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Bseaenne. Ha ceropHsmHuit AeHb 0COOBIHA HHTEPEC BbI3BIBAIOT BOLPOCHI, KACAIONUIMECS 3ALIUThI MEAULIMHCKUX PAOOTHIKOB OT
sapaxxenuss COVID-19, Bkaodast AQHHBIE IO HIMMYHOAOTHYECKOM 3aIHIeHHOCTH MEAUIIMHCKOTO IIEPCOHAAQ.

ITeAb HccAeAOBaHHS — U3ydYeHHe CepONPeBaAeHTHOCTH 10 Haanumo IgG k 6eaxy Hykaeokamncrpa Bupyca SARS-CoV-2 me-
TOAOM HMMYHO(EPMEHTHOTO AHAAM3A B PA3ANYHBIX IPYIIIAX MEAHLIMHCKIX PAOOTHHIKOB C IOCAEAYIOIelT OLIeHKOM PHCKa pas-
Butus COVID-19 B 3aBUCHMOCTH OT IMMYHHOTO CTaTyca U IPO¢$eCcCHOHAABHOH I'PYIIITHL.

Marepuaant 1 MeTOABL M3yuenue Hanpspkénnocty uMmyHuTeTa K COVID-19 MpoBOAHAOCH B paMKaXx IMHPOKOMACIITAOHOM
nporpammbl PocrioTpe6Haa30pa o oLjeHKe MOMYASIIHOHHOr0 uMMyHHTeTa K Bupycy SARS-CoV-2 y Haceaerus Poccuiickoit
®epeparun [15] ¢ yaéTom npoTokoaa, pekomenposannoro BO3, Ha 6aze aaboparopuit ®BY3 «LleHTp rurkeHs! u smupAeMu-
oaoruu B Pecrry6anke Tarapcran (Tarapcran)». U3 Boifopku uccaepaoBanus, nposeaénHoro B Pecriybauke Tarapcra, 6b1an
oTobpanbl MeannuHckie paborauku (301 yesoBek) 6e3 HOBOI KOPOHABMPYCHOMN MHEKIUU B aHAMHE3e H C OTCYTCTBHEM
KAMHHMYECKO! CHMITOMATHKH AQHHOTO 3a60A€BaHUA B MOMEHT 3a6opa 6romarepnana (uronp 2020 T.); OTCYTCTBHE TepeHe-
CEHHOM HOBOM KOPOHABHPYCHOM MH(EKIMH BepuPHIMPOBAAOCh T0 EAMHOM rocyAapCTBeHHOH HHPOPMAIIOHHOM CHCTeMe
«DAexTpoHHOE 3apaBooxpanenue Pecrrybanku Tarapcran>. B rpymmmy cpaBHeHus ObIAM BKAIOUEHBI 52 pabOTHHKA, OTHOCS-
IMXCS K ME)KeHEPHO-TeXHIYECKOMY [IEPCOHAAY H He 3aHATHIX B AUeOHDIX YIPEXKAEHHUSIX, COOTBETCTBOBABIIMX YKA3AHHBIM BbI-
1Ie KPUTEPHUSIM BKAIOUeHHS. B coBOKymHOCTH rpymna HabatopeHus (MeAMLMHCKIE PAGOTHUKY ¥ IPYTINA CPABHEHHs) BKAIOYaAA
12,1% y9acTHUKOB IIOMYASIMOHHOTO HCCAEAOBAHMSL.

PesyAbTarsl. B KOHTPOABHOI IpyIie GBIAO BRIIBACHO 36,5% CepOMO3HTHBHBIX Ha HaAMdHe aHTHTeA IgG K GeAKy HyKaeoKal-
cupa, cpean Bpadeit — 23,7%, MeAUITMHCKHX cecTép — 38,9%. Y MeAUIIMHCKUX CecTEp 110 CPAaBHEHHIO C BpaYyaMH CepOIIO3H-
THBHOCTH OOHAPYXKUBAAACH AOCTOBEPHO Yaire. 3aHATOCTb MEAULIMHCKUX PAOOTHHIKOB B YCAOBHSIX BpEMEHHBIX HH(EKIIHOHHBIX
TOCIIMTaACH He TOBAMSIAA HA OPMHUPOBAHKE AHTUTEA K HyKAeoKaricHAy Bupyca SARS-CoV-2. BrisiBAeHa CpPaBHUTEABHO HH3KAS
PACTIPOCTPaHEHHOCTD CEPOIIO3UTHBHOCTH CPEAU Bpadeil BpeMeHHBIX HHEKIIHOHHBIX TOCIIUTAACH.

BeposTHOCTb CepOKOHBEPCHM YMEHBIIAAACH C BO3PACTOM M He 3aBUCEAA OT ITOAA M YKA3aHHA B aHAMHe3e Ha HEAABHUI KOH-
TaKT ¢ 60abHBIME COVID-19.

AHaAu3 AOXKHUTHS AO KOHIIA HCCAGAYEMOTO MEPHOAQA TTOKA3aA, YTO BEPOSTHOCTb OCTAThCS 3AOPOBBIMU K KOHITY TEPHOAA Ha-
6Ar0AeHHs OblAa HanboAee HU3KOM y Bpauell U3 AedeOHBIX YIPeXACHHUH, He OTHOCSIIUXCS K BpeMeHHBIM HH(EeKIHOHHBIM I0-
cirraasm. Puck COVID-19 y cepoHeraTHBHBIX AU} GBIA TIOBBIIEHHBIM, HO 6€3 CTATHCTHYECKOI AOCTOBEPHOCTH.
3akarouenne. I1o 0anHbIM UMMYHOAOZUMECKUX UCCAE00BAHUTI HA HaAudue anmumen IgG k beaky Hyxaeokancuda supyca SARS-
CoV-2 ycmanosaeHo, 4mo pacnpocmpanénnocimy ceponpesareHmHoCy y MeOUYUHCKUX cectép 00CmoBepHO 6blile 1o CPABHEHIUI
C 8paamil, MeOUYUHCKUE CeCpPbl AeHEOHbIX 0p2aHU3aYULL M0A00020 803pACA Umelom BoAee BbICOKUE NOKA3AMEAU CEPONPEBaAAEH-
Hocmu k Geaky Hyxaeokancuda supyca SARS-CoV-2. Ilo dannvim npocnexmusnozo HA0A0OeHUS 8bISBAEHO HMO BpA4U AeHeOHbIX
0p2aHu3ayutl, He OMHECEHHBIX K BPEMEHHDIM UHPEKYUOHHDIM 20CHUMAAIM, Umetom OoAee 8bICOKULL PUCK PA3BUMUS CUMNINOMAMU-
ueckoti popmor COVID-19, umo mosxem Goims c83aH0 KAK ¢ HeQOCHAMO4HOIL IPPeKMUBHOCTBI0 NPOMUBOINUOEMUHECKUX MEPO-
NpUSMUl, Max u ¢ 0C0OEHHOCMIMU UMMYHHO20 0MBEMA U 100X00amu, npuMeHseMbLMU OAS 20 oyericu. B mexyuyeli anudemuueckoii
cumyayuu evissaenue aumumenr IgG x supycy SARS-CoV-2 moxcem 6vimb UCnoAb308aHO OAS NPUHSIMUS Peuternus 0 pacnpedeseruu
06s3annocmeii cpedu medUYUHCKO020 NEPCOHAAA.

dTHKa. Bce yuacTHHKM MCCACAOBAHNUS IIOATIMCAAN COTAACHE HA yYacTHe B HCCAeAOBaHMH. [TaljeHTh OATICAAN HHYOPMH-
POBAaHHOE COTAACHe Ha IyOAMKALIMIO AQHHBIX.
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®unancuposanme. VccaepoBaHue He IMEAO CIIOHCOPCKOM ITOAAEPIKKIL
KoudpAuKT HHTepecoB. ABTOPHI 3asBASIOT 00 OTCYTCTBHH KOHPAMKTA HHTEPECOB.
Aama nocmynaenus: 20.06.2021 / Aama npunsmus « newamu: 22.06.2021 / Aama nybawcayuu: 12.07.2021

Beepenne. ITanpemus HOBOM KOPOHABUPYCHON UH(EK-
mun (panee COVID-19) IIPeACTaBAsIET COOOI YIposy AAs
00IIeCTBeHHOTO 3A0pOBbs Bo Beem mupe [1]. COVID-19
SBASIETCS Pe3yAbTaTOM 3apakeHHs KopoHaBupycom SARS-
CoV-2 u Buepssle 6b1a 06HapyxeH B Kutae B 2019 roay [2-
5]. B coctas Buprona SARS-CoV-2 BXOAST 4eThIpe OCHOBHBIX
CTPYKTYpHBIX 6eaka: 6erok-«mmuma» (spike, S-6eaok), obe-
CIIeYUBAIONIHIl IPOHUKHOBEHHE BUPHOHA B KACTKY XO3SHHA
yepes CBS3bIBAHME C AHTHOTEH3HH-IIPEBPALAIOIIUM pepMeH-
Tom 2 (ACE2) Ha IOBEPXHOCTH KAETKH, MeMOPaHHbIit 6eA0K
(M-6enox), 6erok oborouku Bupuona (E-6eaok), a Takxke
6eaox Hykaeokancupa (N-6eAok), MPHKPENASIOMUIICS K Iie-
i reHoMHOI PHK AAs TpoH3BOACTBa HYKACOIIPOTEHAHOTO
KoMriAekca [ 6, 7].

ITpy BO3HMKHOBEHHH KOHTAKTa ¢ Bo3Oyaureaem SARS-
CoV-2 B opranusMe geA0BeKa MOTYT OOPA3OBBIBATHCS AHTH-
TeAd K pasandHbIM Geakam Bupyca SARS-CoV-2, orHocsmuecs
K IMMYHOTAOOyAMHaM Kaacca G, M, A [7-10]. T1pu aTom 3a-
IUTHASL POAb AHTHTEA K OLPEACACHHBIM CTPYKTYPHBIM Oea-
kaMm Bupyca SARS-CoV-2 He B mOAHON Mepe yCTaHOBAEHA
(7,10-12].

IMocae paspaboTKy U KOMMEpPIHAAUSALHMH TeCT-CUCTEM
AASL OIIpeAeAeHHsT IMMYHOTAOOYAMHOB Kaacca G K BUPYCY
SARS-CoV-2 B pa3sAMYHBIX CTpaHAX MUPA, B T. 4. B Poccuiickoit
Depepanuu, Ob1AM IPOBeACHBI MACIITAOHBIE IMMYHO-OIIHAE-
MHOAOTHYeCKMe uccAepoBanus [13-24]. B mccaepoBanmax
IO M3YYeHHIO MMMYHHUTETA B PA3AUYHbIX IPYIIAX HACEACHH
OIIPeAEASIAUCH B DOABIIMHCTBE CAyYae aHTUTeAA K S-6eAky u
6eaxy Hykaeokarcupa (N-6eaky).

Oco06bIit HHTEepeC BBHI3BIBAIOT BOIPOCH], KACAION[HECS 3a-
IIUTHI MEAUIIMHCKUX paboTHHKOB oT 3apaxerus COVID-19,
BKAIOYast AAHHbIE [I0 IMMYHOAOTHYECKOH 3aIUIEHHOCTH Me-
AMLIMHCKOTO TiepcoHaAa |22, 23, 25-29]. Hmerotcs oTaeab-
Hble HCCAGAOBAHHA 110 H3yYeHHIO IOIYASLMOHHOIO I'yMO-
paabHOro uMMmyHurteta k SARS-CoV-2 cpepar MeAMIIMHCKUX
paborrukos [22], B Tom uncae nposeaénHble B Poccuiickoit
®epepaumu [30], 0AHAKO TIPAKTHYECKH OTCYTCTBYIOT HpPO-
CIIeKTUBHBIE HAOAIOACHIIS C OLIEHKON PHUCKOB 3apaXKeHNUs BH-
pycom SARS-CoV-2 B pa3sAMYHBIX IPYIINIAX MEAUIIMHCKUX pa-
OOTHHKOB C Pa3HbIM YPOBHEM HCXOAHOTO UMMYHHOI'O OTBETA.

