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Petit préambule

* Intérét des vaccins, n’est plus a démontrer

e Populations changent, risques changent, émergences...bref toujours
de nouveaux besoins!

* Prévenir vaudra toujours mieux que guérir EXPLOSION OF KNOWLEDGE

More than 15,000 vaccine-related papers that
mention COVID-19 or SARS-CoV-2 have been
published since early last year; 11,000 were
published in 2021 alone, making up an astonishing
47% of all vaccine-related publications this year*.

° Va CCi n at i O n d e m a Sse M Vaccine pape:rs | CO?JID-19 va:ccine pap:)ers

201

* Vaccination personnalisée oo E—

* La crise COVID est un catalyseur dvpt vaccinal! 2019

2018

2017

0 5000 10,000 15000 20,000 25000
Number of papers

*Journal articles, preprints, and clinical trial reports indexed
on the PubMed database. Data as of 24 November 2021,

3 Mallapaty S, et al. Nature. 2021 Dec;600(7890):580-583



De Mada | N (et déja aujourd’hui):

le boom des plateformes, des
adjuvants et des voies d’administration



Licensed vaccines

Type of vaceine using this technology First introduced
Vaccin vivant attéenue Measles, mumps, rubells,
Live attenuated yelbow fever, influenza, oral
iweakened or polio, typhoid, lapanese 1798 {smallpox)
inactivated) encephalitis, rotavinus,
BCG, varicella zoster
Enti Killed whal Whaole-cell pertussis,
ntiers whole polio, influenza, )
. 1896 (typhoid)
Agent infectieux ] ﬁp’:;:f:f E‘f:&g:m“‘
dans sa totalité
i
Toxold :*ﬁ** Diphtheria, tetamus 1923 {diphtheria)
s s s _ % &N al Pertussis, influenza,
Vaccin inactivé ("tué") Subunkt {purified protala, ? hepatitis B, meningococeal,
p preumoecoccal, typhaid, 1970 fanthras)
. e olysaccharide, peptide)
Sous-unitaires " Loy hepatitis A
Fragment de
I'agent infectieux
::‘:ﬂ' Human papillamavirus 1956 (hepatitis B)
Ouiter Pathogen G , 1087
: . m ane antigen ram-negative Croun B | l
e e embr bacterial p B meningococca {growp B
[E PHHRMH’EN vesicle Sl meningoecoccal)
Pnlrsac:harld-eo,

Protein-polysaccharide . Q-'PEI s B"E' ﬁﬁnﬂme 1987 (H. influenzze
et Carrier pratein meningococcal, typhoid tyreb)

Pollard AJ et al., https://doi.org/10.1038/s41577-020-00479-



Type of vaceine

Live attenuated
(weakened or
inactivated)

Killed while
arganism

Toxoid

Subunit (purified protein,
recombinant protein,

polysaccharide, peptide)
Wirus-like

particle

Ouiter Pathogen
membrane antigen
vesicle
Protein-polysaccharide
conjugate

Gram-negative
bac verial outer
membrane

Palysaccharid

o
&-.

ier protein

Licensed vaccines
using this technology

Measles, murmps, rubella,
yellow fever, influenza, oral
polio, typhoid, Japanese
encephalitis, rotavirus,
BCOG, varicella zoster

Whale-cell periussis,
polio, influenza,
lapanese encephalitis,
hepatitis A, rabies

Diphtheria, tetanus

Pertussis, influenza,
hepatitis B, meningocosccal,
preumococcal, typhoid,
hepatitis A

Human papillormeavirus

Group B meningococcal

Heemaophilus influenzae
type B, preumoacoccal,
meningoooccal, typhoid

First introduced

1788 {smallpax)

1896 {ryphoid)

1923 {diphtheria)

1970 {anthrax)

1986 (hepatitis B)

1987
{group B
meningaeoccal)

1987 (H. influenzae

type b)

Wiral
o vecior Pathogen gene
\-e:::nud Ebala 1019 (Ebala)
Viral vector
genes
RMA
Mueleic scid DA
nuclele ipid coat SARS-Col-2 2020 (SARS-Colv-2)
Pathogen
Bacterial s Experimental -
vectored Bacterial
VECTOr
Antigen- Pathogen
presenting antigen Experimental -
cell MHC

Pollard AJ et al., https://doi.org/10.1038/s41577-020-00479-




Viral

— veClor Pathogen gene
Ebaila 2019 (Ebala)
vectored Viral vector

Licensed vaceines genes
Type of vaccine using this technology First introduced
RMA
DA
Measles, murmps, rubella, @: L SARS-Col-2 2020 (5ARS-Col-2)
Live atteniated yellaw fever, influenza, aral W Lipid coat
(weakened or polio, typhoid, |apanese 1798 (srallpox)
inactivaved) encephalitis, rotavirus,
BCOG, varicella zoster
Killed whol Whale-cell periussis,
whale polio, influenza, .
arganism lapanese encephalitis, 1835 iryphold]
hepatitis A, rabies
Toxakd Diphtheria, tetanus 1923 (diphtheria)
Pertussis, influenza,
:jeu:hunlt ﬂ:ﬁ:ﬁtxuh. hepatitis B, meningocosccal,
ﬂ““'hl ride, paptide) pneumococcal, typhoid, 1970 fanthrax)
o ancc + P hepatitis A
:":r:::like Human papillormeavirus 1986 (hepatitis B)
Ouiter Pathogen - | 1087
I'I'I:l'lﬂl::llne antigen b;:xgjg;_flr Group B meningococcal {group B
e membrane meningococcal)
Palysacchari
Protein-polysaccharide Mﬂﬁﬁnﬂme 1987 (H. influenroe
g Carrier protein meningococcal, typhoid typeb)

Pollard AJ et al., https://doi.org/10.1038/s41577-020-00479-
https://lepharmachien.com/



https://doi.org/10.1038/s41577-020-00479-
https://lepharmachien.com/

VIRAL VECTORED VACCINES

NUCLEIC ACID VACCINES Replicating viral vector  Non-replicating viral vector PROTEIN-BASED VACCINES
gene of interest gene of interest
mRNA vaccine s vLP
MmRNA
/ viral genome
~delivery system for (defective) &
/® mRNA uptake o & N\
| gene of interest . ( ‘ \ . = €
| 3 o . ) |
. N\ | ‘ .
PASEA wmockne ATTENUATED VIRUS A W (NACTIVATED VIRUS Il Syt s |

gene of interest "«\ CELL

|
| [/

/

o MHC-peptide

M. Trorato etal., doi.org/10.3389/fimmu.2020.02133\:;*~ ------------------------ Ag-specific immune:;ponm



https://doi.org/10.3389/fimmu.2020.02130

mRNA vaccines

Moderna Imperial College
Pfizer & BioNTech Arcturus
CureVac

mRNA AND saRNA: WHAT'S THE DIFFERENCE?

The structures of mMRNA and saRNA are similar but have a key
difference, as the diagrams below show.

m mRNA stands for messenger ribonucleic acid

I— Untranslated regions
Regions which don'tcontain
code for proteins.

SPIKE PROTEIN o o o o
CODING REGION
RNAcap I— Poly-A tail

Stops RNA breaking down; helps start Long chain of adenine (A) bases
protein synthesis in human cells. which help stabilise the RNA.

Pas d’adjuvants

© Andy Brunning/Compound Interest 2020 for the Royal Society of Chemistry



mRNA vaccines

Moderna Imperial College
Pfizer & BioNTech Arcturus
CureVac

mRNA AND saRNA: WHAT'S THE DIFFERENCE?

The structures of mMRNA and saRNA are similar but have a key
difference, as the diagrams below show.

m mRNA stands for messenger ribonucleic acid

I— Untranslated regions
Regions which don'tcontain
code for proteins.

SPIKE PROTEIN o o o o
CODING REGION
RNAcap I— Poly-A tail

Stops RNA breaking down; helps start Long chain of adenine (A) bases
protein synthesis in human cells. which help stabilise the RNA.

m saRNA stands for self-amplifying ribonucleic acid

@i . L[ RALALALA

COl:le for viralreplicase enzyme
Once in human cells, the creation of the viral replicase
enzyme helps make multiple copies of the viral RNA.

