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BakuMHaLifa Ta ocobamBo Hebe3neyHi
iHdekuii: 3406yTKM 1 NnepcneKkTuBmn

HaTanis BuHorpag, 3opsHa BacunuiwiuH,
JMogmuna Kosak, YnsaHa Wynb, IpuHa banganka

Kageapa enigemionorii JIbBiBCbKOro HaLioHasibHOro
MeANYHOro yHiBepcuTeTy iMeHi [aHnna annybKoro,
JIbBiB, YKpaiHa

Bctyn. IHdeKUiNHI 3aXxBOpOBaHHSA CTaHOBWAW 3arpo3y B YCi
rnepioan icHyBaHHSA noacTea. [Jo neplinx 3axoniB 3axmuCTy Big
36yaHukiB ocobnmBo Hebe3sneyHnx xBopob Hanexannm KapaH-
TUH, obcepBauis i BakuyMHalis. BakuuHauia 6yna Bu3Havanb-
HOto y 60poTbbi 3 HaTypanbHOK BICNOK — EAVMHUM 3aXBOPHO-
BaHHSAM, WO NiKBigyBann y niaHeTapHOMy MacliTabi.

MeTta po60oTn — 03HauMTM OCHOBHI eTann CTBOPEHHS Ta 3a-
CTOCYBaHHS BaKLUMWH LWOAO0 3axXUCTy Bia ocobnmBo Hebesneu-
HMX iHdekuin (OHI) Ta BHECOK yKpaiHCbKMX BYEHWUX Yy pO3-
pobnieHHs BaKUMHHMX NpenapaTiB woao OHI.

MeToau. 3ailicHeHO aHani3 3ibpaHnx Ans HapaTUBHOIO Ornas-
Oy niTepaTypHUX AXepen Ta iHTepHeT-pecypciB, NpoBeAeHo
cucTeMaTmsauilo AaHMX WoA0 3aCTOCYyBaHHS iMyHO6ioNOoriYyHmnx
npenapartiB A4/19 CTBOPEHHSA aKTUBHOIO iMYHITETY NPOTU HU3KU
akTyanbHuMx OHI. O3Ha4yeHO y4acTb BYEHUX YKPATHCbKOro no-
XOOXKEHHS Y CTBOPEHi BaKUWH NPOTU Li€l rpynn xBopob.

Pesynbtath. lNeplinMm 3aXBOPIOBaAHHSAM, LWOAO KOO BiOMO
npo CTBOPEHHS cneuudidyHoro 3axucty nwogen, byna Haty-
panbHa Bicna (Bapionsauis B Kutai B XI cT.). Jo XX cTOpivus
6yno po3pobneHo nepwmnx n’'aTb BakumH wopo OHI: HaTy-
panbHa Bicna, cka3, cubipka, xonepa, yyma. ¥ XX cTopiuy-
4yi nepenik AOMNOBHEHO BaKUWMHAMW MPOTU BUCUMHOro Tudy,
XKOBTOI rapsiukm, Kniwosoro eHuedanity, tynapemii, 6pyue-
Nbo3y, KokKcCienbo3dy (Ky-rapsukm), remoparivyHoi rapsiuykm 3
HUpKoBUM cuHgpomoMm (I'THC)). 3anpoBag)XeHHS HOBITHIX

TexHonorin y XXI ctopiydi 403BOAMNO YAOCKOHANNTM HasiBHI npenapaTu i CTBOPUTM HOBI MPOTH
XxBOopobu, cnpmumnmHeHoi Bipycom E6ona (XBE), COVID-19 ak akTyanbHUX i3 NaHAEMIYHUM MO-
TeHuianoMm OHI. BuaaTHi BUeHi 3 yKpaiHCbKUM KOPIHHAM AOKAanuUcs 40 CTBOPEHHSA BaKUMH Bij
OHI: B. XaBkiH, . Camoiinosuy, B. XXgaHosB.

BUCHOBOK. 3axucT HaceneHHs Big OHI € obMexeHUM y KinbKOCTi HasiBHUX edeKTUBHUX Bak-
UMH. CTBOpeHHS BakuMH nNpoTn SARS-Cov-2 nokpawmio NporHos LWoAo CTpMMaHHSA naHaemii

COVID-19.

KnroyoBi csmoBa: BakUMHW, YKpATHCbKi BUeHi, ocobnmneo HebesneuHi iHdekuii, XBE, COVID-19.
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Vaccination and especially dangerous
infections: Achievements and prospects

Nataliya Vynograd, Zoriana Vasylyshyn, Lyudmyla Kozak,
Uliana Shul, Iryna Baydalka

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Introduction. Infectious diseases have been a threat during
all periods of human existence. Primary measures to protect
against extremely dangerous pathogens included quarantine,
observation and vaccination. Vaccination was crucial in the fight
against smallpox — the only disease, which was eradicated on
a global scale.

The aim of the work was to identify the main stages of
development and application of vaccines for the protection
against especially dangerous infection (EDI) and the
contribution of Ukrainian scientists in the development of
vaccines for EDI.

Methods. An analysis using the Search Strategy of narrative
reviews of literary sources and Internet resource was conducted
to systematize data about the application of immunobiological
preparations to create an active immunity against several
actual EDI. The participation of scientists with Ukrainian roots
in the creation of vaccines against this group of diseases is
indicated.

Results. Smallpox (variolation in China in the 11th century) is
known as the first disease against which specific protection was
created. Until the 20s century, the first five vaccines against
EDI were developed: smallpox, rabies, anthrax, cholera, and
plague. In the 20s century, the list was supplemented by
vaccines against typhus, yellow fever, tick-borne encephalitis,
tularemia, brucellosis, coxiellosis (Q-fever), hemorrhagic
fever with renal syndrome (HFRS). The introduction of new
technologies in the 21st century allowed improving existing
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preparations and creating new ones against Ebola viral disease (EVD), COVID-19 as EDIs relevant

ones for the pandemic potential.

Outstanding scientists with Ukrainian roots contributed to the creation of vaccines against EDI:

V. Khavkin, D. Samoilovich, V. Zhdanov.

Conclusion. Protection of the population against EDIs is limited by the number of available
effective vaccines. The development of vaccines against COVID-19 has improved the prognosis

for containment of the COVID-19 pandemic.

Keywords: vaccines, Ukrainian scientists, especially dangerous infections, EVD, COVID-19.
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PaHHiIA eTan CcTBOpeHHSA BaKUWMH LWOAO
0co6s1MBO Hebe3neuHnx iHdekUin
EnigeMiyHi ycknagHeHHsi, 3yMOBJ/IEHi MaToreH-
HUMK BionoriyHuMmn areHtamm (MBA), cynpoBo-
J>KyBanum NOACTBO BNPOAOBXK YCix nepioais Moro
iCHyBaHHS. MNownpeHHs iHDeKLiNnHMX 3aXBOpto-
BaHb, B TOMY 4ucCni 3 rpynu ocobnmBo Hebes-
neyHmx iHgekuin (OHI), ao nesHoro yvacy 6yno
MPOBIAHOK MPUYNHOKD CKOPOYEHOI TPMBANOCTI
XUTTS fogen, NpuMBoAMNO A0 3HA4yHOI CMepT-
HOCTi 3@ paxXyHOK YpaXeHHSI BEJSINKOI KisIbKOCTi
HaceneHHs Hepiako yciei 3eMHoi kyni. lMpoBia-
HUMMK Bynn 36yAHUKN HaTypasnbHOI Bicnn, Yyymn,
xonepu [1]. 3po3yMino, wWo niHika naTtoreHHnx
ANa Nogen MikpoopraHismis 6yna 3HayHoO LWmp-
LLIOIO, asie caMe Mpo HUX € Halbinblue AoKasiB Ta
ONUCIiB y NepLlogykepenax Toro vacy.

Mepwi onucm HaTypanbHOi BicnK nogen aga-
ToBaHi IV cTopiyuam go Hawoi epu B KuTai, B
€rmnTti — III ctopivyyam go Hawoi epu. Came B
KuTtai B XI cT. Bnepwe 3acTtocyBanm eMnipny-
HUI cnocib 3ax1CTy Yepes3 BTUpPaHHSA 340POBUM
noasm y ckapudikoBaHy WKipy abo BoyBaHHS
Yy HOCOBY MOPOXHUHY LUKIpOYOK 3 MYCTYJ/1 XBO-
puUX Ha HaTypanbHy BiCcny, WO AicTasio Ha3By
«Bapionsauig», 3a Ha3BOK BipyCy, SIKWIA cnNpu-
UMHAB LUe 3axBoptoBaHHA [2]. [MowwnpeHHs
Hebe3neyHoi XBOpo6M NAaHEeTo Yy 3HaYHUM
cnoci6 6yno nos’ssaHe 3 poO3BUTKOM TOpriBni
M Mirpauielo HaceneHHs, 30KpeMa MnoxoAaMu
XpecToHocuiB, wo 3ymosmsio B XI-XIII cT. no-
SIBY HaTypasibHOi Bicnn B EBPOMEMCcbKOMy pe-
rioHi. ¥ XVI cT. HaTypasbHa Bicna nowupuna-
ca ao AHrnii, B noganbwoMy Ao LleHTpanbHOI
i MiBaeHHOT AMepuKM, CNpMUYNHUBLLM 3arnbenb
61m3bko 90 % HaceneHHs. B okpeMi pokn Ha-

Review

CTYNHUX ABOX CTOMiTb B KpaiHax €Bponu 3a-
Heay>KyBasio Ha HaTypanbHy Bicny 10-12 MAH
0ci6, cMepTHicTb cTaHoBMNa 25-40 % [1].

