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INTRODUCTION

Emergence croissante & dissémination de
bactéries multirésistantes (BMR)

Probleme majeur a ’échelle mondiale
Validité de 'arsenal thérapeutique ??

Menace grave (milieu hospitalier +++ , également communautaire)

Augmentation morbidité et mortalité + surcout (hospitalisations
prolongées & surcharge des soins)



RESISTANCE BACTERIENNE AUX
ANTIBIOTIQUES

Capital génétique a I'état sauvage

Chromosomique (mutation): peu transférable entre
bactéries, transmission a descendance

Eléments génétiques mobiles:

(plasmides, transposons): transférables
entre bactéries (especes différentes),

Affecte souvent plusieurs familles
d’antibiotiques




LA MULTIRESISTANCE

Résistance a plusieurs classes d’antibiotiques

Accumulation de résistances naturelles et acquises:
© Sensibilité a un petit nombre d’ antibiotiques

% Arsenal thérapeutique réduit +++



MONDIALISATION DES BMR

Multiplications des voyages et des échanges

Multiples vecteurs de résistance
Bactéries

Eléments génétiques mobiles
Plasmides (échanges entre especes bactériennes différentes)

Transposons (changement de support génétique: plasmide 2>
chromosome 2> plasmide)

Grande transmissibilité des résistances



Développement de nouveaux antibiotiques

= Perspectives tres limitées !!!



HUMAINS CONTRE BACTERIES

variable microbes humains facteur
Nb sur terre 5 X 1031 6 X 10° 1022
Masse(tonne) 5 X 1016 3X108 108
Tps génération 30 mn 30 ans 5X10°
Durée sur terre 3.5 X10° 4 X 106 103

Comparées a ’espéce humaine, les bactéries sont
*plus anciennes
* plus nombreuses

‘mieux adaptées D’aprés S.J. Gould



PREVALENCE DE LA RESISTANCE BACTERIENNE

Deux facteurs:

Pression de sélection antibiotique
Flores commensales ++
Flores aux sites infectieux
Variations en fonction des molécules (fluoroquinolones +++)

Diffusion des souches résistantes
o Transmission des souches résistantes = diffusion clonale

o Transmission du matériel génétique codant pour la résistance



PREVALENCE DE LA RESISTANCE BACTERIENNE

Tous les pays a degrés variables selon:
Especes pathogenes
Habitudes de prescription des antibiotiques

Pratiques d’hygiene

En Tunisie:
Systeme de surveillance de R bactérienne aux antibiotiques

L’Antibio-Résistance en Tunisie = LART

U Rassembler des données chiffrées et comparatives
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OBJECTIFS DU LART

Base de données sans cesse réactualisée de R aux ATB des
principaux pathogenes & détecter précocement 1'émergence de
nouveaux phénotypes de R

Améliorer les connaissances fondamentales sur les mécanismes
moléculaires & les supports génétiques de R bactérienne

Prévenir la dissémination des résistances bactériennes par la
détection précoce d’épidémies permettant la mise en place des
méthodes de controle & de prévention

Préserver I'activité des ATB a travers une politique du bon usage



MATERIEL & METHODES

4 Centres Hospitalo-Universitaires totalisant 2839 lits:

Centre Hospitalo-Universitaire de Sfax regroupant les hopitaux Hédi Chaker
et Habib Bourguiba

Hopital Charles Nicolle de Tunis
Hopital d’Enfants de Tunis
Centre National de Greffe de Meelle Osseuse de Tunis

Depuis, 2011 - élargissement du réseau a 8 centres (5656 lits)

Hopital 1a Rabta de Tunis

Hopital Militaire de Tunis

Institut Mohamed Kassab d’Orthopédie
Hopital Fattouma Bourguiba de Monastir

Méthodologie comparable:
Recueil des données
Controles de qualité (interne & externe)
Criteres d'interprétation
Doublons épidémiologiques
Depuis, 2012 2> 2 autres centres (mais gestion tres difficile !!!)



MATERIEL & METHODES

A Surveillance focalisée : 13 espéces

Escherichia coli,

Klebsiella pneumoniae,

Enterobacter cloacae (depuis, 2011),
Pseudomonas aeruginosa,
Acinetobacter baumannii (depuis, 2008),
Salmonella spp,

Staphylococcus aureus,

Enterococcus faecalis,

Enterococcus faecium (depuis, 2008),
Streptococcus pyogenes,

Streptococcus agalactiae (depuis, 2008),
Streptococcus pneumoniae

et Haemophilus influenzae

A |dentification: méthodes conventionnelles
A Etude de sensibilité aux antibiotiques: CA-SFM / EUCAST