© Andy Brunning/Compound Interest 2020 for the Royal Society of Chemistry

Pas d’adjuvants



b Nucleoside-modified, purified mRNA

i - a Unmodified, ified mRNA
mRNA vaccines saRNAvaccine - Usporthed

E Carrier
Moderna Imperial College sensing?
Pfizer & BioNTech Arcturus
CureVac
Endosomal-
RNA sensing
mRNA AND saRNA: WHAT'S THE DIFFERENCE? :%Eg
* TLR8
The structures of mMRNA and saRNA are similar but have a key
difference, as the diagrams below show. Type | IFNs
Cytosolic-
RNA sensi
m mRNA stands for messenger ribonucleic acid . pKRs et
* OAS
I— Untranslated regions « MDAS Native Ag
Regions which don'tcontain « RIG-I expression
code for proteins. s Others?
A
SPIKE PROTEIN DG maturation Peptide-MHC
. "" CODING REGION "“ o ooo « CD80 presentation
I « CD86
RHA cap Poly-A tail * MHC class land Il
Stops RNA breaking down; helps start Long chain of adenine (A) bases
protein synthesis in human cells. which help stabilise the RNA. ) ) . ) )
Figure 1. Innate immune sensing of mRNA vaccines

m saRNA stands for self-amplifying ribonucleic acid

@il . [ RALALATA Pas d’adjuvants

COl:le for viralreplicase enzyme
Once in human cells, the creation of the viral replicase
enzyme helps make multiple copies of the viral RNA.

© Andy Brunning/Compound Interest 2020 for the Royal Society of Chemistry Pardi N et al., Nat Rev Drug Discov. 2018 Apr;17(4):261-279



Vaccines

Viral vectored
vaccines

RNA vaccines

Advantages

Stimulation of innate immune
response; inductionof T and B

cell immune response.

Non-infectious, non-integrating,
natural degradation, egg and cell
free, rapid and scalable
production; stimulation of innate
iImmune response; induction of T
and B cell mmune response.

Disadvantages

induction of anti-vector
immunity: cell based

manufacturing

Concerns with instability
and low immunogenicity.
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Intranasal:

Upper and lower respiratory,
gastric and genital tracts
Sublingual:

Upper and lower respiratory Intranasal

and gastrointestinal tracts
Sublingual

Salivary glands
Cervical lymph nodes

Tonsils
Adenoids }NALT

Oral:

Gastrointestinal tract, salivary
glands and mammary glands
Rectal:

Rectal and genital tracts
Intravaginal:

Genital tract

Axillary
lymph
nodes

Mesenteric lymph nodes
CALT| Isolated lymphoid follicles

Peyer's patches

&0 gaRag

Genital tract- | Inguinal

associated lymph nodes
lymphoid Fara-aortic lymph
tissue nodes (not shown)

Figure 1| Mucosal immunization routes and compartmentalization of effector
functions. Within the mucosa-associated lymphoid tissue (MALT), subcompartments
can be identified, such as the nasopharynx-associated lymphoid tissue (NALT),
bronchus-associated lymphoid tissue (BALT), gut-associated lymphoid tissue (GALT) and
genital tract-associated lymphoid tissue. Certain immunization routes are more
effective at stimulating immunity within specific, most often closely located,
subcompartments of the MALT. Intranasal vaccination is preferred for targeting the
respiratory, gastric and genital tracts; oral vaccination is effective for immunity in the
gut and for the induction of mammary gland antibodies (which are secreted in milk);
rectal immunization is best for the induction of colon and rectal immunity and to some
extent genital tract immunity; and intravaginal vaccination is the most effective for
antibody and T cellimmunity in the genital tract.
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Figure 1| Mucosal immunization routes and compartmentalization of effector
functions. Within the mucosa-associated lymphoid tissue (MALT), subcompartments
can be identified, such as the nasopharynx-associated lymphoid tissue (NALT),
bronchus-associated lymphoid tissue (BALT), gut-associated lymphoid tissue (GALT) and
genital tract-associated lymphoid tissue. Certain immunization routes are more
effective at stimulating immunity within specific, most often closely located,
subcompartments of the MALT. Intranasal vaccination is preferred for targeting the
respiratory, gastric and genital tracts; oral vaccination is effective for immunity in the
gut and for the induction of mammary gland antibodies (which are secreted in milk);
rectal immunization is best for the induction of colon and rectal immunity and to some
extent genital tract immunity; and intravaginal vaccination is the most effective for
antibody and T cellimmunity in the genital tract.

Respiratory Enteric
Respiratory route of infection Oral=faecal route of infection

No approved vaccine

RSV
100-150,000 deaths p.a.
33 million infections p.a.

No approved vaccine

Shigella =N

200,000 deaths p.a.
ETEC e

N L
>50,000 deaths p.a. ™\

>15,000 deaths p.a. €
50% of world population
infected

>115 million infections p.a.

Streptococcus
1.2 million deaths p.a.
>190 million infections p.a.

Bordetella pertussis
160,000 deaths p.a.

>24 million infections
Sexually transmitted

No approved vaccine

>40 million infections p.a.

700,000 related deaths p.a.
1.7 million new infections p.a.

H C virus
400,000 related deaths p.a.
1.7 million infections p.a.

Fig. 1| Burden of mucosal diseases with unmet vaccine needs. Respiratory, enteric and sexually transmitted infections

https://doi.org/10.1038/s41577-021-00583-2
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Demain: des vaccins meilleurs



Vaccin anti-pneumococcigue

Invasive pneumococcal disease incidence in children and
adults in France during the pneumococcal conjugate vaccine
era: an interrupted time-series analysis of data from a
17-year national prospective surveillance study

Naim Quldali Emmanuelle Varon, Corinne Lewy, Frangais Angoulvant, Scarlett Georges, Marie-Cécile Ploy, Marie Kempf, Julie Cremniter,
Robert Cohen, Daniel Levy Bruhl™, Kostas Danis*

@x®

CrossMark

Lancet Infect Dis 2020;
21:137-47
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Figure 1: Time-serles analysis of Imvashve pneuomococcal disease Incldence over 17 years

This figure represents data from 75 203 invasive pneumococcal disease cases. The bold slope lines were
estimated by the segmented regression model; the red shading shows the 95% Cl. The dotted vertical lines
demarcate transition periods during which a new vacdne was implemented or changes to vaccination policy
occurred. POV=pneumococcal conjugate vaccine. Licensed POV =period from January, 2001, to December, 2002.
Targeted POVy=period from June, 2003, to May, 2005. Generalised POVy=period from June, 2006, to May, 2010.

Early PCV13=period from June, 2011, to December, 2014. Late PCV13=period from |anuary, 2015, to
December, 2017 *Licensed but not reimbursed PCVF (vacdne coverage <10%).




Vaccin anti-pneumococcigue

Licensed POV Targeted POVT Generalised POS7 Eardy POV13 Late PCV13

Invasive pneumococcal disease incidence in children and @x® period (January, 2001 period (June. 2003 period (June, 2006~ period (June, 2011~ period (January, 2015-
. . . . Cronck December, 2002) Mary, 2006) May, 2010) Decernber, 2014) Decemnber, 2017)

adults in France during the pneumococcal conjugate vaccine Tm—
era: an interrupted time-series analysis of data from a ;‘;‘:E_”E“D'-’mu; POV serotypes (n-362) 67.9% 496% 08% a5 5%
17-year national prospective surveillance study iﬁﬁ'ﬁﬁiﬁﬂm phs 19.4% 6% 597% 151% 93%
Naim Ouldali, Emmanuelle Varon, Corinne Lewy, Frangois Angoulvant, Scarlett Georges, Marie-Cécile Ploy, Marie Kempf, Julie Cremniter, Sarotype 194 0-3% 14-3% 29-1% 6-8% 37%
Robert Cohen, Daniel Levy Bruhl™, Kostas Danis* Sarotype 3% 365 3% 2.0% 47%

| Man non-PLV13 serobypes (n=022)°  5.3% 10-4% I7-3% 55-2% 583% |
] V4

° / Serotype 24F 15% 25% 57% 20-4% 24-4%
Echappement/glissement sérotypes e o - o o o
Serotype 104 * O0-4% 1-1% 2-4% 6-6% B-4%
non contenus dans le PCV13 S o
Sarotype 221 * 0 2% 0-5% 1-9% 43% 4:8%
* Certains contenus dans le PPV23 mais et o o
Serotype 15A 0-4% 20% 15% 47 3%
pas tous’ notamment 24F Saratyps ON 0-2% 1-1% 0-4% 1-0% 2-0%