CnpaBxHiM nocTynom y 60opoTbbi 3 HaTypasb-
HO'O Bicnot cTana BakuuHa EaBapaa OXeHHe-
pa, ctBopeHa 1796 poky [3], sika 3a Cy4acHO
Knacudikaui€lo HanexuTb 40 XUBUX BaKLMH,
SIK | BCi pewTa BakumHu, wo 6ynu 3pobneHi y
uen nepiog (tabn. 1).

XXnBi BaKLMHM MICTATb XWUBI aTeHyMoBaHi (ocna-
6n1eHi) MikpoopraHiaMmn. BoHn MaloTb HU3KY ne-
peBar, 30KkpemMa CTUMY/OKTb IMYHHY BiAnoBiAb
0Apasy MNpoTU KislbKOX Pi3HUX aHTUreHis 36ya-
HUKA, SIK Hac/igoOK, OpraHiaM NIOAUMHWU iHOYKYE
KNITUHHUIA, TYMOPanbHUIN i CEKPETOPHUIN IMYHI-
TeT. 3a0e6inbLoro, XuBi BaKUnMHM HGOPMYIOTb BU-
COKOHanpy>XeHWh i TpuBanun iMmyHitet [4].

TexXHONOrYHO iCHYE KifibKa HanpsiMKiB CTBO-
PEHHS XXUBUX BaKUMH: OTPUMAHHS XUBUX aTe-
HYMOBaHUX LITAMIiB MiKPOOPraHi3MiB LWASXOM
nposeneHHs cepii nacaxis (L0 MeTOAMKY BU-
KopucTaB Jlyi NacTtep npu CTBOPEHHi BakUMHU
npotn cubipkn) [5]; aTeHyauia 4depes oTpu-
MaHHSA BaKUMWHaNbHUX LWTaMiB NpU PO3MHO-
XXeHHi B reteponoriyHomy opraHismi (E. OxeH-
Hep BWMKOPWUCTaB BipyC KOpPOB'AYOI Bicnn ans
LwenaeHHs nanHn) [1].

LLle ogHieto cknagHot npobnemoto ana nwoa-
CTBa Yy Tol yac 6yna uyma. lNMepwnii onmc naH-
nemii yymn B cepenmHi VI CcT. cTOCyBaBCS «OC-
TWUHiIAHOBOI YyMmM» (Nomepno 6nm3bko 100 MAH
oci6, 50-60 % eBponeinuiB); a aApyra naHae-
Mist YyMK, WO AicTana Ha3By «4YOpHa CMepTb»,

Tabn. 1

BakuuHu ana npodinaktukm oco6smBo Hebe3neuHux iHpekuin,
Wo cTBOpeHi Ao novatky XX cropiuusi

o
3Ij_n HasBa iHdekuii Pik cTBOpeHHSs Tvn BakUunHU XTO cTBOpUB
) 1000 p. o0 H.e. | NPOTOTMN XMBOI BaKLUMHU — <Bapionsauis» HEeBIAOMO

1 HaTypanbHa Bicna
1796 XUBA Epsapa OxeHep

2 Ckas 1884 XNBa Jyi _I'IaCTep

EmMinb Py

3 Cubipka 1886 XuBa (ANa TBapwuH) Nes LI,?HKOBCI:KVIIZ
1888 XUBa Nyi Mactep
1870 XnBa (MpoTn Kypsivoi xonepu) Nyi Nactep

4 Xonepa 1892 XUBa Bonogmmup XaskiH
1896 iHaKTMBOBaHa Binbrenom Konne

5 Yyma 1897 XXMBA Bonoanmmnp XasKiH
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The early stage of vaccine development
for especially dangerous infections
Epidemic complications caused by pathogen-
ic biological agents (PBAs) have accompa-
nied humanity throughout all periods of its
existence. For some time, the spread of in-
fectious diseases, including from the group of
especially dangerous infections (EDI) was the
primary cause of reduced life expectancy and
resulted in significant mortality by affecting
a large share of the population, often around
the globe [1]. The agents of smallpox, plague,
cholera were the most common pathogens.
Obviously, the range of pathogenic micro-
organisms for humans was much wider, but
these are the ones that have the most evi-
dence and descriptions in the original sources
of that time.

The first descriptions of smallpox in humans
date back to the IV century BC in China and III
century BC in Egypt. An empirical method of
protection was applied for the first time in the
XI century in China. This method presupposed
rubbing into scarred skin or insufflation into
the nasal cavity of healthy people particles
from the skin of smallpox patients’ pustules,
which was called «variolation» after the virus
that caused the disease [2]. The spread of the
dangerous disease throughout the planet was
largely associated with the development of
trade and migration, including the Crusades,
which led to the emergence of smallpox in the
European region in the 11-13th centuries. In
the 16th century, smallpox spread to England,
then to Central and South America causing
the death of over 90% of the population. In
some years during the next two centuries,

Review

10 to 12 million people contracted smallpox
in European countries, and the mortality rate
was 25-40% [1].

A real step in the fight against smallpox was
the vaccine created by Edward Jenner in
1796 [3], which under current classification
belongs to live vaccines, like all other vaccines
produced during that period (Table 1).

Live vaccines contain live attenuated
(weakened) microorganisms. They have a
number of advantages, in particular, they
stimulate the immune response against
several different pathogen antigens, which
results in the human body inducing cellular,
humoral and secretory immunity. For the most
part, live vaccines form highly strained and
long-lasting immunity [4].

Technologically, there are several directions
for the creation of live vaccines: obtaining
live attenuated strains of microorganisms
by conducting a series of passages (this
technique was used by L. Pasteur in creating
a vaccine against anthrax) [5]; attenuation by
obtaining vaccine strains during reproduction
in a heterologous organism (E. Jenner used
the vaccinia virus to vaccinate humans) [1].

The plague was another complicated problem
for humanity at that time. The first description
of the plague pandemic dates back to the mid-
6th century and concerned the «Justinianic
plague» (about 100 million people died, 50-
60 % of Europeans). The second plague
pandemic, called the «Black Death», occurred
in the middle of the 14th century and was the

Table 1
Vaccines for the prevention of especially dangerous infection,
created before the beginning of the 20s century

N Infection Year of creation Type of vaccine Developer
1 Smallpox 1000 BC Prototype of a live vaccine — «variolation» unknown
P 1796 Live E. Jenner

2 Rabies 1884 Live L. Pasteur
E. Roux

1886 Live (for animals) L. Tsenkovsky

3 Anthrax 1888 Live L. Pasteur
1870 Live (against chicken cholera) L. Pasteur

4 Cholera 1892 Live V. Khavkin
1896 Inactivated W. Kolle

5 Plague 1897 Live V. Khavkin
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BUMHWKNA B cepeanHi XIV cT. i 6yna npmMynHowo
3arnbeni TpeTuHW HaceneHHs A3ii W o no-
NOBUHU MeLKaHuiB €sponu. TpeTa naHAaemis
4yMK, sika posnodanacsa B Kutai B cepeauHi
XIX CT., 3a KifibKa AecsaTKiB poKiB nowwmnpunacs

Ha BCto niaHety [6].

Mepwy y cBiTi BaKUMHY NpPOTM 4yMu po3pobuB
BUYEHWUI 3 YKpPaiHCbKUM KOPiHHSAM BonoauMunp
XaBkiH (1896 p.). YpoaxxeHun B Ogeci, BiH no
3aBeplleHH0 HaBYaHHSA B HoOBOpPOCiNCbKOMY
YHiBEpCUTETI, NPOAOBXMB HaB4YaHHA B LlBel-
Lapii, @ HayKoBY AisiSIbHICTb po3noyaB Yy Napu-
Xi B IHCcTUTYTI MNacTtepa, a NoTiM NPOAOBXMUB i
B IHaii (KaHkyTTa, bomben), ae i cTBOpuB Bak-
LMHM NpOTWM YyMu i xonepu [7].

LLle oaMH i3 HawWKX CNiBBITYN3HUKIB — [aHu-
no Camornosuy, y nepiog enigemMii 4ymn pos-
pobuB Ta anpobyBaB MeToA BaKLMHaLil NpoTK
uboro OHI 3 BUKOPUCTAHHSAM B AKOCTI aHTUre-
Hy HaTMBHOro Martepiany Big xsopux [8].

