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Les vaccins et leurs enjeux en 2023

Vaccine-Preventable Diseases

En 2023, les infections représentent
*30% des causes de décés

*2éme cause de décés dans le monde (aprés les maladies CV) oo
*Emergence de souches multi-résistantes aux ATB... de nouveaux Vvirus .., e

Nombreuses situations cliniques ne disposent pas de vaccins ou de 5

vaccins insuffisamment efficaces :
infections aux ages extrémes de la vie (grossesse, bébés, personnes agées)
personnes immunodéprimés (cancers, MAI etc..)
infections émergentes (Zika, Ebola, Sars-CoV2...)
infections liées aux soins (St aureus, C difficile, Sars-CoV2..)

Problématique de la « vaccine hesitancy » ou hésitation vaccinale
Définition OMS (Strategic Advisory Group of Experts (SAGE): « delay in acceptance or refusal of vaccines
despite availability of vaccinations services ». (Salmon DA et al. Vaccine 2015)

‘JNI Utilisation d’ATB+++, dysbiose, inflammation chronique

2023

24+ JNI, GRENOBLE Comment améliorer I'efficacité de la vaccination dans les populations a risques?



Maladies infectieuses ne disposant pas de vaccin
efficace ou suffisamment efficace en 2023
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La Vaccination de précision?

La médecine de précision consiste a adapter le traitement médical aux
caractéristiques individuelles de chaque patient. Elle ne signifie pas littéralement la

création de médicaments ...uniques pour un patient, mais plutdét la capacité de
classer les individus en sous-populations qui difféerent dans leur ...réponse a un

traitement spécifique". Conseil national de la recherche

Vaccins de précision
*Tiennent compte de la population cible
*Formulés pour activer sélectivement le systeme immunitaire en ciblant les sites

anatomiques, les cellules et les voies moléculaires qui générent une réponse

protectrice
*Si nécessaire, contiennent un adjuvant connu pour agir de maniére optimale

dans la population cible.
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Facteurs influencant 'immunogeénicité des vaccins

* = - : \/
pA M0 e #
Behavioural factors Environmental factors # 8 ’l “

* Rural versus urban

* Smoking 3

* Alcohol consumption location »

« Exercise * Geographical location Nutritional factors
* Acute physiological stress * Season * Body mass index
* Chronic physiological * Family size * Nutritional status
stress * Toxins * Micronutrients

* Sleep * Enteropathy

eig(isl) -4 oS

Intrinsic host factors
Gestational age
* Birth weight
* Breastfeeding
* Maternal antibodies
* Maternal infections during

L’hétérogénéité vaccinale

1
Baseline immunity Microbiota / %
A P isting i it * Microbiot: iti »
ﬁ re-existing immunity icrobiota composition d)“,

* Infections <— * Microbial metabolites
* * Parasites * Antibiotics X & .%\Q)#
-‘ ‘. * Trained immunity * Probiotics and prebiotics

Vaccine factors
* Vaccine type * Needle size
Adi drmin

. +Co
)
* Dose vaccines and

“Sieandroue_ drugs La réponse vaccinale est
multi-factorielle

Elle dépend bien sur de la qualité

du vaccin mais pas uniquement
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La Chronovaccination pour adapter les stratégies de
vaccination au rythme circadien

Nucleus

Afternoon
3p.m.

Morning -
Neutralizing antibody levels ﬁ( ' f
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. oﬁ B and T, cell response Q < .
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* 2 3 Percentages of monocytes and DCs € L
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Spike-specific and RBD-specific S
@

. i . memory B cells
[N Barnoud et al., Cell Research 2021

" 2023
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Morning vaccination associated with:

o
Influenza and HepA (41-43) S 5 »
T Peak antibody responses F AT s

BCG (44 4
M.tb-specific IFN-y < Q’ 5 =
e ° = )

production E
Heterologous trained °® @ =1
t innate immunity ° 4

COVID-19 (45)
T Neutralising antibodies
T B-cell and Tth cell responses

Percentage monocytes and
dendritic cells

-

Otasowie et al., Frontier Immunol 2022

7



Impact du microbiote sur l'efficacité vaccinale?