A Saisie & analyse statistigue données



DISTRIBUTION DES DIFFERENTES ESPECES

Especes Nombre de souches
E. coll 85396

K. pneumoniae 26139

P. aeruginosa 20323

A. baumannii 4995 (depuis 2008)
Salmonella spp. 1280

S. aureus 19891

E. faecium 963

E. faecalis 6861

S. pyogenes 2014

S. pneumoniae 2744

H. influenzae 4714
Total 175320




EVOLUTION DE LA RESISTANCE DE E. COLI
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C3G 3,8 |24 |36 |27 ]| 57| 54| 58| 76| 6,5 8 791 92| 62 (11,8(15,4|17,4
Imipéneme 0 0 0 0 0 0 0 0 0 0 0 10,02/0,04| 0,1 | 0,4 | 0,2
Gentamicine 45 |45 | 52 |52 | 85| 7883|6295 |10,2(10,5| 9,7 | 9,8 | 15,6 | 14,9 | 15,9
Ciprofloxacine| 7,9 | 7,9 | 8,8 | 89 |14,6| 14 |14,2|16,9|16,5|15,3|16,5|17,4| 16,7 | 21,4 | 23,7 | 24,8
Colistine 0 0 0 0 0 (0,12]0,01|0,06| 0,1 0 0,1 (0,08 0 |0,02 0 0




RESISTANCE AUX FLUOROQUINOLONES

Inactivation des ciblas
Les resistances chromosomigques sont les ples fracentes

W Les résistances plasmidigues sont les ples récentes




RESISTANCE AUX FLUOROQUINOLONES

Mutations chromosomiques:
Palliers succéssifs

Plusieurs mutations % haut niveau de
resistance

Plasmidique :

Bas niveau de résistance & facilite la sélection
de mutants résistants

Transférable horizontalement entre bactéries

Portent d’autres marqueurs de résistance



MICROBIAL DRUG RESISTANCE MECHANISMS
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Prevalence and Characterization of Plasmid-Mediated
Quinolone Resistance Genes in Extended-Spectrum
B-Lactamase-Producing Enterobacteriaceae
In a Tunisian Hospital

Sana Ferani’ Mabrouka Saidani’*® Faouzi Slim Amine© and llhem Boutiba Ben Boubaker' =

The objective of the study was to assess the prevalence of plasmid-mediated quinolone resistance (PMOQR)
genes (gnrd, gneB, gnrC, gnrD, gnrS, aac(t )-Ib-cr, gepA, and ogxARB) in a collection of 120 extended-spectrum

detected m 72|(60%) lisolates (M) Escherichia coli, 32 Klebsiella preumoniae, and X) Enterobacter cloacae).

B-lactamases I_'-prﬁ:lming enterobacteria and to charactenize them. Overall, PMOQR determinants were

PMOQR frequelcieswere as follows] gnr genes (25.8%), ogxAB (21.6%), and aac(6’)-Ib-cr varant (19.2%),

Four gnr alleles were identified as gnrBT (83.850), gnrB4 (0.3%), gnrB2 (3.2%), and gnrsl (0.490). gnr gencs
were mainly detected in E. cloacae (50%), aac(6')-Ib-cr in E. coli (47.5%), and ogxAB in K. pneumoniae
(65%). Overall, blaCTX-M-15 (90.3%) was the most prevalent MlaESBL type followed by blagy. ;2 (6.4%) and
Blaggny.27 (2.7%). Rates of mutations in gyrA and parC genes were 753% for E coli, T2.8% for K. prewnoniae,
and 50% for E. cloacae. Isolates with mutations in their gquinolone resistance-determining regions exhibited
high fluoroguinolones resistance levels compared to those with wild ones. Genetic study of PMQR-harbonng
isolates revealed a great genomic diversity among each Enterobacteriaceae species. Our findings indicate the
high prevalence of PMQR determinants among ESBL-producing Enrerobacteriaceae solates from our hospital
and their diffusion in various unrelated CTX-M-135-producing clones.
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Résistance a la colistine

* Mutations chromosomiques +++

* Plus récemment, mécanisme plasmidique (mecr-1)!!!
Prévalence mondiale de 20% chez I’'animal et autour de 1% chez ’'Homme

 Prévalence élevée de E. coli

RAPID COMMUNICATIONS producteur MCR-1 et CTX-M1
Impact of food animal trade on the spread of mcr-1- volailles

mediated colistin resistance, Tunisia, July 2015
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Article submitted on o8 February 2016 [ accepted on 25 February 2016 [ published on 25 February zo16 Q> Risque de dissémination
des 2 genes dans le secteur
alimentaire

En Tunisie: Pas de souches cliniques rapportées, en médecine humaine
Les souches tunisiennes: mutations chromosomiques (résultats non publiés)



RECENTE ETUDE ALLEMANDE: PORTAGE FECAL DE SOUCHES
PRODUCTRICES DE BLSE ET PORTEUSES DE MCR-1

Travellerwith isolate 1] Travellerwith isolate 2| Travellerwith isolate3  Travellerwith isclate 4 Travellerwith isolate §
Travel destination Thailand, Vietnam, Tunisia Perw, Bolivia, Colombia  China China
Cambodia, Laos
Travel duration {days) rall B A0 14 3
Auge [yoars) 56 55 25 54 62
Sex Female Female Female Male Female
ESBL gene (ESBL group) CTH-M-14 CT-M-1 CT%-M-15 CTX-M-65 CTX-M-55
{CT¥-M group 9) {CT-M group 1) (CT-h growp 1) {CTx-M group 9) {CT¥-M group 1)
Minimum inhibitory concentration of antimicrobial drog (ma/L)*
Amaoxicillin-dawdanic acid 16 B »16 16 8
Fiperacillin-tazobactam 8 =4 ] <4 54
Cefotaxime 16 B 32 16 »32
Cefouitin 16 =4 8 <4 =4
Ceftaridirme <1 =1 16 =1 4
Cefepime 2 2 2 z1 2
Imipenem =(0-25 =025 =025 <025 =025
Meropenem =0-25 =025 =0-25 =025 =035
Gentamicin =8 <1 =8 <1 >3
Tobramycin 8 =1 =8 B 8
Mitrofurantoin 256 =16 128 iz 64
Co-trimoxazole =8 =8 =8 51 =8
Morflecacin =8 B =8 2 =8
Ciprofloxacin »2 »2 »2 »2
Colistin 4 4 4 4 4
ESHL-axtanded-spectrum [-lactamzse. * Datermined using VitEr T STeapT TOr CONSHT ToMWhich E-test results are provided.

