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6 of the 18 most alarming antibiotic resistance threg
cost the U.S. more than $4.6 billion annually
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Projekce mortality asociované s AMR
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Jak se méni vyvoj antibiotik a vakcin
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Mechanismus
pusobeni

antibiotik a

vakcin na
selekci AMR

Micoli, F, Bagnoli, F,, Rappuoli, R. et al. The role of vaccines in combatting antimicrobial resistance. Nat Rev Microbiol 19, 287-302 (2021). https://doi.org/10.1038/s41579-020-00506-3
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Naruast délky zivota a rozlozeni populace ve vékovych
kohortach od roku 1750

Nyni pouzivané vakciny byly vyvinuté
pro prevenci typickych détskych
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Zdroj: IOM (Institute of Medicine). 2012. Ranking vaccines: A prioritization framework: Phase I: Demonstration of concept and a software blueprint. Washington, DC: The National
Academies Press. Rappuoli et al. 2011.



Stratifikace pouziti vakcin v 21. stoleti
ROZVOJOVE ZEME - CHUDOBA
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People with Chronic
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Zdroj: IOM (Institute of Medicine). 2012. Ranking vaccines: A prioritization framework: Phase I: Demonstration of concept and a software blueprint. Washington, DC: The National

Academies Press. Rappuoli et al. 2011.




Stratifikace pouzit
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ROZVINUTE ZEME — STARSI POPULACE

Pregnancy
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Infants and Children
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Streptococcus
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Virus
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Zdroj: IOM (Institute of Medicine). 2012. Ranking vaccines: A prioritization framework: Phase I: Demonstration of concept and a software blueprint. Washington, DC: The National
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Jak mohou vakciny omeazit antibiotickou
rezistenci?

* Prevence onemocnéni (primy dopad u ,bakterialnich vakcin)
* Na urovni jedince
* Na urovni populace pri dostatecném proockovani (herd-effect)

 Omezeni cirkulace a proliferace bakterii (pokles expozice
antibiotikum, snizeni frekvence mutaci)

* Extinkce bakteridlni klont asociovanych s AMR

* Vakciny neovliviuji strevni mikrobiom — misto horizontalniho prenosu
genl AMR a rezervoar AMR genu

* Prevence naduzivani antibiotik (neprimy efekt virovych vakcin)
* \V/yvoj novych vakcin zamérenych primo na patogeny spojené s AMR



Invazivni pneumokokova onemocneéni

Sérova antibiotika

terapie

* Penicilin snizil mortalitu pneumokokové pneumonie ze 20-40% na
5%1,2

* Bakterémie z 50-80% na 18-20%3

1. A Tomasz. Antibiotic resistance in Streptococcus pneumoniae. Clin Infect Dis, 24 (suppl 1) (1997), pp. S85-588
2. RC Tilghman, M Finland. Clinical significance of bacteremia in pneumococcic pneumonia. Arch Intern Med, 59 (1937), pp. 602-619
3. A Ortqvist, J Hedlund, M Kalin. Streptococcus pneumoniae: epidemiology, risk factors, and clinical features. Semin Respir Crit Care Med, 26 (2005), pp. 563-574



Vliv PCV vakcinace a pristupu k antibiotikim na
détskou umrtnost

pneumonie,

* Preventabilni infekcni choroby 935,000, 15% N
. s /o vrve ’ , neonatalni
jsou stale hlavni pficinou umrti u sepse nebo
déti <5 let

meningitida,
421,000, 7%

* Vroce 2013 zemrelo 6,3 milionu T::g‘g(')t"z’j
déti na preventabilni infekci o

Lancet 2016; 387: 168-75



Vliv PCV vakcinace a pfistupu k antibiotikum na

détskou umrtnost

Dostupnost PCV

11-4 million
days

No PCY coverage PCV coverage
[ Annual antibiotic treatment days
[ Annual antibiotic treatment days avoided

Pokles spotreby antibiotik

Lancet 2016; 387: 168-75

Dostupnost antibiotik

Hypothetical under-5 pneumonia deaths
averted with universal antibiotic access
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Efekt PCV7 na incidenci IPD spojenou s

rezistenci k antibiotikim, USA
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Efekt PCV7 na incidenci IPD spojenou s
rezistenci k antibiotikim, U
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Molekularne-epidemiologicka analyza
pneumokoku rezistentnich k antibiotikim

* Rozsiteni novych sérotypli/genotypll po zavedeni

plosné vakcinace

* Prikaz schopnosti adaptace rezistentnich klont

pneumokokd

Fig. 1 SNP phylogeny of 58 Streptacoccus peumonide STAIG i

JOURNAL RESEARCH ARTICLE " MICROBIOLOGY
OF MEDICAL Zemlickova et al., Journal of Me 2018:67:1003-1011 . =YY
MICROBIOLOGY DOI 10.1099/jm

B MicrROBIOLOGY

Molecular characterization of serogroup 19 Streptococcus
pneumoniae in the Czech Republic in the post-vaccine era

