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Antibiotiques et résistances

» Fin des années 1930 : découverte de la pénicilline

» Révolution pour la médecine

« Emergence et diffusion de résistances aux antibiotiques

Table 1 Global antibiotic resistance levels associated with major bacterial pathogens

Thanks o PENIGILLIN 2,

...He Will C.:om't'(_s Home !

Resistance rate

Pathogen United States S. Africa UK India Australia
S. pneumoniae 17-34 ND 7-8 ND ND

S. aureus 0-45 0-29 0-11 2-94 0-18

E. coli 1-55 0-84 0-66 11-92 0-55
Enterobacter spp. 5-88 3-100 ND ND 3-30

K. pneumoniae 8-22 2-68 0-14 2-80 0-9

P. aeruginosa 5-26 1-35 3-14 0-69 ND

A. baumannii 6-49 2-41 2-9 3-90 ND

M. tuberculosis 0-2.9 3-5.9 0-2.9 ND 0-2.9
N. gonorrhoeae 0.1-70

0.1-3 0.1-70 0-70 0.1-70

Data from 2000-2014, source: Jansen et al, Nat Med 2018



Mecanismes en jeu

Genetic evolution

Microorganism _
(mutations, genes transfer)

Ecology of pathogens
(colonies, competition and synergy)

o Colonization & infection of ecosystems
Individual (gut, skin, naso-, oro-pharynx)

Immune response
Antibiotic exposure

Population Between-host transmission (heterogeneous)
Public health policies




Emergence, colonisation, transmission — un
phénomene dynamique

Modélisation particulierement appropriee

Décolonisation naturelle

H
A Colonisé | ... >
bactérie sensible
/'IO ........ > Suscepﬂble Contacts l Emergence (p)
B H
% |
The relationship between the volume of antimicrobial Measuring and Interpreting Associations
consumption in l.luman communities and the between Antibiotic Use and Penicillin Resistance
frequency of resistance , )
(amtibiotic resistance,/ population genetics / mathematical biology /drug consumption) ]-n Stre_ptococcus pneumontﬂe

D.J. Austin't, K. G. Kristinssons, anp R, M. Anpersont
Proc, Natl Acad, Sci, USA Marc Lipsitch
Vol. 9n, - | 152-1156, Fuhru;u'_\' 1994 Department of Epidemiolagy, Harvard School of Public Hesalth, Bostan
FOPRIRIL gy el s Clinical Infectious Diseases  2001;32:1044-54
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Mesures proposees pour limiter la
diffusion de la résistance

» Antibiotic stewardship : réduire, optimiser 'usage des antibiotiques
existants

Eg campagne « les antibiotiques c’est pas automatique » en Fr. ' @\%
2003 i
. . p- . . WITHOUT ANTIBIOTICS
Paradigme « ldentification first » e e
» Developpement de nouvelles classes antibiotiques
medicine

Vaccines for Antibiotic-
Resistant Bacteria: Possibility

The role of vaccines in preventing or Pipe Dream?
bacterial antimicrobial resistance o Gt L st wihosl 1. WoConrell

Kathrin U Jansen, Charles Knirsch & Annaliesa S Anderson I

ntents lists available at ScienceDirect
\/accine

Vaccine ﬂ!@

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

Short communication

Enhancing the role of vaccines in combatting antimicrobial resistance @Cmm

Charles Clift *, David M. Salisbury
er m 105¢

5 Centre on Global Health Security, Chatham House, James's Square, London SW1Y 4LE, United Kingdom




Réduction de la résistance par la vaccination
- Mécanismes d’action

Effet direct

Direct level

Pathogen

Health level

Care

Population
Teven

[

Focal pathogen (bacterial)

Non-focal pathogen (viral, bacterial)

