (¢ TuTpoM 1:80—1:640), Beay MM K pa3BUTUIO
MMMYHOKOMITJIEKCHOTO TIOBPEXACHUSI MeMOpaH
riaomepya. IlonydyeHHble pe3yabTaThl MO3BOIUJIU
nepeiTu K omnbiTaM Mo moaeaupoBaHuio PSGN
C MOMOIIbIO «KUBbIX» KynbTyp CI'A B KauecTBe 60-
Jee anekBaTHoro noaxona. [loareepxxaeHueM cka-
3aHHOMY CTaJlM BOCHATUTEbHbBIE MPOILIECCHI B IJIO-
Mepyaax, 4TO TMOATBEPXKIaJoCh OOHapy>XEHUEM
neno3uToB C3-koMIoHeHTa KoMIjieMeHTa U IgG,
a Takxe MPOoAYKIIMeil MpOBOCHATUTENbHBIX [IUTO-
kuHOB IL-1B, IL-6 u TNFa (Tatm. 3).

O6cyxaeHne

OcHOBHBIMU (pakTOpamMu TatoreHHocTu CIA
SIBJISTIOTCSI TUTIOBBIe M-0€JIOK M TaK Ha3bIBacMbIe
M-mtonooHbIe 6enkn. OneHnBas UX Pojib B MaTOJO-
TUHU, CJIEAYET OTMETUTh, YTO OHU CITOCOOHBI IIPOTH-
BOCTOSITH (DaroluTO3y MUKPOOa B OpraHn3Me X035 -
Ha, pearmpoBaTh C IIMPOKUM CIIEKTPOM CBHIBOPO-
TOYHBIX O0e1KoB uenoBeka: IgG, IgA, anrb0ymMuHOM,
(GUOPOHEKTUHOM, TIJIA3MHUHOTCHOM U Pa3JIMIHBIMU
KOMITOHEHTAaMM CHUCTEMBI KoMmIuiemMeHTa [7, 8, 17].
Cpenn HUX BaKHOE MECTO 3aHMMAIOT MTOBEPXHOCT-
HBIe Oenku, pearupymoimue ¢ Fc-¢pparmenTom Ha-
TuBHOTO IgG YemoBeKa 1 HEKOTOPHIX MJICKOITUTATO-
mux — IgG Fc-csaswiBatonime 6enku CIA. TeHsr,
KOHTpoJupyoimune M- 1 M-rmogoOHbie 0e1KU, ToKa-
JIN30BAHBHI B ITpeaesiax omHOro Mga-peryioHa, B 3Ha-
YUTEIBHON Mepe OIIPEeIsSIoNIero IMaToreHHOCTh
CrA[19].

CeromHsl WCCJeIOBaTeId HMMCIOT XOPOIIYIO
BO3MOXHOCTh MJISI CpPaBHUTEJIBHOIO aHaJIM3a
KakK MUHUMYM HIByXx momeneit PSGN: MbimmHoM
n Kpoaunubeit [4, 29], Tem Oojlee YTO B HUX HC-
MOJIb30BAaH OOWH M TOT K& MIPUHIIUIT — CO3TaHNe
nokanpHOro ouara CI'A-mHGpEeKIINM BO BXKUBJICH-
HBIX TOJ KOXY XKMBOTHBIM Kamepax. HecmoTps
Ha BHEIIHEE CXOICTBO MCITIOJIb30BAHHBIX MOJIE-
JIE U psima maToMop(OJIOTUYECKUX MPOSIBICHUN
06oux npoueccoB, obpalaloT Ha ceds1 BHUMaHUE
3HAYMUTEIIbHBIC PACXOXICHUS B WHTEPHpPETALIUN
¥ B BBIBOJIAaX, B IIEPBYIO OUYepeab B TPAKTOBKE POJIA
CTPENTOKMHA3bl B Pa3BUTUM SKCICPUMEHTAJb-
HOTO CTPENTOKOKKOBOTO TJIOMepyJIoHedpuTa.
B onpITax Ha KpoJIMKaX, B OTJIMYNE OT MBIIIMHOMN

monenu, mraMmbl CI'A, geduLUMTHBIE O CTper-
TOKMHa3e, oOJyiajjaBIIME CIOCOOHOCTBIO CBS3bI-
BaTh IgG Kpoauka M 4yejoBeKa, HO He MBIIIH,
BbI3bIBAJIM JNE€CTPYKTUBHO-AETE€HEpPAaTUBHbIE W3-
MEHEHMU S B MOYEYHON TKaHW, XapaKTepHbIC HJIS
riaomepyiaoHedputa. B MbIIIMHON Moneau mpe-
MOUYTEHUE OTAAeTCs B MU3BECTHOW Mepe CIOPHO-
MY TE€3UCY O CTpenTOKMHa3e KakK WHUIMATOpe
npouecca [20, 27, 28, 29]. Ilpu 3TOM ee ydacTue
Ha apyrux srtamax mnatoreHe3da PSGN Bpsa au
JIOJIXKHO ocriapuBaTbes. Kpoauubsi Moaeab ¢ UC-
nojb30BaHUEM YOUTBIX U «<KUBbIX» CIA paspa-
0oTaHa B OTAEJIE MOJIEKYJISIPHOI MUKPOOUOTOTUH
MNBM. OHa He TOJIbKO BHOBb MOATBEpAUJIA POJIb
1gG Fc-cBa3piBaomux M-mogoOHBIX OEJIKOB
B UHUIIMALIUU SKCIEPUMEHTATbHOTO TJIOMEPYJIO-
HedpuTa [13], HO 1 MO3BOJIUIA OTPULIATH yUYacTHE
B HEM CTPEINTOKWHA3bl KaK B OMNbITaX CO B3BECHIO
youTsix 6aktepuii, obnagaoumux IgG Fc-akTus-
HOCTbhIO, TaK W B OIBITaX C BBEACHUEM XKUBBIX
OakTepuil B moaKoxHbie KaMmepbl. Ha 3T0 ogHO-
3HAYHO yKa3blBaeT HAJIMYUE MAaTOJOTUYECKUX U3~
MEHEHUU B onbITaX co ska~ MyTaHTHBIMU KJIOHa-
mu, coxpanuBmuMu IgG Fc* denotun. B To ke
BpeMS$ MBIIIMHAsA MOJEJb, OMMCaHHAas B paboTax
S. Holm u coasrt. [20, 27, 28, 29], Bpsig A1 MOXeET
JlaTh OTBET Ha BOIIPOC 00 MHULIMUPYIOILIEN poJiu
cTpenToKMHa3bl B matoreHe3de PSGN, mockoyibKy
MOJIOXUTENbHBIIA OTBET Ha HEro HyXaaeTcs B 00-
Jjee cTporoM o6ocHoBaHUU. TeM He MeHee B JaH-
HOUl paboTe ObIIM HaWAEHBI TOJIbKO CTaTUCTUYE-
CKU JOCTOBEPHBIEC pa3auy4Ms B IMIPOSIBJICHUU psiaa
NPU3HAKOB IJIOMepYyJIoHepUTa MEXAY IpyIinaMu
MBIIIIEN, 3apakeHHbIX ska™ U ska~ KJIOHAaMU LITaM-
ma NZI131. Ilpu stom npuszHaku PSGN (okkJto-
3Usl KanWJasipoB, aeno3uius C3-KoMITJIEMEHTa,
NPOTEUHYPUSI) OOHAPYKUBAJTUCh B psifie CydyaeB
HE€ TOJIBKO Yy MBbIIIIEN, 3apakeHHbIX Ska~ KJIOHOM,
HO U Y KOHTPOJbHBIX MBIIIEH, KOTOPbIM HE BBO-
IUJW HUYEro JUOO BBOIAUIU (PUMOJOTUUYECKU I
pactBOop. HemoHsTHO, KakuM 0Opa3oM CTPENTO-
KuHa3za morja nHuuuuponatb PSGN, eciu oHa
He crnocobHa MoAuGUIIMPOBATh B IMJa3MUH MBbI-
IIUHBIA MJIa3MUHOTEeH, YTO ObLJIO MOKa3aHO Kak
B HACTOSIIIIEM UCCAEIOBAHUU, TAK U B ONTMCAHHOM
paHee [32]. B Mmoaesin Ha MblllIax OOHapy>kKMBaJlach
BbIpa>keHHas aJacopOL s CTPENTOKMHA3bl Ha TJIO-
MepyJiaX; MMEHHO C TUM CBOWCTBOM CTPENTOKMU-
Ha3bl aBTOPHI CBS3bIBAJIU €€ HE(PPUTOrEHHOCTD,
XOTs1 OOHapyXeHWe NAaHHOro MPOAYyKTa Ha KJy-
0ouKax MoYeK MOIJIO OTPaKaTh JIUIIb IETTO3ULUIO
MMMYHHBIX KOMIIJIEKCOB, COAEpXallluX HaHHbII
depmenT. PazButne PSGN y Mbleir Helb3s
00BbsSICHUTL U ¢ mno3uuuit ¢peHomeHa IgG Fc-
peueniuu, MOCKOJbKY, KaK U3BECTHO, IITaMMBbI
CTI'A He cBsa3biBaloT MbIIUHBINA 1gG [24, 25], uyTO
NOATBEPAMJIOCh U B HacToseir padore. Mcxons
U3 U3J0XEHHOro, BOIIPOC O MEeXaHU3Me MOJE/IU-
poBaHusi PSGN Ha MbIlIax ocTaeTcsi OTKPBITHIM.

861



J1.A. BypoBa v gp.

MHdekumns n uMmyHuTeT

B »sToM nmuiaHe OoJiee 1ieseco00pa3HbIM SIBISIETCS
HUCIIOJIb30BAaHUE MOJEIM BKCIepUMEHTaJIbHOTO
nopaXkeHHUs TJIOMEpYJ Ha KPOJMKaX C BXKMBIICH-
HBIMHM KaMepaMu, KOTopass o0ecreunia BO3MOXK-
HOCTh OTBETHMTbH cpa3y Ha 00a BOIIpOoca OTHOCH-
TeabHO ponu cTtpentokuHasdbl U IgG Fc-cratyca
CT'A. C 3T0i1 IeabI0 KPOJMKOB 3apakaJiu CTperl-
TOKOKKaMu rpynnsl A TunoB M1 uin M22 u ux
ska- MyTaHTaMu; ITpA 3TOM BCE€ MCITOJIb30BaHHBIC
IITaMMBbl aKTUBHO cBsI3bIBaau IgG Kponuka u ye-
JoBeKa. JlaHHBIC OMBITHI OMHO3HAYHO MCKJIIOYM-
U CcTpenTokuHa3dy, HOo He IgG-cBs3bIBamomme
oesiku, U3 yuciaa ¢aktopoB uHuuuanuu PSGN,
TakK Kak He ObIJIO BBISIBJAEHO pa3JIMYUii B MPOSIB-
JICHUSIX TJIOMepyJoHedpuTa, BBI3BAHHBIX HCXOJ-
HBIMM M MYTaHTHBIMHM IITaMMaMu. MyTaHTHEBIE
IMITaMMBI, Te(PUIUTHBIC IO TEHY, OTBETCTBEHHO-
MY 32 CUHTE3 CTPENTOKMHAa3bl, HO COXpaHUBIINE
CITOCOOHOCTh CBA3BIBaThL IgG KpojiKa 1 yesioBe-
Ka, COXpPaHSJIN CIIOCOOHOCTh BBI3BIBATH UMMYH-
HOe BOocMaJjieHue B TKaHU MoYekK, XapaKTepHOe 15
riaoMepyaoHedputa. C 3TUX MNO3ULMINI pa3BUTUE
9KCIIEPUMEHTAJIbHOTO TIJIOMepyJIoHepUTa MOXK-
HO 00BsIcHUTH [gG-CcBI3BIBAOIICH aKTUBHOCTHIO
CrI'A, kak 3TO paHee ObLJIO IOKa3aHO B OIbITax
cyoutrbeimMu IgG Fc" mrammamu CI'A 1 X u30reH-
HBIMU MyTaHTamu [12, 13, 15].

Hamu Oblyia TakKe TpearnpuHsITa MOonbiTKa 13-
YUUTHh CITOCOOHOCTH CTPENTOKWHA3bl U3 Pa3HBIX
M-tunoB CI'A TpaHchopMUpoBaTh MJIa3MUHOIEeH
Pa3JIMYHOTO BHUJJOBOIO MPOUCXOXIAECHUS B Ilaa3-
MHH KaK BaxXHBIM 3Tan B reHe3de PSGN. C atoit
HeJIbI0 OBLIM BBIACJICHBI MperapaThl OYUIIEHHO-
ro TUla3MUHOTE€Ha M3 IJa3Mbl KPOBU YeJIOBEKa,
KpoJiuka 1 Mblinu. CTpenToKMHa3a, BbIASJICHHAs
n3 CI'A tunioB M1, M12 u M22, B onbiTax in vitro
mokasaJjia YeTKO BBIPaKeHHYI0 (DYHKIIMOHAIBHYIO
aKTUBHOCTH TOJBKO B OTHOIICHHUM IJTa3MHUHOTEeHA
yejoBeKa, TpaHCGhOopMUPYS ero B IJIa3MUH U c1abo
BO3IEHCTBYS Ha IMJa3MUHOTeH Kpoyauka. Ha ocHo-
BaHUU 3TUX JaHHBIX HCBO3MOXHO OOBSICHUTH POJIb
CTPEINITOKMHA3El B pa3BUTUM TJIOMepyJIoHedpuTa
y Mbliireit. [To-BuaumMomy, 151 pelieHu s1 ToJ0OHbIX
BOMPOCOB 0oJjiee IOAXOMSIINM MOXKET OKa3aTbhbCs
HMCIOJIb30BaHNE «T'YMaHU3MPOBAHHBIX» TPAHCTCH-
HBIX MBIIIEH, 3KCIIPECCUPYIOIMNX IIa3MUHOTEH
yesoBeka [35].

Kputuyeckuit aHaimu3 npooaeMbl MOASIPOBA-
HUs PSGN oTHIOOB HE UCKJTIOUAET YIaCTUSI CTPeTl-
TOKWHAa3bl B T€HEe3e JaHHOro 3aboJieBaHUs. Peub
WIET JIUIIb O TOM, SIBJISIETCSI JIU OHA ITYCKOBBIM
MEXaHNW3MOM, WHULMUPYIOIIUM TIPOLIECC, WJIU
CIYXUT BaXXHBIM 3BEHOM pPa3BUTHUS ITATOJIOTUU.
JlocTaTO4HO yOemWTeNIbHBIC HAHHBIC SITTOHCKUX
ucciaenoBateneit [30, 31], moayyeHHbIE Ha KJIUHU-
YeCKOM MaTepualie, CBUIETEAbCTBYIOT O HEIOCPEI -
cTBeHHOM yuacTtuu 3Toro ¢pepmenTa CI'A B PSGN,
MOCKOJIbKY OH aKTHMBUPYET IJIA3MHUH IYTEM pac-
MICTIJICHWS TIa3MWHOTEHa, 4TO BelIeT K (opmu-

poBaHU10 KoMILIekca miasMuH—NAPIr ¢ mpoTeo-
JIUTUYECKUM ACUCTBHUEM B OTHOILIEHUU CTPYKTYPbI
raoMepya. Halrm ombITHI 110 MOASIMPOBAHUIO TJIO-
MepyJioHedpuTa TO3BOJSIIOT paccMarpuBaTh ITY
AKTHBHOCTb KaK BTOPUYHYIO — OHa MPOSIBISETCS
TeM TIJIyOoXke, YeM 3HauyuTeJIbHee IEepBUYHOE I10-
pakeHWe TKaHU MOYEeK, BI3BAHHOC MMMYHHBIMU
komruiekcamu IgG—anTn-IgG, mHAyOUpOBaHHBI-
mu IgG Fct 6eakamu CI'A. HedputoreHHas ak-
THUBHOCTb MOAOOHBIX UMMYHHBIX KOMITJIEKCOB BPSI I
JI1 MOXET BbI3BaTh COMHEHME, OHa Obljia JOKa3aHa
ele IMMoHepaMHU 3TOTO HAIIpaBJICHU S B IEPBOIA T10-
JIOBHMHE Mpolijoro Beka [7, 33, 34].

3ak/oyeHme

WccnenoBaHure CrOCOOHOCTU CTPENTOKMHA3bI,
BblACeHHOI 13 pas3nuyHbiXx M-tunoB CIA (Ml,
M12 u M22), TpaHchopMuUpoBaTh IJIa3MUHOIEH
Pa3INYHON BUAOBOI IMIPUHAIIICXKHOCTU B IJIa3MUH
B OITBITaX in Vitro TOKa3aji0 YETKO BBIPAXKCHHYIO
(GYHKIIMOHAIBHYIO aKTHUBHOCTh CTPENTOKWHA3bI
B OTHOIIEHUM TOJBKO IIJJa3MUHOTE€Ha 4YeJoBeKa.
CrpenToKnHa3a He CIocoOHa Obljla aKTUBUPOBAaTh
MBIIIWHBIA MJa3MUHOTEH U KpaiiHe c1abo akTu-
BUpOBaJia MJIa3MUHOTeH KpoinKa. JIJIsT BEISICHEHU S
pOJIM CTPEeNTOKMHA3bl B MHAYKIIMU BKCIIEPUMECH-
TaJILHOTO TJIOMEPYI0oHe(ppUTa Y KPOJIUKOB HCITOJIb-
30BaHa MOJEIb, IIPU KOTOPOil B MMILIAHTUPOBAH-
HBbIE TTOIKOXHO TKaHEBBIe KaMepbl MHBEIIMPOBAIN
CTPENTOKOKKM IpyIIbl A TurnoB M1 unu M22 u ux
ska~ myTaHTBI. JJaHHBIMU OITBITAMU HE YCTAHOB-
JIeHa POJIb CTPENTOKMHA3H B MHUIIMAIIMH ITaTOJIO-
TMYECKOI'o IIpoliecca B MOYCYHOM TKaHU, TaK Kak
He ObIJIO BBISIBJICHO pa3HUIIbI B Pa3BUTUU TJIOMEPY-
JIoOHe(pHUTa MEXKIY UCXOMHBIMU IIITAMMAaMM CTPEII-
TOKOKKOB TUTIOB M1 1 M22 1 uX ska- N"30reHHBIMU
myTaHTaMu. Ha kposinubeid Moaesiv C MCHOJb30-
BaHueM XuBbIX CI'A, BBOIUMBIX B MOAKOXKHO UM-
IJIAaHTUPOBaHHBIC KaMephbl, Oblja ITOATBEpKIcHA
ponb IgG Fc-cBsa3biBatommmx M-nogoOHBIX OEIKOB
B WHUILIMALIUU SKCICPUMEHTATIBHOTO TJIOMEPYJIO-
HedpuTa. [IpoBeaeH CpaBHUTEIbHBIN aHAIU3 YCIIO0-
BUi1 mo monenupoBaHuio PSGN Ha nByx Bugax ja-
OOpaTOPHBIX XKMBOTHBIX — MBIIIAX M KPOJIUKAX —
C OLICHKOU MX ITPEUMYIICCTB U HEAOYECTOB.

bnarogapHocTu

ABTOpPBI BbIpaxalroT 0JarogapHOCTb JOKTOPY
Schalen C. 3a npuoOpeTeHUe AJs1 JAaHHOTO MC-
cleoBaHMs TKaAHEBBIX KaMep, a TakKXKe TOKTOPY
Sjobring U. (OTmen MEOIMIIMHCKON MUKPOOMOIO0-
ruu, Jlynackuii yausepcutet, LlIBeuns) 3a Bo3-
MOXHOCTbH BBITIOJJTHEHUSI B €ro JabopaTtopuu
OMNBITOB IO CIIOCOOHOCTHU CTPENTOKMHAa3bl psaa
M-tunos CI'A TpaHchopMupoBaTh IIJIa3MU-
HOTEH pPa3JIMYHOTO BUIOBOTO ITPOUCXOXKICHUS
B IIJTAa3MUH.
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SALMONELLA-INDUCED CHANGES OF THE RAT
INTESTINAL MICROBIOTA

Yu.V. Bukina, N.N. Polishchuk, H.V. Bachurin, O.S. Cherkovskaya, O.L. Zinych,
O.L. Lazaryk, M.B. Bezugly

Zaporozhye State Medical University, Zaporozhye, Ukraine

Abstract. The gut microbiome profoundly affects the body functioning: it participates in host protection against patho-
genic microorganisms, metabolic events, inhibition of inflammatory responses, formation of innate and adaptive im-
mune response in the intestinal mucosa. One of the causes altering microbiota community is due to antibiotics. Therefore,
the processes of antibiotics interaction together with Salmonella enteritidis and Salmonella typhimurium with representa-
tives of normal intestinal microflora are of particular interest. Materials and methods. The quantitative and qualitative
analysis of the wall microbiota composition in rats was evaluated by bacteriological method, the statistical data analysis
was performed using the software StatSoft Statistica v.12. Results and discussion. Inoculation of vancomycin and S. enter-
itidis, S. typhimurium in groups II, 111, I'V resulted in quantitatively decreased E. colilevel by 10-, 7- and 110-fold, respec-
tively (p £0.05). The count of P. aeruginosa decreased markedly only in the group III (p £0.05). The count of Bacteroides
spp. members was profoundly decreased by several thousand times (group II) as well as 70- and 87-fold (groups III and
IV), respectively (p < 0.05). The count of E. faecalis and E. faecium decreased by 861-, 6- and several thousand times
(groups 11, 111, 1V), respectively (p < 0.05). The count of Proteus spp. markedly decreased in group II by 27-fold and rap-
idly increased in group IV (p £0.05). Group III revealed a sharp decline in level of Enferobacterspp. and Klebsiella spp. by
847- and 150-fold, whereas in group I they were increased by 7- and 46-fold, respectively (p <0.05). The count of Staph-
ylococcus spp. decreased by 10-fold only in group II. The level of Clostridium spp. decreased by several thousand times
(group II) and by 5,500 times (group IV) (p £0.05). The count of Lactobacillus spp. decreased by several thousand times
(group II). The count of Bifidobacterium spp. members significantly decreased by 10.9-fold and by several thousand times
(groups 111, 1V). The level of Peptostreptococcus anaerobius profoundly decreased in all three study groups (p < 0.05).
The level of Salmonella spp. increased in group 11 by 49 times, but markedly increased in groups I1I and IV (p £ 0.05).
Inoculation of Salmonella after vancomycin pretreatment caused dramatic change in the microbiota composition in groups
V and VI, namely: increased count of E. coli by 65- and 105-fold, markedly increased level of P. aeruginosa in group V
and VI — by 3-fold. In addition, these groups also showed decreased level of Bacteroides spp. by 9- and 10-fold (p < 0.05).
The count of E. faecalis and E. faecium decreased dramatically only in group V (p < 0.05). The count of Proteus spp.
decreased by 17 times in group V as well as in group VI (p < 0.05). A sharp increase in level of Enterobacter spp. and
Klebsiella spp. members was observed in groups V and VI (p < 0.05). However, representatives of Peptostreptococcus an-
aerobius in groups V and VI decreased by 20 and 9 times, respectively (p < 0.05). The count of Salmonella spp. decreased
only in group V by 7 times (p < 0,05). Inoculating experimental animals with B. fragilis conditioned with S. enferitidis,
S. typhimurium and pretreated with vancomycin resulted in markedly decreased level of E. coli in group VII and VIII by
538 times (p < 0.05). The count of P. aeruginosa in groups VII and VIII decreased profoundly, whereas level of Bacte-
roides spp. members was reciprocally increased (p < 0.05). The level of Lactobacillus spp. decreased by 10.3 times only
in group VI. The count of E. faecalis and E. faecium increased by 10 and 19 times in groups VII and VIII, respectively,
whereas level of Proteus spp. decreased only in group VII by 322 times (p < 0.05). In addition, a sharp decrease in level
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of Enterobacter spp. and Klebsiella spp. members (p < 0.05) was found in groups VII and VIII. The count of Peptostrepto-
coccus anaerobius and Lactobacillus spp. members was markedly increased by 7-, 12-, several thousand-fold and 40 times
(groups VII and VIII, respectively) (p < 0.05). The count of S. enferitidis and S. typhimurium in groups VII and VIII de-
creased rapidly (p <£0.05). Conclusion. Inoculation of B. fragilis can be used in treatment of inflammatory bowel diseases
or disorders with impaired gut barrier function.

