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Pesrome. 3aBepmenue nangemMurt COVID-19 He NCKITFOYMIIO TPOIOKSHMS TTPOPBIBHBIX MH(MEKIINIA, BBI-
3BaHHBIX MyTaHTHBIMM mmTaMMaMu Bupyca SARS-CoV-2. Ckopoctb mytanmit SARS-CoV-2 BeIpocia ¢ mo-
SIBJICHWEM IIITaMMa OMUKPOH U TIPEBHIIIACT TAKOBYIO ¥ BUpyca rpurima. OcTaeTcs HeICHBIM, KaKne YPOBHU
IgG-anTHTENI CHOCOOHBI 3AIIMTUTH OT HOBBIX MyTaHTHBIX SARS-CoV-2 1 Kak 10J1T0 OyIeT COXpaHSIThCSI M-
MyHHag 3amuTa. Lleap — mpocneauTs coxpaHeHne TYMOPaTIbHOTO U KJICTOYHOTO MMMYHHUTETa K aHTUTCHAM
Bupyca SARS-CoV-2 B TeueHue 4 JjeT 1ocjie IIepeHeCEHHOro 3a001eBaHMs. 32 B3pOCIbIX peKOHBaJIECIIEHTA
nociie COVID-19 exxeromHo o6caemoBaHb Ha HATUINE TYMOPAIbHOTO M KJIETOYHOTO UMMYHUTETA K S-0€IIKY
SARS-CoV-2. [yMopaldbHBIIT IMMYHHUTET OLICHUBAIN MeToaoM M®PA, KIIETOYHBI UMMYHHUTET — 110 3KC-
npeccun CD107a na CD8" numdounTax 1mocjie pacrio3HaBaHUsi aHTUIeHOB S-0Oejika. YeTblpexjieTHee Ha-
omoaeHue 3a rpymmoii mepedosieBmmx COVID-19 B 2020 . (yxaubckuit ntamm SARS-CoV-2), Haxonsmmx-
CSI B YCIIOBHSIX KOHTAKTOB CO CBOOOIHO IIMPKYIMPYIOIINMI HOBEIMUA MyTaHTHBIMU VoC, TT0OKAa3aJI0, 4TO Yepe3
1 rom y Bcex o0CIIeMOBaHHBIX coxpaHsanch IgG-anturena K S-6eiKy, npenMytnectBeHHO IgG1 cybkmacca,
HO MHIEKC aBUIHOCTU aHTUTEI eaBa mpeBbicil 50%. ITociie mpopbIBHOTO 3a00J1€BaHMs, BBI3BAHHOIO LLITAM-
MOM OMHKpPOH, YpoBeHbB [gG-aHTHTe] K S-0€JIKy 3HAYMMO BBIPOC, aBUTHOCTh aHTUTEN TaKKe 3HAUMMO BO3-
pociia, a B CIEKTPe CYyOKIIacCOB MOSBUIINCH aHTHUTEIA K S-0enky IgG2, IgG3 u IgG4-cyokimaccoB. YpoBeHb
crreundmyeckux IgA yepes 1 rom mocite 3a00JIeBaHUs CHU3WICS OTHOCUTEIILHO YPOBHS ITOCIIE TICPBUYHOTO
3a00JIeBaHMsI, HO TI0CJIe TPOPBIBHBIX MH(MEKIINI 3HAYNMO TTOBBICIIICS 10 4-5 KI1. KireTouHbIii UMMYHUTET
K S-6erKy SARS-CoV-2 BBIIBISICS y BCeX 00CIeIOBaHHBIX Yyepe3 | rof mocie MepBUYHOTO 3a001eBaHMS.
ITocne moBTOpHOTO 3a00JIEBaHMS IIITAMMOM OMUKPOH OH 3HAYMMO YBEJIMUMJICS 1 IEP>KAJICS HAa 3TOM YPOBHE
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ellle To/, a Ha CpoKe 4 Tojia CHU3UJICS A0 YPOBHsI, KOTOPBI ObUT Yepe3 Toj Tociie 3aboyieBaHusI. Takum 00-
pa3oM, TYMOPAJIbHBIN 1 KJIETOUYHBIIT UMMYHUTET K S-0€JIKy He Mcue3aeT, HO MPOodoJKaeT aKTUBHO (hOpMU-
pOBaThCsl, CO3PEBaTh U MOAACPKMUBATHCS HA YPOBHE, O3BOJISIIOLLIEM IIpU BeTpede ¢ HOBBIM VOC IepeHOCUTh
TaKylo BCTpedy Jub0 GECCUMIITOMHO, JIMOO B BUE JIEFKOTO IMPOCTYAHOro 3aboseBaHus. Ha doHe yacThbix
MyTaluMii B S-0eike poJib T-KJIETOUHBIX OTBETOB B 3alllMTE OT 3a00JeBaHUII 3HAUMTEIbHO Bo3pacTtaeT. [1pu
pa3paboTKe HOBBIX BAaKIINH CJIEAYET ONMPAThcsd Ha (POPMUPOBAHNE NMMEHHO KJIIETOYHOTO MMMYHUTETA.

