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Timeline | A history of vaccine development
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,Esimese polvkonna” vaktsiinid

18.sajand - 1796 Edward Jenner - rougete vastane vaktsineerimine. 1979 -maailm rougete vaba
19.sajand - 1885 Louis Pasteur - elus tekitajate nérgestamine - marutove, katku vaktsiinid
19/20.sajand - D.Salmon ja T. Smith - bakterite inaktiveerimine, antitoksiinid ja toksoidid- tiilifuse ja koolera vaktsiinid
20.sajand 1900-1950 - difteeria toksoid, teetanuse toksoid
Taisrakuline lakakdha vaktsiin- sisaldab inaktiveeritud tervet bakterirakku

Tuberkuloosi vaktsiin (Calmette-Guerin) - avirulentsete M.bovise tiivede selekteerimine |abi korduvate passaazide: 230 passaazi

s00tmes 14 aasta jooksul
Kollapalaviku vaktsiin- viiruse tiivi 17D, korduvad passaazid kanaembriiotel

Gripi vaktsiin - W. Smith - inaktiveeritud vaktsiin, intranasaalne elusvaktsiin



,,Teise polvkonna® vaktsiinid ehk vaktsineerimise kuldajastu

20. sajandi keskpaigast - tekitajate kasvatamine koekultuuridel (Enders, Robbins,
Weller)

® 50ndad

Polio ( Sabini tilip)- inaktiveeritud vaktsiin- 1955

Polio (Salk) - elusvaktsiin - 1963

® 60ndad - 3 klassikalist vaktsiini - leetrite,
mumpsi ja punetiste vaktsiinid

® 70ndad - tuuleréugete vaktsiin



Uued tehnoloogiad

Varasemad tehnoloogiad:

Ei vbimaldada arendada vilja vaktsiine

® tekitajate suhtes, mis ei kasva in vitro
(papilloomiviirused 16 ja 18)

® millele oniseloomulik suur antigeenne mitmekesisus
(B-grupi meningokokk, HIV, HCV)

® tekitajate suhtes, mis rakusiseses faasis on kontrollitavad peamisel T-
[imfotsutttide poolt.

(TBC, malaaria)
Traditsiooniliste vaktsiinide arendamine ja tootmine on
liiga pikaajaline protsess, mis ei vasta enam kaasaja
vajadustele.



,,Kolmanda polvkonna” vaktsiinid

® 80ndad -

Konjugeerimine - mikroobi kapsulaarse poliisahhariidi liitmine valgulise kandjaga
(TT-teetanuse toksoid, DT-difteeria toksoid, DT CRM197) .

Kapsulaarsed polisahhariidvaktsiinid (H.influenzae B,
N.meningitidis A, C, Y, W135, S.pneumoniae erinevad
serotiilibid) - ei ole immunogeensed < 2 aasta

vanustele lastele, puudub immuunmalu ja karjaefekt.



< 1 aasta vanuste laste haigestumus HiB meningiiti
Eestis aastatel 1998-2012

80

HiB vaktsiiin kalendrisse

Tamm E, Laan M, Zilmer K, Torm jt. BLK 2013



Geenitehnoloogia rakendamine - voimaldas bakterite, seente, loomsete ja insektide
rakkudel muutuda immunogeensete valkude tootmise substraadiks.

Rekombinantsed vaktsiinid

B-hepatiidi vaktsiin
Papilloomi viiruse vaktsiin
Rotaviiruse vaktsiin

(L]
72 L1 Pentamers + ~72 L2 72 L1 Pentamers



Tampere Ulikooli Haiglasse vdi EMO-sse pé6rdunud dgeda RVGE lapsed

Fig. 2 Reduction of RVGE
between 2006-2008 and 2009-
2011 in different age groups
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Poordvaktsinoloogia
(Reverse vaccinology)

® 1995 esimene genoomi sekveneerimine: H.influenzae

Voimaldas maarata mikroobide kogu antigeense repertuaari ja
leida ja testida nende seast potentsiaalseid vaktsiinikandidaate.
Poordvaktsinoloogia tehnoloogia - mikroobi genoomi poolt
kodeeritud kdikide potentsiaalsete antigeenide
identsifitseerimine ja testimine.

