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AHHoTaums

B ycrosusx naHaemun COVID-19 nomMnmo cneunduueckoin MUMMyHM3aLIMK aKTyaAM3UPYeTCst Hecreumuyeckas MMMYyHONPOUAAKTUKA
SARS-CoV-2-MHEeKLUMU U APYIUX OCTPbIX PECTIMPATOPHBIX MHPEKLIMI, KOTOpble MOTYT ycyrybuTth Tedenne COVID-19. BakumHa bLDK
NPEACTaBAAETCA OAHUM M3 UMMYHOCTUMYAATOPOB-KaHAMAATOB B 3TOM OTHOWEHMUW. BmecTe ¢ TeM BHUMaHMsA 3aCAYXXMBAIOT M Apyrue
npenapartbl MUKPOOHOTO NMPOUCXOXKAEHUS, MHAYLIMPYIOLUIME COCTOsIHME TPEeHUPOBaHHOTO MMMyHMTeTa. BLIXK 1 nHble 6akTeprasbHble
MMMYHOCTUMYAMPYIOLLIME areHTbl, CoAepyKallume OGOAbLIOE KOAMYECTBO BUOAOTMUYECKM aKTUBHbIX CYObEAMHML, AQBHO paccMaTpUBaloTCs
Kak 0ObeKTbl Moucka MepcrnekTUBHbIX (PapmakoAoryecknx BellecTs. B o6G3ope npoaHaausmposaHbl B3aumocssisn  BLIK,
MMUKOGaKTEPMAABHbIX aAbIOBAaHTOB, GAKTEPUAAbHBIX AM3ATOB, TPEHUPOBAHHOIO MMMYHUTETA, MypamuanenTnaos (MI1) u peuentopos
NOD2 B cBeTe Bbl6Opa HU3KOMOAEKYASIDHOM aAbTEPHATMBBI MHOTOKOMMOHEHTHbIM OaKTepUaAbHbIM MMMYHOCTUMYASTOPAM AAS
NPOMPUAAKTUKM OCTPBIX PECTMPATOPHBIX MHpeKLMi B ycAoBUsiX naHaemun COVID-19. MonCKM KAIOUEBBIX MOAEKYA, 3@ CHET KOTOPbIX
6aKTepun CTUMYAMPYIOT BPOXKAEGHHbIE M aAanTUBHbIE UMMYHHbIE peakLMm, MAYT MO CnMpaAn. Ha pasHbix BUTKax 3Toi cnpasn MI1
HEOAHOKPATHO BOCMPOWU3BOAMAM Hecneunduyeckne 3PeKTbl MHOFOKOMMOHEHTHbIX GaKTepUaAbHbIX aAbIOBAHTOB, BaKLUMH M
MMMYHOCTUMYASITOPOB. MIT 1 coaepikalume Ux NenTUAOTAMKAHbI ONPEACASIOT aAblOBaHTHbIE CBOMCTBA KAETOUYHbIX CTEHOK MUKOOaKTepHmit
M UX NENTUAO-TAMKOAUMMAHOM ppakumm (Bocka D). MIT cmoramn 3amennts Mycobacterium tuberculosis B noAHoM asbloBaHTe DpeiiHaa.
MTT o6ycaroBansaor NOD2-3aBucKMyto cnocobHocTb BLIK nHAyumnposaTh TpeHMpOBaHHbI MMMYHUTET. BeposTHo, MIT o6ecneynsaiot
NOD2-onocpeaoBaHHOe CTOMKOe NPOUAAKTUYECKOE AeCTBUE BaKTepPUaAAbHBIX AU3aTOB. BbilueckasaHHOe NOGYAMAO NMEPEOCMBICAUTD
MOAyYeHHbIe paHee AOKa3aTeAbCTBA 3(P(PEKTUBHOCTH MAIOKO3aMUHUAMYPAaMUAAMTIENTHAA KaK aroHncTa NOD2 B Aeuenunmn/npopuaakTike
pecnmpaTopHbIX MH@eKUMA. Mbl moAaraemM, 4to MIT, B 4HaCTHOCTM FAIOKO3aMUHUAMYPAMMUAAUMENTHUA, NPU PALLMOHAABHO MNOAOOPAHHOM
cXeme MNpUMeHEHUsl CMOTYT BO MHOTMX acrekTax BocrnpoussecTu Hecneuudpuyeckne sppektsl BLK 1 MHOrOKOMMOHEHTHbIX
6aKTepUaAbHbIX MMMYHOCTUMYASITOPOB B MPEAOTBPALLEHMM PECNUPATOPHbIX MHMekunii Bo Bpems naHaemun COVID-19 u B
NOCTNaHAEMMUYECKUI NEePUOA.

Katouesble crosa: BLIK, mypammuanenTnabl, riokozammHusmypamunamnnentns, NOD2, TpeHmuposaHHbisi MmyHUTeT, aabloBaHT Dperitaa,
b6aktepnarsHbie rusatel, COVID-19, SARS-CoV-2, pecninpaTopHble MHbeKLmm.
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BCG, muramylpeptides, trained immunity (part II): a low molecular weight alternative
to multicomponent bacterial immunostimulants for prevention of respiratory infections
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During a pandemic, nonspecific immunoprophylaxis of SARS-CoV-2 infection and other acute respiratory infections (ARI), which can worsen
the course of COVID-19, is increasingly in demand in addition to specific immunization. BCG vaccine appears to be one of the candidate
immunostimulants in this regard. At the same time, other microbe-derived preparations capable of inducing a state of trained immunity
deserve attention. BCG and other bacterial immunostimulatory agents containing a large number of biologically active subunits have long
been considered as objects of search for promising pharmacological substances. The review analyzes the linkages between BCG,
mycobacterial adjuvants, bacterial lysates, trained immunity, muramylpeptides (MPs) and NOD2 receptors in light of the choice of a low
molecular weight alternative to multicomponent bacterial immunostimulants for ARI prevention during the COVID-19 pandemic. The
search for key molecules by which bacteria stimulate innate and adaptive immune responses proceeds in a spiral. On different loops of this
spiral, MPs have repeatedly reproduced the nonspecific effects of multicomponent bacterial adjuvants, vaccines and immunostimulants.
MPs and peptidoglycans containing MPs determine the adjuvant properties of the cell walls of mycobacteria and their peptide-glycolipid
fraction (wax D). MPs were able to replace Mycobacterium tuberculosis in complete Freund's adjuvant. MPs determine the NOD2-dependent
ability of BCG to induce trained immunity. Probably, MPs provide NOD2-mediated long-term prophylactic action of bacterial lysates. All
of the above has prompted revisiting the previously obtained evidence of the efficacy of glucosaminylmuramy! dipeptide (GMDP) as a
NOD?2 agonist in treatment/prevention of respiratory infections. We speculate here that MPs, in particular GMDP, at rational dosing regimens
will be able to reproduce many aspects of the nonspecific effects of BCG and multicomponent bacterial immunostimulants in preventing
ARI during the COVID-19 pandemic and in the post-pandemic period.

