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Napredak tehnologije kroz
istoriju vakcina

Napredak u imunologiji i bolje
razumevanju protektivnog
imunskog odgovora

Sekvenciranje genoma
patogena i reverzna
vakcinologija

Dizajn antigena u vakcinama
zasnovan na njegovoj strukturi

Sistemska imunologija
zasnovana na
“high-throughput” tehnikama
i vestackoj inteligenciji

Inovativne platforme
za pravljenje vakcina

Racionalni dizajn vakcina
i razvoj novih i
unapredenih vakcina

Rappuoli et al. Cell. 2024 Sep 19;187(19):5171-5194.



Reverzna vakcinologija

CLASSICAL VACCINOLOGY REVERSE VACCINOLOGY
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Reverzna vakcinologija

Vakcina za grupu B meningokoka (4CMenB) dobijena reverznom vakcinologijom

Neisserial Heparin Binding Antigen (NHBA),
factor H binding protein (fHbp) and
Neisseria adhesin A (NadA) combined
with the outer membrane vesicle component
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Uloga vestacke inteligencije u racionalnom dizajnu vakcina
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Target selection (e.g. protein subunits)
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Antigenske determinante na F proteinu RSV

Postfusion RSV F

Neutralizing Potecncy Location Prefusion RSV F
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Graham. Curr Opin Virol 2017;23:107-12.

Current Opinion in Virology



Resavanje “prefusion” strukture F proteina RSV
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Imunogenost antigenskih determinanti na F proteinu RSV

Functional form of RSV F in pre-
triegered conformation
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Uloga sistemske imunologije u racionalnom dizajnu vakcina

Vaccines
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Sistemska imunologija i vestacka inteligencija

| dobijanje novih i unapredenih vakcina
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Najvaznije plaforme vakcina protiv infektivnih bolesti kod ljudi

Live attenuated Inactivated viruses mRNA DNA
9955?
Rabies & D P
* BCG * Smallpox Hepa_titisA ) v ®/0
* Mumps ¢ Oral polio Inactivated polio 0000 Yt
+ Rubella * Yellow fever COVID-19 vaccines 4 - miriaseE B
* Measles * Influenza Infiuenzz (GVSODGI FMdarR)
« Varicella * COVID-19 vaccines (e.g. developed e COVID-19 (Cadila Healthcare)

by Pfizer/BioNTech and Moderna)

Inactivated toxoids

Recombinant protein

Recombinant vector

Polysaccharide or conjugate

Diptheria
Pertussis
Tetanus vaccines (DTP)

Hepatitis B
Meningococcal B
Acellular pertussis
Human Papilloma Virus

Shingles (developed by GSK)
Malaria vaccines (developed by GSK
and Oxford/Serum Institute of India)

-

Ebola
COVID-19 vaccines
(e.g. AstraZeneca, Jansen)

Typhoid polysaccharide and conjugate
Haemophilus influenzae type B conjugate

Pneumococcus polysaccharide and
conjugate
Meningococcus conjugate

Rappuoli et al. Cell. 2024 Sep 19;187(19):5171-5194.




Konvencionalne vs. inovativne platforme

Konvencionalne vakcine (Zive, inaktivisane, subjedinicne...) = davanje Citavog patogena (atenuisanog
ili inaktivisanog) ili njegovog dela (ili delova) ili produkta (npr. modifikovanog toksina - toksoida)

Inovativne vakcine (vektorske, DNK i RNK vakcine) = davanje nukleinske kiseline (DNK ili RNK) koja nosi
informaciju za imunodominantni/e antigen(e)/epitop(e) patogena od interesa

VIRAL VECTORS FULLY SYNTHETIC VACCINES
Alphavirus

Vesicular
Stomatitis virus

Nanoemulsion
(RNA, SAM)

X Rauch et al. Front Immunol. 2018;9:1963; Rego et al. Vaccines 2020;8:474;
Measles virus Krammer. Nature. 2020;586:516-527; Jeyanathanet al. Nat Rev Immunol. 2020;20:615-63



Konvencionalne vs. inovativne platforme

* Konvencionalne vakcine (Zive, inaktivisane, subjedinicne...)
— Imunogene i efikasne (neke vakcine se daju u viSe doza i sa adjuvansima)
— Dobar bezbednosni profil, ali ograni¢enja kod nekih vakcina (npr. Zive vakcine kod imunokompromitovanih)
— Potrebe za kultivacijom i propagacijom patogena (visok nivo biosigurnosti potreban)
— Ogranicen kapacitet za proizvodnju velikog broja vakcina

— Dugo vreme za razvoj (u proseku 10 godina) i visoki troskovi (0,5-1 milijarde S/vakcini)

* |Inovativne platforme (vektorske, DNK i RNK vakcine)
— Visoka imunogenost i efikasnost = indukcija i humoralnog (visokoafinitetnih antitela) i éelijskog odgovora
— Dobar bezbednosni profil (bez perzistencije u celiji i/ili integracije u genom)
— Bez potrebe za kultivacijom i propagacijom patogena (laksi i brZi razvoj i proizvodnja vakcina)
— Moguénost velikog kapaciteta za proizvodnju (poveéanje produkcije vakcina u kratkom periodu - meseci)
— Svestranost platforme (potrebna je samo promena gena) — nekada se koriste isti kapaciteti za proizvodnju

— Niska cena razvoja i proizvodnje Rauch et al. Front Immunol. 2018:9:1963; Rego et al. Vaccines 2020;8:474;
Krammer. Nature. 2020;586:516-527; Jeyanathanet al. Nat Rev Immunol. 2020,;20:615-63
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Mehanizam dejstva RNK vakcina
(primer: mRNA-1273 vakcina koja kodira S protein SARS-CoV-2)

SARS-CoV-2 spike protein trimer
Spike
protein-encoded
mRNA
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RNK vakcine

(Nacin davanja i indukovanja imunskog odgovora)

® Antigen expression (in APCs)
» Carrier efficiency
* Presence of dsRNA
* Presence of unmodified nucleosides
* Sequence optimization
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RNK vakcine

(Nacin davanja i indukovanja imunskog odgovora)

mRMNA vaccine

Antibodies (8}  Meutralized

Chauhary et al. Nat Rev Drug Discov. 2021,20:817-38



Principi dizajniranja RNK vakcina

* iRNK struktura identicna sisarskim iRNK = dizajnirana da maksimalno dovede do produkcije proteina
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Principi dizajniranja RNK vakcina

iIRNK struktura identicna sisarskim iRNK = dizajnirana da maksimalno dovede do produkcije proteina
- Nereplikuju¢a RNK = jednostavna konstrukcija, ali nizi stepen ekspresije antigena

- “Samoamplifikuju¢a” RNK (Self-amplyfying RNA) bazirana na genomu alfavirusa - komplikovanija konstrukcija,
ali veca ekspresija antigena



Dva glavna tipa iRNK koris¢enih u vakcinama
(Nereplikujuce i samoamplifikujuce iRNK vakcine)