Ebadnnestunud katsed luua B-grupi meningokoki vastane
vaktsiin. Bioinformaatilise anallitsi abil leiti 2159 valgu seast (lile
600 potentsiaalse antigeeni, millest 30 olid voimelised
indutseerima antikehade tekke. 3 antigeeniga hakati arendama
vaktsiini.

®  Bexsero - litsenseeriti 2013.a.
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Adjuvandid

Table 1| Vaccine adjuvants

Adjuvant name (year licensed) Adjuvant class

Adjuvants licensed for use in human vaccines

Alum®* (1924)
MF59 (Movartis: 1997)

AS03 (GlaxoSmithKline; 2009)

Virosomes (Berna Biotech: 2000)

AS04* (GlaxoSmithKline: 2005)

Mineral salts
Oil-in-water emulsion
Dil-in-water emulsion

Liposomes

Alum-absorbed TLR4

agonist

Components

Aluminium phosphate or aluminium hydroxide

Squalene, polysorbate 80 (Tween 80 IC]
Americas), sorbitan tricleate (Span 85: Croda
International)

Squalene, Tween 80, a-tocopherol

Lipids. hemagglutinin

Aluminium hydroxide. MPL

Vaccines (disease)

Various

Fluad (seasonal influenza). Focetria
{pandemic influenza), Aflunov
{pre-pandemic influenza)

Pandremix (pandemic influenza),
Prepandrix (pre-pandemic influenza)

Inflexal (zeasonal influenza), Epaxal
{hepatitis A)

Fendrix (hepatitis B). Cervarix (human
papilloma virus)

Vaccine adjuvants tested in humans but not licensed for use

CpG 7909.CpG 1018

Imidazoquinclines
Polyl:C

Pam3Cys

Flagellin

|scomatrix

AS01
AS02
AF03
CAFO1
IC31

TLRY agonist

TLR7 and TLRS agonists
TLR3 agonist
TLR2 agonist
TLR5 agonist

Combination

Combination
Combination
Oil-in-water emulsion
Combination

Combination

CpG oligonucleotides alone or combined with
alum/emulsions

Small molecules
Double-stranded RNA analogues
Lipopeptide

Bacterial protein linked to antigen

Saponin, cholesterol,
dipalmitoylphosphatidylcholine

Liposome, MPL, saponin (0521}
Oil-in-water emulsion, MPL, saponin (0521}
Squalene, Montane 50, Eumulgin B1 PH
Lipozome, DDA, TDB

Oligenuclectide, cationic peptides

AF03. adjuvant formulation 03; CAF01, cationic adjuvant formulation 01; DDA, dimethyldioctadecylammonium; MPL, monophosphory lipid A; Fam3Cysz,
tripalmitoyl-3-glyceryl cysteine; Polyl:C, polyinozinic—polycytidylic acid; TDE, trehalose dibshenate; TLR, Toll-like receptor. *Adjuvants licensed in the United States.

Rappuoli et al . Nature 2011




Mext-generation technologies
Mew adjuvants, structural vaccinology,
synthetic biology, DNA and RNA

Reverse vaccinology
C. difficile. E. coli, group A streptococcus, group B
streptococcus, meningococcus serogroup B, 5. aureus

Glycoconjugation

roup B streptococcus, H. influenzae type B,
meningococcus serogroups AL C. Y

and W135, pneumococcus, 5. aureus

Recombinant DNA
Acellular pertussis, hepatitis B,
human papilloma virus, Lyme disease

Empirical approach
BCG, diptheria, influenza,
MMRV, pertussis, polio,
rabies, smallpox, tetanus

Finco, Rappuoli. Frontiers in Immunol. 2014



Big Five




PATHOGENS ON THE RAMPAGE

Three of the deadliest diseases on Earth still lack effective vaccines.

