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Vaccins et antibiorésistance?

Fig. 11. The WHO core package of interventions to manage AMR in human health

Reduced and slower develepment of AMR

 Vaccins reconnus depuis longtemps Reduced mortality and morbidity due o AMR
comme une stratégie pour lutter contre ATB P

1 1 |
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WASH and waste health services M. Goed-qguality freatment
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Goal 2: Strengthen National One Health Surveillance Efforts to Combat Resistance mitigate AMR mdr'!dgamen’r heaith cnd duagn_cshc ewdance-bu%ed_
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Goal 3: Advance Development and Use of Rapid and Innovative Diagnostic Tests for 8. Access 1o vorcings supply of quality- mycology festing stewardship

Identification and Characterization of Resistant Bacteria and expanded assured, essential 13. Regulation to
immunization to antimicrobials and restrict sales of
manage AMR hedlth products for nen-prescription

- . . I AMR antimicrobials
Goal 4: Accelerate Basic and Applied Research and Development for New Antibiotics, Other

Therapeutics, and Vaccines

Feundational step: Strategic infermation through surveillance and research
3. National AMR surveillance network to generate good-quality data

/“@ E‘ Goal 5: Improve International Collaboration and Capacities for Antibiotic-resistance far patient care and acfion on AMR
""f Prevention, Surveillance, Control and Antibiotic Research and Development. 4. Surveillance of antirmicrobial consumption and use to guide patient care and acfion on AMR

5. AMR research and innovation including behavioural and implementation science

Foundational step: Effective governance, awareness and education

1. AMR advocacy, gevernance and accountability in the human health sector,
in collaboration with other sectors

2. AMR awareness-roising, education and behaviour change of health workers and communities

AMR: antimicrobial resistance; IPC: infection prevention and control; WASH: water, sanitation and hygiene; WHO:
World Health Organization.

Source: Reproduced with permission from WHO, 2023 (7).

https://www.who.int/publications/i/item/9789240098787
https://aspe.hhs.gov/sites/default/files/migrated_legacy_files//196436/CARB-National-Action-Plan-2020-2025.pdf
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* Passer de lathéorie a la pratique+++

* Seuls 13% (14/108) des plans d’actions nationaux integre la vaccination comme un
elément clé.

« Méme sitous reconnaissent le besoin de prévention et de contrdle des infections

Other recognised priorities in NAPs

Vaccination as an important  Vaccination programme strengthening was recognised as an intervention  Investigate how to develop a strategy for implementing sustainable vaccination
measure in preventing to support efforts tackling AMR; a need for implementing campaigns campaigns that target those least likely to be vaccinated; conduct research to
infections (included in supporting vaccination uptake; a need for research and development into investigate how to increase vaccine uptake in health-care worker populations as
14 NAPs) new vaccines and alternatives well as populations with socioeconomic disadvantages

* Les programmes de lutte contre C’AMR et ceux de vaccination evoluent souvent en silo
* Souvent mention que des vaccins contre les bactéries multirésistantes

* |’effet des vaccins sur CAMR est peu surveillé+++

* Difficulté de financement des programmes de vaccination dans les LMICs

* Rbéle de ’hésitation vaccinale

https://doi.org/10.1016/ S2214-109X(23)00019-0
https://www.sabin.org/resources/vaccines-as-a-critical-yet-underutilized-tool-in-the-fight-against-antimicrobial-resistance/
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® DOU bl.e |mpaCt deS VaCC| nS pou r Fig. 1.2. Impact of voocines on AMR in humans: o schematic pathway
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https://www.who.int/publications/i/item/9789240098787



Changing Priorities in Vaccinology:
Antibiotic Resistance Moving
to the Top
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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 eardier; with modifications from Ref. (14)
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Vaccins et antibiorésistance

Achieving universal coverage of high-priority paediatric
vaccines, through new introduction or scale-up of existing
coverage, could prevent 181500 (95% Cl

153 400-206 800) AMR-associated deaths annually in
LMICs

200

1504

1004

[aaths avertible, thousands

504

All lovw-income and middle-income countries

3 Prevmococcal conjugate (10413 valent)

[ Hib conjugate
[ Typhoid conjugate

I GBS conjugate (6 valent)

= Total

i

Burden of bacterial antimicrobial resistance in low-income

and middle-income countries avertible by existing

interventions: an evidence review and modelling analysis

Joseph A Lewnard, Esmita Charani, Alec Gleason, Li Yang Hsu, Wasif Ali Khan, Abhilasha Karkey, Clare | R Chandler, Tapfumanei Mashe,

