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B3AUMOAENCTBUE B-KJNIETOYHbIX
PELUENTOPOB N AHTUITEHOB C PA3JIN4YHbIM
NMPOCTPAHCTBEHHbIM PACMNOJIOXKEHUEM

B.IO. Tanaes', M.B. CsetrioBa!, 1.E. 3auuenko', O.H. baoaiikuna', E.B. Boponuna!,
C.N. Yucraxos?

"@BYH Huxceeopodckuil HAY4HO-UCCACO08AMEAbCKUN UHCIMUMYM SNUOEMUON02UU U MUKPOOUOAO2UU UM. AKAOCMUKA
HU.H. broxunotii Pocnompebradsopa, e. Huxcruii Hoseopod, Poccus
2I'BY3 HO Huxcezopodckuii obaacmuoii uenmp kposu um. H 4. Kaumoeoii, e. Huxcnuii Hoeeopod, Poccus

Pesiome. B-kieTouHBIE pelieTOPHl MOTYT B3aMMOIEHCTBOBATH C 3MMTOIMAMU aHTUTCHOB Ha Pa3IMYHBIX 00BEK-
Tax: MaKpOMOJIEKyJIaX, MUKPOOPraHM3MaX WM Ha TOBEPXHOCTHU IPYTHUX KJIETOK, HampuMmep, (OJUIMKYISIPHBIX
IEeHIPUTHBIX KIeTOK. COOTBETCTBEHHO, B-KIIeTKM, ¢ OMHON CTOPOHBI, UMEIOT BO3MOXHOCTD OIICHUBATH PACIIOJNO-
JKEHME SITUTOIOB Ha TOBEPXHOCTH MATOreHa, a ¢ IPYroil CTOPOHBI, OHU MOJIKHEI aJfallTUPOBATh CBOI pELENITOP-
HBII almapat K pa3JIMYHBIM BapraHTaM PacIIOJIOXKEHUS SIMTUTOIOB U CBOMCTBAM HECYIINX aHTUTEH MTOBEPXHOCTEN.
JleficTBUTENBHO, B-KJIeTOUHBIC pelenToOphl M aHTUTEJA JIYUIIEe CBSI3BIBAIOT 00BEKTHI C PErYISIPHBIM U TLIOTHBIM
PACITOJIOXKEHUEM SITUTOIOB, XapaKTePHBIM JIJIT MHOTMX IIaTOT¢HOB. B pe3ynbTaTe, Takoe pacioyioXeHNe SITUTOIIOB
MOXET paclio3HaBaThCs KaK IMaTOreH-acCOMUPOBAHHBINM TeOMETPUUECKUI MaTTePH, OMHAKO YCJIOBHS 3TOrO pac-
MO3HABaHMUS 3aBUCSIT OT MU30TUMA MEMOPAHHOTO UMMYHOIJIOOYJIMHA U CTeNeHu 3peaocTu B-numdornra. FOHbIE
B-xneTku skcnipeccupytoT MeMOpaHHbIi [gM, KOTOpHIii y4acTBYET B pa3BUTUM B-K1eTOK U celeK1IMu X perneprya-
pa. Peuentopsl ¢ IgM He NpeabsaBAsSIOT XECTKUX TPEOOBAHU I K PACITOJIOXKEHUIO STTUTOIOB ¥ MOT'YT aKTUBHUPOBATh
B-xieTKy naxe npu CBsI3bIBAHWMM MOHOBAJIEHTHOIrO aHTUreHa. Penientopel ¢ MeMOpaHHbIM IgD skcnipeccupyroTcs
MO3IHee 1 MpeodiafaloT Ha HAMBHBIX B-KIIeTKax mepen X BCTYIUIGHHEM B MMMYHHBIN OTBET. DTHU PELEIITOPHI O~
TUMU3UPOBAHBI IJIsSI ABYXTOUCUHOTO CBS3BIBAHUS aHTUTEHA M CTPOTO HYXXIAIOTCS B TAKOM THUIIC B3aMMOICHCTBUS
TSI MHAYKIIMKA aKTUBAIIMOHHOTO cUTHana. 1o KOHTaKTa ¢ aHTUTEHOM B-KJIeTOUHBIE pelelTOPhI CTPYIIITUPOBAHE
B IMCKPETHBIX 30HaX MeMOpaHbl — HAHOKJIACTepaxX, 3a CUeT TECHBIX B3aMMOACHCTBUI ¢ aKTUHOBBIM LIMTOCKEIC-
ToM. KOHTaKT ¢ aHTUTEHOM BeJIeT K OTCOCAMHEHMIO PEIETITOPOB OT IUTOCKEIETa, POCTY UX MOABUXKHOCTU U 00b-
eIMHEHNIO0 HAHOKJIACTEPOB B MUKPOKJIACTEPhI — KPYITHBIC CKOIUICHU I, 00OoTalllcHHbIC CHTHAJTBHBIMU MOJIEKYJIaAMU.
HaunbGomnee nuHAaMWYHBIC M3MEHEHUS HAOMIONAIOTCS ITPU KOHTaKTe ¢ aHTUTCHOM, (PMKCUPOBAHHBIM Ha MeMOpaHe
IPYroii KJIeTKu. B 3ToM ciyuae cBOOOIHBIN aKTUH IiepeMeliaeTcsT Ha meprudeprio 30HbI MEXKIETOYHOTO KOHTAKTa,
rae GopMUpyeT LUTOCKEIET OTPOCTKOB, HECYIIUX CKOTIJICHUS pelenTopoB. OTPOCTKM pacpoCTpaHsOTCs Mo Mo-
BEPXHOCTH KJIETKM-TIApTHEPA, a 3aTeM COKpAIaIoTCs, MepeMelasi CBA3aBIlue aHTUTEH MUKPOKJIACTEPHI B LIEHTP
30HBI KOHTaKTa. HakoHel, MUKpoKJIacTepsl 00bEANHSIOTCA B LIEGHTPAJIbHBIM KJIaCTep UMMYHHOTO CHMHAIca, WH-
TEHCUBHOCTb aKTHMBAI[MOHHOT'O CUTHAJIa MaJaeT, U KJeTKa TOTOBUTCS K SHAOLMTO3Y CTPYIIIIMPOBAHHBIX Ha JTIOKAJIb-
HOM YYacTKe aHTUTEHOB. TakuM 00pa3oM, CTpyKTypa B-KJIETOUHBIX peLeITOPOB MOXKET CIIOCOOCTBOBATh PeaKIINU
B-muM@orrTa Ha aHTUTEHBI ¢ XapaKTePHBIM ITPOCTPAHCTBEHHBIM PACIIONIOXEHNEM, TOTIa KaK TMHAMMYeCKOe B3an-
MoJeiicTBre B-KIIETOUHOrO pelenTOpHOTO amiapaTa ¢ IIUTOCKEICTOM I03BOJISET ONTUMM3UPOBATh CBSI3BIBAHNE

Appec pns nepenucku: Contacts:

Tanaes Bnagumup tOpbesuy Vladimir Yu. Talayev

603950, Poccus, r. HuxHuia Hoeropog, yn. Manas imckas, 71, 603950, Russian Federation, Nizhny Novgorod, Malaya

®BYH HHUW3M um. akapemmka W.H. BnoxuHoi PocnotpebHaasopa. Yamskaya str., 71, Academician I.N. Blokhina Nizhny Novgorod

Ten.: 8 (831) 469-79-48. Scientific Research Institute of Epidemiology and Microbiology.
E-mail: talaev@inbox.ru Phone: +7 (831) 469-79-48.

E-mail: talaev@inbox.ru

[Ana uMtmpoBaHus: Citation:

Tanaes B.10., Ceetnosa M.B., 3anyeHko W.E., Babaiikuna O.H., Talayev V.Yu., Svetlova M.V., Zaichenko |.Ye., Babaykina O.N., Voronina E.V.,
BopohuHa E.B., Ynctsikos C.W. B3anmopaeiicTere B-kneTouHbIX peLenTopos Chistyakov S.I. Interaction of B-cell receptors and antigens with different

1 @HTUrEHOB C PA3/IMYHBIM NPOCTPAHCTBEHHBIM PACMOI0XEHNEM // spatial arrangement // Russian Journal of Infection and Immunity = Infektsiya
Mudekums n nmmynntet. 2023. T. 13, Ne 5. C. 809-821. doi: 10.15789/2220- i immunitet, 2023, vol. 13, no. 5, pp. 809-821. doi: 10.15789/2220-7619-
7619-E0B-14033 EOB-14033

© Tanaes B.10. n coasr., 2023 DOI: http://dx.doi.org/10.15789/2220-7619-EOB-14033
Cratbs focTynHa no nuuen3nn Creative Commons Attribution 4.0 809

The article can be used under the Creative Commons Attribution 4.0 License



B.1O. Tanaes n op. MHdekumns n uMmyHuTeT

AHTUTCHOB, IPECACTABJICHHBLIX Ha p33H006p33HHX HOCUTesIX. 3HaHue OPOCTPAHCTBECHHLIX aCIICKTOB pPACIIO3HA-
BaHUSI AaHTUTEHOB MOXET ObITh MOJE3HO IJIST KOHCTPYUPOBaHUA BaKIIMH HAa OCHOBE BI/IPYCOHOJIO6HBIX JacTul UJIn
AHTUTCHOB Ha APYIUX UCKYCCTBEHHBIX HOCUTEJIAX.

Karouesvie caosa: B-kiemounbiii peyenmop, anmueeH, SNUmon, akmugayus, Yumockeiem, 8upyconooooHbvle 4acmuybl.

INTERACTION OF B-CELL RECEPTORS AND ANTIGENS WITH DIFFERENT SPATIAL
ARRANGEMENT

Talayev V.Yu.?, Svetlova ML.V.?, Zaichenko 1.Ye.?, Babaykina O.N.%, Voronina E.V.?, Chistyakov S.1."
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Abstract. B-cell receptors can interact with antigen epitopes on various objects: macromolecules, microorganisms or
on the surface of other cells, e.g., follicular dendritic cells. Accordingly, B cells, on the one hand, have the ability to evalu-
ate the location of pathogen surface epitopes, and, on the other hand, they must adapt their receptor apparatus to differ-
ent epitope locations and antigen-bearing surface properties. Indeed, B-cell receptors and antibodies better bind objects
with regular and dense epitope arrangement characteristic of many pathogens. As a result, such epitope arrangement can
be recognized as a pathogen-associated geometric pattern, but the conditions for such recognition depend on the isotype
of membrane immunoglobulin and the degree of B cell maturity. Young B cells express membrane IgM, which is in-
volved in B cell development and the selection of their repertoire. Receptors with IgM do not impose strict requirements
on epitope location and can activate B cells even upon binding a monovalent antigen. Receptors with membrane IgD are
expressed later and predominate on naive B cells before entering the immune response. These receptors are optimized
for two-point antigen binding and strictly require this type of interaction to induce an activation signal. Before contact
with antigen, B-cell receptors are grouped in discrete membrane zones — nanoclusters, due to close interactions with
the actin cytoskeleton. Contact with the antigen leads to the detachment of receptors from the cytoskeleton, rise in their
mobility and the combining nanoclusters into microclusters — large clusters enriched with signaling molecules. The most
dynamic changes are observed upon contact with an antigen fixed on the membrane of adjacent cell. In this case, free actin
moves to the periphery of the intercellular contact zone, where it forms the cytoskeleton of the processes carrying receptor
clusters. The processes spread across the surface of the partner cell and then contract, moving the antigen-binding micro-
clusters to the center of the contact zone. Finally, the microclusters combine into a central cluster of the immune synapse,
the intensity of the activation signal drops, and the cell prepares for endocytosis of antigens grouped at the local site. Thus,
the structure of B-cell receptors can contribute to the response of the B-lymphocyte to antigens with a characteristic
spatial location, while the dynamic interaction between B-cell receptor apparatus and the cytoskeleton allows optimizing
the binding of antigens presented on various carriers. Knowledge on spatial aspects of antigen recognition may be useful
for the construction of vaccines based on virus-like particles or antigens on other artificial carriers.

Key words: B-cell receptor, antigen, epitope, activation, cytoskeleton, virus-like particles.

BeepgeHue

ComlacHO MpUHSTONM HayYHOM Iapaaurme,
KJIETKM MMMYHHOM CHUCTEMbl WACHTU(MUIIMPYIOT
MOTEHIIMAJILHO OITaCHbIE OOBEKTHI 110 HAJIUYUIO
onpeneseHHbIX MoJieKys. KJiieTKu BpoXIeHHOro
MMMYHUTETA BEIYT IMTOUCK MH(MEKIITMOHHBIX areHTOB
C TIOMOIIIBIO HaCJIeAyeMbIX PELEeNTOPOB, pacro3Ha-
FOIIIMX TaTOreH-aCCOLMUPOBAHHbBIC MOJICKYJISIPHBIC
nartepHbl (ITAMIT) — rpynmnbsl XUMUUYECKUX COSAU-
HEHUWI, TANUYHBIX IJISI MUKPOMUpPaA, HO HE Xapak-
TEPHBIX JJisl BBICIHUX pacTeHUI M XKMBOTHBIX [51].
Hapsny ¢ [TAMII BpoxXAeHHBI UMMYHUTET pac-
MO3HAeT BHIOTCHHbIC MapKephbl MOBPEKICHUIA, BbI-
3BaHHBIX MH(pekuueit [49]. Pacrmo3HaBaHue 3TUX
YYKEPOAHBIX WU HIOTCHHBIX MOJIEKYJ CTUMYJIU-
pyeT YHKIIMU KJIETOK BPOXICHHOI0O UMMYHHUTETA.
B yacTtHOCTH, Y JAEHAPUTHBIX KJETOK U MakKpoda-
TrOB 3TO paclo3HaBaHME CTUMYJIUPYET SHJIOLIMTO3

M aKTUBUPYET NPOAYKIINIO IIUNTOKMHOB, YaCTUUHBIN
TUAPOJIN3 COOPAaHHOIO MaTepuaja M MPe3eHTAIIUIO
MOJIYy4eHHBIX (pparMeHTOB T-TuMmdbonmnram i 3a-
nycKa aJallTUBHOTO MMMYHHOro otBeTa. CremyeT
OTMETHUTb, YTO HE TOJBKO HAJMYUE OIPEIEeTCHHBIX
MOJICKYJI, HO ¥ TEOMETPUUYCCKHE TTapaMeTpPhl dyXkKe-
POIHBIX OOBEKTOB, B YACTHOCTHU, UX pa3Mep 1 (op-
Ma, MOTYT OKa3bIBaTh BIMSHUE Ha SHIOLIUTO3 U TIpe-
3eHTalMIO MOMIOIIEHHOTO MaTtepuana [2].

KneTkn amanTMBHOrO HMMMYHHMTETa, TO €CThb
T- n B-mumdonuuTel, TakKe He JUIIEHBI CITOCO0-
HOCTHM pacrio3HaBaTthb Hekotopble [TAMII, ogHako
OCHOBHBIM OOBEKTOM paCIiO3HABaHUS sl HUX SIB-
JISTIOTCSI OTACABbHBIC YUYACTKU (MUTOITHI) aHTUTCHOB
(AT) — m00OBIX MAKPOMOJIEKYJI, HECYLIIUX TPU3HAKU
TeHETUYECKON JYKepOMHOCTU. DTU KJIETKHU pasmiec-
JICHBI HA MHOXECTBO KJIOHOB, KaXXIbI! U3 KOTOPBIX
CHaOXeH yHMKalbHBIM Al-pacrno3Haionmum pe-
LENTOPOM, MHOrooopasue KOTOpPbIX (hOPMUPYETCS
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MIpU peapaHXUPOBKE T€HOB B Xole JIMMGOIo33a.
T-xJeTKn pacrno3HalT HeOOoJbIINe Q(parMeHThI
moJiekya Al mpeacraBjieHHbIE Ha cHelrdaaiu3upo-
BaHHBIX MOJIEKYJIaX TIABHOT'O KOMILJIEKCA TUCTOCOB-
mectumoct (MHC). B-numdbouutsl, mnogo0HO
KJeTKaM BPOXJAEHHOIO MMMYHUTETa, MOT'YT B3au-
MOJIEMCTBOBATbL HEIMOCPEACTBEHHO C 4YYXXEPOAHbI-
MU OOBEKTaMHU, HAIIpUMeEp, C MaKPOMOJICKYJIaMU,
KOMITJIEKCAaMU 3TUX MOJIEKYJI M Jaxke C LEeIbIMUA
MUKPOOPraHU3MaMu, HO TIOUCK 3TUX OOBEKTOB OHU
OCYIISCTBISIOT € NoOMOIIblo Al-pacmo3Halonmx
B-knerounsrx peuentopoB (BCR). Takum o6pa-
30M, OCHOBHBIM ITPM3HAKOM YYKEPOTHOCTH JIJISI
B-nuMdonuTa siBisieTcsl HaJlu4ue KJIOHOCHeubu-
yeckoro snutomna Al, omHako peakuus B-kieTok
Ha AT’ MOXeT CyIIIeCTBEHHO pa3indaThCs B 3aBUCH-
MOCTH OT KOJIMYECTBA M XapaKTepa PacHoIOXKEHUS
SMUTOIOB Ha YyXXepoaHOM o0bekTe. Tak, B-kiaeTku
3 HEKTUBHO aKTUBUPYIOTCS BUPYCHBIMU YacTHUIIA-
MU, TI0 TTIOBEPXHOCTU KOTOPHBIX PaBHOMEPHO U IO-
CTaTOYHO TIIJIOTHO pacIipelesieHbl OIMHAKOBbIE
aHTUTeHHble anuTonbl [8]. PerynsipHoe pacroJio-
xeHue Al xapakTepHO IJIsI MHOTMX CTPYKTYp Ta-
TOTeHOB, M, M0 MHeHMI0 Bachmann u Zinkernagel,
MMMYyHHasI CHUCTeMa B XOJI¢ 3BOJIIOIMH ITproOpeiia
CITOCOOHOCTh pearmpoBaTh Ha 3TH CTPYKTYPHI, KakK
Ha CBOeoOpa3Hble reoMeTpUUecKue MaTTepHBI, ac-
COLIMMPOBAHHBIC C TaTroreHaMu. [eiicTBUTEIbHO,
YHOOPSIAOUYEHHOE PACIIOJIOKCHUE SIUTOIOB Ha IIO-
BEPXHOCTH 00bEeKTa 00eCIIeYrBaeT MHOT'OBAJICHTHOE
B3aUMOJICHICTBUE C MYJBTUMEPHBIMU MOJIEKYJIaMU
UMMYHHOI CHCTEMBI, B YaCTHOCTU, C IIEHTaMep-
HbeiM IgM, dakrtopom komruiementa Clq, TeH-
TpakcMHaMU, (UKOJIMHAMU U KOJUIeKTUHamMu [7].
He meHee oyeBMAHBIMU MPEACTABASIOTCS TIPEUMY-
1IecTBa pacno3HaBaHMSI SIUTONOB aByMs Al-
CBSI3BIBAIOIIMMU ILIEHTPAMU MEMOpaHHOTO WMMY-
HorimoOynuHa (mlg) B cocraBe kaxaoro BCR.
JJ1s1 2TOro paccTosiHue MeXIy IMUTONaMU Ha 4y-
XKEpOAHOM OOBEKTE HOJKHO COOTBETCTBOBATh pac-
CTOSTHUIO MEXIY aHTUTCHCBSI3BIBAIOIINMHI 1IEHTpAa-
mu. s IgG ¢ yyeToM rMOKOCTH MOJIEKYJIbI UMMY-
HOIJIOOyJIMHA TaKOe paccTosiHue cocTaBisieT ot 10
1o 15 HMm. MI3BeCTHO, UTO ABYXTOUEUHOE B3aMO/ICH-
ctBUe aHTUTE ¢ Al MOXXeT MHOTOKPaTHO YBEJINUH-
BaTh aBUIHOCTH B3aUMOICUCTBUS, a 3HAYUT — CTa-
OuJIbHOCTh KoMITeKca Al —aHTuTtesno. B pesynbrare
JIJIsl HeMTpaJin3alluu IaToreHa ¢ JOCTaTOYHO IJIOT-
HBIM PaCIIOJIOXKEHMEM SIIUTOIIOB (HaIIpuMep, BUpyca
TPHUIIIIA C PACCTOSTHUEM MEK Y OCTKOBBIMU IITUTIAMU
okoJ10 10 HM) MOryT MOTpedOBaThCsI KOHLIEHTPALIUU
MOHOKJIOHAJIbHBIX aHTUTea usotuna IgG B coTHU
M IaxKe THICSIYM pa3 MEHBIINE, YeM KOHIICHTPAIluU
MoOHoOBaJIeHTHbIX Fab ¢parmMeHTOB Tex Xe aHTU-
ten [58]. TloaHamoruu ¢ pacCTBOPUMBIMU AaHTUTEIAMU
clienyeT IMPEeAIoJOXUTh, YTO CBSI3bIBAHUE ABYX M-
TONOB MoJieKyJioii mlg Ha memOpaHe B-kKjeTku yBe-
JIMYUBACT aBUITHOCTh B3aUMOICHCTBHUS, UTO JOJISKHO
CYIIIECTBEHHO IMOBJIUSTH Ha peakI1nio B-kieTku, of-

HaKO 0Ka3aJi0Ch, YTO pa3inums B peakiuu B-kineTku
Npu pacro3HaBaHU M OJHOI'O UJIU ABYX 3MUTOIOB AT’
CUJIBHO 3aBUCST OT uzotuna mlg (cM. Huxe). Takxke
OCTaeTCsl HESICHBIM, KAaKMM 00pa3oM OCOOEHHOCTU
dynkunonupoBanuss BCR, ux aBuxkeHue u pac-
npenejeHue 1Mo NnoBepxHoCcTU B-nmumdonura Biusiet
Ha OLIEHKY MOPOCTPAHCTBEHHOI'O PACIIOJOXEHM S
AT: BBOISIT JIU OHM JOMOJHUTEIbHbIE TPpeOOBaAHU S
K HEKOMY IIabJIOHY «UAeaIbHOrO» PACITOJOXEHM S
SITUTOITOB WJIN 00eCIIeunBaIoT B-KjeTKe GONMBIIYIO
TMOKOCTH MIPU B3aMMOJICICTBUH C Pa3IMIHBIMU Ba-
pUaHTaMM WX IIPOCTPAHCTBEHHOI'O PACITOJIOKCHUSI.
JaHHEBIe, KacarolIrecss 3TUX BOIIPOCOB, MbI IIOITHITA-
JIACH U3JIOKUTH B CICAYIONINX pa3aeiiax.

CtpykTypa 1 GyHKUMmM B-KkneToyHoro
peuenTopa

BCR coctout u3 mlg u rereponumepa CD79a/
CD79b (Igo/IgP). CesizpiBanme mlg ¢ KJIOHOCITEIIN-
¢duveckuMm AI BbI3bIBaeT KOH(POPMAIIMOHHBIE U3-
MEHEHUsI CUTHaJIbHOTO TreTeponnuMepa Igo/IgB u 3a-
MycKaeT BbIMOJHEHUE JBYX KJIIOUEBbIX (DYHKUUI
BCR: nepenauy BHYyTpb B-KJI€TKM aKTUBAalLIMOHHOTO
CUTHajJa U pPeUenTOp-ONOCPENOBAHHBIN SHAOLIM-
TO3 00BbeKTOB, Hecywiux AL [14, 52, 87, 108]. AI-
WHIYLUPOBAHHAS aKTUBalMs BT K BOBJICYEHU IO
B-kJjieTKr B UMMYHHBIN OTBET, a TOTJIOLIEHUE Yy-
KEPOMAHBIX OOBEKTOB, UX pa3pylIeHUE U MPEe3eHTa-
OMs TOTYYSHHBIX MeNTUA0B Ha Mojiekyiax MHC 11
maeT B-mumdonnTty BO3MOXHOCTHR KOTHATHOTO
B3auMonelicTBusl ¢ T-xelmepoM, YTO BO MHOIOM
omnpenessieT XxapakKTep yJacTus B-KileTkKir B UMMYH-
HoMm otBete [1]. Tak, Habop AT, apdhekTnBHO aKTU-
Bupytomux B-kierku 06e3 momomum T-xeanepos,
orpaHuyeH T-He3aBUCUMBIMU Al, MU TUNUYHBIM
pe3yIbTaTOM TaKOW aKTUBAILIUU SIBIISICTCSI CO3pEeBa-
HHe B-KJIETOK B KOPOTKOXWBYIIME TLIA3MOIIMTHI,
KOTOpbIe 00ecIieuuBalOT OBICTPYIO, HO HEOOJITOBEU-
HYIO ITPOAYKIIMIO aHTUTEJ ¢ HU3KOM ap(pUHHOCTHIO.
BzaumoneiicTBue B-mumdoriura ¢ T-xenrepowm, pac-
MO3HABILIUM IIpe3eHTUpyeMblii B-KileTKoI menTun,
obecrnieunBaeT B-KJIETKY IONOJIHUTENIBHON CTHU-
MYJISLIMEN U TO3BOJISIET € BKJIIOYUTBHCH B IMOJHO-
HeHHBI T-3aBUCUMBIN TYMOpaJdbHbIiI UMMYHHBIH
otBeT. Ilpu aTOoM akTUBHUpOBaHHas1 B-kieTka Mu-
rpupyeT B (OJIUKYA BTOPUYHOIO JUMOOUIHOTO
opraHa, rjue ydJacTByeT B (hOpPMUPOBAHUU 3apOIbI-
1IIEBOro lIeHTpa, NMpoaudepupyeT U 3amycKaeT pe-
komoOuHanuio JJHK nis nepexkitoyeHus Kiacca um-
MYHOTIJIOOYJIMHOB, a TaKxe IMPOLEeCC COMAaTUUYECKUX
TUIIepMYyTallMii, KOTOPbIiA BHOCUT CIIy4yaliHble MU-
HUMAaJIbHble MOAU(PUKALIMM B aHTUTEHCBSI3bIBalO-
LU UeHTP UMMYHoIo0yauHa [1]. Ynaunsie Mmoau-
dukauu yBeauuuBaoT apGUHHOCTD CBSI3bIBAHUS
mlg co cnenudunyeckum Al 1 mo3BonsiioT B-kieTke
s dexkTuBHee nornouiath AT, xpaHsiuiics Ha (GoJ-
JUKYJISIPHBIX JEHAPUTHBIX KJIETKaX, Toraa Kak Mo-
nudukanun, cHuxawiue apduHHocTs mlg, mpu-
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BOIST B-TMM@OLINT K IIPOUTPHITITY B KOHKYPEHTHOMU
ooprOe 3a AI. B koHeuHoM uTore B-numdouunTsl
C YAy4IIeHHBIMU MoguduKanusMu mlg MoHoOIIOIM-
3UPYIOT BOBMOXKXHOCTb COOMpPATh U IIPE3CHTUPOBATh
AT, monyJaioT odepedHbIe payHIbl CTUMYJIISIIIUU
oT (poIuKyAsIpHbIX T-xenneposn, MpoaupepupyoT
M CO3peBalOT B B-KJIeTKM MaMsITU U TOJITOXKUBYIIIE
MJIa3MOLIUTEI, KOTOPBIE MPOAYHHUPYIOT BBICOKOA(D-
(GUHHBIC aHTUTEA PA3JTUIHBIX U30TUTIOB — PACTBO-
pUMBIE aHAJIOTU «yOa4YHbIX» BApUaHTOB MOAMMUII-
poBaHHbIX B-keTounbix mlg [9, 77, 86, 108].

Kaxk ye ObLJI0 OTMEUEHO, KIIOUYEBYIO POJIb B 3a-
nycke akTuBalMoHHoro curHaja or BCR wurpaer
retepoaumep Igo/IgP, enu KOTOoporo UMEIOT UTO-
MJa3MaTUYeCKUE YUYaCTKU C XapaKTepPHBIMU MOCJIe-
JIOBaTEJILHOCTSIMU M3 4 aMUHOKMCIIOT — MOTUBaMU
aKTUBaIlM UMMYHOpELeNTopa Ha OCHOBE TUPO3HA
(ITAM) [15, 87, 113]. CBazbiBaHue AI' c mIg unayuu-
pyeT BHYTPUPELENTOPHYIO Mepeaayy cUrHajia yepes
B3aMMOICMCTBIE TpaHCMEMOpPaHHBIX JOMEHOB mlg,
Igo 1 IgP, 0GBEeNMHEHHBIX B OTHOM ITPOCTPAHCTBE
BHYTpHU OMCiI0sT MeMOpaHBI [68]. B pesyibrare KoH-
dopMallMOHHBIX M3MeHeHU MoTuBbl ITAM 1nu-
TOTJIa3MaTUYeCKUX ToMeHOB Iga u IgP cTtaHOBsTCS
JIOCTYITHBIMU IJISI B3aMMOINEHCTBUS C TUPO3UHKHU-
Hazamu Lyn (Lck/Yes n Tupo3anHKrHa3a Koxxu) u Syk
(TMpO3UMHKMHA3a cee3eHKn) [22, 45, 60, 91, 95]. Btu
depMeHTHI (pochopunupyioT Tupo3uH B ITAM, uTto
BeIET K CTAOMIM3AIINU CBSI3U CUTHAJIBHBIX TUPO3WUH-
K1Ha3 ¢ Komriiekcom BCR [22, 45, 60, 91, 95]. BCR-
aCCOLMUPOBAHHbIE TUPO3UHKUHA3bI (hochopuan-
PYIOT M aKTUBHUPYIOT Kopelierrtop CDI19, amantepHblie
Oenku Vav U curHaiabHble epMeHThI: dhocdoauna-
3y Cy [56, 60, 112] u dochonHozuTon-3-KnHa3y [22,
113]. ®ocdonunasa pacuienisier ¢pocdaTuanImHO-
3UTOJBI HAa BTOPUYHBIE CUTHAJIBbHBIC MECEHIXKEPHI:
MUALVJITIINICPOJI, KOTOPHIM CITOCOOCTBYET aKTUBa-
MU ITpoTenHKHa3bl C, U MTHO3UTOJTpUdOChAT, KO-
TOPBII BBI3bIBAET BbICBOOOXKIeHMe Ca’t B LIMTO30JIb
M aKTUBAILMIO Pa3IMYHBIX BHYTPUKJICTOUYHBIX CHUT-
HAJIOB, peryanpyemMbix Kanabiuem [61]. IlepeBon ma-
seix ['T®a3 Ras u Rapl B aktuBHOe [ TD-cBsA3aHHOE
COCTOSIHME 3alycKaeT KacKadbl aKTMBallUM MUTO-
reH-aKTUBUPYEMbIX INPOTEUHTUPO3MHKMHA3 JNK,
Erk u p38, 4T0o, B KOHEYHOM MTOTE, MIPUBOAUT K W3-
MEHEHMU IO 9KCIIPECCUU TeHOoB [12].

CnenyeT oOpaTuTh BHUMaHUE, YTO MPUBEIECH-
Hasl BbIIIe MaKCMMaJIbHO YIIPOIIIEHHAas cXxeMa pac-
cmaTtpuBaeT otaeiabHBIe BCR kak camomocTaTtou-
HBIC MOJIEKYJISIPHBIE MHCTPYMEHTHI, (PYHKIITMOHU-
pyloLIMe HE3aBUCUMO APYT OT apyra. O4eBUIHO,
YTO 3TO HE BIIOJIHE COOTBETCTBYET NEHCTBUTE/b-
HOCTHM 1, B YaCTHOCTHU, HE IIO3BOJISICT OOBSICHUTH
pa3nuuunii c1aboro AeCTBUSI pACTBOPUMBIX MOHO-
BaJIeHTHBIX A’ 1 MOIITHOTO aKTWBUPYIOIIETO 3P-
dekTa noauBajieHTHbIX Al. UHTepecHo, uTto AT,
CBSI3aHHBIC C MeMOpaHOIl KJICTKH, PacIO3HAIOTCS
B-numdouuToM mnpu  MEXKKJISTOYHOM B3anMO-
aeictBum eie 3¢pGeKTUuBHEE U UMEIT MEHbIIU I

nopor aktubanuu [6, 98, 109]. DTo cormacyert-
Ccsl C MPEUMYIIECTBEHHBIM CIOCOOOM pacIio3Ha-
BaHUus Al B numdounHbIXx opraHax in vivo, rne
B-numdonuTsl B Xoae npoiiecca, KOTOPbIii MOXHO
Ha3piBaTh M HC-He3aBucrMoOIi Tipe3eHTalnneit, 0o-
HapyxkuBaoT Al, XpaHSIIUIICI Ha MMOBEPXHOCTH
GONMUKYISIPHBIX ICHAPUTHBIX KJIETOK, OOBIYHBIX
JIEeHIAPUTHBIX KJIETOK U Makpodaros [16, 38, 113].

IMonbiTKM aHaaM3a AaHHBIX O paclo3HaBaHUU
pasmuuHbix Al TIpuBenM K CO3MaHUIO IBYX B3au-
MOMCKJTIOUAIOIIUX MOJEJIeil, B KOTOPbIX KJIOYEBYIO
poJib B Mepenadye CUrHajga UrpaeT u3MEHEeHUe B3au-
MoaencTBus Mexay otaeabHbiIMM BCR Ha MemOpa-
He B-kjeTku: Momenu mepeKkpecTHOro CBSI3bIBAaHUS
W MOJEIN aKTUBALlUM auccouuranueii [72, 74, 75, 99,
100, 116]. B mepBoii rMMOTETUYECKOM MOIETU PACITO3-
HaBaHUE aHTUTIEHA BBI3bIBAeT COOPKY HECKOJIBKUX
BCR B onuromMepsl 0ojiee BEICOKOIO TTOpsaKa, KOTO-
pbie 3P GHEeKTUBHO PEKPYTUPYIOT U UCIIOIb3YIOT CUT-
HaJbHBIC MOJICKYJIBI, YTO MO3BOJISICT MHUIIUMPOBATH
nepenauy curaaa [67, 98]. CorimacHo BTOpoit MoaeaIn
B OJIMTOMEPU30BAaHHOI (hopMe CYIIECTBYIOT HeEak-
TuBHBIe BCR, B3auMHO TTogaBiIsifoline CUTHAJILHEIC
BO3MOXKHOCTU APYT Apyra, Torga Kak BCTpedya KJIeT-
ku ¢ Al Bemet x Boixonmy otaenabHbIX BCR m3 co-
cTaBa OJIMTOMEepa, YTO MOBBILIAET JOCTYITHOCTh MUX
MOoTUBOB ITAM 111 LIMTO30JBbHBIX TUPO3UHKUHA3
U obecrieunBaceT rnepegady curdaia [57, 109, 115, 116].
HMHTepecHO, 4TO 1O MHEHUIO aBTOPOB O0EUX MOJE-
JIeit, CTOJIb pa3Hble MEXaHU3Mbl MHUILIMUPYIOTCS O~
HUM U1 TeM Ke MpoleccoM — B3anmoaeiictsuemM BCR
¢ noauBaJieHTHBIM Al. OmHako B TepBOil MoAeIU
OIWHAKOBBIC AMUTOIEI ITOJNBaJIcHTHOro Al MOIK-
HbI pacriojlaraTbCsl Ha CTPOro OMpeae e HHOM MaJIoM
paccTossHUM, KOTopoe BbI3oBeT cTsarmBaHue BCR
Ha JIOKaJbHOM Y4YacTKe MeMOpaHBbI, Toraa Kak BTO-
past MoeIb He TPeOyeT TOYHOTO PACCTOSIHUS MEXIY
SIUTONAMM, HO OHO MOJIXKHO OBITH OONBIINM, YeM
B MEPBOUW MOAEIU, IJISI TOrO YTOOBI pacnpeneiuThb
BCR o MemMOpaHe Tak, YTOObI OHU HE MOTJIM 00pa30-
BbIBaTh OJiuroMepHble ckoruieHus [115]. HoBbie aKc-
nepruMeHTabHbIE JaHHbIE HE MO3BOJSIIOT MPUHSITH
WJIM OTBEPTHYTH HU OMHY M3 YKa3aHHBIX BEHIIIIE MO-
JieJieil, HO co3aaloT 6oJiee CIOKHbBIE MPEACTaBICHUS
o nepemetieHnsIX BCR 110 TOBEpXHOCTH KJIETKU, UX
KJIacTepu3alluu, B3aUMONECUCTBUU C KOpelenTopa-
MM U LIUTOCKEJETOM, OCOOEHHOCTSIX (DYHKILIMOHUPO-
Banusg BCR ¢ pasHbiMu n3zotunamu mlg.

Pasnnung B3anmMoaencTens MemopaHHbIX
IgM v IgD ¢ MOHOBaNEHTHLIMYA
N NONNBANEHTHbLIMW aHTUreHaMMU

Kaxk u3BectHo, nzorum mlg B cocraBe BCR me-
HSIETCS TI0 Mepe co3peBaHUs B-KaeTok. Y IOHBIX
B-numdouuTton (nepexomubix B-kiaetok cragum T1
Yy MBIIIe) aHTUTEHCBSI3bIBalOIUiT KoMIToHeHT BCR
MNPENCTaBIeH «MOHOMEPHOI» (COCTOsIIIEe U3 ABYX
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JIETKUX U IBYX TSKEJIbIX 1Liereil) Monekynoi mIgM.
Ha craguu co3peBanus T2 Hapsiny ¢ mIgM Ha meM-
OpaHe mosiBasiercs: mlgD, KkKoTopwlii cTaHOBUTCS
MPEBAIMPYIOIINM M30TUIIOM Ha 3pPEIbIX HAaWBHBIX
B-knetrkax ¢ cootHouieHuemM mlgD k mlIgM, pas-
HBIM, TIpUOIU3UTENbHO, 65:35. dnsg cuntesa migM
u mlgD knerku ucnonn3yrot BapuaHThl MPHK, 06-
pa3yiolIrecs B pe3yJIibTaTe aJIbTepHATUBHOIO CILIali-
CHHTa, TPU KOTOPOM U3 eMHOI MOJIEKYJIbI-TTPEIIIIe-
CTBEeHHUKa yHaJsieTcs oo s3k30H IGHD (C8§), konu-
pyrolInii KOHCTAaHTHYI0 00J1acTh TsKesoi uernu IgD,
sm60 IGHM (Cp), Konupyoniyii COoTBETCTBYIOLLLY IO
obnactb IgM. B pesynbprate, mIgM 1 mlgD Ha onHoi
B-kJileTke OT/IMYalOTCs KOHCTAHTHBIMU JTOMEHaMU
Tskenbix neneir (CH), HO oGmamaroT OXMHAKOBBI-
MU BapuaOeIbHBIMHM IOMEHAMHU C WICHTUIHBIMU
aHTUreHCBs3bIBaOUMU LieHTpaMu [87, 108]. TTocre
BCTpeUM C aHTUTeHOM B-KJleTka MOXeT MHULIMUPO-
BaTh pekoMmOuHanuwo JHK ¢ ymanenuem us reHoma
MOCJICAOBATEIbHOCTE, KOOUPYIOIINX OTICIbHBIC
CH, B iepBy1o ouepeab Cu u Cd. B pesynbrare Kiet-
Ka 0e3BO3BpaTHO yTpaunMBaeT BO3MOXHOCTb CUHTE-
supoBarh IgM u IgD u skcnipeccupyet Ha cBoeit MeM-
OpaHe npyroit uzorun mlg.

Kak mn3BectHo, CH He BCTynaroT B HENOCpPe-
CcTBeHHOe B3ammonelicTBue ¢ Al, ogHako oHU
BJIMSIIOT Ha IPOIECC €ro oOHapy>KeHM s, Ompee-
JIsSIST PacCTOSIHME MeEXAy caiTaMU CBS3bIBAaHMS
AT u rubkocth Mosekya Ig pa3Hbix U30TUNOB [18,
102, 105]. ITo aTo¥i MpUYMHE pPa3JUUYHbIE U30THU-
nbel mlg Moryr mo-pa3HoMy B3anMMOIEHCTBOBATh
¢ Al B 3aBUCHMOCTHU OT BaJI€HTHOCTU U MJIOTHOCTU
snuTonoB y nonuBaieHTHbIX Al Tak, IgM nmeet
KOPOTKYI0 apHupHyo obnacts CH mexny dpar-
meHTamu Fab u Fc, Torna kak IgD nmeet nnnHHY10
MIAapHUPHYIO 00JIaCTh C 3apsIKEHHBIMU OCTaTKaMU
n O-rnukosunupoBanueMm [21, 44]. Ora obnacTh
y IgD ob6nanaeTt 60Jb110l THOKOCTHIO /ISl OPUCH-
TallMuM aHTUreHCBs3bIBaromux Fab-dparmeHTOB,
YTO OO0JIeryaeT CBSI3BIBAHUE C JABYMS SIIMTONAMU
nonuBajieHTHOro Al [44, 90]. OmHako BCR ¢ mIgD
(IgD-BCR) He TOTBKO ONTUMU3UPOBAHBI AJT51 IBY X~
TOYEYHOrO CBSI3bIBAaHUS C TOJMBaJeHTHBIM Al
Kaxk mokazanu s3KcnepuMeHTBI C 3KCIIpeccueii re-
HETUYECKUX KOHCTPYKIUI, KOAUPYIOIIUX Pa3JInY-
Hble M30TUTIHI [g ¢ 3amaHHON CIeU(GUIHOCTHIO,
IgD-BCR nipu cBsi3biBaHUM MOHOBajJeHTHOro AT
He MHAYLUPYeT aKTUBALIMIO B-KJIeTKU, U 1JII UH-
IYKIIUYA aKTUBAIIMOHHOTO CUTHAJIa eMy TpeOyeTcs
cBsa3biBaHue ¢ Al, oObenMHEHHBIM B MYJIbTHUBA-
JIEHTHbIe KoMIlieKchl. B To ke Bpems IgM-BCR
C TOI K& aHTUTEHHON CHeUM(PUUYHOCTHIO MOXET
aKTUBUPOBATH KJICTKY IIPU B3auMomeucTBum ¢ Al
KaK B MOHOBAJICHTHOM, TaK M MYJbTUBAJCHTHOM
dopme [106]. B ToM Ke MccienoBaHUM OBLJIO IMO-
Ka3aHo, YTO aHepru4YHbie B-KJIeTKU C MOBBIIICH-
HbIM cooTHoumeHueM mlgD:mlIgM He pearupyior
Ha MOHOBaJieHTHbIE AT, HO TTOJTHOCTBIO COXPaHSIOT
YYBCTBUTEJIBHOCTH K MOJTUBaJICHTHBIM AT

OueHuTthb BKaaa mIgM 1 mIgD B uMMyHHBI OT-
BET MMOMOTaloT 3KCIEPUMEHTHBI C CO3TaHUEM CeJIeK-
TUBHOTO Ie(PUIINTA ITUX U30TUIIOB 3a CUCT YIAJICHUS
ak30HOB Cl unn C3. B-KJIeTKU MBITIIEH, TUIIIEHHBIC
IgM-BCR, skcnpeccupyoT B 1,5—2 pa3a GoJiblie
IgD-BCR no cpaBHeHMIO ¢ B-kjeTrkamMu aukoro
reHoturna [82]. B-kjeTK1 KpaeBbIX 30H Cele3eHKU
npu neduuute IgM pa3zBuBarOTCSI HOPMAJIBHO, KO-
anyecTtBO B-ki1eTok DoMIUMKyI0B TUM@aTUIECKUX
y3JIOB HECKOJIbKO yBenuuuBaetcs [71, 80, 82], torna
Kak KoJinyecTBO Bl-mogoOHBIX KJIETOK yMeHbIla-
ercs [19]. Cnenyet orMeTuTh, uTo Bl-KJIeTKM YacTo
OTHOCST K BPOXXJICHHOMY UMMYHUTETY M3-3a Orpa-
HUUYEHHOro pernepryapa Ig, 1 1151 cBoero pa3BuTus
OHM TPeOYIOT CHUJIBHON TIepedadyu CUTHAJIOB uyepe3
BCR [19]. Mprmn, muineHHbie [gM, nMmeroT aedekT
paHHETO TIepeKJI0YeH T KytaccoB Ig, 4To mpuBOAUT
K HapyllIeHUIO reHepallui KOPOTKOXKUBYIIIMX MJIa3-
MOLMTOB, Nponyuupymomux [gG1, XoTs KoJTM4ecTBO
HEeMepeKIIoUeHHBIX IgM'-T11a3MOIIUTOB HEe M3Me-
Hsetcd [82]. Takum obpa3om, neUIIUT peLienTOPOB
¢ mlIgM BbI3bIBaET KOMINEHCATOPHBI POCT 9KCIpeC-
cuu mlgD, HO, HecMOTps Ha 3TO, MPOSIBJISIETCS B 1Ie-
deKTe pa3BUTHUS BPOXICHHBIX B-KJIETOK 1 paHHUX
COOBITHI TYMOPAJILHOTO UMMYHHOTO OTBETa.

Hedpuuut IgD nmpuBoauT K c1aboMy poCTy 3KC-
npeccuu IgM-BCR 1 He0ObIIOMY YMEHBIIEHUIO
KonndectBa GONIUKYIIpHBIX B-kierok [80, 90],
HO BBI3BIBACT M3MEHEHHE MO3THUX COOBITUI Tep-
BUYHOTO T-3aBUCHMMOro oTBeTa Ha OejiKoBble Al
BeIEeT K CHUKEHUIO TUTPOB aHTUTE€H-CIleluduyec-
kux IgGl un 1gG2 y UMMYHU3UPOBAHHBIX XXKUBOT-
HBIX, a TaKXe BBI3bIBACT 3—4-THEBHYIO 3aJICPKKY
co3peBaHus apuHuTeTa anturtes [80, 90].

Takum o6paszom, IgM-BCR adpdexkTBHO aKTU-
BUPYETCSI KaK MOHOBAaJICHTHBIMHU, TaK M TOJMBa-
JeHTHbIMU AT M uCnoJIb3yeTCs AJIs1 OTOOpA U BbIXK M-
BaHUS He3peJIbIX B-KJleToK, a TakxkKe (PyHKIIMOHU-
poBaHus BpoxkaeHHbIX Bl-kieTok. IgD-BCR He sB-
JISISTCSI HEOOXOMMMBIM IJIsI OTOOpa M BBIXKMBaHMUS
He3pellbix B-kietok, xots B orcyrcTBuu IgM-BCR
MOXeT 00ecrneuynBaTh 3TU IMPOIECCHl MPU YCIOBUU
NOBBIIIEHHON 32Kkcnpeccuu. Ilo-Buaumomy, IgD-
BCR HeoOxonum mist a3pHeKTUBHOM (PyHKIIUU 3pe-
ne1x B-knetok. [IpenmonaraeTrcst, 9T0 poCT IKCIIpec-
cuu mlgD npu co3peBaHuU B-KJI€TOK CHUXKAET UC-
XOAHO BbIcOKOe KonnyecTBO IgM-BCR, TeM cambiM
yCTaHaBIMBasi TMEPEMEHHBbI auana3oH 3KCIpec-
cun mlgM Ha B-kietkax pa3HbIX CTaguil coO3peBa-
Hu4 [82]. IMockonbky IgD-BCR sddexkTrBHO akTU-
BUPYETCSI TOJILKO CBSI3bIBAHMEM ITOJIMBaJIeHTHOTO AT,
yactuuHoe 3aMmeleHue IgM-BCR nHa IgD-BCR cHu-
JKaeT YYBCTBUTEIBHOCTH CO3peBaiomux B-kKieTok
K MOHOBaJeHTHbIM Al, uTo mo MHeHUI0 Maity ¢ co-
aBT. [73] saBasercsa cnocoboM TIpPeAoTBpaICHUS
TyMOpaJILHOTO OTBETa Ha ayTOaHTUIEHBI, KOTOPhIE
peuenTupyoTcs B-nmuMmdboinmTamMu, IpenMyIecT-
BEHHO, KaK OTJEJIbHbIE MOJIEKYJIBl. DTO MPEATION0-
JKeHHMe TIOATBEPXKIAeTCs JaHHBIMM 00 YCUJICHUM
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NPOAYKIIMHU ayTOAHTUTEN B MOAEJISIX CUCTEMHBIX ay-
TOMMMYHHBIX peakluii MpU X COUETAHUU C HOKAY-
toMm IgD [40, 82]. HecmMoTpst Ha CHUKEHUE YyBCTBU-
TEJILHOCTU K MOHOBaJIeHTHBIM AT, 3pesibie B-kieTku
COXPAHSIIOT YyBCTBUTEJIBLHOCTh K TOJIUBAJICHTHBIM
AT, mpencTaBasiiolIuM cO0OM XapaKTepHBI MaTo-
T€H-ACCOLIMMPOBAHHBIN TEOMETPUYECKU M TTATTEPH.
UcknioueHueM saBisitoTcs Bl-kaeTku, KoTopble
00J1a1a10T BBICOKOI MOBEPXHOCTHOM 3KCIpeccueit
mlgM u HusKoii akcrnpeccueit mlgD. B pesyib-
TaTe OHU JIETKO BOBJICKAIOTCSI B UMMYHHBI OTBET
Ha pacrnpocTpaHeHHbIe MUKPOOHBIe Al, HO MOTYyT
aKTUBUPOBATbCs ayToaHTUTeHaMu. OgHaKO TIpe-
noJiaraeTcsl, YTO ayTOpeakKTUBHOCTH Bl-KjeToK nc-
MOJIb3YETCs 1151 BBIOJHEH U S TOJE3HbIX GYHKIUA,
HamnpuMep, yaaJleHUs KJIeTouHoro mycopa [73].

Pacnonoxexne BCR Ha membpaHe
nokosaLwmxca B-knetok

WNzyuenue Tonorpacdpuu BCR cTaio BO3BMOXKXHBIM
Onaromapsi pa3BUTUIO MUKPOCKOITUM CBEPXBBICOKO-
ro pa3pelIeHHs, B YaCTHOCTH, MUKPOCKOITUU TIPSI-
MOI CTOXaCTUYECKOM OITHUYECKOM PEKOHCTPYKIIUU
(dSTORM) [46, 62, 72, 76]. DTOT MeTOM IO3BOJISIET
nooutbesa 10-KpaTHOro yaydileHUsl pas3pelieHus
M300paskeHUsI IO CPpaBHEHU IO CO CTaHAAPTHOM (hy1yo-
PECLIEHTHOM MUKPOCKOITUEN U TTOJTyYUTh MH(GOpPMa-
IIAIO0 O PAaCMOJIOKEHUUW MOJIEKYJI B HAaHOMETPOBOM
maciuitabe [64, 72, 76]. HaGmoneHue 3a IBUKECHUEM
OOWHOYHBIX YaCTHUII II0 MeMOpaHE OCYIICCTBIISTIOT
C MOMOIIBIO (DITYOPECIIEHTHOM MHMKPOCKOITUH TI0JI-
Horo BHyTpeHHero otpaxeHus (TIRFM), cymie-
CTBEHHO YJIYUIIEHHO B mociieAHue roapl [27, 67, 111].

Ha noBepxHocTu 3pesioit B-kiaeTku sKcrpec-
cupoBaHO Oosiee cTa Thicssy KomruiekcoB BCR [76]
M X B3aMMHOE PACIOJIOXKEHUE Pa3IMyaeTcs y Mo-
KOSIIUXCI JTUM@OIMTOB U KIJIETOK, B3aMMOIEi-
ctBytomux ¢ Al CiaenyeT OTMETUTD, YTO MUCCIIEIO-
BaHUE MOJICKYJISIPHON Tororpaduu ITOKOSIIITMXCS
KJIETOK TpeOyeT CTPOroro OTCYTCTBHUSI CTUMYJISI-
nuu. OKpallliBaHWE MPOBOAST Ha JbAY C MUCIOJIb-
30BaHUEeM (DIYyOpECLEHTHBIX 30HAO0B, KOTOpbIC
3(HEKTUBHO CBSI3BIBAIOTCS KaK C OTICITBHBIMMU,
Tak U ¢ oguromepuszoBaHHbiMu BCR, HO He BbI-
3pIBAIOT WX akTuBanuu [33, 72]. DKCIIEpUMEHTHI
C COOMIOIEHNEM BTUX YCJIOBHMM M HMCITOJb30BaHU-
em TIRFM mnokazanu, yto BCR Ha mokosmuxcs
B-kJjeTkax He TiepeaBUTalOTCs CBOOOMTHO IO Ha-
PY>XKHOI1 MeMOpaHe, a CoOpaHbI B IMCKPETHBIX 30HAX
nuameTpoM oT 40 mo 200 um [97, 104]. [TonBUXHOCTH
BCR B mokoe oka3zajiacb HeOOJIbIIOW, U CPEeIHUN
koo dunmeHT nuddysun, omnpeneseHHbIN I
IgM-BCR, cocraBun 0,03 mxm2/c [76, 98, 103].
Jdannsie dASTORM wu pesynbraThl ABYXMapKepHO
3JEKTPOHHOI MMKPOCKOTNUU Tokaszanu, ytTo BCR
Ha nokosiiuxcs: B-kieTkax o0bennMHEHbl B HAHO-
KJacTepbl MJIN OEJIKOBbIE OCTPOBKU [44, 62, 72, 75,
76]. Boaee toro, IgM-BCR u IgD-BCR pasagenbHO

(opMUpYIOT KJacTephl, pa3jindaroliuecs: 1o pas-
MepaM M KOJIMYECTBY peLentopoB [57, 72, 74, 76].
Hanoxkuactepsl, cocrosiue n3 IgD-BCR kpynHee
u comepxkat B cpeaHeMm 48 BCR Ha yyacTke meMOpa-
HBI ¢ pagnycoM okoJio 240 HM, Toraa KaKk HaHOKJIa-
ctepnl IgM-BCR coaepxar 30 BCR u umerot pagunyc
okoJjio 150 um [44, 72, 76]. CiiemoBaTenbHO, CpeaHEE
paccTossHNEe Mexkay AIl-CBSI3BIBAIOIIMMU [IECHTPAMU
coceqHux BCR B HaHOKJIacTepaX MOKOSILIUXCS KJ1e-
TOK OOJIBIIIE PACCTOSTHUS MEXKAY IBYMS IIEHTpPaMU
ogHoro mlg 1 MOXeT COCTaBJISITh, B 3aBUCUMOCTU
ot opueHTauun mlg, or 46 10 58 HM B HaHOKJIacTeE-
pax IgM-BCR u ot 58 no 70 HM B HaHOKJAacTepax
IgD-BCR. OnHako 3To pacCTOSTHUE pacCUYMTAHO JJIsI
MJIOCKOT'0 HAHOKJIacTepa, U OHO MOXET CYIIIECTBEH-
HO YMEHBIIIaThbCSI Ha BOTHYTOM yYacCTKe MEeMOpaHBI
P B3aUMOACUCTBUU C MEJIKUM OOBEKTOM C OOJIb-
0T KPUBU3HOIM MOBEPXHOCTH, HAIIPUMep, KaIlCH-
JIOM BHpycCa WM XIT'YTUKOM OakTepuu. OTaeabHbIe
HaHokaactepbl IgM-BCR u IgD-BCR pa3zpenser
paccrositHue okosio 300—350 uwm [44, 72].

CBoiicTBa yJacTKOB MeMOpaHBI, Ha KOTOPBIX
Jlokanu3oBaHbl HaHOKJacTtepbl [gM-BCR u IgD-
BCR, cymectBenHo omimuatorcs. IgD-BCR pac-
MOJIOXKEHBI B 00JIACTH JIUIUIHBIX paTOB U KOJIO-
KaJIM30BaHbl C TIMKO3MJIPochaTuInIMHO3ZUTOII-
cBs3aHHBIM OesikoM CD52, GMI1-raHrnuo3ujiaMu
u perienntopom CDI19, Torna kak IgM-BCR y nokos-
muxcss B-kjeTok pacrnojiokeHbl Ha «OOBIYHBIX»
yJacTKaX MeMOpaHBI M TOJBKO ITOCJIe aKTWBAIlUU
conuxatrorcs ¢ CD19 — koakKTUBaTOpOM Mepeaadyu
curnaysioB BCR [10, 23, 37, 44, 57, 74, 75, 76, 107,].
Takxe nocie aktuBauuu IgM-BCR BxonuT B KOH-
TakT ¢ peuenTopHoii ¢pocdarazoit CD22, koTopas
NEeACTBYeT KaK WHIMOUTOP mepedadyrd CUTHaJIOB
BCR. JIo koHTakTa B-knetku ¢ AT' CD22 cyuie-
CTBYET B OTACIBHBIX MPEeIBAPUTEIHEHO CHOPMHUPO-
BaHHBIX HaHOKJIacTepax [37, 79].

B nanokmactepax Bmecte ¢ IgD-BCR pacmono-
keHa Mosiekyna CXCR4, koTopas sIBJIsIeTCS pelien-
TopoM xeMoknHa CXCL12 [50, 53] U KOHTpOJUPYET
MUTPaALMIO 3peJibiX B-KJIETOK BO BTOPUYHbIE TUM-
dounubie TkaHU [3, 28]. UHTEepecHO, UTO aKTUBaA-
s CXCR4 xeMOKMHOM M MOCJeayoolias MUrpa-
uus B-kieTok He 3aBUCUT oT Haauuusa IgM-BCR,
HO TpebyeT Hammuus Ha MemoOpane IgD-BCR [10],
MO-BUAMMOMY, HYKIasiICh B CUTHAJIbHBIX BO3MOXK-
HocTsax 3Tux BCR 1 accoummnpoBaHHBIX C HUM MO-
JIEKYJI 1J151 mepeaadyu COOCTBEHHOTO CMTHaa.

MNepensmxexna BCR
npw B3anmogencTamm ¢ Al

B TeueHMe HECKONBKMX MUHYT MOCJ€ KOHTaK-
Ta B-nuMdonura ¢ A, cBI3aHHBIM ¢ MeMOpaHOI
KJEeTKU-MTapTHEpPa, MPOUCXOAUT yBEJIUUYECHUE pa3-
MmepoB HaHokJactepoB BCR. Takxke yBenuuuBa-
eTCsI KOJIWYECTBO PEICITOPOB B KjacTepax, XOTS
TMJIOTHOCTH MX PACITOJIOKEHUST CHUXaeTcs [62, 67].
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Kpome Toro, yBeanmuymBaeTcsi OOKOBasi TOIBUK-
Hoctbh BCR 1o 0,05 mxm?/c [98, 103], uTo mpUBOIUT
K CTOJIKHOBECHMSIM MK Ty HAaHOKJIacTepaMU 1 0opa-
30BaHUNI0 MUKpOKaacTepoB BCR, B KoTopbie MOTYT
BxoauTh 10 500 BCR, coagepxamux kak mIgM, Tak
n mlgD [36, 62]. B Teuenue cnenyrommux 5—10 mMmu-
HYT B-muMmdonuT yBennuunBaeT momniaab KOHTaKTa
¢ Hecymeit AI' mem6panoit [34] 1 oOpa3yeT OOJIbIIIe
mukpockorieHuit BCR. IIpu aToM Mukpockorie-
HUS IBUXKYTCS K LIEHTPY KOHTaKTa [95] co cpenHe
ckopocTthbio ~ 0,01 MkM/c [34, 65]. 3aTeM pacriacThbl-
BaHUe B-mumdonmra cMeHsSIeTCsS cxKaTHeM, U MU-
KPOCKOIUJICHUSI 00pa3yloT IIEHTPaJbHBII HaaMO-
JIEKYISIPHBIN KJIacTep aKTUBALMU — SIAPO UMMYH-
Horo cuHarca [17, 72, 92]. Korna MUKPOCKOTIJIEHUST
O0BEOMHSIOTCS IPYT C APYroM, OOKOBasl TTOIBUXK-
HOCTb OTAeJIbHBIX MoJieKyJl BCR B KiacTepax cHU-
sxaetcst 10 0,02 mxm?/c [103]. st cOOpKU 3pesioro
MMMYHHOIrO cuHarica Tpedyercss okoyso 10 MUHYT,
MocJIe Yero npoucxonuT narepHaansanus Al [96].

MHoroBaJIeHTHBI pacTBOPUMBII A" MOXET BbI-
3bIBaTh cxonHylo auHamuky BCR, mipu sTom 1ieH-
TpanbHbIl Kiaactep BCR oOpasyercss Ha omgHOM
M3 TIOJTFOCOB KJIETKM X BMECTO cXXaTus B-mumdorinra
MOXET HaOII0IaThCsT TOJILKO (hOPMUPOBAHUE B 3TOU
00J1aCTH BBICTYHAIOLIEN CTPYKTYPHI [66].

Ipennonaraercs, 4yTo GyHKIIMOHATbHBII CMBICII
9TUX MOPGOJIOTUYSCKUX M3MEHEHMI 3aKJII09aeTCs
B cienyomieM. Mukpokiactepsl BCR addexkTus-
Hee PEeKPyTUPYIOT CUTHAJIbHbIE MOJIEKYIbl U OMOC-
penyloT TpaHCAYKIIMIO CUTHaja, Urpast pojib «Mu-
KpocurHajgocom» [29, 95, 100, 112], a oobennHeHUE
MHUKPOKJIACTePOB B LICHTPAJIBHBIN KJIACTEP UMMYH-
HOro cuHamca onTUuMu3upyeT sHaouuTo3 Al [34].
B cooTBeTCTBUM C 3TUM, OT 00pa30BaHUS MUKPO-
CKOIJICHMI M MMMYHHOTO CHUHArca 3aBHUCHUT Kak
CTCIIeHb aKTUBALIMM B-KJIETKM, TaK ¥ KOJIUMYSCTBO
AT, npencrapisiemoro T-xenmnepam [92]. Takzke MOX-
HO TIPEITOJIOXUTD, UYTO aKTUBU3ALIU S JIATePaTbHOTO
nepenBuxkeHus KiaactepoB BCR npu koHTakTe ¢ AT’
1 UX TOCJeayIoIlee CTITMBaHWE B OMHY O0JIacTh
WMMYHHOTO CHUHATICa TI03BOJISIET YBEJIMYUTh 3aXBaT
3nUTOIOB Al C pa3IMYHBIM UCXOIHBIM PACITOJIOXKE -
HUEM Ha o0beKkTe. Paznuuust o6pa3zoBaHUsI MUKPO-
ckorieHnit BCR m mMMyHHOTO CMHATICA TIPU OTBETE
Ha pa3Hble A MOTYT OTpaxkaTh IpoIlecC agaITalluu
B-KJ1IeTOK K TaKMM CBOMCTBaM, KaK IJIOTHOCTh, Ba-
JIEHTHOCTb, ap(PUHHOCTH U MOABUKHOCTb SIMUTOIOB
AT, a Takske XXeCTKOCTb U Tonorpadus Hecymux AT
cybeTpartoB [54, 55, 67, 93]. [1o-BuaumMomy, peryis-
LIMIO 3TOI aJanTUBHON CTOCOOHOCTU B-KJ1eTOK ocy-
ILIECTBJISIET aKTUHOBBIN IIUTOCKEJIET.

B3anmoperncteme BCR ¢ uMtockenetom

B-nuM@ouuThl UMEIOT LIUTOCKEIET KOPTUKATb-
HOTO THMNA WU KJICTOYHYIO KOpPY, KOTOpas Ipe.-
CTaBJISIET CO0OI TOHKYIO CETh BOJIOKOH (hriaMeH-
To3HOro akTuHa (F-akTuHa), pacnojgoXeHHYIO IO

njIa3MaTu4eckoil MeMOpaHOI U COEAUHEHHYIO C Hel
MEMOpPaH-IIUTOCKEAETHBIMU JIMHKEPAMU: MMO3U-
HOoM 1 1 Tpemsl poacTBeHHbIMU OenkamMu ERM: 33-
PWHOM, paAUKCUHOM U MO33WHOM |25, 85]. Hapsny
¢ F-akTmHOM KJeTouHasi Kopa conepXKuT OoJiee cTa
aKTUH-CBsI3bIBaIOIIMX OenkoB [25]. HatsxeHue
KOpbI co3maeTcss MMO3uHOM-2 [24, 69], a mopdo-
JIOTUYECKHNE W3MEHEHUST KJICTOK OCYIICCTBIISIIOTCS
C TIOMOIIbIO M3MEHEHMsI KOHMDUTYpaIuy IIUTOCKE-
JieTa 3a CYeT pa300OPKU CTapblX U COOPKM HOBBIX aK-
TUHOBBIX (DUIAaMEHTOB TIOA yITpaBJICHUEM aKTWUH-
CBSI3BIBAIOIIMX OCJIKOB: HyKJIeaTopoB F-akTumHa,
peTyJIITOPOB COOPKM M pa300pKW aKTWHA W arcH-
TOB, ClIMBaLIMX akTuH [11, 25]. B yacTHOCTHU, 00-
pa3oBaHUE M POCT JIMHEitHOro moaumMepa F-aktuHa
WHULOUUPYIOT HyKJIeaTopbl F-akTnHa [70], a cBsI3aH-
HBII ¢ aKTUHOM KOMIIJIEKC Oelika 2/3 crmocoOCTByeT
obpaszoBaHMIO pa3BeTBJIeHHoro F-aktuhHa [13, 25].
Jenonumepusanus (paszdopka) F-akTuHa yckKopsi-
eTcsa OenkamMu ceMmelicTBa KodmimHOB [11, 25, 48].
KoMOnHMpOBaHHBIE ACUCTBUS 3TUX aKTHUH-CBSI3bI-
BaOIIMX OCJIKOB PETYJIUPYIOT 00pa3oBaHUE pa3inyd-
HBIX BBICTYIIAIOLIMX CTPYKTYp KjaeTku [30, 69, 83], Ta-
KUX KaK TJIOCKHE JIAMEJIJIMIIONNUM, CKEeJIET KOTOPHBIX
COCTOUT U3 pa3BeTBJICHHOTO F-akTnHa, njm ToHK1e
duiononnu, coaepxaiiue JuHeliHbIt F-akTuH [84,
114]. AuHaMu4ecKue MU3MeHEeH U ST aKTUHOBOTO LIUTO-
cKeJieTa UMEIOT peliamliee 3HaUeHue AJIs aire3nu
u Murpauuu B-kieTok [4, 5, 66, 88], onpeaessiior ux
MopdoJtoruio u nonBukHocTh BCR [63].

Kak Obulo yKazaHO BbIIIE, B ITOKOSIIIIMXCS
B-knerkax momBuxxHocTh BCR orpanmyeHa. DTto
OrpaHMYCHHE IIOOBUXHOCTU 3aBHUCUT OT IIUTO-
I1a3MaTnudeckoro nomeHa Igf w mioTHoCTU pac-
nojioxxeHus: F-akTuHa noa miaia3MaTu4ecKou Mem-
OpaHoii, Torma Kak pas3pylleHUe aKTMHOBOM CeTU
JAaTPYHKYJIUHOM A yBeJIWMUYUBaeT JaTepalibHYIO
noasuxxHocTh BCR [37, 42, 104]. Kpome Toro, ceTh
M3 aKTUHA U 33pMHA, HAXOASIIErocss B aKTUBHOM
KOH(MOpPMAIIU, CBSI3bIBAaCT IIUTOCKEJIET C WUHTE-
TpaJIbHBIMH MEMOpaHHBIMH OeJIKaMM, BKJIIOYAsS
BCR, 1 yyacTByeT B COCPEIOTOUYCHUU PTUX peLen-
TOPOB B MpeAeaax HaHoKJacTepos [41, 103].

CasaspiBannie BCR ¢ AT BhI3bIBaeT BpEMEHHYIO
¥, TO-BUANMOMY, JOKAJIbHYIO pa300pKy aKTHUHO-
BOTO IIMTOCKEJIeTa, WHAYIIMPOBAHHYIO KOpuiIn-
HOM, a TaK>e yTpaTy CBsI31 MeX 1y ceTblo F-akTuHa
M 0eJIKaMHU IJ1a3MaTUYeCKOM MeMOpaHbI 3a CUET Jie-
dochopunrupoBanus (MHAKTUBalLlMKU) 33puHa [36,
103]. B pesyabTraTe Kak CBOOOJHBIE, TAK U CBSI3aB-
mue AT peenTopbl 0CBOOOXKAAIOTCS OT CETH, YIAeP-
JKMBAIOIIEel MX ILUTOIIa3MaTUUYeCKUe HTOMEHHBI,
¥ YBEJIMYMBAIOT CBOIO MMOABUXHOCTS [104]. DTO mo-
3BoJisieT HaHokyacTepaM BCR crankuBartbcs, 06-
pa3oBbIBaTh MUKpocKoreHus [103] u BkJoyathb
B HuX Kopeuentopsl CD19 [26, 37, 75, 96, 101].

WNHTepecHO, 94TO aKTUBaMs KOPUIMHA U T0-
NOJIHUTENAbHOE YyBeJndyeHue rmnoaBukHoctu BCR
HaOJIlogaeTcs TPy paclio3HaBaHWM B-KieTkoi
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nunonoaucaxapuna uiu CpG JHK c¢ momoiibio
naTTepH-pacno3Hamomux Toll-mogoOHBIX peler-
TOpoB. B pe3ynprare, coueTaHHOE pacIlio3HaBaHUE
AT u ITAMII ycunuaet niepenady curiaios BCR
M CHUKaeT mopor akTuBauuu B-kaetok [35].

Bckope mocne pa3dopKu LIMTOCKEJeTa BHOBb
YCHJIMBAETCSI MOJMMEpU3alrs aKTuHa B 00JacTu
chopmupoBaHHBIX MUKpokjgactepoB BCR [47,
65, 66], mpuyeM 3TOT IIPOLIECC OJIOKUPYETCS MH-
rMOMTOpaMU TUPO3MHKUHA3BI, a 3HAYUT, 3aBUCUT
OT aKTMBAlIMOHHOIO CHUTHaJla, MHAYIMPOBAHHO-
ro pacmo3HaBaHuem Al [104]. CTpykTypa BHOBB
c(hopMUPOBAHHOIO yyacTKa LIUTOCKEJIeTa CTaHO-
BUTCS 60J1ee TMHAMUYHOU U MOJISIpU30BaHHOM, YeM
o KoHTakTa ¢ Al, omHaKo OHa He TOPMO3MUT, a CITO-
COOCTBYET IIPOOOJIKEHIIO (POPMUPOBAHUSI MUKPO-
ckorieHuit BCR [20]. B yvactHocTu, F-akTuH MO-
KET IepeMellaTbCsi MUO3UMHOM B (opMupyembie
3B€31000pa3HbIe CTPYKTYpPhI, YTO, MO-BUIMMOMY,
MOXKET IIPOABHUTIaTh B KJIACTEephl OEJIKU, CBSI3aH-
HbIe ¢ HuTOocKejaeToM [43, 59, 101]. leficTBUTEAbHO,
BO BpeMsI aKTUBalluu B-KjeTok HabmonaoTCs JTu-
HeliHbie nBUXeHus1 BCR B 6oratbix akTMHOM 00J1a-
CTIX, HarTpuMep Ha nepudepun puaonoguu [98].

JBe da3pl mHoyuupoBaHHbIX Al M3MeHeHU
LIMTOCKeJIeTa MOT'YT BJIUSTH Ha Jlokaau3auuio BCR
BJIUTIUAHBIX padTax. Bellle oTMeuyanoch, 4ToO HAHO-
knactepsl IgM-BCR Ha mokosmxcst B-kieTkax Ha-
XOASITCS B OOBIYHBIX yUyacTKax MeMOpaHbl BHE pad-
ToB. B niepBoii paze nedpochopuinpoBaHue a3pruHa
OPUBOAUT K OTCOEAMHEHUIO OT aKTUHOBOI'O LIUTO-
ckeJieta He Tonbko BCR, HO 1 TUnuaHbBIX padTOB,
o0oraiieHHbIX CUTHAJIbHBIMU MoOJeKydamMu [42],
YTO OOJieryaeT MX B3aMMOJEHCTBUE CO CBOOOIHO
nepensuratomumucs BCR [41, 95]. Bo BTopoii daze
MPOMCXOIUT TIOBTOPHAasi cOOpKa aKTUHOBOTO IIMTO-
ckesieta u pedochopupoBanue 33puHa [103], pu-
BOJISIIIEE K CTAOMJIM3aIlMU BHOBb BOSHUKIIIMX B3au-
mopeiicTBuii Mexkay BCR 1 curHaJibHBIMU MOJIEKY-
JaMu B npeaenax padra [42, 103].

CBsI3b ITMHAMWYCCKUX U3MEHEHHN I IIUTOCKEJIeTa
¢ MopdoJorueii B-kiaeTok Haubosiee IpKo mpoce-
JKUBaeTcs TIpU KOHTakTe ¢ A, accollMMpoOBaHHBIM
C TIOBEPXHOCTBIO KJIETKHU-TIapTHepa. [lepBUYHBIN
KOHTAaKT ¢ Hecylieid AI' MeMOpaHoii OCYILIECTBIISIET
dunonoaus B-numdponura. Hactynaet paza pacna-
Jla KOPTUKAJBHOIO LIMTOCKEJIeTa 1 Iepepacrpene-
neHus akTuHa [34, 36]. 3arem F-akTuH HakanaiuBa-
eTcs B 00IacT KOHTaKTa, 0COOCHHO Ha Iepudepun
9TOU 30HBI, B pe3yJIbTaTe 4Yero o0pa3yroTcs hpujiono-
MU Y JIAMEJITUTIONN U, KOTOPBIE YIJTUHSIOTCS U CO-
KpallamTcs, «OLIYITbIBas» MeEMOpPaHy BOKPYT 30HbBI
MepBMYHOro KOoHTakTa [66]. Bo BpeMs pocra stmx
CTPYKTYp Ha MUX MOBEPXHOCTH, YAaCTO Ha KOHIIAX,
obpaszyroTcst HoBble MUKpockorieHust BCR, koTo-
pbie KOHTaKTUPYIOT ¢ A, a BOo BpeMs cOKpallleHU s
OTPOCTKOB 3TU MUKPOCKOIUICHUS TIEPEABUTAIOTCS
K LIEHTPY 30HBI KOHTaKTa [65, 66]. B mambHeiiei
arperauuu MukpockorieHuin BCR B ueHTpaib-

HBII KJIacTep Y4acTBYET CeTb MUKPOTpyOouek [94].
OTOT mpolecc TpebyeT ydyacTusi MOTOPHOTO Oesika
JuHenHa U kKapkacHoro oenka IQGAPI ans cBs3u
MUKPOTPYOOUEK C aKTUHOBBIM 1LIUuTOCKeaeToM [110].
ITnomans KoHTakTa Mexay B-kieTkoit u membpa-
Hoit, Hecywier AI, mnpomosikaeT yBeJIUYUBATHCS
B T€UE€HUE HEeCKOJbKMX MUHYT [34], mpu 3TOM coO-
nepxxanue F-akTuHa mognepxkuBaeTcst Ha Tiepude-
pun o0JIACTU KOHTAKTa, HO YMEHbIIIAeTCs BOJIU3U
cauBampoiuxcs kiaacrepos BCR [36, 47, 66]. B o ke
BpeMsI HaOJIomaeTcs CHMXEHUE TUHAMHKU MeM-
OpaH B-kJyeTok ¢ mpeodiiagaHueM COKpalleHU s Hall
BBITITUBAaHUEM OTPOCTKOB, M HACTyHaeT CXKaTue
KOHTAKTHOM 30HHEI. [1pr 3TOM peTporpaaHbIii ITOTOK
aKTWHA U MeXaHW4YeCcKasl CuJjia, poXKIeHHAasI CXKaTH-
eM, TIPUBOIMT K arperaiiii MUKPOCKOTLJICHUI 1 00 -
paszoBaHMIO LIeHTpajabHOro kiacrepa BCR [34, 65].
@dopMmupoBaHUE IEHTPAJIbHOIO KJIacTepa COIIPO-
BOXIAeTCsS OCJa0JeHHWEeM aKTHMBAIlMOHHOI'O CHT-
Hana [65] ¥, MO-BUAMMOMY, TOTOBUT KJIETKY K DKC-
TpakIuu MoJieKyJ1 A’ ¢ TOBEpXHOCTHU KJIETKU-TIapT-
Hepa U UX MOTJIOIICHUIO.

B-nmumdoruTe! norsomaoT A’ Kj1aTpruH-3aBUCH-
MBIM 3HAOIMUTO30M. JIJIs1 3TOro mocje CBSI3bIBAaHUS
AT nurorutazamarudeckue nomeHbl BCR B3aumoneii-
CTBYIOT C KJAQTPUHOM, KOTOPBI MOJTMMEpPU3YETCS,
0o0pa3sys IJIOCKYIO ceTh no kjactepoM. CeThb B3au-
MOJICMCTBYET C OeIKaMU-UHAYKTOpaMU HCKPUBJIC-
HMS M HAYMHAaEeT IPOrudarh BHYTPb HAPYKHYIO MEM-
OpaHy, OKa He oOpa3yeTcsl Be3uKyJja, KoTopasi CJIu-
BA€TCd C paHHEN 2HAOCOMOM IJII COPTUPOBKM IO-
miomieHHoro Marepuana. I[lpu moriomeHun Maabix
00BEKTOB (arperatbl MOJICKYJI, BUPYCHbBIE YaCTHIIbI)
dopmupoBaHue Be3ukya auameTpom 100—150 HM
He TpeOdyeT yJyacTusl IMTOCKeeTa, U aKTUH UCIIOJIb-
3yeTcsl JIMIIb IIPU BHYTPMKJIETOYHO TpaHCIIOpP-
TUPOBKe Be3ukyabl. [Ipu pocte konmuyectBa BCR,
cBazaBiux Al, yBenuumBaeTcsl IJIOLIAAb 3aieii-
CTBOBAHHOTO yJyacTKa MeMOpaHbl, 1 (hOpMUPOBaAHUE
KPYIHOI BE3WKYJBI IIPOUCXOANUT C PAHHUM y4aCTH-
€M aKTUHOBOro LuTockesnera [32, 89].

lNpakTrnyeckoe 3HaYeHne
06CcyX1aeMol TEMbI

3HaHusa o ¢yHkuuoHupoBanuu BCR wmoryrt
MMETh HEe TOJIKO TEOPEeTUYECKOe, HO U TTpaKTUUecC-
Koe 3HaueHue. Tak, uccienoBaHue B3aMMOACHCTBUS
BCR c kopeuentopamMu, CUTHaJbHBIMU MOJIEKYJIa-
MM U LIIUTOCKEJIETOM MOXET MOMOYb B IIOMCKE MU-
IIEHEW TEPANEBTUYECKOrO BO3IAECUCTBUM IS Jieye-
HUSI UMMYHOJIOTUYECKU OIMOCPENOBaHHbBIX 3ab0ie-
BaHUM, a U3yUYeHHUE CBSI3U MEXIY HaHOpPa3MEpHOM
tororpacdueii Al'-comepKalux CTPYKTyp U 3¢-
(EeKTUBHOCTHIO UX paClIO3HABAHHWSI MOXKET OKa3aTh-
Cd MOJIC3HBIM JJISI TIOBBIIIEHUS WMMYHOTE€HHOCTH
BakOWH. CoOBpeMeHHBIE METOIBI ITO3BOJISIIOT CO3-
JIaBaTh MCKYCCTBEHHBIC OOBEKTHI C YITOPSIIOUYCHHOMN
opraHusalueil ToBEepXHOCTU, COCTOSIIEH 13 ITOBTO-
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PSIOLIUXCS TOYHO OPUEHTUPOBAHHBIX 3JIEMEHTOB.
ITprMepoM TaKUX UCKYCCTBEHHBIX OOBEKTOB SIBJISI-
10TCs1 BUupycornonooHsle yactuubl (BITY). Ux pas-
Mepbl, (hopma, Habop u opueHTal st A’ MOryT OBITh
TaKMMHU XKe, KaK B Karicugax ujiu od0JouKax poau-
TEJbCKMX BUPUOHOB UM B CYOBUPYCHBIX YaCTULIAX.
Hapsiny ¢ aTuM, ¢ MOMOIIbIO T€HHO-UHKEHEPHbBIX
METOJIOB UJU XUMUYECKOTO KOHBIOTMPOBAHU ST CO3-
natotcs xumepHble BITY, B KOTOpbIX TTOBEPXHOCTh
yacTull U3 6eJKOB OQHOIro BUpyca MOKpbIBaloT AT
apyrux Bosoyautesneii. BITY nwuinensl nHdekn-
OHHOCTU, HO MOTYT 3(hdOEKTUBHO WHAYILIMPOBATh
WUMMYHHBII OTBET Ha cBoU Al 1 MOPTOMY aKTUBHO
HUCIOJb3YIOTCS 1 pa3padoTku BakuuH [7]. K Ha-
CTOSILLIEMY BPEMEHM AECSITKW BaKIIMH Ha OCHOBE
BITY HaxonsiTcs B mpolecce pa3padoTKU 1 UCITbITa-
Huii [78, 81], a BITY-BakLIMHBI MPOTHB renatutoB B
n E, nmanuaiomMaBupycoB uejioBeka, Plasmodium
falciparum [78, 81, 117] n BeTepuHapHble BaKIlIU-
HbI TIPOTUB LIUPKOBUPYca cBUHel [39] paspelieHbl
K ucnoiab3oBaHUIO. OQHAKO KOMMPOBAHUE €cTe-
CTBEHHBIX BUPYCHBIX O0OJIOUEK HE BCerga sBJs-
eTcsl ONTUMAJIbHBIM CIOCOOOM nu3aiiHa BaKIIWH,
MOCKOJIbKY BUPYCHI B XOJ€ 3BOJIOLIUU MPUOOPETU
CMOCOOHOCTD YKJIOHSITBCSI OT AEHCTBUS UMMYHHOU
CUCTEMBI, B TOM YHCJIE 3aTPYIHSITh B3aUMOICHCTBIE
cBoux anuTonoB ¢ aHTuTeaamu u BCR. ITpumep Ta-
KOI cTpaTeruu yKJIOHEHUS NEMOHCTPUPYET BUPYC
UMMYHOIEeMUIINTA YeJIOBEKA, KOTOPbII MOCTOSTHHO
U3MEHSIET OOJIBIIMHCTBO AHTUIEHHBIX SMUTOIMNOB,
MacKMpyeT KOHCEPBAaTUBHBIE SIMUTOIbI, 3aKPbIBasi
UX TPU OJUTOMEpU3ALMM, Mpsidya BHYTPU HEIO-
CTYIMHBIX JIs1 aHTUTEJ KapMaHOB WUJU SKPaHUPYS
BBICOKOBaprabeIbHBIMU TMOKUMU METISIMU, a TaK-
Ke MMeeT HeoObluHoe pacrnonoxeHue Al Kpaline
MaJjioe KOJIMYeCTBO OeJIKOBbIX IIMMOB (0T 4 no 35
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TUYECKU HEIOIBUKHO, HO KpailHe HepaBHOMEPHO
¢ pacctosiHueM oT 7 1o 80 HM, 4TO mpeaoTBpaliaeT
JIBYXTOUEUHOE CBSI3bIBAHNWE AHTUTEN C OOJbILIWH-
CTBOM LIUMOB [58]. B ¢BSI3U ¢ 9TUM Npu KOHCTPYUPO-
BaHuM BITY-BakLIMH NPpOTUB HEKOTOPHIX BUPYCOB
OyIeT liejlecooOpa3HO OTCTYIUTL OT MPUPOITHOIO
NPOTOTHUIIA, UCTIONb3YSI CBEIEHU ST O PaCIIO3HaBaAaHUU
B-nuMdouuramMmyu BapuaHTOB MPOCTPAHCTBEHHO-
ro pacrnoyioxeHuss Al. Takxke 3Tu cBeeHUS OymyT
MOJE3Hbl MPU CO3NAHUM BaKIMH Ha ocHoBe AT,
pa3MelleHHbIX Ha MHBIX MCKYCCTBEHHBIX, CUHTE-
TUYECKUX HOCUTENISIX, a TakxKe Al, coemMHEHHBIX
¢ MeMOpaHaMHU.

3ak/yeHme

B-kneTouHble pelenTopbl 3peablX HAWBHBIX
B-nmuMdonnToB, TOTOBBIX K BCTYIIJICHUIO B UMMYH-
HBII OTBET, TPEOYIOT IBYXTOUCUHOTO CBSI3bIBAHUS
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KOBBIX 3ITUTOINOB UJIW aHTUTEHOB, (PUKCUPOBAHHBIX
Ha MeMOpaHe IPYTUX KJISTOK MMMYHHOM CUCTEMBI.
I1pm 3TOM penenTopHBIM anmnapaT B-mumMdonunTos,
6aromapst ITMHAMUWYECKOM CBSI3U C aKTUHOBBIM 111 -
TOCKEJIETOM KJICTKH, MOXET aIalITUPOBATHCS K pa3-
JUYHBIM BaprMaHTaM pPacCIOJOXEHHNSI aHTUTCHOB
IIST YCUJICHUSI aKTUBAIIMOHHOTO CUMTHAJIa 1 TTOBBI-
meHus 3(pGEKTUBHOCTH SHAOIMTO3a aHTUTCHOB.
ITo HameMy MHEHUIO, 3HAHWUE ITPOCTPAHCTBEHHBIX
aCIIeKTOB pacro3HaBaHUsS aHTUTCHOB MOXET OBITh
TMOJIE3HO PU KOHCTPYUPOBAHWUU BaKIIMH.
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OT KOPOHABUPYCOB K KOPOHABUPYCAM

N.B. Kuceaesa!, T./I. Mycaea?

"®IBHY Hncmumym skcnepumenmanvhoii meduyunst, Cankm-Ilemepoype, Poccus
2@IbY HUHU epunna um. A.A. Cmopoounuesa Munszopaea Poccuu, Cankm-Ilemepoype, Poccus

Pesome. OuniranbHast MICTOPUSI OTKPBITHSI KOPOHABUPYCOB YeI0BEKa OTCYUThIBaeTCs ¢ 1965 I., Koraa Ha OpraHHOI
KYJIBTYpe Tpaxen 4eJI0BeYeCKOT0 SMOPHOHA 13 Ha3aIbHBIX CMBIBOB O0JILHOTO OCTPHIM PECIIUPATOPHBIM 3a00JIeBAHH-
eM OBLJI BBIIEJICH TIepBhIi KopoHaBHUpyc B814, K HacTosImeMy BpeMeHH yTepsIHHBIN. OTHAKO 5Ta JaTa MOXET SIBIISIThCS
TOJIBKO TIPOMEXKYTOUHBIM 3TAIllOM Ha JUIMHHOM 3BOJIIOIIMOHHOM ITyTH 3TOr0 Bo30ymauTens. MccnemoBaHms maieoBu-
PYCOJIOTOB ITOKa3ajIu, YTO KOPOHABUPYCH MOTJIH ITOSIBUTHLCS €Ille B KAMCHHOM BeKe — B 3ITOXY BEPXHETO Maje0InTa,
1 MECTOM MX ITPOUCXOXICHUS Ha3bIBaloT BocTOUHYI0 A3MI0 — pErvoH, XOPOIIO M3BECTHBIN BUPYCOJIOTAM KaK MC-
TOYHUK IOSIBJICHNSI MHOTMX BEICOKOTIAaTOT€HHBIX BUPYCOB TPUIIIIA M HOBBIX KOPOHABUPYCOB, TaKMX KaKk SARS-CoV,
MERS-CoV u SARS-CoV-2. B10 3acTaBisieT MO-MHOMY B3MJISIHYTh Ha KaXXyLI[yocs 6€300MIHOCTb CE30HHBIX KOPO-
HaBUPYCOB, HUPKYIUpoBaBiiux 10 2002 r., Koraa mosiBUICS MaTOreHHbIH 1151 YeloBeKa BUPYC, BhI3biBaBIIMit SARS —
aTUMUYHYIO MHeBMOHUI0. Crofa Xe yKJIaablBaeTCs U MPEaNoJI0XEeHe 0 KOPOHABUPYCHOM TIpUpoe MaHIEeMUU pyC-
ckoro rpumnma 1889 r. CeroqHst U3BeCTHHI 4 CE30HHBIX KOPOHABUPYCA U 3 HOBBIX, BBICOKOMIATOTEHHBIX JJ151 YeJI0BEKa.
2 ce3oHHBIX KopoHaBupyca (229E u NL63) otHocaT K pony Alphacoronavirus, 2 apyrux (OC43 u HKU1) u 3 HOBBIX
kopoHaBupyca (SARS-CoV, MERS-CoV u SARS-CoV-2) — x pony Betacoronavirus. B HacTosimieM 0630pe MBI OCTa-
HOBUJINCH Ha «KpalfHUX TOYKaX» — CE30HHBIX KOpoHaBHpycax u maHmemudeckoM SARS-CoV-2. MBI onbITaanuch
IIPOBECTH aHAJIOTUIO MEX Y HUMU 1 BRISBUTH OCHOBHBIC UYePTHI, MX oTIndatomiue. C TOUKH 3peHMS SITHAIEMUAOJIOT I
U KJIMHUKH UX 00BeIMHSIECT TOJBKO BO3AYIIHO-KATICIbHBIN ITYTh Mepeaadi, XapaKTepHBI IJISI BCeX peCITMPaTOPHBIX
BHUPYCOB, 1 ITOBCEMECTHOE paCIpOCTpaHeHNE, Ha XapaKTep M MHTEHCHBHOCTb KOTOPOTO He OKa3hIBAaIOT CYIIeCTBCH-
HOTO BIWSTHUST HY 3TUIEMUN, HU ITaHaeMuu rpuiiia. Ce30HHbBIe KOPOHABUPYCHI M PKYJIMPOBAJIH JaXKe B TAHAEMHIO
COVID-19, korga 3HauUTebHAST YaCTh IPYTUX PECITPATOPHBIX BUPYCOB IIPaKTUUIECKH UcYe3Ia. 3HAUUTEIbHBIC pas3-
JINYUST MEX Y CE30HHBIMU KopoHaBupycaMu 1 SARS-CoV-2 npociexuBaoTcsl BCUMIITOMAX, TSXKECTU U MaTOreHe3e
3a0071eBaHUI, KOTOPbIE OHU BBI3bIBAIOT, @ HA CTPYKTYPHOM YPOBHE MEXY HUMHU OYEHb MHOTO 00IIeT0. DTO TaKCO-
HOMHUYecKas 0J11u30CcTh, MOpdoJorus, cTpoeHue, GU3NKO-XUMUUYECKUE CBOMCTBA BUPMOHOB, OpraHMU3allis TeHoMa,
OCHOBHbIE 3Tarbl perinKaluu Bupyca u Muoroe apyroe. Uro xe cnenano SARS-CoV-2 HacTonbko arpeccuBHbIM?
Te HeMHOrUe BBISIBJICHHBIC K HACTOSIIIEMY MOMEHTY pa3IMuus B pa3Mepax BUPYCHBIX YaCTUI[ U BUPYCHOTO T€HOMA,
HCITOJIb30BaHUE UJIM HET TeMarrIIOTHHUHACTEpasbl AT IPOHMKHOBEHMS BUPYca B YYBCTBUTEIbHYIO KIICTKY, TIPHU-
KpeTJIieHne K Pa3HBIM KJIETOYHBIM PEIelITOpaM He MOTYT OOBSICHUTH CYIIECTBEHHYIO Pa3HUILY B TSKECTH TEYCHUSI
MHGEKIINN, KOTOpas BBI3BIBACTCS CE30HHBIM JTM00 MaHAeMUIeCKIM KOopoHaBrupycoM. CKopee BCero, 3TH pa3Iudus
HMMEIOT B CBOCH OCHOBE TOHKHE MOJIEKYJISIPHBIE MEXaHU3MBI, 0 KOTOPHIX €Ille TOJIBKO ITPEICTOUT Y3HATb.

Karouegoie caosa: ocmpoie pechupamopHuie UHGeKyUU, pecnupamopHsie 8Upycol, KOPOHABUPYCbl HeA08EKA, Ce30HHbIE KOPOHABUDYCbL,
nandemuyeckuii SARS-CoV-2, ocobennocmu yupkyasyuu KopoHagUpycos.
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FROM CORONAVIRUSES TO CORONAVIRUSES
Kiseleva 1.V.?, Musaeva T.D."

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation
b Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation

Abstract. The official history of the discovery of human coronaviruses dates back to 1965, when the first coronavirus B814,
which has now been lost, was isolated on the human embryonic tracheal organ culture from the nasal swabs of a patient
with acute respiratory disease. However, this time point can only be an intermediate stage on its long evolutionary path.
Paleovirological studies have shown that coronaviruses could have appeared as early as in the Stone Age — in the Upper
Paleolithic era, and East Asia is considered as their place of origin — a region that is well known to virologists as the source
of many highly pathogenic influenza viruses and new coronaviruses, such as SARS-CoV, MERS-CoV, and SARS-CoV-2.
This makes us take a different look at the seeming “innocence” of seasonal coronaviruses that circulated before 2002,
when a human pathogenic virus appeared that caused SARS. This also fits well into the assumption about the coronavirus
nature of the 1889 Russian flu pandemic. Today, four seasonal and three new, pathogenic for human coronaviruses are
known. Two seasonal coronaviruses (229E and NL63) belong to the genus Alphacoronavirus, 2 others (OC43 and HKU1)
and three new coronaviruses (SARS, MERS and SARS-CoV-2) belong to the genus Betacoronavirus. In this review, we
have focused on the “extreme points” — seasonal coronaviruses and pandemic SARS-CoV-2. We attempted to draw an
analogy between them and identify their main distinguishing features. From the viewpoint of epidemiology and clinic,
common what they have is only the airborne transmission route, characteristic of all respiratory viruses, and the ubiqui-
tous distribution, the nature and intensity of which were not markedly affected by the influenza epidemics/pandemics.
Seasonal coronaviruses continued to circulate even during the COVID-19 pandemic, when the majority of other respira-
tory viruses had largely disappeared. Significant differences between seasonal coronaviruses and SARS-CoV-2 can be
traced in the symptoms, severity and pathogenesis of the diseases they cause. At the structural level, they have a lot com-
mon features including taxonomic proximity, morphology, structure, physicochemical properties of virions, genome or-
ganization, the main stages of virus replication, etc. What made SARS-CoV-2 such aggressive? The few differences in the
size of viral particles and viral genome that have been identified to date, the use or not of hemagglutinin esterase to pen-
etrate into a sensitive cell, attachment to different cell receptors cannot underlie a prominent difference in severity of the
infection caused by seasonal or pandemic coronavirus. Most likely, that these differences are based on delicate molecular

mechanisms that have yet to be discovered.

Key words: acute respiratory infections, respiratory viruses, human coronaviruses, seasonal coronaviruses, pandemic SARS-CoV-2,

features of coronaviruses circulation.

BeepneHne

Bo30ynuTean ocTphIX pecUpaTOPHBIX BUPYC-
HbeIX nHPekuuii (OPBU) — sTo camas pacnpocTtpa-
HEHHas rpyIiIa TPOIMHBIX K MEpLAaTeIbHOMY 3IH-
TEJUIO AbIXaTEeJIbHBIX IIyTeil BUPYCOB, OOBEIUHSI-
eMBIX ITyTeM Ilepenadyu BO30YAUTENsI, «BXOTHBIMU
BOpOTaMU» MHMEKLUUN U KIMHUYESCKUMMU CUMII-
ToMaMu. TakKCOHOMHMYECKM OHHU OYEHb OajleKHu
JIPYT OT Apyra U BKJIOYAIOT B ce0sl BUPYCHI I'pUIITIA
U maparpuiina, pecrnupaTopHO-CUHIIUTUATIbHBIN
BUPYC, PUHOBUPYC, METAaITHEBMOBUPYC, KOpOHa-
BUPYC, aA€HOBUPYC U LEABIN psig APYTUX BO30OYIU-
Tesneil. B knuHudyeckoi mpaktuke nuario3d OPBU
CTaBUTCS B OCHOBHOM ITO COBOKYITHOCTH CUMIITO-
MOB U TOJBKO B CPaBHUTEJIBHO PEAKUX CIydYasx
ISl BBISIBJICHUSI KOHKPETHOI'O BO30OYIUTEJNS MC-
MOJB3YIOTCS METOAbl J1abOpaTOPHON AMArHOCTH-
ku. Pasznuunble Bo3oyautenu OPBWM Bei3biBaioT
OoJice UM MEHEee CXOOHYIO CUMIITOMATUKY, KOTO-
pasi BKJIIOYaeT MOBBIIIICHME TeMIIEpaTyphbl TeIa, T'o-
JIOBHY10 00JIb, 03HOO, 00Illee HEAOMOTaHWE U Tp.,
a KJIMHUYECKHU 3a0oJieBaHUE BbIpaxkaeTcsl B BHUIE
OCTPOro pUHMTA, OCTPOro (apuHTUTa, OCTPOTO
TOH3UJIJIMTA, OCTPOro JapMHIOTpaxenuTa u OCTPO-

ro oponxuTta [137]. TaxenbiM niposiBieHuemM OPBU
SIBJISIETCSI OPOHXMOJIUT, KOTOPHII BO3HUKAET KaK
npaBuiIo y MianeH1es [84]. B mponecce pa3Butus
BUpPYCHOE 3a00JIeBaHNE MOXKET OCIOXHSITHCS BTO-
pUYHOIT 6akTepHuaabHO nHMekue [4, 31].

Yame Bcero OPBM mporekaioT B BuIe JieT-
KOTO 3a00JIeBaHUSI U IIPOXOISIT CAMOCTOSITCIIb-
HO. OmHAKO eciM BUpycaM ymaeTcsl IIPOHUKHYTH
B HUXXHUe abixarelibHble mytu, OPBU mpuobpe-
TAIOT TSIXKEAYIO QOpMy, KOTOpasi MOKET IPUBECTH
K BUPYCHOM MHEBMOHUM, OCTPOMY PECITUPATOPHO-
MY OIMCTPECC-CUHIAPOMY U K O0OOCTPEHUIO XPOHMU-
yeckux 3abosieBannii [36]. Ha @pone conmycTByloleit
MAaTOJOTUU, CHUKEHUS UMMYHUTETA, a TaKXKe IpH
BBICOKOI BUPYJICHTHOCTH BUpPycCa M HeaJaeKBaTHOM
nedyennn, OPBU MoryT OCIOXHSATHCS CHHYCUTAMMU,
eBCTaXMUTaMH1, OTUTAMH, MAaCTOMIMUTOM, TOH3UJI-
auTaMu (aACHOMAWTAMM), MCHUHTUTAMU W SHIIE-
damuramu. HarmpuMep, OCHOBHBIM KJIMHUYECKUM
OPpU3HAKOM PUHOBUPYCHOU WMHMEKINMN SIBIISICTCS
puHHUT. OgQHAKO 3a9acTyIO 3a00JIeBaHNE MOXKET OC-
JIOXHSITBCSI PUHOCUHYCUTOM, PUHOMAPUHIUTOM,
OCTPBIM cpeaHUM oTUTOM [18, 22] u maxe mopaxe-
HHEM HUXXHUX IbIXaTeJIbHBIX ITyTeil (OpOHXMOIINT,
MHEBMOHUS 1 acTMa) [18, 43, 96].
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MHdekumns n uMmyHuTeT

Menaka-Bupyc / Melaka virus

2005 BokaBupyc / Bocavirus
2003 Mumuswmpyc / Mimivirus
2001 MetanHeBmoBupyc / Metapneumovirus
1965 KopoHaBupyc / Coronavirus
1956 Bupyc naparpunna / Parainfluenza virus
1956 PC-Bupyc / Respiratory syncytial virus

1956 PuHoBupyc / Rhinovirus

1953 ApneHoBupyc / Adenovirus
1947 Bupyc rpunna C / Influenza C virus

Bupyc rpunna B / Influenza B virus
Bupyc rpunna A / Influenza A virus

1940
1933

PucyHok 1. XpoHONOrnsa oTKpbITUS OCHOBHbIX
CE30HHbIX peCNMUPaTOPHbIX BUPYCOB Yel0BeKa

(Ha ocHoBe [25, 26, 30, 40, 64, 65, 66, 85, 110,
113, 118, 125, 130, 132])

Figure 1. Chronology of discovery of major seasonal
human respiratory viruses (based on [25, 26, 30, 40, 64,
65, 66, 85, 110, 113, 118, 125, 130, 132])

SARS-CoV \
2002 Ce30HHbIe
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7 Seasonal coronaviruses
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MERS-CoV
2012

SARS-CoV-2
2019

Bosbyautens
naHgemum 1889 ropga?
The causative agent of

the 1889 pandemic? )

?

PucyHok 2. XpoHonorusi oTKpbiTUsi KOPOHABUPYCOB
Yyenoseka

Figure 2. Timeline of discovery of human coronaviruses

Hctopust OTKpBITUSI PECOUPATOPHBIX BUPY-
COB YeJioBeKa OepeT Havaiao ¢ 1933 1., korma Smith
¢ coaBT. [118] BeIOenMI MepBBIN BUPYC TpUIla A.
3areM, ¢ MHTEPBAJOM B HECKOJBKO JIET, ObLIN
M30JIMpOBaHbl Bupychl rpunna B (1940 1) [46]
u C (1947 r.) [125], amenoBupyc (1953 r.) [64, 113],
puHoBupyc (1956 r.) [110], pecnrMpaTOpHO-CUHIIM-
TuaiabHbI Bupyc (1956 r.) [25], Bupyc maparpuiima
(1956 r.) [26], xopoHaBupyc B814 (1965 r.) [65, 66,
130], metarmraeBMOBUpyc (2001 1.) [132] 1 6bokaBHpYyC

(2005 1.) [12, 127] (puc. 1). B mocneaHue roasl K opu-
LMaJbHO TIPU3HAHHBIM B KayeCcTBE BO30yaUTEEH
OPBM Bupycam 100aBUJINCh HOBbIE areHThI: OITU-
canublit B 2007 1. BUpyc Memaka [30] 1 TUTaHTCKU A
MHUMHUBHUPYC, TTIEpBOE YIIOMUHAHUE O KOTOPOM B Ha-
yuyHoOU uTepatype oTHocuTcs K 2003 1. [85] (puc. 1).

I'pynmna pecnupaTopHbIX BUPYCOB ITOCTOSIHHO
MOMOJHSIETCS HOBBIMU BO30OymutTensiMu. He BbI-
3bIBA€T COMHEHMIA, YTO LIEJbINA psiag BUPYCOB, BBI-
3BIBAIOIINX CXOOHBIC CHUMIITOMBI, OO CHX IIOpD
He UIeHTUDGUIIPOBaH.

B riocnenHee BpeMsi, B CBSI3M C paCIIPOCTPAaHEH U~
€M HOBBIX KOPOHaBHPYCOB, 3HAUUTEIbHO OoJiee Ta-
TOTCHHBIX JIJI51 YeJIOBeKa, YeM OOBIUHBIC CE30HHBIC
KOPOHABUPYCHI, OHU CTaJu OOBEKTOM IPUCTATb-
HOTro WHTepeca ucciaenoBaresneit. K coxanenuto,
JMAaHHBIX O IUPKYJISIIIMUA CE30HHBIX KOPOHABHUPYCOB
yejgoBeka B nepuoa naHaeMuu COVID-19 HemMHO-
ro, HO BCe TOBOPUT O TOM, UTO OHM HE MCUe3aIUu
TMOJTHOCTHIO U3 LIUPKYJISIUU BO BpeMsI SKCIIaHCUH
SARS-CoV-2 [22, 80, 81], KaK 3TO OBIJIO CO MHOT U~
MU IPYTUMU PECITUPATOPHBIMU BUpycamu [27].

B Hacrosiiiem 0630pe MbI TOMBITAJIMCh ITPO-
BECTHU aHAJOTUI0O MEXIY ABYMs T'pyIIaMu pPecru-
paTOPHBIX BUPYCOB 4YeJOBeKa, IBYMS «KpallHUMMU
TOYKaM1» — CE30HHBIMHM KOPOHABUPYCaMH U BU-
pycom SARS-CoV-2, BHe3amHO MNOSIBUBIINMCS
B 2019 . 1 MTHOBEHHO pPAaCHPOCTPAHUBIINMCS
10 BCeMY 3eMHOMY I1apy.

XpPOHONOrns OTKPbLITUS 1 COBPEMEHHAS
TakKCOHOMMSI KOPOHABUPYCOB YeNi0BEKA

XpOHONOrns OTKPbITUS KOPOHABUPYCOB YeNoBeKa

MHorue BUpychl HUPKYJIUPYIOT B UeJTOBEUECKO
MOMYISIIANA HAa IPOTSIKEHUM COTEH M JaKe THICSTY
net. CKopee Bcero, KOpOHaBUPYCHl HE COCTaBJISI-
IOT UCKJIIOYEHMUSI M CYIIECTBYIOT TOpas3io J0Jb-
11e, YeM HaM 00 3TOM M3BECTHO, HO OUIIMaIbLHO
nepBbIi Ce30HHBIN KOopoHaBUpyc yenoBeka (B814)
6bL1 onucaH B 1965 r. Tyrrell u Bynoe [65, 66, 130]
(puc. 2). K coxaneHnio, oH He COXpaHUJICS A0 Ha-
KX AHeH [3], TakKe ObLT yTePsIH U LEIbINA P APY-
T'MX CE30HHBIX KOPOHABUPYCOB ueaoBeka [7].

I'ox ciiyctss Hamre u Procknow [60] onmyGimko-
BaJiu pe3yJbTaThl U3oasanuu mramma 229E ot cTy-
nenTa ¢ cumnromamu OPBU, a B 1967 r. Mclntosh
¢ coaBT. [98] coOOIIMIN O BEIACICHUH LEJION Cepruu
IITAMMOB, KOTOpble OHM oOo3Hauuau kak OCI,
OC2 u 1.1. HanGonblyo U3BeCTHOCTb U3 HUX MO-
ayuua mrtamm OC43 [19], koTopslit, Hapsiny ¢ 229E,
JIO CUX TIOP SIBJISIETCSI MOJIEJIbHBIM [78].

B 1968 r. 1epBOOTKpbIBATEIM KOPOHABUPYCOB
yeJloBeKa OoO0paTuu BHUMaHUWE Ha CXOJICTBO WX
AIEKTPOHHBIX MUKpodoTorpaduii ¢ COJHEUHOI
KOPOHOI B MOMEHT COJIHEUHOro 3atMeHus [13], mo-
cJIe Yero Ha3BaHUE «KOPOHABUPYC» MPOUYHO 3aKpe-
MHWJIOCH 32 3TUM MaTOTCHOM.
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M3BecTHBIE B T€ TOIBI KOPOHABUPYCHI YeIOBEeKa
CUMTAJIMCh HACTOJIBKO O€30ITaCHBIMU, UTO UX JTaKe
naccupoBajuv Ha BojsioHTepax [24, 130]. B 2002 r.
CUTyallrsl KapAMHAaJIbHBIM O00pa3oM M3MEHUJIACh,
KOTrJa HOBbII 6€ TAKOPOHABUPYC ObIT UASHTUDU LU -
poBaH B Kurtae Kak BO30ynuTeb SIUIEMUU aTH-
MUYHOW ITHEBMOHUU, WJIM TSKEJIOTO OCTPOro pe-
cniupatopHoro cuHapoma (SARS-CoV, Severe acute
respiratory syndrome-related coronavirus) [139].
IMpenmnonoXuTeabHO JIIOAM 3apa3uiuCh OT TIPOMe-
)KYTOUHOI'O XO3siIMHAa — TUMajlackux uuBeT [57].
JetanbHoe m3yuyeHue SARS-CoV nokaszajno, 4To
OH SIBJISIETCSI TIPUPOTHO-0YarOBbIM BUPYCOM, a €TO
NPUPONHBIA pe3epByap — JeTyuyue MbIu [88,
99]. Benblika aTUIMAYHONW ITHEBMOHUM ObIJIa JI0-
CTAaTOYHO JIOKAJIbHOW M HE HOCUJA MaHIeMu4e-
CKUI XapaKTep, HO CMEPTHOCTh OT 3TON MHpeEK-
UM ObLJIa TOCTATOYHO BBICOKOW M MpUOIMKaJIach
K 10%. B 2004 1. BUpyC MCY€e3 TaKXKe HEOXUIaHHO,
KaK TOSIBUJICSI U C T€X MOP He ObLJIO 3aperucTpupo-
BaHO HU OJHOTO cllyuas 3apaxXeHus gdwoaeii [139].

DnuaeMust aTUIMUMYHOW TaHAEMUU, BBI3BaH-
Hasg SARS-CoV, 3actaBujia mo-HOBOMY B3IVISIHYTh
Ha Kaxyliudecss 0e300UAHBIMU KOPOHAaBUPYCHI
W CTUMYJIMpOBaJjia aKTUBHBIN MCCIIENOBATEIbCKU
MHTEepecC yueHbIX. Bckope ObLIM 0OOHApyKEHBI ellle
JIBa CE30HHBIX KOpOoHaBupyca yejioBeka — B 2004 1.
B Hupepnangax Obl1 OTKPHIT ajb(PakKOpOHABUPYC
NL63 [133], a uepe3 roa B [OHKOHTe OT GOJIBHOTO
JIBYCTOPOHHE! IMTHEBMOHMEH ObLI BbIJEJIEH OeTaKo-
poHaBupyc HKUI [141].

Kak Ob110 ckaszaHo Bbilie, SARS-CoV wucues
B 2004 1., Ho B 2012 r. B CaynoBcKoii ApaBuUU 3ape-
TUCTPUPOBATIM BCIBIIIKY BIMXHEBOCTOYHOIO pe-
cnupatopHoro cuHapoma (Middle East Respiratory
Syndrome, MERS), BbI3BaHHYI0O HOBBIM O€TaKoO-
poHaBupycom MERS-CoV [138]. Ero npupoaHbie
oYaruv HaXoIsITCs Ha TEPPUTOPUN APaBUIICKOTO MO-
JIYyOCTPOBa, TIe B KauyeCTBe pe3epByapa BUpPYCa Bbl-
ctynatoT pykokpsuible [100, 120], KoTopble MOTYT
3apaXkaThb IMTPOMEXYTOYHBIX X035I€B, TAKUX KaK Bep-
omonbl. IIpeanoioXXuTeIbHO, UMEHHO BepOJIIOAbI
CTaJIu ICTOYHMKOM 3TOTO BUpPYCa JIJIsI YeJIoBeKa.

Ban>XHEBOCTOUHBIN PECTIMPATOPHBIN CUHIPOM
oxBaTuJ 06oJjiee 25 cTpaH, B OCHOBHOM bJjukHero
BocToka, HO ObIIM 3aperucTpupoBaHbl Cclydyau
M 3a TIpenesaMu ApaBUICKOTro ToJiyocTpoBa. Jle-
TaJIbHOCTh cOocTaBisiyia oT 36 mo 44% [138]. 3aTtem
SMUIEMHUs TIONLJIa Ha crhaja. XOTs B HacCTOsIIee
Bpemsi MERS-CoV BcTpeuaeTcss pexe, OH Ipo-
JIOJIXKAeT BBI3BIBATH CIIOpaJIWYecKue JIOKaJu30-
BaHHbBIC BCHBIIIKN B OTAEJbHBIX PEeruoHax Mupa,
B MEPBYIO ouepeab Ha ApaBUIICKOM MOJYOCTPOBE.
IMocnenHuit TOKYMEHTUPOBAHHBIU Cly4yaii ObLT 3a-
peructpupoBaH 10 urwoJiist 2023 r. B O0beIUHEHHbIX
Apabckux Omuparax (OAD). Dto 94-i1 cayuait
B OAD, 12 ciyyaeB 3aKOHUMJIUCH JieTajibHO [138].
B rmo6anpHOM MaciiTabe o0l1lee YUCI0 MOATBEPK-
neHHbIX ciaydyaeB MERS, 3aperucrpupoBaHHBIX

B BO3 ¢ 2012 ., cerogHs cocrapisieT 2605, BKIIIO-
qyast 936 JeTaabHbIX UCXOM0B, KOTOPBIE CBI3BIBAIOT
C 9TOl UH(pEeKIne.

W Hakonel, B koHlile 2019 r. B Yxane (Kwuraii)
OBLIM 3aperuCTPUPOBAHBI TIEPBbIE CyYau JieTalb-
HOIl MHEBMOHWU HEM3BECTHOM 3TUOJIOTHU, KOTO-
pYIO MO3JHEe CBSI3aJiu C HOBBIM KOPOHaBUPYCOM
2019-nCoV, B HacTos111ee BpeM s HOCSIIIUM O(DUIIU -
anbHOe Ha3BaHue SARS-CoV-2 [52]. DTo ObL1 1Iep-
BBl KOpOHABUPYC, ITOJYYUBIINIA TAHAEMUIECKYIO
KJaccudpukauuio (puc. 2). YueHble npeamoaraioTr
ero 300HO3HOE€ TPOUCXOXKIEHHE, HO TOUHBIU HC-
TOYHUK OCTaeTcss HeusBeCTHbIM [74]. HekoTophie
BKCIIEPTHl CYUTAIOT, YTO OH Tepenascs JIIOASIM
oT setyuux mbieir. 'eHom 2019-nCoV oka3zajics
romojiornueH MERS-CoV na 50%, SARS-CoV —
Ha 79%, a KOpOHABUPYCY KUTAUCKHUX TTOAKOBOHO-
coB BtRsCoV — Ha 88%.

B XpoHONOTMM OTKPBHITHS KOPOHABUPYCOB II0-
MpPEeXXHEMY MHOTO HETOYHOCTEM 1 GeJIbIX TSITeH [86].
Yro KacaeTcsl 3aBTpalllHEro JHsS, BO3MOXHO, YTO
aBoaoLus SARS-CoV-2 Ha 3TOM He OCTaHOBUTCS,
1 B 0003pUMOM OyIyIIeM MOSIBUTCSI OYePETHOM KO-
poHaBupyc (puc. 2). MOXXHO TOJIbKO HaIeIThCS, YTO
OH OKaXXeTCsl He CTOJIb ITaTOTeHHBIM JIJIST YeJIOBEKa.
Wctopus 3HaeT IpuMepbl, Koraa HECyIIde cCMep-
TEJBHYIO YIpOo3y BUPYCHI CO BPpEMEHEM ITOCTeIeH-
HO CTAaHOBMJIMCh MEHee OITaCHBIMU IJIsl YesioBeKa.
BuactHocTtu — Bupyc rpunmna A(HINI), BeI3BaBLIM i
TSIKEJISUIITY IO MaHAEeMUIO «CITaHKW» 1918 1., HO mo-
CTEIIEHHO CTaBIINi OOBIYHBIM CE30HHBIM BUPYCOM.
CyllIecTBYeT TEOPU I, YTO U CE30HHBIIT KOPOHABUPYC
yenoBeka OC43 nepBoHayabHO 001a4a1 BBICOKUM
CMEPTEJIbHBIM ITOTEHIIMAJIOM 1, BO3MOKHO, BbI3BaJI
naHJAeMU1IO TaK Ha3bIBA€MOT'0 PYCCKOTI'0 (a3MaTCKOTO0)
rpunna 1889 r. (cM. Huxe pasnen «[IpoucxoxaeHue
pycckoro rpunna 1889 r.»). IlosTomy, olieHuBas
MEPCIEeKTUBBI 3BOJIOLIMOHHOTO pa3BUTUsI SARS-
CoV-2, HeKOoTopble 3KCIepThl IojaralT, 4YTO OH
MOXET CTaThb MEHee CMEePTOHOCHBIM U 0oJiee KOH-
Tarno3HbiM. OMHAKO 3TO HE 3HAYUT, UYTO TaK U Oy-
netT [34]. Bce Bupychbl HempeackasyeMbl, U HEBO3-
MOKHO TIpelyrajiaTh, 4TO IIPUHECET HOBBI BApUAaHT
SARS-CoV-2 B Oyay1ieM.

Yro Ke KacaeTcsl OTIaJeHHOI'o ITPOILIOTO, TO
HE HCKJIIOYEHO, 4YTO odUIIMalbHasI JaTa OTKpPhI-
TUSI TIEPBOTO CE30HHOrO KOpOHaBUpYyca 4Yeso-
Beka — 1965 rox [130] — sBasieTcst TOJABKO TPO-
MEXYTOUYHBIM 3TalloM Ha 3BOJIIOIMOHHOM IIYTHU
3TOr0 BO30YIAMTEJNsI, a UCTOPUsI BCTped 4YeoBeKa
C KOpOHaBUpPyCaMU YXOAUT B TJIyOb ropaszgo 060-
nee panHux BpemeH [40, 42, 119]. Tak, Souilmi
C COaBT. U3 ABCTPaJMMCKOro IEHTpa WU3YYEeHUS
npesHeir JHK [119] mpuBoasTt nokasaTenabcTBa
MPOUCXOXAeHUs1 BUpyca-Bo3oyautenss COVID-19
B BoctouHoii A3uu 6osee 20—25 ThIC. JIeT Ha3an.
WHTepecHo, 4TO TaHHBIN (haKT OrpaHUYEeH OJHUM
BOCTOYHOA3MaTCKUM PETMOHOM 1 He ObLJT 3aMeYeH
B IPYTHUX YaCTsIX MUpa.
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CoBpeMeHHasi TaKCOHOMUS KOpOHaBupycos
yesoBeka

B 1971 r. MexnyHapoaHblii KOMUTET IO TaKCO-
HoMuu BuUpycoB (International Committee on Ta-
xonomy of Viruses, ICTV) npusnain ums Coronavirus
B KayecTBe Ha3BaHUs poza [86], a B 1975 1. yrBepau
Ha3BaHue cemelictBa Coronaviridae [44]. B Hauane
2000-xrr. moTpebdoBaics nepecMoTp TaKCOHOMUYEC-
Kol cTpyKTyphl poma Coronavirus ¢ TEIBIO TIOBBI-
IIIEHHE paHTa TAKCOHOB, U B 9-M M3MaHUM KaTajora
«Virus Taxonomy Classification and Nomenclature
of Viruses» ICTV [71] pon Coronavirus mnpuo0-
pen cratryc noacemerictBa Coronavirinae, B KOTO-
poe, Ha OCHOBAaHUM TOMOJIOTUU IIOCJICAOBATEIIb-
HOCTeW reHoMa, BOIIJIM YeThIpe poaa (Kjiactepa) —
Alphacoronavirus, Betacoronavirus, Gammacoronavirus
n Deltacoronavirus. Torma xxe B pone Betacoronavirus
CTaJIi pa3andaTh YeThIPE OTACIbHbIC TeHETUUYECKE
auHuu: A, B, Cu D [71].

KoponaBupycsl aeisiTcss Ha 4 poma Ha OCHOBa-
Hun 90% UAEHTUYHOCTHM AMUHOKMCIIOTHBIX IO-
CJIEIOBATEIbHOCTE. DTOT ITOPOT OBIJT MPEIIOXEH
B Ka4yeCcTBe KPUTEpPUS pasrpaHUUYCHHS BUIOB BHY-
TPU KaXXIOTOo pola M OBIJI OINpelesieH Ha OCHOBE
aHaJlM3a IMapHbIX AMHWHOKMWCJIOTHBIX PAaCCTOSTHUM
B CEMM KOHCEPBATUBHBIX IOMEHAX peIINKa3bl [nsp3
ADRP, nsp5 (3CLpro), nspl2 (RdRp), nspl3 (Hell),
nspl4 (ExoN), nspl5 (NendoU), nspl6 (O-MT)] [70].

B 2017—2018 rr. TakcoHoMuYecKasl CTpyKTypa
Coronaviridae B ouepeIHOI pa3 OblJla IepecMoTpe-
Ha. bbL1 mpousBeaeH nepecMoTp PaHIOBOM CTPYK-
Typhbl poJia U BBeJAeHME HOBOro paHra noapoja [52].
J1J151 TOT0 KOJIMYECTBEHHO OIpeneIsiiu Bapualuu
HauboJiee KOHCEPBATUBHBIX PEIJIMKATUBHBIX OeJI-
KOB, 3aKOAMPOBAHHBIX B OTKPBITHIX paMKaX CUM-
teiBaHM la 1 1b (ORF1a/1b) reHoMa KOpoHaBUPY-
COB, UTOOBI ONIPEeACINTh MOPOTOBBIC 3HAYCHM S T1a-
TPUCTUYECKUX IUCTAHIMI, pasrpaHUINBAIOIINX
BUPYCHBIE KJIaCTEPHBI pa3HOro paHra. [1pu aTom yT-
BepPXKIAIOT, YTO ITOKA HET EAMHOTO MHEHUS O TOY-
HOM TaKCOHOMUYecKoM nojoxkeHuu SARS-CoV-2
B roapoxae Sarbecovirus [52].

CornacHo nocienHeit kimaccupukauum ICTV
ot wmiong 2022 1., TOATBEPXKIAECHHOW B MapTe
2023 r. [69], cemeiictBo Coronaviridae o0benHSsI-
eT Tpu noacemeiictBa — Letovirinae, Pitovirinae
n Orthocoronavirinae. TlocnemHee, TpeThbe MOACE-
MEMCTBO B CBOIO OUYepeIb BKJIIOUAeT YeTHIPE poma —
Alphacoronavirus, Betacoronavirus, Deltacoronavirus
u Gammacoronavirus. CerogHsi Ha3BaHUE <«KOPO-
HaBUPYC» UCIOJb3yeTCs N1 0003HaUYeHUs J1000-
ro wieHa noacemericrsa Orthocoronavirinae. MHO-
TOUMCJICHHBIC IPEICTaBUTEIN 3TOr0 MoAceMecTBa
MopaskaT IIUPOKUMN KPYT KUBOTHBIX, BKJIIOYAS
MJIEKOITATAIOIINX, MTUIl U 36MHOBOIHEBIX; MCTO-
pUsI UX OTKPBITUS MOAPOOHO omnrcaHa B o03ope [7].
Yrto KacaeTcst 4eJIOBEKa, TO HAa CETOMHSINHWI IEHb,
KaK OTMEYaJIOCh BBIIIE, NU3BECTHO CeMb KOPOHABU-
pycoB [75]. Bce oHU OTHOCSTCSI K ABYM poaaM —

Alphacoronavirus (HCoV-229E m HCoV-NL63)
u Betacoronavirus (HCoV-OC43, HCoV-HKUI,
SARS-CoV, MERS-CoV u SARS-CoV-2) [34, 52,
91]. AoopeBuarypa «HCoV» Oblia BBelcHa s
o0Oo3HaYeHUs KOopoHaBupyca uyeyioBeka (human
coronavirus, HCoV). MBI He Kacaemcsi B HaCTOSI-
meM o063ope kKopoHaBupycoB SARS-CoV, MERS-
CoV, a orpaHUYMBaeMCs CpaBHEHUEM «KpaWHUX
TOYEK» — YEThIpeX KJTaCCUYEeCKMX CE30HHBIX KOPO-
HaBUPYCOB ¢ coBpeMeHHBbIM SARS-CoV-2.

Bce mare paccmaTpuBaeMbIX HaMU KOpPOHa-
BUPYCOB OTHOCATCSI K peanmy Riboviria, 1apcTBy
Orthornavirae, Tuny (bunymy) Pisuviricota, xnac-
cy Pisoniviricetes, niopsainky Nidovirales n toano-
psaky Cornidovirineae [69]. B HekOTOpbIX OTeue-
CTBEHHBIX W 3apy0exkHbIX myosukamusx [6, 33,
76, 140] nonnopsinok Cornidovirineae 0603Ha4arOT
kak Cornidovirinae. Ckopee BCero, 3To IpocTo pac-
npocTpaHEeHHas onevyaTKa, IIOCKOJIbKY OKOHYaHUE
«-nae» opunmaabHO 0003HAYAeT HE MOAMOPSIIOK,
a MOJICEMEMCTBO.

CewmetictBo Coronaviridae v noncemeiictBo Ortho-
coronavirinaesiBASIIOTCS MOCISAHUMU TAKCOHOMUYEC-
KUMHM eIWHWIAMHU, BKIIIOYAIOIIMMHN B CeOsI Bce
MSITh 00CYXITAaeMbIX CErofHsI BHUPYCOB. Paznnuus
MeXy HUMJ HauMHAIOTCsS Ha YPOBHE ponoB (puc. 3
unTabma. 1). Kak yke orMedanoch BbIllle, Ba CE30HHBIX
kopoHaBupyca (HCoV-229E u HCoV-NL63), oTtHO-
ciT K pony Alphacoronavirus, Tpu OCTaJIbHbIX BUpPYCa,
Bkatodasi SARS-CoV-2 — k pony Betacoronavirus,
BHYTPHU MOCJEAHEro BBIACJICHBI YeThIpE OTIAC/IbHBIC
reHetTnyeckue muHun A, B, Cu D [48, 71].

M3BecTHBIC Ha CETONHSIITHUN OeHB OETaKOPO-
HaBupychol yenoeka HCoV-OC43 u HCoV-HKUI
oTHocATcs K JMHUU A, a SARS-CoV-2 — x nu-
Hun B. Cpenu nmyOamuKauuii mocjiegHUX JeT UMe-
FOTCSI HEKOTOPHIC Pa3HOUYTECHUS B OILICHKE ITpUHAI-
JIEXXHOCTU ABYX ajbpakopoHaBupycoB — HCoV-
229E u HCoV-NL63 Kk omnpeae/ieHHbIM T'eHeTru4Ye-
CKUM JIMHUSIM; B OoJbllIeid yacTu MyOJuKaLUMi
MOCHCOHUX JIET HEe yKa3bIBAIOTCI WX JIMHUMU, JIC-
JIeHWe Ha KOTOpble OTHOCUTCS MCKJIIOUUTEIb-
HO K OerakopoHaBupycaMm [48, 97]. Tak, Fung
u Liu [48] moguepKMBaOT, UTO YeThIpe TUHUU A, B,
C u D BeIIENCHEBI B IIpenenax poaa Betacoronavirus,
00 aJib(pakoOpoOHABUpPYCaX OHU MUINYT TOJBKO, YTO
K HUM OTHOcsTCSl ce30HHble BUpycbl HCoV-229E
n HCoV-NL63. OgHako B HEKOTOPBIX CTaThsIX aB-
TOPBI YKa3bIBAIOT Ha MPUHAIIEKHOCTD aJlb(pako-
ponaBupycoB HCoV-229E u HCoV-NL63 Kk Hekoeit
«mHuT A» [121].