OKpiM 4yMuK, CEpPNO3HOI 3arpo3ol0 NACTBY
byna xonepa. lMepuwi HaykoBi onucu enigemii
xonepu patosaHi 1563 p. i go noyaTtky XIX CT.
PEECTPYBANNCS BUK/IOYHO HaA a3iNCbKOMY
KOHTUHeHTI. MpoTarom XIX ctonitrs Biabynm-
ca n'aTb enigemin xonepu B KpaiHax [liBoeH-
HOi A3ii, moOMepnn COTHI MiNbNOHIB NOAEN LUNX
KpaiH. Y nepiog 1817-1926 pp. xonepa no-
wurpmnaca Ha yci KOHTUHEHTU i3 pPO3BUTKOM
LWoCTOI enigemii i 3Ha4YHUMKU NACBKUMU BTpa-
Tamu [9]. CnovaTky 6yna CTBOpeHa XnBa Bak-
umMHa npotn xonepu (B. XaBkiH, 1892 p.) [7],
a 3a KOPOTKMIA Yyac 11 iHakTneoBaHa (B. Konne,
1896) [10].

Mopanbwi ycnixu cneyndiyHoi iMyHonpodi-
naktmkn OHI HanpwukiHui XIX cTopiyys nos’s-
3aHi 3 imeHamu Eming Py (BakuuHa npoTu cka-
3y, 1885) [11], Jlyi NacTtepa (BakuMHa NpoTu
cnbipkn, 1888) [5].

BakKLMHOJMOri Kk HOBUMA HAayKOBMUH Ha-
npsaMok XX cTtopiuus

MoyaTok XX cTopivysa cynpoBOAKYyBaBCS 3HAY-
HMM nMporpecoMm Meauko-6i0N0riYHMX Hayk:
BMSIBNIEHHS | CUCTeMaTu3aUi€lo MiKpoopraHis-
MiB, CTBOPEHHSIM Teopili iIMyHITETY Ta pO3KpUT-
TSM 3aKOHOMIPHOCTEN MacoBMX iHDEKUINHUX i
napasutapHux xsopob [11]. MnobanbHi KaTa-
KNi3Mun, Taki sk Nepla ceBiToBa BiNHa, CYTTEBO
3aroctpunm npobnemun OHI, 36yaHNKM AKMX Ha

40
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TOM yac 6ynu igeHTudikoBaHMMu. MpuMipom,
Bi4 BucunHoro Tudy nig yac Mepoi ceiTOBOI
BiMHW 3arvHyno y Asidvi 6inbwe ntogen, Hix
6e3nocepenHbO Bia 601M0BUX Aili. 3a AaHMMU
odiLiiHOI CTaTUCTUKKM, B LIeN nepios, y pPi3HMX
KpaiHax €sponun, 3axsopino Big 22 no 30 MAH
niogen, noMmepnm — 6 MnH [12].

HaranbHoto nocTtana notpeba y CTBOPEHi Bak-
LMH NPOTU HOBUX 36yAHMKIB, Y TOMY ymncni OHI,
AKi CMPUYMHANM 3HaA4YHI enigeMidHi ycknag-
HeHHs. Y uen nepiog 6ynn CTBOpeHi HOBI XMBI
BaKLUMHWN NMPOTU BUCUMNHOTO TUdY [12], KOBTOI
rapaykm [13], Tynapewmii [14], 6pyuenbosy
[4], Ky-rapsuku [15].

CamMe y uboMy cTopiuyi 6yno 3aincHeHo ycniw-
Hi HayKOBi MOWYKW LWOAO CTBOPEHHS HOBUX
TUNIB BakKUWH: iIHAKTUBOBAHWUX LiNbHOKAITUH-
HUX i cy6OAMHUYHNX, @HATOKCUHIB, peKombi-
HAHTHUX BEKTOPHUX, CUHTETUYHUX | FEHHO-
iHXXeHepHux [16].

IHakTMBOBaHi BaKUWHW, CTBOPEHI Ha OCHOBI
BOMTUX MiKpoopraHiamiB, ctanu Hamnowwupe-
HIlLMMK, XO4a MepeBaXKHO MOoAYy/BaNN ry-
MOpasibHY iIMYHHY BiANOBiAb OpraHiaMy nwam-
HW. TexHonoriyHo [BA iHakTuByBanuM 4yepes
BNAMB XiMiyHMX (dopmaniH), @isnuHux (ynb-
TpadioNneT) YNHHUKKIB, a TaKOX LinecnpsiMoBa-
HMM MOLUKOAXEHHS HYKNEIHOBUX KMUCNoT (pu-
6ocdnaBiH) npu 36epexeHHi uinicHocTi 6inkis
Ta BipyCHUX aHTUreHiB. Takuii TMN BaKUMH
MICTUB LiNbHUA iIHAKTUBOBAHMUIM MiKpPOOPraHi3m
abo roro okpemi KOMMNOHeHTU (Cy6OANHUYHI),
OTPUMaHi XiMiYHUM, (Pi3NYHUM UM HaBiITb MO-
NeKynsapHUM Wwnaxom [16]. Tak 6ynun cTBOpeHi
BaKUWMHWN MPOTK BUCUNHOIo TUdy [12], Kniwo-
BOro eHuedanity [17], ITHC [18].

3HAYHMM [OCArHEeHHSAM LbOro nepioagy cra-
10 CTBOPEHHS pPeKOMBIHAHTHUX BEKTOPHUX
BaKUWH, AKi po3pobnieHi Ha OCHOBI BMCOKO-
O4UMLLEHNX PpeKOoMbiHaHTHUX 6inkiB MBA Ta
cneundiyHnx BekTopiB. BipycHi BekTOpWM BU-
KOpUCTOBYBanu ANs AOCTaBNEHHS BaKUMHHUX
aHTUreHiB (reteponoriyHnx nentmais, 6inkis
MiKpoopraHiamiB) 40 BiANOBIAHOT KAITUHU-MI-
WweHi abo TKaHWHWM B OpraHi3Mi. PeKOMBiHaHTHI
BaKUMHN CTUMYIOBaANN SIK KNITUHHY, TaK i ry-
MopaJsibHYy iMYHHY BianoBiab [16].

Mepenik edeKkTUBHMX BaKLMHHUX MpenapariB
CYTTEBO PO3LUMPUBCS 3aBASKM LA TEXHONOTIT 3
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cause of death for one-third of the population
in Asia and up to half of the inhabitants of
Europe. The third plague pandemic, which
began in China in the middle of the 19th
century, spread across the entire planet in a
few decades [6].

The world’s first vaccine against plague was
developed by a scientist with Ukrainian roots
V. Khavkin (1896). Born in Odesa, after grad-
uating from Novorossiysk University, he con-
tinued his studies in Switzerland. His scientific
career started in Paris at the Pasteur Insti-
tute and then continued in India (Calcutta,
Bombay) where he created vaccines against
plague and cholera [7].

Another of our compatriots was Danylo
Samoilovich, who developed and tested a
method of vaccination against this EDI using
as antigen native material from patients
during the plague epidemic [8].

In addition to the plague, cholera was a se-
rious threat to humanity. The first scientif-
ic descriptions of the cholera epidemic date
back to 1563 and until the early 19th century
they were registered exclusively on the Asian
continent. Five cholera epidemics occurred in
South Asia during the 19th century, hundreds
of millions of people died. In the period from
1817 to 1926, cholera spread to all continents
which led to the sixth epidemic and signifi-
cant human losses [9]. Initially, a live vaccine
against cholera was created by our compatriot
V. Khavkin (1892) [7], and in a short time,
inactivated vaccine was developed (W. Kolle
1896) [10].

Further advances in the specific immunopre-
vention of EDIs in the late 19th century are
associated with the names of Emile Roux (ra-
bies vaccine, 1885) [11] and Louis Pasteur
(anthrax vaccine, 1888) [5].

Vaccinology as a new scientific direction
in the 20th century

In the early 20s century, significant
progress in medical and biological sciences
started: microorganisms were detected and
systematized, theories of immunity were
created and patterns of the massive infectious
and parasitic diseases were revealed [11].
Global cataclysms, such as the First World War,
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significantly exacerbated the problems of EDI,
whose causative agents were identified at the
time. Twice as many people died from typhoid
fever than from the hostilities during the First
World War. According to official statistics, 22 to
30 million people contracted the disease and
6 million died during this period in different
European countries [12].

There was an urgent need to create vaccines
against new pathogens, including EDI,
which were causing significant epidemic
complications. During this period, new live
vaccines against typhus [12], yellow fever
[13], tularemia [14], brucellosis [4], Q-fever
[15] were created.

The successful scientific research was carried
out during this century to create new types of
vaccines: inactivated whole-cell and subunit
vaccines, toxoids, recombinant vector, synthetic
and genetically engineered vaccines [16].

Inactivated vaccines created based on killed
microorganisms became the most common,
although they mainly modulate the humoral
immune response of the human body.
Technically, PBAs were inactivated by exposure
to chemical (formalin), physical (ultraviolet)
factors, as well as targeted damage to nucleic
acids (riboflavin) while maintaining the
integrity of proteins and viral antigens. This
type of vaccine contained a whole inactivated
microorganism or its individual components
(subunits), obtained chemically, physically or
even molecularly [16]. This is how vaccines
against typhus [12], tick-borne encephalitis
[17], HFRS [18] were created.