Ejaz Ahmed Khan, Andre N' H Bulabula, Pilar Donado-Godoy, Ramanan Laxminarayan

T T
Mew introduction  Cowerage Total achievable
Epansion

C

Absolute avertible burden Proportion of deaths avertible

by intervention

Deaths, 10005 DALYs, 1000s Total (95% Cl) <5 years

[953% 1) (955 CI) (95% L1}
Lowe-income coumntries
PCY 59 (4-4-7-4) L17 (387-643) 11%(0-8-1-4)  22%(1-6-29)
Hily -3 {0-2-0-4) 25 (15-35) 0-1% (0-0-01)  0-1% {0-1-0-2)
TCW 47 (3-4-6-3) 346 (241-474) 0-9% (0-6-1-2)  1-8%(1-2-2.4)
GBS 95 (5-0-12-8) 848 (453-1142) 17%(0-9-24)  36%(1.9-49)
Total 20-1 I'lli.-f.—;!H] 1731 (13032081 1 I".i:-.'-‘—g-En-j F-En-’{g [0.7-G.0)
Lower-middle-income countries
PCY 201 (15-0-25-1) 1762 (1307-2199) 0-8% (06-1-1)  29%(21-37)
Hily 05 [0-3-0-B) 40 [24-56) 0.0% (0-0-040)  0-1% {0-0-0-1)
TCW 23-5(15-4-34-5) 1769 (1139-2639) 10% (0-6-1-5)  3-3%(2-2-5.0)
GES 251(13-4-33-8) 2240 (1201-3033) 10% (0-5-1-5)  3-6%(1-9-4.9)
Total 689 (53-4-83-9) 5796 [4504-7043) 2-8% (21-36)  9-8% (7-5-12-4)
U'pp-er-middie-inmme countries
PV 3-4 (2-5-4-2) 296 (222-366) 0:3% (0:2-04)  4-0% (3-0-50)
Hily 01 (0-1-0-2) 12 (7-18) 0-0% (0-0-040)  0-2% [0-1-0.2)
TCV -4 {0-3-0-6) 26 [19-34) 0-0% (0-0-040)  0-5% (0-4-0-7)
GRS 2:2 (1:2-2.7) 191 {104-246) 0.2% (01-0-2)  2.6%(1-4-3-3)
Total 60 [4-8-7-1) 527 [409-616) 05%(0-3-0-6)  7-2%(5-6-8.6)
Al lowe-income and middle-imcome countries
pCy 29-4 (22-0-36-1) 2578 (1942-3179) O-7% (0-5-09) 8% (21-3-5)
Hily 0-9 {0-5-1-2) 78 [47-107) 0-0% (0-0-040)  0-1% {0-1-0-1)
TCW 287 (20:0-40-1) 2146 (1454-3051) 07%(0-4-1-0) 2-7%(19-39)
GBS 370 (20-0-48-1) 3309 (1776-4297) 0.9% [0-6-1-2)  35%(1-9-4.7)
Total 954 (74-9-113-5) BOy1 (6293-9580) 2% (17-27) 91%(F0-111)

Figure 3: Burden of bacterial AMR avertible by direct prevention of acute infections through vaccination

DALY=disability-adjusted life year.

DOI: 10.1016/S0140-6736(24)00862-6
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Burden of bacterial antimicrobial resistance in low-income
and middle-income countries avertible by existing
interventions: an evidence review and modelling analysis

Vaccins et antibiorésistance

Joseph A Lewnard, Esmita Charani, Alec Gleason, Li Yang Hsu, Wasif Ali Khan, Abhilasha Karkey, Clare | R Chandler, Tapfumanei Mashe,
Eiaz Ahmed Khan, Andre N H Bulabula, Pilar Donado-Godoy, Ramanan Laxminarayan

A DDD avertible by intervention B Deaths avertible by intervention DALYs avertible by
intervention, thousands
Total, millions Proposticn in Total, thousands Proportion
(955 CI) children <5 years (953% CI) (953 CI)
(95% CI)
\WASH interventions
Water and sanitation (diarrhoea) 56246 (105-0-823-2) 5-2% (1-0-7-6) 47-7(9-0-73-3) 1-1% (0-2-1-7) 2738 (528-4166)
AllWASH (diarrhoea) 7998 (478-8-9853) 4% (44-91) 66-8 (39-3-89-1) 1-6% (0-9-21) 3799 (2247-4981)
Handwashing {other) 4517 (258-5-631-2) 4-2% (2.4-5-8) 1817 (100-9-265-9)  4-2% (2.3-6-3) 9651 (5461-13 993)
AlWASH (ally 12432 (B75-2-1518-4)  11-8%(8-1-14.0) 247-8(160-0-337-8) 57 (37-3-0) 134073 (B367-17 967)
Mew vaccines introduction
Pneumococcal conjugate 91-8 (0-0-188-7) 0-B% (0-0-1-7) 96 (7-1-12-1) 0-2% (0-2-0-3) b7z (522-823)
Hib conjugate 9.3 (2-5-16-1) 0-1% (0-0-0-1) 0-9 (0-6-1-3) - 29 (21-40)
RSV 1045 (70-195-0) 1-0% (0-1-1-B) 46 (2-7-6-4) 0-1% (0-1-0-2) 209 (126-293)
9 Seasonal influenza 10147 (803-3-12197)  9-4% (7-4-11-3) 54-6 (39-7-66-0) 1-3% (0-9-1-6) 2494 (1947-2948)
Oral rotavirus 164-3 (56-4-259-5) 1-5% (0-5-2.4) 8-8 (6-0-11-6) 0-2% (0-1-0-3) 349 (245-452)
RTSS 149 (? §-19-8) 0-1% (0-1-0-2) 0-8 (0-6-1-0) - 55 (41-68)
Typhaid conjugate - 28-7 (20-0-40-1) 0-7% (0-4-1.0) 2146 (1454-3051)
GBS conjugate 37-0 (20-0-48-1) 0-9% (0-5-1-2) 3309 (1776-4297)
Total 13497 3 (1128-6-16590) 12-9% (10-4-15-2) 1442 (118-1-1670)  3-3% (26-4-1) 9217 (7426-10 784)
Vaccine coverage expansion
Preumococcal conjugate 141-2 (0-0-290-9) 1-3% (0-0-2.7) 30-8 (23-6-38-1) 0-7% (0-5-0-9) 2349 (1823-2899)
Hib conjugate 9.2 (7-8-50-7) 0-3% (0-1-0-5) 2-4(1.8-30) 0-1% (0-0-0-1) 150 (113-188)
9 Oral rotawvirus F45 (255-107-7) 0-7% (0-2-1-1) 4-4 (3-0-5-7) 0-1% (0-1-0-1) 211 (153-270)
Total 2436 (92-8-400-7) 2-3%(0-9-3-7) 375 (29-8-45-1) 0-9% (0-7-1-1) 2717 (2187-3245)
Total vaccines achievable
Pneumococcal conjugate 2332 (0-0-479-8) 2-2% (0-0-4-4) 40-4 (30-6-49-9) 0-9% (0-7-1-2) 3024 (2353-3685)
Hib conjugate 385 (10-4-66-9) 0-4% (0-1-0-6) 33(24-42) 0-1% (0-1-0-1) 180 (135-226)
RS 1045 (7-0-195-0) 1-0% (0-1-1-8) 46 (2-7-6-4) 0-1% (0-1-0-2) 209 (126-293)
Seasonal influenza 10147 (803-3-1219.7]  9-4% (7-4-11-3) 546 (39-7-66-0) 1-3% (0-9-1-6) 2404 (1947-2948)
9 Oral rotawvirus 2390 (81-8-3771) 2.2% (0-B-3-5) 13-2(9-1-17-2) 0-3% (0-2-0-4) 563 (402-719)
RTS,S 149 (}' g-19-8) 0-1% (0-1-0-2) 0-8 (0-6-1-0) - 55 [(41-68)
Typheoid conjugate - 287 (20-0-40-1) 0-7% (0-4-1-0) 2146 (1454-3051)
(GBS conjugate 370 (20-0-48-1) 0-9% (0-5-1-2) 3309 (1776-4,297)
Tatal 163? 1(1279-5-2004-8) 15-1% (11-8-18-5) ; 1815 (153-4-206-8)  42% (34-51) 11924 (10010-13623)
|:| 51:|I:| mun 15-|:n:| znuu lﬂﬂ 2'30 J00 400
DDD avertible, millions Deaths avertible, thousands

