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WnniocTpauum k ctatbe «9K0OJIOrM4ecKuii cueHapuii Buaooo6pa3oBaHua Mukpo6a yymsl Yersinia pestis
KaK OCHOBa af,eKBaTHOW MOJIEKYJIIPHOW 3BOJIIOLLMOHHOW Mmoaenu» (aBTop: B.B. CyHuoB) (c. 809-818)
lllustrations for the article “Ecological scenario of the plague microbe Yersinia pestis speciation underlying adequate
molecular evolutionary model” (author: Suntsov V.V.) (pp. 809-818)
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PucyHok 1. TunnyHaa monekynsipHas
dunnoreHeTuyeckasa peHgporpamma Yersinia
pestis, co3paHHasa Ha OCHOBe aHan3a
monekynspHbix SNP-mapkepos [16]

Figure 1. A typical molecular phylogenetic dendrogram
of Yersinia pestis based on the molecular SNP marker
analysis [16]

Mpumeyanue. MRCA (most recent common ancestor) —
abCcTpakTHbIN Hanboiee COBPEMEHHbIV CTAaTUCTUYECKNM
060CHOBaHH®I Npenok Buaa Y. pestis. NO7 — ysen
nonutomun (branches 1-4), BO3HUKLLNIA Nepes Havanom
2-1A naHgemMunm Yymel («4epHast cMepTb»). OBaNOM BblAENEHI
«MofeBkoBble» reHoBapuaHTel 0.PE (noasuabl) Bo36yamTens
4yyMmbl, 06pa30BaBLUME 30HY Hanbonee APEBHUX NPUPOLHbIX
o4aros B EBpasun.

Note. MRCA (most recent common ancestor) is a putative
most recent statistically justified ancestor of the species

Y. pestis. NO7 is a polytomy node (branches 1-4) that arose
before the onset of the second plague pandemic (the “Black
Death”). The oval highlights the “vole” genovariantes 0.PE
(subspecies) of the plague causative agent, which formed
the zone of most ancient natural foci in Eurasia.

PucyHok 2. TpMTONHOE NPOUCXOXAEHUNE TPEX
reHoBapuaHToB (MOABUAOB) YYMHOro MUKpoGa
Yersinia pestis 2.ANT3, 3.ANT2 n 4.ANT1

B Tpex reorpaduyeckux nonynsumax
MOHroJsibCKoro cypka Marmota sibirica sibirica (1),
M. sibirica caliginosus (11) n M. sibirica ssp. (lll)

M TPU CaMOCTOSITE/IbHbIX MapLUpyTa UxX
TeppuUTOpMranibHOM 3KCMaHCUn

Figure 2. The tritopic origin of the three geneovariantes
(subspecies) for the plague microbe Yersinia pestis
2.ANT3, 3.ANT2 and 4.ANT1 in the three geographic
populations of the Mongolian marmot Marmota sibirica
sibirica (1), M. sibirica caliginosus (Il) and M. sibirica
ssp. (lll) and three independent routes of relevant
territorial expansion

Mpumevanue. [yHKTUPHAA NMMHUSA O4EPHMBAET OXHYIO
rpaHuLLy 30HbI F1y60KOro NpoMep3aHus rpyHTa.

Note. Dottedline outlines the southern boundary of the zone
of soil deep freezing.
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9KOJIOrMYECKUU CLLEHAPUW
BUOOOBPA3SOBAHUA MUKPOBA YYMbl
YERSINIA PESTIS KAK OCHOBA AJEKBATHOW
MOJIEKYJI1PHOU 3BOJIIOLLUOHHOU MOAEN

B.B. Cynuos

Hncmumym npobaem sxonoeuu u s6oarouuu um. A.H. Ceeepuosa PAH, Mockea, Poccus

Pe3siome. M3BecTHO, YTO MPSIMBIM ITPEIKOM BO3OYIUTENSI UyMbl — MUKpPOOa Yersinia pestis — sIBIsSIeTCA IICUXPODUITHHBII
TICeBAOTYOEPKYIe3HBIM MUKPOO 1-To cepotura (Y. pseudotuberculosis 0:1b) — Bo30ynuTenb 1aJbHEBOCTOYHOM cKapia-
TrHOIIOMo0HO# Tuxopanku (JACJI) — KueuyHoit WHGEKIINU IMIPOKOT0 KPyra 0€CIT03BOHOYHBIX 1 IIO3BOHOYHBIX XKH-
BOTHBIX, OOMTAIOIIUX B X0J0AHBIX pailoHax CeBepHoii u IleHTpanbHo A3un u JlanbHero Boctoka. OnHako MeXxaHU3M
BUI000pa3oBaHus Y. pestis ocTaeTcsl He BIOJHE SICHbIM. MHOrouMcieHHble (DUIOreHUM BO30YAUTENS, CO3AaHHbIE
Ha OCHOBE MOJIEKYJIsipHO-TeHeThYeckux (MI') TexHOI0rnii, BO MHOTOM MMPOTUBOPEUMBEI, HE COTJIACYIOTCS C HaI€KHbI-
MU (haKTaMU KJIACCUYECKUX €CTECTBEHHOHAYUYHBIX HAMlpaBJIeHU I — 9KOJOTMHU, SMMU300TOJOTMU, Ouoreorpaduu, mna-
JIEOHTOJIOTUU U APYTUX U HE COOTBETCTBYIOT MOJIOXEHUSIM COBPEMEHHOTO 3BOJIOLMOHHOTO YYeHUST (CMHTETUYEeCKOI
Teopuu 3BoolMK). Ha Bompockl, rae, Korna, KakuM 00pa3oM M IPpU KaKUX 00CTOSTEebCTBaX BOZHUK BUM Y. pestis,
MI-nionxon n1oBepUTEIbHOIO OTBEeTa He AaeT. OMHOI U3 MPUIYUH CAOXKUBILEHCS CUTYallMM BUAUTCS HealeKBaTHOCTh
HCIOJIb3YeMO B (pUIOTeHETHKE Y. pestis MOJNIEKYSpPHOI 2BOTIOLMOHHON Moneu. 3HaHUe XKU3HEHHBIX LIMKJIOB Mpe-
KOBOTO TICEBAOTYOCPKYIE3HOTO 1 MTPOU3BOIHOTO YYMHOIO MUKPOOOB 1 X YHUKAJIbHBIX 3KOJOIMIECKUX OCOOCHHO-
CTeil IMTO3BOJISIET CO3AATh TOBEPUTEIbHYIO KOOI MIeCKYI0 MOIEIb SBOJIOLNY YYMHOT0 MUKP00a, Ha OCHOBE KOTOPOIt
CJIeAyeT OIICHMBATh 3aKOHOMEPHOCTH MOJIEKYJISIPHOI M3MEHUYNBOCTH 1 BEICTPAUBaTh aIcKBATHYIO MOJIEKYISIPHYIO MO-
JIeNTb, KOTOPYIO MOXKXHO OYIeT MPUHSATH ISt MI-peKOHCTPpYyKIINY UCTOPUM 3TOTO ImaTtoreHa. CorracHO KOJIOTMYeCKOM
Mojenu, BUI Y. pestis chopMUpPOBAJICS TPUTOMHO (TOYTU) OJHOBPEMEHHO U3 KJIOHOB (monyasuuil) Bozoyaurens JCJI
B TpeX reorpauyeckux MomnyJsilusx MOHIOJbCKOTO cypKa-Tapbarana (Marmota sibirica) v napa3uTupyolieit Ha HeM
osnoxu Oropsylla silantiewi. UHAyKTOPOM BUI000pa30BaHUs MOCIYKUJIO TTOCIeAHEEe MaKCUMabHOe (capTaHCKOE) T0-
xononanue B LleHTpanbHolt A3uu, umeBliee MecTo 22—15 Thic. eT Ha3ad. [loxononaHue u rayboKoe mpomep3aHue
I'PYHTA CTaJI0 MPUYNHON M3MEHEHMSI TTOBEACHUS TMUMHOK CYpOUbeil 0JI0XM — BO3ZHMKHOBEHUS (haKyJIbTaTUBHOI re-
MaTodaruu, KoTopas, B CBOIO OUepeib, IpUBeaa K YHUKAJIbHOMY, TPaBMaTUUYECKOMY (HE TPaAULIMOHHOMY aJluMeH-
TapHOMY), criocoOy 3apaxeHus cusguux cypkos JICJI u, Kak cieacTBue, K yHUKaJIbHOMY CIIOCOOY BUIO0OOpa30BaHUS
Y. pestis. MonexynsipHast MOZE/Ib TOJIKHA TTpeIycMaTpuBaTh epUaTpuueckoe TPUTOITHOE BUI0OOpa3oBaHue Y. pestis,
HaJIM4Y1e MHOTOUYMCICHHBIX Mapajieu3MOB BHYTPUBUAOBON M3MEHUMBOCTH, CBSI3aHHOW C TPUTOITHBIM BUI000pa-
30BaHMEM, W KBAaHTOBBI/ IPUHIIMIT BUIOOOpPA30BaHUS B BHICOKOM3MEHUMBOM IeTepOTePMHOI (IeTepOMMMYHHOI)
CTPECCOBOI TOCTAaIBHO-BEKTOPHOI cpene cypok—omoxa (Marmota sibirica — Oropsylla silantiewi) ¢ yaacTeM cTpecc-
WHIYINPOBAHHOTO MyTareHe3a. Takast MOJICKYJISIpHAS MOIETb 3BOIIOIIMH MOXKET OBITH ITOJIE3HOM JJIST COBEPIICHCTBO-
BaHUS MOJICKYJISIPHOM METOIOJIOTUH (DUIIOTEHETUIESCKIX ITOCTPOSCHMI APYTUX Mapa3suTHUCCKIX MUKPOOPTaHU3MOB.

Karouesvie caosa: Yersinia pestis, Yersinia pseudotuberculosis, 6udoobpazosanue, gunoceres, 360a0UUOHHbIE MOOeAU, IKOAOUMECKUL CUEHAPUIL.
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ECOLOGICAL SCENARIO OF THE PLAGUE MICROBE YERSINIA PESTIS SPECIATION UNDERLYING
ADEQUATE MOLECULAR EVOLUTIONARY MODEL

Suntsov V.V.

A.N. Severtsov Institute of Problems of Ecology and Evolution of Russian Academy of Science, Moscow, Russian Federation

Abstract. It is known that the psychrophilic pseudotuberculosis microbe serotype 1 (Y. pseudotuberculosis 0:1b) causing Far
East scarlet-like fever (FESLF) — an intestinal infection found in a wide range of invertebrates and vertebrates inhabiting
cold regions in the Northern and Central Asia as well as Far East is direct ancestor of the plague causative agent Yersinia
pestis. However, the mechanism of Y. pestis speciation remains poorly elucidated. Numerous Y. pestis phylogenies created
by using molecular genetic (MG) technologies are largely contradictory, being not in line with reliable data obtained by
natural science approaches (e.g., ecology, epizootology, biogeography, and paleontology), which disagree with current
evolutionary doctrine (synthetic theory of evolution). The MG approach provides no definitive answer to the questions
of where, when, how, and under what circumstances the species Y. pestis arose. One of the reasons for such situation might
be due to inadequacy of using the molecular evolutionary model for Y. pestis phylogenetics. Knowledge of the life cycles
for the ancestral pseudotuberculosis and derivative plague microbes as well as related unique environmental features al-
lows to create a reliable ecological model for the plague microbe evolution to be further used for assessing patterns of mo-
lecular variability and building proper molecular model that might be accepted for MG-reconstruction of plague microbe
history. According to the ecological model, the species Y. pestis was formed in a tritopic manner (almost) simultaneously
from FESLF clones (populations) in the three geographical populations of the Mongolian marmot-tarbagan (Marmota
sibirica) and the flea Oropsylla silantiewi parasitizing on it. The inducer of speciation was coupled to the last maximum
(Sartan) cooling in Central Asia occurred 22—15 thousand years ago. Soil cooling and deep freezing resulted in altered
behavior of the marmot flea larvae with emergence of facultative hematophagy, which, in turn, led to a unique traumatic
(compared to routine alimentary) infection route of sleeping marmots with FESLF and, as a result, a unique way of Y. pes-
tis speciation. The molecular model should predict a Y. pestis peripatric tritope speciation, existing numerous parallelisms
in intraspecific variability associated with tritope speciation, and the quantum principle of speciation in the highly vari-
able heterothermic (heteroimmune) stressful marmot-flea (Marmota sibirica — Oropsylla silantiewi) host-vector environ-
ment involving stress-induced mutagenesis. Such molecular model of evolution may be useful for improving molecular

methodology of phylogenetic constructions for a wide range of parasitic microorganisms.

Key words: Yersinia pestis, Yersinia pseudotuberculosis, speciation, phylogenesis, evolutionary models, ecological scenario.

BeepgeHue

Bo30ynutenb 4yymMmbl — MUKPOO Yersinia pestis —
ObLI OTKPHIT AJlekcaHapoM Mepcernom B ToHKOHTE
B 1894 r. B Hauase 3-ii nangeMuu. C 3TOro MOMEHTa
HayaJIOCh TJIyOOKOE BCECTOPOHHEE U3YUYEHUE BO3-
OyauTeas v BbI3biBaeMoit uM 6osie3Hu. Ele Ha Ha-
YaJIbHBIX 2Tarax KCCIeNOBaHUN ObUIO BbICKaA3a-
HO TIPEATIOJIOXKEHUE O TMPOUCXOXKIECHUU YYMHOTO
MHUKpobOa OT TMCeBAOTYOEpPKYJE3HOro: BO30YyIU-
TeJIU 3TUX OO0JIE3HE MMEIOT HEKOTOPHhIE CXOAHbIE
Mopdoaornyeckre MNpu3HakKu U OMOXUMUYECKUE
cBoiicTBa. Ha pybexke HOBOTO ThICSIUEETUS B UH-
(GEKTOOrMM CTaJu IUPOKO MPUMEHSATH MOJEKY-
nsgpHo-reHeTuueckue (MI') MeTomwsl wmcciaenoBa-
HUI, KOTOpbIE BO3BEJIU TUATHOCTUKY BO3OYAUTEIS
YyMBbI 0 BBICOKOI cTeneHu coBepiuneHcTBa. K Ha-
CTOSIILIEMY BPEMEHU OIpeaesieHbl CTPYKTYPhI T€HO-
MOB MONYJSALMI YyMHOTO MUKpoOa 13 OOJIbIINH-
CTBa IIPUPOMHLIX ouyaroB mupa [16]. OGHapyKeHbI
U OTTMCaHbl PparMeHTHI «apxeosornyeckon» JHK,
M3BJICYEHHOU M3 OCTAHKOB (3yObl, KOCTMH) YeJO-
BEUECKMX XEPTB ObLIBIX IMaHaeMmwuii [26, 27, 35].
IMonyyenHble MI-maHHBIE MO3BOJIUJIUA B OOLIUX
yepTax NpeACTaBUTh MOJEKYJSIPHYIO 3BOJTIOLMOH-
HYI0 MOJEeJIb MUKpPOOa Y. pestis  Ha ee OCHOBE TIpe/I-
JIOXUTh MOJIEKYJSPHYIO BEPCUIO HUCTOPUU BO3-

HUKHOBEHUS, BbICKa3aTh MPEAIOJI0XKEHUS O XPO-
HOJIOTUU, reorpad®ruu U UCTOPUYECKON TUHAMUKE
MUPOBOI'0 PAaCHPOCTPAHEHU ST BO3OYAUTEISI YYMBI,
UHBIMU CJIOBAaMU, PEKOHCTPYUPOBATh €ro ¢uo-
reauto [16, 17, 24]. OmHako Bce MpeHJIOKECHHBIE
MTI-dunoreHuun BUASTCS KpaliHe NMPOTUBOPEUYU-
BbIMU, HE MOAJAEepXUBalOTCI aKTaMu, MpeacTaB-
JICHHBIMU KJIACCUYECKUMMU €CTECTBEHHOHAYUYHBbI-
MU HaIlpaBJEHUSIMU: DKOJOTUEN, MU300TOJOTU-
eit, buoreorpacdueii, MajacoOHTOJIOrMe U IPyruMU,
W HE COOTBETCTBYIOT ITOJIOXKEHUSIM COBPEMEHHOTO
9BOJIIOLIMOHHOT'O YYEeHU ST (CMHTETUYECKOU Teopruu
sBosioliK). BosHuKa mapamokcanibHasi cUTya-
uus. C ogHoit ctropoHbl, MI-meTomonorus ¢pu-
JIOTEHETUYECKUX PEKOHCTPYKIIUA BO30yIUTES
YyMBbl XOpOIIO pa3dpaboTaHa, CO3MaHbl U alalTu-
POBaHbI AJITOPUTMBI U MHOTOUUCIEHHbIE KOMIMbIO-
TEpHbIE MPOTrpaMMBbI 1151 aHAIU3a MOJIEKYISIPHBIX
MPU3HAKOB, MMEETCs IPOABUHYTasi TEXHOJOTU-
yeckasi 0aza MOJIEKYJISIDHBIX HCCJIeIOBaHUM, MO-
JICKYJISIPHbIE TEXHOJIOTUU CTaJu MAWHCTPUMHBI-
MU B dbunoreHetuke Y. pestis. C 1pyroii CTOPOHBI,
3a TpolIeAlle MOYTU YeTBEePTh BeKa MHTEHCUB-
HbIX MTI-uccnenoBaHuit cujiaMyu MHOTHUX CIlelra-
JIU3UPOBAHHBIX TabOpaTOpUil B pa3BUTHIX CTPpaHaXx
MUpa TakK U He ynaJioCh CO31aTh JOBEPUTEIbHBIN
CLEHApUl MPOUCXOXIAECHUS U MUPOBOW 3KCIIaH-
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CMM 3TOro maroreHa. Ha TpuBuaJibHbIe BOTIPOCHI,
rjie, Korna, KakuM o0pa3oM M MpU KaKUX 00CTOsI-
TeJIbCTBAX BO3HUKJIA YyMa U KaK pacHpoCTpaHsI-
Jach B Mupe, MI-moaxon ymoBJIEeTBOPUTEIBHOTO
OoTBeTa JaTh He B cocTosTHMU. HacKoyibKo Brievar-
JISIOIUMHM  SIBJISTIOTCSL TOCTUXeHuss MI-toaxona
B IMarHOCTUKE BO30OYIUTENsI, BBISIBICHUU €T0 Te-
HETUYECKOTro W MOJIEKYJISIPHOTO pa3HOOOpa3us,
HACTOJIbKO YIAPYYalOIIMMU BBITISIST O3BYyYEH-
HbIe 3aKOHOMEPHOCTHU MOJICKYJISIPHOU 3BOJIIOIIMU.
BrisgBienHoe BHyTpuBuaoBoe MI-pazHoobpasue
Y. pestis moka He ynaeTcsl paHXXUpPOBaTh B TOBEPU-
TeJIbHBIE 3BOJIIOIIMOHHBIC JUHMKU. Kak mpaBuio,
paboTHI MO (pUJIOreHEeTUKE YyMHOI0 MUKpoOa 3a-
BEpIIAIOTCS OeMOHCTpaliueid (hUJIOreHeTUYeCKUX
IeHIpOrpamMM, ITIOKa3bIBAIOIIMX MOJIEKYJISIPHO-
CTaTUCTUYECKNE B3aMMOOTHOIICHUSI TEHOBapu-
aHTOB (IOIBUOB, TeorpaduyecKux MOMYJISIUA),
W 3TU OTHOIICHUSI He IMPUBSI3aHbl K MPUPOIHBIM
/WA UCTOPUYECKUM coObITUsIM. K mpumepy, Bce
MOJIEKYJISIpDHBIE (DUIOT€HETUUYEeCKHUEe IeHIPOTrpaM-
Mbl GUKCUPYIOT Haauyue noautomuu (ysea NO7,
«Big Bang»), koTopasi BO3HUKJIa B A3UU, SKOOBI Ha-
KaHyHe 2-ii mangemMuu («4epHast cMepThb», 1346 1.).
Ho npuynH BO3HUKHOBEHMSI 3TOTO COBEPIICHHO
HE TPMBUAJLHOTO TIPUPOTHOTO COOBITUSI — HEIaB-
HEro B BBOJIIOIIMOHHOM MaciiTadbe BpeMeHU ITOYTH
OIHOBPEMEHHOTO, B3PIBHOTO BOBHUKHOBEHUS OC-
HOBHBIX TeHeaJJoruuyeckux BeTBeit Y. pestis (branchs
1—4) — MTI-mogxoa He Ha3bIBAET U JaxKe He Mpel-
nonaraet (puc. 1, I1 obnoxka).

ABHBIM HecooTBeTcTBUEM MI-BbIBOAOB KJlac-
CUYECKUM TIOJIOKEHUSIM 3ITU300TOJOTUN BUAUTCS
npokiaamupyemMass MI-momxogoM ABYXBOJHOBAS
9KCITAaHCHUSI BO3OYOMTENs] YyMbl U3 palioHa BUJIO-
dopmoobpazoBaHust B A3zuu [10]. ITonaraioT, 4To
CHayvajJla BO3HUMKIJIU «I1OJIEBKOBbIe» (Microtinae)
NpupomHble ouaru B A3zun — uau Ha KaBkase [24],
uan Ha Iuuaxaiickom 1aato  (BocTouyHbI
Tubet) [16], KOTOpBle OUYEHb OBICTPO, B TEUCHUE
COTEH WMJIM HECKOJbKMX TBICSY JIET, IIMPOKO pac-
MPOCTPAHUIMCHh HA TUTAHTCKOM IO TIJIOIIAAN Tep-
putopuu B EBpazum — ot MaHBUXKXYPUM U BOC-
ToyHoro TubGera Ha BocToke J0 IlpenkaBkasbs
u banxHero Boctoka Ha 3amane u oT 3abaiikanbs
u ceBepHoro Ilpukacnus Ha ceBepe a0 ['MmanaeB
Ha 1ore — o0pa3oBaB 30HY MEPBUYHBIX MPUPOJI-
HBIX «IOJIEBKOBbIX» ouaroB (puc. 1, Il obioxka).
IlonaraioT, 4yTO BO3OYIUTENb B TUX Ooyarax ObLIT
CJIaOOBUPYJIEHTHBIM WU aBUPYJICHTHBIM JJISI CyC-
JIUKOB, CYPKOB, MECYaHOK U 4YeJOBEeKa, HEe MMeJ
MOJHOLIEHHOTO Habopa (haKTOPOB BUPYJIEHTHOCTU.
3areM 4epe3 THICSIYM JIeT CylIeCTBOBAHUST HEKOTO-
pBIN CIaOOBUPYJIIEHTHBIN «ITOJICBKOBBIN» TOIBULL
(Bo3MoxxHO Y. pestis ssp. ulegeica, 0.PES, uupkynu-
pYIOIIWI B TOIYJSIIASIX MOHTOJBCKOW ITUIIYXU
Ha Antae, UT. 1o [17]) mpu HEU3BECTHBIX OOCTOS -
TeJIbCTBAX «<MUTPUpPOBaJI» N3 MoHTONMNN Ha TIHB-
Ilanp B monyjasiuuu ajaTaiickoro cypka (Marmota

baibacina), ipuodpen CBOWCTBO BbICOKO BUPY-
JICHTHOCTU M BTOPOIl BOJHOIW pacHpoCTpaHUJICS
B Mpeleliax «IMOJIEBKOBBIX» 04aroB, TAKXKe MPOHUK
Ha MUunocran u bauxuuii Boctok. Tak, corimacHo
MTI-nionxony, B ABa 3Tana BO3HUKJIU CYIIECTBYIO-
1€ HbIHE CUMITaTPUYHbBIC, CEMUCUMIIATPUIHBIC
(cMexXHBIe) M aJuIoTaTpUYHbIe MPUPOAHBIE OYaru
EBpasuu co c1abo- M BBICOKOMATOI€HHBIMU BO3-
OynuTenassMu. DTa MOJEKYJasipHas cXeMa ABYX BOJH
a3MaTCKOM 3KCITAaHCUU TIPUPOIHBIX OYArOB UYMBbI
He TTOAaeTCsT SMU300TOJIOTMYECKOM 1 Ouoreorpa-
duryeckoii JOrvKe: B MPpUpPOJE YyMa paclpocTpa-
HSIETCsl TIOCJeNOBAaTeJbHO MO MPUHIIUIY «Macs-
HOTO TISITHa» TIPU BHYTPU- U MEXTIOIYJISIIMOHHBIX
W BHYTPU- U MEXBHUIOBBIX Mapa3uTapHbIX KOHTaK-
Tax 4epe3 YKYyChbl OJIOX-TIEPEHOCUMKOB; ONWH BUJ
Y. pestis He MoxeT (popMUpPOBATHL OAUMH U TOT Ke
MEPBUYHBIN NMPUPOAHBINA apeasl IBaXKIbl, B MPO-
THUBHOM CJIy4ae TaKoe YHUKaJIbHOE SIBJICHUE TOJIXK-
HO MMETb JOBepUTeIbHOE 00bsicHeH e [10].

JApyruM Ka3yCHBIM IIPUMEPOM MOXET CIIy-
KUTh 00OCHOBaHME MOHOMUJIMU BHOBBH IPEIIO-
XKeHHoro noaBuaa Y. pestis central-asiatica TOJTbKO
CXOACTBOM MOJIEKYJSIpHBIX MapkepoB [20]. DToT
MOJBUJ BKJIIOYAET SKOOBI OJM3KOPOICTBEHHBIE
ouoBapbl hissarica (0.PE4h), talassica (0.PE4t),
altaica (0.PE4a) u microtus (0.PE4m), uupkyaupyto-
IIMe B pa3JeJeHHBIX OTPOMHBIMU PACCTOSTHUSIMU
OpupOAHBbIX oyarax yymbl Ha ['uccape, Tamace,
B I'opHoMm Antae u Ha X3HT3€¢ U BO BHyTpeHHell
Monronuu (Kwutaif). Ha ocHoBaHUM CXOACTBa
SNP-mapkepoB moJiaratoT, 4TO IlepeyucIeHHbIe
OuoBapbl 00pa3ylOT roJoMpUIETUYECKYIO TPYIy
(to ectb peasbHbId moaBua). [Ipu 3TOM uU3BeCT-
HO, YTO OCHOBHBIMU X035IeBaMU MH(PEKIINU B 3TUX
pa3po3HEHHBIX, IIMPOKO pa30pOCaHHBIX Ha a3uaT-
CKMX IMMPOCTPAHCTBAX odarax sIBJSIFOTCSI MJIEKOM M-
Talollue, OTHOCSIIMECS K pa3HbIM BUJIaM, poaaMm,
naxe K pa3HbIM oTpsinam (Rodentia u Lagomorpha).
C 3KoJIOTHYECKUX U OuoreorpadryecKkrx Mo3uui
YTBEepXIeHUEe OIM3KOTrO POJICTBA BBIIIEC IEPEUYNC-
JIEHHBIX OMOBAPOB 1 UX MOHO(pMJIETUUECKOE (T0JI0-
bueTnyecKoe) NporucCXoXaeHUEe TOJbKO MO CXOMI-
CTBY HyKJIeoTUAHbIX SNP-MapKkepoB npeacTaBisi-
FOTCST TIOTUYECKUM HOHCEHCOM.

KoppekTHOCTh pe3yJibTaToB Jitoboro duiore-
HETUYECKOro aHaJiu3a 3aBUCHUT OT BbIOOpa anek-
BaTHOM SBOJIIOLIMOHHOW MOAEIM, HamboJiee TOY-
HO OIMChIBaIoIei uccaeayeMmble 00beKThl. Cyns
no o4yeBUAHBLIM B MI-(pujoreHeTUYECKUX CXeMax
MPOTUBOPEUYUSIM, IPUMEHSIEMbIE IJI15I PEKOHCTPYK-
nuu uoreHe3a MUKpoOa 4YyMbl 9BOJIIOIIMOHHBIE
Monenu He cpabareiBaloT. HampammBaercst Bo-
npoc: noyeMy? OTBeT, O HAIlIEeMY ITPEJICTaBICHUIO,
cJienyeT UCKaTh B 9BOJIIOIIMOHHOW YHUKAJIbHOCTHU
YYMHOro MUKpoOa. DTOT MaToreH 3aHUMaeT YHU-
KaJbHOE cucTeMatuyeckoe nojioxenue. Ilo mose-
KYJISIPHO-TeHETUYECKUM MPU3HAKaM OH OTHOCHUTCSI
K CeMeCTBY BO30yIUTEJIEN KMILIeYHbIX UH(MEK LU
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Enterobacteriaceae n x pony Yersinia. B To e Bpems
M0 PKOJOTMYECKUM (3TUOJOTUUYECKUM, KIMHUYEC-
KHUM) CBOMCTBaM OH SIBJISICTCSI BO30YIUTEIEM CHUC-
TEMHO# («KpPOBSTHOI») uHGpeKInuu. To ecTh 3TOT
MaToreH 3aHUMAaeT OTIIMYHYIO OT KMIICUHBIX OaK-
TEPU il DKOJOTMYECKYI0 HUINY U aJallTUBHYIO 30HY.
Mukpo6 4yyMbl — €IUMHCTBEHHBI cpeau KUIIed-
HBIX BO30ymuTeneil cemeiictBa Enterobacteriaceae,
HacuuTbhIBawIero 6osee 250 BuaoB [22], KOTOPbINA
nepenaeTcss TPAaHCMUCCHUBHBIM (He MUILEBLIM!)
CIocoO0M. YHMKaJAbHOCTH ITOJOXEHUS YYMHOTO
MHKpoOa B CEMEUCTBE KMIIIEUHBIX MUKPOOPTaHMU3-
MOB TIpEANUCHIBAET pa3paboTKy s Hero ad hoc
MOJIEKYJSIPHOM 3BOJIIOLIMOHHONW Mojaenau. Takas
MOZEJb MOXET ObITh CO37JaHa Ha OCHOBE 9KOJIOTH-
YeCKMX 3HAHUM O KM3HEHHBIX IIMKJIaX MHKpoOa
YYMBI 1 €T0 TIPEIKOBOI (POPMBI — MCEBIOTYOEPKY-
JIE3HOI'O MUKPOOa.

Buenpenue MI-meTomonoruii B wucclieqoBa-
HUS BO30yAuTEJIe 4YyMbl U TICEBOOTYOEpKYyJie-
3a B MOCJICAHME ABa JIeCITKa JeT MPUBEI0 K ABYM
KPaeyroJbHBIM OTKPBITUSIM, ITO3BOJIUBIINM IIE-
PECMOTPETh MOJOXEHHUsSI KJIaCCUYECKOM Teopuu
NPUPOTHONW OYArOBOCTH YyMBI U MTPUOJIU3UBIINM
pelIeHne mpoobIeMbl IIPOUCXOXKACHUS U MUPOBOIA
9KCIMaHCUU 3Toil uH@pekuuu. B mnpennaraemom
00630pe omucaHbl HEKOTOpPBIE IMapaMeTpbl 3KOJO-
rM4eckoii moaenu (cueHapus) BUA0OOpa30OBaHUS
1 MUPOBOI 5KCITAHCUH BO3OYIMTEIISI IyMBI U TIPU-
BEJIEHO CpPaBHEHMUE €€ MapaMeTpOB C MapaMeTpaMu
MoJIeKyasipHOi Moneau. CpaBHUTEJIbHBIN aHAIU3
JIBYX MOJIeJIeil TIO3BOJIUT HAMETUTh YTU CO3TaHM S
aIeKBaTHOM MOJICKYISIPHON MOICIIH.

Mpsimoli Npeaok BO30yauTens YyMbl

lereTyecknMU uccaenoBaHusaMu O-aHTUTCHA
YYMHOTO U TICEBAOTYOEpPKYJIE3HOT0O MUKPOOOB
OBbIJIO YCTAHOBJIEHO, YTO MPSIMBIM IMPEIKOM BO3-
OyaMTENsI YyMBI SIBASIETCS BO30YIUTENb TICEBIO-
TyOGepKyse3a 1-ro ceporuna Y. pseudotuberculosis
0:1b, BbI3BIBAIOLINWI AAJIBHEBOCTOUHYIO CKapJa-
TUHOMNOAOOHYI0 Jnuxopaaky (ACJI) — xwuineu-
HYI0O HHGMDEKIINIo, MMPOKO PacIpoCTpaHEHHYIO
B XoJIOOHBIX paitoHax CeBepHoii u LleHTpanbHOI
Azuu u HanbHero Bocrtoka [8, 18, 19, 29]. Takum
obpa3oM, ObLI HaJeXHO OIpenejeH KOopeHb Ghu-
JIOTEHETUUECKOro JaepeBa Y. pestis, 4TO C yU4eTOM
9KOJIOTUYECKOI (DAKTOJIOTUHM CIeaalo M30BITOU-
HBIM B (PUJIOTEHETUYECKOW METOIOJIOTUU CJIOX-
HBIT MOJIEKYJIIPHO-CTaTUCTUUYECKUI MOUCK ab-
CTpaKTHOI aHIlleCcTpajbHON (OPMBI YYMHOTO
Mukpo6a MRCA. DTo oTKpBITME UHULIMUPOBAJIO
NEeAYKTUBHYIO TEPEOLEHKY U3BECTHBIX BKOJO-
ruyeckux (akToB, Ha KOTOPBIX BBICTpaMBaJINCh
TUIIOTE3bl O (pUuIoreHe3e BO30OYIUTEINsSI B KJIACCU-
YECKOM BEPCUU TECOPUU IIPUPOJHOM OYATOBOCTHU
gyMBl. BO3BHHMK Bompoc: KaKUM 00pa3oM W IIpH
KaKWX YHUKAJBHBIX OOCTOSTEIhCTBAX MPOU30-

1IeJ 3BOJIIOLMOHHBIN mepexon Bo3oyautens JCJI
U3 MUIIEBAPUTEIBHOIO TPaKTa B IIPUHIMITUATBHO
WHYIO cpeay OOMTaHUSI — KPOBb TEIIJIOKPOBHBIX
XO03SIeB-TPHI3yHOB?

OTBeT Ha ATOT BOMPOC ObLJ MOJTYUYEH IKOJOTHU-
YEeCKMMU HCCAEAOBAaHUSIMU MPUPOMAHBIX OYaroB
B LlenTpanbHoii A3uu [11, 34]. Belo moka3zaHo, 4TO
BUO Y. pestis chopMHUpOBAJICI M3 KJIOHA (TTOITYJIsI-
uuu) Bo3oynutens JACJI B monyasiuusiX MOHTOJb-
CcKoro cypka-tapb6araHa (Marmota sibirica) n na-
pasuTupyloieit Ha HeM Osioxu Oropsylla silantiewi.
BunooOpa3oBaTenpHBII ITpOLIECC TMTPOXOANI B TI0-
MyJASIIUSIX MOHTOJBCKOTO CypKa, HaXOISIIErocs
B COCTOSIHUM 3UMHEN CIIsTYKU. B TeyeHUe crsiuku
CYPKH B 3MMOBOUYHOM THE3/I€ PETryJIsIPHO ITPOCHITIa-
forcst. C OKTSIOpSI MO anpesib COCTOSTHHUE TITyOOKOTO
cHa (Topnopa) 1o 15—20 pa3 cMeHS$eTCsl COCTOSIHU-
eM ObonpcTBoBaHUs (yTepmun). Bo BpeMs Toprnopa
TeMIlepaTypa Teja 3UMOCISIIINX T'PBI3YHOB (Cyp-
KOB, CYCJIMKOB, OypyHIYKOB) cocTaBisieT 2—10°C,
M MMMYHHBIE TIpOIIeCCHl TTOAaBJcHBI. Bo BpeMs
2yTEpPMUU TeMIepaTypa Tejia BO3BpalllaeTcsl K Hop-
Me, 0KoJ10 37°C, 1 aKTUBHOCTh UMMYHHBIX OTBETOB
HopManu3syetcs [14, 25]. BeIxom n3 TOPIIOPHOTO CO-
CTOSTHUSI Y CYPKOB TIPOXOAUT TIOCTATOYHO OBICTPO,
B TedeHue 3—6 yacoB. To ecTh B TeUeHUE STUX HE-
CKOJIBKMX 4YaCOB BO30yaUTEeIM UHPEKI NI, OKa3aB-
IIrecs B KPOBU CYPKOB, MOABEPTAIOTCS KOJIOCCATb-
HOMY TeMIIepaTypHO-UMMYHHOMY cTpeccy. Ho kak
KuineyHbli Bo36yautenb ACJI okazaycd B KpOBU
CHSIIIMX MOHTOJIbCKHUX CYypPKOB B 3UMHUI MEpuUO/I,
Korja cypku He nutaroTcsa? OaHO3HAUYHBIN OTBET
Ha BTOT BOIIPOC JAIOT 3KOJOTUYECKHUE HaOIIoIe-
Hus [11, 34].

Cypku 3HUMYIOT CeMbsSIMH, BKJIIOYAIOIIMMU
1o 20 u 6osice 3BepbKOB. [lepen 3aeraHeM B CITsSIU-
Ky BXOIBI 3MMOBOYHOI HOPBI, KPOME OIHOTO, 3a-
CBITTAIOT CHApPYXW PACTUTEBHOI BETOIIbIO, ME-
KOo3eMoM, IeoHeM u kKaMmMHsMu. [locnenHuit nas
3aKpBIBAIOT <«IIPOOKOI» M3HYTPU. MOHTOJIBCKUM
cypok obutaeT B LleHTpanbHOU A3UU — apUIHOM
paiioHe, rae BhINaJaeT MajJo OCaJKOB U MOYBa Cy-
xasi. «IIpoOka», M3roTOBJIEHHAs] U3 CYXUX ChIIYy-
41X MaTepuaJioB HEeMpOYHasi, MOXET OBITh JIETKO
packomaHa XWIMHUKAMH — CTEITHBIM XOPBKOM
1 KOpcakoM. B CBsI3U ¢ 9TUM Y MOHTOJILCKOTO Cyp-
Ka BbIpaboTaHoO crienMdUYHOE 3alUTHOE TTOBee-
HHUE — MCMOJb30BaHUE AJIsI U3TOTOBJICHUS ITPOOKU
coOCcTBeHHOIT MeTabonuyeckoil Bombl. HakaHyHe
yX0[a B CIITUYKY CYPKU B OTHOPKAX-yOOPHBIX HaKa-
MJUBAIOT CTPOUTEIbHBINM MaTepual U 3KCKpeMeH-
ThI, KOTOPbIE UCHOJIL3YIOTCS B KaUeCTBE LIEMEHTU -
PYIOILIETO COCTaBa CyXOM ChIy4Yel CTPOUTEIbHOM
cMmecu. B mporiecce ycTpoiicTBa MpoOKM KaMHM,
OOBaJISHHBIE B BKCKPEMEHTaX, CYpKM M3 OTHODP-
KOB-yOOpHBIX MepemelaroT B 3ybax. Takum He-
OOBIYHBIM CITOCOOOM ¢ (peKalIusIMU BO3OYIUTEIH
JCJI B macce momnaaaeT B POTOBYIO MOJOCTh IO-
TOBSIIIMXCST K CIsg9Ke cypkoB. IIpm 3TOM cypkm
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nepen Crisiukoir He nmuTaroTcs, Bo3oyauTenb JACJI
He MPOHWKACT B TOHKWU KHIICYHUK U TIOITYJISI-
nus cypkoB He nHpunupyercsa ACJI. OmucanHoe
BUAOCTIEIM(DUISCKOE HOPOCTPOUTEIBLHOE TTOBEIC-
HUE MOHIOJIbCKOI'O CypKa CJIOXWJIOCh B TeUeHUE
BTOPOM MOJOBUHEI KaifHO30s KaK MOBeACHYECKAS
agarnTanrds K OOMTAaHUIO B apUAHBIX YCIOBUSIX
LenTpanbHoii A3uu. Ho kKak KUIIEYHBIN BO30Y-
autesib JICJI U3 poToOBOI MOJOCTU CYPKOB 3BOJIIO-
OWOHHBIM ITyTeM NPOHUK B JTUM@PO-MUETONIHBIA
KOMIUJICKC XKWBOTHBIX, IIPEOMIOJICB Oapbep MEXKIY
MNUIIEBapPUTEIbHON M KPOBEHOCHOH (TMMpO-Mue-
JIOUAHOM) CcUCTeMaMU TEIJIOKPOBHOTO XO3sSMHA,
¥ IIpeoOpa3oBalicsd B HOBOTO ITaToreHa?

OBOIOLMOHHAA MOIOAOCTb
BO30yaUTENs Yymbl

CorjacHo KJ1aCCUUYeCKOW BEpPCUU TEOPUU TIPU-
POIHOI OYaroBOCTU YyMHBI €¢ BO30ymuTea b chop-
MMPOBAJICSI B MPOLIECCe KOABOJIOLUU COUYJICHOB
SMU300TUYECKON TpHUAIbl <«IPbI3yH—0JI0OXa—BO3-
OynuTenb» B OTHAJICHHBIE T€OJOTMYECKUE BIOXHU,
oJiuronecHe—IInoneHe, ot 30 mo 5 MJIH JIeT Ha-
3an |5, 7]. [lonaranu, 4To BUgooOpa3zoBaHUE MOIJIO
NpoTH T1MOO B monyJasiuusX necuaHok (Gerbillinae)
B Crapom Csete, BeposiTHO B EBpazuu, aubo
B HoBoMm CBeTe B nonyasilusax cypkoB (Marmotini).
MeXKOHTUHEHTAJIbHOE pacpoCcTpaHCHHE BO30Y-
JUTENs] MOIJIO TIPOXOAUTh MPYU MUTpaLMsIX U pac-
CeJICHUM HOPOBBIX TPBI3YHOB IO MEXKOHTHHEH-
TaJIbHBIM CYXONYTHBEIM MOCTaM, MEePUOINICCKU
BO3HHMKAaBIIINM B reojorundeckoe BpeMs. Ho cospe-
MEHHBIC MCCJIEIOBaHM S, IPOBEICHHBIC HA OCHOBE
MOJICKYJISIPHOI METOM0JIOTU Y, HaAeKHO MoKa3aJiu,
YTO MUKPOO IyMBI SIBJISICTCS 3BOJIOLIMOHHO MOJIO-
IIBIM TTaTOTEHOM. BpeMs ero mosBieHus Ha 3eMie
KaKk BuIa Y. pestis OLICHWUBAeTCSI B AMAIIa30HE
ot 1500 mo 20 000 net Hazan [12, 13] unu He paHee
30 000 et Hazan [21].

CoriacHoO 3KOJIOTMYECKOMY TIOJIXOY, UHIYKTO-
poOM BUI00OpPa30BaHUS CTaJ U3BECTHBINA (DU3NKO-
KJMMaTUYECKU (paKTOp — HACTyIJIeHue B (pHAa-
Jie rieficToueHa 22—15 ThIC. JIeT Ha3al MaKCUMaJlb-
Horo (capraHckoro) mnoxojomaHusi B CeBepHON
u LenTtpanbHoit A3uu u Ha JanbHem Boctoke [11,
34]. B LenTpanbHOit A3UM TPYHT CTaJ IIpoMep3aTh
HarnyouHy 6osee 3 m [23]. [mybokoe mpoMep3aHue
TPYHTA BBI3BAJI0O M3MEHEHME TOBEACHU ST TMIYMHOK
CYPKOBOW OJIOXM: B CUJIy TOJOXUTEIBHOTO Tep-
MOTaKCHCa B XOJOIHBIC MECSIIbI Toma OJOIIMHBIC
JUYUHKHU CTaJIUu TepeMellaThcsl M3 IIpOoMep3aro-
1Iel THE3T0BOM BBICTUJIKM 3UMOBOYHBIX HOP MOH-
TOJILCKOTO CypKa, pacroJjiaralomniuecs Ha TIyonHe
2—2,5M, Ha 00JIee TeTUTBIC TeJla CIISIIIX XKUBOTHBIX
(5...37°C). DTOT (heHOMEH COXpaHMJICS IO HACTOSI-
IIEro BpEMEHU U MOXKET OBITh M3YyYeH aKTyasu-
CTUUYECKNUMH MeTomaMH. JIMYMHKHM CO CTOXacTH-

YeCKOI 3aKOHOMEPHOCTBIO TPOHUKAIOT B POTOBYIO
MOJIOCTh CITSIIIMX KWBOTHBIX, CO3MAlOT Ha CJIH-
3UCTON cKapuduKanuum U MUTAIOTCI KPOBbIO [9].
PaHbl Ha CIM3UCTOI CTaJIu BXOOHBIMU BOpPOTaMU
nasa napexkuuu ICJI, To ecTh 3apakeHue Momyasi-
M1 MOHTOJILCKOTO CypKa B 3UMHUI TIEPUOJ TIPO-
XOOWJIO YHUKAJIBHBIM TpaBMaTUYCCKUM (HE Tpa-
NVIIMOHHBIM MUIIEBbIM!) cCTOCOOOM (TOMHUM, YTO
B 3MMHE-BECEHHUE MecCsllbl B POTOBOM IIOJOCTU
CIISIIIMX CYPKOB BMECTE C JMYMHKAMM OJIOX MPH-
CYTCTBYIOT 3KCKPEMEHTHBI U, COOTBETCTBEHHO, BO3-
oynutenb JCJI). YVHUKaTBHBIN CITOCOO 3apakeHM S
npuBea K GOPMUPOBAHUIO YHUKAJIBHOTO BO30OYAM-
TeJIsI HOBOU MHMEKIIUU.

CornacHo MI' 1 3KoJ10rn4yecKM BbIBOJAM, BU-
Ioobpa3oBaHUe Y. pestis TIPOIIIIO B KOPOTKUU ITPO-
MEXYTOK BpeMeHHU [16]. Dkonormuyeckue @GakThl
AT OCHOBAHUS TojlaraTh, YTO B OBICTPOM «KBaH-
TOBOM» BUA000pa30BaHUU YYMHOIro MUKpoba pe-
MIAIOIIYIO POJIb ChITPAIN ABa MOKa elle cjaadbo n3-
YUYCHHBIX SIBJICHUSI — KUCJIOPOIHBIN «B3PBIB» Ma-
Kpodaros B opraHu3Me r’mOepHUPYIOIINX TeTepO-
TEPMHBIX (FeTEPOMMMYHHBIX) CYPKOB, CO3IaBIIN A
ObICTpO U3MeHstoluecss («in an eye blink» [36])
CTPECCOBBIC YCIIOBUS IJISI IPEIKOBOTO BO30OYIUTE-
g ACJ, n cTpecc-MHAYLIMPOBAHHBII MyTareHes
B 2BOJIIOLIMOHUPYIOIIEd MUKPOOHOI MOMYasILIUH,
Ha TIOPSIIKU YCKOPSIIOIINH M3MEHYUBOCTh U CKO-
poctb 3BOoIMM [30, 32].

TpuTOMHOE NPOUCXOXAEHME
BO30YAMTENS YyMbl

J1J1s1 TOro, 4TOObI MOHSTH, KaK IMMPOXOAMJIO Mpe-
obpazoBaHue KjoHa Bo3oynutenss ACJI B momyns-
LMI0 YYMHOTo MUKpOOa, HEOOXOAUMO UMETh ITpei-
CTaBJICHHE O TePPUTOPHUAIBHON CTPYKTYPE CPeIbl
0o0MTaHUSI YYMHOI'O U IICeBAOTYOEPKYJIE3HOIO MU~
Kpo0OoOB, Mpexae BCEro o CTPYKType apeaia MOH-
TOJIbCKOTO CypKa, C KOTOPBhIM 9KOJOTUYECKU A MO -
XOJI CBSI3bIBAET UICTOKU UYMBl.

Kak 6b110 Toka3zano [11, 34], TpurrepomM BUIO-
obpa3oBaHUs Y. pestis TOCIYXUJIO MaKCUMaJIbHOE
capTaHckoe roxojonaHue B LleHTpanbHOI A3uu,
oxBaruBlIee (MOYTU) OJHOBPEMEHHO BECh apeas
MOHTOJIBCKOTO CypKa. ApeaJl 3TOro BHUIa BKIJIIO-
YyaeT TPU OTHOCHUTEIBHO M3O0JMPOBAHHBIE TIEO-
rpacduyecKkue MOMYJSILUU, TIPeACTaBJICHHbBIE OT-
neaxbHBIMU TonBuaaMu. [lonsun M. sibirica sibirica
obuTaeT B BOCTOYHOU 4yacTu apeaja, Ha X3HTDE,
B 3abaiikanbe, MaHBUXYpUU U B KHUTAWCKON
npoBuHUUKU BHyTpeHHsiss MoHronus. M. sibirica
caliginosus 3acensieT XaHralickoe TIOpHOE€ I1JIaTo
B LIEHTpaJibHbIX paitioHax MoxHroauu. B 3aman-
Hoit MoHroauu u B TeiBe Ha Xapxupa-TypreH-
MouryH-TaiiTMHCKOM TOPHOM TIOAHSITUU OOUTA-
eT TMoKa He OnucaHHbIi noaBua M. sibirica ssp. [2,
15]. Cypoubu oyaru 4yMbl UMEIOTCS BO BCEX TPeX
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MHdekumns n uMmyHuTeT

Ta6nuua. HekoTopble napameTpbl MOJIEKY/ISIPHOI U 3KOJIOrM4eCcKoi 3BOIOLMOHHBIX Moaenei Yersinia pestis
Table. Some parameters of molecular and ecological Yersinia pestis evolutionary models

MapameTpbl
Parameters

Jkonoruyeckas mogernb
Ecological model

MonekynapHas Mmoaenb
Molecular model

BasoBas mopenb
Baseline model

Mogaenb NnporpeccuBHO 3BONIOLUN.
AHanuaupyiloTcs aganTuBHbIe
reHeTMYecKue 1 aKonoruyeckme
nNpuU3HaKu

Model of progressive evolution.
Adaptive genetic and ecological traits
are analyzed

Mopenb HeTpanbHON 3BONIOLMN.
AHanu3upyloTca HelTpanbHbie MyTaLun
HYKN€O0TUAHbIX NPU3HAKOB-MapKepoB
Model of neutral evolution. Neutral
mutations of nucleotide traits-markers
are analyzed

MpepkoBasi(-bie) popma(-bi)
MMUKpPOOGa YyMbl
Ancestral form(s) of plague microbe

Y. pseudotuberculosis 0:1b.

Tpv reHoBapuaHTa (nonynsiuum)
Bo30yauTena 1CJ1 Ha XaHT3e,
Xanrae u Xapxupa-TypreH-MoHryH-
TaliruHCKOM rOpHOM NOAHATUMN

Y. pseudotuberculosis 0:1b. Three
FESLF genovariants (populations)

in Khentei, Khangai and Kharhira-
Turgen-Mongun-Taiginsky mountain
uplift

Y. pseudotuberculosis 0:1b. MRCA (most
recent common ancestor) — aGcTpakTHas
cTaTUCTUYECKU 060CHOBaHHAA
npeakoBas popma Y. pestis

Y. pseudotuberculosis 0:1b. MRCA (most
recent common ancestor) is a putative
statistically justified ancestral form

of Y. pestis

Cnoco0 euaooGpa3oBaHus
Method of speciation

Mepunatpuyeckoe. «Murpaums»
Bo30yauTensa [CJ1 B KpoBb
MOHI0JIbCKOrO CypKa B Tpex
reorpaduyeckux nonynaumnsax.
ABTOHOMHOE NOCTENEHHOE TPUTONHOE
nonynsiLMOHHO-reHeTuYeckoe
npeo6pa3oBaHue KJIOHOB-
OCHoBarteneim

Peripatric. «Migration» of FESLF

into circulation of Mongolian marmot

in three geographical populations.
Autonomous gradual tritope population-
genetic transformation of founder
clones

FeHeTUyeckas canbTaums.
FopU30HTaNbHbI NEePEHOC FEeHHbIX
CTPYKTYpP OT APYrYX MMKPOOPraHu3MoB
VNN U3 BHELWHeW cpeabl, aeneuum

M UHaKTUBALIUU FE€HOB, YyTPATUBLUMX
¢yHKUMM B HOBOI cpeae

Genetic saltation. Horizontal transfer
of gene structures from other
microorganisms or from the external
environment, deletion and inactivation
of genes, which lost their functions

in the new environment

SBONIOLMOHHbIN BO3pacT
B030yauTens 4ymsl
Evolutionary age of the plague
pathogen

OBOJIIOLMOHHO MOJIOA0M,
chopmupoBancsa nog BAUgHUEM
nocnegHero MakCumMaJsibHoOro
(capTaHcKOro) noxonogaHus

B LleHTpanbHoii A3un 22-15 TeiC. net
Hasapg,

Evolutionarily young, it was formed
under the influence of the last maximum
(Sartan) cooling in Central Asia occurred
22-15 thousand years ago

OBOJIIOLMOHHO MOJIOA0M, «reHeTUYECKOoe»
BMUA000pa3oBaHune NPoLLIO He paHee

30 TbiC. neT Ha3ap,

Evolutionarily young, “genetic” speciation
occurred as few as 30 thousand years ago

CkopocTb BUA006pa3oBaHus
Speciation rate

BeicTpoe, kBaHTOBOE, NOCTENEHHOE
(HecanbTauuMoHHoe) popmupoBaHme
nonynsiuuu Y. pestis ¢ ysactuem
KMUCJIOPOJHOro B3pbiBa Makpodaros
B OPraHu3me UCXOLHOro X03siMHa —
MOHIOJIbCKOr0 CypKa, U CTpecc-
VMHAYLMPOBAHHOIO MyTareHesa
npeakoBoro Bo36yautena ACJ

n nepexoaHbix popm

Rapid, quantum, gradual (non-saltation)
formation of a Y. pestis population
involving macrophage oxidative

burst in the original host species,

the Mongolian marmot, and stress-
induced mutagenesis of the ancestral
FESLF pathogen and its transitional
forms

BbicTpoe, canbTaumoHHoe
BUA000pa3oBaHMue NyTeM HEeCKOJIbKO
reHeTu4eCKux akToB aKBI/I3VIL|,MVI,
neneuun un UHaKTUBauun

Rapid, saltational speciation via several
genetic rounds of acquisition, deletion
and inactivation
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MapameTpbl
Parameters

Jdkonornyeckas mogenb
Ecological model

MonekynsipHaa mogenb
Molecular model

PaiioH BugooGpa3oBaHus
Region of speciation

OpHOBpeMEHHOe TPUTONHOE
BuaooOpa3oBaHue B LleHTpanbHol
A3umn (MoHronum): Ha XaHT3e,

Xanrae n Xapxupa-TypreH-MoHryH-
TalirMHCKOM ropHOM KOMIIeKce
Simultaneous tritopic speciation

in Central Asia (Mongolia): on Khentei,
Khangai and Kharhira-Turgen-Mongun-
Taiginsky mountain massive

He onpepneneH. NMpepgnonoxurensHo
Kaeka3s unu BocTouHblit Tubet
(Limuxanckoe nnato)

Not determined. Presumably the Caucasus
or Eastern Tibet (Qinghai Plateau)

WcxopHblit X03IMH MUKPOGa YyMbl

Original host species for plague
microbe

MoHronbckuii cypok Marmota sibirica
Mongolian marmot Marmota sibirica

He onpepeneH. NMpeanonoXxutenbHo
cubupckuii Tywkanuuk Allactaga sibirica
(Llmuxaiickoe nnaTto), 00bIKHOBEHHas
noneska Microtus arvalis (KaBka3) nnu
Kakoii-nnb6o BuA cypka

Not determined. Presumably Siberian
jerboa Allactaga sibirica (Qinghai Plateau),
common vole Microtus arvalis (Caucasus),
or some kind of marmot

PopcTBEHHbIE OTHOLIEHUS B BUA,0BOA
rpynne Y. pestis

Relationships in the Y. pestis species
group

Tpu camocTONATENIbHBIX
ronoguneTnyecKux rpynrbl

Three independent holophyletic groups

EnvHas moHoduneTnyeckas
(ronodpuneTtnyeckas) rpynna
A single monophyletic (holophyletic) group

CTpyKTYypa 3BOJIIOLUOHHOIO
npouecca Y. pestis

Pattern of Y. pestis evolutionary
process

naTHa»

Bupoo6pa3oBaHue 1 TeppuTopuanbHas
9KCMaHCUS — NPUHLMNNANBHO pasHblie
npoueccsl. Bugoo6pasosaHue —
TPUTOMHbIN «KBAHTOBBI» NPOLECC,
9KCMaHCUS — OTHOCUTEJNIbHO
paBHOMepHOe TepPUTOpPUaJIbHOE
pacceneHue no NPUHLUNY «MaCNISHOrO

Speciation and territorial expansion

are fundamentally different processes.
Speciation is a tritopic “quantum”
process, expansion is a relatively
uniform territorial distribution according
to the “oil spot” strategy

EAuHbIN OTHOCUTENIBHO paBHOMEPHbIN
npouecc BuaooopasosaHus
nnocneaylowen aMBepreHLmm,
COBEepLUAIOLMIACS NO eAUHOMY
3BOJIIOLUOHHOMY NPUHLMUNY —
HaKOMNNEHUIO HeMTPasbHbIX MyTaunin
A single relatively uniform process

of speciation and subsequent divergence
occurring according to a single
evolutionary principle — accumulation
of neutral mutations

reorpadr4ecKMX MONYJSALMAX, U B KaXIOM oya-
re LUPKYJUPYET CBOW OMNpENeJeHHbI TreHoBa-
puaHT (moaBua) Bo3oyautensi: 2. ANT3, 3.ANT2
n 4 ANTI1 coorBercTtBeHHO [1, 3, 4, 6, 20, 28].
Tak kak MakcuMaJlbHOE MOXOJOAAaHWE OXBATUJIO
Bce reorpadryeckure MOMYyJSIUU MOHTOJIbCKOTO
cypka (Mo4yTu) OAHOBpeMeHHO [23], MOXHO Mo-
JjlaraTh, 4YTO BUJI000Opa30BaHUE YYMHOIO MUKPO-
6a u3 kyoHoB Bo3oynutens JCJI mpouiio (mouatn)
OOHOBPEMEHHO BO BCEX TPEX IOITYISIIHNSIX CypKa.
JlanpHelIIast TeppUTOpPHUAIbHASI DKCHAHCHUS TPEX
TeHOBapUaHTOB (TTOABHMIOB) BO30yIUTENsSI CYpO-
Yybeil YyMBI ITPOXOIMJIA CAMOCTOSTCIBHBIMU IIa-
pannenbHbIMU MapurpyTamu [33] (puc. 2). B takom
clyyae TPM HMCXOOHBIX TeHOoBapuaHTa (IOIBUIA)
yyMHoro Mukpo6a 2. ANT3, 3.ANT2u4.ANTI 00-
pa3oBaii TPU CAMOCTOSITEIbHBIX FojlouIeTUYeC-
KUX TPYIIbl, UMEIOIINE pa3Hble SBOJIOLIMOHHBIE
CyabObl. DTOT (paKT MPUHLUNUATBHO BaXeH Mpu
CO3JaHUU DBOJIIOLIMOHHON Moaeau Y. pestis: CXOM-
Hble MPU3HAKU F'€HOBAPUAHTOB U3 Pa3HbIX (HUJIO-
TeHETUYECKUX JIMHUU (TOT0GhUIETUYSCKUX TPYTIM)
MOT'YT OBITh TOMOILJIA3USIMU, KOTOPBIE CIAEAYET UC-
KJI0YaTh U3 GUIOreHeTUIYECKOro aHaIu3a.

MNapamMeTpbl 3BOIOLUMOHHBIX MOAENEN

IIpuBeneHHOE BBIIIE YaCTUYHOE OITHUCAHUE
JKU3HECHHBIX IIUKJIOB 1 9KOJIOTUICCKUX OCOOCHHO-
CTeil MPeAKOBOTO IICEBIOTYOEPKYIEC3HOTO U ITPOU3-
BOIHOTO YYMHOI'O MUKPOOOB ITO3BOJISICT CPAaBHUTH
HEKOTOPBIC MapaMeTPhl 3KOJIOTUICCKOU 1 MOJIEKY-
JISIPHOIT MOIEJIC SBOJIOLNH, KOTOPBIE MCIOIb3Y-
FOTCSI B PEKOHCTPYKIIMU (DUIOreHe3a BO30OYIUTEIIST
qyMBHI (Ta0JI.).

CpaBHEHHME ITapaMETpPOB MOJEJCH TMO3BOJISICT
3aKJIIOUYUTh, YTO SKOJIOTUYECKUMN CLIEHAPUU ITPO-
MCXOXJICHUSI 1 MUPOBOI SKCHAHCUU BO3OYIUTEIIS
YyMBI SIBJISIETCS O0Jiee JOBEpUTEIbHBIM, O0Jiee oUe-
BUIHBIM, TaK KaK COTJIaCyeTCs C ITUPOKUM KPYTOM
NPUPOAHBIX COOBITUM, TPOU3OLIEAIINX B TIO3THEM
TJIEMICTOIIEHE U TOJIOIEHE U OITMCAHHBIX B HAYYHBIX
nyonukanusax [9, 10, 11, 30, 31, 32, 33, 34]. B takom
ciyJyae, 9KOJIOTUYECKU CleHapuii MOXeT ObITh
NPUHSAT 32 BepOaIbHYIO MOAEJb, HA KOTOPYIO CJie-
JIyeT OPUEHTUPOBAThCS MpPU pa3paboTKe MOJEKY-
JISIPHOI MOJIEN 1 IJIST OEHKM JIOCTOBEPHOCTH BBI-
BOIOB M 3aKJIIOUYCHUI, KOTOPHIE clienyloT u3 MI-
duoreHeTMUYEeKOTO aHaiamn3a [31].
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DKOJIOTUYECKU T CLIeHapU il B HACTOsIIIee BpeMsI
SBJISICTCS «HUTBIO ApUaIHB» B MPoOJIeMe MPOUC-
XOXJICHUSI U1 MHUPOBOM SKCITAaHCHUM YYMBI M CTHU-
MYJIOM [IJIsl CO3MaHUsI aAeKBaTHOW MOAEIU MoJie-
KYJSIpHO# 3BOJIIOIMUA YYMHOTO MHKpoba U Me-
TOMAOJOTUM (PUTOTEHETUYECKON PEKOHCTPYKIIMU
B IICJIOM. YCTAaHOBUTH OTHOIICHUSI POACTBA WU
¢duIoreHeTUYEeCKMEe B3aMMOOTHOIICHUS MEXIY
TAaKCOHAMU Y IPYIIIIAMHU KU BBIX OPTaHMU3MOB MOX-
HO TOJIBKO B TOM CJIydae, €CJIM U3BECTCH ITPSIMOii 00-
Ui MpeaoK udydyaeMbix 00bekToB. B MI-rtogxone
IpY U3YUYEHUU BO3OYOMTEIISI YYMBI OOIIMM IIpe-
KOM BCEro pazHooOpa3usi BHYTPUBUIOBLIX (HOPM
Y. pestis HaszpIBalOT aOCTpPaKTHYIO, TOJbKO CTa-
TUCTUYSCKN OOOCHOBAHHYIO IIPEIKOBYIO (opmy
MRCA, a COBOKYMHOCTb BHYTPUBUIOBBLIX (HOPM
(reHOBapMaHTOB, MOABUI0B, OMOBApPOB) 0€3 KaKM1X-
100 00OCHOBAaHUIT MHTYUTUBHO paccMaTpPUBAIOT
Kak MOHO(pUJIeTUYeCKYI0 (rojlopuieTudecKyto)
TpymIry OIM3KOPOACTBEHHBIX MHUKPOOPTaHU3MOB.
DKosiornyeckre ¢akThl yKa3blBalOT Ha OIIMO0Y-
HOCTh BbICTpauBaHusi MI-puioreHeTuyeckom
CXeMBI TT0 MOHO(UIETUYECKOMY (ToohuIeTuYeC-
Komy) mpuHInNy. COBOKYITHOCTh BHYTPUBUIOBBIX
dopmMm Y. pestis obpazoBaHa HEe OJHOI, a TpeMsI TO-
JoduiieTuyecKUMU rpyrmnamu. PoacTBo reHona-
PUaHTOB, BXOISIIWX B pa3HBIe ToJlopuIeTHYeC-
KWe TPYIMIIbl, OIOCPEAYeTCs IICeBIOTYOepKYyJie3-
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9BOJIIOLUMNOHHDbIE ACMNEKTDI
B3AUMOLENCTBUA MUKPOBUOMA
XENYAO4YHO-KULUEYHOIO TPAKTA

U OPTAHU3MA-XO39UHA B POPMUPOBAHUA
UEJTIOCTHOCTU TACTPOUHTECTUHAJIBHOIO
BAPbBEPA

C.N. Jlockyros!, C.H. ITpommn?, /1.C. Pa0oyxun'

! Beepoccuiickuil Hay4Ho-uccaedosamensckuii uncmumym nuuieswbix 006asok — guauar OIrbHY «Dedepanvhbiii nayuHoiii
yenmp nuwjeewvix cucmem um. B.M. Topoamosea» PAH, Cankm-Ilemepbype, Poccus
2 Poccuiickuii eocyoapcmeennoiii nedaeoeuveckuil ynusepcumem um. A.U. Tepuena, Cankm-Ilemepbype, Poccus

Pestome. KitoueBbIM KOMMOHEHTOM (DYHKIIMOHAIBHON CUCTEMbl XKU3HEOOECTIeUeHWsI U MoaaepKaHus ToMeocTasa
opraHu3Ma-xo3sMHa SBAseTCd MUKpoOuoM. Ha mpoTskeHuM BCEro OHTOI€HETMYECKOTo Pa3BUTHUS, MUKPOOUOM,
BKJIIOYAst MUKPOOUOTY KeayaouHo-KuineuHoro TpakTa (KKT), sBinsieTcs TeM BUTaaIbHBIM (paKTOPOM, KOTOPHIIi 00e-
CIIeYMBaeT HEe TOJIBKO (PYHKIIMOHMPOBaHNE OPTaHM3MAa-X03sIMHa, HO U €r0 B3aMMOJCIHCTBUE ¢ OKPYKaIOIIEeH Cpemaoi.
Y1oO0bI pacKpbITh MEXaHU3MbI, Ha 0OCHOBE KOTOpbIX MUKpoOroM 2KKT oka3biBaeT pelaroiiiee BIMSIHUE HA OPraHU3M-
X03sIMHA, HEOOXOIMM CUCTEMHBIH ITOIXO0I, MTOCKOIBKY Pa3Hble MUKPOOPTaHM3MBI B Pa3HOI CTEIICHU IMIPUCYTCTBYIOT
B Tex min wHBIX oTaenax 2KKT. IloxyunBinee B mocienHee BpeMsl MHTEHCUBHOE pa3BUTHE HOBOE MEXIMCITUTLIN-
HapHOE HaIlpaBJIcHHUE HayKWM — HaAaHOOMOMH(pOpPMAaTHKa — pacCcMaTpUBacT B Ka4eCTBE OCHOBHOTO O0BEKTa M3yde-
HUS «T¢HHBIC CETH», TIPEACTABIISIONINE COO0I KOOPIMHUPYEMYIO TPYIIITY F¢HOB, (DYHKIIMOHATIHLHO 00€CITeINBATOIIIX
(bopmMupoBaHue U (PEHOTUITMYECKOE «PACKPBITHE» Pa3IMIHEIX MPU3HAKOB Y OpraHM3Ma-Xo3simHa. BaxxHoe MecTo
3IeCh JOJKHO OBITH YAEJIEHO TeHEeTUUECKU NeTepPMUHMPOBAHHOMY YpoBHIO MUKpobmuoma KKT, ero Bzammoneii-
CTBHIO Ha YPOBHE MUIIEBLIX CUCTEM OpraHmM3Ma-xo3simHa. [TosgBiseTcs Bce OOIbIe JaHHBIX, YKa3bIBaOIINX Ha TO,
YTO MUKPOOMOM MPSIMO YYACTBYET B MaToreHe3e 3a00JeBaHUI OpraHU3Ma-X03siMHa, KOMITJIEKCHO B3aMMOICHCTBYS
¢ MeTabOoIMUeCKO U UMMYHHOI cucTeMaMu Xo3ssuHa. [1py 3ToM MUKPOOHOE CO00I1IeCTBO HEpaBHOMEPHO pacrpee-
neHo o 2KKT, a pasHble ero oTaebl Mo-pa3HOMY aKTUBHBI TPY B3aUMOACMCTBUY C UMMYHHOI CUCTEMOIt OpraHu3Ma-
X03sIMHA. «ApXUTEKTypa» B3aMOAEHCTBUS MEXIY MUKPOOMOMOM U KJIeTKaMU OpraHM3Ma-X03sMHa Ype3BbIYaiiHO
KOMTIJIEKCHA, a B3aMMOJEHCTBHE OTICIbHBIX KJIETOK IIPH 3TOM CHUJIBHO pa3inyaeTcs. bakTtepun, KOJOHU3UPYIOIITe
KPUIITHl TOHKOTO KMIIEYHUKA, PETYIMpPYIOT Tpoaudepalnio SHTePOIUTOB, OKa3biBas BIMSHUC Ha PEIIMKAIIMIO
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JAHK u skcrnpeccuio reHoB, Toraa Kak 6akTepuu Ha BepXyLIKaX BOPCUHOK KHIIIEYHUKA OTIOCPEAYIOT 9KCITPECCUIO Te-
HOB, OTBEYAIOLIMX 32 METa0O0IM3M U UMMYHHbBII OTBET. DHTepOLUThI U KJeTKu [TaHeTa, B CBOIO ouepeb, peryJIupyloT
>KU3HENESTEIbHOCTb COOOIIECTBAa MUKPOOPTaHM3MOB Yepe3 MPOAYKIIMIO MolucaxapuaoB (KapOoruapaToB) U aHTU-
OakTepraJbHBIX (PAaKTOPOB Ha CBOEI MOBEpXHOCTU. TaKuM 00pa3oM, MOAAEPKMBAETCS LEJIOCTHOCTb FaCTPOMHTEC-
TuHaJbHOro 6apnepa (I'MbB), KoTophlit 3amuInaeT opraHu3M OT MHMEKIIMI 1 BOCMalieHMsI, TOrna Kak HapylIeHHe
€ro LIEJOCTHOCTU IMMPUBOIUT K psay 3aboseBaHuit. [lokazaHo, YTO MUKPOOMOM B 3aBUCMOCTH OT JOMMHUPOBAHUS
ornpeielieHHBIX BUIOB OaKTEPHii MOXET MOAAEPXKMUBATh WIM HapymaTh 1eaoctHocTh [ MB. CTpykTypHO-(hYHKIINO-
HasbHas nejgoctHocTh ['MIB BakHa mist romeocrasa opranusma. K HacTosmemMy BpeMeHH oXapaKTepru30BaHO He Me-
Hee 50 0eJTKOB, YUaCTBYIOIINX B CTPYKTYPHO-(PYHKIIMOHATBHON MHTETPaTUBHOCTH IIJIOTHBIX KOHTAKTOB MEXKIY SITH-
teananbHbIMU KIeTKamMu 2KKT. B mpemroxeHHOM 0030pe pacCMOTPEHB UIMEHHO 3TH BOIIPOCHL. B HeM mmpeacTaBieHbI
OpUTHHAJIBHBIC HCCIICIOBAHNS, BEITTOTHEHHBIC Ha Pa3JIMUYHBIX 00bEeKTaX TPAHCISIIMOHHON OMOMEIUITNHEL.

Karouesvle cao06a: Mukpoduom, 3604104uUs, 24CMPOUHMECMUHANbHBLE Oapbep, Jceay0oHO-KUueyHbll mpakm, 6eiok,
MPAHCAAYUOHHAS OUOMEOUYUHA.

EVOLUTIONARY ASPECTS OF GASTROINTESTINAL TRACT MICROBIOME-HOST INTERACTION
UNDERLYING GASTROINTESTINAL BARRIER INTEGRITY

Loskutov S.1.2, Proshin S.N., Ryabukhin D.S.?

@ All- Russian Research Institute for Food Additives — Branch of V.M. Gorbatov Federal Research Center for Food Systems of RAS,

St. Petersburg, Russian Federation
¢ Herzen University, St. Petersburg, Russian Federation

Abstract. In the host sustenance and homeostasis, the microbiome is a key component in the functional system. Through-
out ontogenetic development, microbiome including that of the gastrointestinal tract (GIT) is the vital factor that ensures
not only host functioning, but also its interaction with environment. To uncover the mechanisms underlying GIT micro-
biome showing a decisive influence on host organism, a systematic approach is needed, because diverse microorganisms
are predominantly localized in different parts of the GIT. Recently, a new interdisciplinary direction of science, nano-
bioinformatics that has been extensively developed considers “gene networks” as the major object of study representing
a coordinated group of genes that functionally account for formation and phenotypic “disclosure” of various host traits.
Here, an important place should be provided to the genetically determined level of the gastrointestinal tract microbiome,
its interaction at the level of the host food systems. There have been increasing evidence indicating that the microbiome
is directly involved in the pathogenesis of host diseases showing a multi-layered interaction with host metabolic and immune
systems. At the same time, the microbial community is unevenly distributed throughout the gastrointestinal tract, and its
different portions are variously active while interacting with the host immune system. The “architecture” of interaction
between the microbiome and host cells is extremely complex, and the interaction of individual cells, at the same time, varies
greatly. Bacteria colonizing the crypts of the small intestine regulate enterocyte proliferation by affecting DNA replication
and gene expression, while bacteria at the tip of the intestinal villi mediate gene expression responsible for metabolism and
immune response. Enterocytes and Paneth cells, in turn, regulate the vital activity of the community of microorganisms
through the production of polysaccharides (carbohydrates) and antibacterial factors on their surface. Thus, the integrity
of the gastrointestinal barrier (GIB) is maintained, which protects the body from infections and inflammation, while vio-
lation of its integrity leads to a number of diseases. It has been shown that depending on the dominance of certain types
of bacteria the microbiome can maintain or disrupt GIB integrity. The structural and functional GIB integrity is important
for body homeostasis. To date, at least 50 proteins have been characterized as being involved in the structural and functional
integrability of tight junctions between gastrointestinal tract epithelial cells. The current review comprehensively discusses
such issues and presents original research carried out at various facilities of translational biomedicine.

Key words: microbiome, evolution, gastrointestinal barrier, gastrointestinal tract, protein, translational biomedicine.

BeepneHue

HeiiporymopanabHasi peryjsiiisi BCEro opra-
HHU3Ma B LIEJOM U KEeTYJIOYHO-KUIIeYHOro TpakTa
(KKT) BuyacTHOCTU Bceraa ObLjia MpeaMeToM Mpur-
CTaJIbHOI'O BHUMaHU S uccaeaoBaTeseil 1 Beaymx
HayuHbIX 11KoJ. UBaH IleTpoBuu I1aByioB BepBbIie
NPpeaaoXKUJI KOHLETWIO HepBU3Ma, KOTopasl oKa-
3ajla OTPOMHOE BJIMSIHUE Ha pa3sBUTUE MUCCIEI0-
BaHUI, CBSI3aHHBIX C BJIUSIHUEM BBICHIUX OT/EJIOB

HEPBHOM CHUCTEeMbI Ha pabOTy pa3JMUYHbIX OPTaHOB
u cucteM opraHusma [40]. BmecTe ¢ TeM ¢ OTKpBI-
THEeM TUCTAMMHA U €ro BJAUSIHUS Ha (QYHKIIUIO
XKKT cTtano o4yeBUAHBIM, UTO padOTa CUCTEMbI
MUIEeBapEeHUsI HE MOXET ObITh OOBSICHEHA TOJbKO
B paMKaxX KOHLENUMWU HEepBU3Ma, OHA MOAUUHSI-
eTcsl U TyMopajbHOI peryiasiuuu. BaxkHylo posb
B Pa3BUTUMU DTOU KOHUEIILIUU ChITpaau JaHHbIE
O TOM, YTO TUCTaMUH $BJIsieTC (HaKTOPOM, KO-
TOPbIIi HE Bceraa CBsI3aH C CeKpellMell racTpuHa,
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OBOOLMOHHbIE acnekThl LenocTHocTh b

BbIJIEJIEHUE KOTOPOTO KOHTPOJIUPYETCS OIyXKaato-
UM HepBoM. OrnipeneaeHHbIe (OPMbI TUCTAMHUHA,
TakKMe KaK O-METUJITMCTaMWH, CEKPETUPYEeMBbIil
rpaMoTpuLaTeabHoil 6akTtepuein Helicobacter pylori
(buna Proteobacteria), CTUMYTUPYIOT BBICBOOOXK-
neHue ractpuHa [8, 30, 42]. Ilepcuctupys B KKT,
H. pylori mocpencTBoM CceKpeTUPYEMBIX IIUTO-
TokcuHOB CagA 1 VacA BbI3bIBaeT MOBPEXIEHUE
CIU3UCTON XeJylKa, YTO COMPOBOXKIAETCS YCU-
JIEHHOM 9KCHpecCUueil U BEICBOOOXKAEHUEM MPOBOC-
MaJTUTETbHBIX IIMTOKUHOB, BKtodass IL-13, I1L-8
nuTNFo, asTo, BcBolo ouepenb, Hapyiaet I Ub niis
pa3JINYHBIX MOJEKya U dhakTopoB [55, 57] Takum
obpa3oM, HaUMHAasI C OTKPBITU S TATOTE€HETUYECKOU
poau H. pylori B BOSHUKHOBEHUMU SI3BEHHOI 00s1e3-
HU, CTAJIO OYEBUAHBIM, UTO HE TOJBKO HEUpOTy-
MopaJjibHasl cpela XOo3siMHa CIocoOHa peryaupo-
BaTh POCT U BUPYJEHTHOCTb I'PaMITOJI0KUTEIbHBIX
U rpamMoTtpuliateabHbix 0aktepuilt ZKKT, HO 1 Mu-
kpoouom KKT okaspiBaeT BAUSHUE Ha pa3HbIe
OpraHbl U CUCTEMbI OpraHU3Ma-X03siMHa, BbI3bIBasI
WU/WJIM MOLYJIMPYS Pa3BUTHE MTaTOJOTMYECKOrO Mpo-
ecca [2, 25, 32, 44].

Mertabosnyeckasi aKTUBHOCTb OaKTEpU It MOXET
OKa3bIBaTh BJIUSHUE HA TOPMOHAJIbHBIN CTaTyC Op-
raHusMma. Ilpu aHanu3e Metabosii3dMa TOPMOHOB
IIUTOBUIHON Keje3bl YCTAaHOBJIEHO, YTO TPUMNOMI-
tupoHuH (T3) moaBepraeTcs MeTUJIUPOBAHUIO
U MaKCUMMaJbHO BBIBOJUTCS U3 OpraHu3Ma, Toraa
Kak TtupokcuH (T4), saBasiomuiics «kjaccuyec-
KHUM» IPOTOPMOHOM, MOJABEPraeTcsl IHTeporenaTu-
YyeCcKOW LMPKYJASLUUU BCJIEACTBUE TIIOKYpPOHUIA-
uuu. [1pu a3TOM cnenaHo BaxkHoOe HabJII0IeHUE, YTO
TJIIOKYPOHU1a3bl, yYacTBYIOIIME B KOHblorauuu T4
C IJTIOKYPOHOBOW KHUCJOTOU, — 3TO, TJIAaBHBIM 00-
pa3oM, (epMeHTHhI, IKCIIpeccCupyeMble OaKTepu-
anbHbiMU KJeTKkamu 2KKT [23, 24]. K HacTos11IEMY
BPEMEHU YyXke He BbI3bIBAET HUKAKOTO COMHEHMS,
YTO KaK CaMd MUKPOOPTraHU3MBbI, TaK U UX HU30-
JIMPOBAHHbBIE AHTUTEHBI SBJSIOTCSI STUOJOTUYEC-
KuMU (akTopaMu UHIYKIUKU ayTOMMMYHHBIX
MPOILIECCOB, OOYCIOBIMBAIOIIMX IOpaXXeHUe DH-
JIOKPUHHBIX OPraHOB, XOTs BIIEPBbIE CBSI3b MEXIY
JIUXOPAJKON pPEeBMATUUYECKOrO ITPOUCXOXKIACHMU S
U 6aKkTepuaabHOI MHGEKIIMel Obla yCTaHOBIEHA
Tpuobyne u Koitonom B koH1e XIX cTonetus [53].

M3MmeHeHre KOJIMYEeCTBEHHOIO 1, TJIaBHBIM 00-
pa3oM, KauecTBEeHHOro coctaBa Mukpoouoma KKT
CIOCOOHO TMPOBOLIMPOBATh Pa3BUTUE PE3UCTEHT-
HOCTU K UHCYJIMHY, OKUPEHUIO0 U BOSHUKHOBEHUIO
METabOoJIMYEeCKOro CUHAPOMA, TO €CTh 3HAYMMbIM
paccTpoiicTBaM SHIOKPUHHON cucTeMmbl [3, 4, 5,
10, 33, 48].

OIHaKO TOJIbKO HECKOJbKUMU AECATUIETUSIMU
MO03X€e ObIJIU TOJYUYEHBl HEOCIIOPUMBbIE DKCHEpU-
MEHTaJIbHble U KJIWHWYECKHE AaHHbIe, yKa3bIBa-
[OlllMe Ha TO, YTO Pa3BUTUE ayTOUMMYHHOU peak-
MU U peBMaTu3Ma SIBJISIETCS CJIENCTBUEM OTBETa
opraHusMa Ha WHOEKIHWIO, BbI3bIBAEMYIO TI'paM-

MOJIOXXUTEJIbHON OaKTepueil — CTPENTOKOKKOM
rpynnmsl A [12].

K HacTosiiiemMy BpeMeHM Ha OCTpue Hay4YHO-
ro MOMCKa HAXOMUTCS U3yUYeHUE FeHEeTUYEeCKU Jie-
TEPMUHUPOBAHHBIX MEXaHM3MOB THUIIEPOTBETa
MUMMYHHOI CUCTEMbl HA MHBA3UIO0 TOrO WJIA WHO-
ro MUKPOOHOI'0 areHTa WJW KJlacca aHTUIEHOB.
Takke NpeAaToXKeHO HECKOJIbKO MEXaHU3MOB, 00b-
SICHSIOLIM X TTATOT€HE3 ayTOMMMYHHOTO Mpoliecca,
BbI3BAHHOI'0 OakTepuaabHOW WHGEKIIUENH: MoJie-
KyJISIpHasi MUMWKPUS, «pacloji3aHue» 3IUTOoIa,
«aKTUBAllMs CBUJACTENsl» M TaK Ha3bIBaeMble He-
OTO3HAHHbIe aHTUTeHHI [12, 43].

TlosiBnsieTcst Bce OoJibllle MaHHBIX, YKa3blBalo-
IIKUX Ha TO, YTO MUKPOOMOM HEMOCPEICTBEHHO
y4JyacTBYeT B IaToreHe3e 3aboJeBaHU OpraHU3-
Ma-X0351MHa, KOMIIJIEKCHO B3aUMOJIEHCTBYSI C UM-
MYHHOI CUCTEMOI X0351MHa U BCTpauBasiCch B Ope-
JNIeJIeHHbIE CHUCTEeMbl MeTaboausMma. I[lpu s>ToM
MUKPOOHOE COOOIIECTBO HEPABHOMEPHO pacrpe-
neneHo no KKT, oTaesibl KOTOPOTro pa3audarTcs
M0 aKTUBHOCTHU B3aUMOAECUCTBUS C UMMYHHOM CU-
CcTeMO# opraHusMa-xo3suHa [62]. Tak, HarpumMmep,
MOAB3JOIIHAS KUIIIKA U TOJCTBHIA KUIIEUHUK UM-
MYHOJIOTUYECKHN 00Jice «aKTUBHBI», YeM IPOKCH-
MaJbHBIHA OTJEJ TOHKOIro KUIEYHUKa, U HDOopMU-
PYIOT 3HAUYMMYIO 4YaCTh MYKO3aJIbHOW MMMYHHOM
cuctemsl [50].

Bzaumoneiicteue mukpoodoruoma KKT u kiaetok
OopraHu3Ma-Xo3siMHa BbIpaxkaeTcss B (DOpMUpOBa-
HUU MUKPOOHO-TKAHEBOrO KOMILJIEKCa CO CJIOX-
HOW CUCTEMOI B3aMMOJIEUCTBUM, pa3indarolieiics
B 3aBUCHMMOCTHU OT ero Jjiokanauszauuu. Hanpumep,
0akTepuu, KOJOHU3UPYIOIIWE KPUIITHI TOHKOTO
KUIIEYHUKA, PEryJupyloT MOpoaudepanuio 3H-
TEPOLIMTOB, OKa3biBasl BAUSHUE Ha PEIIMKAIIUIO
JHK u skcnpeccuio reHoB, Toraa Kak OakTepuu
Ha BEpXyIlIKaX BOPCUHOK KMIIIEYHU KA OMOCPEAYIOT
SKCMPECCUI0 TEHOB, OTBEUAIOIINX 32 META0O0JIU3M
U UMMYHHBIH OTBeT [38]. DHTEPOLUTHI U KIETKU
ITaneTa, B CBOIO o4epenb, PEryaupyIoT XXU3HEeAes -
TEJIbHOCTh MUKPOOPTAaHU3MOB 4Yepe3 MPOAYKIIUIO
nojucaxapuaoB (KapooruapaToB) U aHTUOAKTEPU-
aJbHBIX (paKTOPOB Ha cBoell moBepxHocTU [7, 20,
41]. TakuM oOGpa3oM, MOAAEPKMUBAETCS HE TOJIbKO
ueaoctHocTh 'MB, HO U B3auMoaeincTBUEe MEXIY
MaKpOOpPraHU3MOM U MUKPOOHMOMOM Ha YpPOBHE
MUKPOOHO-TKAHEBOTO KOMILJIEKCa, UTO IMPOSBISI-
eTCcsl B MOAYJIUPOBAHUU PEAKTUBHOCTU WMMYH-
Hoil cuctemsl [13, 17]. [IpogeMoHCTpUpPOBaHO, YTO
MUKPOOMOM B 3aBUCUMOCTU OT AOMUHUPOBAHUS
onpeAeieHHbIX BUIIOB OaKTEepUil MOXET Moaaep-
KMBaTh WK HapyliaTh neaoctHocTs [T UDB [49, 58].

B renHome mnpokapuoT UACHTUGMUIIMPOBAHBI
aMUHOKHWCJIOTHBIE MOCJAEA0BaTEebHOCTU, TMOKa-
3bIBAIOIIIE TOMOJIOTUIO C PSIIOM CEMENCTB pelen-
TOPOB 3yKapuOT (pelenTopoB KWHa3bl, MOHHBIX
KaHaJIoB, TpaHCMEeMOpaHHBIX PELENTOPOB U 1p.).
JlaHHOe HabtoIeHUe CBUAETEIbCTBYET O HAJTUUU U
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y OaKTepMii pelernTopoB M CIIOCOOHOCTU pearu-
poBaTh HE TOJbKO Ha MHOXECTBO «CUTHAJIbHBIX»
MOJIEKYJ XO3sIMHA, HO TaKXXe CIOCOOHOCTH WC-
MOJIb30BaTh PELICIITOPHI XO3SIMHA JIJISI TOTO, YTOOBI
JIOCTaBUTH OaKTepuaJibHble (PaKTOpbl B OPTaHU3M
xo3auHa [15, 46]. XopoI1110 U3BECTHO, YTO HE TOJIBKO
YeJIOBEYSCKME BPUTPOILMTHI HECYT Ha CBOCit MeM-
Opane Takue Rh-6enku (pesyc-antureH), kak RhD
n RhCcEe, koTopble MOTyT 3KCIpecCUpOBaThbCs
Kak aHTureHnl B KoMmrekce RhAG. Ipu sTom Ta-
kne Rh-6enku, kak RhBG n RhCG, skcnpeccu-
PYIOTCS B TOYKaX, LICHTPAJIbHOI HEPBHOI crCTEME
(HHC) u psine npyrux opraHoB U TKaHEW, BKJTIoUast
KKT. ¥V maekonutawoummux skcrnpeccuss RhBG-
1 RhCG-06e1K0B XM3HEHHO BaxkHa OCOOCHHO IJIS
romMeocTa3a U HOpMaJbHOTO (PYHKIMOHUPOBAHUS
MOYEBBIICIUTEILHOI CUCTEMBI, HaIlpumep, s
noanepxaHus pH u cekpeuuu nmoukamMmu amMmmuaka
u aMuHOB [28]. TpaHcmopT aMmMuaka yepe3 O1oJ0-
TUUYECKYI0 MeMOpaHYy SIBASIETCST KIIOUEeBBIM (PU3HO-
JIOTUYECKUM TPOIECCOM BCEX XMBBIX CYIIECTB.
W GOJIbIIMHCTBO BUIOB MMEIOT MHOXECTBO pa3-
JUYHBIX 0enkoB cemeiictBa Amt/MEP/Rh, romo-
JorndHBIX Rh-6emkaM MieKonmuTarImnx, 4To OT-
pakaeT UX XU3HEHHO BaXXHYIO pOJIb B OMOJIOTUN
KUBBIX opraHu3MoB [34, 45]. baktepus Escherichia
coli, HamTpuMep, UMEET OAMHOUYHBIN TpaHCIOpPTEP
s aMmMmuaka (Amt), KOTOPBIIA KOHTPOJUPYETCS
onepoHoM ginKamtB. benok AmtB skcnipeccupy-
eTCsl JIUIIb B TOM CJIydae, €CJIM MOCTYIIJIEHUE aM-
MMaKa B OaKTepHUIO IJIsl €€ pocTa CTAHOBUTCS Orpa-
HUYEHHBIM, B TaKOM CJiydae T'eH, KOIUPYIOIIUNA
3TOT TPAHCIIOPTEP, AKTHUBHUPYETCI. Y OaKTepuid
TpaHCTIOPTEpP I aMMUaKa BXOAMT B CEMEMCTBO,
KOTOpoe 0003HaUeHO KaK Amts. ¥ apoxkkeil mpu-
CYTCTBYIOT TPU MOOOOHBIX TpaHCHOpTepa U OHU
o003HaUYeHBl KaK MeTHJIaMMHaK/aMMHUaK-TIepMe-
asbl, unu MEPs [19, 22, 31]. TpancnopTepbsl Amts
TaKk>Xe OOHapy>KeHbl y OECIIO3BOHOUHBIX B T€HOME
Caenorhabditis elegans, Tne BBISIBJICHO YETBHIpE TO-
MoJiora 3Tux 0eakoB [26]. I[Ipu cpaBHEHUU CTPYK-
Typbl TpaHcnopTepa AmtB u 6en1koB RhAG, RhBG
1, ocobeHHo, 6enka RhCG OblIO yCcTaHOBJEHO
CXOICTBO UX KOHCEPBAaTUBHBIX KPUTUICCKUX JOME-
HOB, UTO ITO3BOJIMJIO CICJIaTh BBIBOM O CTPYKTYPHOM
U GpyHKIUOHAJTbHOM Nomnoouu Rh-0enkoB TpaHc-
noptepy AmtB [9, 27]. B cBs13u ¢ 3TUM 6€3yCIOBHBI
MHTEpeC IPEeACTaBASIOT JaHHbIE 00 accolMalluu
pa3HBIX TPYIIT KpoBu 1 Rh-0e1KoB ¢ mH(peKnnoH-
HBIMU 3200JIEBAaHUSIMU Y MJIEKOTTUTAIOIINX, BKJTIO-
yas 4yeyjoBeka. Tak, MoKa3aHO, UTO pa3Hble BUIIbI
MaJsipUiiHOIrO TJia3mMoaus, BKitodass Plasmodium
falciparum w  Plasmodium vivax, s BHEAPEHUS
B 3PUTPOLUT MJIEKOIUTAIOIINX WCIIOJb3YIOT Ce-
MEWCTBO JIMTAaHJOB: 3PUTPOLMUT-CBI3bIBAIOIINI
oenok (EBAI175) u peTUKYJIOLMT-CBSI3bIBAIOIIE
oenku (RBLP) [29, 39]. ¥ HekoTOpPBIX OaKTepuit —
npenctaputeneii HopmooroTsel KKT yemoBeka —
TaK>ke BBISIBJICHBI ceMeiicTBa OEJIKOB, TOMOJIOTHY-

HBIX 3PUTPOLUT- U PETUKYJIOINUT-CBI3BIBAIOIINM
OGenkaM masMonus [36]. ¥ rpamMnoioXKuUTeaIbHOM
OakTepuit Ruminococcus actaris, iprHaajexalliein
K une Firmicutes, NIEHTUIHOCTb AaMUHOKUCJIOT-
Hoil mocienoBateabHocTu VaFE repeat-containing
surface-anchored-6e1ka ¢ aMUHOKMCJIOTHOM IIO-
CJICIOBATEIbHOCTBIO PETUKYJIOIUT-CBSI3bIBAIOIIIE -
ro 6enka rasmonust gocturaet 30% [52]. Y Gak-
Tepuu Enterococcus faecium, obianaroiieii BBICOKOM
PE3UCTEHTHOCTbIO K aHTUOMOTHUKAM, MICHTUY-
HOCTh AMHWHOKMCIOTHOW IIOCJICHOBATEIBHOCTU
VaFE repeat-containing surface-anchored-6enka
C aMMHOKUCJIOTHOH TIOCIEA0BATEIbHOCTBIO PETH-
KYJIOLIMT-CBS3bIBAIOIIEro 0eika Miaa3Moaus TaKKe
nocturaeT 30% [16]. Y rpaMmojioKuUTEeIbHON Oak-
Tepun Lactobacillus johnsonii, Tak>XXe TIpUHAIJICKA-
et Kk pune Firmicutes, U IEHTUYHOCTh aMUHOKHC-
JIOTHOM TMOCJeI0BaTeIbHOCTU TPaHCTJIMKO3UIa3bl
MItG, y4yacTByIOLIEii B PEe3MCTEHTHOCTU K aHTHU-
OMOTHKAaM, C aMUHOKMCJIOTHOM ITOCJIeIOBATEIBHO -
crbio RBLP miasmonus nocturaet 50% [61]. Benok
¢ rMcCTUAMH-(PocpaTa3HO aKTHMBHOCTbIO OakTe-
puu Clostridioides difficile, npuHannexaiieii K ¢puie
Firmicutes, 6onee yeM Ha 75% WIEHTUYEH 1O aMU-
HOKUCJIOTHOW TIOCJIEI0BAaTEILHOCTU OeilKaM ce-
metictBa RBLP [1]. ¥V GakTepuii, npuHaaaexKammx
K ¢pune Fusobacterium n B U30bITOUHOM KOJIMYECTBE
OOHapy>KMBaeMbIX Y MAIIMCHTOB C TUTICPTHUPEO30M,
Takxe BbIsIBJeH Oenok endonuclease MutS ¢ BbI-
cokoil romosiorueit Kk 6eakam RBLP [11]. Mexnay
VaFE repeat-containing surface-anchored-6eakom
6akTepumn Ruminococcus! actaris 1 6e1KOM, COlep-
XKaluM doratseie JeinuHoMm noBTopsl (leucine-rich
repeat [LRR]), 6akrepuu Fusobacterium naviforme
BbISIBJIEHA UJACHTUYHOCTh aMUHOKMCJIOTHBIX I1O-
cJIeoBaTebHOCTEN, KoTopasa mocturaer 23,65%.
B ©Oenke LRR BeISIBIEeHaA MOCIIeI0BaTEeIbHOCTD
oT 2997 no 3081 aMMHOKMCIOTHI, KOTOpasi UMEEeT
BBICOKOE€ CPOJICTBO CBSI3bIBAaHM S C OEJIKOM KoJlJia-
reHa yesoBeka (collagen-binding protein B domain).
[1pu 3TOM GaKTEpUH, TTPOAYLIUPYIOIINE MOJTOUYHYIO
KucaoTy, HanpuMep Lactococcus raffino lactis, Tak-
JK€ MCTIOJIb3YIOT 3TOT O€JIOK JJIsI arperaluu u oopa-
30BaHUg ouoreHok [35]. Kak cienyeTt u3 aHaim3a
0a3bl TaHHBIX 0AKTePUAJIBHOTO MPOTEOMa, Y MHO-
TMX MUKPOOPTAHNU3MOB U IMPEXIE BCETO IPaMITOJIO-
XKUTEeNbHbIX OakTepuii dunbl Firmicutes, KOJOHU-
supyromnx KKT yenoBeka, BhISIBISICTCS BhICOKAS
TOMOJIOTHUSI U UACHTUYHOCTD 10 aMHUHOKHCIIOTHOMN
MOCJIEeTOBATEIBHOCTH CEMENCTB OaKTepualbHBIX
OEJIKOB C CeMEHCTBOM J3PUTPOLUT- U PETUKYJO-
LUT-CBSA3BIBAIOIINX OCJIKOB MaJISIpUIHOTO IIIa3-
MoaMs. DTO yKa3blBaeT Ha TO, UTO y OakKTepHit
AKCITPECCUPYIOTCS MOTEHIIMAIbHBIE JTUTAHIBI IS
B3aumoaeicteust ¢ kiaerkamu ['WUB. Tlpu stom
Ba’XHO OTMETHUTb, YTO JOKa3aHa MIACHTUYHOCTb,
pocturatomass 40%, aMUHOKUCIOTHBIX ITOCIEHO-
BaTebHOCTeU OesikoB rpynn kposu Duffy, Basigin
(BSG) u pesyc-06enka RhCG, KoTopblil aKcnpeccu-
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pyetca B KKT miaekonuTarolyx, BKJIOYas 4yeao-
Beka [51, 59, 60]. CTpykTypHO-DYHKIIMOHAJIbHAS
ueaoctHocth 'MB BaxHa a7 romeocrasa op-
ranusma [21]. K HacTosimueMy BpeMeHHU oxapak-
Tepu30oBaHO He MeHee 50 OeKOB, yYacTBYIOIIMX
B CTPYKTYPHO-(MYHKIIMOHAJIbHOU WHTErpaTuB-
HOCTM TUIOTHBIX KOHTAaKTOB MEXIY SMUTEIUAb-
HbiMUu KJeTKamMu KKT [18, 37]. DTu mniaoTHbIe
KOHTAKTHhI SIBJSIOTCS KOMILJIEKCaMU, CTPYKTYPHO
MNpeacTaBJIeHHbIMU, IJIaBHBIM 00pa3oM, YeThIpb-
M$ TpaHCMEMOpPaHHBIMU OeTKaMU: OKKJTIOMUHOM,
KJayAuHOM, MOJIeKyJaMU KOHTAaKTHOW aare3uu
U TPULIEJUTIOJMHOM, KOTOpPbIE, B CBOIO OYEpEelb,
B3aMMOJICICTBYIOT CO CTPYKTYPHBIMHU OejlKaMu
MJIOTHBIX KOHTAKTOB (zonula occludens): ZO1, ZO2
n Z03. B du3nosornyeckux ycaoBUsSIX KOMITJIEK-
Chbl MJOTHBIX KOHTAKTOB MOAAEPXKMBAIOT TOJSIPU-
3anuio I'MbB, KOHTpoaUpysT NPOXOXKAECHUE MEXAY
KJIETKaMU MOJIEKYJI BOJbl U HEKOTOPbIX MOHOB [18].
Kak npu ¢dusnyeckom, Tak U (HU3MOJOTUUYECKOM
cTpecce BbIpabaThiBaeTCsl M30BITOUHOE KOJWYe-
CTBO FOPMOHOB CTpecca, YTO, KaK NpaBUJIo, IPHUBO-
IUT K TpaHciaokauuu B npocseT KKT nunomnonu-
caxapuga (JITIC), apastomerocst Tpurrep-daxkro-
POM IJII UMMYHHOIO 1 BOCIIaJIUTEJIbHOTO OTBETA,
KOTOPBI MOXET MPUBECTU K MOBBIIIEHHOW Mpo-
Hunaemoctu 'MBb. B umMmyHHoI peakiiuu Ha JITIC
HeMeaJIeHHO pearupylot peuentopsl CD14 u TLR4
Makpo}aroB, JOKAJU3YIOIIMXCSI KUIIEUHUKE,YTO
NPUBOIUT K MOIIHOU MPOAYKIIMU MPOBOCHATU-
TeabHbIX HUTOKNHOB B cTeHKe 2KKT: TNFo, IFNo
u IFNy, IL-1B. IIpoBocmanuTeabHble TUTOKUHBI
MPOBOLMPYIOT OTKPBITUE TIJOTHBIX KOHTAKTOB,
4yTo ornocpeayercs 6enkamu ZO1 u ZO2, npuBoas
K TpaHcaokaluu Mukpoouotsl KKT u sHmoTOK-
cemuu [63]. HapylieHuo paBHOBECHS B MUKPOO-
HO-TKaHEBOM KOMIIJIEKCE W TOBBILIEHUIO TTPOHU-
naemoctu I'MT Takxke criocoOCTBYeT aKTHUBallUS
runoTrajaMo-Tuno@u3apHo-HaANOYeYHUKOBOW
oCH, KOTOpasi CTUMYJUPYET TYUYHbIe KJIETKU, Me-
CTOM CKOILJICHUSI KOTOPBIX SIBJSIETCS CYO3MUTETU-
anbHbii cyoit KKT. TyyHble KJIeTKU HauMHAIOT
CEeKpeTUpoBaTh B U3OBITOYHOM KOJMYECTBE AEIO-
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METABOJIMMECKUE BUOJTOTMHECKME
MAPKEPbI AMATHOCTUKU U MOHUTOPUHTA
TEHEHUY TYBEPKVYJIE3A

M.B. Koporenkas'?, D.. Pyoakosa'

'@I'BHY Ilenmpanvhbiii nayuno-uccaedosamensckuil uncmumym mybepkynesa, Mockea, Poccus
2 Mockoeckuii 2ocydapcmeennbiii ynugepcumem umenu M. B. Jlomonocoea, Mockea, Poccus

Pestome. [lepen Mexx1yHapOIHBIM MEAMKO-OMOJOIMYECKUM COOOIIECTBOM B HACTOSILIIEE BPEMSI CTOUT BOIIPOC O MOMC-
Ke HauboJjiee MpOCTOro M IOCTYIMHOr0 THIa aHaIu3a, TOMOTaloIero ¢ MaKCMMaJbHON TOCTOBEPHOCThIO IMarHOCTUPO-
Bath TyOepkyne3 (Th) emie g0 mosiBaeHM A KIMHUYECKUX MposiBIeHM. TyOepKyie3 BbI3bIBaeT 00JIbILIE CMEPTEH, UeM
no0oe npyroe 3a0ojieBaHKe, yCTyIas TOJIbKO THEBMOHM U, BhI3BaHHOM BUpycoM SARS-CoV-2, omHaKo 00JIbITNHCTBO
MHGUIIMPOBAHHBIX JTIOEH TIEPEHOCST ero 0eccuMnToMHO. KpoMe Toro, BaxXHO pa3padoTaTh METOIbI, ITIO3BOJISIOIINE
OTIIMYUTD Ha pAHHMX CTATUSIX pa3IMIHBIC (DOPMBI TCUCHU S TyOSpKYIe3HOM MH(PEKIINHU 1 JOCTOBEPHO Pa3aeanuTh Ia-
LIMEHTOB I10 COOTBETCTBYIOIIMM I'PYIIIIaM (JIUIIa ¢ OBICTPO MIPOTpeccUupyomeil MHGEKIMei, XpOHNUSCKUM TeICHUEM,
JIATEHTHBIC HOCUTEIN nHpeKnK). B mocaenHee BpeMs Bce OoJblllee 3HAUCHME B HAyYHBIX MCCIIETOBAHUSIX
npumaeTcs M3yYeHUI0 MMMYHOMETa00aM3Ma, T. €. B3aUMOCBSI3U MEXIY OMOBHEPTeTUYSCKUMU MYTSIMU
U crieOupUIecKUMHA QYHKIUSIMU WMMYHHBIX KJICTOK. IMMYHHBIM OTBET X03sIMHA HA MUKOOAKTepUM TIPU
TyOepKyIe3e peryaupyercs psiaoM MeTabOTUIeCKIX CeTel, KOTOpPbIe MOTYT AeMCTBOBATh KaK COBMECTHO, TaK M aH-
TarOHUCTUYECKU, BIUS Ha UCXol 3a0oeBaHUs. baaHc BOCITalIMTENbHBIX U UMMYHHBIX PeaKIMii OTpaHNYMBaeT
pacripocTpaHeHe MUKOOAKTEpHIii B OpraHn3Me M 00ecTieunBacT MPOTEKIIMIO OPTaHMU3Ma OT pa3BUTHS TYOepKyJie3a.
L1 TOKMHBI HEOOXOAMMBI 17151 3ALIATHI XO35IMHA, HO €CJIM HE KOHTPOJMPOBATh X KOHIIEHTPALIMI0, HEKOTOPhIE Mea1a-
TOPBI MOT'YT CIIOCOOCTBOBAThH pa3BUTH IO 3a001eBaHUS U MaToJOru. Pasauuus B cogep:KaHUU METAOOJIUTOB B MJ1a3Me
KPOBM MEXIy JUIIaMHU ¢ TIporpeccupytonieit nudexuueir, JTBU 1 3m0poBIMU MOTYT BBISIBASTHCS 3aI0JITO 10 TO-
SIBICHUST OCHOBHBIX KJIMHMYECKMX MPU3HAKOB 3a00eBaHus. M3MeHeHUS comepKaHusl aMMHOKHUCIIOT U KOPTU30J1a
MOTYT OBITh 0OHAPYKEHHI ele 3a 12 Mecs1eB 10 Havyaia 3a00JIeBaHUSI U CTAHOBSITCS CUJIbHEE Ha CTAIUM MTOCTAHOBKH
KJIMHAYECKOTo nrarHo3a. OmpeneieHe conepxaHus HEKOTOPhIX aMIHOKHCIIOT U UX COOTHOIIEHUH B TIJIa3Me KPo-
BHM MOXET OBITh MCITOJIb30BAHO B KAYeCTBE MOIOTHHUTEIBHBIX TUATHOCTUUCCKUX MapKepoB aKTUBHOTO TH merkmx.
MeTabonuThI, BKIIOYAIOIINE KU PHBIC KUCIOTH, aMUHOKHCIIOTHI M IMTTMIBI B TIJIa3Me KPOBU, MOTYT CIIOCOOCTBOBATh
BbIsSIBJIEHN10 akTUBHOTrO Th. MeTaboanueckue npouin yKa3blBaloT Ha MOBBILIEHHY0 aKTUBHOCTb MHA0JAMUH-2,3-
nuokcureHassl 1 (IDO1), cHuxeHue akTUBHOCTH (poctonnmasel, yBeJMYEHUE KOTUYECTBA MPOAYKTOB METabOIM3MAa
aJIcHO3MHa, a TaKKe Ha TToKa3aTe)In (UOPO3HBIX IOpaXkKeHU It TpU aKTUBHOM 3a00JIeBAaHUH IO CPAaBHEHUIO C JIaTEHT-
Holt mHpekueil. JleueHne TyOepKyse3a MOXeT ObITh CKOPPEKTUPOBAHO Ha OCHOBE MHANBUAYaTbHBIX 0COOCHHOCTEH
MeTabo1M3Ma MauMeHTOB U pobuis OMoMapKepoB. M3ydeHue uMMyHoOMeTa0oau3Ma pu TyOepKyie3e HeoOX0auMo
IJIs1 pa3pabOTKM HOBBIX TEPAaNeBTUUYECKMX CTPATEeTUiA.

Karouesvie croea: mybepikynes, UMMYHHbLI Omaem, Memadoausm, pepmenmol, AUNUOHbIE MeOUAMOPbL, IUKO3AHOUIYL.
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METABOLIC BIOLOGICAL MARKERS FOR DIAGNOSING AND MONITORING THE COURSE
OF TUBERCULOSIS
Korotetskaya M.V.**, Rubakova E.I.?

@ Central Research Institute of Tuberculosis, Moscow, Russian Federation
¢ Lomonosov Moscow State University, Moscow, Russian Federation

Abstract. The international biomedical community has been currently facing a need to find a simple and most accessible
type of analysis that helps to diagnose tuberculosis (TB) with the maximum reliability even before the onset of clini-
cal manifestations. Tuberculosis results in more deaths than any other pathogen, second only to pneumonia caused by
the SARS-CoV-2 virus, but the majority of infected people remain asymptomatic. In addition, it is important to develop
methods to distinguish various forms of tuberculosis infection course at early stages and to reliably stratify patients into
appropriate groups (persons with a rapidly progressing infection, chronic course, latent infection carriers). Immunome-
tabolism investigates a relationship between bioenergetic pathways and specific functions of immune cells that has re-
cently become increasingly important in scientific research. The host anti-mycobacteria immune response in tuberculosis
is regulated by a number of metabolic networks that can interact both cooperatively and antagonistically, influencing
an outcome of the disease. The balance between inflammatory and immune reactions limits the spread of mycobacteria
in vivo and protects from developing tuberculosis. Cytokines are essential for host defense, but if uncontrolled, some me-
diators may contribute to developing disease and pathology. Differences in plasma levels of metabolites between individu-
als with advanced infection, LTBI and healthy individuals can be detected long before the onset of the major related clini-
cal signs. Changes in amino acid and cortisol level may be detected as early as 12 months before the onset of the disease
and become more prominent at verifying clinical diagnosis. Assessing serum level of certain amino acids and their ratios
may be used as additional diagnostic markers of active pulmonary TB. Metabolites, including serum fatty acids, amino
acids and lipids may contribute to detecting active TB. Metabolic profiles indicate about increased indolamine 2.3-di-
oxygenase 1 (IDOI1) activity, decreased phospholipase activity, increased adenosine metabolite level, and fibrous lesions
in active vs. latent infection. TB treatment can be adjusted based on individual patient metabolism and biomarker profiles.

Thus, exploring immunometabolism in tuberculosis is necessary for development of new therapeutic strategies.

Key words: tuberculosis, immune response, metabolism, enzymes, lipid mediators, eicosanoids.

3a UCKITIOYCHUEM ITHEBMOHU U, BHI3BAHHOI BU-
pycom SARS-CoV-2, tybepkyne3 (THh) BbI3pIBaeT
OOJIBIIIe CMEPTEl, YeM JTr000¢e Apyroe MHPEeKIINOH-
Hoe 3a0oJjieBaHUE, OJHAKO OOJBIIMHCTBO MHPU-
OMPOBAHHBIX JIIOIEI TIEPEHOCSIT ero 0e3 KJIMHU-
yecKuX mnposiBiaeHuii. Okoso 25% HacejieHuUs 1ia-
HeTBbl mHUuIUpoBaHo Mycobacterium tuberculosis
(Mtb), HO aumpb y 5-—10% uHOULIUPOBAHHBIX
Joneil pa3BUBAeTCd aKTUBHagd MHPeknus [82].
YyBCTBUTETBHOCTh K MMKOOAKTEpPUSIM TyOepKy-
Je3a U pa3BUTHE WH(MEKIIUHU 3aBUCSAT OT pa3HBIX
¢daKTOpPOB, B TOM UHCJIe TCHETUKM XO3SIMHA U CO-
CTOSIHUSI €70 UMMYHHOM CUCTEMBI, BUPYJICHTHOCTH
1 UMMYHOTEHHOCTH IITaMMa BO30YIUTEIISI, YPOB-
HS PacIpOCTPAaHEHHOCTH B OKpYyXKalolleil cpele
IPYTUX BUAOB MUKOOAKTEepuit, cOaTaHCUPOBAHHO-
ctu nutanus u ap. [3]. Hamboiee pacripocTpaHeH-
Has ¢opMa HHPEKIIUN — 3TO JISTOYHBIN TYyOEepKYy-
JIe3, © UMEHHO OT UMMYHHOTO OTBETa B JIETOUHOM
SIUTEINN U MapeHXWMEe 3aBUCUT, Pa30BbETCS JIU
addekTUBHA 3a1IUTa, NJIN aKTUBHBIN Th B oTBET
Ha 3apakeHne MUKobakTepusimu [27]

NMMYHHbIN OTBET B NIEMKMX

MHoXecTBO pa3zHOOOpa3HbIX OEJIKOB U KJIETOK
y4JacTBYET B pa3BUTUM MMMYHHOI'O OTBETa IIPOTUB
Mtb. B yacTHOCTH, TOBOJBHO MOAPOOHO OXapaKTe-
PU30BaHO BIMSHHE Ha PE3MCTEHTHOCTH XO3sSTMHA
PasaUYHbIX HUTOKMHOB. ONpenesioluMU 1IUTO-

KMHaAMHM B 3alluTe opraHu3ma oT Tbh saBasrorcsa
nHTtepdepoH-y (IFNY), hakTop HEKpo3a Oy X0In-0,
(TNFo) u unrepaerikun-12 (IL-12) [16, 17, 30, 31].
IL-12, mpogyuupyeMblii Ha paHHUX CTaIUSIX WH-
dexnum anbBeONSIPHBIMU MaKpodaramMu M ICH-
JIPUTHBIMU KJIETKaMU, CTUMYyaupyeT cuHTe3 [FNy
HarypanbHbeiMu Kujuiepamu (NK) m T-ximetkamu,
YTO, B CBOIO oOYepenb, aKTUBHPYET BBIPAOOTKY
TNFo wHTepcTMUMATBHBIMUA Makpodaramm [18,
58]. Makpodaru u HedTpoduIbl HarouuTUPYIOT
Mtb n cexpetupytor IL-1, IL-12, IL-23, akTuBHBIE
MeTabonuThl Kuciaopoma u asota (ROS, iNOS),
a TaKXe aHTUMUKPOOHBIC MEMTHIBI, pa3pylIaro-
mue martoreH [18, 26]. TNFo BbicTyaeT B posu
KJIIOYEBOTO IIMTOKWHA IIPU OOpa30BaHUM M TIOMI-
Iep>KaHUU [EJIOCTHOCTU TYOSpKYJIE3HBIX TPAHYJICM.
Heinitpanuzauusa TNFo npuBoauT K HapylIEHUIO
APXUTEKTYPBI JISTOYHOM TPaHYJIEMBI U TTOBBIIIICHUIO
Beipabotku IL-1B, 1L-6, 1L-10 [26]. U3GbITOUHAsS
BbipaboTKa TN Fo BbI3bIBAET TaK Ha3bIBA€MbIi1 OT-
BeT ocTpoil ¢a3bl M Kaxekcnio. KoHIleHTpalms
TNFo B niazMe KpoBr MOBBIIIAETCS MPU YXYI1IE-
HUU TedeHns nHpeKImMn y 0oabHBIX T [38, 49].
BaxxHy10 posib B OTBeTe Ha MHMOEKIINIO UTPAIOT
IL-loem IL-1p — MenuaTopbl OCTPOro BocIaeHus,
CUTHAJI OT KOTOPBIX MPOBOAUT €AUHBII PELENTOP
IL-1R. B skcnepuMeHTax Ha XKMBOTHBIX OblJIa MO-
Ka3aHa MX 3aluTHas GyHKIOHUS IIpU TyOepKyIese,
nockoybky nedunuT IL-1o uium 1L-1B conpoBox-
IaeTcsl TOBBIIIIEHEM YYBCTBUTEIBHOCTU MBIIIICH
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K Mtb u ycuIeHHBIM pa3MHOXEHUEeM MUKOOaKTe-
puii BopraHax [38, 83]. BaxkHO yITOMSIHYTH O IETJISIX
obpaTtHoit cBsa3u Mexny I1L-1/2 u unTepdepoHaMu
tuna I — IFN-Io m IFN-If. TMocnenHue nHruom-
py1oT BeIpaboTKy [L-1ocu IL-1P nHDUIIMpOBaHHBI-
MM MakpodaraMu U IeHAPUTHBIMU KJIETKaMU, YTO
NPUBOIUT K POCTY UMCJIa MUKOOAKTEPHIA B JIETKUX,
1 X HAKOTJICHWE B OOJIBIIION KOHIIGHTPAIlMKU OKa-
3pIBaeT HeTaTUBHOE IeMICTBUE HA pa3BUTHUE 3allIUT-
Horo umMmMyHHoro otseta npu Th B uiesiom [24]. IL-1
OKa3bIBaeT 3alllMTHOE ACHCTBHUE 32 CUYST MHAYKIIUU
BBIPAaOOTKHY SMKO3aHOUI0OB, KOTOPHEIC OTpaHNYNBa-
0T U30bITOYHYIO BhIpaboTKy IFN Tuma I. Kpome
toro, IL-1 KOHTpoJaupyeT CHUHTE3 IpocTarjiaH-
nuHa E2 (PGE2), yTo 3HauuTeIbHO MHTUOMPYET
BeIpaboTKy IFN tnna I. DkcnepuMeHTaJIbHO MO-
Ka3aHO, YTO Tepanusl pa3pelIeHHBIMU TSI KINHU-
YyecKOoro IpUMEHEHU sl IpernapaTraMu, IOBbIIIAIO-
mumu ypoBeHb PGE2, nmpenorspaiiana ObICTPYIO
CMepTh MbIIel, MHGUIIMPOBAaHHBIX Mtb [51, 52].
Emie omHOIT TPYIIION BaXXHBIX PETYJISTOPOB
MMMYHHOIO OTBE€Ta M BOCHAJEHUS MPU TyOepKYy-
Jne3e SABJISIOTCS LIUMTOKUHBI ceMmeiicTBa gpl30 —
IL-6 [10], IL-11 [39] u OSM [66]. OnuH 13 HUX —
IL-11 — gBasgeTrcd NOJAUPYHKIMOHATBHBIM L1~
TOKWHOM, HO €ro (u3uoyiorudyecKkas pojb MpH
Tb HemocTaTouHO M3yueHa. bblj1o mokaszaHoO, 4TO
BBeJeHUE cneuuduueckux anturtea npotun IL-11
YMEHBIIIAeT THUCTOMATOJIOTHIO M HEUTPODUIBHYIO
MHOGUIBTPALINIO JIESTOYHON TKAH! Y JUHU YT MBITIIEH,
YYBCTBUTEJBHBIX K TYOEpKYye3y, a TaKKe CHUKa-
€T YPOBEeHb KOHIIeHTpalluu Kak camoro IL-11, Tak
W OPYTUX KJIOUEBBIX BOCTAJIUTEIBHBIX ITUTOKU-
HOB, noaasisieT akcnpeccuto MPHK IL-11 [39].
Ponr IL-6 mnpum TyOepKyJe3HOU WHOEKIINU
TOXE SIBJISIETCS CIIOPHOI, OTYACTU M3-3a TOTO, UYTO
IL-6 mpoayuupyeTcss pa3HbIMU TUIIAMM KJIETOK.
OnHUM U3 NPOAYLEHTOB OOJIBIIOro KOJMYECTBa
rieiiorporrHoro uutokmnHa gpl30 IL-6 B jmerkmx
aBIsitoTcs B-kyeTku. BeiBeneHHas IMHUS MBS
co crierrnpnyeckuM gepuirntom IL-6 B B-kaeTkax
(CD19cre-1L-6f1/f1, B-IL-6KO) mnpoaeMoHCTpU-
poBaJia CoKpallleHUe MPOAOTXKUTEIbHOCTU XU3HU
mbliireir B-1L-6KO, nHGUIMPOBaHHBIX TyOEpKY-
JIE30M, MO CPaBHEHHWIO C KOHTPOJBHOU TPYIIIION
nukoro tuna. [Ipeamoiiaraetcs, 9To Ha HaYaJTbHBIX
cTagusax Tybepkysae3a B-kKjaeTku ciayxaT KpUTH-
YEeCKMM MCTOYHUKOM IL-6, oTCcyTCcTBHME KOTOPOTO
BBI3BIBAaCT YMEHbBIICHNE B-KJIeTOK M MOMySIIANA
donnukyyasapHbix T-KJeTOK, ciaeaoBaTelbHO 3d-
dekT IL-6 cBsI3aH ¢ MEXKJIETOUHBIM B3aMMOJICii-
cTBUeM B-kiieTok u T-KJI€TOK Ha CTaAMU IMTPOTHUBO-
TyOEepKYyJIe3HOro UMMYHHOTO oTBeTa [47].
HcciienoBaHUSI TPEThETO yYaCTHHUKA TPYIIITHI
LHIMTOKWHOBOTO cemeiicTBa gpl30 — oHKocCTaTu-
Ha M (OSM) noka3zajiu, 4To Ipu 3apakeHUU MOHO-
OUTOB U Makpodarop yejgoBeka Mtb mpoucxoauT
ycunenue cekpeuun OSM. B cunepruzme TNFo
¢ OSM gaBasioTcsl BaxHeHIuMu ¢pakTopamMu 00-

pa3zoBaHUsI M TIOAJEPXKAHUSI CTPYKTYphbl T'paHy-
neM. KpoMe Ttoro, aTu G€JIKU CTUMYJIUPYIOT BbI-
paboTKy MaTpUUHBbIX MeTajJjionporernHa3 MMPI1
u MMP2 [28], ¢dbepMEeHTOB, MTpalOLIUX BaxKHYIO
POJIb IIpU TYOSPKYIS3HOM BOCIAJICHUM (CM. HUXKE).
LluToTOKCMYECKUE MOJIEKYJIbI, TaK1e KaK Irpa-
HYJIU3UH, TepOOPUH M TPpaH3UMBI, MPOAYIIAPYE-
Mble LIUTOTOKCUUYECKMMU T-KjaeTKaMM, CIoco0-
CTBYIOT UMMYHHOM 3amute ot Mtb. Guggino G.
u coaBT. [34] oleHWBaAu YPOBHU TpaH3MMa A
B IMJla3Me KpPOBHM Yy MallMEHTOB ¢ aKTUBHbBIM Th
M TIAIIMEHTOB C JIATCHTHOM TyOepKyIe3HOU NHDEK-
nueit JITbM) n mokaszanu, 4TO YPOBHU TpaH3U-
Ma A B CBIBOPOTKE KPOBH Y MAIIMEHTOB C aAKTUBHBIM
Tb Oblsv 3HAUNTEIBHO HUKE, ueM y Jiull ¢ JITBA.