Knroueswvie cnosa: COVID-19, SARS-CoV-2, anmumena, kaemouHbwlii UMMYHUMeM, UMMYHOA02UMECKAsL NaAMAMb, NPOPbIGHOLL
UMMYHUmMem

IMMUNOLOGICAL MEMORY TO SARS-CoV-2 S PROTEIN
PERSISTS 4 YEARS AFTER THE DISEASE
Afridonova Z.E.? Toptygina A.P.*", Semikina E.L.c¢

¢ G. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation
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Abstract. Ending of COVID-19 pandemic does not exclude subsequent breakthrough infections caused by
SARS-CoV-2 mutant strains. The rate of SARS-CoV-2 mutations increased with emerging omicron strain and
exceeds those of the influenza virus. It remains unclear what IgG antibody levels are able to protect against
new mutant SARS-CoV-2 strains, and how long the immune protection will last. The objective of this study
was to monitor the maintenance of humoral and cellular immunity to SARS-CoV-2 viral antigens over 4 years
after the infection. Thirty-two adult reconvalescents after COVID-19 were annually examined for humoral
and cellular immunity markers to the SARS-CoV-2 S protein. Humoral immunity was assessed by ELISA;
cellular immunity was evaluated by expression of CD107a on CD8" l[ymphocytes after recognition of S protein
antigens. A four-year observation of a group of patients who recovered from COVID-19 in 2020 (SARS-CoV-2,
Wuhan strain) and were in contact with a novel, freely circulating mutant VoCs showed that, 1 year later, all
subjects retained the IgG antibodies to S protein, mainly the IgG1 subclass, but the antibody avidity index
barely exceeded 50%. After a breakthrough infection caused by the omicron strain, the level of IgG antibodies
to S protein increased significantly, along with sufficient increase of antibody avidity. The IgG2, IgG3, and
IgG4 antibodies to S protein occured in the spectrum of subclasses. The level of specific IgA decreased 1 year
after the disease against their level after the primary disease. However, it was significantly increased to 4-5 PR
after breakthrough infections. Cellular immunity to the SARS-CoV-2 S protein was detected in all subjects at
1 year after the primary disease. After repeated infection with the omicron strain, it increased significantly and
remained at this level for the next year. By 4 years, it decreased to the level that was a year after the disease.
Hence, humoral and cellular immunity to S protein does not fade away, but continues to persist, maturate,
being maintained at a sufficient level. Upon exposure to a new VoC, it allows to endure such a meeting either
asymptomatically, or as a mild clinical infection. In view of frequent mutations in the S protein, the role of
T-cell responses in anti-infectious protection seems to increase significantly. When developing new vaccines,
one should rely on development of cellular immunity.

Keywords: COVID-19, SARS-CoV-2, antibodies, cellular immunity, immunological memory, breakthrough immunity

B 3aBucuUMOCTM OT coyeTaHUs OTpeAeSIeHHbIX 00-
CTOSITENILCTB BUPYJIEHTHOCTH SARS-CoV-2 moxer

BeeneHue

HeCMOTpH Ha O(I)I/IL[I/IEU'[BHOC 3aBCPLHICHUEC ITaH-

nemuu COVID-19, Bupyc He 3JIMMMHUPOBAJICS U3
yejioBeuyeckoil monyyasauuu. CKOpoCcTh MyTalluid
SARS-CoV-2 BrIpoca ¢ TTosIBJIEHUEM IITaMMa OMU-
KPOH U MPEBBILIAET TAKOBYIO Y BUpyca rpumnmna [14].