Figure 4: Burden of bacterial AMR avertible by direct prevention of acute infections and reduction in antibiotic use through WASH and vaccine interventions

DOI:10.1016/S0140-6736(24)00862-6
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Global burden of bacterial antimicrobial resistance
1990-2021: a systematic analysis with forecasts to 2050

Antibiorésistance

Deaths attributable to AMR by pathogen Pathogen share of AMR-attributable deaths
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Vaccins antipneumococciques
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Penicillin non susceptible S. pneumoniae (PNSP) in France

EARS-net Annual Report 2024
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1984-2024: 71 491 isolates
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2Pneumococcal conjugate vaccine (PCV)

Varon, CNRP-ORP 2024, unpublished data

E. Varon — COPIL ORP 17 déc 2025



Higher valency vaccines’ impact on antimicrobial
resistance rates in Streptococcus pneumoniae causing

invasive disease: a retrospective analysis based on
national reference laboratory data, Belgium, 2018 to
2023

Odds ratios with 95% confidence intervals describing associations between antibiotic resistance and serotype groups,
according to the final multinomial model including resistance to erythromycin and amoxicillin, correcting for confounders,
Belgium, 2018-2023 (n=38,088 isolates)*

Helene Vermeulen?, Lize Cuypers*3, Boudewiin Catry+5, Stefanie Desmet*3, Niel Hens**

0dds ratios of serotype groups (95% confidence intervals)

Variable P(PCV13)/ P(PCV15-non-PCV13)/ P(PCVz0-non-PCV15)/
P(non-PCVz0) P(non-PCVz0) P(non-PCV20)
Amoxicillin
All Susceptible REF NA REF
’ . . . . . yé ages N
’utilisation de vaccins conjugués Resistant 7.65 (4.95-11.82)* NA 9.45 (5.60-15.94)"
7 .z \ Trimethoprim/sulfamethoxazole
couvrant les serotypes associes a N Susceptible REF _— REF
., . . ages ;
la resistance ATB aun ImpaCt Resistant 0.46 (0.36-0.60)* 0.11 (0.04-0.30)* 1.10 (0.85-1.43)
. s . Penicillin
plus important sur ATB résistance Susceptible e ” =
¢2years
Y Resistant 0.25 (0.14-0.44)* NA 0.25 (0.13-0.47)*
Susceptible REF NA REF
2-15years
P _ . T . . 5y Resistant 0.18 (0.10-0.34)* NA 0.05 (0.02-0.13)*
Meningitis (n=429) : susceptibility to cefotaxime in 2024
e Susceptible REF NA REF
16-65years
60 1 5 PCV20 PCV21 N enemic(men) 5¥ Resistant 0.24 (0.17-0.34)* NA 0.19 (0.12-0.28)*
PCVA ug -
5o povis 12 ) n =y 65 years Susceptible REF NA REF
v 20 :i Resistant 0.34 (0.25-0.46)* NA 0.46 (0.31-0.68)*
% “ =05 Erythromycin
3 " - o Susceptible REF REF REF
=20 | ooen ¢2years - . -
' : Resistant 1.35 (0.78-2.31) 9.43 (4.71-18.88) 0.18 (0.08-0.42)
10 - 0,032
| | I I . Susceptible REF REF REF
o l‘-,l,- ,-,l,l I LN . I,l‘l‘l,l | I I moore 2-15years _p
csgslrmyglssloscsulzas e g sns e sssnas e Resistant 2.10 (1.09—-4.04)* 3.59 (1.00-12.86) 0.13 (0.03-0.58)*
AN ° 4 " & Susceptible REF REF REF
Serotype 16-65years -
Resistant 2.43 (1.74-3.40)* 3.69 (2.26-6.03)* 0.16 (0.10-0.28)*
. Susceptible REF REF REF
doi: 10.2807/1560-7917.ES.2025.30.45.2500179. y65years - P
Varon, CNRP-ORP année 2024, rapport 2025 Resistant 2.47 (1.92-3.19)* 3.61 (2.53-5.15)* 0.15 (0.10-0.24)*
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Vaccin anti-Haemophilus influenzae b

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, June 2005, p. 2561-2564 Vol. 49, No. 6
0066-4804/05/$08.00+0  doi:10.1128/AAC.49.6.2561-2564.2005
Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Decreasing Prevalence of 3-Lactamase Production among Respiratory
Tract Isolates of Haemophilus influenzae in the United States
Kris P. Heilmann, Cassie L. Rice, Ashley L. Miller, Norma J. Miller, Susan E. Beekmann,
Michael A. Pfaller, Sandra S. Richter, and Gary V. Doern* ° Ava nt l’lntroductlon des VaCC|nS, augmentatlon des

souches R aux betalactamines

TAB;_E 3. Comparison of resistant rates with Haemophilus * Introduction vaccin Vaccin anti-Haemophilus
influenzae during five study periods between 1994-1995 . . ‘
/ 02003 influenza conjugué aux USA en 1987.
At af tamtance Percentage resistant in « Reduction massive des infections a Hib
" factor 1994-1995¢  1997-1998" 1999-2000° 2000-2001¢ 2002-2003¢
B-Lactamase 36.4 31.1 30.8 289 26.2
positive
BLNAR/ 1.3 1.9 20 0.7 0.1
BLPACRS# 3.0 2.0 0.2 0.7 0.4
Ampicillin 36.6 324 34.6 294 26.3
Amoxicillin- 5.0 24 0.3 0.5 0.1 .
clavulanate : doi:10.1016/j.vaccine.2011.03.059
Cefprodoxime 0.1 0.0 0.1 0.1 0.0 Idem en Italie: J
Cefuroxime 1.5 1.0 1.1 0.5 0.1 . . ~
Clarithromycin 1.8 4.2 6.8 6.3 1.7 Idem en Espagne' DOI: 10.1128/AAC.01674-07
Azithromycin 0.5 1.9 29 2.4 1.0
TMP-SMX 9.0 18.3 14.6 17.6 14.6
Chloramphenicol 0.5 0.5 0.5 0.6 0.4
Tetracycline 1.3 1.0 0.7 1.1 0.4