Elderly La faible diversité du microbiote
des enfants et des personnes
ageées correle avec un status
immunologique altéré et une

Infants
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/4 "
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P i Delivery mode . pjacenta + Diet
Vaccines Abx Health + Pathogen exposure

Breastfeeding + Antibiotics and other drugs
Probiotics

Developing microbiome

Inﬂar'nm"aging Frailty Fe.us

Host genetics,
including HBGA type

Microbiome Newborn

a-Diversity & Quantity

Infant

Vaccine efficacy

hn N i " L L i . L N f 2-3 years ’
age Vaccine performance
Immune development '
200
JNI

2023 Unique Environmental Factors and Biological Changes in the Very Young and the Very Old that Can Be Detrimental to Vaccine Efficacy
24¢s JNI, GRENOBLE Newborn children and elderly people undergo physiological changes and are exposed to environmental stimuli that can be detrimental to their immune system. Simultaneously, they
often experience decreased microbial diversity. These factors interplay to make them less responsive to vaccination.




vidence dans la littérature du role predictif du
microbiote dans les réponses vaccinales
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Gut microbiota in LMICs
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Diversity
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Quadrivalent influenza
vaccine immunogenicity
<
r

Model Vaccine

Host

Study Outcomes

Reference

Animal TIV, OPV
Studies

BCG, MenB,
MenC, PCV13,
Hexa

TV

Corelative RV
human studies

RV

RV, OPV

OPV

BCG, TT,
HBV, OPV.

HIV

Causation OPV
studies in

RV, Pneumo23,
T

TV

Mice

Mice

Mice

Rhesus

TLRS-mediated sensing of flagellin from gut
microbiota had an adjuvant effect on TIV and
‘OPV. No effect with adjuvanted vaccines or
live-attenuated yellow fever vaccine.

The mucosal adjuvant activity of CT was
mediated through the recognition of symbiotic
bacteria by Nod2 in CD11c-expressing
phagocytes.

Antibiotics-induced dysbiosis in infant

(but not adult) mice leads to impaired antibody
responses and elevated ex vivo cytokine recall
responses.

Subclinical CMV infection resulted in increase

Ghanaian and
Dutch infants

Pakistani and

Dutch infants

Indian infants

Indian infants

in butyrat ing bacteria and lower
antibody responses to influenza vaccination.
Microbiome composition was different
between RV responders and non-responders.
Ghanaian responders were more similar to
Dutch infants than to non-responders.
RV response correlated with a higher relative
bacteria ing to CI i
cluster XI and Proteobacteria.
No in mi i iti
between RV responders and non-responders.
Co-administered OPV reduced the response
to RV.
Enteric viruses have a greater impact on OPV
response than the bacterial microbiota,
pecially for recent irus i i

infants

Swiss adults

Indian infants

Dutch adults

American adults

High of stool

including Bif was i with

higher responses to oral and parenteral
vaccines and with higher CD4* T cell and
antibody responses 2 years after vaccination.
The immunogenicity of HIV vaccine was
correlated with microbiota clusters.
Antibiotics did not improve theimmunogenicity
of OPV, despite the reduction of biomarkers of
enteropathy and pathogenic intestinal bacteria.
Narrow-spectrum antibiotics resulted in higher
day-7 anti-RV IgA boosting and increased RV~
antigen shedding but no different absolute
titers. The antibiotics did not affect
pneumococcal or TT vaccination.
Antibiotics-induced microbiome loss impaired
antibody response in subjects with low pre-
existing immunity.

(Oh etal, 2014)

(Kim et al., 2016a)

(Lynn et al,, 2018)

(Santos Rocha et al., 2018)

(Harris et al., 2017)

(Harris et al., 20182)

(Parker et al., 2018)

(Praharaj et al., 2019)

(Huda etal., 2014, 2019)

(Cram et al., 2019)

(Grassly et al., 2016)

(Harris et al., 2018b)

(Hagan etal., 2019)

TIV, trivalent inactivated influenza vaccine; OPV, oral polio vaccine; CT, cholera toxoid; BCG, Bacillus Caimette-Guérin; MenB, Bexsero meningo-
coccal serogroup B vaccine; MenC, NeisVac-C meningococcal serogroup C vaccine; PCV13, the Prevenar 13-valent pneumococcal conjugate vac-
cine; Hexa, the INFANRIX Hexa combination vaccine, which contains antigens from hepatitis B, diphtheria, tetanus, acellular pertussis, Haemophilus
L type b, and i i i litis virus; RV, rotavirus vaccine; TT, tetanus toxoid; HBV, hepatitis B vaccine; Pneumo23, polysaccharide
pneumococcal vaccine.
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Role pejoratif des antibiotiques sur la

reponse vaccinale

RESEARCH HIGHLIGHTS

cells in vitro. Also, 5-OP-RU
was detected in the thymus after
cutaneous application o oral gavage.
showing that an external source can
reach thymic cels

‘The results indicate that thymic
MAITI7 cell development depends
on the remote production of
5-OP-RU by commensal bacteriaat | ISV RVNSSTNES
‘mucosal surfaces. This was confirmed
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Antibiotics Impair the Vaccine Response in Healthy Adults
*11 subjects were treated with antibiotics for 5 days and vaccinated with the trivalent influenza vaccine on
4

*Administration of antibiotics led to reduced microbial diversity and abundance and a consequential
reduction in secondary bile acids. This in turn led to increased inflammation and a diminished
vaccine response.