Keywords: BCG, muramyl peptides, glucosaminylmuramyl dipeptide, NOD2, trained immunity, Freund's adjuvant, bacterial lysates, COVID-
19, SARS-CoV-2, respiratory infections.
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I'MATT — ritoKo3aMUHUIIMY PAMUTIIUIEITH,
WJI — unTeneiikux

W®H — untephepon

MJII — mypamunaunenTus

MIT — mypamumenTus

OPH — ocTpast pecniupaTopHas MH(eKLst

PKMU — pangomusnpoBaHHble KIMHUUECKUE UCCIICOBAHNS

NOD?2 (Nucleotide-binding Oligomerization Domain-containing pro-
tein 2) — QUTONIIa3MaTHYEeCK1e PeenTOpbl BPOK/GHHOTO MIMMYHUTETA
NLR — NOD-noj106HbI€ penenTopbl

Ha done necpupra npoTHBOBUPYCHBIX NPENApaTOB C JJOKa-
3aHHOI1 KJIMHUYecKol appexTuBHOCTHIO NPOTUB SARS-CoV-2
(Severe Acute Respiratory Syndrome COronaVirus 2), a Takxe
MHOTOTPAHHOCTH U HEeMOJIHOM n3yuenHocTr natoreneza COVID-
19 (COronaVIrus Disease 2019), HOCTOSIHHO OOHOBIISIEMbIE PY-
KOBOJICTBA MO 9TUOTPOIHOMY U NMATOrE€HETUYECKOMY JIEUEHUIO
aToro 3aboseBanusi B Poccun u 3a py6eskoM no-npexkHemy fia-
JIEKU OT CTaTyca «30JI0ThIX CTaHAApTOB» [1]. B aTux ycnoBusx
TSIKEJI0 NePEOLeHNTDb 3HaueHUe TPOTUBOIMUIEMUYECKHUX 1 MPO-
(bunakTHUECKUX MEPONPUSITUIL 110 HEIONMYLLEHUIO PAacIpOCTpa-
HeHust COVID-19, a TakxKe NpefoTBPaLIEHUIO JPYIUX OCTPbIX
pecmuparopubix uHpekumii (OPY), koTopbie MOryT ycyryouThb
teuenne SARS-CoV-2-undpexuym. [Tomnmo pazpaboTku 1 BHE-
peHusl CpeAcTB  crneuuuueckoil UMMYHONPO(UIAKTUKU
COVID-19 u nMMyHM3auuu IpyNn pucka NPOTUB IpUINA U
ITHEBMOKOKKOBO# MH(EKLUN B NEPUOJ] MAHEMUU aKTYaTN3U-
PYIOTCSI MOMCK M PalMOHANIbHOE TNpUMeHeHne 3(h(EeKTUBHBIX 1
6e30MacHbIX HecenuUIeCKUX UMMYHOCTUMYJISITOPOB.

Bakneiimmmn KputepusiMu BbIOOpa MMMYHOTPOIHBIX TTpe-
MapaToB /1715 TIOBBILIEHUS] COMPOTUBIIIEMOCTH PECTTUPATOPHBIM
MaTOreHaM SIBIISIIOTCS CTOMKOCTD 3aLMTHOTO JISHCTBUS U TIPHU-
FOJHOCTb JJIs1 UCNOJIb30BAHMS HA 9TAllaX CE30HHON Npouiak-
TKU. OcO60ro BHUMAHMS 3aCITyKMBAIOT UMMYHOCTUMYJISITOPbI
MUKPOOHOTO TPOUCXOX/EHUsI, KOTOpbIe 00JaaloT Croco6-
HOCTBIO MHAYLMPOBATH TPEHUPOBAHHBIN MIMMYHUTET — [JTUTEb-
HOE COCTOSIHUE MOBBILLIEHHOI PE3UCTEHTHOCTH K PA3/INUHbIM MH-
(peKIMOHHBIM areHTaMm, CBSI3aHHOE C PEernporpaMMUpPOBAHUEM
KJIETOK BPO>KJIEHHOrO MUMMYHHUTETA U UX KOCTHOMO3I'OBBIX Tpefi-
LIECTBEHHUKOB [2-5].

OpnHKUM U3 NEPBbIX U HaUOoJIee U3yYEHHbIX UHIYKTOPOB Tpe-
HUPOBAHHOTO UMMYyHHUTeTa siBisieTcs BakumHa BIIK (Bacillus
Calmette-Guérin), oka3bIBarolias HecrielupuIecKre 3alyTHbIS
a(ppeKThI JJaneKko 3a paMKamH MpoUIAKTUKU TyOepKyJjesa.
Ceituac norenuunan BIIXK kax cpepictsa npocunakruku COVID-
19 oueHMBaeTCs B LSO CEpUU PAHIOMU3UPOBAHHBIX KIIMHUYE-
ckux uccneposanuii (PKW), nHCnMpupoBaHHbIX, C OHOM CTO-
POHBI, KOHLENIMeNH TPEHUPOBAHHOTO UMMYHUTETA, A C APYTroi —
SMUAEMUOJOTNUECKUMU [JAHHBIMU O HEIaTUBHOI CBSI3U MEXY
oxBaroM HaceseHust BIIZK-ummynusanueit u 6pemenem SARS-
CoV-2-undexpm [6]. ATTreHyupoBaHHblil mTamm Mycobac-
terium bovis B cOCTaBe 3TOil BaKIIMHbI 1 MHOTHE JIPyTUe BUJIbI
MUKOOAKTEpUl JABHO PaCCMaTPUBAIOTCS B KAUECTBE OOBEKTOB
MOMCKA MEePCNeKTUBHBIX (papMaKOJIOrnyeckux BeecTs. B mo-
creiHee ecsTuIeTHe packpbIThl Mexann3mbl bLIK-nmaaymmpo-
BAHHOT'O TPEHUPOBAHHOTO MMMYHUTETA, BKIIFOUAIOLIME arOHU3M
peuentopoB NOD2 (Nucleotide-binding Oligomerization Do-
main-containing protein 2). NOD2-onocpeioBaHHble CUTHAJIb
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NPENOI0KNUTEIHLHO 00€CNeUnBaOT CTONKOCTh Hecnenupuye-
CKOro NpoUIIaKTUUECKOT0 AENCTBUS OAKTEPUATIBHBIX JIN3ATOB
B oTHoweHun OPY. HuskomornekynsipHblii aronuct NOD2 —
rmoko3aMuHIMy pamvustaunentit — TMITT (JTukonug®) 3apery-
CTPUPOBAH KakK JIeKapCTBeHHbII1 penapat B Poccun n psjie moct-
COBETCKUX cTpaH U ¢ 1990-X rofoB NpUMEHsIeTCs] B JIEUeHUU/IPo-
(punakTUKe pecnupaTopHbIX MH(MEKUMH, MPOSBIsS TP 3TOM
ycToiumBble hapMmakosorndeckre 3ppekTsl. BoieckazanHoe
C pa3HbIX CTOPOH NPUBIIEKAET BHUMAHME K MypaMUIIENTHIaM
(MIT) KaK nepcneKTUBHbIM CPEACTBAaM PEAOTBPALLEHUs MH(EK-
UM JIbIXaTeJbHBIX MyTeil B MEpHOJ] aKTHBHOW LMPKYJISUUN
SARS-CoV-2.