Adults =65 years
POV7 serotypes (n=2033) S0-3% 46-8% 33-T% B6% &-6%

* Schéma vaccinal de I'enfant ne contient Seopes specicioPCVzphs 2363 7 an o

sefoty pe b (fi-2601)

p a S | e P PV2 3 Serotypa 194 7% 7-6% 14-6% 17.4% 7.4%

Semitype 3 8.2% 10-5% 10:1% 10-E% 14-3%

I Main non-PCV13 serotypes (n=1977)  11:0% 11-8% 18-B% 30-3% 17-5% |
Serotype22f K 19% 35% 47% 6-8% 1%
Serotype B %* 2-6% 1-6% 21% 23 6-9%
Serotype N 17% 1-8% 4% 0% 5:3%
Sarotype 12F * 0-2% 0-3% 21% 6% 48%
Sarotype 15A 11% 0-8% 20% 51% 43%
Serotype 10A % 16% 0-9% 1-0% 254 3-0%
Sarotype 24F 1-4% 1-7% 7% 4% 7%
Serotype 15B/C & 0-5% 1-3% 9% 17% 2-4%

* Sérotype contenu dans le PPV 23




Vaccin anti-pneumococcigue

'vaccines wopy  * PCV 15 (V114) Merck phase 3
- “‘ (serotypes PCV13 + 22F et 33F)

Development of Next Generation Streptococcus e PCV 20 Pfizer (phase 3)
pneumoniae Vaccines Conferring Broad Protection

| | - | * S. pneumoniae killed whole-cell
Malihe Masomian 1, Zuleeza Ahmad !, Lai Ti Gew 27 and Chit Laa Poh 1-*
! Centre for Virus and Vaccine Research, School of Science and Technology, Sunway University, Kuala Va C C I n e (WCV) ( p h a S e 2 )

Lumpur, Selangor 47500, Malaysia; malihem@sunway.edu.my (M.M.); zuleezaa@sunway.edu.my (Z.A.)

2 Department of Biological Sciences, School of Science and Technology, Sunway University, Kuala Lumpur,

S_elangnr 47500, Malaysia; janeg@sunway.ed u_my_ g P n u B i OvaX (S, pn eum Oniae Se roty p e
*  Correspondence: pohcl@sunway.edu.my; Tel.: +60-3-7491-8622 (ext. 7338); Fax: +60-3-5635-8633
4 TIGR4) (phase 1)

Vaccines 2020, 8, 132; doi:10.3390/vaccines8010132 * PPrV (recombinant proteins, PcpA,
PhtD, and PlyD1) Sanofi Pasteur
(phase 2 en association avec PHiD-
CV)
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Clinical Infectious Diseases | ~ Vaceination 1 Vaccination2  Follow-up  Follow-up  Follow-up
o o ., (Month 0) (Menth 1) (Month 2)  (Month6) (Month 12)

TNITETGEE  Clin inf Dis 2021 (81DSA IV . Co

1

l>: [ Pcvao ]-}: [ saline | m— | — |

.- .. 1:1 : ! I | I

Safety, Tolerability, and Immunogenicity of a 20-Valent Randomization ! ! ! ! !

Pneumococcal Conjugate Vaccine (PCV20) in Adults >![ Povis ].,: SRV [ —

60 to 64 Years of Age ! ! : ! !
Donald Hurley,' Carl Griffin,” Mariano Young Jr Daniel A. Scott.* Michael W. Pride," Ingrid L. Scully, John Ginis,® Joseph Severs,* Kathrin U. Jansen,! Blood Blood Blood Telephone Blood
William C. Gruber,' and Wendy Watson® draw draw draw contact draw

Figure 1.  Study design. Immune responses measured at 12 months following vaccination 1 are not reported here. Abbreviations: PCV13, 13-valent pneumococcal conjugate
vaccine; PCVZ0, 20-valent pneumococeal conjugate vaccine; PPSVZ3, 23-valent pneumococcal polysaccharide vaccine.

10000

1000 1
CV 20=PCV 13 %
PCV 20=PCV 13+ nouveaux 100 =N 5 B

£ ERSBRYBIER
serotypes (8, 10A, 11A, 12F, 15B, & _ s | IR ;.. ﬁ :: § .\.. :: N % 5 IN &
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SPV23 sert de comtréle nour | L N M M N NN NN NN RN O R (R
_ L P 1 3 4 5 BA 6B 7F av 14 18C  19A  19F  23F
immunogeénicité des 7 serotypes
additionnels du PCV20 Prior to PCV20 Bl 1 month post PCV20 Prior to PCV13 Bl 1 month post PCV13

(8, 10A, 11A, 12F, 15B, 22F, 33F).

GMFRs in Functional Antibody From Baseline 1 Month After Vaccination

nnnnmm--m-m-m

PCV20 211 6.1 37.1 57.4 29.0 12.3 7.7 26.4 22.6 11.5 32.9
PCV13 335 7.1 51.0 11.6 68.6 38.8 15.8 10.1 9.6 35.2 30.9 18.4 39.8




Vaccin anti-pneumococcigue

Table 2. Summary of Adverse Events (Safety Population)

Clinical Infectious Di.
BIDSA

+ Suciety of America

Safety, Tolerability, and Immunogenicity of a 20-Valent
Pneumococcal Conjugate Vaccine (PCV20) in Adults
60 to 64 Years of Age

Donald Hurley,' Carl Griffin,? Mariano Young Jr.* Daniel A. Scott,* Michael W. Pride,’ Ingrid L. Scully,' John Ginis,? Joseph Severs,' Kathrin U. Jansen,'
William C. Gruber,' and Wendy Watson®

10000=
I I T I
1000 g T T
|_
=
g 100
o
O
10
1—
8 10A 11A 12F 158 22F 33F
Prior to PCV20 I 1 month post PCV20
[ Priorto PPSV23 11 month post PPSV23

GMFRs in Functional Antibody From Baseline 1 Month After Vaccination

Serotype | 8 | on | aia | sar | ass | zor | 33

PCV20 36.7 47.5 11.0 112.2 56.7 54.4 14.0

PPSV23 56.4 17.0 9.7 76.1 20.8 20.0 9.0

Ne couvre toujours pas le 24F
Autorisé par la FDA, EMA

PCV20/5aline PCV13/PPSVZ3
{n =221%213%) {n = 222%/214")

Time Point Type of AE ni%) (95% CI} n (%) {96% CI}
Following PCVZ20 or PCV13

administration through

1 month of follow-up

Ary AE 2TN2.2 8.2, 1730 29013.1) (8.9, 18.2)

Severe AE 3(14) (3,39 3 (1.4) .3, 3.9

SAE 0 {0, 1.7 1 (0.8} (.0, 2.5)

NDCMC 2109 (1,32 1 (0.5} (.0, 2.5]
Following saline or PPSV23

administration through

1 month of follow-up

Any AE 15700 (40 1.3) 400187 (13.7 24.6)

Severe Ak T0El 10, 78] B Z.8] (1.a, el

SAE 0 (.0, 1.7) 411.9) .5, 4.7)

NDCMC 2109 (1,34) 41019 {.b, 4.7
From 1 month following

saline or PPSV23

administration through

12 months of follow-up

SAE 942 (2.0, 78) 713.3) 1.3, 6.6)

NMDCMC 9i4.2) (2.0,79) 3(1.4) .3, 4.0
Throughout the study

SAE i41) (19,768 11 (5 2h BY

MDCMC 13169 (3.2,98) 838 (1.6, 70}




Vaccin contre la tuberculose

Prévention de la maladie tuberculeuse

La tuberculose reste dans le monde une des principales Phasel | | Phaseza | »| Phase2a  |-» Phases || Licensed
causes de mortalité infectieuse: 1,4 millions de déces ] .
BLG |

dont 210 OOO PVVIH en 2019 Live [ VPM 1002 Prevention 1aire + 2 aire

i . 1 £ MTEVAC Prévention 1ai
= 1,7 milliards de personnes infectées, 5-15% g . jPrévention faire o
; . ~ 2 4 Vaccae™ PTEVEMon 1aire + 2 aire
évolueront vers une tuberculose maladie: ID, age : e | Prévention 2 aire
avancé Ko AR 901 | Prévention 1aire

RUTI | Prévention 2aire
BCG: Cl chez ID, durée de I'immunité variable (10-20 ( | s Prévention 1aire

. . clr s z . o H56:1C21 révention 2ndaire
ans, max 60), n’1e,|||eu re efficacité si IDR neégative, [ e S [Prévention 2ndaire
efficacité modérée (0-77%!) £) GamiBvac | Prévention 1aire
. . A TH/Fw-04L ]
Besoin de nouveaux vaccins Vel [RachgBoA
vLLTC-lﬁE

Figure: Tuberculosls vaccine candidates In dinical development
The indicated dinical development stages of vaccine candidates are based on an extrapolation from data in
ClinicalTrials.gov

Rapport sur la tuberculose dans le monde 2020 : résumé d’orientation OMS, http://apps.who.int/iris
Schrager LK, et al., Lancet Infect Dis. 2020 Mar;20(3):e28-e37.

