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METOA40J10rnM4 OLEHKU NONyA49unOHHOIo
UMMYHUTETA K BUPYCY SARS-CoV-2
B YCJ10BUAX NTAHAEMWUU COVID-19
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Pesiome. [TpoBeaeHue cepoiornyeckoro MOHUTOPUHTA C LIeJbI0 U3YYSHU S TIOMYISIIMOHHOIO UMMYHUTETA K BUPYCY
SARS-CoV-2 B ycnoBusix nanaemun COVID-19 sBasieTcss HEOOXOAMMBIM 2JIEMEHTOM 3IMUAEMHOJIOTMYECKOro Hall-
30pa, MOCKOJIbKY 2MUAEMHUOJornuecKoe 6aaronoayuue HaceaeHus B oTHomeHu COVID-19 onpenensiercs cocTosi-
HUEM TMONYyIIIMOHHOr0 UMMYHUTeTa K BUpycy SARS-CoV-2. KonneKTUBHBII UMMYHUTET MOMYISIIAU SABISETCS
JUMUTHAPYIOIIUM (PAaKTOPOM B OTHOILIEHUHM pacripocTpaHeHust Bupyca SARS-CoV-2. MHpopmaLs 0 COCTOSHUH T10-
MyJISIMOHHOTO MMMYHHTETa HeoOXonmMa IJIs pa3pabOTKM IMPOrHO3a pa3BUTHS SIUAECMHUOJIOTNISCKON CUTYalllH,
a TaKXe IIAHMPOBAHUS MEPOIIPUSITHIA TT0 crieindurieckoil n Hecrenuduaeckoit mpodpuaaktuke COVID-19. B atoit
CBSI3U MCCIICIOBAHME MTOMYISIIIMOHHOTO MMMYHUTETA B ITEPUOM ITAaHASMUK HEOOXOTMUMO IIJIsSI TPOTHO3a pa3BUTHSI SITH-
JIEMUW U BBISIBICHUST 0COOCHHOCTEH SIMMAEMUIECKOTO MTpollecca B OTAEIBHO B3ITOM PErMOHE M B CTPAaHE B IICJIOM.
B mae 2020 rona 6b1y1a pazpadoraHa nporpamma PocniorpedHanzopa «OueHKa NonyJasiliuOHHOTO UMMYHMTETA K BU-
pycy SARS-CoV-2 y Hacenenust Poccuiickoit @enepamuu B yenosusx nangemun COVID-19». ITporpamma 6bl1a co-
cTaBjieHa ¢ yuyeToM pekoMeHaauuit BO3 B ¢hopmaTe mpoaoJibHOrO KOTOPTHOIO UCCAeI0BaHUS CO cTpaTUduKaluei
1o Bo3pacty. Ha mepBoM atane ¢popMupyeTcss KOropta BOJOHTEPOB, KOTOpasi 00CIenyeTcsl Ha BTOPOM U MOCeayI0-
LIMX 3Tarax; YMCca0 3TANOB 3aBUCUT OT dnuacuTyauuu. [loMmuMo paHaoMu3aLuu MO BO3pacTy Npu hOpMUPOBAHUU
KOTOPTHI Ha TIEPBOM 3Tarle co00AaIN MPUHIIMI pABHOMEPHOCTH OXBaTa MOMYJISLMHU, UCKII0YaIu y4acTue BOJOH-
TEPOB U3 OMHOTO YUPEXKACHUSI, UCKIIOUAIM UCIIOJb30BaHIE TOHOPCKOM KPOBU MJIM KPOBY MALIMEHTOB MEIUIITMHCKUX
opranmu3anuii. OdcienoBaHue MPOBOIUIN CPENM 7 BO3PACTHBIX TPYIII 3I0POBOT0 IETCKOTO M B3POCIOT0 HAaCEICHU S
BHE 3aBUCUMOCTHU OT HAJTMYUS WU OTCYTCTBUS TiepeHeceHHoro 3a0oaeBanmus COVID-19. B cBs3u ¢ TeM, 4TO TOITy-
JISIIMOHHOE MCClieNoBaHMe ITPoBoaANTCS B yeaoBusax manaemun COVID-19, ontumanbHBIM cpoK cOopa OrmoMaTtepraia
Ha KaXJIOM 13 3TaIlOB COCTaBIISIET He 0ojiee S—7 mHeil. AHKeTHpOBaHMe, 0TOOp BOJOHTEPOB, MX 3aIMCh HA CIaYy KPO-
BHU, a TaKXe 00paboTKa pe3yJbTaTOB Ha TIEPBOM 3Talle M pealn3alis BTOPOTO U MOCICTYIOIINX 3TAIIOB IIPOrpaMMEBI
OCYIIECTBJISIETCS TOJIBKO C TIOMOIIBIO TEXHOJOT MU 00JJauHOTO cepBrca. JJaHHass TporpaMMa M TEXHOJIOTHS e peaiu-
3allMU MIPOILLJIA YCIEWHYIO anpobawnuio B 26 peruonax Poccuiickoit @enepalny B Xoe peaan3aliy YeThIPEX ITAIIOB
¢ nroHs 2020 roga o mapt 2021 roga. Takum obpa3om, B HacTosi1ee BpeMms: PocrioTpeOHaa3opom paspadboraHa Me-
TOMIOJIOTHS U co3AaHa 3¢ (eKTUBHO padoTatolas CUCTeMa CEPOJOrMYecKOro MOHUTOPUHTA IO OLIEHKE YPOBHS IO-
MyJSIMOHHOI0 MMMYHUTETa B pa3HbIX peruoHax Poccuiickoit @enepalinu sl IPOrHO3MPOBAHMS SITMACUTYALIUY,
BBIPaOOTKY pEKOMEH AN, TTaHUPOBAHU S BaKIIMHALIMU.
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METHODOLOGY FOR ASSESSING HERD IMMUNITY TO THE SARS-CoV-2 VIRUS IN THE CONTEXT
OF THE COVID-19 PANDEMIC
Popova A.Yu.?, Totolian A.A."

@ Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing, Moscow, Russian Federation
b St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. Serological monitoring of the study of population immunity to the SARS-CoV-2 virus in the context
of COVID-19 pandemic is a necessary component in epidemiological surveillance, since population epidemiological well-
being in a context of COVID-19 is determined by state of population immunity to the SARS-CoV-2 virus. The population
herd immunity is the limiting factor in spread of the SARS-CoV-2 virus. Information on the state of population immunity
is necessary to make a forecast for development of epidemiological situation, as well as to plan measures for specific and
non-specific prevention of COVID-19. In this regard, the study of population immunity during the pandemic is necessary
to predict development of the epidemic and identify features of epidemic process in any certain region and in the country
in general. In May 2020, the Rospotrebnadzor program “Assessment of population immunity to the SARS-CoV-2 virus
in the population of the Russian Federation in the context of the COVID-19 pandemic” was developed taking into account
WHO recommendations in the format of a longitudinal cohort study with age stratification: at the first stage, a cohort
of volunteers is formed; at the second and subsequent stages, the cohort of volunteers formed at the first stage is subject
to examination; the number of stages depends on the epidemiological situation. In addition to age-related randomization
while forming a cohort, at the first stage, the principle of population coverage uniformity was observed, the participation
of volunteers from one institution was excluded, and the use of donated blood or patient blood from medical organiza-
tions was excluded. The survey was carried out among 7 age groups of healthy children and adults, regardless present or
absent previous COVID-19 disease. Due to the fact that the population study is carried out in the context of COVID-19
pandemic, the optimal timing for collecting biomaterial at each stage is no more than 5—7 days. Questioning, selection
of volunteers, their registration for blood donation, as well as processing of the results at the first stage, as well as the imple-
mentation of the second and subsequent stages of the Program are carried out only by using cloud service technology. This
Program and the technology for its implementation have been successfully tested in 26 regions of the Russian Federation
during the implementation of four stages from June 2020 to March 2021. Thus, at present, Rospotrebnadzor has developed
a methodology and created an effectively working system of serological monitoring to assess level of herd immunity in dif-
ferent regions of the Russian Federation to predict the epidemiological situation, develop recommendations, and plan
vaccination.