ITeap mccAeAOBaHHS — H3Y4eHHE CepOIpPEBAACHTHO-
CTH II0 HAAMYHIO AaHTUTEA KAacca G K OeAKy HyKAeOKAIICH-
Aa Bupyca SARS-CoV-2 B OTAGABHBIX TPYIIIIaX MEAUIIMHCKHIX
PabOTHUKOB (BpaM M MEAULMHCKIE CEeCTPBI BpeMEHHbIX HH-
$exnOHHBIX rocriuTasell — pasee BUI, Bpaun u Mepumiua-
CKHe CeCTPBI APYTHUX Ae4e6HBIX yupeskaeHui — Aasee AY) ¢
IIOCA@AYIOIIMM aHAAM30M PHCKA Pa3BUTUA HOBOI KOPOHABH-
PYCHOM MHQEKIMH B 3aBUCMOCTH OT MMMYHHOTO CTaTyca H
npo¢ecCHOHAABHOM IPyIb B Xoae 150-AHeBHOro mpocmek-
THUBHOTO HaOAIOACHMAL

Matepuaasl H MeTOABL V3ydyeHre HAPsDKEHHOCTH MM-
myruTeTa K COVID-19 mpoBoAMAOCH B paMKaX ITHpPOKOMAc-
mTabHo# mporpammsl PocroTpebHap30pa 0 OljeHKe MOITy-
ASIHOHHOTO UMMyHHTeTa K BUpycy SARS-CoV-2 y HaceaeHus
Poccuickoit Depeparmn [ 15] ¢ yuéToM npoToKoAa, pekoMeH-

AosarHOro BO3, Ha 6ase aaboparopuit OBY3 «Ilenrp ru-
rueHs! u anupemuororuu B Pecrrybauxe Tarapcran (Tarap-
cTaH)>». VI3 BBIGOPKH HCCAEAOBAHHS, MPOBEASHHOTO B Pe-
criy6anke Tatapcran [19], 6b1aM OTOOpaHBI MEAULIMHCKHE
paborruxu (301 geaoBek) 6€3 HOBOI KOPOHABUPYCHOI HH-
¢exruy B aHAMHe3e U C OTCYTCTBHEM KAMHUYECKOH CHMIITO-
MAaTHKH AQHHOTO 3300A€BaHMs B MOMEHT 3a00pa 6roMaTepu-
aaa (uronp 2020 I.); OTCYTCTBHe MepeHecéHHOMN HOBOM KOpO-
HABHPYCHON MHeKIUH BepUPUIUPOBaAOCh 0 Eannoil ro-
CyAApPCTBEHHOH MHPOPMAIIMOHHOMN CHCTeMe «JAEKTPOHHOE
3ppaBooxpanenue Pecriybauku Tarapcran>. B rpynmy cpas-
HEHUSI ObIAM BKAIOUEHBI 52 PabOTHHUKA, OTHOCSIIMXCS K HHKe-
HepHO-TeXHIYECKOMY IIEPCOHAAY U He 3AHSITHIX B Ae4eOHbBIX
YUIPEXACHHAX, COOTBETCTBOBABIINX YKA3aHHBIM BbIIE KPH-
TepHUAM BKAIOYeHHs. XapaKTePUCTHKH TPYII [IPEACTABACHBI
B ma6auye 1. B coBoxynHocTH rpynmna HabAoaeHus (MeAu-
LJMHCKMe PAGOTHUKYU U TPYTINa CPaBHEeHHs) BKArodaAa 12,1%
YYACTHHKOB IIOIYASIJIOHHOTO MCCACAOBAHMA.

Cpeart 00cAeAOBaHHBIX SKeHIUHbBI COCTaBAsIAU 83%. Bee
IIOATPYIIIIBL OBIAY COIIOCTABUMSI IO Bo3pacty. IIpsiMoit KoH-
TaKT B TeueHue 14 AHelt A0 0T6Opa OGroMaTepraAa ¢ GOABHBI-
MU HOBO# KopoHasupycHoit uudexuueit (COVID-19) orme-
THAK (1O pe3yAbTaTaM aHKeTHpOBaHus) 14,8% ydacTHUKOB
HCCACAOBAHHAL

B rpymme mepHIMHCKHX pabOTHUKOB 46,2% 6ObIAM Bpa-
dami, 53,8% — MeAMIIMHCKUME cecTpamu. B ycaoBusax spe-
MeHHBIX HHQEKIIMOHHbIX FOCIHUTAACH, OPrAaHU30BAHHBIX HA
teppuropuu Pecrrybauku TarapcraH, 6b1au 3aHsTh 32,9%, B
APYTHX MEAMITMHCKHX OPTaHU3aIuax — 68,1% MeAUIIMHCKUX
PabOTHHKOB, BKAIOUEHHBIX B HCCAEAOBAHME.

Hanpsoxénnocts ummynurera k Bupycy SARS-CoV-2 us-
y4aAach METOAOM UMMYHO(EpPMEHTHOTO aHAAU3A C HCIIOAB30-
BaHMeM KOMMepPYeCKUX HabOpOB peareHToB AAS aHAAN32 ChI-
BOPOTKM KPOBM YeAOBeKa Ha HAAWYHE CIEeIUPHIeCKUX UM-
MYHOTAOGOYAHHOB Kaacca G K 6eAKy HYKAEOKAIICHAA BHpYCa
SARS-CoV-2, npoussepaénnnix PBYH TocypapcrBennblit Ha-
YYHBII LeHTP IPUKAAAHOM MUKPOOHOAOTHE M OHOTEXHOAO-
ruu Pocniorpe6uapsopa (r. O6oaenck), cepus 04 (aara usro-
ToBaenus 04.2020, PY Ne P3H 2020/10268 ot 08.05.2020).
Hamepsianch onTHYecKue MAOTHOCTU KOHTPOABHOTO U HC-
NBITYeMBbIX 06pasLoB Ha cieKTpodoTomeTpe (aHaausarope
HMMYHO{epMEeHTHOM MHKPOIAAHIIETHOM aBTOMATHYECKOM
Infinite FSO (Tecan Austria GmbH, ABcTpus) ) Tipu AAUHE BOA-
HbI 450 HM. PesyAbTaThl yUMTHIBAAMCH KAaYeCTBEHHBIM METO-
AOM H CUHTAAMCh IIOAOXKUTEABHBIMH, €CAU BEAHUHHE KO3(-
dunuenta nosurusnoctu S/C 6biaa pasHa uau Boime 1,1 (B
COOTBETCTBHHU C MHCTPYKLHeHl K TeCT-CHCTeMe). AHaANTHYe-
CKasl YyBCTBUTEABHOCTh HAOOpa cocTaBAsieT He MeHee 91%,
AHAAMTHYECKAs CIIeIUPUIHOCTD HAbOPa COCTABASET He MeHee
95% npu cobaropeHnH IPaBHA B3ATH, TPAHCIOPTUPOBAHUSA
U XpaHeHUs OroMarepraaa.

B Teuenue 150 aHeit oT MOMeHTa 3a60pa 6GuoMarepraa B
TpYyIiIle HAOAIOACHHS OTCACKHMBAAKCDH CAyYau HOBOM KOPOHa-
BUPYCHOH MHQEKIMM Ha OCHOBAHUM BKAIOYEHHS IIAITMEeHTa B
Depepanpbiit peructp 60abusix COVID-19.
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Tabaumna 1
ConuaAbHO-AeMOTpagIIecKie H IMHAEMHOAOTHIECKHE
XapaKTepHCTHKH rpynmnbl Habaroaenns (353 geroBexa)

Bospacr, aer
Amna-
ITokasareAb % (95% AW) Ma3on
M (o) (min-
max)
Iloa:
Kemmunnr (n=293) | 83,0 (79,1-86,9) | 43,7 (13,3) | 18-81
Myxuunst (n=60) | 17,0 (13,1-20,9) | 45,8 (13,2) | 20-71
Yxaszanue 6 anamnese na HedasHUIl KOHMAaxm c 60AbHbI-
MU H060ii KOpoHasupycroii undexyueii (no pesysvmaman
anxemuposanus)':
Her (n=301) 85,2 (81,3-89,1) | 43,9 (13,4) | 18-81
Aa (n=52) 14,8 (10,9-18,7) | 45,2 (12,1) | 23-73
Mecmo pabomoi:
K .
H;‘(‘ZEE";;H"’”PY“ 14,7 (10,8-18,6) | 42,8 (11,2) | 19-64
AY? (n=202) 57,2 (53,3-61,1) | 44,0 (13,5) | 19-81
BUTI? (n=99) 28,1 (24,2-32,2) | 44,8 (13,8) | 20-73
IIpodeccuonarvuoie epynnos:
Konrpoas (n=52) | 14,7 (10,8-18,6) | 42,8 (11,2) | 19-64
Bpauu (n=139) 39,4 (35,5-43,3) 47,7 21-81
MepcecTpnt
(n=162) 45,9 (42,0-49,8) 41,4 16-74
IIpogeccuonarvrvie zpynnot c ynemom mecma pabomot:
KonrpoabHas rpyn-
ma (n252) 14,7 (10,8-18,6) | 42,8 (11,2) | 19-64
BUT
Bpaun (n=43) 12,2 (8,3-16,1) | 48,8 (12,8) | 26-73
meacectpst (n=56) | 15,9 (12,0-19,8) | 41,7 (13,9) | 20-70
AY
Bpaun (n=96) 27,2 (23,3-31,1) | 47,2 (13,9) | 23-81
meacectpst (n=106) | 30,0 (26,1-33,9) | 41,2 (12,6) | 19-74

IMpumeuanus: ' 1-14 aHeit o0 3a60pa kposw, > BUI' — BpemeHHbIe
MHQEKMOHHbIE TOCTIUTAAN, CO3AAHHBIE AASL ACYEHUS [ALUEHTOB C
COVID-19, * AY — AedebHble yupexxAeHHUS.

AAst 06pabOTKU IMOAYUEHHBIX PE3YABTATOB HCIIOAB3O-
BaAoCh mporpaMmmHoe obecredvenne R (sepeus 1.3.1073).
ITpumenens 06LI.ICHPI/IHSITI>I€ METOADBI TApaMeTPUYECKOH U
HerapaMeTpUYeCKOM CTaTUCTHKU. AAS aHAAW3A 3aBHCHMO-
CTH ceporpeBareHTHOCTH (Ad/HET — C y4ETOM BeAUYMHBI
K09 PULMEHTA IO3UTHBHOCTH) OT NIOAQ, BO3PACTA, HAAMYHS
KOHTAKTOB C OOABHBIMH U ITPOPECCHOHAABHOM IPYIIIHI 110~
CTpOEHbI OAHO(AKTOPHbIE H MHOTO(aKTOPHbIE MOACAU AOTH-
CTHYECKOM PETPECCHH € TIOCAEAYIOIIMM PACIETOM OTHOMIEHUI
IaHCOB ¢ 95% AoBepUTeAbHBIMY HHTepBasaMH. [Ipu mocrpo-
€HHHU MHOTO(aKTOPHBIX MOAEACH HCIIOAB30BAAACH TIPOLIEAYPA
06paTHOro HcKAIOYeHHs Ha OCHOBe Kputepus Akauke (AIC).
B MHOrOQaxTOphie MOAGAN BBOAMAMCD KaK OTAEAbHBIE Iepe-
MeHHbIe g'IOA, BO3PACT, HAAUYHS KOHTAKTOB C 6OABHBIMH, IIPO-
deccnoHaAbHas IPyMNa ¢ y4ETOM MecTa PaboTbr), TaK M UX
MONApHbIe B3aUMOAEHCTBUAL.

AAsl cpaBHEHHs PUCKOB HOBOH KOPOHABUPYCHOH HH-
dexnuy B pasAMYHBIX MPOPECCHOHAABHBIX I'PYIIIAX B XOAE
150-AHeBHOTO HAOAIOAEHHS IIOCTPOEHBI KPUBBIE AOXKHTHS
Kanaama-Meiiepa. C 1jeAbI0 MCCAGAOBAHHS 3aBHCUMOCTH 3a-

288

6oaeBaemoctt COVID-19 oT moAa, BO3pacTa, HAAUYIS KOH-
TaKTOB C OOABHBIMY, IIPO$ECCHOHAABHOM TPYIIIIBI X HCXOAHOM
CepOIO3UTUBHOCTH 10 NIMMYHOTAOOYANHY Kaacca G k bea-
Ky Hykaeokarncupa SARS-CoV-2 npuMeHEH aHAAM3 AOXKHU-
THS C IIOCTPOEHHEM MOAeAeit IMPONOPIUOHAABHBIX PUCKOB
Koxca. IIpeamososkenne 0 HpONOPIMOHAABHOCTH PHCKOB
HPOBEPSIAOCH TIPH MTOMOIIU IMOCTPOEHHS KPHUBBIX OCTATKOB
IMendeabpa; Mpy HENPONOPIMOHAABHOCTH PUCKOB ITpUMe-
HSIAOCH A€AeHHe I'PYIII HAOAIOAGHIS HA BpeMeHHBIEe CTPAThI
C Pa3AGABHBIM ITOACYETOM OTHOIIEHMH PUCKOB B Pa3AMYHBIX
CTparax.

Pazamumsa cuuTasuch pocToBepHbiME mpu p<0,0S; ao-
MOAHUTEABHO aHAAM3MPOBAAMCH PE3YABTATHI IPH 3HAUCHUU
p<0,1. Aas pacuyéra ypoBHe! CTaTHCTHYECKON 3HAYMMOCTHU
IIPU CPABHEHUM CPEAHUX 3HAYCHUH NIPUMEHSACS ¢ KPUTEPHH
CrpropeHTa, AAs cpaBHeHHs KpuBbix Kamaana-Meiiepa —
AOTPAHTOBBIN TECT, AAS OIIEHKM AOTHCTHYECKHX perpeccu-
OHHbIX MOAEAEH ¥ MOAGAH TIPOTIOPIIMOHAABHBIX PUCKOB KoK-
ca — Z-TecT.