Ponb 6enkos ESAT-6 n CFP-10
B PErynsaumMm MIMMYHHOIO OTBeTa
N KJIETOYHOro metabonmama

3axBar aTTEHYMPOBAHHBIX IITaMMOB Mtb mpu-
BOIUT K aIloITO3y 3apaskeHHBIX MaKpodaros, TOT-
Jla KaK BUPYJIEHTHbIE IITaMMBbl BBI3bIBAIOT HEKPO3
MakpodaroB M IMCCEMUHAIMIO BO30ymuTens [42].
Kommneke ESAT-6/CFP-10 — 3To 0IuMH U3 OCHOB-
HBIX (haKTOPOB BUPYJICHTHOCTU MATOT€HHBIX IIITAM-
MOB, OH WUTPAET BaXKHYIO POJIb B PETYJISIIIUU MeTa-
0oM3Ma U UMMYHHOIO OTBeTa XO3sIMHAa BO BpeMs
nHpexkuu. [lomaBieHne BOCTIaINTEILHBIX U aHTH-
MUKPOOHBIX peaKliMii UMMYHHBIX KJIETOK XO3sIMHA
CBSI3aHO CO CITOCOOHOCThIO Komiuiekca ESAT-6/
CFP-10 BausaATh Ha METAbOIU3M 3TUX KJIETOK [52,
72]. dBa HU3KOMOJEKYJISIPHBIX CEKPETUPYEMBIX
oenka ESAT-6 u CFP-10, koTopble KOZUPYIOTCS 00-
nacteio RD1 B reHoMe Mtb, y4yacTBYIOT B perivka-
nnuu Mtb u onpenensior narorene3 Th [6]. O6iacTb
RD1 orcyTcTByeT BO BceX BaKIMHHBIX IITaMMax
Mycobacterium bovis BCG, HO NpUCyTCTBYET B BUPY-
JICHTHBIX J1JA00OPaTOPHBIX U KIIMHUYCCKUX IITaMMaX
M. bovis u Mtb [33]. BupyieHTHbIE CBOMCTBa 6e-
koB ESAT-6/CFP-10 1mposiBasiloTCs 4yepe3 yrHeTe-
HHe QYHKOUNW MakpodaroB, OCHAPUTHBIX KJIETOK
u T-xJetoxk [32]. ESAT-6 uHrubupyer nepeaady CUr-
HaJla B KJIETKE X03sIMHA ITYTEM TIPSIMOTO CBSI3BIBAHUS
¢ peuentopom TLR2, 4To MpuBOAUT K CHUXEHUIO
cekpeuun IL-12 p40 u TNFo makpodaramu [62].
INokaszano, utro ESAT-6 cekpeTupyercss Mtb B LiUTO-
30J1b MTHGUIIMPOBAHHBIX Makpodaros [46] n UHIy-
nupyet BeipaboTKy IFN timna I [57, 76]. DK30reHHBII
ESAT-6 uHayLupyeT NOmIolIeHUe MTIOKO3bl KJIeT-
KaMU XO3sIMHa U 3aITyCKaeT INIMKOJIUTUYECKU MYy Th
OKHCJICHUS TIIOKO3BI, 9YTO MOKAa3aHO W ISl CaMUX
BUPYJIEHTHBIX IITaMMOB Mtb. DTO IPUBOAUT K 00-
pa30BaHUIO TIEHUCTHIX MaKpodaroB, KJICTOK C BbI-
COKHUM COJEp>XaHUEM JIUIMUAOB W HapPyLIEHHBIMU
aHTUT'CH-TTPE3eHTUPYIOLIMMU CBOicTBaMU. B Takux
Makpodarax, mo-BUIUMOMY, MUKOOAKTepHUH HAXO-
JST YIOOHYI0 HUINY JJIsI mepcucTeHuu [21, 54, 74].
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MeTtabonumyeckunin npodunb
Ty6epKyne3Homn nHpexkumn

Bo MHorux ciyyasix mposiBieHue aKTUBHOTO
Tb aBisieTcst UTOrOM AJUTENBHOIO Mpolecca, Ko-
TOPBI OCTAETCSI CYOKJTMHUYECKUM B TE€YEHHE MHO-
TUX MECS1IeB, HO METabOJINYEeCKEe U3MEHEHU S MO-
TyT ObITh OOHAPY>XEeHbl Y UHMUIUPOBAHHBIX JIULL
elle B 0ecCUMIITOMHOM (hba3ze.

AMMHOKUCNOTbI, 6E/IKN, FOPMOHbI

WM3MeHeHUsT B YPOBHSIX aMUHOKUCIIOT U KOPTU-
30J1a MOTYT OBITH OOHAPYKEHHI elle 3a 12 MecsIeB
JI0 HadvaJla aKTHUBHOTO 3a00JIeBaHUSI, CTaHOBSICh
Oosice 3aMETHBIMM B KJIMHUYecKOi (asze [81, 82].
MeTtabonuueckuit mpoduib MO3BOJISIET IPOTrHO-
3UpOBaTh PUCK pa3BuUTUs akKTUBHoro Th y mromeit
C JJaTeHTHoOI TybepKyne3Hoil nHdpekuueir (JITbN),
TaK Xe KaK 9TO MoKa3aHo AJI51 U3MEHEHU B mpodu-
JISIX 9KCIPECCUU TEHOB B KJIETKaX MeprudepruyecKom
KpoBH [48]. Weiner u coaBT. cpaBHUBAJIN 3 TPYIIITHI
WHINBUIOB: MAIIMEHTOB ¢ aKTUBHBIM 1D, maiieH-
ToB ¢ JITBU u 3nopoBbix toaeit. [1pu aktuBHom Th
HaOoaa1 HapylieHue MeTadboaur3Ma TpunrTodaHa
U yBeJIMYEeHUE coaepKaHU s (hepMeHTa MHA0IaM U H-
2,3-nuokcurenassl 1 (IDO-1). Takxke ObLIT BBISIBJICH
OYEeHb BBICOKUI YPOBEHb KMHYPEHWHA, TTOBBIIIICH-
HbIIA YPOBEHb KOPTU30Ja, JU30(hochaTuanIxo-
JIUHA, CHMXeHHas1 ¢ochonanuiia3Hass akKTUBHOCTH
1 U30BITOK IIPOMYKTOB MeTabojam3Ma aJcHO3MHA.
ABTODHI TIPEIJI0XKUIN UCITOAb30BaTh 20 MeTaboau-
TOB JJISI OLIEHKU COCTOsIHUSA manueHToB ¢ Th [48,
82]. TpunTodaH cnocoOCTBYET OrpaHUUYEHUIO POCTa
Mtb, u HapylieHre MeTaboau3mMa TpunTodaHa rmpu
Tb cBsA3bIBaIOT ¢ HEOJATONPUSITHBIM TEUYEHUEM 3a-
oosieBanus. IDO-1 nunayuupyet depMeHTaTUBHBINA
pacmran L-tpuniTodaHa 1Mo KHHYPEHUHOBOMY ITYTH.
Kunypenun obpasyercs ripu aeiictsuu IFNyHa He-
TeMOITO3TUYECKUE KJIETKU JISTKUX U BBI3BIBACT YT-
HeTeHne uMMyHHoro orseta. IDO-1 mHruoupyer
otBeT Thl17, nogaBasieT pyHkumuio NK- u T-kyieTok,
aKTUBHUPYET OOpa30oBaHUE PETYJSITOPHBIX KJIETOK
(Treg) 1 MUENOUIHBIX CYNMPECCOPHBIX KJIETOK, IO-
3ToMy KOHIeHTpauusi IDO-1 B chIBOpOTKE KpOBU
MOXET CIIYKHUTh IPOTHOCTUYECCKUM MapKepOM IIpU
nerounoMm Th [77, 78]. AktuBHocTE IDO-1, u3mepsie-
mas cootHomieHueM L-TRP/KYN (L-tpunrodan/
KUHYPEHUWH), MOXET onpeaeasaTh TsxkecTb Th, mo-
CKOJIbKY MallUeHTHI C aKTUBHBIM Th 11 ¢ HUBKUM co-
otHomreHneM L-TRP/KYN (BbicoKasi aKTUBHOCTh
IDO-1) uMeroT xyniue nokas3aTejau Ipyrux aHaau-
30B 10 CPAaBHEHUIO C TAKOBOW y MAIlUEHTOB C HU3-
Koit aktTuBHOCTEIO IDO [78]. Kpome Toro, y 60Jb-
HbIX akKTUBHbBIM Tb ¢ maeBpuToM HabJ0Aa1aCh
NoBbIIIeHHas1 akTUBHOCTH IDO-1 B mieBpanbHOI
KUIKOCTU MO CPAaBHEHUIO C TAKOBOM y MallMeHTOB
C HeMH(MEKIITMOHHBIM IIJIeBpUTOM [77]. Y maliueHToB
¢ aktuBHBIM Th B MOKpOTE 110 cCpaBHEHUIO C MaIM-
€HTaM¥ C JIPYTMMU 3a00JIeBaHUSIMU JIETKUX BbISIB-

JistJics MoBbILIEHHBI ypoBeHb IDO-1 [2]. ¥V BUY-
MOJOXUTEIbHBIX MallMeHTOB aKTUBHOCTL IDO-1
B IJIa3Me KPOBU TTOBBIIIaeTCS TIpu MHGp ek Mtb,
YTO MOXET ObITh OOHAPYXKEHO 3a 6 MECSLEB 10 I10-
craHoBKM auarHo3a Tb [7]. Takum obpazom, usme-
peHue akTuBHOCTU IDO-1 MOXeT MMeTh MPOrHOC-
THUYEeCKOe 3HaueHHe B nuarHoctuke Th.

IIpu TyOepkyne3Hoit MHGEKLIUU WU3MEHSIETCS
cofepKaHWe aMWHOKMCIIOT B CHIBOPOTKE KPOBU.
IIpu nnpuupoBanuu Mtb TuM@OUUTHI, HEUTPO-
¢unbl 1 Makpodaru ObICTPO MOTPEONSIOT TIIOTa-
MWH, ¥ CHIZKEHHE eT0 YPOBHSI B CBIBOPOTKE, HAOJTO-
JlaeMoe y TTAlIMeHTOB C MPOrPEeCCUPYIOIUM 3a00J1e-
BaHMEM, BEPOSITHO, CBUJICTEIbCTBYET O HapacTaHUU
MaTOJIOTMYECKUX U3MEHEeHU 1 B ierKux [41, 59]. ¥V na-
LIMEHTOB C aKkTUBHBIM Tb HabJ1101a/10Ch MOBBIILIEHUE
CBIBOPOTOYHBIX KOHIICHTPAIIWii TJII0TaMaTa, METHO-
HUHCYb(MOKCHUIA 1 acTiapTaTa U CHUKEeH1E KOHIIeH-
Tpalluli METUOHMHA U acraparmHa Mo CpaBHEHUIO
¢ rpynnoit JITBW u 3g0poBeiMu noabMu. Bmecte
C 9TUMU MeTaboJIMTaMU Mpu aKTUBHOM T b BbICOK Y10
JMArHOCTUYECKYIO IIEHHOCTh UMEIOT COOTHOIIICHM I
rIoTaMaT/TJIIoTaMUH, CYJIbGOKCUI METUOHUHA/Me-
TUOHUH M acmapTat/acraparuH [14]. ABTopsI npe-
TMOJIOXWJIN, 9TO HAOJII0TaeMble METa0OJIMIEeCKIE M3~
MEHEHUSI OTpakaloT KaK aJalTUBHBIC MEeXaHU3MBbI
BbIXKMBaHM S Mtb, Tak 1 peakKLIMM UMMYHHOI'O OTBE-
Ta X03sIMHA. B 9acTHOCTH, MOBBIIIICHHOE COOTHOIIIE -
HHE IITI0TaMaT/TIIOTAMUH Y TTAIIAEHTOB C aKTUBHBIM
Thb MoxeT oTpaxarb GepMEHTATUBHYIO aKTUBHOCTb
OakTepHuaabHOM NIIOTAMUHA3BL. DTOT (DEPMEHT ITpe-
BpaliaeT INIIOTAaMHUH B TJIIOTaMat, 4To CHUxXaeT pH
B ILIMTOIIA3Me KJIETKU-XO3STMHA IO HEeWTpaIbHBIX
3HAYEHU I U CO37aeT 6JIaronpusiTHYIO Cpeay IJis pa3-
MHOXEHU S BHYTPUKJIETOUHOTrO raTtoreHa. [Ipu aTom
IpU CPaBHEHUU T'PYIIIL C PA3HOU TSIXKECTHIO TCUCHUS
3a00IeBaHUS HUKAKOM CYIIECTBEHHON pa3HUIIBI
B KOHIIEHTpAIIUW 3TUX METaOOJIMTOB B IJ1a3Me KPo-
BU He BbISIBIIsLIN [81].

Jpyroii Kjacc coequHEHUI, 4Ybe colepKaHue
B CHIBOPOTKE KPOBM CYIICCTBEHHO MCHSICTCS IIPU
Th — 3TO rOpPMOHBI XKUPOBOTO OOMEHA, B YaCTHO-
CTH, JIETITUH W agUIIOHEKTWH — JBa BaXXHBIX Me-
nyaTopa, y4acTBYIOIIMX B PEryJsIliuU OTBETa opra-
HU3Ma Ha THQeKIuH. [1pr oCTPHIX 1 XPOHUIECKUX
BOCITAJINTEIBHBIX COCTOSHUSX YPOBEHB JICTITUHA
B KPOBU TMOBbIIIAETCS. Y OOJbHBIX JerodHbiM Th
YPOBEHb JIETITUHA B ChIBOPOTKE KPOBU CHUXKAETCS,
a aaWIIOHEKTWHA ITOBBIIIACTCS, YTO MOXET CIIy-
KHUTH OMOJIOTMYECKUM MapKepoM pucKa IIporpec-
cupoBaHus uHdbekuu [50].

Bhrliie ObI10 yIOMSIHYTO, UTO HMTOKMHBI CEMEN-
ctBa gpl30 aKTMBHO pEryaupyroT TyOepKyJie3HOe
BOCHAJICHUE W TIPONYKIHMIO METaJJIONPOTEHA3
(MMP) knerkamu xo3siuHa. Kubler A. u coaBr. [45]
HUCCIIeIoBaJd MEXaHU3MBbI IMaTOreHe3a, CBsI3aHHbIE
¢ 6amancom MMP/TIMP (TIMP, Tissue Inhibitor
of Metalloproteinase — TKaHeBO MHTUOUTOP Me-
TaJJONpoTenHas3). ABTOpPbl BbISIBUJW TMOBBIILIEH-
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HYI0 KOHUeHTpaluio MMP-1 B mosiocTsix KaBepH
MO0 CpPaBHEHUIO C TpaHyJeMaMM W 3HauYUTEIbHOE
cHuzkeHue ypoBHs TIMP3 B creHke KaBepHbl. Kpome
Toro, yposeHb MMP-1 Obln1 BbIlIE TIPU Ka3e03HOM
MHEBMOHWU, YeM IMpHU rpaHyjiemaro3Hoi dopme Th.
Coornomenre MMP-1/TIMP3 B cbIBOpoTKe KpOBU
MOXET HCIOJb30BaThCs KaK JMarHOCTUYECKUI MO-
KaszaTesb, oTanvamluii aktuBHbeli Th ot JITBUA,
MOCKOJIbKY C HUM IPSIMO KOPPEJIUpOBaJl PUCK pa3-
Butus aktuBHoro Thb [45]. [TpeobianaHue BbIpaboT-
ku TIMP HaGronaetcs npu OJJaronpusiTHOM Teve-
HUU UHGEKIIUU, a CTUMYJIUPYIOLIUM (haKTOPOM ero
BBIPaOOTKM CIyXKUT BUTaMuH D3 [37, 45].
MNHTepecHOo, YTO SMUTEIUOUAHbIE KJIETKU JIeT-
KOTro M, B MEHbIIe CTEeNeHU, JerOYHble MaKpo-
¢daru BoipadbarseiBaloT MMP-9 B oTBeT Ha aHTUTEH
ESAT-6. DT0o NprBOAUT K MOBBILLIEHUIO TPOHULIAE-

MOCTU KPOBEHOCHBIX COCYJIOB, OTEKY U YCUJICHUIO
murpauuu jeikouutosn [28]. [Tpu necTpyKTUBHBIX
npolieccax B JIeTKUX 1 00pa30oBaHU U KaBepH oOHa-
pyXuBaeTcs BbICOKUIT ypoBeHb MMP-9 B miasme
KPOBU MAaLIMEHTOB, YTO MOXET CIYXXUTbh KOppes-
TOM pacnajaa rpaHyJyieMsl [44, 47], u BriojiHe 00b-
SICHUMO, 4YTO KOJMUYECTBO HEUTPOGUJIOB — OC-
HOBHBIX HCTOYHUWKOB BEIIECTB, pa3pyllaronimux
LIEJIOCTHOCTh TKaHEW B JIETKMX — KOppeaupyeT
¢ akTuBHOCTBIO MMP-9 [19, 60, 68]. Kak u B ciy-
yae ¢ MMP-1, o0CHOBHBIMU UHTUOUTOPAMU CUHTE-
3a MMP-9 asnsiiorca Butamun D3 u TIMPI1 [20].
IMpokansuutonuH (PCT) — aTo moaunenTtun,
KOTOPBIN SIBJSIETCSI HEAKTUBHBIM MPENIIECTBEH-
HUKOM I'OpPMOHA KaJbLIMTOHUHA. ¥ 310POBBIX JIIO-
neii PCT npeobpa3syeTcs B KaJbLIMUTOHUH U TTpaK-
TUYECKM HE MOCTyMaeT B KPOBOTOK, HO Ha (oHe

Ta6nuua. MeTabonuvyeckue nameHeHus npu Tyoepkynese
Table. Metabolic changes in tuberculosis

MeTtab6onur Buomarepuan HaGniogeHue UcTouHMK
Metabolite Biomaterial Notice Reference
Tpexanos-6 mukonar, 3Ha4yUTeNbHO BbILLE Y NALMEHTOB C akTUBHbIM TB,
dochaTuamMnnHO3NTON, Pe30JIbBUH Mna3ama kposu |yemy nauumeHToB ¢ JITU unuy 3a0poBbixX noaen Frediani J.K.
Trehalose-6 mycolate, phosphatidyl Blood plasma | Markedly increased in patients with active TB etal., 2014
inositol, resolvins vs patients with LTBI or healthy controls
CLIBODOTKA 3HauMTeNbHO Bhille Y NaLMeHTOB C akTUBHbIM TB,
KuHypeHuH, XuHonMHoBas KUCnoTa Kposwp 4yeM y nauneHToB ¢ JITU unu y 3p0poBbix logen Feng S.
Kynurenin, quinolinic acid Blood serum Markedly increased in patients with active TB etal., 2015
vs patients with LTBI or healthy controls
Huxe y nauneHToB ¢ akTMBHbIM TB, yem
FpaH3um A Mna3ama kpoBu |y nauneHTos ¢ JITU unun y 3a0poBbIx niopen Guggino G.
Granzym A Blood plasma | Lowered in patients with active TB vs LTBI or healthy |etal., 2015
controls
KuHnypeHuH, kopTuson,
nusodpochaTtuannxonuH, rnytamar, Bbiwe y nauneHToB ¢ akTUBHbIM TB, yem .
MeTUOHUHCYNbdOoKCHa, acnaptat S;LB:MpOTKa y nauueHnToB ¢ JITU unn y 3popoBbix noaei \é\{e;?egbji 0.
Kynurenine, cortisol, Blood serum Higher in active TB patients vs LTBI patients 2013’ ’
lysophosphatidylcholine, glutamate, or healthy controls
methionine sulfoxide, aspartate
FnyTamMuH, rMCTUANH, METUOHUH, Huxe y nauneHToB ¢ akTUBHBLIM TB, uem .
acnaparvH Cuizoporka y nauueHToB ¢ JITU unu y spoposbix noaei Weiner J. )
) N - KpOBU . . i . etal., 2012;
Glutamine, histidine, methionine, Lowered in patients with active TB vs LTBI or healthy
: Blood serum 2018
asparagine controls
dochatuagunrnvuepon,
nm3odpochaTtMaMnMHO3UTON, 3HaunTeNbHO Bbille Y NaLUeHTOB C akTUBHbIM TB,
auundochatnamnmHo3uTon-maHHo3ug, | lMnasma kpoeu | 4em y naumneHToB ¢ JITU unu y 300poBbIX nlopein Collins J.M.
Phosphatidylglycerol, Blood plasma | Markedly higher in active TB patients than in LTBI etal, 2018
lysophosphatidylinositol, acyl patients or healthy controls
phosphatidylinositol-mannozide
c Huxe y nauneHToB ¢ akTMBHbLIM TB, yem
r bIBOPOTKA ™ o
NyTaMWUH, METUOHUH, acnaparuH KPOBM y naumeHnToB ¢ JITU unu y 380poBbIX Nlogei Cho.
Glutamine, methionine, asparagine Blood serum Lowered in patients with active TB vs patients with etal., 2020
LTBI or healthy controls
Bbiwe y naumeHToB ¢ akTUBHbIM TB, 4yem
;’;ﬁ:;:::’ CYNIbhOKCUMETMOHMH, l((:;:)a:"poma y nauueHnToB ¢ JITU unu y 3goposBbix niogen Cho.
- Higher in active TB patients than in LTBI patients etal.,, 2020
Glutamate, sulfoxymethionine, aspartate | Blood serum or healthy controls
AnaHvH, NU3UH, YTaMWUH, LUTpaT, ChiBOpPOTKa Huxe y nauneHToB ¢ akTMBHbIM TB, yem 3 Albors-
XONIUH y nauueHnToB ¢ JITU unn y spopoBebix nloaei
. . . . KpOBU . . . . . . Vaquer A.
Alanine, lysine, glutamine, citrate, Blood serum Lowered in patients with active TB than in patients etal. 2020
choline with LTBI or healthy controls v
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TEeUEeHUsI OaKTepUaIbHON MHMEKINU ITPONCXOIUT
MaccoBoe 00Opa30BaHME PHAOTOKCHMHOB, yBeJuYe-
HHE YPOBHEU ITPOBOCIAJIMUTEIBHBIX IITMTOKWHOB
IL-6 v TNFo [I], yTO NpUBOAUT K YBEJIMYECHUIO
cuHte3a PCT He TOJIbKO B IIMTOBUIHON Kejie3e,
HO U 3KCTPAaTUPEOMIHO: B KJETKaX JIerKWUX, KU-
meyHuka v nmeuyeHu [1, 13, 77]. Takum ob6pa3om, 13-
MmepeHnust PCT B CBIBOPOTKE MOTYT OBITH TTOJIC3HBI
KaK JIJIST TPOTHO3MPOBAHUS OO0 JCUCHMS, TaK U IJIST
MOHMTOPUHIAa pUCKa CMEPTHOCTU MOCJE JeUESHU S
y IallMEHTOB C TyOepKyae30M jJerkux [61, 65].

OcoGHgaKOM cToUT paboTa Stanley u coaBsr. [76],
B KOTOPOI KOHIIEHTPAIIMU MEIMATOPOB OTBETa ObLiIa
U3MepeHa B CJOHe OOJbHBIX. [lo 3TUM JaHHBIM
B KaueCTBe MapKepoB OoTBeTa Ha JjeueHue Th Moryrt
CIYXUTb Takue 6enku, kak [L-17A, IL-23, ECM-1
(extracellular matrix protein 1), C-peakTUBHBIN
oenok, IP-10 (IFNy-mnnyuupyemsbiii 6emnoxk 10)
n VEGF (vascular endothelial growth factor).

MepuaTtopbl AMMIUAHOW U YTNE€BOAHOW NPUPOAbI

IlepcrieKTUBHBIM HampaBJIeHUEM MCCJIEIOBaHU I
B 9KCIIEPMMEHTE M KJIUWHUKE MOXHO CUUTATh WU3-
YYEHME B3aMMOACUCTBUU HUTOKUHOB U 91KO3aHOU-
noB [12]. IL-1 u IFN tumna I — 5To OCHOBHBIE peryJisi-
TOPHbIE HUTOKUHBI, KOTOPbIe (DYHKIIMOHATBHO CBSI-
3aHBbI C BBIPAOOTKOI 3MKO3aHOUJIOB, — JIMITHUAHBIX
MEIMaTOPOB, KOTOpPBIE OOpa3yloTCs B pPe3yJIbTaTe
(hepMEeHTATUBHOTO OKUCJIEHUS apaXuJIOHOBOUN KUC-
o1l (AK). Dilko3aHOUIbI, K KOTOPBIM OTHOCSTCS
HpocTarjaHInHbI, Pe30JbBUHBI, TUITOKCUHBI U JIeH-
KOTPHUEHBI, BBI3BIBAIOT Pa3JIMUHBIC BOCITAIUTECIbHBIC
W IIPOTUBOBOCHAJINTEIIbHBIC peaknuu. JIBa Kitacca
depMeHTOB — HUKI00oKcureHasbl (COX) u JTUMOK-
cureHasbl (LO) — kKoHKypupytoT3acyoctpar AK mist
obpazoBaHust COX-1- u COX-2-3aBUCUMBIX TPOCTA-
masauHOB uian 5-LO-, n 12/15-LO-3aBUCUMBIX JIN-
nokcuHOB (LXA) u neiikorpueHos (LT).

Ha mogenu TyOGepKyne3HOW MH(MEKIUU Y MbI-
1Ieil ObIJIO MOoKa3aHo 3alllMTHOE JIEMCTBUE TTPOCTa-
rnmanguHa E2 (PGE2) u maTtoreHHbIi 3G deKT au-
nokcuHa A4 (LXA4) npu uHAYKIIUU TUOEIU 3apa-
KeHHbIX Makpodaros [1, 20]. Makpodaru, uHbu-
LHUMpPOBaHHBIE aBUPYJIESHTHBIMU IITaMMaMu Mtb,
BeipabareiBan PGE2, KoTopblii mpensiTCTBOBAJ
MOBPEXJACHUIO MUTOXOHAPUN U WHULUUPOBAI
aronTo3 3apaxXeHHbIX kjeTok. PGE2 numMutupo-
BaJI JUCCEMUHAILIUI0O MUKOOAKTEepUit u obecneum-
BaJl BOCCTAHOBJICHHUE IICJIOCTHOCTH TJIa3MaTHUYeC-
KOl MeMOpaHBbI KJIETOK. BUpyJieHTHbIE MUKOOAK-
TEpUU CTUMYJIUPOBaAIU BbIpabOTKy LXA4, KoTO-
pBIii BBI3bIBAJ HEKPO3 Makpodaros U OJJOKMPOBaI
obpasoBanue PGE2 [79].

JlefikoTpreHBI  BBI3BIBAIOT MHOT'OUMCJICHHBIC
ouosornueckre 3@deKThl, BKJOUYas yBeJIUUYEHUE
MUTpaLMU HEHTPOMPUIOB U 203MHOMUIIOB, arpera-
LU0 HEUTPODUIOB 1 MOHOILIUTOB, aATre3UIO JICUKO-
OHUTOB, MOBBIIIICHHYIO MIPOHUIIAEMOCTH KalTUJJISIPOB
M COKpallleHUEe TJIaAKUX MBILIL. DTU 3¢ HEKThI CIIO-

COOCTBYIOT BOCIAJIEHUIO, OTEKY, BbIACIEHUIO CIU3U
M BBI3BIBAIOT CITa3M AbIXaTeJbHBIX IMyTei [52, 61].
Jleitkorpuen B4 (LTB4) BeI3pIBaeT MUTpALIUIO HEli-
TPOGUIIOB, OJIOKMPYET KJICTOUHBIN allOIITO3 U MHIY-
LUPYET BICBOOOXKAECHUE CEKPETOPHBIX I'PaHyI HEM-
TpoduoB. Kpome Toro, oH ycuiuBaeT darounuros
OakTepMii MakpogaraMmu 1 BBI3bIBAE€T BLICBOOOX e~
HHEe UMY BOCHAJTUTEIILHBIX IUTOKNHOB. LTB4 Mox-
HO paccMaTpuBaTh B KQUeCTBE BO3MOXKHOTO (pakTOopa
HeOsaronpusaTHoro TedyeHuss Tb, momnaroiierocs
dapmakosornueckoit koppekuuu [13, 65]. Beuio
YCTaHOBJICHO, YTO (PEpMEHT THIpOIa3a JCUKOTpHUe-
Ha A4 (LTA4H) karanusupyeT 3aKJTIOUUTEIBbHYIO
craauio cuHTe3a LTB4, 4yTo MpuBOAUT K TSIXKEIbIM
BOCHaaUTeNbHbIM peakuusMm nipu Th [79]. LTB4-
nHakTuBupytomuii  depment LTB4DH/PTGRI1
(reiikoTpuen B4 perumporeHasa/mpocTariaHInH
peaykTasa 1) obyseryaeT TedeHUe MUHPEKIIUU.

Takum oOpa3oM, HakamnJIMBaOTCS HdaHHBIE,
CBUICTCIbCTBYIOIINE O TOM, UTO IJISI CHUXXCHMUS
TsakecTu Th-uHGeKIunu BO3MOXHO TPUMEHEHUE
Teparuu, OCHOBAHHOI Ha peryJjsiiiu BbIpaOOTKU
JIUTTAIHBIX MeauaTopoB [4, 53, 56]. YMeHblIeHNe
BBIPA0OOTKM BOCIIAJIUTEIbHBIX JUIIMIHBIX MeIua-
TOPOB ITyTeM WHTUOUPOBAHUS IIUKIOOKCUTECHA3EI
C TMOMOIIbIO HECTEPOUAHBIX IPOTHMBOBOCHAIU-
TEJbHBIX MperapaToB CHUXKAJI0 YPOBEHb IaTOJIO-
TUYECKMUX MPOIIECCOB B JIETKUX, aKTUBHOCTh pa3-
MHOXEHUST MUKOOAKTepUil M YBEIMUUBAJIO MPO-
JOJXUTEAbHOCTb XXMW3HU OKCIEPUMEHTAIbHbBIX
XKUBOTHBIX [8, 25, 43, 80]. AauHHOLETIOYeYHbIE
MOJMHEHACHIIIICHHBIC XUPHBIC KHUCIOTHI oMera-3
M X OMOaKTUBHEIC METAOOIUTHI OBLIIA UICHTU(DU -
LMPOBaHBI KaK Oe3omacHble U 3¢ PEeKTUBHBIE Be-
mectBa [11, 56], omHaKO HEOOXOAMMBI JaIbHEWMIIINE
MCCIICIOBAHUS 151 TIOATBEPXKICHUSI TTOJIb3bI U 0€3-
OMAaCHOCTM JAHHOTO nmoaxoaa y 6oabHbIX Th.

JlunoapadbuHomanHaH (LAM) npencTaBiisieT co-
0Ol IIMKOIMMNUI, KOTOPBIN SIBJISIETCS KOMITIOHEH-
TOM KJIETOYHOI CTeHKM Mtb, BLIBOOAUTCS C MOYOI
U MOXeM OBITh OOHapy:KeH ITpu aHanu3se [35]. LAM
PETyJIMpyeT UMMYHHBIN OTBET Y XO3sIMHA U IIPUBO-
JUT K peaKlUU SMUTETNATbHBIX KJIETOK, MakKpoda-
OB M IEHAPUTHBIX KJIETOK [63, 64, 67] npu uHpuU-
OMPOBAaHUU YeloBeKa Mtb, 4TO MOXeT UTpaTh BaxK-
HYI0 pOJib BO BpoxXAeHHOM [29] u amanTtuBHOM [40,
70] UMMYHHBIX OTBETaX MPU TEUCHU U 3a00JIeBaHUSI.
JloBOBbHO AaBHO U3BeCTHO, uTo LAM o6GHapyxunBa-
eTcs U B ChIBOpOTKe KpoBH 00s1bHBIX TH [69], mosTo-
My aHanu3 npucyctBusi LAM B KpoBU UCHIONB3YIOT
Kak TokKa3zaTeJib HaJIu4us TyoepKyse3a y 00J1bHOTO.
Ceiiyac uaeT akTUBHas paboTa 10 yCOBEPIISHCTBO-
BaHUIO JaHHBIX TECTOB, B YaCTHOCTH, MO YBEJIMYC-
HUIO YYBCTBUTEIBHOCTU JaHHOI CUCTEMBI aHaJI3a
JUIS TallMeHTOB ¢ UMMYHoOcCyTipeccueii [29].

IlpucyTcTBUE B KPOBM U TKaHSX HEKOTOPBIX
YIJIEBONOPOMHBIX MAapKepOB TaKXKe CBS3BIBAIOT
¢ Th. MoHocaxapui MaHHO3a — MeTabOJUT, KOTO-
pblii UTpaeT OAHY U3 LIEHTPaJbHbIX POJIei Y MJIEKO-
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MUTAIOIIUX B BBIPAOOTKE U PETYJISIIIMNA BHIPAOOTKU
9Hepruu. MaHHO3a B CBIBOPOTKE KPOBU UYEJIOBEKA,
ooabHOro Th, HaXOAUTCS B KOMITJIEKCE C MAHHO30C-
Bsi3bIBatolero jektuHom (MBL). beuio nmokasaHo,
YTO MPU OTCYCTBUU paCIIETJIEHM I MAaHHO3U 1a3HbIX
CBsI3€i B JIM30COMaX IMPOUCXOAUT HAKOTJIEHWE OJTU-
TOMaHHO3UJO0B, YTO CHUXKAET KOJIUUYECTBO CBOOOI-
HOIl MaHHO3bI. DTU OJIMTOCaXapuAbl, CoAepxKalllie
MaHHO3HbIE 3BEHbSI, B3aUMOJCUCTBYIOT C pelel-
TopoM IL-2 1 BBI3BIBAIOT YyTHETEHUE XeMOTaKcuca
JIEHKOLIMTOB M (arouuTtapHOii aKTUBHOCTU, YTO
yCUIUBaeT UH(PEKIIMOHHHBI ! TYOEpKYJIEe3HbI ITPO-
uecc [71, 75]. Apyrue ucciienoBaHus 1oKa3ajiau, 4To
OoJiee BbicOKMEe YypoBHUM MBL B chIBOpOTKE KpoO-
B MOTYT CHMXaThb MHOULMpoBaHUEe Mtb [15, 23,
81]. TlocTOSSHHO MOBBILIEHHBIE YPOBHU MaHHO3bI
y 00JIbHBIX ¢ TporpeccupywoiM Th MoryT cBuae-
TEJIbCTBOBATH O HAPYIIIEHU U TOJEPAHTHOCTHU K IJTIO-
KO3€ WJIN PE3UCTEHTHOCTHY K MHCYJIMHY U YKa3bIBaTh
Ha CBsI3b C PUCKOM pa3BUTHS AuabeTa Tuna 2.

bosiee BricOKast KOHILIEHTpALMsl B KPOBU APYTrO-
IO BaXKHOTO caxapujia — INIIOKO3bl — MOXET COMpOo-
BOXIATh TeUeHUEe TyOepKyae3Hol uHbekuuu [23],
HO TaKOU BaXXHBIU MoOKa3aTelb KaK yPOBEHb IIIO-
KO3bI CBSI3aH CO CJMIIKOM OOJIBIIIMM KOJUYECTBOM
MPOLIECCOB B OPraHu3Me, MO3TOMY ONMUPATHCS TOJIb-
KO Ha TaHHBIN MToKa3aTellb HEBO3MOXHO [9, 36].

Hykeo3un WHO3UMH M €ro COCTaBASIONINE —
MOHOcaxapuJ pubdo3a u TMITOKCaHTUH, HaKarJuBa-
IOTCSI B YCJIOBUSIX TUTIOKCU U MIPU T'PaHyJIeMaTO3HOM
BOCIIAJICHUU B JIETKUX, TO €CTh HANPSIMYIO CBSI3aH-
HbI C TSIXXECThIO MH(MEKIIMOHHOTO Mpollecca B Jier-
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REDUCED AMINO ACID ALPHABET-BASED
ENCODING AND ITS IMPACT ON MODELING
INFLUENZA ANTIGENIC EVOLUTION

M. Forghani?®, A.L. Firstkov?, M.M. Alyannezhadi®, D.M. Danilenko¢, A.B. Komissarov*
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Abstract. Currently, vaccination is one of the most efficient ways to control and prevent influenza infection. Vaccine
production largely relies on the results of laboratory assays, including hemagglutination inhibition and microneutralization
assays, which are time-consuming and laborious. Viruses can escape from the immune response that results in the need
to revise and update vaccines biannually. The hemagglutination inhibition assay can measure how effectively antibodies
against a reference strain bind and block an antigen of the test strain. Various computer-aided models have been developed
to optimize candidate vaccine strain selection. A general problem in modeling of antigenic evolution is the representation
of genetic sequences for input into the research model. Our motivation stems from the well-known problem of encoding
genetic information for modeling antigenic evolution. This paperintroduces a two-fold encoding approach based on reduced
amino acid alphabet and amino acid index databases called A Aindex. We propose to apply a simplified amino acid alphabet
in modeling of antigenic evolution. A simplified alphabet, also called a sub-alphabet or reduced amino acid alphabet,
implies to use the 20 amino acids being clustered and divided into amino acid groups. The proposed encoding allows
to redefine mutations termed for amino acid groups located in reduced alphabets. We investigated 40 reduced amino acid
sets and their performance in modeling antigenic evolution. The experimental results indicate that the proposed reduced
amino acid alphabets can achieve the performance of the standard alphabet in its accuracy. Moreover, these alphabets
provide deeper insight into various aspects of the relationship between mutation and antigenic variation. By checking
identified high-impact sites in the Influenza Research Database, we found that not only antigenic sites have a significant
influence on antigenicity, but also other amino acids located in close proximity. The results indicate that all selected
non-antigenic sites are related to immune responses. According to the Influenza Research Database, these have been
experimentally determined to be T-cell epitopes, B-cell epitopes, and MHC-binding epitopes of different classes. This
highlighted a caveat: while simulating antigenic evolution, the model should consider not only the genetic information
on antigenic sites, but also that of neighboring positions, as they may indirectly impact antigenicity. Additionally, our
findings indicate that structural and charge characteristics are the most beneficial in modeling antigenic evolution, which
is in agreement with previous studies.

Key words: AAindex, antigenic evolution, hemagglutinin, influenza, modeling, reduced amino acid alphabet.
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KOAWPOBAHME C MNOMOLLIbIO COKPALLLEEHHOIO AMUHOKMCJIOTHOIO AJI®ABUTA
W Er0O BJIMSSTHUE HA MOAEJINPOBAHUE AHTUTEHHOW 3BONIOLIN TPUMMA

®opranu M.!, ®upctkos A.JL.!, Angaunemxaau M.M.2, lanunenko JI.M.3, Komuccapos A.B.3

'®@I'BYH Hucmumym mamemamuru u mexanuxu um. H.H. Kpacoeckoeo Ypanrvckoeo omoesenus Poccuiickoii akademuu Hayk,
2. Examepunbype, Poccus

2 Yuusepcumem nayxu u mexuonoauu Masandapana, e. bexwexp, Hpan

SOIBY HUHU epunna umenu A.A. Cmopodunueea Munzopaea Poccuu, Cankm-Ilemep6bype, Poccus

Pesiome. B Hacrosiiee Bpemsi, BaKIMHAIIUS SIBISIETCS OJHUM M3 Haubosiee 3((PEKTUBHBIX CIIOCOOOB KOHTPOJIS
1 TpoUIAKTUKY TPUTIITO3HON MHGMEKIMU. [Tpon3BoaCcTBO BaKIIMH B OCHOBHOM 3aBUCHT OT PE3YJIBTaTOB JIAOOPATOPHBIX
AHAJIM30B, BKJIIOYAsl aHAJIU3 pPeaKLMU TOPMOXEHHMs TeMArrIIOTHMHALUMKM W MUKPOHEHTpalu3aluu, KOTOpbIE
TpeOYIOT MHOTO BPpEeMEHU M Tpyaa. Bupycsl MOTyT m36eraTh MMMYHHOTO OTBETA, YTO IMPUBOIUT K HEOOXOIUMOCTH
repecMoTpa 1 OOHOBJICHUS BaKIIMH ABa pa3a B TOI. AHAJIN3 peaKIIMU TOPMOKEHUS TeMaTrTIIOTUHAIINN TTO3BOJISICT
M3MEpPUTh, HACKOIBKO 3(D(PEKTUBHO aHTUTENA MPOTUB 3TAJOHHOTO IITaMMa CBSA3BIBAIOT M OJOKMPYIOT aHTUTCH
HCITBITYeMOTO INTamMMa. JlJsg ONTUMM3allMM BBIOOpa BaKIIMHHOIO INTaMMa-KaHAWAATa OBIIM pa3paboTaHBI
pa3IUYHBIE KOMITBIOTEpHBIE Mo, OMHOM 13 OOIIMX IMTPO0JIeM B MOIEIMPOBAHUH aHTUTEHHOM 3BOIIOLINU SIBIISIETCS
MIpeNCTaBIeHWe TeHETUYSCKMX TI0CIe0BaTeIbHOCTE! ISl BBOJIAa B MCCJIEI0OBATEIbCKYI0 Moae b. Hama MoTuBamus
CBsI3aHa C XOPOLIO WM3BECTHOW MpOO0JeMOil KOOAUPOBAHUSI TEHETUYECKOW MHMOpMAUMU IJIsI MOACIMPOBAHUS
aHTUTEHHON 3BoMoUMU. B maHHOI paboTe mpeacTaBiieH OBYXTAINHBbINM MOAXOA K KOAMPOBAHMIO, OCHOBAHHBI
Ha COKpallleHHbIX aMUHOKMCIOTHBIX ajihaBUTaX U 0a3ax JaHHBIX aMUHOKHMCIOTHBIX MHICKCOB MO Ha3BaHUeM A Ain-
dex. MBI mpeaiaraeM MCIIOJIb30BaTh YIIPOIICHHBIE AMUHOKHUCIOTHBIE alDaBUTHI IJIsI MOJACIMPOBAHUSI aHTUTCHHOM
SBOJTIOIMH. YTIPOIIEHHBIN andaBUT, TaKXXe HA3bIBaEMBI Cy0aahaBUTOM WM COKPAIIEHHBIM aMUHOKHMCIOTHBIM
andaBuToM, 3TO aidaBUT, B KoTopoM 20 aMHMHOKHUCIOT pasdelieHbl Ha rpymnmbl. IlpeminoxeHHOe KOIMpOBaHUE
ITO3BOJISET IIEPEOIPEICTUTh MyTaIllH B TEPMUHAX TPYIII aMIHOKHCIIOT, PACIIOIOXKEHHBIX B COKpAIICHHOM aI(aBUTeE.
Mpr1 uccnenoBanu 40 cokpalieHHBIX aIPaBUTOB U MX 3P (PEKTUBHOCTD ITPU MOICINPOBAHNY aHTUTCHHOM 3BOTIOIINN.
Pe3ybraThl 5KCIIEpUMEHTOB ITOKAa3BIBAIOT, UTO MPEIJIOKCHHBIC COKPAIEHHBIE aMUHOKHUCIOTHEIC aJ(aBUTHI MOTYT
JOCTUYD TIOKa3aTeliell cTaHmapTHOro ajdaBuTa MO TOYHOCTU. boiee Toro, 3Tu andaBUTHI MO3BOJISIOT JyUIlle
MTOHSITh B3aMMOCBSI3b MEXKIY MYTALIMSIMUA U aHTUTEHHBIMU U3MEHEHUSIMH C Pa3IUYHBIX ToYeK 3peHus. [IpoBepus
MOJIyYeHHbIE BbICOKOA(DGhEKTUBHBIE CAWThI B McclenoBaTebckoil 6a3e maHHbIX rpunma (Influenza Research Data-
base), Mbl 0OHAPYXUJIHU, YTO HE TOJIbKO aHTUT€HHbIE CAlThl OKa3bIBAIOT 3HAUMTEJIbHOE BIAUSIHUE HA aHTUTEHHOCTb,
HO 4 UX COCETHUE aMMHOKUCIOTHI. Pe3ynbTaThl MOKa3bIBaloT, YTO BCE BBIOPAaHHBIE HEAHTUTEHHBIE YYACTKHU CBSI3aHbI
C UMMYHHBIM OTBeTOM. COTIJIacHO MCCIIEOBATENbCKOM 0a3e MaHHBIX TPUIINA, SKCIEPUMEHTAIbHO YCTAHOBJECHO,
YTO 3TO BMUTONBI T-KyeTok, anuTonsl B-kinetok m MHC-cBsi3bIBaolme 3MUTONbBI pa3JUYHBIX KJIACCOB. DTO
MOMUEPKMBAET 3HAUMMOCTh TOTO, YTO: TIPU MOICIMPOBAHUM aHTUTEHHOI 3BOJIIOIIMKM MOAEIb HOJKHA YINTHIBAThH
HE TOJIKO T€HETMYECKYI0 MH(MOPMAIMI0 aHTUTEHHBIX YYaCTKOB, HO M T€HETMYECKYI0 MH(MOPMAIIUI0 COCETHMX
TTO3UIINH, TOCKOJBKY OHM MOTYT KOCBEHHO BJIMSITh Ha aHTUTCHHOCTh. KpoMe Toro, Hallli pe3yabTaThl TOKA3bIBAIOT,
YTO, B COOTBETCTBMY C IIPEABIIYIIAMU UCCICAOBAHUSIMHY, CTPYKTYPHBIC ¥ 3aPSIIOBBIC XapaKTePUCTUKY AMUHOKHCIIOT
SBIISIIOTCA HanboJIee 3HAYMMBIMY TTPU MOACTNPOBAHUY aHTUTEHHON BOJTIOIN .

Karouesvie caosa: AAindex, anmueennas 360a0UUS, ceMA2eAOMUHUH, 2DURN, MOOCAUPOBAHUE, COKPAUEHHbLI AMUHOKUCAOMHDBLI
angasum.

Introduction

Influenza is a contagious respiratory infection
that affects 5—15% of the population worldwide an-
nually, resulting in 3—5 million cases of severe ill-
ness and 250 000 to 500 000 deaths [36]. Influenza
epidemics influence public health and involve se-
vere economic consequences, making it the subject
of various economic studies [4]. The World Health
Organization (WHO) continuously monitors viral
pathogens, especially those that can become epidem-
ics or pandemics, and decides on strategies to com-
bat them. Given the special status of influenza,
the WHO created the Global Influenza Surveillance
and Response System, the primary function of which
is to monitor the evolution of the influenza virus and

to provide recommendations for the annual vac-
cine’s composition for the Northern and Southern
Hemispheres.

Influenza viruses are part of the Orthomyxoviridae
family. According to antigenic characteristics of their
nuclear proteins, they are grouped into four types:
IVA (A); IVB (B); IVC (C); and IVD (D). Among
them, types A and B are associated with influ-
enza outbreaks. Type C appears to evolve slowly
and leads to less severe and less significant health
consequences. Type D is an influenza C-like virus
that is observed in non-human hosts, e.g., cattle
and swine [30]. Type A is further classified accord-
ing to the combination of hemagglutinin (HA) and
neuraminidase (NA), the two main surface antigens
of influenza that play a key role in infectivity and
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immune responses. HA has 18 variants (H1—H18),
while the NA protein can be one of 11 variants (N1—
NI11). Hence, the virus can theoretically be any of 198
different subtypes; this provides an ability to infect
a broad spectrum of various hosts [37]. Despite this
diversity, humans are infected with only a limited
number of influenza A subtypes (i.e., HIN1, H2N2,
H3N2), with HIN1 and H3N2 being currently rel-
evant. Thus, we consider them in this paper. Other
zoonotic subtypes represent only sporadic infections
and are out of the scope of this study.

Influenza A viruses are capable of enormous ge-
netic variation, both through continuous, gradual
mutation and by reassortment of gene segments be-
tween viruses, resulting in emerging novel antigenic
variants. Epidemics are the result of gradual evolu-
tionary changes called antigenic drift, which leads
to the generation of new strains from existing ones
through mutation. In addition to antigenic drift,
the influenza virus can be altered by antigenic shift.
It is an abrupt significant change in influenza viruses
resulting in the emergence of new HA and/or NA.
It is the process by which at least two subtypes com-
bine into a new subtype that has a mixture of surface
antigens of two or more strains [35].

The only effective method to control influenza
is vaccination, eliciting protective neutralizing anti-
bodies and memory T-cell responses. Since HA anti-
gen abundance on the viral surface is approximately
four-fold greater than NA [31], it is the primary com-
ponent in vaccine compositions. This is the reason
why we consider only HA protein sequences in this
paper.

The influenza vaccine requires an update if
the vaccine composition strains are antigenically
distinct from currently circulating viruses. A gold-
standard and widespread laboratory procedure called
hemagglutination inhibition (HI) assay is used to as-
sess the measure of antigenic similarity between
strains. The HI assay can measure how effectively
antibodies against a reference strain bind and block
an antigen of the test strain. High HI titers indi-
cate a high degree of antigenic similarity between
strains [16]. The main conclusion of HI assay analysis
is determining antigenic distance (i.e., similarity be-
tween reference and test antigens), which further can
be presented in terms of a binary variable called an-
tigenic variant. Currently, there are two widely used
definitions of antigenic distance [18, 27]:

M
d,(1j) =logy(—) ()
l?.]

dy(1,))= 2

where H;; is the obtained HI titer for antiserum
of (reference) strain j against the antigen of (test)
strain i, and M is the maximum titer observed for an-

tiserum j against any antigen in the HI table. The an-
tigenic variant is determined by applying the thresh-
old to the obtained antigenic distance. The pair
of test and reference viruses whose antigenic distance
meets the threshold are designated as antigenic vari-
ants; otherwise, they are only antigenically similar.

The HI assay is a labor-intensive and time-
consuming procedure, while vaccine development
is under time pressure. Over the past decade, vari-
ous computer-aided approaches have been developed
to speed up the process of strain selection and to in-
crease the quality of vaccine production. Klingten et
al. [16] has provided a comprehensive review of an-
tigenic evolution prediction associated with vaccine
production. They classified the approaches into
phylogenetic and population genetics-based meth-
ods, statistical methods, epidemiological models,
and other methods based on information and graph
theories. The approaches employ different data types
serving as model inputs, e.g., viral sequence, HI as-
say data, protein structure, physicochemical proper-
ties, etc. A critical step in antigenic variant modeling
is describing the biological significance of a mutation
between test and reference viruses and linking it to
antigenicity.

Unfortunately, the exact roles and how they af-
fect biological properties within evolution are not yet
fully understood for many such changes. Generally,
it is known that evolution is influenced by several bio-
logical properties, especially the volume and hydro-
phobicity of amino acids [32]. Studies on amino acid
property changes provide fundamental information
about the evolution of specific proteins. Earlier stud-
ies indicated that HA antigen is positively charged,
while on the contrary, the glycan receptors of the host
cell are negatively charged. Thus, changes in electro-
static charge due to mutation can play a significant
role in receptor specificity, enhancing or diminish-
ing the receptor binding affinity and avidity [2, 17].
Moreover, Huang et al. [14] recently showed that
charged amino acid mutations impact influenza vi-
rus evolution and are beneficial in vaccine research.
Accordingly, mutation can be considered a multidi-
mensional event, wherein each dimension represents
an amino acid attribute.

Several techniques reflect the biological charac-
teristics of mutation in numerical domains, among
which application of the AAindex database [15]
is the most popular. The AAindex database is a com-
prehensive collection of biological, physical, and
chemical amino acid properties collected from sci-
entific papers and accessed through www.genome.
jp. The database mainly consists of three sections:
AAindex1; AAindex2; and AAindex3. AAindexl in-
cludes various amino acid indices, each of which can
be represented as a numerical vector of 20 numbers
representing 20 standard amino acids. AAindex2
contains different amino acid mutation matrices,
while AAindex3 consists of statistical protein con-
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tact potentials. The AAindex database (ver.9.2) cur-
rently covers 566, 94, and 47 records for AAindex],
AAindex2, and AAindex3, respectively.

As mentioned, the AAindex database has been
employed for encoding protein sequence in various
studies. Here, we mention some of the more relevant
studies in which the AAindex database was used
for exploring genetic and antigenic evolution. Yao
et al. [39] proposed an algorithm called joint ran-
dom forest regression to predict antigenic variants.
They compared 95 amino acid matrices, including
AAindex2, to assess the relationship between ge-
netic and antigenic evolution by amino acid attrib-
utes at different protein sites. Their results indicated
that structural features are more significant to the
antigenicity of the influenza virus. Wang et al. [34]
suggested an approach based on matrix comple-
tion for predicting antigenic evolution. They studied
the impact of 65 amino acid substitution matrices
taken from the AAindex database to predict anti-
genic evolution. Their results suggested that the “ho-
mologous structure derived matrix (called HSDM)
for alignment of distantly related sequences” outper-
formed others in terms of RMSE.

Moreover, Qiu et al. [24] developed a structure-
based antigenicity scoring model. Their model engages
antigenically dominant positions according to struc-
tural context, including correlation with local amino
acid attribute changes, to analyze antigenicity. They
demonstrated that incorporating the structural con-
text of protein can enhance antigenic evolution predic-
tion. Additionally, Forghani and Khachay [10] carried
out a principal component analysis on AAindex1 and
introduced 11 indices that explained 91% of the total
variation in the database. The new indices are further
used to encode HA protein sequence and create an
input tensor fed into a convolutional neural network.
Their model achieves a mean absolute error of 0.935
antigenic units for yearly, non-anticipating prediction
of antigenic distance for subtype HINI1 (2001—2009).
Cui et al. [6] suggested modeling influenza virus an-
tigenicity by selecting the most significant sites, clus-
tering the AAindexl based on mutual information,
and encoding the sites by the representative from
clusters to form the feature vector. The feature vector
is further given to a classifier to discretize antigenic
variant classes. Recently, we performed a preliminary
analysis to study the impact of amino acid encoding
on modeling the antigenic evolution of the influenza
virus [11]. Apart from Cui et al.’s work, our work in-
troduces an early-stage mutation encoding by apply-
ing reduced amino acid alphabets.

The current paper addresses one of the funda-
mental challenges in bioinformatics: deciding how
to represent input genetic information for mode-
ling more efficiently and meaningfully. In response
to this problem, we employed simplified amino acid
alphabets. A simplified alphabet, also called a sub-
alphabet or reduced amino acid alphabet (RAAA),

is an alphabet in which the 20 amino acids are clus-
tered and divided into amino acids groups. RAAA
construction is a problem that belongs to the set par-
titioning problem, which is out of this paper’s scope.
Previous studies have shown that RAAAs have been
successfully applied in various domains, including:
protein annotation and description; protein func-
tionality prediction [21, 41]; protein folding assess-
ment; sequence classification [19]; consensus se-
quence search; and genetic pattern identification [5].

Areduced amino acid set simplifies protein system
complexity, providing a better insight into structural
similarities across protein sequences [42]. We con-
sidered different definitions of similarity via RAAAs
to reconstruct the relationship between genotype and
phenotype. A RAAA represents genetic information
on a coarse scale, which may highlight attributes that
drive antigenic evolution of the influenza virus.

In our approach, encoding is conducted in two
steps. In addition to the standard amino acid al-
phabet, the first step employs a RAAA to represent
the mutation in different structural, biological, and
physicochemical contexts. Further, the second step
encodes the alphabetical information of the encoded
genetic sequence into a numerical one, which enables
its use in various types of mathematical modeling.
Preliminary results indicate that some RAAA-based
models outperform models based on the standard
amino acid alphabet in terms of accuracy.

In this paper, we take a step forward and perform
a comprehensive analysis to further refine result ac-
curacy. The contributions of this paper are three-fold:

1. We propose a novel encoding method using
reduced amino acid alphabets, which helps to clarify
the genetic/antigenic relationship.

2. Relative to similar previous studies [6, 11], we
improve the approach at several levels:

2.1. Increasing the resolution of thresholds.
2.2.Clustering by several methods and
comparing their results to find the optimal
number of clusters.

2.3. Selecting the closest index to the center
of a cluster as its representative.

2.4. Applying five well-known classification
algorithms.

2.5. Optimizing of classifier hyperparameters
through a comprehensive grid search.

3. Relying on experimental results, we found that
incorporating structural and charge properties can
enhance modeling quality, which is in agreement
with previous studies.

The rest of the paper is organized as follows.
Section “Materials and methods” describes the gen-
eral computational pipeline, data preparation, and
all necessary algorithms for primary and second-
ary encoding. Experimental setup and its outcomes
are presented in Section “Results and discussion”.
This section also covers interpretation and discus-
sion of the obtained results. Finally, the results of our
study are summarized in Section “Conclusion”.
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Materials and methods

As mentioned earlier, our experimental design was
inspired by a published methodology [6]. However,
we propose some modifications and enhancements
to improve modeling quality. Our approach is mainly
divided into five steps: encoding genetic sequences by
RAAA; selecting the most relevant sites; clustering
the AAindex1 data set based on selected sites; encod-
ing the selected sites by a representative from each
cluster; and modeling antigenic variants by a clas-
sifier. The general schema of our pipeline is shown
in Figure 1.

Data preparation

Our approach relies on three database types, each
of which requires specific preparation in order to be
used in the computational pipeline.

Simplified Amino Acid Alphabets. Apart from
the standard amino acid alphabet with 20 letters,
there are various RAAAs, in which the number
of letters is less than 20. Typically, an RAAA is ob-
tained by grouping the 20 amino acids. There are
several strategies to perform this, some of which have

Select
the alphabet

Simplified

alphabet
database

Lehninger 1970
amino acid groups:

{DE},
{KRH},
{NQSTGCY},
{PAWFMLIV}

Encoding )
the sequence AAindex1
database

Hl assay
database

Clustering AAindex1 database

been described [29]. For example, the set of 20 amino
acids can be divided into three groups based on Van
Der Waals volume by setting three ranges (0—2.78,
2.95—4.00, 4.43—8.08), resulting in three partitions:
GASCTPD; NVEQIL; and MHKFRYW. This per-
mits new interpretation of the mutation from a differ-
ent point of view, such as change in hydrophobicity.
In total, 40 published RAAAs were collected [8, 29,
38] and are presented in Table 1.

HI Assay Database. Typically, an HI assay data-
base record includes three fields of information: test
virus identifier; reference antiserum identifier; and
HI titer. Sometimes additional metadata, such as ex-
periment date, may be appended. HI assay results can
be presented in four forms: raw HI titer; standardized
HI titer; antigenic distance; and antigenic variant.
At this point, we only used the antigenic variant ob-
tained via the antigenic distance threshold. We em-
ployed Eq. (1) with threshold 4 for calculating the an-
tigenic variant. Duplicated entries were averaged
in terms of titer. Therefore, each test/reference virus
combination is unique within the database. Here, we
considered two subtypes in the influenza vaccine,
HINI1 and H3N2. The HI assay database was taken

Modelling the antigenic variants

Selecting the significant sites

Scoring
the positions

o

Scaling
the scoring range

o

Thresholding &
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H
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Figure 1. General scheme of the computational pipeline
Comments. Computational pipeline consists of five parts: encoding HA sequences by a reduced amino acid alphabet;

selecting significant sites; clustering the AAindex1 database using mutual information of selected sites; encoding the sites

by a representative from each cluster; and finally training the classifier.
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from references [13, 34]. The final obtained database
had 7449 H3N2 and 3747 HINI1 entries. There were
506 viruses for the HIN1 subtype (506 test against 44
references) and 772 for H3N2 (666 test against 130
references).

AAindex1 Database. The latest version of AAin-
dexl1, ver. 9.2, consists of 566 entries. A typical da-
tabase entry includes a vector of 20 numbers, each
of which is assigned to a standard amino acid. Since
the range of numbers in vectors varies within the data-

base, we individually scaled each vector into the unit
interval [0,1]. After removing vectors with missing
values, 553 remaining entries were used for analysis.

Encoding of HA sequences

Here, we use RAAASs to take into account the im-
pact of the mutation on antigenic evolution from dif-
ferent physicochemical (amino acid) perspectives.
The first step of encoding the sequence by RAAA
is selecting an arbitrary amino acid from each group

Table 1. The list of alternative and standard amino acid alphabets employed to encode the protein
sequences in our experiments

Name of alphabet

Groups

Method of obtaining the alphabet

Standard

A,C,D,E,QFY,GH VKR L MNPSTW

Hydrophobic RKEDQN, GASTPHY, CVLIMFW
Van Der Waals Volume | GASCTPD, NVEQIL, MHKFRYW
Polarity LIFWCMVY, PATGS, HQRKNED
Polarizability GASDT, CPNVEQIL, KMHFRYW
Mabhler 1966 DE, KRH, QN, ST, P, CM, WYF, GALIV

Lehninger 1970

DE, KRH, NQSTGCY, PAWFMLIV

Dickerson 1983

DENKRQH, STGPACWY, FMLIV

Amino acid physicochemical attributes

Prlic SDM12 2000

D, N, EKR, QST, G, P, H, A, C,W, YF, MLIV

Prlic SDM17 2000

D,EK,N,R,Q,S,T,G,P,H,A,C,W,Y,F, M, LIV

Melo 2005

DENKRQSTP, GA, H, C, WYFMLIV

Taylor 1986 DE, N, KRH, Q, T, SGAC, P, YWF, M, LIV

Weathers 2004 DENRH, KQST, GPACM, WYFLIV

SE-B(14) A,C,D,EQ, FY, G, H, IV,KR, LM, N, P, ST, W

SE-B(8) AST, C, DHN, EKQR, FWY, G, ILMV, P

Risler 1988 D,E,N,KRQ, S, T,G, P, H,A,CW,YF, ML, IV

Riddle 1997 DE, NKRQS, THA, GP, CWYFMLIV Substitution frequency — Structural
Mirny 1999 DE, KR, NQST, GP, HWYF, ACMLIV alignment

Robson 1976

DKR, EA, GP, STNQ, H, C, WY, FMLIV

Solis(G) 2000

D,N,S,T,G, P H,C,Y, EKRQAWFMLIV

Solis(D) 2000

DNS, EKRQ, TH, GP, AM, C, W, F, YL, IV

Edgar Se-B 2003

DN, EQ, KR, STA, G, P, HW, C, YF, MLIV

Edgar Se-V 2003

DEN, KRQ, STA, G, P, H, C, W, YF, MLIV

Rogov 2001 DNSTA, EKRQ, G, P, H, C, W, M, YFLIV Spatial frequency — Protein blocks
Etchebest 2007 DN, EKRQ, SH, TC, G, P, WYF, AML, IV

Solis GBMR4 2009 DENKRQSTA, G, P, HCWYFMLIV

Zuo 2009 DN, E,KRQ, SH, T, G, P, A, C,WYF, M, L, IV

Dayhoff 1978 DENQ, KRH, STGPA, C, WYF, MLIV

Murphy 2000 DENQ, KR, ST, G, P, H, A, C, WYF, MLIV

Cannata 2002 D,E,N,KR,Q,ST,G,P,H,A C,WY,F ML, IV

Fan 2003 DEQ, KR, STA, G, P, NH, C, WYF, ML, IV

Li2003 DE, KRQ, ST, G, P, NH, AC, WYF, ML, IV Substitution frequency — Sequence

alignment

Kosiol 2003 DENKRQSTGPHA, C, W, YF, MLIV
Anderson 2004 D,E, KRQ,NS, T, G, P, H, A, C, WYF, ML, IV
Lenckowski 2007 DSHFM, ERQL, KPAC, NTWY, GIV
Crippen 1990 ENRSGHY, DKQTPW, AV, CFMLI

Maiorov 1992

DENQ, KR, G, P, AV, STHWY, CFMLI

Thomas 1996

DE, KR, QSTNGPH, C, AWYFMLIV

Wang 1999 DE, NKRQS, GP, THA, CWYFMLIV
Ceiplak 2001 DENRQSTG, K, HA, CWYMV, FLI
Liu 2002 DE, KR, NQSTGPHY, ACW, FMLIV

Spatial frequency — Contact potential

Note. The alphabets are borrowed from [8, 29, 38]. The classification of alphabets is borrowed from [29].
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in the alphabet as a group representative. Further,
we replace all members of the group with its repre-
sentative in the protein sequence. This step does not
influence data if the standard amino acid alphabet
is chosen since this alphabet has 20 groups, not less.

Selection of high impact sites

The model’s input is a feature vector produced
from encoded relevant sites in the genetic sequence.
The model utilizes these sites for reconstructing
the relationship between genetic and antigenic evo-
lution in the feature space. Therefore, it is necessary
to measure the relevance of site mutations accord-
ing to the antigenic variation. Cui et al. [6] proposed
measurement by introducing the below score for the
site’s antigenic significance:

S, =|®,|xE; 3)

where i is the index of the site in the sequence, S,
is the significance score, and E; is Shannon’s entropy
of site i in the whole database as computed by the fol-
lowing formula:

20
E,=—) P logh @)
=

where P,; is the probability of amino acid j occur-
rence at position i. @, is a coefficient expressed with
the following formula:

_ (N, XNy =Ny XNy, )

O, = 6)
\/NXIXNXOXNIYXNOY

where N,, (m, n € {0, 1}) is the number of HI en-
tries with X =m and Y =n. The variable X represents
the occurrence of mutation at site i/ (0 or 1 for con-
served or mutated cases, respectively). The variable Y
expresses the antigenic relationship between the test-
reference pair of viruses in HI entries. If the test and
reference are antigenically similar, the Yvariable val-
ue is zero. Otherwise, they are variants, and it takes
the value of one. Ny, denotes the number of entries
with Y =n, whereas X can take any value from {0,1}.
Similarly, N,, , represents the number of entries with
X =m, while Y has a value from {0,1}. Note that all
variables in Eq. (5) are calculated only for site i.
In the case of a conserved site, the significance score
is set to zero.

The application of Eq. (3) can be extended to se-
quences encoded by RAAAs. Encoding genetic se-
quences by such an alphabet notably changes the en-
tropy and @ values and, accordingly, the significance
score. The significance score for all sites obtained
by applying a RAAA is further scaled into the unit
interval /0, 1]. This allows us to compare the signifi-
cance of a specific site considering different alpha-
bets. The final high-impact sites are determined by
setting a threshold on the results of the scaled sig-
nificance score. The threshold value is selected from

the set {0.2,0.3,0.4,0.5,0.6,0.7,0.8}. It’s worth noting
that a site is selected if its scaled significance score
is higher than the target threshold. Obviously, de-
creasing the threshold leads to an increase in the
number of selected (high-impact) sites.

Clustering the AAindex1 database

The AAindexl database is used to perform
the second stage of encoding. We select some entries
from AAindex] (called representatives) that are fur-
ther used to encode the genetic information of ob-
tained selected sites in the previous step. It is known
that there is a high correlation between AAindexl
entries. Therefore, we cluster them and choose a rep-
resentative from each cluster to diminish the number
and correlation of final features. Clustering should be
performed so that the objects of a cluster have almost
the same encoding impact on antigenicity modeling.

Computing Mutual Information. To cluster
the AAindex]l database, we create a feature vec-
tor for each entry by a similar scenario as de-
scribed [6] with a modification for RAAAs. In the
suggested method, the feature vector characterizes
the AAindexl entry by mutual information (MI).
The MI value expresses not only the significance
of genetic information but also the impact of encod-
ing for a selected site individually. Note that the size
of the feature vector for clustering AAindex]1 is the
same as the size of selected sites. Indeed, each ele-
ment of the feature vector is the measure of mutual
dependency between the changes in a selected site,
encoded by an AAindex] entry, and antigenic vari-
ants within the HI database.

The number of amino acids in the RAAA is less
than in the standard alphabet. Thus, a question aris-
es on how encoding is carried out using AAindexl
regarding a RAAA. In order to solve this issue, we
define a new database, called pseudo-AAindex]1, de-
rived from the original AAindex1 database. The pro-
cedure of generating pseudo-AAindex1 is described
in Figure 2.

As previously stated, each amino acid group has
a representative, which replaces all amino acids
of the group in protein sequences. In order to assign
a value to the representative, we compute the aver-
age of AAindex] values for the amino acids within
the group. This allows each amino acid to participate
and have its own effect through the representative.
Thus, a pseudo-AAindexl is created foreach RAAA,
making it possible to calculate the mutual informa-
tion in RAAA encoding. For simplicity, we hereafter
refer to both the original AAindex1 and the pseudo-
AAindex] simply as AAindexlI.

Determining the of optimal number of cluster. When
considering an alphabet, we create a feature vector
for each AAindex1 entry, the size of which depends
on the number of determined high-impact sites.
Before clustering AAindexl, it is necessary to deter-
mine the optimal number of clusters. Indeed, this
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Hydrophobicity index

A/ER/KE N/ M D /e C/EE /S F /T G NV L Y/
07618 0: 6080 068N 0 4 61 0/8 R 0014 78 01078 01612522
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0.23018868
0.22641509
0.02264151
0.17358491
0.40377358
0.
0.17735849
0.02641509
0.23018868
0.83773585
0.57735849
0.43396226
0.44528302
0.76226415
0.73584906
0.01886792
0.01886792
il
0.70943396
0.49811321 )

Pseudo-AAindex entry
Mean of AAindex1
entry values
for amino acids
of each group

Simplified alphabet
(Lehninger 1970)

{D.E} 0.1754717
{K,R,H} 0.2968553
{N,QS,T,G,C,Y}
{P,AW,F,M,L,IV}

Scaling
the vector
0.1714286
0,6358491

(<-<§—|m-u-ng7<r-—xmmonozx>

Figure 2. Generation of the pseudo-AAindex1
database from the hydrophobicity index
Note. The pseudo database is created based

on the selected RAAA. Note that the value assigned

to each group is the average of the group’s amino

acid values in the scaled AAindex1 vector.

number affects the final feature vector, which is used
for antigenic variant modeling. For this purpose,
we conduct a comprehensive search for the optimal
number by employing three algorithms: K-means;
agglomerative clustering with different linkage crite-
ria; and spectral clustering.

First, we determine the number of unique fea-
ture vectors. Clustering is not required if the number
is less than a threshold (e.g., five). When the num-
ber of unique vectors is more than the threshold, we
cluster the set of vectors, while the number of clusters
starts from two and increases up to ten.

Generally, six clustering variants are applied,
including: K-means; agglomerative clustering with
four different criteria (ward, average, complete/
maximum, and single/minimum); and spectral clus-
tering. The obtained clustering from each algorithm
is individually evaluated by four scores, including
Silhouette, Calinski-Harabasz, Davies-Bouldin, and
the sum of squared distances of objects to their clos-
est cluster. Further, the results are plotted and manu-
ally checked to decide the optimal number of clusters
for AAindex| associated with an alphabet.

Clustering. Generally speaking, the aim of clus-
tering is to decrease correlation between AAindex]
entries. This also leads to diminishing the number
of features, which are used in the final classification.
To cluster the AAindex]1 database, we apply the as-

Table 2. Parameters used in the grid search

sociated clustering algorithm by which the optimal
number of clusters was determined from the previous
subsection. Next, we select a representative from each
cluster. The representative of a cluster is the clos-
est object to its center. The representative is further
employed to encode the information of high-impact
sites for the classification.

Classification of antigenic variants

We use the obtained cluster representatives to ap-
ply the secondary encoding. This is carried out by
replacing an amino acid group representative in the
selected sites with its numerical value from the clus-
ter’s representative. Then, we individually calculate
the differences between the test and the reference
strains for each HI assay database entry by subtracting
their encoded selected sites (or feature vectors). If we
denote the number of high-impact sites and number
of clusters representatives with N and M, respectively,
then the final feature vector has the size of N x M.

Before performing the final classification, the last
step is to determine the best classifier. To decrease
the effect of the classifier on the results, we consider
five different classifiers, including random forest,
multilayer perceptron, logistic regression, support
vector, and Gaussian naive Bayes. Each classifier has
its own parameters optimized through grid search
(parameter list in Table 2).

Grid search is carried out by cross-validation
with different parameter combinations. Note that
the Gaussian naive Bayes classifier has no param-
eters for grid search, but it assumes that features are
independent. Thus, we perform principal component
analysis on the feature matrix to decrease the de-
pendency. A threshold on the percentage of variance
explained by the selected components was set as a pa-
rameter for Gaussian naive Bayes.

By comparing grid search results, we were able
to choose the best classifier with high performance
in terms of accuracy. Note that the selection of op-
timal classifier depends on the results of three
procedures:

— Encoding by the alphabet (primary encoding);

— Selection of high-impact sites;

— Clustering the AAindex]1 database and choos-

ing representatives for secondary encoding.

Among these procedures, the first has the most
decisive influence on classification results. In fact,

Method Parameters

Total cases in gird search

Random forest

Criterion, n_estimator, min_samples_split

Fitting 5-fold cross-validation for each of 40 candidates,
totaling 200 fits

Logistic regression Solver, penalty, max_iter

Fitting 5 folds for each of 66 candidates, total 330 fits

Multilayer perceptron

Solver, learning_rate, activation, max_iter,
learning_rate_init, hidden_layer_sizes

Fitting 5 folds for each of 648 candidates, total 3240 fits

SVM Kernel, gamma, C, degree

Fitting 5 folds for each of 24 candidates, total 120 fits

Gaussian naive bayes | PCA_threshold

Fitting 5 fold for each of 3 candidates, total 15 fits

Note. Parameter names are based on the machine learning package Scikit-learn [22].
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Table 3. The maximum accuracy was obtained by 10-fold cross-validation using different thresholds

for scaled significance score

Threshold
Subtype 0.2 0.3 0.4 0.5 0.6 0.7 0.8
H1N1 0.88 0.88 0.87 0.84 0.77 0.77 0.77
H3N2 0.92 0.92 0.92 0.9 0.88 0.85 0.83

Note. Increasing the threshold may lead to shorter feature vector length and consequent reduced accuracy.

it changes the amino acid space globally, resulting
in different representations of genetic variation, as
well as different relationships between genotype and
phenotype.

Results and discussion

Considering all parameters, we ran 224 147 fits
(41 alphabets x 7 thresholds x 781 5-fold cross-vali-
dations) for each subtype (H3N2 and HINI) in the
experimental data to obtain the best classifiers.
Knowing the best classifier for each triple-combi-
nation case (subtype, alphabet, threshold), we per-
formed a 10-fold cross-validation by applying its best
classifier. A comprehensive report of the results, in-
cluding the evaluation criteria, is publicly available at:
github.com/viroinformatics/Simplified Alphabets.

The maximum accuracy achieved by each thresh-
old is presented in Table 3. Since the length of the
feature vector is decreased by increasing the thresh-
old, this also leads to accuracy reduction. From
Table 3, it is observed that threshold 0.4 seems to be
a good choice for modeling the antigenic variants.
Compared with previous studies [10, 11], our re-
sults indicate a high degree of accuracy, especially
for H3N2, which suggests potential application in the
field of public health.

As expected, some RAAAs achieved the same
accuracy as the standard amino acid alphabet.
Table 4 presents the alphabets with the highest per-
formance for different thresholds and subtypes.
In the case of subtype HINI1 with thresholds 0.3 and
0.5, there are alphabets, the accuracy of which are
slightly less (about 0.01) than the standard and Prlic-
SDM12-2000 alphabets, but are not added to the
table. Since prediction accuracy significantly drops
from threshold 0.5 to threshold 0.8 Table 3), we did
not consider their results in Table 4. Interestingly,
the Risler-88 and Li-2003 alphabets are observed
in the list of each subtype.

Moreover, the Cannata-2002 alphabet seems
to be more informative for subtype H3N2 rather than

for HIN1. In some cases, e.g., subtype HINI1 with
threshold 0.4 and subtype H3N2 with threshold 0.3,
the feature vector obtained from RAAAs is shorter
in length than that obtained from the standard alpha-
bet, while their accuracy is the same. This indicates
that the amino acid space represented by the stand-
ard alphabet has redundant dimensions to express ge-
netic variation of antigenic variants. Next, we briefly
discuss each of the alphabets from Table 4.

Stephenson & Freeland analyzed 34 different
RAAAs [29] and classified them into five classes
based on how grouping was carried out. The classes
are chemistry, sequence alignment, structural align-
ment, contact potential, and protein blocks. Of the
alphabets in Table 4, four are based on sequence align-
ment methods, whereas two rely on structural align-
ment. Only one alphabet (Zou-2009) was created by
protein blocks. The complete classification of RAAAs
presented in Table 1 is based on published work [29].

Similarity between amino acids can be defined
from various viewpoints, e.g., hydrophobic residues
(I, V) and aromatic residues (F, W, Y). The main
idea of constructing a RAAA is to use amino acid
properties to define similarity, with placing of simi-
lar amino acids in a group. For example, the RAAA
presented by Li et al. [20] was obtained from amino
acids substitutions by scoring similarities that may be
beneficial in recognition of protein folds. Their re-
sults imply that at least ten amino acid types are re-
quired to characterize protein complexity.

Cannata et al. [5] presented a method to produce
RAAAsDbyscoring different amino acid compositions
using a branch and bound algorithm and substitution
matrix. Their alphabet belongs to the ‘alignment-
based methods’ class of sequences. Furthermore,
Lenckowski et al. [19] suggested an alphabet gener-
ated using a genetic algorithm and strategy based
on global sequence alignment. Their results indicate
that the proposed alphabet outperformed the stand-
ard amino acid set and other RAAASs in the sequence
classification task. Andersen and Brunak’s RAAA [1]
includes 13 letters; it is also constructed based on se-

Table 4. High performance alphabets in our experiments by virus type and site selection threshold

Threshold H1N1 H3N2
0.2 Standard, Risler-88, Li-2003, Anderson-2004 Standard, Risler-88, Cannata-2002, Zuo-2009
0.3 Standard* Standard, Cannata-2002
0.4 Standard, Lenckowski-2007 Standard, Cannata-2002
0.5 Prlic-SDM12-2000* Risler-88, Li-2003, Zuo-2009

Note. The amino acid groups for each alphabet are presented in Table 1. *There are other alphabets, not listed, whose accuracy was slightly less than

the alphabets shown in the table.
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quence alignment. In contrast, RAAAs proposed by
Prlic et al. [23] and Risler et al. [25] are both derived
by substitution frequency of structural alignments.

Zou et al. [42] applied reduced amino acid alpha-
bets to predict defensin family and subfamily. They
clustered amino acids by the protein blocks (PBs)
method [7, 9], in which the distribution of amino ac-
ids in PBs was used to generate clusters of equivalent
amino acids with respect to local structure. Indeed,
this kind of alphabet can be considered a structural
alphabet. Their results indicate that use of such al-
phabets can improve prediction accuracy with defen-
sin family and subfamily. Surprisingly, no alphabet
based on attributes of individual amino acids attained
a high level of performance. Taken together, the high-
performing RAAAs emphasize the role of structural
features in antigenic evolution modeling.

By checking the high-impact sites in the Influ-
enza Research Database (IRD) [40], we found that
not only antigenic sites have a significant influence
on antigenicity, but also other amino acids located
in close proximity. The results indicate that all se-
lected non-antigenic sites are related to immune
responses. According to IRD, these have been ex-
perimentally determined to be T-cell epitopes,
B-cell epitopes, and MHC-binding epitopes of dif-
ferent classes. This highlighted a caveat: In modeling
of antigenic evolution, the model should consider not
only the genetic information of antigenic sites, but
also that of neighboring positions, as they may indi-
rectly impact antigenicity. Note that feature vector
construction relies on high-impact sites, but the evo-

lutionary history showed that even one amino acid
substitution can change the antigenic cluster of the
influenza virus [28]. Such a substitution may present
a low impact through the mutual information score.
We believe a desirable model must take into account
the effects of both high and low impact sites. The vis-
ualizations of selected high-impact sites for HINI
(threshold 0.3), and H3N2 (threshold 0.4), are pre-
sented in Figure 3 (see cover III). These are cases
with high accuracy and shorter feature vector length.

Various AAindex|1 entries were designated as rep-
resentatives during all experiments with optimized
classifiers. The top ten entries and their frequencies
are listed in Table 5. The complete list of AAindex]
entries and their frequencies is available (github.com/
viroinformatics/Simplified Alphabets).

It can be seen that the majority of AAindex1 at-
tributes used in model construction are associated
with charge properties. This emphasizes that anti-
genicity notably depends on protein conformation,
which cannot be fully reflected in a one-dimensional
representation of protein as a sequence. However,
the model can capture some attributes information by
encoding the genetic sequence using physicochemi-
cal properties presented in the AAindex1 database.

Table 5 also indicates that nine out of the ten
most frequently AAindex] entries are common
in both subtypes. The last AAindex1 entry in the list
of each subtype is different. To better understand
the characteristics of entries in Table 5, we com-
puted the Pearson correlation coefficient and visual-
ized it in Figure 4 (see cover III). It is observed that

Table 5. List of the top ten most frequent AAindex1 entries in the experiments with optimized classifiers

ID | Description | Freq.

H1N1

ANDN920101 alpha-CH chemical shifts (Andersen et al., 1992) 147
CHAM830104 The number of atoms in the side chain labelled 2+1 (Charton-Charton, 1983) 106
KLEP840101 Net charge (Klein et al., 1984) 97
CHAM830103 The number of atoms in the side chain labelled 1+1 (Charton-Charton, 1983) 92
FAUJ880111 Positive charge (Fauchere et al., 1988) 83
CHAM830107 A parameter of charge transfer capability (Charton-Charton, 1983) 83
VENT840101 Bitterness (Venanzi, 1984) 74
FAUJ880112 Negative charge (Fauchere et al., 1988) 70
FAUJ880105 STERIMOL minimum width of the side chain (Fauchere et al., 1988) 47
CHAM830105 The number of atoms in the side chain labelled 3+1 (Charton-Charton, 1983) 38
H3N2

VENT840101 Bitterness (Venanzi, 1984) 19
CHAM830103 The number of atoms in the side chain labelled 1+1 (Charton-Charton, 1983) 17
FAUJ880111 Positive charge (Fauchere et al., 1988) 101
ANDN920101 alpha-CH chemical shifts (Andersen et al., 1992) 101
KLEP840101 Net charge (Klein et al., 1984) 88
FAUJ880112 Negative charge (Fauchere et al., 1988) 87
CHAM830107 A parameter of charge transfer capability (Charton-Charton, 1983) 66
CHAMS830104 The number of atoms in the side chain labelled 2+1 (Charton-Charton, 1983) 60
FAUJ880105 STERIMOL minimum width of the side chain (Fauchere et al., 1988) 59
FAUJ880109 Number of hydrogen bond donors (Fauchere et al., 1988) 58
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the majority of entries in Table 5 are not correlated,
with two exceptions: FAUJ880111/KLEP840101 and
FAUJ880105/CHAMS830103.

Although the uncommon entries between HINI1
and H3N2 are different, it can be seen that they are
correlated. In addition to the correlation matrix, we
used principal component analysis (PCA) to identify
the main components of 11 distinct AAindex]1 entries
in Table 5 and their expression in terms of explained
variance. Figure 5 indicates that the first six compo-
nents describe more than 90% of the explained vari-
ance. Seven and nine components represent 95% and
99% of the explained variance, respectively.

We also considered the performance of classi-
fiers for antigenic variant modeling. Among five
classifiers, random forest and multilayer perceptron
outperformed others, in terms of accuracy, for both
the HINI and H3N2 subtypes. The Gaussian naive
Bayes classifier gave the worst results, so it may not
be suitable for this kind of modeling.

In summary, the outstanding ability of our ap-
proach is based on redefining the mutation by RAAA
and amino acid attributes used for encoding through
a two-fold procedure. The primary encoding plays
the main role with high priority, whereas secondary
encoding has a supplementary role. From one point
of view, the primary encoding determines the high-
impact sites, while the secondary encoding gives
the numerical interpretation to the genetic informa-
tion of selected sites. From another point of view,
the primary encoding interprets the mutation, and
the secondary encoding reconstructs the specific re-
lationship between genetic and antigenic differences
(for the test and reference strains).

The proposed two-fold encoding approach re-
vealed some aspects of mutations related to the anti-
genicity. Our findings indicate that encoding associ-
ated with structural or charge properties of the protein
dramatically impacts the performance of the anti-
genic model. This is in agreement with recent studies
done by other researchers [14, 39]. In addition, RAAA
encoding can lead to a smaller feature space dimen-
sion, while performance is maintained or improved.
So far, this approach was applied only to seasonal hu-
man influenza strains. However, there are no theoret-
ical limitations that would prevent further testing as
a universal computational model for predicting anti-
genicity in other influenza subtypes, such as zoonotic
H5, H7, H9, or other relevant influenza A subtypes
that cause sporadic human infection.

Conclusion

Determining the degree of antigenic similarity
between influenza virus strains is crucial in choos-
ing candidate vaccine strains and subsequent timely
vaccine production. Currently, the degree is meas-
ured via HI assay, a widespread laboratory proce-
dure. Although HI assay is the gold standard method,
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Figure 5. Explained variance ratios for PCA analysis

components

Note. Analysis was performed for 11 unique AAindex1 indices
from Table 5. The result shows that the first six components
represent more than 90% of the explained variance.

it suffers from several shortcomings. Therefore, it has
been suggested to employ computer-aided models
as auxiliary tools to assess preliminary information
about viral antigenicity prior to HI assay.

A notable problem in modeling antigenic evo-
lution is the representation of genetic information
to better express the relationship between genetic
and antigenic variations. This paper proposes a two-
fold encoding approach to genetic information using
both a reduced amino acid alphabet (RAAA) and an
amino acid index database. By applying a RAAA,
we redefine the mutation as changes between ami-
no acid groups of the alphabet, while the output se-
quence of the primary encoding is still alphabetical.
The secondary encoding uses representatives from
the AAindex] database to convert the alphabetical
sequence of the primary encoding into the numeri-
cal. The experimental results indicate that mod-
els built using RAAA encoding are able to achieve
the same accuracy as models using the standard
amino acid alphabet. The RAAA-based approach,
however, features reduced computational complexity
and associated cost.

Moreover, the suggested encoding can reveal
the amino acid attributes which drive antigenic evo-
Iution. In agreement with previous studies, we find
that structural and charge characteristics are the most
beneficial in modeling antigenic evolution. Although
the results obtained by our approach are desirable
and promising, they are achieved by taking into ac-
count only high-impact sites. It is known that even
one substitution can change the antigenic cluster, so
we believe that further incorporating the role of low-
impact sites into the model may enhance its accuracy
and prediction potential; this will be addressed in fu-
ture studies. Additionally, the model can be improved
by: introducing new reduced amino acid alphabets;
employing more significant and descriptive criteria
for selecting key sites; and incorporating neighboring
amino acid effects into the model.
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Computational approaches for predicting an-
tigenic properties from genetic sequence are also
quite relevant for highly virulent influenza viruses.
Laboratory testing of these pathogens requires high
biosafety certification levels, and such analysis is not
only time-consuming and labor-intensive, but also
costly. Unlike current laboratory approaches, com-
putational prediction of antigenic properties from vi-
ral sequence has the potential to enable rapid, large-
scale antigenic characterization of influenza viruses.
It is worth mentioning that application of our ap-

proach is not limited to modeling of antigenic evolu-
tion. It can be used in modeling any phenotype that
is based on protein sequence, such as interactions
with monoclonal antibodies.
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LV. Nesterova®<, E.O. Khalturina®, V.N. Nelyubin?, S.V. Khaidukov¢, G.A. Chudilova®

@ The Peoples’ Friendship University of Russia, Moscow, Russian Federation

b I.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation
¢ Kuban State Medical University, Krasnodar, Russian Federation

4 Moscow State University of Medicine and Dentistry Moscow, Russian Federation

¢ Shemyakin- Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russian Federation

Abstract. Background. Strategies used by herpes viruses with human cells are complex and multifaceted. On one hand,
inborn defects in antiviral immune defense have been unveiled, which also affect interferon (IFN) system underlying
development of chronic recalcitrant relapsing viral infections such as remittent respiratory viral infections, herpesvirus
infections, and papillomavirus infections. On the other hand, numerous viruses are able to damage both immune system
and IFN network. During inborn and acquired defects in IFN network, inborn or induced mutation in gene products
involved in signaling cascades aimed at upregulating gene expression responsible for IFN production are observed. One
of the strategies used by diverse viruses is altering some signaling pathways resulting in activated transcription factors in-
cluding nuclear factor NF-xB. However, antiviral mechanisms executed by neutrophilic granulocytes (NGs), particularly
affecting NF-xB expression have not been elucidated. Aim of the study: to study in vifro features of NF-kB expression and
number of neutrophilic granulocytes (NG) expressing membrane IFNo/BR and IFNYR in patients with atypical chronic
active herpes virus infections (AChA-HVI), followed by assessing an effect of arginyl-alpha-aspartyl-lysyl-valyl-tyrosyl-
arginine — hexapeptide (HP), a synthetic analogue of the active center of the thymopoietin (active substance of drug
“Imunofan”, Russia), on the expression of NG NF-xB and IFNo/BR and IFNYR. Materials and methods. We observed
25 patients of both sexes aged 23 to 64 years with AChA-HVI, manifested by chronic fatigue syndrome and cognitive dis-
orders. Study design: stage 1 — clinical, ELISA, PCR methods, FC was used. Stage 2 — the in vitro experiment: 32 blood
samples from 8 healthy adults and 375 blood samples from 25 patients with AChA-HVI were analyzed: % NG expressing
NF-xB, IFNo/BR, IFNYR and the relevant MFI levels by using FC before and after incubation with HP. Results. Our
study demonstrated low level (MFI) of NF-xB expression in 100% NG associated with decreased % of NG express-
ing IFNo/BR and IFNYR in all patients with AChA-HVI and low serum level for IFNo and IFNy in comparison with
healthy individuals. In the in vitro experiment there was shown that 100% of NG expressed NF-«B after exposure to HP.
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However, only 48% patients (SG 2) restored NF-kB expression level (MFI) to normal range and 52% of cases (SG 1) had
no response. HP increased % of NG expressing IFNo/BR in SG 2 and increased % of NG expressing IFNYR in SG 1.
Conclusions. It was shown, that influence of HP “in vitro” has ambiguous effects on the expression of NF-xB, % of NG
expressing IFNo,/BR and IFNYR in patients with AChA-HVI. We assume that different NF-xB response to HP is associ-
ated with inborn or secondary NF-xB deficiency.

Key words: herpesvirus infections, interferon system, nuclear factor NF-x B, neutrophilic granulocytes, transcription factors, hexapeptide.

OLUEHKA BJIMAHUA CUHTETUHECKOIO TMUMUYECKOIO rEKCANENTUOA B CUCTEME IN VITRO
HA YPOBHU SKCMPECCUM NF-xB, IFNo./SR U CD119 HENTPO®UJIbHbBIX FPAHY/IOLLUTOB

Y NAUMUEHTOB C XPOHN4YECKUMUW rEPNECBUPYCHbIMU KOUHDEKLUUAMU

N.B. Hecreposa'3, E.O. Xaarypuna?, B.H. Henxooun*, C.B. Xaiinykos®, I A. Uyauiosa3
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SOHI] OI'BYH Hucmumym 6uoopeanuyeckoi xumuu um. akad. M.M. Hlemsaxuna u FO.A. Osuunnuxoea, Mockea, Poccus

Pe3iome. CTpaTerum B3aMMOJIEICTBYE TepIIECBUPYCOB C KJIETKAMU OpraHM3Ma YeJIoBeKa BeCbMa CJIOXHBI U MHOTO-
rpaHHbl. C OMHOI CTOPOHBI, CYIIECTBYIOT BPOXKACHHBIEC N1e(PEKTHI MPOTUBOBUPYCHOM MMMYHHOI 3aIIMThI, B TOM YHC-
Jie ¥ CUCTEMBI MHTeP(hEPOHOB, Ha (hOHE KOTOPHIX Pa3BUBAIOTCS XPOHMUECCKHE YITOPHO PEIIMIMBUPYIONINE BUPYCHBIC
MHMEKIINY, TaK1e KaK TIOBTOPHBIE PeclpaToOpHble BUPYCHBIE, TePIIECBUPYCHBIE, AMMIJIOMaBUPYyCHbIE WHPEKIINH.
C npyroit CTOpOHbI, MHOT'ME BUPYCHI CAMU CIIOCOOHBI MOBPEXIaTh KAK UMMYHHYIO CUCTEMY, TaK U CUCTEMY MHTEp-
(eponoB. [Tpu BpoXAeHHBIX U MPUOOPEeTeHHbIE AeeKTaX CUCTEMBI MHTEP(EPOHOB HAOII0JAETCS BPOXACHHAS NI
MHIYIMPOBaHHAS MyTaIlUs TeHOB MOJIEKYJI, YYACTBYIOIINX B CUTHAJIJIMHTE, HAaIlpaBJICHHOM Ha ITOBBIIICHHE KCITPEC-
CUW T€HOB, OTBeTCTBEHHBIX 32 cHTe3 [FN. OmHo# 3 cTpaTernii BUpYCOB SIBJISIETCS] HApyIlIeHUE psifa KJIETOUHBIX CUT-
HaJIbHBIX MTyTell — (GaKTOpOB TPAHCKPUTILIMU, B TOM uucie sinepHoro ¢aktopa NF-kB. B HacTos1iee Bpemst onucaHa
npoTuBoBUpYycHast akTuBHOCTH HI. [Ipu 3TOM MeXxaHM3MBI TPOTUBOBUPYCHOM 3aIIUTHI HEHTPOGDUIBHBIX TPAHYJIOIN-
ToB (HI') u B uacTHOoCcTH 0cobeHHOCTH 3KcTipeccun NF-kB B nocTymHoil HaM TuTepaType He ocBelleHbl. Llens uccne-
JIOBAaHMST: U3YYUTh 0COOEHHOCTH 3KcIpeccui siiepHoro (pakrtopa NF-kB, memOpannbix perientopoB Kk [FNo u [IFNy
Ha HI' y mauueHToB, cTpajamoimuxX aTUMUYHBIMU XPOHUYECKMMHU aKTHBHBIMU T'epIECBUPYCHBIMU MHGMEKLIUSIMU
(AXA-T'BHN), ¢ nocnenyomieii olieHKOI B 9KCIIEpUMEHTE in vitro 3((PEKTOB BIUSIHUS HAa HUX CUHTETUYECKOTO aHa-
JIora aKTUBHOTO LIEHTPa TOPMOHA TUMOIIOATHHA apT MHIII-aJIb(ha-acrapTUI-TU3UI-BaIuI-TUPO3UI-apTUHUH (TeKca-
nentun (I'TT), UmmyHodan, Poccust). Mamepuaasi u memodsi. Iloa HaltiuM HaOIIOIEHUEM HAXOAUIOCH 25 MallEHTOB
000uX MoJIOB B Bo3pacte ot 23 1o 64 net, ctpagaomnx AXA-I'BU, MaHudecTHPYIOIMMU CUHIPOMOM XPOHUUYECKOI
YCTaJIOCTH M Pa3TUIHBIMM KOTHUTUBHBIMU paccTpoiicTBaMu. Jlm3aifH ncciaeqoBaHus: 3Tam | BKIII0Yad KOMILIEKC
TPaAULIMOHHBIX METOIOB (COOp aHaMHe3a, MeTOA bl pusnKanabHoro obcnaenosanus, OAK u np.), TOMOTHUTETBHO 15
JNEeTeKIIMHU Iepriec- BUPYCHBIX MHPEKIMI UCMOMb30BaJUCh METOABI cepoararHoctuku (onpenenenue IgM VCA EBV,
IgG VCA EBV, IgM CMYV, IgG CMV IgM HSV1/2, IgG HSV1/2 metonom UDA). JIns oGHapyKeHMsI rTeHOMa BUPYCOB
B OmomaTepuaax (KpoBb, CJIIOHA, MOUa, COCKOO ¢ MUHIAJIMH 1 3aTHEH CTEHKHU IJIOTKH) OBLT MCIToNb30BaH MeTox [T11P-
PB. DTan 2 — akcnepuMeHT in vitro: u3yueHo 32 obpasiia KpoBU OT 8 yCJIOBHO 3J0POBBIX YesI0BeK U 375 00pa31ioB KpOBU
ot 25 nanuentos ¢ AXA-I'BU: onpenenen npoueHt HI, akcnpeccupytomux NF-xB, IFNa/BR, IFNy R u ypoBHU ux
MFI ¢ momolbto mpoTouHOM U TO(GI00pUMETpUH 10 U rocie nHKyoamuu ¢ ['Tl (rekcanentunom). Pezyasmamet. B pe-
3yJIbTaTe MPOBEACHHOIO UCCIEAOBAHUS Y MAaUUMEeHTOB, cTpafatomnux AXA-I'BH, ObL1 BbIsIBIIEH HU3KUI YPOBEHb 9KC-
npeccun (MFI) NF-xBy 100% HT, kotopslii coueTancst co cHuxeHHbIM MpotieHToM HI, axcripeccupyrormux [IFNo/BR
n IFNYR, 1 Huskum yposHeM cbiBopoTouHbIx [FNa 1 [FNY o cpaBHeHUI0 cO 310pOBBIMHU JIIONBMU. B aKcriepumeHTe
in vitro I'Tl oka3pIBaeT HEOAHO3HAYHbBIE BapuaTUBHBIE 3()(EKTHI BIUSIHUS Ha SKcrpeccuio aaepHoro dpakTopa NF-kB
1 MeMOpaHHBIX penentopoB IFNo|B u IFNy HI naunenTos, crpagaonux AXA-I'BU. Beuio nokasano, uto 100% HT
akcripeccupoBanu NF-kB mocne BozaeiictBust I'TI. Ho Tonbko 48% manuentoB ('M2) BoccTaHOBUIM YPOBEHDb 3KC-
npeccurt NF-kB (MFI) no HopmaibHOro 3HaueHus, a B 52% cinydaes (I'M1) nmHaMuKM He BBISIBIEHO. B TO XXe BpeMst
' ysennuwn npoueHT HI, akenipeccupytommx IFNo/BR B T2 u yBennunn npoueHT HT, akecnipeccupytomumx IFNYR
B ['U 1. 3akarwuenue. brino mokaszano, uto I'TI B akcriepuMeHTe in vitro OKa3blBaeT HEOMHO3HAYHOE BIUSHMIE Ha 9KC-
npeccuto NF-kB, mpouent HI, akcipeccupytomux IFNo/BR u IFNYR y manmentos ¢ AXA-I'BU. Mbl penmonaraem,
YTO pa3NMYHbIi 0TBeT Ha BIusHue ['TI cBsi3aH ¢ BpOXKIEHHBIM UM BTOpUYHBIM Jeuuutom NF-xB.

Karouesnie caosa: cepneceupychvie ungpexyuu, cucmema unmepgepona, soepuviii hakmop NF-xB, Heiimpopuivhbie epanyioyumet,
akmopovl MpaHcKpunyuu, eexcanenmuo.
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Introduction

Diseases caused by viral agents are one of the most
urgent and difficult to solve in the modern medicine.
Large DNA-containing enveloped viruses that can
interact with various cells of the human body in seve-
ral ways. Those viruses are causing the development
of both acute infections (lytic pathway) and the for-
mation of chronic, often atypical, active forms of in-
fection. Viral genome integrates in different human
cells that lead to the persistence of viruses.

Among those viruses, the most interesting is the
Herpesviridae family that includes 8 representatives.
The Epstein—Barr virus (EBV) is one of the most
striking. The viruses of this family are character-
ized by the formation of both mono- and mixed in-
fections, often with the addition of bacterial, fungal
or mixed nature co-infections. The viral interaction
strategies with human cells are very complex and
multifaceted. On the one hand, there are congenital
defects of the antiviral mechanisms of immune de-
fense, including the interferon system [8, 22, 26, 30].
Those innate mistakes of antiviral immune defense
lead to the development of recurrent and persistent
viral infections, such as repeated respiratory viral in-
fections, chronic herpes viral infections, papilloma-
virus infections and so on.

On the other hand, many viruses themselves are
capable to damage both the immune system and
the interferon system. In both cases of innate or ac-
quired defects of the interferon system, congenital or
induced genes’ mutation of the molecules involved
in signaling pathway is observed. Today well known
those genes’ mutation: TLR3, interferon-regulating
factors 3, 7, interferon receptors, interferon-stim-
ulated genes, NF-xB, etc. The existing of innate or
secondary genes’ mutations leads to a violation of the
synthesis of IFN type I: IFNo and IFNB. One of the
strategies of viruses is to disrupt a number of cellular
signaling pathways — transcription factors, especial-
ly NF-xB [2, 4, 11, 16, 25].

Transcription factors (TFs) are a large group
of proteins that interact with DNA at specific regula-
tory regions (loci), which entails changing gene tran-
scription (activation or inhibition) using domains
transactivation or trans-repression [10, 40]. TFs are
involved in the immunopathogenesis of a wide range
of human diseases. The nuclear factor NF-kB is one
of the most important in those protein groups. For the
first time in 1986, Sen and Baltimore discovered
transcription factors of the NF-xB family as specific
for B cells [27]. Later it was shown, that the consti-
tutive activation of NF-kB triggers the expression
of a huge array of genes associated with the regula-
tion of the immune response, inflammation, includ-
ing apoptotic resistance, migration and angiogenesis.
In this constitutive activation the NF-kB-sensitive
genes TNF, IL-1, IL-6, IL-8 CXC-chemokine li-
gands are involved [24].

In addition, it is known that the activation of the
nuclear factor NF-kB is the main mechanism that im-
plements the antiviral activity of the innate immunity.
This mechanism can be triggered by various signals
induced by the microenvironment. They activate cel-
lular receptors and induce intracellular signaling, by
activating the genes of molecules involved in signaling.

However, it should be noted that some of these ac-
tivated genes, in turn, can target NF-xB. In this case,
there is another mechanism. For example, one of the
main activated target genes of NF-xB is Isystem Ba,
that blocks the activation of NF-xB [9, 35].

In works Zhang J and Kim JC it was shown experi-
mentally that the HSV-1 UL2 protein and ICP27 can
counteract the activation of NF-xB mediated by tu-
mor necrosis factor oo (TN Fa) and IkappaBalpha [15,
20, 33, 39]. At the same time, the works of other
authors have demonstrated that proteins that are
part of the structure of the virion of herpes viruses
negatively affect various parts of the NF-kB signal-
ing cascade [1]. Those proteins can act through other
mediators and signaling pathways leading to long-
term, active expression of NF-xB. According to the
data, it has been shown that the insertion of EBV into
neutrophilic granulocytes (NG) can induce the tran-
sition of NG to apoptosis and multidirectionally acti-
vate the intracellular signaling pathways, in particu-
lar, the cascade of the nuclear factor NF-«xB activa-
tion [3]. Currently, the antiviral activity of NG has
been described. Upon that, the mechanisms of NG
antiviral protection and, in particular, the features
of NF-«B expression are not covered in the literature.

At the same time, there is practically no datain the
modern scientific literature on the features of NF-
KB expression in herpes virus co-infections, includ-
ing atypical chronic active herpes viral co-infections
(AChA-HVI). Taking into account the information
given above, there is an urgent need for further stud-
ies of an expression features of the nuclear factor
NF-kB NG in patients suffering from AChA-HVI
co-infections

Purpose of the study: to study in the in vitro sys-
tem the features of the expression of nuclear factor
NF-kB and the expression of membrane receptors
IFNo/BR and IFNy (CD119) of neutrophilic granu-
locytes (NGQG) in patients suffering from ACHA-HVI,
followed by an assessment of the effect of arginyl-
alpha-aspartyl-lysyl-valyl-tyrosyl-arginine hexapep-
tide, a synthetic analogue of the active center of the
hormone thymopoietin, on the expression of factor
NF-xB and the expression of membrane receptors
IFNo/BR and IFNy (CD119) of NG.

Materials and methods

We observed 25 patients of both sexes aged 23 to 64
years suffering from atypical chronic active herpes vi-
rus infections (ACHA-HVI), manifested by chronic
fatigue syndrome and various cognitive disorders
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(the main study group is MSG). This group of patients
is characterized by a certain symptom complex. To as-
sess the severity of clinical symptoms of CFS, we used
a 5-pointscale developed by us. The presence or absence
of symptoms, depending on the severity of their mani-
festation, was evaluated in points from 0 to 5, where:
0 points — absence of symptoms; 1 point — minimal
symptoms; 2 points — average severity of symptoms;
3 points — severe degree; 4 points — very severe degree;
5 points — critical severe degree. The control group
(CQG) consisted of 8 practically healthy individuals cor-
responding to gender and age.

Study design

Stage 1. In the complex of the study, in addition
to traditional methods (collection of anamnesis,
methods of physical examination, CBC, etc.), sero-
diagnostic methods were used to detect herpes vi-
rus infections (IgM VCA EBY, IgG VCA EBYV, IgM
CMYV, IgG CMV IgM HSV1/2, IgG HSV1/2) us-
ing ELISA test systems RPA “Diagnostic Systems”
(Russia). To detect the genome of viruses in bioma-
terials (blood, saliva, urine, scraping from the tonsils
and the posterior pharyngeal wall), the PCR method
of the “AmpliSens” test system (Russia) was used.

Stage 2. In the in vitro system, 32 blood samples
from 8 apparently healthy adults and 375 blood sam-
ples from 25 patients with AChA-HVI were exam-
ined. The amount (%) of peripheral blood NG ex-
pressing the nuclear factor NF-xB, membrane recep-
tors for IFNo/BR, IFNy (CD119) and the intensity
of their expression according to MFI were estimated
by flow cytometry using an FC 500 flow cytometer
(Beckman Coulter, USA) (value of fluorescence in-
tensity) before and after incubation with hexapeptide
(name of the substance according to the nomencla-
ture of international non-proprietary names — INN,
ATX code: LO3AX).

The study was approved by the Ethics Commission,
and informed consent was obtained from all patients
to participate in the study and to process personal data
in accordance with the World Medical Association’s
Declaration of Helsinki (WMA  Declaration

of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013).

For statistical processing of the data obtained,
Microsoft Excel computer programs were used.
The results were presented as the median (upper and
lower quartile) Me [Q,; Q;], Mann—Whitney and
Wilcoxon tests. The significance of the difference
was determined at p < 0.05.

Results

When analyzing the clinical material, it was found
that all patients of the main study group suffered from
mixed AChA-HVI in 100% of cases. The dominant
combinations were: EBV + CMV + HHV6 — 52%,
EBV + HSVI — 36%; EBV + CMV — 12% of cases.
It is important to note that EBV was the predominant
virus found in all patient’s groups. A number of clini-
cal features of mixed AChA-HVI has been identified:
a prolonged feeling of severe weakness, chronic fa-
tigue, in addition, patients worried about sweating,
intermittent pain in the throat, muscles and joints (fi-
bromyalgia and arthralgia), headaches, low-grade fe-
ver, lymphadenopathy, sleep disturbance, decreased
memory, attention, intelligence, less often — psycho-
genic depression. Often patients suffered from virus-
associated recurrent ARVI, chronic repeated herpes-
viral infections (HSV1, HSV2), chronic CMV and
HHV6 infections, chronic bacterial and fungal in-
fections. Diseases associated with AChA-HVI were
characterized by a recurrent course.

All these symptoms were assessed according
to our 5-point scale (Table 1). The severity of symp-
toms on this scale was Me [Q,; Q,] — 44.5[37.5; 51.5].

The diagnosis of AChA-HVI was confirmed by
serodiagnostic methods, molecular genetic meth-
ods (PCR); in addition, violations of the induced
IFNo production in 100,0% and a deficiency of the
induced IFNy production in 76,0% of cases were
found. The patients of the main study group had
a pronounced decrease in the induced production
of IFNa to 85 [50; 120] ME/ml and IFNy to 16 [4;
28] ME/ml.

Table 1. Assessment scale of clinical symptom severity for post-viral chronic fatigue syndrome

Symptoms Score Me [Q;; Q;]
Long term low grade fever 4,0[3,5;4,5]
Throat pain and discomfort 4,0[3,5; 4,5]
Increased sweatiness, sensitivity to cold 3,5[2,5; 4,5]
Headache, migraine 4,0[3,5; 4,5]
Regional lymphadenopathy 4,5[4,0;5,0]
Increased fatigue, a significant decrease in efficiency 5,0[5,0; 5,0]
Neurological disorders (paraesthesia, synaesthesia, sensitivity disorders, low muscle tone, etc.) 4,514,0; 5,0]
Decrease in memory processes, difficulty concentrating 3,0[1,5;4,5]
Headaches, joint pain, myalgia 3,5[2,5; 4,5]
Sleep disorders (insomnia or increased drowsiness) 4,0[3,5; 4,5]
Panic attacks, mood disorders, emotional lability, psychogenic depression etc. 4,5[4,0; 5,0]
Total Score 44,5 [37,5; 51,5]
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8,9 NF-«B

5,1*

Contropl Group Main Study Group

Figure 1. Expression levels of nuclear factor NF-xB
in neutrophilic granulocytes of patients suffering
from AChA-HVI and in control group (conditionally
healthy individuals) according to MFI distribution
Note. *Differences from control group.

Analysis of the data obtained showed that in con-
ditionally healthy individuals (control group),
the number of NGs expressing nuclear factor NF-
kB was 100%, while MFI, assessing the level of ex-
pression of nuclear factor NF-xB, was 8.9 [8,7; 10.1].
In addition, it was shown that in the main study group
(MG), as in the control group, 100% of NG expressed
the nuclear factor NF-xB. However, in comparison
with CG, a significant decrease in the level of ex-
pression of NF-kB according to MFI was revealed
to 5.1 [4.5; 6.5] (p < 0.05) (Fig. 1).

In addition, it was found that in patients of the con-
trol group, the number of NGs expressing membrane
IFNo/BR was 4.55 [2.3; 7.2]% with MFI 1.19 [1.15;
1.22], and membrane CDI19 (IFNyR) — 19.9 [14.3;
27.61% with MFI 1.48 [1.1; 2.2]. In the main study
group (MSG), the number of NGs expressing [IFNa/
BR was significantly reduced to 1.0 [0.6; 1.9]1% (p <
0.05) with MFI 1.71 [1.61; 1.91], and the number
of NG expressing CD119 (IFNyR) had an insig-
nificant upward trend and amounted to 39.5 [28.7;
48.6]% with MFI 1.48 [1.35; 1.75] (Table 2).

An in vitro experiment was carried out in which
the effect of HP on the expression of the nuclear factor
NF-kB and the number of NGs expressing [FNo/BR
and IFNy was assessed in apparently healthy indivi-
duals and patients suffering from AChA-HVI.

It was found that under the influence of a hexa-
peptide (HP) in the MSG, the population of NG ex-
pressing the nuclear factor NF-xB is divided into two
subgroups: Study Group 1 (SG 1) and Study Group 2
(SG 2). The levels of NF-xB expression were sig-
nificantly differ in SG 1 and SG 2. In SG 2 a more
high level of MFI NF-xB — 7.5 [6.9; 8.0] was detect-
ed than in SG 1, in which the level of MFI NF-xB
was only 5.5 [5.4; 5.6] (p < 0.01). After HP influence
the level of NF-xB NG expression according to MFI
was 5.5 [5.4; 7.5] in the SG 1 and did not significantly
differ from the decreased level of MFI NF-xB in the
MG before HP exposure — MFI 5.1 [4.5; 6.5] (p =
0.01). Moreover, the level of MFI NF-xB NG ex-
pression in SG 2 increased after HP influence from
5.1 [4.5; 6.5] to 7.5 [6.9; 8.0] (p < 0.01). At the same
time, it was significantly higher than it was been
inSG 1 — 5.5[5.4;5.6] (p <0.05) and didn’t signifi-
cantly change from the level of MFI NF-xB in the
CG — 8.9 [8.7; 10.1] (p < 0.05) (Fig. 2).

Under the influence of hexapeptide (HP), the NG
population in the MSG was divided into two groups
(SG 1 and SG 2) according to the number of NGs
expressing membrane IFNo/BR and IFNy (CD119)
(Fig. 3).

After influence of HP in SG 1 (52% of cases)
an insignificant increasing of NG number (%) ex-
pressing membrane [FNo/BR from 1.0 [0.6; 1.9]
to 1.65 [1.5; 1.8]% was revealed in comparison with
the MG (p > 0.05). The expression level of surface
membrane [FNo/BR NG according MFI did not
change in comparison with the MG too (p > 0.05).
Meanwhile there was a significant increasing in the
number of level NG, expressing membrane CD119
(IFNvyR) from 39.5 [28.7; 48.6]% to 56.0 [49.6; 58.2]1%

Table 2. Comparative characteristics of the expressed nuclear factor NF-kB, membrane IFNo/BR and
CD119 (IFNYR) neutrophilic granulocytes in apparently healthy individuals and patients with AChA-HVI

Before the in vitro influence of a hexapeptide
CD119 IFNo/BR NF-xB
Me [Q;; Q,] Me [Q,; Q,] Me [Q;; Q,]
%NG MFI %NG MFI %NG MFI
Control group 19,9 1,48 4,55 1,19 100 8,9
n=6 [14,3; 27,6] [1,1; 2,2] [2,3;7,2] [1,15; 1,22] [8,7; 10,1]
Main study group 39,5* 1,48 1* 1,71* 100 5,1*
n=25 [28,7; 48,6] [1,35; 1,75] [0,6; 1,9] [1,61; 1,91] [4,5; 6,5]
Under the in vitro influence of a hexapeptide
CD119 IFNo/BR NF-xB
Study group 1 56,0*¢ 1,68 1,65* 1,7 100 55"
n=13 [49,6; 58,2] [1,5; 1,9] [1,5; 1,8] [1,6;2,0] [5,4; 5,6]
Study group 2 32,3* 1,5 3,814% 1,7 100 7,5%¢*
n=12 [30,2; 48,1] [1,3; 1,6] [3,8;4,2] [1,6;2,0] [6,9; 8,0]

Note. *Differences from control group; *differences from MSG (main study group); *differences SG 1 and SG 2 (study group 1 and study group 2).
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(p < 0.05) after exposure of HP. This fact indicates
that the number NG, expressing membrane CDI119
(IFNYR) was increased by 1.42 times or by 41.7%.
The expression level of surface membrane CDI19
(IFNYR) NG according MFI data did not change
(p > 0.05).

At the same time after exposure of HP an am-
biguous effect of HP on the levels of NG expressing
membrane IFNo/BR and CDI119 (IFNYR) was re-
vealed in the SG 2 (48% of cases). HP has influenced
on the level of NG, expressing membrane [FNo/BR
in SG 2, significantly increasing its number from
1.00 [0.6; 1.9]% in MG to 3.81 [3.8; 4.2]% in SG 2
(p <0.05) and reached the NG level of CG (p > 0.05).
At the same time after influence of HP the expression
level according to MFI data of membrane IFNo/BR
NG in SG 2 did not change in comparison with group
CG and MG (p,, > 0.05).

There was an insignificant decreasing in com-
parison with MSG in the number of the NG (%),
expressing membrane CDI119 (IFNyR) from
39.5 [28.7; 48.6]1% to 32.3 [30.2; 48.1]1% (p > 0.05).
Meanwhile there was a significant increasing in the
level of NG, expressing membrane CDI119 (IFNYR),
from 19.9 [14.3; 27.6]% to 32.3 [30.2; 48.1]%,
in comparison with CG (p > 0.05). After influence
of HP the expression level according to MFI data
of membrane CD119 (IFNyYR) NG in SG 2 did not
change in comparison with group CG and MSG
(p,» > 0.05).

