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AKTYAJIbHOCTb [aHHbIi 0630p NOCBsLLEH aHanM3y ocobeHHoCTel MMMyHHOro oTBeTa npu COVID-19.B o630ope ykasa-
Hbl KNMHKMYeckune npossneHuns COVID-19, paccMoTpeHbl COBPeMEeHHbIe AaHHble 06 MMMyHOMNaToreHese
3ab0/1eBaHNS U €ro OCIOXKHEHUA.

LLEJ1Ib MpOSCHWUTL HEKOTOPblE NaTOreHeTUYeckne MexaHu3Mbl UMMYHHOTO oTBeTa npu COVID-19, yto MoxeT

NOMOYb B CO34aHUN anroputMma obcnenoBaHMs NaUMEHTOB AN paHHEro nporHosa u I'IpOdJMﬂaKTVIKI/I
TSKENOro TeYEHUS U OCNTOXKHEHMI 3a60N1eBaHus.

MATEPUAN U METOADbI [lns [OCTMXKEHMS NMOCTaBNEHHOW Lenu OblM NPOaHaNM3MPOBaHbI pe3ynbTaThl OTEYECTBEHHbIX U 3a-
PYOEXHbIX Hay4YHbIX MCCMEA0BAHUMA, MOCBALLEHHbIX MaTOreHe3y, AMarHOCTMKe U nevyenuto COVID-19.
Mouck nuTepaTypbl NPOBOAMCS B 3NEKTPOHHbIX MOMCKOBbIX cUcTeMax Scopus u PubMed. ns aHanu3a
6b1nK 0TOBpaHbl Hay4Hble CTaTbk, onybnnkoBaHHble B nepuos ¢ 2019 no 2021 roa; 88% npoaHanusu-

pOBaHHbIX paboT He cTaple 5 nert.

3AKNTIOYEHUE Hawnbonbluee 3HayeHue ans passutus Taxenoi gopmbel COVID-19 nmeet nosaHss nponykums IFN tm-
na |, noBbilLeHKe YPOBHS B KPOBM NPOBOCMANUTENbHBIX MOHOLMTOB, CHIKeHUe akcnpeccun HLA-DR Ha
MOHOLIMTaXx, HapyLIEHWE Npe3eHTaLMK BUPYCa M POPMUPOBAHUS CNELIMPUUECKUX NIMMPOLIMTOB, rMbenb

T-nMMdOLUTOB M rNy6oKas UMMYHOCYMpeccus.
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KoHdnuKT nHTepecos ABTOpbI 3asBASKOT 06 OTCYTCTBUM KOHDIMKTA MHTEPECOB

Bnarop.apﬂocrb, d)uHchupoaaHMe MccnenoBaHue He umeeT CﬂOHCOpCKOI?I noanepXxku

ATI® — aHTMOTEeH3MHITpeBpaIlaINii hepMeHT IFN — unrtepdepoH
ATIK — aHTUTeHIIpe3eHTUPYIOIINe KIeTKN Ig — MMMYHOTTIOGY/INH
I-KC® — rpaHynonyuTapHblii KOJIOHMECTUMYIVPYIOIMIi IL — VHTepIelikKuH
daxkrop HLA — yenoBeueCcKuit JIeHiKOIUTAPHbIV aHTUTEH

NI — remodaronuTapHblii IMMEGOTUCTUOLATO3
I'M-KC® — rpanynonuTapHO-MaKkpodaraabHbIi
KOJIOHMEeCTUMYIMUPYIOLNii pakTop

HLA-DR — yenoBeueCcKuii JielKouUTapHblii aHTUreH-DR
MHC — 1/1aBHbIIt KOMIUIEKC TUCTOCOBMECTUMOCTH
MHP1 — MOHOIIMTaPHbII XeMOATTPAKTAHTHBIN 610K 1
MBJI — ucKyccTBeHHAsI BEHTUIISILMS JIETKUX MIP1a,— makpodaraabHblit BOCTIAJINTETbHBI 60K la
OP/IC — ocTpblit pecniMpaTOPHBIN AUCTPeCC-CUHIPOM TLR7 — Toll-nono6HbIit peneniTop 7

CAM — cuMHIpOM aKTUBayy Makpodaros Th-1 — T-xenmepHble KieTky I Tuma

CPB — C-peaKkTVUBHbII 6€JI0K TNFo, — GakTop HEKpOo3a OIyXOINn o

CTL — MTOTOKCUYECKVE TUMOOIUTHI

BBEAEHUE

COVID-19 — Ts1keioe 0CTpoe pecrupaTopHoe 3aboe-
BaHMe, BbI3BAHHOE HOBBIM KOpPOHaBUpYycOoM SARS-CoV-2.
Ero nmepBas Bcrbinika 3aduxkcupoBaHa B YxaHe (Kuraii) B
nekabpe 2019 ropa [1]. dnugemust COVID-19 6bicTpo pac-
MIPOCTPaHMIach o Bcemy Mupy, n yxe 11 maprta 2020 roga
Bcemupnast Opranusaiiust 3apaBooXpaHeHus 0QUIab-
HO 00BSIBWJIA HAYAJIO MTaHIeMuM [2].
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TSP2 — TpaHcMeMOpaHHasl CepMHOBAs MpoTeasa TUIa 2

Bo36ynuTens 3aboneBaHuss — 06GOJOUYEUHBI 300aH-
TponioHO3HBIVT PHK-Bupyc SARS-CoV-2 u3 cemericTBa
Coronaviridae poga Betacoronavirus, mepenamImuiics Bo3-
IYLTHO-KaIeIbHbIM, BO3IYIIHO-TIbIJIEBBIM Y KOHTAKTHBIM
nytaMmu [3]. Tlocie BHenpeHMs B OpraHu3M YejlOBeKa
OCHOBHOJ MuIieHbio g SARS-CoV-2 sgBisercs 6e10K
KJIEeTOYHOI MeMOpaHbl — aHTMOTEH3MHIIPeBpaIIaroNii
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depmenT 2 (ATID2) [4, 5]. ATID2 pacrionaraeTcss Ha MeM-
6paHax aJbBeOJIOLUTOB, IHTEPOILMTOB, SHIOTENNATbHBIX
KJIETOK COCYIOB M IIaJKOMBIIIEUHBIX KJIETOK GOIbIIMH-
CTBa opraHoB. KjeTouHast TpaHCMeMOpaHHast CepUMHOBAsT
nporeasa tuma 2 (TSP2) crioco6CTBYET CBSI3bIBAHUIO BUPY-
ca ¢ ATI®2, akTUBUPYS €ro S-TPOTeyH, HeOOXOIUMBI ST
MpOoHNKHOBeHUs SARS-CoV-2 B KIeTKy [5].
WHKy6anonHslit nepuon COVID-19 noBonbHO Ipo-
TOIDKUTeNeH M OJIUTCS OO 14 CyTOK, B TeyeHKe KOTO-
PbIX MHOUIIVPOBAHHBII UEIOBEK MOKET BbIAENISITh BUPYC.
AKTUBHOe BbIJIeIeHVe BUpyca B TeUeHVe MHKYOaIMOHHO-
rO IIep1oJia, He COMPOBOXKIaoleecs KTMHUYECKUMU CUM-
MITOMaMM, CIIOCOGCTBYET POCTY YPOBHSI 3a60JieBa€MOCTH
COVID-19. BHenpeHue BMpyca B OpraHM3M MHAYLMPYET
MMMYHHBI/ OTBET, CBSI3aHHbBIII C BhIPaGOTKOI MHTepde-
poHoB (IFN-o u IFN-B) [6]. IMeHHO OT 6a30BOTO YPOBHS
MHTepGhHEPOHOB 3aBUCUT, OCTAHOBUTCS JI PACIIPOCTpaHe-
HMe BUpyca Ha YPOBHEe BEPXHUX JIbIXaTeIbHbIX ITyTel [6].

KNIMHNYECKUE NPOABNEHUS

ITo craTucTMUeckKUM AAHHBIM, 0K0JIO 80% MaiyueHTOB
nepeHocsatT COVID-19 B nerkoit popme [7, 8]. Knuunuecku
9TO MPOSIBJISIETCS IMXOPAIKO, CyXMM KalllJleM, yTOMJIse-
MOCTbIO, TOJIOBOKpYKeHMeM, aHocMueli. [Ipu IpOHMKHO-
BEHMM BMpYyCa B JKeTyJLOYHO-KUIIEeYHbI/i TPaKT IepBbIMU
CYMIITOMaMM SIBJISIFOTCSI TOIIHOTA, PBOTA, GOMM B JKUBO-
Te, nuapes. BonbHbIe C Jierkoii (GOpMoii KOpOHABUPYC-
HOM MHDeKIMM He TPeOYIOT TOCIUTAIMU3AINNA B CTAIVO-
Hap [7, 8].

OpHako y 4YacTy MalyMeHTOB OTMeYaeTCsl CHIKeHue
unu 3ameqenue nponykuum IFN o/p Ha paHHeli cTagumn
nHpexMK, YTO NMPUBOAUT K IIO3LHEMY UM Upe3MepHO-
My MMMYHHOMY OTBETy U TspDKenoit dbopme COVID-19,
OCTPOMY IIOBDEXAEHMIO JIeTKUMX ¥ DPa3BUTUIO OCTPOTO
pecnipatopHoro gucrpecc-cuaapoma (OPIC). Ciiyckasch
HIDKEe TI0 PecnMpaToOpHOMY TPaKTy, BUPYC IIPOHMKAET B
MTHEBMOIUTHI Tuma II, oTBeTCTBeHHbIE 38 BHIPAGOTKY Cyp-
daxTanTa ¥ mNopepkaHKe MMOBEPXHOCTHOTO HATSKEHUSI
B anbBeosnax [9]. [Iporpeccupyromas peruimkanusi Bupyca
M ero LMUTOINaTH4eckoe [eJiCTBMe BbI3bIBAIOT IeHepa-
JIM30BAHHBIN TUIEPBOCHAINTENbHBINA MPOLLECC B JIETKUX,
ouddysHoe anbBeosipHOe MOBpEXAEHNEe U HapylleHMe
ra3o06MeHa, UTO KIMHNYECKH IposiBiisieTcst kKak OPIIC.

