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Figure 18. Heat map of the regional distribution of SARS-CoV-2 seroprevalence
Note. White boxes indicate seroprevalence levels (%). The color intensities of regions correspond to the percentage
of seropositive individuals. The scale is shown in the lower left corner.
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POJ1Ib HENTPODUJIbHbIX
SKCTPALEENNIONAPHbLIX CETEN

(NETs) B UMMYHOINATOIEHES3E

TAXKEJIOIo COVID-19: NOTEHUUAJIbHBIE
MMMYHOTEPANEBTUYECKUE CTPATEIMN,
PErYJIUPYIOLWWUE NPOLECC ®OPMUPOBAHUA
U AKTUBHOCTb NETs

N.B. Hecreposa'?, ML.I. Araxaxosa', 10.B. Terepun!, B.A. Marymkuna!, I'A. Yyauiosa',
M.H. MutponaHona’

'@I'BOY BO Kybanckuii 2cocydapcmeentbiii meduyunckut ynueepcumem Munucmepcemea 30pasooxpanenus Poccutickoi
Dedepayuu, 2. Kpacrnodap, Poccus
2@IAOY BO Poccuiickuii ynugepcumem opyxucovl Hapodos, Mockea, Poccus

Pestome. Posb HeliTpodunabubix rpanynouutos (HI) B matoreneze COVID-19 cBg3aHa ¢ pekpytupoBanuem HIT
B OuYaru BOCMaJeHUs, akTUBalMell X QYHKIMI ¥ YCUICHHBIM 00pa30BaHUEM HEMTPOMUIbHBIX 9KCTPALIE TSI P-
Hbix ceteit (NETs). B 1anHOM 0630pe HaMM MpoaHaIM3UPOBaH JOCTATOUHO OOJIBIION 00beM HayuyHOMI JTUTEPATyPHhI,
MOCBsIIeHHOM ocobeHHOCTAM hopmupoBanuss NETs, ux ponu B marorenese COVID-19, yuacTiio B BOSHUKHOBEHUH
MMMYHOTPOMOO030B, BACKYJIUTA, OCTPOI0 PECIUPATOPHOIO AUCTPECC-CUHAPOMA, CHHAPOMA LIMTOKMHOBOTO LITOPMA,
MYJBTHOPTaHHBIX TopakeHuit. [IpuBeneHb yoenuTebHbIe JaHHbIE, YeTKO YKa3bIBaIOIMe HAa 3HAYUTEIBHOE YIacTre
NETs B ummyHomnatoreHeze COVID-19 u cBSI3aHHBIMU ¢ HUMU TSXKEIbIMU OCJIOXHEHUSIMU, BOSHUKAIOIIUMU B pe-
3yJIbTaTe YCUJIEHUSI ITPOolecca BOCaJeHMsI, KOTOPBIi SIBJISIETCS KJIFOYEBBIM JJIsI TeUeHUsT MHMEKII U, BHI3BAaHHOM BU-
pycom SARS-CoV-2. [IpencrabnenHas poab HI' 1 NETSs, Hapsimy ¢ poJiblo ApyTHX KJI€TOK UMMYHHOM CUCTEMBI ¥ ITPO-
BOCHAJIUTEIbHBIX IMTOKMHOB, UPE3BbIUaiHO BaKHA B IOHMMAaHUU Pa3BUTHS IMIIEPAKTUBHOIO UMMYHHOI'O OTBETa
nipu Tsxenoit hopme COVID-19. [MonyueHHble HayYHbIE PE3yJIbTaThl, JOCTYITHBIE HA CETOIHSIIIHUI I€Hb, TIO3BO-
JISTIOT UACHTU(GUIIMPOBATH BO3MOXHOCTHU PETYISATOPHBIX BO3/IEHCTBU I Ha TuTiepakTuBUpoBanHbie HI, Ha mporiiecch
dbopmupoBanust NETs Ha pa3MUHBIX 3TanaX ¥ Ha OrpaHUYeHNe HETaATUBHOTO BO3JCUCTBUS YK€ ChOPMUPOBAHHBIX
NETs Ha pa3nuuHble TKAaHU M OpraHbl. Bce BhIlIenepeyncieHHOe T0JKHO TTOMOYb B CO3IaHUM HOBBIX, CIEIIMaIN-
3MPOBAaHHBIX UMMYHOTEPAIeBTMYECKUX CTpATeruid, MpeHa3HAYCHHBIX IS YBEJIMYEHUS IIAHCOB Ha BbIXKMBaHUE,
YMEHbBIIEHUS TSKECTU KIMHUYECKUX MposiBaeHuit y maiimeHToB ¢ COVID-19, a Takxe B 3HAUUTETbHOM CHUXEHUU

Contacts:
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W.B. HecTtepoBa n ap. MHdekumns n uMmyHuTeT

rmoKasareJjieil cMepTHOCTHU. B HacTosiIee BpeMsT BO3MOXKHO ITPUMEHEHME YK€ CYIIECTBYIOIIMX JIEKAPCTBEHHBIX TTpe-
MapaToB, ¥ pa3pabaThIBAeTCs LIEJAbIN P HOBBIX JIEKAPCTBEHHBIX CPEACTB, ACHCTBUE KOTOPBIX MOXET PeryJIupoBaTh
konuvectBo HI, mo3utuBHO BauaTh Ha pyHkumm HI m orpaHnymBaTh MHTEHCUBHOCTHL (popmupoBaHus NETs.
[IpomonxeHue vccaeIOBaHWI POIY runepakTuBMpoBaHHBIX HI' 1 HeTo3a, a TaK:kKe TOHMMaH1Ee MEXaHM3MOB PeTyJIs-
unu (peHoMeHa o0pa3oBaHms u orpaHndeHNsT akTuBHOCTU N ETs mpu tsixkemom COVID-19, mo-BuguMomy, SIBISTFOTCS
MIPUOPUTETHBIMHU, TTIOCKOJIBKY B JaJbHEUIIIEM IMOJTYyUYeHHBIC HOBBIC JaHHBIC MOIJIM OBl CTaTh OCHOBOI B pa3padOTKe
TapreTHBIX TTOIXOI0B HE TOJBKO K MMMYHOTEpAITNH, HAIIPaBJICHHOW Ha OorpaHWYeHNe 00pa30oBaHus U OJIOKMPOBa-
HUE HeraTUBHBIX Bo3aeicTBUil yxe chopmupoBapiiuxcss NETs mpu tsxenom COVID-19, Ho U K UMMYHOTEpanuu,
KOTOPYIO MOXKHO ObIJIO ObI MCTIOJb30BaTh B KOMITJIEKCHOM JICUEHU U IPYTUX HETOMATU A, B IEPBYIO OUepeab, ayTOMM-
MYHHBIX 00JIC3HEl, ayTOBOCIIATUTEIbHBIX CHHIPOMOB, TSKEIBIX THOMHO-BOCIIATUTEIBHBIX IIPOILIECCOB, B TOM UMCIIE
0aKTepHUaIbHOTO CETICHCa U TeMaTOTCHHOTO OCTCOMUEITHTA.

Karueesnie caosa: COVID-19, SARS-CoV-2, neiimpoghuavhuie epanyroyumol, HeiimpoguavHoie sxcmayeartorsproie cemu, NETS,
nemonamuu, ARDS, ummyrnompom603.

THE ROLE OF NEUTROPHIL EXTRACELLULAR TRAPS (NETs) IN THE IMMUNOPATHOGENESIS
OF SEVERE COVID-19: POTENTIAL IMMUNOTHERAPEUTIC STRATEGIES REGULATING NET
FORMATION AND ACTIVITY

Nesterova 1.V.*", Atazhakhova M.G.?, Teterin Yu.V.?, Matushkina V.A.?, Chudilova G.A.?, Mitropanova M.N.?

@ Kuban State Medical University of the Ministry of Healthcare of the Russian Federation, Krasnodar, Russian Federation
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Abstract. The role of neutrophil granulocytes (NG) in the pathogenesis of COVID-19 is associated with the NG
recruitment into inflammatory foci, activation of their functions and enhanced formation of neutrophil extracellular
networks (NETSs). In this review, we analyzed a large body of scientific literature devoted to the features of developing
NETs, their role in the COVID-19 pathogenesis, a role in emerging immunothrombosis, vasculitis, acute respiratory
distress syndrome, cytokine storm syndrome, and multi-organ lesions. Convincing data are presented clearly indicating
about a profound role of NETs in the COVID-19 immunopathogenesis and associated severe complications resulting
from intensified inflammation process, which is a key for the course of SARS-CoV-2 virus infection. The presented role
of NGsand NETs, along with that of other immune system cells and pro-inflammatory cytokines, is extremely important
in understanding development of overactive immune response in severe COVID-19. The scientific results obtained
available now allow to identify an opportunity of regulatory effects on hyperactivated NGs, NETosis at various stages
and on limiting a negative impact of pre-formed NETs on various tissues and organs. All the aforementioned data should
help in creating new, specialized immunotherapy strategies designed to increase the odds of survival, reduce severity
of clinical manifestations in COVID-19 patients as well as markedly reduce mortality rates. Currently, it is possible to use
existing drugs, while a number of new drugs are being developed, the action of which can regulate NG quantity, positively
affect NG functions and limit intensity of NETosis. Continuing research on the role of hyperactive NG and N ETosis as
well as understanding the mechanisms of regulating NET formation and restriction in severe COVID-19, apparently, are
of high priority, because in the future the new data obtained could pave the basis for development of targeted approaches
not only for immunotherapy aimed at limiting education and blocking negative effects already formed NETS in severe
COVID-19, but also for immunotherapy, which could be used in combination treatment of other netopathies, primarily
autoimmune diseases, auto-inflammatory syndromes, severe purulent-inflammatory processes, including bacterial
sepsis and hematogenous osteomyelitis.

Key words: COVID-19, SARS-CoV-2, neutrophil granulocytes, neutrophil extracellular traps, NETs, netopathies, ARDS,
immunothrombosis.

BBeneHue

Ha ceronHgmHui IeHb HAKOMJEH NOBOJBHO
0osblIoO 00beM MH@POpPMALIMU 00 OCOOEHHOCTSX
CTpOEHUS, PaOOTHl U (PYHKUUNA HEUTPOPUIBHBIX
rpanyjgouutoB (HI). M3BecTHO, 4TO OHU OTHO-
cATCd K Haubojee MHOTOYUCIEHHOW TOMYyJis-
OUW UUPKYJIUPYIOIMINX B KPOBH JICHKOIIMTOB
(~57%), aBASAIOTCS KJIETKAMU MMMYHHOM CHUCTE-

MbI, KOTOpPbIe (DOPMUPYIOT MEPBYIO TUHUIO 3aAIU-
Thl [140], oGManaOT MOUIHBIM MUKPOOUILIUIHBIM
W PETYyIASTOPHBIM ITOTEHIIMAJIOM [9], CIIOCOOHBI
OCYILIECTBJSATh KWUJUHI pPa3jIuYHbIX MaTOreHOB
(bakTepuit, BUpPYCcOB, I'puOOB, OZHOKJETOUYHBIX)
B JIOKYyCaX BOCMAJICHUS, WCIIOJb3ys pa3iudHbIe
WHTpAaLEJTIoNIpHbIE U 9KCTPpalETIONSIPHbIE Me-
xaHu3Mbl [48]. Jo HemaBHEro BpeMeHU B Hayu-
HBIX KpyTraX CUYlTaJOCh, YTO OCHOBHBIM CITOCOOOM
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6opsbbl HI' ¢ maTtorenamu siBisiercss aroluTo3
U CITOCOOHOCTbh K BBICBOOOXKJIEHUIO COIEPKUMO-
ro CBOUX I'paHyJ — JerpaHyJjsilus, HO Ha pyOe-
ke 2004—2005 rr. BHUMaHue OUOJIOTOB U Bpayeit
OBLJIO MIPUKOBAHO K COBEPIIEHHO HOBOMY SIBJIC-
HM10, KOTOPOE€ 3HAYMTEJbHO pPACIIMPUJIO Halle
MpeAcTaBJIEeHUE O POJU STUX KJIETOK B OpraHU3Me
yeJloBeKa U XKUBOTHBIX. B MHCTUTYTEe MHMEKIIN-
OHHOI 6uosioruu uM. Makca Ilmanka B bepaune
noa pykoBoacTBoMm Arturo Zychlinsky Ob110 006-
HapyxeHo, uTo HI mpu KoHTakTe ¢ mmaToreHaMu
00pa3yloT BHEKJIETOUHBIE CETEeNOJOOHbIE CTPYK-
Typhl, coaepxaimue JHK u cogep:krumoe rpaHyJi:
depMeHTHBIE 1 HeEepPMEHTHBIC OCJIKU U T. 1. [6].
Taxk ObLT OTKPBIT HETO3 U MOKa3aHa paHee HUKEM
He onucaHHas cnocobHocTh HI' Kk oOpa3zoBaHuUIO
HEeUTpodUIbHBIX BHEKJEeTOUHBbIX JoBylIeK NETs
(neutrophil extracellular traps) kak crocody 60pb-
ol HI' ¢ paznuuHbiMu matoreHamu. OrnucaHbl
TaK>ke JABE €ro pPa3sHOBUIHOCTU: CYyWUIIMAATbHBIMN
HETO3, MPU KOTOPOM, 00pa3ysi 3KCTpale oS-
Hble cetu, HI paspyuralorcsd u nmorudamT, U BU-
TaJIbHBIII HETO3 — HEJIMTUYECKOE BHICBOOOXK ICHUE
NETs u3 MUTOXOHAPHU T B MEMOPaHHbBIX BE3UKYJTax
C COXpaHEHUEM LIeJIOCTHOCTH KJeToK [35]. NETs —
9TO UMMYHOTeHHbIe [82] u TokcuuHbie [118] ceTu
JHK, kxoTopbsle 00pa3yroTcs BCJIEACTBUE NEKOH-
neHcauuu xpomatuHa saep HI. B cBoeMm cocrtase
OHM UMEIOT TUCTOHBI U pa3JIMUHbIe OCJIKH, HATIpU-
Mep, BJacTasy, MUEeJIOoNepoKCcuaa3dy, KaTeJaUlu-
IWHBI, KaJbIIPOTEKTUH, O-IeMEHCUHBI U OEJIKU
nurtockesieta [38, 141]. B ecTecTBEeHHBIX YCIOBUSIX
(in vivo) ctumysioM st oopazoBaHust NETs moryT
CJIYXUTh IMATOT€HbI, WHAYIUPYIOIINE HETO3 Ha-
MpsSIMYI0, KOMIIOHEHTHI OaKTepuii, aKTUBUPOBaH-
HBbIE TPOMOOIIMTHI, ayTOAHTUTEA, MEPEKUCh BO-
nopoaa, IL-8, kpucTtaajbl ypaToB, a TaK>Ke MoJie-
KYJISIpHBIE MaTTePHBI, aCCOIIMUPOBAHHBIC C OMac-
HocThio (DAMP) [35]. IIpu >TOM ompeneaeHHYIo
poJIb UTpaeT pa3Mep IaToreHa: K ImpuMepy, rudbl
rpu6oB noreHuupytoT HI' Ha o6pa3zoBaHue NETs,
a MeJIKKMe 0aKTepruu yTUJIN3UPYIOTCS ITyTeM daro-
nuTo3a. B To ke BpeMsi KOKKOBbIE U OMOITJIEHKO-
obpa3syloliue 6aktepuu (Staphilococcus aureus) Mmo-
ryT ctTuMyaupoBaTh oopazoBanue NETs [35].

MexaHn3mbl 06pasoBaHusg NETs

B 3aBucmMocTu OT cTUMyJa, oOpa3oBaHHE
NETs npoucxoout pasHbIMU CUTHaJbHBIMU ITy-
TSIMH 1 MOKET OBITHh OITOCPEIOBAaHHO Yepe3 perer-
TopHl, cBs13aHHBIE ¢ G-0enkoMm (GPCR), a Takxke
yepe3 XEMOKMHOBbIE U LUTOKMHOBBLIE PELIENTO-
pui, Toll-momo6HBIE penlennTopbl U Fc-penienTopsl
(FcR) [35]. CurHan mepemaeTcss BHYTPh KJICTKM,
YTO MIPUBOIUT K BBIXOAY M3 DHAOIJIa3MaTHUUECKO-
ro peTukyjayma MoHOB Kaabuus Ca’" u akTuBa-
oun NADPH-okcumaser (NOX). AKTUBHOCTH T10-
clenHell MPUBOIUT K 00pPa30BaHUIO PEaKTHUBHBIX

dopM kuciaopoaa (ROS — Reactive oxygen species).
OpHako B BKCIIepUMEHTabHbIX paboTtax (in vitro)
oblJ10 MokaszaHo, yTo ROS, momumo NOX, nme-
IOT MUTOXOHAPUATbHOE MPOUCXOXIEHUE U Urpa-
IOT KJIIOUEBYIO pOJib B JajibHelIeM 0O0pa3oBaHUU
NETs [142]. ROS neiicTBy1oT Ha a3zypoduabHbIe
TPaHyJIbI C TOCJENYIOIIUM BEICBOOOXAEHUEM B LU -
TO30JIb KJIETKM HelTpoduabHoil s1actassl (NE)
u muenonepokcuaadsl (MPO). B uutonnazme NE
paspyliaeT akTUH, MmeMbpany saapa HI' u Bmecte
¢ MPO nponukaet B siapo. Ilon neiictBuem ROS
TakXe aKTUBUpyeTcs (epMEeHT MenTUIUI-apru-
HuHAeumuHasza 4 (Peptidylarginine deiminase 4 —
PAD4), xoTopblii BbI3BIBACT LUTPYJIIMHUPOBA-
Hue ructoHoB HeutpoduabHoit [JHK. [deiicTBue
Ha xpoMatTuH NE, MPO u uutpyiivuHupoBaHue
TUCTOHOB MPUBOAUT K AEKOHJAECHCAIIUU XPOMATU-
Ha sgapa. B nanpHeillieM NpoucXoauT pa3pylieHue
saepHoil memMOpaHbl HI' ¢ BbIXOJOM NEKOHIEHCHU-
POBAaHHOIO XpOMaTWHAa B LIMTO30Jb KJIETKHU, IIe
C HUM CBSI3bIBAIOTCS LIUTOTIIa3MaTUYeCKe OeJTKU
u depmeHThl. Ob6pazoBanue NETs 3aBepuiaercs
pa3pbIBOM LHUTOIJIa3MaTudeckoir meMopansl HT
nop AeiicTBUeM racaepMuHa D u BbIXOJOM Xpoma-
TuHa 3a npeneabl KjaeTku [110]. Tuctousr MPO,
NE u karericud G B coctaBe NETs ob6ysanatoT BbI-
pakeHHBIM MUKPOOUIIMIHBIM JeiCTBUEM, YHUY-
TOXasl BHEKJIETOYHO PACMOJIOXKEHHBbIE MUKPOOP-
TaHU3Mbl, HO IIPU 3TOM OHU, MPU OMPeaeJEHHBIX
YCJIOBUSIX, MOTYT SIBJASITbCS MIEPBUYHBIMU KOMIIO-
HEHTaMU AECTPYKIIMU TKaHEl, HETaTUBHO BIAUSTh
Ha (GU3MOJOTUYECKYI0 (GYHKIUIO KJIETOK, B TOM
yucJiie sHaoteanaabHbix (BK), BbI3bIBast Bocraje-
Hue [29]. HenpaBHue nccaenoBaHus ToKa3aau, YTO
HI MoryT uMeTh HEM3BECTHBIU paHee UMMYHHBI
MeXaHU3M B 0opbbe ¢ MHGMEKIIMOHHBIMU MaTore-
HaMM, CXOAHBIN ¢ MEXaHU3MOM KJIETOUHOU maMsi-
TU. [Ipy MOBTOPHOM KOHTAaKT€ C OMHUM U TEM XKe
MaTOreHOM 3TOT MEXaHU3M KJETOUHOW MNaMSTHU
UHAYLIUPYET afanTUBHBIN oTBeT HauBHbIX HI [38,
82, 118, 141]: nmpu moBTOpHOI cTUMyasuuu HI
MOTYT PEKPYTUPOBATbhCSI U aKTUBUPOBATHCS, YTO
BbI3bIBAeT 00Jiee BhIPAKEHHbIII UMMYHHBIA OTBET.
Hapsiny ¢ aTuM Ob1J10 MOKa3aHO, YTO 3TOT MPOLIECC
MOXKET 3aBUCETh OT KOHILIEHTpalluh MUKpoopra-
Hu3MoB [82, 141]. Tak, HU3KME 103bl MUKpPOOPTra-
HU3MOB, TOJYYEHHBIX U3 MUKPOOUOTHI, BbI3bIBA-
T ananTuBHbIN oTBeT HI, B TO Bpems Kak BbICO-
KHE 03Bl 3TUX K€ MUKPOOPTaHU3MOB MOLYT €Tro
uHruouposarts [141]. Ilpeanonaraercs, uto NETs
CITOCOOHBI yJ1aBAMBAaTh U 00JIeTYaTh 9 TMMUHAIIA IO
OakTepuii, TpUOOB, MPOCTEUIIUX U IaxXe BUPY-
coB [59, 71, 99, 116, 141], HO He Bcerma HETO3 MOXKET
UMeTh 0J1aronpusITHBIE MOCIAEACTBUS.

3a TmociiefHee BpeMsl HAaKOIJIEH JdOBOJBHO
00JIbIION 00BbEM KJIMHUYECKOTO MaTepraga U 3KC-
NepUMEHTAJbHBIX PadOT, KOTOpblie Bce OOJblile
JIOKa3bIBAIOT HETraTUBHOE BJIMSHUE TUMNEPaAKTU-
BupoBaHHbIX HI, nerko dopmupyrommux NETs,
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Ha OpraHM3M 4YeJIOBeKa U CBSI3aHO 2TO C TeM, YTO
NETs nuHayuupyeTr pa3BUuTUEC MHOTUX IMaTOJOTU-
YeCKMX MPOILIECCOB, B TOM YHMCJIe U IPU BUPYCHBIX
uHbekuugx [117]. HapymieHue mnpoliieccoB He-
To3a Ha (poHe HeilTpoduiie3a U rurepakTUBaLUU
HI, conpoBoxpaaronieecss IOBBIIIEHHBIM 00Opa-
3oBaHueM NETs, MoxeT BbI3BaTh IMOBpPEXIACHUE
SIMUTENU S, a TAKXKE SHJAOTEJUS COCYA0B, Beayllee
K BO3HMKHOBEHUIO 3HAOTEJUATbHOU AUCPHYHK-
uuu (B), MHAYUUPOBATH HEKOHTPOJIUPYEMYIO
BOCITAJIMTEJbHYIO PEaKIMIO U IPOrpecCUpoOBaHUE
Pa3IMYHBIX UMMYHO3aBUCHUMBbIX MATOJOTUYECKUX
MPOLIECCOB, YTO MPUBOIAUT K BO3HUKHOBEHUIO
3aMKHYTOrO MOPOYHOTO Kpyra u siBasieTcs ak-
TOPOM pHCKa Pa3BUTUS OCTPBIX UJIU OOOCTPEHUS
XPOHUYECKUX CEePACYHO-COCYIUCTBIX, WHDEK-
IIMOHHO-BOCITAJIUTEJbHBIX M/UJIN ayTOMMMYH-
HbIX 3ab6oneBaHuil. [Ipu 3TOM clienyeT OTMETUTD,
YTO MMEHHO H3y4YeHUEe HMMYyHOIaToreHe3a He-
KOTOPBbIX ayTOMMMYHHBIX 3a00JieBaHUI B Teue-
HUE TOCJEOHEro AeCITUJIETUS, MPenoIpeaeanio
BO3HMKHOBEHME HOBOIO TepMHWHA — HETOIaTUH,
nogyepKuBasi BEAYIIYIO HEraTUBHYIO POJIb YCU-
neHHoro ¢opmupoBaHusa NETS nmpu aTux uMmy-
HO3aBUCUMBIX MTATOJOTUYECKUX TTpoLeccax.

B cBsI3U ¢ U3JI0OXEHHBIM TOJaraem, 4YTo UMer-
IIWeCcs] Ha CErOAHSIIIHUIA NeHb HayyHble U KJIU-
HUYECKME JaHHble AUKTYIOT HaCylIHYIO He-
00XOAMMOCTh Pa3pabdOTKM W BHEIAPEHUSI HOBBIX
TUATHOCTUYECKUX MPUEMOB, MOUCKA Pa3TUYHbBIX
accouuupoBaHHbIXx ¢ NETomatusiMmu TepaneB-
TUYECKUX MMUIIEHEHN, a TakKXe CO3MaHUusl pa3jauy-
HbIX BapUaHTOB TapreTHbIX MMMYHOTEparneBTU-
YEeCKUX MOAXOMIOB, NEUCTBHUE KOTOPBLIX OyAyT Ha-
MpaBJieHbl Ha JieueHue 3a00JeBaHUM, CBSI3aHHBIX
c HeTomnatusmu [153].

Ponb NETs npu COVID-19

Ponr HI' B maroreHese KOpoHaBUPYCHOI WHH-
¢deKIIMU JOBOJBHO BEeINKAa 1 CBsI3aHa, IIpeXIe BCe-
ro, ¢ pekpyrupoBanuem HI B ouaru BocmajieHms,
akTUBanueil nX QYHKIIUNU U YyCUIEHHBIM 00pa3o-
BaHueM NETSs nmo BellieonucaHHOMY MEXaHU3MY.

HeorbemmeMbIM yCIIOBUEM MOJISI TIPOHUKHOBE-
Husg Bupyca SARS-CoV-2 B KJIeTKY MUIIIEHb SIBJISI-
eTCsI HaJIn4Jue Ha ITOCJIeIHE pelleIITOpPOB K aHTHO-
TEeH3WHIpeBpamalieMy depMeHTy 2 (angiotensin
converting enzyme 2 — ACE2) [73]. Peuemnropst
K ACE2 skcmpeccHMpyioT MHOTHE KJIETKH Opra-
HHU3Ma, BKJIOYas snuTeTnouuThl 11 Tnma merkumx,
KJIETKH ITPOKCUMAaJbHBIX KaHAJIbIEB ITOYEK, DHTE-
pOLMTHl KUIIEYHUKA, DHAOTECIMOIMTHI COCYIOB,
HEKOTOpPbIe MMMYHHBIEC KJIIETKH W KJICTKHU TOIXKEe-
nyno4yHoM xkeessl [17]. UMeHHO ¢ TaKUM LIUPOKUM
pacnpocTpaHEeHUEeM JaHHBIX PEICIITOPOB B Opra-
HU3Me CBSI3aH cucTeMHbI 3 ekt COVID-19 [23].
IToka3aHo, YTO MpU KOPOHABUPYCHON MHMEKIINN
(COVID-19), mporekamIineii B TSIKeJIOH hopMme,

MIaHHBIE CUCTEMbI OPTaHOB MOpaKalTcs HauoboJiee
4acTo, U CBSI3aHO 3TO C Pa3BUTHEM UMMYHOTPOM-
0030B M Koaryjaomnaruii, onocperoBaHHbBIX 4Yepe3
npoiiecchl HeTo3a [73, 107]. [Tpu NpOHUKHOBEHUU
Bupyca SARS-CoV-2 B KJIETKU MULIIEHU TTOCTIETHIE
BBICBOOOXKAAIOT MTapakKpUHHBIE (haKTOPhI, KOTOPbIE
BJIUSIOT Ha COCEAHME SMUTEIUATbHbIE KJETKHU,
MHEBMOILIUTHI, MPUBJIEKAIOT B MECTO BTOPXKEHUS
HI u npyrue uMmmyHHBbIe KJIeTKU. OOpa3yoliuecs
NETs cnocoOHbl YHMUTOXATh 3SMNUTEJIUASIbHBIE
YW SHIOTEeJUaJbHbIEe KJIETKHU, a BXOISIINUE B UX CO-
CTaB TMCTOHBI 0071aJa10T IMTOTOKCUYECKON aKTUB-
HOCTBIO U HapylIalT LEeJ0CTHOCTbL MembOpaH [11,
149]. OTO NpUBOIUT B UTOTE K MOBPEXKICHUIO aJb-
BEOJISIPHBIX KAMUJIJISIPOB, UX MUKPOTPOMOO3Yy, IO~
SIBJICHUIO PKCCylaTa B MIPOCBETE aJibBEOJ, OTJIOXE-
HUIO0 (ubpuHaA, KPOBOTEUEHUSIM, UHOUIBTPALIUN
UMMYHHBIMU KJETKAMM W HEOBACKYJSIpU3aALUU
JerouHou tTkaHu [12, 29, 31, 154]. belio moka3aHo,
4To coaepxkaHue Takux KomrnoHeHToB NETs, kak
muenonepokcuaaza (MPO) u uuTpyaIuHUpOBaH-
HbI€ TUCTOHBI, YBEIUYUBAETCS MTPU OCTPOM PECIU-
paTOpHOM AMCTpecCc-CUHApOME (acute respiratory
distress syndrome — ARDS), 4To MOXeT ObITh UC-
MOJIb30BAHO JIJISI TPOTHO3a TEUEHU S 3a00JIeBaH .
TsaxecTp 3a00yieBaHUSI KOPPEJIUPYET C HEUTpOU-
Jiveii, 4To moATBepxKaaeT npsimoit Bkjaan HI' B paz-
BuTHe nartoygoruu [148]. Hupkyaupyrolimue KoMIo-
HeHTbl NETSs, numelomine B ceoeM coctaBe MPO,
MOTYT BbI3bIBATh MUKPOTPOMOO3 COCYIOB B APYTUX
opraHax, a KATUOHHbIE KOMIIOHEHTHI B UX COCTaBe,
TaKMe KaK TUCTOHBI, MOTYT CBSI3bIBAThCS C OTPUILIA-
TEJIbHO 3apsiKeHHBIMU MeMOpaHaMU KJIeTOK, BbI-
3bpIBasl X nepdopaluio U, Kak CIeACTBUE, JTU3UC
KJIETOK ¢ MHUIIMMPOBAaHUEM BOCIHAJIMUTEIbHON pe-
akuuu [47, 125].

NETs conepxaT B CBOeEM cOCTaBe KaTHMOHHBIE
oenku (ructoHbl, MPO, KarenuuuanuHbl, gedeH-
CUHBI), KOTOPbIE CIIOCOOHBI OKa3blBaTh IIMTOIA-
TUYeCKU 3¢ dEeKT Ha DHIOTEJIUOLIUTHI COCYIOB
v anbBeosouuThl jJerkux [85]. K mpumepy, ruc-
TOHBI CITOCOOHBI CBS3BIBATBHCS C OTPULIATEIBHO
3apsSKEHHBIMU MeMOpaHaMM KJIETOK, BbI3bIBas
MOBPEXJIEeHNWE MOCIEAHUX C 3aIllyCKOM BoOcCIaJie-
Hus [85]. Ilo aToli MpUYMHE MPUMEHEHUE B Tepa-
nuu COVID-19 aHTUTMCTOHOBBIX AaHTUTEJ U AHTHU-
TeJ IPOTUB HEUTPOMDUIBHON B1acTa3bl, TPUBOAUT
K CHUXXEHUIO TTOBpeX aeHre TKaHei [152].

TIpoBeneHHBIE HA SKCIEPUMEHTAIbHbBIX MbIIIIAX
ucciaeaoBaHus nokaszaau, uto NETs u Bxoasiiue
B UX COCTaB KaTUOHHBbIE O€JIK1 CITOCOOHBI aKTUBU-
poBaTh Makpodaru u Apyrue UMMYHOKOMIIETEHT-
Hble KJeTKr yepe3 TLR ¢ nocienytoieil CTUMysi-
nueit BeicBoOboxkaeHust TNFo u I1L-6 [81]. Takxe
M3BECTHO, YTO HEKOHTpoJupyemas aktuBauuss HI'
non nevicteueM PAMP u DAMP moxeT npuBecTu
K CUJIbHOI aKTMBallUU MaKpodaroB ¢ BbICBOOOX-
JNIeHWEM OOJIBIIIOr0 KOJMYeCTBa MPOBOCHATUTEIb-
HBIX LHIUTOKUHOB [18].
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OOycyioBJeHHasT M30BITOYHBIM 0Opa3oBaHU-
eM NETs pgecTpykiiusi TKaHeil MOXET MPUBOIAUTH
K ycusieHru1o SARS-CoV-2-uHAyHIMPOBAHHOTO 1IU-
ToknHoBoro mropma (LIII) u cunapomMy akTuBa-
uuu Makpodaros (CAM) y maliMeHTOB C TSIXKEJI0U
dopmoii COVID-19 [19].

Kpome Toro, cBsi3biBasich ¢ perienropamu ACE-2,
SARS-CoV-2 MoXeT nx 0JJI0KMpPOBaTh U TPUBOAUTH
K TOBBIIIEHWIO KOHIIEHTpPAllMM aHTUOTEH3MHa-2
B KpOBH, OOYyCJIOBJIMBasi 3TUM €ro HeraTuBHBIA
3 dhexT, OTHOBpEeMEHHO CHMXXaslh KOHIIEHTPAIIWIO
3allMTHOTO aHTUOTEH3WHAa 1—7 W aHTUMOTEH3WHA
1-9 Tuna.

B0 TakXe OTMEYeHO, YTO IMPUMEHEHUE B Te-
panuu COVID-19 kuciopoaHoi Tepanu BBICOKO-
ro JaBJICHUS BJeYeT 3a CO0Oil 00oCTpeHure BocIa-
JIUTEJIBHOTO Mpollecca B JIEFKWX, UTO CBSI3aHO C UH-
TeHcupukauueit oopazosanuss NETs [53].

I[THeBMOHMM, COTIPOBOXIAIOIINECS YCUTIEHHBIM
obpazoBaHuemM NETs B nerkux npu COVID-19,
BITOCJIEACTBUM MOTYT MIPUBOAUTH K Pa3BUTHUIO Ta-
KX PpEeCcrUpaTOpHbIX 3ab0ojieBaHUll, KaK OpOH-
xuanpHasg actMma (BbA), mykoBucuumaosd (MB)
W XpOHUYECKasi OOCTPYKTUBHAsI OOJE3Hb JIETKUX
(XOBJI) [139]. HMHTeHcuUBHOCTL 0Opa3oBaHUs
NETs B opraHu3zMe KOppeaupyeT C TIXKECThIO MPo-
TEKaHUSI BOCHAJUTEJIbHOTO Ipolecca U sBJISETCS
MMPOTHOCTUYECKUM (haKTOPOM B Pa3BUTUU HOBOM
KopoHaBUpycHOU mHpekuuu [72]. Takue KoMIo-
HeHTbl NETs, kak MPO, NE, uutpyiinHUpoBaH-
HBbIe TUCTOHBI, MOTYT TIONAaaTh B IIMPKYJISITOPHOE
pycJio, TIie UX KOHLEHTPALUs XOPOIIO KOppeanupy-
eT ¢ TsKecThio TpoTekanuss COVID-19 [156].

B psiage HayyHbIX paboT MmpearnoJaraercs, 4To
ycunaeHHoe obpaszoBaHue NETs npu COVID-19
MOXET SIBISITbCSI TIPUUYMHON pas3BUTHUSI BEHO3-
HBIX M apTepuajbHbIX TpoMOoaMOoauit [22].
DKCIMEepUMEHTaJbHO ObUIO MOATBEPXKAEHO, YTO
obpazoBaHue NETs B IUPKYJISITOPHOM pycje Npu-
BOAUT K Pa3BUTUIO BEHO3HBIX TPOMOO30B y MBbI-
mei [158]. Jlerkoe Teuenue COVID-19 conpoBo-
JKAaeTcsl pa3BUTHEeM (DU3UOJIOTUUYECKOI0 MMMYHO-
TpoM0O03a, KOTOPbIA KOHTPOJIUPYETCS CUCTEMOU
reMocTta3a U He UMeeT LIIMPOKOro pacnpocTpaHe-
HUS B opraHusMe. Y IMAlMEHTOB C TSXKEIBbIM Te-
YyeHueM WHOEKIIMOHHOIo Ipolecca MPOUCXOanuT
CPBIB KOHTPOJISI TIPOTUBOCBEPTHIBAIOIICH CUCTEMBI,
YTO MPUBOAUT K Pa3BUTUI0O HEKOHTPOJIUPYEMOIO
TpoMbooOpa3zoBaHus [44]. KpoMe Toro naroJioru-
yeckoe TpoMOooOpa3oBaHUe MPUBOIUT, B EPBYIO
oyepellb, K MOBPEXICHU IO MUKPOLIUPKYISITOPHOTO
pycJia JIeTKMX U MoYeK, YTO COMPOBOXKIaeTCs pa3-
BUTHUEM TSIKEJIOM ITHEBMOHUU Y OCTPBIM TTOBPEXK-
neHueM noyek [20, 32]. PazBuBatoiiuecst Koaryao-
naTuu y aeTeit MjaaaeH4YecKoro Bo3pacTta npu Jer-
koM TeueHue COVID-19 MoryT noBJieub 3a coOoit
pasButue cuHapoma Kasacaku [16].

Pa3BuTre UMMYHOTPOMOO30B M KOaryJjonaTui
CBsI3aHO C HECKOJBKMMMU MPUIMHAMU, K KOTOPBHIM

oTHocaTcsa B3aumognerictBue NETs ¢ dochonu-
nuaaMum MeMOpaH TPOMOOIIUTOB, YTO aKTUBUPYET
MJa3MEeHHYI0 KaJIMKPEeUH-KMHUHOBYIO CUCTEMY
C MOCJEAYIONIMM 3allyCKOM IMpoliecca TpoMO000-
pazoBaHus [100]. B ocHoBe mMexaHu3Ma TpOMOO-
obpa3zoBaHUsI JIEXUT WMMYHOOMNOCPEIOBaHHAS
aKTUBalMs TpoMOOILIUTOB yepe3 P-cesiekTUH 1 06-
pa3oBaHue (GUOpUHA, UTO IMIPUBOAMUT K arperamuu
TPOMOOLIUTOB M oOOpa3zoBaHUIO TpoMOoB [134].
T'uctonsl, Bxoasiue B coctaB NETs u Haxoasiume-
Ccsl B CBOOOZHOM COCTOSIHUM B IIMPKYJSITOPHOM
pycJie, cnocoOHBl aKTUBUPOBATH TPOMOOIIUTHI Ye-
pe3 TLR [106].

Bxonsimive B coctaB NETs KaTuoHHBIE Oei-
KU, (pepMeHTHl U OKCUJHBIC paauKaJIbl MOTYT 3a-
MycKaTh IJa3MEHHBI TeMoCTa3 II0 BHEIIHEMY
nyTtu [97]; BbICBOOOXIAaeMbIii MpU ITOM TKaHe-
BOM (hakTOp IpU MOBPEXKJACHUU KJIETOK 3aIlycKa-
€T paboTy CUCTEMBbI I'eMOocCTa3a MO BHYTPEHHEMY
nyTu [54].

Pazsutue LI u ob6pazoBaHue OOJIBIIUX KO-
JINYECTB IIMTOKWHOB MOXET IPUBOAUTH K HIMC-
GYHKIIMU DHAOTENUS COCYIOB C IMOCIEAYIOUIUM
3alyCKOM KOaryJasilIMOHHOTrO TeMmocTtas3a [144].
IMoBpexaeHrue COCYIOB  MUMKPOIMPKYISTOP-
HOTo pycJya, BbI3BaHHOE AUCGYHKIIMEH HSHIO-
Teauss u obpa3oBaHUEe aHTUMOCHOTUITUIHBIX
aHTUTEJ MOXET MPUBOAUTH K pa3Butuio IBC-
cunapoma [21]. ITo aToit mpuunHE NOBBLIIIEHHbIH
ypoBeHb D-nuMepa 1 U3MEHEHM ST B KoaryJiorpam-
M€, CBHUIETEJbCTBYIOIINE O THUIEPKOAryJsiiuu,
SIBJISTIOTCSI IPOTHOCTUYECKY HEOJaronpusiTHbIMU
NpU3HAKaMU ¥ KOPPEIMPYIOT C BBICOKMM pPUC-
KOM CMEPTHOCTH JIIOJEH TIPU TSIKEIOM TEeUCHUU
COVID-19 [83].

PasznuuHble uccaeqoBaHM sl MOKa3aJu, YTO B Chl-
BOPOTKE KPOBU NMaliMeHTOB, 6oJieronx COVID-19,
collepXKaTcsi B OOJIBIIOM KOJIMYECTBE MMMYHHBIC
KOMIIJIEKCHI M ayTOaHTUTEJa, KOTOPbIe CIIOCOOHBI
aKTUBUPOBATh CUCTEMY KoMmIljieMeHTa uepe3 C3
koMmrioHeHT [137]. Ilo 3Toii mpuYMHE ompaBIaHO
npumeHeHuid B jedyeHuu COVID-19 uHruouro-
poB C3 KOMIIOHEHTa CUCTeMbl KoMmIlJiemMeHTa [98].
Kpome Toro, HykJjeokarcua Bupyca COVID-19
MOXKeT 3aIlyckaTb paboTy CHUCTEMbl KOMILJIEMEH-
Ta 4yepe3 JIEKTUHOBBIN NyTh [126]. B utore aktu-
BalMsl CUCTEMBbl KOMIUIEMEHTa MPUBOIUT K CTH-
mynasoun HI, moBpeXaeHWIo TKaHeil ¢ BbICBO-
OoxaeHuemM TkaHeBoro daxkrtopa. IlocnenHuii
aKTUBHUPYET TPOMOOIIUTHI, 3amycKas IIpolecc
TpoMbooOpa3oBaHus [114].

Takue 3aboneBaHUsI, KaK caxapHblil auader,
rUnepToHnYecKas 00Jie3Hb U OXMpPEeHUe, Haubo-
Jiee 4acTo SIBASIOTCS (haKTopaMU pUCKa TSXKEJIOro
npotekaHuss COVID-19. OtrMmeuaeTcsi AOBOJBHO
BbICOKAS JIETAJIbHOCTh CPeIU MallMeHTOB ¢ nuade-
TUYECKOU (opMoll KOpOHABUPYCHONW WHMEKIIUU.
CyutaeTcs, 4YTO NMPUUYUHON ITOrO CIYXKUT Upe3-
MepHasi aKTMBaIMs ITPOBOCIAJMTEIBHOTO OTBE-
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MHdekumns n uMmyHuTeT

Ta U HapyllleHHe paboThl B CUCTEME BPOXIAEHHOTO
umMmyHutera [25, 113]. Kpome Toro, rumnepriu-
Kemust ctumyiaupyer HI' u mnayuupyetr obpaszo-
Banue NETs, Bausier m Ha BbIcBoOOXAeHUEe Ca-
cBs3biBatolero oeiaka S100, KoTopblii CTUMYJIUPY-
€T BbICBOOOXKACHUE TEYEHOYHOr0 TpPOMOOIMOATUHA
C 3aITyCKOM ITpoliecca TpoM0oo0OpasoBaHus [56].

BospacTHBIE TPYIIITBEI CTAPUYECKOTO U TTOKUIIO-
ro BO3pacTa, WMEMIIMe TaKue COIYyTCTBYIOIINE
3a00JieBaHM S, KaK caXxapHblii OuadeT, TUIepTO-
HUYecKass OOJIe3Hb, XpOHUYecKue 3abojieBaHUS
MOYEeK, CKJIOHHBI Hambojee TSIXKeJIO IePEeHOCUTh
nHpexuuto, BbizBaHHY10 SARS-CoV-2 [24]. Bbeiio
OTMEYEHO, YTO y MallMEHTOB JaHHBIX BO3PACTHBIX
TPYIIl, TPOMOOIIMTHI MEHEe CTAOUJIbHBI U CKJIOH-
HBI K YpEe3MEPHOI aKTUBALIMU 1O BIAUSIHUEM BO3-
nevicteusi NETs [147]. Takxke ObLJIO YCTaHOBJIEHO,
yTo npu accouuanuu COVID-19 ¢ caxapHbIM nua-
0eTOM y MallMeHTOB ITOBbIllIeHa BhIipaboTka I1L-6,
YTO TaK3Ke OTSITOIIAaeT TeUeHME HNHMEKIIMOHHO-
BocnajuTesabHoro npouecca [81]. He pekomeHay-
eTCsl Ha3HavaTh MalMeHTaM IMOXUJIOr0 U cTapyec-
KOro BO3pacTa JMMUJICOASpPXKAaIlle CTaTUHBI, TaK
KaK X IPUMEHEHNE aCCOLIMUPYETCS C YCHUIICHUEM
obpaszoBanus NETs [68].

IlpuBeneHHBIE BEHIIIEC HJAaHHBIE OSKCIEPUMEH-
TaJbHBIX U KIMHUYESCKUX PaOOT ObLIM TOATBEPXK-
JICHBI pe3yJbTaTaMU ayToIcuu. Tak OBIJIO IToKa3a-
HO, YTO Y MAIIUCHTOB C TSIKEJIBIM TeUeHUEM KOpPO-
HaBUPYCHOW MHMPEKIINY OTMEUYCHBI: 3HAUNTEIIbHAS
UHUIbTpaus JierodHoi mapeHxuMmbl HI, or-
noxeHust kournomepatroB NETs u ¢ubpunHa B Ka-
OWJLISIPaXx, YTO BbI3BAJIO OCTPBII Kanmuuisiput [29].
T'ucTonornyeckoe MccienoBaHMe JETKOTro Py pas3-
BuTUM ARDS nmokazano oKKJI031I0 JErOYHBIX CO-
cynoB koHrjgomepatamu NETS, yTo 3Ha4YUTEIBHO
peske HaOIomanoch MPU ITHEBMOHUU, BhI3BAHHOM
Bupycamu rpumnma [100, 105].

PetpocniekTuBHOE WHCCIeIOBaHUE, ITPOBEICH-
Hoe B rpy1iIe manueHToB ¢ COVID-19, moka3auo,
YTO HEUTpOPUIMI U THTEHCUBHOCTH 00pa30BaHUSI
NETs KoppeaupyroT ¢ BBICOKUM MTPOLIEHTOM TTopa-
JKEHU S JIETOYHOU MapeHXUMBbI, BbISIBJEHHOIO MPU
MNPOBeIeHU N KOMITbIOTEpHOI ToMorpaduu [143].

TakuM o6pazoM, IIpr KOPOHABUPYCHOM MH(PEK-
OUY UMMYHHBIE MEXaHU3MBbI HallpaBJIeHbI Ha hop-
MMPOBaAHUE OCTPOIo BOCIAJEHUS U YHUUTOXKEHUE
SARS-CoV-2, HO 4pe3MepHbIil TUIEPaKTUBHBII
XapakTep HWMMYHHOIO pearupoBaHUS OOYCJIOB-
JuBaeT HeobOpaTuMoe TIopakeHue TKaHeil [29].
utokuHoBwli miTopM npu COVID-19 npuBoaut
K paszButuio ARDS, nmoauopranHoii HegocTaTO4-
HOCTH U MOXKET OBITh IMIPUIMHON JICTAJIBHOTO WC-
xona [76]. 'mnepaktuBanus HI' u NETs, onocpe-
JIOBaHHasl eCTBUEM MPOBOCTIAJIUTEIbHBIX 1IIUTO-
KWHOB, XeMOKMHOB U LIUPKYJUPYIOIINX TUCTOHOB
MOXKET IIPUBOAUTH K MPOTPECCUPOBAHUIO HEKOH-
TPOJIUPYEMOTO CUCTEMHOTO TUTIIEPBOCIIAJICHUS,
YCUJIEHUIO PECTUPATOPHOI IeKOMTIEHCAIIU Y, MUK-

pOoTpoMOO03y, HealleKBaTHOMY UMMYHHOMY OTBETY
M B KOHEYHOM HTOre K KPUTUUYECKOMY TEYCHUIO
COVID-19. TloaToMy B OCHOBE MOMCKa BO3MOX-
HBIX aleKBaTHBIX TePaneBTUYESCKUX BO3ACUCTBUIA
Ha SARS-CoV-2 nojixxHa 1exaTh MMMYHOTeEpaneB-
TUYeCcKas peryasiius NaToJOTUUYEeCKUX TUIIePIPTrH-
YEeCKMX peaKlMili MMMYHHOI CUCTEeMBbI, BKJIIOUAlO-
1asi B TOM YUCJe, CIepXXKMBaHUE TUTNIEepaKTUBAIIUU
HI n orpanunuyenue oopazoBanuss NETs.

TepaneBTnyeckue ctparterumu,
HanpasneHHble Ha 6opbby ¢ NETs-
onocpeaoBaHHbIMKU 3a001eBaAHNAMMN
npu COVID-19

Cosnanue nisyedeHust COVID-19 HOBBIX Tepa-
NEeBTUYECKUX MOAXOIOB, HAllpaBJICHHBIX Ha CAEP-
XuBaHue runepaktuBauuu HIT u orpanuueHue
ob6pazoBanus NETs u cBI3aHHBIX C HUMU TTpoOlieC-
COB BOCIIAJICHUS SBJISIETCS CJIOXHOW 3aaayer uU3-
32 HEOOXOAMMOCTH COOJIIOCH I TOHKOIo OajlaHca
MEXIY MMMYHOCYIIPECCUBHBIMMU BO3IACUCTBUSIMHU
OMOJOTMYECKUX aHTUIIMTOKMHOBBIX IIpenapaTos,
KOTOpBIC MOJIKHBI OrPaHUYUTH BBIPAXKEHHOCTH
CJIVMIIKOM WHTEHCUBHOM IaTOJIOTMYECKOW BOCIMa-
autenbHoU peakuuu npu LI, n Bo3HuKarI1ei
Ha 2ToM (OHE BTOPUYHON MMMYHOCYITPECCHUM,
YTO YBEJIMYMBACT PUCK BO3HUKHOBECHUS OakTe-
pHaIbHBIX MHMEKIMNi, OCIOXHSIIONINX TCUYCHUE
3a001€eBaH .

Iloka3zaHO, 9YTO KOMOWHAIIMS TPOTUBOBHUPYC-
HOM, TPOTUBOBOCITAJIUTEIBHON M aHTUKOATYJISTHT-
HOU Tepanuu 3(P(GEeKTUBHO MHTUOUPYET aKTUB-
HocTh SARS-CoV-2 1 cHU3KaeT HapylIeHUs pery-
JISIUU MMMYHHBIX peakuuit mpu COVID-19 [86,
131]. BpIcKazaHo Tak:Ke IIPEAIIOJIOXKEHUE, YTO
UMMYHOMOIYJIMPYIOIIE METONBI JICYEHUSI MOTYT
CHU3UTH YPOBCHb MEINATOPOB BOCITAJICHUS U 00-
pazoBaHue NETs, He Hapyllas Mpu 3TOM 6akKTepu-
aJbHBIN KJIMPEHC. DTO OTKPHIBACT HOBBIC BO3MOXK-
HOCTH Tepaliuy JaHHBIX ManueHToB [131].

IIpn tsaxenoit popme COVID-19 xputnueckoit
npobeMOoil SIBJISIETCSI WHUIUHPOBAHHOE MaKpo-
¢daramu 1 HI' BocnaneHue Jerkux ¢ IMOCIEIYIO-
mwumMm paszputuemM ARDS. TlogaBienune abeppaHT-
Holt aktuBauuu HI Moxer obecneuuth a3ddek-
TUBHYIO cTpateruio jeueHuss ARDS, cBsg3aHHOro
¢ COVID-19 [123].

B HacTosiiiee BpemMsi BO3MOXHO MPUMEHEHUE
YXe CYIIECTBYIOIIUX JIEKAPCTBEHHBIX IIpenapa-
TOB, U pa3pabaTbiBaeTCs LIEeJbIiA PsII HOBBIX JieKap-
CTBEHHBIX CPEICTB, UMMYHOMOAYJIUpPYIOIlee Aei-
CTBHE KOTOPBIX MOXET PEeryaupoBaTh KOJUYECTBO
HI, nmosutuBHO BAUATH Ha ¢pyHkuuu HI, orpa-
HUYUBATh UHTEHCUBHOCTh hopmupoBaHusi NETs,
YTO MO3BOJISIET MPEAINOJI0XKNUTh BO3MOXHYIO Tep-
CIIEKTUBHOCTb UX MpUMeHeHUs B JedueHunu ARDS
npu COVID-19.
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Buonormnyeckne aHTULUTOKMHOBbIE
npenapaTbl HA OCHOBE MOHOKJIOHAJIbHbIX
aHTuTen

I[IpoBocnanuTeIbHBIC HUTOKWHEI, TaKWe KakK
TNFo, IL-17, IL-6 n IL-8, MOryT MHIYLIMPOBAaTh
dopmupoBanue NETs HI. BnocnenctBue NETSs
CIOCOOCTBYIOT OoJiblIell BbBIPAaOOTKE IIMTOKWHOB
M BOBHUKHOBEHMIO CTOMKOIO BocnajeHus [61, 75,
76, 111, 115, 145]. I1lpu COVID-19 KOMOOHEHTHI
NETs yyacTBYIOT KaK Ha paHHUX, TaK U Ha MO3/-
HUX cTanusax [111] 1 MOryT UTpaTh KJIIOUYEBYIO POJIb
B aKTMBAllMM MakKpodaroB M IMPOIECCUHTE TPO-
BOCHAJUTEIbHBIX IUTOKUHOB [75].

Tepanust  OMOJIOTMYECKUMM  IIpelrapaTaMu
Ha OCHOBE MOHOKJIOHAJIbHBIX aHTUTEJ, K KOTOPbIM
OTHOCSTCSI aHTaroHuUcThl IL-6 u ero peuenrtopa,
npernaparbl, HalpaBJIeHHbIE Ha OJOKUPOBaHUE
uutokuHoB IL-1, IL-17, IL-8 u ux peuenTopos,
a TaK>Ke MHTUOUTOPHI STHYC-KWHA3, CTajla 30JI0ThIM
cTaHOapToM mnatoreHetuuyeckoi Tepanuu LI mpu
COVID-19.

AHTaroHucTsl IL-6 1 ero peuentopa

KnroueByto M LEHTpaJbHYIO POJIb CPEIU IIU-
TOKMHOB, ydJacTBywooumux B maroreHe3e LI mpu
COVID-19, umeet I1L-6 [3, 27].

IL-6 oTanyaeTcst CBOEH IJIEHOTPONHOCTBIO OJ1a-
rogapsi yHUKaJIbHOI CUTHAJILHOM CUCTEME, COCTOSI-
meit u3 IL-6-peuentopa (IL-6R) u Hucxomsmmx
CUTHAJIbHBIX MOJIEKYJ, aKTUBHUPYS 10 MEXaHU3MY
MOJOXUTEIbHOU ob0paTtHOil cBs3u Thl7-kieTku,
Tfh-xknetrku, CD8" T-numMpoLUTHI U ApPyrUe UM-
MYHHBIC KJIETKHM U BBI3bIBAasl TUIICPPCAKIINIO M-
MyHHoOM cucteMbl ipu COVID-19 [§].

IMTokaszano, uto IL-6 MoXeT MHAYLIMPOBAaTh 00-
paszoBaHue NETs HI' ycnoBHO 310poBbIX Jroaeit
in vitro [75]. Tak:ke yctaHoBjieHO, yTo I1L-6 MoxeT
CTUMYJIMPOBATh CO3peBaHNe B-KJIeTOK B I1a3Ma-
TUYECKHE KJIETKU, KOTOPbIE CITOCOOHBI MPOAYIIM-
poBaTh aHTUTEHBI LUTPYJIMHUPOBAHHOTO Oelika
(ACPA), TeM caMbIM KOCBEHHO CITOCOOCTBYS 0Opa-
zoBaHuio NETs [111].

Jns nederus manueHToB ¢ COVID-19 mmpoko
HUCMOJIb30BaJIMCh IpenapaTbl Ha OCHOBE MOHOKJIO-
HanbHbIX aHTUTEN (MKAT) k 1L-6 u ero peuento-
pam (IgGl1). CornacHo BpeMEHHBIM METOIUYECKUM
pPEKOMEHIAMsIM, TOLMJIN3yMald pEeKOMEHI0BaH
K IpUMEHEHUIO TTAIIMeHTaM C TSKEJIBbIM TCUCHUEM,
a capuyiyMa0b U JIeBUJIMMab — MPU CPeAHETSIKETIOM
TeueHUU 6oye3Hu [3].

Onokuszymad — rymaHuzupoBaHHoe MKAT, oT-
HocsIIeecss K M30TUITY MMMyHomtoOyiuHa G4/x.
1L-6 B3auMoneicTByeT ¢ AByMs peuernropamu, gp80
(Tak:ke wm3BeCTHBIM Kak peuenTop IL-6 (IL-6R),
CDI26) u KOpeuenTOpHOM MOJIEKYJIOi, Iepenaan-
wieii curHa. OJloku3ymMad CeJIeKTUBHO CBSI3bIBAETCS

¢ IL-6, HenTpanmusys adpdektsl 1L-6, Girokupys
gpl130 (CD130) u curHanbHbIe TTyTH, HE CBSI3bIBA-
eTCSI B 3HAUUTEIILHOU CTETIEHU C IPYTUMH MOJICKY-
namu ceMmeiictBa I1L-6 u He BiusieT Ha UX GYHKLIM-
onuponanue [1, 121]. DdpdexkTuBHocTs MKAT s
JICYEHU ST OCJIO)KHEHUI y MallUeHTOB C TSKEJIbIM
u Kputuyeckum tedyeHueM COVID-19 u 6oppboit
¢ LI cBsg3aHa ¢ TemM, YTO OHU HaMpaBJAEHHO Jeii-
CTBYIOT Ha CUTHaJbHBIE TyTH 1L-6.

Touunuzymad — peKOMOMHAHTHOE T'YMaHU3U-
poBaHHoe MKAT k peuentopy IL-6. CriocobeH ce-
JICKTUBHO CBSI3BIBAThCSI, TTOMABIISIS KaK PaCTBOPHU-
Mble, TaK U MeMOpaHHBIe petenTopsl I1L-6 (sIL-6R
n mlIL-6R). Tlpun sTOM oOTMedaeTcsl CHUKEHUE
YPOBHSI ChIBOpOTOUHOro C-peakKTUBHOIo Oejaka
y nauueHToB ¢ COVID-19 [57, 128, 150].

Capunymab — MKAT k peuenropy 1L-6, cierim-
(GUIECKU CBSI3BIBACTCS C PACTBOPUMBIMU U C MEM-
OpanHbiMu peuentopamu IL-6 (IL-6Ro), nmomaB-
nas  IL-6-omocpenoBaHHYIO Tepegadyy CUrHaja
C BOBJICUCHUEM CUTHAJBHOI'O OeJIKa IJTMKOIIPOTEH -
Ha 130 (gpl30) u STAT-3 GenkoB (TpaHCAYKTO-
pbl CUTHAJIOB M aKTWUBATOPbl TPAaHCKPUMIIMU-3).
Capunymab criocobeH OJIOKMpPOBATh CUTHAJIbHbBIMI
nyTh [L-6, u3aMepsieMblil 1O CTEeNEHU MOAABICHUS
STAT-3 6esnkoB, ToIbKO B ipucyTcTBUu 1L-6 [92].

JleBunumab — pekombuHaHTHoe MKAT K pe-
nentopy IL-6. JleBunumab cBga3bIBaeTcs M 0JIO-
kupyetr sIL-6R m mIL-6R, 4Tto mosBoisieT mnpe-
IOTBpaTUTh pa3Butue IL-6-accolmnpoBaHHOrO
MPOBOCTIAJIMTEIBHOIO KacKaaa, B TOM YHCJIe Mpe-
narctByeT aktuBauuu AITK, B- u T-numdponuTos,
MOHOIIMTOB U MaKpoharos, SHIOTEINATbHBIX KJIE-
TOK, (UOpoO6IACTOB M M3OBITOYHON MNPOAYKIIUU
JIPYTUX IPOBOCHATUTEIbHBIX HUTOKMHOB [4, 91].

AHTAroHMCTbI UMTOKMHOB IL-1, IL-17, IL-8
N UX PELLenToOpoB

IL-1B — mpoBocHaJMTEeNbHBIM ITUTOKUH, KO-
TOPBI YYAaCTBYET B IIaTOI€HE3¢ ayTOBOCHATUTEIb-
HBIX COCTOSIHMM, MHAYLUPYET IMPOAYKIIMIO BTO-
PUYHBIX MEIMAaTOPOB BOCIaJIeHU s, BKJItoyas [L-6.
IL-1B u NETs, o6pa3syst metyiro oOpaTHOU CBsI3H,
KoTopas criocodcTByeT pa3Butuio ARDS y manu-
eHToB ¢ COVID-19 [46, 152].

Kanaknnymadb — rymaHusupoBaHHoe MKAT
IgG1/x x IL-1B ¢ BbiIcOKMM ahHUHUTETOM CBSI3bI-
Baercst ¢ IL-1P, mpenorBpaiasi B3auMoneicTeme
IL-1B c ero peuentopamu, IL-1B-uHAYLIMPOBAHHYIO
aKTUBAIIMIO TEHOB M MTPOIYKIINIO MEIUATOPOB BOC-
najeHus, Takux Kak 1L-6 u nukiookcureHasa-2.
HasnauaeTcss mpy HEBO3MOXHOCTHU MCIIOJIb30Ba-
HUS UKW He3(OPEeKTUBHOCTU TOLMIM3yMaba MJIN
capuinymada [41].

AHaknHpa — peKOMOWHaHTHAasI BepCcus aHTa-
ronucta peuentopa IL-1 yemoBeyeckoro, mpoay-
LHMpoBaHHOIO IITaMMoM E. coli. Biokupyet 61oao-
ruyeckyio aktTuBHocTb IL-1a u IL-1B myTtem KoH-
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KYPEHTHOTO UHTUOMPOBAHUS UX CBSI3€l C pelern-
topom IL-1. Ha3zHavaeTcs Kak mpenapar IepBoro
BbIOOpa U MpU HePDGHEKTUBHOCTU TOLMIU3YyMada
Uy capuiiymaoa [42, 67].

IL-17A — npoBocHaJUTENbHbIN LIMUTOKWUH, THU-
NeprnpoayKIMsS KOTOPOro IPEeUuMYIIeCTBEHHO
obycinoBiaeHa aktuBauueir Thl7-mrumdbonuTos.
B pamkax BpoxaeHHoro uMmMmyHuteta IL-17A BbI-
MOJTHSIET 3allMTHY10 posb. [Ipu XpoOHUYECKUX UM-
MYHOBOCHAJUTEAbHbBIX 3a007€BaAHUSX MATOJOTU-
yeckas aktuBauus Thl7-mtumMpoIUTOB U TUTIEP-
npoaykuus IL-17A ctumynupyetr T-KJIeTOYHBINU
otBeT, Mmurpauuio HI' u ycuieHHy10 poayKIuio
Ipyrux MenuaropoB BocmajieHus: IL-1, 1L-6,
TNFoa, dakropos pocta (G-CSF, GM-CSF)
U pa3jMYHBIX XEeMOKMHOB. WMHrudbupoBaHue
IL-17A MoXeT oKa3blBaTh MOJIOKUTEJIbHOE BJIUSI-
HUE Ha piaa KJIKYeBbIX (aKTOPOB MaToreHesa
COVID-19 u paccMaTpuBaThCsl KakK MepPCreKTUB-
Hasl MUILLIEHb B Tepanuu JaHHOTro 3a0oaeBaHus [5].
B vactHocTu, npu COVID-19 ucnons3oBascs He-
TakKuMad — peKOMOWHaAHTHOE T'yMaHM3UPOBaH-
Hoe MKAT, B TepaneBTUUECKUX KOHLIEHTpaLUIX
crieuudpuuecku cpasbiBawoiee IL-17A [10, 108].
Tak>ke U3BECTHBI ApYyTHe JIEKapCTBEHHBbIE Mpera-
patbl, HelTpanusywinue IL-17A, ucnonb3yemble
JIJ151 JIeYeHU I ayTOUMMMYHHBIX 3a00JIeBaHU, B Ma-
TOreHe3e KOTOPbIX He TOCJIEeAH SIS POJb OTBOAUTCS
ob6pazoBaHuio NETs.

CekyKuHyMad — TOJHOCTBIO YeJIOBEeUeCKOoe
aHtutesio IgGl, cesleKTUBHO CBsI3bIBaloOlllee 1 HEW-
tpanusymwiee [L-17A. Ukcekuzymad — ryMaHU3U-
poBaHHOoe MKAT Kk nutokuHy IL-17A u IL-17A/F
U3 ToJKJIacca UMMYHoTJI00yauHoB 1gG4.

bponanymab — ¢ BeicoKoii abhPUHHOCTHIO CBSI-
3bIBaeTcs ¢ peuentopom A IL-17; npenapat UHTU-
OUpYyeT CUTHAJIbHBIN MyTh BOCTIAJIEHU ST, OJTOKUPYS
cBsA3b HekoTopbix IL-17 guraHmoB M pelenTo-
pa [40, 43].

IL-8, cexpetupyemblii MakpodaraMu 1 smuTe-
JIMaJbHBIMU KJIETKAMU, SIBIASIETCSI XeMOaTTpaKTaH-
ToM HI' u T-kj1eTOK mpu BocHaauTEIbHOM MpPOLeC-
ce. CpasbiBaHue IL-8 ¢ CXCR2 na HI' npuBoaut
K BbIcBOOOXIeHUI0O NETS, TeM camMblM BbI3bIBas
runepBocnajgeHue. bblao mokaszaHoO, YTO MIMPO-
KU CIEKTP arOHUCTOB XEMOKMHOBBIX PELIEITOPOB
CXCR2 unnyuupyetr NETs in vivo [133]. Cnenyet
MNPEeAnoaoXnTh, YTO lieJeHaIlpaBJIeHHOE UHTUOU-
poBaHue aktuBauuu HI u BeicBoOOXKaAeHUsT NETs
MOXKET OBbITh JOCTUTHYTO C MOMOIIbIO aHTATOHKC-
TOB HEUTPOGUIBHOTO XEMOKHWHOBOIO pellernTopa
CXCR2.

HuMax-IL8 — moJHOCThIO YejloBeuecKoe
MKkAT, wunruobupyer IL-8, cnocoGcTByIOmMA
NPOTrPEeCCUPOBAHUIO OMYXOJAU U YCKOJb3aHUIO
OT UMMYHHOI'O OTBETa; MpPEACTaBJsieT cOO0 HO-
BbIil pa3pabOTaHHBIN [Jisi MNPOTUBOOITYXOJIEBO-
ro JjieyeHus mnpemnapar [34]. B HacTosiiiee Bpems
HuMax-1L8 nmpoxoauT KAMHUYECKNE UCIbITaHUS

1S mpuMeHeHus y nauueHToB ¢ COVID-19 [43].
HuskoMonekynsapubeie anHTaroHuctel CXCR2: na-
HUPUKCUH W HABAPUKCUH — JAOCTYITHbIE HHTH-
outopsl HI' — ObILIM HIKMPOKO MPOTECTUPOBAHBI
B KJIMHUUYECKUX UCIIBbITAHUAX npu actme, XOBJI,
MpU JErOYHBIX 3a00JIeBaHUSIX, BKJIIOYasi OPOHXO-
9KTa3bl, BUPYC-aCCOLIMMPOBAHHBIE JErOUYHbIE UH-
dexuuwn, v mpu rpurie [64, 84, 93, 138]. YuutsiBast
uX MexaHu3M BauMsgHuUs Ha HI oHu mMoryT mpen-
CTaBJISITh COOOI MHTEPEC U KaK Ipernaparhl 114 Jie-
yeHust ARDS y manmeHtos ¢ COVID-19 [104].

NHrnbutopsl JAKS

Ha BkiroueHne B OCHOBHOII apceHasl Ipera-
paToB Ui TapreTHoi Tepanuu rmpu SARS-CoV-2
MOTYT MPEeTeHA0BaTh U MHTUOUTOPHI SHYC-KMHA3
(JAKs). Tsaxemnoe teuenme SARS-CoV-2 acco-
OUUPYETCS C OUCPETYISIINe BOCITaJIUTEIbHBIX
IpOIIECCOB, M €Ille OMHMM M3 ITyTel Ilepemadu
CUTHAJIOB, UCHOJb3YEMBIX PEHENTOPAMU IIUTOKM-
HoB sBJseTcsa nyTb — JAK-STAT. JAKSs aBasior-
Ccs MUTOIJIa3MaTUYEeCKMMU THUPO3MHKUWHA3AMMU,
9KCIIPECCUPYIOTCS BO BCEX KJIETKAX, M SIBIISTIOTCS
KJIIOYEBbIMU UTPOKAMU B niepeaaye curuayioB IFN.
B pamMkax oTedecTBEeHHBIX PEeKOMEHIAIIU Ha aM-
OyJIATOPHOM 3Talle IIPU CPEIHETSIXKEIIOM TeUeHUU
3a0o0JieBaHUSI Ha3HaudarwTcsa uHruourtopbl JAKSs
B COUYETAHUHU C STUOTPOITHBIMU MperapataMu [3].

bapuuutTuHMO — CeNeKTUBHBIN U OOpaTUMBIIA
uarnoutop JAK1 n JAK2, mMexaHusMm JeicTBUS
CBsSI3aH ¢ mopaBiecHWMeM curHaiam3auum JAKI1/2-
3aBUCUMBIX IUTOKUHOB (I1L-2, 6, 10, IFNa, IFNy,
GM-CSF n np.), yyacTBYIOIIMX B Pa3BUTHUU THU-
nepBocnajgenus npu COVID-19. Kpome Toro,
OapuUUMTUHUO o0JiagaeT CIOCOOHOCTBIO MpPeaoT-
BpalIaTh MHGUIIMPOBAHUE U perinKanmio SARS-
CoV-2 B kyieTKax anbBeolr [49, 74].

TodbauuTnHNOG — CEJIEeKTUBHBIN WHTUOUTOP
cemerictBa JAKSs, obnamaromiuii BBICOKOW CeJIeK-
TuBHOCTBIO. MHTUONpYeT JAKS 1, 2, 3 11 B MeHbIIIE
CTeNeHU — TUPO3WH-KMHa3y-2. MHrmbmpoBaHUe
JAKs-1 u JAKs-3 1o meiictBueM ToauMTUHMOA
OJIOKMpYeT ITlepemady CHTrHajla MOCPEICTBOM 00-
LIUX PELENITOPOB, CONEPKALIUX Y-1I€TTH, B OTHOLLIE -
HUM uuToKnHOB IL-2, 4,7, 9, 15, 21. TopaunutuHmuo
Takxke monyupyert aeiictBue IFN u 1L-6, cHuxkas
BBICBOOOXKICHNE ITUTOKWHOB XEJITIEPHBIMU KJICT-
kamu Thl- m Thl7-TUnoB, KOTOpBIE YYacCTBYIOT
B maroreHese ARDS [58, 94].

NHrmbutopsl AHKa3bi |

JAHKaza I (DNAsel) sBiasgeTcss reHHOUHXKe-
HEPHBIM BapUaHTOM YeJIOBEYECKOI'O ITPUPOIHOTO
(epMeHTa, KOTOPBIN pacIIEIsIeT BHEKJICTOUYHYIO
JHK. DNAsel cnocobHa caepXuBaTh pa3BUTHE
BUPYCOB TepIieca, alecHOBUPYCOB U JIp., HE TTOBPEXK-
nass npu atom JHK kijaeTok MakpoopraHusma.

16



2023, T. 13, Ne 1

NETs n COVID-19: TapreTHasi MMyHOTEpanus

DNAsel BbI3bIBaeT TaKXe JIernojJuMepu3alnio
u pazxuxeHue rHosi. DNAsel ¢ ycrexom mpume-
HSEeTCS OJIs1 JIeYeHUSs TepheTUYEeCKUX KepaTUTOB
U KepaTOyBEUTOB, aIEHOBUPYCHBIX KOHBIOHKTHUBU -
TOB U KE€paTUTOB, abCLIECCOB JIETKUX, OCTPOro Ka-
TapaJbHOTrO BOCHAJE€HUSI BEPXHUX AbIXaTEeIbHbIX
NyTel ageHOBUPYCHOW MPUPOMAbI;, AJIsI YMEHBbIIe-
HUS BI3KOCTHU M YJIYYIICHU ST 9BaKyallud MOKPOTBI
U THOS TpU OPOHXOIKTATUYECKOU Oojie3Hu, abce-
eccax Jerkux, arejekTra3ax, THEBMOHUU; B Mpe-
JIOTIepallMOHHOM U MOcjeonepalmoH HOM epuoaax
y OOJIbHBIX C THOMHBIMU 3200JIEBAHUSIMU JIETKUX,
Ty6epKyae3oM Jierkux [112]. BeraBuHyTO npeamno-
snoxeHue, uTo DNAsel MoxeT cly>XUTbh CPeICTBOM
nns paspyumeHuss NETs mpu COVID-19 [112]. Tak
OBLJIO TOKa3aHO, YTO BBEAEHHE MOpHa3bl ajibda,
onobpeHHoit FDA, ¢ ucnojib3oBaHueM HeOynai-
3epa y nalueHTOB ¢ TskeabiM ARDS, cBI3aHHBIM
¢ COVID-19, MoxeT croco0CTBOBaTh pacTBOpE-
HUIO MOKPOTBI M 3aMEIJICHUIO IpOorpeccupoBa-
Hus 3aboseBaHust [146]. Ilpumenenue DNAsel
Ha MOJEJSIX )KMBOTHBIX C TSIXKeJIOl OaKTepualbHOU
MMHEBMOHMENW M OCTPBIM ITOBPEXIECHHUEM JIETKUX
CIocoOCTBOBAJIO MHTUOMPOBAHUIO OOpa30OBaHUS
NETs u ynyumiano ux BeixkuBaeMocTb [85]. Tak:ke
OBLJIO OTMEUEHO YMEHbIIEHUE CIU3UCTBIX BbIIEE-
HUU HUXKHUX IBIXaTeJIbHBIX ITYyTEU U yJIydIIeHUE
BEHTUJISILIUU JIETKUX, 3aMeIJIeHUue MpPOrpeccupo-
BaHUus ARDS 1 cHUXeHue prucka MpucoeIuHEeH U
BTOPMYHBIX MHMEKIIMI TTPU IPUMEHEHU W WHTasI-
roHHou opmbl DNAsel Ha ¢hoHEe CHUXEHU ST KO-
audectBa onpeaeaseMbix NETs [157].

NHrMbuTopbl HENTPOPUNBLHON 3nacTasbl

HeittpodunrsHasa smactaza (NE), sBusromas-
ca BaxHbIM KommnoHeHToM NETs, yuacTByer
B matoreHe3de ARDS, cg3annoro ¢ COVID-19,
criocooctBysl mHBa3uu SARS-CoV-2 B KJIeTKHU-
XO3sIMHA, a TaK3Ke MOXET HaMpsMYIO ITOBPEXKIATh
JIETOYHYIO TKaHb [136]. B chIBOpoTKE KpOBH CO-
JIepKaTcs MHTUOUTOPHI IpoTeas oll-aHTUTPUIICUH
(A1AT), o2-makporiaoOyauH, 3JaddUH MpPEeUMYy-
IMECTBEHHON MMUIIEHBIO KOTOpPBIX sBisieTcss NE.
Ncnons3zoBanue umHruoutopo NE MoxkeTr ObITH
MEPCIIEKTUBHBIM B JICYCHUH ITAIIUCHTOB C TSKEJIOMU
dopmoit COVID-19 m ARDS [101]. ITokazaHo, 9TO
nedpuuut AIAT — reHeTUYeCKM AETEPMUHUPO-
BaHHOe 3a0oJieBaHue, BeigBasgeTcs mpu XOBJI, am-
du3emMe IerkKux, MopakeHuu revyeHu u cocyaos [7].
[MaumeHTHI ¢ MepedMCIeHHBIMU 3a00JeBaHUSIMU
OTHOCSITCSI K TPYIINIE pUCKa IO Pa3BUTHIO TsIXKe-
sgoro teueHust COVID-19 [135], u enMHCTBEHHBIM
CITeM(UICCKUM CPEIACTBOM UX JICUCHUS SIBIISICTCS
BHYTPUBCHHAsI ayTrMEHTAllMOHHAs Tepaltus 4eyo-
BeueckuM A1AT, monyyeHHBIM U3 MyJia JOHOPCKO
m1a3Mbl. DaaduH SBISSCTCS MOIIHBIM MWHTHOUTO-
poMm NE u mpoTenHa3ssl 3, IBYyX CEpUHOBBIX ITPOTE-
a3 HI, nposiBasier aHTHOaKTEeprUalbHbIC U IPOTUBO

BOCMAJIUTEIbHbIE CBOMCTBA, UTO JAEJIaeT ero BechMa
MEPCIeKTUBHBIM IS JIeYEHUS BOCIAJIUTEIbHBIX
3a00IeBAHU I JIETKUX WJIW TSXKEIbIX pernepdy3uoH-
HBbIX MOBPEXIEHU I, BOZHUKAIOLINX MOoce UHMapK-
TOB, TsKeJbIX TpaBM U SARS-CoV-2 [130].

B Monensx Ha XUBOTHBIX MOKa3aHO YMEHbIIIEe-
HHUE OCTPOro IOBPEXAEHUS JEerkKux MNpu BBele-
HUUW MHTUOUTOPOB 3JacTa3bl, TAKUX KaK CUBeEJeC-
tat [77]. B HacTosliee BpeMsl cuBeJiecTaT sSIBIsIeT-
Cs1 €NUHCTBEHHBIM OJOOPEHHBIM WHTUOUTOPOM
NE nng nedyenuss ARDS B Kopee u Anonuun [14].
OnucaHbl MOJOXUTEIbHbBIE PE3yJbTaThl JICUYCHU S
nauueHToB ¢ ARDS cusenecratom [96]. B ugact-
HOCTH, UCITOJIb30BaHUE JO3UPOBAHHBIX a9P0O30JEM
WJIU pacnibuinTesieM UHTuouTopoB NE 3HauuTe1b-
HO TIoBbIITAeT 9(PHEKTUBHOCTh MOCJAEAHUX U CHU-
KaeT yacToTy no6ouHbIX 3¢ dexToB [30].

NHrnbutop gunentnaunnentnaassl 1

HJunentumunmnentuga3a 1 (DPPI), Takxke u3-
BecTHasl Kak KarerncuH C, mpencTaBiiseT COOOM
OUCTeMHIUTICITUANIAMUHONETUAA3Y, KOTOopas
aKTUBUPYET CEPUHOBBIE MpoTeas3bl, Takne Kak NE,
BOo BpeMsi co3peBaHuss HI. UpesmepHasi aKTus-
HOCTB CEpUHOBOI ITPOTea3bl BHI3BIBACT Pa3TMIHBIC
BOCITAJINTEIbHBIC 3a00JICBAHUS JIETKMX, TaK1e KakK
ARDS, u cnoco6erByeT passutuio XOBJI u BA.
brino o6HapyxkeHo, uTo nuHruoutop DPP1 — 6pen-
coKatud cHUXKaeT aKTUBHOCTb NE y 310poBbIX
moneit [109], u B HacTosiliee BpeMsi OH TTPOXOAUT
KJIWHUYECKNEe WCOBITAaHUS 3(D(PEeKTUBHOCTU IIPU
OpOHXO3KTaTUYeCKOUM Oone3Hu. HekoTopbiMu aB-
TOpaMHU ITIpeaIiojiaracTcs, 4YTO BBEACHUE WHIMOM-
TopoB DPPI moxeT nmpegoTBpaTuTh IIpOrpeccupo-
BaHue ARDS, BeizBanHoro SARS-CoV-2 [78].

NHrmbuTtop pecnnpaTopHOro B3pbiBa

N-aleTUIUUCTeUH — MYKOJUTUUYECKUI Tpe-
napar ¢ aHTHMOKCUIAHTHON aKTHMBHOCTBIO, MPH-
MEHsIEMbIii TpU 3a00JIeBAHUSIX OPTaHOB JbIXa-
Hus [103] u 3a0oneBaHusAX KOXHU [13], Takxke sIB-
JISIETCSI TIOTEHIIMAJIbHBIM TePaneBTUYECKUM CPEeJI-
ctBoM 111 tedeHust COVID-19 [26]. [Toka3aHo, 4TO
N-aleTUJINUCTENH YMEHbBIIAeT PecIpaTOPHbBIN
B3pbIB akTUBUpoBaHHbIX HI, HO ycunuBaet daro-
LMTO3 Yy MallMEHTOB C ITMarHO3aMMU «CETCUC», «CUH-
JIPOM CUCTEMHOM BOCHAJIUTEIbHON peakKIuu» UJIn
«MHOKECTBEHHas TpaBMa» B CUCTeMe in vitro [62].
Kpowme toro, BBeaeHue N-aneTUJILMCTEMHA obec-
neyuBaeT 3allUTy JIeTKMX B pa3jiuyHble da3bl
HIIeMUYeCKU-penepdy3MOHHOTO  IOBPEXICHMS,
cHuKast Bocrajienue [60] m momaBisiss (OPMUPO-
BaHue ¢(uodposa gerkux [80]. bruio mpenoxeHo
HMCIONb30BaTh N-aleTUJILHUCTEMH B COYETaHUU
C IpyTMMU mperaparaMu ais jJedeHusi ARDS [26,
60, 65]. ITokazaHo, 4TO IPUMEHEHHE B JICUYCHUU
N-aneTuaMCTeNHA  CIIOCOOCTBYET  COKpallle-
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HU1O NpedbiBaHUs nanueHToB ¢ ARDS B otnene-
HUM UHTeHCUBHOU Tepanuu [155]. OcHOBBIBasICh
Ha BBIIIEU3JIOXKEHHOM, CJEAYEeT IPEeaIloJOXUTh,
yTO N-alleTUTIUCTEUH MOXET ObITh IMOJIE3€H MPU
nedeHuu ARDS, BeizBaHHoro SARS-CoV-2, 6na-
rogapsi ero aHTMOKCUIAHTHOW 1 MPOTUBOBOCIIA-
JIUTEJIbHON aKTMBHOCTH IIPU Pa3IMIHBIX WHGEK-
LIMOHHO-BOCITAJUTEIbHbBIX 3a0071€BaHUSIX JIETKHX.

NHrmbuTop racaepmnHa D

lacoepmuua D (GSDMD) — npenmecTBeHHUK
nopooOpa3symwliiero 0eJjika, CIIOCOOCTBYET MUPO-
NTO3y B OTBET HA MUKPOOHYIO MH(MEKIINIO U CHUT-
HaJibl OITAaCHOCTHU, BaXeH s (QOpMHUPOBAHUSI
NETs[127]. BergBneno, uro unrunourtop GSDMD —
nucysibpupamM — OnokupyeT periukanuio SARS-
CoV-2 insilico [90]. KpoMme Toro, nucyinbhupam rmpe-
OSITCTBYeT 0Opa30BaHMUIO IIOP 3a CYET KOBAJICHT-
Horo cBsi3biBaHus ¢ Cysl91/Cys192 GSDMD [67].
B HacrosIimee BpeMsI ITPOBOISATCS KIMHUYCCKUE
WCTIBITAHM S MOTEHIIMAaJILHOT'O HUCIOJIb30Ba-
Husg nucyibpupama mpu COVID-19, yTo MoXeT
yMeHbIINTH (opmupoBanue NETs mpum ARDS,
BbI3BaHHOM SARS-CoV-2 [43].

NHrnéurtopsl PDE4

dochonamnacrepassl (PDE) — depMeHTHI, KO-
TOpble  METaOOJU3HPYIOT  BHYTPUKJICTOYHbBIC
BTOPUYHBIE MECCEHIXKEphl: IMUKIUYECKUN aje-
HOo3uHMOHOochar (WAMD) u LHUKIWMYESCKUN
ryaHosnaMoHodochar (il MP). tAM®D (PDE4)
MPUCYTCTBYET B MMMYHHBIX KJETKaX, BKJIIOYas
HI, u cnocob6ctByeT onocpenoBanHomy HI' Boc-
najneHuto jgerkux [28]. CyiiecTByeT MHTUOMUTO-
pbl PDE4: podbaymunact — ansa neyeHuss XOBJI,
arpeMuIacT — Ui JIeYeHMsI rcopuasa, Kpusa-
Goposi — 1S JIeYeHUsI aTOIMMYECKOTro AepMaTuTa
U JTUIIMPUAAMOJI, UCIIOJb3YEMBbIil IIpU JICUCHUU
TpoM603a. AunupuiaMo 1eiicTBYeT ITyTeM ITOBbI-
LIEHU ST BHYTPUKJIIETOYHOTO ypoBHSI HAM®D u 6J10-
KHpyeT oOpaTHBIM 3aXBaT aJeHO3MHa B KJIETKaX,
YTO NPUBOAMT K €r0 aHTUTPOMOOILIMTAPDHOMY U CO-
cympopacuupsoliemy aeictsuio [132]. Heckonbko
uHruoutopos PDE Oblniu npeanoxeHbl B Ka-
YecTBE MOAXOMSIIMX MperapaToB s JIeUeHUs
COVID-19 [52]. Tak 6b1710 OOHApPY>kKE€HO, UTO AU-
nupuaaMosa uHruoupyet oopaszosanue NETs [15].
B wuccnemoBaHMM, BKJIIOYABIIEM ITallMEHTOB
¢ COVID-19, npu npuMeHEeHUU AUIMpUIaMoJIa
HaO0JII01aJIOCh YJIYYIIIEHUE COCTOSHUS MallMeHTOB
B TSIKEJIBIX CiydasiX, COIIPOBOXJaloleecs 3Ha-
YUTEIbHBIM CHUXEHUEeM ypoBHs D-gumepa [89].
IMpennaraeTcd uMX UCHOJb30BaHUWE B KJIWHUKE
npu ARDS, accouuupoBanHom ¢ COVID-19 [43].
Beiin HavaThl KJIMHUYECKME UCIBITAHUS TIpU
COVID-19 ¢ ucnoyib30BaHUEM ampeMuiacta Uiu
sH3upeHTpuHa [43].

B-agpeHobnokaTopbl

B1-610KaTOPHl OCYIIECTBISIOT M30UpaTeIbHOE
UHTUOMPOBAHUE AadpPEHEPTrUYecKoll CUrHau3a-
nuu. TakuM obpazoM, METOMPOJOJT y OOJBbHBIX
¢ UH(pAPKTOM MHUOKAapAa BbI3BIBAET <«OLJIYIIIE-
Hue» HI u, neficTBys Ha paHHe# cTaauu Ipolec-
ca peKpyTUPOBaHUSI, UHTUOUPYET UX MUTPALUIO,
YMEHBIIIAeT YYacTUe aKTUBUPOBAHHBIX LIUPKYJIU-
pylOIIUX TPOMOOILIUTOB, OCJIA0Jsisg BOcCHaJleHUE
v yMeHblIas ouar nHgapkra [50].

AHTUrMCTOHOBAS Tepannd

Tak:ke ObLIO OKAa3aHO, YTO, KAK U MHOTUE Me-
IUATOPbl BPOXJIECHHOTO MMMYHUTETa, LUTPYIU-
HUPOBAaHHBIE TMCTOHBI BBI3bIBAIOT BOCHAJIUTEb-
HBbIe peakluu, TmoBpexaeHne DK u aKTHUBalLUIO
KackagHoi koaryiasuuu [86]. Tlocie KoHTakTa
maToreHa C pelenTopaMyM Ha MeMOpaHe KJeT-
KU IIPOMCXOAMT aKTUBALMsI MOJEKYJSPHBIX pe-
aKIMii, KOTOpbIE€ MPUBOAST K BBIXOAY KaJIbLIMs
M3 DHIOMJIA3MAaTUYECKOTO PETUKYJIyMa, BbI3bIBasI
MOBBILIEHNE aKTMBHOCTU LMTOILIa3MaTUYECKOM
nernMuHasbl PAD4 (protein arginine deiminases 4),
KoTopasi MpeacTaBasieT coboii (pepMeHT, urparo-
LIUNA BaXHYIO POJb B UUTPYJJIUMHU3ALUU TUCTO-
HOB B mpoliecce HeTo3a [2]. B manpHelieM npo-
ucxonut yBenuueHue sgapa HI, somepHas o6oou-
Ka pacrnajaeTcsl Ha Be3UKYJibl, MeMOpaHbl IPaHyJI
M MUTOXOHAPMUI pa3pylIalOTCs, 4YTO IIPUBOIUT
K CMEIIEHUIO IIMTOIIa3Mbl, KapruoIljaa3Mbl U aH-
TubaKkTepuaabHbIX NMenTuaoB. beaku rpanyn aja-
COpPOMPYIOTCSI Ha OTPULATENBHO 3apsiKeHHbBIX
¢ubpunIax AeKOHACHCUPOBAHHOIO XpoMaTHHA,
KOTOPBIi CJIYXKUT KapKacoM JJisl JIOBYILIKU. B uto-
re KjeTo4yHasi MeMOpaHa pa3pbiBaeTCsl, COAECPXKM-
MoOe€ KJIETKM BbIOpachIBaeTCsl HapyxXy M, pa3BO-
paduBasich B IpocTpaHcTBe, oopaszyer NETs [37].
I'MCcTOHBI ITPOSIBIISIIOT SHAOTEANATBHYIO U BIIUTE-
JIMAJIBHYIO LMTOTOKCUYHOCTb, B3auMMOICUCTBYs
Kak ¢ ¢ocdhoaunuaaMm KJIETOYHOU MeMOpaHBHI,
tak 1 ¢ TLR kjeTouHoil MeMOpaHbl U CUCTEMOI
KOMILJIEMEHTa, TeM CaMbIM CIIOCOOCTBYSI BBICBO-
OOXIEHUIO IIPOBOCHATUTEIbHBIX IIMTOKMHOB
M XEMOKMHOB 4epe3 HHpaamMmacomMbl MyDS8S8,
NF-xB nu NLRP3-3aBucumslii nyts. Kpome Toro,
TMCTOHBI MOT'YT aKTUBUPOBATh TPOMOOLIMTHI, UH-
OyLupys Bo3aeiicTBue dochaTuaniiceprHa, 4To
B KOHEYHOM MTOT€ IIPUBOIUT K Pa3BUTUIO MUKPO-
Tpom0bo030B [36, 120, 124]. IIpoBocnaiuTe bHBIE,
NPOKOAryJsiHTHbIE U LIMUTOTOKCUYECKHE (DyHK-
LMY BHEKJIETOUHBIX TUCTOHOB, IEHCTBYIOIIME KakK
DAMP [102, 124] npeacTaBisiioT co00ii TTOCaen0-
BaTeJbHOCTh UMMYHHBIX peaKlinii, KOTOpble MO-
IyT aKTUBHO CIIOCOOCTBOBATbH YXYAIICHUIO KJIM-
Huyeckoro teyeHus COVID-19 u yBenunuyeHuro
pucka HebsaronpusaTHBIX ncxodoB [36]. HexaBHo
MpOBEIeHHOE MCCJIeIOBaHMEe yKa3blBaeT Ha 3Ha-
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YUTEJBbHYIO KOPPEJSIIUI0 MEXY YPOBHSIMU THC-
TOHOB B TIa3Me KPOBU M TSIKECThIO MHMEKINN
COVID-19 [120]. BriepBble ObLJIO MPOJAEMOHCTPU-
pOBaHO, YTO ILIMPKYJUPYIOIINE TUCTOHBI UTPAIOT
pelIalonyo pojb U TECHO CBSI3aHbI C TSIXKEIOU
KoaryJjionatueit, BocHaJleHUEM U IOpaxkeHUeM
KapaAMOMHUOIIMUTOB, YTO CTAJIO KJIOUEBBIM MpHU3HA-
KOM TSI2KEJIOTO TeYeHU sl U TTOBBIIIIEHHOW CMEPTHO-
ctu ipu COVID-19 [87]. Takxe OblJI0O 0OOHapyKe-
HO, UTO BBICOKMI YpOBEHb LUMPKYJIUPYIOIIUX TH-
CTOHOB CBUJETEJbCTBYET 00 YBEJIUUYEHUU TUOEIU
KJI€TOK, B YACTHOCTU JUMGPOILIUTOB C pa3BUTHUEM
aumdponeHuun u HI' myTem HeTo3a, Npu 3TOM YPOB-
HM IIAPKYJUPYIOIIUX TUCTOHOB B 3HAYUTEIbHOM
CTENEHU KOPPEIUPYIOT ¢ ypoBHsAMU IL-6 1 GesikoB
ocTpoii ¢asbl, BKJIYast ¢udbpuHoreH u CPb, uto
yKa3blBaeT Ha UHAYLIMPOBAHHBII T'MCTOHAMU OT-
BeT ocTpoit pasel y nanueHToB ¢ COVID-19 [120].
HenaBHsig MenuiiMHCKAas TUIIOTE3a Mpeanoaraer,
YTO TMCTOHBI, cekpeTupyembie HI' mpu COVID-19
(MOIMKATUOHBI) MOTYT YCYIyOJsITh TE€YEHUE BU-
PYCHBIX MHGEKIIUiIl, Ha KOTOpble MOXHO BO3Meii-
CTBOBaTh BBEIEHUEM OTPHULIATEIbHO 3apsIsKeHHBIX
MOJIMAHUOHHBIX MperapaToB (HallpuMep, Ternapu-
HOB U renapuHouaoB) [51]. B yvacTHOCTH, JiedeHUE
COVID-19 renapvHaMy U renapvuHOMIaMU MPO-
JIEMOHCTPUPOBAJO UX OJaroTBOPHOE BJIUSHUE
yepes CJOXHbIE OMOMOJEKYISIPHbIE MEXaHU3MBI,
OCHOBaHHBIE KaK Ha HEAHTUKOATYJSTHTHBIX, TaK
M Ha aHTHKOATYJSHTHBIX cBoiicTBax [39, 69, 88,
119]. CornacHo 3TOMY IPOBOAMIUCH Pa3JIMUHbIE
HUCCIeIOBaHUSI, B paMKaX KOTOPBIX HaOIrogaid
3HAUYUTEIbHO OTIMYAIOUIYIOCS in Vitro MOIYJs-
M0 MHAYIIMPOBAHHOIO TMCTOHAMM BOCTIAJICHU S
W KOaryjasiiuu 1IeJbHOW KPOBM HECKOJbKUMU
CUHTETUYECKMMM U TIPUPOAHBIMU TremnapuHa-
MU U TrernapuHoOuMJaMU Ha OCHOBE TJIMKO3aMUHO-
IJIMKAHOB, YaCTO HCHOJb3YeMbIMU MJIs1 JICYCHU S
COVID-19 B cOOTBETCTBUMU C pEeKOMEHAALIUSIMU
BO3 1o coctosiHuto Ha 5 deBpayig 2022 r., Takue
KakK HepaKIIMOHMPOBAHHBIM TermapuH, HU3KOMO-
JgekyaspHble renapudbsl (HMI'), nanamapoun Ha-
Tpus, GoHaanapuHyKc U cyjoaekcun [33, 39, 129].
bonee Toro, HemaBHUI OTYET MOKa3aJ, YTO Apyrue
MOJMAaHUOHBI, TAKME KaK CMECh OJIUTOHYKJIECOTU-
noB aedpuobpoTua [122], Moryt meicTBoBaTh Kak
areHThl, HEUTPAJIM3YIONINEe TUCTOHBI, TEM CaMbIM
OJIOKUPYS UX MaTojgorudyeckue 3(hbdeKTrl U 3a1u-
11asi 9HAO0TEJAU OT UMMYHOTpoMOo03a. B nonoyiHe-
HHE K X XOPOIIIO U3BECTHBIM POJISIM U (DYHKIIUSIM
B KauyeCTBE aHTUKOATYJISTHTOB U TTPO(GUOPUHOIM-
TUYECKUX COEAMHEHUI, OTMeuaeTcsl MX ocobas
BbICOKA$ MJIOTHOCTb OTPULIATEJILHOTO 3apsiia, YTO
MO3BOJISIET UM CBSI3BIBATHCS M B3aMMOAEUCTBOBATH
C HECKOJIbKMMU OeJIKaMU U MpOTeruHa3aMU, Mpo-
SIBJISISS TIPOTMBOBOCTIAJIMTEbHBIC, aHTUKOMILIE-
MEHTapHble, UMMYHOMOIYJUPYIOIINE U aHTUJIC-
MMPEeCCUBHBIE CBOMCTBA BUPYCHOI aKTUBHOCTHU HE-
3aBHCUMO OT aHTUKOATyJISTHTHBIX CBOUCTB [19, 39,

45, 55, 69, 70, 88, 95, 119, 122]. boxee Toro, omnpe-
JleJIeHe TUCTOHOB MOXHO paccMaTpuBaTh Kak HO-
BBIiI OMOMapKep, KOTOPbIii MOXET MOMOYb B CTpa-
TUudukanmu puckay nmanueHtToB ¢ COVID-19 [120]
M CJIYKUTh IIPOrHOCTUYECKUM (haKTOPOM MOBPEK-
JNIEHUST CEepIeYHOl M JITOYHOW TKaHW, a TaKXe
OBITH IMOJIE3HBIM IJISI MHAWBUIYaJIbHOTO yITpaBJie-
HUS aHTUKOATYJISIHTHOM Tepanueii [63, 66].

Crenyet 3aKJIOYUTH, YTO HU OWH U3 TIperapa-
TOB, NTOCTYITHBIX B HACTOSIIIee BpeMsl JIJIsl BO3Nei-
ctBus Ha NETs, He saBisieTcsd crieluuIHbIM. Tem
HE MeHee, B COBOKYITHOCTHU CYIIIECTBYET HECKOJb-
KO WHIWBUAYaJIbHBIX WJIM KOMOMHMPOBAHHBIX
M, BEpOSITHO, O€30ITaCHBIX TePaeBTUIECKHUX CTpa-
Teruii, JOCTYITHBIX Ha CErofaHs il MPOTUBOIEH-
ctBus NETs y manimeHtoB ¢ COVID-19. NETs npu
3TOM MOTYT OBITH IMOAXOASIINM OMOMaPKEPOM JIJIST
MpOBEAeHUsI MCCIEAOBAaHUNM M MPOBEPKU WX 3-
dexTuBHOCTU. OCHOBBIBAsSICbh Ha BBIIIEU3JIOXKEH-
HOM, CJIEIyeT IPEeANOJI0XUTh, YTO WHTUOMTOPDI
DNAse, NE, DPP1, N-auerunnucreund, GSDMD,
PDE4, B-60kaTophl, MOJMAHUOHHBIC MTPENapaThl
MOTYT MpPenoTBpaTUTh mporpeccupoBanue ARDS,
BbI3BaHHOro SARS-CoV-2. JlaHHble mpenapa-
THI IPEACTABJISIOT UHTEPEC M OBIJIM MPEIIOXKEHBI
B KauecTBe noaxoasmux ajis gedeHuss COVID-19
W B JajbHEHUIIEM IpeajiaraeTcsl MX KJIMHUYECKOe
paccmorpenue 1ipy ARDS, accouuumpoBaHHOM
¢ COVID-19 [151].

3ak/yeHme

B kImHWYECKOW MMMYHOJIOTUN HABHO CJIOXKU-
JINCh YCTOWYUBBIE CTEPEOTHUIIBI, XapaKTepU3YIO-
mue ompeneieHHoe AuddepeHINpOBaHHOE pea-
TUpOBaHME KJIETOK UMMYHHOI CUCTEMBbI Ha BUPYC-
HYIO 1 OaKTepraIbHYI0 nHpeKuInn. Tak, HeHTpoO-
GuiIe3 u «COBUT BIIEBO» XapaKTEePeH IJIsI OCTPOM
WX OOOCTPEeHUS XPOHUYCCKOUW OaKTepuaibHOU
MHGEKIINN, a HeUTPOTIeHU S ¥ TUM(MOIINTO3 XapaK-
TEPHBI A1 OCTPOU U XPOHUYECKOU BUPYCHOM MH-
dexknuu. B To xxe Bpems npu Tskeaom COVID-19
HaOyoaeTcst napyrasi KapTWUHaA: HeWTpoduies
n auMdponeHus. OTMedaeTcsl, YTO MPU TIXKEIOM
COVID-19 Ha doHe BBIPaXXeHHOTO PEryJIsSITOPHO-
ro aucbajaHca UMMYHHON CUCTEMBI UMEET MECTO
HEOOBIYHOCTH, U3BPAIICHHOCTH M IBOMCTBEHHOCTH
ee pynkumonupoBaHus: ot nepunura IFN I tuma,
nuchyHkumuii n gedunura T- n B-numdponuTon
o HeWTpodumiaesa, HETTHUHTYIOIIMX HeHTpodu-
noB, ¢opmupyromux NETs, runepakTUBHOCTU
MakpodaroB M TUIIEPUUTOKMHEMUHN TPOBOCHATIH -
TEJILHBIX IUTOKMWHOB, BeAyIleil K BOSBHUKHOBCHUIO
«IUTOKMHOBOTO MITOPMa».

Ananusupyd poab HI' B matorenesze COVID-19,
HEOOXOOIMMO OTMETHUTH MX BaXXKHEHUIIYIO ITapaaoK-
cCalpbHYI0O pOJIb B MMMYHOINATOIeHE3¢ 3TON He-
OOBIYHOI pecrnupaTOpHOl BUPYCHOU MHGEKIINU.
Y MNaimeHTOB C TSIXKEJIOM W KPUTUYHO TSKETOU
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MHdekumns n uMmyHuTeT

dopmoit COVID-19 Bupyc SARS-CoV-2 uHay-
LHUpYeT HeWUTpodue3, acCOLUUUPOBAHHBIN € MX
TMNEePaAaKTUBHOCTBIO, YCUJIEHUE TpolieccoB ¢op-
MupoBaHUsl Oosbinoro koauyectBa NETs. NETs
COBMECTHO C aKTMBUPOBAHHBIMU TPOMOOIIMTAMU
CIOCOOCTBYIOT 0Opa3oBaHUI0O MUKPO- U MaKpo-
MUMMYHOTpOMO030B. Pa3BuBaeTcs mnopaxkeHue
KJIETOK 3HIOTEIUsI, BACKYJIUT U UMMYHOTPOMOM-
pOBaHUE COCYIOB MaJioro, CpeAHEro u KpyrnHOro
KaJauobpa, 4TO IOTMOJHUTENbHO, Ha (pOHE nucpery-
JISTOPHBIX MPOIIECCOB B UMMYHHOI CUCTEME, TTPU-
BOJUT HE TOJIBKO K pa3BuTuio ARDS, Ho 1 nosiBie-
HWIO MYJIBTUOPTaHHBIX PACCTPOMCTB.

B nanHOM 0030pe HaMU MMpoaHaTU3UPOBAH 10-
CTaTOYHO OOJBIION 00bEM HAayYHOU JIUTEPATypPHI,
MOCBSIIEHHBIT OCOOEHHOCTSIM (DOPMUPOBAHUS
NETs, ux poau B matoreHeze COVID-19, yuac-
TUSI B BOBHMKHOBEHUU MMMYHOTPOMOO30B, Bac-
Kyauta, ARDS, MynabTHOpPraHHBIX MNOPAKEHUM.
IMpuBeneHbl yoenuTeabHbIE JTaHHBIE, Y€TKO YKa3bl-
Barolnue Ha 3HauuTegbHOoe yuactue NETs B ummy-
HomnaroreHeze COVID-19 u cBI3aHHBIMU C HUMU
TSIKEJIBIMUA ~ OCJIOKHEHUSIMU,  BO3HUKAIOIIMMU
B pes3yJibTaTe YCUJIEHUs Ipollecca BOCIaJeHMUS,
KOTOPBIM SIBJISIETCS KJIIOYEBBIM JIJIsl TEUCHUST MH-
dexkuun SARS-CoV-2. TlponeMoHCTpUpOBaHHAS
posb HI' u NETs, Hapsiay ¢ poJibio IPpYTUX KJIeTOK
MMMYHHOI CUCTeMBbI U TTPOBOCHAJIUTEIILHBIMU 111 -
TOKMHAMU, 4Ype3BBIYAllHO BakHa B MOHUMaHUU
pa3BUTHSI TUTEPAKTUBHOIO MMMYHHOTO OTBeTa
npu tskesoir COVID-19. TMonyyeHHbIe HayYHbBIE
pe3yJbTaThl, JOCTYITHbIE HAa CErOAHSIIHMUI JeHb,

Cnucoxk nutepatypbl/References

MO3BOJISTIOT WACHTUPUINPOBATH BO3MOXHOCTH
PETYISITOPHBIX BO3IEHCTBUII HAa TMIEPAKTUBHUPO-
BaHHble HI, Ha mpouecchl popmupoBanuss NETs
Ha pa3JIWYHBIX 3TalaXx M Ha OrpaHWYeHUEe He-
TaTUBHOTO BO3JEHCTBUS YyXKe CHOPMHPOBAHHBIX
NETs Ha pasnnuHble TKaHU U OpraHbl. Bce BHI-
HIernepeymrcjieHHOe OOJXHO MOMOYb B CO3JaHUU
HOBBIX, CITEIIMAJIN3MPOBAHHBIX MMMYHOTEpaIeB-
TUYECKUX CTPATETUi, TpeAHa3HAYeHHBIX JIJIsI YBe-
JIMYEHUST ITaHCOB Ha BBIXKMBAaHWE, YMEHBIICHUS
TSIKECTU KJIMHWYCSCKUX MPOSIBJICHU I Y MAallUEHTOB
¢ COVID-19, a Tak:ke B 3HAYUTEJIbHOM CHUKEHUU
nokasaTejeil CMepTHOCTH.

ITponoykeHue vccaenoBaHUM POJU TUMNEpaK-
TuBupoBaHHBIX HI' 1 HeTo3a, a Tak:Xe IMMOHUMa-
HUEe MEXaHU3MOB peryasauuu eHomeHa obpas3o-
BaHUSI U orpaHuuyeHuss aktTuBHoctu NETs mpu
TskeoM COVID-19, nmo-BuaumMomy, SIBISIIOTCS
NPUOPUTETHBIMU, IIOCKOJIBKY B HaJbHEWIIEeM
MOJIyIeHHBIe HOBBIE JaHHBIE MOTIJM OBl ITOMOYb
B pa3paboTKe TapreTHBIX IMOAXOJ0B HE TOJIbKO
K MMMYHOTepanvM, HanpaBJeHHOW Ha orpa-
HUUYeHUe oOpa3oBaHUS U OJOKMpOBaHUE Hera-
TUBHBIX BO3IEUCTBUI yXe CHOPMUPOBABIIUXCS
NETs npu taxenom COVID-19, HO 1 K UMMYHO-
Teparnuu, KOTOPYI MOXHO ObIJIO Obl MCIIOJIb30-
BaTh B KOMIIJIEKCHOM JICUEHUH IPYTruX HeToIa-
TH#, B TIEPBYIO OoUepeab, ayTOMMMYHHBIX 00JIe3-
Hell, ayTOBOCHAJIUTEIIBHBIX CHUHIPOMOB, TSIKE-
JIBIX THOMHO-BOCITAJIUTEIbHBIX ITPOILIECCOB, B TOM
yucjie 6aKTepuaibHOTO cerncuca u reMaToreHHO-
ro OCTeOMUEIUTA.
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"®BYH HUH snudemuonoeuu u muxpobuonoeuu umenu Illacmepa, Cankm-Ilemep6ype, Poccus
2@I'bOY BO Cankm-Ilemepbypeckuii 2ocydapcmeennbiii neduampuueckuii meouuunckuii ynueepcumem, Cankm-Ilemepoype, Poccus

Pesiome. ITogBeneHure CMBICTOBBIX M cUCTeMHBIX UTOroB aHaemMuun COVID-19 gaBnsercs akTyallbHOM 3a1a4eii co-
BPEMEHHOI CTpaTeruy M IOJIXKHO COCTAaBUTh OUYepenHYIO (ha3y MPOXOXKICHUS M OCMBICJCHUS MAaHIAEMHWHU KOpPOHA-
BHUPYCHOI MH(MEKIINN KaK 3MUIeMAUECKON M TYMaHUTApHOU KatacTpodhl I1odalbHOTO XapakTepa. Ha cTpanunmax
xypHana «MHbeKks 1 UMMyHUTET» HAMU PETYJISPHO W TIOCeN0BAaTeIbHO ObLIM TPEACTAaBICHBl JaHHbBIE ITUYEC-
KOTO B3[JISi/1a HA HOPMATVBHO-MIPABOBOI XapaKTep 00ecnevyeH s IaHOBOTO U OMEePAaTUBHOIO yIIpaBAeHUS MaHAEMU-
el 1 pacCMOTPEHBI MPOOJEMbl AAMUHUCTPATUBHOTO PETYIUPOBAHUST CUCTEMBI OOIIECTBEHHOTO 3IPAaBOOXPAHEHUS.
AHanu3 ¥ 3TUYECcKas OllEHKA CUTYyalluU 3aTparuBaeT OOLIMPHBINA KPYT BOIPOCOB, BKJIIOYAIONINI KaK 0a30BbI 3a-
KOHOMATEIbHbIN pecypc, TaK U TAKTUUYECKYIO afanTallli0 HOPMATUBHOIO MOJISI B YCIOBUSIX KPU3UCHON CUTYalIUU.
CaMoCTOSITeIbHOTO pellieHUsT TpeboBaad HPaBCTBEHHbBIC U JIOTUCTUYECKUE BbI3OBBI B chepe oKazaHUS MEIUIIMH-
CKOI TIOMOIIIM, 3KCTPEHHOTI0 MOpsiAKa pa3padOTKU 1 MPOU3BOJACTBA CPEACTB NIMaTHOCTUKHU, JEUeHUS U MpoduIak-
THUKH, a TAaKXe BCEX aCMEeKTOB, CBA3aHHBIX C OpraHM3alMell U MpoBeAeHUeM BaKIIMHAIMU. BceM BhIlIe0003HAYCH-
HBIM CIOXETaM OBLIY MOCBSIIEHBI TP MPEIIISCTBYIONINX STHISCKUX KOMMEHTApH s, CAeJaHHbIC U TIPeICTaBICHHBIC
HaMU paHee B XOjIe MaHAeMuu KopoHaBupycHoi mHpexkiuu B 2020—2022 rr. CoBpeMeHHas paboTa, ohopMIeHHAs
B paMKax oOIIeil cepru, KaK «9eTBePTHI STUUCCKUN KOMMEHTApHii» BRITEKAeT HETIOCPEACTBEHHO M3 TaHHBIX, T0-
JIYIEHHBIX B TIpolecce 00pabOTKM M MCCICAOBaHUS aKTyaJIbHOTO OIThITa TPOBEACHUS BaKIIMHAIIMU B KOHTEKCTE
PETMOHAIBHOTO KJIacTepa — rocynapcTB — ydyacTHUKOB ConmpyxecTBa He3aBucuMbix rocynapcts (CHT), netanbHO
OMUCAHHBIX B MpeAbIayIel cTaTbe. OCO3HaHHAS HEOOXONMMOCTb M OYeBUAHAS 3HAYUMOCTb JaHHON pabOThl COCTOUT
B perucTpalii 0ObeKTUBHBIX TAPAMETPOB YSI3BUMOCTH BakKlMHAaMU Tipu nanaemMmuu COVID-19, a Takxe BbIsIBIIe-
HMU OTBETHOTO CIleKTpa (hOPMUPOBAHUS COOTBETCTBEHHO JOBEPHsI/HEMOBEPH S K BAKIIMHAIIMK B PA3JIUMIHBIX CJIOSIX
0011ecTBa, B 3aBUCMMOCTH OT KOMILJIEKCA COLIMATbHbBIX U HPABCTBEHHbIX (PAKTOPOB, BKIIOYAIOIIUX TPUHAIIEKHOCTh
K OomnpeleeHHOM penlurno3Hoit Kondeccun. MccaenoBaHHble U MpeACTaBICHHbIE B HACTOSIIIEH cTaTbe MaTepualibl
HMMeEIOT IIePBOCTENEHHOE 3HaYeH e 1151 TOMCKa HPAaBCTBEHHBIX My Tel MOAIePKKHY U CTaOMIM3aLMU OTBETCTBEHHOTO
OTHOILIEHMS K 3aIIMTe MOPaJbHOTO, COLIMATBHOTO U (PU3MYECKOTO 3M0POBhS TPaXkaaH B Upe3BbIUAHBIX CUTYAIUSIX.

Karouesnie caosa: ypoxu nandemuu, y36umocms 6aKyUHAYUL, 00uecmeen bl omeem, éepa u dosepue, dosepue u Hedogepue,
chekmp Hedogepus, HpaeCMEeHHAS NO3UYUS, COYUANbHASL OMEEMCHBEHHOCMb, NPOhEeCCUOHANbHDLI 0012, NePCOHANbHBLI 8blO0D,
duanoe ¢ 00uecmeom.
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THE FOURTH ETHICAL COMMENT TOWARDS COVID-19 (three years later).
TRUST AND FAITH: SOCIAL AND MORAL PROFILE OF VACCINATION
Kubar O.1.2, Mikirtichan G.L."

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b St. Petersburg State Pediatric Medical University, St. Petersburg, Russian Federation

Abstract. The summarizing up the semantic and systemic results should comprise the next phase to provide insights into
COVID-19 pandemic and consider it as a modern epidemic and humanitarian crisis on global level. The journal «Infection
and Immunity» regularly and consistently present the results of ethically viewed legal framework of the pandemic and
the administrative regulation of the public health system. Analysis and ethical assessment of the situation covers a wide
range of issues, including the provision and operational adaptation of the regulatory framework, the problems of medical
care, the processes and conditions for developing diagnostics, treatment and prevention, as well as all aspects related
to the organization and implementing vaccination. Three previous ethical comments presented in 2020—2022 during
the pandemic were devoted to these issues. Current study within the framework of the «fourth ethical commentary»
follows directly from the data obtained while evaluating and analysing real-world experience on vaccination in the
context of a regional cluster — the CIS member states, presented in the previous article. The perceived need and obvious
significance of the study is to highlight objective factors of vulnerability in the vaccination during the COVID-19 pandemic
and identify the response spectrum to form trust/or distrust to vaccination in various sectors of society, depending on a set
of social and moral factors, including those coupled to a religious denomination. The data obtained are of paramount
importance to find the moral ways to support and stabilize a responsible attitude with the aim to protect moral, social and

physical health in emergency situations.

Key words: pandemic lessons, vaccination vulnerability, public response, faith and trust, trust and mistrust, mistrust spectrum, moral
position, social responsibility, professional duty, personal choice, dialogue with society.

CoBpeMeHHbIT 3Tan mnaHgemuun COVID-19
CO BCEUW OmpeneseHHOCTbI0 MOXHO XapaKTepu3o-
BaTh KaK BpeMsl U3y4aTh U U3BJIeKaTh YypOKH. B pe-
aJIbHON AEMCTBUTENbHOCTH HACTOSIIIETO MOMEHTA
MBI CTAJIKMBAeMCS C HEMMPEABUACHHBIM SIBJICHUEM,
MOCKOJBbKY OIIEHKa M aHajlu3 MaHAeMUU Kade-
CTBEHHO COCPEIOTOYMJIMCh B OCHOBHOM Ha ypPOB-
HE CHCTeMBI 3apaBooxpaHeHUs. besycioBHO, Ta-
Kas paboTa HeoOXoamMma, JIOTMYHA W OIIpaBIaH-
Ha BO MM HACTOSIIEro M OyIyIIero MeTUIINHBI.
OnHaKo C y4eTOM Ype3BbIUYAHOrO COLMAJIbHOTO
MacimTaba KaracTpodbl CTAHOBUTCS OYEBUIHBIM,
YTO IJIST OCO3HAHUS OITMOOK 1 ITOMCKA NCTUHBI He-
00X0AMMO ToCcTapaThCs pacnyTaTh KJIYyOOK CBSI3€ei,
CUCTEM U CTPYKTYP OTHIOAb HE TOJIbKO MEIUIIMH-
CKOTI'0 TIJIaHa, a BKJIOUAIOIINNA TaK>Ke BCIO MHOTO-
TPAaHHYIO HAJUTPY B3aUMOICHUCTBUMU, HPUCYIIUX
COBpPEMEHHON HIMBUIM3AIMU U WX HAIPHIB WJIN,
cKopee, pa3pblB, MMEBIIUU MECTO B IEPHUOI II0-
cleoHe! TTaHIeMUN.