Key words: parietal microbiota, microbiome, vancomycin, Salmonella, bacteroids, rats.

CAJIbMOHEJIJIA-MHAYUUPOBAHHbIE UBMEHEHUSA KULLEYHOTO MUKPOBUOMA KPbIC
Bykuna 10.B., IToaumyk H.H., Bauypun I'.B., Uepkosckas O.C., 3unnu E.JI., JIazapuk A.JI., Be3yrasiii M.B.

3anopoxcckuii eocydapcmeentblil MeOUUUHCKUL yHUgepcumem, 2. 3anopoxcve, Ykpauna

Pe3tome. MuKpoOKMOM KMIIIEYHMKA CYIIIECTBEHHO BIMSIET Ha GYHKLIMOHUPOBAHKE OPraHU3Ma: OH yYacTBYeT B 3allIUTe
OpraHu3Ma OT MaTOreHHBbIX MUKPOOPraHM3MOB, B ITpolieccax 0OMeHa BEIeCTB, TOPMOXKEHU N BOCIIATUTEIbHBIX peak-
uui, B GOpMUPOBAHUYU BPOXICHHOTO M aJallTUBHOIO MMMYHHOTO OTBETa B CIM3MCTOI 0000uKe KumeuHuka. On-
HOH M3 TPUYNH U3MEHEHUS MUKPOOUOTHI SIBIISICTCS MCIIOJb30BaHME aHTMOMOTUKOB. [103TOMY IpoIiecchl B3anMoeii-
CTBUSI aHTUOMOTUKOB, Salmonella enteritidis v Salmonella typhimurium, ¢ IpenCcTaBUTEIIMU HOPMATbHOI MUKPOGDIOPHI
KHIICYHNKA TIPEICTABISIIOT 0COOBIN MHTepec. Mamepuanst u memoosi. IIpoBenecH KOMMICCTBEHHBIM 1 KaueCTBEeHHBII
aHaJIN3 COCTaBa MUKPOOMOTHI CTCHKH Y KPBIC 0AKTepUOJIOTMIECKUM METOIOM, a TAKXKe CTATUCTUICCKUI aHAIN3 TaH-
HBIX C UCTIOJTb30BaHMEM IporpaMMEI StatSoft Statistica v.12. Pesyasmamut u oocyycoenue. I1py BBeieHNM BAHKOMUIIMTHA
u S. enteritidis, S. typhimurium 8 rpynmnsl 11, 111, IV Habaoma10Ch CHUKEHHME KOTUYECTBEHHOTO COePXKAHMS KUILIEUHOM
najsouku B 10, 7 u 110 pa3 coorBetcTBeHHO (p < 0,05). KonuuectBo P. aeruginosa 3HAYUTEIbHO YMEHBIIUIOCH TOJBKO
B TpeTheii rpymre (p < 0,05). KonuuectBo npencraButeseir Bacteroides spp. 3HAUUTETbHO YMEHbBIIUIIOCH B HECKOJIBKO
Thicsid pa3 (rpynma I1) u B 70 u 87 pas (rpynmst I u IV) (p £0,05). Conepxanue E. faecalis u E. faecium yMEeHbIINUIOCH
B 861, 6 1 B HeckosbKo Thicay pa3 (rpymmsl 11, I11, IV) (p £ 0,05). KoauuectBo Profeus spp. 3HAUUTEIbHO YMEHBIINJICS
Bo Il rpynne B 27 pa3 u 0bicTpo yBennuuics B IV rpynmne (p < 0,05). I'pynmna 111 mokazana pe3koe CHUXEHUE coaepxKa-
HUs npeactaButeneii Enterobacter spp. u Klebsiella spp. B 847 n 150 pa3, a Bo Il rpynme HabaomaeTcs yBenu4eHUe UX
yuciia B 7 1 46 pa3 coorBercTBeHHO (p < 0,05). KomuuectBo Staphylococcus spp. cHusuiaoch B 10 pa3 Tosbko Bo 11 rpymie.
KonuyecrBenHoe comepxxanue Clostridium spp. CHU3MJIOCH B HECKOJIBKO ThICSTY pa3 (rpynma II) u B 5,5 pas (rpymma 1V)
(p £0,05). KomuectBo Lactobacillus spp. YMEHBIIUIIOCH B HECKOJIBKO THICSY pa3 (rpyrma 11). KommdecTBo mpeactaButeneit
Bifidobacterium spp. 3HaunTe bHO cHU3MWIOCH B 10,9 pa3 u B Heckonbko Thicsd pa3 (rpynmsl 11, 1V). Konnvectsen-
Hoe conepxaHue Peptostreptococcus anaerobius 3HAUNTENBHO YMEHBIIUJIOCH BO BCEX TPEX TPYINax MCCIENOBAHUS
(p £0,05). Conmepxanue Salmonella spp. ysennuuiocs Bo Il rpynmne B 49 pa3, a 3HaunTebHOE YBEIMYECHNUE HAOMI0O0A-
qock B 11T u IV rpynmnax (p < 0,05). BBeneHue canbMoHe/ bl Ha GOHE MpeaBapuTesIbHONM 00pabOTKM BAHKOMULIMHOM
BBI3BIBAET PE3KOE M3MEHEHUE COCTaBa MUKPOOMOTHI B Tpynmnax V u VI, a uMeHHO yBellMYeHre KOJMYeCcTBa KUIIEYHOI
najouku B 65 u 105 pa3, 3HaUMTEIbHOE YBeNIMUeHHe conepxkaHue P. aeruginosa B V rpymre, a B VI — B 3 pa3a. Takxe
B 9THUX I'pyMIax HabJogaeTcsl yMeHblIeHue koanuectBa Bacteroides spp. 9 u 10 pa3 (p < 0,05). Conepxxanue E. faecalis
u E. faecium 3HaYNTEIBHO CHU3MIIOCH TOJIBKO B 11s1Toi rpytre (p < 0,05). KonuuectBo Profeus spp. ymeHbIaercs B 17 pa3
B rpymIe V, a Takxke 3HaunuTeIbHO cHUXKaetcs B rpyre VI (p <0,05). Peskoe yBennueHre KOIUYeCTBa MpeACTaBUTENEH
Enterobacter spp. u Klebsiella spp. Habmomanock B rpynmax V u VI (p < 0,05). OnHako npencraButeneii Peptostreptococcus
anaerobius B V u VI rpynmax ctaio meHsbIe B 20 1 9 pa3 coorBerctBeHHO (p < 0,05). KonmuuectBo Salmonella spp. cHU3M-
J0¢ch ToJIbKO B V rpyte B 7 pa3 (p < 0,05). [1pu BBereHNM IOTOIBITHBIM XKUBOTHBIM B. fragilis, TioyIaBImMm S. enteritidis
u S. typhimurium Ha hboHe TIpeaBapUTEIbHOM 00pa00TKM BAaHKOMHUIIMHOM, OTMEUAI0Ch 3HAYUTEIIPHOE CHIKEHIE YPOB-
Hs kuueyHoii najgouku B rpynne VII, a B VIII — B 538 pa3 (p < 0,05). KonuvectBo P. aeruginosa B rpynnax VII u VIII
3HAUYUTEIBHO YMEHbBIIIUJIOCH, a YUCJIO0 TIpeacTaBuTeieit Bacteroides spp. ectecTBeHHO yBennuubaeTcs (p < 0,05). Conep-
xxaHue Lactobacillus spp. cHusuioch B 10,3 pasza tonbko B VI rpynmne. Conepxxanue FE. faecalis u E. faecium yBeauuu-
Joch B 10 1 19 pa3 B VII u VIII rpynnax cooTBETCTBEHHO, a KOJIMYECTBO Profeus spp. yMEHbIIUIOCH TOJIbKO B VII rpyr-
ne B 322 paza (p < 0,05). Takxxe B VII u VIII rpynmax Ha01100a10Ch pe3KOe CHUXEHME KOTMYeCcTBa MpeacTaBuTeneit
Enterobacter spp. u Klebsiella spp. (p < 0,05). Yucno npencraButeneii Peptostreptococcus anaerobius u Lactobacillus spp.
3HAUYUTEIBLHO YBEIMYMIIOCH B 7, 12 pa3 u B HeckoJibko Thicsy 1 40 pa3 (rpynmsl VII u VIII coorBeTcTBeHHO) (p < 0,05).
Komnuuecto S. enteritidis u S. typhimurium B VII u VIII rpynnax mHTeHCMBHO cHUXaoch (p < 0,05). Buigode. BBeneHue
B. fragilis MoxXeT OBITh MCITOJIB30BAHO MPH JICUCHU U BOCTIATUTEIBHBIX 3200JIeBAHW I KMIIIETHNKA UJIU 3a00JIeBaHU I C Ha-
pyIlIeHreM 6apbepHOit (PYHKIINY KUIIEYHUKA.

Karoueente caosa: npucmenounas mukpoouoma, Mukpoouom, 6AHKOMUUUH, CANbMOHENANA, 0AKMepoUdbl, KPbiCbl.
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The intestinal microbiome significantly affects
the functioning of the body: it participates in meta-
bolic processes, inhibition of proinflammatory reac-
tions, in the formation of innate and adaptive im-
mune response in the intestinal mucosa [7, 13, 16,
31]. The most important function of the intestinal
microbiome is to protect the body from pathogenic
microorganisms — pathogens of bacterial intestinal
infections [30, 37]. It is known that dysbiotic chang-
es in the intestine lead to increased susceptibil-
ity to pathogenic bacterias, such as Salmonella [12,
19], which are the etiological factor of gastroenteri-
tis [35]. One of the most common causes of micro-
biota changes is the use of antibiotics [5, 24, 40].
Therefore, of particular interest are the processes
of interaction of antibiotics, Salmonella enteritid-
is and Salmonella typhimurium with representa-
tives of the normal intestinal microbiota [1, 4, 38].
Therefore, in our work, vancomycin was used to in-
duce dysbiotic changes in the intestinal microflora,
which acts against gram-positive bacteria and does
not affect gram-negative (Salmonella). We also paid
attention to determining the quantitative and spe-
cies composition of the microbiota in Salmonella-
induced intestinal inflammation, which created
the basis for further study of the molecular mecha-
nisms of interaction of Salmonella enteritidis and
Salmonella typhimurium with microbiota and gut-
associated lymphoid tissue (GALT). The aim of the
study is to analyze changes in the quantitative and
species composition of the microbiota of the small
intestine in rats with Sa/monella-induced inflamma-
tion of the intestine on the background of the intro-
duction of vancomycin and B. fragilis.

Materials and methods

Experiments to determine the quantitative and
species content of microorganisms in the parietal
intestinal microbiota were performed on 120 rats
(males) of the line “Wistar” on the basis of the bac-
teriological department of the microbiological labo-
ratory of Zaporozhye State Medical University in the
bound of scientific research 0118U007141 “Molecular
genetic analysis of changes in the transcript of the
genes of the immune response and intestinal micro-
biome in the conditions of experimental pathology
and the development of methods for their correc-
tion”. Acclimatization of animals (quarantine) lasted
7 days before the study. All experiments were con-
ducted in the autumn—winter period in the vivarium
of Zaporozhye State Medical University. Rats were
kept at temperature of 18—21°C, in natural light dur-
ing daylight from 7am to 5pm, with free access to food
and water. Experimental work with rodentswas carried
out in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986). All rodents, except group I (con-

trol, intact), received vancomycin and/or suspension
of microorganisms. In order to quickly internalize
the bacteria in the intestinal mucosa, the suspension
with Salmonella was administered orally using a probe
with a volume of 5 ml size 16—18, length 5—7.5 mm,
tip size 2.25. Vancomycin was administered to ani-
mals at the rate of 50 mg per kg of body weight, sus-
pensions of microorganisms in amount of 15 ml with
a concentration of 3 x 10¥ CFU/g. Thus, to simulate
the imbalance of the intestinal microflora, only van-
comycin (TEVA, Hungary, No. UA/8995/01/02)
was introduced to group II rodents, S. enteritidis
suspension was introduced to group III, and S. zy-
phimurium suspension was introduced to group IV.
Animals V and VI of experimental groups received
vancomycin on the first day, but group V after 24 h
was administered a suspension of S. enteritidis, and
rats of group VI — a suspension of S. typhimurium.
Rodents of groups VII and VIII were also given
vancomycin on the first day, but group VII received
S. enteritidis suspension on the second day and B. fra-
gilis on the third day, while group VIII rats received
a suspension of S. typhimurium on the second day, and
on the third — B. fragilis. As a material for bacterio-
logical studies of the intestinal microbiota used swabs
from the ileum of rats. Experimental studies were
conducted according to the author’s method. To iso-
late the parietal microflora from the ileum, 0.1 ml
of swabs were inoculated on nutrient media. Isolation
and identification of Salmonella was performed ac-
cording to the order of the Ministry of Health
of the Ukraine No. 425 of 24.05.2013 “On approval
of guidelines “Methods of isolation and identification
of Salmonella”. For Salmonella used a magnesium en-
richment medium in which the swabs were dissolved
1:10. Seedings from the obtained suspensions were
performed on bismuth sulfite agar (BSA) and Endo
medium immediately and after 24 h of incubation
inathermostat at 37°C, after which Endo medium was
incubated for 20 h, BSA — 48 h at 37°C. HiCrome™
nutrient media and HiMedia differential diagnostic
media (India) were used to isolate different species
of microorganisms. Biochemical identification was
performed according to the “Determinant of Bacteria
Bergi” (1997), in accordance with the instructional
and methodological documents and data of mod-
ern literature [11]. Identification of members of the
genus Pseudomonas was performed in accordance
with the methodical recommendations “Biological
Characteristics and Microbiological Identification
of Non-Fermenting Gram-Negative bacteria”
(Kharkov, 2010). Determination of bacteroids and
peptostreptococci was performed in accordance with
the methodical recommendations “Laboratory diag-
nosis of purulent-inflammatory diseases caused by
asporogenic anaerobic microorganisms” (Kharkov,
2000). Belonging of bacteria to the genus Enferococ-
cus was carried out in accordance with the metho-
dical recommendations “Microbiological diagnosis
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of streptococcal, enterococcal and peptostreptococcal
infections” (Kharkov, 2007). The experimental work
used strains of S. enteritidis and S. typhimurium, which
were obtained from the Museum of Microorganism
Strains “Ukrainian Center for Disease Control and
Monitoring” of the Ministry of Health of the Ukraine
(Kyiv) and culture of Bacteroides fragilis isolated from
the intestines of intact rodents. The affiliation of this
strain to the genus Bacteroides was established by
cultural characteristics, as well as by PCR (bactopol
kit for determining Bacteroides fragilis, vulgatus, the-

taiotaomicron, ovatus). The isolate was confirmed
as Bacteroides fragilis on a number of biochemical
grounds.

Counting the number of microorganisms was per-
formed according to the formula:

M=Nx10n+ 1,

where M is the number of microorganisms in 1 g
of the test material, N is the number of colonies
grown on agar, n is the degree of dilution of the test
material.

Table 1. Quantitative content of microorganisms (CFU/g) in the parietal content of the small intestine in rats

with the introduction of vancomycin and S. enteritidis, S. typhimurium

Groups of experimental animals
. - . . Vancomycin + Vancomycin +
) Groups ) CthroI Vancgmycm S. ent_entld:s S. typh_lmunum S. enteritidis | S. typhimurium
of microorganisms | (n=15) (n=15) (n=15) (n=15) - _
(n=15) (n=15)
The number of microorganisms [Me (Q,s—Q;5)], CFU/g
2,2x10° 2,1x10* 3,0x 104 2,0x10° 1,95 x 108 2,1x10°
E. coli (1,0x105-| (1,6 x 10*= (1,2 x 10%- (1,8 x 10%- (1,2 x 108- (1,5 x 105~
5,2 x 109) 9,0 x 104)* 8,0 x 104)* 2,4 x 10%)* 2,8 x 108)2 2,9 x 10%)°
7,05 x 10* 8,7 x 10* 2,2x 10! 1,25 x 10° 2,2x 108 3,7x10°
P. aeruginosa (2,4 x 10| (3,0x10%- (1,6 x 10'= (5,0 x 10%- (1,4 x 105- (2,1 x10°%-
1,5x 10°) 3,2 x 109 3,2 x 10M* 2,0 x 10°) 3,5 x 108)2 1,8 x 10°)°
1,65 x 10° 4,0x10' 2,35 x 10° 1,9x 108 2,6 x 102 1,85 x 102
Bacteroids spp. (1,2x10*-| (1,3x10"- (2,1 x 10%- (1,2 x 10%- (1,8 x 10> (1,2x 10>~
3,6 x 10%) 1,0 x 10%)* 3,1 x 10%)* 2,1 x 10%)* 4,0 x 1023 3,3 x 102)°
. 1,55 x 10° 1,8 x 102 2,45 x 10* 1,1x 102 2,3x 10! 2,0 x10?
£ faecalis and (4,0x10°| (44x10- | (1.8x 10 (2,9 10'- (21 x 10~ (14 x 102
' 5,0 x 10°) 4,3 x10%)* 4,0 x 104)* 1,4 x 10%)* 3,1 x 10" 3,6 x 10?)
6,84 x 10* 2,5x10° 1,5x10° 1,5x 108 8,7x10° 2,7x10°
Proteus spp. (8,4x10*| (1,4x10%- (41 x10%- (4,2x107- (4,0 x 10%- (1,6 x 10'-
2,4 x10°) 3,7 x 10%)* 2,2 x 10 2,0 x 108)* 2,4 x 104z 1,0 x 10%)°
3,05x10% | 2,25x 108 3,6 x102 2,05 x 10? 1,9x 108 2,8 x 10°
Enterobacter spp. (1,1x10°-| (1,6 x106- (2,1 x 10%- (1,8 x 10%- (4,0 x 10%- (2,4 x 106-
4,5 x 10%) 4,0 x 108)* 6,0 x 10%)* 3,0 x 10%)* 3,6 x 108)2 6,3 x 108)°
4,05 x 104 1,85 x 10° 2,7 x10? 2,85 x 10? 2,2x 108 2,45 x 108
Klebsiella spp. (2,0x10-| (4,4 x10°5- (1,8 x 102- (1,8 x 10— (6,0 x 10°- (1,4 x 105-
4,3 x10%) 2,4 x 108)* 4,0 x 102)* 4,0 x 10%)* 3,6 x 108)2 3,6 x 108)°
9,35 x 10° 2,7 x10? 5,55 x 10? 2,6 x 102 2,7x10' 2,9x 10
Peplostreptocooos 1(32x 105 (18x 105 | (44x 10 (2,0 x 10% (2,1%10'- (1,9 10~
1,7 x 106) 4,0 x 10%)* 1,2 x 10%)* 3,7 x 10%)* 3,8 x10')? 4,2 x10")P
2,6 x 10° 2,65 x 104 2x10° 2,1x10° 2x 10
Staphylococcus spp. | (1x10%- (1x10%- (1x105- (2x10%- 0 (6 x 10%-
5x10%) 8 x 104)* 3x10°) 7,2 x10%) 3,2 x10%)
5,5x 108 1x10* 1x 108 1x 108 1x108 5,05 x 10°
Clostridium spp. (1 x 105- (1x10% (1 x 10°- (1x10%- (1 x 105- (1x10%-
1x108) 1x 10%)* 1x108) 1x 108)* 1x108) 1x 108)
1,6 x 10° 3,5 x 10* 2,05 x 108 3,45 x 10° 6,2 x 10° 2x10°
Lactobacillus spp. (1x105- |  (2x10%- (5,2 x 105— (8 x 10— (2 x 105- (1% 105-
8x 108 | 2,8x10°%)* 4 x 10) 6 x 10) 2 x 10) 2,5 x 108)°
5,5x 108 5,05 x 10° 1x 104 1x 104
Bifidobacterium spp. (1x108- 0 (1x10%- (1x10%- 0 (1x10%-
1x108) 1x 108)* 5% 105)* 5% 10°%)
1,25 x 10° 2,2x10* 5,5x 10° 1,05 x 108
Candida (2x 104~ (2x 104~ (2x 104~ 0 (2x10%- 0
2% 109) 4% 10% 8% 10°) 7 x 108)
6,9 x 10 3,4x 108 2,2x 108 1,45 x 10° 3,0x10° 4,0x10°
Salmonelia spp. (4,3x10'-| (2,5%x10%- (1,0 x 108- (1,0 x 105- (2,0x 10°- (2,0x 10°-
2,3x102) | 4,3x10%)* 4,0 x 108)* 4,0 x 10%)* 4,4 x 1052 2,2 x 109)

Note. * — the significance of differences in the parameters p < 0.05 in relation to the control; 2 — reliability of parameters in relation to the group
of S. enteritidis (p < 0.05); * — reliability of parameters in relation to the group S. typhimurium (p <0,05).
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Statistical analysis of the results was performed
using licensed computer programs Microsoft Excel
2010 and StatSoft Statistica v.12. When analyz-
ing the distributions of quantitative data, the level
of the central tendency — the median (Me), and
the level of variance — the interquantal range in the
form of 25 and 75 percentiles were determined.
The calculation of the significance of the differ-
ences between the mean values was evaluated using
the nonparametric Mann—Whitney test (U-test).

The criterion of statistical significance was the level
of p £0.05.

