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Ha Havano Hos6ps 2020 r. B Mupe 3apeructpupoaHo 50 mnH cnyyaes COVID-19. ins dopmMypoBaHns Kon-
JIEKTUBHOIO MMMYHWUTETA, KOTOpPbIA 6yAeT NpensATcTBOBaTb BO3SHWKHOBEHWIO MOBTOPHLIX BCMbILLEK 3abonesa-
HWA, 3TOT Nokasaresib ABNAETCA ABHO HEAOCTaTO4YHbIM. KapaHTUHHbIE MEPOMNPUATUS CMOCOGHBI NNLLIL B KAKOW-TO
Mepe orpaHu4uTb pacrnpocTpaHeHue 3aboneBaHus, MO3TOMY aKTyaslbHbIM SBASETCA BOMNPOC O CO3Q4aHUn crne-
LMUYECKNX CPeCcTB NPOUNakTUKM B OTHOLLEHMM OAHHOW HO30MOMMHYECKON (POPMbI, HaMpPaBIIEHHbIX Ha UC-
KYCCTBEHHOE (hOPMMPOBAHUE KOMNEKTUBHOrO MMMyHuTeTa npotne COVID-19. B ocHOBE KONMEKTUBHOIO WMM-
MyHUTETA NIEXUT HENpsMas 3aLlmTa YenoBEYECKON NoNynsaumnm B LESIOM Npy UMMYHU3aUuW onpeaesieHHom ero
YacTu. BakumHauus sBnseTcs Hanbonee eUCTBEHHbLIM CMNOCOGOM NPEOTBPALLEHNS Pa3BUTUS SNNOEMUYECKON
BCMbIWKW. Llenb paboTbl — aHanu3 nepcrnekTUBHbIX HamnpaBfeHUA CO34aHUSA BaKUMH MPOTUB HOBOW KOPOHa-
BMpycHor nHdekumm COVID-19. MNpeactaBneHbl pedynbraTbl 0606LLEHNA MHGOPMaLUMN 0 pa3paboTKe U K-
HUYECKMX uccrnegoBaHusx BakumH npotns COVID-19 B pa3nuyHbiX cTpaHax, NPOBEAEH aHanu3 OOCTOMHCTB
1 HeQoCTaTKOB pas3fiMyHbIX NnaTdopM Ans co3naHus BakUWH (aTTeHYMpOBaHHbIE, MHAKTUBUPOBAaHHbIE, Cy6b-
egunHuyHble, OHK- n PHK-BakuWHbI, BEKTOPHbIE PEKOMOMHAHTHbIE BaKUuHbI). [peacTtaBneH BO3MOXHbIN Au-
3aliH BakKUMH HOBOro nokoneHus. CoenaH BbIBOA O TOM, YTO BakUuMHbl NpoTtMe COVID-19 mMoryT 6bITb cO3aaHsbl
Kak Ans UMMyHM3aUmMK1 rpynn BbICOKOIO pUcka, Tak 1 Afs NPOBEAEHUS MacCOBON MMMyHU3auun. MproputeTHoe
MOSOXEHWEe NMpY PELLEHUN BTOPOI U3 yKa3aHHbIX 3ada4 3aHUMaET CO3[jaHME BEKTOPHbIX PEKOMOMHAHTHbIX Bak-
LIMH Ha OCHOBE afieHOBUpYCa YerioBeka Uin 06e3bsiH, MaCCOBOE NMPOU3BOACTBO KOTOPbIX YXXE aHOHCMPOBAHO.
Kniouessblie cnosa: COVID-19; Bupyc SARS-CoV-2; aTTeHyMpoBaHHble BaKLUHbI; UHAKTUBUPOBaHHbIE BaKLM-
Hbl; cy6beavHNYHbIe BaKuMHbl; JHK-BakumHbl; PHK-BakUuHbI; BEKTOPHbIE PEKOMOUHAHTHbIE BaKUMHbI; KIUHU-
YeCcKMe UCCNefoBaHWs; KOMNEKTUBHbLIN UMMYHUTET
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The number of confirmed COVID-19 cases worldwide amounted to 50 million at the beginning of November 2020.
This is clearly not enough for the formation of herd immunity, which will prevent repeated outbreaks of the disease.
Quarantine measures can only curb the spread of the disease to some extent, therefore specific preventive
measures are needed to create collective immunity to COVID-19.The underlying principle of collective immunity is
indirect protection of the whole of the population by immunising a certain part of it. Vaccination is the most effective
approach to prevention of epidemic outbreaks. The aim of the study was to analyse promising approaches to
the development of vaccines against novel coronavirus COVID-19 infection. The paper summarises data on
development studies and clinical trials of COVID-19 vaccines conducted in different countries. It analyses the
pros and cons of different platforms for vaccine development (attenuated vaccines, inactivated vaccines, subunit
vaccines, DNA and RNA vaccines, recombinant vector vaccines). The paper presents a potential design of novel
vaccines. It was concluded that COVID-19 vaccines might be developed both for immunising high-risk groups and
for mass immunisation. An optimal solution for the second task would be to develop human or monkey adenovirus
vector-based vaccines whose mass production has already been unveiled.

Key words: COVID-19; SARS-CoV-2 virus; attenuated vaccines; inactivated vaccines; subunit vaccines; DNA
vaccines; RNA vaccines; recombinant vector vaccines; clinical trials; herd immunity
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Berblwka HOBOrO KOPOHABUPYCHOro 3a60/eBaHns, Bnocnes-
CTBMW mony4mBLUero HaseaHne COVID-19, HavyaBLiasca B fekabpe
2019 r. B 1. YxaHb (KHP)' [1], nepepociiasi B 06bsiBneHHy0 BO3
11 mapta 2020 r. naHgemuto, oxsatusLLyto cebiwe 200 cTpaH, no-
NPeXHEMY NPOLOSKAET 0Ka3blBaTb OFPOMHOE BO3LENCTBME Ha CO-
LNanbHY0, 3KOHOMUYECKYIO0, MOMUTUYECKYIO U KYNBTYPHYHO Cepbl
JesTeNIbHOCTY YEnoBevecTBa.

bbIcTpoMy pacnpocTpaHeHuto 3abonesanns crnoco6CTBOBaNU
crnenytoLme aktopsbl:

- YeNl0BEYECTBO CTOJKHYNOCh C HOBbIM 300aHTPOMOHO30M;
KONSIEKTUBHBLIA UMMYHWUTET, HEOOXOAUMbIA ANS NPesoTBpaLLieHuns
pacnpocTpaHeHus 3a60eBaHus, OTCYTCTBYET;

- MW OTCYTCTBMWN 3(PEKTUBHBLIX CPEACTB Cneuuduryeckon
NPOhMNAKTUKN U NeyeHns 3a60neBaHns B KayeCcTBe OCHOBHOIO
cpeactea 60pb6bl ¢ pacnpoctpaHeHnem COVID-19 cranm orpa-
HUYMTENIbHBIE Mepbl — n30naumus 60JbHbIX, 3NHEKTUBHOCTL
KOTOPOM €eCTECTBEHHbIM 006pa30M ABNAETCA CHUKEHHOW BBUAY
xapaktepHoro ans COVID-19 60/bLIOro Yucna nerkux u aaxe 6ec-
CUMNTOMHBIX CITy4aeB, NPWU KOTOPbIX TEM HE MEHee NMPOMCXOLUT
TpaHCcMuccna Bo36YyAUTENA, a TakxKe 06LLee CHIKEHME Yucna co-
LiManbHbIX KOHTAKTOB B NOMyNALMK, ANs 3 (EKTUBHOIO KOHTPONSA
KOTOPOro, 0fjHaKo, TPeBYeTCs BBELEHWE XECTKUX OrPaHNYMTeNb-
HbIX Mep.

Ha Ha4ano Hosabps 2020 r. B Mupe 3apernctpuposaHo 50 max
cnyyaeB 3abonesaHus®. [Jaxe C y4eTOM TOro, 4TO peanbHoe Ko-
nunyectBo 60nbHbIX COVID-19 HaMHOro BbiLle, TEM HEe MeHee 0HO
HEAO0CTaTO4HO AN (DOPMUPOBAHUS KONMNEKTUBHOTO WMMYHUTETA,
KOTOpLI OyAeT NPenaTCTBOBATL AaSIbHEiLLEeMY pacnpoCTPaHEHNO
3a60neBaHus.

04eBUIHO, YTO KapaHTUHHbIE MEPONPUATUS CMOCOBHbI NNLb
B KAKOW-TO Mepe OrpaHuMyuThb pacnpocTpaHeHue 3abonesaHus
COVID-19 [2], noaToMy aKTyanbHbIM ABASIETCA BOMNPOC O CO3Aa-
HAW cneLnpuYecknx cpeacTs NPouNakTUKN B OTHOLIEHWN [aH-
HOM HO30/10MN4YECKOI (POPMBbI, HaNpaBNeHHbIX HA UCKYCCTBEHHOE
thopmmpoBaHue NonynALMOHHOr0 MMMyHiUTeTa npotmue COVID-19.
TpaHcmmcens Bupyca SARS-CoV-2 MoxeT 6biTb 6710KMpOBaHa no-
CPELCTBOM KOMMEKTMBHOTO MMMYHUTETA, NPUOBPETEHHOr0 npu
MMMYHW3aLmMK OnpeSeneHHon Jonn Nonynauum, npu 3ToM BakLmHa
3aLLMLLAET HE TOMbKO NOABEPrLUErocs BakLMHaLWN, HO U KOCBEHHO
HEMMMYHU3NPOBAHHbIX NHOAEIA.

KoHuenuus «KOMMeKTMBHOTO WUMMYHUTETa» ONUpaeTcs Ha
HENPAMYIO 3aLLUTY YenOBEYECKOro KOMeKTMBa B LiENIOM C NOMO-
Wb MMMYHU3ALMKU onpeaeneHHoi ero vactu [3]. B pesynbrare
JOCTUXKEHNS HE06X0ANMOr0 YPOBHSA KOMEKTUBHOMO UMMYHUTETA
NPoONCX0aMT 06pbIB LeNoYeK pacnpocTpaHeHUs MHQEKLUU, 4To

NpenaTCTBYeT PACLUMPEHUI0 MACLUTaboB 3nuaeMnn. BakumHaums
ABNIAETCA Hanbonee LeACTBEHHbIM CMOCO60M npeLoTBpaLleHus
pacnpocTtpaHeHus 3abosieBaHus. Ee nposefeHne MOXET CHU3UTb
puck 3apaxeHns supycom SARS-CoV-2, [oNI0 TSHKEeNbIX Cy4aeB
11 NeTanbHbIX MCXOL0B.

Llenib pa6oTbl — aHanu3 nepcnekTUBHbIX HanpasneHuin co3aa-
HUS BAKLIMH NPOTUB HOBOI KOPOHABMPYCHOW MHGbekumn COVID-19.

MMpu paspaboTke BakuMHbI NpoTne COVID-19 akTyanbHOI 3a-
[Javen ABNSETCA He TONbKO CO3JaHne npenapara, npejHasHa4eHHo-
ro B Ka4ecTBe NpOUNAKTUYECKOr0 CPeACcTBa AN OrpaHNYeHHbIX
N0 YUCNEHHOCTM rpynn pucka (MEAULIMHCKIE PABOTHUKY, a TAKXE
NnLa, HenocpefCTBEHHO KOHTaKTUpOBaslwue C 60nbHbIMK) [4],
HO W CO3faHue npenapara, NPUrogHOro Ans NpoBeAeHUs Macco-
BOW MMMYHU3aLMN.