MOBBIIIATLCS WM MoHMXKaThbes [8]. MccnenoBaTenu
CBSI3BIBAIOT MPOPBIBBI C(HPOPMUPOBAHHOU MMMYHO-
JIOTUYECKON 3alllUThl CO CHIDKeHUEM ypoBHel IgG,
cnenmuIHbBIX K S-0eky Bupyca [10]. Yxke BapuaHT
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oMukpoH BA.1 umen 37 mytauuii B pelientop-cBsi-
3pIBAOIIEM JOMeHe [9], a mociemyronire BapuaHThI
elle YBEJIWYMIM CIIMCOK MyTauuii. M3BecTHO, 4TO
0osiee BbICOKME YpPOBHU aHTU-S-IgG mnydiie 3amu-
LIAIOT OT 3apaxeHwusi. Paccunrano, uro 75% 3aiu-
Tl OT MH(MEKIINY, BEI3BAHHON IIITaAMMaMi OMUKPOH
BA.2 u BA.4/5 o0ecneuynBalOT COOTBETCTBEHHO
ypoBHM aHTU-S-1gG 603 1 1148 BAU /M [11].

M3BecTHO, UTO cieuUIecKuii OTBET T-KIETOK
npotuB aHTUreHOB SARS-CoV-2 crabuibHee, yueM
otBeT aHTUTen [l], U obecrneyuBaeT Oosiee Jier-
Koe TedyeHMe 3aboneBanusa [13]. IlokazaHo, 4TO
BUpYyC-cenuuduueckue T-KJIETKM NaMsITh OOHa-
PYXUBaIOTCSl 4epe3 22 Mecsla Mocjiae TOsSIBASHUS
cumntomoB COVID-19 [4]. OteeTthl T-KJIETOK CO-
XpaHSIOTCS IIPOTUB BapMaHTOB BHI3BIBAIOIINX OIa-
ceHus (VoC), mockojibkKy penepTtyap T-KaeTOYHBIX
STUTOIIOB 3HAYUTEIBbHO Npe, yeM y B-kieTok. [Tpn
3TOM HaOJomaeTcsT OOIbIlIce KOIUIECTBO KIIOHOB
CD4*T-xnetok, B cpaBHeHnU ¢ CD8* 1tmToTrokcmae-
ckuMu T-knetkamu [5]. MOHUTOPUHT MTOIIe p>KaHUST
T-KJI€TOYHBIX OTBETOB MOXKET BBISIBUTH PAHHUE TE€H-
IEeHIINY B U3MEHEHUW UMMYHHBIX OTBETOB M TTOMOYb
B OIIPEACICHUH JINII C 00JIee BEICOKUM PUCKOM ITPO-
PBIBHBIX MH(PEKIIMI1, BbI3BaHHBIX VOC.

Ilea» padoThl — MPOCIEAUTH COXpAHEHUE TYMO-
PaJIbHOTO M KJIETOYHOTO MMMYHUTETA K aHTUTEHAM
Bupyca SARS-CoV-2 B TeueHue 4 jieT nocie nepe-
HECEHHOTO 3a00JIeBaHMSI.

Marepuans! v MeToapb!

B npoponbHOM uccienoBaHuu 32 B3pOCHbIX, Te-
perecimx COVID-19 Bo BTOpoii monoBuHe 2020 . B
JIETKOI WY CpeaHeTsKeJIol (hopMe, ObLIN 00CIeno-
BaHbBI KaX/IbIi TOJT B TeUEHME TTOCIEIYIOIINX 4 JIeT Ha
HaJIMYNEC TYMOPITLHOTO M KJICTOYHOTO MMMYHUTETA
K aHtureHamMm SARS-CoV-2. HcciaemoBaHue om0-
OpeHO JIOKAJbHBIM 3THYecKMM KomutetoM MOBYH
MHUWUNUDOM um. IH. TabpuyeBckoro (MpOTOKOJ
Ne 58).