DOI: 10.1128/AAC.49.6.2561-2564.2005
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Numberof  At-risk Total person- 5 Typhi Inddence; number of @ses 5 Typhi Indidence; number of STyphl Incidence Vaccine effectiveness"
participants population timeatrisk,  per 100000 population (95% C1)  cases per 100 000 person-years rate ratho (95% CT) (B5%CI)
[ ° (m) ) years™ {a5% )
Eoth cultwre-confirmed and suspected 5 Typhi cases
accin Typhoide
vacdinated 940 1wl ] BE4E 170259 {16 034-4-123 017 4) 108722 (10643 0-11101-3) 050 {0-45-0-54) 500 (458539
Urvacdnated 1653 4547 7509 365713 (34104036 947-8) 17521 {21263 0-71 241-1) - -
Age =5 years
Effectiveness Of typhoid COI‘Ij ugate vaccine against CU":U re- Vaceinated 102 7S 1103 130006 (122557-137415) 85022 (B3507-8653-6) -42(033-0-46) S7A(s4-60)
Unvacinated 1755 5324 E722 320827 (31719-8-34 245-6) 201320 (19 709-5-20 554-5) - -
confirmed Salmonella enterica serotype Typhi in an overall
extensively drug-resistant outbreak setting of Hyderabad, vacanated 1960 1SR 0D BG40 TASIET) 4AG7 (3350 & D81E) Haeata | semosTo
. Umvacdnated 3409 o971 16332 341891 (33355135 120-7) 70 B86-3 (20 5650-21206-7) - -
Pakistan: a cohort study Suspectdtyphold fever cases
Mohammad Tahir Yousafzai, Sultan Karim, Sonia Qureshi, Momin Kazi, Hina Memon, Amber Junejo, Zohra Khawaja, Najeeb Ur Rehman, Age £-59 manths
Muhammad Sajid Ansari, Rafey Ali, Ikram Uddin Ujjan, Heera Mani Lohana, Naveed M Memon, Mudassar Hussain, Roohi Nigar, Naor Bar-Zeev, Vardnated 018 o521 2646 166274 (15 645-3-17 600-6) 10 617-7 (10393-9-10 841-5) 062 (0-57-0-67) 381 (32-6-43-7)
Farah Naz Qamar Umvacdnated 1304 2647 7509 280611 (26769-3-29352-9) 171585 (16773 7-17545-3) - -
Age 5 years
Varoinated 1004 7o15 12103 12684-8 (11951-6-13 418-0) 82956 (8147-2-B443-4) 053 (0-48-0-57) 475 (43-0-51-6)
Unvaccinated 1377 5324 tr2 58640 (24 687-8-27 040-3) 15 786-9 (15455-6-16118-7) - -
overall
varinated 1912 13436 20749 14304-9 (13712-8-14 B96-) 92632 (9137-2-9389-2) 056 (0-53-0-601) 436 (40-2-46-8)
174005 oot it 272100 e e aged & — Urvacdnated 2681 o071 16322 26 8880 26017 7-277583) 16 426-0 {16 174-0-16 678-0) - -
idontified in bascline mmglrua:imm::gﬂmma um} Culture-confirmed S Typhi cases
Pakistan); 207 000 children vaccinated with Typlkar TCV Age 6-59 manths
Vacdnated n 5531 2646 3985 (233-3-5647) 2545 (249-1-259-8) 006 (0-03-0-05) 945 (91-5-96-6)
Umvacdnated 349 4647 7509 T510:2 (6752-4-3268-0) 45025 (4450-3-4695-8) - -
‘L r AQR 5 Years
HIBAF children in quality 1100 children invacdnated Vaccinated 5 Fo15 12103 21540 {102-2-430-5) 2066 (202-3-710-7) 0-05 {0-03-0-07) 952 (92-9-07-0)
contral cohort m For intensive Unvacanated 79 5324 7oe) FI187 (64280-7800.4) 43451 {4753 0-4436-3) .
overall
Vacdnated 47 13436 20749 3498 250-0-445-6) 2265 (223-4-129-6) 005 {0-04-0-07) 094.9(93-2-963)
57 last to follow-up 41 et b fallow-up Urvacdnated 728 a7l 16322 73012 (6790-5-7811-8) 44603 (4391-0-4528-8) - -
XDR 5 Typhi cases
¥ ¥ L 4 ‘Age 6-59 months
#1090 children inchsded in 0EH children inchaded in 250 childven identified from varminated 14 5521 8646 2536 (120-9-386-2) 1619 {158-5-1653) 006 (0-03-0-10) 94-4 (90-4-97-0)
——— s 3 et v Uneconated 10 4647 TS99 A7M2(1336-5348) 28950(2629.9-2960-1) - :
nepected canes and cames and o 1587 sumpected cases and Age 5 years
99 culture-canfirmed oulture-confirmed G culture-confimed Vacrinated 4 7915 12103 5045 (1-0-100-1) 331{325-33-6) 001 (0-00-0-04) 086 (06-4-99-6)
positive cases of 5 Typhi pasitive cases of § Typhi positive cases of 5 Typhi Unvacdnated 206 5324 8722 38603 (335124357 23617 [2212-2-7411.3) - .
| | overall
+ vacdnated 18 13436 20749 1340 (72-1-195-8) 868 (B56-87-9) 0-03 {0-02-0-05) 067 (94-7-95-0)
| 73407 children incuded in vaccine effectivenes analysis Unacdnated 426 9571 16312 42724 (3875-4-46593) 26100 (Z570-0-2650-1) - -
EL TGS

10.1016/S2214-109X(21)00255-2



Vaccin rotavirus

Estimation that rotavirus would cause 21.6% (2.1-40.3%)
of antibiotic-treated diarrhoea among children aged 0-23

months in unvaccinated LMIC populations.