B psime coBpeMeHHBIX MyOJMKALIMiE MMEIOTCS
omnpencaeHHbIe HECOOTBETCTBUS U B ONPEACTICHUN
BugoBo mnpuHamiexHoctu HCoV-OC43. OpHu
aBTOpbl onpenenstoT ero kak Bua HCoV-OC43,
BXOISILUMI (Hapsily ¢ IPDYTMM KOPOHAaBUPYCOM 4Ye-
noBeka HKUI1 u BupycoMm remaruta MBIIIIEit) B PO
Embecovirus [67], npyrue OTHOCST €ro K IMOAPOLY
Embecovirus v Buny Betacoronavirus 1 [7, 48, 67],
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PucyHok 3. TakcOHOMUSI C€30HHbIX U NaHAEMUYECKMX KOPOHaBUPYCOB (Ha ocHoBe [48, 52, 67, 69, 121])
Figure 3. Taxonomy of seasonal and pandemic coronaviruses (based on [48, 52, 67, 69, 121])

a cam OC43 ompenensieTcss KaK <«IIPOTOTUIIHBIN
mraMM» [7] unu «Bupyc» [52]. Ecnu npugepku-
BaTbCs AeiicTByouei Kinaccupukauuu ICTV [69],
TO BUI Betacoronavirus 1, K KOTOPOMY OTHOCHUT-
ca HCoV-OC43, BxoguT BMecTe ¢ APYTUM OeTa-
kopoHaBupycom HCoV-HKUI B cocrtaB moapona
Embecovirus. Ha camom nene B 2008 r. Komurer
ICTV oowenuann HCoV-OC43, kopoHaBHpY-
Chl KPYITHOTO POraToro CKoTa, CBMHEH, JIOIIamci
n cobak B onuH BUn — Betacoronavirus 1, TaKk Kak
UICHTUYHOCTh aMUHOKHUCIOTHBIX OCICIOBATEIIb-
HOCTell B KJIIOUEBBIX JOMEHAX MX perimkas3bl lab
(> 96%) 3HAYUTEIBHO IIPEBBILIACT ITOPOT pa3jaee-
Hus BuaoB (90%) [70], mosToMy B CaMbIX IOCJIEI-
HUX peIaKIIUsIX MeXIYHApOIHOI TAKCOHOMHUHU BU-
pycoB, HaunHasg ¢ 2008 1. Bupyc OC43 B KauecTBe
TAaKCOHOMMYECKOM eITMHUIIBI OTCYTCTBYET.

Yrto kacaerca SARS-CoV-2, B 2020 r. rpymmna
Komutera ICTV mo u3yuyeHUIO TIpelcTaBUTENCH
cemeiictBa Coronaviridae coobuimuaa o pelmeHun,
OCHOBAaHHOM Ha JAaHHBIX (PMIIOTEHUUW U TaKCOHO-
MHH, 9YTO 3TOT BUPYC 00pa3yeT CECTPUHCKYIO KJIaay
IPOTOTHUIHBIX KOPOHABUPYCOB TSIKEIOIO OCTPO-
ro pecnupaToOpHOrO CUHAPOMA 4YeJI0BEKa U JIETY-
yux Mbireir (SARS-CoV), mpuHaIIeXXuT K BULY
SARS-related coronavirus 1 goJKeH 0003Ha4YaTbCH

kak SARS-CoV-2 BMecTo ctaporo Ha3BaHus 2019-
nCoV [52]. B nanpHeitnreM B pemeHusgsx Komutera
YIIOMUHAHMI O CECTPUHCKOM KJaae He OBIIIO.

MNpoucxoxaeHune pycckoro rpynna 1889 r.

Hctopussi HOKYMEHTHMPOBAHHBIX MaHIASMUIA
TpUIIIa, TOATBEPKIECHHBIX BUPYCOJIOTMYECKUMHU
M MOJIEKYISIPHO-TEHETUYSCKMMU METOJaMHM, Ha-
YUHAEeTCsI ¢ «ucnaHku» [124, 129]. OmHako erie
no Hee, B 1889 r., Obly1a 3aperucTpupoBaHa MaH-
JeMUsI TaK Ha3blBAEMOrO PYCCKOro (a3zmaTcKoro)
TpUIIIa, MTPOUCXOXICHNE KOTOPOI 1O CUX MOP BHI-
3BIBAET CITOPHI.

B 1999 r. B 6ronnereHe BO3 Ob1J10 onybanKoBa-
Ho nipeanoJjioxkeHue Dowdle ¢ coaBT. [37] 0 TOM, UTO
naHaemusi 1889 r. Oblyia BbI3BaHA BUPYCOM T'pUII-
na H3. Opgnako noutu 3a 30 jeT 10 3TOro, BCKO-
pe TIocJie TOHKOHTCKOM TmaHmeMun 1968 T., ta Xe
uaest Obljla BbICKa3aHa COBETCKMMM yuyeHbIMU [1].
TIpenmnonoxeHue o 0JJU30CTU BO3OYAMTEN S TTaHAS-
muu 1968 r. Bo30yauTesio nanaeMun 1889 r. MmoTu-
BUPOBAJIM TeM, YTO aHTUTEJIa K BUpycaM, IT0I00-
HBIM TOHKOHTCKOMY, OBIJIM OOHApy>XKEHBI B CBHIBO-
potkaxmonaeii ctapiue 70 naet. [To knaccudukauum,
KOTOpas UCIOJIb30Bajlach B T€ TOAbI, TOHKOHTCKU M
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Ta6nuua 1. TakcOHOMUS CE30HHbIX KOPOHABMPYCOB M NaHgemuveckoro SARS-CoV-2 (Ha ocHoBe [52, 67, 69])
Table 1. Taxonomy of seasonal coronaviruses and pandemic SARS-CoV-2 (based on [52, 67, 69])

é:u KopoxaBupycbi
S o Coronaviruses
T I c = = =
§ $9 Ce30HHbIN (3HAEMUYHDI) MaHpemunyeckui
g Et s Seasonal (Endemic) Pandemic
8 Qo
z 229E NL63 0C43 HKU1 SARS-CoV-2
[
Peanm L L L L L
Realm Riboviria Riboviria Riboviria Riboviria Riboviria
LapcTtBo . . . ) .
Kingdom Orthornavirae Orthornavirae Orthornavirae Orthornavirae Orthornavirae
Tun (punym L R L L L
Phyll(frb;] y™) Pisuviricota Pisuviricota Pisuviricota Pisuviricota Pisuviricota
Knacc L L L L N
Class Pisoniviricetes Pisoniviricetes Pisoniviricetes Pisoniviricetes Pisoniviricetes
Mopapok L L L L L
Or(;)ern Nidovirales Nidovirales Nidovirales Nidovirales Nidovirales
Moanopsapok . L . L .
Sugor dpern Cornidovirineae Cornidovirineae Cornidovirineae Cornidovirineae Cornidovirineae
CemelicTBO . .. . . .
Family Coronaviridae Coronaviridae Coronaviridae Coronaviridae Coronaviridae
MoacemeiicTBO . . .. . L.
Suk‘)lfamily Orthocoronavirinae | Orthocoronavirinae | Orthocoronavirinae | Orthocoronavirinae | Orthocoronavirinae
Pon ) . . , .
Genus Alphacoronavirus Alphacoronavirus Betacoronavirus Betacoronavirus Betacoronavirus
Moapon . ) . ) . .
Duvinacovirus Setracovirus Embecovirus Embecovirus Sarbecovirus
Subgenus
Bu Human coronavir Human coronavir . Human coronavir ARS-rel
.u.. uman coronavirus | Human coronavirus | g, ooooo o uman coronavirus SARS e.ated
Species 229E NL63 HKU1 coronavirus

Bupyc A(H3N2) — A2-TOHKOHT — OTHECIH K HO-
BOMY Torma moatuity A2-3 (Ito coBpeMeHHOI KJjac-
cudUKaIIMU 3TO BUPYCHI C TeMarrTloTHHUHOM H3)
U TIPEOIIONOXMIN, YTO BO3OYAMTEIb IaHIACMUU
rpurnma 1889 r. Mor Toxe OTHOCUTBhCS K A2-3, TO
ecTb Hectu remarmmotTuHuH H3. K coxaneHuro,
9Ta MHTEpeCcHasl U BaxkHasi pabora Oblja Onyo0Jiu-
KOBaHa Ha PYCCKOM SI3bIKE U TOJbLKO B COOpPHMKE
TpynoB HNUUW rpunna M3 CCCP, nostomy nocrymna
K HE y MUPOBOU BUPYCOJIOTMYECKOI OOIIIECTBEH-
HOCTHU He ObLIO.

breina m mpyrast Bepcusi — BO30yIUTEIEM pPyC-
CKOI'0 TpHIINIa JOJIr0€ BpeMs CUUTAJICS BUPYC
rpunna A nmoaturna H2N2 [102]. A cpaBHUTEIBHO
HeJIaBHO ObIJIO YCTAHOBJIEHO, YTO BCEMY BUHOI MOT
ObITh U BUpyc rpunna A noaruna H3NS8 [123, 131],
TO €CTh OISATh-TaKU BUPYC C TeMarrJloTUHUHOM
H3, o kotopom ropopuiu emie B 1970-x rr.

KpoMe TpuIIio3HOT0 MPOUCXOXKIACHUS TTaH[e-
Muu pycckoro rpunmna 1889 r. paccmarpuBaioTcs
n npyrue Bepcuu. CBsI3b ¢ KOpOHABHPYCAMU TaKHX
TSIKEJIBIX OCTPBIX PECHMPATOPHBIX 3a00JICBaHUMA,
kak SARS 1 MERS, nokyMeHTaJIbHO MOATBEPKIAE-
Ha U He BbI3bIBaeT coMHeHMit [35, 111, 143], HO He
MCKJIIOUEHO, UTO BTU BCeJimoline O0eCroKOMCTBO
BCITBIIIKY KOPOHABUPYCHBIX MH(MEKIINN ObITN Ia-
JIEKO He TlepBbIMM. HekoTopble ydyeHble HaXOIsIT

OINpEeNecICHHYIO CBSI3b MEXIY CE30HHBIMU KOPO-
HaBMpPyCaMM M HEU3BECTHBIM IIaTOT€HOM, BbI3BaB-
MM 3arago4yHylo MaHAEMHUIO PYCCKOro TI'puIllla
1889 r. [17, 20, 117, 135]. Tak, Shaw u Gatherer [117]
moJjiaraloT, YTO COBPEMEHHBbIE CE30HHBIE KOpOHa-
BUPYCHl OYE€HBb MOXOXMW Ha BO3OYIMTEIS] PYCCKO-
ro rpumnrma 1889 r. OHU cUUTAIOT, YTO MAHIAEMMU S
1889 r., ycioBHO cuuTaromasicss naHaeMUuei rpumn-
ma, ObLJIa BbI3BaHA IOSIBJICHUWEM 4YeJIOBEYECKOTO
o6etakopoHaBupyca OC43, moxoxkero Ha CEroi-
HamHU SARS-CoV-2, HO mepenieaiero K JoaaM
HE OT JIETy4YMX MBI, a OT KPYIIHOTO POraroro
ckora (obpruunii KoponaBsupyc BCoV).

C TOYKM 3peHU S KIIMHULIMCTOB MEXK 1y HbIHEILI-
Heit mannemueir COVID-19 u mangemueir 1889 r.
TakXe uMeeTcst MHoro oouiero. Tak, KIMHUYecKast
KapTHHA PYCCKOTO IpuIIIia OblJia HE COBCEM TUITA Y-
Ha aJig rpunna. HaoGopoT, eciu Obl B MaTepua-
JIaX TeX JIeT Ha3BaHUE «pYCCKUI TPUTI» 3aMCHUTH
Ha «COVID-19», TO 5TK OTYETHI HAITOMUHAJIA OBI
TO, C UeM MUp CTOJKHYJIcs B KoHue 2019 r., koraa
B KUTAMCKOM YxaHe OblJl BepBbie 0OHAPYXKeH KO-
poHaBupyc SARS-CoV-2. Habmonarenu pycckoro
rpuimna orMedasin 0oJiee BBICOKYIO YaCTOTY BO3-
JNeMCTBUS Ha ILEHTPAJIbHYIO HEPBHYIO CHCTEMY,
yeM 3TO OBIJIO XapaKTEePHO IJISI APYTUX U3BECTHBIX
BCIbIeK rpunmna. HekoTopbie GOJBHBIE YTBEPK-
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TaGnuua 2. CpaBHMTENbHASA XapaKTepPUCTUKa Ce30HHbIX KOpoHaBupycoB U SARS-CoV-2: oprainsauums
u pennukauus (Ha ocHoBe [9, 15, 71, 94, 106, 107, 114, 122, 128, 144])
Table 2. Comparative characteristics of seasonal coronaviruses and SARS-CoV-2: organization and replication

(based on [9, 15, 71, 94, 106, 107, 114, 122, 128, 144])

Bosoyaurenb
Causative agent
. Ce30HHbIN (3HAEMUYHDbI) Manpaemuyeckunin
CeolicTBa . .
. Seasonal (Endemic) Pandemic
Properties
AnbdakopoHaBupyc BeTakopoHaBupyc
Alphacoronavirus Betacoronavirus
220E | NL63 0C43 | HKU1 | SARS-CoV-2
Mopdonorus BupuoHa
Virion morphology
Pasmepbl BUpUoOHa (HM)
Virion size (nm) 85-140 120-160

Tun cummeTpuun, popma BUPUOHOB
Symmetry, shape

Wkocaapp, chepuyeckas unu nneiniomopdpHasa popma
Icosahedral symmetry, spherical or pleomorphic shape

Ctpy

Virion structure

KTypa BUPUOHa

Hanuuue kancupa (060n04ku)
Capsid (coat protein, envelop)

EcTb y BCex KOpoHaBuMpycoB
All coronaviruses have

FNMUKoNpoTEeNHOBbBIE LWKTbI
Glycoprotein spike (S)

EcTb y BCex KOpoHaBMpycoB
All coronaviruses have

MonnocHoBHO caiiT paclensiexus
Polybasic cleavage site

EcTb y BCex kOpoHaBUpycos
All coronaviruses have

PHK-3aBucumasn-PHK-nonumepasa
RNA dependent RNA polymerase

EcTb y BCex kopoHaBUpycos
All coronaviruses have

FemarrnioTMHMHaCTEpasa
HA esterase glycoprotein

EcTb
Yes

OTcyTcTBYET
Absent

dusnko-xummnueckune ceoiicTea
Physicochemical properties

TepmocTaOubHOCTD
Thermostability

YyBcTBUTENbHBI K TEMNEPATYpe OKPYXaloLLel cpeabl
Environmentally labile to temperature (heat-sensitive)

CTabunbHOCTL NPU BbICYLLIMBAHUM
Stability to drying

Pa3spyLuaioTcs npy BbICYLUIMBAHUM
Disrupted by drying

YcToiuMBOCTb K AleTepreHTam, pacteopurtensim u K pH
(kucnoram)
Stability to detergents, solvents, acids

PaspywaloTcs nog Bo34eiCTBMEM AEeTEPTreHTOB,
pacTBopuTenei u KUCNoT

Disrupted by detergents, solvents and acids

Opra
Gen

HU3auus reHoma
ome organization

MonsipHocts PHK
Positive/negative-strand RNA

MonoxutenbHas nonspHoctb PHK
Positive-sense RNA

Paamep rexoma (kb) ~275 >30 ~29,9-30,0
Genome size (kb)
Tun monekynbl PHK, popma cnupanu JlnHeiiHas ogHouenoyevyHaa PHK
Type of RNA molecule, helix form Linear single-stranded RNA
CerMeHTUPOBaHHbI/ reHOM HecerMeHTMpPOBaHHbI reHOM
Segmented genome Nonsegmented genome

Pennukauus supyca

Viral replication

Knetountiit peuentop APN* | ACE2* 9-0-Ac-Sia*** ACE2**
Cell receptor

FnukonpoTeunH, 0TBETCTBEHHbIN 32 NPUKPenieHne
M NPOHUKHOBEHUE

Glycoprotein responsible for binding and hostcell entry

FMMKONpOTEeMHOBbLIN S-wnn
Glycoprotein spike (S)

Cnoco0 NPOHUKHOBEHUS B KNETKY
Entry into the hostcell

SHAOLMTO3 MNu CMsiHUe Nia3maTU4eckux MemopaH
Endocytosis or at plasma membrane fusion

OT TpaHcKpunuuu A0 cO0PKU BUPUOHOB

B uutonnasme

From transcription to virion assembly Cytoplasm
BbicBOGOXAEHME BUPMOHA Ak30uMTO3
Virion release Exocytosis

Mpumeyanue. *AmuHonenTtuaasa N, **AHrnoTeH3nHNpeBpalaowmii GepmeHT 2, ***9-0-aueTuncmanosas KMCnoTa.
Note. *Aminopeptidase N, **Angiotensin converting enzyme 2, ***9-0-acetyl sialic acid.
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JaJid, YTO MOTEPSJIU CIIOCOOHOCTH OILIYIIATh BKYC
u 3anmax. Coo0111a10Ch O ClIyJasiX CTOMKOM ycTano-
ctu. Takne XXe CUMITOMBI OBIJTN OTJIIMYUTEITILHOMU
yepToit HbIHelHel nanaemuu COVID-19, korna
MHOTHE JIIOAU TEPSIJIM YyBCTBO BKycCa UM OOOHSI-
HMS, a IOJITOMY MEPUOIY BOCCTAHOBJIEHUSI COITYT-
CTBOBAJIO YYBCTBO XPOHUYECKOMN YCTAJIOCTH.

Bce 5To KOCBEHHO MOAKPEIJISIET KOPOHABUPYC-
HYIO TEOPH IO TPOUCXOXKASHM I BO3OYIUTEIISI aHIe -
muu 1889 r. Tem He MeHee ee peaibHbIi ICTOYHUK
JI0 CUX MOP OCTaeTCs 3arajakoii, MOCKOJbKY IOKa
ele HeT yOemMTeNbHBIX HayYHBIX JI0KA3aTelbCTB
TOT'0, YTO PYCCKUM U TPUIIH OBIJT BBI3BaH UMEHHO KO-
pOHaBUPYCOM; MMEETCS TOJbKO yMO3PUTEIbHBIMN
CpPaBHUTEJIbHBIN aHaJIM3 COOOIIEHUII TOTO BpeMe-
HU C TEeKyUIEeW BIMUAEMUOJIOTUYECKON cuTyaluen
no COVID-19, a BbIBOZIbI, KOTOPBIE ObIJIU CASJIaH bl
Ha OCHOBE CEepoapxeoJOrMYecKMX UCCIeNOBaAaHUMN,
JIOCTaTOYHO CITeKYJIITUBHBI.

CTpoeHue 1 CBONCTBA CE30HHbIX
KOopoHaBupycoB Yenoseka n SARS-CoV-2

KopoHaBupycbl — 0007104e4HbIe BUPYCHI C T10-
JIOXUTEJIbHOM HecerMeHTUpoBaHHOM Lenbio PHK,
MPEeACTaBJISIOT CO0OH YacTULbl CchEepUuIecKoi,
WHOrAga IuIeiioMopdHO (OPMBI U MKOCA3IPU-
yeckoit cuMmmerpuu. Ilo pa3sHBIM MCTOYHUKAM
pa3Mepbl CE30HHBIX KOPOHABHPYCOB BapbUPYIOT
ot 85 umMm [71] mo 118—140 um [106] Man HECKOIBKO
kpynHee (150—160 um) [15]. YUto kacaeTtcst pa3me-
poB reHoMa, TO y SARS-CoV-2 oH cocTaBiIsieT OKO-
10 30 kb [107, 121], yTO 4yTh OOJIbIIE pa3Mepa reHO-
Ma Ce30HHBIX BUpYCcOB (26—32 kb 1o naHHBIM [71]).
Tak>xe oTMeuaroT HEOOJIbILINE pa3InuUsI B pa3zMepe
reHoMa 1 MeXJIy ABYMSI polaMU CE30HHBIX KOPO-
HaBHPYCOB UYeIoBeKa. B wacTHOCTH, pa3Mepbl TeHO-
Ma aibhakopoHaBupycoB 229E u NL63 cocraBisi-
0T pubausuTenbHo 27,5 kb, y 6eTakopoHaBUpy-
ca SARS-CoV-2 — okomno 29,9—30,0 kb, a 'y OC43
n HKUI — 6osee 30 kb [90] (Taba. 2).

I'eHOM KOpPOHABUPYCOB COIEPXUT CTPYKTYPY
5'-kana u 3'-nonu-A-xBoct [149] u KomupyeT psij
CTPYKTYPHBIX, HECTPYKTYPHBIX (NSp) M BCIIOMOTa-
TeJIbHBIX O0eJiKoB [148]. benku nsp urpaioT peliaro-
LIy poJib B perukauuu supycHor PHK u ykio-
HEHUM OT UMMYHUTETa, B TO BpeMsI KaK BCIIOMOTa-
TeJbHbIE OCJIKY BHITIOJHSIIOT MHOXECTBO (DYHKIIW,
KOTOpPBIE CITOCOOCTBYIOT BUPYCHOU MH(MEKIINH, BBI-
JKWBAaHUWIO U TIepeaave B KJIETKax-xo3sieBax [53, 126,
144]. CtpykTypHble 6eJ1K1 OTBEYAIOT 3a COOPKY BU-
pyca M COCTaBJISIFOT 3peJIble BUPYCHBIC YaCTULIBI.

Ectb nBe HeTpaHciaupyembie obaactu (UTR),
pacIriooXeHHble Ha KOHIIaXx reHoma. dnunHa 5'-
UTR cocrasusier 292, 210, 286 u 205 HyKJI€OTH-
noB B 229E, C43, NL63 u HKUI, cooTBeTCcTBEH-
Ho, a gauHa 3'-UTR cocraBiasger 462, 288, 287
un 281 nykaeotun B 229E, OC43, NL63 u HKUI
COOTBETCTBEHHO.

T'en penyiukasel HCoVs 3aHuMaeT aBe TpeTu
reHOMa U COCTOMUT M3 ABYX IepPEKpPbIBAIOIIUXCS
OTKpBIThIX pamMok cuuTbhiBaHus (ORF) — ORFla
u ORFIb. ORFla TpaHcaupyeTcsi HeOCPeaACTBEH-
HOo m3 reHoma PHK, mpoayuupyst mojurnpotreuH
ppla; B To BpeMmsi kKak TpaHciasiuuss ORFI1b Tpe-
OyeT 3amporpaMMUPOBAHHOrO claBuUra pubdoco-
MajapHOW pamMku BOMmM3u 3'-koHna ORFla, mpu-
BOASIIEro K TPOAYLMPOBAHUIO MOJUNPOTEUHA
pplab. AyTornpoTeoauTruyeckoe pacuienjeHue ppla
¥ pplab mpuBOAKUT K 06pa3oBaHUIO 16 HECTPYKTYP-
HBIX 0e1KOB (nspl—nspl6).

OcraBuiasicsi TpeTh FTeHOMa KOIUPYET B OCHOB-
HOM YeThIpE CTPYKTYPHBIX OejiKa: IIMIOBUIHBIN
0enok (S), o6osioueHHbIN 6eioK (E), MeMOpaHHBbI
oenok (M) u nykiyeokarncua (N). OC43 u HKUI1
TakKXXe KOMNUPYIOT OeJOoK TeMarriloTUHUHACTE-
pa3bl. [eMarrmoTUHUHICTepa3a NpeacTaBisieT Co-
001 ITMKOMPOTEUH ¢ HelipaMmuHaT-O-aleTUuJI3CTe -
pa3Holi aKTHMBHOCTBHIO U aKTUBHBIN caiiT FGDS,
pacnojioxeHHbIt HUxXXe ORFla/b u Bbeiie S rexa.
benok S oTBeuaeT 3a XxapakKTepHYIO KOPOHOOO-
pa3Hyo ¢opMy M obecreuyuBaeT paclo3HaBaHUE
pPELIETITOPOB U CIMsIHUE C MeMOpaHOil. ¥ Bcex Ko-
POHaBUPYCOB YeJloBeKa S-0eJIOK COCTOUT U3 IBYX
cyobenuHui: S1, comepKalleil pelLenTop-CBsI3bl-
Batomuit fomeH (RBD) u cyobwenuHunbl S2, Ko-
Topasi obecrieyruBaeT CIUSIHUE BUpyca C MeMOpa-
Holl kjeTku [68, 87]. HecMOTpst Ha CTPYKTypHOE
CXOACTBO, S-0eJ1KU KOPOHAaBUPYCOB YeJOBEKa HC-
MOJB3YIOT pa3HOOOpa3Hblii HabOp peLenTOpPOB
KJIeTKU-Xx03siuHa 1is Bxona; 229E cBsi3biBaeTcs
c amuHorenntnaazoii-N, NL63 u SARS-CoV-2 cB-
3piBatoTcs ¢ ACE2, a OC43 u HKU1 — ¢ 9-O-Ac-
cuajoBoil kucyiotoii [114] (ta6ma. 2).

benok E npencrasasier coboii HEOObIION TH-
IpodOOHBI MHTErpajJbHbIi MeMOpaHHBIN Oe-
JIOK, KOTOPbIIA UTrpaeT Ba>KHYIO POJb JJisl COOPKU
Bupyca. bemok M cBsizaH ¢ obosioukoil. benok N
npeacraBisieT coboil Hecnenupuueckuii PHK-
CBSI3bIBaOIIMIT O€JI0K, 00pa3yolnii pudboOHYKJIeO-
Karcua ¢ BupycHoii reHomHoit PHK [28, 142].

Bce uzBecTHbIe KOPOHABUPYCHI YEJIOBEKA UYB-
CTBUTEJbHBI K TEMIIEpAType OKPYKaIOIIeil cpembl,
JIETKO pa3pyllalTcs MPU BBICYIIMBAHUM, a TaKXe
noa BO3IEHCTBUEM NETEPreHTOB, PAaCTBOPUTEIEH
U KUCJIOT.

Bce ocHOBHBIE aTambl perMKaluyd KOpOHa-
BUPYCOB YejoBeKa, HauMHas OT crocoba mpo-
HUKHOBEHUS B KJIETKY U TPAHCKPUMIIMU 10 cOOp-
KW ¥ BBICBOOOXIEHMSI BUPUOHOB, MPAKTUYECKU
OINUHAKOBBI.

TakuM ob6pa3zoM, BCe XapaKTEPUCTUKU, IPU-
BeJAeHHBIC B Ta0J. 2, UACHTUYHBI JUISI CE30HHBIX
KopoHaBupycoB 1 SARS-CoV-2. Bo3MOXHBI MU-
HUMaJbHbIC pa3jindMs B pa3zMepax BUPYCHBIX Ya-
CTUIl U B pa3Mepax reHoMa, KOTOpbleé HECKOJbKO
oousibiie y SARS-CoV-2, yeM y Ce€30HHBIX KOpO-
HaBHMPYCOB. XOTS BCE MITh PACCMOTPEHHBIX B Ha-
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CTOsIIIIeM 0030pe KOPOHABUPYCOB IKCIIPECCUPYIOT
TJIMKOIIPOTEUHOBBIE IIWIIbI S, AJII MPOHUKHOBE-
HUS B KJIETKY OHHU MCIIOJIB3YIOT pa3HbIC XO3sii-
ckue peuentopsl [114]. B MexaHu3Me BTOpKEHUS
BUpYCa B XO3IUMCKYIO KJIETKY MPUHUMAET ydacTue
reMarrIlTUHUHACTepas3a, pa3pyliaroiias ornpeae-
JIEHHBIE peLeINTOPhl CMaJIOBO KUCOTHI [145] OHa
nMeeTcsT y 0eTaKOpOHaBUPYCOB, HO OTCYTCTBYET
y ambakopoHaBupycos [90, 142, 147].

CoOCTBEHHO TOBOPSI, HAa 3TOM YCTaHOBJIEHHBIE
K HACTOSIILIEMY MOMEHTY OTJIMYUSI Ha MOJEKYJISIp-
HOM YPOBHE MEXAY NaHAEMUYECKUM U CE30HHDI-
MM KOPOHaBHpPYyCaMU 3aKaHUYMBAIOTCS.

InnOEemMunosorns, KnvHrka n natoreHes
CE30HHbIX KOPOHABMPYCOB Yesl0BeKa
n SARS-CoV-2

OmisaapIBasiCh IajieKo Hazaj, MOXHO TojaraThb,
YTO UCTOPUYECKU ITPOUCXOXKICHUE KOPOHABUPYCOB
YyeJloBeKa TaK WJIM WHaye CBSI3aHO C PYKOKPBIJIbI-
mu (NL63, 229E u SARS-CoV-2) uiu rpel3yHaMu
(OC43u HKU) [32, 34, 51, 58, 91, 122]. Ho eciiu To-
BOPUTH O COBPEMEHHBIX CE30HHBIX KOPOHABUPYCAX
YeJIoBeKa, TO UX UCTOYHUK, CKOpee BCero, He MMeeT
HeIaBHEr0 300HO3HOTO MPOUCXOXIeHU S (Tad. 3).

Ta6nuua 3. CpaBHMTEIbHAS XapaKTepPUCTHUKa Ce30HHbIX KOPpOHaBUpycoB u SARS-CoV-2: anugemuonorus

(Ha ocHoBe [16, 22, 23, 32, 38, 39, 41, 45, 49, 51, 58, 59, 72, 73, 89, 92, 93, 101, 104, 105, 108, 112, 115, 135])
Table 3. Comparative characteristics of seasonal coronaviruses and SARS-CoV-2: epidemiology (based on [16, 22,
23, 32, 38, 39, 41, 45, 49, 51, 58, 59, 72, 73, 89, 92, 93, 101, 104, 105, 108, 112, 115, 135])

Bo30ygurtenb
Causative agent
CBoiicTBa " = =
Properties Ce30HHbIN (3HAEMUYHDIN) Manpgemuyeckuin
P Seasonal (Endemic) Pandemic
229E, NL63, 0C43, HKU1 SARS-CoV-2
Mpoucxoxaenne Ckopee Bcero He csqaago C HejaBHUMM Mpennonaraetcs 300HO3HOE
Origin 300HO3HbIMU COOLITUSIMY NPOUCXOXAEHME
Likely not arisen from a recent zoonotic event Likely zoonotic origin
Mepepaua A3p030bHBIM NYTEM UV NPSAIMbBIM KOHTAKTOM MPY YNXAHUM WK Kalune
(TPaHCMCCUBHOCTD) OT MHOULIMPOBAHHOI O YesloBeka
Transmission Through the spread of droplets or direct contact by sneezing or coughing from an infected individual
no6anbHOCTb
Mo Bcemy mupy
pacnpocTpaHeHus Worldwide
World distribution 0

Ce30HHOCTDb (LMpKynALus)
Seasonality (circulation

Kak npaBuno, B xoniogHoe Bpems roaa,
HO BO3MOXHO KPYF/bIi rog,

Moka HeT yOeauTenbHbIX 40Ka3aTeNbCTB.
Bo3moXxHO, B X0NnoagHOe BpeMd roaa
No conclusive evidence yet. Possibly cold

Annually infected/Annual
death.Hospitalization rate
(thds, global)

surveillance

pattern) Cold seasons, but is possible year-round seasons

YpoBeHb TPAHCMUCCUBHOCTM YMepeHHbIi Bbicokuii

Level of transmissibility Moderate High

3aboneBaemocTb/

CMEepTHOCTb B MUpe (TbiC. FnoGanbHble faHHbIE OTCYTCTBYIOT. ~676 609 955/~ 6 881 955

4yen.) MocTosiHHLIN HAp30p He BeaeTcs MocTosiHHbIN cOop uHdOpPMaLMKM NpeKpaLLeH

No global data available. No ongoing

B2023r.
Collecting data has been stopped in 2023

Circulation during
the COVID-19 pandemic

PacnpocTtpaHeHHOCTb
;l:ﬁ:«::;g;::::qaea JlokanbHble BCMbILLKK Manpemunyeckuin xapakrep
. Local outbreaks Pandemic

Prevalence and incidence

of the disease

LUnpkynsuusa supyca

B Nepuoj aNuaeMn4ecKoro

ceaoHa no rpunny He meHsetcsa MpeBanupyet

Circulation during Does not change Prevails

an influenza epidemic season

Limpkynsiums supyca

(B:gt\e’?ggngnaunemuu He meHseTtcs MpeBanupyet
Does not change Prevails
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Eciim He BoaBaTthcsl B AeTalld TMOBEIECHUS KaK-
JIOTO U3 YeThIpeX IUPKYJIUPYIOIINX CE30HHBIX KO-
POHABHUPYCOB, TO MX B3MUJIEMUOJIOTMYECKasT Xapak-
TepUCTUKA B CPAaBHEHUM C HOBBIM KOPOHABHUPYCOM
SARS-CoV-2 npogBiisieTcs 0COOeHHO UeTKo (Tad. 3).
dakTN4YeCcKu, eCTh TOJBKO JIBA OCHOBHBIX MOMEHTA,
OJIMHAKOBBIX JUISI BCEX IISITU pacCMaTpuBaeMbIX Ce-
TrOAHSI KOpOHABUPYCOB uesioBeka — 3To (1) myTh nepe-
JTlauu, XapaKTepHBII IJIs1 BCEX PeCTUPATOPHBIX BUPY-
COB (a3PO30JILHBIN ITYTh WM IIPSIMOM KOHTAKT C WH-
GUIIMPOBAHHBIM YEJIOBEKOM ITPY YMXaHU MW WU Kalll-
Jie) 1 (2) IoBceMeCTHas 9KCITaHCU Sl IO BCEMY MUDY.

Ce30HHBIE KOPOHABUPYCHI  PacCIIpOCTpaHEHBI
OYEeHb ITUPOKO U MUPKYJIUPYIOT OBCEMECTHO, BbI-
3pIBast JIoOKajdbHBIe Bcmblkyu OPBUM. 90—100%
B3POCJIOrO HaceJIeHU I KOTa-TO BCTPEeYaTUCh C Kax-
JIbIM U3 YeThIpeX SHAEMUYHbBIX KOPOHABUPYCOB [54].
Mx yacToTa BBISIBJIEHUST TIPUOIU3UTETBHO OTMHAKO-
Ba BO BCEX CTpaHax, KOTOPbIe MyOJIMKYIOT MaTepua-
Jbl CBOMX 3MMJAEMUOJIOTMYECKUX HaOJIoAeHUN |8,
47, 62, 63, 77, 134]. UHTepecHO, 4TO MOJABJISIOLIAS
4acTh UCCJIEAOBAHM I TIPOBOIMIIACH HA IETCKOM KOH-
TUHIEHTE, B TO BpeMsl Kak 1o faHHbIM [8, 77] cpen-
HUIi BO3PACT JIMII, 3apa3uBIINXCSI CE30HHBIMU KOPO-
HaBUpycaMu, cocTaBiseT 22—24 rona. Yto Kacaetcs
SARS-CoV-2, Tto, Oynyyu maHAEMUYECKUM BUPY-
COM, €ro rjao0ajabHOE PaclpoOCTpaHEHUE SIBISECTCS
OJTHUM M3 €r0 OCHOBHBIX CBOMCTB.

Ce30HHbBIE KOPOHABUPYCHI HIUPKYIUPYIOT €XKe-
TOAHO, UX aKTUBHOCTb B CEBEPHBIX IIMPOTAX I10-
BBIIIIAETCS B 3UMHE-BECEHHUI Mepuoj, Toraa Kak
B cTpaHax A3uu u bamxHero BocToka oTMeueH
CIBUT aKTMBHOCTM Ha BeCEHHe-JIeTHee BpeMs
roaa [29, 47]. B Kutae 3Ty BUPYCHl HUPKYIUPYIOT
Kpyrabiii roa [89]. CBeaeHuit 06 3NUAEMUOJIOTUN
COVID-19 Bce elie HeTOCTaTOYHO, YTOOBI OJIHO-
3HAYHO CYAMTh O CE30HHOCTU 3TON MHMEKIINU.
Ilpeanonaraercsi, 4yTo 0€3 CEpPbE3HBIX YCUIUN
CO CTOPOHBI OpraHoB 3apaBooxpaHeHuss SARS-
CoV-2 npoaoaXUT pacnpoCTpaHATLCS JIETOM, YTO,
COOCTBEHHO, W HaOJII0JaeTCsl BO MHOTMX CTpaHax
Mmupa, Bkiouass Poccuto. Tem He MeHee OXXKUIAIOT,
4TO 10 Mepe (OpMUPOBAHUS Y HACEJIEHM ST KOJIJIEK-
TUBHOIO UMMYHHUTETa BUPYC CTaHET 0ojiee CKJIOH-
HBIM K CE30HHBIM KoJiebaHusMm [14, 16].

IMocTOSTHHBITT 3MUAEMUOJOTUYECKUI Haa30p
3a 3a00JIeBa€MOCThIO U CMEPTHOCTBHIO B MUPE
ot OPBU, BKII0Uasi U CE30HHY1I0 KOPOHABUPYCHY IO
nHbpexuio, He BemeTcs. HoJIrocpouyHbIe HuCCIe-
JMIOBAaHM ST UPKYISIIMHA KOPOHABUPYCOB UeIoBeKa
Tak:ke He npoBoasaTcs. Yto kacaercsas COVID-19,
U3BECTHO, YTO 3TOU HOBOU KOPOHABUPYCHOU UH-
deklMeid Ha CerogHsIIHWUN AeHb Iepedosesio
676 609 955 yenoBek npu 6 881 955 cKOHYABIIUX-
ca (maHHble PecypcHoro neHTpa YHuBepcutTeTa
uM. [I>xoHca XonkuHca Ha 10 mapTa 2023 1.; mocie
3TOTO ITOT LIEHTP, TakK Xe, Kak u LleHTp mo KoH-
TpoJtw 3a 3abosieBaeMocThio B CIIIA, mpekpaTtun
cobupatb nHpopMmauuto mo COVID-19) [73].

Paznuuus Mexxay ce30HHBIMU KOPOHaBUpPYCcaMu
u nangemMmuyeckuM SARS-CoV-2 yeTko nmpocaeku-
BalOTCS B KJIMHUYECKUX MPOSIBJICHUSIX U TIXKECTU
3a00J1eBaHN i, KOTOPBIC OHU BHI3BIBAIOT (TA0. 4).

Knuanyeckast KapTUHA KJTaCCUYECKOTO
COVID-19 3HaYUTENBHO TSKeIee, 9YeM CHUMIITO-
MBI ce3oHHOT OPBU, BhI3BaAaHHON 3HIAEMUYHBIMU
kopoHaBupycamu 229E, NL63, HKUl u OC43.
HMuxky6anuonHsiii nepuon y COVID-19 no pas-
HBIM JaHHBIM KoJjiebjercss oT 4—7 nHei [121]
1o 14 nHeit [55] mpu 601ee KOPOTKOM MHKYOAIIMOH-
HOM TIepuoze (0T 2-X 10 4—5 gHeil) Yy Ce30HHBIX KO-
poHaBupycoB [90, 103]. Ce30HHBIE KOPOHABUPYCHI
MPEMMYIIIECTBEHHO CBSI3aHbI C JIETKOW MHGpEeKIINeH
BEPXHUX ABIXaTeJbHBIX MyTel [56], XOTsI, TOMUMO
CUMIITOMOB MPOCTYAbl U TacTPOIHTEPUTA, DHIE-
MUUYHBIE PeCIUPaTOPHbIE KOPOHABUPYCHI YeJIOBEKa
MOTYT BBI3BIBAaTh MHPOCTHIC M OCJIOXKHECHHBIC WMH-
dexuMM HUXXKHUX OBIXaTeJIbHBIX MYyTEU, CpeaHUA
OTHUT, 00OCTPEHU S ACTMBI M HEKOTOPBIC CUCTEMHEIC
ocioxHeHus [31, 50]. TeM He MeHee TIXeCTb 3TUX
OCJIOKHEHM I He UJIET B CPaBHEHUE C TIXKECThIO Te-
yeHus1 COVID-19 u ero ocjioXXHeHUSIMU, 3a4aCTYIO
OYCHDb NJIUTEIbHBIMU UJIU OTCPOUYCHHBIMMU.

OcoBEHHOCTU LMPKYNSLIMA CE30HHbIX
KOPOHABMPYCOB Ye10BEKa 40 U BO BPEMS
naHoemum COVID-19

B camom Havasie mannemuu COVID-19 npen-
moJjiarajJuch I1Ba OCHOBHBIX CLICHAPHS €€ pa3BUTHS:
(1) SARS-CoV-2 Oynmer uMpKyaupoBaTh Tapal-
JICABHO C OPYTUMHU PECITUPAaTOPHBIMHU BUpPYyCaMU
Win (2) KOHKYPEHTHO BBITECHUT UX U3 LIUPKYJIS-
uuu [2, 79]. Ha TOT MOMEHT Ka3aJ10Ch, UTO APYTUX
BapuaHTOB HeT. OMHAKO MaHAeMUsI MOoIILIa 10 Tpe-
TheMY, CMELIAaHHOMY ClIEHapul0 — 3HAYMTEJbHas
YacThb PECNUPaTOPHBIX BUPYCOB Oblda NEHCTBU-
TEJIBHO BBITECHEHA U3 CBOe cpenbl ooutanus [27],
HO HECKOJIBKO BO30ymIUTEeNei, TaKMX KaK PUHO-
BUPYCHI, peCOUpaTOPHO-CUHIINTHAJIBHBEINA BU-
pYC ¥ CE30HHBIE KOPOHABUPYCHI, B TOW UJIU UHOU
CTENEeHU MPOJOJIKaJIU HUPKYJIUPOBATh HapSIy
¢ HOBbIM KopoHaBupycom SARS-CoV-2 [80, 81].
Hawuboee spko 3TO IMPOSIBUIIOCH B CUTYallMU C PU-
HOBUpYycaMU [22]; ogHaKO M peCIUpaTOPHO-CUH-
OUTHUAJIBHBIN BUPYC, 1 CE30HHBIC KOPOHABUPYCHI,
XOTSI 1 HECKOJIbKO CHU3MJIN CBOIO aKTUBHOCTD, TEM
HEe MeHee MPOBOLIMPOBAJIM BECOMOE YHCJIO CIyJaeB
OPBU [22].

Ce30HHBIE KOPOHaBUPYChl OOHApPY>KUBAJIUCH
1 O0OHapyKMUBaITCs exeromnHo; kK 2020 r. oHu ume-
JIV SKCIOHCHIINAJIbHYIO TMHAMUKY POCTa U OCCH-
HE-BECEHHIOI TCHACHIINIO C MMKOM 3a00JIeBaeMO -
CcTU B sHBape-deBpade [5, 8]. CpeaHss npoaoaxXu-
TeJIbHOCTb c€30Ha LUupKyJssuuu no 2020 r. coctaB-
gasina 88 nHeit. Ce3oH 2020—2021 rr. ObLI JJIMHHEE
cpenHero u coctaBJisi 119 nHeii. [Ipeobnagaromuii
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TaGnuua 4. CpaBHUTeNbHAs XapaKTepUCcTUKa Ce30HHbIX KOpoHaBUpycoB U SARS-CoV-2: knuHuka
un naroreHes (Ha ocHoBe [31, 50, 55, 56, 121])
Table 4. Comparative characteristics of seasonal coronaviruses and SARS-CoV-2: clinical manifestations and
pathogenesis (based on [31, 50, 55, 56, 121])

Bo3byaurtenb
Causative agent
CeoiicTBa Ce30HHbI (3HAEMUYHbI) Manpemunyeckui
Properties Seasonal (Endemic) Pandemic
229E, NL63, 0C43, HKU1 SARS-CoV-2
3aboneBaHue OPBHU Koeup,
Disease Common cold COvID-19

«BxopgHble BopoTa» MHGeKLUn
“Entrance gate” of infection

BerHMe AblXaTeJibHble NYTU
Upper respiratory tract

NHdekumsa BepxHux
AblXaTeJibHbIX ny'reﬁ
Upper respiratory tract
infection

Kak npaBuno

Common

NHdeKumsa HUKHUX

Incubation period (days)

AbIXaTeNbHbIX NyTEN WUHorpa Kak npaBuno
Lower respiratory tract Sometimes Common
infection

Pennukauus Bupyca npu

NOBbILLEHHbIX TeMNepaTypax WHorpa Kak npaBuno
Virus replication at high Sometimes Common
temperature

WHKyOauunoHHbIi nepuog, (aHu) 1-3 2_14

CumnTOMBI
Symptoms

MnaBHOe Hayano
Smooth (gradual) onset

BHe3anHoe unu nnaBHoe Hayano
Sudden (abrupt) or smooth onset

Hacmopk, BoigeneHus

13 HoCca, 3aJI0)KEHHOCTb HOCA,
ynxaHue

Running nose (rhinorrhea),
nasal discharge, nasal
congestion, sneezing

Kak npaBuno

Common

MoTteps 060HSAHMS M BKYCA,

ronoeHas 6onb Pepko Kak npaBuno

Loss of smell and taste, Rare Common

headache

Opbiluka Cna6o BbipaxeHa Kak npaBuno

Shortness of breath Mild Common

Bonb B ropne OuyeHb YacTo WHorpa

Sore throat Very common Sometimes

Kawensb YacTo (oT nerkoro g0 yMepeHHoro) YacTo cyxow Kawenb (40 TSXeNoro)
Cough Common (mild to moderate) Common (dry cough, can be severe)

Bonb B MbiLLLLaX
Muscle pain (body aches)

WHorpa (He3HauuTenbHas)
Sometimes (slight)

OuyeHb 4acTo U TAXENO
Very common (often severe)

03H006 nnu nuxopagka
Chilliness and fever

Pepnko y B3pocnbix, Yalue y aeTtein
Rare in adults, possible in children

OyeHb 4acTo, BO3MOXEH 03HO0
Very common, may have chills

Hepomoranue, yctanoctb,

cnaBocTs WHorpa OuyeHb 4acTO, MOXET ANIUTLCA HEAENIMU
Malaise, fatigue, weakness Sometimes Very common (can last for weeks)
MoTeps anneTtuta, guapes Penko/uHorpa WHorpa

Loss of appetite, diarrhea Rare/Sometimes Sometimes

833




W.B. Kucenesa, T.[J. Mycaesa

MHdekumns n uMmyHuTeT

TUII KOPOHAaBUpYyca YejloBeKa MEHSIJICS OT Ce30Ha
K CE30HYy, HO He MeHee OJIHOTO ajb(PakKopOHaBM-
pyca U OmHOTO OGeTaKopoHaBUpyca HUPKYJIUPYET
KaXXIIBI Ce30H MJIY pa3 B aBa roxa [61, 89, 116].

B yMepeHHOM KJIMMaTe Ce30HHbIE KOPOHABUPY-
ChI YeJIOBeKa IIUPKYJIUPYIOT B TEUCHNE BCE 3UMBI,
YTO MOXKET OBITh CBSI3aHO C HU3KOU TeMIiepaTypoit
okpyxkatomieit cpensl [11, 62, 104]. B 10XXHOM MoO-
JIyIIapuu CE30HHOCTH 0oJjiee pa3HOOOpa3Ha U Me-
Hee npeackasyema [82, 83]. Cuuraercs, 4yTo 605€ee
HM3KHE TeMIepaTypbl YJIy4IIaloT CTaOUIbHOCTh
0601049euyHbIX BUPYcoB [109], npuBOAST K BhIChIXa-
HUIO IBIXaTEJIbHBIX ITYTE U MOTYT ITOBBIIIATh BOC-
MPUUMYMBOCTD X03siMHA K nHpeKnuu. Hecmorps
Ha 3TO, CE30HHBIE KOPOHABUPYCHI YeJI0BEeKa peru-
CTpUpYIOTCS U JieToM [21].

B uccnenoBanuu, nposegeHHom B CIIIA, Ha-
yaJio anuaemMuyeckoro cezoHa 2020—2021 rr. 0b110
OoTCpoveHO Ha 11 Henesb 10 CPaBHEHUIO C TIOTIaH/Ie -
MUYECKUMHU ce3oHaMu. CooOIIaeTcs, YTO U3 YeThI-
pexX Ce30HHBIX KOPOHABUPYCOB YeI0BeKa HanboJiee
pacnpocTpaHeHHBIM siBiasieTcss OC43 [104]. B To ke
BpeMsi B MOCKOBCKOM pervoHe CE30HHbIE IO BEMbI
0eTaKOpOHABUPYCOB He OBIJIM CUJIBHO BBIPAKEHBI
MO CpaBHEHUIO C albpaKopoHaBuUpycaMu [8].

MHoroe B OTHOILICHUUW BHHUIESMHUOJIOTUU Ce-
30HHBIX KOPOHABUPYCOB 110 CUX TTop HesicHo. [Toka
TOYHO M3BECTHO OMHO — HU 3IMUJEMUU TPHUIIIA,
HU naHgemMuu rpunna ujiu COVID-19 He oka3bi-
BaJIM CYIIIECTBEHHOT'O BJIMSTHUSI Ha XapaKTep U UH-
TEHCUBHOCTb IMPKYJISIIIUA CE30HHBIX KOPOHABU-
pycoB uejioBeka (TabJ. 3).

3akJyeHme

XOTsi KOPOHABUPYChI 4YesioBeKa ObLIM BIIEPBbIE
BbISIBJIEHBI B cepennHe XX BeKa, OHM, BEPOSITHO,
LUPKYJMPOBAJIM B YEJIOBEUECKOM MOMYJISLUU B Te-
yeHUe ThICSY JieT. MHOrMue M3 HUX OTHOCUTEIBHO
0e3BpeaHbl U BbI3bIBAIOT PECIIMPATOPHBIE CUMIITO-
MBI JIETKOI U cpefHel cTerneHu TsixkecTu [42]. OmHako
HEKOTOpble KOPOHABUPYCHI, Takne Kak SARS-CoV,
MERS-CoV n SARS-CoV-2, npuBoadT K 6oJiee ce-
Pbe3HbIM, MHOTAA JaXe CMEePTEAbHBIM MH(MEKLISIM.

Mexmy «<KpallHUMU TOUKaMI», KOTOPBIE CETOTHSI
ObLJIM PACCMOTPEHBI B HACTOSIILEM 0030pe — KJlac-
CUYECKUMU CE30HHBIMU KOpoHaBupycamu u SARS-
CoV-2 — odeHb MHOTO 001Iero. OToO TAKCOHOMUYE-
ckast 0J1M30CTh, MOP(OJIOrusi, CTPyKTypa u Ghusu-
KO-XMMUYECKME CBOMCTBA BUPHOHA, OpraHU3aLus

Cnucok nutepatypsbl/References

reHomMa, OCHOBHBIE 3Tambl perJIMKalluy BHUpYca,
MyTh Nepeadm, BXOMHbIE BOpOTa MH(MEKITNY U MHO-
roe npyroe. Yto xe caenano SARS-CoV-2 HacToJb-
KO arpecCHMBHBIM, YTO OH MPUOOpEJ CTaTyC MaHIe-
Muyeckoro Bupyca? Uto BooOllie aeaeT JJio0oit Mu-
KpOOpPTraHU3M BBICOKOTIATOTeHHBIM? OCTPOBKU ITa-
TOTEHHOCTH y CTPENTOKOKKOB, KJIUBEIXK-caT y HS
BUpYyca IITUYbEro TPUIITaA, «MCITaHKa»... YTo Takoro
HeobblyHOro ecTh Y SARS-CoV-2, yero HeT y KJjac-
CMYECKMX CE30HHBIX KOpoHaBUpycoB? WM3BecTHO,
4TO TaHJAEMHUYECKUI MOTEeHIIMal BUpyca 3MXKICT-
Cs Ha «Tpex KuTax». I1o (1) aHTUreHHasi HOBU3HA,
(2) BUPYJICHTHOCTb JIJIsI XO35IMHA, CJIEICTBUEM KOTO-
poii sBJsIeTCST BbICOKasi cCMepTHOCTh. WM, HaKoHell,
(3) BbICOKAsi KOHTarMO3HOCTh, TO €CTh CIIOCOOHOCTH
K OECKOHTPOJIBHOMY PACIIPOCTPAHEHUIO CPEIU Yy B-
CTBUTEJIbHOU nonyasiuuu [95]. Bcemu aTuMu cBoii-
cTBaMM 00J1ajlajl YXaHbCKUI BapyMaHT HOBOT'O KO-
poHaBupyca. Kak nusamenuncss SARS-CoV-2 criycts
MOYTH YEeThIpe rojla OT Hayaja IMaHJAEeMUH, TTOCTe-
TMIEHHO Mepexo/is B CE30HHYI0, MeHee BUPYJIEHTHYIO
dopmy? BoripocoB 6osibliie, YeM OTBETOB.

Te HeMHOTHME BBISIBJIEHHBIE K HACTOSIIIEMY MO-
MEHTY pasjindusl B pa3Mepax BUPYCHBIX YaCTHIL
M BUPYCHOT'O T€HOMa, UCIOJIb30BaHUE UJIU HET Te-
MarrJlTUHUHICTEPA3hl I IPOHUKHOBEHUSI BU-
pyca B YyBCTBUTEJIBbHYIO KJETKY, MPUKpETJICHUE
K pa3HbIM KJIETOYHBIM peleTITOpaM He MOTYT 00'b-
SICHUTH CYIIECTBEHHYIO Pa3HUILY B TSIXKECTU Tede-
HUS MHGEKIINU, KOTOpasi BHI3BIBAETCSI CE30HHBIM
JIM0O MaHIeMUUYECKUM KOPOHABUPYCOM.

KoHeuHo ke, 4eTKO oImpeieiseMble pa3iundust
B KJIMHUYECKUX CUMIITOMax U IaToreHe3e MHQEK-
U1, BBI3BAHHOW CE30HHBIM KOPOHABMPYCOM WU
SARS-CoV-2, numeroT 1moa co0oii B OCHOBE TOHKME
MOJIEKYJISIpHbIE MEXaHU3Mbl, KOTOpbIE HaM eIlle
TOJILKO TIPEJACTOUT Yy3HaTh. W3BECTHBI MPUMEDHI,
Korma Bcero 1—2 MyTtaluu KapauHaJbHbIM 00pa3oM
MEHSIOT CBOICTBa BUpyca. Hampumep, B muHelike A/
Kanmudopunss/07/2009 (HINIpdm09) — momoOGHBIX
BUPYCOB I'PUIIIIA PE3KO BBIJESIETCS OMUH IIITaMM, A/
IOxxHas Adpuka/3626/2013, KoTOpbIii, 0bGaaaast IBY-
Msl YHUKaJbHBIMU 3aMEHAMHU B F'eHaX, KOTUPYIOIIUX
MOJIMMEPa3HbIi KOMILJIEKC, MPOSBIISET IaTOTreH-
HOCTbH JJIsI MBIIIIel, Ha HECKOJBKO ITOPSIIKOB IIpe-
BBIIIAIONIYIO TAKOBYIO y IPYTHMX MHOTOYMCIEHHBIX
npeacTaBUTeseit 3Toi rpymnbl BUpycos [10].

Tloka emie «OeJbIX IISATEH» CIAMIIKOM MHOTO,
4TOOBI AejlaTh KaKWe-TO OJHO3HAYHBbIE BBIBOIBI
10 3TOMY OBOY.
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MOJIEKYNIAPHAA MUMUKPUA U COVID-19

B.H. 3opuna

@I'bY Hayuno-kaunuueckuil yenmp moxcukosoeuu umernu axkademuxa C.H. Ioaukosa Pedeparvroeco meduko-
ouonoeuueckozo acenmemea, Cankm-Ilemepoype, Poccus

Pestome. 3HaunTenpHas yacTh ocnoxHeHU COVID-19 1 mposiBiIeHn i MOCTKOBUIHOTO CMHIPOMA CBsI3aHa C ayTOMM-
MYHHBIMU peakinusiMu, BeI3biBaeMbIMH SARS-CoV-2. KioueBsIM MeXaHN3MOM pealn3alui ayTOMMMYHUTETa TIPU
COVID-19 saBisteTcs MOJNEKYIIpHAsT MUMUAKPHUS, 3aIeiiCTBOBAHHAS B Pa3BUTUHM IIUTOKWHOBOTO IITOPMA, CHCTEM-
HOTO MYJBTUOPTaHHOTO TUIIEPBOCIAICHU S, SHIOTeINATbHON TUCHYHKIINY, a TAKXKE SIBIISIOIIASICS TPUTTEPOM pas-
BUTHS ayTOMMMYHHBIX 3a00JIeBaHUI (AyTOMMMYHHOM TPOMOOLIMTOIIEHNH, ayTOMMMYHHOT'O BacCKYJINTa, CHHAPOMA
I'mitena—bappe, curapoma Mutepa—®uiepa, ayTOMMMYHHON HEpOITaTU, ayTOMMMYHHOTO TUPECOMINTA, PEB-
MaTOUJIHOr0 apTpuTa M Apyrux) nocie nepeHeceHHoro COVID-19. B ieioMm BbISIBIIEHO 59 001X UMMYHHBIX I€TEPMHU-
HaHT B 80 anuTomnax cnaik-oenka SARS-CoV-2 ¢ 53 mpoTuBoBOCTaIUTEIbHBIMU O€TKAMU, PELENITOPAMU, PETYIUPYIO-
MMM TIpoJudepannio, nuddepeHIIMPOBKY U allONTO3 KJIETOK, a TaK>Ke UMMYHHBIN 0TBeT. OOHapyXeHO, UTO Cpeau
37 6enkoB BUpyca, TOJIbKO 8 HE UMEIOT UMMYHOTEHHBIX YUaCTKOB, UIEHTUUYHKIX OelKkaM denoBeka. IlepekpecTHoe
pearupoBaHue MPUBOAUT K GOPMUPOBAHUIO O0Jiee 15 OTaeIbHBIX TUTIOB ayTOAHTUTE, BKJIIOUast aHTUdOCHOIUTIII-
HbIE aHTUTEIA K KapIUOJUIINHY U 0eTa-2-TIMKOIPOTEUHY I, aHTUTeNa K TpaHCMEMOpaHHOMY el TOPY alcHO3MHA
A2b, amuIoHeKTUHY, GochaTUuINICePUH-TIPOTPOMOMHOBEIE ayTOAHTUTENA, aHTUHYKJIeapHbIe aHTUTEIA, aHTUTE-
J1a K MUTOXOHIpUSIM M2, ayToaHTHTENa IMPOTUB MHTep(epoHOoB | THITa M APYTrUX MUTOKMHOB, XeMOKHOB, KOMIIO-
HEHTOB KOMILIEMEHTa 1 0€JIKOB KJIeTOUHBIX MeMOpaH. Popmupytomuecs ipu COVID-19 ayToanTuTeIa pearupyor
C aHTUTEHAMM KJICTOK IMUTOBUIHOMN JXEJIE3bl, CEPACUYHON M CKEJCTHBIX MBIIIII, JETKOTO, CYCTaBOB, TICUCHM, ITOUEK,
TOJIOBHOTO ¥ KOCTHOTO MO3Ta, eprudepruecKoii HepBHOI CHCTEMBI, KOXW U KMPOBOI TKAHU, KeJIYyIOUHO-KHUIIeU-
HOTO TpaKTa, INYeK, I1a3a, a TaKKe ¢ aHTUTeHaMU MUTOXOHIPHUIA, OITOCPEIys pa3BUTHE TSKEIBIX OCTOKHEHUIA 3a-
0oJsieBaHMS U MMOCTKOBUIHOTO cuHApoMa. Hanuuue 24 roMooruuHbIX MeHTanenTuaoB ¢ B. pertussis, C. diphtheriae,
C. tetani, H. influenzae u N. meningitidis co3naet pucK pa3BUTUs HeI(HEKTUBHOIO UMMYHHOTO OTBETa MpPU BaKIMHA-
MK Ha (POHE MOBBIIIEHHOTO PUCKa ayTOMMMYHHBIX OCJIoxkKHeHUit. Heobxonrmo 00s13aTeIbHO YUUTHIBATh (heHOMEH
MOJIEKYJISIPHOM MUMUKPUU TIPU pa3pabOTKe HOBBIX MOIX0M0B K peaduauTanuu u jedeHuo COVID-19, a Takxe npu
pa3paboTKe U TeCTUpOBaHUM BaKLIMH MpoTuB SARS-CoV-2.

Karoueevie caosa: mosexyrapuas mumuxpus, COVID-19, SARS-CoV-2, aymoummyrnumem, nocmxo8uoHbwLii CUHOPOM,
NOCMBAKYUHANbHbIE OCAONCHEHUS.

THE MOLECULAR MIMICRY AND COVID-19
Zorina V.N.
Golikov Research Clinical Center of Toxicology under the Federal Medical Biological Agency, St. Petersburg, Russian Federation

Abstract. A significant part of the complications of COVID-19 and manifestations of post-COVID syndrome is associated
with autoimmune reactions caused by SARS-CoV-2. The key mechanism for enabling autoimmunity in COVID-19 results
from molecular mimicry, which is involved in developing cytokine storm, systemic multiorgan hyperinflammation,
endothelial dysfunction, also being a trigger for arising post-COVID-19 autoimmune diseases (autoimmune
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thrombocytopenia, autoimmune vasculitis, Guillain—Barré syndrome, Miller—Fisher syndrome, autoimmune
neuropathy, autoimmune thyroiditis, rheumatoid arthritis, etc.). Overall, there have been identified 59 common immune
determinants in 80 epitopes of the SARS-CoV-2 spike protein and 53 anti-inflammatory proteins, receptors regulating
cell proliferation, differentiation and apoptosis as well as immune response. It was found that among the 37 viral proteins,
only 8 of them bear no immunogenic regions identical to human proteins. Cross-reactivity results in emergence of more
than 15 distinct types of autoantibodies including antiphospholipid antibodies against cardiolipin and beta-2-glycoprotein
I, antibodies specific to transmembrane adenosine receptor A2b, adiponectin, phosphatidylserine-prothrombin,
antinuclear antigens, mitochondrial M2, type I interferons, and other cytokines, chemokines, complement components
and cell membrane proteins. Autoantibodies formed during COVID-19 react to antigens of cells located in the thyroid
gland, cardiac and skeletal muscles, lung, joints, liver, kidneys, brain and bone marrow, peripheral nervous system,
skin and adipose tissue, gastrointestinal tract, testicles, eyes as well as mitochondrial antigens, mediating development
of severe disease-related complications and post-COVID syndrome. The presence of 24 homologous pentapeptides
with those found in B. pertussis, C. diphtheriae, C. tetani, H. influenzae and N. meningitidis poses a risk of developing
ineffective vaccination immune response paralleled with higher risk of autoimmune complications. It is imperative to take
into account the phenomenon of molecular mimicry while proposing new approaches for rehabilitation and treatment

of COVID-19 as well as in development and testing of vaccines against SARS-CoV-2.

Key words: molecular mimicry, COVID-19, SARS-CoV-2, autoimmunity, post-COVID syndrome, post-vaccination complications.

OcobeHHocTn naToreHe3a SARS-CoV-2
1N ayTOMMMYHHbIE NMPOSBIEHNS BUPYCHOM
NHpEeKLMN

3a mocnenHue 20 JeT BBISIBJICHO TPHU ciaydas
MOSIBJICHUSI HOBOTO KOPOHABHMPYyCa, BBHI3BIBAIOIIC-
IO TSIXEJIbIA OCTPBbIA pPEeCHUPATOPHBIA CUHIPOM:
SARS-CoV B 2003 1., MERS-CoV B 2012 1. 1, Ha-
koHel, SARS-CoV-2, BwbiBaBminii COVID-19,
B 2019 1. [9]. B mepmon ¢ mexadps 2019 r. 110 ceH-
T10pb 2022 T. B MUpE 3aperucTpupoBaHo 0Oojee
600 muH cirydaeB 3apaxeHuss SARS-CoV-2, 6osee
6 MJIH 3apakKeHHBIX YMEPJIO OT MHGPEKLIMN UJIU OC-
noxHeHuil. Knuaudeckoe teueHue COVID-19 ot-
JIUYaeTcs KpaliHeil M3MEHUYMBOCTBIO: ¥ HEKOTOPBIX
Jioneit 3abojeBaHUE TPOTeKaeT OeCCUMIITOMHO,
B TO BpeMs KaK y IPYTUX HAOIIOMAIOTCS TUX0OpaIKa,
CyXO# KallleJIb, aHOCMUSI U TIOTepsl BKyca, ITOBBI-
IIIEHHasl yTOMJISIEMOCTbh, TOJIOBHAsT 00JIb, aCCOLIMU-
poOBaHHAsI ¢ THICPCUHTE30M IIUTOKMHOB BOCITAJI-
TeJdbHasl peakliusi, HapylleHUsI CBEPTbIBAEMOCTU
KPOBH, dHIOTEINATbHAsI TUCHYHKIINS, CepaeYHast
apuTMUs, Tuapes, HapyleHUus (GYHKIWWA TCYCHU
M MOYeK, MTHEBMOHM S, MPUBOASIIAS K OCTPOMY pe-
criuparopHomy auctpecc-cuHapomy (OPIOC) u T4-
XKeJIo JbIXaTedbHOU HemocTtaToyHocTu [7, 8, 19,
26]. IepBuunas nHdekuuss SARS-CoV-2 conpoBo-
JKJAEeTCs CUCTEMHBIM BBICBOOOXIEHUEM BUPYCHOM
PHK (PHKewmmueii), cmocoOCTBYyIOIIEi aKTUBALIUUA
KacKajlia peakInii BpOKIEHHOTO UMMYHHOTO OTBeE-
Ta U TUIIEpaKTUBAIIMU CBEPThIBAaHMS, IIPUBOISIICH
K JIETOYHBIM U CHUCTEMHBIM HNMMYHOTPOMOO3aM,
BKJIIOYasi BEHO3HbIE JIOKaJbHble TPOMOO3HI [18].

UNszBectHo, uto BHpyc SARS-CoV-2 B3auMmo-
JIEUCTBYET C aHTMOTEH3WHIIpeBpallalommm dep-
meHTOM-2 (ACE-2) m TpaHCMeMOpaHHOU CepHHO-
Boii mporeas3oii-2 (TMPRSS2), skcnpeccupyembl-
MU nHeBMmouuTamu Il TUma m MHOrMMM APYyTrUMU

TUTIAMU KJIETOK (B TOM YHUCJI€ COCYTMCTOTO SHIOTE-
JIvs), JJisl TOro, YTOObl 00eCHeYUTh CAUsIHUE 000-
JIOYKU C KJIETOYHOW MeMOpaHOil M TIPOHUKHYTH
BHYTPb Kj1eTku. Kpome Toro, SARS-CoV-2 nonassi-
et akcripeccuio ACE-2 B KieTKax-MUTIEHSTX, TTPSIMO
WM  OTOCPEIOBAHHO TIPOBOLUPYST W30BITOYHYIO
BbIpabOTKYy aHruoreHsuHa II, akTuBaluio Bocma-
JINTEJILHOUW peakiinuu, Cy>KeHUe IMPOCBETa COCYIOB,
U30BITOUHYIO Mpoinudepalnio KIETOK, pa3psike-
HUE TUIOTHOCTHU CTEHOK KaIUJIISIPOB U 9KCCYIaIMIo,
YTO CMOCOOCTBYET PacHpOCTPAHEHUIO WH(EKINU
U MTPUBOIUT K PA3BUTUIO JIETOUHOTO (hrbpo3a [8].
COVID-19 accouuupoBaH ¢ H3MEHEHUSIMU
B CyOMOmMyasiliASIX LUPKYJIUPYIOIIUX JEHKOIIUTOB
U C MAaCCUPOBAHHBIM YBEIWYEHUEM KOHLEHTpa-
UM TIPOBOCMHAJIUTENbHBIX IIUTOKUHOB B CbIBO-
poTKe KpoBH, ocobenno 1L-6, IL-1B3, I1L-10, IL-17,
TNFo, GMC-SF (¢ Tak Ha3bIBaeMbIM <«IIMTOKHU-
HOBBIM IITOPMOM») [7, 8]. ¥ IMallUeHTOB C TSKEJION
dopmoit COVID-19 takke 3aprKCUPOBAHO TOBBI-
meHue yposHeit 1L-2, IL-7, MIP-1a, IP-10, MCP-1,
IFNYy [32]. CopoBouupoBaHHbIiI SARS-CoV-2 ru-
MEePCUHTE3 IUTOKUHOB WHAYLUPYET BbIPAOOTKY
XEMOKHWHOB, TTPOBOCTAJIUTEIbHBIX OCJIKOB U aKTU-
BUPYET HEKOHTPOJIUPYEMYIO BOCITAJIUTEIbHYIO pe-
aKIMIo, YTO B KOHEUHOM UTOT€ MOXET IMPUBOAUTH
K CMEPTHU OT MOJMOPTraHHOU HEAOCTATOUHOCTH |7, §].
M3MeHeH 1 HAaOI101al0TCs U B KJIETOYHOM 3BEHE
MUMMYHHOI'O OTB€Ta: 3HAYUTEIbHO CHUXAETCS KO-
auyectBo NKu T-knetok mpu tsixxesom COVID-19,
BBISIBISIETCSI MEHbIIE HaWBHBIX T-KJIETOK U WH-
nyuupoBaHHbIX T-peryiasgaTopHbix (iTreg) KiaeTok
(CD45"CD3"CD4"CD25"CDI127"%"), criocoOGHBIX
MOAaBUTh TMMEepPBOCHAeHUE, TO €CTh B LIEJIOM pa3-
BUBAETCS BUPYC-UHAYLIMPOBAHHBIM BTOPUYHBIN
reModarouuTapHbiii  auMdoructuouuTos [32].
BrisiByieHa akTuBanusl 3KCTPadOJTUKYISIPHBIX
B-kneTok y manuMeHTOB B KPUTUUYECKOM COCTOSI-
HuU [15]. OTMedeHO HapyllleHUue CyOIomnyasiluOH-
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HOT'O COCTaBa, U3MEHEHU ST COOTHOIIICHUS «PEeryJisi-
TOPHBIX» U <«IIPOBOCHAJUTENbHBIX» Tfh-KneTox,
a TaK:Ke CHUKCHUE KOHTPOJIS 3a aHTUTEJIOMPOIY-
OUPYIOIMUMHA B-KileTkaMu, aHaJIorundyHoe HaOIIto-
JlaeMOMY TPy ay TOUMMYHHOI nmatojoruu [2].
CniocooHocTh SARS-CoV-2 BbI3bIBaTh TUIlEp-
CTUMYJISILIMIO UMMYHHOI CHCTEMblI ITPOBOLIUPYET
dopMupoBaHMEe pa3HOOOPA3HBIX AHTUTEN C TPUT-
repHeIMU 3 dekTamu [8]. OueBUIHO, YTO AAJIEKO
HEe BC€ KJIMWHWYECKUE IIPOSIBICHUS CUCTEMHOTO
3a6oneBaHusi COVID-19 MOXHO OOBSICHUTH HUC-
KJIOUUTEJIbHO TIOCJIECACTBUSIMU B3aUMOACUCTBUS
S-6enka SARS-CoV-2 ¢ K1eTOUYHBIMU MeMOpaHa-
MU TKaHei, skcrpeccupytomux ACE-2. B ugact-
HOCTH, pa3BUTHE TUCCEMUHUPOBAHHON BHYTPUCO-
CYIMCTOI KoaryjaonaTuyd 4acToO COITPOBOXKIAETCS
MOBBIIIIEHHBIMU YPOBHSIMU ayTOAHTUTEJ K Kapau-
OJIUTIMHY W B2-TIUKOIPOTEUHY, UTO CBUJCTEIb-
CTBYeT 00 Yy9aCTUUM ayTOUMMMYHHOI peaKTUBHOCTH
B natoreHeze COVID-19. MHorue KJIMHUYECKUE
nposieieHus nopaxeHuit ITHC, koxwu, keaymod-
HO-KUIIEYHOr0 TpakTa U APYyrUX OpPraHoB TakK-
XXe CBSI3aHBI HE C IIPSIMBIM Bo3aeiicTBueM SARS-
CoV-2, a c ayTouMMyHHBIMU peakuusamu [19, 30].
M3BecTHO, YTO TOMUMO IreHETUYECKOM TTpeapac-
MOJOXEHHOCTH, 3HAYUTEJIbHYIO POJIb B Pa3BUTUU
ayTOMMMYHHBIX 3a00J€BaHMII UT'paiOT BHEIIHUE
TPUITEPHI, B TOM YHCJIe BUpycHas MHpeKOus [9].
Cpenu BUPYCOB, OITMCAHHBIX B KAUECTBE TPUTTEPOB
ayTOMMMYHHBIX 3a0oJieBaHUli: TapBoBUpyc BI19,
Bupyc DnurteitHa—bapp (EBV), uurtomeranosupyc
(CMYV), Bupyc repneca 6 tumna, T-muM@OTpOnHbIi
Bupyc uyesoBeka (HTLV-1), Bupyc rematura A u C,
a Tak>Ke BO30OYAUTEIM KPAaCHYXH, KOPU U SITUAEMU-
YeCKOro MmapoTUTa. YCTAaHOBJICHO, YTO JaHHbIE BU-
PYChI IPOBOLIUPYIOT Pa3BUTUE ayTOMMMYHHBIX 3a-
OoJieBaHUI, BKJIIoUasi peBMaTOUIHBIN apTpuT (PA),
cucteMHyl0 KpacHylo BoimuaHky (CKB), cungpom
Illerpena, epBUYHBIN OMJIMAPHBIN XOJAHTUT, pac-
CeSTHHBIN CKJIEPO3, IMOJUMMUO3UT, YBEUT, MypHypy
lenneiitna—leHOXa, CUCTEMHBIN IOBEHUJIbHBINI
UINOMATUUECKUI apTPUT, TUPSOUIUT XaIlIUMOTO,
ayTOMMMYHHBIN TeIIaTUT, caXxapHBII a1radeT 1 TuIra
u apyrue [8, 9, 19]. U3BectHo, yto BUY, HTLV-1
U1 BUpYCHBI# renatuT C BbI3bIBAIOT ayTOUMMYHHBIE
peakiu, croco0CTBYs 00pa30BaHUIO ayTOAHTHUTEIT
kinacca G (aHtu-Ro52, antu-Ro60 u apyrux), aHtu-
aaepHbIx aHTuted, aHTu-JAHK, antu-Sm-D 1 MmHO-
rux apyrux [8]. YcraHoBiI€HO, YTO KaK MUHUMYM
JIBa pacCIpOCTPaHEHHBIX YeJOBEUECKUX KOPOHaABU-
pyca (HCoV-229E u HCoV-0C43) accouuupoBa-
HBI C Pa3BUTHEM PaCCEIHHOIO CKJepo3a; cooOIa-
JIOCb O TIEPEKPECTHOU MUMMYHHOW PEAKTUBHOCTU
T-KJIETOK C 3IMUTOIIAMU MUEJIMHA U C aHTUTeHAMU
HCoV-229E [19]. I1pu 3TOM KOpOHaBUPYCHI B MPUH-
nurie ob1agaT Ype3BblYaiHO HEMPOUHBAa3MBHBIMU
XapaKTEPUCTUKAMU U CITOCOOHBI BHI3BIBATH IIPSIMOC
MOBpEXIeHUE IIEHTPaJTIbHOI HEPBHOUW CUCTEMBI Ye-
pe3 T-keTku nau akTuBaluio komrjemeHra [30].

PaHee ObLJIO BhICKa3aHO MPEANOIOXEHUE, UTO
TPOMOOILIMTONEHMSI, BO3HUKABIIAs y MallMEeHTOB
nocJie 3apakeHU s IMPeabIAYIITUM STTUASMUYECKUM
kopoHaBupycoM (SARS-CoV-1), uMmeeT UMMYHHYIO
npupony. Belin oTMeUYeHBI caydan TepeKpeCcTHOMU
PCaKTUBHOCTA — y MAIMEHTOB C ayTOMMMYHHBI-
mu 3aboneBaHussmu (CKB, cunapom Illerpena, PA
W IpYyTUE) BBISIBJICH TOJIOXMUTEIBHBINA pe3yJibTaT
IpU TECTUPOBAHWM Ha HAJIWINUC aHTUTE]I K aHTH-
reHy SARS-CoV-1, HecMOTps Ha OTCYTCTBUE TaH-
Holt uH(peK U B aHaMmHe3e [19].

YcranoBnaeHo, ytTo SARS-CoV-2 cnocobcTByeT
BO3HUKHOBCHUIO ayTOUMMYHHBIX ITPOILIECCOB TaKe
B OoJIbLLEl CTeNeH, YeM Apyrue Bupycol. OnucaHo
MHOXECTBO CIIy4acB pa3sBUTHUSI ayTOUMMYHHOM Te-
MOJIMTUYECKON aHeMUH, ayTOUMMYHHOU TpoMOO-
LUTOIEHUM, ayTOMMMYHHOrO BacKyJWTa, CHUH-
npoma I'miteHa—bappe m cuHapoma Munnepa—
®dumepa, cuHApOMa aKTHUBAIMM MaKpodaros,
ayTOMMMYHHOI HelpoIaTuu, ayTOMMMYHHOTO
TUPEOUAUTA, ayTOUMMYHHON TPOMOOLIMTONEHU-
yeckoii mypnypbl, PA, CKB u paccesHHoro ckie-
posay nepedonesmux COVID-19 [8, 14, 19, 32].

M3BecTHO, YTO MHOTHE BUPYCHBIC WHMEKINU
MOTYT BBI3BIBAaTh ayTOMMMYHHBIEC pEeaKIINM depe3
peanusalMio LeJOoro psijia MeXaHU3MOB, BKJroyas
TaK Ha3bIBaeMOE «PacCIIPOCTPaHEHUE AIUTOMOBY,
«aKTUBAIIUIO CBUIETEJIS», PEaKIIUU TIEPEKPECT-
HOTO pearnpoBaHUS (MOJIEKYISIPHAST MUMUKPUS),
a Tak>ke peaKIIMU Ha paHee CKPBIThbie aHTUTECHHBIE
netepMuHaHThI [32]. CornacHO MHEHUIO psiga UC-
ciemoBaresieil, B MUHAYKIIUY ayTOMMMYHHOTO OT-
BeTa SARS-CoV-2 KII04eBBIM MEXaHU3MOM SIBJISI-
eTcsl MoJIeKyaspHast MUMUKpuUs [8, 19].

TToMumo crieuGpUUIECKOTO LUTONMATUYECKOTO
a¢dekTa, MHOTHE BUPYCHI MOTYT WHAYLIMPOBATh
peakuuu rurepuyyBcTBUTeAbHOCTU TUna Il u IV,
n SARS-CoV-2, oueBUIHO, HE SIBISICTCS NCKJITIOUE -
HueM. HbIHe onrcaHo MHOXECTBO TEOPUIL O TOM,
KakK MMEHHO TaHHBIA BMpYC OIOCpenyeT rumep-
BOCITAJIUTEeAbHOE cocTosiHue. K mpumepy, mpen-
mojlaraeTcs, 4TO TOBPEXICHUE COCYIOB 3a CUET
OTJIOXKEHUSI UMMYHHBIX KOMIIJIEKCOB MOXET IpH-
BOJUTH K aHTUTEJI03aBUCUMOMY YCUJIEHU IO PEITIU-
KallMu BUpyca B 3KcIpeccupylomux Fc-penentop
KJetkax [32].

He nocnenHioro posib B matoreHede COVID-19
WTpaeT U BhIpaskeHHasTI HeMTpoUans. AKTUBAIINSI
M BBICBOOOXIIEHHE HEUTPOMUIBHBIX BHEKJIECTOU-
HbIX noBywek (NET), unu HeTo3, conmpoBoXaae-
MBI BBIACJICHUEM CETU BHEKJIECTOYHBIX BOJIOKOH
(mpenmytiecTBeHHO coctosmmux u3 JHK um xpo-
MaTWHA), MOXET TaKXKe CIYXKUTh HNCTOYHUKOM
ayTOAHTUTEHOB, TPUBOISIINX K ayTOUMMYHHBIM
COCTOSIHUSIM. DKCKpeTupyeMasl 3JjiacTaza JOMoJ-
HUTEJBHO TIPOBOLIMPYET BBICBOOOXIECHUE TMeM-
TuaunapruHuHaenmMmuHas (PAD), ycuamBarommx
LHUTPYJJMHUPOBAHUE COOCTBEHHBIX OEJIKOB (B TOM
4uCcJie TUCTOHOB), Aejasi UX ayTOpeakKTUBHBIMMU [8].
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MHOrouucjaeHHble OaHHBIE JIEMOHCTPUPYIOT
BEPOSITHOCTb hopMuUpoBaHUsy 601bHBIX COVID-19
OoJsiee 15 oTe/IbHBIX TUIIOB ayTOAHTUTE. ¥ MHOTUX
NalneHToB ¢ TaxXelbiM TedeHnemM COVID-19, co-
MPOBOXAABIINMCSI 00pa3oBaHEM TPOMOOB B pa3-
JUYHBIX OpraHax, ooOHapy>XeHbl aHTU(HOCHOJTUTTUI-
HBIC aHTUTEJIA: Y KaXKI0I0 BTOPOro 00CIeI0BAaHHOTO
BBISIBJICHBI CBSI3aHHBIE C (DOCHOTUTTUIHBIM CUHIPO-
MOM ayToaHTuTeJa K KapauoaunuHy (aCL) u deta-
2-tnukonpotenHy I (B2GPI). ®ochaTuauicepnH-
nporpoMouHOBEIe ayToaHTuTena (PS-PT) takke
CBsI3aHBI ¢ 0oJice BBICOKOM YacTOTOI TPOMOO30B
W BBISIBJISIIVCH Y KaXXIOTO YETBEPTOro OOJIBHOTO.
YV 10% GOAbHBIX C TSIXKEJIOW ITHEeBMOHUEH Ha (oHe
COVID-19 6p11n 0o0HapysKeHbl HEUTpaTU3YIOIINe
ayToaHTUTeNa IPOTUB MHTepdepoHoB I tuma [8].
IMomyrmo aHTUDOCHOTUNMUAHBIX AHTUTEN, y Ia-
nueHToB ¢ COVID-19 BbISIBIEHBI aHTUHYKJIEeap-
Hble aHTuTeNla (ANA), aHTUuTesla K aHHEKCUHY A2,
uutokuHam (GM-CSF, IL-6, 1L-10), xeMokuHaMm,
KOMIIOHEHTAM KOMIIJIEMEHTa M O0eJIKaM KJICTOUHBIX
MeMOpaH, BKJtoudas 0enku riuu [15, 19]. Ocobyio
03200YEHHOCTh BBI3BIBAET CIIOCOOHOCTH (hOPMUPY-
romuxes mpu COVID-19 ayTopeaKTUBHBIX aHTUTE
npeoaoJieBaTh reMaTosHIedaandeckuii 6apoep [14].

Ilocne ycnieurHoit anuMuHanuu Bupyca SARS-
CoV-2 u3 opraHusMa 4acTo HabOarogaeTcs psd Ts-
XKEJIBIX OCJIOXHEHUI, OOYCIIOBIICHHBIX BUPYC-WH-
IYIUPOBAHHBIM ayTOUMMYHHBIM OTBETOM, COXpa-
HsomuMcs rociie octpoit pazel COVID-19, B BUue
MNEePCUCTUPYIOIIMX ayTOPEaKTUBHBIX T-KJIETOK
v anTuten [14]. TouHoro onpeneaeHUs MOCTKOBU I~
HOrO CHUHApoOMa HeT, HO Hambojee pacIipocTpa-
HEHHBIMHM CHUMIITOMaMM SIBJISIIOTCSI TTIOBBINIIEHHAS
YTOMJISIEMOCTh (KaK pe3yjbTaT AUC(HYHKLMU Be-
reTaTUBHOI HEPBHOI CUCTEMBI) M OABIIIIKA, COXPa-
HSIOIIMECs B TeUCHNE HECKOJIBKHUX MECSIICB TTOCIIEe
octporo COVID-19. Yepe3 3 mecsua y nepebdo-
JIEBIIUX (DUKCUPYIOTCS PEHTTEHOJOTMUYECKUE OT-
KJoHeHUs B 71% ciiydyaeB U HapylleHUs: GyHKIIUN
Jnerkux B 25% ciiyyaeB, IIPUTOM 4YTO TOJIbKO 10%
OOJIBHBIX MEPEHECIU TSIXKEeNyl MHEeBMOHUIO [33],
YTO CBMIETEJAbCTBYET O peaju3alliy MaToJIOTU-
YECKHUX IIPOLIECCOB YK€ IOCJIE OCTPOM BUPYCHOM
nHpeKINU. JIpyrme cToiKre CUMITTOMBI MOTYT CO-
XPaHSTHCS IO IIECTH MECSIIEB ¥ BKJIIOUAIOT KOTHHU-
THUBHBIE U IICUXUYECKUE HApYyLIIEHU I, 00U B Tpyau
U CyCTaBax, yyallleHHOE cepauedbnueHune, Mruajruio,
HapyIlIeHUs OOOHSHUS M BKyca, KallleJb, T'OJIOB-
HYI0 00JIb, BbITIAJIEHUE BOJIOC, OECCOHHMUILY, CBUC-
TsIIee AbIXaHWE, PUHOPEI0, MOKPOTY, XKEIYI0u-
HO-KHIIIEYHBbIE M cepleuyHble 3aboneBaHUs. Pexe
BCTpEYaIOTCS: 03HOO, ITPUIMBBI, OOJIH B yIIIaX 1 Ha-
pymieHUs 3peHnst. ONrcaHbl CIyYanu CTPYKTYPHBIX
1 MeTabOJIMIEeCKNX HapyIIeHW T TOJIOBHOTO MO3Ta,
aCCOLIMMPOBAHHBIX CO CTOMKMMU HEBPOJOTHYEC-
KAMHU CUMIITOMaMU, TAKUMH KakK IOTePs TaMsITH,
aHOCMUSI U YTOMIJISIEMOCTh, IIPU 3TOM IIepBOHA-
yagbHas TaxecTb COVID-19 He urpaet cyiie-

cTBeHHOI posiu [33]. TTosiBJieHMEe MHOXECTBEHHBIX
HeBpoJiornyeckux HapyueHui mociae COVID-19,
BKJIIOYass XPOHUYECKYIO YCTAaJIOCTh WM JIBUTA-
TeJIbHbIE PACCTPOMCTBA, BO MHOTOM HAalIOMUHAIOT
TaK Ha3blBaeMbIl «JeTapruyecKuit sHuedanIuT»,
OT KOTOPOTO IMOCTpaaago 0ojiee MUJIJIMOHA YeJIO-
BEK BO BpeM s MaHASMUU «UCcHaHKM» 1918 1. [14].
TakuM oOpa3oMm, sSIBJIEHUS ayTOPEaKTHUBHOCTU
UTpaloT KJIIOUEeBYIO posb B natoreHese COVID-19
¥ IOCTKOBUTHOTO cuHApoMa. HeBO3MOXHO 0OBsIC-
HUTH Pa3BUTUE Ay TOUMMYHHBIX ITPOIIECCOB TOJIBKO
MOBBIIIIEHUEM JOCTYITHOCTU paHee «3a0apbepHbBIX»
AHTUTEHOB WJIM WM3MEHCHMSIMHU COCTaBa IIMPKY-
JIUpPYIOIIeil KPOBU B IIpOIleCCe Pa3sBUTUS MacCHU-
pPOBaHHOrO BOCHAIUTENbHOro mpoiiecca. OmHakKo
nepekpecTHas peaKTUBHOCTD, BO3HUKAIOIIAS TTPU
TOMOJIOTUM aMHWHOKHUCJIOTHOM ITOCJIEIOBATEIBHO-
ctu anutonoB SARS-CoV-2 ¢ TkaHeBbIMU OelKa-
MM UeJOBeKa, OCTAaeTCs He TOJIbKO BakKHEHIINM,
HO 1 HaMEHee U3yUYeHHBIM (paKTOpOM IMaToreHe3a
COVID-19 u moctkoBuaHOro cuHapoma [30].

Ponb MonekynsapHoOn MUMUKPUN
B natoreHede COVID-19 n cuHapoma
noct-COVID

@deHOMEH MOJIEKYJISIPHOM MUMMWKPUM ONMCAH
eme B 60-X IT. NPOILJOro BeKa, Korja ObLIO BbI-
CKa3aHO IIPEITIOJIOXEHNE O TOM, YTO MUKpOOpra-
HM3MbI MOTYT YCKOJIb3aTh OT UMMYHHOI'O HaJa30pa,
TMOCKOJIBKY WX TTOBEPXHOCTHBIC OCJIKU TI0 CTPYKTY-
pe CXOOHBI C OeKaMM KJIETOK «XO3sduHa». B manb-
HEUIIIeM OBIJIO YCTAaHOBJICHO, YTO MHOTHE aHTHUTEIa
K 2MUATONaM MUKPOOPraHU3MOB UM aHTUIE€H-CHELU-
drueckre T-mUMGOIUTEI CIOCOOHBI ITEPEKPECTHO
pearupoBaTrh ¢ 0eJIKaMU KJIETOK «XO3sIMHa», TIPUBO-
IIST K TIOBPEXKICHUIO TKaHEH W 3a1ycKasl aKTUBAIINIO
JIPYTUX 3B€HbeB UMMYHHOI cuctembl [3]. B uenom,
MOJIEKYJIIpHass MUMUKPHUS BOSHUKACT, KOT/Ia pelel-
TOp JMMQOLIMTOB pacro3HaeT COOCTBEHHBIN OeJIoK
KaK aHTUTEH YYy>KepOIHOro MaTOoreHa M3-3a CXOICTBa
CTPYKTYPBbI, YTO IMIPUBOAUT K NMEPEKPECTHON UMMYH-
HOI peakTUBHOCTH. [1pn Hem306eXKHO pa3BUBAIOIIEM-
cs mocJie ToA00OHON peaKIMy BOCITaJICHUN HapyIla-
FOTCsI OapbepHBIe (DYHKIIMY OpraHN3Ma 1 UMMYHHBIC
KJIETKH ITOJIYYaloT TOCTYII K paHee HEAOCTYITHBIM UM
ayTOAHTUTEHAM, YTO ITPOBOIMPYET MaIbHEUIIIee pa3-
BUTHUE ayTOUMMYHHBIX ITpoLieccos [12, 19].

M3BecTHO, YTO MHOTME BHUPYCH WCIIOJB3YIOT
MOJIEKYISIPHYI0O MUMUKPHIO, YTO TIPUBOAUT K pas-
BUTHUIO ayTOMMMYHHOTO BOCITaJICHUS W TIOBPEXIe-
HUIO TKaHeW npu (popMUpPOBaAaHUY aHTUTEN. B yact-
HOCTHU, aHTUTEJIa K SIIepHOMY aHTUTEeHY-1 BHpyca
OnureitHa—bapp (EBNA-1) nepekpecTHO pearupy-
IOT C OCHOBHBIM O€JIKOM MUEIMHA, 0eJIOK 000J104-
Ku perpoBupycoB 4deiaoBeka (HERV) umeer cxon-
HYIO TIOCJICIOBATEIBHOCTD C TPEeMsI MUCIMTHOBBIMU
oenkamu [21].
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SARS-CoV-2 Toxe Ucnojib3yeT MOJEKYJISIPHYIO
MMUMUKPUIO JJISI CBOEUM 3alllMThI: BBISIBJICHO, YTO
dopmupyomuecs y 6onbHbix COVID-19 ayto-
antutesa K IFN (o, ®) HeWTpaJu3yloT Croco6-
HOCTb WHTep(depoHOB OJI0KMpoBaTh BUpyc [19].
YcraHoBieHo, uto aytoaHTuTena K IFNo ecTh
W'y 3MOPOBBIX JIIOJICIi, OMTHAKO BBISIBJISIFOTCS B 2 pa3a
pexe, yem y OonbHbix COVID-19 (8,8% nportus
18%) v B 3HAQYUTEJILHO MEHbIIE KOHLIEHTpALIUU
(mo 12,0 Hr/M1 ¥ HUXe TPOTUB 26,8 U BhILIE) [4].

IIpenmonaraercs, yto npu COVID-19 mexaHu3-
MBI MOJICKYJIIPHOM MHMUKPHUU 3aJCiiCTBOBAHBI
B PasBUTUU LIUTOKWHOBOIO IIITOPMa, CUCTEMHOTO
MYJIbTUOPTAaHHOTO THUIIEpBOCHAJIEHUSI, CUHIApOMa
akKTUBallMM Makpodaros, (peppUTUHEMUU, DHIO-
TeJInanbHOU nucyHKIMM [12]. BeIsIBIeHBI MHOTO-
YUCJICHHBIE CIyYau CTPYKTYPHOI'O CXOACTBA aHTH-
reHoB Bupyca SARS-CoV-2 u yenoBeka. B yactHo-
cTu, onucaHo 6osiee 30 renTarnenTuaOB, JUHEHAS
MOCJIEIOBATEIbHOCTh KOTOPBIX SIBJISICTCS OOIICH
ni1s SARS-CoV-2 u yenoBeueckoro nporeoma (aB-
TOPHI IPEIIIOJIaraloT, YTO TP POPMUPOBAHU U BTO-
PUYHOMN U TPETUUYHOMN CTPYKTYpP OCITKOB BO3MOXXHbI
JIOTIOJTHUTENIbHBIC coBIaneHus) [8]. [IpoBeneHHBIM
N pYTOU rpynIion uccieaoBaTeiel MaTeMaTUudYeCKU
aHaJu3 BeISIBUA yKe 0osiee 50 CTpYKTYpHBIX aHAJIO-
ruit Mmexay o6enkamu SARS-CoV-2 n nentuaamu
YeJ0BeKa, B TOM YHCJIC MIPEACTABISIOIIUMU CO0O0it
PELIETITOPBI, YIACTBYIOIINE B KJICTOUHBIX CUTHAITb-
HBIX MTYTIX Y PETYJIUPYIONINE TaK1e BaXkKHbIE ITPO-
1eccol, Kak nponudepauus, nuddepeHIInpoBKa,
arronTo3 U UMMYHHBIN OTBET. 3HAYUTEIbHAs YaCTh
O0IIMX IJIS BUpyCa U 4YeJIOBeKa UMMYHOPEaKTHUB-
HbIX MEHTanenTuAOB obHapyxXuBajach B 80 smu-
Tomax TrJuKompoTenHa «mumnoB» SARS-CoV-2:
BBISIBJICHO 59 0OmMMX MMMYHHBIX OETEPMUHAHT
¢ 53 IPOTUBOBOCITAIUTCIIBHBIMU YeJIOBEUECKUMU
OeJlKaMM, KOTOpPbIe MOTYT CTaTh MUINCHSIMU WJIN
U3MEHSThCSI/MHAKTUBUPOBATbCSI ayTOMMMYHHBI-
MM TIepeKpecTHhIMU peakuusamu [12]. B uccneno-
BaHUU, TIOCBSIIIICHHOM BBHISIBJICHUIO ITOTCHIIMAJIHHO
WUMMYHOTEHHBIX 2NUTOINOB y 0eKoB SARS-CoV-2,
obOHapyxeHo, 4To u3 37 0eaKoB BUpyca TOJbKO &
HE UMEIOT UMMYHOI'€HHBIX YYaCTKOB, a Y OCTaJlb-
HBIX, 3a UCKJIIOUCHUEM OTHOTO HYKJICOIIPOTCHUHA,
BCE€ SIMUTOITHI UMEIOT MOCJe0BaTEIbHOCTH, UICH-
TUYHbIE OenKkaMm yeaoBeka. HekoTopble U3 uMMYy-
HOT'€HHBIX TTOCIeI0BaTEIbHOCTEN pacIioO3HaHbI KakK
B-KkJ1eTO9HBIE STIUTOIBI, COOOIIAIOCh O HEKOTOPBIX
noTeHuuaabHbIX T-KJIeTOUHBIX aniuTonax [19].

Ilpy w3yyeHUM TEPEKPECTHBIX peaKI it
55 antuten mpotuB SARS-CoV-2 ¢ mnpumeHe-
HHEM YeJIOBEUECKMX MOHOKJIOHAJIBHBIX aHTUTEN
K CHaiK-0eJIKy, HYKJICOIIPOTEMHY M KPOJIUUYBHX
MOJIMKJIOHAABHBIX aHTUTEI K OeJKaM OO00J0YKU
1 MeMOpaHBI BUpyca YCTAaHOBJIEHO, UYTO 28 aHTUTE
pearupyioT ¢ TKaHEeBBIMU aHTUTeHAMMU, TIPEICTaB-
JISIOMIUMU pa3JIMIHbIC TPYNNBI TKaHEH, BKIIOUas
AaHTUTEHBI KJICTOK IIIWUTOBUIHOM KeJIEe3bl, ceprey-

HOM M CKEJIETHBIX MBIIIII, JErKOro, CyCTaBOB, ITIe-
YeHU, IMOYEeK, FOJIOBHOTO M1 KOCTHOTO MO3ra, Mepu-
depruyecKoii HepBHOM CUCTEMBbI, KOXXU U XXUPOBOI
TKaHU, XEJTyJIOUHO-KWIIEYHOTO TpakKTa, SUYeK,
rJ1as3a, a Tak>kKe aHTUTeHbl MUTOXOHIpUii. Beicokast
CTENeHb TOMOJIOTUM HMMMYHOIEHHBIX 3IIMTOMNOB
SARS-CoV-2 ¢ yemoBeyecCKMMU OeJIKaMU U aHTU-
reHaMH pPa3JINIHBIX TKaHEW MOXET OBITh OXHOM
M3 OCHOBHBIX ITPUYUH CUCTEMHOTO TTIOPakeHM s Op-
ranuzMa npu COVID-19. O6mupHass uMMYyHHas
nepeKkpecTHas peaKTUBHOCTb MEXIY aHTUTEIIaMU
K SARS-CoV-2, HeCOMHEHHO, BIMSET Ha TSIXECTh
COVID-19, MOXeT yCKOpSTh I€0I0T WU yTIXKee-
HHUe ayTOUMMYHHBIX 3a0oaeBaHuii [30].

B uucne nepekpecTHo-pearupyoimnx OelKoB
npu COVID-19 wupeETUOUIIMPOBAH pPELCITOP
aneHo3nHa A2b (AA2BR) — tpaHcMeMOpaHHBINI
peLenTop, PEeryjJupylommii peakliuu BpOXICH-
HOro MMMYHMTETa Ha METa0OJIUYECKHUIl cTpecc
M TIOBpeXXAeHMe KJIeToK. [lepeKkpecTHEIC peaKIin,
3aTparuBaromiue AA2BR, cHUXalOT OpOmyKIIUIO
HAM® ¢ noclieayiomM TOBBIIIEHUEM YPOBHS
npoBocnanuteabHoro TNFao, IL-17 u gpyrux uu-
TOKWHOB. YUUTBIBasI, YTO JAHHBINA PELCHTOP aK-
TUBHO 3KCIIPECCUPYETCS U OCYIIECTBISICT Perysi-
TOpHbIE QYHKIIMM HE TOJBHKO B COCYIMCTON CETH
MHOTMX OpraHOB (BKJI4Yasl CeJIe3eHKY, JIErKue,
TOJICTYIO KMIIKY ¥ TIOYKHU), HO ¥ Ha aJIbBEOJISIPHBIX
aMUTENUanbHbIX KieTKax Il Tuma, mpogyuupyto-
IIUX U CEKPETUPYIOIINX JIETOUHBIN cypdaKTaHT,
a TaKxKe BJMSIET Ha KOJUYECTBO PEryasiTOPHBIX
T-xnetok (Tregs), BO3meiCTBYIOIINX Ha YPOBEHB
NPOTUBOBOCHATUTEIbHBIX HUUTOKUHOB [L-10, IL-35
U TpaHchopMuUpymlero dakTopa pocTa, ayTope-
aKTUBHOCTbH TOJIbKO Ha AA2BR croco6Ha oObsc-
HUTb HaJINUME OCTPOTr0 PECIUPATOPHOTIO CUHIAPO-
Ma M CUCTEMHOTO MYJIbTHOPTraHHOI'O TUIIEPBOCIIA-
neHus npu nHbuuupoBanuu SARS-CoV-2 [12].

YcraHoBiaeHO, 4yTO aHTUTenda NpoTuB SARS-
CoV-2 T1iepekpecTHO pearupylT ¢ OeJIKOM-
«Mycopiukom» (ckaBeHaxepom) C163A, cBsI3bIBa-
omuM Komrjieke Hb—rantorjao6uH u orocpenyo-
IIIMM €ro TorjolieHue Makpodaramu. UameHeHu st
ypoBHsI C163A HapyIIaloT 3alIUTy OT OKUCIUTETb-
HOTO CTpecca, BBI3BIBAIOT BHYTPUCOCYIMCTOE Ha-
KOTIJICHUE XeJie3a C TSKEJBIMU ITaTOJIOTMYeCKUMU
MOCJEACTBUSIMM, BKJIOoUasl 3aIlycK 3SKCIPECCUU
MeTasimonporenHassl ADAMI17, yrsaxensromei
OKHCJIUTEIBbHBIN CTpecC, IPOBOLUPYIOLICH pa3BU-
THe auMdaaeHONaTuu, ITUTOIIEHUN U CEIICUC-TIO-
no0OHoro cocTosiHUs [12].

Eire omHOIl MMUIIIEHBIO NEepPEeKPEeCTHO-pearu-
PYIOIIMX aHTUTEN SIBISETCS agUMOHEKTHUH, MO-
NYJIUPYIOIIMI 3HIOTEIMAaTIbHbIE MOJICKYJIbI ajre-
3uu [12]. Ony6auKoBaHbI COOOIIEHNS O TOMOJIO-
ruu ¢pparmeHToB SARS-CoV-2 ¢ ¢dparmeHntamu
IIarlepoHOB, a UMEHHO OEJIKOB TEIJIOBOTO IIIOKa
(BTII-60 u BTIL-90) [16]. BeisiBIIeHO, YTO TIpHU
COVID-19 aHTUTEeNa MNEPEeKPEecCTHO pearupyroT
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¢ IL-10, IL-35 (UMTOKWHBI C BBIPA>XXKEHHBIMU MPO-
TUBOBOCTIANUTENbHBIMU  (pyHKuUsIMu), CREBI
(bakTOp TPAHCKPUIILIUU, TTOBBIIIAIOIINI BBIKU-
BaeMocTb Makpodaro, T- u B-numdouuTos),
MYI8A (mpeuMylIeCTBEHHO 3KCIIpeccupyeTcs
B aJIbBEOJISIPHBIX MakKpoarax U urpaet BaxKHYIO
poJib B 3amuTe Jierkoro) [12]. Heooxoammo y4uThI-
BaTh, YTO BBICOKOA(p(UHHBIC aHTHUTEA, HEUTpa-
ausytome SARS-CoV-2, 06bI1YHO UMEIOT HU3KU I
YPOBEHb COMAaTUYECKUX TUTIEPMYyTALIMi1, MEHbIIIEE
KOJIMYECTBO IIMKJIOB co3peBaHus adPUHHOCTHU
YBEINUYMBACT PUCK ayTOPEAaKTUBHOCTH 00Opa3yio-
muxcs anturen [14].

VY nanueHtoB ¢ COVID-19 BbIsIBJIEHBI aHTUHYK-
neapHble aHTUTena (ANA), aHTUTeNa K 3KCTpa-
rupyeMomy simepHomy aHTureHy (ENA) u x nByx-
nernoueyHoir JHK, aHTunuTonigasMaruyeckue
HeliTpoduabHble aHTUTena (ANCA) ayToaHTHUTEeNa
K aKTUHY U K MUTOXOHJIPHUSIM, a TakKxXe aHTUdOC-
donmunuaubie (APL) ayroanTuTena, IpUBOISIITC
K >KM3HEYTpOXarIlInM Koaryaomnarusm [16, 30, 31].
B cepuu aKCneprMEHTOB YCTaHOBJIEHO, YTO MOHO-
KJIOHAJIbHOE aHTUTEJIO MPOTUB crnaiik-oenka SARS-
CoV-2 akKTMBHO B3aMMOJEHCTBYET C Helpoduia-
MmeHTOM (NFP) MutoxoHapuajibHbiM M2 (BXOIUT
B COCTaB IMPYBATAETUAPOreHAa3HOTO KOMILJIEKCa),
nekapOoKcuia3oi rmyTaMuHoBoM KUcaoTel (GAD-
65), HykJeapHbiM aHTureHom (NA). BroisiBieHa
yMepeHHas aKTUBHOCTb peaKIlny C TUPEOTIEPOKCH -
nazoii (TTIO) mukpocomamu nieueHu [30]. Ipyrue
aBTOPbl MPOJEMOHCTPUPOBAIM B3aMMOIEHCTBUE
antuten K SARS-CoV-2 ¢ TpaHcriiyraMuHa3zamMu
(tTG2,tTG3,tTGO6), BesiBiiensl ANA u ENA, B3au-
MOJENCTBUE C OCHOBHBIM OesikoM muenrHa (MBP),
MUTOXOHAPUSIMU, O-MUO3MHOM, TUPEOIEPOKCHU-
nazoit (TI1O), konnareHoMm, KjayauHamMu 5 u 6,
a TakXe C KaJblIMI-CBSI3BIBAIOIINM OCJIKOM TJIH-
anbHbIX KJIeTok S100B [31]. B akcnepuMeHTe in vitro
MPOJEMOHCTPUPOBAHO, UTO YEJOBEYECKOE MOHO-
KJIOHAJIbHOE aHTUTEI0 K HyKJeonpoTenHy SARS-
CoV-2 aKTWBHO B3aUMOIEHCTBYEeT C aHTUTCHAMU
MUTOXOHAPUIN M2, MHCYIUHOM-R, OKKIIOAMHOM
M 30HYJIUHOM (OapbepHBIMU OeJIKaMU-MUILIECHSIMU
JITKMX, KHUIIEUHUKA U TeMaTodHIIe(aaIndecKoro
bGapbepa), peakuuu ¢ pepmeHTrom GAD-65 u ak-
TUHOM OBIIM YMEepeHHBIMU. I[loJIMKIOHAIBHBIC
KpOJIMUbU aHTUTEa K OeakamM oOosodyku SARS-
CoV-2 mnepekpecTHO pearupyoT ¢ aHTUIeHa-
M M2 ¥ SOUTEINATBHBIX KJIETOK KHIICYHUKA,
W, B MEHBIIIEN CTEeNeHU, C aKTUHOM, ajibda-MUO-
3uHOoM U ¢ochomunuaamu. I[loaukKIOHaIbHBIE
aHTuTena K MeMOpaHHBIM Oeiakam SARS-CoV-2
pearupymoor ¢ 18 aHTUTeHaMU, CUJIbHEe Bcero ¢ M2
u NFP. CenekTuBHOE KapTUPOBAaHUE SMUTOMNOB
¢ nomouibio BLAST mponeMoHCTpupoBajio roMo-
JIOTUIO aHTUICHOB CITaliK-0eJika, HYKJICOIPOTEeH-
Ha u apyrux 6enkoB SARS-CoV-2 ¢ aHTUTreHaMu
TKaHEU YeI0oBeKa, B TOM UHMCJIC MUTOXOHApHiT M2
(50—78%), F-aktrnaoMm (58—63%) u TI1O (50—70%).

YcTaHOBJIEHO, YTO MOCJEI0BATEbHOCTh aKTUHA
«SIL-ASLSTF» mepekpecTHO pearupyer ¢ Mo-
ciaenoBaresbHOCTBIO «SVLYNSASFSTF» B nensax
A, B, C u E cnaiik- 6enka SARS-CoV-2, a Tak:xxe
¢ uenbio E moMeHa CBSI3BIBaHUS pellenTopa Iuma
SARS-CoV-2. OueBuUAHO, 4YTO aHTUTEeNa, Mepe-
KpecTHO pearupytomiue ¢ TIIO, MoryT cnpoBomu-
poBaTh pa3BUTHE AyTOMMMYHHOIO TUPEOUINTA,
romoJjiorust ¢pparMeHTOB BUpyca ¢ F-akTuHOM MO-
JKET OBITh OTHON M3 MPUUYMH Pa3BUTUS KapAUOMU-
onaTuii, MepeKpeCTHBIC peaKIIMU aHTUTEJ IIPOTUB
SARS-CoV-2 ¢ benkaMU-MHUIICHSIMU LIEHTPaTbHOM
HepBHoi cuctembl (NFP, GAD-65, 6eTa-amuionn
U Ipyrue) acCoLMUPOBAHbI C HEBPOJIOTMUYECKUMU
ocnoxHeHusaMU pu COVID-19 1 ToBBIIIIAIOT pUCK
pa3BUTHUS pPACCETHHOIO CKJepo3a WJIW OO0Je3HH
AnprreiiMepa TIOociie TIEpEHECEHHOTO 3aboJjieBa-
Hus [30]. [To naHHBIM psifa aBTOPOB, pa3BUTHE HEB-
POJIOTUYECKOIl CHMMMOTOMATUKU (MUOKJIOHYC, CY-
IOPOTH, IeJIUPU, SHIIedanomaTus), TUCHYHKIINS
reMaTosHIledanIecKkoro bapbepa 1 MoBpeXAecHNE
HeiipoHoB npu COVID-19 cripoBoliMpoBaHbI BbI-
COKMMMU YPOBHSIMU HEUTPaIU3YIOIINX BbICOKOAD-
¢uHHBIX ayToaHTUTEeN K snuTonaM SARS-CoV-2
B COMHHOMO3TOBOM KHUIKOCTU, I€PEKPECTHBIMU
peakIMsIMU C SIUNTOITAMU SHAOTEINATBHBIX, TJIV-
aJIbHBIX U HEMpOHAIbHBIX KJIeTOK [14].

Oco0y10 HaCTOPOXKEHHOCTh B TJIAaHE Pa3BUTHUSI
OCJIOKHEHU I B OTHAJICHHOM ITepCIeKTUBE BBI3bIBa-
JOT BBISIBJICHHBIC TOMOJIOTUYHBIC MOCJICI0BATEIb-
HocTtu Mexay SARS-CoV-2 u 6enkamMu-cynpecco-
paMU 3JI0KaYeCTBEHHBIX OITyXOJiell. YCTaHOBJICHO,
qTO 29 MEHTATIETITUIOB, OOIINX 15T ITUIIOBUIHOTO
aHTureHa gp u 19 GeaKoB-CyIpeccopoB OMyXO-
JIel, BCTpeyaloTcsl U moBTopstoTcsd B 150 anuTomnax
SARS-CoV-2, KaTaJoru3aupoBaHHBIX KaK BEICOKO-
MMMYHOTEHHBIEC SITUTOINHI BUpyca. OUeBUIHO, YTO
JTaHHAas TOMOJIOTUSI 3HAYUTEJIbHO ITOBBIIIIAET PUCK
pa3BuTHUs T-KJIETOYHOI0 OCTPOro JMM@oOIacTHO-
T0 JIeMKO03a, OJTUTOAEHAPOIIMOMBI, paKa MOJOYHOM
KEJIe3bl/SMIHUKOB, CapKOMBI, 3JI0Ka4eCTBECHHOM
Me30TeJIMOMBI, B-KJIETOUYHOTO XpOHUYECKOTO JINUM-
doumuTapHOro Jieiiko3a, KJETOYHON KapLUHOMBI
B oTAajieHHo nepcriekTuse [13]. [JlorroBpeMeHHBIE
HapyIIeHUs B IIpolleccax co3peBaHUSI U mudde-
peHInpoBKN NK-KJIETOK ¥ IIMTOTOKCUYECKHUX
T-muMdboUMnTOB, HaAMYKE HA UX TTIOBEPXHOCTU UH-
TUOMTOPHBIX PEIENTOPOB TaKXe MOTYT CHUXKAaTh
3¢ OEKTUBHOCTh MTPOTHUBOOITYXOJEBOTO UMMYHMU-
teta ipu COVID-19 [2].

JomoJHUTeNbHOI TpobJeMOoii, acCOLMUPO-
BAaHHOW C MOJICKYJISIPHOM MMMUKpPUEH, SIBISCT-
csI BBISIBJICHHASI TIepEeKpecTHasI peakIusl aHTUTET
Kk snutonam SARS-CoV-2 ¢ npyrumm BuUpyca-
mu [26]. 1o HekoTopbiM naHHBIM, SARS-CoV-2-
peaktuBHble CD4" T-kneTku o0OHapy>KMBaIOT-
ca y 40—60% He momBepraBIIUXCS BO3AEHCTBUIO
BUpYyCa JIIOEi, YTO yKa3bIBaeT Ha ITEPEKPECTHO-
peakTHMBHOE pacno3HaBaHUe T-KJIIETOK MEXIy
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OUPKYJIUPYIOIMINMU KOPOHABUPYCAMU, BBI3BIBAIO-
mumMu «oob1uHy10» OPBU n SARS-CoV-2. To ecTb
HaOJII0daeTcsl «aKTUBALMs CBUAETENSI», MPU KO-
TOpOil MHMEKIIUS MOXET MPUBECTU K aKTUBALIUU
T-kJIeTOK, KOTOpbIE, B CBOIO OYepedb, MOTYT aKTH-
BUPOBaTh MpPENPUMUPOBAHHBIE ayTOpEeaKTUBHBIEC
T-xnetkn. IlpennojiaraeTcsi, 4TO BO3HUKAaBIIUE
paHee MMMYHHBIE OTBETHI Ha APyrue IaTOreHbl
(B. pertussis, C. tetani, C. diphtheriae, H. influenzae
u/unu N. meningitidis) MOTYT yCUJIUBaTh UMMYH-
HBI1 oTBeT Ha SARS-CoV-2. CnegoBaTeibHO, TIEP-
BUYHBIM OTBET Ha BHPYC MOXET TpaHCHOPMUPO-
BaTbhCs BO BTOPUYHBIN (MM Jake TPETUIHBIIN) OT-
BET Ha paHee BCTPEUCHHBIC ITATOTEHBI, O KOTOPBIX
MMMYHHAasI CUCTeMa COXpaHUJa MaMsTb. DTO 03-
HavaeT, 9YTO IIpe06IagaroluM MOXeT ObITh aHaAM-
HECTUYCCKHUI U, TI0 ONpeAc/ICHUIO, YPe3BBIYATHO
MOIIIHBIT OTBET MPOTUB paHee CYIIeCTBOBABIIMNX
MMMYHHBIX JeTepMWHAHT MMaTOI¢HOB, B TO BpeMs
KaK UMMYHHBIA OTBET IMPOTHUB ITOCJIEIHEro oOHa-
pyXeHHOro natroreHa, To ectb SARS-CoV-2, mo-
KET ObITh CAa0bIM UJIM Oe3ycrneinHbIM. [1pu aToM
aTaka Ha paHHee CEHCUOMIM3UPOBaBIIME TaTore-
HBbI HEBO3MOXHa, MOCKOJIbKY OHU 0oJjiee He MpU-
CYTCTBYIOT B opraHusme. B pesynbraTe aHamMHe-
CTUYECKU1, BbICOKOA(PUHHBIN, BHICOKOABUAHBI
U YPE3BbIYAMHO MOIIHBIA BTOPUYHBIA UMMYHHBIU
OTBET, BBI3BAHHBIN IMOCJIEIHUM BCTPEYEHHBIM I1a-
ToreHoM, To ecTb SARS-CoV-2, u HanpaBJAeHHBI
Ha NepeHeceHHble paHee MH@peEKL MU, OyaeT Mno-
paxaTb €IMHCTBEHHBIC HOCTYMNHBIE MMIIECHHU, TO
€CTb UMMYHHBIE AETEPMHUHAHTHI ITPOTUBOBOCIIA-
JUTEJIbHBIX U IpyTux OelKOoB uejioBeka. B coor-
BETCTBUU C 3TOW BBICOKOBEPOSITHOU IIOCIIENOBA-
TEJIBHOCTBIO COOBITHIT MOJEKYJISIpHAsS MUMUKPUS
1 UMMYHOJOTHMYeCKasi MaMsITh MOTYT OIIOCPEIO-
BaTh Pa3jIMIHOE ITATOJOTMYECKOE OpeMsl ayTOMM-
MYHHBIX peakKIHil (OT HYJIEBBIX UM JIETKUX CUM-
ITOMOB JO TSKEJIBIX W Jaxke JeTaJdbHBIX) ITOCIIe
kKoHTakTa ¢ SARS-CoV-2 [12].

MonekynsapHas MUMUKPUS
NpW NOCTBAKLMHAMBbHBIX OCNOXHEHUSX

OO0I111e3BECTHO, YTO MPUMEHEHNE BaKIINH IIPO-
TUB BUPYCOB (MAITMJIJIOMBI YeJIOBeKa, remaTtura B,
TPUTIIIIa U APYTUX) MOXET BBI3BIBATHh OEOIOT WJIN
obocTpeHMe ayTOMMMYHHBIX 3abojieBaHuii |[7].
Euie B koH11e 1970-X rr. 0OHApy>KeHO, YTO BaKIIMHA-
LIS IIPOTUB CBUHOI'O rpumnmna B 4—8 pa3 MoBbILLIAET
puck pa3BuTusg cuHapoma [uiteHa—bappe 3a cuer
MEePEKPECTHON PEaKTUBHOCTU (HOPMUPYIOIINXCS
aHTUTEJI C aHTUTeHaMM 4ejioBeKa. PaHee BbIsIBIIC-
Hbl MEPEKPECTHBIE PEAKLUU MEXIY AaHTUTEHAMU
MHUEIMHA U KOMIIOHEHTAMU BaKLMHbI IPOTUB Te-
natuTta B, moBBIIIAIOIINE PUCK Pa3BUTHS pacce-
STHHOTO CKJIepo3a, a TakKXKe IepeKpecTHhIe peak-
OUU MEXIy KOMITOHEHTaMM BUpyca MaITMIJIOMBI
yeJoBeKa M SIEPHBIMU OeJIKaMU, TTOBBILIAIOIINE

PUCK pa3BUTUSI CUCTEMHON KpacHOW BOJYaHKMU.
B 2009 r. BakuuHa, pa3dpadboTtaHHas AJisi Ipopu-
nakTuku nangemMuun HINI (Ha ocHOBe MHAKTUBU-
POBaHHBIX YaCTUII pacllerjieHHoro Bupyca ASO3),
NPpUBOAMJIA K pa3BUTUIO HAPKOJICTICUU U3-3a Mepe-
KpecTtHol peakTuBHOCTU [30, 31]. Pesynbrarhl no-
KJIMHUYECKOTO MCCJCIOBAaHMUS BaKIIUH IIPOTUB
kopoHaBupyca SARS-CoV-1 n 0IMKHEBOCTOUHO-
r0 PeCITMPaTOPHOrO CUHIPOMA acCOLMUPOBATINCH
C PUCKOM YBEJIMYEHUS TSIXKECTU 3a00JIeBaHUS TTPU
TMOBTOPHOM BO3JICHICTBUY BUPYCa TUKOTO TUTIA TT0-
cJie BaKIIMHAIIMK. B ymnciie mpeamnojaaraeMbiX MaTo-
FeHEeTUYECKUX MeXaHU3MOB Ha3blBaJIUCh YyCUJICHNE
UHAYLUPOBAHHON aHTUTEIaMU KJIETOUHON IIM-
TOTOKCUYHOCTU, AUCHYHKIIUS CUCTEMbl KOMILIC-
MeHTa U abeppaHTHasl aKTUBAIMS BPOXICHHOTO
M IIPUOOPETEHHOTO UMMYHHUTETA [6].

IIpn >KcTpeHHOM pa3paboTKe BaKIIMH IIpO-
TuB SARS-CoV-2, mnapajjielbHO KOHCTPYUPOBa-
Joch 10 60 pa3IuYHBIX BapuaHTOB Gojice yeM B 40
cTpaHax Mupa. [Ipr 3ToM TIPUMEHSJIOCH YeTHIpe
OCHOBHBIX Moaxona: 1) MCHoJab30BaHUE 1IEJIbHOIO
BUpyca (MHAKTUBUPOBAHHOIO MJIM OCJabJeHHO-
ro), HanpuMmep KosmBak (PI'BHY «®HIIMPUIT
uMm. M.II. YymakoBa PAH»), Covaxin (Bharat
Biotech), WIBP-CorV (Sinopharm), CoronaVac
(Sinovac); 2) mcmonb3oBaHHE BUPYCHOTO BEKTOpa
(perITUIIMPYIOIIETOCS MJIN HEPETUTUITUPYIOIIETOCS),
MPEeUuMYIIEeCTBEHHO reHeTUYEeCKY MOI(ULIMPOBaH-
HOTro afgeHoBHUpyca, HarpuMep «CrnyTHUK V» (PI'BY
«HULIDM um. H.®. l'amanen»), ChAdOx1 nCoV-19
(AstraZeneca), Ad26.COV2.S (Johnson & Johnson),
Convidecia (CanSino Biologics); 3) wucnosb3oBa-
HHe HyKJIenHoBBIX kucioT (PHK, JTHK), xHampu-
mep BNT162b2 Ha ocHoBe PHK (Pfizer/BioNTech),
mRNA-1273 (Moderna); 4) ucroib3oBaHue OCJIKOB
(dbparMeHTOB BHUPYCHBIX OCJIKOB, OCIKOBBIX CyOBE-
JUHUIIL, BUPYCOIMOAOOHBIX yacTull), Haripumep RBD-
Dimer (Anhui Zhifei Longcom), NVX-CoV2373
(Novavax), DnmBakKopona (I'HILI BB «BekTop»).
I1pm 3TOM, ecnu paHee BaKIIMHBI CO30aBaINCh U TC-
cTupoBaiuch B TeueHue 10—15 jet, To ceiiyac cpok
pa3paboTKu cokpatuicsa a0 1-2 aet [29].

B 2021 r. EBporeiickoe areHTCTBO ITO JIeKap-
CTBEHHBIM CPEJICTBAM OJ00PUIIO YeThIPpEe BAKIIMHbI
Ha OCHOBE PaHIOMM3UPOBAHHBIX CJIETIBIX KOHTPO-
JUPYEMBIX UCTIBITAHUN: TBE BAaKIIMHBI Ha OCHOBE
matpuuyHoit PHK — BNT162b2 (Pfizer/BioNTech)
u mRNA-1273 (Moderna), KOoTopble KOAUPYIOT
o6enkoBblii aHTUTeH SARS-CoV-2; ChAdOx1 nCov-
19 (AstraZeneca), peKOMOMHAHTHBIN aAeHOBUPYC-
HBIW BEKTOp ITMMITaH3€, KOOAUPYIOUINI ITUITOBUI -
HBIN rmukorporenH SARS-CoV-2, n Ad26.COV2.S
(Johnson & Johnson/Janssen), peKOMOMHaHTHBIH
aJIeHOBUPYCHBIM BEKTOP TUIla 26, KOZUPYIOLIUA
IMUTIOBUAHBIN raukonpoTenH SARS-CoV-2 [11].
B Poccum mepBOii 3aperucTpupoOBaHHON BaKIIM-
HOI cTaja KOMOMHWPOBaHHAsI BEKTOPHAsT BaKIIM-
Ha «[[aMm-KOBUI-Bak» («CnyTHUK V») [1].
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bricTpoe ogoOpeHue U mocienylolee riaodaib-
Hoe BHenpeHue BaklMH TpoTuB SARS-CoV-2
Heu30eXHO MpUBEJO K MacCOBBIM COOOIIEHU-
sIM O TOOOYHBIX 3(ddeKkTax IMmocje BaKIIMHAILIUU.
BoJIbIIMHCTBO OMMCAaHHBIX HEXeNaTeIbHBIX SIB-
JIEHUI OBIIM CBSI3aHbl C PUCKAMM, aHaJOTU4-
HBIMU (OHOBBIM, M HE€ BBI3bIBaJM OINACEHUI.
ATEHTCTBO II0 PEryJUpOBaHUIO JEKapCTBEHHBIX
CpPeICTB W TOBApOB MEIUIIMHCKOIO Ha3Haye-
Hus Beaukooputanuu (MHRA) u EBpomneiickoe
areHTCTBO IO JeKapcTBeHHbIM cpeactBam (EMA)
NyOJMYHO 3asIBUJIMA O YPE3BbIYAWHO OJIaronpusiT-
HOM COOTHOIIIEHWU PUCKA U TIOJIb3bI IJISI BaKIIWH
npotuB SARS-CoV-2, Ho, TeM He MeHee, MpU3HaIu
HaJlM4ue prcKa pa3BUTHUS BEHO3HOU TpoMbO0aIMOO-
JIMM MTocJie BaKLMHauuu [25].

TexHosorum pa3pabOTKU 1IeJTbHOBUPHUOHHBIX
BaKIIMH IOCTATOYHO TPaJIUIIMOHHBI U PUCK UX TTPU-
MEHEHM S, B 1I€JIOM, aHAJIOTUUYEH MePedYrCIeHHBIM
BBIIIIe, BOBHUKAIOIIMM IIPU ITPUMEHEHUN BaKIIMH
MPOTUB APYTUX BUPYCcOB. OMHAKO HAJTUUKE B CTPYK-
Type SARS-CoV-2 60/b11I0T0 KOJUYECTBA aHTUTES-
HOB, TOMOJIOTUYHBIX aHTUTEHAM 4YeJIoBeKa, BBI3bI-
BaeT OIaceHHus B IJIaHE MOBBIIIEHHOrO prcKa pa3-
BUTHSI ay TOMMMYHHOM MAaTOJIOTUM B JOJITOBPEMEH-
HOI1 TIepCITIeKTUBE TIPU aKTUBHOM peBaKIIMHAIIMU.

B BakuumHax Moderna u Pfizer/BioNTech wuc-
MOJIb3YETCSI HOBAsI CTpaTerusi IpUMEHEHUST UCKYC-
ctBeHHOU nHpopManmonHoi PHK (MPHK), rene-
pUpYIOILIel CHHTE3 crieuUIeCKUX BUPYCHBIX OeJT-
KOB 3JIOPOBBIMHM KJIeTKaMu TKaHu. KoHIleHTpaus
BUPYCHOro Oejika JOCTUraeT nuka yepes 24—48 u,
3aTeM CHMXKAeTcCsl B pe3yJibTaTe pacnaiga MOJEKYJIbl
MPHK [8]. MexaHu3m aeiicTBHUS BEKTOPHOU Bak-
uuHbl TpoTUB SARS-CoV-2 ot AstraZeneca Takxe
NPUHIUITUATBHO OTJINYAETCS OT «TPAAULIMOHHbIX»
BaKIIMH: BOPraHU3M BBOJIUTCS HEPETIJIU U PY IOIITA A
aJeHOBUPYC IIMMIIAH3€, KOAMPYIOLIUN S-0e10K
SARS-CoV-2, reHepupymolluii mocae popMupoBa-
HUSI KOMIUIeMeHTapHolit uHbopMannoHHoi PHK
BbIpAaOOTKY BUPYCHOIo Oejika opraHusMom. B co-
cTaB BaklMHbI «CITyTHUK V» BXOAUT ABa BEKTOpa
Ha OCHOBE aJIcCHOBUPYCOB 4YejoBeKa, coaepxkKalllnie
JAHK S-6enka. ITonoOGHbIe HOBbIE pa3pabOTKM Ha-
MpaBJeHbl HA MOBBILIEHUE O€30MTACHOCTU BaKIIWH.
OnHako Bbicokas crocooHocTh SARS-CoV-2 k Mo-
JIEKYJISIPHOWT MUMUKPUU U B 3TOM CJIy4ae MOXET
CITOCOOCTBOBATh PAa3BUTUIO ayTOUMMYHHOTO OTBE-
Ta Ha MIpUMEHEeHUe BaKIIMHbI. Bce yaliie coobiaet-
Cs1 O HOBBIX CJIydasiX ayTOUMMYHHBIX OCJTOXHEHU A
nocye BakuuHauuu npotuB COVID-19 (MuMMyH-
Hasi TPOMOOTHYECKast TPOMOOIIMTONEHM ST, ay TOUM-
MYHHBIe 3a00JIeBaHU S TIeYeH, CUHIpoM [ niteHa—
bappe, IgA-Hedponarus, PA u CKB). [To MHeHUIO
HCcclieoBaTelieil, MOJEKyAsipHasi MUMUKPHsI, TH-
MEPIPONYKIIUS ayTOAHTUTEST W JOTOJTHUTEIbHAs
CTUMYJISIIIMST ayTOUMMMYHHBIX peakIliuii aJbloBaH-
TaMU BaKIIMH BHOCST CYIIIECTBEHHBIN BKJaJ B Ia-
TOJIOTMYECKHE MPOLECCHI [6, 7].