Discussion

The problem of treating patients with chronic ac-
tive herpes virus infections is still very far from being
solved. Taking into account that EBV is present in all
identified combinations of herpes-viral co-infections

MFI
10
g J 8,9
NF-xB 7,5+ ¢*
8 -
7 -
5,1% .
6 5,5
5 -
4 -
3 -
2 -
1 -
0
Control  Main Study Group  Study Study
Group before HP Group 1 Group 2
after HP after HP

Figure 2 Comparison of the expression levels
(MFI) for NF-xB in neutrophilic granulocytes from
patients with AChA-HVI before and after exposure
to HP in in vitro experimental system

Note. *Differences from control group; *differences from
MSG (main study group); *differences SG1 and SG2 (study
group 1 and study group 2).

and is the dominant infection in the patients included
in this study (AHI). Also it’s important to consider
its negative effect on the nuclear factor NF-xB and
membrane receptors IFNo/BR NG, CD119 (IFNYR)
expressing by NG.

According to the literature, EBV BGLF2 protein
inhibits two key proteins STAT1 and STAT?2, which are
involved in the stage 2 signaling of type I IFN synthesis.
In addition, BGLF2 recruits host cell enzymes to re-
move the phosphate group from STATI, thereby inac-
tivating its activity and redirecting STAT?2 to degrada-
tion. It leads to defective ISG expression and disruption
of type I IFN synthesis, and, consequently, to a de-
crease in IFN type I antiviral and immunomodula-

Study Group 2

after HP

| 32,3

Study Group 1
after HP

56"

Main Study Group

before HP

|/ 39,5*

Control Group

4,55
19,9

0 10 20
Il FNyR [0 IFNa/BR

30

60

%

Figure 3. Count of NG expressing membrane receptors IFNa/pR and IFNy (CD119) before and after HP

exposure in patients suffering from

AChA-HVI

Note. *Differences from control group; *differences from MSG (main study group); *differences SG1 and SG2 (study group 1

and study group 2).
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tory activity [6, 7, 13, 14, 18, 19, 28, 29, 32, 33, 34, 37].
These data confirm the damaging effect of EBV, that
causes the occurrence of secondary defects in the ex-
pression of not only NF-xB, but also membrane recep-
tors IFNo,/BR NG, and do not contradict the results
obtained by us during the present study.

It should be noted that earlier in the works of for-
eign authors the presence of congenital errors of im-
munity such as primary immunodeficiencies caused
by mutations in the genes STAT1/STAT2, TLR3,
UNC93B1, TICAMI, TBK1, IRF3, IRF7, IFNARI,
IFNAR2, which explains the deficiency of spon-
taneous and induced production of IFN I type was
shown [17, 21, 23, 31, 36, 38]. In this regard, the like-
lihood of congenital disorders of the interferon sys-
tem in patients with AChA-HVI (SG 1) is not exclud-
ed. It is confirmed by the lack of an adequate NF-«xB
response to the effect of HP in the in vitro system
and explains the occurrence of atypical herpes-viral
co-infections.

On the other hand, according to our data and
according to the literature, autoimmune diseases
in parallel with atypical chronic active EBV infection
can manifest in patients with a genetic predisposi-
tion. There is also evidence that chronic EBV infec-
tion can lead to an increase in the expression of the
nuclear factor NF-xB, which, in turn, can provoke
the development of autoimmune diseases and tumor
processes [5, 12]. It should be emphasized that we did
not observe autoimmune disorders and tumor pro-
cesses in patients of MG. At the same time we noted
the leading syndrome of chronic fatigue, myalgia,
arthralgia and the syndrome of minor cognitive dis-
orders that did not exclude the presence of neuroin-
flammatory changes.

In conclusion, we would like to note that the re-
sults obtained in this study allow us to clarify the im-
munopathogenesis of atypical chronic active herpes
virus co-infections associated with the prevalence
of EBV infection. The data obtained on the positive
effect of in vitro HP on the restoration of the nuclear
factor NF-«xB expression level, as well as the expres-
sion of membrane receptors IFNo/BR NG in, pre-
sumably, secondary defects of the interferon system,
accompanied by deficiency of type I and II IFNs.
These results can serve as a basis for further devel-
opment of the strategy and tactics of immunotherapy
with using active substance HP (“Imunofan”, Russia)
for restoration of the level of expression of NF-xB
NG with further reconstruction of secondary defects
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PREDICTIVE VALUE OF SPECIFIC CYTOKINES
FOR LETHAL COVID-19 OUTCOME

N.A. Arsentieva?, N.E. Liubimova?, O.K. Batsunov*’, Z.R. Korobova®", R.N. Kuznetsova*®,
A.A. Rubinstein®, O.V. Stanevich’, A.A. Lebedeva®, E.A. Vorobyov®, S.V. Vorobyova®,
A.N. Kulikov®, E.G. Gavrilova®, D.E. Pevtcov?, Yu.S. Polushin®, I.V. Shlyk®’, A.A. Totolian*®
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b Pavlov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. In our study, we aimed to evaluate the significance of specific cytokines in blood plasma as predictive markers
of COVID-associated mortality. Materials and methods. In plasma samples of 29 patients with PCR-confirmed COVID-19
we measured the concentrations of 47 molecules. These molecules included: interleukins and selected pro-inflammatory cy-
tokines (IL-1at, IL-1B, 1L-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A/CTLAS,
IL-17-E/IL-25, IL-17F, 1L-18, 1L-22, IL-27, IFNo2, IFNy, TNFo, TNFB/Lymphotoxin-o(LTA)); chemokines (CCL2/
MCP-1, CCL3/MIP-1a,, CCL4/MIP-1B, CCL7/MCP-3, CCLI11/Eotaxin, CCL22/MDC, CXCL1/GROa, CXCL8/IL-8,
CXCL9/MIG, CXCL10/1P-10, CX3CL1/Fractalkine); anti-inflammatory cytokines (IL-1Ra, IL-10); growth factors (EGF,
FGE-2/FGF-basic, Flt-3 Ligand, G-CSF, M-CSF, GM-CSF, PDGF-AA, PDGFAB/BB, TGFo, VEGF-A); and sCD40L.
We used multiplex analysis based on XM AP technology (Luminex, USA) using Luminex MagPix. As controls, we used plasma
samples of 20 healthy individuals. Based on the results, we applied Receiver Operating Characteristic (ROC) analysis and Area
Under Curve (AUC) values to compare two different predictive tests and to choose the optimal division point for disease out-
come (survivors/non-survivors). To find optimal biomarker combinations, we as used cytokines concentrations as dependent
variables to grow a regression tree using JMP 16 Software. Results. Out of 47 studied cytokines/chemokines/growth factors, we
picked four pro-inflammatory cytokines as having high significance in evaluation of COVID-19 outcome: IL-6, IL-8, IL-15,
and IL-18. Based on the results received, we assume that the highest significance in terms of predicting the outcome of acute
COVID-19 belongs to 1L-6 and 1L-18. Conclusion. Analyzing concentrations of IL-6 and I1L-18 before administering treat-
ment may prove valuable in terms of outcome prognosis

Key words: cytokines, decision trees, multiplex analysis, COVID- 19, severity, interleukins.
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mia3mbl 29 manueHtoB ¢ IMIIP-moarBepxkaeHHbiM COVID-19 mpoBoausiock omnpeaeieHue KOHUEHTpauuu 47
MOJIEKYJI: UHTEPIEHKMHOB U psija MPOBOCHanuTeNbHbIX IMTOKMHOB (IL-1o, 1L-1B, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7, 1L-9, IL- 12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A/CTLAS, 1L-17-E/IL-25, 1L-17F, 1L-18, 1L-22, IL- 27,
IFNo2, IFNy, TNFo, TNFB/mumdorokcun-o(LTA)); xemokunos (CCL2/MCP-1, CCL3/MIP-1o,, CCL4/MIP-18,
CCL7/MCP-3, CCL11/30takcun, CCL22/MDC, CXCL1/GROa, CXCL8/IL-8, CXCL9/MIG, CXCL10/1P-10, CX-
3CLI1/dbpakTankuH); TpoTUBOBOCTAIUTEAbHBIX IUTOKMHOB (IL-1Ra, I1L-10); daktopsl pocta (EGF, FGF-2/FGF-
basic, Flt-3 Ligand, G-CSF, M-CSF, GM-CSF, PDGF-AA, PDGFAB/BB, TGFo, VEGF-A); u sCD40L. s aToro
HCITOJIB30BAJICSI MYJIBTHILJICKCHBINM aHan3 Ha ocHoBe TexHojorun XMAP (Luminex, CIIIA) ¢ Ha mpubope Luminex
MagPix. B kauecTBe KOHTPOJISI MCTIOIB30BATUCH 00Pa3Ibl TJIa3Mbl 20 3M0POBHIX JTioneil. Pe3yrbraThl HcclieTOBaHUS
OIICHUBAJIMCH B XOII¢ aHAIN3a OllepalliOHHBIX XapaKTepucTuK npueMHnKa (ROC) u 3HaueHMS TUTOIIa a1 IO KPUBOI
(AUC) nnst cpaBHEHUS IBYX Pa3HBIX MPOTHOCTHMYECKHUX TECTOB M BHIOOPA ONTUMAIbHOM TOUKY pa3rpaHUUYCHUS TSI
rcxona 3a001eBaH M (BRIKMBIIIME/HeBBIXKMBIIME). [IJ1sT TOMCKa ONTTHMAaJIEHBIX KOMOMHAIIN 1 OMOMapKepOB, BKaUeCTBE
3aBUCHUMBIX TIEPEMEHHBIX MBI WCITOJNb30BaI KOHIIEHTPAIlMM IIUTOKWHOB [IJIS IOCTPOCHMS JepeBa perpeccuu
C IpMMeHeHHeM ITporpaMMHoro obecrieueHust JMP 16. Pesyasmamor. 3 47 uccnenoBaHHBIX IUTOKMHOB/XeMOKMHOB/
(hakTOpPOB pocTa Mbl BHIOPAJM YeThIPE MPOBOCHATUTEIbHBIX HMTOKMHA, UMEIOLIMX 00JIbIIOe 3HAYCHUE TSI OLIEHKHU
ucxomga COVID-19: 1L-6, IL-8, IL-15 u IL-18. Ha ocHOBaHUM IOJyYeHHBIX PE3YJbTATOB MBI IIPEIIIOJAraeM, 4TO
HauOOJBIIYIO 3HAYMMOCTh ¢ TOUKU 3PEHMSI IIPOrHO3MpPOBaHus ucxoda octporo TedyeHus COVID-19 umeror 1L-6
n IL-18. Buigoodsr. Ananus kKoHueHTpauuii 1L-6 u IL-18 mepen HasHaueHWEM JieYeHUsT MOXKET OBITh BaxKeH C TOYKHU

3peHus olleHKM mporHo3a ucxoma COVID-19.

Karouesoie caosa: yumoxumni, depesws peureruii, myavmuniexciuiii anaius, COVID-19, msaicecmsb, unmepieikunoi.

Introduction

Novel coronavirus infection, later called
COVID-19, started as an outbreak in December,
2019, and by March 2020 it had become a fully-grown
pandemic [3]. The causative agent of COVID-19
is highly contagious; this infection’s estimated mor-
tality rate is 2%. It is caused by the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2),
an enveloped, single-stranded RNA-virus of the ge-
nus Betacoronavirus [8]. Its virions attack target or-
gans and induce local and systemic inflammation [2].

The clinical manifestation of the novel coronavirus
can be described as an acute respiratory tract infec-
tion, although symptoms may vary drastically in pa-
tients: from asymptomatic to critically severe, i.e.,
acute respiratory distress syndrome (ARDS) pneu-
monia. ARDS and respiratory failure are the main
causes of death in patients with COVID-19 [21].

So far, there is no certain explanation for the dif-
ferent clinical presentations of COVID-19. There
are many theories concerning its pathogenesis, but
it is evident that the main reason behind the clinical
course of the disease is actually the host immune sys-
tem [2, 23].

There is a lot of data concerning critically ill pa-
tients developing a so-called “cytokine storm” fea-
turing pathological hyperinflammatory reactions
with heavy cytokine release. Cytokines are regulatory
peptides produced by cells of the body; the cytokine
system consists of nearly 200 polypeptides. Their un-
controlled release in response to infection is damag-
ing for multiple organs and body systems, including
the respiratory tract, which can lead to progression
of ARDS. It would seem there is a connection be-
tween severity of the disease, viral replication, and
“cytokine storm” [28]. Based on that, the goal of our

research was to evaluate the significance of spe-
cific cytokines as predictive markers of COVID-
associated mortality.

Materials and methods

From May to December 2020, we studied 29
COVID-19 patients in the acute stage of the disease.
Based on disease outcome, we divided them into two
separate groups: survivors (n = 13), and non-survivors
of COVID-19 (n = 16). As a control group, we chose
healthy individuals (n = 20). The research was car-
ried out at the Laboratory of Molecular Immunology,
Saint Petersburg Pasteur Institute. The study proto-
col was approved by the Ethics Committee of the
Saint Petersburg Pasteur Institute in accordance with
the Declaration of Helsinki. All participants were
informed of our study and willingly signed consent
forms.

All patients were infected with the original Wuhan
strain for the first time; no vaccines were available at
the time of the study.

Overall, patients represented both sexes
(58% male, 42% female), with ages from 31 to 83
(62.1£12.5). We divided them into: survivors (46%
male, 54% female), aged from 31 to 77 (55.8£13.6);
and non-survivors (69% male, 31% female), aged 45
to 83 years. Non-survivors’ age median was 65%16.0,
whereas for survivors it was 53%14.4. All patients
were treated at the Pavlov First St. Petersburg State
Medical University, a COVID-19 specialized hos-
pital from May to July 2020. They were diagnosed
with COVID-19 (U07.1), and the virus was identi-
fied via qualitative PCR (detection of SARS-CoV-2
RNA). Blood samples were taken in the acute phase
of the disease at the time of admission (5—14 days
from the first symptoms without any signs of recov-
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ery). At hospital admission, 72.4% of individuals
(21 patients) presented with a moderate course of the
disease, while 27.6% (8 patients) presented with se-
vere infection. Course of the disease was evaluated
by administering doctors based on Russian Ministry
of Healthcare guidelines on COVID-19 treatment.

All recovered patients presented moderate disease
severity, while patients who did not survive developed
either moderate or severe disease courses.

All patients developed typical COVID-induced
changes (pneumonia) in lung tissues confirmed by
CT-scan performed at the time of admission. Besides
that, all of them presented fever, cough, joint and
muscle paints, as well as blood oxygen saturation lev-
els below 93 mm Hg and laboratory signs of inflam-
mation such as higher WBC count and higher levels
ESR, CRP compared to reference levels for their age
and sex. They did not receive any treatment before
administration to the hospital besides non-steroid
anti-inflammatory drugs (Ibuprofen, Paracetamol,
etc.) in small doses against fever and antiviral drugs
(Umifenovirum) for 4 days or less. Some of the pa-
tients had underlying conditions, but we excluded pa-
tients with previous history of cancer, HI'V, hepatitis,
tuberculosis and lung pathology from the study, as
well as chronic diseases in the acute stage.

Blood samples were taken at hospital admission,
before initiation of therapy. We chose 20 healthy in-
dividuals living in Saint Petersburg as a control group
(sex ratio: 35% male, 65% female) aged 25 to 65 years
(44.1£10.3). These individuals did not have any in-
flammatory diseases, nor did they have any apparent
chronic illnesses in the acute phase. Their SARS-
CoV-2 PCR detection tests were negative, and they
did not have specific SARS-CoV-2 IgG plasma
antibodies.

Sample prepatation. We used peripheral blood as
our study material. Blood samples were collected
in vacuum tubes with EDTA anticoagulant reagent,
followed by centrifugation (350g for 10 minutes).
Plasma samples were transferred to cryotubes and
frozen at —80°C before multiplex analysis.

Multiplex analysis. We measured the concentra-
tions of 47 molecules in blood plasma: interleukins
and selected pro-inflammatory cytokines (IL-la,
IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9,
IL-12 (p40), IL-12 (p70), IL-13, IL-15, IL-17A/
CTLAS, IL-17-E/IL-25, IL-17F, 1L-18, 1L-22, 1L-27,
IFNa2, IFNy, TNFo, TNFB/Lymphotoxin-o
[LTA]); chemokines (CCL2/MCP-1, CCL3/
MIP-1a, CCL4/MIP-1B, CCL7/MCP-3, CCL11/
Eotaxin, CCL22/MDC, CXCL1/GROa, CXCLS8/
IL-8, CXCL9/MIG, CXCL10/1P-10, CX3CL1/
Fractalkine); anti-inflammatory cytokines (IL-1Ra,
IL-10); growth factors (EGF, FGF-2/FGF-basic,
Flt-3 Ligand, G-CSF, M-CSF, GM-CSF, PDGF-
AA, PDGFAB/BB, TGFo, VEGF-A); and sCD40L.
The study was conducted with multiplex analy-
sis based on xXMAP technology (Luminex, Austin,

USA) with the Milliplex HCYTA-60k-PX48 rea-
gent kit (Billerica, MA, USA) according to manu-
facturer’s instructions. Data analysis was performed
in Luminex MAGPIX (Luminex, Austin, USA).

Data analysis and statistics. Statistical analyses
were conducted with GraphPad Prism 5.0 (GraphPad
Software Inc.) and JMP 16.0 (SAS Institute Inc.).
The data we received did not follow a normal distri-
bution, so we used non-parametric statistical analysis
methods. Between groups, we applied the Kruskal—
Wallis test with Dunn’s Multiple Comparison Test.
We considered differences significant at p < 0.05.
Median (Me) and interquartile range (Q,s—Q;;s) were
used as descriptive measures of metric data. We used
receiver operating characteristic (ROC) analysis and
calculated area under curve (AUC) values to com-
pare two different predictive tests and to choose
the optimal division point. To find optimal combina-
tions of biomarkers, we used the decision tree build-
ing method with JMP 16.0 software.

Method limitations. As biological samples of our
study we used plasma samples of patients with
COVID-19 and without it. It must be noted that
the number of participants in our study is relatively
small (29 patients with COVID-19 and 20 controls).
This may affect statistical analysis performed in this
research. We also used only one detection method
to measure cytokine levels in this study, since mul-
tiplex analysis technology provides a wider spectrum
of possible markers to assess. There is a difference
in sex ratio of healthy donors cohor.

Thus, interpretation of results of this study must
be interpreted with the limitations listed above.

First, we analyzed the concentrations of 47 cy-
tokines in the blood plasma of patients in the acute
phase of COVID-19, relative to disease outcome,
survivors and non-survivors (Table 1). In compari-
son with healthy donor controls, all patients with
COVID-19 had elevated levels of: pro-inflammatory
cytokines (IL-6, IL-7, 1L-15, IL-18, 1L-27, TNFw);
CC-chemokines (CCL-2/MCP-1, CCL-3/MIP-1a,
CCL7/MCP-3, CCL22/MDC); CXC-chemokines
(CXCLS/IL-8, CXCL9/MIG, CXCL10/1P-10); anti-
inflammatory cytokines (IL-1RA, IL-10); growth
factors (FGF-2/FGF-basic, G-CSF); and sCD40L.

Moreover, in those infected who later died due
to COVID-19, we noted elevated levels of IL-1o,
CCL4/MIP-1B, CX3CLI1/Fractalkine, M-CSF, and
TGFoa. Our study shows that IFNo.2 levels are signif-
icantly higher in deceased group patients (p < 0.05),
yet we did not find any differences in IFNy concen-
trations between different groups. Analyzing differ-
ences in cytokine concentration based on disease
outcome, we found 14-fold higher levels of CCL7/
MCP-3 in deceased group patiaents compared
to those who recovered (p < 0.05).

To identify potential markers of unfavorable
COVID-19 outcome amongst 47 studied factors,
we built ROC-curves for acute phase patients; these
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were divided into two groups based on disease out-
come (survivors and non-survivors). We received sta-
tistically significant differences for 12 cytokines, as
shown in Table 2.

The largest AUC values were found for the follow-
ing cytokines: IL-6, IL-15, IL-18, and CXCLS8/IL-8
(Fig. 2)

ROC analysis results showed little significance
when testing separate plasma cytokine levels to pre-
dict disease outcome. Instead, we used a decision
tree building method for that purpose. Based on the
results received, we established that combined de-
tection of IL-18 and IL-6 is more valuable in terms
of COVID-19 outcome prediction. For these two
cytokines, parameters were: AUC 0.97; sensitivity
94%; and specificity 100%. From this analysis, we
received the following threshold values for prediction
of COVID-19 outcome: 1L-18 — 81.6 pg/ml; and
IL-6 — 23.5 pg/ml (Fig. 3).

Discussion

Regulation of the antiviral immune response
is conducted by different factors, mainly cytokines
and chemokines. In our study of COVID-19 patient
plasma, we noticed higher levels of: proinflamma-
tory cytokines (IL-6, IL-7, IL-15, IL-18, IL-27,
TNFo); chemokines (CCL2/MCP-1, CCL3/MIP-
la,, CCL7/MCP-3, CCL22/MDC, CXCLS8/IL-8,
CXCL9/MIG, CXCLI10/IP-10); anti-inflammatory
cytokines (IL-1RA, IL-10); growth factors (FGF-2/
FGF-basic, G-CSF); and sCD40L. Most of these
factors play a role in virus-induced immune respons-
es. Earlier this year, we proved that COVID-19 in the
acute phase is followed by significantly higher lev-
els of cytokines (both pro- and anti-inflammatory)
in blood plasma [1]. This data further adds to pre-
vious findings of other researchers [9, 13, 14]. Age
is a highly important factor for COVID-19 outcome,
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Figure 1. Plasma cytokine levels in patients with acute phase COVID-19 and healthy donors (HD)
Note. COVID-19 patients are divided into two groups, depending on disease outcome: recovery (survivors), or death (non-survivors).
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Table 1. Plasma cytokine concentrations in acute phase COVID-19 patients and healthy donors, Me (Q,s—Q;5)

Studied groups p-value
Cytokine, pg/ml H?:ghx (1028; ® gl?r“l’l'ec-’:g ngg:llj?‘;:"%rs non-l.sl;Br‘\llsivors sulltl'\?i\‘l,:rs sur\:‘is_g;s vs
’ (n =13) (n =16) survivors
Interleukins and selected proinflammatory cytokines
IL-1a (0.284?37.923) (0-14(.37805) 21952577 <005 ns ns
IL-18 05 7%) 0os 675 0.44-5199 ns ns ns
IL-2 00 0-0005 0-03475 ns ns ns
IL-3 (090) (090) (090) ns ns ns
IL-4 (090) (0—09895) (0—0.03625) ns ns ns
IL-5 (0.90155—125.)283) (1.513 5316.31) (1.3732203) ns ns ns
IL-6 (0—8.17) (3.52'—%.21) (11.923411117.3) <000t} <0.001 ns
IL-7 02092 (dan 0.25 5859 <005 ) <0.001 ns
IL-9 (0—332) (0—1?).35) (O—g.OG) ns ns ns
IL-12p40 (4.4{12(3);5262.14) (8.95355.—%25.97) (8.27159-—%%.51) ns ns ns
IL-12p70 0-08775) 0-0185) 00045 ns ns ns
IL-13 (97907) 61251841 41583 ns ns ns
IL-15 (o.5sgé756—53.19) (3.7356—17.88) (6.673—?4.34) < 0.001 <0.01 ns
IL-17A (8—122?) (0—2(.)235) (0.062;'4— 3.55) ns ns ns
IL-17E/1L-25 0-463.4 @rst —653?35.4) (143.227—74?5.5) ns ns ns
IL-17F 020) 020) 0°0) not applicable
IL-18 (4.89%919.7) (20.1?5’3:24.31) (43?270—'?40) < 0.001 <0.01 ns
IL-22 (0(_)0) (0?0) (090) not applicable
IL-27 6802141 | (130.2790) (1363-4463) < 0.001 <0.05 ns
IFNa2 osariss) | 20899 (12563953 <0.05 ns ns
IFNy (090) (0—22 99) (0—%5?75) ns ns ns
TNFa (4.07%:515 0.29) (10.51;1i2211.12) (18.?39.4?54.56) < 0.001 <0.05 ns
TNFB/Lymphotoxin-a.| (o s5¢%2 o15) | (1.12°5.005) (15555.12) ns ns ns
CC-chemokines
CCL2/MCP-1 6ai51833) | (12995763 | (966.5847) < 0.001 <0.05 ns
CCL3/MIP-1o (ggi%) (3.5859'—114.22) (5.8712'-352.47) <0.01 <0.05 n
CCL4/MIP-18 (6.4(3?—%3.04) (8.4132—'11 2.78) (11.159-'%2.4) <005 ns ns
CCL7/MCP-3 (090) (0_13_79) (9_2‘94_'356. 4) <0.001 ns <0.05
CCL11/Eotaxin (24.6?%1—'5?2.75) (28.?—25.13) (23.43{.5(‘()3.22) ns ns ns
CCL22/MDC 3565258 | (sahang | (318461 <0.01 <0.05 ns
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Table 1. Plasma cytokine concentrations in acute phase COVID-19 patients and healthy donors, Me (Q,;—Q;5)

(continued)

Studied groups p-value
Cytokine, pg/ml H?:ghx io;g)r s gl?r‘\llllec-):'g ncﬁ]?:lljll?\;:v%rs non-llll::r‘\ll?vors sul.rl\?i\‘l,:rs sur\?is_cr:;s Vs
’ (n =13) (n =16) survivors
CXC-chemokines
CXCL1/GROo (1.20%?12 1.26) (9.70158—.1410.96) (5.22251'—1244.81) ns <0.05 ns
CXCL8/IL-8 0287e1198) | (175404 0.995-1364) <0001 ] <001 ns
CXCLY/MIG (593.721—01164) (170%1—65572) (195170—661741) <000t} <o.001 ns
CXCL10/IP-10 u55.0857) | @7a5.8508 | (10opa0000) | <0001 | <0001 ns
CX3C-chemokines
CX3CL1/Fractalkine (26.(;15—.75%.62) (26.7547.—%5.45) (57.4?5?.—91114.6) <0.001 ns ns
Anti-inflammatory cytokines
IL-1RA 0otass | @013 (1056661 <000t} <005 ns
IL-10 (090) (0-51'3.223) (5.2730;2;3.36) <0001 ] <005 ns
Growth factors
EGF (5.2372—'56)52.8) (51.9%{'18 52.2) (16.?3';9}.99) ns <005 ns
FGF-2/FGF-basic (11.0118—22.48) (23.21%0.8) (21 .388'—%.04) <005 <001 ns
FLT-3L (0.93—%.06) (0.42257—28.86) (6.4(%9?1.14) ns ns ns
G-CsF (0—?.45) (11.22{?0.94) (4.3?92'—127.35) < 0.001 <00 ns
M-CSF (ozgggz) (5.223922213.8) (113.15?5?5.5) <0.001 ns ns
GM-CSF 020) 020) 020 not applicable
PDGF-AA (87;9;287) (122107—3;501) (6591.9—324488) ns ns ns
PDGF-AB/BB (18 26051 171) | (@1 Jrdin 255) | (15 76059 899) ns ns ns
TGFa 00 05075 (17558778 < 0.001 ns ns
VEGF-A (18.2357;11202.9) (57.8156—6:%724.5) (30.2‘1;?'210.9) ns <005 ns
Other soluble ligands
scD4oL (4231.8Z?871) (128218—853589) (2043;14—755838) <0.01 <0.05 ns

Table 2. Cytokines showing the most statistically significant concentrations within our study

Cytokine AUC p-value Cut off, pg/ml Sensitivity, % Specificity, %
IL-6 0.8389 0.002 12.8 85 75
IL-15 0.8101 0.0047 9.0 92 69
IL-18 0.8606 0.001 51.8 77 75
TNFa 0.8173 0.038 22.3 7 69
CCL2/MCP-1 0.7596 0.018 301.3 69 69
CCL7/MCP-3 0.7452 0.025 5.8 69 87
CXCL8/IL-8 0.8413 0.0018 4.3 85 75
CX3CL1/Fractalkine 0.7525 0.021 73.7 69 69
IL-1Ra 0.7764 0.012 9.1 62 81
IL-10 0.7524 0.021 15.0 92 62
FLT-3L 0.7284 0.037 79 7 75
TGFa 0.7500 0.023 241 69 69
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elderly people are at risk of developing a more severe
course of disease [18]. We have also performed analy-
sis of cytokine levels in different cohorts based on the
age, and found very little statistically significant
difference. We noted elevation of TNFa in all co-
horts — HD, survivors and non-survivors in patients
above 50 (p < 0.05, p < 0.05 and p <0.01, respective-
ly). Due to that, we excluded TNFa out of decision
tree analysis.

However, despite an absence of statistically sig-
nificant differences, median values for concentra-
tions of specific factors (IL-6, IL-15, IL-18, 1L-27,
TNFo, CCL2/MCP-1, CXCLS8/IL-8, CXCLY/
MIG, CXCL10/IP-10, IL-1RA, IL-10, G-CSF,
sCD40L) in non-survivors were higher than those
in survivors. Moreover, deceased patients showed
higher levels of IL-la, IFNa2, CCL4/MIP-1j,
CX3CLI1/Fractalkine, M-CSF and TGFo compared
to controls, as noted in other reports [17].

Our data suggest activation of cytokine and
chemokine systems in response to COVID-19, fol-
lowed by systemic inflammation. On the other hand,
elevation of cytokine concentrations in COVID-19
patient plasma points to development of a ‘cytokine
storm’ causing organ damage; this may explain high-
er cytokine levels in patients who died of COVID. We
noted higher levels of MCP-3, the only cytokine be-
tween cohorts of survivors and non-survivors show-
ing significant differences between two groups. Based
on the data discovered by previous researchers, this
cytokine can, in fact, be a predictor for a cytokine
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100 -
80 -
N
£ 601 AUC =0.8389
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100
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> 60
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20

0 T T T T T 1
0 20 40 60 80 100
100-Specificity%

storm by itself [6]. However, we believe that single
cytokine levels do not have enough prognostic value,
and, therefore, there is a need for multiple factor-
based evaluation. Such evaluation of the prognostic
potential of cytokines based on disease outcome
showed the significance of specific proinflammatory
cytokines: 1L-6, I1L-15, IL-18, and CXCLS8/IL-8.
IL-6. The IL-6 cytokine controls immune re-
sponses, cellular proliferation, and cellular dif-
ferentiation. It is produced by different cell types:
T-lymphocytes, macrophages, endothelial cells,
fibroblasts, and monocytes. 1L-6 targets B- and
T-cells, basophiles, eosinophiles, and neutrophils.
The effects of IL-6 on B-cells are mainly activation
of differentiation and secretion of IgM, IgE, and
IgA. However, it also controls activation, differen-
tiation and survival of T-cells. This means that, after
infection, cytokine storm induces activation and dif-
ferentiation of T- and B-cells. IL-6 secretion causes
antibody production by B-cells and increases auto-
antibody formation. It also causes chronic inflam-
mation and T-helper activation, potentially leading
to autoimmune processes [22]. Diao et al. states that
IL-6 levels correlate with severity of COVID-19.
They also note elevation of this cytokine throughout
the course of the disease with significantly lower lev-
els after disease resolution, potentially marking dep-
letion of I1L-6 production and secretion [10]. In our
study, patients with favorable COVID-19 outcomes
presented moderate disease courses, while non-sur-
vivors, in 50% of cases, had severe infection. There

ROC of IL-15
100
80
N
Z 60 AUC = 0.8101
2 p=0.0047
2 404 Cut off=9.0 pg/ml
3 (Sens. - 92%, Sp. - 69%)
20
[
0 T T T T

1
0 20 40 60 80 100
100-Specificity%

ROC of CXCL8/IL-8

100
80 -
x
2 60 7 AUC =0.8413
2 p=0.0018
2 404 Cut off = 4.3 pg/ml
3 (Sens. - 85%, Sp. — 75%)
20
L
0 T T T T

1
0 20 40 60 80 100
100-Specificity%

Figure 2. ROCs describing sensitivity and specificity for IL-6, IL-15, IL-18 and CXCL8/IL-8 comparison
of patients with acute COVID-19 followed by different disease outcomes (recovery, death)
Note. AUC — area under curve; Sens. — sensitivity; Sp. — specificity.
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COVID-19 outcomes:

. [ survivors
n=29 [ non-survivors
| |
I1L.-18 > 81.6 IL-18 < 81.6 pg/ml
n=10 n=19
IL-6< 23.5 pg/m| I-6<23.5
N
n=>5 n=14

Figure 3. Decisions tree for division of patients with COVID-19 into two groups: survivors and non-survivors

is another study that shows a correlation between
higher levels of I1L-6 and severity of lung injury [16].
Findings throughout the world have pinpointed high
blood plasma concentrations of IL-6 in patients with
COVID-19 and suggest administration of anti-1L-6
drugs [19].

IL-15. A study conducted by Angioni R et al.
shows the presence of higher IL-15 levels in patients
with severe COVID-19 and longer hospital stays.
IL-15 may stimulate a rise in NK-cell subpopula-
tions in elderly people compared to youth. On the
other hand, long exposure of NK-cells to circulating
IL-15 may reduce their cytolytic activity, potentially
causing their depletion [4]. There is also a correlation
between IL-15 and CXCLS8/IL-8 concentrations.

CXCLS. CXCLS8 (also called IL-8) is involved
in inflammatory responses and attracts immune cells
to the inflammatory site of viral infections. CXCLS8/
IL-8 plays an important role in the initial control
of airway infection due to its activity against neu-
trophils and monocytes [15]. The level of CXCLS8/
IL-8 in nasal secretions correlates with the sever-
ity of symptoms in acute respiratory tract infec-
tions [12]. In addition, CXCLS8/IL-8 is a chemokine
considered to be a potential prognostic biomarker
of acute respiratory distress syndrome (ARDS) [11].
Previously, it was found that CXCLS8/IL-8 levels are
increased in both plasma and bronchoalveolar lavage
fluid of ARDS patients [7].
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ily and plays roles in: innate and adaptive immu-
nity; fibrosis; and hematopoiesis [5]. IL-18 regulates
Thl and Th2 differentiation [20]; it also stimulates
naive T-cells, CD8" and NK cells to proliferate and
to produce IFNy [25]. Further, IL-18 promotes
Thl differentiation and increases NK-cell cyto-
toxicity by induction of Fas-ligand expression; this
leads to destruction of infected cells through Fas-
mediated apoptosis [26]. IL-18 can induce cytokine
production in Th2, NK, and NKT-cells [27]. This
makes IL-18 a unique type of cytokine: one that can
stimulate various subpopulations of T and NK-cells.
A study conducted by Satis et al. shows higher plas-
ma levels of IL-18 in COVID-19 patients compared
to healthy donors; the highest levels were noticed
in patients with severe pneumonia. Those authors as-
sert a correlation between disease outcome and IL-18
concentration [24].

Out of 47 studied factors, we found 4 pro-inflam-
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ASSOCIATIONS BETWEEN SERUM LEVELS

OF C3, C4, AND TOTAL CLASSICAL COMPLEMENT
ACTIVITY IN COVID-19 PATIENTS AT THE TIME

OF ADMISSION AND CLINICAL OUTCOME

A. Razi, A. Azimian, R. Arezumand, A. Solati, H.N. Ahmadabad

North Khorasan University of Medical Sciences, Bojnurd, Iran

Abstract. In the present study, we investigated the association between complement system status at the time of admission
and clinical outcomes in COVID-19 patients. This single-center study was carried out with sixty-one adult patients
with COVID-19 who were hospitalized at Imam Hassan Hospital of North Khorasan University of Medical Sciences
(Bojnurd, Iran) with less than three days passage since onset of COVID-19 symptoms. Twenty-three healthy volunteers
with demographic features similar to the patient group (matched by age and gender) were included in the study as a control
group. Patient information including demographic information, demographic data, clinical characteristics, and clinical
outcomes were obtained from electronic medical records. Of 61 hospitalized patients with COVID-19, 28 (47.54%) were
female, and the average age was 48.7+8.8 years. The healthy control group included 23 cases (11 (47.8%) female, 12 (52.1%)
males, mean age 46.414.4 years). Twenty-one of the 61 patients (34.4%) were admitted to the ICU, and sixteen of them
(26.2%) died. Thirty-three (54.10%) patients with COVID-19 were hospitalized for less than 7 days, and 28 (45.90%)
of them were hospitalized for > 7 days. Our results show that length of hospital stay in the no-ICU group was significantly
lower than the ICU admission or death groups (6.4910.24 vs. 8.85%1.59 and 10.53+1.80, p = 0.0002). The levels of C3, C4,
and CH50 were determined through the immunoturbidimetric method and single-radial-haemolysis plates, respectively,
on serum samples obtained from patients at the time of admission or those in the control group. Our results indicate
that C3, C4 and CHS50 levels were markedly lower in COVID-19 patients than in the control group. We also found that
complement parameter levels in COVID-19 patients who died or were admitted to ICU were significantly lower than
in non-ICU COVID-19 patients. In general, it seems that serum level of C3, C4, and CH50 at admission may predict
disease progression or adverse clinical outcome in COVID-19 patients.

Key words: COVID-19, complement system, clinical outcome, intensive care unit, discharge, mortality.

CBS13b YPOBHSA CbIBOPOTO4HbIX C3, C4 U OBLLEN AKTUBHOCTU KJIACCUYECKOIO
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BKJTIOUEHBI TOCITUTAIM3UPOBAHHEIE B 00IBHUIY MMaMa XacaHa CeBepo-XopacaHCKOro YHUBEPCUTETa MEIUIIMHCKIX
Hayk (bomxnypn, Mpan) B3pocnbie manueHTsl ¢ COVID-19 (n = 61), y KOTOPBIX ¢ MOMEHTA TIOSIBJICHUSI CAMITTOMOB
COVID-19 npouuto meHee Tpex nHei. KOHTpoJbHYIO I'pyIIy COCTaBUJIM 23 3M0POBBIX TOOPOBOJIbIIA, CXOMHBIX
10 BO3PAcTy M IOJy C OCHOBHOI rpymnmnoii. MHbopMalus o nauueHTax, BKJIOYas JaHHBIE O BO3pacTe, MOJOBOM
MPUHAIIEKHOCTU, 0COOCHHOCTSX KIMHUUECKOTO TEUSH U ST M CX0aX 3a00/1eBaHM I, OblJ1a TIOJYUEHbI U3 2JIEKTPOHHBIX
MEIMLMHCKUX KapT. M3 umcia rocnutanusupoBaHHbix ¢ COVID-19 manueHToB 47,54% COCTaBJISLIA XEHIIUHBI
(28 u3 61), cpenHuii Bo3pacT nauueHToB — 48,7+8,8 roga. B koHTponbHylo rpynny Bouwiu 23 yenoseka (11 (47,8%)
keHinuH U1 12 (52,1%) myxuuH), cpenHuit Bo3pact — 46,4+4.4 roga. IBaguatsh oguH u3 61 nauuenra (34,4%) Obu1
HaIpaBJieH B oTaeeHre nHTeHcuBHOM Tepanuu (OUT), u3 Hux mwectHaauats (26,2%) ymepau. [1pogoikuTe1bHOCTD
rocnutanuzauuu 33 (54,1%) mauumentoB ¢ COVID-19 cocraBuna < 7 nueit, 28 (45,9%) maLKeHTOB HaXOMMJIKUCh
B cranmoHape > 7 mHeii. [Toka3aHo, 4TO MPOXOKUTEILHOCTh MIPEOBIBAHNS B CTallMOHAPE B TPYIIIE MAIlUCHTOB,
He HYXIaBIIWXCS B OKa3aHUY MeINIIMHCKOI rtoMoiny B OM T, Obl1a 3HAaUMTENIBHO HUXKE, YeM B TPYIIIIaX IMallUeHTOB,
noMelneHHbIX B OUT, nnu ymepiuux (6,49£0,24 nporus 8,85+1,59 u 10,53£1,8 coorBercTBeHHO, p = 0,0002). YpoBHU
C3, C4 onpeaenstiu MMMYHOTYPOUAMMETPUUYECKUM MeToAoM, ypoBeHb CHS50 — omHOMEpHBIM paaualbHbIM
remMosiu3oM. MaTepuanoMm IJIsl UCCIEAOBAHUM CIyXKUIM 0Opas3lbl CHIBOPOTKH, MOJYYEHHbIE OT IMallMEHTOB IpPHU
MOCTYIJIEHUHU B CTAllIMOHAD U OT JIMLI KOHTPOJIBHOM IPYMIIbI. YCTaHOBJIEHO, 4TO y aiueHToB ¢ COVID-19 ypoBHu C3,
C4 1 CH50 66111 cyIIeCTBEHHO HUXKE, YeM Y JTULI KOHTPOJIBHOM rpyIinel, a y nanueHToB OUT u yMepinnx — HUXe, 4eM
y nanueHToB ¢ COVID-19, He HyxxpaBmuxcs B Tepanuu B ycaosusx OUT. Takum o6pa3oM, BO3MOKHO, UTO YPOBEHD
ceiBopoTouHbIX C3, C4 u CH50 nipu MoCTYIJIEHUM MOXET SIBJSITHCS TTPOTHOCTUUECKUM (PAKTOPOM JaJIbHEHIIEro

Te4eHUs 3a00JIeBaHUS M Pa3BUTHS HEOMATOIMIPUSTHRIX KIMHUUECKUX McXomoB y manueHToB ¢ COVID-19.

Karouesnie caosa: COVID-19, cucmema Kkomniemenma, KAUHUMeCKUi pe3yabmam, omoenenue UHMeHCUGHol mepanuu, 8biINUCKd,

CMepMmMHOCMmb.

Introduction

More than a year after its emergence, COVID-19,
the disease caused by SARS-CoV-2, continues
to plague the world and dominate our daily lives [2].
Patients with COVID-19 may develop symptoms
such as fever, dry cough, pharyngeal pain, tired-
ness, abdominal pain, diarrhea, conjunctivitis,
muscle fatigue, or pneumonia; some are left with
serious side effects or even die [14]. Previous stud-
ies have reported that 14.1-33.0% of COVID-19
patients are prone to develop into severe cases, and
the mortality rate of critical cases is 61.5%, increas-
ing sharply with age and underlying comorbidi-
ties [22, 23]. In more severe cases of COVID-19,
patients can develop acute respiratory distress syn-
drome (ARDS), leading to a worse prognosis [9].
Deregulated activation of multiple adaptive and in-
nate immune pathways (including T cell activation,
cytokine expression from macrophages and neu-
trophils, the complement system, and several pro-
coagulant and thrombogenic pathways) is believed
to fuel a hyperinflammatory state that drives ARDS
and may lead to multiple organ injury and finally
death in COVID-19 [13, 19].

The complement system is a key part of the in-
nate immune system which plays an important role
in defense against foreign pathogens such as viruses
but, in addition to being an important part of the im-
mune defense system, it plays a critical role in pro-
moting the inflammatory process that leads to organ
dysfunction [21]. Although several studies have been
carried out on the complement system in COVID-19
and its relationship with clinical outcomes [5, 6, 8,

12, 25], they did not indicate a clear protective or
adverse effect of this system. Dheiret al. in a retro-
spective study showed there is no significant differ-
ence, in terms of C3 and C4 levels, in both ICU and
non-ICU COVID-19 patients [5]. They suggested
that measurement of C3 and C4 levels cannot be used
to show severity disease [5].

Controversially, Ghazavi et al. found that the lev-
els of C3 and C4 in non-severe COVID-19 patients
were significantly higher than in severe-COVID-19
patients [8]. A previous study by Fang et al. also indi-
cated decreased complement C3 levels are associated
with poor prognosis in COVID-19 patients [6]. Java
and colleagues claimed that the role of the comple-
ment system in COVID-19 patients is time depend-
ent, wherein complement activation in the first week
of infection can serve as a “friend”, and its activa-
tion in the second or third weeks of infection can be
a “foe” [12]. Zinellu et al., in a systematic review,
concluded that lower concentrations of C3 and C4
are significantly associated with higher COVID-19
severity and mortality [25]. They suggested that ad-
ditional studies are required to determine whether
measurement of complement components can be
useful to predict adverse clinical consequences
in COVID-19 patients [25].

Therefore, we conducted a study to assess the as-
sociation between complement system status at
the time of admission and clinical outcomes (e.g.,
length of stay, ICU admission, discharge, mortality)
in COVID-19 patients. Understanding this associa-
tion will help us elucidate the role of the complement
system for prediction of the risk of developing critical
COVID-19.
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Materials and methods

Study design and participants. This single-center
study was carried out with sixty-one adult patients
with COVID-19 who were hospitalized at Imam
Hassan Hospital of North Khorasan University
of medical sciences (Bojnourd, Iran) from April 20
to August 5, 2021 with less than three days passage
since the onset of COVID-19 symptoms. All pa-
tients with a positive RT-PCR test for SARS-CoV-2
and common CT imaging findings associated with
COVID-19 were included in the study. Patients
also had no history of SARS-CoV-2 infection or
COVID-19 vaccination.

Available data suggest that patients with mild-to-
moderate COVID-19 remain infectious no longer
than three days after symptom onset. Recent evi-
dence indicates that age and comorbidities could pos-
sibly confound the association between complement
system status and clinical events [16]. Therefore, we
adjusted for sex, age and comorbidities. Twenty-three
healthy volunteers with demographic features simi-
lar to the patient group (matched by age and gender)
were included in the study as a control group.

Data collection and assessment of serum comple-
ment levels and activity. We obtained demographic
data, exposure history, chronic medical histories,
clinical symptoms or signs, clinical outcomes, and
hospitalization duration from electronic medical re-
cords. We also collected serum samples from PCR-
confirmed COVID-19 patient samples sent to Imam
Hasan Hospital laboratory on the first day of admis-
sion for analysis of serum levels of C3, C4, and to-
tal classical complement activity (CH50 assay) pre-
sent in the serum. We also collected blood samples
from the healthy controls with a negative PCR-test
for COVID-19. Blood samples were centrifuged im-
mediately, and serum was obtained and frozen at
—70°C until use.

Serum C3 and C4 concentrations were determined
using kits from Roche Diagnostics (Indianapolis, IN,
USA) according to the immunoturbidimetric meth-
od [18]. The CHS50 test was evaluated using single-
radial-haemolysis plates (Biogen, Iran) as described
elsewhere [18]. All values were compared to the nor-
mal ranges which were reported as: 89—187 mg/dL
for C3; 10—40 mg/dL for C4; and 70—130 mm
for CHS50.

Statistical analysis. All statistical analyses were car-
ried out using GraphPad Prism 5.0 (GraphPad, San
Diego, CA, USA). Data distribution was analyzed by
a Kolmogorov-Smirnov test. According to the results
of the normality test, a one-way ANOVA followed by
Dunn’s or Tukey’s post-hoc test, or a non-parametric
Kruskal—Wallis test, were used for statistical com-
parisons. Analyses were adjusted for age, sex and co-
morbidities. Data were expressed as mean * standard
deviation (SD). Values of p < 0.05 (*) were considered
significant.

Results

Demographic data and clinical characteristics. Of 61
hospitalized patients with COVID-19, 28 (47.54%)
were female, and the average age was 48.718.8 years.
The most commonly self-reported symptoms at on-
set of illness were fever (n = 41 [67.2%]), cough (n =
39 [63.9%]), fatigue or myalgia (n = 19 [31.4%]), di-
arrhea (n = 9 [14.7%]), or headache (n = 6 [9.8%]).
Twenty-six (42.6%) patients had comorbidities, in-
cluding cardiovascular disease (n = 10 [38.4%]), dia-
betes (n = 6 [23.0%]), hypertension (n = 7 [26.9%]),
chronic kidney disease (n = 3 [11.5%]), and endo-
crine system diseases (n = 2 [7.6%]). The healthy
control group included 23 cases (11 (47.8%) female,
12 (52.1%) males, mean age 46.414.4 years).

Twenty-one of the 61 patients (34.4%) were ad-
mitted to the ICU, and sixteen of them (26.2%) died.
Thirty-three (54.10%) patients with COVID-19 were
hospitalized for less than 7 days, and 28 (45.90%)
of them were hospitalized for > 7 days. Our results
show that length of hospital stay in the non-ICU
group was significantly lower than in the ICU admis-
sion or death groups (6.49+0.24 vs. 8.85+1.59 and
10.53%+1.80, p = 0.0002).

C3, C4, and CH50 levels in COVID-19 patients
and the healthy control group. As shown in Table, se-
rum C3 and C4 concentrations and CH50 assay were
markedly lower in COVID-19 patients than in the
healthy control group. Further statistical analysis
showed that serum levels of C3, C4, and CH50 in the
non-ICU admission group were statistically higher
than in the death and ICU admission groups. We
did not observe a significant difference in C3, C4,
and CHS50 levels between ICU admission and death
groups of COVID-19 patients (p > 0.05).

We also analyzed the relationship between C3,
C4, and CH50 levels in COVID-19 patients and
hospital length of stay. As shown in Figure, serum
levels of C3, C4, and CHS50 at the time of admis-
sion in COVID-19 patients who were hospitalized
for 7 or more days were statistically lower than
in COVID-19 patients who were hospitalized less
than 7 days (p < 0.05).

Discussion

The complement system efficiently recognizes
and eliminates viral pathogens via several mecha-
nisms including: opsonization of viruses; lysing
of virus-infected cells; induction of an antiviral im-
munoinflammatory state; boosting of virus-specific
immune responses; and directly neutralizing cell-
free viruses [1]. On the other hand, complement
activation in viral infections may play a critical role
in pathogenesis, clinical manifestation, and disease
severity [3, 10].

Several reports have shown that the concentration
of complement components, and serum complement
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Table. Comparison of serum C3, C4 and CH50 levels at the time of admission between COVID-19 patients
with different clinical outcomes and the healthy control group

Lab Variable Healthy Control No-ICU Admission ICU Admission Death P value
C3, mg/di 137.1£25.82 98.76+19.09 72.62+13.92 71.63+14.28 <0.0001
C4, mg/di 28.50+6.25 24.46%5.87 17.71£6.96 18.79+5.44 <0.0001
CH50, mm 94.43+13.66 91.58+17.89 77.24+12.66 78.50+7.64 0.007

activity, change in the COVID-19 patients. However,
they did not definitively determine whether measure-
ment of complement components or serum comple-
ment activity can be useful to predict adverse clini-
cal outcomes in COVID-19 patients. Therefore, this
study was designed to assess the relationship between
serum levels of C3, C4, and total classical comple-
ment activity in COVID-19 patients at the time
of admission and clinical outcomes. The results
of this study indicate that serum levels of C3 and C4
and CHS50 assay were markedly lower in COVID-19
patients than in the healthy control group. The most
interesting finding was that serum levels of C3, C4,
and total classical complement activity in COVID-19
patients who died or were ICU admitted were signifi-
cantly lower than in COVID-19 patients who were
not ICU admitted.

Conversely, Keshavarz and colleagues showed
that serum levels of the C3 and C4 factors have no
significant change between patients and healthy
individuals [15]. In another study, Zhang et al.
showed that complement C3 cannot predict dis-
ease progression [24]. Our findings are also contra-
ry to that of Dheirs et al. who found there was no
significant difference in terms of C3 and C4 levels
in both ICU and non-ICU COVID-19 patients [5].
Henry et al. have also shown that complement hy-
peractivation failed to predict progression to severe
COVID-19 [11]. In addition, they also showed that
there are no significant differences in total classi-
cal complement activity (or CH50 level) at the time
of admission between COVID-19 patients with dif-
ferent clinical outcomes [11]. These inconsistencies
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may be due to differences in study design, limited
sample size, characteristics of COVID-19 patients,
time between the onset of symptoms and obtaining
the blood sample, or confounders.

However, this study supports the findings from
previous observations [6, 8, 15]. Fang et al. in a ret-
rospective cohort study investigated C3 levels
in COVID-19 patients [6]. They showed that C3
levels in the non-survival group were significantly
lower than in the survival group; they concluded
that decreased complement C3 levels are associ-
ated with poor prognosis in COVID-19 patients [6].
The finding also match earlier findings by Ghazavi et
al., which showed that C3 and C4 levels were mark-
edly decreased in severe COVID-19 patients in com-
parison with non-severe COVID-19 patients [§].
In agreement with our data, Keshavarz et al. indi-
cated that mean CH50 activity level in COVID-19
patients is significantly reduced compared to healthy
individuals [15].

The decreased levels of C3 and C4 in COVID-19
patients (in comparison to the healthy group), and
significant differences between the non-ICU admis-
sion group and the death and ICU admission groups,
may be explained by the fact that hyperactivation
of the complement system leads to proteolytic cleav-
age of the key complement molecules C3and C4,
leading to cleavage products including C3a, C3b,
C4a, and C4b. These may trigger severe inflam-
matory responses in numerous organs [4]. In sup-
port of this possibility, Brandon and colleagues have
demonstrated that C3a and the C3a/C3 ratio are
significantly elevated in severe COVID-19 patients

*P=0.037

CH50 (mm)
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Figure. Comparison of hospital stay length in COVID-19 patients with serum levels of C3, C4 and CH50

at the time of admission

Note. Data are mean+SD. *p < 0.05 was considered statistically significant.

872



2022, T. 12, Ne 5

Complement system in COVID-19 patients

presenting to the emergency department compared
to mild or moderate severity COVID-19 patients [11].
On the other hand, Fletcher-Sandersjoo et al. sug-
gested that overactivation of the complement cascade
in COVID-19 patients is associated with activation
of coagulation systems and consequent severe com-
plications [7]. It is possible, therefore, that overpro-
duction of C3a and C4a following complement hy-
peractivation is associated with adverse outcomes
in patients with SARS-CoV-2 infection through
activation of the coagulation cascade and thrombus
formation.

Taken together, these results suggest that the lev-
els of complement C3, C4, and CH50 at admission
may predict disease progression and adverse clinical
outcome in patients with SARS-CoV-2 infection.
These findings may be somewhat limited by several
confounders, such as different viral strains, sociode-
mographic factors, and various types of drug thera-
py during hospitalization [17, 20]. Thus, we suggest
that future studies include: investigation of alteration
of C3 and C4 at different stages of the disease; de-
termination of the relationship between serum lev-
els of C3 and C4 and inflammatory biomarkers; and
design of clinical trials with complement inhibitors,
such as a C3 inhibitor.
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Pesitome. JlenTocnupo3bl 3aHUMAIOT OMHO M3 BEAYLIMX MECT CPeayd 300HO30B IO IIMPOTE PaCHpOCTpaHEHUs MpU-
POJHBIX M XO3SICTBEHHBIX OYaroB, a TAKXKe TSKECTH KJIMHUYECKOro TeYeHMsT MHMEKIIMU U YAaCTOTE JICTaIbHBIX UC-
x010B. OTHOCUTEIbHO HU3KME MOKa3aTeIu 3a00J1eBaEMOCTH B OTAEIbHBIX pPEerMOHaX, KakK IpaBUjI0, 00YyCIOBICHBI
HEYJOBJIETBOPUTEIbHBIM COCTOSIHMEM AUBGEepeHIMATbHON TMarHOCTUKM, B TOM YMCIIe HEAOCTATOUHBIM 00BHEMOM
J1a00paTOPHBIX MCCAenoBaHUi. JIenTOCIMPbl XapaKTePU3yIOTCsl BhIPAaKeHHBIM (PEHOTUIMMYECKUM U TeHOTUIIMYEC-
KUM TOJIUMOP(MU3MOM, YTO OKa3bIBACT BIUSHUE Ha OCOOEHHOCTU SMUAEMUOJOTMU ¥ KIMHMYECKOH CUMIITOMA-
TUKM JIENTOCIHUpPOo30B. [1oaTOoMy J1ab0opaTOpHble METOABI SIBJISIOTCS BaXXHBIMM B SMUASMMUOJIOIMUYECKOM Haa30pe
M IMaTHOCTHKE JIETITOCTINPO30B. CepoIornyecKre METOMBI, U IIPEKIe BCEro peakKus MUKpoarrmotuHanuy (PMA),
B HACTOSIIIEE BPEMSI COXPAHSIOT BEAYIIYIO POJIb B UCCIEAOBAHNM PA3IMIHBIX aCMEKTOB JICTITOCITMPO3HON MHDEK-
nuu. C 1enplo U3yYeHUs BKJIaa MpeACTaBUTeICH pa3IMUHBIX CEPOTPYIIII JISITOCITHD B 3TUOJOTUUECKYIO CTPYKTYPY
3200J1EBAEMOCTH JIENTOCIIMPO3aMU Ha MPOTSXKEHUM MoYTH 60 JIET MBI POaHAIU3UPOBAIN apXUBHBIE JAHHBIE O pe-
3yJbTaTax uccienoBaHusd B PMA CEIBOPOTOK KPOBH OOJIBHBIX, TTOAO3PUTEIBHEIX Ha 3a00JIeBaHNE JICTITOCITUPO3aMHU,
KOTOpBIE COMepKaIUCh B JabOpaTOPHBIX XKypHaax 3a 1962—2020 rr. [TokazaHo, 4To yaliie BCcero y 60JbHBIX 0OHApY-
KMBaJIKCh aHTUTENA K aHTUTeHaM JienTocnup ceporpyni Grippotyphosa (25,1%), 4To CBSI3aHO C HATMYKMEM IIMPOKO-
r'o Kpyra pe3epByapHbIX XXMBOTHBIX-X035I€B U YCTOMYMBOCTBIO JICTITOCIIUP 3TOM CEPOrPYIIIbl K HeOIaronpusITHbIM
BO3IEKCTBUSIM (haKTOPOB OKpYKalollieil cpeabl. B To ke BpeMsi CieayeT OTMETUTD, YTO B pa3Hbie BPEMEHHbIC Mepy-
Ollbl B CBIBOPOTKAX KPOBU OOJIbHBIX MPEBAJUPOBAIM aHTUTEA K JIEIITOCIIMPAM Pa3HbIX CEPOrPYIII, YTO BO MHOIMX
cIyJasix COBIAMAJIo C BKJIaJIOM 3TUX BO30YIUTENCH B 3THOJIOTMIECKYIO CTPYKTYpY 3a0onaeBaeMocTr. Hampumep, B co-
BPEMEHHBIX YCJIOBUSIX «MUPOBBIM TPEHIOM» SIBJISICTCS JOMUHUPOBAHKE B 9TUOJOTNYECKON CTPYKTYpE JEIMTOCIUPO-
30B BO30YIUTEJICH CepOTPYIIIHI Sejroe, 4TO TaKKe TMPOIEMOHCTPUPOBAJ IT0 PSIAY JIET M IIPOBEICHHBIM HAMU aHAJIN3.

Contacts:

Anna P. Samsonova

123098, Russian Federation, Moscow, Gamaleya str., 18,
National Research Center for Epidemiology and Microbiology
named after N.F. Gamaleya.

Phone: +7 (499) 190-57-91 (office); +7 (915) 143-46-30 (mobile).
E-mail: lepto@gamaleya.org

Appec pns nepenucku:

CamcoHoBa AHHa NeTpoBHa

123098, Poccus, Mockea, yn. Ffamaneu, 18,

®reY HUL, annaemuonorum n Mukpobuonormum

um. H.®. Tamanen Munagpasa Poccun.

Ten.: 8 (499) 190-57-91 (cny>xebH.); 8 (915) 143-46-30 (M00.).
E-mail: lepto@gamaleya.org

Citation:

Samsonova A.P., Petrov E.M., Savelyeva O.V., lvanova A.E., Sharapova N.E.
Analyzying the documented results by using microscopic agglutination test
to examine sera from patients suspected of leptospirosis // Russian Journal
of Infection and Immunity = Infektsiya i immunitet, 2022, vol. 12, no. 5,

pp. 875-890. doi: 10.15789/2220-7619-ATD-1758

[ns uMTMpoBaHus:

CamcoHoBa A.T., MeTpos E.M., CaBenbesa O.B., aHoBa A.E.,

LLlapanosa H.E. AHann3 jokyMeHTMPOBaHHbIX Pe3ynbTaToB UCCNEA0BaHNS
CbIBOPOTOK KPOBU 60/bHBIX, NOJ03PUTENbHBIX Ha 3a6oneBaHme
NenTocnupo3ami, B peakLmm MukpoarralTuHaLmm // UHpekumns
nummyHuteT. 2022. T. 12, Ne 5. C. 875-890. doi: 10.15789/2220-
7619-ATD-1758

Pa6ota BbinonHeHa B pamkax [oc3agarus Ne 056-00119-21-01 Ha 2021 roa v nnaHoBbiii nepuog 2022 n 2023 rr.
The work was performed under Government Order No. 056-00119-21-01 for 2021 and the planning period of 2022 and 2023.

© CamcoHoBa A.ll. n coasr., 2022 DOI: http://dx.doi.org/10.15789/2220-7619-ATD-1758

875



A.M. CamcoHoBa 1 ap. MHdekumns n uMmyHuTeT

HOJTy‘ICHHBIC JaHHBIC MOT'YT OBITh UCTTOJIb30BAHBI B AMTUAEMUOJOTUUYECKOM Haa30pe 3a HCHTOCHHPOL%HOVI HH(DCKHHCﬁ,
B TOM YHCJIC B IPOTHO3MPOBAHUU BO3MOKHBIX BCIIBIIICK, a TAK2XKE ITPU pa3pa60TKe HOBBIX ITOAXOJ0B K JUAaIrHOCTHUKE,
JICYCHUIO U HpO(bI/IJ'[aKTI/IKe JICTITOCIITMPO30B.

Karoueevie caosa: Jaenmocnupst, 1enmocnupo3ssl, npupoanble odazcu 1enmocnuposoes, X035licmeeHHble o1aeu Jaenmocnuposoe, peakuyus
MUKpoaeenomuHauyuu, cepoepynnd.

ANALYZYING THE DOCUMENTED RESULTS BY USING MICROSCOPIC AGGLUTINATION TEST
TO EXAMINE SERA FROM PATIENTS SUSPECTED OF LEPTOSPIROSIS
Samsonova A.P.2?, Petrov E.M.?, Savelyeva O.V.?, Ivanova A.E.?, Sharapova N.E.?

@ N.F. Gamaleya Federal Research Center for Epidemiology and Microbiology, Moscow, Russian Federation
b .M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Abstract. Leptospirosis holds one of the leading places among zoonoses due to the breadth of distribution of natural and
economic foci, as well as the severity of the clinical manifestation and mortality rate. A relatively low incidence rate
in some regions is usually accounted for by unsatisfactory level of differential diagnostics, including insufficient cov-
erage by diagnostic tests. Leptospira are characterized by marked phenotypic and genotypic polymorphisms, affecting
epidemiological features and clinical manifestation of leptospirosis. Therefore, laboratory methods are important tool
for epidemiological surveillance and diagnostics of leptospirosis. Serological methods primarily the microscopic aggluti-
nation test (MAT) currently remain the leading tool in investigating leptospirosis. To study a near 60 year-long contribu-
tion of various leptospira serogroups to etiological pattern of leptospirosis, we have analyzed archived MAT serum data
from patients suspected of leptospirosis retrieved from our laboratory journals during from the years 1962 to 2020. It was
shown that antibodies to the Grippotyphosa serogroup (25.1%) were found most often in patients, which might be associ-
ated with the wide range of reservoir host animals and resistance of this leptospira serogroup to environmental factors.
At the same time, it should be noted that at different periods antibodies to various leptospira serogroups prevailed in the
sera of patients, and in many cases this data matched with the contribution of these pathogens to the etiological morbidity
pattern. In particular, dominance of pathogens of the Sejroe serogroup is currently the “global trend” in the etiological
pattern of leptospirosis that was also observed by us at some years. The data obtained might be useful for epidemiological
surveillance of leptospirosis infection, including predicting potential outbreaks, as well as for developing approaches to its

diagnostics, treatment and prevention.

Key words: Leptospira, leptospirosis, natural leptospirosis foci, economic leptospirosis foci, microagglutination test, serogroup.

JlenTocnupo3bl B HACTOsIIEe BpeMsl MPOA0IXKa-
IOT OCTaBaThCsl ONHUMMU U3 CaMbIX PACIIPOCTPaHEH-
HBIX B MUpE MPUPOIHOOUYATOBBIX 300HO30B [5, 6,
31, 41, 43]. OHu 3aHUMAIOT OAHO U3 BEAYLIUX MECT
0 IIIMPOTE PACTTPOCTPAHEH W SI IPUPOTHBIX M AaHTPO-
MypPrudyecKnx 04aroB, 1O TSIKECTH KJIMHUYECKOTO
TeyeHUs WHMEKIMI, YacTOTe OCJIOXHEHUM, OTAa-
JICHHBIX KJIMHUYECKUX TOCIEACTBUIN U JeTaTIbHBIX
HUCXomoB [5, 6, 13, 19, 43, 44, 46]. Hekoropsble aBTO-
PbI BOOOIIIE CYUTAIOT, UTO JIEITOCITUPO3bI IO CBOEMY
MEAULIMHCKOMY, COLIMAJIBHOMY U 9KOHOMUYECKOMY
3HAYEHU O 3aHUMAIOT BTOPOE MECTO TOCJEe TPYIIIThI
NUIIEeBbIX 300HO30B (Hampumep, CumonHoBa E.T.,
2019, nuuHoe coobuieHue). Haubosee BbICOKMIA
YPOBEHb DBIUJAESMUUYECKOIO TIPOSBJIECHUS 0YaroB
JIETITOCIUPO30B XapaKTEePeH IJIsi CTpaH CyOTpoIu-
YEeCKOIro U TPOMUYECKOTO KIUMATUYECKUX MOSICOB,
rie TepuoarMYecKr BO3HUKAIOT BCHBIIIKHW, OXBa-
ThIBAlOIIIM€ COTHU ThICAY Jitoaeil [55]. BeposTHOCTh
BHE3aIMHOIr0 OCJIOKHEH U ST 3T 100CTAHOBKU MHOTO-
KpaTHO BO3pAacTaeT B YCIOBUSIX UPE3BbIUYANHBIX CU-
Tyaluii, CBI3aHHBIX CO CTUXUMNHBIMU OCICTBUSIMU
(HaBOmHEHUSsI, yparaHbl, 3eMJIETPSICEHUS U [P.).
Iupokoe pacripocTpaHeHUE NPUPOIHBIX U aHTPO-
NYyPruyecKux 04aroB JIENTOCIUPO30B CBSI3bIBAIOT

C JIOCTaTOYHO OOIIMPHBIM CIIEKTPOM Pe3epByapHbBIX
X0351€B MAaTOT€HHBIX JISNTOCTIMP U BOCHPUMMUMNBBIX
K HUM BUJIOB XXMBOTHBIX [2, 3, 21, 36], a TaKKe C BbI-
COKOI1 CTerneHbio Ouopa3zHoOOpa3us 3TUX BO30OYIU-
Tenei [7,9, 36, 42].

B Poccuu 3a mocnegnue 20 net umeeTcsl TEH-
JMEHIINs K 3HAYUTEJIbHOMY CHUKEHMIO KOJIMUeCcTBa
3aperMCTPUPOBAHHBIX CJIydyaeB 3a00JieBaHUS JIeTI-
Tocnupo3amu. B nmocinegnue 10 set B Poccuu oTHO-
CUTEbHBIN TToKa3aTesib KoJieosiercs ot 0,09 no 0,43
Ha 100 TeIC. HaceeHusI [5, 6]. BDTO MOXKET ObITh CBSI3a-
HO HE TOJILKO C UICTUHHBIM CHUXXEHUEM 3a0oJieBac-
MOCTH, HO M C HelmocTaTkaMu auddepeHImaaibHON
KJIUHUYECKOU U J1abopaTOpHOU AMArHOCTUKU |5,
6]. o 3TOI MPUYMHE MHOTWE aBTOPbI HE TOJBKO
B Pa3BUBAOIIMXCST, HO U BAKOHOMUYECKU Pa3BUTHIX
CcTpaHaxX OTHOCST JICTITOCITUPO3bl K TPYIITe «He3a-
MmeyaeMbix» («neglected») MHMEKIIMOHHBIX 00s€3-
Heli [6, 44, 48]. BeCrTOKOMCTBO BBI3BIBAET TAKKE Ha-
pacTaHue 0N TSKEbIX, C BHICOKOH JIETaIbHOCTHIO
cJlydaeB JIEITOCTIMPO30B Kak B Poccuu, Tak u B 3a-
pyOexHbIX cTpaHax [1, 6, 13, 43, 46].

Ipu psae nHpeKuii, BO30YIUTEIN KOTOPHIX
MPEeNCTaBJISTIOT COOOI TeTepPOreHHYI0 TPYIITY MUK-
pOOpPraHM3MOB, BKJIaJ TIPEJACTaBUTENEH pa3Ind-
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HBIX TAKCOHOMUYECKUX I'PYIIT (BUIOB, CEPOTPYIITI,
CEepoBapoOB, W AP.) B DTUOJOTUYECKYIO CTPYKTYpY
3200J1€BaEMOCTU MOXKET pa3anuyaThCsi, YTO, B CBOIO
ouepeb, SIBIASIETCS OOHOW M3 MPUYUH Habiamomae-
MBIX pa3JIM4YUil B SMUJAEMUOJOTUM U KIMHHYEC-
KMX OCOOEHHOCTSIX 3TUX 3aboneBaHuii. [ToaTomy
B psizie ciydae TpedytoTcs nuddepeHmpoBaHHbIE
MOIXOABl K TUarHOCTUKE, JICUCHUIO U NMpoduIak-
THUKE JIENTOCITUPO30B.

IMpeacraBuTesneil JenTOCIUpP OTAMYAET BbIpa-
J)KeHHOe (PEHOTUITMYECKOe M TeHOTUITMUECKOE pa3-
HooOpa3ue, oInpenessionee UuX CIoCOOHOCTU KO-
JIOHU3UPOBATh MHOTOYMCJICHHBIE MECTa OOUTaHMSI.
Cpenu JeNTOCHUP BBISIBJICHBI KaK CBOOOTHOXMBY-
mue (canpoduTHbIe) GOpMBI, OOMTaIOIIIME B IIOUBE,
MPECHOI M MOPCKOM BOJE, TaK 1 Mapa3suTHUYeCcKue,
naToreHHbIe 1151 YeJoBeKa U XKMBOTHHBIX [2, 3, 7, 21,
22, 32, 33, 36]. [IpakTryecKky ¢ Hadyaja MPOLILJIOro
BeKa OBIJIO M3BECTHO O HAJMYMU TeTePOreHHOCTHU
JIEITOCITMPO30B, KOINa ObIJIM BBISIBJIEHBI BO30YIH-
Teau 6ose3Hu BacuiibeBa—Beiinss 1 BogHOI JTUXO-
paaku, IpyuyeM 3TU OOJIE3HU pa3IuyaucCh MEXIY
co0Olf mpexJe BCEero Mmoo SNUIAEMHOJOTMYECKUM
U KJIUMHUYECKUM ocobeHHocTsM [3, 32]. Cuenyet
OTMETUTh, YTO HAOJIOJAIOTCS HEKOTOPbIE OCOOEH-
HOCTHM B 3aBUCMMOCTU OT Treorpaduyeckoro peru-
oHa (OCHOBHBIE XO035I€Ba-)KMUBOTHBIE M HEKOTOpPHIE
KAuHu4Yeckue cumntombl) [2]. Ha ocHoBaHuM pe-
3yJIbTaTOB M3YUYCHMSI aHTUTEHHON CTPYKTYPHI JIeTI-
TOoCHUp Obl1a pa3dpaboTaHa cepojoruyeckasi KJjac-
cuduKal M JENTOCITUPO30B, IIe OCHOBHOM TaKCoO-
HOMMUECKON equHULIe saBiasieTcss cepoap [3, 21].
ITpu 5TOM GbLIIO BIAEIEHO 6 TUITOB JISITOCITMPO30B,
BO3OYIUTENSIMU KOTOPBIX SIBJISLIMCH JICTITOCITUPBI
onpeaesieHHbIX CEpOBApPOB, pUUeM B KOHIIE 50-Xx —
Hayaje 60-X IT. UX CUMTAIU OTACIbHBIMHU BHAA-
mu [3]. K HacTos1mieMy BpeMeH U u3BecTHO boJee 250
CepoBapoB MATOT€HHBIX JENTOCIIUP, KOTOPbIE pa3-
JINYAIOTCS T10 XO35IMHHOU (TocTaibHOI) crieuduy-
HOCTU, OPraHOTPOMHOCTU, CIOCOOHOCTU K IIPO-
JIOJKUTEJIbHOMY  CYIIECTBOBAHUIO BO BHEIIHEH
cpene, a TakxKe I0 APYyruM MpU3HaKaM, 3HaYMMbIM
B KJIMHUKO-3MUIEMHUOJIOIMYECKOM KOHTEKCTE [5, 7,
36, 42]. CepoBapnl 00bearHEHBI B 60jiee yeM 30 ce-
porpyrtit. Ceporpynnbl He CUYUTAIOTCS OQUIINAITb-
HOI TAKCOHOMMYECKOI €MMHUIIEH, HO OnpeaeIeHUe
CEepOTpyMIl JICNTOCIIMP BaxXKHO IJISI MIASHTHUDUKA-
IV UICTOYHUKOB U ITyTel Tepenayr Bo30ynuTenei,
BIMAarHOCTUKE U TUTAaHMPOBAaHU Y MeP TTPODUIIaK T -
KU, B TOM YHCJI€ U B pa3paboTKe HOBbIX BaKIIUH [21,
40]. Ceporpynnbl MOTYT B pa3HOil CTeNeHU pa3/iu-
4arbes 110 SMUAEMUOJIOTUYECKUM U KJIMHUYECKUM
ocobeHHocTsaM [3, 21, 22, 33]. YcraHoBJIeHa g0CTa-
TOYHO YeTKas TocTaJibHasl CIeM(PUIHOCTh MEXITY
JIENITOCIIMPAaMU ONpeIe/IEeHHBIX CEPOrpyNIl M KH-
BOTHBIMM — XO3sIeBaMU BTUX Bo3oyauteneir [21,
35], 4TO MMeeT BaxKHOE 3SMNUIAEMUOJOIrNYEeCcCKOoe
U fuarHoctTudyeckoe 3HauyeHue [39]. [lpeacraBurenu
ceporpynn Icterohaemorrhagiae v Canicola, Jalie,

YyeM Jpyrue JIENTOCIIMPHI, BBI3BIBAIOT TSIKEJIbIe
dopmbl 3abo0jeBaHUS, JETalbHOCTb IIPU KOTO-
pbeix pocturaet 20% u 6ozee [6, 10, 19]. CornacHo
obunranbHbIM ToKyMeHTaM [20], ¢ KIMHUYECKOU
TOUYKM 3PEHUS pas3Iudusi B MaHUECTalluu Jell-
TOCITMPO30B JTOBOJIbHO HEYETKHE W YacTO HOCST
KOJIMYECTBEHHBIN XapakKTep, UCKIoUasi UKTepore-
Mopparmdeckuii jgenrocnupos [16]. Tem He MeHee,
BBISIBJICHBI Pa3JIMYM S B ITATOT€HE3¢ JISNTOCTIMPO30B,
BBI3BAHHBIX IPEACTABUTEISIMU Pa3JIUIHBIX CEPO-
TPYIII JISITOCHUP (XapaKTep XeJITYXU — MapeHXM-
MaTo3Hasl, TeMOJIUTUYeCKasl WJIM CMelllaHHasl, Ha-
JIMYYe UK OTCYTCTBHE TPOIMMU3Ma K OpraHam M TKa-
HSIM HEPBHOI CUCTEMBbI, TTOKa3aTeJIM NEPCUCTCHIIN N
BO30yauTeJield Ha pas3HbIX cTaausix 3a0ojeBaHMS
u ap.) [6, 10, 19, 27, 28, 42]. Hanpumep, Raoult BbI-
ceBaJl JIEMITOCIIUP CeporpyIibl Icterohaemorrhagiae
B TeueHue 0osee 90 mHelt c MoMeHTa HavaJia 3abosie-
BaHUs [54], a npu 3a007eBaHUSIX, BBI3BAHHBIX JIEeTI-
TOCnupaMu ceporpynnsl Grippotyphosa, Haba01a-
eTCsl BTopasi BOJIHA JISITOCIMPEMUY Ha 3-ii Hemelie
3a00JIeBaHMsI, XOTsS B KJACCUYECKOM ITOHMMaHUU
JIETITOCIIMPO3HON WHGMEKIIUM BO30yIUTENb Hax0-
IUTCSI B KPOBU OOJILHBIX KaK IIPaBWJIO B TEUEHUE
MEePBOI HeJleJIM C MOMeHTa 3aboieBaHus. biaromaps
ucnoab3oBaHUO TP ObI1u BBISIBIEHBI pa3auyuuns
B CpOKax IIEPCUCTEHIIMU JISNTOCIHUP Pa3IUIHBIX
CEepOTrpYIII B OpraHax 3KCIepUMEHTaTbHBIX XKUBOT-
HBIX U KpoBU 00abHBIX [10, 27, 28]. Ha ocHoBaHUU
MOJTyYeHHBIX Pe3yJIbTaTOB HAaMU OBLJT ClIeJIaH BBIBO/I,
YTO HEBPOJIOTMYECKUE OCIOXKHEHMS U OTIaJIeHHbIE
KJIMHUYECKUE TOCEACTBUST JIEIITOCITUPO30B MO-
YT ObITh CBSI3aHBI C TIEPCUCTEHIIMEN BO30YIUTENEH
B OpraHax IeHTpaJIbHOU U neprudepruIecKoil HepB-
Holi cuctemsl [10, 27].

MupoBble naHHbIE MO 3a00JIeBA€MOCTH JIOAeH
M XKWBOTHBIX yKa3bIBalOT Ha IMOBCEMECTHOE pac-
MpPOCTpaHEHHUE, a TaKXKe BBIPaKeHHOE 3MUIAEMHUO-
JIOTMYECKOE W 3MMU300TOJOTMYECKOE MPOsIBICHUE
(B TOM yucJie 1 Ha TeppuTopuun Poccum) ientocnu-
pO30B, BO30YyIUTEIN KOTOPBIX OTHOCSTCSI K TpeM
BUJIAaM JIETITOCITUP, COIJIACHO T€HETUYECKOM Kjac-
cuduKaluy Ha OCHOBAHU U HYKJICOTUIHBIX MOCJIE-
noBatenbHocTeit 16S pPHK [47, 51]: L. interrogans
(cepoBapbl  copenhageni, icterohaemorrhagiae,
canicola, pomona), L. kirschneri (grippotyphosa,
mozdok), L. borgpetersenii (tarassovi, harjo) [5,
6]. B mpupomHBIX o4arax TNpPEICTaBUTEIU DTUX
CepoBapoB YYacTBYIOT B (POPMUPOBAHUMU CMe-
MIAaHHBIX WHPEKINU Yy XXUBOTHBIX: Y TPBI3YHOB —
saxkoebing—grippotyphosa, y KPC — hardjo—
tarassovi, y CBUHeli — pomona—tarassovi, y co-
0ak — canicola—tarassovi [3, 6, 28]. Oco0yro onac-
HOCTb B OTHOIIEHWU YTPO3bI PACIIPOCTPAHECHUS
HOBBIX BO30yaUTeJIel TIPEACTaBISIET TPyIa 3K30-
TUUYECKUX BBICOKOBUPYJEHTHBIX Jentocrnup (lai,
huanuco u np.), aHTUTeHBI KOTOPBIX HE TTPeACTaB-
JIEHbl B TMAarHOCTUYECKUX TECT-CUCTEeMaX W BaK-
OWHHEBIX ITpenaparax [6].
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B Hacrosiiee BpeMst Ha OCHOBaHUM KJIMHUYEC-
KOl Ba’XHOCTU BBIACJSIOT TOJbKO HMKTEPOTEeMOP-
paruyecKuii JIEMTOCIUPO3, a KIMHUYECKUE PEKO-
MEHIAINHU T10 JICICHHU IO JISITOCIIMPO30B SIBIISTIOTCS
obmumu ns Beex jjentocnupo3os [20]. Tem He me-
Hee, psaa aBTopoB (AHanbuHa FO.B., Jlebenen B.B.,
Toxkapesuu H.K., CrognoBa H.A.) B mocnemHue
20 et TMomYepKUBAIM aKTyaJIbHOCTh M BasKHOCTh
M3YYEeHUSI TeTEPOTeHHOCTH, B TOM YHCJIe U Cepo-
TPYMIIOBOM, BO30ynuTeNeld U pOJaU MpeAcTaBUTE-
JIeli pa3HBIX TAKCOHOB B SIUAESMMHOJOTUU U KJIU-
HUKE JICTITOCITUPO30B, UTO, B CBOIO OUYEepeIb, MOKET
MMETh 3HauYeHUEe B pa3pabOTKe HOBBIX METOIOB
IUATHOCTUKY U TPOPUITAKTUKH dTON TPYyHIbI MH-
dekuuii [6, 17, 48].

BosHuKaeT npeanoaoxkeHne 0 HEKOTOPOil B3au-
MOCBSI3U IMUJAEMUOJIOTUYECKON W 3MU300TOJIOTU-
YeCKOI CUTYallu¥ B CTPaHE UJIU OTACIbHBIX PETHO-
Hax 1 CEpOrpyIIoBoit CTPYKTYpPhl 3a0071€BaEMOCTU
JTIONCH JIETITOCITUPO3aMM, KaK B TEUCHUE OJITO-
BPEMEHHBIX IICPUOAOB, TaK 1 Ha UX OTACIIBHBIX OT-
pe3kax. [IpoBeneHHbIE B TTOCIEIHNE TOIBI aHAIO-
TMYHBIE UCCIeaoBaHUs Kak B Poccuu (HampuMep,
B KpacHomapckom kpae B 2018 r., fdpociaBckoii
obsactu B 2020 r.), Tak 1 3a pyOexxom (Harpumep,
B [Tosbire B 2018 1) [4, 12, 15, 23, 25, 26, 37, 38, 45]
OXBaTbhiBaJM UJU HEOOJbIIME MMEPUOAbl BPEMEHU,
uan Heboabloe yucio O0oabHbIX. [loaTomMy 1e-
JIBI0O JaHHOUW pabOThI SIBISETCS M3y4YeHHUE BKJIana
MpeacTaBUTeNIeil pa3IMUHBIX CEePOrpyI JIeTTO-
CIIUP B 3TUOJIOTUYECKYIO CTPYKTYpPY 3a00eBaeMoO-
CTH JISNTOCTIMPO3aMU Ha MPOTSIKEHUU MPUMEPHO
60 jileT Ha OCHOBAaHMM aHAJIM3a apXUBHBIX 3alKCei
B J1a0OpaTOPHBIX KypHajlax O pe3yabTarax HC-
cledoBaHUs B peakUMU MUKPOArraroTUHALIUU
(PMA) cbIBOPOTOK KPOBH OOJIbHBIX, TTIOJO3PUTEIb-
HBIX Ha 3a00JIeBaHUEC JCHTOCTINPO3aMHU, B TICPUOL
1962—2020 rr.

MaTtepuanbl 1 MeToabl

IMpoananmu3aupoBaHbl  pe3yJbTaThl HCCJIENO-
BaHUS B peaklMu MUKpoarrmoTuHauuu (PMA)
C DTaJJOHHBIMM IHMArHOCTUYECKMMM IIITaMMaMU
JIEITOCIIUP CHIBOPOTOK KPOBU OT 4773 OOJNBHBIX,
MOJIO3PUTEBHBIX Ha 3a0o0jieBaHME JIETITOCITUPO-
3aMU, KOTOpBIE COIEpXaJuCh B J1aOOPATOPHBIX
XypHanax 3a 1962—2020 rr. B PMA BBISIBISIOT-
CcsI aHTUTeNa-arTJIOTUHUHBI IIPOTUB aHTUTCHOB
JICTITOCTIMP, B JAaHHOM CJiyyae — 2TaJOHHBIX Iua-
THOCTUYECKMX IITAMMOB BOJBITMHCTBO OOJBHBIX
npoxuBajio B MockBe U MOCKOBCKOI 001acTu,
a takxke B apyrux oonactsax LIDPO (CmomeHckas,
Kany:xckasiu 1p.). BoTneabHbie neproabl BpeMeHU
aBTOPBI JAHHOW CTAThU JIMYHO YYaCTBOBAJIM B I10-
ctaHoBKe PMA ¢ chIBOpOoTKaMM KPOBU OOJBHBIX
U OLIEHKE MOJyYeHHbIX pe3yJibraToB: [letpoB E.M.
(1966—2020 rr.), CaBenbeBa O.B. (1984—2020 rr.),
CamconoBa A.I1. (1989—1996 rr.). PMA mposo-

JUJU COIJIaCHO METOAMYECKUM yKazaHusaMm [39].
CTaTUCTUYECKYI0 00pabOTKY MOJTYUYEHHbBIX Pe3YJib-
TaTOB ITPOBOJINJIN COTJIAaCHO pyKoBoacTBaM [11, 18].

Pesynbrathl

Pe3ynprarhl mMccaenqoBaHUS TMOJOBOTO M BO3-
pacTHOTO COCTaBOB TIAIIMEHTOB Ha OCHOBAaHUU
JMaHHBIX, COAePKAIIMXCs B 1aOOPaTOPHBIX XYypHa-
Jax, npeacrabjieHbl B Ta0s. 1 1 2. Cpeau o6ciaeno-
BaHHBIX IMallMeHTOB ObLI0 2593 (54,33%) MyK4uH
un 1351 (28,31%) xenmuH. B 840 (17,25%) cinydaes
MOoJ TIAIIMEHTOB B XXypHaJie He yKa3aH, a ompele-
JIUTH €ro No (haMUJINY He MPEICTaBIISIETCS BO3MOX-
HbIM 0€3 MOJHOro yKa3aHusi UMEHU U OTYeCTBa
(ObLTM yKa3aHBI TOJIBKO MHULIAAJBI). JleTn Mosoxe
14 net cocraBnganu 724 (15,17%) obcimemoBaHHBIX
naumneHToB, B3pociable — 2400 (50,28%), v 1649
(34,55%) nauimeHTOB BO3pacT He ObL1 YyKa3aH.

IMonoxurenbHble pe3yybratl PMA ¢ sTajloH-
HBIMU JUATHOCTUYECKUMU IITAMMaMU JIETITOCTTUP
ObLJIM TIOJIyYeHBI MPH MCCICAOBAHUU ChIBOPOTOK
kpoBu 1632 (34,19%) GonpHbiX. B »3TOIi rpyIime
60JbHBIX 965 (59,13%) NMOI0XKUTEIbHBIX PE3yabTa-
TOoB PMA nipuxoauiaoch Ha MyX4uH, 359 (22,0%) —
xkeHmuH, 308 (18,9%) — Ha nuIl, Yeil IO He ObLT
ykazaH. Ha rpynny gereii Mmonoxe 14 net mpuxo-
autcs 213 (13,05%) monoXuTenbHbIX pe3yJbTaTOB
PMA, B3pocabix — 890 (54,53%), nui 6e3 yka3za-
Hus Bo3pacTta — 529 (32,41%).

CeporpynnoBasi CTPYKTypa ITOJIOXKUTEJIbHBIX
pe3yJIbTaTOB IIpencTaBieHa B Tabi. 3. g ymo6-
CTBa aHajM3a TIOJIyYeHHbIE JaHHbIe, HaYMHAas
¢ 1970 r., Obl1M pa30oUTHI HA MATUJIETHHUE OTPE3KU
M IIPOCYMMMPOBAHbBI, KaK MPeaCcTaBIeHO B Ta0. 4.
Janubie 3a nepuon 1962—1969 rr. ObLIM CBEIEHBI
B OJHY TPYMIy, TaK KakK 3a HEKOTOPbIE MECSIIbI
3aIlMCu OTCYTCTBOBaJIM, U CyMMapHOE KOJn4ye-
CTBO OOJIBHBIX B OTAEJIbHBIC TOMbI ObIJIO HU3KUM,
a nanHble 3a 2020 1. To3aHee OBIJIN ITPUCOSTMHEHBI
K rpymie 2015—-2019 rr.

Kak BUAHO M3 mpeAcTaBieHHBbIX B Ta0dA. 4 pe-
3yJITaTOB, JTOMUHUPYIOIIUMHU BO30YIUTEASIMU 3a-
0oJieBaHUS JIENTOCIMPO3aMU 3a BeCh MCCJIEIOBAH-
HBIA TIepuoHd SIBISIIOTCS JICITOCIIMPBI CEPOTPYNI
Grippotyphosa (25,1% cnyuaeB), Hebdomadis/Sejroe
(16,3%) w1 Icterohaemorrhagiae (9,9%). IlpencraButenu
ceporpynnsl Grippotyphosa ITOMUHUPOBAJIM TaK-
Ke Ha IpoTsKeHun nepruogos 1970—1989 u 2000—
2009 rr. B 1962—1969 rr. ouu (13,5%) ycryma-
JIM TOJIBKO TIPpEICTaBUTEsIM ceporpynin Pomona
(29,7%) w Tarassovi (14,9%), B 1995—1999 rr. — Sejroe
(5,6—57,3%).

IMpencTaBUTENBCTBO JICTITOCTIMD CEPOTPYIIITHI
Hebdomadis/Sejroe B 00111eM MyJie MOJOXUTEIbHBIX
pe3yJabTaToB cocTaBiseT 16,3% (BTOpoe MeCTO I10-
cie Grippotyphosa). TeHAeHINIO K POCTY BKJana
JITITOCTIUP 3TOW CEepOTPYINIHI B 3a00JIEBAEMOCTH
MOXHO OTMETUTH elle ¢ KoHua 80-x rr., a ¢ 1990 r.
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TaGnuua 1. FeHaepHbIli cocTaB 06cnief0BaHHbIX 60NbHbIX
Table 1. Gender composition of the examined patients

Bcero My>XuunHbI XKeHLwmHbI He ykasaHo
Fop Total Men Women Not indicated
Year BCe BCe BCE BCE
all * all * all * all *
1962 21 8 12 3 4 2 5 3
1963 83 31 55 21 23 6 5 4
1964 91 6 54 3 32 2 5 1
1965 44 4 14 2 18 1 12 1
1966 13 3 2 1 6 1 5 1
1967 33 15 9 2 24 13 0 -
1968 4 4 2 2 1 1 1 1
1969 12 3 6 2 3 0 3 1
1970 42 16 27 1 8 3 7 2
1971 12 7 6 4 5 2 1 1
1972 4 14 26 6 12 6 3 2
1973 108 18 30 5 35 10 43 3
1974 113 58 68 35 30 12 15 1
1975 107 4 58 15 16 6 33 20
1976 A 21 53 17 12 3 6
1977 386 139 225 104 142 27 19 8
1978 168 67 105 40 39 16 24 1
1979 172 30 112 18 33 7 27 5
1980 214 86 128 59 59 13 27 14
1981 405 185 272 122 80 38 53 25
1982 121 24 69 15 33 6 19 3
1983 31 13 14 3 6 2 1 8
1984 69 31 40 21 25 8 4 2
1985 4 14 17 9 10 5 14 0
1986 83 20 25 7 13 3 45 10
1987 205 55 87 18 66 12 52 25
1988 218 84 17 51 62 14 39 19
1989 294 4 136 32 130 32 28 7
1990 45 13 32 10 7 1 6 2
1991 40 6 24 3 7 0 9 3
1992 57 25 32 1 12 5 13 9
1993 123 43 40 18 16 4 67 21
1994 97 28 54 19 22 5 21 4
1995 50 15 32 9 10 2 8 4
1996 39 1 27 8 1 3 1 0
1997 126 42 62 22 37 8 27 12
1998 81 15 49 1 28 3 4 1
1999 53 6 18 5 26 1 9 0
2000 72 37 35 19 30 12 7 6
2001 161 76 109 59 29 8 23 9
2002 38 1 19 7 14 3 5 1
2003 67 40 39 23 8 1 20 16
2004 82 37 38 17 27 12 17 8
2005 80 4 37 3 25 1 18 0
2006 20 3 10 3 8 0 2 0
2007 35 5 18 4 13 1 4 0
2008 46 1 17 4 23 4 6 3
2009 21 3 1 3 8 0 2 0
2010 29 6 14 4 10 0 5 2
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OkoH4aHue Tabnuubl 1. FeHpepHbIli cocTaB 00cief0BaHHbIX 00bHbIX
Table 1. Gender composition of the examined patients (continued)

Bcero My>X4UHbI XKeHLKHbI He yka3aHo
lfop Total Men Women Not indicated
Year BCE + BCE + BCE + BCe +
all all all all

2011 20 8 1 5 5 1 4 2
2012 26 17 10 10 5 4 1 3
2013 29 7 9 5 7 2 13 0
2014 20 8 1 4 4 2 4 2
2015 16 9 9 6 4 1 3 2
2016 15 1 4 3 9 8 2 0
2017 26 21 14 10 6 6 6 5
2018 23 21 18 17 2 2 3 2
2019 23 22 15 14 6 6 2 2
2020 1 3 6 1 5 2 0 -

Beero 4773 1632 2593 965 1351 359 828 308
Total

% ot Boex 100 34,19 54,33 28,31 17,35
% of all
% OT MOJNIOXMUTENbHbIX
pesynbTaToB 100 59,13 22,00 18,87
% of positive results
% NONIOXUTEJIbHbIX
pe3ynbTaToOB B CBOEWN
rpynne 37,22 26,57 37,20
% of positive results
in relevant group
Mpumeyanme. «0» — O0TCYTCTBME NONOXMUTENbHBIX pe3ynsTaToB PMA; «—» — PMA He npoBoaunacs.
Note. “0” — no positive RMA results; “~” — RMA was not performed.

[0 HACTOSIIEe BPEeMsl JICIITOCIIMPhI 3TOM T'PYIIbI
3aHUMAlIOT IIEPBOE-BTOPOE MECTO B OOIIEH CTPYK-
Type 3a6oaeBaemoctu (15,4—57,3%).

CnenyeT OTMETUTh 3HAYUTEJIbHBIA  BKJIA[
B 3THUOJIOTMYECKYIO CTPYKTYpy 3a00jeBaeMOCTU
JICTITOCHMPO3aMU  IIPEACTaBUTEICil CepOrpymIibl
Icterohaemorrhagiae (9,9%, TpeThe MeCTO).

IpencraButenu ceporpyniibl Pomona B o01eM
nyJje 3aHuMarT 4yeTBepToe MecTo (9,3%). OHu sB-
JISSJIUCh JOMUHUPYIOIIUMU TOJbKO B 60-X IT. IIpO-
uroro Beka (29,7%).

IIpencTaBUTEILCTBO JICIITOCIIMDP CEPOrpPYMIIbI
Australis B o6111eM nyJie coctapisieT 9,1%. TenaeHust
K POCTy BKJaja JICIITOCOMP 3TOH CEepOrpymmbl
B 3abosieBaeMOCTbh HabOonasack B nepuon 1970—
1979 rr. (4,1—14,2%), a Takxe HaduHas ¢ 2000 r.

IIpencTaBUTEILCTBO JICIITOCIIMDP CEPOrPYMIIbI
Javanica B o01ieM nyiie cocrtasiser 4,0%. B nepron
1980—1984 rr. (13,9%) JienTOCIUPHI 3TOI CEPOrpyII-
bl YCTYHaJIKU TOJBbKO JICIITOCIIMPAM CEPOTPYIIbI
Grippotyphosa (34,5%). B octanbHble MEpPUONBI UX
BKJIaJ Obl1 MeHbIe (0—3,3%).

IIpencTaBUTEILCTBO JICIITOCIIMD CEPOrPYMIIbI
Canicola B o61ieM nyje cocrapisieT 3,25%. Cienyet
OTMETUTh 3HAYMTEIbHBII POCT BKJIa1a 3TUX JICIITO-
CIUP B 3TUOJIOIMYECKYIO CTPYKTYpY 3a00jieBaeMO-
cty B iepuof 1990—1994 rr. (20,9%), oHn ycTyIaau
TOJIBKO JICNITOCIIMPaM ceporpynmnsl Sejroe (32,2%).

B ocranbHble roabl BKJIA JEOTOCIIUP 3TOM CEepo-
rpynbl B 3a60JieBaEMOCTh ObLI MeHbIE (0—6,7%).

Bxunan nennrocnup ceporpynn Autumnalis (1,7%),
Bataviae (2,1%) B 3a6071€Ba€MOCTb, 32 UCKJIIOYECHM-
€M HEKOTOPBIX IIEPUOIOB, SIBJISICTCSI HE3HAUUTE b-
HbeIM. Jlentocniupel ceporpynn Ballum, Pyrogenes
u Cynopteri ¢ 1991 1. MCKJIIOUEHBI U3 MAHEJIU 3Ta-
JIOHHBIX TUArHOCTUYECKHUX IITAMMOB JIEIITOCIIUD,
KOTOpbIE MCIOJb3YIOTCSI Ha TeppuTopuu Poccuu
n1si moctaHoBku PMA [39].

B 13,5% wucciaenoBaHHBIX ChIBOPOTOK HMEIHU
MECTO MOJIOXUTEeNbHbIE pe3yabTaTtbl PMA c nento-
CHMpaMU HECKOJIBKUX CEPOrPYIII C OAMHAKOBBIMU
TUTPAMU U3-3a HAJMYUS NEPEKPECTHBIX peaKlInii,
MO3TOMY OJHO3HAUYHO OIMPENEJIUTh CEPOrpyIiro-
BYIO TIpUHAIJIEXHOCTh BO30yauTesieil 3aboJieBa-
HUS Y OTUX OOJBbHBIX HE IIPEACTABISIETCS BO3MOXK-
HBIM (OTCYTCTBME pPe3yJbTaTOB MocTaHOBKU PMA
B IpyTue CPOKM C MOMEHTa 3abojieBaHUsI, B psijie
cJlydyaeB 3TU CPOKU He YKa3aHBbl).

O6cyxaeHune

JonroseTHEe TOMUHUPOBAHNE B 3TUOJIOTUYEC-
KOM cTpyKType 3a06071€Ba€MOCTH JIEITOCTTUPO3aMU
Ha Tepputopuu Poccuum mnpeacraBuTeseil cepo-
rpynasl Grippotyphosa MOXHO OOBSICHUTD, C OOHOU
CTOPOHBI, HAJIUYUEM TOCTATOYHO LIUPOKOTO KPYy-
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Ta6auua 3. Ceporpynnosoﬁ COCTaB NOJIOXKUTEJIbHbIX pe3yJsibTaTOB peakKunn MmuKkpoarriioTmHauun

Table 3. Serogroup composition of positive microagglutination reaction data

Bcero
Total

31

15

16

14
18
58

41

21

139
67

30

86
185

24
13
31

14
20
55

84
14l

13

25
43
28

15

11

42

15

37

76

11

40

37

Ceporpynna/Serogroup

SU0I10B8I-SS0I)
numiead alqHLoadxadayy

32

16

1

37

10

10

nosseue|

semeleg

9o.lag-sipewopqaH

12

13

17

27

20

esoydAjodduyn

23

16

24
10

27
45

10

30

60

14

12
41

euowod

12

11

30

10

14

siespsny

17

10

14

18

sijeuwniny

1ajdouln

11

sauaboild

11

wnjjeg

ejoajue)

12

eojueaep

41

aeibeyiiowaeyoiayay

0

1
1
0
0
6
0

1

2
0
0

1
1
0
0
6
6
9

17
13

1
1
0
0
5
6
0

11

0

1
1

7

2
3
0

8
0

2
4
3

0
30

1

0

lop
Year

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002

2003
2004
2005
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OkoHuyaHue Tabnuubi 3. CeporpynnoBoii COCTaB NOJIOXUTENbHbIX Pe3Y/IbTaTOB peakuum MUKpoarraioTUHaLum
Table 3. Serogroup composition of positive microagglutination reaction data (continued)

Ceporpynna/Serogroup
=
Q =
% 5| £ : ;
— (] -—
foa § g 3 g g g .‘E % g '§_ Z 8 § Z;"é Bcero
Year § § g % g’ §' § "E g “E R E § E $ Total
g S|S8|2 | 2|3|5|<|€| 8|5 |2 |8|8¢g
E < = h <] o >
g (O] % a‘, (&)
8 T 2
2006 0 0 0 - - - 0 0 0 0 2 0 0 1 3
2007 0 0 0 - - - 0 2 1 0 1 0 0 1 5
2008 4 | o 0 _ - - 0 0 0 6 1 0 0 0 11
2009 0 0 0 _ - - 0 0 1 0 0 1 0 1 3
2010 0 1 1 - - - 0 2 0 0 2 0 0 0 6
2011 0 0 1 N N N 0 1 0 1 5 0 0 0 8
2012 1 0 0 _ _ _ 0 2 1 2 9 0 0 2 17
2013 0 0 0 - - - 0 0 1 2 4 | o 0 0 7
2014 0 0 0 - - - 0 1 0 3 3 0 0 1 8
2015 1 0 0 _ - - 0 0 0 0 2 0 0 6 9
2016 0 1 1 _ - - 0 3 2 0 3 0 0 1 11
2017 1 0 0 - - - 0 9 0 1 8 1 0 1 21
2018 4 | o 1 Z N N 0 3 0 1 9 0 1 2 21
2019 0 0 2 - - - 0 3 1 0 | 12 | 1 0 3 22
2020 0 0 0 - - - 0 0 0 1 1 0 0 1 3
MTL?: 161 | 66 | 53 | 9 | 12 | 41 | 28 | 148 | 151 | 410 | 266 | 35 | 32 | 220 | 1632
% 9,87 | 404 | 3,25 | 0,55 | 0,74 | 251 | 1,72 | 9,07 | 9,25 | 2512 | 16,30 | 2,14 | 1,96 | 13,48 | 100,00

Mpumeuanue. C 1991 r. npeactasutenu ceporpynn Ballum, Pyrogenes, Cynopteri Gbinu NCKMIOYEHbI U3 MAaHENN 3TaNOHHbIX LMarHOCTUYECKMX
LUTAMMOB NIENTOCNMP 1 B NOCneaytoLme roabl B noctaHoske PMA He MCNonb30Banuch.
Note. Since 1991, serogroups Ballum, Pyrogenes, Cynopteri have been excluded from the panel of reference diagnostic strains of Leptospira

and in subsequent years were not used in RMA.

ra pe3epByapHBIX >KMWBOTHBIX-X0351€B (TPBI3YHHBI,
KPYTMHBIA U MEJIKUU pOraThlil CKOT, JIOIIAAU U AP.),
a C APYrol — yCTOMUYMBOCTBIO JIENITOCHUP 3TOM
CEpOTPYIIbI K HEOIATOMIPUSATHBIM BO3AEUCTBUSM
OKpYy>Kalolllel cpeabl BIUIOTh 4O BO3MOXHOCTH Te-
PE3UMOBBIBATH B BOJIE OTKPBITHIX BOOJOEMOB B MEX-
ce30HHBIN niepuon [3, 7, 8, 21, 36].
JloMUHUpOBaHUE  JIETITOCIIUP  CEPOTPYIIIIbI
Sejroe B HacToslllee BpeMsl SIBISIETCSI MUPOBBIM
tpeHaoMm [4, 13, 30]. BoapmuHCTBO aBTOPOB [4, 5,
14, 16, 17] cBA3BIBAIOT 3TO B OCHOBHOM C JIBYMS
daxkTopamu. I[lepBbiM 0OBSICHEHUEM BJIsIETCH 060-
Jiee UHTEHCUBHBIN, YEM B IPEABIAYIIINUE TOIBI, POCT
YUCJIEHHOCTU U U3MEHEHUE apeaioB IPbI3yHOB —
X035€B BO30ynUTeIe MPUPOTHOOYATOBBIX UH(PEK-
uuii [7, 13, 23, 31, 33]. I1lponokaeTcs BO3IecTBUE
Ha MPUPOIHBIE OYard MPU WHTEHCUBHOU XO3s1i-
CTBEHHOU OESITEJIbHOCTU JIOAEH, 4YTO MNPUBOIUT
K aHTPOINOTreHHOU TpaHchopMmaluuu JaHamaGToOB
(po3us mouB, 00pa3oBaHUE OBPAroB, PaAUAlIUOH-
HOe U XMMMYecKoe 3arpsisHeHue) [16]. OcBoeHue
JIECOTMOKPBITBIX TEPPUTOPUN B TPOMBIIIIEHHBIX,
CEJIbCKOXO3SIMCTBEHHBIX U PEKPEALIMOHHBIX LEJISIX

MPUBEJIO K 3HAYUTEJIHHOMY 3aMEIIeHNIO NCXOTHO-
KOPEHHBIX (XBOWHBIX U IIUPOKOJUCTBEHHBIX) hOp-
Maluii BTOPUYHBIMU MEJIKOJTUCTBEHHBIMU, a TaK-
Ke K (pparMeHTalluu paHee MOHOJIUTHBIX JIECHBIX
TEPPUTOPUN U TJIOOATBHOMY OMOJIOXXKEHUIO JIECOB,
U3MEHEeHUSIM (PUTOIIEHO30B, YTO B CBOIO OYepelb
MPUBOAUT K M3MEHEHUSIM KOPMOBOW 0as3bl IJIs
JKUBOTHBIX Y CO3JIaHUIO OJIaTOTIPUSITHBIX YCIOBU A
JUIST BOCIIPOU3BOJICTBA MEJIKUX MJIEKOMUTAIOLIUX.
BaskHbIli BKJ1ag B penponyKTUBHYIO aKTUBHOCTH
STUX XXUBOTHBIX M pacIIMpeHNEe WX apeajioB BHO-
CIT W3MEHEHUs KIMMAaTWYeCKUX YCJIOBUM, TIpe-
JKJIe BCEro TIOBBINIEHWE CPEAHErolI0BOM TeMIiepa-
TYpBl IPU3EMHOTO cjiost atMocdepsl [16, 17]. DTu
KJIMMAaTUYEeCKUE U3MEHEHUSI YBEJIUUYUBAIOT YUCIO
JIET ¢ 6J1arONpUSTHBIMU YCITOBUSIMU AJ151 3UMOBKU
MEJIKUX MJIEKOTTUTAOIIUX U AJ151 UX PAa3MHOXEHUS.
Crnenyet HAaTIOMHUTD, YTO JICTITOCTIMPHI CEPOBAPOB
hebdomadis/sejroe, B 40-x rT. XX B. OTHOCUMBIX
K BO30ymutensam Jienrtocnupo3a VI tuma, Obuin
BHepBble OOHApy>keHbI B cTpaHax BocTouHol A3uu
(Anonus) n Ha HaneHem Boctoke [3, 32], roe u3s-
3a 0oJsiee MATKOI 3UMBI clydau 3a00JieBaHUS Jen-
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TOCITUPO3aMHU YacTO OBIJIM HE B «KJIACCHYECCKUI»
ce3oH. IIpaBma, B maJbHEHIIIEeM JEITOCITUPHI 3TUX
cepoBapoB (50—60-e rr. XX B.) garie Bcero ooHa-
PYXHMBaJIMCh B CcTpaHax 3amanHoit m BocTtouHoit
Esponbl  (I'epmanus, Hwuagepnanabl, JdaHwus,
Ilonbia, YexocnoBakus) [3]. [ToaTomy «riobanb-
HOE€ TIOoTeIlJIeHue» co3aaeT Oosiee OIaronpusiTHbIe
YCJIOBUSI OKpY>Kalolleit cpeibl AJis1 00jee LU POKOro
pacIpocTpaHEeHMS JISTITOCITAP 3TOU CepOrpyIbI.
BropsiM (dakTOopoMm, obecriedynBalOIIUM JOMU-
HUPOBaHWeE JISTITOCITP CEPOTrPyHIbI Sejroe B 3THO-
JIOTUYECKOM CTPYKTYPE JICITOCIUPO30B, SIBJISICTCS
pa3BUTHE MHTETPAIMOHHBIX MPOIIECCOB B YCJO-
BUSX TIJ00aiM3alliy SKOHOMUKU. Pacmmpenue
TOProBO-3KOHOMHWYECKOTO COTPYOHWYECTBA, CO-

BpEeMEHHBIE OBICTPBIC CPEACTBA TPAHCIIOPTUPOBKH
CEITbCKOXO3STMCTBEHHBIX M XXNUBOTHBIX-KOMIIAHbO -
HOB (B TOM YMCJIe U OUKWX), IIPOAYKTOB MUTAHUS
M KOPMOB, B TOM YHCJIC U IPOAYKTOB KMUBOTHOTO
M PaCTUTEIBHOTO IPONCXOKACHU ST, TUKBUINPYIOT
npexXHue reorpadmdeckue dapbepsl I IIepeHoca
BO30yauTeNield OoJie3HEell 4YesloBeKa U >KMBOTHBIX
3a TIpenesbl SHIEMUYHBIX TEPPUTOPUM B CTPaHBI,
rae OHM JMOO OTCYTCTBYIOT, JIMOO MMEIOT Orpa-
HUYEHHOe pacripocrpaHeHue [4, 6, 8, 24, 31, 52].
IIpn mepeMelleHNMW MeEXAY CTpaHaAaMHW B paMKax
DKOHOMHUYECKUX M TaMoxeHHbIX coi30B (EC,
EA3DC) kKapaHTUHHOrO NOCMOTpa Ha TpaHUIIax
CTpaH — YJICHOB 3TUX COIO30B HE ITPOUCXOIUT, YTO
MOBBINIAET PUCK 3aHOCA BO30youTeJiell Ha HOBBIE

Ta6auua 4. CeporpynnoBoii COCTaB NOJIOXUTENbHbIX Pe3yNbTaTOB peakuum MUKpoarriioTUHauum

3a NaTuJieTHne BpeMeHHbIe OTPEe3KU

Table 4. Serogroup composition of positive microagglutination reaction data for five-year intervals

Ceporpynna
Serogroup

s

8 3 -

> " 2| g 2
fon IS 8 | s 8| 5| =2 | @ c | & | @ o | S | 22| Bcero
Year g 28| § g.»’ g g g 8| 8] ¢ s a |38 Tota

1R IB IR IR IR AR IR IR RN AR AR B

2| S| o 2|l | 3| < || 8| §| 2| & |3

2 A S | 3 g5

3 m ]

g T &

=
1962-1969 9 2 0 0 0 1 0 3 22 10 5 5 11 6 74
% 12,2 | 2,7 0,0 0,0 0,0 1,4 0,0 41 |1 29,7 | 135 | 6,8 6,8 | 14,9 | 81 100
1970-1974 | 4 | 3 | o | © 1 0 1 | 1621 [ 33| 8 | 4] 3 |19 113
% 3,5 2,7 0,0 0,0 0,9 0,0 09 | 142 | 186|292 | 71 3,5 2,7 | 16,8 100
1975-1979 21 1 5 6 0 15 12 30 50 63 20 9 6 60 298
% 7,0 0,3 1,7 2,0 0,0 5,0 40 [ 10,1 | 16,8 | 21,1 6,7 3,0 2,0 | 20,1 100
19801984 | 32 | 47 | 2 | 3 | o [ 19 8 [ 25 [ 10 [117] 23| 3 | o | 50 | 339
% 94 (13,9 0,6 0,9 0,0 5,6 2,4 74 29 | 345 | 6,8 0,9 0,0 | 14,7 100
19851989 | 22 | 8 | 5 | o | 11 | 6 | 4 | 19 | 33 |84 | 19| 4 | 2 [ 27 | 244
% 9,0 3,3 2,0 0,0 45 2,5 1,6 78 | 135|344 | 78 1,6 0,8 | 11,1 100
1990-1994 | 11 | 1 | 24 | - | - | - [ o 1 1 |22 37 ] 6 | 4 | 8 115
% 9,6 0,9 | 209 - - - 0,0 0,9 09 [ 191|322 ]| 5.2 3,5 7,0 100
1995-1999 13 0 6 - - - 0 1 2 5 51 1 5 5 89
% 14,6 | 0,0 6,7 - - - 0,0 1,1 2,2 56 [ 573 1,1 5,6 5,6 100
2000-2004 | 38 2 5 - - - 3 23 5 59 M 0 0 25 201
% 18910 25| - | - | - [ 15 [ 114 25 [ 294|204 | 00 | 00 | 124 | 100
2005-2009 4 0 0 - - - 0 6 2 6 4 1 0 3 26
% 1554] 00 00| - | - | - [00[231 77 | 231|154 38 | 00 | 11,5 100
2010-2014 1 1 2 - - - 0 6 2 8 23 0 0 3 46
% 2,2 2,2 43 - - - 0,0 | 13,0 43 | 174 | 50,0 | 0,0 0,0 6,5 100
2015-2020 6 1 4 - - - 0 18 3 3 35 2 1 14 87
% 6,9 1,1 4.6 - - - 0,0 [ 20,7 | 34 3,4 | 40,2 | 2,3 1,1 16,1 100
BTco‘;I" 161 | 66 | 53 | 9 | 12 | 41 | 28 | 148 | 151 | 410 | 266 | 35 | 32 | 220 | 1632
% 9,9 4.0 3,2 0,6 0,7 2,5 1,7 9.1 93 [ 251 ] 16,3 | 21 20 [ 13,5 100

Mpumeuanue. To xe, 4To 1 ans Tabn. 3.
Note is the same as for Table 3.
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TeppUTOPHUH. JIeNTOCTTUPHI OTHOCITCS K BO30OYIH-
TEJISIM TPYMIbl BBICOKOI'O pPUCKa B OTHOILICHUU Be-
POSITHOCTH TPaHCTPAaHUYHOIO IIEpEeMeIIeHMS, TaK
KakK mpeacTaBuTesun 6osee yem 130 pomoB XXKUBOT-
HBIX MOTYT CITY>KWUTh WX MOTEHIMAJIbHBIMHA HOCH-
Teasimu [4, 6, 52].

JIoMUHUpYOIIee MOJOXEHUE JCIMTOCHUD Ce-
porpynnsl Icterohaemorrhagiae B OTOEeIbHBIC TOIBI
MOXXHO B KaKOW-TO CTENEHU OOBSICHUTH HAJIUUIM-
€M 3HAUYUTEJIbHOIO0 KOJMYECTBa ChIBOPOTOK OOJIb-
HBIX, TOCTyNUBIINUX U3 KpacHomapckoro kpas, rie
JICTITOCOHMPBI 3TOM CEepOTPYINNIBI HAa MPOTSIKCHUU
MHOTHMX JIET W BILJIOTH IO HACTOSIIETO BPEMEHU
SIBJISIIOTCS BEAYIIMMU B 3TUOJIOTUYECKON CTPYK-
Type 3aboneBaeMOCTM Jierntocnupo3amu [1, 10,
13, 19]. Tak, nanpumep, B 2003 1. u3 67 uccieno-
BaHHBIX CBIBOPOTOK KPOBH 60JbHBIX 38 (57%) mo-
ctynuiau u3 KpacHogapckoro kpasi, mpudeM cpe-
o Bcex 30 CBhIBOPOTOK, TOJOXMUTEIbHBIX B PMA
C JISTITOCIIMPAMU CEPOTPYIIEI Icterohaemorrhagiae,
27 (90%) Obiiu u3 KpacHomapckoro Kkpas.
B To Xe BpeMst B Apyrue roabl A0JsI CBIBOPOTOK
n3 KpacHogapckoro kpas BapbupoBaja ot 2 10 6%.
B psime cmydaeB, Tme moisi 0Opa3loOB CHIBOPOTOK
KPOBH, TIOCTYIUBIINX B JIJaOOpaTopuio, ObLJIa 3Ha-
YyUTeJbHOU (Hampumep, 26% B 1988 r.), mosoxu-
TeJIbHBIX pe3yJibTaToB B PMA ¢ ienTocnnupamMu ce-
porpyIiIisl Icterohaemorrhagiae He O0b110. B mocen-
HUeE TOIbl OTMEUaeTCs CHUKEHIE UX BKJIaga B OTH-
OJIOTMUYECKYIO CTPYKTypy 3aboseBaemoctu [13]
B 9ToM peruoHe. C OZHONW CTOPOHBI, 3TO MOXKET
OBITH CBSI3aHO C OOIIIEMUPOBBIM TPESHIOM JOMUHM-
pOBaHUS JICTITOCOHUD CEPOTrPyNIBI Sejroe, a ¢ Ipy-
roli — c OOIMM CHUXXEHHEM 3a00jeBaeMOCTHU
JICTITOCOMPO3aMU B JaHHOM PErvoHe Io MpPUYMHE
aKTUBHOM BaKIIMHAILIUU OOJBIINX KOHTUHTECHTOB
Joael B yCJIOBUSIX CTUXUUHBIX OeacTBUI (HaBO-
nHeHus). g coneuududeckoid MpodUIaKTUKU
JIETITOCOMPO30B Yy Jwoaeit ¢ 1999 r. ucnonb3yercs
KOHIICHTPUPOBAHHAsI KOPHYCKYJsIpHasl IIOJIMBa-
JICHTHasI BaKOWHa, pa3paboTaHHast PocToBCKUM
HHWUHMN wmukpobuosorun u mnapasutoioruu [40].
K 2006 1. 3T0it BakunHOM 66110 TpUBUTO 500 THIC.
yesioBeK B 24 cyonekTax Poccuiickoit Menepannu,
npuyeM 80% npuBUTHIX puxonuTcs Ha HODO [6].
DTOo cmocoOCTBOBAJIO CHUXKEHU IO 3a00J1eBA€MOCTH
JIETITOCOMPO3aM1 Ha TEPPUTOPUM DTOrO OKpyra
noutu B 3 pasa: B 1997 r. Ha ngonto KODO npuxo-
nuinochk 71% ciaydaeB 1enTocnupo3os, a B 2011 r. —
25% (AnanbuHa FO0.B., nuuHOe coobieHuE).

B 60—70-x rr. XX B. B psifie perMOHOB Hallleit
CTpaHBl Cpeau 3a00JIeBIIMX JICITOCHMPO3OM
10 95% MOTJI0 MPUXOAUTHCS Ha JIMI, CBSI3aHHBIX
C YXOIOM 3a CeJIbCKOXO3SIMCTBEHHBIMH XKWBOT-
HBIMHA WJIM C UX yOOEeM M IIPOM3BOACTBOM IIPO-
NYKTOB XXMUBOTHOIro mnpoucxoxaeHus. Hampumep,
B JleHMHIrpaackoii o0JilacTu A0Js1 TaKUX OOJIbHBIX
coctaBisiia 73,3% [14]. TToaToMy MOHSITHBI TIpH-
YUHBl JTOMWHUPOBAHUS JIETITOCIHDP CEPOrpyNIl

Pomonaw Tarassovi. B koHue 70-x — HavaJie 80-X I'T.
B CBSI3U C POCTOM ITOIYJISIPHOCTH OTIbIXa Ha MPU-
polie U JAYHBIX yJyacTKaX Cpear OOJBbHBIX JICIITO-
CIIMPO30M HAYaJIOCh MOBBIIIIEHUE JOJIU TOPOICKUX
KUTEJIe U, COOTBETCTBEHHO, OOJBLHBIX JICTITOCI M-
posoM Grippotyphosa [14].