A significant achievement of this period was
the creation of recombinant vector vaccines
developed on the basis of highly purified
recombinant PBA proteins and specific vectors.
Viral vectors were used to deliver vaccine
antigens (heterologous peptides, proteins of
microorganisms) to the appropriate target cell
or tissue in the body. Recombinant vaccines
stimulated both cellular and humoral immune
responses [16].

The list of effective vaccines has expanded
significantly due to this technology while
increasing their efficacy and safety. New or
improved vaccines against anthrax [19],
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OAHOYACHMM 3POCTAHHAM IXHbOI edEeKTUBHOCTI
Ta 6e3neyHocTi. 3'aBunucs HoBi abo yaocKoHa-
NeHi BakuMHM NpoTtu cnbipkm [19], nentocnipo-
3y [20], Tynapewmii [21], BipyCHOro KniwoBoro
eHuedanity [22], anoHcbkoro eHuedanity[23],
XKOBTOI rapsaukn [24], IHC [25].

B icTopii BaKUMHONOrIT LbOro nepioay 3anmwm-
N SICKpaBUM CNig YKpaiHCbKUA BYeHU BikTop
XXoaHoB, SAKMA AO0KMaBCa OO CTBOPEHHS Bak-
LMHHKX npenapaTie npotn OHI [26].

Cy4acHi TexHoNorii y CTBOpeHHi BaKLMH 3
ornapay HoBux 6ionoriyHux 3arpos
lMporpec nwoacTBa y HOBOMY TUCSAYOPIYYi Cy-
NpoBOAXKYBABCS 3pOCTAHHAM npoueciB rnoba-
nisauii, wo, CBOEK Yepror, CNPUYNHUNO 3MiHN
CTPYKTYpW i BUAiB 6ionoriyHnMx 3arpos i3 nos-
BOO HOBMX 36yaHMKiB OHI Ta HaranbHOMO Mo-
Tpeboto B 3aXUCTi NOACTBa Big HUX. AKTyanb-
HuMM OHI 3anuwanucsa HW3Ka 3axBOplOBaHb
(cubipka, nenTtocnipo3, TynsapeMisa, BipyCHWI
KNiwoBnin eHuedanit, SNOHCbKUIA eHuedaniT,
»KOBTa rapsyka, mansapiqa, NMHC, XBE, iHwi re-
MOpariyHi rapsuku Towo).

HancknagHiwi npobnemMun y uapuHi 6iobesneku
CNpUYMHMNG NOosiBa HOBUX HEBIAOMUX 36yAHU-
KiB OHI, aki ypaxanwu niogen, i Big Toro 3'asum-
JINCS HOBI HeBiAOMi paHille 3aXBOPHOBAHHSA:
SARS [27], MERS [28], xBopoba 3ika [29],
xBopoba Maspo [30], COVID-19 [31]. Okpim
TOro, CTannca 3Ha4dHi enigeMidHi ycknagHeHHs
BHaAcNifoK nowmnpeHHs sigommx OHI, Takux sk
XBE [32], rapsyka YnkyHryHbsa [29], HOBI Ba-
piaHTn NMHC Towo [33].

Mepwwuin cnanax XBE 6yB 3apeecTtpoBaHuii
1976 poky B CypaaHi, ae 3axsopino 284 oco-
6un, 3 Hux 151 (53 %) nomepnun. Y noganbLio-
My 36ygHuk XBE nowwupuscsa y 6arato kpaiH
ADpPUKAHCBKOro KOHTMHEHTY. 3arasbHa Kinb-
KiCTb 3apeecTpoBaHux Bunagkis XBE y nepiog
1976-2012 pp. ctaHoBuna 2024, 3 akmnx 1355
oci6 nomepnun (66,95 % Bunagkis). Hapgani B
enigemiyHe nowunpeHHs XBE (2014-2016 pp.)
6yno 3anyyeHo pecsaTb KpaiH cBiTy (IBiHes,
Cbeppa-JleoHe, Jlibepia, Hirepia, CeHeran,
Mani, CWIA, IcnaHiga, Benuka BputaHia, Ita-
nia), npe 3apeectpyBann 28 647 Bunaakis
XBOpobun, 3 akux 11 324 i3 cmepTenbHUM 3a-
BepleHHsaM. Yeprosuin cnanax XBE (2017-
2020 pp.), nig yac akoro 3axsopino 3418 oci6
i nomMepsio 2240 6yB 3ynnuHeHWn ebeKTUBHNUMU
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npoTnenigeMiuHMMmM 3axodamm, B TOMY UUCHI
BaKUMHaLUi€l. PekoMbiHaHTHY BEKTOpPHY Bak-
LMHY CXBanuna EBponeicbka KoMicis Ta none-
peaHbo kBanidikysana BOO3 y rpyaHi 2019 p.
Ha nouaTtok 2021 poky y [IBiHel i JeMokpa-
TUYHIN Pecny6bniui KoHro oronoweHo enigemito
XBE, ons KOHTpO/O Ta NikBigauii sKoi akTUBHO
BMKOPUCTOBYOTb BaKLuMHaLito [32].

Big 2007 poky noBigoMnssiocs NMpo akTUBHEe
MOWKMPEHHSA HOBOIO 3axXBOPIOBaHHA — XBOPO-
6un 3ika kpaiHamu niBaeHHoi Amepuku, Adpun-
K1 i niBaeHHO-CxigHoi A3ii, HanBULWMNIA piBEHb
3axBoptoBaHoOCTi peectpyBann 2016 poky
(500 000 Bunagkis) [29].

Fnobanisauis Ta 3MiHM K/iMaTy B TenepilHix
yMOBax Cnpusnu po3WMPEHHIO ocepeakiB ra-
PAYKN YMKYHIYHbS. 36yOHUK rapsaukm YnkKyH-
rYHbS CMPUYMHMB Clanaxm y HU3Li KpaiH Ad-
puKkK, A3ii, ueHTpanbHil, niBAeHHIN AmMepuui
Ta €Bponencbknx kKpaiHax (Itania, Icnaxis,
OpaHuia) [29].

AKTyanizauiss KOpOHaBipyCHMUX iHdeKLUilh po3-
noyanacs y Kutancbekin HapogHin Pecny6niui
(KHP) 3 BMHMKHEHHSI HOBOIO 3aXBOPHOBaAHHS,
pe Big 1 nuctonaga 2002 p. oo 16 4epsHS
2003 p. TpuBano enigeMiyHe yCKIagHEHHS,
3yMOBJIEHEe HOBUM BipycoM SARS, WO KNiHIYHO
MaHidecTyBano TSXXKUM roCTpMM pecnipaTop-
HMUM cuHapomoM (SARS-Cov). Bipyc nowmpus-
csa B 33-X KpaiHu cBiTy, 3axBopino 8450 ocib,
i3 Hux 850 (10,1 %) nomepnu. XBopinu ne-
peBaxKHO Aopocni. YacTka netanbHUX 3aBep-
WeHb Ansa naen y siui >65 pokiB cTaHoBWUIa
6inbwe sk 50 %, a ana noagen y Biui oo 24
pokiB — MeHwe 1 % [27].

OpyrnMm HOBMM KOPOHaBipyCHWUM 3axXBOpPIOBaH-
HAM CTaB O/IM3bKOCXIAHUIM TSAXKWUIA TFOCTPUNA
pecnipatopHuii cnHgpom (MERS-Cov), Bnep-
e 3apeecTpoBaHMi y KpaiHax bnansbkoro
cxogy — CayaiBcbkin Apasii B 2012 poui, Bia
TOAI NOWMPUBCS Ha 27 KpaiH CBIiTY, 3apeecTpy-
Bann 2500 BunagkiB TSXKUX pecriipaToOpHUX
ypaxeHb, 35 % nomepno. Ha cboroaHi pee-
CTPYOTbCA CMOPAANYHI BUNAAKM Ta KnacTepHa
3axBOpoBaHicTb [28].

Y rpygHi 2019 poky MiHiCTEpCTBO OXOPOHMU
3popoB’s KHP noBigoMmno cBiTOBY CRiNbHOTY
npo HoBe iHdeKLiNHe 3aXBOPOBaHHSA, aKe Ai-
CcTano nisHiwe Ha3ey COVID-2019. HoBa kopo-
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leptospirosis [20], tularemia [21], tick-borne
encephalitis [22], Japanese encephalitis [23],
yellow fever [24], and HFRS [25] appeared.

Ukrainian scientist V. Zhdanov left a bright
mark in the history of vaccinology of this
period, as he contributed to the creation of
vaccines against EDI [26].

Modern technologies in the development
of vaccines in view of new biological
threats

Human progress in the new millennium
was accompanied by the growth of the
globalization processes, which led to changes
in the structure and types of biological threats
following the emergence of new pathogens of
EDI and the urgent need to protect humanity
against them. A number of EDIs were
remained relevant (anthrax, leptospirosis,
tularemia, viral tick-borne encephalitis,
Japanese encephalitis, yellow fever, malaria,
HFRS, EVD, other hemorrhagic fevers, etc.).

The most complicated problems in the field of
biosafety were caused by the emergence of
new unknown EDI pathogens which affected
humans and lead to the emergence of new
previously unknown diseases: SARS [27],
MERS [28], Zika virus [29], Mayaro virus
disease [30], COVID-19 [31]. In addition, there
have been significant epidemic complications
due to the spread of known EDIs, such as
EVD [32], Chikungunya fever [29], new HFRS
strains, etc. [33].