La sixieme revolution des vaccins

est en cours

1800s onwards; live attenuated 1950s; of the cornucopia of live vaccines made 2000s; driving the immune system
smallpox, rabies, tuberculosis possible by passage in cell culture, the work by in the T helper 1 direction with
(BCG), yellow fever, polio (oral Enders, Robbins and Weller lead to the Salk and stimuli such as vectors and
polio vaccine (OPV)) vaccines. Sabin polio vaccines. adjuvants.

. $ |
Att t Inactivati Cell culture of Genetic Induction of cellular
enuation nactivation - — ] et
* )

1880s onwards; killed vaccines for 1980s; Hepatitis B vaccine (HBV), the 1st
typhoid, cholera, whole cell pertussis, recombinant-antigen-based vaccine,
influenza, polio (inactivated incorporated the viral surface proteins, derived
polio vaccine (IPV)) . from molecular biology production.

Combination
vaccines

Vaccines for
noninfectious diseases

The
adjuvant

Sl

toolbox Immuno-engineering
and delivery
systems
Systems Y
vaccinology S

P
o ",

R |

Reverse
vaccinology

“UNI

2023
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Viral vector ‘—_ ’}' f Broadly
l ‘;/neutrallzmg Abs

Recomblnant
bacteria . & delivery

Structure guided
antigen design

Recent advances in vaccine design technologies
enabled by novel delivery systems



Comment améeliorer 'immunogenicité des vaccins?

Table 2. New Strategies for Inactivated Vaccine Discovery

Strategy

Protein-conjugated capsular polysaccharides

Reverse vaccinology

Antigen identification by transcriptomics and proteomics
Structural analysis

Development of new adjuvants (including cytokines)
DNA plasmids

mRNA and self-amplifying RNA

Table 3. New Strategies for Attenuated Vaccine Discovery

Strategy

Temperature-sensitive mutations and reassortment
Viral recombinants and deletion mutants

Codon de-optimization

Vectors that present genes from pathogens

Abbreviation: mRNA, messenger RNA.

Plotkin S, CID 2023

“UNI

2023
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System vaccinology
Reverse vaccinology
Structural vaccinology
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La system vaccinology devrait permettre d’accélérer le
développement des vaccins de sixieme géneration

a) Vaccines with unknown correlate of protection

>1000 vaccinees (Phase 2/3 trials) Retrospective Identification of

5 “ 4 ::::;?3,23,“\1\ 1 o

0

b) Vaccines with established human challenge models

~30 vaccinees (Phase 1 trial) Identification of
Challenge early signatures Prediction of

that correla}e with protection
protection =

[ & >| o >Pro(ected II -

>1000 vaccinees (Phase 2/3 trials)

Not protected
c¢) Vaccines with known correlate of protection

Identification of
~30 vaccinees (Phase 1 trial) ea?ll; Is:;?\ ::: r:s
that correlate Early prediction

/" with response _ - of response
) Hevreonien oty R )

f=s_-
NI w o >1000 vaccinees (Phase 2/3 trials)

2023 Low-responders
‘ 24es JNI, GRENOBLE




La system vaccinology devrait permettre d’accélérer le
developpement des vaccins de sixieme géenération

»

Longitudinal Studies —— Systems Biology —

Large-scale, long-term
studies across diverse
populations in well-
studied cohorts

soie rotain of the sans-cov-2

[ Virus Protein Sequence |

-

| Multi-epitope Vaccine -~

% B-cell Epitopes Prediction }»

% ® &

Frontier Analytics & Al
Application of frontier
analysis tools (causal
inference), Al and

Intensive biological
monitoring of immune-
omic responses, creating
the largest data set in machine learning
biomedicine

Evaluation and Selection

TTRTQPPAYINSFRTG,
) ) SGTNGTKRFONPYSSA,
Best Vaccine Subuntis pointpeg

Construction

‘ Clone and Express

Spike Proteinof the SARS-Cov-2

[ Virus Protein Sequence 4‘ DeepVacPred
N

Fight

4
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RGVYYPDKVFRSSVLFP,
SGTNGTKREDNPYSSA,
SNCVADYSVLYSNSAQ,
FKNHTSPDVDLGDISGI,

I TTRTQLPPAYTNSFRTG,

|

Epitope Prediction

L
8 cell receptor binding prediction|
+ T cell receptor binding prediction}

Best Vaccine Subunits

Vaccine Subuntis }— Evaluation ‘

Antigen Selection

TIRTQLPPAYTNSFRTG, + Immunogenic antigen prediction

SGTNGTKRFONPYSSA,
FKNHTSPDVDLGDISGI,

Vaccination
cohort(s) %
Input data Outcome

a Clinical data :nhbody response
/ L *“'