Kak crmemyer w3 Ha3BaHUS, JIETITOCIIMPHI Ce-
porpynmbl Australis OBIIW BIIEPBBIC BBIICICHBI
Ha ABCTPaJIMICKOM KOHTUHEHTE, TlIe UX XO3sieBa-
MU OBLJIM pa3juYHbIe BUIbI MECTHBIX KPbIC, B TOM
quciae U cymMyaTbie (0OJbIIME U Majable OAHAMKO-
ThI) [3]. Ha TeppuTopun Hailreit cTpaHbl JIEMTOCTIU-
pbI 3TOI CEPOrpyIIITbl BBIASISINCH Yallle OT eXeil
(MockoBckasi o0JyiacTh), pexe OT cBuHeir |[3].
Poct uywmcna cnyuaeB Jenrocnuposa Australis
B HavaJle 3TOro BeKa OBbII OTMEUEH B TOM YHCIIC
u Hamu [30]. B MockoBckoit 061acTu (B OCHOBHOM
B CTYyNMHCKOM paiioHe) ObIJIO 3aperucTpupoBaHO
HECKOJIbKO CJIydaeB JEeNTOCIHPO3a 3TOH 3TUOJIO-
TWH, B TOM YHCJIC U JIeTaJIbHBIX, Y TIOACH, 3aHUMAaB-
IIUXCST pa3BelleHUEeM eXeil Ha ITpoIaxy B KauecTBe
KMBOTHBIX-KOMMNaHbOHOB [30].

Kak crenmyer u3 Ha3BaHUS, JIETITOCIIMPHI Ce-
porpymisl Javanica OBLIW BIIEPBBIC BBIIECICHBI
Ha ocTpoBe fIBa, rlie MX OCHOBHBIMHU pe3epByap-
HBIMU XO3sIeBaMM SIBJSITUCH YepHbIe KpPbICHI [3].
Ha tepputopuu Haleil cTpaHbl €AMHCTBEHHBIMU
cnennUIECKUMHU XO35IeBaMM JICITOCIIUDP 3TOM
CEPOTPYIIITHI SIBJISTIOTCSI HACEKOMOSITHBIE — 3EM-
aepoiiku [35]. B To ke BpeMsi BO BJIa>KHBIX TTPU-
POIHBIX YCJIOBHUSX MOXKET IMPOUCXONUTH Mepeaada
JICTITOCITUP OT 3eMJICPOCK HECIEIM(PUISCKUM XO-
3sieBaM, IMpeXae BCEro OOBIKHOBEHHBIM TTOJIEBKAM
U TIoJieBKaM-3KOHOMKaM [35]. OT aTUX TI'PbI3yHOB
BO3MOXHO 3apaXXeHUe IOMaIlIHEro CKoTa U JIIOfAEH.
OmHaKO CUMTACTCS, YTO JICIITOCITUPBI CEPOrPYIIIBI
Javanica mpakKTU4YeCKM HE UTPAIOT POJIK B 3a0o0Jie-
BAEMOCTH JIIOJIEI, XOTSI MOXHO COCJIAThCSI, XOTSI ObI
KaK Ha Ka3yUCTUKY, HAa ONMCAHHBIM HAMM cJiydyai
OOHapy>KeHUSs JIETITOCITUP 3TOM CEPOTPYIIITHI B TO-
JIOBHOM MO3re 00JbHOTO JiertToctiupo3om [30].

Peskoe Bo3pacTaHue mpoieHTa OOJIbHBIX, Y KO-
TOPBIX OOHAPYKEH bl aHTUTEa K IS TOCIIMPaM Cepo-
rpynnsl Canicola B mepuon 1990—1994 rr., coBmagaet
C POCTOM YHCJIa CIyYacB JICHTOCITUPO3a 3TOM 3THO-
JIOTUY B yKa3aHHbBIC TOIBI TPEXK/Ie BCETO B KPYITHBIX
ropoaax (Mocksa, Cankr-IletepOypr) [23, 33, 34].
MHorue aBTOPBI CBSI3BIBAIOT 3TO C YBEJIMYCHUEM
quciaa OpoassumX co0aK — OCHOBHBIX X035I€B JICIITO-
CIUp BTOM ceporpyImnbl B ropoaax [24, 30, 33, 34].
B Caunkr-IletepOypre aToMy BOIpPOCY JaxKe MOCBSsI-
TUJIU CIelIMaJIbHOE 3aceJaHe MIPUU.

IIpencraBuTenu ceporpyrit Autumnalis u Bataviae
B TaHHOE BpeMs HE UTPAIOT Cepbe3HON POJIU B 00-
IIeil CTPYyKType 3ab0JIeBaeMOCTHU JIENITOCIIMPO3a-
MM, a JICNTOCIUPBI ceporpyrn Ballum, Pyrogenes
u Cynopteri ¢ 1991 1. uCKIO4eHBI U3 HAOOPA ITATOH-
HBIX IUATrHOCTUYECKUX IIITAMMOB JIETTTOCITUD, KOTO-
pbIit ucriosib3yeTcs Ha Tepputopuu Poccum [39].

886



2022, T. 12, Ne 5

MccnepoBaHue cbIBOPOTOK 60JIbHLIX lenTocnnpo3om B PMA

Hanuuyue cpaBHUTEIBHO OOJBIION TOJIU CHIBO-
POTOK, TTOJIOXUTENbHBIX B PMA, rie HabtogaoTCs
MEePeKpPeCTHBIC PeaKIMM MEXAy aHTUTEHAMM JIeTI-
TOCITUP HeCKOJbKUX ceporpyir (13,5%), ¢ onHoit
CTOPOHBI, MOXET CBUJICTEJICTBOBATh O HEIOCTAT-
Kax B MPOBEACHUM AUATHOCTUKU, a C JPYyroi —
O BO3MOXHOCTU CMEIIAHHOW JIENTOCIUPO3HON
WHMEKIMY TIpU 3apa*keHWU B CMELIaHHBIX TIPU-
poaHbIX ouarax [3].

Crnenyetr OTMETUTbD, UYTO, 10 TaHHBIM JIUTEPaTy-
phl, B apyrux pernonax P® [4, 12, 15, 23, 25, 26,
37, 38] aTuonoruyeckasi CTpykTypa JernToCIIUupo-
30B MOXXET OTJIMYAThCS OT MPEJICTaBJICHHOM B TaH-
Holt paboTe, Iie OCHOBHOM KOHTUHIEHT OOJIbHBIX
MpeaCcTaBIeH XUTeJIIMU MocKBbI 1 MOCKOBCKOI
obsactu. B xauecTBe nmpuMepa Mbl ITPOBEJU aHa-
JIU3 CEepPOTPYIIIOBOM CTPYKTYPHI JEMTOCITUPO30B
Ha TeppUTOpUM permoHa MocKBbl 1 MOCKOBCKOI
00J1acTH 1O JaHHBIM pe3yabTaToB PMA 3a nocien-
Hue 5 ner (2016—2020 rr.). 3a 3TOT nepuomd ObLIN
UCCeJOBaHbl CBIBOPOTKU KPOBU OT 98 OGOJNIBHBIX,
u3 HUX 59 (60%) — >XUTeaW JaHHOTO pPErvoHa.
Bcero moJsiyuyeHo 78 TOJIOXUTENbHBIX pe3yJbTa-
ToB PMA, 13 Hux 40 (51%) npuxonutcs Ha 6OJb-
HbIX U3 peruoHa MockBbl U MOCKOBCKOIl 00-
jacTu. [IpOLEHT TIOJIOXKUTENbHBIX Pe3yIbTaTOB
PMA B obuieit rpyrne 00JbHBIX U MAllUEHTOB U3
TAaHHOTO pEervoHa COCTaBJsIeT COOTBETCTBEHHO
80 u 68. [lokazaHo, YTO pas3IUYUs MEXIY dTUMU
MOKa3aTeIsIMU SIBJISIFOTCS CTaTUCTUYECKU 3HAUM-
MbiMU (p < 0,10). ITpu ucciaegoBaHUU CbIBOPOTOK
KPOBU BCeX OOJBHBIX MOJOXUTEIbHBIE Pe3yibTa-
Thl oJay4YeHbl B PMA co mtammamMu ceporpynn
Icterohaemorrhagiae — 5, Javanica — 1, Canicola —
4, Australis — 18, Pomona — 3, Grippotyphosa — 3,
Sejroe — 33, Bataviae — 2, Tarassovi — 1, niepe-
KpecTHopearupymwliiue — 8, a >xutejeii MOCKBBI
1 MOCKOBCKOI 00J1acCTH, COOTBETCTBEHHO, 3, 1, 1,
12,2, 1, 15, 1, 0,4. CneayeT OTMETUTh, UTO B 00e-
WX T'PyIIIax, BO-TIEPBbIX, MOJOXUTEIbHBIC PEe3YIb-
taTbl PMA HabntogaloTcs yallle BCero co HITaM-
MamMu ceporpynn Sejroe (42 u 40% cooTBeT-
cTBeHHO), Australis (23 n 30% cOOTBETCTBEHHO)
u Icterohaemorrhagiae (6 u 8% COOTBETCTBEHHO),
a BO-BTOpPBIX, HaOJI[OmaeTCsl MJOCTATOYHOE YMCJIO
cJIydyaeB TMEepeKpPeCTHBIX peakKIMil ¢ JIeTocupa-
MM HECKOJBKUX ceporpymnir (rmo 10%).
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Abstract. Introduction. Knowledge about tick-borne disease (TBD) distribution is necessary to improve prevention, where-
as detection of human serum IgG antibodies against relevant pathogens is a method for monitoring TBD prevalence in lo-
cal population. The study objective was to estimate seroprevalence of IgG antibodies against tick-borne encephalitis virus
(TBEV), Borrelia burgdorferi sensu lato, Coxiella burnetii, Anaplasma phagocytophilum, and Ehrlichia chaffeensis/E. muris
in healthy residents from the five territories of the Northwestern Federal District of the Russian Federation (Arkhan-
gelsk Oblast, Leningrad Oblast, Pskov Oblast, the Republic of Komi and the Republic of Karelia). Materials and meth-
ods. In 2017-2019, a total of 1244 serum samples from healthy residents, not vaccinated against TBDs or other flavivirus-
caused infections was studied by ELISA. Results. 21.7% of the sera samples contained IgG antibodies against a single TBD
pathogen, whereas 2.1% showed signs of coinfection with two or more pathogens. The most common were IgG antibodies
against TBEV (5 territories, 12.2%), followed by Borrelia burgdorferi sensu lato (5 territories, 3.5%), C. burnetii (4 territo-
ries, 2.9%), Anaplasma phagocytophilum (3 territories, 1.6%), E. chaffeensis/E. muris (5 territories, 1.5%). The IgG antibod-
ies were more common in men (55.2%) than in women (44.8%), being found virtually evenly in age-independent manner
(from juniors under 18 to seniors over 60). Conclusion. The results of this first comprehensive serosurveillance study in the
Northwestern Federal District of the Russian Federation assessing serum IgG antibodies against tick-borne diseases in-
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dicate a wide distribution of such pathogens. Moreover, infections caused by C. burnetii, Anaplasma phagocytophilum, and
Ehrlichia chaffeensis/E. muris might be highly underdiagnosed.

Key words: seroprevalence, antibodies, tick-borne encephalitis, Lyme disease, human granulocytic anaplasmosis, human monocytic
ehrlichiosis, Q fever, European North of Russia.

CEPONPEBANIEHTHOCTb KJIELLEEBbIX 3AE0JIEBAHUIA B CEBEPO-3AMNAAHOM ®EAEPAJIbHOM
OKPYFE POCCUUCKON ®EAEPALUU
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Tpouun A.A.2, By3unos P.B.3, Cokoiosa O.B.3, T'narus B.P.*, Byu JI.B.5, Byonosa JI.A.%, Cacdonosa O.C.,
CrankeBud A.1.", Kanmunuuna E.JI.%, Bukce P.°, Aunpeaccen A.K.°

'"®PYH HHUH snudemuonocuu u muxpodbuonsoeuu umenu Ilacmepa, Canxkm-Ilemep6ype, Poccus

2 Hayuno-uccaedosamenvckuii uenmp sKonoeuteckoil 6ezonachocmu Poccuiickoil akademuu nayx, Cankm-Ilemepoypeckuii
gedepanvublii uccaedosamensvckuil yenmp Poccuiickoii akademuu nayk (HUL[ PAH), Cankm-Ilemepoype, Poccus

I Dedepanvras cayxcoa no nadzopy e chepe sauumot npag nompedumeneil u 64a20N0NYHUS 4eA08€KaA N0 ApXaH2eabcKoil
obnacmu, e. Apxaneeavck, Poccus
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Pesiome. Bsedenue. 3HaHMe pacrpoCTpaHeHMs KJEUIEBbIX 3a00JieBaHUII HEOOXOAMMO MJIsl YAYUIIEHUS UX
npodUIaKTUKHU, a BblsiBiAeHUe IgG-aHTUTEN K X BO30OYIUTESIM B CHIBOPOTKAX KPOBU UeJIOBEKa SIBJISICTCS METOIOM
MOHUTOPUHTA PaCIpOCTPaHEHHOCTHU KJICIIEBBIX 3a00JeBaHUI Cpeau MECTHOro HaceneHus. Llenb mcciaenoBaHus:
M3y4YeHHUE CEPOITPEBaJICHTHOCTH MPAKTUIECKH 3T0POBOTr0 HaceleHU T ApXaHTeabcKoii, JIeHnHrpanackoii, [IckoBckoit,
obnacreit, Pecryonuk Komu n Kapenuu, pacrionoxeHHbIx Ha eBporieiickom CeBepe Poccuu, BoTHomeHun Bupyca K9,
Borrelia burgdorferi sensu lato, Coxiella burnetii, Anaplasma phagocytophilum n Ehrlichia chaffeensis/E. muris. Mamepuano:
umemodsi. Bcero 0b110 ccnenoBaHo 1244 cBIBOPOTKY KPOBH IMTPAKTUUCCKH 3I0POBBIX TN, ITOCTOSTHHO ITPOXMBAIOIIX
Ha JaHHOM TepPUTOPUHU, He BAKIIMHIPOBAHHBIX IIPOTHUB KJICIIEBOT0 SHIIe(haInTa 1 IPYTUX MHPEKIINIA, BEI3BIBAEMBIX
bnaBuBupycamu, mpodeccusi KOTOpbIX He CBsI3aHA C PUCKOM 3apakeHUs KielieBbiMU nHheKusiMu. ChIBOPOTKYU
KpOBU JAOHOPOB uccaenoBain MetonoM ELISA. Pezyasbmamer. YctaHoBieHo, 4To B 21,7% o6pa3suax UCCieI0BaHHbBIX
CBIBOPOTOK, TIOJTYYEHHBIX OT XKUTEJed BCeX aHAJIU3MPYEMbBIX TEPPUTOPHMI, OOHapyXeHbl aHTUTena Kjiacca IgG
K BO30YAMTEIIM pa3IMUHBIX MHPEKIIUA, Mepeaaolnxcs KieamMu, B TOM Jyucie B 26 mpobax — OJHOBPEMEHHO
K ABYM U 0oJiee matoreHaM. B ceiBopoTKax xkuteneit pecnyonuk Komu u Kapenus, a takxke JleHuHrpaackoii odaact
BBISIBJICHBI aHTHUTEJa KO BCEM MCCIEIOBaHHBIM aHTUIEHAM, B CHIBOPOTKAX XUTeJlelt ApXaHIeJbCKoil o0JacTu —
aHTUTeNa K BUPYCY KielieBoro sHuedanuta, Borrelia burgdorferi sensu lato, C. urnetiid v E. chaffeensis/E. muris
a B CBIBOpOTKax xxuTeneit IIckoBcKoii 001acT — aHTUTENa K BUPYCY KJeleBoro sHuedanuta, Borrelia burgdorferi
sensu lato v E. chaffeensis/E. muris. Y myxuuH IgG-aHTHTeNa K KJIeIEeBbIM MHOEKLIMSIM OIpeaesiinuch yanie (55,2%),
yeM y XeHIUUH (44,8%). 1gG-anTuTena K KiellueBbiM MHGEKLIUAM ObLIU ONpeae/eHbl IPAKTUYECKX PABHOMEPHO
y KUTeJIEl BCEX BO3PACTOB OT AeTCKOro (o 18 jet) mo moxuioro (ctapiue 60 net). Obcyxcoenue. IlpencraBaeHHbIE
pe3yNbTaThl TIEPBOTO KOMITJICKCHOTO 00CiemoBaHus XKuteieil esporeiickoro CeBepa Poccum Ha Haiamuunme B UX
ChIBOpOTKaxX KpoBu IgG-aHTUTEN K KJIeeBbIM WHMPEKIINSIM, CBUIETEICTBYET O IIUPOKOM PACTIPOCTPAHEHUM ITUX
WHGbEKIMI U, BEPOSITHO, O CYIIECTBEHHOU TMMOAUarHOCTUKE UHbeKIIniA, Bbi3biBaeMbIx C. urnetiid, Anaplasma phago-
cytophilum w Ehrlichia chaffeensis/E. muris.

Karouesvle caosa: ceponpesaseHmuHocns, aHmumend, Kaeujeoll sHyegarum, 60ae3us Jlaima, epanyroyumapHsli aHania3mo3
Yen08exa, MOHOUUMAapHsLil 3pauxuo3 yesoeexka, Ky-auxopaoka, Esponeiickuii Cesep Poccuu.

Introduction

TBDs are among important drivers of habitat
quality, public and herd health, as well as the epide-
miological safety of the local population [5]. Recent
social changes and stronger anthropogenic impacts
on abiotic components of landscapes may contrib-

ute to the evolution of those infections [1, 24]. In this
regard, any advance in understanding of TBDs real
distribution within a territory is of great importance
for prevention of these diseases.

TBD incidence rate is an important factor that
defines prophylaxis volume and methods within an
administrative unit. However, it does not always re-
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flect to a full degree the real spread of TBD, since
that depends much on the awareness of the local
population, their health seeking behavior, availability
and quality of medical care, qualification of medi-
cal personnel, availability of laboratory diagnostics,
etc. There is a high risk of underdiagnosis since most
of the human TBDs appear as subclinical forms [5].
Many patients are asymptomatic or experience mild
symptoms and, as a rule, do not seek medical help,
thus reducing the reported incidence rate. However,
the absence of pronounced symptoms does not ex-
clude the probability of chronic TBD course, result-
ing in disability or even fatal outcome [1, 8, 24, 48].
Knowledge of TBDs actual distribution is neces-
sary to improve its effective prevention in the area.
The detection of IgG antibodies to TBD pathogens
in blood sera of humans is a method for indicating
the real level of infection in the local population.

Among all TBDs it is TBE that poses the most so-
cially important problem in the Russian Federation,
being diagnosed in 46 subdivisions. At least 1508
cases of TBE were reported in 2018, including 153
in children under 14. TBE incidence rate was 1.3 per
100 thousand inhabitants; in 98% of cases the disease
developed after tick bites. Twenty two cases of TBE
were fatal; i.e. the infection case fatality rate was
0.7% [8].
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In 1996—2017, in Komi, in the European North
of Russia, the TBE case fatality rate was 2.3% [28].

The incidence of both TBE and LD remains rather
high in Northwestern Federal District of the Russian
Federation (NWFDREF) [1, 3, 10, 12, 49]. For exam-
ple, from 2006—2017 in Komi, the average TBE inci-
dence rate ran to 1.4, while that of LD was 0.8 [1].

HGA, HME and Q fever are practically not re-
corded in the European north of Russia, although
in some cases they are responsible for irrevers-
ible damage to the internal organs and disability
of patients [5].

The choice of territories under study of human
sera derives from the northward spread of ixodid ticks
in the European north of Russia [10]. Such expansion
in the tick’s geographic range contributes to favorable
conditions for TBDs distribution.

The objective of our work was to study the seroprev-
alence of IgG antibodies against TBEV, Borrelia burg-
dorferi sensu lato, Coxiella burnetii, Anaplasma phago-
cytophilum, and Ehrlichia chaffeensis/E. muris in the
healthy population of NWFDRF: in the Arkhangelsk
Oblast (AO), Leningrad Oblast (LO), Pskov Oblast
(PO), Republic of Komi and Republic of Karelia.
The purpose was to study the variation in seropreva-
lence of these indicators in different territories and
whether there are age and gender differences.
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Figure. Administrative divisions of the Northwestern Federal District

Note. 1 — Arkhangelsk Oblast, 2 — Vologda Oblast, 3 — Kaliningrad Oblast, 4 — Republic of Karelia, 5 — Komi Republic,
6 — Leningrad Oblast, 7 — Murmansk Oblast, 8 — Nenets Autonomous District, 9 — Novgorod Oblast, 10 — Pskov Oblast,
11 — St. Petersburg. The surveyed divisions (1, 4, 5, 6, 10) are highlighted in dark grey.
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Table 1. Distribution of donors by gender, by age, and by territory of residence

Territory Number Gender Age (years)
of residence ofdonors | Male | Female | <18 | 18-29 | 30-39 | 40-49 | 50-59 | >60
Republic of Komi 659 246 413 3 62 108 126 150 210
Republic of Karelia 292 148 144 0 35 109 95 45 8
AO 103 24 79 12 16 23 19 28
PO 98 42 56 0 21 23 35 17 2
LO 92 36 56 50 18 24 0 0 0
Total 1244 496 748 58 148 280 279 231 248

Materials and methods

The blood serum of healthy donors was sampled
in 5 administrative divisions of NWFDRF: Komi,
Karelia, AO, LO, PO. The territory of NWFDRF
involves numerous islands, however, all samples were
collected in mainland territory only. Figure shows
a map of NWFDRF with the designation of its ad-
ministrative units.

Blood was sampled in 2018—2019 after informed
voluntary consent of donors and based on their per-
sonal data (Table 1). The inclusion criteria were as
follows: good health at study entry; no professional
risk of TBD acquisition; no history of vaccination
against TBD and/or other infections caused by fla-
viviruses; no manifest forms of TBD; no diseases or
conditions that affect the results of serological stud-
ies; residence in the territory under study and no trips
out of it for several years at least.

Blood was sampled from the cubital vein into
vacuum tubes, followed by centrifugation (10 min,

3000 rpm), freezing and storage of sera at —70°C.
Subsequent transportation of the material was car-
ried out in compliance with the “cold chain”. All sera
samples were analyzed by ELISA with commercial
test systems for detection of:

— IgG antibodies to TBEV — “VectoVKE-IgG”

(CJSC “Vector-Best”, Novosibirsk),

— IgG antibodies to Borrelia burgdorferi sensu

lato — “LimeBest” (CJSC “Vector-Best”, Novo-

sibirsk),

— IgG antibodies to Coxiella burnetii, “Anti-Q”

(Pasteur Institute, St. Petersburg),

— IgG antibodies to Amaplasma phagocyto-

philum — “GACh-ELISA-IgG” (LLC “Omnix”,

St. Petersburg),

— IgG antibodies to Fhrlichia chaffeensis/

E. muris — “MECH-IFA-IgG” (LLC “Omnix”,

St. Petersburg).

All sera samples were tested according to the
manufacturer’s manuals. The test results were clas-
sified as positive, negative, or borderline according

Table 2. IgG antibodies to TBD pathogens in sera of NWFDRF residents

IgG-antibody-positive samples (number of positive/seroprevalence, %)
2 L E - S| 2 £q
=fn 0 - = — (2]
Territory Number §E S £ Z S¢ § ? & S % 2 glq-, s
of residence | of samples > b4 S= o 3 S 88 Q3 @s D
= T © = » S 3 > & € Qo
8S% | 38 | &a5% S g8 8y | BER
228 28 35 S D S 3s5a
- H - 0\
< 5 | u g
Republic Kk
of Komi 659 149/22.6 83/12.6 21/3.2 23/3.5 15/2.3 714 15/2.3
Republic
of Karelia 292 59/20.2 38/13.0 9/341 9/3.1 1/0.3 2/0.7 5/1.7
AO 103 15/14.6 7/6.8 2/1.9* 1/1.0 0 5/4.9** 1/1.0
PO 98 19/19.4 11/11.2 5/5.1 0 0 3/3.1 2/2.0
LO 92 28/30.4 13/14.1 6/6.5* 3/3.3 4/4.3 2/2.2 3/3.3
Total 1244 270/21.7 152/12.2 43/3.5 36/2.9 20/1.6 19/1.5 26/2.1

Note. When comparing the seroprevalence rates of IgG antibodies against TBD pathogens significant differences were found: *in relation to Borrelia
burgdorferi sensu lato in AO and LO: the corresponding value of Fisher’s criterion is 1.651 (while for p=0.01 the critical value is 1.450); **in relation
to E. chaffeensis/E. muris in Komi and AO: the corresponding Fisher’s criterion is 2.244 (while the critical value for p=0.01is 1.450).
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to the instructions enclosed in the diagnostic sys-
tems. Considering the probability of false positive
results due to the common antigenic sites of some
antigens, any borderline results were regarded as
negative. In addition, for a more objective assess-
ment of the results on TBEYV, all sera containing [gG
antibodies to TBEV according to VectoVKE-IgG
system (CJSC Vector-Best, Novosibirsk, Russia)
were simultaneously studied using the test sys-
tem Enzygnost® Anti-TBE/FSME Virus (IgG)
(Siemens Healthcare, GmbH, Marburg, Germany),
both with specificity 99.5% according to the manu-
facturer’s manual.

The distribution of our sera donors’by gender, age
and territory of residence is shown in Table 1.

Results

Inthisstudy 1244 serasamples were tested for TBD
pathogens. The parallel studies of 152 sera samples
analysed for IgG antibodies to TBEV by VectoVKE-
IgG were confirmed by Enzygnost® Anti-TBE Virus
(IgG). The results of detection of IgG antibodies
to the TBD pathogens Borrelia burgdorferi sensu lato,
Coxiella burnetii, Anaplasma phagocytophilum, and
FEhrlichia chaffeensis/E. muris are shown in Table 2.

From the 1244 studied sera samples IgG an-
tibodies to TBD pathogens were detected in 270
(21.7%), where 26 (2.1%) samples contained an-
tibodies to more than one pathogen. The overall
seroprevalence was highest in LO (30.4%), then
followed by Komi (22.6%), Karelia (20.2%), PO
(19.4%) and AO (14.6%). 1gG antibodies to all five
TBD pathogens (TBEYV, Borrelia burgdorferi sensu
lato, C. burnetii, Anaplasma phagocytophilum and
E. chaffeensis/E. muris) were found in sera samples
from Komi, Karelia and LO. In AO we revealed anti-
bodies to four (TBEV, Borrelia burgdorferi sensu lato,
C. burnetii and E. chaffeensis/E. muris), while in PO
only to three of them (TBEV, Borrelia burgdorferi
sensu lato and E. chaffeensis/E. muris).

The number of samples from each territory was
not sufficient to conclude on statistically significant
differences in frequency of antibodies to the patho-
gens in this study.

However, from Table 2 the seroprevalence of IgG
antibodies to TBEV and Borrelia burgdorferi sensu
lato was 2.1 and 3.4 times higher in LO than in AO,
respectively, while in Komi, Karelia and PO the per-
cent of antibody-positive samples for these pathogens
essentially did not differ, except for a slightly higher
prevalence of Borrelia in PO and LO. In other terri-
tories the seroprevalence of IgG antibodies to TBEV
did not vary significantly.

The highest seroprevalence to A. phagocytophi-
lum was recorded in LO, to E. chaffeensis/E. muris
the highest prevalence was detected in AO, and
for C. burnetii 1gG antibody seroprevalence in Kare-
lia, Komi and LO was nearly the same.

1gG antibodies to all studied TBD pathogens were
detected more often in men (55.2%) than in women
(44.8%). The difference is especially demonstrated
for IgG antibodies to TBEV where seroconversion
was 15.7% in men, while only 9.9% in women.

In our study IgG antibodies to TBD did not de-
pend considerably on the donor’s age, being near-
ly the same for juniors (< 18 years) and seniors
(> 60 years). However, IgG antibodies to B. burgdor-
feri sensu lato and A. phagocytophilum were detected
in juniors somewhat more often than in seniors. IgG
antibodies to Coxiella burnetii were highest in sen-
iors (> 50 years), while IgG antibodies to Borrelia
and Anaplasma, on the contrary, were highest in the
youngest group (< 18 years) (see Table 3).

Discussion

Ixodid ticks are among the most important vec-
tors of human TBDs, including TBE, LD, HGA
and HME [4, 30]. The epidemiological profiles
of those TBDs are nearly similar. Therefore, in the
majority of cases IgG antibodies against TBEYV,
B. burgdorferi sensu lato, A. phagocytophilum, and
E. chaffeensis/E. muris are indicative of frequent ex-
posure to infected ticks within the studied territo-
ries. Seroprevalence is indicative of both the activity
in TBD natural foci and the risk of infection in the
local population [5]. On the contrary, the probability
of catching Q fever directly from ixodid ticks is in-
significant [25]; therefore, the IgG antibodies against

Table 3. Age distribution of donors with IgG antibodies to TBD pathogens

IgG antibody-positive/all donors; percent of antibody-positive (%)
TBD pathogen <18 18-29 30-39 40-49 50-59 >60 Total

n=58 n=148 n=280 n=279 n=231 n=248 n=1244
TBEV 6/10.3% 19/12.8% | 39/13.9% | 39/14.0% | 24/104% | 25/101% | 152/12.2%
B. burgdorferi sensu lato 4 /6.9% 3/2.0% 11/3.9% 8/2.9% 8/3.5% 9/3.6% 43/3.5%
A. phagocytophilum 3/5.2% 2/1.4% 1/0.4% 4/1.4% 4/1.7% 6 /2.4% 20/1.6%
E. chaffeensis/E. muris 2/3.4% 5/3.4% 1/0.4% 4/1.4% 3/1.3% 4/1.6% 19/1.5%
C. burnetii 1/1.7% 4/2.7% 5/1.8% 6/2.2% 9/3.9% 11/4.4% 36/2.9%
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C. burnetii are more indicative of Q fever anthro-
pogenic foci activity. The role of ixodid ticks in the
C. burnetii distribution is largely due to the infection
of wild, agricultural and domestic animals. In addi-
tion, these blood-sucking arthropods infected with
C. burnetii feed on migratory birds that transfer
the infection to virgin territories [17, 52].

Here we present our first comprehensive sero-
survey of humans in five administrative units of the
NWFDREF for the presence of IgG antibodies against
TBEYV, B. burgdorferi sensu lato, A. phagocytophilum
and E. chaffeensis/E. muris and C. burnetii. The re-
sults indicate that the proportion of TBD-infected
populations in different territories varies.

Our results on the seroprevalence of IgG anti-
body to TBEV in AO (6.8%) and in Komi (12.6%)
are close to those reported earlier (7.9% and 13.7%,
respectively) [10, 51]. The index varies much de-
pending on the territory under study. E.g., in the
south of AQ, it reached 20.9% [10]. Seroprevalence
beingthe result of a permanent dynamic process de-
pends both on the activity of TBD natural foci and
the frequency of humans’ exposure. An illustrative
example is the increased seroprevalence of IgG an-
tibodies to TBEV in the population of Komi be-
tween 2001 and 2013 from 3.5% to 13.7%, prob-
ably due to climatic changes [49], that favor both
northward expanding of tick geographic ranges
and exposure of local inhabitants to infected tick
bites [51]. An increase in TBEV seroprevalence
is typical not only for the North of Russia; a simi-
lar trend has been observed in some regions of the
Czech Republic [35].

Here we studied the seroprevalence of IgG an-
tibodies to TBEV in the healthy population of the
Northwestern Russia, while researchers in Europe
focus mostly on occupationally-risk groups. However,
in many European countries the reported TBEV-
seroprevalence in high risk occupationally exposed
groups is much less (e.g., only 2.3% in France [43]),
than that of healthy donors in NWFDRF, where
the seroprevalence is 12.2%. Serosurveillance of 1213
healthy donors in Western Norway showed little to no
TBEYV prevalence among local residents [31]. Similar
results were obtained from a survey of healthy do-
nors in other areas (Vestfold and Telemark coun-
ties) in Norway. Only 0.4% of them had antibodies
to TBEV [36, 38].

Our findings on seroprevalence of IgG antibod-
ies to B. burgdorferi sensu lato. In NWFDRF (3.5%)
do not differ much from those reported in other
European countries. E.g., in Belgium B. burgdor-
feri sensu lato seroprevalence in a healthy population
of blood donors was 2.6—2.9% [21].

HGA must be classified as an emerging in-
fection in NWFDRF. HGA was first diagnosed
in 1990 in Wisconsin (USA) in a patient with a tick
bite history and severe febrile illness [18]. However,
under-diagnosis of HGA is typical for many coun-

tries, including USA [40]. The incidence of human
HGA cases in Europe is lower (estimated under
300) than reported from the USA, where a steady
increase has been reported since 2001, with more
than 15,000 accumulated cases until 2015 [16].
HGA cases have now been reported from Austria,
Croatia, France, Italy, Latvia, the Netherlands,
Norway, Poland, Slovenia, Spain, and Sweden [37,
39]. There is an incongruence between human
seroprevalence and observed clinical cases that
might arise from incomplete diagnosis, or a high
rate of asymptomatic infections [41]. In Russia,
as well as in other European countries, HGA
is rarely registered. In many territories of Russia,
where ticks infected with A. phagocytophilum were
found, HGA is not diagnosed [9]. A similar situ-
ation is observed in NWFDRF, where 4. phago-
cytophilum was also found in ticks [26], and HGA
is not diagnosed in humans either. It is possible
that HGA patients are given a different diagno-
sis, for example, “FIu” or “fever of unknown etio-
logy.” The discrepancy between the relatively high
seroprevalence rates for A. phagocytophilum (4.3%
in LO), and the lack of diagnosis of this infection
in humans in NWFDREF, revealed by us, is prob-
ably due to the wide spread of asymptomatic forms
of this disease and the imperfection of its diag-
nosis [41]. Despite the obviously ubiquitous pres-
ence of A. phagocytophilum in ticks and various
wild and domestic animals in the European North
of Russia [26], the reported HGA clinical cases are
very rare, and territories with A. phagocytophilum-
infected ticks are much more numerous than those
with a few registered HGA cases [41]. However,
in S.P. Botkin hospital in St. Petersburg antibod-
ies to HGA were detected in 16 of 934 tick-bitten
febrile patients, while no other antibodies to TBD
pathogens (TBEV or B. burgdorferi sensu lato)
were found. In two of these 16 patients an increase
in IgG antibodies to A. phagocytophilum was re-
corded which, along with the clinical picture and
pre-existing tick bites, made it possible to diag-
nose HGA. In Europe rather high HGA seropreva-
lence rate was detected in TBE-suspected patients:
30.96% in Belgium [20], 25% in Slovakia [34],
16.28% in donors in Norway [31], 11.4—-28%
in Sweden [40, 46], and 3.5—9.4% in Poland [19,
53]. According to our findings the average level
of HGA seroprevalence in the healthy popula-
tion of NWFDRF was 1.6% (though 4.3% in LO)
that is less than in most of the European countries
mentioned above. This comparatively low sero-
prevalence, on the one hand, may stem from lower
A. phagocytophilum prevalence in the territories un-
der study; on the other hand, it may be due to dif-
ferent methods of antibodies detection and differ-
ences in the surveyed contingents. To detect 1gG
antibodies to A. phagocytophilum in Europe the IFA
assay was mostly applied to survey “occupational
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risk” groups, while here we used ELISA and ap-
plied it in healthy donors without “occupational
risk”. However, in our opinion, even the relatively
low figures for A. phagocytophilum seroprevalence
in LO, Komi and Karelia substantiate the need
to examine tick-bitten febrile patients for the pres-
ence of antibodies to 4. phagocytophilum.

HME, despite its clinical resemblance to HGA,
is characterized by more severe course and a higher
mortality rate [24]. HME is widespread in the south-
eastern, southern, central, and mid-Atlantic parts
of the United States. In 2015, E. chaffeensis infection
was reported in 35 states, with most numerous cas-
es in Missouri, Arkansas, New York, and Virginia.
In the European Union, E. chaffeensis is not subject
to registration [37], however, HME cases have been
reported in Serbia [15], Czech Republic, Denmark,
Sweden, and other countries [28], but those find-
ings are fragmentary. In the Russian regions diag-
nosis of HME cases are rare compared to detection
of E. chaffeensis/E. muris in ticks [1]. However, our
earlier serological studies revealed the HME occur-
rence in the North-West of Russia: e.g., in the healthy
population of St. Petersburgs outskirts the seropreva-
lence of IgG antibodies to E. chaffeensis/E. muris was
4.4% [50].

In this study the seroprevalence of IgG antibodies
to E. chaffeensis/E. muris in average was 1.5%. It was
revealed in all territories under study and varied from
0.7% (in Karelia) to 4.9% (AO). Those findings are
consistent with an earlier communication on de-
tection of IgG antibodies to E. chaffeensis/E. muris
in the sera of 23.3% of febrile patients hospitalized
in Arkhangelsk city after tick bites [50].

Q fever is diagnosed in humans and animals, and
its natural or household foci are identified practi-
cally all over the world, with the possible exception
for New Zealand [14]. Not all countries have man-
datory registration of Q fever incidence, however,
the infection is usually diagnosed where appropriate
research is carried out [33]. In Europe, Q fever is reg-
ularly notified in many countries, e.g., in Bulgaria,
France and Germany [27]. The largest known Q fe-
ver outbreak reported to date involved approximately
4,000 human cases (25 fatal) and occurred during
2007—2010 in the Netherlands [22, 25, 44]. In the
NWPFDREF, a large outbreak of Q fever was recorded
at the end of 20'" century [2].

In our study, IgG antibodies to C. burnetii were
detected in all studied territories, with the exception
for PO, while in Karelia, Komi and LO it was rather
high (> 3%).

However, Q fever is not diagnosed in NWFDRF
in recent years, and only one Q fever case was diag-
nosed in LO in 2017—2019.

Among the reasons for Q fever under-diagnosis
is the difficulty of its clinical recognition due to pro-
nounced polymorphism of the disease manifesta-
tions and the absence of pathognomonic symptoms.

Significant under-diagnosis of Q fever causes ir-
rational treatment, resulting in chronicity. Chronic
Q fever is a very frequent outcome of the disease.
For example, in the south of France 5—8% of all
endocarditis cases are caused by C. burnetii [48].
Such development of the disease in humans is often
fatal [42].

Comparison of IgG antibody seroprevalence
in LO (3.3%) with the same long-term indicator
in the city of St. Petersburg (0.4%) [6] lends indi-
rect support to the view that ixodid ticks play a rela-
tively small role in C. burnetii infection in humans.
The overwhelming majority of St. Petersburg resi-
dents annually spend their recreation time in LO
and tick-bitten by ixodid ticks [12]. However, the IgG
antibody seroprevalence in the city residents is much
lower than in the LO population, because a larger part
of the LO population tend to temporary be in contact
with animals at livestock enterprises or private farms
compared to city residents.

In our study, IgG antibodies to TBDs were de-
tected in humans of various ages, from children
(< 18 years) to the elderly (> 60 years). Similar find-
ings are available for Russia as a whole [7]. The age
dependence of seroprevalence was insignificant.

The most significant gender differences in sero-
prevalence rates were related to TBE.

In men, the seroprevalence of IgG antibodies
to TBEYV exceeded that in women, probably to a cer-
tain extent due to their exposure to ticks during tra-
ditional out-of-doors occupations (fishing, hunting,
hiking, etc.).

Analysis of modern literature on infections
transmitted by ixodid ticks suggests that any dis-
ease resulting from tick bites should be considered
as a potential mixed infection. Coinfection of two
or more pathogens during the disease development
complicates the diagnosis of mixed infections [4].
It was found that in northwestern Russia, mixed in-
fection without pronounced clinical manifestations
occurs 7.6 times more often than with the devel-
opment of the clinical picture of diseases [11, 13].
In our study, antibodies to two or more pathogens
were detected in 2.1% of sera samples, and as a rule,
those were IgG antibodies to TBEV and Borrelia
burgdorferi sensu lato. Our findings do not allow
us to determine whether people were infected with
those two pathogens simultaneously or from differ-
ent tick bites. Although, considering the pathogens
ability to persist in a human body, it can be assumed
that individuals with coinfections may have a greater
risk of chronicity.

When testing sera by the ELISA methods one
cannot completely exclude the possibility of false-
positive results. To minimize this risk in our study
we interpreted the borderline results as negative, and
similar results from two different test systems in par-
allel was required to conclude that a sample was
positive.
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However, for our purpose, the absolute figures are
less important than the variation in seroprevalence
of those indicators in different territories, and in per-
sons of different ages and gender.

Conclusions

A sizable portion (on average 21.7%) of NWFDRF
population is infected with TBD pathogens. The per-
cent of infected population varies significantly depend-
ing on the territory. The presence of IgG antibodies
to TBD pathogens in the sera of humans in the absence
of reported incidence is indicative of underdiagnosis
of those TBDs. The discrepancy between our findings
on seroprevalence and the reported TBDs prevalence
is largely due to the absence of pathognomonic symp-
toms in these diseases, its mild, asymptomatic clinical
course in some cases, and insufficient laboratory diag-
nostics. Significant underdiagnosis of TBDs as a conse-
quence of irrational treatment results in chronic course
and lethality, therapeutic misconception, erroneous
ideas about the real distribution of TBDs and the lack
of proper alertness of medical staff to those diseases.

Men are infected with TBDs more often than
women. However, people, starting from children
(< 18 years old) to the elderly (> 60 years old) were
found to be infected with TBD pathogens almost
evenly irrespective of age. Infection with two or more
TBD pathogens was detected in 2.1% of the surveyed
humans.

The detection of IgG antibodies to TBD patho-
gens in the northern territories, where TBDs never
had been diagnosed, confirms indirectly the north-
ward expansion of tick habitats [10, 46, 51]. Similar
expansion of ixodid tick habitats has also been ob-
served in other countries of the Northern Europe [32,
45, 47]. Of particular concern is the health of the in-
digenous population of the North, who historically
had never been exposed to ticks and more vulnerable
to tick-borne infections [29].
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Abstract. Since 2017, the incidence rate of rubella in the Russian Federation has been below 1 case per million total
population. In addition, no circulation of endemic strains of the rubella virus is recorded evidencing about achieving
infection elimination phase. In modern conditions, it is important to constantly monitor the level of herd immunity to the
rubella virus to identify epidemically significant population groups, especially in countries lacking rubella vaccination
or featured with insufficient disease control. Purpose: to study herd immunity to the rubella virus in selected countries
in Eurasia and Africa. Materials and methods. Between 2018 and 2021, 15,594 samples of blood sera were tested for IgG
and IgM antibodies to the rubella virus from subjects of different ages obtained from regional measles and rubella
surveillance centers in the Northwestern Federal District (NWFD) of the Russian Federation, the Republic of Serbia,
South Vietnam, and the Republic of Guinea. The “Anti-Rubella Virus ELISA (IgM)” and “Anti-Rubella Virus ELISA
(IgG)” (Euroimmun, Germany) test kits were used. Statistical data processing was carried out using the MS Excel,
Prizm 5.0 (GraphPad Software Inc.), and Statistica 8.0 (StatSoft Inc.) software package. Results. During the observation
period (2018—2020) the population seroprevalence of the to the rubella virus in the NWFD of the Russian Federation
was 96.6—97.7% and fluctuated slightly both in separate years and among individual age groups evidencing about high
coverage of rubella vaccination. In the Republic of Serbia conducting two-fold immunization against rubella the overall
seroprevalence rate was lower than in the Russian Federation and comprising 86.8%. The minimum number of I1gG-
positive sera was recorded in the 2—4-year-old age group pointing to the shortcomings of routine vaccination. In South
Vietnam, children aged 1-3 years (41.9%) predominated among those recovering from rubella, i.e. the age cohort that
should be protected by vaccination at the age of 18 months. No rubella vaccination is carried out in Guinea. The total
proportion of seropositive individuals was 75%; herd immunity to the rubella virus was established mainly among children
and adolescents, reaching 90% only in the older age group. 30% of unprotected subjects of the most active reproductive
age were identified among the females surveyed in Guinea. Conclusion. Insufficient herd immunity to the rubella virus,
identified in a number of countries, may contribute to the maintenance of the infectious process and the spread of infection.
Globalization contributes to the virus importation into regions being at the stage of measles and rubella elimination.
The results obtained suggest about a need to continue efforts aimed at maintaining epidemiological wellbeing regarding
rubella in diverse countries of the world.

Key words: rubella, herd immunity, vaccination, Russian Federation, Republic of Serbia, South Vietnam, Republic of Guinea.
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KOJITIEKTUBHbIA UMMYHUTET K BUPYCY KPACHYXU B HEKOTOPbIX FTEOrPA®UYECKUX
PEFMOHAX

JlaBpenTheBa MI.H.!, Buuypuna M.A.!, Autunosa A.1O.!, Kamapa 2K.2, Xoaur M.3, bBanyeBny M.JI.4,
XKeaesnosa H.B.!, Eroposa C.A.!, Toroxan A.A.!

"®@BFYH HUH snudemuonoeuu u muxpoobuosoeuu umenu Illacmepa, Cankm-Ilemep6ype, Poccus

2 Yuueepcumem umenu Taman A6denv Hacepa, e. Konaxpu, leuneiickas Pecnybauka

I Unemumym [lacmepa ¢ Xowumune, e. Xowumun, Boemnam

* Unemumym eupyconoeuu, eakyun u colgopomok «Topanrax», e. beaepao, Cepockas Pecnybauxa

Pe3tome. Haunnas ¢ 2017 r. B Poccuiickoit @enepanny mokasaresib 3a001€BaeMOCTH KPACHYXOM HAXOIUTCS HA YPOBHE
Huxe | cmyyas Ha 1 MuTH HaceneHus. Takke OTCYTCTBYET LIMPKYJISIUS SHAEMUUHBIX ITAMMOB BUpPYyca KpPAaCHYXMU.
DTO CBUIETEIHCTBYET O JOCTUKEHUU (pa3bl STUMUHAIINY MHEKIINU. B COBpeMEHHBIX YCIIOBUSIX BAXXHBIM SIBJISICTCS
MTOCTOSTHHBIYI MOHUTOPUHT YPOBHSI KOJJIEKTUBHOTO UMMYHUTETA K BUPYCY KPACHY XU JIJTSI BBISIBJIEHU S MU IEMUYECKHU
3HAYMMBIX TPYTI HaceJeHWs, OCOOEHHO B CTpaHax, TJe¢ BaKIIMHALIMS TPOTUB KPACHYXW HE TMPOBOAMTCS WJIU
KOHTpPOJIb HemocTtaToueH. e uccnenoBanms: u3ydeHue KOJJIEKTUBHOTO MMMYHUTETA K BUPYCY KPAaCHYXU B psijie
crpan EBpasuu u Appuxku. Mamepuans: u memoosi. B mepuon ¢ 2017 o 2021 r. Ha IgG- u IgM-aHTuTtena K Bupycy
KpacHyxu uccienoBaHo 15594 obpasiia cbIBOPOTOK KPOBHU JIMI] PAa3HOTO BO3pacTa, MOJYUYEHHbIE U3 PErMOHATbHBIX
LIEHTPOB I10 HaA30py 3a KOpbIio U KpacHyxoit B C3®O P®, Pecrryonuke Cepoust, B FOxHoM BreTHaMe, B [ BUHEICKOM
Pecniyonuke. Ucnonbs3oBanu MDA tect-Habopsl «Anti-Rubella Virus ELISA IgM» n «Anti-Rubella Virus ELISA
(IgG)» (Euroimmun, Tepmanus). CraTuctuueckass o0paboTKa pe3yJbTaTOB MPOBOAUJIACH C TOMOIIBIO MakeTa
nporpaMmMm MS Excel, Prizm 5.0 (GraphPadSoftware Inc.), Statistica 8.0 (StatSoft Inc.). Pesyromamer. B C3®O PO
3a Iepuo HaOJIIOAECHUS CEPOIPEBAIEHTHOCTD HACEIEHU S K BUPYCY KpaCHYXHU cocTaBisiiaa 96,6—97,7% u Kosebaiach
HE3HAYUTENbHO KaK IO OTEJIbHBIM TOfiaM, TaK M CPEAMW OTAEIbHBIX BO3PACTHBIX TPYIIN, YTO CBUICTEIbCTBYIOT
0 BBICOKOM OXBaTe BaKLIMHALMe mpoTuB KpacHyxu. B Pecriyonuke CepOusi oO1iMii mokasareb CEponpeBaJeHTHOCTU
okasajcga Huxe, yeM B P®D, u cocraBun 86,8%. Haumenbiiece koamuyecTBO IgG-TOMOXUTEIbHBIX CHIBOPOTOK
PETUCTPUPOBAM B BO3PACTHON TIpyTiTie 2—4 roja, 4TO TOBOPUT O HEJOCTaTKaX IMjaaHOBON BakimuHanuu. B FOxHoM
BoeTHame cpenu mepebGoeBIINX KPACHYXOM Mpeobiaganu aetu B Bodpacre 1-3 roma (41,9%), To ecTh Ta rpyina,
KOTOpast TOJKHA OBITh MAKCMMAaJIbHO 3allWIeHa MJIaHOBOM TPUBUBKOIM MTPOTUB KpacHyxu B 18 mecsies. B ['Bunee
cnienuduyeckass MpodUIaKTUKa KpacHYXHU He TpoBoauTcs. OOGInast 10Jsi Ceporno3UTUBHBIX JIUI] cocTaBuia 75%,
KOJUIEKTUBHBIf UMMYHUTET K BUPYCY KpacHYXU (hOpMUPOBAJICS, B OCHOBHOM, CPE/IU IETEH U MOAPOCTKOB, TOCTUTAS
90% nuiiib B cTapiueit Bo3pacTHoi rpymme. Cpean 00cae0BaHHBIX XeHIIWH [ BuHen BbIsiBIcHO 30% He3allUIeHHbIX
JIAI] HauOoJiee aKTUBHOTO PEMpPOMyKTUBHOTO Bo3pacTa. 3akaioueHue. HenocTaTOuHBIM ypOBEeHb KOJJIEKTUBHOTO
MMMYHUTETa K BUPYCY KPACHYXW, BBISIBIIEHHBIIA B psIJIe CTPAaH, MOXKET CIIOCOOCTBOBATH PACTTPOCTPAHEHN 0 MH(MEKITN,
a yCJIOBUS TJIO0ANM3alui — WMTIOPTUPOBAHWIO BUPYca B PETMOHBI, HAXOMSIIMECsS Ha dTare 3MMMUHAIIUNA KOPU
n xpacHyxu. [TomyueHHBIE pe3yIbTaThl CBUACTEIBCTBYIOT O HEOOXOMMMOCTHY TIPOIOJIKEHU ST YCUIIUH, HATIPAaBJICHHBIX
Ha MoJiep>kaHue AMUIEMUOJIOTUIECKOTO OJIarOIoIydnsi B OTHOIIEHU M KPACHYXH B Pa3HBIX CTpaHAX MUDA.

Karouesvie caosa: kpacnyxa, KoareKmugHbiii uMmyrnumem, eakyuronpoguiaxmuxa, Poccuiickas @edepayus, Pecnyoauxa Cepbus,
FOxcnbiit Bsemuam, [euneiickas Pecnybauka.

Introduction

The Strategic Program for Measles and Congenital
Rubella Prevention was developed by the WHO
in 2002, and in 2004 it also included the rubella elimi-
nation target [17, 18]. Postnatal rubella is a mild infec-
tious disease, predominantly of childhood, character-
ized by a maculopapular rash and an unexpressed syn-
drome of general intoxication. Congenital rubella in-
fection is a severe systemic lesion of organs and tissues
with intrauterine fetal damage in a pregnant woman
sick with rubella.

In 1999, about 800 000 cases of rubella were re-
ported in Europe. By 2008, their number dropped
to 18 000. Such a significant decrease in the spread
of infection in the region was primarily due to rubella
vaccination campaigns in the Russian Federation and
CIS countries [14]. However, against the background
of a general reduction in incidence in 2009, there
was a large outbreak in the Republic of Bosnia and
Herzegovina (523 cases). A large number of rubella

cases in 2015—2020 were reported in several countries
in East, South-East and South Asia, as well as in the
WHO African Region [1, 3, 5, 13, 16, 19, 21].

Rubella cases continued to decline in countries
in the WHO European Region in 2020—2021. In 2020,
184 cases were detected in only 15 out of 53 states.
The largest number of cases was registered in Poland,
Ukraine, Germany, Turkey and Italy [15]. In 2021, 102
cases of rubella were registered in Europe, with 7136
cases of rubella in the world. It is likely that COVID-19
prevention and control measures taken in 2020—2021,
and above all the complete or partial lockdown that
took place in many countries, contributed to a further
decrease in the number of reported rubella cases.

In the Russian Federation, an increase in the num-
ber of people vaccinated against rubella, both through
routine immunization and the supplementary im-
munization campaign conducted in 2006—2007 as
part of the “National Health” project, contributed
to a sharp decrease in the incidence of this infection.
As a result of the measures taken, the number of peo-
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Table 1. 2018 to 2020 detection of rubella virus-
specific IgG antibodies in the NWFD population

Years Total sera Including anti-rubella IgG+
tested abs. share (%) M+m
2018 4989 4827 96.9+0.28
2019 4780 4639 97.05+0.24
2020 3772 3644 96.61+0.29
Total 13 541 1310 96.9+0.15

ple vaccinated against rubella increased by more than
15 million. This not only significantly reduced the in-
cidence of rubella, but also prevented the occurrence
of new cases of congenital rubella syndrome (CRS) [8,
14]. Since 2017, the rubella incidence rate in Russia
has been below 1 case per million population. There
was also no circulation of endemic strains of the ru-
bella virus. All this testifies to the achievement of the
rubella elimination phase in Russia [14].

Atthe same time, during the COVID-19 pandemic,
routine vaccination against a number of infections, in-
cluding measles and rubella, may have been disrupted
due to the increased number of medical exemptions.
In addition, there was an interruption or temporary
suspension of epidemiological surveillance due to the
diversion of medical staff and other resources to coun-
ter the COVID-19 pandemic. Achieving optimal cov-
erage (= 95%) with two doses of measles and rubella-
containing vaccine at all subnational levels (provinces,
regions, districts), along with addressing gaps in popu-
lation immunity, is considered critical by experts from
different countries and WHO experts [9, 15, 16, 18].

In modern conditions of globalization, it is impor-
tant to constantly monitor the level of herd immunity
to pathogens of certain infections, including the rubella
virus, in order to identify epidemically significant pop-
ulation groups [6, 7, 11, 20]. It is especially important
to organize such monitoring in countries where rubella
vaccination is not conducted, or control by methods
of specific prophylaxis is not sufficient. Such studies
help limit the spread of rubella into WHO regions at
the measles and rubella elimination stage. The purpose
of this study was to study herd immunity to the rubella
virus in selected countries in Eurasia and Africa.

Materials and methods

Atotal of 15 594 blood serum samples from individ-
uals aged 3 months to 82 years, obtained in the period
from 2017 to 2021, were studied. Samples were pro-
vided by virological laboratories of the regional measles
and rubella surveillance centers in the Northwestern
Federal District (NWFD) of the Russian Federation,
in the Republic of Serbia, in South Vietnam, and in the
Republic of Guinea. Samples obtained from apparently
healthy individuals (N = 15 272) of different ages were
tested for IgG antibodies to the rubella virus. Samples
obtained from patients (N = 322) of different ages with
general infectious syndrome and maculopapular rash
were tested for IgM antibodies to the rubella virus.

To determine IgM antibodies to the rubella virus,
the “Anti-Rubella Virus ELISA (IgM)” diagnostic

kit (Euroimmun, Germany) was used. For determi-
nation of IgG antibodies, the “Anti-Rubella Virus
ELISA (IgG)” diagnostic kit (Euroimmun, Germany)
was used according to manufacturer instructions.
Statistical processing of results was carried out using
the MS Excel, Prizm 5.0 (GraphPad Software Inc.),
and Statistica 8.0 (StatSoft Inc.) software packages.
Parametric and nonparametric methods were used.
The probability value p < 0.05 was designated as
the threshold for the significance of differences [12].

Results

Study of herd immunity to rubella virus within
the framework of vaccine-based infection
prevention

Among the regions included in the study, rubella
vaccination is conducted in the Russian Federation,
the Republic of Serbia, and the Socialist Republic
of Vietnam [2, 4, 14]. In Russia and Serbia, routine vac-
cination includes two vaccinations: for children aged
12 months and six years old in Russia; and for children
15 months and 7 years old in Serbia. Vaccination in both
countries is carried out by combined vaccines, includ-
ing measles and rubella components. In Vietnam,
the National Immunization Schedule includes one ru-
bella vaccination for children aged 18 months.

In Russia’s NWFD in 2018—2020, the proportion
of seropositive individuals, out of 13 511 examined
patients, was 96.9% and fluctuated slightly over three
years (Table 1).

The intensity of immunity to the rubella virus
in a population cohort inthe NWFD aged 3 to 49 years
(divided into six age groups) was determined in total
over three years of observation (Table 2). Among those
surveyed aged 4 to 29, including four age groups, sig-
nificant fluctuations in the proportion of persons im-
mune to the rubella virus were not detected.

The differences between the number of seropositive
individuals under the age of 29 and those of older age
(30—49 years) were statistically significant (p < 0.05).
The proportion of those protected from rubella in the
older age group was considerably lower (95.27%) than
among children and young adults (97.0—98.0%), as well
as compared with the average seroprevalence (96.9%).

In the Republic of Serbia, 1400 blood sera of appar-
ently healthy individuals (aged 2 to 76 years, divided
into four age groups) were examined for the presence
of IgG antibodies to the rubella virus in the period
2018—2019 (Table 3).

In the first group (2—4 years), the smallest number
of IgG-positive sera (72.0%) was recorded in relation
to the other three age groups (89.0—90.0%). The differ-
ences were statistically significant (p < 0.05). Among
8—14 year-old children, adolescents and 15—49 year-
old adults, seroprevalence increased to 87.2—89.0%,
reaching a maximum (90.8%) in people aged 50 years
and older.

When studying the intensity of immunity to the
rubella virus (Table 4), it was found that a low level
of anti-rubella IgG antibodies (11.0—50.0 IU/ml) was
generally determined in 41.8% of the examined, main-
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ly in the age groups of 8—14 (49%) and 15—25 (57.3%)
year-old. Presumably, these are post-vaccination anti-
bodies. High antibody titers (> 150 IU/ml), indicating
a recent illness, were detected in 18.9% of the exam-
ined, mainly among people over 50 years old.

In the Socialist Republic of Vietnam, rubella vac-
cination is also included in the National Calendar. As
mentioned earlier, children at the age of 18 months
should be vaccinated once.

In this study, 322 blood sera from the serum bank
of the Virology Laboratory of the Measles and Rubella
Surveillance Center in South Vietnam were used. Sera
were received in 2020—2021 from patients with exan-
themic manifestations of the infectious process, aged
from 3 months to 63 years (divided into 5 age groups).
In accordance with the protocol adopted in the labora-
tory, sera were tested only for IgM antibodies to rubella
virus. The obtained results are presented in Table 5.
In 9.7% of the studied sera, virus-specific IgM anti-
bodies were detected. Cases of the disease were une-
venly distributed between the groups, with a significant
predominance of children aged 1-3 years (41.9%) and
7—14 years (22.6%) in the overall structure of cases.

Children of preschool and primary school age (7—
14 years old) form the second most important group.
Among adolescents from 15 years old and adults, sin-
gle cases of the disease were recorded.

Study of herd immunity to rubella virus
in the absence of vaccination

Among the countries included in the study, the Re-
public of Guinea is a region where routine rubella vac-
cination is not conducted; herd immunity is formed
in the conditions of natural infectious spread. Herd im-
munity to the rubella virus was determined by the pres-
ence of IgG antibodies in the blood sera of apparently
healthy residents of the capital of Guinea, Conakry,
in 2017—2018. The results are presented in Table 6.

The fewest blood serum samples (n = 42) were ob-
tained from persons under 20 years of age due to the
difficulty of obtaining clinical samples from appar-
ently healthy children and adolescents in Guinea.

In the first four age groups (up to 50 years of age),
the proportion of seropositive patients did not differ
significantly and ranged from 71.4 to 75.0%, rising
to 95% only in the age group of 50 years and older.

When determining seroprevalence among women
(n = 109), it turned out that in general the propor-
tion of those seropositive to the rubella virus was
80.7%. This is somewhat higher than in the popula-

Table 2. Detection of rubella virus-specific IgG
antibodies in different age groups of the NWFD
population (2018-2020)

Age group | Total sera Including anti-rubella IgG+
(years) tested abs. share (%) Mtm
3-4 2632 2579 98.0+0.27
9-10 3133 3069 97.0+0.30
16-17 2859 2754 96.33+0.35
25-29 1957 1896 97.2+0.37
30-35 1745 1669 95.6+0.49
40-49 1191 1128 94.7+0.65
Total 1351 13094 96.9+0.15

Table 3. Detection of rubella virus-specific
IgG in different age groups of the population
of the Republic of Serbia

Number Including anti-rubella IgG+
Age (years) osfu;;(‘e’:.,c;r;s abs. share (%) Mtm
2-4 200 144 72.0+3.2
8-14 200 178 89.0+1.6
15-49 400 349 87.2+1.6
>50 600 545 90.841.2
Total 1400 1216 86.8+0.9

tion as a whole, apparently due to closer contact with
female children. The proportion of seropositive pa-
tients ranged from 70% (20—29 years old) to 86% (40—
49 years old). It is important to emphasize that among
the surveyed young women (20—29 years old), about
a third were seronegative to the rubella virus.

Discussion

Rubella is an infection controlled by means of spe-
cific prophylaxis.

The WHO proposal to include rubella in the mea-
sles elimination program is based on the fact that ru-
bella is less contagious than measles. In most coun-
tries, combination vaccines are in use that include
arubella-containing component [16, 17, 18, 19]. Thus,
the elimination of rubella can be achieved during
the implementation of the measles elimination pro-
gram. It should be taken into account that the rubella
elimination strategy is based primarily on achieving
and maintaining a high level (> 95%) of routine vac-
cination coverage as a means of creating strong herd
immunity.

Table 4. Intensity of rubella virus-specific humoral immunity in the population of Serbia by age group

Including anti-rubella IgG level (IU/ml)
Age (years) | NUmPDer of persons <11.0 11.0-50.0 | >50.0-100.0 | >100.0-150.0] > 150.0
v abs./% abs./% abs./% abs./% abs./%
2-4 200 56/28.0 66/32.5 27/13.5 17/8.5 35/17.5
8-14 200 22/11.0 98/49.0 40/20.0 18/9.0 22/11.0
15-25 200 30/4.9 115/57.3 12/5.0 15/7.5 29/14.4
>50 400 81/20.2 140/35.0 44/11.0 32/8.0 103/25.7
Total 1000 189/18.9 418/41.8 123/12.3 82/8.2 189/18.9
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Table 5. Age-related distribution of rubella cases
in South Vietnam

Including IgM+ Proportion
of cases
Age, su-Ig}LacIts _ . in the agc:
years | . amined |Abs. | Proportion, % g::;ttlgt:r
number
<1 165 4 24 12.9
1-3 74 13 17.6 41.9
4-6 15 2 13.3 6.5
7-14 38 8 18.4 22.6
15-29 10 3 30.0 9.7
30-39 7 1 14.3 3.2
40 and > 12 3 8.1 3.2
Total 322 31 9.7 100

In Russia, during the observation period (2018—
2020), rubella virus seroprevalence among the NWFD
population was 96.6—97.7%; it fluctuated slightly
both in specific years and among specific age groups.
However, the proportion of those protected from ru-
bella in the older age group was significantly lower
(95.27%) than among children and young adults
(97.0-98.0%), as well as compared with the average
seropositivity (96.9%).

Perhaps these differences are due to the fact that
within the framework of the National Project “Health”
(2007), girls and women aged 15—17 and 18—25 were
subject to revaccination against rubella. Males were
not immunized, which could affect the overall level
of IgG-positive sera among older age groups. In gener-
al, the consistently high seroprevalence rates identified
in this study in Russia’s Northwestern Federal District
indicate a high vaccination coverage against rubella
and the effectiveness of specific infection prevention,
both being part of routine and additional immuniza-
tion of the population.

In the Republic of Serbia, overall seroprevalence
was significantly lower than in Russia and amount-
ed to 86.8%. At the same time, the smallest number
of IgG-positive sera (72.0%) was recorded in the first
age group (2—4 years). Further, the proportion of se-
ropositive persons consistently increased with age,
reaching a maximum (90.8%) in persons aged 50 years
and older. Such an age distribution of persons pro-
tected from infection is more typical for the forma-

Table 6. Detection of rubella virus-specific IgG
antibodies in different age groups of the population
of the Republic of Guinea

Age, Examined Anti-rubella Anti-rubella
years | individuals IgG+, abs. 1gG+, %M+m
<20 42 30 71.4+6.97
20-29 143 102 71.3£3.78
30-39 64 48 75.0+5.41
40-49 42 31 73.8+6.78
250 40 38 95.0+3.45
Total 331 249 75.2+£2.37

tion of herd immunity in the conditions of the natural
spread of rubella. The smallest proportion of young
children (2—4 years) protected from infection indi-
cates the disadvantages of rubella vaccination. This
is confirmed by a low intensity of immunity, mainly
in the age groups of 8—14 (49%) and 15—25 (57.3%)
years. Such low intensity is among people who should
have received not only the first, but also the booster
vaccination against rubella. The insufficient level
of immunization coverage with the MMR vaccine,
which includes the rubella component, was revealed
by us earlier when studying humoral immunity to the
measles virus among the population of Serbia [2, 10].

A similar trend was found in South Vietnam when
analyzing rubella cases that occurred in 2019—2020.
Among those who recovered, children aged from 1
to 3 (41.9%) predominated, which represent the age
cohort that should be protected by vaccination as
much as possible. The second age group, where a large
number of cases were observed, is represented by chil-
dren of primary and secondary school age (22.6%).
Thus, it can be assumed that herd immunity to rubella
in Vietnam is most actively formed due to the involve-
ment of children and adolescents in the infectious pro-
cess. Consequently, routine rubella vaccination that
children 18 months of age are subject to in Vietnam
does not provide adequate control of the infection.

In the Republic of Guinea, unlike the other regions
included in this study, there is no specific prophy-
laxis for rubella. It was of undoubted interest to esti-
mate the herd immunity formation in the population
as a whole, as well as in a socially significant group
(women of reproductive age), under the conditions
of natural spread of rubella.

The proportion of seropositive individuals, both
under 20 years and in the range from 20 to 49 years old,
was 73% and increased to 95% only in the age group
of 50 and older. That is, herd immunity to the rubella
virus in Guinea is formed mainly among children and
adolescents and remains at the same level in the popu-
lation. The exception is the elderly, where a higher
proportion of seropositive individuals is apparently
due to their closer contact with children in families.
At the same time, 30% of unprotected people of the
most active reproductive age were identified among
the examined women; this indicates the potential
for their becoming infected during pregnancy and
the birth of children with congenital rubella infection.
In general, under conditions of natural distribution,
75.2% of the examined persons had IgG antibodies
to the rubella virus, which corresponds to the charac-
teristics of the infection as a widespread disease with
low contagiousness.

Conclusion

This study shows that vaccination has a significant
impact on the formation of immunity to the rubella
virus. In Russia, where for a long period of time there
has been a high coverage of the population with pro-
phylactic rubella vaccinations, seroprevalence rates
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remain high, significantly exceeding 95% of persons
protected from the infection in all surveyed age groups.
This is illustrated by the example of such a large region
as the Northwestern Federal District.

Indirectly, through identified cases of rubella in-
fection, one can judge the insufficient coverage of rou-
tine rubella vaccination in South Vietnam. The infec-
tious process in this region is developed mainly among
children who should have received a routine rubella
vaccination according to their age.

In Serbia, where double rubella immunization
is carried out, there seem to be shortcomings and fail-
ures of routine vaccination as well. This is evidenced
by low seroprevalence in various age groups, especially
in children between 2 and 4 years (who should be pro-
tected by rubella vaccination).

The smallest proportion of seropositive individu-
als was registered in Guinea, which is associated with
the lack of specific rubella prophylaxis and its low conta-
giousness. Under these conditions, women of reproduc-
tive age represent the most vulnerable group of the popu-
lation, among whom up to 30% of persons susceptible
to infection with the rubella virus have been identified.

The insufficient level of herd immunity to rubel-
la, identified in a number of regions included in this
study, may contribute to maintenance of the infectious
process and spread of infection. Conditions of globali-
zation contribute to virus importation into regions at
the stage of measles and rubella elimination. This in-
dicates the need for continued efforts for maintaining
the epidemiological freedom from rubella in different
countries of the world.
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CONOCTABJIEHUE PE3YJIbTATOB
UCCNIEOOBAHUA COCTOAHUA
nonynaumnoHHOro UMMYHUTETA K BUPYCY
KPACHYXW Y HACEJIEHUY PECNYBJIUKU
BEJIAPYCb U POCCUNCKOUN PELEPALIUN
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H.B. Typaesa', M.A. Epmososuy?, I.B. Cemeiiko?
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Pe3iome. [11s1 TOnTBEpXISHMS TPOrpecca Ha Iy TH K STMMUHAIIMK KPACHYXY MCITOJIb3YIOTCS ITOKA3aTeIM 0XBaTa MMMY-
HM3alMell U pe3yJIbTaThl CEPOJIOTMIYeCKUX ucciaenoBanuii. [Ipu aTom Hanbosiee 00bEKTUBHBIM METOIOM OLIEHKM KOJI-
JIEKTUBHOTO UMMYHMTETA SIBJISIETCS CEpOsIorrueckoe uccienoBaHue. Lleapto 1aHHOM paboThl SIBUJIOCH COTMIOCTaBICHUE
pPE3yIbTaTOB UCCIEIOBAHMUSI COCTOSIHUS MOMYJISILIMOHHOTO UMMYHUTETa K BUPYCY KpaCHYXU y HaceaeHus Pecriyonuku
Bbenapych u Poccuiickoii @enepalinu, MCHIOIb3YIOINX Pa3HbIe BAKLIMHBI M Pa3HbIE MOAXO/bI K OpraHU3alluK U oA60pY
KOHTHHTEHTA [JIs1 00CIeI0OBaHUSI — CKPMHUHT M1 MOHUTOPUHT. JlJabopaTopHbIe UCCIeNOBAHNUS 110 ONPEACICHUIO aHTHU-
ten Kinacca IgG K Bupycy KpacHyxu ocymiecTBastiauch B 2019 1. metogom MDA nmMMyHOPEPMEHTHOM TeCT-CUCTEMOI
«OKomab» (Poccust). AHaam3y omBepraanch pe3yabTaThl UCCIEIOBaHMS CRIBOPOTOK KpoBu 701 demoBeka B BO3pacTe
2—45 net u3 Bcex 7 pernoHoB Pecriyonuku benmapych (cKkpmHUHTOBOE HccnenoBanue) u 55 082 demoBek B 85 cyObek-
tax Poccuiickoit @enepanny B Bo3pacte 3—49 et (MOHUTOPUHT). OLIEHKY pe3yabTaTOB OCYIICCTBIISIIIN IO TPEM BO3-
PacTHBIM IpyIaM — JIEeTH, B3pOCIIble, BCe HaceJIeHHe UCTIONb3YsI TOPOrOBbIiA YPOBEHB CEPOMO3UTUBHBIX U1 83—85%,
JOCTATOYHBIH TSI TIPEIOTBPAIIEHUSI TPAHCMUCCUY BUPYca. AHTUTEHHBIN COCTaB KPACHYITHOTO KOMITOHEHTAa B MOHO-
1 KOMILJIEKCHOM BaKIIMHE, KOTOPBIE TPUMEHSIIOTCS, COOTBETCTBEHHO, B Poccuiickoii @enepannu n Pecriyonuke bena-
pYCh, MAEHTUYEH, YTO MO3BOJISET CPABHUBATH COCTOSIHUE TOMYJISILIMOHHOTO MMMYHUTETA HaceJeHUs K BUPYCY Kpac-
HYXU B 9TMX CTpaHax 0e3 yuyeTa BIMSIHUS BaKIMHHOTrO mTamMma. MccienoBaHus mokasaau, 4TO MPH UCTOIb30BAaHUU
Pa3HBIX BaKLIMHHBIX MIPEMapaToB U MOAXO0A0B K OpraHM3alluy cepooruyeckoro odciaenoBanus u B Pecriyonuke bena-
pych, 1 B Poccuiickoit @enepalinii Bo BCceX BO3PACTHBIX TPYITNax OblIK BeISBIEHBI crietnduueckue IgG K BUpycy Kpac-
HYXU Ha JOCTaTOYHO BLICOKOM ypoBHE — GoJiee 90%. /101151 CepOrO3UTUBHBIX K KPACHYXE B 11€JI0M 10 CTPaHe COCTABIISIET
95,44% B Pecniyonuke benapych u 97,14% B Poccuiickoit Denepaiuu. bonee Toro, ypoBeHb crielndUYecKux aHTUTEN
0CTaeTCsT BHICOKMM, HECMOTPST Ha HU3KUI TTOKa3aTesIb 3a001eBaeMOCTH 1 OTCYTCTBHE OycTep-3¢ddekTa B 00emx cTpa-
Hax. CpemHerpynmoBasi KOHIICHTPALMS aHTUTEI Y CEPOMO3UTUBHBIX BO BCEX BO3PACTHBIX TPYIIIAX ObLIAa JOCTATOUHO
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BBICOKOM M TIpEBhIIala MUHUMAJIBHY0 3aIUTHY10 KoHIeHTpaiuio (11 ME/mi) B 10 u 6o1ee pa3. [ToyueHHBIC JaHHBIE
CBUJIETENLCTBYIOT O MPAaBOMEPHOCTU MCITONb30BAHMS CEPOJOTMUYECKOr0 UCCAEIOBAHUST KOMIEKTUBHOTO UMMYHUTETA
MPU KPacHYXe KaK pyTUHHOTO UJIM CEPOMOHUTOPUHTA, TaK MEPUOAMYECKOT0 UM CKPUHUHTOBOTO UCCISIOBAH M.

Karoueevie caosa: KpacHyxa, UmMmyHumem, ceponpesanreHmHocmos, NONYAAUUA, MOHUMOPUHS, CKDUHUHZ.

STATE OF ANTI-RUBELLA VIRUS POPULATION IMMUNITY IN THE REPUBLIC OF BELARUS
AND RUSSIAN FEDERATION

Tsvirkun O.V.**, Samoilovich E.O.¢, Tikhonova N.T.?, Gerasimova A.G.?, Turaeva N.V.?, Ermolovich M.A.c,
Semeiko G.V.©

2 G.N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation

b Peoples’ Friendship University of Russia, Moscow, Russian Federation
¢ Republican Research and Practical Center for Epidemiology and Microbiology, Minsk, Republic of Belarus

Abstract. To confirm a progress towards the rubella elimination, immunization coverage indicators and the results of sero-
logical studies are used. At the same time, the most objective method of assessing collective immunity is a serological ex-
amination. The purpose of this work was to compare the results of assessing state of population immunity against rubella
virus in the Republic of Belarus and the Russian Federation using various vaccines and different approaches to study or-
ganization and cohort selection — screening and monitoring. 2019 laboratory studies to determine IgG antibodies against
rubella virus were carried out by ELISA method of the unified enzyme immunoassay system “Ecolab” (Russia). The se-
rum study results of 701 subjects aged 2—45 years from all the 7 regions of the Republic of Belarus (screening study) and
55 082 subjects aged 3—49 years (monitoring) from 85 regions of the Russian Federation were analyzed. The results were
evaluated in three age groups — children, adults, total cohort by using a threshold level of 83—85% seropositive individuals
sufficient to prevent virus transmission. The antigenic composition of the rubella component in the mono- and complex
vaccines respectively used in the Russian Federation and the Republic of Belarus is identical, which allows to compare
the state of population immunity against rubella virus therein without taking into account an influence of the vaccine
strain. Studies have shown that while using varying vaccine preparations and approaches to organization of serological
examination, both in the Republic of Belarus and the Russian Federation, rubella virus-specific IgG level was detected at
rather high level in all age groups comprising more than 90%. The portion of rubella seropositive subjects in entire country
was 95.44% in the Republic of Belarus and 97.14% in the Russian Federation. Moreover, the level of specific antibodies
remains high, despite the low incidence rate and absence of booster effect in both countries. The mean group antibody
concentration in seropositive patients in all age groups was quite high and exceeded the minimum protective concentration
(11 TU/ml) by 10 or more times. The data obtained indicate the legitimacy of using a serological study of collective rubella
immunity as a routine or seromonitoring as well as periodic or screening investigation.

Key words: rubella, immunity, seroprevalence, population, monitoring, screening.

BeepgeHue

JInss ToATBEpXKIOEeHUS TIporpecca Ha IIyTH
K SJMMUHAIMUA KpPacCHYXW HCIIONb3YIOTCS I10-
KasaTeJau oxBaTa HMMMYHM3allUei U pe3yabTa-
Thl CEPOJOTMUYECKUX MCCIACAOBAHUMN COCTOSTHUS
crieMUIECKOro MMMYHHUTETa Y AeTeil U B3pOC-
abiX. Haubosiee 00bEeKTUBHBIM METOIOM OILIEHKU
KOJIJIGKTUBHOTO UMMYHMUTETA SBJISIETCS CEPOJIOTH-
yeckoe uccienoBaHue. BcemupHast opraHuzanums
3ApaBOOXPaHEHUST paccMaTpUBaeT CepoJoruyec-
Koe obciieoBaHNue Kak cOop U TeCTUpOBaHUE 00-
pas310B CHIBOPOTKU KPOBU ONpeAeeHHOMN MOImyasi-
LMY 1151 OITpeneaeHU s (BBISIBJICHUSI) aHTUTEN MPO-
THUB JaHHOI'O 3THOJOTMYECKOTO arecHTa B KauyecTBe
MNPSIMOTO U3MEPEHUSTI UMMYHUTETa HaceaeHus [15]
M KaK MEpPONpUSITUE, TTPOBOAMMOE PETYJISIPHO WU
NEePpUOANYECKH, TTPU3BAHHOE TOMOJHUTH JaHHBIE
PYTUHHOTO 3TTUAEMUOJIOTMUYECKOTO Haa30pa.

OpraHuzanusi 1 NPpoOBEICHUE CEPOJIOTUYSCKUX
HUCCIEIOBAHUIN COCTOSTHUSI CHEIM(PUIECKOTO MM-

MYHUTETA HaceJIeHUs K BUPYCY KpacHYXM CyIIe-
CTBEHHO OTJIMYAIOTCS B pa3HbIX cTpaHax. B ocHOBe
3TUX OTJIMYUI JIeXaT, IpexXJe BCero, KOHOMU-
JyecKre BO3MOXHOCTU, YPOBEHb 3a0071eBaeMOCTH,
LEeJan WUCCIIENOBAHMS, TAKTUKA U KPAaTHOCTH MPO-
BeleHUs Mepolpusatus. Ho Bcerma sty mccieno-
BaHUS SIBJISIIOTCS BBIOOPOUYHBIMU. [Ipn 3TOM mpu
MPOBEJIEHUN WCCIIeIOBAaHUS WCIOJIb3YIOTCSI KakK
CIIeLIMaJIbHO COOpaHHBIE 15T DTUX 1IejIeil CBIBOPOT-
KM, TaK U CBIBOPOTKHU, COOpaHHBIE paHee IS Ipy-
TUx LeJjier U XxpaHsiiuecs B Ouodankax. s oleH-
KM TIOJTYyYEeHHBIX Pe3yJIbTaTOB OOJIbIIIOE 3HAUYeHUE
UMeeT HaJlnune HeOOXOAMMOM COTTPOBOAUTEIbHOM’
MeIUIMHCKON 1 feMorpaduieckoit nTHPoOpMaIN.

OlieHKa COCTOSTHUSI MMMYHMTETa HaceleHUs
K BUPYCY KpacHYXMW MOXET OBITh OpraHM30Ba-
Ha KaK KOMIIOHEHT TOCYJApCTBEHHOI CUCTEMBI
SMUJIEMUOJIOTUYECKOTO HaA30pa Ha ITOCTOSTHHON
OCHOBE B WHIMKATOPHBLIX TpyIliax HaceJIeHUus,
C COOJIoIEHUEM OITpeAeJIEeHHBIX MPUHIIMIIOB OT-
0opa KOHTUHTEeHTa — TaK Ha3bIBAEMbIi1 CEPOJIOTH-
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MNMMYHWTET K BUPYCY KpacHyxm B P6 n PO

yeckuit MmoHutopuHr (Poccuiickasi PDeneparnms).
BBenenue cepoMOHUTOPMHIa MMMYHUTETA B CHU-
CTEMY HaJ30pa He TOJBKO ITO3BOJISIET OLIEHWBATh
WUMMYHOJIOTUYECKYI0 3(D(HEeKTUBHOCTb  ITPOBO-
IVMOM BaKIMHALIMU, OOCenys WHIWKATOPHBIE
TPYIIITBl BAaKIIMHUPOBAHHBIX U PEBAKIIMHUPOBAH-
HBIX ITPOTUB KPAaCHYXH, HO 1 KOHTPOJMPOBATh Ka-
YeCTBO ITPUBUBOYHOI PabOTHI.

OLIEHUTh COCTOSTHHME MUMMYHUTETa HaceJeHUs
K BUPYCY KPACHYXU BO3MOXHO M OPraHu3ysl IEPUO-
IU4YecKre, HeperyasipHble, KOTOPTHBIE UCCIIeTOBa-
HMSI, 4aCTOTa MPOBEACHUSI KOTOPBIX OMPEIeIIsSIeTCS
SMUIEMUOJIOINYECKON cHuTyalnmeil (Kak TMpaBU-
JIO, OHU TIPOBOMSITCS OAUH pa3 B 5 U OoJiee JIeT).
dopMurpoBaHWE KOHTUHTEHTA JIJIs1 00CIeI0BaHUS,
CcTpaTuUIIMPOBAHHOTO II0 BO3PACTy, OCYIIECT-
BJSIETCS O TPUHIIMITY CJIy4ailHOM BBIOOPKU (TO
€CTh B YMCJIO BKJIIOUYEHHBIX B MCCJIEIOBAaHUE JIWII
BOWAYT KaK MPUBUTHIE, TAK M HEITPUBUTHIC JINLIA,
oTpaxasl peajbHOE WX pacrlpelesicHrue B ITOMYJisi-
uuu) (Pecnybnuka bemapyce). B nanHol cTaThe Ta-
KOT'O pojia MCCJIeTOBaHUSI ObIJIN OTHECEHBI K CKPU-
HUHTOBBIM B OTJIMYME OT MOHUTOPUHIOBBIX HC-
clefoBaHUl, KOTOpble MpoBoasTc B Poccuiickoit
Denepanu exXeroaHo.

HeszaBucumo oT BBIOpaHHOTrO Mojaxoaa K Mpo-
BEACHUIO CEPOJIOTUYECKUX WCCIIeMOBaHUN IS
MOJTyYeHUsI 00beKTUBHOI MH(MOPMAIIMU O COCTOSI-
HUU MOIYJISIIIMOHHOI'O UMMYHUTETAa Ype3BbIYaiiHO
Ba>KHBIM SIBJISIETCSI PETIPE3EHTAaTUBHOCTH UCCIICTY-
eMoii BbIOOpKU. MccienoBaHWe cepoIpeBaJICHT-
HOCTU MMeEET Ba’KHOE 3HayeHWe Il OLeHKHU 3(-
(GeKTUBHOCTU ITporpaMM HWMMYHU3AllUM U pas-
paboTKM MEpPONpUSITUN TI0 TIPEAyHPEeXKISHUIO
BCIbIIIEK MH(MEKIIMOHHOTO 3aboieBaHus. Ho mpu
9TOM HYXXHO MpU3HATh, YTO BBHIOOPOYHBIE CEPO-
JIOTUYECKUE MCCIEAOBAaHUS COCTOSTHUSI CIIeIIU-
¢dryeckoro UMMYHHMTETa MOTYT COiepXaTh B cebe
MOTPENTHOCTh, OOYCJIIOBJIECHHYIO OIIMOKONW MeToaa
1abopaTOpHOTO UCCAeI0BaHUSI, OLIMOKOM nmoadopa
KOHTUHTEHTAa, OTCYTCTBUEM PEIpPe3eHTaTUBHOCTHU
" ApyruMu. J1JIss MHTepIIpeTaluy IMOJTyYeHHBIX pe-
3yJIBTATOB Ba*XHO YYMUTBHIBAaTh YYBCTBUTEJIBHOCTh
U CrneuruUIHOCTh HCITOJb3YEeMbIX TECT-CHUCTEM,
a Take OTCYTCTBUE BO3MOXHOCTU UICHTU(DUIIM-
poBaTh pa3NUUUs MEXIY ITOCTBAKIIMHAJIBHBIMU
¥ NOCTUH(MEKIITMOHHBIMUY aHTUTe1aMu KJtacca G.

AHTUTEHHBII COCTaB KpPacHYIIHOIO KOMIIO-
HEHTa B MOHO- M KOMTLJIEKCHOI BaKIIMHE, KOTOPHIE
COOTBETCTBEHHO TIpUMEHSIOTCI B Poccuiickoii
®depepantint m Pecrtiyonmnke Benapych, mueHTH-
YeH — BUPYC KPAaCHYXHU, IMOJYYEHHBI U3 XKUBO-
ro aTreHympoBaHHoro mramma Wistar RA 27/3,
He meHee 1000 TLI s, [5], 4TO MO3BOJISIET CPaBHU-
BaThb COCTOSIHME ITOMYJISIIMOHHOIO WMMYHUTETa
HaceJIeHMsI K KpaCHyXe B 9TMX CTpaHax 0e3 ydeTa
BIAMSIHU S BAKIIMHHOTO IIITaMMa.

Llenbio naHHOU PabOTHI SIBUJIOCH COTIOCTaBJIe-
HHUE pe3yJbTaTOB HCCJECIOBAaHUS COCTOSIHUS I10-

MyJISSIIMOHHOTO UMMYHHUTETa K BUPYCY KPAaCHYXHU
y HaceaeHus Pecniyonuku bemapyce u Poccuiickoit
Denepaniin, WMCMOJB3YIONIMX pa3HbIe TMOIXOMbI
K OpraHu3aliiy 1 Mmoadopy KOHTUHTEeHTa AJIsT 00-
CJIEIOBAHUSI — CKPUHUHT 1 MOHUTOPUHT.

Matepuanbl 1 MeTopl

Hnst IpoBeneHWsT MCCIeOOBaHUS TIOMYJISITAOH-
HOTO WMMYHHUTETa K KpacHyxe B Pecrybimke
benapyck ObLIa ompenesieHa KjacTepHas, MHOIO-
cTyneHuyaTas BbIOOpKa (C yyeToM reorpadguyecko-
ro MpUHIIMIIA ¥ BO3PACTHBIX TpyII). Bo3pacTHbie
rpymnnbel obcieayembix jaui (2—5, 6—15, 1623,
24—-32 u 33—45 ner) onpeneasiii B COOTBETCTBUU
C HaIIMOHAJIFHON MCTOpHEH MMMYHU3aIINMN — JIALIA
B BO3pacTe 2—5 JIeT momiexxaan OMHOKPATHOM Tiia-
HOBOII BaKLIMHALIMUM KOMIIJIEKCHOM BaKIIMHOMN
kopb-napotut-kpacHyxa (KIIK), B Bo3pacte 6—15
u 16—23 jeT — ABYKpAaTHOM BaKLUMHALUM BaKIIMU-
noit KITK, B Bo3pacte 24—32 netT — MMMYHU3alLNHU
KpacHYIITHON MOHOBAaKIIMHOM B KaMIaHWIO BaKIIN-
Hauuu B 2006 1., TMa B Bo3pacTe 33 JIeT U cTapiie
He moJieXkaan BakmHauy. OnpenesieHue pa3Mepa
BBIOOPKM MTPOBOAUIIN C YUSTOM YMCJICHHOCTH Hace-
neHust Pecnyonuku benapych ¢ nonycTumoii ommo-
Kol £5% v ypoBHeM gocToBepHOCTH 95%. 3a oxxmia-
e€MBIIl YPOBEHB CEPOITPEBAJICHTHOCTH Ha OCHOBAaHUH
paHee MOTyYeHHBIX JaHHBIX 3] ObLI ITPUHSAT YPOBEHB
He Huxe 90%. B cooTBeTCTBUU € IPOU3BEIEHHBIMU
pacyeTaM¥u MUHUMAJIbHOE PeNPe3eHTaTUBHOE YMCIIO
BKJIIOUCHHBIX B MCCJIEMOBAHME MO KaXKI0i BO3pacT-
HOI TPYTITIe TOJIKHO COCTaBIISTh He MeHee 139 geso-
BEK, TO eCTb 695 ¢ y4yeToM 5 BO3pacTHBIX rpyIi [9].
Ha nannune IgG-aHTUTEN K BUPYCY KPACHYXHU BHI-
MOJIHEHO CKPUHUHTOBOE MCCIICIOBAHNE CBIBOPOTOK
kpoBu 701 denoBeka B Bo3pacTe 2—45 neT u3 Bcex
7 pernoHoB pecnyonuku: u3 bpecrckoii obiactu —
97 npo06, n3 Buredbckoit — 98, n3 I'omenbckoili —
97, uz I'pognenckoit — 99, uz Mwunckoit — 103,
n3 MoruneBckoii — 99 m u3 MuHcka — 108 chIBO-
poTok). [Ton6op Jivii Ajis1 00caea0BaH I IPOBOAMIN
METOIOM CIIy4YailHOUM BBEIOOPKU. B3sgaTHe CBIBOPOTOK
KPOBH OCYIIECTBIISLIOCH B aripeiie 2019 T. B cooTBeT-
CTBUM C MpuKa3zoM MMWHUCTEPCTBA 3IpaBOOXpaHE-
Hus Pecniy6auku Benapycs Ne 360 ot 25.03.2019 1.
«O0 oIeHKe COCTOSHMS TIOMYISIIIMOHHOTO WUMMY-
HHUTETa» U MPU MOJIYICHUHN ITMChbMEHHOTO COTJTacHs
KaXXJI0TO M3 OOCJeayeMbIX Ha NpPOBEACHUE 3TOTO
ncciaemoBanus. O06pa3nbl CHBIBOPOTOK KPOBHU C CO-
OIOIEHMEM XOJIOMOBOW IIeNMMW OBLIM JTOCTaBJICHBI
B PecnyOGnukaHcKyio nabopaTopuio MO AMarHoOC-
Tuke Kopu u KpacHyxu (PHIIL snuoemuonoruu
M MHUKpOOMOJIOTHH), akKKpeauTtoBaHHYr0 BO3 kak
HaIlMOHAJIbHASI J1abopaTtopusl II0 KOpM M Kpac-
HyxXe, Tne xpaHuiauch npu —20°C go TmpoBeaecHU S
WCCIICTOBAaHMSI.

B Poccum olileHKa COCTOSHUS WMMYHUTETa
HaceJeHMSI K BUPYCY KpPacHYXW OCYIIECTBISICT-
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Ccsl eXerogHo B cooTBeTcTBUU ¢ MY 3.1.2943-11
«OpraHuzanys M NpoOBeAeHUE CEPOJOrMYeCKOro
MOHHUTOPUHTA COCTOSIHUS KOJJIEKTUBHOTO UMMY-
HHUTETa K MWHPEKIUSIM, YIpaBJISICMBIM CpeACTBa-
MU crienudruyeckoil npoduaakTuku (aAudrepus,
CTOJIOHSIK, KOKJIIOI, KOpb, KpacHyxa, 3MUIeMU-
YEeCKUU IapOTHUT, TOJUOMUEIHUT, TeIrmaTut B)».
HccnenoBaHMS ITPOBOMSTCS IJIST OLICHKU KadeCcTBa
UMMYHOIIPOGUIAKTUKH, TO3TOMY KOHTUHTEHT
151 00CIefoBaHUS MO0 paeTcs ¢ JOKyMEHTa b-
HBIM TIONTBEPXIeHUEM (DakTa BaKIIMHAIIUU B BO3-
pacTHBIX rpymmax 3—4 roma, 9—10, 15—17, 25-29,
30—35 net. Tonbko nuua B Bo3pacte 40—49 net 06-
ciaenyeTcs 6e3 yyeTa MpUBUBOYHOIO aHaMHe3a IJIs
omnpeaeaeHrsl CTaOMJIBbHOCTU MMMYHOCTPYKTYPBI
Cpeau B3pOCJIOro HaceJICHUS.

JlabopaTopHble UCCIEIOBAHUS MPOBOIASTCS
B JIMIIeH3MPOBaHHBIX Jlabopatopusix ®BY3 LleHr-
pOB TUTUEHBbI U BIUAEMUOJIOIUU B cyobekTax PD,
KylIa ITOCTaBIISIOTCSI OOpa3lbl CHIBOPOTOK KPOBU
C coOJIIoeHEeM XOJ0A0BOM 1enu. BbIOOpOUYHBIN
KOHTPOJIb CEPOHEraTUBHBIX CBIBOPOTOK OCYIIIECT-
BJIsIeTCsI B aKKpeauToBaHHBIX BO3 nmadopatopusix
pernoHadbHBIX 1IeHTpoB (PLl) m HammonambHBINU
Hay4YHO-METOAMYECKUI IIEHTP TI0 HAJJ30py 3a KO-
PbIO U KPACHYXOM.

PesynbraThl UCCaeOBaHU S, MOJYyYSHHBIEC B pe-
ruoHax, aHaausupoBaauch 1mo 10 PLI: Mockos-
ckutt, Cankr-IletepOyprckuii, Huxeropoackui,
Ilepmckuii, Pecnyonuku bamkoprtoctaH, Poc-
ToBckuii, HoBocubupckuii, KpacHospckuii, I1pu-
MOPCKU, AMYPCKUA.

B 2019 r. B 85 cyobekrax P® Ha Hanuuue
IgG-aHTuTen K BUPYCY KpacHyxM oOcjenoBa-
HO 47 221 4enoBeK, MPUBUTHIX MPOTUB KpacHY-
XM, U3 HUX AeTeil B Bo3pacte 3—4 roma — 8968,
9—10 neT — 9126 yenoBek, NOAPOCTKOB 16—17 1eT —
9773, B3pocibix 25—29 net — 10 048, 30—35 et —
9080. Kpome Toro, oodcienoBaHbl B3pocabie 40—
49 net — 7861 4enoBek, 6e3 ydyeTa IIPUBUBOYHOTO
aHaMHe3a. Bcero o6cienoBano 55 082 uenoBeka.

Bri6opouHO OblJI MpoaHaJIU3UPOBaAH YPOBEHb
CpeaHerpynmnoBoii KoHueHTpauuu IgG-aHTUTeN
K BUPYCY KpacHyxu y 1968 deoBeK Ha TEpPUTOPU-
SIX, TIIe PETUCTPUPOBAJINCH U HE pETUCTPUPOBATINCH
caydau KkpacHyxu B 2018—2019 rr.

Kak B Poccmiickoit @enepaunn, Tak 1 B Pec-
nyonuke benapych antutena knacca IgG x Bu-
pyCy KpacHYXM OIIPEeHeIIsSIA C HCIOJIb30BaAaHUEM
UMMYHO(DEPMEHTHOU TEeCT-CUCTEeMBbl «DK0Jjab»
(Poccust). KoHueHTpaluio aHTUTE] pacCUUThIBa-
JIX B COOTBETCTBUU C MHCTPYKIIMEI MPOU3BOAUTE-
715t B ME/MJ1, TIOpOroBOiT KOHIICHTpAIIUEed CUUTAIN
10 ME/MJ1, 4TO COOTBETCTBOBAJIO PEKOMEH AU SIM
BO3 [16]. CEIBOPOTKYM KPOBM C BBISIBJICHHBIMU aH-
TUTeJdaMU B KOHIeHTpaluu MeHee 8 ME/Ma pac-
CcMaTpUBAJIMCh KaK HETaTUBHBIC, B KOHIICHTPAILIUN
ot 8 mo 10 ME/M1 — Kak COMHUTEJIbHEIC, B KOH-
eHtpanuu 6osee 10 ME/Mi1 — Kak MO3UTUBHBIE.

O11eHKY pe3yJbTaTOB OCYIIECTBISIJIA C TTIOMOIIbIO
MOPOroBOro ypoBHSI B 83—85% cepono3uTUBHBIX
aun [13], mocTaTOYHOTrO [JIs ITIPeIOTBpAIEHUS
TPaHCMHUCCUU BUpPYyCa, IO TPEM TpyIIlIaM Haceje-
HUS: IETU, B3POCIIble, BCE HaceJIeHUeE.

B mensax monydyeHUsT COMOCTaBUMBIX TaHHBIX,
pe3yabTaThl aHAJIU3UPOBAJIMCH IO BO3pacTaM, Tep-
PUTOPHUSIM BTOPOTrO0 aIMWHUCTPATUBHOTO YPOB-
HS ¥ ypoBHIO aHTUTeN IgG K BHpyCYy KpacHYXH.
HMcrosib30BaHbl METOJbI ONMCATEIbHOU CTaTUCTU-
KU: ompeaesieHe CTaHIapTHON OIIMOKM CpemHeH
(m), pacuet 95% noseputeiabHoro uHTepnaia (AMN)
(mo metony Knonnepa—ITupcona). OueHka 10cTo-
BEPHOCTHU pa3IMynii TPOBOAUIACH MO t-KPUTEPUIO
CrproneHTa. Pa3znuuuns cuuTalnch CylIeCTBEHHBI-
mu nipu t > 2,0. Takke paccuymThIBajach OIInOKa
pEeNpe3eHTAaTUBHOCTU IS CPEIHEro 3HadYeHUS
rpynmnoBoit KoHueHTpauuu IgG-anTurel.

YyutbeiBas OTCYTCTBUE CTaTUCTUYECKU 3HAUYU-
MBIX Pa3IMduil B ITOKAa3aTeJIIX CEPOMO3UTUBHBIX
JIVI] CpeIy MY>XKUYUH U KEHIIUH B MCCICIOBAHMSIX
MOMNYASIIMOHHOTO MMMYHHUTETa K BUPYCY Kpac-
HYXMU MO JaHHBIM Hay4dyHoO# nutepatypsl [7, 11],
TeHACPHBIC pPa3IWuus B HAIIUX KCCICTOBAHUSIX
HE YYUTHIBAJIUCH.

PesynbraThl

IMpoBeneHHble WCCIENOBAaHUS HAa HaJIW4YNE
IgG-anTuTen Kk BUpycy KpacHyxu y 701 xutens
Pecnyonuku benapych mokasaliu, 4TO aHTUTea
B 3aIlIMTHON KOHIIEHTpamuu umeian 669 (95,44%)
yenoBek (Tadu. 1).

AHaJlu3 TEeppUTOPUAIBHOIO paclpeaeIeHUs
pe3yabTaTOB CBUACTEABCTBOBAI O TOM, UYTO MOJS
MMMYHHBIX K KpaCHYXe JIMII BO BCeX OO0JacTsIX
crpaHbl coctaBuia Oosiee 90%: ot 93,88+2,42%
B ButeGcekoit o6mactu 10 96,91£2,06% B bpectckoit
obsiactu. CorjlacHO NPUHSITOW MEXIYyHapOmTHON
NpakTUKE YPOBEHb UMMYHUTETa K KpacHyxe 83—
85% cunTaeTcsl JOCTATOYHBIM IJIsI IIPEAOTBpalle-
HUS TpaHCMUCCUU BUpyca [4].

AHanu3 BO3pacTHOIO pacnpeaeieHus mokasal,
YTO JI0JIsSI CEPOMO3UTUBHBIX JIUIL BO BCEX 5 BO3paCT-
HBIX Tpynmnax oslia Beiie 90%, To ecTh focTHUTAA
Heo0XOAMMOI0o MOPOroBOro 3HaUYeHU s (TabJI. 2).

VYpoBeHb CepOIo3MTUBHOCTU ObLJT HaMbOJIee BhI-
cokuM y neteit 2—5 et (98,46%), HenaBHO IOy YU B-
munx BakuumHauuo BakuuHo KITK. lanee oH He-
CKOJIBKO CHUKAJICSI C BO3PAaCTOM, HECMOTPSI Ha TIPO-
BEICHHYIO B 6 JIET peBaKIIMHALINIO, cOCTaBUB 97,12%
y neteit B Bo3pacte 6—15 et 1 92,39% — B Bo3pac-
Te 16—23 roga. B BospacrtHoit rpymnmne 24—32 rona,
KyJa BONLIW JINIlA, BaKIIMHUPOBAHHBIE MOHOBAaK-
HUHOU B Bo3pacte 11—19 yeT B pamKax KaMIIaHUU
BaKIMHALMU NpOTUB KpacHyxu B 2006 1., BeISIBJICH
JIOCTaTOYHO BBICOKMII YPOBEHBb CEPOITO3UTUBHBIX
(95,21%). B Bo3pacTHoii rpymnrie 33—45 et mokasa-
TeJIb CepOINPEBATEHTHOCTH cocTaBua 96,53%.
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MNMMYHWTET K BUPYCY KpacHyxm B P6 n PO

AHaInU3 HaNPSI>)KeHHOCTU TTOMYJISIIIMOHHOTO MM-
MYHUTETa IOKa3bIBaeT, YTO BO BCEX BO3PACTHBIX
rpynmnax CpeaHerpynroBasi KOHIEHTpalus aHTH-
TEJI y CEPOITO3UTUBHBIX ObLJIa JOCTATOYHO BBICOKOM
¥ TIpeBbIlIaja MUHUMAJIbHYIO 3aIIMTHYIO KOHIICH-
tpauuto (11 ME/ma) B 10 u Gosee pa3. Beicokasi
KOHIIEHTpAllMsl  IMOCTBAaKIIMHAJbHBIX  AHTUTE
(215,81 ME/mMi) oTMedaiach B BO3pAacTHOM TpyIIIIe
2—5 neT, najee B OTCYTCTBUU €CTECTBEHHOI0o OyCTU-
pOBaHUS LIMPKYJIUPYIOIIUM BUPYCOM OHa IIOCTE-
MEHHO CHMXaJjlach, cocraBisasa 128,08—149,26 ME/
MJI cpeau auil 6—23 neT. B crapiinx Bo3pacTHBIX
rpymnmnax oTMedyalJioCh MOBBIIICHHWE CPETHerpyImno-
BOI KOHIIEHTpAIlU1 aHTUTEJI, KOCBEHHO CBUIETEIIb-
CTBYsI O TOM, YTO B 3THX I'pyIlax aHTUTeJa UMeIn
MPENMYIIECTBEHHO MOCTUH(MEKIIMOHHBII XapaKTep.
BoisgBiaennbie cpeau 701 obcnenoBaHHOro 32 yeso-
BeKa, He MMEBIIIME aHTUTEN K BUPYCY KPaCHYXH, OT-
HOCHWJIVICh K Pa3JIMUHBIM BO3pacTHBIM rpymmam (1 —
2—5 net, 3 — 6—15 ner, 14 — 16—23 roma, 4 — 24—
32 rona, 7 — 33—45 net). X0OTs YUCJIO BbISIBJIEHHbIX
CepOHETraTUBHBIX JIMII B 11eJIOM HEBEJIMKO, MOIaBJIsI-
fo1riee OOJIBITMHCTBO UX OTHOCUTCS K IE€TOPOIHOMY
BO3PACTy, YTO CBUIETEJILCTBYET O CYILIECTBYIOIIEM
pucKe MHOUIIMPOBAHUS BO BpeMsi OEpeMEHHOCTH
MU 11eJIecO00pa3HOCTH TIPOBENCHMS WCCIIeIOBAHM S
IgG K kpacHyxe NpU IJTaHUPOBAHU U OEPEMEHHOCTH.

B Poccuiickoii @enepalinu 10J151 CEPOIMO3UTHUB-
HBIX K KpacHyXe B IIEJIOM II0 CTpaHe COCTaBsieT
97,14%, a B pa3pe3e permoHaJbHBIX [IEHTPOB 3TOT
rnokasareJib Kosieoyercs ot 95,61% (KpacHosipckuii
PLI) no 98,62% (ITepmckuii P1l) (Ta6m. 3).

IMocnenyromuili exerogHblii aHaJIWU3 creludu-
YeCcKOro MMMYHMTETa K KpacHyXe B pa3HbIX BO3-
pacTHBIX Ipynnax HacejieHus (Tab1. 4) mokasal cTa-
OUJIBHO BBICOKUIA YPOBEHBb CEpPONpPEBaJICHTHOCTU.
Tak, moyist cepono3UTUBHBIX Kosiebasiach ot 95,9%
(B rpynne B3pocibix 30—35 net) no 98,4% (B rpyn-
e ABYKPaTHO MPUBUTHIX IIKOJBHUKOB). Cremyet
OTMETUTH, YTO B BO3PACTHOM TPYIIE B3POCIBIX
1970—1979 rr. poxaeHus (40—49 neTt), He oxBauyeH-
HBIX BaKIIMHAIIWEH, IMoKa3aTeJib CepONO3UTUBHBIX
oKa3zaJicsl JOCTaTOYHO BLICOKUM — 96,1%, nonara-
€M, UTO 3a CUeT paHee MepeHeCEHHOM KPacCHYX!.

Ta6auua 1. MonynsLMOHHBIA UMMYHUTET
HaceneHus K KpacHyxe B permoHax Pecny6nuku
Benapycb, 2019r.

Table 1. A 2019 population rubella immunity

in the regions of the Republic of Belarus
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Bpecrckas 97 96,91 | 95,15-98,67
Brest
BuTteb6ckas
Vitotek 98 93,88 91,46-96,3
fomensckas 97 96,91 | 95,15-98,67
Gomel
FpoAuenckas 99 9596 | 93,98-97,94
Grodno
MuHcK
City of Minsk 108 94,44 | 92,24-96,64
Murckas 103 9417 | 91,86-96,48
Minsk
Morunesckas 99 9596 | 93,98-97,94
Mogilev
;g 701 9544 | 94,65-96,23

CrnenyetT OTMETUTH CTAaOMJIBHO BbicOKHUE (00-
nee 95%) nokasaTesid CEpONO3UTUBHBLIX K BUPYCY
KpacHYXM B pa3HbIX BO3PACTHBIX TI'pyIliax Hace-
JnieHus1 B Poccum 1pu eXKeroHbIX CEPOJIOTUUECKUX
obciienoBaHUSIX.

st 6onee 00beKTUBHOM OLIEHKW HAMPSI>)KEHHO -
CTU TIOMYJISIIIMOHHOTO MMMYHUTETa Mbl BbIOpan
TEPPUTOPUIO, T/Ie B TEUCHUE TTOCIETHUX JIET HE pe-
TUCTPUPOBAJIUCH ClIydal KPAaCHYXW, U TEPPUTO-
puio, rjie ciiyyau 3a00JieBaHUs PErUCTPUPOBAJINCH
peryJISIpHO, TIPEUMYIIIECTBEHHO CpPeIr B3POCIIOro
HaceJieHus. Bcero Obl10 mpoaHaau3upoBaHo 1968
pe3yJIbTaTOB CEPOJIOTUYECKOTO UCCIETOBAHU S ChI-
BOPOTOK KpOBM 10 ypoBHI0 IgG-anTuten (tabiu. 4).

Ta6auua 2. MonynAUMOHHbBII UMMYHUTET K KpacHyxe B BO3pacCTHbIX rpynnax HaceneHus Pecny6anku

Benapycb, 2019.

Table 2. 2019 Population rubella immunity in age groups, Republic of Belarus

Yucno CpegnHerpynnogas
BospacrT, net ob6cnenoBaHHbIX Aonsa ceponosumsm;'l).(, % 95% An KOHLI.eHT‘:)aTWIﬂ ZIZTVITen, ME/mn

Age, years Number of tested Proporhon_of serg) positive 95% ClI Mean group antibody

subjects subjects, % concentration, IlU/ml
2-5 65 98,46 95,4-99,99 215,81+30,37
6-15 104 97,12 93,84-99,9 128,08+13,35
16-23 184 92,39 88,49-96,29 149,26+17,54
24-32 146 95,21 91,67-98,75 245,42+18,91
33-45 202 96,53 93,95-99,11 238,82+16,92
2-45 701 95,44 93,86-97,02 197,82+8,65

913



0.B. LiBnpkyH u ap.

MHdekumns n uMmyHuTeT

Ta6auua 3. MonynAUNOHHLIA UMMYHUTET
HaceneHus K KpacHyxe B pa3pe3e permoHasbHbIX
ueHTpoB Poccuiickoii Pepgepaumn, 2019 r.

Table 3. 2019 Population rubella immunity by regional
centers of the Russian Federation

X 2 2

a X E
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s 3 3 Q.o
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PervoHanbHbie g £l s 3 2 95% AU
LIeHTpbI 52| 8559 95% Cl
Regional centers | © 5 = 852

o - E =S on

23 2s

SE| 8¢

T = o
MockoBckuii 12990 96,82 96,67-96,97
Moscow
cno
e 4780 97,01 96,76-97,26
Huxeropopckuit | o .0 96,53 96,20-96,86
Nizhny Novgorod
Nepmckuii 4232 98,62 98,44-98,80
Perm
BawkopTocTaH 3936 97,50 97,25-97,75
Bashkortostan
PocTtoeckuii 8141 95,92 95,70-96,14
Rostov
Hosocubupckuit | o 98,34 98,20-98,48
Novosibirsk
KpacHospckuii 4354 95,61 95,30-95,92
Krasnoyarsk
npumopcKMM 4017 97,94 97,71-98,17
Primorsky
AmMypckuii 1501 97,91 97,54-98,28
Amur
:‘: 55082 | 97,14 97,07-97,21

Bo Bcex BO3pacTHBIX T'pyIax CpeIHerpyrnmnoBas
KOHIIeHTpanus aHtutea B 8§—10 pa3 mpeBwilana
MUHUMaJIbHYI0 KOoHLIeHTpauuio (11 ME/Mmn) y ce-
pono3uTUBHBIX. CaMasi BbICOKasl KOHIIEHTPAIIWS
IgG-anTuTten x Bupycy kpacuyxu (115,25 ME/m)
HaOJIlogasach y BAKIIMHUPOBAHHBIX AeTeil 3—4 JeT.
B BospactHbix rpynnax 9—10, 16—17 u 25-29 net
CpEeTHETpyTIIoBasi KOHIEHTpAIusl aHTUTEJ K BU-
pycy KpacHyxu cHuxaagacb mo 88—90 ME/mun.
B rpynmne HenmpuBuUTBHIX B3pocabix 30—35 u 40—
49 jseT ypoBeHb creIM(PUUYECKUX AHTUTET ObLI
HECKOJIbKO BbIIle — 92—104 ME/Mmi, BeposTHO
3a cyeT mepebosieBaHUS KpacHyXou paHee. Mbl
HE BBISIBUJIM JIMHEWHOTO CHUXXEHUS KOHIIEHTpa-
MU TPOTUBOKPACHYUIHBIX aHTUTEJ C BO3PACTOM.

CpaBHeHME pe3yJIbTaTOB WCCJEIOBaHUM T10-
MyJISIIMOHHOTO MMMYHUTETa K KPacHyxe, TOJy-
yeHHBIX B 2019 I. mpu cepoormyecKkoM MOHUTO-
punre B Poccuiickoit @enepaliu 1 CKpUHUHTE —
B Pecniyonivke benapych, moka3aau COmocTaBUMbIE
pe3yJbTaThl, CBUIETEIbCTBYIOIINE O BBICOKOM
YPOBHE CepOIpeBaJICHTHOCTU, CIIOCOOHOM Mpe/-
YOPEeIuTh DBHAEMUUYHYI0 TPAaHCMUCCHUIO BUpYca
KpacHyxHu (puc.).

O6cyxaeHune

B Pecnybnuke benapych, ¢ 4YMCIIEHHOCTbIO Ha-
ceJieHusI CcTpaHbl 9,5 MIJH 4YeJoBeK, BHEApEHUE
BaKLIMHALIMU C HKCIIOJIb30BAHUEM TPEXBaJIEHTHOM
BakuuHbl KITK (¢ 1996 r. — ogHOKpaTHast IpUBUB-
Ka, ¢ 2000 r. — aByKpaTHas: B 12 Mecs1eB u 6 jeT)
IpU OXBaTe BakLMHauuei 6osee 97% cylueCTBEHHO
CHU3MJIO 3a00JIeBaeMOCTb KpacHyxol [2, 4]. OnHako
eme B Hauajie 2000-x IT. €XeroaHo BBISIBISIIOCH
HECKOJIbKO ThICSIY 3a00JIEBIINX 3TOM MHMEKLIUE.
IMoka3zaTenp 3aboseBaecMOCTU KoJjebasicss oT 69,09
Ha 100 tbic. HaceneHus B 2001 . 7o 24,39 Ha 100 ThIC.
HacesieHust B 2006 1. B 2005—2006 rr. Hapsiny ¢ mia-

Ta6auua 4. MonynsAuMOHHbI UMMYHUTET K KpaCHyxe B BO3pacCTHbIX rpynnax HaceneHus Poccuiickoi
®depepauun, 2019 .
Table 4. 2019 Population rubella immunity in age groups, Russian Federation

BbiGopoyHasd npoBepKa TeppUTOpPUiA
no yposHio IgG
Yucno Aona o Random inspection of territories by IgG level
BospacrT, net | o6cnepoBaHHbIX CepOono3NTUBHBIX, & 95% AU CpeaHerpynnogas
Age, years Number of tested Proporthn 95% ClI “ncno KOHL,EeHTpauus
subjects of serpposTve o6cnepoBaHHbIX anTuTen, ME/Mn
subjects, % Number of tested Mean groub antibody
subjects concentration, IU/ml
3-4 8968 97,2 97,03-97,37 240 115,25+26,0
9-10 9126 98,4 98,38-98,42 293 88,71+10,69
16-17 9773 97,5 97,34-97,66 295 89,90+22,66
25-29 10048 96,7 96,52-96,86 382 88,55+23,04
30-35 9080 95,9 95,7-96,1 383 104,25+20,50
40-49 7861 96,1 95,9-96,2 375 92,15+19,89
Bcero 55082 971 97,03-97,17 1968 96,47+19,46
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HOBOW BaKILMHALIMEN neTeii 12 Mecaies 1 6 1eT Oblia
MpoBeIeHa KaMITaHUS TOMOJHUTEIbHON UMMYHU-
3allMM JIEBOYEK U MaJIbYMKOB B Bo3pacTe 11—19 net
(1987—2005 1. poX/1.) MOHOBAJIEHTHOUW BaKIIMHOM
MHPOTUB KPAaCHYXM, B paMKaX KOTOPOI OBIJIO IIPH-
Buto 1022247 yenmoBek (UTO cocTaBUJIO OoJiee
10% ot Bcero HaceyneHusi crpaHbl). [IpoBeneHHbIE
MEPONPUITUS KapAWHAJIBHBIM 00pa3oM oOTpa3-
UIUCh Ha 3aboJjieBaeMocTH, U, HauuHasg ¢ 2007 1.,
B Pecnyonuke benapych e€XeromHo perucTpupo-
BaJUCh C€IMHUYHBIC 3aBO3HbIe ciaydyaum (MeHee 1
Ha | MJIH HaceJIeHH), BEI3BaHHBIC BUPYCOM Kpac-
HYXM pPa3JMYHBbIX TE€HETUYECKUX BapuaHTOB [4],
MJIK KpacHyxXa He peructpuponajach Bosce (2010,
2016, 2018, 2019 rr.). EBporeiickoii peruoHaJbHO
KOMHCCHE Mo BepruPUKALIUU SIMMUHALIUA KOPU
U KpacHyxu Pecriyoirka benapych oTHeCeHa K YUC-
JIy CTpaH, rae 3T 06e MHOEKIIMY 2TUMMUHUPOBAHBI.

B Poccuiickoit Menepaniiy BaKIMHALMS MOHO-
BaJICHTHOM BaKIIMHOU MPOTUB KPacCHYXH B 12 MecsI-
LIEB U peBaKLIMHALIMS AETE B 6 JIET BBEIEHA B Ka-
JeHaapb NMpo@uIakKTUUYeCKUX MPUBUBOK B 1997 1.
OnmHaKo MacCcOBOE UCTOJIb30BaHMeE CriellM(PUIECKOMI
npodUIaKTUKNA B OOphOE C KpacHYXOl Havyajaoch
B 2001 r., Korma rmoctaBKM BaKLIMHHOTO Iperapara
CTaJI’ OCYIIECTBIISIThCS CTAOMIIBHO, YTO TIO3BOJIVIIO
CYIIECTBEHHO YBEJIMUYUTh OXBAT IPUBUBKAMU JET-
ckoro HaceigeHUus. B Poccum oxsar BaknmHanueiu
NPOTUB KPAaCHYXU IEeTeil B BO3pacTe OTHOTO Toma
MOAIepKMBAaeTCd Ha ypoBHe He MeHee 95% ¢ 2006 1.,
OXBAaT peBaKlMHALIMEN HA 3TOM YPOBHE JIETEN B BO3-
pacte 6 et — ¢ 2008 r. YBennueHune yuciia nNpuBH-
TBHIX TIPOTUB KPACHYXU IIPOU3OIIIO TaKKe 3a CUET
JOMOIHUTEIbHOM KoMmaHnuu 2006—2007 rr. B paM-
kax HanumoHanbHOro mpoekTa «3I0pOoBbe», KOoraa
ObLI0 TPUBUTO Oosee 11,5 MJTH nmeTeit, TOAPOCTKOB
(6e3 yuyeTa TeHISpHOTO pa3INuMsI) 1 XKCHIIH B BO3-
pacte 18—25 JjieT, UTO CMOCOOCTBOBAJIO CHUXEHUIO
3aboseBaemoctu. C 2007 r. B HanimoHanbHbIN Ka-
JIeHAapbh NpodUIaKTUUECKUX IIPUBUBOK U B KaJICH-
ITapb NpoPUIAKTUIECKUX TPUBUBOK II0 SIMTUACMU-
YeCKMM ITI0OKa3aHMSIM BBeICeHAa BaKIIMHAIIWS KCH-
IIIMH B Bo3pacTe oT 18 mo 25 net (BKJIIOUYUTEIbHO)
He OO0JICBIIIUX, HEIPUBUTHIX M IPUBUTHIX OAHOKPAT-
HO. B 3T0i1 BO3pacTHOI I'pyIIIe TaKKe peaan3yeTcs
JIBYKpaTHasl TAKTMKAa UMMYHUW3alIH.