TAXENAA ®OPMA COVID-19

Hawubonee ysisBumbl st COVID-19 nmromu crapiie
60 1eT ¢ COMyTCTBYIOIIEN CepAedyHO-COCYAMCTON IMaTo-
Joruei (runepToHuMyeckasi 601e3Hb, aTePOCKIEPO3, Kap-
ouomnartus), nuabeToM, OXMpPeHMEeM, ayTOMMMYHHBIMU
3a60/1eBaHVMSIMM ¥ PSIIOM APYTUX BUIOB HaToimorn. Yaie
BCEro MMEHHO y HUX HabogaeTcs Tsskenast opma Kopo-
HaBUPYCHOM WMHMEKUUM — ABYCTOPOHHSISI ITHEBMOHMUS,
IbIxaTeabHasl HeloCcTaTouHOCTh, OPIIC, runeproarymsiuus
¢ TPOM603aMM ¥ TPOMOOIMOOIUSIMMU, CepIeUHast HeoCTa-
TOYHOCTbD, CEIICUC U CeNTTUYeCKMi oK [7, 8, 10].

OnHO U3 OCJIOKHEeHUI TspKkenoii popmbl COVID-19 —
«IIUTOKMHOBBIN IITOPM», TIPOSIBJIEHUSI KOTOPOTO CXOHbI
Cc TeueHMeM remodarouuTapHoro AMMEGOTUCTUOLUTO3A
(TVIT') unu cuHgpoma aktuBauyy makpodaros (CAM). ITpu
9TOM PETUCTPUPYETCS aKTUBALIMS BPOSKAEHHOTO U MPUO06-
PETEeHHOTO VMMYHUTEeTA, AVICPErylsiiusl CMHTe3a Mpo- U
MPOTUBOBOCIIAINTEbHBIX, UMMYHODPETYISITOPHBIX LIUTO-
KMHOB, MHTepneikuuos (IL): IL-1, 2, 6, 7-10, 12, 17, 18,
TPaHY/IOLUTAPHOTO KOJMOHMECTUMYIUPYIOoIlero ¢akropa
(T-KC®), rpaHynonuTapHO-MaKpodarajibHOr0 KOJIOHMe-
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crumynupytoiiero ¢pakropa (I'M-KC®), ¢pakTopa HeKposa
omnyxonu o (TNFa), IFNy, IFNo. 1 IFN, MOHOLMTapHOI'O
XeMoaTTpakTaHTHOro 6enka 1 (MHP1) u makpodarajibHO-
ro BocnanuTensHoro 6enka la (MIPla) [7, 10].

JTIABOPATOPHbIE O AHHbIE

JaHHbIe JTAGOPATOPHBIX MCCIEIOBAHUI UIPAIOT Bask-
HYIO POJIb B OTIPEJIeNIeHUH CTEIeHU TSDKeCTU 3a60IeBaHMsI
M BBISIBJIEHMM OCJIOKHEeHMI. B KimHMueckom aHanmse
KpPOBY OOGBIYHO OTMeEYaeTCss HOPMOLMTO3 MM JIeHKOIIe-
HusI, TUMGOTIeHNS, TIPU MIPUCOeAVHEHNM GaKTepUanbHOI
nHpexunu — HeiTpoduies. YpoBeHb reMomIoOMHA He
M3MEHSIeTCS WM CHIDKaeTcsl. YpoBeHb C-peakTHBHOIO
6enka (CPB) 1 CKOpPOCTh OCeaHuUs SPUTPOLIUTOB YBEITUIN-
BAIOTCS NMPONOPLMOHAILHO CTeIleHy TsKecTu. IIpy passu-
TUYU TPOMOOTHUECKUX OCIOKHEHN TIOBBIIIAETCS] YDOBEHD
B KpoBU D-myMepa U colepskaHue B Heil TPOMOOIUTOB.
[Tpu «IIUTOKMHOBOM LITOpPME» MOBBIIIEH YPOBeHb IL-6. Y
MalMeHTOB C TsKeabIM TeueHnem COVID-19 oTmeualoTcst
BBICOKMe 3HaueHMs] MmapkepoB Bocranenus (CPB, deppu-
THHA, IPOKaIbLIUTOHMHA) [6—-8, 10].

MMMYHHbIX OTBET NPU COVID-19

JI7151 TTIOJTHOTHI TOHVMAaHMS MeXaHu3Ma pa3BUTHS 3a60-
JIeBaHMsI HeOOXOAMMO ToApo6Hee PacCMOTPETh MMMYH-
HbIii oTBeT Ha SARS-CoV-2. UHQUUMpOBaHHAS BUPYCOM
KJIeTKa HauMHaeT 3KCIIPecCHpoBaThb BUIOM3MEHEHHBIN
IJIaBHBIV KOMIUIEKC TuctocoBmectumoctu MHC I, pac-
nosHatommuiicst Toll-momo6HbIM pereritopom 7 (TLR7),
KOTOpBIVi HAXOAUTCS B 3HAOCOMAaX aHTUTEHIIPEe3eHTUPY-
omyx kietok (APC) [11, 12]. 1751 MOMTHOLLEHHOTO MMMYH-
HOT'O OTBETa Upe3BbIUaiiHO BasKeH JOCTAaTOYHBI 6a30BblIii
ypoBeHb [FN MMEHHO Ha [JaHHON cTaguu 3ab6ojeBaHus,
Tak Kak OH CTUMYy/aMpyeT GarouuTapHyl0 aKTUBHOCTb
MakpoharoB U MPeMNITCTBYET PAa3MHOKXEHUIO BUpyca. [Ipu
BBICOKOM 6a30BoM ypoBHe IFN makpodaru darouutupy-
10T 3apa’keHHbIe KJIeTKM, MPOLEeCCUPYIOT U MPe3eHTUpPy-
IOT aHTUreHbl T-KJIeTKaM C IIOMOIIbIo Komriuiekca HLA.
dro uHAyuupyetr nuddepeHINPOBKY HAUBHbIX T-TUM-
douutoB B anTUreHcnenudbuueckue CD4+ T-xenmepHbie
xinetku I tuma (Th-1). Th-muMdOUUTbI MHUIIUUPYIOT ITPO-
IYKLUMIO TTPOBOCIAJIUTEIbHBIX IUMTOKMHOB Th-dakTopa
HeKpo3a onyxomnu, IL-6, IL-1f, IL-2, 4TO OKa3bIBaeT CTU-
Myaupyoumii 3¢ ekt kak Ha Makpodaru, Tak 1 Ha CD8+-
uuToTOKCHueckue aumdountsl (CTL) [14].

Kpome ToOro, samyckaercs TyMOpPalbHbBII OTBeT.
T-xennepHble KJIETKU CTUMYIUPYIOT nuddepeHIpoB-
Ky B-mumMbOUMUTOB B IJIa3MaTUYeCcKue KIeTKU, KOTOpbIe
3aTeM MPOAYIMPYIOT AaHTUTENA, CTIeIMMUYHbIE K BUPYCHO-
My aHTUreHy. HeiiTpanusywoiiue aHnturtena 3GpgGekTMBHO
67I0KMPYIOT IPOHUKHOBEHME BUpYyca B KJIETKY OpraHu3ma,
OIICOHM3YPYIOT 3apa’keHHble KJIETKM U IpefoTBpallaloT
peunauB MHMeKIMM Y peKOHBAIeCIIeHTOB [14].

[To cpaBHEHMIO C IPYTUMM PeCIMPaTOPHBIMU BUpYCa-
My SARS-CoV-2 BbI3bIBaeT 60siee HU3KUI aHTUBUPYCHBIN
TPAHCKPUMLMOHHBIN OTBET, XapaKTePU3YIOIIMICSI HU3-
KM ypoBHeM IFN Tumna I u MOBBILIEHHON 3KCIIpeccuent
UUTOKMHOB. Takxke y MalMeHTOB C TsDKenoil ¢dopmoii
COVID-19 nabniogaetcst HapyiieHue oTBeta Ha IFN tuma I
u Gosee HMU3KMIT KIupeHC Bupyca [9]. Y mrofmeit crapiie
60 1eT oTMeuaeTcs CHuKeHue BbIpaboTku IFN meHIpuT-
HBIMM KJIeTKaMM, M, HAllPOTUB, MOBBIIIEHMEe TPOLYKLIUNU
LIMTOKMHOB, YTO M3BpalllaeT MMMYHHbIII OTBET U yCyTryo-
JsieT TeyeHye 3abonesanus [11, 13].

123



OB30P JINTEPATYPbI

POJIb MOHOLUTOB

COVID-19 xapaxrepusyetcst subdy3HbIM aJIbBeOssIp-
HBIM IOpaskeHMeM M O4aroBOil peakTMBHON Truiepruia-
31ell MHeBMOLMTOB C IpPU3HAKaMM BHYTPUCOCYLMUCTOTO
TpoM603a ¥ BOCIAIUTETbHOM KIETOUHOI MHPUIbTPAL-
eit [15]. BocmanuTenbHblit MHOUIBTPAT JIETOYHOI TKAHU
npersTcTByeT 3GdeKTMBHOMY anbBeONIPHOMY Tra3000-
MeHy [16, 17]. JlerouHbIi1 UHTePCTULMIT UHOUIBTPUPYIOT
MMMYHOKOMIIETEHTHbIe KJIeTKM: Makpodaru, mumdorm-
ThI ¥ MOHOIIUTBI [15-17].

BaskHYI0 pO/b B pa3BUTUM BOCIIAJIMTENIBHOIO IIpoliecca
UTPAIOT KJIETKY MOHOIMTApHO-MaKkpodaraabHOTO pSfa.
MOHOLMTBI KPOBM YesloBeKa MPeCTaBIsSIIOT cOO0¥ MmoITy-
JIALMIO KJIETOK, Pa3BMBAIOIIMXCS U3 MMEJIOUIHBIX IIpe[-
IIeCTBEHHMKOB B KOCTHOM MO3Te, SKCIIPeccupyloumux Ha
CBO€J MMOBEPXHOCTU pa3iauuyHble MapKepsl [16]. OouH n3
HUX — HLA-DR (4eioBeueCcKuii TeiKOLUTAPHbBI aHTUTE€H-
DR) — st0 mosnekyna MHC II kiacca, MMKO3MUIMPOBAHHBIN
TpaHCMeMOpaHHbII 6eloK AaHTUreHIIPe3eHTUPYIOUUX
KieToK. Jxcrnpeccusi HLA-DR Ha moHouutax (mHLA-DR)
Ype3BbIYAfHO BaskHA JJIsl Mpe3eHTalMM aHTUIeHa, I10C-
KOJIbKY T-XeJnepHble KJIeTKYM pearupyloT Ha Uy>kepofHble
aHTUTEHBI, TIPe/ICTaBIeHHbIe Ha IIOBEPXHOCTM Makpoda-
rOB, TOJIbKO B KomIuiekce ¢ HLA-DR [18]. Iloreps sroi
MOJIEKYJTbI KIMHUYECKU TIPOSIBISIeTCS] B BUAe (heHOMeHa
MMMYyHonapaanyda [18, 19] — TonepaHTHOCTM K SHIOTOK-
CUHaM, XapaKkTepusyolieiicsi TOHVKeHHO peakijyeit Ha
BTOPMYHYIO MHGEKIIMIO TIOC/Ie TIePBOTO BOCIIAIUTETHHOTO
crpecca [18-20]. Hmskas skcmpeccuss mHLA-DR Takke
OTpaykaeT CHVKEHHYI0 CITOCOGHOCTD IMTpe3eHTaIuM aHTHU-
reHa.

