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Malaria is a major cause of childhood disease e
and death, particularly in Africa @) st

Global trends in malaria deaths, 2000-2021
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Causes of death in children under 5, African Region (WHO), 2019

Our World
in Data

Annual number of deaths by leading causes in children under 5 years old.
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Dlouhodoby a komplikovany vyvoj vakcin proti malarii

Vaccine innovation : Time from Pathogen Discovery to a Deployed Vaccine
Time taken to develop vaccine from discovery of infectious agent, in years
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
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Sources: FT research; QurWorldinData

Hill A. R21/Matrix-M vaccine. ESPID 2023.
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Bariéry ve vyvoji vakcin proti malarii

Pouze malo vyrobcl
Technicka narocnost vyvoje

Neni jasné kam presné zamérit vyvoj vakcin

Komplexnost puvodce
- Nékolik druht Plasmodii

- Stadium specifické Ag - povrchové proteiny
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- Ag polymorfismus — geneticky podminéna mnohotvarnost

Slozity zivotni cyklus parazita
- Neékolik stadii vyvoje

- Cast vyvoje - skryty uvnitf jaternich bunék nebo &ervenych krvinek

- Omezené vystaveni imunitnimu systému

- Dva hostitelé — ¢lovek a komar
Imunitni odpoveéd na infekci




Pfirozena infekce / vakciny proti malarii ... a ... imunita ?

* Prirozena imunita vyvolana infekci

Prirozena infekce nevyvolava celozivotni 100% protekci
Mozné opakované infekce

V eV /

Vnimavost k onemocnéni kolisa v zavislosti na véku a prirozené imunité
Perzistence infekce bez priznaku

Vyvanuti imunity mimo malaricky region

Neni znam korelat protekce

Uplatnéni humoralni i bunécné imunity

 Postvakcinacni ochrana

Je tfeba sinéjsi / vice efektivni imunitni odpovéd nez prirozena imunita
- Vysoké hladiny Ab: 10-100x vyssi nez u standardnich vakcin
- Silnd bunécnd imunita




Vakciny proti malarii
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 Omezeni vstupu parazita do jaternich bunek, zabranéni proliferace napadenych
bunék, zniceni napadenych jaternich bunék, zabranéni uvolnéni merozoit

* Antiinfekéni vakciny - prevence infekce a onemocnéni

* Neni vliv na jiz probihajici infekci / mozné stdle dalsi Sifeni infekce

e | castecné ucinné vakciny - potencial snizeni incidence a zmirnéni klinické zavaznosti

e Teoreticky vhodné pro cestovatele

* Pro realny efekt by mély dosahovat maximalni ucinnosti k 100 %

Zheng J. Prospects for Malaria Vaccines: Pre-Erythrocytic Stages, Blood Stages, and Transmission-Blocking Stages. BioMed Research International, 2019. https://doi.org/10.1155/2019/9751471



Vakciny proti malarii S L\ A |
podle stadia vyvoje parazita — / \ (|

0? .

R dl———,

Schizont

Sporozoites 447 —
Y et

o
A o

.

-

Gametocytes

A

® 3 .\
IR

&, j % /
Trophozoites <\ - // W Red blood cells
W

B

B Vakciny proti merozoitiim v asexuélnim stadiu (erytrocytarni vakciny)

e Zabranéni napadeni erytrocytl, snizeni mnozstvi cirkulujicich parazitt
* Snizeni klinické zavaznosti onemocnéni

 Nezabrani vzniku infekce

* Teoreticky terapeuticky efekt

Zheng J. Prospects for Malaria Vaccines: Pre-Erythrocytic Stages, Blood Stages, and Transmission-Blocking Stages. BioMed Research International, 2019. https://doi.org/10.1155/2019/9751471
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Vakciny proti malarii
podle stadia vyvoje parazita
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C Vakciny proti merozoitiim / gametocytam v sexualnim stadiu

* Brani vzniku sexualniho stadia parazita

* Vakciny blokujici prenos

e Kontrola prenosu parazita na neinfikovaného komara
 Nezabranuji infekci a manifestaci onemocnéni u ockovaného

 Ochrana komunity

 Nevhodné pro cestovatele

Zheng J. Prospects for Malaria Vaccines: Pre-Erythrocytic Stages, Blood Stages, and Transmission-Blocking Stages. BioMed Research International, 2019. https://doi.org/10.1155/2019/9751471



Inhibition of merozoite invasion
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Figure 1. Malaria Vaccine Candidates in Clinical Development

Data sources for this figure included the WHO Malaria Vaccine Rainbow Table and Clinicaltrials.gov. Vaccines for P. vivax are colored blue. The life cycle figure
was adapted from Nilsson et al. (2015).