The first outbreak of EVD was registered
in 1976 in Sudan when 284 persons were
infected and 151 patients (53 %) died. Later,
the EVD pathogen spread to many countries
of the African continent. The total number
of registered EVD cases in the period from
1976 to 2012 was 2,024, among them 1,355
were lethal cases (66.95 %). Subsequently,
the EVD epidemic (2014-2016) spread to 10
countries of the world (Guinea, Sierra Leone,
Liberia, Nigeria, Senegal, Mali, USA, Spain,
Great Britain, Italy) when 28,647 cases of
the disease were registered with 11,324 of
them having a lethal outcome. During another
EVD outbreak (2017-2020), the total number
of infected persons was 3,418 with 2,240 of
them resulting in death. It was stopped by
effective anti-epidemic measures, including
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vaccination. The recombinant vector vaccine
was approved by the European Commission
and pre-qualified by the WHO in December
2019. As of early 2021, the EVD epidemic
was announced in Guinea and the Democratic
Republic of the Congo, and vaccination is
actively used to control and contain it [32].

Since 2007, the active spread of a new
infection — Zika virus has been reported in
South America, Africa and Southeast Asia,
with the highest incidence registered in 2016
(500,000 cases) [29].

In the current conditions, globalization and
climate change have contributed to the
expansion of Chikungunya fever foci. The
causative agent of Chikungunya fever has led
to outbreaks in several countries in Africa,
Asia, Central and South America and European
countries (Italy, Spain, France) [29].

The actualization of coronavirus infections
started in the People’s Republic of China with
the emergence of a new disease, where a
long-lasting epidemic complication caused
by the new SARS virus, clinically manifested
by the severe acute respiratory syndrome
(SARS-Cov), lasted from November 1, 2002
to June 16, 2003. The virus has spread to 33
countries, 8,450 persons were infected and
850 — (10.1%) died. The virus mostly affected
adults. The share of deaths for people above
65 years of age was more than 50 %, and for
persons under the age of 24 years — less than
1% [27].

The Middle East Severe Acute Respiratory
Syndrome (MERS-Cov) was the second new
coronavirus disease, first reported in the
Middle East (Saudi Arabia) in 2012. Since then,
the causative agent spread to 27 countries
with 2,500 cases of severe respiratory system
damage, 35% of deaths. Today, only sporadic
cases and cluster morbidity are registered [28].

In December 2019, the Ministry of Health of
the People’s Republic of China informed the
world community about a new infectious
disease, which was later named COVID-20109.
The new coronavirus disease caused by the
extremely dangerous SARS-Cov-2 virus was
first detected in Wuhan, Hubei Province.
It spread rapidly to all continents except
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HOBipycHa xBopoba, siky CNpUUYMHUB 0COBM-
BO HebesneuyHun Bipyc SARS-Cov-2, Bnepuie
6yna BuaBneHa y M. ByxaHto npoBiHLii Xyben,
WBKMAKO MNowupuaacs Ha yCi KOHTUHEHTW, 3a
BUHATKOM AHTapktmam, i 11 6epesHsa Bcec-
BiTHA opraHi3auis oxopoHu 3a0poB’s (BOO3)
oronocuna naHgemito COVID-2019 [31].

[ieBMM cnocoboM KOHTpPOJIO eniieMiuHOoro npo-
Lecy npoAoBXyBasa 3anuvwaTtncs cneumdiyHa
npodinakTnka, HaykKoBi po3pobkM 3A4ilCHIO-
Banu 3 ypaxyBaHHSIM HOBUX BUKIWUKIB: MOLUN-
peHHs iHdDEeKUIMHMX 3axBOptoBaHb, WO NoBep-
TalOTbCSs; MNOSIBA HOBMX BMCOKOBIPY/IEHTHUX
WwTamiB 36yAHMKIB Ta 3aXBOPIOBaHb i3 BUCOKMM
enigeMiyHuM noteHuianom (tabn. 2) [19].

3ycunnsa CBiTOBOI cninbHOTK, 06'€egHaHOil nia
erigoto BOO3, 6ynn cnpsiMoBaHi Ha peanisauito
Mporpamn «The R&D Blueprint» sk rnobanb-
HOI CTparTerii WoA0 roTOBHOCTI i pearyBaHHs Ha
6ionoriyHi 3arpo3n. [porpama nepenbadvana
MOX/IMBICTb MaKCMManbHO LUBWMAKOI aKTuBi3aLil
HayKOBO-[0CNIAHOro NoTeHLiany CBITOBOI CMifb-
HOTW Yy pa3si BUHUKHEHHS enigeMiyHnX yckniag-
HeHb OHI. 3aBasku poceigy, OTpuMaHoro nig
yac enigemii XBE B 3axigHin Adpuui, y TpaBHi
2016 poky Ha BcecBiTHili Acambrnei 0XOpOHU
340pOB’st uer NpoekT 6yno 3aTBepaXXeHo.

Y Mporpami «The R&D Blueprint» nponucaHuit
nepenik NpiopuTeTHNX iHPEKLiINHNX 3aXBOpHO-
BaHb, AJ1S KOXHOIo 3 KMX po3pobrieHa cucTe-
Ma pearyBaHHS i OOPOXHS KapTa HeobXiaHuX
3axogis. BignosigHo o lNporpamu, npu Hew-
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TaTHMX CUTYyaLisX, NoB’s3aHux i3 36ygHMKaMu
OHI, pepxasu-ynenHm BOO3 BeayTb MOHITOPUHI
OOCTYMHUX edeKTUBHUX TeCT-CUCTEM, BaKLUMWH
Ta NiKiB, sKi MOXyTb 6yTW BWUKOPUCTaHi Ans
NOPATYHKY >XWUTTS HaceNeHHsa Ta 3anobiraHHs
naHgeMiyHoMy nowupeHHto MNBA, a TakoX MO-
6ini3ytoTb BECb HEOOXiAHMI MOTeHLian CBiTOBOI
CNiNbHOTK AN iX pO3pPO6/IEHHS | CTBOPEHHS.

Y wrab-kBapTnpi BOO3 11-12 ntotoro 2020 poky
nig 4vac 3ycTpidi NpeacTaBHUKIB 4feHiB-KpaiH
6yB CTBOpPEHWI NaH CUCTEMM pearyBaHHS LWoao0
COVID-19 BignosigHo ao «The R&D Blueprint»,
BKJIOYatouM rmporpamy po3pobneHHs i gocsi-
[)KEHHS BakUWH npoTu Bipycy SARS-CoV-2 [34].

YNpoAoBX OCTaHHIX AecATUNiTb 3aBAsKM MNO-
TY>XHOMY PO3BUTKY MoOJIeKynsipHoi 6ionorii
Ta BaKuuHoNorii 3'BMBCSA LUIMPOKUI CREKTp
HOBITHIX TEXHOJNIOrYHMX nnaTtdpopM y po3po-
6neHHi BaKUWH. TexHOsOorivyHi npouecu Ba-
pitolOTb Bi BUKOPUCTAHHS iHAaKTUMBOBAHUX Ta
ocnabneHnx MikpoopraHisamiB, sKi MicTaTbCS
Yy BaKuUMHax, A0 BBEAEHHS y OpraHiam soaun-
HU CUHTETUYHUX NEeNnTUAHUX | peKOMBiIHAHTHO
NnpoayKoBaHMX 6iNKOBMX aHTUreHiB, Hepenni-
KYHOUUX i pensiikyrouunx BipyCHUX BEKTOpPIB, No-
nicaxapnaHo-6iNnKoBUX KOH'IOraTHMUX i BaKLMH
Ha oCHoBI HykeiHoBMX kucnoT (AHK i PHK), a
TaKOX CMHTETUYHUX BipyconoaibHNUX YacTUHOK
(Synthetic Vaccine Particle (SVPP)) [35].

IHXXeHepHa aTeHyalisa B KOHCTpYlOBaHHi aTe-

HYMOBaAHUX BaKUMH 34iNCHIOETbCSA 4epes Aito
Ha MiKpOOpraHi3M pi3HMX 30BHILLHIX YWHHWUKIB,

Tabn. 2

CyuyacHi AOCArHEeHHS Y CTBOPEHHI BaKLMH NpPoOTU 0co61mMBO Hebe3neuHux iHpekLin

Pik

[AoCArHeHHs

2008 |po3noyaTto nia erigoto BOO3 BMNpobyBaHHS BaKLWHW NPOTU SAMOHCLKOro eHuedanity

2013 ) -
pO3no4YaTo 3aCTOCYBaHHSA B €HAEMIYHNX KpaiHax

niueH3oBaHi Ta npekBanidikoBaHi BOO3 »uBi Ta iHAKTUBOBaHI BaKLWHW NPOTU SAMOHCLKOro eHuedanity,

po3MoYyaTo HayKOBi AOCNIAXEHHS 3 METOK CTBOPEHHS i KNiHIYHMX BUNPO6yBaHb BaKUMHM NpoTn XBE

nikapcbkux 3acobis

2015 |cxBaneHo BMKOPWUCTaHHSA MepLlioi B CBiTi BaKUMHK BiA Manapii Ans aitei 3 piweHHaM EBPONECcbKOro areHTcTea

2016 |cxBaneHo A0 3aCTOCYyBaHHSA BaKLMHY NpOTK Xonepu JepxynpasiiHHAM Wwoao npoaykTis i nikis (FDA) CLUA

2017

po3noyaTo nia erigoto BOO3 nporpamMy HayKOBMX AOCNIAXKEHb i pO3p060K HOBUX BaKLUMH NPOTU rapsyok AeHr'e,
3ika Ta xBopobu XBE 3 06’€agHaHHAM 3yCunb CBITOBOI CMiIbHOTU 3 TepMiHOM Ao 2030 p.