Results and discussion

The data obtained during the studies showed that
with the introduction of vancomycin and bacterial
agents, the quantitative and qualitative composi-
tion of the representatives of the parietal microbiota
changed dramatically (Table 1). Thus, in groups II,

Table 2. Quantitative composition of the parietal microbiota of the ileum of rats with the introduction
of Salmonella, B. fragilis on the background of vancomycin

Groups of experimental animals
. . Vancomycin + Vancomycin +
Groups ‘?n:’:;?r‘;fig’.: SV atnczmﬁ;?u; S. enteritidis + S. typhimurium +
of microorganisms ’ (n=15) ’ ’zﬁ = 15) B. fragilis B. fragilis
(n=15) (n=15)
The number of microorganisms [Me (Q,s—Q-5)], CFU/g
1,95 x 10° 2,1x10° 1,35 x 10? 3,9x 102
E. coli (1,2 108- (1,5%x 10°- (2,9%x10'- (2,0 x 10%-
2,8 x 109) 2,9 x 10%) 1,8 x 10)* 6,0 x 10?)*
2,2x 108 3,7 x10° 2,05 x 102 1,9 x 102
P. aeruginosa (1,4 x 10°- (2,1 x 10°- (1,2x10%- (1,4 x 10%-
3,5 x 10°) 1,8 x 109) 3,0 x 103)* 4,0 x 103)*
2,6 x 102 1,85 x 102 4,15 x 10° 8,8 x 10°
Bacteroids spp. (1,8 x 10%- (1,2x 10%- (2,1 x 105- (4,0 x 108-
4,0 x 10?) 3,3x10?) 3,2 x 108)* 2,0 x 107)*
2,3x 10 2,0 x 102 2,4 x 102 3,75x 10°
E. faecalis and E. faecium (2,1 x 10'- (1,1 x 10%- (1,2 x 10%- (2,5x 10%-
3,1x10") 3,6 x 10?) 5,6 x 10%)* 7,0 x 10%)*
8,7 x 10° 2,7x 10 2,7x10' 7,9 x 10
Proteus spp. (4,0x10%- (1,6 x 10" (1,2x10'- (6,0x 10'-
2,4 x10%) 1,0 x 10?) 3,2x10")* 1,2x 10%)
Enterobacter spp. 1,9x 108 2,8 x 108 4,3 x10? 2,3 x10?
(4,0 x 105- (2,4 x 106- (1,3% 102- (1,8 x 10%-
3,6 x 109) 6,3 x 10°) 7,0 x 10?)* 2,9 x 109)*
2,2x 108 2,45 x 108 2,3 x 102 1,6 x 102
Klebsiella spp. (6,0 x 105- (1,4 x 108- (1,4 x 10%- (1,2x 10%-
3,6 x 10%) 3,6 x 109) 4,0 x 10%)* 2,8 x 103)*
2,7x10° 2,9x 10! 1,9 x 102 3,45 x 10?
Peptosireptococous (24 % 10'- (1,9% 10'- (1,5 % 10'- (3,0 x 10'-
3,8x10") 4,2x 10" 2,1x10?) 5,2 x 10)*
2x10° 2,25 x 10° 2,65 x 10°
Staphylococcus spp. 0 (6 x10%- (1,6 x 10°- (1,5x 105-
3,2x10%) 3,2 x 10%) 5x 109)
1x10° 5,05 x 10° 1x10° 1x10*
Clostridium spp. (1x108- (1x10%- (1x10%- (1x10%-
1x 108) 1x 10°) 1x109) 1x 106)
6,2 x 10° 2x10° 1,7 x 107 8 x 108
Lactobacillus spp. (2x 105~ (1x10%- (2,3 x 106- (4 x 108~
2 x 108) 2,5 % 109) 2,9x107)* 4x107)*
1x 104
Bifidobacterium spp. 0 (1x10%- 0 0
5x 10°)
1,05x 108
Candida (2x105- 0 0 0
7 x 108)
3,0x10° 4,0x 10° 1,0 x 10 9,0x 10’
Salmonella spp. (2,0x 10%- (2,0 x 10%- (1,2x10'- (5,0x 10'-
4,4 x 10%) 2,2 x 109) 2,9x10")* 1,4 x 10)*

Note. * — the significance of differences in the parameters p <0.05 in relation to the groups Vancomycin + S. enteritidis and Vancomycin +

S. typhimurium.
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111, I'V there was a decrease in the number of E. coli
by 10, 7 and 110 times, respectively (p < 0.05), and
the frequency of selection of this species was 10 and
14% (groups I1, I11). The results of studies conduct-
ed by scientists showed that the content of E. coli af-
ter administration of vancomycin to rats decreased
several thousand times, and a decrease was observed
in Salmonella infection 2 times [26]. The number
of P. aeruginosa decreased significantly only in the
third group (p < 0.05). At the same time, Carroll
et al. (2010) in their work showed a 2-fold increase
in the number of pseudomonads when administered
to rats S. enteritidis [41]. The number of representa-
tives of Bacteroides spp. significantly decreased sev-
eral thousand times (group II) and 70 and 87 times
(groups III and IV) (p < 0.05) (Table 1). Our data
are consistent with the results of researchers who
studied the composition of the parietal microflora
of the intestine of rats and showed a sharp decrease
in bacteroids in 2 times with the introduction of van-
comycin, as well as several thousand times with
the introduction of Sal/monella [2]. During similar
experiments, Parkes et al. (2012) concluded that af-
ter the introduction of vancomycin and Salmonella,
the amount of E. faecalis, E. faecium decreased
by a small amount [23]. As a result of our studies,
the frequency of enterococci was 16% and only
in group II, and the level of E. faecalis and E. fae-
cium decreased by 861, 6 and several thousand times
(groups II, I11, IV) (p £0.05). The number of Proteus
spp. significantly decreased in group II 27 times and
increased rapidly in group IV (p £ 0.05). However,
proteases were isolated with a frequency of 22 and
78% in groups 111, IV (Table 3). According to the
literature data when administered to mice vanco-
mycin, as well as Salmonella, the content of Proteus
spp. increased by 4 and 48 times [22], which is simi-
lar to the data obtained during our experiment.
In group III there was a sharp decrease in the con-
tent of Enterobacter spp. and Klebsiella spp. in 847
and 150 times, and in group 11 there was an increase

in their number by 7 and 46 times, respectively (p <
0.05). The frequency of selection of these represent-
atives was 87% and only in group II. Turnbaugh P.J.
et al. (2006) showed in their studies that when van-
comycin was administered to rats, the number
of members of the Enterobacteriaceae family was
reduced in 3 times [34]. At the same time, accord-
ing to Sekirov I. et al. (2008), with the introduc-
tion of vancomycin the number of Enterobacteria
increased 11 times, and with the introduction
of Salmonella decreased by 2 times [27], which
is consistent with our data. The quantitative com-
position of Peptostreptococcus anaerobius decreased
significantly in all three experimental groups (p <
0.05). A group of scientists from America found
a 10-fold reduction in the content of peptostrep-
tococci of this species [25], while Kerckhoffs A.P.
et al. (2009) in his experiments showed a 5-fold
reduction in P. anaerobius with the introduction
of vancomycin, and their complete absence with
Salmonella [14]. At the same time, the number
of staphylococci in group II decreased 10 times.
No significant changes were found when calculat-
ing the content of clostridia and lactobacilli, only
in group II we found a slight decrease of 550 times
in bacteria of the genus Clostridium and 46 times
in Lactobacillus. However, lactobacilli were isolated
with a frequency of2.72, 85% in all three experimen-
tal groups. In their studies, Nagpal R. et al. (2018)
demonstrated similar changes in the intestinal mi-
crobiota in rats with the development of dysbio-
sis [21]. The frequency of isolation of opportunistic
microflora such as: staphylococci, bifidobacteria,
Candida, was 10, 77, 81; 9% (group 1I) and 5.68%
(group II and III), respectively. The content of rep-
resentatives of Salmonella spp. increased in group
11 by 49 times and, also, its significant growth was
observed in groups IIT and IV (p £0.05). According
to the results of studies conducted by European
scientists, after treatment of rats with vancomy-
cin, there was a slight increase in Salmonella, and

Table 3. Frequency of excretion of microorganisms in the parietal contents of the intestine of rats with
the introduction of vancomycin and S. enteritidis, S. typhimurium

Groups of experimental animals
Groups Control Vancomycin | S. enteritidis | S. typhimurium ‘?n:’%r:x;’igi: Sv a;;;zmﬁ;?u;
of microorganisms (n=15) (n=15) (n=15) (n=15) ) (n=15) ' (n=15)
Frequency of excretion (%) of microorganisms
E. coli 100 10 14 0 35 95
Staphylococcus spp. 100 10 e 81 0 95
Enterococcus spp. 100 0 16 0 0 19
Bifidobacterium spp. 100 0 9 0 0 0
Lactobacillus spp. 100 2 72 85 30 6
Klebsiella spp. 10 87 0 0 19 15
Proteus spp. 10 0 22 78 0 0
Candida 30 5 68 0 57 0

Note. * — significant differences compared to reference group (RG).
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when rats became infected, this figure increased
by 1029 times [10], which does not contradict our
results.

As a result of comparison of the parameters ob-
tained with the introduction of Salmonella enteritidis
and Salmonella typhimurium in rats on a single dose
of vancomycin, there was a sharper change in the
quantitative and species composition of the micro-
biota than with the introduction of Sa/monella with-
out antibiotics. Thus, in groups V and VI, there was
an increase in the amount of E. coli in 65 and 105
times (p < 0.05), and the frequency of their release
in these groups was 35 and 95%. This does not con-
tradict the results of Stecher B. et al. (2010), who
demonstrated that after administration of S. ente-
ritidis and S. typhimurium to mice under antibiotic
therapy, the amount of E. coli increased 2 times [29].
A significant increase in the content of P. aerugino-
sa was observed in the fifth group, and in the sixth,
only 3 times (p < 0.05). Ferreira R.B. et al. (2011),
when examining patients with infectious intesti-
nal diseases, found a slight decrease in the number
of pseudomonads [9]. The frequency of lactobacilli
in groups V and VI was 30 and 6%, but their number
did not change significantly and was isolated from
the material from rats of group VI, these indicators
corresponded to a decrease of 17 times (Table 3).
The results of Lleal M. et al. (2019), in the study
of the intestinal microflora of rats, also indicate
a decrease in the number of representatives of this
genus [15].

According to data provided by Turnbaugh P.J.
et al. (2006), when administered to mice antibiot-
ics and Salmonella, the number of representatives
of Bacteroides spp. in the parietal contents of the in-
testine, decreased in 4 times [33]. These data do not
contradict the results of our studies, where the in-
troduction of vancomycin and Sal/monella, in groups
V and VI, also showed a decrease in the number
of Bacteroides spp. In 9 and 10 times (p < 0.05) (see

Table 1). The level of E. faecalis and E. faecium de-
creased significantly only in the fifth group (p <
0.05), and in group VI the frequency of their release
was 19% (Table 3). The number of Profeus spp. sig-
nificantly decreased in 17 times in group V and,
also, a significant decrease was observed in group
VI (p £ 0.05). According to the literature in mice
with the introduction of antibiotics also showed in-
creased susceptibility to infectious agents, which led
to a decrease in indigenous groups of microorgan-
isms, including Proteus spp., which confirms our
data [36].

A sharp increase in the content of Enterobacter
spp. and Klebsiella spp. was observed in groups V and
VI (p <0.05). The frequency of secretion of Klebsiella
in the parietal contents in these groups was 19 and
15%, respectively. Song H.J. et al. (2009) in their
studies showed that in patients with Salmonella-
induced inflammation, on the background of an-
tibiotic therapy, the number of Enferobacteria and
Klebsiella increased in 6 times, which is fully con-
sistent with our results [28]. According to the lit-
erature, when co-administered to rats vancomycin
and Salmonella, the number of peptostreptococci
decreased in 5 times [20]. These data do not contra-
dict our results, which also showed a decrease in the
content of Peptostreptococcus anaerobius in groups V
and VI in 20 and 9 times, respectively (p < 0.05).
The frequency of excretion in the parietal content
of fungi of the genus Candida was 57% (group V)
and staphylococci — 95% in the VI experimental
group (Table 3). The amount of Salmonella spp. sig-
nificantly decreased only in group Vin 7 times (p <
0.05). However, the data obtained by Barthel M.
et al. (2003), when conducting a similar experi-
ment on mice, talk about an increase in Salmonella
in the parietal contents of the small intestine in 3 and
5 times [3].

During the experiment, we obtained the results
of bacteriological studies, which showed pronounced

Table 4. The frequency of excretion of microorganisms in the parietal contents of the intestine of rats with
the introduction of Salmonella, B. fragilis on the background of vancomycin

Groups of experimental animals
. : Vancomycin + Vancomycin +
Groups Vancomy_c_ln_+ Vancor_nycm M S. enteritidis + S. typhimurium +
of microorganisms S. ?:iqu')d's S. t’;ﬁ h;r;lg;’lum B. fragilis };p fragilis
(n=15) (n=15)
Frequency of excretion (%) of microorganisms
E. coli 35 95 0 0
Staphylococcus spp. 0 95 0 68
Enterococcus spp. 0 19 10 13
Bifidobacterium spp. 0 0 0 0
Lactobacillus spp. 30 6 27 40
Klebsiella spp. 19 15 0 0
Proteus spp. 0 0 0 29
Candida 57 0 0 0

Note. * — difference of parameters in relation to Vancomycin + S. enteritidis and Vancomycin + S. typhimurium groups.
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changes in the quantitative and species composi-
tion of the parietal microbiota when administered
to experimental animals B. fragilis (Table 2). Thus,
a significant decrease in the content of E. coli was
observed in group VII, and in VIII — 538 times (p <
0.05). The number of P. aeruginosa in groups VII and
VIII decreased significantly, and the number of rep-
resentatives of Bacteroides spp. naturally increased
significantly (p <0.05).

The quantitative content of E. faecalis and E. fae-
cium increased in 10 and 19 times in groups VII and
VIII (p £ 0.05), and the amount of Proteus spp. de-
creased only in group VII in 322 times (p < 0.05).
The frequency of enterococci in these groups was
10 and 13%, and Proteus — 29% and only in group
VIII. Also, in groups VII and VIII there was a sharp
decrease in the content of FEnterobacter spp. and
Klebsiella spp. (p <0.05). The number of representa-
tives of Peptostreptococcus anaerobius significantly
increased in 7 and 12 times (groups VII and VIII)
(p £0.05). Also, bacteriological examination of the
intestinal contents of rats revealed an increase in the
number of lactobacilli in several thousand (VII)
and 40 times (VIII), and their frequency in these
experimental groups was 27 and 40%, respectively.
El Aidy S. et al., 2012 in their studies showed an in-
crease in the number of indigenous microflora due
to its correction of B. fragilis [8]. The frequency
of staphylococcal excretion was found in 68% and
only in group VIII (Table 4). With regard to S. en-
teritidis and S. typhimurium, in groups VII and VIII
there was a marked decrease in their number (p <
0.05) (Table 2).

Our results indicate the possibility of using B. fra-
gilis to correct Sal/monella-induced changes in the in-
testinal microbiome. We observed a decrease in the
level of Salmonella spp., E. coli, P. aeruginosa, Proteus
spp., Enterobacter spp., Klebsiella spp., as well as
an increase in Bacteroides spp., E. faecalis, E. fae-
cium and Peptostreptococcus anaerobius. The ability
of B. fragilis to influence the quantitative content
of microorganisms in the development of Sa/monella-
induced inflammatory bowel disease has been shown
in a number of other works [6].

B. fragilis is one of the main producers of short-
chain fatty acids (SCFA), which activate cells through
free fatty acid receptor 2 (FFAR2), which is expressed
in immune system cells, intestinal epitheliocytes and
plays an important role in immune regulation, meta-
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bolic homeostasis and reduction of colitis-associated
inflammation [17, 32]. In addition, polysaccharide A
of B. fragilis is an important inducer of Treg cell dif-
ferentiation [18, 40].

Conclusion

1. The data obtained in this study indicate that
antibiotic-induced changes in the quantitative and
qualitative composition of the parietal microbiota
are due to the effect of vancomycin on gram-positive
microorganisms. There was a decrease in the num-
ber of autochthonous obligate anaerobic bacterias
(bacteroids), clostridias, elimination of enterococci,
peptostreptococci, staphylococci, bifidobacterias,
lactobacilli and an increase in the number of en-
terobacterias, proteus, Klebsiella and Salmonella.
Reducing the number of E. coli and Bacteroides spp.
with the introduction of S. enteritidis and S. typhimu-
rium was accompanied by an increase in the parietal
contents of the intestine of microorganisms such as
P. aeruginosa, E. faecalis, E. faecium, Enterobacter
spp., Klebsiella spp., Peptostreptococcus anaerobius,
which may have occurred due to the latter for intesti-
nal microbiomatter.

2. The introduction of S. enteritidis and S. typhi-
murium, on the background of pretreatment with van-
comycin, caused a sharp change in the composition
of the microbiota in the parietal contents of the small
intestine: an increase in Salmonella spp., E. coli,
P. aeruginosa, Enterobacter spp., Klebsiella spp., and
also a sharp decrease in the number of Bacteroides
Spp., E. faecalis, E. faecium, Proteusspp., Lactobacillus
spp., Peptostreptococcus anaerobius. These data sug-
gest that the vancomycin-induced imbalance of the
parietal intestinal microbiota facilitates the penetra-
tion and colonization of pathogenic microorgan-
isms (S. enteritidis and S. typhimurium) and promotes
the development of intestinal diseases.

3. When administered to experimental animals
B. fragilis, which received S. enteritidis or S. typhimurium
on the background of pretreatment with vancomycin,
there was a change in the quantitative composition
of the microbiota in the parietal contents of the small
intestine, namely: a decrease in Salmonella spp., E. coli,
P. aeruginosa, Proteus spp., Enterobacter spp., Klebsiella
spp., as well as an increase in Bacteroides spp., E. faeca-
lis, E. faecium, Lactobacillus spp. and Peptostreptococcus
anaerobius.
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Cesepo-3anana Poccrn. AKTyaIbHOCTb ITPOOJIEMBI COXPAHSIETCS B CBSI3K C BHICOKOM 3a00J1€BAEMOCThIO XPOHUYECKIM I'e-
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J11s1 onpeesieHust TEHOTHUIIOB M CYOreHOTUIIOB BUpYca MccaeqoBaHo 160 06pa3LioB mia3Mbl KPOBH MALMEHTOB C OCTPLIM
renatuToM B ¢ ucnonb3oBaHueM MoJekyiasipHo-reHeTudeckux MetoaoB (ITLP, cexBeHupoBaHue). M3yueHa pacrnpo-
CTpPaHEHHOCTb CKPBITOro renaruTa B B pa3nuuHbIX rpynnax HaceaeHus. [IpoBeneHa oLeHKa mokasaTeieil oxBaTa BaK1 M-
HallMel MpoTUB rernatuta B U cepojornyeckoro MOHUTOPMHTAa UMMYHUTETA CPeaU B3pOCIbIX. Pezyasmamst. B nepuon
peanuzauuu mporpaMmMbl 3a00J1€BaeMOCTb OCTPbIM T'elaTUTOM B Ha TeppuTOpUM OKpyra cHu3uIach B 4,5 pasa, B 2020 1.
B 5 perroHax He BBISIBJIEHO CJTy4yaeB 3a00jieBaHus, B 6 cyObeKTax Mmokazatesu coctaBuiu Meree 1,0 Ha 100 Thic. Hacene-
HUsL. 3a00J1eBaéMOCTh XPOHMUECKIM TeraTiuToM B cHU3Machk B 2,6 pasa. OXBaT MpuBUBKAaMM JeTel B Bo3pacte 10 17 j1eT
Ha Bcex TeppuTopusx B 2020 r. cocraBu 6osee 95%, B3pocibix — 6osiee 90%. YcraHoBeHa LUMPKYISALMS BUpyCa TeraTu-
ta B iByx renorumnos — D u A, ¢ tomuHupoBanueM reHotuna D (91,8%), cyorenorumna D2 (47,8%). PactipocTpaHeHHOCTh
CKpBITOro renatuta B cpeny MurpanTos coctaBuia 6,5%, 6epeMeHHBIX — 4,9%, allMeHTOB OTAEIEHUI reMOIuAI3a —
1,7%. 3axarwuenue. Peanusaninis IporpaMMbl SJIMMIHAIIMKA OCTPOro BUpycHoro rematuta B Ha CeBepo-3amane Poccrn
croco0CcTBOBAJIA YBEJMUCHUIO [TOKAa3aTeell 0XxBaTa BaKIIMHALMEN B3POCIOro HAaCEIeHU S U CHUXKEHUIO 3a001eBaeMOCTU
OCTPBIMH ¥ XPOHHUECKUMU (DOPMaMU 3TON MHPEKIINN.

Karuesvie caosa: BupyCHblﬁ eenamum B, 3a50ﬂ€6(1€MOCI’nb, ceHoOmunbsl, 6AKUUHAUUA, SAUMUHAUUA.

RESULTS OF IMPLEMENTATION OF VIRAL HEPATITIS B ELIMINATION PROGRAM

IN THE NORTH-WEST RUSSIA

Lyalina L.V.*", Esaulenko E.V.*¢, Khorkova E.V.¢, Novak K.E., Ostankova Yu.V.?, Serikova E.N.?, Vasiliev D.V.c,
Gorziy E.S.»", Butskaya M.J.*¢, Kritskaya L.V.[, Buts L.V.%, Grebenkina E.V.", Baydakova E.V.iJ, Smirnova N.A.X,
Krasnoperova M.A.!, Koltsov N.S.™, Kotovich L.M.", Kalinina E.L.°, Galimov R.R.?, Kirkhar N.V.4,
Cherepanova E.A.", Totolian Areg A.?

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

b North-Western State Medical University named after I.1. Mechnikov, St. Petersburg, Russian Federation

¢ St. Petersburg State Pediatric Medical University, St. Petersburg, Russian Federation

4 Leningrad Regional Center for the Prevention and Control of AIDS and Infectious Diseases, St. Petersburg, Russian Federation
¢ Polyclinic No. 48, St. Petersburg, Russian Federation

I Rospotrebnadzor Office for St. Petersburg, St. Petersburg, Russian Federation

¢ Rospotrebnadzor Office for Leningrad Region, St. Petersburg, Russian Federation
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 Rospotrebnadzor Office for Arkhangelsk Region, Arkhangelsk, Russian Federation
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Abstract. Introduction. Vaccination contributed to reduce the incidence of acute hepatitis B in the territories of the North-
West Russia. The urgency of this problem remains due to the high incidence of chronic hepatitis B. This accounted for the
need to develop a hepatitis B elimination program in the district discussed that was approved in 2013 by the head of the
Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing. Objective is to characterize
the results of the program for the elimination of acute hepatitis B virus implemented in the North-Western Federal Dis-
trict. Materials and methods. The 2010—2020 incidence rate of acute and chronic hepatitis B virus (HBV) infection in the
regions of the North-West Russia was carried out. To determine HBV genotypes and subgenotypes, 160 blood plasma
samples from patients with acute hepatitis B were studied using molecular genetic methods (PCR, sequencing). The preva-
lence of latent hepatitis B in various population groups was assessed. The 2016—2020 hepatitis B vaccination coverage
and relevant serological monitoring in adults was carried out. Results. While implementing the program, it was found that
the incidence rate of acute hepatitis B in the district decreased by 4.5-fold, revealing in 2020 no cases of the disease in 5 re-
gions, with incidence rate in the 6 subfederal units being lower than 1.0 per 100,000 population. Moreover, the incidence
rate for chronic hepatitis B decreased by 2.6 times. The 2020 vaccination coverage of children under 17 and adults in all
territories comprised more than 95% and 90%, respectively. In addition, it was shown the circulation of genotypes D and A
of hepatitis B virus is dominated by genotype D (91.8%), subgenotype D2 (47.8%). The prevalence of latent hepatitis B
among migrants was 6.5%, pregnant women — 4.9%, hemodialysis patients — 1.7%. Conclusion. Implementation of the
program on elimination of acute viral hepatitis B in the territory of the North-West Russia contributed to raise in the vac-
cination coverage in adult population and lowered incidence rate of acute and chronic HBV infection.

Key words: hepatitis B virus, morbidity, genotypes, vaccination, elimination.

876



2021, T. 11, Ne 5

AnumumHauma BUpycHoro renatuta B

BBeneHune

Nudexkuus, BbI3pIBaeMas BUPYCOM TelaTu-
ta B (BI'B), aBisercss oqHOI U3 OCHOBHBIX MpU-
YUH XPOHUYECKHUX 3a00J€BaHUN TMEYEHU, BKJIIO-
yas UMPPO3 U TenaTOUEIONSPHYIO KaplUHO-
My [18]. Tlo manHbBIM BcemupHOl opraHu3zanuu
3apaBooxpaHeHus (BO3), B MuUpe HaCUUTHIBAETCS
Oosiee 257 MAH OOJNBHBIX XPOHUYECKHUM BHUPYC-
HbIM renatutom B (XBI'B) u exerogHo ymwupaet
0K0JIO0 1,5 MJIH 4eJioBEeK, UTO JIeJaeT 3Ty HO30JIO-
rudeckyro GopMy OAHUM U3 JIUAEPOB IO 3a00-
sneBaemMocTu u cMmeptHoctu [14, 15]. Ocobyto ak-
TyaJIbHOCTh MPEACTABISIET COYETAHUE BUPYCHBIX
TermaTUTOB C APYTMMHU COLIMAJBbHO 3HAYUMBIMU
nHbekuugamu. Ilo oneHkaM crieniuaaIucToB, KO-
MOPOUIHBIE COCTOSTHUS BIAUSIIOT HA KJIMHUYECKUE
NpOSIBJICHUS U TeYeHUe OOJIE3HU, CHUXKAIT -
(EeKTUBHOCTh TE€pPANUU, YXYIIIAIOT MPOTHO3 3a-
0oJieBaHUS U XapaKTEPU3YIOTCS BbICOKON JIeTalb-
HOCTBIO, 3HAUYUTEJIbHO MPEBBIIIAIONIEN TaKOBYIO
npu MoHouH@ekusgx [1, §8]. BaxxHoii mpobieMoit
C TOYKM 3pEHUS JIabOpaTOPHOU AUATHOCTUKM,
KJIWHUYECKONH W 3MNUIEMUOJOTUYECKOU 3HaAUYU-
MOCTHU siBasieTcsd cKpbIThiil (HBSAg-HeraTuBHBIN)
rermatutT B. Beicokas pacipoCTpaHEHHOCTb CKPBI-
toro renatuta B B CeBepo-3anaagHoM denepalib-
HoM okpyre (C3®PO) ycraHnosieHa cpenu BUY-
UHOULIMPOBAHHBIX 1ULL [9, 12].