IymMopanbHbIi MMMYHUTET WCCIAEOOBAIM METO-
moM MDA ¢ rromompio HabopoB «SARS-CoV-2 IgG
kommuectBeHHBIN-UDA-BECT» (AO «Bekrop-bect»,
Hosocubupck, P®). Yposenp cyokiaccoB IgG k
S-antureHy SARS-CoV-2 omnpenensiiui MeTOAOM
N®A B Hamet momudukannu [3]. s 3Toro BMe-
CTO KOHBIOTaTa M3 Habopa MCIIOJIb30BaId MEUYCH-
Hble nepokcupasoit antu-1gGl, IgG2, 1gG3 u IgG4
MOHOKJIOHaJIbHBIE aHTUTena (OO0 «IlomurHoct»,
Poccust) B koHmeHTpaunu 1 Mkr/mi. s ompene-
neHus IgA-aHTuUTen BMECTO KOHbBIOTaTa M3 Habopa
MCMOJb30BaJIM MEUYeHble IepoKcuaa3on aHTU-IgA
antutena (OO0 «[lonurnoct», Poccust) B KOHIIEH-
Tpauuu 1 MKT/MJI. ABUTHOCTh aHTUTEJT OIIPEACISIIN

C MCTIOJIb30BaHMEM TeX K€ HabOpOB, B HAIIell MO~
dukanuu [2]. st aTOro McciaenyeMyo CbIBOPOTKY
BHOCUJIM B JIYHKHW JBYX CTPUIIOB, TIOCJIe MHKYyOa-
OU1 1 OTMBIBKM B JIYHKM II€PBOTO CTPUIIA BHOCWIJIN
no 200 Mk GpU3MOJIOTUYECKOTO pacTBOpa, B TYHKU
BTOporo crpurna — no 200 MKJI JeHaTypupylolle-
ro pacTBOpa MOYECBUHBI, MHKyOMpoBaym 10 MUH.
ITocne OTMBIBKM BBIMOJHSUIM BCE TPOILEAYPHI CO-
rjJacHo TIpoTokoay K Habopy «SARS-CoV-2-IgG
KoymmuectBeHHBI- UDA-BECT».

KJiteTouHbIi *UMMYHHUTET OLICHUBAJIM IT0 3KCITPEC-
cuu CD107a Ha untorokcnueckux CD8* mocne pac-
MOo3HaBaHUS MMM aHTUTeHOB S-0enka SARS-CoV-2.
st 2TOro B MPOCTUPUIU30BAHHBIE C ITOMOIIBIO
Y®-00iTy9eHUS TYHKM TTaHeIeil oT HabopoB «SARS-
CoV-2-1gG-NDA-BECT» 11 OnbITHOU IIPOOHI U
B CTePUJIbHBIC JIVHKU IJIsI KOHTPOJIbHOU IIPOOBI 10-
0aB/IsUIM BBIAEJEHHBIE C IMOMOIIBIO TPaIUEHTHOIO
HeHTpudyrupoBaHusi MoHoHyKieapbl (2,5x10° Ha
JIyHKY) B cpeae RPMI-1640 ¢ 10% DTC u MOHOKJIO-
HanbHble aHTUTeNla K aHTtureny CD107a-PE-CyS5,
uHkyoupoBanu npu 37 °C Bo BiIaxHOI aTMocdepe
u 5% CO, 20 4, okpalllMBaJM aHTUTEJIaMU K aHTU-
reny CD8-FITC, orMbIBaii 1 (peHOTUITUPOBATIN Ha
npotouyHoMm nutomerpe BD FACS Cantoll (Becton
Dickinson, CIIIA). IToacuuThiBaau MPOLIEHT KJIETOK
CDS8MCD107a". YpoBeHb CIIOHTAHHOM IerpaHyJisi-
UM MATOTOKCUYECKUX JTUMGOIIMTOB HE TPEBHIIIA
1% [3].

PaccunteiBanu Menuany (1-3-i1 kBaptuib): Me
(Qu.25-Qo75). Yposensn IgA mpencrasieH B Koahdu-
nueHTax no3utuBHocTH (KIT) Kak oTHOIIIEHUE K OT-
puliaTeIbHOMY KOHTpoJio. Koppensaiuu olieHuBaIu
metogoMm CriupmeHa. YposeHb p < 0,05 pacueHuBa-
JI KaK 3HAYUMBIH.