Vaccination against disease caused by
drug-resistant or drug-sensitive bacteria

Vaccination against non-focal pathogen

v

v

Fewer susceptible to disease caused by
drug-resistant or drug-sensitive bacteria

Fewer susceptible to non-focal pathogen

Less carriage or infection

Y

Fewer cases of non-focal disease

Lessonwtl
transmissihn I 4

v

Vaccination against carriage of drug-resistant
or drug-sensitive bacteria
Fewer susceptible to carriage of drug-resistant
or drug-sensitive bacteria
| Less colonisation
Reduced transmission ; ¢
Fewer carriers Fewer carriers
Less onward | of (.irug- of drt{g- Less arierd
b resistant sensitive transmission
transmission | bacteria bacteria
Reduced LessHGT and
within-host fitness Fewer mutation | Fewer
»| drug-resistant |« P drug-sensitive | | Less disease
bacteria bacteria
Less disease
l Less HGT Less HGT l
- . | Less disease
Fewer disease cases caused by drug-resistant [
or drug-sensitive bacteria - -
Less co-infection
Less sele.ction for Less treatment seeking
drug-resistant
bacteria via...
Reduced antibiotic use <

o Reduced collateral use of antibiotics

Figure 2: Pathways through which vaccination against focal bacteria and non-focal bacteria and viruses can control antibiotic resistance.
HGT=horizontal gene transfer.
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Un autre effet indirect eécologique —

modification de la flore

Exemple de la flore respiratoire

» Commensal bacteria
S. pneumoniae
S. aureus
H. Influenzae
N. meningitidis
M. Catarrhalis ...

« Respiratory viruses
Respiratory Syncytial virus
Influenza A, B
Rhinoviruses
Adenoviruses
Coronaviruses
Parainfluenza viruses ...

MNasal cavity

Nasopharynx

Oropharynx

Laryngopharynx

iy ’

o o

A A
e ﬁ

Interactions synergiques ou
competitives pour I'infection ou
la colonisation de I'hGte




Implications en terme de vaccination

» 2 microorganismes en interactions, P1 and P2
» P1 est ciblé par une vaccination, quel effet sur P2 ?

+1 T+
c A
L . S2 T
S  Synergistic : =
. -
% immuno- ®
. 0
Q. supression ... 0
o S,
o) > 0
8 P1 Control effectiveness D
N neutral _ | - 8
= SA 2
E competitive : 5
O cross =
= : o
g mmunity ... Q
)
| -
2 -]
< - P1 Control effectiveness -

[adapted from Randuineau et al, in preparation]



Réduction de la résistance par la vaccination
- Mécanismes d’action

Effet

indirect

Direct level

Population

Pathogen

Health level

Care

level

level

level

Focal pathogen (bacterial)

Vaccination against carriage of drug-resistant
or drug-sensitive bacteria

Non-focal pathogen (viral, bacterial)

v

Vaccination against disease caused(ly
drug-resistant or drug-sensitive badjeria

Vaccination against non-focal pathogen

Fewer susceptible to carriage of drug-resistant
or drug-sensitive bacteria

v

v

| Less colonisation

v v

Fewer susceptible to disease causedfby
drug-resistant or drug-sensitive badjeria

Fewer susceptible to non-focal pathogen

Less carriage or infection

Y

| Fewer cases of non-focal disease

transmission | A

>
Less onward

Reduced transmission ; ¢
Fewer carriers Fewer carriers
Less onward | of (.irug- of drt{g- Less arierd
b resistant sensitive transmission
transmission | bacteria bacteria
Reduced LessHGT and
within-host fitness Fewer mutation | Fewer
»| drug-resistant |« P drug-sensitive | | Less disease
bacteria bacteria
Less disease
l Less HGT Less HGT l
] ] | Less disease
Fewer disease cases caused by drug-resistant [
or drug-sensitive bacteria
Less co-infection
Less selection for Less treatment seeking
drug-resistant
bacteria via...
Reduced antibiotic use <

o Reduced collateral use of antibiotics

Figure 2: Pathways through which vaccination against focal bacteria and non-focal bacteria and viruses can control antibiotic resistance.
HGT=horizontal gene transfer.
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Exemples de vaccins ayant démontré un effet
de réduction des infections resistantes

» Vaccins ayant considérablement réduit (voire élimineg) le
nombre d’infections par le pathogene ciblé

Ex : Haemophilus influenzae b

» Vaccins ayant modifié I'ecologie du pathogene ciblé
Vaccins conjugués anti-pneumococcique (PCV)

» Vaccin reduisant indirectement la prise d’antibiotiques et le
nombre d’infections secondaires résistantes

EX : vaccins saisonnier contre les virus grippaux
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Cas du pneumocoque en France

