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Au commencement était la sensibilité

Streptococcus pneumoniae :
— 100% de sensibilité a la pénicilline G

Neisseria meningitidis :
— 100% de sensibilité a la pénicilline G

Staphylococcus aureus
— 100% de sensibilité aux pénicillines M

Salmonella typhi :

— 100% de sensibilité aux pénicillines A, aux quinolones, aux
sulfamides ...

E. coli :

— 100% de sensibilité aux pénicillines A, aux quinolones, aux
sulfamides ...



Sensibilité, certes, inégale ...

Presque tous les staphylocoques résistent aux
pénicillines non A ...

Tous les Pseudomonas aeruginosa résistent aux
sulfamides, aux quinolones non F, aux pénicillines A,
aux C3G ...

Tous les Enterobacter résistent aux C1G, aux
pénicillines A ...

Tous les entérocoques résistent aux C3G

Toutes les Klebsiella résistent aux pénicillines A
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Antibiotic Resistance Is Prevalent in an Isolated Cave
Microbiome

Kirandeep Bhullar', Nicholas Waglechner!, Andrew Pawlowski', Kalinka Koteva', Eric D. Banks?,
Michael D. Johnston?, Hazel A. Barton?, Gerard D. Wright'*

1M.G. DeGroote Institute for Infectious Disease Research, Department of Biochemistry and Biomedical Sciences, McMaster University, Hamilton, Ontaro, Canada,
2Department of Biology, University of Akron, Akron, Chio, United States of America
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Figure 1. Plan and profile maps of Lechuguilla Cave, Carlsbad Caverns National Park, New Mexico. The sites where microbial strains

were collected (LCECE, LCDS1 and LCEAT1) are shown relative to the entrance and depth. tN represents true North on the plan, while the profile has an
exaggerated vertical profile of 1.5 x.

doi:10.1371/journal.pone.0034953.g001
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Paradigme

Haute virulence, réservoir humain, faible résistance initiale
— Salmonella typhi

— Neisseria meningitidis

— Treponema pallidum

— Streptococcus pneumoniae

Faible virulence, réservoir environnemental, haute résistance
initiale

— Pseudomonas aeruginosa

— Acinetobacter baumanii

— Stenotrophomonas maltophila

Les exceptions: réservoir environnemental, faible résistance,
virulence importante

— Clostridium toxinogenes
— Listeria monocytogenes



Puis I’'homme a mis la main sur les ATB




A I'aube des antibiotiques

Travaux de Vincenzo Tiberio, publiés en 1895 :
1¢ere extraction d’un composé fungique microbicide

* « L'auteur a observé 'action d’extraits aqueux du Mucor mucedo,
du Penicillium glaucum et de |'Aspergillus flavescens sur quelques
schizomycetes pathogenes et sur quelques saprophytes, les
constatant doués, en particulier celui tiré de I’Aspergillus, d’un
notable pouvoir bactéricide. »

Sugli estratti di alcune muffe. Ann Ig Sperim 1895;1:91-102



A I'aube des antibiotiques

e 1897 : these d’Ernest Duchesne (Lyon) :
— Les moisissures éliminent les bactéries d’une culture
— Guérison d’animaux infectés







A I'aube des antibiotiques

e 1928 : expériences de Fleming (Londres)

— Contamination accidentelle d’une culture
bactérienne







° 1940 : Conﬂit mondial Howard Iorey Ernst Chain
* Florey, Chain & Heathley parviennent a purifier la
pénicilline et a traiter des souris

— Mais il faut 2000 litres de culture fungique pour traiter un
humain ...

e 1943 : production d’assez de pénicilline pour traiter
les humains
— Grace a une souche de Penicillium chrysogenum
e Constatée sur un melon et menée au laboratoire par Mary Hunt

— Utilisation a grande échelle chez les blessés britanniques
et américains


//upload.wikimedia.org/wikipedia/commons/d/d2/Howard_Walter_Florey_1945.jpg
//upload.wikimedia.org/wikipedia/commons/a/ae/Ernst_Boris_Chain_1945.jpg




Penicillin manufacture at Oxford University, early 1940s
















;\:
AR

)
7o Ji A. /lu J
sy of VvV

t Merck ¢ 1945 (cour te

/at al Iv

ntation v

Formen



Aout 1944

Thanks to PENICILLIN

...He Will Come Home !
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Origine fungique des antibiotiques ...