Roughly 77.3% of age-eligible childrenin LMICs inwhich rotavirus vac-
cination has beenimplemented received afull rotavirus vaccine series
as of 2018%. We estimated that direct effects of rotavirus vaccination
currently prevent13.6 (3.6-23.7) million episodes of antibiotic-treated
diarrhoea annually among children aged 0-23 months in LMICs
(Supplementary Table 26). This effect reflects only 31.0% (17.7-35.2%)
of all antibiotic-treated diarrhoea episodes that we would expect rota-
virus to cause annually among children aged 0-23 months who live in
LMICs, inthe absence of vaccination. We estimated that an additional

18.3 (4.2-32.6) million episodes of antibiotic-treated diarrhoea could
be prevented annually by the direct effects of rotavirus vaccination
among children aged 0-23 months under a scenario of universal vac-
cinecoverage, representing 42.1% (14.6%t0 50.7%) of all antibiotic use
that we estimated to be attributable to rotavirus in this population.

Childhood vaccines and antibioticusein
low- and middle-income countries

https://doi.org/10.1038/s41586-020-2238-4  Joseph A. Lewnard'>**, Nathan C. Lo®, Nimalan Arinaminpathy®, Isabel Frost>® &

. 67
Received: 3 December 2019 Ramanan Laxminarayan

(b) antibiotic-treated diarrhoea attributable to rotavirus in children aged 0-23 months
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Fig. 4| Total vaccine-preventable antibiotic consumption and incidence per
100 children. a, b, We estimated the incidence and total number of



BM) Open Impact and longevity of measles-
V 1 l ’? associated immune suppression: a
a C C I n rO u ge O e o matched cohort study using data from
the THIN general practice database in
the UK

Kartini Gadroen,’ Caitlin N Dodd,' Gwen M C Masclee,' Maria A J de Ridder,’
Daniel Weibel," Michael J Mina,? Bryan T Grenfell,®> Miriam C J M Sturkenboom,’
David A M C van de Vijver,* Rik L de Swart*

IRR (95% CI) This study examined children aged 1-15 years in The
Anti-infective Healjch Improvement Network U'K 'genera.l practice
Time period Analysis* Infections prescriptions Hospitalisation met.:llcal ref:ords datab-ase. Participants included 2228
patients diagnosed with measles between 1990 and
2014, which were matched on age, sex, general
practitioner practice and calendar year with 19 930
children without measles

40 -
[
©
Days 32-365 Primary 1.22(1.141t01.31) | 1.25(1.18t0 1.32) 1.14 (0.88 to 1.48) %
Unadjusted 131 (1.21t01.41) | 1.31 (1.24 to 1.39) 1.29 (0.94 to 1.77) ¥ il
Sensitivity (vaccinated 1.15(1.04t01.27) | 1.25(1.16 10 1.35) 0.95 (0.61 to 1.46) @
measles subjects only) -
@
Sensitivity (unvaccinated ~ 1.26 (1.15t0 1.39) | 1.24 (1.15 to 1.35) 1.29 (0.92 to 1.81) B
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nadjusted 1.23(1.13t01.35) | 1.22(1.13t0 1.31) 1.38 (1.07 to 1.78) T T T T T T
Sensitivity (vaccinated 1.06 (09410 1.20) | 1.25(1.13t0 1.37) 1.08 (0.76 to 1.54) S B 12 . = 48 @
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measles subjects on . .
) ") doi:10.1136/ bmjopen-2017-021465




Vaccins infections respiratoires

* Vaccination Grippe associée a 13-50% de réduction de
consommation ATB

Efficacy studies of influenza vaccine impact on antibiotic use
Turkey Influenza Episodes of acute otitis media and otitis media with effusions occurred in 2.3% and
22.8% of influenza vaccine recipients, respectively, vs. 5.2% and 31.1% of controls
during influenza season; P < 0.001 (26)
ltaly Influenza In a control study of influenza vaccination, vaccinated children had 13.2% fewer
antibiotic prescriptions during the 6-mo observation period in their study; study
children had 54.8% fewer otitis media episodes, which likely contributed to the
reduction in antibiotic use (27)
Europe Influenza In this randomized, controlled study in 6- to 36-mo-old children, influenza vaccinees had
50% fewer antibiotic prescriptions and 47% fewer confirmed influenza infections
during five consecutive seasons (28)
Observational studies of influenza vaccine impact on antibiotic use

Canada Influenza Influenza vaccine recipients had 64% fewer antibiotic prescriptions than controls (29)
United Kingdom Influenza (live attenuated In vaccinated children, 14.5% fewer amoxicillin prescriptions were given during the
virus vaccine) period of influenza virus circulation compared with other time periods (30)

K.P. Klugman, et al., Proc. Natl. Acad. Sci. U.S.A. 115 (51) 12896-12901
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a
Systematic review ( ) Influenza vaccine Control Ratio of Means Ratio of Means
Impact of vaccination on antibiotic usage: a systematic review and__Study or Subgroup ___log[Ratio of Means] SE Total _ Total Weight IV, Random, 95%-Cl IV, Random, 95% -Ci
meta-an alysis 4.1.1 Infants and children up to 24 months

N Hoberman 2003 (40) 0.05931658 0.09320084 513 252 17.2% 1.06 (0.88,1.27) —t
B.S. Buckley "?, N. Henschke **, H. Bergman 2, B. Skidmore °, E.J. Klemm *, Subtotal (95%- Cl) 513 252 17.2% 1.06 [0.88, 1.27] P i

3 3 3 5 6
G. Villanueva “, C. Garritty °, M. Paul Heterogeneity: Not applicable

Test for overall effect Z= 0.64 (P =0.52)

4.1.2 Infants and children 6 months to 14 years

Esposito 2003 (38) -0.58438819 015287943 64 63 136% 0.56 [0.41,0.75) —
Marchisio 2009 (41) -0.56639547 0.11600369 90 90 158% 0.57[0.45,0.71] —
Principi 2003 (43) -0.37561214 010377834 202 101 16.6% 0,69 [0.56, 0.84] —
Subtotal (95% - Cl) 356 254 46.0% 0.62 [0.54, 0.70] g