Brazier b et al., Seminars in Immunopathology (2020) 42:315-331

https://www.clinicaltrials.gov



Vaccin contre la tuberculose

The NEW ENGLAND JOURNAL of MEDICINE

N Engl J Med 2019; 381: 2429-2439

ORIGINAL ARTICLE ‘

Final Analysis of a Trial of M72/AS01,
Vaccine to Prevent Tuberculosis

D.R. Tait, M. Hatherill, O. Van Der Meeren, A.M. Ginsberg, E. Van Brakel,

B. Salaun, T.J. Scriba, E.J. Akite, H.M. Ayles, A. Bollaerts, M.-A. Demoitié,
A. Diacon, T.G. Evans, P. Gillard, E. Hellstram, J.C. Innes, M. Lempicki,
M. Malahleha, N. Martinson, D. Mesia Vela, M. Muyoyeta, V. Nduba,
T.G. Pascal, M. Tameris, F. Thienemann, R.). Wilkinson, and F. Roman

M72: protéine de fusion derivée de 2 Ag Mt
08/2014 a 11/ 2015, inclusion adultes 18 -50 ans
IGRA+, VIH -, Sans evidence de tuberculose
maladie

Kenya, Afrique du Sud et Zambie.

Endpoint= Tuberculose maladie: PCR+, culture
crachats

3575 participants ont été randomisés 1:1, 3573
ont recu au moins une dose de M72/ASO1E ou
de placebo, et 3330 ont recu les 2 doses.

2 doses a 1 mois d’intervalle, suivi 3 ans

GSK—->Gate medical research institute

1 M0 e i et e N e - R T 5 I -
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3 0,999 1"'1_.._,._.._,'
2 a0l 0,998 -
5 % 0.997-
n 0,996
2 070 0.9557
= 0,994
¥ 0.9934
= 0.60 0.9924
'E 0.991- M72/AS501;
0,990
=] -
e 030 0,989+
£ 0.985
T .40+ 0,387
L 0.986—
; 0985 Hazard ratio by Cox regression model, PMlacebo
- 0.304 0.984- 0.50 (30% CI, 0.25-0.88; 35% Cl, 0.26-0.98) ———
E 0.983 P=0u04 by log-rank test
0.982-
2 007 0.981-
E 0.980-
0.10 '
Dm}f I | I I I I I | | I | |
0 & 9 12 15 18 21 24 27 30 33 38 39
0.00 I I I I | I I | | |
0 3 3 12 15 18 1 24 7 33 16 35
Months
Mo. at Risk
M72/AS01; 1626 1621 1614 1609 1592 1580 1573 1566 1561 1557 1542 1468 12
Placebo 1663 1650 1642 1632 1610 1586 1576 1571 1564 1553 1539 1460 19

Figure 1. Kaplan—Meier Estimate of Definite Pulmonary Tuberculosis According to the First Case Definition.

Profil de sécurité tout a fait correct

Essai programmé chez les PVVIH (NCT04556981)




Vaccin antigrippal

TABLE 1 Advantages and disadvantages of different influenza vaccines

Efficacité vaccinale des
vaccins inactivés faible,

variable selon les années,

populations (10-60%)

Amélioration via fortes
doses, méthode
d’administration, des
adjuvants

Durée protection courte

Toujours souche
dépendante+++

Waccine Type

Inactive vaccine

Live attenuate

Recombinant

DA, vacone

Advantage

a} All age groups {except chuldren undler & months) wath no
contrainchcations can recerve inactivated influenza vaccine

b) Safe in pregnant women

¢} Use in immunocompromised patients

a) Safe in cystic fibrosis patients
b) Mo systemic allergic rezchons such as urticana,
angoedema, rhinibis, and eczema

a) High safety profile without invobang infectious viruses
b) Rapid, stable

¢} Induces homoral and cellular immune responses

a) Induce all three arms of adaptive immunity, CTLs,
anbbodies, and helper T cells

b} Possible mucosal delivery and thus may stimulate innate
immunity

Disadvantage

a) Soreness at the vacanabion site fever, headache, myalgia,
or any physical unease happen mosthy in children

b} Allergy

c} In rare case autcimmune disorders

a) Mild to moderate symptoms including nunimy nose,
sneezing, nasal discomfort, fever and headache
bl Is not recommended to be routinely used in pregnant

WOImen

a) Lowy immunogenicity
b} Require appropnate adjuvants

a) Loweer immunogenscity, low level of T-cell, and B-cell
memory due to

b} Integration of DMA vacoine genetic matenal into cellular or
host DMA,

c} Development of autcimmune disorders against host DA

Universal wvaccine

M2e:

a) Induces M2e-specific humoral and cellular immune
responses;

b) Elcrts broad cross-protection agamst divergent virus
straimns

Eprtope-base:

a) They are considered to be safe, easy to produce, and
stable.

) Can induce B-cell and T-cell in the same formulation

a) single M2e moleculs induces lower iImmune responses

a) The main disadvantage of the epitope-based vacane 1s

that algonthms may fail to predict all the appropnate
epitopes

CTL inducing vaccine

RMA waccine

a) Target conserved influenza virus proteins and improve
recovery and inhibit disease progression

a) Safety

k) Efficacy

¢} Higher potency (especially with self-amplifyaing RRA
WaCCInes)

a) Meed to have an epitope that can be recogmzed by all
majar histocomipatibilmy complex (MHC)

a) Possibility of adverse consequences ke thrombus and/or
edema

b} Limited availability in cases of pandemic and endemic
diseases.

Keshavarz M et al., Rev Med Virol. 2019;29:e2014.
Ostrowsky J et al., Current Opinion in Virology 2020, 40:28-36




Vaccin antigrippal

* Task force: développement vaccin
antigrippal universel

 Cibles: HA stalk protein (stable), NA,
matrix protein 2 (M2) et la
nucleoprotein (NP).

* M2 et NP sont conservées au sein
des souches humaines et aviaires

Ostrowsky J et al., Current Opinion in Virology 2020, 40:28-36
Gouma S et al., Annu Rev Virol. 2020 September 29; 7(1): 495-512