PesyapraTsl. 1o AQHHBIM IPOBEAEHHBIX UMMYHOAOTH-
9eCKHX MCCACAOBAHMI YCTAHOBAEGHO, UTO AOAS AMII, CEpOIIO-
3UTHBHBIX Ha Haamdue aHTHTeA IgG k Bupycy SARS-CoV-2,
B KOHTPOABHOM Ipymne cocraBuaa 36,5%, cpear Bpadein —
23,7%, cpean MeAULIMHCKHX cecTép — 38,9% (maba. 2a).
Meac€cTpBI He OTAMYAANCH OT KOHTPOABHOH T'PYIIIIBI ITO AO-
A€ CepOIIO3UTHBHBIX AI]: OTHOIIEHHe MmaHcoB 1,1 (95% A1
0,58-2,14). Cpeau Bpadeil CepOTO3UTUBHBIX GHIAO HECKOAD-
KO MeHblIe, Y4eM B KOHTPOABHOH I'PYIIIIe: OTHONIEHHE IIAHCOB
0,54 (95% AU 0,27-1,08).

BHYTpH IpYIIb MEAULIMHCKUX PAOOTHHKOB CEPOKOH-
BEpCHSI BBIIBASAACH AOCTOBEPHO Yallle Y MEAUIJMHCKUX Ce-
CTEp mo cpaBHeHHMIO C Bpadamu (ma6a. 26): oTHOmeHHe
mancos 2,04 (95% AU 1,24-3,40). 3aHATOCTb MEAMIIHH-
CKHX Pa0OTHHKOB B YCAOBHSX BPEeMEHHBIX MH(EKIIMOHHBIX
rocnuTaseil He IOBAMSAA Ha QopMmupoBaHue aHTUTeA IgG
K 6eAKy HyKaeokarcupa Bupyca SARS-CoV-2 (maéa. 26):
orHomenue mancos 1,1 (95% AU 0,66-1,84). O6pamaer
Ha cebsl BHEMaHMe CPaBHHTEABHO HU3KAs PAcIpOCTPaHEH-
HocTb (20,9%) pPabOTHUKOB, CEpOTIO3UTHBHBIX Ha HAAMYUE
anturea IgG x Bupycy SARS-CoV-2, cpean Bpaueil BpeMeH-
HBIX MHQEKUOHHBIX rocruTaseit (maba. 2a) mo cpasHe-
HMIO C KOHTPOABHOH I'PYNIOH: OTHOmeHHe maHcoB 0,46
(95% AV 0,18-1,14).

B rpymme MyxX4UMH AOASL CEpOIIIO3UTHBHBIX ObIAQ He-
CKOABKO HMKe O CPaBHEHHIO C XeHIUHaMH (maba. 2a):
orromenue mancos 0,58 (95% AU 0,29-1,08). C Bospac-
TOM AOASL CepOTIO3MTHBHBIX YBEAUMUBAAACh (Maba. 2a): ot-
Homenue mancos 1,02 (95% AU 1,0-1,03) Ha rop Xu3HH.
BeposiTHOCTD cepOKOHBEpCUH He OblAd AOCTOBEPHO CBSI3aHA
C HeAABHUM KOHTAKTOM C OOABHBIMU HOBOI KOPOHABUPYCHOM
undexuueit (maba. 2a): ornomenue maucos 1,35 (95% AU
0,73-2,48), 4T0, BOSMOSKHO, SIBASIETCS CAEACTBHEM ITOBCEMECT-
HO¥ IIUPKYASIINY BUpYca Ha Teppuropuu Pecrrybanxu Tatap-
CTaH ¥ HAAMYKS OOABLIOrO KOAMYECTBA HOCHUTeAeH beccrM-
ITOMHBIX $OPM CPEAH KUTEACH.

M=uorodaxkTopHas AOTHCTHYECKAsI Perpeccus C BKAIOYe-
HHEeM B MOAEADb OTACABHBIX ITEPEMEHHBIX <IIOA>, «BO3PACT>,
«HAAWYME KOHTAaKTOB C OOABHBIMI>, «IIPOPeCCHOHAAbBHAS
rpymma»: HHkeHepHo-Texuudeckue paboruuxu (UTP), Bpa-
4u BUI, mepacecTpsr BUI, Bpaun AY, meacecTpsr AY>, a Tak-
’Ke WX TTOMaPHbIX B3AUMOAEHCTBHI ITO3BOANAA YTOUUTD MPEA-
CTaBAEHHbIE BBINIE PE3YABTAThl OAHOPAKTOPHOTO perpeccu-
OHHOTO AaHAAM3a M ITOAYYUTD OI[eHKH BAUSHHS PAa3HBIX BHAOB
Npo¢$ecCHOHAABHON AeSATEABHOCTH Ha HaAMYHE CepOKOHBEp-
cun no IgG x Geaxy Hykaeokamcupa supyca SARS-CoV-2,
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Tabaura 2a

OAHOQAKTOPHbIE AOTHCTHYECKHE PerpecCHOHHbIE MOACAH 3aBHCHMOCTH CEpONMO3HTHBHOCTH 110 IgG K 6eAKy HyKAeo-

Kamcupa supyca SARS-CoV-2 (Tect moAokHTEACH/ m‘pnuaTeAeH) OT I0AQ, BO3PACTa, HAAHYHSI KOHTAKTOB C 60ABHBIMH
H PO eCCHOHAABHOM I'PYIIBI

®axrop/CeponosHTHBHOCTH | n | % | B+m | OIII [95% A ] | p
Ioa:
X TecT moAoXuTEAEH 101 34,5%
E€HIUHDbI —_— — —_—
5 Tecr oTpunaresen 192 65,5%
Tecr nmoaoxxuTeseH 14 23,3%
My>xaunbr Tect orprmarercn 46 76’7% -0,54+0,14* 0,58 [0,29-1,08] 0,096
)
Bospacr, aeT 0,02+0,01* 1,02 [1,00-1,03] 0,067
Yxasanue 6 auawjuese Ha nedasuuii Kowmaxm c 6oAvHLIMU HOB0TI KOpOHABUpYCHOil undexyueii (no pesyromamam
AHKeMupoeanus):
u Tecr mosoxuTEAEH 95 31,6%
eT — — —
Tecr oTpunateses 206 68,4%
Tect moAoxuTeseH 20 38,5%
Aa Tecr orprarencn ™ p 1’ ™ 0,30£0,31 1,35 [0,73-2,48] 0,33
)
IIpodeccuonarvnvie zpynnot:
KonTpoabHas TecT moroxuTeAeH 19 36,5%
rpymma Tecr oTpuaTeser 33 63,5%
Tecr nmoaoxurteseH 33 23,7%
Bpaun Tecr orpuaresen 106 76,3% -0,61+0,35* 0,54 [0,27-1,08] 0,08
TecT moAoKuUTEAEH 63 38,9%
Mepcecrpsr Tecr orpunarercn 99 61,1% 0,10+0,33 1,10 [0,58-2,14] 0,76
Mecmo pabomot:
KonTpoabHas Tect noaoxuTeAeH 19 36,5%
rpymma Tecr oTpunaTeser 33 63,5%
TecT moAoxuTEAEH 33 33,3%
BUT Tecr orpumaresen 66 66,7% -0,14£0,36 0,87 [0,43-1,77] 0,69
)
TecT moAoxuTEAEH 63 31,2%
AY Tecr orprarerc 139 5 8’ % -0,24£0,33 | 0,78 [0,42-1,51] 0,46
)
IIpodeccuonarvnvie zpynnot ¢ yuémom mecma pabomot:
KouTpoabHas Tect noaoxuTeseH 19 36,5%
rpynma Tecr oTpuaTeser 33 63,5%
TecT moAoxuTEAEH 9 20,9%
Bpauu (BUT) Tecr orpumaresen ” 79’1% -0,78+0,47* 0,46 [0,18-1,14] 0,10
)
MepcecTpbt Tect moaoxuresen 24 42,9%
(BUT) Tecr orpunarercs ) 57.1% 0,26%0,39 1,30 [0,60-2,84] 0,50
TecT moAouTEAEH 24 25,0%
Bpauu (AY) Tecr orpumaresen - 75’0% -0,55+0,37 0,58 [0,28-1,21] 0,14
Meacectpst Tecr noaoxuTeseH 39 36,8%
1+ 1,01 1-2
(AY) Tecr orpuriaresen 67 63,2% 0,01£0,35 01 [0,51-2,03] 0,98
IIpumeyvanue: * — p<0,1.
P P=5 Tabauria 26

OAHOAKTOPHBIE AOTHCTHYECKHE PerpecCHOHHbIE MOAGAH 3aBHCHMOCTH CEPOIO3HTHBHOCTH o IgG K Geaky Hykae-
okamncupa Bapyca SARS-CoV-2 (TecT moAOKHATEeACH/OTPHIJATEACH) OT BHAA AESITEABHOCTH B TPYIIe MEAHIIMHCKHX
paborHukoB

®akrop/Cepono3nTHBHOCTD | n | % | Btm | OIII [95% AM] | P
Bud deamervnocmu:
B Tecr moroxuTeeH 33 23,7%
aun — — _
P Tect oTpunatesen 106 76,3%
Tecr moroxuTeseH 63 38,9%
MeacecTps Tect orprmaTercn 99 61,1% 0,71+0,26* 2,04 [1,24-3,40] 0,005
)
Mecmo pabomot:
BUT TecT mOAOKHUTEAEH 33 33,3%
Tecr oTpunatesex 66 66,7%
Tecr nmoaoxuTeseH 63 31,2%
AY —— 39 YT 0,10£0,26 | 1,10 [0,66-1,84] 0,71
)

IMpumeyanne: * — p<0,1
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OpI/II'I/IHaAbeIe CTaTbU

CKOPPEKTHPOBAHHbIE C YYETOM MOTEHIIUAABHBIX KOayHAe-
POB 1 MOAMUIIMPYIOMUX PaKTOPOB.

BospacT oxasaacs 3HaYMMBIM MOAMQPUIUPYIOMUM (ak-
TOPOM: B CTapIIMX BO3PACTaX BEPOATHOCTb CEPOKOHBEPCUH
ymenbmaaack. Ha pucynxe 1 mpeacTaBAeHBI PacCUMTAHHBIE
C y4€TOM HOCTPOEHHOH MOAEAH KO3(PPHUIUEHThl AOTUCTH-
9eCKOH perpeccu § AAS Pa3HBIX THIIOB IIPO¢eCCHOHAABHON
AeATEeAbHOCTH B 3aBHCHMOCTH OT BospacTa. boaee Bbicokas
BEPOATHOCTb CEPOKOHBEPCHHU Y MEAULIMHCKUX CECTEP MAAA-
IIMX BO3PACTHBIX IPYII, paboTaromux B AY, He OTHeCEHHBIX
K BpeMeHHbIM MHQEeKIIMOHHBIM FOCIMTAASAM, II0 CPABHEHHUIO
C KOHTPOABHOU IPYIIIION, ObIAQ CTATHCTUYIECKH 3HAIMMA (oM.
OTIMICAHUE MOAEAH B TIOATIUCH K puc. 1), 4TO MOXKeT 6bITh CBS-
3aHO C OOABIIIel BOBACIEHHOCTh MEAUIIMHCKIX CECTEP MOAO-
AOTO BO3pacTa B IPOM3BOACTBEHHDIH IPOLIECC B IEPUOA MaH-
aemun COVID-19.

BeposrrocTb cepoxoHBepCHH IO pe3yAbTaTaM MHOTO(aK-
TOPHOTO MOAGAMPOBAHHUS He 3aBUCEAA OT II0AA U YKA3aHHA B
aHaMHe3e Ha HEAQBHHUI KOHTAKT C OOABHBIME HOBOM KOPOHa-
BUPYCHOMH MH}EKITHe.

AHaAM3 BePOATHOCTH AOXKHUTHS, IPOBEAEHHBII C IpHUMe-
HenneM kpusblx Kamaana-Meitepa (puc. 2a), moxasaa, 4to
BEpPOATHOCTb OCTAThCS 3A0POBBIMH Ha IIPOTSKEHHHU IIEPUOAA

Habaroperns (150 AHeit) y MEAMITMHCKUX PabOTHHKOB 6biAa
CYIIeCTBEHHO HIDKe. B rpymne HHKeHepHO-TeXHHYECKUX pa-
6oTHuKOB HOBble cAydan COVID-19 6biau BbIIBAEHBHI ¥ 3-X
veroBex (5,8%), Toraa kak cpean Bpadeil 3a6oaean 19 geno-
Bek (13,7%), a cpeA MeAUIMHCKUX cecTép — 14 veroBex
(8,6%).

BeposTHOCTD OCTaTbCS BAOPOBBIMH K KOHIFY HCCAAYEMO-
ro TIeproAa bbiaa Hanboaee HU3KOM y Bpadeit AY, He OTHeCEH-
HBIX K BpeMEHHbIM MHEKIMOHHbIM rocrutarsm (puc. 26):
B rpynmne Bpadeit AY aumb 85,4% (82 u3s 96 Bpaueir AY mop
Ha6AIOAeHI/IeM) OCTaAMCh 3A0pOBbIMHU Ha 150-# peHb HabAro-
AEHHS, UTO SBASIETCS CAMBIM HU3KMM ITOKa3aTeAEM IO CPaBHe-
HUIO C OCTAABHBIMH IPO(ECCHOHAABHBIMU IPYIIIAMH.