IMomaBnenue skcrpeccun mMHLA-DR y TaliieHTOB C
TSDKEJIBIM TeueHneM MH(eKIVIOHHBIX 3a601eBaHMii U cell-
CUCOM SIBJSIETCS PaHHMM IIPM3HAKOM MMMYHOCYIIpec-
cun. JlaHHOe M3MeHeHMe MOKeT MCIIOIb30BaThCsl Kak
IIPOTHOCTUYECKUIT KPUTEPUIl CMepTeJIbHOTO MCXOZa.
IMockonbky IL-6 MosxkeT monaBisiThb 3Kcnpeccuio HLA-
DR [21], MO>KHO TIP@ATIONOXKUTD, YTO U30BITOUHAS TPOAYK-
uus IL-6 cBsi3aHa cO CHIDKeHHOM aKkcmpeccueii HLA-DR
npu COVID-19 [22, 23].

B 3aBMCHMMOCTM OT yPOBHSI 9KCIIPECCUY TOBEPXHOCTHBIX
mapkepoB CD14 u CD16 MOHOLIUTBI Ye0BeKa Je/STCS Ha
JIBé OCHOBHbIE MOJIPYMIbI C Pa3HBIMM XapaKTepUCTHUKa-
mu. Kiaccuyeckre MOHOLMTBI 3KCIIPECCUPYIOT MapKephbl
CD14+ u CD16- . Bropoii nogtun — 310 CD16+ nomynsauust
MOHOLIMTOB, KOTOpasl, B 3aBMCUMOCTM OT YPOBHS 3KC-
Mpeccuu, COCTOUT M3 MPOMeXYTOUHbIX (CD14++, CD16+)
n Heknaccuyeckux (CD14+, CD16++) MOHOUUTOB [24-26].
V 300pOBBIX JIOfelt 6omee 95% MOHOLMTOB mepudepu-
yeckoyi KpoBu — kinaccudeckue (CD14+, CD16-) [27, 28].
MoOHOLMTBI, 3KCIpeccupyloliie Ha CBOeil IOBEepXHOCTU
peuenitopbl CD16 u obnapmaromne pexHoruiom CD14++,
CD16+ u CD14+, CD16+, cunTarOTCs MPOBOCHANNUTEIbHBI-
MU MOHOLMTaMM, BbIOCISAIIINMN OUTOKMHBI U Y4aCTBY-
IOLIVIMM B Pa3BUTUM XPOHMUECKOT0o BocnaneHud [27, 29]. B
CBOIO Ouepeb MUKPOOKpYsKeHMe B ouare MHOEKIMI TaKKe
VMHIYLMPYET yBeluyeHue COofepyKaHMsl BOCIIAINUTEeNbHbBIX
MOHOIIUTOB C 3KcIpeccueit CD16+ u mogaepskuBaeT BOC-
nanyuTenbHylo peakuuio [30]. IIpu aTom y nmtogeii ctapiiero
BO3pacTa U MaluMeHTOB C XPOHUYECKUMU 3a60IeBaHUSIMY,
He3aBUCMMO OT 3TMOJIOTMM, KOJIMUYECTBO KIaCCUUYeCKUX
MOHOLIMTOB CHIDKAETCsI, a IPOMEeXYyTOUYHBIX — YBeINUMBa-
ercst 1o 20% u 6omee [28, 31]. Takke B psifie MCCIeJOBAHMIA
6bUIO OTMEYEHO, UTO MOHOIIUTHI GONBHBIX, SKCIIPECCUPY-
fomye CD16+, OCYIIeCTB/ISUIM TIOBBIIIEHHYIO BBIPAOOTKY
MPOBOCHAIUTENbHBIX UUTOKMHOB TNF-a [32], IL-6 [33]

124

n IL-1B [32] 0 cpaBHEHMIO C JAHHBIMU KOHTPOJILHOM
rpymibl. [Ipy 3TOM, C TOUKM 3peHUs psifa aBTOPOB, U36bI-
TOK TNF-o. B KPOBU SIBJISUICS ITyCKOBBIM (DaKTOPOM JJIsI
reHepanusauuy BocriaseHus [27, 34] M BNOCIeOCTBUN —
«IMUTOKVMHOBOIO IITOPMa».

LUTOKMHOBbLIN WLTOPM

«[IMTOKMHOBBIM IITOPM» — TIPO3HOE OCIOKHEHMe
KOPOHABUPYCHOM WMHGEKIY, BbI3bIBAEMOE CHCTEMHbBIM
ruIepBoCIajgeHeM, HEKOHTPOJIMPYEMbIM YBelMYeHNeM
yyciia M HelpepbiBHOV aKTUBallyieli MMMYHHBIX Kile-
TOK, JMMGOIMTOB U MaKpodaros, AUcHaIaHCOM TIPO- U
MIPOTUBOBOCIAIUTENbHBIX LUTOKMHOB [35-37]. TouHbI
MeXaHM3M 3TOTO SIBJIEHUS ellle He M3y4eH, HO TocaegHne
MCCIIeqOBaHMSI TIOKA3bIBAIOT, UYTO «IIMTOKMHOBBIN MITOPM»
npu COVID-19 gBinsieTcsl pe3y/ibTaTOM HECOCTOSITEIbHOTO
MMMYHHOTO OTBeTa Ha BuUpycC. Ilo3gHss cekpeuus IFN
Tunal Ha cTaguyM akTMBHONM periMKaluy BUpyca IPU-
BOAUT K YCWJIEHHOI aKTMBAUMM MMMYHHBIX KJIETOK U
rUIepceKpenyy MpOBOCTIAIUTENbHBIX LIMTOKMHOB MOHO-
HyK/IeapHbiMM Makpodaramu [38—41]. KauHuMyecku 3TO
MIPOSIBJISIETCS TTIOPakeHMeM He TOJIbKO JIETKUX, HO U IPYTUX
OPraHoOB: Ccep/lia, oYeK U evyeHu, 4YTo MPUBOAUT K MO~
OPraHHO} HeJOCTaTOYHOCTY U CMePTeIbHOMY UcXony [42,
43].

OoHMM M3 OCHOBHBIX ITPOBOCIAJIUTENBHBIX IIVUTOKU-
HOB siBysieTcs IL-1. OH COCTOUT U3 ABYX TUIIOB JIUTaH[IOB,
IL-1o n IL-113, u3 xoTOpbIX IL-115 MMeeT cuCTEMHBIN TTPO-
BOCIAJINUTENbHBIN 3¢ deKT. [L-1 npomyiupyercst makpoda-
raMmM ¥ MOHOLMUTAMM M OKasbIBaeT IIPOBOCIIAIUTENBHOE
[eiicTBue, 3arryckast mponaudepaniio MMMYHHBIX KJIETOK
Y MHIOYUMPYST BTOPUMYHYIO MPOLYKLUMIO LUTOKMHOB [44].
Kpome Toro, ¢ noseimieHeM ypoBHS IL-1 cBSI3aHbI HEKO-
TOpbIe ayTOMMMYHHbIe 3a60sieBaHMsI, HaTIpuMep, 60J1e3Hb
Crwina ¥ nofarpuyeckuii apTpur.

OrpomMHOe 3HaueHMe B PA3BUTUU «IIUTOKMHOBOTO
ITOpMa» MMeeT YpoBeHb IL-6 — TMPOBOCIAIUTEILHOTO
LIMTOKMHA, 00/IaIAI0IIEeTO TIeIOTPOITHBIM JieiicTBreM. OH
uHayuupyet nuddepeHIpoBKky B- u T-KIETOK, COmeli-
CTBYeT BBIPAOOTKE TeNaToIMTaMM Pa3INIYHBIX OeTKOB
ocTpoii ¢asbl, TakKuX Kak C-peakTUBHBIN 6EI0K, ChIBOPO-
TOYHBI ammuaons A, GUOPMHOTEH U TeNCUOUH, a TaKxkKe
CIIOCOGCTBYET MHIMOMPOBAHUIO CMHTe3a anbOymMuHa [44,
45]. IL-6 siBnsieTcs OCHOBHBIM TPUITEPOM «LIUTOKMHOBOTO
mropMmar [46]. [1o maHHBIM KCCIegoBaTesNe, 3HaueHs ero
YPOBHS B repudeprnyeckoii KpOBU MOKHO UCITOJb30BaTh B
KauecTBe MPOTHOCTUYECKOTO (GaKTOpa IMPOrpeccupoBaHms
COVID-19, mostomy ponb IL-6 B 3TOM 3a6071€BaHUY 3aCITy-
KMBaeT 0co60ro BHMMaHus [47].

VHUKAIbHO 0CO6EHHOCTHIO «ILIMTOKMHOBOTO IITOPMa»
nipu COVID-19 aBnsieTcst mapagokcanbHas posnb IL-10 [48].
OTOT MHTEpJEHKVH 06JIaZaeT MPOTUBOBOCIATUTENIbHBIM
JleiiCTBMEM, Peryampysl BbIpaOOTKY IMPOBOCHATUTENbHBIX
IL-1,1L-6, IL-8, IL-12, TNF-o, GM-CSF, IFN-v, 1 TIOBbIILIaeT
aKTUMBHOCTb IUTOTOKCHYeckux T-mumdbonutos. Ho mpu
BUpPYCHOM cericuce y 6ombHbIX COVID-19 pe3kuii pocT
IL-10 MOXeT yCMIMBaThb BOCMAJIeHMe Onaromapsi CBOeit
CITOCOOGHOCTM MHIYIIMPOBATD IPoIMdepanuio IUTOTOKCH-
yeckux apderropHbix CD8+ T-KIETOK U TUTIePAKTUBALINIO
afanTMBHOIO MMMyHMTeTa [49].

HemasioBakHbIM TTPOBOCIIQJIUTEIBHBIM IIUTOKMHOM
ssBsieTcst IL-18, KOTOpPbBIE BbIpabaThIBAeTCSI KJIETKAMMU
MOHOIIMTAPHO-MaKpodaraabHOTO Psiia B OTBET HA aKTHU-
BalMio MHGIaMMacoM BUPYCHBIMY KOMITOHeHTaMMu. [L-18
OTBETCTBEHEH 3a MHAOYKIMIO aAaIlITUBHOTO MMMYHHOI'O
OTBeTa Ioc/ae akTUBalUuyM BpoxAeHHOoro. ITo nmociegHuM
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IaHHBIM, cofepykaHune B KpoBu IL-18 koppenupyer ¢ ypoB-
HSIMM B Heil peppuTHHa, TPOKATbIUTOHNHA U OGUOXUMU-
YyeckMx MapkepoB nyuTonusa [50].