HTeHcMBHaA pa3paboTka BakuuH npotus COVID-19 npoBo-
antes B psae ctpaH. CornacHo nporHody BO3 (dpespans 2020 r.),
BakuuHa npotme COVID-19 moxeT 6biTb AOCTYMHA HE paHee Yem
yepe3 18 mecsies (To ectb B aBrycte 2021 r.)%. Heo6xoaumo oT-
METUTb, YTO HA CO3[aHNe BaKLMHbI NPOTUB H(DEKLMOHHBIX 3260-
neBaHMn 06bIYHO YXOLMT HECKONbKO NieT. Hanpumep, B o6nactu
C03JaHnNs CPeacTs creunduyeckoin nNpouiakTUKM KOpOHaBu-
PYCHbIX WH(PEKLNA NPOBOANAKUCHL MCCNEeLOBaHUSA N0 pa3paboTke
BakuuH npotne MERS u SARS. Tak, ans BakunHbl npotus MERS
(Okcchopackuii yHuBepcuTeT, BenukobputaHns) B KNUHUYECKMX
nccneosannax |l asbl 6Gblia MoKasaHa BbICOKAA WMMYHOTEH-
HocTb*. OfHako o aBrycta 2020 r. He 6bIN0 HU OAHOI 3apernucTpu-
POBAHHOM BAKLMHbI OT KOPOHABUPYCHbIX MHADEKLMIA®.

bbicTpoe pacnpocTpaHeHue 3a60neBaHna NOCNYXWN0 CTUMY-
NOM ANS HAUWNOHANbHBIX NPABUTENLCTB U MEXAYHAPOLHbIX aNbsiH-
COB, (DUHAHCUPYIOLLMX NPOLIECC CO3AaHNS BakUMH. O6beAUHEHNEM
N0 MHHOBALMOHHbBIM TEXHONOMMAM B 0611aCTW NPOTUBO3NNLEMUYE-
ckux npenapatos (The Coalition for Epidemic Preparedness Inno-
vations, CEPI) coBmecTHO ¢ MMo6anbHbIM anbSHCOM N0 BaKLMHAM
1 nmmyHmu3aumn (Global Alliance for Vaccines and Immunisation,
GAVI) 6bin co3gaH hoHA, NpeaHa3Ha4eHHbI AN NPOBEAEHUs UC-
ClefJOBaHNI KaHAMAATHBIX BaKLMWH [9].

4 mas 2020 r. BO3 aHoHcupoBana pasBepTbiBaHWe MeXnay-
HapoAHoit nporpammbl Solidarity Trial® gns nposeaeHust ofHo-
BPEMEHHON OLEHKN BaKLMH, HAXOLALMXCA HA 3Tane KuHW4e-
ckux uccnegosanunit lI-ll dasbl. MpeanpuHATLIE YCUANA NPUBESK
K onpefeneHHbIM pesynstatam. B mapte 2020 r. 66111 paspaboTa-
Hbl KAHANATHbIE BAKLIMHbI, C YETbIPbMS U3 KOTOPbIX ObIA HA4aTbl
KSIMHWUYecKne nccnefosanus [9].

B anpene 2020 r. noctynuna uHdgopmauua o paspaboTke
115 BakumH npotus COVID-19, no MeHbLUel Mepe 6 U3 KOTOPbIX,

' B Kutae o6HapyxeH HoBblii BUf KopoHasupyca. 10.01.2020. BO3. https://www.euro.who.int/ru/health-topics/health-emergencies/coronavirus-cov-

id-19/news/news/2020/01/novel-coronavirus-emerges-in-china

2 WHO Coronavirus Disease (COVID-19) Dashboard. https://covid19.who.int
3 Grenfell R, Drew T. Here’s why it’s taking so long to develop a vaccine for the new coronavirus. 17.02.2020. ScienceAlert. https://www.sciencealert.

com/who-says-a-coronavirus-vaccine-is-18-months-away

4 MERS vaccine shows promise in clinical trial, say researchers. 27.04.2020. EPR. https://www.europeanpharmaceuticalreview.com/news/117962/

mers-vaccine-shows-promise-in-clinical-trial-say-researchers

5 Mun3gpas Poccun 3apeructpupoBan nepBylo B Mupe BakuuHy 0T COVID-19. 11.08.2020. Mwnzgpas Poccuu. https:/minzdrav.gov.ru/
news/2020/08/11/14657-minzdrav-rossii-zaregistriroval-pervuyu-v-mire-vaktsinu-ot-covid-19

6 BcTynutensHoe cnoBo «06beAUHEHNE YCUNMIA NS YCKOPEHNs pa3paboTkyu, NPON3BOACTBA U CMPaBEAINBOr0 pacnpefeNieHns BakLMH, CPeACcTB Ana-
rHOCTUKMN 1 nedenns COVID-19». OHnaiHoBOe MeponpuaTue EBponenckor komuccum no 06baBneHunto B3Hocos. 04.05.2020. BO3. https://www.who.int/ru/
dg/speeches/detail/who-director-general-s-opening-remarks-at-on-line-pledging-event-hosted-by-the-european-commission

https://www.who.int/ru/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-

covid-19-treatments
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I. I Onuwenko, T. E. Cusnkosa, B. H. Jle6epes, C. B. bopucesuy

cornacHo oueHke SEPI, moryT 6biTb 0406peHbI ANd NpPOBeAeHMs
KNUHUYECKMX MccneaoBaHnit. CornacHo Apyrum AaHHbIM, Ans npo-
BEAEHUS OAHOBPEMEHHbIX UCCIef0BaHUA MOrYT BbITb 0TOOPAHbI
10 BakUWH, U3 KOTOPbIX B AanbHEMLIEM CheayeT BblopaTh Hau6o-
nee NepcneKkTUBHbIE ANA 3aKMKYUTENbHOTO NNLEH3UPOBAHUA UX
npou3BoAcTsa [5].

B mae 2020 r. BO3 coobuyuna 0 Haxogawwmxcs B cTagum pas-
paboTku 159 KaHAMAaTHbIX BakumHax npotus COVID-19, 5 u3 Ko-
TOpbIX Npoxoaunu asy |-l v ewe 7 — asy | KNUHUYECKNX UC-
cneposanuit. Mo aaHHbIM BO3, Ha Havano utons 2020 r. Ha cTagun
KNUHUYECKNX UCCIef0BaHNA Haxoaunuceb 17 passinyHbIX BULOB
BakumH npotms COVID-19.

Ha Hayano Hoa6ps 2020 r. KAWHUYECKME UCCneaoBaHus |—
Il dhasbl NPOXOAAT 7 pPa3nyHbIX BUAOB BaKLMH npoTus COVID-19.

B yacTHOCTM:

- BuochapmaueBTuyeckas komnaHus Altimmune (CLUA) pas-
paboTana uHTpaHasanbHyto BakuuHy npotue GOVID-19 Ha ocHoBe
TEeXHONOrNYeCKO NNaTOPMbl, aHANOrMYHON NPOTUBOrPUNNO3HON
BakLuHe NasoVAX™, pa3paboTaHHO JaHHOW KOMNaHNens;

- kKomnanus Medicago (KaHaga) paspabarbiaeT BakLMHY NpoTUB
COVID-19 Ha ocHoBe BMpYCONOA06HbIX HacTuL Bupyca SARS-CoV-25;

- komnaHum Inovio Pharmaceuticals (CLUA) n WHcTuTyT 3apa-
BooxpaHeHus Kopen (KOxxHas Kopes) paspabatbiBatOT HOBYH KO-
poHasupycHyto BakuuHy INO-4800. Ve k 3 mapta 2020 r. 6bino
noarotoeneHo 3000 403 npenapata Ans NPOBEAEHUS KIUHUYECKNX
uccnegosanuii B CLUA, KHP u FOxHoit Kopee. [1ns npoBefeHuns (hasbl
Il KNMMHWYeCKUX McCnefoBaHNA (AN NCNONb30BAHNS B 3KCTPEHHbIX
cnyyasix) Inovio Pharmaceuticals nsrotosuna 1 MiH 403 BakumHbI'?;

- komnaHus Entos Pharmaceuticals (CLLA) paspa6atbisaet JHK-
BaKUWHY Fusogenix Ha 0CHOBe NNaTopMbl AOCTaBKU NekapcTs Fu-
sogenix ang npenotepatieHns COVID-19, npeactasnsatoLLein coboin
NPOTEONUNUAHBIA HOCUTENb, NPEAHA3HAYEHHbIA AN JOCTABKU He-
CKONbKUX 3NNUTOMNOB CTPYKTYPHbIX 6enkos Bupyca SARS-CoV-2, ko-
TOpble 6yAyT CTUMYNMPOBATb MMMYHHBIA OTBET B OpraHu3me'”;

- NHcTutyT B Cnatne Vaccine Research Center n komnanus Mod-
erna, Inc. (CLLIA) paspa6oTanu BakuuHy MPHK-1273, koTopas npef-
ctasnsiet cobon PHK, koaupytowyto S 6enok supyca SARS-CoV-2.
KnnHuyeckune ucenefoBaHus Havyanucb B mapte 2020 r. B TPeX LieH-
Tpax Ha Tepputopuu CLUA. B nccnegosanusx dasbl | y4actsoBanu
45 MyXYMH 1 XeHLUH B Bo3pacTe 0T 18 1o 45 net. Mpu nposeae-
HWUW CCe0BAHNA U3YHEHO BNMSHIE BEIUYUHBI UMMYHU3UPYIOLLEN
A03bl (25, 100 nnwn 250 mkr ¢ uHTepsanom 28 cyt)'2. Moderna, Inc.
3aseplumna Ha6op 30000 y4acTHMKOB ANA WCCNeAoBaHUs (hasbl
Il kangmpatHoi BakuuHbl MPHK-1273 npotus COVID-19, koto-
poe NPOBOAMUTCS B COTPYAHMYECTBE C HauMOHANbHBIM WHCTUTYTOM
anneprum U WHMEKLUMOHHLIX 3a6onesannit. Ha 22.10.2020 6ornee
25650 y4aCTHUKOB MOJTy4NM BTOPYIO BaKLMHALMIO';

- Hay4Ho-uccneposarenbckuii uHCTUTYT MIGAL (M3paunnb)
moamdmumposan ana npodunaktukn COVID-19 BakuuHy npoTus

7 COVID-19 Virtual Press conference. 2 July 2020. WHO.

BUpYCa MHeKUMOoHHOro 6poHxuta (IBV), paspaboTaHHyio Ans
NpOUNAKTUKIN 3a60/1€BAHNSA, 3TUONOMMYECKUM areHTOM KOTOPOro
ABNAETCA KOpPOHaBupyc nTul. dparmeHT HK, BKMNOYEHHbIA B BaK-
LIMHY, UMEEeT BbICOKOE FeHeTUYecKoe CXOACTBO C KOPOHABMPYCOM
yenoseka. MNpu NpoBeeHUN JOKNNHUYECKUX UCCNEAO0BaHNIA Bbina
MnoKa3aHa aKTUBHOCTb aHHOI BaKLMHbI'™,;

- komnaxus Tonix Pharmaceuticals (CLLIA) cosgana sakumny
TNX-1800, koTopas npeAacTaBnsfieT co60A MOLUPULMPOBAHHBINA
BMPYC OCMbI NoLafei, akcnpeccupytowmin S 6enok SARS-CoV-2'%;

- komnaHua Clover Biopharmaceuticals (CLLA) paspa6otana
PEKOMOUHAHTHYIO CYObeJUHUYHYI0 BAKLWHY, NpU 3TOM TPAHCNSA-
umus Bupyccneundmyeckoro 6enka npoBoANUTCS NPU UCMOSb30Ba-
HUWM KYNbTYP KIETOK MieKonuTarLwmux. [JaHHas BakuynHa npoxoaut
| hasy KnnHNYECKNX nccnefoBaHnii's;

- OIBY «HNUSM wum. H. ®. Famanen» Munsgpasa Poccum
paspabotano BakuuHy lam-KOBU[-Bak Kom6uHWpoBaHHAs Bek-
TOPHAs BakUMHA AN NPOUNAKTUKA KOPOHABMPYCHON MHDEKLY,
BbI3biBaeMoil BUpycom SARS-CoV-2, n fam-KOBIW-Bak-Jlno Kom-
6MHUPOBAHHAsA BEKTOPHAS BaKLIMHA ANs NPOGMNAKTUKN KOPOHABN-
PYCHOW MHCheKunHn, Bbi3biBaeMoi Bupycom SARS-CoV-2 («Cnyt-
HUK V»), KOTOpas cTtana nepeod B MUpPE 3apermcTpupOBaHHON
BakumHoin npotus COVID-19"7.