Genome

j v

T cell response

Transcriptome —— 4 = — . i &
= / Machine T
Proteome/ " Learning Adverse events
Metabolome 5
©:: Mass cytometry-
Protection
@ Cytokine profiling o 'I'T

Immunogenicity
Prediction

Computational-driven Vaccinology

SARS-CoV-2

Toxicology &
Allergenicity Prediction

 Binding-based toxicology prediction
 Binding-based allergenicity prediction
+ Vaccine-induced infection enhancement prediction

COVID-19
Vaccine



Vers le développement de |la
vaccinologie structurale

MenB vaccine development

Preclinical reverse vaccinology

98

2158 ORFs
identified in the
MenB MC58
genome

570 ORFs predicted |
to encode surface-
expressed or
secreted proteins

350 proteins expressed O . AR \
in E. coli, purified and > & > U
PR

used to immunize mice O
Serum bactericidal activity

91 novel surface- FACS 2 or
exposed proteins 260 | 0 R
identified 3 8100

B0 5

5 £ 50 ]

. s 50% bactericidal

28 novel proteins 22 3 g
induced bactericidal & 0 IR e i

L 0 10 1
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component vaccine 6) b & J
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i 3
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& 20
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A 4
Vaceine —— (g
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Reverse Vaccinology
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Développement d’outils pour
la vaccination structurale

ARTIFICIAL GEN; Circuits
Purirication oF MICROBIAL ELEMENTS
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La révolution des vaccins ARNmM

Conventional mRNA
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Conventionnel ou auto-réplicatif? Antigénicité? Réactogenicité?
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Mecanismes d'immunogenicité/réactogenicite

des vaccins

LNP mRNA

LNP-mRNA (modified RNA) LNs LNP-mRNA Blood
(unmodifed, SM102)
% Injected site
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l l Ten ceII 1 B cells I
A\ CD8* T,1 cells — IL-1Ra
‘< T cells <
—— ® —
NK cells I P
gg 1R Type | IFN
| TIR ype 1TFNS
Memory ||MyD88
Memory Memory B cells e | J_
CDB" T celid CD4" T colls A ype IL-6
== . IFNs Antigen translation
77 |
Lung? Lung? Antibody Plasma Bone
cells marrow
Reactogencity (boost) Immunogenicity Reactogencity

24es JNI, GRENOBLE

Kobiyama et al., Nature Immunol. 2022
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Les vaccins ARNmM un vrai « game changer »?

Natural infection Licensed seasonal vaccines
Hemagglutinin
IA) Neurar(nmmidase S *
Lo = 1
z !
o ()
E Quadrivalent formulation
N [ Matrix protein (influenza A and B) .
z| » Dans PNAS, McMahon rapporte un nouveau vaccin
2 quadrivalent mRNA modifié HA, NA, NP, M2 efficace
Mostly adapted to egg and cell culture, CheZ la SOU”S
one recombinant vaccine
E Strain specific response Hemagglutinin mediated response
g Mostly non-protective antibodies 40-60% protection PaS pO U r tO Ut PR
= Original antigenic sin Need to update every year e . . . N
— — Qualité confoirmationnelle des antigénes?
|
+ Réponse mémoire courte?
FUTURE . ,?
Universal pandemic vaccines mRNA vaccines I n d u Ctlo n m u Cosa I e -
% Strain match
= Rapid & scalable production
ﬁ B E @ Additional antigens
% Chimeric HA antigens ! ﬂ 8 [ )
E Protein nanoparticles HA full length M2 NP
= HA stalk and stalk
Z L .
g § Bro_ad antibody fesponso (multi;;Blggigggas?g‘;ﬁc:r?gm%sponse)
= | Antibodies to conserved epitopes Cell-mediated protection in mice
24es JNI, GRENOBLE = 19

Pecetta et al., PNAS. 2022



Attrait de I'immunité hybride ou des stratégies
de prime-boost heterologue

Hybrid vigor immunity with COVID-19 vaccines First Last

Hybrid vigor can occur when different plant lines are Vaccinaﬁon\ Infection %

bred together and the hybrid is a much stronger or or

plant. Something similar happens when natural immunity oieciey '3* ' Vaccination \

is combined with vaccine-generated immunity, K’ @

cven oy manrory Bl and s Toaeond - WY Shor rena Long e Heterologous mieux que Homogeneous

broader cross-protection from variants.