Draper, S. Malaria Vaccines: Recent Advances and New Horizons. Cell Host & Microbe 24, July 11, 2018 10
WER. No 9, 2022, 97, 61-80. http://www.who.int/wer



RTS,S/AS01 - Mosquirix O

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

24 July 2015
EMA/CHMP/488348/2015
Press Office

Vakcina na preerytrocytarni stadium

First malaria vaccine receives positive scientific opinion

Vytvorena 1987 from EMA

Mosquirix to be used for vaccination of young children, together with
established antimalarial interventions

2015: Positive scientific opinion EMA - k ockovani malych déti

Rijen 2021: WHO

* Doporuceni k prevenci malarie vyvolané P. falciparum u déti
v regionech se stredné nebo vysokym vyskytem onemocnéni
e Stala se prvni a dosud jedinou doporu¢ovanou vakcinou proti Cctones 2uif
WHO recommends the
7 e o . V4 7 . . Id’s first lari
maldrii a proti parazitarni infekci aceine (1S S/A50)] be
. i . used for the prevention
* 2019: narodni autorizace pro pilotni vyuziti v narodnich G i
imunizacnich programech v malarickych endemickych ERICH With Thderats
to high transmission
oblastech (Ghana, Keria, Malawi)
* Neni urCena k vyuziti v malaria free oblastech
11

Mullard A. EMA approves first ever malaria vaccine. Nat Rev Drug Discov. 2015; 14(9): 593, doi: 10.1038/nrd4733.



RTS,S/AS01 - Mosquirix

P. falciparum circumsporozoite protein spojeny s povrchovym Ag hepatitidy B (RTS) kombinovany
s povrchovym Ag hepatitidy B (S)

* Produkovany na kvasinkach Saccharomyces cerevisiae

* Ve formé neinfekénich virus-like particles (VLP)

* Adjuvant ASO1E (Quillaja saponaria Molina, fraction 21 (QS-21) and 3-Odesacyl-4’- monophosphoryl lipid A (MPL)

Indikace
 Aktivni imunizace déti ve véku 6 tydnli — 17 mésict (v dobé prvni davky) proti malarii
vyvolané P. falciparum a proti hepatitide B

Vakcinacni schéma o
3 davky v mésicnich intervalech _ _‘»g‘gy&
e 4. davka: 18 mésict po tfeti davce e

Nechrani proti jinym plvodcum nez P. falciparum ﬁ ,
* Vakcina neposkytuje kompletni ochranu proti malarii '*‘fﬁ.ﬁ%

Mosquirix. Summary of Product Characteristics. https://www.ema.europa.eu/en/documents/outside-eu-product-information/mosquirix-product-information_en.pdf



https://www.ema.europa.eu/en/documents/outside-eu-product-information/mosquirix-product-information_en.pdf

RTS,S/AS01 - Mosquirix

Table 3: |\-"accine efficacy in children aged 5-17 months at first dose

Vaccine efficacy

Vaccine efficacy

Vaccine efficacy

e Mes _ against
against clinical against severe e 1i. s
. . hospitalisation

LI s caused by malaria

(95% CTI) (95% CI) (9-39;.] CT)
f[:;:]i (liis?gmhs follow-up 51% 45% 48%

5 A7 55 T A 55
(ATP* cohort. N=6880) (47:53) (22: 60) (35: 59)
f(::; (llisglgmhs follow-up 46% 36% 42%
- 42: 5:5 29:52
(ATP* cohort, N=6885) (42:49) (13:51) (29:52)
3 doses only
(ATP#* cohort. N=6918)
Over 30 months follow-up 34% 2% 18%
from dose 3 (29: 39) (-28:25) (1: 32)
Over 46 months follow-up=* 26% -6% 12%
from dose 3 (21: 31) (-35:17) (-5:26)
3 doses + 4™ dose
(ATP* cohort, N=6918)

Over 30 months follow-up 46% 32% 40%
from dose 3 (42: 50) (10: 50) (26: 52)
Over 46 months follow-up** 39% 29% 37%
from dose 3 (34:43) (6:46) (24: 49)

Mosquirix. Summary of Product Characteristics. https://www.ema.europa.eu/en/documents/outside-eu-product-information/mosquirix-product-information_en.pdf

19O



https://www.ema.europa.eu/en/documents/outside-eu-product-information/mosquirix-product-information_en.pdf