OmnucaHBbl c1y4yau MHAYIIMPOBAaHHON BaKIIMHOMN
MMMYHHOI TPOMOOTHYECKOW TPOMOOIIMTONEHUU
(VITT) nocne BakumHauuu ChAdOx1 nCoV-19
(AstraZeneca) [5, 11, 25, 28]. VITT npossiasiach
yepes 5—20 gHei rmocjie BaKIIMHALIMU B BUAE TPOM-
OoOLUTONEHU U, TPOMO0IMOO0IMU, Mpru3HaKkoB JIBC-
cuHapoma. lo6aBjeHUe TOHOPCKUX TPOMOOLIMTOB
K CBIBOPOTKE TallMeHTa B OTCYTCTBHE remapuHa
MOATBEPKAAJI0O HaJMUyue aKTUBAIlMU TPOMOOIIM-
TOB. [1py 3TOM y MOJIOIBIX TIOAEU C OCTpOIi TPOMOO-
IUTONEHNEN U IlepeOpaibHbBIM BEHO3HBIM TPOMOO-
30M 4epe3 6—24 THs mocje BBeJAeHU S TTePBOit 03bI
JHK-Bak1IMHBI ObLTM OTpULIATEAbHBIC PE3YIbTaThI
TTLIP-Tecta 1 cepoJIOTUYECKOrO TecTa Ha aHTU-
Tenaa K Oenky Hykiseokarncuaa SARS-CoV-2, uyto
MCKJTIOYAJIO BO3MOXHOCTD BJIMSTHUS O€CCUMITTOM-
HOU MHGEKIIUU Ha pa3BUTHE TPOMOO30B. B 11ie10M
VITT umeer MHOro o01IMX YepT C ayTOMMMYHHO
renapuH-MHIYIMPOBAHHONH  TPOMOOIIMTOIIEHM-
eit [5, 11, 19, 28]. Tlo HEKOTOPBHIM TaHHBIM, PUCK
o0pa3oBaHUs TPOMOOB IOCJI€ BBEASHU ST BAKLIMHbI
oT AstraZeneca cocTtaBisieT okoJjio 1:250 000 B 06-
el MomyasiiuKi, HO HaMHOTO BBIIIE CPEAU MO-
Jonbix gronen (20—29 net) 1,1:100 000 [5]. Bo Bcex
MUCCJIEIOBAHU X OTMEUaJOCh 3HAUNTEIbHOE MOBBI-
IIeHue ypoBHS aHTUTeN Kjacca G K TpoMOoLU-
TapHomy dakTopy 4 (PF4), oGHapyXuBaJicsi TIOBbI-
LIEHHBI ypoBeHb D-numMepa. M3BecTHO, 4TO OT 5
1o 7% 310pOBBIX JOHOPOB TaKXKe MMEIOT aHTUTeJIa
K PF4-remapuHy, HO B HU3KWX WJIM CJI€I0OBbIX KOH-
neHtpauusx [24]. besycioBHo, undekius SARS-
CoV-2 cama no cebe accolmrupoBaHa ¢ TPOMOOAM-
0OJIMUYECKUMMU SIBJICHUSIMU, OAHAKO OHM OTJIMYa-
IOTCS OT BBISIBJIEHHBIX Y BAKIITMHUPOBAHHBIX [25].

Ilo pesyabpTatam elle OIHOTO MCCJEIOBaHUS,
Yy psna MEIMIIMHCKUX pabOTHUKOB B BO3pacTe
ot 32 no 54 net B TeueHue 10 gHeil mocye mepBoi
umMmyHusanum ChAdOx1 nCoV-19 (AstraZeneca)
pPa3BUINCh TPOMOO3bI HEOOBIYHBIX JIOKATU3AIIUIA
M TsKenasi TPOMOOILIMTONIEHUSI, Y HECKOJIbKUX —
OOILIIMPHOE KPOBOU3JIUSIHYE B MO3T. ¥ BCeX MOCTpa-
IaBIIMX 661U BbIsABIEeHBI IgG K kommekcam PF4—
MOJIMAaHWOH, TIOBBIIIEHHBIE YypOBHU D-aumepa,
Y HEKOTOPBIX OTMEYaJIOCh CHUXKEHUE COMepKaHUsI
(bubpuHOreHa M yMepeHHOE ITOBBIIICHUE YPOBHS
C-peakTUBHOIro 0Oejika, KOMIIOHEHTOB KOMILJIe-
meHTa (Clq, C4 u C3) 1 npoAyKTOB UX aKTUBALIUU
(sC5b-9). Ilpu cpaBHeHUU (YHKIIMOHAJIBHOU ak-
TUBHOCTU CBIBOPOTKH OOJIBHOTO C TUTTMYHOM rena-
PUH-MHAYIIWUPOBAHHON TPOMOOIIUTOIIEHUEHN U TTO-
CTpaJaBIINX, TPOMOOIMTHI MallMeHTa C TerapuH-
MHIYIIUPOBAHHONW TPOMOOIIMTOIIEHUEN HE aKTH-
BUPOBAJINCh, €CJIU HE JOOABISIJIMCh HU3KKE YPOBHU
remapuHa, a arperaius TpoMOOIUMTOB 3(HEKTUBHO
CHM>KaJIach ITPU BLICOKMX YPOBHSIX rerrapuHa. M Ha-
MPOTUB, TPOMOOIIMTHI B CbIBOPOTKE ITOCTPATaBIINX
SIBHO aKTUBHUPOBAJIMCh B OTCYTCTBHUE TOOABJICHUS
rernapuHa [24]. AHaJOrM4yHble JaHHBIE TOJYYEHbI
npu obcienoBaHuu 28 mauueHToB B IepmMaHuu
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U ABCTPUM C OCJIO(KHEHMSIMU MOCJE BaKIIMHALIUU
(¢ 5-romo 16-i1 AeHb), AABIIUX MOJOXKMUTEIbHBIA pe-
3yJbTaT NpU CKPUHUHIOBOM aHajn3e Ha PF4—re-
napuH [11]. B uenom TpoMOGoTUUEeCKHE MOOOUYHBIE
9(deKThl BAKIIMHALIUY HATOMUHAIOT MTPOSIBJICHUS
COVID-19, opHako TposiBJieHUsI 3a0o0JieBaHUS
onocpenoBaHbl omHolernodedHbiM PHK-Bupycowm,
B TO BpeM s KaK BaKIITUHOACCOLIMMPOBAHHbBIA UMMY-
HOTpoMO03 ObL1 cBs3aH ¢ JJHK-BakimHol Ha oc-
HOBE aJeHOBHUPYCa, COOTBETCTBEHHO MaTOI€HETU-
yeckre MexaHu3Mbl pazauyanuch [18]. M3BecTHO,
YTO TMOJIOKUTEJbHO 3aps>KeHHbIEe KOMITJIEKChI
PF4—IHK cTuMyaupyloT BbIpa>kKeHHBII WHTEp-
(EepOHOBBI OTBET MOCPEACTBOM B3aUMOIEUCTBUS
cpeuentopom TLRY, a IHK B npuHLMne ABIsIETCS
MOIIIHBIM aAbIOBAHTOM, CITOCOOHBIM HapyIlllaTh UM-
MYHHYIO TOJIepaHTHOCTbh. COOTBETCTBEHHO, JII00as
JAHK-Bak1nHa ¢ aigHOBUPYCHbBIM BEKTOPOM MOXKET
BbI3bIBaTh pa3BuTue ayrouMMyHHou VITT y Boc-
NPUMMYUBBIX JloAei. MexaHu3Mbl MOJEKYJISIPHOU
MUMUKPUU KOHTAMUHAHTOB (BaKILIMHHBIX OEJIKOB)
U aICHOBUPYCHBIX BEKTOPHBIX OEJIKOB, I0 MHEHUIO
ucciaenoBaTeseil, BTOPpUYHbI, BEAYIIYIO POJIb UTpa-
0T 2JeKTpoxumudeckue B3aumoneiricteus JIHK-
PF4 u BzaumoneiictBusa PF4—renapun [5, 18]. Tem
He MEHee B ONMyOJIUKOBAHHBIX pe3yJabTaTaX KIUHU-
YeCKUX UCIBITAHUN BaKIUHBI «CIIyTHUK V» OIH-
CaHO TOJIbKO 2 ciiyyast MUMMYHOTpoMm0Oo3a [17].

Mexanusmbl agevictBus JJHK- n PHK-BakuuH
paszauyHbl. B yactHoctu, PHK-BakiMHbI MCMOJIb-
3yIOT HECKOJIBKO PEeleNTOPOB pacno3HaBaHUS 00-
pa3oB naTtoreHHocTH, B ToM uucie TLR7, Torna kak
JAHK-Bak1IMHBI MOYTHU UCKJIIOUUTETbHO UCITOb3Y-
10T TLRY9, cBSI3aHHBIN ¢ pa3BUTUEM TYMOPAJIbHOIO
U KJIETOYHOTO UMMYHUTETa MPOTUB cHalik-0eka.
CornacHo onyOJMKOBAaHHBIM JaHHBIM, 3aperv-
CTPUPOBAHHBIE Clydyaul WMMYHOTPOMOO30B IIpU
ucnonb3zoBaHuuM PHK-BaknuH enumHuuyHbl [1§],
OJHAKO MPU UX MPUMEHEHUU HAOII0AaeTCs MOBbI-
IIEHHBI PUCK APYTUX OCJIOXHEHU ayTOUMMYH-
HOU MPUPOJIBI.

B yactHocTH, K cepenune 2021 r. B CLHIA 6b1710
3adukcupoBaHo 6oJiee 1200 cooO1eHU T O clTydasix
MUOKapauTa/mepukapanuTa, 67% 13 KOTOPbIX ObLIO
BBISIBJIEHO Ha 2—3 AeHb MocJjie TMoJay4YeHusl BTOpoit
no3bl PHK-BakuyHbl. BoablIMHCTBO MOCTpangaB-
mux (79%) — My>K4nHBI B Bo3pacTe 10 30 jieT, Hau-
OoJibllIee KOJIUYECTBO MOCTPAAABIIUX — MY>KYMHbI
B Bo3pacte 16—18 yeT. JIONMOJHUTENbHBIA aHAIN3
IAHHBIX BBISIBUJI ITIOBBIIIEHHBIN PUCK Pa3BUTHS
MHoOKapauTa/mepukapauta (12,6 cirydyaeB Ha MUJI-
JIMOH) Cpeau Jull B Bo3pacTe oT 12 go 39 net npu
nonaydyeHuu BTopoit no3sl MPHK-BakiivHbl mpo-
tuB COVID-19 (B TeueHue 7 mHeil mocye BBende-
HUSI BaKIIMHBI), IO CPAaBHEHUIO C HEBAKIIMHUPO-
BaHHBIMU JIULAMU WJIU JAULAMU, MOJYyYaBLIUMU
BakuuHbl npotuB COVID-19, He conepxamiue
MPHK. Ilo maHHBIM Tpynnbl HcCcCeaoBaTeseit,
pacnpoCTpaHEHHOCTh MMOKapAuTa COCTaBMUJIa

1/20 000 B rpynmne ot 16 go 30 jIeT 110 CpaBHEHUIO
¢ 1/100 000 B oO1eit TTONMyAsILMU, TTOAyYaBlLIei Ty
JKe BaKIIMHY [6].

Ilpn u3ydyeHUM pas3IuInii MEXIAY BEKTOPHBI-
MU BaKLIMHAMU U BakuMHaMu Ha ocHoBe MPHK
obcnenoBanu 281 BaKLIMHUPOBAHHBIX, M3 KO-
Topeix 143 uyenoBeka (50,9%) mnonyymiaum Bak-
nuHy BNTI162b2 (Pfizer/BioNTech), a 138 wue-
noBek (49,1%) — BakumHy ChAdOxl nCoV-19
(AstraZeneca). AHTuTesa mpoTuB PF4 BbisiBIEeHBI
B 5,6 1 8,0% coOTBEeTCTBEHHO (B CpedHEM ayTOaH-
TUTENa OOHApYKEeHBI Y 6,8% BaKIIMHUPOBAHHBIX).
Ilpu COVID-19 nanHble aHTUTENA BBISIBASIOT-
ca y 6,3% nanueHTOB OTAEACHUSI MHTEHCUBHOM
Tepanuu Uy 17,2% nocye 10 gHeil MHTEHCUBHOMI
Tepanuu [28].

Brui3biBaeT onaceHust MHGOpMaus O BIUSHUUN
BakIIMHAIIMM Ha PEIPOAYKTUBHYIO QYHKIIMIO.
Ha HeGonpminx BbIOOpKaX MallMEHTOB BbISBJIECHO
HeraTuBHOE BiausHUe BakuuHauuu ot COVID-19
Ha chepMaToreHe3 y MYXYUWH, TOPMOHAaJIbHBIN
npoduJIb U UCXOAbl ITPOrpaMM BCIIOMOTATEIbHBIX
penponyKTuBHbIX TexHonoruit (BPT) y xxeHIIuH,
NPEeANoI0KUTEIbHO ayTOUMMMYHHOU TIPUPOIBI.
Ilpu uzydyeHuu BAUSHUS BaKUUMHBI «COyTHUK V»
Ha OepeMeHHBIX KEHIIWH, BBISIBIEHO TpaH3M-
TOPHOE TOBBIIIEHUE CPEIHUX YPOBHEH aHTU-
OBapuaJIbHbIX aHTUTEJ, YacToTa BbIsiBAeHUS IgG-
ayToaHTuTea K ABycnupaibHoit JIHK Oblna BhIle
nocjie BakuuHauuu [1]. B MHOroueHTpoBOM HC-
ciepoBanuun  BNT162b2 (Pfizer/BioNTech) 06-
Hapy>keHO CeJIEKTUBHOE BPEMEHHOE CHUKEeHUE
KOHIIEHTpallM1 CIIepMaTO30UA0B U OOIIEro KOau-
YyecTBa MOABUXHBIX KJIETOK yepe3 3 Mecslia mocjie
BaKIMHAILMU. ABTOPBI 3aIBJSIOT O MOCJECAYIOLIUM
BoccTaHOBJAeHUU PyHKUMU [10], ogHAKO BIUSIHUE
MHOTOKPAaTHBIX PEMMMYHU3ALU I HE OLIEHBAJIOCh.

Heob6xonuMo 0co00 aklIeHTUPOBAaTh BHUMaHUE
Ha TOM, YTO PUCK Pa3BUTUS BBIIIEIIEPEUMCICHHBIX
TSI>KEJbIX ay TOUMMYHHBIX OCJIOKHEHM I OCJie BaK-
IMHAIMU HEBEJIUK, U, TP BICOKOI 3D (PEeKTUBHO-
CTU BaKIMHBI, MOJIb3a BCeraa 3HAYMTEIbHO Mepe-
BEIIMBAET Bpel OT ee MpUMeHeHUs1. be3omacHoCTh
pa3pabaTbiBaeMbIX BaKIIMH BCEraa NOATBEPXKAaeT-
cs pe3yJIbTaTaMM JOKJIMHUYECKUX U KIMHUYIECKHUX
WCCJIEIOBAHUI MO0 BHEAPEHUS B KJIWHUYECKYIO
npakTuky. OmHaKo O4YeHb OBICTPOE BHEApPEHUE
NPUHLMITAAIBHO HOBBIX MOAXOIOB K pa3padoT-
ke BaklMH npoTuB SARS-CoV-2 HenszdexHo co-
MPSI)KEHO C TTOTEHIIMAJIbHBIMU PUCKAMU Pa3BUTUS
OCJIOXKHEHHMI ayTOMMMYHHOW NpPHUpOAbI B OTIa-
JIEHHOU mepcneKTuBe, OCOOEHHO MPU PEryasipHON
peBaKIMHALIUU.

CrnenyeT yYuThIBaTh, YTO MHOTHE ayTOMMMYH-
Hble 3a00JIeBaHUS TIPOSIBISIIOTCS TOJBKO CITYCTS
roibl Mocje Hayaja oOpa3oBaHUSI ayTOAHTUTEN.
COOTBETCTBEHHO, CYIIECTBYET BEPOSITHOCTbH TOTO,
4TO 3a00J1€Ba€MOCTh KaK B pe3yJbTaTe 3apakeHU s
SARS-CoV-2, Tak 1 nocjie akTUBHOI peBaKIIMHA-
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UM MOXET 3HAYMTEJIbHO BO3pacTu B OnuKaiiliee
necsatuiaetTue. PazpuTre ayTouMMYHHOM IMaTOJIOT U
npu COVID-19y nereii (6ose3ub KaBacaku, nuadet
1 TuIIa, ayTOMMMYyHHas TeMOJIUTUUECKAasT aHEMUS),
OCHOBaHHOE Ha peajn3aliuy MeXaHU3MOB MOJIEKY-
JISPHOU MUMUKPUU, MOXKET OBITh CITPOBOLIMPOBAHO
U PEryasIpHOM BakKLMHALIUMEH ITPpY HAJTUYUU UHOU-
BUAYaJIbHON MPEeIpacIioIOXKEHHOCTH U TIePEeKPeCT-
HO-pearupymomnimnx 3MUTOIOB B COCTaBe BaKIIMHBI
nJn HaKToOpoB, BBIPAOOTKY KOTOPBIX CTUMYJIUPYET
BakuuHauug [8]. O6cyxmaeTcsa BOMPOC BO3MOXK-
HOCTH YJaCTHS TIEPEKPECTHO-pearnpyIomnx aHTH-
Teq1 K SARS-CoV-2 B pa3BUTUU HeXeNaTeTbHbBIX
HEBPOJIOTUYECKUX CUMIITOMOB y BaKIIMHUPOBaH-
HbIX monei [14]. [To HEKOTOPBIM JaHHBIM, UMMY-
Husauudgd autureHamMu SARS-CoV MoxeT BbI3BaTh
nHeBMOHMUIO [12], BeisgBIeHHAas romosorus 13 u3 24
M3yUYEHHbIX MEHTANEeNTUA0B crialik-0eKa ¢ 6eaKa-
MM JIETOYHOT O cypdaKTaHTa CBUIETEIbCTBYET O PU-
CKE pa3BUTHS TIEPEKPECTHBIX peaKIMil U TIPU BaK-
nuHauuu [30]. YcraHoBieHo, 4yTo Oosie3Hb ['peiiBca
(QyTOMMMYHHBI TUPEOUIUT) MOXKET pa3BUBATHCS
KaK IOCJ€ MNEePEHECEHHOM KOPOHABUPYCHOW WH-
dekumnu, Tak u nmociie BakumHauuu [20]. OnmcaHbl
ciyyau pa3Butus cunapoma ['uitena—bappe nocie
BakiHaiu. [lomoObHOe ocCIOKHEHWE BCTpevyaeT-
Csl peaKo, OMHAKO B MUPE 3aperMCTPUPOBAHO YKe
oonee 250 cayuaeB [27]. [Tockonbky SARS-CoV-2
MMEEeT TOMOJIOTMYHBIC ITOCJIEIOBATEIbHOCTU BBI-
COKOMMMYHOTI'€HHBIX 2MUTOIOB ¢ 19 GenkaMu-cy-
npeccopaMu 3JIOKaYeCTBEHHBIX OITyXOJieil, BaKII -
HaIlMsI MOXET IIPUBOAUTH K BRIPAXKEHHOMY CHMKE -
HUto nux apdexTuBHOCTU. Hanuuue 24 romosiorny-
HBIX TeHTanenTuaoB ¢ B. pertussis, C. diphtheriae,
C. tetani, H. influenzae u N. meningitidis co3maeTt puck
pa3BuTusg Hed(hOEeKTUBHOIO MMMYHHOIO OTBETa
IpY BaKOWHALIUKA Ha (POHE MOBBILICHHOTO PHUCKa
ayTOMMMYHHBIX OocJIo)XKHeHu [13]. B uenom oueHb
CJIOXKHO JaTh OJMHO3HAYHBIN OTBET Ha BOIPOC, MO-
XEeT M HUMEHHO TMepeKpecTHasi pPeaKTUBHOCTh
mesxny antureHamu COVID-19 u TkaHeit yeaoBeka
MPUBECTHU K Pa3BUTHUIO ayTOMMMYHHOTO 3a00JIeBa-
HUS B pe3yJibTaTe BaKIIMHAIIMU, TIOCKOJbKY pa3Bu-
THE OOJIBIIMHCTBA ayTOMMMYHHBIX 3a00JIeBaHMIt
3aHuMaeT ot 3 1o 18 net [30].

OTaenbHBIM, A0 CUX ITOPp MaJOU3yYEeHHBIM BO-
MPOCOM SIBJISIETCSI peakKlMsl OpraHu3Ma Ha MHOTO-
KpPaTHYI peBaKIMHAILIMIO MOCJe IepPeHEeCEeHHOTO
COVID-19. YcTaHOBIEHO, YTO MOCJe BAKIIMHAILIUNA
PHK-BakunHamMu y paHee repeOosieBIIUX (op-
MUpYyeTCs] TUOPUIHBIA MMMYHUTET C yBEJIWYEH-
HOI IIUPOTOI M HEHTPaIU3YIOlIel CTOCOOHOCTHIO
CleKTpa UUPKYJIUPYIOUIUX AHTUTEN, MNPOAYIIU-
pyetcs O6onblie cneunduuHbix ajss SARS-CoV-2
RBD B-kietroxk mamsatu (CD21"CD27* u CD21-
CD27"7) n cieuuduuyneix anturesa (IgG u IgA),
a Tak>ke (popMuUpyeTCs OTAeTbHAS ITOMYJISIIN S SKC-
npeccupyoumux [FNy u IL-10 cneuuduyHbIX A1
crnaiik-6enka CD4" T-knetok mamsatu. [Ipu aTom

JaHamagT UMMYHHOR TaMsaITU y mepeOoJIeBLINX
OTJIMYAETCI OT MMMYHHOW MaMITU JIIOAECH, paHee
He uHpunupoBaHHBIX SARS-CoV-2. ABTOpHI HUC-
cJIeOBaHUS MPEIIToaaraT, YTO MPpaMHUPYOIIas
cpena, Bei3BaHHast uH@exkuueit SARS-CoV-2, dop-
MUPYET MMMYHHYIO TaMsITh C MHOXECTBOM (DaKTO-
POB YCUJIEHHOTO MPOTUBOBUPYCHOTO UMMYHMTETA
1 Tuma, cIIOCOOCTBYIOIIMX YCWJICHHIO 3alllMTHI,
HO HE€ TOJHOCTBhIO BOCCTAaHABJIMBAIOUIMXCS TPU
MOBTOPHOI BakuMHaLUU. [IponeMoOHCTpUpPOBaHO,
yTO 0OOJiee MJIUTEIbHBbIC MHTEPBaabl MEXIY BaK-
OUHAOUSIMHA TIPUBOISAT K OOJBIIEMY KOJIWYECTBY
HEUTPaATU3YIOUIUX aAHTUTEA U OOJIbIIEMY KOJU-
yecTBy B-kietok, creuuduunbix aiasg SARS-
CoV-2. CHuXeHUe BBIPAXKEHHOCTM MMMYHHOTO
OTBeTa Ha TPEThIO BAaKIMHAIIMIO IIpeaIlojaraer,
YTO JaJIbHEHIIINEe TOMOJOTMUYHEIC BAKIIMHBI BPSII
JI1 OYyAYT YKPEIJIITh KJETOUHYIO UMMYHHYIO Ma-
MATh K SARS-CoV-2. CooTBEeTCTBEHHO, MO Mepe
BO3HMKHOBEHHNS HOBBIX BapMaHTOB BHUpyca, Ha-
NpaBJIeHHBIX Ha JajibHEilllee YKJIOHEHUE OT UM-
MYHHOI TTaMsTH, OyAylIue CTpaTerny BaKIlMHa-
MU, TT0 MHEHUIO aBTOPOB, JOJXKHBI OBITH COCpE-
MOTOYCHBI Ha pacCIIMPEHUHN ITyJia KJIeTOK MaMsITH,
crieuuduuHbIXx 1yt SARS-CoV-2, u yBeindyeHUun
TUTPOB AaHTUTEJ, HEUTpaAJU3YIOLIMX BapuaHTbI
Bupyca [22]. OnHako uaes 3aJeiicTBOBaTh OoJiee
IMIUPOKUI perepTyap UMMYHHBIX KJIETOK M Tepe-
KPECTHBIX peakKInil HalpsIMYIO COIIPsIKeHa C T10-
BbILLIEHUEM PUCKa BO3BHUKHOBEHU S OCJIOXKHEHU .
besycnoBHO,  BbIIENEpEeUUCIACHHbIE  PUCKU
HE OTMEHSIIOT HEOOXOAMMOCTU pa3pabOTKU U MPU-
MeHeHUsT 3(P@GEKTUBHBIX U 0€30MacHbIX BaKIMH.
OnHaKoO HEOOXOAMMO C OOJIBIIONH OCTOPOXKHOCTHIO
MOAXOAUTh K pa3paboTKe HOBBIX M YIyOJIeHHO-
MY T€CTUPOBAHUIO HBIHE CYIIECTBYIOIINX BaKIIMH,
YUUTHIBasI BCe BO3MOXHEBIe prcku. CTeneHb MOJie-
KyJsapHoit MuMukpuu mexay SARS-CoV-2 u npo-
TEOMOM 4YeJIoBeKa AOJI’KHa ObITh TIIATEIbHO Ipoa-
HaJaM3MpoOBaHa B Ka4eCTBE 00513aTEJILHOTO II1ara Ie-
pen pa3pabOTKOM cocTaBa BAKIWHBI MJIN PEIICHUS
o ee mpuMeHeH U [9]. [TockonbKy BO3HUKABIIWE pa-
Hee MMMYHHBIC OTBETHI Ha APYTUC ITaTOreHbI MOTYT
yCUJIUBAaTh UMMYHHBIN oTBeT Ha SARS-CoV-2, He-
00XOIMMO YUUTHIBATh NCTOPUIO MH(P KN/ BaKII-
HalMi KOHKPEeTHOTro yejoBeka [12]. Pe3ynbraThl MoO-
HUTOPHHTIA ayTOPEaKTUBHBIX aHTUTEI U U3YUYEHUS
ayTOMMMYHHBIX peaknuii y 6oapHbIXx COVID-19
IOJIKHBI YYUTHIBATHCS TIPU pa3padOTKe W MUCIIBITA-
HUM BakIUH. McnbpITaHusT pa3pabaThIBaeMbIX BaK-
LMH 00s3aTe/IbHO MOJIKHBI BKJIIOYATh HCCJEI0Ba-
HUS pUCKa UHIYKIIMU ayTOPEaKTUBHBIX TKaHECIIe-
OU(PUIHBIX aHTUTE U CBI3aHHBIX C HUMM KJINHU-
yecKuX Npu3Hakos [9, 14]. Bce BbIsIBJIEHHBIE ClTydyan
MOJIEKYJISIPHOM MUMUKPUU C HanOoJiee BasKHbIMU
PETYJISITOPHBIMU O€JIKaMU U MeNTUIaMU HEOOX0 11 -
MO YYUTBIBATh IPH pa3pabOTKe BaKIIMH JJISI TapaH-
TUU WX OE30MacCHOCTH, BCE MOCJIENOBATEIbHOCTHU
MPHK, koaupylomye nenTuabl, TOMOJOTMYHBIE
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YeJIOBEUECKUM, JOJKHBI ObITh yOaJleHbl U3 CTPYK-
Typbl BakuuH [8, 30, 31]. Tospko menTUAHbBIE MO-
CJIeIOBaTeIbHOCTU, OAHO3HAYHO MpUHAaAJexKallre
BUPYCY, MOTYT CJIY>XXUTh OCHOBOI JIJIsI OG€30MacHBIX
U creuruduIeckux MPOTOKOJIOB BakKUMHaLuu [9].
Heob6xonrMo o4eHb TIIATEIbHO U3YUYUTh, YBEJIUYU-
BaeTCs JIU KOJTMYECTBO MEPEKPECTHO-PEarnupyomnmx
AHTUTEJ Tocje aKTUBHON peuMMyHu3au. OueHb
Ba’KHO BBISIBJICHUE HaJIM4YMsI BbICOKOADOUHHBIX,
BBICOKOABUIHBIX aYTOMMMYHHBIX II€pEKPECTHBIX
peakuuii mpu pa3paboTKe BaklLMH MpoTuB SARS-
CoV-2 [12]. OcobeHnHocTU CTPYKTYpbl SARS-CoV-2
U OOHApy>KeHHbIE MHOXECTBEHHbIE MEPEKPECTHbIE
peakiuu ¢ 6e1KaMU U TKaHSIMU yesJoBeKa 000CHO-
BBIBAIOT HEOOXOAMMOCTb OYEHb TIIATEJIbHO UCCIE-
JIoOBaTh BCe pa3paboTaHHbIE U pa3pabaTbiBacMble
BaKIIMHBI, @ TAKKE CTPATeTUU UX IIPUMEHEHU ST TSI
obecrnieyeHUsi 06€30MaACHOCTU MaKCUMaJbHOMY KO-
JINYECTBY BaKIIMHUPYEMBIX.

BbiBOAbI

1. MHOXECTBEHHbBIE CJydyau MOJEKYJISIPHOMI
MUMUKpUM Mexay aHtureHamu SARS-CoV-2
U TKAHEW YeJIOBEeKa OMOCPEAYIOT TSXKEI0e TeUeHne
COVID-19.

2. Hannuue 60J1b110r0 KOJIMYECTBA TOMOJIOTUY-
HBIX YEJIOBEYECKUM MOCIEA0BATEIbHOCTEN Y aHTU-
reHoB SARS-CoV-2 mnoBbillIaeT PUCK Pa3BUTUSA
AyTOMMMYHHOI TAaTOJOTUU U TSIKEJIOTO ITOCTKO-
BUAHOIO CUHJIPOMA, YTO OOOCHOBBIBA€T HEOOXOIU-
MOCTb Pa3pabOTKM HOBBIX TepaneBTUUYECKUX T10JI-
XOMIOB K JICUEHUIO U peadUIUTALIMU ITIepPeOOIeBIIUX.

3. HeoOGxonumo TiIaTeabHO IIPOBEPSTH pa3pa-
OaTbIBaeMble BaKIIMHbI HA OTCYTCTBUE MEPEKPECT-
HBIX peaklUii C aHTUT€HAaMU 4YeJOBeKa B LEJsIX
MUHMMU3ALUU PUCKA PA3BUTHUS TSXKEJbIX MOCT-
BaKIMHAJBbHBIX OCJIOXKHEHUN HENOCPEeICTBEHHO
nocJje BaKIMHAIIUU U B OTHAJIEHHOU MepCIeKTUBE.
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NCEBAOBUPYCHbBIX HACTUL]
BUPYCHEUTPAJIU3YIOLLMMU AHTUTENIAMU

KAK BUOAHAJIMTUHECKAA YACTb KJIMHUYECKOIO
UCCJIEQOBAHUSA BAKLIUHbI CAJTHABAK®

E.B. 3yes!, O.A. Mapkosa!, C.B. Kynem3un?, JI.A. Ilorepses', H.A. JIurBuHosa’,
N.A. Koporkesuy', T.B. I'puropnena!, P.A. Xamurtos!

"AO «'EHEPUY M», nem. Boaveunckuii, [lemywunckuii paiion, Baadumupckas obaacme, Poccus
2000 «<MMTEH+», e. Hosocubupck, Poccus

Pestome. Bseodenue. [lannemust KopoHaBUpyCHOM MHMeK NN, BeI3BaHHOI SARS-CoV-2, sBu1ach cepbe3HBIM UCITBITAHU-
€M IIJISI BceX 00IacTelt MeTUIIMHCKOM HayKH, BEI3BAB BCILJICCK HOBBIX Pa3pab0TOK B pa3IMIHBIX chepax, HauMHAs OT -
ArHOCTUUYECCKMX METONMK, 3aKaHYMBAsl TEPAIeBTUUCCKMMU M MPOPUIAKTHICCKUMH ToaxomaMu. MHTpaHa3albHas
BaKIMHALIMS SIBJISIETCS MHHOBAIIMOHHBIM MOAX0A0M K MMMYHU3auu npoTuB SARS-CoV-2, K KoTopoMy MPUKOBAHO
BHUMaHKE MHOTMX pa3paboTYMKOB npenapatoB. OMTHUM U3 OOBEKTUBHBIX MAPaMETPOB OLEHKU UMMYHOJOTMYECKON
3(dHEKTUBHOCTU SABJSETCS U3YyYeHUE TMHAMUKY HAKOTLJIEHU S BUpYCHeWTpaausytomux antutea (BHA) B kposu nepe-
6osnemnx COVID-19 uau mosyyuBIIMX BaKIIMHOMPOGMUIAKTUKY 3M0POBBIX JOOPOBOJIBIIEB, U TPEOYIOT COOTIONCHUS
BBICOKMX CTaHIAPTOB BBIMOJHEHMST OMOaHATUTUYECKOI METOAMKHM B paMKaX MPOBEACHUST KIMHUYECKUX UCCIeA0Ba-
Huit. [IpeacraBaeHsl pe3yabTaThl IPOMEXYTOYHOTO aHaIM3a JAHHBIX UMMYHOT€HHOCTH, MOJYUYEHHBIX B paMKax paH-
JOMM3UPOBAHHOTO JBOIHOTO CJIETIOr0 MHOTOLIEHTPOBOIO KJIMHUYECKOTO McCienoBaHus 3 (a3bl IByXKOMITIOHEHTHBIX
npenaparoB CanHaBak® (uHTpaHazanbHO) U [amM-KOBUI-Bak® (BHyTpumbImieuHo). Llenbio ncciemoBaHus Oblia
OIIeHKAa UMMYHOTEHHOCTH 1 0€30ITaCHOCTH MHTPaHAa3aIbHOM U BHYTPUMBIIIETHOM (hOpM KOMOMHUPOBAHHOM BEKTOP-
Ho#l BakimHBI TpoTB COVID-19 ¢ momoInibio peakiiny HeHTpaIn3aluu ¢ TPUMEHEHNEM TICEBIOBUPYCHBIX YaCTHIT
u KynbTypsl KieTok HEK293T-hACE2. Mamepuanas: u memoos:. Bcero 137 3M0pOBBIX JOOPOBOJIBIIEB C HCXOTHBIM YPOB-
HeM aHTU-RBD IgG He Bbitie 100 BAU/MJT ObLTM UMMYHU3HMPOBAHBI IBYXKOMTIOHEHTHOH (Ha ocHoBe Ad26 u Ad5) Bak-
LMHOW C UHTPAHA3aIbHbBIM UJIU BHYTPUMBILIEYHBIM CLIOCOOOM BBeICHUS B ICHb | 1 ieHb 21. OlleHKa UMMYHOT€HHOCTHU
MPOBOAUIACH HA OCHOBAHUM TAHHBIX KOJIMYECTBEHHOTO onpeneneHuss BHA ¢ ucnosb3oBaHueM peakiluu HEUTpaan3a-
LMY C TPUMEHEHUEM MCEBAOBUPYCHBIX YacTUIl U KyabTyphl KJeToK HEK293T-hACE2 u IgG-anTuTen K petientop-cpsi-
3bIBatoleMy AoMeHy S-6e1ka (aHTU-RBD) SARS-CoV-2 Ha 21 u 42 n1Hu niocsie BBeneHU s KoMIoHeHTa 1. PezyasmameL.
Cpennuii reomerpuueckuii TuTp BHA kK SARS-CoV-2 B nenp 42 cocraBun 238,34+3,93 u 616,94+3,73 B rpymmnax
CannaBak® u l'amM-KOBU I-Bak® coOTBETCTBEHHO. YUUThHIBAsI JAHHBIE O BHICOKOM YPOBHE ITPOTEKTUBHOCTH [P TUTPE
BHA 6onee 100 mpu nmpruMeHeHU U MeTOA TICEBIOBUPYCHOIM HEMTpaanu3aluu, MOJTyYeHHbIE pe3ybTaThl CBUIETEIbCTBY-
10T O TOCTaTOYHOM MMMYHOJOrn4YecKoi 3¢ HEeKTUBHOCTU KaK BHYTPHUMBIIICUYHOM, TaK M MHTPaHA3aIbHON BaKIIMHBI.
Cpennee reometrpudeckoe 3HaueHUe ypoBHs aHTH-RBD IgG B nens 42 cocraBuiio 131,22+3,91 u 782,03+3,04 B rpymmax
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CannaBak® u l'am-KOBU [I-Bak® cootBeTcTBeHHO. [TokazaHa nmpsimast ymepeHHast Koppensiust BHA uantu-RBD IgG.
Bbieoow:. Tlpu mpoBeneHUU UccaenoBaHus 11 onpeaeneHust Tutpa BHA Oblia ycnenHo BaauMpoBaHa U UCIOIb30-
BaHa peakIlusl HeUTpaau3alry ¢ MPUMEHEHUEM TICEBIOBUPYCHBIX YacTULl. [1o uToram nmpoBeieHUsI TPOMEKYTOYHOTO
aHaJn3a TaHHbIX OblJIa TOKAa3aHa MEHbIIIAsl, YeM Y BHYTPUMBILIEUHOTO Mperapara, Ho JOCTaTOYHO BbICOKAs HATIPSIXKEH-
HOCTb I'yMOpaJIbHOrO MMMYHUTETA TTOC/Ie TPMMEHEH ST MHTPaHa3aIbHOM BakIMHBI CaHaBak®.

Karoueevte caosa: COVID-19, ummynuzayus, 6akyuna, KOpoHAGUpycHas uHgexkyus, ummyrozennocms, SARS-ColV-2.

VIRUS NEUTRALIZING ANTIBODIES IN PSEUDOVIRUS PARTICLE NEUTRALIZATION REACTION
AS A BIOANALYTICAL PART OF A SALNAVAC® VACCINE CLINICAL TRIAL

Zuev E.V.?, Markova O.A.?, Kulemzin S.V.", Poteryaev D.A.?, Litvinova N.A.?, Korotkevich I.A.?, Grigoryeva T.V.?,
Khamitov R.A.?

aJSC “GENERIUM?”, Volginsky, Petushinsky District, Viadimir Region, Russian Federation
b LLC “IMGEN+", Novosibirsk, Russian Federation

Abstract. Introduction. The SARS-CoV-2 coronavirus pandemic has been a major challenge for all areas of medical science,
causing a surge of new developments in various fields ranging from diagnostic techniques to therapeutic and preventive
approaches. Intranasal vaccination is an innovative approach to immunization against SARS-CoV-2, which has attracted
the attention of many drug developers. Dynamics of blood virus-neutralizing antibodies (VNAs) in recovered COVID-19
patients or vaccinated healthy volunteers is one of the objective parameters for assessing vaccine immunological efficacy,
which requires high standards of bioanalytical techniques within the framework of clinical trials. Immunogenicity data
on the two-component Salnavak® (intranasal) and Gam-COVID-Vac® (intramuscular) vaccination obtained in rand-
omized double-blind multicenter phase 3 clinical trial interim analysis are presented. The objective of the study was
to assess immunogenicity of intranasal and intramuscular vaccination against COVID-19 using a neutralization reaction
with pseudoviral particles and HEK293T-hACE?2 cell culture. Materials and methods. A total of 137 healthy volunteers
with a baseline anti-RBD IgG level not exceeding 100 BAU/ml received immunization by a two-component (Ad26 and
AdS5 based) intranasal or intramuscular vaccine administered on day 1 and day 21. Immunogenicity level based on VNA
quantitative analysis using a neutralization reaction with pseudoviral particles and a HEK293T-hACE?2 cell culture as well
asto SARS-CoV-2 S-protein receptor-binding domain (anti-RBD) IgG antibodies on days 21 and 42 after administration
of component [ was assessed. Results. The geometric mean VNA titer against SARS-CoV-2 on day 42 was 238.34+3.93 and
616.94+3.73 in the Salnavac® and Gam-COVID-Vac® groups, respectively. Trial data shows sufficient immunological effi-
cacy of both intramuscular and intranasal vaccines based on a high protection level at VNA titer of more than 100 while us-
ing the pseudoviral neutralization method. The geometric mean of the anti-RBD IgG level by day 42 was 131.22+3.91 and
782.03£3.04 in the Salnavac® and Gam-COVID-Vak® groups, respectively. A direct moderate correlation was shown be-
tween VHA and anti-RBD IgG. Conclusion. Neutralization reaction using pseudoviral particles was successfully validated
and used to determine the VNA titer during clinical trial. Trial interim data revealed that intranasal vaccine Salnavac®
vs intramuscular vaccine Gam-COVID-Vak® resulted in lower but sufficient stringency of humoral immunity.

Key words: COVID-19, immunization, vaccine, coronavirus infection, immunogenicity, SARS-CoV-2.

BeepneHue

3a mocieaHre aBa OCCATUICTUS B MUpPE OBLIO
3a(pUKCUPOBAHO HECKOJBKO KPYMHBIX BCHBIIIEK
WHGEKIIMOHHBIX  3a00JieBaHUN, OOYCJIOBJICH-
HBIX TIpeactaBuTensgaMu cemeiictBa Coronaviridae,
a UMEHHO KOPOHaBUPYCOM TSIXKEJIOTO OCTPOTO pe-
cniupatopHoro cuHiapoma (SARS-CoV) u kopo-
HaBUPYCOM OJIMKHEBOCTOYHOTO PECHHPATOPHOTO
cunapoma (MERS-CoV) [14, 18]. OmHako omHUM
M3 TJIaBHBIX COOBITUI TTOCIIEMHUX HECKOJIBKUX JICT
ctayia oobsiBiieHHas BO3 B mapTe 2020 1. maHnaeMus
HOBOM KOpPOHAaBMPYCHOW WMHGEKIINN, BHI3BAHHAS
elle OOHMM BapuMaHTOM KopoHaBupyca — SARS-
CoV-2 [19]. BriepBric MOSIBUBIIASICS B KUTAMCKOM
ropone YxaHb B gekadbpe 2019 1. [17], aTta uHDeK-
M BCIECACTBUE BHICOKOM KOHTAaTrMO3HOCTHU U BO3-
MYITHO-KAIIeJIBbHOIO ITyTH Tepemadyu OBICTPO pac-
IpOCTpaHUJIaCh ITO BCEMY 3eMHOMY IIIapy.

BO3 koopauHupyeT rpyIity 3KCIepToB Mo pa3-
paboTtke BakiiuHbI npoTuB COVID-19. Tak, Ha ce-
TOMHSIIIHUI JeHb B pa3paboTke HaxomauTcs 366
BaKIIMH, U3 HUX 169 TipermapaToB MPOXOAST KJIU-
HUYeCKMe UCTbITaHUS U 198 — JOKJIMHUYECKYIO
pa3paboTtky [20].

Pa3paboTka MyKoO3aJdbHBIX BaKILMH SIBJISETCS
MHOTOOOeNaoInM HampaBjieHueM mpoduak-
Tuku SARS-CoV-2. Ciusuctble 000J0YKU AbIXa-
TEJBHBIX MyTeW SABJISIOTCS BXOJHBIMHM BOPOTaAaMU
Bo3oynutenss COVID-19, nostomMy wuHAyKUUS
VUMMYHUTETa CIU3UCTBHIX 000JI0UEK TIpeACTaBIIsI-
eTcs 1esecoodpa3Hoil. B To ke BpeMs ncnonb3o-
BaHWE MYKO3aJIbHBIX BaKIIMH MPUBOIUT B YUCIIE
MpoYero K WHAYKIIUU CUCTEMHOTO MMMYHHOTO
otBera [2, 4]. Kpome Toro, ucrnojib30BaHUe MH-
TpaHa3aJbHBIX (hOPM TIperapaToB MeHee TpaBMa-
TUYHO U TpeOyeT MEHBIIEro yJyacTus MeAUIIMH-
CKOro nepcoHasa.
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MIMMyHoreHHocTb CanHaBak®

Kommanumeit AO «TEHEPUYM» paspaboTtaHa
HoBasl (popMa BbIIyCKa HAa OCHOBE paHee 0J00peH-
Hoit BakuHbl [aM-KOBW/I-Bak® ¢ uHTpaHa3ajb-
HBIM IIYTEM BBEICHUSI, KOTOPBIN B HACTOSIIIEE Bpe-
Msl TIPOXOAUT CPaBHUTENbHOE KJIWMHUYECKOE HC-
cnenoBanue VCI-COV-III.

Hannuyme B KpOBM BHUPYCHEUTPAIU3YIOLINX
antutesn NpotuB SARS-CoV-2 gaBisieTcss BasKHBIM
rnmokazaTrejieM 3alllMTHOrO MMMYHHUTeTa, chopMu-
poBaHHOro BakliMHOW. I[loaToMy OIS OOKJIMHU-
yeckux (JoKWM) m KIMHMYECKMX HCCICIOBaAaHUN
(KM) BakuuH HEOOXOOMMBI METONBI HaIesKHOTO,
YYBCTBUTEJIBHOIO U ObICTporo odbHapyxkeHus BHA
npotuB SARS-CoV-2. Knaccuueckuii MeTon onpe-
nenenuss tutpa BHA, ocHOBaHHBIII Ha CHMXe-
HUM KOJWYECTBAa BUPYCHBIX OJSIIIIEK B MOHOCIIOE
KYJbTYyphl KJeToK (plaque reduction neutralization
test, PRNT), TpeGyeT paboThl ¢ MHGPEKIIMOHHBIM,
BBICOKOITAaTOTEHHBIM KUBBIM ayTEHTUYHBIM BU-
pycom SARS-CoV-2 B yCIOBUSX M30JMPOBAHHON
JabopaTopruu ¢ ypoBHeM 3aliuThl 3—4 (B oTeye-
CTBEHHOI1 CUCTeMe CAHUTApHOTO 3aKOHOIATEIbCTBA
1-2 rpynmna martorenHoctu) [1]. Takux jmabGoparo-
puit B PD kpaiiHe majo, pruck paboThl ¢ obpa3siia-
MU IJIST OTlepaTtopa BBICOKU, TECThI TPYIOeMKUE,
BBICOKO3aTpaTHBIE U HE MOTYT OBbITh MCITOJIb30BaHbI
B KayecTBe OMOAHAJIUTUUYECKOIo 3Tara pyTMHHOIO
KoHTpoJist oopa3uoB oKW n KWU. Monudukaiueit
3TOr0 MeToma SIBJISICTCS peaKIIMsT MHKpPOHEHTpa-
JIM3alUu, TIe IOACUYUTHIBAIOTCS yXe He OJISIIKU,
a OTAebHbIE MHMUIIMPOBAHHBIC KJIETKHU, BBISIBJIS-
eMble UMMYHOIMTOXUMUYECKUM CIOcoOoM (mic-
roneutralization assay, MNA). OgHaKo 3TH MOIXO-
Il TaKXXe OTHWMAIOT MHOTO BpEMEHH M TPEeOYIOT
paboThl B JaOOpaTOpUSIX C BHICOKMM YPOBHEM OHO-
Oe3omacHocTU. PazyMHOII ajlbTepHAaTHMBON ayTeH-
TUIHOMY BUPYCY SBISETCS NCIIOIb30BaHNE TICEBIO-
BUPYCHBIX YaCTHI] CO CHUXEHHOI MaTOreHHOCTHIO,
KOTOpbI€ MPEACTABJISIIOT COO0I HECITOCOOHBIE K pe-
MJIUKAIIMKA YacTUIIbI, CoAepXKalllue CTPYKTYpHOE
1 (pepMEHTATUBHOE SIIPO OIHOTO BUPYyCa, TAKOT'0 KaK
BUPYC Be3uKYyJsipHoro cromatuta (VSV) unu seH-
tuBupyc (BUY), 1 noBepXHOCTHbIE OEJIKHU APYTOro
BUpyca, Takoro kak S-6enok Bupyca SARS-CoV-2.
J st orrpeneaeHUs MTHMEKIINH TICEBIOBUPYCHI KOIU-
PYIOT pelopTEPHbIN OeJIOK, TaKoi Kak Jtoludepasa
ceetasuka (Fluc) maum 3eneHbli (pJyopecleHTHBI
oenok (GFP) [5]. I3 aToro ciaeayer, 4TO TaKOW Me-
TOI MOXHO TIPOBOAUTH B OOBIYHBIX JIAOOPATOPHSIX
HEBBICOKOTO KJlacca 3allThl, UMEIOIINX JIMIIEH3UIO
Ha pabote ¢ 3—4 rpynnamMu NaToreHHOCTU UJIu 6e3
Hee. CaeayeT OTMETUTh, YTO HECMOTpPsI Ha TIPUBJIe-
KaTeJIbHOCTh METOAa Ha OCHOBE TICEBIOTUTIMPOBAH-
HBIX BUPYCOB, HEOOXOIMMa Pa3HOCTOPOHHSISI BaJIU-
JTalust, ITOCKOJIBbKY Ha pe3ybTaT peaKIIny Ha BUPYC-
HEUTpaau3anuio MOTYT BIUSITH MHOTHE TTapaMeTphl,
TaKMe KaK: ONTUMaJIbHasl KOHIIEHTPAILsI BUPYCHBIX
gacTul (BBIpaxkacMas B €AMHMIAX TPAHCOYKIIUU,
TE) B npuMeHsieMbIX IJI51 TPAHCAYKIIUN KJIETOK pa-

0GOYMX pacTBOpPAXx, TOJISI «ITYCTBIX» U «yITaKOBAaHHBIX»
JICHTUBUPYCHBIX YAaCTUIl, HAJIUUYUE TEXHOJIOTUYEC-
KUX 3arpsi3HEHUli, MPOUCXOXIECHUE KJETOK IS
WH(DEKIINN, BpEMSI COBMECTHO MHKYOAlluu BUpyca
U CBIBOPOTKHU, COCTAB MUTATEIbHON Cpebl/100aBOK
U JpyTue TapameTpbl, BHOCSIIIME BKJIaJ B reTepo-
TEHHOCTb PE3YJIbTAaTOB U OOIIYI0 HEOITPEIEeIEHHOCTh
metoauku [13]. B pamkax HacTosiieit paboThl Mpo-
BeleHa BajauJalnus pa3paboTaHHOro paHee MeToaa
onpeneneHuss BHA Bupyca s uesieit BBICOKOIpO-
U3BOAUTEJBHOIO aHajau3a O00pa3loB ChIBOPOTKU
BaKIIMHUPOBAHHBIX JOOPOBOJIBILIEB KJIMHUYECKOTO
ucciaenoBanug VCI-COV-III.

Matepuanbl 1 MeToOb!

J.aHHble KNTMHNYECKOro uccniefoBaHus

Ju3zaiin kaunuveckozo uccaedosanus. KimHM-
YecKoe MCCeJOBaHMEe, B XOlIe KOTOPOro IIPOBO-
Aunacst oToop 6MooOpa3LOB AJIsl aHAAU3A, SIBJISIJIOCH
PaHIOMU3MPOBAHHBIM IBOMHBIM CJICTIBIM MHOTO-
LEHTPOBBLIM UCcenoBaHeM 3 (pa3bl, TPOBOAMMBIM
C LIEJIbIO OLIECHKM MMMYHOT€HHOCTHU MHTpaHa3aslb-
HOU M BHYTPUMBILIEYHOIH (pOopM KOMOMHUPOBAH-
HOU BeKTOpHOU Bak1MHbI TpoTuB COVID-19, uH-
nyuupoBaHHoro SARS-CoV-2, B nu3zaiiHe «double-
dummy» O «3aclleTUICHUs» CIoco0a BBEICHUS
nperapara. B menstx obecriedeHMST BO3MOXKHOCTH
KOPPEKIINU OO0IIero pa3Mepa BEIOOPKHU B XOJIIE HC-
CJIeOBaHUs IO JaHHBIM Ha 42 IeHb I10cjae BaKI M-
HallMu ObLJ1 BBIOpaH rpyNOBOM MOCAeI0BATEIbHBI
OU3aiiH ucciaegoBaHust (group sequential design).
IIpotokon wuccienoBaHus omoopeH MuH3ApaBOM
Poccuu (M3 Poccun) (Ne 869 ot 20.12.2021) u He3a-
BUCUMBIMUJIOKAJTBHBIMUA 3THYCCKUMU KOMUTETAMU
KJIMHUICCKUX IeHTpoB. MccaemoBaHme TpOBOIT-
CsI B COOTBETCTBUHU ¢ TpeboBaHMIMU Hanmexareit
Knunnuyeckoit [lpaktuku u XeabCUHKCKOM JIeKJia-
pauun BcemupHoii MenuumHCKoOM Accouuanuu
nepecmotpa 2013 r. MccnenoBaHue COCTOUT U3 Clie-
NVIOIINX MEPUOAOB: CKPUHUHT A0 7 AHEN, UMMYHU-
3a1us KomnoHeHToM I (meHp 1) u kommonentom I1
(menb 21) uccnenyembix npoayktos (UIT), nmepuon
HabOmoneHus 1 (mo 42 mHeil) m Tiepuon HaOIome-
Hug 11 (mo 365 nHeit). Ha ceromHsIHUI AeHb 10~
CTYIHBI Pe3yJbTaThl MPOMEXKYTOUHOTO aHalii3a
NaHHBIX Ha 42 neHb HaOaroneHus. McciaegoBaHue
MPOIOJIKAeTCSI.

Kpumepuu omobopa 0obposoavyes. BxkiaroueHue
JOOpPOBOJIBLIEB IMPOBOAMTCS B 16 KIMHUYECKUX
HeHTpax Ha 6a3ze MCAMIMHCKUX yUpeKaeHNT Poc-
cutickoii degepannn.

Kpurtepun BKIOYeHUs: Bo3pacT 18—60 ieT;
nHaekc maccol Tea (MMT) 18,5 < UMT < 29,9 kr/
M2, OTCYTCTBUE CYIIECTBEHHBIX OTKJIOHEHUI IpHU
1ab0OpaTOPHBIX, HHCTPYMEHTAJbHBIX U (U3U-
KaJbHBIX MCCJCIOBAHUSIX; YPOBEHb WCXOIHBIX
aHTu-RBD IgG antuten kK SARS-CoV-2 He BbIlIe
100 BAU/mu; coriacue Ha HCHOJIb30BaHUE 3(-
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(GEeKTUBHBIX METOIOB KOHTpAIEHIIMNU; OTCYyTCTBUE
OCTPOro MHMEKIITMOHHOrO UJU HEUHGEKIITMOHHOTO
3200J1eBaHU I U OTCYTCTBUE 00OCTPEHU I XPOHUYEC-
Koro 3aboneBaHud 3a 14 mHel 10 UMMYHU3ALUU;
OTPULATEJIbHBI aHaAM3 MOYM Ha 3ampelleHHbIe
npernaparbl; OTPULATEJIbHBIM TECT Ha ajKorojib
B BbIABIXa€MOM BO3AyXE U OTCYTCTBUE KaKUX-TUOO
3JIOKaYeCTBEHHbIX HOBOOOPa30BaHU.

Kputepuun uckiroueHus: jarodas BaKIIMHALIUS
B TeueHue 30 qHeil 10 BKIIOYEHUS ¢ OTpPaHUYEHUEM
BakuuHauuu npotuB SARS-CoV-2 B TeueHue 6 Me-
csleB 10 BKAWUYeHUs B ucciaeaoBaHue; COVID-19
B aHaMHe3e B TeueHue 6 MecsIeB 10 BKIIOUYCHUS;
noiaoxuTteabHblii TecT Ha SARS-CoV-2 Ha ckpu-
HUHre; nogoxuteabHbiii IgM Kk SARS-CoV-2 unu
SARS-CoV-2 antu-RBD IgG 6onee 100 BAU/mu;
KOHTAKT ¢ 6oabHbiMU COVID-19 B TeueHue npen-
IIECTBYIOLIMX BKJIOUEHUIO 14 AHEN; cTepouaHbie
npenaparsl (KpoMe KOHTPAleNTUBOB), MMMYHO-
DIOOYJIMHBI W/WJAW JAPYTHUE KOMITOHEHTHI KpPOBU
3a 30 gHell 10 paHAOMU3ALUU; 3aTPYAHEHUE HOCO-
BOT'O NIbIXaHUS; 3J0yNoTpebieHne HapKOTUYEeCKU-
MU TIpenapaTamu; peryjisspHoe MpuMeHeHre aHTU-
KOHTe€CTaHTOB; MCHOJb30BaHUE WMMYHOIENpec-
CaHTOB, 3aBeplIMBIIEeCS MEHee 4yeM 3a 3 mecsla
JI0 paHIOMMU3allMU; MOJOXUTEJIbHBI TECT Ha Oe-
PEMEHHOCTb; TOJIOKUTENbHbINA pe3yabTaT AUarHo-
ctuku BUY, renatut B nau C; Haauuue B aHaAM-
He3e aJlJIepruyeckux 3aboseBaHU JTI060To reHe3a;
cucToanveckoe aprepuanbHoe napiaeHue < 100 uau
> 130 MM PT. CT. LJIU 1UACTOJUYECKOE apTeprabHOE
nmaBiaeHMe < 60 rium > 90 MM pT. CT.; YacTOTa Cepaed-
HBIX cokpaleHui < 60 uau > 100 ynrapoB B MUHYTY;
HaJu4yue B aHaMHe3e ayTOMMMYHHBIX 3a00JIeBaHUN
Yy 10OPOBOJIBLIEB U Y UX POACTBEHHUKOB 1—2 cTemne-
HU POJICTBA; YIIOTPeOJIEHUE aJIKOT OISl BBIILIE YPOBHS
HM3KOrO pUCKa; TOCITUTATU3AINs /WU XUPYPIU-
YeCcKOe BMEIIaTeJIbCTBO BO BpeMs MCCJIEAOBAHUS
U 10 4 Hedesb 10 BBEACHUS UCCIENYeMbIX Iperna-
paToB; COMYTCTBYIOIIME 3a00JieBaHUS, BIUSIONINE
Ha pe3yJbTaThl McciaenoBaHus. Bce m10OPOBOIBIIBI
NPEeIOCTaBUIN MOANUCAHHOE WHOOPMUPOBAHHOE
corjlacue nepej BKJIIOUEHUEM B UCCIIeJOBaHUE.

Hcenedyembie npenapamer. CanHaBak® mnpen-
cTaBJigeT coboii (popMar MHTpaHa3aJIbHOTO BBe-
JNICHUSI paHee ONOOpPEeHHON K MPUMEHEHUIO BaK-
uuHbl FamM-KOBUJI-Bak® 1 cOCTOUT U3 ABYX KOM-
MMOHEHTOB PEKOMOMHAHTHBIX BUPYCHBIX YaCTUII
Ha OCHOBE aJcHOBUPYCOB 4ejioBeKa cepoturmna 26
(xkommoHeHT I) u 5 (kommnoHeHT II), Hecymux rex
S-6enka Bupyca SARS-CoV-2. IlonHasg 1o3a obenx
BakIIMH cocTaBisieT 10! BUpyCHBIX YacTUIl Ha 103y
JIJ151 KaXKJ0ro peKOMOMHAHTHOIO alcHOBUpYCca UJTU
0,5 M Ha 03y A BHYTPUMBIIICYHO /MHTpa-
HaszaJbHOUW MHBeKUMU. Ilnauedo cocTouT U3 Oy-
¢depHOl KOMMO3ULIMU, PABHOI 00beMY BaKIIMHBI.
Wccnenyemble mpernapaTbl M I1alie00 BBOAUJIU
BHYTPUMBIIIIEYHO UM MHTPaHa3aJbHO B COOTBET-
CTBUU CO CXEMOI paHIOMMU3ALIUU.

Panoomuszayus u mackuposka. Ilocine noaTBepxK-
JIEHUSI KpUTEpUeB oTOOpa BCe JOOPOBOJIbLIbI ObLIU
pacripenesieHbl ¢ ucrojibzoBaHueM cucteMbl IWRS
MEeTOAOM OJIOKOBOI paHaomMu3aluu (OJOKU Tiepe-
MeHHOro pasMepa 4 uiau 6) B cooTHoweHuu 1:1
B ABe Ipymmbl: rpymnna 1 moayvaia CamHaBak® my-
TEeM MHTPaHa3aJIbHOTO BBEIECHUS U IJaledo myTem
BHYTPUMBIIIIEUHON MHBEKIIMH; TPyIIa 2 ImojryJaia
Tam-KoBua-Bak® BHYTpUMBIIIEYHO U T1JIALIE00 UH-
TpaHa3ajabHO [Ipenaparsl 1 naaiedo BHEITHE HEOT-
JIMYUMBI IO YITAKOBKE, 3TUKETKE U COACPKMMOMY.
I'pynnoBoe pacnpeneneHre 106pOBOIbIEB ObLIO 3a-
MacKUPOBAHO /IS MCClieaoBaTeieil, 100poBOIbLEB
M BCEro MCCJIEA0BATEIbCKOTO MepcoHasia (I1BOWHOMI
ciaernoii ¢opmar). B cooTBETCTBUM C MPOTOKOJOM
MUCCENOBAHUS CHSITHUE MAaCKUPOBKU MaHHBIX MPO-
BEIEHO C 11eJ1bI0 MTOATOTOBKHY MPOMEXYTOUHOIO OT-
yeTa B MUHUMaJbHOM O00ObeME, TOCTATOYHOM U He-
00XOAMMOM IJI51 MPOBEACHU S aHaIU3a TaHHbBIX.

Ilpouedypwi. TToMrMO MPOUYUX CTaHAAPTHBIX Me-
TONOB OOCIENOBAHU S, TPETYCMOTPEHHBIX MPOTOKO-
JIOM, JIJIsl BCEX YYaCTHUKOB ObL MPOU3BeaeH 0TOOD
ouoobOpa3uoB mas oueHku tutpa BHA k SARS-
CoV-2 u antu-RBD IgG B aeHb 1 (10 BBEAEHU ST KOM-
noHeHTa I), neHb 21 (1o BBeaeHUs KoMrioHeHTa II)
U [IeHb 42 ¢ LeJblo aHaau3a FyMOpaJbHOIO UMMY-
HuTeTa. KiMHUKO-IabopaTopHble JaHHbIE ObIIU
coOpaHbl C HCIIOJb30BaHUWEM 3JIEKTPOHHOU mJaT-
dopmbl EDC.

Ilepemennvie unmepeca uccaedosanus. IlepBud-
HOI NepeMeHHO UHTepeca SIBASIeTCSI UMMYHOJIO-
ruyeckast addekTuBHOCTh BakMHBI CayHaBak®
orHocuTebHO BakuuHbl ['amMm-KOBU/I-Bak®, BbI-
paxkeHHasli B COOTHOIIEHU W CPEAHUX FreOMeTpUYeC-
kux TutpoB BHA mpotuB SARS-CoV-2 Ha 42-i1
nedb. Tutp RBD-cneuuduunoro IgG npotusn
SARS-CoV-2 Ha 42-i1 1eHb SIBJISIETCS OJHOU U3 BTO-
PUYHBIX TIEPEMEHHBIX.

JaHHble naﬁopaTopHoro uccnengoeaHna

MeTtonuka onpeneneHnuss BHA nporuB SARS-
CoV-2 6bl1a pa3paboTaHa U omnrcaHa KOMITaHUEHR
000 «MMTI'EH+» [7].

Tlonyuenue u ouucmka AeHMUBUPYCHBIX 4ACMUL,
ncegdomunuposannolx  S-oeakom  SARS-ColV-2
(wumamm Wuhan-Hu-1). TlceBooBUpyCchl Mmojydanau
nyteM KoTpaHchekuuu kiaetok HEK?293T nas-
mugamu PLV-Fluc, psPAX2 nu pCAGGS-SAI19, xo-
IUPYIOLIMMHUA COOTBETCTBEHHO BEKTOPHYIO KacceTy,
oenku Gag, Pol u Rev Bupyca HIV-1 u S-6enok Bu-
pyca SARS-CoV-2 mramma Wuhan-Hu-1 6e3 19
C-TepMUHAJIBbHBIX aMUHOKHUCIOTHBIX OCTaTKOB [7].
3a neHb 10 TpaHchekuuu kiaetku HEK293T BbI-
ceBasiu ¢ miIoTHOCTHIO 200 000 KJIETOK/MJI B YaIlIKH1
JUISI KYJIBTUBUPOBAHU S ILI0IIAaAbIo 150 MM? 1 KyJIb-
TuBMpoBaau B nHkyoarope ¢ CO,. Yepes 24 4 kieT-
K1 TpaHchuuupoBanu tazmugamu  PLV-Fluc,
psPAX2 u pCAGGS-SAI9 kanbumii-pochaTHbIM
meTonoM. Ha omHy TpaHcheKLMIO MCIOIb30Ban
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70 MKr cMecu muiasmMup (mpu cooTHomeHUuu PLV-
Fluc : psPAX2 : pCAGGS-SA19=3:2:2). Insanony-
yeHus ocanka 372 mxJ 2M CaCl, 1o6aBsijaiu B CTe-
PUJIBHYIO KOHMYECKYIO MNPOOUPKY, COIaepKallylo
1098 MKJT cMecH T1a3MU B Bolie. 3aTeM CMeCh MJia3-
MUJIbI/KaJIBLUN XJIOPUA JO0ABISIN IO KarlIsIM
K paBHOMY 00BbeMy docdaTHo-conaeBoro Oydepa
HEPES (50 MM HEPES, 1,5 MM Na,HPO,, 280 MM
NacCl, 10 MM KCI, 12 MM caxapo3ssl), pH 7,15 npu
MOCTOSIHHOM BCTpsixuBaHuu. Cpasy Iociie nepeme-
MIMBaHUS ocalok Kanblmii-dochar/JIHK nepeHo-
CUJIY B KJIETKU U ocTaBjasau Ha 7—8 vacos. Ilocie
npoMbiBaHus1 PBS KynbrypajibHylo cpeny 3ame-
Haniu cpenoit Opti-MEM (Gibco, Thermo Fisher
Scientific, CIIIA), comepxaieit 2,5% TepMOWHAaK-
TUBUPOBAHHON (beTalbHON TENASIUbEil ChIBOPOTKHU.
Yepes 68—72 4 mociie TpaHCPEKLUU KYJIbTypaJib-
HYIO Cpemly, ColepKalllylo MCeBIOBUPYCHBIE YacTH-
Lbl, COOMpaIu B KOHUYECKHE MPOOUPKU 0OBEMOM
50 mu1, ueHTpUdyruponaiu B TeueHue 10 MUH pu
4500g nas ymaJleHUsl KJAETOK U KPYIMHOIO KJIETOY-
HOTO JeTpuTa U (UJIBTPOBAIN C MCIOJIb30BaHUEM
cucteMbl BakyyMHou ¢unbrpanuu PES 0,45 MkM.
3areM IOJIyYeHHBI CyTllepHaTaHT KOHIIEHTPUPOBa-
Jau ¢ nomoubio Mmoayiist Vivaflow-50 100K (Sartorius,
I'epmanus) no 10-KpaTHOro yMeHbllieHUs oObeMma.
3areM KOHIIEHTPUMPOBAHHYIO Cpeay HacjianBaJu
Ha 20% pacTBOp caxapo3bl U LIEHTPUQYTUPOBaIN
B ueHTpudyre Avanti J-30 (Beckman Coulter, CIITA)
npu 24 000g B TeueHue 90 MUH C UCMOJIb30BAaHUEM
potopa JS-24. Ocamok mceBaOBUpYCa PECYyCIIeH-
mupoBaiii B cpeae Opti-MEM, comepxarmein 2,5%
TEePMOMHAKTUBUPOBAHHOW 3MOpPUOHAJIBHOU Tesi-
Ybell CBIBOPOTKU, U aJTMKBOTHI ITOMEIIATN B KPHO-
npobupku. Ilocyie MokoBoi 3aMOPO3KU BUPYCHbIE
YaCTUIIBI XpPaHUJIU B ITapax KUJIKOTO a30Ta.

YacTtuusl MceBIoBUpyca TUTPOBAIM Ha ITOJIY-
yeHHbIX paHee kjeTtkax HEK 293T-hACE2, cra-
OuabHO 3Kcopeccupymolux peuentop SARS-
CoV-2 — yenioBeUeCKMii aHITMOTeH3MHIIpeBpalla-
muii depment 2 (ACE2) [7].

Ilooecomoska 06pa3yoé col8opomku 000p0GONL-
yes. O0e3nMMUYeHHbIE 00pa3lbl CHIBOPOTKU J00PO-
BOJIbIIEB MHAKTUBUPOBAJIM Ha BOISTHOW OaHe ITpu
temmnepatype (56+2)°C B reueHure 30 MUH C LIEJTBIO
WUCTOIIEHUSI KOMIIOHEHTOB CHUCTEMBI KOMILJIEMEH-
Tta. OOpa3ibl MHAKTUBUPOBAHHOW CHIBOPOTKHU HC-
MOJIb30BaJIM Cpa3y MJIM 3aMOPaKUBaJIU sl TTOCJIE-
nytouiero aHaausa. O0pa3ibl CBIBOPOTKU C IPU-
3HaKaMM reMoJjin3a Wi 6akTepruaabHO KOHTaMM-
HaIlMU Il aHaJIu3a He UCITOJIb30BaJINCh.

Anaauz  uneiimpaauzayuu  eupyca. KieTku
HEK 293T-hACE2 no6GaBisijiu B JIYHKU Oe€JibIX
96-nyHouHbix rmaHietoB (Corning-3916 wunu
Thermofisher 136101), mo 15 000 knetok B 100 MKJI
Cpeabl Ha JIYHKY.

Hanee B JOyHKU 96-TyHOYHOro TMJIaHIlIeTa
¢ U-06pa3HbIM JHOM BHOCUJIM ABYKpaTHbBIE pa3Be-
JIeHUsI 00pa3loB ChIBOPOTKU B cpeae Opti-MEM,

HauuHas ¢ pa3egeHus 1:10 u go 1:1280 B o6beMe
80 MkJ1. 1151 KOHKPETHBIX aHAJU30B UCIOIb30Ba-
JAUCh Apyrue Koa(dp@dUuIMeHTHl pa3daBiieHUs, Kak
yka3aHo B TekcTe. CycrneH31I0 BUPYCHBIX YaCTHIL
B cpene Opti-MEM 2,5% FBS no6Gapisiiizn Bo Bce
ayHKHU (10 000 TE Ha nyHKy B 80 MKJI cpeabl), Kpo-
M€ JIYHOK, CJIY>KWBIIWX OTPUIIATEIbHBIM KOHTPO-
sneM. ITocie aToro cogep>xuMoe JIyHOK MepeMelin-
BaJIi MHOTOKaHaJbHOW ITWMIIETKOW, 3aTeM TlJIaH-
et 3akpbiBaau U nHKyouposaau 30 muH B CO,-
uHkyo6atope nipu 37°C.

3ateMm coaepxkumoe U-o0pa3HbIX yallek nepe-
HOCWJIM B OeJible KYJIBTypajibHble YalllKu, COIep-
xamue kiaetku HEK 293T-hACE2. Cpeny ajist Bbl-
pallBaHUs IIPEABAPUTETIBHO OCTOPOKHO yIaJISIIN
U3 6eJbIX 96-TYHOUHBIX MJIAHIIETOB, He Hapylas
MPUKPETJIEHHBIX KJIETOK. 3aTeM OeJIble TIaHIIeThI
ocTaBastau B uHKybarope ¢ CO, Ha 36—48 4 npu
37°Cu 5% CO,.

Hanee muTaTeIbHYIO CPEy OTCAChIBAIU U B KaX-
IyI0 JTYHKY nooaisiiau 1o 40 mxja pactBopa PBS,
a 3aTeM — MpeaBapuTeIbHO HarpetThiii 10 25°C pe-
areHT OneGlo (Promega), comepxaliuii cyocTpar
ULt monudepasbl, W MJIaHIIEThl WHKYOUPOBaIN
B TeueHue 60—75 MUH TMpU KOMHATHOM Temmepa-
Type (20—25°C) B TeMHOTE Ha OpOMTAaIbHOM IlIEii-
kepe. [lociie 3TOro M3Mepsiyin JIIOMHUHECIEHIINIO
¢ noMoliiblo TroMruHOMeTpa Luminoskan Microplate
(Thermo Fisher Scientific, CIIIA). 3a 100%-nHy10
HeWTpaaM3alnio NPpUHUMAJIU CpelHee 3HaueHUe
JIIOMUHECHEHIINY, TTOJTyYeHHOE B JIYHKaXx ¢ 100aB-
JIEHHBIM HeliTpaausymoumum antuteaom iB20, onu-
caHHBIM paHee [7]. 3a 0% HelTpaju3alUU TIPU-
HMMaJIV cpelHee 3HauyeHUe JTIOMUHECILICHIIMU, T10-
JydeHHOe B JIyHKax 0e3 Jo0aBJIeHUSI ChIBOPOTKU.
CpenHee 3HaYeHUE JIIOMUHECIIEHIIN Y, TTIOJTyYeHHOE
B JIYHKax 06e3 100aBjieHUsT BUPYCHBIX YaCTHUIL, TIPH-
HuUManu 3a (poHoBoe 3HaueHue. Pacuer 1Dy, (pac-
YeTHOE 3HaueHUe, COCTaBJsIOIIEee pa3BeACHUE Chl-
BOpPOTKHU, HeobOxoanmoe i 50% HelTpanausalnumn
BUPYyCa) OBLJI ITPOBENICH C TIOMOIIbIO aHAJIM3a HeJTU-
HeiHoil perpeccuu B nakete GraphPad Prism.

AHanu3bl, BbINOAHEHHbIE 8 PAMKAX 6AAUOAYUUU Me-
moda. YyBCTBUTEIBHOCTH/CITEIM(DUIHOCTD — JIJIsI
onpenesieHusI 3TUX MapaMeTpoB OblLIa M3MepeHa
HelTpanusyolilass akTUBHOCTb 24 06pa31ioB ChIBO-
POTKH  BBI3AOPABIMBAIONINX/BAKIIMHUPOBAHHBIX
ManueHToOB ¢ TMoaTBepXkaeHHbIMU MMPA aHTHUTE-
namu K S-6enky SARS-CoV-2. OrpuniateabHbIMU
npodaMu SIBISUIUCh 3aMOPOXEHHBIE OO Hadaja
2020 r. apxuBHBIE 00pa3ibl CBIBOPOTOK OT JTOHO-
POB, MIOCTOSTHHO MpOXUBaomux B PO,

BocnpousBonumocts — ypoBHHU Dy, y cepormno-
3UTUBHBIX JOHOPOB MCCJIEA0OBAIN B TEUeHHE 6 aHa-
JIUTUYECKUX [TUKJIIOB.

IMpetun3anOHHOCTh BHYTPH IIJIaHIIeTa — UCCIIe-
JloBaJiu BapruadeabHOCTh udMepeHus 1Dy, B mpene-
JlaX OJTHOTO TUJIaHIIIeTa, U3MEPEHHOTO IJISI OJTHOTO
obpasiia CBIBOPOTKHU.
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BuyrpunabopaTtopHasi MpeHM3MOHHOCTh —
3HaueHus 1Ds, ObLIM U3MepeHbI 1JIsI OMHOI'O Y TOTO
e obpasiia CBIBOPOTKU IIPU HACTPOMKe peakIlnuu
pPa3sHBIMHU OIIEpaTOpaMM B OMUH U TOT XKe ACHb U
OIHHMM M TEM K€ OTIIepaTOpOM B pa3HbIe JHU.

YcroitunBoCTh (pobacTHOCTh) — 3HaYeHUs 1Dy,
ObLIM M3MEPEeHBI JIJIsi OJJHOTO M TOro ke oOpasilia
CBIBOPOTKHM C HCIIOJIb30BAHUEM Pa3JIMUYHBIX Map-
TUU BUPYCHBIX YACTUII.

JIuHeitHOCTh — u3MeHeHue ypoBHs 1Ds,, name-
PEHHOTIO IJISI CEPUIMHBIX Pa3BEICHUI KOHTPOJIbHOMN
CHIBOPOTKH. B KadecTBe Mephl JTUHEMHOCTU MBI
paccMarpuBaau kKoadpuuueHT R2, moaydyeHHBbIN
NyTeM JUHEHHOI perpeccuu 3HayeHUil log, (Ko-
3¢ duLIMeHT pa3daBJeHM ) B 3aBUCUMOCTHU OT log,
(IDs,), kak Mepy TUHEHNHOCTU.

IMo Bcem mepeducieHHBIM BBIIIIE TTapamMeTpam
ObUIM TOCTUTHYTHI IIpUEeMJIeMble 3HAYEHUS, MO3-
BOJISIIOIIIME TIPU3HATH JAHHYIO METONWKY BajM-
nupoBaHHOU. [TogpoOHBINM ITPOTOKOJI BaluAallNN
¥ TIOJIy4YeHHBIE Pe3yJIbTaThl OYAYT OIMyOJIUKOBAHBI
OTIEBHO.

CrtaTtuctuyeckuu aHanms

JlJs mpoBeneHUs CTAaTUCTUYECKOro aHajau3a
ObIJI UCTIOB30BAH SI3bIK MPOrpaMMHUPOBAHUS CTa-
TUCTUUYECKUX pacueToB R Bepcuu 4.1.2.

B aHayiu3 ObLJIM BKJIIOYEHBI JaHHbIE 0€3 3HAYU-
MbIX OTKJIOHEHU OT MPOTOKOJa UcciienoBaHus. Bece
CpaBHEHUSI JOOPOBOJBLEB MeXIy I'pyHnrnamMu Mpe-
napaToB IPOBOJMUJIMCH C MOMOIIbIO TBYCTOPOHHUX
KpuTepueB (KpoMe aHaJIM3a MEPBUYHON KOHECUYHOM
TOYKM C IOMOIIIBIO OMHOCTOPOHHETO KPUTEPHST).

Ilpy cpaBHEHUM MCXOOHBIX XapaKTEPUCTUK
JOOPOBOJIBLIEB UCITOJb30Bajcs t-KpuTtepuii CThlO-
JICHTAa IJIsI HE3aBUCUMBIX BHIOOPOK UM KPUTEPUIA
ManHa—YUTHH, B 3aBUCUMOCTHY OT BHIa pacIpe-
JeJIeHU 1 1OOPOBOJIbLIEB 1O 3HAYEHUSIM 3TUX TIepe-
MeHHBbIX. IS cpaBHEHUN TpymnI J00pOBOJIbLEB
I10 TTOJTY UCITOJIb30BaJICS KPUTEPU A X2

Tak Kak Bce IepeMeHHBIC, IPOaHAJIM3NPOBaH-
HbIE B paMKax IMTPOMEKYTOUYHOro aHaausa, OyayT Mmo-
BTOPHO aHaJM3UPOBATbCSI U CPAaBHUBATHCSI MEXIY
rpyImiaMyu B paMkKax (bMHAJIbHOIO aHajIu3a BCEro
o0BeMa JaHHBIX 32 IICPUOJ CO CKPUHMHTA 10 THS 42,
BCE CpaBHEHUS MEXIY JO0OpPOBOJIbLIAMU B rpymnmnax
Mo TpenapataM KOpPpeKTUPOBAJUCh MOIMpaBKaMu
Ha MHOXECTBEHHbIE cpaBHeHUs. [Ipu cpaBHEHMSIX
TPYIIIT TOOPOBOJIBLIEB IO MCXOMHBIM XapaKTEepUCTH-
kaMm, Tutpy BHA Ha neHb 21 u nens 42, tutpy RBD
HaieHb 1, ieHb 21 u 1eHb 42, a TaKKe IMTpUu CpaBHEHU-
axnotutpy BHA ututpy RBD B n1nHamuke HyieBast
TUII0Te3a 00 OTCYTCTBUM PA3TIUINU MEXIY IpyIIIa-
MU/BA3UTAMU OTBEprajiach v IpuHUMAJIACh aJIbTepP-
HaTUBHAasl TUIIOTE3a O HAJUYUU PA3IUUYUN MEXIYy
rpymnmnamu,/BusutaMu rpu yposHe p < 0,000001.

AHaJIN3 NepBUYHON KOHEYHOW TOYKU ITPOBO-
IUJICS Ha JOorapu(MUPOBAHHBIX TaHHBIX THUTpPA
BHA. TectupoBaHue TMMNOTE3 MO MEPBUYHONU KO-

HEYHOW TOYKEe MPOBOAUIIOCH C IMOMOIIBIO OIHO-
cTopoHHero t-kputepusi CTbloieHTa IJisI He3aBU-
CUMBIX BBIOOPOK IIpU ypoBHEe omunoku I poma (o) =
0,0000005. ITpu mpeBHIICHUW Pa3HULICH CPETHUX
tutpa BHA rpanunsl nokazareabctBa 3¢hHEeKTUB-
HocTtu B 1,042 miaaHUpOBAJIOCh TMIPUHSTH YTBEPXK-
JIIEHUE O HE MEHBIIICH UMMYHOJIOTUYEeCKOI 3 dek-
TUBHOCTU MHTpaHa3aJlbHOU BakMHbl CanHaBak®
no cpaBHeHMIo ¢ BakuuHoit I'am-KOBW/I-Bak®
Mo pa3Hulie cpeaHuXx TuTpoB BHA.

CpaBHeHME TOOPOBOJIBIIEB B I'pyMIax npemnapa-
TOB T10 3HadYeHUsSM TUTpa RBD Ha 42 neHs nccie-
JIOBaHUSI BBITIOJIHSJIOCH C TIOMONIBIO t-KpUTEPHUS
CrhloieHTa Ul HE3aBUCUMBIX BBIOOPOK Ha Jiora-
puMUPOBAaHHBIX TAHHBIX.

Jdunamuka tutpoB BHA u RBD co musa 1
1o nH4 42 uccaeaoBaHU s OLIEHMBaJIaCh C IOMOIIBIO
t-xputeprust CThIOIEHTA IS 3aBUCUMBIX BHIOOPOK
Ha Jorapu(pMUPOBAHHBIX JaHHBIX, YPOBHU 3HAUU-
MOCTH KOPPEKTHUPOBAJIMCH ITOTIPaBKOit Xoama IJIs
MHOXECTBEHHBIX CPaBHECHU.

AHanus Kkoppeasuuit Mmexay TutpomM BHA u tu-
TpoM aHTU-RBD IgG-aHTuTen npoBoauiacs ¢ no-
MoIbio KoadhdunneHta CnupmeHa. i TpaKTOB-
KW CUJIBI KOPPEJSIHUI MCITOJIb30Balach CJIECIYIO-
mas mkanga: 0 < |r] < 0,3 — cnabast koppesuus;
0,3<r] < 0,9 — yMepeHHas koppesuus; [r| > 0,9 —
CUJIbHASI KOPPEIISIIUSL.

Hap3op 3a uccnepoBaHnem

UccnenoBanue mpoBeaeHo crnoHcopom (OAO
«TEHEPUYM») B COOTBETCTBUU C OHOOpPEHHBIM
MPOTOKOJIOM WCCJIEHOBAHUSI, COIJIaCOBAHO C WC-
clenoBaresiMu U aBTopamMu nyoaukauuu. Coop
JMaHHBIX TPOBOIMJICS HCCENOBaTeIsSIMU C Bepudu-
Kallieil TaHHBIX MepCOHAJIOM CIIOHCOpA C MCIOJIb-
3oBaHneM mpomykonu ENNOV CLINICAL S.A.S.
CTaTUCTUYECKUIT WM MEOUIIMHCKUII aHaJlu3 JaH-
HBIX, a TaKXKe MOJAr0TOBKA MPOMEXYTOUYHOIO OTUeTa
00 wucclIeIOoBaHUN OBIJIM BBITIOJHEHBI CIIOHCOPOM.
CnoHCOp TapaHTHPYeT MOJHOTY WM TOYHOCTh IaH-
HBIX ¥ IPOBEICHHOI'0 aHAJIM3a U TTIOATBEPKIAET, UYTO
NyOoJIUKAIUS COOTBETCTBYET ITPOTOKONY WU JAPYTUM
JMIOKYMEHTaM HcciieqoBaHus. Bce aBTopbl umenu no-
CTYTI K JTaHHBIM HCCJICIOBAHM I, PYKOIIUCH 1 OT00PH-
JIV OKOHYATEIbHBIN BApUAHT HACTOSIIECI CTAThI.

Pesynbrarhl

Ilpoghuns uccredosanus. Ha MoMeHT mpoBene-
HUSI TIPOMEXKYTOYHOIO aHajIM3a B HMCCJIeTOBaHUE
Ob1710 ckpuHUpoBaHo 703 modpoBoJibia, 138 13 Ko-
TopbIX (19,63%) COOTBETCTBOBAIN BCEM KPUTEPUIM
BKJTIOUCHU SI/HEBKIIIOUCHUST W OBUIM PaHIOMU3U-
pOBaHBI B IBE IPYNIbl BaKIIMHOIIPOMMIAKTUKH.
OnuYH 13 paHIOMU3UPOBAHHBIX JOOPOBOJIBIIEB OTO-
3Bajl MHGOPMUPOBAHHOE COTJIaCHUE OO0 BBEICHUS
KomMnoneHTa I BAKIIMHBI, YTO OBLJIO paclieHeHO KakK
olmrnbKa paHgoMu3anu. [ToTHy0 aHAIU3UpPyeMYyIO
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o
( CkpvHupoBaHo N =703

Screened N =703

HecooTtBeTcTBYME KPUTEPMSAIM 0TOOPa n = 565
Non-compliance with eligibility criterian =565

l

BknoyeHo B uccnepgoaHue n = 138
Included in the trial n = 138

CKPUHWHF
Screening

OT3bIB cOrnacus o BBeAEeHWs npenapartos n = 1
Withdrawal of consent prior to product administration n =1
-

o ]

Pannomusaums | Randomization

BkniouyeHo n =68
Included n =68

Mpynna Fam-KOBWA-Bak®
Gam-COVID-Vac®Group

BkntoueHo n =69
Included n =69

y

Ha6nionerve 1o aHa 42 | Observation until day 42

|
|

!

Mpynna CanHasak®
Salnavac®Group

Ananus | Analysis

!

Monynauna FAS — 137/137 (100%)
FAS population — 137/137 (100%)

Monynauna PP — 118/137 (86,13%)
PP population — 118/137 (86.13%)

Safety population — 137/137 (100%)

.

Monynaunsa 6e3onacHocTn — 137/137 (100%)

Bribbino npexaespemerHo — 8/137 (5,84%)
Dropped out prematurely — 8/137 (5.84%)

PucyHok 1. PacnpeaeneHue 0o0poBoibLEB B UCC/IEA0BaHUN

Figure 1. Distribution of volunteers in the trial

coBokynHocTh (Full Analysis Set, FAS) cocTtaBuio
137 mo6posonblieB. M3 137 paHmoMU3NpOBAHHBIX
IOoOpoBONBIEB 19 TMAallMEeHTOB ObIJIM MCKJIIOYEHBI
M3 TIONYJISIIIAU «I10 TIpoToKoy» (Per Protocol, PP),
¥ UX TaHHBIC HE YYUTHIBAJIMCH IIPU aHAJIN3E UMMY-
HoreHHOCTH. Cpeau NpuYrH UCKITIOYCHUS U3 aHa-
nn3a 6e11m 3ab6oneBanne COVID-19 (nns 7 nobpo-
BOJIBIICB) M 3HAUYMMBIC OTKJIOHCHUSI OT IIPOTOKOJIa
C BO3JICHICTBUEM Ha pe3yJIbTaThl UCCIACAOBAHUS (IJIST
12 no6poBoblieB) (puc. 1).

Hcxoodnvie xapakmepucmuxu dooposoasviyes. J100-
POBOJIBIIBI B CpaBHMBAEMBIX TI'PyIINax HE OTIWYa-
JIUCh MEXIY COOOI MO MCXOAHBIM XapaKTEePUCTHU-
KaMm (TIoJIy4eHHBIC JIJIsI BCeX moKa3aTeJei YPOBHU P
OoJIbIlle YPOBHSI, 3aIaHHOTO IJIsI CPABHEHUST MEX-
Iy TPYIIIIaMHU MO AeMorpaduIecKUM M UCXOITHBIM
XapakKTepUCTUKaM Ha NPOMEXYTOYHOM 3Talle —
p <0,000001) (Tab.).

Ouyenxka ummyHoeenHocmu. B TpyIirie mpermapara
CannaBak® tutp BHA — reomerpudeckoe cpenHee

3HayeHKe (FEOMETPUUYECKOe CTaHAApPTHOE OTKJIO-
HEHMEe) — cocTaBuJ B neHb 1 76,7+3,36. Ko aHio 21
uccinegoBanusga tutp BHA B rpynme mnpenapara
CannaBak® Bo3poc B 3,2 pa3a OT UCXOLHOIO yPOB-
HSI — 10 243,85+3,33' — u maiee, mo nHg 42, ocra-
Bajcst crabuiabHbIM?, TuTp BHA Ha nens 42 co-
crtaBusl 238,34+3,23. C MoMeHTa HayaJjia MCCle-
noBaHUS (meHb 1) mo mHsg 42 tTutp BHA B rpynme
CannaBak® yseauuuiicd B 3,1 pazal (puc. 2).

B rpynne Tam-KOBUIO-Bak® tutrp BHA
B IeHb 1 coctaBui 43,35+4,27 n Ko gHI1O 21 yBeau-
quiacsa 1o 526,5+3,76 — B 12,1 pa3a oT MCXOIZHOTO.
Ko gHro 42 craTucTUyecK 3HaYMMble U3MEHEH U
Tutpa BHA oTHOCUTEenbHO OHS 21 OTCYTCTBOBAJIN:
TUTPp Ha 42 neHb coctaBua 616,94+3,73%. B nesom
3a BpeMs, IIpOLIellee ¢ Hayajla MCCIAeHOBaAHMS,
tutp BHA B rpynne I'am-KOBU/-Bak® ysenu-
yuics B 14,2 paza! (puc. 2).

Tutp BHA Ha 42 nennp Ha JiorapudMupoBaH-
HBIX JaHHBIX coctaBuil 5,47 m 6,42 B rpyImnax

! YPOBSHL P OJIg CpaBHECHU A MEX Y BUSUTAMU ObLT MEHBIIIE YPOBH:, YCTAHOBJIEHHOTO AJIA MPUHATUA aJIbTepHaTMBHOﬁ TUTIOTE3bI O HAJITNYU U

paznuuuii mexay Buzutamu p < 0,000001.

2 YI:)OBCHb p ObLJ1 OOJbIIIE YPOBH:, YCTAHOBJICHHOTO IJIs IPUHATUSA a)'[bTCpHaTI/IBHOfI TUIIOTE3bI O HAJTUYU U paSJ’[I/I‘ll/Iﬁ MEXOY BUSUTAMU

p > 0,000001.
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TaGnuua. UcxoaHble xapakTepucTuku aooposonbues. Monynauua FAS
Table. Baseline characteristics of volunteers. FAS population

Age, years (mean [SD])

Napametp CanHaBak® Fam-KOBUA-Bak® YpoBeHs p (kpuTepHii)
® _ i ®

Parameter S(il'ff\é%(; Gam( rCJI(ZV(;ISD))Vac p-value (criteria)
XeHckuii non, n (%)
Female, n (%) 31 (45,6) 31(44,9) 1
My>xckoii non, n (%) X
Male, n (%) 37 (54,4) 38 (55,1)
BoapacrT, rogbl (cpegHee [CO]) 0,24

’ 34,43 (8,99) 36,25 (9,18) t-kpuTepwii CTblopeHTa

Student’s t-test

CAL, mm pt.cT. (Megunana [MKP])
SAP, mmHg (median [IQR])

118 (110; 124,25)

0,31
MaHHa-YuUTHu
Mann-Whitney

120 (112; 125)

BAL, mm pT.cT. (Meanana [MKP])

0,38

RR, in min (median [IQR])

\ 75 (70; 80 75 (68; 80 MaHHa-YnTHu
DAP, mmHg (median [IQR]) ( ! ( ) Mann-Whitney
0,14
HCC, yn./muH (mennana [MKP]) 71,5 (67: 79,25) 69 (68: 76) ManHa-YuTHu
HR, bpm (median [IQR]) Mann-Whitney
0,80
4AA, B MuH (Meanana [MKP]) 16 (16:17) 16 (16; 17) MaHHa-Yuthu

Mann-Whitney

Temnepatypa Tena, °C (megunana [MKP])
Body temperature, °C (median [IQR])

36,5 (36,4; 36,6)

0,94
MaHHa-YuUTHu
Mann-Whitney

36,5 (36,4; 36,6)

Mpumeyanme. OnvcartenbHble CTAaTUCTUKY NONA NPeACTaBEHbI B BUAE Y4ACTOT (n) v Jonew B npoueHTax (%), Bo3pacta — B BUAE CPeaHero
1 CTaHZAAPTHOrO 0TKNOHeHNs (CO), XM3HEHHO BaXHbIX Moka3aTenelt (CUCTONMYECKOro apTepransHoro Aaenenns — CAJl, amactonnyeckoro
apTepuanbHoro fasneHus — JA/L, 4acToThl cepaeyHblx cokpatLieHuii — YCC, 4acToThl AbIxaTenbHbIX ABvkeHuin — Y41 n Temnepatypel Tena) — B BUae

MeanaHbl v MexkeapTuabHoro pasmaxa (MKP) B Buae 25%-75% ksapTtuneit.

Note. Gender-related descriptive statistics is presented as frequencies (n) and percentages (%), age — as mean and standard deviation (SD), vital
signs (systolic blood pressure — SBP, diastolic blood pressure — DBP, heart rate — HR). contractions — heart rate, respiratory rate — RR and body
temperature) — as a median and interquartile range (IQR) in the form of 25%-75% quartiles.

CainnaBak® u 'am-KOBUM I-Bak® cooTBETCTBEHHO.
MexXrpynnoBasi pa3HuIla CPEIHUX FeOMeTpUYEC-
kux TutpoB BHA Ha 42 neHb uccieaoBaHus cocTa-
Busa —0,95 (HuxxHss rpaHuia 99,9% AW st pas-
HuLbl TUTpOoB BHA —2,16). ITosiy4eHHBI1 yPOBEHb
p aist cpaBHeHU S p = 0,99 ObLy1 60J1bIIIE, U BETUUYMHA
acddekTa, paBHasg —0,95, Obl1a MeHbIIIE YPOBHEM,
3aJJaHHBIX JJISI JI0Ka3aTeJIbCTBA HE MEHbIIE MM-
MYHOIeHHOCTH BakUMHBI CaiHaBak® MO cpaBHe-
Huio ¢ BakurHoi 'amM-KOBU/I-Bak®. OTHoLIeHE
reomMeTpruyeckux cpeaHux Tutpa BHA Ha 42 neHb
ucciaegoBaHus coctaBuio 0,39 ¢ HUXKHeH rpaHU-
neit 99,99% U, pasnoii 0,12.

Tutp ypoBuss RBD B rpymnme CanHaBak® co-
ctaBua 15,2314,74 BAU/Ma B nedb 1. Ko nHio 21 oH
yBeJM4uuics B 5,6 pa3a mo cpaBHEHUIO C AHEM 1 —
1o 85,32+7,91 BAU/mn!. Ha nens 42 tutp RBD co-
craBun 131,22+3,91 BAU/MJ1, 3HaUUMO HE U3Me-
HUBIIMCh OTHOCUTENBHO OIH: 212. B 1ie10M 3a Bpe-
M ucciaegoBanus B rpyiie CamnnaBak® tutp RBD
Bo3poc B 8,6 pasza' (puc. 3).

B rpynne Tam-KOBU-Bak® tutp RBD
BIeHb 1 coctaBuia 14,21+4,22 BAU/mu, nanee yBe-

JuauBIIKCH 10 490,76+£4,66 BAU/Ma — B 34,5 pazal.
Ko nH10 42 cTaTUCTUYECKM 3HAYUMble U3MEHEHMU ST
tutpa RBD oTHocuTenbHo aHS 21 OTCYyTCTBOBAa-
au, tutp RBD cocraBun 782,03+3,04 BAU/mn2.
B uenom tutp RBD B rpynme I'am-KOBU I-Bak®
co aHg 1 no aHg 42 yBeauuuica B 55 pas! (puc. 3).

OTHOIIEHWE TeOMETPUYECKUX CPEAHMX THU-
Tpa RBD Ha 42 neHb ucciiefoBaHUSI COCTaBUJIO
0,17 199,99% AN 0,05; 0,56] (p < 0,001) (puc. 3).
Cpennuit Tutp RBD B rpynmne CaiHaBak® ObLI
Huxe, yem B rpyine l'am-KOBU/I-Bak® B 6 pa3s!.

ITpoBeneHHBINT KOPPEISIIMOHHBIN aHaJU3 THU-
Tpa BHA u antu-RBD IgG oGHapy:kua npsiMyio
YMEPEeHHYIO KOppeasaInIo IoKa3aTeseit Ha 21 neHb
(r=0,78,p <0,001) u Ha 42 neHb UccaegoBaHUs (r =
0,84, p <0,001).

O6cyxaeHns 1 BbiIBOAbI

Ha cerogHsAIIHMIT OeHb BaKIMHAIIWS SIBJISICT-
Csl OTHOM M3 OCHOBHBIX MEP 3IPaBOOXPAHEHUS TSI
60probI ¢ manaemueit COVID-19. Heckoinbko Bak-
IOWH Ha pas3HbIX IIar@opMax ObLIM pa3padoTaHbI

! YPOBSH]) P oJigd CpaBHEHU A MEX Y BUSUTaAaMU OBILT MEHBIIIE YPOBHA, YCTAHOBJICHHOTO OJIA MPUHATUA aJ'leepHaTMBHOﬁ TUIIOTE3bI O HATUYU U

pasznuuunii Mexay Busutamu p < 0,000001.

2 YpOBCH]) p ObLJ1 OOJIbIIIE YPOBH:, YCTAHOBJICHHOTO IJIA MPUHATHUSA aﬂbTepHaTI/IBHOﬁ TUTIOTE3bI O HAJTUYUU pasnwmﬁ MEXOY BUSUTaAMU

p > 0,000001.
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Bckope nociyie nosiieHuss SARS-CoV-2 B Kurae,
a 4yTh IIO3XE B 30HY MHTEPECOB HCCJIemoBaTeIeh
moIrajl MyKO3aJIbHBIM CITOCOO IIPOBENCHUS NUMMY-
HompodwmiakTuku. bemok muna (S) Bupyca SARS-
CoV-2 gBnsercs 1LeJeBbIM MMMYHOI€HOM B 0OJIb-
IIMHCTBE pa3paboToK BakuUUH [9]. DTO cBsI3aHO
c teM, uto RBD sBisieTcst 061acThio BUpyca, KOTO-
pasi CB3BIBAaeTCS C aHTMOTECH3WH-TIPEeBpaIIaloNIuM
depmernToM 2 kaetku-xo3sinHa (ACE2). RBD pac-
MOJIOXKEH B cyobenuHule S1 6eaka S, u CBsI3bIBaHUE
RBD Bupyca n knerku-xo3suHa ACE-2 nHuuuupy-
eT IIpoHuKHOBeHMe Bupyca [9]. BHA, antuTena, Ko-
Tophle cBa3bIBatoTCs ¢ RBD, MoryT npenoTBpaTuTh
NPOHUKHOBEHME BUpYyca B KJIeTKU-xo03s1eBa [11].

B paMKkax KIMHUYECKOro MCCJIeNOBaHUS Oblia
HMCIOJIb30BaHA METOMMKA, TTO3BOJISIONIAsI OIpee-
JIUTh Hanuuue creuududyeckux K aHtureny SARS-
CoV-2 BHA aHTUTen B peakKLuMu HeHTpaiu3aluu
Ha kyabeType Kjaetok HEK 293-T-hAce2 c mpu-
MEHEHHNEM TICEBIOBUPYCHBIX YACTHUIL B CBIBOPOTKE
KpoBU J10OpOBOJIbLIEB. BN ycneumHo npoaHaau-
3UPOBAHBI BCE TOCTYITHbIE 0OPa3IIbI.

B psioe pabGoT Oblyia ycTaHOBJIEHA JOCTOBEpHast
Koppensuus TuTpoB BHA, ompemenseMbIix Mcxom-
Hoil pedepeHTHOI MeTonukoil PRNT, ¢ Tutpamu,
OIpeie/IIEeMbIMU C WCIOJIb30BAaHUEM TICEBIOTH-
nupoBaHHoro Bupyca (PNA). Hanpumep, B pa6o-
Te Bewley m coaBT., KO3pDUIIMEHT KOppeasiun
IMupcona mexxny PRNT u MNA cocraBuiar= 10,0963
(p <0,001), a mexxny PRNT u PNA 0ObL1a BbIsiBJIeHA
3HAYUTEJIbHO OoJjiee CUJIbHAsl KOPpEeasuus — r =
0,8620 (p < 0,001) [3]. TeopeTryecKH 3TO AAET BO3-
MOXHOCTh CpaBHUBATh Pe3yJIbTaThl pa3HbIX MCCIC-
noBaHuli, rae TUTpel BHA wm3aMepsiauch pa3HbIMU
Mmetonamu. I[1pu TakoM cpaBHEHMU CJlIeyeT YUUThI-
BaTh, uTO eciau TUTpbl PRNT u MNA cooTHocsTCS
MPUMEPHO, KakK 1:1 (4TO JIOTUIHO, TIOCKOJILKY B 000-
WX CIIy4asiX UCMOJb3yeTCs UASHTUYHBII BUPYC TH-
KOro TUIla U Ta Xe KJeTO4YHasl JUHUS), TO TUTPHI,
nonydyaeMble PNA, mpumepHo B 10 pa3 HUXKe TUTPOB
PRNT, uamepeHHBIX B TOM XKe o0pa3slie.

B nocnenHuii ron B HAay4YHOM COOOIIIECTBE HEOI-
HOKPaTHO BbICKAa3bIBaJIOCh MHEHNE O TOM, YTO BBO-
IVMBbIe BHYTPUMBIIIIEYHO BaKIIMHBI, BKJIIOYas ca-
Mble 3¢ dekTuBHbic MPHK 11 BUpyCcHBIE BeKTOpHBIE
BaKIMHBI, OOECIEeUMBAIOIIME XOPOIIYIO 3allUTy
ot Ts:kesoro TedyeHusst COVID-19, mano noBausiau
Ha IIETOYKY nepenayu UHGEKIINU, OCOOEHHO B CIIy-
yae HOBBIX IITaMMOB SARS-CoV-2, TakX KaK OMHU-
KpoH. BMecTe ¢ TeM OoJibliive HaleXKIbl Ha TTPephI-
BaHME Mepenayd MHGEKIUY BO3JaraJnuch UMEHHO
Ha MHTPAaHa3aJbHbIE BAKIIMHBI, KOTOPBIE HOJIKHBI
OBLTH C(DOPMUPOBATH B OPTaHU3ME BAKIIMHUPOBaH-
HOTO, TIOMUMO CHCTEMHOTO T'yMOPaJbHOTO U KJe-
TOYHOTO UMMYHUTETA, OapbepHYIO 3aIUTy Ha CJTU-
3UCTBIX OOosioukax [16]. MHTpaHa3ajibHBIE Bak-
HOuHBI, pa3padbotaHHbie Bharat Biotech m CanSino
Biologics, yxe omo0peHsbl K mpuMeHeHuto B Uunuu
n Kurtae coorBeTcTBeHHO [15].

700

600 -

500 -

400

300 -

200 -

100 1

[eomeTpuyeckoe cpeaHee TuTpa BHA
Geometric mean VNA titer

Oexb 1 JeHb 21 Henb 42
Day 1 Day 21 Day 42
0] CannaBak® = ram-KOBW-Bak®
Salnavac® Gam-CQVID-Vac®

Tutp BHA, cooteTtcTBytowmin apdektnsHocTr 90,7%*
VNA titer corresponding to 90.7% efficiency*

PucyHok 2. FeomeTpuyeckue cpegHue tutpa BHA
C yKa3aHueM CTaHOapTHOro OTKJIOHEHUS B rpynnax
[o6poBoNbLEB, NONyYaBLlWUX NpenapaTt CanHaBak®
nram-KOBUL-Bak®

Figure 2. Geometric mean VNA titers and standard
deviation in groups of volunteers treated with Salnavac®
and Gam-COVID-Vac®

MpumevaHue. BHA — BupycHenTpanmayowime

aHTMTENa; Ha ocu Y NpefcTaB/eHbl reOMETPUYECKOe
CpefiHee 1 CTaHAAPTHOE OTKIOHEHWE; * B COOTBETCTBUN

C ony6ANKOBAHHBIMU JaHHbIMU M3y4eHns BakmHbl MRNA-
1273 (Moderna) [14].

Note. VNA — virus-neutralizing antibodies; Y-axis: geometric
mean and standard deviation; *the data according published
for mRNA-1273 vaccine study (Moderna) [14].
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PucyHok 3. KoHueHTpauum aHTu-RBD-IgG

C yKa3aHueM CTaH[,apTHOro OTKJIOHEHUS B rpynnax
[o06poBoNbLEB, NoNy4yaBLwunx npenapat CanHaeBak®
n ram-KOBU[L-Bak®

Figure 3. Anti-RBD-1gG concentrations and standard
deviation in groups of volunteers treated with Salnavac®
and Gam-COVID-Vac®
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OnyOJMKOBAaHHOE KJIMHUYECKOE UCCIeA0Ba-
HUe Oe30ITaCHOCTM M MMMYHOT€HHOCTU BaKIIWHBI
Ad5-nCoV (CanSino Biologics, KuTaii), BBogumoii
a’po30JILHO 4Yepe3 HeOyJaii3ep, IoKasajao TUTPbI
BHA B cbhIBOpOTKE KPOBM, 3HAYUTEJBHO IPEBOC-
XOJSIIIIME TAaKOBbIE IPU BHYTPUMBIIICYHOM BBEIE-
HUU 1IeJIbHOBUPMOHHON WHAKTUBUPOBAaHHOM Bak-
uuHbl CoronaVac. I'eoMeTpuueckoe cpeiHee TUTpa
BHA niocne npumenenust Ad5-nCoV cocraBuiio 714
(95% WU 479,4—1063,7) ripu BICOKO¥ 103€ U 744 —
Ha Hu3koi (95% AW: 520,1—1065,6), B TO BpeMsl KaK
nociae npumeHeHus1 CoronaVac Tutp BHA 6b11 pa-
BeH 78,5 [95% IO U: 60,5—101,7] [10]. CiemyeT oT™me-
TUTh, YTO Ad5-nCoV — 3T0 TOXe BeKTOpHAas BaKIIU-
Ha, aHAJIOTMYHast BTOpoMy KoMIToHeHTy CatHaBak®.

B TO Xe Bpems KIMHWYECKOE HCCIIeIOBaHUE
Ipyroil wuHTpaHasajJbHOi BakuuMHbl ChAdOxl
(AstraZeneca, BeaukoOpuTaHusl) He JOCTUIJIO 3a-
MJIaHUPOBAHHBIX KOHEUHBIX TOYEK. AHTHUIEH-CIIe-
nuduyecKkre aHTUTeNIa CAU3UCTON 000J104KHU chop-
MHUPOBAJIMCh Y MEHBIIMHCTBA YYaCTHUKOB W MX
YPOBEHb PEIKO IIPEBBIIIANl TUTPHI, HaOJtogaeMble
nocie 3apaxeHuss SARS-CoV-2. CucreMHble OTBe-
Thl Ha MHTpaHa3aJbHYIO0 BaKIIMHAIIUIO OBLIM CJa-
Oee, 4yeM IOCJie BHYTPUMBIIIEUHONW BaKIIMHAIIUU
ChAdOx1. AmHTUreH-crienuuyecKrue aHTUTeIa
CJIM3UCTOU OOOJOYKHM ObLIM OOHAPYXKEHBI TOJbKO
Yy YYaCTHUKOB, MOJYYHMBIINX BHYTPUMBIIICYHYIO
MPHK-BakiiMHy nocsiae uHTpaHa3aJbHOI BaKIIMHa-
nuu. McciienoBaresin cieiajiv BBIBOM, YTO WHTpa-
HazanbHOe BBeaeHue ChAdOx1 He MHAYLMPOBAJIO
HU YCTOMYMBOTO OTBETa AHTUTEJI CJIM3UCTOM 000104~
K¥, HU CUJIBHOTO CUCTEMHOT0 oTBeTa. OIHOM 13 Be-
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Pesiome. [Tannemuss HoBoii KopoHaBupycHoit MHbexuuu COVID-19, BeizBanHas BupycoM SARS-CoV-2, npu-
BeJia K IJ100abHOM 3a00J1€BaéMOCTH U CMEPTHOCTHU BO BceM Mupe. M3BeCTHO, YTO YacTh MallMEHTOB MOJHOCThIO
BbizfgopaBiauBaioT oT COVID-19, torna xak okojio 45% niojeii, BHe 3aBUCUMOCTH OT TSIKECTU MEPEHECEHHOIO
3a00JIeBaHUS, CTPAJaOT OT PA3JIMYHBIX CUMIITOMOB (YCTaJdOCTh, KOTHUTHUBHBIC HApYIICHUs, HapyIIeHUEe Tep-
MODETYJISIIIUK, KOXHBIC 3a00JIeBaHMS U TIP.), KOTOPHIC COXPAHSIOTCS HE MEHEe YeThIPeX MECSIIeB IOCe 3apaxke-
Hust SARS-CoV-2. IlogoOHBIe CTOKMe MOCTHH()EKINOHHBIC TOCICACTBUS M3BECTHHI TO1 Ha3BaHUSAMU <«long-
COVID», «moctoctpeie mocienctsua COVID-19», «moctkoBugHoe coctosgHue». SARS-CoV-2-uHbekuus
COIPOBOXIAETCS MOBPEXKICHUEM BPOXKICHHOM MMMYHHOIN CHCTEMBI. YUHUTBIBASl pOJIb HATYpaJbHBIX KUJJIEPOB
W aKTHUBalMM cucteMbl KoMrmiemeHTa npu COVID-19, peryasaropHbie cBoiictBa CD46 u ero moTeHIMATbHYIO
BOBJICUCHHOCTD B TPOIIECCH MPOHUKHOBEHUS BUPYCa B KJIETKY, Mbl COYJIM HEOOXOMMMBIM M3YUUTh IMapaMeTphl
MMMYHHON CUCTEMBI, CBSI3aHHBIE C HapylIeHWEM B3THUX (haKTOPOB BPOXIEHHOIO MMMYHHUTETAa Ha pa3JIMIHBIX
CYOIOMYJISIIIUASIX JIEWKOIMTOB Y MOCTKOBUAHBIX MallMeHTOB. bbIIo n3yyeHo 92 mapaMeTpa UMMYHHOM CUCTEMBI,
BJIIOYAIOIIME: TaHJIeHKOLMTapHbIE MapKepbl AJs1 TeHTUpPOBAHUS JUMGOLUUTOB, TUNIMpOoBaHUEe T-TUMGbOLUTOB,
T-xenmnepoB MHAYKTOPOB, HUTOTOKcu4yecKux T-nuMmpornntoB, NK- u TNK-kinetok, T-peryasTopHbIX KJIeTOK/
cynpeccopoB, B-mumdbonunTtos, BkiIodas B-kaeTKM mamsaTH, aKTMBUPOBAHHBIX XEJIINMEPOB, PaHHIO aKTUBa-
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1 JUMQGOUUTOB (AKTUBUPOBaHHbIE T-TUM@POUUTH — TMO3AHSS akTUBaUus JuM@ouuton). OmnpeneneHue
ypoBHs obmux IgM, IgG, IgA, cneuuduueckux IgM, IgG k xoponaBupycy COVID-19, Cl-unruduropa, C3a
n C5a KOMIIOHEHTOB KOMIIJIEMEHTa IPOBOAMUIOCH METOJAOM MMMYHO(GEPMEHTHOrO aHalu3a Ha MUMMYyHOdep-
MeHTHOM aHaju3atope «Multiscan FC Thermoscientific» (KHP) ¢ ucmnonb3oBanuneM HabGOpOB peareHTOB IIPO-
n3BoacTBa 3A0 «Bekrtop-bect» (Poccust). Takxke OblIo nMccienoBaHo 25 mapaMeTpoB KPOBU: JIEHKOLIMTAPHBIIA,
SPUTPOLUUTAPHBEIM W TPOMOOIUTAPHBIN POCTKU KPOBETBOPCHMS, M3YUeH WX KOJMYECTBEHHBIM M KauyeCTBEH-
HBII cocTaB. Pe3yibTaThl MCCIEIOBAHUS MOKA3aJM, YTO y YaCcTH MAIlMEHTOB CIyCTsI 6 MecsleB Mocie IepeHe-
cennoro COVID-19 BeigBieHo cHuxXeHue ypoBHs NK-kiaeTox (48%) u KJIETOK, MMEIOLIMX IMaHJIEHKOLUTAp-
Hblii Mapkep CD46% (64,5%). CHuxenue ypoBHs NK-KJIETOK CONPOBOXIAJI0CH MOBBILICHUEM YPOBHS OOILIMX
T- u B-numdbouunTos, HapyleHHEM TPOMOOIIUTAPHOTO U SPUTPONUIHOTO POCTKOB KPOBETBOPCHHUS. Y TALIMEHTOB
co cHMXKeHHoi1 akcnpeccueit CD46" na T-numbonuTax 3HAaUUTEIBHO CHUXEHO KaK 001ee KOJMYECTBO ITUX KJIe-
ToK, Tak 1 NK-knetok. [TonyuyeHHBIe HAMU JaHHBIE TaKKe YKa3bIBaIOT Ha Bo3MOXHoe yuactre CD46 u B pa3Bu-
i MHGeKInu SARS-CoV-2 1 ToCTKOBUAHOTO cOCTOSTHUS. TakuM o0pazoM, y 50—65% mainneHTOoB, MepeHeCIInX
SARS-CoV-2-undekunio, yepe3 6 MecsaLeB COXpaHseTCs MOBPEXACHWE BPOXKAEHHBIX CUCTEM UMMYHUTETA, ITPU
5TOM TaKoe HapyIICHUEM COIPOBOXIACTCS U HAPYIICHUSIMU 3PUTPOUTHOIO U TPOMOOIIMTAPHOIO POCTKA KPOBET-
BopeHUs. [loydeHHBIE TaHHBIC CBUICTEIBCTBYIOT O HEOOXOMMMOCTH IIPOBEACHMUS Y TAKMX OOJbHBIX HMMYHOKOD-
PUTHPYIONIEH TepaIrtnu.

Karouesvie caosa: SARS-CoV-2-ungpexuus, nocmxosudnvie nayueHmol, UMMYHHAS cucmema, Hamypaivhole Kuaiepsl (NK-kaemku),
T-xaemiu, T-rumpoyumot, TNK-rumpoyumeot, B-rumgpoyumeor, CD46.

ALTERATION IN INNATE IMMUNE CUES ASSESSED BY ANALYZING PERIPHERAL BLOOD IMMUNE
SYSTEM IN POST-COVID PATIENTS

Dobrynina M.A.*?, Zurochka A.V.*¢, Komelkova M.V.*¢, Zurochka V.A.*¢, Praskurnichiy E.A.", Ryabova L.V.4,
Sarapultsev A.P.*¢

a Institute of Immunology and Physiology, Ural Branch of the Russian Academy of Sciences, Yekaterinburg, Russian Federation

b State Research Center of the Russian Federation — Federal Medical Biophysical Center named after A.1. Burnazyan of the Federal
Medical and Biological Agency of the Russian Federation, Moscow, Russian Federation

¢ South Ural State University (National Research University), Chelyabinsk, Russian Federation

4 South Ural State Medical University of the Ministry of Health of the Russian Federation, Chelyabinsk, Russian Federation

Abstract. The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has led to global morbidity and mortality.
Some patients fully recover from COVID-19, whereas around 45% subjects suffer from various persistent symptoms
(fatigue, cognitive impairment, impaired thermoregulation, skin diseases, etc.) for at least four months after SARS-
CoV-2 infection regardless of disease severity. Such persistent post-infection effects are known as long-COVID, post-
acute effects of COVID-19, or post-COVID state. SARS-CoV-2 infection is accompanied by damage to the innate
immune system. Considering the role of natural killer cells and the activation of the complement system in COVID-19
as well as the regulatory properties related to CD46 and its potential involvement in cell virus entry, we found necessary
to study immune system parameters associated with impairment of these innate immune cues on various leukocyte
subpopulations in post-COVID patients. We studied 92 immune system parameters, including: pan-leukocyte mark-
ers for gated lymphocytes, phenotyping of T cells, T-helper inducers, cytotoxic T-lymphocytes, NK- and TNK-cells,
T-regulatory cells/suppressors, B-lymphocytes, including B-memory cells, activated helpers, early activation of lym-
phocytes, activated T-lymphocytes, and late lymphocyte activation markers. Levels of total IgM, IgG, IgA, specific
IgM, IgG to coronavirus COVID-19, Cl-inhibitor, C3a, and C5a complement components were measured by enzyme
immunoassay using Multiscan FC Thermoscientific enzyme immunoassay analyzer (China) and Vector Best reagent
kits (Russia). A complete blood count was conducted to study 25 parameters: leukocyte, erythrocyte, and platelet he-
matopoietic lineages as well as the quantitative and qualitative composition of hematopoietic lineages. Our study results
showed that in some patients, six months after suffering from COVID-19, there was a decrease in the level of NK cells
(48%) and CD46"* pan-leukocyte marker cells (64.5%). A decrease in NK cell levels was accompanied by increased
level of total T- and B-lymphocytes, and altered platelet and erythroid hematopoietic lineages. In patients with reduced
CD46 expression on T-lymphocytes, both their total count and NK cell count were significantly reduced. Our data also
suggest that CD46 might be potentially involved in development of SARS-CoV-2 infection and the post-COVID state.
Thus, in 50—65% of patients who have experienced SARS-CoV-2 infection, damage to the innate immune system per-
sists after six months being accompanied by impaired erythroid and platelet hematopoietic lineages. The data obtained
indicate a need for using immunocorrective therapy in such patients.

Key words: SARS-CoV-2 infection, post-COVID patients, immune system, natural killer cells (NK cells), T cells, T lymphocytes, TNK
lymphocytes, B lymphocytes, CD46.
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BeepgeHue

IManaeMust HOBOII KOPOHABUPYCHOW MH(MEKIINUT
COVID-19, BwizBaHHasi BupycoM SARS-CoV-2,
npusBesia K rjiodajabHO 3a001eBa€MOCTU U CMEPT-
HOCTH BO BCEM MUpE.

HarypanbHbie kuanepbl (NK-kaeTku) urparot
OonpeaesIoNLyI0 pojib B GOPMUPOBAHUY BbIpaXKeH-
HOCTH OTBETa BPOXKXJICHHOIO MMMYHHTETA y TTalll-
eHtoB ¢ COVID-19 [7], crtocobcTBys cOajlaHCU-
POBAaHHOCTU IIPSIMOTO OTBETa Ha BUPYC — ITyTEeM
yCTpaHEeHUsI UHOUILIMPOBAHHbBIX KJIETOK (AEHIPUT-
HBIX KJICTOK, MOHOIIMTOB U T-KJIeToK). Hapyirenue
9TOro OaylaHca OKa3bIBAETCSI KPUTUYHBIM B CITydae
SARS-CoV-2, mocKoJIbKYy CBEpXaKTUBHBIN IIUTO-
KHWHOBBIN OTBET, TUITUYHBIN 151 TSIXKEJIBbIX CIy4YacB
3a00JIeBaHM S, IPUBOIUT K Pa3BUTUIO CUCTEMHBIX
OCJIOXKHEHWM, TIOJIMOPTAaHHOW HEIOCTaTOYHOCTHU
¥, B KOHEYHOM UTOTre, K cMepTH [16].

CorjlacHO JaHHBIM JMUTEpPaTypbl, TPU TIXKe-
agom teueHuu COVID-19 ormedaeTcsa yBermde-
HHe koimdyecTBa NK-KJIETOK, 3KCIIPECCUPYIOMINX
KIR2DS4, CD158i, a Tak>ke U3BMEHEHMU I CO CTOPO-
HbI B-kJ1€TOK, mposiBiasionuecs cHuxkeHueM CD19*
u CD20%~, nnagenue ypoBHs IgM [24]. Takxe puk-
cupyeTcsl yMeHbllleHne konudectBa CD3*CD4*
T-numbonuTtos, CD3*CD8" T-numdonuton, CDI19*
B-numdpountos 1 CDI6"CD56" NK-kJjieToK Kpo-
BU [33], uTO, HapsAy ¢ OaKTepuaJIbHOM KOMH(pEK-
e, IBaseTcsS NMPUINMHON pa3BUTUS OaKTepu-
aJbHBIX MTHEBMOHMM W IIPUBOAUT K YTSIKEJICHUIO
COCTOSIHUS 1, 3a4acTyl0, K CMepTH MauueHTa [33].

Heo6x0n11M0 OTMETUTD, YTO OMMCAHHbBIE BBILIE
pe3yAbTaThl MCCICAOBAHUI TIOJNIYUSCHBI Y ITallu-
eHTOB ¢ ocTpbiM TeueHueM COVID-19, Torma kak
ucciaegoBaHusa NK-kneTok m ux cBsizeil ¢ Hapy-
IMEHUEeM APYTUX KOMMOAapTMEHTOB MMMYHHOU CH-
CTEeMBI y TIOCTKOBUAHBIX MTAIIMEHTOB MPAKTUUECKU
He TTPOBOAMJIOCH. B TO XXe BpeMsi, HECMOTpsI Ha TO
YTO YacTh MNAllMEHTOB MOJHOCThIO BbI3IOpaBJIBa-
ot o COVID-19, okoiso 45% nroneii, BHe 3aBUCH-
MOCTH OT TS3KECTH MEepPEHECEHHOTO 3a00JIeBaHM S,
CTPajaT OT Pa3JMUYHBIX CUMIITOMOB (YCTaJIOCTh,
KOTHUTUBHBIC HapyllIeHHUsI, HapyllIeHue TepMope-
TYJSIIIAY, KOXHBIE 3a00JIeBaHUS W IIP.), KOTOPBIE
COXPaHSIOTCS Ha IIPOTSIXKCHUM He McHee 4 MecsIIIeB
nociae 3apaxkeHuss SARS-CoV-2 [21]. TTonoOGHbIe
CTOMKME MOCTUH(EKIIMOHHBbIE ITOCICACTBUS W3-
BeCTHBI noj HasBaHusamMu «long-COVID», «moct-
octpsie ocienctsust COVID-19», <ITocTKOBUAHOE
cocTostHue» [26].

CorJiacHO JIUTepaTypHbIM TaHHBIM, IPOHUKHO-
BeHue Bupyca SARS-CoV-2 B KJIeTKU ITPOUCXOIUT
3a cueT CBs3bIBaHUsS S| BUPYCHOTO MIUMNOBOTO (S)
oenka ¢ ACE2 [4, 6, 12, 27, 30]. OnHaKO MOIYT Cy-
IIECTBOBATh U IPYTrye MEeXaHU3MbI IOIaJlaHus BU-
pyca B kieTKy [10], 1 B KadecTBe OJJHOI'O U3 aJIbTEP-
HATUBHBIX pelLenTopoB paccMmaTrpuBaeTcss CD46.
CD46 — »T0 MeMOpaHHBI TIUKOMpoTenH I THIa,

OTHOCSIIIMICS K TaHJIEH KOIIM TapPHBIM pelleTI TOpaM,
BKCIIPECCUPYIOIIUIICA Ha BCEX SIACPHBIX KJIETKaX
YyeJIoBeKa, KJIIUYEBOU POJIbI0 KOTOPOTO SIBJISICTCS
PETYISIIMS CUCTEMBI KOMILJIEeMeHTa. B To Ke Bpems,
MHOTOYMCIEHHBIC BUPYCHBIE (BAKIIMHHBINM IITAMM
BUpYyca KOpHU, aAeHOBUPYCHI rpymnbl B u D, Bupy-
cbl reprneca 6 tuma) u GakrepuaibHble (Neisseria
gonorrhoea, Neisseria meningitides, Streptococcus
pyogenes) TIaTOTEHBI MCMOJB3YIOT €ro B KadyecTBe
peuenTopa. Ilpu sTtom, cBsi3piBaHnue CD46 Kowm-
MJIEMEHTOM WJIM MTaTOreHaMM BIUsIeT Ha (YHKIIU-
OHAJILHYIO aKTHUBHOCTB, ITpojudepanno U Tud-
(bepeHIIMPOBKY pPa3IUYHBIX WMMYHHBIX KJIETOK
(Makpodaru, AeHAPUTHBIe KJeTKU, T-kaeTkn) [14,
23, 28]. JurupoBanue CD46 MeHsIET MOJSIPHOCTh
T-ximeTok, mpemoTBpaimiass HOPMaJIbHBIE OTBETHI
Ha Mpe3eHTal M0 aHTUTeHa, U, KaK CJIeICTBUE, MO-
IYJIUPYeT UMMYHHBIM OTBET WU MEHSIET MCXOJ 3a-
o6osieBanuit [8]. Bosee Toro, nedpuunr CD46 niu
ero nuranma (C3/C3b) mpuBOIUT K HapyIICHUIO
Thl-oTBeTa, yBeanuuBas pUCK pelUIMBUPY IOIINX
uHbekuuii [11]. B To xxe BpeMss UMEHHO Hapyliie-
Hue T-KJIEeTOUHOIro OTBEeTa OKa3bIBACTCS KPUTUY-
HBIM B ciiydae SARS-CoV-2 [16], Kak B Xo1e caMoro
3abosieBaHMs [13], TaK ¥ CITYCTS IJIUTEIHHOE BpEeM I
nocje KJIMHUYECKOro Bbi3nopoBaeHus [17].