Table: Characteristics of travellers and acquired fecal Escherichia coli isolates carrying the ma-1 gene

ORIGINE TUNISIENNE DE CETTE SOUCHE !!!

(The Lancet, 2016)




EVOLUTION DE LA RESISTANCE DE K. PNEUMONIAE
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FREQUENCE D’ISOLEMENT DES K. PNEUMONIAE R

AUX C;G SELON LE TYPE DE PRELEVEMENT

1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Urines | 20,2 | 22,0 | 25,2 | 31,6 | 184 | 39,2 | 35,7 | 39,4 | 40,9 | 453 | 412 | 367 | 353 | 37 | 387 | 26,6
Pus 286 | 30 | 325 | 46,6 | 445 | 462 | 46,9 | 36,2 | 536 | 451 | 40 | 457 | 442 | 54 | 474 | 304
Hemoce. | 42,4 | 51 | 625 | 633 | 86,8 | 643 | 57,7 | 67,7 | 725 | 634 | 549 | 60 | 631 | 69 | 702 | 47,8
';‘Lﬁfn | 35 | 342 | 575 | 396 | 61,6 | 48 | 389 | 50 | 681 | 545 | 60,8 | 57,8 | 483 | 44 | 512 | 451
Ponct. | 43,7 | 68,7 | 421 | 435 | 862 | 50 | 70 | 857 | 60 | 75 | 55 | 523 | 51,2 | 48 | 538 | 39,4

USI, pédiatrie et néonatalogie +++ ou 2/3 des souches étaient RC3G
50 a 72% des K pneumoniae isolées d’hémocultures étaient R aux C3G




RESISTANCE AUX CEPHALOSPORINES DE
JEME GENERATION

dProduction de béta-lactamases a spectre étendu (BLSE)
dCéphalosporinases (plasmidiques)
dCarbapénémases plasmidiques

dSouvent, association de malfaiteurs!!!!
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REVIEW ARTICLE

Evolution of -lactams resistance in Gram-negative bacteria in
Tunisia

Chedly Chouchani', Rim Marrakchi,* and Allaaeddin El Salabi”

'Université de Carthage, Institut Supérieur des Sciences et Technologies de I'Environnement de Borj-Cedria, Technopile
de Borj-Cedria, BP-1003, Hammam-Lif 2050, Tunisie, *Faculté des Sciences de Tunis, Campus Universitaire, 2092
El-Manar II, Tunisie, and 'Department of Infection, Immunity & Biochemistry, School of Medicine, Cardiff University,
Heath Park, Cardiff CF14 4XN, United Kingdom

Abstract

Antimicrobial resistance is 3 major health problem wordwide, but marked variations in the resistance profiles of
bacterial pathogens are found between countries and in different patient settings. In Tunisia, the strikingly high
prevalence of resistance of bacteria to penidllins and cephalorosporins drugs including fourth generation in clinical
isolates of Gram negative bacteria has been reported. During 30 years, the emerging problem of extended-spectrum
f-lactamasa-producing Escherichia colf and Kiebsiefla pneumoniae isolates is substantial, and some unique enzymes
have been found. Recently, evidence that Gram-negative bactena are resistant to nearly all available antimicrobial
agents, induding carbapenems, have emerged.

Keywords: Antibiotic resistance, B-lactamases, Tunisia




Table 1. The incidend

E of repo

Evolution of B-lactams resistance in Gram-negative bacteria in Tunisia 3

ted beta-lactamases in Tunisj

b cities.