Heo6X0aMMO OTMETUTb, YTO OCHOBHbIE 3NIEMEHTbI CTpaTerum
Nosy4eHns 3aluTHbIX npenapatoB npoTtue COVID-19 6binn yxe
paspaboTaHbl paHee MPUMEHUTESTIbHO K APYrUM 3MEpKEHTHbIM
MH(EKLMOHHbIM 3a00/1€BaHNAIM, B OTHOLLUEHUM KOTOPbLIX OTCYT-
CTBOBaNU 3(PEKTUBHBIE MEANLMHCKIE CPEACTBA 3aLUMTbI, HAanpu-
mep nuxopagku 36ona [6].

[MoTeHUManbHble BaKLMHbI MOTYT 6bITb pasfieneHbl HA Cneayto-
LLMe TUNbI: aTTEHYMPOBaHHbIE, WHAKTUBUPOBaHHbIe, JHK- n PHK-
BaKUMHbI, CYyObeNHUYHbIE (MenTUAHble) HA OCHOBE HaHO4acTwL
11 BEKTOPHbIE PEKOMOWUHAHTHbIE BaKLMUHbI. B nocnefHux B Ka4ectse
BEKTOPa UCMOMb3YI0T KAKOR-NMO0 anaToreHHbI nmbo crabonaro-
FEHHbIA AN YenoBeka BUPYC (BMPYC BE3WKYNSPHOro CTOMATUTA,
a[leHOBMPYCbI, BUPYC BaKLMHbI, NEHTUBMPYCbI). CBEAEHUS O TEXHO-
NOrNYecKUX NnaTcopmax Ansg co3aaHms sakumH npotus COVID-19
npeacTaBneHbl B Tabnuue 1.

MMpexze Yem paccmaTpusatb JOCTOUHCTBA U HEJOCTATKN NpuBe-
[JeHHbIX B Tabnuue 1 TeXHONOrn4Yeckux nnatgopm, paccMoTpuM 06-
LLme TpeboBaHUs, NpeabaBsemMble K npenapatam AaHHOro Knacca.

B naeane BakuuHa [OMKHa:

- BbI3blBaTb JONTOBPEMEHHbIA UMMYHUTET NPU OLHOKPATHOM
BBeJeHNY,;

- 06nafatb NepekpecTHOM PeakTUBHOCTbIO MO OTHOLLEHMIO
K PasfiMyHbIM FeHETUHECKUM NIMHNAM BO36YANTENS;

- UMETb HE3HAYUTENbHbIA PUCK BO3HWKHOBEHUS MOCTBAKLM-
HanbHbIX OCNOXHEHWA.

[Mpu BCEM 3TOM CTOMMOCTb BaKLMHbI HE JOMKHA 6bITb OrpaHi-
4uTeNbHLIM (PAKTOPOM ANS ee MacCOBOr0 NPUMEHEHUS.

8 Single dose intranasal COVID-19 vaccine. Altimmune; 2020. https://altimmune.com/adcovid/
9 Medicago announces positive results in animal trials for its vaccine candidate against COVID-19. 14.05.2020. Press release. Medicago; 2020.
10 Safety, tolerability and immunogenicity of INO-4800 for COVID-19 in healthy volunteers (NCT04336410). https://clinicaltrials.gov/ct2/show/

NCT04336410

" JleyeHue kopoHasupyca 2020: BaKLMHbI M NEKapCTBEHHbIE Npenapartbl Ans 60pb6bl ¢ COVID-19. https://b-mag.ru/lechenie-koronavirusa-2020-vakci-

ny-i-lekarstvennye-preparaty-dlja-borby-s-covid-19/

2. mRNA-1273 Clinical Development Program. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2020-08/COVID-02-Miller-508.pdf
® mRNA-1273 SARS-CoV-2 vaccine. https://www.precisionvaccinations.com/vaccines/mrna-1273-sars-cov-2-vaccine
4 Safety, tolerability and immunogenicity of INO-4800 for COVID-19 in healthy volunteers (NCT04336410). https://clinicaltrials.gov/ct2/show/

NCT04336410

5 TNX-1800 (Coronavirus Vaccine). Scientific rationale for TNX-1800 as a vaccine for coronavirus. https://www.tonixpharma.com/pipeline/tnx-

1800-coronavirus-vaccine

6 Clover biopharmaceuticals starts phase | COVID-19 vaccine trial. https://www.clinicaltrialsarena.com/news/clover-vaccine-covid-19-trial

7 http://grls.rosminzdrav.ru
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AHanu3 nepcneKTMBHbIX HanpaeneHui co3aaHus BakuuH npotue COVID-19
Analysis of Promising Approaches to COVID-19 Vaccine Development

Ta6nuua 1. NepeyeHb TEXHONOrMHYECKNX NnaTcopm Ana co3gaHus BakumH npotme COVID-19
Table 1. List of technological platforms for COVID-19 vaccine development

TexHonoruvyeckas nnardgopma O6Lee KONM4eCcTBO Konun4yecTBo BaKLUH,
Technological platform KaHaupaToB NPOXoAsLUUX KJIMHN4Yeckue
Total number of candidates nccnepoBaHus
Number of vaccines in
clinical trials
HepennmumpyroLmincs BUPYCHBbIA BEKTOP 15 8
Non-replicating viral vector
PHK-BakuuHbI 19 5
RNA vaccines
OHK-BakuuHbI 11 4
DNA vaccines
MHaKTMBMpOBaHHbIE BaKLMHbI 7 7
Inactivated vaccines
Cy6beanHNYHbIE BaKLMHbI
) ; 47 13
Subunit vaccines
Pennvuupyrowmincs BUpYCHbI BEKTOP 13 3
Replicating viral vector
Bupyconogo6Hbie YacTuubl 7 5
Virus-like particles
XKnBas aTTeHynpoBaHHas BaKLMHa 3 0
Live attenuated vaccine
Pennuuupytomincsa 6aktepuanbHbIi BEKTOP 1 0
Replicating bacterial vector
MnaTtcdopma He naeHTUMUMpoBaHa 36 0
Platform not identified
O6LLee KONM4ecTBO 159 42
Total number

CnepnoBatenbHO, NPUOPUTETaMM NP CO3[AHUM BaKLMH SIBNS-
toTCs UX 6630MacHOCTb 1 3PMEKTUBHOCTb, a TAKXKE BO3MOXHOCTb
npon3Bo/cTBa 60MbLIOTO KONMYECTBA, N3MEPSEeMOro B MUNIMap-
Jax 03, NS NpoBefieHns rMobanbHON BakLMHaLmMn'e,

B ka4ecTBe OCHOBHbIX METOAMYECKMX NPOGIEM Npu CO3AaHNN
BaKUMHbI npoTne COVID-19 cnefyet 0TMETUTb CleaytoLLme:

- OTCYTCTBME NAabOpPaTOPHbIX XWUBOTHBIX, KOTOPbIE MPU 3KCMe-
PUMEHTANbHON WHCEKLMN afieKBaTHO BOCMPOWU3BOAAT MPU3HAKM
3a60/1eBaHNA YenoBeka. B 4acTHOCTW, Npu NPOBEAEHUN AOKNNHNYE-
CKUX MCcCNeaoBaHnin BakumH npotme COVID-19 Ha HU3LWIMX npumarax
BO3MOXHO MPOBEJIEHIE OLIEHKN 6E30MACHOCTI U UMMYHOTEHHOCTMH,
HO He 3aWMUTHON 3HEKTUBHOCTM BaKLMHbl. BO3MOXHbIM (HO He
1CYEPMbIBAKOLLIMM) PELLeHNeM [aHHOW Npo6remMbl MOXET ObiTb MC-
nofb30BaHWe Npy NPOBEAEHNI JOKNNHUYECKUX UCCNEe0BaHNIA BaK-
unH npoTne COVID-19 nMMyHOAEMUMTHBIX BEMbIX MbILER, MH(K-
LMpoBaHmMe KoTopbix BUpycom SARS-CoV-2 3akaHunBaeTcs rnbenbio
XKUBOTHbIX, MO0 OLEHKA 3CHEKTUBHOCTM NO [OCTOBEPHOMY CHIKE-
HWH YPOBHSI HAKOMMEHNS BUPYCA B OPraHaX-MULLIEHSIX XUBOTHbIX [7];

- NpVW NpOBEAEHWUN KNMHUYECKMX WCCNEL0BaHWiA NpK OLEHKE
BO3MOXHbIX NOCNEACTBUIA BakuHauun npotus COVID-19 Heobxo-
ANMO ONpeaennTb PUCKM BO3HUKHOBEHUS heHoMeHa ADE (aHTuTe-
N103aBUCMMOT0 YCUINEHNS MHGDEKLMM, Pa3BUBAIOLLLErOCS B OTBET Ha
60K S KOPOHABMPYCOB), 3aKMHOHAOLLEr0Cs B YCUNEHUM MHAEK-
LMOHHOrO npolecca BcneAcTBUe 006pa30BaHMs WHCGEKLMOHHbIX
KOMMNEKCOB BUPYC—aHTUTENO, KOTOPbIE MOTEHLUANBbHO MOTYT Npu-
BECTM K W3MEHEHUI0 TPOMHOCTW BO3GYAMTENS, TO €CTb CBA3bIBA-
HUEe BUPWOHOB CTAHOBWTCSA BO3MOXHbIM He ToNbko ACE2 anbBeo-
NSpHLIMK NHEBMOLMTaMK TUna 2, Ho 1 (4yepe3 FcyRIIA-peuenTop)
C MOHOLMTaMK n makpodharamu [8, 9].