Hapsany ¢ npyrumu nyurokuHamu, TNF-o Takke SBJIs-
eTCsl MPOBOCHAIUTENbHBIM U MPOAYLMUPYETCS Pa3INIHBbI-
MM TUTIAMM KJIETOK, TAKMMM KaK MOHOIMTBI, Makpodaru
u T-xnetku. TNF-o y4acTByeT B PEryJIsiuy BOCIIQJINTENb-
HBIX TPOLIeccoB, MHMEKIMOHHBIX 3a607€BaHMIi U 3/I0Ka-
YeCTBEHHBIX oIyxoneil [51]. dakTop HeKkpo3a OIYXOIU
MHAYLMPYeT anonTo3 T-KIeTOK MOCPeACTBOM B3auMOeli-
CcTBUSI CO cBouM pelnieritopoM TNFR1, 3KkcIpeccusi KOTO-
pOTO TOBBINIEHA B CTApbIX T-KIETKaxX, 4TO YCYryossieT
nuMdoriennio, xapakTepHyto ais COVID-19 [52].

M3MEHEHNA UMMYHOKOMMNETEHTHbIX KNETOK

Y nauueHTOB C TsoKeNlbiM TeueHueM COVID-19, Hyx-
JaoLMXCS B MPOBENEHMUM MCKYCCTBEHHOW BEHTWISLUU
nerkux (UBJT), HabmopaoTcst AMMGOTIeHNST Y 3HAUUTEIb-
Hoe ucroueHne sddexropubix CD4+, CD8+-mumdoru-
TOoB U NK-xietok. Ilo maHHBIM psifa MCCAefOBaHUIA, Y
MalMeHTOB C TsiKeJIbIM TeueHnreM COVID-19 numdbonenust
KOppenmpyeT C BBICOKMMM ChIBOPDOTOYHBIMMU YPOBHSIMU
IL-6, IL-10 n TNF-o, oTMeuaeTcsl CHYDKeHMe ypoBHS IL-2,
IL-7 — VHTepJeiKUHOB, BAUSIOIMX HA Tponudepanuio
JUMGOUNUTOB, UTO SIBSIETCS TJIOXMM IPOTHOCTUYECKUM
npu3HakoM. JIumdorieHus Takke MOXKeT pa3BUBaThCS B
pe3ynbTaTe HENOCPeNCTBEHHON rubenu T-muM@OINUTOB,
MHOUIIPOBaHHBIX BUpPycoM [53—-55]. Psig aBTOpOB O1my6-
JIMKOBAIYM JaHHbIe O BBICOKMX YPOBHSIX 9KCIIPeCCHMM Map-
KepoB 3alporpaMMMPOBAHHO KJIETOYHO rubenu — PD-1
(qmuranp PD-1L) Ha nuMdoLMTax MpU TKEIOM TeueHUU
nHbexuunu COVID-19. PaHee BbIcOKast akcrpeccusi PD-1
PerncTpUpoOBaINCh Y MAlEHTOB C CeICYCOM, OHKOJIOTHEN,
TSKETBIMY BUPYCHBIMM MHGEKIVSIMA, B TOM YMCIIe BUPY-
coM nMmyHoneduuTa yenoseka [56-58].

Bce 3TV M3MeHEHUS B MMMYHHOM OTBETE TPU MHOU-
uyupoBaHuu Bupycom COVID-19 npuBOAAT K NOLaBIEHUIO
aJanTyUBHOIO UMMYHUTETA: YMeHbIIeHMIo TponudepaTus-
HOW ¥ MPOTUBOBUPYCHOM aKTUBHOCTU U (HOPMUPOBAHNIO
r1yboKoii MMMyHocynipeccun. B pa6ote Rajendra Karki et
al. 6b110 TTOKa3aHo, YTo JMMdoneHus u rubens T-numdo-
UUTOB TIpu TspKenoii COVID-19 nHbeKuumn — 3T0 pesysib-
TaT ycuneHus cuHtes’a TNF-o u IFN-y. TloBbllieHHOe
npousBopactBo TNF-o v IFN-y, HabmomaeMoe y raiyeHTOoB
¢ COVID-19, MOKeT ObITh CBSI3aHO C HECKOJIbKVMM TUITAMMA
KJIeTOK. Pe3ysbTaThl CEKBEHMPOBAHMS KJIETOK Iepudepu-
4yecKkoit KpoBy y nauyeHToB ¢ COVID-19 nokasanu IOBbI-
neHHy1 sKcnpeccuto TNF-a 1 IL-10. HA MOHOHYK/IeapHbIX
KJIeTKax M MOBbIIIeHHYI0 3Kcnpeccuto [FN-y Ha NK- n CD8
T-numdonuTax MO CpaBHEHUIO C JAaHHBIMU 300POBBIX
nmoHopoB [59]. Kak ykasbIBalOT aBTOPbI, cuHeprusm TNF-
o ¥ IFN-y urpaeTt BaKHYIO pOJIb B ITIaTOreHe3e He TOJIbKO
uHdekuu COVID-19, HO U psipa 3aboseBaHMii M CUH]I-
POMOB, TaK1X KaK Cerncuc u remModaronuTapHselii iumdo-
TUCTUOLIUTO3, I KOTOPBhIX XapakTepHa rMnepakTUBaLus
MMMYHHOJ CUCTEeMbI, CUHTE3 LIMPOKOTO CIeKTpa LUTOKU-
HOB, MacCMBHasl TM6eb UMMYHOKOMIIETEHTHBIX KIETOK U
dbopmupoBaHye MONMMOPTraHHOM HeJoCTaTOUHOCTH [60].

V3yueHne nepudepnyueckoro mysna JMMQPOoLUTOB MOKa-
3as10, ¥To COVID-19 unpyuupyet numbOneHnIo U peMo-
IepyeT aHTUTEHIIPe3eHTUPYIOIIEe KJIETKM C 00paso-
BaHMEM ITy/ia HEeKJIaCCUUYeCKUX U MPOMEKYTOUYHBIX TUIIOB
MOHOIIVITOB, YTO BAMSIET HA (HOPMUPOBAHNE aTATITUBHOTO
MMMYyHUTeTa y nauueHtoB ¢ COVID-19. OcobGeHHO 3TO
BbIpa)KeHO Y BO3PAaCTHBIX MalleHTOB, MUMEIOLIUX IPU3Ha-
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KM MMMYHHOM AVCPETYISIUMM ¥ HapylleHus: (QyHKIUU
UMPKYIUPYIOIMUX MOHOLMTOB. OTHOCKUTEIbHOE KOJInuec-
TBO NPOMeXYTOUHbIX (CD14++, CD16+) u Hekaccuuec-
kux (CD14+, CD16++) MOHOLIUTOB Y 3TUX MallME€HTOB, IO
IaHHBIM MCC/IeLOBAaHMI, MOKET COCTaBIATh 40 20-45% oT
BCeil MOy, B TO BpeMsl KaK y 3[J0POBBIX JTOHOPOB —
TONMBKO [0 5% [27, 28, 53, 54]. CHMsKeHMe 3KCIIPeccuu
HLA-DR Ha MOHOLMTax U APYIMX aHTUTEHIIPpe3eHTUPY-
IOMIMX KJIeTKaxX Takke HapyuaeT dopMMupoBaHMe afar-
TUBHOTO MMMYHHOTO OTBETa BO BpPeMs OCTPOii MHDeK-
MK, YMeHbIIas obpasoBaHue crenuduueckux CD4+ u
CD8+-UIMTOTOKCUYECKMUX JTUMGOIUTOB. PopMUpOBaHE
nMQOITeHUM Croco6CTBYET masbHENIIel peruiMKaiun
BUpYCA, PaCIIMPEHNI0 30H MHOUIMPOBAHUS U yTSIKele-
HUIO KJIMHUYECKOTO COCTOSIHUS TIallieHTa.

B To ke Bpems y MalMeHTOB C Jierkoii (opmoit
COVID-19 mpeseHTanusi BUpyca KIaCCMYECKMMM MOHO-
IIMTaMU TIPUBOIUT K KJIOHAIBbHOI Mponudepanuu cre-
unduuHbIX K BUpycy SARS-CoV-2 T-kieTok. [JanbHeliiee
dbopmupoBanme CD8+ u CD4+ T-KJIE€TOK amamnTUBHOI
MMMYHHO} cucTembl naumueHtoB ¢ COVID-19 u kio-
HaJIbHOE YyBenuueHue crenuduueckux 3GHeKTOPHbIX
CD8+ xnetok u NK-KJIeTOK NPUBOOUT K YHUUTOKEHUIO
MHOUIIMPOBAHHBIX KJIETOK, MPEKPANEHNIO PEeTUIMKAINN
BUpyca U 06pa3’oBaHMIO JOJNTOXUBYHIIMX T- UM B-KIeTOK
namsaTu. HemaBHue MccienoBaHMs MOKa3aayu yCTONUMBDIN
aIanTUBHBIN MMMYHHBI/I OTBeT y MAl[ME€HTOB C JIeTKOM
dopmoit COVID-19, 4yTO CBUAETENBCTBYET O pellaoliei
POy ajanTMBHOTO MMMYHUTETa B SnMMMHaAUUM SARS-
CoV-2 [30, 52, 54]. KocBeHHBIM [10Ka3aTeIbCTBOM YCITEII-
HOJ Mpe3eHTaIMM BUPYCHOTO aHTUIeHa U Gosiee JIerKoro
teueHus1 COVID-19 gBnsieTcs yBenyueHue YPOBHS CIIely-
buueckux uMMyHOrno6ynuHoB IgM u 1gG y nmauyueHTOB C
60Jiee BBICOKMM OTHOCUTETbHBIM KOMuecTBOM T-muMdo-
1uuToB, CD4+ numdounToB 1 NK-KineTok [61].