Streptomyces erythreus : érythromycine
Streptomyces orientalis : vancomycine

Streptomyces chrysogenum : pénicilline
Cephalosporum acremonium: céphalosporine
Streptomyces cattleya : thienamycine puis imipéneme
Micromonospora purpurea : gentamicine
Streptomyces griseus : streptomycine

Streptomyces rimosus : tétracycline

Streptomyces mediterranei : rifampicine

Etc ...
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Les sulfamides

* Découverts par les chimistes . wmmom
d’un teinturier allemand,
|.G. Farben

-

e

Fig. 1. Gerhard Johannes Paul Domagk examining microscopic
preparations in the laboratory of I. G. Farben, Wuppertal-Elberfeld,
Germany.
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Les sulfamides otont e

Sulfaniiamide (Prontosil album)

0o o -0 p-Aminobenzoic acid (PABA)

3
(CH,), COOH
H /\
NH Ghiamicacid ____j
H,N

Folic acid

Fig. 2. Structural formulas of protosil rubrum, sulfanilamide,
para-aminobenzoic acid and folic acid.

Effet antibactérien en modele murin
— Démontré par GJP Domagk (1895-1964), Nobel 1939
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COMMUNICATION TO THE EDITOR

1,8=Naphthyridine Derivatives.
A New Class of Chemotherapeutic Agents

GEORGE Y. LESHER, ERNEST J. FROELICH, MONTE D. GRUETT, JoHN HAYS BAILEY
AND R. PAULINE BRUNDAGE

Sterling-Winthrop Research Institute, Division of Sterling Drug Inc., Rensselaer,
New York

Received June 15, 1962

As part of a general investigation of new antibacterial agents,! we
have prepared a series of 1-alkyl-1,8-naphthyridin-4-one-3-carboxylic
acid derivatives. Several members of the series, listed in Table I,

were found to be highly effective antibacterial agents both in vitro
and in vivo.
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Timeline | Antibiotic drug discovery

(1940-1950)
* Gramicidin (peptide)
* Penicillin (B-lactam)
—_ *Neomycin{aminoglycoside)
Salvarasan | * Streptomycin (aminoglycoside) | Rifamycin
(arsenical) | | * Cephalosporin (B-lactam) (ansamycin)

Linezolid
(oxazolidinone)

1908 1932 1940 1950 1960 1962 2000 2003

Protonsil ' (1950-1960)
{(sulfonamide) * Chloramphenicol (phenylpropanoid)
¢ Chlortetracycline (tetracycline)
* Polymyxin (lipopeptide)
* Erythromycin (macrolide)
* Vancomycin (glycopeptide)
* Virginiamycin (streptogramin)

(quinolone) (lipopeptide)

Naladixic acid I Daptomycin

The class of the antibiotic is shown in brackets,

Wright 2007






Lee Ventola, 2015

Figure 3 Number of Antibacterial New Drug
Application Approvals Versus Year Intervals
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The number of new antibiotics developed and approved has
decreased steadily over the past three decades (although four
new drugs were approved in 2014), leaving fewer options to
treat resistant bacteria.

* Drugs are limited to systemic agents. Data courtesy of the
CDC® and the FDA Center for Drug Evaluation and Research.
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STREPTOMYCIN TREATMENT OF PULMONARY TUBERCULOSIS
A MEDICAL RESEARCH COUNCIL INVESTIGATION
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p— Pénicillinases
Pénicillines <

e

— Efflux (Pseudomonas +++)

Céphalosporinases

‘ Ceéphalosporinases dereprimees
Céphalosporines \
BLSE
Carbapénemes Carbapénémases

Impermeabilité



2006
The CTX-M -lactamase pandemic

Rafael Cantén and Teresa M Coque

Table 1

Full text provided by www.sciencedirect.com

».” ScienceDirect

Different CTX-M clusters and origin of blacry.m.