Total disease burden

28
CARRIERS

8.6M new cases

—— 1.3M
deaths

Tuberculosis
(2011)

207M new cases

Malaria

Malaria mortality rates

have fallen by 45%
globally since 2000

207M
CARRIERS

627,000
deaths

@

Of those who
died from HIV in
2012, 320,000

were co-infected
with TB and
died of TB)

2.3M

new cases
] t 1.6M
L == deaths

HIV

ata from 2012, WHO/UN



Tuberkuloosi vaktsiin

12 potentsiaalset vaktsiini kliinilistes uuringutes

Ei ole siiani selge, milline Gldse on thc vastane
immuunsus

® Miks BCG kutsub esile kaitse?

Miks immuunsus ei hoia ara latentset infektsiooni ?

Missugust immuunvastust on vaja, et hoida ara latentse infektsiooni

reaktiveerumine?



Table 1. Preventive tuberculosis vaccine candidates in dlinical trials

Protein-adjuvant

H4

H56

M72

D93

Viralvectored

MVABSA
MVABSA

Crucell Ad35
/Aeras 402

Crucell
Ad5-MVABS A

FP85A + MVABSA
Ad5SHUAgBSA
FAATOU

MTBVAC

Antigen: Rv] B84 + Rv3875
fusionprotein;
Adjuvant: 1C31
or CAFQ1

Antigen: Rv1 886+ Rv0288
fusion protein;
Miuvﬂnt IC31

Antigen: Rv1 886+ Rv3875
+Rv2650
fusion protein;
Adjuvant: IC31

Antigen: Rv1 196 +Rv0125
fusion protein;
Adjuvant: ASO1

Antigen: Rv2608 + Rv3619
+Rv3620 +Rv1813
fusion protein;
Adjuvant: GLA-SE

Antigen: Rv3804;
Carrier: MVA

Antigen: Rv3804;
Carrier: MVA

Anfigen: Rv3804
+Rv18864 +Rv0288;
Carrier: human Ad35

Antigen: Rv3804
+Rv1886 +Rv0288
[Ad35) Rv3804 [MVA);
Carriers: Ad35
and MVA

Antigen: Rv3804;
Carriers: FP +MVA

Antigen: Rv3804;
Carrier: human Ad5

rBCGAureC::hly |viable rBCG)

rivitb APhoPAFadD26
|viable riith deletion mutant)

Preexposure

Preexposure

Preexposure/
postexposure
(multistage)

Preexposure/
postexposure
|multistage)

Preexposure/
postexposure
(multistage)

Preexposure

Preexposure

Postexposure

Postexposure

Postexposure

Postexposure

Preexposure

Preexposure

Heterologous boost on top
of BCG prime, for infants

Heterologous boost on top
of BCG prime, for infants

Heterologous boost on top of
BCG prime, for
adolescents and adults

Heterologous boost on top of
BCG prime, for
adolescents and adults

Heterologous boost on top of
BCG prime, for
adolescents and adults

Heterologous boost on top of
BCG prime, for infants

Heterologous boost on top of
BCG prime, for
adolescents and adults

Heterologous boost on top of
BCG prime, for
adolescents and adults

Heterologous boost-boost on
top of BCG prime,
for adolescents and adults

Heterologous boost-boost
on top of BCG prime

Heterologous boost on top of
BCG prime, for
adolescents and adults

Prime, as BCG replacement,
for infants

Prime, as BCG replacement,
for infants

Phase | completed
(probably replaced
by H56)

Phase | completed

Phase | completed

Phase lla completed

Phase |

Redirected
to phase lla

Phase |

Phase | completed
(no immunogenicity)
Phase | completed

Phase lla

Phase |

Kaufmann S.