Takoe moHUMaHHWE HUCKOJIBKO HE MpPETeHIy-
€T Ha MOIBITKY BCECTOPOHHErO W IIEJBbHOI'0 pac-
CMOTpEHHUS ITPOOJIEMBI TTAHIEMUN B paMKax ITaH-
HOM cTaThu, cKOopee, Hao0OpPOT, MOAUEPKUBALCT €€
CKpPOMHOE 1IeJIeBOe€ Ha3HauyeHue: IPOBECTU CO-
IMaJIbHO-HPAaBCTBEHHBIN cpe3 CcuTyaluu, CJo-
XuBIIelcs npu BakuuHauuu nporus COVID-19,
B CTPOTO OITPEIEeICHHOM KJII0Ue — KOH(MIIMKTA «I0-
BEPUS U BEPHI».

MHorojieTHUN aBTOPCKUI OIBIT pabOTHI B 00-
JIACTU BaKIIMHOMPODUITAKTUKU C YSTKUM DTHUUEC-
KAM aKIIEHTOM BOCIIPUATHUS ee¢ 3(PPHEKTUBHOCTHA
U TIpo0JieM, MO3BOJISIET BbIAECAUTh (PAKTOP «I0Be-

pUsi» K BAaKIIMHALIMU KaK HEOOXOAMMOE YCJIOBUE €€
NpoBeacHM S U ycrexa [25, 26].

Ilpu sTOM cymiecTByeT mKana (hOpMUPOBAHUS
«JIOBEpUsI», T ONPENSISIONIUM CIYKUT aBTOPUTET,
OTBETCTBEHHOCTh M IIpaBOBasl 1IEJIECOOOPA3HOCTH
rOCyIapCTBEHHBIX/aIMIHUCTPATUBHEBIX CUCTEM, Op-
raHM3yIIUX BakMHaiuo. CienyeT TakKe YUYUThI-
BaTh OPMCHTAIIUIO Ha MHEHHE ITPO(eCcCHOHaTIHLHOIO
COoO00I1IeCTBA U HPABCTBEHHOE BO3JEHCTBUE COLIUAIb-
HO M30paHHBIX I'PYIIT BAUSHUS, TAKUX KaK PEJIUTHUS,
CMMU n np. Ilpu 3TOM HEOOXOOMMO MMETH B BUILY
NYTJIEKCHBIA TMOHSTUMHBIA XapaKTep <«IOBEPUSI»,
BKJIFOYAIOIIMI CTOPOHY, 00ECIeUnBaIOIIyI0, U CTO-
POHY, OKa3bIBAIOILYIO TOBEPUE.

O6bekTnBHbIE HAKTOPbI YA3BUMOCTU
dbopmMmnpoBaHus 00BEPUS K BaKLMHALAN
B ycnosusix naHaoemun COVID-19

PaccmarpuBasi mpoOyiiemy B M30paHHOM HaMu
aHaJauTu4yeckoM dopmare, mpexae BCero, BaxKHO
OLICHUTb, CYIIECTBOBAJA JIM B IMEPUOA MaHIEMUU
COVID-19 o0BeKkTUBHAsI BEPOSTHOCTH JTOCTUKE-
HUs noBepus. PaHee, B crieliMaJbHOM MCCJIeI0OBa-
HHUU, ONyOJIMKOBAHHOM B JaHHOM aBTOPUTETHOM
XKypHaJjie, OB IeTaJIbHO NpPEACTaBIIEH BECh PSII
HayYHBbIX 1 HPAaBCTBEHHBIX ITapaMeTPOB, YUET U CO-
OJItoIeHME KOTOPbIX OJHO3HAYHO OOecCIieuyrBaeT
JIOCTOBEPHOCTH mjiaTopmMbl «aoBepusi» [17]. B pa-
0oTe Oblj1a YeTKO KOHCTaTMPOBaHa JIMIIb OTHOCU-
TeJIbHasI COCTOSITeJIBHOCTDH YCJIOBHUIT (popMUpOBa-
HUS JOBepHUs KaK Ha KaXK1IoM KOHKPETHOM 3Tarle,
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Loepwe n Bepa npu BakuuHaumm COVID-19

TaK U B paMKax IIeJbHOW KOHIEHIMHN BaKIIMHO-
npodunaktuku npu COVID-19 Ha HanuoHasb-
HOM, PErMOHAJIbHOM M TIj100ajJbHOM YpOBHSX [17].
K xkputmaeckumM MOMeHTaM, KOTOPBIE CYIIECTBO-
BaJIM Ha MOMEHT CO3JaHWs BaKIIMH U Ha dTalle uX
MPUMEHEHUsI, MOXHO OTHECTU OeDUIIUT HAYUHBIX
3HAHUUW B OO0JACTU BNUIECMUOJIOTUU WHOEKIINH,
B XapakTepe MMMYHOJIOTUYCCKON 3allIUThI, HAy4-
HO-TEXHOJOTMYECKUX IIPUHIMIIOB pa3pabOoTKMU,
a Tak:Ke JJUMUT AaHHBIX MO 3 (HeKTUuBHOCTH/0E3-
OITAaCHOCTU U MIPAKTUUECKOM 6a3bl MpUMEHEeHUS [2,
7, 21]. K aToMy 00bEKTUBHOMY CITUCKY CJICIYET IO~
0aBUTh COPEBHOBATEIBHBIN PEXKUM pa3pabOTKU
BakKIMH, YTO COIIPOBOXKAAJIOCh KaK peabHBIMU
¢dakTaMU KOMIOPOMUCCHBIX peIlleHU, TaK U Hepe-
TYJAUPYEMOU OUCKpeauTalluei BaAKIIMH KOHKYPEH-
TOB ¥ OTPOMHBIM OTPHUIATSIIEHBIM HH(MOPMAIIMOH-
HbIM BO3JEeHCTBUEM MYTEM CO3daHUs CTepeoTuIa
HenoBepus U ckenTuumiMma [12, 18, 30, 31].

JlezopueHTais obIecTBa B OTHOIICHU N BaK-
OWH/BaKIIMHAIIMM MHOXMJIACh HEKOMIIETEHTHOC-
TBhIO JIUCKYCCHM, OTCYTCTBUEM YOeIUTEIbHBIX
ONpPOBEPKEHUIN JOXHBIX (PaKTOB, MTHOPUPOBa-
HHMEM TMPUHIIMAIIOB COJMUAAPHOCTU M PaBHOU MO-
CTYNHOCTM B MUpPOBOM Macmrtabe [18, 33, 36]
JAVpPEeKTUBHBIN acIleKT PETryJIMPOBaHUS, ITPEAIO-
Jaramimumii - 00s13aTeIbHOCTh BaKIIMHALIUM, OBLI
3aMacKMpoOBaH IUPEKTUBHBIM XapaKTepOM CO-
OWAaJTbHO-TIPABOBBIX OTPAaHWYCHMI, UYTO TaKKe
HE CIOCOOCTBOBAJIO MOIMYJSPU3aLIUU KOMIAHUN
BakKIIMHAIIMU.

Takum o00Opa3oM, CO CTOPOHBbI OOECIICUEHUS
¢daKTOpOB IOBepUsS MMeIa MECTO MHOTOKOMIIO-
HEHTHas KayeCTBEHHasl HeaopaboTKa uccieaoBa-
TEJbCKOI'0, HPaBCTBEHHOI'0, aIMUHUCTPATHBHOTO,
MpaBOBOro, MHMOOPMAIIMOHHOIO M COILMAJIbHO-
ro uHaekca. K atomy ciemyer 1o6aBUTh, UYTO IO
MPECCOM OYEBUIHOUM VYSI3BUMOCTH BaKIMHALIUW
ocoboe 3HayeHH1e CTaJI0O UMeTh YCUJICHUE TTO3U LU
AHTHUBAKIIMHAJBHOIO JIOOOM U TIPUCOEIUHEHUE
K HEMY TpeacTaBUTeIeH nMpodeCCHoOHAaIbHON Me-
JTULMHCKOM cpennl [8, 32, 34].

B momoOGHBIX OOCTOSTENbCTBAX OBLIO CJIOXK-
HO OXMIaTh OT OOIIeCTBa KaK CTOPOHBI, KOTO-
past IoJI>KHa Ha JieJie oKa3aTh IOBEpUe, NCTUHHOMN
MPUBEPKEHHOCTH K BakIMHauuu [6, 29]. OnHako
B IPOTUBOBEC BCEM YKa3aHHBIM BbIll€ OTpHUIIa-
TEJbHBIM BO3ICHCTBUSIM, HMMEHHO Ha TaHHOM
YpOBHE B3aMMOACUCTBUS BCTYIAIOT B CUJY TJIaB-
HbIE MOpaJIbHbIE apryMEHTBHI yOEXIeHWUs, TaKue
KaK McTopruyecKas 3HAYMMOCTh BaKIIMHAIIMM KaK
YHUBEpPCaJbHOTO MHCTPYMEHTA yIpPaBJICHUS BIU-
neMudeckoii curyauumein [25, 28]. Jlo6aBoO4YHYIO
HEOIIPOBEPXKUMYIO LIECHHOCTh MPUOOPETAET COLM-
ajpHasl, mpodeccuoHaabHas 1 IepcoHaabHasl OT-
BETCTBEHHOCTb BCEX YUYACTHMKOB BaKIIMHAJIbHOTO
mpoiiecca M HOPMAaTUBHO-HPABCTBEHHBIN aCIICKT
OajaHca WHTEPECOB WHAWBUIYyMa M OOIecTBa
MPY 9pe3BbIYATHBIX CUTYa U STX.

HpaBCTBEHHbIN OTKANK 00OLLIECTBA

B acnekTte GopMnUpPOBaHNS LOBEPUS
K BakUMHaLMM B YCNOBUSAX NAaHOEMNN
COVID-19

OOI11IeCTBEHHbIC OTHOIIEHMS, CJIOXMBIIHECS
B mpoliecce BakiHanuu npotus COVID-19, pe-
TYyJAUPOBAMCh HE TOJBKO MNPUHIMIIAMU OHUOJIO-
TMUYECKOI /3NN aIeMUIeCKOMN 11eJ1ecCo00pa3HOCTH,
HO M HOpMaMU 3TUKU 1 ITpaBa. Heobxoanmo oTnath
JIOJIXKHOE TPEM CTUMYJIUPYIOIUM (hakTopam, K KO-
TOPBIM OTHOCSITCS: OOIIIECTBEHHBIH 3aITPOC Ha CIEP-
KMBaHUE MaHIEMUU, MOpaJIbHOE OXHIaHUE, CBSI-
3aHHOE C pa3paboOTKOM BaKIIMH, U 00€CNEYEHHOCTh
KOHCTUTYIIMOHHO 3aKpEIJICHHBIX HOPMAaTUBHBIX
meiicTBUiL. MexaHU3M W IPHOPUTET 3aIIUTHl WH-
TepecoB 00IecTBa KaK O0sI3aHHOCTH TOCyIapCTBa
OpW Ype3BBIYAWHBIX CHUTYallUsIX, BKJIIOYAIOIINX
naHAeMWU, YHUBEPCAJIbHO IPOMUCAH B COOTBET-
CTBYIOIIMX CTAThsIX KOHCTUTYLIMU cTpaH mupa [10].

CrienvajibHOE 3HaYeH e MPUoOpesio HpaBCTBEH-
HO€ M3MEpEeHUE, OCHOBAHHOE Ha BEKOBbIX TpaJiu-
LMSX HEMpPeJaoXXHOH Bepbl C YUYETOM YHUKAJbHbBIX
BO3MOXXHOCTE! MpenoTBpallleHU I NI pa3pelleHU s
KOH(MIUKTAa UHTEPECOB Y YJIEHOB COOTBETCTBYIOLIX
PEeJMTHUO3HBIX 001IEeCTBEHHBIX IpyIn. [Ipexae yem
NpeACcTaBUTh CIOXUBIUMICS NuUamna3oH crienudu-
YeCKOro BJIUSIHUS PEJIMTUO3HONH MPUBEPKEHHOCTU
B MaciuTabe aHaJU3UPYeMOU HaAaMU T'e€OoMnoJIUTUYeC-
Kol 30HbI psaga ctpaH CHI, cienyer HeMuHyemo
MNpU3HaTh, YTO BECh CIIEKTP IOJIEMUYECKOU YysSI3BU-
MOCTU BaKIMHALIMW 3aTPOHYJ HEIMOCPEACTBEHHO
PEIUTUO3HbIE MHCTUTYTHI, YTO OOOCTPUJIO CyIle-
CTBYIOIIIME PEJIUTMO3HBbIE CMYIIIEHUS U MTOTpedoBa-
JIO TIOMCKAa TOMOTHUTEIbHBIX KOMITPOMUCCOB.

IIpoBeneHHBIN HAMU paHee LIeJOCTHBIN aHaJIu3
1 0030p MpOOAEMBbI OTHOLIEHU ST Pa3IUYHBIX PEIU-
TUO3HbIX KOH(becCcUil K BaKIMHALIMU, BBISIBUJ OT-
CYTCTBHE NPUHIIUITAAIBLHOTO 3arpeTa Ha TIPUBUBKU
BO BCEX PEJIMUTUSIX MUpPaA U KOHCTaTUPOBAJ IIpU3Ha-
HUe UX LIEHHOCTU JIJIsI CITaCeHU sl XKU3Hel mtoneii [27].
YacTo mOBTOPSIONINECS, SKOOBI PEJIMTUO3HBIC, TPU-
YUHBI 0TKa3a OT BaKIIMHAIIMY XapaKTePU3YyIOT JIUIIb
HEOOCTaTOYHYIO OCBEOOMJICHHOCTh OO0 MCTUHHBIX
OOr'0CJIOBCKMX B3IJISIAAX OCHOBHBIX PEIUTUI Ha BO-
npockl UMMyHU3anun. [lomo6Has cuTyanus BHOBb
6bL1a o3BydeHa npu mangemu COVID-19, koTopas
OCTpO TIOCTaBUJIA TIepel OOIIIECTBOM BOIIPOCHI, CBSI-
3aHHBIC C BAKIIMHOIIPOPUIAKTUKON U €€ BOCIIPUSI-
THEeM BepyIOIINMH. JIaHHOIT TeMe OBIJIO TTOCBSIIIICHO
MHOTO MyOJIMKaluii, 0030pOB M BBICKA3bIBAHU
B TJT00AIBHOM BaKIIMHAJIBHOM (AHTUBaKIIMHAJIHLHOI)
nonemuxke [8, 13, 35, 37].

Hamnre BHUMaHMe B 11IeJIOM U B chepe peTuruos3-
HOII HanmpaBJIEHHOCTU B YACTHOCTU MO-MPEXHEMY
3aHMMaJ IMOMCK OTBETOB Ha BOMPOCHI, YTO BbI3BAJIO
POCT HEOBEPU I U KaKHE BbIBOJBI CJIENYET ClIeaTh,
JJ151 yAy4dlIeHU s cuTyaluu B oyayiem? OueBuaHo,
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MHdekumns n uMmyHuTeT

YTO pacKpbITUE MCTOKOB HEIOBEPHUS U COOTBET-
CTBYIOLIMX MEp CTaOUIU3ALMU, YCHEIIHO MOXKHO
JIOCTUYb JIUIIb B YCIOBUSX MEPBUYHOrO aHaIM3a
BaklMHaJdbHOW monutuku npu COVID-19 B KOH-
KPETHOM peruoHe HaOJIIONEHW S, B HAIIIEM ciydae,
Kak ObLJI0 OTMeueHo Bbile, — B cTpaHax CHI [17].

ITockoJibKy TOCIOACTBYIOIIME BEPOUCIOBEAA-
HU S B Mpeesiax Ha3BaHHOTO peruoHa COCTaBIASIOT
XPUCTUAHCTBO W MUCJIaM, MPEXAe BCEro, CJemyeT
YYUTBHIBATh TOT (PaxkT, 4TO IMpU MaHAEMUU Cpabdo-
TaJlu KJIACCUUYECKHWE YPOBHU HENPUHSITUS Bak-
LMHAILMKU, 8 UMEHHO OTKa3 Mo akTy XaJsiJibHOC-
TU BaKIWUH (MCJIaM) WJIU UCIIOJb30BaHUS KJETOK
4yeJIoBeYeCKOoro sMOpuoHa (XpuCTUAHCTBO) [25].
KonkpeTHble cuTyallud B OTIEJBHBIX CTpaHax
U KOH(MECCUOHAJIbHOM acHeKTe CKJalblBaluCh
CJeAYIOLIUM 00pa3oM.

B Pycckoit mnpaBocnaBHoit uepkBu (PITLL)
CBSIIIEHHOHAYalMe BbICKA3aJIOCh B MOJb3y BakK-
nuHonpoduiaaktuku ot COVID-19. Ilarpuapx
MockoBckuit u Bcess Pycu Kupunn ewe B map-
Te 2020 r. cmeiaj MPUBUBKY OT KOPOHaBUPYC-
HOU MHGbEKIIUU OOHUM M3 POCCUUCKUX Tpenapa-
ToB [20]. 22 nekadps 2021 r. Ceareitiumii [TaTpuapx
MocxkoBckuii u Bcest Pycu Kwupuan, BeicTymnas
¢ IokJiaioM Ha exeronHoMm EmapxuanbHoM cobpa-
HUU JYXOBEHCTBA ropoga MoCKBBbI, KOCHYJICS TEMbI
BaKIIMHAIIMM OT KOPOHABUPYCHOUN MH(MEKIINU, KO-
Topas cTaJjia MOBOAOM JUJISl IIMUPOKOTO OOCYXKIEHUS
KaK CpeaM BepYyIOIIMX, TaK U B OOIIIECTBE B 1LIEJIOM.
OH B YaCTHOCTHU cKa3al: «3Halo, YTO MHOTHUX BOJI-
HYyeT TeMa BaKIIMHallMi OT KOPOHABUPYCHOU MH-
deKIMn M 4TO B Cpelle JTYXOBEHCTBA W MUPSH,
TOYHO Tak e, KakK 1 BO BCeM OOIIIeCTBE, €CTh pa3-
Horjacus mno aTomy nosoay. Kro-to cuuraeTt, 4To
BaKILIMHALMs JOJI)KHA OBbITH 00s3aTeabHON 18
BCEX, KTO-TO — YTO OHa JOJI’)KHA ObITh MOJHOCThIO
00pOBOJIbHOU. KTO-TO 11 BOBCE CUMTAET €€ HeHY XK~
HOI MJIM naxe HermpuemJjaeMoli» [9]. Jlasee oH BbI-
cKazaj y0eXIeHUe, 4TO «BaKIMHWUPOBAThbCI WU
HET — 3TO BOBCE HE BEpOYUMUTETbHBII BOIPOC. DTO
BOMNpPOC cyrybo MEIUIIMHCKUIA, AeJI0 JUYHOTO BbI-
0opa U OTBETCTBEHHOCTU YeJIOBEKa, €ro XXU3HEeH-
HOTro omnbITa... Jlaxke eciiv BeCb MUP CTAHET apeHOU
cerperaliMu Mo MUMMYHHOMY INpu3Haky, LlepkoBb
JIOJI)KHA OCTaBaThCsl CBOOOMHOI OT TaKOl cerpera-
MU U TIPUHUMATh BCEX CTPEMSIIIUXCSI KO XPUCTY
Tonen» [22].

OnHako He Bce npencraButeau PITLL O6bi1u co-
IJ1acCHBI C MOJOXHWUTEJAbHBIM OTHOIIEHUWEM K BakK-
LMHALlMU OT KOpoHaBupyca. Peakiusi KoHcepBa-
TUBHBIX AyxoBeHcTBa U MupsaH PIIL, Tak Ha3bI-
BaeMOTO «IJIyOMHHOIO MpaBOCJaBUsI», IO MHOTUM
BONpOCaM KapAWHaJbHO OTJIMYaJiach OT BUACHDS
o(puLMaabHOro HEPKOBHOTO PYKOBOACTBA [4].

B3rasin mpaBociaBHBIX Bpadyeir v puIoCco-
¢$oOB MO JaHHOMY BOIMPOCY €llle 3a JBa JAeCsATUJIC-
TUs 1o nangemuu, B 2009 r., HalluesJ oTpaKeHue
B (dyHIaMeHTalbHbIX 3asBiaeHUsAX llepkoBHO-

OOIIIECTBEHHOI'0 COBETa 10 OMOMEIUIITMHCKOMN 2TU-
ke MockoBckoro Ilarpuapxata [23]. B ykazaHHBIX
MOKYMEHTaX HEeIBYCMBICIEHHO BBICKAa3aHO OTHO-
IIeHWe K BaKIMHallMU KaK K HEeOOXOAMMOU co-
BpeMeHHOI Mepe TPoMUIaKTUKHN UHGEKIITMOHHBIX
3200JIeBaHU 1, 0TKa3 OT KOTOPOI MOXET MPUBECTU
K TsIKeJIbIM nociiencTBusiM. KoHKpeTHO K cutya-
MU TI0 TEMe BaKIIMHAILIMY OT KOpOHaBUpYyca Oblia
chopmyaupoBaHa TOCTAaTOYHO B3BEILIEHHAsI MO3U-
nusi. C O1HOM CTOPOHBI, OBLJIO BHOBB ITOTUYEPKHYTO,
yto «Pycckasa IlpaBocnaBHasi LlepkoBb mocieno-
BaTeJIbHO IIPUICPXKMBACTCS IMPUHIIMIIOB 3aIUThI
cBOOOBI BIOOpA YEJIOBEKA B UCIOIb30BAHUU UJIU
HEWCITOJIb30BAHUM HOBBIX U OBICTPO pa3BUBAIO-
MU XCST TEXHOJIOTU, B TOM YHcCIie B chepe MeaUII -
HbI». BBIJT OCBEIIIeH «MCTOPUYECKU 1 ONIBIT Pycckoii
IlpaBocnaBHoil LlepkBu, KoTOpast 3HAeT MMPUMEPHI
aKTUBHOTO Y4aCTHs CBSIIEHHOCTYXUTEJIeil B pac-
NPOCTpaHEHUU IMPAKTUKU BaKIIMHAIIMW», OJIaro-
Jlapst KOTOPOi MHOTME U3BECTHBIE B IIPOIILIOM 2TTH -
JIEMHUHU COIIA Ha HET.

YoenutenbHas MoAdepXUBAaOIIas MO3ULUS
Oblja TpuUcyllna ApMSHCKON amoCTOJIbCKON LEepK-
BU, KOTOpas omnpeaeunja CBoe OTHOIIEHUE K BaK-
OWHALMU, OTMETUB, YTO: «IIPUBUBKa OT OOJIE3HU
He MpeACTaBJIsIeT 1yXOBHOU OMMaCHOCTU J151 BEPYIO-
IIUX, a B YCJOBUSIX MaHIEMUU, KpoMe JUYHOMU
cBOOOABI, HEOOXOMUMO NyMaTh U OO OTBETCTBEH-
HOCTHU Mepen O0IIeCTBOM U He MOABEpraTh yrpose
HU ce0s, HU oKpyxatomux» [11].

MuTtporniosusi MoJjIoBbl BHauvajle MHaHASMUU
CKEeTITUYECKM OTHOCHJIAaCh K UMMYHU3aIllUU U OT-
KPBITO BbICTyMaJjia MPOTUB BO3MOXKXHOCTU «00s13a-
TEJIbHOUW BaKIIMHAIIMW», HECMOTPS Ha TO, YTO IMO-
MoOHasT TTpaKTHKa BaKIMHAIIMM He Oblja Mpemy-
CMOTpEHa YITOJJTHOMOYEHHBIMU TOCYIapCTBEHHBI-
MU opraHamu MosaoBesl [3, 19]. [To3aHee cuTyauus
3HAYUTEIbHO YIYUIIUIACh U CIYXKUTEJIU LIePKBU,
B TOM UMCJIE U paHee HecorylacHbIe U Jaxke Te, KO-
TOpbIe MOANECPXKUBAIU PACIPOCTPaHSIEMbIE B CO-
IMaJbHBIX CETSIX CTPAX| O BaKIIMHAX, BAKIIUHUPO-
BaJIUCh CAMM U CTaJIM yOeXXAaTh ITPUXOKaH OTBET-
CTBEHHO OTHOCUTBCSI K CBOEMY 3[I0POBBIO U K 3/10-
POBBIO OKPY KAIOIIUX.

Cpeau MycyldbMaH pervoHa, TakKXe B CUITY
MMEBIIEro MecTo aedunuta npochecCuoHaaIbHOTO
UHGOOPMUPOBAHUS U OOUTUS MUGOB O TMaHAEMUU
M BaKIOWHALINH, <«BaKIMHAJbHASI HEPEIINTEIb-
HOCTb 00IllecTBa» Ha KOH(MECCUOHAIbHOM YPOBHE
He usbexasia pocta B HadyaJIbHbI Mepuoj npoBe-
IeHUs BaKUWHaJdbHOW KoMmaHuu [14]. TMozmHée
noBbIlIeHUEe (haKTopa AOBEpUsl B IIpollecce Bak-
LUHALMKU CTajJ0 CJEACTBUEM COJMIAPHOrO HpaB-
CTBEHHOTO BO3IEWCTBUSI, OCHOBAHHOTO Ha JOCTU-
)KEHUM COpPa3MEpPHOCTU aJeKBAaTHOTO U OTKPBI-
TOro jauajora ¢ ooOuiectBoM [24]. UpesBbluaitHO
3HAYMMBII BKJIaJ BHECJIM pPe3yJbTaTbl ydacTus
psna ctaH LleHTpaJibHOA3UMAaTCKOTO PErMOHAIbHO-
ro skoHomuyeckoro cotrpyaHuudectBa (LIAPDC)
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Loepwe n Bepa npu BakuuHaumm COVID-19

B COIIMOJIOTMYECKOM TIPOEKTE, HallpaBJIeHHOM
Ha ompeleJieHue OCHOBHBIX MO3WUIIMI OOIIecT-
BEHHOTO MHEHMSI B OTHOIICHWM BaKIWHAILIUWA
ot COVID-19 u, B 4aCTHOCTU, OTKPBIBIIEM MC-
TUHHOE 3HAYEHNE BEKOBBIX YCTOEB BEPHI B 3aIIUTE
3010poBbs 1 XU3HU [1]. B pamkax mpoekta LIAPOC
MPUHUMAJIM y4aCTUSI HECKOJBbKO CTpaH, BOIIEMI-
KX B (popMaT HAIIEro M3yYECHUS ITOJJUTUKHN BaK-
uuHauuu ot COVID-19, takue kak A3zepbaiigxaH,
Kuoipreizctan, Tagkukuctan u Y3oekuctaH [17].

JaHHBIE OIpoca IOATBEPAMJINA, YTO Ba>KHBIM
2JIEMEHTOM HEraTMBHOTO OTHOIIEHMS K BaKIIMHa-
MU U OTKAa3a OT Hee IO TaK Ha3bIBAEMOU «JIMYHON
MpUYMHE», cTaja HEAOCTATOYHOCTh MH(MOpMAaIIUN
O POJIM MAacCOBOM BaKIIMHAIIMM B YIyUYIIIECHUW ST -
JIEMUOJIOTMYECKON CUTYaIl M.

WNnnroctpanueil K TOHUMMaHUIO 3TOTO sIBJIEHUS
JIOJIXKHA CTaTh IIKajJa caMbIX pacIpOCTPaHEHHBIX
MPUYMH OTKA30B OT BaKIIMHAIIUW, pa3paboTaHHas
BO3 B 2019 r. IlpomnopuuroHajbHas TocjenoBa-
TeJIbHOCTh JAHHOM IIKaJIbI TIpeICTaBlIeHa CIeayI0-
LIMM 00pa30M: «yBEepEeHHOCTb B TOM, UTO 00OJI€3Hb
000MAET CTOPOHOI», <«HEHOCTYIHOCTH BaKIIWH»,
a TakxXe «HemocTaTok aoBepus» [5]. TlockosbKy
B cutyauuu COVID-19 6anaHc B CTOpOHY 3apaxe-
HU S OBLJI Ype3BBIYAaifHO BEICOK U JOCTYITHOCTH BaK-
IIMH B HCCJEAYEMOM peruvoHe Oblna obecriedyeHa,
9TO CHMMaeT BO3MOXHOCTb OIEPUPOBAHMS JTaH-
HBIMM TMapaMeTpaMy M OJHO3HAYHO OIIpeaeisieT
caMbIM OYEBUJIHBIM (haKTOPOM OTKaza OT BaKIIM-
HallMM UMEHHO «HEIOCTaTOK HoBepus». [TlomoOHOoe
COCTOSTHUE HE CJIy4ailHO, TTOCKOJIbKY B MTaHAEMUIO
COVID-19 uHpopMallMOHHOE I10J€ HaXOAUJIOCh
MOJTHOCTBIO TIOA BO3JeMCTBUEM Hemnpodeccruo-
HanbHOoro CMMU, HecBOOOAHOTIO OT KOH(MJIMKTA UH-
TepecoB. OTBETHBIM MOKa3aTejeM, BBISIBJICHHBIM
Mo pe3yjbraTaM YKa3aHHOI'O COIIMaJbHOTO OIpPO-
ca, CTaJlo TO, YTO MOAABJIONIece OOJIBIIMHCTBO
PECMOHICHTOB T0JIyJaio MHMOpMAIIMI0 O BaKIIM-
Hax u3 CMMU, a He OT MEAUIIMHCKUX PAaOOTHUKOB.
Tak, HampuMep, MO JaHHBIM yKa3aHHOTO OIpoca
LHAPOC, MenuMHCKUE PAOOTHUKU B KayecTBE
WCTOYHMKA TIOyYeHUs WHGOpPMAIIUN YIIOMWHA-
orcs auwb B 13,5% B Keipreizcrane, B 20,7% —
B Tamxukucrane u B 8,2% — B Y3bekucrane |[I,
c. 57 ta6n.91].

Kaszyc naHHO# cuTyallMM 3aKJIIOYAETCSI B TOM,
YTO B XOJI€ 3TOTO XK€ COILIMOJIOTUUYECKOI'0 UCCIIEN0-
BaHUS OBIJIO YCTAHOBJIEHO, YTO MO3UTHUBHOE BJIM-
sSH1e Ha (OPMHUpPOBAHUE NOBEPUS K BaKIIMHAILIUNA
B 3aBUCMMOCTU OT Ie€HIEpPHOro cTaTyca pPecITOH-
JIeHTa (MY>XXYWHBI/>KEHIIWHBI), TIOBCEMECTHO ITPU-
HaJJIEKUT MMEHHO MEIWIIMHCKOMY IIepCoHaly,
cootBeTcTBeHHO: 70,0%/75,7% — KboIpreiscTaH;
73,8%/76,4% — TanmxukuctaH u 82,0%/85,2% —
V3b6ekucraH [1, c. 94, Tad. 46].

Crnenyer ¢ coxalJleHMeM KOHCTaTHMPOBATh, YTO
MpeacTaBjieHHbIE ITOKa3aTeJu OJHO3HAaYHO yKa-
3bIBAIOT HA YIYIIEHHYI0 BO3MOXHOCTbH CO3HaHUSI

KOPPEKTHOM BaKIIMHAJIBHOUN Cpelbl B CUJIY Upe3-
BBIYAHOW 1O MHTEHCUBHOCTU M BOBJICUEHHOCTH
B aKTYyaJbHBIM pPEeXUM IaHAEMUU ITPOGUIBHBIX
MEIUIIMHCKUX CTPYKTYP C OMHOBPEMEHHBIM TIepe-
XOJIOM MWH(OPMAIIMOHHOTO «pyIIopa» B Herrpodec-
CUOHAJIbHYIO 1 CKJIOHHYIO K CeHCallUsIM U HeraTH-
Bu3My cdepy [1, c. 57, Taba. 9].

B nono6Hoi1 o6cTaHOBKE 3aAeCTBOBAaHUE BCEX
(akTOpOB HPABCTBEHHOI TIOAAEPXKU Oe3yCJIOB-
HO WMMeJo CyIllecTBeHHoe 3HadyeHue. [Ipsamyio
CBsI3b CJICMOBAHUSI PEJIUTMO3HBIM HacCTaBHMKaM
MO0 peKOMEHalluy BaKIIMHAIIMM B PErMOHE CTpaH
HAPDC oTMeTuan B 3aBUCMMOCTU OT T€HJEPHO-
ro craryca pecnoHaeHTa (MY>XXYHMHBI/>KEHIIIMHBI)
cooTBeTcTBeHHO: 1,9%/1,9% — B KbIpreiscraHe;
34%/2,4% — B Tagxuxucrane; 0,8%/0,2% —
B Y30ekucrane [1, c. 94, ta6a. 46]. OgHako cieny-
eT MMETh B BUAY U HEIPSIMBIC XapaKTePUCTUKU
HPaBCTBEHHOI'O BO3JCUCTBUS PEJIUTHH, TaKHE KakK
TpaauIIMOHHAas IIEHHOCTb CEMbU, YTO OITPEACTIUIIO
HauboJIee YacTyI0 MOTUBAIIUIO U MTPUBEPXKEHHOCTh
JKEHIIIWH K BaKIIMHALINY B CTPaHaX MYCYJIbMaHCKO-
ro pervoHa JJisi 3allUThl POAHBIX U OJM3KUX. B 11e-
JioM (haKTOP 3aIUThI CEMbH ITOCITYKUJI OCHOBAaHUEM
JUISE BaKLIMHONIPOMUIAKTUKU Y 73,6% yd4acTHUKOB
omnpoca B Keipreizctane, 80,7% — B TagkukucraHe
n 72,8% — B Y30ekucrtane [1, c. 65].

3ak/yeHme

Bce BhImeyKazaHHBIC TIOJOXEHUS IIOCTIEAOBA-
TEJIBHO NOMYCPKUBAIOT HEOIIPOBEPKUMOCTh KOH-
HEIIMHT IIPo(eCcCUOHaTFHON W COIIMAaIbHON OTBET-
CTBEHHOCTH BCEX CTOPOH 1 30H BIMSHUS (3aKOHOAA-
TEJIBCTBO, 3lpaBooxpaHeHue, peanrus, CMUW) mas
HOMACPXKU aBTOPUTETA HAYYHO-MEIUITMHCKIX MEP
3alMThl 310POBbSl OOIIECTBA, YTO ObIJIO JAETAJbHO
IPOKOMMEHTHPOBAaHO HAMM paHee Ha Pa3TUIHBIX
Tarax pa3BuTus nmangemuu [15, 16, 17].

Oco00 MO3UTUBHBIM IIPUMEPOM MOXKET CIy-
KHUTh MpaKTHUKa BaKIIMHAIIUK, OOeCIIeYrBaloIast
00BEeKTUBHOE, ITpodeccruoHalbHOe WHMOOPMHUPO-
BaHNE HaceJeHU s, UCKIIOYeHNE HEOOOCHOBAaHHOM
ne3nHGOPMaIINK 3a CUET CUCTEMBI «OOpaTHOM CBSI-
3W», OTIEPaTUBHOE MOHUTOPUPOBAHUE PE3YyJIETaTOB
BaKIIMHAIIMU M UX OTKPBITOE OOCYXKIECHHUE B 3KC-
NepTHO-NPO(PUIEHOM MEIUIIMHCKOM aCIIeKTe.

B uenom HeoOXxoaMMoO aKLEHTUMPOBATh BHUMaA-
HHE Ha TOM, YTO TOCTUKECHE TapMOHMUYECKOTO JI0-
BepHs K BaKIIMHAIIMM HA TIPUHIINTIAX YOESXKICHHO-
CTH, OCO3HAHHOCTHU, HE3aBUCUMOCTH M Bephl B Ha-
YUYHBIA ¥ HPAaBCTBEHHBINM IMOTEHIIMAT MEIUIIMHBI
TpeOyeT COBEPIICHCTBOBAHUS COILIMAJIBHBIX HOPM
peryJIMpOBaHUSI OTHOIICHUS YeJIoBeKa U OOIIeCT-
Ba, IIPeXIe BCETO B YaCTU MOBBIIMICHU S ITPaBOBOIA,
aIMUHUCTPATUBHON M MH(MOPMAIIMOHHON OTBET-
CTBEHHOCTU YIIOJTHOMOYEHHBIX Ha TO CTPYKTYP
¥ YKPEIIJICHUS MOPaJIbHBIX OCHOB BO Bcex cdepax
YeJI0BEYECKOro COOOIIeCTRA.
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U3YYEHUE AHTUTEHHbIX CBOMUCTB

LUITAMMOB KOPOHABUPYCA SARS-CoV-2,
BblAEJIEHHbIX HA TEPPUTOPUU PD

B 2020-2022 rr., B PEAKLIUN HEUTPAJIU3ALUU
C UICNOJIb30BAHUEM TMNEPUMMYHHbIX
CbIBOPOTOK MbILLEN

A.B. 3aiikosckas, B.A. Esceenko, C.E. Oabkun, O.B. IIbgukoB

@DBYH locyoapcmeenHuiil Hay4HbLil yeHmp supyconroeuu u buomexuoaoeuu «Bexkmop» Pocnompeonadsopa, p.n. Koasyoeo,
Hosocubupckas obaacms, Poccus

Pe3iome. Bsedenue. bricTpoe paciipocTpaHeHe HOBOI KOPOHABUPYCHOM MH(MEKIIVY CPEAN HACEIEHUSI MHOTUX CTPaH
MUpa crocoOCTBOBAJIO TeHETUUECKON 3BOTIOIIUY BUpPYCa, CAEICTBUEM YETO SIBUJIOCH MOSIBJIEHUE MHOXECTBA T€HETH-
yecKMX BapuaHTOB KopoHaBupyca SARS-CoV-2. MyTauuy B BUpYCHOM T€HOME MOTYT BJIUSITh Ha CIIOCOOHOCTh BUPY-
ca 00XONUTh UMMYHHYIO 3aIIUTY U 3aTPYIHSITh Pa3padOTKy AMATHOCTUYECKUX U MPODUIAKTUYECKUX MTPernapaTos.
JaHHble 0 HEUTPaIU3yIolieil aKTUBHOCTH CHIBOPOTOK, TMOJTYUEHHBIX MPOTUB IIUPKYJIUPOBABIINX PaHEE TeHETUYEC-
KUX BapUaHTOB BUPYCA, B OTHOIIEHUU aKTyanbHBIX IITaMMOB SARS-CoV-2, MOTyT C1yXuTh HayYHBIM 00OCHOBA-
HUEM [IJIsi BBIOOpa aHTUTEHOB TIpU pa3paboTke BaKIUH. Lleabio paboThl SIBUIOCH N3yUYeHUE KPOCC-PEaKTUBHOCTHU
mrtaMMoB KopoHaBupyca SARS-CoV-2, oTHOCAIIMXCS K pa3HbIM TEHETUYECKUM BapUaHTaM, KOTOPbIE ObLIU BbIAEE-
HbI Ha TeppuTopuu Poccuiickoit @enepaninu B nepuon 2020—2022 rr. B peakiny HEUTpaIU3alUK C UCTIOTb30BaHUEM
TUIIEPUMMYHHBIX CBIBOPOTOK MbllIeil. Mamepuanv: u memoosi. UctionbzoBanbl 10 mTamMMoB KopoHaBupyca SARS-
CoV-2, oTHOCSIIMXCS K pa3HBIM TeHeTHUeCcKMM BapuaHTaM (3 mTamma, He sBiastomuecs VOC, anboa, 6eta, raMmma,
nenbra, aeapTat+AY, omukpoH 1 u omukpoH 2). ltamm hCoV-19/Australia/VIC01/2020 (YxaHb) OblLJ BKJIIOUYEH B UC-
cllefloBaHME B Ka4eCcTBE MPOTOTUITHOTO BapuaHTa. Mereil tnHun BALBc nMMyHU3MpOBan MHAKTUBUPOBAHHBIM
KOHILIEHTPUPOBAHHBIM aHTUT€HOM B CMECH C aJ/blI0OBAaHTOM |:1, B KauecTBe KOTOPOTO UCIOJb30BaIN BUPYCOMOI00HbIE
MMMYHOCTUMYJIMPYIOIINE KOMITJIEKCHI Ha OCHOBE canmoHUHOB KBumnaiiu MmelibHOM (Quillaja saponaria). Tutp aHTu-
TeJ OTPEACNSIN B peakliuu HelTpanusauuu. Pezyrsmamel. [lokazaHO 3HAYMTENbHOE CHUXEHUE HEUTpaaIu3ylomien
CMOCOOHOCTY aHTHUTEN, CTIEHU(PUIHBIX K TEHETUYeCKUM BapuaHnTaMm kKopoHaBupyca SARS-CoV-2 He oTHOCsIIMMCS
kK VOC, mportus 6eta VOC 1, B MeHbIIIei cTenieHu, MpoTuB anbda u ramMma VOC. Paznuuus ypoBHS HEMTpaIu3yIomeid
AKTUBHOCTY aHTUTEN 18 anbha u 6eta VOC Mexay co0oit He3HaunTeNbHbI, ¢ Bapuantom ramma VOC — He nocTo-
BepHbI. HeliTpanusyomas cnocoOHOCTh aHTUTEN, crielubUuYHbIX K Aeabra VOC, mpoTuB BapuaHTOB anbda u 6eta
VOC cHuxeHa B 4 paza. HeiiTpanusyioniasi akTHBHOCTb ChIBOPOTOK, MOJYUYEHHBIX K BapuaHTaM OMUKpPOH 1 u 2,
10 OTHOILIEHUIO K TPOTOTUITHOMY BapyaHTy KOPOHaBUpPYyca CHUXEHa B 18 pa3, K raMMa-BapuaHTy — B 12 pa3, K ejib-

Appec pnsi nepenucku:

3aiikoBckas AHHa BnagumupoBHa

630559, Poccus, HoBocnbupckas obnacts, p.n. KonbLogo,

'HLL Bupyconorum n uotexHonorum «Bektop» PocnotpebHazasopa.
Ten.: 8 (383) 363-47-00, non. 2004.

E-mail: zaykovskaya_av@vector.nsc.ru

Contacts:

Anna V. Zaykovskaya

630559, Russian Federation, Novosibirsk region, Koltsovo,
State Research Centre of Virology and Biotechnology “Vector”.
Phone: +7 (383) 363-47-00, gon. 2004.

E-mail: zaykovskaya_av@vector.nsc.ru

[ns uuTMpoBaHus:

3aiikoBckas A.B., EBceeHko B.A., Onbkun C.E., MbsiHkos O.B. M3yueHune
@HTUreHHbIX CBOWCTB LUTaMMOB kopoHaBupyca SARS-CoV-2, BblaeneHHbIX
Ha TeppuTopumn PO B 2020-2022 rr., B peakLium HeiTpanuaaumm

C UCMOJIb30BaHNEM MMNEPUMMYHHBIX CbIBOPOTOK MblLLer // Hpekums

v ummynutet. 2023. T. 13, Ne 1. C. 37-45. doi: 10.15789/2220-7619-1AF-1998

© 3aiikoBckasa A.B. n coasrT., 2023

Citation:

Zaykovskaya A.V., Evseenko V.A., Olkin S.E., Pyankov O.V. Investigating
antigenic features of the SARS-CoV-2 isolated in Russian Federation

in 2021-2022 by hyperimmune mouse serum neutralisation // Russian
Journal of Infection and Immunity = Infektsiya i immunitet, 2023, vol. 13, no. 1,
pp. 37-45. doi: 10.15789/2220-7619-1AF-1998

DOI: http://dx.doi.org/10.15789/2220-7619-1AF-1998

Cratbs focTynHa no nuuen3nn Creative Commons Attribution 4.0
The article can be used under the Creative Commons Attribution 4.0 License

37



A.B. 3aiikoBckas n ap. MHdekumns n uMmyHuTeT

Ta-BapuaHTaM — Oosiee yeM B 30 pas, JJ1s OCTaJlbHBIX BADMAHTOB OHA elle HUXe. Boigodur. [ToayuyeHHbIE pe3ybTaThl
CBUIETEIBCTBYIOT O HAJIMIMU KPOCC-PEAKTUBHOCTY MEXKAY IITaAMMaMU KOPOHaBUpPYCa, OTHOCSIIUMUCS K TeHETH-
YeCKUM JIMHUSAM YXaHb, aibba, 0eTa, raMMa; 15 AeJbTa-BapuaHTOB OHa cjabee. MyTauuu B reHOMe BapuaHTOB
omukpoH VOC npuBenu K 3HaUMMOMY CHUKEHU IO aHTUTEHHBIX TIEPEKPECTOB ¢ 00Jiee pAHHUMU Fr'eHeTUYeCKUMU Ba-
pUaHTaMU KOpPOHABUPYca. DTU CBENEHMS OODBICHSIOT HU3KYIO 3(pHeKTUBHOCTD BaKIIMH, CO3IaHHBIX HA OCHOBE Te-
HETHYECKOr0 BapyMaHTa BUpYCa, LIMPKYJIMPOBABIIErO B MEPBbie HEAEIU MaHIAEMUH, CHHTETUYECKUX KMMYHOIE€HOB
1 peKOMOMHAHTHBIX OEJIKOB Ha €ro OCHOBE MPOTUB BapuaHToB oMUKPOH VOC, KOTOpBIE BhI3BaIM IOAbEM 3a00JIeBa-
emocTu ¢ Havasa 2022 r., a TaKKe c1y4yau MOBTOPHOIo 3a00J1eBaHus JTI0AeH Mpy MHOUIIMPOBAHMU HOBBIMU T€HETH-
YeCKMM BapUaHTOB KOPOHaBUpYyCa.

Karoueevie caosa: COVID-19, SARS-CoV-2, anmumena, kpocc-peakmusHOCHb, 2UNEPUMMYHHbIE Cbl8OPOMKU, PeAKUUs Hellmpaiu3ayuu.

INVESTIGATING ANTIGENIC FEATURES OF THE SARS-CoV-2 ISOLATED IN RUSSIAN FEDERATION
IN 2021-2022 BY HYPERIMMUNE MOUSE SERUM NEUTRALISATION
Zaykovskaya A.V., Evseenko V.A., Olkin S.E., Pyankov O.V.

State Research Center of Virology and Biotechnology “Vector”, Federal Service for Surveillance on Consumer Rights Protection and
Human Wellbeing, Koltsovo, Novosibirsk Region, Russian Federation

Abstract. Introduction. The rapid spread of a new coronavirus infection among populations in many countries worldwide
has contributed to the genetic evolution of the virus, resulting in the emergence of multiple genetic variants of the SARS-
CoV-2 coronavirus. Mutations in the viral genome can affect the ability of the virus to bypass the immune system and
complicate development of diagnostic and prophylactic drugs. Data on the neutralizing activity of the sera obtained against
previously circulating genetic variants of the virus in relation to current SARS-CoV-2 strains may serve as a scientific basis
for the selection of the antigens in vaccine development. The aim of this work was to study cross-reactivity of SARS-
CoV-2 coronavirus strains belonging to different genetic variants, which were isolated in the territory of the Russian
Federation during 2020—2022 in the neutralization reaction using mouse hyperimmune sera. Materials and methods. Ten
strains of SARS-CoV-2 coronavirus belonging to different genetic variants were used (three non-VOC strains, alpha,
beta, gamma, delta, delta+AY, omicron 1 and omicron 2). The hCoV-19/Australia/VIC01/2020 strain (Wuhan) was
included in the study as a prototypical variant. BALBc mice were immunized with inactivated concentrated antigen
mixed with a 1:1 adjuvant, which was a virus-like immunostimulatory complex based on Quillaja saponaria (Quillaja
saponaria). The antibody titer was determined in the neutralization reaction. Results. Essential decrease of neutralizing
ability of antibodies specific to non-vOC genetic variants of SARS-CoV-2 coronavirus was revealed against beta VOC and
to a lesser degree against alpha and gamma VOC variants. The differences in the neutralizing activity level of antibodies
for alpha and beta VOC variants are not significant among themselves, and with gamma VOC variants — there are no
significant differences. Neutralizing ability of antibodies specific to delta VOC against alpha and beta VOC variants
decreased 4-fold. Neutralizing activity of sera obtained to omicron 1 and 2 variants in relation to the prototype coronavirus
variant was reduced 18-fold, to the gamma variant — 12-fold, to delta variants — more than 30-fold; for other variants
it was even lower. Conclusions. The results obtained testify to the presence of cross-reactivity between strains of coronavirus
belonging to genetic lines Wuhan, alpha, beta, gamma,; it is weaker for delta variants. Mutations in the genome of VOC
omicron variants led to a significant decrease in antigenic cross-links with earlier genetic variants of the coronavirus.
These findings explain the low efficacy of vaccines based on the Wuhan strain, synthetic immunogens, and recombinant
proteins based on it against omicron VOC variants, which have caused a rise in morbidity since early 2022, as well as cases
of re-infection of humans with new genetic variants of the coronavirus.

Key words: COVID-19, SARS-CoV-2, antibodies, cross-reactivity, hyperimmune sera, neutralization reaction.

BBepneHune

bricTpoe pacnpocTpaHeHUE HOBOUM KOpOHa-
BUPYCHOI WHMEKIUU CPeAu HACEJeHUS MHOTUX
CTpaH MHUpa CIOCOOCTBOBAJIO TEHETUYECKON 3BO-
JIIOLIUU BUpPYCA, CIAEACTBHUEM UYEro SIBUJIOCH TOSIB-
JIEHUE MHOXECTBa FeHEeTUUYECKUX BapUaHTOB KO-
poHaBupyca SARS-CoV-2. MyTauuu B BUPYCHOM
reHOMe MOTYT BJMSTH Ha CIIOCOOHOCTb BUpYyca
0OXOAUTh UMMYHHYIO CUCTEMY U 3aTPYAHSTh pa3-
paboTKy NTUAarHOCTUYECKUX U MPOGDUITAKTUYESCKUX
npemnapatoB [12]. B HacTosiee Bpemsi BcemupHas

OopraHu3aiusl 3ApaBOOXPAHEHUST BBIAEISICT MSTh
OCHOBHBIX T'€HETHMYECKMX BapUaHTOB, BbI3bIBAlO-
mux odecrnmokoeHHocTh (VOC, Variant of Concern):
Alpha, Beta, Gamma, Delta u Omicron [2].

BbLIO yCTaHOBJIEHO, YTO UMMYHOIOMMHAHTHBIM
OenkoM-MUILIEeHbIO KopoHaBupyca SARS-CoV-2
SIBJISIETCSI TTOBEPXHOCTHBIM IIMKONPOTEHH S, KO-
TOpBLIii B (POpMe TpUMeEpa BBLIMNOJIHSET (PYHKLIMU
CBSI3bIBAaHUSI C PELIENTOPOM KJIETOK M CIIUSTHUS
000JI04eK BUPYCHOI'O Karcuja U KJIETKU-MUIIIe-
HHU [6]. B mOBEpPXHOCTHOM TIIMKOIIPOTENHE S BUPHO-
Ha SARS-CoV-2 peuenTtop-cBSI3bIBAOIINN TOMEH
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(RBD) conepxut 11 u3 14 anuTOnoB, OTBETCTBEH-
HBIX 3a CBSI3b C BUPYCHEUTpPAIU3YIOIIUMU aHTU-
teaamu [6, 9]. JlaHHBIE APYroro MCCaedOBaHMS,
npencraBieHHoro Harvey W.T. u coaBt., cBune-
TEJILCTBYIOT O TOM, 4TO 0K0JIO 90% HelTpaausyro-
LIMX aHTUTEN cBs3biBaloTcst ¢ RBD-gomeHowm [7].

I[Ipu UUPKYASILUUM B YETOBEYSCKON TITOMYJISI-
WU IO JaBJICHUEM UMMYHUTETA IPOUCXOIUT OT-
0Op BapuMaHTOB BUpPYCa, CIIOCOOHBIX YKJIOHSTBHCS
OT HeWTpalu3ynmux GakTopoB U MPU 3TOM CO-
XpaHSTh PEIPOAYKTUBHBIN IOTEHIIMAJ. DTU Ba-
PHAHTHI U XapaKTEePpU3YIOIINE NX MyTallMN TeHOMa
JIeTaJIbHO OMTMCAHBI B MOJIEKYJISIDHO-TEHETUUECKUX
HUCCEIOBAaHUSIX, OJHAKO OHU HE TMO3BOJSIOT Clie-
JIaThb BBIBOJ O (DOPMUPOBAHUU ICKEHTT-MyTaHTOB
WJI HEUTPATBHOCTU TEX UM MHBIX aMUHOKHCIIOT-
HBIX 3aMeH [10].

COBOKYITHOCTh Hay4YHBIX HAHHBIX CBUACTEIb-
CTBYET O TOM, YTO BaKIIMHbBI, CO3JaHHBIE HAa OCHO-
Be mTaMMoB KopoHaBupyca SARS-CoV-2, Bbeige-
JICHHBIX B TIEPBbIE HENEJU MaHIeMUWU, MOCTEIeH-
HO yTpauyuBaioT 3(h@OEKTUBHOCTh B OTHOIICHUU
LHMPKYJIUPYIOIIUX B HACTOSILIUU TepUO BapUaH-
TOB [5]. JlaHHBIE O HelTpau3yolleil aKTUBHOCTU
CBIBOPOTOK, IIOJYYEHHBIX IIPOTUB HHUPKYIUPO-
BaBIIMX paHee I'eHETUYEeCKHWX BapuaHTOB BUpYyca,
B OTHOILIEHUU aKTyadbHbIX IITAMMOB SARS-CoV-2
MOT'YT CIYXHUTh HAyYHBIM 000OCHOBAaHMEM JIJIsI BbI-
0opa aHTHUIreHa Mpu pa3paboTKe BaKLMH. Tak, Ha-
npuMep, aHajlu3 KPOCC-PEaKTUBHOCTU ChIBOPO-
TOK B CEPOJIOTMUYECKUX peaKIMsIX MPUMEHSETCS
Ha MOPOTSKEHUU OECATUICTUN sl BhIOOpa BaK-
OUHHBIX MITAMMOB ITPOTHUBOTPUITIIO3HBIX BaKIIMH
M TIOATBEPANI CBOIO 3(PPEKTUBHOCTD [15].

Llenbto paboThl SIBUJIOCH U3YyYE€HHUE KpOCC-
pEaKTUBHOCTU IITaMMOB KopoHaBupyca SARS-
CoV-2, oTHOCSIIUXCS K pPa3HBIM TEHETUYSCKUM
BapMaHTaM, KOTOpPbIe ObLIM BBIIEJIEHBI HA TEppPU-
Topun P® B nepuon 2020—2022 IT., B peakKIIU¥ HEil-
Tpajau3alluM C UCII0JIb30BaHUEM TUIIEPUMMYHHBIX
CBIBOPOTOK MBIIIICH.

Matepuainbl 1 METOLbI

Kyaomypor kaemox. B paboTe uCHoJib3oBaind
KYJBTYpY KJeToK Vero E6 (KJIeTKU SIMUTEIUS TTOY-
K1 adpukaHckoil 3eneHoir Maptbimiku) (PBYH
I'HL[ Bb «Bektop» PocnorpebHan3opa). Kinetkn
KyJbTuBUpOBanu npu 37°C B MUTATENbHOU cpene
DMEM («Gibco», Thermo Fisher Scientific, CIIIA)
¢ L-tmyrammBaOM, ¢ mob6asieHneM 10% smMOpuo-
HaJIbHOU Tesisubeil chiBOpOoTKU («Gibco», Thermo
Fisher Scientific, CIIIA), Antibiotic-Antimycotic
(«Gibco», Thermo Fisher Scientific, CIIIA) B at-
Mocdepe ¢ 5% CO,.

Bupycor. DxcriepuMeHTHI ¢ UH(MEKIITMOHHbBIM Ma-
TepuaJioM ObLJIM NIPOBEACHBI B JJabopaTOpUM, COOT-
BETCTBYIOIE ypoBHIO OuobGe3zomacHocTu BSL-3
Bo ®BYH I'HII Bb «Bektop» PocniorpedHan3opa,

umetoiieM CHO3 Ha ITpaBo NPoOBeIeHU ST paboOT C 0CO-
00 onacHbIMU BuUpycamu. B paboTe ucrnonb3oBaiu
mraMMBl KopoHaBupyca SARS-CoV-2, nenoHu-
poBaHHBIe B [oCcymapCcTBEHHOI KOJIJIEKIIMM BO3-
OynuTeseid BUPYCHBIX MHMEKIINN 1 pPUKKETCUO30B
®dBYH THII BB «Bektop» PocnorpebHansopa,
KOTOpble ObLIM BbIJAEJIEHBI OT OOJIbHBIX JiOAeH
Ha Tepputopuu PP. B kauecTBe IpOTOTUIIHOTO Ba-
puaHTa ucnoab3oBanu lItamm hCoV-19/Australia/
VICO01/2020 (YxaHb), KOTOpbIi ObLI J10OE3HO
npenoctaBiaeH Mike Catton (Victorian Infectious
Diseases Reference Laboratory, Melbourn, Australia)
B ¢deBpasie 2020 r. Iy nojJydyeHUs MaHeau TUme-
PUMMYHHHBIX CBIBOPOTOK OBLIM HCIIOJb30BaHbI
IITaMMBI, OTHOCSIIIIECS K pa3HBIM TeHETUUYECKUM
auHugM KopoHaBupyca SARS-CoV-2. CseneHusa
0 TeHEeTUYECKUX XapaKTEepUCTUKaX, WHOEKIIMOH-
HBIX TUTpax IITAaMMOB MpeAcTaBjieHbl B Tabia. 1.
IIITamMmMBl BUPYCOB ObIJIM HapabOTaHbl Ha KYJIb-
Type kJeTok Vero E6, njisi mpoBelneHUsI peakInu
HeWTpalu3alnuy ObLIV MPUTOTOBJIEHBI aTMKBOTHI,
KoTopbie xpaHuau npu —80°C. [Ins Kaxaoro myJa
BUpYCa ObLIIN OITpeaeaeHbl MHPEKIIMOHHBIE TUTPHI.
Onpedenenue UHBEKUUOHHO20 MUmMpa 8upyca.
KynpTypy KJIETOK BbIpalivBaid B 96-TU JIYHOY-
HOM KYJIbTypajabHOM TutaHIeTe. [lociie ymaieHus
POCTOBOM cpedbl U3 TYHOK KYJbTYpPaJbHOTO IJIaH-
ImeTa B HUX BHOCUJIM MOCJICAOBATCIbHBIC ICCITH-
KpaTHBIE pa3BelAeHUs] BUPYCCOMEpXKallel KUI-
KOCTHM B TIO[JICPXXMBAIOIICH cpeae He MeHee 4eM
B Tpex nmoBTopax. [1naH1meTsl MHKYyOMpOBaJu B Te-
yeHHue 4 CyTOK, pe3yJIbTaT YUYUTHIBAJINU BU3YyaJbHO
no Hanuuuto LI mocne okpamiMBaHus pacTBO-
poM reHumaHBuojera. st okpalmuBaHU s KJIETOK
B KaxXAylo JIYHKY maHiueTa BHocuau mo 0,1 mu
0,2% pacTtBOpa reHuraHBuosera (1 r reHLaHBUO-
Jieta pacTBopsiiv B 20 MJ1 96% 3TUIIOBOTO CIIMPTA,
nobGasasiin 120 ma 40% dopmanuna u 350 M pac-
TBOopa XeHkca). Yepes 30 MUH KUIKOCTb U3 JIYHOK
yoanasiau W IJIaHIIEThl IPOMBIBAJIU BOIOMIPOBOII-
HOI Bomoii. Crrenmuduyeckoe ITOpakeHNEe MOHO-
CJIOST KYJIBTYPBI KJIETOK B JIYHKE YUYUTBHIBAIN KakK
LIT/I. PacyeT TuTpa BUpyca mpoBOAMIU MO (popMy-
e Puma—Menya u Beipazkaau B g T s,/ma [11].
Ilodeomoexa anmueernos. I1ynbl MITAMMOB BHPY-
ca 6bLTM HapaboTaHBI Ha KYJBTYpe KJeToK Vero E6,
TpPEeXKpaTHO 3aMOPOKEHBI M Pa3MOPOXKEHBI, 3aTeM
HeHTpUdYTrupoBaHbl IPU 4 ThIC. 00/MUH B TeUSHUE
10 MuH, GUIBTPOBAaHHI Yepe3 PUIABTPYIOIINEC Ha-
canku (0,22 Merck, Millipore), KOHIIEHTPUPOBaHbI
IpU TIOMOIIW UEHTPUQPYKHBIX KOHIIEHTPATOPOB
(50 kDa, Amicon Ultra-15, Merck, Millipore), co-
IJ1aCHO WHCTPYKUUU mpousBomutens. [lo o0b-
eMy BUPYCHBIC CYCIIEH3UU OBbLIM CKOHIICHTPH-
poBaHbl B 20 pa3. Ha kaxaom atarie moaroToBKU
aHTUTEHa ONpeAeasiiu TUTPp UWHGEKIIMOHHOTO
Bupyca (ta6a. 1). IlomydyeHHYIO KOHIEHTPHPO-
BaHHYIO (GpaKIWO HMHAKTUBUPOBAJIU OeTa-Ipo-
nuojiakToHoM (BPL) (Acros Organics). KoneuHas
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Ta6nuua 1. Undpopmauus o wutammax kopoHaBupyca SARS-CoV-2, ncnonb3oBaHHbIX
AN UMMYHNU3aLun XXUBOTHbIX

Table 1. Data on SARS-CoV-2 coronavirus strains, used for animals’ immunization

Cokpawene | .0 aune wramma, (GISAID ID), 0Gosnavetme | VHbEKUMOHHBIA TUTP BUpYCa (Ig TLLAS,/Mn)
"j::;:ﬂ": wTamma cornacHo BO3, reneTnyeckas nuHus Infectious virus titers (Ig TCDg,/ml)
Abbreviations Name of the strain, (GISAID ID), WHO label variants UCXOAHBIN TUTP | KOHLLEHTPUPOBaHHAA dpaKLys
of the strain name of concern VOC, genetic ineage Initial virus titer concentrated fraction
pan e D20
Russia/Omsk |11 ok 10-1707/2020, 7,25£0,38 8,17£0,33
ussispe | |ICo-19 Mussi/SPE 5770172020 e vy
il e
Bt (EP1 ISL 6492245), Bota, B1.051 675025 583:033
Al e
I o e N e
Gupor v 9 Moo 7110 O8E2VEO2, | 5.0
own? AT, | won | oo

Mpumeyanue. 3HaueHns ykasaHbl B BUAE CPEAHEr0 3HaYeHUs = CTaHAAPTHOE OTKIOHEHME.

Note. Values are indicated as mean value + standard deviation.

koHleHTpalusi BPL B pactBope cocrtaBuia 0,1%.
IMpouenypy wuHaKTUBALMK BUpYyCCOAepKallei
XKUIKOCTU TPOBOAUIM COTJIACHO WHCTPYKIIUU
npousBoauTes. OcTaTouHyl0 WHQEKIIMOHHOCTh
VWHAKTUBUPOBAHHBIX (PpakIUil TIPOBEPSIN IIy-
TeM MHOUIIMPOBAHUS KYJIbTYpbl KjieToK Vero E6.
OcrarouHasi WH(PEKIIMOHHOCTh OTCYTCTBOBaja
JIJISI BCEX 00pa3IoB.

ITlonyuenue mulUHBIX 2UNEPUMMYHHBIX CbLBO-
pomok. 1151 UMMYHU3alIUU OBbIJIM UCTIOJIb30BaHbI
mbiiu TuHu BALBc maccoit 18—20 1 (ITutomHuk
naboparopHubix XuBoTHbiXx, ®BYH T'HI[ BB
«BekTop» PocrtoTrpebHan3opa), 1mo 4—10 XUBOTHBIX
B Kax1oil rpyrire. MHaKTUBUPOBAHHBINM aHTUTEH
BBOJIMJIM XUBOTHBIM BHYTPUMBIIIEYHO IBYKpAaT-
HO ¢ mHTepBajioM 3 Henenu no 0,1 MJI/KUBOTHOE
B CMecH ¢ aabloBaHTOM 1:1. B kauecTBe agbloBaHTa
WCIOJIb30BaJIM BUPYCOMOAOOHBIE UMMYHOCTUMY-
nupytoire Komruiekebl (MCKOM) Ha ocHOBe ca-
nounnHoB KBunaiiu meinbHoM (Quillaja saponaria)
B KOHLIeHTpauuu 160 mxr/mi [1].

ConepxaHue carnmoHuHOB KBuiiaitn MbITbHOM
B MCKOM-anpioBaHTEe ONpEacIsIIn METOIOM BEI-
COKO2((HEeKTUBHOMN XKUAKOCTHOI XpomaTtorpaduu
(BOXX) na xpomarorpadpe LC-20 Prominence
(Shimadzu) ¢ #OUOMHO-MAaTPUYHBIM JICTEKTO-
pom SPD M20A u xonoukoii Kromasil 300-5-C4
(4,6 mm id x 150 mm). O6beM aHaIU3UPYEMOIA

npobbl — 50 mku1. [TogBuxxHas dasa A: 95% Boabl
JNEMOHU30BaHHOM, 5% anetonutpunia, 0,1% Tpud-
TOpyKCcycHoOM KuciaoThl. [lomBukHast dasza B: 5%
BOJIIBI IEMOHU30BaHHOM, 95% aneronutpuna, 0,1%
TPUPTOPYKCYCHON KUCIOTHI. JIMHEUHBIN rpaau-
€HT: YBeJIMUeHHNE COJep>KaHU I TOABUXHOM hassl B
¢ 20 1o 65% 3a Bpemst oT 0 MmuH g0 30 MUH C IIO-
clleyIOIIMM BbIAepXHBaHUeM 65% ypoBHSI B —
1o 35 mua. CKopocTh TToABUKHOM a3sr — 0,5 M/
MWH, IeTeKTupoBaHue — 215 HM. B kayecTBe 006-
pa3lia CpaBHEHUSI WCMOJb30BaJiM CYXOW TIpera-
pat Saponin from Quillaja Bark pure (PanReac,
Code — A2542).

OT60p TIPOO KPOBU OBLI MPOBEAEH MOA UHBEK-
LIMOHHBIM BHYTPUMBILIEYHBIM HapKo3oM Zoletil
100 (Virbac, ®@paH1us) U3 OopOUTAIBHOTO CUHYCA
yepe3 6 Helesb Mocje Hayajla UMMYyHM3alu. Bee
SKCIIEPUMEHTHl Ha XWBOTHBIX OBLIU OMOOPEHBI
Bbuostnueckum komuterom lleHTpa M mpoBomu-
JIUCh COTJIACHO COOTBETCTBYIOIIMM HaIlMOHAJIb-
HBIM U MEXAYHApOAHBIM PYKOBOASIIUM TPUH-
UIMaM MO YXOAY W TYMaHHOMY KCITOJIb30BaHUIO
SKUBOTHBIX.

Peakyus netimpaauzayuu. KynbTypy KIETOK
Vero E6 BwIpamuvBaiu B 96-TU JTYHOUHOM KYJib-
TypanabHOM Tu1aHIere. McciaeayeMbie CBIBOPOTKH
nporpeBanu nipu +56°C B TeueHue 30 MUH, 3aTeM
TOTOBUJIM TIOCJIEOBATEIbHBIE BYKpaTHBIE pa3-
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BeleHUs, HauuHas ¢ pa3BeaeHus 1:10. dnsa pas-
BeJIEHUSI CBIBOPOTOK UCToab30Banu cpeny AMEM
C TJIlyTaMMHOM M O00aBJIeHMEM aHTUOMOTUKOB.
l'oToBUIM pabouyI0 KOHIIEHTPAILIMIO BUPYCa C TUT-
pom 2 x 3 1g HIT/,,/0,1mm. ToTOoBMIM cMeCh pa3Be-
JIIECHW#1 CBIBOPOTKM U pabOYEero pa3BeaeHUS BUPY-
ca B paBHBIX 00beMax. CMech MHKYyOUpoBanu 1 a
MpU KOMHATHOW TeMIlepaType, 3aTeM A00aBJIsin
B JIYHKU 96-JTyHOUHOIrO TMJaHIIeTa C MOHOCJO-
eM KyJbTypbl KjeTok Vero E6 m mMHKyOupoBaIu
B TeueHue 4 nHeit nmpu 37°C, 5% CO,. Pesynbrar
YUYUTBIBAJMU Bu3yajbHO mo Haauuuio LI no-
cjie OKpalllMBaHHUs PacTBOPOM TeHIIMaHBUOJIETA.
JIto6oe crienudpuyueckoe MNOBpPEXJIEHNE KJIIETOY-
HOM KyJABTYPHI B IYHKE CUNTAJIN LIUTOITATUISCKUM
sadpdexkrom (LIITM). Ilpu mocTtaHOBKE peaKIIUU
HeWTpaau3anuu ObLIN TPEAYCMOTPEHBI CIIEIYI0-
II¥e KOHTPOJU: KOHTpoab KJaeToK (KK) — myHku
He MHGUIMPOBAHHBIE BUPYCOM, OTPUIIATEIbHBIN
KOHTPOJBbHBIN 00pa3ell CbIBOPOTKU Mbileit (K—)
B pa3BeneHuu 1/10, kKonTpoJib Bupyca (KB) — nyH-
KM MHGULIMPpOBaHHBIE pad0OYMM pa3BeleHUEM BU-
pyca pa3BedeHHBIM B 2 pa3a, KOHTPOJIb paboueii
KOHIICHTpAllUW BHpyca — TOTOBUJIM IBa IIOCIIC-
IOBATEJIbHBIX MOECITUKPATHBIX pa3BeACHUS pa-
boueit koHueHtpanuu Bupyca (KB/10, KB/100).
TUTpOM CHIBOPOTKM CUUTAU OOpaTHOE 3HAUCHUE
ee MoCJIeTHEeTO pa3BeleH s, B KOTOPOM MPU3HAKOB
LTI/ He peructpupoBaiu. 3HaUYeHUST KOHTPOJIb-
HBIX MOKa3aTeJiell yUUThIBaIu CICAYIOIIMM o0pa-
30M: KK — KJ1eTOUHBI 1 MOHOCJION B KOHTPOJbHBIX
JYHKaX JOJI3KEH ObITh COXpaHEH IOJIHOCThI0, K—,
KB u KB/10 — mosHas gereHepalusi MOHOCJIIOS
kietok, KB/100 — nmonoBuHa MHOUIIMPOBAHHBIX
JyHOK umeeT npusHaku LITTJI.

Anaau3 OdanHbix. AHalWU3 AAHHBIX MOPOBEAEH
C MCIoJb30BaHUEM TiporpaMmbl Microsoft Excel,
Statistica v13.0. [Iasg 3Ha4YeHUN TUTPOB BUPYCHEI-
TPaJU3YIOILIUX aHTUTEJ BBIYMCISIJIA CPEelHEe reo-
MeTpuyeckoe obpaTHbIX TUTpoB. Ilpu MmaremaTu-
YEeCKUX BBIUMCICHUSAX CPEIHETO IeOMETUICCKOIro
3HAUYCHUsI OOpaTHBIX TUTPOB HHXe 10 IMPpUHSATHI
3a 5. 3HaueHue 5 ABJSIeTCS 0OPAaTHBIM TUTPOM pa3-
BEIACHUSI, TIPEABIIYIIEro MepBOMY, MCIOIb30BaH-
HOMY B peakiuu. CTaTUCTHUUYECKYIO 3HAYMMOCTh
pPa3HULIBI TUTPOB AaHTUTEJ OLIEHUBAJIU C TIOMOIIBIO
U-tecta ManHa—YutHu. JIocTOBEpHOI cuuTaIun
pasuuny nipu p < 0,05.

Pesynbrathl

Bbutu mosiy4eHbl MBIIIMHbBIE TUIIEPUMMYHHBIE
CBIBOPOTKHM K 9 mitamMmmMam KopoHaBupyca SARS-
CoV-2, BeleIeHHBIM Ha TeppuTopuun PP B niepu-
on2020—-2022 rr. u K pedeperc-mrtammy hCoV-19/
Australia/VIC01/2020 (¥YxaHB), HcClaemoBaHa HX
KPOCC-peakKTUBHOCTb. Pe3yibTarbl peakiuu Heil-
Tpaau3alluy TUICPUMMYHHBIX CHIBOPOTOK MHEI-
e, MOJIy4YeHHBIX K pa3IMYHbIM IeHEeTUYEeCKUM

BapuaHTaM kopoHaBupyca SARS-CoV-2, B oTHO-
IIIEHUU K BUPYCHBIM IITAMMaM, UCHIOJb30BaHHBIM
IS TOJYYEHUSI 3TUX ChIBOPOTOK IIPEACTaBJICHBI
B TaOJI. 2.

IIpy moaroToBke aHTUIEHOB KPAaTHOCTb KOH-
HEeHTPUPOBAHMUS BUpPyca KOHTPOJIUPOBAIU IO U3-
MEHEHUIO eTo MH(PEKIIMOHHOro TUTpa. Ha ocHoBa-
HUU CBEICHUM, TPEICTaBJICHHBIX B Ta01. 1, MOKHO
CKa3aThb, YTO KOHLICHTPAIIWS UCXOTHBIX ITYJIOB BU-
PYCOB Oblj1a MpakTUYeCKU oauHaKoBoil. CpemHee
3HauYeHUE IJisl TUTpa IIYJIOB BUpPyca COCTaBUJIO
6,88+0,27 1g T d5,/Mu. I1pu ucnonb30BaHHOM Me-
ToAe TMOATOTOBKU aHTUTE€HA BUPYC OBIJT CKOHIICH-
TpupoBaH B 20 pa3 1o 00beMy, IIpU 3TOM NHGPEKIIM-
OHHBIN TUTP yBeIWYMJICI B cpemHeM Ha 0,95+0,40
lg TUMs/ma, moTepu mociie ILeHTpUdyruponBa-
HUSA U ¢uiabTpoBaHus coctaBuaun 0,23+0,09 Ig
TU/ds,/MJ1, OoTepu IIOCe HCITOJb30BaHUS KOH-
HeHTpaTtopoB coctaBuiu 0,62+0,68 lg TLds,/M.
OcTtaToyHOW WHMGEKIMOHHOCTUY KOHIEHTPUPO-
BaHHBIX (DpaKIMii MOCIe MHAKTUBAIlMU OeTa-Mmpo-
MUOJIJAKTOHOM He OOHapy:KeHO. AHTUIEeHbI ObLIU
I PUTOTOBJICHBI OMHUM METOIOM, CXO/IsI M3 BBIIIIC-
I pUBEICHHBIX JTaHHBIX MOXKHO ITPEIIIOJI0XUTh, YTO
WCIIOJIb30BaHHBIC IS MMMYHM3AIIUU KUBOTHBIX
KOHIIEHTPAllMM aHTUTEHOB HE MMEJIU CYIIEeCTBEH-
HBIX pa3JINYUIi.

B kauvecTBe anblOBaHTa UCIIOJb30Bajau BHU-
PYCOIIOIOOHBIE HMMYHOCTUMYJIUPYIOIIUE KOM-
MJIEKCBI Ha OCHOBe caroHuHOB. CaloHWH-
colepxXalinue aIbIOBAaHTB CTUMYJIHPYIOT BPOXK-
NEHHBbIM U aJalNTUBHBIA KJIETOYHBIM UMMYHUTET,
a TaK:Ke TYMOpaJIbHBI OTBET BceX M30TUTOB IgG.
ITepBoHauaIbHO IJISI MMMYHU3AIWUU >XWUBOTHBIX
TOI Xe 10301l aHTUreHa B KaueCcTBE aJbloBaHTa UC-
MoJib30Bajiu aabloBaHT PpeliHaa (JaHHbIE B CTa-
The HE MPUBOMSATCS), MPU ITOM TUTPHI aHTUTEN
ObBLIM B CpeIHEM B 8 pa3 HUXKE, YTO HE TTO3BOJIMJIIO
MOJTHOIIEHHO OIIEHUTh KPOCC-PEaKTUBHOCTb.

B mepuwon mepBoro mombeMa 3a00JIeBAEMOCTU
KOopoHaBUpycoM B P® MpKyJIMpoBaIu IMTaMMBI,
He gaasouuecs VOC. B pabore OblIM HUCHOJIb-
30BaHBl TPU IITaMMa 3TOW TEHETHWYECKOW TpyI-
nbl: pedepeHc-IITaMM YxaHb, TamMM Russia/
Omsk, KoTophblii ObIJI BbIAEJAEH OT OOJBHOTO 4Ye-
noBeka B CubupckoMm pervoHe, u mramm Russia/
SPE, aBisgmomuiicsa 3aBO3HBIM ciiydyaeM B Poccuio
n3 WUrtamuu. [lo aHTUTEHHBIM CBOMCTBAaM OHH SIB-
JISIIOTCST OYeHb CXOXKMMHU. Ha ocHOBaHWM pe3yiib-
TaTOB, NIPEICTABJICHHBIX B Ta0JI. 2, MOXKHO CKa3aTh,
4YTO JOCTOBEPHBIX OTJIMYUIA HEUTPATU3YIOIIEH aK-
TUBHOCTU CBIBOPOTOK, CIEHUMUIHBIX K BUpycam
VYxanb 1 Russia/Omsk mo oTHOIIEHHUIO K IITaMMaM
9TOI K€ T'PYIIIbl BUPYCOB HE BBISIBJICHO. MOXHO
OPEeanoaokuTh, uTo mrtaMM Russia/SPE sBnser-
cs1 HanboJlee UMMYHOTCHHBIM IIITAMMOM M3 3TOU
TPYIIIBI BUPYCOB (CpemHee 3HAYCHHE TUTPOB aH-
TATEA C TOMOJOTMYHBIM IITaAMMOM IIPCBHIIIACT
1:1000). BeisiBJIeHO AOCTOBEPHOE CHUXKEHUE HEl-

41



MHdekumns n uMmyHuTeT

A.B. 3aiikoBckas n ap.

'159}-N Asunym-—uuely Buisn pawJoyiad sisAjeue ‘Goo > d1e
9oueolIubIS [eonsiels — , ‘Aelb ul pajybiybiy uabiue snobojowoy syl yim }nsal 8y ‘G Se usye} aJe 0| M0|ad SJall] (anjea1saybiy ey} Si anjea 1samo| ay}) 8IS JO SIa}i} 9S1aAaJ 8y} JO ueaw d111awo0ab ay] Se Sanjep "aloN
"MHLUL-BHHE\ BLOBL- OI9MOWOL 9 HaTeg0dU enwreHe ‘GO0 > d ndu ALOOWKhBHE BEXOORULOWNLELD — , 'WOHBIULHE WIGHRMIOLOWO] O
LelquAead Hawa9g WiIada)) *G ee 1[9LB8HUAL (] 8XMH 19d1] *(BMHBhBHE 89MALOQUEH — BUHBKEHE 99MAHBNMEH) 0L0d08I90 edL1nL 010HLBAQO 010%08hNdLaN08. 019HTadD 81g & IGHEER)A BUHOhBHE "anHehaWKNd]

(08zi-091) | (091-02) (02-9) (02-9) (08-01) (01-8) (01-8) (08-02) (01-8) (0v-9) 2 U0IOIWIQ,Z HOGHMWG
89¢ +8S Vi <01 62 Vi <9 «GE <9 <02
(0ze-08) | (02IS-0%9) (ov-o1) (091-02) (0ze-08) (08-01) (0v-8) (08-0v) (08-02) (091-0%) | UOIOILIC/|, HOAMG
<081 LEV) <9l «S «L2) <98 0! «05 et/ <08
(0ze-02) (091-01) | (08ei-091) | (0v9-091) | (0v9-0) (0v9-ov) | (oze-09t) | (0¥9-091) (091-0t) (0¥9-091) [ u—
L +82 €0y 0ze evl 091 9ce 682 01 582
(091-0t) (08-0v) (oze-o91) | (oce-091) | (0v9-08) (091-0t) (08-0v) (0z€-08) (091-0t) (091-08) eyeq/essuelf
<08 +€9 vSe vae 20e €9 +€9 €21 <101 +0L
(091-0v) (0ze-ov) (0ze-08) (091-08) | (08c1-02€) | (09Sc-0ze) | (0821-02€) | (082L-0€2) | (0¥9-091) | (0zE-082h) BUILIES/ENIE
<06 <091 <081 <€l 08zl 8L 0v9 0v9 «ESY 0v9
(08-02) (08-02) (08-02) (08-02) (oze-0v9) | (ov9-09L) | (091-08) (091-08) (0ze-08) (0ze-08) elog/eloeg
6 €€ N4 €€ 9Ly 06€ «EL 6L «EL Sl
(08-02) (08-02) (091-0t) (08-02) (0v9-0ze) | (oce-09t) | (oze-0ze) | (091-091) | (02e-09k) | (091-091) ey/edairy
0 «GE <08 9 89¢ 8L 43 091 eve 091
(08-0v) (0v-0t) (08-02€) (0ze-08) | (091-082h) | (091-0) (0v9-08) | (ov9-08eh) | (02e-09k) | (0¥9-091) Jds/erssny
8 O <061 <091 18€ «L9 622 9,01 622 +922 .
(0v-02) (02-9) (091-0t) (091-0t) (0z€-08) (08-0t) (091-091) | (0ze-09H) | (0ce-09H) | (02E-08) Jsuio/eIssny
82 <01 <08 <08 sel #LG 091 9ce 692 094
(08-02) (0-02) (08-0) (08-0) (0ze-09t) | (091-091) | (09109 | (0ze-091) | (0ze-08) | (02€-091) UBLN/AHEXK
O «CE ¥9 <08 52 091 091 20z 091 AV
swnJas sunwuwpadAy
¢ uoniwQ | uoJdIwQ AvV+elad Eljlag ewwen) elag BJlvY 3ds/eI1SSny JswoQ ueynmn DBUIRIO 10} UIBAS SNUIA
ZHOMIMWQ | | HOOXMWQ | AV+elaualf |  eidusff eWWe] eiag edauy [eissny THEXA wiLodosiao
a19HHAWWHNB LN 1I9HBhALOU
1S8} uoljezijelinau ul pasn Sules}s sniip uiriag AwodoLox

unneeuredinaH ummiead a yiIaHHeEOEArOLOU ‘eoAdMa WineL]

‘eokdua wweLqm

SUIRJ]S SNUIA 9S3U] 0] PAUIRIGO “BJas 801w aunwiwLadAy YIM Z-A0D-SHYS SNIIABUOIOD 8U] JO SIUBLIBA 0118UaD JUSJBLIP 18] UOIBZI[eINauU 8y JO SHNSa. 8y "Z 9|qeL

eoAdva wewweLm 9X WKLE X UNI9GHHBhALOU ‘namian

nwexLodoaiad nuwiIaHHAWNWKdaunl g-A\09-SHYS eoAduaeHodox goLHendesa xmioannLaHal XIgHhUreed nnneeuredinaH ummiead 19Lelqurkead g envroe]

42



2023, T. 13, Ne 1

AHTUreHHble cBoiicTBa WtammoB SARS-CoV-2

TpaJu3yolleil CoCOOHOCTU aHTUTEJ crieluduy-
HBIX K BUpycy Russia/Omsk mpoTuB BapuaHTa 6eTa
VOC. AxnTtutena criernuduyHbie K BUpycy Russia/
SPE HeliTpanusyioT mramMmmbl aibda u 6era VOC
COOTBETCTBEHHO B 4,7 1 16 pa3 xyxXe rOMOJIOTHY-
Horo Bupyca. [lokazaHo 3HAYUTEIBHOE CHMXKE-
HUE HEUTPANIM3YIOLIE AKTUBHOCTU CBIBOPOTOK,
CITeIM(UIHBIX K IITaMMaM, HE OTHOCSIINMCS
K VOC, o oTHo1eHu10 K oMUKpoH VOC, B MEHb-
el creneHu — Kk aeabrra VOC.

l'eHeTnMuecKMe BapraHTHI KOpOHAaBUpYyca aidbda,
oera n ramMmMa VOC IUPKYJIMPOBAIN B OCHOBHOM
B TI€pUOJl BTOPOIl BOJIHBI TaHAeMun. CIOCOOHOCTh
aHTUTEJ, CIEUPUUHBIX K 9TUM LITaMMaM, Hell-
Tpaau30BaTh BUPYCHI, OTHOCSIIIMECS K TeHeTUuYeC-
KUM BapumaHTaM OMHUKpPOH 1 meabra VOC, HU3Kas.
OTnnuus ypoBHSI HEMTpaJIM3yIOlIeil aKTUBHOCTHU
aHTtuTtes aas aabgpa n 6era VOC mexnay coboit
He 3HAYUTEJIbHBI, U ¢ BapuaHToM ramma VOC oHu
HEe UMCIOT JOCTOBEPHBIX pasznuuunii. Hanbonee nm-
MYHOT€HHBIM U3 BUPYCOB 3TOU TPYTIIbI SIBJISIETCS
TaMM hCoV-19/Russia/SA-17620-080521/2021
(ramma VOC). UMmMmyHoreHHocTh aeabTa VOC, uc-
MOJB30BAHHBIX B AKCICPUMEHTE, OTHOCUTEIBHO
He BbicoKas. [Ipu aHanmmize Kpocc-peakKTUBHOCTHU
aByx aejsbra VOC mexay coboii mokazaHo OTCYT-
CTBUE HOCTOBEPHBIX Pa3IUYUil, HECMOTPS Ha TO,
4YTO 1ITaMM Aejabra+tAY Ipu reHeTUYeCKOM aHalu-
3¢ OTJIMYAeTCs OT IITaMMa AeJibTa HAJIUIUEeM MSITH
3aMeH B S-cermeHTe (G142D, El56del, L452R,
P681R(674), R685H(692)). HeiiTpaiu3syolas CIio-
COOHOCTH AaHTUTEN CHeUM(GUIHBIX K BapHaHTY
nenbra VOC mpotuB anbga n 6eta VOC cHuxe-
Ha B 4 pa3a, ¢ ramma VOC-BapruaHTOM 3HAaUYUMBIX
pasznuuyuii He uMeeT. AHTUTeNa, Crelu(pUUIHbIC
K BapuaHTy AeabTa+AY, HEUTpaau3ylT BUPYCHI
anbda, 6eta m ramma VOC COOTBETCTBEHHO B 2, 2,5
u 2,8 pa3 meHee 2D (HeKTUBHO, YeEM TOMOJIOTUYHbIN
mTaMMBbl BUpyca. Kpocc-peakKTMBHOCTh C BapHUaH-
tamu oMukpoH VOC y nenbra VOC HU3Ka.

I[Ipn aHammM3e Kpocc-peaKTUBHOCTH OMUKPOH
VOC nokazaHo, 4TO CO BCeMHU ILITaMMaMU, HC-
MOJb30BaHHBIMU JIsl aHajiM3a, OHAa KpaillHe HU3-
Kasi, HeUTpaau3yolmias aKTUBHOCTb CBIBOPOTOK,
MOJYYCHHBIX K BaprHaHTaM OMUKPOH 1 1 2, mo oT-
HOIIIEHUIO K TIPOTOTUITHOMY IITaMMy YXaHb CHU-
XeHa B 18 pa3, k ramma VOC-BapuaHTy — B 12 pa3s,
kaensTa VOC-BapuaHTaM — 6osiee yeM B 30 pa3, ajis
OCTaJIbHBIX BApMAHTOB OHa elrle HuxKe. CliemyeT oT-
METUTH, YTO CBIBOPOTKHU, MOJTYUYEHHBIE K BADUAHTY
OMUKPOH 2, uMeltolre TUTphbl 1:640 1 MeHee B pe-
aKUMu HeWTpaJiM3aluu, ¢ APYyTMMU BapuaHTaMU
BUpyca UMEIOT TUTP HeiTpanusauuu > 1:10. Takum
00pa3oM, KpOCC-PEaKTUBHOCTD ISl 3TUX 00pas-
OB MOJHOLIEHHO OILEHUTHh He ymaJioch. Ilpu aHa-
JIU3e KPOCC-PEaKTUBHOCTU NBYX OMUKPOH-Bapu-
aHTOB BBISIBJICHBI CTaTUCTHUYECKU 3HAUYMMBIC pa3-
JINY WS, HEUTpaau3yltolias aKTUBHOCTb CBIBOPOTOK
MBI, UMMYHU3HNPOBAHHBIX OMUKPOH 1 IIPOTHUB

ImTaMMa OMUKPOH 2 CHUXXeHa B 8 pa3, CBIBOPOTOK,
crienMMUYHBIX K BAPUAHTY OMUKPOH 2 IO OTHOIIIE -
HUIO K OMUKpOH 1, — B 6 pas. IllltTamm oMukpoH 1
BEPOSTHO UMeeT OOJIBIIYI0 UMMYHOTEHHOCTD, YeM
OMMKPOH 2.

CiienyeT OTMETUTh, UYTO MPU MCHOJb30BAHUU
mramma  hCoV-19/Russia/SA-17620-080521/2021
(ramMmMa) B KaueCcTBe aHTUTeHA B peaKIIUU HelTpa-
JU3aluu, ObIJIM MOJYYeHbI Pe3yabTaThl, KOTOPbIE
YKa3bIBalOT Ha TO, YTO 3TOT IITAMM IO3BOJISIET
BBISIBJISITh aHTUTENA B TUTPaX BBIIIE, YEM C TOMO-
JIOTUYHBIMHA aHTUTEHAMHU IJISI TIPOTOTUITHOTO Ba-
puaHTa BUpyca YxXxaHb LITaMMOB ajibda U OeTa,
a TakXe CEpOKOHBEPCUS CO IITaMMaMU OMUKPOH
1 u 2 Oblna BbILIE, YEM C OCTAJbHBIMU IITaMMa-
mu. [logoOGHbIE pe3ysibTaTbl HAOJIOAAIOTCI U IS
mtamma Russia/SPE, HO B MeHbIIIel CTETIEHU.

Ob6cyxaeHne

B pesynbraTe IIPOBEIEHHOTO WCCICIOBAHUS
ObUIM MOJYYEHBl Pe3yabTaThl, KOTOPbIE HATJISIIHO
NEMOHCTPHUPYIOT COCTOSIHUE KPOCC-PEaKTUBHOCTU
MexXnay mramMmMaMu KopoHaBupyca SARS-CoV-2,
OTHOCSIIIUMUCS K pa3HBIM T'€HETUYECKUM JIMHU-
SIM, a TAKKe BHYTPH OITHOM M3 T'PYIIII.

B skcnepuMeHTe OBLIM HCCIEOOBaHBI ChIBO-
POTKHM TUIIEPUMMYHHBIX JUHEMHBIX XHBOTHBIX,
KOTOPBIX UMMYHU3UPOBAIN YOUTHIMHA aHTHUTCHA-
MM C UCIIOJIb30BaHWEM aabIOBAHTOB, UYTO rapaHTH-
pyeT YMCTOTY 3KCIIEpUMEHTa M MO3BOJISIET IOJIYy-
YUTh CBIBOPOTKM C BHICOKMMU TUTPAMU aHTUTEN.
CrenyeT NMOOYEpPKHYTh HEOOXOOAMMOCTH IOJIyde-
HUSI CBIBOPOTOK C BEICOKMMU TUTPaMH BUPYCHEM-
TPaJU3YIOLIMX aHTUTEJ, 3TO MO3BOJUT MOJYUYUTH
0oJiee BBICOKYIO CTAaTUCTUYECKYIO JOCTOBEPHOCTh
paznuuuii. BeiOop aabioBaHTa OblJl OOYCJIOBJIEH
TaHHBIMH, TTOJITYYCHHBIMH B XOA¢ UCIBITAHNI BaK-
uuH KoBuBak, B cocTaB KOTOPOUl BXOAUT T'UAPO-
okuch anroMuHusI, u Nuvaxovid (NVX-CoV2373),
conepxaineit MCKOM-aabpioBaHT Ha OCHOBE Ccaro-
HUHOB. [Ipy comocTaBUMOII KOHIIEHTPAlUU TJIU-
KOIIpOTeNHA S B Impenaparax TUTP HEUTPaIU3yIo-
IIUX aHTUTEJ B ChIBOPOTKE KpoBHU cocTtaBu 1:80
n 1:7680—1:20 000 cooTBeTcTBEeHHO [8, 14].

B npenbiaymux pabotax [4, 16] aHamnuzmupo-
BaJIM CHIBOPOTKU TiepeboeBIIuX awaei. B mo-
NOOHBIX cJydasX cJeayeT yYUThIBaTh, YTO HH-
IUBUIYyaJIbHBIE OCOOCHHOCTH OpraHm3Ma Jo0po-
BOJIBIIEB OKAa3bIBAIOT BIUSIHUE Ha (OpMUpOBa-
HWEe WMMYHHOro otrsera. [Ipy HMCIIOIb30BaHUU
JIMHEMHBIX J1a0OpaTOPHBIX XMBOTHBIX BbIOOpPKaA
SBISIETCS ogHOpOonHOI. Kpome 3TOTrO, B HACTOS-
Imee BpeMsl CJIOXKHO HallTH TOOPOBOJBIICB, IIepe-
OOJICBIINX U3BECTHBIM F'€HETUYECKUM BapUAHTOM
KOpPOHaBMpYyCa U HE UMEIOIIUX aHTUTEJ K APYTUM
BapMaHTaM BHpyca M BaKIIMHHBIM IpernapaTaM.
B pabGote mpencraBieHBI pe3yabTaThl pPeaKIUU
HeWTpaan3anuy ¢ XUBLIMU BUPYCHBIMU IITAMMa-
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MU B OTJIMYHKE OT MPEABIAYIINX PAaOOT, B KOTOPBIX
MPUBEIEHBI METONbl OLIEHKW HeUTpaau3ymoolleid
aKTUBHOCTHU aHTUTEJI C UCITOJIb30BaHWEM MCEBJIO-
BUPYCHOU cucteMmsl [3].

IMonydyeHHBIE pe3yJbTAThl CBUIETEIBCTBYIOT
0 HaJW4YUM KPOCC-PEAKTMBHOCTU MEXIY IITaM-
MaMM KOpPOHaBHUpYyCa, BBI3BAaBIIMMU TIEPBYIO
M BTOPYIO BOJIHbI MaHaeMuu (YxaHb, ajabgpa, 6eTa,
ramma). g nenbTa-BapraHTOB OHa cliiabee, B TO
BpeMs KakK JAJs1 BapMaHTOB OMMKPOH SIBJISIETCS
KpaliHe HU3KOW. BeposiTHO, 2TO CBSI3aHO C TeM,
YTO T€HEeTUYeCKUi BapuaHT oMUuKpoH VOC nmeet
HauOoJIbllIee KOJTUIECTBO MYTalIUi ITO CPABHEHUIO
c npenbiaymumMu VOC [13].

JlenaTh BBIBOJL HA OCHOBAaHU U ITPEACTaBICHHBIX
MTAaHHBIX O CTEIeHU WMMYHOT€HHOCTU BUPYCHBIX
IITAMMOB, WCIIOJb30BaHHBIX B 3KCIEPUMEHTE,
MBI HE MOXEM B CBSI3U C OTCYTCTBMEM MHMOpMa-
MM O KOHIIEHTpAllMM aHTUTeHa. TeM He MeHee
Ha OCHOBaHWU MOJYYEHHBIX Pe3yJbTaTOB MOXKHO
cleyiaTh TIPENIIOJIOKeHNe O pa3HOM MMMYHOTEH-
HOCTHU IITaAMMOB KOpoHaBupyca. V3 uccienoBaH-
HBIX IITAMMOB HaMOOJbIIE MMMYHOTE€HHOCTbHIO
obOyamaroT mMTaMMbl OMUKpPOH 1, ramma, Russia/
SPE. Chnenyetr OTMETUTb, UYTO BBICOKOMMMYHO-
reHHbIE BapuMaHTBl KOPOHABUPYCa €CTh B Pa3HBIX
reHeTUYeCKUX Tpynnax. B Havaje maHaeMuu Ko-
pOHaBUPYCHOM MH(MEKIIMU MHOTO BHUMaHM I ObLIO
YAEIEHO BIMSHUIO TSKECTH OOJIe3HU Ha Hamps-
JKEHHOCTh MMMYHHUTETa TIOCJIe TepeHeCEeHHOIro
3a0oseBaHusl. Ha ocHoOBaHUM mpeacTaBJIeHHOU

Cnucoxk nutepatypbl/References

nHGOPMAIIM MOXHO ITPEANOJIOXKNUTEL, YTO Ha Be-
JIUYUHY TUTPOB BUPYCHEUTPATU3YIOMINX aHTUTE
y nepebosieBIIMX B OOJblIEN CTENeHU OKa3bliBaeT
BJIMSTHUE NMMYHOT€HHOCTh BUPYCa, KOTOPHBII BHI-
3BaJI 3a00JIeBaHUE.

3ak/yeHme

Pesyibrarhl aHajin3a TMIIEPUMMYHHBIX ChIBO-
POTOK JIMHEMHBIX XMBOTHBIX YKa3bIBAIOT Ha Ha-
JIMYUU KPOCC-PEAKTUBHOCTU MEXAY ILUTaMMaMH
KOpOHaBupyca YxaHb, ajb(a, O0eta, ramMma, IJis
IenbTa-BapMaHTOB OHa cjabee. Myrtanuum B Te-
HOoMe BapuaHTOB oMuKpoH VOC mpuBenu K 3Ha-
YUMOMY CHMKEHHUIO AHTUTE€HHBIX IIE€PEKPECTOB
c Oojiee paHHMMM TIE€HETMYECKMMU BapuaHTaMU
KOpOHaBupyca.

[Mony4yeHHbIe Pe3yJIbTaThbl OOBSICHSIOT HU3KYIO
9(pGHEeKTUBHOCTh BaKLMH, CO3JaHHBIX Ha OCHOBE
reHeTUYEeCKOro BapuaHTa BUpyca, LUPKYJIUPOBaB-
LLIETO B II€PBbIC HEASAU MaHIeMU U, CAHTETUYECKUX
MMMYHOI'€HOB U PEKOMOMHAHTHBIX OEJIKOB Ha €ro
OCHOBE IPOTUB BapuaHTOB oMUKPOH VOC, KOTO-
pble BbI3BaJIM MOABEM 3a00J€BA€MOCTU C Hadaja
2022 1. A TakxXe cJiydyan MOBTOPHOTO 3aboJieBa-
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OCOBEHHOCTU CYBNONYJIALMOHHOIO
COCTABA JIAIM®OLMUTOB HOBOPOXXAEHHbIX
OETEW, POXXAEHHbIX Y MATEPEN,
NMEPEHECLLMX COVID-19 HA PA3HbIX
CPOKAX BEPEMEHHOCTMU

E.B. UnBusena, 10.A. Kocoaanona, JI.B. KpeueTrosa, B.B. Bropymmuna,
M.A. MakueBa, B.B. 3yokoB

OI'RY Hayuonanvholii MeOUUUHCKUI UCCAC0068AMENbCKUL YEeHMD AKYUEPCMEa, 2UHEK0A02UU U NePUHAMO0A02UU
umenu akademurxa B.U. Kyrakoea Munucmepcmea 30pasooxpanenuss P®, Mockea, Poccus

Pe3iome. B3aumocsssp mexay 3adoneBaeMocTbio COVID-19 6epeMeHHBIX, MepeHECIIMX KOPOHABUPYCHYIO UH(DEK-
LIMI0 HA Pa3HBIX CPOKAX TeCTAllMU, U COCTOSTHUEM 3[I0POBbsI POXIEHHBIX OT HUX JIETeil BbI3bIBAET OOJBIION MHTE-
pec. YoenuTenbHBIX AaHHBIX, MOJTHO OTPaXaloU[MX OCOOEHHOCTU TEUEHMS! HEOHATaJTbHOTO MEPUOAA, COCTOSIHUS
MMMYHHO! CUCTEMBbI, BIUSIONINX HA OCOOEHHOCTH BeCHUs MOCTHATAIBHOTO TIepUOA y AaHHOW KaTeropuu JAeTeil,
HenmocTtaTouHOo. Mcxoast U3 M3M0XEHHOTO CTAHOBUTCS OYEBUAHON aKTyaJbHOCTb UCCIIEAOBAHUS, LIEIbI0O KOTOPOTO
SIBUJIOCh M3YYeHUE OCOOEHHOCTEN KJIMHUKO-MMMYHOJOTMYECKOTO COCTOSIHUS 3M0POBbSI HOBOPOXKAEHHBIX Y MaTe-
peii, IepeHecIX HOBY10 KopoHaBupycHyto nHbekuo COVID-19 Ha pa3Hbix cpokax rectaiinu. B mpocnekTuBHOE
ucclenoBaHue Obld BKII0YeHbl 131 keHmuHa 1 132 pe6eHka. OCHOBHYIO IPYIIITY COCTABUJIM XEHIIMHBI (n = 61),
nepeneciirie COVID-19 Bo Bpemst OepeMEHHOCTH, ¥ UX HOBOPOXKAEHHbBIE AeTH (N = 62) reCTalMOHHOrO BO3pacra
(I'B) 37—41 Henens, rpynmny cpaBHeHUs — XeHIIUHBI 0e3 1abopaTopHo noaTBepxaeHHoro COVID-19 Bo BpeMs Oe-
pemeHHocTH (n = 70) 1 ux HoBopoxaeHHbIe neTu (n = 70) Toro xe I'B. Tlpu aHanu3e aHamMHe3a MallMEHTOK He ObLIO0
OTMEUEHO 3HAYMMBbIX Pa3IUUYMil MO COMAaTUUYECKUM U aKYIIEPCKO-TMHEKOJOTMYeCKUM 3a00JeBaHUSIM. AHAIU3 Te-
YEeHUsI HACTOsIIIEN OEPEeMEHHOCTH BBISIBUJ, YTO CTATUCTUYECKU 3HAYMMO Yallle B OCHOBHOI I'pyTIie MpoBOAMIACH
Tepanusi HU3KOMOJIEKYIsSIpHbIMU reraprHaMu. Cpok M yacToTa poaopaspellleHusI TyTeM KecapeBa cedeHus y oepe-
MEHHBIX B OCHOBHOIi IpyTIe He UMETU CTaTUCTUYECKU 3HAYMMbIX PA3JTUYUii 110 CPABHEHUIO C KOHTPOJIBHOI I'pyT-
Moii. 3HAYMMBIX Pa3ANYMii IO YACTOTE MPUYKMH, OMPEACIBIINX TSIKECTh COCTOSTHUSI HOBOPOXKAEHHBIX Y MaTepeii,
nepenecminx COVID-19 B pa3Hbie TpMMeECTpHI FeCTallMK, BBISIBIIEHO He Obl1o. [IpoBeaeHo mcciienoBaHue Cyonomny-
JISIIIUOHHOTO COCTaBa TUMGMOIUTOB, (haroUuTapHO aKTUBHOCTU HEUTPOMUIOB 1 onpeaeseHe aHTuTen kiaacca [gG
K SARS-CoV-2. Ilpu nccaenoBaHuM CyOIOMYISIIMOHHOTO COCTaBa JUMQOIUTOB HOBOPOXICHHBIX, POXICHHBIX
y Marepeii, nepeHeciiux COVID-19 B pa3Hble TpPUMECTPHI FeCTALlMM, BBISIBJCHBI Pa3IMUUs TOJbKO B COACPKaHUU
NK-knerok (CD56%) y meteii, poxaeHHbIX y MaTepeit, nepebonesunx COVID-19 B mepBom Tpumectpe. B mpuse-
JIEHHOM UCCJIEAOBAHUMU B LI€JIOM HE OBbIJIO BBISIBJICHO TSKEJIBIX IEPUHATATBHBIX UCXOM0B Y HOBOPOXAEHHBIX, MaTEPU
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2023, T. 13, Ne 1 NMmyHuTeT fletent ot matepeii c COVID-19

kotopbix nepeHecan COVID-19 Bo Bpems 6epeMeHHOCTU. B MccaenoBaHHON BbIOOpKE MaTepeil He ObIIo ciyvyaeB
cpenHeTskenaoro u Tsxeaoro redeHust COVID-19. [ToaToMy HeoOxoarMbl JajJbHENHIINEe TPOCTEKTUBHbIE UCCIEI0-
BaHUsI, YTOOBI OLIEHUTH BAUsIHUE cTerneHu TsxkecTn COVID-19 Ha ucxonbl pooB AJsl MaTepH U TJIOAA U YTOUHUTh
ONTUMAaJbHOE BeeHNE OEPEMEHHBIX B TAKUX CIyYasiX.

Karouesvie caosa: cyononyasyuu aumpoyumos, NK-xaemiu, Hogopoxcdennvie, 6epemennocms, SARS-CoV-2, COVID-19.

FEATURES OF LYMPHOCYTE SUBSET COMPOSITION IN NEONATES BORN TO MOTHERS
SUFFERED FROM COVID-19 AT DIFFERENT STAGES OF PREGNANCY
Inviyaeva E.V., Kosolapova Yu.A., Krechetova L.V., Vtorushina V.V., Makieva M.I., Zubkov V.V.

National Medical Research Center for Obstetrics, Gynecology and Perinatology of Ministry of Healthcare of Russian Federation,
Moscow, Russian Federation

Abstract. The relationship between the incidence of COVID-19 in pregnant women who have had a coronavirus infection
at different gestational ages and the health status of paired neonates is of great interest. However, no sufficient convincing
data fully reflecting features of subsequent neonatal period, the state of the immune system in this category of children,
affecting characteristics of postnatal period have been accumulated. Based on this, it underlies the relevance of the current
study aimed at investigating parameters of clinical and immunological state of neonatal health after paired mothers
recovered from COVID-19 at different gestational ages. The prospective study included 131 women and 132 children.
The main group consisted of women (n = 61) who had COVID-19 during pregnancy and paired newborns (n = 62) at
gestational age (GA) of 37—41 weeks, the comparison group — women without laboratory-confirmed COVID-19 during
pregnancy (n = 70) and paired newborns (n = 70) of similar gestational age. While analyzing the anamnesis of the patients,
no significant differences in somatic and obstetric-gynecological diseases were found. Analyzing course of pregnancy
revealed that low molecular weight heparins were significantly more often applied in the main group. The term and
frequency of delivery by caesarean section in pregnant women in the main group did not significant differ from that
of the control group. No significant difference in the frequency of causes accounting for the severity of the condition
of neonates in paired mothers with COVID-19 at different trimester of gestation was found. Investigating lymphocyte
subset composition, neutrophil phagocytic activity, and IgG class antibodies specific to SARS-CoV-2 was carried out.
It was found that lymphocyte subset profile in newborns from paired mothers with COVID-19 at different trimesters
of gestation differed only in the level of NK cells (CD56) in children born to mothers recovered from COVID-19 in the
first trimester. In this study, in general, no severe perinatal outcomes in newborns from paired mothers with COVID-19
during pregnancy were documented. No cases of moderate or severe maternal COVID-19 were observed. Therefore,
further prospective studies are needed to assess an impact of COVID-19 severity on maternal and fetal birth outcomes and
clarify optimal management of pregnant women in such cases.

Key words: subpopulations of lymphocytes, NK-cells, newborns, pregnancy, SARS-CoV-2, COVID-19.

BeepneHne

Bnepsrie Bo3HuKIas B YxaHe (Kurait) B 2019 .
BCIBIIIIKA HOBOW KOPOHABUPYCHON MHMEKIINU ObI-
CTPO pacIpoOCTpaHUIACh IO BCEMY MUPY U IIpHBeJia
K 4Ype3BblUallHOI cCUTyallUM B 00JAaCTU 3APaBOOX-
paHeHus. SARS-CoV-2 npuHaaIeXXuT K ceMeiCTBY
KOPOHaBHPYCOB YeJI0BeKa, 1, IIOCKOJIbKY 3Ta MH(MEK-
1M UMeeT TeHIASHIINIO K ITaHAEMI M, OHA 3aTPOHYJIa
BCE CJIOM HaceJIeHUsI, B TOM YMCJie U OepeMeHHBIX.

OTCyTCTBUE OOCTATOUYHBIX 3HAHUI O MaTore-
He3e 3a0ojieBaHUU M CHeUUM(MUICCKUX METomax
JICYEHU I, HEOOHOPOMHOCTh PE3yJbTaTOB MHOT'MX
UCCIeIOBAaHUM M, KaK MpaBUJIO, IPeIBapUTEIIb-
HBIU XapaKTep CACJaHHBIX B 3TUX HUCCICAOBAHUSIX
3aKJIIOYEHUN IIpeariosaraeT OCTOPOXHOCTb IIpU
OKOHYAaTeJIbHBIX BbIBogax o BausgsHuu COVID-19
Ha UCXOAbl OEPEMEHHOCTU U COCTOSTHUE 3M0POBbS
HOBOpPOXIeHHBIX [1, 10].

Kak ykasbiBaloT OIyOJIMKOBAaHHbIC JaHHBIE,
y 85% xeHiuuH, 3apasuBiinxcst SARS-CoV-2, 60-

JIC3HB IPOTEKaeCT B JIeTKoit (popme. [Tokazarenu Ts-
JKeJIoro 3aboJieBaHu I BapbupytoTcst ot 9,3 mo 11,1%,
a mokazaTeJau KpUTHUYeCKOoro 3ab0JieBaHU ST Bapbu-
pyioTcs oT 2 10 6,9%, 4To TakKe 0JIM3KO K II0Ka3a-
TEJISIM IIJISI HaceJICHUS B 1ieJioM [2].

Bzanmocssa3b Mexxay 3adoseBaeMocthio COVID-19
OepeMEHHbIX U COCTOSIHUEM 3JI0POBbSI POXKJIEHHBIX
OT HUX JeTel BbI3bIBACT 00JbIION MHTepec. PaHHMit
HeOoHaTaJbHbIM MEPUO SIBJISIETCS TMEPBbIM U3 KPU-
TUYECKUX TMEPUOAOB MOCTHATAJbHOTO pa3BUTHUSI,
M €ro TeYeHUe MPEAOITPEALIISIET COCTOSIHUE 310POBbS
pebeHKa 1 B OyayIleM.

OcoOBIiT MHTEpeC B HACTOSIIEEe BpeMsI Tpe-
CTaBJIIET KaTeropusl OeTe, POXIEHHBIX y KE€H-
IIWH, TepPeHECIINX KOPOHABUPYCHYIO MHMEKIINIO
Ha pa3HbIX CPOKAX recTalliu. YOeaAuTeJIbHbIX TaH-
HBIX, TTOJTHO OTPaXKalolUlnuX 0OCOOEHHOCTU TEUYEHU S
HEOHAaTaJIbHOTO TIepuoja, COCTOSHUS UMMYHHO
CHUCTEMBbI, BJIMSIOIIMX HAa OCOOEHHOCTU BEACHMUS
MOCTHATaJbHOTO Mepuoaa y TaHHOU KaTeropuu ae-
Tel, HepoctatouHo. Micxons U3 U310XKeHHOro, cTa-
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HOBUTCS OYEBUIHOM aKTyaJIbHOCTh UCCIIEIOBaHMS,
LIEJIbI0 KOTOPOT'O CTajo M3yuYeHUe OCOOEHHOCTEN
KJIMHUKO-MUMMYHOJIOTUYECKOTO COCTOSIHUST 3J10-
POBBsI HOBOPOXJIEHHBIX OT MaTepei, MepeHeCcnx
HOBYIO KOpOHaBUpYycHYI0 uHHpekuuio COVID-19
Ha pa3HbIX CPOKAX recTaiunu.

Matepuanbl 1 MeTOOb!

B nipocrniekTuBHOE uccienoBaHUE ObIIM BKJIIO-
yeHbl 131 xxeHmuyHa u 132 pebeHKa, KOTOpbIE ObIITN
poxnenbsl B OI'BY HanumoHadbHBIM MEIUIIMH-
CKWI WCCJIeNOBAaTeIbCKUI I1EHTP aKyIIepcTBa,
TMHEKOJOI'MU Y MePUHATOJOIMU UM. aKaJeMuka
B.W1. KynakoBa MuHnsapasa Poccuu. Kpurepusmu
BKJIIOUCHU S B MCCICAOBAaHNE OBIJIN: TOHOIICHHBIN
CpOK OEepeMEeHHOCTH, OTCYTCTBUE JIaOOpPaTOPHO
noaTBepxkaeHHoro COVID-19 B ponax; KpUutepusi-
MM HUCKJIOYECHMSI — JI€TH C BPOXIEHHBIMU I10-
poKaMu pa3BUTUS, TPEOYIOIINE XUPYPTUUECKON
KOPPEeKINU, pPOXICHHBIE B COCTOSHHU TsIXKe-
JIoil acUKCUM, TPaHCIOPTUPOBAHHBIE U3 ApPY-
rux yupexaeHuii. MccnegoBanue ObIJ1o omoOpe-
HO stTnyeckuM Komutetom OI'BY HMUIL ATTI
um. B.1. KymakoBa MuHn3apaBa Poccum.

TTanueHThl ObLIM pa3aesieHbl Ha 2 TPYIINbI: OC-
HOBHasl Tpynna, KOTOPYIO COCTaBUIM >KEHIIWHBI
(n = 61), nepenecuirie COVID-19 Bo Bpemst Gepe-
MEHHOCTHU, U UX HOBOPOXAEHHbLIE AeTU (n = 62) re-
ctauumoHHoro Bo3pacta (I'B) 37—41 Henens, u rpy1-
na cpaBHEHUSI — XXEHIIMHBI 0e3 JabopaTOPHO MOA-
tBepxkaeHHoro COVID-19 Bo Bpemst 6epeMeHHOCTH
(n=70) u ux HoBOpOX IeHHBIe neTh (n = 70) TOTO 3Ke
I'B. B 3aBUCUMOCTHU OT CpoKa MepeHeCEHHO HOBOM
KOPOHaBUPYCHON MHMEKIIMU AT OCHOBHOU I'PYII-
OBl OBIJIM pa3faesieHbl Ha 3 MOATPYIIIbL: 1 MoaArpym-
na — JIeTH, MaTepu KOoTophix repeHeciu COVID-19
B | TpumecTpe (n = 19), 2 noarpyrnima — aeTu, Mare-
pu kotophrix nepeHecsiu COVID-19 Bo 2 TpuMecTpe
(n=19), 3 moarpyIiIa — aeTu, MaTepu KOTOPHIX T1e-
perecan COVID-19 B 3 TpumecTtpe (n = 24).

B3siTiie KpoBM y AeTeil OCHOBHOM T'PYMIBI OCY-
LIECTBIISIIN U3 ITeprudeprudecKoil BEHBI Ha 2 CYyTKH
POXIEHUSI C ILEJbI0 HCKIIYEHUST WHOEKIIMOH-
HO-BOCITAJIUTEIBHOTO MpoIlecca, Y MeTei TPYyIIIbI
CpaBHEHUS — B paMKaX IporpaMMEbI «Moe TiepBoe
obcnepoBaHue». PonutensamMu ObLIO MOAIIMCAHO
UHGOPMUPOBAHHOE coOIJlache Ha HCCIedoBaHue
nepudepruIecKoilt KpoBH.