B 2014 r. B Poccuu gOCTUTHYT lieJieBOM MoKa-
3aTejib DJIMMUHALIUM UH(PEKIIMU — MeHee | ciy-
Jast Ha 1 MJIH HaceJIeHMSI, KOTOPBI COXpaHsICTCs
JI0 HACTOSIIIET0 BPEMEHM: €XETOOTHO PErUCTpHU-
pyetcs ot 3 no 38 cayyaeB KpacHyxu [1]. C 2017 r.
Poccust BXomUT B YMCIO CTpaH, UMEIOIINX CTaTycC
TEPPUTOPUIL, SAUMUHUPOBABIINX KPACHYXY.

O coxpaHsOLIeMcs CTAOUIbHO BEICOKOM YPOBHE
TOITYJISIITMOHHOTO UMMYHUTETA K BUPYCY KPaCHYXU
y HaceneHus1 Pecniyonuku benapyck u Poccuiickoit
Ddenepannu CBUACTEIBCTBYIOT PE3yJIBTAThl CPAaBHU-
TEIBHOTO aHaJIM3a MoKazaTeJleii UMMYHHMTETa, IO-
Jy4deHHBbIX B 2019 I. 1 B TpeabIay1I1e TOabl.
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PucyHok. [lons cepono3nTUBHbIX K KpacHyxe
cpeau peteii n B3pocnbix B Pecny6nuke Benapycb
u Poccuiickoin depepauum B 2019 .

Figure. The 2019 proportion of rubella seropositive
subjects among children and adults in the Republic

of Belarus and the Russian Federation

MpumeyaHue. Ha pucyHke kpacHol nMHnen o6o3HaqeH
[lManasoH CeponpeBaneHTHOCTU K BUPYCY KPaCHYXuM
(83-85%) onist npeaynpexaeHnst yCTouMBOi nepefadu
nHdekunn. B rpynny geten Bxoaat anua go 15 ner,
B3pocnble — 16 n cTapLue.

Note. The red line denote a range of seroprevalence against
rubella virus (83-85%) to prevent sustained infection
transmission. The group of children includes subjects
under 15, adults — 16 and older years old.

Tak, u3ydeHue MOMYISIIIMOHHOIO MMMYHMTE-
Ta K KpacHyxe B Pecnyonuke benapyce B 2011 T.
C WCIIOJIb30BaHUEM UMMMYHO(MEPMEHTHON TecCT-
cucTeMbl mpousBoncTBa «Amampod» (YkpauHa),
noka3saJjio, uto IgG-aHTUTeNa K BUPYCY KPAaCHYXU
B YCJIOBHO-3allMTHOW M 3alllMTHONM KOHILIEHTpa-
uusax umenu 709 m3z 756 (93,8+0,9%) obGceneno-
BaHHBIX. [loka3zaTreiab CEpOIIO3UTUBHBIX ITOCTUL
PEKOMEH0BAHHOI'O IMOPOroBOro ypoBHs 84—88%
BO BCeX peruoHax cTpaHbl (kojebGayicsi ot 89,3%
B MuHCcKoOi1 061actu 10 96,6% B MoruiaeBcKoi 00-
JIaCTHU) U BO BCEX MCCJIENOBAaHHBIX IpyMIax Hace-
neHus (kojeodascs ot 89,1% B BO3pacTHOI rpymme
20—29 net mo 100% B Bo3pacTHbIX rpynnax 11-14
n 40—60 set). CpaBHeHUEe JAaHHBIX, TTOJTYYSHHBIX
B 2019 1., ¢ pe3yjbraTaMu U3yYEHUS TOMYJISIU-
OHHOI'0O UMMYHMTETA K KpacHyXe, BHITIOJTHEHHOTO
B 2011 r., CBUAETENBCTBYET O TOM, YTO, HECMOTPSI
Ha OTCYTCTBHUE OycTep-3ddekTa HUPpKYJIUPYIOIIUM
BHUPYCOM KPAaCHYXU NPU HU3KOM YPOBHe 3aboJie-
BaeMOCTHU, MMMYHUTET TIPOJIOJIKAET OCTaBaThCS
Ha JIOCTAaTOYHO BBICOKOM ypoBHe (93,8+0,9% —
B2011r.,95,44%%0,79 — 2019 1.), moaTBepKaasl BbI-
COKYII0 3 (PeKTUBHOCTh MJIAHOBOM UMMYHU3ALUHU
neteit 12 Mec. u 6 JIET ¢ UCHOJIb30BaHUEM BaKLIMHbI
KIIK n npaBuiabHO BeIOpaHHYO B 2006 T. TAKTUKY
MPOBEAEHUSI TOTIOJTHUTEIBHON KOMITAHUW BaKIIM-
Hauuu guil 11—19 net oboero nosna.
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MHdekumns n uMmyHuTeT

PesybTarhl CEpOJIOTMYSCKOrO0 MOHUTOPUHTA CO-
CTOSTHUS CITEIN(PUISCKOro MMMYHUTETA HACEJICHUS
K BUpycCy KpacHyxu B Poccuu, monydyeHHsblie B 2019 1.,
cpaBHUBaJU ¢ JaHHBIMU 2012 T., TOCKOJILKY BbIllIE-
yKa3aHHbIe WHIWKATOPHBIC BO3pPACTHBIE TPYITITHI
IIJIST  CEPOJIOTMYECKOTO KOHTPOJISI OBIIM BBEICHBI
B IIPaKTUKY 30paBOOXPAaHEHU ST HOPMaTUBHO-PACIIO-
PAIUTENbHBIMU JOKYMEHTaMU TOAbKO B 2011 1., mpu
3TOM METOH WMCCJIEIOBAHUSI M TECT-CHUCTeMa ObLIN
aHAJIOTUYHBIMU TIpuMeHsieMbiM B 2019 1., yTO MoO-
3BOJISICT CPAaBHUBATh M COITOCTABIISITH ITOJTYUYCHHBIE
pesyabraTel. ClleayeT JUITb OTMETUTD, YTO C yYe-
TOM WCTOPHH BaKIIMHOIIPOGUIAKTUKA KPACHYXU
B Poccuu, KOHTMHIEHT oOciaemoBaHHBIX B 2012 T.
MMeJl CBOM OCOOEHHOCTHU: Jiula B Bo3pacTe 30—
35 neT, To ectb 1977—1982 rr. poxkAeHM I, KaK U B BO3-
pacte 40—49 net, 1963—1972 1. pOXXIeHUSI, HE ObIITN
NPUBUTHI TIPOTHB KPAaCHYXHW, W, CJIEIOBATEIbLHO,
YPOBEHB CEPOMO3UTUBHBIX XapaKTePHU30BaJl COCTO-
STHUE MOCTUH(MEKIITMOHHOIO UMMYHHUTETA K BUPYCY
KpacHyxH. J1oJIsT CepONO3UTUBHBIX B 3TUX IPyMIax
B 2012 r. cocraBasiia 96,1%+0,028 u 97,4%+0,036
M CBUIETEIBCTBOBAJIA O BCTPEUEe C BUPYCOM KpacHY-
XM paHee, Koraa 3a0071eBaeMOCTh pEerMCTPHUPOBAIach
Ha ypoBHe 200—250 Ha 100 ThIc. HaceseHus. B Bo3-
pacTHBIX rpyImmnax 3—4 jaeT (IpuBUTbIE OMHOKPATHO),
9—10 u 15—17 neT (MpUBUTHIE IBYKPaTHO) IoKa3are-
JI CEepONpPEeBaJICHTHOCTU OBIJIM IPAKTUYECKU OdU-
HakoBBIMU — 97,1%+0,02; 97,2%+0,02 1 96,9%=+0,02
COOTBETCTBEHHO, IIOATBEPXKJasi HaHHBIE JUTepa-
TYPbl O BBICOKO 3(M@MOEKTUBHOCTU OTHOKPATHOM
BakKLMHALMU TIPOTUB KpacHyxu [2]. TTonyuyeHHBIe
B 2019 1. pe3yabTaThl HE UMEJIU CYILIECTBEHHBIX OT-
Jan4unii oT pesysbraroB 2012 I. ¢ TOM AUIIb pa3HULIEH,
4yTo B3pocibie 30—35 et yke ObILIM NMpeacTaBIeHbI
MPUBUTHIM ITIPOTUB KPACHYXU KOHTUHIEHTOM —
95,9% nMMyHHBIX Jaull. [ToCTUHGEKIIMOHHBINA UM-
MyHUTeT B rpynme juil 40—49 net mo-npexHemy
ocraBaJics JOCTaTOYHO BBICOKUM — 96,1%.

B menom cpenu oGciienoOBaHHBIX Ha KPacHYXY
B 2012 r. 661110 BBIsABIIEHO 96,81%+0,01 ceporo3u-
TUBHBIX, YTO MPAKTUYECKU HE OTIAMYACTCSI OT I10-
KasaTend, mojryuyeHHoro B 2019 r., — 97,14%=0,07.
Kosiebanust 10U CEpPONMO3UTUBHBIX K BHPYCY
KpPacCHYXM OBbILJIM CTaTUCTUYECKU HE 3HAYMMBbI KakK
B pa3pe3e perMoHaJIbHBIX 1IIEHTPOB, TaK U B CpaB-
HuBaemble roabl. Ecau B 2012 1. 3TOT mokaszaTeib
Kosebaicst ot 95,2% (Poctosckuit PLl) mo 97,9%
(Kpacnosipckmii PLI), To B 2019 1. — oT 95,6%
(Kpacnosipckuii PLI) no 98,6% (Ilepmckuii PLI).

Brnaromapss oauMHaKoOBOI TaKTHKe IJIAHOBOM
MUMMYHM3allMM OETCKOro HacejgeHus (B 12 mecs-
meB U 6 JieT) MOJIy4eHbI COIOCTAaBUMBbBIC Pe3YJib-
TaTbl OLIGHKU COCTOSHUS WMMYHUTETa Hacese-
HUSI K BUPYCYy KpacHyxu B Pecniyonuke benapych
n Poccniickoit @enepannu — 97,6 1 97,7% cooTBeT-
cTBeHHO. HecMOTpst Ha pa3HbIe TTOIXOIbI K OpraHM-
3allMK UCCJICTIOBAaHUS U TTIOA00PY KOHTUHIEHTa, He-
KOTOpBIC Pa3jn4yus B ITOKa3aTesIsIX CEPOITPEeBaICHT-

HOCTU B TPYIIIe B3POCJBIX, BaKIIMHUPOBAHHBIX
npotuB kpacHyxu (B Pb — 94,7%, 8 P® — 96,3%),
TaKXXe KaK M pa3HUIla B TOKa3aTesiX CePONO3UTUB-
HBIX JIUII cpeau Bcero HaceieHU (95,4 m 97,1% co-
OTBETCTBEHHO) OBLJIM CTATUCTUYECKU HE 3HAYMMBI.

B Bo3pacTHBIX TpyIiniax HaceJIeHU s, TIe oMy~
JISIIAOHHBIM UMMYHUTET (hOPMUPOBAJICI 3a CUET
nepeHeceHHoil paHee MHMekuuu (B Pecriybonuke
benapyco aTo rpynmna 33—45 net, B Poccun — 40—
49 51eT), 10J15I CEpONO3UTUBHBIX OblIa MPAKTUYECKHU
ONMHAKOBOI M coctaBuaa 96,5 u 96,2% coorser-
CTBEHHO, CBUAETEIBCTBYSI O CXOAHOM YPOBHE pac-
MpPOCTpaHEHUsI KPaCHYXW Ha O0EUX TepPPUTOPUSIX
B IOBaKIIMHAJIbHBI TTIEPUOI.

CpaBHeHUE JaHHBIX, MOJYyYeHHBbIX B Pecny0-
nuke benapych B 2019 1., ¢ pe3yabTaTaMu U3y4YEHUS
MOITYJISIIIMOHHOTO MMMYHUTETa K KpacHYXe, BbI-
noJiHeHHoro 8 jieT Ha3and, B 2011 ., CBUIETEbCTBY-
€T O TOM, YTO, HECMOTPsI Ha OTCYTCTBUE OYCTEPHOTO
addexTa MUPKYJIUPYIOIMIUM BUPYCOM KPaCHYXH,
MMMYHHUTET TIPOJOJIXKAEeT OCTaBaThCsl Ha JOCTa-
TOYHO BBEICOKOM ypoBHe (93,840,9% — B 2011 1.,
95,44%%0,79 — 2019 r.). B Poccuu 311 nokasareiun
cocTaByi 96,84+0,01% B 2019 1. u 97,1£0,07% —
B 2012 1., 4yTO TOATBEpPXIAaeT BBICOKYIO 3dhdek-
TUBHOCTb MWCIIOJIb30BAaHUS TAaKTHUKHW IJIAHOBOM
MMMYHU3AMU U TIPOBEJCHUS JOTOJHUTEIBHBIX
MPUBUBOYHBIX KaMITaHW1. Bce 3T Meponpustus
MPUBEIU K CO3JaHUI0 UMMYHHOM MPOCTONKH BbI-
COKOTO YPOBHS CpeAM JAeTeil, IMMOAPOCTKOB M MO-
JIONBIX B3POCJBIX, YTO BeChbMa Ba’kKHO, ITOCKOJIBKY
CHMXKAeT YUCIO0 HMCTOYHUKOB MHMEKIIMU U BO3-
MOXHOCTB BCTPEUU C BUPYCOM KPacHYXHU OepeMeH-
HBIX XEHIIWH, M MPeryIlpexkIacT BO3MOXHOCTh
Pa3BUTUSI BPOXKIEHHOM MAaTOJIOT MU TLJI0/1A.

B mporiecce mcciienoBaHusl ObLIN TOJIYYEHbBI pe-
3yJIBTaThl, KOTOPbIE COIMOCTaABUMBI C pe3yJbTaTaMu
JIPYTUX UCCIIeOBaTeNei B pa3HbIX CTpaHax Mupa [6, 7,
8, 10, 11, 12, 14]. OueHka aBTOpaMu MOJYYEHHBIX pe-
3yJIBTaTOB ITPOBOAMJIACH B COOTBETCTBUM C CYIIIECTBY-
IOLLEH TTIOJIMTUKOM BaKIIMHAILIMY B KAXJIOU CTpaHE.

CormnocTaBjieHUe CPeIHEro YpOBHSI KOHIIEHTpa-
nuu IgG K BUpPYyCYy KpacHYXW B pa3HBIX BO3pacT-
HbIX Trpynmax B Pecnybnuke bemapych u Poccun
nokKasaJii OTCYTCTBUE JIMHEWHON TEHIIEHIIUU CHU-
JKeHMsI CPeIHEero ypOBHS aHTHUTEJ C BO3PAcTOM.
Tak, B Pecnybnuke benmapych aHaau3upyeMblid
nokasareyib kosnebasics ot 128,08 ME/Ma B rpyn-
ne 6—15 net no 215,81 ME/Mn — B rpyrie netei
2—5 net. B rpynne B3pocabIX CPEAHUN YPOBEHb KOH-
IHEHTpallMi aHTUTEJ BBISIBIISIIICSI HAa yPOBHE, IIpe-
Boinatomiem 230 ME/mit. B Poccuu KonebaHust co-
craBuau ot 115,25 ME/mu B rpyrine nereii 3—4 jer,
no 88,55 ME/Mna B rpynmne B3pociibix 25—29 Jer.
CaMblil BBICOKUI CpeAHU I yPOBEHb KOHIIEHTPpAIIU U
IgG-anTtuteny B3pocibix — 104,25 ME/MJ1 Obl1 BbI-
sIBJIEH B rpyIire B3pocibix 30—35 net. Bee a3To nof-
TBEpXKJAaeT pe3yJIbTaThl HCCIENOBaHMUM, KOTOpPBIE
yOeauTebHO ITOKa3aJii OTCYTCTBHUE KOPPEISIIUMN
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MEXKIY BO3PAacTOM M YPOBHEM CIEIIM(PUIECKIX aH-
TUTEJ, 9YTO CBUAECTEIBCTBYET OO0 OTCYTCTBHHU IIPO-
0JIeMBI OCJTa0JIEHUSI UMMYHUTETA IPOTUB KPACHY XU
B MONYJISILIMM B HAcTosI1Iee Bpems [8].

3akJo4yeHne

TakuMm o6pa3oM, pe3ysIbTaThl U3YUYCHUSI COCTOSI-
HUS CIeU(UUIECKOr0 MMMYHHUTETa K KpacHYXe
JIETCKOTO 1 B3POCJIOTO HACEJICHUS, BBIITOJTHEHHOTO
B 2019 1., TOKa3aJI, YTO IIPH MCTIOTb30BAHUH PAa3HBIX
BaKIIMHHBIX IIPENIapaTOB U ITOAXOI0B K OpraHU3aIlnK
3TOoro ucciegoBaHusi u B Pecniyonuke benapych,
n B Poccuiickoit depepanin BoO BCexX BO3PACTHBIX
TpyIiax OBLIM BBISIBICHBI crienududeckue IgG
K BUPYCY KpaCHYXHM Ha JOCTAaTOYHO BBICOKOM ypPOB-
He — 6oJiee 90%, pu TOM yPOBEHb CIIeLIU(PUIECKUX
aHTUTE OCTAeTCSI BBICOKUM, HECMOTPSI Ha HU3KHUU
noKa3aTelb 3a00JIeBaéMOCTH B 0O0OEMX CTpaHaX U OT-
cyTcTBHe OycTep-adderTa. DTo MOATBEPKIAET BhI-
COKYyI0 3((EKTUBHOCTh ITUIAHOBOM WMMYHU3AIIUU
meteir 12 mec. 1 6 JIeT U MPaBUJILHO BBIOPAHHYIO
TaKTUKY TIPOBEICHUS TOTIOJTHUTEIBHBIX MEPOITPH SI-
TUI — KaMIIaHWUY BaKIIMHAIIMY OTIETbHBIX BO3PaCT-
HBIX TpymIr (11—-19 net oboero mona B Pecrybnmke
Bbenapyce B 2006 1. 1 1—17 jer oGoero 1moja, >KeH-
muH 18—25 et B Poccun), a TakkKe CBUAETEIBCTBY-
eT 00 BSIUACMUYIECKOM OJIaTrOITOJIYYMH B OTHOIICHU N
JTaHHO MH(MEKIINY 1 MOATBEepKaaeT (DaKT STUMIHA-
OUU KPaCHYXHU, TOCKOJBKY HOCTHUTHYTHII YPOBEHB
CEepOITPEBAJICHTHOCTH SIBJISIETCS TOCTAaTOYHBIM [IJIST
IpeaoTBpaIlleHUsT TPaHCMUCCUM BUpyca. [1naHoBas
UMMYHU3AIUS OCKPETUPOBAHHBIX KOHTHUHTEHTOB
W JTOTIOJTHUTEIbHBIC MEPOIPUSITUS 10 MMMYHM3a-
WU TIPUBEIN K CO3MaHNI0 MMMYHHOI ITPOCIONKN
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BBICOKOTO YPOBHSI CpeIy JIeTeil, TIOAPOCTKOB U MO-
JIOOBIX B3POCIBIX. JJOCTOBEPHOCTh MOJTYYECHHBIX pe-
3yJITAaTOB MOATBEPXKIACTCS PEIPe3eHTaTUBHOCTHIO
BBIOOPKM IJIST UCCJICHOBAHUS ITO0 KOJIMYECTBY M Ka-
yecTBY. Tak, oTOOp OOCIEAYEMBIX OCYILIECTBISICS
Ha BCeX aJIMUHUCTPATHUBHBIX TEPPUTOPHUSIX O0OEUX
cTpaH. Bo3pacTHble TpyImbl BBIOpaHBEI B COOTBET-
CTBHUH C HALIMOHAJILHOI NCTOPUE UMMYHU3AINH.

IMonyyeHHbIe pe3yiabTaThl UCCIAEIOBAHUS Ce-
POITPEeBaJICHTHOCTH K BUPYCY KPACHYXH OBIJINA CO-
nocraBuMbl — 95,44% B Pecnyoinuke benapych
1 97,14% B Poccun, 4TO CBUAETENBCTBYET O IIPABO-
MEPHOCTH MCITOJIb30BAaHUSI KaK PYTUHHOIO ce-
pOJIOTMYECKOTO MCCJIEIOBAHUS KOJUIEKTUBHOIO
MMMYHUTETa, UJIA CEPOMOHUTOPUHTA, TaK U TIe-
PUOIMYECKOTr0, WJIN CKPUHHUHTOBOTO, MCCICA0BA-
HUsl. OCHOBHBIM YCJIOBHUEM OCTAeTCsI COOTIO/ICHIE
pEeNpe3eHTAaTUBHOCT BBIOOPKU TII0 KOJHWYECTBY
M KaueCTBEHHBIM XapaKTEePUCTUKAM 00CIIeIyeMBbIX
rpymni (Bo3pacT, aIMHHUCTPATUBHO-TEPPUTOPU-
aJbHOE pacIpeaesieHue u ap.).
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! Boneoepadckuil HayuHO-UCCAe008AMeNbCK UL NPOMUEOUYMHbLIL uHcmumym Dedepanvroil cayaucobr no Had3opy 6 cepe
3auumol npas nompebumeneil u 6aazonoayuus wesosexa, . Boaeoepao, Poccus

2 Coemecmmuutii Poccuiicko-Bvemnamckuii Tponuueckuii HAy4HO-UCCACO08AMEAbCKUN U MEXHOA02UHECK ULl yeHmp, 2. XaHOl,
Couyuanucmuuecxkas Pecnyoauka Bvemnam

Pestome. Mennongo3 — oco6o onacHass MHGEKIUS ¢ SHAEMUYHBIM PAacIPOCTPAaHEHUEM, BbI3BaHHAS TpaMOTpUlla-
TeJbHBIM MUKpoopraHusmMoM II rpynmsl natoreHHOCTU Burkholderia pseudomallei. B sHIeMUYHBIX CTpaHaX MEJIUOU-
103 3aHUMAeT OJHO U3 BeAYIIUX MeCT Mo JieTaibHOCTU nocie BUY, Tybepkyne3a u — B mociaennue ronsl — COVID-19.
EcTecTBeHHBIE 3KOIOTMYECKME HUIITY BO30OYIUTEISI HAXOASITCS B 30HAX TPOITMYECKOT0 U CYOTPOITMYECKOTo KInuMara,
npexje Bcero B FOro-BocTouHoit A3uu 1 ABCTpasinu, Tjie BO BJIaXXHOUW TIOYBE U BOJIE B OMPEIeICHHOM TeMIieparyp-
HOM JlMana3oHe OKPYXalollleil cpeibl MOoIAepKMBaeTCs ero CyliecTBOBaHMe Kak Buaa. OnHaKo B HACTOsIIEE BpeMs
Bce 0oJiee YacTo CIyyau MeJMOMI03a PETMCTPUPYIOT BHE SHIEMUYHBIX TEPPUTOPHUI, UTO MOTYEPKUBACT aKTyalh-
HOCTb COBEPILIEHCTBOBAHUS CPENCTB U METOJ0B JabopaTOpHON NUATHOCTUKU ITOW OOJEe3HU KaK JJisl TOCYAapCTB,
pAcCTIOIOKEHHBIX B 30HE TMPUPOIHBIX 0YaroB, TakK M JJIsI CTpaH B CiIyvyae 3aB03a Ha MX TEPPUTOPUIO ITOM MaJion3-
BECTHOI JIJTS1 MECTHOTO 3/[paBOOXpaHeHMsT MHMeKnu. B Takux crpaHax, BKitodass PO, HaceleHe He MMEET ecTe-
CTBEHHOTO MMMYHUTETA K BO30YIUTEINIO, B CBSI3M C YeM 3Ta MHMEKIINS MprUodpeTaeT elne 00Ty KIMHUYECKYIO
1 3MUIEMMOJIOTHYECKYI0 3HAUUMOCTh. B Bosrorpanckom HayuyHO-KCCIEI0BATETbCKOM TPOTUBOYYMHOM MHCTUTYTE
CKOHCTPYMPOBAH pUTPOLMTAPHBIN aHTUTEHHBIN MEJTMOUIO3HBIN TuarHOCTUKYM 11 PHTA, mo3Boisttonnii BeISIB-
JISITh TIPUCYTCTBUE METMOUIO3HBIX aHTUTEN B CBIBOPOTKaX KpoBu. [Ipemapar moxydeH Ha OCHOBE OMOJIOTUYECKOTO
HOCHUTEJISI — 3PUTPOIIUTOB OapaHa, CCHCUOMITM3UPOBAHHBIX BBIJICICHHBIMU OCITKOBBIMU AHTUTEHHBIMU KOMILJICK-
caMmu B. pseudomallei. Bricokue aHaTUTAYECKUE XapaKTEPUCTUKK TUATHOCTUKYMA OBIJIM TOATBEPXIEHBI Ha MOJe-

Appec pns nepenucku:

TepeLwwko AMuUtpuii JleoHnposny

400131, Poccus, . Bonrorpag, yn. lony6uxckas, 7,
OKY3 Bonrorpaackuii Hay4Ho-Mccnef0BaTeNbCKUii
NPOTUBOYYMHbIN MHCTUTYT PocnoTpebHaasopa.
Ten.: 8 (8442) 37-37-74; 8 937 082-93-11 (M0b.).
E-mail: ditereshko@gmail.com

Contacts:

Dmitrii L. Tereshko

400131, Russian Federation, Volgograd, Golubinskaya str., 7,
Volgograd Plague Control Research Institute.

Phone: +7 (8442) 37-37-74; +7 937 082-93-11 (mobile).
E-mail: ditereshko@gmail.com

[Ans uMTMpoBaHuN:

Tepewko A.J1., Houukas U.B., 3axaposa /.b., YueH ., Ky3Heuos A.H.,
Kynakos M.4., Bypuenko A.A., Mywkaps B.I., Buktopos [.B., Tonopkos A.B.
lonyyeHne n ncnonb30BaHNe 3PUTPOLLUTAPHONO AHTUTEHHOr 0
MENNOMLO3HOr0 AMarHOCTUKyMa Npum aHaam3e npod CbIBOPOTOK OT /LY

13 3HLEMWNYHBIX N0 MENMOMZO03Y NPOBUHLMIA Xa 3aHr, JTaHrLwoH 1 KyaHrHUHb
Coumannctuyeckoii Pecnybankv BoeTHam // HeKLMs 1 nMMyHUTET.
2022.T.12,Ne 5. C. 919-928. doi: 10.15789/2220-7619-0AU-1933

© Tepewko O.J1. n coasr., 2022

Citation:

Tereshko D.L., Novitskaya |.V., Zakharova I.B., Trien D., Kuznetsov A.N.,
Kulakov M.Ya., Budchenko A.A., Pushkar V.G., Viktorov D.V., Toporkov A.V.
Obtaining and using erythrocyte antigenic meliidosis diagnostic agent in the
analysis of serum samples from meliidosis-endemic provinces Ha Giang,
Lang Son and Quang Ninh of the Socialist Republic of Vietnam // Russian
Journal of Infection and Immunity = Infektsiya i immunitet, 2022, vol. 12,

no. 5, pp. 919-928. doi: 10.15789/2220-7619-0AU-1933

DOI: http://dx.doi.org/10.15789/2220-7619-0AU-1933

919



0.J1. Tepewko n ap. MHdekumns n uMmyHuTeT

JISIX CBIBOPOTOK UMMYHU3UPOBAHHBIX U MEPeOOJEBIINX SKCIIEPUMEHTAIbHbIX )KMBOTHBIX. C MOMOIIBIO MOTYYEHHO-
ro Habopa peareHTOB MPOBEICHO M3YYEHUE YPOBHS aHTUTEN K BO3OYIMTENI0 MEIMOKA03a B 00pa3lax ChIBOPOTOK
KpoBU xuteseit 3-x mpoBuHIMii BeeTHama (Xa 3aHr, JlanrimoH u KyaHrHUHB), a TakKXke — B KaueCTBE KOHTPOJIb-
HOI rpynmbl — xuTeneir Boiarorpaackoit obaactu. B mpobax, monyyeHHBIX U3 HEIHAEMUYHOTO peruoHa, He 6oJiee
yeM B 25% ciydasix ObL1M 3aperucTpupoBanbl TUTpbl PHTA, He nipeBbimiatomnine passeaeHue 1:10, 4to o0ycnoBieHo,
MO-BUANMOMY, KPOCC-PEaKTUBHOCTBIO CHIBOPOTOUHBIX UMMYHOIJIO0YIMHOB. [losoxuTeabHble MPoObl B 00pa3iiax
CBIBOPOTOK KJIMHUYECKM 3I0POBbIX XUTeaei npoBuHuuii Xa 3aHr, JlanrmoHn u Kyanruuap B Tutpe 1:10 BbIsiBIIC-
HBI B 71,5%, B pasBeneHusx 1:20—1:80 — B 28,5% wabmogennii. C Halleil TOYKM 3peHUs], IMaTHOCTUUECKYIO 3HAUM-
MOCTb, OTPaXa0IY10 HAMPSI)KEHHOCTh MPOTUBOMETUOUI03HOTO UMMYHUTETA HACEIEHU I, UMEET YCTAaHOBJIECHH bl
B PHTA tutp ceiBopoTouHbix aHTUTEN 1:80.

Karouesnie caosa: meauoudos, Burkholderia pseudomallei, ummynoouaenocmuka, nonyaayuontoiii ummynumem, PHIA, anmueennoiil
spumpouumapHwlii duaeHocmuxym, Couyuarucmuyeckas Pecnybauka Beemnam.

OBTAINING AND USING ERYTHROCYTE ANTIGENIC MELIIDOSIS DIAGNOSTIC AGENT

IN THE ANALYSIS OF SERUM SAMPLES FROM MELIIDOSIS-ENDEMIC PROVINCES HA GIANG,
LANG SON AND QUANG NINH OF THE SOCIALIST REPUBLIC OF VIETNAM

Tereshko D.L.?, Novitskaya 1.V.?, Zakharova 1.B.?, Trien D.’, Kuznetsov A.N.", Kulakov M.Ya.?, Budchenko A.A.%,
Pushkar V.G.?, Viktorov D.V.?, Toporkov A.V.?

“ Volgograd Plague Control Research Institute, Federal Service for Surveillance in the Sphere of Consumers Rights Protection

and Human Welfare, Volgograd, Russian Federation
b Joint Russian-Vietnamese Tropical Research and Technology Center, Hanoi, Socialist Republic of Vietnam

Abstract. Melioidosis is a particularly dangerous infection with endemic distribution caused by the Gram-negative micro-
organism from the pathogenicity group I1 Burkholderia pseudomallei. In endemic countries, melioidosis holds one of the
leading places in mortality rate after HIV, tuberculosis and, in recent years, COVID-19. The natural ecological pathogen
niches are located in tropical and subtropical climate zones, primarily in Southeast Asia and Australia, where its existence
as a species is maintained in moist soil and water in a certain temperature environmental range. However, at present, more
and more often cases of melioidosis are registered outside endemic territories, which emphasizes the relevance of improv-
ing the means and methods of laboratory diagnostics of this disease both for countries located in the zone of natural foci
as well as for local healthcare of the countries after importation of this poorly known infection into their territory. In such
countries, including the Russian Federation, the population has no natural immunity to the pathogen, and therefore this
infection acquires even greater clinical and epidemiological significance. In the Volgograd Plague Control Research Insti-
tute, an erythrocyte antigenic melioidosis diagnostic agent for IHA was designed allowing to detect the presence of serum
melioidosis antibodies. The diagnostic agent was obtained on the basis of a biological carrier — ram erythrocytes sensi-
tized with isolated protein antigenic complexes of B. pseudomallei. The high analytical characteristics of the diagnostic
agent were confirmed on sera models of immunized and recovering experimental animals. Using the obtained set of rea-
gents, the level of serum antibodies against the causative agent of melioidosis was studied in residents from the 3 provinces
of Vietnam (Ha Giang, Lang Son and Quang Ninh), as well as in control group composed of residents of the Volgograd
region. In samples obtained from a non-endemic region, not more than 25% of cases contained IHA titers at lower than
1:10 dilution, which is apparently due to cross-reactivity of serum immunoglobulins. Positive serum samples from clini-
cally healthy residents of Ha Giang, Lang Son and Quang Ninh provinces were at a titer of 1:10 detected in 71.5%, in dilu-
tions of 1:20—1:80 — in 28.5% of cases. Thus, we believe that serum antibody titer of 1:80 established in the IHA results,
has a diagnostic significance, reflecting the intensity of the anti-melioidosis populational immunity.

Key words: melioidosis, Burkholderia pseudomallei, immunodiagnostics, population immunity, [HA, erythrocyte antigenic diagnostic agent,
Socialist Republic of Vietnam.

BBeneHune

DHIeMUYHbIe UHOEKIIUU 3aHUMaT 0cob0e Me-
CTO B CTPYKType oO0lleil 3a001eBaeMOCTH, TaK KakK
UX pacpoCTpaHEHHE TECHO CBSI3aHO C ITEPCUCTCH-
Luein Bo30yauTeieil B olpeaeJeHHbIX 30HaX U MOA-
JIepkKaHWeM TaM IMPUPOTHBIX OUaroB, IIPEACTaBISIO-
IIUX OJ1ST HaCeJICHU S TIJIAaHEThI IIOCTOSTHHYO SITUIC-
MUUYECKYIO OIMaCHOCTb.

Menuounnos (6ose3Hb YUTMOpPA, THEBMOIHTEPUT
H 1p.) — 0c000 ormacHast THMEKIIN S, TPaHUIIBI SHIC-
MUYHOCTHU KOTOPOIA, COTJTACHO MOCAEAHUM TaHHBIM,

OXBaTbhIBAIOT 30HY Mexay 30-Mu mapaiieasiMu ce-
BEpPHOW M I0XKHOW IIMPOT BCeX KOHTUHEHTOB |[1].
TpaauiIMOHHO MEJIMOMIO3 CYUTAIOT 3a00JIeBAaHUEM,
HauboJiee XxapakTepHbIM s cTpaH KOxHoit u FOro-
BoctouHoii A3uu, B yacTHOCTH, BbeTHama, 4To, mo-
BUAMMOMY, OOYCJIOBJIEHO OCOOEHHOCTSIMU Teorpa-
¢HUIECKOTO MOJIOXCHUS 3TOM MECTHOCTH, TJIaBHAS
U3 KOTOPBIX — PEKOPAHO AJuHHag (boJiee 3,5 ThIC.
KM) y3Kasi 6eperoBasi JMHUsI, YTO OKa3bIBaeT MOIII-
Helilllee BIMSTHUE Ha KJIMMAT CTPAHbBI, TTIOIBEPKEeH-
HOU OEMCTBUIO MYCCOHOB, ILIYHAMW, HABOJIHECHUN
W IPYTUX IIPUPOTHBIX KaTaKIJIM3MOB, COITPOBOKIAT0-
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NMMyHUTET K BO3OYAMTENIO MENNONL03a

IIMXCS OOMJIMEM OCAIKOB M TPSI3EBBIX ITOTOKOB.
C y4eToM 1IMPOT, B TPaHULIAX KOTOPBIX PACTIOJIOXKEH
BreTHaM, BBICOKasl BIIAXKHOCTh M CPETHETOIOBOI
TeMmrepaTypHbIi auarna3oH ot +26 mo +33°C npen-
CTaBJISIIOT COOOl OCHOBHBIE (haKTOpbl, (OPMUPY-
OIIMe KJIMMaTUYECKHUE YCIOBMSI 3TOTO pEervoHa.
He cnywaitHo npyrue Ha3BaHUS MEJIMOWIO3a —
«BreTHaMckas nuxopaaka» U «BbeTHamckas yaco-
Basg 6oM0Oa 3aMeIJIEHHOTO JeiicTBUSI». U3BECTHO, YTO
Yy YYaCTHMKOB BOITHBI BO BheTHamMe Men1monao3 Mor
MPOSIBUTHCS TaskKe CITYCTSI OSCSITUJICTUS TOCIIe BO3-
BpallleHUs U3 SHJAeMUYHOro pervuoHa [10].

Kaxk nipaBuiio (10 85% ciydaeB) mpu MEJIMOUI03E
HaOIIOMAIOT OCTPOE Havajo, HEPEIKO C CEITUKOITHE-
mueit [18], koTopast 6€3 CBOEBPEMEHHOI0 3TUOTPOII-
HOTO JIeYeHM s YacTo 3aKaHYMBaeTcs ¢araabHo. [Tuk
3a00JIeBAEMOCTH OTMEYalOT B MEpUON JoXAeu [14],
MPEMMYIIIECTBEHHO cpenu (hepMepOB U CETbCKUX KU~
TeJieil, Bo3AesbIBaoIInX puc [6, 12], 4To moaTBepxK-
JIaeT OCHOBHYIO POJIb KOHTAKTHOIO MyTU MNepeaadyu
nHpexkuuu [11]. OgHaKO MHBIE MMyTHU BO3MOXKHOTO
MHOUIINPOBAHUSI — aJTMUMEHTAPHBIN, WHTAJISIIINOH-
HBbIl, MOJIOBOM — HE UCKJIIOUAIOT ciyJyaeB 3aboseBa-
HUS M CPELU APYTUX KATETOPUIl HACEJIEHU .

Bozoynutenem Menmomnmgosa sBasietcss Burkhol-
deria pseudomallei — muxkpoopranusm II rpynmsl na-
TOT€HHOCTH, XapaKTepU3YyIOIIUICcS 4Ype3BblYaiiHO
BBICOKUM YPOBHEM I'eHeTUYECKM IeTEPMUHUPOBaH-
HOU pe3MCTEeHTHOCTH K aHTUOMOTUKAM M 00J1a1at0-
MU CITOCOOHOCTBIO B T€UEHUE IUTEJIBHOIO Bpe-
MEHU MEePCUCTUPOBATh B MAKPOOPraHu3Me, u3oeras
YHUUTOXEHUSI CUCTEeMOIt UMMYyHUTeTa [1].

B nipuponubIx yeroBusx B. pseudomallei bopmu-
pYeT eCTeCTBEHHbBIC HUIIIN B IITyOOKMX CJIOSIX BIaX-
HBIX IIOYB, HACBIIIEHHBIX TPYHTOBBIMHM BOJIaMU,
rae, Hapsioy ¢ OIPYTUMU POACTBEHHBIMU IIOYBCH-
HbBIMU OypKXOJbACPUSIMU, TAKUMU KaK B. cepacia
u B. thailandensis, BXonUT B cocTaB OMOLIEHO3a TPO-
MUYECKOTo 1 cyOoTpornmyeckoro nosca [15, 17].

CrnemyeT OTMETUTh, YTO paHEe CUYMTABIIUIACS
canpodUTUIeCKUM BUI B. thailandensis Tak Xe, Kak
u B. pseudomallei, cnocoOeH BBI3bIBaTh TSXKEIYIO WH-
(bEeKIINIo ¢ CeNTUYCCKUMU MPOSIBICHUSIMU, OCOOCHHO
y OOJIBHBIX C HApYLLIEHEM UMMYHHOTrO cTatyca [13].

Bo3MoXkHbIe MHOTOOOpa3Hble KOHTAKThI JTIOACH,
MPOXUBAKIINX B SHAEMUYHOM PEruoHe, C IITUPOKO
MIpeIcTaBIICHHBIMU B OKpYXKaloIllleil cpene OypK-
XOJNBICPUSIMU TIPUBOIAT K (POPMHUPOBAHUIO Y Ha-
CEJIEHUS €CTECTBEHHOM HWMMYHHOM IIPOCJIOUKU,
TO €CTh IONYJISIIIMOHHOIO MMMYHHUTETa, 00YCIOB-
JICHHOTO HaKOITJICHUEM B CBIBOPOTKAX Cieupmrdec-
KX UMMYHOTIJIOOYJIWHOB. B psine ciydaeB 3To MoO-
XKEeT MPOUCXOAUTh 0e3 MaHudecTaluu MHPEKIIUU.
W peiictBuTEenbHO, paboTaMu 3apy0eKHbIX aBTOPOB
rnmokazaHa TIOTeHIIMaJbHasi BO3MOXHOCTb OOHa-
DY>XEHUSI MEJTUMOUIO3HBIX aHTUTET B ChIBOPOTKAX
KPOBU 30POBLIX JTUII [7]. OmHaKO ITpU 3TOM aBTOPHI
PEKOMEHIYIOT YUYUTHIBAThH CIAyUYad BO3MOXHBIX IT0-
JIOXKUTEIBHBIX PEaKIMil CHIBOPOTOYHBIX aHTHUTE,
00YCJIOBJIEHHBIX MEPEKPECTHON PEaKTOT€HHOCThIO
B. pseudomallei u B. thailandensis [10].

B nesnoM, ypoBeHb CbIBOPOTOUHBIX UMMYHOTJIO-
OYJIMHOB MOXKET CJYXUTbh OTHOCUTEIbHBIM ITOKa-
3aTejieM KaK pacIlpOCTPaHEHHOCTU BO30yIUTEIIS
B 9HACMUYHOMN 30HE, TaK U €r0 KOHTaTrnO3HOCTU.

Hnst BBEISIBICHUSI aHTUTEI B CHIBOPOTKAX IIPU-
MEHSIOT pa3jiuyHble MeTOAbl HWMMYyHOaHasu3a,
OJHUM W3 KOTOPBIX, BKJIOUEHHBIM B MNPUHSTHIE
B Poccuiickoii Memepaliiy cXeMbl 3KCIpecc-aua-
THOCTUKM Menauouno3a (MY 4.2.2787-10), aBnsercs
peakunst Hempsimou remarrmiotuHanuu (PHIA).
PHTA npeacrasnisieT coboii oauH U3 Haubdosee 10-
CTYITHBIX M TIPOCTBIX METOAOB HMMMYHOaHasuM3a,
MO3BOJISIONIMX B TeUEHUE HECKOJIbKMUX 4YacoB Oe3
MCIMOJIb30BaHUS CIIELIMAJIbHOIO 000PYI0BaHU S MO-
JIYYUTH TOYHBIE, BOCIIPOU3BOAMMBIE M XOPOIIO BU-
3yalIn3upyeMble TaHHBIC.

B 3aBuUCHMOCTM OT MCIOJIb3yeMOro Iipernapa-
Ta ¢ noMoilbio PHI'A ocyliecTBsIIOT BbISIBJIEHUE
B HCCJIenyeMbIX oOpaslax MO0 aHTUIECHOB, JIMOO
antuten. B mocnemnem cinyyae PHI'A mosBoiser
IPOBECTH OIEHKY COCTOSIHUSI €CTECTBEHHOIO IIO-
OYyASIUOHHOTO MMMYHHTETAa y HacelIeHUs, IIPo-
KMBAIOIIEro B QHAEMUYHOM PEruoHe, B YaCTHOCTH,
B MpoBUHLMAX Xa 3aHr, JlaHrmoH u KyaHTHUHb
Couunanuctudeckoit Pecriyoiku BoeTHaMm.

B pamkax pa6otbl, mpoBoauMoii COBMECTHBIM
Poccuniicko-BbeTHamckuMm  Tponuyeckum Hayu-
HBIM-UCCJIEIOBATEABCKUM W TEXHOJOTMYCCKUM
LEeHTpOM, HaMHu T[OCTaBjJeHa I1eJb pa3padoTaThb
SPUTPOLIMTAPHBIN AHTUTE€HHBIA MEJIUOUI03HbIN
NUAarHOCTUKYM M OIpEeNeSUuTh BO3MOXHOCTb €ro
WCIOJIb30BaHMUS IJISI BBISBICHMUS METUOUIO3HBIX
anTtutes ¢ nomoiubio PHI'A npu uzyyenun o6pas-
LIOB CbIBOPOTOK HaCeJIEHU S OTAEAbHbBIX TTPOBUHIIM
BbeTHama Kak 30HbI 9HAEMUYHOrO pacrnpocTpaHe-
Hus B. pseudomallei.

Matepuanbl 1 MeToapl

B kauecTBe OMOJIOTMYECKOl OCHOBBI JHATHO-
ctukyMa aiasi PHIA ucnonb3oBaiu 3puUTPOLIUTHI,
MoJy4YeHHbIe U3 1eUOpUHUPOBAHHOI KpOBU Oapa-
Ha u cycrieHaupoBaHHble B 0,15 M pactBope NaCl
0 KOHLIEHTpaUuU 10 0o0bemy 8%. DpUTPOLIUTHI
obLTH hopmasiMHU3UpoBaHbI (3% dopmaliuH B co-
oTHoweHuu 1:1, 37°C, 20 4 mpu MOCTOSTHHOM Tiepe-
MelIMBaHUM), TaHU3UMpoBaHbl (TaHuH 1:40 000, co-
oTtHoweHue 1:1, 37°C, 15 MuH), MOCJe Yero OTMBITHI
nyTteM teHTpudyruposanus (1500 06/mMuH, 3-Kpat-
HO 110 15 MUH) 1 TIOABEePTHYTHI ITporpeBaHuio (45°C,
30 MuH).

AHTUTEHHBI KOMTLUJIEKC, ITpeTHA3HAYCHH bIH 1JTsI
CEHCUOMIU3ALMU SPUTPOLIUTOB, MOJyJYaau U3 alle-
TOBBICYIIICHHBIX U JIE€3UHTErPUPOBAHHBIX («Artek
sonic dismembrator model 150», 100 Br, 20 xI'Ll —
1 MuH, 5%, Ha TBAY) KJACTOK mMTaMMa B. pseudomallei
107, npeacraBieHHoro B Jabopatopuu Komnek-
nuoHHEIX mTamMmmoB PKY3 Bosrorpaackmnii Hay4-
HO-UCCJIeA0BATENbCKUNA MPOTUBOYYMHBI WHCTU-
TyT PocnorpedbHan3opa. Ilocne ueHTpudyrupo-
BaHMs B3Becu KijeToK (6000 o6/MuH — 25 MHH)
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K HaJocaaky aoo6asiisiyiv 1:1 HachllIEHHBIN pacTBOP
cynbdara ammonus (NH,),SO, n ocraBiustam s
BoicanuBaHus (18 4, 4°C). Ocanok OTACASIIN LIeH-
tpudyruposanuem (6000 06/MmuH — 25 MUH), pecy-
crienauposanu B 0,15 M pactBope NaCl, ouninanu
OT COJIeli TIyTeM uaan3a, KOHIIEHTPUPOBAIU, U3y-
yasu MeToaoM aJiekTpodopesa B [TAAT ¢ nonenmn-
cyabdarom Hatpus (Laemmli U.K., 1970), nocne
Yero HMCIIoJIb30Baan B padore. Comep:kaHue OcKa
B MpernapaTre ONpenessiiu ClieKTpohoToMeTpuyec-
ku (NanoPhotometer P 300, Implen, I'epmaHmsI)
0 OTHOIICHMIO K CTaHAapTHOMY 1% pacTBOpy
BCA npu nnune BoaHbl 280 HM. [Tonbop no3bl ceH-
CUTHHA IIPOBOAMJIM B AMAIla30HE KOHIICHTPAIIUK
250—1500 MKT/MJIT.

CeHCUOMIN3alIUI0 SPUTPOILIMTOB ITOJYYCHHBIM
AHTUTEHHBIM KOMILJIEKCOM OCYILECTBISIJIM B COOT-
BEeTCTBUU C €ro ONTUMAJIbHOM CEHCHUOMIN3NPYIO-
11ei 1030i1i [5].

loToBBIlT mpemapar pa3iuBaIv B  aMITyJbl
no 1 mna, 3amopaxuBanu no —70°C, 3areM mnon-
Bepraau Juodguin3alu B TIPOTEKTUBHON cpelne
(1% HKC, 15% peononuritokuHa, 7,5% caxapo3bl
B JUCTUJUIMPOBAHHOI Boae) 1o 10-ctyneHuyaToi
nporpaMMe, B XOAe KOTOpOIi B TeueHre 24 9 1 6oJjiee
cHuxxeHue Bakyyma ot 0,3 mo 0,1 (I'Tla) compoBo-
KIaJ0Ch TIJIaBHBIM ITOABEMOM TeMIIepaTyPhI TTOJIOK
necyonumartopa ot —70°C 10 KOMHATHOM TeMmepa-
Typsl [4]. [Tociie okOHYaHUS Tpoliecca BbICYIINBA-
HMS aMIyJbl 3allavBajii ¥ BCKPBIBAJIM HEITOCPEI-
CTBEHHO TIepe]l HayaJloM MCCJIeAOBAHU S, TO0aBIISIS
K mropuim3saty 1 ma 0,15 M xjopuaa HaTpus, co-
JIepXalero ¢ lieJblo CTaduIM3alMM Ipernapara
¢dopMainH B KOHEYHOI KOHLeHTpauuu 1%.

W3ydyeHue aHaTUTUYECKUX XapaKTEPUCTUK ara-
THOCTMKYMa JI0 ¥ MOCJIe €r0 BBICYIIIMBAHMS TTPOBO-
JIWIN Ha MOACTISIX TOMO- U TeTePOJIOTUUHBIX TUTIEP-
MUMMYHHBIX CBIBOPOTOK, CHIBOPOTOK 3KCIIEPUMEH-
TaJILHO 3apakCHHBIX XXMBOTHBIX, a TAKKe 00pa31ioB
ChIBOPOTOK YeJIOBEKa M3 IMPOM3BOJbHOI BHIOOPKU
JIWLI, TIPOKUBAIOIINX Ha SHICMUIHBIX TePPUTOPU-
X Tpex mpoBuHUM BeeTHama (Xa 3anr, JIaHTIIOH,
KyaHTHUHB) 1 BHE UX.

Bce o06pasnbl CHIBOPOTOK ISl MCCIEIOBaHUS
B PHI'A ¢ spurpouutapHblM aHTUTEHHBIM Me-
JUOUJO3HBIM JUArHOCTUKYMOM ObLJIM JI00E3HO
npeaoctaBjieHbl  coTpyaHukamMu  COBMECTHOTO
Poccuiicko-BeeTHamckoro  Tponudeckoro  Ha-
YYHO-HCCJIEAOBATEIbCKOIO W TEXHOJOTMYECKOIo
IIEHTpa MOJl KOJOBHIMU HAaMMEHOBAaHUSIMU COTJIAC-
HO XenbCUHKCKOI aekgapauuu [2, 3]. CeIBOPpOTKH
OBbLITM pa3nesieHbl Ha aJIMKBOTHI U 3ape3ePBUPOBAHBI
B XpaHunuie rmpu remneparype —70°C.

Brinmonnenue PHIA ocymiecTBiasiin B MUKPO-
BapuaHTe. CbIBOPOTKY MHAKTUBUPOBaIH I1pu 56°C,
pazsonuau 1:10 B 0,15 M NaCl u TuTpoBaiv ABOI-
HBIM 1IaroM B o6beme 50 MK B 1% HoOpMajbHO
kpoanubeit ceiBopoTke (HKC), comepxamiein 1%
¢dopmalinHa, B IOJIUCTUPOIOBOM 96-TyHOUHOI I1j1a-
CcTHUHE ¢ V-00pa3HbIM AHOM, MOCJIE€ YEro B KaXK1yIO
JIYHKY BHOCHUJIU TI0 25 MKJ 2,5% AuarHOCTHKyMa,

M TUTAaCTUHY OCTaBJISLIM MPU KOMHATHOM TeMIiepa-
Type Noa KPBIIKoi. OTpUIaTeIbHBIMU KOHTPOJIS-
MU CJYXXUJIU JIYHKU C 100aBJIeHUEeM MHTaKTHOM 1%
HKC. Yuer peakniuu oCylIeCTBIISIIIN 1O 4-KpPecTo-
BOI CHCTeMe: TIpeIBapuTEeIbHO Yepe3 2 94 1 OKOHYA-
TEJILHO — CITYCT# 24 4 TI0CJIe TOCTAHOBKMU.

CraTuCTUYECKY0 O0OpabOTKy IMOJYUYEHHBIX pe-
3yJbTaTOB IIPOBOAMIMU C TIOMOIIBIO MPOrpaMMHO-
ro o6ecnieueHust Microsoft Excel. I'paHuiisl moBe-
puteibHoro mHtepBasia (95% CIl) paccuuMThIBaIu
no Metony Yuiacona (Wilson).

Pesynbrarhl

AHTUTeHHBI KOMILJIEKC BO30OYIUTENST MEJIUOU-
032, OCAXJIEHHBII C TMOMOIIBI0 HACBIIIICHHOTO
1o 40% pactBopa cyiib¢aTa aMMOHUS U PECYCITEH-
IUPOBAaHHBINA OO0 KOHIeHTpauuu 10 Mr Oenka/mi,
OBbLJI MCMOJIb30BaH JJI51 CEHCUOUIM3aluuu oopado-
TaHHBIX TAaHUHOM U (OPMaJIMHOM SPUTPOIIUTOB.
B cocTaB ceHCHMTHHA BXOAUIHN 4 MakKOPHBIX ITPOTE-
nHa — 28, 29, 40, 51,2 kDa.

OnTumayibHasi CEHCUOMIM3UpPYIOIasi 103a, Tpu
KOTOPOI Harpy3Ka CeHCUTHHA oOecreurBaia Iojy-
YyeHHe 00pa31oB JMarHOCTUKYMa C YyBCTBUTEIBHO-
cThIO He HMXKe 1:1280 ¢ KOHTPOJIBHOM TUTIEPUMMYH-
HOU KO3beU CHIBOPOTKOM, cocTaBmiia 250 MKI/MII,
YTO IOCJY>KUJIO OCHOBAaHUEM MJIS1 UCIOJb30BaHM S
B XOJl¢ KOHCTPYHPOBAHUSI OITBITHON CepUU IIperia-
paTa KoHlLIeHTpaluu ceHcuTruHa 500 MKr/MJI (1BOiA-
HOW CEHCUOUIU3UPYIOLIEH T03bI).

AHaluTUUYECKUE XapaKTePUCTUKU ITOJTyYEHHOT'O
IUarHOCTUKYMa OBLIM M3YyYeHBbl Ha Ha0Oopax TOMO-
U TeTEPOJIOTUYHBIX TUIIEPUMMYHHBIX CBIBOPOTOK,
a TaKXe CBHIBOPOTOK 3apakeHHBIX Pa3IMYHBIMU
HITaMMaMU BO30yauTeNel 0co00 omacHbIX MHGpEK-
O 9KCTIEpUMEHTAIbHBIX JKUBOTHBIX (TA0. 1).

Kak cneayet M3 gaHHBbIX TaOJULbl, HAMU ObLI
TMOJIYUYCH MperapaTr 3pUTPOIUTAPHOTO aHTUTCHHOT O
METUOMI03HOIO JUAarHOCTUKYMa, TPOIEMOHCTPU-
pOBaBIINK Ha MOIEISIX UMMYHHBIX U IIepeOOJIeB-
WX MEJTMOUI030M KWBOTHBIX TaKWe IMOKa3aTean
YYBCTBUTEJIBHOCTU U CHEHU(PUIHOCTU, KOTOPHIC
B MOJTHOM Mepe B OKCIIEPUMEHTE 00eCcTieYnBaIu BbI-
SIBJICHUE CIIeIM(UUCCKUX aHTUTEN K B. pseudomallei.

Hns ornpeneneHus: (pOHOBBIX MoOKa3aTesieil BO3-
MOXHBIX TIEPEKPECTHO pearupyloimx aHTUTEN
y HaceneHnusi Poccuiickoii Deaepanu ObLIU W3-
yueHbl B PHI'A 06pa3sibl 36 MHTaKTHBIX CHIBOPOTOK
yenoBeKa (GKUTeseil I. Boarorpana) mpu ux TUTpPO-
BaHUU ABYKPaTHBIM IIIarOM C HayaJbHOTO pa3Bee-
Hus 1:5.

Hroru PHIA, oTpakarouiue B3anMOIEHCTBUE
AHTUTECHOB BO30YAMUTENSI MEJIMONI03a C aHTHUTEA-
MM, TIPUCYTCTBOBABIIMMU B O0Opa3liaX MHTAKTHBIX
CBIBOPOTOK YeJIOBEKa, IIPEACTaBICHEI B TAa0JI. 2.

Kak crnemyer w3 TIpeacTaBISHHBIX JTaHHBIX,
Ha MOIeIM o0pa3loB CHIBOPOTOK, ITOJIYYEHHBIX
W3 HEOHJIEMHUYHOIO PEruoHa, MOJIOKUTEIbHbBIC pe-
synbTathl PHI'A B TuTpe 11po6 1:5 o6HapyXeHHbI B 14
(38,9%), 1:10 — B 9 (25%) nabmogeHusx. B 13 cay-
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yasax u3 36 (36,1%) aHTuTen, NepeKpeCTHO pearnupy-
IOLIMX C BO30YAMTEIEM MEIUOUI03a, He ObLJIO 3ape-
TUCTPUPOBAHO HU B OMHOM U3 U3YUECHHBIX pa3Beie-
HUIi, TO €CTh Bce 36 00pa31ioB CBIBOPOTOK, IPUHAI -
JIEXKAIIMX XKUTEJIIM HeOHASMUYHOM 30HBI, B TUTPAX
ot 1:20 u BBIIIIE OKA3aJIMCh OTPULIATCIIEHBIMMU.

B pamkax paGoOThI, IIPOBOTMMOI COBMECTHO
¢ Poccumiicko-BreTHamMckuM TpomuueckuM Hayuy-
HO-MCCJIEIOBATEIbCKUM M TEXHOJIOTMYECKUM IICH-
TpOM, HaMM TpoBeaeHo TectupoBaHue B PHIA

550 006pa3uoB ChIBOPOTOK KPOBU JIMLI, NPOXKMBAIO-
IIUX BO BbETHAMCKMX MPOBUHIIMSIX Xa 3aHr,
Jlanrmon, Kyanrauns (290, 195 1 65 npo6 cooTBeT-
CTBEHHO) B Bo3pacte oT 18 no 81 roma (Me =41, IQR
30—50), y KOTOpPBIX OTCYTCTBOBaJIU KJIMHHYECKUE
MPU3HAKY MEJIMOUA03HOM NHGPEKLIMN.

M3ydeHue HEKOTOPBLIX OeMOrpaduyecKux I10-
KaszaTteJjeil (1oJi, BO3pacT) ObLJIO BbIMTOJIHEHO C MC-
MOJIb30BaHUEM IIPOO CBHIBOPOTOK, ITOJIYYEHHBIX
u3 npoBuHLMKU Xa 3aHT. Beibopka B paBHOiIT Mepe

TaGnuua 1. AHanUTUYECKME XapaKTEPUCTUKMN 3PUTPOLIUTAPHOIO aHTUFE€HHOIO MENTMOULAO03HOr0
AnarHoctukyma no pesynbratam PHIA ¢ cbiIBOpOTKamMu aKCnepMMeHTasNbHbIX XKMBOTHbIX

Table 1. Analytical characteristics of Erythrocyte Antigenic Melioidosis Diagnostic Agent based on IHA results with

experimental animal sera

Bup cbiBOpOTKM
Type of serum

Tutpbl B PHTA
IHA titers

CbIBOPOTKU KPOJIMKOB, 3apaXeHHbIx B. pseudomallei 107
Serum of rabbits infected with B. pseudomallei 107

1:1280-1:2560

Sera of white mice infected with B. pseudomallei 56830

CbiBOpOTKU Genibix MbiLweit, 3apaxeHHbix B. pseudomallei 56830

1:160- 1:1280

56830, 57576, 59361 “S” 111-6-1, etc.)

CbIBOPOTKU KPOJIMKOB, UMMYHU3UPOBAHHbIX Pa3/IMYHbIMU UHAKTUBUPOBAHHBIMU LITAMMaMU
B0o30yauTeneit menuonpo3sa (B. pseudomallei 56830, 57576, 59361«S» 111-6-1 m gp.)

Sera of rabbits immunized with various inactivated strains of melioidosis pathogens (B. pseudomallei

1:3200-1:25 600

CbIBOpPOTKA KO3bsl TUNEePUMMYHHasA MenuonaosHas (npotue B. pseudomallei 100)
Goat hyperimmune serum melioidosis (against B. pseudomallei 100)

1:51 200-1:204 800

CbIBOpPOTKa KPONNKa, UMMYHM3MPOBAHHOTO aBUPYJIEHTHLIM LUTaMMOM B. pseudomallei VPA
Sera from rabbits immunized with avirulent strain B. pseudomallei VPA

1:320-1:640

WmmyHHas cbiBOpOTKa Kponuka npotue B. thailandensis
Rabbit immune serum against B. thailandensis

1:400

WMmMyHHasa cbIBOPOTKA Kponuka npoTuB B. cepacia 423
Rabbit immune serum against B. cepacia 423

WMmyHHas cbiBOpOTKa Kponuka npoTue B. cepacia 8235
Rabbit immune serum against B. cepacia 8235

WmmyHHas cbiBOpoTKa kKponuka npoTus B. cepacia 3181
Rabbit immune serum against B. cepacia 3181

1:40

WMmyHHas cbiBOpOTKa Kponuka npoTus B. cepacia 8236
Rabbit immune serum against B. cepacia 8236

WMmyHHag cbiBOpOTKa Kponuka npoTuB B. cepacia (SLAr)
Rabbit immune serum against B. cepacia (ECAQ)

1:20

WMmyHHag cbiBOpOTKA Kponuka npoTue P. aeruginosa H-8
Rabbit immune serum against P. aeruginosa H-8

WmmyHHas cbiBOpoTKa Kponuka npoTus P. aeruginosa H1
Rabbit immune serum against P. aeruginosa H1

WMmyHHas cbiBOpOTKa Kponuka npotus P. aeruginosa H-6
Rabbit immune serum against P. aeruginosa H-6

Rabbit immune serum against P. aeruginosa PAO 1

WMmyHHas cbiBOpOTKa Kponuka npotus P. aeruginosa PAO 1

WMmyHHas cbiBOpoTKa Kponuka npotus P. fluorescens 540
Rabbit immune serum against P. fluorescens 540

Rabbit immune serum against P. pseudoalcaligenses

WmmyHHas cbiBOpOTKa Kponuka npotue P. pseudoalcaligenses

WmmyHHas cbiBOpoTKa kponuka npoTtus F. tularensis 32
Rabbit immune serum against F. tularensis 32

WmmyHHas cbiBOpoTKa Kponuka npoTtus F. tularensis
Rabbit immune serum against F. tularensis

WmmyHHas cbiBOpOTKa Kponuka npoTtus Y. pestis
Rabbit immune serum against Y. pestis
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Ta6nuua 2. Pesynbratbl PHIA ¢ apuTpOoLUTapHbIM @HTUr€HHBIM MENUMOUA03HbIM ANArHOCTUKYMOM
npu nccneaoBaHUM CbIBOPOTOK JIULL, MPOXUBAIOLWNX BHE 3HAEMUYHOI0 peruoHa
Table 2. IHA results with Erythrocyte Antigenic Melioidosis Diagnostic Agent assessing sera from persons living

outside the endemic region

OO6uwee uncno npoob

N3 Hux nonoxurtenbHbie B PHIA B TUTpax
Of these, IHA positive titers

Total number of samples 1:5 1:10 1:20
n % (95% CI) n % (95% CI) n % (95% CI)
38,9 25
36 14 (24,8-55,1) 9 (13,8-41,1) 0 N

oxBaThbIBaJla B3pOCJOe HacejeHue (KaK MY>KUUH,
TaK 1 XKEHIIIWH) B Bo3pacTe oT 18 mo 81 roma (puc. 1).

Takum o6paszom, pesyabraTel PHT'A ¢ aputponu-
TapHBIM aHTUI€HHBIM MEJIMOUA03HBIM TUArHOCTH-
KYMOM IIpU U3Yy4YeHUM PaHIOMHBIX 00pPa310B ChIBO-
POTOK XuTejeir BbeTHaMa 13 npoBuHLIMi Xa 3aHr,
Jlanruion nu KyaHrHUHBb, MMOTEHIIMAJIBHO COIEpKa-
IIMX aHTUTEeJa K BO3OYAUTEII0 MEJIMOUI03a, TOI-
TBEPAMIUN BO3MOXHOCTb ucnojib3oBaHust PHI'A nis
BBISIBJICHU ST MEJIMOUAO3HBIX AaHTUTEI B CBIBOPOTKAX
yesioBeka (Tadir. 3).

CoracHO TIOJIYYeHHBIM pe3yjbTraraM, MeIno-
WAO3HbIE aHTUTEJIAa B M3YUYCHHBIX 0OpasliaX ChbI-
BOPOTOK OOHapy:keHbl B TUTpe 1pobd 1:10 B 71,5%
HaOJIIONEHMI, XOTsI MPpU OajibHEHIleM pa3BelecHUN
CBIBOPOTOK KOJIMYECTBO TOJIOKUTEIbHBIX HaXO-
nok B PHTA pe3ko cHUXaa0oCh U COCTABJSJIO AJS
TutpoB 1:20—1:40—1:80 coorBeTcTBeHHO 7,8, 6,1
u 14,6% (B iesiom okosio 30%).

PesynbraThl peakiinu WiITIOCTPUPOBAHBI TUCTO-
rpaMMmoii (puc. 2).

Takum o0Opa3oMm, TIOJOXKUTEJIbHbIE HAaXOAKU
PHTA B tTutpax ceiBopotok oT 1:20 mo 1:80 GbLIM
3aperucTpUpoBaHbl B 00pa3lax, MpUHaAIeXallnx

%
30

25 A

20 A

Konuuectso | Percentage

18-30 31-40 41-50 51-60 61-70 >70

BoapacTHble rpynnbl
Age groups

My>X4rHbI KeHWwmHb!
Men Women

PucyHok 1. PacnpeaeneHue xutenei npoBUHLUN
Xa 3aHr Coumanuctuyeckoii Pecnyonuku
BbeTHaM, CbIBOPOTKM KOTOPbIX OblJIN U3Y4YEHbI

B PHIA, no nony n Bospacty

Figure 1. IHA-based sex- and age-dependent
distribution of residents in the province of Ha Giang

of the Socialist Republic of Vietnam

KUTEJISIM KaXXI0W U3 TpeX U3YYSHHBIX TIPOBUHIIU I
BreTHaMma, 11 BO BceX HAOTIOAEHUSIX OTCYTCTBOBAJIN
B Ipobax, MOJYUYEHHBIX OT JIMII, ITPOKMBAIOIINX BHE
SHACMUYHOT'O peTMOHA.

O6cyxaeHne

DdopMaTMHU3NPOBAaHHBIE TAaHU3UPOBAHHBIC
APUTPOLUTHI CITOCOOHBI A3DHEKTUBHO aacopoOUpo-
BaTh Ha CBOEHW ITOBEPXHOCTU OEIKOBBIE aHTUTEH-
HbI€ KOMIUJIEKCHl U KaK OMOJIOTMYECKUII HOCUTEb
OCTaroTCs BOCTpeOOBaHHBIMY KOMITOHEHTaAMU JTHAa-
THOCTUYECKUX TECT-CUCTEM.

ONBITHBIC CepUU Mpernapara, IMpeacTaBIsIONIne
co0o0i1 HOCUTETb, KOBAJICHTHO CBSI3AHHBIN C aHTU-
reHaMu BO30yauTesIs MeJIMOU103a, ObLIN MOJTYUYEeHBI
mpu 6eKOBOI Harpy3Ke ceHcuTruHa S00 MKT/MJI.

AHaIUTUYECKHUE  XapaKTePUCTUKW  JUATHO-
CTUKyMa ObLJIM HM3y4YeHbl Ha MoAelisiX 0oJjiee 4yem
20 06pa31oB CHIBOPOTOK 3KCHEPUMEHTATbHBIX K1~
BOTHBIX (KO3, KPOJIMKOB, OEJIbIX MBIIICH), TIOIABEP-
TraBIIUXCSI KaK UMMYHU3AllMU, TaK U 3apakeHUIo.
ITpu aTOM OKa3aaoCh, YTO TUTPHI CBIBOPOTOK Mepe-
OOJICBIIINX MEJIMOUI030M B OCTPO hopMme 1abopa-
TOPHBIX OEJIBIX MBIIIE M KPOJIUKOB COCTABJISIOT
B PHTA (B 3aBucuMOCTH OT Buaa o6bekTa) ot 1:160
no 1:1280.

YpoBeHb MEJIMOUAO3HBIX AHTUTE] B TUIIEPUM-
MYHHBIX CBIBOPOTKAX, IMOJTYYCHHBIX B XO/Ie MHOTO-
UKJIOBO MMMYHM3AallMKU B3BECSIMM MHAKTUBUPO-
BaHHBIX KJICTOK BO30YIMTEIIST 3M0POBBIX XXMBOTHBIX
(KpOJUKOB, KO3), MOXET nocturath 1:25 000 u naxxe —
MPU UCTIOJIb30BAaHU U OTHOTO U3 HanboJiee BUPYJISHT-
HBIX IITaMMOB B. pseudomallei 100 — 1:204 800.

IIpencraBnasier uHTEpec TOT (hakT, YTO aBUPY-
JICHTHBIN TaMM B. pseudomallei VPA, B TeHOMe KO-
TOPOTO 3aKpenuaach HeoopaTuMasi 1eJIelsl, BbI3bI-
BaeT y KPOJIMKOB aHTUTEJI000pa30BaHUE TAKOTO XKe
ypoBH4 (110 pe3dysibTataM PHTA), uto u 6i1u3kopon-
CTBeHHBI Bo30yauTenb 111 rpynmel maTtoreHHOCTU
B. thailandensis — 1:300—1:400. Kak HaM KaxeTcs,
TaKMM 00pa3oM MPOCJIEXKMBAETCS YeTKasl IaTore-
HETUYECKU 3HAUYMMasl CBSI3b BUPYJICHTHBIX CBOMCTB
BO30YAUTENSI MEJTMOM103a C ETO UMMYHOT€HHOCTBIO.

CrnenyeT OTMETUTh, 4YTO B HU3KHUX THUTpax
(1:20—1:40) B OTHEABHBIX CIIyYasIX ITOJIOKUTEIILHBIC
pesynbratbl PHITA OblIM NpOIeMOHCTPUPOBAHBI
Ha MOJIENISIX TUIIEPUMMYHHBIX CBIBOPOTOK TIPOTHUB
OJIM3KOPOACTBEHHBIX BO30YIUTENIO MEJIMOMI03a
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Ta6nuua 3. Pesynbratbl PHIA npy onpeaeneHun TMTPOB MeIMOUA03HbIX aHTUTEN B 00pa3L,ax CbiIBOPOTOK
nuy, NPOXMBaIOLWKMX B NPoBUHLUMAX Xa 3aHr, JlaHrwoH, KyaHrimib Coumnanuctuyeckoi Pecnyonmku

BbeTHam

Table 3. IHA results determining titer of serum melioidosis antibodies in persons living in the provinces of Ha Giang,

Lang Son, Quang Ninh of the Socialist Republic of Vietnam

OGwee uncno W3 Hux nonoxutenbHoie B PHIA B TUTpax
MpoBuHuMS npo6 Of these, IHA positive titers
Provinces Total number 1:10 1:20 1:40 1:80
of samples n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI)
Xa 3aHr 72,4 9,3 1,4 16,9
Ha Giang 290 200 6772 | 2| 65132 | Y| (05435 | | (13-218)
JlaHrwoH 70,3 77 11,3
Lang Son 195 137 (63,5-76,2) 15 (4,7-12,3) 22 (7,6-16,5) 211 108(7.2-159)
KyaHrHuHb 70,8 1,5 12,3 15,4
Quang Ninh 65 46 (58,8-80,4) ! (0,3-8,2) 8 (6,4-22,5) 10 (8,6-26,1)
Bcero 71,5 7,8 6,1 14,6
Total 550 393 (67,5-75,1) 43 (5,8-10,4) 34 (4,5-8,5) 80 (11,9-17,7)

oypkxonbaepuit B. cepacia-xomiuiekca. [Ipu aTom
CBIBOPOTKHM, HampaBjJCHHBICE TIPOTUB IIaTOTCH-
HBIX miceBOoMoHan (P. aeruginosa, P. fluorescens,
P. pseudoalcaligenses), xoTopble, KaK U3BECTHO, TaK-
XKe MMEIOT MEPEeKPEeCTHO pearupyrolire ¢ Bo30yau-
TeJeM MEJIMOMI03a aHTUICHHBIC IeTePMWHAHTEHI,
KaK U ChIBOPOTOUYHBIE UMMYHOTJIOOYIUHBI TIPOTUB
F. tularensis unu Y. pestis, B peaKLIUM C AaHTUTEHHBIM
MEJINOUA03HBIM IUAaTHOCTUKYMOM B UCCIEAYEMBbIX
paszBeneHugx (1:10 1 BBIIIIE) HE B3aMMOICHCTBOBAIIN,
YTO B 1IEJIOM TTOATBEPKIAET crielinruiecKrue CBO-
CTBa IMOJIYUEHHOT O ITpenapara.

B xone n3ydyeHUs aHATUTUYSCKUX XapaKTepuc-
TUK 3PUTPOLIMTAPHOTO AHTUTCHHOTO MEJIMONI03-
HOr0 JWAarHoCTMKyMma 4yBCTBUTENbHOCTH PHTA
MNpU HCCJIEIOBaHUU TUIEPUMMYHHBIX ChIBOPOTOK
JTabopaTOPHBIX KMBOTHBIX coctaBmaa 1:320—1:640
" BbIlE (B OTAETbHBIX cirydasix g0 1:204 800).

B 12 u3 15 HaGaoaeHU T aKTUBHbIE IEHTPbI AHTU-
TeJ ChIBOPOTOK, KOTOpPBIC OBLIU IOJYyYEHBI IyTeM
UMMYHM3AIUN JTa0OPaTOPHBIX >XXUBOTHBIX TETEPO-
JIOTUIHBIMUA WJIN OJM3KOPOACTBEHHBIMHU BO30YIH-
TEJISIMUA, HE B3aMMOJCHCTBOBAJIM C AHTUTEHHBIMU
JIeTepMUHAHTaMU BO30YIUTESI MEJTMOUI03a, TO €CTh
creuUYHOCTh IMAarHOCTUKYMa coctaBiia 80%.

Takum obpazom, PHT'A, He Tpebyroias npume-
HEHUS CIelMalu3upoOBaHHOTO 000PYI0OBaHM S, O~
3BOJIMJIA B OKCIIEPUMEHTE B TeueHUE 2—4 4 MOJTyYUTh
YyeTKUe, CIeI(MUIHBIC W JICTKO BU3yaIN3UpyeMbIe
pe3yabTarhl, YTO SIBUJIOCh BECOMBIM OCHOBaHUEM
nas ucnojb3oBanuss PHTA B paboTte 1o usydeHutio
YPOBHSI MEJIMOUIO3HBIX aHTUTEI B CBIBOPOTKAX
YeJIoBeKa.

C oToli 1eabl0 HaMU OTOOpaHbl 0Opa3lbl OMO-
npobd XKuTeaeid KakK SHIASMMUYHBIX (IPOBUHILIUU
Xa 3anr, JlanrmoH u Kyanrnmnap ColmaiancTu-
yeckor Pecniybonvku BreTHam), Tak U HEDHIAEMUY-
Hoit (P®) MecTHOCTEIA.

KOHTUHIEHT Jull, NPOXUBAIOILIUX HA TEPPUTO-
pusix mpoBuHuMi Xa 3anr, JlanrmoH u KyaHrHuHb,
oKazajicsd TIPeICTaBJICH IIPEMMYIICCTBEHHO ep-
Mmepamu (49,8%), a TakxkKe APYTMMU KaTeropusiMu

HaceneHus1 (BpayM, ydyuTenasi, pabodyue, CTYIASHTHI
" ap., 51,2%) — 274 u 276 4eN0BEK COOTBETCTBEHHO.

CnenyeT OTMETUTb, YTO MHPOBUHLIMU Xa 3aHT
1 JIaHTIIOH pacHoJIOXKEHBI B CEBEPHBIX pailoHax
BreTHama B TOPUCTO MECTHOCTH C BEICOKUM CPE/I-
HErogoBbIM YPOBHEM OCaJKOB U TeMmepaTypoi
no +22,78°C. Okoso 90 u 80% HaceneHUST TPOBUH-
nuii Xa 3aHr u JIaHTIIIOH COOTBETCTBEHHO COCTaB-
JISTIOT CeJIbCKUE KUTEJIH.

IIpoBuHIMS KyaHrHUHB HAXOAUTCS B ITPUOPEXK-
HOIi 30He ceBepHOro BreTHaMa MpuMepHO B TEX XKe
KJINMATUIECKUX YCIIOBUSIX, HO SIBISICTCS IIPOMBIIII-
JICHHBIM PETMOHOM, CBSI3aHHBIM, B OCHOBHOM, C JIO-
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PucyHok 2. Tutpbl PHIA ¢ apuTpouuTapHbim
AHTUreHHbIM MEJNIMOUL03HbIM AUArHOCTUKYMOM
npy aHanun3se CbIBOPOTOK KIIMHNYECKUN 3[,0PO0BbIX
UL, NPOXUBAIOLLUX HA TEPPUTOPUAX OTAENbHbIX
npoBuHumii Coumanuctuieckoit Pecnyonuku
BbeTHam

Figure 2. Serum IHA titers by using Erythrocyte
Antigenic Melioidosis Diagnostic Agent in clinically
healthy individuals living in the territories of certain
provinces of the Socialist Republic of Vietnam
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PucyHok 3. Pe3ynbratbl PHIA ¢ 3puTpouuTapHbimM
AHTUreHHbIM MEJNIMOUL03HbIM AUArHOCTUKYMOM
npu n3y4yeHumn cneumpuyeckoin akTMBHOCTHU
CbIBOPOTOK JIUL,, MPOXUBAIOLUX HA TepPpUTOPUU
3HAEMUWYHOro pernoHa BbeTtHama 1 BHe ero

Figure 3. Serum IHA results by using Erythrocyte
Antigenic Melioidosis Diagnostic Agent in individuals
living in the territory of the endemic region of Vietnam
and outside

ObIueii kKameHHoro yris. Okojio 50% sxutenei mpo-
BUHILIMM KyaHTHUHB OTHOCSAT K IOpOJICKOMY Hace-
JICHU0, MHOTHE U3 KOTOPBIX, TEM HEe MEHee, 110 POy
NesITeIbBHOCTA UMEIOT OJIM3KM I KOHTAKT C 3eMJIEH.

Takue ycinoBUsl cocOOCTBYIOT (OPMUPOBAHUIO
" TIOAJAEPXKAHUIO SHAEMUYHOTO oYara MeJruoua03a,
SIBJISTIOILETOCSI MICTOUHMKOM 3HAUYUTEJIbHOI'O MU IL-
MHOJOTUICCKOTO pUCKA AJISI MPOXKMUBAIOIINX B JaH-
HOM pETMOHE JIUII, KOTOPBI, TEM He MEHEee, MOXeT
OBITh CHUXXeH (OPMUPOBAHUEM y HaCEJICHUS UM-
MYHHOU IIPOCIIONKHN (KOJJIEKTUBHOTO MMMYHUTE-
ta). [Ipu aTOM, COrIacHO JIMTEPAaTyPHBIM JaHHbBIM,
BEPOSITHOM MNPUYUHON (POpMUPOBAHUST MUMMYHU-
TeTa y 00CJIeIyeMbIX JIUIL, KPOME PErUCTPUPYEMOTO
3a00JIeBaHU S, MOXET ObITh LUPKYJISILUS IITaMMa
BO30OYIUTEISI MEJIMOMI03a CO CHUXCHHON BUPY-
JICHTHOCTBIO MJIM KOHTaKT C OJIM3KOPOACTBEHHBIM
BUJIOM, YTO B ILIeJIOM OOecrneuymBaeT MPOAYKIIUIO
ciennupUIeCKUX aHTUTEI U CEPONpPeBaJICHTHOCTH
nonyJysiuuu [9]. Takxke cyniecTByeT MHEHUE O BO3-
MOXHOCTU (DOPMUPOBAHMS TTOMYISILIMOHHOIO M-
MyHUTeTa K B. pseudomallei ion BIusiHUEM aBUPY-
JIGHTHBIX TMOYBEHHBIX IITAMMOB B. thailandensis,
KOTOpbIE UMEIOT CXOXYIO C BO3OYAUTEIEM MEJTUOU-
J103a QaHTUTEHHYIO CTPYKTYPY M MOTYT, B KOHEYHOM
UTOre, IPUBOAUTH K BHIPAOOTKE KPOCC-PEaKTUBHBIX
anrturen [8, 19, 20].

W neiicTBUTENBHO, TPU MCCIIENOBAHUM 00pa3IoB
CBIBOPOTOK, MOJYYEHHBIX OT JKUTEJEC IIPOBUHLIAMN
Xa 3anr (290), Jlanrmon (195) u Kyanrauns (65),
0Ka3ajaoch, YTO B TUTPE 10 1:10 UMMYHOTT00YTUHbI
6osee 70% npoO BCTyIalu B peaKlMIo C 3PUTPOLIM-
TapHBIM aHTUTEHHBIM MEJIMOUIO3HBIM ITHMarHOC-
TUKYyMOM. [lo-BUAMMOMY, 3TH B3aUMOICUCTBUS

00yCJIOBJIEHBI HecHelnM(pUIECKUM  CBSI3bIBAHUEM
pa3HOOpa3HBIX ITyJIoB IgG, MPUCYTCTBYIOMINX B CHI-
BOpoTKax yejioBeka. [Ipu aToM, HaUMHAasA C TUTPOB
ot 1:20 v BrIllIe, CPEAHUN YPOBEHb MOJIOXUTETBHBIX
pesynbraroB PHTA cuuxxasncsa go 7,8% (43), 6,1% (34)
u 14,6% (80) coorBercTBeHHO (puc. 3). Cpeau uH-
TaKTHBIX CBIBOPOTOK ITOJIOKUTEJILHBIX PEe3YyJIbTaTOB
PHTA B pasBeaeHusx ot 1:20 u BbIllIe He ObLIO 3a-
PEeTUCTPUPOBAHO HU B OAHOM M3 HAOJIIOACHUIA, UTO,
C Hallle TOUKU 3peHU s, SIBJISIETCSI OCHOBAaHUEM AJISI
pekomeHnauuu nposeneHuss PHI'A-uccnenoBanumii,
CBSI3aHHBIX C UMMYHOAMArHOCTUKOM MeJIMonua03a,
B TUuTpax oT 1:20 u Bbilue. [loyyeHHbIE B OTOETb-
HBIX clydasix pe3yJbraThl TUTpoOB 1:5—1:10 He Mo-
TyT UMETh TMarHOCTUYECKOTro 3HAaYeHMs, TaK Kak,
HECOMHEHHO, OOYCJIOBJICHBI HeCTeINU(PUISCKUMU
B3aMMOJEUCTBUSIMU TIEPEKPECTHO pearupyronmx
CBIBOPOTOUYHBIX AaHTUTEII.

Ilo-BuaumMomy, HUCXOAsSIIAsl JUHUSI TaKOH ycC-
JIOBHOI1 TTapadouibl (puc. 3) oTpaxaeTt, Hapsiiy C yBe-
JIMYCHUEM TUTPa CHIBOPOTOYHBIX UMMYHOIJIOOYIN-
HOB, yMEHBIIIEHHEe YKciia HecTrielinpruIecKu MoI0K -
TeJIbHBIX pe3yiabTaTtoB PHI'A, nmpu Tom uTo GoJiee BhI-
COKME pa3BelleHUsI ChIBOPOTOK, COOTBETCTBYIOIIME
BOCXOISIICH BETBH, MO3BOJISIOT BEISIBUTH B IIPOOax
OPUCYTCTBUE CHeUMGUISCKN B3aMOACHCTBYIOLINX
C aHTUTEHAMM BO3OYIMTENS MEJIMOUI03a aHTUTEI,
BbIpaOOTaHHBIX UMMYHHBIMU JUMMOILIUTAMU, BO3-
MOXHO BCJIE/ICTBUE TIOCTOSTHHO TIOMIJIEPKUBAEMOTO
KOHTaKTa MaKpoOpraHu3Ma C BO30ymuTeIeM WA
Jlake MepeHeCeHHOM MeTMOUI03HOU MH(DEKITUU.

ITonmygyeHHble HaMU TaHHBIE HAXOMST ITOITBEPK-
JIeHUe B MaTepuajax 3apyOeXXHbIX aBTOpoB. Tak,
B cooTBeTCcTBUU ¢ BhiBogamu P. Chaichana, mpucyr-
CTBUE CHELUPUICCKUX METUOUTO3HBIX UMMYHO-
IJI00YJIMHOB B ChIBOPOTKax mo pesyjbTratram PHTA
cllelyeT PerucTpUpoOBaTh, HAUYMHAS C Pa3BEICHUS
ot 1:80 u BeILLIE [7].

Cheng nasweiBaeT TuTpbel PHTA 1:40—1:80 «HuU3-
KOITOJIOKMTEJIbHBIMU» M TIOrpaHMYHBIMH, a 1:160
M BBIIIIE — «BBICOKOIIOJIOXUTEIbHBIMU», OMHO3HAY-
HO TMO3BOJISIIOIIMMHU MOATBEPAUTDH TUATHO3 METUO-
ua03a C TOMOIIBI0 HEKYJbTYpaJbHBIX METOOB
uccaenoBaHus [9].

Tlpu u3ydyeHUM HEKOTOPBIX AeMOTrpacdudecKuXx
noka3zatesei (TToJI, BO3pacT), BEITTOJTHEHHOM Ha 00-
pa3lax CbhIBOPOTOK, TIOJYYEHHBIX OT XKUTeel
npoBuHOUK Xa 3aHT, MOKa3aHO, YTO HE3aBHUCHUMO
OT Bo3pacTa B TUTpax oT 1:20 okazanuch ceporo-
3UTUBHBIMU 25 u3 91 (27,4%) CBIBOPOTOK MYKYMH
u 55 u3 199 (27,6%) CbIBOPOTOK KEHILMH, U3 YEro
CJIe[IyeT, UTO TIOJOXUTEIbHbIC PE3yJabTaTbl MPOO
HE UMEIOT KOPPEJISIIINYI HU C TI0JIOM, HU C BO3PAacTOM
obcnenyemMbix [16].

[IpencraBiacHHBIEC pe3yIbTaTHI COIIACYIOTCS C BBI-
Bogamu P. Chaichana, kotopasi Haubosee BakKHbIM
acCTeKTOM CEPOITO3UTUBHOCTU TOMYJISIIIUN CUMTAJIa
00J1aCTh MPOKMBAHUS JIIOAEH (CEJIO MJIU TOPOA) U PO/,
MUX AeITeJIbHOCTH, HO HE MOJI UJIU Bo3pacT [7].

Takum oO6pa3oM, Ha OCHOBE BbIJIECJICHHBIX aHTU-
FeHHbIX KOMILIEKCOB B. pseudomallei mipoBeneHO
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KOHCTPYMPOBAaHHUE 3SPUTPOLIMTAPHOIO AaHTUTEHHO-
0 MEJIMOMIO3HOTO JUArHOCTUKYMa, KOTOPBI ObLI
MOABEPrHYT JUOGUIN3ALIMY 10 MHOIOCTYIEHYATOM
nporpamMme [4], MO3BOJIMBILIEH 00eCIIeYUTh B IIOJTHOMI
Mepe COXpaHEHHE ero aHaJIUTUYECKUX XapaKTepuc-
TUK KaK B YCJIOBUSIX 3KaPKOT0 TPOIUYECKOIO KIMMa-
Ta, TaK U TIepenaoB JaBJICHUS IIPU aBUATIepeieTax.
C mMOMOIIBIO TTIOJTYYEHHOTO HAMU 3PUTPOIIUTAP-
HOT'O aHTUTEHHOTO MEJIMOMIO3HOTO AMATHOCTUKY-
ma B PHTA npoBeneHo usydyeHue 550 CBIBOPOTOK
KPOBU JIULI, MPOXKMBAIOIIMX B IIPOBUHIIMS Xa 3aHT,

Jlanrimion u Kyanraunbs Couunanuctuuyeckoin Pec-
nyosuku BeeTHam, a Takke 36 MHTAKTHBIX ChIBO-
POTOK JIUI] U3 HEIHAEMUYHOI'0O pervoHa.

ITo pe3ynbraTamM BBITTIOJTHEHHBIX HCCACIOBAHUI
noaTBepxkAaeHo ¢dopmuposanue y 30% nuu, 1mpo-
KWBAOIIUX B SHACMUYHOUM 30HE, €CTECTBEHHOIO
UMMYHHUTETa K MEJIMOUAO03Y B BUAC HPHUCYTCTBUSI
B CBIBOPOTKAaX MEJIWOMIO3HBIX aHTUTEJ B TUTpax
ot 1:20 u Beite. [Tpu 5TOM He UCKIIOYEHO, UTO TU-
Tpbl OT 1:80 U BhILIE MPU UMMYHOIMATHOCTUKE Me-
JIMOM03a MOTYT UMETh KPUTUYECKOE 3HAUCHUE.
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OKCMNPECCUYA CDR1, CDR2, MDR1 U ERG11
Y YCTONYMBbIX K A30JIAM LULTAMMOB
CANDIDA ALBICANS, BblOEJIEHHbIX

OT BUM-MHOULIUPOBAHHbIX MALLUEHTOB
B rOPOZLIE MOCKBE

A. 1. Boponaes!, /I.A. Ekarepunues', 10.H. Ypo6an?, B.B. 3sepes', }0.B. HecBuxkckmii',
E.A. Boponaena?, E.W. JIuxanckasa?, M.C. Adanacoen!, C.C. Apanacben?

'DIAOY BO Ilepsuiii mockosckuii 2ocydapcmeentviii meduyunckuil ynueepcumem umenu U.M. Ceuenosea Munszopaea Poccuu
(Ceuenosckuti Ynusepcumem), Mockea, Poccus

2@OFYH Mockoéckuil HayuHO-UCCAe008AMENbCK UL UHCMUmMYm dnudemuoso2uu u mukpoouonrozuu um. I H. Tabpuuesckozo
Pocnompebnadsopa, Mockea, Poccus

Pesiome. ['pubsl pona Candida — noBceMeCTHO pacipoCTpaHEHHbBIE OMIMOPTYHUCTHI YeJIOBEKa, CIIOCOOHbIE BBI3bIBATh
MHPEKUUY pa3IMIHON JOKAIU3aLMU, a TAKXKe YTPOXKAIOUIUE XXU3HU COCTOSTHUST Y UMMYHOKOMITPOMETHUPOBAHHBIX
MalMEeHTOB, YUCIO KOTOPBIX B MOCIEAHUE TONBl HEYKJIOHHO pacTeT. 3To BUY-nHDUUIMpoBaHHbBIE, MAIMEHTHI C pa3-
JIMYHBIMU OHKOJIOTMYECKMMMU 3a00I€BAHUSIMU U TALIMEHTHI, IEPeHeCI e TPAHCIIJIaHTAIMI0 FeMOIIO3TUYECKUX CTBO-
JIOBBIX KJIeTOK. Kpome Toro, pacrpocTpaHseTcsl ycTOMYMBOCTh K TPOTUBOIPHOKOBLIM MpernapaTtaM. [IprponHo-yyB-
CcTBUTEbHBIE K a301aM Candida albicans 061a1a10T pa3HO0Opa3HBIMU MEXaHU3MaMU ITPUOOPETEHHOM YCTOMYNBOCTH,
BKJII04as 3P (IIOKCHBIC TEPEHOCYNKY U aMIUTM(GUKAIINIO0 TeHa OenKka-MuineHu. JlaHHOe MccilenoBaHue TTPOBOIH-
JIOCh C IIeNIbI0 OLIEHUTH PACIIPOCTPAHEHHOCTh JAHHBIX MEXaHHU3MOB B BBIOOPKE M30JIATOB, BBIACICHHBIX oT BMY-
MHOUIIMPOBAHHEIX IMaIlneHTOB B MocKoBcKoM pernoHe Poccuiickoit Menepaniny, oxapaKTepru30BaTh B3aUMOCBSI3b
JAHHBIX MEXaHMU3MOB ¥ 3aKOHOMEPHOCTH Pa3BUTHS YCTOMUUBOCTH. 18 YCTONIMBEIX K (hTYKOHA30Jy 1 BOPHKOHA30JIY
wrtammoB C. albicans 66111 BoiaeaeHbl 0T BUY-nHULIMPOBaHHBIX MALMEHTOB C PeLUAUBUPYIOLIMM opodapuHTe-
aJIbHBIM KaHIMI030M, Haxonsamuxcsd Ha JedeHnn B [ BY3 MK B Ne 2 JI3M. Yposuu akcripeccun TeHoB ERGI1, MDRI,
CDRI, CDR2, yyacTByoluX B (HOPMUPOBAHUYU TPUOOPETEHHON YCTOMUMBOCTHU K a30JaM ObLIIM U3MEPEHBI C ITOMO-
1IbI0 KOJIMYECTBEHHON MosMMepas3Hoii uenHoit peakiuu, metoga —2AACT ¢ reHamu ACT u PMA B KauecTBe KOH-
TPOJIbHBIX TEHOB U pe(hepeHCHbBIX 3HAUEHU 1 YyBCTBUTEIbHBIX U30ISTOB. YPOBHU 3KCIIPECCUHU BhIILIE CPEAHUX 3HAUE-
HUI YyBCTBUTEJIbHBIX U30JIITOB 00JIee YeM Ha 3 CTaHAAPTHBIX OTKJIOHEHHU ST CYUTAINCh TOCTOBEPHO MOBBIIIEHHBIMU.
V Gosbleit YacTH U30JISITOB OOHAPYKEHbI MOBBILIIEHHbIE ypoBHU 3Kcripeccuy reHoB CDRIw CDR2: 89 u 78% cooTBeT-
CTBEHHO. YpoBeHb aKcpeccuu reHa MDR 1 ObL1 moBbIIIeH TOJIbKO B 28% ciydaeB. YpoBHu aKcnipeccuu ERG1I Ob1in
JOCTOBEPHO MOBBILIEHHBIMU Y 78% 1301TOB. Y 4 1ITAMMOB ObLIM 3HAYUTEIHHO IOBBIILIEHBI YPOBHU 3KCIIPECCUU BCEX
HCCIeIyeMbIX TeHOB YCTOMUMBOCTHU. B maHHOI BeIOOpKe M30is1TOB C. albicans pnoOpeTeHHAsT yCTOMYNBOCTH B OC-
HOBHOM CBsi3aHa ¢ 3P MIIOKCHBIMHU TTepeHOoCUnKaMu, KonupyeMbiMu reHaMu CDR1u CDR2. Takxe, y O0JBIINHCTBA

Anpec ang nepenncku:

Boponaes Anekcanap Amutpresny

125009, Poccus, Mocksa, yn. MoxoBas, 11, cTp. 10,

@®rAQY BO Mepablit MOCKOBCKMI FOCYAapCTBEHHbI MEAULMHCKIIA
yHuBepcuteT um. .M. CeveroBa MuH3gpasa Poccun.

Ten.: 8 916 598-14-12.

E-mail: advoropaev@gmail.com

Contacts:

Alexander D. Voropaev

125009, Russian Federation, Moscow, Mokhovaya str., 11/10,
I.M. Sechenov First Moscow State Medical University.

Phone: +7 916 598-14-12.

E-mail: advoropaev@gmail.com

[Lns uMTMpOBaHUS:

Boponaes A.Ll., ExatepuHyes [.A., Yp6aH tO.H., 3sepes B.B.,
Hecswxckuit 10.B., Boponaesa E.A., Jluxanckas E.W., ApaHackes M.C.,
Adanacbes C.C. Skcnpeccust CDR1, CDR2, MDR1 M ERG11 y ycToi4mMBbIX
K azonam wrammoB Candida albicans, BblaeneHHbix o1 BAY-

MHOULMPOBAHHbIX NALLMEHTOB B ropoae Mockse // IHDeKLmMs v UMMYHUTET.

2022.T. 12, Ne 5. C. 929-937. doi: 10.15789/2220-7619-CCM-1931

© Boponaes A.[l. n coagr., 2022

Citation:

Voropaev A.D., Yekaterinchev D.A., Urban Yu.N., Zverev V.V., Nesvizhsky Yu.V.,
Voropaeva E.A., Likhanskaya E.|., Afanasiev M.S., Afanasiev S.S. CDR1,
CDR2, MDR1 and ERG11 expression in azole resistant Candida albicans
isolated from HIV-infected patients in city of Moscow // Russian Journal

of Infection and Immunity = Infektsiya i immunitet, 2022, vol. 12, no. 5,

pp. 929-937. doi: 10.15789/2220-7619-CCM-1931

DOI: http://dx.doi.org/10.15789/2220-7619-CCM-1931

929



A.[l. Boponaes u gp. MHdekumns n uMmyHuTeT

M30JISITOB BBISIBJICH MOBBIIIEHHbIN YPOBEHb KCIIPECCU U I'eHa OeKa-MUllleH a30710B — FRG1I. YpoBeHb 3KCIIpeccuun
reHa apdarokcHoro nepeHocurka M DR Obl1 MOBBILIEH B HAMMEHbIIIEM Yrcie 00pa3ioB. Henb3s Takke UCKIIOUYATh
BEPOSATHYIO POJIb APYTUX MEXaHMU3MOB MPUOOPETEHHOM YCTONYMBOCTH, TaKMX KaK MyTauuu B reHe ERGII. MoxHO
MPEATIOIO0XKHUTh, UTO BBISIBJIEHHbBIE MEXaHU3MbI YCTOMUMBOCTH SIBJISIOTCS CJASACTBUEM AJIUTEIbHOIO, IMPOKOTO, a M0~
poil 1 OECKOHTPOJIBHOTO MPUMEHEHMS a30JI0B, B TOM UMCIIE JJIS JICUSHUST ¥ TPOGUIAKTUKU KaHAUIO030B B IPyIIIe
BUY-nHGUIIMPOBAaHHBIX TALIUEHTOB.

Karouesnie caosa: Candida albicans, BUY, ¢paykonaszon, ERG11, CDRI, CDR2, MDRI.

CDR1, CDR2, MDR1 AND ERG11 EXPRESSION IN AZOLE RESISTANT CANDIDA ALBICANS
ISOLATED FROM HIV-INFECTED PATIENTS IN CITY OF MOSCOW

Voropaev A.D.?, Yekaterinchev D.A.?, Urban Yu.N.?, Zverev V.V.?, Nesvizhsky Yu.V.?, Voropaeva E.A.",
Likhanskaya E.I.", Afanasiev M..S.?, Afanasiev S.S."

a[.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation
®G.N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation

Abstract. Candida fungi are common opportunistic microorganisms capable of causing infections of various localiza-
tion, as well as life-threatening conditions in immunocompromised patients, such as HI V-infected individuals, oncology
patients, subjects undergoing HSCT, which number has been steadily increasing in recent years. In addition, resistance
to anti-fungal drugs has been spreading as well. Naturally sensitive to azoles, C. albicans possess a variety of mechanisms
of acquired resistance, including efflux transporters and target protein-encoding gene amplification. This study was con-
ducted to assess a prevalence of such mechanisms in the isolates sample obtained from HIV-infected patients in the Mos-
cow region of the Russian Federation, characterize a relationship between these mechanisms and patterns of developing
drug resistance. 18 strains of C. albicans resistant to fluconazole and voriconazole were isolated from HIV-infected pa-
tients with recurrent oropharyngeal candidiasis in the Moscow region. The expression levels of the ERG11, MDRI, CDRI,
CDR2 genes involved in the formation of acquired azole resistance were measured using quantitative PCR, the —2AACT
method with ACT and PMA genes as control genes and reference values of sensitive isolates. Expression levels exceeding
the average values of sensitive isolates by more than 3 standard deviations were considered significantly elevated. In most
of the isolates, elevated levels of CDRI and CDR2 gene expression were found: 89% and 78%, respectively. The expression
level of the MDRI gene was increased only in 28% of cases. ERG11 expression levels were significantly elevated in 78%
of the isolates. Expression levels of all resistance genes studied were significantly increased in 4 strains. In this sample
of C. albicans isolates, acquired resistance is mainly associated with efflux vectors encoded by the CDRI and CDR2 genes.
Also, in most isolates, an increased expression level for the azole target protein gene — ERG11 was detected. The expres-
sion level of the efflux transporter gene M DRI was increased in the smallest number of samples. It is also impossible to ex-
clude a potential role of other mechanisms in developing acquired resistance, such as mutations in the FRG11 gene. It can
be assumed that the identified mechanisms of resistance result from long-term, widespread, and sometimes uncontrolled
use of azoles, including those in treatment and prevention of candidiasis in HIV-infected patients.

Key words: Candida albicans, H1V, fluconazole, ERG11, CDRI, CDR2, MDRI.

moB Candida spp. [14]. B nuccinenoBannum SENTRY
Ha 20 788 naBa3suBHBIX n3ongaTtax Candida spp. oT-

BeepgeHue

Candida spp. — yOMKBUTapHbBIE YCIOBHO-IATO-
FeHHbIE MUKPOOPraHU3Mbl, CIIOCOOHBIE BbI3bIBAaTh
MHMEKIUU pas3IndHON JOKaaM3aluM, a TaKxkKe
YIrpoXampllue XHU3HU COCTOSHHUS Y UMMYHOKOM-
NPOMETUPOBAHHBIX MallMeHTOB [26]. ¥ 90% BUY-
MHUIUPOBAHHBIX HaOmogaeTCsd KaK MUHUMYM
OAMH 3Iu301 OpodaprHreaJbHOTO KaHAMI03a.
Bcero B maHHOI Tpynne NalyMeHTOB €XeroaHo pe-
TUCTPUPYETCSI OKOJIO 2 MJIH CJy4yaeB OpajibHOTO
KaHauao3a U 1,3 MJIH ciaydaeB KaHAMI03a MUIIIe-
Bozna [9]. PeuuauBupyouuii opodapuHrealbHbIN
KaHIMA03, BeI3biBaeMblit C. albicans, 3Ha4UTEIbHO
YXYIIIaeT Ka4yeCTBO XU3HU UMMYHOKOMIIPOMETH -
POBaHHBIX MMALIUEHTOB [25].

B mocienHee BpeMsi MOBBILIASTCS JOJISI YCTOM-
YUMBBIX K IPOTHUBOIPUOKOBBIM ITpernapaTaM ITaM-

MEUYeHO HapacTaHUE YCTOMYMBOCTU K (DIYyKOHA30-
ay [30]. TTo maHHBIM OTEUYECTBEHHOTO MCCJIEI0BA-
Husa KPUT (kaHIMI03 B OTOCICHUSIX peaHUMAIlUHA
M WHTCHCUBHOM Teparuu) YCTOMYMBOCTb K (Piy-
KoHazony mocturaet 21% [2]. Ilpu stom npupom-
HO-4YyBCTBUTENbHBIE K a3oiaM C. albicans mpuo0-
peTaloT YCTOMUYMBOCTH 3a CYET Pa3HOOOpPaA3HBIX
MEXaHU3MOB IIPUOOPETEHHON pPEe3UCTECHTHOCTH,
TaKMX KaK TTOBBIIIICHHAsI 3KCIIPecChusi TEHOB 3(d-
(IIIOKCHBIX MIEPCHOCYNKOB U aMITTM(UKAIINS TeHa
o6enka-muieHu [11, 31].

Cpenu MeXaHU3MOB YCTOMYMBOCTU K a30JiaM
OTMeYeHa 3HAYMMOCTb IBYX OCHOBHBIX THUIIOB (-
daokcHBIX TiepeHocunkoB: ABC (ATP-binding
cassette) 1 MFS (Major-Facilitator superfamily) [32].
ABC-TpaHcriopTepbl (QYHKIIMOHUPYIOT 3a CYeT
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rugponusa ATD, MFS — 3a cueT HNpOTOHHOTO
xemuocMoTuyeckoro rpaagueHTta. Cpenu ABC-
TPAHCIIOPTEPOB B YCTOMYMBOCTH K MPOTUBOTPUO-
KOBBIM TIpernaparaMm InpuHuMaoT ydactue CDRI
u CDR2, cpenu MFS — MDRI. TloBbllieHHas
akcrpeccust 3GPaoKcHbIX nepeHocuukoB CDRI,
CDR2, MDRI mo3BojsgeT ymaiasiTb M3 KJIETKU
pa3InYHbIe TOKCUYHBIC BEIIeCTBAa, B TOM YMCIIE
npotuBorpubkoseie npemnapatsl [7]. Eciu CDRI
n CDR2 obecriedyuBalOT PEe3UCTEHTHOCTh KO BCEeM
azonaM, To MDRI — miperMyIIeCTBEHHO K (PIyKO-
Hazony [17]. Kpome Toro, CDRIn CDR2MOryT CITO-
CcOOCTBOBATH YCTOMYMBOCTHU K TONMTMUYECKUM TTperia-
patam TepouHadUHY U aMOpOJ(GUHY, HO HE K 9XU-
HOKaHIMHaM, aM@oTepunHy B nin ¢paounurosu-
Hy [21]. [Ipyo6peTeHHAasT yCTOMYNBOCTDh BOSHUKAET
OIHOBPEMEHHO B OTHOIIEHWU BCEX WMMIA30JI0B
U KaKON-JTM0O0 YacTU mpernapaToB U3 psijia TpUaso-
noB. Tak, yrpata CDRI puBOIUT K TOBBIIIIEHHOMI
yyBcTBUTeNnbHOCTU C. albicans K a3oiaM, B TO Bpe-
M4 Kak notepss MDRI He oKa3bIBaeT CyIIECTBEH-
HOTO BJIMSIHM S HAa 0a30BbIii YPOBEHb YCTOMYMBOCTHU
K 3TUM TIpernaparam [27].

I'mnepakcnpeccus reda ERGI1, Kogupyloliero
JlaHOCTEPOJI-140-nuMeTnIa3y, MOBBIIIIAET HEOOXO-
IUMYI0O MUHMMAaJbHYIO MOMABJSIONIYI0O KOHIICH-
Tpanuio npernapara [22]. A30Jbl CHUXAIOT aKTUB-
HOCTh (epMeHTa JaHOCTepOa-l4o-auMeTHIIa3kl,
KOTOPBII OTHOCUTCSI K CEMEWCTBY IITMTOXPOMOB
P450 (CYP51A) u kaTtanusupyeT OOUH U3 ITAIOB
OMOCHHTEe3a 3procrepojia — KJIUYEeBOTO0 KOMIIO-
HEHTa KJIETOUHO CTeHKHU rpuda. ¥ yCTOMUYUBBIX
K a3oJaM KJIMHUYecKuX n3oyasatoB Candida spp. BbI-
SIBJISIETCSI TIOBBIIIIEHHAsI KOHIIEHTpanus (pepMeHTa
14-0-guMeTnIa3bl, YTO MOXET OBITH OOYCITOBJIECHO
MOBBILIEHHOM 3KcTipeccueii reHa ERG11[36]. ERG11
PEryIupyeTCs NMPEUMYIICCTBEHHO TPaHCKPHUIIIN-
oHHBbIM akTopoM UPC2, CDRIu CDR2 — TACI,
MDRI— MRRI1. UPC2, TAC1 u MRRI1 otHOCSTCS
K OTHOMY CEMENCTBY TPAaHCKPUITIIMOHHBIX (PaKTO-
poB (zinc cluster transcription factors [ZCFs]), BHY-
TPU KOTOPOTO Takxke obHapyxeH ¢akTop MRR2,
BIAUSIOIIMIA TIPEUMYIIECTBEHHO Ha 3KCIIPECCUIO
CDRI1113].

HecMmoTpsa Ha M3y4eHHOCTh MEXaHU3MOB IIPHU-
obpereHHolt yctoituuBoctu C. albicans X a3zonam,
HUCCeIOBaHUsI, Kacalolluecs paclpoCTpaHEHHO-
CTM JAHHBIX MEXaHMU3MOB, COBCEM HEMHOTIOUYMC-
JICHHBI. B OmHOM 13 TIepBBIX NCCASTOBAHUM, XapaK-
TEPU3YIOIIEM PaclHpoOCTPaHEHHOCTh Pa3JIMYHBIX
MEXaHU3MOB YCTOWYMBOCTU Cpeau HeOOIbIIOM
BbIOOpKM (n = 20) nui co CITU u peunauBUpyo-
muM opodaprHTeaabHbIM KaHaumo3oM u3 CIIA,
npeodsalaloMM MEXaHU3MOM OKa3aJiaCh TTOBBI-
ImIeHHast 3Kcrpeccust 3¢hQIIOKCHBIX ITePEeHOCUYM-
kKoB CDRIwn CDR2 (55% mitammoB), a Takxke MDR1
(55%). 'mnepakcpeccus reHa FRG11, oTBETCTBEH-
HOTO 3a CMHTe3 (hepMEeHTa-MUIIEHU a30JI0B, Ha-
onronanach y 35% mrtammoB [28]. B mBeitiiapckom

ucciaenoBanuu Ha 16 nzonsgrax C. albicans ot mamnm-
eHToB co CITM /I BeIsABIIEHO NpeobiiagaHue TUIep-
skcnipeccunn CDRI n MDRI [5]. B uccnenoBanun,
nposeneHHOM B CuHranype B 2012—2015 rr., y Bcex
usonsatoB C. albicans obHapy>XXeHa MOBBILLIEHHAs
akcrnipeccusi CDR2, y nByX IITaAMMOB — TIOBbI-
meHHas akcrnpeccuss MDRI [38]. Y mauueHTOB
n3 KuTasg oTMedanaoch IOBBIIICHUE SKCIPECCUU
MDRI, CDRI, CDR2 n TACI (peryasTop TpaHC-
kpunuuu CDRI, CDR2) [37]. B poccuiickom uccie-
noBaHuu 47 mrammoB Candida spp., BbIICJIEHHBIX
OT TTAIIMEHTOK C KOJBIIUTOM M CaJIbIIMHTOOMOpH-
TOM, OBIJIO YCTAHOBJIEHO TIOBBINIIEHUE IKCITPECCUU
reHa MDRI1 [3]. IToBeiiuenHas akcnpeccuss CDRI
u CDRZ2 HabGnwomanach y MallMEHTOB, IJIUTEIBHO
MOJIyYaBIIMX MPOTUBOTrPUOKOBYIO Teparuio [35].

HanHble 0 MexaHu3Max yctroinuuBoctu Candida
Spp. UMEIOT OOJIbIIIOE 3HAYEeHUE IJISI aKTyaJbHBIX
pPeKOMEHIaluii Mo Tepanuu TPUOKOBBIX MHOEK-
OMit, a TakKXe IJIS TTOMCKa HOBBIX MPOTUBOTPHUO-
KOBBIX IIpemapaToB, K IIPUMEpPy WHTHOUTOPOB
3 IIOKCHBIX MepeHOCUUKOoB [23]. MexaHU3MBbI
YCTOMYMBOCTU K IPOTUBOTrPpUOKOBBIM Ipenapa-
TaM, KaK 1 (PaKTOpbl MX aKTUBAIlUU II0 OTHECIIb-
HOCTHM, XOPOIIO W3BECTHBI, OJHAKO IIPOIECCHI
COBMECTHOI aKTMBAIIMM BCE €Ille He 0 KOHIIA U3-
yueHbl [29]. AHanu3 pacrpenejacHusl mokasaTenaei
9KCIPECCUU OCHOBHBIX T€HOB, CBSI3aHHBIX C YCTOM -
YUBOCTHIO, MOXKET ITOMOYh B Pa3BUTHUU TTOHUMa-
HHUSI MEXaHW3MOB, YIPABISIOIINX Pa3BUTUEM pe-
3ucteHTHOCTU C. albicans B OTBET Ha BO3AEHCTBUE
KCEHOOMOTUKOB.

IIpuBenecHHBIC (DAKTHI, HECMOTPSI Ha aKTyaJlb-
HOCTb MpPOOJEMBI JIEKAPCTBEHHOU PE3UCTEHTHOC-
TU, YKa3bIBalOT HA OTPaHUYEHHOCTh UH(hOpMaLIUU
O MOMYJISILUOHHON PacIIpOCTPAHEHHOCTU MOJIEKY-
JISIPHO-TEHETUYCCKUX MEXaHU3MOB YCTOMYMBOCTU
Candida spp. K aHTUMUKOTUYECKUM TpenapaTtam
Ha Ttepputopun Poccuiickoit @enmepanuu. DTO
OrpaHMYMBACT HAIM ITPOTHOCTUYECKUE BO3MOXK-
HOCTM B IUJIAHE IIPEONOJICHUSI PE3UCTCHTHOCTU
U TIOBbIIEHUS 3D (HEKTUBHOCTU crienudUIeCcCKOn
Teparnuu.

B cBsI31 co cKazaHHBIM lIeJIbl0 HACTOMIIEH pa-
0OThl OBLJIIO OLIEHUTH PACIPOCTPAHEHHOCTh I10-
BEIIIEHHOI 3Kcrpeccuu TeHoB CDRI, CDR2,
ERGII v MDRI B ycToilunBOIi K a3ojlaM BbIOOD-
ke m3onaroB C. albicans, BblaeneHHbIX oT BN Y-
WHGUIMPOBAHHBIX MAIIUEHTOB B MOCKOBCKOM pe-
rnoHe Poccmiickoit Memepaiinu, 1 oxapaKTepru30-
BaTh BO3MOXHBIE 3aKOHOMEPHOCTH U B3aMMOCBSI3U
MaHHBIX MEXaHU3MOB.

Matepuanbl 1 MeToOb!

B ucciemoBaHMe BKJIIOUEHBI 22  IITaMMa
C. albicans w3 xomnekunu OBYH MHUWNUDM
uM. [.H. I'abpuueBckoro PocnorpedbHanzopa: 18 yc-
TOMYUBBIX K (PJIYKOHA30Jy U BOPMKOHA30Jy 1ITaM-
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MHdekumns n uMmyHuTeT

MOB, BblJeJIeHHbIX 0T BUY-uHGUIIMPpOBaHHBIX Ma-
LIMEHTOB C PELIUAUBUPYIOIIUM OopodapruHIreaabHbIM
KaHIUA030M, HaxomsIIuxcsa Ha JiedeHuu B I'BY3
WUKB Ne 2 JI3M, n 7 9yBCTBUTEIILHBIX IIITAMMOB
B KayecTBe KOHTPOJbHBIX 00pa3IoB. ¥ Bcex obcie-
JOBAHHBIX JIMLL ObLJIO TOJIyYeHO MH(POPMUPOBAHHOE
corjacve Ha HCIIOJIb30BaHME HAaHHBIX JabopaTop-
HBIX aHAJIM30B B HAYYHBIX HeasXx. Bce mccnemoBa-
HUS TIPOBEICHBI ¢ corniacusi KomuTeTa no aTuke npu
I'bOY BIIO IOYI'MY Mun3zapaBa Poccuu (mpoTo-
Kost Ne 4 ot 25.04.2014) Ha ocHOBaHUU TpeOOBaHUIA
XeIbCMHKCKOH JeKaapalinu BceMupHOT MeTUITTH-
CKOI accolMaluuu «DTUYECKUE MPUHLMIIBI TTPO-
BEACHUS HAyUYHBIX MEIMIIMHCKUX HWCCAeI0BaHUN
C yJacTHEM 4YeJIOBeKa» OT UIoH 1964 1.

HITaMMBI KyJIBTUBUPOBAJINCh Ha IIJIOTHOM ITH-
TaTesibHOI cpene Cabypo M XpOMOTE€HHOM arape
nas rpuboB pona Candida (HiChrome, Himedia,
Wnnusg). BupoBasg wuneHTUGUKALUS POBOAM-
JJach PYTMHHBIMUA METOAaMM, B TOM YHCJE C TO-
MOIIIbI0O MUKPOCKOITMY HATUBHBIX U OKpPaIIeHHBIX
no ['pamy nmpenapaToB, TECTOB Ha 0Opa30BaHUE PO-
CTOBBIX TPYOOK B MPUCYTCTBUU CHIBOPOTKU U CITO-
COOHOCTM K O0Opa3oBaHHMIO THU(M Ha KYKYpPYy3HOM
arape no [lanabmay, olleHKe MOp¢OJOoruu, a Tak-
Ke C MOMOIIbI0 OMOXMMUUYECKUX TecTOoB (remel
RaplID Yeast Plus). MnentTudukanmuss moaTBepxK-
JaJach METOJOM ITOJIMMEpPa3HOM HEMHON peakIlnu
(ITLIP) ¢ BugocneuudryeckuMu TmpaiimMepamMu
(«AmmimnCenc C. albicans/C. glabrata/C. krusei—
MVYJIBTUTTPAUM-FL», OO0 «MHTeprabcepBUC»,
Poccust). YeToitunBoCTh K (hJIYyKOHA30J1Y M BOPUKO-
Ha30JTy OIpeneasiiach AUCKO-TUMPYy3MOHHBIM Me-
TOAOM B COOTBETCTBUU co ctaHaapTtamu CLSI M44
n M60, METOIOM MHMKpPOpa3BEICHU C TTOMOIIbIO
miaHmeToB Sensititre YeastOnelO (Trek Diagnostic
System, Bennkoopuranusi).

VYpoBHu oakcnpeccuun reHoB FERGII, MDRI,
CDRI1, CDR2 6b111 u3MepeHbl C MOMOIIbIO KO-
yectBeHHOM TP 1 MeToma 224Ct nyig aHanu3a, rue
AC; = Crx — Cyr — pasHHUIIa MEXIY OPOTOBBIMU
IUKJIAMHW KCCJIEYyeMOTO U KOHTPOJIBHOTO T'€HOB,
n —AACT = —(AC;, — AC;,,) — pasHULAa MEXIY
3HaYeHUEM, TTOJIyUeHHbIM [JIsl oOpa3la q, u 6a30-
BBIM 3HAaUYCHUEM, MOJYUYCHHBIM JIJISI YYBCTBUTEIIb-
HbIX 1304TOB [18]. Bergenenune PHK nmpoBoauiocs
C TOMOIIbIO peareHTa AJsl BBIOSJICHUS cyMMap-
Hoit PHK ExtractRNA (BAO «EBporen», Poccus)
B COOTBETCTBHUM C WHCTPYKIIUEH ITPOM3BOAUTE-
JS1 U3 CYTOYHOU YUCTOU KYyJIBTYpPbl UCCIIEAYEMOTO
mramma. O0paTHas TPAaHCKPUITLIMST TTPOBOAMIIACH
¢ mmomouibio Habopa «Pesepra-L» (PBYH LIHUU

sruaeMuosiorun  PocrorpedHan3opa, Poccus)
B COOTBETCTBUU C MHCTPYKIIMEH MPOU3BOAUTEIS:
30 muH nipu 37°C.