®eHomeH ADE MOXeT NposiBAATLCA NPU CHUKEHWUN KOHLIEH-
Tpauun BUpYcCneuntyeckux aHTUTEN [0 YPOBHA CyGHeMTpanu-

3YIOLLEro cnycTs onpefeneHHoe BpeMs NoCne NpoBeeHHON UM-
MyHU3aLmK.

MpeobnagaioLias 4acTb paspabaTbiBaeMblX B HACTOSALLEE Bpe-
MS BaKUWH (Tabn. 1) OTHOCWUTCA K TaK HasblBaeMblM BaKLHaM
HOBOrO nokoneHusi. OCHOBOIA Ans UX pa3paboTKM NOCAyXuna ony-
6nmkoBaHHas 11 aueaps 2020 r. HyKneoTMAHAs NOCHeAOBATESb-
HoCTb reHomHoi PHK Bupyca SARS-CoV-2'°.

B Tabnuue 2 npeAcTaBneHbl JOCTOMHCTBA U HEAOCTATKN Kax-
J0r0 KOHKPETHOr0 BMAA MpenapatoB B MyaHe BO3MOXHOCTU UC-
noNb30BaHWA B KayecTBe BakuuHbl npoTus COVID-19. Mpu atom
Heo6X04NMO MMeTb B BWAY, YTO AaHHble BaKUMHbLI MOTYT 6biTh
NpefHa3Ha4eHbl Kak Anf UMMYHU3aLWW TPynn BbICOKOrO PUCKa,
TaK 1 AAs NpoBeSeHUs MaccoBOi i MMMYHU3ALNN.

B nepBylo 04epefb BakuWHALWW MOANEXAT NpeacTaBuTenu
rpynnbl pucka (MeguunHCKMe PaboTHMKM, @ TakKe JIoAW, Heno-
CPeSCTBEHHO KOHTaKTMPOBABLUME C NIULAMU C MOLTBEPXKLEHHBIM
anarHo3om COVID-19) [4].

B 37014 CBA3N HEOOXOAMMO OTMETUTB, YTO U3 BCEX NEPEYMUCIEH-
HbIX B Tabnuue 1 nnatchopm BEKTOPHbIE PEKOMOUHAHTHBIE BaKLMHbI
Ha OCHOBE PenMLMPYIOLLLErocs BUPYCHOrO BeKTOpa 06N1afatoT npe-
MMYLLECTBOM B MIaHe BO3MOXHOCTYU WX MOMy4eHNs B NPOMbILLIEH-
HbIX MacLuTabax, 4To 06ecneynT BO3MOXHOCTb NPOBEJEHUS Macco-
BOIi UMMYHM3aLMKN. BaXKHOCTb peLueHns 3a4a4u BakLyMHaLMK rpynn
BbICOKOrO pucka 06ycnaBnnBaeT HeO6XOLUMOCTb MOHMTOPUHIA
BCexX (He3aBMCUMO OT MCMONb3YeMOoii NnaTdopMbl) pa3paboTok Mo
C03AaHNt0 BakumHbI npotue COVID-19.

MonekynsipHo-610M0rM4eckne XapakTepucTMKn KOPOHaBUPY-
COB, B 4aCTHOCTYW ponb 6efka S B MexaHn3me aacopbunn BUpycos
Ha KNneTku (Ha noBepxHocTn BupnoHa SARS-CoV-2 HaxoasaTes o
40 noABMXKHBIX «WKMNOB», 06pa3yeMblx AaHHbIM 6Genkom [10]),
ONPeLENstoT AN3aiiH BaKLMH HOBOrO MOKONEHNS.

'® R&D Blueprint and COVID-19. WHO. https://www.who.int/teams/blueprint/covid-19
' Wuhan seafood market pneumonia virus isolate Wuhan-Hu-1, complete genome. NCBI Reference Sequence: NC_045512.2. https://www.ncbi.nim.

nih.gov/nuccore/NC_045512.1
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KaHaunpatHble BakUuHbl npoTne COVID-19 gomkHb! 6bITb OC-
HOBaHbl HAa WCMONb30BAHMN B KA4eCTBE AHTUTEHOB OTAESbHbIX
cybbeuHUL, CTPYKTYPHBIX 6eNKOB S (0653aTeNibHbIA KOMMOHEHT)
“ N (BO3MOXHbIl JONONHUTENbHbLIA KOMNOHEHT) Bupyca SARS-
CoV-2 (B34TbIX OTAENbHO WNU B KOMOWUHALWMM), KOTOPbIE npu
BBELEHUN 06YCNaBNMBAIOT BbIPAXKEHHbIA UMMYHHbIA OTBET (F'yMO-
panbHbIi 1 T-KNETOYHBINA). NPy 3TOM XKenaTesibHO, 4T06bI BCTaBKa
reHa CTPYKTYPHOro 6enka S KoaupoBana aMUHOKUCIIOTHYHO Nochne-
[0BaTeNbHOCTb  APrMHUH—-APrUHUH-aNaHUH—CepUH—BannH—ana-
HUH—CEPWH, KOTOpas sBNAETCA WOEHTUYHOW COOTBETCTBYHOLLEMY
y4acTky 6enka yenoseka ENaC-a [11].

OfHaKo KONMYECTBO BO3MOXHBIX MyTeA CO3JaHUs BaKLUMH
HOBOrO MOKOJIEHNSA, BKMIOYAIOLWMX BbIGOP NNAT(OPMbI, BbIGOP
An3ailHa BakUWHbI 1 CNoco6a ee MONYYeHUs, a TaKXKEe OLEHKM
npeanonaraemoi 3hPeKTUBHOCTI BaKLMHbI NPWU NPOBEAEHUMN A0-

KNUHUYECKNX NCCNE0BaHUIA HACTONbKO BENMKO, YTO KaXay OT-
NenbHY0 METOANKY MONY4YeHWUs BaKLWHbI MOXHO paccMaTpuBaTh
B Ka4eCTBE CaMOCTOSTENbHOIA Hay4HOI pa3paboTKM.

BakLiMHa cTaHOBMTCS JOCTYNHOIA AN UCNONb30BAHUS TONbKO
nocne 3aBeplUeHNs BCEro LMKNA KNWUHWYECKUX WCCNEef0BaHMUIA.
OCHOBHOW COCTaBNALLEH NPefperucTpaLyuoHHbIX KNMHUYECKMX
1CCNeaoBaHNiA SBMSETCA MOHUTOPUHT HEXenaTeNbHbIX peak-
LUMA Ha BaKLUMHY. B KNMHMYeCKMX MccnenoBaHusx ¢asbl | npo-
BOJAT OMpejeneHne B NepByo o4epeab 6e30MacCHOCTM, a Takxe
VMMYHOTEHHOCTI KaHAWOATHOA BaKLMHbI HA OrPaHWYeHHOI no
yucnennoct (10-100) rpynne fo6posonbueB (06bIYHO 370-
poBble B3pOCAble). [pu NPOBEAEHWM KIMHMYECKUX WCCNeAo-
BaHWii ha3sbl || NPOBOAAT OLEHKY OMACHOCTM MOTEHLMANbHOTO
no60YHOro JeACcTBUS, UMMYHHbIX peakLuii, a Takxe onpenene-
HUE ONTUMAaNbHOW CXembl UMMyHM3auun. 06beM BbIGOPKU Npu

Ta6nuua 2. [IoCTOMHCTBA M HE[OCTaTKM TEXHOMNOrMYecknx nnartdopm Ans cosgaHnsa BakumH npotns COVID-19
Table 2. Benefits and drawbacks of the technological platforms for COVID-19 vaccine development

TexHonornyeckas
nnarcopma
Technological
platform

[JocTtouHCcTBa
Benefits

Hepocrtatku
Drawbacks

XKuBasi aTTeHyupo-
BaHHasi BakLUMHa
Live attenuated

[MoTeHumansHo cambii A EKTMB-
HbI BUA BakUMHbI AN NpoBeAeHus
UMMYHM3aumn. MNpocToTa nony4eHns.

MpymMenuTeneHo K BakumHam npotne COVID-19 ncnonb3osaHune
OaHHoM nnatopMbl ManoBeposTHO BBMAY HaNN4na 60MbLLOM
[0 6eCCMMNTOMHBIX POPM NpoTekaHns 3aboneBaHns u CBs-

vaccine B0O3MOXHOCTb NOMy4eHWst B NPOMBILL- | 3aHHOM C 3TUM HEONpeaeneHHOCTbIO AaHHbIX, KOTOPble MO 6bl
NEeHHbIX MacluTabax 6bITb NONYYeHbI NPY NPOBEAESHUN KIIMHUYECKWUX NCCNEfoBaHNNA.
Potentially the most effective type of B03MOXHOCTb peBepcumn aTTeHYMPOBAHHOIO LUTAMMa K AUKOMY
vaccine for immunisation. Easy to pro- | Tuny BBugy reHeTM4eCcKon nnacTU4HOCTN KOPOHaBUPYCOB
duce. Possibilities for industrial-scale | The platform is unlikely to be used for COVID-19 vaccines due
production to the high proportion of asymptomatic cases and the associated
uncertainty of data that could be obtained from clinical trials. Pos-
sibility of the attenuated strain reversion to the wild type due to
genetic flexibility of coronaviruses
MHakTnBmpoBaHHble | MpocToTa nony4veHus. PeumnpokHocTb | OTHOCUTENBHO HU3KUIA YPOBEHb HAKoOMMeHWs Bupyca in vitro.
BaKLMHbI 3MUTONOB MHAKTMBMPOBAHHOMO M HA- | Heo6xoauMOCTb UCMOMb30BaHWA KYNbTYpbl KIETOK, NNLEH3VPO-

Inactivated vaccines

TMBHOrO BO36yAUTENS

Easy to produce. Reciprocity of
epitopes of the inactivated and native
pathogens

BaHHOW [ANs Nony4eHns BakLMH.

OTHocuTeNbHO cnatas MUMMYHOTEHHOCTb U CBA3AHHAs C HeW He-
06X0AMMOCTb MPOBEAEHUA MOBTOPHOW MMMYyHU3aLMn

Relatively low level of virus accumulation in vitro. The need to use
a cell culture licensed for vaccine production.