References Year Journal Species concerned Enzymes described Location
Hammami et al. 19491 Eur ] Clin Microbiol Salmonella wien SHW-2 Sfax
Infect Dis
Ben Hassen et al. 1904 Ann Biol Clin Salmonella typhi TEM-1 Tunis
Verdet et al. 19458 FEMS Microbiol Lett Proteus mirahilis; Citrobacter CMY-2: CMY-4 Tunis
freundii
Ben Redjeb et al. 190 Med Mal Infect Proteus mirahilis TEM-1; SHV-2; Amp-C Tunis
[non identified)
Rhimi et al. 2002 Pathol Bicl K. pneumoniae, . mirabilis, ACC-1 Sfax
5. enterica
Makanera et al. 203 1. Clin. Mictobiol Salmonella enterica TEM-4;SHV-2a;ACC-1a Tunis
Ben-Hamouda etal. | 2004 Microb Drug Resist Klebsiella pneumoniae SHV-12;5HV-2a Tunis
Bouallegue et al. 2005 1. Clin. Microbiol Salmonella enterica CTX-M-27 Sousse
Chowchani et al. 2006 Antimicrob. Agents Salmonella enterica TEM-138 Tunis
Chemother
Daoloy et al. 2006 Antimicrob. Agents Klebsiella pneumoniae; Protews | ACC-1 Sfax
Chemother mirabilis; Salmonella enterica;
Escherichia coli
Kiari et al. 2006 Antimicrob. Agents Klebsiella pneumoniae VIM-4;CTX-15;CMY-4 Sfax
Chemaother
Mamlouk et al. 2006 1. Clin. Microbiol Klebsiella pneumoniae; CTX-M-15;CTX-M-18 Tunis
Escherichia coli
Lavollay et al. 2006 Antimicrob. Agents Escherichia coli CTX-M-15 Tunis
Chemaother
Chowchani et al. 2007 Diag Microbiol Infect Dis | Escherichia coli TEM-15 Tunis
Kalai et al. 2007 Clin Microbiol Infect Pseudomonas asruginosa OXA-18 Tunis
Abbassi et al. 2008 Inter. I. of Antimicrob. Klebsiella pneumoniae; OXA-1;TEM-1;5HV- Tunis
Agents Escherichia coli 1:5HV-11;SHV-27:8HV-
103;CTH-M-15
Mansour et al. 0 Path. Biol Acinetobacter baumannii OXA-B9 Sousse
Mansour et al. 2008 Microb. Drug. Resist Acinetobacter baumannii 0XA-23 Sousse
Poirel et al. 206 Antimicrob. Agents Acinetobacter baumannii OXA-97 Sousse
Chemaother
Ben Achour et al. 2005 Microb Drug Resist Klebsiella pneumoniae TEM-164 Tunis
Ben Achour et al. 2009 Path. Biol Klebsiella pneumoniae CTX-M-28 Tunis
Bourouis et al. 2009 Path. Biol Enterobacter cloacae CTX-M-9 Tunis
Dahmen et al. 2009 Clin Microbiol Infect K. pneumoniae; Citrobacter CTX-M-15;SHV-2a;SHV- Sousse
freundii; Proteus mirabilis; 12:5HV-28:TEM-1;LAP-2
Providencia stuartii: E. coli:
Enterobacter cloacae; K. oxytoca
Kalai et al. 2009 Path. Biol Pseudomonas aeruginosa OXA-18;5HV-2a;SHV- Tunis
5.5HV-12
Ktari et al. 20049 Miroh. Drug Resist TEM-1;5HV-2a; ACC-1 Sfax
Mansour et al. 2008 Microb Drug Resist seudomonas asruginosa SHV-2a Sousse
Mansour et al. 2009 Diagn Microbiol Infect seudomonas asruginosa VIM-2 Sousse
Dis
Ben Slama et al. 2010 Inter | Food Microbiol Escherichia coli CTX-M-1;TEM-1bTEM- Tunis
20.CMY-2
Dahmen et al. 2010 Microb Drug Resist Klebsiella pneumoniae; CTX-M-15;SHV- Sousse
Escherichia coli 12;5HV-2a
Elhani et al. 2010 Clin Microbiol Infect Klebsiella pneumoniae CTX-M-15;CTX-M- Monastir
14, CTX-27:5HV-
12:5HV-2a
Hammami et al. 2010 Clin. Microbiol. Infect Pseudomonas aeruginosa VIM-2;5HV-2a Tunis
Cuzon et al. 2010 Int ] Antimicrob Agents Klebsiella pneumoniae OXA-48 Djerba




CTX-M15: mode pandémique

(Mewire @f al, 2013). Im Tumisia, the inital

identification of a CTX-M-producing strain (CTX-M-3)

was recovered in 2001. Later on, CTX-M-27 orginated . . . .,
JJBS a nosocomial outbreak in & Tunisian neonatal cenfter. | ISSN 1995-6673

first report of CTX-M-15 and CTX-M-16- Poeel 0
producing Enrerobacieriaceae in Tunisia was subnuitted
i 2006 (Mamloak er af, 2006). Later, Dahmen of al.
(2010) corroborated the high prevalence of CTX-M-15
The Med1 with 91% of the isolates producing this enzyme The -M-ESBL-
majority of CTX-M-15-ESBL-producing E.  coli
belonged to B2 phylogenetic group and to the sequence
tvpe 131 and was assoctated with Qor-like deternminants
(Dabmen ¢f al., 2010). It was also found that this CTX-
M-15-B2-5T131 E coli clone is also highly
disseminating in community-acquired unnary tract
infections i Tumisia (Hammami ef al., 2013). The
molecular analysis of a collection of ESBL producers
1solated between 1980 and 2009 confirmed the
prominence of &aCTE-M-15 gene followed by
blaCTH-M-14 zene, blaSHV-12 gene, blaSHV-1a zene
and MaTEM-26. with the frequent dissemmmation of
CTH-M-15 producing E. coli being atributed to the
cpread of wvarions IncF-type plasmids (Mnif ef al,

Jordan Journal of Biolo Eeview




1034: TEM-1

1998: CMY-2;AMY-4

1929: TEM-1;SHV-2;Amp-C (non identified)