Pe3synbTaThl 1 06CyxaeHNe

Yepes roa mocie 3aboneBaHUsI y Bcex obcle-
JIOBaHHBIX coxpaHsiuch IgG-aHTutena Kk S-0eKy
(Tabm. 1). B To BpeMsI 3aIIUTHBIM YPOBHEM CUNTAJICS
150 BAU/mut. ITpu 3TOM MHAEKC aBULHOCTU AaHTUTET
enBa TpeBeICHIT 50%, 9TO TOBOPUT O HEITOJTHOM CO-
3peBaHUM aBUIHOCTH MOCJIE TIEPBUYHOTO 3a00IeBa-
Hug. Bee IgG-anTuTena npuHaaiaexaiu K cyOKJIaccy
IgG1, yTo TUIMUYHO AJIs1 3peaoro, cGOpMUPOBAHHO-
ro TyMopajJibHOro mMMyHHTeTa. [lociie TmosiBiaeHus
mTaMMa OMHKPOH Bce OOCIeayeMble TepeHECIn
noBTopHbIit COVID-19 B jerkoit oopMe U ypoBeHb
IgG-anTuTen K S-6eJIKy 3Ha4MMO BbIPOC, aBUTHOCTh
aHTUTE TakKKe 3HAUYMMO BO3pOCiia, a B CIEKTpE
CcyOKJ1accoB MOSIBUINCH aHTUTeNa K S-0enky IgG2,
1gG3 u IgG4-cyokinaccoB. DTO CBUAETEILCTBYET O
TOM, 4TO B cocTaBe aHTU-S IgG mpucyrcTBOBaIU
KaKk paHee c(OpMHpPOBAHHBIC aHTHTENIAa K MCXOI-
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TABINWLA 1. NTAPAMETPbI UMMYHWUTETA K S-BEJIKY BUPYCA SARS-CoV-2 MOCINE NEPEHECEHHOIO COVID-19,

Me (Qo,zs'Qo,75)

TABLE 1. PARAMETERS OF IMMUNITY TO S PROTEIN OF SARS-CoV-2 VIRUS AFTER COVID-19, Me (Qq55-Qq 75)

IgG, BAU/mn | ABugHocTtb, % | IgG1, | IgG2, | IgG3, | 1gG4, (I%_I:‘) CD8"CD107a",
IgG, BAU/mL Avidity, % % % % % Positi %
ositive rate
1 ron 966 53,84 w0 | o o 0 0,02 6,80
1year (478-1456) | (45,06-69,66) (0,00-3,58) (4,61-11,25)
2 roga 1572 7449 3,76 8,79
2 years (78428197 | (67.50-86,62) | *° | 44 | 124 | ST | (167693 | (4,02:1550)
3 ropa 1569 76,10 5,91 8,02
3 years (75127197 | (6a97-8a78y | [>T | O7 | 227 | 29 | 537806y (4,3-15,3)"
4 roaa 3721 83,10 4,82 5,56
4 years (416-5005) | (66,81-02,68) | 912 | 1A | 32 | 35 | (162508 | (293:034)

Mpumevanume. * — p < 0,05 no otHoweHuto k 1 rogy. ** — p < 0,05 No OTHOLLIEHUIO K APYrMM rogam.

Note. *, p < 0.05in relation to 1 year. **, p < 0.05 in relation to other years.

HBIM 3IIUTOIIAaM, TaK 1 BHOBb CHHTE3MPOBAaHHBIC aH-
TUTEeJIa K MyTaHTHBIM 3ITUTOIIaM. B mocienyromme 2
roga Bupyc SARS-CoV-2 akTUBHO MyTHUPOBAJI, TTOSI-
BUJIOCH OoJiee MoJyTopa JAecsITKOB MyTaHTHBIX VoC.
Jlronu 13 HabomaeMOil KOropThl KOHTAaKTUPOBAIHU
C 3TUMHU HOBBIMU BHpycaMU, IIEpeHOCS 3THU OyCcTep-
uHpekuuu B Jerkoil dopme miu 6€CCUMMOTOMHO.
IIpu stom ypoBeHb aHTH-S IgG-aHTUTET TIPOIOII-
Kajl 3HAYMMO MpHUpacTaThb, a MHACKC aBUIHOCTHU
yepe3 4 rona npesbicua 80%. Ha naHHbIE MOMEHT
CUMTAIOT, YTO 3alUTHBIN YPOBEHb aHTH-S-aHTUTEN
coctasiset 1148 BAU/min [11]. Y 10 uenoBek (30%)
YPOBEHb aHTUTE] ObLI HUXE YKa3aHHOTO 3Haye-
HHSI, a Y OCTAJIBbHBIX — CYIIIECTBEHHO IPEBBIIIAJ €T0.
B cnekTtpe cybkiiaccoB BHOBb aOCOIIOTHO ITpeo0bia-
natomum cran IgGl, 6onee 90%. bbuin nmoaydeHbl
MPaKTUYECKN OAMHAKOBBIC KO3((MUIIMEHTHI KOppe-
JISIUUAW MeXAy YPOBHSAMU aHTU-S-IgG-aHTuTeNn AIst
Bcex 4 jieT r = 0,58, mojoxuTesibHas CBSI3b cpeaHelt
CUJIBL. A TIpU pacyeTe KOPPEaSIILnii MeXIy YPOBHEM
crienupuueckux IgG M X aBUIHOCTU cCUjia CBS3U
MOCTENEeHHO HapacTaja OT ¢1aboii MOJIOXKUTEeIbHOM’
(r = 0,33) uepe3 roxg mocjie MepBUYHOro 3aboJieBa-
HUS 10 CUJIbHOM moyioxkuTeabHo (r = 0,88) yepes 4
rojia HaOJIIOAEHUS.