Moaeas mponopuroHaAbHbIX pruckos Kokca 651aa mprme-
HEeHa AAs M3y4eHHs 3aBUcuMocTH 3a6oaeBaemoctu COVID-19
OT II0AQ, BO3PACTa, HAAUYHS B AHAMHe3e KOHTAKTa C OOAb-
HBIMH, TIPOECCHOHAADHON AEATEAPHOCTH C YYETOM MecTa
paboThl B HCXOAHOIO CepoAOrHYeckoro craryca mo IgG x
6eaxy Hykaeokancupa SARS-CoV-2 (namume/orcyTcTBHE
CepOKOHBEpCHUH) CO cTpaThduKanyeit o Bpemenu (A0/mo-
cAe 60 AHelt ¢ MOMeHTa B3sTus 6uomarepuasa) (maba. 3).
BBepeHne BpeMeHHBIX CTPaT B MOAEAD IPOIIOPIIOHAABHBIX
puckos Koxca (Ao 60-ro AHS HabAtoAeHHS U Tocae 60-ro AHS

Bpauu (BUT) Meacécrpsr (BUT) Bpauu (AY) Meacécrpsr (AY)
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=
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4

-4

20 30 40 SO 6020 30 40 SO 6020 30 40 S0 6020 30 40 SO 60
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Puc. 1. PacuérHble K03 PpUIMEHTHI AOTHCTHIECKOH perpeccuu f AAsl pa3HbIX THIIOB PO (eCCHOHAABHOM AeSITeAPHOCTH
B 3aBHCHMOCTH OT BO3PACTa B MOA€AH MHOTO(AKTOPHOM AOTHCTHYECKOH perpeccuu:

IgG (noaoxwuresen/orpunaresen) = -3,72 + 0,07AGE' + 0,52COVID_Doctor +2,26COVID_Nurse + 1,66 HOSPITAL
Doctor + 2,63HOSPITAL Nurse® + 0,47CONTACT - 0,04AGExXCOVID Doctor - 0,04AGExCOVID Nurse -
0,05AGExHOSPITAL Doctor — 0,06AGExHOSPITAL Nurse® (p=0,02), rae: AGE — Bospacr, aer; COVID Doctor
— Bpaum, paboraromue B BUI, COVID Nurse — mepcecrpsi, paboraromue 8 BUI, HOSPITAL Doctor — Bpauwn,
paboraromue B AY; HOSPITAL Nurse — mepcecrpsl, paboratomue B AY; CONTACT — Hasn4ne KOHTAKTa C 60ABHBIMHA
(mo pesyabraram ankernposannus), ' — p=0,02, > — p=0,09, > — p=0,08
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Puc.2a.Puck COVID-19B 0TA€APHBIXIPO (P ECCHOHAABHBIX
Ipynmax B TedeHHe 5 MecsIeB OT HaYaAa HCCACAOBAHHS
(kymyasTHBHBIE AOAM BHDKHBIIMX, KpuBble Kamaama-
Meitepa, p=0,1)

HabAIOAeHHMSA) 6BHIA0 06OCHOBAHO aHAAM30M OCTaTKOB IlleH-
eabpa (puc. 3), CBHAETEABCTBYIOMIMM O HAAMYHU TEHACHIUH
p<0,1) K HeIPONIOPLUOHAABHOCTH PUCKOB BO BpeMeHH. Apy-
THMHU CAOBAMH, BAUSHHE HCXOAHOTO CEPOAOTHYECKOrO CTaTyca
o IgG x b6eaky Hykaeokancuaa SARS-CoV-2 pasaudgasoch B
HaYaABHBIA U TIOCAEAYIOLIHI IEPHOABI HaOAIOAEHUS: B Iep-
Bble 60 AHell OTHOCUTEAbHBI prcK 3aboaeBarus COVID-19
Y CepOHeraTHBHbIX AMI| cocTaBua 1,18, a B mepuop mocae 60
AHell 0T Havaaa HabaropeHms — 1,74. OpAHAKO paccyuTaHHBIE
CTATUCTHYECKHe PUCKH OBIAU HEAOCTOBEPHDL, UTO He [I03BOASI-
T CAeAATb 3aKAIOYEHMe O 3AIUTHON POAM CEPONO3UTHBHOTO
craryca o IgG x 6eaky Hykaeokancupa SARS-CoV-2.
O6cyxaenne. B ycAoBUAX IPOAOAXKAOIIEIICS TAHAEMHHU
HOBOI KOPOHABHPYCHO! HHPEKIIIH OOABIIIE HAASKABI BO3AA-
raloTcs Ha OPMUPOBAHUE KOAAEKTHBHOTO UMMYyHHUTeTa. CH-
CTeMaTHYeCKUi 0030p 1 MeTa-aHAAU3, BKAIOUUBIIHI 47 HM-
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Puc.26.Puck COVID-19BoraAeABHBIXIPOPeCCHOHAABHBIX
IPyNIax ¢ y4€TOM MecTa paGoThI B TeueHHe 5 MecsIes OT
HAaYaAa HCCACAOBAHMS (KyMyASITHBHbIE AOAH BbDKHBIIHX,
kpusbie Kanaana-Meitepa, p=0,2)

MYHO-3IHAEMHOAOTHYECKHX NOIYASIIMOHHBIX HCCACAOBAHUIM
CpeAU HaceAeHHs B 11eAOM (CAYHailHO BHIOpAHHbIE AIOAM Pas-
HBIX BO3PACTOB, IIPOQeCCHii, STHUIECKOTO IIPOUCXOXKACHHS,
00pa3oBaHMUs H COLJMAABHO-9KOHOMUYECKOTO CTATyCa, Ipo-
XKUBAONIUE B ONIPEACACHHOM IreorpadpuyeckoM peruoHe, Ipu

Tabanna 3a
MuorogakTopHasi MOAeAb IPONOPIMOHAABHBIX PHCKOB
Koxkca: puck COVID-19 B 3aBHCHMOCTH OT npodeccuo-
HAABHOM IPYNIBI H HCXOAHOT'O CEPOAOTHIECKOTO CTaTyca
o IgG k 6eaxy Hykaeokancupa SARS-CoV-2

| 8 | p | op[9s%AH]

PaxTtop

IIpodeccuonarvnaa zpynna:

KonTpoabHas rpymma — — —

14 39 S7 98
Bpewms (Aum)

T
140

Pnc. 3. I'pajpux ocrarkoB Illendesbpa AAST MoOaeAm
NponopnHoHaAbHBIX puckoB Kokca, ommceiBaromeit
puck COVID-19 B 3aBHCHMOCTH OT MCXOAHOTO
CEePOAOrHYeCKOro craryca o IgG k 6eAKy HyKA€OKAIICHAA
SARS-CoV-2 (p=0,09)

Fig. 3. Schoenfeld residuals plot for the Cox proportional
hazards model describing COVID-19 risk as a function of the
level of IgG response to SARS-CoV-2 N-protein at the start
point of the study (p=0.09)

Bpaun 0,77* | 0,08 | 2,17 [0,91; 5,18]
2’- 3 o, ©° °o o © ° o © ° Meacectpst 0,19 | 0,68 | 1,21 [0,49; 2,98]
§ 5 I/choaum? ceporozuneckuii cmamyc (anasus 6 unmepsase
2 e - 0-60 dueit):
ﬂg_( 19 Haauuue cepokonsepcun — | — —
% 0+ Orcyrcreue cepokonsepcuu | 0,18 | 0,63 | 1,19 [0,58; 2,48]
= -1 Hcxodnviii ceporozuneckuii cmamyc (anasus 6 unmepsaie
22 : 5 61-150 aueﬁg.-
Fg _3 Haawnune cepoxonBepcun — — —
> 0,56 | 026 | 1,75 [0,66; 4,69]

OrtcyTcTBUE CEpPOKOHBEPCHU

ITpumeuanns: * — p<0,1; HCXOAHASI MOAEAD BKAIOUAAA IIEPEMEHHBIE
«IIOA», «BO3PACT>, «HEAABHUI KOHTAKT ¢ 6oabHbIMUH COVID-19 B
aHaMHe3e>, «IIPO(EeCCHOHAABHAS AESTEABHOCTD>, «CePOKOHBEp-
cmst o IgG x Geaky Hykaeokamcupa SARS-CoV-2>, «BpemeHHas
crpara» (Ao/mocae 60 AHeit ¢ MOMEHTa B3ATHS GHOMATepUaAa)
U MX IIOMApHbIe B3AHMOAEHCTBHS; OKOHYATEAbHAs MOAEAD: Prck
COVID-19 =0,77DOCTOR + 0,19NURSE + 0,18IgG(negative, days
0-60) + 0,561gG(negative, days 61-150), rae: DOCTOR — Bpauu;
NURSE — wmepcectpsy; IgG(negative, days 0-60) — otcyrcrsue
cepoxonBepcuu (aHaaus B unrepsase 0-60 aeit); IgG(negative,
days 61-150) — oTcyTcTBHe cepoKOHBepcUH (aHAAU3 B MHTepBa-
Ae 61-150 pmeir).
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Tabauwa 36
MHuorogaxkTopHasi MOAeADb IPONOPIHMOHAABHBIX PHCKOB
Koxkca: puck COVID-19 B 3aBHCHMOCTH OT NpodeccHo-
HAABHOII IPYHIBI C Y4€TOM MeCTa paboThI X HCXOAHOTO

CepoAOrHYecKoro craryca mo IgG k 6eaky HykaeoKancH-
Aa SARS-CoV-2

®akrop

| 8 | p | op[9s%AH]

IIpodeccuonarvnasn epynna c yuémom mecma padomot:

KonTpoabHas rpymma

Bpaun, pa6oraromue 8 BUT' | 0,59 | 0,26 | 1,82 [0,65; S,12]
Mepcectpsl, paboraromue -0,24 | 0,69 | 0,78 [0,24; 2,57]
B BUT

Bpauy, paboraromue B AY 0,85* | 0,06 | 2,33 [0,95; 5,70]
Meacecrpsl, paboTaromue 0,36 | 0,44 | 1,44 [0,57; 3,65]

BAY

I/choaubui cePOAozuueCKuﬁ cmamyc (ammus 8 unmepeaie
0-60 Oueit):

Haaunyue cepoxonsepcuu

0,17 | 0,65 | 1,18 [0,57; 2,46]

Hcxoduoiii ceﬁ;moeuuecnuﬁ cmamyc (anaius 6 unmepease

OrtcyrcTBHe cepokOHBepCcUM

61-150 Oneir):

0,55 | 0,27 | 1,74 [0,65; 4,65]

IMpumeyanus: * — p<0,1; HCXOAHAST MOAEAD BKAIOYAAQ IIEpEMeHHbIe
«II0A>», «BO3PACT>, «HEAABHHUI KOHTAKT ¢ 60oabHbIMEH COVID-19
B aHAMHe3e>, «IIPOPeCCHOHAABHAS AESITEABHOCTD C YI6TOM MecTa
paborsr>», «cepokonBepcus 1o IgG k beaky Hykaeoxarcuaa SARS-
CoV-2», «BpeMeHHas cTpata» (p0/mocae 60 AHeit c MOMeHTa B3s-
THs GUOMaTepHaAa) ¥ UX MIOTIAPHbIE B3AUMOACHCTBHS; OKOHYATEAD-
Has Mopeab: Puck COVID-19 = 0,S9COVID_ Doctor — 0,24COVID _
Nurse + 0,8SHOSPITAL Doctor + 0,36HOSPITAL Nurse +
0,171gG(negative, days 0-60) + 0,55IgG(negative, days 61-150),
rae: COVID_Doctor — Bpaun, paboratomue 8 BUII; COVID_Nurse
— mepcécrpsl, pabotaromue B BUT; HOSPITAL Doctor — Bpauy,
paboraromue B AY; HOSPITAL Nurse — mepcécTpsl, paborato-
mue B AY; IgG(negative, days 0~60) — OTCyTCTBHeE cepOKOHBEpCHH
(anaus B unTepsase 0-60 aneit); IgG(negative, days 61-150) —
OTCYTCTBHE cepokoHBepcur (aHaAu3 B uHTEpBase 61-150 AHeit).

Haawnuue cepoxonsepcun

OrcyrcTBHE CEpOKOHBEpCUH

orcyTcTBuH Hpeabipymmero craryca COVID-19, ¢ nckaroueHn-
eM M3 aHAaAM3a IPYII PHCKA, B TOM YMCAe MEAMITMHCKUX pa-
60THUKOB) C yuacTieM okoAo 400 TbIc. YeAoBek u3 23 cTpan
MUpa, TOKA3aA, 4TO cepornpeBaseHTHOCTh k SARS-CoV-2 cpe-
AW HaceAeHHM B IleAoM BapbHpoBaaa ot 0,37% a0 22,1% npu
coBokymHoit onenke 3,38% (95% AU 3,05-3,72%) [24].