Nereplikjuéa iRNK

5 UTR 3'UTR

5'm7G-ppp-N =4 Antigen Coding Sequence AAAAAA 500503

Samoamplifikujuca iRNK (sadrZi replikazu iz alfa virusa)

§'UTR C= 7

NsP1 | NP2 | NSPa | NP

3'UTR

3'm7G-ppp-N Antigen Coding Sequence AAAAAA 15250 3

5 UTR 3'UTR

s m76-ppp-N [N — AAAAAA 073
5'UTR C=| - ) 3UTR

5'm7G-ppp-N Antigen Coding Sequence AAAAAA 502503

Le et al. Viruses. 2022;14:401
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Kowalzik et al. Vaccines. 2021,;9:390



Principi dizajniranja RNK vakcina

iIRNK struktura identicna sisarskim iRNK = dizajnirana da maksimalno dovede do produkcije proteina

- Nereplikuju¢a RNK = jednostavna konstrukcija, ali nizi stepen ekspresije antigena

- “Samoamplifikujuca” RNK (Self-amplyfying RNA) bazirana na genomu alfavirusa - komplikovanija konstrukcija,

ali veca ekspresija antigena

Original RNA RNA with increased half-life

Strategije za optimizaciju farmakoloskih osobina iRNK

Signal intensity
Signal intensity

- Optimizacija translacije i stabilnosti iRNK

T T
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Sahin et al. Nat Rev Drug Discov. 2014;13:759-80



Optimizacija translacije i stabilnosti iRNK

Coding sequence: Nucleoside modification Poly-A tail: Length affects
and/or codon optimization decrease unwanted mRNA half-life and translation
inflammatory signals and increase protein efficiency
production

* JJ CODING SEQUENCE X! LL
UTR

)

Poly-A tail

Cap
5’ Cap: Cap 1 structure Purification: dsRNA and DNA removal
affects degradation and following transcription reduces unwanted
avoids RIG-1 recognition inflammatory response and increases
potency

UTRs: Length and
secondary structure
can affect translation
efficiency. 5’ UTR has
most impact

Weiner et al. Genetic-Based Vaccine Vectors. In: Vaccines 8th Ed, 2024



Principi dizajniranja RNK vakcina

* iRNK struktura identicna sisarskim iRNK = dizajnirana da maksimalno dovede do produkcije proteina
- Nereplikuju¢a RNK = jednostavna konstrukcija, ali nizi stepen ekspresije antigena

- “Samoamplifikuju¢a” RNK (Self-amplyfying RNA) bazirana na genomu alfavirusa - komplikovanija konstrukcija,
ali veca ekspresija antigena

e Strategije za optimizaciju farmakoloskih osobina iRNK

- Optimizacija translacije i stabilnosti iRNK

- Modulacija imunogenosti



Modulacija imunogenosti

: . . a Unmodified, ified mRNA
Egzogena iRNK je izrazito HROTES CRRIEIERT

imunostimulatorna, jer je prepoznaje a

veliki broj razli¢itih receptora urodene = \ \

imunosti koji se nalaze na povrsini / = \ \

¢elije, u endozomima i u citosolu '\_/ \ ' Endo
Endosomal- \

imunski vor RNA sensing . f
N imunski odgovo i | 5.
* TLR7 M
ILI * TLRS

Type | IFNs

J imunski odgovor

Cytosolic- U U ol
RNA sensing - Maqdl B>
e PKR

* OAS

* MDAS
* RIG-I

® Others?

DC maturation

» CD80

» CD86

¢ MHC class | and Il

M imunski odgovor
- Indukcija inflamacije

- Aktivacija i sazrevanje
dendritskih celija

J imunski odgovor
- Zaustavljanje translacije

- Degradacija RNK

K Peptide-MHC

presentation

Pardi et al. Nat Rev Drug Discov. 2018;17:261-79



Modulacija imunogenosti

Egzogena iRNK je izrazito
imunostimulatorna, jer je prepoznaje
veliki broj razli¢itih receptora urodene
imunosti koji se nalaze na povrsini
¢elije, u endozomima i u citosolu

™ imunski odgovor

ILI

J imunski odgovor

Modulacija imunogenosti
- Precis¢avanje iRNK
- Udruzivanje sa molekulima nosacima

- Modifikacija nukleozida

Endosomal-

RNA sensing

* TLR3
® TLR7
® TLR8

Cytosolic-
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* RIG-I

® Others?

a Unmodified, unpurified mRNA

b Nucleoside-modified, purified mRNA
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Pardi et al. Nat Rev Drug Discov. 2018;17:261-79



Modifikacija nukleozida

Zamena uridina sa modifikovanim nukleozidima

O
- Pseudouridin
H3C\ )J\
- 1-Metilpseudouridin N NH
krgo
. . g v . . O .\\\OH

Ovakvi nukleozidi se normalno nalaze u nasoj sopstvenoj 0
RNK i
Pomazu nasim ¢elijama da prerano ne razgrade RNK pre é)H

nego Sto se prevede u dovoljno proteina

U transkripciji se Cita kao uracil

m!W = 1-methyl-3'-pseudouridylyl



Principi dizajniranja RNK vakcina

* iRNK struktura identicna sisarskim iRNK = dizajnirana da maksimalno dovede do produkcije proteina
- Nereplikuju¢a RNK = jednostavna konstrukcija, ali nizi stepen ekspresije antigena

- “Samoamplifikuju¢a” RNK (Self-amplyfying RNA) bazirana na genomu alfavirusa - komplikovanija konstrukcija,
ali veca ekspresija antigena

e Strategije za optimizaciju farmakoloskih osobina iRNK

- Optimizacija translacije i stabilnosti iRNK
- Modulacija imunogenosti

- Povecanje efikasnosti unosenja iRNK



RNK vakcine

(Glavni nacini davanja)

* iRNK treba da dospe u cioplazmu ¢elije (za iRNK vakcine = antigen-presentujuce celije)

* Ogoljenja iRNK nije pogodna da se koristi kao lek

Degradation Lack of tissue tropism Lack of efficient membrane transport
Extracellular RNase ésg
o \”/ %
mambrane._..-qfff’? it .'.'T?'-T??'-'r.--..,
B
Pl S aey i
e

Cell types

Kerry Benenato. Moderna Seminar Series. Chapter 5: Lipid Nanoparticles; February 9, 2022



RNK vakcine

(Glavni nacini davanja)

Dva nacina davanja Lipid nanoparticles

- UnoSenje u dendritdke ¢éelije ex vivo i reinfuzija tih celija
PEGylated lipids (for example, PEG-DMG for

. .. .v . mRMA-1273 or ALC-0159 for BNT16202)
- Direktno parenteralno davanje iRNK (obi¢no inkapsulranu u

moleku Ie nosaca) lonizable lipids (for example, Lipid H/SM-102 for

~ mMRMA-1273, ALC-0315 for BNT162b2 or LPO1 for
gy . . . . . . .. . Intelli ducts)