Universal influenza vaccine candidates in clinical developrment

Tangeted reaponse Vaccine terget Vaccine Phase Candidate Dievelopment partners
platfonm MiEmE
B cedl {antibody) responsas to MA HA gene LAV 1 Cioda\ax Codagenix, inc. (LS
consarded reglons of the supprasaion
irls HA i A 1 hodified Modema, Inc. (US)
miFEhLA lipid
nanopartickes
HA stalk Ferritin-bassd 1 H1ssF_3038 HIAID Vaccine Ressarch Center (US)
nanoparticles
HA stalk, HA head Recombinant 3 Mano-Fiu Movaves (US)
H&
M2e Recombinant 1 ACAM-FLU-A  Sanofl Pasteur (US)
subamnit VILP
HA [H1) Viral wvector 2 VHA-AL Vaxart, Inc. (US)
hZ2e Recombinant 1 Vax102 Waxinnate Corp (LIS)
fuslon protein
Cross-protective T cell ME, M1, PB1, PBE2 Synthetic 1 FP-01-1 Altimmmune [US) (immune Tangeting Systerns Lid)
responses against the vines' paptide
intemnal proteins m2-deficient Lans 2 MZER Flugen, Inc. (US)
ME, M1, b2 Synthetic 2 FLL-w It Ltd (SEERSHWIVGY (LK)
peptice
ME, M1 Viral wecior 1 A Jenner Institute/Univeraity of Cudord (UK)
ChAdO=1-MP
+ M1
P Manoparticles 2 ONXE3E Oalvax SAS (France]
ME, M1 Viral vector 2 MVA-KP + M1 Vaccitech (UK
B and T cell responasas HA (H1) Wiral wector 2 Maso AX Altimmune, Inc. (LIS)
MP, M1, HAZ Recombinant 3 Multimerc-001  BiondVax Phamaceuticals (larael); MIAID; Seventh
paptde Framework Program (EL)
P, M22 Fussom protedn 1 NE205 Chynawax (LIS)
MP, M2e DA, 1 WEX-3400 GeneOne Life Sclencas, nc.
{South Konea)
MA. cHA, HA head, Functionsal 1 Chirnesic HA Mount Sinal School of Medicine [US); GSK (US);
HA stalk cHA [cHA)-based PATH (US)
vaccines
MP. MA. HA DA, 1 IMO-4301 Inovio Pharmacauticals (US)
Aecombinant HA  WVLP 3 Cueadrivalent Medicago, Inc. (Canada)
(H1, H3. and 2 IBW VLP (OWLP)
HAs)
M2e, HAZ atalk Recombinant 1 Unifiu WA Pharma LLC (Russts), Fussian Federation
epifopes protein Ministry of Health
M5 -deficient Lans 1 dittaFLL Wivaldi Biosclences (US); lcahn School of Medicine
at Mount Sinal (US); AVIR Green Hills Biotechnology
AG [Austria)
Source: CIDRAP, Univerzal influenza  Vaccine Techmology Landscape; URL: hittp:fwrww_cldrap .umn.edu

universal-influsnza-vaccine-technology-landscape

Abbrestations: Chimeric HA {cHA): Hemagglutinin (HA); iInflusnza B virus (IBV]); Live attenuated influenza virus vaccine (LA, Matrix Protein (M1);
Membrane protein (M2); Membrane protein lon channel ectodomain (M2e); Meuraminidase (MA); Monstructural protein (MS1); Nucleopaotain (MP);
‘Viral RMA polymerases (PE1, PE2); Virus-lke particle (VLUP).



Comparison of the safety and immunogenicity of a novel

Matrix-M-adjuvanted nanoparticle influenza vaccine with

a quadrivalent seasonal influenza vaccine in older adults:
a phase 3 randomised controlled trial

Vivek Shinde, Iksung Cho, Joyce S Plested, Sapeckshita Agrawal, Jamie Fiske, Rongman Cai, Haixia Zhou, Xuan Pham, Mingzhu Zhu,
Shane Cloney-Clark, Nan Wang, Bin Zhou, Maggie Lewis, Patty Price-Abbott, Nita Patel, Michael | Massare, Gale Smith, Cheryl Keech,

novel recombinant, Spodoptera frugiperda (Sf9) insect cell or
baculovirus system-derived, quadrivalent haemagglutinin nanoparticle
influenza vaccine (qNIV), formulated with a saponin-based adjuvant,

Matrix-M.

Compared to standard-dose quadrivalent inactivated influenza vaccine .

Louis Fries, Gregory M Glenn

65 years-old

AJBrisbane (H1IN1} AfKansas (HIM2) B/Maryland (B/Victoria) B/Phuket (B/Yamagata)
HAl (egag) HAI {wiVLF) HAl (eqg) HAI fwEVLP) HAl (egg) HAI (witVLP) HAl (egg) HAI [wEVLF)
gNIV (n=1280)
Dy & GMT 262 17 851 73 Fo-F 9.8 651 458
(25-0-27-4) (30-0-33.5) (53-5-56-8) [26-1-28-8) (68.0-73-5) (28-5-31-1) (B6-0-72.3) (44-0-47-7) p
Day 28 GMT 493 ] 1515 1536 110-7 62-8 1685 1183 0 B
(46-7-51-9) (72-4-81-1) (143-3-160-2) (143-9-163-9) (106-1-115-6) (59-8-66-0) (160-2-177-2) (113-0-123-8)
Day 28 GMFR 15 24 27 56 16 21 24 26 1004 7
(1-8-2-0 (2-3-2.5) [2-6-2-9) [5-3-6-0) (1-6-1-B) {2-0-2-2) [23-2.8) (2-6-2-7)
palue <=0-0001 <0-0001 =0-0001 =0-0001 =0-0001 =0-0001 =0-0001 <0-0001 E4
Day 28 SCR, n (% [95% CI) 282 (20 419 (32-7% 535 (41-8% 394 (69-8% 143 (11-2% 321 (251% 401 (31-3% 453 (35-4% ]
[19-8-24-4])  [30-2-35-4]) [39-1-44-6]) [67-2-72-3]) [9-5-13-0]) [22-7-275]) [288-33-9]) 328381 | 51 2 7
49
Day 28 SPR, m (% [95% C1]) B84 (6Y1% 1066 (32-4% 1365 (98-B% 1182 (§2-3% 1269 [949-1% 10349 (B1-2% 1267 (99-0% 1240 (96-9% | 8 cod 46 » 45 “
[BB-4-71-6])  [BO-2-B4-5]) [98-1-09-3]) [90-7-593-7]) [98-5-95-6]) [78-5-83.3]) [98-3-99.5]) [95-8-97-8]) | 2 1 4
37
V4 (n=1286) o . 14 .
Diay O GMT 260 324 547 265 69-8 g5 665 443 26 25
(24-9-27-1) (30-7-34-7) (531-56-3) (25-4-27-7) (67-2-72.5) (28-3-308) (63-6-69-6) {427-461) 20l | 1e 2 I
1 1
Day 28 GMT 450 62-7 126-8 907 106-3 47-2 1339 7844 204 P 13 R - 1w 1 i
(42-7-47-3) (59-2-66-4) (120-3-133-6) {24-9-96-9) (102-3-110-6) {45-2-49-4) (127.7-140-5) (F5-1-81.9)
Day 28 GMFR 17 15 23 34 15 16 20 18 . i i . . . . . . . . . . . . . .
(1-7-1-8) (1-8-2-0) (2-2-2-4) (3-2-3-6) {1-6-1-6) (156-1-7) (19-21) (1-7-1-8) & F R T fg- I
palue <0-0001 =0-0001 =0-0001 <0-0001 =0-0001 =0-0001 <0-0001 =0-0001 (p@ﬁ «g& & fa 4\&& ;ﬁ Q‘f* & ;‘4\ Qegﬁ ,\x& Qy&
Day 28 SCR, n (% [95% CI]) 119(17-0% 275 {21-4% 443 (34-4% 636 (45-5% 137 (10-7% 173(135% 194 (2249% DB o 4 o &
[15-0-15-2]) [19-2-23-7]) [318-371]) [46-7-52-2]) [9-0-125]) [11-6-15-4]) [20-6-25-3]) [15-7-19-9]) Effector CD4ge T-cells TotalCD4s T-cells Effector CD4+ T-cells Total €04+ T-cells
Day 28 SPR, n (% [95% C1]) B30 (64-5% Q85 (76-6% 1264 (98-3% 1045 (81-3% 1269 (98-7% 933 (726% 1254 (97-5% 1174 (91-3% A eyl it
[61-9-67-2])  [742-7849]) [97-4-98-9]) [79-0-E83-4]) [97-9-99:2]) [Fo-0-75-0]) [96-5-98-3]) [Bg-6-g2-8]) anias i3 aryland EVitora)
Figure 2: Cell-mediated immune responses with gNIV compared with IIV4
NIV vs 1IV4
Day 28 baseline-adjusted 109 1-24 119 166 103 132 123 147
GMTR,ema {1-03-1-15) {1-17-1.33) (1-11-1-37) {1-53-1-79) {0-98-107) {1-26-1-38) (1-16-1-29) {1-40-155)
pvalue 0-0027 <0-0001 <0-0001 <0-0001 0-15 <0-0001 <0-0001 <0-0001
Day 28 absolute SCR % 5% 11-4% 73% 20-4% 0-5% 11-6% (3610 5% 177% https://doi.org/10.1016/S1473-3099(21)00192-4
differance (1-9ta8-1) (7-9to 14-7) (3-6t011-1) (16-6 to 24-1) {-1-9to0 2.9) 14-6) (5-0t011-9) (14-3to 21-0)
pvalue 0-0017 <0-0001 <0-0001 <0-0001 0-72 <0-0001 <0-0001 <0-0001