Epidémiologie et modélisation




Exposition aux antiinfectieux

» S. pneumoniae : bactérie commensale et pathogene

» Recommandation du vaccine conjugué anti-pneumococcique (PCV)
2003, 2006, 2010

» Campagne pour la réduction de l'usage antibiotique

Campaign {5,
“Antibiotics are not L urnce (L;%T/{\F\)NST L%IT%M%JQ%%

automatics”

ST T T T T

>
| | | | | | | |

2003 2004 2005 2006 2007 2008 2009 2010 Years
Start of PCV7 use Vaccination of 90% Start of PCV13 use

children <2 years old

Vaccination restricted to
risk groups (30% of
children <2 years old)




Remplacement écologique (méningites,

données CNRP 2001-2010)

2005-2007
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Evolution de la résistance

pneumoniae de sensibilité diminuée a la pénicilline en France

D=

Plan antibiotiques?

63 062 souches étudiées
60 -

50 -

40 -

30 -

% de PSDP

20 -

10 -

1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1098

National plan for decreasing antibiotic cong
7-valent pneumococcal conjugate vaccine

¢ PCV7?

y

PCV133

— ||

Bl Pre-PCV7 e Penicillin (MIC > 0.064 mg/L)
20 Amoxicillin (MIC > 0,5 mg/L)
e Cefotaxime (MIC > 0,5 mg/L)

.——'/ s Erythromycin (MIC > 0.25 mg/L)

o
[=]

oY,
Q
O
—
D~
.
M-
3.
D
wn

No of cases / 100 000 pop
» >
) =}
3 55“
/
xR

15
—-\_\//\_\'—\__— 10%
3%

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

o
°

Figure 50— Evolution de I'incidence des pneumocoques de sensibilité diminuée aux béta-lactamines et aux macrolides isolés de
bactériémies, 2001-2016. (Sources : Données Epibac et CNR des Pneumocoques). Pre-PCV7, période précédant l'introduction du vaccin
conjugué 7-valent.

13-valent PCV

Mieux comprendre ces tendances-?
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Un modele de transmission de la colonisation par de

souches S et R,

Non Vaccinés

y VS y NVS
S
Avs VR VR
/1NVS
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VS e O s NVS
AVR ANVR
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Que predit le modele pour les méningites a
pneumocoque ?

Annual PM cases (per 100,000)

Annual PM cases (per 100,000)

0.2+

0.0+

PCV7 and no antibotic reduction

099 o098 o098 099 1

1.0 ®re ety Wicr s e e g asin,s ey O

10 No PCV7

O Low PCV7 coverage
High PCV7 coverage

. : T Invs
- I
T =

1
2001 2002 2003 2004 2005
Year

2006 2007 2008 2009

- D’une réduction du nombre d’infections par bactéries résistantes
=> [mportance des conditions initiales en terme de composition du vaccin (%l

B Antibiotic reduction and no PCV7
1.24
102 103 103 104 1,04 104 1.05 1.05 1.05
10_ EEEREEE " EEREEER | " ERREREE CEEREREE B P T EE |
| Total
0.8 B Vaccine penicillin-susceptible
= : B Vaccine penicillin-resistant
E ngAL%Giggﬁhon @ Non-vaccine penicillin-susceptible
@ Non-vaccine penicillin-resistant
0.6
.11 T nvs
0.4 I I . + 3
i1 TwR
0.24 .. > . . T7..%. .8 ~%
S T T B . O
0.0-
_|_—'_W_
2001 2002 2003 2004 2005 2006 2007 2008 2009
Year
Prediction :
, .
- D’un remplacement vaccinal
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Que predit le modele pour les méningites a
pneumocoque ?