Heterogeneity. Tau®= 0.00, Chi*= 2.03,df=2 (P = 0.36), "= 1%
Testfor overall effect Z=6.99 (P < 0.00001)

4.1.3 Adults with COPD 40 to 88 years

Clancy 2016 (37) 0.09097178 0.16245614 160 160 13.0% 1.10[0.80, 1.51) —_—
Tandon 2010 (44) -0.81719983 0 18 20 Not estimable
Subtotal (95% - Cl) 178 180 13.0% 1.10 [0.80, 1.51)] =

Heterogeneity. Not applicable
Test for overall effect Z=0.56 (p = 0.58)

4.1.4 Older adults >60 years with chronic bronchitis

Gao 2011 (39) -0.38519247 0.03507004 73 65 199%  0.68(0.64,0.73 -

Subtotal (95% - C1) 73 65 19.9%  0.68[0.64,0.73) <

Heterogeneity: Not applicable

Test for overall effect Z= 10.98 (P < 0.00001)

4.1.5 All age groups

Pisu 2005 (42) -0.2006707 0.45080957 75 48 38%  082[0.34,1.98

Subtotal (95% - Cl) 75 48 38%  0.82[0.34,1.98] ———
Heterogeneity: Not applicable

Test for overall effect Z=0.45 (p = 0.66)

Total (95% - Cl) 1195 799 100.0%  0.75[0.62, 0.90] <

Heterogeneity: Tau®= 0.05; Chi*= 33.62, df= 6 (p < 0.00001); ¥ = 82% 0?5 0?7 1?5 f

Test for overall effect Z=3.02 (p = 0.003)

Favours influenza vaccine Favours control
Testfor subgroup differences: Chi*F= 31.55, df= 4 (p < 0.00001), *=87.3% "

ig. 4. Forest plots fo@ (a) Number of antibiotic courses or prescriptions (follow up: 4 months to 2 years);



Effet de la vaccination sur la consommation ATB

* Cohorte US, 37 487 cas d’IRA ambulatoires, 26% grippe positive, 50-60 centres, 5 saisons (2013-
2018)

* Y compris en ambulatoire, vaccination antigrippale évite 1 prescription d’ATB sur 25 chez les
patients (> 6 mois) avec IRA

Table 3. Estimated Proportion of Each Acute Respiratory lliness Syndrome Prevented Through Influenza Vaccination and the Proportion of Antibiotic Prescriptions for Tiers of Acute Respiratory llinesses
Averted Through Influenza Vaccination: US Flu VE Network, 2013-2018

{4) Prevalence of 15) Prevalence of (11 = 2 = 3 x 4]/5) Overall

(1) Adjusted (2) Prevalence {3) Percentage Antibiotic Prescriptions Antibiotic (1 % 2 = 3) Proportion of Proportion of Antibiotic
WE Against of Influenza in Vaccinated Among Among Urvaccinated Prescriptions Total ARI Visits Prescriptions Averted From
Influenza,” % Unvaccinated Influenza-negative Influgnza-positive in All Persons Prevented by Influenza Vaccination,
Tier/Syndrome® {95% CI) Persons,” % Patients Persons, % With ARI, % Influenza Vaccination, % % (95% Uncertainty Bound)
Overall 35 (32-39) 300 530 243 365 56 3.8(3.6-4.1)
Tier 1 56 (39-68) 255 59.1 78.4 79.3 83699238
Pneurnonia 56 (39-68) 255 59.1 A M 8.4 MA
Tier 2 35 (29-41) 222 489 429 547 MaA, 3.0(28-33
Pharyngitis 33 (25-41) 261 456 MA, M 39 M,
Sinusitis 30 (16-43) 172 539 MaA, WA 28 M,
Otitis media 39 (24-52) 15.6 495 MA, M 3.0 M,
Tier 3 36 (32-40) 350 55.3 15.3 228 M, 4.7 (4.3-5.1)
VURTI 33 (28-38) 279 544 MA, M 5.0 M,
Bronchitis 23 (9-35) 254 573 MaA, WA 3.3 M,
Allergy or asthma 28 (15-39) 219 56.8 MA MA 3.5 A
Clinical influenza 33 (2243) 677 494 MaA, WA 1.0 M,
Other 35 (30-40) 300 541 NA, M, 5.7 M,

Smith ER,et al. Clin Infect Dis. 2020 Dec 31;71(11):e726-e734.



van Heuvel ef al Antimicrobial Resistance
Antimicrobial Resistance & infection Co 20232) 12:70 .
https://doi.org/10.1186/513756-023-01272-6 and Infection Control

The impact of influenza and pneumococcal
vaccination on antibiotic use: an updated
systematic review and meta-analysis

Lotte van Heuvel', John Paget'’, Michel Diickers'** and Saverio Caini’

« [comparative studies] show that the effect of influenza vaccination
on the number of antibiotic prescriptions or days of antibiotic use
(Ratio of Means (RoM) 0.71, 95% CI 0.62-0.83) is stronger compared
to the effect of pneumococcal vaccination (RoM 0.92, 95% CI
0.85-1.00)”

van Heuvel L, et al.Antimicrob Resist Infect Control. 2023 Jul 14;12(1):70.