B nepudepuyeckoili KpoBU OLIEHUBAJIU OOIIEe
YUCIO JIEUKOLMTOB, JUMMOLUTOB U HEUTpobu-
JIOB Ha reMaToJIOrM4YecKoM aHaau3aTtope System XS
800i. CyOononyJasanMOHHBIM cOCTaB JUMQPOIMTOB
M POBOIMJIN IO CICAYIOIINM MapKepaM nuddepeH-
ouposku: CD45*, CD3*, CD56%, CDI19" ¢ ncnoib-
30BaHMEM MOHOKJIOHaJAbHbIX aHTuTe]l CYTO-
STAT (Beckman Coulter, CIIIA). darouutapHyio
aKTUBHOCTh HEUTPOGUIOB U  OKUCIUTCIb-
HOTO B3pbIBa OIpPENEISIIN, UCHOJb3ysl Habop

FagoFlowEX Kit (EXBIO, Yexwus), aHaau3sbl 0po-
BOOMJIM Ha MpoTouHOM 1uTodayopumerpe Gallios
(Beckman Coulter, CI1IA).

Omnpenenenue antuten IgG k SARS-CoV-2 nipo-
BOIMJIM METOJIOM TBepaodaszHoro wuMMyHodep-
meHTHoro aHanuza (ELISA) B ceiBopoTke (11a3-
me) kpoBu <«JIC-UDA-AHTU-SARS-CoV-2-G(S)»
(HIIO «/ImarHOCTUYECKIE CUCTEeMEbI», Poccus). Yuer
pe3yJIbTaTOB OCYIIECTBIISIIM Ha CIEKTPOhOTOMETPE
Infinite F50 (Tecan, ABctpus). CorjiacHO MHCTPYK-
OUU KOMITAaHUW-TIPOM3BOMUTENSI, TECT IpeaHa3Ha-
YeH IS Ka4YeCTBEHHOIO U IIOJIYKOJIMYCCTBEHHOTO
orpenesieHust aHTuTeN. s WHTeprpeTaluu pe-
3yJbTaTa WCHOJb3YeTCsI MHACKC ITO3UTUBHOCTU
(1IT), koTopsliii paccunthiBaeTcs o popmyiie: U=
OIT o6pas3ira/cut-off, tme OIT obpa3iia — BeaIMUMHA
ONTUYECKOUN MJIOTHOCTU obpasua. [Tpu UIT > 1,2 —
obpa3zel nojioxxuteabHblit, mpu UIT < 0,8 — obpa-
3en1 oTpuliateabHblit. [1pu 3Hauenuu MI1, nexamem
B mpoMexyTke ot 0,8 10 1,2, pe3yabTaT COMHUTEIb-
HbI (HeompeaeIeHHbI).

CraTUCTUYECKUI aHAIU3 TTOJTYUYEeHHBIX JaHHBIX
OCYLIECTBJISIIA C TOMOILIbIO Tadbnaui «Microsoft
Excel» u MedCalc® (Bepcus 16.8). lns aHaiusa
KOJIMYECTBECHHBIX MaHHBLIX B T'PYIINIaxX CpaBHEHUSI
OoIpenesisian BUJ paclpeneieHusl TaHHBIX C I10-
moinbio W-tecta Illanupo—Yunka. JlaHHble ripen-
CTaBJIeHBI cpeaHell apudMeTUIeCKON BEJIMYMHOMI
U CTaHJApTHBIM OTKJOHeHueM [M (SD)], mpu ot-
KJIOHEHUU pacIipeie/ieHus] TaHHbIX OT HOpMaJllb-
HOro TIPUMEHSIJIM METOAbl HeIlapaMeTPUUeCKOM
CTaTUCTUKM C OLEHKOM MeIAMaHbl M BEPXHEMH,
n HuXHel kBaptuiau [Me (QI; Q3]). L1 oueHKHN
MEXTPYTIOBBIX Pa3JIUIU MCMOIb30BAIN KPUTE-
puit Kpackenna—Yosnnuca nmpu cpaBHEeHU U TaHHBIX
B TpeX Ipymmax ¢ KOHTPOJeM, pa3JIudus CYUTaIn
3HauyuMbiMu 1ipu p < 0,017; mpu momapHbIX cpaB-
HEHWS WCITOJIb30BaIu Kputepuiit MaHHa—YUTHU,
pa3auuursl CUMTAJU CTAaTUCTUYECKU 3HAYUMBIMH
npu p < 0,05. /I oLeHKU pa3JIMuyuii KaueCTBEH-
HBIX TIEPEeMEHHBIX MCIOJb30BaId TOUHBIN KPUTE-
puiit @uiiepa, pa3Iudmns CUUTAIN CTATUCTUIECKU
3HauuMbIMU Ipu p < 0,05.

Pesynbrarhl

KinunHuko-aHaMHecTUYecKass XapaKTepUCTU-
Ka o0ciemoBaHHBIX OEpEeMEHHBIX MpeacTaBieHa
B Taod. 1.

Kak BuaHO w®3 [OaHHBIX, IIPEACTABIIEHHBIX
B TabJ. 1, >XEHIIWHBI OCHOBHOW M KOHTPOJBHOI
TPYIIN ObIJIM COMOCTaBUMBI IO Bo3pacty (p > 0,05).
IIpn ananu3e aHamMHe3a IMMAIIMEHTOK HE OBIJIO OT-
MEUEHO 3HAUYMMBIX Pa3INYUil IO COMAaTUICCKUM
M aKyIIepCKO-TMHEKOJIOTUYECKUM 3a00JIeBaHUSIM.
AHanu3 TeyeHHUs HacTOos el 0epeMEeHHOCTU BbIsI-
BUJI, YTO CTAaTUCTUYCCKM 3HAYMMO Yallle B OCHOB-
HOM TPYIIIIe MpOBOIMIACH Tepalnsl HU3KOMOJCKY-
JISPHBIMUY FenapuHaMH.
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NMmyHuTeT fletent ot matepeii c COVID-19

CpoK M 4YacToTa poaopa3pelieHUs] MyTeM Ke-
capeBa cedyeHUs y OepeMEeHHbIX B OCHOBHOI TpyIl-
e HEe MMEeJU CTAaTUCTUYECKM 3HAYUMBIX pa3iiu-
YU 110 CPaBHEHWUIO C KOHTPOJbHOM TIpPYyIIOM.
CaMomnpou3BOJbHbIE BjarajJulllHble POAbl MTPOU-
zown 'y 77% (47/61) xenuind ¢ COVID-19 uy 81%
B rpy1iie cpaBHeHus (57/70), p > 0,05, a yacroTta
poaopa3pelieHus MyTeM KecapeBa cCeueHusl cocTa-
BuJia 23% (14/61) B ocHoBHOI rpymniie u 19% (13/70)
B rpyIire cpaBHeHus, p > 0,05.

AHTpPONMOMETPUYECKHUE XapaKTEPUCTUKHU, IO,
reCTallMOHHBIA BO3pacT U OLIEHKa COCTOSIHUS
HOBOPOXJEHHBIX AeTeil Mo 1mkajge Anrap Ha 1-i
U S5-I MUHYTax Mocjae POXACHUS IMpPeacTaBIeHbI
B TaOJI. 2.

Ilpu aHanu3e aHTPOMOMETPUUYECKUX TAHHBIX,
recTallMOHHOTO BO3pacTa M OLIEHKHW IO IlIKaJie
Arirap CTaTUCTUYECKM 3HAYUMBbIX Pa3JIUduii B UC-
cleAyeMbIX IpyInax 0OHapy>KUTh HE y1aJ0Ch.

IlpusHaku 3anepXKuU BHYTPUYTPOOHOIO pasz-
BUTUS (MToKa3aTeau (U3NYECKOTO Pa3BUTHUS Me-
Hee 10-ro mepueHTuas no KpuBbIM Intergrowth-21)
Ccpeau HOBOPOXIEHHBIX AeTeil, pOXXACHHBIX Y Ma-
Tepeii, IepeHecClInX HOBYIO KOPOHABUPYCHYIO UH-

dek1uno Bo BpeMsi 6epeMeHHOCTH, cocTaBua 2%
(1/62); B rpyIirie cpaBHEHM s IToKa3aTes v (hu3ndec-
KOro pas3BuTus MeHee 10-TO MepLEHTHUIIST IO KPH-
BbIM Intergrowth-21 cpeau HOBOPOXIEHHBIX Ji€-
Tell BcTpevaauch ¢ yactotoit 4% (3/70); paznuuus
He 3HauuMBEI (p > 0,05).

B okazaHuu crienmaau3dupoBaHHOU METUIIMH-
CKO#l TIOMOIIIM B YCJIOBHUSIX OTIEJICHUSI peaHuMa-
UM U WHTEHCUBHOW Teparmu HOBOPOXICHHBIX
(OPUTH) wHyxpnancsa 1 pebGeHOK U3 OCHOBHOI
rpyrnnbl 2% (1/62), U3 KOHTPOJIBHON T'PYMIbBI pe-
aHMMalIMOHHasl TIOMOIIbL JETSIM He TpeboBaliach
(0/70), paznuuus He 3Ha4UMBI (p > 0,05).

HabGntoneHue u jeyeHue B yCAOBUSX OTACICHUS
MaTOJIOTUM HOBOPOXIEHHBIX M HEJTOHOIIIEHHBIX JIe-
teii (OITHH/I) nposonuiaock 10% (6/62) HOBOpOXK-
JNEHHBIM JETSIM OCHOBHOM T'PYTIIBI; B TPYIIIE CPaB-
HEeHUs1 oKa3zaHus momoinu B yciaoBusx OITHH/L
notpedoBaioch 1 pedenky (1%, 1/70) (p = 0,03).

IMprnuynHaMu, OIpPENeasIBIIMMU TSIXECTb CO-
CTOSTHUSI JIeTeid OCHOBHOM TPYMIBI, MOTPpeOOBaB-
IIMX CTAallMOHAPHOTO JICUeH U 5T, ObLIIN: TIepUHATATb-
Hble UHMEKIUU (THEBMOHM S, PUHUT, OTUT), TUTIEP-
OMIMPYOMHEMUST HOBOPOXIEHHBIX, BPOXIECHHBIE

Ta6nuua 1. KnuHuko-aHaMHecTUYecKasi XapakTepucTuka nauneHTok, NnepeHecLlmx HOBYIO
KOPOHaBUPYCHYIO MHGEKLMIO BO BpeMsi 6epeMeHHOCTH
Table 1. Clinical and anamnestic characteristics of patients with COVID-19 during pregnancy

OcHoBHasirpynna | Fpynna cpaBHeHus
Main group Comparison group p-3HateHue
n=61 n=170 p-value
/3;:,’) ;e(:;;s]:eT* 32,147 31,6%4,1 >0,05
RT&E?(X’ 6 (10%) 7(10%) >0,05
0,
Pty of miscatage. ab. () 10,16% 14 20%) 005
0,
Chronicararatportansion. abs. B 4(6%) 3(@%) 005
[»)
Hereatary romboias, b () 3(6%) 3(@%) 005
0,
impared o metabotim. abe, G5 25 (41%) 20 (29%) 0,05
0,
Tivestened miscatageras (6 14 23%) 21 (30% 005
Fypetmyicim. abs () 12 20%) 9 (13%) 005
g%ﬂ,],a:b:_(g/?) 10 (16%) 11 (16%) >0,05
2:222“312"(‘/)’ 32 (52%) 27 (39%) 50,05
iﬁzf;:ﬂmr:b?(% ) 19 (319%) 7(10%) 0017
réﬁ’bff«%()%’ 5 (8%) 6 (9%) >0,05

Mpumeyanue. *[laHHble NPeACTaBNEHbI KaK CPEAHEE 3HAYEHVE N CTAHLAPTHOE OTKNIOHEHUE, Pa3nnyns oLeHnBanm no t-kputepuio CTblofieHTa.
Pa3nuuns no ka4ecTBEHHbIM NpU3HakamM 3HauKMbl No TOYHOMY kpuTtepuio Guwepa npum p < 0,05.

Note. *Data are presented as mean and standard deviation, differences were assessed by using Student’s t-test. Differences in qualitative parameters

are significant according to Fisher’s exact test at p < 0.05.
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nopoku cepaua (BIIC), a umMmeHHo: nedekT Mexke-
aynouykoBoii mneperopoaku (AMZZKIIT), mMexnpen-
cepaHoe coobiieHue (MIIC 6omee 5 mm). OnHako
yacTtoTa BCTPEUYAEMOCTH YKa3aHHBIX COCTOSIHMIA
y JeTeili OCHOBHOM M KOHTPOJILHOW TPYNN ObLIN
conoctaBuMbl (p > 0,05), mpu 3TOM yacToOTa BbI-
SIBJIECHUSI BHYTPUXKETYIOUKOBBIX KPOBOU3JIUSTHUMN
(BXK) 1 creneHM y HOBOPOXIIEHHBIX OCHOBHOM
TPYIIITHI ObLJIa 3HAYMMO BBIIIIE, YeM Y JeTei IPYTITIbI
cpaBHeHus (8% (5/62) u 0% (0/70), p = 0,02).

YactoTa MpUYMH, OMPEASIISIBIINX TSIXKECTh CO-
CTOSTHUSI HOBOPOXIEHHBIX Yy MaTepeid, MnepeHec-
mux COVID-19 B pa3Hble TPUMECTPhI recTaluu,
npeacraBjeHa B Tab. 3.

Kak BMOHO M3 MaHHBIX, ITPEACTaBICHHBIX
B Tabi. 3, 3HAUMMBIX Pa3IU4YUil B UCCIEAYEMBIX
rpyIinax He BBISIBJICHO.

Ha BTopble CyTKM TOCJIe POXIEHUS Yy IeTei,
POXIAEHHBIX OT MaTepeit, nepeHeciux COVID-19,
ObLI HcciegoBaH CyONMOMyJsSILIMOHHBIN COCTaB
JUMGOIMTOB TIepudepruIecKoil KpOBU, TIPEICTaB-
JICHHBII B Ta0J1. 4, C y4YeTOM TPUMECTPaA, B KOTOPOM
matepu 0o0Jeid KOPOHABUPYCHOU WHMEKIIUEH.
Taxk>xe B 2TOl TabIMIIE ITPEACTaBIEHBI PE3YJIbTaThl
aHasu3a aHtutes kjaacca IgG Kk SARS-CoV-2.

Kak crenyer u3 maHHBIX, MOPeACTaBJICHHBIX
B TaOJ. 4, BbISIBJICHBI pa3jnuus TOJbKO B COIEpP-
xxaHnn NK-knetok (CD56") y nereit, poxkIeHHBIX
oT Mmartepeii, nepedoseBminx COVID-19 B nepBom
TpUMeECTpE.

Ha pucyHke npenacrtaBieHa cpaBHUTEIbHAS Xa-
paKTEepUCTUKA CYOMOMYJSILIMOHHOTO COCTaB JIMM-
douuToB nOeTeil, poXIEHHBIX OT MaTepeil, mepe-
Heciuux COVID-19, u petelt rpynnbl CpaBHEHUS.
JlaHHbBIE Ha PUCYHKE ITPEACTaBICHBI B BUJIE OTHOIIE-
HUS MeIMaH ColepXKaHus MoKa3aTess B IpyIire HO-
BOPOXAEHHBIX OT MaTepeit, nepeHeciunx COVID-19
BO BpeMsi OepeMEHHOCTH, K MeIMaHaM COepXKaHUS
nokaszatesis B rpyIre cpaBHeHU 1. P-3HaueHus yKa-
3aHbI /1] MEAMaH UCCJIeTOBaHHBIX MTOKa3aTeseH.

W3 noka3zareseil, npeacTaBIeHHBIX HA PUCYHKE,
oOpaliiaeT Ha ce6s1 BHUMaHUe 0oJiee HU3KOe Colep-
>)KaHUe JIEWKOLMTOB U JUMGOILIMTOB B OCHOBHOM
rpymnmne, yBeJandeHHoe conepxkanue T-mumMbonuTos,
Hu3koe — B-nmuMmdbonuTo, NK-kinetok u paBHoe
C KOHTPOJIEM COJiepXKaHWe HEUTPOMUIIOB MPU CHU-
KEHHON uX darouuTtapHOi akKTUBHOCTU. OmgHaKO
cJIeyeT OTMETUTD, YTO 3HAYEHU ST COAEPKAHUSI CyO-
nonyasuuit T- u B-numdonuutos, darouurapHoit
AKTUBHOCTU HEUTPOMDUIOB XOTS U OTIUYAIOTCS

Ta6bnuua 2. MokazaTenu aHTPONOMETPUM, OLLEHKM N0 Anrap Npy poXAeHUN Yy AeTel B UCCNIeAyEMbIX rpynnax
Table 2. Anthropometry parameters, Apgar scores at birth in children in the study groups

MokasaTtenu aHTponomeTpum OCHOB.Ha" reynna | Tpynna CPaBHEHN3 p-3HavyeHue
Anthropometry indicators Main group Comparison group p-value
n=62 n=70

reCTaL!,VIOHHbWI Bospac*T, Hepenu 39 541 1 39+0,8 50,05
Gestational age, weeks
Macca, r* 34774475 34224412 >0,05
Weight, g
Anuta, cm* 53:2,3 52,3+2,2 >0,05
Length, cm
Anrap Ha 1 Mw, Gann 7,96+0,2 7,940,2 >0,05
Apgar at 1 min, score
Anrap Ha 5 muw, 6ann 8,98+0,1 8,9%0,3 >0,05
Apgar at 5 min, score
Manbuuku, a6e. (%) o o
Boys, abs. (%) 33 (53,2%) 34 (48,6%) >0,05
LeBouku, abce. (%) o o
Girls, abs. (%) 29 (46,8%) 36 (51,4%) >0,05
Becom 2000-2500r, a6c. (%) 0 0
Weighed 2000-2500 g, abs. (%) 1(2%) 2(3%) > 0,05
Becom 4000-4500r, a6c. (%) 0 0
Weighed 4000-4500 g, abs. (%) 8 (13%) 7(10%) >0,05
Bonee 4500, a6c¢. (%) o o
Weighed more than 4500 g, abs. (%) 1(2%) 0(0%) >0,05
KpynHoBecHblit ang B, a6c. (%) o o
Large-weight newborn for gestational age, abs. (%) 15(24%) 16(23%) >0,05
ManogecHbiii k B, a6c. (%) 0 o
Small-weight newborn for gestational age, abs. (%) 1(2%) 3 (4%) >0,05

Mpumeuanue. *NaHHble NpeacTaB/eHbl Kak CpefHee 3Ha4eHve v CTaHOapTHOE OTKJIOHEHWE, Pa3nuyunsa OLEHVBaNN Mo t-KpUTepuio CTblopeHTa.
Pasnunyuns no ka4eCTBEHHbLIM npu3sHakam oueHnBanu no TO4HOMY KpUTEPUio dDMLuepa.

Note. *Data are presented as mean and standard deviation, differences were assessed by Student’s t-test. Differences in qualitative characteristics were

assessed by Fisher’s exact test.
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TaGnuua 3. 3a0oneBaHus HOBOPOXAEHHbIX AeTel y maTepeit, nepeHecwunx COVID-19 B pa3Hble

TPUMecCTpbl rectauun

Table 3. Diseases of newborns from paired mothers with COVID-19 at different trimesters of pregnancy

3aboneBaHus geteli y matepeit, Fpynna
n 6 . nepeHecwunx COVID-19 B TpumecTpax CpaBHeHus
epeq.eHb 3? onesaHnu Diseases in neonates from paired mothers Comparison p-3Ha4enne
List of diseases with COVID-19 at various trimesters group p-value
1(n=19) 2(n=19) 3(n=24) n=70

MHeBMOHMS, abc. (%)
Pneumonia, abs. (%) 0(0) 0(0) 164.2) 0(0) > 0,017
PuHuT, a6c. (%)
Rhinitis, abs. (%) 1(5,3) 0(0) 2(8,3) 0(0) >0,017
OTwuT, abc. (%)
Ofitis. abs. (%) 1(5,3) 0(0) 2(8,3) 0(0) >0,017
Mnep6unupy6uHemus, aée. (%)
Hyperbilirubinemia, abs. (%) 0(0) 0(0) 164.2) 0(0) > 0,017
Anemus, a6e. (%)
Anemia, abs. (%) 3(15,8) 1(5,3) 1(4,2) 3(4) >0,017
MIC, a6c. (%)
IAC, abs. (%) 0(0) 1(5,3) 2(8,3) 1(1) >0,017
OMXI, a6c¢. (%)
DVS, abs. (%) 0(0) 1(5,3) 0(0) 1(1) >0,017
BXK 1 cTteneHu, a6e. (%)
IVH, degree 1 abs. (%) 3(15,8) 1(5,3) 1(5,3) 0(0) >0,017

Mpumeyanue. Paznnymns no kKa4ecTBEHHbIM NPK3HaKaM, OLLEHUBAEMBIE M0 TOYHOMY y2-kpuTeputo MupcoHa, 3Hadmmbl npu p < 0,017 ¢ yueTom nonpaskm

[LNS MHOXECTBEHHbBIX CPaBHEHWIA C KOHTPONEM.

Note. Differences in qualitative characteristics, assessed by Pearson’s exact y*-test, are significant at p < 0.017, adjusted for multiple comparisons

vs controls.

JlenkoumnTsl
Leukocytes P=0,003
1,2

NnmoounTsl, %
Lymphocytes, %

®AH JumdouunTsl, abe.
PAN Lymphocytes, abs.
p=0,03 p=0,003
HelZTpOd)V!J'IbI, a6e. CcD3", %
Neutrophils, abs. p<0,0001
Hewntpodunsbl, % CD3*, abs.

Neutrophils, %

CD56", %
p<0,0001

PI/ICVHOK. Moka3aTtenu cocToAHUSA MMMyHHOﬁ cucTembl 06cief0BaHHbIX HOBOPOXAEHHbIX

Figure. Parameters of immune system status in examined newborns

CD19*, abs.
p=0,008

CD19%, %

npumeqauue. ﬂ,aHHbIe npeacTaB/ieHbl KaK OTHOLWEHNA MeanaH CoAep>XaHUsA noka3aTesid B rpyrnne HOBOPOXAEHHbIX

oT Matepeit, neperectunx COVID-19 Bo Bpems 6epeMeHHOCTU, K MeanaHam CoepXaHus nokasatens B rpynne CPpaBHEHWS.
l'|epHOl‘/'I NHMen 0603HaYeH YPOBEHb PaBEHCTBA 3Ha4yeHui. P-3HavyeHus yKa3aHbl 414 MmegnaH nccnenoBaHHbIX nokasaTenen.
Note. The data are presented as the ratio of the median parameter level in the main vs comparison group of newborns from
mothers with COVID-19 during pregnancy. The black line indicates the level of value equality. P-values are shown for the medians

of the studied parameters.
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TaGnuua 4. NMokasaTenn COCTOAHUA UMMYHHOW CUCTEMbl HOBOPOXAEHHbIX Yy MaTepei, nepeHecLumx
COVID-19 B pa3Hbie TpuMecTpbl rectauum [Me (Q1; Q3)]

Table 4. parameters of immune system state in newborns from paired mothers with COVID-19 at different trimesters

of gestation [Me (Q1; Q3)]

3HayeHue nokasaresis y HOBOPOXAEHHbIX,
MaTepu KOTopbix nepeHecnu COVID-19
Mokasartens, eq,. U3M. Magnitude of parameter in newborns p-3HaueHue
Index, units from paired mothers with COVID-19 p-value
B 1 TpumecTpe BO 2 TpUMecTpe B 3 TpumecTpe
in the 1st trimester in the 2nd trimester in the 3rd trimester

JleiikoumTbl, 10° KneTok/n . ) .
Leukooytes, 10° cell/l 13,9 (10,6; 18,1) 15,0 (13,1; 16,7) 13,6 (11,9; 17,0) 0,82
Jiumdouuntbl, % ) ) .
Lymphocytes. % 26,7 (22,9; 30,7) 29,6 (23,8; 35,2) 26,7 (22,0; 37,1) 0,49
JlumdouuTsl, abe. ) ) .
Lymphocytes. abs. 3,7(2,9; 4,6) 4,3 (3,5; 4,8) 4,1(3,5;5,0) 0,34
CD3%, % 84,5 (77,7; 87,2) 84,8 (79,3; 88,0) 83,6 (78,4; 86,8) 0,67
CD3, abc. . ) .
CD3", abs. 2,8 (2,5;4,0) 3,5(2,8;4,3) 3,6(2,8;4,2) 0,23
CD19%, % 13,1 (8,6; 20,0) 10,4 (7,6; 12,0) 12,0 (9,4; 16,2) 0,23
CD19", aGc. ) ) .
CD19", abs. 0,4(0,3;0,8) 0,5(0,3;0,6) 0,5(0,4;0,7) 0,75

‘o ) ) ) P, =0,011
CD56", % 1,3(1,2:16) 1,8(1,6:24) 1,9(1,5,37) 020011
CD56*, a6c. ) ) . _
CD56, abs. 0,10 (0,00; 0,10) 0,10 (0,03; 0,10) 0,10 (0,10; 0,10) p,_s=0,009
Heitpodunsl, % ) . )
Neutrophils, % 53,0(50,8;61,4) 51,1(47,8; 57,6) 50,3 (41,3; 56,8) 0,09
Heiitpodunsl, abe. ) . .
Neutrophils, abs. 7,71(6,2;10,1) 7,3(6,7;9,9) 71(4,9;9,5) 0,59
®AH, % . . .
PhAN, % 97,0 (96,1; 98,2) 97,0 (95,2; 98,0) 98,4 (96,0; 99,1) 0,09
lVéC 35,0 (31,0; 52,5) 43,0 (31,3; 55,8) 55,5 (39,5; 67,5) 0,05
IgG k SARS-CoV-2, UM . ) )
IgG to SARS-CoV-2, IP 10.6(2,3;12,1) 4,3(1,0;6,8) 5,7(0,3;11,5) 0,13

Mpumeuanue. UM — nHaekc no3anTMBHOCTU. Pasznnyuns nokasarenen 3Ha4ynmMbl no kputepuio Kpackenna-Yonnuca ¢ nonpaskoi BoHpeppoHu

npu p < 0,017.

Note. IP — Index Positivity. Differences in indicators are significant according to the Kruskal-Walli’s test with the Bonferroni correction at p < 0.017.

MEK Iy TPYIIIIaMHU, OCTAIOTCS B IIpeneaax pedepeHc-
HBIX 3HAUCHU, a conepkaHre NK-KIeToK B OCHOB-
HOW TpyIIIe B 2 pa3a HUKE YPOBHSI pedepeHCHBIX
3HAYECHU .

O6cyxaeHne

B HacTosmiee BpeMs MMeeTCsT HeMallo MyOJIr-
Kalluil B AuTepaType, YKa3bIBalOIUIUX HA CHUIKEH-
HOE€ KOJIMYECTBO KUJIJIEPHBIX KJICTOK Yy OOJBHBIX
COVID-19 pa3anyHOI CTENMEHU TSIXKECTU Hapsay
CO CHMXXeHUEM JTUM@POLIUTOB APYIrUX CYOIOIMyIs-
Uil (KpoMme Toro, obuiast JUuM@OneHus SBISIETCS
J1a0OpaTOPHBIM ITOKa3aTeeM, XapaKTEPHBIM s
KOPOHABUPYCHON WHMEKIINN CPEIHETIKEIOTO
n Tskenoro TedeHMs). CHMXXKEHHE KHMILJISPHBIX
KJIETOK TP BUPYCHOM MH(MEKIINH BBI3bIBAECT HAY Y-

HBIT UHTEPEC, MOCKOJbKY 3TO KJETKU MePBOM JIU-
HUU BPOXACHHOWM 3allMThI, OCYLIECTBIISIEMOUN HE-
MOCPEACTBEHHO MyTeM 3JMMUHALIMU UHPULIUPO-
BaHHBIX BUPYCOM KJIETOK. BbLJIO yCTaHOBJIEHO, YTO
cHuxkeHue comaepxaHust NK-kj1eTok MOXeT OBITh
CBSI3aHO C ITPSIMbIM MTHOUILIMPOBAHUEM KUJIJIEPHBIX
KJIETOK. DTOT (peHOMEH TToKa3aH I WHPUIIUPO-
BaHUS pSIAOM O000JIOYEUHBIX BUPYCOB, K KOTOPHIM
otHocutcsa u SARS-CoV-2 [7].

NHudunmupoBaHue oTpaxaeT CONOCOOHOCTbH BU-
DPYCOB YKJIOHSITHCSI OT MMMYHHOT'O HaJi30pa 1 OCy-
IIECTBJSIETCS JTMOO 4yepe3 CBsI3bIBAHUE CO CHEllU-
dudecKUMU pelienTopaMu U CAUSHUS HEMocpe-
CTBEHHO C IUIa3MaTHYeCKOl MeMOpaHOM, MO0
nyTeM 3HAOLMTO3a BUPYCHOW 4YacTULIbI, TMOCPEI-
CTBOM MaKPOITMHOIMTO3a (M1 HeCIIeIN(PUISCKOe
MOTJIOLIEHUe BHEKJIEeTOUYHOro Marepuasa). Kpome

52



2023, T. 13, Ne 1

NMmyHuTeT fletent ot matepeii c COVID-19

TOro, mpoHUKHoBeHUEe B NK-KJIETKU BO3MOXHO
yepe3 FcyRIITA IgG-penenTtop, akcnpeccupyeMblii
Ha NK-kjeTkax, KOTOpbIii OoMocpeayeT CBSI3bIBa-
Hue Bupyca ¢ NK-kjeTkamMu B IMPUCYTCTBUU BU-
pyc-crieniuduyeckux aHTuTend. [IpoHUKHOBEHUE,
OMOCpelOBaHHOE AaHTUTeIaMu, TMOKa3aHO MIJIs
MHOTUX O00OJIOUEUHBIX BUPYCOB B KaUeCTBE Mexa-
HMU3Ma 151 TpoHUuKHoBeHUsT B NK-KjeTku y jito-
Jleli, KOTOpble HECYT CYOHEeUTpaau3yoliue BUpyc-
crietuguyecKkue aHturena [8].

Nudbunmupoanue NK-kj1eToK MpUBOAUT K UC-
tomeHuo NK-KJIeTOK MNOoCpeacTBOM aromnTo3sa.
MeHsia MeTabonu3M W DHEpPreTuYecKuili obmeH
KUJUIEPHBIX KJIETOK, BUPYChI CITOCOOCTBYIOT MCKa-
KEHUIO (heHOTHUIIa 3TUX KJIEeTOK, U3MEHEHU IO MPO-
NYKIIMUA HUTOKMHOB U XEMOKWHOB U, CJIeIOBaTEIb-
HO, MCKaXX€HU 0 B3aMMOAEUCTBUS ¢ MakpodaraMu
u T-numpouutamu [3, 11].

KoHeuHo, HET yOeauTeabHBIX U TOATBEPXKICH-
HBIX JI0Ka3aTeJIbCTB TPAHCILIALIGHTAPHOTO MepeHoca
Bupyca SARS-CoV-2 oT uHGULIMPOBAHHOI MaTEpU.
OnHako TMOCTyIUIeHHe WHbOpMalluid OT MaTEepUH-
CKMX UMMYHOKOMITIETEHTHBIX KJIETOK, MH(MUIIUPO-
BaHHBIX BUPYCOM, B KPOBb IJIOJA, TTPEACTABISIETCS
€CTECTBEHHBIM ITPOLIECCOM, KOTOPBII MOXET OKa-
3bIBaTh BJAMSHUE Ha CO3PEBaHE UMMYHHOU cUCTe-
MBI I104a. M eciiu B HacTosi11Iee BpeM sl MEXaHU3M bl
Takol mnepenadyu WHbOPMALlUU TUIIOTETUYECKUE,
TO MOJYYEHHBI HaMU pe3yJibTaT O 3HAYUTEJIbHO
0osiee HU3KOM ypoBHe N K-KJeToK y AeTeil, poxK 1eH-
HBIX y MaTepeii, nepedoseBminx COVID-19 B nep-
BOM TPUMECTpPE, 3aCTaBJsSIeT 3aAyMaThCs O MOCJIe/I-
CTBUSIX TaKUX TpolieccoB. MI3BeCTHO, UTO (hyHKIIUS
NK-Kk1eToK XeCTKO peryjiupyercs 6baJjaHCOM aKTU-
BUPYIOIINX U MHTUOMPYIOIINX PELENTOPOB, KOIM-
pYyeMBbIX 3apOAbIIIeBO TUHUEH [4, 5, 6, 9].

ITosToMy TpeOylOTCS najabHEWIIe WCCAen0-
BaHUs (peHoTHNA U (PyHKIIMOHATBHON aKTUBHO-

Cnucok nutepatypbl/References

ctu NK-kJjileTok aereif, poXIeHHBIX OT MaTepei,
nepeHecuiux COVID-19 Bo BpeMs 0epeMeHHOCTH,
u cOOp JaHHBIX KaTaMHe3a, YTOObI clielaTh BHIBOJ
O 3HAYUMMOCTHU IIOJIYYEHHBIX HaMM pPe3yJIbTaToB
1 PETPOCTIEKTUBHO CYJIUTh O COCTOSTHUU 3I0POBbSI
00ce10BaHHBIX HOBOPOXKIEHHBIX.

3ak/yeHme

OCHOBBIBAsICh Ha MTOCIEAHNUX SMUAEMUOJIOTUYEC-
Kux gaHHbIX Mo COVID-19 u TeueHuio GepeMeH-
HOCTU Ha (poHe MHGEKIINU, HEJOCTATOYHO JTaHHBIX
O TIOBBILIIEHHOM PUCKE [IJIsl MAaTeEPH U TI0IA, KPOME
TOT0, HET MOATBEPKIECHHBIX JAHHBIX O B3aMMOCBSI-
31 B BOBHMKHOBEHWM Y TJIOJOB ITOPOKOB Pa3BUTHS,
CBSI3aHHBIX C JaHHOW MHMeKIMrei. BaxxHO yduThI-
Batb, 4yTo maHaeMuss COVID-19 moxeT BBI3bIBATh
TMICUXOJIOTUYECKU I CTPECC M TPEBOTY Y OEPEMEHHBIX
JKEHIIMH, KOTOpble MOTYT OKa3blBaTb HeOaro-
NPUATHOE BJIMSHNE KaK Ha TedeHue OepeMEeHHO-
CTU, TAK U HAa COCTOSTHWME MMMYHHOW CHUCTEMBI MX
HOBOPOXJIEHHBIX.

B npoBeneHHOM HaMU HUCCJIEAOBAHUU B 1IEJIOM
He OBLJIO BBISIBJIEHO TSXKEJBIX MEPUHATATBHBIX MC-
XOIOB Y HOBOPOXJIEHHBIX, MaTepu KOTOPBIX ITepe-
Hecau COVID-19 Bo BpeMs 6epemeHHOCTH. B 1C-
Cleq0BaHHOI BBIOOPKE Marepeil He ObIJIO CiIydyaeB
cpenHeTskenoro u tsxkeynoro redueHuss COVID-19.
ITosToMy HEOOXOAMMBI OaJbHEWIINE TPOCHEK-
TUBHBIE MCCJIENOBAHMS, YTOOBI OLIEHUTH BIAUSHNE
creneHU TsxkecTrn COVID-19 Ha ncXoabl poaoB IS
MaTepu W IJIoJa M YTOYHUTH ONTHUMaIbHOE BEJE-
HUe OepeMeHHBIX B TAKMX CIIyJasix.
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NnoALEP)XAHUE UMMYHOJIOMTMYECKOU
NAMATU K BUPYCY SARS-CoV-2
B YCNOBUAX NAHOAEMUU

A.I1. TonTeiruna':3, 3.9. Appunonosa!, P.II1. 3akupos?, E.JI. Cemukuna*

'@BYH Mockosckuii hayuHo-uccaedosamensckuil uHcmumym snudemuosoeuu u mukpoouonroeuu um. I H. Tabpuuesckozo
Pocnompebnaodszopa, Mockea, Poccus
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Pestome. Borrpoc o mponomkuTenbHOCTH 1 3P OEKTUBHOCTH MOCTUH(PEKIIMOHHOr0 nMMyHHUTeTa K SARS-CoV-2 1 co-
[IOCTABJIEHUE €r0 C MOCTBAKLIMHAIBHBIM OCTAETCS B LIEHTPE U3YyUeHUsI MHOIMX UccieaoBaTeseil. Llenpio paboThl ObLIO
HCCIIeIOBaHNE TTPONOIKUTEIBHOCTH TOAIEPKAHUS TOCTUHMEKIIMOHHOTO U MOCTBAKIIMHAIBPHOTO UMMYHUTETA K BU-
pycy SARS-CoV-2, a takxe hopMupoBaHue THOPUIHOTO (BaKIIMHALIMS [TOC/IE IepeHeCeHHOM MHMEKIIM M) U TPOPbIBHO-
ro (TIOBTOpHOE 3a00sieBaHMe UJTU 3a00JIeBaHKE ITOCJIe BAaKIIMHAIIMY) UMMYHUTETA B YCIOBUSIX IMTPOIOJIKATOIIECS TTaH-
nemun. O6cenenoBanbl 1—6 pasz 107 B3pocibix, nepeHectinx COVID-19 B erkoii uiv cpemaHeTskea0i Gopme, CrycTs
3—18 mecs1ieB nocie 3adoaeBaHust, U 30 yenoBeK, MPUBUTHIX ABYKPATHO BaKIUHON «CMyTHUK V». AHTUTEA K BUPY-
cy SARS-CoV-2 onpexnensiin MetonoM MDA Ha TecT-cucteMax «SARS-CoV-2-1gG konmyectBeHHBIN-UDA-BECT>.
ABUJTHOCTb AHTUTEJ ONPEACISIIM C MIOMOILBIO TOMOJTHUTEIbHON MHKYOALMK C JEHATYPUPYIOIIMM PACTBOPOM U 0e3
Hero. MoHOHYKJIeaphl BHLACISIA U3 KPOBU METOIOM I'Pal€HTHOTO LIEHTpU(DYTUpOBaHUS, MHKYOMPOBAIU ¢ S-0eJIKOM
KopoHaBupyca 1 6e3 Hero 20 4, oKpaliuBaiu (IoopeclieHTHO-MEUEHHBIMM aHTUTEIaMU U TIOACUMTBIBAIN TTPOLIEHT
CD8Me"CD107a* Ha uuromerpe FACSCanto I1. ITokazaHo, 4To B rpyIirne nepedoseBIIMX U TPUBUTHIX YPOBEHD CIIELIN-
(buuHBIX K BUPYCY aHTUTE CHUXKAJICS 00Jiee BBIPAKEHO Y JIMIL C U3HAYATTbHO BEICOKUM TYMOPAJIbHBIM OTBETOM, HO TTO-
ciie 9-u MecsILeB CHIXKEHUE 3aMeIJISLIOCh U BhIXOMMIIO Ha I1J1aTO. ABUIHOCTb AHTUTE IIOAHKUMAaJIach 10 50% u coxpaHsi-
nack 18 mec. KJ1eTouHBII MMMYHUTET Y TIepeOO0JICBITNX He MEHSIJICS Ha TIPOTSIKEHUH 1,5 JIeT, a y IPUBUTHIX TIOCTETICHHO
CHUKAJICS TocIe 6 MecC., HO OCTaBaJiCs Ha IETEKTHUPYeMOM ypoBHe. Tlociie peBaKLIMHALIMY IIPUBUTHIX OTMEUEH 3HAY M-
MBIii TTOIBEM YPOBHSI aHTUTEN, aBUIHOCTH 10 67,6% W KJIETOUHOrO MMMYHUTETA IO UCXOMHOTO YPOBHS. ['MOpUIHBIN
MMMYHUTET OKa3aJics 3HAYMMO 00Jiee BHICOKMM, YeM TIOCTUH(MEKIIMOHHBIN Y MMOCTBAKIIMHAIBHBINA. YPOBEHb aHTUTEI
Bo3poc 1o 1218,2 BAU/Mi, aBunHOCTh — 110 69,85%, a KJIETOUHBI UMMYHUTET — 10 9,94%. [IpopbIBHOI UMMYHUTET
OBIJT 3HAYMMO BBIIIE, YeM T0CjIe TIepBOro 3a00IeBaHus. YpoBeHb aHTUTeN monHsics no 1601 BAU/Mi, aBUIHOCTh —
10 81,6%, xJeTouHbI UMMYHUTET — 110 13,71%. Ha npumepe nMHaMMUeCKOro HAaOJTIOACHMS 32 YeThIPbMSI JIMLIAMH, TIe-
peHecuiumu COVID-19, mokaszaHo, 4To B YCJIOBUSIX MTPOIOJIXKAIOIIEHCS TaHAEMU Y U aKTUBHOM MyTalliM KOPOHABUpYyca
IIPOMCXOIUT €CTECTBEHHOE OYCTUPOBaHHUE, KaK 06CCUMIITOMHO, TaK U B Pe3YJIBTaTe JIETKO IIOBTOPHOM MH(MEKIIMH, YTO
MIPEISATCTBYET NCUE3HOBEHMIO TYMOPAJBHOTO U KJIETOYHOTO MMMYHHUTeTa, crieliuduyaHoro kK SARS-CoV-2.

Karoueesoie caosa: COVID-19, SARS-CoV-2, anmumena, axyunayus, 2uOpuoHbiil UMMYHUMeEM, KACMOUHbLI UMMYHUmMem,
NPOPLIGHOL UMMYHUMEN.
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MAINTAINING IMMUNOLOGICAL MEMORY TO THE SARS-CoV-2 VIRUS DURING COVID-19
PANDEMIC
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¢ G.N.Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation

b Federal State Autonomous Institution “National Medical Research Center of Children’s Health” of the Ministry of Health
of the Russian Federation, Moscow, Russian Federation

¢ Lomonosov Moscow State University, Moscow, Russian Federation
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Abstract. The question on the duration and effectiveness of post-infection vs post-vaccination SARS-CoV-2 immunity
remains in the focus of numerous studies. The aim of the work was to examine the duration of maintained post-infection
and post-vaccination SARS-CoV-2 immunity as well as formation of hybrid (vaccination after infection) and breakthrough
(repeated disease or disease after vaccination) immunity in the context of an ongoing COVID-19 pandemic. 107 adults
with mild or moderate COVID-19 3—18 months after the disease and 30 subjects vaccinated twice with the Sputnik V
vaccine were examined 1—6 times. Antibodies against SARS-CoV-2 virus were determined by ELISA on the “SARS-
CoV-2-1gG quantitative-ELISA-BEST” test systems. The antibody avidity was measured by additional incubation with
and without denaturing solution. Mononuclear cells were isolated from blood by gradient centrifugation, incubated
with and without coronavirus S-protein for 20 hours, stained with fluorescently labeled antibodies, and the percentage
of CD8Me"CD107a* was counted using FACSCanto II cytometer. It was shown that in the group of convalescent and
vaccinated subjects, the level of virus-specific antibodies decreased more deeply in individuals with initially high humoral
response, but 9 months later the decrease slowed down and reached a plateau. The antibody avidity rose up to 50% and
persisted for 18 months. Cellular immunity in recovered patients did not change for 1.5 years, while in vaccinated patients
it gradually decreased 6 months later, but remained at detectable level. After revaccination, a significant increase in the
level of antibodies, avidity up to 67.6% and cellular immunity returned to the initial level were noted. Hybrid immunity
turned out to be significantly higher than post-infection and post-vaccination immunity. The level of antibodies increased
to 1218.2 BAU/ml, avidity — to 69.85%, and cellular immunity — to 9.94%. Breakthrough immunity was significantly
higher than that after the first disease. The level of antibodies rose to 1601 BAU/ml, avidity — up to 81.6%, cellular
immunity — up to 13.71%. Using dynamic observation of four COVID-19 convalescents, it has been shown that in the
context of the ongoing pandemic and active coronavirus mutation, natural boosting occurs both asymptomatically and as

a result of a mild re-infection, which prevents disappearance of SARS-CoV-2 humoral and cellular immunity.

Key words: COVID-19, SARS-CoV-2, antibodies, vaccination, hybrid immunity, cellular immunity, breakthrough immunity.

Bcenbilika Heu3BeCcTHOro paHee 3a0oJjieBaHUS,
BbI3BaHHAsI HOBBIM KOPOHaBUPYCOM, Ha3BaHHBIM
SARS-CoV-2, B Yxane B gekabpe 2019 r., 06epHY-
nack manaemueiit COVID-19. [TockonbKy 3TO ObLIA
HOBasi KOpOHaBUpYyCHasi WHMeKnus, B Hadale
NaHAEMHUU OTCYTCTBOBAJIM T€CT-CUCTEMBI KaK IJIS
onpeaesieHnsI cCaMOro BUpyca, TaK U aHTUTEJ IIPO-
THUB HeTo. DKCTPeHHas pa3paboTKa 1 UCII0JIb30Ba-
HHE «CBIPBIX» TECT-CUCTEM IIPUBOAMJIM K ITapaloK-
CaJIbHBIM 3asIBJICHUSIM O ToM, 4To IgG-aHTHTEMa
MHOSIBJISTIOTCS paHbIe, yeM IgM, niu 4To aHTuTEeIa
ncye3aroT cIycTs 1—2 Mecsia mocje Havaja 3a60-
neBaHus [28]. [To Mepe MOBBIIIIEHNW ST KAUeCTBA TECT-
CHCTEM 3THU «OTKPBITHSI» IIOTEPSIJIN aKTyaJlbHOCTb,
OIHAKO BO3HHUK BOIIPOC O COIIOCTaBJIICHUU pe-
3yJAbTaTOB MHOTHUX IECSITKOB, €CJIM HE COTCH TECT-
CHCTEeM, BBIPaXXCHHBIX B pa3HBIX E€IWHHUIAX [2,
18]. Dta mpobiema Oblja pelieHa C BBEIEHHUEM
eIVMHUI U3MEPEHUSI aHTUTEJ Ha OCHOBE SIMHOTO
crangapta: BAU/mi (Biding Antibody Units; First
WHO International Standard for anti-SARS-CoV
immunoglobulin (human), NIBSC code: 20/136).
OmHako maxke XOpOIIo HaJlaXKeHHas cCucTeMa Te-
CTHPOBAHUS HE IMO3BOJISET OTBETUTH HA BOIIPOC,
CKOJIbKO 4uenoBek nepeHecao COVID-19. ITo nan-

HeiM BO3 sTta nudpa cocraBisgeT 6ojee 550 MaH
yeoBeK. TeM He MeHee He3aBUCHMBIEC MCCIIeI0Ba-
HUS TIPUBOMST K BBIBOAY, UTO y3ke B Havase 2022 T.
OKOJIO TIOJIOBUHBI HaceJeHHUs 3eMJIU ITepeHecia
310 3abojyeBaHue [21]. Bonpoc o mpoaoKuTelIb-
HOCTU M 3(PPEeKTUBHOCTU HATYPaJIbHOTO MMMY-
HUTeTa (MOJYYEHHOrO B pe3yJibTaTe WHMEKIINN)
OCTaeTCs B IICHTPE U3YUYEHU I MHOTUMU MCCJIeI0Ba-
tenssmu [19, 27, 34]. TlepBoHayaabHO COOOIIATIOCH
0 TIOmAepXXKaHWM MMMYHHUTeTa K BUpycy SARS-
CoV-2 B TeueHue 6 [38], 9 u 6osee mecsies [6, 15,
25]. MogBnenue B 2021 r. cpa3y HECKOJbKUX BAKIINH
npotuB Bupyca SARS-CoV-2 BbI3BaJIO BCIIJIECK UC-
cJIeMOBaHUI MOCTBAKIIMHAJIBHOTO UMMYHHUTETA |3,
4, 17, 21]. TlogBuBmInecs COOOIIEHUS O OBICTPOM
WCTOIICHUM TIOCTBAKIIMHAJIBHOTO HMMYHHTETA
B CYMTaHHBIC MECSIIIBI MOTPeOOBaIO BBEACHMS OyC-
TEepHBIX 103 BakuuHbI [14, 20, 32]. [Tpu 3ToM cam
Bupyc SARS-CoV-2 NMoCTOSTHHO MYTHPOBAJI, BbI-
3pIBasl pe3Kue MOABEMBI 3a00JIeBAEMOCTH B MHpPE
3a cYeT o-, B-, y-, 8- u 0-BapuaHTOB. bbIIO MOKa-
3aHO, YTO OMUKPOH CIIOCOOEH «IIPOPhIBATH» UMEB-
muiicad UMMYHUTET K KopoHaBupycy [10].

B ¢BsI3u ¢ BBIILIEU3I0XKEHHBIM, LI€JIbI0 pabOThI
OBLIO HCCJIEMOBAaHUE MPOMOJKUTEIABHOCTU TIOMI-

56



2023, T. 13, Ne 1

MmmyHonormyeckas namste kK SARS-CoV-2

JepXKaHUST TOCTUH(MEKIIMOHHOTO U MOCTBaKIIM-
HaJIbHOrO MMMyHHUTeTa K BuUpycy SARS-CoV-2,
a Takxe (GopMUPOBAaHMS THOPUIHOrO (BaKIIMHA-
OMS TTOCJIe TIePeHEeCeHHOTO 3a00JIeBaHUS) U MPO-
PBIBHOTO (MMOBTOpPHOE 3a00JieBaHUE WU 3a00JieBa-
HUE NocJje BaKIIMHAIIMM) UMMYHHUTETA B YCIOBUSIX
MPOOOJIKAIOIIEHCS TTaHAEMUHN.

Matepuasnbl 1 METOLbI

B uccnenoBanue OblM BKIo4deHbl 107 B3poc-
JeIx (Bo3pact 18—73 rona), nepenecminx COVID-19
BJIETKOW MJIV CpeTHe TSI XKe 101 (hopMe, UMEBIITUX Me-
NUIIMHCKOE 3aKJIIOUeHUEe O MepeHEeCeHHOM 3a0oJie-
BaHUU, TOATBEPXKJIECHHOE IMoJoXuTeabHbIM [TL[P-
aHam3oMm Ha Bupyc SARS-CoV-2, ciiyctst 3—18 me-
csueB rocJie 3ad6oneBaHusd, U 30 yeaoBeK, MPUBUTHIX
IBYKpaTHO BaKlLMHOW «CHnyTHUK V». DTU JIionu
ObLIM 00C/IenOBaHbI OT 1 10 6 pa3 Ha HaJIM4YKue aHTH-
Ted K BUpycy SARS-CoV-2 1 KJIeTOYHBIIT UMMYHU-
TeT K HeMy. McciienoBaHusT IPOBOIMIIN C JIeKaOpst
2020 r. mo anpesib 2022 r. UccnenoBaHue Ob1JI10 0100~
PEHO JIOKaJbHBIM 3THYecKUM KomuteTtomM PBYH
MHHUUDBM wum. I'H. TI'abpuyeBckoro (IIpoOTOKOJI
Ne 58), obcriemoBaHHBIE TIOATTMCHIBAIN MHMOOPMU-
poBaHHOe corjiacue. buogornyeckuii MaTepual mo-
JIydajJu U3 JIOKTeBOU BEHBI B BE BaKyyMHBbIC TPO-
OupKM B 00beMe 4 MJI Kaxkaas: C remapuHOM — IS
HUCCIIeNOBAaHUS KJICTOUYHOTO UMMYHUTETA U C aKTH-
BaTOPOM CBEPTBIBAHUSI U TeJIeM — JUUIST BBIACICHU S
CBIBOPOTKHM KPOBU /Il OLEHKU I'YMOPaJabHOIO MM-
MyHUTeTa K S-6enKky Bupyca SARS-CoV-2.

CBIBOPOTKY KPOBHU, TOJYYEHHYIO HEeHTpudy-
TMPOBaHWEM pa3JiMBaju B IMPOOMPKU THUMA BI-
nengopd u xpanuau npu —70°C go ucclieqoBa-
HUS. AHTUTeNa, cnenududHble K BUpycy SARS-
CoV-2 ompeneastin UMMYHODEPMEHTHBIM METO-
JIOM ¢ ToMollblo TecT-cucteM «SARS-CoV-2-1gG
konnuyecTBeHHBIN-UDA-BECT» (AO <«BekTop-
bect», Poccust). ABUITHOCTb aHTUTEJT OTIPEAEIsIIv,
HMCIOJIB3YsS TOT ke Habop B HaIIe MoguduKanInm,
MOCKOJbKY HET CcepTUPUIIMPOBAHHOrO Habopa
ISl OIpenesjeHUs] aBUIHOCTU aHTUTEN K aHTU-
renaM Bupyca SARS-CoV-2. [Ing 3Toro Kaxmuyio
HUCCIEAYEeMYIO CBIBOPOTKY BHOCHJIM B JIYHKH IBYX
coceqHux ctpunos. [locie HKyOallMU U OTMBIB-
KU JIYHOK, COIJIACHO HPOTOKOJY ITPOM3BOAMUTE-
Js, B IYHKHU TIepBoro ctpurna nodasisan 200 MK
(GU3NOTOTNUECKOTO pPacTBOpa, B JIYHKH BTOPOTO
ctpuna no6asasnu 200 MKJ AeHATYypUPYIOIIEro
pacTBOpa MOYEBUHBI U UHKYOHUpoBanu 10 MUH mpu
KOMHATHOI TeMIleparype, 3aTeéM OTMbIBaJIU TPoOe-
KpaTHoO. PacTBopbl ObLJIM B3sSThl M3 Habopa mJis
onpeaesieHUs aBUAHOCTU aHTUTEN K Kopu «Avidity:
Anti-Measles Viruses ELISA/IgG» (Euroimmun,
I'epmaHus), a BpeMsI MHKYOallMM — W3 UHCTPYK-
MU K 3TOMY Habopy. 3aTeM BBIIIOJIHSIJIN BCE MPO-
LeAyphl COMIAaCHO TPOTOKOJNy K Habopy «SARS-
CoV-2-1gG konmuectBeHHBIT-UDA-BECT».

BrigeneHue MOHOHYyKJeapoB Tepudepuyec-
KOl KpPOBU IIPOBOAMUJIU B CTEPUJBHBIX YCJIOBU-
six Ha rpamueHTe motHoctu (p = 1,077, OO0
«[Tan®ko», Poccust) m oTMbIBaIM OT TpPOMOO-
outoB. CycrneH3WI0 KJIeToK B cpene RPMI-1640
¢ pobasiaeHueM 2MM L-rnroraMuHa, reHTaMU M-
Ha 1 10% 5MOpUOHAIBHON TeasIUbeil CHIBOPOTKU
(OO0 «ITaundxo», Poccust) BHOCUIIN B KOTUYECTBE
3 x 10° B 1yHKH 96-TYHOYHOM CTEPUIIBHON MaHEIH,
00aBISIIM paCTBOP MOHEHCHMHA B KOHEYHOU KOH-
neHTpauuu 10 MKM 1 MOHOKJIOHAJIbHbBIC aHTUTEIA
K antureHy CD107a-PE-Cy5 B KoHEYHOM pa3Belie-
Huu 1:100 (koHTpoOJIbHAs MTpoba), KOHEUHBIN 00b-
eM B JIyHKe cocTaBu 200 mka. B onbITHOI nTpo6e
Jeaaan BCe TO XXKe caMoe, HO MCITOJIb30Balu JTYHKH
96-1yHOYHOII ITaHe X OT Habopa AJ1s1 OIIpeAcICH U
aHTUTEN K S-0enky Bupyca metonoM MPA «SARS-
CoV-2-IgG xoandectBeHHBIN-UPA-BECT» (AO
«BekTop-bect», Poccus), rme Ha AHO JYHOK COp-
oupoBaH TpuMep S-0ellka KOpOoHaBUpYyca, Coryiac-
HO WHCTPYyKIMU mpousBoautens. [lepen Hauamom
aKcriepuMeHTa JJyHku ot UPA-Habopa ObLIN PO-
CTepPUIM30BaHbl C TIOMOIIBIO YJIbTPadroOJIETOBO-
ro obonyuyenus 30 muH. [ToaroroBieHHBIE TTPOOHI
nuHkyouposayiu 20 4 ipu 37°C BO BJIaXKHOU aTMOC-
depe u 5% CO,, 3aTeM NEepeHOCUIN B MPOOMPKU
N1 TUTODIYyOpPOMETPUM, OTMBIBAJU PacTBOPOM
CellWash (300g 5 MuH) M OKpalllMBaJu aHTUTE-
namu K antureHy CDS-FITC 20 MuH B TeMHOTe
npu 4°C. Tlociae NnOBTOPHOIT OTMBIBKM B T€X Xe yC-
JIOBUSIX, MPOBOAUIN HUMMYHOGMEHOTUIIMPOBAHUE
¢ moMolbio mporoyHoro nuromerpa BD FACS
Canto Il (texHonmorum m mporpaMMHOe obecrie-
yeHue Becton Dickinson, CIIIA). Beiaensiiu reit
JUM®OOIIMTOB BBICOKOIKCIIPECCUPYIOIIMX aHTHU-
ren CDS8 (CD&"ieh), a B HemM omnpeaessiin IMPOoLeHT
kiaetok CD8Me"CDI107a*, mnpencTaBISIIOIIUX CO-
0oii uuTOTOKCHYecKue T-TuM@OUUTHI, pacnos3-
HaBlIMe S-0eJ0K KOpoHaBMpyca W OTBETUBIINE
Ha TaKoe€ pacllo3HaBaHME aTaKoOil C ITOMOIIbIO
OUTOTOKCUUYECKHUX TpaHyJ. ['paHuIeit MeXmy OT-
CYTCTBUEM M HaJIUYMEM CITeIIM(PUIECKOTO KIJIETOU-
HOTI'0 MMMYHMTETA CYUTAJI YPOBEeHb 1%.

PesynbraThl McciaenoBaHUsS OBIIM NOABEPTHY-
Thl CTATUCTUYECKOI 00paboTKe. brlio mmpoBeneHo
HUCCIeOBAaHUE HAa HOPMAaJIbHOCTbH paclpencieHus
metoaoM KonmoropoBa—CmupHoBa. KonnuectBo
aHTuUTeJ Bbipaxanu B BAU/M. YpoBeHb aHTUTEN
OpeacTaBjieH B Buae MeauaHbl (1—3 KBapTHb).
st BRIYMCIIEHUST aBUJHOCTU aHTUTEJ 3HAYeHUE
B MePBOI JyHKe (MHKyOalus ¢ GU3NOJOTUYECKUM
pacTtBopoM) mipuHuManau 3a 100%, u BBIYUCITSIIN
TIPOIICHT JJIsl 3HAYCHM ST BO BTOPOI TyHKe (MHKYyOa-
WS ¢ IeHATYPUPYIOLINM pacTBOpoMm). PesynbraTsl
pacyeTa aBUIHOCTM M OLIEHKMW KJIETOYHOTO WM-
MYHUTETa NpeACTaBJIeHbl B BUIE CpeaHeit apud-
metudeckoit u ee omudbku (M=ESE). Koppensuun
oneHuBaxu metogoM Iupcona. Paznuuumsa mpu p <
0,05 cyuTanu 3HAYUMBIMU.
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Pesynbrarhl

I[lpu momEepeyHOM WCCIeNOBAHUU KOTOPTHI
nepedosiesiinx COVID-19 6buin monyyeHsl clie-
IyIOIIWE pe3yabTaThl: yepe3 3 Mec. OT HadaJia 3a-
OoJieBaHUSI MeAMaHa YPOBHSI aHTUTE B CHIBOPOT-
ke kpoBu Obuia 978 (336—1592) BAU/mi, uyepes
6 mec. — 883 (335—1323) BAU/mu, uepe3 9 mec. —
672 (276—1009) BAU/Ma u uvepe3 12 mec. — 560
(189—-867) BAU/mMi. M3 mipuBeneHHBIX pe3ysibTa-
TOB BUJIHO, UTO YPOBEHb AHTUTEJ CO BpPEMEHEM
TMOCTETNIEHHO CHUXKAJICS, HO JTaxke uyepe3 roj ocTa-
BaJICS IOCTAaTOYHO BBICOKUM. ClenyeT OTMETUTb,
YTO Ha MOMEHT WCCJIEOBAaHUS 3alIUTHBIM yPOB-
HeM cumtann 150 BAU/mi, a motom 300 BAU/Mmi,
TO €CTh CPEAHUI YPOBEHb aHTUTEJ MOXHO OBLIO
pacleHUTh KaK 3alllUTHBIN Jaxe depe3 Toj Mmocie
3a00JIeBaHU .

B mpononbHOEe umcciaenqoBaHUE KOTOPTHI Mepe-
oosneBmux COVID-19 6b1n BKJTIOYEHBI 38 yelno-
BEK, KOTOpbIe ObLIM 00CJiemoBaHbl 3—6 pa3 yepes
3—18 mec. oT HauaJia 3abosieBaHusl. [1o ypoBHIO aH-
TUTEJ B CIBOPOTKE KPOBU y1aJIOCh BBIICTUTH TPYTI-
My C BBICOKMM yPOBHEM aHTUTeN K BUpycy SARS-
CoV-2 (23 yenoBeka — 60,5%) v HU3KUM YPOBHEM

Takux anTuTen (15 9enoBek — 39,5%). [MoryyeHHBIC
pe3yabTaThl MpeacTaBiaeHbl Ha puc. 1A. VI3 pucyH-
Ka BUJIHO, UTO B TPYIIe ¢ BEICOKUM ypoBHeM IgG-
aHTutes K Bupycy SARS-CoV-2 cpenHuii ypoBeHb
coctaBus 1586 (1154—1896) BAU/Mi1. B cpoke oT 3
o 9 Mecs1eB Iocjie HavaJjia 3ab0eBaHUsI CHUXE-
HHE aHTUTEJ ObIJI0 OoJiee BhIPaKeHO, a 3aTeM 3TOT
nporecc 3aMemiuics. B rpynne ¢ HU3KUM ypoOB-
HeM aHtutes (390 (269—434) BAU/mi1) HaOmoma-
Jlach aHaJIOTUYHAas TeHICHIIMSI, a Ha cpokKe 1 roja
oT 3a00JIeBaHU ST YPOBEHb aHTUTEJT BBIIIE] Ha TJia-
To. Paszimuus Mex iy rpynnamMu ObLIM 3HAYUMBIMHA
(p < 0,05). Ha puc. 1b npeacraBjieHa aBUIHOCTb
aHTtuTes K BUpycy SARS-CoV-2 Ha Tex XXe cpokax
ucciaenoBanus. M3 pucyHka BHIHO, YTO aBU-
HOCTb HapacTajla ¢ TedyeHUeM BpemeHU ¢ 29.7%
B 3 Mec. 10 50% B 12 Mec. 1 ocTaBaJlach Ha 3TOM
YPOBHE B CJieAyOlIMe Moaroaa. ABUTHOCTb aHTH-
TeJ He KOppeJupoBaja ¢ ypOBHEM aHTUTEJ IIPOTUB
Bupyca SARS-CoV-2.

OlieHKa KJIETOYHOro MMMYHHUTeTa K S-0ejiKy
Bupyca SARS-CoV-2 (tabn. 1) mos3Bojujia Tak-
K€ BBIICJUTHb TPYINIYy C BBICOKUM YPOBHEM
10,19£0,93% (20 yemoBek — 52,6%) W HU3KUM
ypoBHeM 3,9%0,37% (18 yenoBek — 47,4%) orBeTa.
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PucyHok 1. F'ymopanbHblit UMMYHUTET K S-06enky Bupyca SARS-CoV-2 y nepe6oneswuunx COVID-19
Figure 1. Humoral immunity to SARS-CoV-2 virus S-protein in COVID-19 convalescents

Mpumeuanue. A. IameHeHne ypoBHs IgG-aHTUTeN B 3aBUCMMOCTY OT BPEMEHU, NPOLLIEALLEro nocne 3aboiesaHns.
B. lameHeHne aBUHOCTUN aHTWUTEN B 3aBUCMMOCTY OT BPEMEHW, NPOLLIeALEero nocne 3a6onesaHus.

Note. A. Change in the level of IgG antibodies depending on the time after the disease. B. Change in antibody avidity depending

on the time after the disease.
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TaGnuua 1. KnetouHbiii uMMyHuTeT (npoueHT CD8"CD107a* ot CD8") k S-6enky Bupyca SARS-CoV-2
nocne 3abonesaHus COVID-19 npu npogonbHoOM uccnepoBaHuu koroptbl (M£SE)

Table 1. Longitudinal cohort study assessing cellular immunity (percentage of CD8"CD107a* out of CD8" PBMCs)
to SARS-CoV-2 virus S-protein after COVID-19 disease (M+SE)

Yepes 3 mec. | Yepes 6 mec. Yepes9mec. | Yepes 12 mec. | Yepes 15 mec. | Yepes 18 mec.
After 3 months | After 6 months | After 9 months | After 12 months | After 15 months | After 18 months
Bbicokuii
YPOEB€Hb 10,19+0,93 10,63+0,97 10,15+0,88 10,05+0,85 10,82+1,01 10,54+0,95
High level
Huskuin
YPOBEHb 3,9+0,37 4,63+0,47 4,4+0,43 3,85+0,39 4,1+0,39 4,15+0,41
Low level

PaszneneHue Ha rpynnbl NpoBejiu Ha ypoBHe 6%,
pa3IMInsI MEXIY TpyNnaMu ObLIA CTAaTUCTUUECKU
sHaunMbIME (p < 0,05). MHTEpEecHO, 9TO Ha MpO-
Tsi>keHUU 1,5 jieT HaOI0AeHU ST YPOBHU KJIETOYHO-
ro UMMyHUTeTa K S-0enky Bupyca SARS-CoV-2
HE MEHSIJIMCh, TOTHA KaK YPOBHHU aHTUTEI Y TEX Ke
JTIONCH 32 3TO BpeMs 3HAUMMO CHU3UIIUCH.

IIpu ob6cnengoBanum 30 4esloBeK, He OOJIEBIINX
npexae COVID-19 u aBaxXabl TPUBUTHIX BaKIIN-
HOI «CnyTHUK V», TaKXe yIaJI0Ch BBIAEIUTb TPy II-
ny ¢ BeicokuM (1563 [840—1825]) BAU/Ma — 16 ue-
nosek (53,3%) m uuskum (432 [293—456]) BAU/
M1 — 14 yenoBek (46,7%) — ypOBHEM aHTUTEN K BU-
pycy SARS-CoV-2, pa3nuuyus 10 ypOBHIO aHTHU-
TeJI OBLIM CTaTUCTHUYECKM 3HauMMBIMH (p < 0,05).
Y IpuBUTHIX HAOJIIOIAIaCh TSHICHIIN S, aHAJIOT Y-
Has nepe6osieBmuM COVID-19. B rpymie ¢ BHI-
COKMM yPOBHEM aHTUTEJ CHUXKEHHE 3TOTO yPOB-
HS TIPOUCXOIMIO OoJice BBIPAaXXeHO, YeM B TpyIIIIe
C WCXOMHO HU3KHWM YpOBHEM aHTUTEJ, a II0CIIe
9 MecsIIeB B 00eUX T'PYIIIaxX YpOBEeHb aHTUTE BbI-
xonwJyt Ha 11ato (puc. 2A). Ha puc. 2b ripencrasie-
Ha aBUIOHOCTDH aHTUTEJI Y IPUBUTHIX. M3 pucyHKa
BUIHO, YTO aBUIHOCThL aHTUTEJ HapacTaia ¢ 32,5%
yepes 3 Mec. rmociie npuBUBKY 10 47,3% yepes 1 rox
MocJie MIPUBUBKU. B rpynmne mpuBUTHIX aBUTHOCTH
TaKXXe He KOoppelupoBajla C YPOBHEM aHTUTEN
K Bupycy SARS-CoV-2.

Yepes 12 Mec. mocie MepBUYHONM BaKIWHAIIUU
23 9yeyioBeKa U3 3TOM IPYNIIIHI OBLIIN PEBAKIIMHUPO-
BaHbl «CnyTHUK JlaiiT». Yepes 3 Mec. mocJiie 3Toro
YpOBEHb aHTUTE] B TPYMIe C WCXOMTHO BBHICOKHM
ypoBHeM Bo3poc ¢ 771 go 1368 BAU/mu, a B rpyIiiie
C UCXOMQHO HU3KUM ypoBHeM — ¢ 156 go 476 BAU/
M. Ilpu 3TOM aBHOHOCTBH, HE3aBUCHUMO OT yPOB-
Hs aHTUTEN], moBbicuiack ¢ 47,3 mo 67,6% (cm.
puc. 2). Paznuuus, Kak 1o ypoBHSIM aHTUTEI, TaK
¥ IO aBUIHOCTHU A0 U TI0CJIe peBaKIIMHAIINH, OKa-
3anuch 3HaYUMBIMHA (p < 0,05).

AHaTM3NpPysT KJICTOUHBII UMMYHHUTET K S-0enKy
Bupyca SARS-CoV-2 y TIpUBHUTBIX BaKIUMHOMI
«CnyTHUK V» (Tabi. 2), BEIIEIWIN TPYIIY C BBICO-
KuM ypoBHeM 11,19+1,03% — 17 uenoBek (56,7%)
U HU3KUM ypoBHeM 4,41+0,42% orBeTa Ha S-GeI0K
Bupyca SARS-CoV-2 — 13 uenosexk (43,3%), pasznu-
YU MEXIy TpynrnaMu 0putr 3HaYNMBIME (p < 0,05).

YpoBeHb KJIETOUHOTO UMMYHUTETA B TPYIIE HPU-
BUTBIX IMOCTEIIEHHO CHUKAJICS B T€UeHUE rojaa I10-
cJle BaKLIMHALIMM U Ha cpokax B 9 u 12 mec. 3Ha-
YUMO OTJIMYAJICSI OT ucxogHoro ypoBHH (p < 0,05),
OIHAKO JepxKaJjcs Ha JeTEKTUPYEMOM YPOBHE U He
ucyesas gaxe B IPYIIE ¢ UCXOAHO HU3KUM ypPOB-
HeM oTBera. Yepes 3 Mec. mocjie peBaKLMHALIUU
«CnytHuk JlaiiT» ypoBeHb KJETOYHOIO HMMY-
HUTeTa K S-0enky Bupyca SARS-CoV-2 3Haunmo
Bo3poc B 00eux rpymnmnax (p < 0,05), mo cpaBHEHUIO
C YPOBHEM JI0 P€BaKLIMHALIMU, B TPYIIIIE C BHICOKUM
ypoBHeM ¢ 7,67£0,80 go 10,98+0,97%, a ¢ HU3KUM
ypoBHeM — ¢ 3,24%+0,33 no 5,194+0,41%, u 3HayuMoO
HE OT/IMYAaJICsS OT YPOBHS Yepe3 3 Mec. Ioce mep-
BOU BaKIIMHALIUU.

W3 rpynmbel nepedonesmux COVID-19, Haxo-
JOUBIIUXCS IO HaOJIoaeHueM, 27 4YeJIOBEK OBIIN
IBaXKAbl IIPUBUTHI BaKLMHOK «CIyTHUK V» depe3
6—12 mec. nocie 3a6oaeBaHus. POpPMUPYIOLIUIACS
B TaKMX ClydasiX UMMYHUTET IIPUHSTO Ha3bIBaTh
TMOPUAHBIM, IMOCKOJbKY HNEPBUYHBIA MMMYHHbBIN
OoTBeT (pOpMUPOBAJICI Ha NMKMUII LITAMM BHpyca,
a BTOPMYHBINA OTBET — HA BAKLIMHHBIA ILITAMM.
Ha puc. 3A conocraBjieHbl yPOBHU aHTUTEN
B rpytre 30 mpuBuThix (707,7 BAU/Mn), 1 27 niepe-
6onesmmx COVID-19 (972,6 BAU/Ma), a Takxke
y 9TUX ke 27 JyeloBeK yepe3 3 Mec. MocJie BaKLMHa-
oun «CoytHuK V» (1218,2 BAU/Mn). Takke moka-
3aHO U3MEHEHME YPOBHS aBUIHOCTU. Y MPUBUTBIX
¥ nepeboJIeBIIUX 3TU YPOBHHU He IpeBbiiaiu 50%,
TOrga Kak B IpyIlie ¢ THOPUIHBIM UMMYHUTETOM
aBUJTHOCTD Bo3pociia 10 69,85%. Paznuuust B ypoB-
HE aHTUTEJI U aBUAHOCTHU IO U IOCJIe BAKLIMHALIUN
okaszannuch 3HaUUMBIMU (p < 0,05).

Ha puc. 3b mpencraBiaeHBI COOTBETCTBYIOIINE
pe3yJbTaTbl O OLEHKE KJETOYHOIO0 HMMMYHUTE-
Ta. M3 pucyHKa BUIHO, YTO IOCTBAaKLIMHAJIbHBII
M TOCTUH(MEKINOHHBIN KJIETOYHBII HWMMYHHUTET
B OTUX TIpyIIlaXx IPaKTUYECKM HE pas3jiMyaiucCh
(7,77£0,68 u 8,20+0,73%), Torna Kak THMOpUIHBIN
MMMYHUTET OKa3aJicst 3HaYMMO BbIte — 9,94+0,75%
(p <0,05).

W3 rpymrel tepe6oneBmnx COVID-19 B 2020—
2021 rr. 32 d4ejoBeKa TIOBTOPHO Tepebdoienu
COVID-19 (mramMmM OMUKpPOH) B SsHBape—deBpale
2022 1. ¥ HuX Takxke OB MCCIIEAOBaH TyMOpalib-
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PucyHok 2. T'ymopanbHblit UMMYHUTET K S-6enky Bupyca SARS-CoV-2 y npuBuTbiX «CnyTHUK V»
Figure 2. Humoral immunity to SARS-CoV-2 virus S-protein in “Sputnik V” vaccinated subjects

MpumeuaHume. A. IameHeHne ypoBHs IgG-aHTUTEN B 3aBUCMMOCTY OT BPEMEHU, NPOoLLeALero nocne npuemeku. b. MameHenne
aBUAHOCTY @HTUTEN B 3aBMCMMOCTM OT BPEMEHU, NPOLLELero nocie NPUBUBKN.

Note. A. Change in IgG antibody level depending on the time after vaccination. B. Changing in antibody avidity depending

on the time after vaccination.

HbIt UMMYHUTET K BUpycy SARS-CoV-2 (puc. 4A).
Takoit BUI MMMYHUTETa IIPUHSITO Ha3bIBaTh IPO-
DPBIBHBIM, ITOCKOJIBKY HOBBII IIITAMM BUpPYyCa «IIPO-
pBaJl» UMMYHHYIO 3alIUTY, COOPMUPOBAHHYIO MO~
cJjie mepBoro 3abojieBaHusl. M3 pucyHKa BUAHO, YTO
B 9TOH Tpymmne ImepedoIeBIINX COXPaHSIJICI T0CTa-
TOYHO BBICOKMI1 YpOBEHb aHTUTE K BUpycy SARS-
CoV-2 (719 BAU/mMn). OgHako LITaMM OMUKPOH
CUJIBHO OTJIMYAETCS OT MPEABbIAYIIUX IITaMMOB,
MO3TOMY CITOCOOCH ITPEOI0JIeTh UMMYHHYIO 3aIll1-
Ty. [locne moBTopHOTO 3abosieBanuss COVID-19,
KOTOpOe MpoTeKasio B JIeTKOW ¢opme, ypPOBEHb
aHTUTeN] 3HauuMo Bo3poc jgo 1601 BAU/Ma (p <
0,05). ABUIHOCTb aHTUTEJ TaKXXe 3HAYMMO BO3-
pociaac 50 mo 81,6% (p < 0,05).

IIpu comocTaBieHUM TOCTUH(MEKIIMOHHOIO
W IPOPBIBHOTO KJIETOYHOTO UMMMYHHUTETa K S-0eJIKy
Bupyca SARS-CoV-2 (puc. 4b) BugHo, 4TO Tpo-
pbIBHOM KJIeTOYHbIE uMMyHuTeT (13,71+1,07%)
B TOU XK€ TPYIITIe 00CIeTOBaHHBIX 3HAYNMO ITPEBHI-
maet (p < 0,05) KJIeTOYHBI# UMMYHUTET, BO3HUK-
LI TTocJie TiepBoro 3adoneBaHusd (8,38+0,83%).

CiemyeT OTMETUTD, UYTO BCE OIMCAaHHBIC B ITaH-
HOI cTaTbe WCCIeNOBaHUS TYMOPAJbHOTO M KJie-
TOYHOIO HMMMYHHTETa K HOBOMY KOPOHAaBUPYCY
NPOBOAMIM Ha (hOHE MPOIOJIKABIIEHCS TTaHIASMUU
COVID-19. Bupyc SARS-CoV-2 He TOIBKO CBO-
0OOHO HMUPKYJIUPOBAJ B MOITYJISIIIUNA, HO U aKTUB-
HO MYTHPOBAaJ, YTO MMPUBOIUIO K €CTECTBEHHOMY
OyCTUPOBAHUIO Y MOBTOPHBIM 3a00JE€BaHUSM, IO-
9TOMY HEJIb351 C TOUHOCTBIO CKa3aTh, KaK IOJITO IO/~
Iep>XKuBajcs Obl UMMYHUTET K BUpycy SARS-CoV-2
IpH OTCYTCTBUU HUPKYJISIIIUNA BO30yIuTesI. B Ka-
yecTBe MpHUMepa, ITOATBEPXKIAIOIIErO0 3TY MBbICIb,
NpUBEOEeM pe3yJabTaTbhl JUHAMWYECKOro HabIto-
IeHUs 3a 4eThIpbMs IepedoseBmumu COVID-19
B ceHnTsiope 2020 r. PexonBanecieHTh No 1 1 No 2
nepeHecaIn MHMEKIINIO CPpeaHe TSIXKeCTH, a PEeKOH-
BajecueHTHI Ne 3 1 Ne 4 — B jerkoii ¢popme. Yepe3s
3 Mec. mocJjie Havaa 3aboseBaHus (nekadopb 2020 r.)
pexkonBasiecteHThI Ne 1, Ne 2 u Ne 3 chopmupoBaiu
IgG-antuTena x S-6enky Bupyca SARS-CoV-2 BbI-
COKOT'0 YPOBHSI, a peKOHBajieclieHT No 4 — HU3KOTO
(214 BAU/Mi), HO 3alllUTHOTO YPOBHS$I, MOCKOJb-
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Ky Ha TOT MOMEHT 3alllUTHBIM YPOBHEM CUUTAJIU
150 BAU/mn (puc. 5A). Eme uyepe3 3 mec., B MapTe
2021 r., y Bcex Haba0maeMbIX JUI OTMEYEHO CHMU-
JKEHHE YPOBHS aHTUTEJ Pa3HOI CTENEHU BbIpaKeH-
Hoctu. B mae 2021 r. pekonBasneceHT No 1 mmen
KOHTaKT 0€3 KaKUX-TU00 KJIWHUYECKUX TPOsIBIe-
Huli ¢ 3aboneBuinM COVID-19 cpenHeit TsxXecTu,
U B utoHe 2021 r. Mbl BUAMM Ha rpadrike MOBBILICHWE

YPOBHS aHTUTE]T — OECCMMIITOMHOE OyCTHpPOBa-
Hue. PekonBaneceHT Ne 3 Tak:ke B Mae COBMECTHO
NpoXXKMBaJ U yxaxusal 3a 3adosieBiuum COVID-19
POICTBEHHUKOM, M B MIOHBCKOM TE€CTE BUIHO PE3KO
BBIpakeHHOE OYyCTHpOBaHHE, TaKxKe IpOTeKaBIIIee
6eccuMmnToMHO. PexonBaiiecieHT Ne 2 KOHTaKTOB
HEe MMeJI, U YPOBEHb €r0 aHTUTEJI IIPOAOJIKAJ CHU-
JKaThCH, a peKOHBaJieClIeHT Ne 4 TMeJT KOHTaKT C MH-

Ta6auua 2. Kneto4Hblit uMMyHuTeT (npoueHT CD8"CD107a* ot CD8") k S-6enky Bupyca SARS-CoV-2
nocne nepeoi NnpuBUBKU «CnyTHUK V» N y peBakKLMHUPOBaHHbIX (M+SE)

Table 2. Cellular immunity (percentage of CD8"CD107a* from CD8") to SARS-CoV-2 virus S-protein after the first
“Sputnik V” vaccination and in revaccinated subjects (M+SE)

Yepes 3 mec. Yepes 6 mec. Yepes 9 mec. | Yepes 12 mec. noc::gzzasxr:;uuu
After 3 months After 6 months After 9 months | After 12 months L
3 months after revaccination
BbiCoku# ypoBeHs 11,19+1,03 9,92+0,94 8,38£0,91* 7,67+0,80* 10,98+0,97*
High level
Hu3kui yposeHb 4.41+0,42 3.9+0.40 3.3+0,38* 3,24+0,33* 5,19£0,41%
Low level

Mpumeuanue. *p < 0,05 no cpaBHeHUIO C ypoBHEM Yepe3 3 MecsaLa nocne npusueky; *p < 0,05 No cpaBHEHMIO C YPOBHEM Nepes peBakLMHaLMEN.
Note. *p < 0.05 compared to the level 3 months after vaccination; *p < 0.05 compared to the level before revaccination.
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PucyHok 3. ConoctaBneHue nocTsakLUHaNbHOroO,
NOCTUH(PEKLUNOHHOIO U TMOPUAHOro MMMYHUTETA

K S-0enky Bupyca SARS-CoV-2

Figure 3. Comparison of post-vaccination, post-infection
and hybrid immunity to SARS-CoV-2 virus S-protein
MpumevaHue. A. [ymopanbHbIil UMMYHUTET K S-6enky
Bupyca SARS-CoV-2. b. KnetouHblin tMMyHUTET K S-6enky
Bupyca SARS-CoV-2.

Note. A. Humoral immunity to SARS-CoV-2 virus S-protein.

B. Cellular immunity to SARS-CoV-2 virus S-protein.
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PucyHok 4. ConocTaBneHne noCTMHGEKLUOHHOr0
Y NPOPbLIBHOro UMMYHUTETa K S-6enky Bupyca
SARS-CoV-2

Figure 4. Comparison of post-infection and
breakthrough immunity to SARS-CoV-2 virus S-protein
MpumeyaHue. A. l'ymopasnbHblii UMMYHUTET K S-6enky
Bupyca SARS-CoV-2. b. KnetouHblit uMMyHUTET k S-6enky
Bupyca SARS-CoV-2.

Note. A. Humoral immunity to SARS-CoV-2 virus S-protein.
B. Cellular immunity to SARS-CoV-2 virus S-protein.
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GUIIMPOBAHHBIMU, U Y HETO TOXE BBISIBJICH TTOIBEM
anTuten co 120 mo 164 BAU/Mun. Jajee y BceX YeThI-
pex HabJII0IaeMbIX B OTCYTCTBUM KOHTAKTOB C BUPY-
COM CHOBA OBLJIO OTMEUYEHO CHUKEHME YPOBHSI aHTU -
Ten. Y pekoHBaJieciieHTa Ne 3 ¢ mekaopst 2021 r ypo-
BEHb aHTUTEJ BBIIIEJ] Ha IJIATO, PEKOHBAJIECIIEHT
Neo 4 B HOs16pe 2021 1. mepeHec IMOBTOpHOE 3a00J1e-
BaHME B JIETKOW (opMe, BBI3ZBAHHOE §-IITAMMOM
KOpOHaBUpyca, 1 OTBETUJI Pe3KNM MOIBEMOM aHTH -
Test 10 668 BAU/M. Y KOHTaKTUPOBABILIETO ¢ HUM
pekoHBaJiecieHTa Ne 1 oTMedeHO 0eCCUMITTOMHOE
OycTupoBaHMe, a y peKoHBajecieHTa No 2, Takxke
MMeEBIIIEro KOHTakT ¢ Ne 4, ypoBeHb aHTUTEJT MpaK-
TUYEeCKU He u3MeHuJsicsa. B Hauane ¢peBpans 2022 r.
pekoHBayieclieHT No 1 mepeHec B Jierkoit ¢hopme
MOBTOPHOE 3a0oJjieBaHUE, BbI3BAHHOE IITAMMOM
OMUKPOH, M OTBETWUJI IIOAbEMOM YPOBHSI aHTU-
ten no 2826 BAU/Ma. KoHTaKTUPOBABIIUI ¢ HUM
pekoHBasieclieHT No 2 Takxke Iiepebosiesl B Jier-
KOil ¢opme, ypoBEeHb €ro aHTUTEJ BO3poc ¢ 555
1o 668 BAU/mi1. PekonBajiecueHT No 4 TakKe KOH-
TaKTUPOBAJI C 3a00JIEBIIUMU U ITPOJAEMOHCTPUPO-
BaJI 0eCCUMITTOMHBIN OycTep-adhdexT g0 720 BAU/
M. KJIEeTOYHBIM MMMYHUTET 3TUX YeThIpeX Ha-
OJIrofaeMbIX Besl ce0s1 HECKOJIbKO MHaue (puc. 5b).
Ilpexxae Bcero oOpalliaeT Ha ce0s BHUMaHUE, YTO

BAU/mI
3000

y pekoHBajecieHTa No 3 KJIETOYHBIA MMMYHUTET
K S-6enky Bupyca SARS-CoV-2 BooOie He chop-
MHpoBajicd. Y pekoHBaliecuieHTa No 1 ypoBeHBb
KJIETOUHOIO MMMYHUTETa K S-0e1Ky Bupyca SARS-
CoV-2 niporpeccuBHo HapacTas ¢ 10,05% B nekadpe
2020 r. mo 18,26% B nexaGpe 2021 r., MO-BUIMMOMY,
M3-3a MOBTOPHBIX BCTpPEY C BUPYCOM W CHM3UJICS
10 9,19% mociie 3a00JiIeBaHMs, BBI3BAHHOTO IIITAM-
MOM OMUKpPOH. ¥ HaGmomaeMbix Ne 2 u Ne 4 oTme-
YeH Pe3KUi MOIbeM YPOBHS KJICTOUHOIO MMMYHU-
TeTa Mocjie KOHTaKTa ¢ §-IITaMMOM KOpOHaBUpyca.
MuTepecHo, 4TO Yy peKoHBajieciieHTa Ne 2 ypoBeHb
KJIETOYHOTO MMMYHUTETA ITPOIOJIK I TOTHUMATh-
cd ¥ MocJIe TIepeHeCeHHOro 3ab0ieBaHM I, BEI3BaH-
HOIO IITAMMOM OMUKPOH, TOCTUT YpOBHS 28,54%,
a y Habmogaemoro Ne 4, HAa000pOT, IOcjie KOHTAaKTa
C 3TUM IITAaMMOM KJICTOUHBII UMMYHUTET CHU3WJI-
cs ¢ 26,29 no 12,86%.

O6cyxaeHune

B HameMm wucciienoBaHuuM ObLJIO IIOKA3aHO, YTO
ynepeodoseBmux COVID-19 yposens IgG-anturen
K S-0enky Bupyca SARS-CoV-2 nocteneHHO CHU-
JKaeTcsl, IpU 3TOM Yy TeX, KTO chpopMHUPOBal BbI-
COKUI YpOBEHb AHTUTEJ] TaKO€ CHUXKEHMHE UOCT
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PucyHok 5. ConocTaBneHue puHaMmuKu UMMyHuUTeTa K S-0enky Bupyca SARS-CoV-2 y yeTbipex 4enosek,

nepeHecwwnx COVID-19 B ceHTs6pe 2020 .

Figure 5. Comparison time-dependent immunity to SARS-CoV-2 virus S-protein in four convalescent COVID-19

subjects in September 2020

MpumevaHue. A. lymopanbHblil UMMYHUTET K S-6enky Bupyca SARS-CoV-2. B. KneTouHblii UMMyHUTET K S-6eky BUpyca

SARS-CoV-2.

Note. A. Humoral immunity to SARS-CoV-2 virus S-protein. B. Cellular immunity to SARS-CoV-2 virus S-protein.
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WHTCHCUBHEE, YeM B TpyNIle ¢ HU3KUM YPOBHEM
rymMopaJibHOro oTBeTa. TeM He MeHee Ha CpOKe I0-
cie 9 Mec. OT IIepeHEeCeHHOTO 3a00JIeBaHNUSI TaKoe
CHIKEHUE 3aMeIJIsIeTCs, U YPOBEHb aHTUTEN BHI-
XOJIWT Ha I1J1aTo, a He UCYe3aeT COBCEM, KaK TyMaan
paHee. AHAJIOTUYHbIE PE3YJIbTaThl ObLIN IMTOJTYYEHbI
1 IPYTUMHU TPyIIamMu ucciaenosareieit [1, 25, 36],
YTO TMOATBEPKIACT HE CIYYAaifHOCTh TAKOro Xoma
CcoOBITHII. MITHTEpecHO, YTO aBUIHOCTH AHTUTEN
Bo3pacTtaja o 50% u ocraBajach Ha 3TOM YPOBHE
0e3 JOIOJIHUTEJbHOU aHTUTEHHOW CTUMYISILIUU.
BaxxHO, 94TO ypOBEHB KJICTOYHOI'O MMMYHUTETA
y niepedosneBminx COVID-19 npakTuuecku He Me-
HsJICS B TedeHue 1,5 jeT mocje mepeHeceHHOTo
3a00ieBaHUSA. DTO CBUAETENBCTBYET O TOM, YTO
noaaepXaHue TYMOPaJabHOTO M KJIETOYHOTO 3BEeHA
MMMYHOJIOTUYECKOM MTaMsITH IPOUCXOOUT He3aBU-
CUMO APYT OT ApyTa.

B rpynne BakmumHMpoBaHHBIX «CHOyTHUK V»
IWHAMHWKa TYMOPaJbHOTO UMMYHHUTETA K S-0€IKY
Bupyca SARS-CoV-2 6bl1a comnoctaBuMa € Tako-
BOI y mepeOOoIeBINNX, a KJIETOYHBIN OTBET 3HAYNUMO
CHMKAJICS Ha cpoKax 0oJjiee 6 MecC. OT BaKILIMHALIMU,
XOTsI ¥ He McYe3al coBceM. B 3amamgHoi mutepary-
pe Ha mpuMepe BaKIIWH, IIPOU3BEACHHBIX (hMpMaMu
«Pfizer» u «Moderna», moka3aHo, 4YTO IMOCJIe BaKII1-
Hauuu (OPMUPYIOTCSI TOJBKO KOPOTKOXUBYIIINE
MJIa3MOIMTHI, TOATOMY IIOCJIE BBICOKOTO ITOIbeMa
YPOBHS aHTUTEJ MOCJIe TPUBUBKY STUMHU BaKIIMHA-
MM, BO3BHUKAET JOCTATOYHO OBICTPbIi ero cnaf [29,
37]. OngHako 3TU BakuUMHBI ocHoBaHbl Ha MPHK-
TexHosoruu, torga Kak «CIyTHUK V» — 3TO BEK-
TOpHAas BaKIIMHA, OHA B OOJIBIIIEH CTeTIeHN NMHUTH-
pyeT BUpYCHYIO artaky. McciienoBaHusI, TTOCBSIIIECH-
Hble MPOAOKUTEIbHOCTU MMOCTBAKIIMHAJIBHOIO
UMMYHUTETA y TPUBUTHIX «CYTHUK V>, BBISBIISIIN
BBICOKUU ypoBeHb IgG-aHTUTEN K S-0€1IKy BUPY-
ca SARS-CoV-2 ciiyctst 6 1 6ojiee MeCILEB IOCIIe
npuBuBkU [1, 4]. PeBakuuHanus yepes 12 mec. 1mo-
cJie IEPBMYHOI BaKIIMHAIIMM WHIYIIMpOBaJia 3Ha-
YUMBIA TIOIBEM YPOBHSI aHTUTEI WM MX aBUIHOCTH
110 67,6%, 4TO OTMEYAIU U IPYTHE UcciieaoBaTeu [1].
YpoBeHb KJIETOUHOI'O UMMYHUTETA K S-0e1KYy BUPY-
ca SARS-CoV-2 3HaunMo BO3poC Tocjie peBaKIIU-
HaIIMU1 1 BEPHYJICS K M3HAYAJILHOMY YPOBHIO.

Ilpu usyyeHuun GopMUpPOBaAHUS TUOPUTHOIO
MUMMYHUTeTa (BaKlIMHALIMs paHee MepedosIeBIINX
JIIONICi) BBISIBJICH 3HAYMMBIN TMOABEM YPOBHS aH-
TUTEN, X aBUOAHOCTU U KJIETOYHOI'O UMMYHUTETA
K S-6enky Bupyca SARS-CoV-2. AHajloruuHble
pe3ynbTaThl OBIIM MOJYYEHBI WM JPYTMMH aBTO-
pamu [1, 9, 15]. bonee Toro, Ha mpuMepe BaKIIMH
Ha ocHoBe MPHK 06b1j10 moKa3zaHoO, YTO CHUXKEHUE
YPOBHSI aHTUTEJ IIPU THUOPUIHOM WUMMYHHUTETE
WIET CYIIeCTBEHHO MeIJIEHHee, YeM Y ITPUBUTHIX,
4YTO O0YCJIOBJICHO, TIO-BUAMMOMY, HAJIUYHEM TaKKe
M JOJTOXMUBYIINX ITJ1a3MOIIATOB MOCJIE TTepPeHECeH-
Horo 3aboyieBaHus [15, 26]. YpoBeHb KJIETOYHOTO
UMMYyHUTeTa K S-6enKy Bupyca SARS-CoV-2 npu

TMOPUAHOM MMMYHUTETE TaKXKe oKa3aJicsl 3HAaUM-
MO BBIIIIE, YeM MPU IMTOCTBAKIIMHAJIBHOM U MMOCTUH-
dekimmoHnHoM. [Toxoxkue pe3ysbTaThl OBLIN MOKa-
3aHbI ITPU OlIEHKE TMOPUITHOTO UMMYHUTETA HAa OC-
HoBe MPHK-BakuuH [30, 31], XoTs1 cmoco0 oLieHKH
KJIETOYHOTO UMMYHHUTETa ObLJ1 HECKOJIbKO MHOM.
@®opMupoBaHUE TPOPBHIBHOTO WMMYHUTETA
K Bupycy SARS-CoV-2 cBsizaHO ¢ aKTUBHBIMU MY-
TallUsIMM KOPOHaBUpYyca OT YXaHBbCKOTO IIITaM-
Ma, ¢ KOTOpOro Bce Haydajoch, yepe3 B.1.1.7 (anb-
da), B.1.351 (6era), P.1 (ramma), B.1.617.2 (nenbra)
BILJIOTH 10 oMuKpoHa B.1.1.529, n nanee, MOCKOJb-
Ky Yy OMUKPOHA YK€ HaCUYMTBhIBaeTCs 5 BapUaHTOB
(BA.1, BA.2, BA.3, BA.4 u BA.5), a Tak:xe mosiBuJji-
ca BA.2,75, Hecymuit MyTalluyd IIITAMMOB OMMK-
poHa U IenbTHl. MI3MeHeHHne CTPYKTYphl S-0eika
Bupyca SARS-CoV-2 B pesynbraTe 3TUX MYyTallUui
MPUBEJIO K «IIPOPBIBY» C(HOPMUPOBAHHOIO UMMY-
HUTETa y MepeOoIeBIINX WJIN BaKIIMHUPOBAHHBIX
M TOBTOpPHBIM 3abosieBanusiMm COVID-19 [13].
HecMmoTps Ha TO 4TO MpeaIiecTBYONIMe BaKIIMHA-
oSl Uiu uHbekuuss GopMUpPYyIOT BBICOKUHI ypo-
BeHb aHTUTen K S-0enky Bupyca SARS-CoV-2,
IMTaMMy OMUKPOH ymaeTcsl m30eratb MX HeHTpa-
ausytouero aeiicteug [7, 8, 12, 33]. BrisiBieHHOe
HaMHW pe3Koe TMOBbIIIEHUE YPOBHS aHTUTEI
K S-6enky Bupyca SARS-CoV-2 nipu npopbIBHOM
UMMYHUTETE O3HA4yaeT, YTO YPOBHS MPEICYIIeCT-
BOBAaBIIMX aHTUTEJ HE XBATWJIO IJISI OTPaKeHU S
aTakyd BUPYCOB IIITaMMa OMMKPOHA U CBUIETEIb-
CTBYET O JOMOJHUTEJIbHOM BKJIIUYECHUU MEXaHU3-
MOB (hOPMUPOBAHMS aHTUTE Ha MyTUPOBABIIUMA
S-6enok. [ToBblllIEeHUME aBUJAHOCTU aHTUTE TaKXKe
CBUAETEIBCTBYET O HOIOJHUTEIBHBIX ITePECTPOii-
KaX B aHTUTEHPACHO3HAIONIMX yJyacTKax aHTUTeJ,
YTO TOBOPUT O (DOPMHUPOBAHUU TOIIOJTHUTEIIb-
HBIX IJIa3MOIIUTOB B 3apOIBINICBEIX HEHTpaX IIPHU
NPOPEIBHOM MMMYHHUTETE, TOMUMO TeX, KOTOpbIE
copMUPOBAIUCH ITPU TIEPBOM 3a00JIEBAHUN.
YpoBeHb KJIETOYHOTO MMMYHHUTETa K KOpPOHa-
BUPYCY OTIpeiesisieT TSIXeCcTh 3aboneBaHus [22].
T-kKneTKu pacrno3HaloT KOPOTKHWE aHTUTEHHBIE
NenTUAbl, TMO3TOMY KJETOYHBIK MMMYHUTET
B MEHBIIICH CTeNeHW OrPaHUYCH MyTallusIMU BUPY-
ca, yeM rymopaiapHbiii. CD4" 1 CD8" nuMdbounnTs
MPUBUTHIX U paHee MepedoIeBIINX TePEKPECTHO
pacrio3HarT S-0eJIoK mTaMMa oOMUKpPOoH B 70—90%
ciayydaes [11, 16], omHaKo gajeKko He y BCeX MalM-
eHToB [23]. Hamwu pe3yiabTaThbl, BHISIBUBIINE pE3-
KA TIOOABhEM YPOBHS KJIETOUYHOTO HWMMYHHTETA
K S-6enky Bupyca SARS-CoV-2 npu npopbIBHOM
UMMYHUTETE TIOATBEPXIAlOT 3TU HAOJIIOACHUS.
Takoit mogbeM ITPOUCXOAUT, ITIO-BUIAMNMOMY, 3a CUET
nepexoga CyOOMOMWHAHTHBIX M JaXXKe MHWHOPHBIX
KJIOHOB LIMTOTOKCHYeCKUX T-muMpouuTon, chop-
MMPOBABIINXCS Ha TTIepBOe MUHGUIIMPOBaHUE, B pa3-
psII JOMUHAHTHBIX ITPU HOBTOPHOM MHMpeK1Inu [5].
IIpuBencHHBIC pe3yabTaThl JTUHAMUYECKO-
ro HaOJIOAeHUs B TedyeHUe 1,5 JeT 3a 4YeThIpbMs
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aonbmu, mnepeHecmiumMu COVID-19 B ceHTsiOpe
2020 r., cCBUAETEAbCTBYIOT, UTO KaK T'YyMOpPaJIbHBI,
TaK M KJIETOYHBIT UMMYHUTET K S-0€JIKy BUpyca
SARS-CoV-2 dhopmupyeTrcsd Ha UHAUBUAYAIbHOM
YPOBHE OT ITOJTHOTO OTCYTCTBHSI 10 OYE€Hb BHICOKO-
o U HE3aBUCUMO APYT OT Apyra, 4YTO CBA3AHO, IO-
BUJAMMOMY, C WHIWBHUIYaJIbHBIMU OCOOEHHOCTSI-
MU (POPMHUPOBAHUS UMMYHUTETA. DTOT YPOBEHb
Ha ¢doHe IpoaoIXaIeicss MaHJAeMU MOXKET
CHUMXXATBHCS MJIU MMOBBIIIATHCS 32 CYET OECCUMIITOM-
HOro OyCTMpPOBaHUS WJIM MOBTOPHOTO 3abojeBa-
HUSI, HO TIPOJOJIKAIOIASICS MUPKYJISIIINAS TUKOTO
BUPYCa M €TO Pa3JIMYHBIX IITAMMOB HE TTO3BOJISIET
MUMMYHUTETY K KODOHABUPYCY CHU3UTHCS 10 HYJIS.
IMosTOMY TOYHBIE JAHHBIE O TTPOAOIKUTEIBHOCTHI
MoJAepXKaHUsI TyMOPAJIbHOTO U KJIETOYHOT'O MM-
MyHUTeTa K S-0e1Ky Bupyca SARS-CoV-2 moxHO
OyIIeT IMOJIYYUTh TOJBKO B PE3yJIbTaTe JJIUTEIHHOTO
HaOJIIOAEHM I TIOCJIe 3aBepIIeHUsT maHaeMuu. Tak
B JIUTEpaType eCTh MaHHBbIE, UTO aHTUTENAa U KJIie-
TOYHBIA UMMYHUTET K BUpycy SARS-CoV-1 onpe-
JEJISLTUCh B KPOBU MepebosieBIInX 6osee 6 JIeT B yC-
JIOBUSIX OTCYTCTBUSI LUMPKYASLIUU BUpyca [24, 35].
Takum o6Gpa3om, MpoOBeAEeHHBbIE UCCJeI0BaAHUS
MoKa3aju, YTO KaK TYMOPaJIbHBIN, TaK U KJIETOUHBI A
UMMYHUTET K S-0enky Bupyca SARS-CoV-2 coxpa-

HsIeTcs y nepeboieBIINX U TIPUBUTHIX Oojiee roaa.
YpoBeHb UMMYHUTETA MOXET CHUXATHCS B MEPBbIE
MoJroaa, OAHAKO 3aTeM BBIXOAUT Ha MJIaTO U coxpa-
HseTCs, Mo KpailHelt mepe, 1,5 roga y nepeboJieB-
Wux U 1 rox y NpuBUTHIX. YPOBEHb I'yMOPaJIbHOTO
U KJIETOYHOTO UMMYHUTETA Pa3InvyaeTcsl Y pa3HbIX
JIIOJIeil, He3aBUCUMO OT TOro, ObLIM JIU OHU IpHU-
BUTHI UM Tepedosienu. B ycioBusax npomposkaro-
LIeHcs MaHAEMUU U aKTUBHOM LIMPKYJISIIUUA TUKOTO
BUpYCa MPOUCXOAUT €CTECTBEHHOE OyCTUPOBAHUE,
YTO MPEMSITCTBYET CHUXKEHUIO KaK I'yMOpPaJbHOIO,
TaK U KJIETOYHOTO UMMYyHUTEeTA. JIOMOJTHUTETbHY IO
CTUMYJISIIIUIO OKa3bIBAET IMPOLIECC aKTUBHBIX MY-
TallMii BUpyca U CMEHbI IITAMMOB, YTO MPUBOAUT
K MOBTOPHOMY WHGMUIIMPOBAHUIO, MPOTEKAIOIIEMY
B JIETKOW WJIM O€CCUMIITOMHOI (opme, HO TaKxKe
NpUBOASIIEMY K OYyCTUPOBAHUIO. YPOBEHb TMOPU/I-
HOI'0 U, OCOOEHHO, IMPOPBIBHOIO UMMYHUTETA, KaK
TYMOpPaJbHOIO, TaK U KJETOYHOro, oKa3aJjcs I0C-
TOBEPHO BBIIIIE, YeM YPOBEHb MOCTBAKIIMHAJIbHOTO
WJIU MTOCTUH(EKIIMOHHOTO (Ha MEPBUYHYIO MHGEK-
LMI0) UMMYHUTETA, YTO 1a€T OCHOBAHUE HAJIESThCS,
YTO €CJIM HE BOBHUKHET KaKOr0-TO YK OUeHb OTJIUY-
HOI'0 OT APYTUX IIITaMMa KOpOHaBUpyca, MaHAEMUS
OyIeT 3aBeplieHa W KOPOHAaBMpycCHash WHMEKIUS
COMJIeT Ha yPOBEHb CE30HHBIX MPOCTYI.
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AUWHAMUKA MATYPALUU ABUOHOCTU
IgG-AHTUTEJ1 K RBD SARS-CoV-2

B SABUCUMOCTU OT CPOKA U TUNA
MMMYHUSALUUN

A.M. Kyapsmosa!, B.A. Manyiinos?, A.A. Myp3una', A.H. Kaupa'!, O.B. Bopucosa'

OpMFVIHaﬂbeIe CTaTbu

NHdekumns n uMmyHnTeT
2023, T. 13, Ne 1, c. 67-74

"®@I'BHY HUMU sakyun u coieopomox um. U.U. Meunuxoesa, Mockea, Poccus
2@I'BY Hauuonanvholii uccaedo8amenbckuil yeHmp snudemuonocuu u mukpoouonroauu um. H®. lamanreu Munzopasa Poccuu,
Mockea, Poccus

Pesiome. Llenb uccnenoBanust — usydeHre JUHaMUKU Matypaunu aBugHoct IgG-antuten kK RBD SARS-CoV-2
B 3aBUCHMMOCTH OT ITyTH MMMYHU3aIU 1 (BAKIIMHAIIM S UJIN ITIepeHeCeHHAsI MH(MEKIINS), a TAKXKE OT CPOKa U KPaTHOCTH
nMMyHHI3auuu. Mamepuans: u memoos:. iccnemoBaHme OBIIIO IPOBEACHO Ha IBYX BRIOOPKAX 00pa3IloB, OJYICHHBIX
B pa3HbIe BpeMEeHHBIC TPpoMexXyTKH oT Havata manmemun COVID-19. Tlepsas Beioopka (rpymma Ne 1) — 87 o6pa3iioB
CBIBOPOTOK KPOBH, MOJYYEHHBIMU OT PEKOHBAJIECLIEHTOB, oAHOKpaTHO nepedoseinx COVID-19 B nepuon ¢ mapTa
o ceHTs10pb 2020 1. Bropas BeibopKa BKItovaaa 204 obpasua, MmoayuyeHHbIX B ceHTsA0pe 2021 1. y ABYX IrpyIim 100po-
BoJiblieB. ['pymnna Ne 2 (n = 64) — 106pOBOJIBIIBI, UMMYHU3UPOBaHHbIE MOTHBIM KypcoM I'aM-Kosua-Bak, rpymma Ne 3
(n = 140) — no6poBoJbLbl, nepedoesire COVID-19 u nonyuusnive kypce BakimHbl ['aM-Kosua-Bax («rubpuaHbIit
UMMYHUTET»). Pe3yabmamol u 66160061, iccienoBaHue IMHAMUKKM MaTypallui aBUAHOCTH aHTUTeN kKjacca G k RBD
SARS-CoV-2 B 3aBUCMMOCTH OT CIIOcO0a U KPaTHOCTU UMMYHHU3ALIMU TI0Ka3a10, YTo Hanbosnee 3¢ GheKTUBHBINA UM-
MYHUTET OopMUpYeTCs y MaiueHToB, nepedoeninux COVID-19 n BakuMHUPOBaHHBIX TTOJHBIM KyPCOM Ipenapara
CnytHuk V (n = 64). B o0pa3siax 100poBoJIbLIEB ¢ TAKMM aHAMHE30M ObLIO TI0Ka3aHO He TOJIBKO JOCTOBEPHO Goliee
BBICOKOE (10 CpaBHEHMIO ¢ moOpoBoabLiamMu rpymni Ne 1 u Ne 2) KonudecTBeHHOE comepxkanue IgG (MennaHHBIM ypo-
BeHb 228 BAU/ml nipotus 75 uau 119 BAU/ml, p < 0,001), Ho u GoJjiee BbICOKMI YpoBeHb ux aBuaHocT (MA 90,5%
npotus 54,5 u 76,6 coorBercTBeHHO, p < 0,001, 4M MoueBuHa). B Tecte a1 onpeaeieHUs MHAEKCAa aBUIHOCTU ¢ M
MOUEBMHOM B Ka4eCTBE IEHATYPUPYIOIIETO areHTa Y HallHeHTOB C «THOPUIHBIM MMMYHUTETOM» MEIMaHHBIN YPOBEHB
WA coctaBun 25% nipotus 14,8  16% y nepeGosieBIINX U BAKIIMHUPOBAHHBIX cOOTBeTCTBeHHO (p < 0,001), ¥ TONBKO
y 8 mammeHToB 0611 BbItie 50%. [1pu cpaBHEHNM TaKMX CITOCOOOB MMMYHU3allMK, KaK IMEPeHEeCEHHBI OMHOKPATHO
COVID-19 unu BakuMHAIMS NOAHBIM KypcoM CryTHUK V, ObIIO MOKa3aHO, YTO BaKIIMHALUS TIPUBOAUT K OoJiee
BbICOKMM ypoBHSM IgG (MenuaHHblie 3HaueHus B rpynmnax 119 u 75 BAU/ml, p < 0,001) u k 60Jiee BHICOKOMY UHIEKCY
ux aBugHoCTH (76,6% nipotus 54,5%). [1pu 3TOM 3 (HPeKTUBHOCTH BaKIIMHAIIMK OblIa BHIPaXKEHHOI yXe Ha paHHUX
CTagusIX UMMYHU3aUKu (10 4 Mecs1ieB) — B niepuon, koraa matypauus IgG emne He 3aBepiieHa. B 3ToT mepuoa Bak-
LMHALMS TPUBOAUT K BbIpaboTKe aHTUTEN ¢ MA yKe Ha MennaHHOM ypoBHe 82% mipotuB 36% y Tex, KTO MepeHec
3a00JIeBaHME B TOT € CPOK.

Karoueswie caosa: COVID-19, asudonocmes, IgG-anmumena, mamypauyus, coleopomiu kpogu yenosexa, HPA.
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DYNAMICS IN MATURATION OF SARS-CoV-2 RBD-SPECIFIC IgG ANTIBODY AVIDITY DEPENDING
ON IMMUNIZATION TIMEFRAME AND TYPE

Kudryashova A.M.?, Manuylov V.A.", Murzina A.A.?, Kaira A.N.?, Borisova O.V.?

@ Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation

® Gamaleya National Research Center for Epidemiology and Microbiology of the Ministry of health of Russian Federation, Moscow,
Russian Federation

Abstract. The aim is to examine dynamics of avidity maturation of IgG antibodies against SARS-CoV-2 RBD depending
on the type of immunization (vaccination or infection), as well as on the duration and frequency of immunization.
Materials and methods. The study was performed on two sample cohorts collected at two time points during COVID-19
pandemic. The first cohort (group No. 1) consisted of 87 samples of blood sera obtained from COVID-19 convalescents
in the period from March to September 2020. The second cohort included 204 samples obtained in September 2021 from
two patient groups. Group No. 2 (n = 64) — patients immunized with a full course of Gam-Covid-Vac, group No. 3 (n =
140) — COVID-19 convalescent patients and subjects vaccinated with Gam-Covid-Vac (“hybrid immunity”). Results and
conclusion. The dynamics of avidity maturation for SARS-CoV-2 RBD IgG antibodies depending on the method and
frequency of immunization, showed that the most effective immunity was formed in COVID-19 convalescent patients and
subjects vaccinated with a full course of Gam-Covid-Vac. The “hybrid” immunity showed not only a significantly higher
(compared with groups No. 1 and No. 2) level of IgG antibodies (median 228 BAU/ml vs 75 or 119 BAU/ml, p < 0.001),
but also a higher level of avidity (IA 90.5% vs 54.5 and 76.6, respectively, p < 0.001, 4M urea). In the test for assessing
the avidity index with the denaturing agent 8M urea in patients with “hybrid immunity”, the median level of 1A was 25%
versus 14.8% and 16% in COVID-19 convalescents and vaccinated subjects (p < 0.001), only in 8 patients IA was higher
than 50%. While comparing a single infection of COVID-19 with a full course of Gam-Covid-Vac, it was shown that
vaccination leads to higher IgG levels (median values in groups 119 and 75 BAU/ml, p < 0.001) and to a higher avidity
index (median 76.6% vs 54.5%). Thus, the more rapid induction of high-avidity antibodies was in vaccinated individuals at
early stages of immunization (up to 4 months), during the period when IgG avidity maturation has not yet been completed.
Our results showed that during this period vaccination leads to production of antibodies with avidity index at median level

of 82% versus 36% in COVID-19 convalescents at similar time point.

Key words: COVID-19, avidity, IgG antibodies, maturation, human serum, ELISA.

BeepneHue

B xamHMYECKO ITpakTUKe aBUIHOCTb aHTHU-
ten kinacca G (IgG) K aHTUTeHAM pa3JIMYHBIX BO3-
OymuTeneil Mcnojb3yeTcs i auddepeHInaum
NEePBUYHBIX W BTOPUYHBIX CJIydaeB 3apakeHUS.
D70 BaxkHO npu nuarHoctuke nHPexkumit TORCH-
KOMILJIEKCAa y O€peMeHHBIX KCHIIWH, ITOCKOJIBKY
NepBUYHOE NHPUIIMPOBAHNE COOTBETCTBYIOIIUMU
BO30OyOMTEISIMU (B 9YaCTHOCTH, BUPYCOM KpacHY-
xu, [IIMB [8, 9, 18, 21] Bo Bpems1 6epeMeHHOCTH SIB-
JISIeTCSI OMMACHBIM IJISI pa3BUTHUS Tu1oda. Ilpu aTom
B KadecTBE MeEphl aBUAHOCTU OOBIYHO MCHOJIb-
3yeTcs «uHIOeKc aBumHocTh» (MA), mpomopino-
HanbHBIN 1ojie IgG, coxpaHSIOMIMX CIOCOOHOCTH
CBSI3BIBATBHCSI C aHTUTEHOM J1aXKe TIPH BO3ICHCTBUN
OEeHATYPUPYIOLIETO areHTa in vitro B BUAy BBICOKOU
addruHHOCTU K MUIIIeHH [9].

CBsI13b aBUTHOCTU U IIPOTEKTUBHOTO UMMYHUTE-
Ta, IIPUOOPETEHHOTO B Pe3yJIbTaTe BAKIIMHAIINY WA
PEeKOHBaJIECILICHIIN Y, ObljIa ITOKa3aHa B PsIIe MCCIICIO-
BaHUWI IJI1 pa3andHbIX nHpeKuit. [ToBbIeHHbBI
PUCK MHOUIIMPOBAHUS IJIST JIIONEH, MPOXyLUPYIO-
X aHTUTedIa ¢ 0oJjiee HMU3KOM aBUIHOCTBIO, OBLIT
nokazaH, Harpumep, migd LIMB-undpexuun [1, 10,
12], xopu [7], tuxopagku aenHre [17], pecriupaTopHO-
CUHILATHAJILHOTO BUpyca [6].

Wuannuupyromeil cragueii WHOUIIMPOBAHUS
BupycoM SARS-CoV-2 kjieTKn 4yenoBeKka, KaK 13-

BECTHO, SIBJISIETCSI CBSI3bIBAHWE BUPYCHOTO pellern-
Topa RBD ¢ uenoBeueckum Oenkom ACE2. Yem
BBIIIIE aBUIHOCTh BUPYCHEUTPATUIYIOIIUX AHTU-
Teqd Kk RBD, Ttem 6onee apdekTuBHO oHU OyayT
KOHKYpUPOBaTh ¢ HUM 3a cBs3biBaHue ¢ ACE2
U MNPensTCTBOBaTh UHMULIUPOBAHUIO KJIETOK [2].
JdvHaMuka HapacTaHUs (MaTypalus) aBUAHOCTU
aHTutes K KopoHaBupycy SARS-CoV-2 uccneno-
BaHa B psJie paboT, TIPU 9TOM YCTAaHOBJIEHA YeTKasl
TEHAEHIIUS K YBEJMYEHUIO aBUJTHOCTU CO BpeMe-
HeM [3, 4, 5, 13, 14]. [TokazaHo, 4TO TUTPHI 0Opa3-
IIOB TJIa3Mbl, TMOJyYeHHbIE B KJIACCUYECKOUW BU-
PYCOJIOTUYECKOU peakllMyu HEeUTpaaus3aluu, I0C-
TOBEPHO KOPPEJUPYIOT HE TOJAbKO ¢ TUuTpoM IgG
K aHTUTreHy Spike (Ha koTopoMm pacnioyioxkeH RBD),
HO U C X aBUAHOCTHIO [9, 22]. Bosnee Toro, nuHaexkc
aBUJHOCTU KOPPEJIUPYET C TAKECTHIO ITOBTOPHOTO
3aboneBaHus [15].