A Reference scenario: PCV7 and antibiotic reduction

1.2+
= 102 103 103 103 103 103 104 106 107
8 e o @ oo movie "R I i swncnns W | DR LR
8 1.04
o
= | Total
. _| @ Vaccine penicillin-susceptible
2 0.8 @ Vaccine penicillin-resistant . NVS
o @ Non-vaccine penicillin-susceptible I
o Non-vaccine penicillin-resistant :
@ 0.6 I
[&] e ]- .
= _
o T 4
§ 04—IIII 4
=< 0.2 A A A 4 " . T

LN - r ; < S i o ]
i B B e T % %,iVR
-l [] .
0.0+

2001 2002 2003 2004 2005 2006 2007 2008 2009
Year

Effet synergique des deux mesures
17 [Domenech, Pons et al, 2015]



Réduction de la résistance par la vaccination
- Mécanismes d’action

Focal pathogen (bacterial) Non-focal pathogen (viral, bacterial)
Vaccination against carriage of drug-resistant Vaccination against disease caused by Vaccination against non-focal pathogen
or drug-sensitive bacteria drug-resistant or drug-sensitive bacteria
) I ! I
> o i 3 5 . 5
2 Fewer susceptible to carriage of drug-resistant Fewer susceptible to disease caused by Fewer susceptible to non-focal pathogen
=
g or drug-sensitive bacteria drug-resistant or drug-sensitive bacteria
=
| Less colonisation ) : )
Less carriage or infection
c ¢ ¢ v
2 Reduced transmission ] ] .
m E »| Fewer carriers Fewer carriers | | Fewer cases of non-focal disease
= Ll
& d of c.irug- of d!'U.g- Less onward Less onw.
L5 Less onwari resistant sensitive - . y
e g . transmission transmissipn |
transmission | bacteria bacteria

Reduced LessHGTand
g within-host fitness | | Fewer mutation | Fewer )
2 P drug-resistant |« P drug-sensitive | | Less disease
s E bacteria bacteria
& Less disease

| Less HGT Less HGT |

7 i Less disease
3 Fewer disease cases caused by drug-resistant
= or drug-sensitive bacteria
5 Less co-infection
o i -

Less selection for Less treatment seeking

drug-resistant
o bacteria via... . Reduced collateral use of antibiotics
5 F Reduced antibiotic use <4

Figure 2: Pathways through which vaccination against focal bacteria and non-focal bacteria and viruses can control antibiotic resistance.
HGT=horizontal gene transfer.
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Réduction de la résistance par la vaccination
- Mécanismes d’action

Focal pathogen (bacterial) Non-focal pathogen (viral, bacterial)
Vaccination against carriage of drug-resistant Vaccination against disease caused by Vaccination against non-focal pathogen
or drug-sensitive bacteria drug-resistant or drug-sensitive bacteria
J I }
2 Fewer susceptible to carriage of drug-resistant Fewer susceptible to disease caused by Fewer susceptible to non-focal pathogen
=
g or drug-sensitive bacteria drug-resistant or drug-sensitive bacteria
=
| Less colonisation ) : )
Less carriage or infection
c ¢ ¢ v
8 o
=2 Reduced transmission p| Fewer carriers Fewer carriers |g o| Fewer cases of non-focal disease
2 @ Ll
& L d of c.irug- of d!'U.g- Less onward Less onw.
L5 €ss onwar resistant sensitive - . y
e g . transmission transmissipn |
transmission | bacteria bacteria

Reduced LessHGTand
g within-host fitness Fewer mutation | Fewer
23 »| drug-resistant |« P drug-sensitive | | Less disease
£3 bacteria bacteria
& Less disease

| Less HGT Less HGT |

7 i Less disease
3 Fewer disease cases caused by drug-resistant
= or drug-sensitive bacteria
5 Less co-infection
o i -

Less selection for Less treatment seeking

drug-resistant
@3 bacteria via... . Reduced collateral use of antibiotics
5 2 Reduced antibiotic use <4

Figure 2: Pathways through which vaccination against focal bacteria and non-focal bacteria and viruses can control antibiotic resistance.
HGT=horizontal gene transfer.
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Quid d’un vaccin protegeant contre les infections
virales ? 1) Effet sur I'incidence des infections

Pandemies : majorité des déces due a des infections

bactériennes secondaires
=> interactions pathophysiologiques entre grippe et
pneumocoque suggérees

~ +» Confirmées par les études expérimentales qui

montrent un signal fort (\vc Cullers 2006; Short 2012; Lee J
Infect Dis 2010)

M\« Reésultats plus modérés dans les études statistiques

analysant des données ecologiques de surveillance
. ) (Kuster 2011; Nicoli 2013)