3AKNIOYEHUE

B HacTosmuii MOMEHT HaKOIJIeHHbIe 3HAHUSI O MaTo-
reHese COVID-19 1rokasbIBaioT, 4TO Haubosbllee 3Haye-
HMe JJ1S1 peann3alyy TSDKeJIOro TeYeHYsl BOCIIaAUTeIbHO-
ro mpoiiecca MMeeT, Mpeskae BCero, MO3MHSS MPOMYKIINS
IFN tuna I, Heo6X0aMMOTO [IJIs1 TIPeKpaIleHus periKa-
uyy Bupyca. Cienyroimmum GakTopoMm, YCUIMBAOIMM BOC-
MaJINTeIbHbIII MMMYHHBII OTBET, SIBJISIETCS IOBBILIEHNE
YPOBHSI MPOBOCHAIUTENIBHBIX MOHOLIMTOB (IIPOMEXKYTOYU-
HBIX M Hekjaccuyeckux). K mogasneHuio aganTyMBHOIO
MMMYHHOTO OTBeTa IIPUBOOUT CHUKEHME 3SKCIIpeccuu
HLA-DR Ha MOHOLMTaX, HapyllleHye IIpe3eHTalun BUPY-
ca, 4, KaK C/Ie[CcTBMe, HapylleHre (GopMUpOBaHUS IyJa
crienuduueckux MMM@POLUTOB, rudenb T-1MMQpOIUTOB U
rTy60Kast UMMYHOCYTIPECCHS.

Vcronb30BaHMe COBPEMEHHBIX 3HaHUII 06 MMMYy-
HonartoreHese COVID-19 moxeT MOMOYb B CO3JaHUU
MMMYHOJIOTMUECKOTO aJTroOpuUTMa MJjisi PaHHEero IMpOrHOo-
32 ¥ MPOPUIAKTUKY OCIOKHEHUI TSDKEIOTO TeYeHMS
uHdexiyn. IIpoBeneHne MMMYHOTOTUYECKOTO 06CIen0-
BaHMSI MAlMEHTOB, MOCTYNMBIINX B CTallIOHAp, BKIIOYA-
I0Lero, MOMMMO KJIMHMYECKOTO aHalyu3a KpPOBM, Takue
IoKa3aTejn COCTOSHMUSI MUMMYHHOI cuctembl, Kak: CPB,
a”anu3 ypoBHS IL-6, IL-10, crieKTp MOHOLIUTOB U aKTUB-
HocTb sKkcnpeccun HLA-DR, ypoBeHb skcnipeccun PD-1 Ha
MGbOIUTAX, TIOMOXKET OLEHUTD PUCK TSKEJIOTO TeUeHUsT
MHOEKIMM ¥ BO3MOKHOTO DPasBUTHSI OCIOXKHEHMIA, UTO
TTO3BOJIUT CBOEBPEMEHHO MpoBecTU 3Q(PEKTUBHYIO MAaTO-
reHeTUYeCKYIO Teparnuio.

125



OB30P JINTEPATYPbI

CNMUCOK UCTOYHUNKOB

1.

10.

1

—_

12.

13.

14.

1

o

16.

1

18.

19.

20.

21.

~

Zhu N, Zhang D, Wang W, Li X, Yang B, Song ], et al. A novel
coronavirus from patients with pneumonia in China, 2019. N Engl |
Med. 2020;382(8):727-733. PMID: 31978945 https://doi.org/10.1056/
NEJMo0a2001017

WHO Director-General’s Opening Remarks at the Media Briefing on
COVID-19 - 11 March 2020. Available at: https://www.who.int/director-
general/speeches/detail/who-director-general-s-opening-remarks-at-
the-media-briefing-on-covid-19---11-march-2020 [Accessed January
21, 2022].

van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A,
Williamson BN, et al. Aerosol and surface stability of SARS-CoV-2 as
compared with SARS-CoV-1. N Engl ] Med. 2020;382(16):1564-1567.
PMID: 32182409 https://doi.org/10.1056/NE]Mc2004973

Wan Y, Shang ], Graham R, Baric RS, Li F. Receptor recognition by novel
coronavirus from Wuhan: an analysis based on decade-long structural
studies of SARS. ] Virol. 2020;94(7):e00127-20. PMID: 31996437 https://
doi.org/10.1128/JV1.00127-20

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 Cell Entry Depends on ACE2 and
TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor.
Cell. 2020;181(2):271-280.e8. PMID: 32142651 https://doi.org/10.1016/
j.cell.2020.02.052

Fung SY, Yuen KS, Ye ZW, Chan CP, Jin DY. A tug-of-war between
severe acute respiratory syndrome coronavirus 2 and host antiviral
defence: lessons from other pathogenic viruses. Emerg Microbes Infect.
2020;9(1):558-570. PMID: 32172672 https://doi.org/10.1080/22221751
.2020.1736644

Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020;323(13):1239-1242. PMID: 32091533 https://
doi.org/10.1001/jama.2020.2648

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk
factors for mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet. 2020;395(10229):1054—
1062. PMID: 32171076 https://doi.org/10.1016/S0140-6736(20)30566-3
Cavalcante-Silva LHA, Carvalho DCM, Lima EA, Galvao JGFM, da Silva
JSF, Sales-Neto JM, et al. Neutrophils and COVID-19: The road so far.
Int Immunopharmacol. 2021;90:107233. PMID: 33290963 https://doi.
0rg/10.1016/j.intimp.2020.107233

IIpogunakmuka, QuazHoCMuUKa u seveHue Ho80li KOPOHABUPYCHOU UHGeK-
yuu (COVID-19): 8pemeHHble Memoduueckue pekomeHoayuu. Bepcyst 13.1
(17.11.2021). Mocksa; 2021.

. van der Made CI, Simons A, Schuurs-Hoeijmakers J, van den Heuvel G,

Mantere T, Kersten S, et al. Presence of Genetic Variants Among
Young Men with Severe COVID-19. JAMA. 2020;324(7):663-673. PMID:
32706371 https://doi.org/10.1001/jama.2020.13719

Zhu J, Mohan C. Toll-Like receptor signaling pathways—therapeutic
opportunities. Mediators Inflamm. 2010;2010:781235. PMID: 20981241
https://doi.org/10.1155/2010/781235

Knoll R, Schultze JL, Schulte-Schrepping J. Monocytes and Macrophages
in COVID-19. Front Immunol. 2021;12:720109. PMID: 34367190https://
doi.org/10.3389/fimmu.2021.720109

Honros B.B. (pen.) Knunuueckast nabopamopHas duazHocmuka: B 2-X T.
T. 1. Mocksa: Jla6guar; 2017.

. Chowdhury MA, Hossain N, Kashem MA, Shahid MA, Alam A. Immune

response in COVID-19: A review. ] Infect Public Health.2020;13(11):1619—
1629. PMID: 32718895 https://doi.org/10.1016/j.jiph.2020.07.001

Zhou Y, Fu B, Zheng X, Wang D, Zhao C, Qi Y, et al. Pathogenic T-cells
and inflammatory monocytes incite inflammatory storms in severe
COVID-19 patients. Natl Sci Rev. 2020;7(6):998-1002. PMID: 34676125
https://doi.org/10.1093/nsr/nwaa041

Boyette LB, Macedo C, Hadi K, Elinoff BD, Walters JT, Ramaswami B,
et al. Phenotype, function, and differentiation potential of human
monocyte subsets. PLoS One. 2017;12(4):e0176460. PMID: 28445506
https://doi.org/0.1371/journal.pone.0176460

Zhuang Y, Peng H, Chen Y, Zhou S, Chen Y. Dynamic monitoring
of monocyte HLA-DR expression for the diagnosis, prognosis, and
prediction of sepsis. Front Biosci (Landmark Ed). 2017;22:1344-1354.
PMID: 28199206 https://doi.org/10.2741/4547

Napoli C, Benincasa G, Criscuolo C, Faenza M, Liberato C, Rusciano
M. Immune reactivity during COVID-19: Implications for treatment.
Immunol Lett.2021;231:28-34.PMID: 33421440 https://doi.org/10.1016/
j.imlet.2021.01.001

Monneret G, Gossez M, Aghaeepour N, Gaudilliere B, Venet F. How
Clinical Flow Cytometry Rebooted Sepsis Immunology. Cytometry A.
2019;95(4):431-441. PMID: 30887636 https://doi.org/10.1002/cyto.
a.23749

Ohno Y, Kitamura H, Takahashi N, Ohtake J, Kaneumi S, Sumida K, et
al. IL-6 down-regulates HLA class II expression and IL-12 production
of human dendritic cells to impair activation of antigen-specific
CD4(+) T cells. Cancer Immunol Immunother. 2016;65(2):193-204.
PMID: 26759006 https://doi.org/10.1007/s00262-015-1791-4

126

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33,

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

Fu B, Xu X, Wei HWhy tocilizumab could be an effective treatment
for severe COVID-19? J Transl Med. 2020;18(1):164. PMID: 32290839
https://doi.org/10.1186/s12967-020-02339-3
Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Akinosoglou K,
Antoniadou A, Antonakos N, et al. Complex immune dysregulation in
COVID-19 patients with severe respiratory failure. Cell Host Microbe.
2020;27(6):992-1000.e3. PMID: 32320677 https://doi.org/10.1016/
j.chom.2020.04.009