OCHOBHOI Mepoill MpoPUIAKTUKU BUPYCHOTO
renatuta B gBisgercs BakuuHauusg, oHa 3¢hdex-
TUBHO MpenoTBpalllaeT WHOUIIUPOBAHUE U pa3-
BUTHE XpoHUUYeckux Qopm 3abosieBanus [20].
BHenpeHue BaklIMHALIMY MPOTUB renatuta B B Ha-
IMOHAJbHBIE NPOTPAMMBbI UMMYHU3A1IUX TPUBEJIO
K 3HAYMTEJIbHOMY COKpPAIIEHUIO TIepeTayu BUpyca
renatuta B B paHee BBICOKOOHAEMUYHBIX CTpa-
Hax [17]. BakuumHompoduiiakTuka CIocodCcTBO-
BaJia mpenynpexaeHuo 210 MJaH ciydyaeB XpOHU-
yeckoro remnatuta B, u oxupaercs, uto K 2030 r.
MOXHO OyJIeT MpeaoTBPaTUTh 1,1 MJIH JeTaJlbHBIX
ucxonoB [16]. B Poccuiickoit ®@enepanuu (PD),
OJjlarogaps BaKLMHAIIMU, NOCTUTHYTHI pE3yJbTa-
ThI, TTO3BOJIUBIINE 3HAYUTEIBHO COKPATUTH YpPO-
BEHb 3200JIEBAEMOCTU OCTPBIM BUPYCHBIM rernaTu-
ToM B (OBI'B). 3a rogbl BaKIIMHAIIUU IPOTUB STOM
nHdpekru B Poccuu KoanyecTBO NPUBUTHIX Mpe-
Bbicwiio 100 MJTH yenosex [7].

BpeMms BBICOKOTO 3KOHOMHUYECKOro yliepoa,
00YyCJIOBJIEHHOTO BUPYCHBIMU renaTuTaMu, cTa-
JI0 0OOCHOBAaHUEM JJisl pEeUIeHUS HOBBIX 3aliay
MO NPUHSATUIO NEVCTBEHHBIX MEp OOPBHOBI ¢ pac-
NpoCTpaHEHUWEeM remnatuta B Ha coBpeMeHHOM
stame. B2016r. BO3 onyb6iukoBaHa «[JtobanbpHas
CTpaTerus ceKTopa 3ipaBOOXpPaHEHU 110 BUPYC-
HoMy renaTuty Ha 2016—2021 rr.». LleneBbie To-
Kazateau cTpareruu Bkawo4dawT K 2030 r. cHU-
KeHHe 3abosieBaeMocTu renatutoM B Ha 90%
K MCXOJHBIM HaHHBIM 2015 1., CHUKEHUE CMepT-

HOCTH (YUCJIO C1y4yaeB CMEPTHU OT BUPYCHOTO Ie-
natuta B u C) Ha 65% no cpaBHeHuto c 2015 r.,
OXBaT BaKIIMHallMel B IETCKOM Bo3pacTe (oxBaT
TpeTbeil 1030 BakuMHbI) 90% ngeTeil TpyaAHOTO
BO3pacTa, OXBaT M030i BakKIMHBbI MpoTuB BI'B
NpU POXIEHUU UJIU MHBIE GOPMBI MPEAYITPEK-
JNIeHUs mepeaayyd MHGEKIUUu OT MaTepu pedeH-
Ky — 90% [3].

1 gauBapsa 2006 r. B Poccuiickoit Denepauuu
CcTapToOBaJl HAIIMOHAJBHBIN IIPOEKT «3H0POBHE».
Peanuzanus MeponpusaTUil MO MacCOBO MMMY-
HomnpopuiIakKTUKE BUPYCHOro rematuta B cro-
cobcTBOBajla CHUXeHUIO0 3aboseBaemoctu OBI'B
Ha BCeX TEPPUTOPUSX CTpaHbl, BKJItodass C3DO.
PesynbTaThl peaausaluu MpoeKTa CBUIETEIbCTBY-
IOT O BBICOKOW MMMYHOJOrMYeckoi adheKTuB-
HOCTHU MacCOBOM BaKIIMHALIUU TIPOTHB TeIaTH-
ta B [11]. OOIIMPHBIA OMBIT BaKIIMHOMIPODUIaK-
TUKU TeraTuta B cBUaeTenbcTBYeT 00 aKTUBHOM
€€ BJAMSTHUM Ha SMUAEMUUYECKU I MTPOILIECC U O TOM,
4YTO TaHHAas CTpaTerus 3alluThl HACEJIEHUS OT 3TOM
uHdexuuu BepHa [2].

Ha ¢doHe TOCTUTHYTBIX yCIIEXOB IT0 CHUKEHU IO
3aboneBaemoctu OBI'B Ha Tepputopusx Ceepo-
3anaga Poccum coxpaHsiicss BBICOKMU YpOBEHb
3abosieBaeMocTu HacedaeHuss XBI'B, B 2,5 paza
MpeBBIIIAIOIIMI MOKa3aTeJb MO CTpaHEe B LIEJIOM.
B aBrycre 2013 1. pykoBonuteiem denepaibHOM
Cy>0bl Mo Haa3opy B cdepe 3alIUTHI ITpaB MO-
TpebuTeneld W OJaronoaydusi 4YejsoBeKa, IJIaB-
HBIM TOCYAapCTBEHHBIM CAaHUTApHBIM BpadyoM
Poccniickoit Denepannu, OblIa YTBEPKIACHA MPO-
rpamMma 3JMMHUHAIMK OCTPOro BUPYCHOIO remaTu-
ta B Ha trepputopuu C3PO [6]. Lleab 1 OCHOBHbBIE
3a7a4d MporpaMMbl BKIKOYAIOT SJIMMUHAILIMIO UH-
JUTEeHHBIX (MecTHbIX) ciiydyaeB OBI'B, mosTtamHoe
cHuxxeHue 3aboneBaemoct OBI'B no 0 wiu < 1
Ha 100 ThIC. HaceJieHUs, CHUKEHE 3a00JieBaeMO-
ctu XBI'B, moctmxkenmne 90% oxBaTa B3pOCIIOTO
(mo 55 neT) HaceJleHU s BaKLIMHALlMel MPpOTUB rera-
tuta B B 100% cyobekToB C3DO k 2020 r. st pea-
JU3aly MporpaMMmbl Oblla MpoBeAeHa OoJblias
OpraHu3allMOHHO-MeToanYeckasi paboTa, cos3naa-
Ha OKpYXHasi KOMUCCHUS CIIeLIMaJIUCTOB, Ha 6a3ze
Cankr-IleTepOyprckoro Hay4yHO-HCCI€I0BaTEb-
CKOTO WHCTUTYTa 3MUIEMHOJIOTMY M MHUKPOOUO-
gorun umeHu Ilactepa opraHu3oBaHa paboTa
o AToil mpobiaeMe psina JabopaTopuil (BUPYCHBIX
renaTuToB, SIMUAEMHUOJIOTUN, UMMYHOJIOTUU U BU-
pycosoruu BUY-uHbek1inu, MOJEKYJIIPHOU UM~
MYHOJIOTUH), €XEroJHO IPOBOASITCS pPEeruoHasb-
HbI€ COBEILIAHUS CHELUATUCTOB ISl OOCYXICHUS
aKTyaJIbHBIX BOITPOCOB, PE3yJIbTAaTOB BbIITOIHEHUS
NporpaMMBbl U OINpeneIeHU s 3aa4 Ha CICAY IO
MepUo/I.

Llenb ucciaenoBaHus — oXxapakKTepU3OBaTh pe-
3yJIbTaThl peaju3aluy IIPOorpaMMbl SIIMMUHAIIUN
OCTpPOro BUpPYyCHOro renatuta B Ha Tepputopusx
C300.
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Matepuasbl 1 METOLbI

IlpoBeneH peTpPOCHEKTUBHBIN 3MUIEMUOJIOT -
YeCKU aHaIu3 3a00JIeBA€MOCTHU OCTPBIM U XPOHU-
yeckuMm renarutoM B Ha Tepputopun C3PO 3a me-
puon 2006—2020 rr., B permoHax oKpyra — 3a re-
puoa 2010—2020 rr. s aHaau3a MCHOJb30BaHbI
dopMbl (perepaabHOr0 CTaTUCTUYECKOTO HabJIIo-
meHnst Ne 2 «CBegeHMST 00 MH(MEKIIMOHHBIX 1 TTapa-
3UTApPHBIX 3a00JIeBaHUSIX», Ne 5 «CBegeHMS O TIpo-
durakTUYECKUX TpUBUBKax», Ne 6 «CBemneHUs
O KOHTUHIEHTaxX NeTell W B3POCJIBIX, MPUBUTHIX
OpOTUB UWHMEKIIMOHHBIX 3a0o0JieBaHUl», OIe-
patuBHasg uHpopMmauuss o peructpauuu OBI'B,
OTYETHl MEIWIIMHCKUX OpraHu3aluili U ymnpaBs-
nenuit PocmnorpebHam3opa B cyobekTtax C3DO
O pesysibTaTax BaKLUWHAaLUM IIPOTUB remarura B
U CEPOJIOTUYECKOTO MOHUTOPUHTAa UMMYHUTETA.

7151 onipeaesieHr s TEHOTUNOB U CyOT€HOTUIIOB
BI'B npoBeneHo uccliienoBaHue oopas3ioB MjIa3Mbl
kpoBu (HBsAg-monoxutenbHbie) oT 160 maimeH-
TOB ¢ nuarHo3zoM OBI'B, koTopsie ObIU COOPaHBI
Ha tepputopusix C3®O B mepuox 2015-2019 rr.
JHK BI'B B niazme KpoBU U BUpPYCHasl Harpyska
ONpeAessIIuCh METOIOM MOJIUMEPa3HOU LEMHOU
peakuuu (ITHP). TeHoTunmupoBaHWe BBITIOJHE-
HO C WCTOJb30BaHUEM peareHToB «AMMInCeHc®
HBV-renotun-FL». CekBeHupoBaHue QparmeH-
TOB MPOBOAUJIM Ha TEHETUYECKOM aHau3aTope
ABI-PRISM 3100 (Applied Biosystems, CIIIA).

CepoJIOTUYECKUIT MOHUTOPUHT HMMMYHUTETA
K BUpyCy renaruta B ocyliecTBasiyii B COOTBET-
CTBUU C JEUCTBYIOUIMMU HOPMATHBHO-METOIU-
YEeCKUMU JOKYMEHTAMU, UCTOJIB30BAH METOM UM-
MmyHopepmeHTHOrO aHanuiza (MPA). Ha npumepe
JleHrHrpaICcKOU 061aCTU U3YUYEHBI PE3YIbTaThI CE-

POJIOTMYECKOTO MOHUTOPUHTAa UMMYHUTETA CpeAU
HaceJIeHUsI U1 MeIUIIMHCKUX pabOTHUKOB B 2016—
2020 rr., B TOM uyucJie y 532 obclieqoBaHHBIX JIUIIL
C U3BECTHBIM BaKIIMHAJIbHBIM CTATYyCOM.

CTaTucTuyeckyro o0paboTKy MaHHBIX IIpO-
BOAMWJIM C MCIOJb30BaHUEM Ipoaykrta WinPepi
(Bepcus 11.65). TIpu olieHKe CTaTUCTUYECKOM 3HA-
YUMOCTU Pa3IUYUA CpaBHUBAEMbIX IOKa3aTesei
yauTeiBaian 95% noBepuTelIbHBIN nHTepBa (AN).
Jnsa nporHo3upoBaHus 3abojieBaemMoctu OBI'B
B JIeHUHTpaAcKoil 00JacTU UCIOJb30BaHA WHTE-
TpUpOBaHHAasl MOJAEIb aBTOPErPECCUU U CKOJb3S-
mero cpenHero (Autoregressive integrated moving
average — ARIMA), koTtopasi npuMeHsJiach AJisl
MPOrHO3MPOBAaHUS 3a00J€Ba€MOCTU APYTUMU CO-
LUaJIbHO 3HAYMMBbIMU MHDeKIMsaMu [19].

WccnenoBaHue ogo0peHO JIOKAJbHBIM 3THUYEC-
KuM KomuteTom CaHKT-ITeTepOyprckoro HayyHo-
MCCJIEIOBATEIbCKOTO MHCTUTYTA 3MUIAEMUOJTOTUN
u Mukpoouosioruu uMeHu Ilacrepa B 2013 1. [lepen
HayvyaJIOM KJIMHUKO-T1abopaTOpHOro oocie10BaHUS
BCE YUACTHUKU OBIJIM O3HAKOMJIEHBI C 1IEJIbl0, M-
TOAMKON HCCJeNOBaHUS U MoAnucald uHGopMu-
pPOBaHHOE corjacue.

PesynbraThl

B nepuon ¢ 2006 mo 2010 r. 3abGojieBaeMOCTb
OBI'B B C3®O 6»buia Boile, yeM B PD: B 2006 T.
nokaszartenu cocraBuiu 8,4 (95% AN 7,9—8,9) u 7,0
(95% O 6,9—7,2) na 100 ThIC. HACEJEHUS COOTBET-
CTBEHHO, Pa3IN4YMsI CTATUCTUUECKH 3HAUYNMBI (p <
0,05) (pmc. 1). 3a Toapl peaam3alldy IIPOTPAMMBI
snuMmuHanu OBI'B B okpyre ormeuaeTcst cyuie-
CTBEHHOE CHMXeHHe 3aboieBaeMmoctu. C 2015 1.
noka3satenu ob11u MeHee 1 Ha 100 ThIC. HaceaeHUs,
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PucyHok 1. 3aGoneBaeMoCTb OCTPbIM M XPOHUYECKUM BUPYCHbIM renatutom B B Poccuiickoii @epepauun
n CeBepo-3anagHom peagepanbHom okpyre, 2006-2020 rr.
Figure 1. 2006-2020 incidence rate of acute and chronic hepatitis B in the Russian Federation and North-Western

Federal District
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B 2020 r. oHU OKa3aJuCh IPUMEPHO OJMHAKOBBIMU:
B C3®0O — 0,29 (95% 11 0,2—0,4), PO — 0,35 (95%
AN 0,3—0,4).

3abosieBaeMOCTh XPOHUYECKUM BUPYCHBIM Tera-
tutoM B Ha teppuropuu C3PO 6buta B 2—2,7 pasa
BBIIIIE 110 cpaBHeHUIO ¢ PD B 11e710M B TeUeHME BCe-
ro usydeHHoro nepuona. C 2014 r. MHTEHCUBHOCTb
SMUAEMUYECKOr0 Tpoliecca MMeeT BBhIPa’keHHYIO
TEeHJEeHL IO K cHUKeHu1o. B 2020 r. ypoBeHb 3a00-
sneBaemoctu XBI'B B okpyre cocrasun 12,2 (95% A1
11,6—12,8), B PO — 4,4 (95% AW 4,3—4,5) Ha 100 ThIC.
HaceJIeHWsI, pa3JIMuusl CTaTUCTUYECKW 3HAYMMBbI
(p <0,05).

Pe3skoe cHukeHue 3aboneBaemocTu XBI'B
B 2020 r. MOXeT ObITh CBSI3aHO C HEOJIAarornoJay4Hoi
SMUIEeMUYECKOU cuTyamnueir B Mupe u P® no Ho-
BOil KopoHaBUpycHOil uWH@eknuu COVID-19.
CrnennajrucTsl OTMEYaloT 3HAYMTEIbHOE CHUKE-
HUE ToKa3aTeJiell TeCTUPOBaHMSI Ha MapKepbl BU-
PYCHBIX TeTIaTUTOB.

AHanu3 nOaHHBIX o 3aboneBaemoctu OBI'B
Ha KOHKpeTHBIX TeppuTopusix C3MDO cBumeTesb-
CTBYeT 00 YCHENIHOW peau3aluu IIPOorpamMMbl
sanuMuHanuu. [1To utoram 2020 r. B IATU peruoHax
OKpyra He ObLJIO PETUCTPAIIU CJIy4aeB OCTPOTO T'e-
naturta B 1 B 1irlecTu cy0beKTax perucTpupoBaInucCh
eIMHUYHBIE cllydyan 3a00JIeBaHM I, TTOKa3aTeIn 3a-
oosneBaemMocTu coctaBusiv MeHee 1,0 Ha 100 Thic. Ha-
cejeHus (tadi. 1). Ha tepputopuu [ckoBckoii 06-
nactu 3aboneBanuss OBI'B He peructpupoBaiuch
B TEUEHME TPeX MOCIeTHUX JIET, B JICHUHT paicKoii
00J1acCTu — B T€YEHUE YEThIPEX JIeT.

B 2020 r. cnyyau 3a6oseBanust OBI'B He peru-
CTPUPOBAJIMCh Ha TeppuUTOpUsIX JICHUMHTpaICKOM,
IlckoBckoit, MypmaHckoil, KanuHuHrpaackoi
obsacteit © HeHellkoro aBTOHOMHOTO OKpyTa.

AHanmu3 MaHHBIX 3MUIAEMUOJOTUUYECKOro 00-
cnegoBanus ouaros OBI'B B C3d0O nokasall, 4TO
OCHOBHBIM TIyTeM Mepenadrd MHOEKIIMU B COBpe-
MEHHBII TIEpUOJ SIBJISIETCS MOJOBOW — €ro oS
coctaBuyia 42% ot o0Omiero 4ymcia 3a00JICBIINX,
Ha KOHTAKTHO-OBITOBOW MyTh Iepeaadyu TPUX0-
nutcst 14%, MHbEKIIMOHHOE BBEIEHHE TICUXOTPOII-
HBIX BelllecTB — 8%, B 36% nyTh IMepenadyu Bo30y-
JUTEJISI HE ObLJT YCTAaHOBJIEH.

B Bo3pactHoOli cTpykType ©OosbHbIX OBI'B
Ha TeppuTopu C3PO npeobdiagaroT B3pOCIbIe, UX
ot focturasa ot 96,3% B 2016 1. o 100% B 2017 1.
n 2020 r. Cpenu nereit 3a iepuon 2016—2020 rr. 3a-
perucTpupoBaHo 9 ciyyaeB ocTporo remnatura B
(3B2016 T, 4 B2018 1., 2 B 2019 1), 4TO CBSI3aHO
C BBICOKMMM TOKa3aTeJsIMM OXBaTa BaKIIMHAIIUE
U IPYTUMHU MepaMU TpopUIaKTUKHU Neperadnd MH-
ek oT MaTepu peOEHKY.

VienbHbI BeC MY>KUYWH Y XKEHIITUH CPean 00JIb-
HeIXx OBI'B cocraBun 66,4 u 33,6% cOOTBETCTBEH-
HO. Peructpupyrorcs npeuMyIiecTBEHHO MECTHBIC
ciyvau 3abosieBanus — 90,3%. McTouHuK nHpeK-
LI B oyarax ycTaHoOBJieH B 8,5% ciyuaeB. M3 uuc-

Jila YCTAaHOBJICHHBIX UICTOYHUKOB BO30YIUTEST IS
OOJILHBIX OCTPBIM rermatuToM B B 94,4% 3apaskeHue
nmpousonnio or 60abHBIX XBI'B, B 5,6% — oT «HO-
cuteneii» HBsAg.

OcHoBHasl yacThb ciaydaeB 3abojeBaHuss OBI'B
B C3®DO 3a aHAIM3UPYEeMbIii IEPUOJT 3aPETUCTPU-
poBaHa cpeau He IMIPUBUTHIX IIPOTUB 3TOM MHMEK-
unu (73,4%), moist 3a00NEBIINX C HEU3BECTHBIM
BaKIIMHAJIBHBIM cTaTycoM cocTaBuia 23,4%, moiis
npuBUTHIX — 3,2% (9 cirydaeB 3a nsaTh JieT). B 11e-
puox ¢ 2016 mo 2020 r. Ha Tepputopuu C3DO 3a-
peructpupoBaHo 4 cayuas 3abosneBaHuss OBI'B
C JIeTaJIbHBIM UCXOJIOM CPEIU HE IIPUBUTHIX TIPOTUB
9TOU MHDEKIIUU.

OnHol M3 BaXKHBIX 3a7a4 3ITUIEMHUOJIOTTUECKOTO
HaJ30pa Ha 3Talle JIMMUHAIINY UHDEKIIUN SBIISIET-
csl TIPOrHO3MpPOBaHUE 3aboyieBaeMOCTU. Pesynbrarhl
nporHo3upoBaHus 3adosieBaemoct OBI'B B JIeHnH-
rpajckoi obsactu mpeactaBieHbl B Tada. 2. CpaB-
HeHMe (PaKTUYECKO U TIPOTrHO3UpyeMoii 3aboJjieBae-
moctu B 2006—2016 IT. ¢ y4eTOM OOBEPUTETbHBIX
MHTEPBAJIOB CBUACTEILCTBYET O BBICOKOH CTEIeHU
COBMaJeHUsl pe3yiabTaTa, 4YTO JAEMOHCTPUPYET JI0-
CTaTOYHYIO YYBCTBUTEIBLHOCTh BHIOPAHHOIO METONIa
nporHo3upoBaHus. CTaTUCTUYECKHN 3HAUMMBIX pa3-
JIMYMIA B TIPOTHO3UPYEMbBIX M (haKTUYECKUX MOoKa3a-
TeJISIX 3a00J1eBAeMOCTH HE BBISIBJIICHO.

PesynbraThl peanuszanuu IIPOrpaMMbl BJTUMU-
Hauuu OBI'B nokaszaiu HeOOXOAMMOCTbh KOHILIEH-
Tpalluy YCUJIMI Ha XpOHUYECKMX (hopMax MHGEK-
nuu. [Mpu ananuse cutyauuu no permnoHam C3DO
YCTaHOBJIEHO, UTO BBICOKAsI aKTyaJbHOCTH MpPOOJIe-
Mmbl XBI'B B okpyre omnpenesnsieTcss 3aboJjieBaeMOC-
Thl0 B yciaoBusix meramnonauca CaHkTt-IletepOypra
(puc. 2). B 2020 r. Ha ApyTrUX TEPPUTOPUSIX OKpyTa
nokasareyjii 3a00JIeBaéMOCTH BapbUPOBAJIU OT MU-
HUMaJIbHOTO 3HaueHusi B MypMaHCKoil o00ma-
ctu — 0,16 (95% AU 0,0—0,9) — 10 MaKCUMaabHOIO
B HeHerikom aBTOHOMHOM oKkpyre — 11,37 (95% AN
(3,7-26,4) na 100 Teic. B Cankr-IleTepOypre 3aboJiie-
BaeMOCTb OblJia BbILLIE YPOBHS MO OKPYTY B 2,4 pa3a,
no P® — B 7,5 pa3 u cocraBuiia 26,17 Ha 100 ThIC. Ha-
cenenndg (95% AU 24,8—27,5). Ha Bcex TeppuTOpu-
s1x, B ToM uuciie B Cankt-IletepOypre, oTMeuaeTcs
TEeHJIEHLIM S K CHUXKeH U110 3a0osieBaemocTr X BI'B.