OnHako CepoJIOTMYEeCKUI OTBET Ha aHTUTEHBI
SARS-CoV-2 (byab TO HyKJeonpoTeuH, Spike,
ero cyovenuuuna Sl unu RBD-gomeH), o psay
JMIAaHHBIX XapaKTepu3yeTcsl HEeMOJIHOW MaTypaluei
asunHoctu IgG [2, 19, 20]. Ha HbiHenm1HeM 3Tame
naHaeMuu, Ha (hoHe MHOTOYMCIIEHHBIX CJIydyaeB
noBTopHoro 3aboneBanuss COVID-19, npu ToMm 4yTO
OCYIIIECTBJSIETCS MaciiTabHasi BaKIMHAIWS Ha-
CeJIeHUsl, UHTepeC MPeACTaBIseT pa3jiniue B CTe-
neHu Matypauuu aHtutes kiaacca G k RBD ko-
poHaBupyca SARS-CoV-2 B 3aBUCHUMOCTU OT MYyTU
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MMMYHU3aOUW (BaKIIWHAOUS W TIepeHeCeHHas
MHPEKIIMsI) U ero KPaTHOCTU.

s peuieHrus 3TOU 3aayu B HACTOSIIEM HUC-
cleqoBaHUM OBLI IIPOBEIEH aHaJU3 aBUIHOCTU
00pas3loB ABYX BBEIOOPOK, MOJYYECHHBIX B pas-
HbIe BpEMEHHBbIE MMPOMEXYTKM OT Hadajla HmaHJe-
muu COVID-19, u oTauyarommxcs criocodbamu
WUMMYHU3AL AU,

Matepuasnbl 1 METOLbI

B wuccinenoBaHue ObUIM BKIIIOYEHBI 87 00-
pa3loB CHIBOPOTOK KPOBU OT pPEKOHBaJECIICH-
toB COVID-19, nepebosieBlinx B mepuoa ¢ MapTa
o ceHTA0pb 2020 1., a Takke 204 oOpa3siia, moaydeH-
HBIE B ceHTSI0pe 2021 I. OT COTPYAHUKOB CITCIIaII-
3WPOBAHHOIO MHOTOITPOMUIEHOIO IICUXUaTpUUIeC-
koro ctauuoHapa I'bBY3 MO «Ilcuxuarpuueckasi
oonpHuLia M. B.U. SIkoBeHKO», UMMYHU3UPOBAH-
HBIX TIOJHBIM KypcoM BakuuHbl 'am-KoBug-Bak
('Y HULIOM um. H.®D. I'amamen MuH3apasa,
Poccus). JlanHasi BbBIOOpKa Obl1a peacTaBjieHa ABY-
Msl TpynnaMu: TPYIION MalMeHTOB, IPOIIEIIINX
BakuuHauuw l'am-KoBun-Bak, n rpynmnoit manu-
€HTOB, UMCIOIIUX THOPUIHBIA UMMYHUTET, TO €CTh
nepeHecux 3adboneBanue COVID-19 u nByxkpat-
Ho BakMHUpoBaHHBIX [am-KoBua-Bak.

Bce yuactTHukmM maam mH(GOPMHUPOBAHHOE CO-
IJ1acue Ha yJacTHe B uccienoBaHuu. McciaegoBanue
ono6peHo atndeckM KomutetoM ®PT'BHY HUMBC
uMm. U.M. MeuHukoBa.

OnpeneneHus aHtuTen kmaacca G k RBD
SARS-CoV-2 1 nHIeKca UX aBUOAHOCTU MPOBOI-
B Habope peareHTOB «SARS-CoV-2-UDA-IgG
matoc» (000 «MegunanTex», Poccusi, PY Ne P3H
2021/14424 ot 27.05.2021 r.). B maHHOI1 cucteme
B Ka4eCTBE MEHATYPHUPYIOIIETO areHTa MCITOJIb3y-
0T 4M pacTBOp MOYCBUHBI, @ UMEIOIINMU «BBICO-
KYy10» aBUJHOCTb, B COOTBETCTBUU C MHCTPYKIIU-
et mpomsBoanutens, cuuraioresa IgG ¢ MA> 50%.
JsT cpaBHUTEIIBHOTO aHaJIW3a M3YyYEeHUS MaTy-
panuu aBUIHOCTHM TaK>Ke HMCITOJIb30BajJM B Kade-
CTBE AeHATypUPYIOLIEero pactBop 8M MOYEBUHBI
(Panreac, Ucrtanus).

IIpotokon WMA BBITIOTHINAN COTJIACHO WH-
cTpykuuu mnpousBoautenis. Ilocae 30-MUHYTHOM
MHKYOAIIMM C CEIBOPOTKOW B KOHCYHOM pa3Bele-
Huu 1:100 B TyHKM BHOCUJIM JeHATypUPYIOLINE
pacTBOPHI M KOHTPOJILHBIN (DochaTHbBIN OydhepHBIit
pactBop Ha 10 muH. [locie OTMBIBKM UHKYOUPO-
Baau 30 MUH C MBIIIMHBIMA MOHOKJIOHAJIbHBIMU
aHtutesamu K Fc-pparmenty IgG, KoHBIOrupo-
BaHHBIMU C TIepoKcuaa3on xpeHa. Ha cnenytolieit
CTagWM BHOCHJIA CyOCTpaTHYIO Oy(hepHYIO cMeCh
Ha 15 MWH, M3MEpeHUE ONTUYCCKOU ITJIOTHOCTU
(OIT) npousBonuiu mpu 450/620 HM.

WUnnpekc aBumHoctu (MA, %) paccuuTbiBaiun
Kak otHomeHue OIl MyHKU ¢ ACHATYypPHUPYIOIIAM
pactBopoM (OITJAP-nynka) k OIl nyHKU ¢ KOH-

TPOJBbHBIM OydepoM, U BbIpaxkajau B IIPOLIEHTaX
(OIN®b-nyHKa):

HNA = (OITAP-nynka/OINPb-nynka) x 100%.

KonaudecTBeHHOE ompenelieHne aHTUTEN IIpo-
BOIMJIU C MCITOJIb30BaHMEM CTaHIapTHOI'O oopasiia
BO3 (NIBSC code: 20/136) [16]. I1pu 3TOM IIpOTO-
Kou mmpoBemeHuss MDA GBI aHAJIOTUYCH ONHMCaH-
HOMY BBIIIIE, HO 0€3 CTaAu MHKYOAlluK C JeHaTy-
PUPYIOIIUM U KOHTPOJBHBIM OydepoM. Has1 mo-
CTPOCHUST TPAAYHMPOBOYHONM KPUBOW MCIIOJIB30-
BajiM 5 HE3aBHCUMBIX pa3BeAeHUI CTaHIAPTHOIO
ob6pa3sna. Ilpemen obHapykeHUST MeTOlla COCTaBUJI
5 BAU/ml.

IToyueHHBIC JTaHHBIC AaHAJIU3UPOBAJIHN C TTIOMO-
b0 MporpaMMHoro obecrneueHust SPSS Statistics
(IBM) u Microsoft Office Excel 2019. Jlas1 cpaBHe-
HUSI WHAEKCAa aBUIHOCTH B TPYIIIax ITallMCHTOB
ucrionab3oBaau kKputepuit  Kpackena—Yonnuca
n U-kpurepuit Manna—YutHu. OnpenejieHne Ko-
a¢dUILIMeHTa KOPPEISIIUN IPOBOIUIN C UCIOIb-
3o0BaHMeM Kputepust CriipMeHa.

Pesynbrathl 1 06CyXaeHNe

Oobpasys. WccnemoBaHue OBIJIO MPOBEACHO
Ha IBYX BBIOOpKaxX 00pa3lioB, MTOJYYEHHBIX B pa3-
HbIe BPEMEHHBIE ITPOMEXYTKM OT Hauvaja MaHJe-
muu COVID-19.

B unccrnenoBanmne OblIM BKIOYEHBI 87 00Opas-
OB CBHIBOPOTOK KpPOBH OT PEKOHBAJIECIICHTOB
COVID-19, mepeboneBuinx B MepuUOL C MapTa
no ceHTsa6pb 2020 r. (rpynma Ne 1). st mobpo-
BOJIBIICB JAaHHOM BBIOOPKM OBIJIa M3BECTHA JaTra
3a00JeBaHUS (32 TAaKOBYIO NMpPUHUMAIU OaTy Ha-
CTYIUICHUSI MEePBBIX CUMIITOMOB UJIM MEPBOTO I10-
noxwutenbHOro [NIIP-tecta Ha PHK SARS-CoV-2),
U, CJIeA0BaTEILHO, BpeMsl, TIpOoIIeAIiee OT MOMEHTA
MMMYHU3alMU 10 MOMEHTa B3ITUs obpasia.

Takzke Oblsto McciaegoBaHo 204 obOpa3siia, Moy-
YeHHBIX B CeHTSI0pe 2021 I. OT COTPYAHUKOB CITCIIN-
aJIM3UPOBAHHOTO MHOTONIPOMUIBHOTO MICUXUATPU-
yeckoro craiumoHapa 'BY3 MO «[Icuxuatpuyeckast
oosbHulia uM. B.M. AkoBeHko». /laHHasi BbIOOp-
Ka OblJla TIpefacTaBjieHa IBYMSI TpyNmaMu: TpyT-
Mol MalMEeHTOB, MPOLISAIINX BakKlMHanuwo [am-
Kosua-Bax (rpyrmima Ne 2), 1 maliMeHTOB, UMEIOIINX
TUOPUIHBIE UMMYHUTET, TO €CTh TIEPEHECIINX 00-
ne3Hb COVID-19 u AByKpaTHO BaKIIMHUPOBAHHBIX
T'am-KoBun-Bak (rpymnma Ne 3). JIlias Bcex mo6po-
BoJblieB rpynnd Noe 2 m No 3 ObIIM M3BECTHBI JATHI
BaKIIMHAIIMM U XapaKTep MMMYHUTeTa (ITOCTBaK-
LMHAJbHBIN UJIU TUOPUIHBI).

Koauuecmeo anmumen 6 3aeucumocmu om muna
ummynusayuu. Ha mepBoM sTare uccCleIOBaHUS
IS UCCAEAYEMBIX TPYIIN ObLJIO ONPeaesIeHO KOJIU-
yecTBeHHOE coaepxkaHue IgG k RBD, BeipaxkeHHOe
B MexXJayHapomHbix equHuniax BAU/ml (ta6n. 1).
IMokazaHo, 4TO MeAMaHHOE 3HAaYEHHWE KOJIMYeCTBa
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TaGnuua 1. Pe3ynbTaTbl cpaBHEHUS KoninyecTBeHHoro onpepenenus IgG k RBD SARS-CoV-2 B rpynnax
nauveHTOoB, pa3inyaloLwmxcs no cnocody MMMyHU3auuu
Table 1. Comparison of quantitatively assessed IgG against SARS-CoV-2 RBD in patient groups with varying method

of immunization

WMMYHHBIN cTaTyC 1gG, BAU/mlI ~value
Immune status Me [Q1-Q3] Min-max P

Tonbko nepe6oneswme COVID-19 (n=87) _ B
COVID-19 convalescents (n = 87) 75 [46-118] 15-183 p < 0,001*
Tonbko BakUMHMPOBaHHbIE (n = 64) B 2 P, < 0,571
Vaccinated (n = 64) 119[36-304] 7-2356 p._; < 0,001*
«M6puaHbIity uMMmyHUTET (N = 140) -~ . P.-3 < 0,001*
Hybrid immunity (n = 140) 228 [107-619] 10-7344

Mpumeyanue. *Pasnnuns nokasateneit ctatucTnieckmn 3Haqmmel (p < 0,05).

Notes. *Significant differences (p < 0.05).

aHTUTEJ B I'pyINe 100OPOBOJIbIEB C «TMOPUIHBIM»
nMmMmyHutetroM (228 BAU/ml) mocTtoBepHO BbIllIe
TAaKOBOT'O 3HAYE€HUS KaK B I'pyIiNe nepedosieBIImnX
(75 BAU/ml), Tak 1 B rpyIile BaKIIMHUPOBAHHBIX
(119 BAU/ml, p < 0,001 B oboux ciayyasix), Ipu
9TOM TPYNIbl TOJbKO MEPEeOOJIeBIIUX UIU BaKIIU-
HUPOBAHHBIX MO JAHHOMY IMapaMeTpy MexXay Co-
0oii He pazauyanauch (TabJ. 1). DTo 3aKOHOMEpPHbI
pe3yabTaT, TOBOPSILIMIA O TOM, YTO MHOTOKpaTHast
MUMMYHU3aLMsI, B OOIIEeM ciayJdae, MPUBOAUT K hop-
MHUpPOBaHUIO Oo0Jjiee HAIpPsSXKEHHOT0 MMMYHUTETa
M0 CPaBHEHUIO C OJTHOKPATHO TMEePEHEeCeHHbIM 3a-
OoJjieBaHMEM UJM OAHUM KYyPCOM BaKIIMHALIUU.
Asudnocms anmumen 6 3a6ucuMocmu om muna
ummyHusayuu. B ucciaegyeMbIx Tpymnmax Takxke
onpenensiau nokasareib MA% c rMcnoab3oBaHU-
€M OTHOCHUTEJIbHO CcJaboro JIeHaTypupyIIEeTo
areHTa (4M MoueBuHBI). [ToydyeHHbIE pe3yabTaThl
(TabJ. 2, puc. 1) CBUAETEIBCTBYIOT O TOM, YTO «TM0-
puaHasl» WMMYHU3allMsl TPUBOMUT, B CpPEIHEM,
K (GOpPMHUPOBAHUIO JOCTOBEPHO OOJiee BBICOKO-
aBUIHBIX aHTUTEJ (MeIMaHHOE 3HaUeHUE UHIeKca

150

0136,9
0131,0

125
- 100
754 766

54,5

50

WHpekc aBnagHocTu, %
Avidity index, %

25 1

0
nepe6oneslume COVID-19
COVID-19 reconvalescent

MIMMYHHbIN cTaTyc
Immune status

BakUMHaums
vaccination

rMGPUAHBIA UMMYHUTET
hybrid immunity

Meavana
Median
25%-50%

Pasmax 6e3 BbIGpoCcoB
Non-outlier range

BbiGpoc
Outlier

pyO6biit BbIGPOC
Extremes

PucyHok 1. inarpamma 3aBMCMMOCTU UHAEKCA
aBugHocTu (4M MmoueBuHa) oT cnocoba
MMMYHM3aLUU NaLMEeHTOB

Figure 1. Avidity index (4M urea)/immunization method
relation

aBuaHOCTHU B rpy1ie 90,5%) He TOJbKO 110 CpaBHE-
HUIO C OMHOKPATHO MepeHEeCeHHBIM 3a00IeBaHUEM
(A 54,5%, p < 0,001), HO 1 OTHUM KYPCOM BaKIIM-
Hauuu (UA 76,6%, p < 0,001, ta6i. 2). [Ipu saTom
BaKHBIM PE3yJbTaTOM SIBUJIOCh TO, UTO B HCCJIe-
IyeMBIX TpyNnax BaKIIMHAIIWS MPUBOIMIA K hop-
MUPOBaHUIO 00JIee BEHICOKOABUIHBIX aHTUTEII, YeM
nepeHeceHHOe 3a6oneBanne (MA 76,6% B rpyriie
PEKOHBaJIECLIEHTOB NMpoTUB 54,5% y BaKLIMHUPO-
BaHHBIX, p < 0,001, Tab. 2).

Anst pasrpaHUYeHUsS HU3KO- M BBICOKOABUJI-
HBIX aHTUTEN, 00pa30BaBILIMXCS MOCe MH(PEKIINIA,
MAOIIAX TJUTSIIbHBIM MPOTEeKTUBHBIIT UMMYHUTET
(IgG-aATHTENA K BUpYCaM KOPU, KPAaCHYXH U APY-
TMM XOPOIIO M3YYEeHHBIM Bo3oymutensam [6, 7, 10,
17]), 0O6b14HO Ucoab3yeTcst 7—8 M MOYeBUHA.

7T yCTaHOBJICHUS CTEIIEHU MaTypalluy aBUI-
HocTu aHTuTel IgG Kk RBD SARS-CoV-2 ob6pasiisl
OBLIM TaKKe MCCJIEAOBaHbBI C UCITOJb30BaHUEM 8M
MOYEBMHBI. Pe3ynpraThl MaHHOTO 3KCIIEpUMEHTA
npeacTaBJieHbl B Ta01. 3 1 Ha puc. 2.

IIpu ncnonb3zoBaHuu 8M MOUYEBUHBI PA3JIUYUSI
B UA IgG-antuten k RBD mexay rpynnaMu ToJib-
KO BaKUMHUpOBaHHBIX (14,8%) unan ogHOKpPATHO
nepeboneBinx (16%) cTaHOBATCS HE3HAYMMBIMU
(tabxa. 3, puc. 2). B To ke BpeMms menuaHHblii A,
MOJIYYEHHBI C MCHOJb30BaHWEM 8M MOUYEBHHBI
B IpyIlIie ZOOPOBOIBLEB C «IUOPUIHON» UMMYHM-
3auuein (25%), no-npexHeMy ObLJI JOCTOBEPHO 00-
Jiee BBICOKMM MO CPAaBHEHUIO C OOCUMMU TpyIIIIaMu
¢ ogHOKpatHoi nMmMmyHu3anuei (p < 0,001 B o6onx
caydasix, TabJi. 3). DTo MoaATBepKAaeT 3aKJII0UeHUE
0 TOM, UTO BaKIIMHAIIUS U MepeHEeCEeHHOoe 3aboJie-
Banue COVID-19 mpuBoast K (GopMUpPOBaHUIO
6osiee >(PGEKTUBHOIO MMMYHUTETa, BBIpaXkaro-
IIerocss He TOJIbKO B OouiblieM kohauyecTBe IgG
(cM. pasaen, MOCBSIIEHHBIN KOJMYECTBEHHOMY
OIpeneaeHNIO0 aHTUTEN), HO 1 B UX 00Jiee BHICOKOM
aBUIHOCTH.

OnHako naxe B T'pyIile ¢ TMOPUAHBIM UMMY-
HUTETOM YypOBeHb MaTypauuu aHTUTea K RBD
SARS-CoV-2 ocraBaJicst HenmoaHbIM. [Ipu ncmoib-
30BaHUU 8M MOYEBMHBI KOJMUYECTBO OOpa3lioB
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TaGnuua 2. Pesynbrathl cpaBHeHUs uHpekca asupgHocTh IgG k RBD SARS-CoV-2 B rpynnax nayueHToB,
pasnuyaiowwmxcs no cnocody uMmyHusauum (4M moyeBuHa, CM. NOSICHEHUS B TEKCTE)
Table 2. Comparison of IgG avidity index to SARS-CoV-2 RBD in patient groups varying in the method of immunization

(4M urea, see explanations in the text)

" . Wnpexc aBupHocTU, %
N:m‘r,nﬂuﬂnlzlgt:zyc Avidity index, % p-value

Me [Q1-Q3] Min; max

Tonbko nepebGoneswune COVID-19 (n=87) B )

COVID-19 convalescent subjects (n = 87) 54,5[34,6-69,0] 8,0, 92,0 p <0,001*

Tonbko BaKUMHUPOBaHHbIE (n = 64) B ) P, < 0,001*

Vaccinated subjects (n = 64) 76,6[60,9-90,5] 239,525 p.; < 0,001*

«MMGpuAaHbIA» UMMYHUTET (n = 140) ~ ) P, <0,001*

Hybrid immunity (n = 140) 90,5[78,4-96,3] 310,100

Mpumeyanue. *Pasnununs nokasarteneit ctatucTnieckmn sHadmmel (p < 0,05).

Note. *Significant differences (p < 0.05).

Ta6nuua 3. Pe3ynbraTthl cpaBHeHUs UHAeKca aBuaHocTu IgG k RBD SARS-CoV-2 B rpynnax nauueHToB,
pasnuuaiowmxcs no cnocody umMmyHusauum (8M moyeBunHa)

Table 3. Comparison of IgG avidity index to SARS-CoV-2 RBD in patient groups differed in immunization method (8M urea)

" . UHpekc aBupgHocTn, %
"’:m:’n“u:':";t‘;ﬁswc Avidity index, % p-value

Me [Q1-Q3] Min; max

Tonbko nepe6oneswue COVID-19 (n=87) _ )

COVID-19 convalescent subjects (n = 87) 14.8110,3-18,7] 58,376 p <0,001*

Tonbko BakuMHUPOBaHHbIE (n = 64) ~ . p_, < 0,233

Vaccinated subjects (n = 64) 16,0[10,0-28,4] 28,525 P < 0,001*

«MMBpuAHBIA» UMMYHUTET (n = 140) B ) P, < 0,001

Hybrid immunity (n = 140) 25,0[17,6-36,0] 12,915

Mpumeyanue. *Pasnnuns nokasateneii ctatucTnieckmn aHadmmel (p < 0,05).

Note. *The differences are significant (p < 0.05).

¢ A > 50 cocraBuso Tonbko 5,7% (8/140). D10
KOCBEHHO MOATBEPXKIaeT paHee BRICKa3aHHOE IPY-
TMMU aBTOpamu [2, 19] MHEHUE O TOM, UTO B Cliy4dae
SARS-CoV-2 IgG-aHTuTena 3HAUYUTEJIbHO pexXe
MNPOXOASIT TOJHBIM MUKJI MaTypallMMu 110 CpaBHE-
HUIO C aHTUTEJIaMU, IPOAYHUPYEMBIMU PSIIOM
NPYTUX BO30YIUTEIIEI.

Hccaedosanue dunamuku mamypayuu aguoHoC-
mu. TTOCKOJIbKY B HacCTOSIIIee UCCIeA0BaHE ObLIa
BKJIIOUEHA rpyrmia peKOHBAJEeCLIEHTOB (IepBasi BbI-
0OoOpKa) C H3BECTHBIMU CPOKaMU MMMYHM3allUU
(0OTcUUTHIBAEMBIMHU OT HATHI MOSIBJICHUS TICPBBIX
CUMITOMOB WUJIM MepBOro nojoxureiabHoro ITIP-
TecTa), ObLJI HCCJeNOBaH BOMNPOC OO0 M3MEHEHUU
U A c Teuenuem BpeMeHU. 1t aTor0o B 87 0Opasiax
TepBOIl BEIOOPKU OBLIO MPOBEIEHO OIpeaciieHe
WA c ucnonb3doBanueM 4M MOUYe€BUHBI B KaUeCTBE
neHatypupyomero aredra. I[lpu atom y 22 naum-
€HTOB aHAJIW3MUPOBAJNCH O0OpPa3Ibl C ITOBTOPHBIM
B3ITHEM KpoBU (2—4 pasza ¢ MHTEpPBAJIOM MpU-
MepHo 2 Mecsua). Pesynbrarbl 3aBUucumoctu MA
OT CpOKa UMMYHU3AIUU TIPENCTABICHBI HAa puc. 3
1 4 M IEMOHCTPUPYIOT YETKYIO TEHACHIINIO K yBe-
JIMYEHUIO aBUAHOCTU CO BPpEMEHEM: NPUMEHEHUE
kputepuss CmupMeHa Mmokasajo, YTO KOppeasiu-
OHHasl CBSI3b SABJISICTCS CUJIBHOM M CTAaTUCTUUECKU
3Hauyumoii (rg = 0,777, p < 0,001).

[To pesynbratam wuccnenoBaHust 40 oOpasloB
comepxau antutesia ¢ MA < 50%, 47 obpasiioB —
¢ UA > 50%. Ilpu stom 3 obpasua (3,4%) umenu
anturena ¢ MA > 50% Ha cpoke MMMYHM3allUu 110 3
MecsILEB (TsiKesloe TeueHUe MHpeKIumn); 9 o0paslion
oT 3-x nauueHToB umenu anturesa ¢ MA < 50% no-
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Figure 2. Avidity index (8M urea)/immunization method
relation
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PucyHok 3. Koppensiuua mexay uHAeKCoMm
aBugHoctu (%, 4M moueBuHa) IgG-aHTuTen

k RBD SARS-CoV-2 n cpokom, npoLuepLwmum

OT UMMYHU3aLUuKn A0 B39TUs obpasua (n = 87)
Figure 3. Correlation between the avidity index (%, 4M
urea) of IgG antibodies to SARS-CoV-2 RBD and post-
immunization timeframe (n = 87)

cJie 3 MecsIIIeB ¢ MOMEHTa UMMYHM3aInu; B 9 oopa3s-
ax CBIBOPOTOK KPOBU OBLI OOHAPY>KEHEI aHTHUTEIIa
C MHIEKCOM aBUAHOCTU HMxKe 50% udepes 3 Mmecsiua
¢ MOMCHTAa MMMYHM3anuHu. M3 HUX y OmXHOro ma-
uueHTta antuteaa ¢ MA > 50% obpa3oBaiuch yepes
5 MecsI1IeB, y IBOUX — Yepe3 8 MecsIieB. 3a Bce BpeMsI
WCCIICIOBAaHUS y 3 IMalleHTOB HAOJIOOAINCh aHTHU-
TeJla C MHJAEKCOM aBuIHOCTU MeHee 50%.

CpasHeHue cmeneHu mamypauuu aHmumen
Kk SARS-CoV-2 6 3aeucumocmu om KpamHocmu um-
MYHU3QUUU U chocoba ummyHuzayuu. J1JIs1 BEISICHE-
HUSI 3aBUCUMOCTU aBHUIHOCTU AHTHUTEN OT KpaT-
HOCTM MMMYHU3aIWU OBLI MPOBEOSCH aHaJIU3 pe-
3yJAbTATOB OIpeAe/ICHUs MHIeKca aBUIHOCTU (4M
MOYEBMHA) Y MAIIUEHTOB OJHOKPATHO IIepeOOoIeB-
mux COVID-19 B 2020 r. 1 AByKpaTHO UMMYHU-
supoBaHHbIX ['am-KoBua-Bak. s sToro Obliun
0oTOOpaHbl 00pa3ubl MAallMEHTOB MEePBOIi BHIOOPKU
(mepedoneBme COVID-19), monydeHHBIE B CPOK
o 4 MecsIleB ¢ MOMeHTa 3aboyieBaHuUsA [11], 1 00-
pasilbl BTOPOI BBIOOPKU C TTOCTBAKIIMHAJIBHBIM
NMMYHHUTETOM Ha CpPOKE BBEIECHUS BTOPOTO KOM-
nmoHeHTa BakuunHbl [amM-KoBua-Bak He 6osee 3 me-
CSIIIEB O MOMEHTA B3SITUSI KPOBMH.

MHaekc aBuaHocTH, %
Avidity, %

o 1t 2 3 4 5 6 7 8 9 10 11 12 13

Cpok MMMyHU3aummn, MecsL,
Immunization, month

PucyHok 4. 3aBMCUMOCTb MHO,EKCA aBUAHOCTU

(4M moueBuHa) IgG-antuten Kk RBD SARS-CoV-2

OT CpOoKa MMMYHU3auuu Ha npumepe 10 naumeHToB
(MUHUMYM TPU B3ITUS KPOBM)

Figure 4. SARS-CoV-2 RBD IgG antibody avidity index
(4M urea)/immunization timeframe (10 patients, at least
three blood samples collected)

W3 paHHBIX, IpeACTaBISHHBIX B Ta0J. 4, BUITHO,
YTO IOJIHBI KypC BaKLMHAIIMMU MPUBOAUT K 00-
pa30BaHMIO JOCTOBEPHO 0o0Jice BBICOKOABUIHBIX
aHTUTEJI, YeM IMepeHeCeHHOoe 3abojieBaHUEe ake
Ha paHHUX CpOKaX MMMYHM3alMM — 10 4 Mecs-
1eB. JleiicTBUTEIbHO, B TpyIllle BaKLIMHUPOBaH-
HBIX MeaumaHHbIi MA coctaBun 82%, a B rpyriie
nepeboIEBIINX TOrO K€ CpoKa — Bcero 36%, 4rto
3aCTaBJISIET MIPEANOJI0XMUTh, YTO BaKIIMHAIIUS JIBY-
Msl 103aMU BbI3bIBaeT 6oJjiee ObICTPYIO MaTypaluio
M, CJeA0BaTeIbHO, TaKOW CHOoCOo0 MMMYHU3allUU
ckopee (hpopMUpyeT ryMopaabHbIii UMMYHUTET 00-
Jiee BBICOKOI ITPOTEKTUBHOCTHU.

Takum obGpa3om, IpoBeAeHHOE MCCIEAOBaHUE
JIUHAMUKU MaTypaluy aBUIHOCTU aHTUTEJT KJlac-
ca G kK RBD SARS-CoV-2 B 3aBUCUMOCTH OT CITIO-
coba M KpaTHOCTUM MMMYHM3alMU I10Ka3ajo, 4TO
Haubosiee 3(PPEKTUBHBI UMMYHUTET (HOPMUPY-
eTCs Yy IMallMEHTOB C TUOPUIHBIM UMMYHUTETOM,
TO €CTh epeOOoIEBIINX M BAKIIMHUPOBAHHBIX MOJI-
HBIM KypcoM npenapata 'am-KoBua-Bak. OmHako
cJielyeT OTMETUTD, UTO Jaxe B IPYMIe ¢ TMOPUI-
HBIM UMMYHMTETOM YPOBEHb MaTypaluy aHTUTEII
K RBD SARS-CoV-2 ocTaBajcst HEITOJIHBIM.

TaGnuua 4. Pesynbrathl cCpaBHEHUS UHO.EKCa aBUAHOCTU (4M MoyeBuHa) B rpynnax naLuyMeHToB,
nepeHecwmnx COVID-19 nnu BakuMHMpPOBaHHbIX B CPOK He Oonee 4 MecsLLEB A0 NPOBELEHUS

uccnepgosaHua

Table 4. Comparison of the avidity index (4M urea) in groups of COVID-19 convalescent subjects or vaccinated

individuals up to 4 months before the study

U . Wnpexc aBupHoCcTH, %
N:nmw:,nﬂumt;:;:jsryc Avidyty index, % p-value
Me [Q1-Q3] Min; max
Mepe6oneswme COVID-19 (n = 44) _ .
COVID-19 convalescent subjects (n = 44) 36,0[25,5-50.7] 8,0;78,0 0 < 0,001
BakumHaums (n=57) _ . ’
Vaccinated subjects (n = 57) 81,9[60,9-921] 24,0,100
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AupaHocTb IgG k RBD SARS-CoV-2

Eciu Xe roBOpuTh O CpaBHEHUU TaKUX CIO-
CO0OB MMMYHM3AllUU, KaK MEePEHECEHHBIU OMHO-
kpatHo COVID-19 wmam BakUMHaUMs TIOAHBIM
KypcoM l'am-KoBua-Bak, To BakuuMHaLUsS SIBJISI-
eTcd MpeanoYyTuTeabHOH. OHa NpUBOAUT K OoJsiee
BbICOKMM ypoBHSIM IgG (MeauaHHbIE 3HAYEHUS
B rpynnax 119 u 75 BAU/ml, p < 0,001) u k 60o1ee
BBICOKOMY MHJIEKCY UX aBuagHoCTH (76,6% mnpoTus
54,5%). OmHaKo ciaeayeT OTMETUTh, YTO Pe3yJIbTa-
Thl, aHAJU3UPyEeMble B TaHHOUW paboTe, MOoJayUYeHbI
Ha oOpa3siax, B3sITbIX, B OCHOBHOM, Ha CPOKE BaK-

UHAIUK 10 5 MecseB, U TMHAMWUKa U3MEHEHU S
YPOBHSI aHTUTEJ IeTaJIbHO He U3ydaJiach.

TMony4yeHHBIEe JaHHBIE PACIIMPSIOT HAIIIW 3HAHU ST
o Tporeccax hopMUPOBAHMS TYMOPAJTBHOIO UMMY-
HUTeTa NMPOTUB KopoHaBupyca SARS-CoV-2, npo-
JIMBAIOT HOBBIM CBET Ha CKOpPOCTh Matypanuu IgG,
BbIpabaThbIBa€MbIX K JaHHOMY OITAaCHOMY BO30yIM-
TEJII0, 1 MOT'YT OBITh CTIOJIb30BaHBI CITeIITMATUCTaAMK
MPaKTUYECKOTO 3IpaBOOXPAaHEHU S IPU OLICHKE UM-
MYHHOTI'O CTaTyca IMallueHTOB U IPUHSATUN PEIICHU ST
0 peBaklMHalLY TpoTuB UHMp ek COVID-19.

Cnucok nutepatypbl/References

1.

2.

Abdullahi Nasir I., Babayo A., Shehu M.S. Clinical significance of IgG avidity testing and other considerations in the diagnosis
of congenital cytomegalovirus infection: a review update. Med. Sci. (Basel), 2016, vol. 4, no. 1: 5. doi: 10.3390/medsci4010005
Bauer G. The potential significance of high avidity immunoglobulin G (IgG) for protective immunity towards SARS-CoV-2. Int.
J. Infect. Dis., 2021, no. 106, pp. 61—64. doi: 10.1016/j.ijid.2021.01.061

Benner S.E., Patel E.U., Laeyendecker O., Pekosz A., Littlefield K., Eby Y., Fernandez R.E., Miller J., Kirby C.S., Keruly M.,
Klock E., Baker O.R., Schmidt H.A., Shrestha R., Burgess 1., Bonny T.S., Clarke W., Caturegli P., Sullivan D., Shoham S.,
Quinn T.C., Bloch E.M., Casadevall A., Tobian A.A.R., Redd A.D. SARS-CoV-2 antibody avidity responses in COVID-19 pa-
tients and convalescent plasma donors. J. Infect. Dis., vol. 222, no. 12, pp. 1974—1984. doi: 10.1093/infdis/jiaa581

Chan K.H., Sonnenberg K., Niedrig M., Lam S.Y., Pang C.M., Chan K.M., Ma S.K., Seto W.H., Peiris J.S. Use of antibody avid-
ity assays for diagnosis of severe acute respiratory syndrome coronavirus infection. Clin. Vaccine Immunol., 2007, vol. 14, no. 11,
pp. 1433—1436. doi: 10.1128/CV1.00056-07

Chan P.K., Lim P.L., Liu E.Y., Cheung J.L., Leung D.T., Sung J.J. Antibody avidity maturation during severe acute respiratory
syndrome-associated coronavirus infection. J. Infect. Dis., 2005, vol. 192, no. 1, pp. 166—169. doi: 10.1086/430615

Delgado M.F., Coviello S., Monsalvo A.C., Melendi G.A., Hernandez J.Z., Batalle J.P., Diaz L., Trento A., Chang H.Y.,
Mitzner W., Ravetch J., Melero J.A., Irusta P.M., Polack F.P. Lack of antibody affinity maturation due to poor Toll-like recep-
tor stimulation leads to enhanced respiratory syncytial virus disease. Nat. Med., 2009, vol. 15, no. 1, pp. 34—41. doi: 10.1099/
Jjgv.0.001439

Ding Y.X., Mao N.Y., Zhang Y., Lei Y., Gao Z.G., Xu W.B., Zhang Y. Measles virus IgG avidity assay for use in identification
of measles vaccine failures in Tianjin, China. Biomed. Environ. Sci., 2019, vol., 32, no. 11, pp. 804—811. doi: 10.3967/bes2019.102
Dorner T., Radbruch A. Antibodies and B cell memory in viral immunity. Immunity, 2007, vol. 27, no. 3, pp. 384—392. doi: 10.1016/
J.immuni.2007.09.002

Hedman K., Seppild I. Recent rubella virus infection indicated by a low avidity of specific IgG. J. Clin. Immunol., 1988, vol. 8,
no. 3, pp. 214—221. doi: 10.1007/BF00917569

Kaneko M., Ohhashi M., Minematsu T., Muraoka J., Kusumoto K., Sameshima H. Maternal immunoglobulin G avidity as a di-
agnostic tool to identify pregnant women at risk of congenital cytomegalovirus infection. J. Infect. Chemother., 2017, vol. 2, no. 3,
pp. 173—176. doi: 10.1016/j jiac.2016.12.001

. Klein S.L., Pekosz A., Park H.S., Ursin R.L., Shapiro J.R., Benner S.E., Littlefield K., Kumar S., Naik H.M., Betenbaugh M.J.,

Shrestha R., Wu A.A., Hughes R.M., Burgess I., Caturegli P., Laeyendecker O., Quinn T.C., Sullivan D., Shoham S., Redd A.D.,
Bloch E.M., Casadevall A., Tobian A.A. Sex, age, and hospitalization drive antibody responses in a COVID-19 convalescent
plasma donor population. J. Clin. Invest., 2020, vol. 130, no. 11, pp. 6141—6150. doi: 10.1172/JCI1142004

. Leruez-Ville M., Ville Y. s it time for routine prenatal serological screening for congenital cytomegalovirus? Prenat. Diagn., 2020,

vol. 40, no. 13, pp. 1671—-1680. doi: 10.1002/pd.5757

LiuT., HsiungJ., ZhaS., Kost J., Sreedhar D., Hanson C.V., Olson K., Keare D., Chang S.T., Bliden K.P., Gurbel P.A., Tantry U.S.,
Roche J., Press C., Boggs J., Rodriguez-Soto J.P., Montoya J.G., Tang M., Dai H. Quantification of antibody avidities and ac-
curate detection of SARS-CoV-2 antibodies in serum and saliva on plasmonic substrates. Nat. Biomed. Eng., 2020, vol. 4, no. 12,
pp. 1188—1196. doi: 10.1038/541551-020-00642-4

Luo Y.R., Chakraborty I., Yun C., Wu A. H B, Lynch K.L. Kinetics of SARS-CoV-2 antibody avidity maturation and association
with disease severity. Clin. Infect. Dis., 2020, vol. 73, no. 9, pp. e3095—e3097. doi: 10.1093/cid/ciaal389

Manuylov V., Burgasova O., Borisova O., Smetanina S., Vasina D., Grigoriev 1., Kudryashova A., Semashko M., Cherepovich B.,
Kharchenko O., Kleymenov D., Mazunina E., Tkachuk A., Gushchin V. Avidity of IgG to SARS-CoV-2 RBD as a prognostic
factor for the severity of COVID-19 reinfection. Viruses, 2022, vol. 14, no. 3: 617. doi: 10.3390/v14030617

Mattiuzzo G., Bentley E.M., Hassall M., Routley S., Richardson S., Bernasconi V., Kristiansen P., Harvala H., David Roberts D.,
Semple M.G., Turtle L.C.W., Openshaw P.J.M., Baillie K., Nissen-Meyer L.S.H., Brantsater A.B., Baxendale H., Atkinson E.,
Rigsby P., Padley D., Almond N., Rose N.J. Establishment of the WHO International standard and reference panel for anti-
SARS-CoV-2 antibody. Expert Committee on Biological Standartization, Geneva, 9—10 December 2020. doi: WHO/BS/2020.2403F
Puschnik A., Lau L., Cromwell E.A., Balmaseda A., Zompi S., Harris E. Correlation between Dengue-specific neutralizing
antibodies and serum avidity in primary and secondary Dengue virus 3 natural infections in humans. PLoS Neg! Trop. Dis., 2013,
vol. 7, no. 6: e2274. doi: 10.1371/journal.pntd.0002274

Revello M.G., Zavattoni M., Furione M., Lilleri D., Gorini G., Gerna G. Diagnosis and outcome of preconceptional and peri-
conceptional primary human cytomegalovirus infections. J. Infect. Dis., 2002, vol. 186, no. 4, pp. 553—557. doi: 10.1086/341831

73



A.M. Kyapswosa n gp.

MHdekumns n uMmyHuTeT

19.

20.

21.

22.

Struck F., Schreiner P., Staschik E., Wochinz-Richter K., Schulz S., Soutschek E., Motz M., Bauer G. Vaccination versus infec-
tion with SARS-CoV-2: establishment of a high avidity IgG response versus incomplete avidity maturation. J. Med. Virol., 2021,
vol. 93, no. 12, pp. 6765—6777. doi: 10.1002/jmv.27270

Struck F., Schreiner P., Staschik E., Wochinz-Richter K., Schulz S., Soutschek E., Motz M., Bauer G. Incomplete IgG avidity
maturation after seasonal coronavirus infections. J. Med. Virol., 2021, vol. 94, no. 1, pp. 186—196. doi: 10.1002/jmv.27291
Vauloup-Fellous C., Grangeot-Keros L. Humoral immune response after primary rubella virus infection and after vaccination.
Clin. Vaccine Immunol., 2007, vol. 14, no. 5, pp. 5644—5647. doi: 10.1128/CVI1.00032-07

Wratil P.R., Stern M., Priller A., Willmann A., Almanzar G., Vogel E., Feuerherd M., Cheng C.C., Yazici S., Christa C., Jeske S.,
Lupoli G., Vogt T., Albanese M., Mejias-Pérez E., Bauernfried S., Graf N., Mijocevic H., Vu M., Tinnefeld K., Wettengel J.,
Hoffmann D., Muenchhoff M., Daechert C., Mairhofer H., Krebs S., Fingerle V., Graf A., Steininger P., Blum H., Hornung V.,
Liebl B., Uberla K., Prelog M., Knolle P., Keppler O.T., Protzer U. Three exposures to the spike protein of SARS-CoV-2 by either
infection or vaccination elicit superior neutralizing immunity to all variants of concern. Nat. Med., 2022, vol. 28, no. 3, pp. 496—

503. doi: 10.1038/541591-022-01715-4

ABTOpbDI:

Kyapswosa A.M., Hay4HbIii COTPYAHUK nabopaTopum
MeauumHcKoin 6rotexHonoruy GreHY HAW BakLmH v CbIBOPOTOK
mm. V.U, MeuHunkoBa, MockBa, Poccus;

MaHyiinoe B.A., K.6.H., CTapLUnii Hay4HbI COTPYAHMK nabopaTopumn
TPaHCAALMOHHOM 6romeanLmnHel IBY HaumoHanbHbI
nccnenoBaTeNibCKMiA LEHTP aNMAEMUONOMN U MUKPOBMONorum
M. H.®. lfamanen Munsgpasa Poccum, Mocksa, Poceus;
Myp3auHa A.A., MnaaLwnii Hay4Hbli COTPYOHUK nabopaTtopun
3NUAEMMNONOrMYECKOro aHanm3a v MOHUTOPUHIa
NMHbEKLMOHHbIX 3ab6onesaHnin GIrEHY HAM BakLmH 1 CbIBOPOTOK
mm. V.U, MeuHmnkoBa, MockBa, Poccus;

Kaupa A.H., o.M.H., 3aB. nabopaTtopueit annaeMmonornieckoro
aHanu3a v MOHUTOPUHra UHPEKLMOHHbIX 3abonesannin PreHY
HWW BakuwmH n ceisopoTtok M. N.1. MeyHukosa, Mocksa, Poccus;
Bopucosa 0.B., k.x.H., 3aB. nabopaTopueit MeLNLNHCKO
6uotexHonorum GreHY HAW BakuymH 1 cbiBOPOTOK

nMm. .U, MeunnkoBa, Mocksa, Poccus.

Authors:

Kudryashova A.M., Researcher, Laboratory of Medical
Biotechnology, I. Mechnikov Research Institute of Vaccines and Sera,
Moscow, Russian Federation;

Manuylov V.A., PhD (Biology), Senior Researcher, Laboratory

of Translational Biomedicine, N.F. Gamaleya Federal Research Center
for Epidemiology and Microbiology, Moscow, Russian Federation;
Murzina A.A., Junior Researcher, Laboratory of the Epidemiological
Analysis and Monitoring of Infectious Diseases, |. Mechnikov
Research Institute of Vaccines and Sera, Moscow, Russian
Federation;

Kaira A.N., DSc (Medicine), Head of the Laboratory of Epidemiologic
Analysis and Monitoring of Infectious Diseases, |. Mechnikov
Research Institute of Vaccines and Sera, Moscow, Russian
Federation;

Borisova 0.V., PhD (Chemistry), Head of the Laboratory of Medical
Biotechnology, I. Mechnikov Research Institute of Vaccines and Sera,
Moscow, Russian Federation.

MocTynuna B pepakumio 19.10.2022
MpuHsaTa k nevyatn 12.02.2023

Received 19.10.2022
Accepted 12.02.2023

74



Original articles

OpMFVIHaﬂbeIe CTaTbu

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2023, vol. 13, no. 1, pp. 75-90

NHdekumns n uMmyHnTeT
2023, T. 13, Ne 1, ¢. 75-90

SARS-CoV-2 COLLECTIVE IMMUNITY
AMONG THE POPULATION OF THE REPUBLIC
OF ARMENIA

A.Yu. Popova?, V.S. Smirnov®, S.A. Egorova®, A.V. Vanyan°, A.M. Milichkina®,

N.G. Bakunts®, 1.V. Drozd®, R.A. Abovyan‘, V.A. Ivanov®, G.G. Melik-Andreasyan®,
E.S. Ramsay’, G.H. Palozyan‘, T.V. Arbuzova®, A.S. Keshishyan®, O.B. Zhimbayeva",
O.A. Petrova®, A.V. Gubanova®, A.P. Razumovskaya®, A.A. Totolian”

@ Federal Service for Supervision of Consumer Rights Protection and Human Welfare, Moscow, Russian Federation
b St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
¢ National Center for Disease Control and Prevention, Yerevan, Armenia

Abstract. Background. The COVID-19 pandemic has become a substantial global health crisis, unparalleled in world his-
tory. Infection dynamics can have specific characteristics in different countries due to social, economic, climatic, or geo-
graphic factors. Aim: to study features of SARS-CoV-2 collective immunity among the Armenian population. Materials
and methods. A cross-sectional, randomized study of collective immunity was carried out according to a program developed
by Rospotrebnadzor and the St. Petersburg Pasteur Institute, taking into account WHO recommendations. The study was
approved by the ethics committees of the National Center for Infectious Diseases (Armenia) and the St. Petersburg Pasteur
Institute (Russia). A volunteer cohort was formed (N = 6057), randomized by age and region. The study’s analysis included:
shares and distributions of antibodies (Abs) to nucleocapsid (Nc) antigen (Ag) and receptor binding domain (RBD) S-1
Ag in the cohort; and quantitative determination of these Abs by ELISA. During the survey, a history of vaccination was
indicated by 4395 people. Results. Overall seropositivity formed in the whole cohort (by April 14, 2022) was 98.6% (95% CI.:
98.1-98.7). It did not depend on age, place of residence, or occupation. When quantifying Nc and RBD Abs, the propor-
tions of volunteers with Nc Ab levels of 1—-17 BAU/ml and RBD Ab levels of 22.6—220 BAU/ml were the smallest, amount-
ing t0 6.9% (95% CI: 6.2—7.5) and 20.4% (95% CI: 19.4—21.4), respectively. With increasing serum concentrations (Nc
> 667 BAU/ml, RBD > 450 BAU/ml), the proportions of individuals with the corresponding levels were 20.2% for Nc (95%
CI: 19.2-21.3) and 54.2% for RBD (95% CI: 52.9-55.5). Vaccination coverage was 72.6% (95% CI: 71.5—73.7). The most
frequently used were Sinopharm/BIBP (32.4%), AZD1222 (22.3%), and Gam-COVID-Vac (21%). The remaining vaccines
(CoronaVac, mRNA-1273, BNT162b2, CoviVac) were used by 24.3% of vaccinated individuals. When summing vaccines by
platform, it was found that: vector vaccines were used in 40.34% (95% CI: 33.57—42.39) of cases; whole-virion vaccines were
used in 26.83% (95% CI: 24.76—32.20); and mRNA vaccines were used in 6.33% (95% CI: 4.84—8.91). Conclusion. The epi-
demic situation in Armenia by April 2022 was characterized by a high level of collective immunity, independent of age or
regional factors. Vector and whole-virion vaccines have been used most widely.

Key words: SARS-CoV-2, COVID-19, Republic of Armenia, volunteers, herd immunity, population, vaccination.
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P.A. Adosan’, B.A. Usanos?, I.I. Mesmk-Auapeacsn’, D.C. Pam3u?, I.O. ITaxo3an®, T.B. ApOy3osaZ,
A.C. Kemmmmsan3, O.B. 2Kum6aesaZ?, O.A. Ilerposa?, A.B. I'yoanosa?, A.I1. Pazymosckas?, A.A. ToToJsaun?

T @edepanvuas cayxucba no Hadzopy 6 chpepe 3augumeot npasé nompebdbumeneti u brazonoryuus yeaoseexka, Mockea, Poccus
2OBYH HUU snudemuonocuu u muxpoouonoeuu umeru Illacmepa, Cankm-Ilemep6ype, Poccus
JTHKO HayuonanvHwlil yeHmp no KOHMpoar u npoguiakmuke 3aboresanuil, Epesan, Apmenus

Pestome. Beeoenue. [langemus COVID-19 crana cepbe3HBIM I100aIbHBIM KPU3UCOM B 00J1aCTU 3IPaBOOXPaHEHUS,
HEe MMEIOIIMM aHAaJIOrOB B MUPOBO# McTOpuu. JIMHaMKuKa MHOEKLIMU MOXKET UMETh crieluduueckiue 0COOeHHOCTH
B Pa3HbIX CTPaHaX B CHJIY COLMAIbHbBIX, SKOHOMUYECKUX, KIMMAaTUYECKMX WU reorpaduyeckux pakropos. Llens:
M3YYUTHh OCOOCHHOCTHU KOJJIEKTUBHOTO MMMYHUTeTa IpoTUB SARS-CoV-2 cpenn HaceneHuss ApmeHun. Mamepuans:
u memooet. [TonepeaHoe paHIOMU3UPOBAHHOE MCCIIENOBAHNE KOJUIEKTUBHOTO MMMYHUTETA ITPOBOIMIIN T10 IIPOrpaM-
Me, pazpaboTaHHoil PocnoTpedbHanzopom u CaHkT-IlerepOyprckum uHcTuTyTOM IlacTepa ¢ yueToM peKkoMeHa-
uuit BO3. MccrnenoBanue ogo0peHO 3TUUECKUMU KOMUTeTaMu HallmoHaabHOTo eHTpa MHMEKIIMOHHBIX O01e3Hel
(Apmenus) u CankTt-IletepOyprckoro nnctutyta [lactepa (Poccus). bolia chopmupoBaHa koropta 100pOBOJIbIEB
(N = 6057), panmoMu3MpoBaHHasI 10 BO3PACTy M PETMOHY. AHAJIU3 UCCIeNOBAHMUS BKJIIOUAJ: JIOJM U pacipeeie-
Hue aHtuten (AT) kK Hykneokancuay (Nc), antureny (Ag) u peuentopcnssbiBatoieMy nomeHy (RBD) S-1 Ag B Ko-
ropTe; U KOJMYECTBEHHOE OIpeaeeHue 3TuX aHTuTea ¢ momoiibsio ELISA. B xone onpoca B aHaMHe3e MPUBUBKHU
yKazanu 4395 yenoBek. Pezyasbmamst. O0ILasi CEPONO3ZUTUBHOCTD, C(hOPMUPOBaHHAS BO BCeil KoropTe (K 14 ampens
202271.), coctaBuia 98,6% (95% AW: 98,1-98,7). OHO He 3aBUCEIIO OT BO3pacTa, MeCTa XUTEJIbCTBA MM POIA 3aHATHUIM.
[Ipu xonuuecTBeHHOM ompeneieHnu aHTUTeN Nc 1 RBD nonst modpoBosnbiies ¢ ypoBHssMu anTutex Nc 1—17 BAU/Ma
u ypoBHamu anturen RBD 22,6—220 BAU/Mn Gblta HanMeHbIneit u cocraBuia 6,9% (95% AW: 6,2—7,5). u 20,4%
(95% IOU: 19,4—21,4) coorBercTBeHHO. [Ipy moBbILIEHNM KOHIIEHTpauuu B chiBopoTke (Nc > 667 BAU/ma, RBD
> 450 BAU/MJT) 10181 JIWIL € COOTBETCTBYIOIIMMHY YpoBHsAMU cocTaBisiia 20,2% nns Nc (95% JAW: 19,2—-21,3) u 54,2%
11t RBD (95% A W: 52,9—-55,5). OxBat BakuuHawueir coctasui 72,6% (95% AW: 71,5—73,7). Haubosiee 4acTo UCIIOJb-
3oBasuck Sinopharm/BIBP (32,4%), AZD1222 (22,3%) u Gam-COVID-Vac (21%). OctanbHble BakiiuHbl (CoronaVac,
mRNA-1273, BNT162b2, CoviVac) ucnoib3oBanu 24,3% npusutbix. [Ipy cyMMUpPOBaHUM BaKLIMH 110 I11aTdhopMam
YCTaHOBJICHO, YTO: BEKTOPHBIE BAaKIIMHBI TpuMeHsuch B 40,34% (95% JAW: 33,57—42,39) ciyyaeB; e IbHOBUPUOHHBIE
BaKIMHBI UCITOJIB30BaNCh B 26,83% (95% OW: 24,76—32,20); MPHK-BaxumHb1 ucronb3oBainch B 6,33% (95% AU
4,84—8.91). Boigod. DnimaemMmuyeckasi cuTyalus B ApMeHuU K ampesiio 2022 r. xapakTepu3oBaiach BBICOKUM YPOBHEM
KOJIJISKTMBHOTO UMMYHUTETA, HE 3aBUCIIIMM OT BO3PACTHBIX M peruoHabHbIX (akTopoB. Hamboabinee pacnpo-
CTpaHeHMe MOTYYUIU BEKTOPHBIE U 11eIbHOBUPUOHHbIE BAKI[MHBI.

Karoueesoie caosa: SARS-CoV-2, COVID-19, Pecnybauxa Apmenus, 6010Hmepbl, KOANCKMUBHBLI UMMYHUMEM, HACeAeHUe,
GAKUUHAUUSL.

Introduction

The main feature of the COVID-19 pandemic
has been the global spread of infection in an unprec-
edentedly short period of time in almost all coun-
tries of the world [19]. As those authors rightly point
out, «The global crisis provoked by the coronavirus
pandemic has no analogues in modern history.» As
of 12/04/2022, 503 million cases have been regis-
tered globally (63 117 per 1 million pop.). Six million
people died from COVID-19, or 1.23% of the total
number of patients [3, 12]. Unfortunately, a universal
COVID-19 treatment has not yet been created [21,
26]. Development of new drugs and re-purposing
of existing ones frequently has been ineffective
for various reasons [10]. In this context, the unprec-
edentedly rapid development and implementation
of the SARS-CoV-2 vaccine family became the most
important step in the fight against the COVID-19
pandemic [5].

The initial hopes placed on vaccination were
largely justified. Israel can serve as an example. It was

possible to reduce incidence by more than 150-fold
as a result of mass immunization with the BNT162b2
(mRNA) vaccine from 24/01 to 3/04/2021 [7].
Unfortunately, mutational processes, alongside
the emergence of new viral variants with potential
to overcome existing adaptive immunity, signifi-
cantly reduced the initial effect [24, 25]. COVID-19
prevalence in the Republic of Armenia (RA) was
about 141 thousand cases per 1 million population as
of April 2022. This is slightly higher than in neigh-
boring Azerbaijan (75 thousand per million) and Iran
(82 thousand per million), but significantly lower than
in Georgia (444 thousand per million) and Turkey
(170 thousand per million) [3, 6, 12]. Epidemic pro-
cess dynamics in the RA were characterized by five
waves (Fig. 1).

The first wave, the peak of which was recorded
onJune 22, 2020, was caused by the B4 strain (Fig. 1).
The second wave, with a maximum on October 28,
2020, was the result of circulation of the B.1.1 virus.
The third wave’s emergence could be associated with
the circulation of B.1.1.7 and the rise in morbidity
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following the appearance of B.1.617.2. The fourth
wave was caused mainly by the B.1.617.2 viral vari-
ant. Finally, the fifth wave was the result of the global
spread of the B1.1.529 lineage [8, 11].

As in other countries, it was expected that spe-
cific vaccines against SARS-CoV-2 would become
an important factor in controlling the pandemic.
Scheduled vaccination began on 31/03/2021, when
565 people were first vaccinated with the 1Ist dose
of vaccine. By June 20, 2021, 11 784 people had com-
pleted vaccination. Booster re-vaccination began
on December 26, 2021 (Fig. 2).

The rate of vaccination subsequently slowed,
and by 22/05/2022 the total number of vaccinated
individuals in the RA was 1.1 million (38.1% of the
total population). This value was, of course, insuffi-
cient to completely stop the pandemic [18]. However,
another 422900 people with adaptive immunity
to SARS-CoV-2 following manifest COVID-19 ill-
ness should be added to the calculation [6, 12]. After
a simple summation, we find that at least 51% of the
population had real adaptive immunity as of April
22, 2022. Obviously, this number does not include
individuals with asymptomatic infection. Therefore,
the total percentage with immunity in the population
may be much higher.

The purpose of the study was to analyze the lev-
el and structure of collective immunity among
the Armenian population which had formed by
the 16th month of the COVID-19 pandemic.

Materials and methods

The study was organized and conducted as part
of scientific cooperation activities between countries
of Eastern Europe, Transcaucasia, and Central Asia
to assess population immunity to novel coronavirus
infection in accordance with: Rospotrebnadzor order
“Procedure for the Implementation of the Decree
of the Government of the Russian Federation”

3500

B1.1.7,B1.617.2
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1500
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Registration dates, D.M.Y.

Figure 1. Incidence dynamics in the Armenian
population for the entire observation period until
April 14 2022

Note. The x-axis shows time with peak registrations (day.
month.year) [17]. The y-axis shows the number of new
cases registered daily. Frames show SARS-CoV-2 variants
circulating during each wave.

(No. 1658-r, 18.06.2021) on the one hand; and order
of the Ministry of Health (No. 380-A, 31.01.2022),
Republic of Armenia, on the other.

Design and organization of the study

A cross-sectional, randomized cohort study of herd
immunity was carried out according to a program de-
veloped by the Federal Service for Supervision of Con-
sumer Rights Protection and Human Welfare with
the participation of the Saint Petersburg Pasteur
Institute, taking into account WHO recommenda-
tions [15, 16]. A cloud service (internet server) was
initially developed to facilitate formation of a repre-
sentative sample of volunteers, organization of sam-
pling, and quick analysis of results. Three days be-
fore study initiation, a wide explanatory campaign
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Figure 2. Dynamics of COVID-19 vaccination in Armenia [6]

Note. Seven-day moving averages are shown. 1stcomponent — the proportion of residents who received the 1tvaccine
component; 2"¥ component — the proportion who received the 2" component (complete primary vaccination); booster —
the proportion who received a booster dose of vaccine (re-vaccination). X-axis: date of registration (1 division = 1 month).
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was conducted (TV, media, social networks) about
the start of free testing for the presence of SARS-
CoV-2 antibodies, including an internet link for com-
pleting a survey.

Those who expressed a desire to participate fol-
lowed the link, filled out a questionnaire (Table 1S),
and sent it to the cloud service. Received ques-
tionnaires were analyzed by the server for compli-
ance with study inclusion criteria. If the candidate
matched the requirements, he/she received a letter
to their indicated e-mail address with a unique 1D
number and an invitation to follow an internet link
for choosing a convenient blood sampling point and
time. Grounds for non-inclusion in the study were:
arefusal of subsequent laboratory testing; or the pres-
ence of manifest COVID-19 at the moment of ques-
tionnaire completion.

The cloud resource summarized the num-
ber of participants by age and place of residence.
Registration of incoming questionnaires was ter-
minated when the maximum number of volunteers
in each age group living in each region was reached.

In this case, the person received a rejection letter.
This approach made it possible to effectively rand-
omize a cohort of volunteers by age and region.

Each volunteer, or their legal representative (as
with children), was acquainted with the goals and
conditions of the upcoming study and signed an in-
formed consent. The study was organized in accord-
ance with the provisions of the Declaration of Helsinki
and approved by the Ethics Committee of the National
Center for Infectious Diseases of the Armenian
Ministry of Health (No. 01, dated February 17, 2022)
and the local Ethics Committee of the St. Petersburg
Pasteur Institute (protocol No. 64, dated May 26,
2020). The algorithm of the study is shown in the flow-
chart below (Fig. 3). As shown, the survey is a con-
tinuous process from research design to final report
preparation.

General characteristics of the volunteer cohort

The study was carried out in Yerevan and all
Armenian regions. Blood samples were collected
for five days from April 12—16, 2022. In accord-

Advertising and information

Figure 3. Algorithm for organization and conduct of the study of SARS-CoV-2 collective immunity
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ance with the de Moivre—Laplace limit theorem [2],
a cohort of 6079 volunteers was formed. After exclu-
sion of invalid samples, 6057 people were included
in the analyzed cohort. Volunteer distribution by age
group turned out to be relatively homogeneous, both
in terms of absolute value and share of representation
(Table 1).

The number of volunteers who took part in the
study represented 0.2% (95% CI: 0.20—0.21) of the
country’s population. Volunteers were distributed al-
most evenly across all regions (Table 2). As expect-
ed, the largest number of volunteers was recruited
in Yerevan city (the capital). However, given the ac-
tual number of city residents, volunteer representa-
tion did not differ from that in other regions. Share
representation (averaged) ranged from 0.18—0.22%,
without significant differences in general for the RA.
Regarding regional distribution, most volunteers
lived in Yerevan city. The least were from Vayots Dzor
Province, featuring the smallest population (Table 2).

As in other studies [13, 14], women participated
more actively than men. The ratio (men, women) was
1399 (23.1%; 95% CI: 22.1-24.2) and 4655 (76.9%;
95% CI:. 75.8—77.0), respectively. Among volun-
teers, 1750 people (28.9%; 95% CI: 27.8—30.1) had
an official COVID-19 diagnosis (through a medi-
cal institution). The cohort included twelve occupa-
tional groups, the unemployed, pensioners, children
(preschool, school age), and students (Table 2S).
The most represented group was healthcare workers;
their share in the surveyed cohort was 36.6% (95%
CI: 35.4—37.8). The least volunteers (< 1.0%) were
registered among transportation and agricultural
workers, military personnel, and IT workers.

Organization of laboratory research

At the appointed time, the volunteer visited
the blood collection point, where a medical officer
took a blood sample from a peripheral vein (3 ml into

Table 1. Age structure of the volunteer cohort
analyzed

Analyzed volunteers
Age group .. Percentage
inyears Individuals of entire cohort
1-17 670 11.07
1-6 71 1.19
7-13 225 3.73
14-17 374 6.19
18-29 702 11.60
30-39 962 15.89
40-49 954 15.78
50-59 973 16.11
60-69 972 16.06
70+ 821 13.60
Total 6054 100

vacutainers containing EDTA). After centrifugation,
plasma was separated from cellular elements, trans-
ferred into plastic test tubes, and stored until analy-
sis (£ 24 hrs) at 4°C. COVID-19 recovery or SARS-
CoV-2 vaccination results in the formation of various
Abs. Antibodies to Nc and S protein receptor binding
domain (RBD) feature prominently due to their high
representation during infectious or post-vaccination
processes. Thus, assessment of humoral immunity
in the Armenian population included determina-
tion of Nc and RBD specific antibodies. The pooled
proportion of volunteers who had any form of posi-
tive antibody status (Nc+, RBD+, Nc+RBD+)
was termed complete seropositivity (CS). Antibody
content (Nc, RBD) was quantified by ELISA using
the appropriate test systems as described previous-
ly [16, 20]. Analytical results were expressed gener-
ally for groups (share seropositive) or quantitatively
(BAU/ml). Received data, without any processing,
was immediately transferred to the cloud service.

Table 2. Volunteer numbers and representation of different Armenian regions

Population Examined, people
District Urban Rural Total Number Share?% (95% C1)

of overall number of regional pop.
Yerevan city* 1096 100 0 1096 100 2407 39.7 (38.5-41.0) 0.22 (0.21-0.23)
Aragatsotn 26 400 97 800 124 200 218 3.6 (3.2-4.1) 0.18 (0.15-0.2)
Ararat 71800 184 800 256 600 409 6.8 (6.1-7.4) 0.16 (0.14-0.18)
Armavir 82500 181700 264 200 527 8.7 (8.0-9.4) 0.20 (0.18-0.22)
Gegharkunik 66 000 161 000 227000 491 8.1(7.4-8.8) 0.22 (0.20-0.24)
Lori 124 800 87100 211900 458 7.6 (6.9-8.3) 0.22 (0.20-0.24)
Kotayk 136 700 114700 251400 542 9.0(8.2-9.7) 0.22 (0.20-0.23)
Shirak 134 500 95900 230400 458 7.6 (6.9-8.3) 0.20(0.18-0.22)
Tavush 50100 69 800 119900 229 3.8(3.3-4.3) 0.19(0.17-0.22)
Syunik 91100 44000 135100 236 3.9(3.4-4.4) 0.18 (0.15-0.20)
Vayots Dzor 16 700 31100 47 800 82 1.4 (1.1-1.7) 0.17 (0.14-0.21)
Overall 1896 700 1067900 2964600 6057 2.0(2.0-2.1) 0.20 (0.20-0.21)

Note. *Yerevan city was considered like a district.
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Figure 4. Volunteer seroprevalence by age group

Note. Nc Ab — the share of volunteers with Nc Abs; RBD Ab — the share with RBD Abs; CS (complete seropositivity) — the share
who have Abs to Nc or RBD (jointly or separately). Black vertical lines are confidence intervals. The x-axis shows age interval (years).

Statistical analysis

Statistical analysis was carried out using functions
in Microsoft Excel 2010. Mean values and confidence
intervals of shares were calculated by the method
of A. Wald and J. Wolfowitz [23] with the correction
of A. Agresti and B.A. Coull [1]. The significance
of differences in proportions was calculated by z-test
using a special calculator [20]. For other statistical
calculations not mentioned, Statistica 13 (StatSoft)
was used. Unless otherwise indicated, p < 0.05 was
used as the statistical threshold of significance
for differences. Graphics were made in Microsoft
Excel 2010 or Statistica 13.

Results

Volunteer seroprevalence by age group

Seropositivity in the volunteer cohort formed by
the 16th month of the COVID-19 pandemic turned
out to be quite high, significantly exceeding initial
forecasts. Complete seropositivity (presence of either
Ab, jointly or separately) for the cohort as a whole
was 98.4% (95% CI: 98.1—-98.7). Its level was approxi-
mately the same regardless of age interval (Fig. 4).
Antibodies were absent in 94 volunteers (1.6%;
95% CI: 1.3—1.9). Nucleocapsid Ab seroprevalence
(92.8%; 95% CI 92.1-93.4) was significantly lower
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city region region region region region region region region region region
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Figure 5. Volunteer seroprevalence by region of residence

Note. Nc Ab — the share of volunteers with Nc Abs; RBD Ab — the share with RBD Abs; CS (complete seropositivity) — the share
who have Abs to Nc or RBD (jointly or separately). Black vertical lines are confidence intervals. Armenian regions are shown
on the x-axis. Yerevan city was considered like a district.
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than RBD Ab seroprevalence (94.9%; 95% CI 94.3—
95.4) in the cohort (p < 0.01).

When analyzing volunteers by age, there were no
significant differences in CS. The share of volunteers
with Nc Abs exceeded 90% in all age groups, but was
significantly lower than the proportion of CS (p <
0.01) in all groups except for children aged 1—6 years
old (Fig. 4). RBD seropositivity did not differ from
Nc, but was again significantly lower than CS. Thus,
the obtained data convincingly show that collec-
tive immunity exceeded 90% in all age groups. This
would logically be expected to precede a sharp de-
crease in incidence, which was indeed confirmed by
monitoring studies in April 2022 (Fig. 1).

In terms of gender, the cohort consisted of 23.1%
males and 76.9% females. At serological examination,
SARS-CoV-2 Ab status values in men were: 97.4%
CS (95% CI: 96.5-98.2); 90.6% with Nc (95% CI:
89.0—92.1); and 91.9% with RBD Abs (90.4—93.2).
Seropositivity in women was significantly higher
than in men: 98.7% CS (95% CI: 98.4—99.0); 93.4%
with Nc¢ (95% CI: 92.7-94.1); and 95.8% with RBD
Abs (95% CI: 95.2—96.3).

Volunteer seroprevalence by region of residence
and professional activity

Considering the high level of collective immu-
nity among volunteers in all age categories, it could
be expected that the region of residence in Armenia
(the smallest nation in the Transcaucasus, 29 743 km?)
would not have a significant impact on seropreva-
lence. The results, with some reservation, confirm
these assumptions. Thus, CS in general for the RA
was 98.4% (95% CI: 98.1—-98.7). The lowest seroprev-
alence was noted in Vayots Dzor Province (96.3%;
95% CI:. 89.7—99.2). The highest was in Syunik
Province (100%; 95% CI: 98.7—100). Seroprevalence
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0,
% Healthcare

37%

Unemployed
16%

Civil servants
. and office workers
Other + military personnel 6%
8%
Manufacturing, transportation,
agriculture
3%
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Science, the Arts, 6%
|.T., business
5%

Figure 6. Distribution of the volunteer cohort
by occupation with grouping
Note. Shares within frames are rounded to integer values.

distributions in other areas varied by 6—7%, without
statistical significance at p < 0.05 (Fig. 5).

Occupation can be a significant factor determin-
ing SARS-CoV-2 infection risk and seroprevalence.
The distribution of volunteers by occupation turned
out to be very heterogeneous. The best represented
groups were healthcare workers (36.6%; 95% CI:
35.4-37.8), unemployed (16.2%; 95% CI. 15.3—
17.2), and pensioners (10.6%; 95% CI: 9.9—11.4%).
Representative share for other fields ranged from
0.4—0.5% (agriculture, transportation, military, 1T)
to 5.7% (education). Since sample sizes in some pro-
fessional categories turned out to be insufficiently
representative, the data for a number of groups were
combined, taking into account similar working con-
ditions (Fig. 6).

Hence, the following combined groups were
formed: ‘civil servants and office workers’; ‘workers
in science, the Arts, I'T-specialists, and business’;
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Figure 7. Volunteer seroprevalence by field of activity

Note. Nc Ab — the share of volunteers with Nc Abs; RBD Ab — the share with RBD Abs; CS (complete seropositivity) — the share
who have Abs to Nc or RBD (jointly or separately). Black vertical lines indicate confidence intervals.

81



AYu. Popova et al.

MHdekumns n uMmyHuTeT

35

304

25+

20+

Share of seroprevalence, %

@ y=-0.51x*+ 5.76x% - 16.15x + 26,3
r=0.76; p = 0.05; R?=0.983

y=-1.43x+30.1
r=-0.90; p<0.01; R?=0.80

@ y=-0.92x + 26.71
r=-0.81;p<0.025; R*=0.64

@ y=-0.05x + 18.83
r=0.08; p>0.1;R?=0.007

@ y=0.13x> - 1.34x% + 3.55x + 4.64
r=0.24;p>0.1;R?=0.94

1-17 18-29  30-39  40-49
Ageintervals, years
O 17-31BAU/mlI O 32-124BAU/mlI

O 333-666 BAU/mlI

50-59

60-69 70+

® 125-332BAU/ml
® >667BAU/mI

Figure 8. Nc antibody serological intervals plotted by age group
Note. Plasma Ab ranges are expressed in BAU/ml. Colored curves are trend lines for each Ab range. Regressions, rank
correlation coefficients, p-values, and coefficients of determination are given (highlighted in the color of the corresponding

range). Vertical black lines are 95% confidence intervals.

‘workers in manufacturing, transportation, and ag-
riculture’; and ‘schoolchildren and students’. In the
adjusted groups, the state of collective immunity was
assessed by serological levels (Nc, RBD, CS) (Fig. 7).

Complete seropositivity among healthcare workers
(99.3%; 95% CI: 98.9—99.6) was significantly higher,
and among pensioners (96.4%; 95% CI. 94.7—97.7)
significantly lower, than the cohort average (p < 0.05).
Regarding Nc Abstatus, the lowest seroprevalence val-
ues were observed in the groups ‘manufacturing, ag-
riculture, transportation’ (87.6%; 95% CI: 81.3—92.4)
and pensioners (88.8%; 95% CI: 86.1-91.1). The dif-
ferences were significant (p < 0.05) relative to cohort
Nc seropositivity (92.8%; 95% CI: 92.1—-93.4). Unlike
other professional groups, Nc seroprevalence in the
group ‘schoolchildren and students’ (93.7%; 95% CI:
91.3-95.6) exceeded RBD seroprevalence (92.6%;
95% CI: 90.1-94.7), although insignificantly. This
coincided with similar data seen in the children’s
group with age analysis (Fig. 3). When determining
RBD seroprevalence levels, no significant differences
were found between professional groups.

Thus, analysis of the structure of SARS-CoV-2
collective immunity among Armenian volunteers
showed humoral responses in at least 90% regardless
of age, place of residence, or occupation. However,
this inevitably raises the question of the quantitative
distribution of SARS-CoV-2 Abs.

Quantitative analysis of IgG antibodies to Nc and
RBD by age

When assessing the quantitative content of Nc Abs,
it was found that only a small proportion of seroposi-
tive volunteers had very low Ab levels, 17—31 BAU/ml,

regardless of age (Fig. 8, Table 3S). The regression
curve in this group was described by a 3rd degree
polynomial of the form y = 0.13x3 — 0.34x> + 3.55x +
4.64. A slightly higher proportion seropositive in the
age group of 18—29 years, and slightly lower among
those aged 50—59 years, was not significant.

The largest share of seropositive individuals had
Nc Abs in the range 32—124 BAU/ml. The age dis-
tribution had a descending character described by
a linear regression of the form y = —1.43x + 30.1
The equation correctly described the real distribution
with a coefficient of determination R = 0.80. In other
words, higher Nc Ab titers were accompanied by: an
increase in the proportion of seropositive individuals
aged 1—17 years, which amounted to 26.6% (95% CI:
23.3—30.1); and a decrease in the 70+ group to 20.8%
(95% CI: 18.1—-23.8). The differences were not sta-
tistically significant. However, the trend was statis-
tically significant with a rank correlation coefficient
of —0.90 at p < 0.01.

Higher Nc Ab levels in the range 125—332 BAU/
ml did not change the form of the regression depend-
ence, but led to a slight decrease in the equation’s co-
efficient: y = —0.92x + 26.1. The regression line be-
came flatter, the slope decreased to —1.0, and the co-
efficient of determination became 0.64. The rank
correlation coefficient was —0.81 (p < 0.025).

In volunteers with Nc Ab levels in the range 333—
666 BAU/ml, the shares of seropositivity were distrib-
uted almost evenly across all age groups. The regres-
sion was a horizontal line (tgoe = —0.2), described by
the equation y = —0.05x + 18.83. Coefficients of rank
correlation and determination varied within 0.08 and
0.007, respectively (p > 0.1).
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Upon reaching the maximum Nc Ab level
(> 667 BAU/ml), the trend line for interage distribu-
tion of seropositivity transformed into an s-shaped
3rd degree polynomial curve described by the equa-
tion: y = 0.51x® + 5.76x> — 16.15x + 26.30. Several
regions were clearly distinguishable on the regres-
sion curve: a depression among volunteers aged
18—29 years; a significant increase in the proportion
of seropositive individuals aged 50 to 69 years; fol-
lowed by a downward trend in the group 70+ years old
(Fig. 8, Table 3S). The rank correlation was 0.76 (p =
0.05), and the determination coefficient was 0.98.

During analysis, seroprevalence distribution fea-
tures were noted depending on age and plasma RBD
concentration (Fig. 9, Table 4S). The minimum share
of seropositivity was noted among individuals with
RBD Abs in the range of 22.6—220 BAU/ml. The re-
lationship between volunteer age and RBD seroposi-
tivity was described by the linear regression equation
y = —2.10x + 29.30, with a determination coefficient
R? = 0.72. As with Nc, the largest proportion of se-
ropositive individuals with this RBD Ab level was
found in the age group 1—17 years old (28.8%; 95%
CI: 25.4-32.4). This proportion continuously de-
creased with increasing age, with an angular coeffi-
cient of 1.7. In the 50—59 age group, it reached 14.0%
(95% CI: 11.9—16.3). By 70+ years, it increased by 6%
to 20.4% (95% CI: 19.4-21.4; p < 0.05). The noted
decrease was not accidental; the rank correlation co-
efficient was —0.85 (p < 0.025).

A similar relationship was found in the group of in-
dividuals with RBD Ab levels of 220—450 BAU/ml.
Only the numerical values of the coefficients a and b
changed. The coefficient of determination increased
t0 0.93, and the value of the rank correlation coefficient

became —0.96 (p < 0.001). The main trend remained
unchanged: a decrease in the proportion of seroposi-
tive individuals on the x-axis (ages from 1—17 to 70+),
with a slope equal to —2.95. The correlation coefficient
for these groups was —0.96 (p < 0.01).

Achievement of maximum RBD Ab levels
(> 450 BAU/ml) was accompanied by a trend change
from negative to positive. The linear regression was
transformed into a 2nd order polynomial (y = —0.87x>+
18.10x + 22.13), while the coefficient of determination
increased to 0.92. The observed change in the regres-
sion curve was also not random; the rank correlation
coefficient was 0.92 (p < 0.01).

Analysis of RBD Ab levels showed (Fig. 9) that,
in 34.8—66.9% of seropositive volunteers of differ-
ent ages, levels exceeded 450 BAU/ml (the upper
threshold of the test system). Among persons from 1
to 39years of age, the proportion of individuals with
maximum RBD Ab levels was significantly below

CoviVac, 0.7%
BNT 16202, 2.0%
mRNA 1273, 9.0% X

Others, 0.1%

Sinopharm/BIBP, 32.4%

CoronaVac, 12.5%

Gam-COVID-Vac, 21.0%
~ AZD 1222, 22.3%

Figure 10. Vaccine usage structure in Armenia
by share

Note. Others — the volunteer could not recall the name
of the vaccine received.
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Figure 12. Vaccination coverage by age group

the cohort mean of 54.2% (95% CI: 52.9-55.5) at
p < 0.05. In groups older than 40 years, the propor-
tion of individuals with high RBD Ab levels (220—
450 BAU/ml) was significantly higher than among
volunteers aged 1 to 39 years (p < 0.05—0.001).
A question arises: Do RBD Ab levels in older indi-
viduals (40—69 y.o.) reflect increased intensity of im-
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Figure 13. Distribution of the main vaccine types
by age

Note. The group ‘Other’ combines the shares of individuals
vaccinated with vaccines not shown (BNT162b2, mRNA-1273,
EpiVacCorona, CoviVac, unknown).

munity formed in response to more frequent contact
with the pathogenic agent? This cannot be ruled out,
but the question requires a special study.

Vaccination of volunteers

Vaccination of Armenian residents was carried
out with a wide range of eight vaccines (Fig. 10).
The Sinopharm/BIBP (inactivated whole-virion) vac-
cine was used most frequently, accounting for 32.4%
(95% CI: 31.1-33.8). AZDI1222 vaccine (22.3%) oc-
cupied 2nd place (10% lower usage). Gam-COVID-
Vac was used slightly less frequently (21.0%). In total,
these represented 75.7% of vaccinations (Fig. 10).
The remaining vaccines accounted for 24.3%.

According to official data, about 38.1% of resi-
dents were vaccinated (Fig. 2) as a result of the vacci-
nation campaign in the RA (as of April 2022). In the
study cohort, the proportion vaccinated exceeded
70%. This is primarily due to the greater involve-
ment of medical workers in the study, whose propor-
tion in the cohort exceeded 30.0%. A second factor
that likely influenced the high vaccination coverage
in the cohort could be a greater interest in participa-
tion among vaccinated individuals wishing to clarify
the status of their post-vaccination immunity. Such
a pattern was noted in the surveyed cohort, where
the share of fully vaccinated medical workers was
95.0% (95% CI: 94.1-95.9); this was significantly
higher than in other professional groups (p < 0.01).
Second place in terms of immunization coverage
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Figure 14. Share of completely vaccinated volunteers by region (as of 16/04/2022)
Note. The x-axis indicates region. Yerevan was considered like a region.

were civil service and office workers, among whom
87.3% (95% C1: 83.3—90.6) indicated a history of vac-
cination in the questionnaire (Fig. 11).

Among other active, working-age population
groups, there was a slightly lower predisposition
to vaccination among those from industrial enter-
prises (manufacturing, transportation, agriculture)
to education workers. Lower vaccination coverage,
reaching significance, was noted among pension-
ers and the unemployed (p < 0.01). Unsurprisingly,
the lowest vaccination coverage was found among
schoolchildren and students, 13.3% (95% CI: 10.6—
16.5). This can apparently be explained by a certain
prejudice against SARS-CoV-2 vaccination of chil-
dren or adolescents in some strata of society. When
assessing the age distribution of those vaccinated
(Fig. 12), clear differences in vaccination level were
seen. This partially explains the quantitative distri-
bution of RBD Abs shown in Figure 9.

Inthe study cohort, the total vaccinated were 4395,
or72.6% (95% CI1:71.5—73.7). In the children’s group,
this indicator was expectedly the lowest, 6.7% (95%
CI: 4.9-8.9). Among adults, it increased to 80.8%
(95% CI:79.7—81.8). Maximum vaccination coverage
values were noted in the groups 40—49 y.o. (86.9%;
95% CI: 84.6—89.0) and 50—59 y.o. (88.8%; 95% CI:
86.7—90.7). Values were somewhat less among 18—29
y.0. (70.2%; 95% CI 66.7—73.6) and volunteers over
70 (72.7%; 95% CI: 69.5—75.7). The differences were
significant (p < 0.05). With regard to specific vaccine
types, the Chinese Sinopharm/BIBP inactivated
vaccine was most frequently indicated by volunteers
(Fig. 13). The majority of adult volunteers received
this vaccine (32.6%; 95% CI: 31.2—34.0). Sinopharm
was administered to children only in selected cases
(13.3%; 95% CI: 5.1-26.8).

The AZD1222 vaccine and the Gam-COVID-Vac
family of vaccines (Sputnik V, Sputnik Light) were
less actively used. Total vaccination coverage with
vector vaccines was equal to, or in some cases slightly
more than, that of inactivated vaccines. The mRNA-
1273 vaccine was used least often. However, it was
used in 37.8% (95% CI: 23.8—53.5) of child vaccina-
tions (Fig. 13).

Analysis of volunteer vaccination by Armenian
region did not reveal significant differences (Fig. 14).
Slightly higher values were noted in the Vayots Dzor
region; the lowest were in the Kotayk region. Regional
differences did not reach statistical significance.

When assessing the regional distribution of vac-
cines by platform type (inactivated whole-virion, vec-
tor, mRNA), the picture changed markedly (Fig. 15).

The distribution of volunteers receiving whole-
virion preparations showed that inactivated vac-
cines prevailed in two of the eleven regions: Yerevan
(the capital) and the Tavush region. In Yerevan, this
predominance turned out to be significant (p < 0.01).
In the rest of Armenia, vector vaccines were more
popular, accounting for 40.34% (95% CI:. 35.55—
45.27) of the total vaccinated population. It should
be noted that in 6 out of 11 regions, vector vaccines
significantly prevailed over whole-virion types (p <
0.05). As for mRNA vaccines, their share was only
8.31% (95% CI: 5.83—11.42), hardly enough to have
any significant impact on the level of post-vaccina-
tion immunity.

When summarizing the results, it can be seen
that vaccination coverage turned out to be relatively
uniform in terms of age, regional, and occupational

Syunik region

Ararat region Yerevan city

Armavir region Tavush region

Kotayk region Shirak region

Loriregion * o Gegharkunik region

Vayotsdzor region Aragatsotn region

=== MRNA

==Q==_|nactivated eee@eee \ector

Figure 15. Regional distribution of vaccine
usage (%) by production platform
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characteristics. Among medical workers, however,
the share vaccinated was significantly higher. When
grouping vaccines by platform, vector vaccine pre-
dominance was noted in nine out of eleven Armenian
regions. Yerevan and, to a lesser extent, Tavush re-
gion, were exceptions wherein inactivated whole-vi-
rion vaccines dominated.

Structure of post-vaccination specific humoral
immunity

The results obtained, especially distributions with
vaccines combined into separate platform categories,
raised the inevitable question: Does the structure
of elicited specific humoral immunity depend on plat-
form (inactivated whole-virion, vector, mRNA)?
The question stems foremost from the antigenic
structure of the specific preparations. Inactivated
whole-virion vaccines contain the entire spectrum
of SARS-CoV-2 antigens, whereas vector and, espe-
cially, mRNA preparations contain only spike protein
components or even RBD antigens [22]. With this
in mind, we analyzed the structure of humoral immu-
nity formed in response to usage of each vaccine type.

Table 3. Structure of SARS-CoV-2 Ab
seroprevalence among volunteers immunized with
inactivated whole-virion vaccines (Sinopharm/

As expected, the effect of the inactivated Sinopharm/
BIBP vaccine containing all viral antigens was forma-
tion of a complete immune response (Table 3).

The vast majority of volunteers responded to vac-
cination with the formation of a full-fledged humoral
immune response. Of the total cohort who completed
immunization with inactivated whole-virion vac-
cines, the proportion Nc seronegative was 3.9% (95%
CI: 3.1-4.9). Only 1.2% (95% CI: 0.8—1.8) of volun-
teers did not develop specific Abs upon immuniza-
tion. Assessment of response distribution (shares
of individuals positive for one or both antigens) in-
dicates formation of a full-fledged immune response
in the overwhelming number of vaccinated (Fig. 16).

A different predisposition of volunteers to vac-
cination was revealed with the vector vaccines
AZDI1222 and Gam-COVID-Vac. Their total share
was 43.3% (95% CI: 41.8—44.8) (Table 4).

In response to the use of vector vaccines, the pro-
portion Nc seropositive volunteers decreased sig-
nificantly, while the proportion Nc seronegative
increased significantly (p < 0.001, both cases).

Table 4. Structure of seropositivity among
volunteers (n = 1902) immunized with the vector
vaccines AZD1222 or Gam-COVID-Vac (Sputnik V,
Sputnik Light)

BIBP, CoronaVac, CoviVac; n =2004)

Number Nc+ Number Nc- Total
% (95% ClI) % (95% CI) % (95% ClI)
1886 55 1941
RBD+ 94.1% 2.7% 96.9%
(93.0-95.1) (2.1-3.6) (96.0-97.6)
39 24 63
RBD- 2.0% 1.2% 3.1%
(1.4-2.6) (0.8-1.8) (2.4-4.0)
1925 79
Total 96.1% 3.9% fgg;‘
(95.1-96.9) (3.1-4.9) °
94.1% Nc: 96.1%

Number Nc+ Number Nc- Total
% (95% CI) % (95% CI) % (95% CI)
1675 161 1836
RBD+ 88.1% 8.5% 96.5%
(86.5-89.5) (7.2-9.8) (95.6-97.3)
42 24 66
RBD- 2.2% 1.3% 3.5%
(1.6-3.0) (0.8-1.9 (2.7-4.4)
1717 185
Total 90.3% 9.7% 11385
(88.8-91.6) (8.4-11.1) °
Nc: 90.3%*

Figure 16. Structure of seropositivity (RBD,

Nc) following completion of immunization with
inactivated vaccines

Note. Right and left circles represent individuals seropositive
for the Nc or RBD antigens, respectively. The central zone
represents double-positive individuals (positive for both
antigens).

Figure 17. Structure of seropositivity (RBD, Nc)
following completion of immunization with vector
vaccines

Note. Right and left circles represent individuals seropositive
for the Nc or RBD antigens, respectively. The central zone
represents double-positive individuals (positive for both
antigens). An asterisk indicates significantly lower compared
to results with inactivated vaccines (Fig. 16).
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Simultaneously with the decrease in the share Nc+,
the percentage of double-seropositive (Nc+RBD+)
volunteers decreased significantly (p < 0.001).
The share of RBD+ practically did not change. This
structure is likely due to the presence of only RBD
antigen in the vector preparations. This is clearly seen
when comparing Figures 16 and 17.

The proportion of volunteers immunized with
mRNA vaccines was the smallest, amounting to only
11.1% (95% CI: 10.0—12.0) (Table 5).

The immune response to mRNA vaccines was
characterized by a further decrease in the propor-
tion of Nc+RBD+ double-seropositive volunteers
(Table 5). Indeed, in response to whole-virion
vaccines, 94.1% (95% CI: 93.0-95.1) of individu-
als were double-seropositive. After immunization
with mRNA vaccines, it decreased to 86.3% (95%
CI: 83.0—89.3) at p < 0.0001. This is foremost due
to a significant decrease in the proportion of people
with an Nc antigen response (p < 0.0001). This is ex-
pected since mRNA vaccines contain only mRNA
encoding spike protein antigens [22]. Naturally, there
were no grounds to expect a decreased RBD antigen
response (Fig. 18).

The data presented in this section confirm the cur-
rent view that the antigenic composition of any vac-
cine is a determining factor in its effectiveness. Thus,
the maximum immune response in our studies was
obtained in response to whole-virion inactivated vac-
cines, in contrast to vector and, especially, mRNA
preparations.

Discussion

The conducted cross-sectional, randomized
study showed that by mid-April 2022, the total
SARS-CoV-2 seroprevalence in the Armenian popu-
lation included in the study reached 98.4% (95% CI
98.1-98.7). This significantly exceeds the previously
postulated threshold beyond which epidemic spread
of a pathogenic virus stops [18, 22]. As expected,
statistics provided by global sources show that after
15/04/2022, COVID-19 incidence in the RA de-
creased to almost zero, manifesting only in the form
of individual sporadic cases in the subsequent peri-
od[3, 6, 12, 17].

Seropositivity values for individual Abs in men
were: 92.8% to Nc (95% CI: 92.1-93.4) and 94.9%
to RBD (95% CI: 94.3—95.4). Seropositivity among
women was significantly higher than in men: Nc
Abs — 93.4% (95% CI: 92.7—94.1) and RBD Abs —
95.8% (95% CI: 95.2—96.3). At the time of the study,
there were no differences among volunteers by age or
occupational status. Seroprevalence structures (Nc,
RBD) also did not show any significant differences
among volunteers by region of residence (Fig. 19, see
cover II).

When assessing quantitative plasma Ab content,
it was found that among Nc+ volunteers, Ab levels

below 17 BAU/ml were found in less than 10% of in-
dividuals. The remaining volunteers were evenly dis-
tributed over different serological intervals in almost
all age groups. In volunteers of different ages, RBD
Ab levels exceeded 450 BAU/ml (the upper sensitiv-
ity threshold of the test system) in 35—67% of cases.
In the group older than 40 years, the proportion
of such persons was significantly higher than among
persons from 1 to 39 years old (Fig. 8, 9).

It can be assumed that such a high level of col-
lective immunity is determined by several significant
factors. Firstly, 422 900 people (22.3% of the popu-
lation) fell ill with overt COVID-19 during the pan-
demic [3, 6, 12]. Secondly, active vaccination played
a role, thanks to which the total number immunized
in the RA amounted to 1.1 million individuals or
38.1% of the population. In total, this amounted
to 60.5%, enough to significantly impede the epi-
demic process [9, 18].

In the study cohort of adult volunteers, the pro-
portion vaccinated was 80.8% (95% CI 79.7—81.8).
The maximum vaccination coverage was observed
among persons 40—49 years old (86.9%; 95% CI:

Table 5. Structure of seropositivity among
volunteers (n = 485) immunized with the mRNA
vaccines mRNA-1273 or BNT162b2

Number Nc+ Number Nc—- Total
% (95% ClI) % (95% CI) % (95% CI)
419 47 466
RBD+ 86.3% 9.7% 96.1%
(83.0-89.3) (7.2-12.6) (93.9-97.6)
15 4 19
RBD- 3.1% 0.8% 3.9%
(1.7-5.1) (0.2-2.1) (2.4-6.1)
434 51
Total 89.5% 10.5% 1‘8%52/
(86.4-92.1) (7.9-13.6) °
86.3%* Nc: 89.5%"

Figure 18. Structure of seropositivity (RBD, Nc)
following completion of immunization with mRNA

vaccines

Note. Right and left circles represent individuals seropositive
for the Nc or RBD antigens, respectively. The central zone
represents double-positive individuals (positive for both
antigens). An asterisk indicates significantly lower compared
to results with inactivated vaccines (Fig. 16).
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84.6—89.0) and 50—359 years old (88.8%; 95% CI:
86.7—90.7). The minimums were among those 18—
29 years old (70.2%; 95% CI: 66.7—73.6) and those
70+ (72.7%; 95% CI: 69.5—75.7) (Fig. 11). Among
occupational groups, healthcare workers were almost
completely vaccinated (95.0%; 95% CI: 94.1-95.9)
(Fig. 12).

The whole-virion, inactivated Sinopharm/BIBP
vaccine prevailed in the structure of vaccines used,
with a share of 32.4%. CoronaVac and CoviVac
were used less frequently (12.5% and 0.7%, respec-
tively). In total, these designs amounted to 45.6%.
In second place were the vector vaccines AZDI1222
and Gam-COVID-Vac (Sputnik V, Sputnik Light),
together accounting for 41.3%. Vaccines on the
mRNA platform (mRNA-1273, BNT162b2) were
used for immunization in 11% of cases. Whole-virion
inactivated vaccines and vector vaccines were used
for immunization mainly in the adult population,
while the mRNA-1273 vaccine was more often used
in children (Fig. 13).

All vaccines used were characterized by high ef-
ficiency in relation to the production of RBD Abs,
96.6% (95% CI: 96.1—97.1). Nucleocapsid Ab sero-
prevalence depended on the type of vaccine received.
This indicator was higher with whole-virion vaccines
(96.0%; 95% CI: 95.1-96.8), compared to vector vac-
cines (90.2%; 95% CI: 88.9—91.5), mRNA vaccines
(89.5%; 95% CI: 86.4—92.1), or unvaccinated volun-
teers (90.2%; 95% CI: 88.7—91.6). The presence of Nc
Abs in individuals immunized with vector or mRNA
vaccines indicates that about 90.0% of such volun-
teers had likely experienced COVID-19 or perhaps
asymptomatic infection.

The results show that the adaptive humoral im-
munity of volunteers, formed in response to the use
of various vaccines of different origin, had a number
of differences. After completion of full immuniza-
tion, inactivated vaccine usage resulted in the larg-
est proportion of double-seropositive individuals
compared with other preparations (differences sig-
nificant, p < 0.001). The lowest proportion of dou-
ble-seropositive individuals was noted with usage
of the mRNA-1273 preparation. This is likely re-
lated to a lower share of Nc+ individuals, which was
significantly different when using vector or mRNA
vaccines versus inactivated whole-virion prepara-
tions. It should also be noted that the vaccines used
generated the same proportions of RBD seroposi-
tive. The reason for the noted features seems to be
that inactivated vaccines contain the maximum set
of viral antigens by design, unlike vector or especial-
ly mRNA preparations [22].

Conclusion

The results obtained indicate that the collective
immunity of the Armenian population was close
to 100% at the time of the study. There were no strong

correlations with volunteer age, occupational status,
or regional affiliation. Seropositivity was a hybrid
phenomenon resulting from both a high number
of convalescents and high vaccination coverage [4].
In almost 90.0% of volunteers, serological status
reflected the simultaneous presence of antibodies
to both antigens (Nc, RBD). Double positive status
was understandably highest in convalescents who
had received whole-virion vaccines at some point.
It can be stated that the population of the Republic
has reached the maximum level of collective immu-
nity, a necessary prerequisite for stopping the epi-
demic spread of COVID-19.

Limitations of the study

The authors would like to note several factors that
could affect the representativeness of the sample or
the analytical results. Despite the fact that the infor-
mation campaign was carried out as widely as possi-
ble for the population (state television channels, news
sites, Facebook), there is a problem of limited internet
access for parts of the rural population. In addition,
residents who are more responsible for their health
and the health of their loved ones (primarily women
and healthcare workers) are more likely to take part
in studies of this kind. Healthcare workers feature
heightened awareness due to frequent contacts with
COVID-19 patients. Since the study included an as-
sessment of post-vaccination immunity, vaccinated
residents were also more interested in participating.
As such, the volunteer cohort’s vaccination coverage
was likely significantly higher than the national aver-
age. These factors may have resulted in greater rep-
resentation of women, healthcare workers, and vac-
cinated residents.

Supplementary materials

Table 1S. Volunteer Questionnaire; Table 2S.
Distribution of volunteers by occupation; Table 3S.
Age distribution of seropositive volunteers by quan-
titative Nc Ab content; Table 4S. Age distribution
of seropositive volunteers by quantitative RBD Ab
content; Table 5S. Age distributions for the main vac-
cine types used. Tables are available at: http://dx.doi.
org/10.15789/2220-7619-SCI-2450.
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Pestome. Lenb uccinenoBanuss — pa3paboTka MeTOMa AJIsl BRISIBACHUS ITaMMOB Mycobacterium tuberculosis, oTHOCSI-
LIMXCS K BBICOKOJIETAJIbHOMY, TUTIEPBUPYJICHTHOMY U MYJIbTUPE3UCTEHTHOMY KJacTepy Beijing 14717-15 u ero mpume-
HEHUeE [J151 CKpUHUHTA PETPOCIEKTUBHBIX KOJIEKUMI M. tuberculosis 3 pa3nuuHbiX peruoHoB Poccuu. M3yyeHHas
Koyutekus Bkiatovanaa oopasusl JHK M. tuberculosis, cobpaHHble B pe3yabTaTe MOMYJSILIMOHHBIX UCCIAEI0BAHUIA.
CrnonuroTunupoBaHue U TEHOTUNTUPOBaHUE 24 JTOKYCOB BapuabeabHOTO YKCIa TAHAEMHBIX TTOBTOPOB MPOBOAMIIN
MO CTaHAAPTHBIM MpoToKoaaM. PuaoreHeTHYeCKUid aHAIU3 TIPOBOAMIN HA OCHOBE JAHHBIX MOJHOTEHOMHOTO CEK-
BeHupoBaHus. [Tonumopdusm B reHoMHo# mo3uiiuu 2423040 A > G, cieunduyeckuii nis Kiaactepa Beijing 14717-15
(cornacHo HomeHkJIaType MIRU-VNTRplus.org), BeisiBisiiu ¢ ucnoib3oBanueM metona [T P-TTJJP® u pecTpukTasbl
Hhal. ITposenenHbIit 6roMHOOPMALIMOHHBIN U (PUIOTEHETYECKUI aHAINU3 JAHHBIX TOJTHOTEHOMHOTO CEKBEHUPO-
BaHU 205 TaMMOB paHHEH IpeBHEl cyommHny reHotuna Beijing M. tuberculosis Toka3a, 9T0 IITaMMBI C TPOGUIEM
VNTR 14717-15 u 61u3kue eMy TpynInupoBaIuCh B MOHO(DUIETUYECK Ui KTacTep PONCTBEHHBIX IITAMMOB, KOTOPBIIA
Mbl onpenenunu kak Beijing 14717-15-knactep. Cpenu SNP, cneunduunbix nsa kiaacrepa 14717-15, Mbl BbIOpaiu
(yukumonansHo HeliTpanbHBI SNP B reHoMHoit mo3umun 2423040 A > G (Rv2161c Val33Ala) u pa3paboTaim METO.
ero netekuuu B popmare [T P-TTAP®. [lanee 3ToT MeTo ObLI TPUMEHEH 151 CKpuHUHTa KoJutekuit JHK u3 peru-
oHoB EBporneiickoit u Azuarckoii yacteit Poccuu u ctpaH A3uu. Pe3yabTaTsl 1eMOHCTPUPYIOT TPUCYTCTBUE ITAMMOB

Appec pnsi nepenucku:

Mokpoycos Nropb Bnagmcnasosuy

197101, Poccus, CankT-MeTepbypr, yn. Mupa, 14,

DBEYH HUW annaemuonorum n mukpobuonorum nm. Mactepa.
Ten.: 8 (812) 644-63-80.

E-mail: imokrousov@mail.ru

Contacts:

Igor V. Mokrousov

197101, Russian Federation, St. Petersburg, Mira str., 14,
St. Petersburg Pasteur Institute.

Phone: +7 (812) 644-63-80.

E-mail: imokrousov@mail.ru

[ns uuTupoBaHus:

Mokpoycos W1.B., Basosas A.A., bBagneesa M.B., TepacumoBa A.A.,
Benononbckas O.6., Mawapckuii A.9., KocTiokosa 1.B., XpaHosa C.H.,
Mypapucosa P.C., ABazaHuii U., ConobeBa H.C., Hait3abaera [.A.,
Ckuba lO.A., Xypasnes B.10., MaceyHuk O.A., Orapkos O.5. MonekynspHas
netekuus 1 gunoreorpadus runepeupyneHTHoro cybtuna Mycobacterium
tuberculosis Beijing 14717-15 // Undekums n ummynnTeT. 2023. T. 13, Ne 1.
C. 91-99. doi: 10.15789/2220-7619-MDA-2082

Citation:

Mokrousov 1.V, Vyazovaya A.A., Badleeva M.V., Gerasimova A.A.,

Belopolskaya O.B., Masharsky A.E., Kostyukova |.V., Zhdanova S.N.,
Mudarisova R.S., Avadenii l., Solovieva N.S., Naizabayeva D.A., Skiba Yu.A.,
Zhuravlev VYu., Pasechnik O.A., Ogarkov O.B. Molecular detection and
phylogeography of the hypervirulent subtype of Mycobacterium tuberculosis
Beijing 14717-15 // Russian Journal of Infection and Immunity = Infektsiya
iimmunitet, 2023, vol. 13, no. 1, pp. 91-99. doi: 10.15789/2220-7619-MDA-2082

Pabora BbinonHeHa npu nosaepxke Poceuiickoro HayyHoro ®oxga (rpaHT 19-14-00013).
This work was supported by the Russian Science Foundation (grant 19-14-00013).

© Mokpoycos W.B. n coasr., 2023

DOI: http://dx.doi.org/10.15789/2220-7619-MDA-2082

Cratbst focTynHa no nuueHauu Creative Commons Attribution 4.0
The article can be used under the Creative Commons Attribution 4.0 License

91



W.B. MokpoycoB 1 ap. MHdekumns n uMmyHuTeT

kjaacrepa Beijing 14717-15 Tonbko B Azuatckoii yactu Poccuu ¢ nukom B Bypsitun (18%). Takum o6pa3oM, HaMu pa3-
paboTaH METOJ AETEKLIMU TUTIEPBUPYJIEHTHOIO U BLICOKOJIETAIbHOTO FreHETUUeCcKOro Kaactepa M. tuberculosis Beijing
14717-15 Ha ocHOBe BBISIBJICHUS crienbuueckoin MyTauuu B rede Rv2161c ¢ momompio ITLP ¢ mocnenyromeit Hhal-
pectpukuueit mpoaykTa [TLP u anexTpodope3oM B arapo3HOM TeJfie 451 IUCKPUMUHAIIMY AUKOTO U MyTaHTHOTO aJl-
neneit. [IpenmyiecTBaMu MpeajiaraeMoro crocoda sBAsSOTCS ObICTPOTA, POCTAsk U ONHO3HAYHASI MHTEPIIpeTaLl s
PE3yJabTaTOB, BO3MOXHOCTD BBISIBJICHUS KOHTAMUHAIIMY U MUKCT-UHGEKINHU, TPUTOTHOCTS TSI TIPOM3BOAUTEIBHO-
ro aHaJau3a OOJBIINX KOJIIEKIIUI ITaMMoB M. tuberculosis.

Karoueesnie caosa: Mycobacterium tuberculosis, noanoeeHomHoe cekeeHuposanue, 6uUpyieHmHocmsy, eenomun Beijing, mHodcecmeennas
NeKaAPCMBeHHAs YCMOUYUBOCMb.

MOLECULAR DETECTION AND PHYLOGEOGRAPHY OF THE HYPERVIRULENT SUBTYPE

OF MYCOBACTERIUM TUBERCULOSIS BEIJING 14717-15

Mokrousov 1.V.2, Vyazovaya A.A.?, Badleeva M.V.?, Gerasimova A.A.?, Belopolskaya O.B.c, Masharsky A.E.¢,
Kostyukova 1.V.Y, Zhdanova S.\N.¢, Mudarisova R.S.?, Avadenii I.>f, Solovieva N.S., Naizabayeva D.A. %",
Skiba Yu.A.%, Zhuravlev V.Yu.!, Pasechnik O.A., Ogarkov O.B.!

@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
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Abstract. Aim. To develop a method for detecting Mycobacterium tuberculosis strains belonging to highly lethal,
hypervirulent, multidrug-resistant Beijing 14717-15-cluster to be applied to screen for M. tuberculosis retrospective
collections obtained from various regions of Russia. The collection included M. tuberculosis DNA samples obtained
during population studies. Spoligotyping and genotyping of 24 variable number tandem repeats loci were performed
according to standard protocols. Phylogenetic analysis was based on the whole genome sequencing data. Polymorphism
at the genomic position 2423040 A > G, specific for the Beijing 14717-15 cluster, was detected using PCR-RFLP and
Hhal restriction enzyme. The bioinformatic and phylogenetic analysis of whole genome sequencing data for 205 strains
of the early ancient sublineage of the M. tuberculosis Beijing genotype showed that strains with the VNTR 14717-15 profile
(according to MIRU-VNTRplus.org) and those close to it were grouped into one monophyletic cluster of related strains,
which we defined as Beijing 14717-15-cluster. Among the SNPs specific for the 14717-15 cluster, we chose a functionally
neutral SNP at the genomic position 2423040 A > G (Rv2161c Val33Ala) and developed a method for its detection in the
PCR-RFLP format. Next, we applied this method to screening DNA collections from the regions of the European and
Asian parts of Russia and Asian countries. The data demonstrate the presence of strains of the Beijing 14717-15 cluster only
in the Asian region of Russia peaking in Buryatia (18%). We have developed a method for detection of the hypervirulent
and highly lethal genetic cluster M. tuberculosis Beijing 14717-15 based on detection of the specific mutation in the
Rv2161c gene using PCR followed by Hhal restriction of the PCR product and agarose gel electrophoresis to discriminate
between wild-type and mutant alleles. The advantages of the proposed method are the speed, simple and unambiguous
data interpretation, opportunity to detect contamination and mixed infection, suitability for efficient analysis of large
collections of M. tuberculosis strains.

Key words: Mycobacterium tuberculosis, whole genome sequencing, virulence, Beijing genotype, multidrug resistance.

BeepneHnue

IMTaroGuosiorust mramma (yCTOMUYMBOCTh K aH-
TUOMOTUKAM, BUPYJEHTHOCTb, BBIXKUBAaeMOCTb,
MMMYHOTEHHOCTB) SIBJISIETCS KJIIOUYEBBIM (ak-
TOpOM (OPMUPOBAHUS CTPYKTYPHI TTOMYISIIIUKA
Mycobacterium tuberculosis, koTopasi, B CBOIO OYe-
penb, ompenesseT SNUIEMUYECKYIO CUTYyallnio
noTyoepkynesy. KnuHuuyeckasi 3HQUMMOCTb CTPYK-
Typbl nonyasiuuu M. tuberculosis COCTOUT B TOM,
YTO OTAEJIbHBIE TE€HETUYECKHE BapUaHThl MMEIOT

OoJiblllee KJAMHUYECKOE W/UJIM DBIUAESMUOJIOTU-
YecKoe 3HavyeHwue, yeM apyrue. Bum M. tuberculosis
BKJIIOUAET HECKOJIbKO KPYIHbBIX (DUIOTEeHETHYEC-
KMX JUHUMN, U TeHoTuln Beijing (OCHOBHOII KOM-
NMOHEHT BoOCTOYHO-A3MAaTCKON JNUHUM) SIBISIETCS
OJIHUM M3 HauboJjiee M3y4YeHHHBIX [6, 9, 11]. [eHoTUIT
Beijing pa3nensiioT Ha 1Be BETBU WUJIU CYOJUHUU —
oosee reTepOreHHYIO NPeaKOBYO/IPEBHIOIO
M 3BOJIIOIIMOHHO 00JIee MOJIOAYI0 COBPEMEHHYIO.
Ipenpiaynire uccaeqoBaHus MOKa3ain CBsI3b CyO-
JuHuM Beijing ¢ pa3auM4YHBIMU MATOJOTUYECKUMU
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U KJIMHUYECKUMU MPOSIBICHUSIMU, KOTOPbIE BIU-
SIIOT Ha TPAHCMUCCHUBHOCTb KOHKPETHBIX IIITAMMOB
B UeJIOBEUECKUX Monyasalusax. B paMmkax reHoTumna
Beijing ero npeBHUE U COBpEeMEHHbIE ITAMMBI pa3-
JINYAIOTCS MO BUPYJIEHTHOCTH, YTO TaKKe YaCTUY-
HO 3aBUCUT OT MPOUCXOXIECHUS IITaMMa.
CoBpeMeHHass CyOJMHUSI  pacrpocTpaHeHa
MO0 BCEMY MUPY U BKJIIOYAET HECKOJBKO XOPOIIO
M3BECTHBIX BMUAEMUYECKUX UM SHIAEMUYECKUX
FeHeTUYEeCKMX KJIacTepoB IITaMMoOB. HampoTus,
IITaMMbl ApeBHell cyOJuHUM TeHoTula Beijing
peako BCTpeyaroTcss 3a mnpeneiamu BocTtouHoit
Azuu. HegaBHO nBa reHETUUYECKUX KJlacTepa 3TOM
cyOoiMHUM OBbITM OOHapyXeHbl B a3MaTCKOW 4Yac-
™ Poccuu (tunbsr 1071-32 u 14717-15, cornacHo
HoMmeHkJaType pecypca MIRU-VNTRplus.org),
1 oba ObLJIM acCOLMUPOBAHBI C MHOXECTBEHHOU

JeKapCcTBeHHOU ycTtoituuBocThio (MJIY) [14].
TTosioxxeHWe AaHHBIX KJIAaCTEPOB B paMKax IJIO-
OaJibHOI (pusoreHun reHoruna Beijing mokazaHo
Ha puc. 1. OguH u3 KjaacTepoB, 0003HAYEHHbIN KaK
1071-32, oTHOCUTENIBHO pacipocTpaHeH B OMcCKe,
Cubupsb (7%), n BcTpedaeTcst CIIopaauuecKy B pa3-
HbIX peruoHax Poccum c cepeanumubl 1990-x rr.,
TaK>Ke ero eIMHUYHbIC N30Tl BBISIBJICHBI B Boc-
TouHoii u KOxHoii EBponie [15]. Bropoit ki1actep
14717-15 6611 0OOHApYXkeH TOJbKO B a3MaTCKOM Yyac-
T Poccuu, roe oH mokasaJl HapacTaloluii rpaau-
eHT ot 2,6% B OMcke, 3anagHasgs Cubups, 10 16%
B bypsituu, lanbHuit Boctok [13].

B MblIIMHONW MOIENM MITaMMBbI 3TUX KJacTe-
POB TMPOSIBUJIM TTPOTUBOIOJIOXHBIE cBOMcTBa [21].
Iramwm 396 (14717-15-knactep us bypsatuu, danb-
HHU1 BOCTOK) ITpMBOAMII K OYeHb BBICOKOI CMEpT-

ARD105 » Proto-Beijing
Beijing
Cy6nmHums|Sublineage Knacrtepel, reorpagus, ceorictsa
Mapkepsi| Markers Clusters, geography, features
ARD207 (" Pannuit apesnuii 1 14717-15 )
Early ancient 1 Cubupb 1 JansHuii BocTok.
intact RD181, MJTY/LLINY, runepBrpyneHTHbIN,
mutT4-48wt, BbICOKOJSIETaSIbHbIN
mutT2-58wt Siberia and Far East.
MDR/XDR, hypervirulent,
S highly-lethal )
4 N\
ARD181 »| PaHHMIi apeBHMit 2 1071-32
Early ancient 2 Poccusi n 6eiBmin CCCP.
ARD181, MJTY/LLTY, HN3KOBMPYNEHTHBIN,
mutT4-48wt, HU3KONeTanbHbIN
mutT2-58wt Russia and former USSR.
MDR/XDR, low-virulent, low-lethal
. J
mutT4 ,
ApeBHun
48 CGG>GGG Ancient
ARD181,
mutT4-48m,
mutT2-58wt
. N\
mutT2 CoBpeMeHHbI BO/W148
58 CGA>CGA Modern Poccus n 6biBLumnin CCCP (10-20%).
ARD181, TpaHcMuccueHolin, MJ1Y,
mutT4-48m, HEOLHOPOAHLIV MO BUPYNEHTHOCTH
mutT2-58m Russia and former USSR (10-20%).
Transmissible, MDR,
heterogeneous in virulence
Central Asian/Russian
Poccusi u 6eiBmin CCCP (20-50%).
«Menee» MJ1Y (4em BO/W148)
Russia and former USSR (20-50%).
\ «Less» MDR (than BO/W1438)

PucyHok 1. Cxema 3aBontouuu reHotuna Beijing Mycobacterium tuberculosis, Bknio4asi OCHOBHblIe

poccuiickue cyoTUMbI

Figure 1. Scheme of the evolution of the Beijing Mycobacterium tuberculosis genotype, including the main Russian

subtypes

93



W.B. MokpoycoB 1 ap.

MHdekumns n uMmyHuTeT

HOCTHU, OOJIblIeil MmoTepe Beca, Oojee BBICOKOM
0akTepuaJIbHOI Harpy3ke u 0oJiee TSIKEeJIOM MmaTo-
joruun Jierkux. CpaBHeHUE C ONMYyOJMKOBAaHHBIMU
JTAaHHBIMHU TI0 IPYTUM POCCUMCKUM BHUIeMUYEC-
ckuM mtammax reHotuna Beijing (B0O/W148, CAO,
Central Asian/Russian [1]), Toka3ajgo, 4To IITaMM
396 MPOJEMOHCTPUPOBAJI HAMBBICIIYIO CMEPT-
HOCTb, TAKMM 00pa3oM SIBJIsISICh HauboJee JeTallb-
HBIM (B MBIIIMHOW MOIEIN) POCCUNCKUM IIITaM-
MoM M. tuberculosis. IIpy 3TOM peTpOCHEKTUBHOE
ucciaeaoBaHue 60abHbIX B OMCKOI 00J1acTU MOKa-
3aJI0, YTO TPYIIa NallUeHTOB, MHPUINPOBAHHBIX
kJactepoM Beijing 14717-15, umena u camylo BbI-
COKYIO JOJIO JIETaJbHOTO MCXOAa MO CPaBHEHUIO
C ApyruMu rpynmamu [12].

— 6609 Omck | Omsk
100}

L 4259 Omck | Omsk
— 380 Bypsatua | Buryatia
54— 390 Bypsatusa | Buryatia

100
* — 362 Bypsarua | Buryatia

396 Bypstus | Buryatia

L—— SRR6256978 Bypatusa | Buryatia

361 Bypsartusa | Buryatia

SRR1049028 KR

100 SRR1048850 KR

SRR1049024 KR

63]

SRR1048978KR
100

SRR1049019KR

SRR1048854 KR

20

PucyHok 2. leHpporpaMma LUITaMMOB A pEBHEN
cy6nuHum redotuna Beijing us Poccum u Kopen,
NOCTPOEHHas Ha OCHOBE MOJIHOreHOMbix SNP

C UCNoJib30BaHUEM anropmTMa MakCMMasbHOro
npaegonoaoous

Figure 2. Dendrogram of strains of the ancient
sublineage of the Beijing genotype from Russia

and Korea, built on the basis of whole genome SNPs
based on the maximum likelihood algorithm
Mpumeyanue. BeTsb, BkOYaoLWas WwWraMmmbl Beijing
14717-15-knactepa, 0TMeveHa 3Be3404Kon. LLkana
nokaabiBaeT konnyectso SNP. Lindpbl KypcrBomM psaom

C y31amu nokasbiBatoT npoLeHT ByTcTpana. KR — Kopes
(B HOMEpE WTamMMma).