Infection + vaccin mieux que vaccin + infection
Espacement des doses

\)ﬁz— NeutraliziliSs X Meilleure mémoire immunitaire

g Meilleure immunité mucosale

Variant cross-reactivity
Alpha/Beta/Gamma/Delta/Omicron

@ Memory Beells @ Antibodies Y Antibody levels = )—
@ CD4*Tcells « CD8Tcells

ity /accine i ity Hybrid immunity

Level of immune protection against variants

Non-Omicron Omicron
S, Ancestral Delta BA.1 BA2.12.1 BA.4,BA.5
§T%, %% B v
‘f@ £ grﬁ ,»»’ ;;f« »E titers and spike-specific B cells a High High Low Low Low
S pc A }\% o,
Homologous mANA vaccines %ﬁg 4 ﬁ‘ b %\—» Medium  Medium Low  Low Low
U ‘\\ # High High  High L L
SR c —_ —— Hig ig ig ow ow
g >0 v’\vﬁv’
R/ d %\—»@ﬁ High High High  Notknown Not known

Heterologous vector or mRNA vaccines

R4 e #ﬁ%\—> #—> High High Low Low Low
Cellular immunity: SARS-CoV-2 Ancestral or Delta Omicron -
24= JNI, GRENOBLE @ @ @ Sﬁékggg??}"geﬁf“' (and variants) # Alpha infection @ infection infection Vaccination 20

Homologous vector vaccines




Déeveloppement de la vaccination mucosale

Mucosal vaccine delivery

‘/

Oral mucosa Ocular mucosa

~ Respiratory Enteric
Respiratory route of infection Oral-faecal route of infection

No approved vaccine

No approved vaccine

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

Différentes voies

@ ‘ ‘ Safety?

Shigella
200,000 deaths p.a.

e N
>50,000 deaths p.a.

50% of world population
infected

Resplralury tract Vaginal mucosa

Gaslmlmestlnal

Vibrio cholerae

Inactivated

e Dukoral Oral — aqueous Biopolio (bOPV) Oral — aqueous
position: Composition:
o @ herndiomacee- @) oI
inactivated O1 serogroups polioviruses 1 and 3 serotypes
(Inaba + Ogawa) + CTB. (5” non-coding region
attenuation)

SARS-CoV-2
>2.6 million deaths p.a.
>115 million infections p.a.

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

Bordetella pertussis
160,000 deaths p.a.

>24 million infections

& Euvichol, Shanchol q e EEraTOrY

rol—.
Composition: A N Erl=cnn
heat and formaldehyde- A Composition:
inactivated O1 serogroups 3 culture passage attenuated
(Inaba + Ogawa) + 0139 B polioviruses 1,2and 3
serotypes (5 non-coding

Live attenuated region attenuation)

Vaxchora Oral —aqueous.

Composition:
.‘_\ live attenuated 01 serogroup
(inaba) - ctxA attenuation

Rotavirus.

Sexually transmitted

Haemophilus influenzae
48,000 deaths p.a.
>40 million infections p.a.

Rotateq Oral — aqueous No approved vaccine

Composition:

pentavalent— five
bovine
Influenza A and influenza B viruses reassortant m’xawmses 700 000 related deaths p.a.
: {expressiond! G1,G2.C3 1.7 million new infections p.a.
FluMist/Fluenz Nasal — spray with P1A)
Composition: L. "
uadialent antigens from Hepatitis C virus
ulating strains
e o ont 400,000 related deaths p.a.
attenuated, cold adapted tarix ral — aqueous S -
donor influenza vector 1.7 million infections p.a.

Composition:
novalent — culty

passage attenuated (G1

with P1A expression)

Salmonella typhimurium

Typhi Vivotif Oral — capsule
Compositior
“Live attenuated Ty21a s

Trés peu dAMM La grande majorité des pathogénes traversent
o [ efficacement les muqueuses 21
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Développement de la vaccination mucosale

a Protein antigens

e.g. liposome,
microparti
nanopartic

@
@ @% Enterocyte

Prevalent
clearance and /
degradation ﬁ
in mucosa —4‘

| Goblet
7 cell

L2
32

Plus adjuvant

dmlLT or manno:
of microparticles/
nanoparticles

b Whole cell vaccines

" Prevalent
wekandive @y (N

degradation in
W/ mucosa

/ ¥

Plus adjuvant,
e.g. o-GalCer

Immune cell targeting

and enhanced
trafficking and
response

g

ol

Dendritic cell

%?