B JlenuHrpaackoii 00JacTy B IEpUO peain3aluu
MPOTrpaMMBbI SJIMMUHAIIMK YPOBEHB 3a00J1€BA€MOCTH
XBI'B cHusuics ¢ 11,7 no 4,4 na 100 ThIC. HaceaeHusI.
B 2013 r. camblii BbICOKUIT TTOKa3aTeb 3a00JieBaeMo-
CTU OTM€YeH B Bo3pacTHo rpyrre 30—39 get — 19,29
Ha 100 teic. HaceneHus (95% AU 14,4—25,4), camblii
HU3Kui B rpymre 15—19 get — 2,69 Ha 100 ThIC. Ha-
cenenus (95% AN 0,3—9,7). B 2019 1 2020 rr. Ha oHe
CHMKEHU S 3a00JIEBAEMOCTH Pa3Invrsl B UHTEHCUB-
HOCTH STMHUAEMHYECKOTO IIpoIecca B BO3PACTHBIX
rpynnax crjiaxkuparorcs (puc. 3).

B pamkax peajuzanuy mporpaMmbl 3IMMUHAITAN
OBI'B Ha tepputopuu C3PO ObUIM MPOBEACHBI
MOJIEKYJISIDHO-TEHETUYECKME WCCIICIOBAHUST IS
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ornpenesieHUus] TeHOTUNnoB u cyoreHotunoB BI'B,
LHUPKYJIUPYIOIIUX CPEAM MAllMEHTOB C OCTPBIMU
dopmamu mHbekuu. [1o pesymrbraTaM HcCIIEmO-
BaHMs 160 0Opa3oB MJIa3Mbl KPOBU, COOPaHHBIX
NpPaKTHUUYECKH CO BCEX TEPPUTOPUIT OKPYTa, BBISB-
JeHa uupkyassuus BI'B nByx reHotunos — D u A,
¢ nomuHupoBaHueMm redoruna D (91,8%). BI'B re-
HOTHUIIa A BCTpedaJicsl JOCTOBEPHO pexe — B 8,2%
cayyaeB (p = 0,001). Cpenu cyoreHorunos BI'B
HaubOoJiee yacTo Bbiaeasiyicas D2, monst koToporo
B OOIIIelt CTPYKTYpe COCTaBUJIa IIOUTH MOJIOBUHY —
47,8%, D1 u D3 BcTpeuanuch B 19,8 u 24,2% ciy-
yaeB cooTBeTcTBeHHO, BI'B reHoTrna A Obl1 mpea-
CTaBJieH cyOoTuIoMm A2.

OnHoIi M3 BaXXHBIX 3a/1a4 peaJu3alliy IporpamM-
MBI auMuHanuu renatuta B Ha CeBepo-3armame
Poccuu sBisieTcst n3ydyeHue pacipoCTpaHEHHOCTH
CKPBITOro BUpycHoro rernatuta B. CnenuanucramMu
®dBYH HUM sniuaeMnoaoruu ¥ MUKpPOOHOJIOT U
nmeHnu Ilactepa pa3paboTraH MeTOM, MO3BOJSIO-
wuii BeIsIBASATH BI'B B mma3zMe KpoBU Mpu HUBKOU
BUPYCHOI Harpyske. B pesyibrare nmpuMeHEHUS
3TOTO0 MeToa Obljla yCTaHOBJIEHA BBICOKAS Paclpo-
CTPaHEHHOCTHh CKpbITOro remnaruta B cpequ BMY-
nHpumpoBaHHBIX Uil B C3PO 1 ApyTrUx rpyIl
pYCcKa, B KOTOPBIX BBISIBJICHWE CKPBITOTO TeIaTh-
Ta B MoxXeT uMeTh GoJibllloe 3HaUeHUe (MalueHThI
OTHCJICHUI reMoamuajin3a, JOHOPBI, OCpeMEHHBIE,
TpymoBbic MUTpaHTHI). Cpean IMallMEHTOB, ITOJIY-
YaloUIMX 3aMECTUTEIbHYIO TEPAIUIO C UCIOIb30-
BaHueM mnporpamMmmHoro remoauanusa, JJHK BI'B
BbISBJISLIN B 2,8% ciydaeB, B ToM uucie 1,7% ciy-
yaeB coctaBusl HBsAg-HeraTuBHbIN rematut B
C HU3KOW BUPYCHOW Harpyskoii. Ilo pesynabratam
obcnenoBaHusl 142 6epeMEeHHBIX KEHIIUH (ecTe-
CTBEHHas1 OEpPEMEHHOCTh) pPaCHPOCTPAaHECHHOCTH
cKkpbiTOro renaruta B cocraBuia 4,9% ciyudaes.
Tlpu uccinenoBaHuu oO6pa3LOB Maa3Mbl KpoBU 493
MHOCTPaHHBIX I'pazkaaH, MIPOXOIAMBIIUX MEIUIIUH-
CKO€ OCBHUJICTECIHCTBOBAHUEC MJISI MOJYUYCHUS pas-
pewenuit Ha padoty, JJHK BI'B BoisiBieHa B 8,9%,
B TOM 4ucJiie 6,5% ciydaeB OTHOCUJIMCh K CKPBITOM
(HBsAg-HeratuBHOIi) hopMme.

OmHUM M3 caMbIX Ba)KHBIX HaIlpaBJICHMU pea-
an3auuu mporpaMmbl anumMuHanyu OBI'B 8 C3®0
SIBJISIETCS TIOAAEPXKaHME BBICOKMX TTOKa3aTeseil OX-
BaTa HacejJeHUs MpobUJIAKTUYECKUMU ITPHUBUB-
KaMU NpOTUB BUpycHoro renatuta B. OxBart cBoe-
BpPEMEHHOI BaKLIMHALIMEH IPOTUB 3TON MH(pEKLINU
neTteil B Bo3pacte 12 MecsieB 6osiee 95% B 2020 1.
nocturHyt B 10 cyobekTax C3DO.

OxBaT MNPUBMBKAMM B3POCJIBIX B BO3pacTe
18—35 net B 2020 1. Ha Bcex Tepputopusax C3MO
cocraBus Oosiee 95%, 3a UCKIIIOYEHUEM OIHOTO
cyobekTa. /IBa permoHa TOCTUTIN MOKa3aTeeil 0X-
BaTa UMMYyHM3alueit 99% u 6onee (HoBropoackas
obimactb — 99,4%, Caunkt-Iletepoypr — 99,0%).
OxBaT MpUBUBKAMHM B3POCJBIX B TpymniIie 36—59 net
Ha Tepputopusax C3dPO B 2020 r. HaXOIMJICI B T1A-
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TaGnuua 2. Pe3ynbraTthl NPOrHO3UPOBaHUSA 3a0071€Ba€MOCTU OCTPbIM BUPYCHbIM Frenatutom B
Ha TeppuTopumn JleHuHrpaackou oonactu B 2006-2020 rr.

Table 2. Results of forecasting the incidence of acute viral hepatitis B in Leningrad Region in 2006-2020

Peructpupyemas MporHoaupyemas

3gr6§ne3aemocn Huxhsas BepxHsas 3aboneeaemocTtb OB BepxHsas
lop Ha 100 Teic. rpan1ua rpanuua AN | Ha 100 Tbic. HaceneHus HikHss rpaduua Au

HaceneHuns aun o . e rpaduvua Aun o
Year Recorded incidence Lower limit Upper limit Predicted incidence Lower limit of Cl Upper limit
of Cl of acute HBV per 100,000 of Cl
of acute HBV per of Cl -

100,000 population population
2005 11,05 9,5 12,8
2006 10,62 9,1 12,3 7,801595 3,5431288 17177408
2007 9,63 8,1 11,2 7,497994 3,4052415 16,509005
2008 4,89 3,9 6,1 6,7990087 3,087783 14,970112
2009 3,37 2,5 4,4 3,452408 1,5678891 7,6018456
2010 2,94 2,1 3,7 2,3792562 1,0805178 5,2389439
2011 1,63 1,1 24 2,075669 0,9426448 4,5704842
2012 1,85 1,3 2,6 1,1507916 0,5226181 2,5339943
2013 1,61 1,1 2,3 1,3061141 0,5931564 2,8760023
2014 0,46 1,2 0,9 1,1366714 0,5162056 2,5029027
2015 0,34 0,1 0,7 0,3247622 0,1474862 0,7151196
2016 0,06 0,0 0,3 0,2400415 0,1090114 0,528567
2017 0,00 0,0 0,0 0,1694703 0,0554984 0,5174945
2018 0,00 0,0 0,0 0,1196468 0,030488 0,4695397
2019 0,00 0,0 0,0 0,0844711 0,0174212 0,4095779
2020 0,00 0,0 0,0 0,0596369 0,0102084 0,3483946

na3zoHe ot 75,4 (1 peruoH) mo 96,2%. Ilpu sTom peruoHaxX OTMEUYAIOTCS BBICOKME II0Ka3aTelIu

CJeIyeT OTMETUTh 3HAYUTEIBbHBIN POCT 00BHEMOB
WMMYHU3allUM B JaHHOW BO3pacTHOM TpyIine
no cpaBHeHMIO ¢ 2013 1.

Ha Bcex Tepputopusax C3dPO exxerogHo NpoBO-
IOUTCSI CEPOJIOTUYECKUIT MOHUTOPUHT COCTOSHUS
KOJIJIEKTUBHOro uMMmyHutera K BI'B B coorBeT-
CTBUM C JEUCTBYIOIIMMU HOPMATUBHO-METOIN-
YeCKMMHU TOKYMEHTaMM. AHAJIN3 pe3yJbTaTOB UC-
cnegoBaHuii B 2016—2020 rr. rmokasasi, 4TO BO BCEX

80

CEpPOHETAaTUBHBIX JIUI CPEAW B3POCIIOTO Hacele-
HUS, 3HAYMTeJbHO npesBbimarpmue 10%. B kaue-
CTBe MNpuMepa NPUBOIUM PE3yIbTAaThl U3YUCHU S
BaKIIMHAJIBHOTO CTAaTyca y CEPOHETraTHUBHBIX JIUII
B JleHMHTpaackoii oonactu (puc. 4).

AHanu3 MOJYYCHHBIX pPE3yJbTaTOB IT0Ka3al,
4YTO TIpUMEPHO 5% 00CIeTOBaHHBIX JIUII, KaK Cpe-
IV HaceJIeHUs, TaK M CpeAu MEIWUIIMHCKUX pa-
OOTHMKOB, OKa3aJNCh CEPOHETATUBHBIMHU B CpO-

70
60 -
50 -
40 A
30 A
20 1
10

Ha 100 TbIC. HaceneHns
per100,000 population

65,3
' 62,3
61,0 58,6
56,5 53,0
439 449 435
29,6 315 29,6 27,2
254 26,2
276 2.2 . 210
13,0 10,1
12,6 17 1,1 103708 12,8 96 03 67 12,2
95 1.1 11,6 1.9 9.3 77 77 35 44

2010 2011 2012 2013 2014
[] Nenunrpaackas obnacts

Leningrad Region

[ Poccuitckas deaepaums
Russian Federation

2015 2016 2017 2018 2019 2020

[ Cesepo-3anaaHblit depepanbHblii okpyr
North-Western Federal District

B Cankr-Metepbypr
St. Petersburg

PucyHok 2. 3a6oneBaemMocTb XxpoHn4yeckum renatutom B B Poccuiickoii Peaepaumnu, Cesepo-3anagHom
depepanbHom okpyre, CankT-NMeTepOypre u JleHuHrpaackoi oonactu B 2010-2020 rr.
Figure 2. 2010-2020 incidence rate of chronic hepatitis B in the Russian Federation, North-Western Federal District,

St. Petersburg and Leningrad Region
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K1 MeHee 1 rojga mociie moJydyeHUsT TPETheil 035l
BaKLIMHBI MPOTUB renaruta B. ¥ 29% sToTr nepuon
cocTaBuJI OT 1 roma a0 5 JieT, cpeau MeTUuIIMHCKUX
paGoTHUKOB 45,6% 00CiIen0BaHHBIX OKa3aJuCh
cepoHeraTUBHbIMU 4epe3 6—10 jger. DTu pesyiib-
TaTbl JIEMOHCTPUPYIOT Te€TEPOreHHOCTh TMOIYJIsi-
LIMU TTO CITOCOOHOCTHU (hOPMUPOBATH U YACPKUBATh
MOCTBAKIIMHAJTBbHBIA UMMYHUTET.

O6cyxaeHne

Pesynbrarhl peanuzalndy nporpaMMbl JIUMU-
HallUX OCTPOTO BUPYCHOTO Temaruta B Ha Tep-
putopusgx C3®O Poccum CcBUIETEITLCTBYIOT
00 yCTIeIITHOM €€ BBIMOJTHEHU U U 3(DPPEKTUBHOCTH.
IIporpaMmMa mpemgycMarpuBaja II03TAaITHOE CHHU-
XXeHue 3a00JeBacMOCTU 3a CUET COBEPIICHCTBO-
BaHUS BaKIWHONPOGWIAKTUKN WHOEKINMU, Jia-
OoOpaTOpHOI MTMATrHOCTUKM, CHUCTEMBI 3MHUICMUO-
JIOTM4YecKoro Hajazopa [6]. B nepuon BbIIOIHEHMS
nporpaMMbl OTMEUYCHO 3HAUUTEIbHOE CHUIKCHUE
3a00J1eBa€MOCTH HE TOJBKO OCTPBHIM, HO 1 XPOHMU-
YeCKMMHU remaTuToM B Ha hoHe yBeTnUeHU ST Yncia
JINII, OXBAaYeHHBIX IIPUBUBKAMHU IIPOTUB 3TOU MH-
dexkumn. B 2020 r. u3 11 reppuropuit C3MO B 6 pe-
TMOHAX moka3arenu 3aboneBaemoctu OBI'B 6b11m
meHee 1,0 Ha 100 ThIC. HaceneHUs, U Ha 5 Teppu-
TOPUSIX OKpyTa cIydyan OcTporo renaruta B He pe-
ructpupoBanuchk (JleamHrpanckas, IlckoBckas,
Mypmanckasi, Kaaununrpaackas obaactu u He-
HEIKHWi1 aBTOHOMHBI OKPYT).

B xome peanm3anium IIporpamMMmbl 3JIMMWHA-
OUW YCTAaHOBJICHBI TEHOTHNBI U CYOTeHOTHIIBI
BI'B, uupkynupymoiinue cpeau BriepBble BbISIBJICH-
HBIX OOJBHBIX OCTPBIMU (opMaMU HNHGMEKIIUU.
N3BecTtHo, uyTo monyiasiuuss BI'B rereporenHa
u BKIodaeT 10 TeHOTUIIOB, 0003HaYaeMbIX JIATHUH-
CKUMU NMPOIUCHBIMU OykKBaMu OoT A 1o J, pacripo-
CTpaHEHHOCTh KOTOPBIX MMEET Treorpaduiyeckue

20

19,29
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16
g5 14,59 |
éég 14
o] >
S5 12 -
e
8 10 A
IS
g2 ]
2T 5 5,39 4,61 553
© O
T, 3,33

2,69 2,5
2
0
2020

E 15-19 net/years old
|:| 20-29 net/years old
@ 30-39 net/years old

. 40-49 net/years old
@ 50-59 net/years old
. 60 netn6onee/years old

PucyHok 3. 3a6oneBaemMoCTb XpOHNYECKUM
renatMtom B pa3nnyHbix BO3pPaCTHbIX rpymnn
HaceneHus JleHuHrpagckon o6nactu B 2013,
2019, 2020 rr.

Figure 3. 2013, 2019, 2020 incidence rate of chronic
hepatitis B in different age groups in the Leningrad
Region

M 3THUYECKME OCOOEHHOCTHU. ['eHOTUINBI BUpyca
UTPAIOT BaXXHYIO poJib B UcXxoae nHpekuuu [4, 13].
T'enorun D pomMuHupyeT B cTpaHax BocTouHoit
Esponbl, Bkioyass P®. MccienoBaHust mo orpe-
neneHuto reHotunos BI'B y mnpoxkuBarommx
B C3®O xpoHMWYECKM MHPUIUPOBAHHBIX IMalM-
€HTOB, MpoBeaeHHbIe paHee (2000—2008 rr.), mo-
Kazaju TnpeobnagaHue reHoTuna D: y maliueHToOB
Cankr-Ilerepoypra — 96%, JleHuHrpaackoii 06-
nactu — 78%. B ocTanbHBIX CilydasiXx YCTaHOBJICH
BI'B renorumna A [5]. laHHOe pacnipeaeeHue reHO-
TUIIOB BUpYyCa XapaKTePHO M JIJIsl IPYTUX PETMOHOB
Espormnerickoit yactu Poccun — 90%, reHOTUITBI A
1 C perucTpupyIoTcs 3HaUUTEIbHO PEXe.

MegamnumHckme paboTHUKK
Medical workers

Hacenexue (6e3 yyeta
MEANLMHCKMUX PaBOTHUKOB)
Population (excluding
medical workers)

45,6 18 77

N=195

N =337

%

. 0o 1roga

upto 1year

|:| ot 11 net go 15 net
from 11 to 15 years

|:| ot 1ropa o 5 net
from 1to Syears

[ ot 16netunGonee
from 16 years and more

40 60 80 100

. oT 6 net go 10 net
from 6 to 10 years

PucyHok 4. KonuuecTBo neT OT Aatbl NOJIy4€HUS TPETbEN NPUBUBKM NPOTUB BUPYCHOrO renaTturta B
0,0 NMoJlyYyeHus pe3yibTaTta Ceposiornieckoro MoHutopuHra mesee 10 ME/n B JleHuHrpagckoi o6nacru,

2016-2020rr.

Figure 4. Length of interval between hepatitis B virus dose 3 and serological monitoring data lower than 10 1U/I

in the Leningrad Region, 2016-2020
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BaxxHbIe pe3ybTaThl OBLIN TTOJYYEHBI TIPU W3-
YUYEHUW PACIPOCTPAHEHHOCTH CKPBITOrO TeIlaTH-
Ta B B rpyIax BBICOKOTO prcKa MHGUIIMPOBAHMSI.
ITo MHEHMIO CTIELIMATNCTOB, CKPBITHIN TermaTuT B —
9TO pe3yJbTaT peaju3aluu pa3JIuuyHbIX CLIeHapueB
B3aMMOJICUCTBUSI BUpPyca M MMMYHHOM CHUCTEMHEI,
BBIpaXKaloMXCSI B KpaiiHe pa3HOOOpPa3HBIX C TOU-
KU 3peHUs pe3ybTaTOB onpeaeaeHus JadopaTop-
HBIX MapKepoB KapTuHax [9]. PacipocTpaHeHHOCTb
CKpPBITOTO TernaTtuTa B B pa3HBIX TeorpauiecKnx
permoHax pasjudaeTcs, HO IIPEHMMYIIeCTBEHHO
KOppEJUPYET C pacIpoOCTPaHEHHOCTbIO B PerMOHe
MaHudecTHoro rernatuta B.

3akJyeHme

PaszpaboTka mporpammbl saumuHanuu OBI'B
Ha tepputopun C3MO 6bl1a 000CHOBaHA, C OA-
HOM CTOPOHBI, yCIIeXaM1 BaKIIMHOIIPO(MUIAKTUKN

9TOU MH(pEKIMU, KoTopas obecreuunsa CHUKEHUE
3ab6oneBaemoctu OBI'B, ¢ npyroii — BbICOKOIT 3a-
oosieBaemocTbhio XBI'B. Peanuzanuss mporpamMmmbi
CIOCOOCTBOBAJIA YBEJIMUEHUIO ITOKa3aTelielt oxBaTa
BaKIMHALIWENW B3POCIOro HaceJeHUsI U CHUXEHUIO
3a00JIeBAEMOCTU OCTPBIMU U XPOHUYECKUMHU (HOp-
MaMM 3TOM MHGEKLUU. 3a TOAbl peaau3aluu mpo-
rpaMMbl HaKOTUIEH YHUKAJbHBIN OMBIT, KOTOPBIM
MOXET OBITH ITOJIE3€H [IJIsI APYTUX peruoHoB PD.

KOH®AMKT MHTEpecos

ABTOpPBHI 3asIBJISTIOT 00 OTCYTCTBUM KOH(MIMKTa
MHTEPECOB.

®uHaHcupoBaHue

WUccnenoBanue MpoBeaeHO 06e3 CITOHCOPCKOM
MOAIEPKKH.
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The Bioethics Committee of Belarus and the local ethics committee of the St. Petersburg Pasteur Institute approved
the study. Selection of participants was carried out using a questionnaire method and online technology (internet, cloud
server). Volunteers were randomized into seven age groups (years of age): 1—17; 18—29; 30—39; 40—49; 50—59; 60—69;
and 70+. Regional randomization ensured proportional representation of volunteers from each region, and no more than
30 people were included from one enterprise. In accordance with manufacturer instructions, blood plasma samples were
analyzed for: IgG antibodies (Abs) to the SARS-CoV-2 nucleocapsid (Nc) using a quantitative ELISA test system; and
IgG Abs to the receptor binding domain (RBD) of the SARS-CoV-2 S (spike) surface glycoprotein using a qualitative
ELISA test system. Statistical processing was carried out using Excel 2010 and other software. Statistical differences
were designated as significant when p < 0.05, unless otherwise indicated. Results. The level of seroprevalence, in terms
of Abs to Nc among the Belarusian population, was 38.4% (95% CI 37.6—45.4). The highest Ab levels were found among
individuals in older age groups (50-70+ years old). The lowest were found in children 1—17 years old and in young
people 18—39 years old The distribution of seroprevalence across Belarusian regions was relatively homogeneous,
with the exception of the Minsk Region, where a statistically significant decrease in the indicator was noted. In terms
of profession, the largest share of seropositive individuals was found among transportation workers; the smallest was
found in business. The moderate COVID-19 incidence has not led to a dramatic increase in the number of contacts.
The base reproduction number (R0) was 1.3. In the Republic of Belarus, there was a moderate level of asymptomatic
COVID-19 among seropositive individuals (45.3% [95% CI44.0—46.7]). This form of infection was observed most
often among children aged 1—17 years old (65.0% [95% CI 61.3—68.6]). In parallel with seroprevalence assessment,
SARS-CoV-2 vaccination was carried out. We used two vaccines: Gam-COVID-Vac (also known as Sputnik V,
developed by Gamaleya National Center for Epidemiology and Microbiology, Russia); and BBIBP-CorV (Sinopharm,
PRC). Vaccination against SARS-CoV-2 was accompanied by an increase in the level of anti-RBD Abs (95% [95%
C194.7-96.7]). Taking into account the vaccination of a subset of the population with BBIBP-CorV, the overall herd
immunity, inferred from the analyzed indicators (presence of anti-Nc or anti-RBD Abs), was 47.1% (95% CI 46.3—48.0).
Conclusion. COVID-19 in Belarus was characterized by a moderately pronounced course of the epidemic process.
The threshold level of herd immunity to SARS-CoV-2 has not yet been reached, as a result of which the conditions
for progression of the epidemic remain.

Key words: coronaviruses, SARS-CoV-2, COVID-19, morbidity, seroprevalence, asymptomatic course, Republic of Belarus, population,
vaccination, anti-nucleocapsid antibodies, anti-RBD antibodies, Gam-COVID-Vac vaccine (Sputnik V), BBIBP-CorV vaccine.