B paboTe ncrnonb30Baanch Caeayolme mpaiimMepbl:
— ERGI11-F aactacttttgtttataatttaagatggactattga;
— ERGI11-R aatgatttctgctggttcagtaggt;
— MDRI-F ttacctgaaacttttggcaaaaca;

— MDRI-R acttgtgattctgtcgttaceg;

— CDR2-F ggtattggctggtcctaatgtga;

— CDR2-R gcttgaatcaaataagtgaatggattac;

— CDRI-F tttagccagaactttcactcatgatt;

— CDRI-R tatttatttcttcatgttcatatggattga;

— PMAI-F ttgaagatgaccacccaatcc;

— PMAI1-R gaaacctctggaagcaaattgg;

— ACTI-F ttggtgatgaagcccaatcc;

— ACTI-R catatcgtcccagttggaaaca.

AMnrdukalus NIpoBoInIach C TOMOIIbIO Ha-
6opa peakTuBoB s npoBeneHus [P B peanb-
HOM BPEMEHH B IIPUCYTCTBUU MHTEPKAINPYIOIIETO
kpacutens Sybr-Green I (3AO «CunHTos1», Poccus)
¢ ucroab3oBaHUeM amruiugukatopa Applied
Biosystems 7500 Real Time PCR System (CILA)
co caenyrmuMu napameTpamu: 95°C 3 MuH; nanee
40 uukios: 95°C — 10 ¢, 55°C — 20 c.

I'ennr nomanrHero xo3saiictBa ACTu PMAwncnonb-
30BaJIMCh B KaUeCTBE KOHTPOJIbHBIX TeHOB. ba3oBbie
3HaueHns 2~C g renoB ERGII, MDRI, CDRI,
CDR2 mionry4eHbl TIPU UCCIICTOBAHUY YYBCTBUTEIb-
HBIX U30JTOB (N = 7). YpOBEHb 9KCPECCUU UCCIE-
JIYeMOTO IlITaMMa CUYMTAJICS JOCTOBEPHO IMOBBIIIICH-
HBIM B CJIy4Jae, €CJIM OH IIPEBbIIIajl 0a30BbIe CPSTHUE
3HAYCHUS AJISI 9yBCTBUTEIBHBIX U30JISITOB (M) OoJree
yeM Ha 3 cTaHAapTHBIX OTKJIOHEeH U (30).

s cTaTUCTUYECKOro aHaju3a MCIOJIb30Ba-
JIOCh TporpaMMHoe obecrieueHre Microsoft Excel.
J 711 olIeHKY 3HAYMMOCTHU Pa3IUINil MEXIY TPYII-
MaMu UCTOJIb30BaJICSI TOUYHBIN KpuTepuit Guiiepa.
Kputnueckuii ypoBeHb OIIMOKM MNPU TIPOBEPKE
CTaTUCTUYCCKUX TUIOTE3 MPUHUMAJCSI pPaBHBIM
nnn meHee 0,05.

PesynbraThl

B xome mpoBemeHHOro WCCICAOBAHUS OBIIO
YCTAHOBJIEHO, 4YTO Yy KaxXJ0ro M3 YCTOWUYMBBIX
IITAMMOB B Hallleil BbIOOpPKE MOBBIIIEH YPOBEHb
SKCIIPECCUM T1I0 KpallHE! Mepe OJHOro M3 M3ydae-
MbIx TeHoB (p = 0,0001) (puc. 1).

VpoBHuU akcnipeccuun ERG11 066111 3HAUUTEIBHO
HOBBIIIEHHBIMU Y 77% (n = 14) n30151TOB. Y OTHOTO
mtamMma (Ne 128) ObLJT TTOBBIIIIEH YPOBEHB IKCITpeC-
cuu Toiibko ERGII. YpoBeHb B3KCIIPECCUM TeHa
M DR 1 6b11 TOBBIIIEH TOJIBKO B 27% ciydaes (n=>5).
VYV nonapJisoniero 60JbIIMHCTBA U30JSTOB OOHA-
DPY>KEHBI TTOBBIIIIEHHBIE YPOBHU 3KCITPECCUU I'eHOB
CDRIv CDR2:88% (n=16) u 83% (n=15) cooTBeT-
cTBeHHO (puc. 2). [Ipu 3ToM ypoBeHb IKCIIPEeCcCUu
CDR2, vo He CDR1, 66111 MOBBILLIEH TOAbKO Y OTHO-
ro mramMma. ¥ ganHoro mrtamma (Ne 122), momu-
MO 3TOTO, OTMedajach ruriepakcrnpeccuss ERGII,
U HOpPMaJIbHBI ypOBeHb 3kcnpeccuun MDRI
B 1o xe Bpems runepakcrpeccusi CDRI 6e3 CDR2
oTMedajach y TpeX IITaMMOB, Y OMHOTO U3 HUX 0e3
TUTIEPIKCIPECCUU NIPYTUX TeHOB, Y ABYyX — ERGI1,
HOo He MDRI1. Y 1 mrtamma (Ne 51.2) Oblyia BeISIBJIEHA
noBbIlIEHHAas1 He MeHee ueM B 10 pa3 mo cpaBHEHU 1O
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C IPYTMMMU IITaMMaMU KCIPECCUS BCEX UCCIIELY-
eMBbIX I'eHOB, 3a ucKJwuyeHuemM FERGII. 1lltamMMmbl
C U30JMPOBAHHBIM MOBBIIIEHUEM BKCIIPECCUU
MDRIwvnu MDRIw ERGII oTCyTCTBOBAJIU.

VY 13 mtamMoB (59%) omHOBpeMEHHO OBLI MO-
BblllIeH ypoBeHb CDRI u CDR2. BoisiBaeHa paBHO-
LeHHasl B3auMOcCBsA3b akcnpeccun CDRI v CDR2
(p < 0,01). ¥ 2 mrammoB (9%) MOBBILIEH YPOBEHD
Tonbko CDRI, CDR2. Y 1 mtamma (Ne 8.2) TTOBEI-
1IIEH YPOBEHb IKCIIpeccuu Tojibko reHa CDR I, npu
3TOM B BBIOOPKE OTCYTCTBYIOT IITAMMBI C U30JIM-
poBaHHoI1 runiepakcrpeccueit CDR2.

VY 5 mrammoB (22%) Oblja BBISIBIEHA KOJKC-
npeccuss MDRI, CDRI, CDR2, y 4 mtamMmMoB
(18%) — xo3KcIpeccust BceX UCCAEAYEeMBIX T€HOB.
TakuMm o6pa3zoMm, MpM TOBBILIEHUUW 3SKCIIPECCUU
MDR1 Habnwoaajloch OTHOBPEMEHHOE TTOBBIILIEHUE
akcrnpeccuu CDR1/2 (100%,n=5)u ERG11(92,9%,
n =4) (p < 0,05). IIpu 3TOM O0O6pPATHOTO BJIUSITHUS
noBbIeHUs 3kcnipeccu CDR1/2, ERGI1I Ha 3Kc-
npeccuto MDRI He BBISIBJIEHO.

V 10 mrammoB (45,5%) Gbliia o6HapyskeHa KO-
akcrnpeccusi CDRI, CDR2 w ERGII. BroisiBiieHa
paBHOLIEHHAas1 B3aMMOCBSI3b 3Kcrpeccun FRGII
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PucyHok 1. YpoBHu akcnpeccun ERG11, MDR1, CDR1, CDR2 (—2AACT)

Figure 1. ERG11, MDR1, CDR1, CDR2 expression levels (-2AACT)

Mpumevanume. JInnuneli 0603HayeH ypoBeHb m+3c, 1.1-128 — ycToinumBble n3onatbl, 201/2-245/1 — yyBCTBUTENbHbIE N30NATHI.
Note. Line depicts m+3c level, 1.1-128 — resistant isolates, susceptible controls — 201/2-245/1.
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Figure 2. Percentage of strains with elevated expression
level of ERG11, MDR1, CDR1, CDR2

n CDRI, ERGII v CDR2 (p < 0,05). Kpome Toro,
BBISIBJIEHA B3aMMOCBSI3b MEXK/Ty MTOBBIIIIEHUEM DKC-
npeccun ERGI1 v omHOBpeEMEHHBIM MOBBIIIIEHUEM
skcnpeccuu CDRI, CDR2 (p < 0,05). Tak:xe BbIIB-
JIeHa B3aMMOCBSI3b MEXY ITOBBIIIEHUEM 3KCIIpeCc-

cuu CDR2 n 0ofHOBPEMEHHBIM TTOBBIILIEHUEM DKC-
npeccuu ERGI1In CDRI (p < 0,05).

Ob6cyxaeHne

Taxkum oOpa3oM, ObIJIO YCTAaHOBJIEHO, YTO B JaH-
Hoi1 BeIOOpPKe n30saToB C. albicans mpuoopeTeHHAas
YCTOMYMBOCTD CBsI3aHA C HECKOJBKMMHU BapUaH-
TaMu Koakcrnpeccuu reHoB ERGII, CDRI, CDR2
u MDRI.

PaznuuHble MexaHU3Mbl YCTOMYMBOCTHU K a30-
JlaM, BKJIIOYasl TIOBBILICHUE 3SKCIIPECCUU TEHOB
3P DAOKCHBIX MEPEHOCUYMKOB, ITOAPOOHO Omuca-
HBI IS OJHOTO W3 TIEPBBIX BBISIBJIEHHBIX YCTOM-
YUBBIX K a3onaM mtaMMoB C. albicans — miTamMma
JlapJIMHITOH, BBIACJIEHHOTO OT MallMeHTa C pelu-
NUBUPYIOUIMM KaHIUI030M KOXU M CIU3UCTBIX
obomouek (Darlington strain). CeleKTUBHOE WH-
rubupoBanue MDRI v CDRI y naHHOTO LITam-
Ma He MPUBOAUJIO K CHUXEHUIO YCTOUYMBOCTU
K aykoHazony ujau BoprkoHaszojy. OgHaKO Mpu
uHruoupoBanuu CDRI BoccTaHaBAMBalach 4yB-
CTBUTEJIBHOCTh K MTPAKOHA30Jly M II03aKOHa-
30]Iy. DTO II03BOJSICT IIPEOIIOJOXUTh BIUSHUC
MDRI Ha yCTOUUYUBOCTh K KOPOTKOLETTOYEUHBIM
azojaM — (GIyKOHA30Jy U BOPUKOHA30Jly, HO He
K UTpakKoHa30Jy M To3akoHa3ousy. IloBbilieHHas
akcrpeccust ERGI1 Ttakzke odecrieunBaeT yCTOMYU-
BOCTbH JIMIIb K KOPOTKOLIEMOYEYHBIM a3zojiam [12].
B npyrom momo0HOM MCCIeOBAHUYM OMUCHIBACTCS
cepus u3 17 mrammoB C. albicans, BblaeAEHHBIX
3a nBa roga ot BUY-uHbunmpoBaHHOro naiueH-
Ta, MOJy4JaBIlIero Teparuio a3ojiaMu MIPOTUB pellu-
IUBUPYIOIIETO opodapuHTealbHOTO KaHAMI03a.
3a 1epuom ucciaeIoBaHUS YPOBEHD YCTOMYMBOCTH
Bo3poc 6oJsiee yem B 200 pa3, ObLIU BBISIBJIEHBI MY-
Tauuu B reHe ERGI1, peryasitopax TPaHCKPUMIIUU

Tacl, Upc2, 4TO MpUBOAMUJIO K TMOBBIIIEHHON 3KC-
npeccuu CDRI, CDR2, ERGII. YpoBeHb 3KCIIpecC-
cuu M DRI takzke Ob1 TOBbIIIEH [33].

I[lo maHHBIM HalIero wucciaegoBaHus y 59%
IITAMMOB OBIJIM OTHOBPEMEHHO TOBBIIIEHEI YPOB-
Hu CDRI v CDR2. TlonoOHBIe pe3yabTaThl 10CTa-
TOYHO XapaKTepHBI IJIs YCTOMYMBBIX K a3oJjlaM
kanHu4Yeckux uzonsatos C. albicans [1]. DTo MmoxeT
OBITH OOYCJIOBJIEHO TEM, YTO T'e€HBI, KOJAUpPYIOIIue
addarokcHbie mepeHocuuku CDRI n CDR2, pac-
MOJIOXKEHBI B OTHOM JIOKYCE Ha XpOMOcoMe 3, 1 Ja-
CTO OOHApYyXHMBaeTCsI WX OMTHOBpPEMEHHAasl THUIIC-
pakcnpeccus [19]. Cnenyetr orMeTuTh, UTo CDRI,
CDR2 Takke peryaupyloTcst O0LIMMHY MeXaHU3Ma-
MU, TakuMu Kak 1mpomotop TACI, pacnoyioxkeH-
HBIU B OMHOM JIOKYCE Ha JICBOM ILJIeUe XPOMOCOMBI 5
BMmecTe ¢ reHoM ERGII, npomotopamu CaNDT80,
CaFCR1 u CaFCR3 [§].

B T0 ke Bpems B ncciienoBaHHOM BEIOOPKE MMe-
IOTCS IITaMMBI C M30JMPOBAHHON SKCIpPECCHUEH
CDRI nu6o CDR2. DTU naHHBbIE TaKxXe HaxXoIsT
MOATBEPXKAECHUE B pe3yabTaTax ApPYrux uccie-
noBateneii: aeneuus CDRZ2 oka3biBaeT 3aMETHO
MEHBbIIIee BO3ICHCTBUE Ha YCTOMYNBOCTH K a30J1aM
o cpaBHeHUI0 ¢ oTrcyTcTBUeM CDRI [16].

Y nopapisoniero 00JbIIMHCTBA U305 TOB ObLI
BBISIBJICH TTOBBIIIIEHHBIII yPOBEHB BKCITPECCU U reHa
Oenka MuieHu a3ojoB — FERGII. Takxe obHapy-
XKUBajlach Koakcnpeccus ERGII xak MUHUMYM
C OTHUM M3 UcCeayeMbix reHoB. OmIHaKO B JIUTE-
paType MMEIOTCSI MPOTUBOPEUYMBBIC CBEACHUS OT-
HOCHUTEJIBHO PACIIPOCTPAHEHHOCTH SKCIPECCUU
STOTO I'eHa W eTO BJIUSHUS Ha yCTOMINBOCTH K pa3-
JIMYHBIM TPYIIIIaM IIPOTUBOTPUOKOBEIX ITperapa-
ToB [40]. MHorue ucciegoBaTeln OTMEUalOT, YTO
B clydae MOBBIIIeHHO# skcnipeccun ERG1I MmuHu-
MaJibHasI TTOIaBJISTIONIass KOHIIEHTPA WS IS Tpe-
rnapara ImpoIopIIMOHAJIbHO TTOBBIIIAETCS, B TO Bpe-
M KaK MyTallMUOHHbBIE MEXaHU3Mbl 00ECIIeUBaIOT
TMOJIHYIO YCTOMYMBOCTh K aHTUMUKOTHUKY [24].

VYpoBeHb 3KcHpeccuu reHa 3(PEIIOKCHOTO TIe-
peHocuurka MDRI Obla TOBBIILIEH B HAMMEHbILIEM
yucjae o0paslioB, XOTs B paboTax psaa uccienoBa-
TeJiell JaHHBI MeXxaHu3M ObLJI 0oJiee pacnpocTpa-
HeHHBIM [37]. M3onnpoBaHHAas TUNIEPAIKCITPECCU S
MDRI He oka3bIiBaeT BO3JENMCTBUSI, CPABHUMOTO
¢ IpyruMu 3 @IIOKCHBIMU TIepeHoCcUYuKaMu. Tem
HE MEHee OH CIOCOOeH o0ecIieuyMBaTh YCTOMYM-
BOCTh K (PIIyKOHA301y — Hambojice 9acTO PeKo-
MEHIYeMOMY IMPOTHBOTPUOKOBOMY IIperaparty [6].
T'en MDR] HaxoguTcs Ha XpoMocoMe 6 U peryiu-
pyeTcsa dakTopom TpaHcKkpunuuu Mrrl (Multidrug
resistance regulator 1), MyTanium B KOTOPOM MOTYT
NPUBOIUTHh K KOHCTUTYTUBHOMY ITOBBIIIIEHUIO €TO
akcripeccuum [20].

B Haieii BBIOOpKe NMOBBILIEHHBIN YPOBEHb DKC-
npeccuu M DRI conpoBOXaaacs OAHOBPEMEHHBIM
MOBHIIIICHUEM ypoBHel akcnipeccuu CDRI, CDR2
u ERGII (p < 0,05). D10 Haba0aeHUE MOXET OBITh
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00ycJiIoBJIeHO (DYHKIIMOHUPOBAHUEM TPaHCKPUII-
nuoHHoro ¢akTopa Efgl, KoTophslili K TOMY Xe pe-
ryaupyetr obpazoBaHue rud u apyrue (axkTopbl
BupysaeHTHoctu C. albicans u paccMaTpuBaeTCs
B KauecTBe TepareBTUYEeCKOW MUILIEHU AJISI HOBBIX
npernapatoB [4]. Bo3MOXHO TakkKe MOJOXUTEIbHOE
BJIMSIHUE TpaHCKpUNMoHHOTOo pakTopa Upc2, pe-
ryJaupytoliero npeumyiiectseHHo EFRGI1, Ha sKc-
npeccuto MDRIwv CDRI[10].

IIpakTudeckn B IojoBUHE ciaydaeB (45,5%) Ha-
oaronanack Koakcrnpeccusi CDRI, CDR2 v ERGII.
BrisiBieHa NBYCTOPOHHSISI 3aBUCUMOCTD TTOBBIIIIE-
HUs 9Kcrnpeccun gaHHbIX reHoB (p < 0,05). Kpome
TOI'0, yCTAHOBJIEHA 3aBUCUMOCTb OJJHOBPEMEHHOTI'O
noBbIlIeHU ST ypoBHs akcnipeccun CDRI1, CDR2npu
noseiiieHuu ERGII (p < 0,05) u ERGI11, CDRI ipu
noBbllieHUN 3Kkcnpeccuun CDR2 (p < 0,05). B nu-
TepaType BCTpedaroTcsl ciydyau BO3HUKHOBEHUS
QHEYIJOMIUYN JIEBOrOo Iljeya MSATOU XPOMOCOMBI
C. albicans, rne HaxonuTcs ERGI1, a TakXe perynis-
Top TpaHcKpunuuu TACI, BAIUS O Ha KCITpec-
cuto CDRI v CDR2, 4TO BeIeT K ONHOBPEMEHHOM
runepaKcrpeccuy reHa l4-o-muMeTusaassl U 3d-
drokcHbIX HacocoB CDRI u CDR2 [15]. B To xe

BpeMsI Ha JIEBOM IJIeYe XPOMOCOMBI 5 HaXOISITCS
redbl PGA4, CHT2, CNBIv MIDI, accouuupoBaH-
HBI€ C YCTOMYMBOCTBIO K 9XMHOKaHIMHaM. TakKuMm
obpa3oM, MO BJIEHUE MMOJOOHOI TTePEeCTPOUKU MO-
JKET OBITh MEXaHM3MOM MHOXECTBEHHOW YCTOM-
YUBOCTU K MPOTUBOTrPUOKOBBLIM Ipernapatam [34].
Tak>ke MOXET MIrpaThb poJib TPAHCKPUITIIMOHHBIN
dakTop Ace2, KOTopblii akTuBUpyeT reHbl CDRI,
CDR2, ERGII v cHuxaet akcnpeccuto MDRI[39].

Ilo pe3ynabTatamM Hallero MCCAEAOBaHUS MOXK-
HO TIPEANOJOXHUTh, YTO BBISIBJICHHbBIE MEXaHU3MbI
YCTOMUYUBOCTU SBJSIIOTCS CJIEACTBUEM AJIUTEb-
HOro, IIMPOKOro, a MOpPOH M OECKOHTPOJbHO-
ro npuMeHeHus GJIyKoHa30Jja, B TOM 4YuCIe IJIs
neyeHus1 BUY-uHGUIMPOBAHHBIX MNAllUEHTOB.
Bo3MoxkHO TIpnoOpeTeHue YCTOMYMBOCTHU, BBIXO-
NSIIe 3a paMKHW CHeKTpa KOPOTKOILIEIOYEYHbIX
a3os0B. [lomoOHBIE SIBJIEHUS MOTYT MPUBOIUTH
K Hea(DEKTUBHOM Tepannu cJiydaeB MHBa3UBHOTO
KaHAUJI03a JOPOTrOCTOSIIMMU PE3ePBHBIMU Ipe-
napatamu. Kpome Toro, Heab3s UCKJIIOYATh OMac-
HOCTb IIMPOKOTO PAaCIIPOCTPAHEHUST IIITaAMMOB
Candida spp. ¢ npuoOpeTeHHOI YCTOMYMBOCTbIO
K ITPOTUBOTPUOKOBBIM MpernapaTaMm.
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NoJIMMOP®U3M rEHOB VEGF
nPu oCJIOOKHEHHOM MHOEKLAOHHOM
SQHAOKAPAUTE

E.C. Camoiirenko'?, H.B. Konecuukosa', B.!. bakaaii’, E.}JO. MaiinanuukosaZ,
E.B. OmenbuyeHKo?

! Kybanckuii 2ocydapcmeentviii meduyunckuil ynusepcumem Munucmepemea 30pasooxpanenus Poccutickoi @edepayuu,
2. Kpacnooap, Poccus

2I'BY3 Hayuno-uccaedosamenvckuii uncmumym — Kpaeeas kaunuueckas 6oavruya No 1 um. npog. C.B. Ouanoeckozo
Munucmepcmea 30pasooxpanenus Kpacnodapckoeo kpas, e. Kpacnodap, Poccus

JI'BY3 Cneyuanruzuposannas Kaunu4eckas uH@ekyuonnas ooavHuya Munucmepcemea 3opasooxpanenus Kpacnooapckoeo
kpas, e. Kpacnooap, Poccus

Pestome. Bsedenue. UndpexkinonHbIi sHT0KapanT (VD) saBnseTcs 3a0oaeBaHeM 0aKTepraJIbHON ITPUPOIBI C YaCTOM
JTIOKaJIM3allvell maToreHa Ha KJIallaHHOM allIapaTe cepilia, OTIMYaeTCs OBICTPBIM pa3BUTHEM CepIeYHOIl HemoCTa-
TOYHOCTH U YaCThIMU TpOoMO0aMOoInuecKuMHU ocoxx HeHUSIMU (TDO). OcobeHHocTr D 00yCI0BIAEHBI Uy KEPOIHO-
CThIO MaToreHa u coctosiHueM UMMYHHOM cucteMbl (MC) venoseka. Jucbananc UC npu nHOEKIIMOHHOM 3HA0KAp-
JIATE TIPOSIBIISIETCS] HApYIEHUEM LI TOKMH-0ITOCPEI0BAaHHBIX B3aMMOJICMCTBHUIA, UTO MOATBEPKAA€T PALIMOHATBHOCTD
WX MU3YYEHMS LIS yTIIyOJIeH ST MTOHMMaHWSI TTaTOreHe3a pa3IndHbIX COCTOSTHUH. 17151 00JIBITMHCTBA TEHOB LIMTOKMHOB
XapaKTepeH MoJMMOp@uU3M U Haludue u3ohopm, 00yCIOBIMBAIOLINX Pa3BUTUE TPEAPACIIONOKEHHOCTH K 3a00/1eBa-
Huto. [Ipu aTOM reHeTHUeckuii monuMopdusm pakTopa pocta sHaoTeaust cocynoB — A (Vascular endothelial growth
factor A — VEGF-A), urparoiero BaxkHyIo pojib B UHAYKIUM BACKYJIO- U aHTUOTEHE3a, U ero naroreHeTuyecKast
poab nipu D usydeHsl HemocTaTouHo. Llenp nccnenoBaHus — aHalIU3 MOJMMOPMHBIX BAapUaHTOB HYKJICOTUIHOMN
MTOCJIeI0BAaTEIbHOCTH TeHa (haKTopa poCcTa SHAOTEIMS COCYIOB C YIETOM CBSI3H C €T0 CBIBOPOTOYHOM KOHIIEHTPAIIN-
el y IalueHTOB ¢ MH(PEKIIMOHHBIM 3HA0KapauTOM. Mamepuanvl u memoos.. 86 MaLlMEHTOB, IPOXOAMBIINX JIEUCHUE
1o moBoAay ycraHosaeHHoro nuartosza U0 B 'bY3 «<HUM-KKB Ne 1» 1. KpacHomapa Ob111 pa3aesieHbl Ha JBe KITUHU-
YeCKUe TPYIIIHI B COOTBETCTBHMU ¢ XapakTepoM TedeHuss UD: I'pynma 1 — D ¢ TBO (n=44), rpyrma 2 — D 6e3 TOO
(n = 42), a KOHTPOJBHYIO TPYMIy cocTaBsin 20 oTHOcUTeNbHO 310poBbIX Juil. KoHuentpamus VEGF-A (rir/mn)
B CHIBOPOTKE KPOBHU OblJIa OIpeesieHa B MEPBBIi JeHb MOCTYTIEHUST B CTAIIMOHAP METOIOM UMMYHO(MEPMEHTHOTO
aHanu3a, a reHomHas JIHK, BoigeneHHas U3 JeKOUMTOB LIEJbHON KPOBM, UCIIOJb30BaIach AJIs ONpeaeeHus ya-
CTOTHI TEHOTUTOB NMoJuMop¢HbIX BapuaHToB reHa VEGF. Pesyabmamur. BeisiBIeHBI CTATUCTUYECKU 3HAYMMBIE pa3-
JIMYM B pacnpenesieHnn 4actoT reHotunoB VEGF-1s2010963 mMex 1y nanpeHTaMu ¢ MHPEKIIMOHHBIM 3HI0OKAPIUTOM
1 KoHTposbHoii rpynmnoit: G/G (OR = 0,25; p = 0,012) u G/C (OR =4,28; p = 0,022), a TakXe pa3iudusi MexXay KOH-
neHtpanusmu VEGF no pazianynbiv reHotunam SNP-rs2010963 (p = 0,0001). MccinenoBanue pacnpeneicHus 4acTOT
reHotunoB VEGF Mexny mainmeHTaMu KIMHUYECKMX TPYIIN IMOKA3a]10 CTATUCTUYECKH 3HAYUMMOE CHUKEHHUE YacTO-
T reHoTuna G/G (rs2010963) B rpynmne UD ¢ TDO (OR = 0,21; p = 0,014) u nossimenue yactotel G/C (OR =4,72;p =
0,024) o cpaBHEHMIO ¢ KOHTPOJIBHOMU TPYIIIOIA, TOrIa KaK y mamueHToB ¢ D 6e3 TDO o0HapyKeHBI CTAaTUCTUUYCCKU
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sHaunMble (p = 0,0003) paznuunst cbiBOpoTOUHBIX KOHIeHTpalnii VEGF-1s2010963 B cCOOTBETCTBUM ¢ TeHOTUITAMU
GG/CC (p=10,01) u GG/GC (p = 0,003). Boteoost. BoisiBineHa cBsizb mexay renotunamu (G/G u G/C noaumopdus-
Ma 1s2010963) VEGF u ero cbIBOpOTOYHOI KOHIIGHTpallMell cpenu maiueHToB ¢ D, Hocurean MuHOpHOrO ajie-
a5t C (rs2010963) umenu 6onee Boicokue ypoBuu VEGF B chiBopoTke KpoBu. [1o1ydeHHBIE pe3yibTaThl JOMOJHSIIOT
1 CUCTEeMaTH3MPYIOT COBPEMEHHBIC HayuHbIe TaHHBIC O MaToreHe3e 3a00JeBaHMs, a TAKXKE aKIIEHTUPYIOT BHUMaHUE
Ha reHeTMYECKYIO IeTePMMHAHTY Pa3BUTHSI OCIOXHEHUIA.

Karouesnie caosa: ungpexyuonnwiii sndokapoum, VEGF, SNP, namoeenes, duaznocmuka, mpomoosmbosuveckue 0CA0MiCHEeHUS.

VEGF GENE POLYMORPHISM IN COMPLICATED INFECTIVE ENDOCARDITIS
Samoylenko E.S.*", Kolesnikova N.V.?, Baklay V.1.c, Maydannikova E.Yu.’, Omelchenko E.V.?
@ Kuban State Medical University, Krasnodar, Russian Federation

b Scientific Research Institute — Ochapovsky Regional Clinical Hospital No. 1, Krasnodar, Russian Federation
¢ Specialized Clinical Infectious Diseases Hospital, Krasnodar, Russian Federation

Abstract. Introduction. Infective endocarditis (IE) is a bacterial disease with frequent pathogen localization on the heart
valve apparatus. IE is characterized by rapid development of heart failure and frequent thromboembolic complications
(TEC). IE features are accounted for by foreign pathogen nature and state of human immune system (IS). The imbal-
anced IS in infective endocarditis is manifested by impaired cytokine-mediated interactions. This confirms the rationality
of studying cytokines to advance understanding of the pathogenesis for various conditions. Most cytokine genes are char-
acterized by polymorphism and existing isoforms underlying disease predisposition. Genetic polymorphism of vascular
endothelial growth factor — A (VEGF-A) plays an important role in the induction of vasculogenesis and angiogenesis.
The pathogenetic VEGF role in IE has not been thoroughly studied. Research objective — analysis of polymorphic nu-
cleotide sequence variants in the vascular endothelial growth factor gene, taking into account a relation with its serum
concentration in patients with infective endocarditis. Materials and methods. 86 patients treated with verified diagnosis
of infective endocarditis at the Scientific Research Institute — “Regional Clinical Hospital No. 1”7 of Krasnodar were
divided into two clinical groups in accordance with the 1E course: Group 1 — IE with TEC (n = 44), group 2 — IE
without TEC (n = 42), and the control group consisted of 20 apparently healthy individuals. The concentration of serum
VEGF-A (pg/mL) was measured by ELISA on day 1 of hospitalization. Genomic DNA was isolated from whole blood
leukocytes and used to determine the frequency of genotypes of VEGF gene polymorphic variants. Results. Significant
differences in the frequency distribution of VEGF-1s2010963 genotypes between patients with infective endocarditis and
control group were revealed: G/G (OR = 0.25; p = 0.012) and G/C (OR = 4.28; p = 0.022), as well as differences between
VEGF concentrations for various SNP-rs2010963 genotypes (p = 0.0001). A study of VEGF genotype frequency distri-
bution between patients of clinical groups showed a significantly decreased frequency of the genotype G/G (rs2010963)
in the IE group with TEC (OR = 0.21; p = 0.014) and increased frequency of G/C (OR =4.72; p = 0.024) compared with
the control group, whereas in patients with IE without TEC, significant (p = 0.0003) differences in serum concentrations
of VEGF-rs2010963 were found in accordance with genotypes GG/CC (p = 0.01) and GG/GC (p = 0.003). Conclusion.
The relationship between the VEGF genotypes (G/G and G/C of 1s2010963 polymorphism) and related serum concen-
tration among patients with IE was revealed. Carriers of the minor C allele (rs2010963) had higher serum VEGF levels.
The results obtained complement and systematize current scientific data on the disease pathogenesis, as well as focus
on the genetic determinant of the developing complications.

Key words: infective endocarditis, VEGF, SNP, pathogenesis, diagnosis, thromboembolic complications.

MEXKJIETOUYHBIX ITUTOKWH-OIMOCPEIOBAHHBIX KOH-
TaKTOB [6], 4TO OIpaBIbIBAECT 1IeJIeCO00PAa3HOCTH

BeepneHue

Nudexkumnonnsiii sngokapaut (MD) asisercs
3a00jieBaHMEeM OaKTEpUaJIbHOTO TTPOUCXOXKICHUS,
npu KOTOPOM BO30YyIMTENb pa3MellaeTcsd Ha KJia-
MaHHOM arrapare cepilla U dHIoKapae, U Xapak-
TEepU3yeTcss ObICTPHIM Pa3BUTHUEM CEPACYHON He-
JIOCTATOYHOCTU U YAaCTBIMU CUCTEMHBIMU 3MOO-
JUYECKUMU OCTOXKHEeHUsIMU. OcobeHHOCTU (dop-
MUPOBAHUS U TEYEHU ST UH(DEKIIMOHHOTO MTpoliecca
00YyCJIOBJIEHBI KaK YYXEPOIHOCTbIO BO30OYyIUTEN,
TaK U COCTOSTHUEM UMMYHHOU cucteMbl (MUC) uH-
nuBuayyma [14, 18], nucbanaHc KOTOPOUl MpU UH-
(EeKIIMOHHOM MPOLECCE BbIPAaXaeTCsd HAPY LIEHUEM

UX U3YUYEHU S NJs yriayojeHus 3HaHUIl OCHOB Ta-
TOreHe3a pa3jMYHbIX COCTOSIHUU. M3BecTHO, s
Te€HOB MHOTUX LIUTOKWHOB XapaKTepeH MOJUMOpP-
GuU3M U TpUCYTCTBUE HU30(POpM KaK CBOUCTBO,
CIocoOHOEe M3MEHSTh HaNpaBJIEHHOCTbh WMMYH-
HOro OTBE€Ta W NMPUBOAUTH K pa3BUTHUIO Mpeapac-
MOJIO)KEHHOCTU K pa3JIMUYHBIM BapuaHTaM Teue-
Hus 3abosieBaHus [5]. Xopoluo M3ydyeHHOU TpyIi-
MO TaKMX TeHETUUYECKUX BapUaHTOB SIBJISIIOTCS
ONHOHYKJeOTUIHbIe 3aMeHbl (SNP), kKoTopbie
MPEeACTaBJISIOT 3HAUUTEAbHbI MHTEpPEC KakK BO3-
MOXHBbIe TIpeauKTHUBHbIe hakTophl [25]. [ToaToMy
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WCCJIeIOBaHNE T€HOB, BJIMSIONINX HAa aKTUBHOCTh
LIMTOKMHOB, SIBJISIETCS OMHOW U3 TJIABHBIX 3a-
a4 B M3YYCHUH TTaTOreHe3a KaK MHUIIMAIIUU, TaK
n TeueHus WD, a Takke BBISIBJICHMS MpemIpacrio-
JIOXXEHHOCTU K HeMy. TpombGosmboianyeckue oc-
noxHeHuss (TOO) — ogHa M3 HauboJiee YaCThIX
OPUYUH CMEpPTU TManueHToB ¢ D, ux BbIpaxkeH-
HOCTh HaAIpPSIMYIO CBsI3aHA C KJIMHWUYECKUM Bapu-
aHTOM TeueHU s 3abosieBaHus [11]. B coBpeMeHHOM
MoAear NaTo(hU3UOIOTUU KJETOYHOU aare3uu
npu ¢opmupoBaHuu MDD mepBOCTEIIEHHYIO POJIb
UTPaOT IeCTPYKTUBHBIC I HEKPOOMOTHUICCKHE N3-
MEHEHUSsI SHAOTeNualbHbIX KJeToK (DK), KoHT-
POJUPYIOLIUX TOMEOCTa3 U COCYIMCTO-TKaAHEBYIO
MpOHUILIAeMOCTh [9].

HawunbGonee 3HAYMMBIM HUTOKMHOBBIM (haKTO-
pOM aHTuOreHe3a sBJisseTcd (akKTOp pocTa dHAO-
Teaus cocynoB — A (Vascular endothelial growth
factor A — VEGF-A) kak xiiwoueBasi MoJieKyjaa
WHAYKIIMUA BackKyJio- M aHTUoreHesa [19] m Bax-
HEUIIUM peryasaTop (Ppu3MOJIOrMYecKOro u mMnaro-
JIOTUYECKOrO0 YCUJIEHUSI POCTa COCYAOB 3a CYET
OpsIMOTO MUTOIEHHOTO JeWCTBUSI Ha BSHOOTE-
nauii [17]. IloTpeOHOCTh AOMOJHUTEJIBHOIO CUH-
te3a VEGF-A aktuBupoBanHbIMU kjeTKamu MC
npu MO Heobxoauma AJis1 yCUJIEHUSI POCTa COCY-
noB [10] 1 muTaHUsT TMOBPEXAECHHBIX TKaHEM Kak
9HAOKapaa, Tak U Apyrux cuctem npu TOO [21].
VEGF-A konupyeTcsi TEHOM, KOTOPBII pacroio-
JKE€H Ha xpoMocoMe 6p21.3, omHaKO pOJib T€HOB L[ U-
TOKMHA U €ro CbIBOPOTOUHAsI KOHIIEHTpAallUs MpU
MO uzyuyeHbl HEIOCTATOUHO.

B 3T011 CBSI3M 11€J1510 HACTOSIIIIETO UCCACTOBAHUS
ObLT aHaIU3 MOJUMOPGHBIX BapUaHTOB HYKJIEO-
TUAHOU MOCJeq0BaTeIbHOCTU I'eHa (haKTopa pocTa
9HAOTEJIMS COCYIOB C YUETOM CBSI3M C €r0 ChIBOPO-
TOYHOW KOHIIEHTpaluei y manmueHTos ¢ UO.

Matepuasnbl 1 METOLbI

B wucciaenoBaHue OBLIO BKJIIOYEHO 86 IMallMEH-
ToB, HaxomuBmmxcad B I'BY3 «<HUU-KKB Neo 1»
r. KpacHonapa B CBSI3U C yCTAaHOBJIEHHBIM JUAarHoO-
30M MID. B cOOTBETCTBUM C HAJIMUMEM/OTCYyTCTBUEM
TPOMOO3MOOINUESCKNX OCIOXKHEHU, BCE NCCIICMye-
MBI€ OBLIIV pa3lesieHbl Ha 2 KIIMHUYECKUE TPYIIITHL:
rpymnmna 1 — U3 ¢ TOO (n =44) urpynmna 2 — 1D 6e3
TOO (n = 42), a KOHTPOJAbHYIO TPYNNYy COCTaBUJIN
20 yciioBHO 300poBBIX Juil. MccnenoBaHume ImpoBe-
JIEHO C COOJTIOAEHUEM MPUHIIUIIOB JOOPOBOJIBHOCTHU
U KOH(pUASHIIMAJIbHOCTU (YYaCTHUKAMU HCCJIe10Ba-
HMS TOAIMCaHO UH(GOPMUPOBAHHOE COIVIACUE U MO~
JIydeHa MoIHasI MTHGOPMAIIMS OTHOCUTEIBHO 1IeJIei,
Xolla W comepXXKaHWsI HWCCIeOOBaHUs) M OTOOPEHO
HezaBucnmbiM DtnueckuM Komurerom DPI'bOY
BO Kyo6I'MY Munsapasa Poccuu ot 27.09.2019 1.,
npoTtokos Ne 80.

Bce rpynmel OBLIM COMOCTAaBUMBI IO BO3PACTy
(mauueHThl ¢ UD — 52+10 n1eT, ycJIOBHO-310POBbIE

auna — 53+10 aeTt), conyTCcTBYOLIEH MaTOJOIUHU,
3TUOJIOTUYECKOMY (haKTOpPy SHAOKApAUTA U JOKa-
JIu3anun OakTepuu (KaaraHHasl JOKaJr3alusl).
KpurepussMu UCKIIIOYCHU S SIBISINCH. OTCYTCTBUE
MUCbMEHHOTO COTJIacusl Ha MCCieqOoBaHUe, XPOHM-
yeckrue MHGEKIIMOHHO-BOCHAIUTEIbHBIE COCTOS-
HUSI, ayTOMMMYHHasl TIaTOJIOTUSI, COIYTCTBYIO-
IIH1e OCTPBIC COCTOSHUS, aJIJIEPTUUYCCKUC PeaKIINN
B ocTpoil daze, 6epeMeHHOCTh, Bo3pacT < 18 jeT
unm > 70 ner.

IIpoBeneHO MMMYHOJIOTUYECKOE U MOJIeKY-
JIIpHO-0OMoJoruyeckoe obcaenoBaHue o00paslioB
OMOJIOTMYEeCKOr0 Marepuajia (BEeHO3Hasi KPOBB).
OmnpeneleHue CbIBOPOTOUYHON  KOHIIEHTpaluu
VEGF-A ocyuiecTBisiJiu B TEepBbIH JIeHb ITOCTY-
MJICHUSI TTAIIMEHTOB B CTAaIlMOHApP METOOOM WM-
MYHO(EpMEeHTHOTO aHaJiu3a C MOMOIIbI0 Habopa
peareHtoB mis1 VEGF-A (Bektop-BECT, Poccus)
C MCOOJb30BAaHUEM COOTBETCTBYIOIIEro 000-
pynoBaHusi — Multiscan FC (Thermo Scientific,
®dunnsuaus), Shaker-Thermostat ST-3L (ELMI,
JlatBus), HydroFlex (Tecan, ABcTpus).

Brinenenne renHomuoit JJHK u3 neiikonuTon
HEeJIbHOW KPOBU NPOU3BOAMIMN C MCIOJb30BaHU-
em peareHTta <«JIHK-DKCITPECC-kpoBp» (OO0
HII® «JIutex», Poccus). Omnpenenenme SNPs
reHoB VEGF mnpoBoaunau ¢ 1oMoliblo HabOpOB
peareHTOB IJIsI OIpenejeHusT MoaumopduimMa
C/A tena VEGF-A (rs2146323), monuMopdusma
C2578A rena VEGF-A (rs699947), noaumMopdus-
ma C936T rena VEGF (rs3025039), noanumophus-
ma G634C rena VEGF-A (1s2010963) (CuHToOdn,
Poccus) 1 cooTBeTCTBYIOLIEro 00OpPYJOBAHUS —
amrndukaropa CFX96 Real-Time (CILIA), Tep-
moctarta «I'Hom» (Poccus), uentpudyru Eppendorf
MiniSpin (I'epmanHwus), Boptekca Microspin FV-

2400 (JIatBus).
CraTuctuueckyro o06paboTKy  pe3yJibTaTOB
OCYIIECTBJISIIM  TIOCPEICTBOM  TMPOTPaMMHOTO

obecrieueHust IBM SPSS Statistics (Bepcust 26).
HopmanbHOCTE paciipenenicHusI IIPpU3HAKOB IPO-
BepsiiM ¢ moMolblo kputepus lanupo—Yuika.
OmnucaTenbHasl CTaTUCTHKA IIpeacTaBJAeHa Meaua-
HOM M MHTEPKBapTUJIbHBIM padMaxoM — Me (C,s—
C,5). HezaBucumbie KIMHUYECKUE TPYIIITHI CPaB-
HuBaiu kputepuem U (MaHHa—YutHU) — ecau
ux aBe; nu kputepueM H (Kpackena—Yonnuca) —
obonee 2-x rpynn. MWMcrmoab3oBanau TOINpPaBKY
BoudbeppoHn miast pacuyeta CKOPPEKTHPOBAHHOTO
3HaYeHUs BeposTHOCTU p. 'eHoTunsl SNP Ttectu-
poBajJ M Ha OTKJIOHEHWE OT paBHOBecuUs Xapau—
Baiino6epra (p > 0,05). JocToBepHOCTb pa3sauyuii
4aCTOT F€HOTUIIOB OIIPENEIslJIU 110 ABYyCTOPOHHEMY
TouHomy Kputeputo @uirepa. [TpoBeneH Joructu-
YEeCKUI peTrpeCCUOHHBIN aHaJIU3 AJIS OTIPEACICHU ST
otHoweHus maHcoB OR (Odds Ratio) ¢ pacueTom
95% noBeputenbHoro nHrepsajia CI (Confidence
Interval). [Toporosblii ypoBeHb KPUTUYECKOI 3HA-
YUMOCTU — 3HauYeHue BeposiTHOCTH (p) < 0,05.
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Pesynbrathl

Kak wuMMMyHOJIOTMYECKOe, TaK U MOJEKY-
JISIPHO-TEHETUYECKOE MCCIeIO0BaAaHUE ITPOBOAM-
JIOCh B TEpBble JHU TIOCTYIIJIEHUS TallMEHTOB
B CTallMOHap, MOCJe YyCTAaHOBJEHUSI TOYHOIrO Jua-
rHosza — «MH@eKIMOHHBI 9HI0KAPAUT» — B CO-
OTBETCTBUU C JIUATHOCTUYECKUMU KPUTEPUSIMU
Duke [12]. OxapakTepu3oBaHHOE€ HaMHu paclpe-
neneHue yactot reHoturioB VEGF orHocuTenbHO
KOHTPOJIBHOM TpyINnbl COOTBETCTBYET pacHpene-
JIEHUIO YaCTOThl B €BPOIECOUAHBIX TOIMYISILIUIX.
Jljisg ©oJiee TOYHBIX AAHHBIX OBLIM pPacCCUMTAHBI

COOCTBEHHBIE OXHAAaeMble YacTOThI B COOTBET-
CTBUU C 3aKOHOM Xapanu—BarliHO6epra. Takum o06-
pa3oM paclipeae/ieHue HaboaaeMbIX 4YaCTOT KakK
B KOHTPOJIBHOW, TaK W B KJIMHUYECKUX TpyIIIax
HaxoauTcs B paBHOBecuu Xapau—BaiiHOepra.

WccnenoBaHUSIMM  BBISIBJIEHBI  CTAaTUCTUYEC-
KM 3HaYMMBble pa3Iudyus paclpeieeHus] dJac-
10T VEGF-152010963 Mexay nauueHtamu ¢ MO
M TPYIIION OTHOCUTEIBHO 3M0POBBIX JIUIIL IO T€HO-
tuntam G/G (OR = 0,25; p = 0,012) u G/C (OR =
4,28; p = 0,022), Torna Kak uccjieaoBaHue reHOTU-
na C/C (rs2010963) yka3bIBaeT Ha OTCYTCTBUE MEXK-
TPYMIIOBBIX pa3auuuii (Tadm. 1).

Ta6nuua 1. PacnpegeneHue yactot reHotunoB VEGF cpeau nauneHToB ¢ U3 1 B KOHTPONbHOI rpynne
Table 1. Distribution of VEGF genotype frequencies among patients with IE and control group

MNauueHnTsbli ¢ U F'pynna KoHTpoONs
SNP, VEGF Patients with IE pz’lontrol gro‘:p OR (95% CI) P
rs699947 n=286 n=20
c/C n=24(28%) n=9 (45%) 0,17 <0,47 < 1,28 0,180
C/A n =37 (43%) n=6(30%) 0,62 < 1,76 <5,02 0,323
A/A n =25 (29%) n=>5(25%) 0,4 <1,23 <3,75 0,790
rs2010963 n=286 n=20
G/G n =37 (43%) n=15(75%) 0,08 <0,25 <0,76 0,012*
G/C n =37 (43%) n=23(15%) 1,17 < 4,28 < 15,69 0,022*
c/C n =12 (14%) n=2(10%) 0,3 <1,46 <711 0,999
rs2146323 n=_86 n=20
c/C n=32(37%) n=11(55%) 0,18 <0,48 <1,3 0,205
C/A n =28 (33%) n =6 (30%) 0,39 <113 <3,24 0,999
A/A n =26 (30%) n =3 (15%) 0,66 <2,46 <9,11 0,264
rs3025039 n=85 n=20
c/C n=62(72,9%) n=15(75%) 0,35 < 1,08 <3,35 0,999
C/T n =20 (23,5%) n=4(20%) 0,37 <1,23 <4,11 0,999
T n=23(3,5%) n=1(5%) 0,07 <0,7 <7,06 0,576

MpumeyaHue. p — TouHbIN kKpUTepuii Duiiepa; * — 3HaumMMble 0TAMYMS Mexay rpynnamu, p < 0,05; OR — oTHowweHue waHcos; Cl — LoBEepUTEbHbIi

UHTEepBas.

Note. p — Fisher’s exact criterion; * — significant inter-group differences, p < 0.05; OR — odds ratio; Cl — confidence interval.

Ta6nuua 2. CbiBOPOTOUYHbIE YPOBHU KOHUeHTpauuu VEGF B COOTBETCTBMY C BapuaHTaMu reHoTuna cpeam

nauueHToB ¢ U3

Table 2. Serum VEGF levels according to genotype variants among patients with |E

MauneHTbl ¢ UHPEKLNOHHBIM 3HAOKAPAUTOM, NI/MN
SNP, VEGF Patients with infectious endocarditis, pg/mL P
rs699947 C/C (n=24) C/A (n=37) A/A (n = 25) 0141
n=386 809,88 (445,66-1041,53) 612,5 (228,76-1062,13) 319,28 (111,01-1012,5) ’
G/G (n=37) G/C (n=37) C/C(n=12)
12010963 201,37 (77,58-764,69) 785,37 (484,87-1131,15) 926,04 (574,78-1041,53)
n=86 MNonpaeska BoHdeppoHu 0,0001*
Bonferroni correction
p (GG-CC)=0,016* p (GC-GG) =0,001* p (CC-GC)=1
rs2146323 C/C(n=32) C/A (n=28) A/A (n = 26) 0.288
n=386 701,29 (192,61-1001,05) 403,37 (145,35-1041,53) 722,76 (329,87-1105,80) ’
rs3025039 C/C (n=62) C/T (n=20) T/T(n=23) 0161
n=285 762,69 (269,91-1085,83) 293,35 (177,82-904,15) 562,62 (175,46-577,48) ’

Mpumeyanne. p — kputepuit Kpackena-Yonnmca; * — 3aHaqumble oTanyus mexay rpynnamu, p < 0,05. Pesynbratsl koHueHTpauuv VEGF npeacTasneHbl

B Buae Me (C,5—Cys).

Note. p — Kruskel-Wallis test; * — significant inter-group differences, p < 0.05. VEGF concentration results presented as Me (C,5—Cys5).
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PacnpeneneHue reHOTUIIOB IO ocTaJbHbIM SN P
(rs699947, rs2146323 u rs3025039) TakkKe He BbISIBU-
JIO JOCTOBEPHBIX PA3INIMI MEX Ty TpYIIITIaMU.

Yto kacaercsa koHueHTpauuit VEGF (mr/mon)
B ChIBOPOTKE KPOBM Cpeau MalueHToB ¢ D u ee
pacripefeseHus o0 COOTBETCTBYIOIIIMM IeHOTUIIaM
(tabs. 2), TO CTaTUCTUYECKU 3HAYMMOE pa3jiudue
HaOJIIOAAJIOCh MEXTY KOHIEHTpAIUusIMU IIATOKU-
Ha o SNP-rs2010963, mo kputepuo Kpackema—
Yosurca — MeXTPYNIHOBOrO TUCIIEPCUOHHOTO aHa-
auza, p=0,0001.

Jnst BBISICHEHMSI pe3yJbTaTOB MHOXECTBEH-
HOTO CpaBHEHUSI, a MMEHHO, KaKue TIeHOTUIIbI
o 1s2010963 naroT 3HAYMMYIO pa3HUILY, NCITOJIb30-
BaJiu mnonpaBky boHdeppoHU. AHaIU3 MOJyYeH-
HBIX JTaHHBIX yKa3aJ Ha BECOMYIO pa3HUILY B KOH-
HEeHTpalUgX OUTOKMWHA MeXny reHoturmamu GG/
GC (p=10,001) u GG/CC (p = 0,016) no rs2010963.
Pacnipenenenne KOHIEHTpAllMi MEXy TeHOTHUIIA-

MU 1o ocTajbHbIM TpeM SNP He mokasasno 1ocTo-
BEPHOI pa3HUILIBI HU B OJHOM U3 CJIy4yaeB.

Ilpu aHanuze pacnpeaesieHUus 4acTOT TE€HOTU-
noB pasznuuHbix SNP VEGF mexny nanueHTamu
kauHuuyeckux rpynn (M9 ¢ TOO u D 6e3 THO)
C rpynnoil KoHTpojs (Tabj. 3), BBISIBJIEHO CTaTU-
CTUYECKHM 3HAYMMOE CHUXEHHE YaCTOThl T€HOTHUIIa
G/G (1rs2010963) B rpyrire UD ¢ TOO 1o cpaBHEHUIO
c gactotoii G/G B KoHTpoabHOM rpyrie (OR = 0,21;
p = 0,014). ITpu 3TOM Tak:Ke 0OHAPYKEHO CTaTUCTU-
YeCcKM 3HAYMMOE IIOBBIIIEHHWE YacTOThl T'€HOTHIIA
G/C toro xe SNP B rpynnie 1D ¢ TOO no cpaBHe-
Huto ¢ yactotoii G/C B KoHTpoJibHOM rpynne (OR =
4,72; p = 0,024), Torna Kak JOCTOBEPHBIX pa3audunii
cpeau apyrux SNP He HabG1101aJ10Ch.

CrenyeT OTMETUTbh, YTO HEKOTOPHIE SIBHO 3aBbl-
meHHble 3HadeHusT — i 1s3025039 renorun T/T
(OR = 2 npu cpaBHeHuu rpynmn MO ¢ TOO/MUD
6e3 TOO) unu rs2146323 renotun A/A (OR = 3,57

Ta6auua 3. Pacnpepenenue yactoT reHoTunoB VEGF cpeaun naumneHToB ¢ U pa3HbiX KNIMHUYECKUX FPY

M KOHTPOJIbHOW rpynnom

Table 3. Frequency distribution of VEGF genotypes among IE patients in diverse clinical groups and controls

na na N3 c T30/ U3 c T30/ N3 6e3 T30/
VEGF. SNP cT30 | 6e3T30 |KoHTponb N3 6e3 T30 KOHTPOJIb KOHTPOJIb
’ IE IE Control | IEwith TEC/IE without TEC | IE with TEC/Control | IE without TEC/Control
with TEC | without TEC OR (95% Cl) OR (95% Cl) OR (95% Cl)
rs699947 | n=44 n=42 n=20
c/C 13 1 9 0,46< 1,18< 3,04 0,17<0,51< 1,53 0,14<0,43<1,33
(29%) (26%) (45%) p=0,812 p=0,264 p=0,157
Cc/A 17 20 6 0,29<0,69< 1,63 0,47 <1,47< 4,56 0,68<2,12<6,58
(39%) (48%) (30%) p=0,513 p=0,582 p=0,271
A/A 14 1 5 0,52<1,32< 3,35 0,42<1,4<4,62 0,31<1,06< 3,62
(32%) (26%) (25%) p=0,638 p=0,769 p=1
rs2010963 | n=44 n=42 n=20
G/G 17 20 15 0,29<0,69< 1,63 0,06<0,21<0,68 0,09<0,3<0,99
(39%) (48%) (75%) p=0,513 p=0,014* p=0,056
G/C 20 17 3 0,52<1,23<2,88 1,21<4,72< 18,46 0,98<3,85< 15,2
(45%) (40%) (15%) p=0,668 p =0,024* p=0,079
c/c 7 5 2 0,42<1,44<4,95 0,33<1,75<9,3 0,21<1,22<6,89
(16%) (12%) (10%) p=0,756 p=0,706 p=1
rs2146323 | n=44 n=42 n=20
c/C 13 19 11 0,21<0,51< 1,23 0,11<0,34< 1,02 0,23<0,68<1,97
(29%) (45%) (55%) p=0,180 p=0,093 p=0,588
C/A 14 14 6 0,38<0,93<2,3 0,35<1,09<3,43 0,37<1,17< 3,69
(32%) (33%) (30%) p=0,999 p=0,999 p=1
A/A 17 9 3 0,89<2,31<6 0,91 <3,57< 14,03 0,37<1,55<6,47
(39%) (22%) (15%) p=0,102 p=0,082 p=0,735
rs3025039 | n=43 n=42 n=20
c/c 31 31 15 0,35<0,92<2,39 0,26<0,86< 2,89 0,28<0,94< 3,19
(72%) (74%) (75%) p=0,999 p=1 p=1
/T 10 10 4 0,36<0,97< 2,64 0,33<1,21<4,47 0,34<1,25< 4,61
(23%) (24%) (20%) p=0,999 p=1 p=1
T 2 1 1 0,17<2<22,93 0,08 <0,93<10,86 0,03<0,46 < 7,81
(5%) (2%) (5%) p=1 p=1 p=0,544

MpumeyaHue. p — TouHbIA kKpUTepuii Puiiepa; * — 3HauMmMble OTAMYMS Mexay rpynnamu, p < 0,05; OR — oTHowweHue waHcos; Cl — LoBepUTebHbIi

MHTEepBas.

Note. p — Fisher’s exact criterion; * — significant inter-group differences, p < 0.05; OR — odds ratio; Cl — confidence interval.
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npu cpaBHeHuu rpynm D ¢ TOO/KOHTPOB), 00y-
CJIOBJICHBI HEIOCTATOYHBIM YMCJIOM JIMIL B KJIMHM-
YeCKUX IpyIIax v sl UX yTOYHEHM s HEOOXOTUMBbI
JIOTIOJTHUTEIbHBIE MCCIIEIOBAHUSI.

ITpu 5TOM ecTh TeHIEHIIMS K 3HAYMMOCTHU pa3-
JIMYUIA, HO OHAa He oKa3aJlaCch JJIOCTaTOYHOI B IIpe-
Jesiax BBIOpAHHOTO YPOBHSI BeposTHOCTU (p <
0,05). DTo kacaerca SNP — rs2010963 reHOTHIIOB
G/G (OR =0,3; p =0,056) u G/C (OR =3,85;p =
0,079) mexxay rpynmnoit 1D 6e3 TOO 1 KOHTpoJeM.
OTMeTuM TtoJiuMopdu3M rs2146323, ero TeHOTUITBI
C/C (OR =0,34; p=0,093) u A/A(OR=3,57;p =
0,082) mexay rpynmnoit U9 ¢ TOO u rpynmoii yc-
JIOBHO 3I0POBBIX JIUII, TJIe TAKKe BUAHA TEHASHIIU S
K 3HAUMMOCTH Pa3JIndMii, HO orpaHUYeHa BIOpaH-
HBIM ypoBHeM 3HauuMocTu (p < 0,05).

AHanu3 ypoBHEH CBIBOPOTOYHBIX KOHIIEHTpa-
muii pazubix SNP-VEGF (rir/mi) B cooTBeTCTBUU
C BapMaHTaMM TeHOTUIIOB CPEAM IMAIllMeHTOB C OC-
JIO(KHEHHBIM M HEOCJIOK HEHHBIM TeueHreM D npo-
JIEMOHCTPUPOBAJI OTCYTCTBHE B3aMMOCBSI3U MEXY
reHotunamMu U KoHueHTpauueir VEGF B 1 rpymnre
(D ¢ TOO) HU 1o O IHOMY U3 UccaeaoBaHHBIX SN P-
VEGTF (1a61. 4). Mexay TeM B KIMHUYECKOU rpyIi-
e ¢ HEOCJTOXHEHHBIM TedeHueM WD obHapyKeHbl
CTAaTUCTUYECKM 3HAUYMMBbIe pa3iudus mo rs2010963
MeXAy pasauuyHbiMu reHoturnamu (p = 0,0003),

M KOpPpeKIIMsl Ha MHOXECTBEHHBIC CpaBHEHMSI yKa-
3aJia JIOCTOBEPHYIO Pa3HMILY 3TOM IPYIIIbI IO TeHO-
tunam: GG/CC (p = 0,01) u GG/GC (p = 0,003)

AHanu3 CBSI3M MEXJY 4YacTOTON TeHOTUIIOB
rs2010963 u KOHILIEHTpaLUeil CBIBOPOTOUHOIO YPOB-
Hs VEGF B kiMHMYecKMX rpynmnax Iokasaj, 4yTo
Bo 2-ii rpynne (UMD 6e3 THOO) yacTtoTa reHOTU-
na G/G ¢ konneHtpanueii VEGF 152,42 (44,09—
411,33) nr/ma OblJ1a B 6 pa3 HUXE KOHLIEHTpallUU
VEGF 1o renotuny C/C 913,59 (591,87—1387,6) nir/
M, 1 B 5,1 pa3 Huxe no reHoruny G/C, 785,37
(444,1-991,9) nr/ma. Mexny teM B 1-it rpymme (UMD
¢ TOO) 3HaYMMBIX pa3JIUdnii KOHLIEHTPALUU T10 Ie-
HOTHIIAM BBISIBJICHO He ObLIO.

Hapsiny ¢ 2TuM BBISIBJICHBI TEHICHIIMU K CHU-
xkeHuto KoHlleHTpauuu VEGF B cBs3u ¢ annenem T
o 13025039 rerorun C/C 762,69 (269,91—-1085,83)
nr/ma npotus C/T 293,35 (177,82—904,15) nr/ma
u T/T 562,62 (175,46—577,48) nr/mi, a Takxke Mpu
cpaBHeHuu reHotunoB SNP rs3025039 B moarpyn-
nax D ¢/6e3 THO.

O6cyxaeHune

MDD, xak 1 MHOTHE IpyTue COCTOSTHU S, ABISIETCS
BOCIIAJIUTEIbHBIM MPOLIECCOM U COMNPOBOXKIACTCS
TUIOKCUEN TKaHEM, 4TO SBISECTCS CUJIbHEUIIUM

Ta6auua 4. CbiBOPOTOUYHbIE YPOBHU KOHLeHTpauuu VEGF B COOTBETCTBMM C BapuaHTaMu reHoTuna cpeau

nauneHToB ¢ U pasHbIX KNIMHMYECKUX Fpynn

Table 4. Serum VEGF levels according to genotype variants among IE patients of different clinical groups

NauueHTsl, U3 ¢ TAO, nr/mn
SNP, VEGF Patients, IE with TEC, pg/mL P
rs699947 C/C(n=13) C/A (n=17) A/A (n=14) 0.310
n=44 1012,17 (692,18-1188,44) 693,63 (356,8-1154,19) 517,51 (189,97-1088,38) ’
rs2010963 G/G (n=17) G/C (n=20) C/C(n=7) 0177
n=44 495,75 (165,63-1094,2) 881,51 (438,57-1161,6) 938,5 (508,89-1042,48) ’
rs2146323 C/C(n=13) C/A(n=14) A/A (n=17) 0.854
n=44 938,5 (451,33-1191,29) 733,05 (283,59-1058,32) 577,48 (326,34-1182,93) ’
rs3025039 C/C (n=31) C/T (n=10) T/T(n=2) 0.410
n=43 938,5 (508,89-1109,83) 349,74 (197,72-1284,48) - ’
NauuenTsl, U3 6e3 TIO, nr/mn
Patients, |E without TEC, pg/mL
rs699947 C/C(n=11) C/A (n=20) A/A (n=11) 0.294
n=42 785,37 (186,27-913,59) 536,13 (177,82-957,72) 251,49 (3,5-797,58) ’
G/G (n=20) G/C(n=17) C/C(n=5)
r$2010963 152,42 (44,09-411,33) 785,37 (444,1-991,9) 913,59 (591,87-1387,6)
n=42 Monpaeka BoHdeppoHu 0,0003*
Bonferroni correction
p(GG-CC)=0,01* p(GC-GG)=0,003* p(CC-GC)=1
rs2146323 C/C (n=19) C/A(n=14) A/A(n=9) 0129
n=42 612,5(169,93-819,77) 196,27 (71,95-872,09) 795,23 (419,16-991,9) ’
rs3025039 C/C (n=31) C/T (n=10) Tn=1) 0,273
n=42 643,57 (138,29-973,93) 2371 (154,08-714,88) - ’

Mpumeyanme. p — kputepuin Kpackena-Yonnuca (MCnonb30Bancs npu CpaBHeHUM 3-x NPU3HAKOB), KpuTepuii MaHHa-YUTHK (MCNonb30Bancs npu
CpaBHeHN 2-X TPU3HAKOBY); * — 3HaunMMble 0Tn4Ma Mexay rpynnamu, p < 0,05. Peaynbtatel kKoHueHTpauun VEGF npepctaBneHsl B Buae Me (Cps—Cys).
Note. p — Kruskel-Wallis criterion (used to compare 3 signs), Mann-Whitney criterion (used to compare 2 signs); * — significant inter-group differences,
p < 0.05. VEGF concentration results presented as Me (C,5—Cs).
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cTUMYyJoM, BbI3biBaomumMm cekpeuuto VEGF [19].
ITockonbKy pa3BUTHE U MNPOTrpeccUpoBaHUE H-
JIOKapauTa, KaKk M1 MHOTHX 3a0oJeBaHUUN MHGpEK-
OMOHHOU MPHUPOIBI, SIBIASIETCS Pe3yJIbTaTOM B3au-
MOJIEMICTBUSI TE€HETMYECKOro armmapara ¢ (akTo-
paMu BHEIIHEro BO3IEHMCTBMS, MPOTHOCTUYECKAS
3HAYMMOCTb AMHUYHOTO TToTuMopdu3Ma KpaitHe
maina [23]. I Tem He MeHee CYIIEeCTBYIOT UCCIIEN0-
BaHUSsI, KOTOpbIE YKa3bIBaloT Ha cBI3b SNP reHon
VEGF, ero cbIBOpOTOYHOI'O YpPOBHSI U pUCKaA Ts-
KECTU coCTOsTHMS TTanienTa [8, 20], a yBeanuyeHue
Y1CJia TECHOTUIIOB IIUTOKNMHOB M (haKTOPOB poOCTa
B COCTaB€ CJIOKHBIX T'€HETMYECKUX KOMILJIEKCOB
Yy OJTHOTO MallMeHTa 3HaYMTEeJbHO MOBbILIAET KJIU-
HUYECKYIO 3HAYMMOCTh pe3yJbraTa MMMYHOTEHE-
TUYECKOTro ucciegoBanmus [3].

Taxk, cpeam ucciienyeMblX HaMH TTOJTUMOPQMHBIX
BapuaHToB reHa VEGF, ocoOblii nHTepec BbhI3BaJ
nonumMopdusm 152010963, nokazaHa CBsSI3b I'€HO-
TumoB ¢ D, B TOM 4YuCe ¢ OCIOXHEHHBIM €ro
TeueHueM. B coBpeMeHHOI uTeparype MMerTCs
paboThl, ycTaHaBauBawliue cBsi3b SNP ¢ puckom
BBISIBJICHUSI HapylIeHU CepaedyHO-COCYINCTOTO
ammmapara. Tak, Vannay A. n coaBT. (2006) B cBOEM
WCClIeIoOBaHNWE aKIIEHTUPYIOT BHUMaHUWE Ha aj-
nenb +405C VEGF, koTopblii yKa3blBaJl Ha 3Ha-
YUMYIO paclIpOCTPaHEHHOCTb B TpyMme Iaiu-
GHTOB C MIIeMu4eckoit 6one3npio cepaia (MBC)
(p < 0,001) 1 NMOBBILLIEHHBIA PUCK B OTHOIIEHUM
naHHoro coctosiHus (OR = 1,72; noBepuTeIbHbII
uHTepBal — 95%) [22].

Jlpyrue paboThl yKa3blBalOT Ha CBSI3b T€HOTUIIOB
¢ 6onee Hu3koil akcnpeccueit VEGF (rs2010963)
U ¢ 6oJiee BBICOKMM PUCKOM JieheKTa MEXKKeJTy 109 -
KoBoii nieperopoaku (JAMZXKIT), a uMeHHO: annelb
—634C HaxooUTCS B 3HAYUTEILHONU NMPOTEKTUBHOM
cBa3u ipotuB JIM2KII, 4TO cBUAETENBCTBYET O Ha-
pyumenuu peryiassuuu VEGF B martosoruyeckux
npoleccax 1aHHOTO 3a0oJieBaHu s [24].

B cBoem uccinenoBanme Lambrechts D. u co-
aBT. (2005) npu reHoTUNIMpPOBAaHUU 148 JTUII C U30-
JUPOBAaHHBIM, HecuHApoMadbHbIM TOF (TeTpana
®danno) oOHApyKUJIMU IOBBIIIIEHHBI PUCK pa3-
BUTHS 3a00JIeBaHMUS IIPU HaJIW4YME IOJIUMOPOD-
HBIX BapuaHTOB B mpomotope VEGF (rs699947
u 1s51570360) u JAMACPHOI IOCIEIOBATEIbHOCTH
(rs2010963), kotoprie cHuxanu yposHu VEGF [16].
s 1D nonumopdusm rs699947 He okazaics 3Ha-
Y1M B HAIlIECM UCCJICIOBAaHUM.

AHan3 pe3yJbTaToOB OIEHKU CHIBOPOTOYHOTO
ypoBH# KoHUeHTpauuu VEGF y nauuentoB ¢ UD
MO3BOJIMJI OOHAPYKUTh 3HAYMMbIE OTJIMYU S 1O Ba-
puaHTaM TreHOTUIOB TmosuMopdusma 1s2010963.
CTOUT OTMETHUTBH, UTO IIPUCYTCTBUE MHHOPHOIO
aymtenss C ykaspiBajgo Ha 0oJiee BBICOKHE YPOB-
HM IMTOKMHaA B KpoBU. Tak, MeauaHa reHOTUIIa
G/G = 201,37 rur/ma; renotuna G/C = 785,37 nr/
mi; redotumia C/C = 926,04 nr/mia. DT0 HAXOOUT
CBOE TMOATBEpPXKIEHUE B HccienoBaHusx Awata T.

u coaBT. (2002), yka3bIBalOIIUX Ha CBSI3b F'€HOTHU-
na C/C rs2010963 c GoJiee BLICOKMM CBHIBOPOTOY-
HBIM ypoBHeM VEGF 1 MoXXeT CBUIEeTeT1bCTBOBATH
00 ycunenuu cuHtesa VEGF. ABtopsl oTMeuatoT
oouiee Beicokue ypoBHU VEGF B cbIBOpOTKE KpOBU
y ju1 ¢ reHotunoM CC noaumopduszma rs2010963,
YeM y CyOBEKTOB C APYTUMHU TEHOTUIIAaMH (p =
0,021) [7].

WccnenoBaHueM yCTaHOBJIGHO OTCYTCTBUE CBSI3U
D ¢ OnHOHYKJICOTUAHBIMU 3aMeHaMu 15699947,
rs2146323 u rs3025039. BaxkHO OTMETUTh, YTO He-
MHOTOUMCJICHHBIC JaHHBIC 10 TTOJIMMOP(GHBIM Bapu-
aHTtaMm reHa VEGF u ero cBs3u ¢ KapauoBacKyJisip-
HOI1 MaToJ0rueil CBUACTEIbCTBYIOT 00 UX MPOTUBO-
peunBocTU. Tak MO MHEHUIO OJHUX aBTOPOB TIOJIH-
Mopdu3aM rs699947 cBsI3aH ¢ PUCKOM WIIIEMUYECKOM
ooJie3Hu cepaua [8, 13]. 'pynny Haba0AeHU S cOCTa-
Buu 175 naumeHToB ¢ noaTBepxaeHHoit UBC, B ko-
TOpPOI1 HabIOAa U 60Jiee BHICOKME YaCTOThI TeHOTU-
na VEGF 2578AA — rs699947 (p = 0,008), 4To TakxKe
yKasblBajJo Ha TsKecTb 3abojeBaHus [8]. JIpyroe
HUCClIeloBaHUE TaKxKe yKa3blBaeT Ha CBSI3b F€HOTU-
na VEGF —2578CC c 6oJiee BbICOKOIT 3Kcpeccueit
daxkTopa pocTta 3HIOOTEIUS COCYIOB. ABTOPBI CO-
IJIACOBBIBAIOT 3THU PE3yJIbTaThl C 3alIMTHBIM 2(-
¢extom VEGF nipu pazButuu arepockieposa [13].
[Tpu sTOM Npyrue uccieaoBaHusl CBI3bIBAIOT PUCK
HUBC ¢ nommmopdusmom VEGF rs3025039, u cBu-
JIeTeNbCTBYIOT 00 oTcyTcTBUM cB3u VEGF 1$699947
u UBC. ABTOpBI OTMeYaroT BLICOKYIO YaCTOTY aJljie-
sis1 C 1 renoturta CC B monoxenuu +936 rena VEGF
(rs3025039) y 6onpabIXx MBC, KOTOpasi oka3ajach
3HAYMMO BBIIIE, YeM Y TTallMEHTOB 0e3 JaHHOTO 3a-
o6oneBanug (p =0,02) [2].

Mexnay TeMm, BBISIBIEHHass HaMM TEHIEHIIMS
K CHHMXCHHMIO CBHIBOPOTOUYHONM KOHIICHTpPAIIUH
VEGF B cBsa3u ¢ annenem T mo monumopdusmy
rs3025039 KoppeaupyeT ¢ JTaHHbBIMU APYTUX UCCIIe-
JIoBaTesieid, CBUIETEIbCTBYIOIIMMU O CBSI3U aJljie-
ns T (rs3025039) ¢ 6onee HU3BKUM YpOBHEM Oeska
B CBIBOPOTKE KpOBHU [15].

YHUKAIbHOCTh MOJIEKYJSIDHBIX  MCCJIea0Ba-
HUI COCTOUT B yuyeT€ OCOOEHHOCTEil KOHKpET-
HOro IlallMeHTa, a IpoduaakTuyeckasi COCTaB-
JIJomas BKJIIOYAeT ITOJIydyeHUe WHGOPMAIUT
0 reHOMe WHAMBUIYYyMa ellle 10 O0JIe3HU, YTO MO-
KET MPeAOTBPaTUTh Pa3BUTHUE ITaTOJOTUYECKOIO
coctostHuA [1].

Mexny TeM JacTas IIPOTUBOPEYMBOCTD JaH-
HBIX O MmaTtoreHetudeckoir poau SNP npu cep-
JNIEYHO-COCYNUCTHIX MMaTOJOTUIX U 3a00JIeBaHUSIX
WHGEKIIMOHHON MNPUPOABI MOXET OBITh 00yC-
JIOBJICHA HEOOCTAaTOYHON MO 00BbeMy BBIOOPKOI
MaleHTOB, BIUSHUEM MHOXECTBa NPYyTUX re-
HOB U (aKTOpPOB BHEIIHel cpenbl Ha (heHOTHII,
SIIUTEHETUKY, KaK U HEeZOCTAaTOYHOE MpeacTaB-
JIeHWe O TaTTepHax Bapualuv B TeHOME ue-
smoseka. [lpu 3TOM moOAUMOpPGHBIE BapUaHTHI
B reHax BocHajJuTeabHbIX (pakTopoB MC mMoryT
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MPUBOAUTH K HEaJeKBATHOW aKTHUBALIMU UMMY-
HOBOCHAJIUTEJIbHOU CHCTEMbl INpPU BHEAPEHUU
MUKpoopraHusma [4].

3akJo4yeHne

TakuM oOpa3zoM, aHalIM3 MOJYYCHHBIX TaH-
HBIX B HACTOSIIEM HCCICAOBAHUU ITO3BOJIUJI BHI-
IBUTH CBsA3b Mexay reHotunamMu VEGF u ero
CHIBOPOTOUYHBIMHM YPOBHSMH y ITallMEHTOB ¢ UMD,
a umeHHo: reHoTunsl G/G u G/C noauMopdus-
ma 1s2010963 mokaszanu CTATUCTUYECKM 3HAYU-
MOE OTJIMUYME HE TOJBKO B pacIIpeleICHUHN YacTOT
y manueHToB ¢ D 1 KOHTPOJBbHON Tpynnoi (p =
0,012 m p = 0,022 COOTBETCTBEHHO), a TaKXKe Cpe-
o kanHmdeckux rpymnmn (M9 ¢ TOO, p = 0,014
n p = 0,024), HO 1 BBISIBUJIU CBSI3b C 00JIc€ BEICOKOM
miasMeHHoll KoHneHTpauueitr VEGF Hocuteneit
MuHOpHOTO ayiens C, KoTopash IMpOCIeXKMBaeT-
CsI KaK Ha YpPOBHE OCHOBHOI T'PYIIIBI ITAIIMEHTOB
¢ B (memgmaner G/G — 201,37 mr/mia IIpoTuB

G/C — 785,37 u C/C — 926,04), Tak U B KJIMHHU-
yeckux rpynnax O ¢ TOO (G/G — 201,37 nr/mna
nporuB G/C — 785,37 u C/C — 926,04) u UD Ges
TOO (G/G — 152,42 rir/mu tipotuB G/C — 785,37
n C/C — 913,59).

TakuMm oOpa3oM, C TOYKM 3pEHUs aKTyaJbHO-
CTU M3YyYEHMS M BHEAPEHUSI B MPAKTUKY TOMOI-
HUTEJIbHBIX WMMYHOTEHETUYECKUX KPUTEPHUEB
nabopatopHoii auarHoctuku WD, mpencrasiasier
MHTEpEeC aHaJIU3 U CUCTEMaTU3all1sI COBPEMEHHBIX
Hay4YHBIX CBEICHU I O MOJIUMOP(U3ME TEHOB [IMTO-
KWHOB, aCCOLIMMPOBAHHBIX C JaHHBIM 3aboJieBa-
HueM. [IpoBeneHHOe MccienoBaHME MOATBEPKIaeT
Hajauuue cBsizu MO ¢ monumMopdHBIMU BapuaHTa-
mu reda VEGF rs2010963, a Tak:ke 4acTOThI T'€HO-
TUIIOB — C CBIBOPOTOYHBIM YPOBHEM IIMTOKHMHA.
Takum oOpa3oM, oleHKa ToauMopduiMa reHa
VEGTF rs2010963 1 cbIBOpOTOUYHBI YPOBEHB COOT-
BETCTBYIOIIETO IUTOKMHA Y maliueHToB ¢ 1D oboc-
HOBaHa U liejgecoodpa3Ha ¢ LEeJbl0 AUAaTrHOCTUKU
1 NpodUIaKTUKY 3a00JIeBaH M.
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ROLE OF TOXOPLASMA GONDII IN THYROIDITIS
IN PREGNANT WOMEN

G. Valizadeh, M.-E. Khamseh, M. Kashaniyan, R. Rafiei-Sefiddashti, R. Hadighi

Iran University of Medical Sciences, Tehran, Iran

Abstract. Toxoplasmosis (acute and latent) is the most prevalent parasitic infection worldwide and can be associated with
some problems in pregnant women. Thyroid diseases are the most common endocrine disorders secondary to diabetes
among pregnant women. Previous studies proposed a relationship between latent eoxoplasmosis (LT) and autoimmune
thyroiditis diseases (AITDs). This study intended to investigate the frequency and correlation between toxoplasmosis
and AITD in pregnant women. In this cross-sectional study, the statistical population included 1248 pregnant women at
the gestational age of 9—16 weeks and in Tehran. The Toxoplasma IgM and IgG tests were assessed with enzyme-linked
immunosorbent assay (ELISA). The diagnostic criteria for toxoplasmosis were abnormal IgG and IgM titers. In addition,
FT,, TPO Ab, and TSH were evaluated using enzyme-linked fluorescence immunoassay (ELFA). TPO Ab was used
to distinguish thyroid patients with autoimmune origin from those with other thyroiditis diseases. The analysis showed no
significant relationship between keeping a house cat and acute toxoplasmosis. Acute and latent toxoplasmosis represented
3.4% and 29.6%, respectively. The frequency of thyroid diseases was 18.8% (hypothyroidism 15.8% versus hyperthyroidism
3%). The frequency of autoimmune thyroiditis diseases (AITDs) was 5.5%, and 27.9% of subjects with latent toxoplasmosis
(LT) had a thyroiditis disease, but 13.8% of pregnant women with LT had only AITD with a significant correlation (p <
0.001). Results show that Toxoplasma IgG+ can increase the risk of AITD by 10.39-fold and a higher TPO Ab titer
in people with LT. It seems Toxoplasma gondii may cause thyroiditis in pregnant women likely because antigenic similarity
of Toxoplasma and thyroperoxidase leads to cross-reactivity in the immune system, potentially causing AITD. It might
be said that the high prevalence of LT among pregnant women may have a potential role in the stimulation of the immune
system to the development of autoimmune diseases, such as AITD. So future studies could be conducted with a focus
on discovering molecular similarities between thyroperoxidase and Toxoplasma antigens.

Key words: latent toxoplasmosis, acute toxoplasmosis, autoimmune thyroiditis disease, hypothyroidism, hyperthyroidism.
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Bammszane I'., Xamce M.-3., Kamanuau M., Paduu-Ceduanamru P., Xaauru P.
HUpanckuii ynusepcumem meduyunckux Hayk, Teeepan, Upan
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Tokcorazmo3a ¢ AUT y 6epeMeHHBIX. B HacTosIieM MepeKpecTHOM UCCIEA0BAHUM CTAaTUCTUUYECKAsT MOMYJIsSIUs
BKJIIoyaja 1248 GepeMeHHBIX XEHIIUH B TecTalluOHHOM Bo3pacte 9—16 Henenb B TerepaHe. TecThl Ha BhISIBIEHUE
IgM u IgG ten npoTtuB Toxoplasma olieHUBaU ¢ MOMOLILIO TBepHoda3zHOro UMMYHopepMeHTHOro aHanu3a (ELISA).
KputepusiMmu 1uarHoCTUKM TOKCOIJIa3Mo3a ObLIM aHoMaabHbie TUTPHl IgG u IgM. Kpome toro, FT,, anturena
K TTIO u TTT oneHuBaMM ¢ MOMOILbLI0 UMMYHOMepMeHTHOro ayopecueHTHOro ananusa (ELFA). Auturena x TITO
WCITOIB30BANM IJI TOTO, YTOOBl OTIMYUTDH IMAIIMEHTOB C ayTOMMMYHHBIM 3a00JeBaHMEM IIUTOBUIHOMN KEJE3bI
OT MALMEHTOB ¢ APYrUMu hopMaMu TUPEOUAUTA. AHATTU3 HE OOHAPYXKUJT TOCTOBEPHOI CBSI3M MEXY COEPKAaHUEM
JIOMAlllHEN KOIIKHU W OCTPBIM TOKCOTTa3Mo30M. Y 3,4 1 29,6% XeHIIUH ObLI OCTPBIN M JTATEHTHBIN TOKCOIJIA3MO3,
yacToTa 3a00JIeBaHUI IIMTOBUIHOM XeJie3bl cocTaBuia 18,8% (runotupeos — 15,8%, runeprupeos — 3%). Yactora
3a00jIeBaHMii ayTOUMMYHHBIM TupeouantoM (AUT) cocraBuna 5,5%, npuueM y 27,9% mNalMeHTOK C JATEHTHBIM
tokcormiasmo3oM (JIT) oOHapyxkeH Tupeouaurt, a'y 13,8% Oepemennbix ¢ JIT umenocs To1bk0 AUT ¢ goctoBepHOi
koppensuueit (p < 0,001). PesyabraTel mokassiBaloT, uTo Haauuue Toxoplasma IgG+ moxet yBennuuth puck AUT
B 10,39 pa3a u obyciaBnuBath 6osiee Boicokuii TUTp aHTUTeN K TPO y moneit ¢ TII. [o-Buaumomy, Toxoplasma gondii
MOKET BBI3bIBaTh TUPEOMIUT y OEPEMEHHBIX XXEHIIUH, TIOCKOIbKY, BEPOSITHO, aHTUTEHHOE CXOJCTBO TOKCOITJIa3Mbl
U TUPEOIEPOKCUAA3bl MPUBOAUT K MEPEKPECTHON PEaKTUBHOCTUM MMMYHHON CHCTEMbl U MOXeT BbI3biBaTh AWT.
MoxHO cKa3aTh, UTO BbICOKasl pacripocTpaHeHHOCTb TII cpenu 6epeMeHHbIX MOXET UTPaTh MOTEHLMAIBbHYIO POJb
B CTUMYJISIIMY UMMYHHOI CUCTEMBI K Pa3BUTHIO ayTOMMMYHHBIX 3a001eBaHuii, Takux kKak AUT. Takum obpazom,
OymyIIre MCCIeIOBaHUS MOTYT OBITh IMPOBEACHBI C aKIIEHTOM Ha OOHApyXXeHHE MOJIEKYISIPHOTO CXOACTBA MEXIY
THPEONEPOKCUIA30i M aHTUT€HAMU TOKCOILJIa3MBI.

Karouegvie caosa: namenmublii MOKCONAA3MO3, OCMPbLI MOKCONAAZMO3, AYMOUMMYHHbII MUPeoudum, 2UnoOMupeos, 2unepmupeos.

Introduction

Toxoplasma gondii has a high prevalence, un-
like other parasites, because of diverse transmission
routes and the multiplicity of hosts in its lifecycle.
Infection with this parasite is rarely associated with
symptoms in healthy adults [6]. However, people with
a weakened immune system may become seriously
ill, and pregnant women are at high risk of pass-
ing this parasite to their fetus through the placenta.
Fetal complications depend on whether the parasite
spreads at the early or late gestational age. The im-
mune system causes Toxoplasma tachyzoites to con-
vert into bradyzoites with the formation of tissue
cysts, and the disease enters the latent phase or latent
Toxoplasmosis (LT).

Changing the antigenic configuration is one
of the escape mechanisms. The Ag-Ab complex will
be separated from the tachyzoite surface and neu-
tralized without damaging the parasite [9]. Thus,
Toxoplasma can be maintained in the body for years.
It might reactivate or reinfect in some patients [4], or
be a probable cause of autoimmune diseases (AIDs),
such as lupus and multiple sclerosis (MS), in geneti-
cally susceptible people. Previous studies showed
the possible role of Toxoplasma in the development
of AITD [20, 24]. The high prevalence of AITD has
different actiology [13, 14], and today many resecarch-
ers have focused on the importance of AITD among
the pregnant population.

Thyroid diseases are the most common endocrine
disorders, secondary to diabetes, among pregnant
women; they are associated with spontaneous abor-
tion, impaired fetal growth, preeclampsia, and pre-
term delivery [18]. The importance of thyroid hor-
mones for natural fetal growth is well established [5].

Maternal thyroid dysfunction during the pregnancy,
specifically in the first trimester, has a critical role
in the neural development of the fetus since the fe-
tal thyroid hormones are not produced until the 16—
20 weeks [15].

Clinical diagnoses of normal euthyroid pregnant
women and those with thyroid dysfunction have
a significant overlap. Autoimmune thyroid disease
during pregnancy is divided into four groups: asymp-
tomatic autoimmune disease; primary hypothyroid-
ism; Graves’ hyperthyroid; and postpartum thyroid
disease [8]. Increased concentration of total serum T3
and T4 in natural pregnancy results from an increase
in thyroxine-binding globulin (TBG); FT, and TSH
are the best predictors of thyroid function [9].

In this research, the frequency of acute and latent
Toxoplasmosis and thyroid diseases among pregnant
women at the gestational age of 9—16 weeks was stud-
ied to find any relationship between toxoplasmo-
sis and thyroiditis and to examine the potential role
of latent toxoplasmosis in late spontaneous abortions.

Materials and methods

The Research Ethical Review Committee ap-
proved this study, Code No: 95-01-30-26788. Based
on the frequency of AITDs, the research population
size was considered 1248 pregnant women at the ges-
tational age of 9—16 weeks. They were asked to com-
plete the questionnaires that assess thyroid diseases,
taking thyroid medication, having a house cat, and
intentional or unintentional abortions. Exclusion cri-
teria for statistical analysis were: 1) a history of inten-
tional abortion; 2) a history of taking thyroid medi-
cations; and 3) acute toxoplasmosis subjects. Serum
samples were collected by standard procedures and
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kept frozen at —20°C. The hemolytic and lipemic
samples were replaced with re-sampling of women.

Serologic tests were carried out for Toxoplasmosis
diagnosis in the Research Center of Iran University
of Medical Sciences. Enzyme-linked immunosorb-
ent assay (ELISA) with Virocell Kit (Spain) were used
for the diagnosis of Toxoplasma IgG and Toxoplasma
IgM (antibody capture). The diagnostic criteria
for toxoplasmosis were abnormal IgG and IgM ti-
ters (Table 1). The enzyme-linked fluorescent assay
(ELFA) with Biomerieux diagnostic kit (France) and
VIDAS instrument was employed to analyze TSH
(thyroid-stimulating hormone), TPO Ab (thyroper-
oxidase Ab), and FT, (free T,) for the diagnosis of au-
toimmune and subclinical thyroiditis. TPO Ab was
used to distinguish thyroid patients with autoimmune
origin from those with other thyroiditis diseases.
Patients whose TPO Ab level was higher than 8 1U/
ml, and who had abnormal TSH results at the same
time, were placed in the AITD+ group. Data were
analyzed with SPSS 21 software and Mann—Whitney
and Chi-square tests to determine the probable effect
and relationship of Toxoplasmosis on TPO Ab, FT,,
TSH, and AITDs.

Results

In this study, 1248 pregnant women, with a mean
age of 29 years (18—44), participated. Of them, 42
(3.37%) and 370 (29.64%) subjects had IgM and IgG
seropositive toxoplasmosis, respectively. Two hun-
dred thirty-five women (18.8%) had thyroid disor-
ders, of which 197 (15.8%) and 38 (3%) cases featured
hypothyroidism and hyperthyroidism (Table 2); 39
subjects had a history of taking thyroid medications.
The Chi-square test showed a significant correlation
between Toxoplasma IgG and TSH (OR = 2.84, p <
0.001). The chi-square test and Mantel—Hansel test
on Toxoplasma IgG and AITD indicated a meaning-
ful relationship between these two variables (CI =
95%, OR = 9.281, p < 0.001). These figures convey
that the risk of AITD is 9.3-fold higher among peo-
ple with Toxoplasma IgG+ than Toxoplasma IgG—.
According to the results, 113 subjects (9.7%) had TPO
Ab > 8.0 IU/ml; the median titer of TPO Ab (190 1U/
ml) was higher in Toxoplasma IgG+ and AITD+
women. The Mann—Whitney test showed a signifi-
cant relationship between TPO Ab and Toxoplasma
IgG+, and TPO Ab was significantly higher in the
Toxoplasma IgG+ group.

In addition, no significant correlation was found
between: age and AITD (p = 0.35); or age and
Toxoplasmosis (p = 0.42). There were 52 subjects with
abnormal TPO Ab titer placed into the AITD- group,
indicating that abnormal TPO Ab titer does not nec-
essarily lead to AITD+, and 61 persons in the AITD+
group were LT+. There was a significant correla-
tion between Toxoplasma IgG+ and AITD+ when
TPO Ab was also positive (p = 0.046). In this regard,

Toxoplasma IgG+ can increase the risk of AITD by
10.39-fold. On the other hand, there was a significant
correlation between these two variables concerning
the relative risk of pregnancy complications.

According to the results, TPO Ab was higher than
expected in 144 (11.5%) out of 1248 subjects. Further,
113 (9.7%) out of 1,167 issues (with AT and no his-
tory of thyroid medications) had abnormal TPO Ab.
In other words, 54.1% of thyroid patients (235 pa-
tients) had a high TPO Ab level. The Chi-square test
showed a significant correlation between Toxoplasma
IgG and TPO Ab (p < 0.05, Fig.). Among subjects
with LT, 27.9% had thyroid disease. Chi-square and
Mantel—Haenszel tests showed a significant cor-
relation between toxoplasmosis and thyroiditis (p <
0.001).

The analysis showed no significant relationship
between keeping a house cat and acute toxoplasmo-
sis (p = 0.21). However, the frequency of LT among
those with a history of maintaining a house cat was
significant (p < 0.001). The Chi-square test showed
no significant correlation between LT and uninten-
tional abortion (p = 0.39).

Table 1. Normal range tests

Test Normal range Method
0-9 (IU/ml) = Negative
Toxoplasma IgG 9-11 (IU/ml) = Suspicious ELISA
> 11 (IU/ml) = Positive
0-9 (IU/ml) = Negative
Toxoplasma IgM 9-11 (IU/ml) = Suspicious ELISA
> 11 (IU/ml) = Positive
Normal KIT: 0.27-4.7 (ulU/ml)
TSH (Trimester 1) 0.1-2.5 (ulU/ml) | ELFA
(Trimester 2) 0.2-3.0 (ulU/ml)
TPO Ab < 8.0 (IU/ml) ELFA
FT, 10.3-23 (pmol/L) ELFA
Table 2. Prevalence of thyroid diseases
Clinical o
. hypothyroidism 1.84%
Hypothyroidism | 15.8% —
Subclinical 13.96%
hypothyroidism IO
Clinical
hyperthyroidism 2.2%
Hyperthyroidism | 3% —
Subclinical 0.8%
hyperthyroidism o7

Table 3. Frequency and percentage of different
variables among the research population, obtained
from the questionnaire

Keeping a house cat 25 (2.1%)
History of miscarriage 371 (30.9%)
History of induced abortion 97 (8.1%)
History of thyroid disease 76 (6.3%)
Use of medications for thyroid disease 39 (32%)
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Figure. Association of latent toxoplasmosis
and serum TPO Ab levels in pregnant women
(9-16* gestation weeks)

Discussion

The prevalence values of clinical hypothyroid-
ism, subclinical hypothyroidism, overt hyperthy-
roidism, and subclinical hyperthyroidism in the Saki
et al. article were 2.4%, 11.3%, 1.2%, and 0.3% [19],
but in our study, they were 1.84%, 13.96%, 2.2%, and
0.8%, respectively. A relative increase in percentages
in subclinical hypothyroidism, clinical hyperthy-
roidism, and subclinical hyperthyroidism could be
seen, and these results could be an alarm for to thy-
roid function diseases, especially hyperthyroidism.
AITDs gradually weaken the function of the thyroid
gland. However, with the compensatory rise of TSH
levels, thyroid hormones maintain at an average level,
so subclinical hypothyroidism patients display few
signs and symptoms, which are harder to recognize.

FT, level will drop, and TSH level will increase
in subclinical hypothyroidism; this may increase
the risk of pregnancy complications, such as pla-
cental abruption, preterm delivery, and low birth
weight [1, 3]. TSH levels higher than 10 plU/ml
in this stage would be called clinical hypothyroidism
or overt hypothyroidism. Hyperthyroidism is rela-
tively not prevalent (0.1—1%) during pregnancy [2,
23, 25]. In the current study, the prevalence of clini-
cal hyperthyroidism was 0.8%. There is no gen-
eral guidance for treating thyroid disorders during
pregnancy. Therefore, performing thyroid tests and
checkups by a gynecologist, specifically in the first
trimester, must be specially considered. In this study,
3.2% of subjects had a history of taking thyroid medi-
cations. Among 79 subjects with a history of thyroid
disease, 37 cases had stopped, and 39 women con-
tinued the medicines. Of those with hypothyroidism
or hyperthyroidism (aware of their problem), 45%
had destroyed their medications. It would be better
for women with a history of thyroid problems, spe-
cifically those on the verge of pregnancy, not to stop
the medication arbitrarily.

According to Soldin et al., 12% of asymptotic
healthy women and 1% of asymptotic healthy men
are TPO Ab+. The frequency of clinical hypothy-

roidism (9.21%) and subclinical hypothyroidism
(3.7%) is higher in TPO Ab+ than TPO Ab- patients.
The annual risk of clinical TPO Ab, accompanied by
hypothyroidism, is almost 5—20% [21]. Due to the
binding effect of thyroid disorders on both fetus
and mother, thyroid and TPO Ab screening should
be included in trimester examinations for maternal
health. The prevalence of postpartum thyroiditis di-
rectly correlates with TPO Ab titer, and is associated
with an increased rate of clinical hypothyroidism
within three to six months after delivery. Postpartum
thyroid will appear in half of the women who become
TPO Ab+ in early pregnancy. Regarding the inci-
dence of postpartum thyroid dysfunction, which
is associated with several signs and postpartum de-
pression symptoms, screening for postpartum dis-
eases through the measurement of TPO Ab seems
necessary [12].

In Kankova’s retrospective article, the frequency
of LT was not significant among AITD patients. It was
mentioned a relationship between Toxoplasmosis and
FT,, with a higher FT, titer (p = 0.033) [7]. However,
based on our results, it seems that LT may have a role
in the incidence of AITD because our data was gath-
ered within a specific time by considering similar and
standard conditions for all samples. Eligible subjects
were first selected and entered into the study after
completing the questionnaire. Another point was pa-
tients aware of their thyroid disease, taking medica-
tions, and thus with normal FT,, as 26.5% of thyroid
patients in our study got thyroid medicines. Despite
having abnormal TSH results, their FT, was average
and excluded in this survey, which had not been done
in Konkova’s research.

In the same manner, the sera from 1591 women
were tested for cytomegalovirus, Epstein—Barr vi-
rus, herpes simplex virus type 1, herpes simplex vi-
rus type 2, and Toxoplasma gondii. It was mentioned
that prior infection with 7. gondii was associated
significantly with the elevation of TPOa Ab, where-
as seropositivity for other infections was not [24].
However, the relationship between LT and AITDs
was not done. In another study, a multiplex array
platform was performed for the detection of antibod-
ies against Toxoplasma gondii, Treponema pallidum,
rubella virus, cytomegalovirus, and Epstein—Barr
virus in a large group of AITD patients and healthy
controls. Antibody levels against 7. gondii were sig-
nificantly higher in AITD patients than in controls,
suggesting that molecular mimicry of this protozoa
may be involved in the initiation of AITD [22]. Our
results support the hypothesis that antigenic similar-
ity of Toxoplasma and thyroperoxidase likely leads
to cross-reactivity in the immune system and may
cause AITD.

The initial screening test of Iranian pregnant
women is the TORCH test, which includes a toxo-
plasmosis diagnosis test. However, there is also a gap
for thyroid screen tests in this program. Regarding
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the significant frequency of AITD in people with
LT, gynaecologists propose prescribing thyroid tests
in pregnant women. Although spontaneous abortion
caused by congenital toxoplasmosis is well identi-
fied, the potential role of LT in abortion is still un-
certain. However, some studies have reported a sig-
nificant relationship between the frequency of IgG
Toxoplasma antibody and abortion [10, 17], whereas
some studies reported no correlation [16]. The high
frequency of intentional abortion has faded the role
of diseases in this process, and the only solution
was to record the history of deliberate and uninten-
tional abortions separately. Involuntary and spon-
taneous abortions are not associated with severe
physical complications, whereas intentional abor-
tion is related to maternal risks. It increases the risk
of placenta previa (attachment of the placenta to the
lower part of the womb). Therefore, those with a his-
tory of intentional abortion were excluded from
the study, and no significant relationship between
latent toxoplasmosis and unintentional abortion
was seen. The causes of miscarriage and other preg-

nancy complications might be biological conditions
or unmeasured common risk factors [11]. Therefore,
in the retrospective design of this study, it seems
to be one of the study limitations.

Conclusion

This study, along with previous studies, has shown
higher TPO Ab titers in people with LT. It seems
Toxoplasma gondii may cause thyroiditis in preg-
nant women likely because antigenic similarity
of Toxoplasma and thyroperoxidase leads to cross-
reactivity in the immune system perhaps leading
to AITD. Thus, future studies could be conducted
with a focus on discovering molecular similarities
between thyroperoxidase and Toxoplasma antigens.
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NOBbLILWEHNE BE3OIMNACHOCTH
BAKLUWHONPODPUJIAKTUKN HA OCHOBE
MACJI9HbIX AAbIOBAHTOB

C.B. Ckynnesckuii, E.I'. ITyxaesa, A.K. baaruen, ®.K. Pypya, ®.D. Bararosa,
K.T'. ®apuuneBa

Huemumym 6uomeduyunckux uccaedosarnuii — uauas PIbYH OHI[ Baaduxaskasckuii Hayurnbviit yenmp PAH,
2. Braouxaexas, Poccus

Pe3iome. OrpaHnyeHreM TOBBIIIEHUIO 3(DMEKTUBHOCTY BaKIIMHOTEPATIUHN CIIYXUT BHICOKAS! PEaKTOT€HHOCTh abio-
BaHTOB. Lle1b paboThl — CHUXEHUE UMMYHOTOKCHYECKUX 3(P(HEKTOB, 00YCIOBIEHHBIX BBEIEHUEM ITOJIHOTO aIbIOBaH-
ta ®peitnna ([TAD) TertokpoBHEIM. Mamepuanst u memoods:. OOBEKT MCCIenOBaHU — Kpbickl Wistar. HeraruBHBII
KOHTPOJIb (PacTBOPUTEIIN); TIO3UTUBHBIM KOHTPOJIb (0OMHOKpaTHOE moakoxHoe BBeaeHue [TAD 0,1 mi1/200 r macchl
Tesa [M.T.]); OIBIT «<MUHUMaJIBHO» M OIBIT «<MaKCUMAaJIbHO» (PEr 08 JIMMOHHAS U sHTapHast KUCIoThl (1:4) B cooTHOLLE-
HuH 17 1 88 MI/Kr M.T. — 4 Heaenu nocjie uMMmyHusanuu [TA®). Maccy Tena, reMaToJIOrH4ecKue 1 OMOXMMUYECKHE
(rumgponepekncy, MaoHOBbI nuanbaerun (MJIA), akTMBHOCTh KaTajlasbl, IeTUIPOreHa3Hass aKTUBHOCTh MUTOXOH-
IpHit) TOKa3aTeIn u3yJaan B TnHaMuKe. [10 OKOHYaHUM 3KCIIepUMEHTA OCYIIeCTBICHA HEKPOIICHS M pacdeT Macco-
BBIX KO3(PUIIMEHTOB OpraHoB. Celle3eHKY U COCTNHUTENBHYIO TKaHb (KOJIEHHBIH CyCTaB) M3yYaIl TUCTOJIOTMICCKU.
PaccuursiBamu menuany, C,s—C,s kBaptunu, U-kputepuit ManHa—YuTtHU. Pe3yabmamol u 06cyxcdenue. st XUBOT-
HBIX HETATUBHOTO KOHTPOJISI UCCIIeAyeMble apaMeTphbl Kojieba uch B rpeaesax HopMbl. IMMyHM3a1us TENIOKPOB-
HBIX [TAD compoBoxXIaiach IIepeXomIoM OCTPOI BOCITAINTEIBHON peakIni (3-g Hemelsl) B XpOHUUECKYIO (7-51 HelleJist).
OO6I1ee KOJMYECTBO JICHKOLMUTOB MOBBIIIAIOCH ¢ 12,5 X 10° (HeraTUBHBIA KOHTPOJIb) 10 26,6 X 10°/1 (P = 0,01) Ha 3-i1
HeJese u 3aTeM cHukanoch 10 19,2 x 10°/1 (P = 0,01) x 7-it. CTob Xe 3HaYMMO BO3pacTaniu TpoMOouThL: ¢ 506 x 10°
(HeraTUBHBII KOHTPOJIb) 10 656 X 10°/m (P = 0, 01, 3-1 Hezmenst) ¢ mocaeay UM cHIUXeHreM 10 610 x 10°/1 x 7-it (P =
0,01). AkTuBauus npoueccoB nepekucHoro okuciaeHus aunuaos (ITOJI) nposiBunack yBenuuenuem MJIA Ha 55,8—
61,8% (P = 0,01); obieTokcnyeckoe aeictaue [TAD ckazanock 11,7% cHuxenuem maccsl Tesa (P = 0,01), oTe4HOCTHIO
CeJIe3¢HKHU U peoylupoBaHUEM TUMYyca. BBenmeHMe aHTMOKCUIAHTOB MPUBEIO K M10303aBUCUMOMY CHUKEHHIO BOC-
MAJUTENbHOM peakiuu (JJeUKOUMTH B MUHUMaJbHOI go3upoBke 19,6 x 10°-20,9 x 10°/n; B MakcumabHOi — 16,6 X
10°-16,0 x 10°/71), HopManM3aLUK1 UHOIEKCA «TPOMOOLIMTHI/IEIHKOLUTE 10 29,5—36,3 (IO3UTUBHBII KOHTPOIDb 24,6,
HeratuBHBIN — 40,5). 3amuUTHOE IEHCTBUE KUCIOT MIPOSBIIIOCH COXPaHCHMEM MAcChl Tejla, aKTUBAIMeil KaTajiasbl
n naruoupoBanueM [10JI. Ha TkaHeBOM ypOBHE BBHISIBJICHO KYITMPOBAaHNE JeTeHEPATUBHBIX M3MCHCHUI B ceJle3eHKE
U COCIMHUTEIbHON TKAaHU: YMEHBIIICHNE 09aroB KPOBOM3IUSIHUI, OTEUHOCTH M COXPaHECHHUE T'MCTOAPXUTEKTOHUKMU.
3akaouenue. Vicrionb3oBaHWe TUMOHHON M STHTAPHON KUCJIOT CIOCOOCTBYET CHUKEHUIO TOKCMYHOCTH MAcCJISTHOTO
amgploBaHTa OpeiiHIa 3a CUET MOBBIIIEHU I aHTUOKCHIAHTHOTO CTaTyca, MHTMOMPOBAHUSI IIPOIIECCOB JIUITOMEPOKCH 1A~
LM, YCUJIEHUST MeTa00IMYECKO aKTUBHOCTH MUTOXOHAPUIA, CHUXEHUST OOIIEro CUCTEMHOI0 BOCIAJICHUSI, YTO TO-
3BOJISIET PEKOMEHI0BaTh KMCJIOThI B KAUECTBE MPOTEKTOPOB UMMYHOTOKCUYECKUX 3(D(EKTOB a1 blOBAHTOB.

Karouesnle caoea: saxyunomepanus, uMmMyHOmMoKcu4eckuil sgpgexm, AUMOHHAS KUCAOMA, MACASIHbIE A0BI08AHMbL, NAMOA0US
coe0uHUmMeNbHOl MKaHU, noaHbLl adsiosanm Dpelinda, AHMAPHASL KUCAOMA.
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IMPROVING SAFETY OF OIL ADJUVANT-BASED VACCINES
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. High adjuvant reactogenicity is the main limitation for increasing the effectiveness of vaccine therapy. The aim
was to reduce the immunotoxicity effects of complete Freund’s adjuvant (CFA) in warm-blooded animals. Materials and
methods. The study examined Wistar rats by dividing animals into negative control (solvents); positive control (single
subcutaneous CFA injection of 0.1 ml/200 g body weight (b.w.)); the “minimum” and “maximum” (per os administration
of 1:4 citric and succinic acids in ratio of 17 and 88 mg/kg b.w. during 4 weeks after immunization of CFA) experiment.
Body weight, hematological (complete blood count) and biochemical (hydroperoxides, malondialdehyde, catalase activity,
mitochondrial dehydrogenase activity) parameters were dynamically investigated. At the end of the experiment, necropsy
was performed and the relative internal organ mass coefficients were calculated. The spleen and connective tissue (knee
joint) were examined histologically. The median, C,;—C,; quartiles, Mann—Whitney U-test were calculated. Results and
discussion. it was found that parameters examined were within normal range in animals of negative control group. Im-
munization of warm-blooded animals with CFA was accompanied by transition of acute-to- chronic inflammatory reac-
tion (week 3 and week 7, respectively). The total leukocyte count increased from 12.5 x 10° (negative control) up to 26.6 X
10°/L (P = 0.01) on week 3 followed by its decline down to 19.2 x 10°/L (P = 0.01) by week 7. Platelet count also increased
significantly: from 506 x 10° (negative control) up to 656 x 10°/L (P = 0.01, week 3) followed by decrease down to 610 x
10°/L by week 7 (P = 0.01). Activation of lipid peroxidation was manifested by malondialdehyde (MDA) level elevated
by 55.8—61.8% (P = 0.01); the general CFA-related toxic effect resulted in 11.7% weight loss (P = 0.01), spleen swelling
and thymus reduction. Administration of antioxidant acids led to a dose-dependent decline in inflammation (leukocyte
count at the minimum dosage — 19.6 x 10°—20.9 x 10°/L; at the maximum 16.6 x 10°—16.0 x 10°/L), as well as normalized
the “platelet/leukocyte” index up to 29.5—36.3 (positive control 24.6, negative control 40.5). The acid-related protective
effect was also manifested as maintained body weight, activated catalase and inhibited lipid peroxidation. The therapeutic
effect in alleviated degenerative changes in the spleen and connective tissue were revealed: reduced hemorrhagic focuses
and swelling as well as preserved histoarchitectonics. Conclusion. The use of citric and succinic acids contributes to pro-
foundly lowered CFA toxicity due to increased total antioxidant status, inhibited lipid peroxidation, improved mitochon-
drial metabolic activity, which ultimately lead to a decline in general systemic inflammation and allows to recommend
such acids as immunoprotectors from oil adjuvant-coupled effects.

Key words: complete Freund’s adjuvant, connective tissue pathology, vaccine therapy, immunotoxic effect, lemon acid, oil adjuvants,
succinic acid.

BBepneHune

B dynnamenTanbHOlt MOHOTpaduu MO BaKIIU-
Hotepanuu [20] S. Plotkin ormeuaeT, 4TO BAMSI-
HMEe BakKIIMHAIIMKM Ha 3J0pPOBbE JIIOJAE B MHUPO-
BOM MacllTabe OrpoMHO: 3a UCKJIOUEHUEM YyJIyU-
IIEHUsT KayeCTBa MUTHEBOW BOIBI, HUYTO JIPYyroe
HE CI0COOCTBOBAJIO CTOJb 3HAYUTETBHOMY CHMU-
KEHUI0 CMEPTHOCTU U POCTY HAcCeJeHUs TaHe-
Thl, — BKJIIOYasi aHTUOUOTUKU. 1o 3KCHEPTHBIM
olleHKaM, OJjlaromapsi BaKIIMHAIIMX BO BCEM MUpPE
€XerolHO yIaeTcs MPpeaoTBPaTUTh MOPSAKa 6 MJTH
CMepTeN, COXPAaHUTD 386 MJIH JIET XKU3HU U 96 MITH
JIET, CKOPPEKTUPOBAHHBIX MO WHIEKCY HETPYIO-
criocooHoctu DALY [17]. TloBbiuieHue sdbdex-
TUBHOCTU U 0€30MAaCHOCTU COBPEMEHHBIX BaKIIMH
HaIpsMylo CBS3aHO C ycliexaMM B 00JacTu pas-
paboTKM aJabIOBAHTHBIX TEXHOJIOTUI, KOTOpPbIE
GepyT cBoe Hauano ¢ 1916 r., Korma aBTopamMu pa-
00ThI [11] BriepBbIe ObLIO YCTAHOBJIEHO, YTO OMYJIb-
CUSI MUHEPAJbHBIX MaceJl MOXET 3HAaUYMTeJIbHBIM
00pa3oM ycHJIMBaTh UMMYHHBII OTBET OpTaHU3Ma
Ha BBOAMMBIN aHTHUreH. [ajbHellune 3KCTepu-
MEHTBI 10 MMMYHM3AIMU XKUBOTHBIX TMO3BOJMIIN
BBISIBUTHh abIOBAHTHBIE CBOWCTBA y 1IEJIOTO psijaa
XUMUYECKUX COeIMHEHU I 1 cpOpMyTpoBaTh 00-

1Me TeOpeTUUYEeCKrEe MPUHIUIIBI UX (PYHKIIMOHU-
poBaHus. B HacTosiee BpeMs 3TU 3HaHUS Jerau
B OCHOBY KJIacCU(UKALIMU albIOBAHTOB IO MeXxa-
HU3MY JIEeUCTBUS: aKTUBHbIE UMMYHOCTUMYJISTO-
pbl (OKa3bIBalOT HEINOCPEACTBEHHOE BO3IeHCTBUE
Ha aHTUTEeHIIPEe3EHTHUPYIOIIUE KJETKH), CHUCTe-
Mbl JOCTaBKM (OCYIIECTBJSIIOT NEMOHUPOBaHUE,
aJpecHYIO TOCTaBKY U MOAM(MUKALINIO aHTUTEeHA),
KOMOWHHPOBaHHbBIE aabIOBaHThl (TaK Ha3bIBae-
Mbl€ aIbIOBAaHTbl HOBOI'O IIOKOJEHMS, TpPU3BaH-
HbIE coUYeTaTh B cebe MperMylIecTBa NepBbIX IBYX
rpynn) [3]. Tem He MeHee XxapaKTep UMMYHHOIO OT-
BeTa, BUAOBbIE U MHAMBUAYaTbHbIE OCOOCHHOCTU
opraHu3Ma, crnocoObl U cXeMbl 9(P(GEKTUBHON M-
MYHU3ALUU IO CUX TIOP BO MHOTOM ONPEACISIOTCS
SMIUpUYECcKH [1], a B KaxkAy10 U3 TpeX YKa3aHHbIX
TPYII MOTYT BXOAUTH albIOBAaHTHI, pa3Jnyaroniu-
ecs Mo CBOMM (DUBMKO-XMMUYECKHUM CBOWCTBAM:
MUHepajJdbHble, MacJsiHble, KOPITYCKYJSPHbIE
U KOMOMHUPOBaHHBIE.

IMocre coneii antoMUHUS, TOJATOE BpeMsI SIBJISIB-
LIIMXCS eMTMHCTBEHHBIM OOIIEYyTOTPEOMMBbIM aIbIO-
BaHTOM, B ITOCJ€IHUE AECATUIETHS 3HAUUTEIbHOE
pacrpocTpaHeHue MPU MPOU3BOJACTBE BaKIIUH MO~
JIYYUJIU MacCJIsIHbIE OMYJIbCUU, KOTOPbIE ITPUMEH S1-
OTCs 1151 TPOMDUIAKTUKN CE30HHOTO U MaHAEMMU-
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YyecKoro rpumnmna, rematuta B, manuiiomaBupyc-
HbIX UTHOEKI M, HEMETKOKJIETOUHOI0 paKa Jerk ux
U APYrux ILIMPOKO PaCHpOCTpaHEHHbIX 3aboJie-
BaHUI yenoBeka [12, 14]. TIpuMeHeHUe d>MYJIbCUNA
THUIIA «MAacCJIO B BOJIe» U «BOJa B MacJjie» olpaBIaHO
TaK>Xe B IeauaTpuiyeckoil mpakTuke [12], manueH-
Thl KOTOPOU COCTaBJISIOT OJHY U3 HauboJjiee ys3-
BUMBIX TPYIIIT HacejaeHus. [IpernmyiiiecTBoM mac-
JISHBIX anbloBaHTOB (MA) sBsieTCS MedJIEHHOE
(B ciyyae JUIIOCOM — KOHTPOJUPYEMOE) BBICBO-
0OXJeHVe aHTUTEHOB 13 IO, a TAKKe aKTHUBaIl U
TYMOPAJIBHOTO U KJETOYHOrO 3B€HbEB UMMYHHOU
CUCTEMBI, UTO 00yCIOBIUBAET UX 9(PHEKTUBHOCTb.
OCHOBY MOJIEKYJIIPHO-KJETOYHOIO MeXaHU3Ma
neiictBusi MA cocTaBiisieT BbIIEJEHUE B MecTax
BBOJa BaKIIMHbI MOJIEKYJISIPHBIX IMaTTePHOB, ac-
COLIMMPOBAHHBIX C MOBPEXIECHUEM COOCTBEHHBIX
KJIeTOK opraHusma. BricBOOOXIeHUE ayTOJIOrUY-
Heix JJHK, PHK, noaunenTuaos u 1pyrux Makpo-
MOJIEKYJISPHBIX (PparMeHTOB B pe3yjabTaTe IecTa-
OMJIM3al My KJIETOYHBIX MEMOpaH, 00yCJIOBJIEHHOM
B TOM 4YucCJje U IMNOMDUIbHBIMU CBOMCTBAMU Mac-
JISTHBIX al’blOBaHTOB [15, 19], obecrieunBaeT MOTEH-
HUpPYIOLIUA 2DdhEKT Mpe3eHTUPYEeMbiX aHTUTEHOB
U ONpenesisieT BbICOKYI0 OMOJTOTMYECKYlo aKTUB-
HOCTh BaKIIMH Ha MX ocHoBe. HecMoTpsi Ha mo-
CTUTHYTHIE YCIIeXU B 00JIaCTU CO3JaHUSI BaKIIMH
Ha ocHoBe MA, Uit HUX MPOAOJIXKAIOT OCTaBaThCs
aKTyaJIbHBIMU BOIIPOCHI KYMTUPOBAHU S CUCTEMHOU
M JIOKAJIbHOW peaKTOT€HHOCTH.

Llespo paboOTHI ABISIOCH CHUXKEHUE UMMYHO-
TOKCcU4YeCcKUX 3¢hdeKToB, 0O0YCIOBIEHHBIX BBelIe-
HHUEM ITOJTHOTO aabloBaHTa PpeitHIa TeTIOKPOB-
HBIM XXMBOTHBIM.

Matepuainbl 1 METOAbI

HccnenoBanusi OBLIM IIPOBEACHBI Ha KpPbI-
cax-camuax guHumM Wistar (n = 32) ¢ maccoii Teia
420+£20 r B Bo3pacTe 24 Mecsma, ITOTYYEHHBIX
n3 OI'VIT «IITuToMHUK JTaO00pPaTOPHBIX KU BOTHBIX
«PanmnonoBo», JleHnHrpaackasi o61acTb. YciaoBuUs
colepXKaHUS SKMBOTHBIX OTBEYaJId CTaHIapTaM,
MpeabsiBIsIeMbIM 1151 BuBapueB'. CBETOBO pexxuM
B MOMCIICHUSIX IIJIsI COMepKaHUS XUBOTHBIX OBLI
12:12; moctyn K Boage — cBoOoOmHBIN. Ha mepuon
BBEICHUST TECTUPYEMBIX BEIIEeCTB (CMECH JIMMOH-
HOM M STHTapHOI KHCJIOT) C KOPMOM OCYIIIECTBIISI-
JIach TIHUIIEBasT OEeTPUBAIINS XXKUBOTHBIX — KOPM-
JICHHE MPOBOIUJIOCH ITOCJIE TIOJTHOT'O MOTPEOJICHM S
3aTpaBKH, pABHOMEPHO pacIlpeneIeHHON B KOPMO-
BOM CMECH.

Ilpu pabdore C TpPBIBYyHAMH TIPUACPKUBA-
JIUCh TIPaBUJ M BTUYECKUX HOPM, OITMCAHHBIX
B «EBporieiickoit KOHBEHIIMM O 3aIlIUTe ITO3BOHOY-
HBIX XKUBOTHBIX, UCITOJIB3YEMBIX IJISI SKCIICPUMEH-

TOB WJIM B UHBIX HaydyHbIX Leasax» (Ctpacoypr, 18
mapTta 1986 1.) 1 ¢ pa3penIeHnst STHIECKOTO KOMMU-
Teta npu MMHCTUTYTE OMOMEIUIIMHCKUX HUCCIEH0-
BaHuii PAH. B KoHlle aKcriepuMeHTa 3BTaHa3UIO
KpbIc ocyliecTBIs11U B CO,-3aTpaBOYHOM OOKCe.