Curr Opinion in Pulmon. Med. 2014



of : Preexposure prime with superior BLG replacement
disease
Preexposure boost with subunit
Postexposure boost Postexposure boost
with subunit with subunit
Infection
/I,I.Inw:l:innl:d
Active ¥
diseasa
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/ .
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Fig. 3. Optimal prime-boost vaccination regime against TB. Note that booster vaccines could either be identical, since they comprise both active antigens and dormancy

antigens, or different, for preexposure VErsus postexposure, with preexposure vaccines comprising active antigens and postexposure vaccines comprising dormancy antigens.
Abbreviations; BCG, bacille Calmette-Guérin; TB, tuberculosis.

Kaufmann S. Seminars in Immunology 2013



Safety and efficacy of MVAB5A, a new tuberculosis vaccine,
in infants previously vaccinated with BCG: a randomised,
placebo-controlled phase 2b trial

Michele D Tameris*, Mark Hatherill*, Bernard 5 Landry, Thomas | Scriba, Margaret Ann 5Snowden, Stephen Lockhart, Jacqueling E Shea,
J Bruce McClain, Gregory [ Hussey, Willem A Hanekom, Hassan Mahomedf, Haen McShanef, and the MVASS5A 020 Trial Study Team

Lancet 3013; 381- 1071-3B

10 = — Placebo (n=1395)
— MVABSA (n=1399)

Vaktsiini efektiivsus 17%

Cumulative incidence (%)
o
|

2 ff g

1- =

0 T é T I T I | T | T I T I
0 3 9 12 15 18 21 24 27 30 33 36 39

. Time since study vaccination (months
Mumber at risk Y ( )

Placebo 1395 1380 1375 1364 1349 1334 1180 4956 741 500 340 103 25 0
MVABSA 1399 1385 1378 1361 1343 1328 1182 944 731 500 331 98 16 0



Siisteemibioloogia rakendamine

@
Kasutatakse bioinformaatikat, et [abi soeluda g
suur hulk geeni-uuringutega saadud andmeid, et £

leida biomarkereid.

Time post Treatment
{months)

Rahvusvaheline multitsentriline biomarkereid tuvastav uuring

850 patsienti - LAV-st, Etiooopiast ja Gambiast - TBC diagnoosimese hetkel.
4500 kontaktset nende lahikonnast.

Iga 6 kuu jarel uuritakse nende inimeste geenide ekspressiooni ja metabolismi.

Vrd neid, kellel kujuneb ja kellel mitte tbc ( Max Plancki Instituut Berliinis ja Seattle Biomeditsiini Teadusinstituut Washingtonis )

Eesmargiks leida biomarkereid, mis seostuvad suurema haigusriskiga.

Bourzac K, Nature 2014



YEAR Propuct/ CLape/ COUNTRIES Numeer OF REsuLT
COMPLETED TriIAL NAME PARTICIPANTS

2003 AIDSVAX B/B Canada, 5,417 No effect
VAX003 Netherlands,
Puerto Rico, US
2003 AIDSVAX B/E Thailand 2,546  No effect
VAX004
2007 MRK-AdS B Australia, Brazil, 3,000 Immunizations halted early for futility;
Step Canada, subsequent data analysis found potential for
Dominican increased risk of HIV infection among Ad5-
Republic, Haiti, seropositive, uncircumcised men.

Jamaica, Peru,
Puerto Rico, US

2007 MRK-AdS B South Africa 801 Immunizations halted based on Step result;
Phambili additional data presented in May 2013.
2009 ALVAC-HIV (vCP1521)  Thailand 16,402 Modest effect (31.2%)

and AIDSVAX B/E
Thai Prime-Boost/RV

144
2013 DNA and Ad5 A/B/C us 2,500 Immunizations halted early for futility;
HVTN 505 vaccine regimen did not prevent HIV

infection nor reduce viral load among vaccine
recipients who became infected with HIV;
follow-up continues.