Taxkum ob6pa3zoM, yUUTHIBasl pOJib HATypaJbHBIX
KUJUJIEPOB M aKTUBAIlMM CHCTEMBl KOMIIJIEMEHTa
npu COVID-19, peryiastophbie cBoiictBa CD46
M eTo TTOTEHIIMaIbHYI0 BOBJICYEHHOCTh B ITPOIIECCHI
NPOHUKHOBEHUSI BUpPyCa B KJIETKY, Mbl COYJIU He-
00XOAUMBIM U3YUYUTh U3MEHEHHME MMoKa3aTeseil uM-
MYHHO CUCTEMBI, CBSI3aHHBIX C HAPYIICHUEM 3TUX
(hakTOPOB BpOXKAEHHOTO UMMYHUTETA, HA pa3Ind-
HBIX CYOIOMYJISILUSX JEUKOLMTOB y MOCTKOBHI-
HBIX MAllMeHTOB.

Matepuanbl 1 MeTOOb!

Bbeuto o6GcienoBaHo 96 MHALMEHTOB, IIepe-
Hectiux SARS-CoV-2-nndpexkuuio. Kpurepuem
BKJIIOUCHUSI B TPYIIITEI MCCIICIOBAHUS OBIJIN: TTOMI-
TBepxXaeHHbIT nuarHo3 SARS-CoV-2-undekuuu
METOJIOM MoJumMepasHoil uenHoi peakuuu (ITLP),
nannune IgA, IgM, IgG x Bupycy SARS-CoV-2,
JMTAaHHBIE KOMITbIOTEPHOU TOMOrpaduu o TiepeHe-
CEHHOU MHEeBMOHUMU (BapUaHTHhI: TOpaxXeHUue oT 25
no 75% nerkux). Kpome Toro, KputepusiMu BKJIIO-
YeHUsl SIBJISIINCh HaJW4YME Kajao0 Ha yCTaJlOCTh,
00Jb, YXYIIIEHWE CaMOYYBCTBUSI TOocyie (QuU3n-
YeCcKOU Harpy3kKu, OBICTpOe MOSIBJIEHHWE YyBCTBa
YCTAJIOCTU MPU BHIMOJHEHUU MPUBBIYHON PabOTHI
W/UI1 BO BpeMs yueObl, HapyllIeHUe padboThI cep-
IIETHO-COCYIMCTON, HEPBHOM CUCTeM, HaJU4He
KOTHUTHUBHBIX, IICUXWUYECKUX U GUBNIECKUX HAPY-
meHui [3, 18]. UccnepoBaHue MpoOBOAUIIOCH HE Me-
Hee 4yeM 4yepe3 6 MecsleB Iocje MNepeHeCeHHOM
nmHeBMOHMU, BeI3BaHHOM SARS-CoV-2. Bce manu-
€HTBHl ObUIM MpeaBapUTEIbHO OOCJIEIOBaHbBI Bpa-
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BpoxaeHHble pakTopbl UIMMYHUTETA B NOCTKOBUAE

YOM TeparneBTOM YW MMMYHOJIOIOM-ajlJIeproJioroM
JUTSI BBISIBJICHU ST COTTY TCTBYIOIIIMX 3a00JIEBaHUIA.

OmpeneneHue TPy CpaBHEHUST TTPOBOIUIIOCH
o ABYM IapaMeTpaM BPOXICHHOIO MMMYHUTETA:
o kKonmdecTBy NK-KJIETOK 1 mMaHIeKOIIUTapHO-
My mapkepy CD46".

Ha nepBoM »3Talie manyeHTHI, Y4YacCTBYIOIINE
B UCCJICIOBAaHUM, ObLIM pa3/IeJeHbI 10 KOJIUYECTBY
NK-kneTtok. B kaudecTBe pedepeHCHBIX WHTEp-
BaJioB M TOpOroBbix 3HaueHUit NK-kjgeTok Oblnu
NPUHSATH JaHHBbIE, IMpPeACcTaBJIeHHbIE B MOHOTIpa-
¢uu 3ypouku A.B. u coant. (2018) [1]. Ha BTOpOoM
9Tarne Ta e BbIOOpKa IMallMeHTOB Obljia pasaesieHa
10 YPOBHIO ITaHJEHKoLUTAapHOTO Mapkepa CD46"
Ha obweit nonyasauuu T-numdpouunTos. s onpe-
JleJIeHUsI TOUKu oTcedeHus (cut-off value) mo CD46*
obpim ucnonb3oBaH ROC-anamu3. Kpome Toro,
Tpynnbl OBIJIM paHIOMHU3WPOBAHEI O MOy, BO3pa-
CTY, COITyTCTBYIOIINM 3a00JIEBAHUSIM IT0 KPUTEPUIO
x>. Takum o6pa3om, HaMU ObLJIO BbIIEJIEHO 4 TPyTI-
bl CPABHEHUSI:

— I'pynna | — moCTKOBUAHBIC MALIUEHTHI C YPOB-

HeM NK-KJ1eToK HuXKe HOpMBI, n = 46;

— I'pynna 2 — moCTKOBUIHBIE MALIUEHTHI C HOP-

MaJbHBIM ypoBHeM NK-kieTok, n = 50;

— I'pynnma 3 — TIOCTKOBUAHBIC MAIIMCHTHI

CO CHMXXEHHBIM ypoBHeM CD46", n = 62;

— I'pynna 4 — mocTKOBUIHBIC ITAIIMEHTHI C paB-

HBIM MJIV TOBBIIIEHHBIM ypoBHeM CD46%, n = 34.

Bce uccnenoBaHust Ob1IM 010OpEeHbI HE3aBUCU-
MBIM JIOKAJIbHBIM 3TUYEeCKUM KoMuTeToOM ITpu TAY 3
OTK3 «J'oponckast kanHuueckasi 6oabHuIa No 1»
r. YensiouHcka, npotokos Ne 8 ot 11.04.2022, Ha6a3ze
KOTOPOI1 TPOBOAUIUCH TaHHbBIE UCCIICTOBAaHUSI.

HmmyHnonroeuueckue uccaedosanus. OlieHKa
MMMYHHOTO CTaTyca OCYIIECTBJISIIaCh METOI0M
MPOTOYHOU ILMTOMETPUM Ha LUTODII0OOpUMETpE
«Navios» (BeckmanCoulter, CIIIA) o ctangapTu-
30BAHHOI TEXHOJIOTUM OLCHKHU JIUMMOLIUTAPHOTO
3BeHa UMMyHUTeTA [1, 2].

B xome mccienoBaHUWsSI OBLJIM OITPEIEIICHBI CIIe-
nytomue mnapameTpbl: CD45% u CD46" (nanneii-
KOLIUTapHBIA MapKep Ui TeUTUPOBAHUS JTMMPO-
uuroB), CD457(CD46%), CD3" (T-nuMdOLUTHI),
CD457(CD46%), CD3*, CD4" (xearepbl MHIYKTOPHI),
CD457(CD46%), CD3*, CD8" (IIMTOTOKCHMYECKNE
T-mumdborutel), CD457(CD46%), CD3*CDI16*, CD56*
(TNK-knerku) CD457(CD46%), CD3-, CDI16", CD56*
(HarypanbsHble Kuiuiepsl), CD45'(CD46"), CD3-,
CD19* CD5* (B-nmumdoruter), CD457(CD46%),
CD3*, CD4*, CD25*, CDI27- (T-perynsTopHble
KJIeTKu/cympeccopsl), CD457(CD46%), CD3*, CD4*,
CD25" (axTuBHMpOBaHHBIC XEJMEPhl, PAHHSS aKTH-
Bauus auMdouuros), CD457(CD46"), CD3*, HLA-
DR (aktuBupoBaHHble T-TUM@POLUTEI — MNO3AHSA
akTuBaLus TMMponnToB), B-kierok mamsatn CD27*
(BeckmanCoulter, «BioLegend», CILIA).

Onpenenenue ypoBHs oouux IgM, IgG, IgA,
cneuuduveckux IgM, IgG K KopoHaBUpYyCYy
COVID-19, Cl-unrutdutopa, C3au C5a KOMIOHEH-

TOB KOMIIJIEMEHTa TMPOBOAUIOCH METOIOM MMMY-
HO(epMEHTHOIro aHaJan3a Ha UMMYHO(MEpPMEHTHOM
aHanuzarope «Multiscan FC» (Thermoscientific,
Kuraif) ¢ wucnojib3oBaHUEM HaOOPOB peareHTOB
3AO0 «Bekrtop bect» (Poccus).

Temamonoeuueckue uccaedosanus. O6MML aHa-
JIN3 KpOBU (MCClIeAOBaHO 25 mapaMeTpoB: JIeHKO-
OUTApHBIN, SPUTPOLHMUTAPHBIA M TPOMOOIIMTAP-
HBI POCTKM KPOBETBOPEHUS), a TaKxXXe OlleHKa
KOJIMYECTBEHHOI'0 1 KaYeCTBEHHOT'O COCTaBa POCT-
KOB KPOBETBOPEHUSI ITPOBECHBI CTAHIapPTU30BaH-
HBIM METOZIOM Ha reMaToJIOTMYeCKOM aHaJIn3aTope
«Medonic M20» (Boule Medical AB, I1IBerus).

Cmamucmuueckas obpabomka Odauuwvix. O0Opa-
00TKa M aHaJIU3 AaHHBIX OCYIIECTBJISLIUCH C I10-
mombio R 3.1.1 12 (R Foundation for Statistical
Computing, Bena, ABctpus) m Microsoft Excel
Bepcuu 14.0. Tak kak pacrnpeiaejeHue B KOJU-
YEeCTBEHHBIX JTAaHHBIX OBIJIO HE HOPMaJIbHBIM
(p-value tecra llanupo—¥Yunka < 0,05), To uc-
MOJIb30BAaHHBIC CTAaTUCTUYECKUE KPUTEPUU OBLIU
HeTlapaMeTPUISCKUMMU.

Pe3ynbrathl 1 00CyXAeHNe

B xone nccnemoBaHus nNpu AeIeHUU BLIOOPKU
MO KOJIMYEeCTBY HATYpPaJbHBIX KHIIJIEPOB OBIIO
BBISIBJICHO, UTO cpeau 96 oOCIeaIoBaHHBIX Tallk-
eHToB 48% (rpynmna 1) MMeau CHUXEHHBIA ypo-
BEHb aOCOJIOTHOTO M OTHOCHUTEJIBLHOIO YHuCja
NK-knerok. lelitupoBaHue JTUM@OLUTOB TaH-
JerkouuTapHbiMu Mapkepamu CD45* u CD46*
nmokasajio, YTO y MallMeHTOB Ipynnbl 1 oTMmeue-
HOo cHmxeHme NK-kjeTtok Oojiee yeM B 2 pasa
MO0 CpaBHEHMIO C MallMEHTaMW, OTHOCSIIIMMMUCS
K rpynre 2 (ta6ma. 1). IIpu aToM CHUXeHUE Ha-
TypajJbHBIX KWJIJIEPOB COITPOBOXKIAJI0Ch TTOBBI-
meHueM B 1,2 pa3a aOCOTIOTHOTO U OTHOCUTEb-
HOro ywuciaa od6mux T-1uMdbOUUTOB, KOTOPOE,
MO-BUAMMOMY, MPOUCXOAMUJO 3a CUET KOMIIEHCAa-
TOPHOTO YBEJIWUCHU I CyOonmonyassuuii T-xearmepon
u TNK-nmumMpouuToB, a Takke pPOCTOM OOIIEro
yuciaa B-kiaeTok maMsaTu. YCTaHOBJIEHO, YTO YBE-
JaudeHue obuiero yucia B-muM@ponuToB conpoBo-
KIAJOCh TMOJYTOpaKpaTHBIM CHUXKEHUEM YPOBHS
obmero IgM (Ta6i. 1).

AHaJIu3 1oxKasaTelieil TPOMOOIIMTaAPHOTO POCT-
Ka KPOBETBOPEHMS y IMAIMEHTOB CO CHUXEH-
HbIM ypoBHeM NK-KJIeTOK ToKa3ajl TOBBILICHUE
B 1,3 pasa KonuyecTtBa TpoMOouuToB, B 1,1 paza
TPOMOOIIUTOKPpHUTA Ha (POHE CHUIKCHUS CPEIHETO
obbemMa TpoMOOIIMTOB (TadJ. 1).

ITocTkOBUIHBIE TIAIIMEHTBI CO CHUXKCHHBIM
ypoBHeM NK-KJIETOK TakXKe XapaKTepu30BaJUCh
3HAUMTEJbHBIM CHMXKEHMEM IMoKa3aTejasl TeMaTo-
KpUTa, KOHIEHTPAILIUU TeMOTJIO0MHA B 3PUTPOLIH-
Tax, CpeTHEro KOPIYyCKYJSIPHOro o0beMa reMorjio-
OunHa, cpeaHell KOHIICHTPAIIUU KOPIYCKYJISIPHOTO
reMorjoouHa (TabJ. 1).
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Ta6auua 1. NokazaTenn MUMMYHHOW CUCTEMbI, 3PUTPOULHOI0, TPOMOOLUTAPHOr0 POCTKOB KPOBETBOPEHUS
Yy NOCTKOBUAHBIX NALMEHTOB C HapylweHuem ypoeHs NK-kneTok
Table 1. Parameters of the immune system, erythroid and platelet hematopoietic lineages in post-COVID patients

with impaired NK cell levels

Moka3aTen UMMYHHOI CUCTEMbI
Indicators of immune system

F'pynna 1. MocTKkoBUAHbIE
naLuyeHTbl CO CHUKEHHbIM
ypoBHeM NK-kneTtok (n = 46)
Group 1. Postcovid patients
with reduced NK cells (n = 46)

Fpynna 2. MocTkoBUAHbIE
nauMeHTbl C HOPMaJibHbIM
ypoBHeM NK-kneTok (n = 50)
Group 2. Postcovid patients with
normal NK cell levels (n = 50)

NK-knetku (CD45'CD3-CD16*CD56") OTH., %

Average concentration of corpuscular hemoglobin, g/I

+ * +
NK cells (CD45*CD3-CD16*CD56") relative, % 6,29+0,36 14,63+0,48
NK-knetku (CD45°CD3-CD16*CD56") a6c.,10%kn/n " . N
NK cells (CD45*CD3-CD16*CD56") abs., 106 cells/I 142,7£10,59 305,76+16,37
NK-knetku (CD46"'CD3-CD16°CD56") OTH., % . +
NK cells (CD46*CD3-CD16*CD56") relative, % 5,98+0,39 13,4120,54
NK-kneTtku (CD46*CD3-CD16*CD56%) a6c¢., 10°kn/n . R .
NK cells (CD46*CD3-CD16"CD56") abs., 106 cells/I 132,68+10,41 276,74+15,02
06wee yucno T-numepouutos (CD45*CD3*'CD19-) oTH., % 0 anx .
Total number of T-lymphocytes (CD45*CD3*CD19-) relative, % 77,49+0,84 69,33+0,86
06wee yucno T-numdouutos (CD45'CD3*CD19-) abc¢., 10°kn/n . . .
Total number of T-lymphocytes (CD45"CD3*CD19-) abs., 10° cells/! 1769,44 486,82 1465,89+78,24
06wee yucno T-numdouutos (CD46*CD3*CD19-) oTH., % . . "
Total number of T-lymphocytes (CD46*CD3*CD19") relative, % 74,6120,95 66,57+1,02
06wee yncno T-numdouutos (CD46*CD3*CD19-) abe., 10°kn/n . . +
Total number of T-lymphocytes (CD46*CD3*CD19-) abs., 108 cells/I 1711,64+86,435 1409,63+78,93
T-xennepsbi (CD45'CD3'CD4*) oTH., % 1 ax N
T-helpers (CD45*CD3*CD4") relative, % 51,3218 44,50+1,06
T-xennepsl (CD45*CD3*CD4*) a6c¢., 10°kn/n . . N
T-helpers (CD45*CD3*CD4") abs., 108 cells/I 1108,72+100,16 985,35+51,79
TNK-numdouutsl (CD46'CD3*CD16*CD56*) 0TH., % N .
TNK lymphocytes (CD46°CD3*CD16*CD56") rel, % 6,48:0,61 5,22+0,52
TNK-numdouutbl (CD46*CD3*CD16'CD56") abce., 10%kn/n . . .
TNK lymphocytes (CD46*CD3*CD16*CD56") abs., 108 cells/I 145,46215,97 106,37+11,24
06wee yucno B-numdpoumntos namaru (CD45*CD3-
CD19°CD27*) oTH., % P .
Total number of memory B-lymphocytes (CD45*CD3- 4,1520,45 2,81:0,23
CD19*CD27*) relative, %
06wee yncno B-numopoumutor namatu (CD45°CD3-CD19°CD27%)
abc., 10°kn/n i * +
Total number of memory B-lymphocytes (CD45*CD3-CD19*CD27*) 99,04+13,45 59,78+6,48
abs., 108 cells/I
IgM o6wuid, r/n N N "
IgM total, g1 0,68+0,06 1,03+0,12
Konuuecteo TpomGouuTor, 10° kn/n N . .
The number of platelets 10° cells/| 2617,86+10,89 211,94+7,65
TpomGouutokput, % N
Thrombocytocrit, % 0,19+0,01 0,1720,01
CpepHuii 06bem TpombouuTa, fL 7610 15* 8.05:013
Average platelet volume, fL S e
KouueHTp?uuﬂ remorngﬁuua, r/n 130,96+2,28* 141,9442.17
Hemoglobin concentration, g/I
Femarokpur, % 38,94+0,62* 41,67240,59
Hematocrit, % ’ ’ ’ ’
CpepnHuii KOpNyCcKynspHbIii 06beM reMorno6uHa, nr .
Average corpuscular volume of hemoglobin, pg 28,66+0,41 30,1£0,25
CpepaHsis KOHLEHTpaL s KOPNyCcKyNSpHOro remornoouna, r/n 33708+ 44* 34176+1 28

Mpumeyanue. [laHHble npeacTaBneHsl B Buae M+m; * — 4OCTOBEPHOCTb pasnununii mexay rpynnamu p < 0,05.
Note. Data are presented as M+m; * — significant differences between groups, p < 0.05.
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I1pu nesieHU U BBIOOPKU IO YPOBHIO MaHJIEH KO-
TapHoro mapkepa CD46* Ob1JI0 BBISIBJIEHO, UTO CPEIUN
96 00cIeIOBaHHBIX MTALIMEHTOB Y 64,5% ¢ MOCTKOBMI-
HBIM CUHIPOMOM (TpyTiTia 3) OTMEUEHO 3HAUUTETLHOE
cHuxeHue akcrnpeccun CD46% Ha T-mumdonnTax
(TabJ. 2). [Ipu 5TOM NMallMeHTHI TPYMNbI 3 XapaKTepu-
3YIOTCSI CHUXKEHUEM YPOBHSI aOCOMIOTHOTO U OTHO-
CUTEJIbHOTO 4uciia Kak T-muMbOIIUTOB, TaK U KJe-
TOK, OTBEUAIOIINX 32 BPOXJIECHHBIN MTPOTUBOBUPYC-
HbIllt uMMyHUTET (N K-KI1eTKM).

Ilpu neneHuM BBIOOPKU IO MAHJEHKOLIUTAP-
HoMy Mapkepy CD46" BUOHO, 4YTO KOJUYECTBO
T-muMbOUUTOB y JUIL C MATOJIOTHEN BPOXKICHHOTO
WUMMYHUTETA 3HAYUTEJIbHO HUXe (rpynna 3, Tabu. 2),
YyeM npu AaejeHuu 1o koandectBy NK-kiaeTok (rpyr-
na 1, tadn. 1). IpuuyuHO TakKux pa3zauuuii MOXeT
SBJISITBCSL TO, YTO MPOLIEHT IMallMEHTOB, UMEIOIINX
6osee Hu3KM ypoBeHb CD46" neiikouuTos B 1,3 pasa
OoJbllle, YeM JIWIl, WMEIOLIMX Pe3KOe CHUXEHUE
NK-knerok. M3 aToro cieayer, 4to B rpymnre 3 ecTb
OosnbHbBIe, ypoBeHb NK-KJI€TOK y KOTOPBIX MOT OBbITh
HOPMaJbHBIM MJIM AaXe MOBbIIIEHHbIM. O0 3TOM
CBUJETENbCTBYIOT JaHHbIe TaOJ. 2, TIe MoKa3aHo,
YTO KOJIUYECTBO ITUX KJIETOK B CPEIHEM BBIIIIE, YEM
Brpynmne 1. B To xe BpeMsi, ucxoist U3 AaHHbBIX TaoJ. |
U 2, ypoBeHb T-TUM@OILIUTOB Y MOCTKOBUIHBIX Ma-
IIMEHTOB TPymNnbl 1 BbIIE, YeM y ITOCTKOBUIHBIX
NalXEeHTOB IPYIIIbI 3, YTO, BEPOSITHO, CBSI3aHO C Ha-
JIMYMEM B 3TOU Ipymnme JUll, Y KOTOPbIX, HECMOTPS
Ha cHuxXeHue ypoBHsi NK-kijieTok, oOlee Koauue-
cTBO T-TuM@POLMTOB ObLJIIO B HOPME WU MOBBIIIEHO.

TakuMm oOGpa3om, npu obcueTe MO pa3HbIM HUC-
XOJTHBIM TOYKaM MMMYHHOI cucTeMbl ((hopMUpO-
BaHUWE TPYNN 1O CHUXeHWIo/HopMe NK-kieTok
U maHjedkouuTapHoMy Mmapkepy CD46" cocras
TPYNIl MOXET CUJIBHO pa3jinyaThCsd U UMETh KakK
o011re MpU3HaKU, TaK Y CYIIECTBEHHBIE PA3TUY M.

Bce 5T0 cBUIETEIBCTBYET O TOM, UTO MIPU aHATIU3E
MOJIYYEHHBIX PE3YyJIbTaTOB, HY>KHO MPOBOIUTH 00-
jee TJIyOOKHE UCCAeNOBAHUS TIOMYJISIIMOHHOIO
CcocCTaBa JICUKOIIMTOB C YUYETOM Pa3HBIX TOUYEK I10-
BpPEXIEHUS CUCTEMBI UMMYHUTETA.

TToryuyeHHBIC B JAHHOM MCCJIEIOBAHUU PE3YJIb-
TaThl CBUACTEIICTBYIOT O TOM, UTO Y YaCTH ITaIleH-
TOB, paHee nepeHecinx SARS-CoV-2-undbexinio
M CTPagaloNINX MOCTKOBUIHBIM CUHIPOMOM, YETKO
npociieXknBaeTcsd GEHOTHT, CBSI3aHHBIN C HapyIIIe-
HUEM CHCTEM BPOXICHHOTO MMMYHHUTETA, BKIIIO-
yaromuii B ceds1 cHuxkeHue NK-kiaeTok v maHJen-
KouuTapHoro peuentopa CD46".

Panee npyrumMu aBTopamMu ObIJIO TOKa3aHO, YTO
B TEUEHWU TIEPBBIX 3 MECSILIEB MOCJE BhI3TOPOBIIE-
HUS Y TTAIIMEHTOB C JIETKON W CpPeIHEU TSIXKECThIO
TeueHust octporo COVID-19 Habawomansoch 3Ha-
YUTEJIbHOE CHUXKeHMe oOiuero koiaudectBa NK-
KJIETOK [25]. DTU naHHBbIE COIACylOTCs C pe3yJib-
TaTaMM HAIIMX UCCIIENOBAHUI Y CBUICTEIBCTBYIOT
o ToMm, yTo COVID-19 MOoXeT BIUSTh Ha KOJnYe-
CTBO M (DYHKIIMU KJICTOK BPOXICHHON MMMYHHOMU
cucTeMBbl (B TOM YHCJIe HAaTypaJIbHBIX KUJIJIEPOB),
NPUBOIST K Pa3BUTHIO MOCTOCTPBIX IOCICACTBUN
3aboeBaHM . B cuy aTOro snmureHeTuyeckas ma-
MSITh UMMYHHBIX KJIETOK BPOXICHHOTO UMMYHMU-
TeTa M UX IIPEIIIeCTBEHHUKOB MOXET UTPaTh POJIb
B pPa3BUTUUY MOCTKOBUIHBIX HAPYIIEHU [5].

OTMeUYeHHBIE HapylIeHUsI 3JEMCHTOB BPOXICH-
HOTO0 MMMYHUTETa COIPOBOXIAINCh N3MEHEHUSIMU
B OPUTPOIIUTAPHOM U TPOMOOIIMTAPHOM POCTKAX KPO-
BeTBOpeHUsT. CHUIXKEHE 3PUTPOLIMTAPHBIX WHICKCOB
MOXET CBHUJIETEILCTBOBATh O HApyIICHUW OKCHTEHAa-
OUM opraHu3Ma. BbIIO0 BBEICKA3aHO TIPEIIOJIOKEHIE
00 MHTMOMPOBAaHNM METAa0O0IM3Ma T'eMa ITyTeM CBSI3bI-
BaHus BupycHoro o6esika ORFS8 ¢ nopdupunom [15, 32].
T'eMOII00MH KPOBH SIBJISIETCS HANOOJIEE TIPOCTHIM JIJIST

Ta6auua 2. CpaBHeHue noka3artenei cyononynsauunii numd@oumnToB NOCTKOBUAHBIX MaLUEHTOB
npu reATMPOBaHUN NaHenKouuTapHbiM Mapkepom CD46*
Table 2. Comparison of indices of lymphocyte subpopulations in post-COVID patients gated on CD46*

pan-leukocyte marker

Mokasatenu cy6nonynauuii numdoumnTos
Indicators of lymphocytes subpopulations

F'pynna 4. NMocTkoBuAHbIE
NauueHTbl C PaBHbIM UNN
NOBbILLEHHbIM YPOBHEM
CD46" (n = 34)
Group 4. Post-COVID
patients with equal or

F'pynna 3. MocTkoBMAHbIE
nauueHTbl CO CHUXEHHbIM
ypoBHem CD46* (n = 62)
Group 3. Post-COVID patients
with reduced CD46" levels

NK cells (CD46'CD3-CD16*CD56*) abs., 10° cells/|

(n=62) elevated CD46" levels (n = 34)
- + + - 0,
ot e ot T e (046 G CD13- emive % 69.75%1,51" 74,85:0,90
3 + + R 6
S roampotnos OO COSCEok h | igorar | o
~ + - + + 0
NK-knetku (CD46°CD3-CD16*CD56") abc¢., 10°kn/n 145.50+15.97* 276.90+26.45

Mpumeyanme. [laHHble NpeCTaBAeHbl B Buae Mtm; * — 4OCTOBEPHOCTL pasdnnyuii Mexay rpynnamu p < 0,05.
Note. Data are presented as M+m; * — reliability of differences between groups p < 0.05.
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M3MEPEHUST TEMOITPOTENHOM, OTHAKO B METabOJIM3Me
KJIETOK TIPUHUMAET ydacThe OOJIbIIoe KOJMYECTBO
JNPYTUX BaXKHbIX OEJIKOB, MPEACTABISIONINX COOOM
TEMOITPOTEUHBI (MUOITIOOMH, KaTajas3a, IIUKJIOOKCU-
reHasa, nmepokcuaasa, HuToxpoM p450 u cuHTa3a Ok-
cuaa a30Ta, MUTOXOHApUAIbHbIE OSIKU), ConepKaHUe
KOTOpPBIX, MO-BUIUMOMY, TaKXe MOXKET CHUXAThCS
npu COVID-19. [TonoGHbIe COOBITUS TIPUBOAST K O€J1-
KOBOI1 TUCHYHKIIMHU, TOBPEKICHUIO KJIETOK, ITOTEpe
SHEPru¥ MUTOXOHJIPUSIMU U YTEUKe XKejie3a C Mocie-
JIYIOIIMM TIOBBIIIIEHUEM YPOBHSI (DeppUTHHA B CHIBO-
pPOTKe, a TaKXKe K YCTaJIOCTU Y OOBEKTUBHOM MBIIIIEY-
HOI1 c71ab0CTU, O KOTOPBIX COOOIIAIOT MallUEeHTHI [22].

Kpome Toro, st TMOCTKOBUAHBIX MallMEHTOB
C HapyIIEeHHBIM UMMYHHBIM CTaTyCOM XapaKTepPHbI
TpoMOoTuYeckue ociaoxXHeHus [31]. YcraHoBaeHO
MOBBIIIIEHWE OOIIEro KOJU4YecTBa TPOMOOIMTAP-
HBIX MJACTUHOK MPU OAHOBPEMEHHOM CHUXXEHUU
ux cpeaHero oobvema. CorjacHO JUTEPaTypPHBIM
MaHHBIM, HapyIlIeHUe PEeryJsaliud BPOXICHHOMI
W aJaliTUBHOW MMMYHHBIX CUCTEM SIBJISICTCSI Ofl-
HUM M3 KPUTUYECKUX (PAKTOPOB, BBI3BIBAIOIINX
TpoM603 npu COVID-19 [29]. Sumbalova Z. u co-
aBT. (2022) mokazanau, YTO y MallMEeHTOB IIOCJIe
COVID-19 cHuxeHbl (YyHKIUS AbIXaTeIbHOMN
e MUTOXOHIAPHUM TPOMOOIIMTOB, OKUCIUTEIb-
Hoe ¢ochopuIMpoOBaHUE U YPOBEHb 9HAOT€HHOTO
CoQI10, yTo NPUBOAUT K HapyLIEeHU0 X QYHKIIMO-
HaJIbHOI aKTUBHOCTH [29].

CornacHo JauTepaTypHbIM naHHbIM, CD46 urpa-
€T 3HAYUTEIbHYIO POJIb BO BPOXKJICHHBIX U aIallTUB-
HBbIX UMMYHHBIX peakunusix, a HapymeHus CD46-
OIOCPEIOBAHHBIX CUTHAJIbHBIX IyTed MPUBOIST
KBPOXACHHBIM UMMYHoehuIInTaM. Tak, TarueHThI
¢ mytanusimu B CD46 He reHepupyoT Thl oTBeT, 4TO
MPUBOIUT K PA3BUTHUIO Y HUX TSKEJIBIX PELIUTUBUDY-
fornx nHdexkuwmii [11]. Oliaro J. u coaBt. (2006) ycTa-
HoBUIM, 4To JurupoBaHue CD46 na NK-kieTkax
BJIMSIET Ha MOJISIPU3AlIMIO B HaIlpaBJICHUM KJIETOK-
MMUIIEHEN U CHUXKAET UX LIUTOTOKCUYHOCTD [20]. D11
pe3yJIbTaThl IEMOHCTPUPYIOT BO3MOXKHBIN MEXaHU3M
HapyIIeHWsI HOpMaJIbHOM Tepenayyd CUTHAJIOB MEX-
JIY UMMYHHBIMU KJIETKaMU, OTIOCPEIOBAaHHBII T1aTO-
reHaMu, Kotopsle cBsi3biBaioT CD46 [20].

Pe3ynbTaThl HACTOSIIErO WCCAECIOBAHUS MOKa-
3aJId 3HAYMTEJIbHOE CHMKEHHWE Y TTOCTKOBMIHBIX
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OLIEHKA YPOBHEW MOJIEKYN TREC U KREC
Y BOJ1bHbIX COVID-19 C PASHOW CTEMNEHBbIO
TAXECTU TEMEHUSA 3ABOJIEBAHUA

M.A. Caiitramuna’, 10.B. Ocrankosa', H.A. Apcentbena!, 3.P. Kopooosa!, H.E. JIioonmosa',
B.A. Kamenko??, A.H. Kymukos*, /I1.D. Ilesuos*, O.B. Cranesnu*>, E.U. Yepubix?, A.A. Toroaan'*

'"®@BYH HUHU snudemuonozuu u muxpoouosoeuu umernu Illacmepa, Cankm-IlemepOype, Poccus

2@I'BY Cesepo-3anadubiii okpyxucroll Hayuno-kaunuveckui yeump umenu JI.I. Coxonosa @edepanvioco meduro-
buonoeuueckoeo acenmemea, Cankm-Ilemepoype, Poccus
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*@Irb0OY BO Ilepesviit Cankm-Ilemepbypeckuii 2ocyoapcmeenHblii MeOUYUHCKUL YHUGEpCUMem UMEHU AKA0eMUKa
HU.I1. [lasrosa Munucmepcmea 30pasooxpanenus P®, Cankm-Ilemepbype, Poccus

SOIBY HUHU epunna um. A.A. Cmopodunuesea Munzopaea Poccuu, Cankm-Ilemep6ype, Poccus

Pesiome. [To nanubsiM BO3 3a nepuon nanaemunt COVID-19 konnuecTBO 3apaXkKeHHBIX IIPEBLICUIIO 765,2 MIIH YeJIOBEK.
TsxecTb COCTOSTHUS MAIIMEHTOB OIpeesaeTcs TUIepakKTUBAIleit MMMYHHOM CUCTEMBI. 3HAUMMYIO POJIb B KOHTPO-
Jie WHMEKIIMOHHOTO TIpoliecca UTpaeT akKTUBaIus cyormonynsunii T- u B-muMmdonurapHbIX KieTok. OmTHAM U3 Map-
KepoB co3peBaHNs (DYHKIIMOHATbLHO aKTUBHBIX T- 1 B-KJIETOK MOXKET CITYKUTh CoAepKaHMe B TIepru(eprIecKoil Kpo-
BM HeOOJbLIMX KOJbLEeBbIX MoJieKyJl JIHK — T-knetounbix akcuuznoHHbix Kojel (TREC — T-cell receptor excision
circles) u B-kietounbix («kammna») skcuu3noHHbiX Kojell (KREC — Kappa-deleting recombination excision circles)
cooTBeTCTBeHHO. Lleap HacTos el paboThl: 1aTh KOJUYECTBEHHYIO olleHKY conepxkaHus Mojekynl TREC u KREC
B nepudepudeckoii KpoBu 00JbHBIX ¢ HOBOI KopoHaBUpycHoit nHpekuueit COVID-19 ¢ pa3Hoii cTeneHbIo TSIXKECTU
TeyeHUs1 MHPEeKIMOHHOTro npoluecca. Mamepuanvt u memodst. Matepuanom ciyxuiu 1028 odpa3uoB KpoBU OT Mallu-
€HTOB C MOATBePKAeHHBIM AuarHo3zoM COVID-19 co cpemHeTsKeNbIM, TSIKEIbIM UK KpaitHe TSXKEIbIM TeUCHUEM,
a Takxxe 717 00pa3LoB KpOBU OT YCIOBHO 310pPOBLIX 100poBoblieB. OueHky conepxanus JJHK-pparmenroB TREC
n KREC B toransHoit ¢ppakuuu JHK npoBonunu MetomoMm KonmuyecTBeHHOU Real-time TP ¢ ncronszoBanuem
tecT-cucteMbl < REC/KREC-AMP PS» (OBYH HUU Ilactepa, Poccus). s 61oo06pa3iioB, MOTYIeHHBIX OT TSKe-
JIBIX M KpaifHe TSKEIBIX O0IBHBIX, TTPOBOAMIN (PEHOTUTTMPOBAHNE KJIETOK KPOBY METOIOM ITPOTOYHOM IINTOMETPHUH.
CraTHcTHYeCKYyI0 00pabOTKY JaHHBIX OCYIIECTBIISIIIN ¢ IIOMOIIBIO IIporpaMMHoro obecreueHns GraphPad Prizm 5
n Microsoft Excel 2010. Pezyssmamer. YpoBau TREC u/unu KREC y 6ompHbix COVID-19 10CTOBEPHO CHUXKEHBI
(p < 0,0001 mpu 95% AWN). YcraHoBjIEHa HOCTOBEPHAS IpsIMasi KOPPEISLMOHHAS 3aBUCUMOCTh YPOBHEN MOJIEKYII
TREC ¢ konuuectBoM CD45°CD3*CD19- T-xnetox (r = 0,59, p < 0,0001) u yposHeit Mosieky1 KREC ¢ konnyecTBOM
CD45*CD3-CDI19* B-kietok (r = 0,66, p < 0,0001) B nepucdepudeckoit kpoBu. YpoBeHb MosieKysl TREC y 601bHBIX
C TSIKEJIBIM TeUeHUeM MHGEKIITMOHHOTO MPOLiecca T0OCTOBEPHO CHUKEH M0 CPABHEHUIO C 00JIbHBIMU CPEIHEN TIXKECTU
B rpynmnax mamueHToB 30—39 et (p = 0,0404) u 40—49 net (p = 0,0356). OTpunaTeabHas KOppeasliMOHHAsI 3aBU-
CHUMOCTb MEXY TSIXKeCThIo KInHUYecKux npossiaeHuit COVID-19 u yposueM TREC B KpoBu 001bHBIX B BO3pacT-
HoM auamna3oHe 30—49 et cBUAETENbCTBYET O BO3MOXKHOCTH ITPUMEHEHU ST JAHHOTO aHAJIMTa KaK IMarHOCTUYECKOTO
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Y TIPOrHOCTUYECKOTO JIAOOPaTOPHOTO MapKepa coCTOsTHUS manuenTa. Hecmoxuslii anroput™ [T P-ananu3a genaer
aKTyaJIbHBIM IIPUMEHEHNE OIMMMCAHHOTO CITOC00a OLIEHKM COCTOSTHUSI UMMYHUTETa KOPOHABUPYCHBIX OOJIBHBIX B YC-
JIOBUSIX CUCTEMHOT0 HeraTuBHOro BiussHus Bupyca SARS-CoV-2 Ha opraHusm yesoBeKa.

Karoueswie caosa: TREC, KREC, COVID-19, SARS-CoV-2, ummynnsiii cmamyc, rabopamopHuie Mapxepb.

ASSESSMENT OF TREC AND KREC LEVELS IN COVID-19 PATIENTS WITH VARYING

DISEASE SEVERITY

Saitgalina M.A.?, Ostankova Yu.V.?, Arsentieva N.A.?, Korobova Z.R.?, Liubimova N.E.?, Kashchenko V.A.><,
Kulikov A.N.¢, Pevtsov D.E.%, Stanevich O.V.%¢, Chernykh E.I.", Totolian A.A.*¢

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

¢ North-Western District Scientific and Clinical Center named after L.G. Sokolov Federal Medical and Biological Agency,
St. Petersburg, Russian Federation

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

¢ I.P. Paviov First St. Petersburg State Medical University of the Ministry of Healthcare of Russian Federation, St. Petersburg,
Russian Federation

¢ Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation

Abstract. According to the WHO data, the number of infected people exceeded 765.2 million people during the COVID-19
pandemic. The severity of patient’s condition is determined by immune system hyperactivation. Activation of T- and
B-lymphocyte subsets plays a prominent role in the control of infectious process. A content of small circular DNA mole-
cules — T-cell receptor excision circles (TREC — T-cell receptor excision circles) and B-cell (“kappa”) excision rings
(KREC — Kappa-deleting recombination excision circles) — in the peripheral blood can be used as a marker of the func-
tionally active T and B cells maturation. The purpose of this work is to quantify peripheral blood TREC and KREC level
in patients with the new coronavirus infection COVID-19 of varying severity. Materials and methods. The material consisted
of 1028 blood samples from patients with a confirmed diagnosis of COVID-19, as well as 717 blood samples from apparently
healthy volunteers. The content of TREC and KREC DNA fragments in the total DNA fraction was assessed by quantita-
tive Real-time PCR using the “TREC/KREC-AMP PS” test system (St. Petersburg Pasteur Institute, Russia). Blood cell
phenotyping was carried out using flow cytometry. Results. TREC/KREC levels were significantly reduced in COVID-19
patients (p < 0.0001 at 95% CI). A significant direct correlation was established between the levels of peripheral blood
TREC molecules and level of CD45"CD3*CD19- T cells (r = 0.59, p < 0.0001), as well as between KREC level and count
of CD457CD3-CD19" B cells (r=0.66, p < 0.0001). The level of TREC molecules in patients with severe vs. moderate infec-
tion was significantly reduced in patients aged 30—39 years old (p = 0.0404) and 40—49 years old (p = 0.0356). The negative
correlation between severity of COVID-19 clinical manifestations and TREC level in the blood of patients in 30—49 year
age group indicates about an opportunity of using this analyte as a diagnostic and prognostic laboratory marker of patient’s
condition. A simple PCR analysis algorithm makes it relevant to use the described method for assessing a state of immunity
in coronavirus patients in the context of systemic negative impact of the SARS-CoV-2 virus on human organism.

Key words: TREC, KREC, COVID-19, SARS-CoV-2, immune status, laboratory markers.

BeepgeHue

HakonieHHble Ha CEromHSIIIHUNA NE€Hb 3Ha-
HUS O BO3IEUCTBUU HOBOU KOPOHABUPYCHOW WH-
dexkuuu COVID-19 Ha opraHu3m ueiaoBeka, IO-
3BOJISIIOT paccMaTpuBaTh 3TY MH(MEKIIUIO KaK CHU-
CTeMHOe 3a00JieBaHMe, 3aTparuBapliee He TOJIbKO
IBIXaTEJbHYI0, HO M CEPIEYHO-COCYIAUCTYIO, XKe-
JIYAIOYHO-KHUIIEYHY, KPOBETBOPHYIO U MMMYH-
Hylo cucteMbl. [lo nanHbeIM BcemupHoit opraHu-
3allUM 3ApaBOOXPaHEHMS 3a IepUoI IaHIAECMUU
COVID-19 ¢ mapra 2020 r. mo maii 2023 r. Koauue-
CTBO 3apazkeHHBIX NPEBBICUIIO 765,2 MJIH YeIOBEK,
KOJIMYECTBO YMEPIIUX BCJECACTBUE MHOEKIUU —
6,9 MJIH YesioBek [29].

Knunuyeckas kapTuHa 00JbHBIX, UHPUILIUPO-
BaHHBIX COVID-19, BappupyeT oT 6€CCUMITOM-
HBIX (hOopM [0 TsIKeJIoro TeueHus . O011e ocodbeH-
HOCTU MH(MEKIIMOHHOrIO Mpoliecca BKIKYAKOT Ta-

KHe CUMITOMBI KaK JMXOpajKa, Kallejlb, OIbIII-
Ka, HapylIeHUs B paboTe XKeJIyI0YHO-KHUIIEYHOTO
TpakTa, KOXHBbIE TTposiBiaeHus [9, 12, 16]. 3a cra-
nueit pertmukauum Bupyca SARS-CoV-2 B Teue-
HUE HECKOJIbKUX AHEi ¢ OTHOCUTEIbHO JIETKUMU
CUMIITOMaMU CJIEAYEeT CTalusl aKTUBALIMKU adarl-
TUBHOTO UMMYHHOI'O OTBETa, KOTOpasi MOXET BbI-
3BaTh BHE3allHOE KJMHMUYECKOe yxyauieHue [32].
Tsxesioe COCTOSIHUE CBSI3bIBAIOT C IPOHUKHOBE-
HUEM BUpYCa B ajbBEOJISIPHbIE 3MUTEIUAIbHBIE
kaeTku tuna II, 4To BBI3BIBAaE€T BBLICBOOOXIE-
HUE IIPOBOCIIAJIMTEIbHBIX MOJIEKYJ. AKTUBHbIIA
CUHTE3 LMTOKMHOB IIPHUBJIEKAET HEUTPODUIbI
u T-KJIeTKHU, KOTOpbIE, B CBOIO OYepelb, BbI3bIBa-
0T 3HAYUTEJIbHOE MOBPEXIEHUE U BOCHajieHUe
JIETOYHBIX TKaHE, 4YTO, B KOHEUHOM MTOIE, MO-
KET IIPUBOAUTH K OCTPOMY PECIUPATOPHOMY ITUC-
TPECC-CUHIPOMY, COIIPOBOXIATLCS pa3BUTUEM
1I0Ka, SHUedaonaTueii, mopaxeHueM MMoKapaa,
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cepAeuyHoll HEeI0CTAaTOYHOCThIO, AUCHYHKIIUEH
CUCTEMBI reMocCTa3a, OCTPO MOYEYHON HeaocTa-
TOUYHOCTHIO [14, 24, 34, 35].

I'maBHbIMU (pakTOpaMu pucKa HEOJIArompusT-
HOTro ucxoja 3a0oJieBaHUS SIBJISIOTCS BO3pacT,
caxapHblil 1abeT, XpOHUYECKHE JEerouHbIe U cep-
JIEYHO-COCYIVCThIC 3a00JIeBaHUSI, TUIIEPTOHUSI.
ITo auTepaTypHBIM TaHHBIM TSIXKEJIbIC MHTEPCTH-
[I1aJIbHbIE TTHEBMOHU Y, TIOJIMOPTAHHYIO U OCTPYIO
IbIXaTeJbHYI0 HEIOCTAaTOUHOCTb, JeTaJlbHble MC-
XOOBbl BUPYC C OOJIbIICH BEPOSITHOCTHIO BBI3BIBACT
y JIU1I MOKUJI0TO Bo3pacta [20, 24, 33, 35].

Psan omy0GiMKOBaHHBIX MCCIIENOBAHUN CBUIE-
TEJBCTBYET O TOM, YTO TSIKECTb COCTOSIHU S Tallu-
€HTOB OIlpenessieTCss TUIepaKTUBAIIUEC MMMYH-
HOM CUCTEMHI, U, KaK CJISACTBUE, BLICOKMM YPOBHEM
IIUTOKUHOB, TPOMOO3aMU1, MHOXKECTBEHHBIMHU MO-
HOHYKJIEApHBIMM KJIETOUHbIMU MHOUIBTPpALUSIMU
OpraHoB, TSKeJIbIMU TuMmdponenusasmu [1, 2, 8, 15,
18, 19, 22, 23, 26]. B ucciaegoBaHuu, NpoBeAcHHOM
Guan W.J. ¢ coasrt., cpeau 1099 rocnutaausupo-
BaHHBIX nauueHToB ¢ COVID-19 B 83% ciyuaeB
HabJrogaanch TuM@oIrieHnu, B 36% — TpomMOoLU-
TorneHuu, B 34% — neiikonenuu [11].

IMockoyibKYy 3HAUMMYIO POJib B KOHTPOJIE WH-
(beKIIMOHHOrOo Ipollecca UrpaeT akTUuBalus cyo-
nonyinsuuii T- u B-numdonuTos, OoJjiee JIerkoe
TeUeHHE 3a00JIeBaHUS aCCOIMHPOBAHO C aleK-
BaTHBIM (dyHKIIMoHUpoBanuem CD4* u CDS8*
T-numbonuToB, a Takxe B-kjeTouHOro 3BeHa
MUMMYHHOTo oTBeTta. OOHUM M3 MapKepoB cO3pe-
BaHUs (YHKIIMOHAJIbLHO aKTUBHBIX T- m B-kjeTok
MOXKET CIYXHUTbH CoIepKaHUE B IepUdepruIccKOm
KPOBU HEOOJbILIUX KOJAbLEBbIX Mojekyal JHK —
T-xneTouHbix 3kcuM3noHHBIX Kojieln (TREC —
T-cell receptor excision circles) u B-kJeTOYHBIX
(«karmma») saxcuusnoHHbix Kosell (KREC — Kappa-
deleting recombination excision circles) cooTBeT-
ctBeHHO. Mosekynbsl TREC nu KREC ob6pa3sytorcs
B IIpoiiecce (DOPMHUPOBAHUS aKTUBHOTO peler-
TOPHOI'O TeHa, C KOTOPOTO B HaJbHEUIIEM OyIeT
OCYUIECTBISITHCS CUHTE3 YHUKAJIbHOU TTeTTTUAHOMN
MOCJIea0BaTeIbHOCTU aHTUTEH-PaCIIO3HAIOIINX
T- u B-knerouHbix peuentopon. Hdnss ¢opmupo-
BaHUS TAKOTO reHa B KaxXXIoM JUMQOIIUTE TP CO-
3peBaHNM Ha CTAJIUU AaHTUTEH-HEe3aBUCUMOM Tud-
depeHuupoBku T-kiaeTok B TuMyce u B-kiyeTtok
B KOCTHOM MO3T¢ HOJIXKEH IPOM3OUTU PO CJIOXK-
HBIX TECHETUYSCKUX MEPECTPOCK M PeKOMOMHAIIAA.
MexaHU3M TepecTPOMKU TIOBTOPSIIOIINXCSI Cer-
MEHTOB IyJia PELEeNTOPHBIX TeHOB HOCUT Ha3BaHUe
V(D)J-peapanxkupoBka. B xoge Taknx mosTanHbIX
TeHETUUYECKUX peapaHXHPOBOK HEOOJBIINE II0-
cnepoBarenbHocTu JIHK BBIpe3atoTcsd u3 reHoma
KaK MOOOYHBIX IMPOMYKT, 3aMBIKAIOTCS B KOJbIla
(TREC u KREC) u B manbpHeiillieM CylIecTBYIOT
B BUJe KoJiblieBoit annucomainibHoi JJHK B numdo-
IATaX, MTOKUIAOIINX IIEHTPaIbHbIE TUMMOUTHBIE
opranbl. [IHK-koneia TREC u KREC He peniu-

HUPYIOTCS C MOCJICAYIONMIUMU JCICHUSIMUA KJIETOK
M, KaK CKa3aHO BBIIIE, MOT'YT CJIIYXUTh MapKepa-
MH 00pa30oBaHMUS TOTCHIMAJIbHO aKTHUBHBIX T-
u B-numdornuros [26, 27, 28].

YuyuteiBas BbIllIECKAa3aHHOE, YPOBEHb MoJie-
kyn TREC u KREC B nepudgepnueckoit KpoBu
MOXHO paccMaTpuBaTh KakK OJIHY M3 XapaKTepuc-
TUK MMMYHHOIro ctaryca mnamnueHTa. [lockoibky
HHU3KNWE YPOBHU MM OTCYTCTBUE BTHX MOJEKY]
B KPOBOTOKE CBUJIETEILCTBYET O HEBO3MOXHOCTHU
Pa3BUTHUS aleKBAaTHBIX 3allIUTHBIX peaKIIuii opra-
HU3Ma, orocpeaoBaHHbIX T- u B-kjeTrkamu, B OT-
BeT Ha MH(MEKINIO, KOJIMYESCTBEHHOE ONpeAcieHIe
ATUX MOJICKYJI MOXET AaTh [IECHHYO AMarHOCTUYEC-
KYI0 U TIPOTHOCTUYECKYIO MHGMOPMAIUI0 O BO3-
MOXKHOCTHU Pa3BUTH S OCIOXKHEHUU 1 KPUTUICCKUX
COCTOSIHUY y TTallMEHTA.

Lennr HacTosell pabOTHI: JaTh KOJUYECTBEH-
HYI0 o1ieHKY conepkaHus Moiekysl TREC u KREC
B epudeprIecKoil KpoBU OOJIBHBIX C HOBOI KOPO-
HaBupycHoit uHdpexkuueit COVID-19 ¢ pa3Hoii Ts-
JKECThIO TeUSHM ST MH(PEKIIMOHHOTO Ipoliecca.

Matepuanbl 1 MeTOObI

B xone paGoThsl O6b110 MpoaHanu3upoBaHo 1028
00pa3110B BEHO3HOU KPOBU, TTOJIYUYCHHON OT ITalu-
€HTOB MHMEKIIMOHHBIX OTIEJICHUI CTallMOHAPOB
Kinnnunuyeckoit 6onpHULBI No 122 um. JI.I. Coko-
J0Ba M YHUBEpPCUTETCKOM KIMHUKU IlepBoro
Cankr-ITeTepOyprckoro rocyiapCcTBEHHOro Meau-
LIMHCKOro yHuBepcuTeTa uM. akaa. M.I1. [TaBioBa
C TNOATBEPXAEHHBIM nauarHosom COVID-19.
OO6pa3ubl KpoBU OBUIW MOJYYEHbI OT OOJbHBIX,
UHGUIMPOBAHHBIX B epuof ¢ Mas 2021 1. mo mapT
2022 r. B paborty 6pain o6pa3ibl KPOBU MallMeH-
TOB, COCTOSTHME KOTOPBIX XapaKTepPU30BaI0Ch KaK
cpenHeTsxkenoe (n = 747), tsaxenoe (n = 204) uiau
KpaitHe Tsxkenoe (n = 77), roe n — KOJIUYECTBO Ye-
JIOBEK B rpyrire (taom. 1).

B kaudecTBe KOHTPOJIBHBIX B paboOTe HCHOJIb-
30Bajii 00Opaslbl LIEJbHOW KPOBHU, MOJYUYEHHBbIE
oT 717 yCIIOBHO 340POBBIX JOOPOBOJIbLIEB B BO3pac-
Te oT 18 mo 108 et B MeauiinHckoM neHTpe ®BYH
«Cankr-Iletepoyprckuit HUWM snuaemuonoruu
n Mukpodbuonoruu mmeHu Ilacrepa» B pamkax
OporpaMMBl OLEHKH TOITYJISIIMOHHOTO UMMYHM-
TeTa xkuteneit Cankt-IleTepOypra.

KpurtepueM WHCKIIOUCHUS W3 WCCIASAOBAHUS
SIBJISIJIOCHh HAJIMUME Y 00CIIeIyeMbIX UMMYyHOIS (O~
nuTa Jroooro reHesa, BUY-uHpekium, BUPyCHOro
remaTura.

B3saTtue KpoBUM OCYIICCTBISJIA B IIPOOUPKY
¢ antukoaryiassHtoM OJITA. B neHb B3sATUSA 00-
pasubl TpaHCHOPTUPOBAJIU B JabopaTOPUIO MO-
nexynsapHoit umMmyHosorun HHWHW snupemno-
JIOTUM U MUKpobuosorun umeHu [lacrepa ¢ co-
OJitogeHUeM TeMmIliepaTypHoro pexuma +4..+8°C.
Cpa3y mnocje TpPaHCIOPTUPOBKMU OCYIIECTBIISIN
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M.A. CainTranuHa n gp.

MHdekumns n uMmyHuTeT

Ta6nuua 1. Fpynnbl nauneHToB, cpOPMUPOBaHHbIE MO BO3PaCTY U CTeNeHU TAXECTU TeueHus 3aboneBaHus
Table 1. Patient groups formed by age and severity of the disease

Yucno naumeHTOB B BO3PaCTHbIX rpynnax, abce. (%)

CTeneHb TAXECTU Number of patients in age groups, abs. (%)
Severity 18-29 net 30-39 net 40-49 net 50-59 net 60-69 net >70 net
18-29 years old | 30-39 years old | 40-49 years old | 50-59 years old [ 60-69 years old | > 70 years old

CpepHeii TaxecTn 191
Moderate 27 (96,4) 98 (88,3) 123 (75,9) 149 (76,4) 159 (65,2) (66.3)
Taxenobie
Severe 1(3,6) 12 (10,8) 33(20,4) 34 (17,4) 69 (28,3) 55(19,1)
KpaiiHe Taxensbie
Critical 0 1(0,9) 6(3,7) 12 (6,2) 16 (6,5) 42 (14,6)
Beero 28 111 162 195 244 288
Total

O6uwee uncno naumeHtos: 1028

Total number of patients: 1028

akcTpakuuio totaibHoit JHK mn3 250 mka neii-
KOLIMTapHOU (ppaKLIMu KPOBU C UCMOJb30BaHUEM
KomMMepueckoro Habopa «PUBO-mperr» (HHUU
sanuaemuogoruu, Poccus). Ilocne yero nnst Bcex
o6pazuoB JHK mnpoBoamaum MyAbTUMIEKCHYIO
Real-time T1LIP ¢ omHoBpemMeHHOII aMnaupuKa-
nueii nByx ueieBbiX ¢parmeHTtoB JHK TREC,
KREC, u ¢pparMeHTOB ABYyX HOPMUPOBOUHBIX I'e-
HoB HPRT u RPP30. KonuyecTBeHHYIO OLIEHKY
conepxaHus moyiekKyad TREC u KREC npoBoau-
JIU C TIOMOIIbIO MeTOAa IOCTPOSHUS CTaHIapT-
HBIX KPUBBIX C MCIIOJb30BAHUEM TECT-CUCTEMBI
«TREC/KREC-AMP PS» (DBYH HUWMU Ilactepa,
Poccus) [5]. [Ipu aHanu3e pe3yabTaTOB YUYUTHIBA-
JIX BCE BO3MOXXHBIE OIIMOKM Ha 3Tare MoAroTOBKU
obOpa3sua ToranbHoi JIHK, BeineneHHOI 13 KJI€TOK
KpoBu [6, 7].

Jna deHOTUIIMpPOBAaHUS KJIETOK Tepude-
puYecKoid KpoBU OOJBHBIX, MH(MUIMPOBAHHBIX
COVID-19, ucnonb30oBaji METOJ MHOTOLIBETHO
MPOTOYHOW IUTOMETPUH. JIJIsT BBISIBJICHUS TIO-
nyngauuu T- u B-numpouuton 200 MKJI 00pa3ioB
LIEJIbHOW KPOBU OKpallvWBaIu MOHOKJIOHAJbHBI-
mu aHtutenramu (MKA), MedeHHBIMU II00-
poxpomamu CD45RA-FITC (Beckman Coulter,
CIIA), CD3-APC-AF750 (Beckman Coulter,
CIIA) u CDI19-APC/Cy7 (BioLegend, CIIA)
COOTBETCTBEHHO, COIJaCHO MHCTPYKILUSIM ITPO-
n3BoauTeneit. OOpaslbl KpOBU WMHKYOMpPOBAIIN
¢ MKA npu KoMHaTHOI TeMmepaTrype B TEMHOTE
B TeueHHUe 10 MUH, ITOCJIE YeTO JU3UPOBAJIU IPU-
TPOLIUTHI B TeUeHUE 15 MUH B MPUCYTCTBUU 2 MJ
au3upyloniero pactBopa «VersalLyse» (Beckman
Coulter, CIITA) u 50 MxJ1 hUKCUPYIOLIETO PACTBO-
pa «IOTest 3» (Beckman Coulter, CIIIA). 3aTtem
KJIETKUW ABaX bl mpoMbiBaau (7 muH, 330 1) cTe-
pulbHBIM (docdaTHO-coneBbiM Oydepom (PBS),
comepxawmuM 2% deTaabHy0 ObIYbIO CbIBOPOT-
Ky (Sigma-Aldrich, CIIIA), "HaKTUBUPOBAHHYIO
HarpeBaHmeM. Ilocie 4Yero KJIEeTKM peCyCIICH-
nuposaiau B 0,5 ma PBS, comepxamem 2% Heii-
TpaJIbHBIN 3a0ydepeHHBI pacTBOp (opMaamHa

(Sigma-Aldrich, CIIIA). 15 mpoBeneHus uccie-
JNIOBAaHUSI MCITOJb30BaJCs MPOTOYHBIN LIUTOMETP
«Navios» (Beckman Coulter, CIIIA), ocHalcH-
HBIN Ja3epaMu ¢ IJHOM BOIHEI 405, 488, 638 HM.
Hna ompenenenuss T-muMpOIUTOB codOupain
He MeHee 20000 coObiTuii. Jdnst B-kaeTouyHOoTro
3BeHa U3 KaxKJ10ro oopasia OblJI0 COOpaHO HE Me-
Hee 5000 CDI19* B-kjeTok.

DdenoTunupoBane TMM@OLIMTOB ObLJIO ITPOBE-
JIEHO IJIsT 00pa310B KPOBU, ITOJIYUYSHHBIX OT TSIXKe-
JIBIX M KpaiHe TSIXKeJIbIX 00JbHBIX, HA0TI0AaBIITUXCS
B WH(MEKIIMOHHOM OTACIICHUU YHUBEPCUTETCKOMN
kauHuku IlepBoro Cankr-IleTrepOyprckoro rocy-
ITapCTBEHHOTO MEIUIIMHCKOIO YHHBEPCUTETA WM.
akan. M.I1. [TaBnosa.

CraTUCTHUECKYIO O00pabOTKy HTaHHBIX IIPO-
BOOMJIA C TIOMOIIbIO MPOTpaMMHOIO obecriede-
Husg GraphPad Prizm 5 u Microsoft Excel 2010.
HopMmallbHOCTB paciipeneicHU ST MOJTYYSHHBIX YHC-
JIOBBIX TAHHBIX TIPOBEPSIJIA C TIOMOIIBIO ABYX KPH-
TepueB: KosmoropoBa—CmupHoBa u Illanupo—
VYunka. KoppelsalMOHHBIN aHaau3 MPOBOIUIIN
¢ pacuetoM KoadduuueHra CrnupmeHa, 3Hade-
HHE KOTOPOro OIleHHMBaJu To mkKajide Yemmoka.
Hnst cpaBHeHUsS HE3aBUCUMBIX BEBEIOOPOK IIPU-
MeHsau kKputepuu ManHa—YutHu, Kpackena—
Yonnuca, tect JlanHa, a Takxke ROC-aHanus ¢ BHI-
yucJIeHUeM 3HaueHus mioiaau noa ROC-kpuBoit
(AUC — Area Under the Curve).

Pe3ynbrathl 1 06CyXaeHne

Panee OblTa ycTaHOBJIEHA OTpUIIaTeIbHAs
KOppEeISIIIMOHHAsI 3aBUCUMOCTh YPOBHST MOJIEKYJI
TREC B nepudepuyeckoii KpoBU C BO3pacTOM
Y YCIIOBHO 3IOPOBEIX Jrofeit ctapiie 18 jeT. B KoH-
TPOJbHOU BBIOOPKE OBIJIO BBIAEJEHO IIECTh BO3-
PaCTHBIX TPy JIIOJEi ¢ UHTEPBaJIOM B ASCSTh JIET,
IIST KOTOPBIX TMOKa3aHBI JOCTOBEPHBIC Pa3TUIUS
B KOJIMYECTBEHHOM cojaepxkaHuu Mojekysl TREC:
18—29 ner, 30—39 ner, 40—49 ner, 50—59 ner, 60—
69 set n auua crapiue 70 yseT. Bblio mokasaHo oT-
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CYTCTBUE KOPPEJISIIIUOHHOM 3aBUCUMOCTH MOJIEKYJT
KREC ¢ Bo3pacToM M yCTaHOBJICHBI TPAHUIIBI pe-
depeHCcHBIX uWHTepBaJioB 1is1 ypoBHeir TREC
n KREC [3].

J17151 Bcex BO3pacTHBIX I'PYIIIT KPOME CaMOM MJta -
meit (18—29 net) ypoBerns Mosekyn1 TREC y 6oib-
HbIXx COVID-19 6b11 1OCTOBEPHO CHUXKEH COTJIACHO
U-xputepuio Manna—Yutau (p < 0,0001 ipu 95%
JAWN). Yposenb monekyn KREC y GolbHBIX TaKxKe
6b11 JocToBepHO cHMKeH (p < 0,0001 ipu 95% AN).

Ha puc. 1 u 2 nmoka3zaHbl 1uarpaMMbl CpaBHe-
HUS MeOUaHHBIX 3HadeHuUit mapameTpoB TREC
n KREC B o0Opa3mnax, moJydeHHBIX OT OOJBbHBIX
C HOBOM KOpPOHABUPYCHOI MH(peEKIUeid, 1 B KOH-
TPOJAbHBIX 0Opa3uax. B Taba. 2 yKa3zaHbl 3HaUEHU 5T
meauaH ypoBHeii TREC ayis Bcex onmuchiBaeMbIX
BBIOOPOK.

YcTaHoOBIeHA OCTOBEpHAsT TIpsiMasi KOppeJsi-
LIMOHHas 3aBUCUMOCTb ypoBHeil mojiekyal TREC
¢ konuuectBoM CD45"CD3*CD19- T-kietok (Ko-
sadpdpunmenT koppensgsuuu Cnupmena r = 0,59, p <
0,0001), a rakxxe ypoBHeit mosekya KREC ¢ konu-
yectBoM CD45"CD3-CDI19* B-kiyetok B nepude-
puyeckoit kposu (r = 0,66, p < 0,0001). Ha puc. 3
" 4 IIpeAcTaBJIeH KOPPEASIIINOHHBINM aHAJIU3 YPOB-
HEW 9KCIIM3MOHHBIX KOJel U JTUMQOIIMTOB COOT-
BETCTBYIOIIEro ¢beHOTUTIA.

Koppengiunonusie Koap@UIMEHTHI I, yKa3aH-
Hble Ha puc. 3 u 4, npesBblawire 3HadyeHue 0,5,
CBUAETENbCTBYIOT 00 YMEPEHHOM MOJOXUTETbHOM’
CBSI3M CpaBHUBAEeMbIX ITapaMeTPOB.

CaMmoii MHOTOYMCJICHHONI W13 BBIIECJICHHBIX
TPYNI TAIlMEHTOB SABJSIJIACH TPYIINa C BO3PACTOM
oonbHbIX cTapiie 70 net. M3 tabn. 1 BUAHO, 4TO
yeM BBIIIEe BO3PacT MAllUEHTOB, TeM OOJbIlle Ha-
OJIIOIAJIOCH TSIKEJIBIX M KpaliHe TSIKEJIbIX CITydacB
TeyeHUs MHPeKru. Tak B BO3pacCTHOU TpyIIIe
> 70 ner 14,6% Bcex MallMEHTOB XapaKTepHU30Ba-
JINCh KpaliHe TSIKEJIBIM COCTOsSHUEM. B To Bpems
Kak B rpynme 18—29 yieT kpaiiHe TIXeJbIX CTy4aeB
He Hab1101aJI0Ch COBCEM.

Cpenu nanueHToB cTapiie 70 JIET B TSI3KeIoM
coctostHUM B 69,1% ciaydaeB ypOBHM MOJEKYII
TREC/KREC 0b CHUXEHBI OTHOCHUTEIBHO
BO3pacTHOI HOpMBI. B 16,4% ciiyyaeB y TakMX I1a-
IMEHTOB OBIIM OomgHOBpeMeHHO cHUxXeHbl TREC
n KREC. B rpynmne kpaiiHe TSIKeJIbIX OOJbHBIX
crapire 70 net ypoBun TREC/KREC Haxogunnch
HUXe BO3pacTHOM HOPMHBI Y 71,4% nalneHTOB, O/1-
HoBpeMeHHO cHUXeHHBIe ypoBHU TREC 1 KREC
ObLIM yCTaHOBJIEHB! Y 21,4% GobHBIX (pUC. 5).

3HaueHUusI KOPPEeASILMOHHBLIX KO3(PhUILIMeH-
ToB CrimpMeHa MO3BOJISIOT yTBEPKAATh, UTO ITOJ
HalreHTa He BIUSIEeT HA Ha CTEIICHb TSIKEeCTHU 00-
ne3nu (r = —0,066), Hu Ha ypoBHU MoJiekya1 TREC
(r=-0,083) u KREC (r = 0,026) B nepudepndec-
KOI KpPOBM.

IMpucyrcTByeT moctoBepHas ciabasi oTpuiia-
TeJbHAsT KOPPEISIIIMOHHAsT 3aBUCUMOCTb MEXIY

TSIXKECTBIO TEeUYeHUSsI 3a00JIeBaHUS W YPOBHSIMU
monekynl TREC B o0Opasuax KpoBU MallMEHTOB
(r = —-0,153; p = 0,000002). OgHaKO MOAYJIb KO-
s dunmeHTa Koppeasiiuu IIpUHUMAET 3HAYCHIE
oiuzkoe K 0,1, 4To TMO3BOJISIET TOBOPUTH JIUIIb
00 oueHb cyaboit B3aumocsa3u. [1pu aTom gocto-
BepHOI 3aBUCUMOCTHU 3HaueHuii aHanuta KREC
OT TSIXECTU TeUCHU ST MHMOEKIINU HE BBISIBICHO.

Ha puc. 6, 7 u 8 u3o06paxeHbl JOJM MallMEHTOB
c ypoBHsamu moaekya TREC, KREC u ogHoBpe-
mMeHHO TREC um KREC cooTBeTCTBEHHO, HUXE
HOPMBI y TPYNII OOJBHBIX C Pa3HON CTEIEHBIO
TSIXEeCTU MHPEeKLMoOHHOro npouecca. Ha puc. 9
OTOOpaXKeHbI AOJU MallMEHTOB Pa3HbBIX IO TXKe-
ctu uHpexkuuu COVID-19, y KOTOpBIX XOTSI OBI
OIVH IIEJICBOI aHAJIUT OBIJI CHUXKCH.

CpaBHeHNE MeIWaH YMCIOBBIX 3HAUCHU I TTapa-
meTpoB TREC nu KREC B npenenax kaxmaoil Bo3-
pacTHOI Tpynmbl MeXIy BBIOOpKAMM MallMEHTOB
pPa3HBIX MO CTEMCHU TSKECTH TCUCHUSI MHQEK-
OUOHHOTO IIpollecca ¢ IIPUMEHEHUEM KPUTEPUS
Kpackena—Yonnuca u tecra JlaHHa MO3BOJIUJIO
YCTaHOBUTD, 4YTO ypoBeHb MoJieKya TREC B rpyn-
ne manueHToB 30—39 JeT y OONBHBIX C TSKEIBIM
TeUeHUEeM MHMEKIIMOHHOTO ITporecca J0CTOBEPHO
HUXe IO CPAaBHEHUIO C 00JIbHBIMU CPEeAHEeH TsIKe-
ctu (p = 0,0404). AHanorMYHO A1 BO3PACTHOM
rpymnbl 40—49 net: ypoBeHb TREC y 0G0JBHBIX
C TSIKEJIBIM TeYEeHUEM O0O0JIC3HU JOCTOBEPHO HUKE
0 CpaBHEHMWIO C ITTAallMEHTaMM CpEIHEM TsIKe-
ctu (p = 0,0356). OmHako B BO3PACTHBIX IpyIiax
50—59 net, 60—69 neT u 60Jiee 70 T TOCTOBEPHBIX
paznuuuii B 3HaueHUssXx TREC mexny nanueHTa-
MM C pa3HOM CTETICHBIO TIXXKECTU NMHMEKINOHHOTO
npoliecca He BbISIBJICHO.

Ha puc. 10 mpuBegensl ROC-kpuBbIe, ITONY-
YyeHHble Npu cpaBHeHUU 3HaueHUit TREC mexny
BBIOOPKAMU CPEIHETSIKEIBIX U TSIKEJIBIX O0JIBHBIX
BHYTpHU Bo3pacTHBIX Ipynn 30—39 et (AUC = 0,69),
40—49 net (AUC = 0,63), 50—59 net (AUC = 0,54).

Ilpy cpaBHEHUM BBIOOPOK CPEIHETSIKEIBIX
U Tskeablx manueHToB 30—39 et muomanb mof
ROC-kpuBoii paBHsiiack 0,69. IloporoBoe 3Ha-
yenne TREC B Touke cut-off coctaBuno 22,07 xo-
nuii/10° kieTok. Pa3BuTHe KPUTHUYECKHUX COCTO-
SSHUW nOporHo3suponayioch mnpu 3HadeHuu TREC
HUKe JaHHOW BEJMYMHBI UM paBHOU eil. UyBCT-
BUTEJIbHOCTh U CIEUDUIHOCTh MOJEIN COCTaBU-
v 81,63 11 45,45% cOOTBETCTBEHHO.

IIpu cpaBHEHHWU CPEeIHETSKEIBIX U TIKEJIBIX
nanueHToB 40—49 et niowanb nog ROC-kpuBoii
paBHstiack 0,63. Iloporosoe 3HaueHue TREC
B Touke cut-off — 17,67 xomwuii/10° KiaeTOK.
YyBCTBUTEIBLHOCTD U CICHU(MUIHOCTh MOICIN —
65,85 1 57,69% COOTBETCTBEHHO.

ITonydyeHHBIE pe3yabTaThl COOTHOCSTCS C JIM-
TepaTypHBIMU JaHHBIMU O CHUKCHUU abCOJIOT-
HOTO 4YHucjia TUMGOILNTOB B ITOABISIONIEM 00Ib-
IIUHCTBE CJIy4aeB B KPOBU OOJIBHBIX C TSIKEJIBIMU
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PucyHok 1. CpaBHeHue ypoBHeit Monekyn TREC y 60nbHbix COVID-19 1 KOHTPOMbHBIX Fpymnn
Figure 1. Comparison of TREC levels in COVID-19 patients and control groups
Mpumevanume. A) 18-29 net; B) 30-39 net; B) 40-49 ner; ') 50-59 neT; 1) 60-69 neT; E) > 70 net. Ha onarpammax ykasaHsi

MeJMaHHble 3Ha4YeHUA C MHTEPKBAPTUJIbHbIM Pa3MaXxoM.

Note. A) 18-29 years old; B) 30-39 years old; C) 40-49 years old; D) 50-59 years old; E) 60-69 years old; F) > 70 years old.

The graphs show median values with interquartile range.
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dopmamu COVID-19 [4, 11, 24, 26]. B HEeKOTOpBIX
MPOBEIEHHBIX paHee WCCAEeNOBaHUSIX CcoobIa-
eTcst, uto peuentop AIID-2 skcmpeccupyercs
B TOM YHCJIE Ha MeMOpaHaXx reMOITOITUYECKUX
CTBOJIOBBIX KJIETOK M Ha HEOOJBIIONW A0J€ JUM-
dountoB (< 5,0%) [31]. Hapymenus numdoros-
32 MOTYT OBITh CBSI3aHBI C IIPSIMBIM MOpPaXXeHUEM
BupycoM SARS-CoV-2 kjeTok-npeanecTBeHHU-
KOB JUMMOIIMTOB B KOCTHOM MO3Te¢ WU TUMYCE
0 MHUIMALMU MNPOILECCOB aHTUTEH-HE3aBUCHU-
Mol nuddepeHIUPOBKU U HOPMUPOBAHUS MO-
snekyn TREC/KREC, 4To NpuMBOAMUT K JeTEKIIUU
UX CHUXEHHBIX ypoBHeil. Kpome Toro, onucaHbl
ATI®-He3aBUCUMBIE MTyTU HETaTUBHOTO BO3MAEi-
ctBus Bupyca SARS-CoV-2 Ha numdbonuTapHbe
dyHkuuu. HanpuMep, moBbIlIIeHHAsI 9KCIPECCU ST
xemokuHoB CXCL10/IP-10 u CCL2/MCP-1, 3a-
duKkcupoBaHHasI B MOHOHYKJIeapax Iepudepu-
YeCKO KpoBU OOJIbHBIX, CIIOCOOHA MOAABISTH
pa3BUTUE TEMOMNOITUYECKUX KJIETOK-TIpelie-
cTBeHHUKOB [17, 25, 31]. OnmucaHo moaaBjeHUE
JuMdoII033a MOCPENCTBOM ITPSIMOTO BO3AEHCTBU S
Mosiekys IL-6 Ha reMornosTU4YeCKue CTBOJIOBBIE
KJIETKM/KJAETKU-TIPEAIIeCTBEHHUKU, YCTaHOB-
JieHa mpsiMasi 3aBUCUMOCTb MEXy KOJWYECTBOM
IL-6 u Ts13xecThIO 3ab0oneBanug [9, 13, 17, 30].
BoisgBneHHasi HaMu  OTpUllaTeJbHAsT KOp-
pesiIliMOHHAasT 3aBUCUMOCTb MEXNY TSIKECThIO
KJIMHUYECKUX MposiBiieHu nHbekuuu COVID-19
n ypoBHeM Mosekya TREC B kpoBu mnamueH-
TOB B Bo3pacTHOM auarnazoHe 30—49 jget roBoput
0 BO3MOXXHOCTU MPUMEHEHUSI JTaHHOTO IMapamMeTpa
KaK JUAarHOCTUYECKOTO U MPOTHOCTUYECKOIO Jia-

TaGauua 2. 3HayeHns veguat ypoeHeii TREC
Table 2. Median TREC levels

p<0,0001
A
800 - r L
x =2 642,7
e & 600
5o
S5
o
Tg 400+ 385,73 3896
o o
T O
£ 2001 2103 185,30
x
75,9
0 ; T
KonTponb COVID-19
Control

PucyHok 2. CpaBHeHue ypoBHeii monekyn KREC
y 60nbHbIX COVID-19 1 KOHTPOJILHOW rpynnbi
Figure 2. Comparison of KREC levels in COVID-19
patients and controls

MpumeyaHue. Ha fnarpamme npeacTaBneHbl MegnaHHbIe
3HAYeHWs C MHTEPKBAPTUIIbHBIM pPasmaxom. Yucnamum
0003Ha4YeHbl 3HAYEHUS MeMaH, HUXHEro (Q,s) M BEPXHEro
kBapTunen (Qs).

Note. The graph shows median values with interquartile range.
The numbers indicate the values of medians, lower (Q,)
and upper quartiles (Q;s).

OOpaTOpPHOTO MOKa3aTeas] COCTOSIHUS TallueHTa.
OnHako MpUMEHEHWEe TAKOTO JTabopaToOpHOTO TeCcTa
MOXET ObITh OrpaHMYEHO BO3PACTHBIMU OCOOCH-
HocTsAsMU. Kak u3BecTHO, ¢ yBeJIMUYEHUEM BO3pacTa
yeaoBeKa (pyHKIUS TUMYyCa UCTOIIAETCSI, OOHOB-
neHue T-TuM@OLUTOB 3aMeIISIeTCs, CIEI0BATENb-
HO, KOJIMYECTBO U pKyIupytomunx mojekyna TREC

P-value, nony4eHHble npu
KonuyecTteo . CpaBHEHUU rPyrmn C NPUMEHEHMEM
rgy""b' CpasHeHus [o6poBonbLeB (n) Tﬁi%g&ngéﬂaéofzqﬂ) Kputepus MaHHa-YUTHU
omparison groups Number of volunteers (n) edian (Qs; Qrs) P-values obtained compared by using
the Mann-Whitney U-test
KonTponb )
13:22;) n;TrS i Control 120 553,3 (372,0; 854,5) 0,2283
y COVID-19 28 369,7 (173,0; 1293,0)
KonTponb )
gg:gg nee;s " Control 118 248,9 (113,5; 595,0) <0,0001
y COVID-19 1 110,8 (27,9; 283,8)
KoHTponb )
:g::g neeaTr g |Contr 132 191,3 (72,1, 391,4) < 00001
y COVID-19 162 38,0 (2,4; 127,5)
KoHTtponb )
y COVID-19 195 34,6 (0,3; 104,8)
KoHTponb )
y COVID-19 244 10,8 (0,0; 76,8)
KoHTponb .
c>Jv7e(: J71(()ET ears old Control i A I <0,0001
y COVID-19 288 2,2(0,0; 24,8)
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B KpPOBM CTAaHOBUTCS 3HAYUTEJIbHO MEHBIIIE.
IMo-BuauMoMy, ecTeCTBEeHHOEe yracaHue pabdoThl
TUMYCa yCyryossieTcst fercTBrueM MHGMEKITMOHHBIX
rnmpoiueccoB. B Takux ciayyasix He BCcerja ecTb BO3-
MOXHOCTh YCTAHOBUTH PAa3HUILy B COAEPXKAHUU
mosiekya TREC y 3mopoBbIX Jtoaeit 1 uHGUIUupo-
BaHHBIX OOJILHBIX.

Yro kacaeTcst B-kJIeTok, Mo HEKOTOPBIM TaHHBIM
corepxkanve B-1muMdonnToB B KpoBY y MAIlUeHTOB
¢ Tsaxenoit dopmoii COVID-19 gaBisieTcd CHUXEH-
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PucyHok 3. Koppensiuua yposHeii monekyn TREC

c ypoeHem CD45*CD3*CD19- num¢doumnToB B KPOBU
TSKebIX U KpaliHe TaXesnbiX 60bHbIXx COVID-19
Figure 3. A correlation between peripheral blood TREC
and CD45*CD3*CD19- lymphocyte levels in severe and
critical COVID-19 patients

Mpumeuanue. Ha guarpamme npencTaBfiieHo ypaBHEHNE
annpokcummnpyioen GyHKumMm, KoabPuuUMeHT JOCTOBEPHOCTU
annpokcumaum (R?), KoppensiuyoHHbI KO3hdOUUMEHT
CnvpmeHa (r) u Kputepuii ypoBHS 3HAYNMOCTK p-value.

Note. The diagram shows the equation for approximating
function, approximation reliability coefficient (R?), Spearman
correlation coefficient (r) and p-value criterion.
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HBIM MO CPAaBHEHUIO C JIETKOW UJIM yMepeHHoU dop-
Moit. OHaKO B APYTUX paboTaxX 3HAYMMBbIX pa3anduii
B KoJaMyecTBax B-KJjeTok KpoBu Mexay dhopMamMu
MpOosIBJICHU S 3a00J1eBaHMsI HE ycTaHOBJIeHO [17, 21].

3akt04eHme 1 BbIBOAbI

KonuuectBennniii [TLP-ananu3 monekyn TREC
u KREC B kpoBu 00JIbHBIX C HOBOI KOPOHABUPYC-
Holi nuHdekuueit COVID-19 no3BosiseT 1aTh OLIEHKY

6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500 * ¢ . .
R Al te T g T T T T T 1

0 50 100 150 200 250 300 350 400 450 50C

y=12,146x - 207,76 r=0,66
R?=0,4377 p<0,0001

KREC level, copies/10°cells

YposeHb KREC, konnn/10° kneTok

YposeHb CD45°CD3°CD19* numdounToB, KNeTok/Mkn
Level of CD45*CD3-CD19* lvmphocvtes, cells/ul

PucyHok 4. Koppenauus yposHei monekyn KREC

c ypoBHem CD45+CD3-CD19* num¢pouuToR B KPOBU
TAXXENbIX U KpaiiHe TaXXesbix 60nbHbix COVID-19
Figure 4. A correlation between KREC and CD45*CD3-
CD19* lymphocytes levels in the blood of severe and
critical COVID-19 patients

MpumeyaHune. Ha gnarpamme NnpeacTaBneHo ypaBHEHNE
annpokcumunpyoLLer GyHKunm, Koab@ULMEHT JOCTOBEPHOCTHU
annpokcmmaum (R?), KoppensiuyoHHbI KoahduUumeHT
Cnmpmena (r) n KpUTepuin ypoBHS 3Ha4MMOCTU p-value.

Note. The diagram shows the equation of approximating
function, approximation reliability coefficient (R?), Spearman
correlation coefficient (r) and p-value criterion.

150
1254
100

(1)
o
1

TREC, konui1/10° kneTok
B3
1S

TREC, copies per 10° cells
]
1
L d

o

o
N
o
()]
o
~
(2]

100 125 150 175 200

KREC, konuin/10° kneTok
KREC, copies per 10° cells

PucyHok 5. PacnpepeneHnue yposHeit monekyn TREC n KREC y naumeHToB ctapue 70 net ¢ undekumen

COVID-19

Figure 5. Distribution of TREC and KREC levels in COVID-19 patients over 70 years of age
MpumeyvaHue. A) B TAXENOM COCTOSHUK; B) B KpaHe TSXeN0M COCTOSHWUW. TTYHKTUPHBIE IMHUN OTAENSIOT 3HAYEHNUS,

HaxoasLmecs Huxe yctaHoBneHHbIx HopMm TREC/KREC.

Note. A) severe condition; B) critical condition. Dashed lines separate values below the established TREC/KREC norms.
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PucyHok 6. [lonu naumMeHTOoB C pa3HOoii CTENEHbIO
TSXKECTU Te4ueHUs MHPEKLMOHHOro npouecca
COVID-19 co cHmxeHHbIMU ypoBHaAMu TREC
Figure 6. Proportion of patients with varying COVID-19
severity and reduced TREC levels
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Figure 8. Proportion of patients with varying COVID-19
severity and combined TREC/KREC decreased levels
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PucyHok 7. lonn nauMeHTOoB C pa3HOi CTENEeHbIo
TSXKECTU Te4EeHUS MHPEKLMOHHOIo npouecca
COVID-19 co cHmkeHHbIMU ypoBHAIMU KREC
Figure 7. Proportion of patients with varying COVID-19
severity and reduced KREC levels
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PucyHok 9. 1011 nauMeHTOB C Pa3HOW CTEeNeHbio
TKECTU Te4eHUs MHPEKLMOHHOIo npouecca
COVID-19, y KOTOpbIX CHUXEH XOTS Obl 0AUH
ueneBon aHanuT

Figure 9. The proportion of patients with varying
COVID-19 severity and decreased at least one target
analyte
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PucyHok 10. ROC-kpuBbie, nosy4yeHHble Npu cpaBHeHun 3HavyeHuli TREC mexay BbIOOpKamMy NaLuMeHToB

CO cpepHeTaXeJibiM U TaXeJibiM COCTOAHUeM

Figure 10. ROC curves obtained by comparing TREC levels between patients with moderate and severe condition
MpumeuaHue. A) Bo3pacTHol rpynnel 30-39 net; B) Bo3pacTHoii rpynnbl 40-49 net; B) Bo3pacTHoM rpynnsl 50-59 net

(BOCTOBEPHbBIX Pa3nNymnin HET).

Note. A) 30-39-year-old age group; B) 40-49-year-old age group; C) 50-59-year-old age group (no significant differences).

GYHKIIMOHABHOI akTUBHOCTU T- 1 B-KjieTouHOTrO
3B€HAa UMMYHMUTETA, U, KaK CJIEICTBUE, CBOEBPEMEH-
HO BBISIBJISITh MALIMEHTOB, HYKIAIOIIUXCS B 0COOOM
BHUMaHUM, W TIPUMEHSTH ITPEBEHTUBHBIE MEpHI,
CMOCOOCTBYIOIIIE CHUKEH U0 YUCITa JIETaJIbHbIX UC-
xonoB. HecnoxHbrit anroputm I P-ananuza nena-

€T aKTyaJIbHbIM IPUMEHEHNE OMUCAaHHOr0 Criocoda
OLICHKU COCTOSTHUSI UMMYHUTETa KOPOHABUPYCHBIX
OOJIBHBIX B YCJIOBUSIX CTPEMUTEIBHOTO pacpocTpa-
HeHud Bupyca SARS-CoV-2, ero cucteMHOro He-
TaTUBHOIO BJIWSHUS HA OPraHU3M U TSKECThIO BO3-
MOXHBIX OCJIOXKHEHU I y MallUEHTOB.
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Abstract. Introduction. Asthe COVID-19 pandemic continues to pose a significant challenge to global health, effective thera-
peutic options for preventing and treating the disease have become increasingly important. We aimed to provide an update
on current treatments and therapeutic options for COVID-19 patients. Materials and methods. The purpose of this umbrella
review is to explore the current treatments and therapeutic options for COVID-19 patients. Keywords and their combina-
tions were searched across online databases in Embase, PubMed/MEDLINE, Web of Science, and Scopus spanning from
July 1, 2020, through March 3, 2023. Publications were selected for data extraction in two steps based on the study inclu-
sion/exclusion criteria. The study adheres to the PRISMA checklist as well as NIH bias risk and quality assessment tool.
Results. In this review, 28 relevant articles were selected for the final qualitative synthesis. The majority of included studies
had reported on the efficacy of Lopinavir/Ritonavir (n = 4), Ivermectin (n = 3), Baricitinib (n = 2), Tocilizumab (n = 2),
Remdesivir (n = 2), ACEI/ARB (n = 2), Vitamin D (n = 2), Molnupiravir (n = 2), Traditional Chinese medicine (TCM)
(n = 2), Convalescent plasma transfusion (CPT) (n = 2) and hydroxychloroquine (n = 2) in treating COVID-19. It appeared
that Baricitinib, Remdesivir, ACEI/ARB, TCM, and CPT may have beneficial effects on reducing mortality, hospitaliza-
tion duration, and disease severity in COVID-19 patients. Other interventions, such as Lopinavir/Ritonavir, Ivermectin,
Vitamin D, and Hydroxychloroquine did not show clear benefits or had inconclusive results. Conclusion. This umbrella re-
view provides a comprehensive overview of the current evidence on the effectiveness and safety of various pharmacological
and non-pharmacological interventions for COVID-19. These results provide an updated overview of the current landscape
for COVID-19 treatments, highlighting potential avenues for further research and clinical practice. It is crucial to continue
monitoring emerging evidence and conducting rigorous studies to guide the development and optimization of therapeutic
strategies against COVID-19.

Key words: COVID-19, SARS-CoV-2, treatments, therapy, medicine, umbrella review.
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«30HTU4YHbIN» OB30P CPELOCTB U CTPATEIrM JIEHEHUSA NPU COVID-19

C. CeitenAmunaru', A.M. Adcaxu?, A. Moana3, I1. Mupsamop', P. Illaxuau3, X. Cuamn?, ®.®. Pan’,
®. AooGacmop®, H. Mo3sadapn?®, K. @axpeannu’, 1. Mexpaun’, O. Tagpac?

! Upanckuii uccnedosamenvcruii yenmp BUY/CIIHla, Teeepanckuii ynusepcumem meduyunckux nayk, Teeepan, Hpan
2 Kaaugpopruiickuii ynueepcumem, Can-Zueeo, Kaaugpopnus, CIIA

3 Yuueepcumem meduyuncxkux nayx bywepa, e. bywep, Hpan

4 Ucnamexuii ynueepcumem Aszad, Teeepan, Upan

> Teeepanckuil ynugepcumem meduyunckux ayk, Teeepan, Upan

¢ Ilenmp uccaedosanus nogedenueckux sabonesanuii, Mncmumym 30pasooxpanenus, Kepmanuwaxciuii ynueepcumem
MeduyuHckux Hayk, e. Kepmanwax, Hpan

’ Xaaxanckuii ynueepcumem meduyurckux Hayk, e. Xaaxan, Upan

¢ Yuueepcumem bepeena, e. bepeen, Hopseeus

Pe3iome. Bsedenue. Tlockonbky nanaemuss COVID-19 mpomonkaeT mpencTaBisTb coOOW Cepbe3HYI0 MpoOaeMy st
17100aJIbHOTO  3MPAaBOOXpPaHEHUsI, Bce 0ojiee BaKHBIMM CTAHOBSITCS 3(O(MEKTUBHBIC TEpareBTUUYECKUE BapUaHTHI
NpoGUIAKTUKKA U JICYEHUST 3TOro 3abosieBaHus. MBbl CTPEMUJIUCHh MPEIOCTaBUTh OOHOBJIEHHYIO HMH(MOPMALIMIO
0COBPEMEHHBIX CPeCTBaX M MeTonaxaeueHus aisi naiueHToBc COVID-19. Mamepuaaviumemods:. Llenbio taHHOr0 0030pa
SIBJISLJIOCH U3YYEHME COBPEMEHHBIX METOIOB JICUEHMS U TepareBTUIeCKMX BO3MOXHOCTel ais nmaiueHToB ¢ COVID-19.
[Touck Ki104eBBbIX CIOB M MX KOMOMHAIIMI MPOBOAMJICA B OHJaliH-0a3ax maHHbIX Embase, PubMed/MEDLINE, Web
of Science u Scopus ¢ 1 utomst 2020 r. mo 3 mapta 2023 r. [Ty6nukanyy aist U3BJICYEHMS JAaHHBIX OTOMPAJIMCh B 1B 3Tara
Ha OCHOBE KPUTEPHEB BKIIFOUEHM S /UCKITIoUeHU . MiccenoBaHme COOTBETCTBYET KOHTpobHOMY crticKy PRISMA, a takoke
MHCTPYMEHTY OLIEHKH pricka 1 KadecTBa NIH. Pesyasmameot. 17151 OKOHUATETHHOTO KAYECTBEHHOTO CTHTE3a B HACTOSIIIIEM
0030pe OBIJIO OTOOpaHO 28 COOTBETCTBYIOLIMX cTaTeil. B OOIBIIMHCTBE BKJIIOUCHHBIX MCCICHOBAHUIL COOOIIANOCh
00 acekTrBHOCTH JTIOTTMHABMPa/puTOHABUpA (N = 4), nBepMeKTUHA (n = 3), 6apuuuTrHrOa (n = 2), Tonnyinzymada (n =
2), pemaecuBupa (n = 2), MATI®/BPA (n = 2), Buramuna D (n = 2), MoHynupasup (n = 2), TpaguIIMOHHON KUTANCKOM
MeauuuHel (TKM) (n = 2), nepenuBaHus mia3Mbl BeizaopasauBatoniux (ITIB) (n = 2) u ruapokcuxiopoxuna (n = 2) npu
neyennn COVID-19. Okasajock, 4to rmpueM dapuuutruHnoa, pemaecusupa, MATI®/BPA, TKM u IT1B criocobcTBYIOT
CHIXEHUIO CMEPTHOCTH, YKOPOYEHHUIO CPOKOB FOCIUTAIM3ALMN U YMEHBIIEHUIO TSKECTH 3a00J1eBaHMS Y ALMEHTOB
¢ COVID-19. PesynbraT mpuMeHeHUs TaKMX IpernaparoB, KakK JOMMHABUDP/PUTOHABUD, MBEPMEKTUH, BUTaMUH D
U TUAPOKCHUXJOPOXUH, ObLIT HE CTOJNb YOeAMTENeH. 3akatouenue. Mbl MpPENCTaBUIM BCECTOPOHHUI 0030p TEKYIIUX
JIAHHBIX 00 3((MEKTUBHOCTH M 0€30MaCHOCTU PA3IUYHBIX (papMaKoJOrMYeCKUX M He(apMaKoJOTMYeCKUX CPEICTB
tepanu COVID-19 1 BBISIBUIY MTOTEHIIMAIbHbIC HAIIPABJICHUS TaTbHEHIITNX HAYIHBIX U KJIMHMYCCKUXUCCICTOBAHUI
M KJIMHWYECKOW TMpakTwku. KpaiiHe BaxKHO IPOMOJIKAaTh MOHUTOPWHT HOBBIX TAHHBIX M IPOBOOUTH TINATEIbHBIC

HCCIICNOBAHMUS IJI pa3pabOTKU U OIITUMU3ALINY TePAIeBTHUECKMX cTpareruii B oTHoImeHn COVID-19.

Karueesvie caosa: COVID-19, SARS-CoV-2, neuenue, mepanus, Meouyuna, «<30HMU4HbLI» 0030p.

Introduction

The COVID-19 pandemic has posed a significant
challenge to global health, with millions of cases and
deaths reported worldwide. The COVID-19 pandemic
caused by the novel coronavirus SARS-CoV-2 has
become a global public health emergency [30, 40]. As
the world continues to grapple with the pandemic, there
has been a growing need for effective therapeutic op-
tions to prevent and treat COVID-19 [28, 34]. Several
potential therapeutic opportunities have emerged, in-
cluding antiviral drugs, monoclonal antibody thera-
pies, anti-inflammatory drugs, convalescent plasma
therapy, and vaccines [7]. In this context, ongoing
research and development of treatments and pre-
vention measures have become critical in managing
the COVID-19 pandemic [13] and effective therapeu-
tic options for preventing and treating the disease have
become increasingly important [24, 25, 28].

The pandemic has highlighted the need to devel-
op treatment guidelines based on current and reliable
evidence, rather than relying solely on past experi-
ences and theories. Although various potential ther-

apeutic opportunities have emerged, including an-
tiviral drugs, monoclonal antibody therapies, anti-
inflammatory drugs, convalescent plasma therapy,
and vaccines, it is essential to frequently review and
revise these guidelines due to the rapid pace at which
new evidence can emerge during a crisis [4]. The rap-
idly changing nature of information during a crisis
means that guidelines can quickly become outdated,
and it is important to stay up-to-date on the latest
developments in order to provide the best possible
care. By continually revising guidelines, healthcare
professionals can ensure that they are providing
the most effective and evidence-based treatments
to their patients [14, 19].

Against this background, it is crucial to empha-
size the importance of ongoing research to fully un-
derstand the effectiveness and safety of COVID-19
treatment and prevention options. This review
provides a brief overview of some of the potential
options for COVID-19, highlighting benefits and
the need for ongoing research to fully understand
their effectiveness and the safety of current thera-
peutic options.
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Materials and methods

This review investigated currently available
treatments and therapeutic options for COVID-19
patients and elaborate on the implications and po-
tential adverse effects. This study adheres to items
of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist.
The risk of bias for included studies was assessed by
the National Institute of Health (NIH) quality and
bias risk assessment tool.

Data sources. We performed a comprehensive
search on the online database of Embase, PubMed/
MEDLINE, Web of Science, and Scopus. Combining
the relevant keywords and search queries all the relevant
articles published in the English language were browsed
and retrieved from July 1st, 2020, to March 3rd, 2023.
The comprehensive list of queries in different databases
is provided in Supplementary Material 1. Here is an ex-
ample of a search query in the PubMed/MEDLINE
database: ((“COVID-19”[mesh] OR “SARS-CoV-
2”Imesh] OR COVID-19[tiab] OR SARS-CoV-2[tiab]
OR coronavirus disease 2019[tiab] OR severe acute
respiratory syndrome coronavirus 2[tiab] OR 2019
nCoV [tiab] OR SARS Coronavirus 2[tiab]) AND
(“Therapeutics”[mesh] OR Therapeutic [tiab] OR
Therapy [tiab] OR Therapies[tiab] OR Treatment|tiab]
ORMedicine[tiab] OR Drug[tiab] OR Medication[tiab])
NOT (Vaccine[ti] OR Vaccination][ti])).

Study selection. To ensure the seclection of the
most appropriate studies, we employed two distinct
selection steps. Initially, three research staff screened
titles and abstracts of the retrieved articles. In the
next step, three other researchers conducted a thor-
ough full-text review of the initially selected arti-
cles. Pertinent publications that met the inclusion/
exclusion criteria were included for data extraction.
The inclusion criteria were as follows: The study
had to a systematic review, written in English, peer-
reviewed prior to publication, and published in the
allocated time period (July 1st 2020 — March 3rd
2023). Studies were excluded if they were original
articles, duplicated, non-human research models,
ongoing experiments and/or lacking published data,
conference abstracts or abstracts without accessible
full texts, preprint papers, editorial letters, case re-
ports, or series.

Data extraction. Three researchers extracted
the necessary data from the eligible articles. A pre-
planned spreadsheet was used to record the detailed
information, which is presented in Table 2. Any po-
tential duplicates were removed, and the accuracy
of the extracted data was verified by other members
of the research team.

Quality and bias risk evaluation. The quality and
precision of the studies and reported results were
assured by adhering to the items outlined in the
Preferred Reporting Items for Systematic Reviewsand
Meta-Analyses (PRISMA) checklist. Additionally,

the National Institute of Health (NIH) quality and
bias risk assessment tool was used to assess and mini-
mize the potential risk of bias in the selected studies.
Table 1 presents the results of the quality assessment.
The questionnaire at the bottom of the table was used
by two researchers to rate the included studies.

Results

In this review, we identified a total of 4717 relevant
sources. After an initial check, 805 duplicate articles
were excluded, and the remaining 3912 articles were
screened based on the relevancy of titles and abstracts
through which 3561 resources were excluded. From
the remaining 351 articles, 323 were excluded as they
have not met the eligibility criteria. These excluded
studies were non-English studies (n = 32), endur-
ing studies (n = 53), systematic review protocols (n =
24), non-human studies (n = 85), studies unrelated
to treatment and medicine (n = 113), and non-full-text
studies (n = 16). Ultimately, 28 articles most relevant
to the study objective were selected for the final review.

Atotal of 28 potential treatment regimens were iden-
tified for COVID-19 as shown in Table 2. The majority
of included studies reported on the efficacy of Lopina-
vir/Ritonavir (n = 4), Ivermectin (n = 3), Baricitinib
(n = 2), Tocilizumab (n = 2), Remdesivir (n = 2),
ACEI/ARB (n = 2), Vitamin D (n = 2), Molnupiravir
(n = 2), Traditional Chinese medicine (TCM) (n = 2),
Convalescent plasma transfusion (CPT) (n = 2) and
hydroxychloroquine (n = 2) in treating COVID-19.

Despite many studies on Lopinavir/Ritonavir,
which have shown no specific adverse effects, current
research still lacks strong evidence regarding its antivi-
ral effects against COVID-19. Ivermectin shows poten-
tial effectiveness in mild-moderate COVID-19 patients.
However, further studies are needed. One study indi-
cated that in the absence of antiviral treatments, cau-
tious administration of Ivermectin can be considered.
Studies showed that Baricitinib (which is a type of JAK
inhibitor) along with Sarilumab, served as a good alter-
native for COVID-19 treatment and it can lead to a re-
duction in mortality rate among hospitalized patients
with moderate-severe COVID-19. It appeared that
Molnupiravir, which is a prodrug for Hydroxycitidine,
could reduce the hospitalization and mortality rates
in high-risk COVID-19 patients. Some studies have
demonstrated the potential of Chinese traditional
and herbal medicine as an alternative for the preven-
tion, treatment, and rehabilitation of COVID-19 pa-
tients. Furthermore, recent studies have indicated that
certain drugs can be beneficial in specific subgroups
of COVID-19 patients. For instance, ACE/ARB has
shown potential effectiveness in reducing ICU ad-
mission and mortality rate among individuals with
hypertension who were previously using ACE/ARB.
Additionally, Convalescent Plasma Therapy (CPT) has
demonstrated effectiveness in patients with hematolog-
ical malignancies, while Remdesivir has shown posi-
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Figure. PRISMA 2020 flow diagram of study retrieval process

tive outcomes in non-ventilated hospitalized patients.
Nirmatrelvir/Ritonavir, sold under the name Paxlovid,
a combination of the SARS-CoV-2 protease inhibitor
nirmatrelvir, and ritonavir, a CYP3A4 inhibitor, is one
of the best therapeutic choices for high-risk patients
in reducing all-cause mortality and hospital admis-
sion. In people without prior or concomitant therapies
low- to moderate-certainty evidence revealed that nir-
matrelvir/ritonavir can be safe.

Discussion

The main objective of thisumbrella review was to eva-
luate and summarize the existing evidence on the poten-
tial treatments and therapeutic options for COVID-19
patients. The review provides a comprehensive overview
of the current knowledge in this field. A total of 28 sys-
tematic reviews and meta-analyses were included in this

review and encompassed a wide range of treatment
modalities, including antiviral drugs, immunomodula-
tors, JAK inhibitors, Convalescent plasma transfusion
(CPT), Traditional Medicine and Supplementary medi-
cine. The most frequently used therapies in selected
studies were Lopinavir/Ritonavir (n = 4), Ivermectin
(n = 3), Baricitinib (n = 2), Tocilizumab (n = 2),
Remdesivir (n=2), ACEI/ARB (n=2), Vitamin D (n =
2), Molnupiravir (n = 2), Traditional Chinese Medicine
(TCM) (n = 2), Convalescent plasma transfusion (CPT)
(n = 2) and hydroxychloroquine (n = 2).
Lopinavir/Ritonavir is a combination of protease
inhibitors that has been used to treat HIV infec-
tion and was also effective against SARS-CoV and
MERS-CoV in vitro and in animal models [35]. Some
previous studies reported that there is no significant
difference between Lopinavir/Ritonavir and standard
care in terms of mortality, viral clearance, or adverse
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Table 1. Quality/Bias risk ratings of the included studies according to the NIH Quality Assessment Tool*

Reference Questions Rating by reviewers
1 2 3 4 5 6 7 8 #1 #2
[1] Yes Yes Yes Yes NR Yes Yes Yes Good Good
[2] Yes Yes Yes Yes Yes Yes Yes Yes Good Good
[6] Yes Yes Yes Yes Yes Yes No Yes Good Good
[8] Yes Yes Yes Yes Yes Yes Yes Yes Good Good
[9] Yes Yes Yes Yes Yes Yes No Yes Good Good
[11] Yes Yes Yes Yes Yes Yes No Yes Good Fair
[12] Yes Yes Yes NR Yes Yes Yes NA Fair Good
[15] Yes Yes Yes Yes Yes Yes Yes Yes Good Good
[16] Yes Yes Yes Yes Yes Yes No NA Good Fair
[17] Yes Yes Yes Yes No Yes No NA Fair Fair
[18] Yes Yes Yes Yes Yes Yes No Yes Good Good
[20] Yes Yes Yes Yes Yes Yes No Yes Good Good
[21] Yes Yes Yes Yes Yes Yes No NA Fair Good
[22] Yes Yes Yes No No Yes No NA Fair Fair
[23] Yes Yes Yes Yes NR Yes No NA Good Good
[26] Yes Yes Yes NR Yes Yes No NA Fair Fair
[27] Yes Yes Yes Yes Yes Yes Yes NA Good Good
[29] Yes Yes Yes Yes Yes Yes No NA Good Good
[31] Yes Yes Yes Yes No Yes No NA Fair Good
[32] Yes Yes Yes Yes No Yes NR No Fair Fair
[33] Yes Yes Yes Yes No Yes NR Yes Fair Fair
[36] Yes Yes Yes Yes Yes Yes No Yes Good Good
[38] Yes Yes Yes Yes Yes Yes No Yes Good Fair
[39] Yes Yes Yes Yes Yes Yes No Yes Good Good
[41] Yes Yes Yes Yes Yes Yes No Yes Good Fair
[42] Yes Yes Yes Yes Yes Yes NR No Fair Fair
[43] Yes Yes Yes Yes Yes Yes No Yes Good Good
[47] Yes Yes Yes Yes Yes Yes No NA Good Fair

Note. NIH — National Institutes of Health; CD — cannot determine; NR — not reported; NA — not applicable.

*The NIH Quality Assessment Tool for Systematic reviews and Meta-Analysis (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools)
contains 8 questions: 1 — Is the review based on a focused question?; 2 — Were eligibility criteria for included and excluded studies predefined and
specified?; 3 — Did the literature search strategy use a comprehensive, systematic approach?; 4 — Were titles, abstracts and full-text articles dually and
independently reviewed for inclusion and exclusion to minimize bias?; 5 — Was the quality of each included study rated independently by two or more
reviewers using a standard method to appraise its internal validity?; 6 — Were the included studies listed along with important characteristics and results
of each study?; 7 —Was publication bias assessed?; 8 — Was heterogeneity assessed?

events [37]. In our review, Lopinavir/Ritonavir did not
show clear benefits in terms of hospitalization duration
and time to negative PCR in mild diseases [27, 29, 32].

Ivermectin is an antiparasitic agent that inhibits
the replication of viruses in vitro. The molecular hy-
pothesis of Ivermectin’s antiviral mode of action sug-
gests an inhibitory effect on severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) replication
in the early stages of infection [36]. One of three stud-
ies that evaluated Ivermectin, indicated that it has
potential effectiveness in treating mild to moderate-
ly ill patients. However, its role as an antiviral drug
against COVID-19 in clinical setting is not clear yet
as the other two studies were inconclusive [27, 36, 47].

Baricitinib is a Janus kinase (JAKI/JAK2) in-
hibitor developed to treat patients suffering from
rheumatoid arthritis. JAK-STAT signaling is critical
to multiple cellular processes, including survival, dif-
ferentiation, and proliferation [45]. The conclusion
of two studies that examined Baricitinib was in line,

as they concluded Baricitinib is an alternative
to Tocilizumab, which is a recombinant humanized
anti-1L-6 receptor monoclonal antibody that has been
approved for use in patients with rheumatologic dis-
orders and chimeric antigen receptor T cell-induced
cytokine release syndrome [46] for reducing mortal-
ity in COVID-19 patients admitted to the hospital and
undergoing corticosteroid treatment. Systemic JAK
inhibitors reduce all-cause mortality in hospitalized
individuals with moderate-severe COVID-19 [1, 16].
Remdesivir is a nucleotide analog that inhibits vi-
ral RNA polymerase and has broad-spectrum antiviral
activity against several RNA viruses, including SARS-
CoV-2 [3]. Studies have shown that in non-ventilated
hospitalized patients with COVID-19 who did not re-
quire ventilation, Remdesivir can decrease mortality.
It is important to note that Remdesivir is associated
with specific adverse effects, such as significant brady-
cardia, so rigorous attention is needed during the ad-
ministration of this drug in COVID-19 patients [2, 27].
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Treatments and therapeutic options for COVID-19

The ACEI/ARB drug class was analyzed in two
studies included in this review. The findings of these
studies were consistent. The first study examined the use
of ACE/ARB among COVID-19 patients of East Asian
descent and found no adverse outcomes. Additionally,
ACEI/ARB use was associated with shorter hospitali-
zation and reduced mortality rates. The beneficial ef-
fects of ACEI/ARB were more pronounced in individu-
als with hypertension, and the reduction in hospitaliza-
tion was greater in females compared to males. In the
second study, it was concluded that prior ACEI/ARB
treatment was linked to lower hospital mortality, ICU
admission, and the need for Intermittent Mandatory
Ventilation (IMV) in COVID-19 patients [15, 20].

Two studies investigating the effects of vitamin D
supplementation, with one study combining it with
vitamin C, were included in this review. Vitamin D
plays a role in modulating the innate immune re-
sponse, while vitamin C possesses antioxidant, anti-
inflammatory, antithrombotic, and immunomod-
ulatory functions. Administration of vitamins C
and D to COVID-19 patients did not demonstrate
any influence on disease susceptibility, severity, or
progression. Importantly, no adverse events were ob-
served in the trials, indicating the safety of vitamin D
supplements at the examined doses [11, 26].

Molnupiravir is an antiviral drug similar to Rem-
desivir, targeting the RNA-dependent RNA polymer-
ase (RdRp) enzyme utilized by the coronavirus for tran-
scription and replication of its viral RNA genome [44].
Two reviews encompassing a total of 7 randomized con-
trolled trials (RCTSs) provide evidence that Molnupiravir
shows promise as a valuable agent, significantly reduc-
ing the risk of hospitalization or death in high-risk/
mild COVID-19 patients. Additionally, it may benefit
non-pregnant, unvaccinated adults with COVID-19
who face an elevated risk of severity and hospitalization.
Another advantageous feature of Molnupiravir is its
cost-effectiveness. The drug has demonstrated good
tolerance and safety with no significant adverse events
reported in short-term use at doses ranging from 50—
800 mg BID or a single dose up to 1600 mg [23, 43, 44].

Traditional Chinese Medicine (TCM) is a holis-
tic approach that uses herbal formulas, acupuncture,
moxibustion, and other modalities to treat various
diseases based on the principles of yin-yang balance,
qi circulation, and organ function. TCM has been
widely used in China to prevent and treat COVID-19
patients with different disease stages and syndromes.
Two comprehensive reviews, comprising a total of 76
randomized controlled trials (RCTs) and 101 reviews,
have reached a consensus that TCM shows promise
as an alternative approach for treatment, rehabilita-
tion, and prevention. Furthermore, when used alone
or in conjunction with conventional medicine, TCM
has demonstrated benefits in alleviating symptoms
among patients with acute respiratory infections.
Notably, one intervention that emerged as commonly
utilized was Xuebijing (XBJ) injection [18, 21].

Convalescent plasma therapy (CPT) involves
the use of plasma collected from individuals who have
recovered from COVID-19. This plasma contains neu-
tralizing antibodies against the SARS-CoV-2 virus.
CPT has been utilized as a passive immunotherapy
for COVID-19 patients, aiming to transfer immunity
from donors to recipients [10]. One study has demon-
strated that CPT can serve as an effective supportive
therapy for COVID-19 patients with hematological
malignancies. The findings indicate that CPT may
lead to improved clinical outcomes, including higher
survival rates, enhanced clearance of SARS-CoV-2,
presence of anti-SARS-CoV-2 antibodies, shorter
hospital discharge time, and better recovery after one
month of CPT. Importantly, the treatment did not
show any association with adverse events [31, 42]. Data
on the effectiveness of Hydroxychloroquine as an anti-
malarial used for treating COVID-19 patients were in-
conclusive [27, 31]. While there has been an umbrella
study on the effects of Hydroxychloroquine and chlo-
roquine therapy in COVID-19 [5], no umbrella review
has compared different classes of therapeutic options.

In addition to the above-mentioned treatments,
this umbrella review discussed other therapeutic op-
tions for COVID-19 patients. These include Thymosin
alphal (Tal), anticoagulants, other antivirals (such as
Nirmatrelvir, Saquinavir, Favipiravir), Ultra-violet
radiation therapy, Colchicine, Arbidol, N-acetyl
cysteine (NAC), Ayurvedic medicines, JAK inhibi-
tors (such as Tofacitinib, Ruxolitinib, Sarilumab),
SSRI (Fluvoxamine), Clozapine, Quercetin and
Anakinra (immunomodulator). Among these treat-
ment options, Ayurvedic medicines, JAK inhibitors
(such as Tofacitinib, Ruxolitinib, Sarilumab), SSRI
(Fluvoxamine), colchicine, and Quercetin have shown
to be beneficial in treating COVID-19 [6, 9, 16, 22, 39].
On the other hand, NAC, anticoagulants, Clozapine,
and Anakinra were non-beneficial [8, 12, 17, 33]. In the
case of Thymosin alphal (Tal), the findings suggest
that Tal therapy does not have a statistically significant
impact on mortality. However, subgroup analyses in-
dicated a beneficial effect on mortality in patients over
60 years of age, with a proportion of females less than
40%, and with severe COVID-19 [41].

The main limitations of this systematic review are
the heterogeneity of the included studies in terms of de-
sign, population, intervention, comparator, outcome,
and quality; the lack of meta-analysis due to the scar-
city and diversity of data; and the possibility of publica-
tion bias due to the rapid emergence and dissemination
of COVID-19 literature. Therefore, the results of this
review should be interpreted with caution and updated
regularly. Despite the extensive research conducted
on treatments for COVID-19, there are still gaps and
areas of uncertainty in the existing evidence. For exam-
ple, there is limited evidence on the effectiveness of cer-
tain antiviral drugs or immunomodulatory therapies.
Additionally, the long-term effects of these treatments
and their impact on specific patient populations, such

895



S. SeyedAlinaghi et al.

MHdekumns n uMmyHuTeT

as pregnant women or individuals with comorbidities,
require further investigation. Therefore, more high-
quality RCTs are needed to evaluate the efficacy and
safety of these treatments and to identify the optimal
dose, duration, timing, and combination of interven-
tions for different subgroups of COVID-19 patients.

Conclusion

In conclusion, this umbrella review offers a com-
prehensive overview of the current evidence on the ef-
fectiveness and safety of various pharmacological and
non-pharmacological interventions for COVID-19.
Based on the included studies, we found that some
interventions, such as Baricitinib, Remdesivir, ACEI/
ARB, TCM, and CPT may have beneficial effects
on reducing mortality, hospitalization duration, and
disease severity in COVID-19 patients. However,
the results should be interpreted with caution due
to the heterogeneity and potential bias of the studies.
Other interventions, such as Lopinavir/Ritonavir,
Ivermectin, Vitamin D, and Hydroxychloroquine did
not demonstrate clear benefits or provided inconclu-
sive results. Therefore, additional high-quality rand-
omized controlled trials are needed to confirm the ef-
ficacy and safety of these interventions, while also
investigating optimal dosage, duration, and timing.
Furthermore, future research should also consider
the potential interactions, adverse events, and cost-
effectiveness of the interventions, as well as the indi-
vidual characteristics and preferences of the patients.
The results of this study can be useful for clinicians
and physicians who need evidence to choose the best
treatment in a critical situation such as COVID-19.
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BUOJIOTMYECKAA XAPAKTEPUCTUKA
OHTEPOATPErATUBHOIO LLTAMMA
ESCHERICHIA COLI ONT:H30 18-726

(Ne B-8857), BbIAEJIEHHOIO OT NALMEHTA
C 93BEHHbIM KOJIUTOM, U HOBbI CNOCOB
nuP-WAEHTUOUKALUN

M.A. Makaposa'?, E.E. Kpyrios**, JI.A. KadrsipeBa'?

'®@FYH HUH snudemuonocuu u muxpoouosoeuu umenu Illacmepa, Cankm-Ilemep6ype, Poccus

2@I'BOY BO Cesepo-3anaonsiii cocyoapcmeennniii meduyunckuii ynusepcumem um. M. H. Meunurosa, Cankm-Ilemep6ype, Poccus
T4Y 00 BO Meduyunckuii ynusepcumem «Peasus», e. Camapa, Poccus

‘@IbY THUHU soennoii meduyunovt MO PD, Cankm-Ilemepbype, Poccus

Pesiome. Llenb paboThl — M3YyUUTH OMOJOTUYECKHE CBOMCTBA 9HTEepoarperaTuBHoro mramma Escherichia coli (EAZEC),
BBIIGJICHHOTO M3 OMOINCHIIHOrO MaTepuaja CIUM3UCTONH O0OJOUKM TOJCTOM KUIIKM IMallMeHTa C SI3BEHHBIM KOJIH-
TOM, a TakXe pa3paboTtaTh HOBbIH criocod [MIIP-uneHTHhUKAIIMK IITAMMOB 3TO MaTtorpynmnsl. Mamepuaiast u me-
moobl. B MccaenoBaHUM MPUHSIN y4acThe 46 MallMeHTOB ¢ BepU(ULMPOBAHHBIM TMATHO30M <«SI3BEHHBIM KOJIUT».
Brimenenue 87 mramMmmoB E. coli oCyIeCTBISIIOCH U3 OMOIICHITHOTO MaTeprasia TOJICTOM KUIITKH, TTOJIYIEHHOTO B X0/
CTaHIAPTHOM 3HIO0CKOIMMIECKO Imporeaypbl. Omiucanne OMOXUMUUYSCKUX CBOMCTB OAKTEPHit COYETAIOCh C MOJICKY-
JISIPHO-TEHETUYCCKUM OTIpeAc/IcHNEeM IeTCPMIUHAHT BUPYJICHTHOCTU M HAIMINEM MEXaHM3MOB aHTUOMOTHKOPE3H-
crenTHocTU. C MCHojib30BaHKeM Habopa peareHToB «AMIInCeHc®Diepuxuo3sl — FL» ObLT IpoBeseH CKPUHUHT
Ha HaJlu4yue NUapeereHHbIX ITaMMOoB E. coli, KOTOpbIi BbIsIBUI Haquuue ogHoro mrtaMmma EAgEC. Metonuueckuit
TTOJIXOJT TTO CO3JIaHMI0 HOBOTO CIOCc00a MAEHTU(GUKAIIMY ITaMMa 6a3upoBaJIics Ha MOMCKe YHUKAJTbHOI reHeThYec-
KOH TIOCJIeoBaTeIbHOCTH B Te€He TilyTaMatinekapookcuiassl (gad). Pezyasmamer. Itamm E. coli 18-726 1o 6uoxu-
MUYECKUM MPU3HAKAM MOXHO OINMMCaTh KaK TUITMYHBIM JJIsI CBOEro BUaa. M3yuyeHHBIN IITaMM XapaKTepu30BaJics
(heHOTHTIOM MHOKXECTBEHHOI PE3UCTEHTHOCTH K aHTUMUKPOOHBIM IperapaTaM, a TakKe OTCYTCTBUEM UYBCTBUTEIb-
HOCTH K ITATH npenaparaM O0aktepuodaros. [ltamm E. coli 18-726 nMen YHUKaAJIBbHYIO MTOC/IEIOBATEILHOCTh I'eHa,
koaupytouiero O-aHTUTEH, KoTopast oTaudanachk oT 188 msBectHbix O-anTureHoB (ONT), 1 1Mo MAEHTUYHOCTH HY-
KJCOTHIHOM MOCIeN0BaTeIBHOCTH TeHa, Kogupylomiero cuHTe3 H-anturena, mpuHaaiexan K cepoBapy H30. Takum
o0OpasoM, antureHHas ¢popmysaa mramma EAgEC 18-726 Beipaxanack kak ONT:H30. IlItamm E. coli 18-726 conepxan
3HAUMTENBHBIN CIIEKTP TEHOB, PeaTU3YIOIINX CBOMCTBA BUPYJACHTHOCTH (iss, capU, aggA, aggB, aggC, aggD, aap, aar)
1 PE3UCTEHTHOCTH K aHTUOUOTUKAM (blacryp.is, Dlaren.is, aadAl, aadAS, mph(A), catB3). HoBblii crioco0 uaeHTUdGM-
kauuu EAgEC npu xpoHnveckux 3aboeBaHUsIX KUlleuHUKa 6azupyetcs Ha Metoe [T1L[P ¢ mpumeHeHuem npaiime-
pOB 1Sl crieuMUUYHOrO yyacTka reHa riaytaMaraekapOokcunassl (gad). 3akawuenue. 1) TlpoaHanusupoBaHbl OUO-
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XMMUYECKHE, aHTUTEHHBIE U MOJIEKYISIpHO-TeHeTUYecKue cBoiicTBa mtamma E. coli ONT:H30 18-726 (Ne B-8857),
BBIJIEJIECHHOTO OT MAallMeHTa ¢ TUCTOMOP(MOIOrMUECKM YCTAHOBJIECHHBIM IUArHO30M «sI3BEHHBIM KOuT». 2) Co3naH
u 3anareHToBaH criocod INIIP-unentudukanuun EAgEC, ocHOBaHHBIN Ha BBISIBICHMU CIEIM(PUUECKOro yyacTKa
reHa IrIyTaMaTaeKapOoKCHIa3bl B FeHOME IIITAMMOB.

Karouesvte caosa: Escherichia coli, EAgEC, széennbiii koaum, 1P, supyrenmuocms, aHmubUuomuKkope3ucmeHmHocme.

BIOLOGICAL CHARACTERISTICS OF THE ENTEROAGGREGATIVE ESCHERICHIA COLI ONT:H30
18-726 (No. B-8857) STRAIN ISOLATED FROM A PATIENT WITH ULCERATIVE COLITIS AND A NEW
METHOD OF PCR IDENTIFICATION

Makarova M.A.**, Kruglov E.E.*¢, Kaftyreva L.A.*"

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

b Mechnikov North-Western State Medical University, St. Petersburg, Russian Federation

¢ Reaviz Medical University, Samara, Russian Federation
4 State Research and Test Institute of Military Medicine, St. Petersburg, Russian Federation

Abstract. The aim of the work is to assess biological properties of the enteroaggregative Escherichia coli (EAgEC)
strain isolated from the colon mucosa biopsy material from a patient with ulcerative colitis, and to develop a new
method for PCR identification of E. coli strains. Materials and methods. The study involved 46 patients with a veri-
fied ulcerative colitis. Isolation of 87 E. coli strains was carried out by using colon biopsy material obtained dur-
ing a standard endoscopic procedure. The description of the biochemical bacterial properties was combined with
the molecular genetic detection of virulence determinants and presence of antibiotic resistance mechanisms. Using
the “AmpliSense® Escherichiose — FL” reagent Kkit, a screening for the presence of diarrheagenic E. coli strains was
performed, which revealed the presence of a single strain of EAgGEC. The methodological approach to creating a new
method for strain identification was based on the search for a unique genetic sequence within the glutamate decar-
boxylase (gad) gene. Results. E. coli 18-726 can be described biochemically typical to its species. The studied strain
was characterized by a multiple resistance phenotype (MDR) to antibiotics, as well as a lack of sensitivity to five bac-
teriophages. The E. coli 18-726 strain had a unique sequence of the gene encoding the O-antigen, which differed from
188 known O-antigens (ONT) and, by the identity of the nucleotide sequence of the gene encoding the synthesis of the
H-antigen, the strain belonged to the H30 serovar. Thus, the antigenic formula of strain EAgEC 18-726 was expressed
as ONT:H30. The E. coli 18-726 strain contained a significant spectrum of genes that enable properties of virulence
(iss, capU, aggA, aggB, aggC, aggD, aap, aar) and resistance to antibiotics (blacrx.y.is, blarpw. s, aadAl, aadAS, mph(A),
catB3). A new method for identifying EAgEC in chronic bowel disease is based on the polymerase chain reaction
method using primers for a specific region of bacterial glutamate decarboxylase (gad) gene. Conclusion. 1) The bio-
chemical, antigenic and molecular genetic properties of E. coli ONT:H30 18-726 strain (No. B-8857) isolated from
a patient with histomorphologically diagnosed ulcerative colitis were analyzed. 2) A method for PCR identification
of EAgEC strains based on the detection of a specific region within the bacterial genomic glutamate decarboxylase
gene has been created and patented.

Key words: Escherichia coli, EAgEC, ulcerative colitis, PCR, virulence, antibiotic resistance.

BeepneHnue

B HacTosIiee BpeMsi B CBSI3M C BHEApPEHUEM
M HCHOJIb30BAaHUEM MOJIEKYISIPHO-TEHETUYECKUX
METOJOB B JIaDOPAaTOPHYIO MNPaKTUKY JTOCTYII-
HBIM CTAHOBUTCSI U3ydyeHUE MUKpPOOMOMa 4Yeso-
BeKa He TOJbKO MpU MH@PEKIIMOHHON MaTOJOTUH,
HO U MPpU PaA3JUUYHBIX MOJUITUOJOTUMUYHBIX HO30-
gorusax. Poab MukpoOHoro ¢dakrtopa sBJisieTCs
JUCKYTaOeIbHBIM BOIIPOCOM B OTHOIIEHUU BOC-
naauTeabHbIX 3abojieBaHull kKuniedyHuka (B3K)
yejioBeka. ['mmoresa, KoTopasi HaXOAUTCS B TMPO-
ecce 3KCnepuMeHTaaIbHOTO MOATBEePKACHU S, 3a-
KJII0UaeTCsl B BbISIBIEHUM CHEUUPUUECKOTO WH-
(GeKIIMOHHOT0 areHTa, BbI3bIBalolllero 3abdoJieBa-
HUSsI, KOTOPBI HE ObIJI OOHAPYXKEeH 0 HACTOSIIIErO
BpeMeHU. Takke o00CcyxkaaeTcsi BOMMPOC O BO3HUK-

HOBEHMHU 1ucOaaHca MeX 1Y MHANTEHHOM MUKPO-
OMOTOI U CIIU3UCTOI 000JIOUKOI TOJICTOM KUIIIKHU,
KOTOpPBII MPUBOAUT K TpaHC(HOpMaLUU HEKOTO-
pPBIX IIpEACTaBUTEIC HOPMOOUOTHI, B YACTHOCTH
E. coli [15]. Beicokas mmaacTU4HOCTb reHoMa E. coli
CIOCOOCTBYET HEKOHTPOJMPYEeMOMY (hopMHUpoOBa-
HMIO YHUKaJbHBIX ITATOTeHHBIX IIITAMMOB 13 KOM-
MEHCaJIbHbIX. YCTaHOBJIEHO, YTO pacIIpocTpa-
HEHHOCTh IITaMMOB-HOCUTEJICii TI'e€HEeTUYECKUX
MapKepoOB M3BECTHBIX JACTEPMUHAHT II€PCUCTEH-
MM U IaTOTeHHOCTU B KUIIEYHO MHUKPOOUOTE
300POBBIX JMI O€3 MPU3HAKOB OCTPOTO MJIM XPO-
HMYECKOro 3a00JjieBaHUs KeJIYT0YHO-KHUIIEUHOTO
tpakTa (ZKKT) He nipesbitraeT 10%. Ipu cHuxKe-
HMM KOHILICHTPAllM¥M U aKTMBHOCTU WHIUTECHHON
MUKPOOUOTHI B IONTyAsILUU E. coli MOTryT IpOU30¥i-
TU W3MEHEHMsI, CIOCOOCTBYIOIINME YBEIUYCHUIO
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KJIOHOB ITTOTEHIIMAJbHBIX MAaTOreHoB. OIIacHOCTh
TaKMX MUKPOOUOJOTUYECKUX HAPYILIEHU CTaHO-
BUTCS OYECBUOAHOW, €CIM MPUHSITHh BO BHUMAaHUE
Ype3BBIYAHO IIHPOKUI CHEKTp (PaKTOpOB BU-
pyJeHTHocTU E. coli: 2HA0- U 9K30TOKCUHBI, 1IU-
TOTOKCUHBI, KOJUILIMHBI, aAre3MHbl, WHBa3WHBI,
a TakxXe aHTHJIM3OLMMHAas, aHTUKOMILJIeMeHTap-
Hasg W TeMOJIM3UpYyIoIIasi aKTUBHOCTB, CITOCOO0-
HOCTH TIOHABIATH (harolnTo3, THCTONOBpEXIa-
oie GepMeHTbl U MeTaO0OJUTHI, PE3UCTEHT-
HOCTh K aHTUMHUKpPOOHBIM mipernapatamM (AMII),
crrocobHocTh K L-Tpanchopmaunu u ap. [3, 14].
B mociegHue roasl oO6CyXaaeTcsi pojib aare3nB-
Ho-uHBa3uBHbIX E. coli (AIEC) B MHULMALMIO
ayTOMMMYHHOTrO ITpoiiecca npu oosie3aHu Kpona
(BK) [26]. U3BecTHO, uTo AIEC MOryT NpoHUKaTh
W pa3MHOXAaThCS B MaKpodarax, BeI3bIBasi BEICBO-
OoxJeHue OOJIbIIOro KojaudecTBa (akTopa He-
kpo3a onyxonu (TNFa), KoTophlii BEI3BIBAaE€T BOC-
naJieHMe KUIIeuyHuKa, XxapaktepHoe mjis bBK [23,
27]. Ilpu n3ydyeHU” NPUYUH BO3ZHUKHOBEHUS $I13-
BeHHoro koauTa (AK), koTopblii xapaKTepu3yeTcs
MOpakeHUEeM AUCTaJbHBIX OTAEI0B TOJCTOM KUIII-
KW, B MOCJEIHNE TOABl TaK>Ke BBICKA3BIBAIOTCS
MIpeanoJIoXXeHUST 0 poiau E. coli Kak BO3MOXHOTO
natoObuoHTa-uHULIMaTopa 3aboneBanus [23, 27].
Ipu cpenHeTsKeaoM U TsKeaoM TedeHuu AK co-
BPEMEHHBIC CTAaHIAPTHI JICYCHU ST peTJIAaMEHTUPYIOT
npumenenne AMII [6, 11, 23].