Hu3zaiin skcnepumenma. 2KUBOTHBIE OBLIU pa3-
JIeJIeHbl Ha YeThIpe paBHBIC T'PYIITbl. MaHUITYJISI-
MU IO BBEIEHUIO PACTBOPOB U OTOOPY KPOBU
NPOBOAUIUCH TMOA JIETKMUM OOILIUM HapKO30M
(Bonetun, ®panuus). Kpbicam mepBOil rpynmbl
(HeraTUBHBIN KOHTPOJIb) MOAKOXHO BBOAUIU U30-
TOHMYECKU pacTBOP HATpUs XJopuaa B oObeMe
0,1 ma Ha 200 r maccwl Tena (M.T.). UMMyHU3auuio
KPBIC BTOPOI TpyIITbl (MO3UTUBHBIM KOHTPOJIb)
OCYILECTBJSIIN MOAKOXHBIM BBEIEHHUEM MOJHOTO
anbpioBaHTa @peitHaa B oobeme 0,1 mir Ha 200 r M.T.
(Freund’s Complete Adjuvant, Difco Laboratories,
CIIIA). ZKuBOTHBIM TpeTheil U YETBEPTON TPYIII
(«OnBpIT MUHUMAJIBHO (MMUH.)» U «ONBIT MaKCHU-
MajbHO (Makc.)» COOTBETCTBEHHO) IIOCJIE OJIHO-
KpaTHOro nmoakoxHoro BeeaeHust [TAD B o6beme
0,1 M Ha 200 r M.T. OCYIIECTBISIJIU NPOPUTAKTUKY
MUMMYHOTOKCUYECKOro JNeHCTBUSI CMEChbIO JTUMOH-
HOW M SHTApHOMW KUCJOT, B3ITbIX B MAaCCOBOM CO-
oTHolueHuu 1:4. 1751 3Toro KapObOHOBBIE KUCIOThI
npeaBapuTeIbHO HEWTpaJU30BbIBAIM MUHEpPab-
Hoil Bomoit no pH 7,0—7,5 u nmojaydyeHHbIM pacTBO-
POM pPaBHOMEPHO CMauyuBaIMU IKCTPYAUPOBAHHBIE
rpaHyJibl, KOTOpPbIE MOCJE MPOCYIIUBAHUS CKapM-
JUBaIu XUBOTHBIM. BBeneHue aHTUOKCUIAHTOB
OCYIIECTBJSIIM Ha MPOTsSXKEeHUU 4 Hemedb B NO-
3upoBKax 17 Mr/kr (MuH.) M.T. © 88 MTI/KT (Makc.)
M.T. [Tocjie 3TOro >KMBOTHBIX MEPEBOAMIMN HA CTaH-
MapTHBINM PAllMOH U PEXXUM ITUTAHUS.

ITo ucrteyueHuu 3-x U 7-Mu HeJeAb Y XKMBOTHBIX
U3 cepala oToupasu KPOBb 1Jisl FeMaTOJOTMUYeCKUX
1 OMOXMMUYECKUX UCCIIeIOBAHU.

Memooduxu npoeedenus uccaedosarnuii. Izamepe-
HME MacChl TeJ1a XKMBOTHBIX ITPOBOIVJIN B JIUHAM M-
Ke ¢ nuHtepBaiaMu B 2—3 Heneau. [lo okoHYaHUU
SKCMEPUMEHTa OCYIIECTBJSIJIM HEKPOIICUIO U W3-
MEpEeHUEe MacChl BHYTPEHHUX OPraHoOB; Ha OCHO-
BaHUU TIOJYUYEHHBIX PE3YyJbTaTOB pPacCUMTbIBAIU
MaccoBble KO GUIIMEHThl BHYTPEHHUX OPTaHOB
(r/kr macchl Tesa). [emaTosiornyeckue rmokasaTesn
onpeaessiiu ¢ MOMOIIbIO aBTOMAaTUYECKOro reMa-
ToJiornyeckoro aHanusatopa Mythic 22 (ITonbia),
JIe KO MTapHy0 OPMYJy AJs1 MOBBILIEHUST TOY-
HOCTH PacCUMUTHIBAIU MUKPOCKOITUEN Ma3Ka.

Copepxanue ruaponepekuceir (I'll) B mnas-
Me KpOBHU oOIpenesisijii no [aBpuioBy, UCHOJb-
3ys1 HaOopbl hupMbl OO0 «Arar-Men» (Poccus).
B OTMBITBIX XOJMOAHBIM M30TOHUYECKHUM PACTBO-
POM D2PUTPOLIUTAX U3MEPSJIU CTaHAAPTHBIM Me-
TOAOM CoOJepXXKaHWe MaJIOHOBOTO Juajibieruaa
M0 peakluu C TUOO0ApOUTYpOBOW KHUCTOTOU [2].

'TOCT 33215-2014 «PyKOBOACTBO 110 COAEPKAHUIO U YXOy 3a Ta6OpaTOPHBIMHU K UBOTHBIMHU. [TpaBuia 000pyI0OBaHMsI TOMELICH Uit

1 OpraHu3aly MPOLEeIyp».
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MHdekumns n uMmyHuTeT

AXTUBHOCTb KaTajasdbl B T'€MOJU3UPOBAHHBIX
apUTpoLIUTaX U3Mepsiau no metoay T. Beutler [4],
OCHOBaHHOM Ha pacueTe KWHETMKU pacliaja nepe-
KVCHU BOAOPOJA IO pe3yJbrataM CIeKTpohOoTOMe-
TPUYECKOTO aHaImn3a.

JIJ151 TMCTOJIOTUYECKUX UCCAeA0BaHU A 0Opa31ibl
CeJIe3eHKU U COCNUHUTETbHONU TKaHU (KOJEHHbINU
cycTaB) ToMmelianu B HelTpaabHbIl 10% pacTBOp
dopmasnHa U PUKCUPOBAIM HEe MeHee 72 4acoB.
IMapadurHOBBIE Cpe3bl OKpalluBaIl TeMaTOKCH-
JIMH-303WHOM 1 aHAJIU3UPOBAJIH IIPU YBEJIUUCHU U
10x10 n 10x40.

JIlJis aHanu3a BEIOOPOK pacCUMTHIBAJIU Meaua-
Hy (Me), 25-i1 u 75-ii mpoueHTUIN (Cy5—Cys).
BbiOop HyJIeBOIl WM aJbTepHATUBHOM TUIIOTE3
ocyllecTBasiAu Ha ocHoBe U-kputepuss MaHHa—

VYUTHU ¢ TOMOLIbIO OHJIAWiH KajabkKyjasTopa [18].
3HauYMMBbIMU cUUTAAUCh pa3audus rmpu p < 0,05.

PesynbraThl

BBeneHme KMBOTHBIM IIOJTHOTO  aJbIOBaHTa
®peitHaa IPUBOIUT K CPBIBY UMMYHHOI TOJIEpaHT-
HOCTHM U 3alyCKYy KacKajia 1MaToJOTMYeCKMX MpoLec-
COB, BBISIBJISICMBIX Ha PAa3JIMIHBIX YPOBHSIX — OT OpP-
TaHU3MEHHOTO 10 KJIETOYHOrOo (Tadi. 1-5, puc. 1, 2,
III o6noxka). Ha ocHOBe aHanm3a WHTErpaJbHOTO
moKa3aTessl — U3MEHCHMSI MacChI TeJla SKUBOTHBIX —
MOXHO 3aKJIIOUYUTh, UTO TUIIEPAKTUBALIMS UMMYH-
HOW cucTteMbl KoMTToHeHTaMu [TAM npuBoauT K 00-
HIEMY 11McOagaHCy B CUCTEME I1JIaCTUUEeCKOro oOMeHa
M COTIPOBOXIAETCs CHUKeHMEM Beca (Tadir. 1)

TaGnuua 1. luHamuka noka3ateneil Maccbl Tefna y Kpbic

Table 1. Dynamics of body weight in rats

Crar. Cpoku o6cnepoBaHus (B Heaensx)
Fpynnbl )XUBOTHbIX : ) o
G ¢ animal Kputepum Timepoints of examination (weeks)
roups oranimals Stat. criteria 0 2 5 7
HeraTuBHbIli KOHTPOJIb Me 467,50 475,00 482,50 490,00
Negative control Cy—Cys 430,00-500,00 438,75-498,75 450,00-501,25 465,00-506,25
n . Me 461,88 419,06 419,06 407,67
OSWTMBHBIV KOHTRONE ™=~ —¢ 447,76-470,99 398,56-448,67 408,81-456,64 397,42-446,39
Positive control
p* /o | 1D 0,05 0,05 0,01
Me 444,00 430,50 445,00 432,50
OnbIT <MUH.»
o . Cys—Cys 429,25-508,50 411,50-470,00 422,50-487,50 396,25-456,25
Min.” experiment
p** /o | 1D /o | 1D H/m | 1D /o | 1D
o Me 480,00 455,00 467,50 450,00
LneIT «MaKe.» CoCos 452,50-521,25 420,00-482,50 440,00-491,25 428,75-472,50
Max.” experiment
prr* H/o | ID /o | 1D H/o | ID /o | ID

Mpumeyanme. * — NO3NTUBHbINA KOHTPOb OTHOCUTENLHO HEFATUBHOTO; ** — OMbITHAS «MWH.» OTHOCUTENBHO NO3UTUBHOIO KOHTPONS; *** — OMNbITHAs
«MaKC.» 0THOCUTENIbHO MO3UTUBHOMO KOHTPOJIS; H/A, — HELOCTOBEPHBIE OT/INYUS.
Note. * — positive vs. negative control; ** -"min.” experiment vs. positive control; *** — “max.” experiment vs. positive control; ID — insignificant

differences.

Ta6auua 2. MaccoBblie k03¢ bULMEHTbl BHYTPEHHUX OPraHoB (I/Kr MaccChbl Tena) Kpbic
Table 2. The relative internal organ mass coefficients (g/kg body weight) in rats

Crar.
Fpynnbl XXUBOTHbIX KpUTEPHH MaccaTtena, r MeyeHb Moukn CeneseHka Tumyc
Groups of animals Stat. criteria Body weight, g Liver Kidney Spleen Thymus
HeraTuBHbI/ KOHTPONb Me 490,00 38,05 6,39 2,13 1,62
Negative control Cx-C;s | 465,00-506,25 | 36,02-40,06 5,52-7,05 1,97-2,43 1,32-1,71
. . Me 407,67 36,70 6,29 2,67 1,02
OSMTMBHBINKORTRONE ™ [ 397,42-446,39 | 34,19-37,44 | 6,22-6,53 2,49-2,69 0,95-1,17
Positive control
p* 0,01 /o | 1D /o | 1D 0,01 0,01
o Me 432,50 35,45 6,32 3,74 1,00
CMBIT <MUH.» C,Cr | 396,25-456,25 | 32,28-37,37 5,66-8,49 2,64-4,05 0,98-1,05
Min.” experiment
p** H/m | 1D H/n | 1D H/m | ID /o | 1D /o | 1D
o Me 450,00 36,97 5,93 2,22 1,25
o BIT (MBKC» CuC, | 42875-4725 | 3567-41,16 | 554-6,01 178-2,73 118-1,43
Max.” experiment
prx* /o | 1D H/m | ID 0,05 /o | 1D 0,05

Mpumeyanme. O603HAYEHMS TE Xe, 4TO U B Tabn. 1.

Note. For legend see Table 1.
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B rpyr1ire no3uTHBHOTO KOHTPOJISI K OKOHYaHU IO
BTOPOI1 HEACIM CTaTUCTUYECKHU 3HaYMMOe (OTHOCH-
TEJIBHO HETaTUBHOTO KOHTPOJISI) CHUXKEHHE MaCChI
coctaBuio 9,1% u 1ocjie OTHOCUTEIbHOM CTaOUJIN-
3allMM B T€UEHME TMOCIEAYIOIIUX Tpex Heaenab (5-s
Henessl) perucTpupyemblil TokasaTesib JOMOJHU-
TeJIbHO cHU3uJIc (K 7-i1 Henene). UTorosas morepst
B Bece cocTtaBuiia 11,7% OTHOCUTEILHO UCXOAHOIO
3HaYeHUS. B yCI0BUSIX NMpodUIaKTUIECKOTO BO3-
NEUCTBUSA CMECU JIUMOHHOW M SgHTApPHOW KUCIOT,
BBOAMMBIX B pexXnMe «103a-3P¢eKT», MPOsIBUIACH
Ka4eCTBEHHO MHAasl 3aKOHOMEPHOCTh. MEHEee BhIpa-
sxeHHoe (3,1—5,2%) cHUXeHHe MacChl K OKOHYaHHIO
BTOpPOI1 Hefein 1 3aTeM ee (2,6—3,4%) IpupocCT B Ie-
puoa BBEASCHMSI aHTUOKCUIAHTOB (MsSITask HEAEs).
IMocnenmyromass oTMeHa aHTUOKCUIAHTOB IIPUBOIUT
K IIOBTOPHOMY CHMXXEHMIO Macchl Ha 3,0—3,6%, 4To
B CyMMe JaeT €€ KOHeUHOE YMEHbIIIEHUE OT UCXO/I-
HOro ypoBHs Ha 2,7—6,25% (1ipy CyIIeCTBEHHOM
(mo 9%) npubGaBiaeHur Ha (GHOHE KMBOTHBIX ITO3M-
TUBHOI'O KOHTPOJIS).

V XKMBOTHBIX U3 IPYITITHI HETaTUBHOT'O KOHTPO-
Jisl OTMEYEH CTaOUJIbHBINM MPUPOCT MACChl B COOT-
BETCTBUU ¢ PUINOIOTUISCKUMU 3aKOHOMEPHOCTSI-
MM, XapaKTE€pHBIMU UX BO3pacTy [9].

ITo oKoHYaHWM 3KCIIEPUMEHTa B pe3yjibTaTe
HEKpPOINCUHM 3HAUYMMBIX aHOMAJIMI B Tororpaduu,
CTPYKTYpe, (bOopMe M IBETE OPraHOB Y KMBOTHBIX
ONBITHBIX M KOHTPOJBHBIX TPYNI HE BHISIBJICHO.
M3ydeHne MHOEKCOB MacChl BHYTPEHHUX OPraHOB
(OTHOCUTEIBHO MacChl Tejia) MO3BOJUJIO BCKPHITh
OTIeJbHBIC ITATOJIOTMYEeCKHUe M3MEHEHMS, 3aTpO-
HYBIIWE OPraHW3M KUBOTHBIX, ITOABEPTHYTBIX
Bo3IeiicTBHIO agbloBaHTa PpeiiHaa (Tabo. 2).

M3 Tabauiibl BUTHO, YTO CTATUCTUUECKU 3HAU -
MBI€ U3BMEHEHM ST Y )KUBOTHBIX 13 TPYIIIBI TIO3UTHUB-
HOT'O KOHTPOJISI BRISIBIISIFOTCS TIPEK IS BCETO B Opra-
HaxX UMMYHHOI CUCTeMbI — ceJIe3eHKE 1 BUJIOUKO-
Boii xkenese. [Ipy 3ToM OTHOCUTEIbHASI Macca ceJie-
3€HKHU yBeJnuuiach Ha 25,3%, a TuMyc, Hao6opoT,
oka3zajcs peayuupoBaH Ha 37,0%. [IporekTuBHOE
JIelicTBMEe KapOOHOBBIX KUCJIOT B MaKCUMaJIbHOM
JIO3MPOBKE TIPOSIBUJIOCH COXpaHEHUEeM JuMdo-
SIUTEJNAIBHOIO OopraHa ¢ Ko3(@@HUIIMEHTOM 3a-
wuThl 25% (OTHOCUTENIbHO IMO3UTUBHOIO KOH-
TpOJs), a pacyeThbl MO KpuUtepruto MaHHA—YUTHU
nokasajii, YTO MacCCUB IOJIYYEHHBIX TaHHbBIX CO-
CTaBJSIeT €AMHYIO BBIOOPKY C XKMBOTHBIMU HeEra-
TUBHOTO KOHTPOJIS.

KioueBbie TeMaToIOrHUYecKre MoKa3aTeIn Te-
MJIOKPOBHBIX MPEACTaBJICHBI B Ta01. 3.

W3 Tabauibl BUIHO, UYTO B XOA€ MPOBEACHU S 00-
IIeT0 KJIMHUYECKOTO aHaJIn3a KPOBU Y JKMBOTHBIX
HEraTMBHOT'O KOHTPOJISI MCCIIeIyeMbIe TTapaMeTphl
N3MEHSIOTCS HEe3HAUMTEIILHO M OCTAlOTCSI B Ipe-
nenax kKoiebanuit HopMmbl [21]. Tlocie BBemeHUs
I[TA®D y TenIOKpOBHBIX OTMEUaeTCsI OCTpasl BOcIia-
JIUTEeNbHASI peakKIusl, BHISIBIIsIeMasl ITOBBIIIICHUEM
YPOBHS JICHKOLMUTOB. Tak, B IpyIIe ITO3UTUBHOTIO

7 Hep.
week 7
519,0
481,0-573,5
610,5
591,0-657,5
0,01
550,5
470,8-629,0
H/n | ID
567,5
494,3-645,8
H/n | ID

Platelets, x 10%/L

3 Hen.
week 3
506,0
474,0-562,7
0,01
579,0
534,5-629,5
0,05

603,5
513,5-665,0

TpomGoumTsl, x 10°/n
656,0
640,5-700,5
H/n | ID

7 Hep.
week 7
147,5
144,7-151,5
151,5
149,7-158,0
H/n | 1D
147,0
140,8-150,8
H/n | ID
155,0
148,8-159,2
H/n | ID

Hemoglobin, g/L

FeMorno6uH, r/n
3 Hen.
week 3
145,0
142,2-1475
144,0
140,2-147,0
H/n | ID
147,0
144,0-149,0
H/n | ID
149,5
142,8-153,7
H/n | ID

7 Hep.
week 7
9,2
9,0-9,5
9,5
9,3-9,6
H/n | ID
8,9
8,5-9,1
0,05
9,5
9,4-9,8
H/n | ID

SpuTpoumTsl, x 10'2/n
Red blood cells, x 10'2/L
3 Hep.
week 3
8,5
1-8,9
8,7
8,2-8,9
H/n | ID
8,9
8,8-9,4
H/n | ID
9,3
8,7-9,5
H/n | ID

7 Hep.
week 7
13,2
11,8-14,4
19,2
17,8-21,2
0,01
20,9
16,9-25,8
16,0
14,9-16,1

H/n | ID
0,01

NeiikouuTsl, x 10°/n
White blood cells, x 10%/L

3 Hen.
week 3
26,6
23,6-30,9
0,01
19,6
14,2-23,3
0,05
16,6
14,3-19,9
0,01

12,5
11,8-16,2

Me
C25_C75
Me
C25_C75
P*
Me
C25_C75
P**
Me
C25_C75
P***

Mpumeyanue. 0603Ha4EHMS Te Xe, 4To 1 B Tab. 1.

Note. For legend see Table 1.

Crar.
KpuTepum

Stat. criteria

pynnbi XXUBOTHbIX
Groups of animals
HeraTuBHbI KOHTPONb

Negative control
Mo3UTHBHBIN KOHTPOJIb

Positive control
“Min.” experiment

OnbIT «<MUH.»
OnbIT «<MaKC.»
“Max.” experiment

Ta6nuua 3. JvnHaMuKa OCHOBHbIX FeMaToJIorM4ecKnx nokasarenen Y KpbIC

Table 3. Dynamics of major rat hematological parameters
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THBAIOIINEe NPEUMYIICCTBEHHO JTMM(MOOIIaCTHBIN
1 MUEJIOOJIaCTHBIN pOCTKU KpPOBU. Tak, y KpbIC MO-
3UTUBHOTO KOHTPOJISI CTAaTUCTUYCCKH 3HAYMMBIC
M3MEHCHMSI OTMEUAlOTCd Ha 7-U Hemeje: OTHOCHU-
TeJIbHOE COIep>KaHMe 3PeJIbIX HEUTPO(DUIOB CHU-
kaeTcs Ha 7% (OTHOCUTEIbHO HEraTMBHOI'O KOH-
TpoJsi), a TUMGOLMTOB — IOoBbIIIaeTcs Ha 12,5%.
Bo3zgeiicTBrie KapOOHOBEIX KUCJIOT Ha JICHKOII033
HOCHUT J0303aBUCUMBII XapakTep U TMPOSIBISICT-
csl TO-pa3HOMY: HEeUTpomneHus (M COOTBETCTBEH-
HO JIuMGOIIUTO3) MPU CPaBHEHUU C ITIO3UTHUB-
HBIM KOHTPOJICM Y ONBITHBIX KWBOTHBIX C MU-
HMMaJbHOW KOHLIEHTpAlLIME Ha TPETbEW Heaele,
a C MAKCUMAaJIbHOW — Ha CeIbMO.

B npyrux KJIETOUHBIX 3BEHbSIX CUCTEMBI JICIKO-
Ha CYIIECTBEHHBIX pa3IWYUil MeXIYy CpaBHHBAc-
MBIMU TPYTIITAMHY HE BEISIBJICHO.

M3MmeHeHus, 3aTPOHYBIIME CUCTEMY IEepeKUC-
HOT'0 OKMCJICHU S JIUTTUIOB U OOIIYIO TbIXaTEJIbHYIO
(mermaporeHa3Hyr) aKTHBHOCTh JMUMQMOIINTOB
B YCJIOBUSIX KOPPEKIIMU ayTOUMMYHHBIX peaKIIUi
KapOOHOBBIMU KMCJIOTAaMU, OTpaxkeHbl B TabJI. 5.

M3 Tabauisl BUAHO, YTO CYILIECTBEHHBIX U3MEHE-
HUI1 B colepKaHU U ITEPBUIHBIX TpoaykToB [TOJI —
THUAPOIIEPEKUCEe He oTMeUuaeTcs. EXTMHCTBEeHHBIM
3HAYMMBIM COOBITHEM SIBUJIOCH 15%-Hoe yBeu-
yeHue I'T1 B miaa3Me XKMBOTHBIX OIBITHON I'PYMIIbI
C MaKCUMaJIbHOM MTO3MPOBKON aHTUOKCUIAHTOB
K 7-1 Hemene (TIpy CpaBHECHUH C TPYIIIION MO3UTHUB-
HOTI'O KOHTPOJISI). YPOBEHb BTOPUYHBIX ITPOAYKTOB
I1OJI, B Bune mapkepa — MJIA — u3MeHUJICS cTa-
TUCTUYECKU 3HAYMMO y BCEX BKCIIEPUMEHTaIbHBIX
XKUBOTHBIX, 3aTpaBieHHbIX [TA®. Tak, B rpymnme
MO3UTUBHOIO KOHTPOJIS coaepxaHue MJIA npu
CpPaBHEHUM <«HETaTUBHBIN/TO3UTHUBHBIN» KOHTPO-
1 Bo3pocyio Ha 55,8—61,8%. BBeneHue opraHu-
YeCKMUX KHUCIOT AaXXe B MHUHUMAJbHON TO3WPOB-
K€ CIOCOOCTBOBAJIO CHUXXECHHIO WHTCHCHUBHOCTU
peakuuii OKUCIUTENbHOU JOECTPYKLUMUU MeMOpaH
Ha 11,2—16,8% (p = 0,01—0,05).

AHanun3 KaTajla3HOM aKTHUBHOCTH IIO3BOJISICT
3aKJIIOYUTH, YTO UMMYHM3AIN aIbIOBAHTOM IPU-
BeJla K KOMIIEHCAaTOPHOMY YBEJMYEHUIO (DepMeHT-
HOT'O 3B€HAa CUCTEeMbl aHTUOKCHUIAHTHOMN 3alllUTHI.
YXke K TpeThbell Hemelle OlleHMBaeMBIil ITapaMeTp
Yy TEIJIOKPOBHBIX M3 TPYIIIIBl MO3UTUBHOIO KOH-
TPOJst BO3poc Ha 9,8% (CTaTUCTUYECKU 3HAYMMO).
CMech TMMOHHOM U SHTaApHOI KUCJIOT MO3BOJINIIA
emre 0oJice MOBHICUTH 3((DEKTUBHOCTH aHTUPAIH-
KaJIbHOW 3allUTHI, CIIOCOOCTBYSI POCTY SH3UMATU-
YeCKOIl aKTUBHOCTM KaTtaasbl Ha 1,4—4,1% K Tpe-
TheW HelesJle C MOMEHTA aHTUTEHHOW CTUMYJISLIMU
u Ha 7,8—12,2% (cTaTUCTUUYECKU 3HAYMMO) K OKOH-
YaHUWIO SKCIIepUMEHTA.

HawubGoJsee cyliecTBeHHbIe U3MEHEHUS B JIeTU-
OPOT€HA3HOW AaKTHUBHOCTU MUTOXOHIPUMN JIMM-
GOIIUTOB OTMEUEHBI K 7-U Hemede: Y KMBOTHBIX
W3 TPYIITHI TIO3UTUBHOTO KOHTPOJISI PETUCTPUPYE-
MBI TIapaMeTp CTaTUCTHUUYECKHW 3HAYNMO YMEHB-

7 Hep.
7 weeks
3,67
2,91-3,78
1,30
1,09-1,61
0,01
1,91
1,77-2,15
0,01
1,86
1,70-2,01
0,01

Dehydrogenase activity, c.u.

3 Hen.
3 weeks
4,81
4,56-5,39
3,03
2,75-3,15
0,01
2,68
2,50-3,76
2,79
2,53-3,09
H/n | ID

LernpgporeHasHas akTUBHOCTb, Y.e.
H/n | ID

7 Hep.
7 weeks
5,15
4,95-5,58
4,98
4,75-5,30
H/n | ID
5,59
5,52-5,72
0,01
5,37
5,01-5,55
0,05

Catalase, x 10*1U/g Hb

Karanasa, x 10* ME/r Hb
3 Hen.
3 weeks
3,99
3,69-4,07
4,38
410-4,52
0,05
4,44
4,35-4,53
4,56
4,33-4,78
H/n | ID

H/n | ID

7 Hepn.

7 weeks
28,97
26,03-29,55
4513
44,42-45,83
0,01
37,56
35,90-40,32
0,05
42,31
40,26-43,46
0,05

MDA, umol/L

MOA, mkMmonb/n
3 Hen.

3 weeks
30,45
28,97-32,05
49,27
46,96-50,79
0,01
43,73
40,85-44,68
0,01
43,98
42,79-44,86
0,05

7 Hepn.
7 weeks
5,09
4,71-6,41
4,65
4,57-4,82
H/n | ID
5,12
4,72-5,62
H/n | ID
5,38
4,99-5,85
0,05

4,79
4,62-5,00
5,12
4,85-5,39
4,72
4,12-5,29
5,92

Hydroperoxides, umol/L
5,52-6,15

3 Hepn.
3 weeks
H/n | ID
H/n | ID

'maponepekncu, MKMonb/n
H/n | 1D

P*
Me
Cos—Cys

P**‘k

Mpumeyanue. 0603Ha4EHMS Te Xe, 4To 1 B TabA. 1.

Note. For legend see Table 1.

Crar.
KpuTepum
Stat. criteria
Me
Cas—Cys
Me
C25_C75
P**

Me
C25_075

Tpynmnbl XXUBOTHBIX
Groups of animals
HeraTuBHbI KOHTPONb

Negative control
Mo3UTHBHBIN KOHTPOJIb

Positive control
“Min.” experiment

OnbIT «<MWH.»
OnbIT «<MaKC.»
“Max.” experiment

TaGnuua 5. AuHaMmuka 6MOXMMUYECKUX NoKa3aTeneil KPOBU Yy KPbIC

Table 5. Dynamics of rat blood biochemical parameters
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C.B. CkynHeBckuiA 1 gp.

MHdekumns n uMmyHuTeT

mwuicsa B 2,8 pa3a (B cpaBHEHUU C HETaTUBHBIM
KOHTPOJIEM); BBeIeHUE AaHTUOKCUJAHTOB — CYyO-
CTPaTOB IIMKJIA TPUKApOOHOBBIX KHUCJIOT MO3BOJIH-
JIO TIOBBICUTH OOIIYIO IBIXaTEIbHYIO aKTUBHOCTH
MMMYHOKOMIIETEHTHBIX KJIETOK Ha 43,1—46,9%.

M3MeHeHUsT Ha KJIETOYHOM YPOBHE, OOYyCJIOB-
neHHble Bo3aeicTBueM ITAD 1 KapOOHOBBIX KHUC-
JIOT Ha TKaHM CeJIe3¢HKU, MpeACTaBJIeHbI Ha puc. 1
(cMm. 111 06J10XKKY).

l'icToapXUTeKTOHUKA  CEJIE3€HKU  KMBOT-
HBIX U3 TPYIMIIbI HETAaTUBHOTO KOHTPOJs (puc. 1A,
111 oboxxKa) He HapyIIeHa, B OTACIBHBIX CIIydasx
OTMeYaeTCsI BEHO3HOE MOJTHOKPOBHUE. Y JKUBOTHBIX
MO3UTUBHOIO KOHTPOJSI OTMEUEHBI CJEAYIOoIINe
JIeTeHepaTUBHbIE U3MEHEHUS B TKaHU: B KPacHOM
OyAbIIe OYaru KPOBOU3IUSIHUN C TEMOCUICPO30M,
Bpsiie CIy4yaeB — M0 BCel IJIOCKOCTU Cpe3a; CUHYChI
paciupeHbl. CocynucTas CTeHKa apTepuii U BeH —
B COCTOSTHUM OoTeka. OTMeuaeTcss yMEHbIIIeHUEe 00-
meu ToTomany JUMGOUIHBIX y3EJIKOB, ITPOCBET-
JICHWE TepMEHATHUBHBIX IIEHTPOB, YaCTUUYHOE WJIU
MOJHOE CTUpaHMWe TPaHUIL MEXIY 30HAMHU MaHTWH,
MapruHaJbHOMU 30HOM 1 KPAaCHOM ITYJIbIIOM, pacCIlu-
peHre MEXKJIETOUHBIX Ieneii. B muMmdbarnaeckmx
y3elIKaxX M B KpacHOM MyJbIle HapyIllleHa CTPYKTypa
PETUKYJISIDHOW CEeTU C pa3pbiBaMM, pacCIOCHUEM
U hparMeHTa e BoJiokoH. Ha dhoHe Bo3neiicTBU S
cMecHu JIMMOHHOW M siHTapHOM KucioT (puc. 1B,
IT, IIT o6noxKka) cTeneHb NereHePaTUBHBIX U3MeE-
HEHUWI CHMXaeTcs: KpaeBasg W MaHTUWHAS 30HBI
YETKO OYEPUYEHBI, TJIOLAAb JUMMOUIHBIX Y3€JIKOB
npubanxeHa K HopMme. CHHYCOUABI PacIIMPEHBI;
OTMEYaloTCs peaKue W MeJIKO(MOKaJbHBEIE OYaru
KPOBOU3IUSHUM, KOJMIYECTBO KOTOPHBIX B T'PYIIIIe
C MaKCUMaJIbHOW NO3UPOBKOW HE3HAYUTEIbHO.

OIHUM U3 MPOSIBICHUI UMMYHOTOKCHUYECKOTO
nericTBus [TAD gBisgeTcss MHAYIIMPOBAaHHAS MTaTO-
JIOTUSI COCAMHUTEIbHON TKaHU U, KaK CJIEICTBUE,
pa3BUTHE ayTOUMMYHHOTO P€BMaTOUIHOIO apTpu-
Ta [13]. Mopdonornyeckue ucciieioBaHUSI CyCTaB-
HOTO amrapara >XHWBOTHBIX MOICIBHOM TPYIIIBI
(ITO3UTUBHBINT KOHTPOJIb) OXapaKTECPpU30BaHBI M3-
MEHEHUSIMU Pa3JIUYHON CTEIIEHU TSIXKECTU (puc. 2,
111 obnoxxka).

Ha ¢one BBeneans I[TA® (puc. 2b, 111 o6moxka)
Y XKMBOTHBIX OTMeUaeTCs Ipoidepanss CMHOBUO-
LIUTOB, TUNEPIIJIa3usl, OTEYHOCTh U YTOJIIIEHUE CIIO-
€B B CMHOBUAaJIbHOI 0007104YKe. B cTpoMe BBISIBIISIOT-
CsI MHOXXECTBEHHBIC OYaru MepUBacKyISIPHOTO MH-
dunpTpara, TPeACTaBIEHHOTO TPEUMYIIECTBEHHO
auMbonutamu. Mopdonoruueckass KapTuHa Hami-
XPSIIHULIBI CBUAETEIbCTBYET O IIPM3HAKaX Je30pra-
HM3aIlMU COCANHUTEILHON TKaH! B BUIE MUCTOHYE-
HHS M Pa3BOJOKHEHUS HAPY>KHOTO WM BHYTPEHHETO
cyioeB. [Ipu 3TOM B Hapy>KHOM CJIO€ PBIXJION BOJIOK-
HUCTOM COCNUHUTEIbHON TKAHU XapaKTEPHBIM SB-
JISICTCSI YMEPEHHO BhIpaskKeHHBIN TIepUBaCKYISIPHBIA
OTEK, OTMEUAIOTCS SAMHUIHBIC TUM(OIUTHI B COCY-
IVICTOM CTEHKeE, a TaK:ke (POKYCHI KPOBOMBIIUSTHUM.

[ BHYTPEHHETO CJIOSI BBISIBIICHBI YYaCTKH C OT-
HOCUTEJIbHBIM YMEHBIIEHUEM KJIETOYHOI'O COCTaBa.
[Ip1 THCTONOTMUECKOM MCCICIOBAHUU CYCTaBHBIX
TMOBEPXHOCTEH TMAJIWMHOBOTO XPSIIia KOJIEHHOTO CY-
cTaBa OTMEUAIOTCS JereHepaTUBHbIE W3MEHEHUS
B BUJI€ ICTOHUYEHMU I TIOBEPXHOCTHOI'O CJIOSI MOJIOABIX
XOHIPOIIMTOB, BApbUPYIOIINE OT CJIA00M 10 yMEepeH-
HOU CTEIIeH!, OYaroBble KPOBOM3IUSIHUS. B mpome-
JKYTOYHOU 30HE — W30TeHHBIE TPYIIIBI XOHIPOLIN-
TOB C TpU3HAKaMU AUCTPODUYECKUX U3IMEHEHUIA
M ycuJIeHeM 06230 TePpPUTOPUAIBHBIX yUacT-
KOB MEXKJICTOYHOT'O BEIIECTBA, 09aroBasi BaKyoJIH-
3alisl MaTpukca. B O0JbIIMHCTBE CllydyaeB B CTpOe-
HUM CYOXOHIPabHON KOCTU TMCTOApPXUMTEKTOHMKA
He HapyllleHa, OAHAKO, B EMIMHUYHBIX CJIyJasiXx OTMe-
YeHO UCTOHYCHUE KOCTHOM TIAaCTUHKM.

Ha ¢donHe BBemeHNST cMeCcH JTMMOHHOU U STHTap-
Hoit kucnoT (puc. 2B, 2T, I11 o610k ka) ob1ias cre-
NeHb JereHepaTUBHbBIX M3MEHEHUU CHMXKeHa. DTO
NPOSIBIISITIOCh CHUXKEHHEM CTEeNeHM OTSYHOCTU
B CHUHOBHUAJILHOM OOOJIOYKE, YMECHBIICHUEM WJIHN
MOJHBIM HMCUYE3HOBEHHEM OYaroB IIEPUBACKYIISIP-
Horo nH@uIbTpara. GUOPO3HBIN U KaMOUaIbHBIN
CJIOM HaIXPSIITHUIIBI C HE3HAYUTEIbHBIMUY MIPU3HA-
KaMM UCTOHYEHUS U Pa3BOJIOKHEHUSI. XOHIPOIINTHI
TMAJIMHOBOTO XpsIlla KPYIHbIE, OBAJILHON (hOPMBI
1 00pa3yloT U3OreHHbIE T'PYIIIbl, OPUEHTUPOBAH-
HBIE IEPIICHANKYJISIPHO MTOBEPXHOCTH XPsIIIIa.

Ob6cyxaeHne

Tonuwiit agpioBanT MpeitHaa, NpeacTaBIIsSIO-
K1 COO0M BOTHO-MACIISTHYIO SMYJIBCUIO C TCPMU-
YeCKM WHAKTUBUPOBAHHBIMM MMKOOAKTEPUSIMU
TyOepKyae3a, IIMPOKO HCIOIb3YyeTCsI B MpaKTU-
Ke 71a00paTOPHOro 3KCIIEPUMMEHTa M MPOIOJIKAeT
OCTaBaThCS «30JI0THIM CTAaHIAPTOM» B MMMYHOJIO-
ruu [7]. Ero BBeneHUe XK MBOTHBIM IMTPUBOAUT K PO-
CTY B KPOBU MOHOAMUHOB [22], BBITIOJTHSIOIINX
pPOJIb METUATOPOB BOCITAJICHU ST, U COITPOBOXKIACTCS
BBICOKUM TUTPOM aHTUTET [8].

CorjlacHO MOJYYEHHBIM pe3yibTaTam, TUIIep-
9Pruyeckoe BoOCMaJeHue B OTBET Ha BBEACHUE
TTA® pasBuBaeTcs K TpeTheil Heaelle, MOCJe Yero
HMIET Ha CITaJ U K CeIbMOI Helesle IIpruoopeTacT Xa-
pakTep xpoHuueckoro npoiuecca. Ha done cmecu
JIMMOHHOW W SIHTapHOW KWCJOT CTENeHb BOCHa-
JIUTEIbHON peaklU A0303aBUCUMO CHUXKAETCS,
W TIpU MaKCHUMaJbHOW MTO3MPOBKE TaKHWe IOKa-
3aTeJd BOCIIAJIEHUS, KaK YPOBEHb JEUKOIUTOB
U TPOMOOIIMTOB CTAHOBSITCSI CTAaTUCTUYECKU HE-
pa3IMYUMMBIMU TIPU CPaBHEHUU C T'PYIMION Hera-
TUBHOTO KOHTPOJI s, a oTHomeHue T/J1 mpubimka-
eTCsl K HOpMeE, YTO, KaK yKa3bIBaeTcsl B pabote [6],
SIBJISIETCSI YYBCTBUTEJbHBIM M WH(MOPMATUBHBIM
MapKepoM BOCIIaJICHUS.

O CHMXEHHMH BOCITAJIUTEIBHOTO ITpoIlecca Mo
IeICTBUEM aHTUOKCHUIAHTOB CBUOCTCIBCTBYET
W HOpMaJIM3alus CoepKaHU I B KPOBU MaJIOHOBO-
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ro AWaJIbIeTu/1a, MOBBIIIEHHBI YPOBEHb KOTOPO-
IO CBUIIETEIbCTBYET HE TOJBKO 00 OKCUIATUBHOM
cTpecce, HO 1 OTpakaeT MHTEeHCU(UKAIIUIO BOCIa-
JIUTEAbHBIX peakluii B opranusme [10].

AHau3 KJII0OUEBBIX ITapaMeTPOB, IMarHOCTUPYIO-
mux obmerokcnyeckoe aevicrene INAD, — nuHa-
MHKa MacChl TeJda W MaccoBble KOI(MOUIIMEHTHI
OpraHOB — TaKXe CBUIETEIbCTBYET O MOAUMUII-
pytonieM addekTe KapOOHOBBIX KUCIOT, OCOOEHHO
YeTKo (PMKCUPYEeMOM B MaKCUMaJbHOW J0O3UMPOBKE
JefcTByIOIIMX BellecTB. B padore [5] oTmeuaetcs,
YTO TOTEPSI MAcChl Tela MPUBOIUT K CHUXKEHUIO 00-
11IETO CUCTEMHOTO BOCITaJIEHU S 32 CYET YMEHbIIICHU S
00pa3oBaHU s MPOBOCIIATUTEIbHBIX IMTOKWHOB, CO-
KpallleHUus1 o0beMOB BbIPAOOTKM aKTUBHBIX (opM
KUcJIopoaa v yBeJudeHUs 3¢HEKTUBHOCTU dHEpre-
TUYECKOI MPOXYKTUBHOCTH MUTOXOHIPUTA.

OTHOCUTEeIbHAsI CTAaOUIM3allUs MaccChl Teja
JKUBOTHBIX, ITOJIYYaBIIUX CMECh JIUMOHHOW U sSIH-
TapHOi KUCIOT Ha ¢oHe [TAD-UHAYIIMPOBAaHHOMK
ayTOUMMYHHOM ITaTOJIOTUW, MOXET pacKpbIBaTh
BO3MOXHBIII CAHOT€HETUYECKUI MeXaHU3M Te-
CTUpPYEMBbIX BelllecTB. Ero OCHOBY COCTaBJSIOT:
HEIOCPEeNCTBEHHBII aHTUOKCUIAHTHBIN (MeMOpa-
HOMNPOTEKTOPHBIN) 3hD(EeKThl U MOBBILIEHUE 00-
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LUTOKUHOBbIU NPODOWUJIb KYJIbTYPbI
MbILUUHbIX MAKPO®AIOB IN VITRO
nPU UHOPULIMPOBAHUU CINMTOPAMMU
BACILLUS ANTHRACIS C PASHbIM
MNNIASMUOHBIM COCTABOM

E.A. Korenena'?, O.!. IIpirankosa!, B.10O. Illepoakosa', A.B. Kaiunun',
N.C. Poauonos', B.B. Cepaiokos!, A.B. Aopamosuu!, A.H. Kyanuenko!

TDKY3 Cmasponoavbckuil HAy4HO-UCCAC008AMENbCKUL NPOMUBOUYMHbLI uHcmumym Pocnompebuadsopa, 2. Cmasponoas, Poccus
2DIAOY BO Cesepo-Kasrasckuii pedepanvhviii ynueepcumem, 2. Cmasponons, Poccus

Pestome. Bacillus anthracis, BO30yTUTEIh CHOMPCKOIL SI3BBI, CIIOCOOEH K CYIIECTBOBAHMIO KaK B YCIIOBUSIX OKPYyXaroIeit
cpensl (TIOYBHI), TAK ¥ B MaKpoopranusme. [IposiBieHne aTOreHHBIX CBOMCTB IITaMMOB B. anthracis OTIpeeasieTCsT NX
TIA3MUIHBIM COCTAaBOM, TaK KaK TeHETUIECKHE JeTePMUHAHTH OCHOBHBIX (DaKTOPOB BUPYJIICHTHOCTH — JIBYXKOMIIO-
HEHTHOTO TOKCHMHA U KaTICYJIBl — MMEIOT IUTa3MUIHYIO JJoKaan3aunio. MoneampoBaHue CHOMPEsI3BeHHOM MH(MEKIINT
in vitro B KyJIbType MaKpodaros ITO3BOJIUT BBISIBUTH BIUSHIE MHIAWBUAYAIbHBIX OCOOEHHOCTEH IITaMMOB B. anthracis
Ha XapakTep B3aMMOICWCTBUS OAllMJII U KJIeTOK Makpodaros. Llenrbio qaHHOTO MccIenoBaHusI ObLT aHAIU3 YPOBHS
CeKpelMU HMTOKMHOB KJeTKaMU KYJIbTYpbl MaKpodaros Mpu WHGULIMPOBAHUM in Vitro CTIOPaMU IITAMMOB cUOUpe-
SI3BEHHOT'0 MUKpO0Oa ¢ pa3HbIM IJIa3MUIHBIM COCTaBOM. BhIsIBI€HA 3aBUCUMOCTDH IMTOKMHOBOIO MPoduIsi Makpoda-
raJIbHBIX KJIETOK OT IJIa3MUIHOTO COCTaBa 3apakaloliuX ITaMMOB B. anthracis ipy MOAEIMPOBAaHUY CUOMPEsI3BEHHOM
nHdexunu in vitro. Hanuaue niaa3mMuabl TokciHooOpa3oBaHus pXO1 y mTaMMOB cOMPEsI3BEHHOI0 MUKPOOa OKa3bl-
BaeT MOLIHBIN CTUMYIUPYIOIN I 3 PEKT Ha BRIPAOOTKY IUTOKMHOB Makpodaramu KiaeTouHoi nuHuu J774A. Itam-
MblI B. anthracis, He obnanaroniue miaasmunon pXO1, TpaKTUUeCKU He CTUMYJIMPOBaIU BbIpaboTKy [L-1B, BhI3bIBaIN
o4yeHb HU3KY10 cekpernio [L-1o, IL-6, MCP-1, MIP-1a, MIP-1B, IL-12 (p70) u akTuBHY10 ponykuuio G-CSF. Hus-
KWl IUTOKMHOBBIM OTBET KJIETOK MaKpodaros Ipy 3apakeHUM MOHOILIA3MHUIHBIMU IITAMMaMU, UMEIOITUMU TOJTb-
KO IUTa3MUIY KaIlcyJI000pa30BaHUs, 00YCIOBJICH HE TOJIBKO OTCYTCTBHEM OMHAPHOTO TOKCHMHA, HO ¥ HApPyIICHUSIMU
B PETYJISAINN CHHTE3a KaIICYJIbl, CBI3aHHBIMM C OTCYTCTBUEM TeHa atxA. Karicyma, Hapsay ¢ IeTaJIbHBIM ¥ OTEYHBIM
TOKCMHAMU, OTHOCUTCS K OCHOBHBIM (DaKTOpaM BUPYJIEHTHOCTU B. anthracis, HO y IITaMMOB, JTUIICHHBIX TIJIa3MU-
bl BUpyJIeHTHocTH pXOl, ee TpooyKIMs HapylleHa, TaK KaK ITABHBIM PETYISITOPOM CHHTE3a KaTICYIIbl IBIISIETCS TeH
atxA, noxanu3oBaHHbIN Ha TaasmMuae pXOI yepe3 MoNOXUTENbHYIO PEryasauuIo FeHOB acpA u acpB, moaToMy HITam-
MBI, JIMIIEHHbIE MJ1a3MUIbl TOKCMHOO00pA30BaHM I, 1aXe MPU HAJUUMU IJIa3MUIbI KAICyJ1000pa30BaHu s, BbI3bIBAIOT
c1a0bIil HIMTOKMHOBBIM OTBET y MHOUIIMPOBAHHBIX KJAETOK. JAMIIa3MuaHbIe IITaAMMBI B. anthracis 3a cueT BbIpaOOTKH
IJIaBHBIX (DaKTOPOB BUPYJICHTHOCTH — JIBYXKOMIIOHEHTHOI'O TOKCHHA 1 KATICYJIbl — BBI3BIBAIOT Y MaKpodaros (B 3KC-
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nepuMeHTe) akTuBHYT0 ponykiwio [L-1B, IL-6, MCP-1, G-CSF, MIP-1a,, MIP-1B, IL-12 (p70). LLitammsbl, o61amato-
M€ YMEPEHHOI BUPYJIEHTHOCTbIO U CITIOCOOHBIE K KATCyJI000pa30BaHUIO Ha BO3AYXE, MO BO3JACUCTBUIO HA KYJIbTYpY
Makpobaros in vitro IpaKTUYECKH HE OTJIMYAIUCH OT BBICOKOBUPYJIEHTHBIX IIITAMMOB.

Karouesvle caosa: cubupckas 136a, yumokuHsl, MaKpogazu, naasmudsl 6UPYACHMHOCMU, KANCYAd, MOKCUH, MOOCAUPOBAHUEe
uHpexkyuu in vitro.

CYTOKINE PROFILE IN IN VITRO MOUSE MACROPHAGE CULTURE INFECTED

WITH BACILLUS ANTHRACIS SPORES WITH VARYING PLASMID COMPOSITION

Koteneva E.A.*", Tsygankova O.1.%, Shcherbakova V.Yu.?, Kalinin A.V.?, Rodionov I.S.?, Serdyukov V.V.2,
Abramovich A.V.?, Kulichenko A.N.?

@ Stavropol Plague Control Research Institute of Rospotrebnadzor, Stavropol, Russian Federation
¢ North Caucasus Federal University, Stavropol, Russian Federation

Abstract. Bacillus anthracis, the causative agent of anthrax, is able to exist both in environmental conditions (soil) and
in the macroorganism. The manifestation of pathogenic properties of B. anthracis strains is determined by relevant plas-
mid composition, because the main toxin and the capsule-related virulence factors are located in bacterial plasmid. Mod-
eling anthrax infection in vitro in macrophage culture might reveal an influence of individual B. anthracis strain charac-
teristics on infection and development of infectious process. The aim of this study was to analyze cytokine level during
infection of in vitro macrophage cell cultures with spores of anthrax microbe strains bearing varying plasmid composition.
The dependence of the macrophage cell cytokine profile on the plasmid composition of B. anthracis strains was revealed
while modeling anthrax infection in vitro. The presence of the toxin-producing plasmid pXO1 in anthrax microbe strains
has a powerful stimulating effect on the production of macrophages J774A cell line cytokines. B. anthracis strains lack-
ing the pXOl plasmid virtually stimulated no production of IL-1B, caused very low secretion of 1L-1o, IL-6, MCP-1,
MIP-1oa, MIP-1B, IL-12 (p70) and active G-CSF products. The low cytokine response of macrophage cells infected with
monoplasmid strains bearing only the capsule-forming plasmid was due not only to the absence of a binary toxin, but
also to disturbed regulation of capsule production associated with the absence of the atxA gene. The capsule, along with
lethal and edematous toxins, belongs to the main virulence factors of B. anthracis, but strains lacking the pXO1 virulence
plasmid, had its production impaired, because the main regulator of capsule synthesis is the atxA gene localized on the
pXOl plasmid being positively regulated by the acpA and acpB genes, so that strains lacking the toxin-forming plasmid,
even in the presence of the encapsulation plasmid, elicit a weak cytokine response in infected cells. Diplasmid strains
of B. anthracis, due to produced main virulence factors — a two-component toxin and a capsule, enforce macrophages
(in the experiment) to actively produce IL-1B, IL-6, MCP-1, G-CSF, MIP-1o;; MIP-1f, IL-12 (p70). Strains with moder-
ate virulence and capable of capsulation in air virtually did not differ from highly virulent strains in terms of their effect
on in vitro macrophage culture.

Key words: anthrax, cytokines, macrophages, virulence plasmids, capsule, toxin, modeling infection in vitro.

eTCsI CITOCOOHOCTH CITOp K MPOpacTaHUIO BHYTPU
MaKpoopraHu3zMa, CKOPOCTb U MHTEHCUBHOCTb
dopMuUpOBaHUS KarlCyJbl, CeKpelns KOMIOHEH-
TOB 3K30TOKCUHOB U JOIOJHUTEIbHBIX (DaKTOPOB
BUPYJIECHTHOCTHU [2]. BUpyJIeHTHOCTH U TIpOSIBiIE-

BeepneHue

Bosoyaurens cubupckoii s3Bsl —  Bacillus
anthracis, o0JlafaeT MUPOKUMU adallTUBHBIMU
CIIOCOOHOCTSIMM,  YCIIEIIHO MPUCITIOCabIMBasICh

K CYIIIECTBOBAHUIO B PE3KO Pa3IMYaIOLINXCS YCIO0-
BUSIX: TIOYBE, OPraHMW3Me TEILJIOKPOBHBIX XXMBOT-
HBIX, Ha HMCKYCCTBEHHBIX NUTATCIBHBIX Cpemax.
IIpucniocobseHne K pa3HbIM YCJIOBUSIM AOCTUTA-
eTcs OJjaromapsi CIOCOOHOCTU CUOUPESI3BEHHO-
ro MUKpoOa CyIlIecTBOBaTb B BUJE HECKOJbKMX
MophopYHKIIMOHANIBHBIX (OpM (CITOPOBOI, Be-
reTaTUBHOW KAaIlCyJIbHOM, BereTaTUBHOM akKarll-
CYJILHOM), HJIST KaXXIOW M3 KOTOPBIX XapaKTEPHBI
He TOJbKO BUAMMBIE MOP(OJIOrMuyecKrue ocoOeH-
HOCTM, HO U 3HauyuTeJibHble Npeodpa3oBaHUS
TPaHCKPUMNILIMOHHON U MeTa00JIMUEeCKOM aKTUBHO-
ctu. BaxkHbpIMU (pakTOpaMu, CIIOCOOCTBYIOIIUMU
YCHEITHOM KOJIOHM3aIlMM OpTaHWU3Ma MJICKOIIH-
TAIOIIETO0 CUOMPESI3BEHHBIMM OallUJIJIaMU, SIBJISI-

HME IaTOreHHBIX CBOWCTB LUTaMMOB B. anthracis
HaIIpSIMYIO 3aBUCUT OT MX IIJIA3MHUIHOTO COCTAaBa,
TaK KaK I'eHbl, KOOUPYIOIINE CUHTE3 KOMITIOHEHTOB
TOKCHHOB M KarIlCyJIbl, JIOKAaJIU30BaHbl Ha T1J1a3MHM-
nax BUpyJeHTHocTu pXOl (miaazMumga TOKCUHO-
obpazoBaHus) u pX0O2 (mIasmMuga Karcyjao-
obpaszoBaHus) [8, 10]. Ob6a TOKCMHA — JIeTaJIbHBINA
¥ OTEUHBI — UTPAOT BaXKHYIO POJIb B IOAABIICHUN
BPOXIEHHBIX M agallTUBHBIX UMMYHHBIX (PYHK-
uuit Makpoopranusma [12]. Kancyna HagensieT
BereTaTUBHBIC KJIETKU B. anthracis cmoCOOHOCTBIO
K OIICOHU3AaLIMM KOMIUIMMEHTOM XO3sIMHA 1 OICO-
HOGAarouuTo3y IrpaHyJoOLUTAMU U MaKpodaraMmu.
IToMrnMO TOKCMHOB U KarcCyJibl K (paKTOpaM BHPY-
JIECHTHOCTH, CIOCOOCTBYIOIINM HPOHWKHOBEHUIO
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LIMTOKMHBI Npu cnbupckoi 93Be in vitro

M YCHEIITHOMY Pa3sMHOXEHHIO B MaKpOOpraHMU3Me
CUOUpEesSI3BEeHHbIX OallUJII, OTHOCAT OeJIKU S-Ccos,
ayToJM3UH AmiA, OeJKM nmpopacTaHUs CIOp, re-
MOJU3UHBI, JeuutuHazy [11]. B mpupone moryt
BCTpeYaThCs IUTaMMBbl B. anthracis ¢ pa3HbIM IJ1a3-
MMUIHBIM COCTAaBOM, HO OOJIBIIMHCTBO LITAMMOB
uMerT o0e miaasMuabl BUPYJIEHTHOCTU. B nabo-
pPaTOPHBIX YCIOBUSIX, OCOOCHHO IIPU BO3ICHCTBUU
CCJIEKTUBHBIX (DAKTOPOB, U3 MOMNYISIIUUA OTHOTO
IITaMMa MOXHO BbIAEJWUTbh BapUaHThl, UMEIOIIE
pa3HBbI MIa3MUIHBIN coOcTaB U peHOTUT [3].

N3yueHne OMOIOTUUYECKUX CBOMCTB OAKTEpPUiA,
B TOM YMCJIC M ITaTOTEHHBIX, B OCHOBHOM ITIPOBO-
IUTCS TTPU KYJBTUBUPOBAHUU Ha MCKYCCTBEHHBIX
NUTATEeAbHBIX cpeaax, OO0ecleuynBaroNIuX OITH-
MaJbHBII POCT U pa3MHOXEHHUE MUKpoba. B aTom
ciydae YCJIOBUS KYJIBTUBUPOBAHUS 3HAUNTEIIh-
HO OTJIMYAIOTCS OT CYIIECTBYIOIIMX B MaKpOOp-
raHu3Me IIpyU Pa3BUTUM HWHOEKIIMOHHOTO Mpo-
uecca. Ilpm MomelupoBaHUM CUOUPESI3BEHHOMI
nHGEKIUU in vitro B KyAbType MaKpodaroB 3KC-
TMEPUMEHTB MOXHO IIPOBOOMTH B MaKCHUMaJIbHO
CTaHIAPTU3UPOBAHHBIX YCJIOBUSIX, UYTO MO3BOJUT
NPUMEHUTh KOMILJIEKCHBIA MOAXOH, COYETAIOIINMN
MOP(OJOTUUECKNE, MOJEKYISIPHO-TCHETUUSCKIE
1 UMMYHOJIOTUYECKHNE METOABI, U BBISBIISITH HAaW-
0ojiee BaxKHBIE (KJIIOUEBbIe) OCOOCHHOCTU IITaM-
MOB B. anthracis, BIUsIONIMe Ha TIPOSBJICHUEC MX
MaTOTeHHBIX CBOMCTB.

Matepuasnbl 1 METOLbI

Itammel B. anthracis, ucniojib30BaHHBIE B pa-
0oTe, 1 X (PEHOTUITNYECKAsI M TeHeTUYeCcKasl Xa-
pakTepucTHUKa NpeacTaBlieHbl B Taba. s skcne-
PUMEHTOB HCIOJb30BaN KYJIbBTYpy MakKpodaro-
nonoOHBIX KeTOK J774A. KynbsTuBUpOBaHUE KYJTb-
TYpBHl KJIETOK MakKpodaroB IMPOBOAUIN Ha cpele
DMEM c BBICOKMM cOJep:KaHUEM III0KO3bl C J0-
bGaBiieHueM 2% cTepuabHOM (eTaibHOM ObIYbei
ceiBopoTKH B CO,-mHKyOaTope npu 37°C u comep-
xaHuu CO, — 5%. 1551 3apakeHusl B3BEChIO CIIOP
B. anthracis ncnonb3oBaau 1—2 cCyTOUHBI MOHO-
CJION ¢ KOHGJII09HTHOCTBIO 70—90%, Ha 2—20 nac-
caxe. MopdoJIornm KJIETOYHON KYJIBTYPHl U €€
YUCTOTY OLEHWBAJIN B Ma3KaxX, OKpaIICHHBIX Me-
TonoM PomaHoBckoro. Ilpu 3apaxeHuu KyJbTyphl
KJeTOK MakpodaroB crnopaMu B JYHKH BHOCHUJIU
B3Bech criop B cpene DMEM ¢ 10% FBS, u3 pac-
yeta 50 criop Ha 1 KJETKY KyJbTypbl Makpoda-
ros (3ro cocrasiser 1 Mi B3Becu 1 x 107 cniop/
M), u nomeiianu B CO,-unkyo6arop npu 5% CO,
n 37°C Ha 1,5 vaca. Jlajee KyabTypajlbHYIO Cpeay
yIaJsiIv B eMKOCTh C Jie3pacTBopoM (6% mnepeKuch
Bomopona ¢ 0,5% ITAB), a anre3aupoBaHHbIE Ha JHE
JIVHOK IIJIaHIIIeTa KJIETKHU KYJIbTypbhl MaKpodharos,
comepxxaiue (parouMTUpPOBAaHHBIE CIIOPHI, 2 pa3a
OTMBIBAJIU KYJbTypasibHOU cpenoit DMEM B 00b-
eme 1 M ang ynajeHus] HedharoumuTUPOBaHHBIX

CIIOp, B TYHKU A00aBJSIIU 2 MJI Cpelbl MOAIECPXKKU
(DMEM, 2% FBS) u nponojixaiu MHKyOal 1o 3a-
paxkeHHbIX Makpodaros rnpu 37°C u 5% CO, B Te-
JyeHue BpEeMeHU dKcTiepuMeHTa (24 u).

KosmyecTBeHHBI aHAJIM3 YPOBHS [IMTOKWUHOB
NPOBOAMIM Ha MNpubope AJisd MYJbTUILIEKCHOTO
MMMYHOJIOTUYECKOrO aHaJin3a B MUKPOILJIAHIIIC-
Tax Bio-Plex-200 (Bio-Rad, CIIIA) ¢ ucroinb3oBa-
HueM Habopa Bio-Plex Pro™ Mouse Cytokine 23-
plex (Bio-Rad, CIIA). IIpubop nmpeaBapuTeIbHO
ObIJT BAaTMAMPOBAH U OTKAJTMOPOBaH C HACTPONKOI1
«ow PMTRPI1». I[Ipo6omnoaroroBka mpoBoauIach
B COOTBETCTBMM C WHCTPYKIIMEH MPOU3BOIUTES.
O0beM obpaslia, 100aBJIsIeMOTo B IJIaHIIET, COCTa-
Bu 50 MxJ1 Ha 1yHKY. Kazkabiit oopa3sei aHaau3u-
poBanu B ABYX MoBTopax. CTaHmapTHBIC KPHBEIC
paccUYnTHIBAJIM C TTOMOIIIBIO TTPOrpaMMHOTO obec-
neueHus Bio-Plex Manager no ¢dopmysne nsaTu-
napamMeTpuuecKoil perpeccuu. KM3MeHYMBOCTH
BHYTPH aHaJIN3a, BeIpakKeHHasI KaK KO3 PUIIMEeHT
Bapuanuu, OblJIa pacCUYNTaHa Ha OCHOBE CPEIHETO
3HAYeHMsI pa3BeJICHHBIX CTAaHIAPTHBIX 0OpPa3IoB
M U3MEpeHa IBaXKIbl B MYJbTUIIJIEKCHOM aHaJIu3e.
KynsruBupoBanue mramMMoB B. anthracis, noiy-
YEeHUE CBEXKMX CIOP M OIpeneIeHUEe UX KMU3HECIO-
COOHOCTM, OKpalllMBaHMWE TIpernaparoB, obe33apa-
>KMBaHMWe 00pa3LoB U Ipyrue paboThl C BO30yaUTE-
JIeM CUOMPCKOI SI3BBI IIPOBOAUJIN B COOTBETCTBUU
¢ MYK 4.2.2413-08 <«JlabopaTopHasgd auarHoc-
TUKa W OOHapyXeHue BO30yAUTENs CUOUPCKOM
s3Bbl». be3omacHocTh paboT Oblja obecrieyeHa
B coorBerctBuu ¢ CII 3.3686-21 «CanurtapHO-
SMMUAESMUOJIOTUYECKHE TPEOOBAHUS 110 PO UIIaK-
TUKe MH(MEKIITMOHHBIX 00JIe3HEe».

Pesynbrathl 1 00CYyXaeHne

BzaumoneiicTBue MexKay MakKpodaraMu X03sT1-
Ha U CUOUpPEesI3BEHHBIMU OallMJIJlaMU HauyMHaeT-
CsI CO B3aMMOIEHCTBUS CHOPBI M1 Makpodara, 4To
WHUILINUPYST WHQPEKIMOHHBINA IIpolecc U peak-
O MaKpodaroB HaJIeTaIbHBI 1 OTEUHBI I TOKCH -
HbI, KOTOPbIE HAUMHAIOT 9KCITPECCUPOBATHCS B Be-
reTaTUBHOM KJIeTKE. 3HAYMTEIbHOEC TMOBBIIICHUE
ypoBHs TNFo npu aspo30JibHOM 3apak€eHUU MbI-
el cnopamu B. anthracis, KOTOpOe CTPEMUTEb-
HO YMEHbIIAeTCsI O MEPE pa3BUTUS OaKTEepUEeMUU
omnucaHo B pabote [13]. Mbl HaGm0OMAM TTPAKTHU-
yecku mmonHoe oTcyTcTBue TNFo (Ha ypoBHE ho-
HOBBIX 3HaueHU) yepe3 24 4 mocjie UHOULIUPO-
BaHMS KYJbTYpPhl KJIETOK MaKpodaroB cCIiOpaMu
B. anthracis. Mukpockonmuyeckoe HccCliefoBaHUE
IpernapaToB BEISIBUIIO, YTO B 3TO BpeMsI B KYJIBTY-
pe MakpodaroB HaXoaAUTCs OObIIOE KOJIUYECTBO
OaKTepUaJbHBIX KJIETOK. P 3KCIIEpUMEHTOB,
OMUCaHHBIX B paboTe [9] mokaszaj, 4To MPOAYKII U
TNFo u IL-1B Ha paHHMX 3Tanax BIUSET Ha yBEJIU-
YeHMe NPOAYKIINHU JIETaJIbHOIO TOKCUHA, U HA000-
POT, BBIpabOTKa TOKCUHA CTUMYJTMPYET UMMYHHBII
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MHdekumns n uMmyHuTeT

IITAMMBI, ¥ KOTOPBIX OTCYTCTBOBaJMW OAHA WJIU
0o0e TIIa3MUIbl BUPYJEHTHOCTU. 3aMeTHasl pas-
HuLa OblJa BbIsSIBJeHA U B KOHUeHTpauuu [L-12,
KOTOPBIi BJUSIET Ha KJIETOYHBIH HUMMYHUTET
M TIOBBIIIAET IMTOTOKCUYHOCTh Makpodaros. Ero
KOHIIEHTPAIIMSI IPU BO3ICHCTBUU TUTIA3MUTHBIX
mrtamMmoB (pXOI1*, pXO2*) npesbiliana aHaJOTUY-
Hble 3HaYeHUs OecIIa3sMUIHBIX (B 6,5 pa3a) u Mo-
HOTLJIa3MUAHBIX IITAMMOB (B 3 pa3a).

TunuuHble TUTUIA3MUAHBIC IITAMMBI B. anthra-
cis 81/1, 1CO, 140 P Cap~ 6.M., oTHOCSIIIHUECS K OC-
HOBHOM T€HETUYECKOW T'pyIiie A, BbI3bIBaJIU BbI-
cokuii ypoBeHb cekpertmm IL-1B, 1L-6, MCP-I1,
G-CSF, MIP-la, MIP-1B, IL-12 (p70), xoro-
pble SBJISUIUCH TOMMHMPYIOIIMMU B ITMTOKWHO-
BOM Mpoduiie MX KYJbTYpaJbHBIX (UIBTPATOB
Ha ¢doHe MeHee BBIpaKeHHBIX (paKIUil JPYTUx
IUTOKWHOB, 3KCIIpeCCUPYEeMbIX, Makpoddaramu.
JdunnazmuaHble mtamMMmbl B. anthracis 1CO-S,
14/41-1aSM, 12/16-S ¢ aTUTTMYHBIM Karcyjaoo0pa-
30BaHMEM I10 CBOEI CIIOCOOHOCTH CTUMYJIMPOBATh
BBIpaOOTKY MakpodaraMy IIMTOKMHOB Majo OT-
JIMYAJIUCh OT IPYTUX TUTLJIAa3MUTHBIX 1 MOHOTLIA3-
muaHbiX (pXOI1*, pXO2~) mramMmmoB B. anthracis.
JJOMUHMPYIOIIUMH 10 KOHIIEHTPAIIUU B KYJIbTY-
pamsHOU kxunkoctn Obimm IL-1B, 1L-6, MCP-1,
G-CSF, MIP-la, MIP-1f3, IL-12 (p70). Ilpu wuc-
MoJIb30BaHUU MmTamMmma B. anthracis 14/41 1aSM
B uIbTpaTe KYJIbTYpPaJbHOW XUIKOCTU OTCYT-

ctBoBas G-CSF. Insg rpynnbl MOHOITJIa3MUAHBIX
(pXOI*, pX0O2~) wrammoB B. anthracis — 140 P
Cap-, 14/41 Trpt*, 1CO-S Cap-, 228/8 xapakTepHa
BbIcokas mponykmust [L-1B, IL-6, MCP-1 (MCAF),
MIP-1a, MIP-1B, G-CSF (puc.).

JdaHHOe wuccaegoBaHUE SIBISIETCS  IEPBBIM
OMNBITOM MO ONPEAEJCHUIO BIUSHUS T€HEeTUYecC-
KUX U (DEHOTUITUYECKHUX OCOOEHHOCTe ITam-
MOB B. anthracis Ha BUJOBOU COCTaB LIUTOKUHOB
Y BPEMEHHBIX TapaMeTPOB CEKPETOPHOI aKTUBHO -
ctu Makpodaros. ConocTaBjieHUE TUTOKMHOBBIX
npodusieii GUABTPATOB KYJBTYpaJdbHOW Cpeabl
NpU MCIOJIb30BAaHUU Pa3JUYaAOIINXCS IO CBOU-
CTBaM ILITaMMOB B. anthracis M03BOJsIET KOHCTa-
TUpoBaTh oTcyTcTBHe IL-1B B duiapTparax mram-
MOB B. anthracis ¢ orcytctBUeM miaasMuabl pXOl
(pXOl~, pXO2~ u pXOl-, pXO2*). UHTepecHbIM
saBisieTcs orcytcTBue MCP-1 B huabrparax mram-
MoB B. anthracis 14/41 Trpt* u 14/41-1aSM. Ananus
IUTOKWUHOBBIX CIEKTPOB (UIBTPATOB KYJIBTY-
paJIbHOM KWIKOCTHU, TTOJIYYEHHBIX IpU MHOUIIH-
poBaHUU WITaMMaMu B. anthracis 228 n 228 npor.,
BBISIBUJI, YTO OHY OBIJIM MPAKTUYECKU UICHTUYHBI.
VYKkazaHHbIe LITAMMBI SIBASIOTCS AUIJIa3MUIHBI-
MU, HO UCXOJHBIN ITAMM 228 SIBJISIETCS YMEPEHHO
BUpPYJAeHTHBIM [1] ¢ deHoTunom Cap(CO,)*(0O,)~
Tox ProtA~Hly Lec Trp~, a BblAeJEHHBIIA U3 €ro
NOMNYASLAU ITaMM 228 MPOT. OTHOCUTCS IO TOM XKe
KJlaccuduKaluu K BICOKO BUPYJIEHTHBIM U UMeE-
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PucyHok. KoHUeHTpauus LUTOKMHOB B KYJIbTYPasibHOM XXUAKOCTU NPU UHGULUPOBAHUN JIMHUN
makpodaronogo06Hbix KneTok J774A wrtammamu B. anthracis ¢ pasHbiM N1a3MUOHbLIM COCTaBOM
Figure. Concentration of cytokines in the culture fluid upon infection of the J774A macrophage-like cell line with

B. anthracis strains with different plasmid composition
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et denorun Cap(CO,)"(0,)~ Tox"ProtA*Hly"Lec™
Trp*. Bo3MoxHO, MeTON ompeacieHuss TOKCUHO-
obpazoBaHus Ha cpene COIIDK [1] aBasieTcs He-
JIOCTAaTOYHO YYBCTBUTEJIbHBIM, W TIPOU3BOAUMAS
Ha HeBBICOKOM YPOBHE IMPOAYKIIMSI TOKCUHA JOCTa-
TOYHA TeM He MeHee IS CTUMYJISIIIUU BEIpa0OTKU
IUTOKMHOB. IITaMMBI ¢ aTUNMUYHBIM Karcyyio-
oOpazoBaHMEM B aTMOChepe Bo3ayxa ¢ (QEeHOTUIIOM
Cap(C0O,)"(0,)" Tox ProtA-Hly Lec Trp~ Takxke
HE OTJIMYAJIUCh MO CIIOCOOHOCTU CTUMYJIMPOBATh
BBIPAaOOTKY HMTOKMHOB OT BBICOKOBUPYJIEHTHBIX
mrtammoB. Karicyiia, Hapsiiy ¢ JieTaalbHBIM U OT€Y-
HBIM TOKCMHAMH, OTHOCHUTCSI K OCHOBHBIM (haKTO-
paM BUPYJIEHTHOCTU B. anthracis, HO y 1IITAMMOB,
JUIIEHHBIX MIa3dMuabl BupyaeHTHocTu pXOl, ee
MPOAYKIIMS HapyllleHa, TaK KakK TJaBHBIM pery-
JIATOPOM CHHTE3a KarllCyJIbl SIBJISIETCS TeH arxA,
JIOKaJM30BaHHBIN Ha maazMuae pXOl yepe3 mo-
JIOKUTEJIbHYIO PETYJISILUIO TeHOB acpA u acpB [13],
MO3TOMY IITAMMBI, JIMIIIEHHBIEC TJIa3MUIbl TOKCH-
HOOOOpa30BaHM s, Jaxe ITPU HAJIUIUU Y HUX IJ1a3-
MUIBl KallCyJIoOOpa30oBaHUsI, BBI3BIBAIOT CJIA0ObIN
IIUTOKWHOBBI OTBET y KJIETOK MHOUIIMPOBAaHHOM
KYJBbTYPbl MaKpodaros.

BbiBOAbI

BrisiBieHa 3aBUCHUMOCTH CEKPETHUPYEMBIX Ma-
KpodaraJbHBIMU KJICTKAMHW IIUTOKWHOB OT IIjIa3-
MHIHOTO COCTaBa  3apaXaoIInxX MITaMMOB
B. anthracis Tipy MOACIMPOBAHUU CUOMPESI3BCH-
Ho#t nH(pekuuu in vitro. Hannuue masmuasl pXO1
OKa3bIBaeT MOIMHBIN CTUMYJIUPYIOIMUNA 3] heKT
Ha BBIpAOOTKY HHMTOKMHOB MakKpodaramm Kie-
touHoi JuHuu J774A. Lutokuu IL-1B akTuBHO
OPONYLIUPYETCSI MaKpodaraJlbHBIMHU KJIETKaMU
B OTBET Ha CMHTE3 (haKTOPOB BUPYJICHTHOCTH CH-
OMpesI3BEeHHOrO0 MUKPOOa — JIETaJIbHOTO M OTEUHO-
TO TOKCMHOB U Karicyabl. [ToaToMy 3HaUYMTEIbHAS
BbIpaboTKa IL-1B HaGalomaeTcss Mpu 3apaskeHUU
Makpo}aroB BUPYJCHTHBIMH IUILIA3MUIHBIMUA
mramMaMu B. anthracis. Beipabotka G-CSF He 3a-
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r'YMOPAJ1IbHbIN UMMYHHbIV OTBET

NOCJIE AMMYHU3ALNU MOPCKUX CBUHOK
BAKUUHHbIM NMPEMAPATOM HA OCHOBE
BUPYCA MYYMAIJIA

C.C. Kypamosa', M.B. Banosuena', A.A. Ummyxameros'2, P.JI. Teonoposuy',
IO.B. ITonosa!, E.A. Tkauenko', T.K. /I3aryposa’

T@OIAHY Dedepanviblit Hay4HbLI YyeHMP UCCACO08AHULL U PA3PAOOMKU UMMYHOOUON02UYECKUX NPENAPAMO8

um. M.I1. Yymaxoea PAH (Uncmumym noauomueauma), Mockea, Poccus

2 [lepewtit Mockoeckuii eocydapcmeentbiii meduyunckuil ynuseepcumem um. U.M. Ceuenosa (Ceuenosckuii Yuusepcumem),
Mockea, Poccus

Pestome. ['emopparudeckast nuxopanka ¢ mouedHsiM cuHapoMoM (IJITIC) 3arumaer B P® Bemyimee MecTo cpemnu
MIpUPOIHOOUAroBeIXx MHGeKunit. Baknunaa nmpotus [JITIC HaxoguTcs Ha CcTaauy JOKJIMHUYECKUX U KIMHUIECKIX
ucnbeiTanuii. s Bozoyauteneii [JITIC oTcyTcTBYeT 1abopaTopHas Moaeb MHGEKIIUH, TO3TOMY UMMYHOT€HHOCTh
BaKIIMHBI OMpPEICNIIOT 10 MHAYKIUN HelTpanusyomux Bupyc antuten (HAT). Llenp mcciaenoBaHus — aHAIU3
BIIMSTHUS CXEMBI JO3MPOBAHMSI MMMYHOIeHa Ha AUHAMUKY TUTpa HAT Ha MOIe I MOPCKUX CBUHOK ITOCJIe BBEICHU S
SKCIEePUMEHTaJIbHOTO XaHTaBUPYCHOro BaklMHHoro npernapata (XBIT) Ha ocHoBe Bupyca Ilyymana. KonuuecTBeH-
Hasl OLIEHKa HeMTpaau3yIollKX aHTUTEI B peakluK HeiiTpanuzanuu 1o 50%-my nonasieHuio Gokycoopasyonmx
enuHul (PH/®OE,)) B KynbType KJIeTOK Vero mpejacTaBjieHa B BUIE CpPelHEH 'eOMEeTPUYECKOM BEJIMYMHBI THUTPA
AHTUTEJ, BhIpaxKeHHON B IBOMYHBIX Jorapudmax (log,). JByKpaTHYI0O UMMYHM3ALMI0 MOPCKMX CBUHOK ITPOBOAMIN
¢ UHTepBayoM 14 nHeii, OycTepHoe BBeaeHne — Ha 182 neHb, mo 0,3 MJ1 B MBIIIEUHYIO TKaHb Oepa B Hepa3BeJeHHOM
Bune (XBII-1/p) u B pazBenenuu 1/10 (XBII-1/10). dxsa ompenenecHust HAT KpoBb oTOMpaiu Kaxapie 14 nueit. Yepes
14 nHeit mocne epBoit umMmyHu3anuu XBI1-H/p HAT onpenensnuch B Tutpe 5,5+0,3, a nsa XBII-1/10 — 4,8+0,3 (p <
0,0001). ITocne Bropoit ummynuzanuu XBII-1/p u XBII-1/10 makcumanbHoe yBenmuenue HAT Habmromanu mo 9+0,2
Ha 42 neHb, u 6,5£0,2 Ha 14 neHb COOTBETCTBEHHO. B manbHeiiieM Hab0qa10Ch cHUXeHue Tutpa HAT no 6,2%0,3
n 510,3 k 308 nHI0 MOCTE IepBOi UMMYyHU3a1uu. byctepHoe BBenenue X BI1-H/p nHAYIMPOBAJIO TIOBBIIIIEHNE YPOBH S
HAT 10 9,5£0,3, a XBII-1/10 — g0 6,5%0,3. CTOMT OTMETUTD, YTO IOCJIEe OYCTEPHOro BBEAEH ST HAOII01a1aCh MHIYK-
LMST CTAaTUCTUYECKM 3HaYMMO OoJiee BHICOKMX 3HaueHuil HAT Ha 238 meHb mocie nepBoit uMMyHu3anuu XBII-H/p
u Ha 294 nenb nocae XBII-1/10, ¢ mocnaenytonieil TeHAECHIIMEN K UX CHUXEHUIO. Pe3ynbTaThl MCCIeNOBaHUS CBUIC-
TeJbCTBYIOT O paHHEM (DOPMUPOBAHUM UMMYHHOIO OTBETa, MHTEHCUBHOCTb KOTOPOT'0 3aBUCEJa OT J03bl BBOAMMOIO
nMMYyHoreHa. bycrepHoe BBeieHMe MMMYHOI€Ha uepes 3 Mecsiia OT HayajJa MMMYHU3al MU CYIECTBEHHO YCUIMBAIO
MMMYHHBI OTBET MPOIMOPLIMOHATBLHO BBOIUMOM 03¢ UMMYHOreHa. JlnutenbHoe nepcuctupoBanue HAT mocie aBy-
KpaTHOM MMMYHHU3ALMU yKa3biBaeT Ha BO3MOXHOCTh IPUMEHEHMSI OyCTEPHOI'0 BBEACHUSI MMMYHOTEHA Yyepes TOl.
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JlaHHBIE 9KCIIEPUMEHTA MTO3BOJISIIOT TIO00paTh ONTUMAJIBHYIO CXeMY BaKIIMHAIIUY (1103Y U BpeMst OYCTepHOTO BBeJIe-
HUsI UMMYHoreHa). MMMmyHoJorndeckast 3p@eKTUBHOCTb U MTPOTEKTUBHASI aKTUBHOCTb TAKOI CXeMbl BaKIIMHALIMU
MOXET OBITh OLIEHEHA TOJIBKO M0 pe3yJbTaTaM KJIMHUYECKUX UCTIBITAHUIA.

Karouesole caoea: cemoppacuueckas Auxopaoka ¢ NoYe4HviM CUHOPOMOM, supyc [lyymana, xanmagupycHuiii 6aKyuHHbII npenapam,
cXema 6aKyUHAUUU, HeliMPaIu3youue aHmumena, UMMYHHbLI 0meem.

IMMUNE RESPONSE EVALUATION IN THE GUINEA PIGS AFTER IMMUNIZATION

WITH THE EXPERIMENTAL PUUMALA VIRUS VACCINE

Kurashova S.S.?, Balovneva M.V.?, Ishmukhametov A.A.*", Teodorovich R.D.?, Popova Yu.V.?, Tkachenko E.A.?,
Dzagurova T.K.?

@ Chumakov Federal Scientific Center for Research and Development of Immune-and-Biological Products of the Russian Academy

of Sciences, Moscow, Russian Federation
b Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Abstract. In the Russian Federation, the vaccine against hemorrhagic fever with renal syndrome is at the stage of preclini-
cal and clinical trials. The aim of the study was to analyze an effect of vaccine schedule on neutralizing antibodies (nAB)
dynamics in guinea pig models applied with experimental Puumala virus based hantavirus vaccine (HV). Quantitative
evaluation of neutralizing antibodies was presented as antibody titer geometric mean expressed in binary logarithms (log,)
by the 50% reduction of focus-forming units (FRNTj,) in Vero cell in the focus reduction neutralization test. The HV
dual inoculation to guinea pigs was carried out in 14 day intervals, booster injection was applied on day 182 after the onset,
in the thigh muscle tissue by using 0.3 ml undiluted (HV-u/d) and in the 1/10 dilution (HV-1/10). nAB titer on day 14 after
the first HV-u/d and HV-1/10 injection was measured to be at titer of 5.5£0.3 and 4.8+0.3, respectively. After the second
injection, the nAB peak was as high as 9+0.2 on day 42 after the first HV-u/finjection, and 6.5+0.2 on day 14 after the HV-
1/10 injection. nAB decreased down to 6.2+0.3 and 5+0.3, respectively, on day 364 after the first injection. The booster
HV-u/d and HV-1/10 injection induced increase in nAB up to 9.5+0.3 and 6.510.3, respectively. After the booster in-
jection, it induced significantly higher nAB observed on day 238 after the first HV-u/d injection and delayed up to the
294 day for the HV-1/10. The results of the study indicated the early formation of the immune response, long-term nAB
persistence and significantly enhanced immune response after the booster injection on day 182, which indicated a poten-
tial for the booster injection a year later. The immunological efficacy and protective activity of the vaccine schedule may
be finally assessed according to the results of clinical trials.

Key words: hemorrhagic fever with renal syndrome, Puumala virus, hantavirus vaccine, vaccination schedule, neutralizing antibodies,

immune response.

BeepgeHue

XanTtaBupyc [lyyMaJa sIBIsieTCSI OMHUM U3 1Ie-
CTU BO3OYyOMTENell TeMOpparn4eckKoi JMXOopaaKu
¢ nouyedyHbIM cuHAapomoMm (TJITIC). IlaToreHHbIe
XaHTaBUPYCHI B cocTaBe poaa Orthohantavirus BXo-
OaT B ceMeiictBo Hantaviridae, nopsinoxk Bunya-
virales [11]. Bonee 97% Bcex ciiy4aeB reMopparuyec-
KoM uxopaaku ¢ nmoyeuHbiM cuHapomoM (I'JITIC)
B Poccuu aTrosiorndyecku oOyCJIOBJIEHBI BUPYCOM
IMyymana, okoiyio 3% — npyrumu 5 BO30OyauTeIIsI-
mu IJITIC — Bupycamu XanrtaaH, Ceyn, AMyp,
Kypkuno 1 Couu [10], uyTo yKa3bIBaeT Ha BEAYLLYIO
3THOJIOTMYECKYI0 posib Bupyca Ilyymana B CTpyK-
Type 3abosieBaemocTu ['JITIC B Poccum.

OTCyTCTBME TEHACHLIMU K CHUXXEHUIO 3a00JIe-
Baemoctu I'JITIC, paciuupeHue apeajga MHQEKLIUH,
OTCYTCTBUE CIELUPUUECKUX CPEICTB JEYECHUS
1 MaJiasi 3pHEeKTUBHOCTDb HecTreupUuIeCcKoit mpo-
GUIakKTUKM OOYCIaBIMBAIOT COLIMAJLHYIO U Me-
NUIIMHCKYI0O 3HAaYMMOCTb BHEIPEHUSI BaKIIMHBI
nnsa npopunaktuku IJITIC [10].

VYcrex BakIMHAIlMKM 3aBUCUT OT KadecTBa, Be-
JIMYUHBI U JUIMTEJIbHOCTU T'€HEPUPYEeMOIo ajall-

TUBHOTO MMMYHHOTI'O OTBETa, YTO B CBOIO Oouepeab
3aBUCHUT OT CXeMBI JO3UPOBAHUS UMMYHoOreHa [5].

B mocnaenHue roabl HabmgaeTCs TCHACHIIUS
nepecMoTpa CXeM OO3MPOBaHMUS BakKIMH, UC-
MOJIb3yeMBbIX Ha pPEryasipHOM OCHOBE, KaK 3TO
npowusonino ¢ BakuuHou Ilpesenap 13® (Pfizer)
151 TpODUIAKTUKY TTHEBMOKOKOBOM MH(MEKIINH,
C YCTAHOBJIEHHOM OIITUMAJbHOM CXEMOM BBEIEC-
HUS JOBYX J103 C OBYXHEICJIbHBIM HMHTEPBaJIOM
U TpeTheil B KadecTBe Oycrepa [6]. [TomoGHOMY
HepecMOTpy IMOABEPIIUCH CXeMbl BBEACHUS BaK-
uuH Imovax® (Sanofi Pasteur) mpoTuB momuo-
muenuTa, RabAvert® (Novartis Vaccines and
Diagnostics GmbH) nmpoTus GemieHcTBa Yea0BeKa
C 1LIEJBbI0 COKPAIEHM ST KOJMNYECTBA 103 BaKIIMHBI
¢ 5 mo 4 nos [9]; nna Gardasil®9 (Merck), yeTsI-
pexBanenTHoi Gardasil® (Merck) u IByxXBaJIeHT-
Hoit Cervarix® (GlaxoSmithKline) mporus Bupyca
nanujjJoMbl YeJloBeKa — ¢ 3 103 10 2 B BO3pacTe
o 15 mer [8].

B 27101 cBA3M 11en€CcO00pa3HO TMoaAOUpaTh OIl-
TUMAJIbHYIO CXeMYy IO3UPOBaHUS BaKIMWH IJIs
noaaepXaHUsl MPUEMJIEMOTO YPOBHS 3alllMTHBIX
TYMOpaJIbHBIX aHTUTEJI 10 BhIXOJa Ha KJIMHUYEC-
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KHWEe WCMBbITaHUS, TO3BOJUB M30eXaTh MepecMo-
Tpa cxeMbl BaklMHaluu B Oynyumem. Kak Oblio
MNOKa3aHO B MPEAbIAYIIUX KCCIAEAOBAHUAX, YPO-
BeHb HAT y mbrieii BALB/c mocine uMMyHu3auum
KaHIUJATHBIMU BaKIIMHAMU IJIST TIPOPUITaKTUKA
T['JITIC mocyie 1ByX UMMYHU3allUi C IBYXHEIETb-
HBIMU MHTEpBaJlaMM HE OTJIMYAJICI OT TaKOBOTO
mocjie TpeX UMMYHU3AINI C TeM Xe MHTEPBAJIOM.
B pesyabTaTe onTUMaJabHOU CXeMOW JO3UPOBAHUSI
JI1S1 TOCAEAYIOIIMX SKCIIEPUMEHTOB ObIJIO MPUH I~
TO IPUMEHEHUE NIBYKPAaTHOM UMMYHU3AIIMU C Tpe-
Theil B BUJie OycTepHOTro BBeaeHusd [7].

Mopckue cBuHKU (Cavia porcellus) npeacTaBJsi-
0T CO0OI LIEHHYIO U MOATBEPXKASHHYIO 3KCHepHU-
MEHTAaJIbHYIO MOJEJIb K MBOTHBIX M3-3a psiga 01010~
TUYECKUX CXOACTB ¢ NoabMu [2]. Ucrionb3oBaHue
MOPCKMX CBMHOK ITO3BOJISIET COKPATUTh KOJUYe-
CTBO 3KCHEPUMEHTAJbHBIX KUBOTHBIX, TIPU 3TOM
MO3BOJISIET YBEIUYUTD AJUTEIbHOCTD 3KCIIEPUMEH -
ta mo 3 net. dns Bo3oymnureneii [TITIC oTcyTcTBYyeT
JabopaTopHast MOAeIb MH(MEKIIUU, TTOITOMY UM-
MYHOI'€HHYI0 aKTMBHOCTb BaKIIMHHOTO Mpernapara
ONpeaessIIoT MO UHAYKIIMU HEUTPaIU3yIOLIUX BU-
pyc aHTtuTten. TakuM oOpa3oM 1iejiecooOpa3HOCTh
MPOBEICHUSI SKCIEPUMEHTOB II0 OILIEHKE HMMY-
HOT€HHOCTU BAKILIMHHOIO Tperapara Ha MOPCKUX
CBUMHKaX OOYyCJIOBJIeHa BO3MOXHOCTBIO OIEHUTh
MPOIOJIKUTEIBHOCTh UMMYHHOTO OTBETa U BIIUSI-
HHe OyCTepHOTO BBEICHU S BAKIINHBI.

Llesibto JaHHOTO UCCJIeNIOBAHU S ObLIIO U3YyUYEHUE
JOUHAMUKUW HEUTPAJIUIY IO MX AaHTUTEJ B CBIBOPOT-
KaX KpOBU MOPCKHUX CBUHOK B OTBET Ha BBEJICHUE
XaHTaBUPYCHOTO BAKIIMHHOTIO ITperapaTa Ha OCHO-
Be Bupyca Ilyymasa c pa3Hoii cxeMoii 103U pOBaHU S
MMMYHOT€eHa.

Matepunasbsl 1 MeTOLbI

XaHTaBUPYCHBIN BakKUMHHBIA npenapat (XBIT)
Obl1 1onydeH Ha ocHoBe 1mTamMma PUU-TKD-
VERO Bupyca Ilyymana (ITYY) no panee omnwu-
caHHoit TexHonoruu [l]. Xpomatorpaduuecku
ounieHHbINH Ha copbeHTe Capto Core 700 (GE
Healthcare) monydabpukar ¢ TUTPOM BUPY-
ca 3,7£0,5 Ig ®OE/ma u 2 x 10* koruit PHK /mi
WHAKTUBUPOBAIU OeTa-IIpONUOJTaKTOHOM B pa3-
Beaenuu 1/6000. XBIT BBoguau no 0,3 MJI B MBI-
IIEYHYIO TKaHb OelIpa MOPCKMX CBMHOK B Hepas-
BeneHHoM Buae (XBII-H/p) u B paszBemenun 1/10
(XBII-1/10). Camku MOPCKUX CBUHOK OBIIU CITy-
YallHBIM 00pa30M paclipeleseHbl Mo 3 B KaXIou
rpymre, cogepxanauch corimacHo 'OCT 33216-2014.
WNMMyHM3UpOBaI CBUHOK MO cXeme: 2 UMMYHHU-
dauuu (I-UM, I1-UM) ¢ nByxHeneabHbIM UHTEP-
BaJioM U OyctepHoe BBeneHue (bB) Ha 182 neHb,
3a00p KpOBM Kaxable 14 gHeil OoT MOMEHTa Iep-
BOIi MMMYHHU3alLMU TIyHKLUeH cepaua. Kaxxpast
npoba CHIBOPOTKM KPOBU TPEXKPATHO MCCIIEIOBA-
Ha B peakuuu Heitpanusauuu (PH) B KyabType

kiaeTok Vero E6. PesynbraT mpeacTaBjieH B BUJE
cpenHereomeTpuueckoro 3HadeHusi Tutpa (CI'T)
HAT B nBOM4YHBIX Jorapudmax mo 50% penykunn
yucna ¢okycodpasytomux eaunuir (POE) [3].
Jng xkonnyectBeHHOM olleHKM PHK B BakiimHHOM
Mmatepualjie ucrnojbizoBanu [TLP B pexkume peasib-
HOTrO BPEMEHH CO ITaMMocHeuGUIHBIMU Mpaii-
mepamu Ufa F R, m 3oum0m Ufa Z [4].

Cmamucmuueckuil aumaaui. TlonydyeHHbIE pe-
3yJIbTaThl aHaJau3upoBaau B nporpamme GraphPad
Prism 9.4.1. CraTuctuueckyl 3HAYMMOCTbL pa3s-
JUYUA OIIPEIeIsIu C TTOMOIIBI0O OTHOCTOPOHHE-
ro ANOVA ¢ TeCTOM MHOXECTBEHHBIX CPaBHEHU
Thioka.

Pesynbrarhl

B KOHTpOJIbHBIX Tpynnax, Tak ke, KaK U B 9KC-
nepuMeHTaJdbHbIX Tpymnnax, HAT 10 mMMyHU3a-
OUW HE BBIIBJICHBI B CBIBOPOTKaxX KPOBU, HAUM-
Has ¢ pasBeneHus 1/2. 3a mpuemMaeMblii YPOBEHb
HAT npunumanu CI'T Beiwie 4,32+0,2 log, (puc.).
HeiiTpanusyloomime aHTUTeNa OBIIM BBISIBJICHBI
Yy BCeX XMBOTHBIX BO BCEX 3KCIHEePUMEHTAJIbHBIX
rpyrmnrax B OTBeT Ha BBeneHue X BII.

Yepes 2 Hegenu nociie [-MUM Habaoganu ctaTu-
CTUYECKHU 3HAYUMBIH TToabeM TuTpa HAT 110 cpaB-
HEHUIO C KOHTPOJBHOU Tpymmoii. Bboiee Bbipa-
KCHHBI UMMYHHBI OTBET HAOJIOmAIN B TPYIITIC
XBII-u/p (CI'T = 5,5+0,3) B cpaBHeHuu ¢ XBII-
1/10 (CI'T = 4,8%0,3) ¢ 1ocTOBEepHOI1 CTaTUCTUYE-
ckoii pazHuiieit B Tutpe HAT (p < 0,0001) (puc.).

TMocne II-UUM B rpynne XBIT-H/p Makcumaib-
Hoe HapacTtaHue HAT 3apukcupoBaHO Ha 56 geHb
(CI'T = 9£0,2) ¢ nocTeneHHbIM CHUKEHUEM TUTPa
K 238 nHro mo 6,2%+0,2. Ha 3ToM ypoBHE aHTHUTE-
Jla OCTaBaJuCh A0 322 OHS C MOCICAYIOIIUM CHU-
XeHueM J0 5,2+0,3 K KOHIy cpoKa HaOJIoaeHUS.
Bbycrepnoe BBenenue XBII Ha 182 geHb cTUMYIH-
poBaJIoO MMMYHHBI OTBET: MaKCHUMaJbHbIC TH-
Tpbl aHTUTEJ, 3a(UKCUPOBAHHBIE Yyepe3 56 aHeil
(238 nHeit mocne [-MIM), moctoBepHO TpeBbIIIA-
au TtakoBbie mocie II-UM (CI'T = 9,48+0,3) (p =
0,001). K xoH11Yy cpoka HabnoaeHus: ypoBeHb HAT
cHukancsa go 70,3, cTaTUCTHYECKH HTOCTOBEp-
HO TIpeBBIIIasi TAKOBOW 0e3 OyCTepHOTO BBEIECHU S
XBII-H/p (puc., A).

B rpynne XBII-1/10 mocne 1I-UM makcumaib-
Hoe Hapactanue HAT 3adpukcupoBaHo Ha 28 neHb
(CI'T = 6,5%0,3), Kk 56 1HIO HAOIIOOAIOCh CHUXKE-
Hue tutpa HAT u nanee, B TeueHue 10 mecslies,
HaObJII04aJI0Ch HEKOE IJIATO C HU3KUM TUTPOM HAT
(CI'T = 5%0,3). IlecaTukpaTHOEe CHUXEHUE aHTU-
TeHHOI Harpy3KH BCe ellle MHIYIUPOBAaJI0O UMMYH-
HBIU OTBET, XOTS ¥ HA TIpeIeIbHO HU3KWX 3HAYCHU -
axtutpa HAT (puc., b). bycrepHoe BBeaernue X BIT-
1/10 xapakTepn3oBajaoCh MEIJICHHBIM IIOJBEMOM
HAT B TeueHME 4-X MECSIIIEB 10 MAKCUMAaJIbHBIX TH-
TpoB 7,5+0,2 (Ha 294 neHsb nocne [-UM), KoTopbie
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PucyHok. CpegHue TuTpbl HAT B CbIBOPOTKaX KPOBU MOPCKUX CBMHOK nocne nepsoi (1-UM), BTopoii (I1-UM)

MMMYyHUM3auuii u 6yctepHoro BeegeHus (BB)

Figure. Mean nAB titers in guinea pigs blood sera after the first (I-IM), second (lI-IM) and booster (BV) inoculation

Mpumeyanue. CpegHue TMTPbl HAT B CbIBOPOTKAX KPOBM MOPCKMX CBUHOK nocne nepsoi (I-1MM), sTopoi (II-M) nmmyHmsaumi
n 6yctepHoro BeeaeHus (BB). O6pasLbl KpoBM NoJslyyanm B ykazaHHble BpeMeHHble MHTepBasibl. B aHn 0, 14 1 182 o6pasubl
KpOBM cobvpanu nepes UMMyHU3aumein. dkcnepumeHTansHble rpynnbl: A — XBI-H/p; XBM-H/p-BB; b — XBM-1/10; XBM-1/10-
BB n koHTponbHasa rpynna (KI). Tutpsl HAT onpepenanu metofom PH/®POE;,. ns — HecyLecTBeHHO, ****p < 0,0001. JaHHble
noKa3bIBAIOT CPEAHME reoMeTpuryeckmne TMTpebl HAT npoTye Bupyca Myymana B rpynne ¢ 95% [0BEPUTENBHBIMU MHTEPBANAMU.
Note. Mean nAT titers in guinea pigs blood sera after the first (I-IM), second (lI-IM) immunizations and booster administration
(BV). Blood samples were collected at the indicated time intervals. On days 0, 14 and 182, blood samples were collected prior

to immunization. Experimental groups: A — HV-u/d; HV-u/d-BV; B — HV-1/10; HV-1/10-BV and control group (CG). nAT titers were
measured by the FRNT,, method. ns — not significant, ****p < 0.0001. The data are shown as geometric mean nAb titers against

Puumala virus in the group with 95% confidence intervals.

OCTaBaJUCh JOCTOBEPHO HUXKE TAaKOBBIX MOcCje Oy-
ctepHoro BBeneHust XBII-H/p. Takke mocTerneHHO
cHuKayicd TUTP HAT U K KOHIY HaOJIIOIEHUS CO-
ctaBuJ 5+0,2, cpaBHIBIIUCH C TUTpOM HAT mocie
nByKpaTHoro BBemeHuss XBII-H/p 6e3 OycTepHOro
BBEIACHMUSI.

IMonyyeHHBIE pe3yabTaThl MO3BOJSIOT CAeJaTh
CJeAYIOIINE BBIBOIbI:

1. UHTEHCUBHOCTh TYMOPAJTbHOTO UMMYHHOI'O
OTBeTa MPSIMO MNPOTOPILIMOHAJIbHA 103€ BBOIUMOTO
WUMMYHOTI€Ha.

2. BelpaxxeHHasd nuUHaMuKa HapactaHuss HAT
nocje OyCTepHOTO BBEACHUSI B CPAaBHEHUU C OTBE-
toM nocie [-UM u 1I-UM ykassiBaeT Ha popmu-
poBaHME YCTOUYMBOU MMMYHHOW MTaMSTH.
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CEKBEHUPOBAHMUE 16S-ITS-23S PPAMEHTA
PUBOCOMAJIbHOIO ONMEPOHA OBECINEYUBAET
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Pestome. Bsedenue. CekBennpoBanue reHa 16S pPHK aBiseTcs mpeobiazaromnM METOIOM KOJTNYECTBEHHOM OIICH-
K1 COCTaBa MUKPOOHBIX COOOIIECTB ¥ MOJIEKYJISIPHOM MACHTU(MUKAIIMKA OTACIBHBIX IITAMMOB. I1p1 3TOM TeXHOJI0-
Il Ha OCHOBE KOPOTKMX MPOUYTEHUU (CeKBEHUPOBAHUE 2-TO MOKOJIEHUSI) HE MO3BOJISIET BHIXOAUTD 32 paMKM IeHa
16S pPHK, a ypoBeHb TAKCOHOMUYECKOW MACHTU(GUKALIMU 00pa3LoB 00BIYHO OCTAETCS Ha YPOBHE poja WMJIM Jaxe
ceMeiicTBa. B mocnenHue ronbl mpeagaraeTcsl UCMOJb30BaHUE TEXHONIOT MM IMUHHBIX MpouyTeHuii (Oxford Nanopore
MinlION, PacBio) nist cekBeHUpOBaHUS aMILIMKOHOB MOUYTH MOJHOTO pUOOCOMAaIbHOIO OINEPOHA, BKIIIOUAIOIIETO
reunl 16S, 23S, 5S u MexpubocomaibHbIi TpaHcKpubupyeMmbiit cieiicep (ITS). K HacrosieMy MOMEHTY 3TOT IO~
XOJI M3y4YeH HeJOCTaTOUHO, KpoMe Toro mpeamnonaraet [T P-ammnndukanmio Becbma mpoTtsxkeHHoro yyactka JIHK
(6omee 4000 m.H.). Mamepuanavi u memodsi. COOp IMTaAMMOB HETYOEPKYIe3HBIX MUKOOAKTEPHUI 1 MX TIEPBUYHAS NICH-
tudukauns ocymectsiena B 2019—2021 rr. IIITaMMbl oTyYeHBI TIpH BhiceBe Ha cpeny JleBeHmTeitHa—MeHcena mo-
JIOXKHUTEIBHBIX KYJIBTYp ¢ OakTepurosornyeckoro aHaausaropa Bactec MGIT 960, ne umeromux anturena MPT64
B uMMyHoxpoMatorpacdudeckom tecte MGIT TB Identification Test (Becton Dickinson, CILIA). [IpenBaputenbHas
BUIOBAs UAECHTU(PUKALIMS LITAMMOB OCylIeCTBIeHa HabopoM Speed-oligo Mycobacteria (Vircell, Mcnanus) mo npo-
TOKOJTy Mpou3BoauTes. B HacTos e paboTe MpUMEHSIIOTCS KaK M3BECTHbIE, TaK U pa3paboTaHHbIe BHOBb, yHUBEP-
caJIbHbIC OaKTepHaIbHbIe TTpaiiMepsl, praHKupyromye oyt moaHbi red 16S pPHK, ITS u nHavano rena 23S pPHK.
Pezyavmamor u 06cyncoenue. CekBeHUpoBaHUeM 1o CaHTepy MoJyuYeHHbIX aMIIMKOHOB (0koJjio 2000 1m.H.) moka3aH
YPOBEHb TAKCOHOMMYECKON MACHTUDUKALIMY, TOCTATOYHBIN ST OMpeaeIeHUs 10 BUIa § ITAMMOB HETyOepKyie3-
HBIX MUKOOAKTEpHii, BBIIEICHHBIX OT JIIOJEH, BRI3BABIINX KIMHUISCKU U 0AKTEPUOTOTMIeCKM TTOATBEPKICHHBIC 3a-
ooneBanus. [IpennoxenHast metonuka I P-amnnudukauuu pparmeHTa 6aKTepuaaibHOIO OMEPOHa, COAEPXKaIIEero
ooapmyio yacth reHa 16S pPHK, Becs ITS u Hauano rena 23S pPHK, paccmaTpuBaercs HaMu Kak anpoOarmus Me-
TOIMYCCKOTO TIOAXOMIA TI0 MCCACIOBAaHNIO0 MIKPOOHBIX COOOIIECTB M3 MaTepralia ¢ BRICOKOM CTETICHBIO Ierpalalnn
(HEKpOTUYECKUX 09aroB U T. 1.). [TosydeHHBIC pe3yabTaThl CBUICTEIBCTBYIOT O 3HAUMTEIHLHO OOJBIIEH pa3pelaio-
1Iei crocoGHOCTH UCTTOb30BAHHOTO MOJX0/a, YeM KJIacCHUecKoe ceKBeHnpoBaHue reHa 16S pPHK.

Karouesvle caoea: mosexkyrspuas maxkconomus 6axmepuil, cekeenuposanue, 16S, ITS, rRNA operon, Mycobacterium.
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2022, T. 12, Ne 5 CekBeHunpoBaHue 16S-ITS-23S dparmeHTa

16S-ITS-23S rRNA OPERON SEGMENT SEQUENCING PROVIDES NECESSARY AND SUFFICIENT
CONDITIONS FOR BACTERIAL SPECIES-SPECIFIC IDENTIFICATION

Ogarkov O.B., Zhdanova S.N., Orlova E.A., Khromova P.A., Belkova N.L., Sinkov V.V., Kondratov 1.G.
Scientific Centre for Family Health and Human Reproduction Problems, Irkutsk, Russian Federation

Abstract. Introduction. Sequencing of the 16S rRNA gene is the predominant method for assessing microbial communities
and strain molecular identification. The short reads (2™ generation sequencing)-based technology does not allow analysis
beyond the 16S rRNA gene. The taxonomic verification level of samples usually remains at the genus or even family level.
Currently, there have been proposed the latest versions of long-read technologies (Oxford Nanopore MinION, PacBio)
for amplicon sequencing of near-complete ribosomal operon, including genes 16S, 23S, 5S, and internal transcribed
spacer (ITS). At the moment, this approach has not been sufficiently studied, in addition, it involves PCR amplification
of a very extended DNA region (more than 4000 bp-long). Materials and methods. The collection of non-tuberculous my-
cobacteria strains and their primary identification was carried out in the years 2019—2021. The strains were obtained by
inoculation of positive cultures from the Bactec MGIT 960 bacteriological analyzer lacking MPT64 antigen in the MGIT
TB Identification Test (Becton Dickinson, USA) on Lowenstein-Jensen medium. Preliminary species strain identifica-
tion was carried out with the Speed-oligo Mycobacteria kit (Vircell, Spain) according to the manufacturer’s protocol.
In this work, both known and newly developed universal bacterial primers flanking the near-complete 16S rRNA gene,
ITS, and the beginning of the 23S rRNA gene are used. In the present study, both known and newly developed universal
bacterial primers are used to flank the near-complete 16S rRNA gene, ITS, and start of the 23S rRNA gene. Results and
discussion. Sanger sequencing of the amplicons (about 2000 bp) obtained shows the taxonomic level sufficient to determine
species up to 8 strains of non-tuberculous mycobacteria isolated from humans that caused clinically and bacteriologically
confirmed diseases. The method proposed for PCR amplification of a bacterial operon a fragment containing most of the
16S rRNA gene, ITS, and the beginning of the 23S rRNA gene is considered by us as an approbation of a methodological
approach to study microbial communities in material with a high degree of degradation (necrotic foci, etc.). The results
obtained indicate a significantly higher resolution of the approach used than the classical 16S rRNA gene sequencing.

Key words: production of biofilms, sequencing, 16S, ITS, rRNA operon, Mycobacterium.

BeepneHne

I'en 16S pPHK necsiTuieTUsSIMU MCHONB3YeTCSI
IJs1 (pugoreHeTUUYECKOM Kiaccuukaluuu OakTe-
puii 1 apxeii. B 3TOM OTHOIIIEHUU T€H BbIAEISIETCS
CBOEIi YHUBEPCATbHOCTbIO, YCTOMUYMBOCTBIO K TO-
PU30HTAJIbHOMY MEPEHOCY FT€HOB U BHICOKOI CTere-
HbIO COXpaHHOCTH [7, 15]. BBICOKOKOHCEpBaTUBHbIE
o0JlacTU MepeMexaroTcsl C BbICOKOBapuabe bHBbI-
MU, UTO B psilie Cy4daeB MO3BOJISIET MPOBOAUTH DU-
JIOTEHETUUYECKYI0 KJaccuuKaluio 1o BuaamM u 6o-
Jiee BBICOKMM TaKCOHOMUYECKUM ypoBHsIM. Kpome
TOro, 3TOT I'€H OKa3aJcsd OTJIMYHONH MULLIEHBIO IS
HUCCAeNOBaHUI, HAIlpaBJIEHHbBIX Ha KOJMUYECTBEH-
HYIO OLIEHKY TAKCOHOMUYECKOro COCTaBa MUKPOO-
HBIX COOOIIECTB C MOMOIIbIO BBICOKOIIPOU3BOIM-
TEJBHOI0 CEKBEHMPOBaHUS aMIIuKoHoB ITLIP [6].
IIpailimMepbl OOBIYHO KOHCTPYUPYIOTCSI TaKUM 0O0-
pa3oM, 4TOObl OHU TUOPUAN30BAIUCH C YYaCTKAMU
KOHCEPBAaTUBHBIX CaliTOB, (JIaHKUPYIOIIUX Bapua-
OesbHYIO0 00J1acTh, ATO MO3BOJSET U3BJEUb Hau-
0osiee TMOJIHYI0 MHPOpMALIMIO NPU U3YUEHUU MU-
KpOOHBIX coobiiecTB. HecMoTpsa Ha cBOM MHOTIO-
YHUCJIEHHbIC TpeuMylecTBa, reH 16S pPHK umeer
OrpaHUYEHHOE KOJIMYECTBO (PUJIOTEHETUYECKU UH-
dopMaTuBHBIX caiiToB. PUJOreHETUYECKUII aHa-
Jnu3 Ha ocHoBe TeHa 16S pPHK uyBcTBHUTEICH K CTO-
XaCTUYECKON OILINOKEe U NEeMOHCTPUPYET paspelile-
HME, BO MHOTMX cjyyasiX OrpaHUYEHHOE POIOM
MUKpoopranusMma [3, 5]. HykieotunHas nocieno-
BaTreabHOCTh reHa 16S pPHK mmpoko mcronbsy-

eTcsd riaTopMaMy Ha OCHOBE CEKBEHUPOBAHMUS
KOPOTKUX MpouTeHui [4], ogHAKO 3Ta TEXHOJO-
TUs HE MO3BOJISIET PaCIIMPUTh paMKU MUIIIEHHU [9].
Jas1 ceKBEeHUPOBaHUsI aMILJIMKOHOB ITOJIHOTO PU-
60COMaJIbHOIO OIEpPOHA B IOCJIEAHUE T'OMbI IIPe-
JlaraeTcsl MCIOJb30BaHUE TEXHOJIOTUM JJIMHHBIX
npouteHuii, Takux Kak Oxford Nanopore MinlON
u PacBio [2, 9]. DToT moaxon Mo3BoJISIET BKJIIOYUTH
B mcciaegoBaHue reHbl 16S, 23S, 5S m mexpubo-
CcOMaJibHbI TpaHcKpubupyembliii crneiicep (ITS).
O061acTh MTOJHOI0 prudboCcOMaJIbHOro orepoHa 16S-
ITS-23S umeet B ueThipe pa3a 00Jbliie Bapuadelb-
HOCTH, Ye€M OJHA TOJBKO 001acTh 16S, 1 MOXET UC-
MOJIb30BAThCs JIJII TAKCOHOMMUYECKOM Kiaccubu-
Kalluyd Ha YPOBHE BUJA, a B HEKOTOPBIX ClIydasix
Ha ypoBHe mtamma [2]. B HacTos1ee BpeMs BeeT-
csl aKTUBHas1 paboTa 110 pa3paboTKe MHCTPYMEHTOB
N5 aHanau3a pe3yabraTroB NGS MUKPOOHBIX CO00-
IIECTB MOJHBIX pUOOCOMaIbHBIX OIIEPOHOB OaKTE-
puii [10, 12], B TOM ymncie B ouarax Tyoepkynaesa [11].
CylIeCTBEHHBIM HEIOCTATKOM 3TOrO IIOAXO0Ja SIB-
JIsieTCsl MOYTHU MpeaesibHas ais ctangaptHoi TP
nnvHa amriaukoHa (6onee 4000 m.H.), YTO MOXKET
CYIIECTBEHHO MCKAa3UTh KOJIMYECTBEHHYIO OLIECHKY
HUCCJIENYEMbIX BUAOB IIPU U3YUYCHUM MUKPOOHBIX
CcoOOIIIeCTB. 3adadyeil HACTOSIIEro MCCAeIOBaHUS
OBbLJI AM3aiiH U arrpobanus aydoaKkTeprualbHbIX Mpaii-
MepoB I aMmuimukauuu ydactka 16S-1TS-23S
pubOCOMaIbHOIO ONEPOHa MPH AJMHE aMILIMKOHA
okoJ1o 2000 11.H., onITUMAaJIbHOM /11 OOJIBIINHCTBA
KoMMepueckux Tag-monumepas.
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Ta6nuua. CpaBHuTeNbHasA ugeHTuduUKaumna cekBeHmpoBaHueM no CaHrepy u rect-cuctemoii Speed-oligo
«Mycobacteria»

Table. Sanger sequencing and the Speed-oligo test system of “Mycobacteria” for comparative identification

Ne wramma

Strain
number

MuweHb
Target

AnuvHa, n.H.
Lenght

CxopcTeo [NCBI Blastn,
Genome DataBase; RefSeq;
Mycobacteria (taxid:85007)]

Similarity [NCBI Blastn,
Genome DataBase; RefSeq;
Mycobacteria (taxid:85007)]

Pesynbrart
no rectam
Speed-oligo
Speed-oligo test
result

Bua,
onpeaenieHHbIn
CEeKBEHMPOBAaHMEM
Species determined
by sequencing

MOT1

16S-ITS-
23S

1904

>99% (1901/1904) Mycobacterium
avium subsp. hominissuis
(36 wrammoB)
>99% (1901/1904) Mycobacterium avium
subsp. hominissuis
(36 strains)

Mycobacterium
avium (MAC)

Mycobacterium
avium subsp.
hominissuis (MAC)

MOT2

16S-ITS-
23S

1900

>99% (1898/1899) Mycobacterium
gordonae (8 wuTammoB)
>99% (1898/1899) Mycobacterium
gordonae (8 lTaMMoB)

>99% (1891/1899) Mycobacterium
paragordonae (6 uTamMmMOB)

>99% (1891/1899) Mycobacterium
paragordonae (6 strains)

Mycobacterium
gordonae

Mycobacterium
gordonae

MOT3

16S-ITS-
23S

1960

100% (1960/1960) Mycolicibacterium
holsaticum wtamm M7 PROKKA
100% (1960/1960) Mycolicibacterium
holsaticum M7 PROKKA strain
95% (1882/1960) Mycolicibacterium
gadium strain JCM 12688
95% (1882/1960) Mycolicibacterium
gadium strain JCM 12688

Mycobacterium
spp.

Mycolicibacterium
holsaticum

MOT4

16S-ITS-
23S

1475

>99% (1473/1475) Mycolicibacterium
fortuitum (27 wtammoB)

> 99% (1473/1475) Mycolicibacterium
fortuitum (27 strains)

Mycobacterium
fortuitum

Mycolicibacterium
fortuitum

MOT6

16S-ITS-
23S

1909

>99% (1907/1909) Mycobacterium
paragordonae (6 wuTaMMOB)
>99% (1907/1909) Mycobacterium
paragordonae (6 strains)

Mycobacterium
gordonae

Mycobacterium
paragordonae

MOT7

16S-ITS-
23S

1920

>99% (1918/1920) Mycobacterium
avium subsp. hominissuis (32 wtammoB)
>99% (1918/1920) Mycobacterium avium
subsp. hominissuis (32 strains)
>99% (1918/1920) Mycobacterium
bouchedurhonense wtamm DSM 45439
>99% (1918/1920) Mycobacterium
bouchedurhonense strain DSM 45439
>99% (1918/1920) Mycobacterium
avium subsp. paratuberculosis
(837 wtammoB)
> 99% (1918/1920) Mycobacterium avium
subsp. paratuberculosis
(37 strains)

Mycobacterium
avium (MAC)

Mycobacterium
avium (MAC)

MOTS8

16S-ITS-
23S

1917

>99% (456/458) Mycobacteroides
abscessus subsp. massiliense
(98 wrammoB)
> 99% (456/458) Mycobacteroides
abscessus subsp. massiliense
(98 strains)

Mycobacterium
abscessus

Mycobacteroides
abscessus subsp.
massiliense

MOT9

16S-ITS-
23S

1551

>99% (1550/1551) Mycobacterium
mantenii (6 LLTaMMOB)

>99% (1550/1551) Mycobacterium
mantenii (6 strains)

Mycobacterium
intracellulare
(MAC)

Mycobacterium
mantenii (MAC)
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CekBeHunpoBaHue 16S-ITS-23S dparmeHTa

Marepuanbsl 1 MeToapl

COop I TaMMOB HETYOEPKYJIE3HBIX MUKOOAKTE-
puii 1 UX TepBUYHAS UIASHTUMUKAIIAS OCYIIECT-
BJIEHA B paMKaX HEKOMMEPYECKOTO COTPYAHUYECTBA
¢ OI'bY3 Hpkytckas O6mactHas TybepkysesHas
boabHuna B 2019—2021 rr. lllITaMMbI HOTyYEHBI TTPU
BhiceBe Ha cpeny JleBeHmuTeitHa—MeHcena moso-
XUTEJIbHBIX KYJIBTYp C OAKTEPUOJIOTUYECKOrO aHa-
nu3aropa Bactec MGIT 960, He UMeOLIUX aHTUTe-
Ha MPT64 B uMMyHOXpoMaTorpa®uueckoM TecTe
MGIT TB Identification Test (Becton Dickinson,
CIIA). IMpenBaputenbHas BUAOBasS UACHTUUKA-
1S LITAMMOB OCYIlIeCTBJIeHa HabopoM Speed-oligo
Mycobacteria (Vircell, Mcnanusi) mo mpoToKoay
npousBoauTes. JanHblid TecT npeanonaraet ITLLP
amruindukanuio JJTHK dparmentoB 16S pPHK
u ITS ¢ mocnenymoleit rubpuan3auein aMmiInKo-
HOB C OJIUTOHYKJIECOTUAHBIMU 30HAAMU Ha XpOMa-
Torpacuyeckol TecT-mosiocke. CeKBEHUPOBAHUE
o CaHrepy ¢parmeHToB 16S-1TS-23S pPHK nipoBe-
neHo Ha 6a3e 3A0 «EBporen». B paboTe usHayaabHO
MJIAHUPOBAJIOCHh UCTIOIB30BaTh 9 KyJIbTYp HETYOep-
KyJie3Hbix MukobakTepuii (MOT — Mycobacterium
other than tuberculosis), oqfHaKO ogHa U3 KYJIbTYP
1o pe3yabTaTaM ceKBeHUpoBaHU s o CaHrepy ObLIa
HUCKJIIOYEHA, KaK CMECh HECKOJIBKUX BUJIOB MUKPO-
OopraHusmoB. B nanbHeieM ucciaenoBaiuch 5 Me-
nenHopacryimux (MOT1, MOT2, MOT6, MOT7,
MOT9) u 3 GpicTpOpacCTyIIUX IITAMMa MUKOOAKTE-
puit (MOT3, MOT4, MOTS).

T1LLP B TeyeHue 37 LIMKJIOB BBITIOJIHSIIU C ITpaiiMe-
pamu 27F u 189R (cunTtesupoBanbl 3A0O «EBporen»)
B KoOHUeHTpauuu 500 HMOJb KaxXJIoro C peak-
tuBamMu AmpliTaqGold 360 MasterMix (Applied
Biosystems, CIIIA) B mpucytcTtBuu 11X pacTBopa
sHxaHcepa Ha amrndukarope CFX-96 (BioRad,
CIIA). Pexnm amrmmnpukamuu: 95°C — 10 muH,
akTuBaLus nouumepasbl; 95°C — 60 ¢; 55°C — 30 ¢;
72°C — 120 c. Hamu ucrniojib30BaHa CTPYKTypa K-
POKO U3BECTHOTO 3ybakTepuaabHoro nparimepa 27F
5-AGAGTTTGATCMTGGCTCAG [13, 14], 6epy-
mero ctapt BHavaJjie reHa 16S pPHK. IMpaiimep 189R
5-GGGAASTGAAACATCTHAGTA, rubpuausyio-
muiica B Havajie reHa 23S pPHK, ckoHctpyupo-
BaH C yYeTOM M3BECTHOI BapuabeIbHOCTU TeHa 23S
pPHK [8], cTpykTypa nmpalimepa npoBepeHa B cep-
Bucax SILVA rRNA database (https://www.arb-silva.
de) u Blastn (https://blast.ncbi.nlm.nih.gov).