Henn 0630pa — npoananuzuposaTh B3auMmocssizu BLI2K, mu-
KOOaKTepHaNIbHBIX {bIOBAHTOB, OaKTepUaIbHBIX Jn3aToB, MII,
NOD2 u TpeHUpOBaHHOTO IMMYHUTETA B CBETE MOMCKA HU3KO-
MOJIEKYJISIPHOI aJIbTePHATHBbI MHOTOKOMIIOHEHTHBIM OaKTepH-
aJIbHBIM UMMYHOCTUMYJIsiTOpam st npodpunaktuku OPU B
ycaousix nangemun COVID-19. O630p siBsieTCS JIOTMYECKUM
MIPOIOJKEHNEM paHee Oy OJIMKOBAaHHOM paboThI [6].

AKTYaAbHOCTb HecCneuMpUecKomn
nmmyHonpodgumaaktuku COVID-19
n Apyrux OPU B ycAoBHsX naHAeMHH

He BbI3bIBaeT coMHEHUs! BOCTPEOOBAHHOCTL crienuguye-
ckoit ummyHonpodpunaktuku COVID-19. 3 nosa6ps 2020 r. Ha
PasHbIX 3Tanax KIMHUYECKUX MCTbITAHWI/BHEIPEHNs] HAXOU-
noch 47 KaHauaaTHBIX BakiyH mpoTuB SARS-CoV-2, a 155 Bak-
LIMH TIPOXO/INIINA IOKJIMHUYECKKe uccnepoBanus [7]. OueBujHo,
SARS-CoV-2 npofoKuT UMPKYJISILMIO CPEy JIFOEi B TeUeHne
OGuyXKaNIIKMX JIeT, TIPY 3TOM 3BOJIIOLMOHUPYS B HANpPaBIEHUU
MHOXECTBA KBa3UBU/IOB 1 MOATUIIOB. MHEHHUS CTIeMAIMCTOB 110
MOBOJlY aHTUreHHO n3MeHUnBoCcTH SARS-CoV-2, B yacTHOCTH
ero Spike(S)-nporenHa (ry1IaBHOI MOJIEKYJISIPHON MUIIEHU BaK-
LMH MPOTUB HOBOTO KOPOHABHMPYCA), CYIIECTBEHHO Pa3HSTCS.
DTO OTpaskaeTcsl Kak ONTUMUCTUIHBIMY [8], Tak 1 BecbMa ciep-
>KaHHBIMU [9] mporHo3amu B OTHOLLIEHUH I0JITOCPOYHON 3(hhex-
TUBHOCTU pa3pabarbiBaeMblXx BakiuH npotuB SARS-CoV-2.
OcTaeTcst BO MHOTHX aclieKTax OTKPbITHIM BOIPOC, B KAKO# cTe-
TIeHN y3Ke JOKa3aHHAsi IMMYHOTEHHOCTh CO3/]aBAeMbIX BaKIMH
00ecneynT UX KIMHUYECKYIO IefICTBEHHOCTb. TpedyroTcs jalib-
HelllI1e uccyefloBaHusl 6e30I1aCHOCTH CPECTB crelu(rIecKoit
MMMYHOTNIPOUIIAKTHKHY, SKCTPEHHO pa3pabaThIBaeMbIX B yCIIO-
BUSIX MaHAeMun. [0 KOHIa He SICHA 1 TIO3TOMY HE MOXKET YeTKO
nporHo3upoBaThest ce30HHOCTL COVID-19, uto 3aTpynHseT, ¢
OJIHO¥ CTOPOHBI, BLIOOP ONTUMAIILHOTO BPEMEHH /ISl IMMYHU-
3alyn, a C APYroil — CBOEBPEMEHHYIO0 MOJICPHU3ALMIO COCTaBa
W/W KOHCTPYKIMY BaKIVH.
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BLDK, MypammAnenTuAbl, TpeHMpOBaHHbIA MMMYHUTET

B 3T0i1 CBS3M BHIKPHCTANIM30BBIBAETCS LEJIECOOOPA3HOCTh
Hecnenmguyeckoin nmmyHonpodpminaktuku SARS-CoV-2-un-
exuuu B rpynnax pucka (y MEJUUMHCKUX PaOOTHUKOB, JIUL C
CepJIEYHO-COCY/IUCTBIMU 3a00JIEBAHUSIMU, X POHUECKUMU (0I1e3-
HSIMU JIbIXaTeJIbHBIX MyTel U fip.). [1on0XXuTeNbHbIN ONbIT, M0-
nmyueHHblii B peforBpamieHn COVID-19, 6ynet none3HsM u
JIJIsl ONIEPaTUBHOTO PearupoBaHKsl HA HOBbIE MH(DEKIMOHHbBIC, B
TOM YMCJIe TTAHIEMUYECKHE, BBI30BBI, 0COOEHHO TOTIa, KOryia a¢-
¢pexTHBHBIE 1 6e30MacHbIe BAKIMHbI €11ie He JOCTYIHBI.