2) Effet sur la consommation antibiotique

Antibiotic
Flu like Prescription in
syndrome i France
40 FraBIG-Qampa n data Post-campaign data / EPredictions
s c2 c3 c4 c5 c6 7 ! c8*
@ - r1 r2 r3 r4 r5 r6 C 7t
= 1
o8 —
5 _8 30
o c
==
o O
538 5 :
g% =
€3 : —
= -
=09 '
§ *é_ 10 — E —
o : -
0 | I I | | l I I |
Jan 2001 Jan2002 Jan2003 Jan2004 Jan 2005 Jan?2006 Jan?2007 Jan?2008 Jan2009 Jan?2010
21

1,000
800
600
400
200
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[Bernier et al, AAC 2014]



Un modele mathématique de transmission de souches S et R,

AVRI impact on Sp transmission/acquisition

birth
l —
s ;\ B(t) = B (14 ¥V,)
Uie
%p AVRI i iCi
. Impact on pathogenicity
B 5 4 _
u e —
H | p)= pMM)
'\.\_ Unexposed _/) " [ Is
-4 I ) . .
; A 1-0) _ ~ |7 . . Fitness cost for resistant strains
; Meningitis /]S RR
s fris = 1 =
' R Rs
S Parametres estimés sur la période 2001-2004 en
Best Model & France T fR/S
MODI[P+T
[P+1] 8.7 92 (005%2_
(4.6-14.4) (28-361) 0975

[Opatowski et al, 2013]




Effet de la vaccination contre la grippe ?

Best Model g fR/S
MODI[P+T] 37 0.97
_' B (0.969—-
(4.6-14.4) (28—-361) 0.975

\

Réduction du nombre
d’infectés par la grippe

Réduction des prescriptions
antibiotiques

U

Réduction de la transmission
des bactéries (S et R)
Réduction du nombre

o3 d’infections graves

U

Avantage selectif pour les
souches S qui circulent plus




Perspectives : une modelisation couplée

/
|

|

Transmission of
—— Pneumococcus
— Influenza
Individual state
. Colonised with Sp
© Infected with Influenza
. Co infected
> Susceptible

Pneumococcal infection
In Sp carrier

\ In Sp-ﬂu carrier

» 24

[Arduin et al, BMC infectious diseases 2017]

asymptomatic symptomatic : 2
ity Influenza virus
- X (current year)
non-contagious
: l P days
0 6
detection
asymptomatic = colonization symptomatic = infection no immunity
Pneumococcus
non-contagious
E P days
Max 21 days 2 12

Incidences of pneumococcal infections (left y-axis) and influenza (right y-axis) (A-D)
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Burden associé a l'infection grippale

a
* Interaction mechanism
@ acquistion
A transmission
40+ B pathogenicity
* Proxy de l'effet
indirect maximal
d’une vaccination
grippe
o Ajout de la o

vaccination anti-
grippe => quantifier
ces effets selon
I'efficacité vaccinale
+ prendre en compte
I'antibiothérapie

[ cicecty arvivutavie [ indrecty atrbutaie

o
1

2 5 10 15 25 50 75 100
Interaction strength

epidemic period c epidemic period

60 1
- 404
| I 20- II
= =l
[ 5

f

n
o

-
(=]

%ercentages of inﬂuenza-anruit_mtable pneumococcal infections

25 [Arduin et al, BMC infectiou —— = .
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Discussion




Vaccins candidats dans les pipelines

» S. aureus

v

P. aeruginosa
K. pneumoniae
A. baumannii

v Vv

C. difficile

v

— Globalement résultats des essais cliniques encore décevants (peu
efficace, toxicité)

— Difficulté liée au niveau d’expression et a I'hétérogénéité des
antigenes dans les clones circulant
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Autres vaccins

» Virus Respiratoire Syncitial (VRS)

Pourrait avoir un effet important, a la fois sur la conso ATB et sur les infections
secondaires résistantes

Vaccins en phases 1, 2, 3 (Berand et al, JID 2018)(Malkin et al, Plos one
2013)(http://who.int/immunization/research/vaccine_pipeline_tracker_spreadsheet/

en/)

» Streptococcus Groupe B

28

Pourrait éviter infections chez la mere, I'enfant, et usage prophylactique des
atbs chez la femme enceinte