RTS,S/AS01 - Mosquirix

Table 2] Vaccine efficacy in infants aged 6-12 weeks at first dose

Vaccine efficacy Vaccine efficacy < acc;n;ifll;fticacy
against all episodes of against severe hos ilaialis;a tion
clinical malaria malaria (‘HIIS.E[:i by malaria
(95% CTI) (95% CI) (9,}0;;] C1)
Over 12 months follow-up 339 204 350,
from dose 3 ”-6" 19 <. ‘;18 _‘m
(ATP® cohort, N = 6003) (26: 39) (5: 38) (7 50)
. . ’ .r ’ Over 18 months follow-up o o —o
Protektivni efekt ve studiich faze lll | ;. =~ . .3 27% 15% 17%
-~ -5 N 3 _"} " _T.
(ATP” cohort. N=6003) (20: 32) (-20; 39) (-7: 36)
* Protekce stredni / nizsi 3 doses only
(ATP* cohort. N=5997)
* Vyvanuti v case ,
y Over 30 months follow-up 20% 11% 10%
from dose 3 (13:27 (-22:35) (-15: 30)
e Ovlivnéni vékem
Over 36 months follow-up** 18% 13% 13%
cvvy < v ’ o from dose 3 11: 25 -17: 35 -90:. 31
* NizSi ve skupiné 6-12 tydnu ( ) ( ) (-9:31)
3 doses + 4™ dose
(ATP* cohort. N=5997)
Over 30 months follow-up 28% 17% 25%
from dose 3 (22: 34) (-14: 40) (3:42)
Over 36 months follow-up** 27% 21% 27%
from dose 3 (21: 32) (-7.42) (7: 43)
14

Mosquirix. Summary of Product Characteristics. https://www.ema.europa.eu/en/documents/outside-eu-product-information/mosquirix-product-information_en.pdf



https://www.ema.europa.eu/en/documents/outside-eu-product-information/mosquirix-product-information_en.pdf

R21/Matrix M vakcina

.. v pozdnich fazich klinickych hodnoceni

* Vakcina na preerytrocytarni stadium
* Proteinova vakcina s adjuvantnim nosicem Matrix M (saponiny) iv%“@
 Podobna RTS,S vakciné

e Veétsi mnozstvi CSP na povrchu (vs. RTS,S)

Potencial k vétsi anti-CSP Ab odpovédi

Datoo: High efficacy of a low dose candidate malaria vaccine, R21 in adjuvant ..., Lancet 2021.

Hill A. R21/Matrix-M vaccine. ESPID 2023.

Klinické hodnoceni
e 3 davky, déti 5-17 mésicu, Burkina Faso
e 4. davka v rocnim odstupu
* Hladiny Ab se v Case snizovaly
* Po boosteru narust

Jeden z cild WHO do 2030:
Vyvoj vakciny s alespon 75% VE

e

i
;zw RTSS ey

12 Month Primary Outcome

RTS,S and R21 Sporozoite Vaccines

- both use HBsAg nanoparticle platform

*ﬁﬁﬁﬁ
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.
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circumsporozoite
protein sequences

12 months follow-up:
r Primary Endpoint

Group 3 n= 149
Group 1 n = 146, Efficacy =69%"*
(% 95 CiI, 58.0-79.0)
Group 2 n = 149, Efficacy = 77%"*
25 Cl. 67.0-84.0
400
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o 100 200 300
Days Smnce 14 Days after Dose 3

Number ot risk
Group 1 139 118 88 a5
Group 2 142 117 100 100
Group 3 145 69 40 %9

p =< 0.0001

x D OFROn
hazard ratu

Randomisation 1:1:1. Double blinded. Rabivax is control vaccine. MM — Matrix M

Group 1 —5Sug R21/25ug MM
Group 2 — S5ug R21/50pug MM
Group 3 — Rabivax (control group)

part. 450 completed first vaccination, 445 completed second
leted third vaccination. Vaccinations were May 2019- Aug 2019

Datoo et al. Lancet



Vakciny proti malarii - aktualni otazky

* Nejvyssi riziko zavazného prabéhu - neimunni populace

* Nejmladsi déti (podobné cestovatelé z neendemickych oblasti)

* Aktualné neni na trhu dostupna malaricka vakcina pro cestovatele

* RTS,S/AS01 vakcina - vakcina prvni generace

« Rada otazek a limitaci

Pouze stredni mira protekce

Nutny pocCet davek - boostery

Systém pro implementaci ockovani do NIP nejrizikovejsich zemich
Nedostatek vakciny

Cena vakciny

Mozna interference s maternalnimi Ab

X % ockovanych s Y % VE = neznamy efekt na prenos plvodce




Smeérovani vyvoje malarickych vakcin

Rada kandidatnich vakcin (mnoho ve vyvoji - vétginou faze | / Il nebo bylo ukonéeno)

Nové indikace

* Téhotné Zeny — prevence potratu, predcasnych porodu

Nejenom P. falciparum, ale i P. vivax

Vakciny s vyssi ucinnosti (WHO do 2030 alespon 75%)

Idealni vakcina proti malarii - eliminacni vakcina

* Pravdépodobné kombinace Ag riznych stadii Plasmodii (multi-stage vaccine)

 Prevence infekce, shizeni zavaznosti onemocnhéni, omezeni prenosu

Deékuji za pozornost
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