Key words: herd immunity, COVID-19, SARS-CoV-2, antibodies to SARS-CoV-2.

IIpoBeneHue CepoOIOTMYECKOIO MOHUTOPUHTIA
C LIEJbI0 U3YYEHHUs IMOMNYJISIIIMOHHOIO MUMMYHUTE-
Ta K BUpycy SARS-CoV-2 B yclioBUSIX MaHIEeMUU
COVID-19 sgaBnsiercss HEOOXOOUMMBIM 3JIEMEHTOM
SMUIEMUOJIOTMUECKOT0o HaA30Pa, MOCKOIbKY MU Ae-
MUOJIOTMYECKOEe 0JIarorojydyure HaceJleHUsl B OTHO-
meHuu COVID-19 onpenensieTcsi COCTOSIHUEM TO-
NyJISILUOHHOTO UMMYHUTeTa K BUpycy SARS-CoV-2
(puc. 1). KonnekKTUuBHbI# UMMYHUTET TOMYJISILIUU
SIBJISIETCS JIMMUTUPYIOIIUM (PAaKTOPOM B OTHOIIIE-
HuU pacripocTpaHeHus Bupyca SARS-CoV-2.

MNHubopmalivss 0 COCTOSHUM MOITYJISIIIMOHHOTO
MMMYHHUTETa HeoOXommma i pa3paboTKU Mpo-
THO3a pa3BUTHSI SNUIAEMUOJIOTUYECKOM CUTYallH,
a TakKe MJaHUPOBAHUS MEPOIIPUSITUI MO CIIeIM-
duyeckoit u Hecrieuuduyeckoin MpoduaakTUKe
COVID-19 (puc. 2).

B 3T10i1 cBSI3U ucceaoBaHUE MOITYJISIIIMOHHO-
ro MMMYHUTETa B IepUO] NaHAEMUU HEOOXOIMO
JIJISI TIPOTHO3a Pa3BUTHUS SIUIEMUU U BbISIBJICHMS
OCOOEHHOCTEM 3MUAEMUYECKOro Ipolecca B OT-
JIEJIbHO B3SITOM PETrMOHE U B CTPAHE B 1I€JIOM.

B mae 2020 roga 6bla pa3paboTaHa Iporpam-
Mma PocrioTpedHanzopa «OueHKa MonyasiLiIuOHHOTrO
uMMyHuTeTa K BUpycy SARS-CoV-2 y HaceneHus
Poccuiickoit denepaliii B YCJIOBUSIX HaHIAEMUU

COVID-19», u KoTopas Obljia YCHelIHO pealnu30-
BaHa B 26 peruoHax P® c utonsa 2020 roga mo MapT
2021 rona.

3amayu, pelraeMble B paMKax M3YyUYeHU S MOMy-
JsiuMoHHOTOo UMMYyHUTeTa K SARS-CoV-2:

1. oOBbeKTHUBHAs OlleHKa WH(GUIMPOBAHHOCTHU
(ceponpeBasieHTHOCTU) K SARS-CoV-2 coBokyrm-
HOro HaceJieHUsI U HaceJIeHUsl pa3IMUHbIX BO3-
DPACTHBIX TPYIIII;

2. pa3zpaboTKa MporHo3a IUHAMUKU 3a0o0JieBa-
€MOCTHU U IIJIaHUPOBaHUE NPOPUIAKTUIECKUX ME-
PONPUSITUIA;

3. KOoCBeHHasl oLieHKa (DaKTOPOB MH(PULIMPOBAHUSI;

4. uzydyeHue nmnpouecca GHOPMUPOBAHUS TIO-
CTUHGEKIIMOHHOTO TYMOPaJbHOTO MMMYHHUTETa
K SARS-CoV-2.