DTHONIOrNUYecKoe pazHoobpaszre NH(MEKIMA AbIXaTEIbHbIX
MyTeil, BLICOKAsi aHTUTEHHAs! N3MEHUMBOCTh X BO30YyUTENEH,
MepUOANYECKAsi CMEHA JIOMMHUPYIOLUX BUJIOB, TUIIOB, MOJITHIIOB
u mtamMMoB natoreHoB [ 10] a priori nenaroT HeBO3MOKHON BaK-
nuHauuio npotus 6onbimmHcTBa OPU. Tlanpemuss COVID-19
CJIOBHO «MaTOBBIM CTEKJIOM» 3aTMHUJIa MHOTHE «CTaphble» MpoO-
611eMbl MH(PEKIMOHHBIX O0JI€3HEN 1 CYyIIECTBEHHO N3MEHWIIA Te-
KYILIYI0O UMMYHONPO(UIAKTUYECKYIO MOBECTKY C NEPEHOCOM
¢oxkyca Ha SARS-CoV-2. OrpannunrenbHble U APYyTUe MEpo-
NPUSITHS, HAPABJICHHbIE Ha NPEIOTBPALLICHNE PACTIPOCTPAHCHHS
COVID-19, HeMuHyeMO OTpaxkatoTCsl Ha LUPKYJISILUN IPYTHX
pecnpaTopHbIX aToreHoB. OIHAKO BO BpeMsl YaCTUYHOTO WU
TIOJIHOTO CHSITUSI orpanndenuii ce3oHuble OPU spko Hamomm-
HaIOT O cebe, UTO MO KpaiiHel Mepe 0TYACTU MOXKHO OOBSICHUTH
CHUYKEHMEM HaNpsKEHHOCTH TOMYJISILIMOHHOT0, B TOM YHUCJIE Tie-
PEKPeCTHOro, UMMYHHUTETA K UX BO30OY/UTENSM B EPHOJIbI CO-
LIMAIBHOIO AUCTAHUMPOBaHus. [103TOMY aKTyaslbHOCTb Hecre-
uncudeckoit npocpunaktik OPU B rpynmnax pucka B ycnoBusix
nanpiemut COVID-19 He cHMXKaeTcs 1 iaske BO3pacTaeT ¢ yde-
TOM TOTr'0, YTO KOMH(UIMPOBAHNE HEKOTOPHIMU PECTIUPATOP-
HbIMI naToreHamu ycyryo6msier Teuenne SARS-CoV-2-unpek-
unu [11]. Ecan 3a6oneBanuist, BbI3BaHHbIE BUpycaMul rpunna A/B
u Streptococcus pneumoniae, TOAAIOTCS YACTUYHOMY KOHT-
POJIIO C MOMOIIIBIO BAKLMH, TO PECNMPATOPHO-CUHUIMTHAIILHBIN
BUPYC, afieHOBUpYC, punoBupyc, Chlamydia pneumoniae, My-
coplasma pneumoniae U Apyrue NaTOreHbl, JOCTATOUYHO YACTO
BbIsiBIIsSieMble Y 6obHBIX COVID-19 [11, 12], MOryT GbITH 00b-
eKTamMM HecrneuuecKoil UMMYHONPO(UIAKTUKH.

MOoNCK KAIOYEBBIX MOAEKYA,
00ycAOBAMBAIOIMX OMOAOTUUECKYIO
aKTUBHOCTb MUKOOAKTEPHAABHBIX
AABIOBAHTOB M BaKLMH

Ha py6esxe 30—40-x roos XX B. pa3paboTaH H JI0 CUX MOpP
IIMPOKO MCTIONB3YETCSI B 9KCMEPUMEHTANBLHBIX UCCIIEIOBAHUSIX
MOJHBIA aybloBaHT PpeiiHa, BKIIOYAIOMi yOUTble Harpena-
HUeM KieTku Mycobacterium tuberculosis, cycnieHIUpOBaHHbIE
B BOJTHO-MACIISTHOU aMyJibenu [ 13]. OffHaKo BCIIEfICTBHE BHICOKOI
PEaKTOreHHOCTH 3TOT ATbIOBAHT HE MPUMEHSIIOT HU y YeJIoBeKa,
HU B BETEPUHAPHON NMPAKTHKE.

Muxko6akTepuu B coctaBe BakuyHbl BII2K n nonHoro agb-
toBaHTa PperiH/a NpeICTaBISIOT COO0M CI0XKHbIE KOMIIIEKChI C
GOJTBIIMM KOJIMYECTBOM OMOIOTMYECKN aKTUBHBIX MHTPEIUECH-
TOB, MO-Pa3HOMY BJMSIIOLMX HA UMMYHHYIO cuctemy. B aToit
cBs13u ¢ 1930-X rofioB BEyTCS MMOUCKU KITFOUEBbIX CTPYKTYPHBIX
CyObe/IMHNL MUKOOAKTEPHI1, OTBEUAIOLMX 32 HecTiepruiecKoe
UMMYHOCTUMYJHMpYytoiiee feficTBue. OCHOBHBIMUA OO0BEKTaMU
MICCIIE/IOBAHMIA HA PAaHHUX 3Tanax pa3BUTHSI 3TOrO HAYYHOT' O Ha-
TIPABJICHUS] CTATIM MUKOOAKTEPUANIbHBIE KIIETOYHbIE CTEHKU 1 UX
pakuynnm [14].

B 1940-e rogp! oxapakTepr30BaHa BOCKOIMOA00HAs MENTH/I0-
TIIMKOJUNUHAS (PPaKIMs KIETOYHbIX CTEHOK MUKOOAaKTepuil
(Bock D), obnajaroiasi BLICOKOW aIbIOBAHTHON aKTUBHOCTBIO
[15]. ITo3ke ycCTaHOBJIEHO, YTO KJIIOUYEBBIMH KOMIIOHEHTAMHU
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Bocka D sBISIIOTCS MUKOIIOBbIE KUCIIOTbI, apaOMHOTaIaKTaH U
nentuporaukan [16, 17].

B 1964 r. B pe3ynbTare pasaesnenus Bocka D ynbTpaueHTpu-
¢yrupoBaHueM BbIJIeJIeHbI MENTHUICOICPIKAILUE KOMIIOHEHTHI,
aJIbIOBAaHTHAsl aKTUBHOCTB KOTOPBIX 3aBHcesa OT Hammuus L- u
D-ananuna, D-riayTamMMHOBON M ME30[JMaMUHONUMETMHOBON
kucaotT [18]. Ha py6exke 60—70-x rogoB XX B. MOKa3aHo, 4TO
pakuusi MUKOGAKTEPUANTBHBIX KJIETOYHBIX CTEHOK, JIMIICHHAS
JIMTIAJIOB 1 apaOGuHOrajlakTaHa , BOCIIPON3BO/IMIIA CYIIECTBEHHYIO
YacThb MMMYHOCTHMYJIUPYIOIIMX 3(P(EeKTOB Hepas3feeHHbIX
KJIETOYHBIX cTeHOK [19, 20].