Protection Immune cell

and enhanced targeting

uptake and enhanced
response

i € Viral vector

| Cargo of nucleic

! acid encoding
| antigenic targets

Plus encapsulation

Enhanced protection,
uptake and responses;
immune cell targeting

Optimum formulation

Effective delivery and adjuvant inclusion =
targeting and activation of APCs and enhanced
trafficking of antigen to draining lymph nodes

24es JNI, GRENOBLE

Activation, expansion and mobilization of adaptive
immune cells to effector sites

Capsule (filled with
powder formulation)

LoValTech, Tours, France

Adjuvants: Particulate carriers:

Bacterial enterotoxins ;
(LT.CT)

TLR-agonists  ; Non-TLR immunostimulants
1 (MPL, CpG, flagetin} 1(immune activators, soluble factors)y
'

— °

Polymer- and lipid-based particles

'
'
'
'
'
! Souble—. , |
'
'
'
'
'

antigen »

v

Besoin de « devices » efficaces
Besoin de meilleurs adjuvants



Cibler les cellules résidentes mémoires
au niveau des muqueuses

1.Priming SN /
\,% M °
oo | mS?]%Oigtgias_V_fsues \/\(/% .\\. ! g Nasal vaccine o T Inframuscular vaccine
\ ™ S
B cells ¢ R/ ko

2.M|grat|on ° o and/or derived metabolites

Tcellsm \ ‘ § e \' ®. / M . - w’v‘a&" A———
</< \\/ « 0 g ‘ Infection )
° = ,/ % Signals from microbiota ’ \%f \\ //
74

Virus shedding

Mucoss JE JE JE JE J8 JU JU JU JE JN

oo Local cytokine signals
3.Induction Trm '.'.' FEg L2l 3.Induction Brm

Local antigen encounter

~. ‘. Local antigen encounter

VHC" ° fcusg
TCR 0%e0 ? o
o
ORI Ccb4 Trm
o fcmoa MHCII
Local cytokine signals TCR
e.g. TGFbeta, IL-21 ‘CCR7 TCR
Jeoezt
Local cellular interactions
4.Maintenance

»1gG "‘_Ig A # Resident memoryBcell « Resident memory T cell
L2 o 4 Maintenance LoValTech

Adjuvants
“UNI Vaccins vivants
B 24 N1, GRENOBLE Voie muqueuse 23




Les challenges de la vaccination pediatrique
(immunisation precoce & multi-dose)

A B
/
imﬁnnz:\ei;':f‘iltm Breastfeeding Nirenv::t?rrl?z/c;'t‘if::' Probiotics
Kollmann, Kampmann, Mazamian, Marchant & Levy, Immunity 2017
Vaccine o] e | e | we | e | ohe [ we [ e ("R T | %
Hepatitis B virus (HBV) ( ) € ) ( ; )
Rotavirus (RV) < l:l[j\[_] ‘
Diphtheria, Tetanus, Pertussis (DTaP) 1l ) ‘ ( ) [ I‘ |
Haemophilus influenza type b (Hib) )| )| | )
Pneumococcal conjugate vaccine (PCV) I ljl )L )
Inactivated poliovirus (IPV) | l‘l } ; ) ‘ =
Influenza virus ‘ ‘ [ /! Yearly seasonal dc;se
Measles, Mumps, Rubella (MMR) /  ———
Varicella virus e ————
Hepatitis A virus (HAV) / [ Two &;oses ‘ |
24:] NI Meningococcal conjugate vaccine (MCV) ‘//‘// ‘ ’ | @

2023 Lack of early

Grenobl 24es JNI. GRENOBLE immunization
’ Sanchez-Schmitz G , Levy O Sci Transl Med 2011

Dose1 [[] Dose2 [[] Dose3 [[] Dosea [} Doses [] 24



Intérét de 'immunisation maternelle

P —————

: I I

: Dan L Longo, M.D, Edior

1 Maternal Immunization

I Saad B. Omer, M.B, B.S, M.P.H., Ph.D.

l\ N ENGL) MED 376{13 NEJM.ORG MARCH 30, 2017

U4

.

Streptocoque B

N

s’

Comment I

Group B streptococcal maternal vaccination, the goal is near (@

1
1
1
1
1
1
1
1
1
1
U

Irfections are the Soremast cane of necraial morslity

n The Lomcer infectioes Discaes, Shabie Machi and
colengues’ mpert the firt phase 102 amdomeed tral
n 2 traient GBS vactine in 60 nonpregrmnt and
320 pregrant (m the thin! trimesten) Feaity bick-
Afcarwomen?

i s ricn income countrie: orevention auids.

ratemal probecive iy, redtng v 3 fpedfc
transplacessal Ig6 passage. IgG transfes woud protect

" neonates fom binth thiough the Bt wesks post

partum, whes lts-oroet disease oo

Miadt s colleaes present reits from e irge.