2003: TEM-4 SH\-2AACC-1a

2004: SHV-12;SHV-2a

| ___—2006: TEM-138.CTX-M-15,CTX-M-16

2007: TEM-15; OXA-18

2008: OXA-1.TEM-1,SHV-1;SHV-11,SHV-27,SHV-103,.CTX-M-15

[~ 2009: TEM-164;CTX-M-28;CTX-M-9;0XA- 18;SHV-2a;SHV-5,SHV-12
\2010: CTX-M-1TEM-1b;TEM-20;CMY-2VIM-2 SHY-2a

Maditerranean Seas

A%

~—2005: CTX-M-27
Qooe: OXA-69:0XA-23:0XA-07
2000: CTX-M-15:5H\V-25:SHV-12-SHV-28: TEM-1:LAP-2:VIM-2

\2010: CTX-M-15:SHV-12:SH\-2a
2010: CTX-M-15:CTX-M-14 CTX-27-SH\-12:SHV-2a
\gg’: SHV-2

-ACC-1

006: ACC-1VIM-4.CTX-15,CMY-4
2009: TEM-1,SH\V-23,ACC-1

/

™S 2010: CTXM-15:SH\-12:SHV-2a

Figure 1. Map shows geographic location of the different beta-lactamases described in Tunisia. Map was obtained from http://www.
misterfast. net/guide/tunisie.html

Critical Reviews in Microblology
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PORTAGE DIGESTIF DE BLSE

2 études des populations saines sans facteurs de risque

Enfant: 6,9% (publication en cours)

Adulte : 7,3%

(Ben Sallem R et al. Eur J Clin Microbiol Infect Dis. 2012;31(7):1511-6)

Adulte avec facteurs de risque : 20,63%
(Maamar A et al. Front Microbiol. 2016; 7: 1859.)
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Emergence of carbapenem-resistant OXA-48
carbapenemase-producing Enterobacteriaceae in
Tunisia

M. Saidani, 5. Hammami, A. Kammoun, A Slim

and | Boutiba-Ben Boubaker

L ahorataire de Bactérialogie Virologie, Hapital Charles Nicolle, Boulevard 9 Awril 1006, Tunis,

Tunisia

Wa screaned 21 estended spectrum f-lactamase-producing Enterobactenaceae with reduced
suscaptibility to carbapenems for carbapenemase preduction. Five strains (four Kiebsiella
prneumoniae and one Citrobacter freundil) showed carbapenemase production, which was

Carbapenem resista STobacTana 5 § regarded as an amerging clinical prooe
our hospital and necessitates rigorous surveillance in order to limit its spread.
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Ficure I: Geographic distribution of KPC enzvmes in Mediterranean countries. White, no case reported; yellow, single KPC-producing
isolates;lgrcm, some outbreaks of KPC-producing isolatcs:lorange. several outbreaks of KPC-producing isolates; red, endemicity of KPC-
producifif solates.




BioMed Research International

ic distribution of NDM type producers in Mediterranean countries. White, no case reported;

yellow, sporadic NDM-

ﬁroducing isolates‘ green, emerging outbreak of NDM-producing isolates; orange, single hospital outbreaks of NDM-producing isolates.
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FIGURE 3: Geographic distribution of OXA-48 type producers in Mediterranean countries. White, no case reported; yellow, single OX A-48-
producing isolates; orange, several outbreaks of OXA-48-producing isolates; fed, nationwide distribution of OXA-48-producing isolates.




CARBAPENEMASES:
ENVIROMMENT HOSPITALIER

A FRDY P T I D A0 The A mihors
A FOELY D X0 APMTS
TN |'|'|'|'_|' P N PR

VIM and IMP metallo-p-lactamases and other
extended-spectrum f-lactamases in Escherichia coli

and Klebsiella pneuwmoniae from environmental samples

in a Tunisian hospital

CHEDLY CHOUCHANL' RIM MARRAKCHL' LEILA FERCHICHL® ALLAAEDDIN EL SALABT®
and TIMOTHY . WALSH*




ASSOCIATION DE MALFAITEURS!!

Indian Journal of Medical Microbiology, (2012) 30¢4): 437-41

- Original Article -

First characterisation of plasmid-mediated quinolone resistance-qnrS1 co-expressed
bmm,___u:ﬂ and bIaI?H_ .1 genes In clinical strain of Morganella morganii recovered from
a Tunisian Intensive Care Unit

*S Mahrouki, A Bourouis, H Chihi, R Ouertani, M Ferjani, MB Moussa, F Barguellil, O Belhad;

f e Antimicrobial Agents @mmr.t
L waasower and Chemotherapy e piem

Cooccurrence of Multiple AmpC B-Lactamases in Escherichia coli,
Klebsiella pneumoniae, and Proteus mirabilis in Tunisia

Thouraya Chérif,” Mabrouka Saidani,™” Dominigue Decré,"®® llhem Boutiba-Ben Boubaker,®® Guillaume Arlet™®®