2019 |3apeecTpoBaHO y KpaiHax €EC BakuuHy npoTn XBE 3 103BONIOM A0 BUKOPUCTAHHS Y pasi HaA3BUYaMHOI cuTyauii

2020 |[3apeecTtpoBaHo B CLUA BakuunHy npotun XBE

2020

po3pobneHi BaKUMHK NPOTM KOPOHaBipycHoi xBopobu COVID-19

iHTeHCcuikoBaHO pob0oTH LWOAO0 PO3PO6EHHS BaKLUMHN ANs NpodinakTuky rapsyok YnKyHryHbs, 3ika

2021 |po3noyaTo KiHiYHi BUNpobyBaHHS ¢da3sn 1B BakuMHKM NpOTK rapsiuku Jlacca




Mpaui HTLI MeanyHi Hayku
2021, Tom 64, N° 1 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci
ISSN 2708-8642 (online)

WWW.MSpPSSss.org.ua
2021, Vol. 64, 1

ornsg

Antarctica and on March 11, the WHO declared
a COVID-2019 pandemic [31].

Specific prevention continued to be an
effective way of controlling the epidemic
process, and scientific research was carried
out taking into account new challenges: the
spread of recurrent infectious diseases; the
emergence of new highly virulent strains of
pathogens and diseases with high epidemic
potential (Table 2) [19].

The efforts of the world community united
under the auspices of the WHO were aimed at
implementing «The R&D Blueprint» Program
as a global strategy for readiness and
response to biological threats. The Program
provided for the possibility of activating the
scientific and research potential of the world
community as soon as possible in case of
epidemic complications of EDI. Due to the
experience gained during the EVD epidemic
in West Africa, this project was successfully
approved by the World Health Assembly in
May 2016.

«The R&D Blueprint» Program lists priority
infectious diseases with a response system and
a roadmap of required measures developed for
each of them. According to the Program, WHO
Member-States monitor available effective
test systems, vaccines and medicines that
can be used both to save lives and prevent
the pandemic spread of PBA and mobilize all
the required potential of the world community

Review

for their development and creation in cases of
EDI emergencies.

A plan for responding to COVID-19 under
«The R&D Blueprint», including a program for
the development and research of anti-SARS-
CoV-2 vaccines, was devised at the WHO
Headquarters on February 11-12, 2020 during
a meeting of Member States’ delegates [34].

In recent decades, the powerful development
of molecular biology and vaccinology has
given rise to a wide range of state-of-the-
art technological platforms for vaccine
development. Technological processes vary
from the application of inactivated and
attenuated microorganisms contained in
vaccines to the administration of synthetic
peptide and recombinantly produced protein
antigens, non-replicating and replicating viral
vectors, polysaccharide-protein conjugated
and nucleic acid-based vaccines into the
human body, as well as synthetic vaccine
particles (SVP) [35].

Engineering attenuation in the development
of attenuated vaccines is carried out by the
producing effect of various external factors on
the microorganism that can cause mutations
followed by the selection of the attenuated
strain. The suppression of live pathogens is
actively used as a technological platform for
the creation of vaccines against COVID-19.
American scientists and their colleagues from
the Serum Institute of India (Pune, India) are

Table 2

Modern advances in the creation of vaccines against especially dangerous infections

Year

Advances

2008 [ A trial of the Japanese encephalitis vaccine has been launched under the auspices of the WHO

2013 started in endemic countries

WHO licensed and pre-qualified live and inactivated vaccines against Japanese encephalitis, the application

Scientific research was launched to develop and conduct a clinical trial of the vaccine against EVD

Agency

2015 |The application of the world’s first malaria vaccine for children was approved by the European Medicines

2016 |Cholera Vaccine was approved by the US Food and Drug Administration (FDA)

2017

A program for the research and development of new vaccines against Zika and Dengue fevers, EVD was
launched under the auspices of the WHO with the combined efforts of the world community until 2030

2019 |Vaccine against EVD was registered in the EU countries with permission for use in case of emergency

2020 |A vaccine against EVD was registered in the United States

2020 Vaccines against COVID-19 were developed

The development of vaccines for the prevention of Chikungunya and Zika fevers intensified

2021 |Clinical trials of phase 1B for the Lassa fever vaccine started
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O 34aTHI BUKNMKATKU MyTauii 3 NoganbLLUOO ce-
NeKuielo aTteHyloBaHoro wramy. OcnabneHHs
XXMBUX MNATOrEHiB aKTUBHO BMKOPWUCTOBYETLCS
SIK TexHosioriyHa nnatdopma Ans CTBOPEHHS
BakuuH npotn COVID-19. AMepunKaHCbKi BYe-
Hi pa3oM 3 kKoneramm B IHCTUTYTI CMpOBaTOK
kpoBi (M. MMyHa, IHAia) cninbHO npautooTb
HaZ >XMBOK aTEHYMOBAHOK BaKLUWHOI MPOTH
SARS-CoV-2, BWKOPUCTOBYKUM MPUAOM Xi-
MiYHOrO CMHTE3y reHoMy 4yepes3 npouec noro
BipycHoi aeontumMisauii (npurHiyeHHs) [35].

AHanoriyHa npakTMka Mana Mmicue npum po3po-
6n1eHHi BakuuH npoTn Bipycy MERS-CoV Ta Bi-
pycy rapsdkm 3ika, Konu ixHa edeKTUBHICTb
6yna poseneHa Ha NnabopaTOpHMX TBapuHax.
Taka X TexHonoria AeonTuMi3auil KogoHIB Ang
pO3p0ob61eHHs XNBOT ocnabneHoi BakLMHU Npo-
TM COVID-19 aKTUBHO 3aCTOCOBYETLCS B AB-
crpanii (yHiBepcuteT Ipiddita, Bpicben) [29].

3aHENoOKOEHHS, WO BMHMKAE Yy (axiBLuiB-po3-
pPO6HMKIB XMUBUX BaKUMH, NOB'A3aHe 3 TUM, L0
MBI aTeHyloBaHi BaKUWHHI WTaMu, B TOMY
ymcni i Bipycy SARS-CoV-2, MOXYyTb BuAins-
TUCS 3 BUMOPOXHEHHAMM LenneHoi ocobun i
NOTEHUINHO HEeCTU PU3NK iH(DIKyBaHHSA OTOYY-
UMX. A TakoX HefoNlikaMy BBaXakTb MOX-
NuBICTb peBepcii Bipycy, To6To HabyTTs HUM
BipY/IEHTHUX BNACTUBOCTEN Ta PU3NK pPeKoMbi-
Hauii aTeHyMoBaHOro BaKUMHHOIO WTaMy Bipy-
cy 3 ankmm tunom CoV [35].

AKTYanbHUM 3a/IMLLINNOCA CTBOPEHHS iHAKTUBO-
BaHMX BakuMH rnpotn COVID-19. Taky BakKUWHY
CTBOpPMAWM HayKoBUi IHCTUTYTY 6ionoriyHmx npo-
AykTiB ByxaHto (Kutai) Ta MNekiHCbKOro iHCTUTY-
Ty 6ionoriyHmMx npoaykTiB (KuTtaii), BoHa ycniw-
HO NpoWwna TpeTo dasy gocnigxkeHHs [35].

BapTo 3asHaumTtu, wWo poboTa Haa KynbTu-
ByBaHHAM natoreHiB OHI (3okpema SARS-
CoV-2) Ta nogansblua ixHs iHakTMBaLia y nabo-
paTopiAX Ma€ 3A4iMCHIOBATUCS 3 AOTPUMAHHAM
npasun 6iobe3nekn woao 3-i rpynu pusnky
3a MiXXHapogHow knacudikauieto. Okpim TOro,
HEMOBHa IiHaKTMBaLUiA BipyCcy CTaHOBUTb MO-
TEeHUiNHUIA pU3KK iHDIKYBaHHS NpaLiBHMKIB, a
TaKOX MOXEe CMpPUYMHUTK crnanaxm XBopob y
BaKUMHOBAHMUX MONynsauisax Ta iHAyYKyBaTu ae-
deKkTHy iMyHHY Bignosiab [36].