LETTER

Immune clearance of highly pathogenic SIV infectio

Scott G. Hansen' , Michael Piatak Jr?*, Abigail B. Ventura', Colette M. Hughes', Roxanne M. Gilbride', Julia C. Ford', Kelli Oswald®,
Rebecca Shoemaker’, Yoan LI, Matthew 5. Lewis', Awbrey N. Gilliam', Gua ngwu Xu', Nathan Whizin', Benjamin J. Burwitz',
Shannon L. Planer', John M. Tumer', Alfred W. Legasse', Michael K. Axthelm’, Jay A. Nelson', Klaus Frih', Jonah B. Sacha’,
Jacob D. Estes®, Brandon F. Keele®, Paul T. Edlefser’, Jeffrey D. Lifsor® & Louis J. Picker'

doi:10.1038/ nature 12 519 80 S

SIV ag ekspresseeritud CMV vektoril

Vaktsineeriti kroonilise infektsiooniga ahve

Tekkisid nii ak kui ka aktiveeriti T-limfotstitide malurakud.
Ahvid muutusid viirusevabaks

Loodetakse, et vaktsiini efekt on pikaajaline

Vilja tootamisel sama vaktsiin HIV viiruse vastu



Global malaria vaccine pipeline

Phase 1b | Phase 2b

P. falciparum vaccines: " Pre-erythrocytic " Blood-stage "5 Transmission-blocking
P. vivax vaccines: B pre-erythrocytic B Blood-stage B Transmission-blocking

Data source: http://www.who.int/vaccine _research/links/Rainbow/en/index.html



LI AL L

Mosquito stage

2

White NJ et al. Lancet 2014
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JORIRIN X1, of MIFEITIC TN

ESTABLISHED IN 1812 NOVEMBER 17, 2011 VOL. 365 NO. 20

First Results of Phase 3 Trial of RTS,S/AS0O1 Malaria Vaccine
in African Children

The RTS,S Clinical Trials Partnership®

®  Uuringus 15 000 last, 11 keskusest sub-Sahaara Aafrika regioonist
® 18 kuud jarelkontrollil 47% vihem haigusjuhte
5-17k vanustel lastel

®  27% vihem 6-12n vrd mittevaktsineeritutega




S.Hoffman (Sanaria) -

Kasvatas moskiitosid, toites neid parasiitidega
nakatunud verega. Sporozoidid
siiljendaarmetes, kiiritatakse ja puhastatakse.
Vaktsiin i/m siistena ei té6tanud

Kliiniline uuring 40 taiskasvanul
(Seder, Chang, Enama et al Science 2013)

® 6 doosiivsilistena

e Hea efektiivusega
® Suurem uuring Tansaanias ja Malis




Inaktiveeritud vaktsiinid

Jansenetal 2008 [28] 200303 18-72 months PCRconfimed $1% (IV+PCV) Study of IV + POV, 1TV alone, ar placebo,

influeiza $2% [V alore) Also looked &t eduction in febele
respiratary s,
Vesikariet al 2011 [§1] 2007-08 672 maiiths PCR<caifimed 43% [averall) H3N2-predominasit, Study also had
20089 influerz 43% fstrain-matched) adjuvanted IV arm,
Laeh etal 2010 [35] 200809 3 months - PCRcanfimed $9% Cluster ndomized. Study popubitionof
Lyeag il iz Hutte eite commininies
Adjuvandiga vaktsiinid

[Esposicoetal 2003 [89] 10001 b months=9 years URL, hospitalizatiors, 7% (URIs) Vimsomal-sdjuvanted intranasal IV,
and school 0% (hospitalizations) H N1 -predominant season. Also VE of
absenteeim 61% (school absenteeim) 39% in reducing medical visits among

household contacs.