Llens wuccnemoBaHUS: W3YYUTh OWOJOTHUYEC-
Kue cBoiicTBa mtamma FE. coli ONT:H30 18-726
(Ne B-8857) 1 pa3zpaboTaTh HOBBIi1 CITIOCOO IETEKIIN U
SHTEpOATrperaTUBHBIX IITaMMOB E. coli 3 6uoricuii-
HOTO MaTepuaJa MmalueHTOB C TUCTOMOP(OIOrnIec-
KVM TVarHO30M «SI3BEHHBII KOJIUT».

Matepunasbsl 1 MeTOLbI

WUccnenoBaHue ObLIO MpOBeIeHO Ha 0a3e d3HI0-
ckomuyeckoro otmencHuss Kinmauk CamapckKoro
rOCyIapCTBEHHOIO MCOMIIMHCKOTO VHUBEPCHU-
teta (r. Camapa). buornicuiiHblli MaTepual B CO-
OTBETCTBUU C KPUTEPUSMU BKJIIOUEHUS M HC-
KJIIOUCHUS M3 MCCIACIOBAaHMS OBbUI IOJYy4YeH
B XOIE CTaHIApPTHON SHIOCKONHYECKON IIpolie-
Iypbl TpU TIPOBEACHUM KOJOHOCKONUM 46 ma-
LHMEHTaM ¢ TUCTOMOPGOJIOrMYEeCKU YCTaHOB-
JIGHHBIM JMarHo30M <«SI3BEHHBIN KoauT» [4, 10].
WUnentudukanno mraMMoB E. coli ipoBognin
METOAOM BPEMSMPOJETHON MacC-CHEeKTPOMETPUU
(MALDI-ToF MS) ¢ ucnoJjib30BaHUEM CUCTEMBbI
Microflex LT (Bruker Daltonics, I'epmanus) [1].
YyBCTBUTENBHOCTD K 18 aHTUMUKPOOHBIM ITpelria-
paTaMm ompenesissiivi AUCcKo-nud @ y3nOHHBIM METO-
JIOM C MCITOJIb30BaHUEM arapa Miojjiepa—XWHTOH
(OBYH THII IMIMB, Poccusa) u guckop (Oxoid,
Benukobpuranus). MHTeppeTalinio pe3yabTaToOB
NPOBOIUIN corlacHO KIMHMYeCKM peKOMeHIa-
nusaM «OnpeneseHre YyBCTBUTEIbHOCTU MUKPO-

OpPraHU3MOB K aHTUMUKPOOHBIM IperapaTaM»
2018 1. [7]. UyBCTBUTEJIBHOCTD K 5 TIpernapatam 0ak-
Tepuodaron: <«bakTepnodar KoIUIIPOTEUHBIN»,
«[MnobakTeprodar TMOJUBAJICHTHBIA OYMIICH-
HbIN», «CekcTadar», «I[Tuobakrepuodar noausa-
JeHTHBIN», <«[lnobGakTepuodar KOMITIEKCHBIN»,
«AuTect» (AO «HITO Mukporen», Poccust) mpo-
BOOWJIA COIJIACHO NIEHCTBYIOIIUM KIMHUYECKUM
pexkoMeHaauugaM [9]. Aast uHTepnpeTaluuu pe3yib-
TaTOB MCIOJIb30BaJIM IMoKa3aTteau: R — ycroiiuus
(0/+), I — npomexyToyHass YyBCTBUTEJIbHOCTH
(++), S — uyBcTBUTENEH (+++/++++).

IIpuHaIIeKHOCTh INITaMMOB K JHapeercH-
HbIM E. coli (DEC) npoBoauin MOJEKYJSIpHBIM
METOAOM C WCHOJb30BaHMEM Habopa peareH-
T0B «AMIinCenc®dmepuxuo3sl — FL» (PBYH
IHHWUND, Poccusi) B pexume «peaibHOro Bpe-
meHW» (ammmpukatop «CXT-1000», Bio-Rad,
CIHA). IMoaroroBky 6ubamnoreku renoma EAgEC
OpOBOIUIN ¢ moMoIbio Habopa TrueSeq (I1lumina
Inc., CIIIA), cekBeHUpOBaHUE BBITIOJIHSJINW Ha
miatdopme MiSeq (Illumina). AHHOTALIMIO T€HO-
Ma MPOBOJMJIM C TTOMOIIIbIO yTUIUTH Prokka v. 1.11
u reHoMHoro cepBepa FAST. JIng ananusa mocie-
nosartejibHocTel JIHK mogHbIX TEeHOMOB LITAMMOB
E. coli ucnonw3oBaniu Bed-caiiT LleHTpa reHOMHOI
sanuaemuojorun  (https://cge.cbs.dtu.dk/services).
ITonck reHeTMYECKMX AETEPMUHAHT MaTOTeHHO-
CTH, BUPYJICHTHOCTH, aHTUOMOTUKOPE3NUCTCHTHO-
CTH M YCTAHOBJICHWE aHTUTEHHON XapaKTepUCTH-
ku mtamMma (O- u H-aHTureHoB) NpoBOAUIIU C UC-
noJib30BaHMeEM OHJaiiH cepBucoB: PathogenFinder
(https://cge.cbs.dtu.dk/services/PathogenFinder);
VirulenceFinder  (https://cge.cbs.dtu.dk/services/
VirulenceFinder); ResFinder 2.1 (https://cge.cbs.dtu.
dk/services/ ResFinder); SerotypeFinder 1.1 (https://
cge.cbs.dtu.dk/ services/SerotypeFinder).

Pazpaborka nerekuuu mrtammoB EAgEC, ko-
JIOHU3UPYIOIIUX JTHO SI3BEHHOM TTOBEPXHOCTH
CJIM3UCTON O0OJOYKM TOJCTONM KuIIKU mnpu K,
O0asupoBaiiach Ha [1LIP-mMeTonuke 1 3akJjrouaiach
B BBISIBJIEHUU YHUKaJbHOro codyetaHusi SNP-
noanuMop(dU3MOB I'eHa TJIyTamaTaeKapOoKCHUIa3bl
(gad) E. coli ONT:H30 18-726.

Pesynbrarhl

CKpUHUHT NpUHAaIJIEeXKHOCTU mTamMoB K DEC,
TNPOBEACHHBI MOJEKYJISIPHBIM METOIOM, BBISBIII
Hanuuue cneuudruyHsix EAgEC yuactkoB JHK
B wtamme E. coli 18-726. Tlo KyiabTypajibHO-GhEp-
MEHTaTUBHBLIM cBoiicTBaM 1mtaMM EAgEC 18-726
XapaKTepU30BaJICSI TUIIMIHBIMU BUJIOBBIMHU IIPH-
3HakaMu E. coli: maBaj TOJOXUTEILHYIO PeaKIInIo
C METHUJIOBBIM KPaCHBIM U oTpuliaTeibHy10 Doreca—
IIpockayapa, He paclierisii MOYEeBUHY, He 00pa30-
BBIBaJ CEPOBOIOPON U (peHMJIalaHWHIAe3aMUHa-
3y, He (pepMEHTUPOBAJT WHO3UT W AIOHUT, HE POC
Ha uuTpaTHOM arape CuMMOHca, ObLI WHI0JI-TI0JIO-
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KUTEIbHBIM, (PepMEHTHUPOBAJ MAaHHUT M TJIIOKO3Y
IO KUCJIOTHI W Ta3a, obJlamay B-rajakTo3umaa3Hou
akTUBHOCTBHIO. [lo (bepMEeHTaTUBHBIM CBOMCTBaM
IITaMM TIPOSIBJISIT BapruaOeTbHOCTh B OTHOIIEHUU
YTIJIEBOJOB, CTMPTOB U aMUHOKUCJIOT (Tab. 1).
PesynbraThl M3YUYEHU ST YYBCTBUTEJILHOCTHU
K AMII EAgEC 18-726 noka3aJin, 4TO IITaMM B CO-
OTBETCTBUM C MEXJIYHAPOIHBIMU KPUTEPUSIMH Xa-
paxTepr30Baics HeHOTUIIOM MHOXKECTBEHHOM pe3u-
creHTHOCTU (MDR) — pe3ncTeHTHOCTh K TPeM U 00-
see kiaccam AMII. Pe3ucTeHTHOCTH Oblj1a OTMEUeHa
K B-makTamMaM (AMUHOTICHUIIUJITUHBI, WTHTHOUTOP-
3allUIICHHBIE aMWHOMCHUIIMJUIMHBI, 11e(haaocIo-
puHsbl 11V nokoneHust), xuHogsoHaM/(HTOPXUHO-
JIOHaM, aMWHOIJIMKO3UIaM, TEeTPAlMKIWHY, CYJIb-
danunamugam 1 Tpumerorpumy. Llltamm coxpaHsi
YYBCTBUTEJBHOCTh K KapOalieHeMaM (MepOoIleHEM),
xJjopam(peHUKoay U HUTpodypaHTOMHY. MeTonom
«IBOMHBIX TUCKOB» C LebTa3uauMOM, ehOoTaKCu-
MOM, 11Ie(DeMMMOM 1 aMOKCHUITUJIJINH/KJIaBYyJJaHATOM
YCTAHOBJICHO, YTO IITAMM SIBJISLICSI TTPOIYILICHTOM
OeTa-lakTama3 pacupeHHoro criektpa (BJIPC).
M3ydeHue criekTpa JUTUIECKOTrO NeiCcTBUS OaK-
TeprodaroB U UX aKTUBHOCTY B OTHOIIICHU U IIITAM-
ma EAgEC 18-726 BuIgBHIIO ero (Darope3rCTEHT-
HOCTb KO BCEM TeCTUPYEMBbIM IIperapaTtam (TadJi. 2).
Ananmu3 reHoma EAgEC 18-726 c¢ momolibio
niardopmber  SerotypeFinder 2.0 (https://cge.cbs.
dtu.dk/services/SerotypeFinder), omHmaifH-pecypca
«Center for Genomic Epidemiology», mokasaJ, 4To
IITaMM WMeJI YHUKaJbHYIO MOCJIeTOBATEIbHOCTh

Ta6auua 1. OcHOBHble pepMeHTaTUBHbIE
cBoicTBa wtammva EAgEC 18-726, BbigeneHHoro
OT NauuneHTa ¢ 93BE€HHbIM KOJIUTOM

Table 1. Main enzymatic properties of strain EAGEC 18-
726 isolated from a patient with ulcerative colitis

reHa, xkomupymoiiero O-aHTUIeH, KOTopasi OTJIM-
yagach oT 188 wm3BecTHbix O-aHTuUreHOB (ONT).
TToaeHTUYHOCTU HYKJI€OTU THOM MOCIe10BATE b-
HOCTU TeHa, KoAMpylollero cuHte3d H-aHTureHa,
mraMM npuHaaiaexan K cepopapy H30. Takum 06-
pa3oMm, aHTureHHas ¢opmynaa mramma EAgEC 18-
726 Beipazkanach kak ONT:H30.

B Tabn. 3 npeacraBieHbl TeHbl BUPYJIEHTHOCTHU
mrtamma EAgEC ONT:H30 18-726. Pesynbrarhl
aHanm3a Ha mardopme VirulenceFinder (https://
cge.cbs.dtu.dk/services/VirulenceFinder) 1oka3sa-
JIM HaJIMW4ue TE€HOB BUPYJEHTHOCTHU C UACHTUYHO-
ctoio 100—-99,9% pedepeHTHBIM OOpa3LiaM: T'eH aap
(aHTHarperalMOHHbIN O€JIOK, TUCIEP3UH), TeH aar
(6e10K-peryasaTop TPAaHCKPUIIIMOHHOTO aKTWBa-
Topa kjacca AraC/XylS), reH aggA (6osbiiasi cyob-
eAVHUIIA aJre3MOHHO-arperaliluoHHbIX (UMOpUN
I Tuna), reH iss (0eJOK yCTOMUYMBOCTU K OaKTEepU-
UIHOMY JEHCTBUIO CBIBOPOTKU KPOBU), TeH capU
(roMoJior rekcosuJiTpaHcgepasbl); ¢ UASHTUUYHO-
cTbio 99,7—99,56% pedepeHTHBIM 00Opa3laM: TeH
aggC (nepuraa3MaTUYEeCKU IIaNepoH, COOPIIUK
HayaJbHOIO 3Talla aJre3MBHO-arperalmoHHBIX
dumbpuii I Tuna) u rexd aggD (1anepoH, cOOPIIUK
aire3uBHO-arperallMoOHHbIXx GuMopuit 1 Tumna);
C UAEHTUYHOCTHIO 98,95% — reH gad (rmyramar ne-
Kapbokcmiiaza) U UASHTUIHOCTBIO 98,17% — TeH
aggB (6enok abuMOpuraibHON aare3nBHON 000J10U-
KU aHTepobakTepuit AfaD).

AHanu3 cOOPKM TEHOMHBIX TAHHBIX C UCITOIb30-
BaHUEM UHTepHeT-cepBuca ResFinder 4.1 BbisBUI
COBOKYITHOCTb T€HETUYECKMX MEXaHU3MOB peaJin3a-
AW YCTOMUYMBOCTU K aHTUOMOTUKAM, KOTOPBIE OITH-
caHbI B Ta0JI. 4.

Ta6nuua 2. YyscTBUTENnbHOCTL WTaMma EAgEC 18-
726 x npenapatam 6aktepuodaros
Table 2. Sensitivity of strain EAQEC 18-726

to bacteriophage preparations

Baktepuodar I':_Iawn;l:::"ae PesynbTrar
Bacteriophage Lysis Result
Konunportelinbiii _ R
Coli-Proteus
MuononueBaneHTHbI
OYMLLLEHHDbIN 1+ R
Pyopolyvalent purified
Cekcrtadar _ R
Sextaphage
KomnnekcHbii B R
Complex
WHTecTtn _ R
Intesti
npumeqauue. «=» — QTCYTCTBUE NINTUYECKON AKTUBHOCTW,

TecT nnn LWramm Tect unun Wramm
EAgEC 18- EAgEC 18-
cybeTpar 726 cy6cTpar 726
Joswyer | mggors | M | egccr
726 strain 726 strain
JlakTo3a N Oynbuut N
Lactose Dulcite
Caxapo3a B Copbur B
Sucrose Sorbitol
ApaOuHo3a B CanuuuH ~
Arabinose Salicin
ManbTo32 _ OpHUTUH N
Maltose Ornithine
Kcunosa B JInauu N
Xylose Lysine
PamHo3a + ApruHuH B
Ramnose Arginine
npumeqauue. «t+» — MOJIOKUTENbHAA peakumns; «—» — oTpuuaTenbHasa
peakuus.
Note. “+" — positive reaction; “-” — negative reaction.

«1+» — HU3Kasa IMTUYEeCKast akTMBHOCTb; R — HewyBCTBUTENEH
K 6akTepuodary.

Note. “-" — lack of lytic activity; “1+” — low lytic activity;

R — bacteriophage insensivity.
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IrammMm E. coli ONT:H30 18-726 ObL1 AETIOHUPO-
BaH B ['ocynapcTBeHHOI KOJJIEKIIMU MaTOT€HHBIX
MUKPOOPTAaHU3MOB U KJIETOUYHBIX KYJIbTYp «[ KITM-
O6onenck» @PBYH I'HII ITMB ¢ nipucBoeHneM pe-
TUcTpalMoHHoro Homepa B-8857 u Beimaueii cBuae-
TEeJIbCTBA O AeMMOHUpoBaHUM oT 25.11.2019 1. Neo 193.

IIpencraBieHHOCTh LIMPOKOrO CIIEKTpa I'eHOB,
KOOUPYIOIKUX (haKTOpbl BUPYJIEHTHOCTU, HaJIU4Me
3HAYUTEJIBHOIO KOJMYECTBA MOOWJIBHBIX T'€HETH-
YEeCKHX 2JIEMEHTOB, a TakK>Ke MHOXECTBEHHasl pe-
3ucTeHTHOCTh K AMII u paroycroituuBocts E. coli
ONT:H30 18-726 o0GoOCHOBaIu HEOOXOAUMOCTD
B CO3IaHUM CITIOCO0a BBISIBICHUS aHAJOTMYHBIX
IITAMMOB B OMOJIOTUYECKOM MaTepuraJjie MallieHTOB
¢ K. MeTox ocHOBaH Ha BBISIBJICHUU YHUKAJTBHOTO
couetaHus SNP-nmonmumMopdu3mMoB reHa riayramar
JneKapOoKcuaasbl (gad), pacioIOKEHHBIX B quana-
3oHe NZ GL896790.1:2763405—2763726 1mtamma
E. coli ONT:H30 18-726 ¢ ucrojb30BaHUEM YEThI-
pex crneuuduyeckux npaiimepoB. HykiaeoTuaHbie
MOCJIeIOBATEIbHOCTU MpaliMepoB TMPEACTaBICHbI

B Tabu. 5. Ilposenenue IN1IP Bo3aMoXXHO Kak B pe-
XKUME «peajbHOTo BPEMEHU», TaK U C MOCIEAYIO-
et 21eKTpoOpPeTUIYECKON AETEKIIUEA.

CocTtaB peaklIMOHHOW CMeCHU: O4YMIIEeHHas
BoJa, napa npaiitMepoB — 0,4 MKkM Kaxaoro, 1x 0y-
dep a1 aMIIn@UKaLum, KOHLIEHTpauus Mg>™ —
2,5 MM, 1x SybrGreen aJisd IeTEKLIMU B «pexXnMe
peabHOro BpeMeHUu», 1X pacTBOp mojimMepasbl 6e3
9K30HYKJIea3HO akTuBHOCTU, MaTtpuua JHK —
5 MKJI1 Ha 20 MKJI peaKIIMOHHOM Cpeabl, PEXXUM aM-
nauduKaluy MpuBeaeH B TaoI. 6.

IIpy meTeKOMU B peXXUMeE «pealbHOI0 Bpeme-
HU» o Hainuyuu EAgEC cBUIEeTEenbCTBYET MOBBI-
IIIEHUe MHTEHCUBHOCTU (DJIyOopecUeHIIUU Mo Ka-
Hany FAM B 00eux peakKIIMOHHBIX CMECSIX OJHO-
BPEMEHHO, ITPU 3TOM MOPOTrOBOE 3HAYEHUE IIUK-
na (Ct) — 35. Ilpu renb-ajekTpodopeTruyeckoi
NEeTeKIM O HaJUYUK DHTepOoarperaTuBHOIO
mramma E. coli MOXXHO CyAUTH MO HAJIUYUIO MPO-
NYKTOB aMIUIUpUKaAUU creuuduiecKkux IJIUH
B 00euX peakIMOHHBIX CMecCSIX OIHOBPEMEH-

Ta6nuua 3. XapakTepucTvKa reHoB BUpyneHTHoCcTu witamma E. coli ONT: H30 18-726, kopgupyloLmx

MeXaHU3Mbl peanu3aumm (I)aKTOpOB NnaToreHHoCTU

Table 3. Characteristics of the virulence genes of E. coli ONT: H30 18-726 strain encoding mechanisms to enable

pathogenicity factors

FeH |WpeHTuyHocTb, % | PedepeHt/obpaseu, n.H.
Gene Identity, % Reference/sample, bp

dyHkuma Genka
Protein function

PedepeHc-Homep
Reference No.

aap 100 351/351

AHTHarperauuoHHbiii 6e510K, Aucnep3uH
Anti-aggregation protein, dispersin

232523

aar 100 201/201

Benok-perynsatop TpaHCKPUMNLMOHHOIO
akTuBartopa knacca AraC/XylS
AraC/XylS class regulator protein

of the transcriptional activator

SSI_AA794

aggA 100 516/516

Bonblas cy6beauHULa afre3MBHO-
arperauMoHHbIX GumM6Gpwii | Tuna

type | adhesive-aggregation fimbriae large
subunit

SSI_AA804

aggB 98,17 438/438

Benok apumbpuanbHo-agre3nBHoOM
06onouku aHTepobaktepuii AfaD
Enterobacterial afimbrial-adhesive membrane
AfaD protein

u12894

aggC 99,7 2311/2385

MepunnasmaTuyeckuii LLanepoH,

cOopLYMK HaYaNbHOrO 3Tana aare3uoHHo-
arperauuoHHbIX Gum6Opuii | Tuna

Periplasmic chaperone, assembler of the initial
stage for adhesion-aggregation type | fimbriae

AFRH01000026

aggD 99,56 687/759

LLlanepoH, c60pLiMK aAre3uoHHO-
arperauuoHHbIX GumM6puii | Tuna
Chaperone, adhesion-aggregation type |
fimbriae collector

u12894

capU 99,9 1016/1089

Fomonor rekcosuntpaHcdepasbl
Hexosyltransferase homologue

Cu928145

gad 98,95 1243/1401

Fnytamatgekap6okcunasa
Glutamate decabroxylase

FN554766

iss 100 294/294

YcToiumBOCTb K 6aKTEPULMAHOMY AEUCTBUIO
CbIBOPOTKU KPOBU

Resistance to blood serum bactericidal effect

CP001846
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TaGnuua 4. XapaktepucTuka reHoB wtamma E. coli ONT: H30 18-726, koaupylowmx MexaHu3mbl
YCTOMYMBOCTM K aHTUOaKTepuasbHbIM Npenapartam

Table 4. Characteristics of the E. coli ONT: H30 18-726 strain genes encoding mechanisms of antibacterial drug resistance

leHbl Pedepent/

WUpeHTnyHocTb, % | 0Opaseu, n.H. KoHTur PedepeHc-Homep
pesycreuruocm Identity, % Reference/ Contig Reference No.
Resistance genes sample, bp

BeTta-nakTambl
Beta-lactams
blacry.m.1s 100 876/876 NODE_386_length_4574_cov_78.801483 AY04443 6
blaey.qs 100 861/861 NODE_474 length_3323 cov_77.119469 AY45
AMUHornukosunpgbl
Aminoglycosides
AAC (3)-lla 99,77 861/861 NODE_90_length_2624_cov_87.983994 X51534
AAC (6°)-Ib-kp 100 600/600 NODE_793_length_723_cov_95.589211 DQ30391 8
aadA1 100 789/789 NODE_120_length_24792_cov_89.782104 JQ480156
aadA5 100 789/789 NODE_380_length_1006_cov_86.854874 AF13736 1
APH (3”)-1b 100 803/804 NODE_215_length_4521_cov_79.155052 AF02460 2
APH (3”)-1b 99,88 804/804 NODE_215_length_4521_cov_79.155052 AF31347 2
APH (3”)-1b 99,88 804/804 NODE_215_length_4521_cov_79.155052 AF321550
APH (3”)-1b 99,88 804/804 NODE_215_length_4521_cov_79.155052 AF32155 1
APH (6)-1d 100 837/837 NODE_215_length_4521_cov_79.155052 M28829
aadA1 100 789/789 NODE_120_length_24792_cov_89.782104 JQ48015 6
Makponupgbi
Macrolides
mdf (A) 98.13 1233/1233 NODE_176_length_28514_cov_76.946098 Y08743
mph (A) 100 906/906 NODE_203_length_7502_cov_81.290855 D16251
XnopamdeHukon
Chloramphenicol
catB3 100 442/633 NODE_741_length_781_cov_64.875801 AJ00981 8
catB3 100 442/633 NODE_741_length_781_cov_64.875801 U13880
XUHONOHbI/DTOPXUHOMOHDI
Quinolones/Fluorquinolones
gyrA p. S83A* | 100 |  600/600 | NODE_793_length 723 cov95.589211 |  DQ303918
CynbdaHunammuppbl
Sulfonamides
sult 100 840/840 NODE_203_length_7502_cov_81.290855 U12338
sul2 100 816/816 NODE_515_length_4637_cov_74.394867 AY03413 8
TeTpauuKINHbI
Tetracyclines
tet (D) | 100 | 1185/1185 | NODE_474 length_3323_cov 77.119469 |  AF467077
TpumeTtponpum
Trimetroprim
dfrA1 100 474/474 NODE_120_length_24792_cov_89.782104 X00926
dfrA17 100 354/474 NODE_309_length_1052_cov_83.835548 AM9372 44
dfrA17 100 354/474 NODE_309_length_1052_cov_83.835548 FJ460238

MpumeyaHue. * — MyTauun B reHax.
Note. * — genes mutation.

Ta6nuua 5. HykneoTtugHsle nocnepoBatesibHOCTU NpaiiMepoB ans aetekuun SNP-nonumopduamos reHa gad
Table 5. Nucleotide primer sequences for detecting SNP polymorphisms in the bacterial gad gene

Mparmepbl Nnepeoi peakLMOHHON cMecu
First reaction mix primers

Mpaiimepbl BTOPOIi peakLMoOHHOM cMecu
Second reaction mix primers

F1: CGTCAGAACCTGGCCACTTTT

F2: TCGACCTGCGTTGCGTAAAC

R1: TATCCGTTGGTTTGCCTGCA

R2: CATCCCAGTAGCGGGCG

Pasmep MNUP-npoaykTa: 292 n.H.
PCR product size: 292 bp

Paamep MNUP-npoaykTa: 240 n.H.
PCR product size: 240 bp

Mpumeyanue. Peakumm c 06emmmn napamm npaimMepoB NPOBOASTCSA OTAENbHO APYr OT Apyra.

Note. PCR with both pairs of primers is carried out separately.
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HO: AJis TepBoii peakKuuu — 292 M.H., AJs BTO-
poit — 240 m.H. [8]. [ToayyeH maTeHT Ha U300pe-
TeHnue «CIrioco0 BBISIBJIEHU ST DHTEpOoarperaTuBHbBIX
mTaMMOB E. coli 13 TOJICTO KUIIIKYU Y NAlIUCHTOB
C BOCHAJIUTENbHBIMU 3a00J€BAHUSIMU KUILIEYHU-
Ka» (Ne 2758475 RU ot 28.10.2021) [8].

O6cyxaeHne

BocrnanutenbHble 3a00JieBaHUSI  KMIIEYHU-
Ka, K KoTtopblM oTHocutcs K, siBasgoTcs omHoit
13 HanboJiee Cepbe3HBIX MPOOJIeM TacTPOIHTEPO-
JIOTUU BO Bcex cTpaHax. [1o TsxxecTu TeueHu s, ya-
CTOTE OCJOXHEHUU M JeTaJbHOCTH OHU 3aHUMa-
JOT Benylllee MeCTO B CTpYKType 0ose3Heit [11, 18].
HecMmoTpss Ha MHOTOJICTHIOIO UCTOPUIO M3YUCHUS,
stnonorus SAK ocraercs Hem3BeCTHOI, a IaTrore-
He3 HEAOCTATOYHO pacKpbIThIM [11].

ITaTtorennnie E. coli XxapaKTepu3ylOTCs IIUPO-
KM CIIEKTpOoM (paKTOPOB BUPYJICHTHOCTHU, BKIIIO-
yasi aAre3uHbl, TOKCUHBI, CUAePOdOPHI, KATICYJIbI
W WHBa3WHBI 1 Op. Takue mTaMMbl MOTYT BbI3BaTh
MaTOJOTMUECKU I TPOoLecC MPaKTUUYECKU KaX10TO
opraHa unau cuctembl. He nckmtodeHa pons E. coli
npu xpoHuudeckux 3zaboneBaHusx KKT, B nunu-
HMAallMi U TIOAJEPXKaHUW MaTOJOTMYeCcKOro BOC-
NaJuTeJIbHOIO TMpollecca, a TaKXKe SI3BEHHO-
HekpoTnuyeckux peakuuit [16]. T'eHermueckoe
pazHooOpaszue E. coli, Hanuuue crieuuduIecKux
T€HOB BUPYJEHTHOCTU TTO3BOJISIIOT MPEANOIOXKUTH
9TUOJIOTUYECKYIO 3HAYUMMOCTh 3THMX MUKpOOpra-
Hu3MOB B pazButuu AK [5, 28]. llItammber EAgEC —
onHoit m3 mectu marorpynn DEC — BBI3BIBAIOT
OCTphIe KUIIIeYHbIe MHPEKINN y IeTeil M B3pOC-
JIBIX BO BCeX CTpaHaxX. MeTtaaHaluTUUYECKUE DU~
JIEMUOJOTUYECKME MCCIeMOBAaHUSI BBISIBUJIA CTa-
TUCTUYCCKU 3HAaUNMYI0 ¢BsI3b EAgEC ¢ muapessmu:
OCTPBIMHU, TTPOAOJIKUTCIBHBIMU, XPOHUICCKUMMU,
nuapesMu BUY-mHOULIUMPOBAHHBIX U MyTelle-
cTBeHHUKOB [17]. JlnuTenbHasi TIePCUCTEHIIUS
EAgEC MoxeT BBI3BIBAaTh XpOHUYECKOE BOcHaJe-
HUe KMUIIeYHWKa, CHHUXKas ero adbCcopOLMOHHYIO
GbyHKIMIO, MPUBOIAS K aJlMMEHTAapHOW AMUCTPO-
¢uun, aHeMuH, TUMOMPOTEMHEMU U, HAPYILICHUSIM
GU3NIECKOro M KOTHUTUBHOro cocrtosHus [20].
EAgEC, B oT/inuue OT Apyrux natoreHHeix E. coli,
XapakTepus3yeT IIUpoKasi BapuabeJbHOCTb IeHe-
TUYECKNX MapKepoOB BUPYJIEHTHOCTH [16, 24]. D10
yKa3bIBaeT Ha TO, YTO BBI3BIBATh BOCITAJIUTEIIbHBIN
npoiecc cnocoOHbI Toabko mTaMmMbl EAgEC, He-
cymuye crnenuduyeckrue TeHbl BUPYJIEHTHOCTU.
B TO Xe BpeMs HU OAUH U3 (PAKTOPOB BUPYIECHT-
HOCTH HE OBII HEOIIPOBEPXKMMO CBSI3aH C BUPY-
nentHocThio EAgEC, a reHbl, kogupylomnue ux,
HE MPUCYTCTBYIOT paBHOMEPHO BO BCEX M30JUPO-
BaHHBIX IITaMMaX. DKCIIEPUMEHTHI in Vitro, in vivo
n ex vivo yoenurtenbHo mnokasanu, yto EAgEC
MOTYT aAre3MpoBaThCs Ha SMNUTCIUOLUTHI TO-
1€, MOAB3IOUIHONA U TOJICTOW KUIIKU, 00pa3ys

Ta6nuua 6. Pexxumbl amnnudukauum gna
petekuum SNP-nonumopduamos reHa gad

Table 6. Amplification modes for detection of gad gene
SNP polymorphisms

Konunyectso
Ne umkna | Temnepartypa, °C| Bpems LUKNOB
Cycle No. Temperature, °C Time Number
of cycles
1 95 S MuH 1
5 min
30c
2 95 30s
65¢c
3 65 655 40
20c
4 72 20s
5 72 S MuH 1
5 min

NPOYHYIO OUOIIJICHKY C IMOCICAYIONIUM ITUTOTOK-
CUYECKUM U TIPOBOCIIAJIUTEILHBIM JIEICTBUEM.
ITaToreHes 3aboneBaHUSI BKJIOYAeT TpU dTarma:
a) oOMJIbHOEe MNpuUIUNaHue K CIU3UCTON 000-
JIOYKE KHUIIMCYHMKA — aAre3uss W KOJOHU3AIMS;
0) MPOAYKIINS IIUTOTOKCUHOB M SHTEPOTOKCUHOB;
B) UHOYKIIUS BOCHAJICHUS CIU3UCTON OOOJIOUKU.
Bocnanenue, BoizBaHHOoe EAgEC, aBnsiercs pe-
3yJbTaTOM OOMJIbHOW KOJOHU3AIMU CIU3UCTOU
ob6oJiouku KuineyHuka [12, 19].

IlpoBeneHHBIN aHATU3 MMOJHOT€HOMHOTO CEKBe-
HUpOBaHUs MoKa3zaj, yroymramma E. coli ONT:H30
18-726 (Ne B-8857) ripucyTCTBYyeT HECKOIBKO AETEP-
MWHAHT, aCCOLIMMPOBAHHBIX C aJire3Ueii U KOJIOHU-
3auuveit — aggA, aggB, aggC v aggD, Kxogupylommux
aKTUBATOP TPAHCKPUTILIMU SKCIIPECCUU XPOMOCOM-
HBIX W TIJIa3MUIO-KOOMPYEMBIX (PaKTOpPOB BUPY-
JICHTHOCTHU, BKJTIOUAsi aHTUArperailMoHHbIN OesloK
nucrnep3uH (reH aap), KOTOPbI CHocoOCTBYeT
NPOHUKHOBEHUIO OaKTEpUM 4Yepe3 CIAU3b KPUIIT
TOJICTOM KMIIKU [25]. JaHHBIN MeTabONIMYeCKUA
MyTh MOXET MPUBECTU K Te€HepaJIu3aluu WHOEK-
MU — Pa3BUTUIO Cercuca — 3a cUeT OJOKUPOBKU
(GuUOpUHOreHa, KOTOPhIM y4yacTBYeT B MEXaHU3ME
TpomM0OO3a — 3aIIMTHOM peaKIIMW OpraHW3Ma MIpu
cencuce [2, 21]. BupyJleHTHBII aare3uBHbIN anra-
paT JOMOJHUTENIbHO IPEACTaBJIeH F'€HOM arpera-
TUBHOTO peryjoHa — aar, KOTOPbIl 00ecIieurBacT
aKTUBHOCTH Ooiice 40 TeHEeTMUYECKHUX 3JIEMEHTOB,
OTBETCTBEHHBIX 3a B3aWMOAEUCTBUE C DIUTEIU-
aJlbHBIMU KJeTKaMM KUIIeUHMKa 4YesioBeka [22].
Y u3ydeHHOro ImrTaMma OblI UIAeHTUGULIUPOBAH
reH iss, obecneynBalOIMi YCTOMUYUBOCTD K OaKTe-
PUIIMIHOMY JACUCTBUIO CBIBOPOTKU KPOBU, HaJM-
Yyre KOTOPOIro MOXXHO paclleHMBaTh KaK MOTEHIIM-
ajl TeMaTOTeHHOW IreHepaan3alud MHPEeKIIuu UiIin
CYIIECTBCHHOTO YXYIIICHUS TECUYCHUS OCHOBHOTO
3a00JieBaHU S, B HacTosieM cayyae — AK.
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K omHUM M3 OCHOBHBIX MpeIapaToB AJIs Jieue-
Hug K u mommepkaHMST PEMUCCUM OTHOCSTCS
AMII, nostoMy mpobieMa aHTUOMOTUKOPE3U-
CTEHTHOCTU TIPEACTaBJSIETCSI 0CO00 aKTyasb-
Hoil. IIpoBeneHHOe MccaeaoBaHUE TOKa3aao, 4YTO
mTaMM E. coli ONT:H30 18-726 (Ne B-8857) xa-
PpPaKTepr30BaICsI MHOXECTBEHHOMN YyCTOMUYNBOCTbHIO
K AMII pasHbix rpymi. Pe3anucteHTHOCTH K 1eda-
nocrnopuHam ITI-IV nokoneHust oGycioBaeHa mpo-
NYKIOHUEW SBNUIAeMUYECKU 3HAaYMMOM T100abHO
pacnpoCTpaHEHHOW B IOMYJISIIMM TpaMOTpHUIIa-
TeJbHBIX OaKkTepuil iedasocnopuHasbl CTX-MI15.
Huskas auTudeckasi akTUBHOCTD M MOJTHasT paro-
YCTOMUYMBOCTH K OMOJIOTMYECKMM TIperapataM —
bakteprodaraM — B OTHOIIEHWU M3YYEHHOTO
IITamMmMa IpeamnojaraeT HEBO3MOKHOCTh IPUMEHE -
HMSI OTEUEeCTBEHHBIX IMpernapaToB K 3JIMMUHAILIN
JTAaHHOTO MaToTreHa MpH 3MITMPUYECKON Tepanuu
SAK. daroycToiiYynBOCTh K OMOJIOTMYECKUM areH-
TaM OTMeJYaeTCcs B IUTepaType U XapaKTepu3yeTcs
pa3BUTHEM PE3UCTEHTHOCTH K ITpernapaTam TaHHO-
ro TUMAa, a Tak>XXe HEOOXOAMMOCTBIO PEryIsIPHOTO
0OHOBJIEHU T (papMaKoJOrMuyeckoro Habopa ¢aro-
TepaneBTUYECKUX MpenapaTtos [13].

TakuM o6pa3zoM, JaHHBIE, ITOJIyYeHHBIE IO pe-
3yJabTaTaM ITOJTHOT€HOMHOTO CEeKBEHUPOBAHMSI
mrtamma EAgEC, BblIeleHHOTO OT MallMeHTa
C TUCTOJIOTUYECKHU TTOATBEPXKICHHBIM I1UarH030M
«SI3BEHHBIN KOJUT», CBUIETEJIbCTBYIOT, YTO Tpa-
MUIIMOHHBIE KYJIbTypaJIbHble METOIbl U3YyUYEeHMUS

Cnucoxk nutepatypbl/References

mraMMoB E. coli, KOTOHU3UPYIOIIMX KUIIEYHUK
nanueHToB ¢ AK, Bkiiouas omnpeaeieHue 4yB-
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EPIDEMIC STATUS IN RUSSIA’S

NORTHWESTERN FEDERAL DISTRICT:
TICK-BORNE ENCEPHALITIS AND IXODES TICK-
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Abstract. The study's objective was to reveal trends in tick-borne encephalitis (TBE) and Ixodes tick-borne borreliosis
(ITBB) epidemic processes in Russia's Northwestern Federal District (NWFD) in 2002—2021. In the NWFD during
the analyzed period, more than 1.1 million patients sought medical help following tick bites (14% of all cases registered
nationwide). The long-term average tick bite incidence rate in the NWFD exceeded the nation-wide value: 409.5 and
280.7, respectively. In the NWFD, the highest long-term average tick bite incidence rates were recorded in Vologda
Oblast, Pskov Oblast, and Novgorod Oblast. The tick bite incidence rate tended to grow in the NWFD, as well as na-
tionally. The growth in tick bite incidence was statistically significant in the Republic of Komi, Kaliningrad Oblast, and
Arkhangelsk Oblast. In 2002—2021, more than 6000 TBE cases were registered in the NWFD (11% of all cases registered
nationwide), and the TBE long-term average incidence rate in the NWFD exceeded the national value: 2.3 and 2.0, re-
spectively. The Republic of Karelia, Arkhangelsk Oblast, and Vologda Oblast were three NWFD subjects with high TBE
epidemical hazard. TBE incidence in the analyzed period tended to decrease, both in the NWFD and nationwide. A sta-
tistically significant decrease in TBE incidence was revealed in St. Petersburg, in the Republic of Karelia, in Novgorod
Oblast, and in Leningrad Oblast. About 22 000 ITBB cases were reported in the NWFD during the analyzed period (15%
of all ITBB cases in Russia). The ITBB long-term average incidence rate in the NWFD exceeded the national value: 7.9
and 4.9, respectively. Vologda Oblast, Kaliningrad Oblast, and Pskov Oblast were three NWFD subjects with high epi-
demical hazard in terms of ITBB. ITBB incidence during the analyzed period tended to decrease, both in the NWFD and
nationwide. The decrease in ITBB incidence was statistically significant in Vologda, Kaliningrad, Novgorod, Leningrad
and Pskov Oblasts, as well as in St. Petersburg. In the Republic of Komi, in contrast to other NWFD subjects or national
data, there was an uptrend in both TBE and ITBB incidence.

Key words: incidence, tick-borne encephalitis, ixodes tick-borne borreliosis, Lyme disease, tick bite incidence, prophylaxis, Northwestern
Federal District of the Russian Federation.
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ANMNAEMUNYECKASA CUTYALIUA NO KJIELLEBOMY SHLUE®DAJIUTY U UKCOAOBbIM KJIELLEBbIM
BOPPEJINO3AM (BOJIE3HU JIAUMA) B CEBEPO-3ANAAHOM ®EAEPAJIbHOM OKPYTE
POCCUNCKOWN ®EAEPALIMN B 2002-2021 rr.

Kapmokos U.A.12, Paouko E.I."2, Biimnosa O.B.!, Kosocosckas E.H.2, Tokapesuu H.K.!

T®BYH HUU snudemuosoeuu u muxpoouonsoeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus
2@I'BOY BO Cegepo-3anadnsiii cocydapcmeernnlii Meduyunckutl yrueepcumem umenu U.H. Meunukosa,
Cankm-Ilemep6ype, Poccus

Pesiome. Llenbio naHHOI pabOTHI ABIASIETCS BHISIBICHUE COBPEMEHHBIX TEHACHLMI pa3BUTUSI 1 OCOOEHHOCTE Teue-
HUSI AN IEMUYECKOTO0 ITpoliecca KiemieBoro sHedannra (KD) n ukcomopsix KieneBbix 6oppennos3os (MKb) Ha Tep-
putopun CeBepo-3amanHoro ¢eneparbHoro okpyra Poccuiickoit @eneparum (C3P0) B mepuoxn ¢ 2002 mo 2021 rT.
Ha repputopun C3®0 Ha MpoTSXKEHNU aHAIU3UPYEMOTO0 IIeproa OBIIO0 3apeTUCTPUPOBaHO OoJiee 1,1 MITH YeToBeK,
00paTUBILKMXCS 3a MEAMLMHCKON MTOMOILBIO 10 TOBOAY MpucachiBaHus Kieieit (14% oT Bcex 3aperucTpupOBaHHbIX
caydaeB obpatmieHus Ha Tepputopun P®). CpegHeMHOTOIeTHI ITOKa3aTeb 00paliaeMOCTH HaceJICHU S 32 MEIMITH-
CKOI1 TOMOIIIbIO MO TOBOJY MPUCAChIBAHU S KJIElleH (1aiee o0paliaeMocTH) 3a 1aHHblii nepuoa Ha Tepputopun C3P0
npesbiiaeT odiepoccuitckuii (409,5n 280,7 coorBeTcTBeHHO). Hanbosee BiICOKKE YPOBHU CPeIHEMHOTOJIETHET O M0~
KazaTelis oopamaeMocTy Ha repputopun C3dPO0 6b1n 3aduKenpoBaHbl B Bomoronckoit, [ckoBckoit 1 HoBroponckoit
obmactsax. [Tokazarenb oopamaemoctu B C3PO, Kak 1 B Poccuu B 11e710M, UMEET TEHAEHITNIO K pocTy. CTaTUCTHYECKHU
3HAYMMBIM pOCT MoOKa3aTesst oopaiaeMocTu BoisiBiaeH B Pecmyonuke Komu, KanuHuHrpaackoit 1 ApXaHreabCKoi
obsactax. Ha reppuropun C3PO 3a niepuon ¢ 2002 mo 2021 rr. 6bLJIO 3aperucTpupoBaHo 6ojiee 6 ThiC. ciydaeB KD
(11% Bcex ciydaeB, 3aperuCTpUpPOBAaHHBIX Ha Tepputopuu P®). CpenHeMHOroJeTHUI OKa3aTeslb 3a00JIeBaeMO-
ctu K9 3a aHanusupyemblii nepuon Ha tepputopun C3®O Bbiile, yeM obuepoccuiickuii (2,3 u 2,0 COOTBETCTBEH-
Ho). K cyobekTam C3®O ¢ BHICOKMM YpPOBHEM 3MUJIeMUYECKO ormacHOCTH 1o KO 6wl oTHeceHH Pecrnybnmka
Kapenus, Apxanrenabckas u Bomoronckas odnactu. [Toka3arens 3a6oaeBaeMoct KD Ha MpOTSIKeHUN aHATU3UpYe-
MOTO TTeproaa MMeeT TeHICHIMIO K cHIKeHnIo Kak B C3PO, tak u B Poccnu B miemom. CTaTUCTUYECKH 3HAYNMOE
CHUXXeHue rmoka3zarens 3aboneBaemoct KO BoisiBieHo B CankT-IletepOypre, Pecnyonuke Kapenvsi, HoBropoackoi
u JlenuHrpanckoii odnactsax. Ha tepputopun C3®0 3a aHAIM3MpPYyEeMblIi ITepro ObIIO 3apETUCTPHUPOBAHO OKOJIO
22 toic. ciyvaeB MKB (15% Bcex cyvaeB, 3aperucTpupoBaHHbIX Ha TeppuTopru PD). CpenHeMHOTOJIETHH 1 TTOKa3a-
Tesb 3a0os1eBaemoctt MK B 3a mannbrit nepuon Ha repputopun C3PO Beite, yeM obiiepoccuiickuii (7,9 u 4,9 coot-
BeTCTBEeHHO). K cyObekTaM ¢ BBICOKMM YpOBHeM anuaeMuueckoit onacHoctu o MKb ob11u oTHecensl Bonoroackas,
Kanununrpaackas u [IckoBckast oonactu. [Tokazarens 3a6oneBaemoctu MKbB Ha mpoTskeHMM aHATU3UPYyeMOro Tie-
proa UMeeT TEHACHIINIO K cHIKeHMIo Kak B C3®PO0, tak 1 B Poccuu B 1iesiom. CTaTUCTHYECKH 3HAYMMOE CHUKEHNE
noka3saress 3adboneBaemMoct MKbB BrisiBieHo B Bosoronckoii, Kanununrpanckoit, HoBroponckoii, JleHnHrpaackoit
n IckoBckoit obaactsx, a takxke B Cankr-Iletepoypre. B Pecriyonnke Komu, B ommnume ot apyrux cyobekroB C3PO
1 00IIePOCCUIICKMX TIOKa3aTeNelt, Ha IPOTSKCHUM aHATU3MPYyEeMOTO Ieproa HabIionanach TCHACHIIUS K POCTY 3a-
o6oneBaemoct KO n UKB.

Karouesvie caosa: nokasamens 3a601e6aeMocmu, Kaewegoii SHyedaium, ukcooogsle Kaeujegvie 6oppeauossvl, 601e3ns Jaima,
nokasamens obpawaemocmu, npogurakmura, Cegepo-3anadusiii hedepanviuiii okpye Poccuiickoii Pedepayuu.

Introduction

Tick-borne encephalitis (TBE) and Ixodes tick-
borne borreliosis (ITBB, Lyme disease) are natural
focal diseases widespread in the Russian Federation,
including the subjects of Russia’s Northwestern
Federal District (NWFD). The need for research
on these infections stems from their high prevalence,
degraded quality of life in chronic disease patients,
development of persistent complications and disabil-
ity, lack of specific methods for ITBB prevention,
and frequent occurrence of lethal outcomes in the
absence of specific treatment for TBE.

TBE is a vital issue in most Russian areas. It is
endemic in seven out of eight Federal Districts, in-
cluding 48 federal subjects (“List of administrative
territories of the constituent entities of the Russian
Federation endemic for tick-borne viral encephalitis
in 20217 attached to the letter No. 02/2510-2022-32

of Rospotrebnadzor dated February 4, 2022 [htt-
ps://www.rospotrebnadzor.ru/documents/details.
php?ELEMENT ID = 21225]). In addition, TBE
foci are currently expanding and increasing in ac-
tivity in Russia [4], Northern Europe and Eastern
Europe [30, 32, 34, 39]. The growth in TBE incidence,
and the expansion of TBE foci in Europe, are associat-
ed with climate change, increases in both tick and host
populations, bird migration, as well as insufficient pre-
ventive vaccination in most European countries [30].
Both TBE and ITBB are of great socioecconom-
ic importance. In the Russian Federation in 2011,
the annual TBE-associated socioeconomic burden
was estimated to be 1.26 billion rubles, while relevant
DALYs totaled 4177 [3]. The highest ITBB incidence
rates are recorded in Northeastern and Central
Europe. ITBB incidence rates in excess of 100 are an-
nually recorded in some districts of Sweden, Norway,
Estonia, Lithuania, Poland, Germany, Austria,
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Slovenia, and Switzerland, while somewhat lower
values (20—90) are registered in Finland, Belgium
and France [33].

ITBB cases are annually reported in 67 subjects
of the Russian Federation [25]. In 2011, the an-
nual ITBB-associated socioeconomic burden in the
Russian Federation was estimated to be 782.9 mil-
lion rubles, while relevant DALYs totaled 16 370 [23].
The significance of TBE and ITBB highlights the need
for research over time on both: disease incidence rates;
and tick bite incidence rates (TBIR). These can provide
a basis for improving appropriate preventive measures.
The study’s objective was to identify current develop-
mental trends and features of the TBE and ITBB epi-
demic processes in the NWFD in 2002—2021.

Geographic and demographic data

The NWFD islocated in Russia’s European North
and Northwest regions. The district is 1687.0 thousand
square kilometers, representing 9.9% of Russia’s total
area. It shares land borders with a number of European
countries: Norway and Finland to the northwest; as
well as Estonia, Latvia and the Republic of Belarus
to the west. The district includes Kaliningrad Oblast
which borders Lithuania (north and east) and Poland
(to the south). The NWFD borders the Ural Federal
District in the east as well as Russia’s Central and
Volga Federal Districts in the south (Fig. 1).

The NWFD consists of eleven subjects: Arkhan-
gelsk Oblast, Vologda Oblast, Kaliningrad Oblast,
Leningrad Oblast, Murmansk Oblast, Novgorod

Oblast, Pskov Oblast, Nenets Autonomous OKkrug,
the Republic of Karelia, the Republic of Komi,
and the federal city of St. Petersburg (hereaf-
ter “St. Petersburg”). St. Petersburg is the center
of the NWFD. The climate in the NWFD is mostly
temperate (Atlantic-continental), with the excep-
tion of the north of Murmansk Oblast and the enti-
re Nenets Autonomous Okrug, where the climate
is subarctic (marine). The climate is temperate (ma-
rine) in the south of Murmansk Oblast and through-
out Kaliningrad Oblast. The total population of the
NWEFED (as of January 1, 2022) was 13 901 100 [24].
The urban population represents 85%. The popula-
tion density is 8.2 per km?.

Materials and methods

We analyzed official data on TBE and ITBB inci-
dence in those eleven subjects, as well as corresponding
TBIRs, as published by Federal Service for Supervision
of Consumer Rights Protection and Human Welfare
(Rospotrebnadzor) branches in Arkhangelsk Ob-
last [8], Vologda Oblast [9], Kaliningrad Oblast [10],
Leningrad Oblast [11], Murmansk Oblast [12], Nenets
Autonomous Okrug [13], Novgorod Oblast [14], Pskov
Oblast [15], the Republic of Karelia [16], the Republic
of Komi [17], and St. Petersburg [19].

To break down NWFD subjects into groups of low,
medium or high epidemical hazard, we calculated
a 95% confidence interval (CI) for long-term average
incidence rate (LTAIR). Subjects with LTAIRSs less

A
Vs

Figure 1. The Northwestern Federal District and adjacent territories

Note. A— Norway, B — Sweden, C — Finland, D — Estonia, E — Latvia, F — Lithuania, G — Poland, H — the Republic of Belarus.
Federal Districts (FD): | — Northwestern FD, Il — Central FD, Ill — Volga FD, IV — Ural FD. Regions (oblasts): 1 — Kaliningrad
Oblast, 2 — Pskov Oblast, 3 — Novgorod Oblast, 4 — Leningrad Oblast, 5 — St. Petersburg, 6 — the Republic of Karelia,

7 — Murmansk Oblast, 8 — Vologda Oblast, 9 — Arkhangelsk Oblast, 10 — the Republic of Komi, 11 — Nenets Autonomous Okrug.
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than the lower CI limit were classified as “low epi-
demical hazard”, those with LTAIRs within the CI
boundaries were assigned to the group “medium epi-
demical hazard”, and those with LTAIRs exceeding
the CI upper limit were assigned to the group “high
epidemical hazard”.

According to epidemical hazard, NWFD subjects
were ranked as follows. For TBE: low epidemical haz-
ard corresponded to LTAIRs < 1.9; medium epidemi-
cal hazard corresponded to 1.9 < LTAIRs < 2.7, while
high epidemical hazard corresponded to LTAIRs
> 2.7. For ITBB: low epidemical hazard correspond-
ed to LTAIRs < 6.4; medium epidemical hazard cor-
responded to 6.4 < LTAIRs < 9.4; and high epidemi-
cal hazard corresponded to LTAIRs > 9.4.

Ranking of NWFD regions according to relevant
LTAIR (TBE, ITBB), and according to TBIR, was
performed using the Power BI Desktop program.
Results were processed by standard methods of vari-
ation statistics using the Microsoft Excel 2016 and
R-studio application packages. Trends in epidemic
process development were analyzed by the method
of linear regression with calculation of the coefficient
of determination (R?) and testing the significance

of the regression line slope using p-value (signifi-
cance level oo = 0.05).

Trends in TBIR and incidence (TBE, ITBB) dur-
ing the analyzed period were interpreted as: “pro-
nounced” with an average annual rate of growth
(Rincr)/average annual rate of decrease (Rdecr)
> 5%; «moderate» at Rincr/Rdecr = 4.9—1.1%; or
“insignificant” at Rincr/Rdecr < 1%.

Results

In 2002—2021 according to official statistics,
the number of medical care encounters in Russia as
a consequence of tick bites exceeded 8 million [18],
of which more than 1.1 million occurred in the NWFD
(14% of all registered cases) [8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 19, 29]. For 2002—2021, the long-term average
tick bite incidence rate (LTATBIR) in Russia was 280.7
(95% CI: 239.2—322.2) [18], with a moderate uptrend
in TBIR values (Table, Fig. 2). Rincr for TBIR was 3.2%.

In the entire NWFD during the analyzed period,
the LTATBIR was 409.5 (366.8—452.2) [8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 19, 29]. Statistically significant
variations in TBIR were not seen (Table, Fig. 3).
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Figure 2. Incidence dynamics (TBIR, TBE, ITBB) in Russia, 2002-2021
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Figure 3. Incidence dynamics (TBIR, TBE, ITBB) in the Northwestern Federal District, 2002-2021
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The highest TBIRs were reported in Vologda
Oblast, Pskov Oblast, Novgorod Oblast, and in the
Republic of Karelia (Table, Fig. 4) [9, 14, 15, 16].
A pronounced uptrend in TBIR was revealed
in the Republic of Komi, Kaliningrad Oblast, and
Arkhangelsk Oblast. For the other NWFD subjects,
no statistically significant TBIR variation was noted
during the study period.

Numerous medical care encounters caused by
tick bites had taken place in all NWFD subjects.
The shares of each subject in tick bite incidence
(NWFD) were as follows: Vologda Oblast 26%,
St. Petersburg 23%, Leningrad Oblast 11%, Ark-
hangelsk Oblast 10%, the Republic of Karelia 7%,
Novgorod Oblast 7%, Pskov Oblast 7%, Kaliningrad
Oblast 6%, the Republic of Komi 2%, and Murmansk
Oblast plus Nenets Autonomous Okrug (together 1%).

10 1231.9

In some NWFD subjects, LTATBIRSs in children
(below 17) exceeded those in adults. For example,
in Vologda Oblast, LTATBIR in children (below 17)
amounted to 1705.2 (1446.2—1965.2), while in adults
it was 1100.5 (960.5—1240.5). In the Republic of Ka-
relia, those figures were 630.4 (548.8—669.9) and
553.9 (506.6—613.1), respectively [9, 16].

Inthe NWFD, I. ricinusand I. persulcatusticks are
the major vectors of both TBE virus and B. burgdor-
feri sensu lato. Seasonal factors determine the activ-
ity of ticks and therefore play a significant role in the
infection of humans with TBE and ITBB. Hence,
both diseases show pronounced spring-summer sea-
sonality. As a rule, in the analyzed period, adult ticks
began to be found in March-April. The maximal tick
abundance was recorded in May [2, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 19, 27, 28, 29].

Figure 4. Distribution of NWFD subjects by LTATBIR in 2002-2021
Note. 1 — Kaliningrad Oblast, 2 — Pskov Oblast, 3 — Novgorod Oblast, 4 — Leningrad Oblast, Figure 5 — St. Petersburg,
6 — the Republic of Karelia, 7 — Murmansk Oblast, 8 — Vologda Oblast, 9 — Arkhangelsk Oblast, 10 — the Republic of Komi,

11 — Nenets Autonomous Okrug.

5,2%

32,2%
27,8%

10,1%

6,5% \

87% 5 4,2%
0,7%

Figure 5. Contribution of each NWFD subject to total TBE (A) and ITBB (B) incidence,%
Note. 1 — Arkhangelsk Oblast, 2 — Vologda Oblast, 3 — Kaliningrad Oblast, 4 — the Republic of Karelia, 5 — the Republic
of Komi, 6 — Leningrad Oblast, 7 — Novgorod Oblast, 8 — Pskov Oblast, 9 — St. Petersburg.

914



2023, T. 13, Ne 5

TBE, ITBB epidemic situation in NWFD

Figure 6. Distribution of NWFD subjects according to TBE LTAIR, 2002-2021
Note. 1 — Kaliningrad Oblast, 2 — Pskov Oblast, 3 — Novgorod Oblast, 4 — Leningrad Oblast, 5 — St. Petersburg,
6 — the Republic of Karelia, 7 — Murmansk Oblast, 8 — Vologda Oblast, 9 — Arkhangelsk Oblast, 10 — the Republic of Komi,

11 — Nenets Autonomous Okrug.

TBE incidence and trends in epidemic process
development

More than 57,000 TBE cases were reported
in Russia in 2002—2021 [18], with a pronounced down-
trend in TBE incidence (Table, Fig. 2). Rdecr was 8.3%.
In the NWFD during the same time period, more
than 6,000 TBE cases were registered (i.e., 11% of all
cases registered in Russia) [ 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 19, 29]. Only a few imported cases of TBE and
ITBB were reported in Murmansk Oblast and Nenets
Autonomous Okrug. Therefore, those two subjects
were not taken into account in our further calculations.
In the NWFD during the analyzed period, there was
a pronounced downtrend in TBE incidence (Fig. 3)
with Rdecr = 5.7%. TBE incidence in the NWFD var-
ied significantly during the studied period. Its maximal
value was 4.5 (in 2003), while the minimum was 0.8
(in2021) [8, 9, 10, 11, 14, 15, 16, 17, 19, 29].

The largest TBE incidence values were reported
in: Arkhangelsk and Vologda Oblasts (more than
1300 cases in each, i.e. 21% of all TBE cases in the
NWFD); St. Petersburg (about 1,200 cases, 19%);
and the Republic of Karelia (more than 850 cases,
14%) [8, 9, 16, 19]. The contribution of each NWFD
subject to total TBE incidence is shown in Fig. 5A.

NWEFED subjects with high TBE epidemical haz-
ard were the Republic of Karelia, Arkhangelsk Oblast,
and Vologda Oblast. Subjects with a medium level
were Pskov Oblast and Leningrad Oblast. Subjects
with a low level were Novgorod Oblast, Kaliningrad
Oblast, the Republic of Komi, and St. Petersburg
(Table, Fig. 6).

A pronounced downtrend in TBE incidence
during this period was revealed in St. Petersburg,

the Republic of Karelia, Novgorod Oblast, and Le-
ningrad Oblast. In contrast, a pronounced upward
trend in TBE incidence was revealed in the Republic
of Komi (Rincr = 11.4%, p = 0.01). For the other
NWEFED subjects, there were no significant trends
in TBE incidence during the analyzed period.

The LTAIR of TBE in children (below 17) in the
studied period was lower than that in adults. In the
Republic of Karelia, the share of children among all
registered TBE cases was about 9%. The correspond-
ing LTAIR was 2.3 (1.0—-3.5), while in adults it was
5.0 (4.0—6.1). In St. Petersburg, the share of children
was about 11%. The corresponding LTAIR was 0.9
(0.5—1.2) in children, while in adults it was 1.2 (1.0—
1.4) [16, 19].

Febrile and meningeal TBE dominate among all
other clinical forms [8, 9, 10, 11, 14, 15, 16, 17, 19,
29]. In Leningrad Oblast, 63% of patients had fe-
brile TBE, while 35% manifested meningeal forms.
In St. Petersburg, the shares were 35% and 40%, re-
spectively [11, 19]. Mixed infections (T BE plus ITBB)
were also reported. In Leningrad Oblast, the share
of mixed forms reached 18% [11]. Despite the strong
predominance of the tick-bite route of transmis-
sion, alimentary-acquired TBE has also been re-
ported (e.g., a number of cases in St. Petersburg,
Leningrad Oblast and Pskov Oblast) [11, 15, 19].

ITBB incidence and trends in epidemic process
development

About 142 000 ITBB cases were reported in Russia
in 2002—2021 [18], with a moderate downward trend
in incidence (Table, Fig. 2). The corresponding
Rdecrwas 3.3%. In the NWFD during the same time
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0.1 24.7

Figure 7. Distribution of NWFD subjects according to ITBB LTAIR, 2002-2021
Note. 1 — Kaliningrad Oblast, 2 — Pskov Oblast, 3 — Novgorod Oblast, 4 — Leningrad Oblast, 5 — St. Petersburg,
6 — the Republic of Karelia, 7 — Murmansk Oblast, 8 — Vologda Oblast, 9 — Arkhangelsk Oblast, 10 — the Republic of Komi,

11 — Nenets Autonomous Okrug.

period, about 22 000 ITBB cases were reported (i.e.,
15% of all ITBB cases in Russia) [8, 9, 10, 11, 14,
15, 16, 17, 19, 29]. In the NWFD as a whole during
the analyzed period, there was a pronounced down-
trend in ITBB incidence (Fig. 3) with Rdecr = 5.3%.

ITBB incidence inthe NWFD varied significantly
during the studied period. Its maximal value was 16.0
(in 2003), while the minimum was 2.4 (in 2020) [8,
9,10, 11, 14, 15, 16, 17, 19, 29]. St. Petersburg ranked
first in terms of ITBB incidence in the NWFD
in 2002—2021: about 7000 cases (i.e., 32% of all ITBB
cases reported). Vologda Oblast reported 6000 cases
(28%), and Kaliningrad Oblast reported 2200 cases
(10%) [9, 10, 19]. The contribution of NWFD sub-
jects to ITBB incidence is shown in Figure 5B.

In terms of the ITBB LTAIR in 2002—-2021,
the following classifications apply. Three NWFD
subjects (Vologda Oblast, Kaliningrad Oblast, Pskov
Oblast) fell into the group “high epidemical hazard”.
Novgorod Oblast, St. Petersburg, and the Republic
of Karelia fell into the group “medium epidemical
hazard”. Leningrad Oblast, Arkhangelsk Oblast, and
the Republic of Komi fell into the group “low epi-
demical hazard” (Table, Fig. 7).

A pronounced downtrend in ITBB incidence
over this twenty-year period was revealed in Vologda
Oblast, Novgorod Oblast, Leningrad Oblast, and
Pskov Oblast. A moderate downtrend was seen
in St. Petersburg and Kaliningrad Oblast. In con-
trast, a pronounced uptrend was revealed in the
Republic of Komi (Rincr = 11.9%, p = 0.04). For the
remaining NWFD subjects, no statistically signifi-
cant trends in ITBB incidence were seen.

The urban population prevails in the structure
of ITBB patients. Thus, in 2002—2021 among all
reported ITBB cases in Vologda Oblast, urban resi-
dents accounted for 68%, while the rural population
accounted for 32% [9]. However, in terms of LTAIR,
the ratio is different. For example, in Vologda Oblast,
the ITBB LTAIR was 23.1 (15.2—30.9) in the ru-
ral population, while 19.6 (13.4—25.8) in the urban
population [9].

The ITBB LTAIR in children (below 17) was
less than that in adults. In Kaliningrad Oblast dur-
ing the studied period, about 7% of all ITBB patients
were children under 17. The corresponding LTAIR
was 3.6 (2.0-5.2), while for adults it was 11.7 (8.4—
14.9). In contrast, in St. Petersburg where children
under 17 accounted for about 14% of all I'TBB cases,
the LTAIR for children was 6.0 (4.9-7.1), i.e. quite
close to that of adults, 6.9 (5.6—8.1) [10, 19].

In the structure of ITBB clinical forms, a pre-
dominance of erythematous forms over non-ery-
thematous forms was revealed. In St. Petersburg,
the share of erythematous I'TBB was about 68% [19].
To reveal differences in epidemic process dynamics
(TBE, ITBB) in NWFD subjects, the analyzed pe-
riod was broken down into four equal intervals: I —
2002—-2006; 11 — 2007—2011; I1I — 2012—2016; and
IV —2017-2021.

During the study period in some NWFD sub-
jects, the rise in incidence was later followed by fall-
ing values for both TBE and ITBB. TBE incidence
in Arkhangelsk Oblast was on the rise in 2002—2009.
It was 8.6 in 2007, achieving 9.9 (maximum) in 2009,
followed by a considerable decrease. In 2007—2011,
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the TBE LTAIR was 1.6-fold higher than in 2002—
2006, butin 2012—2016 it decreased by 1.2-fold. ITBB
incidence in Arkhangelsk Oblast also increased from
2002 to 2010. The maximum was achieved in 2009—
2010 (8.0), and incidence began decreasing consid-
erably after 2011. The ITBB LTAIR in 2007—2011
increased by 1.8-fold as compared to 2002—2006, but
decreased by almost 2-fold in 2012—2016. Meanwhile,
the TBIR was on rise till the end of the period under
study [8].

Something similar was observed in Vologda
Oblast and in the Republic of Komi. TBE incidence
in Vologda Oblast was increasing after 2002 to reach
its maximum (10.9) in 2009, followed by a decline.
The TBE LTAIR in 2007—2011 increased by 1.2-fold
as compared to 2002—2006, but decreased by 1.5-fold
in 2012—2016. In Vologda Oblast, ITBB incidence
increased from 28.7 in 2002 to 46.3 in 2003. It then
it decreased markedly, but the decline was followed
by a second rise from 2005 to 2009 (40.8 in 2009).
Starting from 2012, ITBB incidence went into de-
cline once more. The ITBB LTAIR in 2007—2011
increased by 1.2-fold as compared to 2002—2006, but
decreased by 1.5-fold in 2012—2016 [9].

In the Republic of Komi during the analyzed pe-
riod, two series of incidence rate rises and falls were
observed for both for TBE and ITBB. For TBE,
the first rise in incidence took place in 2002—2010
(3.3in 2010). The second occurred in 2015—2019 (1.9
in 2019). The TBE LTAIR in 2007—2011 increased
by 3.6-fold in comparison with 2002—2006, but de-
creased somewhat in 2012—2016. Regarding ITBB,
the first rise in incidence occurred in 2002—2011
(2.2 in 2011). The second took place in 2015—2019
(1.8 in 2019). The ITBB LTAIR in 2007—2011 in-
creased by 4.4-fold as compared with 2002—2006,
but decreased somewhat in 2012—2016. In contrast,
TBIR continued to grow until the end of the study
period [17].

Discussion

The epidemic situation with TBE and ITBB in the
NWFD has its own peculiarities. The LTATBIR
during the analyzed period in the NWFD exceed-
ed the national rate by 1.5-fold [8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 29]. Although the significance
of the TBIR is inevitably limited by incomplete reg-
istration of tick bites [2], long-term analysis of its val-
ues makes it possible to estimate epidemical hazards
related to ticks, albeit indirectly. The pronounced
uptrend in TBIR revealed in the Republic of Komi
and Arkhangelsk Oblast, together with information
on the regional distribution of tick bites [2, 36], proves
the northward expansion of ticks in both NWFD
subjects. In the view of some researchers, the habitat
of ticks in the Republic of Komi, Arkhangelsk Oblast,
and the Republic of Karelia has expanded northward
by 150—200 km over the past decades [2, 27, 36].

There may be a variety of reasons for the growth
of the TBIR registered. On the one hand, raising
public awareness of the dangerous consequences
of tick bites and improved availability of medical care
likely plays a role. On the other hand, there are cer-
tain social changes that increase the risk of human
exposure to ticks, such as: development of the wood-
working industry [1]; land use for summer house
construction in tick habitats [20]; climate changes
that provide better living conditions for ixodid ticks
in northern regions [37]; an increase in the number
of ticks in natural habitats [7]; and others.

Of particular concern are LTATBIRs in children
(below 17). In Vologda Oblast, they were 1.5-fold
higher than in adults [9]. Both in the NWFD and na-
tionwide, the TBIR trend line had the opposite direc-
tion compared to trend lines for TBE and ITBB inci-
dence. TBE and ITBB incidence during the analyzed
period tended to decrease both in the NWFD and na-
tionally. Regarding TBE, the nationwide downtrend
is even more apparent than that in the NWFD. It is
probable that reductions in reported incidence rates
(TBE, ITBB) in 2020—2021 were due to less attention
to both those infections amid the COVID-19 pandem-
ic, including decreased volumes of associated labora-
tory diagnostics required for detection. The decreases
in reported TBE and ITBB incidence are probably as-
sociated with significant overloads of the healthcare
system during that period, including significant re-
distribution of inpatient and outpatient medical care
in favor of patients with COVID-19 [6, 25].

In the NWFD during the analyzed period,
the TBE LTAIR was 1.2-fold higher than nation-
wide [8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 29].
In Vologda Oblast, Arkhangelsk Oblast, and in the
Republic of Komi, undulations in TBE and ITBB
incidence rates were observed. In other NWFD sub-
jects, those incidence rates decreased rather evenly.
During the analyzed period in the Republic of Komi,
there was a pronounced uptrend in incidence rates
of both TBE and ITBB. This was unlike the na-
tionwide trend and those of other NWFD subjects.
A pronounced rise in the TBIR was observed both
in the Republic of Komi and in Arkhangelsk Oblast.

The highest LTATBIR was reported in Vologda
Oblast. In the Republic of Karelia, it was also rather
high, albeit lower. Both are subjects with high TBE
epidemical hazard. The Republic of Komi (in the
northern part of the NWFD) is a subject with low ep-
idemical hazard. However, the pronounced uptrend
in local TBE incidence allows, in our opinion, one
to consider this subject as an area that requires spe-
cial attention in relation to this infection.

In some NWFD subjects, local LTATBIRs
in children exceed those in adults, but TBE LTAIRs
in children were lower. This may be thanks to closer
attention to the health of children. The predominance
of mild forms (febrile, meningeal) is typical for TBE
clinical courses, both in the NWFD and in some
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countries of Northern and Eastern Europe [30, 39].
In the Far East, severe focal forms with a higher mor-
tality rate are common [7].

The downtrend in TBE incidence in all NWFD
subjects (except for an upward trend in the Republic
of Komi) is possibly due to increased TBE vaccina-
tion. Long-term average (LTA) share of the popula-
tion vaccinated against TBE in 2010—2021 amount-
ed to: 0.41£0.08% (Rincr = 5.7%) in Pskov Oblast;
0.684+0.08% (Rincr = 2.5%) in St. Petersburg;
0.74+0.24% (Rincr = 13.1%) in Kaliningrad
Oblast; 2.00+0.15% (Rincr = 1.2%) in the Republic
of Karelia; 2.15+0.62% (Rincr=15.2%) in Leningrad
Oblast; 2.86+0.45% (Rincr = 5.6%) in Arkhangelsk
Oblast; 3.44+0.99% (Rincr = 17.8%) in the Republic
of Komi; and 7.92+0.66% (Rincr = 3.4%) in Vologda
Oblast [8, 9, 10, 11, 14, 15, 16, 17, 19].

Modern TBE vaccines protect 95—98% of persons
bitten by infected ticks [21], and immunoprophylaxis
prevents the development of manifest TBE forms
in 79% of cases on average [22]. Strictly speaking,
however, vaccination does not guarantee protec-
tion. In 2019, thirty-two cases of TBE were reported
in vaccinated individuals in Russia (2.1%) [7].

Rises in natural immunization may also cause de-
clines in TBE incidence. TBE virus seroprevalence
in the unvaccinated population is rather high in some
NWFD subjects [28, 36]. However, latent immuniza-
tion of humans in TBE foci does not guarantee pro-
tection insofar as the acquired antibody prevalence
decays significantly over a few months. Hence, hu-
moral immunity may not provide resistance to infec-
tious doses of TBE virus [5].

Another possible reason for TBE incidence de-
clines within the studied period in some NWFD
subjects was a decrease in TBE virus prevalence
in ticks collected from vegetation or removed from
victims. For example, the Rdecr of TBE virus
prevalence in ticks removed from victims was: 12%
(LTA = 2.6+0.9%) in the Republic of Karelia; 16%
(LTA = 1.4+0.4%) in Kaliningrad Oblast; and 24%
(LTA = 3.4%1.5%) in Pskov Oblast [10, 15, 16]. In the
Republic of Karelia, the Rdecr of TBE virus preva-
lence in ticks collected from vegetation was 29%
(LTA = 2.7£1.8%). In Leningrad Oblast, it was 17%
(LTA = 1.7£1.5%) [11, 16].

However, TBE virus prevalence in ticks at the site
of collection may differ from that of the region as
whole. Moreover, according to some sources [5],
the most informative indicator of potential epidemi-
cal hazard in a natural TBE focus is “the density
of heavily infected ticks.” Those authors believe that
clinically apparent disease develops only in patients
who receive a high dose of the virus.

The pronounced uptrend in TBE and ITBB in-
cidence in the Republic of Komi to a certain extent
is possibly accounted for by expansion of ticks into
the northern territories, where inhabitants are at in-
creased risk of infection due to low natural immunity

against those infections as well as insufficient vacci-
nation against TBE [2].

Similar trends revealed for TBE and ITBB epi-
demic processes in some NWFD subjects also sup-
port the theory of tick northward distribution. This
probably contributed to the increase in TBE inci-
dence up until 2010, and I'TBB incidence before 2011,
in those locations. In the Republic of Komi, the pro-
cess was probably developing further, as evidenced
by the repeated rise in incidence rates (TBE, ITBB)
from 2015 to 2019.

The trends in epidemic process development and
TBE incidence in the NWFD feature peculiarities
in compared with neighboring countries. TBE in-
cidence rates in Lithuania, Latvia, Estonia, and
Sweden exceeded those in the NWFD. TBE inci-
dence rates in Finland, Norway, and Poland tended
to increase, unlike that of the NWFD [31].

In Russia, TBE incidence rates recorded in the
Siberian and Ural Federal Districts exceed that
of the NWFD. In all Russian Federal Districts in-
cluding the NWFD, there was either a downward
trend in TBE incidence or no statistically significant
changes [6].

During the analyzed period, the downtrend
in ITBB incidence in the NWFD was even more
pronounced than nationwide. At the same time,
the ITBB LTAIR in the NWFD was 1.6-fold high-
er than that nationwide [8, 9, 10, 11, 14, 15, 16, 17,
18, 19]. The highest ITBB LTAIR was reported
in Vologda Oblast. In the Republic of Komi, there
was a pronounced uptrend in ITBB incidence that
requires special consideration.

Regarding ITBB LTAIR, attention should also
be paid to the fact that St. Petersburg is classified
with subjects of medium epidemical hazard, while
Leningrad Oblast (LO) is a subject with low epidemi-
cal hazard. However, about 70% of St. Petersburg in-
habitants who sought medical help after tick bites had
been bitten by ticks in Leningrad Oblast [19]. In our
opinion, this indicates that there is some underdiag-
nosis of ITBB in LO.

ITBB incidence rates are rather high both
in northeastern and central Europe, with noticeable
reduction both to the west and south. An upward
trend in I'TBB incidence has been recorded in many
European countries, especially in northern and cen-
tral Europe [33, 35, 38].

Regarding Russia, the Siberian, Ural and Central
Federal Districts have recorded local ITBB inci-
dence rates exceeding that of the NWFD. However,
unlike other Federal Districts (and Russia over-
all), there is a pronounced tendency towards an in-
crease in ITBB incidence in the Central Federal
District [26].

In the NWFD and nationwide in 2002—2021,
ITBB LTAIRs exceeded those of TBE. However,
in Arkhangelsk Oblast and the Republic of Komi,
ITBB LTAIRs were less than those of TBE. This may
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be due to some underdiagnosis of ITBB in those two
subjects. In some NWFD subjects, ITBB LTAIRs
of the rural population exceed those of the urban pop-
ulation, possibly due to more frequent contacts of the
rural population with natural ITBB foci. The pre-
dominance of erythematous forms over those non-
erythematous in the overall structure of ITBB clinical
forms may be due to underdiagnosis of this infection.

The decrease in ITBB incidence, recorded in the
context of TBIR growth and an uptrend in B. burg-
dorferi sensu lato prevalence in ticks, may also be re-
lated to: underdiagnosis of ITBB due to an increase
in the share of non-erythematous forms in the struc-
ture of ITBB clinical forms; and/or decreases in the
volume of laboratory diagnostics with associated im-
pacts on reported ITBB incidence. In Kaliningrad
Oblast for example, B. burgdorferi sensu lato preva-
lence in ticks collected from vegetation increased
from 5.4% in 2002 t0 16.9% in 2021 (LTA=9.5+1.5%,
Rincr=7%) [10]. Inother NWFD subjects, Rincrwas
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MMMYHOJIOTMYECKUE NOKASATEJIN

Y BOJIbHbIX XPOHU4YECKUM

ONMUCTOPXO30M NPU HAJINHNUN

MYTALMU B FTEHAX, ACCOLLUMPOBAHHbBIX

C NPEAPACMNOJIOXXEHHOCTbBIO K OCTEONOPO3Y

JI.B. Kypaaesa, T.®. Crenanona, K.b. Crenanosa, A.H. Kocsipera, 1.B. BakmrTanosckas,
I''A. Kaneruna, C.A. I'puropnena

DHYH Tromenckuiit HUH kpaesoit unpexyuonnoi namonoeuu Pedepanvroii cayxicdvl no Hadzopy é cgepe 3auumol npas
nompebumeaeil u 6aaeonoay4us uenoseka, e. Tromens, Poccus

Pesiome. [17151 BoISIBICHU ST 0COOCHHOCTEM (DYHKIIMOHUPOBAHUS UMMYHHOI CUCTEMbI Y 00JIbHBIX XPOHUYECKUM OIU-
CTOPXO030M C HAJUYMEM MYTallMii B IOKYCaxX, aCCOLIMUPOBAHHBIX C PEAPACIIOI0XKEHHOCThIO K Pa3BUTUIO OCTEOIO-
po3a, MpoBeneHbl KOMITIEKCHBIC UCCACIOBAHUS KJIETOYHOIO M I'yMOPaJbHOTO 3BeHbeB MMMYHUTeTa. COCTOsTHUE
(baronmTapHoOit cUCTeMBI OLIEHMBAJIM, U3ydasl MOKa3aTeIn MOTJMOTUTENbHOM, MeTab0OINYECKOM aKTUBHOCTH M 00-
pa3oBaHMs aKTUBHBIX (DOPM KHCIOPOAa 0 BOCCTaHOBIECHHU0 HUTpocuHero terpa3onus (HCT Tect crioHTaHHBII
U CTUMYIUPOBAHHEIN). MeHOTHIT TUMQPOIIUTOB ONMpPeAeIsiI METOIOM IPOTOYHOU HUTOMEeTpuu. ['ymMopaibHOE
3BEHO CHCTEMBI MMMYHHTETA OICHUBAIH IO KOJTUUYECTBY UMMYHOTI00yInHOB KiaccoB M, G, A u E. BeraBiaeHs
pa3auunsg B GYHKIIMOHAIBHOM COCTOSTHUM Pa3IMYHBIX 3BEeHbEB MMMYHHOI CHCTEMBL. Y OOJBHBIX XPOHUUECKUM
OMUCTOPXO30M MpU Haauuuu noaumopdusma rs1544410 reHa, KOAUPYIOIIETO BHYTPUKIETOUHBII peLienTOp BU-
TamuHa D, TOCTOBEPHO HUXE OTHOCUTEIbHOE KOJMYECTBO T-XeJmepoB, YeM B TPYIIe C HOPMAJbHBIM aJIlJIEIEeM.
IMpu Hanuuuu nmoaumopdusma rsl800012 rena, koaupytomero ol-uenb KotareHa I Tuma, TOCTOBEPHO BbILIE
a0COJIIOTHOE KOJIMYECTBO JUMGDOILIMTOB, HUXe — TOKa3aTelu CIOHTaAaHHOTO U cTumMmyiaupoBaHHoro HCT-tecTa,
3HAUUTENbHO HUXE — KoauyecTBO DN-T 1uMbouuToB (Kak B OTHOCUTEIbHOM, TaK U B aOCOJIOTHOM 3HAYCHUH).
[Mpu Hanuuum myTtanuu rs3736228 reHa, KOAUPYIOLIEro TpaHCMEMOPaHHBIM PELENTOp JUIIONPOTEMHOB HU3KOM
TUIOTHOCTH, HUXXE YPOBEHb MUEIONEPOKCUAA3bl U MHAEKC CTUMYJISIIMU HEUTPOMUIOB, BbIIIE MOTIOTUTEIbHAS
AKTUBHOCTh HeiiTpoduioB. Hanumune myranuu rs2234693 reHa peLentopa 3CTporeHa MpUBOIUT K JOCTOBEPHOMY
MOBHIIICHUIO TToKa3aTes ctuMynupoBaHHoro HCT-recra u konueHTpanuu IgG. Takum o0pa3om, y maneHTOB
C XPOHMYECKUM OIUCTOPX030M Ipu Haamuuu myTtauuuit reHoB COL1 Al, LRP5, ESR1(rs2234693) usmeHsoTcs
KaK HecIeIIn(HUIeCKIe BPOXICHHBIC peaKIINM UMMYHHOM CUCTEMBI, TaK 1 IIOKA3aTeIN afallTHBHOTO 3BeHA MMMY-
HUTeTa; MyTauuu reia VDR mpuBoasSIT K M3MEHEHUSM TOJIBKO aJallTUBHOTO UMMYHHUTETA. AHAIN3 TOJTYYCHHBIX
pe3yIbTaTOB MO3BOJISIET MPEANoJaraTh, YTO HaJUUYUE MYTAIIUH, CBA3aHHBIX C PA3BUTHUEM OCTEONOPO3a, OKA3bIBAET
MOIYJIUpPYIONi 3pdeKT Ha UMMYHHBI OTBET MPU XPOHUIECKON OMMCTOPXO3HON MHBAa3UU. BhIsSBIEHUE MTONH-
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MOp(bHBIX I¢HOB, CBA3aHHBLIX C MeTaboJMYECKUMU Hapylmi€cHUAMU KOCTHOU TKaHU 1 N3YyYCHHUEC UMMYHOJIOTMYCCKO-
Tro l'[pO(bI/UIﬂ Y NagMEHTOB C XpOHI/IquKOﬁ OHHCTOPXOSHOﬁ WHBa3Mel MO3BOJIUT p€aaun3oBaTb I/IHZ[V[BI/UIyaI[BHHﬁ
MOAXOJ B JICUEHUU ITUX OOJbHBIX.

Karoueevie caosa: LlMMyHHbIﬁ omeem, Hecneuu¢ultecxaﬂ pe3ucmenHmHocms, aoanmueHulii UMMYHUmem, xponuuec;cuﬁ onucmopxos,
ceHemuveckue n(mumop(])ua’mw, ocmeonopos.

IMMUNOLOGICAL PARAMETERS IN PATIENTS WITH CHRONIC OPISTHORCHIASIS BEARING
GENE MUTATIONS ASSOCIATED WITH OSTEOPOROSIS-PREDISPOSITION

Kurlaeva L.V., Stepanova T.F., Stepanova K.B., Kosyreva A.\N., Bakstanovskaya L.V., Kalgina G.A., Grigorieva S.A.
Tyumen Region Infection Pathology Research Institute, Tyumen, Russian Federation

Abstract. To identify the features of the immune system functioning in patients with chronic opisthorchiasis bearing muta-
tions in loci associated with predisposition to developing osteoporosis, comprehensive studies of cellular and humoral arms
were carried out. The state of the phagocytic system was assessed by assessing absorption, metabolic activity and reactive
oxygen species formation to restore nitrosine tetrazolium (spontaneous and stimulated NBT test). The phenotype of lym-
phocytes was determined by flow cytometry. The humoral immune arm was evaluated by the number of immunoglobulin
classes M, G, A and E. Differences in the functional state of various arms of the immune system were revealed. In patients
with chronic opisthorchiasis in the presence of rs1544410 polymorphism of the gene encoding the intracellular vitamin D
receptor, the relative number of T-helper cells is significantly lower than in the group with the normal allele. In the pres-
ence of rs1800012 polymorphism of the gene encoding the al-chain of type I collagen, the absolute lymphocyte count
is significantly higher, spontaneous and stimulated NBT test were lower, the number of DN-T lymphocytes is significantly
lower (both in relative and absolute values). In the presence of the rs3736228 mutation of the gene encoding the trans-
membrane low-density lipoprotein receptor, the level of myeloperoxidase and the neutrophil stimulation index are lower,
the absorption activity of neutrophils is higher. The presence of the rs2234693 mutation for estrogen receptor gene leads
to significantly increased level of stimulated NBT test and IgG concentration. Thus, patients with chronic opisthorchiasis
bearing mutations in the COL1 A1, LRPS, ESR1(rs2234693) genes, have altered both nonspecific innate reactions and pa-
rameters of the adaptive immune arm; mutation of the VDR gene solely affects adaptive immunity. Analysis of the results
suggests that the presence of mutations associated with the development of osteoporosis has a modulating effect on the
immune response in chronic opisthorchiasis invasion. The identification of polymorphic genes associated with metabolic
disorders of bone tissue and the study of the immunological profile in patients with chronic opisthorchiasis invasion will
allow to implement an individual approach in the treatment of such patients.

Key words: immune response, nonspecific resistance, adaptive immunity, chronic opisthorchiasis, genetic polymorphisms, osteoporosis.

BBeneHune

Bonpocsl 0 MexaHu3Max (QYHKIIMOHUPOBAHUS
WUMMYHHOI CUCTEMBI MPU XPOHUYECKOM OIMUCTOP-
X03€ TIO-TIPEXXKHEMY aKTyaldbHbl. B XpoHuuYeckoit
da3ze onucTopxo3a OCHOBHOE 3HAYEHUE UMEIOT BOC-
NaJIMTeIbHO-TIPONr(epaTUBHbBIE MPOLIECCHI, BaX-
Hbl MTHTEHCUBHOCTb U JIUTEJIBHOCTh UHBa3uu [15].
MHoroneTHue UCCAeAOBAHUS UMMYHHOIO CTaTyca
y JIIOAEN C XPOHMUYECKOU OMUCTOPXO3HOW MHBA3UEN
MPONEMOHCTPUPOBAJIM aKTUBALIMIO Hecneuuduyec-
KO PE3UCTEHTHOCTU (ITOBBIIIEHWE 3HAYEHUN KUC-
snoponzaBucuMort GaktepunuaHoctu (HCT-TecT)),
AKTUBHOCTU MMUEJIONEPOKCUAA3bl HEUTPOPUIBHBIX
rpaHyJIOLMTOB, TIOBbILIEHWEe KOHLEeHTpauuu I[L-8,
BBICOKOE COAEpXKaHUE XeanepoB U T-TuMOOLIUTOB
¢ mo3nHUM Mapkepom akTuBaruu (CD3*HLA-DRY),
CHUXKEHUE TMoKa3aTeeld aJalTUBHOIO KJIETOYHOIO
UMMYHUTETA (CHUKEHHOE KOJUYECTBO LIUTOTOKCH-
yecKux JUM@OIIUTOB), aKTUBALIMIO TyMOPAJIbHOTO
3B€Ha MMMYHUTeTa (MOBBILIEHUE KOHUEHTPAlluU
obmux IgA, IgM u IgE), noBbilieHre KOHLIEHTPALlUU
[IAPKYTUPYIOIINX UMMYHHBIX KOMTIJIEKCOB) [2, 4].

Cy1iecTByeT B3aMMOCBSI3b MeXAy (PyHKIIHUO-
HUPOBAaHUEM KOCTHOW W UMMMYHHOU CUCTEM
opraHusma. B perynsuum audbepeHIIUPOBKU
KOCTHOW TKaHU U aKTUBALlUU UMMYHHOU cUCTe-
Mbl TPUHUMAIOT yyacTHUE OJAHU U Te XKe OeJKU
(MHTepJieiKUHBI-1 U -6, haKTOp HEKPO3a OMyXo-
Ju u Ap.). O6HapyKeHbl 00IIMe AJs1 KJIeTOK 00e-
MX CUCTEM pELEeTITOPbI, GaKTOPbl TPAHCKPUIILIUH,
curHajibHble nyTu. OcTeobacThl Yy4YacTBYIOT
B PEeryjasiiuu ooOpa3oBaHUS UMMYHOLMTOB, CUH-
Te3Upys TpaHyJOLUTAPpHbINA, MakpodaraabHBII
KoJIOHUeCTUMyaupylomue ¢axkrtopbl. Kietku
UMMYHHOU CHUCTEMBbI C MOMOIIbIO CUHTE3UpYye-
MBIX UMW MEIMAaTOPOB COCOOHBI KaK YCUJINBATH
npoiecchl KOCTHOW pe3opOuuu, TaKk U TOPMO-
3UTh UX. Tak, HAIPUMEP, IPSIMBIM UHTUOUTOPOM
octeokyacTtoreHesza gpiasiercsa IL-10, a TpaHc-
dbopmupyromuit dakrop pocta TGF-B, xoro-
pBIil CUHTE3UpYyIoT Makpodaru u T-TuM@OILUTHI,
CITOCOOEH BBI3BIBATH XEMOTAKCUC OCTE007acTOB,
ycuuMBaTh uX npoiaudepanumo [16]. DTo maer
OCHOBaHUs MpearnojaaraTb, 4YTo MOJIUMOPOU3MBbI
T€HOB, aCCOLIMMPOBAHHBIX C PA3BUTUEM OCTEOIIO-
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VIMMYHWUTET Npy ONMUCTOPXO03€ U NOSMMOPdU3MAX

po3a, BIMSIONINE Ha MTePEeCTPOMKY M aKTUBAIIUIO
MeTabOoJIMYeCcKUX MPOLeCCOB OpraH1U3Ma, TeM ca-
MBIM MOTYT BO3J€iCTBOBATh HAa UMMYHHBI OTBET
Yy OOJIBHBIX XPOHUYECKUM OITUCTOPXO30M.

Llenbto MccnaenoBaHUsl ObIJIO BBISIBJIEHUE B3aM-
MOCBSI3U MEXAYy HaJludueM MoJuMOp@U3MOB, ac-
COLIMMPOBAHHBIX C PA3BUTUEM OCTEOIIOPO3a, U OCO-
OCHHOCTSIMH (QYHKIIMOHUPOBAHUSI UMMYHHOM CHC-
TEMBI Y MAIIMEHTOB C XPOHWYECKOI OIMMUCTOPXO3HOMN
UHBa3uen.

Matepwnasbl 1 MeETOLbI

WUccnenoBaHbl 00pa3libl BEHO3HOI KpoBU 22 Ma-
LIMEHTOB ¢ AMarHo3oM «OMUCTOPX03, XPOHUYECKA s
daza 3aboseBaHUsI». Bce manmmeHTHI maau nHGOP-
MUPOBaHHOE COTJIace Ha MCITOJIb30BaHUE OMOJIO-
TMYEeCcKOro MaTepuaja B HACTOSIIEM HCCJIeaoBa-
HUU. MenuaHa Bo3pacTa o0CIeayeMbIX COCTaBU-
ma 48 net (IQR 38—59). [IpoBeneHO KOMTIIJIEKCHOE
HCCJIEIOBAHME UMMYHOJOTUYECKUX TMOKa3aTesei.
®daronurapHas akTuBHOCTb HeliTpodunos (PAH)
onpeaessaach Mo COCOOHOCTH KJIETOK MOIJIOIIATh
gactunbl Jatekca ¢ d = 10 MkMm (OO0 «JIMMADM»,
Poccust) — mnpoueHT HeliTtpoduso uz 200 npo-
aHaJIM3UPOBAHHBIX, COACPXKAIIMX 4YacCTUIIBl Jia-
Tekca [I11]. MeTtabonnmyeckyo aKTHUBHOCTH HEM-
TPOMUIOB ONMPEACIISIIN MUTOXUMUISCKUM METO-
JIOM BOCCTAaHOBJIEHUSI HUTPOCUHETO TeTpa3ous
no aupopmazaHa (HCT-tecT cmoHTaHHBIN U CTU-
MmynupoBaHHbI 10% pacTBopoM nuporeHasna) [11].
Criontanublii HCT-Tect oTpakan cTelleHb akK-
TUBAllMM  KHUCJIOPOA3aBUCUMOIO MeTaboamn3Ma
W CBsI3aHHYIO C HUM HapabOTKy CBOOOIHBIX pa-
NOUKAJOB, CTUMYJUPOBAHHBIN BapuaHT (in Vvitro)
XapakTepu3oBaa (QYHKIMOHaAIbHBIN pesepB [17].
YpoBeHb MUEIOIIEPOKCHUIA3El HEUTPODUIIOB BHI-
SBJISIJIA COEKTPOGOTOMETpUUECKUM MeToaoM [17].
WUccnenoBanue ¢eHoTuna JAUM@OLIMTOB ITPOBO-
OWJIU METOAOM ITPOTOYHOM HUTOMETPUU LEJIbHOU
nepudepruIecKoit KpOBH C UCITOIb30BAHUEM MOHO-
kaoHanbHbIX aHTUTEN (Beckman Coulter, CIIIA),
meueHbix FITC (fluorescein isothiocyanate), PE
(phycoerythrin), ECD (phycoerythrin-Texas Red-X)
n PC5 (phycoerythrin-cyanin5) Ha IpOTOYHOM IIH-
topayopumerpe «Cytomics FC-500» (Beckman
Coulter, CIIIA). HMcnosb3oBajoch Tpex1BETHOE
UMMYyHOodeHoTUnIupoBaHue T0 TaHeasm: CD3/
CD4/CD45, CD3/CD8/CD45, CD3/CD16+56/
CD45 n CD3/CDI19/CD45. OcHoBHBIE (DEHOTH-
nel  guMmdouutoB: T-numdbpouutsr (CD3*CDI9-
CD16/56-CD45%), T-xeanepsl (CD3*CD4"CD45"),
T-uutotokcmueckue (CD3*CDS8*CD45%), NK-
kietku (CD3-CDI16/567CD45%), B-numdouuTts
(CD3-CDI19°CD45"). AOCOJIOTHBIE 3HAYEHUS
OBLIM MOJYYEHBI MO ABYXIJIAT(MOPMEHHON TEXHO-
JIOTUU C MCIIOJIb30BaHUEM PE3yJIbTaTOB I'eMaToJIO-
TMUYEeCKOTO aHajm3a. KoHIeHTpaluio UMMYHOTLJIO-
oynuHoB M, G, A, u E B cbIBOpOTKE KPOBHU OMpe-

JeJIIIN UMMYHO(GEPMEHTHBIM METOJIOM C ITOMO-
b0 KOMMepYeCKUX HabopoB «MMMyHOCKpUH-G,
M, A-UDA-BECT» u «IgE-o6muit-UPA-BECT»
(Bextop-bect, Poccust). KoHLeHTpaio HUTOKMU-
HoB (IFNy, IL-4, IL-8, IL-10) onpenensiiu ummy-
HO(GEPMEHTHBIM METOJIOM C TTOMOIIbI0O KOMMepUe-
ckux HabopoB «['amMma-mHTephepoH-UDA-BECT>,
«AuTepaecitkna-4-UDA-BECT», «MHTepaeiiKuH-
8-UDA-BECT», «WUutepneitkun-10-MDA-BECT»
(Bextop-bect, Poccus).

Breinenenue toranpHoit JJHK yenoBeka n3 06-
pa3lioB KPOBU MPOBOAMIM C WCIOJb30BaHUEM
kKomMmepueckux HabopoB «JIHK-copo B» (DBYH
IHHWHND PocnorpebHam3opa). [eHeTIeCKME TI0-
JTUMOPMOU3MBI BBISBISIIM METOJIOM MUPOCEKBEHU-
pOBaHM S C MPUMEHEHUEM CUCTEMbI TEHETUUECKOTO
anaim3a PyroMark24 n kKommepueckux HaOOpOB
peareHToB (AMmauCeHc ITupockpun «OCTEO-
CKPHMH»), IpeAHa3HAYeHHBIX JIJISI OLIECHKU Ipeapac-
MOJIOXXEHHOCTU K Pa3BUTHUIO OCTEOIOpO3a TMyTeM
oOHapyKeHUs TOJUMOP(HU3MOB B JIOKYCaX:

— 151544410 rera VDR (Peuentop Kk ButamMmuny D);

— 151800012 rena COLI1 Al (Konnarex tun 1);

— 183736228 rena LRP5 (PeuernTop K a1monpo-

TEeMHaM HU3KOU MJIOTHOCTH);

— 152234693 u rs9340799 rena ESR1 (Bctpore-

HOBBII pelenTop);

— 154988235 rena LCT (JlakTaza).

Cratuctuueckasgs o0paboTKa  TMOJYYEHHBIX
pe3yabTaTOB BBINIOJHEHA JIMIIEH3UOHHBIM IIPO-
rpaMMHBIM obOecrieueHueM SPSS, Bepcus 22.0,
npeaHa3HAaYeHHBIM ISl HAYYHBIX MCCIIEIOBaHUMN
M JokaszaTesibHOM MeaAunuHBL. OlieHKa 3HauuMO-
CTH Pa3IWdIUi MeXIy TpPyIIIaMu ¢ HOPMAaJIbHBIM
pacnpenesieHMeM 3HadYeHUil (MOATBEPKIACHHBIM
TectoMm Ilanmupo—Yunka) mpoBomuiiach ¢ MOMO-
mpto t-xkputepuss CreogeHta (T-tect). OueHka
3HAUMMOCTU pa3JMUYUil MeXIy TpylnmnamMu IIpu
pacmpenesieHUd, OTJAMYHOM OT HOPMAaJIbHOTO,
MPOBOAUTIACH C WMCIOJb30BAaHUEM HeMapaMeTpH-
yeckoro U-kputepusi ManHa—YutHu (U-TecT).
Kputnaeckuit ypoBeHb 3HAYMMOCTH IIPUHUMAJ-
ca < 0,05. CpaBHUBaAu MokaszaTeJd WMMYHHOU
CHUCTEMBI B IpyHnax 00JbHBIX XPOHUUYESCKUM OIMU-
CTOPXO30M C HaJIMIUEM U OTCYTCTBUEM MYTallWiA,
aCCOLIMMPOBAHHBIX  C IIPEAPACITOJOXEHHOCTBIO
K ocTeornopo3sy. B cTtaTbe npeacTaBiaeHbl JOCTOBEP -
HO paznuyatoniuecs nokasareau (p < 0,05).

Pe3ynbrathl 1 06CyXaeHne

PesynpraTel Halero mcciiemoBaHUs TMOKa3ajiu:
y alueHToB noaumopdusmom rs1544410 rena, ko-
NUPYIOIIEro BHYTPUKJIETOUHBIN pELENnTop BUTA-
muHa D, BeisgBiieHo moctoBepHO (p = 0,02, T-TecT)
MEHbIIIee OTHOCUTEJILHOE KOJIMYEeCTBO T-XearnepoB
40,5+3,24 no cpaBHEHMIO C MallMeHTaMu Oe3 JaH-
HOM MyTanmu — 49%1,24. Takoe OTCYyTCTBHE IIO-
BBILIEHUST KOJMYECTBA T-XeJIepoB MOXET OBbITh
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CBSI3aHO C HEIOCTAaTOYHOCThIO UMMYHHOI'O OTBETA
Ha OMUCTOPXO3HYIO MHBA3UIO y MAllMEHTOB C Ha-
auyueM MUHOpHoro asens. 'en VDR konupyert
OenoK-pelenTop BUTamMuHa D, cHnocoOHbIN u3-
MEHSTh OKCIIPECCUI0 T'E€HOB, BOBJIEUEHHBIX KakK
B IOMEOCTa3 KaJbllUs, TaAK U B UMMYHHBIA OT-
Ber [13]. DepMeHTHI, MeTaOOIM3NPYIOIINE BUTAa-
MUH D, 1 peuentopsl K BUTaMuHy D NpuUcCyTCTBY-
IOT BO MHOTMX TUIAaX KJIETOK, BKJIIOUasi UMMYHHbIE
(AaHTUTEHITpe3eHTUpYyIIUe KJIeTKU, [-KJIEeTKHU,
B-knetku u MoHouuThl) [25]. Butamun D Bnuser
KaK Ha BPOXJEHHBIN, TaK U Ha agallTUBHbBIIA UM-
MYHUTET, YYACTBYET B KJIETOUHOU Mposrndepaluu
u nudpepeHurpoBke [5, 14], ycuauBaeT IpOTUBO-
MUKpPOOHOE AeiicTBUE MaKpodharoB U MOHOIIMTOB,
MOoBbIIIAeT (aroUTaApHYIO (PYHKIIMI0O UMMYHHBIX
KJeToK, yBeauuuBaeT npoaykuuw IL-10, uHru-
oupyeT uMTOoKUHBI IL-2 u IL-17 [20]. [IpuMeHeHue
BBICOKMX /103 KaJbLIUTPUOJA Y 3O0POBBIX JIOAEH
NPUBOAUT K 3HAYUTEJIbHOMY CHUXEHUIO YPOB-
HsI TIPOBOCIAIUTEIBHOTO LIMTOKMHA — I1L-6 [14].
KonnuectBo VDR Ha CD3*CD4* numdonutax
KOppeaupyeT co CTENeHbIo UX TU(GdepeHIUPOBKHU,
YTO TOBOPUT O MOTEHIIMAJIbHOU BOCIIPUUMYUBOCTU
T-xennepoB K BuTaMmuHy D [9] u MOXKeT ObITh CBSI3a-
HO C U3BMEHEHUEM UX peaKIllMy Ha OMMCTOPXO3HYIO
WHBA3UIO IPU HAJTUYUU UCCTIETYEMO My TaLIUH.

VY mauueHTOB ¢ XPOHMYECKON OMUCTOPXO3HOU
WHBa3uel npu Haauduu noaumMopdusma rs1800012
reHa COLIAl oOHapyXeHbl OTJAWYUS OT TpyM-
nbl 6e3 MyTalluyd IO HECKOJbKWM I10Ka3aTesiM
(tadu. 1).

B peakiusix BpoxX1IeHHOTO UMMYHUTETa Ha0JI10-
JlaeTcsl TOCTOBEPHOE CHMKEHME OO0pa3oBaHMs aK-
TUBHBIX (hOpM KucJIopoaa HelTpodujiaMu B CITOH-
tanHoM HCT-tecre 11,50%1,85% 1o cpaBHEHMUIO
c JmMuaMu 6e3 gaHHoi Myrtauuu — 22,44+2.09%,
a Takxke MEHbIIMe 3HauyeHUs MoKasaTels CTUMY-
aupoBaHHoro HCT-tecrta — 34,25+2,25 mpoTuB
44,0612,05% cooTtBeTcTBeHHO. [Ipn 3TOM B Tpym-
e ¢ HaJIuYMeM MYTAaHTHOrO aJuUlesisi MoKa3aTelu
HaXoIsITCA B TIpeaesiaXx I'paHUIl (pU3MOJIOTMYECKOMN
HOPMEI, B OTJIMYWE OT TPYIMIBI 0e3 MyTallWH, TIe
peructpupyercsi ux 0oJjiee BbIpaskeHHasl peakIlvs
Ha OINMMCTOPXO3HYIO MHBa3uio. CoxpaHeHue HOp-
MaJIbHOM peakliuy HeHTpo(UIOoB y OOTBHBIX OTH-
CTOPXO30M C HaJIM41eM MUHOPHOTO ajljiesisl CBUJIC-
TEJILCTBYET O MEHEe BhIpakKeHHOW peakIMu Ha aH-
TUTEH, a TaKXXe O COXpaHEHUU BBICOKOI'O OaKTepH-
UAHOTO TIOTEHIIMAJIa 3TUX KJETOK. Y OOJIbHBIX
C MYTaHTHBIM aJijieieM OOHapy>KeHO JIOCTOBEPHO
0oJiee BBICOKOE aOCOJIOTHOE KOJIMYECTBO JTUMQPO-
uuToB 2122+120,54 Kj1/MKJI, 4eM B TpyIme 6e3 My-
tauuu 1721£66,5 kia/mMkia. Takum obpa3oM, MyTa-
U B reHe kojiareHa I tuma, Baustoniast Ha CTpyK-
TYPHO-(DYHKIIMOHAJIbHBIE XapaKTEPUCTUKHU CAMOTO
pacIpoCTpaHeHHOTO IMTPOTenHa KOCTHOTO MaTpUKca
U crocoOCTBYyIOlIasl pa3BUTUIO ocTeornopo3sa [1, 7],
crocobHa MOIUGUIIMPOBATE UMMYHHYIO PEaKIInio
Ha OITMCTOPXO3HYIO MHBa3Wl0, CHUXKAsT peakInuu
BPOXJIEHHOTO UMMYHUTETA.

Y oOoabHbix XO mNOpu HaIUYUKU MYTalluu
rs3736228 rena LRPS5 BbIsiBJ€HBI U3MEHEHU S B I10-
KaszaTeJsiX BpoXKJAeHHOro MMMYyHHUTeTa (Tad. 2).

Ta6nuua 1. UMMyHOonornyeckme nokasaTenm y nauMeHToB C XPOHUYECKMM ONMUCTOPX030M B 3aBUCMMOCTM
OT HaJIN4YUS UNN OTCYTCTBUSA MUHOPHOro annensa rs1800012 rena COL1 A1

Table 1. Immunological parameters in patients with chronic opisthorchiasis, depending on the presence or absence

of a minor allele rs1800012 of the gene COL1 A1

Hanuuune muHopHoro annenga, n=4 OTcyTCTBME MMHOPHOTO annens, n=18
Mokasatenu . ;
Indicators Presence of a minor allele,n=4 Absence of a minor allele, n =18 P
Mm/Me (Q,5—Qy5) Mzm/Me (Q,5-Qy5)

HCT, % 0,002
) + + L
NBT, % 11,5+1,85 22,44+2,09 T-test
HCTcT., % 0,03

+ +
NBT st., % 34,25+2,25 44,06£2,05 T-test
JlumdounTsi, kn/micn 2122+120,54 172166,5 0,03
Lymphocytes, cells/ul T-test

Ta6nuua 2. UMMyHONOrMYyeckue nokasaresv y naumMeHToB ¢ XPOHUYECKUM ONUCTOPX030M B 3aBUCUMOCTH
OT HaNIM4YUS UNN OTCYTCTBUS MUHOPHOro annens rs3736228 rena LRPS

Table 2. Immunological parameters in patients with chronic opisthorchiasis with or without minor allele rs3736228

of the LRP5 gene
Hanuuue muHopHoro annens, n=7 [ OTCcyTCTBME MUHOPHOrO annend, n=15
Mokasatenu . ;
. Presence of a minor allele,n=7 Absence of a minor allele, n=15 P
Indicators
Mzm Mzm
Mmn, y.e. . . 0,04
MP, c.u. 482+87,01 797111 T-test
®AH, % " N 0,01
PAN, % 85,17+1,01 76,13+1,94 T-test
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Ta6auua 3. UMMyHonornyeckue nokasaresiv y nauMeHToB C XPOHUYECKUM ONMUCTOPXO30M B 3aBUCUMOCTH
OT HaIM4YUS UNN OTCYTCTBUSA MUHOPHOro annens rs2234693 rena ESR1

Table 3. Immunological parameters in patients with chronic opisthorchiasis with or without minor allele rs2234693

of the ESR1 gene

Hanuuune muHopHoro annensa, n= 14 | OTCyTCTBME MUHOPHOIO annens, n =8
Mokasatenu . .
Indicators Presence of a minor allele, n = 14 Absence of a minor allele, n =8 P
Mzm/Me (Q,;—-Q75) M+m/Me (Q,s—Qy75)
HCTcT., % 0,04
+ +
NBT st., % 42,86+2,32 34,63£3,2 T-test
19G, mr/mn ~ _ 0,04
IgG, mg/ml 20,95 (IQR 13-25) 10,05 (IQR 8-14) U-test

[Ipy HaATMYUU MUHOPHOTIO aJlJIeJISI JOCTOBEPHO
HUXe YypOBeHb pepMeHTa HeUTpo(pUIIOB MUETO-
nepokcuaasnbl (482187 y.e.) Mo cpaBHEHUIO C YPOB-
HEM MUEJIOTIePOKCHUIa3hl y TTAllMEHTOB 0€3 MUHOP-
Horo ajutenst (797111 y.e.), 4TO MOXHO OLIEHU-
BaTh KakK MPOTEKTUBHOE BIMSHUEC MYyTallMU, TaK
KakK B OTBET Ha OIMCTOPXO3HYIO MHBA3UIO PE3KO
MOBBIIIACTCSI AKTUBHOCTH MMUEJIOIICPOKCHIA3HI,
a 9TOT (pepMEeHT, OyAyYU CUJTBHBIM OKUCIUTEIIEM,
CIIOCOOEH BBI3BATh MOBPEKIACHUE OKPYXKAIOIIUX
TKaHeil Makpoopranusma. O0HapyKeH 0oJiee BbI-
COKMI TIPOLIEHT (parouMTapHOil aKTUBHOCTU Heli-
TpoduinoB — 85,17+1,01 niporuB 76%+1,94%, 4yrto
TOBOPUT 00 OoJbIIell aKTHUBAllUM MoKa3aTenei
HecnenunduIecKo pe3MCTEHTHOCTH OpraHu3Ma
B McciaenyeMoi rpymnre 0oabHbBIX XO Mo cpaBHe-
HUIO ¢ 60bHBIMU XO 0e3 MyTalluu.

LRP5 — TpaHncMeMOpaHHBI peuenTop JUMIO-
npoTenHoB Hu3koi miaotHoctu (JIITHIT), xoTto-
PBI CIYyXKUT KoperentopoM Wnt CUTHaJIbHOTO
OYyTU U UTPaeT KJIIOUYEBYIO pOJib B Mpoaudepanuu
n nuddepeHIMauu pa3IMUHBIX KJIeToK [8, 12].
IMonumopduble BapuaHThl penenrtopa K JITTHII
3aBUCSIT OT HapyIIeHUs Tepeaayd CUTHAJIOB CHU-
cTteMoii Wnt 1 TeM caMbIM BIUSIIOT HAa METa0OJIU3M
OCTe00J1aCTOB BO BpPEMS OCTEOTeHEe3a, CBSI3aHBI
C MUHEpPaJbHOW TJIOTHOCTBIO KOCTHU U C Mpea-
pacIoIOKeHHOCThIO K ocTeoropo3sy [19, 23, 24].
JITTHIT npuHuMaloT yyacTue B MMMYHHOM OTBe-
Te, CBSI3aHHOM C IIpolieccaMM BOCITAJICHUS M 3a-
BUCSIIIEM OT BO3ACHCTBUS ITPOBOCHAIUTEIBHBIX
IIMTOKWHOB, (dakTopa Hekposa omyxosau, [L-1B
n IL-6 [3]. [Torumopdusm rs3736228 rena LRPS,
KakK 1 MOJUMOP(PU3IMBI IPYTUX YYaCTHUKOB Wnt-
CUTHAJIBHOTO ITyTH, aCCOLIMMPOBAH C COCTOSIHU-
SIMU MMMYHHON CHCTEMBbI, 00ecCHeunBaIOIIUMU
caMmomnoJaepXuBalolieecs BocrajeHue [21], 4yTo
MOXKET OOBSICHSATDH BBISIBJICHHBIC U3MCHEHUS B pe-
aKIUSIX BPOXISHHOTO MMMYHHUTETa y OOJBHBIX
XO npu Hanuuuu uccaenyemoit myrauuu LRPS.

Y nmanuenToB ¢ XO — HocUTeNeil MUHOPHOTO
annens rs2234693 rena ESR1 mocTtoBepHO BBILIE
nokasatenab ctumylupoBanHoro HCT-tecrta
(42,861+2,32%), yeM y IalUMEeHTOB 0e3 MyTalUu
(34,63+3,2%), a Takxke KoHUeHTpauus IgG —
20,95 (IQR 13-25) mr/ma mpotus 10,05 (IQR

8—14) mr/ma (ta6a. 3). CiegoBaTeabHO, Y MAllMCH-
TOB ¢ HaJu4yueMm nojuMopdusma rs2234693 rexa
3CTPOreHOBOIO pEIIeNITOpPa BBISABISICTCS 0Oosee
BBICOKUI OaKTEepUIUMUIHBIN MOTEHIIMAJ HEUTPO-
GuIoB, a TakxXe Oojiee BbIpakeHHasT aKTUBALIU S
TyMOpPajJbHOTO UMMYHHOI'O OTBEeTa, 4YeM y 0OJb-
HbIX XO 6e3 MyTanuu.

ITonuMophU3MBbI TEHOB 3CTPOTCHOBBIX PEIICTI-
TOPOB aCCOIMUPOBAHBI C MUHEPAJIbHOW MJIOT-
HOCTBIO KOCTHOW TKaHU, KOCTHBIM PEMOICIIU-
poBaHMEM U mepeioMaMu KocTei [6]. JKeHckue
MOJIOBBIE TOPMOHBI IMMOAABISIOT CUHTE3 (haKTo-
poB 1udGepeHUNPOBKN U aKTUBHOCTU OCTEO-
KJIACTOB, CTUMYJIUPYIOT CUHTE3 OCTEOMpPOTEre-
pUHa, TOJABJISIONIET0O aKTUBHOCTb OCTEOKJa-
CTOB M CIIOCOOCTBYIOIIIETO X alOIITO3Y, a TaKKe
TGF-B, koTOpbIii yBeJIMYUBAET IMPOIOJIKUTETb-
HOCTBH CYIIIECTBOBAHMUSI OCTe00JacTOB 3a CYeT
cHUXeHud ux anonrto3a [10]. Hapsany ¢ BniusHu-
€M Ha KOCTHYIO TKaHb M y4yacTHMEeM B Pa3BUTHUU
OCTEOIopOo3a N3BECTHO CYIIIECTBEHHOE BIAUSHUE
3CTPOreHOB HAa UMMYHHYIO CUCTEMY: PELETITOPHI
3CTpOreHa OOHapy>KEeHbI BO MHOTUX THUIIaX UM-
MYHHBIX KJIETOK, BKJIto4yasg B- u T-nuMmdouutsi,
neHApUuTHBIC U NK-K1eTK1. DCTpOreHbl BAUSIOT
Ha peakIM1 BPOXICHHOTO UMMYHUTETA — CTHU-
MYJUPYIOT CHUHTE3 TaK Ha3blBaeMbIX MOJEKYJI
anre3uu (6iarogapst KOTOPHIM TUM@POLIUTH MO-
TYT 3aKPENUTHCS B o4are MOBPEKACHMSI), TOBBI-
IIal0T YPOBeHb T-XeImepoB M CHUXKAIOT COIEp-
xaHue T-cynpeccopoB, akTUBUPYIOT B-cucremy
UMMYHHUTETa, YTO IPUBOAUT K IIOBBIIICHUIO
conepxaHus anTutes [18]. CMHTE3 HUTOKMHOB
(TNFao, IL-1, IL-6) makpogaramMmu peryiupyer-
Ccs 3CTpOreHaMu, B YaCTHOCTHU, ITyTEeM MOIYJs-
nuu skcrpeccun CD16 [22]. BO3MOXHO MO3TOMY
B HACTOSIIEM WCCICIOBAHUM yAAJOCh BBISIBUTH
M3MEHEHUS HWMMYHOJOTHMYSCKUX IloKa3aTesei
BPOXIEHHOTO M TyMOpaJbHOTO HWMMYHHUTETa
y 0oabHBIX XO ¢ HaAMYUeM MUHOPHOTO aljenas
rs2234693 rena ESR1.

Ipu Hanuuum myTtanuii rs9340799 rena ESR1
1 1s4988235 rena LCT y o06clienoBaHHBIX C XPOHU-
YECKMM OITMCTOPXO30M HE BBISIBJICHO TOCTOBEP-
HBIX OTJIMYU I B UCCJIETOBAHHBIX ITOKA3aTEISIX UM-
MYHHOM CUCTEMBI OT JIU1I 0€3 JTaHHBIX MyTalllii.
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3akJito4eHme

AHanmu3 UMMYHOJIOTUYECKUX MOKa3aTeaeil U Mo-
JIEKYJSIPHO-TEHETUYECKUX MAPKEPOB, aCCOLIUMPOBAH-
HBIX C TIOBBIIIIEHHBIM PUCKOM BO3HUKHOBEHUSI OCTe-
OIopo3a, y OOJBHBIX XPOHUYECKUM OIMUCTOPXO30M
BBISIBUJT OTJIMYUS B (DYHKITMOHUPOBAHUY UMMYHHOM
CUCTEMBI Y JIUI] C HAJIMYMEM MYTallMi OT MTAllUEHTOB,
Y KOTOPBIX UCCTIEIyeMbIe MyTallu HE OOHAPY>KEHBI.

IMosyyeHHBIE pe3yJabTaThl MOKA3bIBAIOT, YTO
myTanuu reHoB COL1 Al, LRP5, ESR1 (rs2234693)
MPU XPOHUYECKOM OIMHUCTOPX03€ OKA3bIBAIOT BJIUS-
HUE KaK Ha Hecneuu@uueckue BPOXIECHHBIE pe-
aKI[MY UMMYHHOI CUCTEMBI, TAaK U HA aJalITUBHOE
3B€HO UMMYHUTETA.

MyTtauus rena VDR y manneHToB ¢ XO npuBo-
IUT K U3BMEHEHUSM TOJIBKO aalTUBHOTO UMMYH-
Horo otrBeta. Haqmnyue MUHOPHOTO ajljieas Moau-
mopdusma rs1544410 rena, KOnMPYIOIIETO BHYTPU-
KJIETOUHBIN pelienTop BUuTaMruHa D, ipernsaTcTByeT
TMOBBIIIIEHUIO cofiepKaHUs T-xenrepoB B Tiepude-
pUYECKOl KPOBU MPU OMUCTOPXO3HOW MHBA3UU.

OOHapyxeHo, uTo MmyTauus r1s1800012 rena
COLIA1 Monuduuupyet BpOXIAEHHBIBIE UMMYH-
HBI OTBET HA ONUCTOPXO3HYIO MHBA3UIO — OTCYT-
CTBUE aKTUBHOCTU KUCJIOPOA3aBUCUMON OaKTEpU-
LUTHOCTU HEUTPOPUIIOB.
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BUOXUMUWHECKUE MAPKEPbI CKOPOCTH
PEMAPATUBHbIX MPOLUECCOB Y NALUUEHTOB
C UHOUJTbTPATUBHbIM TYBEPKYJIEBOM
JIETKUX

J.C. Demenasiesa', H.I1. Anekceesa?, M.E. /IpsakoBa!

'@I'BY Cankm-Ilemepbypeckuii HUH ¢pmusuonyrvmonosoeuu Munucmepcmea 30pasooxpanenus Poccuiickoit @edepayuu,
Canxkm-Ilemepbype, Poccus
2@I'bOY BO Canxm-Ilemepbypeckuii 2cocydapcmeennniii ynugepcumem, Cankm-Ilemep6ype, Poccus

Pestome. D beKTUBHOCTh XUMUOTEPATUM TTPpU MHPUIBTpaTUBHOM Tybepkynese ierkux (TJI) ompenmensieTcs cBoe-
BPEMEHHOCTBIO M aJeKBAaTHOCTBIO JIEUCHHSI, a CKOPOCTh perapaTMBHBIX M3MCHEHUIA JICTOYHOM TTapeHXUMBI CBsI3aHa
¢ 3(pcheKTUBHOCTBIO Tepanuu. Pa3auuHble KIacChl TPOTEMHA3 YIACTBYIOT B PeMOAEINPOBAHNY BHEKJICTOYHOTO Ma-
TPUKCa TIOCPEACTBOM JAErpaJallii ero KOMIIOHEHTOB, a TaKXe B BOCITAJMTECIBHON peaKLWU, PETyIUPYS PsII TPo-
BOCTIAIUTEbHBIX IUTOKWHOB. Llesblo JaHHOTO MCcaenoBaHMsI ObLIO ONPENeUTh B3aUMOCBSI3b HANPaBIEHHOCTH
pernapaTUBHBIX U3MEHEHU I C TIOKa3aTeIsIMA CUCTEMBI TTPOTEMHA3BI/MHTMONTOPHI Y TTAIIMEHTOB MH(MUIBTPATUBHBIM
Tyb6epkynesomaerkux (UTJ) c paznuuHoii nekapcTBeHHOM ycToitunBocThio (JIY) mirammoB Mycobacterium tuberculosis
(MBT) k npoTtuBotybepkyne3HbiM npenapatam (I1TI1). Mamepuaav: u memodsr. PeTpocnieKTMBHOE UCClIEI0BaHUE
BKJII0Yajo 60 1 55 maiueHToB ¢ BriepBbie BhIsBIeHHBIM M TJI, BBIACISIOMMX JIEKAPCTBEHHO-UYBCTBUTEbHBIE (JIH)
u aekapcTBeHHO-ycToiuuBbIie (JIY) mrammbl Bo3oyautens K [ITIT cooTBeTcTBeHHO. AOaLIMIIMPOBAHUE C 3aKPhITUEM
MTOJIOCTH pacriajia Io OKOHYaHU M MHTEHCUBHON (ha3bl Tepaluy pacCMaTPUBAIU KaK BEIPAXKEHHYIO MOJTOXUTETbHY IO
IUHAMMKY, a C COXpaHEHHMEM TOJIOCTH paclaga — KakK 3aMeJIEHHYI0 IMHAMUKY Tpoliecca penapaiuu. B ceiBopoTKe
KPOBM OIPeNe/ISIIN YPOBHU MaTPUKCHBIX MeTasutonpoTenHas MMII-1, MMII-3, MMII-8, MMII-9 u ux uarudutopa
TUMII-1, HetitpodmabHoit amactassl (HD), anbda-2-makpormodyruna (MI') u mporenHasHoro naruoutopa (I1A).
pumensanu Statistica 10.0 m R. Pesyasmame:. CTpyKTypa BOCIaINTENIBHOTO 0TBeTa opranu3ma mmpu U TJI ompene-
JIsIIach He TOJBKO Pa3MMYHOM Pe3UCTEHTHOCTHIO BO3OYIUTENSI, HO U 00beMOM TopaxeHusl. [lanueHTsl ¢ orpaHu-
YEHHBIM W PacMpoCTPaHEHHBIM TpolieccoM, Bbiaesstomue JIY mramMmmbl Bo3oyautens: coctaBunu I u II rpymmy,
aJIY — Il u IV rpynny cootBeTcTBeHHO. COrNTACHO TMCKPUMUHAHTHOMY aHAJIU3Y B OLIEHKE MPOTHO3a pernapanuu
B I u Il rpynmax onpenensioliuM sSBASIOCh YUCI0 HEUTPOPUIOB ¢ ypoBHIMU NpoTernHaz MMII-8, MMII-9 (I rpyn-
na) uau ¢ ypoBHsiMu uHruoutopoB TUMII-1 u [T (II rpynna). B I11 u IV rpynnax nporHo3upoBaHue BO3MOXHO
TOJIBKO I10 COYETAaHUI0 OMOXUMMYECKUX JaHHBIX (YPOBHU MPOTEHNHA3) C pe3yJbTaTaMU JIYYeBbIX METOIOB HCCIeI0Ba-
HUs (OTCYTCTBME/HATUYKE TIOJOCTHBIX U3MEHEHU ). Boieodsi. KoMOMHaIIMK 13 ITOKa3aTesieil CuCTeMbl TPOTeHA3bI/
MHTUOUTOPHI MH(GOPMATUBHBI B OLIEHKE CKOPOCTU pernapaTuBHbLIX u3MeHeHuit mpu UTJI u paznuyaloTcss He TOIbKO
B 3aBucuMocTH oT JIY mrammoB MBT x IITII, Ho 1 OoT 06beMa mopazkeHu s JIerOUHOI MapeHXUMbl. Paznuuus B KoM-
OMHAIMSIX TTOKa3aTeliell 00yCIOBIEHBI JaBHOCTBIO CIIEIM(UUECKOTO ITpoliecca.

Karwuesvie caosa: mybepkynes, penapayus, 0uomMapKepol, MampuKCcHble MemaiionponmeuHassl, MKAaHegble UHSUOUMOPbL MAMPUK CHbIX
Memanionpomeunas, HelmpopuabHas 1acmasa.
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BIOCHEMICAL MARKERS ASSESSING RATE OF REPARATIVE PROCESSES IN PATIENTS WITH
INFILTRATIVE PULMONARY TUBERCULOSIS

Esmedlyaeva D.S.?, Alekseeva N.P.’, Dyakova M.E.?