Relatively low immunogenicity and the associated need for re-
immunisation

PHK-BakumHbI
RNA vaccines

Haunbonee npocTtas KOHCTPyKLuS,
HeobxoavMas fAns NPon3BoAcTBa
cneundmr4ecKkoro aHTUreHa B Makpo-
opraHuame. OTCyTCTBME BO3MOXHOCTM
WHTerpaummn B reHom 4Yenoeeka

The simplest construct that can pro-
duce specific antigen in a macroorgan-
ism. It is not capable of integrating into
the human genome

HeobxoaMMocTb MCnonb30BaHUA crneunansHom annapartypbl ans
BakunHaumm. OTHocuTEeNbHO cnabas UMMYHOreHHOCTb U CBA3aH-
Has ¢ Hell He06X0AMMOCTb NMPOBEAEHUS MOBTOPHOW MMMYHM3a-
ummn. CnoXHOCTb NOMYy4eHUs B NPOMBILLINIEHHbIX MacLuTatax

The need to use special equipment for vaccination. Relatively low
immunogenicity and the associated need for re-immunisation. Dif-
ficulties associated with industrial-scale production

IOHK-BakumHbI
DNA vaccines

OueHeHb! and Lenoro psaa 3abonesa-
HWI, 6e30MacHsbl, CabopeakToreHHb!
These vaccines have already been
evaluated for a variety of diseases,
they are safe and have low reactoge-
nicity

HeobxoaMMocCTb MCnonb30BaHWA cneuuansHom annapartypbl ons
BaKUMHaLMK (gene gun — reHHas nyLuka), OTHOCUTESNIbHO crnabas
MMMYHOTr€HHOCTb M CBA3aHHAas C Hel HEOOXOAMMOCTb BbICOKNX
MMMYHU3MPYIOLLMX [03 U NPOBEAEHUS MOBTOPHOM MMMYHM3ALIMK
Ons JOCTMKEHWs TpebyeMoro UMMYHHOIO OoTBeTa

The need to use special equipment for vaccination (gene gun),
relatively low immunogenicity and the associated need for high
immunisation doses and repeat immunisation in order to achieve
the desired immune response

Cy6beavHnYHble
BaKLVHbI
Subunit vaccines

BesonacHsbl, cnabopeakToreHHb!
Safety, low reactogenicity

OTHocuTenbHO cna6as MMMYHOrEHHOCTb U CBA3aHHas C Het He-
06X0AMMOCTb MPOBEeHUs MOBTOPHON MMMYyHU3aLMn

Relatively low immunogenicity and the associated need for re-
immunisation

Bupyconopo6Hele
YacTuubl
Virus-like particles

BesonacHsbl
Safety

Heo6xoaMMoCTb MHOroKpaTHOM UMMyHU3auun. Beicokas ctoum-
MOCTb BakLMHbI. CNIOXHbIV MPOLLECC NOMy4eHus!, NPeEnsTCTBYO-
LM ee CepuiHOMY NPON3BOACTBY

The need for multiple immunisations. A high cost of the vaccine.
A complicated production process that hinders mass production
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AHanu3 nepcneKTMBHbIX HanpaeneHui co3aaHus BakuuH npotue COVID-19

Analysis of Promising Approaches to COVID-19 Vaccine Deve

lopment

lpogomxeHne Tabnpbl 2

Table 2 (continued)
TexHonornyeckas JlocTonHcTBa HepocTtaTtku
nnarcopma Benefits Drawbacks
Technological
platform
BekTop- | Ha ocHoBe | Hannune anpobupoBaHHbIX TEXHOMO- | HeonpepaeneHHOCTb MMMYHHOMO cTaTyca MakpoopraHnama
Hble pe- | aAeHOBU- | FMHYeCcKMX NNaTopMm. (paHee nepeHeceHHoe 3a6oneBaHne, BbI3BAHHOE aflEeHOBVPYCOM,
KOM6u- | pyca YcTaHoBfeHHasn apHEKTUBHOCTb MOXET HEraTUBHO BSIMSTb Ha 3PHEKTUBHOCTbL BaKLMHbI). Ddb-
HaHTHble | adenovi- | BaKUWH Ha gaHHoW nnaTtdopme. (PEKTUBHBIN UIMMYHHbBIN OTBET NPU OAHOKPATHON NMMYHU3aLMK
BaKLUMHbI | rus-based | BO3MOXHOCTb MOYYEHNA B MPOMBILL- | pa3BMBAETCH NPU UCMOb30BaHUN BbICOKMX UMMYHU3UPYOLLIMX
Recom- NEeHHbIX MacluTabax 003, ANs NOBbILLEHNA 3PPEKTUBHOCTY UMMYHM3ALMN HEO6XO0AM-
binant Availability of time-tested technological | Mo NnpoBeaeHue 6ycTMpoBaHus
vector platforms. Lack of information about the macroorganism’s immune status
vaccines Proven effectiveness of vaccines cre- | (a previous adenovirus infection may affect the vaccine’s effec-
ated using this platform. tiveness). High immunisation doses are needed to elicit an effec-
Possibilities for industrial-scale produc- |tive immune response from single immunisation. Booster doses
tion are required in order to increase immunisation effectiveness
Ha ocHoBe | Hannumne anpo6bupoBaHHbIX TEXHOMO- | BO3MOXHbI NO60YHbIE AENCTBUA: NEeNKOoNeHns, numdoneHuns
BMpyca rM4eckmx nnaTopm. N HENTPOMNEHWS B TEYEHWNE NePBbIX TPEX AHEN nocne BakumHa-
BE3UKY- | [Ins Nnony4eHnss UMMyHHOro oTBeTa Lun, apTpanrus, apTputbl NpuMepHo Yy 20% MMMYHU3MPOBAHHbIX
NAPHOro | 4OCTATOYHO NpoBefeHus ogHokpaTHow | Potential side effects: leukopenia, lymphopenia and neutropenia
cToma- MMMYHU3aLMN. during the first three days after vaccination, arthralgia, arthritis in
TMTa Bo3MOXHOCTb nonyyeHust B NpoMbIw- | about 20% of the vaccinated individuals
vesicular | neHHbIX MacluTabax
stomatitis | Availability of time-tested technological
virus- platforms.
based A single immunisation is sufficient for
eliciting immune response.
Possibilities for industrial-scale produc-
tion
Ha ocHose | VIHdhopmaumoHHas eMKoCTb reHoma HeonpepeneHHOCTb UMMYHHOrO cTaTyca MakpoopraHnuama.
OPTOMOKC- | BEKTOpa, NO3BONAI0LLAasa NPoBOANTb Bo3amoxHoe oTcyTcTBMe addpekTa npu MMMyHU3aLmMmn Hanbonee
BMPYCOB | BCTaBKY HECKONbKMX reTEPOSIOrMYHbIX | YA3BMMOM BO3PACTHOW rpynrbl (IF0AM MOXMIIOro Bo3pacTa) BBUY-
ortho- nocnegosaTenbHOCTEN [y TOro, YTO OHW NPOLLMN BaKLMHALMIO NPOTUB OCHbl
poxvirus- | The information capacity of the vector | Lack of information about the macroorganism’s immune status.
based genome allows for insertion of several | Potential lack of effect when immunising the most vulnerable
heterological sequences age group (elderly people) due to previous vaccination against
smallpox
Ha ocHoBe | CNOCO6GHOCTbL NEHTUBMPYCOB K pennn- | OTCYTCTBME anpoBUPOBaHHbIX TEXHONOrMHYECKMX NnaTthopm Ans
NEHTMBMN- | KaLMW B HEAENALLMXCA KneTKax €03[aHnsi Ha OCHOBE NEHTUBMNPYCOB BaKLWH NPOTMB BUPYCHbIX
pycos Lentiviruses are capable of replicating | nHpeKUMOHHbIX 3a6onesaHni
lentivirus- | in non-proliferating cells Lack of time-tested technological platforms for production of
based lentivirus-based vaccines against viral infections

atom coctasnsietr 100-1000 yenosek. ®asa Il KNUHUYECKUX HUC-
CNef0BaHNA BKNHOYAET OLEHKY 9(MEKTUBHOCTN KaHAUAATHON
BaKLMHbI MpW NpounakTuke 3a6onesaHnii, c6op MHGOpMaLMN
0 Pa3HOPOAHON UMMYHU3MPOBAHHOM NONYNALUN B TEYEHME NPO-
JOSKUTENTbHOr0 BPeMeH (06bI14HO He MeHee 1 roaa). 06bem Bbl-
6OPKM Ha 3TOW CTaAMN KIMHUYECKUX UCCNE0BaHNIA COCTaBNseT
1000-10000 yenoBsek. Jluwb nocne nNoay4eHUs NOSOKUTENbHbIX
NaHHbIX dasbl Il ocyulecTBNsAeTCA Nojava 3asBKM Ha NULIEH3NPO-
BaHWe B KOHTPONMUPYIOLLMA OpraH 0 NPUMEHEHUN BaKLUHbI U pa3-
peLIeHnm ee UCNOoNb30BaHNS.

Cneayert 0TMeTUTb, YTO B YCNOBUAX YPE3BbIYANHONA CUTYALIMM
BO3MOXHA PErncTpauus BakLMHbl MO YCKOPEHHOW cxeme?. Tak,
BakuuHa am-KOBW-Bak n Mam-KOBI[-Bak-Jno (kommepyeckoe
HasBaHue «CnyTHUK V») 3aperncTpupoBaHa nocne npoBefeHUs
thasbl I/Il KNMHMYECKMX UCCNEA0BaHMI®!, 3aBepLUEHHbIX 1 aBrycta

2020 r. [12]. BakunHa nonyyuna cemaeTeNbCTBO 0 perucTpawmm ot
Mwunsgpasa Poccun 11 asrycta 2020 r. 1 B COOTBETCTBUN C NPaBM-
namu, NPUHATLIMUA BO BPEMS NaHAEMUM, MOXET MCMOJSb30BaTLHCA
AN8 BakUMHAUMK Hacenenus B Poccun.

[laHHas BakUMHa, CO3[aHHAas HAa 0CHOBE PEKOMOUHAHTHbIX afie-
HOBMPYCOB YenoBeka 26 W 5 Tuna, B X04e HepaHZOMUHU3UPOBAH-
HbIX KMWUHWYECKMX nccnenoBaHuii asel I/l Ha 76 no6poBoOMbLaAX
B Bo3pacTte 0T 18 10 60 neT nokasana BbIPaboTKy Kak ryMopaibHO-
ro, Tak 1 T-KneTo4Horo ummyHHoro oteeta y 100% MMMyHU3UPO-
BaHHbIX [13]. BblpaboTka rymopanbHOro UMMYHHOrO 0TBeTa 6bina
NoATBEPXKeHA BbISBIEHNEM BUPYCCNELMUIECKUX aHTUTES, B TOM
4ucne U BUPYCHEATPANM3YIOLLMX aHTUTEN B CbIBOPOTKE KPOBU BaK-
LMHUPOBAHHBIX. Hanu4ne KNeTo4HOro MMMYHHOIO 0TBETA B Pe3ysib-
TaTe BaKUMHALMM NOLTBEPXAEHO aKTUBALMEN UMMYHHbIX KIETOK [10-
6poBObLIEB NpY B3aumoaeicTaun ¢ S 6enkom Bupyca SARS-CoV-2.