CucremaTnyeckuit 0630p U MeTa-aHaAu3 49 muccaepo-
BaHUH, BKAIOYAIOIIHUX OKOAO 130 ThIC. MEAMITMHCKMX pa-
6OTHHKOB 6e3 IIPEeABIAYILETO CTaTyca HOBOM KOPOHABHpYC-
HOU MH()EKIHH, [I0KA3aAH, YTO pacueTHas obmas pacmpo-
cTpaHeHHOCTb aHTHTeA IpoTHB SARS-CoV-2 cpean meppa-
6oTHHKOB cocTaBuaa 8,7% (95% AoBepHTEABHDBIA MHTep-
Baa 6,7-10,9%) [22]. IIpu 3TOM yYUTBIBAAKCH PE3YABTATHI
A1060T0 CepoAOTMYecKoro Tecta (Hampuwmep, I/IMMYHoq)e%-
MEHTHBIN aHAAM3, XeMHAIOMUHECIIeHTHBIN IMMYHOAHAAHU3),
HCIIOAB3yeMsbIit AAst obHapyxeHus SARS-CoV-2 anruresa
(IgA, IgG u IgM).

PesyAbTaThl HACTOAIErO MCCACAOBAHHS TOKA3BIBAIOT BBI-
COKYIO CEpOIPeBAAEHTHOCTb B POCCHIICKOM BBIOOPKe — Kak
B KOHTPOABHOI TpyIIIIe (36,5%), Tak u CpeAU MEAMILIMHCKUX
paboraukos (cpeau Bpadeit — 23,7%, CpeAr MEAMLIMHCKAX
cectep — 38,9%), 3HAYUTEABHO MPEBIMIAIONIYIO AaHAAOTHY-

292

Hble [I0OKA3aTeAH, IIOAYYeHHbIe B COIIOCTABUMBDIX 110 AU3AMHY
MEXAYHAPOAHBIX HCCAGAOBAHHUAX.

CeponpepaaenrrocTb Kk BUpycy SARS-CoV-2 y mepuriis-
CKHX PAOOTHHKOB U KOHTPOABHOM IPYIIIIBI B 1}eAOM OBIAQ CO-
MOCTAaBUMA, PA3ANYHMS SBASAMCH CTATHCTUYECKH He3HAUHMBI-
MH, YTO MOXXET CBHACTEABCTBOBATDb O BAXKHOM POAU CPEACTB
HHAUBHAYAABHOM 3AIUTHI M APYTUX Mep IPEAOCTOPOKHOCTH,
KOTOpbIe IPUMEHSIOTCS] MEAUIIMHCKHM IepcoHasoM. K 6aus-
KOMY 3aKAIOUEHHUIO IPUXOAAT U APYTHE aBTOPbI, OTMeYast OT-
CYTCTBHE CyIIeCTBEHHbIX Pa3AMYMH B CEpOIPEBaACHTHOCTU
MEAMIIMHCKOTO M HEMEAMIIMHCKOTO (BCIIOMOTaTeAbHOTO) Tiep-
conaaa [23, 26, 32, 33] u/nAK IPHOPUTETHYIO POA COLAAD-
HbIX U CeMeHbIX KOHTaKToB [ 26, 34]. Wu u coasropst (2020),
YCTaHOBHAH, YTO CMEPTHOCTb B IPYIIIIE MEAULIMHCKHX PaboT-
HukoB ot COVID-19 6b1aa HIDKe, 4eM CpeAU IIPEACTABUTeALH
Apyrux mpodeccuil [35]. OAHaKO B HEKOTOPBIX BbIGOPKaX —
AoupoH [36], ceponpeBareHTHOCTD CPEAH MEAULIMHCKHX Pa-
6OTHHKOB 0bIAQ IIOYTH B 2 pasa BBILIE, YeM Y HACEACHUS B
IIeAOM.

AocTtoBepHble 60Aee BBICOKHE [IOKA3aTEAH CepOIIpeBa-
AEHTHOCTH K 0eAKy Hykaeokarcupa Bupyca SARS-CoV-2 y
MEAUIIMHCKHX CeCTEp II0 CPAaBHEHHIO C BPauyaMH SBASIOTCH,
BEPOSTHO, CACACTBHEM BO3ACHCTBUS Pa3AMYHOM BUDYCHOM Ha-
TPY3KH U BpeMeHHU KOHTAKTa. Psa aBTOPOB Taroke IIOATBEPXK-
AQIOT O0A€e BHICOKYIO PACIPOCTPAHEHHOCTD IIOAOKUTEABHDIX
[1LIP-tectos [27] u ceponpesasentHOCTH [martin] cpeaun
MEAULIMHCKHX CeCTEp II0 CPAaBHEHHIO C APYTHMH IPYIIIAMH
MEAMIMHCKUX PAOOTHUKOB M OTMEYAIOT POAb MPSIMBIX IIPO-
AOAKMTEABHBIX KOHTAKTOB ¢ ranenTamu [ 37]. CpeaHuit me-
AMLIHCKAI [IePCOHAA, YIUTHIBAS GYHKIOHAABHEIE 00SI3aH-
HOCTH, CBSI3aHHBIe C 60Aee BEICOKON KPATHOCTBIO KOHTAKTA C
naryenTamy (OCTaHOBKA HHbeKLHI, BBIAAYA AeKAPCTBEHHBIX
IpeIapaToB, U3MePeHHe TeMIIEPATyPhl U APYTHe MAHHUITYAS-
1jun), EMeeT 60Aee AAUTEABHDII KOHTAKT C TALeHTaMH, HH-
¢urposaHHbIMU SARS-CoV-2, 4TO, BepOSITHO, PEATIOAATAET
OOABIIIYIO0 BUPYCHYIO HATPY3KY U AAUTEABHOCTD BO3AEHCTBIU
Bupyca SARS-CoV-2 [10].

BoiiBACHHbIE HAMH CTaTHCTHYECKH 3HAYUMO BBICOKHE
IIOKA3aTEAN CePOIPEBAACHTHOCTH Y MEAULIMHCKHX CecTep
AY MOAOAOTO BO3PACTa, BEPOSATHO, CBSA3AHbI C OOABIIEH BO-
BAEYEHHOCTb 3TOH I'PYIIbI B IPOM3BOACTBEHHBIM IpPOIlecC
B nepuop nanpemun COVID-19, cpaBHuTeABHO HE3KOM (11O
CPaBHEHHIO C MEAMIMHCKHMH PAabOTHHKAMH, 3aHSATHIMU B
YCAOBHSX BpeMEHHBIX HHEKIMOHHBIX FOCIHTaAEl) HACTO-
pokeHHOCTBIO 3apaxeHus BUpycoM SARS-CoV-2, ocoben-
HOCTAMYU IPUMEHEHHUS CPEACTB MHAMBUAYAABHOH 3aIHTEI,
0COOEHHO B HAYAABHBIN IEPHOA IOABEMA 3260A€BAEMOCTH
COVID-19, a Taxxe 0CO6eHHOCTSME (pOPMUPOBAHKS AHTH-
TeA K BUpycy SARS-CoV-2 B MoaropoM Bo3pacTe. [Ipumene-
HHe TeCT-CHCTeMbI K 0eAKy HyKAeokarcupaa Bupyca SARS-
CoV-2, MOxeT, IO MHEHHMIO PSAd ABTOPOB, IOBBINATH Ba-
AMIAHOCTD CePOAOTHYECKHX TeCTOB AASL AMI] IOXHAOTO BO3-
pacra [38]; 0AHAKO Adke B YCAOBHSX IPUMEHEHHS CEPOAO-
THYECKOTO TeCTa, C GOABIIEH BEPOSTHOCTBIO BBIIBASIOLIEIO
ummyHHBIA oTBeT K SARS-CoV-2 y HOXHABIX AfOAel, ObIAd
yCTaHOBAEHA OOpaTHasl 3aBHCUMOCTD CEPOIPEBAACHTHOCTH
OT BO3pacTa. AHAAOTHYHBIE PE3YABTaThl OTMEYEHbI M ADY-
rumu asTopamu [23, 37, 39]. B psae uccaeposanuit saBucu-
MOCTb CepOIPEBAAEHTHOCTH OT BO3PacTa He 0OHAPYKUBAAACD
(26, 34, 40, 41].

IToAyueHHBIe B AAHHOM pabOTe pe3yAbTaThl 06 OTCYTCTBUN
BAISTHIS II0AQ Ha pOPMHpOBaHIe aHTHTeA Kaacca G K 6eAky
Hykaeokarcupa Bupyca SARS-CoV-2 coraacyroTcs ¢ AAHHBIMH
APYTHX aBTOpOB [26, 34, 40, 41].
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OrcyrcTBre BAMAHNS $pakTOpa «paboTa B yCAOBHSX Bpe-
MEHHBIX HHQEKITMOHHBIX FOCIIMTaACH > Ha OPMHPOBAHNE aH-
THTeA Kaacca G k Hykaeokarcuay Bupyca SARS-CoV-2, Bbsas-
AEHHOE B XOA€ AQHHOTO MCCAEAOBAHMS, MOXET 00BSICHATHCS
BBICOKOH 3 PeKTUBHOCTDIO IPUMEHEHHS CPEACTB HHAUBUAY-
AABHOH 3aIUTHI U MPOTHBOSIMHAEMUIECKOH HACTOPOXEHHO-
CTBIO TIepCOHAAA. APYTHMHU aBTOPaMH HEOAHOKPATHO OTMe-
4aAach bGoAee HU3KASI CEPOIPEBAACHTHOCTD K BUPYCy SARS-
CoV-2 MeAMITMHCKOTO IIePCOHAAd OTAGACHMI peaHHUMAIMH
U UHTEHCHBHON Tepamuy, rAe MOTeHIHAAbHO BepOATHOCTD
BBICOKMX BHPYCHBIX HaIPy30K OYeHb BbICOKas, HO IIEPCOHAA
oueHb XOpomo 3amuméH (22, 23, 36, 37, 41, 42, 43]. Piccoli
1 coasTopsi (2021) yCTaHOBHAH, YTO BEpOSTHOCTD CEPOKOH-
BEPCHHU CpeAr pabOTHHKOB FOCIIUTAAEH, PA3BEPHYTHIX B IOXK-
Ho# yacty [lIBefiriapun criefuaAbHO AAS 60Pb6bI C HOBOH KO-
poHaBupycHoi uHekimeit (anaror poccuiickux BUT), aump
He3HAYUTEAbHO IPEBbIINAAA TAKOBYIO AAS MEAUITMHCKOTO Ilep-
COHAAQ APYTHUX Ae4eGHDBIX yUpexAeHHi [44].

CoraacHO OOLEIPUHATHIM MEXaHU3MaM $pOPMUPOBAHIUS
MMMYHHOTO OTBeTa K BUPYCHON uHexuuu [7], AAst mepn-
IIUHCKMX PAOOTHHKOB, AASL KOTOPBIX CepOIPeBAACHTHOCTb
K Bupycy SARS-CoV-2 6b1aa COMOCTaBHMA C [OKA3aTEASIMH
TPYIIIB KOHTPOAS, MOXKHO OBIAO OBI IIPEATIOAOXUTDH HAAU-
4pe 3aIUTHOTO UIMMYHHUTETA K KOPOHABUPYCHON MHEKIUH,
COIIOCTABUMOTO C IPYIION KOHTPOASL. B AanHOI paboTe, oc-
HOBBIBasICh Ha cpaBHeHMM KpuBbix Kanaaiina—Meriepa, mo-
CTPOEHHBIX AAS MEAUITMHCKHMX PaOOTHHUKOB, C KPUBBIMHU AAS
KOHTPOABHOM TPYIIIIbI, HAMHU BbIIBA€HA CPAaBHUTEABHO HU3-
Kas BepOATHOCTb OCTAaTbCSA 3AOPOBBIMU K KOHIY HCCAGAye-
MOTO IIEPHOAQ Y MEAMIIHCKUX PAOOTHHKOB II0 CPaBHEHHIO
C TPYIIION KOHTPOASL.

Puck 3a60AeTh HOBOI KOPOHABHPYCHOM HHeKLHEeH K
KOHITY HCCAEAYEMOTO TIepHOAA ¥ Bpauel, IIperMyIleCTBeHHO
3AHATHIX B YCAOBUAX A€UEOHBIX YUpeXAeHHUH, ObIA B 2,33 pasa
BbIIIIE, YeM B KOHTPOAbHOM I'PYIIIIE. Hpn 9TOM MCXOAHBIN YPO-
BeHb CEpOIPEBAACHTHOCTH B 3TOM IPYIIIIe GBIA COIOCTABUM
C OCTAABHBIMHU ITPO¢eCCHOHAABHBIME TpynmamMu. B rpymmax
MeaunuHCKUX cecrep AY u Bpaveit BUI' otHOCHTeAbHbIE pU-
CKH TaKoke O0b1AH 60AbIie 1,0, HO OLJeHKH PUCKOB OBIAM CTATH-
CTHYEeCKM HEeAOCTOBEPHBIMU. B rpymme MeauIMHCKHX cecTép
BUT oTHOCHTEABHBI prcK Ob1A HiDKe 1,0.