Meidaninikjeh S, Sabouni N, Marzouni HZ, Bengar S, Khalili A,
Jafari R. Monocytes and macrophages in COVID-19: Friends and foes.
Life Sci. 2021;269:119010. PMID: 33454368 https://doi.org/10.1016/
j.1fs.2020.119010
BasslerK,Schulte-Schrepping], Warnat-Herresthal S,Aschenbrenner AC,
Schultze JL. The Myeloid Cell Compartment-Cell by Cell. Annu Rev
Immunol. 2019;37:269-293. PMID: 30649988 https://doi.org/10.1146/
annurev-immunol-042718-041728
Kapellos TS, Bonaguro L, Gemiind I, Reusch N, Saglam A, Hinkley ER,
et al. Human Monocyte Subsets and Phenotypes in Major Chronic
Inflammatory Diseases. Front Immunol. 2019;10:2035. PMID: 31543877
https://doi.org/10.3389/fimmu.2019.02035
Merino A, Buendia P, Martin-Malo A, Aljama P, Ramirez R. Carracedo
J. Senescent CD14+CD16+ Monocytes Exhibit Proinflammatory and
Proatherosclerotic Activity. ] Immunol. 2011;186(3):1809-1815. PMID:
21191073 https://doi.org/10.4049/jimmunol.1001866
Bacuibesa E.®., bpycos O.C. Poib MOHOLMTOB B KJIETOYHO-MOJIEKY-
JISIPHBIX MeXaHM3Max PasBUTHS CUCTEMHOIO IMMYHHOTO BOCITaJIeHVSI.
Yacts 1. Tcuxuampus. 2020;18(3):76-85. https://doi.org/10.30629/2618-
6667-2020-18-3-76-85
Strauss-Ayali D, Conrad SM, Mosser DM. Monocyte subpopulations
and their differentiation patterns during infection. J Leukoc Biol.
2007;82(2):244-52. PMID: 17475785 https://doi.org/10.1189/
jlb.0307191
Misharin AV, Morales-Nebreda L, Reyfman PA, Cuda CM, Walter M,
McQuattie-Pimentel AC, et al. Monocyte-derived alveolar macrophages
drive lung fibrosis and persist in the lung over the life span. J Exp
Med. 2017;214(8):2387-2404. PMID: 28694385 https://doi.org/10.1084/
jem.20162152
Spunun A.A. UmmyHonozus. Mocksa: ITOOTAP-Menua; 2010.
KanaumraukoBa A.A., Bopommnosa T.M., UuHeHoBa JI.B., IlaBbigoBa
H.U., Kamyayuaa H.M. Cy6nonynisumuy MOHOIIMTOB Y 340POBBIX JIUIL U Y
MaIMeHTOB ¢ cerncucoM. Meduyurckas ummyHonozusi. 2018;20(6):815-
824.
Zhu H, Ding Y, Zhang Y, Ding X, Zhao J, Ouyang W, et al. CTRP3 induces
an intermediate switch of CD14++CD16+ monocyte subset with anti-
inflammatory phenotype. Exp Ther Med. 2020;199(3):2243-2251. PMID:
32104290 https://doi.org/10.3892/etm.2020.8467
Zhu M, Lei L, Zhu Z, Li Q, Guo D, Xu J, et al. Excess TNF-D in the blood
activates monocytes with the potential to directly form cholesteryl
ester-laden cells. Acta Biochim Biophys Sin (Shanghai). 2015;47(11):899-
907. PMID: 26373842 https://doi.org/10.1093/abbs/gmv092
Kim JS, Lee JY, Yang JW, Lee KH, Effenberger M, Szpirt W, et al.
Immunopathogenesis and treatment of cytokine storm in COVID-
19. Theranostics. 2021;11(1):316-329. PMID: 33391477 https://doi.
0rg/10.7150/thno.49713
Yang X, YuY, XuJ, Shu H, Xia ], Liu H, et al. Clinical course and outcomes
of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China:
a single-centered, retrospective, observational study. Lancet Respir Med.
2020;8(5):475-481. PMID: 32105632 https://doi.org/10.1016/S2213-
2600(20)30079-5
Ragab D, Salah Eldin H, Taeimah M, Khattab R, Salem R. The COVID-19
Cytokine Storm; What We Know So Far. Front Immunol. 2020;11:1446.
PMID: 32612617 https://doi.org/10.3389/fimmu.2020.01446
McGonagle D, Sharif K, O’Regan A, Bridgewood C. The Role of
Cytokines including Interleukin-6 in COVID-19 induced Pneumonia
and Macrophage Activation Syndrome-Like Disease. Autoimmun
Rev. 2020;19(6):102537. PMID: 32251717 https://doi.org/10.1016/
j.autrev.2020.102537
Ye Q, Wang B, Mao J. The pathogenesis and treatment of the ‘Cytokine
Storm’ in COVID-19. J Infect. 2020;80(6):607-613. PMID: 32283152
https://doi.org/10.1016/j.jinf.2020.03.037
Blanco-Melo D, Nilsson-Payant BE, Liu WC, Uhl S, Hoagland D, Moller R,
et al. Imbalanced Host Response to SARS-CoV-2 Drives Development of
COVID-19. Cell. 2020;181(5):1036-1045.€9. PMID: 32416070 https://
doi.org/10.1016/j.cell.2020.04.026

. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith N, et al.

Impaired type I interferone activity and inflammatory responses in
severe Covid-19 patients. Science. 2020;369(6504):718-724. PMID:
32661059 https://doi.org/10.1126/science.abc6027

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ; HLH
Across Speciality Collaboration, UK. COVID-19: consider cytokine storm
syndromes and immunosuppression. Lancet. 2020;395(10229):1033—
1034. PMID: 32192578 https://doi.org/10.1016/S0140-6736(20)30628-0
Nile SH, Nile A, Qiu J, Li L, Jia X, Kai G. COVID-19: Pathogenesis,
cytokine storm and therapeutic potential of interferons. Cytokine Growth

Russian Sklifosovsky Journal of Emergency Medical Care. 2023;12(1):122-129. https://doi.org/10.23934/2223-9022-2023-12-1-122-129



OB30P JINTEPATYPbI

44

45.

46.

47.

48.

49.

50.

5

—

52.

Factor Rev. 2020;53:66-70. PMID: 32418715 https://doi.org/10.1016/
j.cytogfr.2020.05.002

.Kim ]S, Lee JY, Yang JW, Lee KH, Effenberger M, Szpirt W, et al.

Immunopathogenesis and treatment of cytokine storm in COVID-
19. Theranostics. 2021;11(1):316-329. PMID: 33391477 https://doi.
org/10.7150/thno.49713

Aziz M, Fatima R, Assaly R. Elevated interleukin-6 and severe COVID-19:
A meta-analysis. ] Med Virol. 2020;92(11):2283-2285. PMID: 32343429
https://doi.org/10.1002/jmv.25948

Liu F, Li L, Xu M, Wu ], Luo D, Zhu Y, et al. Prognostic value of
interleukin-6, C-reactive protein, and procalcitonin in patients with
COVID-19. J Clin Virol. 2020;127:104370. PMID: 32344321 https://doi.
org/10.1016/j.jcv.2020.104370

Yang P, Ding Y, Xu Z, Pu R, Li P, Yan ], et al. Epidemiological and
clinical features of COVID-19 patients with and without pneumonia in
Beijing, China. MedRxiv. 2020. Available at: https://www.medrxiv.org/
content/10.1101/2020.02.28.20028068v1 [Accessed January 24, 2022].
https://doi.org/10.1101/2020.02.28.20028068

Han H, Ma Q, Li C, Liu R, Zhao L, Wang W, et al. Profiling serum
cytokines in COVID-19 patients reveals IL-6 and IL-10 are disease
severity predictors. Emerg Microbes Infect. 2020;9(1):1123-1130. PMID:
32475230 https://doi.org/10.1080/22221751.2020.1770129

Lu L, Zhang H, Dauphars DJ, He YW A Potential Role of Interleukin 10
in COVID-19 Pathogenesis. Trends Immunol. 2021;42(1):3-5. PMID:
33214057 https://doi.org/10.1016/.it.2020.10.012

Satig H, Ozger HS, Aysert Yildiz P, Hizel K, Gulbahar O, Erbas G,
et al. Prognostic value of interleukin-18 and its association with
otherinflammatory markers and disease severity in COVID-19.
Cytokine. 2021;137:155302. PMID: 33002740 https://doi.org/10.1016/
j.cyt0.2020.155302

. Costela-Ruiz V], Illescas-Montes R, Puerta-Puerta JM, Ruiz C, Melguizo-

Rodriguez L. SARS-CoV-2 infection: The role of cytokines in COVID-19
disease. Cytokine Growth Factor Rev. 2020;54:62-75. PMID: 32513566
https://doi.org/10.1016/j.cytogfr.2020.06.001

Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al. Reduction and
Functional Exhaustion of T Cells in Patients with Coronavirus Disease
2019 (COVID-19). Front Immunol. 2020;11:827. PMID: 32425950 https://
doi.org/10.3389/fimmu.2020.00827

REFERENCES

1.

10.

11.

Russian Sklifosovsky Journal of Emergency Medical Care. 2023;12(1):122-129. https://doi.org/10.23934/2223-9022-2023-12-1-122-129

Zhu N, Zhang D, Wang W, Li X, Yang B, Song ], et al. A novel
coronavirus from patients with pneumonia in China, 2019. N Engl |
Med. 2020;382(8):727-733. PMID: 31978945 https://doi.org/10.1056/
NEJMo0a2001017

WHO Director-General’s Opening Remarks at the Media Briefing on
COVID-19 - 11 March 2020. Available at: https://www.who.int/director-
general/speeches/detail/who-director-general-s-opening-remarks-at-
the-media-briefing-on-covid-19---11-march-2020 [Accessed Jan 21,
2022].

van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A,
Williamson BN, et al. Aerosol and surface stability of SARS-CoV-2 as
compared with SARS-CoV-1. N Engl ] Med. 2020;382(16):1564-1567.
PMID: 32182409 https://doi.org/10.1056/NEJMc2004973

Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by novel
coronavirus from Wuhan: an analysis based on decade-long structural
studies of SARS. J Virol. 2020;94(7):e00127-20. PMID: 31996437 https://
doi.org/10.1128/JV1.00127-20

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 Cell Entry Depends on ACE2 and
TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor.
Cell. 2020;181(2):271-280.e8. PMID: 32142651 https://doi.org/10.1016/
j.cell.2020.02.052

Fung SY, Yuen KS, Ye ZW, Chan CP, Jin DY. A tug-of-war between
severe acute respiratory syndrome coronavirus 2 and host antiviral
defence: lessons from other pathogenic viruses. Emerg Microbes Infect.
2020;9(1):558-570. PMID: 32172672 https://doi.org/10.1080/22221751
.2020.1736644

Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a
report of 72314 cases from the Chinese Center for Disease Control and
Prevention. JAMA. 2020;323(13):1239-1242. PMID: 32091533 https://
doi.org/10.1001/jama.2020.2648

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk
factors for mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet. 2020;395(10229):1054—
1062. PMID: 32171076 https://doi.org/10.1016/S0140-6736(20)30566-3
Cavalcante-Silva LHA, Carvalho DCM, Lima EA, Galvao JGFM, da Silva
JSF, Sales-Neto JM, et al. Neutrophils and COVID-19: The road so far.
Int Immunopharmacol. 2021;90:107233. PMID: 33290963 https://doi.
org/10.1016/j.intimp.2020.107233

Profilaktika, diagnostika i lechenie novoy koronavirusnoy infektsii (COVID-
19): vremennye metodicheskie rekomendatsii. Ed. 13.1 (17.11.2021).
Moscow, 2021. (In Russ.).

van der Made CI, Simons A, Schuurs-Hoeijmakers ], van den Heuvel G,
Mantere T, Kersten S, et al. Presence of Genetic Variants Among

53.

54.

55.

56.

57.

58.

59.

60.

6

—

16.

19.

20.

21

22.

23.