Razlil¢iti pristupi — nisu svi podjednako efikasni in vivo SRR
Helper lipids (for example, DSPC for
MRMNA-1273/BNT162b2)

Razlicite nanoclestice — najbolji rezultati

Cholesterol (for mRMA-1273/BNT162b2)

Lipid—polymer hybrid nanoparticles

i Polymeric nanoparticles
PEGylated lipids (for example, PEG-DSPE or

PEG-DMPE)

a

- a

) 2
& — b "'?.. g
Cationic lipids (for example, GO-C14) “‘FH\B" % — cationic polymers (for example, PBAE, hPBAE or CART)
=,

Helper polymers (for example, PLGA or PDSA)

(=5

Huang et al. Nat Med. 2022,28:2273-87



RNK vakcine
(Glavni nacini davanja)

* Lipidne nanocestice (Lipid nanoparticles, LNP) — najefikasniji nasin unoSenja RNK u ¢elije

- Jonizujuci ili katjonski lipidi (promoviSu samosklapanje u €estice veliCine virusa
i omogucavaju njihovo oslobadanje u endozomima) 5‘
@

Polyethylene Glycol (PEG)-Lipid 4 z{. L 4
- Polietilen glikol (PEG) povezan sa lipidima P \;‘\ "
Cholesterol 4 o)

y v , . D \ | .
(produzava poluzivot i sprecava fuziju sa ostalim ¢esticama) ’b‘: 0\..{ .Q‘N
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Sastav RNK vakcina
(primer: mRNA-1273 vakcina koja kodira S protein SARS-CoV-2)

Sve su komponente biorazgradive
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mRNA

- *» Contains all naturally occurring nucleotides, including

modified Uridine
+ Eliminated by endogenous mRNA decay machinery

lonizable lipid (RNA binding lipid)
+ Readily breaks down to saturated fatty acids
ready for elimination

Cholesterol
+ Widely present in the human body

Distearoyl phosphatidylcholine (DSPC)
+ Core phospholipid component of cell membranes

Polyethylene glycol (PEG) lipid

+ Rapidly digested into two fatty acids and a 2k PEG
polymer, which is found in numerous consumer
products from toothpaste to Tylenol®

Sucrose

Sodium Chloride

The only other
components are
water, sugar, salt,
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Kerry Benenato. Moderna Seminar Series. Chapter 5: Lipid Nanoparticles; February 9, 2022



RNK vakcine

(Indukcija imunskog odgovora)

Article

COVID-19 vaccine BNT162bl1 elicits human
antibody and T,,1 T cell responses
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Vakcine protiv COVID-19 bazirane na iRNK

@ siorr=cH

BNT162b2
Spike protein
Linid i (prefusion
U m i
naﬂusarﬁcie ﬂ@. ), - Oﬂfﬁl’matmn].

moderna

MRNA-1273

Cumulative Incidence (%)

Covid-19 Incidence (%)

Cumulative

24

g

04|

B S A T e
O 7 14 21 28 35 42 49 56 63 70 77 34 91 95 105112
Days after Dose 1

Incidence Rate

3.5 {959 C1) Placebo
3.0l per 1000 persor-yr

Placebo 79.7 (70.5-89.9)
2.5 mRNA-1273 56 (3.4-58)
2.04
1.5
1.0
0514 mRNA-1273
0.0

30 40 50 60 70 80 90 100 110 120
Days since Randomization

0 10 20

BNT162b2 Vaccine Placebo
Symptomatic Covid-19 8 162
N=18198 N=18325
Severe Covid-19 1 9
N=21669 MN=21686

Vaccine efficacy 5% credible interval, 90.3-97.6%)

CONCLUSIONS

Two doses of an mENA-based vaccine were safe over

a median of two months and provided 95% protection
against symptomatic Covid-19 in persons 16 years of
age or older.

Polack et al. N Engl J Med. 2020;383:2603-15

mRNA-1273 Vaccine Placebo

N=14,550 N=14,598
Symptomatic Covid-19 1t 185
Severe Covid-19 0 30

Vaccine efficacy o @4.12)(95% Cl, 89.3-96.8%; P<0.001)

CONCLUSIONS
Two doses of a SARS-CoV-2 mRNA-based vaccine

were safe and provided 94% efficacy against symp-
tomatic Covid-19 in persons 18 or older.

Baden et al. N Engl J Med. 2021,;384:403-16.



RNK vakcine protiv COVID-19
(Bezbednost)

Povoljan bezbdonsni profil (milioni datih doza) — 1* reaktogenost
Najcesce nezeljenje reakcije blage i prolazne (bol , umor, bol u glavi i misi¢ima, jeza, groznica...)
Teske alergijske reakcije (anafilaksa) veoma retke

- 4.7 /milion datih doza nakon BTN162b2 i 2.5/milion nakon mRNA-1273
(dva do cetiri puta ¢es¢e u odnosu na konvencionalne vakcine)

Retki slucajevi miokarditisa i perikarditisa prijavljeni

- Obi¢no 3-5 dana posle 2. doze Cases of Myocarditis Following Cases of Myocarditis
mRNA COVID-19 Vaccine Following COVID-19 Infection
- Rede nakon 3. ili 4. doze = UK: overall rates after both doses of = |n the United States, cases of
Pfizer/BioNTech mRNA vaccine were myocarditis were estimated to be
[al*
- Cescée kod mladih muskaraca = United States: cases of myocarditis per )
million second doses of MRNA vaccines®k for males aged 12 to 17 yearsld

(12-29 godina)

. = Cases of myocarditis per
million cases of COVID-19 infection

= Males 12 to 29 years: 40.6 cases d
- Miokarditis znatno ¢esc¢i nakon = Females > 30 years: 1 case 5
. .. = Males =z 30 :2.4
SARS-CoV-2 infekcije ales = SUyears: 28 cases

Drew Weissman. Unfolding the Future: How Will mRNA Technology Change the Landscape of Vaccination?; March 22, 2022



RNK vakcine

Prednosti (RNK vakcine ispunjavaju mnoge aspekte idealnih vakcina)
- Dobar bezbedonosni profil (ne perzistira u ¢elijama i ne integriSe se u genom)
- Visoka imunogenost = indukcija i humoralnog (visokoafinitetna antitela) i celularnog imunskog odgovora
- “Self-adjuvanting” efekat RNK (bez potrebe za adjuvansima)
- Mogucénost ponovljenog davanja (nema imuniteta na RNK kao kod vektora)
- Platforma se raznim moguénostima (“multiplexing” i korisS¢enje istih kapaciteta za razli¢ite patogene)
- Poptuno sinteticka vakcina (“amenable to scale-up at low costs”) = brz razvoj novih vakcina
Ogranicenja
- Nestabilnost RNK molekula (termolabilnost) i potreba da ¢uvanjem/transportom na niskim temperaturama
- Problemi sa relativno kraéim trajanjem imunskog odgovora (kratka perzistencija iRNK u ¢elijama)
- Mogucénost indukcije snaznog imunskog odgovora — I reaktogenost