B 1972 r. A. Adam 1 cOaBT. BLIAEIIIN U3 KJIETOYHBIX CTEHOK
Mpycobacterium smegmatis BOTOPacTBOPUMYIO (hpaKLyio, 06a-
JAIOLIYTO GOJIbLIEN ATbIOBAHTHOM AKTUBHOCTBIO, YEM CXOJIHbIE KO-
JIMYECTBA LIENbIX OAKTEpUil, UX KJIETOYHBIX CTEHOK MM Bocka D.
Ora pakuyst npecTaBIsiia co00i (pparMeHTbl MENTUONIMKaHa
€ MOJIEKYJISIpHOI Maccoit okosio 20 k/la, BKIIoYaroliye ajJaHuH,
[Ty TAMUHOBYIO KHUCJIOTY , ME30/JMaMUHOMMMEIIMHOBYIO KUCTIOTY,
IJIFOKO3aMKH 1 MypaMOBYO KUCJIOTY [21], 1 Obla cnocobHa no-
TEHLPOBATh NPOTUBOBUPYCHBII AHTUTEJIBHBI OTBET [22].

Ta e rpynmna y4yeHbix B 1974 r. Bbljienuia u oxapakTepu-
30BaJ1a MIIOKO3aMUHUIIMY DAMUJITETPANENTH KaK OMOIOrMYecKu
AKTUBHYIO CYyOBEIMHUILLY NENTHIONIMKAHA, KOTOPYHO MOXKHO MO-
JIyYUTh MYTEM JIM30LMMHOTO THPOJIM3a KIETOYHBIX CTEHOK HE
TOJILKO MUKOGaKkTepuil, Ho u Escherichia coli [23]. AB 1975 1.
BbISIBIIEH MUHUMAJIbHBIII MOHOMED MENTU/IOTIIMKAHA GOJIbIINH-
cTBa GaKTepHil, CHOCOOHDIN 3aMeHUTh M. tuberculosis B cocTaBe
MOJTHOTO ajibloBaHTa PpeiiHa 6e3 NoTepu aKTMBHOCTH MOCJIE]I-
Hero, — N-auetunamypamui-L-anannn-D-usornyramun (Mypa-
muanenTtuy — MJIIT) [24].

B 2000-x ropax pacimgppoBaHbl MOJEKYJISIPHbIE MEXAHU3MBI
nevicteust MJITT, TM/IIT u ux ananoroB. OCHOBHbBIE OUOJIOTHYE-
ckre 3(¢eKTbl ITUX TIMKOMENTHOB 00YCIIOBIEHbI COCO0-
HOCTBIO B3anMojiericTBoBaTh ¢ NOD-niogo6HbIME perienTopamn
(NLR) [25, 26]. Hau6onee uzyuennbiM ceHcopom MIT siBnsieTcst
To30bHbIN poTerH NOD2. CesizbiBast aToT peuentop, MIT
3aIyCKAaIOT KacKaji OMOXMMINYECKUX COOBITHI, PUBOJISILIMN K aK-
TUBAIMK TpaHCKpUNIMOHHBIX pakTopoB NF-kB (Nuclear Factor
Kappa-light-chain-enhancer of activated B cells), AP-1 (Activa-
ting Protein-1), IRF5 (Interferon Regulatory Factor 5), IRF7 u
9KCIpeccun reHoB uHreneiikuna-1p (UJI-1p), WI-6, NJI-18,
(hakTopa Hekposa omyxosu, uareppepona (MPH) o/} u Heko-
TOPBIX JIPYTUX MEAMATOPOB MPOTHUBOMH(MEKIMOHHOTO OTBETA.
Cunretnueckue u npupojsbie MIT, nMerolye B cocTaBe oJIro-
NENTHUIHON LETH OCTaTOK Me30IMaMUHONMMEIIMHOBOH KUCIIOTbI,
B3aMMOJICHICTBYIOT ellle U C UTO30bHbIMI perenTopamu NODI ,
nHayuupyst NF-kB- u AP-1-3aBucuMyto TpaHCKPUINLMIO F€HOB
MPOBOCTIANNTENBHBIX IMTOKMHOB. Onmcana cnoco6Hocts NOD1-
u NOD2-aroHucTOB BbI3bIBATH aKTUBALMIO ayTO(aruu — orno-
CPEJIOBAHHOTO JIN30COMAaMM TIpoliecca pa3pyLIeHNsl BHY TPUKJIe-
TOYHBIX MUKPOOOB [27, 28].

JlokazaHo y4acTe M IPYTMX pelenTOpPHO-CUIHAIBHBIX CHU-
CTEM B peann3aliy UMMYHOTpONHbIX a¢dekToB M/II u ero
ananoros, B yactHoctd NLRP1- (NOD-Like Receptor family
Pyrin domain containing) u NALP3-uncgnammacom. B3aumoneii-
ctBre MII ¢ aTmMu cucteMamy BefieT K aKTUBALMK Kacmnasbl-1,
KOHBEPTHUPYIOLIEH HEAKTUBHbIE MOJIEKYJIbI-TIPE/IIIECTBEHHUKN —
npo-MJI-1f, npo-W1JI-18 u npo-NJI-33 — B Grosornyecku 3pesbie
UUTOKUHBI [27, 28].

Opnako umMenHo NOD2-onocpenoBantble a¢gextsr MIT
BbI3bIBAIOT HAMOOJIBIINI UHTEPEC B KOHTEKCTE PACKPBITHIX B
2010-e roppr Mmexann3moB BLI2K-nHaynmpoBanHOTO TpeHUpO-
BAHHOTO UMMYHHUTETA, a Tak>Ke JJaHHbIX 0 crnocooHocTr BIIZK
3alMIIATE OT Pa3HOOOPA3HBIX, B TOM UKCIIe BUPYCHBIX, MH(EK-
LU, YTO JIETAILHO OCBEILEHO B HeflaBHeM 0630pe [6].
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O.B. KaAoxXuH 1 coasrT.