Pence BD. PenceSevere COVID-19 and aging: are monocytes the
key? Geroscience. 2020;42(4):1051-1061. PMID: 32556942 https://doi.
org/10.1007/s11357-020-00213-0

Zhang F, Gan R, Zhen Z, Hu X, Li X, Zhou F, et al. Adaptive immune
responses to SARS-CoV-2 infection in severe versus mild individuals.
Signal Transduct Target Ther. 2020;5(1):156. PMID: 32796814 https://
doi.org/10.1038/s41392-020-00263-y

Wilk AJ, Rustagi A, Zhao NQ, Roque ], Martinez-Col6n GJ, McKechnie JL,
et al. A single-cell atlas of the peripheral immune response in
patients with severe COVID-19. Nat Med. 2020;26(7):1070-1076. PMID:
32514174 https://doi.org/10.1038/s41591-020-0944-y

Grant RA, Morales-Nebreda L, Markov NS, Swaminathan S, Querrey M,
Guzman ER, et al. Circuits between infected macrophages and T cells
in SARS-CoV-2 pneumonia. Nature. 2021;590(7847):635-641. PMID:
33429418 https://doi.org/10.1038/s41586-020-03148-w

Rezaei M, Mahmoudi S, Mortaz E, Marjani M. Immune cell profiling
and antibody responses in patients with COVID-19. BMC Infect Dis.
2021;21(1):646. PMID: 34225645 https://doi.org/10.1186/s12879-021-
06278-2

Lépez-Collazo E, Avendano-Ortiz ], Martin-Quirés A, Aguirre LA.
Immune Response and COVID-19: A mirror image of Sepsis. Int ] Biol
Sci. 2020;16(14):2479-2489. PMID: 32792851 https://doi.org/10.7150/
ijbs.48400

Karki R, Sharma BR, Tuladhar S, Williams EP, Zalduondo L, Samir P, et
al. Synergism of TNF-a and IFN-y Triggers Inflammatory Cell Death,
Tissue Damage, and Mortality in SARS-CoV-2 Infection and Cytokine
Shock Syndromes. Cell. 2021;184(1):149-168.e17. PMID: 33278357
https://doi.org/10.1016/j.cell.2020.11.025

Anka AU, Tahir MI, Abubakar SD, Alsabbagh M, Zian Z, Hamedifar
H, et al. Coronavirus disease 2019 (COVID-19): An overview of the
immunopathology, serological diagnosis and management. Scand |
Immunol. 2021;93(4):e12998. PMID: 33190302 https://doi.org/10.1111/
$ji. 12998

. Grifoni A, Weiskopf D, Ramirez SI, Mateus ], Dan JM, Moderbacher

CR, et al. Targets of T cell responses to SARS-CoV2 coronavirus in
humans with COVID-19 disease and unexposed individuals. Cell.
2020;181(7):1489-1501.e15. PMID: 32473127 https://doi.org/10.1016/
j.cell.2020.05.015

Young Men with Severe COVID-19. JAMA. 2020;324(7):663-673. PMID:
32706371. https://doi.org/10.1001/jama.2020.13719

. Zhu ], Mohan C. Toll-Like receptor signaling pathways—therapeutic

opportunities. Mediators Inflamm. 2010;2010:781235. PMID: 20981241
https://doi.org/10.1155/2010/781235

. Knoll R, Schultze JL, Schulte-Schrepping J. Monocytes and Macrophages

in COVID-19. Front Immunol. 2021;12:720109. PMID: 34367190. https://
doi.org/10.3389/fimmu.2021.720109

. Dolgov VV (ed.). Klinicheskaya laboratornaya diagnostika: in 2 vol. Vol. 1.

Moscow: Labdiag Publ.; 2017. (in Russ.)

. Chowdhury MA, Hossain N, Kashem MA, Shahid MA, Alam A. Immune

response in COVID-19: A review. ] Infect Public Health.2020;13(11):1619-
1629. PMID: 32718895 https://doi.org/10.1016/j.jiph.2020.07.001

Zhou Y, Fu B, Zheng X, Wang D, Zhao C, Qi Y, et al. Pathogenic T-cells
and inflammatory monocytes incite inflammatory storms in severe
COVID-19 patients. Natl Sci Rev. 2020;7(6):998-1002. PMID: 34676125
https://doi.org/10.1093/nsr/nwaa041

. Boyette LB, Macedo C, Hadi K, Elinoff BD, Walters JT, Ramaswami B,

et al. Phenotype, function, and differentiation potential of human
monocyte subsets. PLoS One. 2017;12(4):e0176460. PMID: 28445506
https://doi.org/0.1371/journal.pone.0176460

. Zhuang Y, Peng H, Chen Y, Zhou S, Chen Y. Dynamic monitoring

of monocyte HLA-DR expression for the diagnosis, prognosis, and
prediction of sepsis. Front Biosci (Landmark Ed). 2017;22:1344-1354.
PMID: 28199206 https://doi.org/10.2741/4547

Napoli C, Benincasa G, Criscuolo C, Faenza M, Liberato C, Rusciano
M. Immune reactivity during COVID-19: Implications for treatment.
Immunol Lett. 2021;231:28-34.PMID: 33421440 https://doi.org/10.1016/
j.imlet.2021.01.001

Monneret G, Gossez M, Aghaeepour N, Gaudilliere B, Venet F. How
Clinical Flow Cytometry Rebooted Sepsis Immunology. Cytometry A.
2019;95(4):431-441. PMID: 30887636 https://doi.org/10.1002/cyto.
a.23749

. Ohno Y, Kitamura H, Takahashi N, Ohtake ], Kaneumi S, Sumida K, et

al. IL-6 down-regulates HLA class II expression and IL-12 production
of human dendritic cells to impair activation of antigen-specific
CD4(+) T cells. Cancer Immunol Immunother. 2016;65(2):193-204.
PMID: 26759006 https://doi.org/10.1007/s00262-015-1791-4

Fu B, Xu X, Wei H.Why tocilizumab could be an effective treatment
for severe COVID-19? J Transl Med. 2020;18(1):164. PMID: 32290839
https://doi.org/10.1186/s12967-020-02339-3

Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Akinosoglou K,
Antoniadou A, Antonakos N, et al. Complex immune dysregulation in
COVID-19 patients with severe respiratory failure. Cell Host Microbe.
2020;27(6):992-1000.e3. PMID: 32320677 https://doi.org/10.1016/
j.chom.2020.04.009

127



OB30P JINTEPATYPbI

24.

2

o

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

Meidaninikjeh S, Sabouni N, Marzouni HZ, Bengar S, Khalili A, Jafari
R. Monocytes and macrophages in COVID-19: Friends and foes.
Life Sci. 2021;269:119010. PMID: 33454368 https://doi.org/10.1016/
j.1fs.2020.119010

. Bassler K, Schulte-Schrepping J, Warnat-Herresthal S, Aschenbrenner

AC, Schultze JL. The Myeloid Cell Compartment-Cell by Cell. Annu Rev
Immunol. 2019;37:269-293. PMID: 30649988 https://doi.org/10.1146/
annurev-immunol-042718-041728

Kapellos TS, Bonaguro L, Gemiind I, Reusch N, Saglam A, Hinkley ER,
et al. Human Monocyte Subsets and Phenotypes in Major Chronic
Inflammatory Diseases. Front mmunol. 2019;10:2035. PMID: 31543877
https://doi.org/10.3389/fimmu.2019.02035

Merino A, Buendia P, Martin-Malo A, Aljama P, Ramirez R. Carracedo
J. Senescent CD14+CD16+ Monocytes Exhibit Proinflammatory and
Proatherosclerotic Activity. J Immunol. 2011;186(3):1809-1815. PMID:
21191073 https://doi.org/10.4049/jimmunol.1001866

Vasilyeva EF, Brusov OS. The Role of Monocytes Cellular and Molecular
Mechanisms in the Development of Systemic Immune Inflammation.
Part 1. Psikhiatriya. 2020;18(3):76-85. (In Russ.) https://doi.
0rg/10.30629/2618-6667-2020-18-3-76-85.

Strauss-Ayali D, Conrad SM, Mosser DM. Monocyte subpopulations
and their differentiation patterns during infection. J Leukoc Biol.
2007;82(2):244-252. PMID: 17475785 https://doi.org/10.1189/
j1b.0307191

Misharin AV, Morales-Nebreda L, Reyfman PA, Cuda CM, Walter JM,
McQuattie-Pimentel AC, et al. Monocyte-derived alveolar macrophages
drive lung fibrosis and persist in the lung over the life span. J Exp
Med. 2017;214(8):2387-2404. PMID: 28694385 https://doi.org/10.1084/
jem.20162152

. Yarilin AA. Immunologiya. Moscow: GEOTAR-Media Publ.; 2010. (In

Russ.).

Kalashnikova AA, Voroshilova TM, Chinenova LV, Davydova NI,
Kalinina NM. Monocyte subsets in healthy adults and sepsis patients.
Medical Immunology (Russia). 2018;20(6):815-824. https://doi.
0rg/10.15789/1563-0625-2018-6-815-824

Zhu H, Ding Y, Zhang Y, Ding X, Zhao ], Ouyang W, et al. CTRP3 induces
an intermediate switch of CD14++CD16+ monocyte subset with anti-
inflammatory phenotype. Exp Ther Med. 2020;199(3):2243-2251. PMID:
32104290 https://doi.org/10.3892/etm.2020.8467

Zhu M, Lei L, Zhu Z, Li Q, Guo D, Xu J, et al. Excess TNF-D in the blood
activates monocytes with the potential to directly form cholesteryl
ester-laden cells. Acta Biochim Biophys Sin (Shanghai). 2015;47(11):899—
907. PMID: 26373842 https://doi.org/10.1093/abbs/gmv092

Kim ]S, Lee JY, Yang JW, Lee KH, Effenberger M, Szpirt W, et al.
Immunopathogenesis and treatment of cytokine storm in COVID-
19. Theranostics. 2021;11(1):316-329. PMID: 33391477 https://doi.
org/10.7150/thno.49713

Yang X, YuY,XuJ, Shu H, Xia ], Liu H, et al. Clinical course and outcomes
of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China:
a single-centered, retrospective, observational study. Lancet Respir Med.
2020;8(5):475-481. PMID: 32105632 https://doi.org/10.1016/52213-
2600(20)30079-5

Ragab D, Salah Eldin H, Taeimah M, Khattab R, Salem R. The COVID-19
Cytokine Storm; What We Know So Far. Front Immunol. 2020;11:1446.
PMID: 32612617 https://doi.org/10.3389/fimmu.2020.01446
McGonagle D, Sharif K, O’Regan A, Bridgewood C. The Role of
Cytokines including Interleukin-6 in COVID-19 induced Pneumonia
and Macrophage Activation Syndrome-Like Disease. Autoimmun
Rev. 2020;19(6):102537. PMID: 32251717 https://doi.org/10.1016/
j.autrev.2020.102537

Ye Q, Wang B, Mao J. The pathogenesis and treatment of the “Cytokine
Storm’ in COVID-19. | Infect. 2020;80(6):607-613. PMID: 32283152
https://doi.org/10.1016/j.jinf.2020.03.037

Blanco-Melo D, Nilsson-Payant BE, Liu WC, Uhl S, Hoagland D, Moller
R. et al. Imbalanced Host Response to SARS-CoV-2 Drives Development
of COVID-19. Cell. 2020;181(5):1036-1045.€9. PMID: 32416070 https://
doi.org/10.1016/j.cell.2020.04.026

. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith N, et al.