2 [ocTtaHoBneHue lMpasutensctea Poccuiickoin ®eaepaunn ot 03.04.2020 Ne 441 (peg. ot 01.09.2020) «06 0c06EHHOCTAX 06PALLEHNS NEKAPCTBEHHbIX
npenaparoB Ans MeAvLMHCKOr0 NPUMEHEHMS, KOTOpble NpeJHa3Ha4YeHbl Ans NPUMEHEHIUS B YCOBUAX YrPO3bl BOSHUKHOBEHWS, BO3HUKHOBEHMS W JINKBN-

JauuK Ype3BbiYaNHON CUTYALMN U ANS OPraHM3auui OKasaHus MeauLIMHC

KOW MOMOLLM 1AM, NOCTPadaBLUMM B Pe3ynbTaTe Ype3BblYaiiHblX CUTyauui,

npeaynpexaeHns Ype3BblyaiHbIX CUTyaunid, NpOUNAKTUKK 1 le4eHns 3a601eBaHNiA, NPeaCcTaBNAOWMX ONACHOCTb ANS OKPYXXaroLmX, 3a60neBaHnii n
MOPXEHNIA, NONYYEHHbIX B Pe3yNbTaTe BO3AENCTBINA HEONArONPUATHBIX XMMUYECKIX, 6IONOrNYeCKMX, PaanaLnoHHbIX DaKTOPOB».
210 BaKUnHe Ans NpouUNakTKM HOBOIA KOPOHaBUPYCHOW MHAekL COVID-19 «[am-KOBW-Bak», pazpaboTtanHoit ®IBY «HULOM um. H. ®. Fama-

new» Munsgpasa Poccuu. https://roszdravnadzor.gov.ru/news/22768
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AHanu3 nepcneKTMBHbIX HanpaeneHui co3aaHus BakuuH npotue COVID-19

Analysis of Promising Approaches to COVID-19 Vaccine Development
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AHanu3 nepcneKTMBHbIX HanpaeneHui co3aaHus BakuuH npotue COVID-19
Analysis of Promising Approaches to COVID-19 Vaccine Development

Bce 106pOBOSbLBI XOPOLLO NEPEHECN UCCNeoBaHNs, He 6bINo 3a-
PErMCTPUPOBAHO CEPbE3HbIX HEXENATENbHbIX PeakLnA.

B Tabnuue 3 npeacTasneH nepeyveHb KaHAMAATOB B BaKLMHbI
npotue COVID-19, HaxogawmMXcs Ha CTaAMN KIMHUYECKUX MCChe-
Q0BaHWiA. lcnbiTyemble BakUWHbI CrpynnupoBaHbl N0 CTpaHam-
NpON3BOANTENSM.

Ha BO3MOXXHOCTb NPOBEfeHNs MacCOBO BaKLMHALUM NPOTMB
COVID-19 B 6yayLem MOryT BAUATb HECKONbKO (hakTOpPOB, U3 KO-
TOPbIX MaBHbIM ABASETCA MaTepuanbHoe obecneyeHne. Heobxo-
QMO OTMETUTb, YTO MCMOMb3yeMas TEXHONOrnyeckas nnatgopma
QNS CO3[]aHNS BAKLMHbI HE 0KA3bIBAET CYLLECTBEHHOMO BIMAHMSA Ha
3arparbl.

B HacTosLLee BpemMs yXxe aHOHCUPOBAHbI UCCNE0BaHUS, pe-
3YNbTaThl KOTOPbIX B AaNbHEALIEM MOTYT 6bITb UCMNONb30BaHbI NPU
co3faHnK BakumHbl npotue COVID-19, npurogHoit ana nposeae-
HWS MACCOBOI MMMYHU3aLMN®E,

Hanbonee 3Ha4MMbIMU UMCCNEAOBaHUAMU Mpu  pa3paboTke
BakuuHbl npoTuB COVID-19 (NoTeHUManbHO NPUrOAHONA Ans mac-
COBOr0 NpuMeHeHns) aenaTcs cnefytowue. B KHP B mae 2020 1.
Ha 2575 po6poBonbLax 6bINO NPOBEAEHO UCCNeaoBaHUe 5 pas-
NNYHbIX BakuuH. GneayeT OTMETWUTL MPOBEfEHHY Akaaemuen
BOEHHO-MeAULMHCKNX Hayk KHP pa3paboTky reHHO-MHXeHepHON
BaKUMHbI NpoTuB COVID-19 Ha OCHOBE 4eN0OBEYECKOro pekoM6m-
HAHTHOrO aZieHoBMpyca Tuna 5. BakuuHa npuaHaHa 6e30nacHom,
Mpy BbIPAXEHHOR UMMYHOTEHHOCTW HEXenaTe/bHble PeakLmn npu
MMMYHW3aLMK 0TCYTCTBOBANM®.

BakumHa npotus COVID-19, paspa6otaHHas VHCTMTYTOM GKMO-
NOrM4eckux NPoaykToB (r. YXaHb), B Xofe KIMHUYECKMX nnawe6o-
KOHTpONMpyeMmblIx ncenefoBanui passi I/1l Ha 1120 go6poBonbLax
noKa3ana BbIPaXKEHHY UMMYHOTEHHOCTb. B aKcnepumeHTax 6binu
MCNONb30BaHbI 3 UMMYHU3UPYIOLLME 103bl (HU3Kas, CPEAHAN U Bbl-
COKas) Npu BYKPATHOM BBeAEHUM ¢ uHTepsanom 14, 21 n 28 cyr.
YCTaHOBIIEHO, YTO 4acTOTa CEPOKOHBEPCMM Ha 28-e CyT nocne 3a-
KIOYUTENIbHON UMMYHU3AUMU NPKU NOB0A N3 U3YYEHHBIX CXEM
coctasuna 100%. Mpu NpoBedeHUN KNUHUHECKUX MCCedoBaHUi
hassb! Il npegnonaraetcs koonepauus ¢ Apyrumn ctpaHamu. Kom-
naHua Sinopharm Group Co., Ltd (KHP) nnaHupyet npon3soautb
200 MNH 103 BaKLMHbI B roa®.

B mae 2020 r. nocne nony4yeHus pe3ynstatos | pasbl KIMHK-
YecKux uccnegoBaHuii BakumHbl MPHK-1273 komnaHust Moderna
npucTynuna K nposeaeHunto |l pasbl, B KOTOPOI NPUHANM yYacTue
600 106pOBONbLEB, U3 KOTOPbIX MONOBUHA MMEET BO3PACT CTaplle
60 net. 27 wonsa 2020 r. komnaHua Havana nposegetHue Il asbl
KNUHNYeCcKnX nccnenoBaHnii. B pamkax [l asbl 40 KOHLA OKTS-
6ps npegnonaraetcsa npueutb 30000 nobposonsues n3 CLUA, cpe-
AN KOTOPbIX TaKxe 6yayT noxunsle noan. BakumHaumo 100 Mkr

% Gavi. The vaccine alliance. COVAX. https://www.gavi.org/covax-facility

MPHK-1273 wnn nnaue6o nposefyT ABaX[bl C MPOMEXYTKOM
B 28 cyT, a 3aTeM uccnefosarenu (6 pa3 B Te4eHue ABYX NeT) Npo-
BeAYT OnpejesieHne ypoBHA aHTUTeN 1 6yayT Habnoaath 3a6oses-
LLUNX 1 OTCNEXNBATb MHTEHCUBHOCTb NPOSBNEHNS 3a60neBaHus*!.

Okcthopackuit yHuBepcuTeT 06bABMA O pa3paboTke BaKLu-
Hbl ChAdOx1 nCoV-19 Ha OCHOBE afeHOBMPYCHOr0 BeKTOpa.
C 27 mapta 2020 r. Ha4aTbl KNUHMYECKNE UccneaoBaHua gasbl |
¢ ydyactuem 510 pobposonblLeB B Bo3pacTe oT 18 mo 55 net®.
Pe3ynsTaToM NpOBeAEHHbIX WCCNeJ0BaHUA SBMNOCL CO3JaHue
BAKLMHbI, MOMy4MUBLUEA KOMMepYeckoe HaspaHue AZD1222, —
BEKTOPHOM PEKOMOWHAHTHON BaKLMHbI HA OCHOBE afleHOBMpYCa
LIMMNaH3e, CoflepXKallein BCTaBKy reHa 6enka S supyca SARS-
CoV-2. Mpennonaraetcs, 4T0 3Ta BakLUHa 6yAeT NCNONb30BaHa Npu
JBYKPAaTHOM BBeJEHUU: MpaiimupoBaHue B fo3e 5,0x10', 6yctu-
poBaHne — 2,5x10'° BUpYyCHbIX YacTul, (B nepecyeTe Ha peKoMou-
HaHTHbIA BUpPYC)™. B HacTosee BpeMS MPOBOAATCS KNMHUYECKME
uccnegosanms Il asbl BakuuHbl AZD1222 Ha 30000 B3pochbIX
N06poBONbLAX.

B HacTosLLee Bpems CO3LaKTCA NPOU3BOACTBEHHbIE MOLLHOCTM
[N HapaboTKK HeobXoauMbIX 06bLeMOB BakLMH npoTue GOVID-19.
bpuTaHcko-lwBeackas KomnaHus AstraZeneca cosfana npou3sof-
CTBEHHbIE NMHMK Ans Bbinycka BakumH B CLUA, EBpone, Hauu, nna-
HWUPYETCS CO3faHune Takoi nuHum n B KHP,

B KoHue aBrycta B CLUA Hadata lll haza KNnMHUYECKMX mcene-
nosaHui BakuuHbl ChAdOx1 nCoV-19 (AZD1222), oHako ucnbl-
TaHWA 6bIN1 NPMOCTAHOBEHbI MOCIE TOr0, KaK B X0 UCMbITaHMA
B bpuTaHum y 04HOro M3 BOMOHTEPOB ObIN AMArHOCTMPOBAH MO-
MepeyHbIn MUENUT, BOCMANIEHUE CMUHHOMO MO3ra, 00bI4HO BbI3bl-
BaemMoe UH(eKLUMAMU. HeCMOTPS HA TO YTO He YCTaHOBIEHA CBA3b
MeXAy NOoNy4eHNEM 3KCNEePUMEHTANbHOI BaKLUHbI 11 3a60N1eBaHN-
eM MUennuToM, AaHHoe 06CTOATENIbCTBO MOXET 3afepXKaTb CPOKU
MOCTYNNEHUs BaKLMHbI Ha PbIHOKS,

[Tpo6nembl, BO3HUKLLXE NPKU UCCEA0BaHNAX BakKLMHbI ChAdOX1
nCoV-19, K coXaneHuto, He ABNAKOTCA YHUKANbHbIM SBEHUEM MpU
CO3AaHUN MEANLIMHCKUX CPEACTB 3aliuTbl B 0THOLWEHMM COVID-19.
YnpaeneHue no KOHTPONO 3a KA4eCTBOM NPOAYKTOB NUTAHUS 1 ne-
KapcTBeHHbIX cpeacts (FDA) yBefoMuno komnaxuio Inovio o Tom,
4TO UMEET Psifl BONPOCOB A0 NOSy4eHUs pa3peLLeHnst Ha NpoBejeHe
Il ha3bl KIMHWUYECKUX UCCNEA0BAHWA KaHAMAATHOM BakUmMHbI INO-
4800. 3asBKa Ha NPOBEAEHUE KIIMHWUYECKUX UCCEef0BaHUA HOBOMO
NeKapCTBEHHOro npenapara B pamkax ¢pasbl II/1ll npuocTtaHoBneHa 1o
okTA6ps 2020 r.¢

[o koHua 2020 r. komnaHus AstraZeneca nnaHupyeT Bbimy-
cT1Tb 300 MNH 103 BakumHbI B CLUA, 100 MniH 103 B Bennkobputa-
HWUK, @ 3aTEM [I0BECTM eXXEeroAHbIA BbIMyCK [0 2 MNpA A03*. Takoe
KONUYECTBO BbIMYCKAEMOII BAKLMHbI MOXET ObITb PEHTA0ENbHbIM

3 B Kutae pacckazanu 06 UCMbITaHUM NATK BaKLMH 0T KopoHasmpyca. 15.05.2020. https:/ria.ru/20200515/1571527457 .html

40 BakumHa npotuB SARS-CoV-2 ot Sinopharm pemoHCTpupyeT MHoroo6euiatolne peaynstatbl. https://gmpnews-ru.turbopages.org/gmpnews.
ru/s/2020/06/vakcina-protiv-sars-cov-2-ot-sinopharm-demonstriruet-mnogoobeshhayushhie-rezultaty/