Note. The branch containing strains of the Beijing 14717-
15 cluster is marked with an asterisk. The scale shows

the number of SNPs. The numbers in italics next to the nodes
show the bootstrap percentage. KR — Korea (in the strain
number).

Ceityac CTaHOBUTCSI OYEBMIHBIM, UYTO TIpH
BHEAPEHUU TMEePCOHAJIU3MPOBAHHOIO JICYEHUS TYy-
OepkyJie3a clienyeT YYUThIBaTh HE TOJIBKO JieKap-
CTBEHHYIO YCTOMYUBOCTb, HO U BUPYJIEHTHOCTh
mrtamma M. tuberculosis, 4TO TpeOyeT pa3pabOTKU
METOJIOB OBICTPO# JAETEKIIMU 3HAYMMBIX TUIIEPBU-
PYJICHTHBIX TeHOBapuaHTOB. BbIsSIBIeHME IITAMMOB
kJactepa Beijing 14717-15 BO3MOXHO € UCIOJb30-
BaHUEM IMOJHOT€HOMHOTO CEKBEHUPOBAHUS WU
reHoTunupoBaHus no 24 jokycam VNTR c¢ mo-
CJEeNyIOIIUM CpaBHEHUEM ¢ 0a30if MTaHHBIX WWW.
MIRU-VNTRplus.org [13, 14].

Lenp uccienoBaHusi — pa3paboTKa MPOCTOro
MeToja IJs1 BBIIBICHUS mITaMMOB M. tuberculosis,
OTHOCSIIIMXCS K BBICOKOJIETAIBHOMY, TUIEPBU-
DYJEHTHOMY W MYJbTUPE3UCTEHTHOMY KJacTe-
py Beijing 14717-15 u npuMeHeHue MeToda s
CKPMHUWHTA peTpoCneKTUBHBIX Kosekuuit JJHK
M. tuberculosis u3 pa3andHbIX peruoHoB Poccuu.

Martepuanbl U METOAbI

HM3ydyeHHasT KOJUIGKIIMS BKJIOYajga o0Opas-
usl AHK M. tuberculosis, cobpaHHbBIe B TIEpHUOI
¢ 2015 mo 2022 rr. B pe3yjbTrare MONYJISIIMOH-
HbIX ucciaenoBaHuii. Beinenenue JHK u3 kynb-
Typel M. tuberculosis, BBIpallleHHON Ha cpemae
JleBenmTeiina—MeHcena, mpoBomMiM MO van
Embden n coast. [20] ¢ mMcnoab30BaHUEM JM30-
numa, rmporenHasbl K, mogenuicynbdara HATPUS
M LETUITPUMETUIIAMMOHUIOPOMHIA C TIOCIIEIY IO -
e SKCTpaKIIMel C UCITOIb30BaHUEM CMeCH (heHO -
J1a, Xaopodopma 1 130aMUI0BOTO criupTa (25:24:1),
HeHTpU(yrupoBaHUEM, OCaXJICHUEM M30MpoIia-
HOJIOM, IPpOMBbIBKOI1 70% 3TaHOJIOM U PACTBOPEHM-
eM ocanka B 30—50 mxi 6ydepa TE x1.

CHoJuMTOTUIIMPOBAHNWE TIPOBOAMIM II0 CTaH-
ITapTHOMY ITPOTOKOJIY C MCIIOJIb30BaHEM U3TOTOB-
JICHHOM B HaIlleil JtabopaTopuu MeMOpaHBI C MM-
MOOUIM30BaHHBIMU 43 OoJUTroHyKJIeoTuaamMu |[5].
I'enotun Beijing 6611 MAEHTUGUILINPOBAH SKCITE-
pPUMEHTAaJIbHO WU in silico Ha OCHOBE onpeaeaeHU s
peneruu RD207 (mosunmum 3120521—3127920 B re-
Home H37Rv, NC_000962.3). I'eHoTunMpoBaHue
24 noxkycoB MIRU-VNTR npoBoaunau mo Supply
u coaBT. [19], TmomydyeHHBIE YUCIIOBBIC ITPOGUIN
cpaBHuBau ¢ pecypcoM MIRU-VNTRplus.org.

duroreHeTUYSCKMI aHAJIN3 IIITAMMOB IpEeBHE
cyoiuHumM reHoturna Beijing Ha ocHOBe JaHHBIX
TMOJTHOTEHOMHOT'O CEeKBEHUPOBAHUS, TTOJYUYCHHBIX
B Hameit nabopatopum (mermoHUpoBaHBI B SRA
NCBI mon HoMmepamm 1poekToB PRJINAS822891,
PRINA489691) unu u3BieYeHHBIX U3 apXuBa KO-
potkux npodteHuii SRA NCBI, 6611 onmucaH pa-
Hee [13]. [Taket Geneious 9.0 (Biomatters Ltd) nc-
MOJB30BaJI IJII KapTUPOBAHUS PUIOB Ha TEHOM
pedepeHTHOro mramma M. tuberculosis H37Rv
(NC_00962.3). Ounaitu-pecypc SAM-TB (https://
samtb.uni-medica.com/index) WCITOJIb30BAJIU IS
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aHaJM3a TeHOMHBIX TaHHBIX, omnpeneaeHuss SNP
U ¢punoreHeTudeckoro aHaausa. [Taket MEGAT7 [7]
UCIOJb30BaJIM AJIsI BU3yaJlu3alluu AEHIPOTrpaMM.

IMonumMopdusm B reHoMHOU mo3unuu 2423040
A > G (mosunusi BreHe Rv2161¢98T > C, aMUHOKHUC-
gotHas 3ameHa Val(s)33Ala GTG/GCG), cneuu-
duueckuit nasg kaacrepa Beijing 14717-15 (puc. 2),
omnpeaessiiu ¢ ucrmojib3oBaHueM wmetoga I[IL[P-
ITJIP®D u pectpukrassr Hhal. B ciiyuyae nanHoit My-
Talluyd BO3HUKAET JOTOJHUTEIbHBIN CAalT peCTpUK-
uu Hhal (caiit pectpukuuu GCGC). InuHa npo-
nykta [TIP — 150 nmH. Pazmepsl pecTpUKTOB Mpu
asesie nukoro Tuna — 60 u 89 mH, npu MyTalum —
21, 60 u 68 nH (puc. 3). dasg INLP ucnonb3oBaiu
nBa npaiimepa GTCCGGCAGCTCTCCACCG
n TGCAGTTCGTCACCGACCTGACC. IIUOP
MPOBOIUJU MPU CIAEAYIOIIEM TEMIIEPAaTypHOM pe-
xume: 95°C, 5 muH, 35 uukios 95°C, 40 c, 67°C,
20 c, 72°C, 20 c; 72°C, 5 muH. ITponykt ITLP 06-
pabateiBanu pectpukTazoit Hhal (37°C, 2 4), npo-
IYKTBI peCTpUKIINU pas3aensiu B 1,4% arapozHom
rene (puc. 3).

Pesyneratbl 1 06CyxaeHne

I[IpoBenecHHBIN HaMu OMOMHGMOPMAIITMOHHBIN
1 (QUIOreHeTUYECKUil aHalIu3 MaHHBIX ITOJTHO-
TeHOMHOTO CeKBeHHpoBaHUS 205 mTaMMOB
paHHel ApeBHeM cyOJMHUM reHoTuna Beijing
M. tuberculosis mokasaj, 4yTo mitamMmMbl U3 OMmcka
n bypgatuu ¢ npodpunem VNTR 14717-15 u 67113-
KHe eMy TaKxXXe TpyNIIMPOBAJINCh B OOMH KJIACTEP
POICTBEHHBIX IIITAMMOB M Ha ITOJJHOTCHOMHOM
nepeBe, KOTOPbIii MBI oOIlpeaenuyin Kak Beijing
14717-15-kmactep (puc. 2).

CienyeT OTMETUTH UTO 3TOT KJacTep OBLIT MO-
HOMICTUYSCKUM, U CpaBHEHHWE €ro IITaMMOB
C COCEIHMMM BETBSIMU Ha ACHIPOrpaMMe IT03BO-
JINJIO BBISIBUTH 58 cneumnduueckux moammMopdus-
MoB SNP. Cpenn SNP, cienuduyHbIX DI Kia-
crepa 14717-15, MBI BBIOpanu (GyHKIMOHATIBLHO
HeuTpaabHblii SNP (PAMI1 = 9867) B reHOMHOI
no3unuu 2423040 A > G (Rv2161c Val33Ala) u pa3s-
paboTtanu mMeTon ero gerekuuu B ¢opmare TTLP-
TTJP®. dakTndecKn 3BOJIOLIMOHHAS HEUTpPab-
HOCTh TaHHOM 3aMEHBI CHUKAeT PUCK €€ CeJICKIIUN
B Tpollecce ABOJIOIAUN W amallTalluM W, TaKUM
obpa3oM, IenaeT ee HauboJjiee IIPUTOAHOM B Kade-
CTBE OMATrHOCTUYCCKOI'O MOJICKYISIPHOTO MapKe-
pa. laHHass MyTanus IIPUBOANUT K MOSIBJICHUIO JTO-
MOJHUTEIbHOTO caiiTa pectpukuun Hhal 1 moxxeT
OBITH BbISIBJIEHA ¢ oMol blo aHaiu3a Hhal-TT1P®
amrnunmupoBanHoi I[1LIP-o6mactu (puc. 3).
Meton OBLT ONITMMHU3MPOBAH C HMCIIOJb30BaHUEM
JHK n3onsaTOB ¢ nMeBLIeiicsa nHGopMalneii mo nx
MOJHBIM T€HOMAaM, y KOTOPHIX B JIaHHOW ITO3U-
OWH OBUI WX aJIJieIb AMKOTO TUMA, UJIM MYTaHT-
Hbl annenb. AnuHa npomykTa I[P cocraBisieT
150 m.H. TTockoJIbKY B JaHHOM y4acTKe reHa Mpu-

192 3 4 5 607V

PucyHok 3. Hhal NUP-NOP® petekuns 3ameHbl

B reHomMHo# no3uuun 2423040 A > G (Rv2161c
Val(s)33Ala)

Figure 3. Hhal PCR-RFLP detection of substitution at
genomic position 2423040 A > G (Rv2161c Val(s)33Ala)
Mpumeyvanue. Jopoxkn 1-5 — Beijing 14717-15-knactep.
[lopoxkun 6-7 — gpyrue reHotunsl. M — mapkep
monekynapHeix Beco 100 bp ladder (GE Healthcare).

Note. Lanes 1-5 — Beijing 14717-15-cluster. Lanes 6-7 —
other genotypes. M, 100 bp ladder molecular weight marker
(GE Healthcare).

CYTCTBYET HOTOJTHUTEIbHBIM MHBAapUaHTBIN CaliT
Hhal, pasmepsl dparMeHTOB peCTPUKIIMU COCTaB-
nsioT 60 1 89 mM.H. B ciydyae ajijiesisi JUKOTo THIa
n 60, 21, 68 11.H. B ciryyae mytanuu (puc. 3), Bepx-
HUH HparMeHT XOpOolLIOo pa3auyuM MPU arapo3HOM
rejib-3JeKTpodopese aaxe Mpu HEOOJIbIIOM Bpe-
MEHM 3JeKTpodope3a U Majloll JJIMHE rejsi, YTo
YI0OHO NPaKTUYECKU.

Ananuz TIHP-TTAP® O6bl1 OOMOJHUTEIBHO
NpUMEHEeH K U30JisiTaM reHoTura Beijing, koTopbie
MNpeAcTaBJIsIIM pa3Hble cyosinHuu Beijing 1 umenu
pa3ubie ipoduan VNTR. Bce uzonsaTel Oblau pa-
Hee FeHOTUIMMUPOBAHBI METOJOM MYJIbTUIOKYCHOTO
VNTR-ananusza, mo3BOJISIOIIMM TOYHO OMNpese-
JIUTh NPUHAIJIEKHOCTh ITAMMa K TOMY UJIM UHO-
My VNTR-knactepy, BTOM uucie K Kjaactepy 14717-
15. OTu BaauaalMOHHBIE KOJJIEKLIMU BKIKOYAIU
uszonsatel u3 Poccuun, LlenTpanbHoit 1 BocTouHoli
Asuu. Aranus [T P-TTJP® KoppeKTHO OTHEC Bce
MU30JISITHI ¢ u3BeCTHBIM npodusem VNTR 14717-15
U POACTBEHHBIMU MpoduasiMu K Kiaactepy Beijing
14717-15. Meton nmeet 100% 49yBCTBUTEIBHOCTH
n 100% crenmUIHOCTD IJIsl OOHApPY>KEHUsI TaH-
HOTrO KJjacTepa.

Hanee mbl ipuMenuau meton [TLIP-TTAP® nisa
CKpMHMHTa Bcex umewluxcsa kojiaekuuin JHK
u3 peruoHoB EBporeiickoii u A3uaTCKON yacTeit
Poccuu m ctpaH Azuu. DTU KOJJIEKUUU ObLIU
u3 BoctouHoit Cubupu u JansHero Boctoka (peru-
OHBI C pa3auYHON noJseii mrTaMMoB Beijing u Beijing
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14717-15 [24]), u3z Omckoii obnactu 3anagHoit Cu-
Oupu (peruoH ¢ HeGOJbIIUM, HO TIOCTOSTHHBIM MPU-
cyTcTBUEeM 1TaMMOB Beijing 14717-15 B 1okaJibHOM
nonyasauuu [14]), nz Kurtas, BeerHama u AnoHun
(cTpaHBI C MOCTAaTOYHO BBICOKOW [1OJIEH IIITAMMOB
IpeBHUX cyonuHuii reHotuna Beijing [18, 22, 23]).
Pe3ynbraThl MO0 BCeM MPOBEPEHHBIM KOJJIEKIUSIM
NPUBEICHBI B TaOJUILIE U T€MOHCTPUPYIOT YETKUU
nuk kjaacrtepa 14717-15 B bypsituu.
JIOTIOTHUTEIBHO MBI paccMOTpeau reorpadu-
YyecKoe pacrpoCTpaHEHUE OCHOBHBIX POCCUUCKUX
KJIaCTEpOB COBPEMEHHOW CyOJIMHUU TeHOTuIIa
Beijing (BO/W148 u Central Asian/Russian) n 1Byx
OCHOBHBIX KJIACTEPOB IPEBHEN CYOJMHUU, BKIIIO-
yag Beijing 14717-15-knactep, Ha OCHOBaAaHUU Ha-
LIMX U paHee onyOJMKOBAHHBIX JaHHBIX [2, 3, 16,
17, 24] (puc. 4). DTo cpaBHEHHUE MTOKa3bIBAET JOMMU-
HUPOBAHUE KJACTEPOB COBPEMEHHOU CYOJUHUU
reHoTuna Beijing 1 OTHOCUTENBHO O0JIee IUPOKOE

pacripocTpaHeHue KJjactepa Beijing 1071-32 (npeB-
HSs CyOJIMHUS), XOTS U B HEOOJbIION J0JI€e, 3a 1C-
KJroueHueM OMcKoii obactu (puc. 4).

BbiBOAbI

KnmHnyecku 3HaYMMBIE IITAMMBI MOTYT BO3-
HUKaTh Cpear MEHee 3aMETHBIX I'eHOBapHMaHTOB,
W IPpUMEPOM MOXET CIYKUTh HeaaBHO OOHapY-
KEHHBI TUIIEPBUPYJICHTHBINT U BBICOKOJICTAIb-
HBI knactep Beijing 14717-15. Hamu pa3pabortan
METO/ eT0 IeTEKIINY Ha OCHOBE BBISIBJICHU S CTICIIM -
duyeckoit Mmytauum B TeHe Rv216Ic ¢ mOMOIIbIO
I[IIP c¢ mocnenyrolieild pecTpuKLUeil IpoOAyKTa
I[1LP u snektpodope3omM B arapo3HOM reje s
IUCKPUMHWHAIIMY IUKOTO 1 MYTAHTHOTO aJJIeJICi.
[IperumyiecTBaAMU IIpeaIaracMoro crocoda siBJisi-
OTCs OBICTPOTA, ITPOCTasl M OMHO3HAYHAsI MHTEP-
npeTanus pe3yabTaToB, BO3MOXKXHOCTD BBISIBJICHUS

Ta6auua. feTtekuus wtammoB Beijing 14717-15 B pernoHasnbHbIX KONNEKLUSAX
Table. Detection of strains Beijing 14717-15 in regional collections

B * Beijing 14717-15 knactep, KONM4ecTBO
cero TaMmmoB e o
PernoH P® unu ctpana FeHoTun Beijing LUTaAMMOB M MPOLLEHT OT BCEW KONNIEKLMHN
. . Total number x .
Region of Russia, or country - Beijing genotype Beijing 14717-15 cluster, number of strains
of strains .
and percent of all collection
Bonorogckas o6nactb 82 51 0
Vologda
MypmaHckas o6nactb 67 35 0
Murmansk
Kapenus 67 36 0
Karelia
Kaqquuurpancxan obnacTb 73 46 0
Kaliningrad
Omckas oonacTb 208 138 4.2%)
Omsk
WpkyTckas o6nactb o
Irkutsk 198 143 4 (2%)
BypsiTus 265 180 47 (18%)
Buryatia
Sabaiikanbckuii kpait 5
Zabaykalskyi krai 62 41 5(8%)
Monronus 143 107 0
Mongolia
Kutan
China 113 102 0
KasaxctaH
Kazakhstan 7 I 0
AnoHusa 87 87 0
Japan

Mpumeyanme. *Konnekums n3 AnoHUm BKAKOYANA TOALKO LWTaMMbI reHoTuna Beijing. **FeHoTun Beijing onpeaensnv Ha 0CHOBaHUM
cnonurotunuposanus unn VNTR-tunuposanus. Litammbl knactepa Beijing 14717-15 onpenensnu Ha ocHoBaHWy pa3paboTaHHOro MeTofa AeTeKLMM
cneunduyeckoro SNP. BOnbLIMHCTBO LWTAMMOB 3TOr0 knactepa umenu npodunu 14717-15 no 24-nokycHoi cxeme MIRU-VNTRplus.org.

Note. *Collection from Japan included only Beijing genotype strains. **The Beijing genotype was determined based on spoligotyping or VNTR typing.
The strains of the Beijing 14717-15 cluster were detected based on the developed method for detecting a specific SNP. Most strains of this cluster had

profiles 14717-15 according MIRU-VNTRplus.org.
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PucyHok 4. PeTpocneKkTUBHbIN aHanu3 reorpaduryeckoro pacnpocrtpaHeHus wrammos Beijing 14717-15
u apyrux cy6Tunos Beijing B poccuiickmx permoHax

Figure 4. Retrospective analysis of the geographical distribution of Beijing 14717-15 strains and other Beijing
subtypes in Russian regions

MpumevaHue. MokasaH npoueHT B nokansHow nonynsaumn. CAR — Central Asian/Russian.

Note. The percentage in the local population is shown. CAR — Central Asian/Russian.

KOHTAMUHALlMKM W MUKCT-UH(DEKIUU, TPUTOMI-
HOCTb JJ151 IPOU3BOIUTEIBHOIO aHaJIM3a O0JIbIINX
KOJUJIEKL M InTamMmMoB M. tuberculosis.

CnenyeT OTMETUTh, UTO IITaMMBbI Beijing 14717-
15 BXOasIT B KPYITHYIO BETBb paHHEl ApeBHEM cy0-
JUHUU reHoTuna Beijing ¢ MHTAKTHBIM JIOKYCOM
RDI81 (puc. 1), xoTtopasi BechbMa TreTeporeHHa
M BKJIIOYAeT ILITAaMMBI C pa3HOOOpPAa3HBIMU IPO-
dunsamu o VNTR. B sTOM cMBbIcae BBISIBJIEH-
HBIIA HAMUW MapKep SIBJISICTCSI TAKOBBIM TOJIBKO JIsI
crietnuduyeckoro anass Poccum kimacrepa Beijing,
Ho He Bceil BeTBM RD181-intact.

Poccuiickue wu3onsaTel kKiaactepa 14717-15,
BKJIIOYEHHbIC B JaHHOE MCCJIe0BaHUE, ObLIU BbI-
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FrEHOTUNMPOBAHUE PUKKETCUWN,
LUUPKYJIMPYIOLLWUX HA TEPPUTOPUAX
PECNYBJINKWU AJITAU U XABAPOBCKOIO KPAS

C.B. IlITpexk"?, H.B. Pynakos"?, C.H. IlInsinoB'2, A.B. Cannukos!, 1.E. CamoiijieHko!,
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Pesiome. Llenr — Bepudukanus Bozdoyautens cudbupckoro kiemiesoro Tuda (CKT) nmpu MUKCT-MHOUIIMPOBAHHOCTH
MKCOIOBBIX KJIelllei Ha Tepputopun Pecriyonuku AnTaii 1 XabapoBCKOTo Kpasi ¢ MPUMEHEHUEM KOMITJIEKCHOTO MOJie-
KyJISIpHO-0Mo0Iornueckoro noaxona. Mamepuanvt u memods. MaTepuaaoMm Ajs ucciaenoBaHus cayxuiu 304 umaro uk-
COJIOBBIX KJellei mecty BuaoB. Coop Kielleil mpoBoaucs Ha Tepputopun Peciyoauku Antait 1 XabapoBCKOro Kpast
B 2014—2022 rr. JHK puxxercuii uaeHTMhULIMpoBaIu MmeTonoM AByxpayHaoBoii [TLIP ¢ ucrnonb3oBaHueM poao- 1 BUA0-
crielubuYecKrx MpaliMepoB I'eHOB glitA 1 ompA ¢ TIOCIeAYIOIIMM CeKBeHUpoBaHUeM U ¢ nomoiibio TTHP ¢ ucnonszo-
BaHueM HabopoB peareHTOB «Peanbect JIHK R. sibirica/R. heilongjiangensis» (3AO «Bektop-bect», HoBocubupck).
Pesyromamer. Yactora BoisiBieHus JHK pukkercuii B MKComoBbix KJjemiax B PecriyOiauke Anrail coctaBuia 82,6%
(AH: 69,1-96.1), B XabapoBckoM Kpae — 53,1% (A U: 44,9—61,3). BumoBoii cocTaB pUKKETCUI B pa3IMuHbIX BUIAX UK-
COIOBBIX KJICIIeH Ha 3TUX TEPPUTOPHUSIX, SHIEMUUHBIX TI0 CHOMPCKOMY KJICIIEBOMY TH(QY, XapaKTepU3yeTcs HaTMIUeM
mukct-undunuposannoctu. JJHK Rickettsia sibirica v R. raoultii ynanocy o0Hapyxuth B kJiemiax Dermacentor nuttalli,
Haemaphysalis concinna, D. silvarum. B xnemax Ixodes persulcatus, 1. pavilovskyin B ruopunax I. pavlovskyi/persulcatus BbisiB-
neHa JJHK tonbko Candidatus R. tarasevichiae. IHK R. heilongjiangensis ooHapy>keHa B kJieiax H. concinna B XabapoBCKOM
kpae. B knewmax D. nuttallin H. concinna w3 Peciyonuku Anraii BeisiieHa Tojbko JIHK Candidatus R. farasevichiae. JHK
«KJIACCUUYECKOro» nmatoreHHoro Buaa — R. sibirica BbisiaeHa B kiewax D. nuttallin H. concinna B Pecriyonuke Anraii, Kiie-
wax D. silvarum, H. concinna v H. japonica douglasi — B XabapoBckoM kpae. Kpome Toro, B XabapoBcKoM Kpae B KJielax
H. concinna obnapyxena JIHK — R. heilongjiangensis, B xnewax H. japonica douglasi BbisiBieH dparment JHK, oOmiumii qist
R. sibirica subsp. mongolitimonae u R. conorii, ato TpeOyeT nanpHeiiiero usyyenus. IHK Candidatus R. tarasevichiae netex-
THpOBaHa B KJjemax pona Ixodes (1. persulcatus, I. paviovskyi n ux ruopunax), B Pecriyonuke Anraii — B knemax D. nuttalli
u H. concinna. AHK R. raoultii BBIsiBNIeHa B Knemax pona Dermacentor — D. nuttalli — B Pecriyonuke Anraii u D. silvarum
B XabapoBcKoM Kpae. Bbigodet. [1pn MOJIEKYISIpHO-0MOJIOTMTYECKOM MOHUTOPUHTE PUKKETCHI Ha SHAEMUIHBIX TEPPU-
TOPUSIX BbIsIBIIeHUE R. raoultii «<MacKupyeT» npucyTcTBue atuojornyeckoro areura CKT — R. sibirica. DToT heHOMEH 110~
3BOJISICT OOBSICHUTD BRICOKUI ypoBeHb 3a001eBaeMocTi CKT Ha m3ydaeMBIX TEPPUTOPHSX IIPU PEIKON BBISIBISICMOCTHI
HJHK R. sibirica npy MOJIEKYJISIPHO-OMOJIOTMYECKOM CKPUHUHTE B UKCOIOBBIX KJIeIaX.

Karuesnie caosa: Rickettsia sibirica, Rickettsia heilongjiangensis, Candidatus Rickettsia tarasevichiae, Rickettsia raoultii, Pecnybauka
Aamaii, Xabaposeckuii kpail.
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2023, T. 13, Ne 1 KneuwieBble puKKeTC1o3bl

GENOTYPING OF RICKETTSIAS CIRCULATING IN THE TERRITORIES OF THE ALTAI REPUBLIC
AND KHABAROVSK KRAI

Shtrek S.V.*?, Rudakov N.V.**, Shpynov S.N.*", Sannikov A.V.?, Samoylenko I.E.?, Shchuchinova L.D.¢,
Trotsenko O.E.¢, Dragomeretskaya A.G.¢, Matushchenko E.V.*?

@ Omsk Research Institute of Natural-Focal Infections, Omsk, Russian Federation

b Omsk State Medical University of the Ministry of Health of Russia, Omsk, Russian Federation

¢ Office of the Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing in the Altai Republic,
Gorno-Altaisk, Russian Federation

¢ Khabarovsk Research Institute of Epidemiology and Microbiology of Federal Service for Surveillance on Consumer Rights
Protection and Human Wellbeing, Khabarovsk, Russian Federation

Abstract. The aim of the study was to verificate of the causative agent of Siberian tick-borne typhus (STT) upon ixodic
tick mixed infection on the territory of the Altai Republic and Khabarovsk Krai using an integrated molecular biological
approach. Materials and methods. The material for the study was presented as 304 imago of ixodic mites of six species.
The ticks were collected on the territory of the Altai Republic and the Khabarovsk Krai in the years 2014—2022. Rickettsia
DNA was identified by two-round PCR using genus- and species-specific primers for gitA and ompA genes, followed by
sequencing and using PCR reagent kits “RealBest DNA R. sibirica/R. heilongjiangensis” (Vector-Best, Novosibirsk).
Results. The detection of rickettsia in ticks in the Altai Republic was 82.6% (CI: 69.1-96.1), in the Khabarovsk Krai —
53.1% (CI: 44.9—61.3). The species composition of rickettsias in various species of ixodic mites in these territories, endemic
to Siberian tick typhus, is characterized by the presence of mixed forms. Rickettsia sibirica and R. raoultii were found in ticks
Dermacentor nuttalli, Haemaphysalis concinna, D. silvarum. Only Candidatus R. tarasevichiae were detected in Ixodes
persulcatus, I. pavlovsky mites and 1. paviovsky/persulcatus hybrids. The DNA of R. heilongjiangensis was found in H. mites.
concinna in the Khabarovsk Krai. The DNA of Candidatus R. farasevichiae is also present in the ticks of D. nuttalli and
H. concinnafrom the Altai Republic. The DNA of the “classic” pathogenic species, R. sibirica, was detected in ticks D. nuttalli
and H. concinna in the Altai Republic, ticks D. silvarum, H. concinna and H. japonica douglasi in the Khabarovsk Krai.
In addition, in the Khabarovsk Krai, the DNA of R. heilongjiangensis was detected in H. concinnaticks, and a DNA fragment
common to R. sibirica subsp. mongolitimonae and R. conorii was detected in H. japonica douglasiticks, which requires further
study. Candidatus R. farasevichiae is common in Ixodes mites (I. persulcatus, 1. pavlovsky and their hybrids), in the Altai
Republic in D. nuttalli and H. concinna. R mites. raoultii was detected in ticks of the genus Dermacentor — D. nuttalli in the
Altai Republic and D. silvarum in the Khabarovsk Krai. Conclusions. During molecular biological monitoring of rickettsias
in endemic territories, the detection of R. raoultii “masks” the presence of the etiological agent of STT — R. sibirica. This
phenomenon makes it possible to explain the high incidence of STT in the studied territories, with the rare detectability
of R. sibirica DNA during molecular biological screening in ixodic mites.

Key words: Rickettsia sibirica, Rickettsia heilongjiangensis, Candidatus Rickettsia tarasevichiae, Rickettsia raoultii, Altai Republic,

Khabarovsk Krai.

Jjorus 3abosieBaHus (MO0 COBPEMEHHOI HOMEHKJIa-
Type Rickettsia sibirica subsp. sibirica), k1accuuec-

BeepgeHne

BrniepBble onmucaHHbIe cliydau paHee HEU3BECT-
HOTO PUKKETCUAJILHOTO 3a00JIeBaHMsI, BOBHUKAIO-
IIETO Ha DHJIEMUUYHBIX TEPPUTOPUSIX A3MATCKOU
yactu Poccuu mnocne mpucacelBaHUST KJIIIEi
U MPOTEKAIONIETO C BHICOKOW TeMIepaTypoii, rep-
BUYHBIM adhdEeKTOM, PO3e0JIe3HO-TIeTeXUaJIbHOMN
CBITIBIO, U3MEHEHUSIMU CO CTOPOHBI IIEHTPAJIbHOM
HEPBHOU CUCTEMBI, BBISIBICHBI TTPAKTUYECKU OJI-
HoBpeMeHHO (1934—1935 r1.) B [IpyMopbe — «KkJie-
meBasi juxopanka [Ipumopss», B XabapoBCKOM
Kpae — «JIaJIbHEBOCTOUHAsI CHITTHAs KJIeIIeBas
nuxopaakar», B KpacHOsIpckoM Kpae — «KJelieBast
CBITIHAS JTUXopaakKa» [6].

I[M1anoMepHOoe wu3ydyeHUWEe HOBOW WHMEKIIUU
B 1937—1938 rr. B KpacHosipckoM Kpae 1o pyKo-
BoactBoM M.K. KpoHTOBCKOIi MO3BOJIMUIO BbI-
JIeTUTh KJIEHIEBOU ChIMTHOW TuUd (B HacToslee
BpEMsI PETUCTPUPYIOT KaK CUOMPCKUIT KJICIIEBOM
Tud — CKT) B camMOCTOATEIbHYI0 HO30JIOTUYEC-
Kylo ¢opmy. YcTaHOBJIEeHAa PUKKETCUO3HAST 3TUO-

KU mepeHocuuk — KJjewu Dermacentor nuttalli
Ol., OCHOBHbBIE BMUAEMUOJIOTUYECKIE 3aKOHOMED-
Hoctu. B 1940 r. skcrmeguuueii, BO3IIaBJisieMOit
M.K. KpoHToBCKOI1, B Xa0apoBCKOM Kpae BblAe-
JIEHBI IITAMMBbl PUKKETCUU OT OOJIbHBIX, KJellei
Haemaphysalis concinna w Dermacentor silvarum [4].
B pesysbrare MHOTOJIETHUX HWCCJIETOBAaHUN
BbISIBJIEH IUPOoKUil Ho3oapeas CKT ¢ Haubosb-
UM 3MUAEMUYECKUM TMOTEHIIMAaJoM OYaroB
Ha wore Cubupu u ansHero Boctoka Poccuwu.
IMpuMeHUTETBHO K SHAEMUYHBIM TEPPUTOPUIM
YUCJIO 3MUAEMUYECKU 3HAYUMBIX TTE€PEHOCUYMKOB
B ouarax koJieoJyietcst oT ogHoro-aByx (D. nuttalli —
ropHBbIe cTenu AJjrtasi, JiecocTenu MMWHYCUHCKOMN
u KaHckoit kotnoBuH, TysBbl, IIpendaiikanbs
u 3abaiikanbs; D. marginatus 1 B MEHbIIEH cTere-
HU D. reticulatus — paBHUHHBbIE CTEMHBIE U JIECO-
cTenHble JaHamabTe 3anagHo-CubupcKoir HU3-
MeHHOCTH, D. silvarum v H. concinna — necocrenu
Canaupa, KysHeukoit KOTJI0BUHBI, tora JlajbHero
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Boctoka) mo uetbipex BuuaoB (D. marginatus,
H. concinna, D. silvarum, D. reticulatus — ceBep-
Hasl JiecocTerb AdTaiickoro Kkpasi, CeBepHBbIit
Aunrait) [7]. B Pecnybnuke Antail HaXonsTCd Hau-
oousiee anuaemuyecku aktuBHble ouaru CKT u oT-
MeuyaeTcsl HauboJjiee BLICOKUI yPOBEHb 3a00/ieBae-
MocTH B Poccuu: cpemHeMHOT0JIeTHU I TTOKa3aTeb
3aboseBaemMocTu nocturaet 72 Ha 100 TeICc. Hacele-
HUs, 4TO TpuMepHo B 50 pa3 mpeBbIlIAeT aHaIO-
TMYHBIM IToKa3aTeJib 1o PD [9].

VXe B MepBBIM I€PUOA M3YUYEHUS KJIICIIEBBIX
pukkeTcno30oB (KP) Bo3HUKIM BOIpPOCH 00 OTIH-
YUSIX OUPKYIUPYIOIMINX Ha OYaTrOBBIX TEPPUTOPUSIX
IITAMMOB PUKKETCUIi. YIaJIOCh YCTAHOBUTb 3TUO-
noruto ciiydyaeB KP Ha rore XabapoBckoro kpast Kak
BBI3BAaHHEIX R. heilongjiangensis [2, 17]. DTa puKKeT-
cus BBISIBJIEHA B «IIsITHaX» H. concinna B TIpenenax
Ho3zoapeana KP B IIpumopckom, XabapoBCKOM,
AunratickoM 1 KpacHOSIpcKOM KpasiX, B IOCJIETHEM —
TakxKe B Kiemax D. nuttalli [18, 19]. B XabapoBckoMm
Kpae B KJjewax Ixodes persulcatus MOJEKYJISIPHBIMUA
metomamu BeIsiBIsiIM Candidatus R. tarasevichiae,
R. helvetican R. heilongjiangensis [1, 3]

[To coBpeMeHHBIM NpPEACTaBIECHUSIM, OCHOBAH-
HBIM Ha MHOTOJICTHEM U3YYCHU U IITAMMOB PUKKET-
cuii u3 xkonekuun Omckoro HUHM npupoaHo-oua-
roBbIX MH(MeK 1M1, Ha JlanbHeM BocToke Poccuu, Ha-
pany ¢ kinaccudeckum Bo3oyauteneMm CKT R. sibirica
subsp. sibirica, nupkynupytoT R. heilongjiangensis
U TeHoBapuaHT R. sibirica subsp. BJ-9015].

Llespio JTaHHOTO UCCJIEIOBaHUS SIBJSIETCSI BEpU-
dukanusa Bo3oyautens CKT npu MUKCT-UHPUILIN-
POBAHHOCTU PUKKETCUSIMH MKCOOOBBIX KJIICIIEH
Ha Tepputopuu Pecniyonuku Antaii u Xabapos-
CKOTro Kpasl C IpMMEeHEHUEM KOMIIJIEKCHOTO MoJie-
KYJISPHO-OMOJIOrMYeCKOro MOoaX0/aa.

Matepwuasbl 1 METOLbI

MarepuagoM A1 MCCIACAOBAHUS  CIIYKU-
nmu 304 mmaro Kiemieil mectu BumoB (D. nuttalli,
D. silvarum, H. concinna, H. japonica douglasi,
1. persulcatus, I. pavlovskyi, 1. paviovskyi/persulcatus).
CoOop KJelie mpoBoauJicsa Ha ¢Jar Ha TEePPUTO-
pun Pecniyonuku Anrtaii m XabapoBCKOro Kpas
B 2014—2022 rr. (Taba. 1). Unentudukanuio kie-
LI OCYIIECTBISIIU MO MOP(OJOTUYECKUM MpU-
3HakaM 1o ®uaunmosoit [10]. U3 kaemwieit, moy-
yeHHBIX B 2014, 2018 1 2019 I'T. rOTOBUJIM TOMOTESHU -
3UPOBAHHYIO CYCMEH3UI0, Yy KJIeIIel, COOpaHHBIX
B 2022 1., 11 McCIeAOBaHU S 3a0Upaiv TeMoauMady
¢ nocyenytomnMm BeiaeneHeMm JHK.

BrigeneHne HYKJICHMHOBBIX KHUCJIOT MPOBOIUIN
Habopamu «Ammiuullpaitm PUBO-npen» kommna-
aun «MHaTepJla6CepBrc» (MockBa, Poccus) u Ha-
oopoMm peareHToB «Peanbect skcrpakumsa 100»
3A0 <«Bektop-bect» (HoBocubupck, Poccus).
JAHK pukkercuit BbIgBASIU (Taba. 2) METOIOM
nByxpayHaooil I[P c¢ ucronb3oBaHueM poao-

M BUJIOCIIeM(UUECKUX IpaiiMepoB TeHOB gltA
u ompA [15] ¢ mocieayomuM CEeKBEHUPOBAHU-
eM u B I1LIP-PB ¢ nmomoiirio HaOOpOB peareHTOB
«Peanbect ITHK R. sibirica/R. heilongjiangensis»
(3A0 «BekTop-becTt», HoBocubupck).

95% noBeputenbHblii MHTepBaa (W) ypoBHs
BBISIBISIEMOCTHY PUKKETCUI B KJICIIaX ObIJI pacCUM-
TaH B nporpammMme MS Excel.

PesynbraThl

B pesynbrate IIL[P-ananu3a ycTtaHoBjiIeHa
cymmapHas BboisiBiaseMocTh JIHK pukkercuii
B 82,6% (AUN: 69,1-96,1) MKCOIOBBIX KJEIICi
Ha tepputopumn Pecnyonukm Antait. JHK puk-
KeTcuii Oblita BeIsBIeHA B 84,4% (AU: 69,0—99,8)
uccieqoBaHHbIX Kueweid D. nuttalli. CambiMm
pacrpoCcTpaHeHHBIM BUAOM PUKKETCUIl B KJie-
max STOro BUIa okaszanach R. raoultii, oOHa-
pyxenHass B 47,4% (JAW: 38,8—56,0) ukcomuni.
B D. nuttalli Takxxe B BBICOKOM KOJUYECTBE BbI-
asiena JHK R. sibirica B 35,3% (JAW: 28,9—41,7)
u Ca. R. tarasevichiae B 1,7% (1,4—2,0). B 21,6%
(AW: 17,7-25,5) sToro BUAa KJCMIE yCTAaHOB-
JIeHa MUKCT-UHOULUPOBAHHOCTb R. sibirica
u R. raoultii. JHK puxkkercuii Obljia BBISIBJIC-
Ha B 73,9% (AM: 43,7—100) kneweit H. concinna.
Cpeny BBISIBJICHHBIX PUKKETCUI IIpeoOJamaro-
mwuM Bugom obiiia Ca. R. tarasevichiae (39,1%; 11:
23,2—55,0). Pexe oOblna BeisiBieHa AHK R. sibirica
u R. raoultii. B onHOI1 Tpo0e BbISIBJICHbI OJHOBpPE-
meHHo Ca. R. tarasevichiae n R. raoultii. B xiemax
1. persulcatus nneaTHdULIMpPOBaIN Toabko Ca.
R. tarasevichiae.

Ilpu wuccinenoBaHum Kijemel, CcoOpaHHBIX
Ha ¢uar B 2018 r. Ha Tepputopum XadapoBCKOTro
Kpas, ypoBeHb BbIsiBisgemocTu JIHK pukkercuii
cocraBui 53,1% (JAW: 44,9—61,3). IHK pukkercuii
ObLTa BeIsIBIIeHa B 22,2% (AW: 11,9—32,5) uccneno-
BaHHBIX KJieleu H. concinna. Yaie Bcero B KJielax
storo Bujaa BeigBagiaack JAHK R. sibirica, B onHOM
9K3EeMIUIsSIpe TeHOTUTIMpOBanu R. heilongjiangensis.
JHK pukkercuii 661y1a o6HapyxeHa B 13,0% (AU:
7,7—18,3) wuccienoBaHHBIX Kueuieir H. japonica
douglasi. Yame BoistBastiace AHK R. sibirica,
¢dparMeHT nocaenoBaTeIbHOCTU reHa gltA y onHo-
ro u3 0o0pa3loB ObIJT UACHTUYEH MOCJICA0BATEb-
HocTu R. sibirica subsp. mongolitimonae/R. conorii
(GenBank: KT345979.1). B 60,0% (AW: 47,6—72,4)
UCCIEMOBAaHHBIX Kueuiel 1. paviovskyi Oblia BbI-
gaaeHa HHK pukkercuit, uaeHTUGUIIMPOBAH-
Hasg kKak Ca. R. tarasevichiae. Cxoxasl KapTuUHa
HaOaoganack B Kiuemax I. persulcatus m rubpumax
1. paviovskyi/persulcatus, tme TaK Xe BBISIBISIIA
JAHK Ca. R. tarasevichiae, ypoBeHb BBISIBJISIEMO-
ctu coctaBui 90,9% (AU: 37,2—100), u 68,8% (A U:
35,1—-100) coorBeTcTBeHHO. B knemax D. silvarum
BeisiBiaeHa JIHK R. sibirica, B TOM 4uciie oQHOBpE-
MeHHO ¢ R. raoultii.
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Ob6cyxaeHne

B nanHOil paboTe yCTaHOBJIEHO, YTO Y OCHOB-
HBIX TIepeHocunkoB Bo30oyautenss CKT (D. nuttalli,
H. concinna, D. silvarum) [7] ¢ npuMeHEHUEM KOM-
MJIEKCHOTO MOJIEKYJISIPHO-0MOJIOTUYE€CKOTO MOAXO0-
na AHK R. sibirica BEIABASIETCS 3HAUYUTEIBHO Yallle
NPpU MUKCT-UHOULIUPOBAHHOCTU C R. raoultii, yem
WUHIWBUAYAJTbHO. B eOAUWHUYHBIX cllyyasiX MoO-
XKET BCTpeYaTbCsd MUKCT-UWHOUIIMPOBAHHOCTH
Ca. R. tarasevichiae 1 R. raoultii xineueili Buaga
H. concinna, npu 3TOM TIEPBBII BUJ PUKKETCUU
SgBJSETCS MpeodangaomiuM. B omHOM 3K3eMIuis-
pe kiuewa H. japonica douglasi nz XadapoBcKoro
Kpasg mnoJlyyeH CcUkKBeHC (parmenTta (512 1.o.)
reHa LUTpaTcuHTa3bl (gltA) nmeromuit 100% ro-
monoruu no 501 Hykneoruny ¢ R. sibirica subsp.
mongolitimonae v ¢ R. conorii, 4TO0 TpeOyeT najib-
HEeW1Iero u3y4eHusl.

YcTtaHOBNEHA CyMMapHasi BBISIBISIEMOCTb PUK-
ketcuii B 82,6% (JAU: 69,1-96,1) kiemeii Ha Teppu-
Topuu PecniyOiku Aitaid, 4TO MOATBEPXKIAET MO-
JIy4eHHBbIE HAMU paHee JaHHbIe TPU NCCIeTIOBaH UM
WKCOJIOBBIX KJICTEW Ha HaJUu4ue aHTUTEHOB PUK-
ketcuii rpymnmbl KITJI ¢ moMoibio pa3paboTaHHOMU
N®A tecT-cuctemsi [11].

Ynanoch noka3aThb paHee BbICKA3aHHOE TMpend-
MOJIOXKEHWE O HEJOCTATOUYHOW WH(MOPMATUBHOC-
™ npuMeHeHHus TTLP ¢ «knaccuaeckumm» (gltA,
OmpA) nparimepamu B ouarax CKT [20], He mo-
3BOJISIIOLIEE BBISIBISITh B MUHAUBUYAJbHBIX TPOOax
MKCOMOBBIX Kjelne R. sibirica npu 6oJiee Macco-
BoM npucytctBuu Konuii IHK R. raoultii [8].

Ta6nuua 1. XapakTepucTuka uccriegoBaHHbIX KneLlein

Table 1. Characteristics of the studied ticks

I1pu oyeBUAHBIX MPEUMYIIIECTBAX METOIA CEKBE-
HupoBaHus 1o CaHrepy, Ha atane [P ¢ npumene-
HHUEM POJOCTEMMPUUHBIX MTPpaliMEPOB OCYIECTBIIS-
eTcsl aMIuiudUuKalus BapyaHTa TeéHa TOJIbKO OTHOTO
BUAa pukkeTcuii, mpu 3tom JIHK ocTanbHbIX BUTOB
He BbIsiBiaseTCcss. KOMIUJIEKCHBII MOAXO0, OCHOBaH-
HBII Ha NMPUMEHEHUU Pa3IMYHBIX MOAMMUKAIIAIA
TP ¢ pa3HbIMU BUIaMU IIpaiiMepoB, BKJIIOYas
pono- u BugocnenudruIHbIe, ¢ MOCASAYIOIIUM CeK-
BEHUPOBAHWEM IIO3BOJIMJIO TOJYYUTh OoJjiee 00b-
eKTUBHYIO MH(popmanuio npu ckpuHHuHre JHK
pa3IUYHBIX BUJIOB PUKKETCUI B MHIMBUIYaTbHBIX
npobax UKCOMOBBIX KJeleil. B pe3yabraTe mpume-
HeHus atoro noaxoga JIHK «knaccuyeckoro» na-
TOreHHOro Buga — R. sibirica BbISIBJIEeHa B KJlelax
D. nuttallin H. concinna B Pecnybiiike AnTaii, KJie-
wax D. silvarum, H. concinna n H. japonica douglasi
B XabapoBCKOM Kpae. B To ke BpeM s Tpu FTeHOTUTTU -
POBaHUU PUKKETCUU B MpoOax KJIMHUYECKOTO Ma-
Tepuaa ot naueHToB B oyarax CKT B Pecriybiivike
Aunrtaii, Antaiickom 1 XabapoBCKOM KpasixX ya1aJocCh
BoIsiBUTH JAHK R. sibirica u R. heilongjiangensis [12,
13, 16]. ITpu aTom Ha Tepputopuu HoBocrbupckoi
obJiacT B Ipodax KJIMHWYECKOro MaTepuasa oT na-
IIUEHTOB C MOIO3PEHMEM Ha «KJIeIeBble» MHpEeK-
uuun IHK R. sibirica BeisiBAsIIach B 2,3 pa3a yallge,
ueM R. raoultii [14].

BbiBOAbI

[Tpu MoIeKyISIpHO-OMOJIOTMIECKOM MOHUTOPUH-
re PUKKETCUI Ha SHAESMUIHBIX TEPPUTOPHUSIX BHISIB-
neHue R. raoultii «<MacKUpyeT» IIPUCYTCTBUE 3THOJIO-

Bup knewei lop cb6opa MecTo c6opa KonuyecTtBo
Species of ticks Year of collection Gathering place Quantity
2014 Kow-Arauckuii p-H P.A.*/Kosh-Agachsky district A.R.* 65
D. nuttalli 2019 Yctb-KokcuHckuin p-H P.A./Ust-Koksinsky district A.R. 1
2022 Onrypatiickui p-H P.A./Ongudai district A.R. 50
FopHo-AnTaiickuii p-H P.A./Gorno-Altaisky district A.R. 3
i 2019 MaiimuHckuii p-H P.A./Maiminsky district A.R.
H. concinna —
Yoiickuii p-H P.A./Choysky district A.R. 16
2018 Xa6aposckuit p-H X.K.**/Khabarovsk district Kn.K.** 18
2019 Yoiicknii p-H P.A./Choysky district A.R. 5
I. persulcatus 2018 Xa6apoeckuii p-H X.K./Khabarovsk district Kh.K.
P-H umenum J1a3o X.K./Lazo District Kh.K. 2
H. japonica douglasi 2018 Xab6aposckuii p-H X.K./Khabarovsk district Kh.K. 23
. Xa6aposckuii p-H X.K./Khabarovsk district Kh.K. 63
1. pavlovskyi 2018 —
P-H nmenm J1aso X.K./Lazo District Kh.K. 27
. Xa6apogckuii p-H X.K./Khabarovsk district Kh.K. 12
1. paviovskyi/persulcatus 2018 —
P-H um. J1a3o X.K./Lazo District Kh.K.
D. silvarum 2018 P-H um. J1azo X.K./Lazo District Kh.K. 2

Mpumeuanue. *Pecnybnvka Antait; **Xabaposckuit Kpaii.
Note. *Altai Republic; **Khabarovsk Krai.
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ruyeckoro areHta CKT — R. sibirica. DToT (heHOMeH
MO3BOJISIET O0OBSICHUTD BLICOKUI yPOBEHB 3a00JieBae-
mocTu CKT Ha n3yuyaeMbIX TEPPUTOPUSIX IMTPU PEIKON
BoeigBisieMocty JIHK R. sibirica ipyu MOJIeKyJISIpHO-
OMOJIOrMYeCKOM CKPUHUHTE B MKCOIOBBIX KJIEIIaXx.
Heo0xonuMo BHeapeHUEe KOMITJIEKCHOIO MoJjie-
KYJISIpHO-OMOJIOTUYECKOrO ToAXoAa HJsl COBep-
IIIEHCTBOBAHUSI 3MNUIEMUOJOTMYECKOr0o Haa3opa
3a npupoaHbiMu odaramu CKT 3a cueT Moiseky-

JsipHO-0Hosornyeckoro ckpuHuHra JJHK pukker-
CUIi B UKCOOBBIX KJIeIaX U U3YyUYEHU I 3HAYUMOCTHU
Pa3JIUYHBIX BUIOB PUKKETCUI B CTPYKTYpPE PEruo-
HaJIbHOU MHMEKIIMOHHOU MaTOoJIOTUH.

KOH®AMKT MHTEpPeCcoB

ABTODHI 3asIBJISIOT 00 OTCYTCTBUM KOH(MIMKTa
MHTEPECOB.
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Abstract. Enteroviruses are non-enveloped viruses of Enterovirus genus, Picornaviridae family, causing a variety of hu-
man diseases: from acute respiratory and intestinal infections to more severe pathologies including poliomyelitis, en-
cephalitis, myocarditis, pancreatitis. Currently, no approved direct-acting antiviral drugs for treatment of enterovirus
infections exists, whereas vaccination is available only for prevention of poliomyelitis and enterovirus 71 infection.
Therefore, it is promising to conduct a search for inhibitors of enteroviruses life cycle in drug development to treat
enterovirus infections. Here, antiviral properties of stable free radicals, verdazyls, and their precursors, leucoverda-
zyls, were investigated. It has been shown that leucoverdazyls vs verdazyls increased the survival of permissive cell
culture infected with coxsackievirus. The activity range of the lead leucoverdazyl against RNA-containing and DNA-
containing human viruses (in the viral yield reduction assay) and its proposed mechanism of action (time of addition
assay) was studied. The lead compound suppressed reproduction of group B enteroviruses in vitro, with modest activity
against influenza A virus and no activity against herpes virus type 1 and adenovirus type 5. The maximum decrease
in viral titers was observed upon its addition to infected cells during early and middle stages of the virus life cycle.
Thus, we concluded that the studied compound has a pronounced inhibitory activity against group B enteroviruses not
belonging to the class of capsid binder inhibitors, without virucidal properties. Previously, we described antioxidant
properties of leucoverdazyls. It is known that many viral infections are accompanied by production of reactive oxygen
species and oxidative stress, and some compounds with antioxidant properties exhibit antiviral potential. Targeted
chemical modifications of leucoverdazyls and further studies of leucoverdazyl mechanism of action as well as in vivo
animal studies are needed. However, the results obtained may be useful for future development of new antiviral drugs
to treat enteroviral infections.

Key words: Enteroviruses, enteroviral infection, Coxsackievirus, verdazyles, leucoverdazyles, antiviral activity, antioxidants.
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NPOTUBOBUPYCHbIE CBOUCTBA BEPAA3UI0B U NENKOBEPAASWUJIOB U UX AKTUBHOCTb
B OTHOLLEHWUU SHTEPOBUPYCOB IrPYMMbl B

Bosooyesa A.C.!, 3apyoaes B.B.!, ®enopuenko T.I.2, Jlunynosa I'.H.2, Tyurycos B.H.3, Yynaxun O.H.2

T®BYH HUU snudemuosoeuu u muxpoouonroeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus
2 Unemumym opeanuueckoeo cunmesa um. M.4. [Tocmosckozo YpO PAH, e. Examepunbype, Poccus
I Ypanvckuii pedepanvhoiii ynusepcumem umeru nepeozo Ilpezudenma Poccuu B.H. Eavyuna, 2. Examepunbype, Poccus

Pesiome. DHTepoBUPYCHI — Tpyra 6e3000104eUHbIX BUPYCOB pona Enterovirus cemeiicTBa Picornaviridae, BbI3bIBalO-
IIMX pa3HOOOpa3HbIe 3a00JIeBaHMS YSIOBEKA: OT OCTPBIX PECITMPATOPHBIX U KMIIIEUYHBIX 10 00J1€€ TSIXKEIbIX, BKII0Uast
MTOJIMOMMEITAT, SHIIe(PaaIuT, MUOKApIANT, TaHKpeaTUT. Ha ceromHsmIHNI NeHbh OTCYTCTBYIOT 3aperucTpUpOBaHHBIC
MIPOTUBOBHUPYCHBIE TTPEMapaThl MPSMOTo ISHCTBUS IS Tepallii SHTEPOBUPYCHBIX MHMEKIINIA, BAKITMHAIINAS JOCTYTI-
Ha TOJIBKO JJIST TPOMMIAKTUKY TTOTMOMUEINTAa U MH(PEKINHU, BEI3BaHHOI 3HTepoBupycoM 71. IlepcekTuBeH 10-
HCK MOJIEKYJT — WHTUONTOPOB XXKMU3HEHHOTO IIMKJIa SHTEPOBUPYCOB IIJIsI pa3pabOTKM HOBHIX JICKAPCTBEHHBIX CPEICTB
IJIS Tepalliy SHTePOBUPYCHBIX MH(MPeKIMii. B maHHOI padoTe ObLIN HCCIeI0BaHBI TPOTHBOBUPYCHBIE CBOCTBA CTa-
OMJIBHBIX CBOOOIHBIX pagnKaJioB — BEpOA3UJIOB, M MX MPEAIIECTBEHHUKOB — JieliKoBepaa3uioB. belsio mokasaHo,
YTO JICHKOBEPAA3UIIbI, B OTIIMYKE OT BEPIA3HUJIOB, CITOCOOHBI ITOBBIIIATH BEIKBAEMOCTh IIEPMUCCHBHOM KJICTOUHOM
KYJbTYpBl TIpyu MHDUUIMpPoBaHUM BUpycoM Koxcaku. Bbl1 MccienoBaH CreKTp aKTUBHOCTM COeOMHEHHUS-TUAepa
B oTHomieHuu PHK-comepxamux u JJHK-coaepxkamux BUpycoB yesoBeka (METOAOM CHUXXEHHUSI TUTPA BUPYCHOTO
ITOTOMCTBA) M €ro IMpearnojaraeMblii MeXaHU3M IEUMCTBUS (B TeCTe Ha BpeMs H0OaBIICHUS MCCIEIYEMOrO COeIMHE-
Hus). CoefnHEHUE-TUAEP MOIIHO MOIABIISIIO PEMPOAYKIIMIO SHTEPOBUPYCOB IpyInbl B in vitro, obnanano ciabdoit
AKTUBHOCTBIO B OTHOIIIEHU Y BUpPYyca TPUIITa A, TIpX 3TOM aKTUBHOCTD B OTHOIIIEHU Y BUpYyca repreca | Tuma u aneHo-
BHpYyca 5 TUIMA OTCyTcTBOBasa. Habmonanoch MakKCMMalbHOE CHUKCHUE BUPYCHBIX TUTPOB IIPH 100aBJICHUU 3TOTO
COCMMHEHNS K MHGUIIMPOBAHHBIM KJIETKAM Ha paHHUX ¥ CPEIHUX CTAAUSIX XXM3HEHHOT0 IMKJIa BUpyca. TakuM 00-
pa3oM, 3aKJIFOUMIIM, YTO MCCIIEAOBAHHOE COeANHEHNE 00agaeT BbIpakeHHON MHTUOMPYIOIIe aKTUBHOCTBIO B OT-
HOIIIGHN Y SHTEPOBUPYCOB I'PYIIIHI B, Ipy 3TOM OHO HEe OTHOCHUTCS K KJIACCy MHTMOMTOPOB CBSA3BIBAHMS KaIlCHIa
(B OTIIMUME OT BelllecTBa CpaBHEHM TIJICKOHAPHUJIA) M He TIPOSIBIISICT BUPYIULIMAHEBIX CBOMCTB. PaHee OBLIM ONMCcaHb
AHTUOKCUIAHTHBIC CBOMCTBA JIEWKOBepAa3mIoB. MI3BeCTHO, YTO MHOTHE BUPYCHBIE MH(PEKIIUH COITPOBOXKIAIOTCS 00-
pa3oBaHMEM aKTUBHBIX (DOPM KUCJIOPOIA U OKHCIUTEIBHBIM CTPECCOM, a P COSIMHEHWH ¢ aHTUOKCUIAHTHBIMU
CBOMCTBaMU 00J1alaloT MPOTUBOBUPYCHBIM MOTeHIIMaI0M. Heo0XoauMo paciimpuTh OMOIMOTEKY JIeKOBEpAA3UIOB
3a CYeT HalpaBJEHHBIX XMMUUYECKUX MOAUDUKALMH, BBIMOIHUTH AaIbHEHIIIME UCCeNOBAHM S MEXaHM3Ma IeHCTBU S
JIEIKOBEPAA3UIIOB U UCCICIOBAHUS in Vivo Ha XXMBOTHBIX MOMEJISIX SHTEPOBUPYCHBIX MHGeKIMiI. TeM He MeHee pe-
3yJIbTaTbl UCCIENOBAHUS MOTYT ObITb MOJE3HBIMU 151 Oyayleit pa3paboTKKM HOBBIX IPOTUBOBUPYCHbIX NPENAPATOB
IJISI TepaIuy SHTEPOBUPYCHON MHMEKITUH.

Karouesvte caosa: s3Hmeposupycol, SHMEPOSUPYCHAS UHPEKUUA, KOKCAKUBUPYC, 8ePOA3UAbL, NCUK08ePAA3UNbL, NPOMUBOBUPYCHAS
AKMUBHOCMb, AHMUOK CUOGHMbL.

Introduction

Enteroviruses (EV) are a diverse group of small
icosahedral non-enveloped viruses with single-
stranded non-segmented positive RNA genome be-
longing to the Picornaviridae family. Currently genus
Enterovirus encompasses 15 species: Enterovirus A-L
and Rhinovirus A-C [29]. They are able to survive
harsh environments and can cause both asymptomat-
ic infections and more severe diseases: poliomyelitis,
myocarditis, pancreatitis, encephalitis. Enteroviral
infections (EVI) are an important problem of public
health worldwide. The main manifestations of en-
teroviral infection include hand-foot-mouth disease,
acute hemorrhagic conjunctivitis, herpangina [2].

Though enteroviruses infect patients from dif-
ferent age groups, the most vulnerable categories
of the population are newborns and children, who
have a greater chance of developing complications.
According to a recent systematic review of clini-
cal characteristics of severe neonatal enterovirus
infection, in newborns hepatitis and myocardi-

tis were the most common severe complications,
while the highest lethality rate (38.6%) was observed
in neonates with myocarditis [34].

Enteroviruses are distinguished by their abil-
ity to cause outbreaks often in organized children’s
groups. Disease activity is seasonal (typically in the
summer and early fall in temperate climate) and
the emergence of leading serotypes responsible
for seasonal infection incidence rising is unpredict-
able. According to CDC (Center for disecase control)
large outbreaks of EVI caused by EV68 in the form
of SARS associated with acute flaccid myelitis were
noted in the USA in 2014 and 2016 in children [8].
By the 1990s, Enterovirus A71 became endemic
in the Asia-Pacific region, causing major outbreaks
every 3—4 years [26]. In Russia the rise in the inci-
dence of enterovirus infections in different periods
was caused by various non-polio enteroviruses, and
the spectrum of enteroviruses isolated from patients
with enterovirus infection varies [3, 4].

The tendency to genetic recombination with
the emergence of new strains, as well as high resist-
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ance to environmental conditions provides their long-
term persistence outside host organisms. Population
mobility and labor migration are important factors
of enteroviruses spreading to new territories in the
modern world. The formation of carriage of viruses,
accompanied by prolonged release of enteroviruses
into the external environment, contributes to the per-
sistence of enteroviruses in the human population.

Treatment of EVI is mainly supportive, focusing
on the management of the most severe symptoms.
Despite some prominent success in the field, vaccine
development for the prevention of non-polio entero-
virus infections is complicated due to their high phe-
notypic diversity. Currently only a limited number
of vaccines were approved to combat EVI including
three vaccines against EV71 that have been licensed
by National Medical Products Administration
of China [22].

Much effort has been put into the development
of antiviral drugs for the treatment of enteroviral in-
fections. The following categories of direct enterovi-
rus inhibitors targeting viral proteins were reported
earlier: capsid binders (pleconaril and its deriva-
tives), viral 3C protease inhibitors (rupintrivir and
its analogs), drugs targeting viral replicative appa-
ratus (both nucleoside analogs and non-nucleoside
inhibitors) [1, 6]. Despite their activity in preclinical
studies, none of them have been registered for EVI
therapy due to lack of efficacy, poor pharmacoki-
netic profile, and/or adverse effects in clinical stud-
ies. Cellular proteins implicated in the viral life cycle
may represent promising options for drug design [7,
33]. Drug repurposing screens also contributed
to some progress in the field (for example, amiloride,
fluoxetine) [25, 32]. However, it should be taken into
account, that the potential application of repurposed
drugs (for example, fluoxetine is an antidepressant,
amiloride is a diuretic) can possibly cause unpredict-
able emergence of resistant strains if their intended
use coincides with an asymptomatic EVI in a patient.
Thus, there are no approved direct antiviral drugs
for EVI treatment. The use of antiviral drugs will not
only alleviate the disease in a particular patient, but
will also reduce the release of the virus into the exter-
nal environment. Therefore, there is a need for fur-
ther search and development of novel antiviral drugs
in view of clinical significance of enteroviral infec-
tion outbreaks.

‘We have recently reported new stable free radicals
heterocyclic verdazyls containing a benzothiazole
substituent [13, 14, 16] and their precursors — leu-
coverdazyls [15]. It should be noted that leucover-
dazyls possess antioxidant activity, which suggests
the presence of other types of activity.

In the present study, for the first time we investi-
gated the antiviral activity of a small library of verda-
zyls and leucoverdazyls against group B enteroviruses.
It was shown that leucoverdazyls (in contrast to ver-
dazyls) potently suppress the reproduction of viral

progeny in vitro. At the same time, the lead compound
demonstrated modest activity towards influenza A vi-
rus and no activity against herpes simplex virus and
adenovirus. For the lead compound studies of the
putative mechanism of action were performed. Our
study clearly demonstrated that leucoverdazyls are
a promising group of novel heterocyclic compounds
in view of EVI management. The results obtained can
be further used for the development of antiviral drugs
for the treatment of enterovirus infections.

Materials and methods

Objects of the study. The leucoverdazyls 2-(1-ar-
yl-3-phenyl-5,6-dihydro-4H-1,2,4,5-tetrazin-
1-yl)-1,3-benzothiazoles (Fig. 1) were synthesized
by alkylation of 1-aryl-5-(1,3-benzothiazol-2-yl)-
3-phenylformazans with haloalkanes in alcoholic
alkali, followed by cyclization of N-alkyl derivatives,
according to the procedure described previously [15].

3 QP

N NH N« NH

1R = OCHj (a); F (b) 2
Figure 1. Structures of 2-(1-aryl-3-phenyl-

5,6-dihydro-4H-1,2,4,5-tetrazin-1-yl)-1,3-
benzothiazoles used in the study

QlN 1NQ Qx f Q

32N .

56

3R =H (a); 4-CH0 (b); 2-CH30 (€) 4R = CHs0 (a); F (b)

5L

| |
Na N*

5 R=CH,0 (a); F (b)

Figure 2. Structures of 6-alkyl-5-aryl-1-(benzo[d]
thiazol-2-yl)-3-phenylverdazyls and 5-aryl-1-
(benzo[d]thiazol-2-yl)-3-phenyl-6-vinylverdazyls
used in the study
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Figure 3. Structures 5-(1,3-Benzothiazol-2-yl)-3-
pheny-1-[4 phenylethynyl) phenyl] verdazyls used
in the study
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Figure 4. Kuhn verdazyls used in the study

The synthesis of verdazyls (Fig. 2) were performed
according to a previously published method [14].
The starting formazans were alkylated with various
alkylating agents in EtOH for 15 min. After remov-
ing EtOH and the excess of alkylating agent, the re-
spective N-alkylformazans were cyclized in heptane.
Heptane was removed by distillation, and the ob-
tained leucoverdazyls were oxidized using a 12-
fold excess of PbO, in Me,CO. Verdazyls were iso-
lated in 35—50% yields after purification by column
chromatography.

The Ethynyl derivatives (Fig. 3) were synthesized
from 5-(benzothiazol-2-yl)-1-(4-iodophenyl)-3-phe-
nyl-6-vinyl(phenyl)verdazyls using Sonogashira
cross-coupling reactions carried out in two stages ac-
cording to a previously published method [16].

Kuhn verdazyls (Fig. 4) were synthesized by
the known procedure [21].

Reference compound pleconaril was generously
provided by Dr. V.A. Makarov (Federal Research
Center, Fundamentals of Biotechnology, Russian
Academy of Sciences, Moscow, Russia).

Viruses and cells. Influenza A virus (IAV,
strain A/Puerto Rico/8/1934 HI1N1), Coxsackie-
virus 3 (CVB3, strain Nancy), Coxsackievirus 4
(CVB4, strain Powers), Herpes simplex virus type 1
(HSV1) and Human adenovirus 5 (Ad5) were ob-
tained from the collection of viruses of the Pasteur
Institute (St. Petersburg, Russia). Clinical iso-
late of Coxsackievirus 5 (CVBS5) was kindly pro-

vided by the Regional Centre for Epidemiological
Surveillance of Poliomyelitis (St. Petersburg, Russia).
The following permissive cell lines were used in the
studies: MDCK (ATCC #CCL-34), Vero (ATCC
#CCL-81), A549 (ATCC #CCL-185). Infectious ti-
ters (in 50%-tissue culture infection dose, TCIDs)
were determined in MDCK for IAV, in Vero cells
for CVB3, CVB4, CVB5, HSVI1 and in A549 cells
for Ad5 by endpoint dilution assay using the following
procedure. Permissive cells were seeded into 96-well
plates in Eagle minimal essential medium (MEM,
Paneco, Russia) supplemented with 5% fetal bovine
serum (FBS, Gibco, USA). After 24 h, the media
was aspirated, the wells were washed with saline,
fresh MEM without FBS was added to the wells and
the cells were infected with serial tenfold dilutions
of virus stocks (100 puL per well, 4 wells for each dilu-
tion). The plates were incubated at +37°C in 5% CO,
and observed daily for cytopathic effect (CPE). After
72 h (for enteroviruses and 1AV) or 96 h (for HSV1
and AdS), the viral titer was calculated in TCIDs, us-
ing the method of Spearman—Karber.

Cytoprotection assay. Vero cells were seeded in 96-
well plates 24 h before the assay. Cells were washed
with saline and serial dilutions of tested compounds
in MEM without FBS were added to cells. No com-
pounds were added to virus control wells. The plates
were incubated for 1 h at 37°C at 5% CO,. Then
the cells were infected with CVB3 Nancy (m.o.i
range of 1—0,001) and incubated for 72 h at 37°C at
5% CO,. No virus was added to cytotoxicity control
wells. Thereafter cell viability was assessed by MTT
test using the following procedure. The cells were
washed with saline, and a solution of Thiazolyl blue
tetrazolium bromide (AppliChem, USA) (0.5 ug/mL)
in MEM was added to the wells (100 uL perwell). After
2 h of incubation at 37°C in 5% CO,, the supernatant
from wells was discarded, and the formazan residue
was dissolved in DMSO (100 pL per well). The opti-
cal density of cells was then measured on a Multiskan
multifunctional reader (ThermoScientific, Shanghai,
China) at a wavelength of 540 nm.

The cytoprotective activity of compounds was
considered as their ability to increase the values
of OD compared to control wells (with virus only).
Based on the results obtained, the values of EC;, i.e.
the concentration leading to 50% cytoprotection af-
ter infection of cells, was calculated using GraphPad
Prism 6.01 software.

Cytotoxicity assay. MTT test was used to study
the cytotoxicity of the compounds. The permissive
cells were seeded in 96-well plates in Eagle mini-
mal essential medium (MEM) supplemented with
10% FBS. After 24 h, the media was removed, and
the wells were washed with saline. Compounds were
dissolved in DMSO, and a series of two-fold dilutions
of each compound (1000—4 pg/mL) in MEM with-
out FBS were prepared and added to the cells in trip-
licates (200 pL per well). The maximal concentra-
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tion of DMSO was 0.5%, MEM with 0.5% DMSO
was added to cell control wells. Cells were incubated
for 24 h or 48 h at 37°C in 5% CQO, in the presence
of the dissolved compounds. Thereafter the MTT was
performed as described above (see “Cytoprotection
assay” item). The optical density of cells was then
measured on Multiskan multifunctional reader
(ThermoScientific, Shanghai, China) at a wave-
length of 540 nm and plotted against the concentra-
tion of the compounds to generate the dose—response
curve. The 50% cytotoxic dose (CCs,) of each com-
pound (i.e., the compound concentration that causes
the death of 50% of cells in a culture, or decreases
the optical density twice as compared to the control
wells) was calculated using four-parameter logistic
nonlinear regression model (GraphPad Prism 6.01).

Virus yield reduction assay. Antiviral activity of the
compounds was further evaluated using viral yield
reduction assay. The corresponding permissive cell
lines were seeded in MEM supplemented with 5%
FBS in 24-well plates. When the cells confluence
reached 100%, the compounds tested were dissolved
in DMSO, and a series of three-fold dilutions of each
compound in MEM without FBS was added to the
cells and incubated at 37°C in 5% CO,. After 1 h,
the medium was discarded, equal volumes of fresh
serial dilutions of each compound and viral suspen-
sion in MEM without FBS at MOI 0.01 was added
to all the wells of the plate. In cell control wells only
MEM without FBS was added. In virus control wells
no compounds were added. The plates were incubat-
ed at 4°C for 1 h. Thereafter, the unbound virus was
washed away and three-fold dilutions of each com-
pound in MEM without FBS was added to the wells
(1 mL). After 24 h (for enteroviruses and IAV) of 48 h
(for HSV1 and Ad5) of incubation at 37°Cin 5% CO,,
the infectious titer of viral progeny in cell superna-
tant (in TCIDs,) for each compound concentration,
cell control, and virus control wells were determined
in permissive cell lines by endpoint dilution assay.

The titer of virus progeny (% relative to the virus
control) was plotted against log concentration of the
compounds used to generate the dose—response
curve. The 50% virus-inhibiting concentration (I1Cs)
of each compound tested (the concentration leading
to 50% inhibition of virus reproduction after infec-
tion of cells) was calculated using four-parameter lo-
gistic nonlinear regression model (GraphPad Prism
6.01). Selectivity index (SI) was calculated as a ratio
of CC4, to ICs, values.

Virucidal assay. For virucidal assay a serial di-
Iution of the leader compound in serum-free
MEM was mixed with equal volume of 10* TCID;,
of Coxsackievirus B4 (Powers) in sterile test tubes
and incubated at room temperature for 1 h. 96%
ethanol was used as a control. In 1 h of incubation,
the infectious titer of CVB4 was evaluated by end-
point dilution assay in Vero cells as described above
(see “Viruses and cells” item).

Time-of-addition assay. Time of addition as-
say was performed according to the recommenda-
tion described in [11]. Vero cells were seeded in 24-
well plates in 24 h before the beginning of the assay
to reach a confluence of 90%. The leader compound
was sequentially added in concentration of 25 uM
in the following time points to the respective indi-
vidual wells in the plate: (=2), (—1), 0, 2, 4, 6, where
(—2) means 1 h before addition of the virus, (—1) —
addition of the virus, 0 — completion of viral sorp-
tion on the cell surface, 2, 4, 6 — 2, 4 or 6 h after
of virus sorption and washout of non-adsorbed vi-
rus. At (—1) suspension of 10° TCIDs, of CVB4 was
added to all the wells except cell control and the plate
was incubated at +4°C for 1 h in order to synchro-
nize the infection in all conditions, the unbound vi-
rus was washed thereafter and the plate was returned
to +37°C. Capsid-binder pleconaril was used as
a control. In 8 h after the completion of virus sorp-
tion the experiment was stopped and the infectious
viral titer was measured in each well using end-point
titration in Vero cells.

Statistics. All in vitro experiments were repeat-
ed three times. The results were analyzed using
GraphPad Prism 6.01. The values of CC,,, EC,, and
1C;, were represented as mean+SD.

Results

Leucoverdazyls exhibit cytoprotective and virus
inhibiting activity in Coxsackievirus B3 infection
in vitro at low micromolar concentrations

In the beginning of our study, cytoprotective
properties of first 3 leucoverdazyls and 11 verdazyls
against pleconaril-resistant strain Coxsackievirus B3
Nancy were determined using cytoprotection as-
say [28]. This assay allows to evaluate cell survival
depending on concentration of tested compounds af-
ter infection with a virus. Cell survival is assessed by
MTT assay based on the measurement of cell respira-
tion activity. Pleconaril was used as a reference drug.
The results of cytoprotection assay are presented
in the Table 1 below.

As can be seen from Table 1 verdazyls had no
cytoprotective effect in vitro upon CVB3 infection.
In contrast, leucoverdazyl 1a (1 out of 3 tested) was
able to increase cell viability in comparison to virus
control. Its selectivity was comparable with the refer-
ence drug pleconaril. We, therefore, focused our fur-
ther investigations on this compound, la.

To confirm virus-inhibition activity of la, we
performed a viral yield reduction test. As described
above, this test measures the titer of viral progeny
in the supernatant of the infected culture depending
on the compound concentration. Therefore, it is pos-
sible to evaluate antiviral activity of the compounds.
The results of viral yield reduction assay are summa-
rized in the Fig. 5 below.
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Table 1. Results of cytoprotection assay against CVB3 Nancy

Number Structure CC;o, MM * EC;o, pM ** S| ***
N @ O
|
S N/\N NN
1a N« NH 150.7£20.2 <9 > 16
N = ‘ F
S\ S
1b N\TNH 12.842.1 10417 >1
1m0
s N*"“
2 N« NH > 671 > 671 > 1
N
YsNNe
S
3a N N > 781 > 781 >1
OMe
N
s r
S/\\“.‘J\'.“
3b NN > 233 >233 > 1
N
Q a L
STONT N
3c Na N O > 241 > 241 >1
oy o™
s
4a NE\ N > 233 > 233 >1
YsDUel
S)\’.“ N
4b N N > 240 > 240 >1
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Number Structure CCs, UM * ECso, pM ** S ***
QN \1 Ooc“s
|
S)\'.“ N
5a Ny N > 234 > 234 >1
SUel
|
S)\'.“ N
5b N N > 724 > 724 >1
\
S
QN A -
i)
P NNTN N
6a STONTON > 203 >203 >1
N N-
\
si”
Z
N
M
6b §7 NT N > 184 > 184 > 1
Na N
i NN i
7a Ny N >319 159.2+16.5 <1
: “.‘*’.“
7b N N° >305 33.5+4.1 <1
. @) N
Pleconaril N’O 57.4+61 2.6%£0.3 22
W
N~g

Notes. “CCy, is the cytotoxic concentration, the concentration resulting in death of 50% cells; CC, were evaluated after 72 h of incubation of Vero cells
with compound alone. **EC,, is the 50% cytoprotective concentration, the concentration leading to 50% cytoprotection after infection of cells with CVB3
(at m.0.i0.001); ***Sl is the selectivity index, the ratio of CCs,/ECs,. The data presented were obtained from three independent experiments and CCs, and
EC;, are shown as mean £ SD. < indicates lower than minimal tested concentration, > indicates higher than the maximum tested concentration.
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Figure 5. Virus-inhibiting properties of 1a against
Coxsackievirus B3 (Nancy) in viral yield reduction
assay

Notes. Virus-inhibiting activity of compound 1a against
Coxsackievirus B3 (Nancy) based on viral yield assay results.
The titer of viral progeny in Vero supernatants was evaluated
relative to the titer in virus control and plotted against log
compound concentration. Pleconaril was used as a reference
compound. ICg, values for 1a and for pleconaril were as
follows: 5.4+0.8 uM and 15.2+1.8 uM, respectively. IC;, is the
50% virus-inhibiting concentration, the concentration leading
to 50% inhibition of virus reproduction after infection of cells
(at m.0.i 0.01); The data presented as the mean of three
independent experiments. Values are the mean +SD of three
independent experiments.

As can be seen from Fig. 5, the results of viral
yield reduction assay supported the results of cyto-
protection assay. Leucoverdazyl la demonstrated
remarkable anti-enteroviral activity in vitro against
pleconaril resistant CVB3 strain with micromolar
IC,, value lower than that of pleconaril. Cytotoxicity
of la and pleconaril was determined using MTT as-
say after 24-hour incubation of Vero cells with se-
rial dilutions of the compounds tested. The following
CC,, values were obtained: for la CCy, > 1347 uM
and for pleconaril CCy,= 656152 uM. The selectivity
index (SI) values were calculated as the ratio of CCs,/
IC,,: > 249 for 1a and 43 for pleconaril, respectively.
la was less toxic than pleconaril and its selectivity to-
wards CV B3 was superior to pleconaril.

Table 2. In vitro activity of 1a against some
enteroviruses of group B

| CC;p, UM * | IC;0, UM** | SI***
1a
CvB4 > 1347 0.72+0.21 > 1924
CVB5 > 1347 0.85+0.15 > 1587
Pleconaril
CvB4 656+52 1.91£0.17 364
CVB5 656+52 <041 > 6560

Notes. “CCy, is the cytotoxic concentration, the concentration resulting
in death of 50% cells; CCs, were evaluated after 24 h of incubation

of Vero cells with compound alone. **ICy, is the 50% virus-inhibiting
concentration, the concentration leading to 50% inhibition of virus
reproduction after infection of cells (at m.o.i of 0.01); ***Slis the
selectivity index, the ratio of CCy,/ICs,. The data presented are the mean
of three independent experiments. The CCs, and IC,, are presented as
the mean * error of the experiment. > indicates higher than the maximum
tested concentration.

Table 3. Activity spectra of 1a towards RNA and
DNA enveloped and non-enveloped viruses

CCyp, UM* | ICqp, pM** SI**
IAV 1246180 50+6 25
HSV1 77:8 > 124 <1
Ad5 623+7 > 124 <6

Notes. *CCy is the cytotoxic concentration, the concentration resulting

in the death of 50% cells; CCy, were evaluated after 24 (MDCK cells

for IAV) or 48 h (Vero cells for HSV1 and A549 cells for Ad5) of incubation
with compound alone by using MTT test.**ICy, is the 50% virus-inhibiting
concentration, the concentration leading to 50% inhibition of virus
reproduction after infection of cells (at m.o.i 0.01); ***Slis the selectivity
index, the ratio of CCs,/ICs,. The data presented as the mean of three
independent experiments. The CCs, and IC, are presented as the mean

* error of the experiment. > indicates higher than the maximum tested
concentration. > indicates higher than the maximum tested concentration.

Activity spectra of 1ain vitro

In order to assess whether la possesses strain-
specific or wider activity, we performed viral yield
reduction assay using la and two pleconaril sensitive
enteroviruses: Coxsackievirus B4 (strain Powers),
Coxsackievirus B5 (clinical isolate). The results are
presented in Table 2. Pleconaril was used as a refer-
ence drug.

The lead compound la showed prominent in-
hibitory activity against CVB4 and CVBS5 in vitro,
which is indicative of high anti-enteroviral poten-
tial, though its activity against CVB5 was lower than
of pleconaril.

Next, we investigated whether la suppresses en-
teroviruses’ life cycle only or is capable of inhibit-
ing other genetically diverse negative strand RNA or
DNA viruses, its antiviral activity towards 1AV (ss-
RNA-negative enveloped virus) and HSV1 (dsDNA
enveloped virus) and Ad5 (dsDNA non-enveloped
virus) was further evaluated in viral yield reduction
assay (for the results see Table 3).

The compound showed only modest activ-
ity against RNA virus — Influenza A — in contrast
to its inhibitory potential against Coxsackieviruses.
The activity against DNA-viruses — Ad5 and
HSV1 — was negligible. Therefore, it was suggested
that 1a is specific against EV.

SEomom oW m P

Viral titer (Ig TCIDs, /ml)

0 p—
30 10 3 1 0.3 0 (virus ethanol 96%
control)

1a concentration used (ug/ml)

Figure 6. 1a shows no virucidal activity against
Coxsackievirus B4 (Powers strain)
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[] pleconaril
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Figure 7. 1ainhibits early and middle stages of Coxsackievirus life cycle in Vero cells

Note. The activity of compound 1a against the Coxsackie B4 virus (Powers strain) depending on the time of addition

to a permissive cell line upon CVB4 infection. Vero cells were infected with CVB4 (-1 h), 1a (25 uM) was added at the indicated
time points (in hours) before the virus (-2 h), concomitantly with the virus (-1 h) and after (0, 2, 4, 6 h) infection, where 0
corresponds to the moment of completed virus absorption on the cell surface. The infectious activity of the viral progeny was
evaluated by end-point titration in the Vero cells in Ig TCID5,/0.2 ml. Pleconaril (25 uM) was used as a reference compound. Values
are presented as the mean = SD of three independent experiments. Asterisk indicates significance of difference in virus titer

for 1a and pleconaril relative to the virus control, p < 0.05 by Mann-Whitney U-test.

1a inhibits early and middle stages
of enterovirus life cycle

For la the possible mechanism of activity was
studied in the following assays described below.
Firstly, we investigated whether it has any virucidal
activity. For this purpose, la was incubated with
Coxsackievirus B4 (strain Powers) for 1 h and infec-
tious titer was further determined in Vero cells using
end-point titration assay (Fig. 6).

Thereafter, we focused on what stage of the viral
cycle la displays the highest inhibiting activity. Using
these results, it would be possible to deduce the vi-
ral or cellular proteins that could be a target for the
compound. For this purpose, a time-of-addition as-
say was performed. We cultivated CVB4, adding and
removing la at different time points regarding the in-
fecting time. After one cycle of reproduction (8 hpi),
the infectious titer of viral progeny was determined
in end-point dilution assay (Fig. 7).

As can be seen from the data presented, the most
pronounced effect of 1a was reached when it was pre-
sent in the culture medium from —2 to 4 h post-in-
fection (hpi). Inhibitory effect was absent after 4 hpi
time point. Pleconaril used as a reference compound
was mostly active from —1 point till 1 hpi as expected
according to its capsid-binder characteristics. It be-
longs to the capsid binder group of antivirals which
interact with various depressions on the surface
of enteroviral capsid [5]. This interaction leads to sta-
bilization of virus particles and prevents them from
penetrating the cell.

Coxsackievirus lifecycle is relatively short (6—8 h)
and its timing has been extensively studied previously

in cell culture. According to the latest research viral
genomic RNA is visible inside the cell until 1-2 hpi,
the replication of the viral RNA starts 2—3 h after
infection and the translation — at 3—4 hpi, viral
progeny capsid proteins are detected after 4 hpi [27].
Therefore, the inhibitory effect of la spans the fol-
lowing stages of the virus life cycle: cell attachment,
penetration, genomic RNA transcription, proteolytic
processing and RNA replication.

Discussion

Enteroviral infection affects millions of people
worldwide. Despite wide distribution of enteroviruses
and economic damage from cases of temporary dis-
ability caused by enterovirus infection, vaccination
option is available only for polioviruses and EV7.
Besides, there are no approved antivirals to treat non-
polio enteroviral infections.

In the present study for the first-time we investi-
gated antiviral properties of novel heterocyclic com-
pounds — free radicals heterocyclic verdazyls and
their precursors leucoverdazyls — against coxsacki-
eviruses including strain, resistant to well-known
drug — pleconaril — used herein as reference com-
pound. It was revealed that leucoverdazyls but not ver-
dazyls possess potent virus inhibiting activity against
group B enteroviruses without affecting life cycle
of genetically distinct DNA viruses (herpes virus and
adenovirus) while having slight activity against AV
virus (enveloped virus with negative segmented ss-
RNA). The maximum decrease in viral titers upon
addition of la was observed in the early and middle
stages of coxsackievirus life cycle: if 1a was added be-

115



A.S. Volobueva et al.

MHdekumns n uMmyHuTeT

fore virus or up to 4 h post infection. Leucoverdazyl
la doesn’t belong to capsid binder class of inhibitors
and has no virucidal activity against coxsackievirus.

Previously we described antioxidant properties
of leucoverdazyls [15]. Oxidative stress is in general
an imbalance between the production of reactive
oxygen species (ROS) and their removal by endoge-
nous antioxidant cellular enzymes [23]. An increase
in oxidative stress is associated with changes in cell
metabolism and physiology, and has a strong effect
on viral infection. ROS can be produced through
various endogenous mechanisms: mitochondria,
NADPH (nicotinamide adenine dinucleotide phos-
phate) oxidases (NOX), cytochrome P450, endo-
plasmic reticulum, peroxisomes, lysosomes [24].
Mitochondria are regarded as the prime source
of endogenous ROS due to their main role in oxida-
tive ATP production.

Though virus-induced increased ROS levels trig-
ger innate antiviral immunity, different viruses have
elaborated various delicate strategies to manipulate
mitochondrial respiratory and apoptotic functions
to ensure a successful life cycle [17]. For example,
adenovirus dampens mitochondria-dependent in-
trinsic apoptosis via adenoviral EIB 19K protein,
which was one of earliest viral antagonists of Bcl-2
(a cellular protein that inhibits apoptosis) discov-
ered. E1B 19K protein shares functional and struc-
tural homology with Bcl-2 and inhibits p53-depend-
ent apoptosis. Influenza A virus infection causes an
imbalance in the intracellular redox state, leading
to depletion of glutathione (one of the most stud-
ied cell antioxidants) and an increase in NADPH
oxidase 4 (NOX4)-mediated ROS production.
This pro-oxidant state promotes viral replication
including the folding of surface glycoproteins and
the nucleus-cytoplasmic traffic of viral ribonucleo-
protein [12]. EV71 infection also leads to increased
ROS generation, accompanied by decreased levels
of antioxidants (taurine and hypotaurine) [9]. It was
shown, that enteroviral 2B protein interacts with
mitochondrial voltage-dependent anion channel 3
(VDAC3) — one of the pore-forming protein local-
ized to the outer membrane of mitochondria, and
this interaction is essential to mitochondrial ROS
generation and viral replication [10]. It is described
that oxidative stress elicited by viruses can pro-
mote inflammation and subsequent tissue destruc-
tion [30, 19].

References

It has been published previously that compounds
with antioxidant properties may possess antiviral ef-
fects. For example, mitochondria-targeted antioxi-
dants MitoTEMPO and Mitoquinone (MitoQ, syn-
thetic analogue of coenzyme Q10) substantially in-
hibited enteroviruses replication in vitro and in vivo |9,
20]. In murine pancreatitis model of coxsackievirus
B4 infection application of dihydroquercetin, a fla-
vonoid from larch wood, provided decrease of virus
titer in pancreatic tissue and restored impaired an-
tioxidant properties in the tissue [18]. In the murine
model of TAV, intranasal delivery of MitoTEMPO,
resulted in a reduction in airway/lung inflamma-
tion, neutrophil infiltration, viral titers as well as
morbidity and mortality of animals [30]. Replication
of influenza virus was inhibited by the following an-
tioxidants: pyrrolidine dithiocabamate, N-acetyl-
I-cysteine, glutathione, nordihydroguaiaretic acid,
resveratrol, ascorbic acid, 5,7,4-trihydroxy-8-meth-
oxyflavone, catechins, quercetin 3-rhamnoside, iso-
quercetin and oligonol [31]. Therefore, use of antioxi-
dants either in monotherapy or in combination with
various direct acting antivirals targeting different
steps in viral life cycle can be useful for the treatment
of viral infection.

Conclusion

Leucoverdazyls are potent inhibitors of group
B enteroviruses in vitro. Further studies are needed
to elucidate their precise mechanisms of action in-
cluding assessment of its direct impact on intracel-
lular ROS generation, resistant clone selection and
mapping of resistance mutations. It may be feasible
to test its activity against group A and C enterovi-
ruses and other viruses with (+) ssRNA genome and
perform in vivo studies on animal models of EVI. We
plan to expand the library of leucoverdazyls through
targeted chemical modifications in order to disclose
its pharmacophore and improve their virus-inhibit-
ing properties. Nevertheless, the results of the study
can serve as a basis for future development of novel
antivirals to use in monotherapy or in combinational
treatment of EVI.
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PHARMACEUTICAL ACTIVITY OF A SYNTHETIC
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ON ENTAMOEBA HISTOLYTICA AND GIARDIA
LAMBLIA

H.M. Obaid!, S.S. Sale?, L. Boundenga3+*

! Northern Technical University, College of Health and Medical Techniques, Kirkuk, Iraq
2 Kirkuk University, College of Science, Kirkuk, Iraq

? International Centre for Medical Research of Franceville, Franceville, Gabon

* Durham University, Durham, United Kingdom

Abstract. Background. Intestinal parasites are among the most important infectious agents with an impact on human
health. Indeed, in the lack of an available treatment option, these parasites could constitute a real health problem
in the population. In the present study, we investigated for the first time the effect of a novel synthetic heterocyclic
((C;sH|,N;OCL)2-(benzo(d)(1,2,3)triazol-1-yl)-N-benzylideneacetohydrazine) compound on two intestinal parasites
(Entamoeba histolytica and Giardia lamblia). Methods. The parasite isolates tested were collected from outpatients at
the General Pediatric Hospital in Kirkuk, Iraq, between September 2019 and January 2020. Thus, we studied the in vivo
and in vitro pharmaceutical activity of the ingredient on both parasites. The toxicological effects of the substance on some
blood parameters and liver and kidney function tests were also studied. Results. After five days of treatment, the drug’s
in vivo action on G. lamblia resulted in an inhibition rate of 88.2% at a dose of 1 mg/kg. On the other hand, we observed
that the influence of this synthetic substance on cultured E. histolytica was very close to the metronidazole effect.
The maximum result was at a concentration of 1 g/ml and was obtained after 72 hours of incubation with an inhibition rate
0f 89.4%. The substance did not affect the blood parameters or the studied liver and kidney functions. Conclusion. It can be
concluded that this substance is highly effective against both E. histolytica and G. lamblia, and that it has no toxic effects
on the studied parameters. Therefore, it could be a promising pharmacophore for intestinal protozoan parasites including
E. histolytica and G. lamblia and an alternative or competitor to the current medications available.

Key words: pharmaceutical, activity, synthetized, heterocyclic compound, Entamoeba histolytica, Giardia lamblia.
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H.M. Obaid, S.S. Sale, L. Boundenga WNHbekums n UMMyHHUTET

3UTHI MOTYT TIPEACTABJISITh PeaybHYIO TTPOOJIEMY JUJIS 30pPOBbsl HaceleHUs. B HacToseM MccaeoBaHUM MBI BIlEp-
BbIE UCCJIEIOBAIU ACCTBME HOBOTO CUHTeTUYeCKOro retepounkianyeckoro coenvHenus [(C,sH;,N;OCL)2-(6en3o(d)
(1,2,3)Tpuazon-1-um)-N-OeH3unIuaeHalleTOTUAPa3iH| B OTHOLIEHUM [ABYX KUIIEYHBIX TNapasuToB (Entamoeba
histolytica v Giardia lamblia). Memoos:. TecTupyeMble U30JSTHI Tapa3UTOB ObLIM COOPaHbI OT aMOYJIaTOPHBIX MallMeH-
ToB B ['maBHOI neTckoii 6oapHuLe B Kupkyxke, Mpak, B mepuon ¢ ceHTa0ps 2019 1. mo ssuBapb 2020 1. Takum odpasom,
MBI U3YYJIN (papMaleBTUUYECKYI0 aKTUBHOCTb UCIIOIb30BAHHOIO COSIMHEHMS M Vivo U in Vitro B OTHOILIEHUM 000X
rmapa3uToB. TOKCMYHOCTH BEleCTBA M3yYajach IO HEKOTOPBIM ITOKA3aTeIsIM KPOBU M (DYHKIIMOHAJIBHBIM IIpOOaM
TeYeHN ¥ ToveK. Pezyaomamest. [1ociie isITH mHEH JedeHMS NeMiCTBHE TIpenapara in vivo Ha G. lamblia ipuBeno K cTe-
neHy uHruouponaHus 88,2% mpu go3e 1 mr/kr. C apyroii CTOpOHbBI, Mbl HA0IIOAAJIM, YTO BAUSHME YKA3aHHOIO CUH-
TETUYECKOTO BEIleCTBa Ha KYNbTYpy E. histolytica ObLI0 OUeHb OIM3KO K AEMCTBUIO METPOHMIA30J1a. MaKCUMaTbHEII
pe3yJabTaT ObLT MOJyUYeH MPU KOHIeHTpauuu 1 1/mMi yepe3 72 4 MHKYOAllMK CO CTerneHbio nHruouposanus 89,4%.
CoennHeHMe He BIMSJIO Ha ITOKa3aTe M KpOBY WJIU n3ydaeMble QyHKIIMY TIeYeHU ¥ TIoveK. 3akaouenue. MOXHO crie-
JIaTh BBIBOJI, UYTO JaHHOE BellleCTBO 00J1a1aeT BbICOKOM 3(h(eKTUBHOCTHIO KaK B OTHoLIeHUHU E. histolytica, Tak U B OT-
HouieHuu G. lamblia v He OKa3bIBaeT TOKCUYECKOro AeicTBUs. TakuM 00pa3oM, coemMHEHUe MOXeT ObITh adhdek-
TUBHBIM (hapMIIperiapaToM B OTHOIIEHWU KMIIEYHBIX MPOCTEHININX Mapa3uToB, BKIoudas E. histolytica u G. lamblia,
a TaK>Xe aJIbTepHATUBOM MJIM KOHKYPEHTOM AOCTYIHBIX B HACTOSIIIEE BPEeMsI IEKapCTBEHHbBIX CPEICTB.

Karouesnie caosa: hapmayeemura, akmusHocms, cCuHmes, eemepoyuxiuyeckoe coedunenue, Entamoeba histolytica, Giardia lamblia.

Introduction

Human gastrointestinal parasites are among
the leading causes of disease worldwide, especially
in undeveloped countries, where people still suffer
from high rates of parasitic infections. Intestinal par-
asites are ingested with contaminated food and wa-
ter and pass through the entire gastrointestinal tract.
These gastrointestinal parasites constitute a real pub-
lic health problem, as they represent a threat to the
health of a large part of the population and can also
lead to high mortality rates, exclusively in the absence
of available treatment options [20, 30]. For many de-
veloping countries, metronidazole remains the drug
of choice for treating intestinal parasite infections.
Despite the widespread use of this compound in many
countries, however, its use is not approved by the Food
and Drug Administration (FDA) in some countries,
such as the United States [12, 14].

Since the emergence of many cases of parasite re-
sistance to this drug [11, 16, 19, 25, 32], several stud-
ies have been conducted with the objective of finding
therapeutic alternatives to treat these parasites [2, 26,
29]. Also, it has been reported that metronidazole
use could lead to several frightening side effects that
could have detrimental effects on human health [21,
22] and that its long-term use could be carcinogen-
ic [6] and/or cause damage to various parts of the
brain [10, 21, 22].

For several years, numerous studies around
the world have attempted to find other suitable com-
pounds that can be used instead of metronidazole.
Some substances like cryptdin-2 [26], hexadecyl-PC
and other substances with longer alkyl chains [29]
have been tested for their therapeutic activities against
E. histolytica strains. These substances were found
to be very effective at various concentrations [26,
29]. However, of all the compounds tested, oleyl-PC,
octadecyl-PC, and non-adecenyl-PC had the highest
effective concentrations, with concentrations rang-

ing from 15—21 mM for strain SFL-3 and 73—98 mM
for strain HM-1 after 48 hours of treatment [29].

In the in vitro test of kaempferol (KPF) as an an-
ti-protozoal, with an effective concentration of fifty
percent, was 7.9 g/mL for E. histolytica and 8.7 g/mL
for G. lamblia [7]. Several synthetic compounds
(5-(3-chlorophenyl)-1-methyl-4-nitro-1 H-imidazole,
synthesized inhibitors of the Hsp90 class, and many
other compounds) have been reported to have po-
tential chemotherapeutic properties against E. his-
tolytica and G. intestinalis [8, 27]. Thus, some of the
compounds tested as alternatives to metronidazole
have had encouraging results on intestinal tract para-
sites [15, 28].

However, despite the efforts already made to find
alternative treatments for intestinal protozoa, there
is still a need for further work in this area to find and
propose new treatments from different sources in or-
der to overcome the problem of resistance and harm-
ful side effects of currently available pharmaceuti-
cals. Thus, this study aimed to investigate the effect
of a synthetic organic heterocyclic compound against
two intestinal parasites, E. histolytica and G. lam-
blia because it has been shown to be highly effective
against some resistant pathogenic bacteria.

Materials and methods

Study design

This study was designed to see if the newly synthe-
sized organic heterocyclic compound (C,;H,,N;OCL)
2-(benzo(d) (1,2,3) triazol-1-yl)-N bennzylideneace-
tohydrazine) had any therapeutic effects on the intes-
tinal parasites E. histolytica and G. intestinalis in lab-
oratory mice and in culture.

The organic heterocyclic (C,;H,,N;OCL) ingredient

The composite used in our study was synthesized
from a series of eleven novel heterocyclic compounds
that were tested in a study on bacteria [26], in which
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the fifth compound proved to be very effective against
gram-positive and negative bacteria. The preparation
of heterogeneous rings was carried out based on the re-
actance of benzotriazole present in some compounds
6, 7, 8,9, 11) described previously in [1] and with
chloroethyl acetate ester. Hydrazone was made from
the condensation of hydrazide with the replacement
of benzaldehyde in ethanol. From the reaction of an
ester with aqueous hydrazine and the reaction of hy-
drazine with hydrazonebenzaldehyde, the heterocyclic
effective compound ((C,sH;,N;OCL)2-benzo(d)(1,2,3)
triazol 1 yl) N bennzylideneacetohydrazine)  was
formed. The structure of the synthesized ingredient was
checked by calculating the melting point and the in-
frared spectrum. The specifications of the ingredient
were as follows: IR =:1652 (C=0), 1620 (C=N), 3311
(NH), as.1265 (C-0-C), sy.1104 (C-O-C), IHNMR =
3.6 (O-CH,), 7-7.5 (4H-Ph), 8.1 (Ph-CH), 8 (NH), 5.1
(N-CH,), R group: 2-Cl, UV spectrum: 294, molecu-
lar formula: C;sH,,N;OCL, melting point: 210—212°C,
harvested percentage: 57, color: leady, Fig. 1.

Identification and isolation of the parasitic stages

In our study, parasite isolates were researched
in samples of outpatients who suffered from diarrhea
and who had attended the General Pediatric Hospital
in Kirkuk, Iraq during the period between September
2019 and January 2021. The presence of cysts and
trophozoite stages was confirmed by microscopic
examination of the stool samples and the presence
of RBCs in Entamoeba trophozoite. Another positive
sample was requested for culture for some positive
samples from patients in whom we found E. histolyt-
ica trophozoites. A small amount of the mucoid part
of the sample was implanted directly onto the pre-
pared medium for culture. The cystic stages of the
two parasites were separated from human or mouse
stool samples using the concentration sedimentation
method.

Pharmaceutical activity of the heterocyclic
compounds

In vivo pharmaceutical activity

To test the effect of the substance in vivo, male
or female albino (Balb/C strain) mice weighing 25—
30 grams were selected. The mice were raised under
standard conditions and brought to the animal house
of the College of Sciences at Kirkuk University. Mice
were infected with Giardia by being orally dosed with
a thousand cystic stages. The concentrations of 0.25,
0.5, 0.75, and 1.0 mg/kg of the substance were ad-
ministered to mice orally three times daily for five
days (six mice for each concentration) [34]. Parasite
excretion in mice was monitored daily by examining
the excretion patterns of the parasites in their feces.
The mean number of cysts and trophozoite stages
counted in 30—50 high microscopic fields was esti-
mated. The inhibition ratio (control group—treated
group/control group x100) was calculated. 0.4%
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Figure 1. Molecular formula of the synthetic
substance

trypan blue was applied for staining. Metronidazole
at a concentration of 0.8 mg/kg and a group dosed
with the parasite without any treatment were used as
a control group. Laboratory animal experiments and
handling were designed based on the ethics and rec-
ommendations of protecting laboratory animals with
the code (MUCEDLA-O01) of the Ethics Committee
for Animal Handling of the University of Kirkuk.

In vitro pharmaceutical activity

of the heterocyclic ingredient

Preparation of culture media. For culturing FE. his-
tolytica, Boeck and Dr. Bohuslav’s Locke-Egg-Serum
(LES) medium were used [23]. First, the Locke solution
was prepared, filtrated, and autoclaved. For the solid
face of the culture, four eggs were mixed with 50 ml
of Locke’s solution and homogenized. The medium was
solidified in a slant position. Finally, 2 mL of Locke’s
solution was added to each tube and re-autoclaved.
The media was kept in the refrigerator until used [13].
0.5 ml of inactivated human serum from a healthy per-
son, 0.05 ml of stock antibiotic solution (100 U per ml
of penicillin and 100 pg per ml of streptomycin) and
a loopful of sterile starch were added to each tube and
gently shaken directly before inoculation.

Culturing of E. histolytica. Approximately ten (10)
tubes of culture media were warmed in an incubator
at 35°C for 1 to 2 hours and inoculated with bloody
mucoid diarrheic fresh stool samples from the outpa-
tients who were diagnosed with E. histolytica trophozo-
ites [13]. A small amount of mucus parts was inoculated
into which were then incubated in a photophore under
microaerophilic conditions at 37°C for 48—72 h. After
that, cultures were cooled for a few minutes in ice wa-
ter upright to remove the attached trophozoites from
the tube walls. In addition, we took 0.05 ul of the liquid
part from the tube bottom, mixed it with 0.05 ul PBS
and examined it to search for trophozoite stages of dif-
ferent parasites. All positive cultures were maintained
by sub-culturing every three days.

In vitro evaluation of the heterocyclic ingredient effect
in culture media. Certain weights of the heterocyclic
compound were dissolved in Locke solution to ob-
tain the desired concentrations of 0.25; 0.5; 0.75; and
1.0 pg/ml. For each concentration, three tubes of cul-
ture media were supplemented with inactivated human
serum, antibiotics, and starch. Transplantation with
about 5000 trophozoites of E. histolytica was carried
out after counting utilizing a hemocytometer. The im-

121



H.M. Obaid, S.S. Sale, L. Boundenga

MHdekumns n uMmyHuTeT

planted tubes were incubated as described in the above-
mentioned steps. The viability of the trophozoites was
estimated after 24, 48, and 72 hours of exposure by
counting the viable and nonviable cells in 30—50 mi-
croscopic fields using 0.4% trypan blue [26]. The per-
centage of viable cells (no. of viable cells/total viable
and unviable cells x100) and inhibition rate (control
group — treated group/control group x 100) of each
concentration were calculated. Metronidazole at
a concentration of 0.8 pg/ml and cultures without any
addition were tested as negative and positive controls.
Each experiment was conducted in triplicate.

In vitro evaluation of the heterocyclic ingredi-
ent on E. histolytica and G. lamblia cysts. The test
of evaluation of compound effects on the different
parasite species was carried out using the [11] meth-
od with some modifications. First, we dissolved 1 ml
C,sH;,N;OCL (0.25,0.5,0.75, and 1.0 mg/ml) in PBS,
and then incubated it with about 1000 cysts of E. his-
tolytica and G. lamblia, which had been isolated as de-
scribed in the previous step. After incubation for 10,
20, and 40 minutes, the cysts were washed three times
with PBS. Then 0.1 ml of trypan blue was mixed with
0.1 ml of cyst sediment for 15 minutes. The viable and
unviable cysts were counted in 30—50 microscopic
fields. The percentage of viable cysts (No. of viable
cells/total viable and unviable cells x 100) and in-
hibition rate (control group — treated group/control
group x 100) was calculated. An incubation with met-
ronidazole 0.8 mg/ml and PBS were used as controls.
Each experiment was carried out in triplicate.

Toxicological effect of the heterocyclic compounds

To test the toxicity of our compound in our study
we proceeded to sacrifice the mice that received dif-
ferent concentrations (the highest and the lowest dos-
es) of our compound (C,sH;,N;OCL) and metronida-
zole to obtain blood and serum samples. Blood sam-
ples were collected in EDTA and dry tubes and used
to measure some hematological parameters such as red
and white blood cells and platelets. For analysis, about
500 pl of blood was added to the CBC apparatus type
Swelab (Swedish made) for analysis and we printed all
the results for each realized test. On the other hand, se-
rum was used to evaluate the effect of the compounds
on liver and kidney function (GPT, GOT, alkaline
phosphatase, urea, and creatinine) were measured.
Thus, with the help of the Cobas type chemistry ana-
lyzer (German made), we used 150 pl of serum to test
the liver and kidney function and all the test results
were printed and analyzed. To finish with this aspect
of our study, we took the blood samples from infected
mice untreated with any substance and uninfected
mice for comparison as control groups.

Statistical analysis

Statistical analyses were performed using SPSS
software. The comparative analysis between con-
centrations obtained and the value of controls was

done, as well as between concentrations and times
of treatment, and between concentrations and con-
trols for blood analysis tests and other chemical tests.
Analysis of variance between studied factors was done
using an ANOVA two-factor test without replication.
Differences were considered statistically significant
at a 0.05 confidence level.

Results

Pharmaceutical activity of the heterocyclic
(C,sH,,N;0CL) compound

In vivo pharmaceutical activity of the heterocyclic
compound. After examination, we observed a direct
relationship between the substance and Giardia at
different concentrations and times. The use of this
compound led to a complete recovery after five days.
The results obtained with metronidazole were simi-
lar to those obtained with the synthetic compound,
especially at the concentration of 1 mg/kg, and an
inhibition of 88.2% after four days. The effect of the
substance on the dying stages was evident in the depo-
sition of the substance around their nuclei, which gave
it a very visible and prominent appearance (Fig. 2, A).

In vitro evaluation of the heterocyclic ingredient ef-
fect in culture media. The effect of the synthetic sub-
stance on Entamoeba in the culture was great and was
close to the effect of metronidazole, and the effect re-
mained almost constant on the second and third days.
The maximum effect was at a concentration of 1 pug /ml
after 72 hours, with an inhibition rate of 89.4% com-
pared with the effect of metronidazole, which reached
94.7 percent after the same period (Fig. 2, B).

In vitro evaluation of the heterocyclic compound
on E. histolytica and G. lamblia cysts. The cystic
stage was more resistant to the effect of the synthet-
ic compound for both parasites, although the effect
of the compound exceeded that of metronidazole,
especially at the highest concentration and during
the forty minutes of incubation. The effect of the
compound was greater than metronidazole. Indeed,
we obtained a percentage of inhibition and death
of 46.7% for Entamoeba cysts and 20.4% for Giardia
cysts with the synthetic compound, while the inhi-
bition rate with metronidazole was 10% and 13.3%,
respectively for Entamoeba and Giardia (Fig. 2, C,
D). We also observed that the effect of the substance
on the dead cystic stages was evident in the deposi-
tion of the substance around the nuclei of the cystic
stages and the cyst wall, which gave it a very visible
and prominent appearance, especially for the cystic
stages of the Entamoeba parasite.

Toxicological effect of the heterocyclic
(C,sH,,N;OCL) compound

Concerning the toxicity of the heterocyclic com-
pound, our analyses revealed that the substance had no
significant effect on the different parameters evaluated
(blood, number of red blood cells) compared to the
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Figure 2. In vivo and in vitro pharmaceutical effect of the heterocyclic compound on tested parasites,
the numbers marked above in gray indicate the standard deviations

control groups. Thus, no parameters gave significant
differences between them and the controls (Fig. 3, A).
The groups of mice infected and treated with
the substance and metronidazole showed only
a slight increase in white blood cells compared to the
uninfected and untreated control groups (Fig. 3, B,
C). However, both products (synthetic substance and
metronidazole) had only a slight effect on the platelet
count. We observed a significant increase compared
to the control groups (Fig. 3, D, E, F). On the other
hand, our results show that when the effects of the
manufactured substance were tested on some liver
and kidney functions, the effect of the substance was
not significant on any of the studied parameters ex-
cept for the GOT enzyme, where the ratio of the en-
zyme in mice dosed with the substance and metroni-
dazole had slightly increased compared to the unin-
fected and untreated control group (Fig. 3, G, H, I).

Discussion

For the first time, the current study sought to as-
sess the effectiveness of a novel synthetic organic
compound against two kinds of intestinal parasites.
Indeed, intestinal protozoa are one of the main caus-
es of gastrointestinal diarrhea, responsible for many
cases of morbidity and death [9]. And metronidazole
is the only treatment used and available in many de-
veloping countries against its parasitic infections.
However, many attempts to find alternative treat-

ments to treat many intestinal parasites, especially
those with a deleterious effect on human health [3, 5].
Indeed, in many cases, it may be necessary to manu-
facture the effective active ingredient, even when ex-
tracted from plants, in order to overcome the obsta-
cles inherent in traditional methods [27].

The manufactured materials are pure and the quan-
tities obtained from them are abundant, but their toxi-
cological and histological effects need to be studied if
they are used for therapeutic purposes [31]. In our case,
the use of this substance was based on proving its lethal
effects on pathogenic resistant bacteria [1].

In this study, the results show that the tested sub-
stance had an effect on parasites of the genus Giardia.
Indeed, a direct effect was found between this com-
pound and this parasite at different concentrations
over time. This led to a complete recovery after five
days of treatment with our compound. This result
is similar to the one observed with metronidazole [28],
especially at a concentration of 1 mg/kg. Also, this
compound had a similar effect to metronidazole
on Entamoeba cultures [15]. Thus, we believe this
compound could be an excellent therapeutic alterna-
tive for the treatment of intestinal parasites. However,
we observed that the cystic stage of both parasites was
more resistant to our compound, although the im-
pact of our substance exceeded that of metronida-
zole [28], especially at the highest concentration. This
effect on trophozoites may be because organic com-
pounds are made of heterocyclic ring systems that
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have a wide range of biological activities, effective
against many pathogens [4, 18, 33]. Thus, we believe
that the compound tested here in our study would ex-
hibit the same effects as those of many drugs and that
certain compounds that produce anions that would be
toxic to trophozoites would potentially activate it [33].
This would lead to DNA breakage and destabiliza-
tion of helices, resulting in the inhibition of synthe-
sis of certain proteins, which may Kkill the parasite [4,
18, 24, 33]. The reduced efficacy observed on the
cystic stage, on the other hand, could be explained
by the fact that cysts are surrounded by a protective
wall that is resistant to many substances [17], making

Toxicological effect of the compound

penetration of the substance more difficult. Thus, we
believe that increasing the period of exposure of the
cysts to the substance would increase the effect of this
product on the parasites and thus allow the destruc-
tion of a greater proportion, especially since the mate-
rial had a good effect on the cysts.

Concerning the toxicity, the compound did not
present any toxic effect on the different blood param-
eters evaluated, i.e., on the number of red and white
blood cells and platelets. Also, on some functions
and enzymes of the kidneys and liver of mice treated
with our compound. Previous studies on the impact
of synthetic chemicals on intestinal parasites have
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Figure 3. Toxicological effect tests of the compound on some blood, liver and kidney tests
Notes. HGB — hemoglobin, HCT — hemotocrit, RDW — red cell distribution width, MCV — mean corpuscular volume,
MCH — mean corpuscular hemoglobin, MCHC — mean corpuscular hemoglobin concentration, PLT — platelet, MPV — mean

platelet volume, PDW — platelet distribution width, MID — mid-range absolute count (mono., eosino., baso.), PCT — plateletcrit,
PLR — larger platelet cell ratio, the numbers marked above in gray indicate the standard deviations.
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taken many different forms. For instance, crypt-
din-2 was investigated for its impact on E. histolytica
and found to be highly effective at lower concentra-
tions [26]. Similar tests were done on the effectiveness
of hexadecyl-PC and other compounds with longer
alkyl chains against two other strains of E. histolytica.
However, of all the substances examined in earlier
investigations, oleyl-PC, octadecyl-PC, and nonade-
cenyl-PC were the most successful [29].

Additionally, the anti-protozoal kaempferol
(KPF) invitrotest results for E. histolyticaand G. lam-
blia were 7.9 g/mL and 8.7 g/mL, respectively, with
a50% effective concentration [7]. Similarto this, KPF
use resulted in early cell death by causing the absence
of some intracellular regions of cytoplasmic juice [2].
When tested against E. histolytica and G. intestinalis,
the synthetic substance 5-(3-chlorophenyl)-1-me-
thyl-4-nitro-1H-imidazole demonstrated a high fa-
tal dosage of 1.47 uM/mL [27]. Additional synthetic
inhibitors were discovered to show potential chemo-
therapeutic activities comparable to metronidazole
against trophozoites and/or cysts of G. intestinalis and
E. histolytica |8, 15, 28].

Conclusion

In the end, we concluded that this substance
is highly effective against both Entamoeba and
Giardia, and its effectiveness may exceed that of met-
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CLINICAL CHARACTERISTICS AND
LABORATORY TEST IN FULL-TERM NEONATES
WITH SEPSIS IN VIETNAM NATIONAL
CHILDREN’S HOSPITAL (NORTHERN VIETNAM)

T.B. Nguyen*’, T.N.T. Nguyen?, T.H. Dang?, B.N. Nguyen?, T.M.H. Truong?, T.H. Le?, N.D. Le?