- Retke teze nezeljene reakcije (miokarditis i anafilakticki Sok)



DNK vakcine

* Imunizacija sa bakterijskim plazmidom koji sadrzi gen(e) za imunodominantne antigene odredenog/ih
patogena

Gen patogena zajedno sa elementima neophodnim za ekspresiju u eukariotskim ¢elijama (“eukaryiotic expression
cassette”) se ubacuje u bakterijski plazmid koji se potom umnozava u E. coli i preciséava

Vakcina se daje na razlic¢ite nacine sa ciljem da plazmid ubaci u éeliju (neophodno je da dospe u jedro)
Transfektovane éelije domacdina (dendritske ¢éelije, miociti, keratinociti...) eksprimiraju antigen(e) patogena

Dendritske celje prezentuju antigen(e) patogena naivnim T-limfocitima u sklopu MHC molekula l'i Il klase =
aktivacija CD4* i CD8* T-Celija

Indukcija i celularnog i humoralnog imunskog odgovora

Kutzler et al. Nat Rev Genet. 2008;9:776-88
Hobernik et al. Int J Mol Sci. 2018;19:3605
Rauch et al. Front Immunol. 2018 Sep 19,;9:1963.
Pagliari et al. J Mol Biol. 2023;435(23):168297



DNK vakcine

(Nacini davanja vakcine)
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Vaccine formulation
and adjuvants
Cptimized gena

DNK vakcine i;fsf_.{:;'z_,

(Indukcija imunskog odgovora) deﬂods

Muscle site
of inoculation

Direct transfection of APCs
(Endogenous antigens)

DNA Plasmid

¥ Expressed antigen
¢ % Endogenous
%* Antigen polypeptides ® antigens

" MHC class 1 molecule

M MHC ciass 2 molecuie

x§ Protease action

Draining lymph node
Direct and cross presentation
of antigens in the drining

mph node

Pagliari et al. J Mol Biol. 2023;435(23):168297. Kutzler et al. Nat Rev Genet. 2008;9:776-88



Vaccine formulation
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Lu et al. Front Immunol. 2024;15:1332939. Kutzler et al. Nat Rev Genet. 2008;9:776-88



DNK vakcine

* Imunizacija sa bakterijskim plazmidom koji sadrzi gen(e) za imunodominantne antigene odredenog/ih
patogena

Gen patogena zajedno sa elementima neophodnim za ekspresiju u eukariotskim ¢elijama (“eukaryiotic expression
cassette”) se ubacuje u bakterijski plazmid koji se potom umnozava u E. coli i preciséava

Vakcina se daje na razlic¢ite nacine sa ciljem da plazmid ubaci u éeliju (neophodno je da dospe u jedro)
Transfektovane éelije domacdina (dendritske ¢éelije, miociti, keratinociti...) eksprimiraju antigen(e) patogena

Dendritske celje prezentuju antigen(e) patogena naivnim T-limfocitima u sklopu MHC molekula l'i Il klase =
aktivacija CD4* i CD8* T-Celija

Indukcija i celularnog i humoralnog imunskog odgovora

e Ogranicenje DNK vakcina

Problemi sa preuzimanjem plazmida i dospevanjem DNK u jedro - smanjena produkcija antigena -
- smanjena imunogenost i efikasnost DNK vakcina

Otpimalan dizajn DNK vakcina i nacin davanja vakcina su klju¢ni za efikasnost ovih vakcina

Kutzler et al. Nat Rev Genet. 2008;9:776-88
Hobernik et al. Int J Mol Sci. 2018;19:3605
Rauch et al. Front Immunol. 2018 Sep 19,;9:1963.
Pagliari et al. J Mol Biol. 2023;435(23):168297
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DNK vakcine
(Optimizacija DNK vakcina)

Select
« High GC content
« Species-specific
codon utilization
« Consensus immunogens
« Targeting sequences
« Nuclear localization sequences
« Ubiquitin
« Chemokine fusions
« Glycosylation changes

« Helper epitopes \

(2 Gene optimization
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« Ribosomal entry sites

« AT-rich sequence stretches

= Repeat sequences

» RNA secondary structures

« Cryptic splice donor or
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\
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» Jet-injector
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Kutzler et al. Nat Rev Genet. 2008;9:776-88
Hobernik et al. Int J Mol Sci. 2018;19:3605



DNK vakcine

* Prednosti DNK vakcina
— Lakoc¢a manipulacije i viSestruka mogucnost primene (mogu antigeni vecina patogena)
— Jednostavna proizvodnja (razlicite vakcine mogu da se prave sa istom opremom)
— Mogucnost brze produkcije velikih koli¢ina (uz male troSkove)
— Indukuju dugotrajan celularni i humoralni odgovor
— Velika stabilnost DNK molekula = termostabilnost DNK vakcina (bez potrebe za hladnim lancem)
— Ne indukuju odgovor na plazmid - mogu da se daju vise puta

— Nisu zive vakcine - potencijalno mogu da se daju i imunokompromitovanim osobama

Kutzler et al. Nat Rev Genet. 2008;9:776-88
Hobernik et al. Int J Mol Sci. 2018;19:3605
Rauch et al. Front Immunol. 2018 Sep 19,;9:1963.
Pagliari et al. J Mol Biol. 2023;435(23):168297



DNK vakcine

* Prednosti DNK vakcina

Lako¢a manipulacije i viSestruka moguénost primene (mogu antigeni veéina patogena)
Jednostavna proizvodnja (razlicite vakcine mogu da se prave sa istom opremom)

Moguénost brze produkcije velikih kolic¢ina (uz male troskove)

Indukuju dugotrajan celularni i humoralni odgovor

Velika stabilnost DNK molekula - termostabilnost DNK vakcina (bez potrebe za hladnim lancem)
Ne indukuju odgovor na plazmid - mogu da se daju vise puta

Nisu Zive vakcine - potencijalno mogu da se daju i imunokompromitovanim osobama

* DNK vakcine u razvoju joS od 1990-tih godina

Veliki broj vakcina u razvoju u razli¢itim klinickim fazama (HIV, Ebola, grip, malarija, Zika, RSV, ...)
Nekoliko vakcina odobrene za upotrebu u veterinarskoj medicini (npr. protiv West-Nile virusa kod konja)

Nijedna vakcina se za sada redovno ne koristi u humanoj medicini (jedna DNK vakcina protiv SARS-CoV-2 virusa
bila je odobrena u Indiji tokom pandemije)

Rauch et al. Front Immunol. 2018 Sep 19;9:1963.
Pagliari et al. J Mol Biol. 2023,435(23):168297



DNK vakcine

(Vakcine u razvoju i registrovane vakcine)