Effet de la vaccination sur la consommation ATB

* Impact de la vaccination COVID-19

Clinical Infectious Diseases

RN
@IDBA_
Coronavirus Disease 2019 Vaccination Is Associated With
Reduced Outpatient Antibiotic Prescribing in Older Adults
With Confirmed Severe Acute Respiratory Syndrome
Coronavirus 2: A Population-Wide Cohort Study

Derek R. MacFadden,'** Colleen Maxwell,”*" Dawn Bowdish,” Susan Bronskill.” James Brooks,” Kevin Brown,*” Lori L Burrows,” Anna Clarke,”
Bradiey Langford,"’ Elizabeth Leung,"* Valerie Leung,’""* Doug Manuel.” Allison McGeer," Sharmistha Mishra,”*"*""* Andrew M. Morris,""

Ontario, 13 529 eligible nursing

home residents and 50 885
eligible community-dwelling

adults with SARS-CoV-2

Caroline Nott.” Sumit Raybardhan.*** Mia Sapin," Kevin L Schwartz.**"* Miranda So,*"* Jean-Paul R. Soucy.* and Nick Daneman’"* | nfe Ctl on
2020-2021
Prediagnosis Postdiagnosis Control Period

Variable Rate IRR {95% CI) Rate IRR (95% Cl) Rate IRR
All 14.97 3.52 (3.28-3.77) 20.92 4.92 (4.59-5.27) 4.25 Ref
Age, y

65-74 15.92 3.41 (2.83-4.10) 22.02 4.71 (3.89-5.70) 4.67 Ref

75-84 15.76 3.57 (3.15-4.06} 20.33 4.61 (4.05-5.24) 4441 Ref

>85 14.37 3.52 (3.21-3.86) 20.99 5.14 (4.70-5.63) 4.08 Ref
Sex

Female 13.98 3.29 (3.03-3.58) 19.06 4.49(4.13-4.88) 4.24 Ref

Male 17.13 4.01 (3.53-4.55) 25.14 5.88 27 Ref
COVID-19 vaccine

<2 doses 15.00 3.59 (3.34-3.85) 21.43 5.12 {4.77-5.50) Re

>2 doses 14.56 2.81(2.18-3.83) 14.40 2.781(2.13-3.64) Re
Index period

January-June 2020 18.33 4.31 (3.86-4.83) 18.71 4.40 {3.91-4.96) 4.25 Ref

July-December 2020 12.75 3.11 {2.75-3.561} 20.58 5.02 {4.45-5.66) 4.10 Ref

January-June 2021 13.34 3.14 (2.71-3.63) 26.54 6.24 {5.46-7.14) 4.25 Ref

July-December 2021 13.95 2.66 (2.03-3.50) 13.17 2.52({1.87-3.38) 5.23 Ref

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease 2019; IRR, incidence rate ratio; Ref, reference.

IRR by day (relative to control period)

10

Community Nursing Home

76-5-4-3-2-101234567-76-5-4-3-2-1012345E6 7
Day of peridiagnosis window (Day 0 = case reported date)

Vaccination status

MacFadden DR, et al., Clin Infect Dis. 2023 Aug 14;77(3):362-370.

Not vaccinated Vaccinated
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Pas que les enfants

* Probleme
majeur d’AMR
chezles>70
ans

* Population
avec un
elargissement
des vaccins
recommandés

* Couverture
vaccinale tres
faible chez les
sujets adultes

Global burden of bacterial antimicrobial resistance
1990-2021: a systematic analysis with forecasts to 2050

GBD 2021 Antimicrobial Resistance Collaborators*
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Figure 7: Deaths attributable to AMR by age group and location in the reference scenario, 2022-2050 Units are in millions.
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The role of bacterial vaccines in the fight against
antimicrobial resistance: an analysis of the preclinical and
clinical development pipeline

Isabed Frost, Hatim Sati, Pilar Gardia-Velflo, Mateusz Hasso-Agopsowicz, Christian Lienhardt, Valeria Gigante, Peter Beyer

20+

15 -

10+

Mumber of vaccine candidates

Fathogen

Approach

Il Combination: NA

B Subunit: conjugate

B Subunit: GMMA

@ subunit: multiple antigen presenting system
[ Subunit: OMY

[ Subunit: recombinant

[ Subunit: unknown

1 Unknown

[ viral vector: non-replicating

3 Viral vector: replicating

@ Whole pathogen: inactivated
Bl Whole pathogen: live attenuated

https://doi.org/10.1016/ S2666-5247(22)00303-2  Figure 4: Number of vaccine candidates in active clinical development by approach
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Vaccines and monoclonal antibodies to prevent
healthcare-associated bacterial infections

Léo Sauvat 1’2'3’4, Paul O. Verhoeven 1!2'5, Julie Gagnaire3!4, Philippe Berthelot 1’2’3'4,
Stéphane Paul 1’2’5, Elisabeth Botelho-Nevers 1=2'4’5,Amandine Gagneux-Brunon 1,2,4,6

TABLE 4 Pathogen clusters according to the vaccines for AMR initiative (in bold, pathogens responsible for
HAIs) (Table view)

Staphylococcus aureus Escherichia coli
Increase uptake Bring to market new Advance early R&D for  Collect data and explore alternatives for
/—> for existing, vaccines for pathogens  high impact pathogens  those pathogens on the list less well-suited
effective where protective with unclear R&D to vaccine development due to significant
vaccines immunity is understood, feasibility, by investing in  outstanding epidemiological questions, low
by accelerating clinical  early stage research incidence and associated mortality and
development morbidity, or preferable alternative
strategies
Haemophilus E. coli (enteric) E. coli (urinary) Acinetobacter baumannii
influenzae
« 4 & S. pneumoniae  Nontyphoidal P aeruginosa Campylobacter spp.
; . - Salmonella
Pseudomonas aeruginosa Clostridioides difficile Salmonella typhi Shigella S aureus E faecium
Hadetniinah b N. gonorrhoae Enterobacteriaceae
e / Mycobacterium Helicobacter pylori
tuberculosis

K. pneumoniae

Monoclonal antibody Salmonella paratyphi




Discontinuation

* SANOFI Pasteur: Cdiffense

Vaccin toxoide & base de toxine A et de toxine B inactivées,
; adjuvant par l'alun. 3 injections ()0, 17, J30)
e o poOUr obtenir le taux d'AC.
Vaccine * Population cible 50-85 ans

[uurnal Bamapuga: ww s liasien oA paN e re

Defining the optimal formulation and scheduale of a candidate toxoid @:m . .
vaccine against (ostridium difficile infection: A randamized Phase 2 |I"|tEFI m ﬂna|v5|5
clinkeal trial

Gy o By, Jamebid 53k, vk Warkman', Richan Pollsk?, Victar Elnedt™,
Meil | Fraser G Leetsure !, Mark Martens*, Bichars E. Mills . Richard Rathan,
i) Trevinn *. Martin van Cleell. Gisamarie Foghia ™, Apra DombGadtiey ™|,
Threal B Papel”, Patnic ). Pietrbon . Behar Gesser. Cin behalf of the H-000-017
Clinical Ivestipator Study Team

INDEPENDENT DATA MONITORING COMMITTEE
RECOMMENDS DISCONTINUATION OF THE PHASE
2B STRIVE CLINICAL TRIAL OF STAPHYLOCOCCUS
AUREUS VACCINE FOLLOWING PLANNED INTERIM
ANALYSIS

Thursday, December 20, 2018 - 4:30pm EST

NEW YORK~(BUSINESS WIRE)-Pfizer Inc. (NYSE:PFE) announced today that the Phase 2b trial STRIVE (STaphylococcus oureus
SuRgical Inpatient Vaccine Efficacy) evaluating the company’s investigational Stophylococcus oureus (5. aureus) multi-antigen
waccine (PF-06290510) is being discontinued due to futility. This decision is based on a recom lation from an independent

Data Monitoring Committee (DMC), composed of external experts, after conducting a pre-planned interim analysis.