AaHHOe 06CTOSTEABCTBO IIOATBEPIKAAET BRICOKYIO 3HAUH-
MOCTb 3 PeKTHBHBIX P OTUBOINMUAECMUYECKIX MEPOIPUATHUH
B MEAULIMHCKHX OPTaHU3AIMIX, BKAIOYAs CPEACTBA MHAMBHU-
AYaAbHOH 3aIMTHl M OpPTaHM3AlMOHHbIE HpolieAypsl. Tak,
Heinzerling u coasropst (2020) yTBepKAQIOT, 4TO Ha paH-
HeM 9Talle MAHAEMUH B OAHOM 13 KAMHUK KaaupopHuu Obia
ONKCaH KAMHHYECKUH CAyYail 3apakeHUS OT OAHOTO U TOTO
e IAIMeHTa CPasy 3-X MEAULMHCKUX pabOTHHKOB u3 121,
He MOAb30BABIIMXCS CPEACTBAMU HHAMBHMAYAABHOH 3aIUTBHI,
TOTAQ KaK cpepr 146 pabOTHHKOB, MPUMEHSIBIINX 3aIIUTHbIE
CpeACTBa, He 3a00AeA HUKTO [42].

CaeayeT OTMeTHTb, UTO HaAMYME aHTHTeA Kaacca IgG x
6eAky Hykaeokancuaa Bupyca SARS-CoV-2 He 3amuimano Me-
AMLMHCKIX paOOTHHIKOB B IIOAHOM Mepe: 9aCTb MEAULIUHCKUX
paboTHHKOB B TedeHre 150-AHEBHOTO IIePHOAL HAOAIOACHIS
0bIAa MHQHITMPOBAHA U KMeAA IPKYI0 KAMHMYECKYIO CHMIITO-
maruky COVID-19.

OnucriBaeMoe HCCAGAOBAHME SIBASIETCS IEPBBIM CPeAHe-
CPOYHBIM (150 Aﬂeﬁ) HPOCNeKTUBHBIM HCCAGAOBAHHEM I10 U3-

Original articles

Y4eHHIO 3aIUTHOM POAN CEPOKOHBEPCHH HA PUCK PAa3BUTH
COVID-19 y mepunuuckux pabotaukos. Panee Houlihan u
coasropsl (2020) Omy6AMKOBaAU Pe3YABTaThl 1-MecsaHOTO
HabOAIOACHUS 32 TPYIIION CepOIIO3UTUBHBIX U CEPOHEraTHB-
HBIX MEAMLIMHCKHX PabOTHUKOB (mo anTHTeAaM K S-6eAky)
[39].B IPYyIle CepOHEraTUBHBIX AU} OBIA HHQUIMPOBAHYE
npousomao y 13% mporus 3% B rpymmne CepONO3UTHBHBIX
AMIL. AHAAOTHYHbIE Pe3YABTAThI OBIAH IIOAYYeHSD! Letizia u co-
apropamu (2021) Ha BbriGopke MoroAbiX (18-20 AeT) HOBO-
6panrieB Mopckoit mexorst CIIIA B xope 6-HepeABHOTO HabAIO-
AEHIIS: OTHOCHUTEABHBII PUCK 3200A€Th HOBOI KOPOHABUPYC-
HOU HHQEKIUY ¥ CEPOIIO3UTHBHBIX PeKpyTOB ObA paBer 0,45
(95% AU 0,32-0,65) [45]. O6e rpymmst aBTOpbI OTMETHAH,
9TO 3AIIUTHBIN 3QPEKT CEpOKOHBEPCHUH ObIA IIOATBEPKASH
TOABKO Ha KOPOTKOM BpeMeHHOM HHTepBaAe. Hame nccae-
AOBaHHe TakKe [I0KA3aA0, YTO CEPOKOHBEPCHUSI CBsA3aHa C 60-
Aee HU3KOH BeposTHOCTHI0 3a60aeTs COVID-19, ocobenHo B
IIepBbIe 2 MeCSLA, OAHAKO OTHOCHUTEABHbIE PICKH OBIAU HEAO-
CTOBEPHBI, YTO He TIO3BOASIET CAEAATb 3aKAIOUEHHUE O 3AINUT-
HOM POAU CepOIIO3UTUBHOIO craryca 1o IgG x Geaky Hykae-
okancupa SARS-CoV-2.

Bri6op I1eAeBOro aHTHreHa, T0 MHeHuIo Burgess u coas-
Topos (2020), nMeeT pemaromee 3HAYEHHE AAS OLICHKH UM-
MYHOAOTHYECKOH 3alMIIEHHOCTH OpranusmMa. B yacTHocTy,
HEKOTOpbIe ABTOPHI IOAATAIOT, YTO HENTPAAUSYIOLIUME CBOM-
CTBAMH, B OTAUYHE OT aHTHUTEA K OEAKY HYKAEOKAIICHAR, 06-
AApAI0T aHTHTeAa K S-6eaxy [ 10, 46, 47]. Heob6xopnmo Taxske

€CTb BO3MOXKHOE CHIDKEHHe CO BpeMeHeM THUTPA aHTHUTeA
fas].

BaxxapiM mpepnoAsokeHreM, KOTOpoe Tpe6yeT AAAbHEH-
IEr0 U3Y4YeHHUS, SBASETCS POAb HEAOCTATOYHO 3PeKTHB-
HbIX OPTaHU3AIMOHHBIX IPAKTUK B MEAHIIMHCKUX yIpexAe-
Huax [49].

I'mnoTessl, mpeAlToAaraeMble HAMH B XOA€ AAHHOM pabOTBI,
TpeOyIOT OCTAHOBKY HOBBIX IleAeH U 3aAa4, U pa3paboTKu
AM3aiTHA HCCAEAOBAHMS, IIPEAYCMATPHBAIONIETO YBEAMIEHHBIN
00peM BBIOOPKH, paclIMpeHUe [TAHEAN TECTOB C BKAIOUEHH-
€M TeCTOB Ha Pa3BEPHYTHII PSIA CTPYKTYPHBIX OEAKOB U, BO3-
MOXXHO, M3y4eHHe KAeTOYHOTO uMMYyHHTeTa [ S0 ], moBTOpHSIE
TeCTUPOBAHMS UMMYHOAOTMYECKOTO CTAaTyca B TeUeHHe Ha-
OAIOACHILS, YAAVHEHUE [IePUOAA HAOATOACHNS U YIET 0CObeH-
HOCTeN 9IHAEMHIYECKOTO IIPOLIeCCa B IIEPUOA HAOAIOAEHUSL

3akarouenne. [1o danHbim UMMYHOAOZUMECKUX UCCAL008a-
Huil Ha Hasumue anmumen IgG x beaxy HykAeokancuda eupy-
ca SARS-CoV-2 ycmanosaeno, umo pacnpocmpanénnocme ce-
PONPesArEHMHOCY Y MEOUYUHCKUX cecmEp J0cmosepHo Bbiue
10 CPABHEHUIO C BPaAHaAMIY, MEOUYUHCKUE CECMPbL AeeOHBIX Op-
eanusayuii mor00020 803pacma umenm Gosee 8bicoKue noKd-
3ameAu ceponpesareHmHocmu Kk beaky Hykeokancuda eupyca
SARS-CoV-2. I1o dannbim npochexmusHozo HabA00eHus BbLs6-
AEHO UMO BPAHU AeHeOHbIX OP2aHU3AYUTI, HE OMHECEHHDLX K Bpe-
MEHHbIM UHPEKYUOHHDIM 20CHUMAASM, UMEIM 0Aee BbICOKUIL
puck passumus cumnmomamuueckoti popmor COVID-19, umo
MOHcem Bbimb c83aH0 KAk ¢ HedOCMAmouHOT IPPeKmusHocmbro
NpoMmuBoInUdemuHeckux Meponpusmul, max u ¢ 0cobenHocms-
MU UMMYHHO20 0MEeMa U no0xo0amu, npumeHsemvimi 0As e2o
oyenxu. B mexywjeii anudemureckoti cumyayuu evlseAeHue aH-
mumen IgG « supycy SARS-CoV-2 mosem 6vib ucnoAb308ano
0As npuHamus pewenus o pacnpedesenuu 06s3antocmeil cpedu
MeOUYUHCKO20 NEPCOHAAA.
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Introduction. To date, issues related to the protection of medical workers from COVID-19 infection, including immunological
protection, are of particular interest.
The aim of the study was to explore seroprevalence of the IgG to SARS-CoV-2 N-protein in various groups of medical
workers with the following assessment of the risk of COVID-19, depending on the seropositivity and occupational group.
Materials and methods. The study of the strength of immunity to COVID-19 was carried out within the framework of the
large-scale Rospotrebnadzor program to assess population immunity to the SARS-CoV-2 virus in the population of the Russian
Federation, considering the protocol recommended by WHO, on the basis of the laboratories of the Center for Hygiene and
Epidemiology in the Republic of Tatarstan. From the sample of the study conducted in the Republic of Tatarstan, medical
workers (301) were selected without a history of a new coronavirus infection and with no clinical symptoms of this disease
at the time of biomaterial sampling (June 2020); the absence of the transferred new coronavirus infection was verified by
the Unified State Information System "Electronic Health of the Republic of Tatarstan". The comparison group included 52
employees belonging to the engineering and technical personnel and not employed in medical institutions who met the above
inclusion criteria. In the aggregate, the observation group (medical workers and the comparison group) included 12.1% of
the participants in the population study.
Results. The rate of seropositivity was 36.5% in the control groups, 23.7% — in doctors, and 38.9% — in nurses. Compared
to doctors, seroprevalence was higher in nurses. The employment of medical workers in temporary infectious diseases hospitals
did not affect the production of the IgG to SARS-CoV-2 N-protein. A relatively low prevalence of seropositivity among doctors
of temporary infectious diseases hospitals was revealed.
The probability of seroconversion decreased with age and did not depend on gender or history of recent contacts with
COVID-19 patients.
The survival analysis showed that the probability of remaining healthy by the end of the follow-up was the lowest among
doctors from medical and preventive institutions that did not serve as temporary infectious diseases hospitals. The risk of
COVID-19 in seronegative individuals was higher, but without statistical significance.
Conclusion. According to the data of immunological studies for the presence of IgG antibodies to the nucleocapsid protein of the
SARS-CoV-2 virus, it was found that the prevalence of seroprevalence in nurses is significantly higher than that of doctors, nurses
of medical and prophylactic organizations of young age have higher seroprevalence to the nucleocapsid protein of the SARS-CoV-2.
According to prospective observation, it was revealed that doctors of medical and prophylactic organizations that are not classified
as temporary infectious diseases hospitals have a higher risk of developing a symptomatic form of COVID-19, which may be due
to both the insufficient effectiveness of anti-epidemic measures and the peculiarities of the immune response and approaches, used to
evaluate it. In the current epidemic situation, the detection of IgG antibodies to the SARS-CoV-2 virus can be used to decide on the
distribution of responsibilities among medical personnel.
Keywords: COVID-19; SARS-CoV-2 virus nucleocapsid protein; class G immunoglobulins; medical workers; professional
responsibilities; morbidity
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Introduction. The pandemic of new coronavirus
infection (COVID-19) poses a threat to public health
around the world [1]. COVID-19 is the result of infection
with the SARS-CoV-2 coronavirus and was first detected
in China in 2019 [2-5]. The SARS-CoV-2 virion contains
four main structural proteins: the spike protein (S-protein),
which ensures the penetration of the virion into the host cell
through binding to the angiotensin-converting enzyme 2
(ACE2) on the cell surface, membrane protein (M-protein),
virion envelope protein (E-protein), as well as a nucleocapsid
protein (N-protein), which attaches to the genomic RNA
chain to produce a nucleoprotein complex [6, 7].

When contact with the SARS-CoV-2 virus occurs in the
human body, antibodies to various proteins of the SARS-
CoV-2 virus, belonging to classes G, M, A of immunoglobulins,
could be produced [7-10]. At the same time, the protective
role of antibodies to certain structural proteins of the SARS-
CoV-2 virus has not been fully established [7, 10-12].

After the development and commercialisation of test
systems for the determination of class G immunoglobulins
to the SARS-CoV-2 virus in various countries of the world,
including the Russian Federation, large-scale immune-
epidemiological studies were carried out [13-24]. In these
studies of immunity in various population groups, antibodies
to the S-protein and the nucleocapsid protein (N-protein)
were detected in most cases.

Of particular interest are issues related to the protection
of medical workers from COVID-19 infection, including
data on the immunological protection of medical personnel
[22,23,25-29]. There are several studies on humoral
immunity to SARS-CoV-2 among medical workers [22],
including those carried out in the Russian Federation [30],
however, there are practically no prospective observations
with an assessment of the risks of infection with the SARS-
CoV-2 virus in various groups of medical workers depending
on the initial level of the immune response.

The aim of the study was to estimate seroprevalence
of antibodies of class G against SARS-CoV-2 nucleocapsid
protein among various groups of medical workers — doctors
and nurses of temporary infectious diseases hospitals created
for coronavirus (THC), doctors and nurses of other medical
and preventive institutions (MPI), with subsequent analysis
of the risk of new coronavirus infection depending on the
initial immune status and occupational group during a 150-
day follow-up.

Materials and methods. The study of immune response
to the SARS-CoV-2 virus was carried out in the frame of
the large-scale program ruled by the state body responsible
for the epidemiological surveillance — Federal Service for
Surveillance on Consumer Rights Protection and Human
Wellbeing (Rospotrebnadzor§. The program aim is to
assess the herd immunity to the SARS-CoV-2 virus in the
population of the Russian Federation [15]. The protocol
recommended by WHO was implemented. From the regional
sample included in the adverted study in the Republic of
Tatarstan [19], medical workers (301 people) without a
previous history of new coronavirus infection and with no
clinical symptoms of COVID-19 at the time of biosampling
(June 2020) were selected; the absence of new coronavirus
infection was verified by the Unified State Information System
"Electronic Health Care of the Republic of Tatarstan". The
comparison group included 52 workers and was formed from
engineering and technical workers (ITW) not em-ployed in
medical institutions who met the above inclusion criteria.