KONNEKTUBHbIA UMMYHUTET K SARS-CoV-2 HACEJIEHWUS PECNYBJINKU BEJIAPYCb
B yCNnoBuaX nAHAEMWUU COVID-19
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Pestome. 3amaya — u3yYuTh KOJJIEKTUBHBI MMMYHHBII cTaTyc HaceqeHust bemapycu mpotuB SARS-CoV-2
B KoHTeKcTe nanaemuu COVID-19. Mamepuaaot u memoods.. PaboTa npoBoauaach o METOAMKE OLIECHKU UMMYHUTETA
HaceneHus: SARS-CoV-2, pa3padoranHoii PocnoTpedbHaazopom Poccuu u MunsnpaBom benapycu mpu ydyacTuu
Cankr-IletepOyprckoro uHctutyTa Ilactepa ¢ ydyerom pekomenaanuit BO3. Komurter mo 6uoatuke benapycu
U JokadbHbIl 3THYeckuit kKomuteT CankTt-IletepOyprckoro uHctutyTa Ilactepa omoOpuiu wucciaegoBaHue.
OT6Op YYaCTHUKOB MPOBOAMICS aHKETHBIM METOAOM M OHJaiH-TexHoJorusiMu (MHTepHeT, 00MauyHbIi cepBep).
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J1oOpoBOJIbLIbI ObLIM paHAOMU3UPOBAHbI Ha CeMb BO3pacTHLIX rpyni (j1eT): 1—17 ner, 18—29, 30—39, 40—49, 50—59,
60—69 u 70+. PermonanbHas paHIOMM3alus obecrieyunja IPOMOPILUOHATBHOE MPEICTAaBUTEIBCTBO BOJOHTEPOB
OT KaXJOro peruoHa, M OT OJHOTO MPEeANpUsITHs OblI0 BKIOUeHO He Oojee 30 uenoBek. B cooTBeTcTBUU
C MHCTPYKUMSIMU TMPOU3BOAUTENSI 00pa3libl Maa3Mbl KpOBU ObIIM MpoaHanu3upoBaHbl Ha IgG-antutena (Abs)
K Hykneokarncuny SARS-CoV-2 (Nc) ¢ ucnonb3oBaHUMEM KOJIMUYeCTBeHHOM TecT-cucTteMbl ELISA u nHa IgG-
aHTHUTeNa K pelenTop-cBaspiBatonieMy aoMeHy (RBD) moBepxHocTHOro rimukomporenHa SARS-CoV-2 S (umum)
C UCIONTb30BaHMEM KadyecTBeHHOI TecT-cucteMbl ELISA. Cratuctuueckas o6padoTKa MpoBOAMIACh B IIpOrpaMMe
Excel 2010 u B psae npyrux. CTaTucTUUECKHE pa3Indus CYUTATNCh 3HAYUMBIMU TTpu p < 0,05, eclin He yKa3aHo UHOE.
Pezyavmamer. YpoBeHb pacIIpOCTPaHEHHOCTH CEPOTHUIIOB IO OTHOIIeHUI0 Abs K Nc cpeau HaceneHus bemapycu
cocrasu 38,4% (95% AW 37,6—45,4), caMble BEICOKKE YPOBHU Ab ObLIM 3aperMCTPUPOBAHBI CPEIU JIUIL B CTAPIIUX
Bo3pacTHbIX rpynmnax (50—70+ net), camble HU3kUe — y aeTeil 1—17 net u y mononexu 18—39 net. PacnipeneneHue
CEpONpPEeBaJIEHTHOCTH TIO0 perroHaM bemapycu ObLJIO OTHOCUTENBHO OJHOPOTHBIM, 3a WCKJIIOYeHHMeM MUHCKOM
00J1acTH, T1e ObLJI0 OTMEYEHO CTATUCTUIECKM 3HAYMMOe CHIXKEHME TToKasaTesisl. B mpodeccnoHaibHOM OTHOIIEHU T
HauOOJIbIIasT JOJIST CEPOITO3UTUBHBIX JIMI OblJla OOHApYKeHa Cpely TPAHCIOPTHBIX PAOOTHUKOB, HAMMEHbIIAS —
B cepe mpeanpuHUMaTeabcTBa. YMepeHHas 3aboneBaeMocTh COVID-19 He mpuBeia K pe3KoMy yBETUYSHU IO yncaa
KoHTakToB. bazoBniit HoMmep penponykuuu (R0) paBusiiacs 1,3. B Pecnyonuke benapych cpenu ceporno3uTUBHBIX
JIAIL OTMEYEH cpeqHuil ypoBeHb OeccumnTomuoro COVID-19 (45,3% [95% U 44,0—46,7]). D1a hopma 3apaxkeHust
yallle BCcero Habonanach y aereit B Bozpacre ot 1 1o 17 et (65,0% [95% AU 61,3—68,6]). [1apaienbHo ¢ OLEHKOR
CEPOJIOTUYECKON pacCIpOCTPaHEHHOCTH IpoBoamaach BakumHamus mpoTuB SARS-CoV-2. MBI ucmoab30Bain
nBe BakmuHBL Gam-COVID-Vac (takxke u3BecTHBIN KaK «CmyTHUK V», pa3paboTaHHBIM HammoHaabHBIM
MCCICIOBATEeIbCKUM IICHTPOM SIuAeMuojorun u Mukpoouonornu uM. H.®. lamanen, Poccuss) u BBIBP-CorV
(Sinopharm, KHP). Bakxuunauus npotus SARS-CoV-2 conpoBoxaanach MOBbIIIEHUEM YPOBHS aHTUTeN K RBD
(95% [95% AW 94,7-96,7]). [IpuHuMast BO BHUMaHUE BaKLMHALMIO NOATpymnbl Haceaenus BBIBP-CorV, o0uumii
KOJIJIEKTUBHBIA MMMYHUTET, BEIBEACHHBIN M3 aHAJTM3MPYEeMBIX TTOKa3aTellel (HaJIudue aHTUTEeT TMPOoTUB Nc MiImn
nporuB RBD), cocrasun 47,1% (95% AW 46,3—48.0). 3akawuenue. COVID-19 B Bemapycu XxapakTepu3oBajics
YMEpPEHHO BBIPaXXeHHBIM Te€UEHUEM SMUIeMUYecKoro mpouecca. [ToporoBelii ypoBeHb KOJUIEKTUBHOIO UMMYHUTETA
K SARS-CoV-2 elie He JOCTUTHYT, BCASACTBUE YETO COXPAHSIOTCS YCIOBUS IJIsl pa3BUTUS SMUIEMUU.

Karouesnie caosa: xoponasupycol, SARS-CoV-2, COVID-19, 3a601eeaemocmp, ceposocueckas pacnpocmpaneHHocmo,
beccumnmomuoe meverue, Pecnybauxa beaapyce, uucieHHocms Haceaenus, 6AKUUHAYUS, AHMUHYKACOKANCUOHbIE AHMUMEeAd,
anmumena npomue RBD, éaxuyuna Gam-COVID-Vac (Sputnik V), eaxuyuna BBIBP-CorV.

Introduction

The Republic of Belarus is a country located prac-
tically at the center of Europe. In fact, the Republic’s
territory includes Europe’s geographical center
(55°30’N, 28°48’E). It is quite natural that the novel
coronavirus infection (COVID-19), which began
in the Chinese city of Wuhan and almost instantly
spread throughout the world, could not bypass an en-
tire Eastern European country like Belarus. The first
COVID-19 case was detected on February 28, 2020
in a student who arrived from Iran [1]. In the follow-
ing month, predominantly sporadic cases were re-
corded. Only on March 30, 2020, were 58 infections
detected in a single day for the first time [3].

Two days later, the first wave of the disease started.
The peak incidence, of 969 primarily infected people
per day, fell on May 17, 2020 (Fig. 1). Following that,
there was a gradual decrease in the number of infect-
ed people, reaching a plateau from August 5 to 21,
when the number of new cases did not exceed 100—
127 people per day. Starting from August 21, 2020, an
uptrend formed. Incidence grew rapidly and reached
a maximum (1,972 people/day) on January 13, 2021.
This figure was 2-fold higher than the maximum
of the first rise. A subsequent, uneven decrease was
observed in the period until July 15, 2021 (the ob-

servation period). However, at the end of this period,
the number of new cases per day on different days
ranged from 600 to 1,300 people. In aggregate, as
of July 22, 2021: the incidence rate in the Republic
was 4.7%oco00; and the number of deaths was 0.8%
of the total number of infected [3].

Arrows mark the sampling period for determin-
ing the level of Ab to SARS-CoV-2 Nc (14.05.2021—
19.05. 2021, the 19*"—20" week of the year). The black
solid line shows the trend curve described by the 6™
degree polynomial equation. The regression equa-
tion and coefficient of determination (R?) are shown
on the graph.

A feature of Belarus is the tactics aimed at mini-
mizing restrictive government measures [20, 39].
In the country, a 14-day self-isolation was introduced
for persons arriving from abroad or having contact
with COVID-19 patients. In addition, the use of pro-
tective masks and observance of social distancing
in public places (public transport, trade establish-
ments, etc.) were strongly recommended. Distance
learning and schedule changes in schools and uni-
versities were also used [39, 51]. No other restrictive
government measures were applied in the Republic.
As the official statistics show, the refusal to introduce
global restrictions did not cause a significant increase
in the number of cases, the number of which remains
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Figure 1. COVID-19 morbidity dynamics of the Belarusian population during the pandemic, 2020-2021

at about 50.00%occ0. In the global ranking of coun-
tries, Belarus ranks 51% in terms of morbidity.

A likely reason for the relatively low COVID-19
incidence may be low population density (45.5 per
km?). In neighboring countries, this level was lower
only in Latvia and the Smolensk Region of Russia
(29.0 and 18.5 per km?, respectively). Ukraine (75.8
per km?), Poland (121.1 per km?), and the Czech
Republic (135.7 per km?) feature much higher popu-
lation densities [5]; their incidence values were from
1.1 to 3.3-fold higher than that of Belarus. It is logical
to assume that, in the context of relatively low mor-
bidity, seroprevalence may also be low. A significant
decrease in the intensity of contacts with residents
of foreign countries, as well as the initiation of vac-
cination against SARS-CoV-2, may have positively
affected the epidemic situation. Unfortunately, we
could not find any published data specifically on this
issue.

The objective of the study was to investigate
the (SARS-CoV-2) population immunity structure
in Belarus at the 15" month of the COVID-19 pan-
demic.

Table 1. Distribution of volunteers by region

Materials and methods

Formation and randomization of the cohort
of volunteers

The study was organized and carried out with-
in a framework for scientific cooperation between
countries of Eastern Europe, Transcaucasia, and
Central Asia. The framework is in accordance with
a Russian Government Order (dated 06.18.2021,
No. 1658-p.) and decisions by: the head of the Russian
Federal Service for Supervision of Consumer Rights
Protection and Human Welfare (Rospotrebnadzor);
and the Deputy Minister of Health, Chief State
Sanitary Doctor, of Belarus. A cross-sectional co-
hort randomized study of SARS-CoV-2 herd im-
munity was carried out according to a program de-
veloped by Rospotrebnadzor with the participation
of the St. Petersburg Pasteur Institute, taking into
account WHO recommendations [52]. The study
was conducted on May 14—19, 2021 (weeks 19—-20
of the year). In all stages of the study (organizing,
collecting, and analyzing results), cloud (Internet)
technologies were used [15].

Region Population Number of individuals studied Representation % (95% ClI)
Brest Region 1,347,000 1,690 0.13 (0.12-0.13)
Vitebsk Region 1,133,000 1,648 0.15(0.14-0.15)
Grodno Region 1,025,000 1,685 0.16 (0.15-0.17)
Gomel Region 1,386,000 1,606 0.12(0.11-0.12)
Mogilev Region 1,023,000 1,718 0.17 (0.16-0.18)
Minsk Region 147,2000 1,602 0.11 (0.10-0.11)
Minsk 2,020,000 2,977 0.14 (0.14-0.15)
Total 9,408,440 12,926 0.14 (0.14-0.14)
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In accordance with the chosen methodology,
the first step was the formation and subsequent ran-
domization of a volunteer cohort by means of ques-
tionnaires. Each volunteer, or their legal representa-
tive, was familiarized with the goals and conditions
of the upcoming study and signed an informed con-
sent. The study was organized in accordance with
the provisions of the Declaration of Helsinki and
approved by the Bioethics Committee of Belarus
(protocol No. 2, dated 13.05.2021) and the local eth-
ics committee of the St. Petersburg Pasteur Institute
(protocol No. 64, dated 26.05.2020). In accordance
with the specific equation of the De Moivre—Laplace
Theorem [16], 12,926 people, from all regions
of Belarus, were selected to participate in the study.
Volunteers were randomized according to their place
of residence, taking into account proportional repre-
sentation from each region of the Republic (Table 1).

In total, 0.14% (95% CI10.13—0.14) of the total
population was selected for the cohort of volunteers
throughout Belarus. In regions of the Republic,
the representation varied from 0.11 to 0.17%.
Although the differences in SARS-CoV-2 sero-
prevalence between regions turned out to be statisti-
cally significant, it is unlikely that the range of mean
values (0.06%) in the subpopulations could have
a significant impact on the state of seroprevalence
in the Republic with a population of 9,349 million
people. The cohort of volunteers consisted of 4,375
men and 8,551 women (a ratio of approximately 1:2).
In addition to regional randomization, the cohort
was stratified into seven age groups (Table 2).

Vaccination against SARS-CoV-2

Some of the volunteers took part in corona-
virus vaccination launched in Belarus. The pro-
gram used two vaccines. The first, Gam-COVID-
Vac (Sputnik V), was developed by the Gamaleya
National Center for Epidemiology and Microbiology
(Moscow, Russia) [35, 56]. It is a vector, heterolo-
gous 2-component vaccine containing: recombinant
adenovirus type 26 (rAd26); and a vector of recom-
binant adenovirus type 5 (rAd5). Both components
carry the SARS-CoV-2 spike glycoprotein gene
(rAd26-S, rAd5-S). The second vaccine was an in-
activated design, BBIBP-CorV, manufactured by
Sinopharm Group Co., Ltd., (Shanghai, PRC) [50,
54]. Vaccinations were carried out in accordance
with their instructions for use. As a consequence
of their compositions, immunity resulting from vac-
cination with Sputnik V is mainly aimed at binding
the RBD of the spike protein [32], while the BBIBP-
CorV vaccine (inactivated) induces Abs against all
viral antigens [37].

Analysis of volunteers for the presence of SARS-
CoV-2 antibodies

All volunteers in the formed cohort underwent
blood sampling from the cubital vein (3 ml into va-

Table 2. Age structure of the surveyed volunteer
cohort

Surveyed
Age group,
in years absolute % of total
number surveyed
1-17 1,727 13.4
1-6 199 11.5*
Including | 7-13 803 46.5*
14-17 725 42.0*
18-29 1,761 13.6
30-39 1,862 14.4
40-49 1,900 14.7
50-59 1,958 15.2
60-69 1,911 14.8
70+ 1,807 13.9
Total 12,926 100.0

Note. Since children feature different stages of generalimmune
development 1-17 years old children group was divided into three
subgroups to refine analysis: 1-6; 7-13; and 14-17 years old * — pediatric
subgroup values are percentage of the overall group (1-17 years old).

cutainers containing EDTA). Blood plasma sam-
ples, after separation from the cellular component,
were used for the quantitative determination of IgG
Abs to the Nc (SARS-CoV-2) antigen by enzyme
immunoassay, using a reagent Kit manufactured
by the St. Petersburg Pasteur Institute. In addition,
vaccinated volunteers were qualitatively analyzed
for the presence of anti-RBD Abs using a reagent
kit developed by the Gamaleya National Center
for Epidemiology and Microbiology.

Statistical analysis

Data processing was performed using Excel
2010. Confidence intervals (95% CI) were calculat-
ed by the method of A. Wald and J. Wolfowitz [49],
with correction by the method of A. Wald and
J. Wolfowitz [49], with correction by A. Agresti and
B.A. Coull [18]. Correlation analysis was performed
according to Spearman’s method. The statistical sig-
nificance of differences was calculated by the z-test,
using an online calculator [2].

Results

Age distribution of Nc antigen seroprevalence
in the Belarusian population

Theshare of residentswith Absto SARS-CoV-2 Nc¢
(seroprevalence), in Belarus as a whole at 15 months
after epidemic onset, was 38.4% (95% CI 37.6—39.3)
(Table 3). Seroprevalence among men (39.7% [95%
CI 38.3—41.2]) was higher than that among women
(37.8% [95% CI 36.8—38.8]). Statistical differences
are significant at p < 0.05.

The largest shares of seropositive persons were
noted among volunteers in 3 older groups: 50—59;

891



AYu. Popova et al.

MHdekumns n uMmyHuTeT

Table 3. Seroprevalence of anti-Nc antibodies in different volunteer age groups

Age group, years Total studied (N) Seropositive (n) Seroprevalence, % (95% Cl)
1-17 1,727 677 39.2 (33.3-41.6)
1-6 199 59 29.6 (23.4-36.5)
Includind |7-13 803 339 42.2 (38.8-45.7)
14-17 725 279 38.5(34.9-421)
18-29 1,761 490 27.8 (21.7-30.0)*
30-39 1,862 546 29.4 (25.6-31.4)*
40-49 1,900 699 36.8 (34.4-39.0)
50-59 1,958 922 471 (44.6-51.3)*
60-69 1,911 853 44.6 (41.7-46.9)*
70+ 1,807 778 43.1(38.4-45.4)
Overall 12,926 4,965 38.4 (37.6-45.4)

Note. * — statistically significant differences with the final value of seroprevalence in the cohort, upward or downward. In all comparison pairs, the level

of statistical significance by the z-test was p < 0.001.

60—69; and 70+ years old (Table 3). Differences from
the overall cohort mean were statistically significant
at p < 0.001. The lowest seroprevalence indicators
were found in the groups 18—29 and 30—39 years
old. Differences from the cohort mean were statis-
tically significant at p < 0.001. Unlike most regions
of Russia [6], in Belarus, there was no predominant
seroprevalence among children. There was a slightly
higher level of seropositivity among children aged
7—13 years. However, the differences were statisti-
cally insignificant in comparison with the overall
data (0.05 > p < 0.1). At the same time, a statistically
significant increase in the proportion of seroposi-
tive volunteers in older groups may indicate a greater
infection in this category of people with coronavi-

rus against the background of a limited set of non-
pharmacological interventions in the context of an
increase in COVID-19 incidence [39]. For a more
accurate assessment of the age structure of seroposi-
tivity, the distribution of volunteers by level of Ab
to SARS-CoV-2 Nc was determined (Table 4, Fig. 2).

The proportion of volunteers with an Ab level
of 100—186 U/ml was 12.2% (95% CI 10.7—13.8)
among children 1—17 years old and decreased
to 6.2% (95% Cl5.1-7.4) among people aged 70+
years. The differences were statistically significant
at p < 0.0001. The age dependence had a negative
trend and was described by the regression equation
y=0.0712x*— 1.2894x3 + 7.9167x>— 19.373x + 25, with
a coefficient of determination of R? = 0.90. The ma-
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Figure 2. Distribution of the shares of volunteers in different age groups by antibodies to Nc antigens level

Legend: Ab sero-interval groups; colored dots with black vertical lines (confidence intervals) — the proportion of seropositive
volunteers who have Abs to SARS-CoV-2 Nc in their blood in the corresponding interval; solid colored lines — forecast trends
related to the corresponding sero-interval group. In the upper part of the diagram, the regression equations and R? determination
coefficients are presented (in colors matching those of the corresponding sero-interval group). The numerical values

of the points are given in Table 4.
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jority of seropositive volunteers had low Ab levels
in the range 187—750 U/ml. Among individuals in this
group, there were: elevations in children 1—17 years old
(20.9% (95% CI 19.0—22.8) p < 0.05) and those 50—59
years old (23.7% (95% CI120.1-25.6) p < 0.0001); and
decreased Ab levels in the age groups of 18—19 years
old (14.5% (96% CI 12.8—16.2) p < 0.0001) and 30—39
years old (15.4% (95% CI 13.8—17.1) p < 0.0001).

An attempt to build a linear trend turned out to be
unsatisfactory, since R? was —0.11. Use of a 5th or-
der polynomial was more successful (y = 0.0808x> —
1.517x* + 9.9769x3 — 26.621x> + 24.404x + 14.5), with
R2 of 0.91. Interestingly, in this group, the regression
also had a negative direction, although not as pro-
nounced as in the first group (Fig. 2). Two processes
described were observed in individuals with very low
or low Abs to SARS-CoV-2 Nc.

A change in trend was noted in volunteers with av-
erage Ab values ranging from 750 to 1500 U/ml. When
approximated by the least squares method, the slope
coefficient (tga) was: —0.8 in the Ab sero-interval
group 100—186 U/ml; and tgo was 0.5 in the Ab se-
ro-interval group 186—150 U/ml. This indicates that
the lowest Ab levels are inherent in children and indi-
viduals aged 18—29 years. As age increases, Ab levels
increase. This increase started at the 186—750 U/ml
AD level and reached its maximum in the group with
Abs in the 751—1500 U/ml range (tgo. = 1.0). In addi-
tion, the minimum level was noted among 18—29 year
olds (2.7% [95% CI 2.0—3.5] p < 0.0001) (Fig. 2, green
dots). Consistent with a linear prognosis, Ab levels in-
creased with age (Fig. 2). Among persons 40—49 years
old, there were 5.9% (95% CI 4.8—7.0). In the group
of 60—69 years old, their share increased to 9.6% (95%
CI 8.3—11.0) (p < 0.0001). Finally, among volunteers
aged 70+ years, there was a statistically insignificant
decrease (8.3% [95% CI1 7.0—9.6]).

In the last two groups (Ab levels 1,501—3,000 and
> 3000 U/ml), a similar tendency was observed even
with a decrease in the arithmetic value of the propor-
tion of seropositivity (Table 4). Thus, the interage
distribution, of the proportion of seropositive indi-
viduals within the same serological interval, showed:
adecrease in Ab levels among young and middle-aged
people; and a statistically significant increase among
older volunteers. This relationship between age and
the level of anti-Nc Abs can be considered one of the
features of SARS-CoV-2, which has been established
in other studies [47, 55]. One of the probable reasons
for this phenomenon may be more severe COVID-19
courses due to the widespread prevalence of premor-
bid pathology and decreased immune responsiveness
in elderly and senile people [4, 34].

Regional seroprevalence structure
of the Belarusian population

The study of population seroprevalence was con-
ducted in all seven administrative regions of the
Republic (Table 5).

Table 4. Age group distribution of antibodies to SARS-CoV-2 Nc, by titer range
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Note. n — number of volunteers. A negative result was designated as 0-99 U/ml.
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Table 5. Morbidity and SARS-CoV-2 seroprevalence in volunteers living in different regions of Belarus

i Studied volunteers )

Location de::i't);lgggrllmz Total Seropositive Sero;zges\gzlg?)ce, % Morbidity, %o00
Brest Region 4 1,690 698 41.3 (34.4-43.7) 61.0
Vitebsk Region 28 1,648 587 35.6 (33.3-38.0) 86.8
Grodno Region 40 1,685 709 42.1(35.0-44.5) 61.7
Gomel Region 34 1,606 635 39.5 (37.1-42.0) 48.5
Mogilev Region 35 1,718 685 39.9(33.7-42.2) 77.8
Minsk Region 37 1,602 544 34.0(31.6-36.3)" 93.5
Minsk 5761 2,977 1,107 37.2(35.5-38.9) 130.4
Overall 45 12,926 4,965 38.4 (37.6-39.3) 80.9

Note. * — statistically significant difference with the overall value.

Among the surveyed Belarusian regions, high-
er seroprevalence (relative to the average for the
Republic) was noted in the Grodno and Brest re-
gions. They were, however, statistically insignificant.
The lowest seroprevalence was found among volun-
teers in the Minsk Region (differences were statis-
tically significant at p < 0.0001). A slightly higher
proportion of seropositive volunteers was found
in Minsk, while in other regions there was a signifi-
cant morbidity. At first glance, there is no statistically
significant relationship between morbidity and sero-
prevalence, which somewhat contradicts previously
obtained results in other territories [9, 11, 12].

We tried to assess the presence of any relationship
between morbidity and population density, assum-
ing that these two indicators may be correlated. Such
a dependence does exist with: a correlation coeffi-
cient of r=10.64 (0.05 > p < 0.1); a descending straight
trend line (y = —0.292 In(x) + 1.7687); and a deter-
mination coefficient of R? = 0.41. The connection
turned out to be weak (0.05 > p < 0.1) (Fig. 3).