@ St. Petersburg State Research Institute of Phthisiopulmonology of the Ministry of Healthcare of the Russian Federation,

St. Petersburg, Russian Federation
b St. Petersburg State University, St. Petersburg, Russian Federation

Abstract. The effectiveness of chemotherapy for infiltrative pulmonary tuberculosis (ITL) is determined by proper timing and
adequacy of treatment. The speed of reparative changes in the pulmonary parenchyma is associated with the effectiveness
of therapy. Different classes of proteinases are involved in extracellular matrix remodeling. The aim of the study was to evalu-
ate a potential of using the markers of proteinase/inhibitors axis for predicting effectiveness of therapy in patients with ITL due
to varying resistance of Mycobacterium tuberculosis to anti-tuberculosis drugs (PTP). Materials and methods. A retrospective
study included 60 and 55 ITL patients with the drug sensitive (DS) and drug resistance (DR) Mtb strains, respectively.
Patients were divided into two groups according to therapy effectiveness. The levels of blood serum matrix metalloprotein-
ase MMP-1, MMP-3, MMP-8, MMP-9 and their TIMP-1 inhibitor, neutrophil elastase (NE), alpha-2 macroplobulin
(MG) and proteinase inhibitor (PI) were determined. Statistica 10.0 and R software packages were used. Results. According
to the model of discriminant analysis, the pattern of host inflammatory response in ITL was accounted for not only by
varying pathogen resistance, but also by the different size of lung damage. Patients with a limited and widespread process
with the DS of the pathogen strains were assigned to group I and I1, and DR — to group III and IV group, respectively.
The decisive in the speed of tissue repair was the number of neutrophils bearing various levels of proteinase MMP-§,
MMP-9 (I group) or TIMP-1 and PI inhibitors (II group). Only combining biochemical data with the those on radiation
methods are possible for prognosis in a group of patients with DR (III and IV). Conclusions. Combinations of the mark-
ers of the proteinase/inhibitors axis are informative in assessing a rate of reparative changes in ITL and differ not only
depending on the pathogen DS strains, but also from the size of destructed pulmonary parenchyma. Differences in param-
eter combinations are accounted for by history of a specific disease.

Key words: tuberculosis, repair, biomarkers, matrix metalloproteinases, tissue inhibitors of matrix metalloproteinases, neutrophil elastase.

BeepgeHue

DDGEKTUBHOCTD Tepanu TyOepKyJie3a JeTK1UX
(TJI) ompenensieTcss CBOEBPEMEHHOCTBHIO U alieK-
BaTHOCTBIO JICUCHHUsSI U XapaKTepU3yeTCsl CKOPO-
CThIO peIrapaTUBHbBIX UBMEHEHU U JIETOYHOM IapeH-
xuMbl [4]. TIpencka3aTh OTBET OpraHu3ma IO CO-
BOKYITHOCTH KJMWHUKO-PEHTTEHOJIOIMYECKUX ITa-
paMeTpoB A0 HayaJja JICYSHU ST He MPEeACTaBIISICTCS
BO3MOXKHBIM, UTO AeJIaeT MEePCHEeKTUBHBIM TTOUCK
MPOTHOCTUUYECKUX OMOMapKepoB Hecrneuuduuec-
KOl peaKTUBHOCTU MaKpOOopraHuiMa IJisl ornpee-
JICHUSIT BEPOSITHOCTU HEOJAronpusTHBIX MCXOIOB
neyenwms [17].

B cooTBeTCTBUU ¢ MOTPEOHOCTSIMU POCTa U pe-
napalyy OTHUM U3 HauboJiee BasK HbIX MEXaHU3MOB
PEryJIsiliiyd BHEKJIETOYHOIO KOMITOHEHTa MEXKJIe-
TouHoro marpukca (BKM) gaBisercs mpoTeoanuTu-
YECKUI MPOLIECCUHT, OTIOCPENYEMbBIN PA3JIMYHBIMU
KJaccaMy MPOTEeMHAa3, CPpear KOTOPBIX MOXKHO BbI-
JIETUTh CEPUHOBBIE 1 MAaTPUKCHBIC METAJJIONIPOTE-
nHas3bl (MMII). B HopMe 3T TTpoTenHAa3bl y4acTBY-
IOT B ITpolieccax, BKIIYAIOIIUX aAre3uto, mpoaude-
paluio, MUTPaInIo KJIETOK, alloNTO3, MOAYIUPYIOT
NEeHCTBUSI LIMTOKWMHOB, BBI3BIBAasl pacIlerneHue
OMoakTUBHBIX MojeKya. CybcTpaToM TUITMYHOTO
MpeacTaBUTENsI CEPUHOBBIX TTPOTEMHA3 — HEUTPO-
dunbHOM 3mactaszel (HD) — gaBiasgioTcss 31aCcTUHBI
MEXXKJIETOYHOI'O BellleCcTBa, a Takxke KoJyjaareHol [V
u V TUmoB 6a3zaibHON MeMOpaHbI, a cpenu MMIT,

COTJIACHO CyOCTpaTHOM CIEM(MUIHOCTU, BBIICISI-
oT — koJutareHassl (MMII-1, MMII-8, MMII-13),
xkenatuHasbel (MMII-2, MMII-9), crpomenn3u-
Hel (MMII-3, MMII-10, MMII-11), maTpuiu3u-
Hel (MMII-7) 1 np. Uctounmkamu MMII moryTt
OBITH Pa3IMIHBIC TUITHI KJIETOK BKIOYasT MOHOIIM-
Thl, HEUTPOPUJIbI, KJIETKU anuTenaus, ¢pubdpobdia-
cTbl. PepMeHTHl MPOAYIMPYIOTCSI KaK 3WMOTCHEI,
a B TeprudepuIeCKOil KpOBU UX aKTUBHOCTDH pPETy-
JIPYTCs TIpoTenHa3HbIM nHruoutopom (ITH), o2-
MakporiaooyarmHoMm (MI') 1 TKaHEBBIMU MHTUOUTO-
pamu MetajutoniporenHas (TUMII). Hapyurenue
Oananca mexay MMII u mHruburopamm urpaer
BaXXHYIO pPOJIb B TATOJIOTUYCCKUX COCTOSTHUSX,
BKJTIOUAs BoCItaJieHue, (puopo3, ayToMMMyHHEBIC 3a-
OoJieBaHMS U KaHIIeporeHes [12].

Hz3BectHO, uTO Mycobacterium tuberculosis
(MBT) u ee OoCHOBHBIC KJIECTOUYHBIC aHTUTCHHEIC
KOMIIOHEHTBI  CTUMYJHUPYIOT  BBICBOOOXIEHUE
MMII, Ho ponp MMII B mMexaHusMe paspyliie-
HUSI COCAUHUTENIbHON TKaHU, BbI3BaHHBIX MDBT,
JI0 KOHIIa He uccienoBaHa [10]. MexXxny cepuHOBBI-
Mmu nporernHazamMu 1 MMII cyiiecTByeT B3auMoc-
Ba3b. [lokazano, uto MMII-8, MMII-9 pa3pyuras
[T MOTYT BOCCTAaHOBUTHh aKTUBHOCTh CEPUHOBBIX
npoteas, B ocHoBHOM HD, Torna kak HD, nHakTu-
Bupyss TUMII-1, onmocpenoBaHHO y4yacTBYeT B akK-
TuBanuu MMIIT [13]. TTokaszano, utro H® u nipen-
craButesb MMIT (MMII-8) BXomsT B cocTaB Heil-
TpoDUIBHBIX BHEKJCTOUHBIX JoByIlIeK (NETS),
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KOTOpble HampsIMylo BozaeiicTByloT Ha MBT [14,
15]. TloBbiienue yposHeit HO u MMII cBsizaHHO
C PEHTIEHOJIOTMYECKMMU MOKa3aTeasIMU TSKECTU
npoliecca TPy pa3IUuYHBbIX 3a00JieBaHUSX Jer-
Kux [19]. Bo3MOXHOCTbh UCITOIb30BaTh MOKa3aTeJIU
CUCTEMBbI TTPOTEUHA3bl/UHTUOUTOPHI B IMPOTrHO3U-
pOBaHUU DPE3yJbTaTOB MHTEHCUBHOU (ha3bl Tepa-
NUU o0CyXJdajach B €IWHUYHBIX MCCIEeIOBAHU-
ax [7, 11].

Llenblo maHHOTO HCCAEAOBaHUS OBIJIO OMpe-
JIeJIeHe B3aMMOCBSI3M HAaIpPaBJEHHOCTU perna-
PaTUBHBIX U3BMEHEHUN C MoKa3aTeasIMU CUCTEMBbI
MPOTEMHA3bl/UHTUOUTOPHI Y TAIIMEHTOB UH(PUIb-
TpaTUBHBIM TyOepkyJie3om jerkux (UTJI) ¢ pa3s-
JUYHON JIeKapCTBEHHON YycToluuBocThio (JIY)
mrtaMmmMoB MBT K mpoTUBOTYOEpKYyAE3HBIM Mpe-
napatam (ITTIT).

Matepuainbl 1 METOLbI

PeTpocnekTuBHOE uCCAEeNOBAHUE BKJIKOYAIO
115 6osbHBIX (65 My>K4uMH 1 50 XEHILIMH) CO Cpel-
HUM Bo3pacToM (39 sieT) ¢ BIEpBbIE BBISIBICHHBIM
WUTJI, HaxoauMBIIMXCS Ha JEYEHUU B KIWHU-
ke DPI'bBY «CIIoHMUUN TU3MOnyIbMOHOJIOTUN»
M3 P®. KpurepusasMu MCKIIOUEHUS CIYXKUIN
BHEJIETOUHBIE (OpMBI TyOepKyiesa, caXapHBIN
nuabeT, ocTpasl BOocHalIUTedbHAsI peaKIIus HETy-
Oepkyine3Horo reHe3a, BMY u OGepeMeHHOCTb.
HccnenoBanne pecrmipaTopHOTO MaTepHaja IIpo-
BOIMJIN METOIOM MUKPOCKONMH, ITOCEeBA B CUCTE-
Me BACTEC MGIT 960 (Becton Dickinson, CIILIA)
1 MOJICKYJISIpHO-TeHeTHYecKuM MeTomoM (ITLIP).
JIY uzongaros MBT onpenensiniu B COOTBETCTBUU
¢ [Tpukazom Ne 109. C yueToMm 1ieJT1 UCCIETOBAHU S
B KayecTBe IPyNOUPYIONINX (paKTOPOB UCHOJIH30-
BaJI TUIT 9YYBCTBUTEIBHOCTU M30JSITOB BO30OYIM-
Tessa 1 3¢ OEeKTUBHOCTh MHTCHCUBHOM (Da3bl Mpo-
TuBOTYOEpKyae3Hol tepanuu. JIY u JIY mrammbl
Bosoyaurens K INTII Beigenstiim 60 u 55 manneH-
TOB COOTBETCTBEHHO. BhIpaXXeHHBIN ITOJOXMU-
TeAbHBIN 3(PdekT Tepanun (I BapumaHT OUHAMMU-
KU TIpoIecca) XapaKTepru30BaJcs NCUIC3HOBEHUEM
CUMIITOMOB WHTOKCUKALWU, abalUIJIAPOBAHU-
eM U JUKBHUAaLMel moJjiocTeil pacnaga (n = 46).
3aMmemyieHHasT TMHaAMWKa mpoliecca (2 BapuaHT)
XapakTepu30BaJach MCUYE3HOBEHUEM CHMIITOMOB
MHTOKCUKAIIMY, adalMJIJIMPOBaHWMEM M YacTUY-
HBIM paccachbiBaHWE MH(MUIBTPATUBHBIX M3MEHE-
HMI ¢ yMEHbIIEHUEM MOJ0CTel pacnaga (n = 69).
KoMmmpeioTtepHbie ucciaepmoBanus (KT) Obiim BBI-
MOJTHEHBI Ha CIIMPAJIbHOM KOMIBIOTEPHOM TOMO-
rpade Aquilion Prime (Toshiba) ¢ ommeHkoi1 cTpyK-
TYPHBIX U3MEHEHU I JICTOUHOU ITapeHXUMBI (TTaKeT
npukigagHbeix TporpamMm Nodule Analysis 1 Lung
Volume Analysis) [3].

B3sTre KpoBM OCYIIIECTBIISIIOCH TIEpead Ha3Ha-
YeHHEeM aleKBAaTHOM Tepaluu, MOCJe OoIlpeneie-
Hus J1Y uzonsatos MBT. Metonom TBepaoda3Ho-

ro UMMYHOMEPMEHTHOTO aHaJiu3a B ChIBOPOTKE
KPOBM OMNpeaeasiiu ypOBHM IOKa3aTeJieid Cu-
CTeMbl TIPOTEMHA3bl/MHTUOUTOPHI: KOHIIEHTpa-
uuu MMII-1, MMII-3, MMII-8, MMII-9 u ux
TKkaHeBoro uHruoutopa-1 (TUMII-1) ¢ ucnonab-
30BaHUMEM HabopoB peareHToB «R&D Systems»
(Minneapolis, MN, CIIIA); aktuBHocTs MI, HD
u ee uHruoduropa I oueHuBaiu crekKTpodo-
TOMETPUYECKHU IO TOPMOXEHUIO CUHTETUUYECKUX
cyocrtparos [2, 20].

s cTaTUCTUYECKOro aHajivu3a JaHHBIX ObLIU
MCMOJIb30BaHbI MPOrpaMMHBIE MMPOAYKTHI Statistica
10.0 (StatSoft, Inc.) u R (cBoGoaHass mporpamMmMHast
cpefa BBIYMCIEHUN C OTKPBITBIM MCXOMHBIM KO-
nom). JI1s1 ormMcaHus B Ipynnax KaTeropruaaibHbIX
MepEeMEHHbIX MCIIOJb30BAJUCh YaCTOThl Trpajia-
LM, IpeacTaBJIEHHbIE B MIPOLIEHTAaX, 3HAUMMOCTh
pas3nuuyusi KOTOPBIX IIpOBepsigach IpPU IMOMOIIU
TouHoro kputepuss Puumiepa. Ilocne mnpoBepku
Ha HopMaJibHOCThL pacnpeneiaeHus (Ianupo—
Yunka), xapaKTepuCTUKU METPUYECKUX TTepEeMEH-
HBIX MPEACTABJISINCh B BUIE MEAUAHbBI, HUKHETO
U BepxHero kBaptuieit (Me, Q,—Q;). s nmposep-
KU 3HAYMMOCTHU UX PA3TUYUN NPpUMEHSJIM Herapa-
MmeTpuyeckue kputepuu Bunkokcona, Kpackema—
Yonnuca c yueToM nonpaBku boHpeppoHH, B KOp-
PEJISILIMOHHOM aHajiu3€ UCIOJIb30BaJu KPUTEPU
CrniupMmeHa (1).

s peimieHus 3agadyu pa3aeMMOCTH TOIYJIsi-
M1 OOJIBHBIX C PA3HOW CKOPOCTBIO perapaTuBHBIX
MPOLIECCOB U U3YUYEHUS BOIIPOCAa O BO3MOXKHOCTU
NPOTHO3MPOBAHUS PE3YJbTATOB JICUEHUSI Ha OC-
HOBe OMOXMMMUYECKUX JaHHBIX U pe3yjbraToB KT,
NpUMEHsJIach CTaTUCTUYECKas Ipoleaypa Kiac-
cudukauum ¢ Kpocc-Bamupanuein 20%. B xaue-
CTBE BO3MOXHBIX MpeaukTopoB (n = 23) paccMma-
TPUBAJIMCh TOKAa3aTeJd CHUCTeMbl ITpOTeWHAa3bl/
MHTUOUTOPHI, TaHHbIE 00 OCHOBHBIX MOITYJISIIIASIX
JIeKOLMTOB (0011Iee KOTUYECTBO JEUKOIIMTOB, 00-
1ee KOJIMYeCTBO JUM@POIMTOB, CETMEHTOSIAEPHBIX
U TIAJIOYKOSI IEPHBIX HEUTPOdUIOB) 10 Havada Te-
panuu U pe3yJbTaThl PEHTIEHOJOTMYeCKUX UCCe-
JNIOBAaHU I 1O W TOCJIe MHTEHCUBHOM (ha3bl JIeUeHU T
(cymMMapHBIii 00beM ITOpakeHUsS W IeCTPYKIIUU,
HaJTU4ue TMOJOCTHBIX U3BMEHEHU ).

B ocHoBy noctpoeHust auddepeHuaibHO-A1a-
THOCTUYECKON MOAEIM ObLI IMOJIOKEH METOJ KJjac-
cudukaluu ¢ paccioeHueMm [1], B KOTOpoMm Mpen-
BapUTEIbHO UILYTCS KaTeroprajabHble IEPEMEHHbIe
JUIS TAKOTO PACCJIOEHUS BBIOOPKU, MPU KOTOPOM
BO3MOXHBIE TIPEIUKTOPHI B OTAEIBHBIX TTOABBIOOD-
Kax OTJAMYaIuCh Obl HAMOOJbIINM 00pa3oM. B rpym-
nax ¢ pazHoit JIH mitammoB MBT k IITIT u ¢ pazHoit
pacnpoCTpaHEHHOCTbIO Mpollecca Obl1 MPUMEHEH
JIMHEWHBI AUCKPUMUWHAHTHBIN aHaIU3 (Ha OCHOBE
6osiee ueM 30 pyHKILIMI) ¢ 3aBUCUMOI IepeMEHHOI
B Buie xapakTepa 3¢hHOEeKTUBHOCTU WUHTEHCHBHOM
da3zbl 1eyeHus. MiccaenoBaHue MOATBEPKACHO 3TU-
geckuM komutetoM HUU®D ot 2020 1.
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Pesynbrarhl

IlpenBapuTesbHO TIpoBeneHHas Kjaaccudurka-
LIUSI C PACCIIOEHUEM NTaHHBIX TTOKa3ajia HeoOXOIu-
MOCTh aHajiu3a MokKas3arejieil CUCTeMbl MPOTEeNHA-
3bI/UHTUOUTOPBI HE TOJIBKO B 3aBUCHUMOCTU oT JIYU
mramMmmoB MBT, HO u ot obbema mopaxkeHus [1].
B cBs13u ¢ aTUM NIOCenyolIee NOCTPOEHNE MOJIETN
IUCKpUMHUHAHTHOro aHanm3a (A) ¢ peTpocrek-
TUBHOU OLIEHKOU 3(bHEKTUBHOCTU TEPATIUY TPOBO-
JIJIach B YEThIpeX rpyIax: y maldeHTOB C OTpaHU-
YEHHBIM U PACIPOCTPAHEHHBIM ITPOLIECCOM, BbIJE-
nsromuyx Kak JIY (I m I rpynmer), Tak u JIY mrraMMbl
MBT k ITTII (IIT u IV) cooTBeTcTBEeHHO (TAdI. 1).

CorjlacHO peTpPOCIeKTUBHOI oOlleHKe 3ddek-
TUBHOCTU WHTEHCUBHOU a3bl Tepanuu, cpeau
nauueHToB ¢ JIY mrrammamu MBT k IITII, He3a-
BUCUMO OT pacrpoctpaHeHHocTH npouecca (I u I1
TPYMIIbI), «BbIpa’KeHHAasI TMOJOXUTEbHAsI» U «3a-
MeIJIeHHasT OUHaMMKa» TIIpoliecca BBISIBISIINCH
MOYTU B PABHOM IIPOLIEHTE CIy4yaeB, a Cpeau Ta-
nueHToB ¢ JIY mmtammamu MBT (111 u I'V rpyminen)
«3aMelJIeHHasl TMHaMWKa» mpolecca oTMevyasaach
B 2 pa3ayvainie. McxogHble OTAMYM S «3aMeIJIeHHOMN»
IUHAMUKHN OT <«BBIPaXX€HHOW ITOJOXUTEIbHON»
IWHAMUKM TIpoliecca B TpyTrme manueHToB ¢ JIY
mrtamMmamMu Boszoynuteas K IITII, nposiBasiauch
OoJiee BbIpaXXEHHBIM JEeCTPYKTUBHBIM KOMITOHEH-
TOM KakK Mo o0beMy, Tak U Mo XxapakTepy Ipoliecca,
HAJIMYUMIO TTOJIOCTE AeCTPYKIIUU B 62,16% 1TpoTHB
37,84% cnydaeB M OaKTepUOBBIICICHUEM, OLICHM-
BaeMbIM METOIOM MUKPOCKOINWHU, B 37,5% 1poTuB
13,3% city4yaeB, YTO COOTBETCTBYET JaHHBIM JIUTE-
paTypbl 0 0OCOOEHHOCTSIX 3aMeIJICHHOU CKOPOCTH
pernapaTuBHbBIX U3BMEHEHU A [5].

CnenyeT oOpaTUTh BHUMaHMeE, UYTO B TPYyIIIe Na-
IMEHTOB C MCXOMHO aJleKBaTHoI Tepamnueit (¢ JIYU
mTaMMaMu BO30yIUTEJIsT) HE TOJBKO IPU PacIipo-
CTPaHEHHBIX, HO U IIPU OTPaAaHMUYCHHBIX MPOIEC-
cax, 3aMeJJIeHHasi CKOPOCThb pernapanuu oTMeda-
Jlach TOYTHU y MOJIOBUHBI MAIlMEHTOB. YUUTHIBAs,
YTO 3TU U3MEHEHWUS BBISIBJISIJIMCH MO Ha3HAYCHUS
IITII, BO3MOXHBIM OOBSICHEHUEM MOJYUYEHHbBIX
pa3anuyuii MOXeT CIYKUTh (PaKTOpP, KOTOPBI MbI
HE BKJIIOUYMJIN B UCCJIEIOBaHNE — OlIEHKa JaBHOCTHU
3a0o0eBaHus. O60CHOBaHUEM TaKOM TUOTE3BI SIB-
JISIeTCS TO, YTO MO Mepe YBEJIUYEHUS AJIUTETbHO-
CTU BOCIAJIMTEJIBHOTO Mpollecca OTMEYaeTCsl U3-
MEHEHUe ero rnaromMop@o3a B CTOpOHY HapacTaHU s
(GUOPO3HBIX UBMEHEHU M.

IlpeacTaBiaeHHBI HUXE aHAIU3 JaHHBIX MTPO-
BOJAUJICS B BBIJICJICHHBIX TPYyIIIax J0 Hayaja Tepa-
nuu. CorjiacHO PeTPOCHEKTUBHOUN OlIEHKE NWHA-
MUKU TpoIliecca, MoMapHOe CpaBHEHUE MCXOIHBIX
YpOBHEel mokasaTejeil MpOoTeMHa3HO-UHTUOUTOP-
HOW CHUCTEMBbI HE BBISIBUJIO 3HAYUMBIX OTJIUYUNA
BHYTPU KaXXAOW M3 deThipex rpynn. HezaBucumo
OT AWHAMMKU Tpoliecca, BO BCEX TPyIIax OTMe-
YaJIoOCh 3HaYMMOE MOBBIIIIEHWE YPOBHEW mpeacrta-

BUTEJIC pa3HBIX KJIACCOB ITPOTEMHA3: CEPUHOBOM
npotenHassl (HD) u ogHoit u3 MMII — xenatuHa-
3Bl — IIPHU COXpPaHEHU U KOHIICHTPpAILlM i1 KoJIjlareHas
(MMII-1, MMII-8) u ctpomenusuna-1 (MMII-3)
Ha YpOBHE 3I0POBBIX MallMeHTOB. bbijla ycTaHOB-
JIeHa CHMXXEHHas aKTUBHOCTb MI u oTcyTcTBUE
usMeHeHuii TUMII-1 u 1M oTHOcCUTenbHO pe-
¢depeHTHOro ypoBHS. WM30bITOK KOHLEHTpaluuu
MMII-9 u otHocutenbHbit aepuuutr TUMII-1
Npyu HU3KOM akTUBHOCTU MI cBuaeTelbCcTBOBA
O HapylieHUHu OajlaHca B CTOPOHY NOBBIIICHM S
MMII.

C yBeanueHrMeM cymMMmapHoro oonrema ¢okyca
OblIM CBSI3aHbl KOHUeHTpauuu MMII-1 B I (r =
0,51, p = 0,05) u IV rpynmax (r = 0,31, p = 0,02),
MMII-8 Bo 11 (r=10,54, p=0,03), MMII-9BI1II (r =
0,48, p=0,05 ulV (r = 0,43, p = 0,007) cooTBeT-
CTBEHHO. BbIsIBJIeHHbIE 3aKOHOMEPHOCTHU COTJIacy-
FOTCSI C TIOJTYYEHHBIM HaMU paHee BHIBOIOM O TOM,
yto usmMeHeHuss MMII gBisg0TCI 00BEKTUBHBIM
KpUTEPUEM PACIIPOCTPAHEHHOCTH CTIeIIM(PUIECKO-
ro npouecca [7, 10].

st oLleHKM ITPOrHO3a CKOPOCTHM perapaluu
o TIoKas3aTelIIM TPOTeMHa3HO-MHTUOUTOPHOMN
cucteMbl Mmoaenb JIA (popMupoBaiachk sl KaxkKJa0i
M3 YeThIpeX TI'PYIIIbl OTAeJbHO. s TOro 4toObl
OLICHUTBH BKJIA Ka>K A0 13 TIEpEeMEHHBIX, ObIJIN BbI-
YUCICHBI NX KO3 DUIIMESHTHI KOPPEIISIIUIA C UTOTO-
Boit Mojesibio JIA, coctaBiaeHHOl 6osee ueM o 30
dbyHKUIMSIM (Tada. 2). AHAIU3UPYs TaHHbIE Ta0IU-
1Ibl, CJIEAYeT MOAUYEePKHYTh, YTO COYCTAaHU S U3 Map-
KEPOB, OIIPEACIIIIONINEe CKOPOCTh pelrapaTUBHBIX
M3MEHEHU U, OTJIMYAINCh MEX Ty 4 TpyIITIIaMU.

B rpynne ¢ JIY x IITIT mrammamu MBT cormo-
cTaBJieHHEe KOA(PGUIIMEHTOB KOppeasluil U Ha-
NpaBJICHHOCTH 3HAKOB Iepe IEPeMEeHHBIMHA B MO-
nenu JIA mokaszajio, YTO MEHee BbIPaK€HHBIN 3(d-
(bekT TepanuM XapakTepusyeTcsl OCOOCHHOCTHIO
BOCITAJIMTEJIbHON peakliiy ¢ MpeodaagaHueM Heil-
TPOMUIBHOrO KOMIIOHEHTa. [Ipu orpaHmyeHHOM
npouecce (I rpynna) ypeauueHue yucia HEUTPO-
dunoB (r= 0,59, p =0,035) He conmpoBOXKAATOCH PO-
CTOM KOHILIEHTpaIllMil MPOTEerHA3 HEUTPODUIBHOTO
NPOUCXOXKICHUsI, TaKuXx Kak MMII-8 u MMII-9
(r=-0,67, p =0,023; r = —0,57, p = 0,007 coot-
BeTCTBeHHO). [Ipu pacrnpocTpaHeHHOM Mpolecce
(Il rpynina) Ha ¢poHe pocTa yncyia HenTpopuaoB (r=
0,88, p=10,001) He HAbIIOIATIOCH KOMIIEHCATOPHOTO
pocta maruouropa TUMII-1 (r = 0,57, p = 0,008)
M OTMEYaJioCh CHUKEHUE OCHOBHOTO MHTMOMTOpA
HehATpouIbHbIX NpoTenHas — [N (r=—0,51,p =
0,01). Poap I B mHruOMpoBaHUU HEUTPODUIIb-
HBIX TIPOTEa3 SIBJSIETCS BaXXHBIM OTPHUIIATCIbHBIM
MOIYJISITOPOM aKTUBHOCTU BHEKJIETOYHBIX JIOBY-
IIEK ¥ CUYMTACTCS ero KJII0UeBOi PyHKIIUEI.

B rpynne nmammenToB ¢ JIY k IITII mrammam
MBT, cornacHo moaenu A, mpu orpaHUYEHHOM
npouecce (III rpynma) BodHUKJIa HEOOXOAMMOCTb
B Ka4yecTBe MPEAMKTOPOB 3aMeIJIeHHON CKOPOCTU
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Ta6nuua 1. 3pdeKkTUBHOCTb TEPANUM B FPYMNax C Pa3siM4HOi Pe3UCTEHTHOCTbIO B 3aBUCUMMOCTU
oT 06bema nopaxeHus 1Iero4Hou TKaHu

Table 1. The effectiveness of therapy in groups with various resistance depending on the size of pulmonary tissue lesions

Fpynnbi
Groups

MauuneHTbl ¢ JIY wrammbl MBT k TN

Patients with DS strains Mycobacterium
tuberculosis in anti-tuberculosis therapy

MauyueHnTbl JIY wtammbl MBT k TN

Patients with DR strains Mycobacterium
tuberculosis in anti-tuberculosis therapy

AvHamuka | 1 ]| 1\
Dynamics OrpaHuUY€eHHbIN PacnpocTpaHeHHbI OrpaHuUY€eHHbIN PacnpocTpaHeHHbI
of the process Limited process Extended process Limited process Extended process
33,00/67,70 26,92/73,08
1/2 64,00/36,00 45,80/54,17 "0 =0,01 *5=0,03

Mpumeyanue. J14 — nekapCTBEHHO YyBCTBUTENbHbIE, JTY — NEKapCTBEHHO YCTONYMBLIE WiTaMMbl MBT wrammel Mycobacterium tuberculosis
K NPOTMBOTYBEPKYNE3HbIM NMpenapaTam; *p — 3Ha4YMMOCTb Pa3NnNYNiA BHYTPM FPynmbl.

Note. DS drug-sensitive strains, DR — drug-resistant Mycobacterium tuberculosis strains in anti-tuberculosis therapy; *p — a in-group significant

difference.

Ta6auua 2. KoappuumeHTbl KOppenaunum Mexay UTOroBoin AUCKPUMUHAHTHOK GyHKUMEN

M COCTaBNSAIOLWMMM ee NepeMeHHbIMU B rpynnax ¢ pa3fiMyHoi pe3NCTeHTHOCTbIO U 06 beMaMu NopaxeHus
npu 3ameAJIeHHOW CKOPOCTU penapauumu
Table 2. The correlation coefficients between the final discriminant function and its variables in groups with various
resistance and size of damage with a slow repair rate

Fpynnbi
Groups

MauuenTbl ¢ JIY wrtammbl MBT k MTN MauueHTobl ¢ J1IY wrtammel MBT k MTI

Patients with DS strains Mycobacterium Patients with DR strains Mycobacterium

tuberculosis in anti-tuberculosis therapy tuberculosis in anti-tuberculosis therapy

| 1} 1l v
MepemMeHHble OrpaHuyeHHbIN PacnpocTpaHeHHbI OrpaHuyeHHbIN PacnpocTpaHeHHbI
Variables Limited process Extended process Limited process Extended process
n=28 n=32 n=21 n=34

MMn-1 0,46
MMP-1 0,26 0,15 *5=0,009 -0,25
MMN-3 0,57
MMP-3 0,01 0,03 02005 0,03
MMN-8 -0,67 0,57
MMP-8 *p=0,023 0,50 *p=0,006 0.50
MMN-9 -0,57 0,57
MMP-9 *p=0,007 -0.40 *p =0,001 0,08
TAMMN-1 0,57 0,46
TIMP-1 0,05 *p=0,008 *p=0,008 ~0.09
Mr
MG 0,11 0,03 -0,13 -0,11
H3 0,68
NE 0,13 -0,04 5= 0,001 0,22
nu -0,51
Pl -0,41 0= 0,01 -0,12 0,31
e B o o
Number of stab neutrophils p=0 p=0 p=0
Hanuuune nonoctu 0,36
Presence of a cavity 0,29 0,19 *p=0,005 -014
06beM nopaxeHus -0,37
Size of lesion 0,01 -0,06 0,28 *p=0,001

Mpumeyanue. /14 MBT — nekapcTBeHHO-4yBCTBUTENbHbIE MK JTY MBT nekapcTBEHHO-YCTORuMBLIE K NPOTUBOTYOEPKYNEe3HbIM NpenapaTtam WTaMmbl
Mycobacterium tuberculosis, MMIN — meTtannonpotenHasbl, TUMM-1 — TkaHeBbIN MHIMOUTOP-1 MeTannonpotenHas, MM — o.2-makpornobynuH,

MW — npoTenHasHbiil nHrnbutop, H3 — HelTpodunbHas anacTasa; *p — 3HAYMMOCTb Mo KpuTepwio Cnnpmena.
Note. DS — drug-sensitive strains, DR — drug-resistant Mycobacterium tuberculosis strains in anti-tuberculosis therapy, MMP — matrix
metalloproteinases, TIMP-1 — tissue inhibitor of metalloproteinases, MG — a:2-macroglobulin, NE — neutrophilic elastase, Pl — proteinase inhibitor,
*p — a statistical significance according to Spearman’s criterion.
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MHdekumns n uMmyHuTeT

pernapaiy y9YuThIBaTh HE TOJIBKO OMOXMMUYECKIE
XapakKTepUCTUKU (KOHLIEHTpALlMM ITPOTEMHa3),
Ho n nanHble KT (Hanuuue mmonoctn). [lorydyeHHBIE
pe3yabTaThl MOXHO pacCIeHUTh KaK TIIPOSIBICHHE
B3aumojeiictBusi MmoHouutoB (MMII-1 B coueta-
HUU ¢ ee akTuBatTopom MMII-3) u HelTpoduion
(MMII-8, MMII-9, HB) npu yBeaIu4YeHUU OOb-
ema crrenuduIeckoro mopaxeHus. Ha TkaHeBOM
YPOBHE COYETAaHHOE NEHCTBUE Pa3IUUYHBIX KJIACCOB
NpoTerHa3, o0JafallIUX BJIACTOJIUTUYECKON aK-
tuBHOCTBHIO (HD ¢ MMII-9), niposiBisieTcss B cro-
COOHOCTU BBI3bIBATh OOJIBIIYIO JAerpamalinuio Oeli-
KOB JIETOYHOU TKaHU, MO KpaliHel Mepe, 3JIaCTUHA.
TakuM 06pa3oM, MOXKHO ITPEAIIOJIOKUTD, YTO MTPe-
MOCBIJIKOI 00J1ee AUTEIBLHOI0 Mpoliecca 3aKBJIe-
HUS SIBISICTCS BOBJICUCHUE B MPOTCOTUTHUUCCKUNA
kackan gerpagaunu BKM pa3nuuHBIX KJIacCOB
MMII, dopMupylommux ypeandyeHue oobema mopa-
XeHus (pasmepbl mojocTtu). CHUXKEHUE CKOPOCTU
permapanuu OyJeT OTMeJaThbCsl MPU OOIIEM ITOBBI-
1IeHU U ypoBHel padnuuHbix MMII Ha ¢poHe pocTta
uHruoutropa TUMII-1, yTo coriacyeTcs ¢ JaHHBI-
MU JIUTEepaTypbl 00 YXYAILIEHUU NPOrHo3a 3abdoJe-
BaHMS U ero nporpeccupoBanuu [8]. B rpymre na-
nueHToB ¢ JIY (IV rpynna) u pacnpocTpaHeHHBIM
MPOIIECCOM K OKOHYAaHMIO WHTEHCUBHOW (ha3sbl
tepanuu B 90% ciyyaeB oTMeYaaoCh COXpaHEHUE
MOJIOCTU U BBICOKUI YpPOBEHb HEHTPO(PUIOB, UTO
HE TTO3BOJIMJIO HAaM BBIJICIUTH AUCKPUMUHAHTHBIC
dyakuun (D). [poieHT TpaBUIIbHON KJIacCu-
duKalMu CKOPOCTU pernapaTUBHBIX M3MEHEHUU
B OIMCaHHbIX MojaeasiXx coctaBu 90—100%.

Ob6cyxaeHne

TTouck 0onee 3(PPEKTUBHBIX CXEeM JICUEHUS TY-
OepKyJie3a 3aTpyTHEH M3-3a OTCYTCTBUSI HAJICKHBIX
MPOTHOCTUYECKHNX OMOMapKePOB, KOTOPKIE OTpeie-
JISIIOT CTpaTeruto jJedyeHus. MaTteMaTUyecKuid ar-
napart, KOTOpbIii MBI IIPUMEHUJIHN, JoKa3al 3 dek-
TUBHOCTH ITOMCKa KOMOWHAIIMil M3 MoKa3aTeseit
MPOTENHA3HO-MHTUOUTOPHOMN CUCTEMEBI IJIST OIICH-
KU MPOrHo3a Teparuu Mpu OTCYTCTBUM 3HAUMMBIX
pa3auuuii IIpu OMHAPHOM aHaJiM3€ IePeMEHHBIX.
Ha cerogus ony0/JIMKOBaHO eIMHCTBEHHOE HCCIIC-
JIOBaHME, JOKAa3bIBaIOIIee CBSI3b MCXOMHBIX YPOB-
Heilt MMIT u TUMII c pe3syabratamu jeyeHus [11].
bb1y1o BBISIBIEHO, 4TO KOMOMHanusi u3 MMII-2,
MMII-7u TUMII-1 o6i1amaeT BBICOKOUW TOUHOCTBIO
npu Kjaccudukalum 6J1aronpusTHbBIX U HebJ1aro-
NPUSTHBIX MCXOHOB JIEYCHUS (C YyBCTBUTEIIBLHO-
cThio B 84% u crieuuduyHOCTHIO B 83%) B rpyIiie
nauueHToB ¢ JIY k IITIT imrammamu MBT.

I[IpenMymiecTBOM Halllero aHaJIn3a OBIJIO ITO-
nydyeHue P ¢ ydeToM pEe3UCTEHTHOCTH IITaM-
MoB MBT. OcHOBHBIM BBIBOAOM TEKYIIEro Mc-
CIeIOBaHUS CIENyeT CUUTATh, YTO KOMOMHAIIUU
13 OMOXMMHYECKMX MapKepoOB MIECTPYKIIHNH,
NPOrHO3UPYIOIIMEe HAalPaBJICHHOCTh M CKOPOCTh

penapainuu, pa3invaloTcs He TOJIbKO B IpyIax
C Pa3JIUMYHON PE3UCTEHTHOCTHIO LITAMMOB BO3-
OyauTeasi, HO U 3aBUCSAT OT oObeMa MOpakKeHMUSsI.
B rpynne nmauuentoB ¢ JIY k IITII mrammamu
MBT BeayimmM okas3ajoch BIUsSHUE HEUTPODUTb-
HOTro KOMIIOHEHTa BocmajieHus. Haliu naHHble co-
IJ1acyIOTCs ¢ IUTepaTypPHBIMU O TOM, UYTO IECTPYK-
OM S JISTOYHOM MMapeHXUMBI M 0aKTePUOBBIACIICHIE
HauboJiee TECHO CBSI3aHBI C OTHOCUTEJLHOW 3KC-
naHcue HeUTpoduaoB, OCOOEHHO ITaJIOUKOS-
IEePHBIX U CHUXEHUEM OTHOIICHUS JTUMMOIIUTOB
K Heurtpodunam [16]. Pazanumsa B cocTaBe BbI-
JIeJICHHBIX KOMOMHAIIUA B 3aBUCUMOCTU OT O0B-
eMa MopakKeHusl MOTYT ObITh OOBSICHUMBI C TOUKU
3pEHUSI COOTHOIIEHUSI HEUTPOMDUIIOB C YMEpeH-
HBIM WJIW BBIPpaXXCHHBIM IIPOSIBJICHUEM BOCHAJIM-
TeJbHOU peaknnu. ClieayeT MOMHUTH, YTO OLICHKA
HEUTPO(dUIOB HE OrpaHWYMBAECTCSI WX KOJUUE-
cTBoM. HeoO6xoamumMo yuuThIBaTh UX MJIACTUYHOCTh
M CIIeKTp (PyHKIIMOHATBHBIX BO3MOXHOCTEH, Ccpe-
IV KOTOPBIX TaKe OTMedYeHa CITOCOOHOCTH K Jie-
TPaHYJISILIUH VU BLICBOOOXIECHWIO BO BHEKJICTOY -
Hoe npocTtpaHcTBO U3 NETs HB, MMII-8 Hapsny
¢ aaepnoit IHK, IL-17, karenmcunomM-G u nporte-
uHazoii-3 [9]. [lonyyeHHbIe HAMU OAaHHBIE COTLJIa-
CYIOTCSI C Te€M, YTO KOJIMYECTBEHHBIE IMapaMeTphl
aHTtureHcneuudpuueckoro Thl-orBeTa wUrpaior
HE CTOJIb BBIPAXKCHHYIO POJIb B OIPEICICHUM TsI-
xectu TeueHus TJI, Kak oOlMe CABUTY B TpaHyJIO-
OUTApHOM W JTUM@POILIMTAPHOM pPOCTKaX, (popMu-
Pys BaxKHBIH (haKTOp nmaToreHesa crneuduyecKkoro
BocrajieHus [16].

IMoaTrBepkaAeHMEM HaIlIC TUIIOTE3bI O BIUSHUU
JUTUTEJILHOCTU 3a00JieBaHUSI HAa CKOPOCTh perna-
pallMu Ha TKAaHEBOM YPOBHE SIBJISIOTCS pa3jiuyus
B COOTHOWIEHUU WHMUIBTPATUBHBIX U (UOPO3-
HBIX U3MEHEHUU JIETOUHOM ITapeHXUMBI, KOTOPBIC
MOTYT OITPEIeSIThCI paHbBIIE IO OMOXUMHUUIECKUM
MapkepaMm AECTPYKLMU U PEMOICIUPOBAHU S, YEM
no gaHnHbiM KT. Hannuwme ¢GuOpoO3HBIX M3MEHe-
HUI, TOPENSITCTBYeT NPOHUKHOBEHUIO IIperapa-
TOB, CIIOCOOCTBYET CHUXEHUIO 3(PHEKTUBHOCTU
(50%) neyenms. MzobiTouHOe paspyuienue BKM
OPUBOIUT K AECTPYKIIMU TKaHEW, TOraa Kak mpe-
oOylamaHne M30BITOYHON MPOAYKIIUSI €T0 KOMIIO-
HEHTOB HaJ Aerpanalueii Boi3biBaeT Guopo3s [18].
VYcraHoBaeHo, yto MMII He TOABKO BOBJICYEHBI
B BOCITAQJIUTEIbHBIN TIPOILIECC, HO MOTYT aKTUBU-
poBaTh HHUTOKWHBI, MHUIMUPYIOIINE JIETOUHBIN
¢$ubpo3, Takue Kak TpaHCHOPMUPYIOLIUNA HaKTOP
pocta B (TGF-B). IlpenmosaraemMblii MeXaHU3M
dopmupoBaHus (GuOpo3a 3aKOYaeTCs B IOCEe-
IIOBAaTCIbHON CTUMYJISIIIMA CBOOOOHBIMM pagrKa-
JamMu kucjaopoaa u HD nporeaz (MMII-9), koTo-
pble aKTUBHUPYIOT HaAXOASIIUICS B JIATEHTHOM CO-
crosauu TGF-.

B nmosib3y Hallleli ruIoTe3bl O BIUSIHUT (puOpo3-
HBIX U3MEHEHU Ha CKOPOCTH pelrapalluu CIIyKaT
TaHHBIC JUTEPATYPhl O TOM, YTO B TEUECHUH TpeX
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ety 26,7% 6onapHbix UTJI ¢ 6akTeprOBbIAEICH -
eM u coxpaHeHHol JIY K mpemapaTaM nepBoro psijaa
Mmpolecc MepexoauT B XPOHUYECKYIO dopmy [6].
IMony4yeHHBIIT HAMU BBIBOJ O HEOOXOAMMOCTHY YIU-
THIBaTh HE TOJBKO OMOXMMUYECKHE XapaKTEepHC-
Tuku, HO U gaHHble KT B rpynne 6oabHbIX ¢ JIY
IITaMMaMU BO30YIUTEJISI COTIacyeTcsl C JaHHBIMU
JIUTEPaTypbl O CHUXEHUW BEPOSITHOCTU ITOJIOXKM-
TeJIbHOM TMHAMUKM Mpolecca Mpyu HAJIUIUU T10-
JIOCTHBIX U3MeHeHu ¢ 54,5 no 31,5% [5].

3ako4yeHme

I[IpuMeHeHNEe CTATUCTHUYECKONM MOIEIN KJlac-
cudukauu Ha ocHoBe JIA BBISIBUJIO Pa3TIUUIUSI
B CTPYKTYpPE€ BOCIAJIMTEIIBHOTO OTBETA OpraHmu3Ma
npu UTJI B 3aBUcUMOCTH OT 0ObeMa MopasKeHUs
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BJIMSHUE MHFTAJTALUMOHHOWU BAKTEPUO®DAT-
TEPANMUU HA MYKO3AJIbHbIN UMMYHUTET
POTOBOM NOJIOCTU Y AETEN C OCTPbIM
TOH3UWIJIUTOM

II.T. Typauena, /I.K. I'anuesa, I'.P. HacupoBa

Tawkenmcexuii neduampuyeckuil meouyunckuii uncmumym, Tawkeum, Y36exucman

Pestome. Llebo viccaeqoBaHNS SIBIISIOCh M3YUYEHNE BIMSTHIE HMHTAISIMOHHON 0aKTeprodar-Tepalnni Ha MyKO3ajb-
HbI1 UMMYHUTET POTOBOI MOJOCTU Y AETEH ¢ OCTPHIM TOH3UJLIUTOM. Mamepuanst u memods.. boliu oocnenoBaHbl 212
MalMeHTOB 0T 4 710 15 16T C OCTPBIM TOH3UIUMTOM U 110 MpakTMYeCK U 3M0POBBIX A€ Tei aHaIOrMYHOT0 Bo3pacTa. MeTobl
KCCIeI0OBaHUS BKJIIOYAIM pacyeT KoadoduiineHTa cooTHoueHus HeliTpoduos K sumdbonutam (NLR), B nepudepu-
YeCKOI KPOBH, CaTMBaINAarHOCTHKY C OIpele/IcHUEM CEKPETOPHOTO MMMYHOITIO0yIHA A (SIgA) 1 mpoBoCITaInTeIh-
Horo uutokuHa (TNFo). YuuTteiBast cxeMy mpoBOAMMOTO JIeUeHUsI, MallMEHTHI ObLIM pa3/ieeHbl Ha B3aMMOCPaBHUMBIE
IPYIIIBL: B IIEPBYIO IPYIIITY BOLLIY MAIIUEHTHI C OCTPBIM TOH3WJUIMTOM, TIOTYYaBIIe CTAHAAPTHOE OOIIETIPUHSITOE Jie-
YyeHMe B 3aBUCHMOCTH OT KJIMHUYECKOM (hOpMBI IIATOJIOT MM, Oe3 MpuMeHeH s bakTepuodar-repanun —n= 107 (50,5%),
BO BTOPYIO TPYIIITY — TAallMEHTHI, KOTOPBIM OJHOBPEMEHHO CO CTAaHIAPTHOM OOIIETIPUHSITON CXeMOM JICUCHU I TIPOBO-
WA Kypc HelOynaiizepHoit bakTepruodar-tepanuu ¢ UCMOJb30BaHUEM XKUAKOTO KOMILIEKCHOro muobakTepruodara
(PCL) (HITO «Muxporen», Poccust) — n =105 (49,95%). Pesyasmamest. Ha hoHe ncrnonb3oBaHus 0akTeprodar-reparnum
Ha 6 CyTKM JIEYEeH U] OTMEYAETCs MOBbIIIEHME YPOBHS SIgA y IallMeHTOB MJIAILIETO Bo3pacTta — 10 97,2%, y malueHTOB
crapiuero Bo3pacta — 10 97,2% (p < 0,05 1o oTHOIIEH U0 K KOHTPOJIbHOI rpytiie). [Ipr 3ToM y maleHToB, OTyYaBIIuX
TOJIbKO CTaHJAPTHOE JIeYeH e, JaHHbIe ToKa3areau coctaBuan 75,8 u 81,6% coorBercTBeHHO (p < 0,05 110 OTHOLIEH IO
K KOHTPOJIBHOM TpyIIne). PasHWIIa MeX Iy IByMS HCCIEAYEMBIMU I'PYIITIaMA COCTABMJIA: B MJIaIIIECi BO3PACTHOM IO~
rpyrme — 21,4%, B crapineir Bo3pacTHoii moarpymme — 16,1% (p < 0,05 1o OTHOIIEHHWIO K KOHTPOJIBHOM TPYIIIIE), 9TO
yKa3bIBaeT Ha Oojiee a((eKTUBHOE IeHCTBHE Iperapara y MallueHTOB MJIIIei BO3PACTHOM IPYIIIEL. AHAJOTMIHBIC
M3MeHeHUsT HabJIoJaTCs MpY aHalau3e mnokasatesiell mpoBocnaiuTeabHoro uutokrHa (TNFo). Beigodwe. Tlo pe-
3yJIBTaTaM MCCIeIOBaHMsI, UCIOJb30BaHNEe MHTAISIIMOHHON OakTeprodar-teparmi B KOMITJICKCHOM JICUCHUH JeTeit
C OCTPBIM TOH3UJIJIUTOM CITOCOOCTBYET YKOPOUEHUIO TIeproIa OOIIMX M MECTHBIX KJITMHIUYECKUX ITPOSIBIICHNUI 3a00J1eBa-
Hud B 1,4 pasa, ¥ yIydLIeH IO TOKa3aTeieil MECTHOrO MMMYHUTETA B cpenHeM ot 5,7 1o 16,1%.

Karouesuie caoea: demu, ocmpoiii moH3usaum, bakmepuogae-mepanus, ceKpemopHulii UMMyHo2a00yaun A, npogocnasumenshole
YUMOKUHbL, POMO0BAs NOAOCHb.

INFLUENCE OF INHALED BACTERIOPHAGE THERAPY ON ORAL MUCOSAL IMMUNITY

IN CHILDREN WITH ACUTE TONSILLITIS

Turdieva Sh.T., Ganieva D.K., Nasirova G.R.

Tashkent Pediatric Medical Institute, Tashkent, Uzbekistan

Abstract. The study aimed to assess the effect of inhaled bacteriophage therapy on oral mucosal immunity in children

with acute tonsillitis. Materials and methods. We examined 212 patients aged 4 to 15 years old with acute tonsillitis and
110 age-matched apparently healthy children. Research methods: calculating the Neutrophil to lymphocyte ratio (NLR),

Appec pna nepenucku: Contacts:
Typavesa LLoxunpa TonkyHoBHa Shokhida T. Turdieva
100140, Y36ekucTaH, r. TawkeHT, yn. boruwamon, 223, 100140, Uzbekistan, Tashkent, Bogishamol str., 223,
TaluKEeHTCKWI NegmaTpruiecknii MeAULMHCKUA UHCTUTYT. Tashkent Pediatric Medical Institute.
Ten.: +998 93 587-25-70. E-mail: shohidahon69@mail.ru Phone: +998 93 587-25-70. E-mail: shohidahon69@mail.ru
[Ana uMtmpoBaHus: Citation:
Typavesa LT, fannesa [.K., Hacvuposa I'P. BansiHne HranaumoHHoi Turdieva Sh.T., Ganieva D.K., Nasirova G.R. Influence of inhaled bacteriophage
BakTepurodar-repanum Ha Myko3anbHblii IMMYHUTET POTOBOI NONOCTM therapy on oral mucosal immunity in children with acute tonsillitis // Russian
y BeTel ¢ 0CTPLIM TOH3UNAUTOM // UHdekuums n ummynuteT. 2023. T. 13, Journal of Infection and Immunity = Infektsiya i immunitet, 2023, vol. 13, no. 5,
Ne 5. C. 939-946. doi: 10.15789/2220-7619-101-2081 pp. 939-946. doi: 10.15789/2220-7619-101-2081
© Typauesa LT, lanunesa A.K., Hacuposa l'P., 2023 DOI: http://dx.doi.org/10.15789/2220-7619-101-2081
Cratbs focTynHa no nuuex3nn Creative Commons Attribution 4.0 939

The article can be used under the Creative Commons Attribution 4.0 License



LLLT. Typavesa, [.K. laHvesa, 'P. Hacuposa MHdekumns n uMmyHuTeT

saliva diagnostics — secretory immunoglobulin A (sIgA) and the pro-inflammatory cytokine (TNFa). Taking into ac-
count the scheme of the treatment, the patients were divided into mutually comparable groups: the first group included
patients with acute tonsillitis who received the standard generally accepted treatment depending on the clinical form
of the pathology, without using bacteriophage therapy — n = 107 (50.5%), the second group — patients receiving a course
of bacteriophage therapy — n = 105 (49.95%), nebulizer bacteriophage therapy using liquid complex pyobacteriophage
(PCL) (Microgen, Russia) from the first days of the disease along with standard treatment. Results. During bacteriophage
therapy, on the 6th day of treatment, an increased sIgA level up to 97.2% was observed particularly in younger and adoles-
cent patients up to 97.2% (p < 0.05). At the same time, this parameter reached 75.8% and 81.6%, respectively (p < 0.05),
in patients who received only standard treatment. The following difference between the two study groups was observed: be-
tween patients in the younger age subgroup — 21.4%, in the older age subgroup -16.1% (p < 0.05 relative to control group),
which indicates a more effective drug-related effect in patients from the younger age group groups. Similar changes are
observed while analyzing level of the pro-inflammatory cytokine (TNFo). Conclusion. The use of inhaled bacteriophage
therapy in the combination treatment of children with acute tonsillitis helps to shorten the period of general and local
clinical manifestations of the disease by 1.4-fold and improve mean local immunity from 5.7% up to 16.1% (p < 0.05).

Key words: children, acute tonsillitis, bacteriophage therapy, secretory immunoglobulin A, proinflammatory cytokines, oral cavity.

BeepgeHue

Octpsiii ToH3WLIUT (OT) y meteil ocraercs ona-
HOM M3 BaXXKHBIX ITPOOJIEM TeAUaTPUU U TIEPBUYHO-
ro 3BeHa 3paBOOXpaHEeHUs. AKTYaJIbHOCTb JaHHOU
npoOJieMbl CBsI3aHa C YBEJIMUYEHUEM KOJTMUECTBA BbI-
SIBJICHUSI JAHHOW MaTOJIOTMU CPEeAU NEeTeil BCcex BO3-
pacTtHbIX rpynmn. I[Tpyu aTomM oOpaimiaemMocTb 3a nep-
BUYHOI aMOyJIaTOPHO-TIOJUKJIUHUYECKONH TTOMO-
1IbIO JIeTeli ¢ KIMHu4Yeckoi kaptuHoit OT moxomut
1o 75% B 3aBUCHMMOCTU OT MOTOIHBIX YCJIOBHIA [4].
OCHOBHYIO 4YacTh OTHUX IallMEHTOB COCTaBISIOT
JIETH, BXOOSIINE B TPYINITY «JacTO OOJICIOIINX JIe-
teii» (UB/1). OCO0eHHOCThIO 3TOU IPYIIITHI SIBJISIETCS
CHM>KEHUE UMMYHUTETA, ITPOSIBIISTIONIEECS YaCThIMU
000CTpeHUsIMU coMaTUUYeCKUX 3aboseBaHuii. B To
>Ke BpeMsi 00JbIiasi 4yacTh MH(PEKIITMOHHBIX 3a00J1e-
BaHUU IETCKOrO BO3pacTa MPOSIBIASIETCS KapTUHOU
oCTporo ToH3uuTa [8]. B cBSI3U ¢ 3TUM U3yuyeHUe
MYKO3aJ1bHOI'O UMMYHUTETA POTOBOI MOJIOCTH Y Je-
Tel SIBJSIETCSI aKTyaJIbHBIM JIJ1sI COBPEMEHHO MeIu-
arpuu. MI3amepeHue CIIOHHBIX OMOMapKEepOB MOXET
MpPeaoCTaBUTh BaxKHYI0 UHGOpMaIuo 00 aKTHUBHO-
CTU MECTHOTO MMMYHHTETa U 3(PHEKTUBHOCTU BbI-
OpaHHOI TepareBTUYEeCKOM TaKTUKHU [16].

B 10 Xe BpeMs cTaHAapTHBIE METOIUKU U3yUe-
HHUSI UMMYHUTETA y JACTeH SIBISIOTCS MHBAa3UBHBI-
MU, YTO MOXET OTPUIIATEIBHO TMOBIUSITH Ha TICH-
XOJIOTMUEeCKU cTatyc mnamueHTa. Kpome Toro,
B3STUE BEHO3HOW KPOBW [IJIsSI TIPOBEACHUST UMMY-
HOJIOTMYECKOI'0 UCCAeA0BaHUs HE BCerma JOCTYII-
HO B aMOyJIaTOPHO-TMOIUKIUHUYECKUX YCIOBUSIX.
I[TosTOoMy MCHONB30BaHUE CJIOHBI MallMEHTa IJs
OLIECHKM MMMYHHOI'O cTaTyca POTOBOI ITOJIOCTU
y neTelt aBJsieTcs 60ee MpueMaeMbIM.

Marepuanbsl n MeToapl

Ju3zatin uccaedosanus 6a3upoBajcsa Ha paHJIO-
MHU3UPOBAHHOM KOHTPOJHMPYEMOM MeETOoAe Hayd-
HOro ucciegoBanus. CaMo McCeIOBaHUE COCTO-
SIJI0 U3 HECKOJIbKUX 3TAaloB: HAa9aJIbHOTO, OCHOB-

HOTO (MCCIeI0OBaTEIbCKOr0) U 3aKJIIOYUTEIbHOTO.
Ha navanbHOM »Tare ObIIM MpPOBEAECHBI: pa3pa-
06oTka KputepueB otoopa aeteit ¢ OT; opopmie-
HHE U COIVIaCOBaHUE JTOrOBOPOB IO IPOBEICHUIO
KJIMHUKO-T1a00paTOPHBIX W MHCTPYMEHTAJb-
HBIX WCCIAEIOBAHUMN B KIMHUYECKUX YCIOBUSX.
Takzke ObLIM COCTaBJEHBI JOTOBOPHI C TOPOJACKMU-
MU M CEJIbCKUMU CEMEWHBIMU MOJUKJIUHUKAMU,
YaCTHBIMU JUATHOCTUYECKMMHU MEAMIIMHCKUMU
LeHTpaMU Ha TIPOBEACHUE WMMYHOJOTUYECKUX
JlabopaTOpHBIX UcciienoBaHuit. Ha BTopoM, oCHOB-
HOM (MCCJIeIoBaTeIbCKOM), 3Tarne ObIJIM BHIMOJHE-
Hbl KJIMHUKO-JIAa0OpaTOpHbIE WU HWMMYHOJIOTUYE-
cKMe ucciaegoBaHus. Ha 3akarouuTeIbHOM 3Tare
ObLIa TIpOBEIEHA WHTEpIIpeTalus MNOJYYESHHBIX
KJMHUKO-1a00paTOPHBIX TaHHBIX, a TAaKKe CTaTU-
cTu4deckast o00paboTKa pe3yabTaTOB UCCISIOBAHUS.

Kpumepuu ombopa nayuenmos. Kpurepusmu
BKJIIOYEHHUS B MCCJIeAyeMble TPYIMIbI SIBJISIIUCH:
Bo3pacT oT 4 g0 15 net, OT (OCHOBHBIE UCCIIEAYE-
MbI€ TPYMIbI) UJIU €r0 OTCYTCTBUE (KOHTPOJbHAS
rpymnmna), OTCYTCTBUE COMNYTCTBYIOIIMX WHMEK-
LIMOHHBIX M HEUMH(PEKIMOHHBIX 3a00JIeBaHUIA,
BIAMSIOIINX Ha <«4UCTOTY» MMMYHOJIOIMYECKOTO
Uccel0BaHUSI.

KpurepussMmu UCKIIOUEHUS SIBJISJIUCH: BO3PACT
muaaame 4 1eT v crapiie 15 1eT; HaIu4due XxpoHuvec-
KHUX COMaTUYECKUX WU OCTPhIX MHMEKIIMOHHBIX
3a00JIECBAaHU; OTSTOILIECHHbI HMMMYyHOAaJJepru-
yecKMil (poH (IMaTe3bl, aHOMaJIUU KOHCTUTYLWU,
MOJUIMHO3BI U T. .); HAJIMUHUE IICUXOCOMAaTUUYECKUX
Y HEBPOJIOTUUECKUX HAPYILIEHU .

Pazdenenue nayuenmos na epynno. Hamu Oblnu
obcnenoBaHo 212 neteit u moapoctkoB ¢ OT B Bo3-
pacTte oT 4 1o 15 net (cpeaHuit Bo3pact 9t2.4 jer,
p <0,01), a Takxe 110 mpakKTUYECKU 3TO0POBBIX Ae-
TEel M MOAPOCTKOB aHAJIOTMYHOTO BO3pacTa, cocTa-
BUBIIME KOHTPOJbHYIO I'PYITITY.

C 1eabl0 TOCTUXKEHMST TOCTOBEPHOCTH HCCIe-
MIOBaHMSI, a TAKXKE YUUTHIBAsI CXeMY ITPOBOAUMOIO
JICUCHM I, TTAallMeHTHhI OBbIJIM pa3feicHbl Ha ABE CO-
MOCTaBUMBIE I'PYIbI:
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B nepByto rpynmny Bouuiu nauueHTsl ¢ OT, mo-
JIydaBIlIMe CTaHAApTHOE OOIIENPUHSITOE JeUeHHe
B 3aBUCUMOCTHU OT KJIMHUYECKOW (hOPMBI MATOJIO-
ruu, 0e3 MpUMeHeHUus1 OakTepuodar-tepanuu —
n = 107 (50,5% wn3 212) (cranmapTHOe JCcUeHUeE
CM. Jajiee).

Bo BTOpyIo rpynny BOLULIA HallU€HTHI, Y KOTO-
pPBIX CTaHIapTHAasT OOIIENPUHSITAsI cXeMa JICUCHU S
ObL1 JOMOJHEHa KypcoM OakTepuodar-tepanuu
(PCL) — n =105 (49,95% u3 212).

YuutsiBasi BJIUSTHUE BO3PACTHBIX OCOOEHHO-
CTell Ha pe3yJIbTaT MMMYHOJIOTMYECKUX MCCIIe-
JIOBaHW, Kaxjaas Tpyrnmna, ¢ CBOlo o4yepenb, Obliia
rnojapasjelieHa Ha IBe BO3pACTHBIE TTOATPYIIITHI:

— JeTu MJajalero Bo3pacta: ot 4 1o 8 jget (8 et

11 mecsaues, 29 nHel OT POXIAEHUS);

— JeTH U TTOAPOCTKHU OoT 9 1o 15 ner.

JaHHOe BO3pacTHOE JeJeHHWe MPOBOAUIIOCH
¢ yuetom pekomeHmauuii BO3 «A Healthy Start
in Life: Report of the Global Consultation on Child
and Adolescent Health and Development, 2013»
(WHO/CAH/02.15) u «Communicable diseases
among  children»  (https://www.who.int/teams/
maternal-newborn-child-adolescent-health-and-
ageing/child-health/communicable-diseases-
among-children), B KOTOpbIX TOBOPUTCS, UTO AETU
10 9 1et HauboJiee MoABePKEHbI MH(EKIIMOHHBIM
3a00/ieBaHUSIM U TpeOdyloT 0co00ro BHUMAHMUSI,
YTO MoaTBepxaaeTcs nokymeHToM BO3 «Investing
in our future: a comprehensive agenda for the health
and well-being of children and adolescents» (https://
apps.who.int/iris/handle/10665/350239).

Memoovl uccaedosanus. OOlIee KIWHUYECKUE
WCCJIENOBAHMST TIPOBOAMJIMCH B aMOyIaTOPHO-TTO-
JIMKJIMHUYECKUX YCIOBUSIX. YUUTBHIBAsI XapakKTep
MaTOJOTMU U3HAYaJbHO IE€TU ObIIU 00CJieNOBaHbI
HaM¥W COBMECTHO ¢ MH(pEKIIMOHNCTOM, a 3aTeM —
Y3KUMHM CIleMajucTaMu (IETCKU OTOJapUHTO-
JIOT, 3HJIOKPUHOJIOT, HeBpomaroJor). Bcem manu-
€HTaM BBIMOJIHSIU: OOLIUI aHaJIU3 KPOBU C pa3-
BEPHYTOM JIeiKOLIMTapHOU (DOPMYJIO U pacuyeToM
KoaddUIIMeHTa COOTHOIIEHUSI HeUTpoduIoB
K tumdpouutaM — NLR (Neutrophil to lymphocyte
ratio). MMyHoOJIOTMYeCKOe MCCIIETOBAHNE OCHO-
BBIBAJIOCh Ha U3YYEHUU MYKO3aJbHOI'O MMMYHM-
TeTa (CajJuBaJIMarHOCTUKA) C KOJUYECTBEHHBIM
oInpeaesieHueM CEeKpPeTOPHOTO WMMYHOIIOOYIM-
Ha A (sIgA, MKIr/MJ) 1 MPOBOCHAIUTEIBHOIO 1IU-
tokuHa TNFo. CinioHa y neteit cobupasach B cTe-
PUJIbHYIO ITPOOMPKY B MEPBOIi ITOJIOBUHE JHSI, HE
paHee yeMm 4Yepe3 2 U TOCJE IOCJeAHEero npuemMa
nuiu v yepe3 30 MUH TTOCJIe MOJOCKaHUS POTO-
BOI MOJIOCTU OXJaXJAECHHOW KUIISIYEHHOIW BOJIOM.
Bri0op naHHOrO MeTo/a OCHOBBIBAJICS Ha BO3PACT-
HBIX OCOOEHHOCTSIX MallMeHTOB, HEMHBAa3UBHOCTHU
MPOLIEAYPHI, a TAKKe TOCTYIMHOCTU HUCCIeTOBaHM S
B aMOyJ1aTOPHO-TTOJIUKJIMHUIECKUX YCITOBUSIX.

KonuuectBeHHoe omnpenaeneHue sIgA npoBo-
IUJIA C TIOMOIIbIO MMMYHO(MEPMEHTHOrO aHa-

nn3a (MDA) B obOpas3max CMeIIaHHOW CITIOHEL.
Wcnonp3oBaii 1MarHOCTUYECKU Habop peareH-
ToB «slgA ELISA Kit» (ELISA, Immundiagnostik
AG, T'epmaHus) U AUMAarHOCTUYECKUIT Habop pea-
TeHTOB UII UMMYHOMEPMEHTHOI'O ONpeaeIeHU S
sIgA B OMOTOrMYECKUX XKUIKOCTIAX «CeKpeTOPHBIN
IgA-UDA» (Xema Co. Ltd., Poccus). Onpenenenue
TNFo B c1toHe 0OCHOBBIBAJIOCh HA METOJI€ TBEPIO-
dazHoTO «CcOHABUY»-BapraHTa MDA 1 BBITIOIHS-
JIOCh C WCIIOJIb30BaHMEM HaOOpPOB ITPOM3BOIACTBA
3A0 «Bektop bect» (Poccus) ¢ mpumeHeHueM
MOHO- W TIOJAMKJOHaNbHBIX aHTuUTenl K TNFa.
IIpu 5TOM canMBagMarHOCTUKY ITPOBOJIUIN HEITO-
CPEACTBEHHO B IeHb O0palleHWs] B MOJTUKJINHUKY,
Ha 3 u 6 cyTku Tepanuu. baktepuonormyeckoe
HWCClIeIoBaHNWE TIPOBOAMJIM B JIeHb oOpalie-
HUs U Ha 10 cyTKM OT HayaJja JeUyeHU s, C yUYeTOM
aHTUOMOTUKOTEPATIUMU.

Memooul nreuenus. KomriaekcHoe aMOy1aTOpHOe
JIedeHHEe OCHOBBIBAJIOCHh HA CTaHAAPTHBIX KJIWHU-
YeCKUX PEeKOMEHIAIMSIX U HOCUJIO CUMIITOMAaTH-
yeckuil xapakrtep. I[lpu BbIOOpE KOMITJIEKCHOIO
KOHcepBaTUBHOrO jieueHus nereii ¢ OT onupanuch
Ha Knunnyeckne pexkomeHnauumu Corlo3a renua-
TpoB Poccuu (o1 04.08.2020) «OCTpblil TOH3UJUIUT
u dapuHruT y aereit» (https://www.pediatr-russia.
ru/information/klin-rek/proekty-klinicheskikh-
rekomendatsiy/index.php).

CxeMa JiedeHMs BKJIIoYajla B cebe HeMemuKa-
MEHTO3HBIE W MEIMKaMEHTO3HbIE METOIbl Tepa-
nuu. HemenmkamMeHTO3Hasi Tepalids BKJIIoyasia
MOCTENBHBIN PEXUM C M30JSIIIMEN MalueHTa, ma-
NSIIYI0 MOJIOYHO-PACTUTENbHYI0O W BUTaMUHU-
3UPOBAaHHYIO AMETY, a TakXe OOMJbHOE ITHThE.
MenukaMeHTO3Hasl Tepalusl COCTOsJla U3 MECT-
HOI Teparuu B KOMILJIEKCE C XKapOITOHMXKalole,
aHTUTUCTAMWHHOW, aHTUMMKOTUYECKOW U BH-
TamMmuHoTepanuu. Ocoboe BHUMaHUE YAESIOCH
aHTHOaKTepuaabHOUW Tepalruu IpenaparamMy -
pokoro crnekTpa aeuictBus. Ilo pesynbratam Oax-
TepUaJIbHOTO MOCeBa U3 3eBa MPU HEOOXOTUMOCTH
MOT OBITh OCYILIECTBJIEH Tepexo Ha bosiee addek-
TUBHBIN ITpenapart. [Ipr 3ToM, Ha OCHOBAaHUM KJIH-
HHMYECKUX PEKOMEHIallMii, aHTUOMOTUKOM II€PBO-
ro psiia siBasijicsi AMOKCULIMJIJIUH B 103e 50 M1/KT/
CyT B 2 mpuema.

PexomeHnayemylo Hamu GakTepuodar-repanuio
MPOBOAUIM C HCITOJb30BAaHUEM XHMIKOTO KOM-
njekcHoro nuobakTepuodara (Pyobacteriophage
complex liquid — PCL, mnpousBoacta HIIO
«Mukporen», Poccus). PCL HazHaua/u myTeM opo-
IIEHUST TOBEPXHOCTU HEOHBIX MUHIAJIUH C TTIOMO-
1Iblo HeOynai3epHoii uHraass . HedynaiizepHas
MHTaXSIOMs JUIMTEbHOCThIO 10 10 MUH TIpOBO-
UJIach C TIEPBBIX THEH 3a00JIeBaHUS B JOMAITHUX
YCJIOBUSIX, B TIEPBOI TTOJIOBUHE JHSI, OHOKPATHO,
B TeueHue S aHel, BBeaeHuem 5 mi PCL.

Bri6op npenapata PCL ocHoBbIBaJICd Ha IIU-
pOKOM AMama3oHe BO3[eilcTBUS OakTepuoda-
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MHdekumns n uMmyHuTeT

ra. B gacTHoCTH, mpenapaT CIOCOOEH BHI3BIBATh
crieuuduyeckuit 1usuc d6akrtepuit Staphylococcus,
Enterococcus, Streptococcus, HTepONaTOreHHBIX
Escherichia coli, Proteus vulgaris, Proteus mirabilis,
Pseudomonas aeruginosa, Klebsiella pneumoniae,
Klebsiella oxytoca. JanHbI} TpeniapaT peKOMEH 1Y IOT
HMCIOJIb30BaTh ITPH BOCITAJIUTEIBHBIX 3a00JIeBaHU-
sax JIOP-opraHoB, BEpXHUX U HUXKHUX AbIXaTelb-
HBIX TyTeW, TJIEBPUTAX U IPYTUX BOCITAJIUTEIBHBIX
3a6omeBaHUsIX. OCOOEHHOCThIO TIpemnapara SIBJs-
eTcsl TO, YTO MruobakTepuodar He BIAUSIET HA IPY-
rve BUABI OaKTepuil U, KaK CJIeACTBUE, He HapyIla-
€T eCTECTBEHHYIO MUKPOQIIOPY POTOIIOTKH.

Cmamucmuueckas obpabomka TOJYYEHHbBIX
pe3yJbTaTOB KJMHUKO-Ta00paTOPHOIO MCCIEN0-
BaHUS ITPOBOIMIIACH C WCIOJb30BaHUEM pa3pado-
TaHHOW HaAMU CTaTUCTHYECKOI MporpaMMEI Ha OC-
HoBe Excel 2013 (Microsoft Office 2013).

CpaBHEHMU ST MEK Y IPYIITIIAMU ITPOBOAMIIN C MC-
MOJIb30BaHUEM CpPeAHEi TpyNITbl HACCJICHUS B Te-
JyeHue TIeproaa ncciaeaoBanus. Bo Bcex aHanmm3ax
p <0,05 cunTaeTcss 3HAUUMBIM.

Dmuueckue acnekmol uccaedoeanus. Jjas npo-
BelleHEe KJIMHWYECKUX M JabOpaTOPHBIX HCCIIe-
JIOBaHUWI neTeil B aMOyJTaTOPHBIX YCIOBUSX ITOJTY-
YyeHO paspamieHue ODtuuyeckoro Komwurera npm
MuHuctepcTBe 3apaBooxpaHeHust PY3 (mpoTtokon
Ne 1/10-1484 ot 27.02.2021). MccnenoBaHue 3ape-
TUCTpUPOBAHO Ha caiite https://clinicaltrials.gov/
ct2/show/NCT046829642cntry=UZ&draw=2&ran
k=3 (ID:NCT 04682964). Ilepen KJIMHUYECKUMU
WCCIEIOBAHUSIMM OBIJIO ITOJIYYEHO NHCHMEHHOE
pa3peuieHue Ha oOcyieqoBaHUe OOJIbHBIX AeTeil
M TIOIPOCTKOB OT WX pOIUTENeU (OTEeKYHOB), KO-
TOpOe OBIJIO TTPUKPEITJIEHO K aMOYyJIaTOPHOI KapTe
pa3BUTU S peOeHKa.

PeaynbraThl

Hcxonst 13 mocTaBJIeHHOM nepea HaMM 3a1a4du,
OBLIIO TIPOBEACHO MMMYHOJIOTUYECKOE O0CIeno-
BaHUe neteit 1 moapocTtkoB ¢ OT mo u 1mociie Kom-
OMHUPOBAHHOTO JICUYCHUSI. YUUTHIBAsI BO3PaCT-
HBIE OCOOCHHOCTHU IAIlMEHTOB M PEKOMEHIAIINIO
AMEpUKaHCKON akKaAeMHHW OTOJAPUHIOJIOTUU —
XUPYPTUM TOJOBHI U 1em (American Academy
of Otolaryngology — Head and Neck Surgery
(AAO-HNS)) ot 2019 r. (https://www.entnet.org/
quality-practice/quality-products/clinical-practice-
guidelines/tonsillectomy-in-children-update), Hamu
IpoBelIcHA HEWMHBAa3WMBHASI OUArHOCTUKA HMMY-
HOJIOTMYEeCKOTo craryca y mereit ¢ OT, mpeamoa-
rarmomiasi UcciaeaoBaHUEe MYKO3aJbHOTO MMMYHH-
TeTa (CeKPEeTOPHOTO MMMYHOTIIOOyIMHA A — sIgA
M TIPOBOCIIAJINTEIBHOTO IMTOKMHA — (DaKTOpa He-
Kpo3a omyxoyii anbda — TNFo) B ciaroHe.

CanmuBaguarHOCTUKA SIBJISICTCS OOHUM M3 CO-
BPEMEHHBIX HEMHBA3HBIX METOIOB OOCIICTOBAHUS
JeTeil, MO3BOJISIONINX TUaTHOCTUPOBATh U IIPOBO-

JUTh MOHUTOPUHT JICUCHU ST OCTPBIX U XPOHUUECKUX
3200JIeBaHUI Y JaHHOI KaTeropuu HaceJeHu .

I1pu aToMm sIgA saBasIeTCS MOJMUMEPOM (B OCHOB-
HOM JUMEPOM), KOBAJICHTHO CBSI3aHHBIM C 3IHUTE-
JIMAJIbHBIM TJUKONPOTEMHOM — <«CEKPETOPHBIM
KOMIIOHEHTOM», W SIBJSIETCS ITUAarHOCTUYECKU
3HAYMMBIM IToKa3aTejieM 3(OEeKTUBHOCTH ITPOBO-
IUMOM Tepanuu. B yacTHOCTH, 110 JaHHBIM HaIIUX
uccleaoBaHU, ypoBeHb SIgA MeHsieTCs B 3aBUCH-
MOCTH OT TaKTUKH JIeYeHM s, BO3pacTa U roJja Ia-
LIUEeHTOB (TaobJ. 1).

Belio ompeneseHo, 4TO B KOHTPOJILHOW T'pyII-
ne — y JAeTell craplliei BO3pacTHOW IOATrPYIIIbI
0 OTHOIICHUIO AETSIM MJIaAlleil BO3pacTHOM IO~
rpynnel ypoBeHb sIgA coctaBun 128,08+10,074
npotus 99,49+4,447 mxr/Ma (unau B 1,3 pa3a 6071b-
e, p < 0,05), TakKe y AeBOYEK B cpeaHeM Ha 2%
copepxkaHue sIgA (p >0,05) npeBbllIaeT aHAJIOTUY-
HBII TTOKa3aTesb Y MaJbu4UKOB.

ITo pesysbraraM HaIlIUX MCCIEIOBAHUM, y Ta-
nueHToB ¢ OT B mepBble CYyTKU 3aboJieBaHUS
(B OCTpOM IepUoJe) B CpeaHEM HAOJI0AAeTCsl CHU-
xkeHue sIgA no 40,9% y nereit Miaaiiero Bo3pacra
u 10 41,9% y neteii cTapiiero Bo3pacTa 1o OTHOIIIe-
HUIO K KOHTPOJIbHOM rpy1ie netei (p < 0,05).

Ha ¢poHe KOMOMHMPOBAHHOrO J€UYEHUS C UC-
MoJb30BaHUEM OaKTepruodar-repanum oTMevaeT-
cs MOBBIILIIEHHE coaepxKaHus sIgA Ha 6 cyTKH Jie-
YeHUsl, B YaCTHOCTH, Y NAllMEHTOB MJIAIIIIETO BO3-
pacta 10 97,2%, y TallMeHTOB CTapIllIero Bo3pacrta
10 97,7% (p < 0,05 10 OTHOLUIEHK IO K KOHTPOJIbHOM
rpynme). [Ipy 3ToM y mManMeHTOB, MOJYyYaBIIUX
TOJILKO CTaHIApTHOE JIeYeHMe, JaHHbIe IoKas3a-
Teau coctaBuau 75,8 u 81,6% COOTBETCTBEHHO
(p £0,05 M0 OTHOLIEHU IO K KOHTPOJbHOM I'pyIIIie).
PasHuiia cocraBuiia: MeXay MalMeHTaMU MJaji-
el Bo3pactHoi noarpynnsl — 21,4%, crapiieii
BO3pacTHOM moarpymmbsl — 16,1% (p < 0,05 no ot-
HOIIIEHUIO K KOHTPOJIbHOU TPYIIIE), YTO YKasbl-
BaeT Ha 0OoJiee BBICOKOI(DGhEKTUBHOE NelCTBUE
npernapara y NalMeHTOB MJIaJlleid BO3paCTHOM
TPYTIIBI.

AHaJIOTMYHbIE U3BMEHEHU ST OTMEYaIu IIpU aHa-
JIN3e pe3yJbTaTOB MCCIEAOBAHUS TIPOBOCIIAJIM-
TeabHoro uutoknHa TNFo (TymMop-HeKpoTuuec-
KUl (pakTop), KOTOPHIi, SABISISICH BHEKJIECTOUYHBIM
0GeJIKOM 1 MHOTO(DYHKIIMOHAJIbHBIM TPOBOCTIATIH-
TEJIbHBIM ITMTOKMHOM, CHHTE3UPYETCSI MOHOIIM-
TaMM M MakpodaraMu U UTIpaeT KJIIOUEBYIO POJIb
B PETYJISIIIUY UMMYHHOTO OTBETa.

I'naBHbiMu ctumyastopamu cekpeuuu TNFo
SIBJISTIOTCSI BUPYChI, MUKPOOPTraHU3MBbl U TTPOAYK-
Thl UX MeTaboau3Mma (HampuMmep, JUNornojucaxa-
PUIBI TPAMOTPUIIATEILHBIX OAKTEPUIA).

Kpome Toro, poap ctumyinsitopos TNFa mo-
TyT BBIIIOJHATD U IPYyrve LUTOKUHBI, BbIpadaThI-
BaeMble MMMYHHBIMU KJIETKAMWU: WHTEPJICHKM-
HbI, UHTepdepoHbl. ¥ manueHToB ¢ OT no Havasa
MEIUKAMEHTO3HOTO JICYCHUSI OTMEUaeTCsI BBICO-
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BnusHue 6akTeprodar-repaniu Ha MyKo3asbHblil UMMYHUTET

kuii ypoBeHb TNFo, ykaspiBaromuii Ha MoOOU-
JIN3alAI0 KJETOYHOTO MMMYHUTETa (MOHOIIMTOB
1 Makpo@aros).

N3yuenue TNFo B ciatone y manueHtoB ¢ OT
JTaeT BO3MOXHOCTb OLIEHUTh (DYHKIIMOHWPOBaHUE
M OTBETHYIO peakKIIMi0o UMMYHHOM CUCTEMBI Y TaH-
HBIX MTAIIMEHTOB, M OAHOBPEMEHHO C 3TUM ITPOTHO-
3UpoBaTh 3(PHEKTUBHOCTH ITPOBOIMMOM TepaTnnm.

Kak moka3zanu Halllu MCCJIEIOBAHMSI, B TIpOIIecce
JICUEHU I OTMEYAJIOCh TTO3TAlTHOE CHUKEHHE YPOBHS
TNFo. B yacTHocTM Ha 3 CyTKM JieueHUS y aeTeit
W3 TIepBOIi BO3PACTHOM TpyMITbl HAa (DOHE WHTaJsI-
IIUOHHOI OakTepuodar-reparmiu OTMeYaln CHU-
xxeHne TNFo no 9,48+0,847 nr/mi1, 4To B cpeiHEM
Ha 11,7% HUXe IO CpPaBHEHUIO C aHAJOIMYHBIM
rnmokKasarejieM y IallMeHTOB BTOPOU 0OOCeayeMoi
rpynmsl (10,71£+1,041 nir/ma, p < 0,05). Ilpu aToM
Ha 6 CyTKM JIeUeHM s JaHHBII TToKa3aTeJIb COCTaBUII
16,9% (8,18%+0,690 rir/ma npotus 9,85%+0,957 nr/mi
COOTBETCTBEHHO, p > 0,05). CiaemnoBareybHO, K 6 CyT-
KaM MeIMKaMEeHTO3HOro JieueHUs, 3 HEKTUBHOCTh
BIUSHUS 6aKkTeprodar-Tepanuu Ha MOOMIN3aIIIO
KJIETOYHOTrO0 UMMYHUTETa 6ojiee omytTuMa. Ha aTom
¢doHe cpeau NallMeHTOB U3 BTOPOUl BO3PaCcTHOM MO~
TPYIIIBI HA 3 CYTKH JICUCHU S pa3inuyue MeXIy IBY-
Msl o0cJielyeMbIMU TpyIIiaMu coctaBuyio — 5,7%,
Ha 6 cyTku — 4,1% (p = 0,05). [Tony4yeHHbIE JaHHbIE
yKasbIBaloT Ha noatanHoe cHuxkeHue TNFo y ne-
Tel cTaplleil BO3pacTHOM MOATrpyHnbl HA (POHE CO-
XpaHeHu s Bbicokoro ypoBHs TNFo Mo oTHOIIEeHU 0
K KOHTPOJIbHOM rpymre (Tabu. 2).

Kak nmokaszanu ucciienoBaHusi, ypoBeHb TNFo
MOBBIIIIAETCS ITO0 OTHOIIIEHU 0 K KOHTPOJIBHOM IpyTI-
e B cpeaHem no 75% (ot 73,0 mo 75,15%; p < 0,05
10 OTHOIIEHU O K KOHTPOJIBHOM I'pyIITe). YPOBEeHb
TNFo y nereit maaalieit BO3pacTHON MOATPYIIIIbI
W3 Tpynnbl KOHTpoJsisg coctaBui 7,06+0,333 mr/
MJI, y JIE€TEN cTapuieid BO3pPACTHOW MOATPYMIbI —
8,21%£0,796 1ir/™MJ, IIpU 3TOM JOCTOBEPHBIX pa3-
JIMYUN B COMEpPXKaHUM AJAaHHOTO IIUTOKMHA MEXIY
MaJIbMMKaMU M IEBOYKAMU HE OTMEUYEHO.

Pa3znuuue B konuuectBe TNFo Mexay aByms
BO3PAaCTHBIMU MOATPYIIIIAMU JIE€TE€il COCTaBJIsI-
et 14%, v BapbupyeTcs B cpeaHeM oT 6,9410,349
10 8,29 4+0,840 nr/ma.

B T0 ke BpeMsl, y mallMeHTOB IepBOIt Uccaeaye-
MO TPYIITBl JAHHBIA MTOKa3aTelb Ha 6 CYTKU HC-
cieqoBaHus BapupoBasl B cpeaHeM oT 7,94+0,543
mo 10,330,746 nr/ma (B 3aBUCMMOCTH OT BO3-
pacTa), y AeTeil BTOpO MccieayeMoil rpynmnbl —
0T19,71+0,951 no 10,38+0,628 rir/m (p < 0,05 o oT-
HOIIIEHW O K KOHTPOJBHOM TPyIIIE).

Pesynbrarhl Hallero uccjaenoBaHU s CBUAETEIb-
CTBYIOT O TOM, YTO ITpUMeHeHue 6akTeprodar-re-
panuu B KOMIUJIEKCHOM JiedeHUU y neteit ¢ OT cno-
coOcTByeT 0oJiee ObICTPOMY JHOCTUKEHUIO 2P (DheK-
TUBHOCTU MEAMKAMEHTO3HOU Tepanuu (B CpeaHEM
B 1,4 paza). DTo moaTBepXKAaeTcsl pe3yjbraTaMu
WMMYHOJIOTUYECKOI'O MCCIIEIOBAHUSI.

Ta6auua 1. YpoeeHb SIgA y geTeii C OCTPbIM TOH3UAIMTOM A,0 U B pouecce sie4eHns (MKr/m)

Table 1. SIgA level in children with acute tonsillitis before and during treatment (ug/ml)
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Mpumeuanue. * — p < 0,05 nokasatenb 4OCTOBEPHOCTM 11 2 06cnemyeMbIx Fpynn K KOHTPOLHOM rpynne; ** — p > 0,05 nokasaTesb [OCTOBEPHOCTY PE3Y/bTaToB 2-11 06¢neayemoii rpynnbl K 1-i o6cnemyemon rpynne;

3 — p<0,05 nokasatenb JOCTOBEPHOCTI PE3YNbTATOR 2-i 06CeAyeMoii rpynnbl k 1-i o6enemyemoii rpynne; 4 — p < 0,05 nokasaTtenb JOCTOBEPHOCTY PE3YNLTATOR 2

- KOHTPONbHOW rpynne.

1

-1 KOHTPOMLHOI FPYNMbI K

p <0.05 reliability indicator of the Group Il to the Group I; * — p <0.05

Note. * — p <0.05 reliability indicator of the Group | and Group Il to the control group, ** — p > 0.05 reliability indicator of the Group Il to the Group I; **

reliability index of the Control Group Il to the Control Group I.
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BnusHue 6akTeprodar-repaniu Ha MyKo3asbHblil UMMYHUTET

Kazaju, 4YTO MmepopajbHOE BBEIECHUE KOKTeas (a-
TOB MOXET yBEJMYUTh ITPOHUIIAEMOCTb CIM3UCTHIX
3a cueT (PapMaKOKUHETUUYECKOTO B3aMMOICUCTBUS
CO CJIM3UCTOM, U pe3yabTaTbl MENUKAMEHTO3HOTO Jie-
YeHU ST ObIJIM TTOJIOKUTEJIbHBIMU 32 CUET BBIPAXKEHHO-
ro antubakTepuaabHoro adekra bakTeprodaros.
OCHOBHBIM KJTACCOM aHTUTEJ B CJTIOHE SIBJISIETCS
sIgA, KoTOpbIi BbhIpabaThIBae€TCs B MJia3MaTUyec-
KMX KJIETKaX CJIIOHHBIX Xene3 [10] u gaBasieTcs ya-
CThIO TIEPBOI JIMHUM 3aIMThl OT MAaTOT€HOB, ITO-
najarolux B pOTOIJIOTKY, a TaKke MpeaoTBpaliaeT
MpUIMIAaHUe MaToreHa K TKaHSIM XO3siMHa U CBsI-
3bIBAeT OAKTEpUM C MYIIMHAMU, YTO YBEJIMYMBAET
OakTepuaJIbHBIN KJIUPEHC 32 CUET IKCKPELIUU CITIO-
Hbl [10]. CyliecTByeT psii UCCeNOBaHUMN AUATrHO-
cTuuyeckoit 3HauuMoctu sIgA [2, 15], B yacTHoCcTU
HUCMOJb30BaHUE TAaHHOTO MMMYHOIJIOOYJMHA KakK
MapKepa BOCHaJUTENbHBIX 3a00J€BaHUIA TTOJOCTU
pta. Tzira D. u coaBt. (2018) OblJ1a U3yyeHa Heu-
PO3HIOKPUHHAS PETYJSIUSI CUHTE3a U CeKPeIun
sIgA, a Tak>Ke UX BJIMSTHUE Ha COCTOSITHHUE 3T0OPOBbS
nojocTtu pra. bosee Toro, 661710 MTPOAEMOHCTPUPO-
BaHO, YTO MICUXOJIOTUYECKU I 1 HGU3NIECKUI CTpece
Ha (poHe 3a60eBaHUS MOXET OTPA3UThCI Ha KOH-
meHTpauuu sIgA [16], 4To MbI M HAOIIOJAEM Y AETEM
¢ OT. Hamu ObLJIO OTMEUYEHO, YTO Y MPAaKTUUYECKU
3JI0POBBIX AETEH U3 CTAPILIEN BO3PACTHOM MOATPYII-
nbl ypoBeHb sIgA B 1,3 pa3za mpeBocxomnus aHaJIO-
TUYHBIN TOKa3aTesib y JETE MJyaauieid BO3pacT-
Hoil moarpynibl (p < 0,05). [1pu 5TOM y mallueHTOB
¢ OT HabaonaeTcs cHukeHue sIgA B ocTpom nepu-
one 3aboneBanus Ha 40,9—42% (p < 0,05). Ha done
KOMOWHWPOBAHHOIO JICUCHUST C MCHOJIb30BaHUEM
OakTepuodar-tepanuu OTMEUYaeTcsl MOCTENEeHHOe
noBellieHUEe SIgA, nocTUraroliee K KOHILY JeYEeHU s
97,2% 110 OTHOIIIEHUIO K KOHTPOJIBHOM IpyIIIie Ha-
omrogaembix (p <0,05). I[Tpu a3TOM y NallMeHTOB, MO-
JIy4aBIIWX TOJIBKO CTaHIAPTHOE JieYeHUe, JaHHbIe
noKasaTeJIl COCTaBMIIN B cpeaHeM 75,8% (p <0,05).
MmMeercst Takke HaydyHBbIe MaHHBIE yKa3bIBalo-
e, 4To sIgA urpaet BaxkKHY10 POJIb B 3a1IIUTE BEPX-
HUX AbIXaTeJIbHBIX MyTeil oT MH(pEKInu, odecre-
yuBas 93OHEeKTUBHYIO MUKPOOHYIO arrjloTUHALIU IO
U HelTpaausaluio Bupyca [9, 17]. B MHorouucieH-
HBIX MUCCJIEIOBAHU X OBIJIN TIPEATTPUHSITHI TTOITBITKHA
COMOCTaBUTh YPOBHU SIZA B CITIOHE TIPU pa3IMIHBIX
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Ilpu aTOM, Kak IoKas3aJid Hallu HCCJiegoBa-
HUsI, B IIpoliecce Tepaluu HabJroaaeTcsl molaTar-
HOE CHUXKeHMEe UCXOAHO BbicoKoro ypoBHs TNFa.
B yacTHocTH, Ha 3 CyTKU JieueHU y AeTelt U3 rnep-
BOI1 BO3paCcTHON MOATrpYIIIbl HA (DOHE MHraJisilu-
OHHOM OakTepuodar-trepanuyu OTMedaJu CHUXe-
Hue TNFo 1o 11,7% 110 OTHOILIIEHUWIO K ITalliEHTaM
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poii obcinenyemoit rpynnbl (9,48+0,847 mpoTuB
10,71£1,041 rir/ma, p < 0,05), 1 Ha 6 CyTKHM Jiede-
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ANNEPITMYECKUE NT’PUBKOBBIE
3ABOJIEBAHUS ObIXATEJIbHbIX NYTEN:
AHAJIN3 OAHHbIX PETUCTPA NAUUEHTOB
C BPOHXWUAJIbBHON ACTMOW

A.M. Ko3znosa, H.1O. Bacunsesn, E.B. ®posoBa, A.E. YueBarkuna, JI.B. ®uinnnona,
0O.B. Aak, A.B. Co6o.eB, H.B. BacuabneBa

oerMHaﬂbele CTaTbu

NHdekumns n uMmyHnTeT
2023, T. 13, Ne 5, c. 947-956

DI'bOY BO Cesepo-3anaonuiit cocydapcmeernviii meduyunckuil yuueepcumem um. U.U. Meunukoea, Cankm-Ilemepoype, Poccus

Pestome. Bsedenue. Anneprust Ha MUKPOCKOITMYECKHE TPUOBI (MUKPOMMUIIETHI), KOTOPBIE CIIOCOOHBI KOJIOHU3MPOBATh
JIbIXaTeJIbHbIE MYTU, ACCOLUMUPOBAHA C 203UHOMUIBHBIM SHIOTUITOM BOCTIAJIEHUS U TSIKEJIBIM Te€UeHUEM 3a00J1eBaHUSI.
Cpenu oTAMYUTEbHBIX TPU3HAKOB MUKOT€HHOM aj11epruu 3KCHepThl BBIAESIOT (GPMKCUPOBAHHY 0 0OCTPYKIIMIO JbIXa-
TeJbHBIX MyTel, OPOHX03KTa3bl U (prOpo3. B HacTosIIee BpeMs MPeIIoXeH TEPMUH «aJiJiepruyeckoe rpuokoBoe 3a60-
JieBaHUeE NbIxaTeabHbIX TyTei» (AI'3IT), 00bennHsIOmMi pa3iMuyHbIe KIMHUYECKUE (DeHOTUTIBI, B OCHOBE MaToreHe3a
KoTOopbIX J1exUT IgE-onocpenoBanHast anaepruyeckast peakiisi Ha KOJOHU3UPYIOUIUE TbIXaTelbHbIE TYTU IPUOKOBbIE
criopbl. CornacHo ganHomy moaxony B rpynny AI3TT Bxoaar tsxkenast OponxuanbHas actma (BA) ¢ MuxkoreHHoi
ceHcUOMIM3almeil n ajanepruyeckuii Oponxonerounslii acnepruiie3 (ABJIA). [lepcrieKTHBHBIM HampaBJeHUEM B Jie-
yeHuu AT3MIIT aBasieTcs mpuMeHeHe FeHHO-MHXEHEPHBIX OMOIOrMYeCKX IperapaToB, HapaBIeHHBIX MPOTUB T-2
BocnajieHus. Lleabio mTaHHOTO MCCIenoBaHMS OblIa OllcHKA paCIIPpOCTPAaHEHHOCTH CEHCUOMIN3ANNU K Aspergillus spp.
n ABJIA y marmuerToB ¢ BA. Mamepuaas: u memodsr. PeTpoCIIeKTUBHOE OTHOLIEHTPOBOE PETUCTPOBOE MCCIICMIOBAHNIE
npoBommiochk Ha 6aze ®I'BOY BO C3IMY um. .M. MeunnkoBa Mun3apaBa Poccun. B mccirenoBanue BKITIOUMIITN
523 nauueHTa ¢ BA paznuuHoii cteneHu Tsaxect. MeTogoM UMMYyHO(EpMEHTHOTO aHaJM3a B CbIBOPOTKE KPOBU OIpe-
Jesisiiv ypoBHM obiero u crienuduueckux IgE x aspoanneprenam, Bkitodas Aspergillus spp. JAuarno3 OpoHXuaabHOMI
aCTMbl yCTaHABJIMBAJIU B COOTBETCTBUY ¢ peKoMeH JauusiMu padoueit rpynibl GINA n KinnHuyeckuMu peKoMeHaauu-
smu Munsnpasa P®, MukoreHHylo ceHcrbuamnzainio 1 ABJIA — B COOTBETCTBUY ¢ peKOMEHAALIMSIMU PabOUeii IPYITITHI
ISHAM. Pesyabmamet. B xone ob6cienoBaHus nauueHToB ¢ BA ceHcuOunuzauuio K Aspergillus spp. 3aperucTpupoBain
y 16,6%, Tsixenyio BA ¢ cencubunusanueii K Aspergillus spp. — y 7,4%, ABJIA —y 6,1%. Y nauueHTOB C ajljiepruvec-
Koii BA pacnipocTpaHeHHOCTh ceHcuOunu3anuu K Aspergillus spp. cocrasuna 22%, Tsixenoit BA ¢ ceHcubuansanuein
K Aspergillus spp. — 10,1%, ABJIA — 8,1%. Cpenu 6onbHbIX ABJIA nipeo6iananu XeHuHbl (64%) ot 40 jeT u crapiie.
OCHOBHBIMU KJIMHUYeCKUMU MposiBieHussMU A BJIA 6b111 Katmens (96%) u onbiiika (76%), peHTT€HOJIOTMUeCK MU 13-
meHeHussMu Ha KT — 6ponxoakTassl (72%). 3axaiouenue. BbisiBlieHa BbICOKAsI PACIPOCTPAHEHHOCTh CEHCUOMTM3aLII
K Aspergillus spp. y mamueHToB ¢ BA. Heodxomnmo BktoueHme Aspergillus spp. B CIIMCOK TECTUPYEMBIX aJIJIEPTCHOB TTPU
00cJiefoBaHU Y MAIMEHTOB C XPOHUYECKUMMM 3a00JI€BAHUSMU JIETKUX 151 CBoeBpeMeHHOro BoisiBieHust AI'31I1 u Ha-
3HAYEHMUsI aIeKBATHOM MPOTUBOBOCMAJIUTENbHOM MM AHTUMUKOTUYECKON Tepanuu.

Karouesoie caosa: arnepeuueckoe epubkogoe 3a601e6anue 0blXxamenbHolX nymeil, ariepeuecKkuii OpoHxonecouHblil achepeuiies,
OpOHXUAAbHAS acmMa, MUKO2eHHAs ceHcubuauzayus, Aspergillus spp., Alternaria spp.
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A.1. Kosnoea u gp. MHdekumns n uMmyHuTeT

ALLERGIC FUNGAL AIRWAY DISEASES: ANALYSIS OF DATA IN ASTHMA PATIENT REGISTER
Kozlova Yu.I., Vasiliev N.Yu., Frolova E.V., Uchevatkina A.E., Filippova L.V., Aak O.V., Sobolev A.V., Vasilyeva N.V.
1.1. Mechnikov North-Western State Medical University, St. Petersburg, Russian Federation

Abstract. Introduction. Allergy to microscopic fungi (micromycetes), which can colonize the respiratory tract, is associ-
ated with an eosinophilic endotype of inflammation and severe disease course. Among the hallmarks of fungal allergy,
experts identify fixed airways obstruction, bronchiectasis, and fibrosis. Currently, there has been proposed the term “aller-
gic fungal airways disease” (AFAD), which combines various clinical phenotypes, which pathogenesis is based on IgE-
mediated allergic reaction against fungal spores colonizing the respiratory tract. According to this approach, the AFAD
group includes severe asthma with fungal sensitization and allergic bronchopulmonary aspergillosis (ABPA). A promis-
ing direction in AFAD treatment implies the use of genetically engineered biological drugs against T-2 inflammation.
The aim of the study was to evaluate the prevalence of Aspergillus spp. sensitization and allergic bronchopulmonary
Aspergillosis in patients with asthma. Materials and methods. A retrospective single-center registry study was conducted
in the I.I. Mechnikov North-Western State Medical University, Ministry of Health of Russian Federation. The study in-
cluded 523 patients with asthma of varying severity. The level of total and specific blood serum IgE against acroallergens,
including Aspergillus spp., was analyzed by enzyme immunoassay. The diagnosis of asthma was established in accordance
with the recommendations of the GINA working group and the Clinical recommendations of the Ministry of Health
of the Russian Federation, fungal sensitization and ABPA — in accordance with the recommendations of the ISHAM
working group. Results. During the examination of patients with asthma, sensitization to Aspergillus spp. recorded in 16.6%
cases, severe asthma with sensitization to Aspergillus spp. — in 7.4%, ABPA — in 6.1%. In patients with allergic asthma,
the prevalence of sensitization to Aspergillus spp. was 22%, severe asthma with sensitization to Aspergillus spp. — 10.1%,
ABLA — 8.1%. Among patients with ABPA, females (64%) aged 40 years and older prevailed. The major clinical mani-
festations of ABPA were presented as cough (96%) and shortness of breath (76%), CT scan radiological changes were
in a form of bronchiectasis (72%). Conclusion. A high prevalence of sensitization to Aspergillus spp. in patients with asthma
was found. It is necessary to include Aspergillus spp. into the list of tested allergens while examining patients with chronic
lung diseases for timely detection of AFAD and prescription of proper anti-inflammatory or antimycotic therapy.

Key words: allergic fungal airways disease, allergic bronchopulmonary aspergillosis, asthma, fungal sensitization, Aspergillus spp., Alternaria spp.

NHEBMOHUSAMM, (PUKCUPOBAHHON OOCTPYKIIUCH
IBIXaTeJIbHBIX ITyTEeM, OPOHX03KTa3aMu U (pudpo-

BeepneHue

MukpocKormnuuecKknue TpUObl (MUKPOMUIIETHI)
IPEACTABASIOT OTIOEJIBbHOE IIAPCTBO XUBBIX CY-
mecTB. bimaromapst orpoMHOMY pa3HOOOpa3nio
M HUCKJIIOYUTEIbHON CIOCOOHOCTH K BBIXKWBa-
HHUIO B pa3HBIX KJIMMAaTUIECKUX YCIOBUSIX TPUOBI
pacmpocTpaHeHBl MOBceMecTHO. [lo aKkcrepTHOM
OIIEHKEC MCTUHHOE KOJIMYECTBO MHUKPOMUIIETOB
BapbupyeT oT 2,2 1o 3,8 murH Buaos [16]. ITpu onpe-
JIEJICHHBIX YCIIOBUSIX, B3AMMOIEHCTBYS C MAKPOOP-
TaHU3MOM, TPUOBI MOTYT OBITH HE TOJIBKO MH(PEK-
OUOHHBIMU areHTaMM, HO U MCTOYHUKOM TOKCH-
HOB M ajuiepreHoB. [Ipm3HaHO, YTO MUKOTEHHAas
aJjuIepTrusi pa3BUBaeTCs y IMAIlMEHTOB C pa3JIdy-
HBIMH XPOHHMUYECKUMU 3a00JIeBAaHUSM JICTKUX:
oponxuanbHast actma (BA) [26], xpoHuyeckast 00-
CTpYKTUBHAas 6oye3Hb JeTkux (XOBJI) [8, 12, 13],
MYKOBUCIIUIO3 U TICPBUYHBIC OPOHXO3KTa3bI [22,
23]. TlatoreHeTmueckue MeXaHU3Mbl OOYCIOB-
JICHBI TpeobOiaagaHueM T-2 MMMYHHOTO OTBETa
Ha TpUOKOBBIC CITOPHI, KOJOHMU3UPYIOIINE IbIXa-
TeJIbHBIE MYTHU, YTO IIPUBOAMT K BBIpAKCHHOMY
203WHO(PUIBHOMY BOCHAJICHUIO C ITOCJICIYIOIIM
oOpa3oBaHNEM BBICOKOBSI3KOI cim3u. Pexe maH-
HBIW SHIOTUI MOXET (DOpMUPOBATHCS de novo 6e3
IpeaBapuUTEeIbHOIO YCTAHOBJICHHOTO (POHOBOTO
3aboJieBaHUs IeTKUX. MU3BeCTHO, YTO MUKOTeHHAS
aJuIeprusi B3aMMOCBSI3aHA C D303WHOMUIBHBIMU

30M [26]. Takum o6pa3oMm, Bce mauueHThl ¢ IgE-
CeHCcUuOMIU3al el K TepMOTOJIEPAHTHBIM rpubdam,
KOTOpble cTpanaloT BA wiv npyruMum XxpoHudec-
KUMU 3a00JIeBAaHUSIMU IbIXaTEeJAbHBIX MTyTEH, MO~
BEPXKEHbl PUCKY MNPOTPECCUPYIOIIEro MOopaxKe-
HUS JIETKUX U TIO3TOMY JOJXHBI HAXOAUTHCS MOJ,
HaOI0IEHUEM.

YuuThiBas KOMMJIEKCHBIM MOAXOA K ompeae-
JieHuto naHHou martosaoruu, Catherine H. Pashley
u Andrew J. Wardlaw nipenjioxXuau TEpMUH «ajJiep-
ruyeckoe rpuOKoBoe 3a00JieBaHUE AbIXaTeIbHBIX
nytei» (AT3AIT) [28, 37]. B3auMocBa3b MeX Ay aj-
JIEPrUYECKUM OPOHXOJIETOYHBIM aCIMEePruijie3oM
(ABJIA), Taxenoit BA ¢ MUKOT€HHOI CEHCUOUJIU-
3auueit u AT npencrasiaeHa Ha puc. 1.

BrimiensnoxenHbie GakTbhl CO3AAI0T TMpeI-
NOCBUIKM [JJiS NEeTaJbHOrO W3YyUYE€HUS Ppacrpo-
CTPAHEHHOCTU CceHcubdunuzauuu K Aspergillus
Spp., a Tak>Xe OCOOEHHOCTEN TeueHUs TsXKeJaou
BA ¢ mukoreHHo#t ceHcubunauzauumeinr u ABJIA
C LEJbI0 CBOEBPEMEHHOTO BBISIBJIEHUS MaHHBIX
denorunos AI3JAIl u HazHayeHUsT ajeKBaT-
HBIX TEepareBTUYECKUX U MNPOoPUIAKTUUYECKUX
MEPOINPUITUH.

Lleap HacTOSIETO UCCAEAOBAHUS — OLIEHUTH
pacnpoCTpaHEHHOCTh CEHCUOMJIMU3aluu K Asper-
gillus spp. u ABJIA y nauineHToB ¢ BA.
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Ar3[0M n naHHble perncTpa nauneHToB ¢ BA

Marepuanbsl 1 MeToapl

PeTpocneKTUBHOE OTHOLIEHTPOBOE PETUCTPOBOE
nccieqoBaHue MpoBeneHo Ha 0a3e PenepasibHOTO
TOCYJapCTBEHHOr0 OIOIXETHOTrO0 00pa30BaTEIbHO-
ro yupexJeHus Bbicuiero obpasoBaHust «CeBepo-
3anaaHbli TOCYAapCTBEHHBI METUIIMHCKUI YHU-
BepcuteT umeHu .. MeunukoBa» MuHuUCTEpCTBA
3IPaBOOXPAHEHU S Poccuiickoit Denepannn
(®Ireoy BO C3rMy um. U.1. MeunukoBa MuH-
3apaBa Poccum). bbin mpoaHanu3MpoBaHbl JaH-
Hble aHAMHE3a, pPe3yJbTaTbl KJIMHUKO-(QYHKIIUO-
HaJbHOTO W aJUIEProJOrn4yeckKoro oO0cCyieOBaHUS
523 maueHToB ¢ BA. O0111e KpUTEPUU BKITIOUECHU S
NallMEHTOB B PETUCTP: MOATBEPKAECHHBIN TUArHO3
«OpoHXMaIbHAas acTMa», Bo3pacT 18 JieT u crapiiie.

Anneprojiornyeckoe o0cjaeqoBaHUE BKJIIOYAJIO
onpeneneHue yposHein obuiero IgE (IToaurHoct,
Poccus) u cneuuduueckux IgE x Haubosee pac-
NPOCTPAaHEHHBIM aspoayiepreHaM (AJyikop buo,
Poccus) MetonoM UMMYyHOMEPMEHTHOTO aHAJINU3A.

st uzydeHuss pyHKIMU BHELIHETO IbIXaHUS
UCNOJb30BAJIM CITUPOMETPUIO METOIOM BBITIOJIHE -
HUS NETIU «00bEM—IOTOK» C KOMIIBIOTEPHOU 00-
paboTKOU pe3yJIbTaTOB UCCIEAOBAHU . YUUTBHIBAIU
cleAyolle noka3aTean: 00beM GopCUPOBAHHOTO
BbIOXa 3a TiepBYy10 cekyHay (ODBI), popcupoBaH-
Has xusHeHHast eMKocTh Jierkux (PXKEJ), naaekc
Tuddho.

ITpu nono3penriu Ha ABJIA BBITIOJIHSIN OOMOJI-
HUTEJIbHOE MUKOJIOTMYECKOE HCCJEeJOBaHUE pe-
CITUPATOPHBIX OMOCYOCTPATOB (MOKPOTA, OPOHXO-
aJbBEOJIIPHBIA CMBIB), OIpeAeieHNue YPOBHEN
I1gG « Aspergillus fumigatus (3AO «BekTop-becT»,
Poccus) u npoBonuauM KOMOBIOTEPHYI TOMOrpa-

Arsan
Allergic fungal respiratory
disease

ABJIA
Allergic bronchopulmonary
aspergillosis

¢uto (KT) opraHoB rpymnHoil KJETKM B pexKrUMe
BbICOKOTO paspenieHusi. KT-ckaHupoBaHUE BBI-
MoJHsIIu Ha ToMorpade Aquilion-64 (Toshiba,
AnoHus), B pexkMe BICOKOTO IMTPOCTPAHCTBEHHO-
ro paspeuieHus (KOCTHBIA aJrOpuTM) TOJILIUHONU
cpesa 0,9 MM, nuTueM 1, HanpsIXKeHUEM Ha TPYyOKY
120 xB c orpanuuyenuem noss 3penus (FOV) u no-
CTPOEHUEM MYJBTUIIJIAHAPHBIX PEKOHCTPYKIIUHA,
NPOEKIINNA MaKCUMMaJbHOWM M MUHUMAJIbHOW WH-
TeHcuBHOCTel (MIP, MinlIP) Ha paboyeii ctaHLIU .

JdvarHo3, cTeneHb TSIKECTU U YPOBEHb KOH-
TpoJsl Hal TeyeHueM DA ycTaHaBiauBajJu B CO-
OTBETCTBUU C PEKOMEHAALIUSIMU padbodyeil rpym-
nel GINA (Global Initiative for Asthma, updated,
2022) [32] u «KauHUYecKUMHU peKOMEHIalus-
MU 1O NUATHOCTUKE U JICYEHUIO OpPOHXMaJIbHOU
actMbl MuHn3apaBa P®» (cr.minzdrav.gov.ru).
Jlnsg oueHkU KOHTpouass BA ucnojib3oBanu pyc-
CKOSI3bIUYHYI0 Bepcuio onpocHuka ACT (Asthma
Control Test), B KoTopoli cymma 25 6aj1JioB COOT-
BETCTBYET MOJTHOMY KOHTpoJt0, 20—24 — Hero-
HOMY KOHTpoJjo, 19 6anjioB U MeHbllle — yKa-
3bIBa€T Ha OTCYTCTBHUE KOHTPOJSI 3a00JeBaHUS
3a rocyeaHue 4 Heaeu.

MukoreHHy10 ceHcubunuzanuio u ABJIA ycra-
HaBJIMBaJlU COTJIaCHO pPeKOMeHOallusM paboyeit
rpynnel ISHAM (International Society for Human
and Animal Mycology, 2013). Kpurepusamu mu-
KOTE€HHOU CeHCUOMJIM3aluu ObIJIO BbISIBJICHUE
B CBIBOPOTKE KPOBU YPOBHs cneluduueckoro IgE
K Aspergillus spp., COOTBETCTBYIOIIEro kiaccy |1
u BeIIIEe (= 0,35 ME/Mn) [4].

TlosyyeHHbIe B IMpolecce UCCAESTOBAaHUS OaH-
HbIe 00pabdaThiBaau C TOMOIIbIO TPOrPaAaMMHOM CU-
cteMbl Statistica 10 (StatSoft, CLIIA).

3aboneBaHus nerkux
Lung diseases

MykoBucunaos
Cystic fibrosis

TBEAMC
Severe bronchial asthma
with mycogenic sensitization

Anneprus K TepmMonabunbHeIM rpubéam
(Alternaria spp., Cladosporium spp.)
Allergy to thermolabile fungi
(Alternaria spp., Cladosporium spp.)

MPVOKOBbI GPOHXNT
Fungal bronchitis

BpoHxmanbHas actMa
Bronchial asthma

PMCVHOK 1. B3aumocBs3b mMexay deHoTUNaMM anneprumyeckux I'pl/lﬁKOBle 3aboseBaHuii gbiXaTesibHbIX

nyTen (apantuposaHo u3a Wardlaw A.J. v coaBT., 2021)

Figure 1. Relationship between phenotypes of allergic fungal airway diseases (adapted from Wardlaw A.J. et al., 2021)
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Pesynbrarhl

B cBoeii paboTe Mbl YCTAHOBUJIU HE TOJIBKO pac-
MPOCTPAHEHHOCTh ceHcubunauzauuu K Aspergillus
Spp. y nmauueHToB ¢ BA B 1leloM, HO U OLIEHU-
Au 4actoTy Tsaxkesod BA ¢ ceHcuOunuzanuen
K Aspergillus spp. 1 ABJIA.

B ananam3 BKIIIOUMIM pe3yJbTATHl 00OCIeIOBa-
HUs 523 nauueHToB ¢ BA, KoTopble TPOXOAUIN CTa-
LMOHAapHOE NI aMOyaTopHoe JiedueHne B @PI'bOY
BO C3I'MVY um. M.M. MeunukoBa MuH3apaBa
Poccun. YcranoBunu craenyiomme dopmbl BA:
y 394 (75,4%) nauueHTOB — aJlieprudyeckyio, y 114
(21,8%) — nHeanneprudeckyto, y 15 (2,6%) — cme-
maHHyo. Pe3yabpraThl MeXIYHApOIHBIX U OTe-
YEeCTBEHHBIX MCCJIEAOBAaHMUI TaKXe YKa3blBalOT
Ha 3HAYMTeJbHOE IMpeobjagaHue aJlIepruyecKOn
BA, yactora KoTOopoii MoXeT BapbupoBaTh oT 40
10 80% B o011ei CTpYKTYype 3aboaeBaHus [32, 39].

IIpu anneprosornyeckom oocIeqOBaHM Ha OC-
HoBaHUU onpeneseHus sIgE Kk Hanboiee 3HAUUMBIM
aspoajuiepreHaM ceHcuounusauuo K Aspergillus
Spp. 3aperucTpupoBaau y 87 malMeHTOB, UTO CO-
ctaBuio 16,6% oT o01Iero KoJn4ecTBa IMalueHTOB
¢ BA u 22,0% ot Konu4yecTBa MaLMeHTOB C ajljiep-
ruyeckoii BA. Tsaxenoe TeueHue bA ¢ ceHcUOUIU-
3auueit K Aspergillus spp. ycranosuiau y 40 mauu-
€HTOB, BO3pacT MalueHToB cocTaBua 51,2+15,1,
npeobiiaganu XKeHInHb — 29 (72,5%). Takum 06-
pa3oM, yactoTta TsKeJioli BA ¢ ceHcubuiamnzanuei
K Aspergillus spp. coctaBuia 7,4% y nauueHToB ¢ BA
u 10,1% y malimeHTOB ¢ aJulepruyeckoil bA.

AHanu3 pe3dyabraToB 3anoiHeHus ACT-tecrta
y TTalIMEHTOB C TsKeJoil BA B 3aBUCMMOCTHU OT Ha-
JIUYUS CeHCUOUIM3aluu K Aspergillus Spp. BbISIBUI
3HaUYMMBbIe pa3auuus. B rpynmne OOJbHBIX TsXKe-
oit BA ¢ ceHcmOmnnm3anueit K Aspergillus spp. ©To-
roBOo€ KOJMYECTBO 0OaslyioB cocTaBuao 12,6+4,0

¥ OBIJIO 3HAYMMO HUKE, YeM B TPYIITIC TSIKEIION TSI -
Kejioil BA 6e3 ceHcubOunuszauuu K Aspergillus spp.
(16,9+5,0, p < 0,001).

Jdnarno3 ABJIA ycranoBuam 32 TanyeHTaM,
4yTO coctaBuyio 8,1% OT KojnyecTBa MALMEHTOB
¢ ayepruyeckoit BA u 6,1% ot o0liero Kojuue-
CTBa BKJIIOUYCHHBIX B aHaJIM3 MalMeHTOB ¢ DBA.
KnuHnyeckre, UMMYHOJOTMYECKUE U PEHTIEeHO-
JIOTUUYECKYE XapaKTEPUCTUKU OLIEHUIU y 25 nmauu-
eHToB ¢ ABJIA. KnuHuuyeckue XxapakKTepUCTUKU
nauueHToB ¢ ABJIA nipencraBneHsl B Tabd. 1.

V Bcex nauneHToB ¢ ABJIA, BKJTIOUEHHBIX HAMU
B HccienoBaHue, 3aboneBaHue cHOPMUPOBAIOCH
Ha oHe aTonuueckoit BA. Takxke y Bcex mallueHTOB
9TOW Tpynmbl OblJIa OTSATOIIEHHAsT HaCJCACTBEH-
HOCTb 110 atonuu. CiaeayeT OTMETUTb, 4To 17 (53%)
MaIlMeHTOB YKa3bIBaJIW Ha KOHTAKT C TJICCHEBBIMU
rpubaMu B XKWJIBIX WM IIPOU3BOICTBEHHBIX II0-
MeleHus1x. Kpome Toro, aHaaus npeacTaBJaeHHONU
MEIUIIMHCKON TOKYMEHTALMU (BBIMUCKU U3 UCTO-
puu 6oJie3HU, aMOyJIaTOPHBIE KapThl) BLISIBUJI Ha-
JIu4Yue B aHamMHe3e manueHToB ¢ ABJIA Gombioro
KOJIMYeCTBA IIEPEHECEHHBIX «ITHEBMOHUIN».

BaxxHO OTMETHTH, YTO TpPW IIOJO3PCHUU
Ha ABJIA y nmanueHnToB ¢ bBA Heobxoaumo obpa-
1aTh BHMMaHWE Ha XapaKTepHble KJIMHUYECKHE
ocobeHHocTu. HecMoTpss Ha JOCTAaTOUYHBIN OOB-
€M IIPOTUBOBOCHAJIMUTEIbHON O0a3MCHOM Tepanuu
BA, TeueHue 3aboseBaHUS CTAHOBUTCSI HEKOH-
TposupyeMbIM. [TallneHTHI NPeabIBISIOT KaJIOOb!
Ha repuoanvyeckue oboctpeHus 1—2 paza B Mecs1l,
COITpOBOXKAAIOIIMECs TPUCTYIIaMU YIOYIIbs, CyO-
¢eOpubHOI TeMIlepaTypoil M pa3HOOOpa3HBIMU
KJIMHUYECKUMU CUMIITOMaMH (pHuc. 2).

B HamreM peructpe BeOYIINM KJIMHHUYECCKUM
cumntomoM ABJIA ObL1 Kalllesib, Ha KOTOPbIA MTPpU
MOCTYIJICHU U MTPEAbSBISIIN XKaJTo0bl 24 (96%) na-
nueHTa. 1o xapakTepy Kaiejab ObIJT MaJIOTIPOAYK-

Ta6nuua 1. KnuHnyeckas xapaktepuctuka naumeHToB ¢ ABJIA, n =25
Table 1. Clinical characteristics of patients with allergic bronchopulmonary aspergillosis, n =25

Mokasatenu AGConOTHOE 3HaYeHue MpoueHT (%)
Parameters Absolute value Percent (%)

Bo3apacT, rogbl (Mto) .
Age, years (M=c) 45+16

XEeHLLUHbI
Mon women) b 64
Gender MY>XYUHbI

men 9 36

2 (M+
WUnpeke Magcbl Tena, Kzr/M (Mzo) 25 4+4.2
Body mass index, kg/m? (M£c)
OTgaroweHHas Hacie4CTBEHHOCTb N0 acTMe 9 36
Burdened with hereditary asthma
MpoponxutensHOCTb acTMbl, roabl (M1o) 191495
Duration of asthma, years (M+c) T
KypeHune
Smoking 10 40
KoHTakT ¢ nnecHeBbiMU rpubamm
15 60

Fungal erxposure
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TUBHBIM, C OTIACIIEHUEM 3KEJITO-KOPUIHEBON MOK-
poThl. Tpu manuMeHTa oTMe4Yalud B MOKPOTE «KO-
PUYHEBbIC BKIIOYCHM ST».

BToperiM 10 4YacTOoTe BCTpeyaeMOCTH Obljia
ONBIIIKAa MpU (DU3MUECKON Harpy3ke M B IOKOE
(76%), 3arem cienoBaju OOJIM B I'DYIHON KJIETKE
(28%). bonu HOCUJIM TIPUCTYIIOO0pA3HbBIN XapaKTep
1 HauOoJiee YacTo JIOKAJIM3OBBIBAJIMCh B MPaBOU
MOJ0BUHE rpyaHOU KieTku. CyodeOpuabHyIO TeM-
neparypy 3aperucrpupoBanu y 12% mnalmeHTOB.
Kano6sl Ha KpoBoXapKaHbe MpeabsaBiasiian 2 (8%)
rnaiuveHTa.

B pyTuHHOII KJIMHMYECKON TMpaKTUKE Bpadyam
HeoOXxoaAuMO oOpalllaTh BHMUMAaHUE Ha TOSIBJIEHUE
BBILLIETIEPEYMCIIEHHBIX XaJIoO y malueHToB ¢ BA.
MMeHHO 3TU KJIMHUYEeCKHEe OCOOEHHOCTHY TeUCHM S
3a00J1eBaHUSI MOTYT CBUAETEIbCTBOBATh O Pa3BU-
Tuu ABJIA 1 IBISIOTCS Ba’KHOW TTPENIOCHIIKON
JIJI51 yITyOJ@HHOTO 00CIef0OBaH I JaHHOM TPy
MaleHTOB.

K wu3BecTHBIM 1a0OpaTOpHBIM ITOKa3aTessIM,
KoTopbie AenaloT nuarHo3 ABJIA y 6onbHBIX BA
BO3MOXXHBIM MJIM BBICOKOBEPOSITHBIM, OTHOCHT,
npexne Bcero, BoisiBaeHue sIgE x Aspergillus spp.,
MOBBILIEHHBI ypoBeHb obiiero IgE 1 s03mH0puU-
nauio B rniepudepuyeckoii KpoBu. IlpusHaHo, 4TO
y 6onbHbIX ABJIA ypoBeHb ob6iiero IgE moxert
NOCTUTATh YPE3BbIYaliHO BBICOKUX 3HAYEHUM, OT-
paxasl TIpOIOJIKUTEIbHYIO aJIJIepTeHHYIO CTUMY-
JISIIMIO TYMOPaJbHOTO UMMYHHOTO oTBeTa. B xozme
ucciegoBaHus B rpynne 6oabHbIX ABJIA ypoBHU
obmero IgE u sIgE x Aspergillus spp. cocTaBUIN
1950,0 [1150; 2950] ME/mn u 2,20 [1,15; 7,13] ME/
MJI COOTBETCTBEHHO. AGCOJIIOTHOE KOJIMYECTBO 20~
3uHOdMI0B 66110 0,52 [0,40; 0,96] x 10°/11.

Buisisnenue 1gG k Aspergillus fumigatus B HaCTOSI-
11Iee BpeMsl pacCMaTpUBaIOT KaK JOIMOJTHUTEIbHBIN
nuarHoctudyeckuii kpurepuii ABJIA. B Habmonae-
MbIX HaMu ciaydasax ABJIA nmoseieHue Tutpa IgG
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Chest pain  Subfebrile body
temperature

Kawenb
Cough

PucyHok 2. KnuHnyeckue CMMNTOMbI MaLUEHTOB
c ABJIA

Figure 2. Clinical symptoms of patients with ABPA

K Aspergillus fumigatus 6onee 1:100 ObI710 yCTAaHOB-
neHo y 21 (84%) nmauneHTa, 4TO MOXKET YKa3bIBaTh
Ha BBICOKYIO CTeTleHb KOJOHU3AalluM OpOHXUaJb-
HOro nepeBa rpudamu poaa Aspergillus. Tem He Me-
Hee BbIsiBIeHUe I1gG K Aspergillus spp. He ABIsIETCS
crieUu(UUYHBIM [JIs1 Kakoi-1ubdo (opMbl acriep-
ruJjuIe3a JerKuxX U MOXeT ObITh BBISIBJIEHO KaK ITpU
ADBJIA, Tak U TIpU XPOHUYECKOM acmeprusjiese
aerkux (XAJID).

Poct rpuboB pona Aspergillus npu KyJbTypajib-
HOM HCCJIeIOBAaHUM MOKPOTHI U CMBIBOB OPOHXO-
aJIbBEOJISIPHOTO JIaBaXka TaKXKe SIBJISETCSI BCIIOMO-
rarejJbHbIM, HO HE AMAarHOCTMYECKUM MapKepoM
ADBJIA. YuutbiBasg LIHUPOKOE pacHpoCTpaHEHUE
MJECHEBBIX TEPMOTOJIEPAHTHBIX MMKPOMUIIETOB
B OKpYyXalollleil cpeie M MX CIIOCOOHOCTb KOJIO-
HU3MPOBATh AbIXaTeJdbHble TYTU, Aspergillus spp.
BBISIBJISIIOT B PECHMPATOPHBIX OMoOcyOcTparax
MalueHTOB W IIPU JAPYTUX JITOUYHBIX 3aboyieBa-
Husix [1]. CoriracHo AaHHBIM Halllero perucTpa
pocTt Aspergillus fumigatus ycraHoBunu y 21 (84%),
Aspergillus niger — y 4 (16%) nanineHTOB.