Helena Zemlizkova,** Lucia Maligova," Petra Spanélova,' Viadislav Jakubd,' Jana Kozékova,' Martin Musilek' and
|Matej Medvecky® and Costas C. Papagiannitsis®

Spanelova et al. BMC Microbiology  (2020) 20:224

https://doi.org/10.1186/512866-020-01909-1 BMC MlCrObIOIOgy

Whole genome sequencing of macrolide ®

resistant Streptococcus pneumoniae e
serotype 19A sequence type 416

Petra Spanelova'” islav Jakubu'~, Luc in Musilek’, Jana K

Ibrahim Bitar

Costas C. Papagiannitsis™

sso- and Helena Zeml|

The association of pili with the emergence =
and replacement of the major antibiotic
resistant pneumococcal clones

Helena Zemlickova ®*, Vladislav Jakubu , Marta Fridrichova 2,
Lucia Malisova , Martin Musilek ?, Milan Trojanek ¢

Journal of Microbiology, Immunology and Infection (2020) 53, 690-695
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Efekt PCV13 na incidenci IPD spojenou s
rezistenci k antibiotikim, USA

Antibiotic nonsusceptibility caused by serotypes included in PCV13
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Tomczyk S, et al. Clin Infect Dis. 2016;62:1119-25. doi:10.1093/cid/ciw067. PMID:26908787.
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Efekt Hib vakcinace na incidenci Hib
spojenych s rezistenci k antibiotikum, JAR
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Bulletin of the World Health Organization | October 2006, 84 (10)



Efekt Hib vakcinace na incidenci Hib
meningitidy a nosi¢stvi, Gambie

Incidence Hib meningitidy Prevalence Hib nosicstvi
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Efekt ockovani proti chripce na ATB preskripci,
Ontario, Kanada

* Ontario — vakcinace zdarma pro
vsechny >6 mésicu

UIIP introduction

a * 1996/97 - 2000, proockovanost stoupla
1 I B} z 18% na 38%

i | i : v

1 * ATB preskripce asociovana s chripkou

S : kleslaz 17,9 na 6,4 receptd na 1000

“ obyvatel (- 64 %)

Usetreno cca ~144,000 receptu na ATB roCné

Clin Infect Dis, Volume 49, Issue 5, 1 September 2009, Pages 750-756, https://doi.org/10.1086/605087



Oc¢kovani proti chfipce - osoby >65 let, CR
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Ockovani proti chripce - osoby >65 let, 2022
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Budoucnost

Vyvoj AMR specifickych vakcin



WHO — priority
pathogen list

Prioritizace vyzkumu a
vyvoje v oblasti
antibiotik s ohledem na
verejné zdravi

Critical group

Enterobacterales

carbapenem-resistant

Enterobacterales

thard -generatan
cephalosporin-resistant

&

Acinetobocler
baumannii

carbapenem-resistant

Mycobacterium
tuberculosis,
rifampicin-
resistant®

*RR-TE was included after
an independent anabysis
with parafiel criteria and
subsequent application of
an adapted MCDA matrix.

High group

Salmonella Typhi

flucroguinolone -resistant

Medium group

. \ Group A
% | Streptococci

¥
L]
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Shigelia spp.
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faecium

Wil N vy cin - ress i stank

\"-I Hoemophilus
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Pseudomonas
oeruginosa

carbapenem-resstant

Mon-typhoidal
Salmonella

fluaroquinalone-resistant

Naisseria
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cephalasporinandfar
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)
)
(o)

Staphylococcus
auraus

meethicillin-resistant

Group B
Yap | Streptococci

penicilin-resstant

WHO Bacterial Priority Pathogens List, 2024: bacterial pathogens of public health importance to guide research, development and strategies to prevent and control antimicrobial

resistance. Geneva: World Health Organization; 2024.



Bacterial vaccines in clinical

SIS and preclinical development

fazi testovani

94 vakcin v

preklinickeé fazi
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e Salmonella Typhi e Escherichia coli e Escherichia coli * Acinetobacter

e Streptococcus (EXPEC) (ETEC) paumanni
pneumoniae e Salmonella e Klebsiella : PSGUd.Omonas

* Haemophilus Paratyphi A PEUlelEE . :E::fczr;)c;:er spp
influenzae type b * Neisseria e Non-typhoidal . Enterococcusfaeéium

* Mycobacterium gonorrhoeae Salmonella e Staphylococcus aureus
tuberculosis e Clostridioides » Campylobacter spp. e Helicobacter pylori

difficile * Shigella spp.