Unihversita da Tunbs El Manar, Faculte de Madadne da Tunks, LR9IESDS Laboratoire de Resistance aux Antimicrobiens, Tunis, Tunislz CHU Charles Micolle, servica de
Micohiciogie, Tunls, Tunisia®; Sorbonne Unvarsibe, UPMC Universita Pans 06 CR7, Parls, Frances; INSERM U135, CIMI, Team E13, Panls, France®;, AP-HF, Groupe Hospitalier
das Hopitaux Universitalres de st Parisien, Departement de Bactériologle, Farks, France™

Over a period of 40 months, plasmid-mediated AmpC [i-lactamases were detected in Tunis, Tunisia, in 78 isolates (0.59%) of
Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis. In 67 isolates, only one ampC gene was detected, i.e., Blacuyy 2 ppe
(m = 33), blay . (n = 23), blagy, (n= 6] or blagg: (n = 5). Multiple ampC genes were detected in 11 isolates, with the following
distﬁhutiun: Hﬂugx_z. Hﬂmx_g; i.'l'.l.d bhﬂ{"-#lﬁ f" = ﬁ]; bjﬂm:(_; H.l'ld bjﬁ;“n.x_z |:1'| = 3}. Il'ld E’jﬂq:“'!l__' i.'l'.l.d -b{ﬂ'“,ux_z I:’!:I' = 1‘:'- A
great varicty of plasmids carrying these genes was found, independently of the species and the bla gene. If the genetic context of
H‘“-:H?-z-q.“ is variable, that of bla,,,, .. reported in part previously, is unique and that of bla,, ;is unique and new.
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EVOLUTION DE LA RESISTANCE DE P. AERUGINOSA
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»46% des souches de P. aeruginosa isolées en USI étaient R a imipéneme

» 1/3 des souches responsables de bactériémies ou infections pulmonaires bass
»chez des malades sous ventilation mécanique étaient R a imipéneme

»Pres de 42% de ces souches étaient R a tous les antibiotiques testés, sauf la colistine




EPIDEMIE NOSOCOMIALE A P. AERUGINOSA
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RESEARCH Open Access

Nosocomial outbreak of imipenem-resistant
Pseudomonas aeruginosa producing VIM-2 metallo-
B-lactamase in a kidney transplantation unit

S Hammami', | Boutiba-Ben Boubaker'?, R Ghozzi'™, M Saidani'”, S Amine'” and S Ben Redjeb’

Abstract

Background: Twenty four non replicate imipenem resistant P. geruginosa were isolated between January and
November 2008, in the kidney fransplantation unit of Chardes Nicolle Hospital of Tunis (Tunisia). This study was

conducted in order to establish epidemiological relationship among them and to identify the enzymatic
mechanism imvalved in imipenem resistance.

Methods: Analysis included antimicrobial susceptibility profile, phenotypic (imipenem-EDTA synergy test) and
genotypic detection of mellof-Hactamase (MBL) (PCR), O-serotyping and pulsed-field gel electrophoresis.
Results: All strains showed a high level of resistance to all antimicrobials tested except to colistin The presence of
MBL showed concordance between phenotypic and genotypic methods. Sixteen isolates were identified as VIM-2
MBL-producers and 13 of them were serotype 04 and belonged o a single pulsotype (AL

Condusions: This study describes an outbreak of VIM-2-producing P. geruginosa in a kidrey tmnsplantation unit
Clinical spread of blngs2 gene is a matter of great concem for carbapenem resisance in Tunisia

Keywords: pulsed-field gel electrophoresis, carbapenem, P. genuginosa, epidemiology
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The spread of carbapenemase-producing bacteria in
Africa: a systematic review

Rendoni I. Maonenz he?, Heother J. Zar?, Mark P. Hicol*** and Momodou Koba!4*
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EVOLUTION DE LA RESISTANCE D’A. BAUMANNII
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0 7 7 7 7 7 e K
2008 2009 2010 2011 2012 2013 2014
Ceftazidime 41 90,1 74,6 87,2 91 92,8 85,9
Imipéneme 44,9 64,5 51 68,4 70,7 81,3 80,5
Amikacine 60,2 64,5 61 68,4 70,7 64,3 66,5
Ciprofloxacine 61 87,7 74,3 80,4 78,7 85,4 85,5
Colistine 0 0 0 0 0,02 0,2 0

* Infections graves (respiratoires et bactériémies) +++

- Multirésistance, voire tous les antibiotiques testés, sauf la colistine

=4 Ceftazidime
==Imipéneme
=& Amikacine

Ciprofloxacine
== Colistine
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Multidrug-resistant Acinetobacter baumannii strains carrying the
blagxa_23 and the blaggs_11 genes in a neonatology center in Tunisia

Karama Charfi-Kessis * ", Wejdene Mansour ™ °, Anis Ben Haj Khalifa ©, Maha Mastouri °,
Patrice Nordmann ¢, Mahjoub Aouni ®, Laurent Poirel * ¢



CONCLUSION

Etudes multicentriques standardisées, effectuées
régulierement depuis 1999 - Données fiables de la
résistance aux antibiotiques

Mécanismes moléculaires: identifiés

Cependant,
Données non représentatives de ’ensemble du
pays !!
Données communautaires manquantes (BGN)!!