Original articles

The characteristics of the groups are presented in table 1. In
total, the study sample (medical workers and the comparison
group) encompassed 12.1% of the participants in the regional
population study.

Women accounted for 83% of the group under study. All
subgroups were age matched. Direct contact with patients
with new coronavirus infection (COVID-19) within 14 days
prior to biomaterial sampling was pointed out (in to the
questionnaire) by 14.8% of the study participants.

In the group of healthcare workers, 46.2% were doctors,
53.8% nurses. 32.9% of them were employed in temporary
infectious diseases hospitals created for coronavirus, 68.1%
— in other medical organisations.

The immune response to the SARS-CoV-2 N-protein
was detected by the enzyme-linked immuno-sorbent
assay (ELISA) using commercial kits for the analysis of
human blood serum for the presence of specific class G
immunoglobulins to the SARS-CoV-2 N-protein, produced
by the State Scientific Center for Applied Microbiology

Table 1
Socio-demographic and epidemiological characteristics
of the groups under study (353 people)

Age, years
Socio-
demographic and .
epidemiological % (95% CI) M (o) Min-
characteristics Max
Gender:
Females (n=293) 83,0 (79,1-86,9) | 43,7 (13,3) | 18-81
Males (n=60) 17,0 (13,1-20,9) | 45,8 (13,2) | 20-71

History of recent contact with COVID-19 patients (according
to the questionnaire)':

No (n=301) 85,2 (81,3-89,1) | 43,9 (13,4) | 18-81
Yes (n=52) 14,8 (10,9-18,7) | 45,2 (12,1) | 23-73
Types of healthcare institutions:

Controls (n=52) 14,7 (10,8-18,6) | 42,8 (11,2) | 19-64
MPI* (n=202) 57,2 (53,3-61,1) | 44,0 (13,5) | 19-81
THC? (n=99) 28,1 (24,2-32,2) | 44,8 (13,8) | 20-73
Occupational groups:

Controls (n=52) 14,7 (10,8-18,6) | 42,8 (11,2) | 19-64
Doctors (n=139) 39,4 (35,5-43,3) 47,7 21-81
Nurses (n=162) 45,9 (42,0-49,8) 41,4 16-74

Occupational groups by types of healthcare institutions:

Controls (n=52) 14,7 (10,8-18,6) | 42,8 (11,2) | 19-64
MPI

Doctors (n=96) 12,2 (8,3-16,1) | 48,8 (12,8) | 26-73
Nurses (n=106) 15,9 (12,0-19,8) | 41,7 (13,9) | 20-70
THC

Doctors (n=43) 27,2 (23,3-31,1) | 47,2 (13,9) | 23-81
Nurses(n=56) 30,0 (26,1-33,9) | 41,2 (12,6) | 19-74

Note: ' 1-14 days before blood sampling; * THC — temporary
infectious diseases hospitals created for coro-navirus, MPI — other
medical and preventive institutions.
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and Biotechnology of Rospotrebnadzor (Obolensk), series
04 (production date 04.2020, RU No. RZN 2020/10268
dated 08.05.2020). The optical densities of the control
and test samples were measured on a spectrophotometer
(an automatic enzyme-linked immunosorbent microplate
analyser Infinite FSO (Tecan Austria GmbH, Austria§ at
a wavelength of 450 nm. The results were taken into ac-
count qualitatively and were considered positive if the S /
C positivity coefficient was equal to or higher than 1.1 (in
accordance with the instructions for the test system). The
analytical sensitivity of the kit is at least 91%, the analytical
specificity is at least 95%, being subject to the rules for taking,
transporting and storing the biomaterial.

Within 150 days from the blood sampling, cases of new
coronavirus infection were monitored on the basis of the
patient's inclusion in the Federal Register of COVID-19
Patients.

For statistical analysis the R software (version 1.3.1073)
was used. The generally accepted methods of parametric
and nonparametric statistics were applied. To analyse the
dependence of seroprevalence (yes/no — taking into account
the value of the positivity coefficient) on gender, age, contacts
with patients and the occupational group, univariable and
multivariable models of logistic regression were built with
subsequent calculation of odds ratios with 95% confidence
intervals. When selecting multivariable models, the backward
exclusion procedure based on the Akaike criterion (AIC) was
used. Full model included all independent variables (gender,
age, contacts with patients, occupational groups by types of
healthcare institutions), as well as their pairwise interactions.

To compare the risks of new coronavirus infection in
various occupational groups, Kaplan-Meier survival curves
were plotted. To estimate the adjusted hazard ratios, the Cox
proportional hazards models was applied. The assumption
of risk proportionality was tested by plotting Schoenfeld's
residual; if the risks were not proportional, time strata with
a separate calculation of the hazard ratios were applied.

Differences were considered significant at p<0.05 level;
p<0.1 levels were analysed as well. Means were compared
by the Student's t test, the Kaplan-Meier curves — by the
log rank test, the Cox proportional hazards model — by the
z-test.

Results. The seropositivity rate of IgG to the N-protein
of the SARS-CoV-2 virus was 36.5% in controls, 23.7% — in
doctors, and 38.9% — in nurses (table 2a). The proportion
of seropositive individuals in nurses did not differ from the
control group: odds ratio 1.1 (95% CI 0.58-2.14). In doctors,
the seropositivity was slightly fewer than in the control group:
the odds ratio 0.54 (95% CI 0.27-1.08).

Among healthcare workers, seroconversion occurs
significantly more often in nurses than in doctors (table 2b):
odds ratio 2.04 (95% CI 1.24-3.40). The employment of
medical workers in temporary infectious diseases hospitals
did not affect the production of the IgG to SARS-CoV-2
N-protein (table 2b): odds ratio 1.1 (95% CI 0.66-1.84).
Noteworthy is the relatively low prevalence (20.9%) of
workers who were seropositive for the presence of IgG to
the N-protein of the SARS-CoV-2 in doctors of temporary
infectious diseases hospitals (table 2a) compared with the
control group: odds ratio 0.46 (95% CI10.18-1.14).

In the men's group, the seropositivity rate was slightly
lower than in women (table 2a): odds ratio 0.58 (95% CI
0.29-1.08). With age, the seropositivity rate increased (table
2a): odds ratio 1.02 (95% CI 1.0~1.03) per living year. The
likelihood of seroconversion was not reliably associated
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with recent contact with the COVID-19 patients who had
new coronavirus infection (table 2a): odds ratio 1.35 (95%
CI0.73-2.48). This may happen due to the widespread virus
circulation in the Republic of Tatarstan and many carriers of
asymptomatic forms in residents.

The next step of data analysis was multivariable logistic
regression with insersion of variables "gender", "age", "contacts
with COVID-19 patients", "professional group: engineering
and technical workers (ITW), THC doctors, THC nurses,
MPI doctors, MPI nurses”, as well as their pairwise
interactions. It helped clarify the results of univariable
regression analysis presented above and obtain estimates of
the influence of different types of professional activity on
the seroconversion for IgG to the SARS-CoV-2 N-protein
(adjusted for potential cofounders and modifying factors).

Age turned out to be a significant modifying factor:
at older ages, the likelihood of seroconversion decreased.
Figure 1 shows the logistic regression coefficients f
calculated with considering the model for different types of
professional activity, depending on age. The higher likelihood
of seroconversion in MPI nurses of younger ages, compared
with the control group, was statistically significant (see model
description in the caption to Fig. 1), which may be associated
with the greater involvement of young nurses in the work
processes during the COVID-19 pandemic.

According to the results of multivariable modeling, the
likelihood of seroconversion did not depend on gender or
the indication of recent contact with COVID-19 patients in
the anamnesis.

An analysis of the survival probability, carried out using
the Kaplan-Meier curves (Fig. 2a), showed that staying
healthy during the observation period (150 days) was
significantly lower for healthcare workers. In the group of
engineering and technical workers, new cases of COVID-19
were detected in 3 people (5.8%), 19 cases in doctors
(13.7%), and 14 cases (8,6%) in nurses.

The likelihood of staying healthy by the end of the follow-
up period was the lowest in doctors of MPI not classified as
THC (Fig. 2b). In the group of MPI doctors, only 85.4%
(82 out of 96 MPI doctors under supervision) remained
healthy at 150th day of follow-up which is the lowest rate in
comparison with other professional groups.

The Cox proportional hazards model helped to study
the dependence of the incidence of COVID-19 on sex, age,
contact with COVID-19 patients, professional activity, with
considering the place of work and initial serological status
for IgG to the SARS-CoV-2 N-protein (presence/absence of
seroconversion) with time stratification (before after 60 days
from the moment of sampling) (table 3). The introduction of
time strata into the Cox proportional risk model (up to the
60" day of follow-up and after the 60 day of follow-up) was
justified by analysing Schoenfeld residuals (Fig. 3), indicating
a tendency (p<0.1) to disproportionate risks in time. In other
words, the effect of baseline IgG serological status for the
SARS-CoV-2 N-protein differed in the initial and subsequent
periods of observation. In the first 60 days, the relative risk of
COVID-19 disease in seronegative individuals was 1.18, and
in the period after 60 days from the beginning of observation
— 1.74. However, the calculated risks were unsignificant,
which does not allow us to conclude the protective role of
the seropositive IgG status to the SARS-CoV-2 N-protein.

Discussion. In the context of the ongoing COVID-19
pandemic, great hopes are pinned on the formation of herd
immunity. A systematic review and meta-analysis, which
included 47 immunoepidemiological studies in the general
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Table 2a
Univariate logistic regression models of probability of seropositivity to the IgG to SARS-CoV-2 N-protein (test
positive/negative), depending on the gender, age, contact with COVID19 patients and oc-cupational group

| OR[95%CI] |

Variable/Seropositivit n % +m'
P y p
Gender:
Females Test positive 101 34,5%
Test negative 192 65,5%
" o
Males ;res: P Os‘ttl_ve : iZi;’ ~0,54+0,14* | 0,58 [0,29-1,08] 0,096
est negative ,7%
Age, years 0,02+0,01* 1,02 [1,00-1,03] 0,067
History of recent contact with COVID-19 patients (according to the questionnaire)*:
N Test positive 95 31,6%
o — — —
Test negative 206 68,4%
Test positi 20 38,5%
Yes T::t E;’;:;Z 2 s O/Z 030031 | 1,35 [0,73-2,48] 0,33
Occupational groups:
Test positive 19 36,5%
trol — — —
Controls Test negative 33 63,5%
Test positive 33 23,7%
— + * -
Doctors Test negative o6 T63% 0,61£0,35* | 0,54 [0,27-1,08] 0,08
Test positi 63 38,9%
Nurses T::t E:gsgtﬁ 5 . %‘: 0,10£033 | 1,10 [0,58-2,14] 0,76
Types of healthcare institutions®:
Test positive 19 36,5%
Control — — —
Ontros Test negative 33 63,5%
Test positive 33 33,3%
THC et fl’ gative - % ~0,14+036 | 0,87 [0,43-1,77] 0,69
)
Test positive 63 31,2%
— + —
MPI Test negative 139 68,8% 0,24+0,33 0,78 [0,42-1,51] 0,46
Occupational groups by types of healthcare institutions:
Controls Test positive 19 36,5%
Test negative 33 63,5%
Test positive 9 20,9%
- + * -
Doctors (THC) Test negative 34 79.1% 0,78+0,47 0,46 [0,18-1,14] 0,10
Test positi 24 42,9%
Nurses (THC) T:t ::gsgtlliz - 57’1(;; 026£0,39 | 1,30 [0,60-2,84] 0,50
Test positive 24 25,0%
— + —
Doctors (MPI) Test negative - 75,0% 0,55+0,37 0,58 [0,28-1,21] 0,14
Test positi 39 36,8%
Nurses (MPI) Teesst E:gs;tll“’,ee = = 20/‘; 0,01£0,35 | 1,01 [0,51-2,03] 0,98
)

Notes: ' * — p<0,1; 2 — 1-14 days before blood sampling, * THC — temporary infectious diseases hospitals created for coronavirus,
MPI — other medical and preventive institutions.