Kpome Toro, caegyer ormernts NOD2-3aBucrMoe MpoTH-
BoBocnanuTebHoe fetictBue MII, 06ycrioBieHHOE yCcuIeHneM
akcnpeccun IRF4 [29], koTopoe roBoput 0 IMMyHOroMeocTa-
TyeckoM noteHyuane MII u uMeer 3HaueHue mpu BbIOOpE
cpencts npocunaktuku COVID-19, Tskenoe TeyeHue KOTo-
POro acCOMUPOBAHO C U30BITOUHBIM BOCIIAIEHUEM U «LIUTOKH-
HOBBIM IITOPMOM».

lNpeanoAaraemas poab NOD2

KaK peLenTtopos, Yepe3 KOTopble
GakTepraAbHble AM3aTbl MHAYLIMPYIOT
CTOMKYI0 CONPOTUBASIEMOCTb Pa3AMYHBIM
pecn1paTopHbIM MHPeKLMAM

BakrepuanbHble TU3aThl /151 IEPOPATILHOTO U CYOIMHIBATb-
HOTO TIPMEHEHNUST XapaKTePU3YIOTCsl BBICOKMMH YPOBHSIMHU JI0-
CTOBEPHOCTH JIOKA3aTeJIbCTB 1 YOS UTEIbHOCTH PEKOMEHIALMI
10 ucnoiib30BanHuto B npodunaktuke OPU. Takoe 3akioueHue
OCHOBBIBAETCSI HA JTAHHBIX OOJILLIOTO KOJIMYECTBA KAYECTBEHHBIX
PKMU, nonoxuresbHble pe3ybTaTbl KOTOPHIX MOATBEP3K/ICHbI B
HECKOJIbKUX CUCTEMATUYeCKUX, B TOM YMCJIe KOKPEITHOBCKUX,
0630pax ¢ MeTaaHamzamu [30-32].

BakrepuanbHble M3aThl MUHAYLMPYIOT CTOMKYIO ajIalTUBHYO
3aIIUTY OT MUKPOOOB, aHTUTEHbI KOTOPBIX BXOJISIT B COCTAB 3TUX
TMpernaparoB, O/IHAKO B Pe3yJIbTaTe UX KYPCOBOIO MPMMEHEHNsI 110~
BBIIIAETCS] COMPOTUBIISIEMOCTD Y MPOTHUB JIPYTUX PECTMPATOPHBIX
MAaTOreHOB, B TOM YHCIIe BUPYCOB. PacKphbIT psiji MEXaHU3MOB, KO-
TOpbIE OMOCPENYIOT HecTieLM(pUUECKOe NMMYHOMOJTYJIUPYIOLLIAE
a(pbpexThl 3THX MpenapaToB. Tak, onucana X CIOCOOHOCTD CTHU-
MYJIMPOBATh JICHAPUTHBIC M HEKOTOPbIE JIPYTUe KJIETKN BPOSKJICH-
Horo ummyHutera yepe3 TLR2 u TLR4. IIpotusoBupycHoe feii-
CTBHE JIM3aTOB GAKTEPUIl BO BPEMs X KypCOBOT'O IpUeMa MOSKHO
00BbsicHNTH akTuBalyel BbipadoTku UPH 1-ro Tvna, aHTuTeND-
HOro 1 T-KJIeTOYHOro aanTuBHOro orBeTa [33].

Bwmecre ¢ TeM 10 KOHIa HE SICHO, ¢ KAKUMU MOJIEKYJIaMU CBSI-
3aHa 3alIyTa OT HOBBIX BUPYCHBIX aTaK yepe3 HECKOIJILKO Heflelb
1 MECSILEB MOCIIe 3aBeplleHus pueMa 6akTepUalibHbIX JIM3aTOB.
JlanHble 0 HanuunK y atux npenapatoB NOD1/NOD2-ctumy-
JIMPYIOIIMX CBOWCTB [34, 35] MO3BOJISIIOT MPEJIIONOKUTH B 3TOM
OTHOLIEHU! CYILIECTBEHHYIO POJIb CUTHAJIOB, ONIOCPEJIOBAHHBIX
NLR. DTo siBisieTcs eiiie OfHUM MOTHUBOM JIJIsl TOTO, YTOOBI y/ie-
auThb 6osbiuee BHUMaHe MIT kak NOD2-aroHuctam u uHayK-
TOpaM TPEHUPOBAHHOTO UMMYHHUTETA B KOHTEKCTE NMpOuIIak-
TUKU PECTUPATOPHBIX MH(EKIMI.

TMATIT Kak cpeAcTBO NpohMAAKTUKH
M KOMIMAEKCHOIO A€4€HUs pPecrnmpaTopHbIX
uHekumit

3a yeTBepTh BeKa IIMPOKOrO KIMHUYECKOTO NMPUMEHEHUSI
I'MJIII 3apekomenfoBal ce0st Kak ahheKTUBHOE U IPU 3TOM 6e3-
OIMaCHOE CPEJICTBO KOMIIIEKCHOT'O JIeUeH!s] ¥ MPOUIIAKTAKY pa3-
JIMYHBIX 3a0071€BaHNI, ACCOLMMPOBAHHBIX C BTOPMYHOI HEJl0CTa-
TOYHOCTBIO MPOTUBOMH(EKIIMOHHOI 3aLUThI, Y B3POCIIbIX U fIeTel
[36]. Hokazano, uro I'M/III siBjsieTCsl arOHUCTOM LATO30JILHBIX
peuenropos NOD2 [26], B CBsI3U C YeM BbI3bIBAET UHTEPEC KaK
MOTEHUMAIBHBIN TPUTTEp TPEHUPOBAHHOIO UMMYHHUTETA.

Knmnnueckue ncnbitanus I'M/IIT B neyenun u npogunak-
THKE PECTMPATOPHBIX MH(EKUNI ObIIIM MPEAMETOM HEJIaBHETO
cucremaruyeckoro o63opa. A.B. BypkuH u coaBT. npoaHanmzu-
poBamu 17 THIaTENBHO CeNEKIMOHNPOBAHHBIX Ty OIMKAIII B pe-
LEH3MPYEMBbIX U3JJAHUSIX , B KOTOPbIX MPEICTABIICHBI Pe3yJIbTATHI
13 npocneKTHBHBIX KIMHUYECKUX MCCIIE[IOBAHUIA C YOBJIETBO-
PUTEJIBHBIM METOfIoNIOrnYecKnM KadecTBoM. lllecTs 13 aTux uc-
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CJIEJIOBaHMI BBITIOJHEHBI Y fIeTel, 3 — B3pOCIbIX, 4 — ieTell U
B3pocibIX. B atnx paborax mpopeMoHCTprpoBaHa apdeKTrB-
HocTb I'M/III mpu ocTpbIX pecnupaToOpHbIX BUPYCHBIX MH(EK-
LMSIX, TPUMIE, PEUMMBUPYIOIMX NH(PEKUMSIX PECTUPATOPHOTO
TpakTa, pUHOCUHYCHUTE U XpoHNnYecKoM ToH3mwumre. ['M/III B
KOMIIJIEKCHOI Tepanuu yKa3aHHbIX 3a00JIeBaHUI yCKOPST 10-
CTI>KEHHE KIIMHUYECKOro a(pheKTa, yMeHbIIaJl KOJIMYECTBO pe-
LMIMBOB, TPOJIOHTMPOBAJ Oe3pELUIMBHbBIN NEPHO], MOTEHIUPO-
BaJl JIEMICTBME AaHTMOAKTEPUATBbHOW TEepanuu W CHIDKAI
noTpe6HOCTh B aHTUMUKPOOHBIX NpenapaTax [37].