Impaired type I interferone activity and inflammatory responses in
severe Covid-19 patients. Science. 2020;369(6504):718-724. PMID:
32661059 https://doi.org/10.1126/science.abc6027

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ; HLH
Across Speciality Collaboration, UK. COVID-19: consider cytokine storm
syndromes and immunosuppression. Lancet. 2020;395(10229):1033—
1034. PMID: 32192578 https://doi.org/10.1016/S0140-6736(20)30628-0
Nile SH, Nile A, Qiu J, Li L, Jia X, Kai G. COVID-19: Pathogenesis,
cytokine storm and therapeutic potential of interferons. Cytokine
Growth Factor Rev. 2020;53:66-70. PMID: 32418715 https://doi.
org/10.1016/j.cytogfr.2020.05.002

128

45.

46

47.

48.

49.

50.

5

—_

52.

53.

54.

55.

56.

57.

58.

59.

60.

6

—_

Kim JS, Lee JY, Yang JW, Lee KH, Effenberger M, Szpirt W, et al.
Immunopathogenesis and treatment of cytokine storm in COVID-
19. Theranostics. 2021;11(1):316-329. PMID: 33391477 https://doi.
org/10.7150/thno.49713

Aziz M, Fatima R, Assaly R. Elevated interleukin-6 and severe COVID-19:
A meta-analysis. ] Med Virol. 2020;92(11):2283-2285. PMID: 32343429
https://doi.org/10.1002/jmv.25948

.Liu F, Li L, Xu M, Wu ], Luo D, Zhu Y, et al. Prognostic value of

interleukin-6, C-reactive protein, and procalcitonin in patients with
COVID-19. J Clin Virol. 2020;127:104370. PMID: 32344321 https://doi.
0rg/10.1016/j.jcv.2020.104370

Yang P, Ding Y, Xu Z, Pu R, Li P, Yan ], et al. Epidemiological and
clinical features of COVID-19 patients with and without pneumonia in
Beijing, China. MedRxiv. 2020. Available at: https://www.medrxiv.org/
content/10.1101/2020.02.28.20028068v1 [Accessed January 24, 2022].
https://doi.org/10.1101/2020.02.28.20028068

Han H, Ma Q, Li C, Liu R, Zhao L, Wang W, et al. Profiling serum
cytokines in COVID-19 patients reveals IL-6 and IL-10 are disease
severity predictors. Emerg Microbes Infect. 2020;9(1):1123-1130. PMID:
32475230 https://doi.org/10.1080/22221751.2020.1770129

Lu L, Zhang H, Dauphars DJ, He YW A Potential Role of Interleukin 10
in COVID-19 Pathogenesis. Trends Immunol. 2021;42(1):3-5. PMID:
33214057 https://doi.org/10.1016/j.it.2020.10.012

Satig H, Ozger HS, Aysert Yildiz P, Hizel K, Gulbahar O, Erbas G,
et al. Prognostic value of interleukin-18 and its association with
otherinflammatory markers and disease severity in COVID-19.
Cytokine. 2021;137:155302. PMID: 33002740 https://doi.org/10.1016/
j.cyt0.2020.155302

. Costela-Ruiz VJ, Illescas-Montes R, Puerta-Puerta JM, Ruiz C, Melguizo-

Rodriguez L. SARS-CoV-2 infection: The role of cytokines in COVID-19
disease. Cytokine Growth Factor Rev. 2020;54:62-75. PMID: 32513566
https://doi.org/10.1016/j.cytogfr.2020.06.001

Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al. Reduction and
Functional Exhaustion of T Cells in Patients with Coronavirus Disease
2019 (COVID-19). Front Immunol. 2020;11:827. PMID: 32425950 https://
doi.org/10.3389/fimmu.2020.00827

Pence BD. PenceSevere COVID-19 and aging: are monocytes the
key? Geroscience. 2020;42(4):1051-1061. PMID: 32556942 https://doi.
org/10.1007/s11357-020-00213-0

Zhang F, Gan R, Zhen Z, Hu X, Li X, Zhou F, et al. Adaptive immune
responses to SARS-CoV-2 infection in severe versus mild individuals.
Signal Transduct Target Ther. 2020;5(1):156. PMID: 32796814 https://
doi.org/10.1038/s41392-020-00263-y

Wilk AJ, Rustagi A, Zhao NQ, Roque ], Martinez-Colén GJ, McKechnie
JL, et al. A single-cell atlas of the peripheral immune response in
patients with severe COVID-19. Nat Med. 2020;26(7):1070-1076. PMID:
32514174 https://doi.org/10.1038/s41591-020-0944-y

Grant RA, Morales-Nebreda L, Markov NS, Swaminathan S, Querrey M,
Guzman ER, et al. Circuits between infected macrophages and T cells
in SARS-CoV-2 pneumonia. Nature. 2021;590(7847):635-641. PMID:
33429418 https://doi.org/10.1038/s41586-020-03148-w

Rezaei M, Mahmoudi S, Mortaz E, Marjani M. Immune cell profiling
and antibody responses in patients with COVID-19. BMC Infect Dis.
2021;21(1):646. PMID: 34225645 https://doi.org/10.1186/s12879-021-
06278-2

Lopez-Collazo E, Avendano-Ortiz ], Martin-Quirés A, Aguirre LA.
Immune Response and COVID-19: A mirror image of Sepsis. Int J Biol
Sci. 2020;16(14):2479-2489. PMID: 32792851 https://doi.org/10.7150/
ijbs.48400

Karki R, Sharma BR, Tuladhar S, Williams EP, Zalduondo L, Samir P, et
al. Synergism of TNF-a and IFN-y Triggers Inflammatory Cell Death,
Tissue Damage, and Mortality in SARS-CoV-2 Infection and Cytokine
Shock Syndromes. Cell. 2021;184(1):149-168.e17. PMID: 33278357
https://doi.org/10.1016/j.cell.2020.11.025

Anka AU, Tahir MI, Abubakar SD, Alsabbagh M, Zian Z, Hamedifar
H, et al. Coronavirus disease 2019 (COVID-19): An overview of the
immunopathology, serological diagnosis and management. Scand |
Immunol. 2021;93(4):e12998. PMID: 33190302 https://doi.org/10.1111/
5ji.12998

. Grifoni A, Weiskopf D, Ramirez SI, Mateus ], Dan JM, Moderbacher CR,

et al. Targets of T cell responses to SARS-CoV2 coronavirus in
humans with COVID-19 disease and unexposed individuals. Cell.
2020;181(7):1489-1501.e15. PMID: 32473127 https://doi.org/10.1016/
j.cell.2020.05.015

Russian Sklifosovsky Journal of Emergency Medical Care. 2023;12(1):122-129. https://doi.org/10.23934/2223-9022-2023-12-1-122-129



OB30P JINTEPATYPbI

WHO®OPMALNA OB ABTOPAX

UHioTknMHa Anuca AHapeeBHa MNAALINIA HAYYHbIM COTPYAHMK Nabopatopuu KnnHuyeckom nmmyHonorum NrbY3 «HUM CI um.
H.B. Cknudocosckoro [13M», ctapimit nabopaHT kadeapbl KNMHUYECKOM NabopaToOpHOM AUMArHOCTUKM
@®reoy AMno PMAHMNO M3 PO;

https://orcid.org/0000-0003-0296-5538, alisa.inyutkina@yandex.ru;
50%: nopgbop 1 aHanu3 nuTepaTypbl, HaNUCcaHue paboyero BapuaHTa 063opa, obopmneHue Gubnmno-
rpaduu

HukynuHa BanenTtuHa MetpoBHa KaHAMAAT MEAULIMHCKMX HaYK, CTapLUMI Hay4HbIA COTPYAHMK 1a6OPaTOPUM KIUHUYECKOM
umMmyHonoruu NbY3 «HUU CIM um. H.B. Cknudocosckoro [13M»;
https://orcid.org/0000-0001-6811-6809, sa-to@yandex.ru;
25%: pazpaboTtka KOHLEeNLMK, pesakTupoBaHme TekcTa

lopkoB Muxaun AHppeeBuy [LOKTOp MeAMLMHCKUX HayK, pyKOBOAUTeNb oTaena nabopatopHoi amarHoctuku MbY3 «HUM CI um.
H.B. Cknudocosckoro [13My, 3aBeaytowwmii kKahenpoi KNMHUYeCcKov 1abopaTopHOM AMarHOCTUKM
®reoy Ano PMAHIMO M3 PO;

https://orcid.org/0000-0001-9612-6705, mgodkov@yandex.ru;
25%: pefakTMpOBaHMWeE TEKCTa, YTBEPXKAEHNE OKOHYATEIbHOrO BapuaHTa CTaTbu

ABTOpbI 329BNSAOT 06 OTCYTCTBUM KOH(DIMKTA MHTEPECOB

Features of the Immune Response in COVID-19
A.A. Inyutkina®2 ™, V.P. Nikulina*, M.A. Godkov* 2

Laboratory of Clinical Immunology

* N.V. Sklifosovsky Research Institute for Emergency Medicine

3 Bolshaya Sukharevskaya Sq., Moscow, 129090, Russian Federation
2 Russian Medical Academy of Continuous Professional Education
2/1, bldg. 1, Barrikadnaya Str., Moscow, 125993, Russian Federation

[ Contacts: Alisa A. Inyutkina, Junior Researcher, Laboratory of Clinical Immunology, N.V. Sklifosovsky Research Institute for Emergency Medicine.

Email: alisa.inyutkina@yandex.ru

BACKGROUND This review is devoted to the analysis of the features of the immune response in COVID-19. The review indicates the clinical manifestations of
COVID-19, modern data on the immunopathogenesis of the disease and its complications are considered.

AIM OF STUDY To clarify some pathogenetic mechanisms of the immune response in COVID-19, which can help in creating an algorithm for examining patients
for early prognosis and prevention of severe course and complications of the disease.

MATERIALAND METHODS To achieve this goal, the results of domestic and foreign scientific studies on the pathogenesis, diagnosis and treatment of COVID-19
were analyzed. The literature search was carried out in electronic search engines Scopus and PubMed. For the analysis, scientific articles published in the period
from 2019 to 2021 were selected; 88% of analyzed works are not older than 5 years.

CONCLUSION The late production of type | IFN, an increase in the level of pro-inflammatory monocytes, a decrease in the expression of HLA-DR on monocytes,
violation of the presentation of the virus and the formation of specific lymphocytes, the death of T-lymphocytes and profound immunosuppression are of greatest
importance for the development of a severe form of COVID-19.
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