and challenging andomised tial o 2 mew cpslar
polysacchre tradlent vaxine bued on (M as [
the conpgaie protein. The cpads poyaciunde (3
reoresaraed sarceroes I Ib 3 I which e azzociated,

Articles W

Maternal immunisation with trivalent inactivated influenza @ ®
vaccine for prevention of influenza in infants in Mali:
a prospective, active-controlled, observer-blind, randomised

phase 4 trial

S e Waka ot Fon oty o st b Manykta i adea reomasoete. KR

Moussa Doumbig, Doh Sanogq Ellen DeM att, Nicholas H Schiuterman, Andrea Buchwalkd Karen L Kotloff, Wilbur H Chen, Evan W Orenstein,
Lauren AV Orenstein, julie Vilanueva, joseph Bresee, John Treanor, Myron M Levine

Safety and immunogenicity of an investigational maternal @ "y ®
trivalent group B streptococcus vaccine in healthy women
and their infants: a randomised phase 1b/2 trial

Shabie A ok el Cotond Lo " Frdoid Witke",
Ajke Sbanjo-ter Meulen. Shery Bakr et 1 D, Vas Norasimban’ KarenSobod

Vaccin polyosidique conjuguéseérotypes la, Ib, et lll

VRS

nanoparticule dirigée contre la protéine de fusion du VRS

Warmnen of Chiklbearing Age and RSV F Vaccine o JID 2006:213 (1 February)

“UNI
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The Journal of Infectious Diseases

A Randomized, Blinded, Controlled, Dose-Ranging

Study of a Respiratory Syncytial Virus Recombinant
Fusion (F) Nanoparticle Vaccine in Healthy Women
of Childbearing Age

Gragory M. Gena" Lo . Frien 8 Ngel Thoms, Gale S’ s Kpumagan Wi L’ Dvid o Denl Joi" Sonka P. Wckman s
et

BIDSA L

e e Gt Mo e .

o = TIN EffCay 250
- =TI [HAl)
. — — MOV [HAT)
200
z e o
- - -H""'\-\.
g” . :
‘E ) N g
? i
100 &
i i
s =
- . 50
10 i — —
z (]
1] 0
1] 3 23 #5
Age (monkhs)
TV efficary  66-5% (37610 99-4) 46-4% (447 0 E19) 88% (-69-81051-2)
TIV (HA) 1416 (102600 195-4) 390 (20-5t0515) T NEI04ET)
MOV (HAI)  72(128tw231) 121 (B3 to 7-6) 183(10910307)

Figure 2:Vacane efficacy and HA| antibody geometric mean titres in infants, by age and matemal vaccing group
[Error bars and data in parentheses show §5% Cls TIN <trivalent inactivated influerea vaccne. MOV -quadrivalent
meningococcal conjugate vaccine. HA - hemagglutination inhibition antibodies.




Developpement d’outils pour la vaccination de précision

96 well whole blood (left) and MoDC array (right) = S
Hypothesis ~
generating == m wn = S AQ

Licensed

DISCOVERY

or novel *Modéles in vitro | ex vivo adaptés

vaccines

DEVELOPMENT

Endothellym Lymphocytes

DAL/, Tremscrictomics Pre-clinical Targeted Human In vitro / *Modeéeles in vivo adaptés
~ Models (newborn, elderly etc) 4 )
Appropriate

anis! *Challenges?

Metabolomics models

Systems Biology /
(OMICs) | ;
7
% Targeted

Clinical Trial

N )
#' % Proteomics

-

<'\

&’

“‘UNI
2023
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Le Challenge Humain pour acceléerer le développement

des vaccins?

Different
vaccines

Homologous/heterologous  Effective

vaccines

Controlled human
infection model

Challenge malaria

A Mosquito

Phase 1: Malaria challenge

Phase 2: Anti-malaria drug

pp ion of asexual p

B Cryopreserved
ring stage parasites
[Induced Blood
Stage Malaria
infection (IBSM)]

&
0 ’ P ¢ \; bite challenge
5 ' ) ' }' So e

_, 1000-]
E
Conceptualization phase Translational phase £
& 100
Screening  Enrolment Study visit Study visit Post challenge
1014 days C Ring stage parasites
o o Participants monitored Phase 3: Direct Skin Feeding Assay (DSF) and Direct Membrane Feeding Assay (DMFA)
i closely in inpatient/outpatient
° c 1-3 months Setting {\ Direct Skin Feed Assay (DSF) Day7t09
15 Administer Participants p § )
£ vaccine challenged - - ﬁg}?\?ected Oocyst enumeration
h A —
o o g with the / Anopheles '27 g “ P
g pathogen ( I mosquitoes feed s
A\ on person with
{ Rescue treatment/ standard | | circulating
e o, % of care based on development J | CEIEEEED
0 TROR of symptoms or after a few J/ \ ‘\
Administer Participants days as per protocol 4 | R N G
placebo challenged with W o
the pathogen | Sporozoite enumeration
i
X —
Samples (blood, stool, urine, saliva etc.) collected for laboratory testing and analysis < &
during ing, post ination, post ge on daily follow up and for long-term
ZU N | follow up. ]
/

2023
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Ameliorer I'efficacité vaccinale dans les populations a
risques, oui mais comment?