Cnucok nutepatypbl/References

CekBeHupoBaHue 1o CaHrepy BbINOJHSIIOCH
B UKII «IleHTp pa3paboTKu MOpOrpecCrUBHBIX
NepCoOHAJM3UPOBAHHBIX TEXHOJOTUI 310POBbSI»
®I'BHY HII MI3CPY (r. UpKyTCK), C NCITOJIL30Ba-
HueM npaiimepoB 27F, 189R u BHyTpeHHero 800L
5-AGGATTAGATACCCTGGTAGTC (ren 16S
pPHK) [1].

Pesynbrathl 1 006CYyXaeHne

HykiieoruaHble MocjeaoBaTeIbHOCTU (ppar-
MEHTOB pubocomaabHOro omnepoHa 16S-ITS-23S
obpasuos MOTI, MOT2, MOT3, MOT4, MOT6,
MOT7, MOTS8, MOT9 pasmemiensl B GenBank
noa Homepamu MZ823582, MZ851786, MZ851787,
MZ851788, MZ851789, MZ851790, MZ851791,
MZ851792 coorBercTBeHHO. Kak BuaHO U3 Tab-
nunel, B onHoMm cirydae (MOT3) B pamMkax mpen-
JlaTaeMoro MOAXOo/aa OmpeAesieH BUI BO3OYIUTEIIS,
paHee He YCTAHOBJIEHHbIA KOMMEPYECKUM TECTOM
Speed-oligo Mycobacteria (Vircell, HWMcmanus).
B aByx cayuasx (MOT6 u MOT9) usmeHeHa BU-
IOoBasi MPUHAAJIEKHOCTh LITaMMa. B ocTalibHBIX
ciydasix HaOJII0JajdoCh COBIAACHUS PE3yJIbTaToB
KOMMEPYECKOTO TeCTa C pe3yJibTaTaMU CEKBEHM-
poBaHus nmo CaHrepy, Mpu 3TOM B ABYX CJIydasix
(MOT1 nu MOTS8) ynanochk npoBeCTH UICHTU(DUKA-
LIMIO TAKCOHOB J0 MTOABMIA.

3ak4yeHne

IlpennoxenHasa meroguka I[P amnauduka-
nuu pparMeHTa 6aKTepruaaIbHOIO OIIepPOHA, COIep-
Kalero 6oJibliryto yacth reHa 16S pPHK, Becs ITS
u HauaJio reHa 23S pPHK, paccmarpuBaeTcss Hamu
Kak arrpodanusi METOAMYECKOTO ITOAX0/1a 10 UCCIIe-
JIOBAaHUIO MUKPOOHBIX COOOIIECTB M3 MaTepHalia
C BBICOKOI CTeNEHbIO Jerpagainun (HEeKPOTUUECKHUX
oyaroB M T.n1.). IlojydeHHbIE pe3yJbTaThl CBUJIEC-
TEJIbCTBYIOT O 3HAYMTEIbHO OOJIBIIICH pa3pelialo-
1€l CITOCOOHOCTU MCHOJIb30BAHHOIO MOAX0Aa, YeM
KJlaccMYecKoe ceKBeHupoBaHMe TreHa 16S pPHK.
ABTOpBI NPEANOIATaloT, YTO MPEIJIOKEHHBIN MO~
XOJ MOXKET IMOJYYUTh B TaJIbHEUIIIEM IIIUPOKOE pac-
MNpOCTpaHeHUE MpPU HCCIASAOBAHUM MUKPOOHBIX
COOOIIIECTB KaK CeKBeHHpoBaHMeM I10 CaHrepy
KJIOHUPOBAHHBIX 0O0pasloB, TaK U C IOMOIIbIO
NGS-TexHonOruit OAUMHHBIX TIPOYTEHUM, TaKUX
kak Oxford Nanopore MinlON u PacBio.
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MOANDULUPOBAHHbIN METOA
KONMMYECTBEHHOIO ONPEAEJIEHUA YPOBHEWN
TREC U KREC B NEPUDEPUYECKON KPOBMU

Y BOJIbHbIX C AMMYHOAEDPULIUTHBIMU
COCTOAHNAMU

M.A. Caiitramuna', 10.B. Ocrankosa!, H.E. Jliooumosa', A.B. Cemenos?,
P.H. Ky3nenosa'-3, A.A. Toroasan'-?
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Pe3tome. Bgedenue. UMMyHHBII CTaTyC TIPEACTABISIET COOOM KOMITJIEKCHBIN MOKA3aTesIb COCTOSIHUSI UMMYHHOU CH-
CTEMBI, 3TO KOJMYECTBEHHAs U KAUueCTBEHHAsl XapaKTepUCTUKA COCTOSHUS (DYHKIIMOHATBHON aKTUBHOCTH Opra-
HOB UMMYHHOW CUCTEMBI U HEKOTOPBIX HecneluPruuecKrux MEXaHU3MOB MPOTUBOMUKPOOHO 3a1UThL. B KauecTBe
CypporaTHbIX MapkepoB co3peBaHus T- U B-KJI€TOK MOXET CIyXUTh colepxkaHue B mepubepruyeckoil KpoBu, co-
OoTBeTCTBEeHHO, T-penienTopHbIX 3KcUU3MOHHBIX KoJjiel (TREC) u B-kaetounbix akcuusnoHHbix Kojel (KREC).
B HacTosiiee BpeMsi K HemocTaTKaM MpPeACTaBACHHBIX Ha PhIHKE TMAarHOCTMYECKUX HaOOPOB clenyeT OTHECTH IBa
(axropa: HanpaBJIeHHOCTh HAOOPOB HA TUATHOCTUKY UMMYHOIE(MUIIMTHBIX COCTOSTHUM TOJBKO Y HOBOPOXIEHHBIX
U JieTeil, B TO BpeMsl KaK B3pOCIble MallMEHThl OCTAIOTCSI HE OXBAYEHBI; CYLIECTBEHHbBIM HEIOCTATKOM SIBJISIETCS MC-
MOJIb30BaHUE MJISI HOPMUPOBAHUS TaHHBIX ONHOTO 3TaJIOHHOTO HOPMUPOBOYHOIO IeHa, B pe3ysibTaTe Yero MoBbI-
nraercsi BapuabebHOCTh M CHUXAETCsl YYBCTBUTEIBHOCTD PE3yJNbTaToB aHanu3a. Llenb: pazpaboTaTh BhICOKOYYB-
CTBUTEIbHBIN METO 1a00paTOPHOI OLIEHKH COCTOSIHUSI UMMYHUTETA IMalMeHTOB ¢ ucrojb3oBaHueMm [11IP B pexume
peapHOTO BpeMeHH Ha ocHoBe onpeneneHus KonneHTpanun TREC u KREC y neteit u B3pocnbix. Mamepuaast u me-
modsl. B paboTe NCTONb30BaHBI 00PA3I[bI 1IETHHON KPOBU U CYXOii KAIlJid KPOBU, MOJyUYEHHBIE OT HOBOPOXIEHHBIX
1 B3POCJIBIX JIIOJIEH, B TOM YHUCJIE OT YCJIOBHO 3[I0POBBIX JIUII, @ TAKKe OT MAllMEHTOB ¢ AMarHOCTUpoBaHHBIMY [TU ]
u BUY-uH@uumrpoBaHHbIX 6071bHBIX. O0IKI 00beM BIOOpKU — 2577 yesoBeK. B kauecTBe METOOB CPABHEHUST UC-
MOJIb30BAJIM KOMMepueckue Habophl. Pesysvmamor. TlpoBonunu mynstuniekcHyto TP, aHanusupys KoauuecTBo
uenebix Mosiekyl TREC u KREC, a takxe ¢bparmeHToB HopMupoBouHbix TeHoB HPRT u RPP30 ¢ ucnoap3oBa-
HHMEM pa3paboTaHHOI Cepuu IJIa3MUIHBIX KaaubpaTopoB. AHanuTHyeckuil auamnazoH m3Mmepenuit JJHK TREC/
KREC cocrasun ot 10° mo 10° xoruii/mi. TouHoCTh u3MepeHuit Ha npubope mianmetTHoro Tuna (CFX) cocrasuna
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95,84%, na npudope poropHoro tumna (Rotor-Gene 3000) — 95,11%, 4T0 COOTBETCTBYET HOPMATMBHOMY TIOKa3aTeIo.
[MokazaHa 5KBUBaJICHTHOCTD MOJyYaeMbIX PE3yJIbTaTOB MPHU pabOTe C LIETbHON KPOBBIO M CyXUMHM KaIlJIIMU KPOBH.
AHau3 pe3yIbTaToB UCCIeNyeMO BBIOOPKU MO3BOIMII onpeneauTh 100%-Hy10 TMarHOCTUYECKYI0 CeU(bUIHOCTD
1 4YYBCTBUTEIBHOCTb MeTOA. 3akawueHue. MeTon TO3BOJISIET AMAarHOCTUPOBATh CHUXeHue T- u/unu B-kiaeTouHoro
UMMYHUTETA y AeTeil U B3POCIBIX, U MOXET ObITh puMeHeH 15 aeTekunu Mosekysl TREC u KREC kak B o0pa3iuax
LIeJIbHOM TIepuepruecKoil KpOBM, TaK M B CYXOl Karljie KpOBU C MCIoJb3oBaHue KapT [arpu. I1pu 3ToM BO3MOXHO
NpUMEHEHHUE eIMHbIX 3HaYeHUI peepeHCHBIX HOPM, HE3aBUCUMO OT aHAJM3MPYEMOro KJIMHUUYECKOro MaTepralia.
Pe3ynbraThl UCMIBITAHU I CBUAETEILCTBYIOT O BO3MOXHOCTH 3((HEKTUBHOTO MCII0Jb30BaHUs MyIbTuILIeKCHOI [TLIP-
JUArHOCTUKM KaK JJISI KOMIIIEKCHOTO IEPBUYHOIO TECTUPOBAHUSI/CKPUHUHIA HOBOPOXICHHBIX, TaK U JJIs1 OLEHKU
COCTOSTHUS MMMYHUTETA B LIEJISIX BBISIBICHUS B3pOCIBIX 001bHBIX [T I 11 B paMKax AMarHOCTUKHU ITAIIEHTOB CO BTO-
PUYHBIMU UMMYHONeUIIUTAMU, HAaTpuMep, ¢ nHbekueit BUY.

Karueesnie caosa: ummynnuiii cmamyc, ummynooeguyum, TREC, KREC, memod duaenocmuku.

MODIFIED QUANTITATIVE APPROACH FOR ASSESSING PERIPHERAL BLOOD TREC AND KREC
LEVELS IN IMMUNODEFICIENT PATIENTS

Saitgalina M.A.?, Ostankova Yu.V.?, Liubimova N.E.?, Semenov A.V.’, Kuznetsova R.N.*¢, Totolian A.A.*¢

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

b Ekaterinburg Research Institute of Viral Infections of SRC VB Vector of the Federal Service for Surveillance on Consumer Rights
Protection and Human Wellbeing, Ekaterinburg, Russian Federation

¢I.P. Paviov First St. Petersburg State Medical University of the Ministry of Healthcare of Russian Federation, St. Petersburg,
Russian Federation

Abstract. Introduction. The immune status is a multifaceted parameter quantitatively and qualitatively analyzing function-
al activity immune system state in immune organs as well as some non-specific mechanisms of antimicrobial protection.
Peripheral blood level of T-receptor excision rings (TREC) and B-cell excision rings (KREC), respectively, can serve as
surrogate markers of T- and B-cell maturation. Currently, the diagnostic kits available on the market have two significant
disadvantages: i) the kits are aimed at diagnosing immunodeficiency conditions only in newborns and children, while
keeping adult patients uncovered; ii) essentially, use solely single reference normalization gene for data normalization
resulting in increased variability and decreased sensitivity of the assay data. The aim: to develop a highly sensitive method
for laboratory assessment of the state of immunity in immunodeficient patients by using real-time PCR for assessing
TREC and KREC level in children and adults. Materials and methods. There were used whole blood and dry blood spot
samples obtained from newborns and adults, apparently healthy individuals as well as patients with verified PID and HIV-
infection. A total of 2577 samples were examined. Commercial kits were used as comparison methods. Results. Multiplex
PCR was carried out, analyzing the number of target molecules TREC and KREC, as well as fragments of the HPRT and
RPP30 normalization genes analyzed with the developed series of plasmid calibrators. The established analytical range
of TREC/KREC DNA measurements comprised 103 to 10° copies/mL. The accuracy of measurements on a tablet-type
instrument (CFX) was 95.84%, on a rotary-type instrument (Rotor-Gene 3000) — 95.11%, which corresponds to the
standard indicator. The equivalence between the data obtained after assessing whole blood samples and dry blood drops
was shown. The data analysis allowed to find out 100%-diagnostic specificity and sensitivity of the method proposed.
Conclusion. The method developed by us allows to diagnose decline in T- and/or B-cell immunity in children and adults
and can be used to detect TREC and KR EC molecules both in peripheral whole blood samples and dry blood spots using
Guthrie cards. Moreover, the uniform values of reference norms can be used regardless of the type of analyzed clinical
material. The study data evidence about potential for effective use of multiplex PCR diagnostics both for complex primary
testing/screening of newborns and assessing state of immunity to identify adult patients with PID and as a part of the di-
agnostic monitoring of patients with secondary immunodeficiencies, e.g., HIV infection.

Key words: immune status, immunodeficiency, TREC, KREC, diagnostic method.

BeepgeHue

MMMyHHBIN cTaTyc NIpeACcTaBiIsieT cO00M KOM-
IJIEKCHBIM IOKa3aTelb COCTOSHUSI UWMMYHHOM
CHUCTEMBbI, 3TO KOJMYECTBEHHas M KayeCTBEHHAas
XapakKTepUCTUKA COCTOSHUS (QYHKIIMOHAJIbHOMI
aKTUBHOCTU OPTaHOB UMMYHHOI CUCTEMbI U HEKO-
TOPBIX HeCcneuu(UISCKUX MEXaHU3MOB IIPOTHUBO-
MUKPOOHOI 3a1IUThI.

HNMMyHOICOUIIUTHBIE COCTOSTHUSI XapaKTepH-
3yIOTCS MOJHBIM MJIM YaCTUYHBIM OTCYTCTBUEM T-
uin B-kjeTok, a TakxKe HaTypajabHbIX KUJJIEPOB,
uan ociabieHneM (GYHKLIHUIA BTUX KIETOK [27].
B kauecTBe cypporaTHbIX MapKepoB CO3pEBaHMS
T- u B-kjeToK M QYHKIMOHAJIBLHONM aKTUBHOCTU
COOTBETCTBYIOIIMX 3BEHbEB MMMYHHOI CUCTEMBbI
MOXET CJIYXWUTh COAEepXKaHue B nepudepudeckoi
KPOBU, COOTBETCTBEHHO, T-peLieNTOPHBIX 3KCIIM-
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3noHHbIX KoJell (T-cell receptor excision circles —
TREC) u B-kJETOUYHBIX SKCIMU3MOHHBIX KOJIEIL
(kappa-deleting recombination excision circles —
KREC), popmupyromuxcsa B mpouecce V(D)J-pe-
appaHXWPOBKHU, B pPe3ysibTaTe KOTOPOU 4acThb re-
HEeTUYECKOro marepuasia BbIpe3aeTcs] U 3aMblKa-
etcsa B kosblo [27, 23]. TREC cinyxar mapkepamu
co3peBaHUS T-KJIETOK, HETaBHO SMUTPUPOBABIINX
U3 TUMYCa 1 cJ1a00 BOBJIEKABIIMXCS B ITPOLIECC MPO-
audepanuy Uau He AeJIMBIIUXCS coBceM. B cBs3u
¢ atuM KoHueHTpauunio TREC B mepudepuueckoii
KPOBHU pacCMaTpPUBAIOT KaK ITOKa3aTeib (PyHKIINO-
HaJIbHOUW aKTUBHOCTH TUMYCa — €TO CITOCOOHOCTH
npoayuuponath T-muMpouutsl. B xone nponude-
palluy KJIETOK MMMYHHOM CHUCTEMBbI 3KCIIM3UOH-
HBIC KOJIbIIAa OCTAIOTCS B OOHON M3 HOYSPHUX KJIC-
TOK, YTO MO3BOJISIET UCMOJIb30BaTh X B KAa4eCTBE
rnokasaresisl npoaudepauuu IMMAOOLUTOB U Cyp-
poraTHbIii MapKep HOPMaJbHOIO Pa3BUTHUSI HM-
myHHoI cuctembl. Conepxkanne KREC B nepude-
pUYecKoll KpOBU sIBJIsIeTCS] MapkepoM 3D (eKTUB-
HOCTHU pa3BUTUSI B-KJIETOYHOTrO 3BeHa MUMMYHHOI
CHCTEMBI B IIpoIlecce SIMOpUOreHesa.

[MonHOE MM YaCTUIHOE OTCYTCTBUE (CHUKECHME
ypoBHs) T- u/maum B-KJIETOK y HOBOPOXKICHHBIX
oTpenelsieTcst TP NePBUIHBIX UMMYHOIEe(PUIINTAX
(ITAU 1), Tpucomusx mo 21 u 18 xpomocomam, pa3s-
JIUYHBIX IIATOICHETUYCCKUX MYTAIlMSIX, a TaKKe
ITPY HEIOHOIIIEHHOCTH MJIAJICHIIEB, B TOM YHCJIE TTPU
niaHoBoM kecapeBoM ceueHuu (KC). BpoxxaeHHbIe
aHOMaJIMM, BKJIIOYAsI IIOPOKU Cep/lia, IIOPOKU pa3-
Butusi KKT, MHOXecTBEeHHbIE BPOXAECHHBbIE I10-
POKM pa3BUTHUS, a TaAKXKe ITPEXKICBPEMECHHBIC POIBI
MOTYT OBITH CBSI3aHBI CO BTOPUYHON JIMMMOIIeHU-
eit mnaneHueB. CoBpeMeHHasl CTpaTerusi pa3BUTHUS
CKPUHMHTAa HOBOPOXIEHHBIX CBsI3aHA C MaKCH-
MaJIbHO paHHUM, B MJieaJiec cpa3y MocJie POXICHU S,
BBISIBJICHUEM UMMYHOIe(DUIINTOB, CBSI3aHHBIX C Ha-
pyueHueM npoaudepauuu T- u B-kietok. B ciyuae
TeHEeTUYECKU OOYCIOBJICHHBIX 3a00JeBaHNI, TAKUX
kak [TN]/1, orcyTcTBUE (hyHKITMOHANBHBIX T- 1/Min
B-mum@onToB CIyXUT AMArHOCTUYECKUM KpH-
TepueM, B ciaydyae MpexiaeBpeMeHHbIX poaoB 1 KC
olleHKa comepxaHus T- wu/unu B-muMmdboinTon
MOXET CHYKUTh IIPOTHOCTUUYECKUM MapKEpPOM.
W B TOM, 1 B APYTOM cCJiydyae BBISIBJIGHUE U OliCHKa
ypoBHsd TREC nu KREC MoxeT nmpuMeHsTbCs A1
CKPUHUHTa HOBOPOXKIECHHBIX.

Y B3pOCHBIX MAIlMEHTOB CHUXXEHUE ypoBHeil T-
u/nnu B-KJIETOK MOXET OBITh OMpPeNeieHO MPU BbI-
aeieHun [TUJ, mo3mHsisi AMarHOCTMKa KOTOPbIX
CBsI3aHAa C Pa3HOOOpPa3HON M IIPEUMYIIIECTBEHHO
CTJIA’)KEHHOM KJIMHMYECKON KapTUHOMW 3aboJieBa-
HUS, HAIPUMEP MpU ceJeKTuBHOM IgA-nedunure,
00111t BapuabdeTbHOI UMMYHHOI HETOCTaTOYHOCTU
(OBHH), saBasiomuxcs Hanbojee 4acThIMU BIep-
BbIe BEIsIBAsIeMbIMU opmamu [TU]I y nuir ctapie
18 net [7]. Tak, HampuMmep, ONMUCAHO MPUMEHEHUE
aHanuza ypoBHeil TREC u KREC y B3pocibix na-

uueHToB ¢ OBMH u BbIsIBJIeHUE ero accouuaunuu
C TSIKECThIO TeUeHU s 3a00JieBaHMsI; TIOKa3aHO, YTO
Yy B3pOCJIbIX 00JbHBIX ¢ cuHApoMoM [du JIxkopaxxu
npu HopMmajbHbIX ypoBHSIX KREC yposuu TREC
noctoBepHo cHueHbl [10, 14]. Kpome Toro, moJi-
HOE UJIU YaCcTuYHoe oTcyTcTBUe T- u/unu B-kieTok
Yy B3POCJBIX MOXET OBITh CBSI3aHO C Pa3BUTUEM
CIIN [ y nHGULIMPOBAaHHBIX BUPYCOM MMMYHOMIE-
¢unuTa yenoseka (BMY), pa3zButuemM 3710KavecT-
BEHHBIX 3a00JeBaHUN KpPOBETBOPHOI CUCTEMBI,
a TaK>Ke MoKa3aHo MpY TPaHCIUIAaHTallM 1 CTBOJIOBBIX
KJeToK [13, 22, 26].

Takum ob6paszoM, ompeneneHue ypoBHeii TREC
u KREC nnsa paHHeld IMarHOCTUKM TIEPBUYHBIX
M BTOPUYHBIX HMMMYHOIS(MUIIUTHBIX COCTOSIHUM
B KJIMHUYECKOM MPpaKTUKE MOXET IaTh IIEHHYIO THar-
HOCTUYECKYIO U TIPOTHOCTHYECKYI0 WH(MOPMAIINIO
B OTHOIIICHU U IIIMPOKOTO CITIEKTpa 3a00JIeBaHUIA, CBSI-
3aHHBIX C HapymieHueM T- n/uim B-ki1eTouHoro 3Be-
Ha UMMYHUTETA KaK y IeTel, TaK W Y B3POCIIBIX JIO-
JIei, TO3BOJISISI BEISIBIISITH MAIIMEHTOB HY K TAIOIITMXCST
B YIJIIyOJICHHOM OOCJIEIOBAaHUM M CBOEBPEMEHHO Ha-
3HauUaTh aieKBaTHy1o0 Tepanuio [4]. KonnyectBeHHas
onenka yposHeil TREC u KR EC BricokomHpopMa-
TUBHA M MOXET OBITh JIETKO BHEApPEHA B PYTUHHYIO
JTabopaTOPHYIO MTPaKTUKY [16].

B HacTos1Iee BpeM st K HeocTaTKaM TpeIcTaB-
JICHHBIX Ha pPBIHKE JIMarHOCTUYECKMWX HabopoB
cienyeT oTHecTu ABa (akrtopa. Bo-mepBbix, Ha-
MpPaBJIEHHOCTh HA0OPOB HA MTUATHOCTUKY UMMYHO-
NeUIMTHBIX COCTOSTHUI TOJBKO Y HOBOPOXKICH-
HBIX U JIETel, B TO BpeM s KaK B3pOCJIble MalMeHThI
ocCTalTCd He oxBauyeHbl [2]. Bo-BToOphIX, cylie-
CTBEHHBIM HEJIOCTATKOM SIBJISIETCSI UCITOJIb30BaHUE
JIJIsT HODMUPOBAHUS JaHHBIX OJHOTO 3TaJIOHHOTO
HOPMHPOBOYHOTO T€Ha, B Pe3yJbTaTe 4yero IOBbI-
maeTcss BapuabeIbHOCTh M CHUXKAETCS YyBCTBH-
TEJbHOCTh PEe3yJbTaTOB aHaau3a, TaK KakK He Cy-
LIECTBYET UAeaIbHOTO HOPMUPOBOUYHOI'O I'eHa, I0-
CTOSTHHOT'O B HE3aBUCUMOCTU OT TKaHU U COCTOSI-
HHUS KJIETOK B aHaJau3upyeMoM obOpasue. B cBsa3u
C 3TUM BBIOOP 3TAJIOHHOI'O I'€Ha SIBJSIETCSI OMHUM
M3 CaMbIX OTBETCTBEHHBIX 3TAMOB IIPU pa3paboTKe
aHanau3a. ONTUMaJbHBIM MOXHO CUUTATh MOAXO]I,
Ipu KOTOPOM OAHOBPEMEHHO MCHOJIBL3YIOTCS IBa
U 0oJiee 3TaJIOHHBIX I'eHa [9].

Llenblo HacTogIIel Halleil padoThl ObljIa pa3-
paboTKa BHICOKOUYBCTBUTEIBHOIO METOIa JJabopa-
TOPHOM OLICHKU COCTOSTHUSI UMMYHUTETA TTalleH-
TOB ¢ ucrnoJib3oBaHueM [11[P B pexxume peajsibHOro
BpPEMEHHU Ha OCHOBE ONpeAc/ieHUsI KOHIIEHTPpalluu
TREC u KREC y neTeii 1 B3pOCabIX.

Matepuanbl 1 MeTOObI

MaTtepwuanbi

B paGore ObLIM MCIOAB30BAaHBI CJAEAYIOIINE
00pas3ibl OT JINL, NPOXMUBAIOIINX Ha TEPPUTOPUN
Cankr-Iletepbypra u JleHUHTpaacKoil o0JacTU:
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157 oOpa310B MYMOBUHHOW KPOBU HOBOPOXKJICH-
HbIX, 2000 00pa3LoB CyXoil Karjau KpoOBU Ha Kap-
tax ['aTpu, MOJYyYEeHHBIX OT 3MOPOBBLIX JTOHOIICH-
HBIX HOBOPOXIEHHBIX Ha 3—4 meHb Xxu3HH, 300
00pas31oB, NOJYUYEHHBIX OT YCIIOBHO 3[10POBBIX JIUI]
ctapuie 18 jieT B BUuie LIeJIbHOUM KPOBU U CyXOM Karl-
JIM KpOoBM Ha KapTtax ['aTpu ogHOBpeMeHHO. briin
IpoaHaJIM3UPOBAaHbl TaKxXe 00pa3lbl OT ITallMCH-
TOB C IUAaTHOCTUPOBAHHBIMU ITEPBUIHBIMU UMMY-
HopedbuuuTamu: 10 00pa3oB CyXOil Kanjau KpoBU
ot neteii u 10 oOpa3oB B BUAEC LEJIbHOU KPOBU
M CyXOH KaIlIM KPOBU Ha KapTax I'aTpu omHOBpe-
MEHHO OT OOJIBHBIX cTaplie 18 jer.

Cpenu neTeil ¢ yCTaHOBJICHHBIMU TIEPBUYHbBI-
MU HUMMYHoAedDUIIMTaMU TPUCYTCTBOBAJMU Tia-
LIMEHTHbI C TAXeJI0l KOMOMHUPOBAHHOW MMMYH-
Hoit HegocTtaTouHOCTHIO (TKMH), TpaH3uTOopHOM
ruroraMmMarjo0yJinHeMUeil NeTCKOro BO3pacTa,
cunapomom CHARGE, a takxe ¢ HeauddepeH-
nupoBaHHbiMu  [IM]JI, compoBoXIarOIIUMUCS
NHEBMOHUSIMU, HEOHATaJbHBIMH CEIICHCAaMM,
auMpouunToneHusMu. Bce ucciegoBaHHbIe MNa-
LMEeHTHI cTapiue 18 jgeT MmMesau yCTaHOBJIEHHBINU
nuarHo3s OBMH.

JloToTHUTEeIbHO UCCAea0BaIu 00pa3lbl 1ie/ib-
HOU KpoBH, nojiyyeHHble OT BUY-undunnposaH-
Hbix aul. [lpencraBiensr 100 oOpa3loB oT mna-
HueHToB 18—65 Jner, mpoxuBamumnx B CeBepo-
3amagHoM (denepadbHOM OKpyre, B TOM 4YUCJIE
OT 25 MYXX4YUH 7 25 XCHIIWH C BIIEPBBIC BBISIBJICH-
HbIM BUY 1 moaTBepXIE€HHBIM CPOKOM UHPUIIU-
pOBaHUSI MEHEee OJTHOTO roja, a Takxke oT 25 MyX-
YUH U 25 3KeHIIUH, nHpunuposanHbix BUY He me-
HEE IISITU JIET, C BBICOKOM BHUPYCHOW HaArpy3KoOu
¥ BUPYCOJIOTUYECKU Hed(PHEKTUBHON aHTUPETPO-
BUpycHoii Tepanueit (APT).

MeToapbl

MeTtoabl cpaBHEHUSA

B kauecTBe CpaBHUTEIBHBIX METOIOB HCITOJIb-
30BaJid JBE JAUATHOCTUYECKHE CUCTEMbI: KOM-
mepueckuii Habop <«EnLite™ TREC-KREC Kkit»
(PerkinElmer, ®uHASHANSI) U 3apervMCTPUPOBAH-
HBIT B PO nnarnoctnueckuii Habop «<MMMYHO-
BbUT» (AbB-Tect, Mockga).

Habop peacenmos «EnLite™ TREC-KREC kit»
(PerkinElmer, @unasnous). Habop npegHa3zHadyeH
IJIsl TIoJyKojndecTBeHHoro omnpeaeiaeHus JIHK
TREC m KREC y HOBOpOXIEHHBIX B o0Opa3sliax
KPOBHU, BBICYIICHHOII Ha (DUIBTPOBAJILHON OyMa-
re. Onpenenenue yposHeii TREC u KREC ocy-
mectBasieTcsa metogoMm IT1LP B pexxume peanbHOro
BpeMEeHU C THOpMIM3AIIMOHHO-(IyOopecIeHTHOMU
JeTeKIMell ¢ MOCJIeNYIoNIUM MepecyeToM abco-
JIIOTHBIX KOJIMYECTB 1IEJIEBBIX MOJIEKYJ Ha HOpP-
MUPOBOUYHBIN reH 6eTa-akTuHa (BetaActin), ¢ uc-
NOJB30BAaHWEM  CHEIHaJbHOTO  TEepMOIIMKJepa
«VICTOR™ EnlLite» (PerkinElmer, ®uHIIHINAS).
IMoyyeHHBIC pe3yabTaThl IIPEACTABISIOT B KOIIH-

ax Ha MKJ. OmnpeneiaeHbl HUXKHHE TPAHWIIBI IS
TREC u KREC npu ucnonb3oBanuu Habopa — 33
1 46 KONMIi/MKJI COOTBETCTBEHHO. YKa3aHHbII
HabOp He 3apeructpupoBaH B Poccuiickoit
Denepalii B Ka4eCTBE MEIMIITMHCKOTO W3MIEIUS,
O HaKO IIMPOKO MpUMEHsIeTCsl B cTpaHaX EBpomnbl
u B CIIA [12, 17].

Habop peacenmos «MUMMYHO-BUT» (AbB-Tecm,
Mockea). Habop 3apeructpupoBaH B PO B Kaue-
CTBE MEIMIIMHCKOTO M3JAeIMs, IpeaHa3HaYeH JIIs
onpeneneHuss yposHeit TREC u KREC y HoBo-
POXOECHHBIX U ICTEU B LIEJIbHOM KPOBU U CyXOU Ka-
e kpoBu. Onpenenenue yposHeii TREC u KREC
ocyuectBiasieTcss metoaoM ITLP B pexxume peasb-
HOTO BpEeMEHM ¢ TUuOpUAM3aLMOHHO-(Iyopec-
HEeHTHOM MeTeKIMEeil C IIOCJEemyIOIINM Mepecue-
TOM aOCOJIOTHBIX KOJMYECTB IIEJCBBIX MOJIEKYI
Ha HOPMUPOBOYHBII T'€H ChIBOPOTOYHOTO ajbOy-
muHa (ALB). ITonyyeHHBbIe pe3yJibTaThl MIpeacTaB-
JISIIOT B Konusix Ha 10° KJIeTOK.

VYKa3aHHBIC HUXXHHE TPpaHUIIBI HOPMBI IIejIe-
BBIX MOJIEKYJI TIPY UCTIOJIb30BaHUM Habopa pa3iin-
yatotcsa nis oopasuoB [JHK, skcTparupoBaHHBIX
u3 uesibHoit KpoBu (TREC — 200 konmii/10° KaeTok
[ist neteit B Bo3pacte oT 0 go 1 roma, 80 xoruii/103
KJIeToK — oT 1 roga go 6 net, 30 konuii/10° kie-
ToK OT 6 10 18 teT; KREC — 250 komnuii/10° KjieTok
1t aeteii B Bo3pacte ot 0 no 1 roma, 100 xoruii/103
KJeTOK — OT 1 rozga mo 6 sert, 40 konuii/10° KiaeTok
oT 6 o 18 yieT ) 1 13 cyxoit kKaryu Kpou (TREC —
450 xonuii/10° xyietok, KREC — 250 xonwuii/10°
KJIETOK JJIsl HOBOPOXKIAEHHBIX) [1].

MoaudbvunpoBaHHbIi METO

Bbidenenue HyKaeuHo8blX Kucaom. DKCTPAKIIUIO
JAHK npoBoanv ¢ nOMOIIBIO ABYX KOMMEPUYECKUX
KOMILJICKTOB peareHToB mias1 BbimeiacHus1 PHK/
AHK n3 k1unuveckoro marepuana: «PUBO-mipen»
(PBYH HHHWUND, Poccus) n «Dkcrpa-AHK-buo»
(Ankop-buo, Poccus), coriiacHO MHCTPYKLUSAM
I POU3BOAMTEIICH.

Amnaugukayus yeneevix u HOPMUPOBOUHBIX 2€HO8.
B o6paszue JHK, BbigesieHHOM U3 LIeJbHOI KPOBU
WJIY 13 KaIlJIu CyXOil KPOBU, OTNIPEaeIsiv KOIuue-
ctBo 1esieBbIXx MosieKyl JJHK TREC, KREC n nByx
ATAJIOHHBIX HOPMHUPOBOUYHBIX T€HOB «IOMAIIIHETO
XO3SIiCTBa» — TE€H TMIIOKCAaHTUHIryaHUuHpocho-
pubo3untpaHcoepassl yenoBeka (HPRT) u ren
o6enkoBoit cyobrenuHubl p30 puboHyKieasbl P
(RPP30) c ucrosb3oBaHUEM OJUTOHYKJIEOTUIOB
M COOTBETCTBYIOIINX OJIUTOHYKJICOTUIHBIX (DIyO-
PECLIEHTHO MeUeHbIX 30HJ0B (Tab. 1).

Jng TP B obOmieM Buae MCIIONb30Balu Cle-
IYIOIINI COCTaB aMITIN(UKAIIMOHHON cMecH: 0y-
depHblii pactBop, conepxamuii Tpuc-HCI pH 8,8
(ipu 25°C), KClI, 6—7 MM MgCl,, 1e30KCMHYKJIE0-
suarpudocdarel, rauuepona, Tween 20, SynTaq
JHK-tnonumepasza ¢ HUHIMOUPYIOLIMMU aKTUB-
HOCTbh (pepMeHTa aHTUTeNaMu (Uau | en. pekom-
ouHaHTHol Taq JHK-nonumepassl unu Hot-start
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MeToz konmyecTBeHHoro onpeaenexnst TREC n KREC

TaGnuua 1. HykneoTngHble nocnenoBaTesibHOCTY NPaiiMepPoB U 30HA0B, UCNOJIb30BaHHbIE
ans BoiaeneHns JHK TREC, KREC v gByX 3TafiOHHbIX HOPMUPOBOYHbIX reHoB HPRT n RPP30

meTtopom MLLP B pexxume peanbHOro BpeMeHu

Table 1. Primer and probe nucleotide sequences used to detect the DNA TREC, KREC as well as two reference

normalization genes HPRT and RPP30 using real-time PCR

Mpaimep HykneoTugHaa nocnenoBaTesibHOCTb
Primer Nucleotide sequence
TRECF 5-CACATCCCTTTCAACCATGCT-3"
TRECR 5-TGCAGGTGCCTATGCATCA-3’
TRECzondFAM 5-FAM-CACCTCTGGTTTTTGTAAAGGTGCCC-RTQ1/BHQ1-3’
KRECF 5-TCCCTTAGTGGCATTATTTGTATCACT-3’
KRECR 5-AGGAGCCAGCTCTTACCCTAGAGT-3’
KRECzondHEX 5-HEX-TCTGCACGGGCAGCAGGTTGG-BHQ1-3"
HPRTF 5-CTTGCTCGAGATGTGATGAAGG-3’
HPRTR 5-CAGCAGGTCAGCAAAGAATTTATAG-3’
HPRT-zondCy5 5-Cy5-ATCACATTGTAGCCCTCTGTGTGCTCAAGG-RTQ2/BHQ2-3’
RPP30F 5-TTTGGACCTGCGAGCG-3’
RPP30R 5-GAGCGGCTGTCTCCACAAGT-3’
RPP30-zondROX 5-ROX-TTCTGACCTGAAGGCTCTGCGCG-RTQ2/BHQ2-3’

Taq AHK-nonuMepa3ssl), Boga 6e3 HyKJiea3 o Ko-
HEYHOTro oobeMa 15 MKJI.

ITLP npoBoauiu Ha aMIIubuKaTopax ¢ GyHK-
HMel neTeK UM (hJIyopeclueHIIUU B peKME peasb-
Horo BpemeHu no kaHaiam HEX/Yellow, FAM/
Green, ROX/Orange u Cy5/Red mnnaHIimeTHOro
tuna (Hanpumep, CFX96) uiau poTopHOro Tuiia
(HanpuMep, Rotor-Gene 3000/6000) npu ykasaH-
HBIX B TabJI. 2 ycJioBUsIX. PeructpupoBajii moy-
YeHHBIC Pe3yJIbTaThl MOCPEACTBOM THOPUAM3AIIM-
OHHO-(MIYOPECHUEHTHOU MNETeKIMU C IOMOIIbIO
NPpOrpaMMHOIO  OOECHeYeHUS  HMCIIOJb3yeMBbIX
npudOpoOB.

Ouyenka pe3yrbmamog amniugukayuy. AHaIN3u-
poBayii KpUBBIE HAKOTUIEHUS (DIyopeclieHTHOTO
CUTHAaJIa 10 YeThIPEM KaHaJiaM: o KaHay s hiry-
opodopa FAM/Green — curHall, CBUIETEIbCTBY-
IOIIMIA O HAaKOIUJIEHWHU IPOAYKTa aMITIUMUKALIUU
dparmenTa JJTHK TREC; no kanany njis gayopo-
dopa HEX/ Yellow — curHas, CBUIETEIbCTBY IO
O HAKOIUICHWHW IIPOAyKTa aMILUTMdUKAIU dpar-
meHTa JIHK KREC; no kanany ajis gayopodopa
ROX/Orange curHai, CBUIETEIbCTBYIOIIUI O Ha-
KOIUIECHUM TIpOAyKTa aMIuimdukanuu cdpparMeHTa
JHK RPP30; o kanany nis diayopodopa CyS/Red
CUTHAaJI, CBUACTEIbCTBYIONINI O HAKOTLJICHUH TIPO-
nykrta ammmdukanum ¢parmenta JHK HPRT.
Pe3ynbraThl MHTEPIIPETUPOBAIM Ha OCHOBAHUU
HaJmuusl (UM OTCYTCTBUS) TIepecedeHrsT KPUBOW
dJiyopeclieHIIUU C YCTAaHOBJIEHHOW Ha COOTBET-
CTBYIOILIEM YPOBHE ITOPOTOBOM TMHUEH (yCTaHABIM-
BaeTCsl B cepeAMHE JIMHEHHOro yyacTka MpupocTa
GbJIyopecCleHIIU Y TI0JIOKUTSIIBHOTO KOHTPOJIS B JIO-
rapu(pMUIECKOM ITKaJIC), YTO OIPEASIISIIIO HAaTNIe
(MM OTCYTCTBHE) OJSI MaHHOM IIPOOBI 3HAYCHMS
noporosoro 1ukjga Ct B COOTBETCTBYIOLIEH rpade
B TaOJIUIIE PE3YIbTATOB.

Ilooeomoeka kaaubpamopos. JIns monydeHUs
KaJauOpaTOpoB U TIOCJEAYIOIIETO OMNpeacaeHUs
ypoBHeit TREC u KREC ucnonb3oBaiu njiazMu-
Ny, HECYIIYI0 CHUHTETUYECKYIO TIOCJIeA0BaTEb-
HOCTb, COOTBETCTBYIOIILYIO BBISIBJISIEMbIM ¢(hbpar-
meHTaMm melieBbix Moiekynl JJHK TREC, KREC
M IBYX 3TAaJOHHBIX HOpMUPOBOYHBLIX TeHOB HPRT
u RPP30 co cnielficepaMu MeX1y HUMMU.

[MonydyeHHYI0O OT TIPOM3BOAUTENSI HABECKY
miasmMuaHoin JIHK passonunu TE-0ydbepom, uc-

Ta6auua 2. MapameTpbl NporpamMmmbi
amnnudukaumm Ha npubéopax CFX96
(Bio-Rad, CLUA) n Rotor-Gene 3000/6000
(Corbett Research, AscTpanus)

Table 2. Amplification setup parameters for CFX96
cycler (Bio-Rad, USA) and Rotor-Gene 3000/6000
cycler (Corbett Research, Australia)

o s 3
- o— O = o E o s
g0 2552 |fas
Lukn 5% Bpems gF g0 g_;E"a
Cycle | 2 © Time 207 |S535
[T =253 = gts)
EE 2222 |87 &
= o s s L € X >
|0_J = S =2
1 95 15 MuH/15 min 1
95 10¢c/10s
2 61 30c¢/30s 5
72 15¢/15s
95 10¢c/10s
HEX/Yellow,
FAM/Green,
3 60 30c¢/30s Cy5/Red, 40
ROX/Orange
72 15¢/15s
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XOJsl M3 yKa3aHHOI B ITacIOpTe ITPOM3BOAUTEIEM
KOHIIEHTPAlMM TJIa3MUABl M €€ IIPOTSIKECHHOCTH,
cocTaBistomeit 3370 HyKJI€OTHUAOB, Toayvast mpe-
napar ITJiIa3Muibl C TPUOJIU3UTEILHOM KOHIIEHTpa-
uueit 10'° kormuii/mia. ToTOBUIM MOCeI0BaTeIbHbIE
JecITUKpaTHbIe pa3BeAeHM s Ipernapara rmia3Muibl
¢ koHueHTpauusamu 10%, 108, 107, 10°, 10°, 104, 103,
10?2 kortuii/mn B TE 6ydepHom pactBope. [ist ripen-
BapUTEJIbHOU OLGHKU KOHIEHTpalluu oOpa3loB
nasmuaHoi JIHK ucnonws3osanu undponyto [TLP,
MO3BOJISIOLIYIO MPOBECTU TOYHYIO (BIJIOTH 10 1 KO-
nuu Ha 100 000) KOAMUYECTBEHHYIO OLIEHKY MNpead-
CTaBJEHHOCTHU Toro ujiu nmHoro yyactka JJHK B 00-
pasiie 6e3 MCHOJIb30BaHUS KaJTMOPOBOYHBIX KpPU-
BbIX. [Ipu 5TOM B X01e pabOThI peaKIIMOHHAs CMECh
pacnbLIslIach Ha MHOXECTBO MeJIbYaMIINX Karlesb
(6onee 20 ThICSY), B KaXK 01 M3 KOTOPLIX TpoTeKasa
nHauBuayanbHas [TLP. MaTepecyromyio MullleHb
aMILUTUDUILIMIPOBAIM, IIOCIE YEero IMOACYMTHIBAIU
MOJOXUTEIbHBIE (ITPUCYTCTBOBAja TPEICTaBIISIO-
1ast MHTepecC MoCaAen0BaTeIbHOCTD MUIIICHU) 1 OT-
puLaTenbHbIe (OTCYTCTBOBaJia MPEACTaBIISIONIAS
MHTEpEeC TMOCJIeIOBAaTeIbHOCTh MUIICHN) pEaKIIuU
IS aOCOJTIOTHOTO KOJMUYECTBEHHOIO OITpeaesie-
HHUSI WHTEPECYIOIINX MOJEKYJISIPHBIX MUIIICHEH.
Metonom uudposoii TP ompenensnn ToOUHYIO
KOHIIEHTpaIMIo (KO i1/MII) B IIperapaTax rjia3Mu-
JIbI C IIPEAIIOI0XUTEIbHBIMU KOHLIEHTpauusmu 108,
107, 10%, 10° 1 OTHOCUTEIBHO JAHHBIX 00Pa3LI0B IIPO-
BOIMJIN KaJIMOPOBKY CEPUU Pa3BEACHM I ITJ1a3MUIBI.
W3 cepun pasBeneHMt OTOMpPAIN IIperapaThl 1jia3-
MU ¢ KoHLeHTpauuaMu 1—9 x 103, 1-9 x 107, 1-9 x
10°, 1-9 x 10°, 1-9 x 10* Komwmii/MJI ¥ IPUCBANBAIN
MOJIYYCHHBIM pa3BeACHUSIM HAMMEHOBAHUSI, COOT-
BercTBeHHO, — Kamubparop K1, Kamuopatop K2,
Kanu6parop K3, Kanuoparop K4, Kanubparop K5.

Koauuecmeennass  ouenxka  yposueit  TREC
u KREC. 11 KOJIMYECTBEHHOUW OILEHKU ypPOBHEH
TREC u KREC napannensHo noctaHoke I[TLP
B aHaJM3UPYEeMBbIX 00pasliax MPOBOAMIIM TOCTa-
HoBKY [ILP nnag xaaubpatopoB ¢ U3BECTHBIMU
KOHIIEHTPAIUSIMU.

Vposenb JIHK TREC m KREC onpenensian
B KOIMSIX HAa MUJUJIMJIUTP U B KoIusx Ha 10° kie-
TOoK. PacueT ypoBHeil 11eJIeBBIX MOJIEKYJI OCYIIECT-
BJISUJIY C UCITOJIb30BAHUEM CIIEAYIOIINX (DOPMYJT.

Db dpexkTuBHocTs IMTLLP:

E =107,

rne E — addekTuBHOCTh, 00 — KO3DGUIIMECHT
W3 ypaBHEHUS y = ox+b, moaydaemoro Impu ari-
NPOKCUMAIIUK 3aBUCHUMOCTH IIOPOTOBOrO IHMKJIa
OT KOHIICHTpAIIM1 MaTPUIIBI B 0Opasiie.
KoadpunmeHT mponopinoHaaibHOCTHU:

F,

Ct

o= —=——>"
C,x E“

rie o0 — Ko3(p@PULUMEeHT NpONoOpLHUOHATIBHOCTH,
C,— noporoBbiii 1k, C,— UCXoaHas KOHIIEHTpa-

uusi, Fo, — ypoBeHb moporoBoii AMHUU (hayopec-
LEHLM S BITOpOroBoM Lukie), E—addekTuBHOCTS.
o, + o, + 0+ 0L+ O

o, = 5 ’

T71e o, — oL cpemHsis 1151 pryopodopa, o,_s — oL IJIsT
KaxkJa0ro Kajuoparopa.

KoHIlleHTpanst IIeJIeBBIX MOJIEKYJT B KOITHUSIX
Ha MJI:

F

Ct
Co= —
o, x EC

roe C, — UcxomHasl KOHIEHTpalMsI, O, — O Cpel-
HA9 s dayopodopa, C, — TMOPOrOBBIN ITMKII,
F., — ypoBeHb noporoBoil n1uHuu (payopecueH-
1S B TOPOroBoM 1iuKJe), E — ahHeKTUuBHOCTS.

KoHlleHTpalus 1eaeBbIX MOJIEKYJ B KOIU-
sax Ha 100 teic. kaeTok: C;;5 = (4 X Cy)/Cyprr +
Crppzo) X 10° mas xeHckoro moyia u Cps = ((4 X
Co)/2Cprt + Crppyo) X 10° mJist MyKCKOro roJia,
cooTBeTcTBeHHO, rae C,;s — xommyectBo TREC
uan KREC Ha 100 ThIC. sapocoaepXKaliux Kie-
ToK, C, — ucxonHas KoHueHTpauus TREC unmu
KREC B Munnuautpe obpasua, Cypprr — UCXOIHAS
koHueHTpauus HPRT B munnunurpe obGpasua,
Crppyo — McxonHast koHIeHTpauuss RPP30 B mui-
JUJIUTpe obpasia.

Anaaumuueckas  cneyuguunocms.  OLEHKY
aHAJIUTUYECKOU  crneuupUIHOCTU MPOBOAUIU
B XOJe aHaliu3a in silico ¢ TTOMOIIBIO aJTOPUTMAa
BLASTn crneuuguruyecKkux HYKJIEOTUAHBIX I10-
CJIeNOBATEIbHOCTE (hparMeHTOB ILIEJeBbIX T'€HOB
TREC u KREC, a takxke RPP30 u HPRT, wuc-
MOJIb3YEeMBbIX B KayeCcTBe BHYTPEHHEro KOHTPO-
JIsI, SIBISIFOIIUXCS TEHETUYECKUMM MUIICHSIMU
nnsa TP, ¢ npeactaBieHHBIMU B MEXAYHapod-
HOUl 6asze maHHbIX GenBank HykJI€OTUAHBIMU
MOCIea0BaTEIbHOCTSIMU.

Anasumuueckas 4uyscmeumensbHOCmMsb. AHATUTU-
YeCcKyl0 4YYBCTBUTEJIBHOCTH (IIpenesl oOHapyxKe-
HUS) OIIPENeIsId Ha OCHOBE JAaHHBIX O MOPOTO-
BBIX LIUKJIaX (hJIyOPECUEHIIUU B CEPUHBIX pa3Be-
neHusix Kanuoparopa K1 npu nmocrtanoske ITLIP,
npu ee 3dpdekTuBHocTn 100£10%. dnas storo
TOTOBUJIM CEPUIO0 OECATUKPATHBIX pa3BeICcHUMN
Kanub6partopa K1 cienyroimum od6pa3oM: aanuKBO-
Ty o6beMoMm 10 MKJI BHOCUJIU B MUKPONPOOUPKY
oobemoM 1,5 mu, nodapisau 90 mxn TE-Oydepa,
TIIATEJbHO MUMNETUPOBAJIM U TepeHocuaun 10 MK
MOJIYYEHHOro TIIyJla B HOBYIO MUKPOIPOOUPKY,
Kyna cHoBa nobasnusnu 90 mxn TE-Oydepa u T. 1.
IO TIOJIYYCHU ST CepUU MOCICAOBATCIBHBIX OECITU-
KpaTHbIX pa3BeaeHuii. C Kaxaoil mpoOoil mpoBo-
aunau I[P B 3-x moBTopax. Beruucasnu cpeaHue
3HAUYEHUsI KOHIIEHTpalu1 o0pa3iia B KaxKJA0M pa3-
BemeHUU (Komuii/Mia). HauMeHBbIyl0 KOHIIEH-
Tpalluio TPUHUMAIHW 3a TIpedesl OOHapysKeHUS.
OO0 aHaJIMTUYECKOM AUAala30He U3MEPEHUN Cyau-
JIU MO pe3yJibTaTaM aHajau3a mpeaejia oOHapyxe-
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HM. 3a HUXKHee 3HaYeHWe Arana3oHa NpuHUMaJIn
npene ooOHapyXXeHM s, a 3a BepXHee — KOHILIEHTpa-
uuto Kanubparopa K1.

Tounocmo uszmepenuii. OLEHKY TOYHOCTH (TTpa-
BuiabHOCTU) u3MepeHuit (THW) mnpoBoaunau, wuc-
MOJb3ysl METOA 100aBOK (T€CT Ha «OTKPBITHE»), 3a-
KJIIOYAIONIMICS B IIOCTAHOBKE B BOCBbMU ITOBTOpPaX
I[P cymmapHO1 TpoOkI, NpeACcTaBASIONEN cOO0M
cMmech AByx KanubpaTtopoB HauMeHbllIel KOHILIEH-
TpallMy, U aHaJau3e OTKJOHEHUS MPaKTUYECKOIr'o
sHaueHus1 KoHueHTpauun JHK TREC n KREC
B CyMMapHOI po6e oT TeopeTudecKoro. I1pu aTom
3HaueHue TU noakHO HaXoauThCs B peneaax ot 90
1o 110%. s mony4eHust CyMMapHOM ITpoOkI cMe-
IKUBaJiv B paBHBIX 00beMax Kanubparopsr K4 u K5
¢ KoHuUeHTpauusamu 3,13 x 10° u 3,34 x 10* konuii/
MJI COOTBETCTBEHHO. AHaJM3 TIPOBOAUIN 1O (Hop-
myise: TU [%] = (Cp/CT) x 100, toe Crip [Konmii/
MJI] — paccuyuMTaHHOE I10 KaJUOpOBOYHOMY rpadu-
Ky cpemHee (MpaKTU4YeCcKoe) 3HaUYeHMEe KOHIICHTpa-
uuu JITHK B ucciaeayemoii cymmapHoil nmpobe mnpu
n = §; Ct [Konuii/my| — pacueTHOe (TeopeTuyec-
Koe) 3HaueHue kKoHueHTpauuu JHK B uccnenye-
Mo mpo6e, paccunThiBaeMoe 110 opmyie: CT [Ko-
nuii/mi] = (CK4 + CKS5)/2, tne CK4 u CKS5 [ko-
nuii/mi| — 3HadeHu st KonueHTpauuiit JHK TREC/
KREC B Kanuopatopax K4 n K5.

DKBUBANEHMHOCMb Pe3YAbMaAmM0o8 NPU UCNOAb30~-
8AHUU YeNbHOU KposU U cyXxoll kanau Kposu. OLIEHKY
9KBUBAJIEHTHOCTU 00OpPa3lIOB 1I€JIbHOI KPOBU C Te-
mocTtabunausatopoM (BATA) u cyxux Kamnejb Kpo-
BU IIpoBoAUIIU ¢ ucnojibdoBaHueM JIHK, skcrpa-
TUPOBAHHOM M3 LIEJIBHOM KPOBU M CYXOH Karjau
kpoBu 300 ycioBHO 3M0pOBBIX Jull U 10 manueH-
TOB cTapiie 18 neT ¢ nuarHoctupoBaHHbiM TTUI.
[MonyyeHHBIC MaHHBIE CPpaBHUBAJIM 1O HAJIUYUIO
MO3UTUBHOCTU WJIA HETaTUBHOCTU B OTHOIICHUU
T- u B-kjeTouHOTrO UMMYHOAE(hUIIUTA, ONMUPASICh
Ha 3HaYEHU I HUKHEU TpaHUIbl HOPMBbI JJIsI KOH-
neHTpauuu TREC u KREC B paznnuHbIX BO3pacT-
HBIX TpyITax. B ciaydae coBrameHus pe3yIbTaToOB
(MONOXUTENBHBIX UJIM OTPUTIATEIBHBIX) B pa3iny-
HBIX TUTIaX KJIMHUYECKUX 00pa3110B JeJaau BbIBO
00 3KBHBAJICHTHOCTU OOpa3lioB LEJbHON KPOBU
M CyXUX KalleJIb KPOBU.

Huaenocmuueckas uyecmeumeabHoOCmMs U CHeyU-
¢duunocms. OLIEHKY NUArHOCTUYECKOW YYBCTBU-
TEJBHOCTU U AUATHOCTHUUYECKON CrenudUuIHOCTH
NPOBOIUIMN C WCIIOJb30BaHUEM OOpa3lOB CYXHX
Kariejb KpoBU, MojiydyeHHbIX 0T 2000 HOBOPOX IeH-
HBIX 0e3 uMMyHoaehuuuToB, 300 yCIOBHO 310pO-
BBIX B3POCJIBIX JIMII, a TaKK€ OT MallMEHTOB C nua-
rHoctupoBaHHbIMU [T I (10 meTeit m 10 B3pocabIx
4eJI0BEK).

I'panuuybt Hopmot ypoeneit TREC u KREC y Ho-
opodcdennblx. sl ormpenenaeHuUs] TpaHUI] HOP-
Mmbl ypoBHell TREC m KREC y HOBOpOXAeHHBIX
pe3yJbTaThl WCCIENYEeMbIX aHAJUTOB B TpYIITe
YCJIOBHO 3JIOPOBBIX JIeTeil ObLIM paH>KUPOBAHBI,

mocJie 4ero M3 OOIIero MaccuBa MaHHBIX yaaJs-
JI1 TaK Ha3blBaeMble BBIOPOCHI, COIJIACHO METOIY
HNukcoHa—Puna, u onpenensiim 95% nosBeputesib-
HBIU uHTEepBa [3].

Cmamucmuueckuii auvasu3. CTaTUCTUUYECKYIO
00paboTKy MaHHBIX MTPOBOAMJIM C TTOMOIIbIO MPO-
rpaMmMHoro ob6ecrieueHuss GraphPad Prizm 5
u Microsoft Exel 2010. HopmasnbHOCTH pacnipene-
JICHU S TIOJTyYEHHBIX YMCJIOBBIX JaHHBIX TTPOBEPSI-
JIU C TOMOIIbIO NBYX KpuTepuen: Kommoropoa—
CMmupHoBa wu UHlanupo—Yunka. Hasg OLEHKU
CTaTUCTUYECKN 3HAUMMBIX pa3Inddil  MEXIY
OTIEJIbHBIMU BBIOOpKAMUW TIPUMEHSIJIM KPUTE-
puii ManHa—YutHu, a Takxe ROC-aHanus.
KoppeasiimoHHBI aHAaIU3 ITIPOBOAMUIIN C PACYCTOM
koappunumenta CrmpMeHa, 3HaYCHHE KOTOPOTO
OlleHMWBaJIu 10 mkaje Yemxmoka.

Pesynbrarhl

Hnsa onpeneneHusi ypoBHeit TREC u KREC
B LI€JIbHOW KPOBU UJMU B CYXOW Karje KpOBM Ila-
LIMEHTOB OB pa3paboTaH CIOcOO Ha 0a3e paHee
NPENJIOKEHHON HAMU METOAUKH [6].

B pamkax Hacrtosimeit pabGoOThl IJIsSI OLIEHKU
M KOPPEKTUPOBKU 3(POEKTUBHOCTU IKCTPAKILIUU
JHK u nocnenyromieii ITLP, a Tak>ke B KauecTBe 0Cc-
HOBBI JIJIsI HODMHUPOBAHM S U PaCUETOB PE3YyJILTaTOB
aHaJiM3a 1eJeBbIX aHAJIUTOB HAaMU OBbIJIU BhIOpPAHbI
nBa pe)epeHCHBIX T€HA: TeH TUITIOKCAHTUHTYaHH-
dochopubdosuntpaHcdepassl uyenoBeka (HPRT)
U TeH 0eaKoBoi cyobennHuLbl p30 puboOHyKIIea-
31 P (RPP30). Bbiio mpoaeMoOHCTpUPOBAHO, YTO
3TH TeHBI B LIEJIBHOI KPOBU U B CyXOI Karljie KpOBU
MMEIOT TTIOCTOSIHHBIN YPOBEHb, 3aBUCS M TOJbKO
OT KOJIMYECTBa KJIETOK, BO BCeX oOpa3liax BHE 3a-
BUCHMOCTH OT I'PYIIIIBI TAIIIEHTOB.

CoriacHo MOAUMUIIMPOBAHHOMY HAMU METOAY,
BoineeHHyo JHK uncnonb3oBanu aisi ogHOBpe-
MEHHOU aMIIN(GUKALIUU B OJHOI EMKOCTH y4acT-
koB 1eyieBbix Moekyn JJHK TREC, KREC u sTa-
JIOHHBIX HOpMUPOBOUYHBIX TeHOB RPP30 u HPRT
C MCITOJIb30BaHUEM YeThIpeX Map OJIUTOHYKJICOTUI -
HBIX MTPaliMEpPOB U COOTBETCTBYIOIIMX UM OJIUTO-
HYKJICOTUAHBIX (IIYOPECIICHTHO MEUCHBIX 30HI0B,
Hecymux Ha 5-KoHle ¢gryopodopsl, a Ha 3’-KOH-
e HedJIyopeclUeHTHbIE TylUTean (cM. TaodJ.l).
OCHOBOI 111 BO3HUKHOBEHUS (QIyopecleHIIun
SIBJISICTCST aMIIIM(UKALINS IEJICBBIX U 3TAJIOHHBIX
dparmenToB JHK Ha cnenuduyecKknux oJIMrOHYyK-
neotunax. JAnas AeTeKMKU HaKOMJICHUS criernudu-
yeckux TnpoayktoB [ILIP wmcronw3yiorcsa ¢ayo-
PECIIECHTHO MeEYeHBbIe OJIMTOHYKJICOTUIHBIC 30H-
Ibel. B Xome peaknmuu ITPOUCXOMUT TUOPUAN3AIINS
OJIMTOHYKJIEOTUAOB M 30HIOB C KOMIIJIEMEHTap-
HeiMu ydyactkamMu JIHK-muimeneii. O6pazoBaHue
criequ@UYEeCcKoro  IPOAyKTa  aMIUIMpUKaALUU
B NpHUCYTCTBUU (pepmeHTa Tag-moamMmepashbl CO-
MPOBOXIAETCS OTIIeTJIeHUeM (hJIyOpeClIeHTHOM
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MHdekumns n uMmyHuTeT

FAM (TREC)

500 Cy5 (HPRT)

HEX (KREC)
400 1

300 1

OED
RFU

200 1

Luknbl
Cycles

PucyHok 1. Kpusble ¢pnyopecueHuun,
oTpaXkalowime oMHaMUKYy 00pa3oBaHUS NPOAYKTOB
peakuuu B xoae amnnanpukauum

Figure 1. Fluorescence curves reflecting dynamic
reaction products formation during amplification
Mpumevanue. OED — oTHOCUTENbHBIE € AUHULIbI
dmoopecueHunn. Kpyxkamu n TpeyronbH1kamm 0603Ha4YeHb!
curHanbl dnyopodopos FAM n HEX, cBuaeTenscTByloLine

O HaKomnmJaeHnn NnpoayKToB aMﬂJ'II/I(DVIKaU,VII/I LLeneBblX

monekyn TREC n KREC cooTBeTcTBEHHO. POMOamMm

1 KpecTamm 0603HaveHbl curHansl pnyopodopos ROX

n Cy5, npeacrasnsioLLme coboi pedynstaT amnandukaummn
3TaNIOHHbIX HOPMUPOBOYHbIX reHoB RPP30 n HPRT
COOTBETCTBEHHO, CBNAETEeIbCTBYOLLME 006 yCnewHoCcTn
akcTpakumm JHK n amnandukaumm B Leaom.

Note. RFU — relative fluorescence units. The circles and
triangles indicate the signals of the FAM and HEX fluorophores
pointing at accumulation of amplification products

of the target TREC and KREC molecules, respectively.
Diamond and cross symbols indicate the signals of the ROX
and Cy5 fluorophores resulting from amplification of the
reference normalization genes RPP30 and HPRT, respectively,
evidencing about successful DNA extraction and overall
amplification.

METKM OT 30HJOB Ojaromapsi Haauuyuio y Taqg-
MOJUMEpPasbl  5-2K30HYKJIEA3HOM aKTUBHOCTHU.
ONUTOHYKJIEOTUAHBIE 30H/IbI, UCITOJIb3yEMbIE IS
nerekuuu JHK 1meneBbIx MoOJeKyal M AETEKLUU
dparmenToB JTHK 3TaJlOHHBIX HOPMUPOBOYHBIX
TCHOB, UMCIOT (PIIYOPECIIEHTHBIC METKU C Pa3HBI-
MM CIIEKTpaMU TIOTJIOIIEHUSI U UCITYCKaHUS, YTO
MO3BOJISIET IIPOBOAMTH OJTHOBPEMEHHYIO peru-
cTpaluio GJayopeclUeHIMU MO YeTbIpeM KaHajlaM
amnandukatopa ¢ QyHKIUeHd OeTeKIuu iayo-
pPECLEeHIINU B PEXUME peasibHOro BpemeHu. Ilo ka-
HaJlaM, COOTBETCTBYIOIIUM dayopodpopam FAM
u HEX, perektupoBanu ¢pparmeHtsl JHK TREC
n KREC, a mo kaHaiaMm, COOTBETCTBYIOLIUM (PIyO-
podopam Cy5 u ROX, — ¢pparmentsr JJTHK rexnos
HPRT u RPP30 cooTBeTcTBEeHHO (puc. 1).
Boigenenne u amniaubukanuwo JHK obpas-
1Ia CYMTaJM YCIEUIHbIMU, €clu Ha KaHajax Cy5
1 ROX mmoryyeHsl 3HaUYeHUSI TOpOroBoro 1ukJia Ct.
AHanau3 pe3yabTaToOB MPOBOAUJIU C MOMOIIbIO
OPpOTPaMMHOTO  OOECIICYCHHMSI  HCITOJIbh3yeMOTO
npubdopa anasga nposeneHus ITHP ¢ rudbpuausa-

LMOHHO-(JYyOPECLEHTHOI AeTeKLHel B pekume
«peajibHOrO BpeMEHU» ¢ MCHOJb30BaHUEM KaJiuo-
POBOUYHBIX T'PadMKOB, IIOCTPOCHHBIX IIPU aMILIM-
duKaM KaIrmuopaTopoB C U3BECTHBIMU KOHIICH-
Tpauusmu uckombix npoayktoB (TREC, KREC)
u stamoHHbix reHoB (HPRT, RPP30). Hanuuwue
KaJInOpaTOpOB C M3BECTHOM KOHILIEHTpalluei 1 He-
raTuBHOTO KOHTpoas (K—) mo3BosieT KOHTPOIu-
poBaTh BCe ATalbl aHAJM3a JJIsT KaxKJa0ro obpa3slia
U OLIEHUBATh BJIUSIHME MHTMOUTOPOB Ha pe3yJibTa-
THI aMIIJIN(PUKALINU.

IIpu oneHke mpenesia OOHAPYKeHUs aHAJTUTU-
yecKasi 4yBCTBUTEIBHOCTh cocTaBuia 10° komwmit
AJHK TREC/KREC Ha 1 M1 aHalu3upyemMoro
obOpa3sla, aHaJJUTUYECKMIA Auaria3oH M3MEpPEHU M
JHK TREC/KREC cocraBuin ot 10° no 10° konuii/
mJ. Ha ocHOBaHMM BBIIIECKAa3aHHOTO B KauyeCTBE
KaJuOpaToOpoB OIpeneJuan mpenapaThl Maa3Mumg
¢ KoHueHTpauuamu 1—-9 x 103, 1-9 x 107, 1-9 x 106,
1-9 x 10°, 1-9 x 10* konimii/mn (puc. 2).

IMpu olieHKe aHAJIUTUYECKON CIEU(GUIHOCTA
in silico ycTaHOBJIEHO, YTO HMCKOMBIE IOCIeI0Ba-
TEJIBHOCTU MMEIOT CXOJACTBO TOJBKO C ITOCJIENO-
BaTeIbHOCTAIMU cooTBeTCTBYIomNX reHoB TREC,
KREC, RPP30u HPRT B renome ueyioBeka (puc. 3).

IIpu oueHkKe TOYHOCTU (MPaBUIBHOCTH) W3-
MEpeHMil B 8§ MOBTOpax C MCIIOJb30BaHUEM aM-
manGUKaTOPOB pa3andyHbIX Momudukaumii, TU
Ha npubope mnaHmeTtHoro tTumna (CFX) coctaBu-
n1a 95,84%, a Ha npubope poropHoro tumna (Rotor-
Gene 3000) — 95,11%, 4TO COOTBETCTBYET HOpMa-
TUBHOMY TToKaszaTenio (90—110%).

I1pwm o1teHKe 3KBUBaJICHTHOCTU 00pa3110B HeJTb-
HOM KPOBU M CYXMX KalleJib KPOBU BO BCEX MpPO-
aHAJMU3MPOBAHHBIX CJy4dasx IMpU MapaijesIbHBbIX
TECTUPOBAHUSIX YCIOBHO 3J0POBbIX JUL U B LIEJIb-
HOI KpOBU, U B CyXOl Karie KpOBU HE BBISIBIICHO
cHuxeHus yposHeilt TREC u KREC. I1pu ananuze
00pa3LoB, MOJAYYEeHHBIX OT 00JbHBIX ¢ [TU], nmo-
KazaHo mnapaJjienbHoe cHuzkeHune ypoBHeit TREC
n KREC B 11e1bHO#T KpOBH U B CyXOH Karjie KPOBH.

Hu B oaHoit u3 BwriOOpok (ypoBHU TREC
u KREC B uenbHOI U cyxoii KpoBU) pacnpeaeie-
HHE YHCJIOBBIX JaHHBIX HE IMOAYMHSIOCH 3aKOHY
HOPMaJILHOTO pacmpenesieHus. B ¢BsI3m ¢ BhIlIe-
CKa3aHHBIM, HJis1 pacyeTa KoadduiumeHTa Kop-
peJISILIUM  UCIIOJIb30Baau Kputepuit CrnupmeHa.
IIpu ouenke paHrosoii Koppehasuun CnupmeHa
pe3yabTaToB ypoBHeri TREC, mosydeHHBIX TIpu
aHanusze ob6bpasuoB JHK, skcTparupoBaHHBIX
M3 1IeJbHOM KPOBU M CYXOro ISTHA KPOBHU, IIO-
Ka3zaHo: rg = 0,7265, p < 0,0001 (95% OU: 0,6674—
0,7765), TecHoTa CBsi3u IO 1iKaje Yeamoka — BbI-
cokag. [1pu ananu3ze ypoBHeit KREC — ry = 10,7349,
p <0,0001 (95% AU: 0,6773—0,7836), TecHOTa CBIA3U
no mkajne Yennmoka — BbicoKas. TakuM oOpa3om,
MOAM(UIIMPOBAHHBI HAMHU CIIOCOO ITO3BOJISICT HC-
MOJIb30BaTh B KaUeCTBE KJIMHMWICCKOI0 MaTepuralia
Kak 1IeJIbHYI0 KPOBb, TaK 1 CYXy10 KaIJio KPOBU.
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CraHpapTHas kpuBasi/Standart curve
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PucyHok 2. Kpusblie ¢pnyopecueHuumn n kanuoépoBoyHble rpaduku, oTpaxaiowme guUHaMmuKy o6pa3oBaHus
NPOAYKTOB peakuun aMmnandukauum npy aHanuse cepum pa3BefeHunii KanubpaTopos

Figure 2. Fluorescence curves and calibration graphs reflecting dynamic formation of amplification reaction products
in the analysis of calibrator dilutions series

Mpumevanune. OED — oTHOCUTENBHBIE €AUHULLI DitoopecLeHLMn. Kpyxkamu 1 TpeyronbHUKamy 0603Ha4YeHbl CUrHa bl
dnyopodopos FAM n HEX, cBMAETENLCTBYIOLLME O HAKOMIEHUM NPOAYKTOB amnandukaumm uenesbix monekyn TREC n KREC
COOTBETCTBEHHO. Pombamu 1 kpecTamm 0603Ha4veHbl curHanbl nyopodopos ROX n Cy5, npeacTasnatoLime coboit pesynstaTt
aMnanduKaLmMmn 3TanoHHbIX HOPMUPOBOUHbIX reHoB RPP30 1 HPRT cooTBETCTBEHHO.

Note. RFU — relative fluorescence units. The circles and triangles indicate the signals of the FAM and HEX fluorophores,
indicating accumulation of amplification products of the target TREC and KREC molecules, respectively. Diamond and cross
symbols indicate the signals of the ROX and Cy5 fluorophores after amplification of the reference normalization genes RPP30
and HPRT, respectively.
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MHdekumns n uMmyHuTeT

B xone pabGoThl ObLIM OIpeaeseHbl HUXKHUE
TPaHUIIBI HOPMBI 1EJIEBBIX aHAJIMTOB Y HOBOPOXK-
JNIEHHBIX B TpyIlIe, odopaslibl KOTOPOU IpeacTaB-
JICHBI 1IeJIbHOM ITYTIOBUHHOW KPOBBIO U B TPYIIIIE,
o0pa3ubl KOTOPOUl MpeacTaB/ieHbl CyXOul Karijaei
KpoBM Ha kKapTax larpu. JIocTOBEpHBIX pa3nauii
MEXAy rpynnamMu He BoisiBJieHO (p > 0,05), B cBI3U
C 4eM Tpynnbl ObIIM OOBEIUHEHBI U OIpeaeeHbI
ob1uiue A5 LeJbHONM KPOBU U CYXOM Karliu KPpOBU
TpaHUIILI HOPM HOBOPOXIEHHBIX. HUXHSA rpa-
Huua HopMmbl ypoBHeil TREC niasi HOBOpoOXaeH-
HBIX cocTaBuia 892,6 konuii/10° KIETOK, ypOBHEM
KREC — 400,4 xonuii/10° KJIeTOK.

B paMKkax olleHKM TMarHOCTUYECKOM YyBCTBU-
TEJABHOCTH M IUATrHOCTUYECKOUN CIeM(pUIHOCTH
MPU CPaBHEHU Y BBIOOPOK YCJIOBHO 3I0POBBIX HOBO-
POXIEHHBIX U IETei ¢ TMarHOCTUPOBAHHBIMHU TIep-
BUYHBIMM HUMMYHONe(hUIIMTAMU Ha OCHOBAaHUU
pe3yabTaTOB aHalu3a, MOJYYEHHBIX C UCIOJIb30-
BaHUEM MOAUGMUIIMPOBAHHOIO HAMU METO/1a, MJIO-
manb noa Kpusoit anst ypoeHeit TREC u KREC

m Sequences producing significant alignments

select all 1 sequences selected

Description
v

JocTumia exuHuLb npu 95% AM: 1,000—1,000, p <
0,0001 (puc. 4).

B kadecTBe TECTOB CpaBHEHUS WCIIOJIb30Ba-
JIM TUAarHOCTUYECKUII KOMMepYecKuii Habop pe-
areHTOB ISl KOJMYECTBEHHOTO OITpeAe/eHU s
JHK TREC u KREC metogom ITLP B pexume
peanbHoro BpemMeHu <«MMMYHO-BUT» (ABB-
Tect, MockBa) u «EnLite™ TREC-KREC Kkit»
(PerkinElmer, @uHASHINS).

CoryiacHO TPOBEACHHOMY aHaJIMU3y, HU B OJHOU
M3 BBIOOPOK pachpeesieHue YMCIOBBIX JaHHBIX
HE MOAYUHSJIOCh 3aKOHY HOPMAaJIbHOTO pacrhpene-
neHus. Ins pacuetra KoadGULIMEHTOB KOppeasiiuu
ucnosb3oBanu kputepuii Crimpmena. Ilpu oreHke
paHroBoii koppenasnuu CriipMeHa pe3yJbTaTOB
ypoBHelt TREC, mojiydyeHHbIX IpU aHaause 00-
pasuoB JJHK yci1oBHO 310pOBBIX HOBOPOXIEHHbBIX
M JeTeid ¢ JUAarHOCTUPOBAHHBIMU ITI€PBUYHBIMU
MMMYHoOIepUIIMTaMH, SKCTParupoBaHHBIX U3 CY-
XOTO MSTHA KPOBM, MPOAHAJIU3UPOBAHHBIX C HC-
MOJb30BaHUEM MOAU(MUIIMPOBAHHOTO HAMU METO-

Download ¥ [I Select columns ¥ Show ()

GenBank Graphics Distance tree of results  [EBMSA Viewer
e Max Total Query E Per.
Scientific N Acc. L
petlin ialled Score Score Cover value Ident €6 e" Accession

v v v v v

Genomic sequences =

Homo sapiens chromosome 14, GRCh38.p13 Primary Assembly

Homo sapiens 100 145 93%

1e-19 96.67% 107043718 NC_000014.9

EBI Sequences producing significant alignments

select all 1 sequences selected

Description
v

Download “

[ Select columns ~ Show (2}

GenBank Graphics Distance tree of results  [EAMSA Viewer
B Max Total Query E Per.
S tific N Acc. L i
Clemf ot Score Score Cover value Ident Ccv ol Accession

v v v £ 4 -

Genomic sequences i

Homo sapiens chromosome 2, GRCh38.p13 Primary Assembly

Homo sapiens 731 731 42%  2e-11 100.00% 242193529 NC_000002.12

Sequences producing significant alignments

select all 2 sequences selected

Description
v

Download ¥ [ Select columns ¥ Show (2)

GenBank Graphics Distance tree of results  [EEMSA Viewer

Scientific N Max Total Query E Per. e :
clientfic Name \CC. Len i

S Score Score Cover value Ident s Accession |

L 4 v v v v

Homo sapiens hypoxanthine phosphoribosyltransferase 1 (HPRT1), mRNA

Homo sapiens 294 294 100% 1e-77 100.00% 1395

NM_000194.3

Sequences producing significant alignments

select all 3 sequences selected

Description
-

Download v [ Select columns ¥  Show )

GenBank Graphics Distance tree of results  [EEMSA Viewer

Max Total Query E Per.

Score Score Cover value Ident
v v L 4 v -

Scientific Name Accession
v

Acc. Len
v

Homo sapiens ribonuclease P/MRP subunit p30 (RPP30), transcript variant 2, mRNA

Homo sapiens 169 169 100% 3e-40 100.00% 2332 NM_006413.5

Homo sapiens ribonuclease P/MRP subunit p30 (RPP30), transcript variant 1, mRNA

Homo sapiens 169 169 100% 3e-40 100.00% 4251 NM_001104546.2

PucyHok 3. AHanus in silico ¢pparMeHTOB HYKNEeOTUAHbIX NOCNeA0BaTE/IbHOCTEN reHOB YesioBeKa

Figure 3. In silico analysis of the fragments of human gene nucleotide sequences

Mpumevanue. A — dparmeHT uenesoi monekynsl JHK TREC, B — dparmeHT uenesoii monekynsl IHK KREC, B — ¢pparmeHT
OHK aTtanoHHoro HopmupoBo4Horo reHa HPRT, ' — ¢pparmenT OHK aTanoHHoro Hopmmposo4Horo reHa RPP30.

Note. A — fragment of the target DNA molecule TREC, B — fragment of the target DNA molecule KREC, C — DNA fragment
of the HPRT reference normalization gene, D — DNA fragment of the RPP30 reference normalization gene.
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PucyHok 4. ROC-kpuBbie, NOCTPOEHHbIE NPV CPaBHEHUM pPe3yNbTaTOB aHain3a C MCNOoJIb30BaHUEM
MoAMPULMPOBAHHOIO HAMU MeToAa BbIOOPOK YCJIOBHO 34,0P0OBbIX HOBOPOXAEHHbIX U AieTEN

C AMArHOCTUPOBAHHbLIMU NEPBUYHBIMU UMMYHOAeduuuTamm no napametpam TREC (A) u KREC (B)
Figure 4. ROC-curves constructed by comparing the analysis data by using the proposed modified method

for samples of apparently healthy newborns and children diagnosed with primary immunodeficiency, according

to the TREC (A) and KREC (B) parameters

a u komMmepueckuM Habopom «<MMMYHO-BUT»
(ABB-Tect, MockBa), nmokasaHo: rg = 0,7932, p <
0,0001 (95% HOW: 0,5714—0,9070), TecHOTa CBS-
3u o mkane Yengoka — Bbeicokas. Ilpu aHanu-
3e yposHeit KREC — rg = 0,8511, p < 0,0001 (95%
AN: 0,6805—0,9342), TecHOTa CBSI3UM MO LIKaje
Yengoka — BbIicOoKas. [Ipu cpaBHEHUU TTOJyYEH-
HBIX PE3yJbTaTOB C WCIOJb30BAaHUEM MOAUDU-
LHMPOBAaHHOTrO HaMu MeToda U Habopa «EnLite™
TREC-KREC kit» (PerkinElmer, ®uunsHmus)
KoabdunueHT koppeassuuu ajiss yposHeil TREC
n KREC BrilIe, TecHOTa ¢BSI3U o 1mkajie Yeagoka
Beicokas: gt TREC rg = 0,8130, p < 0,0001 (95%
AN: 0,6078—0,9164), nng KREC rg = 0,7495, p <
0,0001 (95% ON: 0,4941—0,8858).

Ilpu cpaBHEeHUU BBIOOPOK B3POCJBIX YCIOBHO
300POBBIX JIUI] M OOJBHBIX C TMarHOCTUPOBAHHBI-
MU TMEPBUYHBIMU UMMYHOACHUIINTAMU Ha OCHO-
BaHUU PE3yJbTAaTOB aHau3a, MOJYYEHHBIX C UC-
MOJIb30BaHUEM MOIU(UIITMPOBAHHOTO HAMU METO-
Ja, riaolaab noja Kkpupoit s yposHeid TREC co-
craBuia 0,98+0,015 ipu 95% AN: 0,9489—1,009, p <

0,0001; nnsa yposHeit KREC coctaBunia 0,99+0,003
nipu 95% JIN: 0,9918—1,003, p < 0,0001 (puc. 5).
Ananu3 konudyectBa TREC u KREC B 00-
pasuax LeJibHOM KpoBH, ToaydyeHHoit ot BUY-
UHOGUIIMPOBAHHBIX OOJIBHBIX, TOKa3al JOCTOBEp-
HOE CHWXXKEHME YPOBHEH 1IeJIEBbIX aHAJUTOB Y IJTU-
TeJIbHOE BpeMsI WH(GUIHNPOBAHHBIX ITallMCHTOB
¢ BupycoJiornyeckoir HeaddexkTruBHOCThIO APT
0 CPaBHEHUIO C KOHTPOJIbLHOW rpyIioi (puc. 6).
ITnowane nox kpusoit ajisgd nmapamerpa TREC co-
craBuiia 0,9997+0,0003, ipu 95% JAW: 0,9989—1,000,
p < 0,0001. dna nmapamerpa KREC miomans nox
kpuBoii cocraBuiia 0,9948+0,0024, npu 95% [AU:
0,9900—0,9996, p < 0,0001. Pazuuus! ypoBHeit JHK
TREC u KREC mexny 3M10pOBBIMHU JIIOABMU U JTU-
1HaMu ¢ BriepBble BbisiBJeHHbIM BUY co cpokoM nH-
duLIMpoBaHUS MEHEE OTHOTO TO/Ia He BBISIBJIICHO.
Habopsl peareHTOB AJ151 onpeaeeHus YPOBHEH
JHK TREC u KREC <MUMMYHO-BUT» (ABB-
Tect, MockBa) u <«EnLite™ TREC-KREC Kkit»
(PerkinElmer, ®uHassHAMS) NpeaHa3HAYCHBI IS
paboThl ¢ obpa3liaMu CyXoil Kamju KpOBHU, TOJY-

Ta6nuua 3. CootBeTcTBUE onpeaeneHus ypoeHeli TREC, KREC y 300p0BbiX HOBOPOXAEHHbIX U Y AeTel
C ANarHoCTUPOBAHHbIMU NePBUYHBIMU UMMYHOAedULUTaMN

Table 3. Correspondence between detecting the TREC and KREC levels in healthy newborns and children with

diagnosed primary immunodeficiencies

MauuneHTbl Danubie no TREC n KREC KonuuyectBO Pasp:r?:;':gubm WMMYHO-BUT EnLite™
Patients Data for TREC and KREC Quantity Developed method IMMUNO-BIT | TREC-KREC kit
3anopoBsbie HopmanbHbie ypoBHU

HOBOPOXAEHHbIE TREC n KREC 2000 98% 98% 97%
Healthy newborns Normal TREC and KREC levels
CHuxeHHble ypoBHu TREC

Oetuc A n/unn KREC o o o

Children with PID Decreased TREC 10 100% 100% 100%

and/or KREC levels
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PucyHok 5. ROC-kpuBbie, NOCTPOEHHbIE NPU CPaBHEHUU Pe3ybTaTOB aHann3a ¢ UCNoJib30BaHUEM
MOAMd)I/ILWIpOBaHHOrO HaMu metoaa Bbl60p0K B3POCJIbIX YCJIOBHO 340POBbIX JINL U 0O0NbHBIX

C AMArHOCTUPOBAHHbLIMU NEPBUYHBIMU UMMYHOAeduuuTamm no napametpam TREC (A) u KREC (B)
Figure 5. ROC-curves constructed by comparing the analysis data by using the proposed modified method
for samples of apparently healthy adults and patients with diagnosed primary immunodeficiency, according
to the TREC (A) and KREC (B) parameters
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PucyHok 6. ROC-kpuBbie, NOCTPOEHHbIE NPU CPAaBHEHUU Pe3yNbTaTOB aHanu3a ¢ UCNOoJib30BaHUEM
MoaMbULMPOBAHHOIO HAaMU MeToAa BbIDOPOK B3POC/IbIX YC/IOBHO 3A,0P0BbIX ny, u BUY-uHMunpoBaHHbIX
6GonbHbIX: C BUpyconoruyeckoit HeadpdekTusHocTbio APT no napametpam TREC (A) u KREC (B); c HepaBHO
BbiiBNeHHoM nHgekumenn BUY no napametpam TREC (B) u KREC (IN)

Figure 6. ROC-curves constructed while comparing the analysis data by using the proposed modified method

for samples of apparently healthy adults and HIV-infected patients: with virological ART ineffectiveness according

to the TREC (A) and KREC (B) parameters; with newly diagnosed HIV infection according to the TREC (C)

and KREC (D) parameters
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YeHHBIMM y JeTeil, OJHAKO B paMKaxX HaCTOSIIEH
paboThl Mbl COYJIM BO3MOXHBIM MPOBECTU aHAIU3
C UCMOJb30BaHMEM yKa3aHHBIX METOIOB y B3pOC-
JIBIX JIIOJIEi, YTOOBI OLEHUTHh KOPPEISIINIO MEXIY
MOJYYeHHBIMU Pe3yJIbTaTaMM U YPOBHSIMHU LIEJIEBBIX
aHAJIMTOB, OIpPEeAeJIEeHHBIMU MOIMMUIIMPOBaH-
HBIM HaMM MeTomoM. IIpu omeHKe paHTOBOII KOp-
pensunu CnimpMmeHa pesyibratoB ypoBHell TREC,
MOJIYYEHHBIX C HCHOJb30BaHUEM MOAUMDULIPO-
BaHHOTO HaMU METoIa U KOMMEpPUYEeCKMM HabopoM
«AMMYHO-BHUT» (ABB-Tect, MockBa) mokasa-
Ho: 1= 0,4941, p = 10,0026 (95% AUN: 0,1826—0,7155),
TEeCHOTa CBS3M Mo 1ikajie Yegmoka — yMepeHHas.
IIpu ananuze ypoBHeii KREC — rg = 0,8244, p <
0,0001 (95% AUN: 0,6715—0,9099), TtecHoTa CBs-
31 mo 1mKajge Yenmoka — BeICOKas. Ilpu cpaBHe-
HUU MOJIYYEHHBIX PEe3yJabTaTOB Y B3POCJIbIX Jroaei
C HCIOJb30BaHMEM MOAUMPULIMPOBAHHOIO HaMu
meToga u Habopa <«EnLite™ TREC-KREC Kkit»
(PerkinElmer, @uunasuaus) Ko3DOUIUESHT KOp-
pensauuu 1y ypoBHeit TREC u KREC Huxe: nis
TREC xoppensuust He nmoctoBepHasi rg = 0,3301,
p = 0,0528 (95% AN: 0,01382—0,6042), nis KREC
TECHOTa CBsI3U MO IKajde Yeamoka yMepeHHas —
rs = 0,4142, p = 0,0134 (95% AW: 0,0837—0,6626).

Ob6cyxaeHne

MynberunnekcHasgs ammiaudukanuss TREC,
KREC 11 HOpMUPOBOYHOIrO reHa B OTHOM peakiuu
yCcTpaHsieT BapuabelbHOCTh, CBSI3aHHYIO C OLIMO-
KaMH TIMIICTUPOBAHUsI, IT03BOJSISA 00Jice TOUHO
OLICHWBATh YPOBHMU 1IeJICBBIX aHAJIMUTOB. [Ipu 3TOM
HEeoOXoAMMO C OCOOBbIM BHUMAaHUEM OTHECTHUCH
K BBIOOPDY HOPMHUPOBOYHBLIX TE€HOB, HEOOXOIU-
MBIX JJI51 OLEHKU M KOPPEKTUPOBKU 3PPEKTUB-
Hoctu 3kcTtpakuuu JJHK u nocnenyromeit TTLP
M3 pa3HbIX KJIMHUYECKMX oOpasloB. Psaa reHos
JIOMAIITHETO X035 MCTBA TPAAULIMOHHO UCIIOJIb3yeET-
cs1 B Ka4eCTBE 3TAJOHHBIX, OMHAKO, KaK 1 ApyTue
TeHBI, OHU MOTYT OBITh BapMaOCIbHBI IIPU HEKO-
TOPBIX MATOJOTMYECKUX COCTOSIHUSIX U3-3a CBOEM
MyJabTUDYHKIIMOHAaTbHOCTU. He cyliecTByeT unae-
aJIbHOI'O HOPMHUPOBOYHOTO I'eHa, OMHAKO MPaBUJIb-
HO TTOTOOpaHHBIN 3TAJOHHBINA TeH MOXET YMEHbB-
IIUTh BapualW¥, BBI3BAHHBIC Pa3HBIM KOJHWYEC-
CTBOM M Kauye€CTBOM HCXOAHOTO OMOJIOTUYECKOIO
Matepuasa, pa3Hoil 3¢ (PeKTUBHOCTHIO BhICICHUS
HYKJICMHOBBIX KMCJIOT U pa3HOU 3(p(HEeKTUBHOCTHIO
TTLLP. B cBsi3u ¢ BbIlLIECKa3aHHBIM, OTITUMaJIbHbIM
SIBJISIETCSI ONHOBPEMEHHOE WCIOJb30BaHUE JBYX
9TaJJOHHBIX HOPMUPOBOUHBIX I'eHOB. B KauecTBe
TaKOBbIX HAMU ObLIU BbIOPAHBI T€HbI «IOMAIIHETO
XO03SMCTBa» — M I'eH OeJIKOBOI cyobeanHUIIL P30
pu6onykieassl P (RPP30), u reH runokcaHTUH-
ryaHuHpochopudozuaTpaHchepasbl yejgoBeKa
(HPRT). Beioop RPP30 On11 060CHOBaH aHallv-
30M JINTEPATyPHBIX HAHHBIX, CBUICTCILCTBYIO-
IIUX O MPUMEHUMOCTH JAaHHOrO reHa B KauyecTBe

KOHTPOJBHOIO 151 ofpeaesieHus: 3pHeKTUBHOCTHU
akcTpakuuu reHoMmHoi JIHK yenoBeka, B kauecTBe
SHIOTeHHOTO KOHTPOJIS ISl TUaTHOCTUKU U KOJIH-
YEeCTBEHHON OLIEHKN OaKTepuaJibHOI U BUPYCHOM
HaTrpy3KH IJIT HOpMaJIU3alluni KOJIUYEeCTBA KOITUMA
MHGEKIIMOHHBIX areHTOB C KOJMYECTBOM KJIETOK,
OCHOBaHHBIM Ha Haauuuu nByX kKomuit RPP30
B KaxXJIOI KJIeTKe, a TaKXKe B KaUeCTBE ITAJIOHHO-
ro reHa AJis onpenesieHn s Bapualuii 4yrMcjia KOTmumn
TapreTHBLIX TEHOB B reHoMe yejaoBeka [11].

Bri6op rena HPRT, nokanusyroiierocss Ha X-Xpo-
MOCOMe, OOYCJIOBJICH TeM, UTO TTOJIOBast IIPUHAIJICK-
HOCTB IIOTEHIINAJIBHO MOXKET BJIUSITh HA UMMYHUTET,
pa3BUTHE CBSI3AHHBIX C MMMYHHBIM CTaTyCOM 3a-
o0oneBaHuii. Kpome Toro, Xotst oiHM MCCaeAOBATEIN
COO0IIAaI0T 00 OTCYTCTBUU KOPPEISIIIAN YPOBHEU
TREC u KREC c nonowm [8, 23], npyrue ykasblBaiOT
Ha OoJiee Bbicokuii ypoBeHb TREC y neBouek-nom-
poCTKOB, 3aMmenjieHHoe cHuxkeHue ypoBHsI TREC
Y B3POCJBIX XCHIIWH II0 CPAaBHCHHUIO C MYyKUYWHA-
mu [18, 24], 6onee Bbicokuit ypoBeHb TREC y HOBO-
POXICHHBIX IEBOYEK, YeM Y HOBOPOXKICHHBIX MajIb-
yukoB [21] 1, HampoTUB, OGoJiee BLICOKUIT YPOBEHb
KREC y neBouek B Bo3pacTe ITOJIOBOI'O CO3pEeBaHUS
(9—12 net), yeM y ManpuukoB [16]. Takum oGpaszom,
MOXKHO MPEINOJIOXKUTh, YTO MOJIOBBIE TOPMOHBI CITO-
COOHBI UT'PaTh CYLIECTBEHHYIO0 UMMYHOMOIYJIMPYIO-
L1YI0 pojib B UMMYHHBIX peakiusix [15]. Beioop on-
HOTO M3 HOPMUPOBOYHBIX T'€HOB C JIOKaJIU3alluei
Ha X-XpOMOCOME U, COOTBETCTBEHHO, OTJIMYalolIe-
csa ¢opmynbl pacuyetoB ypoBHeit TREC u KREC
JIJIsI JKEHCKOTO M MY>KCKOTO TTOJIOB MO3BOJISIIOT O0Jjiee
TOYHO OLICHUTH BAUSHUE TeHmepa Ha ypoBHu TREC
u KREC. OnHako Haliy pe3yabTaThl HE MOKa3aau
3HAYUTEIbHBIX PA3IUYU B YPOBHSX 1I€JIEBbIX aHa-
JIUTOB MEXIY XKEHIIIMHAMU U MY>XKUYMHAMM, HE3aBU-
CHUMO OT Bo3pacTa. Takne OTIMYUSA B MOTyIaeMBIX
Pa3sHbIMU MUCCAEA0OBATEIbCKUMMU TPYIIaMU pe3yJsib-
TaTaX MOTYT OBbITh CBSI3aHbI C Pa3JIMYMSIMU U OObeMa-
MU aHaJIU3UPYEMBIX BHIOOPOK.

Cnenyetr oTMeTUTh, uTo IudpoBas ITLIP o06-
JagaeT OOJblIe TOYHOCTbIO U YYBCTBUTEIbHOC-
TblOo, YeM MyabTuriekcHas IT1L[P, uyto morjio Obl
MO3BOJUTh CHU3UTh YAaCTOTY JIOKHOTIOJIOXKUTEb-
HBIX pe3yabTaToB [19, 25], omHaKO BBICOKAsI CTOM-
MOCTb SIBJISICTCS OUeBU THBIM HETOCTATKOM METO/a,
He TO3BOJISIIOIIMM HUCHOJIb30BaTh €ro B pPyTUHHOM
nuarHoctuke. TeM He MeHee TIpMMEeHEH e B Halllei
padote uundposoit ITLIP nng ompemeneHus KOH-
LEeHTpalluu KaJIuOpaToOpoOB, MO3BOJISIET YBEJIUUYUTDH
TOYHOCTb METO/a 0€3 CYLIEeCTBEHHOI'0 YBEJIUYEHMU ST
CTOMMOCTH.

Psan mepBUYHBIX MMMYHOIE(GUIIMTOB, HUMEIO-
X CPAaBHUTEIBHO O0JIee JETKYI0 (DOPMY TCUCHU S
3a00J1eBaHUSI, MO3BOJSIOT OOJbHBIM JOCTUYL CO-
BEPILIEHHOJIETUS U MOT'YT OBITh BIIEPBbIC BBISIBJIC-
HBbI y B3pocabix Jioaei [5]. [TockoibKy ¢ Bo3pacTom
ypoBHu JIHK TREC n KREC B nepudepnueckoit
KPOBU CHMXAIOTCSI, OJISI OLICHKU COCTOSTHUSI MM-
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MYHUTETA ITallMeHTa HEOOXOTUMBI METOIMKU C BBI-
COKOM YyBCTBUTEJIbHOCTBIO U CIIELIU(PUIHOCTHIO.
B nmporuBHOM ciiydae, B TO BpeMsI KakK ageKBaTHasI
Tepanus ITO3BOJISIET HE TOJIBKO COXPAaHUTh KU3HB
0oabHBIM ¢ TsxkenabiMu TTW]JI, HO U 3HAYUTETBHO
YAYUYILIUTh KayeCTBO XXKM3HU TAllMEHTOB C Oojee
JerkumMu opmMamu 3a00JIeBaHU A, B3pOCIIbie 00JTb-
Hble ¢ O0IIMM BapuadeIbHbIM UMMYHOAEDULIUTOM
MOTYT HE MOJyyaTh aJleKBaTHOU 3aMECTUTETbHOU
Tepanuu U3-3a OTCYTCTBUSI CBOCBPEMEHHOM nua-
THOCTUKU. MoaudpuuupoBaHHBIM HaMH CITOCOO
OIICHKN MMMYHOICMUIUTHBIX COCTOSHUI MOXKET
OBITH WCITOJIb30BAaH HE TOJIBKO JJISI BBISIBJIICHUS
NEePBUYHBIX UMMYHOAESDUIIUTOB y AeTeil, HO U IJIs
onpeaeaeHusI CHUXKCHUSI UMMYHUTETa y B3POCIIBIX
moneii. JlaHHOE 0OCTOSTEIBCTBO IIPEACTABISICTCS
0COOEHHO BaXHBIM, TaK KaK H3-3a paclpocTpa-
HEHHOro MHeHUus1 o ToM, uTo ITM ]l xapakTepHBbI
TOJBKO IJISI AETCKOro BO3pacTa, Bpauud CMEKHBIX
crietuaibHocTel nckiovatot [MTU]L u3 nnpdepen-
LUAJTbHOW JUATHOCTUKU Y B3POCJBIX MallUEHTOB.
OnucaHHbBIN B HaCTOSIIEH paboTe MEeTO KOauye-
ctBeHHoro onpeaeneHust ypoBHeit TREC u KREC
B epudepruecKoil KPOBU AJIsI TabOpaTOPHOI mua-
THOCTUKM COCTOSTHHSI WMMYHUTETa ITAallMCHTOB
¢ ucnoab3oBaHuem IILIP B pexwume peanbHOTO
BpEMEHU TI03BOJIUT OOpaTUTh 0CcO00€ BHUMaHMUE
JICYaAIIMX Bpaueil Ha TaKMX MTallieHTOB.

He MmeHee 3HaumMa BO3MOXKHOCTH ITPUMEHE-
HU ST HACTOSIIEro MeTOoJa HE TOJbKO AJIsI BhISIBJIC-
HUSI CcjaydaeB TI€PBUYHBIX MMMYHOIEMUIIMTOB,
HO U IS IMaTHOCTUKM COCTOSHHUSI MMMYHHTETA
IpY BTOPUUIHBIX UMMYHOOeDUIINTAX.

Tak, nmpu aHanuze nByx rpynn BUY-unHdbuim-
POBaHHBIX OOJILHBIX ITOKa3aHO JOCTOBEPHOE CHU-
xeHue ypoBHeii TREC n KREC y napunmuposaH-
HBIX B TeUCHME IJINTEIBHOTO BPEeMEHU MAllIeHTOB
¢ BUpycojoruyeckoin HeapdekTuBHocThio APT,
B TO BpeMsl KaK YPOBHM lI€JIEBbIX aHAJUTOB Y WH-
GUIIMPOBAHHBIX MEHEe Tofa JUIlI He OTINYaIVCh
OT YPOBHEI TPYIIBI YCIOBHO 3IOPOBBIX B3POCIBIX
moneit. [lonyyeHHbIe HaMU Pe3yJIbTaThl COIacyloT-
Cs1 ¢ TaHHBIMU MHOCTPaHHBIX KOJIJIET, COTJIaCHO KOTO-
pbiM KoJindyecTBO TREC y BUY-uHGUIIMPOBaHHBIX
MaIEeHTOB KOPPEIUPYET C Pa3INIHBIMU KJIMHUKO-
NaToJOrMYecKMMU MapaMeTpamMu (BO3pacT O0jb-
HbIX, BUpycHas Harpy3ka PHK BNY B nna3me, konu-
yectBo CD4" T-ntumM@ouunToB, MPOLEHTHOE COAep-
xanue CD4" T-rumponuTos), a mponykuuss KREC
npu APT octaercs HEU3MEHHOU Ha MPOTSIKEHUU
10—12 Mecs1eB, OMHAKO CHUXKAETCS TMOCJe MPOa0JI-
XKUTeNbHOI Tepanuu [20], 4To TakKe He TTPOTHUBOPE-
YUT BbISIBJIeHHOMY HaMu cHkeHn1o KREC y moiy-
YaBIINX Tepanuio 6oJbHBIX. M3BeCTHO, UTO ypOBEHD
TREC y BUY-uHbOULIMPOBAaHHBIX JIALL TOBBIIIAETCS
nocie Hadaiaa APT u, XxoTd He mogHUMAaeETCs 10 Xa-
PaKTepHBIX JJIST 3I0POBBIX JIIOIEH yPOBHEM, JOCTUTA-
eT TIaTo Yepe3 12 MecsIIIeB U OCTaeTCsl CTaOMIIBHBIM
B TeueHUe HecKoybkuXx JieT [20]. B Hameit paboTe Mbl

He HabI1oaaIu JOCTaTOYHO BhICOKUX ypoBHelr TREC
y AU TebHO nHGUIMpoBaHHBIX BUY O0onbHBIX, Ha-
XOISIIMXCS Ha Teparuu. 1o Bcelt BUAMMOCTH, 3TO
MOXET OBITh CBSI3aHO C TeM, YTO MCCIeayeMass HaMu
rpynna Oblja npeiacTaBjieHa OOJbHBIMU C BUPYCO-
Joruuveckoit HeapdekTuBHocThio APT u, coorBeT-
CTBEHHO, BBICOKOM BHUPYCHOM HArpy3KOM, a TaKXe
IPEeUMYIIEeCTBEHHO HU3KUM KoamdecTBoM CD4*
KJeToK. [TomyueHHbIe pe3yJIbTaThl COMIacyIoTCs C pa-
Hee MOoKa3aHHBIMU JaHHBIMH, COIJIACHO KOTOPBIM
konmnyectBo TREC y manumeHTOB, HY>KIAIOLIUXCS
B APT, 3HauuTEIbHO HUKE HE TOJIBKO 110 CPABHEHU IO
C KOHTPOJILHOI IpyIIIIOi, HO U ITO0 CPaBHEHUIO C He-
HYXJIAIOLIMMUCS B JIGYEHUU, COIVIACHO JEeHCTBYIO-
muM pekoMmeHaauusiM, BUY-nnounmupoBaHHBIMU
HareHTaMU ¢ OTHOCUTEIBHO COXPaHHBIM UYMCIIOM
kiaetok CD4" [23]. Takum oOpa3oM, KOJIMYSCTBEH-
Hoe omnpeneneHue ypopHeii TREC u KREC B nepu-
depuyecKkoii KpoBM TIPEACTaBISIET COOOI ycoBep-
IIICHCTBOBAHHBIN METOJI MOHMTOPHMHTA COCTOSHUS
uMMmyHuTeTa BUY-MHOUUIMPOBAHHBIX JIUII, @ TAKXKE
MOTEHLIMAJIbHO — MEeTOd OIpeaesieHUusI HYXKOaro-
LIIUXCS B TepaIiiy OOJIbHBIX.

3akn4yeHne

Criocob naGopaTopHOIl AMArHOCTUKU COCTOSI-
HHUSI UMMYHHUTETa NallUCHTOB C MCIOJIb30BaHUEM
I[P B pexume peasbHOTO BPEMEHU Ha OCHOBE
onpeneneHust yposHeit TREC u KREC ob6nanaer
BBICOKOM CHEelM(PUUHOCTbIO M YYBCTBUTEIbHO-
cthio. Kanubpatopbl XxapaKTepuU3yHOTCsl CTaOUIb-
HOCTBIO M BOCIIPOM3BOAMMOCTBIO. MeTonm TIO-
3BOJISIET JUArHOCTUPOBATh CHUXeHue T- u/uiaun
B-kneTouyHOro UMMYyHUTETa y JeTeil U B3POCIBIX,
M MOXET OBITh IIPUMEHEH IJISI NeTeKIIMU MOJICKYJI
TREC u KREC kaxk B ob6pa3nax 1eJbHOI nepu-
(bepuyeckoii KpoBU, TaK U B CyXOil Karljie KpOBU
¢ ucrnosab3oBaHue KapT I'atpu. [1pu 3TOM BO3MOX-
HO ITPUMEHEHUEe eNMHBIX 3HaUYeHUI pedepeHCHBIX
HOpPM, HE3aBUCHUMO OT aHaJIM3UPyeMOTO KJIWHMU-
YecKoro marepuaja. Pe3ynbraThl WCIBITAHUN
CBUIETEJbCTBYIOT O BO3MOXHOCTU d(bhEKTUB-
HOTO WCMOJb30BaHUS MyJibTuriekcHoi ITTL[P-
IVMATrHOCTUKM KaK IJISI KOMITJIEKCHOT'O TIEPBUYHOTO
TECTUPOBAHUSI/CKPUHUHTA HOBOPOXIECHHBIX, TaK
W ST OLIEHKW COCTOSIHWSI MMMYHHUTETa B LIEJISIX
BbISIBJICHUS B3pociblx 00oabHBIX [Tl 1 B pamkax
IVATrHOCTUKM IMAllUeHTOB CO BTOPUYHBIMU UMMY-
HoaeduuTamMu, Hanpumep, ¢ nHpexkuuein BUY.
CBoeBpeMeHHasl mepcoHU(UIIMPOBaHHAasI OlLleHKa
COCTOSIHMSI MMMYHHUTETa OyIeT CHoCcOoOCTBOBATH
COXPAaHEHMUIO XXKU3HU TAlIUeHTOB U yJIYYIIEHUIO ee
KaJyecTBa.

KOH®NMKT MHTEpeCcoB

ABTOpBI 3aBJISIIOT 00 OTCYTCTBUU KOH(MIUKTA
WHTEPECOB.
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NPABWUJIA AJ19 ABTOPOB

CTaTby MPEACTABISIOTCS B peIaKIIMIO Yepe3 CUCTEMY dIeKTpOHHOro u3nateabcTna (http://iimmun.ru) B cooTBeT-
CTBUHU ¢ TpeGoBaHMAMMU XypHana «MHGbeKIUT 1 UMMYHUTET» U «MHCTpYKIIMEH [T aBTOPOB», MPeACTaBIeHHOM
Ha caiite. C dpeBpans 2016 roga xxypHaa «MHbeKLUS 1 UMMYHUTET» MyOJIUKYET CTaThbU HA ABYX S3bIKaX (PyCCKOM
U aHTJIMIICKOM).

OCHOBHble BUAbI CTaTeil, Ny6/IMKyeMbIX B XXypHane

OpurnHaJbHas CTATHSA

CTaTbs T0JKHA OMMUCHIBATH PE3YJIbTaThl 3aKOHYEHHOT0 ccliefoBaHus. JlomyckaeTcss 00beM cTaTh 10 20 Maliu-

HOIIMCHBIX CTpaHMUII, BKJIIOYask pUCYHKHU, Tabauibl. CTaThs HOJXKHA coaepKaTh: 1) BBeAeHUe; 2) MaTepraibl U METO-
Ilbl; 3) pe3yabTaThl UccaenoBaHUI; 4) 00CyXKaAeHUe pe3ybTaToB; 5) 6JarofapHOCTH.

e BBenenne conepxuT 000CHOBaHUE LIEJIU U 3a]a4 TPOBEIEHHOr0 UCCIEA0BAHUSI.

e Marepuajbl 1 METOIbI MOTYT M3JIaTaThCs B BUE OTIAEJIbHBIX (DPATMEHTOB C KOPOTKMMU MO/I3aT0JIOBKAMMU.

e Bce HeTpaaAMIIMOHHBIE MOAMGbUKAIIMA METOJAOB TOJIXKHbBI OBITh OMUCAHbBI C TOCTATOUHOM CTENMEHbIO MO/~
po6HocTH. sl BCeX MCMOJIb3yEeMbIX B pab0Te PeaKTUBOB, JKMBOTHBIX, KJIETOUHBIX KYJIbTYp U T.lI. HEO0-
XOJMMO TOYHO yKa3bIBaTh MPOU3BOIMTEIICH U/WUIU UICTOYHUKU TOJyYeHU ST (C Ha3BaHUSIMU CTPaHbl, QUP-
MBI, UHCTUTYTA).

e Pe3ynbTaThl ONMUCHIBAIOTCS B JIOTMYECKON MOCIEA0BATEILHOCTU B BUIE OTIEJbHBIX (DparMeHTOB, pa3ae-
JIEHHBIX MO/13ar0JIOBKaMU, 0€3 2JIEMEHTOB 00CYXAeH s, 0€3 MOBTOPEHU I METOINYECKUX MOJPOOHOCTEI,
0e3 nyospoBaHUs UM POBBIX TaHHBIX, TIPUBEJACHHBIX B TaOJIMIIAX U PUCYHKAaX.

e B 00cyKaeHUH MPOBOAUTCS AETAIbHBINM aHAJINU3 MOJTYYEHHBIX JAHHBIX B COMMOCTABJIEHUY C TaHHBIMHU JI-
TepaTypbl, UTO CIYKUT 0OOCHOBAHMEM BBIBOJIOB M 3aKJIIOUEHU T aBTOPOB.

e Paznen «baarogapuocTu» He siBJIsieTCS 00s13aTeIbHBIM, HO KpaliHe XKejatesieH. B 3Tom pa3nesie aBTopbl MO-
TYT BbIPa3UTh MPU3HATEIBHOCTh OpraHMU3al, CyOCUINpPOBABIIeH TTPOBEIeHNE UCCIIeIOBAHU I, KOJlJIe-
ram, KOHCYJIbTUPOBABIINM pabOTY B ITPOLIECCE €€ BBITMOJHEHU ST U/ WU HATTMCAHM S, A TAKKE TEXHUIECKOMY
nepcoHay 3a MoMolllb B BRIMOJIHEHU U UCCliefoBaHuil. biarogapHocTH 3a mpegocTaBiaeHue crienuduyec-
KUX peaKTUBOB UJIU 000PYAOBaHUSI, KaK MIPAaBUJIO, TIOMEIIAIOTCS B pazaelie «MaTepuajibl U METOIbI».

Kparkue coobmenns

Kypnan ny6aukyeT HeOOJIbIINE M0 00bEMY CTaThU, KOTOPLIE UMEIOT 0€3YCIOBHYIO HOBU3HY M 3HAUMMOCTbh. DTHU
CTaTbU MPOXOAST YCKOPEHHOE PelieH3MPOBaHUE U MYOJIUKYIOTCSI B KOPOTKHME CpoKU. OOIIMit 00beM KpaTKOTo co00-
IIEHW ST OTPAaHUYEH 8§ MAIIIMHOMMCHBIMU CTPAaHULIAMU, KOJTMYECTBO PUCYHKOB M/UJIM TaOJIUIL HE MOXET ObITh OoJiee 3,
a CIMMCOK MCTOJb30BaHHBIX INTEPATYPHBIX UICTOYHUKOB He JOJIKeH MPeBbIATh 15. TUTYIbHBIN TUCT oopmIsieTcs,
Kak onucaHo Huxe (cM. «[logroroBka crateii»). Pazmenbl KpaTKOro cooOIIeH s aHaJOTMYHBI BBIIIEONIMCAaHHBIM pa3-
JleJlaM OPUTUHAJbHOM CTaTbU, HO HE BBIACISIOTCS 3aTOJOBKAMU U MOA3ar0JIOBKaMU, Pe3yJabTaThl MOTYT ObITh U3J10-
>KEHBI BMECTE C O0CYXJICHUEM.

O030pHBIE CTATHHU U JEKIUH

O030pHbIE CTATbU U JIEKITMHU B OCHOBHOM 3aKa3bIBAIOTCSI pEeIAKIIMEN NI MOTYT OBbITh PEKOMEHIOBAHbI OMHUM U3 UJje-

HOB peakosuiernu. bosee nonpo6Hyo nHdopMalrio o mpaBuiIax oHOpMIEHUS ITUX CTATE MOKHO Y3HATh B pelaKIiu.

Bubnuorpacduyeckme ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnuKkaumni

OnucaHue cTaTbu U3 XKypHAJa:

Canuna T.1O., Mopososa T.1. UmmyHonornueckue Metons! B uddepennranbHoil auarnoctuke // Tybepkynes u 6071€3HU TEeTKHX.

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.

OnucaHue cTaThby U3 KHUTU (MOHOTpaduu):

ypsiruna U.A., YectnokoBa M.B., Kitumos B.T. [TceBnoTyoepkyies. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBuabHOTO 0hOPMIIEHHS AHIJIOA3BIYHBIX CCHIJIOK:

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.

CchUIKY Ha TUTEpaTypPHbIC MICTOYHUKHU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM1IaX 0003HAYaIOTCSI apabCKUMU I -
paMu B KBaJpaTHBIX cKoOKax [1, 2, 3,...]. He momyckaioTcs cChIJIKM Ha IMCcCepTallnu, aBTopedepaThl JUCCepTalnii,
myOoJIMKaluy B COOPHUKAX, METOANYECKHE JOKYMEHTHI MECTHOTO ypOBH . KoIruecTBO NICTOYHUKOB HE OrpaHUYEHO.
B xax ot cchliiKe MpuBOISITCS BCe aBTOPhI padoThl. HeonmyO1nKoBaHHBIE CTaTbU B CITMCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

JIst CIOKHBIX TEPMUHOB MJIW Ha3BaHM I, HanboJiee YaCTO UCTIOJIb3YeMbIX B TEKCTE CTATbU, MOXKHO BBECTH (B KPY-
IJIBIX CKOOKAaX IOCJjie MepBOro YIIOMMHAHUS TIOJTHOIO Ha3BaHUS TepMMHA) He Oosee 3—5 HeTpaaUIIMOHHBIX COKpa-
IIEHUI. Y3aKOHEHHbIe MEXIYyHapOAHBIMU HOMEHKJIATypaMu COKpAIIeHUs WCMOJb3YIOTCS B COOTBETCTBYIOILEH
TpaHcKpunuuu. Hampumep, 171 TepMUHA «MHTEPIEHKWH» UCTIONIb3yeTcsT cokpaienue «IL», a He pycCKOSI3bIYHBII
BapuaHT «JI»; aHaIOrn4HO 3TOMY UCTIONB3YI0TCs cokpalneHus: < NF», a He «TH®» unu «®DHO»; «CD», a He «C».
Ha3zBaHus1 MUKpOOPTaHU3MOB IPUBOISITCS B OPUTMHAJIBHOM TPAaHCKPUIILIMU C UCHOJAb30BaHueM KypcuBa (E. coli,
Streptococcus pyogenes). ETMHUIIBI U3BMEPEHU S TPUBOASTCS 0€3 TOUKHU MOCJe UX COKPallleHHOr0 0003HaYeHUsI, perfia-
MEHTUPOBAHHOI'O MEXYHAapOJHBIMU NIpaBUiaMu (¢, 4, cM, MJi, MT, kDa u 1.11.).
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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
SIBJISTIOTCSI COTPYTHUKU Pa3HBIX YUPEXKJISHUI, TO MOCIeTHUEe HYMEPYIOTCS 110 MOPSAKY, HauMHas
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:
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Unnoctpauun k ctatbe «KogmpoBaHue ¢ nOMOLLbIO COKPaALLEHHOr0 aMUHOKUCIIOTHOTO andaBsuta u ero
BJIMSIHUE Ha MOZLeIMPOBaHMNE aHTUIeHHOW 3BoNouum rpunna» (aBTopbi: M. ®opranu, A.J1. dupcTKoB,
M.M. AngaHHeaxapu, .M. laHuneHko, A.B. Komuccapos) (c. 837-849)

lllustrations for the article “Reduced amino acid alphabet-based encoding and its impact on modeling influenza
antigenic evolution” (authors: Forghani M., Firstkov A.L., Alyannezhadi M.M., Danilenko D.M., Komissarov A.B.)
(pp. 837-849)
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Figure 4. Correlation matrix of 11 unique AAindex1
entries from Table 5
Note. Majority of indices have low correlation.

Figure 3. Visualization of high-impact sites on the
surface of hemagglutinin protein by PyMOL [26]
Note. Top — H1 protein (PDB ID: 1RUY [3, 12]). Bottom —

H3 protein (PDB ID: 5THF [3, 33]). Note that the highlighted
sites include not only the antigenic sites but also those
experimentally determined as T-cell epitopes, B-cell epitopes,
as well as MHC-binding epitopes of different classes.

UnniocTtpauum k ctatbe «[oBbileHne 6€30NacHOCTU BaKLMHONPOPUIIaKTUKN HA OCHOBE MaCHSHbIX
aabloBaHTOB» (aBTOpbLI: C.B. CKynHeBckuiA, E.T. NMyxaeBa, A.K. BagTues, ®.K. Pypya, ®.3. bararosa,
X.I. dapHuesa) (c. 953-962)

lllustrations for the article “Improving safety of oil adjuvant-based vaccines” (authors: Skupnevskii S.V.,
Pukhaeva E.G., Badtiev A.K., Rurua F.K., Batagova F.E., Farnieva Zh.G.) (pp. 953-962)
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PucyHok 1. MukpodoTtorpadum ceneseHkm kpbic (ysenuyeHune 10x40)
Figure 1. Rat spleen histology microimages (magnification 10x40)

MpumeyaHue. A) HeraTUBHbIN KOHTPOJIb; B) MO3UTUBHbLIN KOHTPOJIb; B) ONbIT «MUH.»; ') ONbIT «MaKC.».
Note. A) negative control; B) positive control; C) “min.” experiment; D) “max.” experiment.

PucyHok 2. MukpodoTorpadum cyctaBHOro XpsiLa 30Hbl KONIEHHOr0 cycTaBa Kpbic (yBenuuenue 10x40)
Figure 2. Microimages of rat knee articular cartilage (magnification 10x40)

Mpumeyvanue. A) HeraTVBHbIV KOHTPOSIb; B) MO3UTUBHBIN KOHTPOAb; B) OMNbIT «MWH.»; I") ONbIT «MakKe.».

Note. A) negative control; B) positive control; C) “min.” experiment; D) “max.” experiment.
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