ITIporpamma 6b1y1a pa3zpaboTaHa C y4eTOM PEeKO-
meHgauuii BO3 B ¢popmaTe mpoaoabHOro KOropt-
HOTro MCCJIeIOBaHUS CO cTpaTudUKallUel Mo BO3-
pacrty:

— Ha IepBoM dTare GOpMUPYETCsS KOropta Bo-

JIOHTEPOB;

— Ha BTOPOM U TIOCJIEAYIOLIMX 3Tarax MpoBO-

IUTCs oOcyienoBaHre c(hOpMUPOBAHHOI Ha Tep-

BOM 3Tarie KOropThI;

— YMCJIO TAMOB 3aBUCUT OT SMUIACUTYALIUU.

610



2021, T. 11, Ne 4 MeTogonoruns oueHky NonynsauMoHHOro MUMMYHUTETA

MoppepxaHune BbICOKOM f,0N
WNCTUHHO UMMYHU3VPOBaHHbIX ML,
cpenwv Hacenexus
Maintaining a high percentage
of really immunized individuals in the population

=lie =l)e — o =)
s=lje =ll)e — o —_)
=lje =lje =lje =)
=l =)o =_) ==lje
=ille =")o =_)o ==lje
=lle =)o =)o =ilje
=lle =)o =)o =l
=le = o =_)o =l
=iije =lje =lje ==l
=lje =l =lje =)o
=l — o =) =_J
=l — o =_)p =_)

Protection of the population as a whole and individual categories

60-70% ' 3awmTta nonynsaummn B LLeIOM 1 OTAENbHO B3SATLIX €€ KaTEropui
90% ' Even distribution of immunized individuals in the population
PaBHOMepHOG pacnpegeneHne MMMYHU3NPOBaAHHbLIX JTUL, B nonyndaummn

o =P =P =P
= =0 =" =l
S =P =P =P
Sl =P =P =P
=l =" =" =2p
= =P =P =2k
= =P =P =P
o =P =P =P
= =P =l =)
S =P =P =P
=B =) ="p =P
=l =" =" =0

PucyHok 1. KonnekTUBHbIA UMMYHUTET — OCHOBA 3aLLUTbl HAaCeNeHus oT UHpekuun
Figure 1. Herd immunity — the basis for protecting population from infection

HeT BakuMHaUMM — eCTeCTBEHHAS UMMYHU3aLUMS (FrOAbl)
No vaccination — natural immunization (years)

peeee _fouee  fooRe
LTI T T TR T T T
peeee  coeee RoeRe

AddekTnBHasA BakLMHaLUMS (MecsLpl)
Effective vaccination (months)
ooooooooooooooo

PucyHok 2. Mogenb popmMupoBaHuS KOJIEKTUBHONO UMMYHUTETA NPU €CTEeCTBEHHO UMMYHU3aLuu
1 npoBegeHun cneunduyeckomn npopunakTukm

Figure 2. Model of developing herd immunity during natural immunization and specific prophylaxis
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A.10. MNono.a, A.A. ToTonsH

MHdekumns n uMmyHuTeT

ITomMnMoO paHIOMU3ALIUU IO BO3PacTy Npu pop-
MUPOBAHUU KOTOPTHI Ha MEPBOM dTarne cooItoaamu
NPUHIIMIT pABHOMEPHOCTH OXBaTa IMOMYJSLUU, UC-
KJII0Yajau ydyacTHhe BOJOHTEPOB M3 OIHOTO YUpPEeXK-
neHus (He 6omnee 30 4ea0BeK), OObSAMHEHHBIX SIU-
HBIM KOJIJISKTUBOM (OOHO IIPEANPUSITHE, OTHO 00-
pa3oBaTeJIbHOE MM MEIUIIMHCKOE YUpEeXKICHUE),
WVCKJTIFOYAJIU MCIOJIh30BaHE JOHOPCKO KPOBY TN
KPOBU MallMEHTOB MEAUIIMHCKUX OpTaHU3all .