Factors associated with
reduced vaccine response

Lymphocyte iIncompetence

/ \

Inborn errors of immunity*

*  X-liked agammaglobulinemia

* Common Variable Immunodeficency
« Selctive gA daliciency

* Hyper igM syndrome

* Severe Combined

* An8-CD 20 therapias

mm agents

methotrexate/azathicpring

* Glucocorticoids

Others Factors * Combinaticn regimans

* Older age (SOTR)
* A026.COV2S vaccing

“UNI

2023
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Immunosuppressive medications

* Ans-T cell co-stimulators
* Belatacept > Abatacept

SARS-CoV-2
vaccination

T-helper
cells

B-cells

*@*@

Plasma/
Antibody
secreting
B-cells

*@

Antibodies

Y'Y

\,

igen

@‘"Z

presenting
I}

/\

v
@ =
@M

Potential strategies to
enhance vaccine response

* Additional vaccine doses

*  Vaodne platiorm

* Hatarologous additional doses
* Peri-vaccination modulation of

T cells

amovy

High dose (Flu)
Vacins vivants/autres
Immunisation maternelle

Adjuvants

Voie muqueuse

*  Pre-exposure immuno-

prophylaxis (MADs)

Other protective strategies

+ Masking
« Access 10 1esting, early intervention

with antwiral thecapies (Paxlovid, Molnupiravin)

+  Post-axposure Immuno-prophylaxs (mAbs)

— Populations
[ X ]

W

Healthy individuals

Immunocompromised

Older adults

W2

Infants

Complementary ___
strategies

Active immunization

Virus neutralization by

stimulating a robust immune
response

% Vaccines

Passive immunization

Direct virus neutralization
for those who cannot mount a
sufficientimmune response

\1{/ Antibodies

Technologies

Next-generation
vaccine technology

T

g

PV VNG, ¢ SEEGAAA
by A

Self-amplifying RNA vaccines

Antibodies

Accelarated human antibody

W

High-yield manufacturing

Long-acting
modifications

_ Pathogens _

SARS-CoV-2

Influenza

Bloquer I'inflammation

FMT

Sérothérapie

Planifier la vaccination

28



Futur de la Vaccination?

*Epidemiologie des pathogénes émergents et des zoonoses
*Vaccination personnalisée/précision (HLA, sex etc..)
*Structurale et reverse vaccinology

*Nouvelles plateformes vaccinales (mMRNA)

*Nécessité d’avoir de nouveaux adjuvants (approuveés)
*Nouvelle stratégies pour induire une meilleure mémoire
*Réduire la réactogénicité

*Développement des stratégies muqueuses (device)
*Comment mieux vacciner les populations cibles

“UNI
bl 4. | GRENOBLE *Améliorer I'évaluation (CHIM model)

Resolution

Data Model
Sequences
E t E ﬂ Phylogenetic
trees
e ALL—LEL
% Population

genomics

[ N
Population-level ' v A
i
S

Prediction Outcomes

Transmission
®, Intervention design
0/ N
N 7 ¥©
© N
Evolution and
selection
Vaccine design,

*a resistance control

Clade growth
Effective and
efficient deployment
Gilobal trends ploym
. 5 o [ ]
M
Problem Solution

More stimulus of Tth cells

Role of IL-7?

Stronger induction of innate
immunity by TLR agonists

Multiplicity of virulence antigens in Antigenomics—analysis of
complex pathogens natural

immune responses

Polyepitope vaccines
Structural biology
Systems biology®
Add cytokines or

Immune memory

Multiple HLA types
Conserved epitopes
Finding correlates of protection
Immaturity and postmaturity of the
immune system
neutralize cytokines?
Mucosal immunization with Use nanoemulsions?
nonreplicating antigens
Adjuvants capable of selectively Use single or combined
expanding cell types: dendritic, B, Th1,
Th2, Th17, CD4*, CD8™, or Tregs
TLR ligands?
The difficulty to generate T-cellimmunity ~ Adjuvants?
without replicating vaccines

Abbreviations: HLA, human leukocyte antigen; IL-7, interleukin 7; Tfh, T follicular helper;
TLR, Toll-ike receptor; Tregs, regulatory T cells.
“Analysis of humoral and cellular immune responses.