Cpenu BKJIOUEHHBIX B 0030p UCCJIEJOBaHUI BbIJIEISIETCS
ABoitHOe cnenoe miane6o-konTpommpyemoe PKM I'MIIT kak
CpPE/ICTBA CHIDKEHUSI CE30HHON 3a0051eBaeMOCTH MH(EKIMUSIMU
AbIXaTeNbHbIX MmyTeii. MccnenoBanue nMpoBeieHo ¢ yyacThueM
150 paGOTHMKOB BPEJHOr0 KOKCOXMMUYECKOTO MPOU3BOJICTBA,
nepeHecunx He MeHee 4 snu3ooB OPY uimm o6ocTpenuii Xpo-
HUYECKMX BOCTIAIUTENBbHBIX 3200JI€BaHUI BEPXHUX JIbIXaTeb-
HbIX TyTel B TeyeHue | rojia 10 BKIIIOYEHUS B UCCIIE[JOBAHUE.
IMpumenenne 'M/II no 1 Mr 3 pa3a B ileHb CyOJIMHIBAIbHO B
TedeHre 10 gHEN MPUBOAWIIO K CHIDKEHUIO 3a00JIEBAa€MOCTH Y
94% nauueHToB, Ipu 3ToM y 63% He 3aperucTpupoBaHoO HU Ofi-
Horo cinyydass OPU B Teuenue 1 ropa Ha6mropenus. B minane6o-
rpyInme CHUXEHUe 3a00/1eBaeMOCTH OTMEUeHO Y 36% mnauueH-
TOB, oTcyTcTBUE anu30i08 OPU —y 8% [38].

IMomumo atoro PKU eme B 3 paGoTtax, NpoaHaIM3UpOBaH-
HbIX B CUCTEMATH4YeCKOM 0030pe, 3a G0JIbHBIMU, MOy YMBILIMMU
kypc 'M/II, ocymectBnsimu 12-MecsiuHoe HabmmofieHNe, B X0fie
KOTOPOr0O yCTaHOBJIEHA CIOCOOHOCTD NpenapaTa COKpallaTh Ya-
CTOTY MH(EKUMi AbIxaTeabHbIX nyTeil [39—41]. B ogHoM 13
yKa3aHHbIX MCCIIE/IOBaHNI OOHAPY KEHbI KIMHUYECKUE TIPEnMy-
IIeCTBA 3TOr0 Ipenapara Hajl HEKOTOPbIMU JPYTUMU Cpefi-
CTBaMM HecneuuUIecKoil UMMYHONPO(UIAKTUKHN, A TAKXKe
CTOVIKME N3MEHEHNS Psifia IMMYHOJIOTMUECKUX MTOKA3aTeleid, Bbl-
3BanHble [ M/II1, B yactHocTn skcnancust nomymsiuyn NK-kie-
TOK [40], KOTOpast paccMaTpUBaeTCs Kak OfMH U3 (heHOTUNnYe-
CKUX MapKepoB TPEHUPOBAHHOrO uMMyHuTeTa [42]. B npyroit
paboTe yCTaHOBJIEHA BO3MOKHOCTb 3(P(heKTUBHOTO NPUMEHEHNUST
I'M/II B KoMGUHAIMK C TOMTMYECKUMH U PEKTAIBHBIMU (hop-
mamu UPH-02b (c anTtnokcupantamm) [41], pekoMeHTyeMbIMU
CerojiHsl Kak CpefcTBa 9KCTPEHHO! NPO(UIAKTUKU U JIeUEHUs!
COVID-19 [1].

Hcnonb3ys MeTofosI0ruio, NpeiioKeHHyo MuH3paBom
Poccun, aBTOpBI cCCTEMATHYECKOro 0030pa OUEHMIIN KaK «CUJIb-
Hasl» peKoMeHauuio no Bkitoyennto I'MJIIT B cocTaB KoMOMHM-
POBaHHO Tepanuu MH(EKIMOHHBIX 3a00JIeBaHNIT peCTTMpaTop-
HOTO TpakTa (YpoBeHb YOEqUTEIbHOCTH peKOMeHAauuil — A,
YPOBEHb JIOCTOBEPHOCTH JIOKa3aTeNbCTB — 2) [37].

OO6cyxaeHHne

KoHuenuust TpeHMpOBaHHOTO UIMMYHHUTETA MPOJIMBAET CBET
Ha BaKHbIC JJISl MPAKTUKYIOLMX Bpayeil BOMPOCHI, OCTABaB-
LIMECs] OTKPBITHIMU JIO HEJJaBHEro BpeMenH [4]:

1. C yeMm cBsi3aHa CTOMKOCTH MPOTEKTUBHBIX 3(h(HEKTOB He-
KOTOPBIX IMMYHOTPOIHBIX MPENapaToB MUKPOGHOTO MPO-
MCXOKJICHUSI, KOTOPbIE HE COfiepKaT aHTUI'eHbl BO30Y/IU-
TeJell NpefoTBpalaeéMbIX MH(EKIM W MO3TOMY He
SIBJISIFOTCS HEMTOCPE/ICTBEHHBIMI MHAYKTOPAaMH ajIallTUBHOM
UMMYHHOI MaMsITH, 3alUILIAIOLIEH OT 3TUX MaTOreHOB?