Melanoma 1
Growth hormone therapy. HE5N1
IHNV | savs
WNV —] —l
i Authorised animal DNA vaccines
Sars-CoV-2 —l
Authorised human DNA vaccines ‘
2
—1 Number of human Phase II/11l clinical
trials*
9 23
—— it 3 -
Number of human Phase I/1l and II clinical
y i *
\ , . p trials
First human phase | & 15 & 12
clinical trials (HIV, Malaria
( ) —— A F
Number of human Phase | clinical trials*
Protective studies
in animals
67 33
Immunogenicity Milestones in the discovery of DNA
test of DNA injection vaccines
T T T
Table 1 DNA vaccines licensed for veterinary use.
Type Species Target Product/Company Licensed date/ Route of administration
Country
Prophylactic vaccine Horses West Nile Virus (WNV) West Nile-Innovator/ COC and Fort Dodge 2005/USA (]
Animal Health
Salmon Infectious haematopoielic necrosis virus Apex-IHN/Novartis Animal Health 2005/ Canada M
(IHNV)
Salmon ‘Salmon alphavirus subtype 3 (SAV3) Clynav/Elanco Animal Health 2016/EU M
Poultry Avian Influenza A (HSN1) ExactVac/AgriLabs 2017/USA M
Cancer Dogs Melanoma OnceptMerial 2010/USA ID needie-free
Immunotherapy
Gene therapy Swine Growth hormone LifeTideSWS/VGX Animal Health 2008&/Australia IM followed by
electroporation

IM: Intramuscular; ID: Intradermal.

Developer Vaccine Description Status

Zydus Cadila; ZyCoV-D  Three-dose DNA plasmid vaccine encoding | Received

Department of SARS-CoV-2 S protein and IgE signal Emergency Use

Biotechnology, peptide delivered intradermally by the Authorization in

Government of India needle-free Pharmalet Tropis device India, 20 August
2021

First COVID-19 DNA vaccine approved, others in
hot pursuit

India’s approval of a nucleic acid vaccine hints at a solution for low-income nations—if the limitations of current
delivery technology can be overcome.

he Emergency Use Authorization of

a DNA-based COVID-19 vaccine

by India’s regulator is a milestone
for a nucleic acid technology that has been
largely overlooked during the pandemic.
Although the approval of ZyCoV-
Indian pharma Zydus Cadila re
a historic first for DNA-based v
peet iewed data describing the safety
and efficacy of the spike-protein-encoding
vaccine have yet to be published. If DNA
vaccines can overcome historic inefficiencies
of delivery to antigen-presenting cells
(APCs) and concerns can be allayed as to
potential genotoxicity risks that could arise
from chromosomal integration, their high
stability; durability of response (including
enhanced T-cell immunity) and ease of
manufacture could make them a valuable
alternative to mRNA, adenoviral vector and

recombinant protein vaccine technol

India’s ZyCoV-D vaccine uses circular DNA to protect against SARS-CoV-2 infection. Credit: Zydus Cadila

Sheridan. Nat Biotechnol. 202139(12):1479-1482.
Pagliari et al. J Mol Biol. 2023;435(23):168297.



DNK vakcine

(Vakcine u razvoju i registrovane vakcine)

Efficacy, safety, and immunogenicity of the DNA

SARS-CoV-2 vaccine (ZyCoV-D): the interim efficacy results
of a phase 3, randomised, double-blind, placebo-controlled
study in India

Akash Khobragade, Suresh Bhate, Vijendra Ramaiah, Shrikant Deshpande, Krishna Giri, Himanshu Phophle, Pravin Supe, Inderjeet Godara,
Ramesh Revanna, Rajnish Nagarkar, Jayesh Sanmukhani Ayan Dey, T M Chozhavel Rajanathan, Kevinkumar Kansagra, Parshottam Koradia,

on behalf of the ZyCoV-D phase 3 Study Investigator Group*

Summary

Background ZyCoV-D, a DNA-based vaccine, showed promising safety and immunogenicity in a phase 1/2 trial. We

now report the interim efficacy results of phase 3 clinical trial with ZyCoV-D vaccine in India.

Methods We conducted an interim analysis of a multicentre, double-blind, randomised, placebo-controlled phase 3

4+

Y0)

CrozMarkc

Lancet 2022;399: 1313-21
See Comment page 1281

*Group members are listed att
end of the Article

trial at 49 centres in India. Healthy participants aged at least 12 years were enrolled and randomly assigned (1:1) to
receive either ZyCov-D vaccine (Cadila Healthcare; 2 mg per dose) or placebo. An interactive web response system
was used for randomisation (blocks of four) of participants as well as to enrol those aged 60 years and older with or
without comorbid conditions, and those aged 12-17 years. It was also used to identify 600 participants for
immunogenicity (blocks of six). Participants, investigators, and outcome assessors were masked to treatment
assignment. Three doses of vaccine or placebo were administered intradermally via a needle-free injection syslem

28 days apart. The primary outcome was the number of participants with first occurrence of symp RT-

Grant Medical
College and Sir } ) Group of
Hospital, Byculla, Mumbai,
India (A Khobragade MD);
Jeevan Rekha Hospital,
Belagavi, Karnataka, India
(S Bhate MD); Kempegowda
Institute of Medical Sclences

PCR-positive COVID-19 28 days after the third dose, until the targeted number of cases (interim analysis n=79, full
analysis n=158) have been achieved. The analysis was done in the per-protocol population, which consisted of all
participants with negative baseline SARS-CoV-2 status who received three doses of vaccine or placebo. Assessment of
safety and tolerability was based on the safety population, which consisted of all enrolled participants who were
known to have received at least one dose of study vaccine or placebo. This trial is registered with Clinical Trial Registry
India, CTRI/2021/01/030416, and is ongoing.

Hospital enter
Bengaluru, Kamataka, India
(V Ramaiah MD); Ashirwad
Hospital, Ulhasnagar,
Maharashtra, india

(S Deshpande MD); Dhadiwal
Hospltal Research Departmer
Nashik, Maharashtra, India
(KGiri MD); Ace Hospital, Pun
India

Findings Between Jan 16, and June 23, 2021 (data (umf?} 33194 individuals were screened, of whom 5241 did not
meet screening criteria and 27703 were enrolled and randomly assigned to receive ZyGoV D (n 13851) or placebo
(n=13852). Per-protocol, 81 cases were eligible and included in efficacy analysis (20.g £

and 61 of 12320 in placebo group). The ZyCoV-D vaccine efficacy was found to
occurrence of solicited adverse events was similar between the treatment groups (623 group
vs 620 [4-47%)] in the placebo group). There were two deaths (one in each group) reported at the data cutoff, neither of]
which was considered related to the study treatments.

Interpretation In this interim analysis, ZyCoV-D vaccine was found to be efficacious, safe, and immunogenic in a

phase 3 trial.
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Figure 2: IgG comparison of geometric mean titre of ZyCoV-D and placebo at
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PBMC- peripheral biood mononuclear cells.

Khobragade et al. Lancet. 2022;399(10332):1313-1321.