OO0crienoBaHue TIPOBOAMIU CPEeAU 3I0POBOTO
JIETCKOTO M B3POCJIOTO HAaCEJICHUS BHE 3aBUCUMO-
CTH OT HAJIMYUS WIN OTCYTCTBUS ITePEHECEHHOTO
3ab6oneBaHusg COVID-19.

Kpurepnit MCKIIOUeHUST — JIA1IA, HAXOMS I~
CsI Ha CTAllMOHAPHOM MJIV aMOyJIaTOPHOM JICUCHU U,
¢ nuarHozom COVID-19.

OTOOp 1OOPOBOABLIEB AJI5T UCCACAOBAHMST TPOBO-
JIVJIA METOOOM aHKETHUPOBAHUS W PaHIOMU3AIIMU.
BxiroueHHBIC B KOTOPTY BOJIOHTEPHI OBLIN pacIipe-
JIeJIEHBI TI0 7 BO3pacTHBIM rpymmam: 1—17 jet, 18—
29 net, 30—39 net, 40—49 net, 50—59 net, 60—69 yer,
70 net u crapie (06o3HaueHa kak 70+).

O0beM BBIOOPKU MPU TOMYASLMOHHBIX UCCe-
OOBAHUX IJI KaXJIOW BO3PACTHOM KaTeropuu
B KaXXJIOM M3 PETMOHOB OIIpeIejieH 1o (popmyJie co-
TJ1aCHO PYKOBOACTBY [19]:

_ 2 x p(1-p)N
~ m’N+ 2 xp(l-p)N

rae n — oobeM BbIOOpKU; N — pa3Mmep reHepaib-
HOUW COBOKYMHOCTU (YUCJAEHHOCTb UCCIEAYEMOU
TPYIIIbI); t — ypoBeHb ToUHOCTU (st 95% AU t =
1,96); p — olieHOYHasl PacIpPOCTPAaHEHHOCTh W3-
ydaeMoro gBjieHUs (B JaHHOM ciydae rnpu 50% =
0,5); m — gonmyctTuMast omnoka — 5%.

[1pu unciIeHHOCTH BO3pacTHOI KaTeropuu dosee
0,5 MyH popMyJia BBIMISIAUT CAEAYIOLIUM 00pa3oM:

t* X p(1-p)
n=-—_"—5— "
m

rae n — o0beM BBIOOPKH; t — YPOBEHb TOUHOCTH
(nnst 95% AN t = 1,96); p — olLieHOYHAasl pacIpo-
CTPaHEHHOCTh M3y4YacMOTIo SBJCHUSA (B TaHHOM
ciayyae npu 50% = 0,5); m — momyctumast omumo-
Ka — 5%.

IIpumep paccuera:

n=1,962 x0,5(1 — 0,5)/0,052 = 384.

TakuMm obpazoM, 151 U3yYEeHUST KOJIJIEKTUBHO-
ro uMMyHurerta K Bupycy SARS-CoV-2 B KaxkaoMm
permoHe Ha IIEPBOM 3Tallec MTPOBOAUTCS (DOPMHUPO-
BaHUE KOTOPTHI BOJIOHTEPOB YMCJICHHOCTHIO HE M€ -
Hee 2688 yenoBek (110 384 yejloBeK B KaxKa0il us 7
BO3PACTHBIX IPYIII).

C y4yeToM TOro, 4To Ha BTOPOM M Ha KaXXJIOM
M3 TOCIEAYIOIIMX 3TaloB peajbHO 00cCJienoBaTh
60—70% oT BBIOOPKM BOJIOHTEPOB, C(HOPMUPOBAH-
HOM Ha TIepBOM 3Talle, PeKOMeHAyeMasl YMCJICH-
HOCTh BBIOOPKHU BOJIOHTEPOB B Ka>KJIOM pETUOHE
coctaniuseT 2800 yenoBek.