Table 2b
Univariable logistic regression models of probability of seropositivity to the IgG to SARS-CoV-2 N-protein (test
positive/negative), depending on the type of professional activity of medical workers

Variable/Seropositivity | n | % | f+m' | OR [95% CI] | p
Occupational groups:
Doctors Test positive 33 23,7%
Test negative 106 76,3%
Test positi 63 38,9%
Nurses T:’t E;’;;‘;Z o R 0,712026* |2,04[1,24-340] | 0,005
)
Types of healthcare institutions’:
Test positive 33 33,3%
TH — — —
¢ Test negative 66 66,7%
Test positive 63 31,2%
+ —
MPI Test negative 30 68.9% 0,10£0,26 | 1,10 [0,66-1,84] 0,71

Note: ' * — p<0,1; > THC — temporary infectious diseases hospitals created for coronavirus, MPI — other medical and preventive

institutions.
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Doctors (THC) Nurses (THC) Doctors (MPI) Nurses (MPI)

=] [\

|
[\

Coefficient of logistic regression {3

20 30 40 S50 6020 30 40 SO 6020 30 40 SO 6020 30 40 S0 60
Age (years)

Fig. 1. Predicted coefficients of logistic regression f for different groups of professional activity, depending on age, in
multivariate logistic regression model:

IgG (test positive/negative) = -3,72 + 0,07AGE’ + 0,52COVID Doctor + 2,26COVID Nurse + 1,66HOSPITAL
Doctor + 2,63HOSPITAL Nurse® + 0,47CONTACT - 0,04AGExCOVID Doctor - 0,04AGEXCOVID Nurse —
0,0SAGEXHOSPITAL Doctor - 0 06AGE><HOSPITAL_Nurse3 (p=0,02), where: AGE — age in years; "COVID_
Doctor — doctors from temporary infectious diseases hospitals, COVID Nurse — nurses from temporary infectious
diseases hospitals, HOSPITAL Doctor — doctors from other medical and preventive institutions; HOSPITAL Nurse
— nurses from other medical and preventive institutions; CONTACT — contact with COVID-19 patients, ' — p=0,02,

— p=0,09,% — p=0,08

1,00 1,00
g 095 o 095 Occupational
s Occupational & group
g 09  group _Té 090 _ Control
g — Control g -- Doctors (THC)
% 085  -- Doctors % 0,85  -- Nurses (THC)
—- Nurses - Doctors (MPI)
0,80 0,80 -+ Nurses (MPI)
0 50 100 150 0 50 100 150
- Number of employees Tg“ Number of employees
g . 25 %2 52 51 49
g5 2 2 S1 49 88 43 41 41 38
58 139 133 130 120 3 56 5§ 5§ 53
8 162 158 155 149 © 96 92 89 82
106 103 100 96
0 50 100 150 0 50 100 150

Fig. 2a. COVID-19 risk in different occupational groups Fig.2b. COVID-19risk in different occupational groups, taking

within § months from the start of the study (cumulative into account the place of work, within § months from the start

survival rates, Kaplan-Meyer curves, p=0.1) of the study (cumulative survival rates, Kaplan-Meyer curves,
p=0.2)
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Table 3a
The Cox proportional hazards model: the risk of
COVID-19 depending on the occupational group and
the level of IgG response to SARS-CoV-2 N-protein at
the start point of the study

Factor | p | p | HRI9s% CIP
Occupational groups:
Controls — | — —
Doctors 0,77* | 0,08 | 2,17 [0,91; 5,18]
Nurses 0,19 | 0,68 | 1,21 [0,49; 2,98]

Initial immune status (HRs in time window 0-60 days):

Seroconversion — — —
0,18 | 0,63 | 1,19 [0,58; 2,48]
Initial immune status (HRs in time window 61-150 days):

No seroconversion

Seroconversion — — _
0,56 | 0,26 | 1,75 [0,66; 4,69]

Notes: ' * — p<0,1; * a full model included variables "gender”,
"age", "contacts with COVID-19 patients”, "occupational groups:
engineering and technical workers (ITW), doctors, nurses",
"seroconversion of IgG response to SARS-CoV-2 N-protein at the
start point of the study”, "time stratum” (before/after 60 days from
the time of sampling), as well as their pairwise interactions.

No seroconversion

Table 3b
The Cox proportional hazards model: the risk of
COVID-19 depending on the occupational group, taking
into account the place of work, and the level of IgG
response to SARS-CoV-2 N-protein at the start point of
the study

| g | p | HR[95%CI
Occupational groups by types of healthcare institutions’:

Factor

Controls — — —

Doctors (THC) 0,59 | 0,26 | 1,82 [0,65; 5,12]
Nurses (THC) ~0,24 | 0,69 | 0,78 [0,24; 2,57]
Doctors (MPI) 0,85* | 0,06 | 2,33 [0,95; 5,70]
Nurses (MPI) 0,36 | 0,44 | 1,44 [0,57; 3,65]

Initial immune status (HRs in time window 0-60 days):

Seroconversion — — —
0,17 | 0,65 | 1,18 [0,57; 2,46]
Initial immune status (HRs in time window 61-150 days):

No seroconversion

Seroconversion — — _
0,55 | 0,27 | 1,74 [0,65; 4,65]

Notes: ' * — p<0,1; * a full model included variables "gender”,
"age", "contacts with COVID-19 patients", "occupational groups by
types of healthcare institutions: engineering and technical workers
(ITW), THC doctors, THC nurses, MPI doctors, MPI nurses ",
"seroconversion of IgG response to SARS-CoV-2 N-protein at the
start point of the study”, "time stratum” (before/after 60 days from
the time of sampling), as well as their pairwise interactions; > THC
— temporary infectious diseases hospitals created for coronavirus,

MPI — other medical and preventive institutions.

No seroconversion

population (randomly selected people of different ages,
occupation, ethnicity, education and socio-economic status,
living in a certain geographic region, in the absence of a
previous status of COVID-19, healthcare workers and other
groups under high risks being excluding from the analysis)

Original articles

Coefficient of regression

T T T T T T

14 39 S7 98 110
Time (days)
Fig. 3. Schoenfeld residuals plot for the Cox proportional
hazards model describing COVID-19 risk as a function of
the level of IgG response to SARS-CoV-2 N-protein at the
start point of the study (p=0.09)

140

with the participation of about 400 thousand people from
23 countries, showed that seroprevalence to SARS-CoV-2 in
the general population varied from 0.37% up to 22.1% with
a cumulative estimate of 3.38% (95% CI 3.05-3.72%) [24].

A systematic review and meta-analysis of 49 studies
involving about 130,000 healthcare workers with no
previous COVID-19 status showed that the estimated
overall prevalence of SARS-CoV-2 antibodies was
8.7% (95% confidence interval 6.7-10.9%) [22]. The
authors considered the results of any serological test
(for example, enzyme immunoassay, chemiluminescence
immunoassay) used to detect SARS-CoV-2 antibodies
(IgA, IgG and IgM).

The study results showed high seroprevalence to the
SARS-CoV-2 N-protein in the Russian sample — both in the
control group (36.5%) and in medical workers (in doctors -
23.7%, in nurses — 38.9%). It significantly exceeded similar
rates in international studies of similar design.

Seroprevalence to the SARS-CoV-2 N-protein in
healthcare workers and the control group was comparable.
The differences were statistically insignificant, indicating
the critical role of personal protective equipment and other
precautions used by medical personnel. Other authors also
come to a similar conclusion, noting the absence of significant
differences in the seroprevalence of medical and non-medical
(technical) personnel [23, 26, 32, 33] and/or the priorit
role of social and family contacts [26, 34]. Wu et al. (2020
found that the death rate in the group of medical workers
from COVID-19 was lower than among representatives of
other professions [35]. However, in some samples — London
[36], seroprevalence in healthcare workers was almost two
times higher than among the general population.

Significantly higher seroprevalence to the SARS-CoV-2
N-protein in nurses compared to doctors is most likely a
consequence of exposure to different viral loads and exposure
times. Several authors also confirm the higher prevalence
of positive PCR tests [27] and seroprevalence [37] in
nurses compared with other groups of medical workers
and note the role of direct long-term contacts with patients
[37]. Nursing personnel have more prolonged contact
with patients infected with SARS-CoV-2, considering the
functional responsibilities associated with a higher frequency
of contact with patients (setting up injections, dispensing
drugs, measuring temperature and other manipulations). This
probably suggests a high viral load and duration of exposure
to the SARS-CoV-2 [10].
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The statistically significant high seroprevalence rates
identified in young MPI nurses are likely associated with
the greater involvement of this group in the work processes
during the COVID-19 pandemic, relatively low (compared
to THC medical workers) by the alertness of infection with
the SARS-CoV-2, the peculiarities of the use of personal
protective equipment, especially in the initial period of the
rise in the incidence of COVID-19, and the peculiarities
of the formation of antibodies to the SARS-CoV-2 at a
young age. Test systems for the SARS-CoV-2 N-protein,
according to some authors, may show increased sencitiv-
ity in elderies [38]. However, even under the conditions
of using a serological test, which is more likely to detect an
immune response to SARS-Cov-2 in the elderly, an inverse
relationship of seroprevalence with age has been established.
Similar results were noted by other authors [23, 37, 39]. In
several studies, the dependence of seroprevalence on age was
not found [26, 34, 40, 41].

The results on the absence of gender influence
on the formation of class G antibodies to the SARS-
CoV-2 N-protein virus match the data of other authors
[26, 34, 40, 41].

The absence of the influence of the factor "work under
conditions of THC" on the formation of class G antibodies
to the SARS-CoV-2 N-protein, revealed in this study, can
be explained by the high efficiency of the use of personal
protective equipment and anti-epidemic protection of
personnel. Other authors have repeatedly noted a lower
seroprevalence to the SARS-CoV-2 in the intensive care unit
staft, where the likelihood of high viral loads is very high but
workers are well-protected [22, 23, 36, 37, 41, 42, 43]. Piccoli
et al. (2021) found that the likelihood of seroconversion in
workers of special coronavirus hospitals deployed in the
southern part of Switzerland (analogue of Russian THC)
only slightly exceeded that for medical personnel of other
hospitals [44].

According to the generally accepted mechanisms of
immune response to viral infections [7], in case of comparable
seroprevalences to the SARS-CoV-2 N-protein in healthcare
workers and the control group, one could assume the same
degree of protection in both healthcare workers and the
control group. In this study, based on a comparison of the
Kapline-Meier curves for healthcare workers and the control
group, we revealed a relatively low probability of staying
healthy by the end of the follow-up period among healthcare
workers compared with the control group.

The risk of contracting COVID-19 by the end of the
study period was 2.33 times higher in doctors employed in
MPI not serving as temporary infectious diseases hospitals,
than in the control group. At the same time, the initial level
of seroprevalence in this group was comparable to the other
occupational groups. In MPI nurses and THC doctors, the
relative risks were also more than 1.0, but the risk estimates
were statistically unreliable. In the group of MPI nurses, the
relative risk was below 1.0.

This fact confirms the high importance of effective anti-
epidemic measures in healthcare organisations, including
personal protective equipment and organisational procedures.
Thus, Heinzerling et al. (2020) argue that at the early stage of
the pandemic in one of the California clinics, a clinical case

of infection from the same patient was described by three out
of 121 medical workers who did not use personal protective
equipment; in 146 workers who used protective equipment,
no one fell ill [42].

The presence of IgG to the SARS-CoV-2 N-protein
did not fully protect healthcare workers: some of the
medical workers were infected during the 150-day
observation period and had vivid clinical symptoms of
COVID-19.

This study is the first medium-term (150 days) prospective
study investigating the protective role of seroconversion on
the risk of developing COVID-19 in healthcare workers.
Earlier, Houlihan et al. (2020) published the results of a
1-month follow-up of a group of seropositive and seronegative
healthcare workers (for antibodies to S-protein) [39]. In
the group of seronegative individuals, infection occurred
in 13% versus 3% in the group of seropositive individuals.
Similar results were obtained by Letizia et al. (2021) on a
sample of young (18-20 years old) US Marine Corps recruits
during a 6-week observation. The relative risk of contracting
COVID-19 in seropositive recruits was 0.45 (95% CI 0.32-
0.65) [45]. Both groups of authors noted that the protective
effect of seroconversion was confirmed only in a short time
interval. Our study also showed that seroconversion was
associated with a lower likelihood of contracting COVID-19,
especially in the first two months. Still, the relative risks
were unsignificant, which does not allow us to conclude the
protective role of IgG seropositive status to the SARS-CoV-2
N-protein.

According to Burgess et al. (2020), the choice of the
target antigen is of decisive importance for assessing the
immun defence of the organism. Some authors believe that
antibodies to the S-protein have neutralising properties
compared to antibodies to the N-protein [10, 46, 47]. It is
also necessary to consider the possible decrease in the titer
of antibodies over time [48].

Another important assumption that requires further study
is the role of insufficiently effective organisational practices
in healthcare institutions [49].

The hypotheses offered in the study require the setting
of new goals and objectives. Research design should reckon
for increased sample size, an expansion of the test panel to
include tests for different structural proteins and, possibly,
cellular immunity [S0], repeated measurements, longer
follow-up; considering the peculiarities of the epidemic
process during the follow-up period should be considered
as well.

Conclusion. According to the data of immunological studies
for IgG presence to the SARS-CoV-2 N-protein, it was found out
that seroprevalence in nurses was significantly higher than that of
doctors; MPI nurses of young age have higher seroprevalence to
the SARS-CoV-2 N-protein. In 150-day follow-up, it was revealed
that doctors working in medical and preventive institutions that
did not serve as temporary coronavirus hospitals had a higher
risk of developing symptomatic forms of COVID-19, which may
be due to both insufficient effectiveness of anti-epidemic measures
and the peculiarities of the immune response and approaches for
its evaluation. In the current epidemic situation, the detection of
IgG to the SARS-CoV-2 can be used to decide on the distribution
of responsibilities among healthcare personnel.
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