41 A study to evaluate efficacy, safety, and immunogenicity of mMRNA-1273 vaccine in adults aged 18 years and older to prevent COVID-19 (ClinicalTrials.
gov Identifier: NCT04470427). https://clinicaltrials.gov/ct2/show/NCT04470427

42 «Actpa3eHeka» 1 OKcAHOpACKMIA yHUBEPCUTET 06BABUAN O COrNaLLeHNN No pa3padoTke BakumHbl 0T COVID-19 https://gmpnews-ru.turbopages.org/
gmpnews.ru/s/2020/05/astrazeneka-i-oksfordskij-universitet-obyavili-o-soglashenii-po-razrabotke-vakciny-ot-covid-19/

4 B WIHCTUTYTE MCCneoBaHMS BakUMH UM. dABapaa [hkeHepa Haqyanu UCMbITaHWs BaKLUMHbI OT KOPOHABMpPYCA Ha tofsx. Yenex He rapaHTUpoBaH, npo-

6nembl — No4TW HaBepHsika. hitps://www.bbc.com/russian/features-52395916

4 AZD1222 SARS-CoV-2 Vaccine. https://www.precisionvaccinations.com/vaccines/azd1222-sars-cov-2-vaccine
4 BputaHckas AstraZeneca Havyana npou3BoacTBO BakLuHbI 0T COVID-19, He 3akoH4MB TecTupoBsaHue. https://us.vesti.news/britanskaya-astrazeneca-

nachala-proizvodstvo-vakisiny-2020060514480716.htm

% Phillips N, Cyranoski D, Mallapaty S. A leading coronavirus vaccine trial is on hold: scientists react. Nature. 2020. https://www.nature.com/articles/

041586-020-02594-w

47 https://finance.rambler.ru/other/44919952-amerikanskaya-kompaniya-priostanovila-ispytaniya-vaktsiny-protiv-koronavirusa/
4 AstraZeneca advances response to global COVID-19 challenge as it receives first commitments for Oxford’s potential new vaccine. https://www.
astrazeneca.com/media-centre/articles/2020/astrazeneca-advances-response-to-global-covid-19-challenge-as-it-receives-first-commitments-for-

oxfords-potential-new-vaccine.html
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G. G. Onishchenko, T. E. Sizikova, V. N. Lebedev, S. V. Borisevich

I. I Onuwenko, T. E. Cusnkosa, B. H. Jle6epes, C. B. bopucesuy

NMLLb B CNyyae ee rno6anbHOro Mcnonb3oBaxus. Moatomy dmHaH-
CuUpoBaHMe pas3paboTok No CO3AaHuio BakumH npotus COVID-19
MOXHO paccmatpusatb Kak 60pbOYy 3a NepcrnekTUBHBIA PbIHOK
cObITa npenapara, KOTOpbIA NP BOSHUKHOBEHUW HOBOW NaHAeMUM
3a60s1eBaHNA 6y[eT BOCTPE6OBAH CUCTEMOI 34paBOOXPAHEHNS BO
BCEM MUpE.

B KHP u BenukobputaHuu yxxe aHOHCMPOBAHO MAcCOBOE Mpo-
M3BOJCTBO AAHHBIX BaKLMH.

MocTperncTpauyroHHble  KNUHWYECKWE WUCCNEA0BaHMSA  Bak-
UMHbI «CnyTHUK V» B Poccun Havatbl 7 cenTsaops 2020 r. B paH-
JOMU3NPOBAHHBIX CNEnbIX MCCNefoBaHWAX MPUHUMAIOT yvacTue
40000 4yenosek ctapwe 18 net, cnyyaiHbiM 06pa3oM pasfeseH-
HbIX Ha 2 rpynnbl: onbiTHY0 (30000 4enoBek) U KOHTPOMbHYO
(10000 yenosek) ¢ BBeaeHuem nnaue6o. Jo6poBOMbLbl pacnpe-
JefieHbl N0 cneaytoLum Bo3pactHeIM rpynnam: 18-30, 31-40, 41—
50, 51-60 net u cTapiue 60 net. Kaxapi NnpoxoauT HabnoaeHne
B TeyeHme 180 + 14 cyT nocne nepsoi MMMyHu3auuu. NposeaeHo
JBYKpPATHOE BHYTPUMbILLEYHOE BBEAEHNE JOOPOBOSbLIAM BaKLIMHbI
(onbiTHas rpynna) n nnawuebo (KOHTPOMbHas rpynna), WHTepsan
mMexnay BBefieHuamMu coctasun 21 + 2 cyt. HabniofeHne 3a cocTo-
fHMeM 106pOBONbLIEB NPOBOAMTCA U BYOET NPOBEAEHO Ha 28 + 2,
42 + 2, n 180 + 14 cyT nocne nepsoit UMMyHM3auumn. Y nobpo-
BO/bLEB Oy[EeT NPOBEJEHO ONPEfeNeHue TUTpa BUPYCHEATpanu-
3ytowmx aHtuten (BHA), Tutpa aHtuten Kk S-6enky supyca SARS-
CoV-2, nutepcepoHa y, CD4* n CD8* T-kneTok m guHaMuKa ux
n3meHeHuiA. OCHOBHbIM Pe3ynbTaTOM NPOBOANMbIX MCCIEL0BaHNIA
6ynet cpaBHeHne gonu 3a6onesiwinx GOVID-19 B onbITHOW U KOH-
TPONbHOW rpynnax. B cBA31 ¢ BbIXOAOM BTOPOil BOSTHbI NAHAEMUM
COVID-19 ¢ koHua ceHTa6ps 2020 r. Ha (ha3y 3KCNOHEHLIMANbHOrO
pocTa UMEeTcs peanbHas BO3MOXHOCTL [OKa3aTenbCcTea apek-
TUBHOCTM BaKUWHbI NyTeM PErucTpauun «3Ha4MMbIX» Pasanyumi
MEXZY ONbITHO WU KOHTPONbLHOI rpynnamu. CpoK OKOHYaHUS uUC-
cnenosaHnii — 1 mas 2021 r.* MaccoBoe NnpoM3BoACTBO BaKLMHbI
«CnyTHMK V> Hayato B KOHUE ceHTa6ps 2020 r. [Jo HacTosLlero
BPEMEHW Y BaKLMHNPOBAHHBIX HE OTMEYEHO HU OJIHOrO Cy4as Ts-
xenon coopmbl COVID-19. CornacHo npeaBapuTeNibHbIM AaHHbIM
9h(heKTUBHOCTb BaKLMHbI NPeBbILLaeT 92%°%C.

13 okTa6psa 2020 r. B FocysapCcTBEHHOM PEECTpE JIeKapCTBEH-
HbIX CpPeACTB 3aperncTpupoBaHa OJHOKOMMOHEHTHas MenTua-
Has BakuuHa npotme COVID-19 3dnuBakKopoHa, paspaboraHHas
B ®BbYH IHL BB «Bektop» Pocnotpe6Ham3opa’’. Mpeanonarae-
MbIiA CNOCO6 NPUMEHEHUS BaKLIMHbI — ABYKPATHOE BHYTPUMbILLEY-
Hoe BBefieHMe npenapata B 06beme 0,5 MN ¢ MHTepBanom 21 cyT.
| 1 1l hasbl KNUHUYECKMX NCCeA0BaHIUI BbINN NPOBELEHbI C UioNs
no cenTa6bpb 2020 r. Ha 100 go6poBonbLax. CneayoLwyo, TPeTbio
(hasy KNMHWYECKMX NCCNELOBAHWIA NNAHMPYETCS NPOBOAUTL C HO-
76ps 2020 r. Ha 3000 06p0OBONbLEB.

3aknouenue

Ha ocHoBaHMK aHann3a nHopmauum o paspaboTke U KINMHK-
YeCKNX nccnenoBaHnax BakuuH npotus COVID-19 B pasnmnyHbIX
CTpaHax, [OCTOWHCTB M HELOCTAaTKOB Pasnny4HbIX nnatcopm Ans
C03JaHNA BaKLMH 1 BOSMOXHOM [1M3aiHe BaKLH HOBOrO MOKose-
HUSA CAenaH BbIBOA O TOM, 4TO BakUMHbI npoTue COVID-19 moryT
ObITb CO3AaHbl KaK AN MMMYHM3AUWUM TPYNN PUCKA, Tak 1 Ang
NpOBEEHNS MACCOBOI MMMYHM3ALWUU C LENb0 NpeaoTBpalLle-
HWUS NOBTOPHOI NangeMun 3a6onesanuns. C Halen TOUYKIM 3peHus,

MPUOPUTETHOE MOMOXEHWE NPU PELLEHUM 3a4a4qn no pa3paboTke
BAKLMHbI, MPUrOAHON AN NPOBEAEHUS MACCOBOW UMMYHU3ALMMK,
B HACTOsILLEe BPeMS 3aHWMAeT CO3[aHWe BEKTOPHbIX PEKOMOM-
HAHTHbIX BaKLWH Ha OCHOBE aJieHOBMPYCA YenoBeKa Ui 06e3bsH,
MPON3BOACTBO KOTOPbIX Y)KE CEA4ac BOSMOXHO B MPOMbILLIEHHbIX
macLiTabax.

Bknap aBTOpOB. I". I". OHULYEHKO — 060CHOBaHWNE KOHLIEN-
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1 0606LLieHMEe AaHHbIX NUTEpaTypbl MO CO3[AaHUI0 BaKLMH Npo-
TmB COVID-19, 0606LeHne ony6nmkoBaHHbIX AaHHbIX KITMHMYE-
CKMX UCCNEeoBaHWN, HanucaHue TekcTta pykonucu; B. H. Jlebe-
AeB — aHanu3 CyLLEeCTBYIOLLMX TEXHOMOrMYecKnx nnatgopm
Ans co3pannsa BakuuH npotns COVID-19; C. B. bopucesny —
aHanun3 n o6obLueHne gaHHbIX nuTepatypbl no COVID-19, pas-
paboTka Au3arnHa nccnepgoBaHvs, pefakTMpoBaHue v nepepa-
60TKa TeKcTa pykonucu.

Authors’ contributions. Gennadiy G. Onishchenko—sub-
stantiation of the study concept; Tatyana E. Sizikova—analysis
and summarising of literature data on COVID-19 vaccine develop-
ment, summarising of published data on clinical trials; writing the
text; Vitaliy N. Lebedev—analysis of the existing technological
platforms for COVID-19 vaccine development; Sergey V. Borise-
vich—analysis and summarising of literature data on COVID-19,
elaboration of the study design, editing and revision of the paper.

BnaropapHocTu. ViccneposaHne npoBoannock 6e3 CroH-
COPCKOW NOAAEPXKKMN.

Acknowledgements. The study was performed without
external funding.

KoHchbnukT uHtepecos. C. B. Bopucesny sBnsetcs une-
HOM pefakLUMOHHOro coeeTa XypHana «bMOnpenapartsl. Mpo-
dunakTvka, MarHocTuKa, sieHeHme».

Conflict of interest. Sergey V. Borisevich is a member of the
Editorial Council of the BIOpreparations. Prevention, Diagnosis,
Treatment.