Jiz existujici vakciny lll. Faze testovani Casna faze testovani Nejsou kandidatni vakciny

Vyvoj vakcin pro nemocnicni patogeny
asociovaneé s rezistenci je velmi omezeny (D)



Technologie — typy vakcin zameérené na AMR

Konjugované vakciny (glykokonjugaty, biokonjugaty)

e Streptococcus pneumoniae, Hib; exPEC E. coli

e Virus-like particles (reverzni vakcinace)

® Salmonella, Escherichia coli a C. difficile — preklinické studie

mmme  DNA vakciny (plazmid nesouci geny pro Ag)

e Salmonella, Escherichia coli, Streptococcus pneumoniae, Pseudomonas aeruginosa

BN /iy atenuované vakciny

e Salmonella, Acinetobacter baumannii

Adjuvantni podjednotkové vakciny (rDNA)

* Neisseria meningitis typu B, Staphylococcus aureus

e Nova adjuvans

e Mycobacterium tuberculosis

Saeed U, Insaf RA, Piracha ZZ, Tarig MN, Sohail A, Abbasi UA, Fida Rana MS, Gilani SS, Noor S, Noor E, Waheed Y, Wahid M, Najmi MH and Fazal | (2023). Front. Microbiol. 14:1270018.
Rosini R, et al. Front Immunol. Sec Vaccines and Molecular Therapeutics. Volume 11. 2020



Stav vyvoje kandidatnich vakcin pro AMR patogeny

Protein vaccine

Glycoconjugate

Synthetic
conjugate

Bioconjugate

10%\"

Live attenuated
vaccine

Preclinical Phase | Phase Il Phase Il
o iNTS * Pseudomonas aeruginosa
) ISh' I . o ExPEC * GAS * Clostridioides
A x * Staphylococcus aureus difficile
* Neisseria gonorrhoeae . .
* Mycobacterium tuberculosis
e Klebsiella pneumoniae R
¢ iNTS None None i
* GAS
* K pneumoniae * Shigella species None None
* K pneumoniae o ExPEC
None ; ; None
* S. aureus * Shigella species
* N. gonorrhoeae  ® EXPEC
e K pneumoniae  ®iNTS None * Shigella species None
* M. tuberculosis
e C. difficile * Salmonella species . .
* iNTS METs * Shigella species i aiberailosts

Micoli, F., Bagnoli, F., Rappuoli, R. et al. The role of vaccines in combatting antimicrobial resistance. Nat Rev Microbiol 19, 287-302 (2021)




Vakciny bez jasného korelatu ochrany — selhani
v klinickych studiich uéinnosti

Main affected populations  Main diseases Comelate of protection Vaccines failed in efficacy Reference

trials
ICU, Surgical patients (elderdy) VAP, S5l Pt knowwm Veccine failed in ICU setting 23
CU, Surgical patients, CA-S5TI, 551, VAR, BEI Mot esteblished yei, d vaccines failed to show  2-5
atients with central lines, potentislly associated efficacy against B5l and 551
atients at risk of CA-S5TI with functional Ab and
children and ekderly) T-cell reaponze
Fubjects at riak of GOl Diarrhes, colitis, pssudomembranous colitis, toxic Mot esteblished yet, A vaccine failed to show MNCTOS3E0181
miegacolon, sepsis potentislly associated efficacy against colitis
with anti-toxin Ab
iChildren, the elderly, and Pharyngitis, scarlet fever, blood stream infection, Mot esteblished yet, inthe 1940's a whole killed 24
patients with underlying med- rheumatic heart disesse (RHDO), pneumonia, necro-  potentially associated bacteris-based vaccine
ical conditions tizing fasciitia, and Streptococcal Toxic Shock Sym-  with functional Ab friled to prevent respiratory
dromea (StrepTS5) infections

sive Care Uinit, VAP Ventilator Associated Preumonia, 551 Sugical Site Infection, CA Community Acquired, S5T1 Skin and Soft Tisswe Infection, 5.5 Bloodstream Infection, LT Urnary Tract
Infection, STD Sexually Transmitted Dissase, COV C. ofiffficie Infection.

Bagnoli F. npj Vaccines | (2024)9:71



/mena schématu klinického testovani

Standard Vaccine Development

Healthy subjects larget population
Phase 1 Phase 2 Phase 3
. . Mo Efficacy: STOP
Immunogenicity —— Immunogenicity + Efficacy # Launch

Staphylococcus aureus vakcina

Infekce kGize a mékkych tkani

High attack Phase 1/2

larget population Cutaneous  Health Care Subject )
rate population | EMeicy abscoss Contir FEuR Prevention of Recurrence
ﬁ Phase 3 Placebo Abscess
| ~300 subjects) ~
5‘3"Et'l' Cn-::llult Mo Efficacy: STOP - E'Fﬁcaq + Launch ehglble for (= ubjects recurrence
if FTlH Protecton o vaccmahon Vs,

er'I-l‘I'Il.Ir'H:IgEI'IIEIt‘f — ! ‘ Vaccine ___,  Abscess

/ ~300 mubjects) recurrence

PR ey

Bagnoli F. npj Vaccines | (2024)9:71



Zavery

 AMR predstavuje globalni ohrozeni verejného
zdravi ,ticha pandemie”

* VV\yvoj novych ATB je omezeny

* Vakciny predstavuji efektivni nastroj v pristupu
k AMR
* Na urovni jedince
* Na urovni populace
* U komunitnich i HAI patogenu




Dekuji za pozornost
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