Mise en place urgente d’un plan d’action
national (Retarder au maximum la diffusion de ces BMR)



PLAN D’ACTION NATIONAL DE LUTTE
CONTRE L’ANTIBIORESISTANCE

Hygiene, prévention et vaccination
Rationalisation de l'utilisation des antibiotiques
Suivi de la résistance et recherche

Sensibilisation et formation
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#HandHygiene #AntibioticResistance

LA MODERATION

W\

LUTTEZ CONTRE

LA RESISTANCE

AUX ANTIBIOTIQUES
C’EST ENTRE VOS MAINS

Workd Fealth - SAVE LIVES
Organization e CLEAN YOUR HANDS
<!




D IDEROT

Optimisation du traitement des baciles
gram negatifs résistants a l'aire des
carbapénémases

Jean-Francois Timsit MD PhD
Medical and Infectious Diseases ICU
Bichat Hospital
Inserm UMR 1137 IAME
Paris-Diderot University
Paris FRANCE

UMR 1137

...... Hammamet; May 20th 2017



The vicious circle

Spread in the MDR/XDR/PDR
community Infections
(ESBLE,
OXA...)
XDR/PDR
colonization
Increase
LOS
Overuse of
| broad
ncrease
Risk of death spectrum ABx
of other patients Exceeded

Manpower
capability
Barrier Increase
Precaution Colonization
Unit'closure pressure

Increase
Risk of death

Overuse of AB
with Toxicity



Classification of p-lactamases

ePenicillinases (TEM, SHV)
eESBL (TEM, SHV, CTX-M)
eSerine carbapenemases (KPC, GES, SME)

Ambler
eMetallo-B-lactamases (VIM, IMP, NDM) ClaSS|flcat|0n

eCephalosporinases (AmpCQC)

eOxacillinases (OXA)
eESBL (OXA)
eCarbapenemases (OXA48, other OXA)

Hall BG JAC 2005 ; 55 : 1050



KPC producers enterobacteriaceae 2016

® GES-5 ¥  KPC2 AB: Acinetobacter baumannii
® GES-6 & KPC3 PE: Pseudomonas aeruginosa
A GES-11 - KPC-4 KP: Klebsiella pneumoniae

EC: Escherichia coli
CF: Citrobacter freundii

* GES-14 ® KPC10

4

Unknown distribution of KPC producers
Key points: Sporadic spread of KPC producers
-High level resistance to carbapenems Outbreaks due to KPC producers

-Still mostly in K. pneumoniae, rarely in E. coli Endemicity of KPC producers

- Several South American countries
[taly and Greece are now endemic countries

Mathlouthi Critical Reviews in Microbiology (2017), 43:1, 43-61



NDM producing enterobacteriaceae 2016

AB: Acir i KO: iella oxytoca
® VM1 ® ymvaa & vpa i nom2 PE: Pseudomonas aeruginosa  PM: Pseudomonas mosselii
. VM2 @ um oy e noms :::E ” 'd' ’ i :: = monteilii
: Escherichia coli : Providencia stuartii
: :::: l Vs *® P15 ® nom-7 EN: Enterobacter cloacae PP: Pseudomonas putida
° DMy g i ™vB-1 PM: Proteus mirabilis PR: Providencia rettgeri
VIM13 W NIM:3 % nores AX: Ac i MM: morganii
v ,
: Unknown distribution of NDM producers
Kes points Sporadic spread of NDM producers
Outbreaks due to NDM producers
Variable resistance to carbapenems Endemicity of NDM producers

Secondary reservoirs: Balkans and Middle east
K pneumoniae, E coli, E cloacae

Mathlouthi Critical Reviews in Microbiology (2017), 43:1, 43-61



® oxa1 ¥V OXA40 | OXA66 X oxa-107 AB: Aci ii EN: ter cloacae

® OXA0 | Oxads B oxass § oxaes PE: gi PR: Providencia rettgeri

A O0xaA-23 @ OXA-58 ¥ oxaz2 ‘ OXA-181 KP: Klebsiella pneumoniae Ab: Acinetobacter bereziniae

% OXA-24 @ OXA64 BN Oxa.90 ®  0OXA-207 EC: Escherichia coli Ap: Acinetobacter pittii
% 0xa-229 CF: Gitrobacter freundii

5 A7

Keys points Unknown distribution of OXA-48-like producef
Variable resistance to Sporadic spread of OXA-48-like producers
carbapenems Outbreaks due to OXA-48-like producers

North africa, Middle east, turkey, Endemicity of OXA-48-like producers
India

Community acquisition tranfer ++
E coli ++, K pneumoniae, E cloacae
Acinetobacter (Oxa 23, 24, 58)

Mathlouthi- Critical Reviews in Microbiology (2017), 43:1, 43-61



Carbapenemases:
Winter is coming

Carbapenemases story mimick ESBL story

e We found it in

South east asia
O Sewage and Ssewage treatment Latin america

Europe

o community : Salmonella sp
o Pets, birds
Feasey NA PLoS Negl Trop Dis. 2015
Day MR JAC 2015

o Animal farming Guerra B Vet Micobiology 2014
Fischer J JAC 2013
Montezzi LF Int J Antimicob Agents 2015

o food: animal feeding

o Bathing waters



Future spread of carbapenemases in Enterobacteriaceae

OXA-48-like

2017

OXA-48: E. coli ++, community-acquired, highly transferable plasmid
NDM: Enterobacteriaceae, community- and hospital-acquired
KPC; K. pneumoniae, hospital-acquired

Adapted from Nordmann P- SRLF 2017



Antimicrobial sales vary by country
Data from 75 countries. The five countries with highest total antibiotic sales for human use
and the five with highest per capita sales are identified. See SM.