Demain: des vaccins nouveaux



Vaccin contre VIH

* En 2019, 38 millions
de personnes vivent avec le
VIH au niveau mondial, 1,7
millions de nouvelles
infections

* Echec de nombreux essais
vaccins depuis > 30 ans

* Echec recent de la phase 3
de I'essai HVTN702 (6eme
essai clinique complet)

Recent efficacy trials and cheir related phase 1/2a trials,

[mmunogen NCT Tnal (Other names Phese  Adjuvant Completion Date”
mumber
Vector: ALVAC-HIV (vCP2438), Protemn: bivalent subtype Cepl 20 NCT03284710  HVINIOT /22 Almwe. Dz 2019
MF39
Vector: ALVAC-HIV (vCP2438), Protem: bivalentsubtyps Cepl20  NCT03122223  HVINI2D /22 MF39vs Jul 2020
ASO,
Vector: ALVAC-HIV (vCP2435), Proteir: bivalent subtype Cgpl20  NCTO2968849  HVIN702/Uhambo /3 M Aug 202]; prematurely
terminated
Vector: AJ26 Mos4 HIV, Protein: subtyps C gpl40and/ormossic  NCTO2935686  ASCENT/HVINILS/ /33 Alm Jan 2022
epl40 HPX2003
Vector: Ad28 Mosé HIV, Protein: subtype C zp140 NCTO3060629  HVIN7OSMmbokeds 2 Alm Jul 2022
Vector: Ad26.Mos4 HIV, Proten: bivelent subtype Cepl40and  NCT03964415  HVIN706/Mosaco 3 Alum Mar 2024

mosale gpldd

" Actual or predicted completion dat,

Lee JH, et al., Semin Immunol. 2021 Jul 13:101470.



Vaccin contre VIH

« Recombinant canarypox (ALVAC-vCP2438)
containing HIV-1 gag (clade B LAIl), pro (clade
B LAIl), env (gp120; clade ZM96.C), and gp41
(clade B LAI) transmembrane anchor »,
adjuvanté avec MF59

Essai réalisé en Afrique du Sud

> 5000 participants

Proche de I'essai RV144, qui avait montré
une efficacité modérée en 2009 en
Thailande en utilisant « Recombinant
canarypox (ALVAC; vCP1521) containing HIV-
1 gag (clade B LAl), pro (clade B LAl), env
(gp120 AE 92THO023), and gp41 (clade B LAI)
transmembrane anchor » adjuvanté
aluminium

Arrét prématuré

A Modified intestiondo-Treat Cobhort, 0-24 Months B Month 6% At-Risk Cohort
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Figure 1. Kaplan=Meier Analysis of HIV.1 Infection in Three Cohorts.

Bekker LG, et al.; N Engl J Med. 2021 Mar 25;384(12):1089-1100.
Zolla Pazner S et al., Lancet HIV 2021; 8: e449-52




Vaccin contre VIH

Safety and immunogenicity of two heterologous HIV vaccine

regimens in healthy, HIV-uninfected adults (TRAVERSE):
a randomised, parallel-group, placebo-controlled,

double-blind, phase 1/2a study

Lancer HIV 2020; 7: eb88-08

Lindsey R Baden®, Daniel | 5tieh*, Michal Sarnecki, Stephen R Walsh, Georgia D Tomaras, james G Kublin, M Juliana McElrath, Galit After,
Guido Ferrar, David Montefior, Philipp Mann, Steven Nijs, Katleen Callewsaert, Paul Goepfert, Srilatha Edupuganti, Etienne Karita,
Johannes P Langedijk, Frank Wegmann, Lawrence Corey, Maria G Pow, Dan H Barouch, Hanneke Schuitemaker, Frank Tomaka, and the

Traverse/HVTN 117 HPX2004 Study Team

IFN gamma, réponse CD4, CD8)

Weeks

Group 1A

Group 1B

Group 2A

Group 268

Poursuite en Phase 2B (NCT03964415 USA, Europe MSM)

Ly i L oy £ Ly
| I I 7 I I I L I 1 I Lt I I I L I L
2 4 12 14 16 24 26 28 48 50 52 i
® ® ®-+w @+
ok SR
+ 5 +
@ Ade Mos [ - Ad26. Mosd |E| EI&I‘JU C gp140 " | .Z HFlaoebin®
! (250 mcg + adjuvant) AT

Etude aux USA et Rwanda, 201 patients randomisés, 198 vaccinés

Vaccin tétravalent contient Ad26-encoded mosaic Env supplémentaire

Vaccin tétravalent, bon profil de tolérance/ sécurité, idem trivalent

Tétravalent induit une meilleure réponse immune que le trivalent (Elisa; Ac de liaison, ADCC,

Arrét de la Phase 2B (NCT03060629 en Afrique du Sud chez les femmes en 2021)

Johnson & Johnson and Global
Partners Announce Results from
Phase 2b Imbokodo HIV Vaccine
Clinical Trial in Young Women in
Sub-Saharan Africa



PV /PrePvacce

Status Ongoing

Phase b

Principal Investigator(s) Prof. Pontiano Kaleebu
Objective

This international, multi-centre, double-blind vaccine study is a three-arm prospective 1:1:1 randomisation comparing each of
two experimental combination vaccine regimens i.e. DNA/AIDSVAX (weeks 0,4,24,48) and DNA/CN54gp140 (weeks 0,4) +
MVA/CN54gp140 (weeks 24,48) with placebo control. There will be a concurrent open-label 1:1 randomisation to compare
daily TAF/FTC (week 0-26) to daily TDF/FTC (weeks 0-26) as pre-exposure prophylaxis.

Sites

MRC/UVRI Uganda Research Unit on
Last updated January 31, 2022 AIDS

Masaka

Ugand

Prevention OptiOH(S) HIV Vaccine PrEP JANUARY 2020 — MARCH 2023 ganda
MRC HPRU

Durban
Enrollment 1668 South Africa

Observational Prospective Cohort

Study Design Placebo-controlled
Randomized MUHAS

-hli H Dar es Salaam
Double-blind PDPU'E“O“ Men United Republic of Tanzania
Women

Age Range 18 Years <> 40 Years

[ QSRR R [ R JR—

MMRC

Mbeya
United Republic of Tanzania

INS/CISPOC

Maputo

https://www.prepvacc.org/ Mozambique



https://www.prepvacc.org/

March 8, 2022

First mRNA HIV Vaccine Clinical Trial Launches

Jennifer Abbasi

JAMA. 2022;327(10):909. doi:10.1001/jama.2022.2699

I\/I oderna Inc is setting its sights on HIV. The biotech firm, along with nonprofit partner IAVI, the
International AIDS Vaccine Initiative, announced in late January that researchers had
administered the first doses of an investigational mRNA HIV vaccine to volunteers in a phase 1 clinical

trial.

NIH launches clinical trial of three mRNA HIV vaccines

Phase 1 study is among first to examine mRNA technology for HIV.

el=]flv]+

The National Institute of Allergy and Infectious Diseases (NIAID), part of the
National Institutes of Health, has launched a Phase 1 clinical trial evaluating
three experimental HIV vaccines based on a messenger RNA (mRNA)
platform—a technology used in several approved COVID-19 vaccines. NIAID
is sponsoring the study, called HVTN 302, and the NIAID-funded HIV
Vaccine Trials Network (HVTN), based at Fred Hutchinson Cancer Research
Center in Seattle, is conducting the trial.

“Finding an HIV vaccine has proven to be a daunting scientific challenge,”
said Anthony S. Fauci, M.D. NIAID director. “With the success of safe and
highly effective COVID-19 vaccines, we have an exciting opportunity to learn




Vaccin contre le Lyme

* Borréliose de Lyme: 300000 cas annuels aux USA, au moins 100000 en
Europe

» « Ancétres » vaccins ciblant OspA efficaces ( 1 vaccin recombinant + Al:
FDA en 1998 mais trop peu utilisé/polémique, fin commercialisation en
2002) et le 2™M¢ 1 vaccin recombinant sans Al pas de commercialisation

 Plusieurs approches dans les stratégies vaccinales:
* Cibler B. burgdoferi dans le vecteur (OspA)

e Cibler le spirochéete chez I’h6te (protéines de surface, lipides paroi bactérienne,
bactéries mutées vivantes)

* Bloguer la transmission (vaccin ciblant les réservoirs et les vecteurs, génerant une
immunité anti-tiques)

Gomes-Solecki M, et al., Clin Infect Dis. 2020 :10;70(8):1768-1773.
Steere AC, et al., N Engl J Med. 1998 Jul 23;339(4):209-15.