A safety review by the DMC indicated that the investigational vaccine has been safe and well tolerated. STRIVE trial

participants who are enrolled in the study will complete the study’s follow-up evaluations.

.
Pfizer is evaluating next steps for the potential development of a S. aureus vaccine. ‘ flze r

BREAKING NEWS, COLLABORATIONS & ALLIANCES, TRIALS & FILINGS

Sanofi, J&J Discontinue E.mbrace Study

Sanofi and Johnson & Johnson's E. coli vaccine candidate failed to prevent invasive E. coli disease effectively.
February 14, 2025




Animal vaccines and antimicrobial
resistance: an underutilized tool

Javier Yugueros-Marcos' and Floriane Etienne’

 Aux US, 70% des ATB importants médicalement sont utilisés en agriculture

* En Norvege, Uutilisation de vaccins chez les saumons a réduit la
consommation de 99% en 1987 et 2024

ki
Table 1: Infections for which new or improved vaccines would significantly \,@
reduce the need for antibiotic use in chickens

N

R E V I E W open Access Escherichia coli High Yes +  Omphalitis: a secondary bacterial infection High

(Yolk sac infection, > - not a disease one can immunize against
airsacculitis, cellulitis) *  Strain coverage limited
. . . . . @ CrossMark . Alrsacculitis, cellulitis: vaccines available,
Vaccines as alternatives to antibiotics 24 Ive aerosl vaccne. However,
Systemic Serotype coverage limited and field

(Broilers) efficacy variable

for food producing animals. Part 1: challenges oo By Do s | oo | v || e spitor | e

*  Maternal antibody interference

a n d n e e d S Systemic Escherichia coli High Yes + Strain coverage limited High
(Breeders, (airsacculitis, cellulitis, salpingitis,

o) and periotonitis)
Karin Hoelzer""®, Lisa Bielke?, Damer P. Blake?, Eric Cox®, Simon M. Cutting®, Bert Devriendt?, Clostridium perfringens, type A High Yes B ek o S ArHeT —
. " . . (necrolic enteritis) short-lasting passive immunity
Elisabeth Erlacher-Vindel®, Evy Goossens’, Kemal Karaca®, Stephane Lemiere®, Martin Metzner'?, e e
. . . . - immunity
Margot Raicek®, Miquel Collell Surifiach'’, Nora M. Wong', Cyril Gay'? and Filip Van Immerseel” - Improved andior more convenient (mass
vaccination) vaccine needed for broilers
(Broilers, Coccidiosis High Yes = Lack of cross-protection High
Ehzerzon =] (secondary bacterial infections * Strains ust be maiched to infectious
. agent
Layers) = Current vaccines are not attenuated and

can produce low dose infection
= Sub-unit vaccines have not been
successful

Infectious Brmam yiwn;s Medium Yes * Issues with strain malching and strain Medium
https://doi.org/10.1098/rstb.2025.0009 (sccondary bacterial niecton) T e e

https://doi.org/10.1186/s13567-018-0560-8
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Au total,

* Vaccins sont rarement réellement intégrés dans les plans d’AMR

* Vaccins existants ont un potentiel important pour réeduire CAMR
* Souvent pas assez utilisés (CV basses)
* Ou non disponibles

* Parfois pas/peu de données d’efficacité sur ce point
* Méme avec des vaccins efficaces ne pas oublier tout le reste++
* Vaccins en développement +++ mais le chemin est assez lointain

* One health
 Au-dela de la résistance aux ATB



Box 1. Key outcomes.

— AMR is a One Health problem with devastating health and economic consequences, particularly in LMICs

— The importance of vaccines in addressing AMR is underappreciated

— Vaccines are an effective tool against , both in humans and animals, but more evidence is needed

— Limited vaccines are available a%ainst the bacterial pathogens which are responsible for 1.27 million AMR deaths/year

— There is limited funding to develop new vaccines, despite an estimated economic cost of US$3—7 trillion/year by 2050
from AMR

— The vaccine community must effectively communicate the role that vaccines play in reducing AMR

— The AMR community must integrate vaccines into AMR strategies, and actively implement them

Panel 1. Goals and objectives to leverage vaccines to prevent AMR.

Goal 1. Expand the use of licensed vaccines to maximize impact on AMR
Objective 1. Increase coverage ofvaccines with impact on AMR
Objective 2. Updaterecommendations and normative guidance in both the vaccine and AMR sectors toinclude the role of vaccines to control AMR
Objective 3. Improve awareness and understanding of the role of vaccinesin limiting AMR through effective communication, education and training

Goal 2. Develop new vaccines that contribute to prevention and control of AMR
Objective 4. Bridge the funding gap for R&D of new vaccines with potential for global AMR impact
Objective 5. Develop regulatory and policy mechanisms to accelerate approval and use of new vaccines that can reduce AMR

Goal 3. Expand and share knowledge of vaccine impact on AMR

Objective 6. Improve methodologies and increase collection and analysis of data to assess vaccine impact on AMR, including antimicrobial use
Objective 7. Develop estimates of vaccine value to avert the full public health and socioeconomic burden of AMR

Calman A. et al., Phil. Trans. R. Soc. B 19 February 2026; 381 (1944): 20250012. https://doi.org/10.1098/rstb.2025.0012
https://doi.org/10.1080/21645515.2022.2145069
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