®dopmupoBaHue u MTeabHOe TeyeHue ABJTA
MPUBOAUT K Pa3BUTUIO TAKMX MU3MEHEHMI JIETKUX,
KaK O6poHX03KTa3bl U (prudpo3. [TosaTomMy BaxkHOE Me-
CTO B TTOATBEPXKAEHU Y TMarHO3a 3aHUMAIOT PEHTTe-
HOJIOTMYECKHE METOBI UCCEIOBAHM ST, N3 KOTOPBIX
Haubosiee 1ejiecoodpa3HO UCMOIb30BaTh KOMITBIO-
TepHy10 ToMorpaduto (KT) Beicokoro paspelieHus.

MN3BecTHO, 4YTO BBISIBJIEHUE OPOHXO3KTA30B
y 6osbHBIX BA nemaet nuarHo3 ABJIA BbicOKOBe-
pOsITHBIM. B aHa/mM3upyeMbix HAMU clydasiX OpoH-
XODKTa3bl TaKKe ObIJIM HauboJiee pacrpoCcTpaHeH-
HBIM PEHTTE€HOJOTUYECKUM CUMIITOMOM, KOTOPBII
obHapyxuau y 18 (72%) nauuentoB. Kpome toro
YCTAaHOBMJIM ILIEHTPaJIA0YyIsIpHBIE Y3JIbl, MYKOM/I-
HbIe TPOOKU, UHOUABTPATHI (puc. 3). XapaKTepHbIe
n3MeHeHust Ha KT opraHoB rpyaHoOii KJIeTKH y Ta-
uueHToB ¢ ABJIA nipencraBieHbl Ha puc. 4.
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Figure 3. Chest CT scan changes in patients with ABPA
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A.1. Kosnoea u gp.

MHdekumns n uMmyHuTeT

O6cyxaeHne

Bri3biBas 3a00JieBaHU S y YeJIOBEKA, TPUOBI CITO-
COOHBI BBICTYTIaTh B POJIM MH(PEKIIMOHHBIX U TOK-
CUUYECKMX areHTOB, a TaKXe CEHCUOMJIM3UPOBaTh
MakpoopraHusMm. Pazsutue nHOEKIIUU U aJUIEPTUNA
Haubosee 3HAYUMBI IJI TMAllMEHTOB C XPOHUYE-
CKMMU 3a00JIEBAHUSIMU OPTAHOB IbIXaHUS, TAKUMU
Kak BA [2], XOBJI [3, 4, 5] u 6poHxo3KTassl [6, 7].

I'pubbl, KOTOpBIE UTPAIOT POJIb B MaTOreHese bA,
MOXHO pa3fejuTh Ha ABE TpyIIbl. [lepByto rpymn-
Iy COCTaBJSIIOT Te€PMOTOJIEpAaHTHBIE HUTEBUIHBIC
rpuObl, KOTOpbIE PAa3MHOXAIOTCS IpU Temmepa-
Type 4YeJ0BEYEeCKOTro Tejla U CIIOCOOHBI BBI3BIBATH
Kak uHdeKkuo, Tak 1 asuiepruo. Haubosnee 3Ha-
YUMBIMU TEPMOTOJIEPAHTHBIMU MUKPOMUIIETAMU
npusHaHbl Aspergillus spp. KpoMe TOro BbIAETSIOT
TPYIIITy TePMOJIAOUIBbHBIX TpUOOB (Alternaria spp.
u Cladosporium spp.), KOTOpble He CIOCOOHBI KO-
JIOHU3UPOBATh AbIXaTeJIbHbBIE TTYTU U MOTYT OBITh
TOJIBKO a3poaijiepreHaMu.

CrnenyeT OTMETUTh, UTO B HACTOSIIEE BpeMs
CYIIECTBYET ITpobJieMa TePMUHOJIOTUU U KJIaCCH-
dukaunu 3a60JieBaHUN JETKUX, CBI3aHHBIX C TPU-
0aMu M MUKOTEHHOW ajljlepTueil, 4To B TEPBYIO
ouepeab OOYCIOBJIEHO OTCYTCTBUEM €IMHBIX TUa-
THOCTUYECKUX Kputepues [35].

TepMuH <«amjieprudyeckuii  OPOHXOJETOYHBIN
acrieprune3/mukos (ABJIA/ABJIM)» ObL BBeeH
C WCTIOJIb30BaHUEeM Habopa KpuUTepueB, KOTOpbIE
ObLIU pa3paboTaHbl HA OCHOBE aHAJM3a KJINHUKO-
WMMYHOJIOTUYECKUX MOKa3aTeJeld OrpaHUYEeHHBIX
rpynm nauueHToB [29]. Mcnonb3oBaHWE NAHHOTO
MoJX0Ja MO3BOJSJI0 BhISIBIASATH ABJIA y maliueHToB
¢ BA 1 MyKOBUCIIMI030M, HO UCKJIIOYAJIO MPOSIB-
JIEHU S, BOBHUKAIOIINE TTPU IPYTUX 3a00JIEBAHUSX
JIBIXaTeJbHBIX ITyTel, Taknux Kak XOBJI u 6poHxo-
9KTa3bl, a HOTIA U de novo. Takum 00pa3oM, Kpu-
TEPUU BKIIOUEHU S B UCCIIETOBAHU S TPUOKOBOM aJl-
JIEPTUU BapbUPOBAIU B 3aBUCUMOCTHU OT B3[JISIIOB
HUCCe0BaTeNs.

B nocienHee BpeMsi IMarHOCTUYECKHE KPUTEPUU
ABJIA HeckoJibkO pa3 OblIUM MOAUMDULIMPOBAHBI.
Ony06JIMKOBaHbI Pe3yJIbTaThl Psiia KIMHUYECKUX UC-
CJIeTOBaHU A, B KOTOPBIE ObLIN BKJIKOYEHBI TOCTATOY-
HO MacllITabHbIe KOTOPTHI MAlIUEHTOB U OTTPENEICHbI
pa3anyHble OMOMAapKephbl TUIIEPUYBCTBUTEIBHOCTU
K MUKPOCKONMYECKUM rpudam [4, 6, 15, 21, 27, 30].
Ha ocHoBaHMM TOJIyYeHHBIX AaHHBIX B3KCHEPTHI
MEXTYHApOMHOro OOIleCTBA MUKOJIOTUU YesoBeKa
U kuBOTHBIX (ISHAM) npenyioxxuau onTUMU3UPO-
BaHHbIe KpuTepuu ABJIA, KOTOpble HAa CEeroaHsIIII-
HUI feHb HanboJiee 4YacTo UCIOIb3YIOT Bpauyu B py-
TUHHOU npakTuke [4]. OnHAKO TaHHBIA MOAXOM MO-
MPEeXHEMY BKJIIOUAET IOPOroBOoe 3HaYeHUE OOIIEero
IgE B ceiBopoTke kpoBu > 1000 ME/mi, kotopoe
HEe BCeraa accollMMPOBAaHO C COOTBETCTBYIOIIUMU
KJIMHUYECKUMU MPOSIBIICHUSIMU.

YauThiBasi, YTO MHOTHE MAILMEHTHI C TSKETbIM
TeueHueM BA u ceHcubuauzauuein K TIpubKo-
BbIM aJjijlepreHaM He COOTBETCTBYIOT KPUTEPUSIM
ADBIJIA, Oblna BeiaesieHa «Tsxkenass BA ¢ MukoreH-
Holt ceHcubuauzauueii» [11]. Denning D.W. u co-
aBT. B 2006 T. TIPEIOXUIN TaHHBIA TEPMUH IS
ornmucaHusi BA ¢ HEKOHTPOJIUPYEMBIM TEUCHUEM,
ceHcuOMIM3alueil K aHTUreHaM T'puOOB, OTCYT-
CTBHUEM OPOHXOIKTA30B, CKOIJIEHU I CJIU3U U YPOB-
HeM oOmero IgE menee 1000 ME/mu. OnHako 31O
ornpeaeseHre BKIIYaeT CCHCUOUTU3AIUIO K 11eJI0-
MY psiIy TpMOOB, MHOTHE M3 KOTOPBIX BPSII JIU MO-
TYT BBI3BIBAaTh IMOBPEXICHUE JIETKHUX, ITOCKOJIBKY
HE KOJIOHU3UPYIOT IbIXaTeJIbHbIC ITyTH.

CoBpeMeHHbIe paboThl, HallpaBJeHHbIE Ha U3Yy-
YeHUE B3aMMOCBSI3ell OMOMapKepoOB C KJIMHMUYEC-
KHMHU HCXodaMUu 3a00jieBaHUSI, CBUACTEIbCTBYIOT
0 3HAUMMOM BJIMSTHUM TOBBIIIIEHHOTO YpoBHS SIgE
K TPUOKOBBIM ajijiepreHaM Ha UCXOIbl acTMbI [3§].
DTO NOCTYKUI0 OCHOBOM JIJIsS1 KOMITJIEKCHOTO MOIXO-
Jla K OIpeAeseHNIO0 JAaHHOTO 9HA0THUIIa 3a00JIeBaHU
abIxaTteabHbIX IyTeil. B 2016 r. Catherine H. Pashley
u Andrew J. Wardlaw nmpeajioxKuaiu TEpMUH «ajjiep-
TMYecKkoe TI'puOKOBOEe 3a0oJieBaHUE JbIXaTeJIbHbBIX

PucyHok 4. UndunbTpaThl M OPOHX03KTa3bl Y NALMEHTOR C aslflepruieckum GpoHX0Iero4HbIM acrneprunnesom
Figure 4. Infiltrates and bronchiectasis in patients with allergic bronchopulmonary aspergillosis

MpumeuaHue. A — 1BYCTOPOHHUE BPOHX03KTa3bl, B — MHbUNLTPAT CpeaHelt U HUXKHEN [0 MPABOro JIEFKOro C y4YUCTbIMU
KOHTYpamm 1 6POHX03KTasbl, CTEHKM GPOHXOB YTOMLLEHbBI — CUMMTOM «TpaMBaliHbIX PENbC».

Note. A — bilateral bronchiectasis, B — infiltrate of the middle and lower lobe of the right lung with radiant contours and
bronchiectasis, the bronchus walls are thickened — a symptom of “tram rails”.
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nyteit» (AI'3IT), ucronb3ys coueTaHUe KPpUTEPUEB:
IgE-ceHcnOMIM3annio K KOJIOHU3UPYIOLIUM JblXa-
TeIbHBIC TMYTH, TEPMOTOJIEPAHTHBIM, HUTEBUIHBIM
rpudbaM ¥ KIMHUKO-(YHKIIMOHAJIbHBIC NPU3HAKNA
MopakeHU s AbIXaTeabHbIX MyTeit [28, 37].

TpynHO OLIEHUTh MCTUHHYIO pPacOpOCTpaHEH-
Hocth AI3/IIT mpu acTtMme M3-3a OTCYTCTBUS MC-
clieqoBaHUI, BCECTOPOHHE OIIEHUBAIOIINX T'PUO-
KOBYIO CEHCUOUU3ALINIO, OMNpeAcsieMylo Ipu
KOXHOM TEeCTUpOBaHUU (BOJABIPL Oojiee 3 MM),
60 ImmunoCAP (sIgE x rpubkoBomy ajiepre-
HY > 0,35 ME/Mim). PaGoThI, TTOCBSIIIEHHBIE MUKO-
TeHHOW CEHCUOMJIM3alluu, Ha CETOMHSIIITHUN IeHb
HEOIHOPOJHBI, BKJIOUYAIOT nmalueHToB ¢ bA pa3s-
JIMYHOM CTENEHU TSAXKECTHU, Pe3yJIbTaThl 3TUX MC-
clIeqoBaHU IPOTUBOPEUYMBHI.

IMo faHHBIM pa3JIMYHBIX aBTOPOB PaCIIPOCTPaHEeH-
HOCTbh MUKOT€HHOM CEHCUOMJIM3AllU1 BapbUPYET OT 3
1o 10% cpenu HaceneHus B uenoM [18] u ot 7 no 20%
cpenu nalueHToB ¢ bA. MHorue uccienoBaTesim oT-
MEUaoT, UYTO PaCIpPOCTPAHEHHOCTh TUIIEPYYBCTBU-
TEJIbHOCTU K IpubaM 3HAYMMO BBIIIE y MAllUEHTOB
¢ Tskenoil BA u cocrasiisier ot 35 no 75% [10].

IMpumeyaTenpHO, YTO B OMHOI M3 IIEPBBIX pa-
00T, TIOCBSIINIEHHBIX MUWKOTEHHOU aJlJIepTuw,
D.J. Hendrick u coaBT. IeMOHCTPUPYIOT TSXKeJbIe
OOCTPYKTHUBHBIC HapylIeHUs GYHKIUU JEerKUX
y TAaIMEeHTOB C acHepTUII-aCCOIMUPOBAHHOMN
actmoit [17]. JanbHeliive ucciegoBaHUs B 3TOM
00JTaCTU TIOATBEPAMJIN, YTO MUKOTEHHAasl CEHCH-
OMJIM3alus CBSI3aHa C TSIXKEJIbIM TeUeHHUEM 3a0o0J1e-
BaHUsI, pa3BUTHEM OITACHBIX JJIS XKU3HU 000CTpe-
HUl, TpeOYIOIINX TOCHUTAIN3AINN B OTICICHUS
peaHUMallMy U UHTEHCUBHOU Tepanuu [9], yBenu-
YeHUEM CMEPTHOCTHU OT acTMHBI [25].

B coBpeMeHHOM KJIMHUYECKOM MCCJCIOBAHUU
J.G. Ken u coaBT., onyoimukoBaHHOM B 2017 T., KO-
TOpPOE BKJIIOYAJTO MHOTOPTHUYECKYIO a3UaTCKYyIo
KOropTy O0oJbHBIX Tsxkenoii BA, pacrnpocTpaHeH-
HOCTh CEHCHMOMJIM3aluu K Aspergillus spp. cocra-
Busa 11,7%. Ilpu 3TOM MMEHHO CEHCUOMUIM3ALIMSI
K Aspergillus spp., HO He K APYTUM aJjijiepreHam,
OblJla HE3aBUCUMO CBsI3aHa ¢ 0oJjiee HU3KOM (hyHK-
LMeN IETKMUX U YacThIMU 00ocTpeHusmu [13].

IIpoBemeHHOE B AmnoHUM mMcclieqoBaHUE KIMHU-
KO-(hyHKIIMOHAJIbHBIX XapaKTepUCTUK 124 manueH-
TOB ¢ Tsxenoil BA mpomeMoHCTpupoBajo, YTO ya-
CTOTa MUKOT€HHOI CEHCUOMIU3ALIUU B DTOM TPYIINe
cocraBuia 30% u OblLia BbILLE, YeM CEHCUOMIN3ALIS
K ajiJIepreHaM NMepXOTU JKUBOTHBIX U HACEKOMBIX [24].

CrenyeT yuuThIBaTh, YTO PE3yJbTaThl UCCIEIO-
BAHMM 4aCTO TPYJAHO COIIOCTABUMBI U MOKA3bIBAIOT
CEHCUOMJIMU3ALMIO K Pa3MYHbIM rpubam. MHorue
aBTOpPBI, BKJIIOYAsi aBTOPOB KPYIHEWUIIEro uccie-
JIOBaHUSI PaclpoOCTPaHEHHOCTHM MWKOTEHHOW CeH-
cubunuzauuu B EBpomne [41], onpenensiiu ceHCU-
OuIM3alMI0 TOJABKO K TEpPMOJIAOMIbHBIM TI'pubam,
TaKUM Kak Alternaria alternata n/vinu Cladosporium
herbarum. Taxk>e HeOOXOAWMO YYUTHIBAaTh Bapu-

abeJIbHOCTh TIOKasaTesield B pa3HbIX BO3PAaCTHBIX
KaTeropusix MalMeHTOB. Tak B IeauaTpUUYECKUX
WCCICNOBAHUSIX, B KOTOPBIX IIpeodIamganud IeTHU
C JIETKOW acTMoOl, HauOoJiee pacrpoCTpaHEHHBIM
MUKPOMUIIETOM, BBI3bIBAIOIIIMM CEHCUOMIU3AIINIO,
obL1a Alternaria spp. [20, 36]. ITo Mepe yBeandeHMsT
TSIKECTH 3a00JIeBaHMS, a TaKXKe Y B3POCIBIX Ia-
IIUEHTOB TPUOHI Aspergillus Spp. BHICTYIIalOT OCHOB-
HBIM MCTOUYHUKOM ajjiepreHoB [33]. OgHako B uc-
ciaeaoBaHuM, npoBeaeHHOM B Kutae, mpeobJagan
Penicillium spp. [40], a B lmoHuu Hanboee pacrpo-
cTpaHeHa ceHcubunuzauus Kk Candida spp. [24, 31].

WHTEpecHO OTMETUTD, YTO B €BPOIIEUCKUX UCCIIe-
JIOBaHUSIX CPeAy OCHOBHBIX I'PUOKOBBIX aJlJIEPIeHOB
B CTpaHaX C YMEPEHHBIM KJIMMATOM ITOMWHMPOBAJ
Aspergillus spp., B To BpeMs Kak B Texace (CIIIA) B yc-
JIOBUSTX BJIASKHOTO CyOTPOITMYECKOTO KJIMMaTa mpeod-
napana Alternaria spp., a B Tokuo (SlrioHust) — apyrom
BJIAXKHOM cyOTponnyeckoMm Kiumare — Candida spp.
HackonpKko 3T0 cBsI3aHO C TeorpadMIeCKUMU pa3i-
YUSIMU B BO3JIEHCTBUY I'PUOOB, 2 HACKOJIBKO C pa3iu-
YUSIMU B TPUOKOBBIX 9KCTPaKTaX, HEU3BECTHO.

B 1ienoM GOJNBIIMHCTBO MCCieaoBarTesieil oopa-
IIAa0T BHUMAaHWE Ha TO, YTO Y B3pPOCJBIX ITallVCH-
TOB, JaXKe B TPyTax C MPEeNuMYIIeCTBEHHO HEeTsIKe-
JIbIM TeueHueM bA, Aspergillus spp. 4acTo BbICTyIIaeT
B poJi HauboJIee pacIpoCTpaHeHHOTO ajjiepreHa [7,
19], a manmeHTHI ¢ ceHcUOMIM3anuei K Aspergillus
Spp. moJiBepraloTcs 00Jiee BBICOKOMY PHUCKY ITPOTpec-
CHPYIOIIETo MOBPEXICHUSI JIESTKUX, YeM T€, KTO CeH-
CHUOMIU3NMPOBaAH K TEpMOJIaOMIBHBIM I'pubam [35].

B Hamem mcciemoBaHUM MBI OLIGHWJIM PACIIpO-
CTPaHEHHOCTh CEHCUOMIM3auuu K Aspergillus spp.
Kak K HauboJyiee 3HAYMMOMY TE€PMOTOJIEPAHTHOMY
MUMKPOMMUIIETY, a TaK>Ke 4acTOTy TsxKenoit BA ¢ ceH-
cubunuzauueit Kk Aspergillus spp. u ABJIA. B 11emom
pe3yabTaThl aHAJIM3a JAaHHBIX HAIIIETO PETUCTpa CO-
JIACYIOTCSI C MEXIYHApPOAHBIMU MCCJIEIOBAaHUSIMU.
ISHAM B 2011 r. chopmupoBao pabouyyio IpyIiy
«ABJIA y nanimeHTOB ¢ BA» 1151 060011IeHU S pe3yib-
TaTOB COBPEMEHHBIX MCCJICIOBAHUUN 1 COCTABIICHUS
PYKOBOJICTB MO JMAarHOCTUKE U JICUEHUIO ITOTO 3a-
OoJieBaHUS. DKcriepThl padoueit rpymnmnbsl ISHAM
BKJIIOUMJIM B aHAJIM3 MaHHBIC MO0 CEHCUOMIM3aNu
Aspergillus spp. u ABJIA, omyonmkoBanHbie ¢ 2000 T.
PacnpocTpaHeHHOCTh CEHCUOUMU3auu K Aspergillus
Spp. cpeau TalveHToB ¢ BA BapbupoBajia oT 5,5
1o 38,5%, a pacripoctpaneHHOCTh ABJIA cocraBuia
ot 2,5 10 22,3% ¢ 00beauHeHHO oLieHKo 8,4% [4].

YV 3HauuTeNbHOMI 10U 00JbHBIX BA ¢ ceHcnouIn-
3anuen K Aspergillus spp. Halllero perucTpa ycraHOBU-
JIY TsIKeJIoe TeueHMe 3abosieBaHus. B mpeabiaymmx
WCCIICAOBAHUSX MBI TOKA3aJIH, YTO CCHCUOMIN3AIINST
K Aspergillus spp., HO He K IpYyTUM aspoaJljiepreHam,
CYLIECTBEHHO yXyaluaeT TedeHue bA. Y maunueHToB
¢ ceHcubunuzanueit K A. fumigatus 3aperucTpupoBa-
an xymmue nokasatenn OMBI1 u pesynbrarer ACT.
BoisiBUIM OTpULIATEIbHYI0 KOPPEISIIIMOHHYIO CBSI3b
mexay ypoBHsiMU SIgE K A. fumigatus  iokazaTtesem
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A.1. Kosnoea u gp.

MHdekumns n uMmyHuTeT

O®BI, 4TO CBUACTEIILCTBYET O OOJiee BhIPasKEHHOM
BOCITAJICHUM M BO3MOXHOCTHU (hOPMUPOBAHUS He-
CTPYKTUBHBIX U3MEHEHU I B JIeTKUX. TakXe ycTaHO-
BWJIM, YTO HaJIMUYUE CEeHCUOWIU3aluuu K Aspergillus
Spp. y 601bHBIX BA 3HaYMMO yBeJIMYMBAIO KOJIUYE-
CTBO OOOCTPEHUI M KOJMYECTBO TOCITUTAIU3AINIA
no nosoay bA B TedeHue nipeallecTByolIero roaa [2].

Jleuenue AT'3/1I1 Bk1rouyaeT jedyeHUE OCHOBHOI'O
3a00JieBaHNSI B COOTBETCTBUM C BEAYIIUM KJIUHM-
yeckuM ¢eHoTuriom [14]. YuutsiBasi mpusHaHHOE
JIOMMHHUPOBAHUE 303WHOMUIBHOIO BOCTAJIEHUS
IBIXaTeJIbHBIX MyTei Mpu TPUOKOBOM aJlIepruu,
KpaeyrojbHbIM KaMHEM Teparnuu SIBJISIFOTCS MHTa-
JISIIMOHHBIE TITIOKOKOPTUKOCTEPOUIBI, TTOMOTaro-
1€ KOHTPOJIMPOBATh 00OCTPEeHM S 3a00JIeBaHMSI.
B Gousiee TsXKeMbIX caydasxX sl JOCTUXEHU ST KOH-
TPOJISI HEOOXOAMM MPUEM CUCTEMHBIX TIIOKOKOP-
TuxkoctepounaoB (CI'KC).

ITo6ouHble 2(PheKThl TIUTETBHOIO MCIIOIb30Ba-
Hus CI'KC, BkJIIouasi ocTeornopo3 U auadeT, mpuBe-
JIM K TIOMCKY aJIbTepHAaTMBHBIX BApUAHTOB JICUCHUSI.
Haubonee uccienoBaHHBIMU y JAHHOW KaTeropuu
MallMEHTOB SIBJISIOTCS MPOTUBOTPUMOKOBBIE ITpera-
pathbl TpyIbl a30J10B [1, 5]. OmHaKo MecTo MpoTUBO-
rpudkoBoii Tepanuu nipu AI'3AIT octaeTcs Heompe-
JIeJICHHBIM. B TO BpeMst KaK OTKPBIThIE MCCIISAOBAHU ST
4acTo cooduaau 06 a(ppeKTUBHOCTH, T1alie00-KOH-
TPOJIMPYEMBIE CJIeTIbIe UCCIEAOBAaHU S MTOKa3aIu JIM0O
OTCYTCTBHUE TTOJIOXKUTEIILHON TMHAMUKU, JTUOO B JTyU-
IIeM cJyJae He3HauMTeIbHOe YIydllleHue IO CpaB-
HEHUIO CO CTaHIaPTHBIM JIeUeHUEM, KOTOPOe B HAIIIN
JTHU BKJIIOYaeT OMOJIOrMUecKylo Teparnuio [34].

Ha ocHoBaHVM KJIMHUKO-UMMYHOJOTUYECKUX
XapaKTePUCTUK MAIlMEHTOB MOTYT OBITh MCIOJIb30Ba-
HBI BCE TPU CTPATeTM UMMYHOOUOJIOTMYECKOM Tepa-
nuu: aHTu-IgE-crparerus (omanuzymad), aHTu-IL-
5/5R-cTparerust (Menoanzyma0o, peciusymao, oeHpa-
auszyma6), antu-1L-4(13)R-cTparerus (nynuaymaon).
B HacTost111ee BpeM ST ITpOCTIEKTUBHBIE KOHTPOJIUPYE-
MBbI€ HCCJIENOBAHMSI 3TUX TIpernapaToB y MaleHTOB
¢ AI3IOIT orcyrcTtByloT. OgHakKo OMNyOJMKOBaHBI
JMaHHbIE aHajdu3a OCOOEHHOCTEH CeHCUOWUIU3alluu
576 TalIMEHTOB C TSXKEJION 203MHOMDUIIBHON aCTMOIA,
BKJIIOUEHHBIX B PaHJIOMHU3UPOBAHHOE JIBOMHOE CJie-
noe ucciaenoBaHue Il ¢azpsi MENSA. TMauueHTh

Cnucok nutepatypbl/References

ObLTM paHaoMusupoBaHbl (1:1:1) @i monydyeHuUs
Mernojiu3ymMabda 75 Mr BHyTpuBeHHO uiau 100 mMr moa-
KOXXHO WU MJ1anedo Kaxabie 4 Heaeau B TeueHue 32
Heneab Ha (hoHe mpoposikatoleiicss 6a3ucHoi Tepa-
nHUU. YcTaHOBJIEeHO, uTo 191 manuenT (33%) ObLI ceH-
CUOMJIM3UPOBAaH K TPUOKOBBIM ajjepreHaM. B vact-
HocTH, 15% manueHTOB ObLIN CEHCUOMIU3MPOBAHBI
K Aspergillus fumigatus v 10% x Penicillium chrysogenum.
B 1restoM y 9% TmaliieHTOB 3aperucTprupoBaHa MOHO-
CeHCUOMIM3alMs K TPUMOKOBBIM ajjiepreHaM. Y ma-
LIMEHTOB ¢ MUKOTEHHOW CeHCUOMIM3aneil oTMede-
Ha elle OoJjiee 3HaUMMasi TEHACHIMS K CHUXKEHUIO
€XeromHON 4acTOThl KJIMHUYECKN 3HAYUMBIX 000-
CTpeHUI MpU MPUMEHEHUU Menoan3ymMada 1o cpas-
HEHUIO C MalMeHTaM1 0€3 MUKOTeHHOI CeHCUOUJI -
3auuu [34]. Takum obpa3zom, UCHOIb30BAaHUE Mpe-
napatoB aHTU-IL-5/5R MoXHO paccMaTpuBaTrh Kak
nepcrneKTuBHOE HampaBaeHue B Tepanuu AT3TI.

Bwmecte ¢ TeM B KommjiekcHoM JedeHuun AT3JT1
JIOJI>KHBI OBITh YYTEHBI cieaytolue (hakTopbl: Mpea-
OTBpallleHe KOHTAKTa C MUKPOMUILIETAMU U YMEHb-
IIIEeHUe TPUOKOBOM HArpy3Ku, YJAy4llleHUEe MPOXOau-
MOCTU AbIXaTeAbHbIX MyTE 3a CUeT CHUKEHU ST KO-
YyecTBa CJAM3U W YMEHbBIICHUSI OPOHXOOOCTPYKIIUU,
a TaK>ke KOHTPOJIb 0aKTepraaIbHOU MHOMEKIINU.

3aksyeHme

TecTupoBaHre Ha HaJMUMe TPUOOB B IbIXaTEIThb-
HBIX MOYTIX W MONTBEPXICHUWE CEHCUOMIM3AIINU
K T'pMOKOBBIM aJIJIepreHaM — BaXXHBIIN 3Tall B BBISIB-
nenuu AI'3/1IT y manimeHTOB ¢ XpOHUUYEeCKMMU 3a00-
JIeBaHUSIMH JIETKMX. OTHAKO MCTIOIb3yeMbIe METOIbI
JNarHOCTUKU TpeOyIOT cTaHAapTU3aluu. Takxke He-
00X0mM KOHCEHCYC 0 HanboJjee 3HAUMMBIX MUKPO-
CKOITMYECKMX Iprbax, orpeaesieHre KOTOPBIX B KIIHN-
HHUYECKOI IMpaKTUKe OyIeT BIMSITH Ha HaJIbHEHIITYIO
TepaneBTUUECKYIO TaKTUKY Yy MAIUeHTOB C DA,
XOBJI, MyKOBUCIIIO30M M OpOHXO3KTazaMu. Tem
He MeHee Bce nauueHThl ¢ IgE-ceHcubunusaiuei
K TepMOTOJICPAHTHBIM TprbaM B KOHTEKCTE aCTMBI
W IpyTUX 3a00JIeBaHWM OBIXaTeIbHBIX MyTeW TOMI-
BEpPKEHBI PHUCKY MPOrPEeCCUPYIOIIECTO ITOPaKECHUS
JIETKUX U TO3TOMY AOJ>KHbI HAXOAUThCS MoA HabJI10-
JIEeHEeM He3aBUCUMO OT HaJInuus KputeprueB ABJIA.
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Abstract. Background. Numerous hemodialysis patients (HD) suffer from severe, life-threatening inflammation that
must be treated to prevent further complications. Early diagnosis of inflammation in HD is highly needed. The pre-
sent study intends to examine the ability of matrix metalloproteinase-1 (MMP3) and tissue inhibitor of metallopro-
teinases-1 (TIMPI1) to differentiate between HD patients with/without inflammation by using the neural network
analysis (NN). Materials and methods. The positive results of C-reactive protein were used as a criterion for the pres-
ence of inflammation in the patients (HD+CRP) versus the negative group (HD—CRP). The NN analysis was used
to discriminate between groups using the measured biomarkers. Results. HD+CRP patients have a higher duration
of disease, MMP3 and lower calcium than the HD—CRP. While vitamin D is significantly lower in the HD+CRP
group compared with HD—CRP (all p < 0.05). TIMP1 is significantly correlated with inorganic phosphate and CRP.
In NN+#1, the model for the prediction of HD+CRP from HD—CRP has an area under the curve (AUC) of the receiver
operating characteristic (ROC) of 0.907 with a sensitivity and specificity 89.2% and a specificity of 100%. The top
predicting variable for the prediction of HD+CRP is MMP3 (100%), followed by creatinine (87.1%). MMP3 is linked
to the pathophysiology of HD, at least through their correlation with the inflammation in HD. In NN#2, the AUC
of the ROC for predicting the kidney disease and subsequent HD was 98.9%, with a sensitivity of 100% and a specific-
ity of 97.1%. The top four predicting variables for the prediction of high risk of inflammation in HD patients are urea
(100%), creatinine (100%), MMP3 (59.7%), and vitamin D (57.1%). Conclusion. The NN analysis may differentiate
between HD patients with inflammation from the HD without inflammation. Also, the measured parameters, espe-
cially MMP3, TIMPI, and vitamin D are useful as a diagnostic tools for the kidney diseases and inflammation linked
with the disease.

Key words: hemodialysis patients, tissue inhibitor of metalloproteinases- 1, matrix metalloproteinase- 1, vitamin D, neural network, inflammation.
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HEMPOCETEBOW AHAJZIN3 B NPOrHO3UPOBAHWUW BOCMNAJIEHUS Y NALMEHTOB,
HAXOOALWUXCA HATEMOANATTU3E

Xamau X.X.!, Anp-Maitamm X.X.2, Aogancana X.X.3, Mycrada II1.P.4, Anmynna A.D.5, Anp-Xakeum X.K.!
! Yuusepcumem Ky, 2. Haoncag, Hpak

2 Texnuueckuii ynueepcumem Aav-@ypam Anv-Aycam, e. Hadxwcagp, Hpak

3 Yuueepcumem Anv-Mymanna, e. Ano-Mymanna, Hpak

4 Meduyunckuil ynugsepcumem Xoynepa, e. Xasanrau, Ipouas, Hpax

> Heaamekuii ynusepcumem, e. Haoxwcagp, Hpak

Pe3iome. MHorue manmeHThl, Haxonsiuecs Ha remonuanuse (1), cTpamaloT OT TSXKENIOro, OMAacHOTO JAJs XKU3HU
BOCIAJICHUSI, KOTOPOE HEOOXOMMMO JICUUTh JJISI TIPSAOTBPALCHUSI JadbHEUIINX ocinoxxHeHnil. KpaitHe HeoOXomnumo
MPOBEICHE paHHEW IuarHocThka BocrageHus mpu [, JIns paszgeneHMs MAallMEHTOB C BOCIAJNCHUEM M 0€3 Hero
B HACTOSINIEM MCCIEIOBAaHWM M3YYalNCh TIOKa3aTed MaTPUKCHOI MertajuronpoTenHasbl-l (MMP3) u TkaneBoro
nnruburtopamMetatonporentas-1 (TIMP1) c ucnonb3zoBanuem ananusa HeiipoHHbix ceteit (HC). Mamepuanst u memooe..
[MonoxxuTenbHbIe pe3ynbTaThl OLeHKU YPoBHST C-peaKTMBHOTO OejiKa MCIOTb30Balu B KAYeCTBE KPUTEPUST HATUUUS
BocniasieHus y nauueHTtoB (I'’I+CPB) no cpaBHenuto ¢ orpunarenabHoi rpynnoit (I[I-CPB). Ananuz HC ucnonb3oBacs
IJIS1 pa3aesieHus TPy Ha OCHOBAaHUU MPUMEHsieMbIX OruoMapkepoB. Pezyavmamur. [Tatuentsl ¢ [I+CPD umetot 6onee
BBICOKYIO ITPOMOJIKUTEIbHOCTD 3a001eBaHusi, MM P3 1 6osiee HU3KMii ypOBEHb KaIbLIMsl, [TO CPaBHEHUIO ¢ rpyrinoi [[1—
CPBb, ypoBeHb BuTamuHa D 3HauutenbHo Huxe B rpynne ['JI+CPb no cpaBuenuto ¢ rpynnoit IJI-CPB (Bce p < 0,05).
TIMP1 nocroBepHO KOppeaupyer ¢ ypoBHeM HeopraHudeckoro docdara u CPb. B HC#1 Mmonenb nmporHo3upoBaHus
I'’1+CPBb nHa ocHoBe I'/I—CPb umeer miomans non kKpusoit (AUC) pabdoueii xapakTepuctuku nmpuemMHuka (ROC) 0,907
CUYBCTBUTEIbHOCTbIO U CIielIM(UIHOCTHIO 89,2% u cietinpuyHocTbio 100% cooTBeTCTBEHHO. [J1aBHOI IIPOrHOCTHYECKOM
nepemMeHHo 11t mporosupoBanus ['J1+CPb sasisiercst ypoBenb MMP3 (100%), a Tak>ke 1 ypoBeHb KpeaTuHuHa (87,1%).
MMP3 cBsa3ana ¢ matodusnoiorueii I'Il, mo KpaitHeii Mepe, yepe3 ux Koppelsunio ¢ BocrmaneHueM rpu ['J1. B HC#2 AUC
ROC p1s1 mporHo3upoBaHus 3a6ojieBaHus modyek u nocienytouieit [/l cocraBuna 98,9% npu uyscrButeabHocT 100%
u cneuupuyHocT 97,1%. YeThlpbMs BeQyLIMMU IIPOrHOCTUYECKMMHU ITapaMeTpaMy Uil IIPOrHO3UPOBAHMUSI BHICOKOIO
pucka BocnajsieHus: y mauueHToB ¢ [J] aBnsiorcs ypoBeHb MoueBuHBI (100%), kpeatununa (100%), MMP3 (59,7%)
u Butamuna D (57,1%). 3axarouenue. Ananu3z HC Moxer pasrpaHU4YMBaTh naueHToB ¢ [l ¢ BocnaseHueM 1 0e3 Hero.
Kpome Toro, usmepsiembie napameTpbl, ocooeHHo MMP3, TIMPI u Butamun D, mojie3Hbl B Ka4yeCTBEe IMarHOCTUYECKUX

WHCTPYMCHTOB 3a00JIeBaHU i1 TIOYEK U COITYTCTBYIOIICTO BOCIIAJICHU .

Karouesvle caosa: nauyuexnmsl, Haxodﬂmuec;z Ha eemoduaﬂwe, mKaHesoll uHau6um0p Memaﬂﬂonpomeuﬂa%t—], MampukcHas

Mema/l/tonpomeuﬂasa—j‘, eUmMAamuH D, HeLVIpOHHaﬂ cemo, 6ocnaineHue.

Introduction

There is a growing increase in patients receiv-
ing long-term hemodialysis (HD) for end-stage re-
nal disease (ESRD) [45]. Patients with ESRD have
a higher risk of cardiovascular disease and other co-
existing diseases [11, 33] and an adjusted all-cause
mortality rate at least 10-fold higher than that of the
non-ESRD population [45]. As such, perioperative
management of patients with HD requires special
considerations regarding disease pathophysiology,
including cardiovascular dysfunction, volume distur-
bances, anemia, electrolyte disorders, and pharma-
cokinetics/pharmacodynamics alterations [21].

Several types of cellular injury occur in acute
kidney injury (AKI), including necrosis, apoptosis,
or necroptosis combined. This latter type of cellular
injury is a highly immunogenic form of programmed
cell death that normally represents a defense against
viruses expressing caspase-8 inhibitors but may also
be triggered by cytokine imbalance [8]. HD remains
the most specific and clinically relevant endpoint
for patients with chronic kidney disease (CKD) [2].
Poor nutritional status is frequently observed in HD
patients and is associated with adverse clinical out-

comes and increased mortality. Loss of amino acids
during HD may contribute to protein malnutrition
in these patients [18].

Matrix metalloproteinases (MMPs) represent
a family of dependent metal ion endopeptidases ca-
pable of degrading all extracellular matrix (ECM)
components. MM Ps are classified by substrate speci-
ficity into collagenases, gelatinases, stromelysins,
and membrane-bound types. MMP expression
is regulated by cytokines [28].

Matrix metalloproteinase 3 (MMP3) is well-
known as a secretory endopeptidase that degrades
extracellular matrices [14]. MMP3 is an important
member of a large family of MM Ps containing zinc-
dependent endopeptidases. Matrix degradation and
remodeling have been recognized as the main function
of MM Ps. However, subsequent studies revealed that
MM Ps might participate in diverse pathophysiological
processes, such as the regulation of inflammatory and
immune responses as well as cell-cell communication,
among others [47]. MMP3 is an important member
of a large family of MM Ps containing zinc-dependent
endopeptidases. Matrix degradation and remodeling
have been recognized as the main function of MMPs.
However, subsequent studies revealed that MMPs
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might participate in diverse pathophysiological pro-
cesses, such as the regulation of inflammatory and
immune responses as well as cell-cell communication,
among others [22, 29, 54]. MM Ps participate in many
physiological and pathological processes associated
with the inflammatory process [47].

Tissue inhibitor of metalloproteinases-1 (TIMP1)
is a founding member of the TIMP family that com-
prises four members, TIMP1 to TIMP4, which as
a whole act as major inhibitors of metalloproteinases
including the matrix metalloproteinases (MM Ps)
and members of a disintegrin and metalloproteinase
domain (ADAM) family of proteasesl [53]. The re-
sults of this research indicate that increased TIMP1
level is an independent predictor of an increase
in hospitalization and mortality of patients with con-
gestive heart failure (CHF) [57]. The significant cor-
relation between TIMP1 expression and the presence
of lymph node metastases, as well as that between
TIMP1 plasma concentration and stage of cancer his-
tological differentiation, might indicate the impor-
tance of this molecule as a prognostic factor during
carcinogenesis [30]. MMPs and TIMPs are consid-
ered important mediators of the periapical immune
response to infection [51]. Hypertension is a leading
risk factor for cardiovascular disease. MMPs and
their tissue inhibitors are thought to be actively in-
volved in remodeling the cardiovascular extracellular
matrix during hypertensive damage [24]. The present
study aims to use neural network analysis for the pre-
diction of overt inflammation (positive serum CRP
test) in hemodialysis patients by entering the clinical
and biochemical biomarkers in the analysis set.

Materials and methods

Patients. The present study involved a total of sixty
patients diagnosed with chronic HD, as well as thirty
healthy controls. The patients group was divided into
two categories based on the results of C-reactive pro-
tein (CRP) levels. Thirty HD patients with evident in-
flammation were categorized as HD+CRP, while thir-
ty HD patients without inflammation were categorized
as HD—CRP. The specimens were collected from
Al-Sader medical city in Najaf governorate-Iraq from
November 2021 to March 2022. Patients were under
hemodialysis and previously diagnosed by a specialist
following the International Statistical Classification
of Diseasesand Related Health Problems, 10" Revision,
criteria (2021 ICD-10-CM Diagnosis Code N18.6).
The Urologist and Internists performed patients’ diag-
noses according to clinical signs and laboratory tests.
According to the used definition, the patients were hav-
ing ESRD requiring chronic dialysis. All patients have
elevated urea and creatinine, electrolyte disturbances,
with eGFR less than 15 ml/minute. A full medical his-
tory and examination to explore the presence of any
systemic diseases that might affect the studied param-
eters; diabetes, liver, and heart diseases were excluded

from the study. All patients were given calcium carbon-
ate, epoetin alpha (Eprex®), heparin, and either con-
tinuous folic acid or iron and folate formula (Fefol®).
Thirty apparently healthy subjects were classified as
a control group. Their age and sex ratios were compara-
ble to both patient groups. Subjects were selected to be
free of kidney disease or other systemic or inflammato-
ry disorders. Approval for the study was obtained from
the IRB of the University of Kufa (T1375/2020), which
complies with the International Guidelines for Human
Research Protection as required by the Declaration
of Helsinki.

Measurements. Following overnight fasting be-
tween 7:00—10:00 a.m., five milliliters of venous
blood were withdrawn utilizing a disposable syringe
and transferred directly to a serum gel tube. All sam-
ples were incubated for 10 minutes at room tempera-
ture before centrifugation for 5 minutes at 3500 rpm.
Then, we distributed the serum into asmall Eppendorf
and stored it at —80°C until the measurement time.
Melsin Medical Co., Ltd., Jilin, China, provided
ELISA kits to assess the sera’s MMP3, TIMPI, and
vitamin D levels. Serum creatinine, uric acid, urea,
phosphorus, glucose, calcium, magnesium, and al-
bumin were determined spectrophotometrically us-
ing kits supplied by Agappe Diagnostics Ltd., Cham,
Switzerland. Serum CRP was measured semi-quan-
titatively by a kit supplied by Spinreact®, Spain, uti-
lizing an agglutination test that produced a positive
result when the CRP level in serum was higher than
6 mg/L. The following equation was used to calcu-
late the estimated glomerular filtration rate (¢GFR):

eGFR = 175 x (S.Cr)—1.154 x (Age)—0.203 x
0.742 [if female] x 1.212 [if Black],

which is derived from the Modification of Diet
in Renal Disease (MDRD) study equation [26].
To get the body mass index, we multiplied each in-
dividual’s weight in kilos by their height in meters
squared (BMI).

Statistical analysis. We used analysis of variance
(ANOVA) to assess differences in continuous variables
between categories and analysis of contingency tables
()*-test) to check associations between categorical
variables. Fisher’s Least Significant Difference (LSD)
Post Hoc Test analysis was done to compare the lev-
els of the measured parameters among the three study
groups. Kruskal—Wallis test was used to compare
the not normally distributed variables among the three
groups measured by Kolmogorov-Smirnov for nor-
mality testing. Multiple comparisons were examined
using a p-correction for false discovery rate (FDR) [5].
Spearman’s correlation coefficients were calculated
for the correlation study of MM3, TIMPI, and vita-
min D with other measured parameters. Multilayer
perceptron Neural Network (NN) models (IBM SPSS
Windows version 25, 2017) were used to delineate
the more complex relationships between biomarkers
(entered as input variables) in predicting the diagnos-
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tic classes (HD with inflammation (HD+CRP) versus
HD without inflammation (HD—CRP)) aswellas HD
versus healthy controls). The same input variables were
entered as input variables in predicting the presence
of overt inflammation (HD+CRP) versus patients
with no inflammation (HD—CRP). The models were
trained using an automated feed-forward architec-
ture with two hidden layers with up to 8 nodes in each
layer, employing minibatch training with gradient de-
scent, 250 epochs, and one consecutive step with no
further decrease in the error term as a stopping rule.
For NN#1, we considered three samples, i.e., a train-
ing sample to estimate the network parameters (50.5%
of all participants), testing set to prevent overtraining
(36.7%) and a holdout set to evaluate the final network
(13.3%). For NN#2, we considered three samples, i.e.,
a training sample to estimate the network parameters
(68.9% of all participants), a testing set to prevent
overtraining (20.0%), and a holdout set to evaluate
the final network (11.1%). Error, relative error, and im-
portance and relative importance of all input variables
were computed.

Results

Demographic and clinical data. Table 1 presents
the demographic and clinical data of the HD+CRP,
HD-—CRP, and the healthy controls group. The re-
sults showed no significant difference in the demo-
graphic characteristics (age, sex ratio, TUD, fam-
ily history, albumin, T.Mg, ionized Mg, T.Ca/Mg,
TIMPI1, and ionized Ca/Mg, and tobacco use dis-
order (TUD)) among the three groups. HD+CRP
patients have a higher duration of disease than HD—
CRP. Total and ionized calcium are significantly
lower in HD+CRP than in the HD—CRP group.
MMP3 level is significantly higher, while vitamin D
is significantly lower in the HD+CRP group com-
pared with both groups. BMI is significantly lower
in patient groups than in the control group. Serum
urea, creatinine, inorganic phosphate (Pi), uric acid,
and glucose are significantly higher in HD groups
compared with the control groups.

Correlation between Stromelysin-1, TIMPI, and
TIMPI1/Stromelysin-1 with all parameters. The corre-
lations of vitamin D, MMP3, and TIMP1 with other
biomarkers are presented in Table 2. TIMPI is sig-
nificantly correlated with Pi (p = 0.222, p <0.05) and
CRP (p = 0.279, p < 0.01). Vitamin D is significant-
ly correlated with BMI (p = 0.216, p < 0.05), total
calcium (p = 0.215, p < 0.05), and ionized calcium
(p=0.222, p<0.05). While vitamin D is inversely cor-
related with duration of HD (p = —0.603, p < —0.001),
urea (p = —0.482, p < 0.01), creatinine (p = —0.518,
p < 0.001), Pi (p = —0.552, p < 0.001), CRP (p =
—0.507, p <0.001), and MMP3 (p =—0.221, p <0.05).
MMP3 showed significant correlations with urea
(p =0.273, p <0.01), creatinine (p = 0.238, p < 0.05),
Pi (p =0.324, p <0.01), and CRP (p =0.425, p < 0.01).

Neural network study. The results of two neural net-
work information of the model on HD patients for pre-
dicting HD patients with inflammation (HD+CRP)
versus HD—CRP patients are presented in Table 3.
The NN analysis used feed-forward architecture be-
cause the network connections flow from the input
layer to the output layer without any feedback loops.
In this analysis, the input layer contains the predic-
tors. The hidden layer contains unobservable nodes or
units. The value of each hidden unit is some function
of the predictors; the exact form of the function de-
pends in part upon the network type and in part upon
user-controllable specifications. The last layer is the
output layer contains the responses. Since the history
of default is a categorical variable with two categories,
it is recorded as two indicator variables. Each out-
put unit is some function of the hidden units. Again,
the exact form of the function depends partly on the
network type and controllable specifications. There
are 11 units (measured parameters) in the input layer
(layer containing factors for predicting HD from con-
trol and patients with inflammation).

In NN#I, the hyperbolic tangent and identity were
used as activation functions in the hidden layers, and
identitywasused inthe outputlayertotrainthismodel,
which has two hidden layers with two units in layer 1
and two units in layer 2. The area under the curve
(AUC) of the receiver operating characteristic (ROC)
was 0.907, with a sensitivity of 89.2% and a specific-
ity of 100%, in each of the three sets of data. These
results showed the model’s poor sensitivity in pre-
dicting HD+CRP without entering CRP as an input
factor. However, Fig. 1 shows the significance of each
model’s input variable in terms of the model’s predic-
tive ability. In terms of predictive capability, the top
four predicting variables (effect > 50%) for the predic-
tion of high risk of inflammation in HD patients are
MMP3 (100%) followed by creatinine (87.1%), dura-
tion of disease (73.0%), and total calcium (70.7%).

In NN#2, two hidden layers with four units in layer
1 and three in layer 2 were used. The AUC of the ROC
was 98.9%, with a sensitivity of 100% and a specificity
0f 97.1%, in each of the three sets of data. These results
showed a great sensitivity of the model in predicting
HD patients from the control group. The top four pre-
dicting variables for the prediction of high risk of in-
flammation in HD patients are urea (100%), creati-
nine (100%), MMP3 (59.7%), and vitamin D (57.1%),
as presented in Fig. 2.

Discussion

Comparison study. Beyond the routinely increased
parameters in HD, Table 1 shows that patients with
higher disease duration have more inflammation.
The longer duration of the disease is associated with
inflammation [39]. It is suggested that inflammatory
status and duration of dialysis treatment are the most
important factors relating to oxidative stress in HD
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Table 1. Demographic and clinical data of healthy controls (HC) and HD patients

Variables He ) HD-CRP (®) A o ©) e | p
Age, Yr. 47.27£7177 45.93+8.959 46.83+11.390 0.159 | 0.853
Sex (Female/Male) 10/20 13/15 16/16 1.910 | 0.385
Duation of HD, Yr. - 2.743+2.751° 3.293+2.684 B 12.238| < 0.001
BMI kg/m? 28.353+6.2418¢ 24.717+4.272* 25.092+3.687* 5.085 | 0.008
Smoking (Yes/No) 29/1 27/1 31/1 0.009 | 0.995
Family history N/Y 30/0 26/2 28/4 3.903 | 0.142
Creatinine, mg/dI 0.710 (0.460-1.011)8¢ 8.600 (2.500-11.700)* 8.500 (6.400-10.800)* KWT | <0.001
Urea, mg/dI 26.500 (23.00-35.000)8¢ | 151.500 (65.000-178.000)* | 156.000 (146.000-183.000)* | KWT | <0.001
Pi, mg/dl 5.052+0.7828C 6.883+0.981* 7.386+0.873* 58.139 | <0.001
Uricacid, mg/dI 4.733+0.9468¢ 5.723+1.631* 5.480+1.578* 3.472 | 0.037
Glucose, mM 5.415+0.7838¢ 5.624+0.634* 6.097+1.098* 4.951 | 0.009
Albumin, g/I 43.426+6.800 43.858+6.360 46.474+7.036 1798 | 0.172
Magnesium, mM 0.850+0.256 0.898+0.220 0.882+0.224 0.328 | 0.721
lonized Mg, mM 0.600+0.169 0.632+0.145 0.621£0.148 0.328 | 0.721
Calcium, mM 2.246+0.1718 2.224+0.167 2.141+0.185% 3.321 | 0.046
lonizad Ca, mM 1.195+0.0478 1.184+0.044 1.166+0.052* 3.318 | 0.047
Total Ca/Mg 2.952+1.156 2.568+0.888 2.683+0.710 1.329 | 0.270
lonized Ca/Mg 2.188+0.762 1.960+0.562 2.012+0.179 1140 | 0.324
Vitamin D, ng/ml 10.829 (9.769-12.242)8¢ 8.329 (7.459-8.954)* 7.772(6.957-9.097)A KWT | <0.001
MMP3, ng/ml 46.501 (27.977-73.388)° | 56.801(29.611-108.709)° | 120.654 (75.062-137.677)*8 | KWT | <0.001
TIMP1, ng/ml 530.356 (154.406-876.295) | 723.397 (174.315-1032.735) | 693.449 (386.984-878.771) | KWT | 0.556
eGFR, ml/min 108.073 (91.627-120.676)5¢|  7.029 (4.744-10.885)" 6.432 (5.101-10.277)* KWT | <0.001

Note. A, B, C: Pair-wise comparison, BMI: Body mass index, Pi: inorganic phosphate, KWT: Kruskal-Wallis test, eGFR: estimated glomerular filtration
rate, MMP3: matrix metalloproteinase-3, TIMP1: tissue inhibitor of metalloproteinases-1. Results are expressed as mean + standard deviation for the
normally distributed variables, or median (25%-75% interquartiles) for non-normally distributed variables. Categorical variables are expressed as ratios.

patients [36]. The greater serum creatinine levels
and a longer duration of illness were associated with
larger tubulointerstitial inflammatory cell infiltrates
in CKD and diabetic nephropathy in human kidney
biopsy specimens [7].

Total and ionized calcium are significantly
lower in HD+CRP than in the HD—CRP group.
Serum urea, creatinine, uric acid, potassium and
phosphate levels, and urine proteins were significantly
higher, while serum albumin and calcium were signifi-
cantly lower in CKD patients [10]. Abnormal calcium
and phosphate metabolism have been proposed to ex-
plain this greater risk of CVD [46]. Low PTH and cal-
cium levels are associated with mortality [4]. Vascular
calcification was considered an imbalance between
the inhibitors and promoters of osteogenesis initi-
ated in vessels by uremic factors of CKD patients [55].
Consistently, the risk of cardiovascular death associ-
ated with hyperphosphatemia is attenuated among he-
modialysis patients with high serum magnesium levels,
whereas this risk is exacerbated among low serum mag-
nesium levels [44].

Due to low serum calcium, CKD patients begin di-
alysis with vitamin D supplementation, calcium-based
phosphate binders, and dialysate calcium. Dialysis in-
creases serum calcium levels [31]. However, serum phos-
phate levels rose throughout this time, and comorbidity
was related to higher calcium and phosphate levels [31].
In a common population, long-term dialysis users had
increased phosphate levels [6]. Vitamin D drugs like

calcitriol improve intestine absorption of serum phos-
phate, which rises the following dialysis. Loss of resid-
ual renal function may increase phosphate levels [13].
Another important finding of the present study
is the increase in MMP3 in HD patients with in-
flammation compared to the controls. Albumin in-
creases TIMPI1 production [40]. Therefore, the lack
of significant difference between study groups may
be due to the compensation of the possible increase
in TIMPI1 by the decrease in albumin level in HD pa-
tients. Previous work showed that increased TIMP1
levelis an independent predictor of increased hospital-
ization and mortality of patients with CHF regardless
of renal function [24]. Therefore it is not dependent
on renal function and not increased in HD patients as
seen in our research. However, an increase in TIMP1
level is associated with the development of endothe-
lial dysfunction in both groups [34]. Evidence sug-
gests that MM P3 plays an inductive role in acute kid-
ney injury induced by ischemia and reperfusion [27].
MMP3 level is significantly higher, while vitamin D
is significantly lower in the HD+CRP group com-
pared with both groups. BMI is significantly lower
in patient groups than in the control group. Serum
urea, creatinine, Pi, uric acid, and glucose are signifi-
cantly higherin HD groups compared with the control
groups. Serum urea, creatinine, uric acid, potassium
and phosphate levels, and urine proteins were signifi-
cantly higher, while serum albumin and calcium were
significantly lower in CKD patients [10].
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MMP9 and TIMPI1 were elevated in renal patients
compared to controls. Logistic regression analyses
disclosed galectin-3, MMP9, pentraxin-3, and glo-
merular filtration associations with calculated CVD
risk scores. Combined testing of pentraxin-3, galec-
tin-3, MMP9, and glomerular filtration rate can dis-
criminate among renal patients with high and low risk

Table 2. Correlation matrix of MMP3, TIMP1, and
vitamin D with all parameters

Parameters Vitamin D MMP3 TIMP1
Sex 0.175 0.005 0.003
Age 0.091 -0.099 0.092
Smoking -0.106 0.075 0.192
Duration of HD -0.603** 0.165 0.134
BMI 0.216* 0.021 0.011
Creatinine -0.518** 0.238* 0.072

Urea -0.482** 0.273** 0.148
Pi -0.552** 0.324** 0.222*
Uric acid 0.018 0.161 0.168
Vitamin D 1.000 -0.221* -0.128
Albumin -0.012 0.154 -0.129
Magnesium -0.027 0.022 -0.123
lonized Mg -0.027 0.022 -0.123
Calcium 0.215* -0.021 0.043
lonized Ca 0.222* -0.051 0.082
Total Ca/Mg 0.104 -0.023 0.127
lonized Ca/Mg 0.071 -0.029 0.131
CRP -0.507** 0.425** 0.279**
MMP3 -0.221* 1.000 0.134
TIMP1 -0.128 0.134 1.000

Note. * p<0.05, ** p < 0.01, CRP: C-reactive protein, BMI: Body mass
index, Pi: inorganic phosphate, eGFR: estimated glomerular filtration
rate, MMP3: matrix metalloproteinase-3, TIMP1: tissue inhibitor

of metalloproteinases-1.

of coronary events [32]. The MMP3 level higher than
9.3 ng/mL had a lower survival rate. MMP3 baseline
level in patients with a history of CAD is a potential
predictor for cardiovascular outcomes [16].

Correlation study. The correlation study in Table 2
showed various correlation coefficients that, in gen-
eral, are produced by the effect of vitamin D or
MMP3 and its inhibitor TIMP1 and their effect
on the inflammation and overall health status of HD
patients. There was a positive correlation between
glomerular filtration rate and MMP3 activity in dia-
betic patients. Thus MMP3 may have a role in the
pathogenesis of diabetic nephropathy progressions
toward macroalbuminuria, and therefore, MMP3
activity may be used in evaluating albuminuria sta-
tus [3]. The correlation analysis with biological pa-
rameters showed that MMP3 correlated significantly
with uric acid [16]. A previous study showed a nega-
tive correlation between the eGFR and MMP2,
MMP3, and TIMP2 and a positive correlation be-
tween creatinine and MMP3 levels, indicating
the role of MMPs and TIMP?2 in renal dysfunction.
The serum level of urea is correlated with MMP3 [23].
Calcium signaling is critical for the proteolytic activi-
ty of MMP3 [17]. two putative Ca?* binding sites were
found in the catalytic domain of MMP3 and several
other members of the MM P gene family. These puta-
tive Ca®" binding sites are postulated to play an im-
portant role in stabilizing active MMP3 and other
members of the MMPs gene family by protecting
them against autolysis [19].

Previously, inflammatory response and MMP
genes were modulated by the dropin and spexin that
protect against inflammation and CKD [58]. MM P3

Table 3. Results of neural networks (NN). NN#1 was made with HD+CRP vs HD-CRP as output variables.

NN#2 was made with HD vs healthy controls

Models

HD+CRP vs HD-CRP

NN#2
HD vs Healthy controls

NN#1

Number of units

11 parameters 11 parameters

Input Layer Rescaling method Normalized Normalized
Number of hidden layers 2 2

Hidden layers Number of units in hidden layer 1 2 4
Number of units in hidden layer 2 2 3

Activation Function

Hyperbolic tangent

Hyperbolic tangent

Dependent variables

HD+CRP vs HD-CRP

HD vs Healthy controls

Number of units

2 2

Output layer Activation function

Identity Identity

correlation with predicted value

Error function Sum of squares Sum of squares
Sum of squares error term 5.530 3.594
Training % incorrect or relative error 33.3% 6.5%
Prediction (sens-spec) 56.3%-78.6% 95.0%-92.9%
Sum of Squares error 4.985 1.459
Testing % incorrect or relative error 36.4% 5.6%
Prediction (sens-spec) 46.2%-88.9% 100%-91.7%
AUC ROC 76.7%-76.7% 96.2%-96.9%
% incorrect or relative error 37.5% 0%
Holdout Prediction (sens-spec) or

33.3%-80.0% 100%-100%

Note. AUC ROC: area under Receiver Operating curve; sen-spec: sensitivity-specificity.
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serum levels increase in parallel with the elevated cir-
culating levels of IL-6. Serum MMP3 may be a use-
ful predictor of chronic inflammation and osteoar-
ticular disorders in dialysis-related amyloidosis pa-
tients [20]. Studies have shown that MMP2, MMP9,
and TIMP1 and TIMP2 also play an important role
in the pathogenesis of renal damage [15]. A negative
correlation between the eGFR and MMP2, MMP3,
and TIMP?2 and a positive correlation between creati-
nine and MMP3 levels indicate the role of MM Ps and
TIMP2 in renal dysfunction [23]. MMP3 is associated
with inflammation, and most inflammatory disor-
ders are associated with changes in MMP3 [25, 48,
52, 59]. Inorganic phosphate (Pi) significantly in-
creased MMP3 protein as a signaling molecule [43].
It appears that serum levels of MM P3 reflect positively
rheumatoid arthritis disease activity, joint and bone in-
jury, and radiological erosion and predict disease out-
come and drug responsiveness [25]. Also, MMP3 is as-
sociated with calcium levels, and serum MMP3 levels
may be used as an indicator for structural damage, such
aserosionsin the early stages of the disease, and to mon-
itor disease activity [1, 49]. The data indicated meas-
urable differences in the expression of MMPs within
the dialysis patient population. Because dialysis can be
associated with local and systemic inflammation, in-
creased levels of MM P3 in the hemodialysis group may
reflect gene stimulation induced by inflammatory cy-
tokines and should be considered a marker of chronic,
local inflammation [37]. MM P3 significantly and pos-
itively correlated with serum creatinine [41]. The mean
expression of MMP2, MMP9, TIMP1, ADAMTS-1,
and FSP-1 was significantly higher in the fibrotic kid-
ney compared with the normal kidney [56].
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Duation of Dis
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B.Ur
TIMP1
Albumin
Vitamin D
U.A

Mg

Pi

0 0.05 0.10 0.15 0.20
Importance

Figure 1. Results of neural network 1 (NN#1)
(importance chart) with HD+CRP and HD-CRP as
output variables and biomarkers as input variables
Note. B.ur — Blood urea, Ca — calcium, eGFR — estimated
glomerular filtration rate, Mg — Magnesium, Pi — inorganic
phosphate, MMP3 — matrix metalloproteinase-3,

S.Cr — serum creatinine, TIMP1 — tissue inhibitor

of metalloproteinases-1, U.A. — uric acid.

The NN analysis. The other important findings
of the present study are the results of NN studies
in Table 3. The measured parameters have a moderate
sensitivity with excellent specificity for the prediction
of HD+CRP versus HD—CRP. Figure 1 shows the top
four predicting variables for predicting a high risk
of inflammation in HD patients, which are MMP3
followed by creatinine, duration of disease, and total
calcium. While NN#2 showed a great sensitivity of the
model in predicting HD patients from the control
group with the usual biomarkers of HD (urea and cre-
atinine). However, MMP3 and vitamin D also act as
possible predictive variables. Various metabolites may
generate or be absorbed due to elevated serum urea
levels, which probably lead to malnutrition, inflam-
mation, and uremic toxicity [12]. TIMPI is expressed
in human glomeruli and is upregulated in glomerulo-
sclerosis [9]. In clinical studies, patients with diabetic
kidney diseases have been shown to have abnormali-
ties in MMP/TIMP modulation. In patients with
DKD, increasing glomerular lesions have been associ-
ated with reductions in serum TIMP1 and TIMP2 lev-
els and increases in serum and urine TIMPI levels [35,
42]. The induction of the decrease in serum MMP9
and MMP3 levels is one of the possible mechanisms
responsible for the decrease in urea levels [50]. There
was a significant positive correlation between the total
score of kidney injury molecule 1 (KIM-1) expression
and kidney function parameters for AKI, including
serum creatinine and blood urea. In addition, strong
positive correlations were found between the total
score of KIM-1 expression and proximal tubular ne-
crosis and MMP3 expression. The KIM-1 shedding
might be stimulated by MMP3 [38].
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Figure 2. Results of neural network 2 (NN#2)
(importance chart) with HD and healthy controls as
output variables and biomarkers as input variables
Note. B.ur — Blood urea, Ca — calcium, eGFR — estimated
glomerular filtration rate, Mg — Magnesium, Pi — inorganic
phosphate, MMP3 — matrix metalloproteinase-3,

S.Cr — serum creatinine, TIMP1 — tissue inhibitor

of metalloproteinases-1, U.A. — uric acid.
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Conclusion

The NN model can predict the existence of in-
flammation in HD patients with a 89.2% sensitivity
and 100% specificity utilizing the impacts of MMP3
(100%) and creatinine (87.1%). Compared to the oth-
er groups, inflammation is linked to prolonged dis-
ease duration, higher MMP3 levels, lower total and
ionized calcium, and lower vitamin D levels. TIMP1
and CRP positivity are related. MM P3 and HD dura-
tion are negatively affected by vitamin D. Significant
correlations between MMP3 and urea, creatinine,
and CRP were found. The measured values have
100% sensitivity and 97.1% specificity for predicting
HD. MMP3 and HD inflammation are related. At

the very least, via their relationship with the inflam-
mation in HD, MMP3 is connected to the pathogen-
esis of the disease.
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NMPOrHOCTUYECKAYA 3HAHUMOCTDb
TrEHETUHECKOIO NOJIMMOP®U3MA
rs1800857 FTEHA UHTEPJIENKUHA-1A (IL1A)
B PASBUTUU CAPKOUOO3A JIEFKUX

(HA NPUMEPE XXUTEJIEN KAPEJIUN)

N.E. MaJjsimesa', JI.B. Tonuuea', D.J1. Tuxonopny?

! Huemumym 6uonoeuu — ob6ocobaennoe noopaszoenenue OI'BYH Dedepanvrozo uccaedosamenvckozo yenmpa «Kapeavciuii
Hayunwtii yenmp Poccuiickoii akademuu nayk», e. [lempozagodck, Poccus
2 Pecnybauxanckas 6oavnuya um. B.A. Bapanoea, 2. I[lemposaeoock, Poccus

Pe3iome. AKTyaTbHOCTH ITPOOJIEMBI UCCIETOBAHUSI 000CHOBAaHA HEIOCTATOYHOM M3YYEeHHOCTHIO MEXaHIU3MOB TCHETHU-
YEeCKOM peTySIINY BOCITAIUTEIBHOTO MMMYHHOTO OTBETa IIpH GOPMUPOBAHNY TPaHYJIEeMbI M PA3BUTHH BOCITAJICHUS
Npu capkoumose Jerkux. Cuuraercs, YTo pa3BUTHE BOCHATUTEIBHOTO Tpoliecca 1 00pa3oBaHUe CApKOMIHBIX Tpa-
HYJIeM BO3HUKAET Y JIIOJEH ¢ TEHETUYECKH O00YCIIOBJIEHHOM YYBCTBUTEIBHOCTHIO K BO3IEICTBUIO HEYCTAHOBJICHHOTO
3THOJOrnYecKoro areHTa(oB). CI0XHOCTD BbISIBIEHUS TPUUMHHOTO (DakTopa(oB) 3aKII04YaeTCs B MHOT000pa3uu KJu-
HMYECKMX (DOPM U MPOSIBJICHUI 3a00/IeBaHKS 1 BOBJICYEHMH CJIOXKHBIX MMMYHOJIOTMYECKUX IPOLIECCOB B IIATOreHe3
JaHHOro 3aboneBaHus. [Ipolecc BocmnaleHus, €r0 MHTEHCMBHOCTb, MOXET 3aBUCETh B TOM YMCJIE OT T€HETHUYECKOTO
(oHa opranusma. Y HocuTeIei onpeneJeHHbIX KOMOMHALIMI aJlJIeIbHbIX BAPMAHTOB T€HOB MOXET HaOIOAaThCS KaK
yBeJMYeHMe, TaK ¥ YMEHbIIEHHE IPOAYKLIMYU IPOBOCHAIUTEIbHBIX (GaKTOpOB. DTO, B CBOIO OUEpPElb, MOXET OIpee-
JISITh BOCIIPUUMMYMBOCTD JIIO[EH K BOSHMKHOBEHUIO CAPKOM 034 JIETKHUX, 8 TAKXKE U3MEHSTh KJIMHINYECKIE XapaKTepu-
CTUKM TEUCHUS TAHHOTO 3a00JIcBAaHNS 1 CHIY pa3BUTHUS BOCIIAIMTEIBHOTO OTBETA CO CTOPOHBI UMMYHHOM CUCTEMBI.
Heo0xoammMo Takke OTMETHTh, UTO TeHETUUeCKI I (DOH pa3IMIaeTcs B pa3HBIX STHUUECKUX rpymnax. CiienoBaTebHO,
reHeTHUeCKMii (hOH M (DaKTOPHI OKPYKAIOLICH Cpelbl, STHUYECKAss TPUHAIIEKHOCTb, MOTYT OIPEACISATh Pa3TudIns
B YacTOTe 3a00JIeBaHUS 1 eT0 (DeHOTHUTIC. B CBSI3M ¢ 3TUM SIBJISICTCS aKTyaIbHBIM ITOMCK aJIJIeJIbHBIX BapHallfii TEHOB,
KOTOpBIE MOTJIM OBl BEICTYITATh B Ka4eCTBE IMPOrHOCTMYECKUX MapKepOB Pa3BUTHS U MPOTPECCUPOBAHUSI CAapKOUIO0-
3a JIETKWX, a TaKKe XapaKTepHU30BaIu Obl 0COOCHHOCTH €ro TeUeHUs y maiueHToB. CBeIeHNS O CBSI3M HOCHUTEIbCTBA
aJUIeIbHBIX BapUalMil TEHOB C BOCIIPUMMYMBOCTBIO K CApKOMI03Y JITKUX, a TaKKe BKJIa 1l TTOJIMMOP(GHOr0 BapuaHTa
rs1800857 reHa ILIA B pa3BUTHe, IPOTPECCUPOBaHUE U TePAINIMIO JaHHOTIO 3a00JeBaHMs €lle BeCbMa MaJIOYUCICHHbI
1 3a4acTyio MPOTMBOPEUYUBLI. B HacTosIeM KMcCIen0BaHMM MTPOBEIcHA OLieHKA PUCKA Pa3BUTHUsI CAPKOMI03a JIETKUX
y pycckoro HaceneHus Pecniyonuku Kapenus. CornacHo pe3ynbTataM UCCIeI0BaHUI, YCTAHOBIEHA 3HAUMMasl acCO-
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uuanus (p < 0,001) ykazaHHOro ajieabHoro noauMmopdusma reta /LI1A ¢ capkou1030M JIerkux. PUck pa3BuTus naH-
Horo 3a0o0JieBaHMsIX TIOBBIILEH B 3,47 pa3a (95% AU 2,41-5,01) y HocuTeeit T-aiesst mo ykazaHHOMY MOJUMOpOU3MY
reHa ILIA (p < 0,001). Takum obpa3oM, OMHOHYKJIEOTUIHBIN noauMopdusm rsl800857 rena /LI1A cBsi3aH ¢ pUCKOM
pa3BUTHS CAPKOM 1032 JIETKUX Y pyccKoro HacenaeHust Pecniyonuku Kapenus.

Karouesnie caosa: 6ocnanenue, epanyisema, capKoudos AeeKux, YUmoKuHbvl, UHQEKUUOHHbIe aeeHmbl, NOAUMOPPUIM 2eHo8, 2eH ILIA.

PROGNOSTIC SIGNIFICANCE OF INTERLEUKIN-1A (IL1A) rs1800857 GENETIC POLYMORPHISM
IN DEVELOP PULMONARY SARCOIDOSIS IN RESIDENTS OF KARELIA
Malysheva I.E.?, Topchieva L.V.?, Tikhonovich E.L."

a Institute of Biology of the Karelian Research Centre of the Russian Academy of Sciences, Petrozavodsk, Russian Federation
®V.A. Baranov Republican Hospital, Petrozavodsk, Russian Federation

Abstract. The relevance of the research problem is justified by insufficient knowledge of the mechanisms for genetic regu-
lation of inflammatory immune response during granuloma formation and arising inflammation in pulmonary sarcoido-
sis. It is believed that development of inflammatory process and formation of sarcoid granulomas occurs in subjects with
genetically determined sensitivity to the effects of an unidentified etiological agent(s). The complexity of determining
a causative factor(s) is accounted for by a variety of clinical forms and manifestations of the disease as well as a role for mul-
tifaceted immunological events in the pathogenesis of this disease. The process of inflammation, its intensity, may depend,
among other issues, on host genetic background. Both enhanced and lowered production of pro-inflammatory factors can
be observed in carriers of certain combinations of gene allelic variants. This, in turn, may determine human susceptibility
to emergence of pulmonary sarcoidosis as well as alter clinical characteristics of the disease course and magnitude of de-
veloping immune inflammatory response. It should also be noted that the genetic background differs in various ethnic
groups. Therefore, genetic background and environmental cues, ethnicity, may account for differed disease prevalence and
phenotype. In this regard, it is relevant to search for allelic gene variations that could act as prognostic markers for develop-
ment and progression of pulmonary sarcoidosis as well as characterize the features of its course. The data on the relation-
ship between the carriage of allelic gene variations and susceptibility to pulmonary sarcoidosis as well as the contribution
of IL1A4 rs1800857 polymorphic variant to development, progression, and therapy of the disease remain sparse and often
contradictory. The current study assessed a risk of lung sarcoidosis in the subjects of Russian descent of the Republic
of Karelia. According to the results of the studies, a significant association (p < 0.001) between the indicated /LIA gene
allelic polymorphism and pulmonary sarcoidosis was established, with a risk of its development increasing by 3.47-fold
(95% C1 2.41-5.01) in carriers of the T allele (p < 0.001). Thus, the single nucleotide polymorphism rs1800857 in the /LI1A
gene is associated with the risk of developing lung sarcoidosis in the subjects of Russian descent of the Republic of Karelia.

Key words: inflammation, granuloma, lung sarcoidosis, cytokines, infectious agents, gene polymorphism, IL1A gene.

BeeneHnue

WccnenoBanusi mocieqHUX NECATUIIETUN CBU-
NIETEJILCTBYIOT O BaXXHOUW poir WHQEKIITMOHHBIX
areHTOB B MAaTOTEeHE3€ CapKoua03a JIeTKuX (00JIe3Hb
benbe—beka—Illaymana). [lanHOE 3a001eBaHE OT-
HOCUTCST K CUCTEMHBIM MUMMYHOBOCIAJIUTEIbHBIM
rpaHyJieMaTo3aM U XapakKTepusyeTcs oOpa3oBaHU-
€M BIMUTETMONUTHO-KJIETOUHBIX TPaHYJIEM BO MHO-
TUX OpraHax, MPeuMYIIeCTBEHHO B JIETKMUX U BHY-
TPUTPYIHBIX JTuMdaTndeckux ys3nax [1, 3]. B 00-
pasiax XXUJAKOCTU OPOHXO0AaTbBEOJIIPHOTO JIaBaXxa
(BAJI) 1 B TKaHSX, B3ITBHIX OT OOJBHBIX, a TaK3Ke
B CApKOUJIHBIX TpaHyIeMax, 0OHApyKeHbI HyKJIeU-
HOBBIEC KUCIOThI M 0€IKM MUKPOOpPranmu3MoB [11, 15].
Kpowme Toro, B kietkax xkxuakoctu BAJl GoabHBIX
CapKOUMIO30M JIETKWX BBISIBJICHBI M3MEHEHUS KO-
muyectBa CD4" 1 CD8* T-K1eTOK B IIPUCYTCTBUU
MHOXeCTBa 2NUTONOB OakTepmiiii [4, 11]. B kaue-
CTBE TIOTEHIMANBHBIX WH(MEKIIMOHHBIX areHTOB
HauboJiee BEPOSTHBIMU BO3OYAUTEISIMU TAaHHOTO
3a0o0eBaHus ABISIIOTCSI Mycobacterium tuberculosis

u Propionibacterium acnes. Ilo pe3yabTataM uccie-
JIOBAaHW 1 Y OOJIbHBIX BBISIBJICH CIEIN(UICCKU I M-
MYHHBI OTBET Ha MUKOOAKTEepHaJIbHbIe aHTUTEHBI
mKatG u ESAT-6 M. tuberculosis [12, 15]. Kpome
TOro, 6oJiee BLICOKUI YpoBeHb P. acnes oOHapyKeH
B CPEIOCTEHHBIX UJIM ITOBEPXHOCTHBIX JIMM(paTruye-
CKHUX y3J1aX MalMeHTOB C CAPKOUI030M Jierkux [12].
B uccnenosanuu Nishiwaki u coaBT., TpOBeAEHHbBIX
C WCIIOJIb30BAaHWEM MBIIITMHOW MOJEJIM TTOKa3aHo,
4TO YBEJMUCHHUE PELUPKYISIIINN YYBCTBUTEIBHBIX
K P. acnes KJIeTOK ITpy BHEJIETOUHOM CEHCHOMITNU3a-
MU MOXET BBI3BIBATH T'PAHYJIEMATO3HbBIE M3MEHE-
HU B JleTKuX. [1pu 3TOM mpoBoanMasi aHTUOaKTe-
puayibHasl Tepanus ¢ 1eJIblo 3paaiuKalliy TTPUPOI-
HBIX P. acnes cylieCTBEHHO yMeHbIIIajia TopaXkxeHue
jgerkux [10].

INomaratoT, 4TO HapylIeHWE TPOAYKIIUHU ITUTO-
KWHOB U XeMOKWHOB UTPaeT BaXXHYIO POJIb B ITaTO-
reHese capkouno3a Jerkux. Ha HauaapHBIX CTaaqMsIX
pa3BuUTHSI 3a00JIeBaHUSI OTMeYeHA TIOJSIpU3alIns
UMMyHHOro otrseta mo Thl-tuny. Ha 6onee mo3n-
HUX CTaausIX, MO Mepe IPOrpecCupoBaHUST TAaTO-
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JIOTMYECKOro mpoliecca, XxapakTepusyltonierocst gpu-
OpO3HBIMU U3MEHEHUSIMU B JIETKUX, MPOUCXOMUT
nepexkjaroyeHue Ha Th2-Tunm UMMyHHOToO oTBeTa |5,
6]. OmHUM M3 BaXXHBIX ITPOBOCTIAJIUTEIBHBIX 1IH-
TOKMHOB, BOBJICUEHHBIX B ITaTOI€HE3 CapKOWA03a
nerkux, sapasiercs 1L-1. JJaHHBI HUTOKUH — OIMH
U3 KJIIOUEBbIX MOIYJSITOPOB BocnajsieHus. OH oka-
3bIBaeT NpodrudpoTrUUecKoe AeiicTBUE (MHAYLIUPYET
npoaudepalno ¢GudpobacToB) U BhipabaThiBaeT-
cd numdonuTamMu, MakpodaraMu U MOHOLIMTaMU
B OTBET HAa MUKPOOHBIe aHTUTeHHI [12]. K cemeiicTBy
IL-1 otHOCsTCSI TakMe 6enku, kak IL-1o, IL-1B3, an-
taroHucT peuentopa IL-1 (IL-1Ra) [2]. MyTtauuu
B T'eHaxX, KOOAMPYIOIIMX YKa3aHHbIE OETKOBbIE MO-
JIEKYJbl, MOTYT OKa3bIBaTh BJIMSHUE Ha pPa3BUTHE
U MPOrpeccupoBaHME MATOJOTMUYECKOro mpolecca
NpU capkouao3e Jerkux. Tak, OMHOHYKJIEOTUIHbIE
3aMeHbl (Single nucleotide polymorphism, SNP),
OCOOEHHO B PeryasTOPHbBIX 00JACTSIX T€HOB, MOTYT
BJAUSATHh Ha YPOBEHb UX DKCIIPECCUU U MPOAYKIIUIO
cooTBeTCcTBYOILIMX OenkoB. Ilo maHHBIM JuUTEpa-
TYpbl, K TaKUM MOOJAUMOPGHBIM BapuaHTaM, MWC-
clAedoBaHHBIM MpU capkKouaose, oTHocsaTcs IL-l1o
—889, IL-1B —511 u IL-1p +3953 [8, 14]. Yrto kaca-
eTCsl capKoun103a JerkKuX, TO TaHHbIE MTPOBEIEHHBIX
HUCCeNOBAHUI B pa3JIMUYHbIX 3THUYECKUX TPyIIax
JIOCTaTOYHO MaJIOYMCJIEHHBI U 3a4acTyl0 IIPOTUBO-
peuuBbl. [ToaTOMY 1€/ HACTOSIIIIET0 UCCIEA0BAHUS
3aKJiroyajgach B U3YYEHUM CBI3U MOJUMOP@MHOro
mapkepa rs1800587 rena /L 1A c pa3BUTUEM CapKOU-
J03a Jerkux (Ha npumepe xxutenet Kapeaun).

Matepuainbl 1 METOAbI

B nccnenoBanue BkirodeHo 252 gemoBeka (130 ge-
JIOBEK M3 TPYIIITHI KOHTPOJIS (3MOPOBEIE JTIOAN) (Cped-
Huit Bo3pact — 43,0£14,23 roga) u 122 OONBHBIX
CapKOMIO30M JIETKMX, PYCCKOTO ITPOMCXOXICHUS,
npoxupBawouinx B Pecniyonuke Kapenusi (cpenHuit
Bo3pact — 41,0£12,56 roma). JuarHo3 capkoumao3a
JIETKMX YCTAaHOBJICH Ha OCHOBAHW Y KJIMHUYECKUX pe-
KOMeHIannii MuHucrecTBa 3apaBooxpaHeHUsT PO
ot 2022 r. Y Bcex naueHToB (100%) capkou103 ObLI

BepuUUIIMPOBAaH THUCTOJIOTMYECKM Ha OCHOBAaHMU
ucciaenoBaHus 6uonrtara. Joo6poBoabHOE MH(POPMU-
pOBaHHOE corjlacue TOJIYYeHO OT BCEX MaIllMEHTOB
JI0 TIPOBEICHUST UCcCieqoBaHus. B KauecTBe Marepu-
aJia JUIsi TeHOTUTIMPOBAHM ST OBLIM MCTIOJIb30BaHbI 00-
pasibl nepudepuyeckoit Kposu. MccienoBanue Bbl-
TMOJTHEHO C COOTIOIEHUEM 3TUUYECKHX HOPM COTJIaCHO
KputepusiM BcemupHOil accoumanmydu  MeTUITAH-
ckux penaktopoB (The World Association of Medical
Editors — WAME), ono6peHo JioKaJbHbIM 3TUYEC-
kuM komutetoMm I'bBY3 «PecriydnukaHckasi 60J1bHU-
ua uMm. B.A. bapaHoBa» 1. [leTpo3aBoacka (IpOTOKOJI
Ne 96 ot 11.07.2017).

Hnsa BeiaeneHust reHomHoit JIHK u3 neitkonu-
TOB NeprudeprIecKoil KPOBU MCITOJb30BaI HA0OP
«Analytik jena» (I'epmanus). I'eHOoTUNMpOBaHUE
noaumopgHoro mapkepa 1s1800587 rena [ILIA
MPOBOAMUIM C TOMOIIBIO METOMda ITOJUMEpPa3HOI
nernHoi peakuuu (ITHP) ¢ mocieaytommm aHaau-
30M JIJIMH PEeCTPUKIMOHHBIX dparmeHToB (ITLIP-
ITAP®D). MNP nposomunaum Ha mpubope iCycler
iQ5 (Bio-Rad, CHIA). Insa ammiudukaliuu HMc-
nojb3oBaau Habopsl «HS-Screen mix» u mpaiimMe-
pol dupMmel «<EBporen» (Poccust). CukBeHC mpaii-
MepoB yka3aH B pabote Trevilatto u coant. [13].
T P-npoaykTel obOpabaThiBadu 3HIOHYKJIEa30i
pectpukuuu Bsp 19 I (1 en.a.) B TeyeHue 3 4 npu
37°C. ®parMeHThl PeCTPUKIIUU Pa3Aeasiid C T10-
mombio 8% ITAAT (mmonmakpujaMUJIHBIA Telib),
okpamuBaju 1% pacTBOpOM GPOMUCTOTO ITUIMS
¥ BU3YyaJIu3upoBau B rrpoxoasiiaeM YD ceeTe.

CraTucTuyecKyo ob6paboTKy MaHHBIX MPOBO-
JUJU C TIOMOIIbIO MakeTa MmporpaMm Statgraphics
Centurion XVI (version 16.1.11). Kpurtepuii y* ipu-
MEHSIJIM TPU CPaBHEHUM YacTOT BCTPEYAEMOCTHU
ajuiesiel 1 TEHOTUIIOB B Ipynne OOJbHBIX CAPKOU-
JIO30M JIETKWX M B KOHTPOJbHOM rpyIire. Pazimuaus
cuuTaJM focToBepHbIMU pu p < 0,05.

WccnenoBaHus BBITIOJHEHBI Ha HAYyYHOM 000-
pynoBanuu lleHTpa KOJIJIEKTUBHOIO TIOJbh30Ba-
Hus DenepabHOrO MCCIEAOBATEILCKOTO IIEHTpa
«Kapenbckuit HayyHbIll 1IeHTp Poccuiickoit aka-
JEeMHUU HAYK».

Ta6nuua. PacnpepeneHue anneneii u reHoTMNoB noauMmopdHoro sapuanta rs1800857 rena IL1A B rpynne
60/IbHBIX CaPKOUA030M JIErKUX U B KOHTPOJIbHOI rpynne

Table. Distribution of alleles and genotypes of the polymorphic variant rs1800857 in the group of patients with

pulmonary sarcoidosis and in the control group

Mokazatens Bqnbublg capKoupo3om ne.er.( KoHTponbHaga rpynna KpuTepmii 2
Parameter Patients with pulmonary sarcoidosis Control group Criterion 2
(n=122) (n=130)
Annenu C 86 (0,352) 170 (0,654)
457 f=1,p< 1

Alleles T 158 (0,648) 90 (0,346) 5,750 (df = 1,p <0,001)
. cC 15(0,123) 56 (0,431)

€HOTUNbI cT 56 (0,459) 58 (0,446) 41,783 (df =2, p < 0,001)
Genotypes

T 51(0,418) 16 (0,123)

MpumMeyaHme. n — 4ncio 06¢cnef0BaHHbIX L. [laHHble NPeACcTaBeHbl B BUAE aOCOMOTHBIX 3HAYEHWIA (OTHOCUTEIbHAS YacToTa).
Note. n — number of examined subjects. Data are presented as absolute values (relative frequency).
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Pe3ynbraThl 1 00CYXaeHne

Ilo pesyapTaTaM CpaBHUTEJIBHOIO aHaJin3a
YCTAaHOBJIEHO CTaTUCTUYECKU 3HAUYMMOE pa3indaue
B pachpelnejeHuu 4YacTOT aJiiejiell U TeHOTUIOB
nojumopgHoro BapuaHTa 151800857 rena [ILIA
B ucciienyeMbIx rpytmax (p < 0,001) (tadmn.).

BoisgBieHbl pa3nuuus B pacOopenejieHur 4Ya-
CTOT aJijieJieli U TeHOTUIOB B TPYIMIEe 3I0POBBIX
JIOfE U GOJIBHBIX CapKOUA030M Jerkux. Yacrtora
BcTpeyaeMoctu T annensg u TT reHotuma Oblia
BBINIIE B TPYIIe OOJNBHBIX CAPKOUIO30M JIETKUX
[0 CPaBHEHUIO C KOHTPOJBHOU rpymrmoi: (x> =
15,632; p < 0,001) u (> = 28,05; p < 0,001), coot-
BETCTBEHHO. [ls1 ompeneseHUs prUcKa pa3BUTUS
CapKou03a JIETKUX M0 NOJUMOP(PHOMY BapUaHTY
rs1800857 rena /L 1A mpoBeneH pacuyeT OTHOIICHU ST
1maHcoB. CorjiacHO MOJYYEHHBIM JaHHBIM, Y HOCU-
teset T anjienss puck pa3BUTUU TAHHOTO 3aboJie-
BaHUs noBbilieH B 3,47 pasa (95% AU 2,41-5,01).
V mwoneii, umeroimux reHotun TT no nmoaumopd-
HoMy BapuaHTy rs1800857 rena /L 1A puck pa3Bu-
THUSI cCAapKOMA03a JIETKKX MOBLIIIEH B 5,12 pa3za (95%
AN 8,71-9,66), no cpaBHeHuio ¢ Hocuteassmu CT
u CC reHOTUIIOB.

Hamu mipoBeneH TeCcT Ha COOTBETCTBHE pac-
npeneaeHus ajjeyeid U TeHOTUTIOB MO MOJUMoOpd-
HoMy Mapkepy rs1800587 rena ILIA paBHOBecUIO
Xapnu—Baiinoepra. Ilo pesyjibTaTaM ucCcClIeno-
BaHUS HE YCTAHOBJEHO OTKJIOHEHWE 4YacTOT Te-
HOTUTIOB HCCJIEAYEMOTO TIOJMMOPGHOr0 Mapke-
pa rs1800587 rena ILIA ot paBHOBecus Xapau—
BaitnGepra B rpyIine OOJBbHBIX CAPKOUIO30M JIEeT-
kux ()¢ = 0,00, df =2, p = 0,998) u B KOHTPOIBHOI
rpymre (> = 0,04, df =2, p = 0,982).

T'eHeTuueckune (hakToOpbl, KaK ObLJIO OTMEYEHO
paHee, UTPalOT BaXKHYIO POJIb B TATOTEHE3€E CapKO-
uao3a Jierkux. ['eHbl cemeiicTBa nHTEpJelikuHa-1
gapiasgioTca noaumopbHbiMu [8]. Hccraemyemblit
HaMu ajuiebHbll nmoaumopdusm rs1800587 rena
1L 1A pacrioyioXeH B peryJsiTOpHOU o6acTu (po-
MoTOop). OOHOHYKJIEOTUAHAS 3aMeHa IMTO3UHA

Cnucoxk nutepatypbl/References

Ha TUMUH B mo3unuu —889 nmpomortopa reHa ILI1A
NPUBOAUT K U3MEHEHMIO YPOBHSI €ro TPAHCKPUII-
UMW U MPOAYKLMU COOTBETCTBYlolIero oenka IL-
la [2, 8]. [To naHHBIM JUTEPATypPbl, 60€€ BHICOKUIA
YpOBeHb 3Kcnpeccuu reHa /L 1A okazaH y HOCHU-
teneit TT reHotuna [2, 9]. AnieabHbIN TOJIUMODP-
¢uU3M reHa MOXET ObITh CBSI3aH C Pa3JIMUYHON MPO-
NyKIMel coOOTBEeTCTBYoIIero 6enka. B npoBeneH-
HBIX HAMU MCCJIEIOBAHUSX YCTAaHOBJIEHA acCOIM-
alus ajjieabHoro nojumopgduisma rsl800587 rena
ILIA ¢ puckoM pa3BUTHUSI capKouI03a JIETKUX
y pycckoro HacesieHus: Pecnyonuku Kapenus (p <
0,001). Cpeau OGOJIbHBIX CApKOMUJI030M JIETKUX 4Ya-
cTOoTa BCTpedyaeMocTu Hocutesieir T anmenst u ro-
mosuroTHoro TT reHoTuITa 3HaYMMO BBIIIIE B CpaB-
HEHUU ¢ Tpymnmnoi 3gopoBbix goaeid (p < 0,001).
OnHako B MCCJIEIOBAHWUU JIPYTUX aBTOPOB TTOKa-
3aHO, UTO cpeny HaceJieHusT Yexuu y cTpaaatonmx
capkou1030M, HauboJiee yacTo BcTpedaeTcss CC
reHoTun nojumMopdHoro mapkepa rsl800587 rena
IL1A nio cpaBHeHUIO ¢ KOHTpoJeM (60,0% mpoTus
44.2%, p = 0,012) Y Hocureneit CC reHoTHIIa PUCK
pa3BUTH 3a00ieBaHK ITOBLILIEH B 1,9 pasa (95%
AW 1,1-3,1) [8]. B To e BpeMs y HacesieHus JaHuu
HEe BBISIBJIEHA CBs3b IOJUMMOPGHOro BapuaHTa
rs1800587 rena IL1A c puCKOM pa3BUTHUS TaHHOTO
3aboJieBaHus [7].

TakuM o00pa3oMm, pe3yabTaTbl MNPOBEACHHBIX
HaMU MCCJIENOBAHUN CBUJETEIBCTBYIOT O BOBJIC-
YeHUU ajiaeabHoro nojumopdusma rsl800587 reHa
ILIA B matoreHe3 capkouao3a JIETKUX y PYCCKOTO
HaceneHus Pecnyonuku Kapenus.
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paCoBbIE U1 I‘eOFpa(bI/I‘{CCKI/IC pa3anydyuda B 4aCTOTEC
n (I)CHOTI/IHC JTaHHOTO 3a00JIeBaHUSI.
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Pestome. Cenenust 00 aTuogorun BHeOOIbHNYHOM mHeBMOHUM (BIT) mpoTtuBopeunssl. Hepenko stuonoruio BIT
OIICHUBAIOT JIMIIIH IT0 JAaHHBIM 0aKTEePUOJOTUUSCKUX UCCASIOBAHNI W IIPUXOMIST K BRIBOIY O HU3KOM YaCcTOTE BBIIC-
JICHWST OCHOBHOTO BO30OYIHUTENST — Streptococcus pneumoniae. B To e BpeMs 04eHBb MaJIo HAOMIOACHUI ITapalie IbHOTO
obcnemoBaHMs 00IbHBIX BIT omHOBpeMEHHO IByMS METOIAMU — 0AKTEPUOJOTMISCKUM M MOJICKYIIPHO-TEHETUYEC-
kuM. OTCyTCTBYIOT HabtoaeHus 3a aTuosiorueit BIT B MHorosieTHei nuHamuke. Lleab paboThl — M3YUUTh 3TUOJIO-
ruto BIl y meteil u B3poCibIX MO pe3yjbTaTaM 0aKTepUOJOTUYECKUX U MOJIEKYISPHO-TEHETUYECKUX UCCAeIOBAaHU I
B 2015—2022 rr. DTHOJOT MO0 THEBMOHU U OLIEHUBAJIU TI0 pe3yabTaTaM UCCIEI0BAHU I CMBIBOB C 3aJIHEI CTEHKU IJIOT-
Kku 418 nereit u 483 B3pOCHbIX, TOCIUTAJIU3UPOBAHHBIX C MMEPBUYHBIM ArarHo3oM BIl B nBe MequiIMHCKME OpraHu-
sauuu T. [Tepmu B 2015—2022 rr. [TpoObI McciegoBaau 0aKTEPUOJOTMYECKMM METOAOM U B TOJIMMEPA3HOH 1IeMHOI
peakLy ¢ MCIOJb30BAaHTHEM KOMMEpYECKMX TecT-cucTeM. Mcnoabp3oBanu ammandukarop «CFX96» (Bio-Rad,
CIIIA). Pe3ynbraThl mokasajiu, 4To S. pneumoniae, HECMOTPSI Ha TIPOBeIeHNUE TEKPETUPOBAHHBIX TPUBUBOK MPOTUB
ITHEBMOKOKKOBOI MH(pEKIINH, ocTaeTcd Beayum Bo3oynuteneMm BIT kak y meteit, Tak u B3pocibix. Ha nsydaemoii
TEPPUTOPHUU CPEIU NETEH 1 B3POCTBIX B CPEIHEM YaCTOTa BBIIEICHHU S ITHEBMOKOKKA IT0 JaHHBIM 0aKTEePHOJOTNYeC-
KHX UccIenoBaHuil coctaBuia 9,7 Ha 100 oOGciIemoBaHHBIX, IO JAaHHBIM MOJICKYISIPHO-TCHETUUSCKUX HCCIIeNIOBa-
Huit — 48,5 Ha 100 o6¢cnenoBaHHBIX. [To maHHBIM OaKTeproornyecknux ucciemoBannii B 2021—2022 . 1o cpaBHEHUIO
2015-2017 rr. cpenu geTeit cCTaTUCTMYECKU 3HAUMMO YBETUYMIACh YaCcTOTa BhlIeNeHUs Staphylococcus aureus, cpenn
B3pocCibIX — S. pneumoniae. T1o pe3ynbraTaM MOJIEKYISIPHO-TEHETUYECKMX UCCIIEAOBAHUI Cpefu NeTeil U B3POCbIX
CTATUCTUYECKU 3HAYUMBIX U3MeHeHU I B aTHojoruu BIT He mpousomuwto. B 2021-2022 rr. y 6oabubix BII, unpuuu-
poBaHHbIX SARS-CoV-2, no cpaBHeHu10 ¢ SARS-CoV-2-HeraTuBHBIMU, OBIJIO BBISIBIEHO 00Jiee YacTOe BbIAEICHUE
S. aureus, Klebsiella pneumoniae v Hemophilus influenzae, T0 eCTb TeX BO30yIUTENEH, KOTMYECTBO KOTOPHIX BO3POCJIO
B MHOTOJIETHEI TMHAMUKE HaOIIOAeHU.
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ETIOLOGY OF COMMUNITY-ACQUIRED PNEUMONIA IN CHILDREN AND ADULTS BASED
ON 2015-2022 BACTERIOLOGICAL AND MOLECULAR GENETIC STUDIES

Sergevnin V.1.2, Rozhkova M.V.?, Ovchinnikov K.V.*, Kuzovnikova E.Zh.°

@ Perm State Medical University named after Academician E.A. Wagner, Perm, Russian Federation

b Perm Regional Center for Control and Prevention of AIDS and Infectious Diseases, Perm, Russian Federation

¢ Perm Center of Hygiene and Epidemiology in Perm Region of the Federal Service for Surveillance on Consumer Rights Protection
and Human Wellbeing, Perm, Russian Federation

Abstract. The data on etiology of community-acquired pneumonia (CAP) remain contradictory, which is often as-
sessed only according to bacteriological studies coming to a conclusion about the low frequency of major main pathogen
Streptococcus pneumoniae isolation. At the same time, there are very few observations of parallel examination of patients
with CAP simultaneously by bacteriological and molecular genetic methods. There are no observations on the etiology
of CAP in the long-term dynamics. The aim of the work is to analyze the etiology of CAP in children and adults based
on 2015-2022 bacteriological and molecular genetic studies. The etiology of pneumonia was assessed using the data
on posterior pharyngeal wall washes from 418 children and 483 adults hospitalized with a primary diagnosis of CAP at two
large Perm medical organizations in 2015—2022. The samples were examined by the bacteriological method and poly-
merase chain reaction using commercial test systems with the amplifier “CFX96” (Bio-Rad, USA). The results showed
that S. pneumoniae, despite implementing decreed vaccinations against pneumococcal infection, it remains the leading
causative agent of CAP in both children and adults. The 2015—2022 frequency of pneumococcal discharge according
to bacteriological studies was 9.7 per 100 examined, according to molecular genetic studies — 48.5 per 100 examined
among children and adults in the study area. According to 2021—-2022 vs 2015—2017 bacteriological studies, the frequency
of Staphylococcus aureus excretion among children increased significantly, and S. pneumoniae increased among adults.
According to the results of molecular genetic studies among children and adults, no significant changes in the etiology
of CAP were found. In 2021-2022, SARS-CoV-2-positive vs SARS-CoV-2-negative patients with CAP infected had
higher rate of isolated S. aureus, Klebsiella pneumoniae and Hemophilus influenzae, i.e., those pathogens whose number

increased in the long-term follow-up observations.

Key words: community-acquired pneumonia, children, adults, bacteriological method, molecular genetic method, bacterial species,

respirafory viruses.

BBepnenune

BuebonbHuuHas mnHeBMoHus (BIT) sBasercs
MOJIUATUOJOTUYECKUM UHGMEKITMOHHBIM 3a00JieBa-
HUSIM OaKTepuaabHON WU BUPYCHOM Mpupoasl [5].
Mexay TeM BOIIpOC 3TUOJOTMUYECKOU paciindpoB-
ku BIT B mpakTuke octaeTcsd MpoOJEeMHBIM, IMO-
CKOJIBKY H€ BCE€ MallMEeHTHI C TOJO3PEHHUEM Ha 3TO
3a00JieBaHUe J1abopaTOpPHO OOCIEAYIOTCSI, a METO-
bl J1TabOpaTOPHON MUATHOCTUKU, TMPUMEHSEMbIe
B pa3HbIX MeNUIIMHCKUX opraHusanusax (MO),
HE UJIEHTUYHBI U HE OPUEHTUPOBAHbI HA OOHApPYXKe-
HUE MaKCUMaJIbHOTO KOJMYEeCTBa BUIOB BO30OYIU-
teneil BII. TpynHOCTHU 3TUOIOTMYECKON AUATHOC-
tuku BII, Kkpome TOro, onpenenasitoTcss OTCYyTCTBU-
€M YHUBepCcaJbHOTO MHGOPMATUBHOIO cyOcTpaTa
IS vucciaegoBaHus. JuarHoctuyeckasi L€HHOCTh
MUKPOOUOJIOTNYECKOTO UCCIAECIOBAHUS MOKPO-
ThI «CIEPKMBAETCSI» TEM, UTO HEPENKO Yy OOTbHBIX
MHEBMOHMUEN KallleJlb UMEEeT HEMPOMAYKTUBHBIN Xa-
pakTep. Kpome Toro, mpu eCTeCTBEHHOM OTKAIILTU-
BaHUU MOKPOTA MOXET ObITh KOHTAMUHUPOBaHAa
MUKPOMDIOpON TJIIOTKU, 3¢Ba U POTOBOI ITOJIOCTU.
IMostomy s aTuosornyeckon pacuudposku BIT
JIOTTYCKAeTCsd UCCIEeIOBAHUE Ma3KOB U3 POTOIJIOT-
KU 1 HOCOTJIOTKH [2, 5].

CseneHus 06 atuosioruu BIT mpoTuBOpedynBHI.
OueHb yacTto 3tHoNOruio BIl olleHMBAIOT JUIIB
MO JAaHHBIM OAaKTEPUOJOTUYECKUX UCCIECAOBAHUN

U HEePEeIKO MPUXOASAT K BbIBOAY O HU3KON 4acTo-
T€ BbIJACJIECHMUS OCHOBHOIO BO30OynuTenss — Strep-
tococcus pneumoniae. B To e BpeMsi O4eHb MaJlo
HaOa0AeHUI MapaiielbHOTro o0ciefoBaHUSI 00JIb-
HbIx BIT ogHOBpeMeHHO AByMSI MeTogaMu — Oak-
TEPUOJOTUUESCKHUM U MOJIEKYJISIPHO-TEHETUYECKHUM.
OTCyTCTBYIOT HabOawoaeHus 3a sTuojorueir BII
B MHOTOJICTHEW AuMHaMMKe. MexXay TeM B IIO-
caenHue 10 et B >Xu3HU oOluecTBa Poccuiickoii
Denepaliiy IPOU3OIIIM COLIMAIbHbIC U3BMEHEHU S,
KOTOpbIE MOIJIM OKa3aTh CYILIECTBEHHOE BIUSIHUE
Ha sTtuoaoruio BII. Tak, ¢ 2014 r. B Poccuu BBeneHbI
JIeKpPEeTUPOBaHHbBIE TPUBUBKY IETCKOTO HaCEJICHU ST
NPOTUB MHEBMOKOKKOBOI uMHMekuuu, a B 2020—
2022 rr. oTMeuYeHa 3MuaeMu sl HOBO KOpOHaBUPYC-
HOW UH(EKLIUU.

Llenb vccienoBaHu s — U3YYUTh STUOJIOTUIO BHE-
0GOJIbHUYHOM ITHEBMOHMHU Y IETEI 1 B3POCJIBIX 110 pe-
3yJIbTaTaM OaKTEPUOJOIrMYECKUX U MOJICKYJISIpHO-
reHeTuuyeckux uccaenoBanuii B 2015—2022 rr.

Matepuanbsl 1 MeToapl

Otnonornto BIl omeHmWBamu mo pes3yibTaTam
0aKTEepUOJIOTUICCKUX M MOJICKYJIIPHO-TCHETH -
YECKMX MCCJIENOBAHUIN CMBIBOB C 3aJHEN CTEH-
ku 1tioTku 981 manmenTa (418 mereit m 483 B3poc-
JIBIX), TOCHHUTAJIU3UPOBAHHOTO C IIEPBUIHBIM
IarHo3oM «BHeOompHMYHAS ITHEBMOHUS» (KOIBI
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no MKb-10: J13-J18) B 2015—2022 rr. B 1Be KpyIl-
Hble MO 1. Ilepmu. CpenHuii Bo3pacT AeTei ObLI
3,5%0,2 roaa, B3pociabix — 65,0+2,3 roma cooTBeT-
cTBeHHO. O0s3aTeIbHBIM YCJIOBUEM IIPU MpoOBeae-
HUU pabOThI OBIJIO HAJIUYKE TTOATTMCAHHOI0 100pO-
BOJIBHOIO WHMOPMUPOBAHHOIO COIJIacUs y4dacT-
HUKOB, a JJIs U1, He JOCTUTIIUX 18 JIeT, — OTHOTO
u3 poauteneii. OT6op Mpod NPOBOAUIU B MEPBLIE
2 THS rOCOUTAJU3allM1 B COOTBETCTBUU C METOAU-
YEeCKUMMU YKazaHusmu [7].

bakTepuosornyeckoe ucciea0BaHUEe Ma3KOB
M3 HOCOIVIOTKM Ha HaJMYUE YCIOBHO-MATOT€HHBIX
OakTepuii OCYLIECTBISJU B JlabopaTopUsX IBYX
MO, gBasiBliuxcst 60azaMu AJis TOCOUTAJIU3ALUU
nanueHToB c BIT. MonekynasipHO-TeHETUYECK e UC-
cinenoBaHus Ha Hanuuue JHK/PHK psaa Bupycos
U TPYIHO KYJbTUBUPYEMbBIX OaKTEepUIl TPOBOAUIN
B jaboparopuu lleHTpa rMTUEeHBl U SNUIAEMHUOJIO-
ruu B [lepmckom kpae metonoM ITLP B pexxume pe-
aJIbHOT'O BPEMEHU C UCII0JIb30BaHMEM HaOOPOB pe-

areHToB npousBoacTBa OO0 «MHTepJ/labCepBuc»,
no3Bojsoiux BbiIBUTh: JHK S. pneumoniae;
HOHK H. influenzae; AHK N. meningitidis; JHK
Chlamydophila pneumoniae; 1HK M. pneumoniae;
HAHK Chlamydophila psittaci; AHK L. pneumophila;
PHK rpunma A; PHK rpunna B; PHK rpunna
HINI1 pdm2009; PHK naparpunna 1, 2, 3, 4, PHK
PC-Bupyca; PHK punoBupyca; JHK aneHoBupy-
ca. Mcnionb3oBanu amiuingukarop «CFX96» (Bio-
Rad, CIIIA).

B 2021—-2022 rr. Bce mauueHThl (142 pebGeHKa
u 190 B3pocCabIX) NIPU MOCTYIJIEHUU B CTAllMOHAD
ob1s1u oocsienoBaHbl HAa SARS-CoV-2 metogom ITLIP.

CraTucTUUYeCcKy1o 00paboTKy MaTepHraioB IMPo-
BOIMJIN C WCIOJb30BaHUEM ITporpaMm Statistica 6
u WinPepi, Bepcus 11.65 (aBTop — npodeccop Joe
Abramson, M3zpauap). CTaTUCTUUYECKYIO 3HAUYU-
MOCTb pa3jIMuMil moKa3aTeyeil onpeaeasiyiv yTeM
pacuyeta KpUTEPUST COTIACUS >, TIPU MaJIOM YHCJIe
HaOIAeHNIT — TouHOTO KpuTepus Puiiepa.

Ta6auua 1. YactoTa BbigeneHus Bo30yauTeneii BHeOONbHUYHO NHEBMOHUM Y OONbHbIX AEeTEW U B3POCIIbIX
no JaHHbIM OaKTepuosiornieckux uccneposanuin 3a 2015-2022 rr.

Table 1. Frequency of isolation of pathogens of community-acquired pneumonia in sick children and adults according

to bacteriological studies for 2015-2022

YacToTa BhiAENeHns MUKpoopraHu3mos Ha 100 o6cneoBaHHbIX
Frequency of isolation of microorganisms per 100 examined
MukpoopraHuambl
Microorganisms Detn Bapocnbie Bcero
Children Adults Total
n=418 n=479 n=_897
Streptococcus pneumoniae 31 154 57
(1,7-5,3) (12,3-19,0) (7,8-11,8)
. . 2,9 71 95,1
Klebsiella pneumoniae (1,5-4,9) (4,9-9,7) (3,8-6,7)
. 1,9 3.5 2,8
Pseudomonas aeruginosa (0,8-37) (2,1-5,6) (1,8-4,1)
7,2 39 4,1
Staphylococcus aureus (4,9-10,1) (2,4-61) (2,9-5,6)
L 0,2 1,7 1,0
Haemophillus influenzae (0,01-1,3) (0,7-3,2) (0,5-1,9)
L . 0,9 2,9 2,5
Escherichia coli (0,3-2,4) (1,6-4,8) (1,6-3,8)
. . 2,8 1,2 2,0
Candida albicans (1,5-4,9) (4,5-2,7) (1,2-4,1)
. 0,2 1,7 1,0
Enterococcus faecalis (0,01-1,3) (0,7-3,2) (0,5-1,9)
. 1,2 0,6
Streptococcus viridans 0 (07-3,2) (0,3-1,4)
. 0,6 0,3
Klebsiella oxytoca 0 (0,7-3,2) (0,1-0,9)
o 0,5 1,2 0,9
Staphylococcus epidermidis (0,01-1.3) (0.7-3.2) (0,4-17)
, 1,2 0,6
Staphylococcus haemolyticus 0 (0,7-3,2) (0,3-1,4)
. " 0,2 1,7 1,0
Acinetobacter baumannii (0,01-1,3) (0,7-3,2) (0,5-1,9)
cann S 1,2 0,6
Neisseria meningitidis 0 (0.7-3.2) (0,3-1,4)
) 1,2 2,5 1,9
Streptococcus oralis (0,4-2.7) (1,3-4,3) (1,1-3,0)
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Pesynbrathl

IMo naHHBIM GaKTEPUOJIOTUYECKUX MCCIEI0BA-
Huii B uejioM 3a 2015—2022 rr. y 60JbHbIX A€TEH BbI-
nenunu 89 mrammoB 10 BUIOB OakTepuil, y B3poc-
JbIX — 229 mrammoB 15 BuaoB (tadiu. 1). YV nereit
noMuHUpoBanu S. pneumoniae (3,1 na 100 obcneno-
BaHHEBIX), Klebsiella pneumoniae (2,9) u Staphylococ-
cus aureus (7,2). Hepenko Bctpeuanucwy Candida
albicansw Pseudomonas aeruginosa.yY B3pOCIIbIX Ipe-
BanupoBanu S. pneumoniae (15,4 1a 100 o6cneno-
BaHHBbIX) U K. pneumoniae (7,1). B cymme cpenu ne-
Tell 1 B3POCJBIX YaCTOTA BIACICHUS S. pneumoniae
coctaBua 9,7 Ha 100 oO6cnenoBaHHBIX NALIUEHTOB,
YTO 0Ka3aJIOCh CTATUCTUYECKY 3HAYMMO BBITIIE, YEM
Ipyrux Mukpoopranusmos (p < 0,05 Bo Bcex ciryya-
s1x). 107151 THEBMOKOKKA B CYMMe BCEX BBIJIEJIEHHBIX
Bo3Oynutesieir cocrtaBuyaa 28,2. MHTEHCUBHOCTH
BeimeeHUS K. pneumoniae, S. aureus, P. aeruginosa
cocrasuia 5,1, 4,1, 2,8 Ha 100 o6¢ciemoBaHHBIX CO-
OTBETCTBCHHO, IPYTUX BO30OyOUTENeid — JHUIIb
0,3—1,9. JoJsig yKa3aHHBIX TPEX BO30YyIUTEJIEe OKa-
3ayach paBHo# 14,9, 11,9, 8,1% coOOTBETCTBEHHO,
MPOYMX MUKpoopranuzmos — 0,9—5,5%.

ITo pesyabrraTtam I1LIP y neTeii BeiAe MU Map-
Kepbl 452 mTaMMOB 7 BUAOB MUKPOOPTAaHU3MOB,
y B3pociabix — 181 mramma 8 BumoB (tabu. 2). Y ge-
Teil TOMUHUpOBaIu Mapkephsl S. pneumoniae (77,3
Ha 100 oOcnemoBaHHBIX), Hemophilus influenzae
(10,5) u Mycoplasma pneumoniae (15,3). Y B3pocabIx
Beayllee MecTo 3aHuMmanu S. pneumoniae (23,4),
H. influenzae (5,0) u M. pneumoniae (6,7). B ueiom
y JeTeil M B3POCJbIX, TaK Xe KakK U 110 JaHHBIM
0aKTepUOJOrMYECKUX aHaJIM30B, BEAYIIYIO pPOJIb
urpan S. pneumoniae, 4aCTOTa KOTOPOI'O COCTaBM-
na 48,5 Ha 100 (1Mo OTHOILIEHM IO K MMoKa3aTeJlo Jya-
CTOTHI BblIeIEeHUS Apyrux Bos3oyauteneitr p < 0,05
BO Bcex ciiyyasix). Ero nojist B cTpyKType MapKe-
POB Bcex Bo30OyauTesei coctaBuia 68,7%. Yactora
BBIJIEJICHUST MapKepoB TaKWX MUKPOOPTaHU3MOB
Kak M. pneumoniae u H. influenzae coctaBuna 10,7
u 7,6 Ha 100 06cief0BaHHBIX COOTBETCTBEHHO, a UX
nonst — 15,2 m 10,7%. Mapxkepsl BupycoB (PHK Bu-
pyca rpunna HIN1 u PHK puHoBupyca) 66111 06-
Hapy>KEeHBI JIUIIb B eTMHUYHBIX CIyJasiX.

O1eHKa pe3ybTaToOB 0aKTePUOJOTMYECKUX UC-
cJIeIoOBaHWI B MHOTOJIETHE AMHAMUKE IToKa3aja
(ta6. 3), yto B 2021—2022 rr. o cpaBHeHU10 2015—

Ta6auua 2. YactoTta BblgeneHus Bo30yauteneil BHe60IbHUYHO MHEBMOHUU Y 60JIbHBIX AeTel U B3POC/IbIX
no AaHHbIM MONIEKYNAPHO-FreHeTU4eCKUX uccnepoBanuii 3a 2015-2022 rr.

Table 2. 2015-2022 Frequency of isolated pathogens for community-acquired pneumonia in sick children and adults

according to molecular genetic studies.

YacToTa BblgenieHus MapkepoB MUKpoopraHuamos Ha 100 o6¢cnenoBaHHbIX
Frequency of isolated microorganism markers per 100 examined
Mapkepbl MUKPOOPraHU3MOB
Microorganism markers Aetn Bapocnbie Bcero

Children Adults Total

n=418 n=479 n=3897
BHK Streptococcus pneumoniae 77,3 23,4 48,5
Streptococcus pneumoniae DNA (72,9-81,2) (19,7-27,4) (45,2-51,0)
LOHK Hemophilus influenzae 10,5 5,0 7,6
Hemophilus influenzae DNA (7,8-13,8) (3,2-7,3) (5,9-9,5)
LOHK Mycoplasma pneumoniae 15,3 6,7 10,7
Mycoplasma pneumoniae DNA (11,9-19,1) (4,6-9,3) (8,7-12,9)
PHK PC-Bupyca 2,2 0,2 1,1
RS virus RNA (0,9-4,1) (0,01-1,1) (8,5-12,9)
PHK Bupyca rpunna A 1,7 0,6 1,1
Influenza A virus RNA (0,7-3,4) (0,1-2,2) (8,5-12,9)
OHK apeHoBupyca 0,9 0 0,4
Adenovirus DNA (0,3-2,4) (0,1-1.1)
BHK Neisseria meningitidis 0,2 0 0,1
Neisseria meningitidis DNA (0,01-1,7) (0,1-0,6)
BHK Legionella pneumophila 0 0,2 0,1
Legionella pneumophila DNA (0,01-1,1) (0,1-0,6)
LHK Chlamydophila pneumoniae 0 0
Chlamydophila pneumoniae DNA
PHK Bupyc rpunna B 0 0 0
Influenza B virus RNA
LHK Chlamydophila psittaci 0 0 0
Chlamydophila psittaci DNA
PHK Bupyc rpunna H1N1 0 0 0,3
H1N1 influenza virus RNA (0,1-0,9)
PHK puHoBupyca 0 1,0 0,5
Rhinovirus RNA (0,3-2,4) (0,1-1,3)
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2017 rr. cpenu geTeil CTaTUCTUYECKU 3HAYUMO YBe-
JAuYunIach yacrora BeiaeaeHus S. aureus — c 0,9
1o 13,4 na 100 oocnenoBaHHbIX (p = 0,001). Cpenn
B3POCJIBIX YBEJIMIUIIOCH KOJIUIECTBO CIyYaeB BbI-
saBaeHus S. pneumoniae ¢ 2,5 no 20,0 (p = 0,001),
K. pneumoniae — c 1,9 no 13,1 (p = 0,001).

ITo maHHBIM MOJIEKYJISIPHO-TEHETUUYECKNX MC-
cleqoBaHUI cpeau AeTeid W B3pocabix B 2021—
2022 rr. o cpaBHeHuto ¢ 2015—2017 rr. cTtaTuCTU-
YEeCKM 3HAYMMBIX M3MEHEHW# B 3Tmosoruu BII
He nmpowusoluio (Tadj. 4). Bmecte ¢ Tem B 2018—
2019 rr. mo cpaBHeHM10 ¢ 2015—2017 TT. MO JAHHBIM
I[P cyumiectTBeHHO BO3pocjia 4YacToTa BbIAEJe-
nust AHK M. pneumoniae y neteit — c 14,9 no 42,5,
y B3pocabIX — ¢ 8,8 mo 16,5 (p = 0,05).

M3 uywncima obciaemoBaHHbIX Ha SARS-CoV-2
B 2021—-2022 rr. y 11 neteit m 106 B3poCabIX aHAIU3
ObLJI MOJIOXXUTENbHBIN. [Tpy TOM y MHGULIMPOBaH-
HBIX BUPYCOM OBIJIO BBISIBJIEHO 00JIe€ 4acTOe BbI-
JejieHUe psiga 6akTepuaJbHbIX Bo3oynutesneit BII,
HpruIeM NUMEHHO TeX, KOJIMYECTBO KOTOPBIX BO3pOC-
JIO B MHOTOJICTHEWl NMHaAMHMKe HabnroaeHui. Tak,
Mo pe3yJibTaTaM 0aKTepPUOJOIrMYeCKUX UCCIIeI0Ba-
HUIi MoKa3aTeJib YacTOThI BblaesieHUs K. pneumoniae
y neteir ¢ SARS-CoV-2 cocraBun 27,3 (6,0—61,0)

Ha 100 o6GcuemoBaHHbIX mnpotuB 3,0 (0,8—7,6)
y SARS-CoV-2-HeratuBHbix (tect @umepa = 0,01,
p <0,05). YacToTta BblAeACHUS S. aureus y B3pOCIbIX
B Tpymnre OOJbHBIX KOPOHABUPYCHON MH(DEKIIUEH
oka3zaJjach paBHbIM 11,3 (5,9—18,9) Ha 100 o6¢cneno-
BaHHBIX, Toraa Kaxk y SARS-CoV-2-HeraTuBHbIX —
2,4 (0,3—7,3) (tect ®umepa = 5,5, p < 0,05). [To naH-
HbIM [T Py nereii mokasaTeiab 4aCTOTHI BbIASJIEHU ST
H. influenza y naumenToB ¢ SARS-CoV-2 6611 45,5
(16,8—76,6) Ha 100 oGciiemOBaHHBIX, a Y OOJBHBIX
6e3 SARS-CoV-2 — auwmb 12,9 (7,7—19,9) (tect
®umrepa = 0,01, p < 0,05).

O6cyxaeHne

ITo pesymbraTaM MHOTOJICTHUX OaKTEPHUOIO-
TUYECKUX M MOJEKYJISIPHO-TEHETUIYCCKUX HCCIIE-
IOBaHWI ITOMHWHUPYIOIIMMHU BUIAMU BO30YyIM-
Teneit y 6ombHBIX BII okazanmcek: S. pneumoniae,
K. pneumoniae, M. pneumoniae n H. influenzae.
I[Ipn >TOM CTAaOMIBLHO JUAWPYIOMIAST 3TUOJIOTU-
yeckasi poib S. pneumoniae oTME4eHa HE TOJBKO
cpeau B3pPOCIBIX, HO M Cpeau neTeil, HeCMOTpPS
Ha IIpOBeIeHNE NeKPETUPOBAHHBIX ITPUBUBOK IIPO-
TUB MHEBMOKOKKOBOI mHpeknuu ¢ 2014 1. Jaxe

Ta6auua 3. YactoTa BbigeneHus Bo3oyauteneit BHe60IbHUYHOI MHEBMOHUW Y 60JIbHBIX AeTeil U B3pPOCbIX
no JaHHbIM 6akTepuonorndeckux uccneposaHuin B 2015-2022 rr.

Table 3. 2015-2022 Frequency of isolated pathogens for community-acquired pneumonia in sick children and adults

according to bacteriological studies

YacTtoTa BbiAeneHns MMkpooprainamos Ha 100 o6¢cne0BaHHbIX
Frequency of isolation of microorganismsper 100 examined
MukpoopraHu3msl 2015-2017rr. 2018-2019rr. 2021-2022rr.
Microorganisms Detn Bspocnble Detn Bspocnble Detn Bapocnble
Children Adults Children Adults Children Adults
n=201 n =204 n=75 n=285 n=142 n=190
. 3,5 2,5 1,3 271 3,5 20,0
Streptococcus pneumoniae | 4 47 (34-106) | (003-72) | (179-377) | (12-80) | (146-264)
. . 1,5 1,9 2,6 5,8 4,9 13,1
Klebsiella pneumoniae (0,3-4,3) (0,5-4,9) (0,3-9,2) (1,9-13,2) (2,0-9,8) (8,7-18,9)
Pseudomonas auruginosa 1.5 25 1,3 11 28 58
(0,3-4,3) (0,8-5,6) (0,3-7,2) (0,03-6,3) (0,8-7,1) (2,9-10,1)
0,9 2,5 12,0 13,4 7.4
Staphylococcus aureus (01-3,5) (0.8-5,6) (5,6-21,5) 0 (8,3-20,1) (4,1-12,1)
Candida albicans 0 0 0 0 2 g'_% 8) (1 23—16 7)
L . 0,9 1,3 0,71 6,8
Escherichia coli (01-3,5) 0 0,3-7,2) 0 002-38 | (B7-114)
o 0,5 1,1 2,6
Haemophilus influenzae (0,1-2.7) 0 0 (0,3-6,3) 0 (0,9-6,0)
Enterococcus faecalis 0 0 (0 ;_?; 2) 0 0 (1 g—28 1)
Staphylococcus epidermidis 0 0 (0 32_% 2) 0 0 (1 2:‘3—16 7)
. R 1,3 4,2
Acinetobacter baumannii 0 0 (0,3-7,2) 0 0 (1,8-8,1)
Neisseria meningitidis 0 0 0 © 31—’16 3) 0 (0 92i% 0)
Streptococcus oralis 0 0 2 g_i 8) 0 0 3 36_13 0,8)
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Ta6nuua 4. YactoTa BblgeneHms MapkepoB Bo36yanTenei BHe60AbHMYHOW MHEBMOHUM Y 60JIbHbIX AeTel
M B3POCJIbIX MO AaHHbIM MOJIEKYNAPHO-reHeTu4eckux uccnepoBavmi B 2015-2022 rr.
Table 4. 2015-2022 Frequency of isolated pathogen markers for community-acquired pneumonia in sick children
and adults according to molecular genetic studies.

YacToTa BbigeieHUs MapkepoB MMKPOOpraHuamoB Ha 100 06¢cnepoBaHHbIX
Mapkepsi Frequency of isolation of markers of microorganismsper 100 examined
MUKPOOPraHu3mMoB 2015-2017rr. 2018-2019rr. 2021-2022rr.
Microorganism markers Detn Bapocnble Detn Bspocnbie Detn Bapocnble
Children Adults Children Adults Children Adults

DOHK Streptococcus
pneumoniae 73,6 25,5 73,3 31,8 84,5 17,4
Streptococcus (66,9-79,6) (20,5-31,0) (61,7-82,8) (22,1-42,1) (77,5-90,0) (12,3-23,5)
pneumoniae DNA
Hemophilus influenzae DNA (3,1-10,2) (2,4-8,8) (6,6-23,1) (9,9-22,5) (4,1-12,0)
PHK PC-Bupyca 1,9 0,5 0 0 3,5 0
RS virus RNA (0,5-5,0) (0,1-2,7) (1,2-8,0)
PHK Bupyca rpunna A 0,5 0,9 4,0 1,2 1,4 0
Influenza A virus RNA (0,1-2,7) (0,1-3,5) (0,8-11,2) (0,3-6,3) (0,2-4,9)
OHK apeHoBupyca 2,8
Adenovirus DNA 0 0 0 0 (0,8-7,1) 0
g:'e'fl",:’;‘,’,‘,?ffsma 149 8,8 453 16,5 0 0
Mycoplasma pneumoniae DNA (10,3-20,6) (5,3-13,6) (33,8-57,2) (9,3-26,1)
DBHK Neisseria 05
meningitidis 0 1_’2 7) 0 0 0 0 0
Neisseria meningitidis DNA T
PHK puHoBupyca 2,6
Rhinovirus RNA 0 0 0 0 0 (0,9-6,6)

€CJIM yYeCTh, UYTO IPUMEHEHHNE ITHEBMOKOKKOBBIX
KOHBIOTMPOBAHHBIX BAaKIIMH COMPOBOXKIACTCS BbI-
TECHEHUEM BaKIIMHHBIX IITAMMOB S. pneumoniae
CepOoTUNaMU, HE BXOISIIMMU B COCTaB BaKIIUH |3,
10], Bompoc O MpUYMHAX OTCYTCTBUSI CHUXKECHUS
YacTOTHI BBIICJICHUSI MMTHEBMOKOKKA OT OOJBHBIX
BII, ocobGeHHo y neTeit, TpeOyeT 10MNOJHUTEIbHOTO
n3yyeHusa. Yto kKacaeTcsl CTaTUCTUYCCKU 3HAUYU-
MOTO yYBEJIMYEHUS 4acTOThl BhiaeseHus B 2019 rr.
M. pneumoniaey neteii, To poCcT 3a00JIEBAEMOCTH pe-
CIIMPATOPHBIM MUKOITJIa3MO30M B 3TOT II€PUOJ OT-
MedeH He ToJbKo B Poccuu [4, 6], HO 1 HA TEPPUTO-
PUU MHOTUX €BPOITEMCKUX TOCYIapCTB, HAalIpuMep,
Janun, HIsenuu, Hopseruu, Aurnuum, l'epmanuu,
DOunnauanun, Hunepnangos, @panunu [1]. B mmo-
CIeAHWE TOIbl YacTOTa BBIACJICHMS MUKOILIa3M
y IeTeit 3HaYMTeJIbHO CHU3MJIACh.