Based on these data, it can be concluded that an
increase in seroprevalence is accompanied by a de-
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Figure 3. Correlation between morbidity

and seroprevalence

Note. On the x and y axes, morbidity and seroprevalence

are expressed as log,,. The correlation coefficient (r),

the determination coefficient R?, and the regression equation
are shown.

crease in the incidence rate per 100,000 population.
This conclusion is quite consistent with published
ideas that: as the level of herd immunity grows in the
population, the rate of spread of the disease decreases
until its complete cessation [23, 42, 43]. The relation-
ship between population density and seroprevalence
turned out to be slightly more significant. The trend
line is an ascending straight line: y = 0.2904 In(x) +
1.7182; correlation coefficient 0.70 (0.05 > p < 0.1);
and a determination coefficient of R? = 0.47 (Fig. 4).

In this case, the regression line was ascending.
This reflects the well known fact in epidemiology
that there is a direct relationship between population
density and morbidity. Demographically, Belarus
is a territory with a relatively evenly distributed popu-
lation. As noted earlier, the average population den-
sity in the country is 45 per km?. An exception to the
trend is the capital of the Republic, Minsk, where
the population density is 5819 per km? (126.5-fold
higher than the national average). Interestingly, even
with such a density, the seroprevalence level (37.2%
[95% CI 35.5—38.9]) does not differ from the nation-
al average (38.4% [95% CI 37.6—39.3]).
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Figure 4. Correlation between morbidity rate

and population density

Note. On the x and y axes, incidence and population density
are expressed as log,,. The correlation coefficient (r),
determination coefficient R?, and the regression equation
are shown.
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Thus, the performed correlation analysis con-
firmed the presence of a statistically significant rela-
tionship between population density and morbidity,
as well as between population density and seropreva-
lence. The latter phenomenon was revealed in other
territories as well [13]. The desire to break this con-
nection is precisely what caused the widespread use
of self-isolation regimes in Belarus [22, 24, 26]. It can
be assumed that the nature of the relationship be-
tween population density and morbidity is, to some
extent, due to the late introduction of restrictive anti-
epidemic measures to protect the population from
SARS-CoV-2 [39].

The structure of (SARS-CoV-2 Nc) seroprevalence
by profession

A factor such as profession can have a significant
impact on the level of seroprevalence. There is an ex-
tensive list of professions that involve constant, broad
contact with the surrounding population. Visual, and
often tactile, contact with those around them are
typical for workers in: healthcare; education; trade;
transportation; catering; consumer services (hair sa-
lons, massage parlors, spas); and a number of other
professions, such as manufacturing, were working
remotely or in self-isolation isn’t feasible [21, 30, 39,
46]. In Belarus, a survey of SARS-CoV-2 Ab sero-
prevalence was carried out among representatives
of 12 professional groups (Table 6).

The distribution of seroprevalence, among 8,241
working-age volunteers in 12 professional groups, was
generally quite homogeneous (Table 5). Unlike other
researchers, we were unable to identify predominant

Table 6. SARS-CoV-2 seroprevalence among
different professions groups

seroprevalence values in healthcare [8, 19] or educa-
tion [14] professional groups. A higher SARS-CoV-2
seroprevalence was found among transport workers:
45.2% (95% CI 41.6—52.5; p < 0.0001). It can be as-
sumed that this group of volunteers was dominated
by employees of public transport enterprises who
have frequent contact with passengers. The lowest
seroprevalence was noted among business profes-
sionals: 32.0% (95% CI 28.1-36.2; p < 0.0001). In the
remaining groups, statistically significant differences
from the group mean were not found (Table 5). Thus,
analysis of seroprevalence by professional group did
not find substantial differences in Belarus as a whole.

Seroprevalence among COVID-19 convalescents
and their contacts

Among the volunteers who participated in the
study, 4,056 people indicated in the questionnaire
that they had suffered from COVID-19 (31.4% [95%
CI 30.6—32.2]). In the entire group of convales-
cents, the number of seropositive was 2,611 (64.4%
[95% CI 62.6—65.8]). Correlated with the cumulative
number of infections in Belarus as a whole (as of May
19, 2021), the total number of convalescents in the
cohort was 1.07% (95% CI 1.03—1.10).

Keeping in mind that each patient in the latent and/
or manifest period is highly likely to be a spreader of in-
fection, it is reasonable to assume that a certain num-
ber of people have been in contact with patients [42,
43]. The share of such persons may vary and largely de-
pends on the effectiveness of restrictive administrative
measures. During the survey process (questionnaire),
4,967 people (38.4% [95% CI 37.6—39.3]) were identi-
fied with verified patient and/or convalescent contact.
Among them, the number of seropositive persons was
2,043 (41.3% [95% CI 39.7—42.5]).

2 0y § . Table 7. Age distribution of SARS-CoV-2
E .'E g g S % 3 seropositive volunteers with an asymptomatic
Professions £ 2 3 §-I§ i, ‘g COVID-19 course
= E s 5 g g-; Numbe_r_
o » o of seropositive
@ individuals
Healthcare 1,504 570 37.9 (35.4-40.4) Age ° Asymptomatic
. = seropositive

Science 91 33 36.3 (26.4-47.0) group, _ g ] individuals,
Business 540 173 | 32.0(28.1-36.2)* years g gL % (95% Cl)
Education 1126 | 440 [ 39.1(36.2-42.0) - ES
The Arts 148 56 37.8 (30.0-46.2) g
Manufacturing 1,201 457 38.1(35.3-40.9) 1-17 677 440 65.0 (61.3-68.6)*
Transportation 328 151 46.0 (40.5-51.6)* 16-29 490 248 50.6 (46.1-55.1)
Armed Forces 99 39 39.4 (29.7-49.7) 30-39 546 258 47.2 (43.0-52.0)
Civil Service 365 147 40.3 (35.2-45.5) 40-49 699 265 37.9 (34.3-41.6)
Office Work 1,675 614 36.7 (34.3-39.0) 50-59 922 349 37.8 (34.7-41.1)
Unemployed 340 116 34.1(29.1-39.4) 60-69 853 308 36.1(32.9-39.4)
Other 823 275 33.4(30.2-36.7) 70+ 778 383 49.2 (45.7-52.8)
Overall 8,241 3,071 37.3 (36.2-38.3) Overall 4,964 2,251 45.3 (44.0-46.7)

Note. * — statistically significant differences from the mean (p < 0.0001).

Note. * — statistically significant difference from the cohort mean.
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Distribution of asymptomatic COVID-19 forms
among seropositive volunteers

In the surveyed cohort, asymptomatic individu-
als with a positive PCR test result were not identi-
fied. Antibodies to (SARS-CoV-2) Nc were identi-
fied in 4,964 people (38.4% [95% CI 37.6—39.2)).
Of them, 2,251 people (45.3% [95% C144.0—46.7])
had no symptoms or indications of COVID-19, ex-
cept for the aforementioned antibodies. This group
of individuals was classified as seropositive volunteers
with an asymptomatic course of infection (Table 7).

In a number of Russian regions, the share of asymp-
tomatic, seropositive individuals ranged from 90
to 100% [7]. The share of such persons in Belarus, how-
ever, was about 2.2-fold lower (Table 6). The largest
number of asymptomatic volunteers was found in the
group 1—17 yearsold (p <0.0001). Some higher seropos-
itivity values were noted in the groups 16—29 years old
and 70+ years old, but they were statistically insignif-
icant (p = 0.1).

Seroprevalence among vaccinated individuals

Among the volunteer cohort who participated
in the program assessing SARS-CoV-2 seropreva-
lence in the population, 1,735 people received SARS-
CoV-2 vaccines. Twenty six volunteer samples were
invalid. Therefore, further analysis was carried out
of 1709 vaccinated volunteers (1,542 immunized with
Sputnik V, 167 immunized with BBIBP-CorV).

The BBIBP-CorV vaccine induces Abs to all an-
tigens of the SARS-CoV-2 complex. In response
to Sputnik V vaccination, only Abs against the RBD
are produced (not against Nc) [35, 54]. Among
Sputnik V-vaccinated volunteers, however, about
20% were found to have anti-Nc Abs. Presumably,
they were formed as a result of a transmitted asymp-

tomatic infection. This assumption is in satisfac-
tory agreement with the data on Nc seropositivity
in the entire cohort, which amounted to 38.4% (95%
CI 37.6—45.4) (Table 1). Although the proportion
of seropositive individuals is, in general, statistically
significantly higher than those vaccinated (Table 8),
it includes unvaccinated children and convalescents
(who are recommended to observe a 3—6 month de-
lay in vaccination). Considering that the Sputnik V
vaccine does not induce anti-Nc Abs by nature of its
design, we interpreted their presence in vaccinated
volunteers as a sign of post-infectious immunity.
Accordingly, anti-RBD Abs were attributed to post-
vaccination immunity.

BBIBP-CorV vaccine, being polyvalent, naturally
induced production of Abs against the entire viral
antigen range. The proportion of Nc seropositive fol-
lowing BBIBP-CorV vaccination was 2.8-fold higher
than that with Sputnik V. In this regard, it is logical
to assume that the real contribution of the Chinese-
made vaccine to the proportion of those seropositive
for Nc Abs in immunized volunteers may be about
42%. Of course, this is a purely speculative conclu-
sion that requires additional verification. In addition,
this 42% refers to only 167 individuals vaccinated
BBIBP-CorV. When recalculated for the entire vac-
cinated cohort, the additional contribution to the to-
tal proportion of individuals with anti-Nc plasma Abs
will be only 4.1% (95% CI 3.2—5.1). This does not
statistically differ from the proportion of individuals
in which immunity from both Ab classes is absent.

As for Abs to the RBD, no surprises were noted.
Both vaccines created comparable immunity with
seroprevalence levels from 94.0% (95% CI 89.3—
97.1) to 96.0% (95% CI94.9—-96.9); differences be-
tween the indicators were not statistically significant
(Table 8). Thus, these vaccines used in the Republic

Table 8. Seroprevalence in the surveyed volunteers vaccinated against SARS-CoV-2

Post-infectious immunity Post-vaccination immunity
i Total is present (anti-Nc IgG is present (anti-RBD IgG Absence of immunity*
Vaccine vaccinated antibodies) antibodies)
n % (95% Cl) n % (95% Cl) n % (95% Cl)
Sputnik V 1542 357 23.2(21.1-25.3) 1,480 96.0 (94.9-96.9) 56 3.6 (2.8-4.7)
BBIBP-CorV 167 109 65.3 (57.5-72.5)** 157 94.0 (89.3-97.1) 8 4.8 (2.1-9.2)
Overall 1,709 466 27.3 (25.2-29.5) | 1,637 | 95.8 (94.7-96.7) 64 3.7 (2.9-4.8)

Note. * — there is neither post-infectious nor post-vaccination immunity, ** — the presence of anti-Nc Abs in those vaccinated with BBIBP-CorV cannot

be unambiguously interpreted as a consequence of prior infection.

Table 9. Presence of IgG antibodies to various SARS-CoV-2 proteins in volunteers vaccinated with

Sputnik V (N = 1,542)

anti-Nc IgG antibodies

Sputnik Vvaccine

present (n =357)

absent (n=1,185)

1gG antibodies

present (n = 1480)
to the RBD domain

22.8% (95% CI 20.7-25.0)

351 1,129
73.2% (95% C1 70.9-75.4)

(S protein), number

of volunteers absent (n = 62)

0.4% (95% C1 0.1-0.8)

6 56
3.5% (95% Cl 2.8-4.7)
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Table 10. Presence of IgG antibodies to various SARS-CoV-2 proteins in volunteers vaccinated

with BBIBP-CorV (N = 167)

BBIBP-CorV vaccine

anti-Nc IgG antibodies

present (n=109)

absent (n=58)

IgG antibodies

present (n = 157)
to the RBD domain

64.1% (95% Cl 56.3-71.3)

107 50
29.9% (95% CI 23.5-37.3)

(S protein), number

of volunteers absent (n=10)

1.2% (95% CI10.2-4.3)

2 8
4.8% (95% C12.1-9.2)

of Belarus have shown high efficiency in terms of Ab
production to the RBD of SARS-CoV-2.

Further analysis was carried out only in relation
to those immunized with Sputnik V, the composi-
tion of which allows: the most complete assessment
of the contribution of vaccination to the structure
of herd immunity (Table 9); and to compare these
datawith BBIBP-CorV vaccination results (Table 10).
The number of persons with post-vaccination SARS-
CoV-2 immunity induced by Sputnik V was 1,129.

Similar calculations for the BBIBP-CorV vaccine
showed that its contribution to post-vaccination im-
munity was 0.4% (95% CI0.3—0.5). The contribu-
tion of the BBIBP-CorV vaccine to Nc Ag immu-
nity, calculated according to the principle above, was
0.9% (95% CI 0.7—1.9). The total contribution of Abs
to the BBIBP-CorV vaccine to SARS-CoV-2 herd
immunity was: 0.4 + 0.9 = 1.3%.

Taking into account the sum of post vaccina-
tion immunity from Sputnik V (1129 people) and
the number of seropositive individuals with post in-
fectious immunity (4,965 people), relative to the total
cohort (12,926), the final indicator of SARS-CoV-2
herd immunity was 47.1% (95% CI 46.3—48.0). This
is the average level of seroprevalence in the popula-
tion of the Republic of Belarus.

Discussion

Based on the overall results of the study, it can
be concluded that the epidemic process, of novel
coronavirus infection in Belarus, can be character-
ized as moderately intense. This is manifested as
a high proportion of convalescents, although it is
worth noting that a noticeable morbidity did not lead
to the activation of transmission or the appearance
of a significant number of contact persons. The age
structure of seroprevalence, in contrast to a number
of Russian regions [10, 11, 13, 41], was characterized
by a statistically significant increase in the indicator
among persons in older age groups (50—70+ years;
p < 0.0001) (Table 3). When quantifying Abs SARS-
CoV-2 Nc, it was shown that: the minimum Ab levels
(100 to 750 U/ml) prevailed among volunteers in the
age groups 1—17 and 18—29 years old; and the maxi-
mum levels (751 to 3000+ U/ml) were identified
among persons aged 50 to 70+ years. This is proba-
bly, to a certain extent, associated with a more severe
disease course in elderly and senile people [4, 28, 44].

When analyzing the relationship between sero-
prevalence and morbidity, an inverse correlation was
found (rank correlation coefficient 0.61, p < 0.05;
Fig. 3). Other features were revealed when assessing
the influence of occupational factors on seropreva-
lence. Unlike other territories [27, 33, 38, 48], a pre-
dominant seroprevalence among medical workers was
not established in Belarus. At the same time, there
was a statistically significant increase in the propor-
tion of seropositive people among transport workers.

The analysis of seroprevalence among convales-
cents and contact persons may be of some interest.
First of all, attention is drawn to a rather large share
of volunteers who indicated a COVID-19 illness,
which amounted to 4,056 people. Of them, 2,611
people were seropositive for Abs SARS-CoV-2 Nc
(64.4% [95% CI162.6—65.8]). Naturally, a question
arises about the reasons behind the lack of Abs among
the remaining 35%. The answer likely lies in the work
of Wu et al. [53], in which it was shown that about
30% of convalescents produce specific Abs in titers
below detection thresholds. However, if physical
protection measures are not followed, they are able
to spread the virus through exhaled air, coughing, or
sneezing [25, 45].

In the study, verified contacts with patients or
convalescents were found in 4967 people. Of them,
2,043 had Abs to SARS-CoV-2 Nc (41.3% [95%
CI 39.7—42.5]). Thus, light protection methods did
not prevent SARS-CoV-2 transmission in the suscep-
tible population; transmission was slowed, although
probably not as effectively as would be expected ac-
cording to mathematical models [23].

Among seropositive persons, a significant pro-
portion are so-called asymptomatic cases, in which
the disease proceeds without any clinical mani-
festations, leaving behind only a trace in the form
of specific Abs [36]. This is most common among
children [31]. There are at least two asymptomatic
case types. Firstly, asymptomatic individuals can
be defined as those without any signs of COVID-19
other than a positive PCR test. There were no such
volunteers in the surveyed cohort. It is believed that
such people are able to shed coronavirus longer
than symptomatic COVID-19 patients, thus reduc-
ing the effectiveness of anti-epidemic measures [36].
The second asymptomatic type includes people with-
out any signs of COVID-19, with the exception of Abs
to SARS-CoV-2. Some of them may subsequently
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develop a manifest infection, while others will re-
main asymptomatic (albeit with low level 1gG Abs).

Among seropositive volunteers, the asymptomatic
share was 45.3% (95% CI 44.0—46.7), which is ap-
proximately 2-fold lower than in Russia and other
territories [7, 36]. It can be assumed that this is due
to the low level of viral transmission among the pop-
ulation.

The implementation of a COVID-19 vacci-
nation program in the Republic of Belarus start-
ed in December, 2020. Two vaccines were used:
the Sputnik V vector, heterologous vaccine (Moscow,
Russia); and the BBIBP-CorV inactivated vaccine
(Sinopharm, PRC). As of May 19, 2021, 3.5% (95%
CI 3.49—-3.51) of the population were vaccinated
in Belarus. In other words, no more than 57,000
people a month were vaccinated for six months.
At the time of this writing, the proportion of vacci-
nated persons had increased 4.5-fold and amounted
to 15.7% (95% CI 15.68—15.72). Among the vol-
unteers, 1709 people were vaccinated (1542 with
Sputnik V, 167 with BBIBP-CorV). Both vaccines
showed almost equal efficacy in terms of anti-RBD
Abs. A significantly higher response to Nc antigen
was found in BBIBP-CorV vaccinated individuals.
This is expected as the Chinese (polyvalent, inacti-
vated) vaccine naturally induces a larger spectrum
of Abs than the Russian Sputnik V (monovalent, vec-
tor) vaccine. Despite the small scale of vaccination
within the surveyed cohort, it contributed to an in-
crease in the level of herd immunity, on average, up
to 47.1% (95% CI1 46.3—48.0).

The achieved level of immunity is still far from
the minimum threshold [42]. The base reproduction
number (RO) calculated for Belarus, a value charac-
terizing the rate of spread of infection and the forma-
tion of herd immunity [44], was about 1.3. The value
of R, among volunteers, at first glance, is mathemati-
cally small. However, one cannot fully rely on it, since
it does not take into account: the real prevalence
of infection among the population; the effectiveness
of non-specific protective measures (distancing, pro-
tective masks, self-isolation, etc.); or vaccination.

Taking into account available mathematical mod-
eling methods for COVID-19 morbidity, an R, of 3.0
to 3.5 is likely more realistic [17, 23]. This means that
the minimum threshold for SARS-CoV-2 immunity
cannot be less than 60—65%. Indeed, an extreme
point of view has been expressed by A. Pollard, who
believes that herd immunity is generally unattain-
able [29]. The truth, however, is probably somewhere
in between. Even with vaccination of up to 80—90%
of the country, COVID-19, if it does not completely
disappear, will likely transform into another sea-
sonal, acute respiratory viral infection. Achieving
this limit is only possible with a significant increase
in the rate of vaccination of the population.

Thus, at 15 months following the onset of the
COVID-19 pandemic, the herd immunity of the Bela-

rusian population amounted to 38.4% (95% CI1 37.6—
45.4). Statistically significant differences between
regions of the Republic were not noted, with the ex-
ception of a lower proportion of seropositive persons
in the Minsk Region (p < 0.0001).

When assessing the age distribution of Nc sero-
prevalence (Abs to SARS-CoV-2 Nc), a significantly
higher proportion of seropositive persons was noted
among the older generation (50—70+ years). Further,
low levels were found among younger volunteers (1—
39 years old).

There was a statistically significant inverse re-
lationship between morbidity and seroprevalence
(r = 0.61; p < 0.05). The highest seroprevalence was
observed in transportation workers (47.0% [95%
C141.6—52.5]), and the lowest was noted in busi-
ness (32.0% [95% CI28.1-36.2]). The relatively
high number of convalescents, 4,056 (31.4% [95%
CI 30.6—32.2]), did not lead to a significant increase
in the number of contact persons, amounting to 4,967
people (38.4% [95% CI 37.6—39.3]). A characteristic
feature of Belarus is the low level of viral transmission
from convalescents to healthy individuals. The base
reproduction number (R,) was 1.3, which is less than
in most other countries and territories.

The Republic is characterized by a low propor-
tion of asymptomatic forms of infection among sero-
positive volunteers (45.3% [95% CI 44.0—46.7]), with
a statistically significant predominance of such forms
among children 1—17 years old (65.0% [95% CI 61.3—
68.6]). The obtained results show that the chosen tac-
tics of combating the novel coronavirus have affected
the epidemic process in certain ways, but have not led
to the formation of an optimal level of herd immunity.
The SARS-CoV-2 vaccination deployed in Belarus
has contributed to the formation of a high level of an-
ti-RBD immunity. However, the rate of vaccination
clearly has not led to a rapid growth in herd immunity
so far, which poses a threat of further COVID-19 epi-
demic growth.
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EPIDEMIOLOGICAL AND ETIOLOGICAL ASPECTS
OF ENTEROVIRUS INFECTION IN RUSSIA
AND VIETNAM

N.I. Romanenkova?, L.N. Golitsyna®, T.T.T. Nguyen¢, N.V. Ponomareva®, A.V. Leonov®,
O.1. Kanaeva?, V.V. Zverev®, S.G. Selivanova®, N.R. Rozaeva?, M.T. Luong!,
M.A. Bichurina?, N.A. Novikova®

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

b Blokhina Scientific Research Institute of Epidemiology and Microbiology of Nizhny Novgorod, Nizhny Novgorod,
Russian Federation

¢ Institut Pasteur in Ho Chi Minh City, Ho Chi Minh City, Vietnam

4 Russian-Vietnamese Tropical Research and Technology Center, South Branch, Ho Chi Minh City, Vietnam

Abstract. The epidemic situation and etiological factors of enterovirus infection in Russia and Vietnam were analysed
and compared. The identified strains of enteroviruses of 47 types, which circulated in Russia in 2018—2019, belonged
to different species: Enterovirus species A (CV-A2, CV-A4, CV-A6, CV-AS8, CV-A10, CV-Al6, EV-A71), as well as
Enterovirus species B and Enterovirus species C. The strains isolated from 87 children from southern Vietnam hospi-
talised in 2018—2019 into infectious hospitals while having enterovirus infection with exanthema were also studied. All
identified strains were represented by Enterovirus species A: EV-A71 — 59 strains, CV-A10 — 20 strains, CV-A16 —
5 strains, CV-A6 — two strains and CV-A2 — one strain. Out of 59 viruses EV-A71, 53 strains belonged to genotype C4
and 6 strains belonged to genotype B5. The sequences of EV-A71 strains of genotype C4 from South Vietnam formed
a monophyletic cluster with the sequences of EV-A71 viruses which circulated during 2016—2018 in different provinces
of China, and they were very close to EV-A71 strains of the same genotype from the Yunnan Province. These strains
were genetically different from Russian viruses and Vietnamese viruses identified in the years 2003—2005 and 2011—
2012. Most of the cases of enterovirus infection from southern Vietnam (78%) caused by EV-A71 virus of genotype C4
were reported in three provinces located in southern Vietnam in the Mekong Delta. The epidemic process and the eti-
ology of enterovirus infection in Russia and Vietnam have common features. At the same time, the epidemic situation
in these countries is not the same. The incidence of enterovirus infection is influenced by geographic, climatic, eco-
nomic and demographic factors that differ in two countries. In the majority of territories of Russia, the climate is tem-
perate or cold, seasonal rises in the incidence rates of enterovirus infection usually occur in the summer, when people go
on vacation, spend a lot of time outdoors and swim in open reservoirs. In Vietnam, a constant high-level temperature,
a high population density and a large proportion of children determine the higher incidence of enterovirus infection,
especially in the southern provinces of Vietnam, compared to Russia. The fact that more than 20% of the Vietnamese
population lives in the Mekong Delta, which is the largest river in Indochina, has a significant impact on the epidemic
process of enterovirus infection in South Vietnam. The Mekong River which flows through China, Laos, Thailand,
Cambodia and Vietnam, and carries huge streams of water, including rainstorm waters and sewages, from all of these
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countries into the southern provinces of Vietnam, which have the highest incidence rates of enterovirus infection in the
country. The results of the research underline the importance of active epidemiological and virological surveillance
of enterovirus infection, which plays the key role in informing the public health authorities about the changes in the epi-
demic situation in order to take appropriate measures and develop the prevention strategies. The goal of anti-epidemic
and preventive measures is to reduce the incidence of enterovirus infection and the economic burden of this infection
for Russia and Vietnam.