MepcneKTUBHUMN BUABUNNCSA CYBOANHUNYHI
BakuuHM npotn COVID-19. Taki BakUMHN MO-

46

Review

XYTb MaTW y cknagi cneumdiyHi HerTpanisytoui
@HTUreHHI eniTonu, WO Yy NOEAHaHHI 3 aa'to-
BaHTamMu (nigcuioBavyaMn), 3HAYHO nNiABU-
LWYHOTb iIMyHOreHHiCTb Ta / abo edheKTMBHICTb
npenapaty [35].

MaToreHeTnyHo 6inok S Bipycy SARS-CoV-2 Bi-
Airpae BaX/IMBY poJib y 3B’93yBaHHI peuenTopis
Ta 3/UTTi MeMbpaH KNiTUH Npu iHDiIKyBaHHI o~
OVHN, TOMY TeXHOJIoriyHa nnaTtgopma cyboam-
HUYHMX BakumH npotn COVID-19 nepenbauvae
BUKOpPUCTaHHSA 6inka S Tta noro cyboamumub S1,
S2, NTD, RBD $IK OCHOBHUX @aHTUIEHIB, LLO CTU-
MYNIOBaTUMYTb YTBOPEHHS aHTUTIN, 5IKi, CBOEKD
yeproto, 650KyOTb 3B'A3yBaHHA peuenTopis
came 4epe3 uer 6inok. Po3pobneHHs uLboro
TMNYy BakuuMH npotm COVID-19 mae Micue y
®paHuii Ta Benukoi bputaHii [37].

lMpoBiAHWM HaMpsMKOM Yy CTBOPEHi BaKLUMH
npotn COVID-19 cTtano po3pobsieHHs BEKTOpP-
HUX BaKUMH. Ha cyyacHoMy eTani BipyCHi Bek-
TOPW MOAINAITL Ha pennikydi Ta Hepenni-
Kytodi. SIK BEKTOPU, Y AKUX € HasBHI ogpasy
i pennikyloudi Ta Hepennikyrdi BAacTUBOCTI,
BMKOPUCTOBYIOTb AesKi LWTaMu ajeHoBipyciB
Ta MokceipyciB. MNpeacTaBHMKN AedeKTHUX UK
HepenikytuYnx BipyCHUX BEKTOPIB BKJOYa-
I0Tb afieHoacoLlinoBaHuin Bipyc, anbdasipyc Ta
repnecsipyc, ToAi Sk pennikytdi BekTopu ba-
3YIOTbCsl HA OCHOBI LWITaMIB BipycCiB KOpY, Be3u-
KYJISpHOro CTOMaTUTYy, NoOnioBipycy Ta Bipycy
YKOBTOI JINXOMaHKMU.

o npuknagy, U0 TEXHOSOr aKTUBHO BMKO-
PUCTOBYIOTb Y CBITi, 30KpeMa B HigepnaHaax, ons
CTBOPEHHS BEKTOPHOI BakuMHKU rnpotn COVID-19
Ha OCHOBI LWUTaMy ageHoBipycy 26-ro Tuny. Heulo-
[aBHO TEXHOJIOMYHO CXOXa BaKuMHa nNpotn XBE
nponina KiiHiyHe TectyBaHHs I da3m (133), ae
niagTBepAnnacs ii imyHoreHHicTb [38].

BueHi KanidopHincbkoro yHiBepcutety (CLUA)
iHiLitOBaNIM MPOEKT 3 pPO3pobJIEHHA BaKLWHMU
npoty COVID-19 3 BUKOPUCTaHHAM crieumdivHoi
TEXHOOrYHOI N1aTdOpPMM, WO MICTUTb BEKTOP Ha
OCHOBI aA€eHOoBIpyCy 5-ro TMny pasoMm 3 aj’'toBaH-
ToM TLR3. Llelt npenapat naaHyoTb CTBOPHOBATH
y TabneTtoBaHin opmMi, BKpUTUIA 060/I0HKOLO, L0
BUBISTIbHSAE CNeundiyHM BEKTOP Y TOHKOMY KULL-
KiBHMKY ON8 UifecrnpsMoBaHol akTuBauii iMyHHOT
BiANOBIAi. AHanoriyHa TexHosnoris BunpoboByBa-
nlacs nNpu CTBOPEHHI NepopasbHOi BakKUMHW AN
npodinakTnkn rpuny [35].
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working together on a live attenuated vaccine
against SARS-CoV-2 using the technique of
chemical genome synthesis through the process
of viral deoptimization (suppression) [35].

A similar practice was observed in the
development of vaccines against the MERS-
CoV virus and Zika fever when their efficacy
was proven on laboratory animals. The
same codon deoptimization technology for
developing a live attenuated vaccine against
COVID-19 is widely applied in Australia
(Griffith University, Brisbane) [29].

Scientistsdevelopinglivevaccinesareconcerned
that live attenuated vaccine strains, including
for SARS-CoV-2 virus, may be excreted in the
feces of vaccinated persons and can potentially
carry the risk of infecting others. Disadvantages
also include the possibility of virus reverse,
namely the acquisition of virulence properties
and the risk of recombination of the attenuated
vaccine strain of the virus with the wild-type of
CoV [35].

The creation of inactivated vaccines against
COVID-19 remains relevant. This vaccine was
created by scientists from the Wuhan Institute of
Biological Products (China) and Beijing Institute
of Biological Products (China) and successfully
passed the 3rd phase of the study [35].

It should be noted that the work on the
cultivation of EDI pathogens (including SARS-
CoV-2) and their subsequent inactivation in
laboratories should be carried outin compliance
with biosafety rules for the risk group 3
according to the international classification.
In addition, incomplete inactivation of the
virus poses a potential risk of infection to the
staff and can also cause disease outbreaks in
vaccinated populations and induce a defective
immune response [36].

Subunit vaccines against COVID-19 proved
to be promising. Such vaccines may contain
specific neutralizing antigenic epitopes, which
in combination with adjuvants (enhancers),
significantly increase the immunogenicity
and/or effectiveness of the preparation [35].

Pathogenetically, the S protein of the SARS-
CoV-2 virus plays an important role in binding
receptors and cell membrane fusion in human
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infection, so the technological platform of
subunit vaccines against COVID-19 involves
the use of protein S and its subunits S1,
S2, NTD, RBD as the main antigens that will
stimulate the formation of antibodies, which
then block the binding of receptors through
this protein. This type of vaccine against
COVID-19 is being developed in France and
the United Kingdom [37].

Thedevelopmentofvectorvaccineshasbecome
a leading trend in the creation of vaccines
against COVID-19. At the current stage, viral
vectors are divided into replicating and non-
replicating. Some strains of adenoviruses and
poxviruses are used as vectors that have both
replicating and non-replicating properties.
Representatives of defective or non-replicating
viral vectors include adeno-associated virus,
alphavirus and herpesvirus while replicating
vectors are based on strains of measles,
vesicular stomatitis, poliovirus and yellow
fever virus.

For example, this technology is actively used
in the world, in particular, in the Netherlands,
to create a vector vaccine against COVID-19
based on a strain of adenovirus type 26.
Recently, a technologically similar vaccine
against EVD has passed a clinical trial phase I,
which confirmed its immunogenicity [38].

Scientists at the University of California
(USA) have initiated a project to develop a
vaccine against COVID-19 using a specific
technical platform containing a vector based
on adenovirus type 5 with adjuvant TLR3. This
preparation is to be created in the form of a
coated tablet that releases a specific vector in
the small intestine for targeted activation of
the immune response. Similar technology was
tested in the development of an oral vaccine
for the prevention of influenza [35].

Researchers at Bristol University (UK) have
developed a vector vaccine to prevent
Chikungunya fever (based on immunogenic
epitopes of adenovirus proteins) and are now
working on vaccines against EVD and Lassa
fever using the same technology. Replicating
viral vectors are also actively used in the
development of vaccines for the prevention of
Chikungunya fever and MERS-CoV at Pasteur
Institute (France) [38].
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HaykoBui bpucronbcbkoro yHisepcutety (Benn-
ka bpuTaHis) cTBOpMAM BEKTOPHY BakKUWHY AN
NpodiNakTUKM rapsaukm YmMKyHryHbsi (Ha OCHO-
Bi iMyHOreHHMX enitoniB 6inkiB ageHoOBipycy), a
TaKoX MNpaulooTb HaL CTBOPEHHSAM BaKLWH Mpo-
TK XBE i rapsuku Jlacca 3a L€l X TEXHOJIONIELD.
A B IHcTuTyTi MacTtepa (®paHuis) — pennikyrodi
BipyCHi BEKTOpU aKTUBHO BUKOPUCTOBYIOTLCS
npy po3pobrieHHi BakuWH Ans npodinakTuKm
rapsykm YikyHryHbs Ta MERS-CoV [38].