2. MOXKHO /1 pacCUMTHIBATh Ha AJUTENIbHOE (DApMaKOJIOry-
YeCKOe JISVICTBHE CTUMYJISITOPOB BPOXKJIEHHOTO UIMMYHUTETA
(nanmpumep, MIT), T.e. nenecoo6pa3Ho JI MPUMEHSITH TaKHe
npenaparhb! sl IPefOTBPALLeHHs] MH(MEKLMI 32 HECKOJILKO
HeJle/b WA MECSILEB [I0 BEPOSITHON BCTPEUH ¢ MaTOreHaMy,
HanpuMep Ha 3Tarne ce30HHON npodunakTiku OP?
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BLDK, MypammAnenTuAbl, TpeHMpOBaHHbIA MMMYHUTET

BIIX (M. bovis)

EaKTCPMaJIbeIe
JIM3aThbl

MypamunenTubt

(@)

MypamunmenTub

CniMpaAu Hay4HOWH 3BOAIOLIMM: MyPaMHMANIENTHABI KaK HU3KOMO-
AeKyAsipHasi aAbTepHatMBa BLDK MMkoOGakTepuaAbHbIM aAb-
I0BaHTamM M APYTMM MHOTOKOMMOHEHTHbIM OaKTepUaAbHbIM UM-
MYHOCTUMYAMPYIOWMUM areHTam.

[IpuwectBue SARS-CoV-2 akTyanu3npoBano HOBbIE BO-
IIPOCHI, CBS3aHHbIE C BOCTPEOOBAHHOCTBLIO HecneluuecKoit
nmmyHonpodunaktuky COVID-19 u gpyrux pecnupaTopHbIX
nHGpEeKUUI B YCIOBUSAX NaHAeMUU. B 3TOM OTHOlIEHnM npep-
CTaBJISIETCS PALMOHAJIBHBIM NOUCK 3(P(PEKTUBHBIX 1 OE30MACHBIX
MMMYHOCTUMYJISITOPOB CPEU UHAYKTOPOB TPEHUPOBAHHOTO UM-
MYHUTETA.

BII2K, kak moTeHIMasIbHOE CPEeACTBO NPO(UIAKTUKI
COVID-19, ceropus siisieTcst 00BbEKTOM NPUCTATBHOTO BHUMA-
HUS1 yueHbIX. 6 Hos1Opst 2020 r. 3anpoc B aHIVIOSI3bIYHOM 6a3e Me-
JUKO-01O0JI0rnuecKoil muTeparypbl PubMed 1o kitoueBbIM cl10-
BaM «BCG» + «COVID-19» BbisiBun noutn 157 my6nukanmii, a
no komouHauun «BCG» + «trained immunity» — 705 Hay4HbIX
paboT, HEKOTOPbIE U3 HUX OoJlee COTHU Pa3 UUTUPYIOTCS B aB-
TOPUTETHBIX peleH3upyeMblx usganusix. Ha caitte ClinicalTri-
als.gov pasmerena nagpopmarus o 22 PKU BII2K B koHTekcTe
npeporepaieHnss SARS-CoV-2-undexuun u npyrux OPU B
ycaousix naniemun COVID-19, nuuib ofiHO U3 HUX OTO3BAHO.

HccnenoBanust MEXaHU3MOB JENCTBUSL U NIOMCKU KITFOUEBbIX
3P hEKTOPHBIX MOJIEKYJI UMMYHOAKTHBHBIX PENAPATOB, BAKIIMH
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U AJTbIOBAHTOB GAKTEPUAILHOTO MPOMCXOXK/ESHUS UAYT MO CIHU-
pam. Ha pa3HbIX BUTKaxX Pa3BUTHSI 9TUX HAyUYHbIX HANPaBJICHUI
MIT HeofHOKpATHO BOCTIPOM3BOAMIN Hecniedrieckre 6uoso-
rudeckue 3p@eKTbl MHOTOKOMITIOHEHTHBIX OaKTepUAIIbHBIX ajlb-
FOBAHTOB, BAKLH 1 UMMYHOCTHUMYJIITOPOB (CM. PUCYHOK). MIT
1 BKJTFOYAIOLIIME UX MEeNTH/IOTTMKAHbI 0KA3alIiCh KIFOUEBbIMU Be-
IIECTBAMHU, OTPE/ICIISIIOLIMMU aJIbIOBAHTHBIE CBOKCTBA KJIETOY-
HbIX CTEHOK MUKOOAKTEPUI M MX NEeNTH/IOTNTIMKOIUIHHON (ppak-
uin (Bocka D). MIT cmormm 3ameHuTh M. tuberculosis B IOJTHOM
arproBanTe PpeitHia 6e3 moTepy MMMYHOCTUMYJIMPYIOIIEH aK-
TUBHOCTH TToce/iHero. MIT siBumch KpUTHUECKH BasKHBIMU MO-
JIeKyJIaMH KJIETOUYHOU CTeHKU M. bovis, KOTopble 00yCIOBIN-
BatoT NOD2-3aBucumyto crnocobnocts BLZK nHayumpoBaTh
TpeHUpPOBaHHLI UMMYyHUTET. BepositHo, MII ob6ecneunBator
NOD2-onocpefoBaHHOe CTOMKOE NMPOUIIaKTUIECKOe IEHCTBIE
GaKkTepuabHbIX JIN3ATOB.

3akAl0ueHue

Ms! nonaraem, yro MIT kak NOD2-aroHUCTbI 1 MHIYKTOPbI
TPEHMPOBAHHOTO MMMYHHUTETA NPU PALMOHAIILHO MOJI0OPAHHON
CcXeMe MPUMEHEHHsI CMOTYT BO MHOTHX aCTIEKTaX BOCIIPOM3BECTI
Hecneurduyeckue acpdextsl LK 1 Apyrux MHOrOKOMIOHEHT-
HBIX OAKTepUATbHBIX UMMYHOCTUMYJISITOPOB IO NpeloTBpallie-
HHUIO PECNUPATOPHbIX MH(EKUMI KaK B YCJIOBUSIX MaHAEMUU
COVID-19, Tak 1 B noCcTHaHAeMUYIECKII IEPUOJI.

DTO TOJIKHO ObITH MPEIMETOM TILATENLHO CINTAHUPOBAHHBIX
PKMU, siBHBIM KaHAMIATOM /17151 KOTOpBIX NpeacTasisiercss IMJIIT
KaK JIEKApCTBEHHbII TPenapaT ¢ paCKpbITHIMU MOJIEKYJIISIPHBIMU
MeXaHn3MaMu (papMaKoJIOTMIECKOro IECTBUS, yXKe 3apeKo-
MEH/IOBaBILNI ce0s1 B KaueCTBe JEMICTBEHHOIO M 0€301aCHOIr0
CpefICTBa JIeUSHUs/TIPOUIAKTUKY UH(EKUUI AbIXaTeIbHbIX
nyTteit. B xone npennonaraemsix PKU nenecoo6pasHo yjaemmTs
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