Sigal LH, et al., N Engl ) Med. 1998 Jul 23;339(4):216-22.

Nigrovic LE, et al., Epidemiol Infect. 2007 Jan;135(1):1-8.



Vaccin contre le Lyme

But= vaccin ciblant les especes USA et Europe
Arrét du vaccin hexavalent Baxter bioscience, NCT01504347,

Seuls vaccins en phase de développement chez ’'Homme: vaccin recombinant
hexavalent ciblant 6 sérotypes OspA, vaccin VLA15 recombinant +Aluminium

Phase 2 Valneva, NCT03769194, NCT03970733

* Pas de publication complete des résultats
e Safety ok, taux d’AC élevés

* Accord avec Pfizer pour la phase 3 pas encore débutée

Fast track FDA phase 2

Phase 3: Pfizer+Valneva

B. afzelll (OspA serotype 2) B. garinii (OspA serotype 3)
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FIG 7 Antibodies generate d by W3-L2-V5 versus the comesponding FL-OspA serotypes. The antibodies generated by W3-L2-V5 were tested by surface binding
assay. The binding of vaccine-induced antibodies to OspA was compared to the binding of antibodies generated by FL-OspA of the corresponding serotypes
i5T1 to 5Té). The surface binding assay was carried out with B. burgdorfen OspA 5T1 257, B. afzelii OspA ST2 Prall, B. garinii OspA 5T3 PFr, 8. bavariensis OspA
ST4 PFin, B. garinii OspA ST5 PHei, and OspA 5T6 KL11. The results are represented as fluorescence intensity.

Wressnigg N, et al., Clin Vaccine Immunol. 2014 Nov;21(11):1490-9
Nayak A, et al., Infect Immun. 2020 Mar 23;88(4):e00917-19
https://clinicaltrials.gov/ct2/show/results/NCT03769194?term=VLA15&cond=Lyme&draw=2&rank=3
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SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

INFECTIOUS DISEASES

mRNA vaccination induces tick resistance and prevents
transmission of the Lyme disease agent

Andaleeb Sajid't, Jaqueline Matias't, Gunjan Arora't, Cheyne Kurokawa', Kathleen DePonte’,
Xiaotian Tang', Geoffrey Lynn', Ming-Jie Wu', Utpal Pal>3, Norma Olivares Strank’,
Norbert Pardi®, Sukanya Narasimhan', Drew Weissman®, Erol Fikrig'*

Ability of lipid nanoparticle—

containing nucleoside-modified mRNAs encoding 19 /.
scapularis salivary proteins (191SP) to enhance the
recognition of a tick bite and diminish I. scapularis
engorgement on a host and thereby prevent B. burgdorferi
infection.

Guinea pigs were immunized with a 191SP mRNA vaccine and
subsequently challenged with I. scapularis. Animals administered 19I1SP
developed erythema at the bite site shortly after ticks began to attach,
and these ticks fed poorly, marked by early detachment and decreased
engorgement weights. 191SP immunization also impeded B. burgdorferi
transmission in the guinea pigs. The effective induction of local redness
early after I. scapularis attachment and the inability of the ticks to take a
normal blood meal suggest that 19ISP may be used either alone or in
conjunction with traditional pathogen-based vaccines for the prevention of
Lyme disease, and potentially other tick-borne infections

A 4 hours 18 hours 24 hours 48 hours 72 hours

19ISP mRNA

Control

nized with 191SP or control (IL-21) mRNA, and 25 /. scapularis nymphs were allowed to engorge on their shaved backs.
All animals were monitored for the development of erythema as a cardinal initial sign of acquired tick resistance over
a period of 6 days or until all ticks detached. The images show representative (A) 19ISP-immunized or (B) control
animals at the indicated time points.



Vaccin contre le VRS

Vrai probleme chez le nourrisson: 3,2
millions d’hospitalisations dans le
monde en 2015, 118000 déces, 50% <
6mois

Femmes enceintes

Adultes: personnes agées,
immunodéprimeés: formes graves, 4-109
mortalité

Histoire vaccinale compliquée

+ Placental antibody transfer
« Pre-existing immunity
« Potential adverse events (fetus)

+ Protection against severe disease
» Antigen naive
« Immature immune system

Infants < 4-6 mo » Herd protection
« Antigen naive (< 2 yr)

« Pre-existing immunity

» At risk for severe disease
» Pre-existing immunity
» Immunosenescence —

Elderly (> 65 yr)

Protein based
(no adjuvant)

Monoclonal

Children > 6 mo
antibodies

Live attenuated
Vector based

Protein based
(adjuvanted)

Flgure 3. Target populations and respiratory syncytial vines vaccine rypes. There are different vaccine strategies according to the main target populations. The 4 main target
populations are color coded. The nuances and characteristics of each rarget population are included in the adjacent balloon and the preferred vaccine strategy underneath each
tarcet pooulation.

Mejias A, et al., Ann Allergy Asthma Immunol. 2020 Jul;125(1):36-46.



Vaccin contre le VRS

REV Vaccines in Clinkcal Development

Pas encore completement certain

Vaccine type (manufacturer) Viral target Target population Administration route  Clinical development  Advantages Challenges
FROTEIN VACUINES
Farticle based
RSV F nanoparticle [ Novavax, Prefusogenic Maternal, elderly, pediatric  Systemic Phase 3, phase 2, Safe, immunogenic Past-F based? Risk of ERD, antibody
Gaithersburg, Maryland) phase 1 durabiliny
Subarnit
D5-Cavl (NIH/MNIALD, Bethesda, Pre-F Maternal and elderly Systermic Phase 1 Indwee high-affinity neuralizing Factors that affect rransplacental
Manyland) antibody, facilitate cross-priming, transfer, instahility of pre-F,
GSK RSV F (GlaxoSmithKline, Pre-F Maternal and elderly Systemic Phase 1 safe antibody durability, no profection
Brentford, United Kingdom) for premature infants
DP-RSY [ Immunovaccine, 5H Elderly Systemic Phase 1
Dartmouth, Canada, and VIE,
Flander, Belgium)
RSV-F [Janssen, Beerse, Belgium) Pre-F Elderly Systemic Phase 1
RSV-F [ Pfizer, Newr York, Mew York)  Pre-F Maternal and elderly Systemic Phase 2
RSW-G (Advaccine Biotech, Beijing, G Pediatric and elderly Systemic Phase 1
China)
LIVE VACCINES
Vector based
AdV26 RSV (Janssen) Pre-F Pediatric and elderhy Systemic Phase 2 Mot attenuated, low risk of ERD, no Potential for developing antivector
ChAdV155-R8V [ GlaxosmithKline ) Pre-F, M, M2-1 Pediatric Systemic Phase 2 interference with maternal immunity
WHA-RSW [AdVS) (Vaxart, South San  Post-F Elderly Mucosal and Phase 1 antibodies
Francisco, California) systermic
MVA-BMN SV (Bavarian Mordic, Post-F, GAGE, N, M2 Elderly Systermic Phase 2
Ewistgaard, Denmark)
Live-artenuatedchimeric
rBOGM-hESY (Universidad de M Mewieomm Systemic Phase 1 Predominant Tyl immune respomnses
Chile, santiago, Chile)
RSVJAG (Intravac) Lacks G Pediatric Mucosal Phase 1 Loww risk of ERD, intranasal delivery, Balance of attenuation|
RSV AMSZ A1313/13140 Pre-F[post-F Pediatric Mucosal and Phase 1 replication in presence of maternal immunogenicity, reverse to wild
RSV 276 systermic antibody, broad stimulation of type. stability for mass production
RSV 5120/ ANS2[1030; (Sanofi immune responses
Pastewr, Lyon, France, and MIH)
SeNTRSY (5t Jude Hospital, Atlanta, F Pediatric Mucosal Phase 1

Geargia)

Abbreviations: Adv, adenovinus; ERD, enhanced RSV disease; F, fusion; G, attachment; MVA, modified vaccinia Ankara wirus; ND, not disclosed; NLAID, Maronal Instimute of Allergy and Infectious Diseases; MIH, Mational Institutes of

Health; post-F, postfusion; pre-F, prefusion; RSV, respiratory syncytial virus; SeV, Sendai wirus; 5H, small hydrophobic.