“ Vietnam National Children’s Hospital, Hanoi City, Vietnam
b Hanoi Medical University, Hanoi City, Vietnam

Abstract. Background. Sepsis is a life-threatening condition in response to an infectious agent, causing damage to organs.
Sepsis causes serious consequences in neonates due to high rates of mortality, sequelae, and disability. The Southeast
Asian country of Vietnam features on of the highest infectious disease rates in the world (high rates of infection, disability
and mortality), as well as being a middle-income country with a stratified health care system. The aim of this study was
to evaluate the clinical and laboratory characteristics of patients at the Vietnam National Children’s Hospital. Materials
and methods. This descriptive study was conducted with 85 full-term infants with sepsis admitted to Vietnam National
Children’s Hospital in the period from December 2019 to April 2021. Patients had at least 2 clinical symptoms and 2 labo-
ratory signs according to the criteria for assessment of neonatal sepsis (European Medicines Agency in 2010) along with
positive blood culture results. Results. Common clinical symptoms in neonates with sepsis included poor feeding (89.4%),
respiratory failure (69.4%), fever (51.8%), tachycardia (52.8%), and shock (25%). Anemic patients accounted for many
(72.9%). Patients with increased white blood counts accounted for 41.2%. Newborns with a low white blood count ac-
counted for 15.4%. Patients with thrombocytopenia were 49.6%. Most patients had elevated CRP (88.3%). The mean value
of nCD64 was 10167.1+6136.9 molecules bound/cell. mHLA-DR was 9898.4414173.9 molecules bound/cell. The Sepsis
Index was 274.61287.5. Conclusions. We recorded differences in clinical characteristics and laboratory tests in full-term
neonates with sepsis at National Children’s Hospital, of which, nCD64, mHLA-DR, and Sepsis Index should be further
investigated and referred to as prospective routine biomarkers in diagnosis of neonatal sepsis.

Key words: neonatal sepsis, nCD64, mHLA-DR, sepsis index, clinical symptoms, laboratory signs.
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HOBOPOXAEHHbIX C CENCMCOM BO BLETHAMCKOW HALLMOHAJIbHOW JETCKOW BOJIbHULLE
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OIHWM M3 CaMbIX BEICOKHX TTOKa3aTesieil MH(GEKIIMOHHBIX 3a00/1eBaHMi1 B MUpE (BBICOKUIA YPOBEHb MHMUIIMPOBAHWS,
WHBAJIMIHOCTU U CMEPTHOCTH), a TaKXXe SBJISETCS CTPAHOU CO CPETHUM YPOBHEM JOXOIA U CTPATU(PUIIMPOBAHHOMN
cucTteMoii 3npaBooxpaHeHus. Llenb aToro ucciaenoBaHus cocTosiia B TOM, YTOObI OLIEHUTh KIMHUKO-Tab0paTOpHbIE
XapaKTEePUCTUKU TMAIMEHTOB C CENCUMCOM BO BbeTHaMCKOU HallMOHANbHOI JeTCKOW OonbHulE. Mamepuaiv
u memodvl. OmnucaTelbHOE HCCAeNOBaHWE ObITO MPOBEAEHO € ydacTUeM 85 MOHOIIEHHBIX HOBOPOXIEHHBIX
C CETCUCOM, TIOCTYNMHMBIINX BO BheTHaMCKYI0 HaIlMOHAJBHYIO JETCKYIO OONBHUIY B Tepuon ¢ aekadbps 2019 .
no anpenab 2021 1., UMEBILIUX HE MeHee 2 KIMHUYECKUX CUMIITOMOB U 2 J1aOOpaTOPHbBIX MPU3HAKOB B COOTBETCTBUU
C KpUTEpHUSMHU OLIEHKW HeoHaTaJlbHOTO cercrca (EBporreiickoe areHTCTBO 110 JIeKapcTBeHHBIM cpeacTBam, 2010 r.)
B COUETAHUU C TMOJOXUTEIbHBIMU pe3yJbTaTaMU MoceBa KpoBU. Pesyasmamer. O0LIME KIMHUYECKUE CUMIITOMBI
y HOBOPOXIEHHBIX C CENCHMCOM BKJIOYaau Bsioe cocaHue (89,4%), ObIXaTeIbHYIO HEZOCTAaTOYHOCTHL (69,4%),
nuxopaiky (51,8%), taxuxkapauio (52,8%) u wmok (25%). Ilpeobaamanu GojbHble ¢ aHemueil (72,9%). BosbHbie
C TIOBBIIIIEHHBIM COAepKaHMEM JICHKOLMTOB cocTaBUIH 41,2%, ¢ TOHMXKEHHBIM ColepKaHueM JieiiKounTo — 15,4%,
¢ TpoMbonuToneHueit — 49,6%. Y 6oabmunHcTBa naiueHToB 6b11 noBbimieH CPb (88,3%). CpenHee 3HaueHre nCD64
coctaBuio 10167,1£6136,9 cBa3aHHBIX MoJIeKyT/KiIeTKy, mHLA-DR — 9898,4+14173,9 cBI3aHHBIX MOJIEKYJI/KIIETKY.
Wnpekc cencuca coctasui 274,6£287,5. Boieodsr. HamMu 0OHApy:KeHBI pa3inyus B KIMHUYECKUX XapaKTePUCTUKAX
1 J1abopaTOPHbBIX MOKa3aTeNsIX Y JOHOLIEHHBIX HOBOPOXAEHHBIX ¢ cencucoM B HaunoHaabHOM NeTCKOI OOJbHUIIE.
Cnenyer HONMOJHMUTEILHO HccienoBarh mokasatenn nCD64, mHLA-DR u uHIeKc cercuca, KOTOpPble MOXKHO
paccMaTpUBaTh KaK BO3MOXHBIC pyTHHHBIE OMOMapKephl B IMaTHOCTUKE HEOHATAJIBHOTO CEIICHCa.

Karuesnte caosa: neonamansrutii cencuc, nCD64, mHLA-DR, undekc cencuca, Kaunuveckue CUMRIMOMbL, 1A00pamMopHbyle NPUSHAKU.

Introduction

According to a report by the World Health
Organization (WHO), in 2019 globally, there were 2.4
million infant deaths, of which neonatal sepsis is one
ofthe leading causes [26]. Surveys conducted worldwide
in the period 1990—-2017 estimated there were more
than 25 million cases of sepsis, mainly neonates [22].
Another study in 13 countries and territories from 1979
to 2019 also showed that the infant mortality rate was
17.6%, being higher in low- and middle-income coun-
tries [27]. Sepsis is a life-threatening condition in re-
sponse to an infectious agent, causing damage to tissues
and organs. Sepsis causes serious consequences in neo-
nates due to high rates of mortality, sequelae, and dis-
ability [17, 27]. Vietnam is a country in Southeast Asia
featuring some of the highest infectious disease rates
in the world, including high rates of infection, disabil-
ity, and mortality [22]. This prospective study aimed
to evaluate the clinical and laboratory characteristics
of patients at the Vietnam National Children’sHospital
to show the clearest and most complete picture of full-
term neonatal sepsisin NorthernVietnam.

Materials and methods

Patients. A descriptive study was conducted of 85
full-term infants admitted to the Neonatal Center
of Vietnam National Children’s Hospital in the pe-
riod from 12/2019 to 4/2021.

Selection criteria: term newborns with at least
2 clinical symptoms and 2 laboratory signs accord-
ing to the criteria for assessment of neonatal sepsis
of the European Medicines Agency in 2010 (EMA
2010) [21] along with positive blood culture results.

Exclusion criteria: major congenital anomaly,
inborn errors of metabolism, neonates who have re-
ceived blood transfusion.

Laboratory tests. On the first day of admission,
blood samples were taken for complete analysis
of blood cells, blood gases, liver and kidney function,
blood sugar, C-reactive protein, and blood culture by
routine laboratory tests. Neutrophil CD64 (nCD64)
and monocyte HLA-DR (mHLA-DR) expression
were evaluated by flow cytometry (Becton Dickinson,
Mountain View, CA, USA) using a phycoerythrin
(PE) fluorescence quantification kit (QuantiBRITE
PE, Becton Dickinson) and calculated into phyco-
erythrin molecules bound/cell. Sepsis Index (SI) was
calculated from nCD64 and mHLA-DR values.

Statistical analysis. Results were analyzed with
SPSS 20.0 statistical software (SPSS Inc, IL).
The level of significance considered was 0.05.
According to EMA 2010 criteria, we chosecut-offval-
ues for CRP, WBC and PLT of 15 mg/L, 20 000/mm?
and 100 000/mm?, respectively.

Ethics statement. Conduct of the study was ap-
proved by the Medical Research Ethics Committee
at the Vietnam National Children’s Hospital accord-
ing to Decision No. 332 (dated March 10, 2020).

Results

In theperiod from December 2019 to April 2021 at
the Neonatal Center in Vietnam National Children’s
Hospital, 85 patients with positive blood culture re-
sults met the research criteria. Among them, 39 were
girls (45.9%), and 46 were boys (54.1%). Other fea-
tures were:average gestational age 38.6%1.1 weeks;
average weight 2918.2+548 grams; and age average
hospital admission 10.4+8.2 days.

Most of the children received frontline treatment
78/85 (91.8%). The majority of children received
frontline antibiotics 73/85 (85.9%) and frontline
mechanical ventilation. Other characteristics were:
31/85 (36.5%) children had central catheters; 43/85
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children were born by caesarean section; and 9/85
mothers had fever around delivery. Time of onset
of infection: 52/85 children had early onset of infec-
tion (£ 7 days); 33/85 children had late onset of infec-
tion (> 7 days).

Discussion

Currently, the trend of early neonatal sepsis is de-
creasing, and the rate of late neonatal sepsis is increas-
ing. A. van den Hoogen tracked data from 1978—2006.
The rate of early sepsis decreased from 52.1% to 28.1%.
In contrast, the rate of late sepsis increased from 11.4%
to 13.9% [25]. This may be due to better manage-
ment of pregnancy, the mother are vaccinated against
Group B streptococcus avoid infecting the baby, or-
maternalinfections are better managed.

The rate of children with fever accounted
for 51.8%. Our results are similar to the results
of A Sorsa in Ethiopia with the rate of 47.5% of full-
term infants with sepsis having fever, but higher
than the rate of 23.9% of infants with febrile illness
in J. Davis’s study [3, 23]. The rate of febrile children
with severe infections (septicemia, meningitis, etc.)
ranged from 6.3% to 28% |[8].

Our rate of children with hypoxemia was higher
than that of A. Sorsa (34%) [23]. In our study, 21.2%
of children with rales showed damage due to bron-
chopneumonia or pneumonia, so many children had
rapid breathing.

Tachycardia is the most common symptom (51.8%),
especially in '/ children with septic shock and capil-
lary refill times > 3 seconds. Tachycardia is a common
finding in neonatal sepsis, but is not specific. In our
study, many children’s fever may be the cause affect-
ing the rate of tachycardia. Poor perfusion and hypo-
tension are often detected late. The rate of these two
symptoms in our study was 25/85 (29.4%), equivalent
to the research results of B.J. Stoll [24].

Poor feeding was the most common digestive
symptom, accounting for 92.9%. Abdominal dis-
tention and diarrhea accounted for 43.5% and 2.4%.
The study of M.S. Edwards showed that gastrointes-
tinal symptoms presented with the rates of: jaundice
35%, hepatomegaly 33%, poor appetite 28%, vomit-

Table 2. Peripheral blood count and CRP (n = 85)

Table 1. Clinical characteristics of the study group
(n=285)

Parameter Number Percentage
Rapid breathing 30 35.3
Apnea > 20 seconds 4 47
Sp0,<85% 64 75.3
Rales 18 21.2
Tachycardia 44 51.8
Shock 24 29.4
Refill > 3 seconds 25 29.4
Mottled skin 19 22.4
Oliguria 15 17.6
Hypotension 13 15.3
Poor sucking 79 92.9
Delayed gastric emptying 60 70.6
Abdomen distention 37 43.5
Diarrhea 2 2.4
Lethargy 25 29.4
Seizures 2 24
Hypertonic 2 2.4
Hypotonic 1 1.2
Scleroderma 17 20.0
Petechiae 15 17.6
Jaundice 10 11.8
Abscess 3 3.5
Boil 3 3.5
Skin necrosis 2 2.4
Rash 2 2.4
Purulent dermatitis 1 1.2

ing 25%, abdominal distention 17%, and diarrhea
11% [6].

Neurological symptoms in our study were mainly
lethargy. In V. Anand’s study, 38% of neonates with
sepsis had seizures [1]. L. Pugni, evaluating a group
of neonates with severe sepsis, showed common neu-
rological symptoms including 56% hypotonicity,
56% lethargy, and 3.9% seizures [19].

The mean Hct of the study group was 40.3£7.3%,
and 72.9% of children were anemic. Our rate of chil-
dren with anemia is lower than that of N. Cai
(84.9%) [2]. Anemia is one of the common conditions
in neonatal sepsis.

Parameter X+SD Increase (n, %) Decrease (n, %) Normal (n, %)
White blood cell, x 10° cells/L | 16.78+10.31 (2.15-54.98) 35(41.2) 13 (15.4) 37 (43.5)
Platelet, x 10° cells/L 21.17+20.44 (4-77.3) 0 42 (49.6) 43(50.4)
Hct, % 40.347.3 23 (27.1) 62 (72.9) 0
CRP, mg/L 84.2£76.8 75 (88.3) 0 10 (11.7)

Table 3. Coagulation (n = 80)
X+SD Increased (n, %) Reduced (n, %) Normal (n, %)

Prothrombin, % 65.5+26.2 0(0.0) 48 (60) 32 (40)
APTT, second 47.5+23.3 46 (57.2) 34 (42.8)
Fib, second 3.5%1.5 40 (50) 40 (50)
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Table 4. Blood biochemical index (n = 85)

X+SD (mmol/L) Increased (n, %) Reduced (n, %) Normal (n, %)
Na* 134.3+5.2 5 (4.6) 42 (50.1) 38 (45.3)
K* 4.6+1.4 33 (38.2) 8(9.5) 44 (52.3)
Glucose 5.615.1 20 (23.6) 2(2.3) 63 (74.1)
GOT 511.7£185.3 39 (45.2) 46 (54.8)
GPT 272.2+89.6 18 (20.6) 67 (79.4)
Urea 29.5+51 18 (20.6) 67 (79.4)
Creatinin 76.7+42.8 25 (28.8) 60 (71.2)
Albumin 7.9%6.6 50 (58.8) 35 (41.2)

Table 5. Blood gas indices (n = 51)

X+SD (mmol/L) Increased (n, %) Reduced (n, %) Normal (n, %)
pH 7.4%1.24 1(2.0) 35 (68.6) 15 (29.4)
BE -6.8+8.1 24 (74.1) 27 (25.9)
Lactate 5.1£3.7 46 (90.1) 5(9.9)

Our study showed 41.2% of children with increased
white blood cells (> 20 x 10° cells/L) and 15.4% of chil-
dren with reduced white blood cells (< 4 x 10° cells/L).
Newman and Hornik showed that low white blood cell
counts were more strongly associated with early sepsis
in premature infants than in term infants, especially
after 4 hours of age. The author also found that white
blood cell counts have diagnostic value in early-onset
sepsis rather than late-onset [10, 15].

Platelet values in our results were higher than
in the study of I.M.C. Ree. The proportion of chil-
dren with platelets < 150 x 10° cells/L accounted
for 49%. Platelet reduction < 100 x 10° cells/L ac-
counted for 39%. The rate of platelets < 150 x 10°/L
in neonatal sepsis due to Gram-negative bacteria was
69%. For Gram-positive bacteria it was 47% [20].

The average CRP concentration was 84.2+
76.8 mg/L. Most patients had CRP increased above
15 mg/L (88.3%). The study of A. Sorsa showed that
CRP > 20 mg/L increased the risk of sepsis by 5.7-
fold compared with the group with negative blood
cultures [23]. However, J.R. Delanghe suggested that
CRP has low sensitivity to detect early-onset sepsis
due to the physiological increase in CRP in 3 days
postpartum [4]. Elevated CRP may also be caused
by non-infectious inflammatory processes, such as
meconium aspiration. Therefore, CRP should be
combined with other indices (such as nCD64, 1L-6
or IL-8) to increase diagnostic value.

In our study, 60% of children had low prothrom-
bin. Coagulation disorder is a serious and common
complication in neonatal sepsis. We had a low rate
of children with severe electrolyte disturbances
(Na* < 125 mmol/L, K* > 14.2 mmol/L). These

Table 6. nCD64, mHLA-DR, and Sepsis Index (n = 85)

Index X£+SD
nCD64 (ABC) 10 167.1£6136.9 (1198-32 965)
mHLA-DR (ABC) 9898.4+14 173.9 (434-96 881)
Sepsis Index 274.6+287.5 (18.7-1376.8)

Note. ABC — aantibody-phycoerythrin molecules bound/cell.

were cases of septic shock and death. Research by
M.S. Ahmad on a group of neonates with septic shock
showed that the rate of children with electrolyte dis-
orders was up to 75.5%; hyperkalemia was the most
common electrolyte disorder (39%). The author also
showed a strong association between electrolyte dis-
turbances and mortality in children, wherein all chil-
dren who died had electrolyte disturbances [4].

We also encountered a low rate of children with re-
nal failure with urea > 200 mmol/L and liver damage
with GOT > 2000 UI/L. The study of N.B. Mathur
showed that the rate of acute renal failure in neonate
with septicemia was 6,5%, and the mortality rate
of acute renal failure was 30.7% [12].

Most children had mild metabolic acidosis, but
the range was also very wide with: pH = 7.24+1.24
(6.91-7.46) and BE = —6.8+8.1 mEq/L (—22—15).
Children with severe metabolic acidosis (pH < 7)
and disturbances in major blood gas indices (lactate
> 15) are children with unrecoverable septic shock.
Blood gas abnormalities are common in neonates
treated in the neonatal intensive care unit and are
associated with increased mortality. The study by
M. Mohammad Yusuf showed that: the mortality
group had a lower blood pH (7.3+0.19) than the alive
group (7.36%0.1); and the BE of the mortality group
was lower (—10.74+15.89 mmol/L) than the live group
(—4.31£6.88 mmol/L) [14].

nCD64 had an average value of 10167.1 molecules
bound/cell in our study. N. Efe Iris studied adult pa-
tients and showed that the sepsis group had an av-
erage nCD64 index of 8006 molecules bound/cell,
significantly higher than the control group (average
nCD64 of 2786 molecules bound/cell). The cut-off
value of nCD64 of 2500 molecules bound/cell is con-
sidered to have diagnostic value for sepsis in adults,
with a sensitivity of 94.1% [7]. P.C. Ng’s study showed
that the value of nCD64 was not high. The averag-
es in the neonate infected group at the 1st and 24th
hour were: 8320 molecules bound/cell and 9704 mol-
ecules bound/cell, respectively. These werehigher
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than the non-infected group for thelsthour and 24th
hour: 3915 molecules bound/celland 4491 molecules
bound/cell, respectively.

Inthe control group (healthy children), nCD64 had
an average value of 3426 molecules bound/cell [16].
The nCD64 valuesin premature infants were also very
different in the sepsis group, non-sepsis group, and
healthy children in J. Du’s study. The sepsis group
had an average nCD64 of 2869.67 molecules bound/
cell, while the healthy group of children had an aver-
age of 1610.80 molecules bound/cell (p = 0.0001) [5].

mHAL-DR had an average value of 9898.4 mol-
ecules bound/cell, equivalent to 32.4% of the value
of healthy children. In the study of T.F. Manzoli,
areduction in mHLA-DR (< 30% compared with
the control group) was a predictor of mortality in the
first week of admission [11]. C. Meisel showed that
all patients with severe sepsis had mHLA-DR <
8000 molecules bound/cell [13]. S. Tamulyte’s
study determined that mHLA-DR thresholds
(< 8000/< 5000/< 2000 molecules bound/cell) are
levels that predict the severity of the patient’s con-
dition independent of disease etiology. mHLA-DR
values of 2000 molecules bound/cell and 5000 mole-
cules bound/cell were predictive of: longer stay in the
intensive care unit; duration of mechanical ventila-
tion and antibiotic therapy; as well as higher micro-
biological pathogen concentrations.

In our study, the sepsis index (SI) had an average
value of 274.6+287.5 (18.7—1376.8). S. Goswami’s
study of nCD64 and mHLA-DR by mean fluorescence
concentration (MFTI) also showed that nCD64 was sig-
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SYSTEMIC CANDIDOSIS DIAGNOSTIC TEST
WITH CANDIDA SCORE AND MONOCYTE
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Abstract. Introduction. Candida is the cause of most systemic fungal infections that plays a role in the pathophysiology
of sepsis in newborns, especially in premature infants with late-onset sepsis. The Candida score can be used to as-
sess the occurrence of systemic candidosis where a Candida score > 2.5 can accurately identify patients who are at
high risk for candidiasis infection. Monocytes also play an important role in preventing candida invasion. Materials
and methods. This study used a cross sectional research design. Data was collected from premature infants with late-
onset sepsis being suspected of systemic candidosis in neonatology inpatient ward. It was submitted from the period
of November-December 2021. It takes a minimum of 31 samples to meet the criteria to process and analyze the data.
The data obtained were processed and analyzed using the Receiver Operating Characteristic (ROC) method to obtain
the Area Under Curve (AUC) value. Based on the AUC curve, the search for the most optimal intersection is carried
out to obtain the sensitivity and specificity values. Results. Of the 31 research subjects, the number of subjects with
positive PCR results was 27 (76.93%) while negative were 4 respondents (12.9%). The mean value of PCR density
in the positive group of subjects was 76.93 and the range was 40.23—122.78. Meanwhile, in the group of subjects who
were negative, the PCR density value was 0. The results of the Candida score diagnostic test showed that the sensitiv-
ity obtained was 81%. Higher sensitivity and specificity > 70% were found in the combined examination of Candida
scores and monocyte counts according to cut-off compared with separate examinations. Conclusions. The combined
examination of Candida score and monocyte count can be used as a diagnostic test for systemic candidosis in prema-
ture infants with late-onset sepsis, and could be used to consider the initiation of empirical antifungal therapy, either
prophylactically or therapeutically, especially in limited laboratory facilities in Indonesia.

Key words: Candida score, diagnostic test, late onset sepsis, monocyte count, premature infant, systemic candidosis.

Appec pnsi nepenucku:

MpaH Patpunaesn

65111, MnpoHeswns, BoctouHas ABa, r. Manar, yn. xakca AryHr
CynpanTo, 2, bonbHuua Caiidyn AHsap.

Ten.: +6282244126339.

E-mail: Irene24.fk@ub.ac.id

Contacts:

Irene Ratridewi

65111, Indonesia, Jawa Timur, Malang, Jaksa Agung Suprapto, 2,
Saiful Anwar Hospital.

Phone: +6282244126339.

E-mail: Irene24.fk@ub.ac.id

[ns uMTMpoBaHus:

Patpupesu 1., Avanns X., Xysea T.9.K.10., Mytepa M.3., CyauctuxoHo 3.
CvCTEMHBIN KaHAMAO3HbII AMArHOCTUYECKUIA TECT C UCNONb30BaHNEM
wkansl Candida score 1 NoACYETOM MOHOLLUTOB Y HELOHOLLIEHHbIX
HOBOPOXZAEHHBIX C NO3AHNM CEMNCUCOM: UCCNE0BaHNE B CTPaHE

C OrpaHu4erHbIMY pecypcamm // ndekuns n ummyrutet. 2023. T. 13, Ne 1.
C. 133-140. doi: 10.15789/2220-7619-SCD-2012

© Ratridewil. et al., 2023

Citation:

Ratridewi I., Amalia K., Huwae T.E.C.J., Putera M.A., Sulistijono E. Systemic
candidosis diagnostic test with Candida score and monocyte count

in premature infants with late-onset sepsis: research in low resources
country // Russian Journal of Infection and Immunity = Infektsiya i immunitet,
2023, vol. 13, no. 1, pp. 133-140. doi: 10.15789/2220-7619-SCD-2012

DOI: http://dx.doi.org/10.15789/2220-7619-SCD-2012

Cratbst focTynHa no nuueHauu Creative Commons Attribution 4.0
The article can be used under the Creative Commons Attribution 4.0 License

133



|. Ratridewi et al. MHdekumns n uMmyHuTeT

CUCTEMHbI KAHAWAO3HbIA AUATHOCTUYECKUA TECT C UCNOJIbSOBAHMEM LUKAJIbI
CANDIDA SCORE 1 NOACYETOM MOHOLIMTOB Y HEAOHOLUEHHbIX HOBOPOXAEHHbIX
c no3gHMM CENCUCOM: UCCNIEAOBAHUE B CTPAHE C OTPAHUYEHHBIMU PECYPCAMU

Parpuaesu I.!, Amamusa X.!, Xysea T.D.K.10.!, ITyrepa M.D.2, Cyauctuxono D.!

! Boavnuya Caiigpyna Aneapa, e. Manane, Bocmounas Hdséa, Hnoonesus
2 Boavnuya Meaamu Xycaoa, e. Manane, Bocmounas Heéa, Hnoonesus

Pestome. Bsedenue. Candida iBnsieTcst IpUYMHON OOJBIIMHCTBA CUCTEMHBIX IPUOKOBBIX MH(EKIIN i1, UTPAIOIIUX POJIb
B MaTo(U3MOJIOTUM CEICUca Y HOBOPOXKACHHBIX, 0COOEHHO y HEJIOHOIIEHHBIX AETei ¢ MO3IHUM Ha4YaloM Celcuca.
IlIxana Candida score MOXeT UCIOJIL30BAThCS IJI81 OLICHKU BOSHUKHOBEHUSI CUCTEMHOI0 KaH 111034, Tae 6aul > 2.5
MOXKET TOYHO MJIeHTU(DUILIMPOBATH AIIUEHTOB C BLICOKMM PUCKOM 3apakeHU s KaHA11030M. MOHOIIMTHI TAKKe UTpa-
10T BaXKHYI0 pOJIb BIIpenoTBpalieHun uHBasuu Candida. Mamepuaavi u memodsi. B HacCTosIIIIeM UCCIEI0BaHUY UCTIONb-
30BaJICs AM3aliH MePEKPECTHOro uccaenoBanus. JlaHHbIe ObLIM COOpaHbI Y HEIOHOIIEHHBIX IETEH C IO3IHUM CeIICH-
COM IIpY TTOJO3PEHUM Ha CUCTEMHBII KaHIMI03 B CTAllMOHAPE JJ1s1 HOBOPOXIEHHBIX, B IEPUO C HOSIOPSI O 1eKadphb
2021 r. 1s1s1 COOTBETCTBUSI KpUTEPUSIM 00paOOTKM M aHaIM3a JaHHBIX TpeOyeTcss MUuHUMYM 31 oopasel. [TonyyeHHBIE
JaHHbIE ObLIM 00pabOTaHbl K IPOAHAIM3UPOBAHBI C UCIIOIb30BaHMEM METOa Pab0YMX XapaKTePUCTUK MPUEMHUKA
(ROC) o151 monyvyenus s3HaueHus ruromany mox kpusoit (AUC). Ha ocHoe kpuBoit AUC ocyiiecTBSIICS TOUCK HaK-
0oJiee ONTUMAJIBHOTO MepeCeueHU s IS MOIYYeHMST 3HAYEH U1 YyBCTBUTEILHOCTU M CHIELIUGUIHOCTU. Pesyasmamol.
M3 31 o6ciietoBaHHBIX UL KOJUYECTBO C MOJOKUTEIbHBIMU pedynabrataMu ITHP cocrasumno 27 (76.93%), a ¢ oTpu-
nateabHbIMU — 4 pecrionaenTa (12.9%). Cpentee 3HayeHue I0THOCTH [1LIP B moytoxkuTe 1bHOM IPYIIIe UCIBITYEMbIX
coctaBuiio 76.93, a nuamason — 40.23—122.78. Ilpu 3TOM B rpyIiIe MCIBITYEMbIX C OTPUIIATEIbHBIM PE3YIbTaTOM
s3HayeHue maoTHoctu [P paBHsnock 0. Pe3yabraTel nuarHoctuyeckoro tecta Candida score mokasaiu, 4ToO 4yB-
CTBUTEJIBHOCTH cocTaBuJa 81%. boiee BbICOKast 4yBCTBUTEIBHOCTD U CIIeIIUDUUHOCTH > 70% ObLIM 00HAPYKEHBI ITPU
KOMOMHUPOBAaHHOM MCCJIEIOBaHUU ¢ UCTIOJb30BaHMeM HiKkaabl Candida score v MoacyeToM KOJrMvecTBa MOHOIIMTOB
B COOTBETCTBUM C OTCEUKOI MO CPAaBHEHUIO C pa3AeIbHBIMU MCCIENOBaHUSIMU. Bboigodsi. KoMOMHMpPOBaHHOE HCCIe-
TIOBaHMeE ¢ UCToJb30BaHMeM IKaabl Candida score 1 MoacyeToM KOJMYECTBa MOHOIIUTOB MOXET OBITh UCIIOJIb30BAHO
B Ka4yeCTBE JMArHOCTUYECKOIO TECTa Ha CUCTEMHBIN KaHAMI03 Y HEJIOHOIIEHHBIX IETEi ¢ MO3MHUM CEICUCOM IS
paccMOTpPEHMSI BOIIpOca O HavyaJie SMIIMPUYECKOI IPOTUBOTPUOKOBOIA Tepanu, Kak MpoduIaKTUIeCKOM, TaK 1 Te-
paneBTUYECKOI, 0COOCHHO B YCIIOBUSIX OIPaHMYEHHBIX BO3MOXHOCTE! 1ab0paTOPHOI AMarHOCTUKY B UHIOHE31 U,

Karouesoie caosa: wxanra Candida score, duaenocmuueckuii mecm, no30HUL CeNCUc, KOAUYECMBE0 MOHOYUM OB, HeOOHOUIeHHbLI

pebeHoK, cucmeMHblll KaHOUd03.

Introduction

Neonatal sepsis is one of the complications of pre-
term birth and is an ongoing global public health
challenge with 30% morbidity and 13—56% mortal-
ity with 42% of them dying in the first week of birth
worldwide. Neonatal sepsis was divided into early-
onset sepsis (EOS) and late-onset sepsis (LOS) based
on the age at which EOS was due to intrauterine in-
fection, and LOS was associated with postnatal noso-
comial infection, with the highest incidence reported
between day 10 and day 22 of life [36]. Candida is the
cause of most systemic fungal infections that play
a role in the pathophysiology of sepsis in newborns.

Despite the current transformational improve-
ments in better diagnostics and management strate-
gies, Increased length of time in hospital and higher
management costs are among the concerns that
add to the burden on hospitals. The candida diag-
nosis in newborns with sepsis can be established by
the Candida score and a simple examination with
the monocyte count which has been developed as
a means to identify critical care patients who are at
high risk of benefiting from empiric antifungal ther-
apy in limited health facilities [13, 35].

The Candida score can be used to assess which sys-
temic candidosis occurredcandidate score > 2.5 can

accurately identify patients at high risk for candidiasis
infection with a sensitivity of 81% and a specificity
of 74%. Monocytes also play an important role in pre-
venting candida invasion based on studies in mice.
Monocytes depend primarily on non-opsonic phago-
cytosis via Dectin-land Dectin-2. This phenomenon
has the potential to be of major clinical relevance
in preterm infants, where b-1,3-glucan is a major
constituent of the cells of several microorganisms in-
cluding candida, which is a commensal fungus com-
monly found in hospital environments [33, 34].

The combined examination between Candida
scores and monocyte counts in limited laboratory
facilities is expected to be the gold standard for the
diagnosis of systemic candidosis and can be used
for early antifungal administration since the patient
is diagnosed with sepsis. However, there is no study
that combines Candida scores and monocyte counts
as a diagnostic of systemic candidosis in premature
infants with late-onset sepsis.

Materials and methods

This study used a cross-sectional approach and
sampling method with consecutive sampling from
data on premature infants with late-onset sepsis clin-
ically suspected of systemic candidosis in November-
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Table 1. Results combined diagnostic test between Candida score and monocyte count on PCR

. . PCR Candida
Diagnostic test — - Total
Positive Negative
Candida score > 2.5 + monocytes > 5% (Positive) 20 1 21
Candida score < 2.5/monocyte < 5% (Negative) 7 3 10
Total 27 4 31

December 2021 in the neonatology inpatient ward,
Dr. R.S. Saiful Anwar, Malang. The sample size
was calculated by using the receiver operating char-
acteristic (ROC) diagnostic test formula. It takes
a minimum sample of 31 patients, populations that
meet the inclusion criteria are taken as respond-
ents. The inclusion criteria in this study were infants
born inside or outside the RSSA with ballard score
plots > 28 weeks to < 37 weeks with sepsis crite-
ria > 72 hours; patients receiving antibiotic therapy
for bacterial sepsis with LOS; and the patient did not
receive previous antifungal drug therapy.

Blood sampling was carried out once, namely at
the beginning of the study in the RSA neonatology
inpatient ward. The volume of blood taken from each
study sample was 5 ml.Blood monocytes were ob-
tained by differential centrifugation of heparinized
blood on a Ficoll-Hypaque gradient. The monocyte
Iymphocyte layer was harvested and washed 2x with
buffered saline containing 0.5 U heparin per ml, af-
ter which the cell suspension was approximately 1.0 x
107 to 1.5 x 107 monocytes per ml, 3.5 x 107 in Hanks
balanced salt containing containing 0.1% (wt/vol)
gelatin was prepared.Furthermore, serum samples
were made by centrifugation at 3000 rpm for 5 min-
utes, and stored at 4°C for further measurement
of serum PCR and candida culture. Measurement
of Candida score based on rounded Candida score =
1x (total parenteral nutrition) + 1x (post surgery) +
1x (multifocal species candida colonization) + 2x (se-
vere sepsis). PCR measurement Using 1 pair of prim-
ers which amplifies the target genome sequence. PCR
uses real time. Measurements were carried out once,
namely at the beginning of the study. This research
is a diagnostic test study, which is to test the accuracy
of a diagnostic tool by comparing the results of the
examination using the tool with other examination
standards. Furthermore, The data obtained were
processed and analyzed using the receiver operat-
ing characteristic (ROC) method to obtain the area
under curve (AUC) value of the tool being tested.
The AUC curve is then searched for the best intersec-
tion point to be processed in order to obtain the sen-
sitivity and specificity of a diagnostic tool.

Results

In this study, two methods were used to diagnosed
systemic candidosis, namely using the Candida score
and monocyte profile then compared with the re-
sults of the examination. Polymerase Chain Reaction
(PCR) for identification of Candida species. The PCR

Table 2. Characteristics of research subjects

Characteristics Score

Gender, n (%)

Male 17 (54.8)

Female 14 (45.2)
Born, n (%)

In 10 (32,3)

Outside 21 (67.7)
Gestational age, n (%)

< 28 weeks 2(6.5)

28 - <32 weeks 9(29)

32 - <37 weeks 20 (64.5)
Mode of Birth, n (%)

Sectio Caesarea 27 (87.1)

Vaginal spontaneous 4(12.9)
Treatment Room, n (%)

NICU 21 (67.7)

Perinatology 10 (32,3)
Breathing apparatus, n (%)

CPAP/CNO 9(29)

Endotracheal tube ventilator 11 (35.5)

Low flow nasal canule 1(3,2)

Non-invasive ventilator 10 (32.23)
Birth weight, n (%)

<1000 grams 1(3)

1000-2000 grams 23 (74)

2100-2500 grams 7 (23)
Days of treatment at the previous hospital, n (%)

<5 days 11 (55)

>5days 9 (49)
Surgery, n (%)

Not 19 (61.3)

Yes 12 (38.7)
Administration of antibiotics, n (%)

<15 days 17 (54.8)

> 15 days 14 (45.2)
IV Line Installation, n (%)

Central (CVC, umbilical catheter) 30 (96.8)

Peripheral 1(3,2)
Length of stay in hospital, n (%)

<15 days 17 (54.8)

> 15 days 14 (45.2)
Infant nutrition, n (%)

Breast milk 14 (45.2)

Breast milk + formula milk 17 (54.8)

Formula milk
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Figure 1. ROC graph of Candida scores compared
with PCR

Note. The interpretation of this figure indicates that

the candidate score can be used as a diagnostic test

in the poor/weak category. Based on the cut-off test

for the cut-off value of the Candida score of 2.5.

result which combined with the monocyte count
is shown in Table 1. To find out the distribution of data
on Candida scores and monocyte profiles, normality
testing was carried out using the Shapiro—Wilk test
(number of samples < 50). The data is declared normal
if sig > 0.05. The data were also tested for homogeneity
to find out whether the data in this study had homo-
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Figure 2. Graph of ROC of monocyte count
compared to PCR

Note. The interpretation of this figure shows that monocyte
count can be used as a diagnostic test with good category.
Based on the cut-off test for the monocyte count cut-off
value > 5%.

geneous/heterogeneous variance. The variance of the
data is homogeneous if sig > 0.05. The characteristics
of research subject are being shown in Table 2. The re-
sults of the normality test showed that the Candida
scores were not normally distributed (sig < 0.05) while
the monocyte profiles were normally distributed (sig
> 0.05). Both variables have homogeneous variance
(sig > 0.05). Of the 31 research subjects, the number
of subjects with positive PCR results was 27 (76.93%)
while negative were 4 respondents (12.9%). The mean
value of PCR density in the positive group of subjects
was 76.93 and the range was 40.23—122.78. Meanwhile,
in the group of subjects who were negative, the PCR
density value was 0. The results of the Candida score
diagnostic test showed that the sensitivity obtained
was 81%. These results illustrate the ability of the
Candida score in diagnosing systemic candidosis
of 81%. The resulting positive predictive value is also
quite high (88%). However, the RKP value is still very
small, namely 1.08 where the diagnostic result is said
to be good if the RKP > 10. While the RKN value
is still high where the diagnostic result will be good if
the RKN < 0.1. So that the Candida score diagnostic
test is still not fully accurate. The results of the AUC
Candida score resulted in an area value of > 50%,
namely 53.2% (p = 0.837) which indicated that the di-
agnostic value of the Candida score was still very weak
(Fig. 1). The results of the monocyte profile diagnos-
tic test showed that the sensitivity obtained was 93%.
These results illustrate the ability of monocyte profiles
in diagnosing systemic candidosis which is 93% high-
er than the Candida score, and it is shown in Fig. 2.
The positive predictive value is equal to the sensitiv-
ity of 93%. However, judging from the RKP value
< 10 which indicates the diagnostic results are still
not good even though the RKN is around 0.1. The re-
sults of the AUC monocyte profile resulted in an area
value of > 50%, namely 71.2% (p = 0.175) which indi-
cated that the diagnostic value of the monocyte profile
was still quite good. RKN 50%, which is 71.2% (p =
0.175) which indicates that the diagnostic value of the
monocyte profile is still quite good. RKN 50%, which
is 71.2% (p = 0.175) which indicates that the diagnos-
tic value of the monocyte profile is still quite good.
RKN = (1—sensitivity)/specificity = (1—0.75)/0.74 =
0.35. Candidate score diagnostic test results, mono-
cyte profile against candida PCR. Table 2 shows a sen-
sitivity of 74% which tends to be lower than the re-
sults of separate diagnoses. However, the specificity
value obtained is higher, namely 75%. The Positive
Presumptive Value of the combined examination
of Candida scores and monocyte profiles was 95%
increased and higher than the results of separate di-
agnoses. The positive probability ratio of 2.96 also in-
creased even though it was still < 10. The combined
AUC results of Candida scores and monocyte profiles
resulted in an area value of > 50%, namely 74.5% (p =
0.118) which indicated a fairly good diagnostic value
and a higher value than the separate examination.
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Discussion

Based on the characteristics of the research sub-
jects, samples of premature infants (boys and girls)
were diagnosed with late onset sepsis. More male
subjects than female subjects (54.8% and 45.2%).
In accordance with research conducted by Avila et
al in 2019, premature infants with late onset sep-
sis accompanied by candida infection were more
male subjects than female subjects, namely 60%
while the study conducted by Aziz et al in 2020 con-
tained male and female subjects. women with a ratio
of 1.9:1 [1, 2, 30, 31, 32].

Research conducted by El-atawi et al 2017 states
Low birth weight (> 2500 g) and earlier gestational
age (29—32 weeks) were found to be commonly as-
sociated with systemic candida in neonates.In this
study, 31 study subjects had a gestational age range of
< 28—-36 weeks, with the number of subjects with ges-
tational age < 28 weeks as much as 6.5%, gestational
age 28—32 weeks as many as 29%, and gestational
age between 33—36 week as much as 64.5%. Among
the 31 subjects, patients found 3% with birth weight
(bbl) < 1000 grams, 74% with 1000—2000 grams, and
23% with 2100—2500 grams. Infants with very low
birth weight (LBW < 1000 grams) are at the highest
risk of developing systemic candidosis [4, 34].

Systemic candidosis is an important cause of LOS
in premature neonates in the Neonatal Intensive Care
Unit (NICU). In this study, 67.7% of the samples were
treated in the NICU Hospital and 32.3% of the sam-
ples were treated in the Neonatology Hospital. Among
them 32.3% were born in the RSSA, and 67.7% were
born outside the RSSA. With the length of treatment
< 15 days as many as 54.8% and > 15 days as much
as 45.2%. Where prospective multicenter cohort study
of 2847 infants in the NICU found a significant as-
sociation between catheter and antibiotic use (par-
ticularly in relation to invasive procedures and treat-
ments) and the incidence of systemic candidosis.

In this study, 54.8% of samples with antibiotic use
> 15 days and 45.2% of samples with < 15 days of an-
tibiotic use were obtained. It was previously known
that the type and amount of antibiotics, such as
the third generation cephalosporins, vancomycin or
carbapenems, can predispose to candida infection,
especially in the host with a compromised immune
system. Repeated or long-term use of antibiotics will
damage the normal flora balance, causing the prolif-
eration of Candida albicans |25, 26, 27, 28, 29].

Central intravenous insertion (CVC) can be a pre-
dilection risk factor for fungal colonization. In 31 re-
search subjects, there were 96.8% of patients using
CVC and 3.2% of patients using peripheral venous
access. Neonates with LBW often require central
vascular catheterization (CVC) for parenteral nutri-
tion and administration of antibiotics during long pe-
riods of hospitalization. The main types of CVC and
means of access to the neonate are umbilical cath-

eters, central catheters inserted through a peripheral
vein (PICC), central venous catheters through direct
puncture of the femoral, jugular or subclavian vein,
and central venous catheters inserted surgically by
means of venous dissection. The most common life-
threatening complication of CVC is catheter-associ-
ated bloodstream infection (CR-BSI), and CR-BSI
is also associated with high costs [24, 25].

From the 31 research subjects, the number of sub-
jects with positive PCR results was 27 (76.93%) while
negative were 4 respondents (12.9%). The mean value
of PCR density in the positive group of subjects was
76.93 and the range was 40.23—122.78. Meanwhile,
in the group of subjects who were negative, the PCR
density value was 0. In a study conducted by
Ratridewi et al., PCR had a sensitivity rate of 69.2%
and a specificity of 71% in diagnosing systemic can-
didosis in children with malignancy with severe neu-
tropenia. In this study, real time PCR was used where
1 set of primers was used for DNA identification and
then the amplified sequence was connected to a fluo-
rescent probe that emits light when it binds to the am-
plification product [23, 26, 35].

Non-culture based methods, such as DNA detec-
tion by PCR, have been developed to aid in the rapid
diagnosis of infection, enabling the initiation of em-
piric antifungal therapy at 6 hours after the onset
of sepsis. A scoring system hasbeen developed to guide
empirical antifungal therapy for patients colonized
with Candida spp. using a Candida score [17, 18, 19,
20, 21, 22].

From the 31 study subjects, 80% of patients were
positive for candida PCR, and 20% of patients were
negative for candida PCR with Candida scores > 2.5.
Meanwhile, patients with a Candida score < 2.5 found
about 22% of patients with positive PCR Candida
and 78% of patients with negative PCR Candida.
In this study, a candidate score > 2.5 had a sensitivity
of 81% and a specificity of 25% with a positive pre-
dictive value of 88% and a negative predictive value
of 16.67%. In a study conducted by Lambiotte in 2017
stated the relationship between initiation of antifun-
gal agents and Candidate scores are quite satisfactory
in this study. The frequency of empirical antifun-
gal therapy in Lambiotte's study were 2.3%, 27.6%,
41,2%, and 75% in patients with Candida score of 2,
3, 4, and 5 respectively. Furthermore, in a study con-
ducted by Ratridewi et al. in 2020 in patients with ma-
lignancy and severe neutropenia, the Candida score
had a sensitivity of 84.6% and a specificity of 71.1%
in diagnosing systemic candidosis [17, 26].

Scoring systems such as the Candida score have
been developed as a means to identify high-risk criti-
cal care patients who may benefit from empiric an-
tifungal therapy. A scoring system was conducted
to evaluate potential antifungal uses which could
have economic, and medical implications. A Candida
score of more than 3 is an indication for early anti-
fungal administration [13].
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From the 31 study subjects, 27 patients had mono-
cyte values > 5% and 4 patients with monocytes < 5%.
Where of the 27 patients with monocytes > 5%, 92%
of the patients were positive for candida PCR and 8%
with negative for candida PCR. While 4 patients with
monocytes < 5%, 50% of them with positive PCR
candida and 50% with negative PCR candida. With
a sensitivity value of 93% and a specificity of 50%
in this test. These results illustrate the ability of the
monocyte profile to screen for systemic candidosis
which is 93% higher than the Candida score.

Monocytes have lower numbers in peripheral
blood than neutrophils, but very important in de-
fense against bacterial and fungal infections, as
phagocytosis to kill pathogens in the body, regulate
inflammatory responses through the release of che-
moattractants, inflammatory cytokines, and ac-
tivate adaptive immune responses. Monocytes are
produced early in pregnancy (before 20 weeks) and
represent 7—38% of all circulating mononuclear cells
in the vasculature of term infants. The cut off of the
normal monocyte count is < 5% [15, 16].

Premature infants have immature immune sys-
tems, with low innate and acquired immunity.
The immune system in premature infants compared
to term infants only has low levels of monocytes and
neutrophils, is unable to kill pathogens and low cy-
tokine production is limited to T cell activation and
decreased ability to fight bacteria and detect viruses
in cells. Intrauterine inflammation is a major cause
of preterm birth resulting in premature immune sys-
tem activation and cytokine production. This can
lead to immune tolerance leading to decreased im-
mune function of the newborn. Intrauterine inflam-
mation is associated with an increased incidence
of early-onset sepsis and has long-term adverse im-
mune consequences [14].

Two recent studies have demonstrated that both
classical and nonclassical monocytes from preterm
infants are relatively unresponsive to stimulation
of the Toll-like receptor (TLR), which monocytes also
function for phagocytes. Monocyte CD64 expres-
sion was similar between preterm and term infants,
and increased at early gestational age of 24—31 weeks.
Preterm birth is driven by various inflammatory fac-
tors, particularly infection, which can alter monocyte
phenotype and function at birth, as well as in the post-
natal period and beyond. Three main subsets of mono-
cytes have been described in humans, based on the
cell surface expression of CDI14, coreceptors for cell
wall components of gram-negative lipopolysaccharide
(LPS), and CD16 (IgG Fc FcgR-I1I receptor). In adult
peripheral blood, monocytes (CD14**CD162) consti-
tute the majority (0.80%) of monocytes [11, 12].

The remaining monocyte pool consists of classi-
cal (CDI4**CD16%) and non-classical (CD14"CD16%)
monocytes. Prior to classification into two dis-
tinct subsets, CDI16" monocytes were collectively
referred to as proinflammatory monocytes due

to their capacity to produce higher levels of inflam-
matory cytokines compared to classical monocytes
(CD14**CDI16). CDI6" monocytes also develop
in neonates, children, and adults in sepsis, suggesting
an active role for these cells during invasive infection.
However, although non-classical and classical CD16*
monocytes are closely related at the molecular level
(determined by the microarray gene expression pro-
file), the former has been shown to produce higher
levels of proinflammatory cytokines (e.g., TN Fo and
1L-1B0 [3, 8,9, 10, 37].

Monocytes too plays an important role in pre-
venting candida invasion based on studies in mice.
Monocytes depend primarily on non-opsonic phago-
cytosis via Dectin-land Dectin-2. Recent studies
have suggested that substimulator doses of a candida
pattern recognition receptor (PRR) agonist have
been shown to induce epigenetic changes in human
monocytes, but also in other innate immune cells
leading to an increased response to re-stimulation
after a period of rest. This phenomenon is called
“immune innate training” by Natea and is strongly
induced by stimulation of the C-type lectin receptor
(CLR) dectin-1 by b-1,3-glucan. This phenomenon
has the potential to be of major clinical relevance
in preterm infants, where b-1,3-glucan is a major
constituent of the cells of several microorganisms in-
cluding candida, which is a commensal fungus com-
monly found in the hospital setting [5, 6, 7].

From the 31 research subjects, 21 patients with
Candida scores > 2.5 and monocytes > 5% and 10
patients with Candida scores < 2.5 and monocytes
< 5%. Where of the 21 patients with Candida scores
> 2.5 and monocytes > 5% there were 95% of patients
with positive PCR Candida and 5% patients with
negative PCR Candida. Meanwhile, from 10 subjects
with a Candida score < 2.5 and monocytes < 5%,
70% of the patients were positive for Candida PCR
and 30% of patients were negative for Candida PCR.
The results of the diagnostic test of Candida scores
and monocyte profiles against Candida PCR resulted
in a sensitivity of 74% which tended to be lower than
the results of separate diagnoses. However, the speci-
ficity value obtained is higher, namely 75%.

There hasbeennostudythat hastested the Candida
score and monocyte profile simultaneously for early
diagnosis of systemic candidosis. However, from pre-
vious studies, these two tests were carried out sepa-
rately, it was found that there was a high sensitivity
with the same cut-off value, and can be used as a tool
for early detection of systemic candidosis in prema-
ture infants with late-onset sepsis. In this study, these
two tests when carried out in combination had a sen-
sitivity rate of 74% lower than the diagnostic results
separately. This is possible because the sample size
is not representative of the population of premature
infants with sepsis and the research time is too short,
as well as the baby’s immune response to candida
is different for each individual. However, the speci-
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ficity value obtained is higher, namely 75% compared
to separate diagnostic tests. Where these two tests can
be considered as an early diagnostic test for systemic
candida in premature infants with late onset sepsis.
This research has several shortcomings. The sam-
ple in this study could not represent the total sam-
ple size of premature infants treated in Neonatology
Department of Saiful Anwar Hospital Malang, and
the samples used in this study were only premature
infants with late onset sepsis. Another drawback

is that this study was not used for evaluation before
and after empirical antifungal administration. Only
done for inspection at a time only.
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A PREDICTIVE PERFORMANCE ANALYSIS
OF VITAMIN D DEFICIENCY USING
A DECISION TREE MODEL

F. Osmani

Infectious Disease Research Center, Birjand University of Medical Sciences, Birjand, Iran

Abstract. Background. HBV infection is a major health problem which may be life-threatening. Vitamin D (VD) is in-
volved in various pathophysiological mechanisms in a plethora of diseases. And also, there is a strong demand for the
prediction of its severity using different methods. The study aims to evaluate performance of DT as one of the machine
learning models in the prediction of severity in vitamin D deficiency. Methods. In total, data containing serum VD levels
were collected from 292 CHB patients. The independent characteristics such as: age, sex, weight, height, zinc, BMI, body
fat, sunlight exposure, and milk consumption were used for prediction of VD deficiency. 60% of them were allocated
to a training dataset randomly. To evaluate the performance of decision-tree the remaining 40% were used as the test-
ing dataset. The validation of the model was evaluated by ROC curve. Results. The prevalence of VD deficiency was high
among patients (63.0%). The final experimentation results showed that DT classifier achieves better accuracy of 96 % and
outperforms well on training and testing of VD dataset. Also, the areas under the ROC curve AUC is 0.78, when we ap-
plied DT algorithm with the significant variables by cross validation, the values of AUC = (.78 and 85.3% accuracy were
obtained. Conclusion. We concluded that the serum level of Zn is an important associated risk factor for identifying cases
with vitamin D deficiency. Also, the risk of VD deficiency could be predicted with high accuracy using decision tree learn-
ing algorithm that could be used for antiviral therapy in CHB patients.

Key words: vitamin D deficiency, decision tree, machine learning, hepatitis B virus, vitamin D, ROC curve.

NMPOrHO3HbIN AHAJIN3 3P DEKTUBHOCTU LEPULUTA BATAMUHA D C UCNOJIb3OBAHUEM
MOJEJIN AEPEBA PELLEHWUIA

Ocmanu ®.

Hccnedosamenvckuil yenmp ungexyuonHwlx 3a6oaeéanull, bupoxcanockuil ynusepcumem meouyuHCcKUx Hayk, . bupoicano, Upan

Pestome. Axmyanrvnocms. TledeHb ABIIETCS OCHOBHBIM MECTOM CHMHTe3a BuTamuHa D (B]I), ygacTBylomiero B pas-
JIMIHBIX TTATO(GU3UOJOTHICCKUX MEXaHM3MaX IIPH pa3IMIHBIX 3a001eBaHUAX. [109TOMY BaXXHO CIIPOTHO3MPOBATh
creneHb Aedunuta B/ mpu momoiu paznuyHsix MeTonoB. Haie uccienoBanue Ob1710 HATIPaBJAEHO HAa OLEHKY (-
(exTuBHOCTHU AepeBa peuieHuii (DT) kak 0qHON U3 MOl MAIIMHHOTO OOYYEeHU S 1Sl IPOrHO3UPOBAHU S CTETIEHU
nedunuta BJ. Memoods:. Bcero 6b110 06cnenoBano 292 nauuenta ¢ XI'B. ¥ kaxaoro u3 Hux onpezaeeH yposeHb B/
B ChIBOpOTKe. a1 mporHo3upoBaHus Aeduiuta B/ ucnonp3oBaiuch He3aBUCUMbIE XapaKTePUCTUKU, TaKMe KaK
BO3PAcCT, 0J]1, BeC, pPOCT, colepKaHue LIMHKA, MHAEKC MacChl TeJla, KUPOBbIEe OTJIOXKEHU I, YACTOTA U MPOAOTKUTENb-
HOCTb BO3JICICTBUS COTHEYHOTO CBETa M MOTpedieHue Motoka. MHbopmanus 60% maiimeHToB Obljla BHECEHa B 00-
yyalou it Habop JaHHBIX Cy4aiiHbIM 00pa3oM. s olleHKU 3¢ (GEeKTUBHOCTH AepeBa pellleHU i pe3yabTaThl UCClie-
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MHdekumns n uMmyHuTeT

noBaHui octaBiuuxcs 40% nalreHTOB ObLIK KCIIONb30BAHbI B KaueCTBe Habopa JaHHBIX TECTUPOBaHU. Banunanus
Mozeau oueHuBanach Kpuboit ROC. Pesyasmamet. PacnipoctpaneHHOCTD neduiinta BJI cpeay maiueHToB Obljia Bbl-
coKoii (63,0%). OKkoHYaTeIbHbIE pe3yIbTaThl SKCIIEPUMEHTOB ITOKa3aju, 4To Kiaccudukarop DT obecnieunBaet To4-
HOCTb 96% 1 MPEBOCXOAUT I10 MIPOU3BOAUTEIBHOCTH IIPY 00YYEHUHU ¥ TeCTUPOBaHMU Habopa gaHHbIX 0 B/, Kpome
toro, roiaau nog Kkpuboit ROC AUC cocrasuna (0,78) mpu mpuMeHeHnuu anroput™ma DT co 3HaYMMbIMU ITepeMeH-
HBIMU ITyTEM TIEPEKPECTHO TTpoBepKH, ¢ noayueHreM 3HadeHns AUC = 0,78 u Tounoctu 85,3%. 3axarouenue. Mpl
MIPUIILINA K BEIBOIY, UTO YPOBEHB IIMHKA B CBIBOPOTKE KPOBH SIBJISICTCSI BAXXHBIM COITYTCTBYIONIUM (DAKTOPOM pHCKa
IS BEIABJICHUS ciaydaeB necduinta BI. Kpome Toro, prck gedunura B/l MoXHO mpeackasarh ¢ BEICOKO TOYHO-
CTHIO C MCIIOTb30BaHUEM aJITOPUTMA OOyUeHUS AepeBa pemreHnit. [loxyueHHBIC JaHHBIC MOXHO IIPUMEHSITD B XOIE

MPOTUBOBUPYCHOM Tepanuu y manueHToB ¢ XI'B.

Karuesnie caosa: decpuyum sumamuna D, depeso pewenuil, mawunroe ooyuerue, upyc eenamuma B, eumamun D, kpusas ROC.

Introduction

HBYV infection is a major health problem which
may be life-threatening due to its frequent severe
complications. In the other hand, VD is an essential
vitamin that has powerful influence on several parts
of the human body. Nearly one billion people highly
suffered from VDD across the globe [4].

Most chronic conditions such as autoimmune dis-
eases and infectious diseases can be affected by VD
levels. VDD is a public health problem and is highly
prevalent worldwide, so that, it’s prevalence is report-
ed 79% in Iranian adults [5].

There is strong evidence about the association be-
tween VD and various chronic liver diseases in dif-
ferent stages [29]. Previous studies have reported
that there is an association between vitamin D and
hematological factors [3]. Machine learning models
will be useful in discovering new patterns of the etiol-
ogy and thus preventive public health measures can
be applied effectively. The traditional severity predic-
tion of VDD have used questionnaires with statistical
models such as Linear Regression (LR) [9].

In previous studies, the results were compared be-
tween the statistical models and they have not used
the machine learning algorithms for the severity pre-
diction. The traditional statistical model like LR isused
to predict the severity of VDD but its performance
is deprived due to its predictive performance limit and
many parameters [7, 10]. Currently, the analysis of VD
status is highly expensive, and it is identified using
the biochemical methods. The research gap identified
urges to condense the cumbersome analytical proce-
dures in identifying VDD among the patients [28].

So, the main objective of this study is to evalu-
ate the DT classifier in the prediction of severity
in VDD. And also determine the associated risk fac-
tors related with VDD by using DT algorithm, in an
Iranian CHB patients.

Method

Two hundred and ninety-two HBV-infected pa-
tients were enrolled for this cross-sectional study.
Patients were selected randomly according to con-
sent to participate. In this study, we used input pa-

rameters such as age, sex (male/female), weight (kgs),
height (m), BMI (kg/m), grade and the activity of fi-
brosis, Sunlight Exposure/Day (hrs.).

Written consent was obtained from the all of pa-
tients. Patients with any auto-immune diseases, oth-
er viral hepatitis (HCV, HDV, and HIV) and other
causes of liver disease, VD, calcium supplement use
or injection in the last six months were excluded.

The inclusion criteria were: patients who were
admitted to the infectious disease’s outpatient clinic
with the diagnosis of CHB with the approval of the
infectious specialist and willingness to participate
in the study.

The laboratory tests were performed with 10 cc
of venous blood was taken from patients (14 h over-
night fast). The serum levels of VD were measured
using a COBAS e4l11 analyzer, manufactured by
Mannheim Roch diagnostic Gmbh in Germany,
with the Elecsys kit (REF 0589413). CBC was meas-
ured in whole blood samples.

Total VD levels were measured in the serum
samples, then, VD status was classified as normal
(= 30 ng/ml), insufficient (20—29.9 ng/ml), and de-
ficient (< 20 ng/ml) [27, 31].

Decision Tree (DT). DT Classifier is a well-known
supervised ML tool that is used for solving classifica-
tion problems and it has a tree-like model or graphs.
The DT can capture the decision-making knowledge
from the given data [12]. In DT that every branch in-
dicates the output of the test set and every leaf node
represents the particular label. The classification
rules are represented by the path from the root node
to the leaf node.

For our VDD severity modeling, each node in the
tree predicts the deficiency severity and each branch
indicates the states of the variable [19].

ROC curve. ROC curves are used to evaluate
the performance of multiclass classifier problems.
The ROC curve has false positive rate on X-axis and
true positive rate on Y-axis. In the ROC curve top-
most left edge of the plot considered to be the ideal
point and the steepness of the curve also very im-
portant since the TPR value should maximize and
the FPR should be minimized [20].

Statistical analysis. All statistical analyses were
carried out using R version 3.4.2. The significance
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Table. Characteristics of variables

Variables Training dataset Validation dataset Pea;i%’; Egigﬁtlztlon p value
Age 36+12 35+11 0.32 <0.01
Sex Male 72.7% 73.1%
Female 27.3% 26.9% -0.03 0.008
BMI 24.20+4.21 25.32+2.84 0.10 <0.001
AFP (U/L) 6.56%16.51 6.69£21.49 0.10 <0.001
AST (U/L) 54.17+£23.73 55.78+31.62 0.12 <0.001
ALT (U/L) 61.84+36.89 61.84+38.19 0.06 0.008
Hemoglobin (Hb) 14.03+1.47 14.03+1.62 -0.02 0.005
Albumin (g/dL) 3.39+0.47 3.40%£0.53 0.05 0.064
Platelet count (x 10%/L) 216.48+53.64 214.55+55.5 0.07 <012

in all of these tests was two-tailed with a 5% sig-
nificant level. The ROC curve sensitivity, specificity
were measured for comparison. Several types of DT
learning techniques (CART) [15], C4.5 [26], were
implemented on the datasets.

Results

Generally, 48.6% were male; with mean age
2945.3; and 52.2% female with mean age (31.5£7.8).
The data were divided into a training and testing
dataset (60% vs 40%) respectively. A decision tree
was built on the training dataset. The testing dataset
were used to assess the model. Gini index was used

for selecting the variables in the algorithm to achieve
final tree. The training and test datasets were simi-
lar to each other roughly. The results showed that,
age, BMI as potential predictors of VDD (P va-
lue < 0.001) (Table). Hence, these variables were used
in DT model.

DT was learned for the training dataset by us-
ing variables with significant correlation with VDD
(P value < 0.001).

The final DT, with size 17, 9 leaves and 6 layers
is shown in Fig. 1

Fig. 2 showed the accuracy, ROC curve, sensitiv-
ity, specificity values for predicting VDD in train-
ing set. The areas under the ROC curves is (0.78),

Yes: 200(68.4)
No: 92(31.6)

<40

Yes: 75(71.4)
No: 30(28.5)

Yes: 13(71.4)
No: 9(28.5)

Yes: 87(66)
No: 45(74)

ALT

Yes: 62(74.6) <40

No: 21(25.4)

\

Yes: 28(64.7)
No: 31(35.3)

Y

Yes: 38(74.5) Yes: 24(75)
No: 13(25.5) No: 8(25)

Yes: 59(85.1)
No: 14(14.9)

\

Yes: 16(64)
No: 9(36)

Yes: 125(66.8)
No: 62(33.2)

Yes: 38(91.8)
No: 17(8.2)

Yes: 26(68.4)
No: 12(31.6)

Yes: 12(93.5)
No: 5(6.5)

Female

\j

Yes: 10(77)
No: 3(23)

Figure 1. Decision tree with training dataset in CHB group (model 2)
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Figure 2. ROC curve of both decision tree models

When we applied DT algorithm with the significant
variables by cross validation, the values of 0.78 ROC
and 85.3% accuracy were obtained, which is similar
to the obtained results of applying training and test
sets one by one.

Discussion

The main objective of this study is to evaluate
the performance of machine learning model in the
prediction of VDD. The prediction accuracy was cal-
culated and compared with the training and testing
set. We have used various parameters in the severity
prediction.

A main strength of the current study was that it has
explored a new application of the DT model for exam-
ining and evaluating the predicators related to VDD
among CHB Iranian population. Result of this study
showed that the serum zinc as a potential factor
of VDD which is similar with previous studies [21, 23].

This study shows that insufficiency of VD occurs
more frequently among CHB patients.

A high prevalence of VDD (> 80 %) in chronic
liver disease has been reported to be associated with
liver disease progression [25]. VDD occurs rather of-
ten among the elderly population[22].

In the current study, deficiency and severe VDD
were observed more frequently in patients with HBV-
related liver disease and were found significantly as-
sociated with the end-stage of liver cirrhosis; so, our
study is in line with previous studies which have in-
dicated an association of VD levels with CHB [5].
The results of this research work proved that the ma-
chine learning models especially the random forest
classifier accurately predict the severity of VDD [14].
This machine learning classifier will have a greater
opportunity in the real-world medical domain which

would assist experts to efficiently identify the severity
of VDD.

The future direction of our research is to validate
the model with a different type of VD datasets of all
age groups.

In a period (1990—2010), the prevalence of VDD
was studied in Iranian society and according to the
results, in all regions; both sexes had moderate and
significant VDD [2, 32]. A study showed that VDD
existed in many CHB patients. Decreased liver func-
tion due to HBV-induced injuries to liver cells can be
one of the causes of VDD in CHB [24, 30].

One of the interesting finding of this study was
the pretense of serum zinc as a substantial factor
for VDD which is in line with other researches [15].

A previous study has shown a significant correla-
tion between serum level of VD and low serum levels
of zinc among Iranian population aged 10—18 years
old [6]. In addition, another study had reported a sta-
tistically association between serum level of VD and
serum levels of zinc among Iranian pregnant women.
Their findings showed 37% VDD and 23% of them
had zinc deficiency [8].

Data mining analysis has the potential ability
to select patients with VDD based on the possibil-
ity of response to treatment against a various fac-
tors. Moreover, it may provide a rationale to improve
the efficacy of therapy. Similarly, CART analysis
recognized several variables which were not associ-
ated with response by standard statistical model sig-
nificantly [18]. The fitted DT model could identify
few demographic characteristics such as age and sex
as significant factors associated with VDD.

In this study, significant association was found
between serum levels of vitamin D3 and BMI. In the
different studies on the prevalence of VDD showed
that VDD prevalence was various based on regions
and Iranian population [1, 16]. In this study, however,
VDD was not related with liver function parameters,
probably due to that VD serum levels are affected by
different factors [11, 13, 17].

One of'the limitations of this study was influencing
factors such as seasonal variation, diet and geographi-
cal habitation on Serum VD levels. We recommend
more sensitivity and specificity prediction models,
which be able to specify having VDD exactly.

Conclusion

This study provides an easy to use classification
rules for classifying risk factors related with VDD that
can be useful to improve programs for its management.
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Abstract. Background. Rheumatoid arthritis (RA) is characterized by synovial membrane inflammation that
results in joint damage. Many earlier studies have measured cytokines for a better diagnosis of RA. In the present
study, three bone biomarkers [osteopontin, stromelysin-1 (MMP3), and vascular endothelial growth factor-A
(VEGF)] are examined for their ability to estimate the severity of disease by using artificial neural network (NN)
analysis and binary logistic regression analysis. Methods. The study enrolled 87 RA patients and 44 healthy control
subjects. The biomarkers were measured by the enzyme-linked immunosorbent assay technique. Disease Activity
Score (28 joints) and C-reactive protein (CRP) (DAS28-CRP) was calculated by using DAS28-CRP calculator.
The patients with DAS28-CRP > 5.1 are considered as having high disease activity (HDA). While patients’ group
with DAS28-CRP < 5.1 are considered as moderate disease activity (MDA). The neural network (NN) analysis was
used for the differentiation between groups. Results. Results showed that the most sensitive predictor for high disease
activity (HDA) of RA is MMP3, followed by osteopontin and VEGEF. These three biomarkers can differentiate
significantly between HDA and MDA with a relatively high size effect (Partial n> = 0.323, p < 0.001). The HDA
group has a significantly higher MMP3, CRP, RF, and anti-citrullinated protein antibodies (ACPA) than the MDA
group. MMP3 is strongly associated with two inflammatory indicators; CRP and ESR. Conclusion. There was
a significant elevation in the serum level of MMP3 in RA patients with HDA compared to the MDA and control
groups. High DAS28, RF, CRP, and ACPA were found in HDA patients compared with the MDA group. The use
of the NN analysis indicated that the measured biomarkers help predict the HDA state in RA patients. MMP3 and
osteopontin are diagnostic biomarkers for the severity of RA and are related to many disease-related characteristics
with a sensitivity of 88.9% and specificity of 68.4%.

Key words: rheumatoid arthritis, inflammation, neural network analysis, stromelysin-1, ACPA, osteopontin.
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MCNOJIb30BAHMUE PSAA LUTOKMHOB, ACCOLIMUMPOBAHHbIX C KOCTHOW TKAHbIO,

B KAYHECTBE NPEOAUKTOPOB TA>XXECTU PEBMATOUAHOIO APTPUTA NP NOMOLLIN
HEWPOCETEBOIO AHAJIU3A

Canex P.O.!, Maxmyn JI.A.2, Moxammen M.A.3, Anb-Pasu X.®.4, Anb-Xakeiim X.K.5

! Yuusepcumemckuii koanredxc Anv-Maapud, e. Pamaou, nposunyus Ano-Anbap, Upax

2 Meouuyunckuii koanedxuc, Yuueepcumem Anbap, e. Pamaou, nposunyus Anv-Anbap, Hpak

I Ihaenoe ynpasaenue o6pazosanus nposunyuu Anéap, Munucmepcmeo obpazoeanus, nposunyus Anv-Anbap, Hpak

4 Hayunoiii koanedxnc, Yuueepcumem Anoap, e. Pamaou, nposunyus Anv-Anbap, Hpax
> Hayunuiii konanedne, Yuusepcumem Kyguol, 2. Kyga, nposunyus Haoxcagh, Hpax

Pestome. Hcmopus eonpoca. PeBMatonaHbiii apTput (PA) xapakTepu3syeTcs: BocraJeHHeM CHHOBUAIbHON 000I04KH,
MIPUBOISIIETO K ITOBPEX ICHUIO CycTaBOB. MHOTHE OoJice paHHME UCCIeI0BaHN I OLIEHMBAJIN YPOBEHD IIUTOKMUHOB JIJTSI
yIydIIeHus fuarHocTuku PA. B HacTosIieM rccaemoBaHWM I OLIEHKH TSKECTH 3a00JIeBaHUS C UCIIOIb30BaHUEM
HEUPOHHOI CeTH W OMHAPHOTO JIOTMCTMIECKOTO PETPECCUOHHOTO aHaIM3a OB MUCCIeAOBAHBI TPU KOCTHHIX OMO-
Mapkepa: OCTEeOTOHTHH, cTpomenusut-1 (MMP3) u daxrop pocra sugorenus cocynos A (VEGF). Memodw:. B uc-
CJe0BaHUY NMPUHSLIU yuacTue 87 00abHbIX PA 1 44 310pOBbIX YesloBeKa KOHTPOJBHOM IPYIIIbl. YPOBEHb OUOMAap-
KEepOB OMpeesyii METOA0OM UMMYHOGhEpPMEHTHOTo aHanu3a. [lokazaTesb aKTUBHOCTH 3a0oJieBaHU (28 CycTaBOB)
u C-peaxktuHbliii 6e10k (CRP) (DAS28-CRP) paccuntbhiBanu ¢ nomoibio DAS28-CRP-kanbkyastopa. [TaueHTsI
¢ DAS28-CRP > 5,1 cuuraroTcs MMEIOIIMMU BHICOKYI0 aKTUBHOCTB 3a60sieBaHus (BA3), B To Bpems kak mpu DAS28-
CRP < 5,1 3aboneBaHue paclieHUBaeTcs Kak ymepeHHo akTuBHoe (YA3). HeiipoceTeBoit aHaIM3 UCIIONIb30BAJICS TSI
nuddepeHIMaluy MeXay rpynnaMu. Pe3yismamor. Pe3ynabTaThl UCCIeA0OBaHUS MTOKa3aaM, YTO Hauboaee YyBCTBU-
TeJbHBIM MPEIUKTOPOM BbICOKOI akTUBHOCTU 3a00eBaHus (HDA) PA sBiasgerca MMP3, 3a KOTOpBIM CIeIyIOT OCTe-
onoHTH U VEGF. DTu Tpn 6uomapkepa MoryT cyuiecTBeHHO nuddepenumuponatb HDA u MDA ¢ oTHOCHUTENbHO
BBICOKOI 3¢ (ekTUBHOCTBIO (4acTUuHbIM N2 = 0,323, p < 0,001). I'pynmna ¢ BA3 nuMeeT 3HaunTeIbHO 00JI€€ BBICOKMI
ypoBenb MMP3, CRP, RF u antuten x nurpyummaupoBanomy 0eiky (ACPA), yem rpymma ¢ YA3. MMP3 tecHo
cBsI3aH ¢ ABYMsI mHanKatopamu BocraneHus: CPb u COB. Buigodsr. OTMeUan0Cch 3HAUNTEIHHOE TIOBHIIIICHUE YPOBH S
MMP3 B chiBopoTKe KpoBU 1 ypoBHeill y manueHToB ¢ PA ¢ BA3 mo cpaBHeHUIO ¢ Tpymnmoit ¢ YA3 U KOHTPOJBHOIA
rpynmnoii. Beicokue yposau DAS28, RF, CRP 1 ACPA 6111 06HapyXeHbl y TaiiueHToB ¢ BA3 1o cpaBHeHUIO ¢ rpyn-
ot nanreHToB ¢ YA3. Mcnonb30BaHMEe HEHPOCETEBOrO aHAIM3a OKA3aJ10, YTO U3MEPEHHbIe OMOMapKephbl TOMOTAIOT
nporHo3upoBaTh BA3 y mauneHToB ¢ PA. MMP3 1 0cT€ONOHTUH SBISIIOTCSI IMarHOCTUYECKUMU OMOMapKepaMu TsI-
KecTH 3a60meBaHus PA ¢ 4yBCTBUTEBHOCTBIO 88,9% 1 crielinduaHOCThIO 68,4% M CBSI3aHBI CO MHOTUMU XapaKTepH-
CTUKaMU 3a00JIeBaHUS.

Karouesole caoea: pesmamouduslii apmpum, gocnaienue, Heiipocemegoii anaau3s, cmpomeausun-1, ACPA, ocmeononmun.

57], trace elements [1], adipokines [35] and various
impacts of autoantibodies on joint inflammation and

Background

Rheumatoid arthritis (RA) usually begins be-
tween the ages of 30 and 50 years old. Women, smok-
ers, and those with a family history of the disease
are at higher risk. It causes discomfort and stiffness
in various joints, most commonly the wrists, proxi-
mal interphalangeal joints, and metacarpophalangeal
joints. RA rarely affects the distal interphalangeal
or lumbar spine. Patients may also have weariness,
weight loss, and anemia [55]. RA is an autoimmune-
inflammatory illness that often affects females and
older individuals. It is characterized by joint discom-
fort that develops with time as a result of an autoim-
mune-inflammatory response [34]. Despite the fact
that the cause of RA is yet unknown, a set of environ-
mental and genetic aspects is attributed [54]. A num-
ber of parameters have been evaluated as potential
predictors of RA diagnosis, prognosis, or follow-up
of RA disease. Because RA is characterized by an
inflammation of the synovial membrane that leads
to the reduction and destruction of joints [3, 36],
adhesion molecules, soluble mediators, pro-inflam-
matory and anti-inflammatory cytokines [33, 53,

internal organ dysfunction, as well as structural ab-
normalities, are known [14]. Since the findings of the
majority of criteria are not completely clear and de-
finitive, the estimation of various inflammation-re-
lated cytokines continues to be an attractive subject
of research. In the present work, the study focused
on some of the less studied cytokines in RA includ-
ing osteopontin (OPN), Stromelysin-1 (MMP3), and
the vascular endothelial growth factor-A (VEGF).
An OPN-rich extracellular matrix is present in min-
eralized tissues and extracellular fluids, especially at
sites of inflammation [15, 61], where OPN combines
osteoclasts and hydroxyapatite to enhance bone re-
sorption [18]. In mice modeled with rheumatoid ar-
thritis, OPN plays a critical role in the destruction
of articular cartilage by promoting angiogenesis and
inducing apoptosis in chondrocytes [60]. Earlier re-
search showed a correlation between elevated levels
of OPN and serum levels of inflammation mark-
ers, an increase in monocyte inflammatory mol-
ecules [63], and the number of T-helper 17 cells in the
synovial fluid of RA patients [6, 37]. Furthermore,

148



2023, T. 13, Ne 1

Cytokines and rheumatoid arthritis severity

in people with RA, plasma OPN was thought to be
a biomarker of inflammatory bone damage [20].
Numerous studies have indicated that the OPN and
its receptors, play key roles in RA pathogenesis [62].

The MMP3 enzyme is involved in the degradation
of cartilage and bones and the destruction of extracel-
Iular matrix components in RA [41]. MMP3 level has
been elevated in the synovium of RA patients where
MMP3 concentration is around 250 times higher [7,
42]. A high MMP3 level correlates with the number
of affected joints [59], and it could be used as a bio-
marker for both the diagnosis and the progress of the
disease [7, 25]. MMP3 may be a biomarker for the dis-
ease, and it helps to break down extracellular matrix
proteins in RA as the disease progresses. [39]. Serum
levels of MMP3 were a sign of RA disease activity,
bone and joint damage, medication susceptibility,
and the outcome of the disease [25, 27]. After these
findings, several researchers have recommended
MMP3 testing as part of a routine examination to be
used in conjunction with RA therapy choices [25].

There is an abundant expression of VEGF in syn-
ovial fluid and serum of RA patients [22] [58], which
plays a key role in pannus formation and main-
tenance [58]. Patients with RA have high levels
of VEGF in their blood and synovial fluid [58], which
aids in the growth of blood vessels and their absorp-
tion by the synovial lining membrane in RA [31].
In a meta-analysis, significantly higher circulating
VEGTF levels in patients with RA were identified, and
levels of VEGF are positively correlated with disease
activity in RA [24]. The present study aims to use
the abovementioned biomarkers (OPN, MMP3,
and VEGF). in the current study to test the ability
to differentiate between high disease activity (HDA)
the moderate disease activity (MDA) of RA disease
by using the artificial neural network analysis (NN)
and binary and multivariate logistic analysis.

Methods

Participants. Eighty-seven RA patients (37 males
and 50 females) and 44 age-matched healthy con-
trol subjects (18 males and 26 females) were re-
cruited in the present case-control study. The sam-
ples were collected from the Ramadi Teaching
Hospital in the Governorate of Anbar in Iraq, from
June 2020 to January 2021. The European League
Against Rheumatism and the American College
of Rheumatology guidelines were used to diagnose
RA in diseased subjects [2]. According to these di-
agnosis criteria, each patient should have a score > 6
based on the amount and location of painful joints,
favorable serologic findings (anti-citrullinated pro-
tein antibodies (ACPA) and rheumatoid factor (RF)),
high C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR)), and duration of RA symp-
toms. These criteria were found to be more accurate
in predicting the likelihood of RA and have a higher

specificity [9]. The clinical characteristics and soci-
odemographic data of all study subjects have been
collected. Body mass index (BMI) was calculated by
dividing subjects’ body weight (kilograms) by their
height squared (squared meter).

The Disease Activity Score was calculated by
using (DAS28-CRP) calculator available online at
https://www.mdcalc.com/disease-activity-score-
28-rheumatoid-arthritis-crp-das28-crp. We  di-
vided patients into those with HDA when DAS28-
CRP > 5.1 and those with MDA when DAS28-
CRP < 5.1 [52]. The institutional review board (IRB)
of the University of Anbar supplied the ethical ap-
proval of the study (Document number 211C/2020),
which complied with the “International Guideline
for Human Research” guidelines established by
the Declaration of Helsinki. A thorough medical
profile was taken on all participants to rule out any
existing systemic disorders that may affect the results
of the studied parameters, especially diabetes mel-
litus, liver and kidney diseases, and cardiovascular
incidents. The first step to ensure the work’s qual-
ity is to recruit patients who have no kidney prob-
lems. All patients had normal urea and creatinine.
These results are important to exclude any excretion
of small-molecular weight proteins by diseased kid-
neys. Subjects that smoked were also excluded from
the study.

Power analysis, using a 2-tailed test at oo = 0.05
and assuming an effect size of 0.5 with a power
of 0.80, shows that the required sample size is 127 par-
ticipants as calculated by the sample size calculator
(https://www.ai-therapy.com/psychology-statistics/
sample-size-calculator). Therefore, we used more
than the calculated number (131 subjects). The sam-
ple size analysis was accomplished according to the
equations and principles mentioned in Fahim et al.
(2019) [11]. Patients were included by a convenience
sampling technique.

Measurements. Five milliliters of venous blood
were extracted without a tourniquet from all subjects,
after overnight fasting, and centrifuged at 3000 rpm
for 15 minutes after full clotting. Sera were separated
and stored at —80°C until they were analyzed. Based
on the latex agglutination concept, sesrum CRP and
RF were assessed using semi-quantitative Kits pro-
vided by the Spinreact® Co., Girona, Spain. Kits sup-
plied by Hotgen Biotech Co., Ltd., Beijing, China,
were used to conduct a semi-quantitative ACPA ex-
amination. Sandwich ELISA assay kits provided by
Mybiosource®, Inc., CA, USA, were used to assess
serum MMP3, OPN, and VEGF. All of the kits’ in-
tra-assay coefficients of variance were less than 10%.
The sensitivities of the ELISA kits were OPN < 0.1 pg/
ml, MMP3 < 0.068 ng/ml, and VEGF < 1 pg/ml.

Statistical analysis. Kolmogorov—Smirnov test
revealed that all biomarker findings were normally
distributed. As a result, all data are provided in terms
of mean and standard deviation. To compare meas-
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ured variables across categories, the analysis of vari-
ance (ANOVA) test was performed. While the Chi-
square (2) test was employed to determine the statis-
tical significance of the difference between nominal
variables. Pearson’s correlation analysis was utilized
to evaluate correlations between biomarkers and
clinical and demographic variables. We used Point-
Biserial Correlation Analysis to analyze the cor-
relation between dichotomous variables (CRP, RF,
and ACPA) and continuous variables (biomarkers).
The “multivariate general linear model” (GLM) was
used to examine associations between RA severity
and measured biomarkers while adjusting for con-
founding factors such as age and BMI. The influence
of each biomarker on the severity of rheumatoid ar-
thritis was then determined using a between-subject
effects test. The partial eta-squared (n?) effect size
was used in the study. Based on the levels of the bio-
markers, various z-unit weighted scores were deter-
mined. The essential biomarkers that predict indeed
observed biomarkers were evaluated using multiple
regression analysis. We have used NN processing
to evaluate the predictability of the existence of RA
in a subject using input variables and biomarkers.
This analysis used an artificial feedforward model

of two hidden layers of mini-batch training and gra-
dient descent. The stopping criteria were one suc-
cessive move with no further decrease in the error
expression. The research sample was split into three
categories: training, testing, and holdout. The refer-
ence for the correlation coefficient is the values that
are not due to the chance at p < 0.05. The correla-
tion coefficient was regarded as low when it ranged
from 0.10 to 0.29, moderate when it ranged from 0.30
to 0.49, and high when it ranged from 0.50 to 1.0 [8].
Area under the curve (AUC) cut-off value should be
more than 0.5. The tests are two-tailed, with a statis-
tical significance level of 0.05. The IBM SPSS pack-
age for Windows 10, Version 25, 2017, IBM Corp.,
New York, USA was used for biostatistical analysis.

Results

Demographic and clinical biomarkers. The results
in Table 1 showed the demographic details of RA pa-
tients in comparison with those of healthy controls.
There were no statistically significant variations
in BMI or age between the groups. Table 1 also indi-
cates that serum MMP3, RF, CRP, and ACPA levels
were substantially higher in RA patients compared

Table 1. The clinical and demographic data in high disease activity (HDA) rheumatoid arthritis patients and
moderate disease activity (MDA) and healthy controls (HC)

Variables HC? (n = 44) D:‘S=<354')13 D&szzssé;c F/? p
Age, years 48.41£5.26 48.09+5.25 49.72+6.01 1.084 0.341
Sex (Male/Female) 18/26 13/21 24/29 1.147 0.292
MIB, kg/m? 24.38+2.90 25.70+2.86 25.59+3.19 2.533 0.083
DAS28 N/A 3.81£0.79C 7.70+0.74® 185.254 < 0.001
MMP-3, ng/ml 11.50+5.018¢ 17.31+£8.20A¢ 22.29+9.7678 21.712 <0.001
VEGF, pg/ml 202.97+56.358¢ 128.92+42.82* 132.29+45.35 31.941 <0.001
OPN, ng/ml 3.03+1.20¢ 3.82+1.66 4.25+1.87* 6.897 0.001
Disease duration, years 08¢ 12.65+4.71* 11.06+5.13% 123.133 <0.001
CRP -/+ 44/08° 29/5A¢ 19/3478 52.305 <0.001
RF -/+ 44/08° 28/6"C 20/33*8 47.806 <0.001
ACPA —/+ 44/08° 28/6A¢ 20/33*8 47.806 < 0.001

Notes. A, B, C: pair-wise comparisons (when a letter written on a number, it means that this number is significantly different from the values

of the column that contain the letter over the column title), BMI: Body mass index, DAS28: Disease Activity Score-28, MMP3 (Stromelysin-1): Matrix
metalloproteinase-3, VEGF: Vascular endothelial growth factor, RF: rheumatoid arthritis, CRP: C-reactive protein, ACPA: and anti-citrullinated protein
antibodies, and OPN: osteopontin. The difference is considered significant when p <0.05.

Table 2. The results of multivariate GLM analysis examining the differences in biomarkers between RA
patients divided into those with high disease activity (HDA) and moderate disease activity (MDA)

Tests Dependent variables Explanatory variables p Partial n2

Severity (HDA vs MDA) <0.001 0.323

L ) Sex 0.352 0.102
Multivariate All 3 biomarkers

BMI 0.002 0.163

Age 0.152 0.063

MMP3 Severity (HDA vs MDA) 0.002 0.161

zﬁz"‘é‘::“'s“biect VEGF Severity (HDA vs MDA) 0.249 0.037

Osteopontin Severity (HDA vs MDA) 0.162 0.023

Note. Diagnosis: RA versus healthy controls, BMI: Body mass index, MMP3: Matrix metalloproteinase-3, and VEGF: Vascular endothelial growth factor.
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Table 3. The binary logistic regression analysis results with high disease activity (HDA) and moderate
disease activity (MDA) as dependent variables and bone biomarkers as explanatory variables

D nden Explanator
variables. variables" B (SE) P OR 95% Cl
MMP-3 0.107 (0.037) 0.004 1.113 1.036-1.197
MDA versus HDA VEGF 0.011 (0.007) 0.138 1.011 0.997-1.025
Osteopontin 0.450 (0.168) 0.007 1.568 1.128-2.180

Note. (*): Standardized values, OR: Odd ratio, SE: standard error, Cl: confidence interval, MMP3: Matrix metalloproteinase-3, VEGF: Vascular endothelial

growth factor.

to the control group with the highest level in DAS
> 5.1 patients’ group. Serum VEGF showed a signifi-
cant decrease in both patient groups in comparison
with the control groups. While no significant differ-
ence between both patient groups. Patients with DAS
> 5.1 have significantly higher OPN than those with
DAS < 5.1 and control groups. However, there was no
substantial difference in the duration of disease be-
tween RA patient groups.

The results of multivariate GLM. Table 2 shows
the effects of the multivariate GLM study, which
showed that age (Partial n?> = 0.063, p = 0.152) and
sex (Partial n? = 0.102, p = 0.352) have no substantial
impact on the three biomarkers. BMI had a slight ef-
fect on the levels of the three biomarkers (Partial n?> =
0.163, p = 0.002). The severity of RA has a highly sig-
nificant effect (Partial n? = 0.323, p < 0.001) on the
biomarker levels. Between-subject tests revealed that
the severity had the greatest impact on MMP3 (par-
tial n?> = 0.161, p = 0.002). OPN and VEGF demon-
strated insignificant effects on the severity of the dis-
ease with a very small effect size.

Intercorrelation matrix. The most notable correla-
tions were a significant moderate negative correlation
between MMP3 and ACPA (r = —0.379, p < 0.01).
The duration of illness is moderately related to VEGF
(r=10.325, p <0.01) and OPN (r = 0.383, p < 0.001).
CRP has a moderate negative correlation with VEGF
(r=—0.357, p <0.01) (results are not tabulated).

Results of binary logistic regression analysis. The bi-
nary logistic regression test recruited HDA state as
adependent variable (and MDA as the reference group)
is seen in Table 3. The regression discriminated sever-
ity of RA patients and found that MMP3 and OPN
substantially discriminated both study groups ()? =
20.116, df = 3, p < 0.001). The Nagelkerke’s effect size
was 0.350, and the classification precision was 74.2%,
with a sensitivity of 66.7% and a specificity of 81.8%.

Effects of background variables. The univariate
GLM analysis was used to assess the impact of medi-
cations on the serum levels of the studied parameters
in RA patients. The study found no significant effects
of naproxen, sulfasalazine, prednisolone, tofacitinib,
or methotrexate on the blood levels of the three bio-
markers tested. The other medications prescribed
have little discernible impact. The cumulative effects
of medication administration on the assessed param-
eters were just minor (partial n?> = 0.033) (results are
not tabulated).

Results of neural networks. As shown in Table 4,
the neural network analysis was used to distinguish
between individuals with HDA and MDA. One unit
was employed in hidden layer 1, whereas hyperbolic
tangent was used as an activation function, identity
in the output layer, and sum of squares was used as
an error term in the final neural network. Because
the testing set had a significantly smaller sum
of squares (5.331) and a lower relative error (23.6 per-
cent versus 47.8 percent, respectively), the neural net-
work model was able to generalize the trend. As a re-
sult, the holdout set had a 66.7 percent relative inac-
curacy. As seen in Table 4, the sensitivity was 88.9%,
and the specificity was 68.4%. The cut-off values
of the serum biomarkers concentration at the above
sensitivity and specificity were: MMP3 > 17.75 ng/
ml, VEGF > 124.95 pg/ml, OPN > 3.814 ng/ml. As
shown in Figure, the input variables are ranked by
relevance and relative importance, MMP3, OPN,
and VEGF were the three most important predictors
of the model’s predictive power.

Table 4. The Results of neural networks with high
disease activity (HDA) RA versus moderate disease
activity (MDA) as reference group

Models HDA vs MDA
Input Number of units 3
layer Rescaling method Normalized
Number of hidden layers 1
Hidden | Number of units in hidden 3
layers layer 1
Activation Function Hyperbolic tangent
Dependent variables HDA vs MDA
Output | Number of units 2
layer Activation function Identity
Error function Sum of squares
Sum of squares error term 10.358
Training Z)Ir;(':otr.rector re.lgt'i;/e error 23.6%
rediction (sensitivi
sp‘:ci?icﬁy)(se sitivity, 75.0%, 69.6%
Sum of Squares error 5.331
% Incorrect or relative error 47.8%
Testin icti itivi
9 SPgitglitf:itclﬂg)(sensmvuty, 88.9%, 68.4%
AUC ROC 0.81
% Incorrect or relative error 66.7%
Holdout Prediction (sensitivity, 60.0%, 45.5%
specificity)

Note. AUC ROC: area under the curve of receiver operating curve.
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Figure. The importance of the biomarkers
for differentiation between severity states
of the rheumatoid arthritis patients by neural
network analysis

Discussion

The current study’s major finding is the eleva-
tion in serum MMP3 in RA patients when compared
with the control group as seen in Table 1. The in-
crease of MMP3 in RA is in accordance with other
previous works [27, 29, 32, 48] that can be attributed
to the secretion of MMP3, in higher amounts, from
the synovial joints [42]. The contribution of pro-in-
flammatory cytokines in RA’s pathogenesis is widely
accepted [16]. Therefore, MMP3 has been proposed
as a marker of inflammation in RA [41]. However, at
high levels, MMP3 causes increases in the number
of osteoclast precursors and osteoclast formation, re-
sulting in inducing bone resorption [5]. Furthermore,
MMP3 is correlated with the number of inflamed
and painful joints in RA patients [59]. Serum MMP3
may be a possible diagnostic for histological synovi-
tis and RA diagnosis [28], joint erosions in the early
stages of the illness, and disease progression monitor-
ing [26, 48]. MMP3 levels in the blood are an excel-
lent predictor of bone damage, and MM P3 inhibition
may be a significant treatment approach for individ-
uals with early rheumatoid arthritis [47]. According
to recent research, serum MMP3 levels predict clini-
cal remission more accurately than CRP levels [17].
These results prompted several researchers to recom-
mend MM P3 testing as part of a standardized evalu-
ation to go along with RA treatment options [25].

In addition, a neural network method allowed
for external validation of the clinical diagnosis of the
HDA of RA against MDA with an AUC ROC curve
of 0.814 and MMP3 and OPN as the most important
discriminatory variable. Macrophage populations
in synovial tissue are associated with articular dam-
age, and a decrease in macrophage counts is a sen-
sitive biomarker of therapy response in rheumatoid
arthritis patients [56].

The multivariate GLM analysis was performed
to estimate the effect of the cofounders on the serum
levels of the measured parameters. As seen in Table 2,

age and sex had no substantial impact on the levels
of the assessed biomarkers. BMI has a slight effect
on the variance of the serum level of the measured
bone-related cytokines. The levels of biomarkers are
substantially altered only by the magnitude of the
severity in the RA patients, with a larger effect size
(partial n? = 0.323). Tests for between-subject ef-
fects showed that 16.1 percent of the difference in the
MMP3 concentration was attributed to RA. These
analyses were performed to rule out the influence
of cofounders on the values of the estimated param-
eters because there are some reports about the effect
of BMI on MMP3 level [4], decreased expression
of VEGF with increased patient age [12], and the ef-
fect of sex and age on OPN level [21]. However, these
correlations were reported in diseases other than RA.

MMP3 is secreted by synovial fibroblasts or B
cells, which are well-known MMP3 producers, that
are responsible for the large rise in plasma levels [46].
The previously published study demonstrated a tight
link between plasma OPN levels and MMP3 levels.
Plasma OPN levels decreased considerably in re-
sponders after medication [20].

Table 3 showed that the severity of the RA is as-
sociated with the plasma level of MMP3. MMP3
is strongly associated with two inflammatory indi-
cators; CRP and ESR [45]. These findings revealed
a correlation between the levels of bone-related cy-
tokines and biomarkers of inflammation. Other re-
searchers, however, demonstrated that elevated serum
biomarkers could not be a risk factor for reduced bone
mineral density [44]. The same reasons apply: the in-
flammatory state associated with RA is the primary
source of biomarker changes. ACPA levels are influ-
enced by serum MM P3 levels. Previously, ACPA was
found to have the best predictive importance for the
production of RA [38, 51]. A strong association be-
tween ACPA positivity and arthritis development has
also been established in several patients who later
experienced RA [40]. Therefore, the increase in se-
rum MMP3 may enforce the validity and sensitivity
of ACPA in the diagnosis of RA in addition to esti-
mating the severity of the RA disease [40].

There is a good predictive value of the serum
MMP3 for the severity of RA subjects. MMP3
is a connective tissue biomarker. However, the diag-
nostic cut-off value is rather high. MM P3 expression
is a good indicator of disease activity in people with
rheumatoid arthritis [30]. MMP3 levels rose with
advanced stage and RA class and gradually dropped
following treatment effectiveness [49]. Serum
MMP3 levels were shown to be strongly linked
with serum CRP, RF levels, and joint damage [26].
Additionally, there was a statistically significant as-
sociation between MMP3 and CRP, and ESR [17].
Elevated blood MMP3 levels in rheumatoid arthri-
tis patients show inflammation [10, 32] and serve as
an early predictor of increasing joint destruction as
well as a powerful predictive indicator of rheumatoid
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arthritis disease activity [10, 29]. In another study,
serum concentrations of MM Ps significantly corre-
lated with markers of RA activity such as DAS28 and
CRP levels [23].

Recently, it was shown that MMP3 serum levels
correspond with the quantity of MMP3 generated by
synovial mast cells [19] in inflamed joints, indicat-
ing the severity of rheumatoid synovitis [13]. With
increasing RA severity, MMP3 and ACPA increase
indicating the correlation of both biomarkers with
the degree of disease activity [43, 50]. Therefore,
the measured biomarkers, especially MMP3 can be
used as a potential biomarker for RA activity with ac-
ceptable sensitivity and specificity. The main limita-
tion of the current analysis is the limited size of the
test sample. To ensure adequate generalization of the

study findings, a greater sample size would be need-
ed. The second drawback is the relatively high inter-
assay coefficient of variance percent, which was less
than 10% for all kits.

Conclusion

There was a significant elevation in the serum
level of MMP3 in RA patients with HDA compared
to the MDA and control groups. The NN analysis
showed that the MMP3 is the most sensitive pre-
dictor for RA patients with HDA followed by OPN.
In addition to the known high DAS28, RF, CRP, and
ACPA in HDA patients, the binary logistic regression
showed the potential use of OPN and MMP3 as dif-
ferentiating factors for HDA from M DA.
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XAPAKTEPUCTUKA KULLEYHOW
MUKPO®JIOPbI Y AETEWN, NOJTYHAIOLLUX
NMPOTUBOTYBEPKYJIESHYIO TEPATUIO

E.O. Bproxauesa, 10.B. 3axaposa, JI.IO. Otnymkuna, T.B. IIsan30Ba

DI'bOY BO Kemeposckuii eocydapcmeernnbiii meduyurckuii yuueepcumem Munzopaea Poccuu, e. Kemeposo, Poccus

Pestome. I[Iporpecc n3yueHnss MUKPOOMOMa Y IeTeil M IMMOAPOCTKOB, €T0 BIMSHNE Ha MOAACpKaHME 3M0POBbs pac-
cMaTpuBaeTcsd KakK OTHO M3 HanboJiee 3HAUMMBIX TOCTUXCHUI COBPEMEHHOM MEAUIIMHEL. Y IeTeil IpU pa3IMIHbIX
3a00JIeBAaHUSIX M3MEHSIOTCS KaueCTBEHHBIE M KOJWYEeCTBEHHBIC IMOKa3aTelu MUKPOGMIOPHl KUIIEYHOTO TPaKTa,
YTO CAYXUT MPUUMHON pa3BUTUS AucOakTepro3a. M3ydeHure U3MeHEHU B COCTOSTHUM MUKPOMIIOPHI KUIIEYHNKA
y JeTeil Tpyu JIeYeHU U MPOTUBOTYOEPKYJIE3HBIMU MperapaTaMy COXpPaHWJIO CBOIO 3HAYMMOCTh U aKTYaJbHOCTD I10-
CKOJIBKY MCCIIEIOBAHUI B 3TOI 00JaCTH HEIOCTaTOYHO, YTO TpebyeT Oosiee MOApOOHOro aHaM3a JaHHOU pobJie-
Mbl. B mpeacTaBieHHON cTaThe OLIEHMBACTCS COCTOSTHUE MUKPOOHOT0 OMOLIeHO3a KMIIeYHUKA AeTel, oayYarolmnx
MPOTUBOTYOEpKYJIe3Hoe JeueHue. Llenb uccaenoBaHus: M3y4YuTh MUKPOOHBIH Meii3aX TOJCTOKMIIEYHOTO COAePXKU-
MOTO Y JIeTel, MOoIyJyaloluX IPOTUBOTYOEPKYIe3HYI0 Tepanuto. Mamepuaas: u memodsl. B viccnenoBaHuM BKIIIOYE-
HBI 24 peOeHKa ¢ YCTaHOBJICHHBIM JUArHO30M TyOepKyse3a OpraHoB IbIXaHUs, MOTYYAIOUIMX JIEYCHUE B YCIOBUSIX
KPYTJIOCYTOYHOTO cTanroHapa Ky3z06acckoro KIMHUYECKOTO (TU3UOMYIbMOHOIOTMIECKOTO0 MEIUIIMHCKOTO LIEHTpa
M. 1.O. KonproBoit. MiccienoBanre KMIIEYHONH MUKPOGDIOPHI TPOBOIMIN KOTUUISCTBEHHBIM 0aKTEPUOJIOTMIECKIM
MeTomoM. MaTepraioM HCCIeIOBaHMS CIIYKIII KaJI, 3a0paHHBII B CTEPHIILHBIN OMHOPA30BBI KOHTEWHED, KOTOPHIi
JOCTaBJIsIN Ha 0a3y Kadenapsl Mukpobduooruu, uMmMmyHooruu u supycosnoruu @rbOY BO KemI['MY Munznpaa
Poccun. Pezyrvmamet. Y Bcex neTeit, Moaydyalux TpoTUBOTYOEPKYIE3HYIO Teparnuio, ObLI BbISIBIEH 1MCOMO3 C TIpe-
obiagaHeM MUKposKoJaornueckux HapyineHui 11 (41,7%) u 111 (37,3%) ctenenn. MUKpOOHBIii Tieli3ax KUIIEYHUKA
XapaKTePU30BaJICsl CHUXEHHEM KOJIMUECTBEHHOTO ColepXKaHU s peAcTaBuTeei odauratHoii yopsl Bifidobacterium
spp. ¥ 66,7% nereit u Lactobacillus spp. y 45,8%, yBenmyeHNeM KOJWUeCTBA (GaKyIBTATUBHBIX MUKPOOPTaHU3MOB —
E. coli lact+ u Citrobacter freundii — y 12,5%. IlonnepxXaHue MOJTHOLEHHON M aKTMBHOM HOPMOOMOTHI KMILEUHUKA
BO3MOXHO MpHU 00ecrneyeHur ee TMHAMUUYECKOTO KOHTPOJIs Y O0NbHBIX TyOepKy/ae30M JeTeil BO BpeMsl JeUeHHUsI.
PesynbraThl M3yueHMsT 0COOEHHOCTE MUKPOOUOTHI IMO3BOJISIOT IPEANOJ0XUTh, YTO MAILIMEHTHI HYXAl0TCs B IPO-
OMOTHMYECKOIi Tepalmuu BO BpeMs JedeHus TyoepKyne3a. Boieodsl. MUKPOIKOJIOTHUECKYE HAPYIIEHUS Y AeTei pu
MIPOTUBOTYOEPKYIE3HOH Tepauy XapaKTeprU30BaINCh CHUXKEHUEM KOJIMIeCTBEHHOTO CONepKaHu s TIpeICTaBUTEeH
00aUTaTHOI (BIIOPHI M YBEIMYCHUEM KOJTMUYEeCTBA (haKyJbTaTUBHBIX MUKPOOPTraHM3MOB. Takxke B MaTepuaie ObLIU
BBIJIeJIEHBI pa3IMnuHble BUABI TpuboB pona Candida.

Karouesnie caosa: mukpoghropa kuweunuxa y demeii, npomugomybepkyneznoe aeuerue, 0ucouo3 KuuleuHuka, mybepkyesy oemeil,
Mukpobuoma, rakmodaxkmepuu, bugudodbaxmepuu.
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CHARACTERISTICS OF THE INTESTINAL MICROFLORA IN CHILDREN RECEIVING
ANTI-TUBERCULOSIS THERAPY

Bryukhacheva E.O., Zakharova Yu.V., Otdushkina L.Yu., Pyanzova T.V.

Kemerovo State Medical University of the Ministry of Health of Russia

Abstract. The progress in investigating microbiome in children and adolescents as well as its impact on maintaining
health is considered one of the most significant achievements of modern medicine. In children with various diseases,
the qualitative and quantitative indicators of the intestinal microflora change, which causes the development of dysbiosis.
The assessing changes in intestinal microflora in children during treatment with anti- tuberculosis drugs has retained
its importance and relevance due to insufficient data in the field, which requires a more detailed understanding of this
problem. The presented article assesses the state of gut microbial biocenosis in children receiving anti-tuberculosis
treatment. The purpose of the study: to study the microbial landscape of the colonic contents in children receiving anti-
tuberculosis therapy. Materials and methods. The study included 24 children with verified tuberculosis of the respiratory
organs receiving treatment in a 24-hour hospital of the Kuzbass Clinical Phthisiopulmonological Medical Center
named after I.F. Kopylova. The study of intestinal microflora was carried out by a quantitative bacteriological method.
The material of the study was feces collected in a sterile disposable container, which was delivered to the Department
of Microbiology, Immunology and Virology of the Federal State Budgetary Educational Institution of the Russian
Ministry of Health. Results. Dysbiosis with predominance of microecological disorders of 11 (41.7%) and 111 (37.3%)
degrees was detected in all children receiving anti-tuberculosis therapy. The microbial landscape of the intestine was
characterized by a decrease in the quantitative content of representatives of the obligate flora Bifidobacterium spp.
in 66.7% of children and Lactobacillus spp. in 45.8%, an increase in the number of facultative microorganisms: E. coli
lac+ and Citrobacter freundii in 12.5%. Maintaining a full-fledged and active intestinal normobiota is possible by
ensuring its dynamic control in children with tuberculosis during treatment. The results of studying the characteristics
of the microbiota suggest that patients need probiotic therapy during the treatment of tuberculosis. Conclusion.
Microecological disorders in children with tuberculosis therapy were characterized by a decrease in the quantitative
content of representatives of obligate flora and an increase in the number of facultative microorganisms. Also in the

material, various types of fungi of the genus Candida were identified.

Key words: intestinal microflora in children, anti-tuberculosis treatment, intestinal dysbiosis, tuberculosis in children, microbiota,

lactobacilli, bifidobacteria.

BBeneHne

B kumeyHukKe 370pOBOro YeJioBeKa HAXOOUT-
ca 6onee 300 BUAOB pasziUYHBIX MUKPOOPraHU3-
MoB [3]. KuireuHast MUKpodJiopa 3a cUeT CBOEro co-
CTaBa CIOCOOHA OKa3bIBaTh BIAUSIHUE HA DYHKIIUU
xKenaynouHo-kuureyHoro Tpakta (2KKT) u Ha dop-
MUpOBaHUEe UMMyHUTeTa [7, 12, 14].

VY neteii mpu paszMUYHBIX 3a00JIeBAaHUSIX, Kak
UHGPEKIIMOHHBIX, TaK U HEUH(MEKIMOHHBIX, U3-
MEHSIOTCSI KAYeCTBEHHbIE U KOJTMYECTBEHHBIE TMO-
KazaTeau MUKPOGJIOPbl KUIIEUHOro TpakTa [4].
IlepBonpuurHaMu aucOakTepro3a MOTYT ObITh:
3a00J1eBaHU I OPTraHOB MUILIEBAPEHM ST, TEPEHECEH-
HbI€ OCTPbIe KUIIEUHbIe UHGEKIINHN, ATUTETbHbIN
NpueM aHTUOAKTepUAaJIbHBIX MpenapaToB, MTUEThI
U cTpeccoBble cutyauuu [2, 5]. KinnHuyeckyio
KapTUHY AucbajaHca KUIIEYHOU MUKPODIOphI
MOXHO y3HaTh MO TAKUM KaJJ00aM KaK METEOPpU3M,
YYBCTBO TSIXECTU B XKUBOTE, O0OJIb, HEYCTOM YN BBII
ctya [1]. ITpu HapyLIEHUU MUKPOOUOTHI CHUKAET-
Ccs1 UMMYHHas 3alluTa, B TOM YMCJIE U B OTHOIIIE-
HUuM Tybepkyne3dHoil mHdexkuuu [10, 13]. Takxke
BJIMTEpPAType UMEIOTCS JaHHbIE O HETaTUBHOM BO3-
JNEeCTBUM HAa MUKPODJIOPY KMIIEUHUKA TPOTUBO-
Tyoepkyae3Hbix mnpernapatoB (ITTII), cnmocoOGHBIX
BBI3BATh IyOOKMU 1 U CTOMKU I fucouos [§, 9, 11].

N3ydyeHne M3MEHEHUU B COCTOSSHUU MUMKPO-
GdJIopbl KUIIEUHUKA Y AETEl MpU JEYEHUHU MpOo-
TUBOTYOEPKYJAE3HBIMU TMpernapaTaMu COXPaHUJIO
CBOIO 3HAYMMOCTb M aKTYyaJbHOCTb, MOCKOJbKY
HCccJieOBaHUM B 3TOM 00JIJaCTHU HEJIOCTATOYHO, OHU
MPOTUBOPEUYMBBI MU BBITIOJHEHBI 0€3 yueTa pexXu-
Ma [MIPOTUBOTYOEPKYJIE3HON TEpANIUU.

Llenr wucciaenoBaHus: U3YYUTh MUKPOOHBIN
MeM3axX TOJICTOKUILIEYHOIO COAEPXKUMOIO y NETEH,
MOoJIyJyaroluX NPOTUBOTYOEPKYJIE3HYIO Teparuio.

Martepuanbl 1 MeTopl

B uccnenoBaHue BKIOUeHbI 24 pebGeHKa, KO-
TOopble moyvanu JieueHue B Kyszdacckom KIuHU-
YeCcKOM (TU3NOMYIbMOHOJIOTUYECKOM MEIUIIUH-
ckoM 1eHTpe uM. M.®D. Konberaopoii. IMammmeHTH
B Bo3dpacte oT 9 mo 17 JjieT BKJIIOUYUTETBHO, Oe3
conytcTtByoieid BUY-unbekunn. leHaepHBIN
cocTtaB mipeacraBieH 15 (62,5%) neBoukamMu u 9
(37,5%) manpumkamu, cpemHuit Bo3pact — 12,5
(10,75; 16,25) netr. Cpeau KIMHHYECKUX (HOPM
npeobyaganid UHGUIBTPATUBHBINA TyOepKyJye3 —
vy 9 (37,5%) neteit u TyGepKyJie3 BHYTPUTPYIHBIX
nuMmpartnueckux y3noB — y 8 (33,3). Pexe BcTpe-
yaJjicst ouaroBblil Ty6epkyne3 — y 4 (16,7%) nmereii,
TyOepKyJe3HbIi rieBput — y 2 (8,3%), nucceMu-
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HUPOBAaHHBIN TyOepKyJe3 jerkux — y 1 (4,2%) na-
nuveHTa. Jletu nonyyvanu jedeHue 1o 1V, V pexumy
xumuotepanuu (XT), cpeaHee KOJUYECTBO MOJTY-
JyeHHbIX 103 — 78 (27,0; 121,0).

WccrnenoBanue KUIIEYHOU MUKPOGJIOPHI MTPO-
BOAMJIM KOJMYECTBEHHBIM OaKTEPUOIOTrMYECKUM
METOAOM. MarepuajoM WCCAECAOBAHUS CIIYKUI
KaJ, 3a0paHHBIA B CTEPUJIbHBI OTHOPA30BBIN
KOHTEWHEep, KOTOPbIA AOCTaBASIJIA B OaKTepUO-
Jlornyeckylo Jabopatopuio Kadeapbl MUKPO-
ouosioruu u Bupycojornu ®rboy BO KemI'MY
MunsznpaBa Poccuu. Pa3BegeHus1 ocCyIlIeCTBIIS-
JIUCh B CTEPUJIBHOM (DU3UOJOTUUYECKOM PacTBOpPE,
onpeaensinu pH, BBITIOJHSJAMU TTOCEBBI Ha CeJieK-
TUBHBIE U AudbdepeHInaTIbHO-TMarHOCTUYECKUE
cpenbl. buoxuMuyeckue CBOWCTBA U3ydyaau IIpU
oMol KoMMepueckux Tect-cucteM AHABPO-
TEST 23 (Lachema Diagnostica s.r.o., Yexwus),
STAPHYtest 16 (Lachema Diagnostica s.r.o.,
Yexust), ENTEROtest 24 (Lachema Diagnostica
s.r.o., Yexust), AUXOCOLOR (BioRad, ®panmms).
Pe3ynbpTathl MHTEpOpEeTUPOBAIM Ha OCHOBAHUU
pervoHaabHBIX HOPM U OTpacieBOro ctaHaapra [6].

PeaynbraThl

ITo maHHBIM 6AKTEPUOJOTUIECCKOTO NCCISIOBA-
HUS y BCeX IMAIlMEHTOB HaOJIOMAIMCh HAPYIIICHUST
MUKpo@JIOpbl KUIlIEUHNKA. JucOMOTUYEeCKMEe Ha-

pyurenus II1 crerenu ormevanucek y 9 (37,5%) ne-
teit, I1 crenenn — y 10 (41,7%) yenoBek, I crere-
HU — ¥ 5 (20,8%) 60nbHBIX. COCTaB MPEICTaBUTE-
JIeit MUKPpOdJIIOPHI KUIIIEUHNKA V IETe C TYOEpKY-
JIE30M OPTraHOB JbIXaHU S MMPEACTaBJIeH B TaOJIUIIE.
VYV 16 (66,7%) nmauueHTOB BBISIBJIEHO CHUXKEHUE
KoJM4yecTBa MpeacTtaButeneil poaa Bifidobacterium
Spp., IO CpaBHEHUIO C €MMHBIMU HOpMaMHU. Tak:ke
BBISIBJIGHO CHUXXeHMe KoaudecTtBa Lactobacillus
spp. y 11 (45,8%) maumenToB. Clostridium v Klebsiella
u Proteus B 95,8% o0OHapyXXMBaJMCh B THUTpaXx,
He TIpPEeBBHIAIIINX 3HaueHUs HOopMbl. Cpean yc-
JIOBHO-TTATOT€HHBIX OaKTepUii peodIasain mpei-
cTaBuTeNu cemelictBa Enferobacteriaceae, yBenuie-
HHE JaKTO30MOJIOKUTEIbHOM KHUIIEYHON MaJIOuKU
BcTpevaioch v 3 (12,5%) nereit, a CHUXEHUE — y 5
(20,8%) mnanmeHToB. KonanyecTBEeHHBI YpPOBEHb
JIAKTO300TPULIATESILHBIX U TeMOJIM3UHIIPOLYIHPY-
FOIIMX KUIIEUHBIX ITajlouek y 95,8% manmneHToB co-
OTBETCTBOBaJ HopMe. KoKKOBasl yCJIOBHO-TIATOTEeH-
Hast MUKpodIopa Oblia IpeacTaBieHa 0aKTepusiMu
pona Staphylococcus n Streptococcus. Cpenu ctapu-
JIOKOKKOB OBbLJIU BbISIBJIEHO YBeJauueHue S. simulans,
S. lentus, S. epidermidis, a konn4ecTBO S. aureus COOT-
BeTCTBOBasio HopMaM. CozepKaHUe SHTEPOKOKKOB
O6bLI0 cHUKEHO Y 13 (54,2%) neteii, OBIITM UACHTU-
dunupoBaHsbl E. faecalis, E. faecium. O HapylLLIeHUSIX
B cocTaBe MUKPOMIIOPHI CBUIETEITIHCTBYET MOSIBIIC-
Hue Providencia rettgeri no 3 x 10° (4,2%), Citrobacter

Ta6nuua. CoctaB Mukpodnopbl KMLLIEYHUKA geTeli ¢ Ty0epKynesom
Table. Composition of intestinal microflora of tuberculosis patients

MonyyeHHoe
n 3HayeHwue, Ilg KOE/r Hopwma, Ig KOE/r
peacrasuTenu .
rgglonur;)a MUKPOGbAOpBI Value 825%16& lg Norm, Ig CFU/g Pe;:;::m
Representatives of microflora
P Me (Qzs; Q) Me (Q.s; Qy5)
Me (Qys; Qzs) Me (Qys; Qys)

OGnuratHas aHaapobHas | pifidobacterium spp. 7.0(7;9) 9,5(9;10) l
Mukpodnopa
Obligate anaerobic Lactobacillus spp. 7,0 (6; 8) 75(7;8) !
microflora

E. colilac+ 8,0 (6; 8) 7,5(7;8) T

E. colilac- 4,0 (4; 4) 3(2; 4) Hopma
dakynbTaTueHag Mlpam- Norm
Mukpodnopa . Hopma
Facultative Gram- E. colihly+ 4.0(4;4) 3(24) N:rm
microflora [Apyrue ycnoBHo-naToreHHble

aHTepoGaKkTepumn 4,0 (4;5) 3(2;4) T

Other opportunistic enterobacteria
dakyneratueHas Fpam+ | Enterococcus spp. 5,0 (4,6) 6,5 (6;7) !
mMukpodnopa S. epidermidis 2,0(2;4) 4(3;5) !
Facultative Gram+ Hopma
microflora Streptococcus spp. hly+ 4,0 (4, 4) 3(2;4) Norm
TpuGbI . . .
Yeast Candida 4,0 (2,75; 5) 3(2;4) T

Mpumeuanwme. Ig KOE/r — noraprndm konoHneobpasyoLLyx eAMHNL Ha rpaMM MaTepuana, Me — meguana.
Note. Ig CFU/g — logarithm of colony forming units per gram of material, Me — median.
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Jfreundii 1o 4 x 10° (12,5%), Citrobacter diversus 10 3 X

10° (4,2%), Enterobacter agglomerans o 1 x 108 (4,2%),
Hafnia alvei 1o 6 x 10° (4,2%).