CTX-M cluster

CTX-M-1 CTX-M-2 CTX-M-8 CTX-M-9 CTX-M-25
Year (enzyme, country)® 1989 (CTX-M-1, 1986 (FEC-1, Japan) 1996 (CTX-M-8, 1994 (CTX-M-9, Spain) 2000 (CTX-M-25,

Germany) Brazil) Canada)
Enzymes CTX-M-1, -3, -10, CTX-M-2, -4, CTX-M-40 CTX-M-9, -13, CTX-M, -26,

-11, -12, -15, -22, -6, -7, -20, -14, -16, -17, -18, -19, -25, -39, -4

-23 -29, -30, -32, -31, -44 -24, -27, -45

-33, -28, -36, -54, (previously TOHO-1), (previously TOHO-2),

UOE-1 FEC-1 -48, -47, -48,

-49, -50,

Origin K. ascorbata K. ascorbata K. georgiana K. georgiana ND

* Year of first isolation or description (first enzyme described and country of isolation); CTX-M-14 and CTX-M-18 are identical; ND: not defined.

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Apr. 2006, p. 1282-1286

0066-4804/06/308.00+0  doi:10.1128/AAC.50.4.1282-1286.2006

Copynght ©@ 2006, American Socicty for Microbiology. All Rights Reserved.

Vol. 50, No. 4

In Vitro Analysis of ISEcplB-Mediated Mobilization of Naturally
Occurring B-Lactamase Gene bla - Of Kluyvera ascorbata

Marie-Frédérique Lartigue, Laurent Poirel, Daniel Aubert, and Patrice Nordmann*

Service de Bactériologie-Virologie, Hopital de Bicétre, Assistance Publique/Hopitaux de Paris, Faculté de Médecine Paris-Sud,

Université Paris X1, 94275 K-Bicétre. France

Received 14 November 2005/Returned for modification 13 December 2005/Accepted 11 January 2006
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Migration ... évolution ... résistance ...

Time-lapse
imaging

Inoculate Inoculate S‘.:;Ir:q Akgar
E. coli E coli with In
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[Trimethoprim], MIC units

Baym Science. 2016
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Sequential Acquisition of Virulence and Fluoroquinolone Resistance
Has Shaped the Evolution of Escherichia coli ST131

Nouri L. Ben Zakour,2P Areej S. Alsheikh-Hussain,®® Melinda M. Ashcroft,2P Nguyen Thi Khanh Nhu,2P Leah W. Roberts,a.b
Mitchell Stanton-Cook,2P (2 Mark A. Schembri,@ (2 Scott A. BeatsonaP

Australian Infectious Diseases Research Centre® and Australian Centre for Ecogenomics,” School of Chemistry and Molecular Biosciences, The University of Queensland,
Brisbane, Australia

ASA-H MMA, and NTKMN. contributed equally to this article.
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Genomic Analysis of the Emergence and
Rapid Global Dissemination of the Clonal
Group 258 Klebsiella pneumoniae Pandemic

Jolene R. Bowers '™ *, Brandon Kitchel®, Elizabeth M. Driebe’, Duncan R. MacCannell®,
Chandler Roa', Darrin Lemmer’, Tom deMan®, J. Kamile Rasheed?, David M. Engelthaler’,

Paul Keim', Brandi M. Lim bago™

1 Translational Genomics Researnch Instiuie, Flagsiaf, Anzona, Unied States of Amernca, 2 Division of
Hea lthcans Quslity Promaotion, Centers for Disease Control and Prevention, Aflanta, Geomgia, Unied Stales
of America

& These suthors contributed equally 1o this work
1 PK iz joint semnior suthor for genomics and BL is joint s.enior suthor for microbiclogy and epidemiclogy on
hits work

* jhowers@tgen org

Clone producteur de carbapénémase
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SURVEILLANCE AND OUTBREAK REPORT

Ongoing increasing temporal and geographical trends
of the incidence of extended-spectrum beta-lactamase-

producing Enterobacteriaceae infections in France, 2009
to 2013

| Arnaud *, S Maugat 2, V Jarlier 3, P Astagneau 4, for the National Early Warning, Investigation and Surveillance of Healthcare-
Associated Infections Network (RAISIN)/multidrug resistance study group ®