Jns obecrniedeHUsT perpe3eHTaTUBHOCTU, Hapsi-
Iy C paHJIOMM3allMeil 1o BO3pacTy, B KaXIOM peruo-
HE JOJI)KEH ObITh COOJIIOAEeH IPUHLIMIT paBHOMEP-
HOTO pacmpenceHUsT BOJOHTEPOB II0 00JIaCTHOMY
M pallOHHBIM LIEHTPaM C YYETOM ITPOLEHTHOTO CO-
OTHOIIEHU I TOPOJICKOT'0 U CEJIbCKOrO HaCceJIeH U SI.

I[IpenmoYTUTEIbHBIM MaTepUajoM IJIS HC-
CclIeMOBaHUSI CIYXHUT Tmepudepnyeckasi KpOBb,
cobpaHHass B BaKyyMHBIE NPOOWPKU B NPUCYT-
ctBun DJITA. Ucnonb3oBanue DJITA mos3BosisgeT
MHUHUMU3UPOBATh PUCKU, CBSI3aHHBIC C TEMOJIM-
30M KPOBU 0 Hadaja ee¢ MepBUUYHON O0OpabOTKH.
IIpoOupku ¢ KPOBBIO MepeaalTcs B 1abopaTopui,
onpeneseHHbIe A5 peajus3alnuu npoekrta. I[locie
NepBUYHON 00pabOTKU, TPAHCTIOPTUPOBKHU U Xpa-
HEHUS 00pa3loB OCYMISCTBIISICTCS J1a00paTOPHBIMN
aHanu3 ¢ nomoiibio M®PA-tect-cuctem Ha IgG
SARS-CoV-2. Ilpu BbIOOpe ONTHUMAJIbHOW TECT-
CUCTEeMBI PEKOMEHIYETCSl OTAaBaTh IIPEANOoUYTeHHE
KOJIMYECTBEHHOMY OIpENeIeHUI0 aHTUTE IJIS
OLICHKM KaK MOCTUH(MEKIIMOHHOIO, TaK W TOCT-
BaKIIMHAJIbHOTO UMMYHUTETA.

B cBs13u ¢ TeM, 4TO mMONyJISILIMOHHOE UCCIea0Ba-
HUe ITpoBoanTCc BycnoBugx nangemuun COVID-19,
ONTUMAJIBHBIN CPOK cOOpa OroMaTepuraia Ha Kax-
JIOM M3 3TANOB COCTABJISIET He OoJiee 5—7 THE.

AHKeTUpOBaHUEe, 0OTOOP BOJIOHTEPOB, UX 3aIIUCh
Ha cHady KpOBHU, a TaKxKe 00paboTKa pe3yJIbTaTOB
peayiM3yIoTCsI TOJIBKO C TIOMOTIBIO TEXHOJIOTUN 00-
JadyHoro cepsuca (puc. 3). Peanuszauusi BTOporo
U TIOCJICAYIONIUX ATAloB MPOrpaMMBbl TaKXke OCy-
IIECTBJISICTCS TOJBKO C IIOMOIIBIO TEXHOJOTUM 00-
JIJAYHOTO CEepBUCa.

Peanuzanus mmepBoro sTara NpoBOIUTCS B HE-
CKOJIBKO 11aroB:

— mar 1 — nHdopMalIMoHHasT KaMITaHUs, aH-

KETHUPOBaHUeE; ITOJTyUYeHe NHOOPMHUPOBAHHOTO

corjacusi;

— mar 2 — B3sSTHE KPOBU, €€ TPaAaHCIIOPTUPOB-

Ka, TIepBUYHasi o0paboTKa, MoJIydeHUe Maa3Mbl

¥ ce XpaHCHHUE;

— 1mar 3 — npoBefeHMe 1ab0paTOPHOTO aHAJIN3a;

— mar 4 — o6paboTKa pe3yJIbTaToB.