Key words: enterovirus infection, epidemic process, circulation, identification.

3NUAEMUOJIONMYECKUE U 3TUOJIOMTMYECKUE ACMEKTbI SHTEPOBUPYCHOW MHDEKLUK

B POCCUN U BBETHAME

Pomanenkosa H..!, Tonunpina JI.H.2, Hryen T.T.T.3, ITonomapesa H.B.2, Jleonos A.B.2, Kanaesa O.I1.!,

3sepes B.B.2, Ceausanosa C.I'.2, Pozaesa H.P.!, JIsionr M.T.*, Buuypuna M.A.!, Hosukosa H.A.?

'"®@BYH HUMU snudemuonoeuu u muxpobuonroeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus

2®OBYH Huxcezopoockuit HUH snudemuonocuu u muxpoouosoeuu um. akademurxa U.H. Baoxunoit, Huncnuii Hoeeopoo, Poccus
I Unecmumym Ilacmepa é Xowumune, e. Xowumun, Bvemnam

4 Poccuticko-Bvemnamckui mponuveckuii HayuHo-uccaed08amenbCKutl U mexHoN0UHeCKUil YeHmp, 10JcHoe omadenenue,

2. Xowumun, Beemnam

Pestome. [TpoBeneHbl aHAIU3 ¥ CpaBHEHUE SMUIEMUYECKOM CUTYAllMU W 3TUOJOTUY SHTEPOBUPYCHON MHPEKIIU YT
B Poccun 1 Bo BoeTHaMe. M meHTUDUIIMPOBaHHEIC IITAMMBI SHTEPOBUPYCOB 47 TUITOB, KOTOPHIE IIUPKYJINPOBAIN
B Poccum B 2018—2019 rr., OTHOCHJIUCH K pa3HbIM BuaaM: Buay DHrepoBupyc A (CV-A2, CV-A4, CV-A6, CV-AS,
CV-A10, CV-Al6, EV-AT71), Buny DHrepoBupyc B u Buny DurepoBupyc C. Takxe ObLIM M3yYeHbl HITAMMBbI 9HTE-
POBUPYCOB, U30JMPOBaHHbIE OT 87 nmeTeil U3 xHOro BreTHama, rocnutaausupoBaHHbiX B 2018—2019 rr. B UH-
(peKIIMOHHBIE CTAallMOHAPHl ¢ 3K3aHTEMHBIMU (opMaMU 3HTEpOBUPYCHON MH@ekuu. Bece aTu mraMMmbl mpu-
Haaiexalu K BUAY DHTepoBUpYyC A, Obl1o maeHTuduuuponaHo 59 mrammoB EV-A71, 20 mrammo CV-Al0,
5 mrammoB CV-A16, nBa mramma CV-A6 u onuH mtamm CV-A2. U3 59 BupycoB EV-A71 53 mTaMMa OTHOCHIJIUCH
kK renotuny C4 u 6 mrammoB — K reHotuny B5. [TocnenoBatenbHocTu mitaMmMoB EV-A71 renoruna C4 u3 OxHoro
BoetHama chopmupoBaiu MOHODUIETUYECKU KIacTep ¢ IMocaenoBaTeabHOCTIMU BUpycoB EV-A71 reHorumna
C4, uupkynmuposBasimumu B 2016—2018 rr. B pa3HbIX MpoBUHIKMAX KuTast, 0cOOeHHO OIM3KM OHU OBLIM K IITAM-
MaM TOT'O Xe€ TeHOTHIIa U3 MpoBUHINK KOHbHAHB. DTU IITAMMBI TCHETUUECKH OTINYAIUCH KaK OT POCCUUCKMX
BUPYCOB, TaK U OT BbETHAMCKUX BUPYCOB, uAeHTUGULIMPoBaHHBIX B 2003—2005 u 2011-2012 rr. boablInHCTBO
MU3YUYEHHBIX CJydYaeB SHTEPOBUPYCHON MHMeKUMUU U3 10XHOro BoernHama (78%), BoizBaHHBIX EV-A71 reHoru-
na C4, OblJIO 3aperucTpupoBaHO B TpeX MPOBMHIIMSIX, PACIIOJOXEHHBIX Ha fore BoeTHama B menbTe MeKoHTa.
TeueHMe 3MUAEMUUECKOTO MTPOLIeCCa U THOJIOTHSI SHTepOBUPYCHOM MHpeKunn B Poccun u Bo BbeTHaMe nmeroT
MHOTro obuiero. B To xxe BpeMs anuaeMuyeckas CUTyallus B IBYyX CTpaHax HeonnHakoBasd. Ha 3aboneBaemocTb
nHGpEKLI el BIUSIOT reorpauueckue, KiuMaTuyeckue, 3KOHOMUUeCKKue U aeMorpaduueckue (pakTopbl, KOTO-
pble pa3nuyaloTcsa B 9TUX cTpaHaX. Ha 6onbieit yactu tepputopuii Poccun knmmar yMepeHHBIH MU XOJIOAHBI,
Ce30HHBIC MOABEMBI 3a001€BaEMOCTH, KaK IIPaBUJIO, IPOUCXOAST JICTOM, B CE30H OTITYCKOB, KOT/Ia HACEICHUE aK-
THBHO TIepeMeIlaeTCsl, JIIOIN IPOBOASIT MHOTO BPEMEHM Ha CBEXEM BO3IyXe M KYITAIOTCS B OTKPBITHIX BOJOEMaX.
Bo BreTHaMe MOCTOSSHHBIM BBICOKMI TeMIlepaTypHBIi (DOH, BRICOKAS TJIOTHOCTH HAceJleHU S, OOJIBIION yaeab-
HBII Bec IeTell 00YCIOBIMBAIOT BRICOKHE TTOKA3aTeIN 3a00JIeBAEMOCTH SHTEPOBUPYCHOI WH(PEKIIMEl, 0COOCHHO
B I0XHBIX IpoBuHLMSX. bonee 20% nacenenus KOxHoro BoeTHaMa nmpoxXuBaeT B AeJibTe peKM MeEKOHT, KOTOpast
SIBJISIETCSl KpyTHeliei pekoit Mumokurtas u mporekaet no tepputopun Kuras, Jlaoca, Taunanna, Kam6onxu
1 BreTHama, 4TO OKa3bIBaeT CYIIECTBEHHOE BIMSIHUE HA SMTUAEMUISCKUIA TTPOIIECC SHTEPOBUPYCHON MHPEKIINH.
Peka mpoHOCHUT OrpoOMHBIE TOTOKM BOJbI, BKJIIOYAsl IMBHEBBIC U CTOYHBIEC BOIBI, M3 BCEX 3TUX CTPAH B I0XKHBIC
NpoBMHIMU BheTHaMa, rie oTMevaloTcsi caMble BBICOKHME TI0Ka3aTelu 3abojieBaeMoCcTu B cTpaHe. [lonmydyeHHbIe
pe3yJbTaThl MOAYEPKMBAIOT 3HAYEHUE AKTUBHOTO 3MUAEMUOJOIMYECKOT0 U BUPYCOJOTMYECKOr0 Haa30pa 3a 9H-
TePOBUPYCHOIN MHGEKIIMEH, KOTOPBI UI'paeT KJIIOUEBYIO POJib B MHOOPMUPOBAHUU YIIPABAEHUECKUX CTPYKTYD
3IpaBOOXPAHEHU S O Pa3BUTUM SMUAEMUYSCKOM CUTYALlUM ISl TPUHSATHUS aleKBaTHBIX Mep U pa3paboTKu cTparte-
UM IPOPUIAKTUKY 3TON nHPeKuu. Lleabro MpoTUBOAMUAEMUYECKHUX U MTPOPUIAKTUUECCKUX MEPOTIPUSITUI SIB-
JISIeTCSl CHUKEHME 3a00JIEBAEMOCTHU 9HTEPOBUPYCHON MH(EKIIMEN 1 9KOHOMMYECKOTO yIepoa, KOTOPbIii HAHOCUT
sTa nHpekuus Poccun u BoeTHamy.

Karoueesnle caosa: snmeposupycnas uHgekyus, snudemMudeckuil npoyecc, YUpKyaayus, U0eHmupukayus.
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Introduction

Enterovirus infection is characterized by a wide
diversity of clinical forms. The most severe forms
of infection include enterovirus meningitis, menin-
goencephalitis and acute flaccid paralysis. Epidemic
rises of enterovirus meningitis, caused by enterovi-
ruses of different types such as ECHO 6, 9, 30 and
Coxsackievirus B1—6, were periodically recorded
in the Russian Federation, including the North-
West of Russia [1, 5, 9, 13, 14, 17]. At the same time,
in Russia a trend towards an increase in the propor-
tion of enterovirus infection with exanthema [2, 3,
4, 6, 15, 16] has been fixed in recent years. The etio-
logical factors of enterovirus infection with exan-
thema are most often enteroviruses, which belong
to species A: EV-A71, Coxsackieviruses A6, A10 and
Al6 (2, 3,4,6, 15, 16, 19, 23].

Certain types of enteroviruses can dominate
in the circulation among the population for several
years, then can disappear and then emerge some years
later. It should be noted that the observed changes
in the structure of clinical forms of enterovirus in-
fection are coherent with the process of changing
the types and genotypes of enteroviruses prevailing
in the circulation among the population. At the be-
ginning of the 21% century, on most territories, epi-
demic peaks of EVI were associated with the active
circulation of enteroviruses of type B, which caused
diseases of enterovirus meningitis. In recent years,
more active circulation of enteroviruses of type A has
been observed on the territories of Russia.

In South-East Asia, the most common form of en-
terovirus infection is the viral exanthema of mouth
and extremities (Hand, Foot and Mouth Disease —
HFMD). This disease is usually mild, characterized
by fever, malaise, rash on the hands and legs, rash and
ulcerations of the oral mucosa. The infection can be
complicated by pathology of the nervous or cardio-
vascular systems. Complications can lead to cogni-
tive and motor disorders, meningitis and cordial
troubles. Infection can be fatal due to pulmonary
oedema or encephalitis [29, 30, 33, 39]. Lethality
ranges from 0.5% to 19% [29] depending on the geno-
type of virus [37]. For example, in 2014, about 2.7
million cases of the disease were registered in China
and 384 people died [39]. The severe clinical forms
of infection and complications are connected mainly
with the virus EV-A71 which can cause outbreaks
and sporadic cases of HFMD [19, 38].

The first cases of HFMD complicated by en-
cephalitis were reported in Vietnam in 2003 during
an outbreak of acute encephalitis in Ho Chi Minh
City, when Enterovirus EV-A71 was for the first time
isolated from children by the researchers of Pasteur
Institute in Ho Chi Minh City. The results of the first
epidemiological and virological study of HFM D were
published later [36]. In 2005, 764 children admitted
to the children’s hospital in Ho Chi Minh City with

symptoms of HFMD were examined by virological
method. In 54% of cases, enteroviruses were detect-
ed, 42% of them were EV71, and 52% were CVAI6.
In 51 patients (29%) with infection associated with
EV71, the disease was accompanied by severe neuro-
logical complications, and three cases were fatal [36].

The peculiarities of the circulation of various
types and genotypes of enteroviruses and the mecha-
nisms of change of dominating in the circulation
types are not very clear [1I, 15, 22]. According to the
scientific data, non-poliomyelitis enteroviruses can
cause sporadic cases and outbreaks of infection [28,
41]. These facts emphasize the importance of epide-
miological and virological surveillance of enterovirus
infection [15, 16, 28, 41] as well as of the scientific
analysis of this problem.

The aim of our research was to analyze and com-
pare the epidemic situation and etiological factors
of enterovirus infection in Russia and Vietnam.

Materials and methods

The scientific research was accomplished within
the framework of scientific and technical coop-
eration between research institutes of the Russian
Federation and Vietnam. The strains of non-polio en-
teroviruses isolated from 87 patients having HFMD
from South Vietnam in 2018—2019 were studied.
Isolation of the strains from biological material was
carried out on cell cultures RD (CDC, RIVM/
WHO) and Hep2 (Cincinnati, RIVM/WHO) us-
ing standard procedures recommended by the World
Health Organization [40] in the virology labora-
tory of the Pasteur Institute in Ho Chi Minh City.
The type of enterovirus was determined in Blokhina
Research Institute of epidemiology and microbiology
in Nizhny Novgorod by modified partial sequenc-
ing the VPI genome region [12, 32], the amplifica-
tion of cDNA of full sequence of VPI region of EV-
A71 was performed in automatic mode on a Genome
Lab™ GeXP genetic analyzer. Alignment of nucleo-
tide sequences, construction of phylogenic trees, and
analysis of phylogenetic relationships were performed
using the software MEGA 7.0 [26]. The epidemiolog-
ical and statistical analysis was performed in Pasteur
Institute in St. Petersburg. The average errors were
determined, and the significance of statistical dif-
ferences between certain indices was evaluated using
the Student's t-test. Differences were considered sta-
tistically significant at 95% confidence interval (val-
ues of p < 0.05).

Results

Biological material from children with HFMD
was collected in the southern provinces of Vietnam.
In accordance with the recommendations of the
World Health Organization, 87 non-poliomyelitis en-
teroviruses which belonged to species A of enterovi-
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ruses were isolated from patients with the help of cell
cultures RD and Hep2. The strains were studied and
characterized using molecular methods. The major-
ity of isolated enteroviruses were represented by type
EV-A71 (67.8%), 23% of viruses were identified as
CV-A10, 5.8% — as CV-A16, 2.3% — as CV-A6 and
1.1% — as CV-A2. According to molecular analysis
53 from 59 strains of EV-A71 belonged to the geno-
type C4, only 6 strains of EV-A71 strains were repre-
sented by the genotype BS.

We carried out the clinical and epidemiological
analysis of 59 cases of enterovirus infection, the etio-
logical factor of which was enterovirus EV-A71. All
the cases of enterovirus infection were registered
in the southern provinces of Vietnam in 2018—2019.
The cases of infection were revealed in 12 provinces.
Among 59 cases 46 cases were registered in three
provinces: Dong Thap, An Giang and Ben Tre,
in other 9 provinces from one to three cases of infec-
tion were reported. It is important to note that 40.7%
of all cases were recorded in the province of Dong
Thap located in the southwestern part of Vietnam
on the border with the Kingdom of Cambodia. Two
neighboring provinces Dong Thap and An Giang
represent a single epidemiological focus. In the prov-
ince of Ben Tre 20% of studied cases of enterovi-
rus infection were detected. These three provinces
situated in the delta of Mekong — the greatest river
of Indochina accumulated 78% of all cases of HFM D
included in this research.

Clinically, all the cases were classified as HFMD.
The distribution of HFMD cases by the severity
of the disease and the epidemiological data are rep-
resented in the table below (Table).

Among 59 cases of HFMD 6 patients had a mild
form of the disease — grade I. The disease was char-
acterized by papulovesicular rash on the skin of the
hands and or feet, as well as vesicles and ulcerations
on the oral mucosa, and was accompanied by sub fe-
brile temperature. Most part of the diseases (76.3%)
were of moderate severity — grade II. In addition
to exanthema of the skin, the hands, the feet and en-
anthema of the oral mucosa, these patients had high
fever, as well as neurological and cardiovascular com-
plications, such as muscle cramps, confusion, menin-
gitis and myocarditis of moderate severity. Maximum
severity of the disease — grade I1I was noted in 8 pa-

tients (13.5%). Diseases with a typical rash on the
body and mouth, as well as high and prolonged fever,
were accompanied by severe complications involving
the nervous, cardiovascular and respiratory systems.
Severe manifestations of meningitis, encephalitis,
endocarditis, myocarditis, pericarditis, as well as
paralytic manifestations were recorded. One child
(aged 19 months) had the most severe complications
of the infection which led to cognitive disorders, cor-
dial and pulmonary troubles, the disease was fatal
due to toxic shock and pulmonary oedema. The total
percentage of moderate and severe forms of infection
characterized by complications from various organs
and systems among the analyzed HFMD cases was
89.8% and significantly exceeded (p <0.001) the per-
centage of mild clinical forms of this disease.

The majority of patients suffering from HFMD
(83%) were children under the age of three years,
mainly children of age between one and two years.
The number of cases among children from 3 to 6 years
old amounted to 17%. The proportion of children un-
der three years of age among the total number of sick
children significantly exceeded (p < 0.001) the per-
centage of children from three to six years. Among
the patients, there were more boys (64.4%) than girls
(35.6%). The proportion of boys among patients with
HFMD significantly exceeded (p < 0.05) the same
indicator for the girls with the same infection.

According to the State Report of the Russian
Federation, the incidence rate of EVI was 9.83 and
12.63 per 100,000 of population in 2018 and 2019 cor-
respondingly [10, 11]. The highest incidence was ob-
served among children under 17 years of age (92.6%
in 2018 and 91.89% in 2019). During these two years
on some territories where a share of enterovirus men-
ingitis was low children from 1 to 2 years old were
mostly affected by other clinical forms of enterovirus
infection, children from 3 to 14 years old more often
suffered from enterovirus meningitis [5]. The results
of studies, carried out in Russia in 2018—2019 using
molecular methods showed that 2,836 enterovirus
strains belonging to 47 types were identified. Those
were the viruses of four species — Enterovirus spe-
cies A: CV-A2, CV-A4—CV-AS8, CV-A10, CV-AlS6,
EV-A71, EV-AS89; Enterovirus species B: CV-A9,
CV-B1-CV-B5, E2—E7, E9, Ell, E13—El16, E18—
E21, E25, E30, E31, E33, EV-B81; Enterovirus spe-

Table. Clinical and epidemiological characteristics of HFMD cases

Cases of HFMD caused by the enteroviruses EV-A71
Severity grade Sex Age group
Year Number
of patients Gradel Grade Il + 11l Boys Girls 3Un:aer; 3-6 years
% Mtm % M£m % Mtm % M=m o/y % M=m
o M£Em
2018 45 0 41 26 19 37 8
2019 14 6 8 12 2 12 2
6 53 38 21 49 10
Total 2018-2019 | 59 102:39 | 89,8:39 | 64462 | 356:62 | 830:49 | 17,0:49

908



2021, T. 11, Ne 5

Enterovirus infection in Vietnam

A VNM 2018-2019
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Figure 1. Phylogenic relationship between EV-A71 strains of genotype C4 identified in Russia and Vietham
Note: 0 — Russian strains, A — Vietnamese strains described in this study, A — Vietnamese strains described in other studies,

& — strains identified in Germany.

909



N.l. Romanenkova et al.

MHdekumns n uMmyHuTeT

cies C: CV-Al, CV-A19, CV-A20, CV-A21, CV-A22,
CV-A24, EV-C96, EV-C99, EV-CI116; Enterovirus
species D: EV-D68 [5, 7]. The ratio of viruses
of EVA:EVB:EVC species was 45.61%:53.06%:1.25%
in 2018 and 59.49%:36.60%:3.91% in 2019. The lead-
ing etiological agents of enterovirus meningitis
in 2018—2019 were viruses E6, E9, E30 and CV-B5.
The viruses of species Enterovirus A were mainly
detected in patients having EVI with exanthema.
The virus CV-A6 dominated, its proportion in the
structure of the etiological agents of EVI in these
years averaged 21.47%; the CV-A16 virus was also
detected quite often (12.34%). The proportion of EV-
A71 among all identified viruses was 4.30% (122
strains). All of the strains of virus EV-A71 belonged
to the genotype Cl; they showed a genetic relation-
ship with the viruses of this genotype circulating dur-
ing the same period in Europe [20].

We defined that 53 EV-A71 strains from 59 stud-
ied strains, isolated in South Vietnam, belonged
to genotype C4, six strains represented the B5 geno-
type. The obtained full nucleotide sequences of VPI
genome region of 59 EV-A71 strains were submitted
in the International GenBank, they are available un-
der the numbers MW139687—MW139744.

Then a phylogenic analysis of the nucleotide se-
quences of VP1 genome region of studied Vietnamese
EV-A7lstrains of the genotype C4 and the sequences

97

of Russian viruses of the same genotype identified
earlier [4, 18] was carried out (Fig. 1).

The sequences of the strains collected in the
provinces of South Vietnam formed a monophyletic
cluster with the nucleotide sequences of EV-A71 vi-
ruses circulating in some provinces of China during
2016—2018 and in Germany during 2018—2019 [20,
35]. The highest homology (99.2—99.9%) of the nu-
cleotide sequences of majority of Vietnamese strains
belonging to this genetic group was revealed with
the strains identified in patients with HFMD and
AFP from the Chinese province of Yunnan in 2017—
2018. The strain VNDI18/227, isolated in 2018 from
a patient with clinical severity I1IB from Dong Thap
province, showed the greatest genetic relationship
(99.2—99.4% of homology) with the strains EV-A71
of genotype C4 isolated in Germany. These strains
formed together a separate genetic group and were
mostly close to viruses EV-A71 which circulated
in the Chinese province of Guangdong in 2017.
The studied Vietnamese strains EV-A71 of genotype
C4 genetically differed from Russian viruses as well as
from viruses identified in South Vietnam [30] during
HFMD outbreaks of 2003—2005 and 2011-2012 and
in North Vietnam [21] and Dak Lak Province [27]
in 2016.

The sequences of studied EV-A71 strains of geno-
type B5 formed a monophyletic group (Fig. 2).

A VND18/192 VNM 2018
A VND18/147 VNM 2018
A GS19/276 VNM 2019
A VND18/231 VNM 2018
A VND18/148 VNM 2018
MG756694 TW-51031 TWN 2015
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KC894866 EV1056-Terengg MAL 2011
AB936541 1615-Yamagata 2012
A KU887961 B5-257TS-VinhLong 2011
A MH557209 EVHO04RS/NHP VNM 2013
A MF001386 BD14-04 DakLak 2014
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KF154306 B5-03647-TWN 2011
MG756728 TW-01485 TWN 2012

Figure 2. Phylogenic relationship between EV-A71 strains of genotype B5 identified in Vietnam

Note: A — Vietnamese strains described in this study, A — Vie

tnamese strains described in other studies.
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These viruses were most closely related to viruses
identified in Thailand in 2017 [34] and they differed
from the earlier detected Vietnamese strains EV-
AT71 of genotype B5, which circulated in 2011-2016.
The strains EV-A71 of genotype B5 were not detected
in Russia.

Discussion

The results of the study showed that among en-
teroviruses isolated from patients with HFMD
from South Vietnam, viruses EV-A71 prevailed.
The EV-A71 strains accounted for 68% of all iden-
tified viruses. Viruses CV-A10 amounted to 23%
of all isolated viruses and 9% were viruses of three
types — CV-A16, CV-A6 and CV-A2. The preva-
lence of EV-A71 viruses in the examined patients
determined the fact that in 90% of children the dis-
ease was moderate or severe and it proceeded with
various complications. The majority of cases oc-
curred in three provinces of South Vietnam from
the 12 provinces included in the study. It is im-
portant to note that 40.7% of cases were reported
in the Dong Thap Province, located in the south-
western part of South Vietnam on the border with
the Kingdom of Cambodia. This province, together
with the neighboring province of An Giang, con-
stituted a single epidemiological focus. In the prov-
ince of Ben Tre, which is located in the southeast
of the country, 20.3% of the investigated cases of en-
terovirus infection were detected. All in all in th