Panee HaMu OBLIIO TTOKa3aHO, YTO YPOBSHb aHTHU-
S-IgA-aHTuUTEeT TIOCIE TIEPBUYHOIO 3a00JeBaHUS
ObIJT O4eHb BBICOKUM: 8,64 (4,31-15,53) [3], HO yxXe
yepes rof rnocjie 3adojieBaHus pe3ko cHusmics. [1o-
cJie TIepeHEeCEHHOTO TTOBTOPHOTO 3a00JIeBaHMsI, BbI-
3BaHHOTO IITAMMOM OMMKpPOH B 2022 T., ypOoBeHb
aHTH-S-IgA-aHTUTEeT BHOBh 3HAYMMO ITOBBICUIICS

U IepXKaJicsl B Iocjeaymoolire 2 roga Ha ypoBHe 4-5
KII. TTonaratoT, 4yTo OycTepHble MHMOEKIIUY HOBBI-
mu mTaMmamMu VoC MOTYT MOIAEPKUBATh 3alllUTY
OT 3apaXkeHUsl 3a CYET JOCTATOUYHBIX JJISI CBSI3bIBa-
HHS BUpPYCa Ha CIM3MCTBIX 000JIOUKAaxX KOHIICHTpa-
it IgA [6]. B mepBbIit Tom mocie 3abojieBaHUsT He
00HapyXXMUBaJIOCh KOppeasuu Mexay ypoBHem IgG
n IgA-anturen K S-0enKy, a yepe3 3 u 4 roma ObUIa
oOHapyXeHa TTOJIOXKUTEJIbHAST CBSI3b CPEIHEN CUIIBI
(r=0,52).

KrneTouHblit ”UMMYHUTET K S-0e71Ky SARS-CoV-2
BBISIBIISIJICS Y BCeX 0OCIIe0BaHHBIX Yepe3 | rox mo-
clie TIepBUYHOTO 3abosieBaHus. [lociie MMOBTOPHO-
ro 3a0ojieBaHUs IITAMMOM OMMKPOH OH 3HAa4UMMO
YBEJIMYMIICSI U IepXKaJICs Ha 9TOM YPOBHE €llie IO,
a Ha cpoke 4 rojga CHM3WJICS 10 YPOBHsI, KOTOPBIiA
Obl1 yepe3 1 rom mocne 3aboneBaHusi. M3BecTHO,
YTO 3a CYET BBIPAXKEHHOM KpPOCC-PEeaKTUBHOCTU
T-KJIETOUHBIIT UMMYHUTET 0OJiee yCTOMYMB K 4a-
ctbiM MmyTauusgm Bupyca SARS-CoV-2 [7]. Bos-
MOXHO, MpU pa3paboTKe HOBBIX BaKILMH CIEAYET
onupaTthCcs Ha GOPMUPOBAHNE NMEHHO KJIETOYHOI'O
ummyHuTeTa [12].

3aKnoyeHne

Takum oOpa3om, ueTbIpexjeTHee HaOJloaeHue
3a rpymnmnoit mepedboneBmux COVID-19 B 2020
(yxaabckuit mramMM SARS-CoV-2) maeT ocHoBaHUE
rnoJjiaraTh, 4TO MPU COXpaHEHUU LUPKyAssiuu SARS-
CoV-2 B 4yejoBeUeCKOU MOMYJSIIUMU, adarTUBHBIA
HUMMYHUTET K 3TOMY BUPYCY OyIET IOMIePXKIBATHCS
Ha 3alllUTHOM ypOBHE.
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