I1pu 0OpaboTKe pe3yibTaTOB UCCACIOBAHU S HE-
00XOIMMO YUUTHIBATH CIIEAYIOIIEe:

— aHaJIN3 MPOBOIUTCS KaK IO MOITYJISIUUN pe-

TMOHa B 1IEJIOM, TaK M B Pas3HbIX IMOATpyIIax:

110 BO3pPAaCTYy, ITOJTY, COLIMAJIbHOMY CTaTyCy U/WUJINU

npodeccuu;

— C YYETOM CTPYKTYphI HaceJeHUs, 3aHSITOrO

B DKOHOMUKE, MO BUAAM ACITCIIBHOCTH BBIIE-

JISIOTCS KaK MUHUMYM CJEAYIOIIUe TPYMIbI:

I POMBITIJIECHHOCTh, CTPOUTEIBCTBO, TOPTOBIIS,

TpaHCHOPT, OOpa3oBaHWE, 3IApPaBOOXpaHEHUE

W IpyTHeE.

JaHHas mporpaMMa U TEXHOJIOTUS €e peain3a-
LMK IIPOIILJIA YCIIELTHYI0 alipobalnio B 26 permoHax
Poccuiickoit @enepanuu. DTo AMypcKast 0071acTh,
AcTtpaxaHckasi obJjiacTh, benropoackasi o0JiacTh,
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MeTofon0rus oueHKn NonynsauMoOHHOro UMMYH/UTETA

NHbopMaLmMoHHas KoMnaHus
Information company

AHKeTMpOBaHue O6paboTka pesynsrtaTos

Questionnaire \ Processing of results
o /
MHOOPMUPOBAHHOIO COrnacus

Obtaining —_— TexHonorus ~— BHeceHue pesynbtaTtos

informed consent 061a4HOro cepsuca < na60paTopHoro aHanmsa
Cloud service I?lwtermg the restljlts
l technology / of laboratory analysis

3anucb
Ha cpavy KpoBum
Registration
for blood donation

l

MNepBnyHasn
06paboTka KpoBu
Primary blood
processing

B3atue n pernctpauus
6uomartepuana
Biomaterial collection
and registration

MonyyeHne nnasmel
1 ee XpaHeHne
Plasma production
and storage

MNpoBeneHne
nabopaTopHoro aHannsa
Laboratory analysis

PucyHok 3. Anroputm peanusaumm KaXxkaoro atana ¢ NOMOLLbIO TEXHOJI0rMK 00J1a4HOro cepeuca
Figure 3. Algorithm for enabling each stage by using the technology of cloud service

Branumupckasa o6Gaactb, HMpkyTckast o0671acTh,
KanunuHrpanckasa obnacts, KpacHomapckuii
kpait, KpacHosipckuit kpaii, JleHuHrpaackas o6-
nacth, MockBa, MockoBckas obysactb, MypmMmaH-
ckas obyactb, Hwuxeropoackass ob6nactb, HoBo-
cubupckas odsacth, [Ipumopckuit kpaii, Pecriy6-
auka Kpwim, Pecniyonuka TarapctaH, PoctoBckast
ob6aacth, Cankrt-Iletepoypr, CapaToBcKass 00-
nactb, CBepaioBckas o6jacTb, CTaBpOMOJbCKU A
Kkpait, Tynbckasi oGnacTh, ToMeHcKasi 00JacThb,

XabapoBckuii Kpait, Yensstounckast obaacts [1, 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
20]. Takum obOpa3om, B Hacrtosiiee BpeMs Poc-
MoTpedHaa30poM  pa3paboTaHa  METOHOJIOTHS
U co3naHa 3 GeKTUBHO paboTarollasi cuctTemMa ce-
POJIOTMYECKOTO MOHMTOPUHTA MO OIIEHKE YPOBHS
HOMYASIIMOHHOTO UMMYHHUTETA B pa3HBIX PErHo-
Hax Poccuiickoit @enepanit oJisg IIpOrHO3UPOBA-
HUSI 3MUICUTYallUN, BEIpAOOTKU pPEKOMEHIAIINIA,
MJIAHUPOBAHUS BaKIIMHAIIA M.
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