27

Mejias A, et al., Ann Allergy Asthma Immunol. 2020 Jul;125(1):36-46.
Madhi SA, et al.,N Engl J Med. 2020 Jul 30;383(5):426-439.



Vaccin contre E. coli uropathogenes

TABLE 1 | Non-antibiotic tharapautic options for the treatmant af urinary tract mfactions.

Therapeutic References Mechanism Benefits Drawbacks

options

Vaccine

Targeting adhesion (O'Hanley et al., 1985: Da Ree  » Block the aison adhesin-host » Dacraasa tha bacterial » Heterogenaity of tha protains of
and Van den Bosch, 1987, cell recaptor (pili vaccina) colonization the bactanal memibrans
Riegman et al., 1988: # Beduction of adhesion and « Protaction of the bladder and
Wizesrmnann at al., 1955; profection against cysties (FirmH thua Kidnenys
Langermann at al., 2000; vaccing)
Robaris ef al., 2004; Poggio
el al., 2006; Habibi at al., 2016

Targeting capsula (Kageer gl al., 1983, Roberls # Promising animal modal rasulls « Mo human studies
el al., 15983; Kumar &l al., 2005, » Graal hateroganaity in antigen
Stanutz at al., 2006] used rmaking création of a

vaocing with broad pratechon
ciflicult

Targeting taxins (Hanley elal, 1991; Bz and  » Reduction of renal inury + Dacreasa virulence » Mo long-lerm protechon
Kshin, 2010)

Targetirg ron (Alteri et al., 2005; Brumbaugh » Effectiva immunologic reaction » Protaction of the bladder and » Cannot target all UPEC stramns

mietabalism at al., 2013) againat specific mokculas the kidneys (hetaroganaty of the targats)

+ Reduca UTI recurmence
38

Loubet P, et al.,Front Microbiol. 2020 Jul 3;11:1509.



Vaccin contre E. coli uropathogenes

Table 1 - Available vaccines, administration methods, and vaccine content

Vaccine Method of administration Bacterial content

Uro%axom {On-84) One oral tablet o be taken once a day for 3 mo < booster tablet & mg of lyophilised bacterial lysates derived from 18 E coli
for the first 10 d of months &-9 strains

Uromiume Two doses of 100 wl each (104 bacteria/puff) daily sublingually, E. coli, Klebsielly pneumoniae, Prodews vulganls, Enferococcus
for a duration of 3 mo Joecalis

Soloo-Urovac Vaginal suppository given weekly for the first 3 wk, then a 10 Urspathogenic strains of bacteria including & E coli strains,
booster manthly for 3 mo K preumramiee, Proteus mirabdis, Profews morgandd, and E feecalis
Intramuscular injection, initially weeekly for 3 wk, with a booster
at & mo

ExPECAW Single intramuscular injection of 0.5 ml Genetically detoified form of exotoxin A from Peeudomaonas

aeruginesa linked to four serotype surface polysaccharide

antigens of E. coli (014, 02, D6A, 0258)

Vaccine Placebo Qdds ratio QOdds ratio
Study or subgroup Events Total Events Total Welight IV, Random, 95% CI IV, Random, 95% CI
Bauer (2005) 104 231 129 222 155% 0,59 (0.41,0.86) B
Huttner (2017) 45 a3 56 95 151% 0.65(0.37,1.16) |
Lettgen (1996) 3 2 4 13 115% 0.40(0.07,2.18) S, o
Lorenzo-Gomez (2013) 35 3860 339 3339 7.9% 0.00 (0.00, 0.00)
Lorenzo-Gomez (2015) 69 159 154 160 143% 0.03(0.01,0.07) —
Nayir (1995) 8 10 10 10 69% 0.16 (0.01, 3.85)
Tammen (1220) 10 27 20 30 13.7% 0.29(0.10,0.87) ——
Wagenlenner (2015) 69 132 47 131 153% 1.96(1.19,3.21) =
Total (95% Ci) 1032 1000 100.0% 0.20 (0.08, 0.59) g
Total events 343 759
Heterogeneity: Tau®= 2.03, Chi*= 102.99, df= 7 (P < 0.00001), F= 93% =0 001 041 } 1¢0 10004

Test for overall effect: Z= 2.89 (0= 0.004)

Fig. 5 - Long-term efficacy of vaccines. C1 = confidence interval; IV = inverse variance.
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Favours vaccine Favours placebo

Prattley S, et al,Eur Urol Focus. 2020 May 15;6(3):593-604.



Vaccin contre Staphylococcus aureus

;‘ frontiers

in Immunology

REVIEW
published: O7 July 2021
doi: 10.3389Ammu.2021.705360

Staphylococcus aureus Vaccine

2

Research and Development: The
Past, Present and Future, Including
Novel Therapeutic Strategies

Jonah Clegg'?, Elisabetta Soldaini’, Rachel M. McLoughlin®, Stephen Rittenhouse?,

Fabio Bagnoli” and Sanjay Phogat™

TABLE 1 | Siaphylococcus aureus vaccines curently enrolled in clinical frials.

Company Vaccine Phase Clinical trial numbser Study population Literature
GEK ob-5Ag: Aduvanted I Recruting MNCT 044 20221 18 - 80 year olds at nsk of recurrant
skin infections
Movadigm MOV-3A: Als-3 . albicans ooss reactve cell II: Dirgoing MCTOE4 55309 Military Personne (136, 137)
Therapeutics wall protein) + Alum
Oy ax rF=AV: Hia, SpA, SEB, I=dB, Mt + Alum II: Ongoing CTR201817588, {13E)
MNCTOZ966040
Plizer ofdag CPS-dpte, CPEB-dpte, CiA, Mt llo: Failure MNCTOZ3BB165 Patients undergoing spinal surgary
(20, 135-141)
Integrated . otetwvax: SEB + alum |: Compéeted MCTODETAIES 18 = 40 year olds {142
Biotherapeutics i. IBT-V02: SEB, SEA, TSST-1, LukS, LukF, |: Scheduled

40

LukAB, Hia + alum
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accine

US Army Infantry trainees (Fort Benning, GA) in a phase 2,
% randomized, double blind, placebo-controlled trial of NDV-3A, a
waccine containing a recombinant adhesin/invasion protein
. of Candida albicans that has structural similarity to the S. aureus
s protein clumping factor A. Study participants received one
intramuscular dose of NDV-3A or placebo (adjuvant alone) within
Eugene V. Millar *"*, Jason W. Bennett , Burc Barin , Patrick M. Carey ¢, Natasha N. Law . . .
Caroline E. English*", Michael M. Schwartz, Terrence Cochrane’, Michael W. Ellis ¢, David R. Tribble*, 72 h of arrival on base. LOngltUC“naI nasal and oral (throat) swabs
M. Timothy Cooke ', John P. Hennessey | ..
were collected throughout the 14-week Infantry training
cycle. Safety, immunogenicity, and efficacy of NDV-3A against S.
aureus nasal / oral acquisition were the
endpoints.

Vaccine

journal homepage: www.elsevier.com/locate/vaccine

Safety, immunogenicity, and efficacy of NDV-3A against Staphylococcus
aureus colonization: A phase 2 vaccine trial among US Army Infantry
trainees

a,b,e
’

Table 5

Vaccine Efficacy Against S. aureus Colonization Detected by Positive Nasal, Oral, and
Nasal/Oral Culture by 56 Days Post Vaccination - Baseline 5. aureus Nasal/Oral
Colonization Negative Subjects.

Endpoint at 56 days post- Vaccine Efficacy” (95% p-
vaccination cl) value”
Positive nasal culture 12.1% (-31.6%, 41.3%) 0.31
Positive oral culture 2.4% (-50.9%, 36.9%) 0.52

Positive nasalforal culture 6.2% (-37.6%, 36.1%) 0.43
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Le vaccin contre la connerie: toujours pas au point // /H

http://ministereduchomage.fr

Désolé, mais il faut
une sacré dose pour \\ @
que ce soit efficace ! - [
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