\Principi et al 2003 [101] 10101 b months-3 years URk, hospitalizatiors, 33% (URIs) Vimsomal-sdjuvanted intemuscubir [TV,
and school 30% (hospitalizations) Indirect effects abo e ported.
absenteekm 48% (school absenteeim)

Vesikari et al 2011 [31] 200708 f=72 monts PCR-confimed T H3IN2-pred. Study also had unadjuvanted

200809 influerz [V ari,
Elus, norgestatud viiruseid sisaldavad vaktsiinid
Tametal 2007]102) 200003 12-36 months Clture-confiemed 0% Year 1) Protection agiing arain-natched
influerz % (Year2) infections: 73% (Year 1), 84% (Year ).
Vesikariet al 2006 [74] 200002 =36 months Cilure-confiemed 5% (Year1) Highet VE fot bath years againg HIN!
influerza 9% (Year2) and HIND (slightly lowe for B)
Bracco Netoetal 2009 200103 =36 mantks Culture-onfirmed 4% (Year 1) VE for single dosie was 58% (Year 1) and
[103] influerza M4 (Year 1) b3% ( Year J) inehis age group.

Lafond K et al J of Ped Inf.Dis 2013




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Oil-in-Water Emulsion Adjuvant
with Influenza Vaccine in Young Children

Timo Vesikari, M.D., Markus Knuf, M.D., Peter Wutzler, M.D.,

Figure 2. Efficacy of Influenza Vaccines versus Control
“9*8__ 100+ Vaccine over Time.
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Gripi vaktsiinid lahitulevikus:

® Traditsioonilised inaktiveeritud vaktsiinid:
Viiruste kasvatamine rakukultuuril
Antigeeni doosi suurendamine

Adjuvandi lisamine

Intradermaalselt vaktsiini manustamine
4-valentne vaktsiin (2A- ja 2B-tiive)

®  Universaalne gripivastane vaktsiin



Tahle 1. Viral largem of uniuﬂrsal Vaccines
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Figure 5. Measles notification rates (cases per million) by country, January — December 2012,
EU/EEA countries (n=8 230)
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Vanemate poolt laste vaktsineerimata jatmine peaks olema lihiskonna poolt mitteaktsepteeritav
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40+

Today's society

AN
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Elderly

Recurrent infections:
* Group B streptococe
* |Influenza virus

* Meningococcus sero

A.B.C.Y and W135

* Pneumococcus

* Respiratory syncytia
= Varicella zoster virus
Antibiotic resistance:

Adults

= Diphtheria

» Hepatitis B virus

= |Influenza vinus

= Meningococcus
serogroups A. B, C.Y
and Wi3is

= Pertussis

= Respiratory syncytial
wirus

= Tetanus

» Acinetobacter baumannii
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= C. difficile

* Candida spp.

* Enterotoxigenic E. coli

* Klebsiella pneumoniae

* ! aeruginosa

» 5. aureus

Cancer:

» Breast cancer

* Colorectal
cancer

* Prostate cancer




Meedia ja kommunikatsioon

,,Peres on kiill lastele pohivaktsiinid dra
tehtud, kuid eelkoige seepdrast, et ei
tekiks hiljem probleeme lennukisse
pddsemisega voi lasteaeda saamisega”

,»Minu pohiméte on see, et ma ei torgiks
loodust.”

Ajakiri Naised, elu24.ee



Liis Tappo-Treial peab odigeks, et vaktsineeritakse maistlikkuse piires.

,»Ma ei ole ka selle poolt, et niilid keegi ei peaks vaktsineerima - kes teab,

milline see tulemus I6puks oleks,” lisab ta.

Naiteks ei ole pereema vaktsineerinud oma lapsi punetiste, leetrite, mumpsi
ja teiste haiguste vastu, mille vaktsiinid on hiljem lisatud baasvaktsineerimise

juurde.”

,,Mida vihem vaktsineerida, seda parem. Kéik need suured lleskutsed
gripivastaseks vaktsineerimiseks - ei tasu sattuda paanikasse igast

kampaaniast, péed selle ldbi ja ongi.”

Ajakiri Naised, elu24.ee



Kokkuvotteks

,,Vaatamata poliitilise maailma ebakindlusele
sisendavad uued tehnoloogiad optimismi, et
vaktsineerimise kuldsele sajandile voib jargneda

plaatina karva sajand.”

Stanley Plotkin ja Susan Plotkin
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