1. Regional Coordinating Centre for Healthcare-Associated Infections Control (CClin Paris — Nord), Paris, France

2. French Institute for Public Health Surveillance (Institut de Veille Sanitaire, InVS), Saint Maurice, France

3. AP-HP (Assistance Publique - Hdpitaux de Paris), Paris, France

4. Ecole des hautes études en santé publigue (EHESP) Sorbonne Paris Cité University, Paris, France

5. Members of the group are listed at the end of the article.

Correspondence: Isabelle Arnaud (isabelle.arnaud@aphp.fr)
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Changing Susceptibility of Meningococci to Antimicrobial Agents

Theodore C. Eickhoff, M.D.T, Maxwell Finland, M.D.%, and Clare Wilcox

o= |964; 56 STRAINS (B.CH.,, 46 + MILITARY, 10)
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Antimicrobial Resistance in Neisseria gonorrhoeae in the 21st Century:
Past, Evolution, and Future

Magnus Unemo,® William M. Shafer™c

WHO Collaborating Centre for Gonorrhoea and Other Sexually Transmitted Infections, National Reference Laboratony for Pathogenic Neisseria, Department of Laboratory
Medicine, Microbiology, Orebro University Hospital, Orebro, Sweden®; Department of Microbiology and Immunalogy, Emaory University School of Medicine, Atlanta,
Georgia, USA™; Laboratories of Bacterial Pathogenesis, Veterans Affairs Medical Center, Decatur, Georngia, USA™

Main resistance
determinants

Novel penA mosaic alleles
(CRO resistance)

23S rRNA/erm+mefA
(AZMresistance)

penA mosaic allele
(CFM resistance)

gyrA+parC
(CIPresistance)

tetMm
(TET resistance)
blarg.a (blarem.3s)
(PEN resistance)

rps) (mtrR+penB)
(TET resistance)

16S rRNA/rpsE
(SPT resistance)

penA (mtrR+penB+ponA1l)
(PEN resistance)

folP
(SULresistance)

2014

and PEN resistance spreading.
SPT resistance frequent in Korea

High-level PEN resistance
(B-lactamase plasmids)

SPT resistance

CFM and CRO clinical

failures in Japan, Europe,
Canada, Australia and
South Africa

First high-level CRO
resistance in Japan

First high-level
AZM resistance
in Europe

AZM resistance in
Latin America

CFM resistance in Japan

CIP/OFX resistance in Asia

1930 1940 1950 1960 1970 1980 1990 2000 2010

Super Bug Status!

2020



Notified MDR-TB cases x1000

o

2015

d

Cas de tuberculose MDR
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loana Diana Olaru’, Florian von GrnDtE—E!idlingmaierE. Jan Heyckenl:lnrf'.

Wing Wai Yew®, Christoph Lange™*>® and Kwok Chiu Chang’

Novel drugs against tuberculosis
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Extensively Drug-Resistant Typhoid — Are Conjugate Vaccines

Arriving Just in Time?
Jason R. Andrews, M.D., Farah N. Qamar, F.C.P.5., Richelle C. Charles, M.D., and Edward T. Ryan, M.D.

2018
1968: Efficacy
of TMP-SMX
shown
1964: Efficacy of Early 1970s: 2014: Ceftriaxone
ampicillin shown Chloramphenicol superior to
resistance fluoroquinolones
1948: Efficacy of wigespread 1985: Efficacy of
chloramphenicol fluoroquinolones
discovered demonstrated
115 I VA 0 T T I T IllllllllllllllllllllIIIIIIIIIIIIIIIIIIIIIII*
1945 1950 1960 1970 1980 1990 2000 2010
1973: MDR 1997: Large 2015: More than 90%
1950: Chloram- strains emerge Early 1980s: fluoroquinolone- of South Asian strains
phenicol resistance MDR strains resistant outbreak nonsusceptible
reported widespread to fluoroquinolones
2016: Ceftriaxone-resistant
outbreak in Pakistan




Origin, evolution, and global transmission of
community-acquired Staphylococcus aureus ST8