Figure 3: NAB(PRNT, ) comparison of geometric mean titre of Zy CoV-D and




DNK vakcine

* Bezbednosni apsekti i potencijalni rizici
— Generalno se DNK vakcine smatraju bezbednim
— Mogucénost duze perzistencije plazmida i integracije u genom domacina (?)
— Moguénost indukcije zapaljenja i auto-antitela (npr. anti-DNK antitela) = autoimunost i/ili honicna inflamacija (?)
— Dutza perzistencije plazmida (narocito na mestu davanja) evidentna u nekim animalnim modelima

— Integracija detektovana u nekim animalnim modelima nakon elektroporacije (tri reda veli¢ine reda u odnosu na
spontane mutacije)

— Klinicke studije kod ljudi > nema dokaza da plazmidska DNK moze da se integriSe u genom celije vakcinisane
osobe i/ili indukuje autoimunost (WHO, 2020)

— WHO - preporuke da se rade preklinicke studije koji ispituju integraciju DNK

— FDA - preporuke da se rade studije koji ispituju integraciju DNK, ako broj kopija plazmidske DNK prelazi 30.000
kopija na 1 ug DNK domacina

Pagliari et al. J Mol Biol. 2023;435(23):168297.
WHO. Guidelines for assuring the quality, safety, and efficacy of plasmid DNA vaccines, 2020. Dostupno na: https://www.who.int/publications/m/item/DNA-post-ECBS-1-sept-2020



Vektorske vakcine

* Imunizacija sa , vektorima“ (najces¢e modifikovanim virusima) koji sadrze gen(e) za imunodominantne
antigene patogena

— Gen od interesa poreklom od patogena (nesrodan sa virusom) se ubacuje u genom virusnog vektora
— Nereplikujuéi virusi — najéesée adenovirusi (humani Ad5 i Ad26, i primata ChAdOx1)...
— Replikujuci (atenuisani) virusi — virus vezikularnog stomatitisa (VSV), morbili, CMV...

— Nakon ulaska vektora u éelije domacdina (transdukcije), one pocinju da eksprimiraju antigen(e) patogena (obi¢no
dugotrajno) i indukuju imunski odgovor

— Dendritske ¢elje prezentuju antigen(e) patogena naivnim T-limfocitima u sklopu MHC molekula l'i Il klase =
aktivacija CD4* i CD8"* T-¢elija

— Indukcija i celularnog i humoralnog imunskog odgovora

McCann et al. Curr Opin Immunol. 2022;77:102210.
Travieso et al. NPJ Vaccines. 2022;7(1):75.

Wang et al. Signal Transduct Target Ther. 2023,;8(1):1489.
Rauch et al. Front Immunol. 2018;9:1963.



RazlicCiti virusni

vektori koji se

Rhabdovirus vector

koriste u vakcinama

VSV — Vesicular stomatitis virus

RABV - Rabies virus

PIV — Parainfluenza virus

MV - Measles virus

NDV- Newcastle disease virus

IFV — Influenza virus

Ad — Adenovirus

ChAd — Chimpanzee adenovirus

MVA — Modified vaccinia virus Ankara
ALVACL - Canarypox virus

NYVAC - New York attenuated vaccinia virus

Chimeric paramyxovirus vector

Influenza virus vector

Adenovirus vector

Poxvirus vector
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Vektorske vakcine
(Indukcija imunskog odgovora)
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Vektorske vakcine
(Indukcija imunskog odgovora)

* ChAdOx1 nCOV-19 vakcina ariiecll T cells response
ChAdOx1-nCOV-19 (Prime)

Safety and immunogenicity of the ChAdOx1 nCoV-19 @ H®
vaccine against SARS-CoV-2: a preliminary report of o
a phase 1/2, single-blind, randomised controlled trial

Pedro M Folegatti*, Katie) Ewer*, Parvinder K Aley, Brian Angus,Stephan Becker, Sandra Belj-Rammerstorfer, Duncan Bellamy, Sagida Bibi [oa |
MustaphaBittaye, Elizabeth A Clutterbuck, Christina Dold, Saul N Faust, Adam Finn, Amy L Flaxman, Bassam Hallis, Paul Heath, Daniel Jenkin;
RajekaLazarus, Rebecca Makinson, Angela M Minassian, Katrina M Pollock, Maheshi Ramasamy, Hannah Robinson, Matthew Snape,

Richard Tarrant, Merryn Voysey, Catherine Green, Alexander D Douglas*, AdrianV S Hill*, Teresa Lambe*, Sarah C Gilbert*, Andrew  Pollard®, E

on behalf of the Oxford COVID Vaccine Trial Group?
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Summary
Background The pandemic of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) might be curtailed
vaccination. We assessed the safety, reactogenicity, and immunogenicity of a viral vectored coronavirus vaccine th

expresses the spike protein of SARS-CoV-2.

. N W . 256 | s
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Folegatti et al. Lancet. 2020;396(10249):466.
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Vektorske vakcine

* Prednosti vektorskih vakcina

Dobar bezbedosni profil (smanjena reaktogenost narocito kod nereplikujucih vektora) i potencijal za
multivalentne vakcine (prezentacija viSe antigena istovremeno)

Indukcija snaznog i dugotrajnog celularnog i humoralnog imunskog odgovora
Mogu da budu dizajnirani da indukuju ekpresiju antigena u odredenoj/om ¢eliji/tkivu

Razlicita moguénost davanja (tipi¢no intramuskularno, ali moguée i intradermalno, oralno, nazalno, preko
aerosola...)

™ stabilnost liofilizacijom, moguénost produkcije velikih koli¢ina (uz male troskove)

e OgraniCenje vektorskih vakcina

Postojanje imuniteta na vektor kod vakcinisanog ili razvoj imuniteta na prethodnu dozu — {, efektivnost vakcina i
problem za revakcinaciju istim vektorom

Smanjena imunogenost kod nereplikujuéih vektora (potreba za viSom dozom i davanjem bustera)
Kompleksna proizvodnja (mnoge kontrole) i ne mogu da se kombinuju razliciti vektori koris¢enjem iste opreme

Mogucnost perzistentne replikacije virusa kod imunodeficijentnih osoba (za replikujuce vektore)

McCann et al. Curr Opin Immunol. 2022;77:102210.; Rauch et al. Front Immunol. 2018,;9:1963.



Vektorske vakcine

* Dugo traju istrazivanja (jos od 1980-tih) i uradeno je puno pretklini¢kih i klinickih studija

— Veliki broj eksperimentalnih vakcina (HIV, Zika, MERS, malarija, influenca ...)

— Registrovane vakcine — protiv Ebole (npr. Ervebo sa VSV) i denge (npr. Dengvaxia sa virusom Zute groznice) i
nekoliko vakcina protiv COVID-19 (,,AstraZeneca”, ,Sputnik V“, ,Janssen/Johnson&Johnson®)

ChimeriVax-JE
2010 (Australia)
CYD-TDV -
Dengvaxia
2015 {Maxico)
F ! VSV-EBOV
GamEvac-Combi 2017 (ORC)
2015 (Russia) 2019 (EMA, FDA, WHO)
AdS-EBOV
2017 (China)
Pre-2020
Flavivirus vaccines
Ebola virus vaccines
SARS-CoV-2 vaccines

Ad26 ZEBOV - MVA-BN- |

2020

o
May 2020 (EMA)
April 2021 (WHO)

Gam-COVID-Vac
August 2020 (Russia)

ChadOx1-nCoV-19
Dec 2020 (UK)
Jan 2021 (EMA)
| Feb2021 (WHO)

Ad26.CoV2.8
Feb 2021 (FDA)
March 2021 (EMA, WHO)

Ads-nCoV
Feb 2021 (China)

Currently licensed viral vector vaccines for use in humans.