Vaccins en phase 1 et 2 (Leroux-Roels et al, Vaccine, 2016)(Stalhammar-
Carlemalm et al, Cell Host Microb 2007)

(Jansen et al, Nature Med 2018)



Conclusions sur pneumocoque

» PCV7 et PCV13 composeés des sérotypes les plus virulents et
résistants

Le remplacement écologique observé a genérée une diminution drastique
du taux de résistance

Importance des conditions initiales a I'introduction du vaccin

» Burden en IPDs attendu associé a la grippe relativement faible
(autour de 10%)

Poids des autres virus respiratoires (VRS) ?
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Challenge : difficulté de quantifier le bénéfice
humain et economique pour de telles vaccinations

Quel end point dans les essais cliniques pour évaluer I'efficacité du
vaccin sur la résistance ?

Mortalité, taux d’'infection par bactérie R, taux de colonisation par bactérie
R, taux de résistance, seveérité de l'infection ?

Incitation au développement de nouveaux vaccins, risque de
Taille de population cible limitée
Gain humain et économique pas assez élevé

Critere de priorisation, ex a I'hdpital
Quelles population cibler ? Patients a risque ? Personnel ?

Patients a risque peuvent avoir des caractéristiques rendant la vaccination
peu efficace (ex : prises d'immunosuppresseurs)

30



Perspectives

» Compte tenu de la complexité, modélisation utile pour explorer
I'impact populationnel des mesures

» Futur : développer des modeles qui prennent en compte
La transmission couplée
Les vaccinations antibactériennes et antivirales
Les antibiotiques et les antiviraux

» Mangue de données et de connaissance sur les interactions entre
microorganismes

Les quantifier sera nécessaire pour anticiper I'impact indirect des vaccinations

31



Vaccins a développer — priorité sur des infections o u
le niveau de resistance est éleve ?

WHO priority pathogens list for R&D of new
antibiotics

Priority 1: CRITICAL

« Acinetobacter baumannii, carbapenem-resistant
« Pseudomonas aeruginosa, carbapenem-resistant
« Enterobacteriaceae, carbapenem-resistant, ESBL-producing

+ Tuberculosis

Priority 2: HIGH

» Enterococcus faecium, vancomycin-resistant

= Staphylococcus aureus, methicillin-resistant, vancomycin-intermediate and resistant
« Helicobacter pylori, clarithromycin-resistant

e Campylobacter spp., fluoroguinolone-resistant

« Salmonellae, fluoroquinolone-resistant

» Neisseria gonorrhoeae, cephalosporin-resistant, fluoroquinolone-resistant

Priority 3: MEDIUM

« Streptococcus pneumoniae, penicillin-non-susceptible
» Haemophilus influenzae, ampicillin-resistant
« Shigella spp., fluoroquinolone-resistant

umannii, CR i 91-0% (5:2%)
I 817% (6-3%)
76.5% (8:1%)

[=1] 76.5% (8-1%)
I T E T 70-3% (8-5%)
69.0% (7-8%)
I | TR 65-2% (8-1%)
I [ T T 59-7% (9-5%)

I T 58:7% (10-6%)

ichia coli, CR 55-4% (11.0%)
aspp, 3GCR I | - TR 54-8% (9:9%)
faecium, VR [I T T [ R 54.5% (7:2%)
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(Tacconelli et al, Lancet 2018)

http://www.who.int/news-room/detail/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
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Antibiotiques et résistances

Reduced susceptibility of Klebsiella pneumoniae to
third generation Cephalosporin in Europe in 2016
(Source : EARSS report, 2017)

Antibiotic consumption in Europe in 2017
(Source : ESAC, ECDC, 2017)

Consumption of Antibacterials for systemic use (ATC group J01) in the community (primary care Figure 3.9. Klebsiella p iae. Per ge (%) of invasive isolates with resistance to third-generation
sector) in Europe, reporting year 2017 cephalosporins, by country, EU/EEA countries, 2016
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The antibiotic reduction campaign was

ANTIBIOTIQUES
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Analysis of antibiotic prescriptions using interrupted ARMAX models
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Maladie C'EST PAS AUTOMATIQUE [Bernier et al. AAC, 2014]