Lena StrauB?, Marc Stegger®®, Patrick Eberechi Akpaka®, Abraham Alabi®f, Sebastien Breurec®", Geoffrey Coombs',
Beverly Egyir®, Anders Rhod Larsen®, Frederic Laurent', Stefan Monecke™", Georg Peters®, Robert Skov®®,
Birgit StrommengerY, Francois Vandenesch', Frieder Schaumburg®, and Alexander Mellmann®'
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Fig. 3. Phylogeographic evolution of S. aureus USA300. The figure shows a subset of the global transmission routes of different ST8 lineages, including
USA300. Different lineages are highlighted in different colors; thick lines represent major transmission events during the evolution of USA300; dotted lines

represent other transmissions. Transmission times are indicated on major routes. For a comprehensive view of all transmission routes, including single isolates,
view Dataset S6 using Google Earth.
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Prevalence of MRSA among 422 Emergency
Department Patients with SSTI
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Long-lasting successful dissemination of resistance to oxazolidinones
in MDR Staphylococcus epidermidis clinical isolates in a tertiary care
hospital in France
Laurent Dortet~“*f, Philippe Glaser“°t, Najiby Kassis-Chikhani®, Delphine Girlich?™*, Philippe Ichai’,

Marc Boudon’, Didier Samuel’, Elodie Creton®™, Dilek Imanci®, Rémy Bonnin?~*, Nicolas Fortineau™ and
Thierry Naas*™

High rate of colistin resistance among patients with carbapenem-resistant
Klebsiella pneumoniae infection accounts for an excess of mortality

A. Capone', M. Giannella', D. Forl:inil, A. Giordanog, M. Meledandri", M. Ballardini", M. Vendittis, E. Bordiﬁ, D. CapozziT,
M. P. Balice®, A. Tarasi’, G. Parisi'®, A. Lappam, A. CarattoliZ, N. Petrosillo' and on behalf of the SEERBIO-GRAB
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Diffusion de la chloroquinorésistance
chez Plasmodium falciparum

0 35 70 . T N

TRENDS in Parasitology
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Prescription vs sens. diminuée : penicilline
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Figure 6: Correlation between penicillin use and prevalence of penicillin non-susceptible S pneumoniae
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Global antibiotic consumption 2000 to 2010: an analysis of
national pharmaceutical sales data

Thomas PVan Boeckel, Sumanth Gandra, Ashvin Ashok, Quentin Caudron, Eryan T Grenfell, Simon A Levin, Ramanan Laxminarayan
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Figure 1: Global antibiotic consumption by class in 2000 and 2010
Standard units are defined as a single dose unit (ie, pill, capsule, or ampoule).



Consommation d’ATB

Consumption (standard units)
per person 2010 s
[1Modata
: D 1—3 B
FEm813 i
1320
"I 20-28
BN 28-55
‘I 5575
Il 75-625




Evolution de la consommation
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Flg. 3. Amounts of veterinary antiblotics sold In 2007 per kg blomass
of plg meat, poultry meat and cattle meat produced,
plus estimated live welght of dairy cattle
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1401

3

Antibiotics (mg/kg biom ass)
S

Netherlands France  United  (zech
Kingdom Republic

Switzerland Germany* Denmark Finland Sweden  Norway

* 2005 data.

** Amounts are so small as to be invisible in this hgure.

*** The substances included in this category vary between countries.
Source: Grave, Torren-Edo & Mackay (79).



Figure 2. Evolution de lexposition aux Cephalosporines par voie parentéerale (ALEA)
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Sensibilité d’E. coli aux céphalosporines

Evolution des proportions de souches d’E. coli
non-sensibles au ceftiofur entre 2006 et 2012
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Source : Résapath 2012




Corrélation entre niveau d’exposition
et résistance

Exemple d’E. coli chez les bovins
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Corrélation marquée entre niveau d’utilisation et antibiorésistance, sauf pour la
colistine. Source: Le point vétérinaire 1






Deaths attributable
to AMR every year
compared to other
major causes of death

AMR in 2050
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Deaths attributable
to AMR every year
by 2050
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AMR’s impact on World GDP
in trilhons of USD
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Colomb-Cotinat et al Antimicrobial Resistance and Infection Control (2016) 5:56 L. . .
DOl 10.1186/513756-016-01542 Antimicrobial Resistance

and Infection Control

RESEARCH Open Access

Estimating the morbidity and mortality @ e
associated with infections due to
multidrug-resistant bacteria (MDRB),