Jiuteparypa/References

1. Hui DS, Azhar El, Madani TA, Ntoumi F, Kock R, Dar O, et al.
The continuing 2019-nCoV epidemic threat of novel corona-
viruses to global health — The latest 2019 novel coronavirus
outbreak in Wuhan, China. Int J Infect Dis. 2020;91:264—6.
https://doi.org/10.1016/}.ijid.2020.01.009

2. Jbsos 0K, Anbxosckuii CB, Kono6yxuHa J1B, Bypuesa EW.
OTnonorusa anmaemmyeckon eenbliwkn COVID-19 B r. YxaHb
(npoBuHUMA Xy63n, Kutarickas HapogHas Pecny6nuvka), ac-
couumpoBaHHo ¢ Bupycom 2019-nCoV (Nidovirales, Corona-
viridae, Coronavirinae, Betacoronavirus, nogpon Sarbecovi-
rus): ypoku anmgemun SARS-CoV. Bornpocsi Bupyconorum.
2020;65(1):6—15. [Lvov DK, Alkhovsky SV, Kolobukhina LV,
Burtseva El. Etiology of epidemic outbreaks COVID-19 in
Wuhan, Hubei province, Chinese People Republic associ-
ated with 2019-nCoV (Nidovirales, Coronaviridae, Coronaviri-
nae, Betacoronavirus, Subgenus Sarbecovirus): lessons of
SARS-CoV outbreak. Voprosy virusologii = Problems of Virol-
ogy, Russian Journal. 2020;65(1):6—15 (In Russ.)] https://doi.
0rg/10.36233/0507-4088-2020-65-1-6-15

3. Fine P, Eames K, Heymann DL. «Herd immunity»: a rough
guide. Clin Infect Dis. 2011;52(7):911-6. https:/doi.
org/10.1093/cid/cir007

4. Holme P, Masuda N. The basic reproductive number as a
predictor for epidemic outbreaks in temporal networks. Plos

4 Clinical trial of efficacy, safety, and immunogenicity of Gam-COVID-Vac vaccine against COVID-19 (RESIST) (ClinicalTrials.gov Identifier:
NCT04530396). https://clinicaltrials.gov/ct2/show/NCT04530396?term=vaccine&cond=covid-19&draw=3

5% JchchekTUBHOCTb BakUMHbI «CnyTHUK V> NpOTUB KOpOHaBupyca cocTaBuna 92% B xofie NepBOr0 MPOMEXYTOYHOr0 aHanuaa faHHbIX chasbl I
KNnHUYeckux uccnegosanmin 8 PO. https://sputnikvaccine.com/rus/newsroom/pressreleases/effektivnost-vaktsiny-sputnik-v-protiv-koronavirusa-sostav-

ila-92-v-khode-pervogo-promezhutochnogo-an/
5! http://grls.rosminzdrav.ru

226

bUOnpenapartbl. llpotnaktuka, auarioctuka, neyenne. 2020, T. 20, Ne &4
BlOpreparations. Prevention, Diagnosis, Treatment. 2020, V. 20, No. &


https://doi.org/10.36233/0507-4088-2020-65-1-6-15
https://doi.org/10.36233/0507-4088-2020-65-1-6-15
https://doi.org/10.1093/cid/cir007
https://doi.org/10.1093/cid/cir007
https://clinicaltrials.gov/ct2/show/NCT04530396?term=vaccine&cond=covid-19&draw=3
https://sputnikvaccine.com/rus/newsroom/pressreleases/effektivnost-vaktsiny-sputnik-v-protiv-koronavirusa-sostavila-92-v-khode-pervogo-promezhutochnogo-an/
https://sputnikvaccine.com/rus/newsroom/pressreleases/effektivnost-vaktsiny-sputnik-v-protiv-koronavirusa-sostavila-92-v-khode-pervogo-promezhutochnogo-an/
http://grls.rosminzdrav.ru

AHanu3 nepcneKTMBHbIX HanpaeneHui co3aaHus BakuuH npotue COVID-19
Analysis of Promising Approaches to COVID-19 Vaccine Development

ONE. 2015;10(3):e0120567. https://doi.org/10.1371/journal.
pone.0120567

Thanh Le T, Andreadakis Z, Kumar A, Gémez Roman R,
Tollefsen S, Saville M, Mayhew S. The COVID-19 vac-
cine development landscape. Nat Rev Drug Discov.
2020:19(5):305-6.  https://doi.org/10.1038/d41573-020-
00073-5

Feldmann H, Jones S, Klenk HD, Schnittler HJ. Ebola virus:
from discovery to vaccine. Nat Rev Immunol. 2003;3(8):677—
85. https://doi.org/10.1038/nri1154

Decaro N, Lorusso A. Novel human coronavirus (SARS-
CoV-2): A lesson from animal coronaviruses. Vet Microbiol.
2020;244:108693. https://doi.org/10.1016/j.vetmic.2020.108693
Yip MS, Leung NH, Cheung CY, Li PH, Lee HH, Daéron M,
et al. Antibody-dependent infection of human macrophages
by severe acute respiratory syndrome coronavirus. Virol J.
2014;11:82. https://doi.org/10.1186/1743-422X-11-82
Jaume M, Yip MS, Cheung CY, Leung HL, Li PH, Kien F,
et al. Anti-severe acute respiratory syndrome coronavirus
spike antibodies trigger infection of human immune cells via
a pH- and cysteine protease-independent FcyR pathway.
J Virol. 2011;85(20):10582—-97. https://doi.org/10.1128/
JVI.00671-11

. Cai Y, Zhang J, Xiao T, Peng H, Sterling SM, Walsh RM Jr,

et al. Distinct conformational states of SARS-CoV-2 spike
protein. Science. 2020;369(6511):1586—92. https://doi.
org/10.1126/science.abd4251

. Sohag AAM, Hannan MA, Rahman S, Hossain M, Hasan M,

Khan MK, et al. Revisiting potential druggable targets against
SARS-CoV-2 and repurposing therapeutics under preclinical
study and clinical trials: a comprehensive review. Drug Dev
Res. 2020. https://doi.org/10.1002/ddr.21709

. Logunov DY, Dolzhikova IV, Zubcova OV, Tukhvatullin Al,

Shcheblyakov DV, Dzharullaeva AS, et al. Safety and im-
munogenicity of an rAd26 and rAd5 vector-based heterolo-
gous prime-boost COVID-19 vaccine in two formulations

006 aBTopax / Authors
OnuwyjeHko MeHHagwmi puropeeBndY, O-p Men. Hayk, npod., akag. PAH. Gennadiy G. Onishchenko, Dr. Sci. (Med.), Professor,
Academician of RAS. ORCID: https://orcid.org/0000-0003-0135-7258
Cusukosa TatbsiHa EBreHbeBHa, Kang. 6von. Hayk. Tatyana E. Sizikova, Cand. Sci. (Biol.). ORCID: http://orcid.org/0000-0002-
1817-0126
Jle6enes Butanmii Hukonaesu4y, o-p 6uon. Hayk, npod. Vitaliy N. Lebedev, Dr. Sci. (Biol.), Professor. ORCID: http://orcid.org/0000-
0002-6552-4599
Bopucesuny Ceprevi BnagumupoBud, [-p 61on. Hayk, npod., 4neH-kopp. PAH. Sergey V. Borisevich, Dr. Sci. (Biol.), Professor,
Corr. Member of RAS. ORCID: http://orcid.org/0000-0002-6742-3919

MocTtynuna 06.08.2020
Mocne gopa6oTtkm 16.11.2020
MpuHsaTa K nyénmkaumm 04.12.2020

13.

14.

15.

16.

17.

18.

two open non-randomized phase 1/2 studies from Russia.
Lancet. 2020;396(10255):887-97. https://doi.org/10.1016/
S0140-6736(20)31866-3

Zhu FC, Guan XH, Li YH, Huang JY, Jiang T, Hou LH, et
al. Immunogenicity and safety of a recombinant adenovirus
type-5-vectored COVID-19 vaccine in healthy adults aged
18 years or older: a randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet. 2020;396(10249):479-88.
https://doi.org/10.1016/s0140-6736(20)31605-6

Yan-Jun Zhang, Gang Zeng, Hong-Xing Pan, Chang-Gui Li,
Biao Kan, Ya-Ling Hu, et al. Immunogenicity and safety of
a SARS-CoV-2 inactivated vaccine in healthy adults aged
18-59 years: report of the randomized, double-blind, and
placebo-controlled phase 2 clinical trial. medRxiv. 2020.
https://doi.org/10.1101/2020.07.31.20161216

Xia S, Duan K, Zhang Y, Zhao D, Zhang H, Xie Z, et al. Ef-
fect of an inactivated vaccine against SARS-CoV-2 on safety
and immunogenicity outcomes: interim analysis of 2 random-
ized clinical trials. JAMA. 2020;324(10):951-60. https://doi.
org/10.1001/jama.2020.15543

Zhu FC, Guan XH, Li YH, Huang JY, Jiang T, Hou LH, et
al. Immunogenicity and safety of a recombinant adenovirus
type-5-vectored COVID-19 vaccine in healthy adults aged
18 years or older: a randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet. 2020;396(10249):479-88.
https://doi.org/10.1016/S0140-6736(20)31605-6

Jackson LA, Anderson EJ, Rouphael NG, Roberts PC,
Makhene M, Coler RN, et al. An mRNA vaccine against
SARS-CoV-2 — preliminary report. N Engl J Med. 2020;NEJ-
Moa2022483. https://doi.org/10.1056/NEJM0a2022483
Mulligan MJ, Lyke KE, Kitchin N, Absalon J, Gurt-
man A, Lockhart S, et al. Phase 1/2 study to describe
the safety and immunogenicity of a COVID-19 RNA
vaccine candidate (BNT162b1) in adults 18 to 55 years
of age: interim report. medRxiv. 2020. https://doi.
org/10.1101/2020.06.30.20142570

Received 6 August 2020
Revised 16 November 2020

Accepted 4 December 2020

bUOnpenapartbl. lpochunaktuka, auarnoctuka, neyenue. 2020, T. 20, Ne &4
BlOpreparations. Prevention, Diagnosis, Treatment. 2020, V. 20, No. 4

227


https://doi.org/10.1371/journal.pone.0120567
https://doi.org/10.1371/journal.pone.0120567
https://doi.org/10.1038/d41573-020-00073-5
https://doi.org/10.1038/nri1154
https://doi.org/10.1016/j.vetmic.2020.108693
https://doi.org/10.1186/1743-422X-11-82
https://doi.org/10.1128/JVI.00671-11
https://doi.org/10.1128/JVI.00671-11
https://doi.org/10.1126/science.abd4251
https://doi.org/10.1126/science.abd4251
https://doi.org/10.1002/ddr.21709
https://doi.org/10.1016/S0140-6736(20)31866-3
https://doi.org/10.1016/S0140-6736(20)31866-3
https://doi.org/10.1016/s0140-6736(20)31605-6
https://doi.org/10.1101/2020.07.31.20161216
https://doi.org/10.1001/jama.2020.15543
https://doi.org/10.1001/jama.2020.15543
https://doi.org/10.1016/S0140-6736(20)31605-6
https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1101/2020.06.30.20142570
https://doi.org/10.1101/2020.06.30.20142570