Ilo paHHBIM Ja0OpaTOPHBIX HUCCAEIOBaAHUM
B 2021-2022 rr. mo cpaBHeHuio ¢ 2015—2017 rr.
y O6oabHbix BIl oTMeueHO yBeJIMUEHUE YaCTOThbI
BBIZIEJICHU S Psiga YCIOBHO-TIATOTEHHBIX OaKTepUid
(K. pneumoniae, H. influenzae, S. aureus) 3a cUeT
SARS-CoV-2-1103uTUBHBIX HallMeHTOB. M3BeCTHO,
YTO pecnupaTopHble BUPYCHI, BKJIiouyass SARS-
CoV-2, BBI3BIBAIOT HapylieHUsS (GYHKIIMOHU-
poOBaHMSI HWMMYHHOW CHUCTEMBI, 4YTO CHHKaeT
BOCIIPUMMYUBOCTh K OakKTepHadbHONW WHDEK-

ouu [8, 9]. CnemgoBaTe1bHO, €CTh OCHOBAaHUE CUM-
TaTh, 9T0 COVID-19 MOXeT crtoco6CcTBOBATh MPHU-
coenquHeHuto BIT 6akTepuaibHON 3TUOJIOTUU.

3aknyeHme

S. pneumoniae, HECMOTpPsI Ha MPOBEICHUE Oc-
KPETUPOBAHHBIX TPUBUBOK IPOTUB IMHEBMOKOK-
KOBOU MHMEKIINU, OCTAeTCs BEAYIIIMM BO30OYANTE-
JieM BHEOOJIbHUYHOM ITHEBMOHUHY KaK y IeTel, Tak
1 B3pocyibix. Ha m3ydaemoli TeppUTOpUM Cpeau
neteit u B3pocabix 3a 2015—2022 rr. B cpenHeM 4a-
CTOTa BBIJICJICHUSI TTHEBMOKOKKA I10 JaHHBIM Oak-
TEPUOJIOTUYECKUX HCCIIeNOBaHU cocTtaBuyia 9,7
Ha 100 obcrenoBaHHBIX, MO TaHHBIM MOJEKYISIp-
HO-TeHEeTHUYEeCKUX uccaemoBanuii — 48,5 na 100
obcnepoBaHHbIX. B 2021—-2022 rr. Ha ¢oHe anuae-
MUU HOBOW KOPOHaBUPYCHON MHMEKIUU Yy 00Jb-
HBIX BHEOOJbHUYHOI ITHEBMOHME OTMEUYEHO CTa-
TUCTUYECKU 3HAYMMOE YBEJMUYEHUE YaCTOTHI BbI-
nenenus S. aureus, K. pneumoniae, H. influenzae.

KoHPpNnKT nHTEpEecos

ABTODHI TIONTBEPXIAIOT OTCYTCTBUE KOH(MINK-
Ta (DMHAHCOBBIX/HE(UHAHCOBBIX MHTEPECOB, CBSI-
3aHHBIX C HAITMCAHUEM CTaThU.
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ConyTCTBYIOLWUE 3ABOJIEBAHUA
NPU COVID-19 U KT-CEMUOTUKA
CTALUOHAPHbIX BOJIbHbIX

A.B. Turosa, Y.K. I'mBoiino, T.I1. /Ienncosa

KpaTtkue coobLieHuns

NHdekumns n uMmyHnTeT
2023, T. 13, Ne 5, c. 979-984

DI'EOY BO Cmonenckuii eocyoapcmeennoiii meduyunckui ynueepcumem Munucmepcemea 30pasooxpanenus Poccutickoii
Dedepayuu, e. Cmonenck, Poccus

Pesiome. Bsedenue. B Poccuiickoit @enepaniny peructpanust oTaeabHbIX ciydyaeB COVID-19 Hayanack B KOHIIE STH-
Baps 2020 r. 3HaYMTENbHBIN POCT MPOU3OIILIE] BO BTOPOIi MoNoBUHE MapTa. B naHHbIi MoMeHT cutyauus ¢ COVID-19
HectadbunbHa. Ha MmomenT 2023 1. tuaepamu o KopoHaBUpycHoit nHdekuuu sasasiiorcs: CIIA (104 958 987 yenoBek),
Wnnus (44 684 775 uyenosek) u @pannus (39 582 057 yenosek). Poccust o oO1ieii 3a001eBaeMOCTH 3aHUMAET JIECATOE
MecTo (22 137 084 genoBek, 395 727 ciydaeB 00JIe3HU ¢ JIETAIbHBIM HCXoaoM). MHMeKIMs 001agaeT criocoOHOCTHIO
«HacJauBaThCs» HA yKe CYLIECTBYIOLIYIO IATOJOIMIO, TEM CaMbIM YXY/ILIasi COCTOSIHME MALUeHTa BILIOTh [0 JIETallb-
HOro ucxoga. MynbrucnupaibHas KommnbiotepHas Tomorpadus (MCKT) erkux peKoMeHIyeTcsl BceM MalieHTaM
¢ COVID-19. ITpu orcytctBum Bo3MoxHocTu nposeneHuss MCKT npoBoauTcs 0030pHas peHTreHorpadus opraHoB
rpynHoit kyetku. Llenb nccnenoBanust — BhISIBJICHME HauboJIee YaCcTO BCTPEUAIOUINXCS KOMOPOUIHBIX 3a00I1eBaHU I
Y U3MEHEHW I TP paauoJornyeckoM uccaenosanuu y naureHTos ¢ COVID-19. Mamepuanw: u memoos:. UccnenoBanue
MPOBOAMJIOCH Ha ba3e nHbekImonHoro otaeiaeHust Ne 1 OI'bY 3 «Knunuueckast 6onpaua Ne 1» 1. CmoneHcka. B oc-
HOBY pabOThI TOJIOKEHBI PE3YIbTaThl U3yUYeHHUs 69 KapT CcTallMOHAPHOTO OOJBHOIO ¢ OCHOBHBIM JUArHO30M «KOPO-
HaBUpyCHass MH(QEKLMA». YUTeHbl NaHHbIE aHaMHe3a M IONMOJHMTEIbHBIX WHCTPYMEHTAJbHBIX HCCIIENOBaHUI.
Pezyasmamei. B uccienoBaHue ObIIM BKIIOUEHBI 69 ManimeHToB B Bo3pacte oT 18 1o 91 rona. JIpixarenbHas HeI0CTaTOu-
HOCTb He HabJonanack B 75,81% ciyyaes. Belya BbIsiBIeHa rpy1iia maueHToB (66,67%) ¢ KOMOPOWIHBIMU ITATOJIOTH SI-
MU OpraHoB 1 cucteM. Hanboee pacripocTpaHeHHBIMY COMYTCTBYIOIIMMU 3a00J1€BAHUSIMU SIBJISLIMCH: apTepraibHast
rurnepreHsus (95,65%), nmemnueckas 6one3Hb cepaia (78,26%), caxapuslit nuadert (30,43%), oxupenue 1—2 crenenu
(17,39%), xponnueckuii renatut (17,39%). 3aboneBaHus KeayI0UHO-KHUIIEYHOrO TPAKTa U PECIIUPATOPHOI CUCTEMBI
BcTpevannch pexe. CTpyKTypa perucTprupyeMblX OCIOXHEHU I TaHHOTO 3a00J1eBaHUsI CIEAYIOIAs: ABYCTOPOHHSIS I10-
JIACETMEHTapHAas THEBMOHUS — 72,46%; OMHOCTOPOHHSISI MOJIMCEerMeHTapHast THeBMOHUS — 2,8%; mieBput — 4,35%;
OJHOCTOPOHHUI ruapotopakc — 1,45%. Bo BpeMsi rocnuTanmM3aliiy KaxJ0My M3 MAllMEHTOB CTAallMOHApa TPOBO-
JIUJIOCh paauojiornyeckoe uccienoBanne. Ha peHTreHorpadumyeckoe obcienqoBaHue MPUXOAMIACh MEHbIAS 4acTh
uccnenoBanuii — 39,13%, na MCKT opraHoB rpynHoii kjaetku — 66mbmast (60,87%). [Ipu MCKT opraHoB rpymaHoi
KJIETKY BHAYaJIe CTAl[MOHAPHOTO JICUEH WS B TIOAABIISIONIEM OOIbIIMHCTBE BU3yanusnponaiach crangus KT-2 (64,29%),
B MeHbIleM rporeHTe ciydaeB — KT-1 (26,19%), pexe Bcero Bctpevanuch KT-3 (7,14%) u KT-4 (2,38%). Ilepen BbI-
IKMCKOI GOJbHOIO U3 CTallMOHAPa MPOLIEHT IMOPaKeHMSsI JIETOYHOM TKaHU IO Pe3yJbTaTaM paauoIornyecKoro uccie-
JIOBaHMSI CHU3MJICS B cpeaHeM Ha 12,16% y nanmeHTOB ¢ nepBoHavaibHoii cragueit KT-1, Ha 14% — y 6oabHbix ¢ KT-2,
Ha 12% — ¢ KT-3, Ha 26% — ¢ KT-4. Buiéoowi. Cpeny aliueHTOB Ipeo0J1aaaio CpelHeTsIKeI0e TeueHre 3a001eBaH1s
0e3 IbIXaTeJbHOM HeToCTaTOUHOCTU. Hamnuue comyTcTBy0LIMX 3a00J1eBaHMIA OTMEYAETCSl B OCHOBHOM Y JIMII CTapiiie
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A.B. Tutosa, Y.K. lmBowiHo, T.M. [leHncosa MHdekumns n uMmyHuTeT

50 net. Haubosee pacnpocTpaHEHHBIM KJIMHUYECKUM OCJOKHEHUEM KOPOHABUPYCHOM MHGMEKIIUY SBSIACh ABYCTO-
POHHSIs THeBMOHMSI. [lociie rocnuTaan3aiuy namreHTa Habao1aa0Ch MOCTENeHHOE YIydIlleHUe KJIMHUYECKOI Kap-
THHBI, KOTOPOE MOATBEPXKAAT0CH Pe3yTbTaTaMU PAAMOJOTMUECKUX UCCIETOBaHMA.

Karoueesvie caosa: COVID-19, noruceemenmapras nHeeMoHus, ObiXamenbHas HedoCcmamouHoCnb, KOMOPOUOHble COCIMOSHUSL,
KT-0uaenocmuka, ocaroxcHenue 3a001e6aHuUA.

INPATIENT COVID-19-RELATED COMORBIDITIES AND CT-SEMIOTICS
Titova A.V., Givoyno U.K., Denisova T.P.

Smolensk State Medical University, Smolensk Russian Federation

Abstract. Introduction. In the Russian Federation, registration of individual COVID-19 cases started at the end of January
2020 that markedly increased in the second half of March. At the moment, the situation with COVID-19 is unstable. As
of 2023, COVID-19 incidence in descending order is as follows: USA (104 958 987 people), India (44 684 775 people) and
France (39 582 057 people). Russia ranked 10th regarding total COVID-19 incidence (22 137 084 people, including 395 727
fatalities). The infection is able to “overlap” with the underlying pathology, thereby worsening patient’s condition up to death.
Lung multislice computed tomography (MSCT) is recommended for all patients with COVID-19. If unavailable, a chest
X-ray is performed. The aim of the study was to identify the most frequent comorbid diseases and changes on radiological
scan in patients with COVID-19. Materials and methods. The study was carried out at the Infectious Disease Department
No. 1, Regional Public Health Institution “Clinical Hospital No. 17 Smolensk. For this, there were analyzed 69 hospital
patient records with basic diagnosis — coronavirus infection. The data of anamnesis and additional instrumental investi-
gations were taken into account. Results. 69 patients aged between 18 and 91 years were included in the study. Respiratory
failure was not observed in 75.81% of cases. A group of patients (66.67%) with comorbidities of organs and systems was identi-
fied, among which most common were: arterial hypertension (95.65%), coronary heart disease (78.26%), diabetes mellitus
(30.43%), grade 1-2 obesity (17.39%), chronic hepatitis (17.39%). Diseases of the gastrointestinal tract and respiratory system
were less prevalent. The rate of reported complications is as follows: bilateral polysegmental pneumonia — 72.46%; unilateral
polysegmental pneumonia — 2.8%; pleurisy — 4.35%; unilateral hydrothorax — 1.45%. Each of the inpatients underwent
radiological examination during hospitalisation. X-ray examination accounted for a smaller proportion (39.13%) and multi-
spiral chest computed tomography (MSCT) — for a bigger percentage (60.87%). Chest MSCT at the beginning of inpatient
treatment visualized CT-2 stage (64.29%) in the vast majority, less — CT-1 (26.19%), least frequently — CT-3 (7.14%) and
CT-4 (2.38%). Before patient discharge, an average of 12.16% improvement in the radiological picture was found in patients
with initial CT-1 stage, 14% — in CT-2, 12% and 26% — in CT-3 and CT-4, respectively. Conclusion. The moderate disease
course without respiratory depression prevailed among the patients. Co-morbidities were found mainly in the anamnesis
of persons over 50 years old. The most frequent clinical complication of coronavirus infection was bilateral pneumonia. After
patient’s hospitalization, clinical and instrumental picture gradually improved, which was confirmed by radiological data.

Key words: COVID-19, polysegmental pneumonia, respiratory depression, comorbid conditions, CT-diagnosis, disease complication.

BBeneHue ctpanbl. Haubobliiee 4mciio cirydaeB ObLIO BbISIBIIC-
HO B TTpoBUHLIMK Xy03ii (GoJiee 84% oT 06111ero ynciia
OPBUM — camas pacmpocTpaHeHHasT MaTOJIO- ciayyaeB B Kutae). B koHue gepans 2020 r. sanue-

rus yenmoBeka. ExxeromHo B Poccum permcrpupyert-
cst 6onee 30 muH caydaeB. Camast BRICOKAsI 4acToTa
3a00JIeBa€MOCTH HaOJIIOgaeTCsl B IIEPUOI C CEHTSI-
Opg o anpenb. CHMzkeHue 3a6omeBaemoctu OPBU
B 3—5 pa3 Bcerga oTMedaeTCs B JICTHHE MECSIIBI.
I[MpuHuMass BO BHUMaHHUE 3SINUIAECMUOJIOTMYECKUE
cooprTust 2019—2022 rr., mioboit cmyvait OPBU
clIemyeT paccMaTpWBATh KakK ITOHO3PUTCIBHBIN
Ha COVID-19 [1].

Hosast koponaBupycHas nundexius (COVID-19) —
OCTpOEe BHpPYCHOE 3a00jieBaHUE C ITPEUMYIICCTBEH-
HBIM TIOpa’kKeHWEM BEpPXHUX IBIXaTeJIbHBIX ITyTEH,
BbI3bIBaeMoe reHoMHbiM PHK-Bupycom m3 cemeii-
crBa Coronaviridae (Bupyc SARS-CoV-2). Pacmpo-
ctpaHenne SARS-CoV-2 nmpou3olnio Ha TEPPUTO-
pun Kuraiickoit HapomHoii Pecriyonuku B mepuof
¢ nexadps 2019 mo mapt 2020 T. BO BCeX ITPOBUHIIMSIX

muosorndeckas cutyauust mo COVID-19 B FOxHoik
Kopee, MpaHe u Mranus crana Takoi xe macuitad-
HOI, 4TO BIOCJEICTBUU IPUBEJIO K 3HAYUTCIBHOMY
YBEJIMUEHUIO YUCia CIydyaeB 3a00JeBaHUSI B MUDE,
CBSI3aHHOE C aKTUBHBIM MepeMEIIIeHUEM JTIOIEH MeX-
ny crpaHamu. BO3 o6bgaBui 11 mapta 2020 r. o Hayasie
nangemuun COVID-19 [1, 8].

OCHOBHBIM WCTOYHUKOM PECITMPATOPHBIX BU-
pycHbix nHpekuuit 1 COVID-19 gaBasiercst 60Jib-
HOI YeJI0BEeK, Take Ha paHHEeM 3Tarie 3a00JieBaHMSI.
Ilepenaua MHGEKMU OCYIIECTBISIETCS BO3AYII-
HO-KameJIbHBIM, BO3IYITHO-TIBIJICBBIM M KOHTAKT-
HBIM TTyTIMHU [1].

B Poccuiickoit @enepainii perucTpanust OT-
nenbHbIX caydaeB COVID-19 Hauanach B KOHIIE
sHBaps 2020 r. 3HaUUTEJbHBI POCT MPOU3OILIEIT
BO BTOPOI MOJOBUHE MapTa. BciaeactBue momm-
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HUPOBAHUS HOBOW KOPOHABUPYCHOU WHMEKIIUU
Hab101a10Cch CHUXeHUe 3ab0osieBaemoctu OPBU.
IlpuHuMasi BO BHUMaHUE TaKue SMUAEMUOTIOIU-
yeckue 0COOEHHOCTH, 1000 caydail aTUNUYHOMN
MHEBMOHMM, HE3aBUCUMO OT 3MUIEMUOJOrUYEeC-
KOro aHaMHe3a, pacueHMBaJICs KaK MOA03PUTEb-
Hbili Ha COVID-19 [1].

Ha momenT 2023 1. TuaepaMu Mo KOpOHaBUPYC-
"ot uHbexkuuu aeasorcs: CIITA (104 958 987 ue-
JioBeK), Munus (44 684 775 yenoBek) u @paHiius
(39 582 057 yenoBek). Poccus nmo ob1eit 3ab6osieBa-
eMOCTHU 3aHuMaeT aecsitoe MmecTo (22 137 084 yeno-
BeK, 395 727 cay4daeB c JeTaJbHBIM UCX0a0M) [14].

Ha cerognsimHuii nenp cutyauus ¢ COVID-19
HecTabuJbHa, B TOJUKJIMHUYECKON MPaKTUKE YBeE-
JIMYUBAETCS KOJMYECTBO CIyYyaeB, MOATBEPXKICH-
HOTO WH(PUIMPOBAHUS HOBOM KOPOHABUPYCHOI
nHpexuueit. Cucrema 31paBOOXpaHEHNsT HE Obla
roToBa K TakKoMy Kpusucy. Bce mmerommecs pe-
CYPCBI CPOYHO OBIIM TIEpeHaNpaBJIeHbI Ha JICUCHNE
caygaeB COVID-19; B pesynbraTe JIedeHUE XPOHU-
YeCKMUX 3a00JeBaHUUN M XUPYpPrudecKre BMEIIa-
TeJIbCTBA OTOIJIM Ha BTOPOIi mJaH [4].

BrisBiieHHbIe (DaKTOpbl pUCKa BKJIOYAIOT: HE-
MpaBMJIbHOE TUTAHWE W HapyIIEHNUE TBUTATCIILHOMU
aKTUBHOCTH, HEIOCTATOUHOE COOJTIOICHUE TIPaBUII
TUTUEHBI, HEBBICOKHW I YPOBEHB Ka4eCTBa MEANIINH-
cKoro oociayxuBaHusi. Takum obpa3om, HecoOTI0-
JIeHYE ITPaBUJI HOILIEHU ST CPEICTB UHAMBUIYaIbHOMN
3alllMThl, HEAOCTATOUHO BBICOKHME MMOKAa3aTeIu BaK-
LMHAIlMM, HEeCOOJIoACHUE COLMalbHONM IMCTaH-
MU, OCOOEHHO MOJOABIMU JIOAbMU, CITOCOOCTBO-
BaJIM PacpoOCTPaHCHUIO KOPOHABUPYCHOU MH(pEK-
LMY U BBICOKOMY YPOBHIO 3a00ieBaeMocTH [3].

Oco060ii TPYIIOil pucKa SIBIISICTCSI HaceJICHUE,
OrpaHWYECHHOE B BO3MOXHOCTU IIPUOOPETECHUS
MEONKAMEHTOB M CPEACTB WHIWBUAYaJIbHON 3a-
IIUTHI: WHBAJUABI, TTOXWJIBIC JIIOMW, MUTPAHTEHI,
o0e3paboTHbIE [4, 9].

Yro kacaercss camoro COVID-19, To HekoTO-
pbI€ JIIOY TEPEeHOCIT UH(pEKIMIO B JErKoit 1 6ec-
CcUMNOTOMHOW dopme, npyrue — Oosee cepbes-
HO, C Yrposoi mis Xu3Hu. JleTu OoJieloT pexke
n Jerye. UMMyHHast peaknusl y JOACH OTIn4a-
eTCsl yXe BIIepBble MUHYThI/J4achl 3a00JIeBaHUSI.
DTO 3aBUCUT OT MHOrux ¢paktopoB. MHpekuus
SARS-CoV-2 paspymiaeT 3HIOTEJUN COCYIOB,
aJIbBEOJIOIUTHI 1-TO M 2-TO MoOpsiaKa U 3aIrmycKaeT
WUMMYHHBIII OTBET ¢ yyacThueM MakKpodaroB 1 Mo-
HOILIMTOB, KOTOpBIE pEarupyroT Ha WHQEKIINIO,
BBICBOOOXKIAsT IIUTOKWHBI, MHULHUHUPYS TICPBUY-
HBbIA aJaNTUBHBIA UMMYHHBI OTBET C YYaCTUEM
T- u B-numdorutoB. OgHAKO Y HEKOTOPHIX TTaIlN-
€HTOB HaOmomaeTcsa AUCOYHKIIMOHAIBHBIN NM-
MYHHBI OTBET, KOTOPBI MOXET BBI3BATh TSIKEITYIO
JIETOYHYIO UJIM CUCTEMHYIO MaTojoruio [5].

COVID-19 ob6namaetr cnocoOOHOCTBIO «HacCJau-
BaTbCS» HA YK€ CYIIECTBYIOIIYIO0 XPOHUUYECKYIO CO-
MaTUUIECKYIO U MH(PEKIITNOHHYIO TaTOJIOTHIO, TEM Ca-

MBIM YXYIIIasi COCTOSTHYE MalleHTa U YBEJITMIBast
PUCK CEpbe3HbIX OCJIOXKHEHU M, BIJIOTh 10 Pa3BUTUS
JIeTaJIbHOTrO ucxoma. B HEKOTOpBIX ciyyasix HOBas
KOpOHaBUpPYyCHasI MH(MEKIIMS CTAaHOBUTCS ITYCKOBBIM
MEXaHU3MOM [IJISI Pa3BUTHUS XPOHUUECKMX 3a00JIeBa-
HWI1, TOBBIIIIAET YYBCTBUTEIILHOCTh OPraHn3Ma K 3a-
paskeHUIO pa3IudHbIMU natoreHamu [10, 13].

MynbeTuUCIIpagbHass KOMIOBIOTEPHAsT TOMOIpa-
duss (MCKT) jlerkux peKOMEHIyeTcsl BCeM Iia-
nueHTtam ¢ COVID-19, y KOTOpbIX UMEETCs MOA0-
3peHue Ha MHeBMOHMIO. [Ipy OTCYyTCTBUU BO3MOXK-
Hoctu npoBeaeHuss MCKT npoBonutcst 0030pHasi
peHTreHorpadusi OpraHoB rpyaHON KJIeTKH [12].

AHaiu3 KOMIbIOTEPHO-TOMOIpacMuecKoil Kap-
TUHBI TAIMEHTOB C JErKUM/CPEIHUM TeYeHHEM
COVID-19 noka3zaj, 4To Ipy MOJOXMUTEIbHON T1-
HaMHKe MOXKET HaOII0aaThCsI MOJTHOE BOCCTAHOBIIC-
HHE BO3AYITHOCTH JITOYHON TKaHU. Y MallMeHTOB
C TSKEJIBIM TEeUYeHUEM 3a00JieBaHMSI IO Mepe €ro
MPOTPECCUPOBAHM ST BO3MOXHO Pa3BUTUE WHTEPCTU-
OHMaJIbHOM MMHEBMOHHHU, KOTOpash MOXET ITPUBECTH
K (ubdbpo3sy Jerkux. AHaaIu3 COCTOSTHUSI MAallUEHTOB
¢ COVID-19 noce BbIMUCKU U3 OOJTBHUIIBI YKa3bl-
BaeT Ha BBICOKYIO YaCTOTY pa3BUTU S Y HUX JIETOYHOM
nucYHKIMU BeaeacTBue pudpoasa [7, 11].

JIyueBbIe METOIBI HE SIBJISIFOTCSI OCHOBHBIMHY B TN -
arHOCTHMKE ATOro 3a00JieBaHU S, TIOCKOJIbKY KOpOHa-
BUpYycHast MHGMEKIINS HE UMEEeT MaTOrHOMOHUYHBIX
npu3HakoB. ENVMHCTBEHHBIM CIeIM(PUUYECKUM Me-
TogoM auarHoctuku spisietcs [T P. ITpu auarHo-
ctuke COVID-19 HeoOGXommmMo KOMIIJIEKCHO Olle-
HUTH SITUIEMHOJIOTMYECKUIT aHAMHE3, KJIMHUYEC-
KYyI0 KapTUHY, CTaauio 3aboyieBaHUSI, PE3yJIbTaThbl
JTy4eBbIX U JJAOOPATOPHbBIX aHAIU30B |7, §].

Jns cHuxXeHUus 3a00JeBaeMOCTHM M CMEPTHO-
CTH HacCeJIeHUSI OT BBIIICYHNOMSHYTBIX ITAaTOJOTUMA
TpeOyeTCsl BBICOKUIT YPOBEHDb KOJJIEKTUBHOIO MM~
MYHUTETa IIPOTUB OaKTepUaJIbHBIX U BUPYCHBIX
uHMeKnii (MHeBMOKOKKOBAasA MHGEKIIUS, TPUII,
COVID-19), xoTOporo MoOXHO AOCTUYbL C MOMO-
LIBIO BaKLMHaL MK [2, 6, 11].

Llenblo MTaHHOTO UCCIENOBAHUS OBIJIO BBISIBIIE-
HHEe HamOoJiee YacTO BCTPEUYAIOIIMXCS KOMOPOUI-
HBIX 3a00JIeBaHWUII U U3MEHEHU I TIPU ParOJIOTH-
YyecKOM uccaenoBaHum y namueHTos ¢ COVID-19.

Matepuanbl 1 MeTop!

HccnenoBanue ITpOBOANIIOCH Ha 0a3e MHPEKIIH-
oHHorooTtaenaeHus Ne 1 OI'bY 3 «KnuHuyeckasi 601b-
Huua Ne 1» r. CmoneHcka. B ocHoBy pabOThI MoJIoKe-
HBI pe3yJIbTaThl M3y4yeHusl 69 KapT CTallMOHAPHOIO
00JILHOTO C OCHOBHBIM JMarHo3om «KopoHaBupycHast
WHODEKIIsI». YITeHBI TaHHbBIC aHaMHe3a W JTOITOJTHH-
TEJIbHBIX MHCTPYMEHTAJIBHBIX HCCIIenoBaHUil. B pa-
0OTe WCMOJIb30BaHBI CTaHAAPTHBIE METONBI CTaTH-
ctukn. KonmuecTBeHHBIC BEIMUMHBI TTPEICTABICHBI
CpPeIHUMM 3HAYCHUSIMH CTaHIapPTHBIX OTKJIOHEHUH,
KaTeropruajabHble — aOCOJIOTHBIMU 3HAYCHUSIMU
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n TiporieHTaMu. CpaBHEHNE KOJTWYECTBEHHBIX MTPU-
3HAKOB OCYIIIECTBIISJIOCH C TIOMOIIBIO Helapame-
Tprudeckoro kpurepusi KommoropoBa—CMupHOBa
1 MaHHa—YWTHH, KaTeropuajabHbIX — TOYHOIO TE-
cta @umepa. CtatucTdyecKast 3HAaYMMOCTD OITpeie-
Jasiiack o ypoBHio p = 0,05.

PeaynbraThl

B uccienoBaHue ObLIM BKJIIOYEHBI 69 MTalIMEHTOB
B Bo3pacte oT 18 set no 91 roma. Cpegnuii Bo3pact
cocrtaBui 55,83 roga (56,11 roma mis KeHIIUH; 56,2
rona ajas Mmy>kunH). COOTHOILIEHUE XEHILUH U MY XK-
yuH coctaBuiao 1:0,8 (keHuuHbl — 55,07%, MyX-
yuHbl — 44,93%). 20,29% (n = 14) naLKEeHTOB MIPO-
XKUBAIOT B CeIbCKO MecTHOCTU (71,43% >KeHIUMH,
28,57% myxuuH), 79,71% (n = 55) — B ropoackux
paiioHax (50,9% xeH1uH, 49,1% My>XX4uH).

Bcem manmeHTaM OKasbiBajach MeAULIMHCKAs
IIOMOILIb COIIACHO YCTAHOBJIEHHOMY CTaHAapTy.
B jeyeHuM MCIIOJB30BAIUCh aHTUKOATYJISIHTHAS,
aHTUArperaHTHasi, TOPMOHaJbHasl, aHTUOAKTEPU-
ajgbHas U KUCaopoAaHast Tepanus. CTalmoHapHOe
JiedeHure OOJIbHBIX ITPOAOJIKAJIOCH OT 5 10 36 AHEIA.
IMocne rocnuTain3anuu y BeeX MallMEeHTOB ObLIO
OTMEUEHO KJIMHUYECKOE BbI3AOPOBJICHHUE.

AHOCMUS B MEPBbIi JeHb 3a00JieBaHUs 3aDUK-
CUpOBaHa TOJIBKO Y OJHOIrO IMalllueHTa, CUMIITOMbI
netokcukaumm — y 23,19%. Bce maumeHTsl OTME-
yajau cjJaboCTb U MOBbILIEHUE TEMIIEPATyPhl TEa.

MaxkcuMalibHasi TeMmreparypa Tejla KoJjiebajach
ot 36,7 mo 40°C, cpemHee 3HAYe€HWE COCTABHIIO
38°C. Kaluenb oTmeyaeTcss y TpeTU MNallEHTOB
y 00JbIIMHCTBA U3 HUX (94,74%) OH HOCUJI Xapak-
T€p MaJOIMPOAYKTUBHOIO YaCcTOTIO.

Haub6oinee pacrpocTpaHeHHO SIBJISIIACh
CpeIHsIsl CTEIeHb TSKEeCTU TedyeHMs] MHOEKIIUu
(75,36%), Taxenast ¢popma HaGaomagach y 23,19%.
IIpu 5TOM CHUKEHU ST YPOBHS HACHIIIEHUSI KNUCJIO-
pornoM HuXke 95% y MyXuuH 1 HuXe 89% y XeH-
IIUH He HaOJI01a10Ch, B OCHOBHOM 3TOT ITOKa3a-
TeJb cocTaBsn 97—99% B nBYX rpyIinax namueH-
TOB. Y OOJIBIIMHCTBA OOJBHBIX IMTPU3HAKOB JbIXa-
TeJibHOI HepocTaTouHocTu (JIH) He HaGomanock.
JH-1 66111a ot™MeueHa y 22,74% OOJNBHBIX, CIydaun
AH-2 u JIH-3 npakTuyecku OTCYyTCTBOBAJIU

ConyTcTByolIMe coMaTudyeckue 3abojieBa-
HUS MOTYT TIOBJIMSITh HA TeUeHUE MHMEKIIMOHHO-
ro Tpoliecca, B TOM YHUCJE YXYIIIUTh COCTOSTHUE
nanueHTa. bblja BbISIBJIEeHa TpyIllia MallMeHTOB
(66,67%) ¢ KOMOpPOUITHBIMM ITATOJIOTUSIMU pa3-
JIMIHBIX OPTaHOB U CUCTEM.

Cpenu naieHToB HanbosIee pacpoCcTpaHEeHHbI-
MU COITYTCTBYIOIIMMU 3a00JI€BAaHUSIMU OBLIU: ap-
TepuanbHas runepTeHsus (95,65%), uiemuyeckas
6one3Hb cepaua (78,26%), caxapubiii guadet (CII 1
tuna — 4,35%; CJ1 2 tuna — 26,08%), oxxupenue 1—2
crertenu (17,39%), xpounueckuii renatut (17,39%).
3aboJieBaHU S XKEJTYI0UYHO-KUILIEYHOrO TpakKTa U pe-
CITUPATOPHOI CUCTEMBI BCTPEYAJIUCH PEXKe.

Ta6auua 1. CTpykTypa KOMOPOMAHBIX COCTOSIHUIA MO MOy U BO3pacTy

Table 1. Structure of comorbid conditions by sex and age

My>X4UHbI XKeHLWwunHbI
Komop6upgHoe cocTosiHue Men Women
Comorbid condition Do 50 net, % Mocne 50 net, % o 50 net, % MNocne 50 neT, %
Up to 50 years After 50 years Up to 50 years After 50 years
of age, % of age, % of age, % of age, %
ApTepuaanan ru‘nepTeuauﬂ 8,69 3478 4,31 91,3
Arterial hypertension
Uwemunyeckas 69ne3ub cepaua 8,69 4783 B 78.26
Coronary heart disease
CaxapHbiii guabet
Diabetes mellitus - 4,35 - 30,43
OxupeHue
Obesity 13,04 4,35 - 17,39
renarut 4,35 8,69 - 17,39
Hepatitis
Sgﬁonesauwn Moqenoposou CUCTEMbI _ 8,69 _ 13.04
Diseases of the urogenital system
3§60neaauua GHAOKpI./IHHOVI CUCTEMbI B 4,35 B 4,35
Diseases of the endocrine system
3aboneBaHus Xenya04HO-KULLIEYHOrO
TpakTa - - 4,35 21,74
Diseases of the gastrointestinal tract
3aboneBaHusa pecnupaTopHoii
cUcTeMbl - 8,69 4,35 17,39
Diseases of the respiratory system
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VY MyX4MH HaOJIOAaJUCh CIEAYIOIINE COITYT-
CTBYIOIIIM€ COCTOSIHUSI: apTepuajibHasi THUIlep-
TeH3us (43,48%), nmemMuueckass O0OJIe3Hb cepilia
(56,52%), oxupenune 1—3 crenenu (21.73%).

Mo cpaBHeHUMIO C KEHIIMHAMH, Y MYXYUH
B aHaMHe3e ObLIM Takue 3abojieBaHMsI, KaK Moja-
rpa (13,04%), cTteaTo3 TeYeHU M BapUKO3HOE pac-
LIMPEHNE BEeH HUXXHUX KoOHeuHocTei (8,69%).

ITo HamuM DaHHBIM KaXXIbIW MallMeHT CcTapIie
50 7meT uMeeT XpoHUYECKUEe 3a0o0JieBaHUS, 4Yalle
BCETO HECKOJIBKO.

CTpyKTypa perucTpUpyeMBbIX OCJIOXHCHMIA
JTaHHOTO 3aboJIeBaHWs CJIenylomiasi: JTBYCTOPOH-
HsS TOJIMCErMeHTapHas NMHEeBMOHUS — 72,46%;
OIHOCTOPOHHSISI  TOJIMCerMEeHTapHasi  ITHeBMO-
Hug — 2,8%; nnesput — 4,35%; OmMHOCTOPOHHUIA
rugporopakc — 1,45%.

IIpu wuccrenoBaHUM KaXXIOMY M3 MallMEHTOB
cTalMoHapa ITPOBOIMJIOCH PAJIMOJIOTUUYECKOE HC-
caepoBaHue. Ilpu atom MCKT Oblyia BbITIOTHEHA
60,87% nanueHTOB, a PeHTreHorpapuyeckoe HcC-
ciaemoBaHue gerkux — 39,13%.

ITlo nanubiM MCKT opraHoB TIpyqHOI KJIETKU
(OT'K) BbIOeASIOT 5 CTeneHel U3BMEHEHU S JIerOYHOMN
tKaHu ipu COVID-19 [11]. Tak BHauajie cTaliMoHap-
HOTO JICUEHUST B TIONABJISIIONIEM OOJBIIMHCTBE CITy-
yaeB BuM3yanusupoBaiach cragus KT-2 — 64,29%,
B MeHblIIeM nporeHTe ciydaeB KT-1 — 26,19%, pexe
Bcero Berpevanuch KT-3 — 7,14% u KT-4 — 2,38%.
B omoimunm 0T 3TOro nNpu KOHTPOJIBHOM ITPOBEICHU
MCKT OI'K nepen BbIMUCKOU MalideHTa HabJrona-
JIOCh clienylollee pacrpeiesieHrue CTeleHeil n3MeHe-
Hus neroyHoit tkanu: KT-0 — 7,14%, KT-1 — 64,29%,
KT-2 —26,19%, KT-3 — 2,38%.

IMpoleHT TTopaskeHM s JISTOUHOW TKaHU IO pe-
3yJIbTaTaM pagruoI0rMYeCKOTO UCCIeTOBaH ST CHU-
3UJIcsd B cpeaHeM Ha 12,16% y maliMeHTOB C IEPBO-
HavyanbHOU ctagueit KT-1, Ha 14% — y GOJAbHBIX
¢ KT-2, ma 12% — c¢ KT-3, Ha 26% — c KT-4.
CraTUCTUYECKU TOCTOBEpPHA B3aMMOCBSI3b MOKa-
3arejieil o0beMa MopakKeHu s JIETOYHON TKaHU TIpU
pPaavoIOTUYECKOM  HCCJIeIOBAaHUM  ITallMEHTOB
B HavaJie TOCTIMTAJIM3alIU1 U TIPU BBITTMCKE U3 CTa-
nuoHapa, p < 0,05.

B xone neprognyeckoro TeCTUPOBAHU ST KasKI0TO
namueHTa ObIJI0 YCTAaHOBJIEHO, YTO B TEYEHUE BCETO
nepuoja jedyeHus oTpuuaTeabHblil pe3yabrat [T P-
Tecta ObUI ompedeiaeH y 23 mauueHtoB (33,33%).

Cnucok nutepatypbl/References

Tabnuua 2. CTpyKTypa 0CNOXHEHUI NO NOJIOBOMY
NpuU3HaKy

Table 2. Structure of complications by gender

OcnoxHeHus

Complications
[ABYCTOPOHHSS
nonucermeHTapHas
NHEBMOHUS
Bilateral
polysegmental
pneumonia
OnHOCTOPOHHSS
nonucermeHTapHas
NHEBMOHMS
Unilateral
polysegmental
pneumonia
Mnesput
Plevritis
OnHOCTOPOHHMIA
ruapoTopakc
Unilateral
hydrothorax
OTcytcTBYET
Not available

My>xuuHbl, %
Men, %

XeHwwuHbl, %
Women, %

80,65 65,79

3,22 2,63

6,44 2,63

- 2,63

12,9 28,95

B Hauvane rocnumTanuzaliii OTPUIATEABHBIN pe-
synprar [T P-guarnoctuku Obln monydyeH B 8,7%
clIy4yaeB, ITIpW TOCIEOYIONMIMX TecTaX pe3yabraT
OBLJI TIOJIOXHWTEIBHBIM. BOJBITMHCTBO IMAIIEHTOB
(57,97%) ObLIO TOCIIUTAIU3UPOBAHO C ITOATBEPXK-
JNIEHHOI KOPOHABUPYCHOU MH(PEKIINE.

BbiBOAbI

Cpenu mainueHTOB MHpeobsianano CpeaHeTsIKe-
noe TeyeHue 3a6oseBaHus ¢ JIH-0. HauGonee pac-
MPOCTPAHEHHBIM KJIMHUYECKUM OCJIOKHEHHUEM
KOPOHaBUPYCHOI MHMEKIINHU SIBJISIETCS TBYCTOPOH-
HSIST THEBMOHM .

ConyTcTByIOllIMe 3a0ojieBaHUS BCTpeYaucCh
B OCHOBHOM B aHaMHe3e y jull ctapiie 50 JeT.
IMaTonorust cepaedyHO-COCYIUCTON CUCTEMBbI Oblia
HauboJiee pacIpoOCTPpaHEHHO KOMOPOMIHOM ITa-
TOJIOTHEI BO BCEX U3YUYCHHBIX TpyIIIax.

IMocne rocnuTanmM3anuy IallMeHTa HaOJIIoaa-
eTcsl ITOCTeNeHHOoe YIYYIlIeH e KJIMHUYECKO Kap-
TUHBI, KOTOPOE MOATBEPKAAJIOCh pe3yJIbTaTaMM
PaaroOIOrMYeCKUX UCCIICTOBAHUMA.
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KJIMHWYECKUIA CJTYHAN
NMOCTTPABMATUYECKOIO OCTEOMMUEJIUTA,
BbI3BBAHHOIO ACCOLMALUMEN KYTOCOCCUS
SCHROETERI VN ENTEROCOCCUS FAECALIS

C.J. Bopucos!, 1.®. Kapumos!, A.O. ITnoraukos'?, K.C. MnuarosaZ, A.C. I1anbKoB',
J.I1. Janpmun’

'@rBOY BO Openbypeckuii 2ocydapcmeeniniii meouyunckuil ynueepcumem Munszopaea Poccuu, e. Openbype, Poccus

2 Huemumym KAemouHo20 U 6HYMPUKAeMOYH020 cumbuo3a Ypaavckoeo omoesenus Poccuiickoli akademuu Hayk — 060cobaenHoe
cmpykmypHoe noodpasoenerue OPIbYH Openbypeckuii pedepanvhuiii uccaedosamenvckuil yenmp YpO PAH, e. Openbype, Poccus

3 TAY3 Openbypeckuii 062acmHoOl KAUHUMECK UL CREYUAAUSUPOBAHHBLIL UeHMP MPasMamono2uu u opmoneduu, 2. Openoype, Poccus

Pe3iome. Bsedenue. OCTeOMUETUTHI B OOJBIIMHCTBE CYYaeB SBISIIOTCSI MOHOMUKPOOHBIMU U BBI3BIBAIOTCST pa3iny-
HBIMU T'PAMIIOJIOKUTEIBHBIMU OaKTEPUSMHU, OHAKO TIPEAIIECTBYIOIIAST TpaBMa MOXKET CIIOCOOCTBOBATH (POPMUpPOBa-
HMI0 MUKPOOHOI1 accormaninu. Hanuuue nByX 1 60siee MaTOreHoB B UH(PEKITMOHHOM 04are MOXeT CUJIbHO YCIOXHSITh
KJMHUYECKYIO KapTUHY TedeHus 3aboneBaHusi. Kyfococcus schroeteri SIBIsSIeTCSI OMHUM U3 Haubosee peaKo BCTpevaro-
HIMXCs BO3OyIUTeIei B KIMHMYECKOM MaTepuaie. Yuciao onrucaHHbIX clyyaeB 3a00J1eBaHU, BhI3BAHHBIX TaHHBIM
MUKPOOPraHU3MOM, B MUPE HACUUTHIBAET HEMHOTMM 0oJiee IBYX AecsiTKOB. Llenb nccienoBanust — aHajau3 BIiepBbIe
BBISIBJIGHHOTO KJIMHWYECKOTO CJIy4asl MOCTTPaBMATHYECKOrO OCTEOMMEIUTA, BBI3BBAHHOTO accouuanueir Kytococcus
schroeteri u Enterococcus faecalis. Mamepuansr u memodst. KyabTypbl MOTYYeHBI 0aKTEPUOJOTUISCKMM METOIOM U3 pa-
HEBOTO OTICISIEMOr0O ToJIeH! MaleHTa. M aeHTudrKaInio YMCTHIX KYJIbTYp 0aKTepHii OCYIIECTBIISLIN C HCITOIh30Ba-
HueM mMacc-crekrpoMeTpa VITEK MS u noaTBepxaaiu aHaJIM30M HYKJIEOTUIHOU nocaenoBareabHocT 16S pPHK.
YcranoBieHB MOP(MOJIOTIIeCKHe, TWHKTOPHATbHBIC M OMOXUMIIEeCKIE 0COOCHHOCTH TOJTYUCHHBIX KYJIBTYP, a TAaKXKe
oTiperniesieHa X YyBCTBUTEIbHOCTh K aHTUOMOTUKAM. Pe3yibmamsl. KITMHUYECKUI ClTydail CBSI3aH C YCTAHOBJIEHHBIM
JIMAaTHO30M «XPOHMUYECKHUIi TIOCTTPAaBMaTUUYECKU OCTEOMUEUT JIEBOi TosieHn». VI3 paHeBOTO OTAEISIEeMOTO U301~
POBaHBI BA BUJa MUKPOOPTAaHU3MOB, KOTOPbIE ObLIN UAEHTU(MULIIMPOBAaHBI KaK Kytococcus schroeteri w Enterococcus
Jaecalis c ucionp3oBanueM Metona MALDI-ToF macc-criekromerpun. CekBeHupoBaHue reda 16S pPHK BeigeneHHBIX
KyJbTyp OakTepuii MoJHOCTbIO MoATBepauo pesyabtaTl MALDI-ToF macc-cnekTpomerpuu. YyBCTBUTENBHOCTH
K aHTUOMOTUKAM It Kyfococcus schroeteri Oblila onpeeeHa Mo KpUTepusIM A TPYIIbl CTa(pUIOKOKKOB COTJIACHO
KJIMHUYECKUM pekoMeHaauusam «OmpeaeneHue YyBCTBUTEIbHOCTY K aHTUMUKPOOHBIM TipenapaTtam (pea. 2021 1.)».
Bbi6oos. Hamu BriepBbIe ornucaH BapraHT MUKCT-UH(MEKIINHY, BbI3BAHHON IBYMSI TPaMIIOJOXUTEIbHBIMU OaKTepH-
samu K. schroeteri u E. faecalis. IlonoOHBIe accolMalliM MOTYT YCHJIMBATh MaToreHeTHueckKue 3G deKTh ApYyT ApyTa,
YTO MOXET CIIOCOOCTBOBATH MePeXony MHPEKIINKM B XPOHNIECKYIO (DOPMY C HM3KON BEpOSITHOCTBIO TTOJIOKUTEIBbHO-
T'O pe3yiabTraTa 0aKTepPHOJIOTHUECKOTO ccienoBaHms. K. schroeteri IBISCTCS OMHUM W3 TIPEACTaBUTENICH HOpMaJbHOI
MUKPODIIOPHI KOXH, OMHAKO JaHHBIM MUKPOOPTaHU3M CIIOCOOCH BHI3BIBATh pa3aWuHbIe 3a0omeBaHus. [Ipu 6akTe-
PHOJIOTUYECKOM MCCeIOBAaHUM TTOJO3PUTEbHBIM TTPU3HAKOM, YKa3bIBAIOIIMM Ha BO3MOXHYIO TPUHAJJIEKHOCTh
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KYJABTYPHI K BULY K. schroeteri, SBIIeTCS YCTOMYMBOCTD K OKCALIMJUTMHY. B CBS3M ¢ HEBO3MOXHOCTBIO UCTIOJIb30BaHU S
MMeEIOLIMXCsl OMOXMMMYECKUX TeCT-CUCTEM, He HalleIeHHbIX Ha AuddepeHuuaiuio K. schroeteri OT ponCTBEHHBIX TaK-
COHOB, HaJie>kHasl UACHTU(UKALIMS JaHHOTO BUa MTOKa BO3MOXKHA JIMIIb ¢ TpuMeHeHreM metona MALDI-ToF macc-
CIIEKTPOMETPUHM UJIN ceKBeHMpoBaHus reHa 16S pPHK.

Karouesvie caosa: Kytococcus schroeteri, Enterococcus faecalis, panesas ungexyus, ocmeomueaum, MALDI-ToF macc-
cnekmpomempusi, cekgeHuposarue eesa 16S pPHK.

A CLINICAL CASE OF POSTTRAUMATIC OSTEOMYELITIS ASSOCIATED WITH KYTOCOCCUS
SCHROETERI AND ENTEROCOCCUS FAECALIS

Borisov S.D.?, Karimov I.F.?, Plotnikov A.O.*", Inchagova K.S.?, Pankov A.S.?, Danshin D.P.c

@ Orenburg State Medical University of the Ministry of Health of Russia, Orenburg, Russian Federation

b Institute for Cellular and Intracellular Symbiosis of the Ural Branch of the Russian Academy of Sciences, Orenburg Federal

Research Center of the UrB RAS, Orenburg, Russian Federation
¢ Orenburg Regional Clinical Specialized Center of Traumatology and Orthopedics, Orenburg, Russian Federation

Abstract. Introduction. In most cases, osteomyelitis is the monomicrobial disease caused by various Gram-positive bacteria.
However, previous injury may contribute to formation of a microbial association. Presence of two or more pathogens in the
infectious focus can markedly complicate the disease clinical picture. Kytococcus schroeteri is one of the rarest pathogens
found in clinical samples. Slightly more than twenty described cases related to such infection have been recorded globally.
The aim of the research was to analyse the first identified clinical case of post-traumatic osteomyelitis associated with
Kytococcus schroeteriand Enterococcus faecalis. Materials and methods. The bacterial cultures were obtained from the wound
discharge of the patient’s shin by the cultural method. Identification of the bacterial cultures was performed usinga VITEK
MS mass spectrometer followed by 16S rRNA gene sequencing. The morphological, tinctorial and biochemical features
of the cultures obtained were established, and their antibacterial resistance was also determined. Results. The clinical case
was associated with the diagnosis “Chronic post-traumatic osteomyelitis of the left shin”. Two types of microorganisms
were isolated from the wound discharge, and identified as Kyfococcus schroeteriand Enterococcus faecalisusingthe MALDI-
ToF mass spectrometry method. 16S rRNA gene sequencing from the isolated bacterial cultures confirmed the MALDI-
ToF mass spectrometry data. Antimicrobial susceptibility for this microorganism was determined according to the criteria
for the staphylococcal group according to the clinical guide “Determination of sensitivity to antimicrobial drugs (rev.
2021)”. Conclusion. For the first time, the mixed infection caused by two Gram-positive bacteria K. schroeteriand E. faecalis
has been described. Such associations can enhance the pathogenic effects of each other bacterium, which may contribute
to transition of the infection to a chronic form with a low probability of positive cultural test. K. schroeteriis a representative
of the normal skin microbiota, but this microorganism is able to cause various infections. The K. schroeteri species should
be differentiated from other representatives of the order Micrococcales. At cultural examination, resistance to oxacillin
is a suspicious sign indicating that the bacterial culture might be potentially assigned to K. schroeteri species. Due to the
unavailability of current biochemical tests for differentiation K. schroeteri from related taxa, reliable identification of this
species is recommended using MALDI-ToF mass spectrometry or 16S rRNA gene sequencing.

Key words: Kytococcus schroeteri, Enterococcus faecalis, wound infection, osteomyelitis, MALDI-ToF mass spectrometry, 16S rRNA gene
sequencing.

BeepgeHue

OcTeoMUeIUT TIpeACTaBisieT co0oil 3aboJieBa-
HHE, pa3JIMYHOE I10 CBOEMY ITaTOreHe3y, KJIMHM-
YEeCKHUM MPOSIBJICHUSIM U MUKPOOHON 3TUOJIOTUN.
Hawubosiee TUNMMUYHBIMU BO30yIUTENASIMU WHODEK-
Uil moaoOHoro Tumna sBisitoTcsa Staphylococcus
aureus, BeIACTSOIINICST 0onee yeM B 40% ciyda-
eB, a Takxke Staphylococcus epidermidis n Streptococ-
cus spp. [11]. Pexe oOHapyXuBamOTCI KYJIbTYpPbl
rpaMOTPULIATEIILHBIX MUKPOOPTraHU3MOB, B JacT-
HoCTU, Pseudomonas aeruginosa W TIpEeICTaBUTE-
au cemeiictBa FEnterobacteriaceae, 1 NWlllb B OT-
NEeJIbHBIX chay4yasix — BuUAbl Enterococcus faecalis
u Enterococcus faecium [9]. Kpome Toro, BbISIBJISI-
FOTCSI BO3OYAMTENINU, HETUITUYHBIC JJISI OCTEOMUE-
auta, Harpumep, Bartonella henselae, Pasteurella

multocida, Brucella spp. u npyrue [7]. Takxe cie-
JIYeT OTMETUTD, YTO 3a4aCTYI0 OCTEOMUEIUT MpPe/I-
CTaBJIsIET COOON MOHOMUKPOOHBIM MHMEKIIMOH-
HBII ITPOLIECC, OTHAKO OCTEOMUEIUThHI, CBSI3aHHbIC
¢ TpaBMoi unu nepeiomamu, B 20—30% ciryyaes
SIBJISTIOTCSI MOJJUMUKPOOHBIMU [12].

Bun Kyfococcus schroeteri BiepBble OBLI OIU-
caH B 2002 1. 1 TIpeAcTaBIsIeT COOOM aspOOHbIC He-
MOJABUKHBIE T'PAMITOJIOXUTEIbHbIE KOKKHM, HEe 00-
pasyitomue karcyny [5]. CroXHOCTH B UACHTUDU-
KallM{ JaHHOI'O BUJA HE MO3BOJISIM PaHbIIE TOYHO
OIPEAC/ISITh €r0 MPU BbIICICHUU OaKTepuaJibHON
KYJABTYpbl BO30ynuTesast nHbekiuit. Cutyauus: Ko-
PEHHBIM 00pa30M U3MEHUJIACh C BHEIPEHNUEM B KJIU-
HUUYecKyio Mukpoodbuosoruio merona MALDI-ToF
MacC-CIIEKTPOMETPUH, OTKPBIBIIEIO BO3MOXKHOCTU
YCKOPEHHOro 1 0oJjiee TOYHOIO OIIPEIACICHUST TaK-
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COHOMUWYECKOW TIPUHAIJIEKHOCTH MUKPOOPTraHU3-
Ma BIJIOTh A0 Buaa [4]. K. schroeteri IBIsIeTCSI OMHUM
13 HauboJiee peaKo BCTPEUAIOIINXCS B KIIMHUYECKOM
MaTepuajie Bo3Oymuteseil. Y1Ucmo omucaHHBIX CIy-
yaeB 3a00JIeBaHUI, BBI3BAHHBIX JAaHHBIM MUKPOOP-
TaHU3MOM, B MUpPE HACUYMTbIBaeT HEMHOTMM OoJiee
IByX necsiTkoB. MHpek1nu, BbI3BaHHBIC TaHHBIM
BUIIOM, UMCIOT HEKOTOPOE CXOACTBO C MH(MPEKIINSIMU,
BBI3BAHHBIMHU KOATyJIa30HETaTUBHBIMU CTa(hUIIOKOK-
KaMH, U 4acTO aCCOLMMPOBAHBI C XUPYPrUYECKUM
BMEIIATEIbCTBOM WJIM TTOBPEXKICHUSIMU, CBSI3aHHBI-
MU C KOXKHBIMU ITOKpOBaMU. B OOJIBITMHCTBE CBOEM
K. schroeteri 6611 OOHAPY>KEH TPU BHIOKApPAUTE, TUC-
LIUTE U OCTEOMUENNTE Ha (pOoHE TTPOTe3upoBaHuii [2].
CTOUT OTMETUTH, UTO BIIEPBbIE OMMUCAHHBIN CITydail
OCTEOMUEINTA, aCCOIIMMPOBAHHBIN C JAHHBIM MU-
KPOOPraHM3MOM, ObLT 3apETUCTPUPOBAH Y TTAlIMEHTA
C CUJIMKOHOBBIM MMILIAHTOM JIEBOTO T1jIeda, CTpaja-
JOLLIETO peLUAUBUpPYIOLIEH MHGpEKIIUEH, dTUOJIOTUS
KOTOpOM BIIEpBBIC ObLJIa YCTAaHOBJICHA KaK CTa(huUJIO-
KOKKOBas, 3aTeM KaK MUKPOKOKKOBasl, 1 HaKOHEII,
KakK KUTOKOKKoOBas [8]. OmHako BO Bcex cCiayydasix
onucaHHbIX MHPekuuit K. schroeteri mo-BUAUMOMY
SIBJISIJICST € TMHCTBEHHBIM 3THOJIOTMYSCKUM areHTOM,
TOCKOJIBKY O HAJWYMU NPYTUX BO3OyIUTENEH B MC-
cJielyeMOM MaTepuaJjie He yTIOMUHAETCS.

Tem He MeHee HaJIMUMe ABYX U O0Jiee MaTOreHOB
B MH(EKIITMOHHOM oYare MOXeT CUJIBHO YCIOXKHSITh
KJINHUYECKYI0O KapTHUHY TeUYCeHUS 3a00eBaHUS
BCJIEZICTBUE MEXBUJIOBBIX B3aUMOJEUCTBUN W MU3-
MEHEHM S aKTUBHOCTU COCYIIECTBYIOIIMX MUKPO-
opranusMoB. Ha nipumepe Enterococcus faecalis mo-
Ka3aHo, YTO, C OOHOM CTOPOHBI, JaHHBIC OAKTEPUU
MOTYT BBICTYIIaTh B KauyeCTBE COKOJIOHU3aTOPOB,
ycKopsisi mpoiecc 3acejieHusi ouortona [10], nubdo
yrHeTaTh aKTUBHOCTh MMMYHHOW CHCTEMBI, UTO
JTaeT BO3MOXHOCTh aKTUBUPOBATHCS OIMIMOPTYHU-
ctam [21]. C gpyroii CTOpOHBI, MEXAY Pa3HBIMU BU-
JTaMU B OJTHOM JIOKYCE BO3MOKHBI aHTaTOHUCTHUYEC-
KHe B3aMMOOTHOIICHUS, BeAyIIWe, B YaCTHOCTH,
K HapylLIEHUIO CTPYKTYpPbl OMOIIJIEHOK, OOpa30BaH-
HBIX TPAaMOTpULIATESIbHBIMUY OakTepusamu |3, 20].

B ¢BsI3U ¢ aKTyaJbHOCTBIO BBISIBJICHUSI HOBBIX
U peaKux Bo30ymuTesieii MHMEKIUii, B 0COOEH-
HOCTHM — WX acCOLlMaluii, 1eJIb UCCIICIOBAaHM S 3a-
KJIIoYajiach B aHAJIM3¢ BIICPBEIC BHISIBJICHHOT'O KJIH-
HMYECKOTO CjIydasi MOCTTPaBMaTUYECKOTO OCTEO-
MMEJIMTa, BBI3BAHHOTO accouualuein Kytococcus
schroeterin Enterococcus faecalis.

Matepuainbl 1 METOLbI

IMamuent C., MyxXckoro 1ona, 1983 1. pox-
neHus, B ceHTs10pe 2022 r. TpaBMa B OBITY, B pe-
3yJibTaTe TMaJeHus ¢ BbICOThI COOCTBEHHOT'O pPOCTa
Ha JIeBOM rojieHu cchopMupoBajach paHa, KOTOPYIO
JICYMJI CaMOCTOSsITeNIbHO. I[IpuMepHO 3a Hemeso
JI0 obOpalmieHus B OOJIACTH paHBbI ITOSIBUJICS CBU-
1IeBO XOA ¢ THOMHBIM oTaenasieMbiM. 11.10.2022

naiueHT oopatuiics B TAY3 «l'oponckast KJIWHU-
yeckas 6oabHuLIa Ne 4» ropoaa OpeHOypra (Imo3:xe
nepenMeHoBaHO B [AY3 «OpeHOyprckuii odsact-
HOW KJIMHUWYECKUU CTIeMaTu3uPOBAHHBIN LEHTP
TPaBMAaTOJIOTUM W OPTOIIEAWH»), TOCITUTAIU3UPO-
BaH B OTAEJeHHE SKCTPEHHOI TpaBMaTOJOTuu, Iie
Haxonuics Ha gedeHuu ¢ 11.10.2022 mo 18.10.2022.

Baatue marepuana ocymectsiasiau 14.10.2022 r.
C nmoMolbio cTepuibHbIX TyTdepoB (Rustech, Poc-
CHisl), BCTEPUJIbHBIE MTPOOUPKU C 2 MJI TPAHCIIOPTHO
cpennl CtioapTa (Oxoid, Bennkobpuranus) coriac-
HO MeTOAMYECKUM yKazaHusm MY 4.2.2039-05 [1].
Marepuay TpaHCIIOPTHPOBAJIU B MHUKPOOHMOIO-
TMYECKYIO J1abopaTopuio Hay4YHO-MCCIeA0BaTeb-
ckoro eHTpa ®PI'bOY BO OpeHbyprcknii rocymap-
CTBEHHBIM MEIUIIMHCKUI YHUBEpCUTET MUH3ApaBa
Poccuu (3aB. maboparopueit — k.M.H. C.JI. bopu-
COB), Iie MPOBOAUJM BbIAEJIEHUE KYJIbTYP MUKPO-
OPraHMMOB M UX UJIEHTUPUKALIUIO TTO MOP(OIOTrU-
YeCKUM, KyJIBTYpaJTbHBIM 1 OMOXUMHUYECKNUM CBOI-
CTBaM, a TakKXe MO OEJIKOBBIM CIEKTpaM, OLIEHU-
BaeMbIiM MeTogoM MALDI-ToF. TloceB matepuana
OCYIIECTBJISIJIN CEKTOPHBIM METOIOM Ha YalllKH, CO-
nepxalliue Koiymouiickuii arap ¢ 5% neduOpuHu-
poBaHHOI GapaHbell KpoBblo (Cpenodd, Poccus),
nocjae 4yero marepuan uHKyoOupoBanau mnpu 37°C
U pocMaTpuBaJId KOJJOHUU T1ociie 24 1 48 4 pocTa.
W3 oTnenpHBIX KOJOHWM TOTOBWJIM Ma3KHM, OKpa-
muBaau no I'paMmy ¢ ucrnosb3oBaHWeM Habopa IS
okpacku «Mukpo-I'pam-HULID» (OO0 «<HULID»,
Poccust) u npocmaTtpuBanu npu yseanueHuu x1000
B MuUKpocKore «Primo Star» (Carl Zeiss, ['epmanus).
KynbTypbl HIeHTUDUIITPOBAIII C TIOMOIIBIO METOIA
MALDI-ToF na macc-cnektpomerpe «VITEK MS»
(bioMerieux, ®panuus). buoxumMuyeckne CBOWi-
CTBa M3y4YaJId C MCITOJb30BaHNEM OMOXMMHMUYCCKUX
tect-cucteM «STAPH Ytest 16» (Erba Lachema s.r.o.,
Yexust) 1 API STAPH (bioMerieux, ®@paH1iusi) co-
IJITaCHO MHCTPYKILIUU U3TOTOBUTEN . TeCcT Ha LIUTOX-
POMOKCHIa3y OCYIIECTBJISIIM C WMCIOJb30BAaHUEM
TecT-nomoc «OXI-test» m peakTmBa OJIST OKCHUIA3bI
(Erba Lachema s.r.0., Yexus). Tect Ha nuppoJnuao-
HUJIapyujiaMuaa3y OCylIeCTBIISIIU C UCTIOJIb30BaHU-
eMmTecT-moaoc «PYRA-test» upeaktuBanist «PYRA-
test>» (Erba Lachema s.r.o., Yexus). IIpomykuuio
alleTOMHA OILIEHWBAJIM C WCIOJb30BaHUEM TECT-
noJjioc «VP-test» u peaktuBoB VPT-1 u VPT-II (Erba
Lachema s.r.o0., Yexus). JIomoJHUTEIBHO POCTOBBIC
CBOICTBA OIICHMWBAaJM Ha JaKTO30-IUCTUHOBOM
arape ¢ TIOHMKEHHBIM COJEep>KaHUEM 3DJIEKTPOJIU-
ToB (Oxoid, BeanukoOGputaHus) M COJIeBOM arape
(OBYH T'HL ITMB, Poccust) B Teuenue 48 4 ripu
37°C. PocT B aHa®pOOHBIX YCIOBUSIX OLEHWBAJICS
Ha KOoJyMOuiickoM arape ¢ 5% nedeGpuHUpOBaH-
Holi 6apaHbeii KpoBblo (Cpenodd, Poccust) mpu un-
Kybauuu B aHaspoctaTte (Thermo Fisher Scientific,
CIIIA) ¢ wWCHoAb30BAaHMEM Ta30TCHEPUPYIOIINX
naketoB «AHaspora3z» (OO0 «MHKO», Poccus).
YyBCTBUTEIBHOCTh K aHTUOMOTHUKAM OITPEACIISIIIN
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MHdekumns n uMmyHuTeT

COIJIaCHO METOAMKE, OMMCAHHOW B KJIMHUYECKHX
pekoMeHaanusax «OnpeneseHre YyBCTBUTEIbHOCTU
K aHTUMUKPOOHBIM ITpenapatam (pemn. 2021 1.)», auc-
KO-n1udPy3MOHHBIM METOAOM Ha arape Miosiepa—
XunrtoH (PBYH I'HILI ITMB, Poccus) ¢ ucnoiab3o-
BaHUEM IUCKOB C aHTUOMOTHKAMHU IIPOMU3BOACTBA
«O00 HHUL®» (Poccust) u Erba Lachema s.r.o.
(Yexus).

s uneHTuGUuKanuu no nocjaeaoBaTeJIbHOCTU
reHa 16S pPHK BrigesleHHBIC KYJIBTYPhI OB ITepe-
naHbl B MHCTUTYT KJIETOYHOT'O M BHYTPUKJIETOYHO-
ro cumMouosa Ypanbckoro otaeneHust Poccuiickoit
akagemun Hayk (MKBC YpO PAH) — o6oco-
OJleHHOe CTpyKTypHoe mnoapasaeieHnne OI'BYH
OpeHOyprckoro enepaibHOTO UCCIEI0BATEIHCKO-
roueHntpa YpO PAH. ITonydyeHre aMIIJIMKOHOB reHa
16S pPHK nposonuiu B LIKII «[lepcrucTeHIIMsS MK~
kpoopranusmoB» MKBC YpO PAH (zas. UKII —
K.M.H. A.O. TI710THUKOB). AMIIJIMKOHBI TeHa 16S
pPHK nonyuanu meromom IILIP ¢ npaiimepamu
27F (AGAGTTTGATCCTGGCTCAG) un 1492R
(GGTTACCTTGTTACGACTT) (3AO EsporeH,
Poccus) u BeicokoTouHoit Q5 JIHK-nmonumepa3soii
(New England Biolabs Inc., CIIIA). ITapameTpsl
IMLP: 1) nauansHas aeHatypauus npu 98°C 30 c;
2) 35 uwmkios: aeHatypauus npu 98°C 10 c¢; ot-
KUT TipaiiMepoB Tipu 63°C 30 c; sJIOHTALUS TpU
72°C 45 c; 3) 3aBeplIaOLIUK 3TAIl JOHTAIlUU TIPU
72°C 5 muH. CeKBEeHHUPOBaHUE ITOJIYYCHHBIX aM-
nJIMKoHOB npoBoausiu B 3A0 «EBporen» (Poccus)
HaTeHeTHu4YecKoM aHaauzaTope «Applied Biosystems
3500xL» (Thermo Scientific, CILIA).

IMocnenosarenbHoctu reHa 16S pPHK Boige-
JICHHBIX KYJIBTYp Enterococcus faecalis u Kytococcus
schroeteri nenonupoBaHbl B GenBank (NCBI) non
HoMmepamu 0Q685952.1 u 0Q692569.1 coorBeT-
CTBEHHO. [laHHBIE IITAMMBI MUKPOOPTAaHNU3MOB JI¢-
nmoHupoBaHBl B CeTeBYIO KOJJIEKIINIO CUMOUOHT-
HbIx Mukpoopranusmos MKBC ¥YpO PAH c Ha-
3BaHussMu Enterococcus faecalis ICIS11 u Kytococcus
schroeteri ICIS13 n noctynmHbI o 3anpocy (https://
ikvs.info/biobank).

Pesynbrarhl

IIpu rocruTaan3any IMaleHTa B X0Ie OCMOTpa
YCTaHOBJIEHO HaJinuMe cBulleBoil paHbl 0,5 X 0,5 cM
CO CKYIHBIM THOWMHBIM OTICJISIEMbIM Ha IE€pEeaHENn
TOBEPXHOCTU CPeAHEU TPeTU JIEBOW TOJICHU, Kpas
paHBl TUTNIEPEMHUPOBAHBI, TPAHYISIOUU CKYIHBIC,
JHOM paHbl SBJIIETCSI HaJAKoCTHHULA. B obnactu
paHbl OMpENesIeTCsl CBUIIEBOI XOI CO CKYIHBIM
CEpPO3HO-THOMHBIM OTIeIsIeMbIM. K3 aHamHe3a:
B 2000 r. mosy4yusa mepesoM o0ernx KOCTel JIeBOU
rojieHu B aBTOJOPOXHOI TpaBMe, MOCJe YEro ocy-
IIECTBJIAJICA OCTEOCUHTE3 KOCTEU JIEBOM TOJIEHU
arrmapaToM BHEIIHeil (uKcanuu [0 MOJHON KOH-
comuaanuu mmepenoma. Yepes mIecTh MECSIIEB TTOCIe
JieMOHTaxka arrapaTa NmosiBUJach remMaroMa Ha Jje-

BOU TOJICHU, YTO MOTPeOOBaJIO BCKPBITUS U IPEHU-
poBaHusi. B ceHTsiope 2022 r. moJiyuymJs ObITOBYIO
TpaBMYy JIEBOM T'OJICHU, 32 MEAMIIMHCKOMN MOMOILBIO
He oOpaliajcs, JICUNJICS CAMOCTOSITEIILHO, Uepe3 TPU
HEIEeW MOSIBUJICSI CBUINEBOM XOI C THOMHBIM OT-
nensieMbiM. Juarnos nmo MKB-10: «M86.6 [Ipyroit
XPOHUYECKUI OCTEOMUEIUT, XPOHUUYECKUI TIOCT-
TpaBMaTHYECKUUA OCTEOMHEIHUT JIEBOM TOJICHM.
I'HoliHbIM cBUIIL JeBoi rojeHU. OKupeHue 3 CT.».
IIpy mocTynjeHuM B OOIIEKJIMHUYECKOM aHaIM-
3¢ KpPOBM ITOKas3aTeIM B Ipenesiax HOPMBI: JEHKO-
uutbl — 5,00 x 10°/1; spurpountbl — 5,13 x 10'%/1;
remomtoouH — 150,00 r/im; remarokputr — 42,00%;
TpoMGouuTel — 193,00 x 10°/1; rpaHyIOLUTHl —
53,00%; cpennue neiikouutbl (Mid) — 7,30%; num-
douuter — 39,70%. B OUOXMMMYECKOM aHaJIU3e
KPOBHM BCe TT0Ka3aTeIN B IIpeaeiaX HOPMBbI: KaJIuii —
4,4 mMoab/m;, Hatpuii — 143,0 MMOJIB/JI; XOJlecTe-
puH — 4,1 MMOJIB/JT; TII0KO3a — 5,8 MMOJIb/JT; Kpea-
TUHUH — 89,0 MKMOJIB/JT; MOYeBUHA — 7,2 MMOJIb/T;
obmuii 6eok — 88,0 /1. Ha peHTreHOrpaMme JieBoid
TOJICHW: OTJIOMKH TIEPEJIOMOB Ha YPOBHE CpeIHEM
TpeTu auadusa 00JIbIIeOEePILIOBON KOCTU U HUXKHEN
TpeTu nuadusa Maao0oeplOBONM KOCTH MJIOTHO KOH-
COJIMIMPOBAHEI, HAa YPOBHE BepXHEl TpeTH nuadusa
MaJIoOepIIOBOI KOCTU OTJIOMKH CTOSIT C TMAaCTa30M,
CMEXHbIC MOBEPXHOCTU C KPaeBbIM CKJIEPO30M —
JIOXXHBIN cycTaB. [1o maHHBIM ¢dUCTyIOrpacduu KOH-
TpacT 00pa3yeT CKOIUICHIE Ha YPOBHE MSTKUX TKa-
Hel Mo iepeAHeMY KOHTYPY JIEBOU T'OJICHH.

B xome MUKpPOOUOJOrMYecKoOro McciaeaoBaHUs
paHEBOro OTHEJSIeMOro Ha KOJYMOHMIICKOM arape
¢ 5% nedunOpUHUPOBAHHOI GapaHbeil KPOBbIO 00-
Hapy>KeHBI IBa TUMA KOJOHUU B TUAaTHOCTUYECCKOM
KonuvecTBe. [1epBblit TUIT — GeJible KOJJOHUU C IO~
JIYIIPO3pavyHbIM KpaeM CPEeIHUX Pa3MEepOB, KOJU-
yecTBO 0K0J10 10° KOE/MII, 110 JaHHBIM CBETOBOI
MUKPOCKOIIUN — TPaMITOJIOKUTEIbHBIE KOKKH
OBOMIHOI (OPMBI, PACHOJIOXKEHHbIE Yallle II0-
mapHo, pexe — oauHo4YHO. Bropoii Tun — OGenble
MEJIKHE KOJIOHUU, KoJinuecTBO 0Kojo 10° KOE/mi,
10 JTaHHBIM CBETOBOI MUKPOCKOITUU — T'PAMIIOJIO-
JKUTEJbHbIE KPYITHbIE OBOMIHBIE KOKKHU B Mapax,
TeTpamax wiau lemnouykax (puc. 1, III obmoxka).
Ha BTOpBIE CYyTKM MHKYOAIIMM KOJOHUU BTOPOTO
TUIA MPUOOpEU OEXEeBYIO MUTMEHTALUIO.

C wucnonn3oBanueM MALDI-ToF wmacc-cnek-
tpomeTrpa «VITEK MS» (bioMerieux, ®paHius)
KYJIBTYPBI TIEPBOTO M BTOPOTO THUIIA OBLIM WIACHTH-
¢duuupoBaHbl ¢ ypoBHEM cxoncTBa 99,9% 1o kiu-
HHUYECKOI 6a3ze MUKPOOPTaHU3MOB Kak Enterococcus
faecalis n Kytococcus schroeteri COOTBETCTBEHHO.

YcraHoBIIeHO, UTO Kynbrypa K. schroeteri He 00-
JIaaeT OKCUAA3HOUN U TTUPPOJTUIOHMIIApUIIaAMUIA3-
HOI aKTMBHOCTBIO, HE 00pa3yeT alleTOMH B PeaKIINU
®doreca—IIpockayepa, HO o0OsazaeT KaTajda3HON
aKTUBHOCTbIO. Kcrnojib3oBaHUE OMOXMMUYECKUX
tect-cucteM «STAPH Ytest 16» (Erba Lachema s.r.o0.,
Yexns) u «<API STAPH» (bioMericux, ®paHiims)
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BBISIBUJIO HU3KYIO CaXapOJINTHUUIECKYIO0 aKTUBHOCTh
HMCCIIEIYEeMOTO IIITaMMa W TMO3BOJMJIO WIACHTUDU-
OApPOBaTh €ro TOJBKO KaK IPEACTaBUTEIS POIOB
Micrococcus wnu Dermatococcus. Takum o0Opa3om,
OMOXMMUYECKUE TECT-CUCTEMBI, WCITOJIb3yeMbIe
B KIIMHUYECKO MUKPOOUOJIOTUHY AJIST UACHTU(DUKA-
U 0aKTepuii, He TTO3BOISIOT KOPPEKTHO UICHTH-
dunrpoBath BUI K. schroeteri.

BuIsiBIIEHBI 0COOEHHOCTH pOCTa Ha Pa3INIHBIX
TUTIaX MTUTATEeJIbHBIX CPel, B YACTHOCTH POCT Ha KO-
JyMOUIicKOM arape c 6apaHbeil KpOBbIO OOUJIbHBIM,
KOJIOHUU OKPYTIJbIE, BBIMTYKJIbIC C POBHBIM KpaeM,
npu 3TOM OexeBasi MUTMEHTal s 0ojiee OTUETIU-
BO nposiBiasieTcs nocie 48 4 unkyoauuu npu 37°C.
Ha m1akT030-IIMCTUHOBOM arape ¢ IMOHUKEHHBIM
coaepxxaHueMm ajiekTposautoB (CLED) poct xopo-

muii, GOpMUPYIOTCS OKPYIJIble KOJOHUU MOJIOY-
HOTO IIBeTa, a Ha KeJITOYHO-COJIEBOM arape — pocCT
OUYEHb CJIa0bI.

Ilpu wunHkybauuum B aHaspoctate (Thermo
Fisher Scientific, CIIIA) ¢ ucnosb3oBaHUEM ra-
30T€HEepUPYIOIINX MakKeToB «AHaspora3» (OO0
«MHKO», Poccust) B TeueHue 72 4 pocTa KyjabTy-
pol K. schroeteri He HabJIOAAIOCh, UTO CBUAETEIb-
CTBYET O IPUHAIJIEXKHOCTHU UCCIEAYEMOMN KYIbTY-
pbl K obGJiuraTHbIM aspobdaM. YyBCTBUTEJIBHOCTh
K aHTUOMOTHKaM Obljaa oIpeaeeHa IO KpUTe-
pusSIM IJI TPYIIIbl CTa(UIOKOKKOB COIJIACHO
KJIMHUYECKUM peKoMeHnanusaMm «OrpeneaeHue
YYBCTBUTEJIBHOCTH K aHTUMUKPOOHBIM IIperia-
patam (pen. 2021 r.)» ¢ UCOJAb30BAaHUEM JUCKOB
(taba. 1). KyapTypa nokasajna pe3UCTEHTHOCTb

Ta6nuua 1. Pe3ynbraTthl aHTUOMOTUKOrPaMMbl BbiAaeneHHol KynbTypbl Kytococcus schroeteri ICIS13
Table 1. Antibacterial resistance in Kytococcus schroeteri ICIS13 culture

Fpynna AHTUOMOTUK [o3sa (mkr) Pe3ncTeHTHOCTb/4YBCTBUTENIBHOCTb
Group Antibiotic Dose (ug) Resistance/sensitivity
MeHnumnnAnHLI BeHaunneHnunnAnH . yCTOWuYMB
o - 1 En/Unit .
Penicillins Benzylpenicillin resistant
MeHnLMNNnHLI AMnuumnnuH 5 yCTOWuMB
Penicillins Ampicillin resistant
MeHnunnauHbI Tukapuunnux 75 4YyBCTBUTENIEH
Penicillins Ticarcillin sensitive
MeHnuMNNnHLI OkcaunnnuH 1 yCTOWYMB
Penicillins Oxacillin resistant
LledanocnopuHbi Ledokcutun YyBCTBUTENEH
. " 30 .
Cephalosporins Cefoxitin sensitive
LledanocnopuHbi Ledpukcum yCcTOMYUB
. - 5 :
Cephalosporins Cefixime resistant
LiedanocnopuHbi LedoTakcum yCcTONYUB
. . 5 .
Cephalosporins Cefotaxime resistant
TeTpauuKauHbI TeTpauuknuH 30 4YyBCTBUTENEH
Tetracyclines Tetracycline sensitive
AMUHOrNIMKO3nAbI FeHTaMUUMH 10 4YyBCTBUTENEH
Aminoglycosides Gentamicin sensitive
Makponuabi ApuUTpPOMULINH 4YyBCTBUTENEH
. . 15 "
Macrolides Erythromycin sensitive
Jinnkozamuppi Knunpamuuux 5 4YyBCTBUTENEH
Lincosamides Clindamycin sensitive
DTOPXUHONOHBI Lunpodnokcaumx 5 4YyBCTBUTEJIEH NP YBENIMYEHHON 3KCNO3UL UK
Fluoroquinolones Ciprofloxacin sensitive at long exposition
CynbdanHunamugbl | Tpumetonpum/CynbpomeTokcason 1,25/23,75 4YyBCTBUTENEH
Sulfonamides Trimethoprim/Sulfomethoxazole ’ ’ sensitive
AMdeHuKoNbI JleeoMuueTuH 30 4YyBCTBUTENEH
Amphenicols Levomycetin sensitive
CTtepoupgHbie dysupoBas kucnoTa 4YyBCTBUTENEH
) L 10 "
Steroids Fusidic acid sensitive
AHcaMULUHBI Pudamnuumx 5 4YyBCTBUTENEH
Ansamycins Rifampicin sensitive
MonunenTtuabl BauuTtpauuH ., | ycTonuus
Polypeptides Bacitracin 0,04 En/Unit resistant
FnukonenTuppl BaHkoMuuumH 5 4YyBCTBUTENEH
Glycopeptides Vancomycin sensitive
OKCa30NMAVHOHDI Jinnesonup 4YyBCTBUTENEH
- . ) 10 "
Oxazolidinones Linezolid sensitive
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TaGnuua 2. PesynbTaTthl aHTUOMOTUKOrPaMMbI BblAeNeHHOM KynbTypbl Enterococcus faecalis ICIS11

Table 2. Antibacterial resistance in Enterococcus faecalis ICIS11 culture

Intensity

Mass m/z

100

57,9767

33,6148

18,1053

Mass m/z

46,7276

70,8404

49,5368

30,0626
23,4546

Fpynna AHTUONOTUK [o3a (mkr) Pe3nCTeHTHOCTb/4YBCTBUTEJIBHOCTb
Group Antibiotic Dose (ug) Resistance/sensitivity

MeHnumnanHbI AMnuuunnuH 5 4YyBCTBUTENEH

Penicillins Ampicillin sensitive

KapGaneHembl WmuneHem 10 yCcTOMNYUB

Carbapenems Imipenem resistant

DTOPXUHOJIOHBI LUunpodnokcauuH 5 4YyBCTBUTENEH

Fluoroquinolones Ciprofloxacin sensitive

FnukonenTtuapbl BaHkomuuuH 5 4yBCTBUTENEH

Glycopeptides Vancomycin sensitive

AMUHOrNMKO3MAbI FeHTaMuUUMH 30 4YyBCTBUTENEH

Aminoglycosides Gentamicin sensitive

OKca30nuaNHOHDI Jlunesonup, 10 4YyBCTBUTENEH

Oxazolidinones Linezolid sensitive

4410,89
=
=
2068,86 4428,15 9526,47
4763,28 5354,25
2205,47 6079,66 6671 ,658657’6 Ja30.48 1021412

22,6232

21,3748

PucyHok 2. Macc-cnekTpbl Kynbtyp Enterococcus faecalis ICIS11 (BBepxy) u Kytococcus schroeteri ICIS13 (BHU3Y)
Figure 2. Mass spectra of Enterococcus faecalis ICIS11 (top) and Kytococcus schroeteri ICIS13 (bottom) cultures
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K OCH3MJIEHUIMJIIUHY, aMIMUIWJIJIUHY, OKca-
HUJIJIUHY, Hepukcumy, HedoTakcumMy, dauuTpa-
uuny. Ansa E. faecalis 4yBCTBUTEIBHOCTD K aHTU-
OMOTHUKAaM OIPEeAeISIIN MO KPUTEPUSIM IJIs TPy -
bl 9HTEPOKOKKOB (TabJI. 2), KyJbTypa oKa3ajaach
YCTOMUYUBOU K UMUIIEHEMY.

JleTanbHOE U3yUyeHUE CIIeKTpa OCTKOB BbIICICH-
HBIX KYJBTYp C HCIIOJIb30BaHUEM IPOTrPaMMHOTO
naketa SARAMIS (bioMerieux, ®@paH1uus) mMo3BO-
JINJIO YCTAHOBUTD, UTO AJIsI KyAbTYphl E. faecalis xa-
paxkTtepHo 174 muka, mpoduib KoTopbix Ha 99,9% co-
OTBETCTBYeT Mpoduito cynepcrnekTpa E. faecalis 14,
OCHOBAaHHOTO Ha MCCleAoBaHUM ImTaMMa DSM
20478 u psima Apyrux u3oJsaToB. s mosyyeHHOMH
HaMU KYJbTYypbl K. schroeferi XapaKT€pHO HaJu4ue
153 nukoB, uto Ha 99,9% coBnamaeT ¢ nmpoduieM
cynepcriektpa Kytococcus schroeteri 1, cOOpaHHOTrO
Ha oOpasue 11_V2P2A K (puc. 2).

CekBenupoBanue reHa 16S pPHK BeimeneHHBIX
KYJBTYp 0aKTEepUil TIOJTHOCTHIO MOATBEPANIIO PE3Yb-
tatrbl MALDI-ToF macc-cnektpomerpuu. [Touck ro-

MOJIOTMYHBIX TTOCjIenoBaTebHoCTel reHa 16S pPHK
B 0a3e gaHHbIX TIRNA/ITS (NCBI) ¢ nomonibio nH-
crpymenta BLAST Ha maty 19.06.2023 r. mokasan
cJiefylolne pe3yabrarsl. [locaenoBaTeTbHOCTh TeHa
16S pPHK nnuHoit 1443 H.M. BbIAEACHHOrO IITAMMA
E. faecalis okazamacek Ha 100% MAeHTUYHOI moOCIe-
noBareabHOCTU reHa E. faecalis CC-11 (accession No.
GenBank: MW175600.1), nenoHUpOBaHHON aBTO-
pom u3 Benukobputanuu (KoposieBcKuii Koaaeax
Jlongona). IMocrmemoBarenbHocTh TeHa 16S pPHK
JutiHoU 1404 H.1. BeLAEIEHHOrO IITamMa K. schroeferi
nokasaa 99,72% cxoncTBa ¢ MocCiea0BaTeIbHOCThIO
reHa K. schroeteri isolate CSUR-FIRMI (accession
No. GenBank: DQ358755.1), BblI€IEHHOTO M3 KPO-
BM MallMeHTa ¢ OaKTepuajbHBIM BSHIOKAPIUTOM
(Renvoise u coanrt., 2008). CpaBHUBaeMble MOCIEA0-
BaTEJIbHOCTU OTJIMYAIUCH JIUIIb 110 4 HYKJIEOTUAaM
U OO0BbENVHSIIUCH Ha (PUTOTEeHETUUYECKOM JIPEeBE B 00-
Ui Kjactep u3 15-Tu mocienoBaTebHOCTEN TeHa
16S pPHK kynsryp K. schroeteri, nemOHUPOBaHHBIX
B GenBank (NCBI) (puc. 3).

Dennacoccus sp. strain S05-1S12 16S ribosomal RNA gene, partial sequence
Dennacoccus sp. SST-20 partial 16S rRNA gene, strain SST-20
Dennacoccus sp. MT1.4 16S ribosomal RNA gene, partial sequence
Dennacoccus abyssi strain MT1.1 16S ribosomal RNA, partial sequence
& Dennacoccus sp. MT3.1 16S ribosomal RNA gene, partial sequence
» Dennacoccus sp. PAMC28757 chromosome, complete genome
? Dennacoccus barathri strain PgBe184 16S ribosomal RNA gene, partial sequence

lDennacoccus profundi strain MT2.2 16S ribosomal RNA. partial sequence
? Dennacoccus sp. strain CPBF 1293 16S ribosomal RNA gene, partial sequence
» Dennacoccus barathri strain MT2.1 16S ribosomal RNA, partial sequence
Dennacoccus abyssi strain HZAU 226 chromosome, complete genome
Dennacoccus abyssi strain HMG2333 16S ribosomal RNA gene, partial sequence
—®Dennacoccus sp. 103 16S ribosomal RNA gene, partial sequence
Q @ Mariliabitans asiaticum strain HG667 16S ribosomal RNA, partial sequence

high G+C Gram-positive bacteria | 55 leaves

high G+C Gram-positive bacteria | 2 leaves
high G+C Gram-positive bacteria | 2 leaves
— | high G+C Gram-positive bacteria | 5 leaves
Kytococcus aerolatus strain 10B23D1-B2 16S ribosomal RNA gene, partial sequence
high G+C Gram-positive bacteria | 3 leaves

Kytococcus aerolatus strain Peng-7 16S ribosomal RNA gene, partial sequence
Kytococcus aerolatus strain GCA770 16S ribosomal RNA gene, partial sequence
high G+C Gram-positive bacteria | 2 leaves

0.01

Kytococcus schroeteri strain K9 16S ribosomal RNA gene, partial sequence
Kytococcus schroeteri strain HL029 16S ribosomal RNA gene, partial sequence
Kytococcus schroeteri strain XY025 16S ribosomal RNA gene, partial sequence
high G+C Gram-positive bacteria | 3 leaves

Kytococcus schroeteri strain NB5_2C 16S ribosomal RNA gene, partial sequence
Kytococcus schroeteri strain ICIS13 16S ribosomal RNA gene, partial sequence
Kytococcus sp. strain Actino-35 16S ribosomal RNA gene, partial sequence

high G+C Gram-positive bacteria | 3 leaves

Kytococcus schroeteri strain 236-9 16S ribosomal RNA gene, partial sequence
Kytococcus schroeteri strain LRB2 16S ribosomal RNA gene, partial sequence
Kytococcus schroeteriisolate CSUR-FIRM1 16S ribosomal RNA gene, complete sequence

PucyHok 3. dunoreHeTunyeckoe gpeBo, NOCTPOEHHOE C NOMOLLbIO UHCTPyMeHTa BLAST (NCBI)
no nocnepoBartenbHocTaM reHa 16S pPHK meTogom Fast Minimum Evolution, pemoHcTpupyiowee
knactep Kytococcus schroeteri (B pamke) ns 15 nocnegoBsarenbHOCTEN, BKJ1IOYas reH Bbl4EJI€HHOr0

wTtamma K. schroeterilCIS13

Figure 3. Phylogenetic tree built using the BLAST tool (NCBI) based on the 16S rRNA gene sequences analyzed by
Fast Minimum Evolution method showing the Kytococcus schroeteri cluster (in frame) composed of 15 sequences
including the gene of isolated Kytococcus schroeteri strain ICIS13
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12.10.2022 manueHTy BBIIOJHEHO ONepaTUuBHOE
BMEIIATeJIbCTBO: XMpypruueckasi 00paboTKa rHoi-
HOTO oyara JieBoii rojieHu. I1pu peBu3nuu paHbl 00-
Hapy>KeH HEOOJIBIION YYaCTOK CyXOl JeBUTATU3U-
poOBaHHOW 60JblIEOEPIIOBO KOCTU. BhinmonHeHa
JNIEKOPTUKAIIUS y4yacTKa, YJIbTpa3ByKoBasi KaBU-
Tanus paH. PaHa oOMIbHO TTPOMBITA TIEPEKUCHIO
Bogopoza, crepuibHbIM 0,9% pacTBOpoM Xj1opuaa
Hatpus, ocyuieHa. PaHa yactTuuHo ymura oTaesb-
HBIMU Y3JIOBbIMU 1IBaMu. Jlo U mociie onepanuu
MalMeHT MojiyyaJl aHaJbleTUYEeCKYIO, COCYIU-
CTyl0o Tepamnuio. B KkauecTBe aHTUMUKPOOHOI Te-
panuy Ha3HaueH TFeHTAMUIMH BHYTPUMBIIIEYHO
C PEXKMMOM JI03UPOBKHU MO 160 MT IBaXKbl B CYyTKH
B TeUEeHMEe ceMU OHeil. B pesynbraTe JedyeHus OT-
MEUEHO yJy4llleHUEe OOIIEro COCTOSSHUS MallueH-
Ta, TeMIlepaTypa Tejia CHU3UJIAaCh 10 HOPpMaJIbHOM,
paHa OYUCTUJIACh W Hayalia 3MUTEIU3UPOBATHCH,
OakTepuu U3 paHbl He BbiceBaioTcs. [lepem BbI-
MUCKOU MO JaHHBIM OCMOTpA JIEBOI TOJIEHU: Kpas
paHbI MUTETU3UPOBAHBI, 0€3 MPU3HAKOB BOCIIA-
JIeHUsI, THO paHbl — HAaJAKOCTHUIIA, OTAESIEMOTO
U3 paHbl HET, LIBBI COCTOSATeNbHBI. PaHa 3akuBa-
€T BTOPUYHBIM HaTsKeHueM. [losHoro 3axXuB-
JICHUsI PaHEBOW TOBEPXHOCTU CIENAYeT OXHUAATh
B T€UEHUE JBYX Helesib. PekoMeH10BaHO HabJ10-
JIECHUWE y TpaBMarojora Mo MECTy >XUTEeJIbCTBa,
MEePeBI3KM C aHTUCENITUKAMU €KeTHeBHO, CHSTHUE
mBoB yepe3 14 mHeii. [locie BBIMUCKU MALMEHT
MOBTOPHO B JaHHOE MEAMIIMHCKOE yUYpeXIeHUue
He oOpatacs.

Ob6cyxaeHne

Pon Kytococcus (cemeirictBo Kyfococcaceae, no-
psanok Micrococcales, xiacc Actinomycetes, duna
Actinomycetota) BepBble OBbLI BBIICICH B Ka4eCTBE
CaMOCTOSITEJILHOTO TaKcoHa M3 pona Micrococcus
B 1995 1. [19] u cornacHo 6a3e nanHbIX LPSN — List
of Prokaryotic names with Standing in Nomenclature
(https://lpsn.dsmz.de) BkJItouaeT B ceOs1 TpU BuUIa:
K. aerolatus, K. schroeteri, K. sedentarius. Tem He Me-
Hee Ha TaHHBIIt MOMEHT He C(pOpMUPOBAHBI KPUTE -
PUM OLIEHKU YYBCTBUTEJIbHOCTU K aHTUOMOTUKAM,
a OOJIBIIIMHCTBO UCCJIENOBATENIEN UCTIONb3YEeT KPU-
TEPUU YCTOMUYMBOCTU/IyBCTBUTEIBHOCTH, pa3pa-
0oTaHHBIE 1JIsI CTahUIOKOKKOB [2, 18]. K. schroeteri
OOBIYHO XapaKTEepPU3yeTCs YCTOWYMBOCTHIO K TIe-
HULWJIJIWHY U 1IehaIOCHIOPpUHAM, YTO HE TUITMYHO
nast poaa Micrococcus [14].

Hecmotpss Ha TO uto K. schroeteri siBiisieTcs
OOHWM U3 TpeACcTaBUTENIeil HOPMaJTbHOW MUKPO-
OMOTHI KOXXHU, JAHHBIA MUKPOOPraHU3M CIIOCOOEH
BBI3BIBAaTh pa3jiMUHble 3a00JieBaHUSI, BKJIOYas
SHOOKAPAWT TPOTE3HBIX KJAaIlaHOB, WHQEKIIIIO
BEHTPUKYJIOIEPUTOHEATBHOIO IIIYHTA, TMPOTE3-
HBI AUCUUT Ha (poHe Auabera BTOPOro THUIIA,
MHEBMOHHIO U 0aKTepueMUIo Ha (hOHE aCTMBI NI
JNeiKeMnHn, a Tak:ke MHQPEKLUHN TocJie onepaiuii
M0 MPOTE3UPOBAHUIO CYXOXUIUU U kKocTteir [17].

OpnHoil U3 mpobsieM oIpeae/ieHUsT STUOJIOTUM 3a-
OoneBaHUl, BbI3BaHHBIX K. schroeteri, sIBIsieTCS
OTHOCUTEJILHO cJ1abast U3BECTHOCTH JaHHOTO BU/IA,
KOTOPBIN ObIJT BiepBhIe onucaH Juinb B 2002 1. [5],
a TakXe OTCYTCTBUE TECT-CHUCTEM, B TOM YUCJIe
OMOXMMUYECKUX, JJIs1 HaAIeXHOW KYJIbTypab-
HOM MAeHTU(PUKAIINHT, B CBSI3U C YeM JOCTOBEPHAS
uIeHTU(GUKAIIMS OO HeTaBHEro BpeMEHU Obljia
BO3MOXHAa JIMIb C TOMOIIbIO PUOOTUIIMPOBAHUSI.
B Hacrosiiee BpeMsi B AMAarHOCTUYECKUX Jiabo-
paTopusx TO-TIPEeXKHEMY HEBO3MOXHO OaKTepH-
OJIOTUYECKMMM METOAaMM HaIeXHO BBIICISITh
1 UAeHTUDUIMpPOBaTh OaKTepuu Buma Kyfococcus
schroeteri. JlanHasi cuTyauus OoOBbSICHSIET CKYIHOE
KOJIMYeCTBO MHGoOpMaIIMd 00 3TOM TaKCOHEe —
OKOJIO JIBYX JECSITKOB KJIWHUYECKUX CJIydaeB
ONMCAaHO B MEXKAYHAPOIHBIX XKypHaJax, IPpU 3TOM
HU OJHON NyOJAMKALMU POCCUUCKUX aBTOPOB,
u Bcero 15 mocaenoBarenbpHOCcTelM reHa 16S pPHK
U3 KyabTyp K. schroeteri neTIOHUPOBAHO B KpyHEM-
et MupoBoii 6ase naHHbIX GenBank (NCBI). B Ha-
e padboTe yaaaoch UACHTUDUIINPOBATD KYJIBTYPY
K. schroeteri, BbIIeNEHHYIO B aCCOLIMALIUU C IPYTUM
BUJIOM OaKTepUii, TONAbKO ¢ moMolibio MALDI-ToF
Macc-CleKTpoMeTpruu. JloCTOBEpHOCTh WIECHTH-
duKanum moaTBepXIeHa CEKBEHUPOBAHWEM TeHa
16S pPHK. Crout ormeruTth, 4to Bun K. schroeteri
Obl1 1o6aByieH B 0a3y MukpoopranusmoB «VITEK
MS — KJIMHUYECKOEe MPUMEHEHHUE» TOJBKO HadyU-
Hasg ¢ Bepcuu 3.2.

B Hamem wnccienoBaHWM BIIEpBBIE ONMMUCAH Ba-
pUAaHT MUKCT-WH(GEKINN, BbI3BAHHON IBYMS
TPaMIIOJIOKUTEIbHBIMU OakTepusiMu: K. schroeteri
u E. faecalis. TlonoOHbIe accollMallid MOTYT yCH-
JIUBaTh MaroreHetruyeckue sd@eKTbl Apyr Apyra.
OnHoM U3 MPUYMH Takoro apdexTa sBjsieTcss oopa-
30BaHUE OMOMJIEHKU B paHeBoli objactu [15], B KO-
TOpOIt OMWMH BUI OaKTepUil CIIOCOOCTBYET aare3uu
U KoJlIoHUu3aluu npyroro Buaa. Kak ciencrsue, paHe-
Basi MHMEKIIMS MOXET MEPEXOIUTh B XPOHUYECKYIO
¢opMy ¢ HUBKON BEPOSITHOCTHIO MOJOXUTEIBHOTO
BbICEBA IIPU TMPOBEACHUU MUKPOOMOIOTMYECKOIO
ucciuenoBaHust [6]. OOHapyXeHUe SHTEPOKOKKOB,
yaiie Bcero uMeHHo E. faecalis, kak B HallleM ucce-
JIOBAaHWHU, B COCTaBe accoliaunii Bo30yauTeieil MH-
dex1mu, Crroco0CTBYET Tlepenadye 1 pacipocTpaHe-
HHIO T€HOB PE3UCTEHTHOCTU K aHTHOMOTHUKaM [13],
HO B TO XK€ BpPeMsI MOXET IIPEITITCTBOBATH KOJIOHM-
3allMM paHbl TPaMOTPULIATSILHBIMH OaKTepUSIMU
3a cueT aHTaronusma [20].

Takum o6paszoMm, ciaenyet auddepeHLInpoBaTh
npencraButencii Buga K. schroeteri oT Ipyrux rnpei-
craButeneii nopsinka Micrococcales. Tlpun OGakte-
PUOJIOTMYECKOM UCCJICAOBAHUN TTOA03PUTETBHBIM
NPU3HAKOM, YKa3bIBAIOIINM Ha BO3MOXHYIO IIPHU-
HAJJIEXKHOCTh KYJIBTYphl K. schroeteri, SIBIISIETCS
YCTOMYMBOCTh K OKCAIIMJUTUHY. B CBSI3M ¢ HEBO3-
MOXHOCTBIO MCIIOJIb30BAHUSI UMEIOIIUXCS OMOXU-
MUYECKUX TECT-CUCTEeM, He HalleJIeHHbIX Ha nudde-
peHuuanuio K. schroeteri OT pOACTBEHHBIX TAKCOHOB,
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HajeXHasi uIeHTU(UKaAIUs DAaHHOTO BUIA ITOKa
BO3MOXHA JIMIIb C TpuMeHeHueM metoga MALDI-
ToF wmacc-criekTpoMeTpun WA CEKBEHUPOBAHUS
rena 16S pPHK. 1151 6Gosiee moaHOro IpeacTaBIeHUST
o Ouosioruu 6akTepuit pona Kyfococcus TpedyeTcs 60-
Jiee THIATeJIbHOE UCC/IeIOBAHUE, KOTOPOE MO3BOJINIIO
OBl OXapaKTePU30BaTh YACTOTY BCTPEUAEMOCTHU 3TUX
OakTepnii B KJIMHUYECKOM Marepuaje, (eHOTUIII-
YecKre OCOOEHHOCTM IIITaMMOB, B TOM YHCJE caxa-
POJIMTUYECKYIO U TTPOTEOJUTUYECKYIO aKTUBHOCTHU,
¢aKTOpBI TATOTEHHOCTH, TIEPCUCTEHTHBIN TTOTEHIIN-
aJ1, MeXaHMU3MBbI U TeHBI YCTOMUYNBOCTY K aHTUOUOTH-
KaM, 0COOEHHOCTU CTPYKTYpbl reHoMa. [lanbHel1ne

WCCIIEIOBAHUSI Pa3IUYHBIX TUITOB OaKTepHaIbHBIX
accoualuifi TIOMOTYT BBISIBUTH 3aKOHOMEPHOCTH
maToreHe3a MpU CMEINaHHBIX WHQEKIINIX, 9TO MO-
3BOJIUT pa3padoTarhb 6osee 3(hPEeKTUBHBIC CpeICTBA
STUOTPOITHOI Tepariny 3TUX 3a007IeBaHMA.
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NAMATA
HATAJIUN HUKOJNTAEBHbI BECEJHOBOM

HayuyHo-ucciieqoBaTebCKUl WHCTUTYT BIUAEMUOJOTUU U Mukpodbuonsoruu um. I.II. ComoBa
PocnorpedbHan3opa ¢ nmpuckopouem coobiiaet, 4To 23 ceHTsa0psa 2023 roga Ha 89-M roay >KU3HU CKOH-
yanack Hatanusa HukomaeBHa becenHoBa, TOKTOp MEIUIIMHCKMUX HAyK, Ipodeccop, 3aciayKeHHbIN Jae-
aTeib HayKn Poccuiickoit Denepalinu, OeiicTBUTENbHBIN YiieH Poccuiickoil akageMuu Hayk, Jlaypear
T'ocynapctBeHHoii npemuu CCCP, BoigaoluAcs yUeHbIi, OJeCTIIIMIT OpraHu3aTop, MpeKpacHbIl mega-
ror ¥ 3aMevaTeJIbHbI YeJI0BeK.

Haranusa HukonaesHa becenHoBa poaunace 2 ¢gpespans 1935 roga B r. Kisisbma MoCKOBCKOM 001aCTH.
IMocne okonyanust B 1959 roay IlepBoro MockoBCKOro MeauiMHCKOro uHctutyta um. .M. CeueHoBa
10 pacIripelieJIeHMIo rpuexasna B I. BranuBocTok, rae Hadyala paboTaTh BpauoM-3ITUIAEMHOJIOIOM TOPOICKOM
caHuTapHO-3nuaeMuoorndeckoit cranuuu. C 1960 roma TpynoBas nearenbHocTh H.H. BecenHoBoii cBsi3a-
Ha ¢ HayyHo-uccienoBaTeJlbcKuM MHCTUTYTOM SMUAEMUOJIOT MY 1 MUKPOOWOJIOT MU, TlIe OHA TPOoIIlia yTh
OT MJIAJIIIIETO HAYYHOI'0 COTPYAHMKA A0 PYKOBOAUTEN S JITAOOpATOPU U, 3aMECTUTEIISI AUPEKTOpa MO HayYHOM
pa6ote n nupekTopa MHCTUTYTA, KOTOPHIM YCITEIITHO pyKOBOAMJIA HA IIPOTSIKEHU U ABYX JIECITUIICTHIA.

B 1969 rony Hatanus HukonaeBHa 3aliMTHUIa KaHIMAATCKYI0, B 1980 rogy — IOKTOPCKYIO AUCCEPTA-
MO HAa TEMY «DKCITIepUMEHTAJIbHOE M KJIMHUKO-3ITUAESMHOJIOTNYECKOEe N3yUYeHMEe MCEBIOTYOCPKYIIC3HOMU
uHpexkuuu». B 1991 roay eii 66110 MpUCBOEHO 3BaHUEe NMpodeccopa Mo CIEeLMaIbHOCTU «AJIJIeProJIorus
u uMmMmyHosorusi». B 1993 rony H.H. beceaHoBa 6bl1a u3dbpaHa yieHoM-KoppecrnoHaeHToM, B 2000 rony —
akanemukoM Poccuiickoit akanemuun menuunHckux HaykK. C 2013 rona H.H. becenHoBa — neiicTBUTEb-
HbI yyieH Poccuiickoii akageMuu HayK.

B nocnennue rombl cBoeit HayuHoU aesitesibHocT H.H. becenHoBa 3aHMMasia 101KHOCTD IITAaBHOTO Ha-
YYHOTO cOTpyaHNKa MHCTUTYTA.

HayuHnas nesarenbHocTtbh H.H. becenqnoBoii 6bl1a cocpenoToyeHa Ha MpoodJieMax 1MarHOCTUKU, JISYSHU ST
¥ ITpOPUIAKTUKY NH(PEKIINOHHBIX 3a00JieBaHMit. [To ee pyKOBOACTBOM BBITTOJITHEHBI ITMKJIBI OO PHBIX
UCcClIefOBaH U MO UMMYHOJIOTUM OplolHOTO TUda, nceBaoTyoepKkye3a, nudrepuun. B 1989 roay 3a pado-
TY IO NU3YYEHU O HOBOTO KJIMHUKO-3IMUJIEMUIECKOTO MPOSIBJICHM ST TICEBAOTYOEPKYIe3HOM MHMEKIINN Y Ue-
JloBeKa (1aJIbHEBOCTOYHOU CKapJaTUHOMOAOOHOM JIMXOpaaKHW) B YMCJE IPYINbl COTPYAHUKOB MHCTUTYTa
H.H. becennoBa 6n1y1a ynoctoeHa l'ocygapctBeHHoit npemuu CCCP.

995



Hekponor MHdekumns n uMmyHuTeT

B 1970-x rogax Hatanbss HukonaeBHa saBUaCh MHUIIMATOPOM CO3JIaHUS W Pa3BUTUSI HOBOIO Hayu-
HOTO HaIlpaBJEHUS MO U3YUYEHUIO KJIETOUYHBIX U MOJIEKYJISIPHBIX MEXaHU3MOB UMMYHOMOAYJIUPYIOLIETO
JNeCTBUS OMOJIOTMYECKU aKTUBHBIX BEIIECTB U3 TMAPOOMOHTOB TUXOro okeaHa, opraHM30BaB LIWPO-
KO€ COTPYAHUUYECTBO ¢ TUXOOKEAaHCKUM MHCTUTYTOM OuoopraHmnyeckoit xumuu uM. I.b. Enxskosa JIBO
PAH, TuxookeaHCKMM Hay4YHO-UCCJeI0BaTEIbCKUM PbIOOXO3SIMCTBEHHBIM LIEHTPOM, THXOOKEaHCKUM
rocygapCTBEHHbIM MEIUIIMHCKUM YHUBEPCUTETOM M MPAKTUUYECKUMU YUPEKACHUSIMU 3IpPaBOOXpaHe-
Hus. B pesynabraTte uccienoBanuii, koopauHupyeMmbix H.H. becenHoBoli, ObIIM MOTYYEHbl HOBbIE TaH-
Hble 00 UMMYHOMOAYJUPYIOLINX, aHTUOAKTEepUaTbHbIX, aHTUBUPYCHBIX, MPOTUBOOMYXOJIEBbIX, aHTHU-
aAre3MBHBIX, aHTUIHIOTOKCUUYECKM X, MPOATONTOTUYECKUX, FeNaTO3alMTHBIX, TUIOJUITUIIMUUECKUX
CBOMCTBaX OMOJIOTMYECKN AKTUBHBIX BEIIECTB MOPCKOI'O MPOUCXOXAEHUS, YCTAHOBJIEHBI KJETOUYHBbIE
U MOJIEKYJISIPHbIE MEXaHU3Mbl UMMYHOMOIYJIUPYIOIIEro NeCTBU 1, 000CHOBaHAa BO3MOXHOCTb KOHCTPY -
poOBaHUSI MHHOBAIIMOHHBIX JIEKAPCTBEHHBIX CPEJICTB HAa UX OCHOBE, pa3paboTaHbl IKOJOTMYEeCKU Oe3-
onacHbIe MPOAYKThI GYHKIIMOHAJIBHOI'O MUTAHUS U OMOJIOTMUYECKU aKTUBHbIE JOOABKHU K MUIIE, YIOCTO-
€HHbIE 30JI0ThIX U MJATUMHOBBIX 3HAKOB KayecTBa, TUIIJIOMOB MOOeIMUTE e HallMOHAJIbHBIX U 3apyOexX-
HbIX KOHKYypcoB. H.H. becenHoBa siBjisijiack HaydYHbIM pyKoBoauTejeM «KIMHUKO-IMarHocTU4ecKoro
LIEHTpa FepOHTOJOTMU U OUOTEPAIUU», CO3JAaHHOTO IIPU €€ YyYacTU U Ha 0a3e TepaneBTUYECKOro oTaeae-
Hus MeauuunHckoro oobsenuHeHust JIBO PAH, roe npoBoauTcs olleHKa KIMHUYECKON 3 (PEeKTUBHOCTU
npernapaToB Ha OCHOBE OMOJOrMYECKM aKTUBHBIX BEIIECTB U3 OOBEKTOB Ha3eMHOW U MOPCKO (ophl
u ayHsbl lanbHero BocTtoka.

H.H. becenHoBoil co3maHa IIKOJa BbICOKOKBAJUMUIIMPOBAHHBIX CIIELIMAJUCTOB B 00JJAaCTU MUKPO-
OMOJIOTUU U UMMYHOJIOTUM, MHOTHE U3 KOTOPBIX B HACTOsIIIIee BpeMsl paboTaloT Ha Kadeapax B By3ax, 3a-
BEAYIOT JabopaTopusiMu MHcTUTyTa, OTHEIeHUsIMU KIUHUK. [loa ee pyKOBOACTBOM 3aliuiineHbl 31 KaH-
nunatckas u 6 nokropckux gucceprauuii. H.H. becenHosa siBisieTcst aBTopom 6oJiee 300 meyaTHBIX paboT,
32 maTeHTOB, 15 MoHOrpaduii, mocoduii Al MPaKTUYECKUX Bpaueil, TEXHOJOTUYECKON TOKYMEHTALIUU.

C 2014 rony H.H. beceaHoBa Bo3rinasua padoty O6beamHeHHoro YueHoro Coseta JIBO PAH no me-
NUIIMHCKUM U (DU3UOJOTMYEeCKMM HayKaM, MHOTUE TOAbl SIBJsJIaCh YJI€HOM AUCCEPTALIMOHHBIX COBETOB
JAKM 208.007.02 u /1 307.012.01, ynenom KoopauHaumonHoro Coseta u Upe3BblualiHOM IMTPOTUBOIMNUIC-
MMYECKOU KoMuccuu Ipu emapTaMeHTe 31paBoOXpaHEeHU ST aiMUHUCTpaliuu [IpuMopckoro kpast, 4IeHOM
pPeIaKIIMOHHBIX KOJUIETUM 3KYPHAJIOB «AHTHOMOTUKH U XUMHUOTepanusi», «broyierenb CHOMPCKOTro OTae-
neHust PAMH», «TuxookeaHCKMI MEIUIIMHCKU I XXypHaJl», «310poBbe. MenuiimHckas skoyorus. Hayka».

B 2001 rony H.H. becenHoBoil OblJI0 MPUCBOEHO IOYETHOE 3BaHUE «3acJy>KeHHBbIN JesTesb Ha-
yku Poccuiickoit ®enepaniumn». Ee BecoMmblil BKJaa B HayKy OTMedYeH BbicokMMU Harpagamu CCCP
n Poccmiickoit Denepanum: opaeHoM «3Hak [lodera», memanbio BHX, opamenom Ipy>KObI, Meaabio
uMm. akagemuka B.U. ITokpoBckoro.

Ha npotsizxeHuu Bceit cBoeii TpynoBoii nesitesbHocTu Hatanbst HukonaeBHa becenHoBa ocTaBajiach
UHTEJUIMTEHTHBIM, TOOPIM U BHUMATEIbHBIM K KOJIJIETraM U APY3bsSM UEJOBEKOM, OTIaBaja BCE CHUJIbI,
3HAHUS U ONBIT COTPYAHUKAM UHCTUTYTA.

Viia u3 XuU3HU 3aMedaTebHas KeHluHa. Ee He 3a0ynyT Te, KTo Koraa-i1ubo obuaacsa ¢ Heil. Ham
BCeM OyleT He XBaTaTb JOOPOro Apyra U Myaporo HactaBHuKa. CBeT/as MaMsITh O HEll HaBceraa coxpa-
HUTCS B HAllIMX CepALIaXx.
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NPABUJIA AJ19 ABTOPOB

CTaTbhy IPEACTABISAIOTCS B PEIAKIIMIO Uepe3 CUCTEMY 3JIeKTPOHHOTO0 n3naTeabeTBa (http://iimmun.ru) B cooTBeT-
CTBUHM C TpeOOBaHMAMM XypHana «MHbeKIusI 1 UMMYyHUTET» U «MHCTpyKIIMel 11T aBTOPOB», MPeaCTaBICHHOM
Ha caiite. C despans 2016 rona xxypHai «MHDEKIIMS 1 UMMYHUTET» TyOJIUKYET CTaTbU Ha IBYX SI3bIKaX (PYCCKOM
U aHTJIUIICKOM).

OcHOBHbIe BUbl cTaTeil, Nyo/IMKyeMbIX B XXypHane

OpHUruHaIbHAS CTAThA

CTaTbs A0JKHA OMUCHIBATH PE3YIbTaThl 3aKOHUEHHOT0 uccienoBaHus. Jlomyckaercss o0beM cTaTbi 10 20 Maliu-
HOTUCHBIX CTPAHUII, BKJOUast pUCyHKU, Tabauiibl. CTaThs JOJIXKHA colepkaTh: 1) BBeneHue; 2) MaTepuaibl U METO-
bl 3) pe3yabTaThl UCCIeAOBaHMI; 4) 00CyKIeHNEe Pe3yIbTATOB; 5) 6J1arogapHOCTH.

e BBenenne conepXxuT o00CHOBaHME 1eJIU U 3a]a4 ITPOBEIEHHOT0 UCCIeA0BAHUSI.

e MarepuaJibl 1 METObI MOTYT U3J1araThCsl B BUJAE OTEJIbHbIX (DPArMEHTOB C KOPOTKMMMU MOA3ar0JIOBKaAMU.

e Bce HeTpanuiimoHHble MOAU(PUKAIIMN METOIOB JOJIKHBI OBITH OTTMCAHBI C JOCTATOYHOI CTEIEeHbIO IO/~
pob6HocTH. JIJIsT BCeX UCIOJb3yeMBbIX B pab0Te PeaKTUBOB, SKUBOTHBIX, KJIETOYHBIX KYJBTYP M T.1. HEO0-
XOJIMMO TOYHO YKa3bIBaTh IPOU3BOIUTENEH /WU UCTOYHUKY MOTYyYeHU s (C HAa3BaHUSIMU CTPaHbI, hUp-
MBI, UHCTUTYTA).
PesyabTaThl ONMUCHIBAIOTCSI B JIOTUYECKOI MOCIEIOBATEILHOCTU B BUAE OTIEIbHBIX (DparMeHTOB, pa3je-
JICHHBIX MO/I3aTr0JIOBKaMU, 6€3 2JIEMEHTOB O0CYKAeHUsI, 6€3 MOBTOPEHUS METONUIECKUX ITOIPOOHOCTEM,
0e3 nyosimpoBaHU s HU(PPOBBIX JaHHBIX, IIPUBEICHHBIX B TAOJIMIIAX U PUCYHKAX.
B 00cyKaeHuM ITPOBOAMTCS AeTaJbHBIM aHAJINU3 TTOJYYEHHBIX JaHHBIX B COMOCTABJICHUM C TAHHBIMU JIU-
TepaTypbl, UYTO CIYKUT OOOCHOBAHUEM BbIBOJIOB U 3aKJIIOUYEHU T aBTOPOB.
Paznen «baaromapHocT» He sIBJIsIeTCS 00s13aTeIbHBIM, HO KpaiiHe xkeJiaTesieH. B aToM pasnese aBTOpbI MO-
T'YT BBIPA3UTh MPU3HATEIbLHOCTh OpPraHM3alli1, CyOCUINPOBaBIIEi TpoBeAeHUE UCCIEIOBAaHU M, KOJe-
ram, KOHCYJIbTUPOBABIIIMM pabOTYy B ITPOIIECCE €€ BHITTIOJTHEH U ST U/UJIM HATTUCAHU S, a TAKXKE TEXHUYECKOMY
TMepCcoHay 3a TMTOMOIIlb B BRIMOJTHEHU U UcciefoBaHu . biarogapHocTu 3a mpenocraBieHue crieiupuiec-
KUX peaKTUBOB UJIM 000pYyI0BaHMsI, KaK IIpaBUJIO, TIOMEIIAIOTCs B pasaeiie «MaTepuaibl U METOIbI».

Kparkue cooduenns

KypHan nyoinKyeT HeOoIblIKre 0 00beMY CTaTbU, KOTOPbIE UMEIOT 0€3YCIIOBHYIO HOBU3HY M 3HAUMMOCTh. DTHU
CTaThU IMPOXOMIST YCKOPEHHOE pelieH3UpOBaHNe U TyOJUKYIOTCS B KOPOTKHUE CpoKU. OOMit 00beM KpaTKOTO CO00-
IIEHU I OTPaHWYeH 8 MAITMHOMMCHBIMU CTPAHUIIAMHU, KOJTMYECTBO PUCYHKOB M/MJIW TaOIUI] HE MOXET OBITH OoJiee 3,
a CMUCOK MCMOJb30BAaHHBIX IMTEPATYPHBIX UCTOUHMKOB He JOJKEH MpeBbIIaTh 15. TUTYNbHBIN TUCT oopmseTcs,
Kak onucaHo Huxe (cM. «[Togroroska crareii»). Pazaenbl KpaTKoro cooOIIeH I aHAIOTMYHBI BBIIIIEOMTMCAHHBIM pa3-
JleJlaM OPUTUHAJIBHOM CTaTbU, HO HE BBIIEISIIOTCS 3aT0JIOBKAMU U TTOA3ar0JIOBKaMU, Pe3yJIbTaThl MOTYT OBITh U3J10-
JKEHBI BMECTE C 00CYXICHUEM.

O030pHbBIE CTATHY U JIEKIUU

O0630pHbIE CTAaTbU U JIEKIIMY B OCHOBHOM 3aKa3bIBaIOTCS pelaKIlMei UM MOTYT ObITh PEKOMEHI0BaHbI OMHUM U3 UJie-
HOB penkosuternu. bojee monpodHyo nHMOPMAIINIo O TpaBUIax 0(POPMIEHUS 3TUX CTaTei MOXKHO Y3HATh B pelaKIINU.

Bubnuorpacpuyeckmne ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnukaumni

Onucanue CTaTbU U3 XKypHAJIA:

Casnuna T.1O., Mopososa T.1. UmmyHoormueckue MeTonbl B tuddepeHimaibHoil nuarnoctuke // Ty6epkyies u 601e3HU JTeTKHX.

2011. T. 88, Ne 11. C. 50-53.

Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

Onucanue craTbu N3 KHUTH (MOHOTpadum):

Llypeiruna U.A., Yecnokosa M.B., Kinumos B.T. [IceBnoTybepkynes. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBubHOrO 0hOPMJIEHUS AHIJIOA3BIYHBIX CCHLIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205-229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchLIKY Ha TUTEPATyPHBIE MICTOYHUKU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM11aX 0003HAYAIOTCS apaOCKUMU M-
paMu B KBaJpaTHBIX ckoOkax [1, 2, 3,...]. He momyckaioTcs cChIIKM Ha nucCepTalluu, aBTopedepaThl AMCCEpTaLlnii,
nyoJaMKaluu B COOPHUKAX, METOAMYECKHE JOKYMEHTHI MECTHOTO ypOBH 1. Ko1MyecTBO NICTOUHUKOB HE OrpaHUYEHO.
B xax10ii cchlyike MpuBOASITCS BCe aBTOPbI paboThl. HeonyOanKoBaHHbBIE CTaThbU B CIIUCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

J1s CIOXKHBIX TEPMUHOB MJIM HA3BaHU M, HaK0OJIee YaCTO UCTOJIb3YeMbIX B TEKCTE CTATbU, MOXHO BBECTH (B KPY-
[JIBIX CKOOKAaX MocJje MepBOro ynoMMHaHUS TTOJTHOTO Ha3BaHUsI TepMUHA) He Oosiee 3—5 HeTpaauIIMOHHBIX COKpa-
IEHWIA. Y3aKOHEHHbIE MEXIyHapOTHBIMU HOMEHKJIATYpaMU COKpAIIeHUST WCIOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 11 TEpMUHA «MHTEPIENKUH» UCIIONB3yeTCs cokpatenue «IL», a He pyCCKOSI3bIYHBII
BapuaHT «MJI»; aHaIornuHo sToMy ucrnonb3yrorcst cokpaineHus: < NF», a He <TH®» unu «®HO»; «CD», a He «C».
HasBaHus MUKPOOPTaHU3MOB MIPUBOISITCS B OPUTMHAIBHON TPAaHCKPUIILIMU C UCTIOIb30BaHUeM KypcuBa (E. coli,
Streptococcus pyogenes). ETUHWIIBI U3MePEHU I TPUBOASATCS 6€3 TOUKHU TTOCJIe X COKPAIIIEHHOT0 0003HaYeHM I, peryia-
MEHTHUPOBAHHOI'O MEXIYHapOIHBIMU IIpaBUIaMu (C, 4, cM, MJI, MT, kDa u T.1.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMW WM 0630pa; 3) UCTIOb30BaHUE aBTOPOM TPENCTABIEHHBIX B JKYpHAaJI MaTepHUaoB MPU Ha-
MYMCAaHUU IUCCEePTALMU MJIM KHUTH. Bocmpon3BeneHne BCero n3naHus UM 4aCcTH JTI0OBIM CITOCOOOM 3arIpeliaeT-
cs1 6e3 MUCbMEHHOr0 pa3pelneHus uznareneir. HapyiieHue 3aKkoHa OyaeT IpeciieaoBaThCs B CyaAeOHOM MOPSIAKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu aBTOpOB»).
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3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SBIISTIOTCSI COTPYAHUKU Pa3HBbIX YUPEXKAEHUI, TO TOCIeTHNEe HYMEePYIOTCS T10 TOpSaKy, HaunHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJIbl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BaHKeE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXO/AHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

IToanbiii uHTEpHET-2/pEC
(URL) uurupyemoii cTaTbu
u/umm ee DOI

Pazmematorcst

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHJapTy, MPEACTABIEHHOMY
BbILLIE

OduiraabHOE aHTIOSI3bIYHOE Ha3BaHUE
ny6JIMKalMK U UICTOYHKKA, TJIe OHA
orny0JIMKOBaHA — JIJISI PYCCKOSI3bIUHBIX CTATEi.
B penkux ciyuasix, KOraa He CyLecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHUA,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYOMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaIbHOM caiiTe
U3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

B T.4. CUCTEMBI
www.e-library.ru.

DOI cratbu npuBoaUTCS
B KBaJPaTHBIX CKOOKAxX
nocie URL-aapeca

4. TekcT moJKeH ObITh HAOpaH C ONMHAPHBIM MEXCTPOYHBIM MHTEPBAJIOM; UCIIOJIb3yeTCs Kerib mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBAaHUE; BCE CChIJIKY Ha UJLTIOCTpAluU, TpadKuy 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciiu BBl OTIIpaBIIsIeTe CTaThiO B PELIEH3MPYEMbIil pa3/iel XKypHalia, TO Bbl COIIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, TOAPOOHEEe 0 KOTOPOM MOXHO y3HAaTh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Boi MokeTe 0(hOpMHUTH MOANMMCKY HA XKYPHAJT
«Andekuns 1 IMMMYHUTET» Yepe3 OTIAeJIeHUs CBS3H:

000 «¥Ypaa-ITpecc-Okpyr» u 21eKTPOHHBII KaTaJjor «Poccuiickas nepuoauka»

B ceTu Internet Ha caiite www.arpk.org.
TloanucHoii naaekc 41392.
IMoanucka Ha 3JIEKTPOHHYIO BEPCHIO XKyPHAJIa
Ha caiite www.elibrary.ru
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Aak O.B......cc......
Anexceesa H.TI.
ApcenTtbeBa H.A. .
ba6aiikuna O.H...
Bakmranosckas U.B..
Bopucos C.1........
Bacunses H.1O..
Bacusnbesa H.B.
Boponuna E.B. .
Tanwuena J1.K. .
'uBoitHo V.K..
I'puropseba C.A
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[MnoTHukoOB A.O.
IMoTepsie .A. ......
[Mpackypuuunii E.A.
PoxxoBa M.B.....
Psa6osa JI.B.........
Caiitranuna M.A..
Capanyibues A.I1.
CaemioBa M.B....
CepreBHuH B.W.
CobGoneB A.B. ........
Cranesuu O.B. ......
Crenanosa K.b. .
Crenanona T.O. .
Tanaes B.1O.....
TuroBa A.B. ....
Tuxonosuu 2.J1.....
TormumeBa JI.B. ...ocooviiiiiiieeeeee 967

NPEAMETHbIA YKASATEJIb

alanTUBHBII UMMYHUTET....
aKTUBALUS
ajjgepruyeckKuit OpoHX0aeroyHblit
ACTIEPTHIIIICS. ettt eieee s e e e seneeeaeeens 947
ajlepruyeckoe rpubkoBoe 3abojeBaHue
JIBIXATEJbHBIX YTl
AHTUOMOTUKOPE3UCTEHTHOCTh
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lllustrations for the article “A clinical case of posttraumatic osteomyelitis associated with Kytococcus schroeteri
and Enterococcus faecalis” (authors: Borisov S.D., Karimov |.F., Plotnikov A.O., Inchagova K.S., Pankov A.S.,
Danshin D.P.) (pp. 985-994)
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PucyHok 1. Mukpockonus kynbtyp Enterococcus faecalis (cnea) n Kytococcus schroeteri (cnpagBa).
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Figure 1. Microscopy imaging of Enterococcus faecalis (left) and Kytococcus schroeteri (right) cultures.
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