France, 2012

M. Colomb-Cotinat™ ®, J. Lacoste’, C. Brun-Buisson?, V. Jarlier®, B. Coignard’ and S. Vaux'

P 1 5 8 OOO i nfe Ct i ons - fﬁgﬁﬁ;mmm aureus resistant to methicillin

- Enterococcus faecium and E. faecalis resistant to

PP copeptides (GRE);
* 1 2 5 OO d eces e n 20 1 2 - isl}::helf*icliria coli resistant to third-generation
cephalosporins (3GC-R E Coli);
- Klebsiella pneumoniae resistant to third-generation
cephalosporins (3GC-R K. pneumoniae);
- Pseudomonas aeruginosa resistant to carbapenems

. e 2 ., . . (CR P aeruginosa);
Morbidite et mortalite des infections — Klebsiella pneumoniae resistant to carbapenems

a bactéries multi-résistantes aux (CR K. pneumoniae);
antibiotiques en France en 2012 - Acinetobacter spp. resistant to carbapenems
Etude Burden BMR, rapport - Juin 2015 (CR Acinetobacter spp).
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PLAN D'ACTION MONDIAL
POUR COMBATTRE

LA RESISTANCE AUX
ANTIMICROBIENS



Objectif 1. Mieux faire connaitre
et comprendre le probleme de
la résistance aux antimicrobiens
grace a une communication,

une éducation et une formation

efficaces |
* Objectif 2. Renforcer les
- connaissances et les bases
factuelles par la surveillance et
la recherche
Objectif 3. Réduire lincidence
des infections par des mesures
efficaces d'assainissement,
d’hygiene et de prévention des
infections
Objectif 5. Dégager les arguments
economiques en faveur
I]IH'E[:.I:I.I: 'EI- [||]-’[ir1'|iSEr [UEEDE [IEE- ;i.'investissements durablgsqui
_ o _ iennent compte des besoins
meédicaments antimicrobiens en de tous les pays et accroitre les
; . . investissements dans la mise au
santé humaine et animale point de nouveaux médicaments,

outils diagnostiques, vaccins et
autres interventions



A European
One Health
Action Plan
against
Antimicrobial
“~ Resistance
- (AMR)

Overall volume of antibiotics prescribed, 2014 (or nearest year)

. All . Use of 2nd line antiblotics (used when 1st Une antiblotics does not work).

DDS per 1 000 population, per day

What is the EU doing?



The key objectives of this new plan are built on three main pillars:

Making the EU a Boosting Shaping the

best practice research, global agenda
region development
and innovation
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Antibiotiques particulierement générateurs de résistances bactériennes

- association amoxicilline-acide clavulanique

- cephalosporines : plus grande préoccupation pour les spécialites administrées par voie orale que par
vole injectable ; plus grande préoccupation pour les céphalosporines de troisieme et quatrieme
generations, et pour la catégorie « autres céphalosporines » | préoccupation pour la ceftriaxone

- fluoroquinolones

- temocilline*

* Pression de selection en lien avec la problematique d’'une dose optimale non etablie

Antibiotiques de dernier recours
Vis a vis des cocci a Gram positif

- daptomycine

- glycopeptides™

- inézolide, tédizolide

Vis a vis des bactéries a Gram negatif
- colistine injectable

- penemes™

- phénicolés

- tigécycline

Vis a vis des bactéries a Gram positif et 4 Gram négatif
- fosfomycine injectable

"*Particulierement generateurs de resistances bacteriennes
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Vous étes la génération d’apres

Apres le peak oil

Apres I'apparition du continent de plastique
Apres I'établissement du réchauffement
climatique

— Et les lobbies qui le nient

Apres le trou dans la couche d’ozone

Apres I'établissement de la multirésistance
bactérienne



Deux destins possibles

* Poursuite de l'irresponsabilité

— Poursuite du mésusage humain
* Indication, dose, durée, molécule ...

— Poursuite du manuportage en soin
— Poursuite du mésusage animal
— Sans développement de nouveaux ATB ...

 Redressement de la situation
— Cultiver le bon usage
— Volonté politique a tous les niveaux