!

‘_J

Current Opinion in Immunclogy

Vector class Vector Vaccine Target pathogen  Encoded antigen Developer
Adenoviruses Ad5 Ad5-nCoV (Convidecia) SARS-CoV-2 Spike protein CanSino Biologics (China)
Ad5-EBOV Ebola virus Zaire strain (Makona) of glycoprotein CanSino Biologics Inc
Ad26 Ad26. CoV SARS-CoV-2 Pre-fusion- stabilised spike protein Janssen Pharmaceutical Companies
Sputnik light SARS-CoV-2 Spike protein Gamaleya Research Institute of
Epidemiology and Microbiology
(Russia)
ChAdOx1 ChAdOx1- nCoV-19 SARS-CoV-2 Spike protein with tissue plasminogen leader sequence  University of Oxford/AstraZeneca
(Covishield, Vaxzevria)
Rhabdoviruses vsv VSV-EBOV (rVSV- Ebola virus Zaire strain (Kikwit 1995) of glycoprotein Merck
ZEBOV, Ervebo)
Flaviviruses YF 17D ChimeriVax-JE (Imojev) Japanese Viral envelope (prM and E) of JE strain SA14-14-2 Sanofi Pasteur
encephalitis
CYD-TDV (Dengvaxia) Dengue prM and E genes of DENV 1-4 Sanofi Pasteur
Heterologous Ad5/Ad26 Gam-COVID-Vac SARS-CoV-2 Both spike proteins Gamaleya Research Institute of
regimens (Sputnik V) Epidemiology and Microbiology
(Russia)
VSV/Ad5 GamEvac-Combi Ebola virus Both glycoproteins Gamaleya Research Institute of
Epidemiology and Microbioclogy
(Russia)
Ad26/MVA Ad26. ZEBOV (Zabdeno) Ebola virus Ad26 — Zaire strain Janssen Pharmaceutical Companies

MVA-BN-Filo (Mvabea)

MVA — glycoproteins from the Zaire Ebola virus
(Mayinga strain), Sudan virus (Gulu strain) and Marburg

virus (Musoke strain), and the nucleoprotein from the Tai

Forest virus

McCann et al. Curr Opin Immunol. 2022;77:102210.



Vakcine protiv COVID-19 bazirane na vektorskoj tehnologiji

A
AstraZeneca &

ChAdOx1 nCOV-19
(Adenovirus Simpanze)

THE GAMALEYA
NATIONAL CENTER

OF EPIDEHISLOGY AND MECRORIOLOGY

Gam-COVID-Vac
Sputnik V
(Humani Ad26 i Ad5)

Primary efficacy analysis: Total ChAdOx1 nCoV-19 Control Vaccine efficacy (CI*)
SD/SD or LD/SD vaccination number
0-06 Treatment group e
g —— ChAdOx1 nCoV-19 n/N (%) Incidence rate per /N (%) Incidence rate per 7 6 %
2 005 — MenACWY 1000 person-years 1000 person-years
t (person-days of (person-days of
‘g— 0-04 follow-up) follow-up)
= AllLD/SD and SD/SD 131 30/5807 (0-5%) 441(248299) 101/5829 (17%) 1492 (247228) F0-4%)54-81080.6)t
£ 003+ recipients
o
— 2 COV002 (UK) 26 18/3744 (0-5%) 386 (170369) 68/3804 (1:8%) 1457 (170448)  73.5%(55:5t0842)
2 é LD/SD recipients 3 3/1367 (0-2%) 149 (73313) 30/1374 (22%) 1502 (72949) @ 67-4 10 97-0)15
—§ 0014 & SD/SD recipients 53 15/2377 (0-6%) 56-4 (97056) 38/2430 (L6%)  142-4 (97 499) 60-3% (28-0 10 78-2)
3 Bl COVO003 (Brazil: all SD/SD) 45 12/2063 (0-6%) 562 (77930) 33/2025(1:6%)  157-0 (76780) 64.2% (307 t0 81.5)%
0 5 ¥ g g ‘ z i1 -
I 3 B B e All SD/SD recipients 98 27/4440 (0-6%) 564 (174986) 71/4455(16%) 1488 (174279) ‘ 1.010757)
rat risk Days since second dose 10 hospitalizovanih (svi u placebo grupi) Voysey et al. Lancet. 2021;397:99-111.
Total  Vaccine group Placebogroup  Vaccine efficacy p value
cases (95% CI)
20— —— Vaccine First COVID-19 occurrence from 21 days after dose 1 (day of dose 2)*
~ - Flaceho Overall 78 16/14964(0-1%) 62/4902 (1:3%) 85-6-95-2) <0.0001
- ‘5; 15 Age group (years)
Z g 1830 5 1/1596 (0-1%) 4/521(0-8%) 91-9% (51-2-993) 00146
g% e 31-40 17 4/3848 (0-1%)  13/1259(1-0%)  90-0% (711-965)  <0-0001
EE - 4150 19 4/4399 (0-1%)  15/1443(1-0%)  913% (737-96-9)  <0-0001
5 51-60 27 5/3510(01%)  22/1146 (1.9%)  92:7%(811-97.0)  <0.0001
5 . . : ‘ . : : ; >60 10 2/1611(01%)  8/533(15%)  918%(671-983) 00004
o 10 20 30 40 50 60 70 80 Sex
X Timesince first dose (days)
etk Female 32 9/5821(0-2%)  23/1887(12%)  87:5% (734-942)  <0-0001
Male 46 719143 (0-1%)  39/3015 (1-3%) 94-2% (87-2-97-4) <0-0001
Moderate or severe 20 0/14964 20/4902 (0-4%) Q1009044 1000)  <0.0001
cases

Logunov et al. Lancet. 2021,397:671-81.