He3Baxkatoum Ha CyyacHi TeXHOJ0riYHi ocobnm-
BOCTi peKOMBiHaHTHMX BEKTOPHUX BaKLUMH, BCe
XX BUAINAOTb KinbKa HeaonikiB, noe’asaHux 3
BMKOPUCTAHHAM BEKTOPIB 3 METOK [OCTaBKM
reHeTU4YHOro MaTtepiany Ao KTUHU-MILLEHI.
Mo-neplie, BEKTOPU CaMOCTIMHO MOXYTb CNpun-
UMHATK IMYHHY BiANOBiAb B OpraHi3ami, TUM ca-
MWUM MPU3BOANTM A0 3HUXKEHHS e(deKTUBHOCTI
caMmoi BakunHU. MNo-apyre, BipyCHi BEKTOpU 3a-
60pOHEHO NOBTOPHO BBOAUTM MALIEHTY, SKLLO
BaKUMHa 3a3Hasia HeBAadi Ha eTani KAiHiYHnX
BunpobysaHb. IHWI noTeHUinHI npobnemnu,
NoB’si3aHi 3 3aCTOCYBaHHSIM BipYCHUX BEKTO-
piB, Hanpuknag, HU3bKy TPaHCreHHy ekcrnpe-
Cit0 Ta reHEeTUYHY TOKCUYHICTb, MpUNyCcKatTb,
L0 MOXKHa CKOperyBsaTu 3a A0MNOMOrow cneum-
divYHMX ribpnaHmx BipycHMx BekTopiB [35].

OAHMM 3 HalCy4acHILWMX HaMpPsIMKIB Y BaKLMHO-
norii € reHeTUYHa iMyHi3alis, sika nepenbavae
BBeJEHHS B OpraHi3M He aHTUreHy, a HyK/eiHo-
Bux kmcnot (AHK abo PHK) 36ygHuka, B SIKMX
3akogoBaHa iHdopMauis npo 6inok. Bukopucro-
BYHOUM OAUH i TOM e nna3migHuin abo BipyCHUIA
BEKTOp, MOXHa CTBOPIOBATU BaKUMHU TMPOTH
Pi3HMX iHMEKLIMHMX 3axXBOpKOBaHb, 3MiHIO0-
UM TiINbKW MOCNIAOBHICTb, WO KOAYE HeobXiaHi
6inkm-aHturenmn. [AHK-BakumHM MicTaTb cne-
umdivyHni reH abo reHn Bipycy y dopmi OHK.
Ons edbeKTMBHOro AOCTaB/eHHS HYKIEIHOBMX
KWCMOT A0 TKaHWMHU BiANOBIAHWI reH BMOHTOBY-
€TbCA B niiasMmiay. Nicnsg BBefeHHS B OpraHism,
niaasmiga CTUMYIOE iMyHHY BiAMoBiAb, MPW LbO-
My OHK Bipycy Bigirpae ponb wabnoHy ans ekc-
npecii 6e3ne4yHnx BipyCHMX NpoOTeiHiB. Baromm-
MU nepeBaramMmu Lboro TNy BakKUMH € BiAHOCHA
6e3neka Ta AOCTYMHICTb MAacoBOro BUpobHMLTBA
npenapatie. OHK-BakumMHauis npu3BoAUTb 40
MOBHOLIIHHOI iMYHHOI BignoBiai Ta 3abe3neuye
BWUCOKMWIM piBEHb 3aXUCTY Bif BipyCHOI iH(eKLl.

Ona ctBopeHHs BakuumH npotn COVID-19 wutwo
TEXHONOrK aKTUBHO BMKOPUCTOBYIOTb 4YMMa-
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no kpain (IHgis, ItTania, CLLA, Anonis, LBeuis,
Benuka BbpwutaHia Towo). AHK-BakumHM npo-
K S-6inka Bipycy SARS-CoV-2 6a3yloTbCs Ha
OCHOBI po03po6siIeHOI TEXHOSOrii A0CTaB/IEHHS
nnasmigHoi JHK, a Takox ekcnpecinHoi kaceTu,
WO MICTUTb AiNSIHKY KOoAyBaHHS BiANOBiAHOMO
reHy y rno€AHaHHi 3 TeXHOJIONME efleKTporeH-
HOro nepeHocy (reTeposoriyHMn NpamMm).

binbwicte AHK-BakunMH MOXXHa BBOAUTU BHY-
TPILWHbOLWKIPHO 3@ gonoMoroto 6e3iH’ekUinHoi
cuctemu [39].

PHK-BakunHuM, aHanoriyHo Ao AHK-BakuuH, Mic-
TATb KOHKPETHI reHun Bipycy y opMi MaTpu4Hoi
PHK (MPHK), a nicns BHYTPiLWHBbOKNITUHHOIO
MPOHUKHEHHS Ui reHW TPaHCOKTLCA Y BipYCHI
6inku. Mpotn COVID-19 cTtBOpEHa HOBa BaKLU-
Ha Ha OCHOBiI HaHo4acTUHOK ninigis (LNP) — iH-
KancynboBaHoi MPHK, L0 KOAY€E aHTUIeHHiI 6inku
MoBHOPO3MipHMX S, S1 abo S2 ansa SARS-CoV.

Ha cy4acHOMy eTani usa TexXHOsOoril TakoxX
YCMilWHO BWKOPUCTOBYETLCA [AJ19 CTBOPEHHS
TepaneBTMYHMX 3acobiB Ha ocHosi MPHK, 30-
KpeMma npoTW paky, 3a AOMNOMOrow cneuianb-
HUX Monekynm MPHK Ta cucteMm BHYTPILIHbO-
KNITUHHOI gocTaBku [40].

BakuUMHM Ha OCHOBI CUHTETUYHUX BaKLUUH-
HMX 4vacTuHok (Synthetic Vaccine Particle —
SVP) — ue HOBMI Cy4YyacHWIA HaMpsIMOK y Bak-
LMHOMOTii 3 BUKOPUCTAHHAM HaHOTEXHOJOrIN.
Lli BaKuMHM HOpPMYHOTbCS i3 CUHTETUYHO CTBO-
PEHUX HAHOYACTUHOK (@HTUreHiB pi3HOi BENN-
UMHW MOJIeKys, NpOTeiHiB, NenTuais, oniroca-
XapuaiB), AKi 3a4aTHi iMiTyBaT i CTUMyntoBaTH
iMYHHY BiANOBiAb OpraHiamy.

OTXe, CTBOpPEHHS BaKUWH $K cneundiyHmnx
npenapaTiB nNpoTu 0cCcobnnmeBo HebesneyHux
XBOpPO6 CTasio BaroMmMM BHECKOM Yy 3aXWUCT Ha-
ceneHHs Big 6ionoriyHuMx 3arpo3 i BigKpwWIo
nepcnekTMBmM Ha edeKkTUBHIWeE npoTuenige-
MiYyHe pearyBaHHS Yy Cy4yaCHMX yMoOBax i Ha
MalnbyTHE.
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Despite the current technological peculiarities
of recombinant vector vaccines, there are still
several drawbacks associated with the use
of vectors to deliver genetic material to the
target cell. First, vectors can stimulate an
immune response in the body independently,
thereby reducing vaccine efficacy. Second,
viral vectors must not be re-administered
if the vaccine has failed in a clinical trial. It
is suggested, that other potential problems
associated with the use of viral vectors, such
as low transgenic expression and genetic
toxicity, can be corrected using specific hybrid
viral vectors [35].

Genetic immunization is one of the latest
directions in vaccinology which presupposes
the of pathogen's nucleic acids (DNA or RNA)
into the body which encodes information about
the protein, rather than the antigen. Using the
same plasmid or viral vector, vaccines against
various infectious diseases can be created
by changing only the sequence encoding the
required protein-antigens.

DNA vaccines contain a specificgene or genes of
the virus in the form of DNA. The corresponding
gene is inserted into the plasmid for effective
delivery of nucleic acids to tissues. After its
administration into the body, the plasmid
stimulates the immune response and the virus’
DNA acts as a template for the expression of
safe viral proteins. Significant advantages of
these vaccine types consist in their relative
safety and availability of mass production of
these preparations. DNA-vaccination leads to
a full-fledged immune response and provides a
high level of protection against viral infection.

This technology is actively used by many
countries (India, Italy, USA, Japan, Sweden,
Great Britain, etc.) to create vaccines against
COVID-19. DNA vaccines against the S-protein
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of the SARS-CoV-2 virus are based on the
developed technology of plasmid DNA delivery,
as well as the expression cassette containing
a site of coding of the corresponding gene in
combination with the technology of electrogenic
transport (heterogenic prime). Most DNA
vaccines can be administered intradermally
using a non-injection system [39].

RNA vaccines, similar to DNA vaccines, contain
specific virus genes in the form of messenger
RNA (mRNA), and upon intracellular
penetration, these genes are translated into
viral proteins. A new vaccine based on lipid
nanoparticles (LNP) — an encapsulated mRNA
encoding full-length S, S1 or S2 antigenic
proteins for SARS-CoV — has been developed
against COVID-19. At present, this technology
is also successfully used to create therapeutic
preparation based on mRNA, in particular,
against cancer, using special mRNA molecules
and intracellular delivery systems [40].

Synthetic Vaccine Particle (SVP) — is a new
modern direction in vaccinology based on the
use of nanotechnology. These vaccines are
formed from synthetically created nanoparticles
(antigens of different sizes of molecules, proteins,
peptides, oligosaccharides), which can imitate
and stimulate the body’s immune response.

Thus, the creation of vaccines as specific
preparations against especially dangerous in-
fections has become a significant contribution
in protecting the population from biological
threats and opened new prospects for a more
effective anti-epidemic response both today
and in the future.
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