I'pu6sl pona Candida oGHapyXeHbI B KUILIEYHOM
conepxxumomy 16 (66,7%) nereit. Bugosast cTpyKTypa
rpr0OOB IIpecTaBieHa Ha PUCYHKE. YCTaHOBJIEHO CY-
1ectBeHHOoe Tipeodnananue C. albicans. ITpu uccie-
noBaHuM pH maTtepuana Habromasach cirabokuciast
peakius ¢ Me 6,5 (6,0; 6,63), 4TO MOXKET CBUIETEb-
CTBOBaTh 00 aKTWUBAIIMM ITATOT€HHOU MHUKPOMIOPHI
M cO0s1X B paboTe (pepMeHTaTUBHOI CUCTEMBI.

Kaxk u B iuTepaTypHbIX JaHHBIX [9, 11], ObLIO BbI-
siBJiIeHO HeraTuBHoe BozaeiicTBue IITIT Ha MUKpoO-
¢JIopy KHMIIIEYHWKA, OIHAKO BIIEPBBIE OBIJIO pac-
CMOTPEHO TaKOe BIUSHHE Yy ASTei, MOTyJalolInX
tepanuto 1o IV u V pexxumam ¢ BKJIIOYEHUEM TIpe-
napaToB, BXOOSIINX B HaHHBIC cXeMbl. DakTOpHI,
o0ycoBaIMBaOIIME pa3BUTHE NMCOM0O3a, MHOTOO0-
pasHEL [Ipexie Bcero, MpUYMHOM €ro Pa3BUTH S MO-
KET SIBUTCSI WCIIOJIb30BaHUE aHTHOAKTepHaJIbHBIX
rmperapaToB [UIsI JiedeHUs1 TyoepKyJe3a. Hammuus
3a00JieBaHUsI TYOepKyJIe30M CO3[aeT ITPEAITOChII-
KU JIJISI BOBHUKHOBEHM ST BhIPAaKeHHBIX HAPYIIICHU A
MUKpoOOUoILeHO03a. JIMcOMOTUYECKOe COCTOsTHUE
YCYTYONSIOT HapyIIeHUsI WMMYHHON CHUCTEMBI,
CIOCOOCTBYSI 3aTSKHOMY TeYeHUIO 3a00JieBaHUS
TyOepKYyJI€30M U Pa3BUTHUIO OCJIOXKHEHUI y JeTeil.

Takum oOpaszom, momjaepKaHWE ITOJHOLIEHHOM
M aKTUBHOW HOPMOOMOTHI KUIIIEYHUKA BO3MOXKHO
npu OOCCIeYeHUN e¢ TUHAMHUYECKOTO KOHTPOJIS
y OOJIbHBIX TyOepKyJae30M AeTeil BO BpeMs Jieue-
Hug o 1V, V pexxumy XT. Pe3synbraTbl U3ydyeHUs

Cnucok nutepatypbl/References

? [
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PucyHok. XapaktepucTuka CTPyKTypbl
BblZleJIeHHbIX rpu6oB poaa Candida B KuLe4YHOM
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Figure. Characteristics of the pattern of isolated
Candida genus in the intestinal biotope of the patients

OCOOEHHOCTEel MUKPOOMOTHI MO3BOJISIOT TPEAIO-
JIOXKUTh, YTO TMALIMEHThl HYXXAAIOTCSI B IIPOOUOTU-
YeCcKOW Teparuu BO BpeMs JieueHUsl TyOepkyJiesa.
WccnenoBaHUSIMU pa3IMYHbIX aBTOPOB YCTAHOBJIE-
HO, YTO TP JEYEHUU KHUIIEUHOro AUCOaKTepro3a
NpearnoyTeHue OTBOAUTCS OuduUIOCOaePXKAIIUM
npernaparaM, KOTOpble 00JlagatoT CBOMCTBOM BOC-
CTaHaBJIMBATh JaHHBIEC 3B€HbsI MUKpPOOUOILIEHO3a [4,
8]. D10 oOyclaBaMBaeT HEOOXONMMOCTh MPOBEAC-
HUS NaJbHEWIIUX HCCIAEAOBAHUNA 110 H3YUYEHUIO
BO3MOXHOCTEN MPOPUIAKTUKU U KOPPEKIIUU Ha-
PYLIEHUN KUIIEYHON MUKPOMDIOPHI y ASTEei, MOTy-
YalolIMX TEPaI1Io B CBSI3U C TYOepKYJIe30M CO MHO-
JKECTBEHHOM JIEKapCTBEHHOM YCTOMYNBOCTHIO.
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OCOBEHHOCTU PASBUTUA
AYTOMMMYHHOM NATONOMMU B YCJIOBUAX
MUTOXOHAPUAJIbHON AUCOYHKLIUK

Y KPbIC

C.B. Ckynnesckuii, E.I'. ITyxaeBa, A.K. baaTues, ®.K. Pypya, ®.D. bararosa,
2K.T. ®apuuneBa

Huemumym 6uomeduyunckux uccaedosarnuii — guauas PIrbYH Dedeparvhoeo Hayunozo uenmpa «Baraduxaskaszckuii
Hayunwtil yenmp Poccuiickoil akademuu nayk», e. Baaduxasxas, Poccus

Pe3tome. LleHTpanbHasi pojib MUTOXOHAPUIA B TIpOIlECCaX IHEProodecredeHs U peaju3alun KJIeTOYHON CMepTu
JieJlaeT YKa3aHHbIe OpTaHeJUIBl OMHUM M3 TIEPCIIEKTUBHBIX 00BEKTOB MCCIIEIOBAHMS MMaTOTeHe3a MMMYHOBOCIIAJI M-
TeJIbHBIX 3a0oseBaHMit. Llenb: M3y4nTh OCOOEHHOCTH TAaTOTeHe3a B YCIOBUSIX alblOBaHT-WHAYIMPOBAHHOM ayTo-
MMMYHHOM TaToJIOrMy Ha (poHEe MUTOXOHIPUATbHBIX HAPYIIEHU Y Kpbic. Mamepuanst u memodsi. KpbIChl TUHUU
Wistar, pasaefneHHbIe Ha TPYIIIbl HETaTUBHOTO KOHTPOJISI (PacTBOPUTENb), TIO3UTUBHOIO KOHTPOJISI (OMHOKpPATHOE
MOJKOXHOE BBeJeHHUe mojHoro aabioBanta ®peiinga (ITAD) u3 pacuera 0,1 Mi/200 T Beca), ONMBITHYIO (BBeIeHUE
IMTA® 0,1 m1/200 r Beca u uepe3 5 Heaenb KynpusoH 0,2% mno Macce ot kopma). [To okoHuaHuu sxkcrnepumenTa (7 He-
JIeJIb) )KUBOTHBIX TECTUPOBAJIU B MOJEIN «OTKPBITOE ITOJIE», YCHIILISAIN U ITPOBOLMIIN 3a00p OroMaTepurasia 1 olpe-
JIeJICHUsI MACCOBBIX KOA((MOUIIMEHTOB BHYTPEHHMX OPraHOB, FeMaTOJOTMYeCKMUX Y TUCTOJIOTMYECKMX UCCIEIOBAHMIA.
PaccunteiBanm cpegHee, CTaHAAPTHYIO OIIMOKY CPENHET0; CpaBHEHUE THIIOTE3 TTPOBOIMIIN TI0 ITAPHOMY KPUTEPHIO
CreioneHTa. Pesysbmamopr. B ycI0BUSIX HapyLIEHWSI UMMYHOJIOIMYECKOM TOJIEPAHTHOCTH Y KPBIC BBISIBJIEH PE3KO
CHMKEHHBI HaOOp MacChl Tejla 3a MCCAeqyeMbIil TIepuo (HeraTUBHBINM KOHTPOIb +74,7 T, IO3UTUBHBIN KOHTPOJIb
+10,3 r), Ha QoHe MOJENbHOI AUCHYHKLIMU MUTOXOHIPUI OTMEYEHO OO0Ilee CHUXEHUE MACChl Ha 6,7 T. 3HaYeHUs
MacCOBBIX KO3 (PUIIMEHTOB CBUIETEILCTBYIOT 00 OTHOCUTENIBHOM PEyKIIMK MACChI ITEUEHH, TTOYeK, CEIe3CHKH U TH-
Myca y 3KCIePUMEHTATbHbBIX XUBOTHBIX. KonnuecTBo seiikouunToB (X 10°/1): HeraTUBHBIA KOHTpoJb — 8,68+0,37,
MO3UTUBHBII KOHTposIb — 10,98+1,03 (p < 0,05), ombiT — 12,2840,63 (p < 0,001). B neiikonurapHoii popmysie 1 Kpac-
HOM POCTKE CYIIIECTBEHHBIX U3MEHEHU 1 He BhIsIBJIeHO. Ha (hoHe MoeIbHO ayTOMMMYHHOM ITaTOJOI MU KOJTUYEeCTBO
TPOMOOLIMTOB yBeInuMIoCch Ha 22,5% (p < 0,05), a B yCIIOBUSIX BBeICHUSI KYIIPU30HA — CHU3MIJIOCH Ha 6,3% (0THOCHU-
TeJbHO HETaTMBHOTO KOHTPOJIST). MUTOXOHIpUaabHasl NMCGHYHKIIMS SBUJIACh TPUIMHON PE3KOTO CHUXKEHUS JBUTA-
TeJIbHOM aKTUBHOCTH Y KPBIC: KOJIMYECTBO IEPECEYEHHBIX CEKTOPOB Y XKMBOTHBIX IIO3UTHUBHOI'O KOHTPOJISI COCTABUJIO
55,5046.,91, y onbiTHBIX — 44,50%3,60 (ipu cpaBHeHuM Mexay rpymnmamu p < 0,001). [To3UTUBHBIIA KOHTPOJIb: B Ce-
JIe3eHKE BBISIBJICHO pa3pacTaHue TUMGbaTUYeCKUX y3eJKOB, IIPOCBETICHNE TePMUHATUBHBIX LIEHTPOB, YIJIOTHEHME
CTEHOK IYJIbIAPHBIX ¥ LEHTPAJbHBIX apTEPHUil; B KPACHOM IIyJIbIle OOHAPYKUBAIKUCh eAMHUYHbBIC O4ark KPOBOU3IIK-
sHUi. OTBIT: pa3InIHas IT0 CTETIEHN BBIPAKEeHHOCTH aTpodusa TUM@PONIHEIX (hOJUTMKYIIOB (OTHOCUTEIBHO I'PYIIITHI
HETraTUBHOTO U MO3UTUBHOTO KOHTPOJIEiT), B KPACHOM ITyJIbIle MHOTOUMCJIEHHBIE OYarv KpOBOUJIUSTHUIA C TeMOCHU/Ie-
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C.B. CkynHeBckuiA 1 gp. MHdekumns n uMmyHuTeT

po3oM. 3akatouenue. AuchHyHKIMS MATOXOHAPUIA COMTPOBOXIACTCS YCUICHUEM ITAaTOTeHETMYECKMX MTPU3HAKOB ayTO-
MMMYHHOW TIATOJIOTUH, YTO MOXKET CIYKUTh OMHUM U3 KJII0UEi K TOHMMaHWI0 MEXaHU3MOB Pa3BUTH s 3a001eBaHU I
MMMYHHOI CUCTEMBI.

Karouesoie caoea: adsosanm Ppeiinda, aymoummyHHbLi pe@MaAmouonblii apmpum, UMMYHONAMOA02UYEeCK UL NPOyecc, KYyNnPU3oH,
MeXAHU3M ayMOUMMYHHOU NAMOA0UU, MUMOXOHOPUANbHAS OUCHYHKUUSL.

THE FEATURES OF DEVELOPING RAT AUTOIMMUNE PATHOLOGY WITH MITOCHONDRIAL
DYSFUNCTION

Skupnevskii S.V., Pukhaeva E.G., Badtiev A.K., Rurua F.K., Batagova F.E., Farnieva Zh.G.

Institute of Biomedical Investigations — the Affiliate of Viadikavkaz Scientific Centre of RAS, Viadikavkaz, Russian Federation

Abstract. The central role of the mitochondria in energy supply and cell death determines highlight these organelles as one
of the promising objects for investigating pathogenesis of immune-mediated inflammatory disorders. The aim: to study
features of pathogenesis in rat adjuvant-induced autoimmune pathology separately and in combination with mitochondrial
disorders. Materials and methods. Wistar rats were divided into groups of negative control (solvent), positive control (single
subcutaneous injection of complete Freund’s adjuvant (CAF) at dose of 0.1 ml/200 g body weight), experimental (CAF
0.1 ml/200 g body weight and 5 weeks later — with cuprizone 0.2% per feed weight). At the end of experiment (7 weeks),
animals were tested in the “open field” model, euthanized, and biomaterial was collected to measure the relative mass
coefficients of internal organs, hematological and histological studies. We calculated the mean, standard error of the
mean; comparison of hypotheses was carried out by paired Student’s t-test. Results. In case of impaired immunological
tolerance there was detected reduced rat body weight gain during the study period (negative control +74.7 g, positive control
+10.3 g) along with modelled mitochondrial dysfunction, a general decrease in weight by 6.7 g was noted. The magnitude
of mass coefficients indicate a relative reduction in mass of liver, kidneys, spleen and thymus in experimental animals.
The leukocyte counts (x 10°/L) are as follows: negative control — 8.68+0.37, positive control — 10.98%1.03 (p < 0.05),
experimental group — 12.2840.63 (p < 0.001). No significant changes were found in the leukocyte formula and the red cell
lineage. During modelled autoimmune pathology, platelet count increased by 22.5% (p < 0.05), whereas after cuprizone
was administered it decreased by 6.3% (relative to the negative control). Mitochondrial dysfunction caused an abrupt
decrease in motor activity in rats: the number of crossed sectors in positive control animals was 55.50£6.91, experimental
group — 44.50£3.60 (inter-group comparison, p < 0.001). Positive control: enlarged lymphatic nodules were found
in the spleen, germinal center clarification, wall thickening of the pulpal and central arteries; single foci of hemorrhages
in the red pulp. Experimental group: atrophy of lymphoid follicles of varying severity (relative to the groups of negative
and positive controls), numerous foci of hemorrhages with hemosiderosis in the red pulp. Conclusion. Mitochondrial
dysfunction is accompanied by augmented pathogenetic signs of autoimmune pathology, which can serve as one of the
keys to understanding the mechanisms of human autoimmunity.

Key words: autoimmune rheumatoid arthritis, cuprizone, Freund’s adjuvant, immunopathological process, mechanism of autoimmune
pathology, mitochondrial dysfunction.

BeepgeHue

WNHTepec K M3y4yeHUIO MHUTOXOHIPUU B ITaTo-
reHe3e ayTOMMMYHHBIX 3a00JieBAHUU OOYCIOB-
JICH MX ILIEHTPaJbHON POJIbIO B peajam3allud Me-
XaHU3MOB KJIETOUHOI CMEPTU M B MOAICPXKAHUU
9HEPreTUYEeCKOro OaylaHca, KOTOPHII pe3Ko U3Me-
HSETCS TI0CJIe aKTUBAIlMM KJIETOK UMMYHHOM CH-
crteMbl. B pabdote [4] oTmMeuaeTcsl, YTO UMMYHHad
CTUMYJISILIUSI IPUBOIUT K BBICOKMM SHEpPTreTHYC-
CKHMM 3aTpaTaM, B JUM@OIUTaX KapAWHAJIbHBIM
oOpa3oM IiepecTpanBaeTcss MeTaboaudecKasl Ipo-
rpaMma M IIPOUCXOAUT MePEX0 OT OKUCIUTEIBHO-
ro ¢pochopunupoBaHusg K a3poOOHOMY TIIMKOJIM3Y.
PesynpraToM mepernporpaMMUpPOBaHUS SIBISICTCS
10—100-KpaTHBI BEIMTPLIII B CKOPOCTU HApabOT-
K AT® [1], 4TO TIO3BOJISIET OCYILIECTBIATL (-
dekTuBHYI0 ITponudepannio, nuddepeHInPOBKY
M KJIOHAJIbHYIO 9KCITAaHCHUIO KJICTOK.

MUTOXOHIPUU MOTYT BBICTYINATh TPUTTEpaMU
B peakuUusIX UMMYHHOTO OTBETA, MOCKOJIbKY CO-
nepxamuecss B HUX N-(GOpMUTbHBIE MENTUIbI
u HemeTuanupoBaHHble CpG-caiiThl MUTOXOHIPU-
anbHOl JJHK BOoCHpUHUMAIOTCH KaK YyXEpPOIHBIE
NaTTEepH-PACTIO3HAIOIINMU PELETITOPAMU CUCTE-
MbI BPOXJIECHHOTO UMMYHUTETA, UTPas POJIb ajgap-
MmuHOB uaiu DAMP (damage-associated molecular
pattern) [2]. B aToli cBsI3u B OCHOBE OJTHOTO U3 M€-
XaHU3MOB (DOPMUPOBAHU I TOPOYHBIX KPYTOB B Ma-
TOr€HEe3e AayTOMMMYHHBIX 3a00JIeBAHUN MOXET
JIeXXaTh BBIXOJ B KPOBb KOMIIOHEHTOB MUTOXOH-
JIpUaJIbHOTO MAaTPUKCA BCJIENCTBUE UMMYHOBOCIA-
JIATENBbHBIX MIPOLIECCOB, OOYCIOBIMBAIOIIUX HAPY-
LIEHUE LIEJIOCTHOCTHU KJIETOYHBIX MEMOpaH.

B paGote [3] aBTOpbI OTMEUAIOT, YTO HEMAJO-
BaXXHYIO pOJib B GYHKIIMOHUPOBAHUY UMMYHHOU
CUCTEMBI UIPalOT AKTUBHBIE (OPMBI KUCIOpPOAA
(ADK). B yactHOCTHU, BbIpabaThIBa€Mble B MUTO-
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xoHapusix AD®K BbICTYyNaloT B KayeCTBE MECCEH-
JI3KepoB, OOecHeYyuBalOT aKTUBALIMIO OCHOBHBIX
MMMYHOKOMITETEHTHBIX KJIETOK, IPOAYKIIUIO IIPO-
BOCITAJIUTEIBHBIX IUTOKMHOB U BIUSIOT Ha Tede-
HUe BocmanuteabHOU peakuuu [3, 7]. Peakuuu
agarTUBHOIO UMMYHUTETA, BKJtoUasl peryasiiuio
dyukuuit T-numdonmnToB, TaKXe MPOTEKAIOT MPHU
yuactun ADK, BeipabaTEIBaeMBIX B MUTOXOHIPH-
ax [6]. HapymieHue OKHMCIUTETbHO-BOCCTAHOBU-
TEJbHOro OajaHca U U30BITOUHOE IMPOU3BOACTBO
A®DK MoxXeT BBICTYyIaTh B KayeCTBE OJHOI U3 Be-
IYIIUX TPUIAH BO3ZHUKHOBEHUS ayTOMMMYHHBIX
3abosieBaHuii [8]. YriaybieHue 3HaHUI O pOJI MU-
TOXOHIPUI B 3TUOIMATOreHE3€ UMMYHHOM CUCTEMbI
MOXET MOMOYb PACKPbITh MPUUYMHHO-CIEACTBEH-
HBIC CBSI3M B MeXaHM3Me 3a00JieBaHUI, OOBEaM-
HSIEMBIX B UMMYHOBOCIAJIUTEIIbHBI T KOHTUHYYM,
W OTKPBITh HOBBIE TEPCIEKTUBBI JJIsI TapreTHOM
Teparuu.

Llenr — u3y4yuTh OCOOEHHOCTU MaTOTreHe3a
B YCJIOBUSIX albIOBAHT-UHAYIIMPOBAHHOMN ayTOUM-
MYHHO MaToJloruy Ha (h)oHe MUTOXOHIPHAJIbHBIX
HapylIeHU.

Matepuanbl n MeTopl

WccnenoBaHusi NpoOBEOEHBI Ha caMllaX KpBIC
auauun Wistar ¢ ucxonHo maccou teaa 242+8 r.
KusotHbix mipuodperanu B PI'YIT «[TutomHUK
JTabopaTOPHBIX KMBOTHBIX «PammomoBo». JocTyrn
K Boae u nuiie ad libitum. Bce XUBOTHBIC ObLIU
PaHIOMU3UPOBAHO pas3lejieHbl Ha 3 TpyIIbl
mo 6 oco6eii B Kaxknoii. [lepBasi: HeraTUBHBI KOH-
TPOJAb — BBEAEHME pPACTBOPUTEJIEH; BTOpas: IO-
3UTUBHBIN KOHTPOJb — OJHOKPATHOE MOAKOXHOE
BBedeHME IIoJHOro ampioBaHTa PpeitHma (Difco
Laboratories) u3 pacuera 0,1 ma Ha 200 T Macchl
Tesna; TpeThbs: onbIT — BBeaeHUe [TAD 110 cxeme,
aHaJIOTUYHOM AJis rpynnbl Ne 2, a ¢ msaToi Hene-
JIU KOPMJICHHUE TIPeaBaApPUTEIbHO N3MEIbUYCHHBIMU
rpaHyJIaMU SKCTPYIUPOBAHHOIO KOpMa, COomepKa-
mero 0,2% mo macce KynpusoHa. [lo oKoHYaHUU
skcriepuMeHTa (7 Heldeldb) XMBOTHBIX YCBHITIISIN
B CO,-00Kce 1 u3 cepaia oToupaan KpoBb AJIS Te-
MaToJiormueckoro aHanm3sa (Abacus Vet 5, Diatron,
Benrpus).

B TeueHue Bcero sKcCriepuUMeEHTa €XEHeAeJbHO
BEJICSI MOHUTOPUHT MaccChl Tejla XKMUBOTHBIX, a TIe-
pel ero 3aBeplIeHUEM KPBIC TECTUPOBAI B MOJIE-
au «oTkpbiToe nosie» (000 «HITK OTtkpsiTas Hay-
Ka», Poccus) B TeueHue 3 MuH. PeructpupoBaiu
O01IYI0 ABUTATEJIbHYIO aKTUBHOCTD (TlepeceueHue
CEKTOpPOB BCEMMU JIallaMM), OOIIYI0 BEpTUKAJIbHYIO
JIBUTATEIbHYIO AaKTUBHOCTHh (CTOWKMW C OTOpOit
u 6e3 Hee), KOIMYEeCTBO OOHIOXMBAaHWI/3arIs11bl-
BaHU B HOPKY.

ITocne »BTaHa3WMM XKUBOTHBIX BCKPBIBAIHN
W OTpEeNeNsiii MacCy OpraHOB: TIEUEHU, TOYEK,
cejie3eHKU M TuMmyca. MaccoBble KoaddUIIMeH-

TBl PacCYMTHIBAJIM HCXOISI W3 Beca >KMBOTHBIX.
Cenesenky noMeinaiu B 10% HelTpalbHBIN pac-
TBOp (hopMaJIMHA 1 MOABEPTaJIu T'UCTOJIOTNUECKO
NpPOBOIKE IIOCJIe IIpeIBapUTEIBLHOU (UKCcCALIUU
B TeueHue 72 4. Cpe3bl oOKpallMBaau reMaTOKCHU-
JIMH-303MHOM M aHaJU3UMPOBaIu MpPU yBeIrude-
Hun 10x20 ¢ moMoOIIbIO CUCTEMBl BU3yaJIU3alluu
Evos 7000 (Thermo Fisher Scientific).

IIpu pabotre C TpBI3YyHAMH IIpUACpPKHUBa-
JIUCh TIpaBUJ M OBTUYECKUX HOPM, OIMMUCAHHBIX
B «EBporeickoii KOHBEHILIMM O 3alluTe II03BO-
HOYHBIX JKUBOTHBIX, UCITOJIb3YEeMBIX IJISI SKCIICPU-
MEHTOB WJIM B UHBIX HAYYHBIX 1Ieasax» (CTpacOypr,
18 mapra 1986 r.) 1 c pa3pelIeHusT ITUIECKOro KO-
muteTa npu MHCTUTYTEe OMOMETULIMHCKUX UCCIIe-
noBaHuii PAH.

Cratuctuueckyro  oO6paboTKy  MOpPOBOOAUIU
B nporpamme Excel, paccuuTbhiBasi cpeaHee 3Ha-
YyeHUe U CTaHAApPTHYIO OIIMOKY cpeaHero (M+m).
CpaBHEHHE THUIIOTE3 OCYMISCTBIISIJIA II0 ITApHOMY
kputeputo CTrionecHTa. 3HAYUMBIMU CUUTAIIN Pa3-
st npu p < 0,05.

Pesynbrathl 1 006CYyXaeHne

Bsenenne xkxnBoTHBIM [TAD, peacTaBIISIOLIETO
Cc000i1 BOMHO-MAaCASIHYI0 O3MYJIbCHUIO, COIEPXKAIILY IO
B CBOEM COCTaBe TePMUYCCKM MHAKTUBUPOBAHHBIC
6aktepum M. tuberculosis, cOIpOBOXIAJIOCh Ha-
pylIeHMeM MMMYHHOI TOJICpaHTHOCTH W pa3BU-
THEM ayTOMMMYHHOI1 naTtosoruu. Ee cienctsuem
SIBUJIOCh CHUXKEHME MacCChl Tejla 9KCIIepUMEHTaIb-
HBIX XXKUBOTHBIX, KOTOpOE 00Jice SIPKO MPOSIBUIIOCH
Y KpPBIC, TTIOJTyYaBIITNX MUTOXOHIPUATBHBIN TOKCU-
KaHT — Kynpu3oH [9] (Tab..).

IIpupocT Macchl 3a 3KCIIEpUMEHTaIbHBIH TIepU-
Ol Y MHTAKTHBIX XKMBOTHBIX ITPOUCXOAMNJI PAaBHO-
MepHO, B cpenHeM +12,6 T 3a Hemeno. BeeneHue
ITAD® mpuBelIo K pe3KOMY COKpallleHWI0 Habopa
Macchl — B TIepBbIe MATH Hedaeab g0 +2,8 T, a 3a-
TeM BBISIBHJIACh OTpULIATeIbHASI muHamMuKka —1,0 T
B IPYIIIE NO3UTUBHOTO KOHTPOJISI U —6,3 I' B ONBIT-
HOM TpyIile, KoTopas Hayaja MojaydyaTb C KOPMOM
XeJlaTop HOHOB MeEIH, CiyXKalleil KodakTopom
nuTOXpoM-c-okcuaassl [10]. KoHeuHBIM ciencTBU-
eM HapyIIeHU ST SHEPTONPOAYKIIUA B MUTOXOHIPH -
sIX SIBUJIAaCh OoJiee pe3Kasi IOoTepsi MacChl Y KpPbIC
OMNBITHOW TPYMIBI 1O CPAaBHEHUIO C XUBOTHBIMU
MO3UTUBHOTO KOHTPOJS. AHAaAW3 3HAUYCHUI Mac-
COBBIX KO3((dUIIMEeHTOB MoKasalJi, YTo Ha (OoHe
dopMupyeMOil TATOJOTUU TIPOU3BOIIIO0 OTHOCH-
TEJIbHOE YMEHbIIIEHUE MaCChl JKM3HEHHO BaKHBIX
OpPTaHOB, BBIIIOJHSIONINX META0OJIUYECKYIO, BBI-
IEeINTEIbHYIO I NMMYHHYIO QYHKIIUIO.

AIBIOBAaHT-UHIYLIUPOBAHHBINA ayTOUMMYH-
HBIM BOCHAJIUTEJbHBIA MPOLIECC COMPOBOXKIAICI
JIOCTOBEPHBIM IIOBBIIICHUEM YPOBHS JICHKOIIN-
TOB B KpoBH. [Ipn 3TOM BaxkHO MTOAYEPKHYTH, UTO
Ha (oHe KYIIPpU30HA BBIPAXCHHOCTh pPeaKIINi
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Ta6auua. Pe3ynbTaTbl KIMHUKO-1a60paTOPHbIX UCCIe[0BaHUI U NOBEeAEHYECKUX PeaKLmnii XUBOTHBIX
Table. Results of laboratory studies and behavioral reactions of animals

Ananusupyemblii

HeraTtueHbIl

Mo3uTuBHbLIN

napameTp Crar. nokasarenu KOHTPOJb KOHTPOJNb OnbIT
Analyzed Stat. indicators Negative Positive Experiment
parameter control control
Macca Tena, r/Body weight, g
W3meHeHue (7 Hep.) _
Change (7 weeks) 74,10 +10,30 6,70
Maccosble koadpPuumnenTbl/Mass coefficients
M£m 38,70+2,31 32,50+0,37 31,80+0,85
MeyeHb 0.05%
. < ,
Liver p <0,05° > 0,05%*
M£m 6,78+0,30 6,13+0,07 6,41+0,19
Moyku 0.05%
. > H
Kidneys p >0,05* 5 0.05%*
M£m 2,73+0,51 2,55+0,18 2,55+0,15
CeneseHka > 005
Spleen p >0,05% > 0,05%*
M=m 1,05+0,07 1,10£0,19 1,01£0,12
Tumyc 0.05%
> H
Thymus P >0,05* oy
FemaTonorunyeckue nokasarenu/Hematological parameters
M£m 8,68+0,37 10,98+1,03 12,28+0,63
JeiikoumTbl, x 10%/n 0.001%
9 < ]
Leukocytes, x 109/L o <0,05° >0,05%##
M=m 8,60+0,17 8,93+0,19 9,12£0,20
ApuTpouutsl, X 10'2/n 005
12 >0,
Erythrocytes, x 10%2/L P >0,05* > 0,05
M£m 14,54+0,14 15,28+0,30 14,88+0,32
FemornoGuH, r/n 005"
. > H
Hemoglobin, g/L p <0,001* 5 0,05
511,33+52,99 626,50+33,19 479,00+29,49
TpomGouuTsl, X 10°/n 0,05
Platelets, x 10%/L # >9,
/ <0,05 5 0,05%%*
NMoBepeHuyeckmne napameTpbl/Behavioral parameters
Fopu3oHTanbHas M=m 104+9,00 55,50£6,91 44,50+3,60
ABUraTenbHas
aKTUBHOCTb < 0,001##
Horizontal P <0,001* <0,001###
movement
BepTukanbHas M+m 37,33+8,03 15,50+0,96 15,83£2,29
ABUraTenbHas
AKTUBHOCTb < 0,01##
Vertical motor P <00t >0,05%##
activity )
O6HIOXMBaHNE M£m 17,50 0,74 12,00+1,32 5,00+0,97
OTBEpPCTHIA <0,001##
Hole sniffing <007 <0,001%#*

npumeqauue. CpaBHeHMe Mexay: # — HeraTBHbIM U NO3UTHBHbLIM KOHTPONAMU; # — HeraTuBHbLIM KOHTPOJIEM U OMbITOM; ### — NO3UTUBHBLIM

KOHTPOJIEM N OMbITOM.

Note. Comparison between: # — negative and positive controls; ** — negative control and experiment; #**# — positive control and experiment.

164



2023, T. 13, Ne 1

OCOBEHHOCTY ayTOUMMYHHO NaToN0r N

CO CTOPOHBI KJIETOYHOTO 3BéHa UMMYHHOI CHUCTE-
MBI OKa3ajach BbIIIe. 3HAYUTEAbHBIX pPa3IMIUid
B JICHKOLIMTApHOI (hopMyJie KOHTPOJIBHBIX M 3KC-
MepUMEHTAJIbHBIX TPYIIT HE BHISIBJIICHO: UMM O M-
ThI ONIPEAESIINCh B AMana3oHe 63—65%, MOHOLIM-
Tl — 3—4%, Hevitpodunbl — 31—-34%. Paznuuusa
MEXAy KpalHUMHY 3HAYEHUSIMU JIJIST SpUTPOIIUTOB
He mpeBbicuau 6%, a cTaTUCTUYeCcKasl MpOBepKa
TUITOTE3bl TMOKa3aja, YTO BCE CpPeIHUEe 3HAYCHUS
MpUHAJJIeXaT K OAHONW COBOKYITHOCTU. [Ipu aTOM
Ka4eCTBEHHBI COCTaB 3PUTPOILIMTOB W3MEHSIJICS
HE3HAYMTEJIbHO: MpeaeiaMU 1IIBETOBOIO MoKa3aTe-
ag cayxunaum 3HadeHus 0,49—0,51. Haubosnee BbI-
pakeHHBIE CIBUTH 3aTPOHYJIM MeTraKapuoIUTap-
HBI POCTOK: KOJMYECTBO KPOBSHBIX TJIACTUHOK
Yy KHMBOTHBIX ITO3UTHUBHOIO KOHTPOJIS YBEJIWYU-
JIoch Ha 22,5% OTHOCUTEIBHO HETAaTUBHOIO KOH-
TPOJs, @ B ONBITHOI — HA00OPOT, YMEHBIIUJIOCH
Ha 6,3%. TlocienHee 0OCTOATENBCTBO MOXET O00b-
SICHATBhCS NedheKTaMu B paboTe TPOMOOIIMTApHBIX
MUTOXOHIPUI U COKpAIllEHNEM BpEMEHU UX XKU3HU
W TUPKYJISIIUHA B KPOBSTHOM pycCJIe.

3HAYUTEIbHBIM U3MEHEHUSIM TIOJIBEPTIUCH Xa-
pakTep 1 CTPYKTYypa IMOBEAeHM I SKCIIepUMEHTa T b-
HBIX XUBOTHBIX. CHUXEHUE OOlIeil JOKOMOTOp-
HOIf aKTMBHOCTU MOXET OBITh OOBSICHEHO OJTHUM
n3 nposiieHuit [IAD® — nHAYKIIMEH U TTOCIeny10-
MM pPa3BUTUEM ayTOMMMYHHOTO peBMaTOU]I-
Horo aptpuTa [5]. B aTOoM acriekTe ABUraTeabHbIE
MaTTEPHBI MOTYT OBITh MCIIOJIb30BaHBI B KAUYE€CTBE
YYBCTBUTEJIBHOTO MHIMKATOpa, OTpaXalolero
Te4eHUEe U IIIyOMHY CUCTEMHOI'O0 BOCIAJIMTETbHO-
ro mpoiiecca. 31ech Tak>Xe MposiBUIach o0las 3a-
KOHOMEPHOCTh: 00beM IBUTaTeIbHOM aKTUBHOCTHU
W BBIPaXXEHHOCTb MCCJIEA0BATEILCKOTO pediiekca
Yy XWBOTHBIX C MUTOXOHJIPWAJILHON MaTOJIOTHEH

Cnucok nutepatypsbl/References

CHU3UJICS, a Pa3TUYUS MEXAY ONMBITHOU IpyHmHon
U MO3UTHUBHBIM KOHTPOJIEM OKa3aJIMCh CTATUCTU-
YeCKU 3HAYUMBbIMU.

M3MmeHeHUs, 3aTPOHYBIINWE OAWH W3 OPraHoB
MUMMYHHOI CHUCTEMblI, — CeJIE3eHKY, OTpPaKeHbI
Ha pUCYHKe (BKJielika, c. I).

Bo Bcex ciiyyasix TMCTOapXMTEKTOHMKa cCejie-
36HKU He HapylleHa. TKaHU KMBOTHBIX U3 TpyM-
Nbl HEraTUBHOTO KOHTPOJISI XapaKTepU30BaIUCh
HOPMaJIbHBIM CTPOEHUEM BCEX CTPYKTYPHO-
(YHKIMOHAJBHBIX 30H; B OTIEJbHBIX Clydasix
BBISIBJISIICST BEHO3HBIN 3acToil. s >KMBOTHBIX
MO3UTHUBHOTO KOHTPOJISI XapaKTepHbIM 0Ka3aJoCh
pa3pacTaHue JUM@aTUIEeCKUX y3eJKOB, ITPOCBET-
JieHWe TepMUHATHUBHBIX ILIEHTPOB, YIIJIOTHEHUE
CTEHOK MYJbIApPHBIX U LEHTPAJbHBIX apTepuii;
B KPacHOU myJiblie OOHapyXXUBAJUCh €AMHUYHbIE
oyaru KpoBouzausgHuii. CreneHb AucCTpoduye-
CKHX U3MEHEHUI OT YMEPEHHOU 10 BBIPAKEHHOM.
Ha rucronornyeckux rpemnaparax y KpbIC OIbIT-
HOM T'pYIINbl B KAYeCTBE XapaKTEPHbBIX MPU3HAKOB
MOXHO OTMETUTh Pa3JMYHYIO IO BbIPa’KeHHO-
cTu aTpoduio TUMGOUTHBIX (POJTUKYIOB (OTHO-
CUTEJIbHO TPYyMMbl HEraTUBHOTO M IO3UTHUBHOTO
KOHTpPOJIE), B KPACHOU MyJibIle MHOTOYMCJIEHHbIE
oyarv KpOBOU3JIUSHUN C TEMOCUAEPO30M; CUHYCHI
pacuiupeHbl. CHeKTp AUCTPOGUUYECKUX M3MEHEe-
HUW — OT BBIPA’KEHHOM 0 TSIXKEJIOU CTENEHU.

TakuM oOpa3om, ycyryojJeHue TEeUYeHUs ayTo-
MMMYHHOI MTaTOoJIOTUX Ha (poHEe NTUCHYHKIIUU MU-
TOXOHIPUIA MMO3BOJISIET BBIACAUTD UX B KQUECTBE O/~
HOTO 13 KJIIOYEBbIX 3B€HbEB B MEXaHU3ME UMMYH-
HO-BOCITAJIUTEIbHBIX 3a00JIeBaHU 1, a pa3padboTka
BbICOKO2(DEKTUBHOU Tepanuu A0JXKHa BKJIOYaTh
BOCCTAHOBJICHUE U MOAAEPXKaHNUE IHEPreTUIeCcKo-
ro 6ajgaHca opraHu3Mma.
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MICROBIOLOGICAL MONITORING OF NASAL
LAVAGE FLUID AS A METHOD FOR EARLY
DETECTION AND PREVENTION OF BACTERIAL
LUNG COMPLICATIONS IN A PATIENT

WITH CYSTIC FIBROSIS

0.V. Kondratenko, A.V. Lyamin, A.A. Ereshchenko, V.A. Antipov

KpaTtkue coobLieHuns

NHdekumns n uMmyHnTeT
2023, T. 13, Ne 1, ¢. 167-170

Samara State Medical University of the Ministry of Healthcare of the Russian Federation, Samara, Russian Federation

Abstract. The severity of complications in cystic fibrosis are determined by microorganisms colonizing the lower airways.
Paranasal sinuses can be a reservoir of aggressive pathogens. We have developed a method for collection and primary
inoculation of nasal lavage fluid from cystic fibrosis patients for microbiological investigation. As a clinical case illustrating
the feasibility of this technique, we describe the dynamics of the microflora composition in a patient with cystic fibrosis.
The patient had a clinical and microbiological picture of P. aeruginosa eradication from the lung tissue, owing to which
the antibacterial therapy was stopped. Six months later, the microflora in the nasal lavage fluid and sputum were assessed
in parallel. The growth of P. aeruginosa (10> CFU/mL) but not P. aeruginosa in sputum was detected. To determine origin
of this strain, the degree of genetic relationship between 5 strains obtained from the patient from 2008 to 2016 was assessed
based on bacterial protein profiling. A typical strain of P. aeruginosa ATTS 27853 was used as a control. Strains isolated
from the patient in 2009 and 2016 were identical suggesting that the antibacterial therapy led to eradication of P. aeruginosa
in the lungs, but not in the upper airways. Four months later, the growth of P. aeruginosa was found in sputum. The patient
was prescribed to use antibacterial drugs inhaled into paranasal sinuses. Repeated test performed 3 months later resulted
in growth of P. aeruginosa 10! CFU/mL from nasal lavage fluid, but not from sputum. The patient was referred to a risk
group on airway colonization by pathogen strains derived from the upper airway tract. The clinical example illustrates
relevance of conducting a regular microbiological study of nasal lavage fluid in order to early identify clinically significant
pathogens to prevent their spread to the lower airway tract.

Key words: cystic fibrosis, nasal lavage, lower airways, paranasal sinuses, sputum, MALDI-ToF mass spectrometry.
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naroreHoB. Hamu Ob11 pa3paboTaH crioco® cOopa U MEPBUYHOTO MOCEBA XKUAKOCTU HA3aJbHOTrO JiaBaxa OT ma-
LIMEHTOB ¢ MYKOBUCILIMJ030M JJIsSI MUKPOOMOJOTMYECKOro KccieaoBaHus. B KauecTBe KIAMHMYECKOTrO MpuMmepa,
WJUTIOCTPUPYIOIIET0 BO3MOXHOCTU MPUMEHEHMST JaHHOW METOAMKU, NPUBOAUTCS ONMCaHUE TUHAMMKUA MUKPO-
(y1ophl ManMeHTa ¢ MyKOBUCIIMA030M. Y MallMeHTa OTMeJaJach KJIMHUYECKass 1 MUKPOOUOJornyeckKas KapTuHa
spaguKauuu P. aeruginosa u3 1eTOYHON TKaHU, B CBSI3M C YeM ObIJIO OCTaHOBJICHO ITPOBENEeHUE aHTUOAKTepraIbHOMI
tepanuu. CrycTsi 6 MecsiiieB ObIIO MPOBEICHO UCCIeN0BaHUE MUKPOGMIOPHI KUAKOCTH Ha3aIbHOTO JaBaxa Malu-
€HTa C MapaJjjelbHbIM II0CeBOM MOKPOTHL. [loyueH poct KyabTyphl P. aeruginosa 10> KOE/Mi1, B MOKpoTe pocTa
KyIbTypsl P. aeruginosa monydeHo He ObLTO. [ pemeHUs BOIpoca O IMPOMCXOXICHUHW TaHHOTO IITaMMa Oblja
IIpOBeJcHA OIleHKA CTCIICHN TEHETUYCCKOTO POACTBA MEXKAY 5 IMTaMMaMU, TIOJYIeHHBIMU OT MAIlUCHTA B TIEPUOL
¢ 2008 mo 2016 rT. Ha OCHOBaHUU MX GEJKOBOTO MpoduarpoBaHus. B KayecTBe KOHTPOJBHOTO MITaAMMa ObLI HC-
MoJib30BaH TUMOBON 1mTaMM P. aeruginosa ATTC 27853. YcTaHOBIIEHO, YTO ITAMMbI, BbIJEJEHHBIE OT MallMeHTa
B 2009 1 2016 IT., IBASIIOTCSI UACHTUUHBIMU. DTO OOCTOATETBCTBO CBUACTEIBCTBYET O TOM, UTO TPOBEIEHHASI AHTHU-
OakTepuaJibHas Tepanus MpuBeia K spaaukaluu Bo30yIUTeNsl B TKAHU JIETKUX, HO TIPU 3TOM He BO3[eiCTBOBaIa
Ha HEro B BEPXHUX AbIXaTeIbHbIX MYTsIX. CrycTs 3 Mecsilia BHOBb ObLI MOJY4YeH POCT KYJIbTYPHI P. aeruginosa B Mo-
kpoTe. [lanineHTy Ha3HaUeHa aHTUOAKTepuaJbHas Teparnus, BKIIoYalolias BBeACHe MHTaJSIIMOHHbBIX aHTUOAaK-
TepuaJbHbIX IIpenapaToB B MapaHa3ajbHble CUHYCHI. [Ipy MOBTOPHOM MCCIe0BAaHU U XX UAKOCTH Ha3aIbHOI'O JJaBa-
Ka ¢ apaJiieIbHbIM TOCEBOM MOKPOTBI MAllMEHTa CIYCTs 3 Mecs1ia MoIy4YeH pocT KyabTypbl P. aeruginosa 10' KOE/
MJI U3 XKUIKOCTU Ha3aJIbHOTO JlaBaXa, TO €CTh OTMEUeHA TEHICHIIUS K CHUXCHUIO TUTPA BO3OYAUTENSI B BEPXHMX
IBIXaTeNbHBIX ITYTIX. B MOKpOTE pocTa KyabTypH P. aeruginosa monydeHo He Ob110. [IallieHT OTHECEeH K TPYIIIIe pH-
CKa TT0 KOJJOHM3alMY HUXHUX IBIXaTeJbHBIX MTyTel MITaMMaMK M3 BepXHUX IBIXaTeNIbHBIX ITyTel. Kimmanueckuit
MIPUMEDP WILTIOCTPUPYET HEOOXOAMMOCTh M aKTYaJbHOCTD IPOBEACHUS PETyASIPHOTO MUKPOOUOJIOTUUECKOTO HC-
CJIeOBAHM S XXMIKOCTU HA3aIbHOTO JlaBaxXa C 11eJIbl0 PAHHETO BBISIBICHUST KTMHUYECKY 3HAUYMMBIX BO30Oy iU TENIei
U MPOBeeHU S MPOPUIAKTUUECKUX MEPOTIPUSATUIA MO HEJOMYIIEHUIO UX PACTIPOCTPAHEHUS B HUKHUE bIXaTeNb-
HbIE ITYTH.

Karouesnle caosa: Mykosucuudos, Ha3aabHolil 1a6aMNC, HUMNCHUE OblXameabHble Nymu, Napanasaibrle curycol, mokpoma, MALDI-Tof

macc-cnekmpomempus.

Introduction

Cystic fibrosis is the most common genetic
pathology. The prognosis of the disease, in most
cases, will be determined by bacterial pathogens
colonizingthe lowerairways (LA) [1, 2, 3]. The works
of foreign authors show that paranasal sinuses
are able to be a reservoir for infection and a zone
for adapting aggressive clones. Such pathogens
are Pseudomonas aeruginosa, Burkholderia cepacia
complex, MRSA and others, which become sources
of infection with LA [5, 6]. A unified algorithm
for the study of nasal sinus microflora in patients
with cystic fibrosis has not been developed in the
Russian Federation at the moment. We have
developed a method for collecting and primary
inoculation of nasal lavage fluid from cystic fibrosis
patients for microbiological examination (Patent
for Invention No. 2659155) [4].

As a clinical example illustrating the possibility
of using this method in the practical work of doctors
of centers for the treatment of cystic fibrosis,
we describe the dynamics of the microflora
of patient R. Patient is 16 years old and is being
monitored at the center for the treatment of cystic
fibrosis with a diagnosis: Cystic fibrosis, mixed
form, severe course. delF508/N1303K mutations.
The diagnosis was made at the age of two, in 2004.
From 2004 to 2014, the sputum showed an increase

in P. aeruginosa. During antibacterial therapy
from 2014 to 2016, a clinical and microbiological
picture of eradication of the pathogen from
pulmonary tissue was noted (in accordance with
the requirements of the European Consensus: Early
therapy and prevention of lung damage in cystic
fibrosis (2004) — presence of at least three times
negative crops within six months)) [7]. Considering
the clinical improvement and the results of the
microbiological study in 2016, antibacterial therapy
for P. aeruginosa was discontinued. In November
2016, a parallel research of the microflora of nasal
lavage fluid and sputum was conducted. The study
resulted in growth of P. aeruginosa 10> CFU/
mL culture in nasal lavage fluid with no growth
of P. aeruginosa culture in sputum.

For the period from 2008 to 2016, we preserved
5 strains of P. aeruginosa isolated from this patient,
including a strain obtained from nasal lavage fluid.
Consideringthe previousclinicaland microbiological
picture oferadication from LA, it wasunclear whether
this was colonization of paranasal sinuses with
a new strain of P. aeruginosa, or whether the strain
was eroded from LA, but was able to persist in the
sinuses. In order to understand these epidemiological
aspects, we assessed the degree of genetic relationship
between strains obtained from the patient at different
times based on their protein profiling. For this
purpose, protein spectrums of strains were obtained
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using the formic acid extraction method. The results
were then cluster analyzed using the MALDI-ToF
mass spectrometry method.

The strains obtained from the patient were
numbered from 1 to 5, while strain 1 was obtained
in July 2008 (sputum), strain 2 — in March 2009
(sputum), strain 3 — in May 2009 (sputum),
strain 4 — in December 2008 (sputum), strain 5 —
in November 2016 (nasal lavage liquid). Typical
strain P. aeruginosa ATTS 27853 (strain 6) was used
as a control strain for dendrogram construction.
The obtained data were visualized using a cluster
dendrogram (Fig., see color plate, p. I).

The dendrogram shows that strains from 1 to 5
have signs of genetic relationship. At the same
time strain 6 is significantly distanced from them.
Strains 1 and 3 as well as 4 and 5 are found to be
descendants of the same clone. Strains 1 and 3, as
well as 4 and 5 have a minimum distance level, which
allows them to be considered genetically identical.
The presented dendrogram clearly demonstrates
that the strains isolated from the patient in 2009
and 2016 are identical. This circumstance indicates
that the conducted antibacterial therapy led to the
eradication of the pathogen in the lung tissue,
but did not affect it in the upper airways (UA).
In March 2017, the patient’s sputum was retested.
The recommended sinus debridement was not
carried out due to the low compliance of the
patient, taking into account his age characteristics.
In sputum, growth of the P. aeruginosa culture

References

was obtained again. Analyzing the results of the
microbiological research, the patient was re-
prescribed antibacterial therapy for this pathogen.
It included not only nebulizer therapy with LA,
but also the introduction of inhaled antibacterial
drugs into paranasal sinuses. In June 2018, a retest
of the nasal lavage fluid with parallel culture of the
patient’s sputum was performed. As a result of testing
of the nasal lavage fluid, growth of the culture
of P. aeruginosa 10' CFU/ml was obtained. Thus,
there was a tendency towards a decrease in the titer
of the pathogen in UA. No growth of P. aeruginosa
culture was obtained in sputum after antibacterial
therapy. However, the persistence of the strain in UA
suggests the possibility of its appearance in sputum
in the coming months, if the corresponding therapy
with UA is not continued. This patient is considered
by us as being at risk for airway colonization
of strains from UA.

This clinical example clearly illustrates
the necessity and relevance of conducting a regular
microbiological study of nasal lavage fluid in order
to early identify clinically significant pathogens
and carry out preventive measures to prevent their
spread in the LA.
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RAS AND SARS-CoV-2 INTERACTION:
SHORT REVIEW OF THE LATEST EVIDENCE

A. Vitiello?, F. Ferrara®

@ Ministry of Health, Rome, Italy
b Asl Napoli 3 Sud, Naples, Italy

Abstract. Coronavirus SARS-CoV-2 is responsible for the coronavirus disease (COVID-19) cause of the recent global pan-
demic, which is causing thousands of deaths worldwide and represents a health challenge with few precedents in human
history. The angiotensin 2 conversion enzyme (ACE-2) has been identified as the receptor that facilitates access to SARS-
CoV-2 in cells; evidence shows that its concentration varies during the various stages of viral infection. Therapeutic agents
modifying the renin-angiotensin system (RAS) may be able to modulate the concentration of ACE-2 and the various
components of the system. In this article we examine the latest evidence on the association between the use of RAS modi-
fying agents and coronavirus 2019 (COVID-19) disease caused by SARS-CoV-2. Our investigation and critical literature
research does not suggest discontinuation of ACEIs/ARBs treatment in clinical practice as there is a lack of robust evi-
dence. However, we recommend further well-structured epidemiological studies investigating this sensitive issue that may
provide important new suggestions for implementing guidelines.

Key words: COVID-19, renin-angiotensin system, SARS-CoV-2, pandemic.

BSAUMOAENACTBUE SARS-CoV-2 U PEHUH-AHTMUOTEH3WHOBOW CUCTEMbI: KPATKUA OB30P
NOCNEAHUX AAHHbIX

Butuaio A.l, @appapa D.2

! Munucmepcmeo 30pasooxpanenus, Pum, Umanus
2 Mecmmubiii omden 30pasooxpanenus wea Heanoas, e. Heanoav, Umaaus

Pestome. KoponaBupyc SARS-CoV-2 aBisgercsa npuunHoit KopoHaBupycHoli 6onesnu (COVID-19), Bri3BaBIeii He-
JABHIOIO TJI00ABHYIO MTAHIEMUI0, KOTOPasi yHeca ThICSIUM XM3HEH BO BCEM MUPE U TIPEACTaBIsIET CO00H mpodiaeMy
JUTST 3MOPOBbSI, UMEIOIIYTO JTUIITb HECKOJIBKO MPEIEIEHTOB B UICTOPUM YeJIOBEYEeCTBA. AHTMOTEH3WHITPEBPAIIAIONTN A
dbepment 2 (ACE-2) 6b11 ueHTUGUIIMPOBAH KaK PELeTTOpP, KOTOPbIii 00serdaet 1ocTyn K SARS-CoV-2 BkneTky; naH-
HbIE TIOKA3bIBAIOT, YTO €T0 KOHILIEHTPAIIM S BAPUPYETCS HAa Pa3HbBIX CTaMIX BUPYCHOI nHpeknu. TepaneBTuieckne
areHThbl, MOMU(ULIMPYIOIIE PEHUH-aHTUOTeH3UHOBY0 cucTeMy (PAC), MOTYT ObITh CITOCOOHBI MOJYIUPOBATh KOH-
neHTpauuio ACE-2 1 pa3iuyHbIX KOMITIOHEHTOB CUCTEMbI. B 3TOM cTaThe MBI UCClIeAYyeM MOCIENHNE TOKa3aTeIbCTBA
CBSI3U MEXIY UCIOJb30BaHUEM areHToB, Moauduuupyomux RAS, u COVID-19. Haie uccienoBaHue u naHHbIe
JIMTepaTyphl He npeaiaraoT npekpaieHus gedeHuss ACEIs/ARBs B K 1uHUYecKoil mpakTHKe, TOCKOJIbKY AJISI 3TOTO
OTCYTCTBYIOT HaJIeXHbIE IOKAa3aTeJbCTBA. TeM He MEHee Mbl PEKOMEH/1YeM MPOBECTU JajbHEHIIINE XOPOIlO CTPYK-
TypUPOBaHHbIE AMUIEMUOJIOTUYECKHE UCCAEJOBAHMSI ATOM IETMKATHON TeMbl, PE3YJIbTaThl KOTOPHIX MOTYT CITOCO0-
CTBOBATb MOSBJICHUIO HOBBIE MTpUHIMIIOB Tepanuu COVID-19.

Karoueevie caosa: COVID-19, penun-aneuomensunosas cucmema, SARS-CoV-2, nandemus.
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MHdekumns n uMmyHuTeT

The SARS-CoV-2 (COVID-19) virus is responsi-
ble for the current global pandemic, causing thousands
of deaths and responsible for a health challenge with
few precedents for humanity. SARS-CoV-2 is a fam-
ily of RNA viruses capable of infecting humans and
causing respiratory distress syndrome with severe
lung injury in some fatal cases [2]. Studies have shown
that SARS-CoV-2 has about 80% of the SARS-CoV-
like genome responsible for the 2003 outbreak [4, 6].
Evidence shows that viral infection has several stages:
in the first stages an asymptomatic or slightly symp-
tomatic clinical course is described, the subsequent
moderately severe stages characterised by a pulmo-
nary inflammatory state, the last very severe stages
characterised by a generalised inflammatory state
affecting all tissues causing multi-organ dysfunc-
tion and in some cases death [1]. Biochemical inter-
action studies have shown that SARS-CoV-2 virus
enters host cells mainly through the use of the spike
protein (S) [10, 11] through the angiotensin 2 conver-
sion enzyme receptor (ACE-2) on the cell surface [10].
ACE-2 is also a conversion enzyme that is part of the
renin-angiotensin system (RAS). Is there a scientific
debate going on since the beginning of the pandem-
ic, is an increase of ACE-2 responsible for a higher
probability of COVID-19 infection? Lung tissues are
probably an easier entry route for SARS-CoV-2 be-

cause 83% of ACE-2 receptors are present in type I1
pneumocytes that produce surfactants that prevent
to the alveoli to collapse [12]. The RAS modulating
drugs are widely used in the treatment of cardiovascu-
lar diseases, but what is the correlation between these
drugs, RAS and COVID-19? Can they play a protec-
tive role by modulating the expression of RAS compo-
nents? Or, on the contrary, are these drugs considered
risk factors for COVID-19?

To date, it is strongly recommended not to inter-
rupt the treatment with the usual therapy of RAS
modulating drugs, because no clinical or scientific
evidence suggests this [3]. Agents acting on RAS
can be distinguished as inhibitors of the angiotensin
conversion enzyme (ACEI), Angiotensin II receptor
blockers (ARB) and direct renin inhibitors (DRI)
(Bavishi et al., 2020). These agents are currently in-
dicated for the treatment of various cardiovascular
diseases with excellent clinical efficacy. ACEIs are
able to reduce blood pressure by acting with ACE
inhibition which converts Ang I to Ang II. ARBs
are Ang II antagonists on the type 1 receptor (AT-
Ir), finally, DRIs block plasma renin activity and
inhibit the conversion of angiotensinogen to Ang I.
The three different classes described above have
different effects on the regulation and enzymatic
expression of RAS [9]. A retrospective epidemio-

IMMUNE RESPONSE

TMPRSS2

ADAM 17

Figure. SARS-CoV-2 and ACE-2 interaction

Comments. SARS-CoV-2 penetrates cells by binding the peak viral protein (S) to ACE-2. ACE-2 converts Ang Il to Ang 1-7. Ang 1-7
has opposite biological actions to Ang I, antifibrotic, antioxidant and antihypertrophic effects through the stimulation of MasR.
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logical cohort study using database data showed that
the use of ACEI or ARB was not significantly associ-
ated with mortality and diagnosis of COVID-19, re-
spectively [5]. Another study using electronic health
records from the University of New York (NYU)
Langone Health showed no significant correlation
and association between the use of ACEI/ARB and
the development of COVID-19 and COVID-19 se-
vere, respectively [7]. In addition, another retro-
spective and multicentre study conducted on a large
scale in adult hypertensive patients with COVID-19
in Hubei, China 9, showed that the use of ACEI or
ARB was significantly associated with a lower prob-
ability of mortality due to different causes than non-

users of ACEI/ARB, probably for a greater and more
effective management of underlying cardiovascular
disease in the patients considered. Finally, some
studies have not been considered because they show
inconsistent data [13]. In addition, in several stud-
ies, investigations in patients receiving ACEi or ARB
treatment did not have higher plasma concentra-
tions and significant changes in ACE-2, in contrast
to in vitro data [8]. In conclusion, based on currently
available data and taking into account evidence of re-
duced mortality in cardiovascular disease, ACE-I
and ARB therapy should be maintained or initiated
in patients with cardiovascular disease according
to current guidelines of the major scientific societies.
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Pesiome. [TanmeMuss KopoHaBUPYCHON MHMEKIIUT XapaKTePU3yeTCs] HU3KUM ITPOLIEHTOM OCJIOKHEHUM U TIXKEJbIX
(opM y nmeTeit Mo cpaBHEHMIO CO B3POCTBIM HacejdeHHeM. OMHAKO B JIUTEpaType OMUCAHBI CIyYal TSIKEJIOTO Te-
yeHnst COVID-19 y meTeit ¢ KoMOpOMIHBIMU cOCcTOSTHUSIMU. K TakKnM (POHOBBIM 3a00JIEBAHMSIM OTHOCUTCS OXH-
penue. llenpro HACTOSIIETO MCCIIECAOBAHUS CTall aHAJIU3 TSKEJIOro TEYCHUS HOBOM KOPOHABUPYCHOW MH(EKIINU
Ha (poHEe MOPOMTHOTO OXMPEHUS Yy AIMEHTKHU Meararpuieckoro npoduist. Mamepuansi u memods.. U3ydeHna Bcst
CONMpPOBOAUTENbHAS MEAULIMHCKAS TOKYMEHTAUSI MAllMEHTKU. Pe3yrsmamol u o6cycdenue. VI3 aHaMHe3a XU3HU
M3BECTHO, YTO OOJIBHYIO ITUTEIbHOE BpeMs 0€CITOKOMI MHTEHCUBHBIN MPUPOCT MAcCChl TeJia, 10 TIOBOY KOTOPOTO
HEOMHOKPATHO Mpoxoausa oociaenoBanus. B 2018 r. BnepBble JUarHOCTUPOBAH TMIOTAJaMUYECKU CUHAPOM Y-
OepTaTHOro IMepuoja, Mo MOBOAY KOTOPOro MallMeHTKa MPpUHUMAala Ha TOCTOSIHHOM OCHOBE TMMOIJIMKeMUYeCKue
Y TUTIOTEH3UBHBIE MpenapaThl, renaTonpoTeKTOphl. B anuaemMuonornueckoM aHaMHe3e YCTaHOBJIEH (pakKT BHYTPU-
cemeitHoro koHTakTa Mo COVID-19 ¢ matepsio. OcHOBHOE 3a00JieBaHHME HaYaJJ0Ch OCTPO, C TIoAbeMa TeMIIepaTy pbl
teaa go 39-39,5°C, xanuis u craboctu. Ha mpotsxkeHuu | Hemenu 6osne3HM MallMeHTKA He oOpalagach 3a MeIu-
LIMHCKOM TTOMOIIBIO U JIeUUJIaCh CAMOCTOSITENIbHO 0e3 moJikHOoro addekrta. [1pyn usMepeHuu catypauuu ObLI OT-
MeueH HU3KUi ypoBeHb Kucaopona (Sp0, 71%). B ¢Bsi3u ¢ aTM 00/IbHOM ObL1a BHIITOJHEHA KOMIIbIOTEPHASI TOMO-
rpacdust OpraHoOB TPYIHON KJISTKHU 1 BEISBICHO IBYCTOPOHHEE MHTEPCTUIIMATIBHOE TTOJIMCETMEHTapHOE TTOpaXkeHNe
JIETKUX C TIpU3HAKaMU KOHcomumauuu. [locie SKCTpEeHHOM TOCMUTaIN3aluy 00TbHOI OblTa Ha3HAUeHA SMIITUPH-
yeckasi aHTUOaKTepuaabHas Tepanus, MPOTUBOCTATUTENbHOE U aHTUTPOMOOTUYECKOE JIeUeH1e, a TaKKe OKa3aHa
pecnimpaTtopHas rnmoaaepxka. B crammoHnape ObLI oJydeH MoJoXUTebHbIN pe3yabrat [P Ma3ka u3 3eBa u Hoca
Ha SARS-CoV-2. B cBs3u ¢ MmJIOXUM OTBETOM Ha Tepamnuio 0ojbHas Obljia MepeBefeHa B PECIUPATOPHbINA TOCIU-
TaJb. Ha MOMEHT MOCTYIJIEHU ST COCTOSTHHE OBIJIO PACLIEHEHO KaK TSKEJI0e 3a CYET BhIPaXeHHOM IbIXaTeIbHOM HEllo-
CTaTOYHOCTM U HaJIMYUS TpeMopouaHoro ¢poHa. KoMmekc jeueOHbIX MEpOIPUSATUI BKII0UYaT OKCUT€HOTEpaIuio,
aHTUOAKTepUaJbHYIO M aHTUKOATYISILIMOHHYIO TepaIuIo, a TaKKe MpenapaTsl cypdakTaHTa ¥ aHAJOT HYKJIE031I0B
PempaecuBup. Ha oHe jieyeHus1 oTMeUeHa MOJOXUTEIbHASI AMHAMMKA, ¥ Yepe3 6 IHel rocnuTaau3aluy malueHTKa
OoJiee He HYX1aJIach B peCIMpaTopHOii moaaepxke. [1o pe3yabraram MOBTOPHOI KOMITBIOTEPHOM TOMOTpauM 11a-
THOCTHPOBAHA IBYCTOPOHHSISI MHTEPCTUIIMATIbHAS TTOJMCETMEHTapHAasI THEBMOHMS C TIOPaXEHMEM JIETOYHOI TKaHU
10 95%. B nocienyioliue fHUA TOCIUTAIN3AL UK COCTOSIHIE MALIMEHTKH 0CTaBaI0Ch CTAOMIbHBIM, IPU3HAKY JbIXa-
TeJIBbHOI HEeJOCTaTOIHOCTU OTCYTCcTBOBaAU. Ha 20 meHb Oosie3HM OOMbHAS OBIJIA BRIIMMCAHA M3 CTAIllMOHApa C IOJI-
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2023, T. 13, Ne 1 CQOVID-19 Ha doHe TAXenoro oXupeHns

HBIM KJIMHUYECKUM BbI3JOPOBIEHUEM. 3akatoueHue. JJaHHBIA KIMHUYECKUH Clydail AeMOHCTPUPYET POJIb MTPeMop-
OuaHOro (poHa B yTSIXKEJEHUU KIMHUUYECKON KapTUHBI HOBOI KOPOHABUPYCHOI MH(pEKIIMU y pedeHKa. TuiaTeabHoe
MU3y4YeHHe 0COOEHHOCTEe aHaMHe3a SIBJIsIETCS HEOOXOAMMBIM Y MALlMEHTOB JII0OOro BO3pacTa, Aaxke ¢ HEOCTOXHEH-
HBbIM T€YeHHEeM 0OJIE3HU.

Karouesvie caosa: COVID-19, nosas koponasupycuas ungexyus, SARS-CoV-2, nnesemonus, mopbudHoe odxcupenue,
2UNOMANAMUYECKULl CUHOPOM, emil.

CLINICAL CASE OF SEVERE COVID-19 IN A CHILD WITH MORBID OBESITY
Samoylov K.V.?, Ermolaeva Yu.A.?, Ponomareva D.A.?, Khudyakova A.A.?, Protsenko A.V.

@ Siberian State Medical University of the Ministry of Health of the Russian Federation, Tomsk, Russian Federation
b Novosibirsk State Medical University of the Ministry of Health of the Russian Federation, Novosibirsk, Russian Federation

Abstract. The pandemic of coronavirus infection is characterized by a low percentage of complications and severe
forms in sick children compared to the adult population. However, there have been described cases of severe clinical
course of COVID-19 in children with comorbidities among which is obesity. The aim of this study was to analyze
the severe course of a new coronavirus infection paralleled with morbid obesity in a pediatric patient. Materials and
methods. All accompanying patient medical documentation was examined. Results and discussion. From the anamnesis
of life it is known that the patient was long time complained of intensively increased body weight, on which she
repeatedly underwent examinations. In 2018, hypothalamic pubertal syndrome was diagnosed for the first time,
for which the patient received hypoglycemic and antihypertensive drugs, hepatoprotectors on an ongoing basis. In the
epidemiological anamnesis, the intrafamilial COVID-19 contact with mother was established. The main disease
began acutely with a rise in body temperature up to 39—39.5°C, cough and weakness. During the first week of illness,
the patient did not seek medical help and receive self-treatment, but the positive effect was not achieved. Saturation
measurement showed low oxygen level (SpO, 71%). In this regard, the patient underwent chest computed tomography,
which revealed a bilateral interstitial polysegmental lung lesion with signs of consolidation. After emergency
hospitalization, the patient was prescribed empiric antibiotic therapy, anti-inflammatory and antithrombotic
treatment, as well as respiratory support. A positive PCR result of a throat and nasal swab for SARS-CoV-2 was
obtained in the hospital. Due to a poor response to therapy, the patient was transferred to a respiratory hospital.
At the time of hospitalization, the condition was considered severe due to severe respiratory failure and premorbidity.
The range of treatments included oxygenotherapy, antibacterial and anticoagulation therapy, as well as surfactant and
the nucleoside analogue Remdesivir. During treatment, the clinical picture gained a positive trend, and after 6 days
of hospitalization the patient no longer needed respiratory support. According to the results of repeated computed
tomography, bilateral interstitial polysegmental pneumonia was diagnosed with damage to the lung tissue up to 95%.
The patient remained stable and showed no signs of respiratory failure during the following days of hospitalization.
On the 20th day of ilness, the patient was discharged from hospital with full clinical recovery. Conclusion. This clinical
case demonstrates the role of premorbid background in aggravating the clinical picture of a new coronavirus infection
in a child. Careful study of anamnestic characteristics is necessary in patients of any age, even with an uncomplicated
disease course.

Key words: COVID-19, new coronavirus infection, SARS-CoV-2, pneumonia, morbid obesity, hypothalamic syndrome, children.

BeepneHne

B nexa6pe 2019 r. Ha TeppUTOPUU KUTAKCKO-
ro ropojaa YxaHb BIIepBble Oblia 3a(pMKCUpOBaHa
BCIBIIIKAa 3a00JieBaHUsI, OOYCJIOBJIEHHOIO BUPY-
com SARS-CoV-2, KoTOphIii KaK U ApYyTrUe Mnaro-
renbl u3 cemeiictBa Coronaviridae (SARS-CoV-1
n MERS-CoV), ckJIoHEeH BBI3BIBaThb OCTPBIN pe-
CIIUPATOPHBIN nucTpecc-cuHapoM [4, 7]. OmHako
TaKoe TeueHue 3a0o0JieBaHUSI OCTACTCS YIEJOM
B3POCJIOTO HAaCeJICHUsI, B TO BpeMsl KaK pa3BUTUE
TSIXKEJIOr0 BapMaHTa OoTMedaeTcs Juilib B 1% Bcex
clyyaeB MH(MEKLUU y AeTei, a rocrnurain3aluu
nojiexar ToJibko 10 10% 3a6oaeBiux [5]. I1o naH-
HbeiM BO3, cmepTHOCTE 0T COVID-19 cpenn nereit
ot 5 no 14 net cocrtasiser 0,1% oT Bcex ciyvaes,

U HecKoJIbKO Oosbuinii mpoueHT (0,4%) omnpene-
JICH IJISE TPYIIIIBI CTapIIero IOIPOCTKOBOTO BO3-
pacrta [1]. HekoTopbiM1 aBTOpaMM IIOKa3aHO, YTO
YTSIKeJIeHUEe KIMHUYSCKUX TPOSIBICHUI acCOIM-
MPOBAHO C OIIPEIeICHHBIMHA COITYTCTBYIOIIUMU
COCTOSIHUSIMH, UTPAIOIIUMHU PpOdb (POHOBOI ITaTO-
noruu [9]. OmHUM U3 TaKuX 3a00JIeBaHUIN MOXHO
cunTaTh OXHpeHHe. B mureparype HaKOMMIOCH
TOCTAaTOYHO MH(MOPMAIIUN O HETATUBHOM BIIUSITHUU
n30bITKa Macchl Ha TedyeHue COVID-19 y B3poc-
JIBIX OONBHBIX [2, 3], a TTO JaHHBIM HEKOTOPBIX aB-
TOpOB — M y aeteit [6, 8]. Cepbe3Hblil TpeMOpOnI-
HBI (DOH MOXET OUKTOBATh HEOOXOMMMOCTD IJISI
pacIIMpeHus MeIMKaMEHTO3HOM TepaIrtuu ¢ MpH-
MEHEHHWEM PEeCITUPaTOPHON MOAIEePXKKH B TaHHOU
TpyT1irie OOJTbHBIX.
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Ilens wccnenoBaHUsT — OMMUCATh AETalW KJIU-
HUYECKOTO CJIydasl MallMeHTKN C TSIKEJIBIM Tede-
Hue COVID-19 Ha (poHe MOPOUTHOTO OXKUPEHUSI.

Matepuasbl 1 METOLbI

OCHOBHBIMM  HCTOYHMKAMU  WH(oOpMaInuu
O COCTOSHHMM 3J0POBbSI MAIIMECHTKH ITOCITYXKU-
I JaHHBIE MEAMIMHCKHUX KapT CTAllMOHAPHOTO
ooxpHOTO (hopma 003/y) 3a cremyroouIne NepruoOIb:
¢ 03.11.2021 1o 04.11.2021 (bonbHast HaxomMUJIaCh
B OTHEJICHWEC peaHWMAallMM U MHTEHCUBHOM Tepa-
nuu OTAY3 «J/leTckasg nHeKIIMOHHAas OOJIbHUIIA
nMm. [.E. CubupueBa») u ¢ 04.11.2021 mo 15.11.21
(mocnemytomiee JeYeHUWE B PECIIMPAaTOPHOM TO-
criutaje M MHPeKnuoHHoMm otaeneHun OI'BY3
«Meanko-caHUTapHas 9acTh No 2»).

JIOTIOMHUTENBHO OBIIM  M3YYSHBI BBIIMUCKH
W3 UCTOpUI OOJIC3HM 3a MPOIIbIe TOCITUTAI3a-
OUU B dHIOKpUHOJIOrn4Yeckoe otaeneHue OTAY3
Hetckoit 6onpHuLBI N2 1 (32 2014 1 2018 1.) 1 coma-
Tndeckoe otaeneHue OIAY3 JleTcKoil TOpOICKOIM
6oabHuLbI Ne 2 (3a 2016 rom), a Takke MCTOPUSI
pa3BuTHs pedbeHka (popma 112/y).

Pe3ynbraThl 1 006CYXaeHne

IMauuentka E., 2003 r. poxaenus (17 ner).
M3 anHamMHe3a XW3HU W3BECTHO, 4YTO MAEBYIII-
Ka pocja M pas3BHUBaJlach I10 KaJeHIAapHOMY
Bo3pacTy. BakumHaliusl IIpoBeleHa COIJIaCHO
HauuvoHnanpHOMY KajieHAapio ITpodGuIakKTUIeCKUX
MPUBUBOK 3a MCKJIIOUCHUEM MMMYHM3AIUU TIPO-
TuB rpunmna. [lanueHTKa He BXOAMUJIa B KaTErOpUIo
yacTo 0oseomux. B MeTUIIMHCKOM TOKYMEeHTaIllu 1
U3 XUPYyPruyeCcKMx BMEIIATEIbCTB YIIOMMHAIOCh
TOJIbKO ucceyeHue HeByca meu B 2020 r. B xome
paccripoca yaajoch yCTaHOBUTh OTSITOIIEHHOCTH
reHeaJorn4eckoro aHaMHe3a — y pOJACTBEHHUKOB
10 MaTePUHCKOM JIMHUU JUATHOCTUPOBaHA TUIIep-
ToHMYecKasl 60je3Hb. Cpeny AeTCKUX MHOEKInit
ObLlIa IIepeHeceHa TOJIBKO BeTpsiHasl ocra. AHaIu3
WCTOPUM pa3BUTHUs pebeHKa MoKas3ajl OTCYyTCTBUE
KaKUX-TM00 aJUIepru4yecKux 3a0o0JieBaHUN WU
pucka ux pa3BuTHs. JlaHHbIe 3a TyOepKyJie3, rera-
TUT, UHMEKIIUU, TIepeaBaeMble MOJIOBbIM IyTeM,
M OHKOJIOTMYECKMe 3a00JieBaHUSI y ITallUeHTKU
OTCYTCTBOBAJIN.

BuumaHue npuBjiek ToT ¢akT, YTO y O0JbHOM
oTMevaJuch 0OJIbllIMe NPpUOaBKU B Bece, HAUYMHasI
¢ paHHero Bo3pacTa. [lo moBomy M30bITKA MacChl
Tesa B 2014 r. BiepBbie Mpoliljia 00caeIoBaHUE U Jie-
JyeHue BOHJ0KpUHoJornyeckoM otaeaeHun Or'AY3
Jetckoit 6onpHULIBI Nel. ITTo aHaAaMHECTUYECKUM
JTaHHBIM OOJIbHAs IIPOIOJIXKajia MPpUOaBJISITh B Bece
MocJjie BBIMKUCKU W3 CTallMOHapa, B CBSI3U C 4eM
M COCTOSIJIa Ha AUCITAHCEPHOM y4eTe Y 9HJIOKPUHO-
Jiora B MOJMKJAMHMUKe. [Ipn mocnenyloleil rocru-
tanusauuu B OT'AY3 «JleTckas ropoackasi 00Jb-

Huia Ne 2» B 2016 T. B X0z MOJTHOTO 00CIeI0OBaAH S
OBLJI BBICTABJIEH auarHo3 <«[uWItoTasaMUyecKWi
cuHapom». HecMOTpsT Ha TIpoBelIeHHBIN KypC Te-
parnuu, AMHaMuKa 3a0ojieBaHMSI HOCUJIA OTpHUlia-
TeJbHBIN XapakTep: 3a 2017 1. mpubaBKa B Bece co-
ctaBuiia 30 KT, a TaKKe TOsIBUJIOCH O0JIbIIOE KOJIU-
YeCTBO CBEXUX CTPUI Ha TeJjie M BIepBble 3aUK-
CMPOBAHO MOBBIIIIEHUE apTepHaJIbHOIO JaBJICHUS
1o 150/90 mm pT.cT. Bo BpeMst mociiemHel IIaHOBOM
FOCIUTAJIN3AlIU B 3HIOKPUHOJOTUYECKOE OTIIE-
nenue OI'AY3 Jletckasg oonpHU1a Ne 1 B 2018 1. 6611
YTOYHEH OCHOBHOWM AMarHO3: «[ MmoTaJaMudecKui
CUHIPOM IyOepTaTHOro fnepuoaa cpeaHei crene-
HHU TSXKeCTU Ha (hoHEe MOPOUIHOTO OXXMPEeHU S (BeC
Ha MOoMeHT Boinucku — 133 kr, UMT = 50,1, SDS
NUMT = +5.04). OcnoxxHeHue: CteaTorenaros, Ku-
poBasi MHUJIbTpALUs MOMXKETYIOUYHOU XKeJe3bl,
TUTNIEPUHCYJINHU3M, apTepuajibHass TUICPTEH-
3ust». [lo MOBOAY BBINICONMMCAHHBIX COCTOSTHUMN
00JIbHOI OblJIa HAa3HAYeHa CTpoTas AUeTa, a TaKxke
MpHUeM CJIEAYIONIMX MperapaToB Ha TOCTOSHHOMU
ocHoBe: DochaTnanixonud U Hartpus riuuump-
pusnHaT (1 Karicyna, 3 pasa B AeHb), Dypocemun
(40 Mr kaxnele 3 mHs, Ha 4 NEeHb — MEpPEPbIB),
AcnaparuHat Marnus u Kanusg (1 tabnerka, 3 paza
B IeHb), TuokToBas kucaora (0,05, 3 pa3a B IeHb),
Metdpopmun (850 mr, 1 pa3 B JeHb, B BeuyepHee
Bpemsi). HecMoTpst Ha naHHbIE KIMHUYECKON Kap-
TUHBI (MOPOUIHOE OXMPEHUE SHIOKPUHHOIO Te-
He3a) U BbICOKUI ypoBeHb uHcyauHa (19,9 MxEn/
MJI), pe3yJIbTaThl CTaHIApPTHOI'O TeCcTa TOJIEpaHT-
HOCTH K ITI0KO3¢e y 60JIbHOI OBLIY B IIpeaesiax Hop-
MBI (IJII0KO3a A0 Harpy3ku — 4,6 MMOJIb/1; 4yepe3
249 — 6,0 MMOJTb/).

B osnumemunonornyeckoMm aHamMHe3e o0Opa-
maja Ha cebsi BHUMaHWEe BHYTPUCEMEWHBIN KOH-
TaKT 110 KOPOHAaBUPYCHOW MHMEKIIMU C MaTepbio
ot 22.10.21. ITauueHTKa y4yuJach B KoJlaeaxe, 00-
yuyeHue IIPOXOAUJIO B IUCTAaHIIMOHHOM dopMma-
Te ¢ Havajga 2020 r. 3a 14 nmHeill g0 rocnuTaau3a-
uuu (03.11.21) He BbIe3XkaJa 3a npeaeabl ToMCKOI
obJiacTu.

B xoH11e okTs16ps1 2021 1. Ha TeppuTopuu Tomcka
NPOJOIKAaJA JOMUHUPOBATH «CUOMPCKUI» IITAMM
COVID-19 (B.1.1.397+), 4TO MO3BOJISIET NPEATIONO0-
>KUTh €ro B Ka4eCTBE 3TUOJIOTMUeCKOro hakTopa.

N3 anamHe3a 3a0o0jieBaHUSI U3BECTHO, UTO Ma-
HMeHTKa 3abosena octpo 27.10, Korma BIiepBbIe
noaHsgachk TeMneparypa tejaa go 39—39,5°C, no-
SIBUJIMCh KallleJib M BSJIOCTb. 3a MEIUIIMHCKOMN
MOMOIIbIO He oOpalllajach, CaMOCTOSITEIbHO Ha-
yana npuemM AsuTpomuuuHa (per os, nmo 500 mr
1 pa3 B AeHb) U YMmudbeHoBUpa (A103UPOBKY Ha-
3BaTh 3aTpyaHsieTcs) Ha (OHE COXpaHsBIIEHCS
TeMIlepaTypHoil peakuuu. Hadayjio BTOporo aHs
o6one3Hu (28.10) compoBoxaanoch (edpuabHOI
JIUXOPANAKO; COXpaHSIIUCh TPOSBICHUS WH-
TOKCMKAIIMOHHOTO CHUHIApOMa B BHUJE CIabocTu
u consiuBocTu. C 29.10 (3 neHb 00JIe3HU) BIEPBbIE
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CQOVID-19 Ha doHe TAXenoro oXupeHns

MOSIBMJIACh OABIIIKA, OONbHas oOpaTuJia BHUMAa-
HHMEe Ha CHUXKEHWE amnmneTuTa W IOSIBJIICHUE KUI-
Koro cTyna no 4 pa3 B cyTku. [Ipomoskana npu-
eM A3UTpOMUIIMHA, 3a MEAMIIMHCKON MOMOIIIBIO
He obGpamanack. CaMOCTOSITeJIbHO MCIIOJb30Bajia
per os Uoynpoden, Ilapaueramon u JiporaBepuH
CO CJIaObIM MOJIOXKUTEJNbHBIM 2P bheKTOM B BUIE
cHUXXeHUs Temneparypsl 10 37°C. 2Kanoobsl 6071b-
HOW CO CTOPOHBI ABIXaTEJbHBIX MYyTei (OMBIIII-
Ka M KallleJib) M XeJyJIOYHO-KMIIEYHOI0 TpaKTa
COXpAaHSIJIUCh B IMpPeXHEM O0beMe Ha MPOTIKe-
Huu nocaenywoimux 3 aHeid (¢ 30.10 mo 02.11).
A3UTPOMULIMH U YMUDEHOBUD MpeKpaTuia Npu-
HuMaTh 2.11 (A1UTEeAbHOCTh Kypca — 7 AHEl), TaK
KaK He MOYyBCTBOBaJla OXUIAeMOTO KJIWHUYEC-
Koro addekTa oT npenaparoB. JluHaMmuKa xajnoo
Ha 7 neHb 6one3Hu (03.11) octaBasach HEM3MEH-
Hoii. Ilpu mM3MepeHUU caTypalluyu ObLI MOJYy4YeH
HU3KUI YpoBeHb Kucaopoaa (71%), B cBSI3U ¢ 4yeM
0OJIbHAsI CAaMOCTOSITEJILHO BBITTOJIHUJIA CIIUPaJib-
HYIO KOMITBIOTEPHYIO TOMOI'padrio opraHoB Ipy/-
HOM KJIETKHU, TJIe JUAarHOCTUPOBAHO: IBYCTOPOH-
Hee MHTEPCTUIIMAJbHOE IIOJIMCETMEeHTapHOe I10-
pakeHue JIeTKUX C MpU3HaKaMW KOHCOJUAAIUU,
006beM mopaxeHus: 6oynee 76%; MpU3HAKU JIero4-
HOM runepTeH3uun 1—2 cT. B 3TOT Xe 1eHb BbI3Baia
CKOPYIO MEIUITMHCKYIO ITOMOIIb 1 ObLJIa JOCTaBJIC -
Ha B OTAY3 JleTckyio 6oapHHIY Ne 1, Tme ocMo-
TpeHa AeXKYPHBIM BpauyoM U TlepeHarpaBjieHa 1JIst
rocIMTajan3alluu B OTAeJICHEe peaHuMallu U MH-
TeHcuBHOI Tepanuu OT'AY3 «/leTckas nHpeKIU-
oHHas 6oabHuLIAa M. I.E. Cubupuena».

Ha MoMmeHT mocTyruieHus: OOJIbHAsI MpeabsiB-
Jisijia Kajao00bl Ha c1abO0CTh, MOBBIIIIEHUE TeMIIepa-
Typbl TeJia 10 39,0°C, oabllIKY, YCUIUBAIOILYIOCS
B TTOJIOKEHU U JiexKa, XKUJIKWUHI CTYJI 10 YeThIpeX pa3
3a MoCJeqHUE CyTKU.

I[Ipu mDOCTYIJIEHUM COCTOSTHHUE TIAllMeHTKU
paclieHeHO KaK TSIXKeJoe 3a CUeT IPOSIBJICHUI Ka-
TapajJbHOrO CUHIpPOMA, ABYXCTOPOHHEW ITHEBMO-
HUM C AbIXaTeJbHOW HemoctaTouHocTH Il crere-
HU 1 HaJau4us npeMopouaHoro ¢poHa (oOXupeHue
4 cTereHu).

Ha MoMeHT rocnuraju3alMy TeMIepaTy-
pa tena 37,1°C, 4To MOIJO OBbITh OOYCJIOBJEHO
CaMOCTOSITEIBHBIM IIPUEMOM aHTUITMPETUKOB.
BosbHas Haxonuiaachk B CO3HAHUU, Obla JOCTYII-
Ha st KoHTakTa. [lonoxkeHue BBHIHYXIEHHOE —
OpPTOITHOB, BBI3BAHO TSIXKEJBIM TOpPa’keHUEM JIer-
KMX U U30bITKOM Beca. Co CTOPOHBI HEPBHOM CU-
CTEMBI OTCYTCTBOBAJIX OYaroBble CUMIITOMBI I M€-
HUHTreaJbHble 3HakKu. KOXHBbIE MOKPOBBI OBLIU
YMEpEeHHO! BJIaXXHOCTH, acne vulgaris B 00JbIIOM
KOJIMYEeCTBe, oOpaliiaJl Ha ce0s BHMMaHUE Mepu-
opOUTAJIbHBIN U IepUOPabHBII [IMaHO3, OTMeYa-
JIUCh MUTMEHTHBIE U3MEHEHU S 110 TUITY acanthosis
nigritas B €CTECTBEHHBIX CKJIaJgKaX Koxu. B obna-
CTU TPYIU, XKUBOTA U I1JIeY OOJIBIIOE KOJIMYECTBO
KaK CBETJIBIX, TAK U PO3OBBIX (JINJIOBBIX) CTPHUI.

HorreBble 10Xa ¢ JerKUM IIUAHOTUYHBIM OTTEH-
KOM, CUMIITOM <«0eJIOTO TSITHa» OTpPUIIaTeIbHbBIN
(2 ¢). [ToaKoOXHO-XXKUPOBOU CJIO¥ ObLJT Pa3BUT U3-
OBITOYHO C HEpPaBHOMEPHBIM paclipenesieHueM
MO0 TeJly: «XUPOBOU (hapTyK» Ha MepeaHeil Oproll-
HOM CTEeHKe, KJIMMaKTepUyeCKuil ropouk B 00-
JIACTU CEAbMOTO IIEHHOTO MO3BOHKA M «Tajiude»
B 30He Oenaep. Macca Tejla MallMEHTKU MO TMPU-
ObITUM B cTalMoHap cocTtaBuiaa 150 kxr (UMT =
55,8 npu pocrte B 164 cm). Causnucrbie 000JI0YKHI
BJIAXKHbBIE, PO30BOI OKpacKU, 6e3 sIBJCHUS dHAH-
TeMbl. S3bIK PO30BbIIi, CyXOBaT, 00JIOXXKeH OeJIbIM
HaJieToM. B 3eBe BU3yaiu3upoOBaJIUCh YMEPEHHAas
TUIEpeMUsT U 3epHUCTOCTD 3aJlHEH CTEHKU TJIOT-
KM Kak TIpOsSIBJICHUSI KaTapajJbHOTO CHUHIpoOMa
Ha ¢oHe BupycHoil unbekuuu. Iepudepuyeckue
JTUMDOY3JIbl OBLIM JOCTYITHBI TaJIbIIAllMU, Pa3Me-
pBI B ITpeaesiaXx HOpMbI, UX CBOMCTBA HE U3MEHEHBI.
Co CcTOpOHBI AbIXaTeAbHOW CHUCTEMbl HaOJI0mA-
JIUCh CUMIITOMBI, XapaKTepPHBIE JAJI5 AbIXaTeJIb HOM
HEIOCTAaTOYHOCTU: IKCKYPCHUS TPYIHOW KIIETKHU
CUMMETpUYHAsI, C JIETKUM y4YacTHUeM BCIIOMOTa-
TEJLHOI MYCKYJIaTypbl; 4acToTa JbIXaTeJbHBIX
NBUKEHWI yBelndeHa mo 26 B MUHYTY. OgHaKoO
MEePKYTOPHBIN 3BYK COXPaHSIJI JIETOUYHBI OTTEHOK
M CBOIO CUMMETPUYHOCTD HaJl pa3HBIMU OTAETaMU
JIETKUX. AYCKYyJbTallWusl y TAIlMEHTKHW OblIa He-
CKOJIBKO 3aTpyJHeHa — JbIXaHWE OTYETIMBO MPO-
CJIYIIMBAJIOCh TOJIBKO Ha BEPXYIIIKaX, B OCTaJIbHBIX
oTziesiaX BBICIYIIMBAJIOCh MJIOX0; XPUIIBI HE OMpe-
nensauchk. Haubonee BeposTHO, 4TO KUpoOBas
TKaHb, yXyIIlIaBIlasi MpoBeaeHUe 3ByKa, MacKu-
poBaJla HAcTOSIIYIO ayCKYyJbTaTUBHYIO KapTUHY
M He TI03BOJIsIJIa OIpPEeAe/UTh XapaKTepHbIe s
BO3MOXHOW ITHEBMOHMU TIpu3Haku. [lokazarenu
caTypalluu ykjaabiBaauch Bo Il cremeHb abixa-
TelIbHOM HemocTaTouHOCTH — 81—83%. Co cTOpo-
HbI CEPAEYHO-COCYIMCTON CUCTEMBI OITpeaesiaach
Taxukapaus no 108 yamapoB B MUHYTY; PUTMUY-
HOCTh TOHOB cepjala Oblja coxpaHeHa. HecMmoTtps
Ha JaHHbIC aHAMHe3a XKU3HU, y TTAallMEHTKHX Ha MO-
MEHT MOCTYIIJIEHWS OCTaBaJIoCh HOPMaJbHOE ap-
TepuanbHoe naBieHue (Al = 123/74 MM pT.CT.).

Ilocne ocmoTpa BpadyoM IIPUEMHOIO ITOKOS
NpU MOCTYIUICHWM ITTallMeHTKa OblIa mepeBeaeHa
B OTIEJIEHWE peaHuMalluu U MWHTEHCUBHON Tepa-
nuu OIAY3 Jlerckast nHPeKIMOHHAsT OOJIbHULIA
um. I 'E. Cubupuesa.

ITanmeHTKe cpasy ke ObLT BBIMOIHEH ps Jlabo-
paTOPHBIX UCCIEAOBAHUM C 1I€J1bI0 YTOUYHEHUS TSI~
XKECTHU €€ COCTOSIHUS U OTIPENEJICHU S NalbHEeN e
BpayeOHOI TAKTUKMU.

B o61memM ananuze kpoBu (OAK) ot 04.11 BbIsiB-
JIEHBI HeclennuyecKue BOCHaJIuTeIbHbIe U3Me-
HeHust (WBC — 5,75 10° /i1, cABUT e KOLIUTAPHOM
(bopMyIbI BJIEBO 3a CYET HEUTPOMDUIIOB: MTAJIOUKOSI -
nepHbie — 11%, cermeHTosimepHble — 62%; LYM —
22%; COD — 50 MM/4), aHEMUS CpeTHEU CTEeIeH!
tsaxectu (RBC — 3,31 x 102/n, HB — 93 r/n), He-
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KOTOpOE€ YMEHbIIIEHUEe KOJUYEeCTBa TPOMOOIIMTOB
(137 x 10°/m) u cHuxeHue rematokputa (28,7%).
OcTajibHbIe MOKa3aTeJu ObIIU B Mpeneaax HOPMBbI.

B oOwuoxumuueckom aHaauze kpou (BAK)
or 04.11 omnpenensijics MNOBBILIEHHBI YPOBEHb
CPb (24 mr/n) — mapkep OakTepuaJibHOTO BOC-
najauTebHOro npoliecca. bonbHas canaBaga KpoBb
nocje mnpuemMa IMUIILU, TO3TOMY 3adUKCUpPOBa-
Ha TIOCTIIpaHAMalbHasl TUIlepIIMKeMus (IJIto-
ko3a — 6,1 mmounb/n). [Ipoune nmokasarenu ObLIU
B ITpeeiax HopMaJbHBIX 3HAaUeHU I (KpeaTUHUH —
82 mxmonb/m, AJIT — 34 EN, ACT — 36 EN).

B ananusze cBepThIBalOLIE CUCTEMbl KPOBU
oT 04.11 BbIsIBJIeHAa HAKJOHHOCTH K TMIOKOAry-
g (AYTB — 42 ¢, IITU — 80%, mipoTpoM-
onHoBoe BpeMss — 20 ¢, ¢ubpuHOoTeH — 2,2 T/II,
D-agumep — oTpuLaTeIbHbBIN).

TTIIP maska u3 3eBa u Hoca Ha SARS-CoV-2
(o1 04.11) — obHapyxeHa PHK COVID-19.

IlpuHrMasi BO BHUMaHUE pe3yJbTaThl OOIIEe-
ro U OMOXMMMYECKOTO aHaJIU30B KPOBU, HEJIb3s
ObLJIO0 MCKJIIOUUTh OakKTepualbHYI0 WHMOEKIIUIO.
bonbHOIT Obl1a Ha3HaueHa aHTUOaKTepuaabHas
tepanus — Ledrpuakcon (2,0 r 1 pa3 B 1eHb, BHY-
TPUBEHHO). YUUThIBasi pe3yjbTaTbl 00bEKTUBHO-
ro OCMOTpa U BOCHAJUTENbHYIO peaKIlMi0 KPOBHU,
BO3HMKJIa HEOOXOAMMOCTb NOOABUTh K Teparuu
JlekcameTa3oH (o 8 Mr 2 pa3a B ieHb, BHyTPUBEH-
HO) C MPOTUBOBOCHATUTEIbHOU Leabl0. HecMoTpst
Ha TO YTO Yy MAllMEHTKU OTMedasaach TMIIOKoary-
Jsuusi, TpedboBaJoch Ha3HaUYeHUEe DHOKcamapuHa
(40 mr, 2 pa3a B JIeHb, MOAKOXKHO) COTJIaCHO METO-
NUYECKMM PEKOMEHIAIMsIM MO JieYeHUIo 3aboJe-
BaHU s, BBI3BAHHOT'O HOBOII KOPOHAaBUPYCHOM MH-
dekuueit y geteir (Bepcus 2 ot 03.07.2020), ¢ ue-
Jibl0 MPOGUIAKTUKU TPOMOO30B Ha TMEPUO Oorpa-
HUYEHHOW JBUTATEIbHON aKTUBHOCTU B YCIIOBUSX
HaxoxaeHust B OPUT. Ucxonss u3 xkajo0O, J0I0JI-
HUTEJBbHO ObIJI Ha3HAYEH MYKOJUTUK AMOPOKCOJI
(1o 30 mr 3 pa3 B IeHb, per 0S).

B otaeneHun peaHMManuMu U WHTEHCUBHON
Tepanuy HayaTa HEeMHBa3UBHAsI BEHTHUJISIIIU S JIeT -
kux (HBJI) B reMUNpOH-TIO3UILIMU — BBICOKOIIO-
TouHast okcureHauus (BITO) flow — 25 n/muH,
FiO, — 50%. ITonHast MpOH-MO3UILIM S ObIJIa HEBO3-
MOXKHa JJIsI BBITIOJHEHU S W3-3a HAJIUYUS y Hallu-
€HTKH! BBIPAaXXEHHOTO OXMWPEHUSI, B CBSI3U C YeM
OosbHas HaxoAuJdach B TEMUITPOH-MO3UIIMU.
Ha ¢oHe pecriupatopHoOil moaaepKKU JOCTUTHY-
ta Sp0, 92%.

3a mepBblii geHb rocnutTanuzauuu B OPUT
(04.11, 8 neHp Oosie3HM) Ha (hOHE ITPOBOAUMOIO
JileYeHUusI OoTMedasach OTpulaTeibHas AWUHAMU-
Ka COCTOSIHMSI MallMeHTKM 3a CUeT HapacTaHUs
KJIMHUYECKUX CHUMIITOMOB JIbIXaTeJIbHOU HEI0-
CTaTOYHOCTHU: aKTUBHOIO yYacTUsI BCIIOMOTaTesb-
HOII MYCKYJIaTyphl B aKTe JIbIXaHUS C BTSIKEHUEM
MEXpeOEepHBIX TPOMEXYTKOB U SIPEMHON SIMKH,
BBIPA’KEHHOTO TaXUITHOD 10 36 B MUHYTY. OIHAKO

YPOBEHb OKCHUTEHAIlMM OCTaBajCs CTaOUIbHBIM:
Ha HBJI — SpO, 92%, a ipu npixaHnuu arMocdep-
HBIM Bo3ayxoM SpO, cHukanach 10 80%.

B cBs3u ¢ Hu3kol >(pGhEeKTUBHOCTbIO paHee
MPOBOAMMOM PECUPATOPHON MOMACPKKU OOJb-
Has Obljia IepeBeieHa Ha MACOYHYIO BEHTUJISIIIAIO
B pexkxume SPONT PC Pi 10 cm, ITAKB — 5 cwMm,
0 — 0,45, MBJI — 12 n/muH, flow — 25 1/MUH,
FiO, — 50%. Ha aTtoM (oHe Obljia JOCTUTHYTaA ca-
Typanus 97%. OmHako, HECMOTPSI Ha BBICOKOIIO-
TOYHYIO OKCUTEHOTepaIuio (Ipu 1moToke 45 J1i/MUH
u dpakuuu O, 50%), Bo BpeMs Ipuema MU Tpo-
MCXOOMJIO CHUXeHUe caTtypanuu 10 92%. B coot-
BETCTBUU C BBIIIEONMCAHHON KapTUHOW M II0JIO-
KUTEJBbHBIM pe3yJbTaTOM Ma3Ka M3 3eBa M Hoca
Ha Haanyue SARS-CoV-2 manueHTKa Obljia nepe-
BelleHa JJIs JaJbHENUIIEero Je4eHus B pecnupaTop-
Hbelit rocnutanb OI'BY3 «Menuko-caHuTapHas
gactb N 2» ¢ quarHo3oM «HoBast KopoHaBUpycHast
uHbekuus COVID-19 (ITLLP ma3zka ot 04.11.21 1.
MOJOXUTEIbHAS) TSKEJIOM CTeTIeHU, HEeTJIaIKoe Te-
yeHue». OcioxkHeHue: «/IByCTOPOHHSISI MHTePCTU-
MaJbHas MOJIMCErMeHTapHast THeBMOHU S (00beM
nopaxeHus oosee 76%). IH 11 crenenu. Jlerounas
runepteHsus 1—2 ct.». ConyTCcTBYIOLINWE TUATHO-
3bl: «Oxupenue (MopobumHoe) 4 crennenu (MMT =
58,7). AHeMus1 cpelHel cTerneHu, HEYyTOUYHEHHOM
STUOJIOTUW».

Ilpu mnocrynnenuu B OI'BY3 <«Menuko-
caHuTapHas yactb No 2» neBoyka OblJla OCMOTpEHa
BpadyoM-aHecTe3uoJioroM u neauarpom. Ha cdoHe
MPOBOAMMOTO JIEYEHUSI B OOBEKTUBHOM CTaTy-
ce TpociexXuBajach OTpULlaTe/IbHAsT AWHaAMUKa
3a CYET HapacTaHWs CUMIITOMOB JIbIXaTeJIbHOM He-
JIOCTAaTOYHOCTU: B TTOJIOKEHHM M JIeXKa ayCKYJIbTaTUB-
HO OITPENesISIIOCh XXECTKOE IbIXaHUe, KPEITUTAII ST
B HUXXHUX OTAeJiaX, OOJIbllie clipaBa; ocjadjieHue
IBIXaHW S B HUXKHUX OTIEsa JIETKUX; IIPUTITYIIeHUE
TOHOB cepala.

B cooTBeTcTBUU ¢ MMEOIIEHCS KINHUYECKON
KapTUHOW 60JbHOI OblJ1a Ha3HAUYEHa CJenyolas
tepanus: [lapameramMolt B KayeCTBE aHTUITUPETH -
ka (500 Mr mpu MOBBIIIEHUU TeMIlepaTypbl Teja
Boile 38°C, per os), JlekcameTa30H ¢ IPOTUBOBOC-
NaJUTEeIbHOU 11eJibl0 B 60Jiee BHICOKOU HO3UPOB-
ke (20 Mr B cyTKHM, 2 pa3a B icHb, NTapeHTepaib-
HO) B coueTtaHuu ¢ Omenpazonom (20 mr, 2 pasa
B JI€Hb, per 0s), IPOJOJKEeHa aHTUOaKTepruaabHas
Tepanus LedbTpuakcoHoMm B ToM ke oobeme (2,0
I, 2 pa3a B CyTKM, BHYTPUMBIIIIEYHO), B KaUeCTBE
Mepbl MpodUIaKTUKU TpoMOOOOpa3oBaHUS ObLI
HazHaueH OHokcanmapuH (0,4 M, MNOIKOXHO,
2 pa3za B CyTKHU). YUUThIBasi CTENEeHb MOpPaKeHUs
JIETOYHOI TKaHUW, OOJbHas TIojyyaja Iiperna-
paT 3K30reHHoro cypdaxktaHTa nmo 75 mr 2 pasa
B IEHb yepe3 HeOynali3ep Ha TPOTIKEHUU 3 THEN.
Jns yBenndeHUsT Hecleln(PUIeCKO pPe3uCTeHT-
HocTu HazHayeH Butamun C (4,0 r, pacTBOpeH-
HBIe B 0,9% 250 M NaCl, BHyTpUBEHHO Kallejlb-
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Ho). Ilo pemeHuto BpaueOHO KOMUCCUU B Kaye-
CTBE NMPOTHMBOBUPYCHOTO TIpernaparta ObIJT Ha3zHa-
yeH PemaecuBup (200 mr, pactBopeHHbie B 0,9%
100 M1 NaCl B nepBble CYTKM; HauMHasl CO BTO-
pbix cyTok — 1o 100 mr + NaCl 0,9% 100 mn).
IIpononxena annapatHass HUBJI yepes nunesyto
macky B pexxume SPONT: Ps 10 cm Boa.ct., PEEP
8 cm Bog.cT., Vt 510—550 M, FiO, — 70%. Ha aTtom
¢doHe nHaekc okcureHauuu 204 mm pr.cT., SpO,
97%, YA/ 20 B MUHYTY.

Ha 05.11 (2 nens B OPUT, 9 neHp 6osie3HU) co-
CTOSIHME paclleHUWBAJIOCh KaK TSKeJIoe, CTa0UuIb-
Hoe. Bbl10 0oTMeYeHO TOBBIIIIEHUEe apTepualibHO-
ro gaBjeHus 10 146/75 MM pT.CT., B CBSI3U C 4eM
B MepeyeHb MojaydyaeMbIX ITpernapaToB ObLI 100aB-
JieH DOHananpuia (2,5 Mr, 2 pa3a B cyTKu). B ator
K€ I€Hb OBbLJIM BBITTIOJITHEHBI OMOXMMUYECKHU I aHa-
nu3 kposu (yeenuuenue CPB go 60 mr/m), aHanus
Ha ¢deppuTuH (250 MKT/JI) 1 NPOKAJIbIIUTOHUHO-
BbIl TecT (< 0,5 Hr/mMJ) — pe3yabTaThl UCCJIENO-
BaHUI HE MO3BOJSJIM MCKIIOYUTH OaKTepuasb-
Hylo wuHpekuio. [loJoXUTeIbHBIN pe3yJbTaT
ucciaegoBaHusl KpoBu Ha aHTutena IgM u IgG
K COVID-19 (ot 05.11) noaTBEepaAXa POJIb JTaHHOTO
nmaToreHa B KayecCTBE 3THOJIOTMUYEeCKOro ¢akrtopa
Y KOHKPETHOM MallueHTKU.

Hauwnnas ¢ 06.11 (3 neub B OPUT, 10 neHn 60-
JIe3HU) ManMeHTKa rnepepeneHa Ha BITO (B pexxum
HFlow, flow — 30 n1/muH, FiO, — 35%) c catypa-
uueit 97—98% u nuHaekcom okcureHauuu 207 MM
pT.cT., a K 8.11 (5 nenp B OPUT, 12 neHn 6ose3-
HM) CKOPOCTbH MOTOKA yBJa’XKHEHHOTO KHCJIOPO-
na OblJ1a yMeHbIleHa 10 3—5 JI/MUH TIpU peclu-
paTopHOM HMHAekce 405 MM PT.CT. U caTypaluu
97%. 3a 5 nHeit npebdsiBanug B OPUT (o 08.11)
COCTOSIHME TIallMEHTKMW OBbIJIO CTaOUJIU3UpoOBa-
HO, OTMeUYeHa IOJIOXKUTEeJbHasl TMHAMUKa B BUJE
YMEHBIIEHUSI KJIWHUKW IbIXaTeJIbHOW HeaocTa-
TOYHOCTHU (CHUKEHUE MmoKa3aTesel pecrnupaTop-
HOM TIOAJAEpXKH, YBEIUUYECHUE MHJIEKCA OKCHUIE-
Hauum). J1s mocaeayoiero jeyeHus rnmaluueHTKa
rnepeBeaeHa M3 peaHMMAllMOHHOIO B MH(MEKIIM-
oHHoe oTaeneHue OI'BY3 «Menuko-caHuTapHas
qacTh No 2»,

B OAK ot 08.11 oTMeueHO MOBBILIIEHUE TFeMO-
mio6buHa (123 1/11), oO0lIee KOJMYECTBO JICHKOIM-
TOB OBLJIO HECKOJIBKO BBIIIIE TTOPOTrOBOIO YPOBHS,
HO BBIPaXX€HHOCTb BOCIAJUTEIBHON peaKluu
cHusugack (WBC — 9,7 x 10° /i, caBur ¢hopMyJibl
BIIPAaBO 3a CUYeT HEUTPOGUIOB — IaJOYKOsIIep-
HBIE HE OIMPEAeNsINCh, CerMeHTOsIAepHble — 72%);
LYM — 20%; COD — 20 mM/4).

IMonoxurenbHass AWHAMHMKA KJIWMHUYECKOMR
KapTUHBI Ha (OHEe TepanmuM YeTKO IPOCJIeKUBa-
nack ¢ 9.11 (6 meHb rocnuTaJu3anuu, 13 neHb 6o-
JIE3HU) MPEUMYIIIECTBEHHO 3a CYET YMEHBIIEeHUS
BBIPaXX€EHHOCTU CHUMIITOMOB JIbIXaTeJIbHON HEI0-
CTATOYHOCTH (OTCYTCTBOBAJIM XaJa00bl Ha OIBIIII-
Ky, BCloMorarejbHasi MycKyJjiaTypa B aKTe JbIXa-

HuUs He yuyacTBoBaja, YA/ 22 B MmunyTty, SpO, 97%
Ha aTMoc(hEepHOM KHUCJIOPOAE; B PEeCIUpaTOpHON
noaaepxkKe 0ojee He HYK1aJ1acCh).

B BAK ot 10.11 (7 meHb rocnuTaau3aluu,
14 neHp OoOJie3HU) OTMEYaOCh YMEHbIIEHUE aK-
TUBHOCTHU OeJika ocTpoii pa3bl (CHUXEeHUEe heppu-
TuHa 10 108 MKr/71), 4TO coUyeTasoCh C AMHAMUKOMN
KJIMHUYECKOU KapTUHBI 3a00JieBaHUS.

B naboparopHbixaHanuzaxot08.11u 10.11 o6pa-
111aJ10 Ha ce0s1 BHUMaHUeE MOBBILIEHUE YPOBH I TJII0-
ko3el (11,9 1 16,1 MMOJIB/TT COOTBETCTBEHHO), KO-
TOPOE, BEPOSITHO, CBSI3aHO C Ha3HAUYEHUEM TJIIOKO-
KOPTUKOUAOB. B CBSI3U ¢ 3T ObLJ1a TpOBEAEeHAa KOP-
pexuus no3 JekcameTazoHa (CHUXeHue 10 12 mMr/
CYTKU) U Ha3HAUYEH UHCYJUH KOPOTKOTO AEUCTBUS
AXTPOITUJI B TEYEHU Y CYTOK C TPEXKPaTHBIM BBEJIE-
HueM (1 noza — 6 EJI, 2 u 3 no3sl — no 4 E/I).

Ha 14 nens 6ose3nu (10.11, 7 neHb rocnuTaiu-
3allMu) Obljla BBIMOJIHEHA COUpabHasl KOMIIbIO-
TepHasi ToMorpadus rpyaHON KJIETKH, T/Ie BbISIB-
JIEHBI TIPU3HAKU IBYCTOPOHHEN MHTEPCTULIMAIIb-
HOI TMOoJMCerMeHTapHoi mHeBMOHUU (puc. 1—8).
®dopma rpymHOI KJIETKHM ONMcaHa KaK oObIYHasl.
JlerouHsle moss pacnpaBieHbl. Ha ToMorpammax
OpOHXMaJIbHOE IEPEBO BU3yaJIU3UPOBAHO 10 Cy0-
CEerMEeHTOB: caMU OpOHXM He ne(dOopMUPOBAHHBI,
MX NPOCBET B IMpeaeiaX HOPMbI, YCThsI CBOOOTHHBI,
NPOXOIMMOCTb COXpaHEHa Ha BCEM IPOTSIXKEHUU.
Bo Bcex cermeHTax ¢ 00OMX CTOPOH OIpeaesis-
JIUCh TIOJIUMOpPGHBIE, CIMBHbBIE YYaCTKU YMJOT-
HEHUS JIETOYHOUW TKaHU MO TUIY MAaTOBOrO CTEK-
Ja ¢ yyacTkamMu KoHconauaauuu. Ha atom doHe
ObLIM BUAHBI TPOCBETHI OpOHXOB. OTIpenesiiuch
Gbubpo3HbIe TIXU B MNPOEKIUU aluKaJlbHOU
miaeBpbl oboux Jerkux. KoHTypsl muadparmsbl
YeTKHe, CUHYChl CBOOOAHBIE, CBOOOIHAS >XKUI-
KOCTh B IIJI€BpPaJbHOU MOJOCTU OTCYTCTBOBaja.
Tpaxed oOblYHOW (OopMBI M pa3MepoB, KapuHa
octpas. Cocynuctble CTPYKTYpPbl BEpPXHEro cpe-
JNOCTEHUS C YeTKUMU KOHTYpaMU U HOPMaJbHO-
ro a1uamMeTpa, CTEHKH COCYA0B 0e3 KaJbIIMHATOB.
MenuactuHanbHble JUM@OY3abl U JTUMGOY3IbI
KOpHeil o0oux jerkux (0e3 KOHTPACTHOTO YyCHU-
JIeHUs) BU3yaJU3UPOBAHbI €IWMHUYHO, HE YyBe-
audeHbl. Cepalle pacnoyioXeHO OObIYHO, pa3Mme-
pBl B mpeaenaax HOpPMbI. BbISIBIE€HBI YMEpPEHHBbIC
JlereHepaTUuBHO-IMCTpOodUuIecKue U3MEHEHUS
TPYIHOIO OTAeJia MMO3BOHOUHMKA. MArKue TKaHU
TPYIHOU KJEeTKU 6e3 ocobeHHocTel. 1o 3akio-
YEeHM 0 Bpaya-peHTreHoJiora, 06beM MopakeHHOMn
JIETOYHOM mapeHXumbl gocturan 95%. Haunboee
BE€POSITHO, UYTO MATOJOTMYECKHUI TTpolecC y malu-
€HTKH UMeJ BUPYCHYIO IIPUPOLY.

11.11 (16 meHb Gone3Hu, 8 AeHb TOCIUTAIU3A-
uuu) npu onpeneieHun PHK COVID-19 B mazkax
CO cAu3UCThIX 00oJsiouek MeToaoM ITLP monyueH
OTpULATEIbHBIN pe3ybTar.

B ¢Bs131 co cTabunuzauuein KIMHUYECKON Kap-
TUHBlI U TMOJOXUTEJIbHOW NWHAMUKOU JeBYyIIKa
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PucyHok 1. Tomorpamma nerkux Ha yposHe Thill PucyHok 2. Tomorpamma nerkux Ha yposHe ThiV
Figure 1. Lung tomogram at the Thlll level Figure 2. Lung tomogram at the ThIV level

PucyHok 3. Tomorpamma nerkux Ha ypoBHe ThV PucyHok 4. Tomorpamma nerkux Ha yposHe ThVI
Figure 3. Lung tomogram at the ThV level Figure 4. Lung tomogram at the ThVI level

PucyHok 5. Tomorpamma nerkux Ha yposHe ThVII PucyHok 6. Tomorpamma nerkux Ha yposHe ThVIII
Figure 5. Lung tomogram at the ThVIl level Figure 6. Lung tomogram at the ThVIIl level

PucyHok 7. Tomorpamma nerkux Ha yposHe ThiX PucyHok 8. Tomorpamma nerkux Ha ypoBHe ThX
Figure 7. Lung tomogram at the ThiX level Figure 8. Lung tomogram at the ThX level
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Oblj1a mepeBeaeHa B JeTCKOoe MH(MEKIIMOHHOE OTae-
JIEHUE N5 JajbHENUIero Je4yeHus U HaOJTIoIeH .

Ha MoMeHT nepeBona 0oyibHas >Kaja00 He Mpeab-
aBiisiaa. [Ipu dpusmkaapbHOM 00Cief0BaHUHN OMNpe-
JIeJISIJIOCh XKECTKOBATOE IbIXaHHWE, XPUTIbI OTCYT-
CTBOBaJIM, BCIIOMOrarejbHasl IbIXaTeJbHast MyCKY-
JlaTypa B AbIXaHWM He ydacTBoBayia. Carypanus
MPU ABIXaHU Y aTMOC(HEPHBIM BO3TYXOM JIOCTUTaIa
99%. ApTepuaibHOE AaBJeHUE COXPAHSIJIOCHh B OM-
TUMaJbHBIX TIpeaenax (125/75 MM pT.cT., Ha oHe
OTMEeHbI DHajaanpuia).

Co cTOpOHBI J1abopaTOPHBIX MOKa3aTeaeid Kpo-
Bu (oT 12.11) HaGaOOAOCh YMEHbIIEHUE UHTEH-
CUBHOCTHU BOCITAJIMTEJbHON peakiuu (ypOBEHb
CPb cHu3wmics no 12 Mr/mi), HO II0 IIPEXXKHEMY CO-
XpaHsjcs HeuTpobuabHbll Jeitkonutos (WBC
15,31 x 10%; majoukosimepHble — 6%, CErMeHTO-
sanepHble — 74%). [locneqHUIT MOXXHO TPaKTOBaTh
KaK CTEpOMIHBIN JICHKOLMTO3 Ha (oHe Ipruema
HexcameTtazoHa. KoHTponab TIMKEMUM MoOKa3al
YOOBJIETBOPUTEIbHBIE pe3yabraThl (o1 12.11 —
6,1 MMOJIb/71), MHCYJIMH B CTallMOHape 0oJjiee HE Mo~
gyvana. OnHako, yYUThIBass BeCb aHaMHe3 0OJIb-
HOIi, HEJb3sT C TOJTHOM YBEPEHHOCTb MCKJIIOUUTH
HapyIIeHUsT TOJePAaHTHOCTHU K TJIIOKO3€, TTO3TOMY
HE0OXOIMMO TTPOBECTH TOMOJTHUTEIbHOE 00CIeN0-
BaHUE B aMOyJIAaTOPHBIX U TOCIUTAJIbHBIX YCIOBU-
sax. [TapaMeTpbl Ipyrux j1adopaTOpHBIX aHAJIN30B
W MHCTPYMEHTAJIbHBIX 00CJIeIOBaH W OBIJIM B TIpe-
Jieax HOPMBbI.