Vektorske vakcine protiv COVID-19
(Bezbednost)

Sindrom tromboze sa trombocitopenijom — ,,thrombosis with thrombocytopenia syndrome* (TTS)

Tromboza sa trombocitopenijom indukovana vakcinama — ,,Vaccine-induced immune thrombotic thrombocytopenia“
(VITT)

Krajem februara 2021 odreden broj slu¢ajeva detektovan nakon davanja ChAdOx1 nCoV-19/AZD1222, a zatim i
Ad26.COV2.S vakcine (obe vakcine bazirane na adenovirusnom vektoru)

Javlja se posle 5-30 dana nakon davanja vakcine (mnogo ¢esée nakon prve doze)
Manifestuje se tipicno kao tromboza dubokih vena udruzena sa trombocitopenijom
— Najcesée tromboza u cerebralnom venskom sinusu, ali i u drugim krvnim sudovima
Smrtnost veoma visoka u pocetku (oko 50%), kasnije oko 15-20%
Faktori rizika i patogenetski mehanizmi ?
— Prisustvo antitela na PF4 (Platelet factor 4 ili CXCL4) = aktivaraju trombocite (vazna uloga u patogenezi)

Veoma retko se javlja (ucestalost varira u zavisnosti od vakcine i zemlje, odnosno kvaliteta nadzora)

Greinacher et al. N Engl J Med. 2021 Jun 3;384(22):2092-101; Schultz et al. N Engl J Med. 2021 Jun 3;384(22):2124-30; Scully et al. N Engl J Med. 2021 Jun 10;384(23):2202-11; Bourguignon et al. N Engl J Med. 2021,385(8):720.
Bhuyan et al. Lancet. 2021;398(10300):577, Muir et al. N Engl J Med. 2021 May 20;384(20):1964-5; See et al. JAMA. 2021 Jun 2;325(24):2448-56; Pavored et al. N Engl J Med. 2021 Aug 11. doi: 10.1056/NEJMoa2109908; Rosenblum et al. MMWR Morb Mortal Wkly Rep. 2021 Aug 13;70:1094-9
MHRA: Coronavirus vaccine - weekly summary of Yellow Card reporting. Update from 7 October 2021. Dostupno na: https://www.gov.uk/government/publications/coronavirus-covid-19-vaccine-adverse-reactions/coronavirus-vaccine-summary-of-yellow-card-reporting. (Pristupljeno 10.9.2021.)



Vektorske vakcine protiv COVID-19
(Bezbednost)

Manufacturer Vaccine Vaccine type Vaccine VITT VITT Total # of
name efficacy Incidence, mortality vaccines
as of Q1 rate, asof  administered in
2022 Q12022 the USAorEU (in
millions) ( )
Moderna mRNA-1273 mRNA (Lipid 94% (6) Low n/a 398
nanoparticle)
BioNTech-Pfizer BNT162b2 mRNA (Lipid 95% (6) Low n/a 1,044
nanoparticle)
Oxford/AstraZeneca ChAdOx1 Adenoviral vector (Y25) 63% (6) 1/64,000 (7), 18% (7) 67
nCoV-19 1/125,000 (8)
Johnson & Johnson/Janssen ' Ad26.COV2.S . Adenoviral vector (Ad26) 67% (9) 1/310,000 (7), 15% (7, 10) . 37
1/200,000 (8)
Gamaleya Research Institute of  Sputnik V Adenoviral vector (Ad26 91% (6) Low (11) n/a 1.8
Epidemiology and Microbiology and Ad5)
CanSino Biologics Ad5-nCoV-§ | Adenoviral vector (Ad5) 58% (12) n/a | n/a | n/a
Sinovac Biotech - CoronaVac . Inactivated virus 50% (6) | n/a ' n/a . 0.007
Sinopharm BBIBP-CorV Inactivated virus 78% (6) Low (13) n/a | 23
Bharat Biotech BBV152 Inactivated virus 78% (14) n/a | n/a | 0.0001
NovaVax NVX-CoV2373 Adjuvanted protein 90% (15) n/a n/a 0.29

Roytneberg et al. Front Med (Lausanne). 2023;10:1155727.




Vektorske vakcine protiv COVID-19
(Bezbednost)

Sistematski pregledni rad — 66 studija sa 28.173 pacijenata
hospitalizovanih zbog COVID-19

TABLE 3 Prevalence of venous thromboembolism, pulmonary embaolizm and deep vein thrombosis in ICU and non-ICU hospitalized
atients with COVID-19
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Ucestalost CVST nakon vakcinacije sa ChAdOx1 nCoV-19/AZD1222
(V. Britanija) i Ad26.COV2.S (SAD) i nakon SARS-CoV-2 infekcije (SAD)

CVST — tromboza cerebralnog venskog sinusa

Skoro 23% pacijenata na intenzivnoj nezi
razvije venske tromboembolijske komplikacije

Skoro 8% pacijenata koji nisu na intenzivnoj nezi
razvije venske tromboembolijske komplikacije

Nopp et al. Res Pract Thromb Haemost. 2020;4:1178-91
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Vakcinacija protiv COVID-19 u svetu

Preko 13 milijardi doza vakcina u prve dve godine

*  Preko 5 milijardi ljudi vakcinisano (oko 70% cele svetske populacije)

Global impact of the first year of COVID-19 vaccination:
a mathematical modelling study

Oliver]Watson*, Gregory Bamsley”®, Jaspreet Toor, Alexandra B Hogan, Peter Winskill, Az C Ghani

Findings Based on offidal reported COVID-19 deaths, we estimated that vaccinations prevented 14.4 million
(95% credible interval [Crl] 13-7-15-9) deaths from COVID-19 in 185 countries and territories between Dec 8, 2020, 4 N\
and Dec 8, 2021. This estimate rose to 19-8 million {95% Crl 19.1-20-4) deaths from COVID-19 averted when we s v

used excess deaths as an estimate of the true extent of the pandemic, representing a global reduction ot 63% in total Oko 20 miliona zivota
deaths {19-8 million of 31-4 million) during the first year of COVID-19 vaccination. In COVAX Advance Market spaéeno Va kcinacijom
Commitment countries, we estimated that 41% of excess mortality (7.4 million [95% Crl 6-8-7-7] of 17.9 million ..
deaths) was averted. In low-income countries, we estimated that an additional 45% (95% Crl 42-49) of deaths could samo u 2021. gOd Ini
have been averted had the 20% vaccination coverage target set by COVAX been met by each country, and that an \ J
additional 111% (105-118) of deaths could have been averted had the 40% target set by WHO been met by each

country by the end of 2021,

Watson et al. Lancet Infect Dis. 2022;22(9):1293-1302. Our world in data. Dosutpno na: https://ourworldindata.org/covid-vaccinations ?country=OWID_WRL (Pristupljeno 8.12.2022.)



Vakcinacija protiv COVID-19 u svetu

* Preko 12 miliona Zivota spaseno vakcinacijom sa ChAdOx1 nCOV-19 (vektorska, AstraZeneca) i
BNT162b2 (RNK, Pfizer)

*  Preko 16 miliona zivota spaseno vakcinama baziranim na novim tehnologijama

7,000,000 1 T I Deaths averted (excess mortality) by vaccine type
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Airfinity. Dosutpno na: https://www.airfinity.com/articles/astrazeneca-and-pfizer-biontech-saved-over-12-million-lives-in-the-firstL (Pristupljeno 1.11.2024.)



Inovativne vakcine
(Perspektive za buducénost)

-

o

RNK, DNK i vektorske vakcine predstavljaju \
mocne platforme sa velikim mogucénostima

ali...

Vaccines Don’t Save Lives.
Vaccinations Save Lives.

Prof. Walter Orenstein
Emory University, Atlanta, USA
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