ATB reduction in all age-groups

Estimated mean percent reduction of ATB use compared with 2000-2002

Period Age Group 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007
October-March (winter) 0-5 y (FLS unadjusted) -12[-7.7t05.3] —24 [-10.8 to 59] ~148 {~24.2 to ~5.6] ~269|-369w 170 ~30.1 [~40.7 to - 1946
p-value on 087 0.002 < 00001 = 00001

October-September ®
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6~15 y (FLS unadjusted)
p-value

>15 y (FLS unadjusted)
p-value

All (FLS unadjusted)
p-value

All (FLS adjusted)”
p-value

All (FLS unadjusted)
p-value

—52 [—14.1 to 36)
0.24

~125[~168 o —81]
< 00001
-98[-149t0 —4.7]
0.0002

-85 [-128to —43]
0.003

-73[-124t0 —-22]
0.005

—153 [-26.1 to —4.4]
0.006

~113 [~16.2 to —-4.5]
< 00001

-109 [-168 to —4.9]
0.0003

=100 [-15.7 to —4.3]
0.0002

—80 [-14.0 to —2.0]
0.009

~26.1 [~37.7 to —14.5]
<0.0001

~134 [~184 to —85
< 0.0001

—169 [—23.1 to —10.6)
<0.0001

=16.1 [-225 to -9.7]
<0.0001

-119 [-182 to —5.6)
0.0002

-2l —143
<00001
190 -39 w — 140
<0.0001
—238(—30.110 —174)
<0.0001
-219[-28610 —152]
<00001
-173[-2381t —109]
<0.0001

~358 [~483 10 -3
<0.0001
~205 -6 —-154]
< 00001
—270(—-335to —20.5)
<00001
=265 [-3351t0 -196)
<0.0001

[Sabuncu et al. PLoS Med 2009]



High coverage of PCV vaccination

vaccine coverage

100% -
98% -
96% 1 93,60%
94% - 92,60%  92,90% 92,40%
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86% -
84% -
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2 doses, 9 mo —@&3 doses, 24mo

Sourrze: Public Health France



Remplacement écologique (meningites,
données CNRP 2001-2010)
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Importance of initial conditions
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[Domenech de Celles, Pons-Salort et al., Scientific report 2015]



Anti-bacterial vaccines
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How Can Vaccines Contribute to Solving the Antimicrobial Resistance
Problem?
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41 FIG 1 Mechanisms by which vaccines can contribute to reducing the prevalence and impact of antimicrobial resistance.



Résistance a la vaccination
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FIGURE 1 | Time to detection of resistance of human pathogens to antimicrobials (in red) and to vaccines (in green). Black X symbols indicate insurgence of
resistance, with lines starting at product introduction (yellow stars; except for smallpox vaccination that began much earlier; with modifications from Ref. (14) with
the permission of the publisher).

(Tagliabue et al, 2018) (Kennedy et al, 2017)



Critéres de priorisation

» Les infections résistantes ont souvent lieu chez des
patients a risques

ex infection a S. aureus chez les patients transplantés ou avec
dispositifs de protheses

» A I'hopital
Quelles population cibler ? Patients a risque ? Personnel ?

Patients a risque peuvent avoir des caracteristiques rendant la
vaccination peu efficace (ex : prises d'immunosuppresseurs)
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Difficulté de quantifier le bénéfice humain et
économique pour de telles vaccinations

» Challenge : Quel end point dans les essais cliniques pour évaluer
I'efficacité du vaccin sur la resistance ?

Mortalité, taux d’infection, taux de colonisation, taux de résistance, sévérité de
I'infection ?

» Motivation au développement de nouveaux vaccins : risque de
Taille de population cible limitée
Gain humain et économique pas assez éleve

» Exemples:

Cas 1 : effet de réduction du nombre d’infections, des prescriptions antibiotiques et
donc moins d’opportunités de résistances

Gain attribuable restera relativement faible pour un vaccin donnée (eg grippe vs
autres virus respiratoires)

Cas 2 : vaccin protégeant contre une infection pour laquelle aucun atb n’est
disponible (eg. Gonorrhoea, Tuberculose)

Dépend du colt humain et économique (taux de létalité) engendré par 'infection
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