Cnucok nutepatypsbl/References

boabHas Obljia BeIMMcaHa u3 ctalumoHapa 15.11
(20 pgeHp Oosie3aHu, 12 geHb rocnuTajuU3allvM)
C KJIMHUYECKUM BBI3IOPOBJICHUEM M pPEKOMEHIa-
nuei JajabHeilnero HaOMIOJEHUST Y y4acTKOBOIO
neauaTpa.
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OnucaHnne JaHHOTO KJIWHUYECKOrO cliydas
HarJsIIHO JeMOHCTPUPYET UCKITIOYEHME U3 CYIIe-
CTBYIOIIEN TeHASHLIMU K 00Jiee JIESTKOMY TEUEHUIO
HOBOIT KOPOHABUPYCHOM MH(MEKIINN y MallMeHTOB
nenuarpudeckoro npoduisg. OQHAKO TTPUUYNHON
pa3BUTUS TaKOi TSXKeJIo (opMbI, OE3yCIOBHO,
SABJISIETCS IPEMOPOUITHBIN (POH OOJIBHOI, a UMEH-
HO BBIpaxkK€HHOE OXUpEHUEe B COYETAaHUM C apTe-
puaibHOM TUmnepTeH3ueil. Hanuume B aHamHe3se
MOCJIENHUX AUKTYET HEOOXOOAUMOCTh BEPHO Olle-
HUBATh U MPOTHO3UPOBATH TIXKECTh HOBOII KOPO-
HaBUPYCHOM MH(PEKIINHU AaKe Y MallMeHTOB ¢ N3Ha-
YaJbHO TJIAAKUM TedeHueM 3abojieBaHusg. CTOUT
OTMETHUTh, YTO Ha3Ha4YeHME HEKOTOPHIX Mpernapa-
TOB «off-label» (B maHHO! KJIMHUYECKOM CiIydae
3TO ObIT PeMaecuBup, Ha3HAYEHHBIN 10 PEIIEHU IO
BpauyeOHOM KOMUCCHU) MOXET BHOCUTH CBOI BKJIA I
B Ucxond 001€3HU Y KOHKPETHBIX 00JbHBIX. B cBsi3un
C BBIIIEU3JIOXKEHHBIM, TPeOyeTCS TOCTATOUYHO MOJI-
HO YYUTBIBATh BCE OCOOEHHOCTU aHaAMHe3a XKU3HU
M KJIWHUYECKOW KapTUHBI y IAllMEHTOB JI0OOTO
BO3pacrTa.
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KJIMHUWYECKUW CJTYYAN

UHOULNPOBAHNA SARS-CoV-2,
OCJI0>KHEHHOIO HE®PPOIEHHbIM

OTEKOM JIETKUX U COVID-ACCOLIUMPOBAHHBIM
NHEBMOHUTOM, AJIbBEOJIUTOM

O.B. BopoobeBa, H.E. 'umangunosa, JI.I1. Pomanosa

B nomMoLLb NpakTU4eCKOMY Bpady

NHdekumns n uMmyHnTeT
2023, T. 13, Ne 1, c. 183-190

Droy BO Yysawckuii cocyoapcmeennuiit ynusepcumem umenu U.H. Yavsanosa, e. Yeboxcapwi, Poccus

Pesome. COVID-19 — 3a00neBaHue ¢ BBICOKOW CTETIEHbIO MEPeauyr, 0COOEHHO TSXEJO MPOTEKAIOMIUKA Y manu-
€HTOB ¢ He(POreHHOU TUIEePTEH3UBHOI 00JIE3HBIO U XPOHUYECKOI 00J1e3HbIO MOYEK, TaK KaK Y HUX 4acTOTa UH-
dbexuumii Bcex BUAOB BblllIe, yeM B o01eit monynsiuuu. Llens uccienoBaHust — onucaHue KJIMHUYECKOTO cayyast
nHpuuupoBanusi SARS-CoV-2, ocioxHeHHOTo HedporeHHbIM oTeKoM Jierkux u COVID-acconnnpoBaHHBIM
MHEBMOHUTOM, anbBeoiutoMm. bonbnas K.C., 1975 1. poxa., B Te4eHUe CYyTOK HAXOAMJIACh HAa CTAIIMOHAPHOM Jie-
yeHUU B bosibHUIIE CKOPOIt MEAUIIMHCKOI TIOMOIIM B CBSI3U C XaJo0aMM Ha MOBBIIIEHUE apTePUabHOTO TaBJie-
Hus go 180—200/110—120 MM pt.cT., Temmneparypsl g0 38,7°C, cyXoii Kalieilb, YyBCTBO TSIXKECTH B TPYIHON KJIeT-
Ke, u3MeHeHue 1Beta Mouu. Iuarno3 COVID-19 Obl1 moaTBep:KAeH MpU UCCAeAOBAaHUM Ha30(papuHTeaaIbHOIO
Maska metoaoM ITIP. [To gaHHBIM KOMMBIOTEPHOI ToMorpaduu BbIgBIeHA KapTuHa ABycTopoHHero COVID-
ACCOLIMMPOBAHHOTO ITHEBMOHMTA, aJIbBEOJINTA, C TIopaxeHueM 75%. Ha anekTpokapauorpaMMe BbISIBICHBI TPHU-
3HAKU TUIIepTpoduu MrUOKapaa IeBoro xeaymnouka. [1o pe3ynpraram yIsTpa3ByKOBOTO 00CIeTOBAaHUS OIIpeaesi-
JINCh MHOTOYMCJICHHBIE KUCTHI B Toukax. OOINii aHATU3 MOY U TTPU MOCTYTIJICHU U B CTallTMOHAD: TEUKOIUTHl — 499,
sputpouuthl — 386. CkopocTh Kiay6oukoBoit dunaprpanun (CKD-EPIL: 29 ma/mMun/1,73 M?) cooTBeTCTBOBAA
IV cranuu xpoHunveckoii 6osie3Hu movek. [o raHHBIM Koarysaorpammbl: puopuHoreH: 32,3 (1,6—4,0) r/x1, D-numep:
663 (0—250). HecMoTpst Ha TpOBOIMMOE JIEYeHKE, COCTOSIHME MAallMeHTKH YXYAIIaJI0Ch, HapacTaau SIBJICHUS cep-
JIEYHO-JIETOUHO U TOYEYHOU HEJIOCTATOYHOCTHU, UTO MPUBEJIO K JIeTaibHOMY ucxony. [1pu Bupyconoruyeckom mc-
cinenoBanuu cekumonHoro marepuana: PHK koponaBupyca SARS-CoV-2 6bi1a 00HapyKeHa B JIETKOM M TTOYKaX.
BoisiBneHsl npusHaku aByctopoHHero COVID-accoumupoBaHHOTO MHEBMOHUTA, ajlbBeosuTa ¢ AU(POY3HBIMU
KJIETOYHBIMU UHPUIBTPATAMU B COUETAHUU C UBMEHEHUSIMU CO CTOPOHBI aJbBEOJISIPHOTO almnapara, Ipu3HakKa-
MU oTeka Jerkux. Co CTOpOHBI cep/illa — OTeK MHTEPCTUILM S, MbIIIEUHbIE BOJIOKHA (hparMeHTUPOBAHHBIE, YaCTh
13 HUX — TUIEepTpodupoBaHa, OTMeUYaJach BOJHOOOpa3Has aehopMalns KapaIuOMUOIMTOB, CMa3aHHOCTh 10~
MepeYHON NCYCPUECHHOCTU. APTepUU C YTOJNIIEHHBIMU CKJICPO3UPOBAaHHBIMU CTeHKaMU. B moukax — nuddysHoe
MMOBpEeXICHNE TTPOKCHMMAIbHBIX KaHaJIbIleB He(pOHA ¢ YyUacTKaMU KOPTHKAJIBHOTO M MPOKCUMAJIbHOTO HEKPO-
Hedpo3sa, yuactkaMu puOpuHOUIHOTO HaOyXaHUs. 3akaoyerue. [IpudMHON cMepTH MALIMEHTKU 45 JIET, SIBUJIOCh
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Tsixesloe TedyeHue apyctopoHHero COVID-accounnpoBaHHOTO MHEBMOHUTA, ajibBEOJUTA, CIIOCOOCTBOBABILIErO
Pa3BUTUIO PEHAJbHOM MEAYJISIPHON TMITOKCMM U KapAuO-peHAaJbHOMY CUHApPOMY | THIIa, KOTOpbIE MpUBEIU
K paHHEMY HE(POTreHHOMY OTEKY JIETKHX.

Karoueesoie caosa: COVID-19, neppoecernniii omek Aeekux, NOAUKUCINO3, NOUKU, NHEEMOHUN, AAbEEOAUN.

A CLINICAL CASE OF SARS-CoV-2 INFECTION COMPLICATED BY NEPHROGENIC PULMONARY
EDEMA AND COVID-ASSOCIATED PNEUMONITIS, ALVEOLITIS

Vorobeva 0O.V., Gimaldinova N.E., Romanova L.P.

Chuvash State University after I.N. Ulyanova, Cheboksary, Russian Federation

Abstract. COVID-19 is a highly transmissible disease with severe course especially in patients with nephrogenic
hypertensive disease and chronic kidney disease due to a higher incidence of all-type infections than in the general
population. The aim of the study is to describe a clinical case of SARS-CoV-2 infection complicated by nephrogenic
pulmonary edema and COVID-associated pneumonitis, alveolitis. Description of the case. Patient K.S., born
in 1975, was hospitalized 24 hours after symptom onset at emergency hospital due to complaints of increased blood
pressure up to 180—200/110—120 mm Hg, temperature up to 38.7°C, dry cough, feeling of heaviness in the chest,
change in urine color. PCR smear for SARS-CoV-2 was positive. Computed tomography revealed a pattern of bilateral
COVID-associated pneumonitis, alveolitis, with 75% involvement. The electrocardiogram revealed signs of left
ventricular myocardial hypertrophy. Ultrasound examination showed numerous cysts in the kidneys. Urinalysis at
admission: leukocytes — 499, erythrocytes — 386. Glomerular filtration rate (CKD-EPI: 29 ml/min/1.73 m?) and
corresponds to stage IV of chronic kidney disease. Coagulogram: fibrinogen: 32.3 (1.6—4.0) g/1, D-dimer: 663 (0—250).
Despite the treatment, the patient’s condition worsened, the phenomena of cardiopulmonary and renal insufficiency
increased, which led to a fatal outcome. During a virological study of sectional material: SARS-CoV-2 coronavirus
RNA was found in the lung and kidneys. Signs of bilateral COVID-associated pneumonitis, alveolitis with diffuse
cellular infiltrates in combination with changes in the alveolar apparatus, signs of pulmonary edema were revealed.
Heart-related signs — swelling of the interstitium, fragmented muscle fibers, some of them hypertrophied, a wave-like
deformation of cardiomyocytes, blurring of the transverse striation. Arteries with thickened sclerosed walls. In the
kidneys — diffuse damage to the proximal tubules of the nephron with areas of cortical and proximal necronephrosis,
areas of fibrinoid swelling. Conclusion. The cause of death of a 45-year-old patient was a severe course of bilateral
COVID-associated pneumonitis, alveolitis, which contributed to the development of renal medullary hypoxia and
type 1 cardiorenal syndrome, which led to early nephrogenic pulmonary edema.

Key words: COVID-19, nephrogenic lung edema, polycystic disease, kidneys, pneumonitis, alveolitis.

BeepneHue

B Hacrosiee BpeMsi MpoaoKaeTcsl MHTEHCHUB-
HOE M3yYeHUEe KJIMHUYECKUX U SMUAECMUOJIOTUYeC-
KX OCOOEHHOCTEl KOpPOHaBUPYCHOU MHMEKIINH,
pa3paboTKa HOBBIX CPEIACTB €ro IpPOMUIaKTUKHN
u ieueHus1. Haubolsiee pactipocTpaHeHHBIM KJIWHU-
YeCKUM IIPOSTBJICHUEM HOBOTO BapraHTa KOPOHABH-
pycHoIl mHpeKInn sBiseTcss BupycHbIi COVID-
aCCOIMMPOBAaHHBIN ITHEBMOHUT, aJbBEOJIUT, y 3—
4% TallIeHTOB 3aPEerUCTPUPOBAHO PA3BUTHUE OCTPO-
ro pecrnupaTopHOTo AUCTpecc-cuHApoMa [4, 8§].
Y yacTu OOJIBHBIX pa3BUBaeTCs TUIIEPKOATYJISIIIU-
OHHBI CUHJAPOM ¢ TpoMOO3aMU U TPOMOOIMOOJ T SI-
MU, TopakaloTcs IEHTpaJbHasi HEpBHAsI CHUCTeMa,
MHUOKAPI, MMOYKH, TICYCHD, KEITyIOUHO-KUIITCUHBIA
TPaKT, SHIOKPUHHAS 1 UMMYHHAasI CUCTEMHI [2, 3].
OmHaKO OCHOBHOI M OBICTPO JOCTUKMMOI MMUIIIE-
HbI0O SARS-CoV-2 gBisI10TCS anbBeOJIIpHBIC KIET-
ku Il Tuna nerkux, 4To orpenenasieT pa3BuTue Aud-
¢y3HOro aabBeoiIpHOro noppexaeHus [9, 10, 12].

Mexxay modyKaMU U JIeTKUMU UMEEeTCS TecHas
¢yHKIIMOHABbHAS B3aMMOCBSI3b, KOTOpas IeaacT
nX HanboJIee BOBJICYCHHBIMU B CUHIPOM ITOJIHOP -
raHHoii HemocTaTouHOCTH. CoueTaHUE OCTPOTO
MOBPEXACHUS JETKUX M MOYeYHON HEeaoCTaTod-
HOCTM NpUBOAUT K cMepTHoctu B 80% ciyya-
eB. B pesyipTaTre OCTpOTro MOBPEXIACHUS ITOYEK
(OINIT) mpoucxXomUT yBeJWYECHUE LUPKYJIUPYIO-
MHUX IIUTOKMHOB, XeMOKNHOB, aKTUBUPOBAaHHBIX
BPOXICHHBIX NMMYHHBIX KJIETOK U UX TU(PPYy3Us
B ApyTHUE OpTaHBbI, B TOM YHCJIe — B JIeTKHE. DTHU
¢daKTOPBl MHUILIUUPYIOT ITATOJTOTUYSCKU I KacKas,
KOTOPBIHi B KOHEUHOM MTOre MPUBOAUT K OCTPO-
MY MOBPEXICHUIO JIETKUX B BUJAEe HEDPOTEHHOTO
OTeKa U OCTPOro peCnupaTOPHOIro 1UCTPeCcC-CUH-
npoma (OPIC).

Hanuuune 3aboseBaHUS MOYEK SBJASETCS
HE TOJBKO (PaKTOPOM pHCKA WHOUIIMPOBAHUS
SARS-CoV-2 BcaeacTBue BBICOKOW DKCIPECCUU
ACE2 B pa3nnuyHbIX OTHIeaax HepoHa, HO (paKTO-
DPOM OCJIOXKHEHHOTO TeUeHU I TaHHOTO BUPYCHOTO
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3aboneBaHusl. OTHUM U3 TaKMX pacIpOCTPaHEH-
HBIX 3a00JIeBAaHUN MOYEK SIBIASIETCS MOJIUKUCTO3.
OH cocTaBiasieT okoJio 12—15% cpenu Bcex ypo-
Jorudeckux 3aboseBaHuii. Kuctel obOpasyroTcs
n3-3a MOBBIIIEHHON Tposudepauuun u audde-
PEHIIMPOBKU OBIIUTENMSI KaHaJbIeB HedpoOHA.
KucThl B mouke, Kak IIPaBUJIO, BOSHUKAIOT (O-
KaJbHO, U M3-3a YBEJIWYEHUS 00beMa KUCT IIPO-
WCXOIUT CAAaBJICHNE COCEITHUX 3J0POBBIX HEDpO-
HOB; ITOCTETIEHHO TT0YKa TepsieT GUIbTPYIOIIYIO
¢yHkuuto. IloMmumMo oOCHOBHOTO 3abojeBaHUS
y OOJIbHBIX C KUCTO3HOI 00JIE3HBIO MOSIBJSIIOTCS
HapylLIeHUsI CO CTOPOHBI CEPAEYHO-COCYAUCTON
CUCTEMBI B BUJIe HEPPOTEHHOW runepTeH3um [1,
5, 14].

IMopaxkenue mnouek npu COVID-19 moxer
paccMaTpUBaThCs KaK CICACTBUE ICHCTBUS KOM-
MJICKCa MEXaHMU3MOB, MHIYIUPOBAHHBIX BUPYCOM
SARS-CoV-2. Boiieas1oT HeCKOJIbKO MaTO(@U3Un0-
JIOTUYECKUX MeXaHU3MOB. [lepBbIii BKJIOUaeT
nutonatuyeckuit acddekr SARS-CoV-2 Ha mo-
YEYHBIIl AMUTEJUN C pa3BUTUEM OCTPOro TyOy-
JIOHEKPO3a U UMMYHOOIMOCPEIOBAHHOI'O TTOBPEX-
IeHUus TmoyedyHoro mHtepctuuus [7, 11]. Bropoii
npeacTaBiasieT co00il CHMHAPOM ITUTOKMHOBOTO
IITOpMa, BO3HUKAIOIIUM KaK CJIEICTBUE TUIEP-
aKTUBAIlUM MMMYHHOW CHCTEMBI C pPa3BUTHUEM
OCTPOTO ITOYEUHOr0 M MYJBTHOPTAHHOTO BOCIIA-
JINTEJIBHOTO TIOBPEXJAECHUSI, Y€MY COITYTCTBYIOT
TMUTIOKCHUSI, TUTIEpaKTUBAIIMS KacKaaa KoaryJis-
OUY M HapyIIeHUS MUKPOLMUPKYIAIUNU. B cBsI3M
C aKTYaJIbHOCTBIO U TJ100aJbHOCThIO MTPOOIEMBI,
1eJIb UCCIEA0OBaAHUSI — OINMUCAHUE KJIUHUUYECKOTO
caydasi OCJIOXKHEHHOTO TeYeHUs MHOUIupoBa-
Hug SARS-CoV-2 y nmanueHTa ¢ IMOJUKUCTO30M
MoYeK.

OnucaHue cnyvas

bonbrHag K.C., 1975 r. poxa., nocTaBjieHa Opu-
ragoi CKOpou MEOAUIMHCKOMN MOMOIIU B JUATrHO-
CTUYECKOE oTaejieHrue BOoJIbHUIIBI CKOPOU Meau-
LWHCKOI IMMOMOIIIX TT0 3KCTPEHHBIM MOKa3aHUSIM.
KanoObl mpu MOCTYMNJEHUU Ha MOBbIILIeHUEe A]Jl
mo 180—200/110—120 MM PpT.CT., KOTOpPOE OIIY-
IaJOCh B BHJEC WHTCHCUBHOI TOJIOBHOU 00U,
noabeM temrmepatypsl 10 38,7°C, cyxoii KallleJib,
MPEUMYIIECTBEHHO B HOYHBIC Yachl, 9YBCTBO Ts-
JKECTH B IPYJHOM KJeTKe, 00JIU B MOSICHUYHOU 00-
JacTu, u3MeHeHue 1uBeta mMmouu. [loBbieHue AJL
cTajla OTMeJYaTh B MOCJEeIHMUE IBE HeleaU 0 T10-
CTYILJICHUS B CTallMOHAp, HECMOTPS Ha MOCTOSH-
HBIT TTpueM ¢usnHorpuiaa no 30 Mr B CyTKHU B 2
npueMa. /1o yXyHmIIEeHHWSI COCTOSHUS «HOPMAaJb-
HBIM» 1JI cebs cuuTana A/l B mpememax 130/80—
90 MM pr.cT. bbima mpoBeaeHa KOMMbIOTEpHAS
tomorpadus (KT) opraHoB TrpyaHOU KJIIETKH,
BBISIBJIEHBI ABYCTOPOHHUI aAuddy3Hbiii COVID-

aCcCOUMUPOBAHHBIN MHEBMOHUT, aJIbBEOJIUT, ITPO-
HEHT ITOpakeHusT — 75; IBYCTOPOHHUWIA TUIPOTO-
pakc. I[P Ma3ka 13 HOCOTJIOTKM Ha KOPOHaBU-
PYCHYI0 MH(EKIIUIO IMOJTOXKUTEIbHAsI.

W3 naHHBIX aHaMHe3a U3BECTHO, YTO HaXOIU-
Jlach Ha IMCIaHCEPHOM HaOJIIOAEHUH Y TepalieBTa
MO MECTY XXHWTEJIbCTBa IO MOBOAY MOJMKHCTO3a
noyek okoJo 15 nert.

I1py 00BEKTUBHOM OCMOTpE: B JIETKUX — AbIXa-
HHUE OcabJIeHHOE BE3UKYJISIPHOE C XECTKHUM OT-
TEHKOM, YKOpPOUYEeHUE MEePKYyTOPHOro 3ByKa, MeJi-
KoIly3bIpyaTble Xpumbl. YacToTa mbIXaTeJbHBIX
nBUXeHU# 32—36 B MuHyTy. CO CTOPOHBI CEpaeY-
HO-cocyaucToii cuctembl. Ocnab6ieH [ ToH cepana,
BBICTIYIIIMBAJICS CUCTOJMYSCKUI IITyM Ha BEPXYIII-
K€, 4acToTa CepaeYHbIX cokpalueHuii 102 ya/MuH,
1—2 3KcTpacucTodbl B MHHYTY. ApTepuaibHOE
nasjieHue 160/100 mMm pt. ¢c1. Co CTOPOHBI HUllle-
BapUTEJbHONW cuUCTEMBbI. A3bIK 00JIOXEH OebIM
HaJleTOM. ZKMBOT MATKHWI, TIpU HajbIanuu 6e3-
o6one3sHeHHBIN. [leduenp Ha 3 cM HUXXe Kpas pe-
OepHOil nyru, 0Oe300je3HEHHAasl, Kpail TIeYeHu
HECKOJIBbKO YIJIOTHEHHBIN. CUMITOM TMOKOJIA4YM-
BaHUS 110 00JIACTH TIOYEK — OTIpeeisieTcs 0oes3-
HEHHOCTH. BEIIBISAIOTCS OTEKM TOJICHEH M CTOII.
Carypauus 40%.

IlpoBeneHHble OOCHENOBaHUS IIPU TIOCTY-
MJICHUW: B OOIIEM aHajlu3e KPOBU OTMEYAIOTCS
Npu3HaKu JelkouuTo3a U TmnoBbllIeHHOe COD
(Tabu. 1, 2).

buoxuMnyeckuii aHaJanu3 KPOBU: MOYEBUHA —
12,1 mMonb/n, kpeaTuHUH — 179,0 MKMOJB/T,
C-peakKTUBHBI 0e10K — 52 MT/J1, KaJdbLIM i1 OO —
1,93 mmonb/a, anbbymuH — 25,5 /1, hbeppuTuH —
376,9 Hr/min, naktaTaerunporeHasa — 435,0 Ex /.

Koaryiorpamma: nOpoTpOMOMHOBBIM  MH-
nekc: 94,7%, ¢eubpunoren: 35,3 r/n, MHO: 1,03,
AUYTB: 23,6 ¢, nporpoMbuHoBoe Bpems: 11,1 ¢,
D-numep: 763.

OO01IMiT aHAJIU3 MOYU: JIEUKOLIUTHL: 499, apuT-
pouutsl: 386, 6akrepun: ++++. CKOpOCTh KIy-
ooukoBoii dunprpauuu (CKD-EPI): 29 wmn/
muH/1,73 M2, cHUXeHa U cooTBeTcTBYeT 1V cra-
nun XbII.

JuHaMnKa W3MCHCHUM J1abopaTOPHBIX II0-
KazaTeJiei oO0Iero aHajn3a KpPOBU M JICHKOIIM-
TapHOU (OPMYJIBI Ha 2-¢ CYyTKHU MpeAcTaBiieHa
B Tabn. 3u4.

buoxuMunuecknit  aHaIM3 KpPOBU: MOYEBU-
Ha: 15,1 wmwmonb/n, kpeatuHdochokmnHaza —
MB: 40,0 En/n, xpeatmHuH: 187,0 MKMOIB/T,
C-peakTuBHBIN Gellok: 64 M1/, GEeppUTUH:
469,8 Hr/ma, nakraraoeruaporeHasa: 552,0 Ex/i.

Koarymorpamma: nOpoOTpOMOMHOBBIN  WH-
mekc: 89,4%, oubpunoreH: 32,3 r/m, MHO: 1,15,
AYTB: 20,3 c, nporpoMObuHOBOEe Bpems: 12,3 c,
D-pumep: 663.
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TaGnuua 1. O6WwMit aHaNN3 KPOBM NPU NOCTYNJIEHUUN B CTaLMOHAp
Table 1. General blood analysis on admission to the hospital

Mokasatenu JlenkouuThbl ApuUTpounTbl FemornoGuH TpomGouuThbI CKO;):::; oo::::‘;"m
Parameter Leukocytes Erythrocytes Hemoglobin Platelets Sedimentation rate

¥ nauvenTky 13,08 x 10%/n 4,03 % 109/ 126 r/n 346 x 10%/n 40 Mm/4

In patient

Pedepenchbie 3,80-8,76 4,54-6,00 120-147 173-360 2-8
Referenced
Ta6nuua 2. JleiikouutapHasa ¢popmyna npu NoCTynaeHUmn B cTauMoHap
Table 2. Leukocyte formula on admission to the hospital

Mokasatenu Hentpodunbi JNiumodounTsl MoHoUuUTbI o3uHopunbl
Parameter Neutrophils Lymphocytes Monocytes Eosinophils

¥ nauvenTky 9,81 x 10%/n 11,70 x 10%/n 1,44 % 109/ 0,13 % 109/n

In patient

Pegepetictibie 1,50-5,00 1,05-2,87 0,22-0,63 0,03-0,27
Referenced

OO6mmuit anaaus mouu: pH — 5.0, nefikouuTsl —
386, aputpouTsl — 289. CKOpOCTh KJIyOOUKOBO
dunprpanuu (CKD-EPI): 28 mi/MuH/M>.

VYabTpaszBykoBoe uccienosanue (Y3U) opra-
HOB OPIOITHOM ITOJIOCTH W MOYEK: IeYeHb pa3Me-
pamu 30 x 17 x 13 x 10 X 9 cm. B mrpaBoii moe oT-
MeUarTCsI MHOXECTBEHHBIC OYTOPKU (KMCTO3HBIEC
noaoctu) B auameTpe oT 0,5 10 4 cM, BBISIBIISIET-
Cs1 He3HAUYUTEJbHBIN TepurnopTaibHbili HUOPO3.
PasMmepnl mouek: mpaBas 14 x 10 x 8 cm, neBas 18 x
10 X 8 cM. B moyeuHoli mapeHXxuMe pacriojararT-
csl OKpyIJible 0O0pa3oBaHUs (KUCTHI), pa3MepaMu
1o 2 cMm. TonmmuHa CI0s MapeHXUMBI COCTaBIISICT
30 mMm.

OxoKTI: aopra 35 MM, JIeBoe Tipeacepaune 43 MM,
TOJIIMHA  MEXXKEJYyA0YKOBOU  IMEperopoaku
10 MM, TonmumHa 3agHeil cteHKU 10 MM, KOHeY-

HO-cucToauueckuii pasmep 30 MM, KOHEUHO-AH1a-
cTonnvyeckuit pasmep 50 MM, ¢ppakuus BeiOpoca
70%, HAEKC MacChl MUOKap/aa JIEBOTO XKeIyI04Ka
127,7 /M2,

BnexTpoKapauorpadus: a) OTKIOHCHHUE 3JIeK-
Tpuueckoit ocu BiaeBo (ot 00 mo —900); 6) RI >
10 mMm; B) S (Q) avr > 14 mm; 1) Tavr > 0 ipu S (Q) >
Ravr; m) Rv5, v6 > 16 mMm; e) Ravl > 7 mm; k) TvS,
v6 < 1 mm; ipu Rv5, v6 > 10 mm u Tvl-v4 > 0.

I[TpoBoauIOoCh KOMILIEKCHOE JieueHHe (CO-
IJ1acHO KJIWHHUYECKUM pPEKOMEHOAILINSIM): IIpO-
TUBOBUPYCHbBIC, aHTATOHUCTHI peLenTopoB 1L-6,
antukoarynsgHTel, ['KC. CocrtosgHne ©00JbHOI
IPOrpeCCUBHO YXYIIIAIOCh, HapacTalu SIBICHUS
CEepACYHO-JIETOYHOM U IMOYECYHOM HEIOCTATOYHO-
cTu. PeaHMMallMOHHBICE MEPONPUSITUS TTPOBOAU-
auck B TeueHue 30 MmuH, 6e3 apdexkTa. KoxHbie

Ta6auua 3. 06w Mit aHaNU3 KPOBU Ha 2-e CYTKM NpebbiBaHUS B CTauMOHape
Table 3. General blood analysis on the 2" day of hospital stay

MokasaTtenu JleikouuThl ApPUTPOLUTHI Femorno6uH TpomGouuTsbl cmg:::;;::_gi"""
Parameter Leukocytes Erythrocytes Hemoglobin Platelets Sedimentation rate
Y naumeHTku 9 9 5
In patient 11,30 x 10%/n 3,85 x 10%/n 126 r/n 215 x10%n 37 Mm/M
Pedepenchbie 3,80-8,76 4,54-6,00 120-147 173-360 2-8
Referenced
Ta6nuua 4. JleiikountapHaa popmyna Ha 2-e CyTKM NpeObiBaHUS B CTaLMOHape
Table 4. Leukocyte formula on the 2" day of hospital stay
Mokasatenu Hentpodunsbi JinmdounTbl MoHouunTbI So3uHo DUk
Parameter Neutrophils Lymphocytes Monocytes Eosinophils
¥ nauvenTiy 9,83 x 10%/n 0,79 x 109/ 0,57 x 10%/n 0,11 x 10%/n
In patient
Pedepetchbie 1,50-5,00 11,05-2,87 0,22-0,63 0,03-0,27
Referenced
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MOKPOBBI CTAJIM HUAHOTUIHBIMHU, CAMOCTOSITEIIb-
HOe JbIXaHWe, CO3HAaHWE OTCYTCTBOBaJO, aped-
JIEKCUSI, aTOHUSI, TTYyJIbC Ha MAaruCTPaJIbHBIX COCY-
Jlax He maJiblmupoBascs, no naHHbiM OKI — acu-
ctoausi. KoHctatupoBaHa cMepThb.

BricTaBieH 3aKIIOUUTEIbHBIN KJIMHWUYECKU I
nuarHo3. OcHoBHoe 3a0osieBaHue: KopoHaBupyc-
Has uHbekuusa COVID-19, Bupyc uneHTUbU-
nupoBaH (U07.1). Konkypupymwiiee 3aboJie-
BaHMe: [loMMKUCTO3 TI0YeK, B3POCJBIA THII.
XBIT 4 cragusa. ConyTcTBylollee 3abojeBaHUE:
I'mnepronnueckas 6one3ns 11 ct, AT III cT. TJI2K.
Puck II1. OcnoxXHeHUsT OCHOBHOTO 3a00JIeBaHUS:
JBycTtoponHuit nuddys3nbiii BupycHoiiit COVID-
aCCOLMMPOBAHHBIU IMTHEBMOHMUT, aJibBeoauT. KT-
3, npoueHT nopaxeHus 75%. OPAC Tsikeioi cTe-
nean, OCCH.

B cBs3u ¢ KOHCTaTtanumel cMepTyU HaIlpaBjieHa
Ha ITaTOJI0roaHaTOMMUYECKOEe MCCIeIOBaHNE.

I[Ip1 CceKUMOHHOM WCCIICOOBAHUU BEPXHUX
IBIXaTeIbHBIX MYTEH: CIN3UCTHIC OOOJIOYKH Tpa-
Xeu, OpPOHXOB OTCYHEBIE, PO30BBIC, C MCJIKUMMU
TOYEYHBIMU KPOBOU3JIUSIHUIMU. B miaeBpaib-
HBIX TTo0cTAX 1Mo 200 MJa po30BOIl Mpo3payHOU
XKUAKOCTU. JlerkKme TSsKeable, OTMEYaeTCs WX
pe3koe MmoaHoKpoBue u Anuddy3Hoe yIJTOTHEHUE.
Ipu rucToJioTMYEeCKOM MCCIieToBaHUM Mpeobdia-
IAIOT yYacTKM AUCTEJIEKTa3a B BUIE OOIIMPHBIX
MmoJjieit, aJibBEOJIbl HEPABHOMEPHO pacrpaBJieHbI,
OroJIeHHbIe 0a3zajbHble MeMOpaHBbI, B IPOCBETE
aJbBEOJI CepO3HO-(MOPUHOZHBIN 3KCCYIaT, CIy-
IIIEHHbIE aJbBEOJIOUTHI U MakKpodaru (puc. I,
BKJIeiika, c. I), Ha MmecTax orojieHHoOI1 6a3aJibHOM
MeMOpaHbl HaJOXEHUs TOMOTE€HHBIX PO30BBIX
Macc B BUJE «MHOJYJYHHII» IO TUITY TMAJTMHOBBIX
meMOpaH (puc. 2A, Bkierika, c. II). Beigasasiioch
HEepaBHOMEPHOE CKOIJIEHUE SPUTPOLIUTOB B IPO-
CBeTax ajibBEOJI: OT HEOOJBIIOr0 Yucaa A0 IOJ-
Horo ux 3anonHeHus (puc. 2b, Bkieiika, c. II).
OTMevaJicsl UHTpaaabBeOJIPHBINA OTEK; AEeCKBa-
MallMs ajJbBEOJIIPHOro (B BUIE OTACIbHBIX KJIE-
TOK U UX IJJACTOB) U OPOHXUOJSIPHOIO SMUTEIN S,
MOsIBJICHUWE KPYIIHBIX, HENpaBUJIbHON (OPMBI
anbBeouuToB Il Tumna, ¢ yBeandyeHHBIMU sIApaMu
C TPy0O3EePHUCTHIM XPOMAaTUHOM M OTYETJIUBBIMU
SIAPBIIIKAMH.

B monoctu mepmkapma HeEOOJBIIOE KOJIMYe-
CTBO TIPO3padyHOI XKEJITOBATOM XKMIKOCTHU, JIUCT-
KU TIepHKapaa BIaXKHBIC, IIaaKue, oI SITUKap-
JIOM YMEPEHHOE OTJIOXEHNE KMPOBOM KjeTdaT-
ku. Cepnue pasmepamu 12 x 10 x 7 cMm, Maccoit
270 1. BeHeuHBIC apTepU MaTUCTPaJIbHOTO THUIIA,
B IIPOCBETE UX XUAKAs KPOBb, CTEHKH PEXYT-
CcsI C XpYCTOM, Ha MHTUME JIMTIOCKJIEPOTUUIECKIE
HajoxeHUs. B TosiocTsix cepama KpacHbIE TIO0-
CMEPTHBIC CBEPTKHU M KUAKAs KPOBb, IMOJOCTU
HE pacIIUpeHBbl, SHIOKApPA BIaXKHBINW, TJTaIKWNA.

Ha kmamaHax cepaila MMeEIOTCS aTepOCKICPOTH-
YyecKue HaJOXEHU S, KOTOpble TIPUIAI0T MeCTaMM
PUTUIHOCTh, TIOJABUXHOCTH KJIAlIAHOB COXpa-
HEHa, CMBIKAIOTCS TUIOTHO, CYXOXWJIbHBIE HUTHU
TOHKUE, TIagkue. Muokapa — aApsiOablit, HA pa3-
pe3ax KpacHO-KOPUYHEBbI, C cepo-0e1ecoBaThl-
MM TIEPUBACKYJISIPHBIMU NPOXMIKaMU. TomnHa
MUOKapaa npaBoro xkeiayiaoudka cepaua — 0,3 cwm,
neBoro — 1,6 cM. [1pu TUCTOIOTUYECKOM UCCIEN0~
BaHUU: YMEPEHHBbIN OTEK UHTEPCTULIMSI, MbIIIEY-
HbI€ BOJIOKHA HEpaBHOMEPHO (hparMeHTUPOBaHBI,
AUCTpoUYeCKUe U3MEHEHU S KapAHMOMUOLIMTOB,
BaKyoJM3alMs LIUTOIJIa3Mbl, BOJTHOOOpa3Hasl Jie-
dopmalMsa KapAUOMMUOIIMTOB, CMa3aHHOCTb IIO-
NepevyHON MCUYEPUEHHOCTU, KapAMOMUOILIUTHI He-
3HAYUTEJIbHO TUMNEPTPODUPOBAHBI, OTMEUACTCS
MeEJIKOCETYaToe pa3pacTaHME COCIUHUTEIbHOU
TKaHU. APTEPUHN C YTOJIIEHHBIMU CKJISPO3UPO-
BaHHBIMU CTeHKaMu (puc. 3, BKJIelika, c. 1I).

[TapanedpanpHas KieT4aTKa BBIpa’kKeHa XO-
poIIo, TMOYKKU 000OBMIHON (OopMBI, padMepaMu
npaBas 14 x 10 x 8 cm (macca — 280 1), 1eBas 18 x
10 x 8 cm (macca — 370 1). ®ubpo3HaAs Karcyiia
CHHUMAaeTCS TSIXeJIO0, MTOBEPXHOCTH MOYEeK Oyrpuc-
Tas1. Ha pa3pe3zax aHaTOMHUYECKOE CTPOCHHE CTEeP-
TO, BEIIEeCTBO ITOYCK MPEACTABICHO B BUIIC MHO-
JKECTBCHHBIX KHCTO3HBIX MOJIOCTEel B aMaMeTpe
0 2 cM, C MYTHOBAaThIM CEpPOBATOTO IIBETa CO-
JNePXUMbBIM, MECTaAMU C COXpaHEHUEM TMOYeYHOMN
napeHxXxuMbl. CIM3MCTasl YallieK U JJOXaHOK Cepo-
OesiecoBaTasi ¢ MOJHOKPOBHBIMU COCYIaMHU, €IU-
HUYHBIMY MEJIKOTOUYCYHBIMU KPOBOU3IUSTHUSIMH
nox causuctoit. [Ipu rucrosornueckom uccieno-
BaHUMU: Karicyja ToYeK pa3pbIXJICHO-HaOyXxIas,
cTpoMa OoTedHasl, KalnuJIJISIpbl KJIyOOYKOB, CTPO-
MBI KOPBI 1 MO3I'OBOI'O CJIOSI HEpaBHOMEPHO IT10JI-
HOKpOBHBIe. KaHaibllbl MecTaMU pacCIIMpPEHHI,
BbIIIOJIHEHbBI TOMOT€HHOW PO30BOM MaccoOM, 3nu-
TEJIUM B HUX C NUCTPOUIECKU-aTPpODUIECKUMU,
HEKPOTHYECKMMU H3MEHeHUusIMUu. B mapeHxume
MOYKU UMEIOTCS paialbHO PACIIOJI0XEHHbIE pac-
IIMPEHHBIe cCOOMpaTeIbHbIe KaHaIbllbl, KOTOPbIE
00pa3yoT MoYyeyHble KUCTHI AMAaMETPOM OO0 2 CM,
MEXIY KOTOPBIMU BBISIBIASIOTCS COXPaHEHHBbIE
KJyOOUKH M KaHaJbllbl, MHOXXECTBEHHBIC MEJIKIE
KHUCTHI BBICTJIAaHBI HU3KUM KYOMYESCKUM SMUTCIU -
eM, colepxKalue XKuakoctb (puc. 4A, 111 o610xK-
Ka). OmpenesisseTcss MHTEPCTUILIMATIBHBIN HUOpPO3
HapeHXUMBI MOYeK, KIYyOOUKM M KaHaJbIbl Ova-
roBO aTpohUPOBaHBI, CKJICPO3NUPOBaHHI (puc. 4B,
111 o610k Ka).

CTeHKHU apTepHil MUPKYISIPHO CKIECPOTHUYEC-
Ku yrtommeHbl (puc. 4B, III obGmoxxka), cTeH-
KM apTepuosl LUUPKYISIPHO THAIWHU3IUPOBAHBI.
BrisiBasitorcss yyacTku (GUOPUHOUIHOTO U, Me-
cTaMM, MyKOUIHOTO HabyXaHMs ¢ DEHOMEHOM Me -
TaXxpoMa3uu B CTEHKaX cocynoB. B mpocBeTe karm-
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CYJIBI KJIyOOUYKa OTPEAeISTIOTCS OSJIKOBbIE MacChl
(puc. 4TI, 111 obnoxka). Onpenensercs nudbys-
HOE TIOBpEXJIeHME ITPOKCHUMAaJIbHBIX KaHaJblICB
HedpoHa ¢ MpU3HaKaMM BaKyOJIbHOI AereHepa-
LMY SIIUTEIUOLUTOB, yYaCTKaMU KOPTUKAJTbHOTO
U TTPOKCUMaJIbHOTO HeKpoHedpo3a.

Msrkue TKaHW XUBOTa OTEUHBbIE, YMEpPEH-
HO MOJHOKPOBHBbIE. B OpIOLIHON TMOJOCTU CAeIbl
NPO3pavyHOM KeJITOBATOM KU AKoCcTHU. [leueHb pas-
mepamu 30 x 17 x 13 x 10 X 9 cM, HUXKHUI Kpaii
3aKpyTIJeH, Ha 3 CM HUXXE YPOBHS Kpasl pebepHOM
nyru. B mpaBoit nojge oTMedaroTcsl MHOXKECTBEH-
HbIe OYyTOpPKU, Ha pa3pe3ax NpeJCcTaBIIsSIIOT U3 ceds
KMCTO3HBIe MoJ0CcTU B nuametpe oT 0,5 mo 4 cm.
BemecTBo 1meyeHM Ha pa3pe3ax XeJITO-KPacHOTO
OoBeTa, ITOJTHOKPOBHOE. [IpyM THCTOJOTHYECKOM
HWCCJICIOBAHWM: 3epPHUCTAsI U YMEPEHHO BhIpakKeH-
Hasg auddy3HO-04YaroBass XKHUpoBast TUCTPOGUSI
reIraTolMTOB, IOPTaJbHBIC TPaKTHl HE pacIliu-
PEHEBI, C YMEPEHHOU KPYTJIOKJICTOUYHON MHMUIb-
Tpanueii. UMeroTcsT MHOXKECTBEHHBIC OMIMapHBIC
KHUCTBI, MECTaM1 OKPY>XKEHHBIC 30HOI CKjepo3a
(puc. 5, II1 o6GyoxKa).

Pe3ynbTar BUpPYCOJIOTUYECKOTO UCCIIETOBAHUS
ouomarepuana: ooHapyxeHa PHK SARS-CoV-2.
Pe3ynbTar BUPYCOJTOTMUYECKOTO MCCIIETOBAHUS
CEKIIMOHHOTO MaTepuajia B J1adbopaTopuu BUPY-
COJIOTUYECKUX MCCIAEIOBAaHUNW W JAMAarHOCTUKU
oco60 omacHbix nHGpexkuuii: PHK kopoHaBupyca
SARS-CoV-2 oGHapy:KeHa B JIETKOM, MTOYKax.

BricTaBieH MmaTojloroaHaTOMWYECKU aua-
rHo3. OcHoBHoe 3abosieBaHue: HoBas kopoHa-
BupycHas nHpekuus COVID-19 (pe3yabraTr BU-
PYCOJIOTMYECKOT0 MCCJIeAOBaHUSI OMoMaTepuaa:
PHK SARS-CoV-2 o0OHapy:xeHa. Pe3synbTraT BuU-
PYCOJIOTHUYECKOTI0 MCCIEAOBAHUS CEKIIMOHHOIO
Mmatepuana («JlabopaTopusi BUPYCOJOTMYECKUX
HUCCJIeNOBAaHUIN M AMAarHOCTUKU OCOOO OMAaCHBIX
nHpekuunii»): PHK koponaBupyca SARS-CoV-2
oOHapy:KeHa B TKaHM Jierkoro, rmouku. MoHoBoe
3abojyieBaHue: JIBYCTOPOHHMII TOJMKUCTO3 IO-
yek, B3pociablii Tun. HedporenHass rumepreH-
3UBHAasl 00Je3Hb: KOHIIEHTpPHUUYECKasl THUIIEPTPO-
¢dusa mmokapma (Macca cepama 270 T, ToaIIMHA
CTEHKM JIEBOIO Kejymouka — 1,6 ¢cM, mpaBoro —
0,3 cM), apTepHOJIOCKIIEPO3, TIIOMEPYJIOCKIIEPO3.
OcloxXHEHUSI OCHOBHOro 3aboseBaHmsI: OTek
nerkux. AByctopoHHUi auddy3HbIE BUPYCHBIN
COVID-accounupoBaHHBIf THEBMOHUT, aJIbBEO-
auT. OCTPBIN peCITUPATOPHBIN TUCTPECC CUHIPOM
B3pOCHBIX. XpOoHUYEecKas TIodyedyHass HeZoCTa-
TOYHOCTh C Y9aCTKaMH OCTPOro HeKpoHedpo3a:
AHTUOCKJIEPO3, TJIOMEpPYJI0CKIepo3, HedpocKJie-
pO3, O4aroBbli KOPTUKAJBHBIA M KaHaJbLIEBbIA
HekpoHedpo3 (Ouoxumusg KpoBu: MoueBUHA:
15,1 mmonbe/n, KpearmauH: 187,0 MKMOJIB/T).
JIBYyCTOPOHHU I TUAPOTOpAKC. ACIIUT. AHacapka.

Huctpodus napeHXxnuMaTo3HbIX opraHoB. ComyT-
cTBylolee 3abosieBaHue: [lonmukucTo3 mpaBoit
JIOJIU MIEYEHU, TUCTOJIOTUYECKU I BADUAHT: CEPO3-
Hasl KUCTA.

Ob6cyxaeHne

MopdonornyeckuMm cyocTpaToM ITIOYEUHOM
MaToJIOTUHU y ITallMeHToB, ymepmux or COVID-19
¢ mpu3HaKaMM HedpoaHTHOCKJIepo3a, B MOIAaB-
JISSIOIIeM OOJIBIIMHCTBE CITy4YaeB SIBIISICTCS OCTPOE
MOBpPEXAeHNE KaHaJbIIEBOTO AMUTEM ST, KOTOPOE
CIIOCOOCTBYET PA3BUTUIO TSKEJION XPOHUYECKOM
MOYEYHON HEeZOCTaTOYHOCTH U HedPOTeHHOTO
oTeKa JIerKux [6].

HMcxon neyeHUsT He(PPOTreHHOTO OTeKa JIETKUX
3aBUCUT OT HECKOJBKMX (haKTOPOB: OT BO3pac-
Ta OOJBHOTO, XapaKTepa OCHOBHOIro 3aboJjieBa-
HUS, COIYyTCTBYIOIIEW MaToJOTMU W BEAYIIETO
naToreHeTUYeCcKoro MexaHusma. Hawuboisee Ts-
KEeJI0 TIpOTeKaeT M TOMJAaeTCsd KyHNUPOBaHUIO
OTEK JIETKWUX, CBI3aHHBIM C MOBBILIEHHOW MPO-
HUIIAEMOCTBIO JISTOUHBIX KAlUJISIPOB U CHUXKE-
HHEM OHKOTHMYECKOTO TaBJICHUS IJIa3Mbl KPOBU.
Hanuume doHOBOro 3abdojieBaHMS IOYEK y Ia-
OUEeHTKHU, TAKOTO KaK KNCTO3Has 00JIe3Hb, IIPH-
BEJIO K pa3BUTHIO He(hPOreHHOW TUIIEPTEH3UH,
M3MEHEHUSIM CO CTOPOHBI CEPACYHO-COCYTUCTOM
CUCTEMBI, 4TO ycyryoumno tedeHue COVID-19.
HM3BecTHO, 4YTO pa3BUTHUE TSXKEJIOIO OCTPOTO Ka-
HaJIBLICBOTO HEKPO3a C SIBJCHUSIMU Kapuoau3uca
U OTCJIOMKOM TyOyJOLMTOB OT TyOyasipHOU Oa-
3aJIbHOI MeMOpaHbl oTMedaeTcss B 60% ciyua-
eB y nauueHtoB ¢ OIIIl u 31% ciyyaeB npu OT-
CYTCTBUU COMYTCTBYIOIIEH TaTOJIOTUU TIOUEK.
JucTtpodus KaHaJAbLEBOTO BIMUTEIUS IO THUITY
HEM30MEeTPUUYECKON BaKyoJM3allMu, BbIPa>KeH-
HOE BEHO3HOE IIOJTHOKPOBME CO CTa3aMHU KpoO-
BU B IEPUTYOYJSIPHBIX KaNMJUIsIpax M BEHYJIaX,
TMOJITHOKPOBHUE KJIYOOYKOB 1 00pa30BaHUEM B HUX
SPUTPOLIUTAPHBIX CJAIXEH M CTa30B KPpOBU 0e3
SBJEHUU Tpombo3a U (pUOPUHOUAHOTO HEKpo3a
NPUBOIUT K M3MEHEHUIO OMOXMMUWYESCKUX ITOKa-
3aTeJield, TMOBBIIIEHUIO KpeaTuHUHA, MOYEBUHHBI,
CHUXXEHHNIO YPOBHS allbOyMMHOB B KpoBu [13].
B npencraBiaeHHOM ciydae y MallMeHTKU ¢ Hed-
POTEHHOM THUIIEPTEH3UBHOW OOJIE3HBIO U TIIO-
JINKUCTO30M TIouek, mHbuunupoBanHoit SARS-
CoV-2, nOMUMO OCTPOro KaHaJiblIeBOro HEKpoO3a
oTMeydaJsicsl JIBYCTOPOHHMII HEKPO3 KOPKOBOTO
CJIOSI TIOYEeK IIPpU COXPAaHHOCTU MHTepMenuap-
HOI 30HBI U MUPAMMU; BBISIBASIIUCH YMEPEHHBbIE
NpU3HAKM BEHO3HOIO ITOJTHOKPOBUS C BPUTPO-
OUTAapHBIMU CTa3aMU, OIPEHCISIINCh YYaCTKH
¢uObpMHOMAHOTO M, MECTaMU, MYKOMIHOTO Ha-
OyxaHHUA ¢ PeHOMEHOM MEeTaXpOMa3nH B CTCHKAaX
COCYIOB. BBISIBIISIIINCh MPU3HAKU CEPACUHON HE-
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JIOCTAaTOYHOCTU, MOPGMOJIOTUYECKH MPOSIBISIO-
I1ecs OTEKOM WHTepCTULIMS, dhparMeHTaluen
MBIIICYHBIX BOJOKOH, ITUCTPOPUUECKUMU W3-
MEHEHUSIMH KapIUOMMOIIMTOB, BaKyoJHM3allMel
LHUTOINJAa3Mbl, BOJHOOOpa3HoOIl nedopmanuei
KapIMOMUOIIUTOB, CMa3aHHOCTBIO IIOIIEPEYHON
MCYECPUYCHHOCTHU.

B nerkux onpenensiiuchk Auddy3Hble KIETOU-
Hble MHGUIBTPAThl B COYETAaHUU C U3MEHEHUSI-
MU CO CTOPOHBI aJbBEOJISIPHOTO arapara ¢ pas-
putueM OPIC u HedporeHHOro oreka JETKHUX.
Couetanne BupycHoro BocmajeHus COVID-19,
CHUKCHUS JeTOYHBIX 00BEMOB, MOBBIIIICHU ST T -
POCTaTUYECKOTO HaBJICHUS B COCydaX MUKPOIIUP-
KYJISITOPHOI'O pycJia U CHUXXEHUE OHKOTUYECKOTO

NaBJIEHUSI MpuBeJio K paHHeMy pa3Butuio OPIC
U OTEKY JIETKUX.

3ak/yeHme

IMaumeHThI ¢ paHee CyllecTBOBABIIUM 3a00Jjie-
BaHUEM ITOYEK UJIM XPOHUYECKOI OOJIE3HBIO MOUeK
(XBIT) umMetoT NOBBILLIEHH bl pUCK HEOJIATONIPUSIT-
Horo ucxona uHpexkuuu COVID-19. TlpuunHoi
CMEpPTU MNALIUEHTKHU 45 JIeT IBUIOCH TSIXKEJ0e Teue-
Hue aBycTtopoHHero COVID-acconmmpoBaHHOTO
MHEBMOHUTA, aJibBEOJUTA, CIOCOOCTBOBABIIETO
Pa3BUTUIO PEHAJIBHOM MENYJISIPHOW TUIIOKCUM
U KapIuo-peHaJbHOMY CUHJApPOMY | THUIIa, KOTOpbIE
MPUBEJU K paHHEMY HE(DPOTreHHOMY OTEKY JIETKUX.
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METOZA CENIEKTUBHOIO BblAEJIEHUA
ACINETOBACTER BAYLYI U3 PEMHOW BOAbl

E.I1. CuBosonckmii'-2, JI.A. KpaeBa'?, E.B. Me/ibHUKOBA'

"®@IrBBOY BO Boenno-meduyurnckas akademus umernu C.M. Kupoea MO PD, Cankm-Ilemepbype, Poccus
2OBYH HUU snudemuonocuu u muxpooduonoeuu umeru Ilacmepa, Cankm-Ilemepoype, Poccus

Pe3stome. Llenb nccienoBaHust — MOBBIIIEHUE CEISKTUBHOCTHU BblIeIEHU S OaKTepu it Acinetobacter baylyi u3 peuHOM BOIBI.
[Ipu pa3zpaboTKe CeNeKTUBHOMN Cpemabl UCIONb30BANIM 5 ITAMMOB A. baylyi, u3 HUX 4 ObLIM BbIACIEHBI U3 BOABI PEKU
Hesrl, 1 — u3 knmHuueckoro Matepuania. LltamMmmbl A. baylyi naeHTUGULIMPOBATIU 110 KOMILIEKCY (PeHOTUITUYSCKUX
MIPU3HAKOB U/UJINA C TIOMOIIBIO Macc-creKTpomeTrpudeckoro Metona (MALDI-ToF MS). B nmpenBapuTeIbHBIX UCCIIe-
JOBaHUSIX OBLJIO YCTAHOBJIEHO, UYTO OaKTepuu A. baylyi He yTUIN3NPYIOT L-peHnnasaHnuH B Ka4eCTBe eAMHCTBCHHOTO
HMCTOYHMKA YIJIepoaa M a30Ta, a TAaKXKe B KAUeCTBE eNMHCTBCHHOTO MCTOUHUKA YIJIepoaa Ha cpele ¢ MUHEPaIbHBIMU
HMCTOYHMKAMU a30Ta, HO YTUIU3UPYIOT L-(peHnIaJaHH B KaueCTBEe eAMHCTBEHHOTO UCTOYHHKA TOJBKO a30Ta, €CIn
OH JIOTTOJIHSIETCSI 3TAHOJIOM B KQueCTBe eAMHCTBEHHOTO MCTOUHMKA yriiepoaa. Ha ocHoBe aToro cBoiicTBa A. baylyi Obina
paspaboTaHa ceJIeKTMBHAsI cpelia Uil BhIICJICHUS 9TUX OaKTepuil u3 pedHoii Boabl. COCTaB M MPUTOTOBJIEHUE XKW~
KOM CeJEKTUBHOM cpebl: B 1 J1 IUCTUIMPOBAHHOM Boabl BHOCAT (r/11) L-penunananun (CAS 63-91-2) 2,0; NaClI 5,0;
Na,S0, 2,0; KH,PO, 1,0; K,HPO, 2,5; MgS0O, 0,1; pacTBOpSIIOT Ipy HAaTrpeBaHU M, KUTISATAT 5 MUH, 100aBJISIIOT B TETLIYIO
cpeny 4 mut 96-rpamycHoro ataHosa, mposepsitor pH 7,240,2; pasnusaiot mo 40 M1 B cTepuIbHBIe (rakoHbI. [170THaS
CeJIEKTUBHAS Cpefia: COIePXKUT Ha 1 J1 MUCTUIIMPOBAHHOM BOABI T€ K& MHIPEAUEHTHI U AOMOTHUTENbHO 15,0 T arapa;
MIPUTOTOBJIEHHE TAKOE Xe, CPEeAY pa3iuBalOT B CTepUIbHbIC yaliku [leTpu. MeToauka npuMeHeH s CeJIeKTUBHOM M-
TaTeJbHOM Cpembl A BhiaeaeHusI A. baylyi u3 peuHoli Boabl: Bony peku HeBbl 3aceBatoT B o0beMe 10 M1 Bo (priakoH
¢ 40 MJ1 XXUIKOI CeJIeKTUBHOM Cpeibl, MTHKYOMPYIOT B adpOOHBIX ycmoBusx mpu 28°C 48 u, 3aTeMm nepeceBaroT 0akTe-
PHOJIOTMUYECKOM TeTIell 000oraleHHBIN MaTeprall 13 (hJIakoHa Ha TTOBEPXHOCTh IIOTHON CEIEKTUBHOM CPeIbl TAKOTO
JKe COCTaBa B JIBE YaIlIKM; MHKYOMPYIOT ITOCEBHI B a3pOOHBIX ycsmoBusX rmpu 28°C 48 u. OTOMpaloT 1 MociIeayomeil
naeHTUGUKAIUU 110 10 M301MpOBaHHBIX KOJOHMI, TIepeceBalOT NX Ha CEKTOPHI MUTATEBHOTO arapa, MHKyOUPYIOT
ripu 28°C 24 4 U UACHTUDULIUPYIOT U3OJIATHI 10 KOMILIEKCY (PEHOTUMUYECKUX TPU3HAKOB, XapaKTePHBIX 11 A. baylyi,
n/unu metonoM MALDI-ToF MS. B nanHom npumepe u3 20 BbIIeIeHHBIX U30J15TOB 19 siBisiivch 6akTepusiMul A. baylyi
(95% wzonsTos). MiccnenoBaHue 1Mo yKazaHHOM METOAMKE ellle TpeX Mpod BOAbI U3 peKu HeBbl ToKa3aau pesyibTaThl
OIWHAKOBOM Y3KOCEIIEKTUBHOM HatipaBiIeHHOCTH — 90—95% n30719TOB cOCTaBIISIN OakTepuu A. baylyi.

Karouesnie caoea: Acinetobacter baylyi, cenexmusnas cunmemuyeckas cpeoa, gvideneHue u3 peuroii 00vl, L-genuranranun, smanon,
9Kon02Us bakmepuil.
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Abstract. The aim of the study is to increase the selectivity of isolating Acinetobacter baylyi from river water. For de-
veloping a selective culture medium, we used 5 strains of A. baylyi, 4 of which were isolated from the water of the river
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Neva, 1 — from clinical material. 4. baylyi strains were identified by a combination of phenotypic features and/or using
the mass spectrometric method (MALDI-ToF MS). In preliminary studies we found that the bacteria A. baylyi utilizes no
L-phenylalanine as a single source of carbon and nitrogen, as well as the only source of carbon in a medium with mineral
nitrogen sources, but utilizes L-phenylalanine as the only source of nitrogen only if it is supplemented with ethanol as
the only source of carbon. Based on this A. baylyi property, a selective medium was developed for the isolation of these
bacteria from river water. Composition and preparation of liquid selective medium were as follows: 1 liter of distilled water
added with L-phenylalanine (CAS 63-91-2) 2.0 (g/1); NaClI 5.0; Na,SO, 2.0; KH,PO, 1.0; K,HPO, 2.5; MgSO, 0.1; dis-
solved while heating, boiled for 5 minutes, 4 ml of 96-degree ethanol was added to a warm medium, pH 7.2£0.2 assessed;
40 ml were poured into sterile vials. Dense selective medium: the same ingredients and extra 15.0 g of agar are added
to 1 liter of distilled water; with similar preparation technique, the medium is poured into sterile Petri dishes. Method
of application of selective nutrient medium for isolation of 4. baylyi from river water: water from the river Neva is seeded
in a volume of 10 ml into a vial with 40 ml of liquid selective medium, incubated in aerobic conditions at 28°C for 48 h,
then the enriched material from the flask is placed with a bacteriological loop onto the surface of same dense selective
medium in two flasks; incubated in aerobic conditions at 28°C for 48 h. 10 isolated colonies are selected for subsequent
identification, they are transplanted into sectors of nutrient agar, incubated at 28°C 24 h and isolates are identified by
a complex of phenotypic characteristic of A. baylyi, and/or by the MALDI-ToF MS method. In this case, 19 isolates from
20 were identified as A. baylyi (95% of isolates). A study using this technique of three more water samples from the river

Neva showed the results of the same narrowly selective orientation — 90—95% of the isolates were bacteria A. baylyi.

Key words: Acinetobacter baylyi, selective synthetic medium, isolation from water, L-phenylalanine, ethanol, ecology of bacteria.

BBeneHune

bakrepuu Acinetobacter baylyi 66111 BbIIETECHBI
COBMECTHO C HIECTbIO NPYTMMU HOBBIMU BUIAMU
pona Acinetobacter B 2003 1. B ABCTpaJiuu U3 akKTH-
BUPOBAHHOTO MJia, OMTHAKO METOJAMKA UX BbIJIEJIE-
HUS He cooOlianacek [3]. bplJIO yCTaHOBJIEHO, YTO
mramMmmbl A. baylyi o61analoT BBICOKOW CITOCOOHO-
CTBHIO K €CTECTBEHHOI reHeTuUeCcKoi TpaHchopMma-
nuu. MckimouunTenbHasl JIETKOCTh €CTECTBEHHON
TpaHcopMaluu crenajiv mrammbel A. baylyi Mmo-
JIETbHBIM OOBEKTOM JJISI MCCJIEIOBAHUSI MEXaHU3-
MOB €CTEeCTBEHHOI TpaHchopManuu, co3maHusd
HOBBIX METOJIOB T€HHOW WHXEHEPWUU, ONTUMU3A-
MU TeHoMma OakTtepuit [6]. M3yueHue GakTepuii
A. baylyi, BbIIEJIEHHBIX B YCIOBUSIX OKpYyXKarollei
cpenbl, TIepCIeKTUBHO IJISI TOMCKAa HOBBIX OUO-
peMenuaTopoB 3arpsi3HEHU# TIPUPOMHOUN Cpelbl
W TIPOJAYIIEHTOB TIOJIE3HBIX BEIIECTB, WU3YUYECHUS
9KOJIOTUM allMHETOOAKTEPOB, B TOM UUCJIE B Ce-
BEpHBIX muporax. bakrepuu A. baylyi penko BbI-
eS0T U3 KIIMHUYEeCKOTo MaTepuaia [2], oqHaKo
onucaHa BCHBIIIKA BHYTPUOOJIBHUYHOU WMH(pEK-
uuu A. baylyi [4] n 6akTepuaabHOE OCJIOXKHEHUE
nocJe onepaluu Ha TOJIOBHOM Mo3re [7], KoTopble
YKa3bIBalOT Ha UX 3HAYMMOCTh KaK BO30OynuTesei
nH(peKInii, CBI3aHHBIX C OKa3aHWEM MEIUIINH-
CKOI TOMOIIIU.

MeTonbl y3KOCeJIeKTUBHOTO BbIIeJIEHUSI OaKTe-
puit A. baylyi n3 00beKTOB BHEIITHENW CpeIbl U KITU-
HUYECKOTo MaTepuaja HEeu3BeCTHHI. B oTeuecTBeH-
HBIX J1a0OpaTOPMSIX BBIACISIOT AllMHETOOAKTEPHI
Ha »TaHoJ-aMMoHUHOU cpene (BAC). Ilo Ha-
muM JaHHbIM cpega DAC obecreduBaeT poOCT
MHOTUX BUJIOB allMHEeTO0aKTepoB (A. baumannii,
A. pittii, A. nosocomialis, A. baylyi, A. johnsonii u npy-
rux), a Takxe Oakrepuit Pseudomonas aeruginosa,
Klebsiella pneumoniae subsp. pneumoniae, M TIoma-

BJISIET pOCT mpouux OakTepuii. M3BecTeH MeTOxI
BblAeJeHUsI OaKkTepuit Acinetobacter u3 ecTecTBEeH-
HBIX MOYBEHHBIX U BOAHBIX 9KOCUCTEM C MCIOJb-
30BaHUEM OOoOTralleHus] B MUWHUMAJIbHOU MH-
HepaibHOU cpene ¢ mobGaiaeHueMm 0,1% anerara
HaTpusi B KadyeCTBe €AMHCTBEHHOTO MCTOYHUKA
yriaepona [5]. Meton oOecrneuyuBall BblAeJeHUE
MHOTMX BUJIOB allUHETOOAKTEPOB M JIPYTUX OaKTe-
puii. MI3BecTeH TakkKe METOJ BBIACJICHUS U UIAEH-
Tudukanuu OakTepuil KoMIuiekca Acinetobacter
calcoaceticus — Acinetobacter baumannii ¢ npu-
MEHEHUEM CEeJIeKTUBHOM CHHTETHMYECKOW TuTa-
TeJbHOU cpeabl «AlnMHeToOakTep (eHuaalaHUH
arap» [2]. CeJleKTUBHOCTb 2TOU cpeabl obecrieye-
Ha TpodUUYeCKOl ceJieKIMeil almHeTO0aKTepoB
L-dbeHunananHuHOM B KadyecTBe €IMHCTBEHHOTO
MCTOYHUKA YTJepoja M a30Ta, a TakK>Ke JTOMOTHM-
TeJIbHOU celeklmeil TpumetronpumoM. Ha yka-
3aHHOW cpelie pacTyT NMPEeuMYIIeCTBEHHO alliHe-
TOOAKTEephl T'PYNIbl A. baumannii, OMHAKO HU3BEC-
TeH cJiyyail BbIAeJIEeHUsI OAHOro mrtamma A. baylyi
U3 KJIMHUYECKOTO MaTepuaJa [2].

Llens uccinenoBaHus — TIOBBIIICHUE CEJIEKTUB-
HOCTU BblAeJIeHUs1 0akTepuit A. baylyi 3 BHElLIHel
cpenbl (PeYHO BOJBI).

Matepuanbl n MeTobl

IHlmammor 6axmepuii. Jns pa3pabOTKU ce-
JICKTUBHOM Cpeabl WCHOJIb30Bajau 4 IIITaMMa
A. baylyi (Ne 1—4), BbIIEJIEHHBIX U3 BOIBI PEKU
Heswl, u 1 mtamm A. baylyi Ne 223, BbiaesieH-
HBIM ©3 KJIMHUYECKOTro MaTrepuajia (MOKPOTHI)
B OakTepuosorudeckoin mpadbopatopuu BoeHHO-
MenuInHCKOW akamemuu mMmeHu C.M. Kuposna.
HnsT KOHTPOJISI TUTATEAbHBIX Cpem ITPUMEH SN
mTaMMbl  Pseudomonas aeruginosa ATCC 27853
u Escherichia coli ATCC 25922. BugoBast mpuHa-
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Acinetobacter baylyi n3 Boabl

JIEXKHOCTh OaKTepuil, BBIACISIEMBIX B XOJ€ MCCIIe-
JoBaHUI, Oblia moaTBepxkaeHa MeTogoM MALDI-
ToF wmacc-cnekTpoMeTpuu. YKa3zaHHBIE IITaM-
MBI HaXOHSTCS B pabodeil KOJUICKIIUU KYJIBTYP
E.I1. CuBoyiogckoro Ha Kaeape MUKPOOUOTIOTUN
BoeHHO-MeAMIIMHCKOIT aKaTeMUN.

ITumamenvnosie cpedsl u peakmugst. st KynbTu-
BUpOBaHUs OakTepuii ncrojb3oBanu Komymouii-
ckuii arap (HUL®D, Cankr-IleTepOypr). DraHom-
aMMoOHUIiHag cpena xuakas (DAC-1). K 100 ma
IOUCTUIJIMPOBAHHOM BOJBLI H00aBasAl0T Qocdar
Hatpuii-ammoHuii 0,15 r; pocdar kanusa ogHoO3a-
memeHHoro 0,04 r; cynbdar kamusg 0,02 r; XJIopu
maraus 0,02. TTocne crepunuszanuu nipu 0,5 atm
B TeueHUe 15 MuH modasastioT 1,2 MJ 3TUJIOBOTO
96-rpayCHOTO COMpTa M Ppa3jMBaIOT aCENTUYHO
no 10 Ma B mpoOUupKu. DTaHOJ-aMMOHUIHAas cpe-
na niaotHas (DAC-2). OCHOBHOIT cocTaB Cpebl TOT
Xe, HO IO CTepuaM3aluu 100aBasioT 1,5 T cyxoro
nurarejabHoro arapa 1,8 ru 0,5 miu 1,6% 1ienodHo-
rO pacTBOpa OPOMTUMOJIOBOTO CUHETO, pa3JInBaiOT
B cTepuJibHbIe yamku [letpu.

Cocmaeé u memoouxa NpueomoBaeHus CuHme-
Mmu4ecKkoll ceaeKmu8Hol NUMAameabHol cpedvl 0as
gvidenenus A. baylyi uz peunoii 6oodvl. Kuoxkas nu-
mameanvHas cpeda. B 1 1 1MCTUAINPOBAHHON BOABI
BHOcAT (r/1): L-dbenunananun (CAS 63-91-2) 2,0;
NacClI 5,0; Na,SO, 2,0; KH,PO, 1,0; K,HPO, 2,5;
MgSO, 0,1; pacTBOPSIOT IIpU HarpeBaHWU, KUIISI-
TAT B TeUEHUE 5 MUH, N00ABJSIOT B TEMJYIO Cpe-
oy 4 M 96-rpaaycHOro ataHoJia, npopepsiioT pH
7,210,2, paznuBaioT 1o 40 M1 B cTepubHbIE (hjia-
KOHBI. [lromuas numamenvnas cpeda. CoaepX uT
Ha | 1 DUCTUIIMPOBAHHONW BOABI T€ XE& KOMIIO-
HEHTHI U gomojHuTelbHo 15,0 T arapa. Bce KoMm-
MOHEHTHI PAacTBOPSIOT IIPU HAarpeBaHUU, KUIIS-
TST B TEYEHUE 5 MUH, 3aTeM H00ABJISIOT B TETUTYIO
cpeny 4 mu staHosa, nposepsioT pH (7,210,2),
pa3nuBaloT B cTepuabHble yamuku [letpu. bakre-
PUOJIOTUYECKUI KOHTPOJIb KayecTBa Cpedbl Mpo-
BOISIT TMPU U3TOTOBJICHUU CpPEIbl: CYyTOUYHBIE Oy-
JIbOHHBIE KYJBTYPBl KOHTPOJBHBIX IIITAMMOB
A. baylyi (TTO3UTUBHBIN KOHTPOAb) U P. aeruginosa
ATCC 27853, E. coli ATCC 25922 (HeraTUBHBI
KOHTPOJIb) 3aCEBAIOT MO OJHOM TMETJIe paraibHbIM
IITPUXOM Ha IMOBEPXHOCTH IJIOTHOM CpeIbl B Yalll-
ke IleTpu, MHKYOUPYIOT B a3pOOHBIX YCIOBUSIX
npu +28°C B TeueHUe 24 4, yYUTHIBAIOT pe3yabTaT:
nuTaTejbHas cpena MPUroaHa K NUCIOJIb30BaHUIO,
€CJI UMeEeTCsI pOCT 0aKTepuit A. baylyi m HeT pocTa
mrammoB P. aeruginosa ATCC 27853, E. coli ATCC
25922. Cpok XpaHeHU S TOTOBBIX Cpel 15 cyTok mpu
temnepartype oT 4°C no 8°C.

Memoduxka nocmanoséku mecmos udeHmughu-
kayuu A. baylyi. OTHolIeHUe OaKTepuii K OKpacke
no I'pamy, MOpdOIOTHIO U TOABUXKHOCTH BBISIBIISI-
JIM MUKPOCKOITUEH YMCTHIX KyAbTyp. PocT GakTe-
puii npu +26°C, +37°C, +41°C, +44°C onpeaenasiin
a’pOOHBIM KYJBTUBUPOBAHUEM TOCEBOB CYyTOY-

HBIX OyJIbOHHBIX KYJbTYp Ha KonymoOuiickoM ara-
pe ¢ yueToM uepe3 48 u. [eMOIUTUUECKYIO aKTUB-
HOCTb OakTepuii uccaeaoBaiu Ha Konrymouiickom
arape ¢ KpoBblo OapaHa mnpu +37°C ¢ yyeToMm
yepe3 24 4. Hanuuwme kartajia3pl ycTaHaBJIMBa-
1 TeCToM ¢ 3% pacTBOpPOM IEPEeKUCH BOIOPOIA.
HuToxpomokcuaazy GakTepuil BBISIBJISIJIIU TECTOM
¢ 1% BoOmHBIM pacTBOPOM TeTpameTuianapadeHu-
JICHOMaMWHA 10 TIOSIBJICHUIO CMHE OKpacKu 0ak-
Tepuit B TeueHue 20 c. Hurparpenykrasy ompene-
JISLTA MUKPOOOBEMHBIM METOIOM B MHUTATEIBHOM
cpene ¢ 0,1% KNO,. CocTaB cpeibl: TIeNTOH Ghep-
meHtatuBHbIN 0,5 T; NaCI 0,5 r; KNO; 0,1 r; Bona
puctuanupoBanHas 100 mu, crepuiuzanus Npu
+121°C 20 muH. ITo 0,1 M7 cpenbl BHOCAT B TYHKU
MJaHIIeTa, 3aTeM 3aceBalOT B JIYHKM I10 MOJTHOM
MneTyie CyTOUHOI arapoBOil KyJIbTYPbl UCCIIENYEeMBbIX
OakTepMii, OJHY JYHKY He 3aceBaloT (KOHTPOJIb
cpenbl). [ToceBbl UHKYOUPYIOT 1Tpu +37°C a3poOHO
34, TI0CJIe Yero BHOCST B KaXKAYIO IYHKY PEaKTUBBI
Ha HUTpUThL — 0,05 M1 0,2% BOAHBIIA PacTBOp pU-
BaHo1a, 3aTeM 0,05 M1 12% pacTBOp COISTHOM KHUC-
JIOTHI (IIPUTOTOBJCHHBIN M3 KOHIIEHTPUPOBAHHOM
36,5% CcoIsIHOM KUCJIOThI). MTHOBEHHOE ITOSIBJIEHUE
KPacCHOM OKpacKHU Cpembl B IYHKE C TTOCEBOM yKa-
3bIBACT HA HAJIMUYME HUTPATPEAyKTa3bl OaKTepui,
JKeJITast OKpacka yKa3blBaeT Ha OTCYTCTBHE HUTpa-
TpeayKTa3bl; B KOHTPOJIBHOM cpene 6e3 mocesa co-
XpaHseTCs XKeJlTasi OKpacka peakTruBa. BeisiBiieHue
ypeasbl ObICTPOl aKTUBHOCTU OCYIIECTBIISIJIN, UC-
MOJIb3ysl Cpeay C MOUYEBUHOI U3 MUKPOOOBEMHOM
TecT-cucteMbl «Panug-DHtepo 200» (HUWUDM
uMm. ITactepa, Cankr-IlerepOypr). B nyHku niaH-
meTta BHocuau 1o 0,1 MJI cpeabl ¢ MOYEBUHOIA,
3aTeM 3aceBajM B JIYHKU MO OIHOI IEeTJe CyTOY-
HOIl arapoBOil KYJbTYpbl MCCIIEAYEeMBbIX OakKTe-
puii (ogHa JTyHKa 6e3 ImoceBa — KOHTPOJb CPEOBI).
TToceBbl MHKYyOMpoBanu rmpu +37°C B TeueHUE 3 4.
IMostBIEeHME KpacHOM OKPAaCKU CPeabl B IYHKE C T10-
CEBOM IIPU COXpPAaHEHU U UCXOIHON OKPACKU B KOH-
TPOJILHOW JIyHKE yKa3blBaeT Ha HaJWM4uue ypeasbl
OBICTPOIT aKTUBHOCTHU.

VYrunuzauuo cyocTpaToB B KadyecTBe e€IMH-
CTBEHHOTO MCTOYHUKA YIJIepoja OCYIIECTBISIN
Ha MUHUMaJbHOU MMHepaibHOU cpene. CocraB
cpennl (r/m): NH,CI 5,0; NH,NO; 1,0; Na,SO, 2,0;
K,HPO, 3,0; KH,PO, 1,0; MgSO, 0,1; arap 15,0;
1,6%-Hblii BOAHBIA pPacTBOP OPOMTUMOJIOBOTO
cuHero 4 MJ, JUCTUIIUpoBaHHas Boda 1 i; pH
7,2; crepunusauug npu +121°C 20 muH. Kaxkapri
cyocrpar BHocuau 1o 0,1 T B OTAENBHYIO KOJIOY
¢ 50 M3 CTepuIBHON TOpsYeill cpeabl, ycTaHaB-
auBanu pH 7,2; B omHy Koi0y cybcTpaT He BHO-
cunan (KOHTPOJb Cpembl), pa3jiuBalid B YaIlKHA
Iletpu. Hcmnosb3oBanu cybctparel: D-riawoko3sa,
L-denunananuH, L-apabuHo3a, myTpecuuH
(Merck, I'epmanus). CyTouHble arapoBble KYJIbTY-
pbl OaKTepuii MO MOJHOW TeTe CyCHeHINpPOBaIU
B 0,2 ma crepunbHoro 0,85% pactBopa NaCl B 1yH-
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Ta6auua 1. L-peHnnanaHuH kak e AMHCTBEHHbI UCTOYHUK a30Ta Ans pocta 6aktepuii Acinetobacter baylyi
npv y4acTUmM 3TaHOa KaK eAUHCTBEHHOr0 UCTOYHMKA yrnepoaa
Table 1. L-phenylalanine as the sole nitrogen source for growth of bacteria Acinetobacter baylyi supplemented with
ethanol as the sole carbon source

L-¢peHnnanaHuH ATaHon (4 mn/n), L'¢:::::;?:::/(§)r/")’
MuHepanbHas (2 r/n), MMHepanbHas MWHepanbHasa MUHEDaNbHAS cone’Ban
Uccnenvemsie conesasi OCHOBa coneBasi OCHOBA conesasi OCHOBa ocu%sa cpens: 6e3
LI.ITaMMhlnﬁyaKT epuit cpeabl 6e3 a3oTa cpepnbl 6e3 a3oTa cpepabl 6e3 a3oTa 23072 M yprngpona
. . nyrnepopa* nyrnepopga nyrnepopa A
Investlg;trz(ijnt;acterlal Nitrogen/carbon-free | Nitrogen/carbon-free Nitrogen/carbon-free m’\il:é?gel_r_]/ %Egr?cigl-af\:ﬁr?e
mineral salt based mineral L-phenylalanine | mineral ethanol (4 ml/I) 2g/N etrrl)anoly(4 mi/l)
medium* (2 g/1), mineral salt based mineral salt based rr?ineral salt based
medium medium medium
A. baylyi1 —* - - S
A. baylyi 2 - - - +
A. baylyi 3 - - - +
A. baylyi 4 - - - +
A. baylyi 223 - - - +

Mpumeyanue. * — MyHepanbHas conesas ocHosa nnotHol cpeasl (NaCl, Na,SO,, MgSO,, KH,PO,, K,HPO,); ** — oTcyTcTBure pocTa bakTepuit;

*** — Hanuyne pocta 6akTepuit.

Note. * — mineral salt base of dense medium (NaCl, Na,SO,, MgSO,, KH,PO,, K,HPO,); ** — no of bacterial growth; *** — no of bacterial growth.

KaXx ITOJIMMEPHOTO IIJTaHIIeTa. 3aceBaIn UCCIIeaye-
MBI€ KYJIbTYPBI IO TTOJHOM TIeTJIe B3BeCU 0aKTepUA
W3 JIYHKHU paguajabHBIM IITPUXOM Ha CEKTOP Yalll-
KU ¢ cyocTpaToM 1 KOHTpoJieM. [ToceBBI BBIpaIim-
Banu npu +37°C B TeueHue 3 CyTOK, MpOCMaTpU-
Basi exeAHeBHO. [loJIOXKUTENbHBIM PE3yJIbTaTOM
YyTUJIN3alluU CyOCcTpaTa CUYMTAIM HaJIUudue YEeTKO
BBIPaXKEHHOTO ra30Ha OaKTepuil Mo ciieay rnmocesa
MPU OTCYTCTBUU POCTA DaKTepuil HA KOHTPOJILHOM
cpene 6e3 cyocTpara.

Hoenmuguxkauus eudoe bakmepuit  memo-
dom MALDI-ToF MS. Wcnonb3oBaam wmacc-
criekTpoMmeTp Microflex ¢ 6a3o0ii gaHHBIX MALDI
Biotyper (Bruker Daltonics Inc., 'epmaHus) B co-
OTBETCTBUU C MHCTPYKIIMEH 11O TIPUMEHEHMUIO.

PesynbraThl

M3BecTHO, uTO OakTepun A. baylyi He UCTIONB3Y-
T L-dbeHnnanaHuH Il pocTa B Ka4eCcTBE €OMH-
CTBEHHOI'0 MCTOYHUKA yIJIepoa HA MUHUMAJIbHBIX
COJIEBBIX Cpedax ¢ MUHEpaJbHBIMU HMCTOYHMKAMU
aszora [3, 5]. HamMmu B sKcriepyuMeHTe TT0Ka3aHo, YTO
OHU TaK>Ke He MCTOJb3YIOT L-(heHuntasaHH B Kade-
CTBE SAMHCTBEHHOIO0 MCTOYHMKA yTJepoaa 1 a30Ta
Ha MUHUMAaJIBHOM CoIeBOii cpene (Tad. 1). BnepBrie
HaMHM YCTAHOBJICHO 3KCIIEPMMEHTAJIbHO, YTO Oak-
Tepuun A. baylyi MOTYT yTUIM3UPOBATh IJsI pocTa
L-deHnnanaHnH B Ka4eCTBE eAMHCTBEHHOIO NCTOY-
HMKa TOJIbKO a30Ta ITPY YYaCTU U 3TaHOJIa KaK eI H-
CTBEHHOT0 UCTOUHUKA yriiepoza (tad. 1). Ha ocHose

Tabnuua 2. YakocenekTuBHbIii apPekT BhigeneHns us soanl peku Hesbl 6aktepuii Acinetobacter baylyi

npeanaraemMmbiMm MeTO40M

Table 2. Narrowly selective effect of Acinetobacter baylyi isolation from the Neva River water by the method proposed

Buabi 6akTepuit U30NATOB,
BblZ€JIEHHbIX U3 O4HOI NPOGLI BOAbI
Species of bacterial isolates, isolated
from a single water sample

Yucno nsonatos BUAOB
13 20 U3y4EeHHbIX USONATOB
oAHoli NpoObl BOAbI, BblAEJIEHHbIX
Ha 3TaHOJN-aMMUaYyHOW cpepe
The number of isolates of species from 20
studied isolates of a single water sample,
isolated on ethanol-ammonia medium

Yucno nsonsatos BUAOB
13 20 n3y4yeHHbIX U30NITOB
0AHOI NPo0bI BOAbI, BblAEJIEHHbIX
npeanaraemMbiM METOA0M
The number of isolates of species from 20
studied isolates of a single water sample,
isolated by the proposed method

Bacteria of other genera
(Pseudomonas, Klebsiella and others)

A. baylyi 0 19
A. johnsoni 8 0
A. radioresistens 1 0
A. haemolyticus 2 0
A. towntri 1 0
A. tandoi 3 0
BakTepuu npounx ponos

(Pseudomonas, Klebsiella v ppyrue) 5 1
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Acinetobacter baylyi n3 Boabl

3TOro cBoiicTBa A. baylyi Oblna co3iaHa ceJIeKTUBHAas
cpena Juisl BeLaeeHu st 0akTepuii A. baylyi u3 peuHom
BO/IbI, COCTaB 1 IIPUTOTOBJICHNE KOTOPOI N3JIOXKEHbI
B pazzeie «Marepuaibl U METObI».

Memoduka npumenenus ceaeKmMUBHOU CUHMe-
Mmu4ecKkoil numamenvHoil cpedvl 0as Gvl0eseHUs
oaxmepuil A. baylyi uz peunoit 600vt. ccnenyembliii
Matepua — Boay peku HeBbl — 3aceBaroT B 00be-
me 10 ma Bo ¢ytakoH ¢ 40 M XKUAKOM MUTATEIb-
HOM cpelbl mpeajaraeMoro MetTonaa, MHKyOupyloT
B a9p0oOHBIX ycaoBusax npu +28°C B TeueHue 48 4,
3aTeM TIIepeceBaloT 0aKTepUOJOTUYSCKON TIeT-
Jieil oboramieHHbIM MaTepual u3 (pjakoHa Ha I0-
BEPXHOCTh IIJIOTHOW MUTATEIBbHOMU CpPEabl TAKOTO
e cocTaBa B AByX uyaiikax Ilerpu. MHKyOupytor
MOCEeBBI B adPOOHBIX ycaoBugx npu +28°C B Teue-
HHUe 48 4, OTOMPAIOT AJIST MOCICAYIOMEH BUIOBOM
naeHTUGUKAIMHY 110 10 130JIMpOBaHHBIX KOJIOHUA,
XapaKTEPHBIX OJISI allHHETOOAKTEepOB, ITepeceBaloT
WX Ha CCKTOPHI IMUTATEIIBHOTO arapa, MHKYOUpy-
IOT B a3pOOHBIX ycaoBUsX npu +28°C B TeueHUe
24 94 1 UAeHTUDULIUPYIOT BUIOBYIO NPUHAIJIEK-
HOCTb M3O0JISITOB MO KOMIIJIEKCY (EeHOTUNHnYecC-
KX mnpuszHakoB u/unu merogom MALDI-ToF
MS. bakrtepuu A. baylyi — rpaMmoTpulaTeIbHbIE
KOKKOOAKTepuH, HEMOIBUXHBIC;, KOJOHWUW JTua-
METPOM 2 MM, BBITYKJIbIC, CBETIIO-CEpPhIe, MYTHEHIC;
OKCHM1a300TpUlIaTeIbHbIC, KaTala30I0JOXKUTEb-
HbIe; He (DEPMEHTUPYIOT, HO OKUCISIIOT TJIIOKO3Y;
HE WMEIOT HUTpATpeayKTasy; MMEIT OBICTPYIO
ypeasy; YTUJIM3UPYIOT B Ka4eCTBE eIMHCTBEHHOTO
WCTOYHMKA YTJepoja TIIIOKO3Y; He YTUIU3UPYIOT
L-denunananuH, L-apabuHo3y, NyTpeCLMH.

CouetaHue L-¢peHunansaHnHa U 3TaHoJa B TU-
TaTeJIbHON Cpelie HEOXUAAHHO BbISIBUJIO HEOOBIY-
HBI Y3KOCEEKTUBHBIN 3(p(PeKT 00MIBHOTO BbIAC-
JieHus1 6aktepuit A. baylyi u3 pedHoit Bogbl — 95%
Bcex u3oysaToB OakTepuil (19 m3 20 M3yyeHHBIX
KOJIOHUIA), BBIACJIEHHBIX M3 OJHOI TpPOOBLI BOIBI
Hessl, ssBasiuchk BUaom A. baylyi (tadin. 2).

IIpu cpaBHUTEIbHOM M3YUYEHUM ITOM XKe Ipo-
ObI BOJIbI C UCTIOJIb30BAHWEM 2TAHOJ-AaMMOHUMHOM
cpeabl He ObLIIO BhISIBJIICHO OakTepuil A. baylyi, o-
HaKoO OBbIJIM OOHAPYXKEHBI 0OAKTEPUU ITPOUYUX BUIOB
allMHETOOAKTEePOB U MU3O0JSATHI APYTUX POIOB OaK-
Tepuit (Tada. 2). [Ipy mMOBTOPHBIX MCCASIOBAHUSIX
Tpex npob Boabl peKu HeBbl ObLIM TOJTyUYEHBI pe-
3yAbTAaThl OAMHAKOBOW HAITPaBJICHHOCTU — IIpe-
JJaTaeMBIM METOHOM BBIICISIINCH IIPEUMYIIECT-
BeHHO OakTepuu A. baylyi (90—95% nzonartos).

Cnucok nutepatypbl/References

O6cyxaeHne

MexaHu3M BBISIBJIEHHOTO Y3KOCEJIEKTUBHOTO
BblIeIeHUs1 OakTepuit A. baylyi u3 pedyHOU BOIBI
COCTOUT B TOM, YTO U3BECTHBII UICTOUHUK YTJIEpPO-
1a 2TAHOJ, UMEKIINN MIUPOKUN CHEeKTp Tpodu-
YEeCKOro CEJCKTUBHOIO NEHUCTBUS NJIs1 OOJBIIMH-
CTBa BUJIOB allMHETOOAKTEPOB, MPU MOMOJHEHUU
ero L-deHmnanraHMHOM, KOTOPBIA SIBISIETCS IJIS
A. baylyi "CTOYHUKOM TOJILKO a30Ta, CO3Ial0T 00-
nee cnenupUUIecKre CEJICKTUBHEBIC YCIOBUSI, UeM
YHUBEpPCaJlbHbie MUHEPaAJbHbIE UCTOYHUKHU a30Ta
(NH,CI, NH,NO;) nunu aMUHOKUCJIOTHI, KaK HC-
TOYHUKM yTjiepona u asoTta. [Ipu 3TOM CBOHCTBO
A. baylyi ucnonb3oBaTh L-peHnnanaHuH Kak uc-
TOYHUK TOJBKO a30Ta HEMOCPEICTBEHHO OIlpe-
nenasieT OJOCTUXEHUE IOCTaBJCHHOIM 1€ IOBBI-
IMIEHUSI CEJICKTUBHOCTU BBIACICHUS OaKTepuit
A. baylyi n3 peunoit Bombl. KoMIiekc MuHepa b-
HBIX COJIEMI Cpembl oOecIiedrMBacT MeTadOoIM3M
OakTepuil M HaIpaBJIICT €ro Ha YCBOGHHE 3Ta-
Hosa u L-penunananunHa. Temneparypa +28°C
SIBJISIETCSI ONTUMAJbHON JJISI KYJIBTUBHUPOBAHUS
A. baylyi. Dtan mpenBapUTEJIbHOTO OOOralleHus
PEYHOM BOIBI B )KMAKOWM ITUTATEIbHOMN CpENE U BpE-
MsI MHKyOauuu 48 4 o0ycloBJIeHbl pa3HOOOpa3u-
eM M MaJlol KOHLEHTpaluei OaKkTepuil B BojE.
PazpaboraHHbIil MeTOd oOecIieuBaeT BblJACJIEHUE
W3 PEYHOM BOABI HEOTPAaHMUYEHHOI'O KOJIMYECTBa
ITaMMOB OakTepuit A. baylyi, uto OyneT cnocob-
CTBOBaTh IIOMCKY HOBBIX OMOpEMeInaToOpoB 3a-
TPSI3HEHU W MPUPOJHON Cpelibl, U3YUYEHUIO 3KOJIO-
TMU allMHETOOAKTEPOB U SIMUIEMUOJIOT N alliHEe-
TOOAKTEPHBIX MH(MEKIINIA.

3akJito4eHme

PazpabotaH MeToOd CEJIeKTUBHOTO BBIJICIEHU ST
oakTepuit A. baylyi n3 pedHoOU BOAbI, MO3BOJISIO-
LU U30MpaTeJbHO BBIACISITH U3 MPOO BOIBI Mpe-
UMYIIeCTBeHHO OakTtepuu A. baylyi. Ha croco6
noaydeH nareHT Poccuiickoit @enepannn Ha U30-
OopereHue Ne 2769434 [1].
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ABTOpPBI OJarogapsiT crapiiero jgadbopaHTa Ka-
deapbl MUKpoOuonornu BoeHHO-MeauIIMHCKOM
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1. IMatent Ne 2769434 Poccuiickas ®enepanms. MITK CI12N 1/20 (2006.01), C12Q 1/04 (2006.01), C12R 1/01 (2006). Crioco6
BbIIENIeHUsT OakTepuii Buaa Acinetobacter baylyi u3 peunoit Bombr; Ne 2021130073, 3asBneno 2021.10.14, ony6ankoBaHO
2022.03.31 / CuBononckuii E.I1. [Matentoo6manarens: CuBonoackuii Esrenuii [Terposuy. 6 c. [Patent No 2769434 Russian
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NPABUJIA AJ19 ABTOPOB

CTaTbhy IPEACTABISAIOTCS B PEIAKIIMIO Uepe3 CUCTEMY 3JIeKTPOHHOTO0 n3naTeabeTBa (http://iimmun.ru) B cooTBeT-
CTBUHM C TpeOOBaHMAMM XypHana «MHbeKIusI 1 UMMYyHUTET» U «MHCTpyKIIMel 11T aBTOPOB», MPeaCTaBICHHOM
Ha caiite. C despans 2016 rona xxypHai «MHDEKIIMS 1 UMMYHUTET» TyOJIUKYET CTaTbU Ha IBYX SI3bIKaX (PYCCKOM
U aHTJIUIICKOM).

OcHOBHbIe BUbl cTaTeil, Nyo/IMKyeMbIX B XXypHane

OpHUruHaIbHAS CTAThA

CTaTbs A0JKHA OMUCHIBATH PE3YIbTaThl 3aKOHUEHHOT0 uccienoBaHus. Jlomyckaercss o0beM cTaTbi 10 20 Maliu-
HOTUCHBIX CTPAHUII, BKJOUast pUCyHKU, Tabauiibl. CTaThs JOJIXKHA colepkaTh: 1) BBeneHue; 2) MaTepuaibl U METO-
bl 3) pe3yabTaThl UCCIeAOBaHMI; 4) 00CyKIeHNEe Pe3yIbTATOB; 5) 6J1arogapHOCTH.

e BBenenne conepXxuT o00CHOBaHME 1eJIU U 3a]a4 ITPOBEIEHHOT0 UCCIeA0BAHUSI.

e MarepuaJibl 1 METObI MOTYT U3J1araThCsl B BUJAE OTEJIbHbIX (DPArMEHTOB C KOPOTKMMMU MOA3ar0JIOBKaAMU.

e Bce HeTpanuiimoHHble MOAU(PUKAIIMN METOIOB JOJIKHBI OBITH OTTMCAHBI C JOCTATOYHOI CTEIEeHbIO IO/~
pob6HocTH. JIJIsT BCeX UCIOJb3yeMBbIX B pab0Te PeaKTUBOB, SKUBOTHBIX, KJIETOYHBIX KYJBTYP M T.1. HEO0-
XOJIMMO TOYHO YKa3bIBaTh IPOU3BOIUTENEH /WU UCTOYHUKY MOTYyYeHU s (C HAa3BaHUSIMU CTPaHbI, hUp-
MBI, UHCTUTYTA).
PesyabTaThl ONMUCHIBAIOTCSI B JIOTUYECKOI MOCIEIOBATEILHOCTU B BUAE OTIEIbHBIX (DparMeHTOB, pa3je-
JICHHBIX MO/I3aTr0JIOBKaMU, 6€3 2JIEMEHTOB O0CYKAeHUsI, 6€3 MOBTOPEHUS METONUIECKUX ITOIPOOHOCTEM,
0e3 nyosimpoBaHU s HU(PPOBBIX JaHHBIX, IIPUBEICHHBIX B TAOJIMIIAX U PUCYHKAX.
B 00cyKaeHuM ITPOBOAMTCS AeTaJbHBIM aHAJINU3 TTOJYYEHHBIX JaHHBIX B COMOCTABJICHUM C TAHHBIMU JIU-
TepaTypbl, UYTO CIYKUT OOOCHOBAHUEM BbIBOJIOB U 3aKJIIOUYEHU T aBTOPOB.
Paznen «baaromapHocT» He sIBJIsIeTCS 00s13aTeIbHBIM, HO KpaiiHe xkeJiaTesieH. B aToM pasnese aBTOpbI MO-
T'YT BBIPA3UTh MPU3HATEIbLHOCTh OpPraHM3alli1, CyOCUINPOBaBIIEi TpoBeAeHUE UCCIEIOBAaHU M, KOJe-
ram, KOHCYJIbTUPOBABIIIMM pabOTYy B ITPOIIECCE €€ BHITTIOJTHEH U ST U/UJIM HATTUCAHU S, a TAKXKE TEXHUYECKOMY
TMepCcoHay 3a TMTOMOIIlb B BRIMOJTHEHU U UcciefoBaHu . biarogapHocTu 3a mpenocraBieHue crieiupuiec-
KUX peaKTUBOB UJIM 000pYyI0BaHMsI, KaK IIpaBUJIO, TIOMEIIAIOTCs B pasaeiie «MaTepuaibl U METOIbI».

Kparkue cooduenns

KypHan nyoinKyeT HeOoIblIKre 0 00beMY CTaTbU, KOTOPbIE UMEIOT 0€3YCIIOBHYIO HOBU3HY M 3HAUMMOCTh. DTHU
CTaThU IMPOXOMIST YCKOPEHHOE pelieH3UpOBaHNe U TyOJUKYIOTCS B KOPOTKHUE CpoKU. OOMit 00beM KpaTKOTO CO00-
IIEHU I OTPaHWYeH 8 MAITMHOMMCHBIMU CTPAHUIIAMHU, KOJTMYECTBO PUCYHKOB M/MJIW TaOIUI] HE MOXET OBITH OoJiee 3,
a CMUCOK MCMOJb30BAaHHBIX IMTEPATYPHBIX UCTOUHMKOB He JOJKEH MpeBbIIaTh 15. TUTYNbHBIN TUCT oopmseTcs,
Kak onucaHo Huxe (cM. «[Togroroska crareii»). Pazaenbl KpaTKoro cooOIIeH I aHAIOTMYHBI BBIIIIEOMTMCAHHBIM pa3-
JleJlaM OPUTUHAJIBHOM CTaTbU, HO HE BBIIEISIIOTCS 3aT0JIOBKAMU U TTOA3ar0JIOBKaMU, Pe3yJIbTaThl MOTYT OBITh U3J10-
JKEHBI BMECTE C 00CYXICHUEM.

O030pHbBIE CTATHY U JIEKIUU

O0630pHbIE CTAaTbU U JIEKIIMY B OCHOBHOM 3aKa3bIBaIOTCS pelaKIlMei UM MOTYT ObITh PEKOMEHI0BaHbI OMHUM U3 UJie-
HOB penkosuternu. bojee monpodHyo nHMOPMAIINIo O TpaBUIax 0(POPMIEHUS 3TUX CTaTei MOXKHO Y3HATh B pelaKIINU.

Bubnuorpacpuyeckmne ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnukaumni

Onucanue CTaTbU U3 XKypHAJIA:

Casnuna T.1O., Mopososa T.1. UmmyHoormueckue MeTonbl B tuddepeHimaibHoil nuarnoctuke // Ty6epkyies u 601e3HU JTeTKHX.

2011. T. 88, Ne 11. C. 50-53.

Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

Onucanue craTbu N3 KHUTH (MOHOTpadum):

Llypeiruna U.A., Yecnokosa M.B., Kinumos B.T. [IceBnoTybepkynes. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBubHOrO 0hOPMJIEHUS AHIJIOA3BIYHBIX CCHLIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205-229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchLIKY Ha TUTEPATyPHBIE MICTOYHUKU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM11aX 0003HAYAIOTCS apaOCKUMU M-
paMu B KBaJpaTHBIX ckoOkax [1, 2, 3,...]. He momyckaioTcs cChIIKM Ha nucCepTalluu, aBTopedepaThl AMCCEpTaLlnii,
nyoJaMKaluu B COOPHUKAX, METOAMYECKHE JOKYMEHTHI MECTHOTO ypOBH 1. Ko1MyecTBO NICTOUHUKOB HE OrpaHUYEHO.
B xax10ii cchlyike MpuBOASITCS BCe aBTOPbI paboThl. HeonyOanKoBaHHbBIE CTaThbU B CIIUCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

J1s CIOXKHBIX TEPMUHOB MJIM HA3BaHU M, HaK0OJIee YaCTO UCTOJIb3YeMbIX B TEKCTE CTATbU, MOXHO BBECTH (B KPY-
[JIBIX CKOOKAaX MocJje MepBOro ynoMMHaHUS TTOJTHOTO Ha3BaHUsI TepMUHA) He Oosiee 3—5 HeTpaauIIMOHHBIX COKpa-
IEHWIA. Y3aKOHEHHbIE MEXIyHapOTHBIMU HOMEHKJIATYpaMU COKpAIIeHUST WCIOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 11 TEpMUHA «MHTEPIENKUH» UCIIONB3yeTCs cokpatenue «IL», a He pyCCKOSI3bIYHBII
BapuaHT «MJI»; aHaIornuHo sToMy ucrnonb3yrorcst cokpaineHus: < NF», a He <TH®» unu «®HO»; «CD», a He «C».
HasBaHus MUKPOOPTaHU3MOB MIPUBOISITCS B OPUTMHAIBHON TPAaHCKPUIILIMU C UCTIOIb30BaHUeM KypcuBa (E. coli,
Streptococcus pyogenes). ETUHWIIBI U3MePEHU I TPUBOASATCS 6€3 TOUKHU TTOCJIe X COKPAIIIEHHOT0 0003HaYeHM I, peryia-
MEHTHUPOBAHHOI'O MEXIYHapOIHBIMU IIpaBUIaMu (C, 4, cM, MJI, MT, kDa u T.1.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMW WM 0630pa; 3) UCTIOb30BaHUE aBTOPOM TPENCTABIEHHBIX B JKYpHAaJI MaTepHUaoB MPU Ha-
MYMCAaHUU IUCCEePTALMU MJIM KHUTH. Bocmpon3BeneHne BCero n3naHus UM 4aCcTH JTI0OBIM CITOCOOOM 3arIpeliaeT-
cs1 6e3 MUCbMEHHOr0 pa3pelneHus uznareneir. HapyiieHue 3aKkoHa OyaeT IpeciieaoBaThCs B CyaAeOHOM MOPSIAKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu aBTOpOB»).
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3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SBIISTIOTCSI COTPYAHUKU Pa3HBbIX YUPEXKAEHUI, TO TOCIeTHNEe HYMEePYIOTCS T10 TOpSaKy, HaunHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJIbl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BAHKE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXOAHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

[Toanbiii uHTEpHET-2/IpEC
(URL) uurupyemoii ctaTbu
u/unm ee DOI

Pasmemmatorcst

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHapTy, MPEACTABICHHOMY
BbILLE

OdunraabHOE aHTIOSI3bIYHOE Ha3BaHUE
nyOJMKalMK U UCTOYHKKA, TIe OHA
ory0JIMKOBaHA — JIJISI PYCCKOSI3bIYHBIX CTATEi.
B penkux ciyuasix, KOraa He CylecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHU,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYONMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaIbHOM caiiTe
W3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

B T.4. CUCTEMBI
www.e-library.ru.

DOI cratbu npuBoauTCS
B KBaJPaTHBIX CKOOKAxX
nocie URL-aapeca

4. TekcT noJKeH ObITh HAOpaH C ONMHAPHBIM MEXCTPOYHBIM MHTEPBAJIOM; UCIIOJIb3yeTCs Kerib mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBaHUE; BCE CChIJIKY Ha MJLTIOCTpaluu, TpadKuy 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciu BBl OTIIpaBIIsieTe CTaThiO B PELIEH3MPYEMbIil pa3/iesl XKypHalia, TO Bbl COMIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, TOAPOOHEEe 0 KOTOPOM MOXHO y3HATh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Boi MokeTe 0(hOpMHUTH MOANMMCKY HA XKYPHAJT
«Andekuns 1 IMMMYHUTET» Yepe3 OTIAeJIeHUs CBS3H:

000 «¥Ypaa-ITpecc-Okpyr» u 21eKTPOHHBII KaTaJjor «Poccuiickas nepuoauka»

B ceTu Internet Ha caiite www.arpk.org.
TloanucHoii naaekc 41392.
IMoanucka Ha 3JIEKTPOHHYIO BEPCHIO XKyPHAJIa
Ha caiite www.elibrary.ru
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UnmocTpauumn k ctatbe «0CO6GEHHOCTN Pa3BUTUA ayTOUMMYHHOI NaTONOrMU B YCJI0BUSX
MUTOXOHApUuanbHoi ancdyHKuumM y Kpbic» (aBTopbl: C.B. CkynHeBckuii, E.I. MyxaeBa, A.K. BagTues,
®.K. Pypya, ®.3. bataroea, X.I. ®apHuera) (c. 161-166)

lllustrations for the article “The features of developing rat autoimmune pathology with mitochondrial dysfunction”
(authors: Skupnevskii S.V., Pukhaeva E.G., Badtiev A.K., Rurua F.K., Batagova F.E., Farnieva Zh.G.) (pp. 161-166)

PucyHok. MukpodoTtorpadpum ceneseHku Kpbic: nuMPpounaHblie y3enku U y4acTKu KpacHOM Nysbrbl
(yBenuueHue 10x20): A) HeraTUBHbIN KOHTPOJIb; B) NO3UTUBHbIN KOHTPONL; B) onbIT

Figure. Micrographs of the rat spleen: lymphoid nodules and areas of red pulp (magnification 10x20): A) negative
control; B) positive control; C) experiment

Wnnioctpaums k ctatbe «OnbIT MUKPOOUONOrM4eCcKoro MOHMTOPUHIAa XXUAKOCTU Ha3abHOrO JlaBaxa

ANS paHHEero BbiIBJIeHUS U NPoGUNaKkTUKN 6akTepuasibHbIX OC/IOKHEHUI Ierkux y naumeHTa

¢ mykoBucumao3som» (astopsbl: 0.B. KongpateHko, A.B. JlamuH, A.A. EpewseHko, B.A. AHTunos) (c. 167-170)
lllustration for the article “Microbiological monitoring of nasal lavage fluid as a method for early detection

and prevention of bacterial lung complications in a patient with cystic fibrosis” (authors: Kondratenko O.V.,

Lyamin A.V., Ereshchenko A.A., Antipov V.A.) (pp. 167-170)

1 2 3 4 5 6

Figure. Cluster dendrogram constructed by using 5 strains isolated from patient R. (1-5) and a typical
strain of P. aeruginosa (6)

Note. Mass spectrums of bacterial strains are located along the Y-axis (vertical line) from bottom to top of the dendrogram,
along the X-axis (horizontal lines) from left to right of the dendrogram. The color of the cell reflects the degree of affinity

of the corresponding strain pair. The range of cell colors corresponds to the thermal imaging scale from dark blue (with absolute
difference in strains) to dark red (with complete coincidence).



WnniocTtpauum k ctatbe «KnuHuveckuii cnyyain uHpuumnpoBanma SARS-CoV-2, 0c10XXHEHHOro

HedporeHHbIM 0TeKoM nerkux n COVID-accoummnpoBaHHbIM NHEBMOHUTOM, aJibBE0JIMTOM»

(aBTopbi: 0.B. BopoObesa, H.E. TumanauHoBa, J1.M. PomaHoga) (c. 183-190)

lllustrations for the article “A clinical case of SARS-CoV-2 infection complicated by nephrogenic pulmonary edema

and COVID-associated pneumonitis, alveolitis” (authors: Vorobeva O.V., Gimaldinova N.E., Romanova L.P.) (pp. 183-190)
-

&

PucyHok 1. Mukpockonuyeckas KapTuHa BUPYCHOW NHEBMOHUU: NPOCBET aJibBEOJ1 3aMoJIHEH
Ccepo3HO-PpUOPMHO3HBIM 3KCCYA,aTOM, CJYLLEHHbIMU anbBeosiouuTamu (1), YacTb anbBeOsN 3anoJiIHeHa
aputpouutamm (2). MexxanbBeonspHbie NeperoponKu yTosweHbl 3a cHeT 0TeKa U KPOBOUINUAHUIA.
Okpacka remMaToKCUJIMHOM M 303UHOM, yBenuueHue x900

Figure 1. Microscopic picture of viral pneumonia: the lumen of the alveoli is filled with serous-fibrinous exudate,
desquamated alveolocytes (1), some of the alveoli are filled with erythrocytes (2). The interalveolar septa

are thickened due to edema and hemorrhages. Staining with hematoxylin and eosin, magnification x900

PucyHok 2. Mukpockonuyeckasi KapTMHa BUPYCHOM NHEBMOHUU. A. MeXxanbBeonsipHbie Neperopoaku
yTOJLLEHb] 32 CHYET KpoBOU3NUaHU (1), NpocBeTbl anbBeosn 3anosiHeHbl 3puTpouuTamu (2). B. Ha cteHkax
anbBeoJ HANI0XXEHUS TOMOreHHbIX PO30BbIX MacC B BUAE «MOJY/IYHWUIA» N0 TUMY rMasMHOBbLIX MeMOpaH (1).
Okpacka remaToKCUIMHOM M 303UHOM, yBennvyeHue x900

Figure 2. Microscopic picture of viral pneumonia. A. The interalveolar septa are thickened due to hemorrhages (1),
the alveolar lumens are filled with erythrocytes (2). B. On the walls of the alveoli there are homogeneous pink masses
in the form of “crescents” similar to hyaline membranes (1). Staining with hematoxylin and eosin, magnification X900

PucyHok 3. Mukpockonuyeckas KapTuHa U3mMeHeHuil B cepaue. A. 'mnepTtpodupoBaHHbie
KapauomMuoumThi (1), KapAMOCKNEpPO3, YTONLEHUE U aHTMOCKepPo3 (2), NPU3HaKN MHTEPCTULUANBHOTO
oteka (3). b. TmnepTpodusa n pparmeHtauma kapguommouuTos (1), yuactkm kapauockneposa (2),
NPU3HaKN MHTepCTULMaNbHOro oTeka (3). Okpacka reMaTOKCUJIMHOM U 303MHOM, yBennyeHue X900
Figure 3. Microscopic picture of changes in the heart. A. Hypertrophied cardiomyocytes (1), cardiosclerosis,
thickening and angiosclerosis (2), signs of interstitial edema (3). B. Hypertrophy and fragmentation

of cardiomyocytes (1), areas of cardiosclerosis (2), signs of interstitial edema (3). Staining with hematoxylin

and eosin, magnification X900



Wnnioctpauum k ctatbe «KnuHnyeckuin cnyyain unpuumposanus SARS-CoV-2, 0CNOXHEHHOIO
HedporeHHbIM oTekom nerkux n COVID-accouunpoBaHHbIM MHEBMOHUTOM, aJlbBEOJIUTOM»

(aBTOpbI: 0.B. BopoObeBa, H.E. TmmanauHoBa, J1.M. PomaHoBa) (c. 183-190)

lllustrations for the article “A clinical case of SARS-CoV-2 infection complicated by nephrogenic pulmonary edema

and COVID-associated pneumonitis, alveolitis” (authors: Vorobeva O.V., Gimaldinova N.E., Romanova L.P.) (pp. 183-190)

PucyHok 4. Mukpockonuyeckasi KapTMHa U3MeHeHui B noykax. A. B napeHxmnme no4ku — KpyrnHbie KUCTbl (1),
BbICT/IaHHbIE€ HU3KUM KyOun4yeckum anutenmem (2). b. CydoaTtpodurueckmne mameHeHNs COXPaHEHHbIX

Kny6o0u4koB (1), 6enkoBbie MacChbl B NPOCBETE Kancynbl KNy6ouka (2). B. Cknepos v yToseHne CTeHKU
aptepuonsi (1), cknepo3 kny6ouka (2). I. BenkoBble Macchl B npocBeTe Kancynbl (1), anuTenuii kaHanbua

¢ Kapuonuauncom (2). Okpacka reMaToKCUJIMHOM U 303UHOM, A, B, I — yBenuueHne x900, B — yBenndyenue x400
Figure 4. Microscopic picture of changes in the kidneys. A. In the parenchyma of the kidney — large cysts (1), lined
up with low cuboidal epithelium (2). B. Subatrophic changes in preserved glomeruli (1), protein masses in the lumen
of the glomerular capsule (2). C. Sclerosis and thickening of arteriolar wall (1), sclerosis of the glomerulus (2).

D. Protein masses in the lumen of the capsule (1), tubule epithelium with karyolysis (2). Staining with hematoxylin
and eosin, A, B, D — magnification X900, C — magnification x400

PucyHok 5. Mukpockonuyeckas KapTuHa USMeHeHuUii B neveHu. A. luckoMmnnekraumsa ne4eHoYHbIX
6anok (1) c HanuumMem pacLUMPEHHbIX NOJIOCTEl Mo TUMY KUCT, MeCTaMu OKPYXXEHHbIX 30HOI1 ckiepo3a (2).
B. CTeHKa KUCTbI, BbICT/IaHHAs OAHOC/IONHbIM 3nuTenuem (1), HapyweHue 6ano04YHOro cTpoeHus (2),
numdpomakpodaranbHaa uHpunsTpauus (3). Okpacka reMaToKCUIIMHOM U 303UHOM, yBennyeHue x400
Figure 5. Microscopic picture of changes in the liver. A. Discompletion of the hepatic beams (1) with the presence

of enlarged cavities like cysts, sometimes surrounded by a sclerosis zone (2). B. Cyst wall lined up with a single-
layered epithelium (1), altered beam structure (2), lympho-macrophage infiltration (3). Staining with hematoxylin
and eosin, magnification x400



MopanucHon MHAEKC:
Ypan-lpecc — 41392

ISSN 2220-7619

9ll772220l1761900



	0001-0002_Titul&Oborot_V13N1_Rus
	0003-0004_Titul&Oborot_V13N1_Eng
	0005-0006_Sod_Rus_V13_N1
	0007-0008_Sod_Eng_V13_N1
	0009-0028_Obz_2058_Nesterova
	0029-0036_Obz_2102_Kubar
	0037-0045_Ors_1998_Zaykovskaya
	0046-0054_Ors_2098_Inviyaeva
	0055-0066_Ors_2009_Toptygina
	0067-0074_Ors_2049_Kudryashova
	0075-0090_Ors_2450_Popova
	0091-0099_Ors_2082_Mokrousov
	0100-0106_Ors_2014_Shtrek
	0107-0118_Ors_2065_Volobueva
	0119-0126_Ors_2024_Obaid
	0127-0132_Ors_1861_Nguyen
	0133-0140_Ors_2012_Ratridewi
	0141-0146_Ors_1642_Osmani
	0147-0155_Ors_2008_Saleh
	0156-0160_Krat_2037_Bryukhacheva
	0161-0166_Krat_2038_Skupnevskii
	0167-0170_Krat_2055_Kondratenko
	0171-0173_Krat_1613_Vitiello
	0174-0182_Prakt_2109_Samoylov
	0183-0190_Prakt_1985_Vorobeva
	0191-0196_Met_2112_Sivolodskii
	0197-0199_Pravila_dlya_Avtorov_Inf&Imm_V13N1
	0200_Ukazatel_V13_N1
	vkleyka_I&I_V13_N1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