Income group Spgin
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STOP ANTIBIOTIC SELECTION
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Picture From: Intensive care medicine



Colistin resistance:
Spread of Plasmid MCR-1

1: Liu YY et al . Emergence of plasmid-mediated colistin resistance mechanism MCR-1 in animals and human beings in
China-Lancet Infect Dis. 2016 Feb;16(2):161-8.



Hand Hygiene is key+++++

Universal precautlons o
A -y

~:fc\\,r_.

R

If one case:

Screening

CHG bath

Isolation

Limiting spread / cohorting in isolation units




Agenda

e Ne traiter que les patients réellement infectés

e Commencer vite: quand suspecter un BGN
potentiellement résistant

e Traiter avec les bons antibiotiques aux bonnes
doses en utilisant |la bonne voie d’administration

e Controler la source de l'infection

e Arréter préecocement les traitements inutiles



Systematic antimicrobial prescription may
be deleterious

Aggressive Conservative p value
(n=247) (n=237)
Time from blood culture to start of treatment (h)
Median (IQR) 12 (3-30) 22 (7-58) <0.0001
Time from fever to start of treatment (h)
Median (IQR) 6 (2-14) 24 (9-44) =0.0001
Duration of antimicrobial treatment (days)
Median (IQR) 11 (7-8) 10 (7-14) 0.015
Appropriate antimicrobials (number [26])
Initial* 144 (62%) 158 (74%) 0.0095
Switched 64 (28%) 48 (23-5%) 0.17
Owerall 208 (90%) 206 (96%) 0.010

Before after study comparing early aggressive empirical therapy
VS conservative strategy in case of SICU acquired sepsis

Hranjec et al, Lancet Inf Dis 2012



Systematic antimicrobial prescription may be
deleterious

Lower all cause mortality:
27/101 [27%] vs 13/100 [13%]; p=0-015

Aggressive Conservative pvalue
(n=27) (n=13)
Death while receiving antimicrobials 20 (74%) 8 (62%) 0-66
Death due to infection 14 (52%) 7 (54%) 1.00
Death due to underlying pathology 10 (37%) 6 (46%) 0-84
Death due to new onset, non-infectious disorder 2 (7%) 0 (0%) 0-82
Multifactorial death 1(4%) 0 (0%) 1.00
Table 6: Causes of death while receiving antimicrobials

Before after study comparing early aggressive empirical therapy
VS

conservative strategy in case of SICU-acquired sepsis
Hranjec et al, Lancet Inf Dis 2012



Agenda

e Ne traiter que les patients reellement infectes

e Commencer vite: quand suspecter un BGN
potentiellement résistant?

e Traiter avec les bons antibiotiques aux bonnes
doses en utilisant |la bonne voie d’administration

e Controler la source de l'infection

e Arréter préecocement les traitements inutiles



Antibiotic resistance in French ICUs

REA-RAISIN
212 ICUs/ 2548 ICU beds
(50.4% of French ICUs)/ 54226 patients

___________[2004-2007 2014 | Evolution

MRSA 48.7% 19.3% Il
VRE-GRE 2.6% 3.2% —

3rdGC R-EB 7.4% 18.3% ™

IMI-R EB 2.4% (2011) 1.6% —1
IMI R A. baumannii 37.5% (@)
CAZ-R PA 20.8% (—1)
IMI-R PA 19.7% (—1)

Geographic variation++++

Réa-RAISIN 2014



Influence du délai depuis I'hospitalisation en réanimation sur le risque de
bactériémie a BGN résistants (4547 épisodes)
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ESBL more frequent if (Univariate analysis)

1- Asian or middle east ethnicity

2- Chronic diseases: Chemotherapy<6 months; Structural lung diseases
3- Invasive procedures: Gastrointestinal tube, Nephrostomy, foley
catheter,Chronic vascular hardware

4- Previous colonization with ESBLE or Carbapenemases

5- Total previous nb of day of hospitalization

6- Number of days of broad spectrum penicilin, carbapenems, 4gen
cephalosporin, aminoglycosides

7- At least one day of hospitalization in a high burden country

8- Long-term acute care facility residences

Goodman KE et al CID 2016



ESBL £. coli in general population
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Acquisition de EBLSE au cours d’un voyage VO mYé;w’R ]

et acquisition de bactéries multirésistantes aux antibiotiques

574 voyageurs en zone intertropicale
(dépistage négatif avant le départ)

Taux d’acquisition global : 50,9% (n=292)

LT = °
’m ;;?.'..
EUROPE ‘,35‘
S

31,7%
(58/183)

AMERIQUE

OCEANIE " P

Ruppe et al, Eurosurveillance 2015, Ruppe et al, CID 2015
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Probability of positive MRE carriage among travelers
carrying MRE at return (actuarial method)

VOY

\oyage en zone interfropicale
et acquisition de bactéries multirésistantes aux antibiotiques

Visited region
Latin America

- Sub-Saharan Africa
Asia

——————————————————————————————— Prevalence de portage <57 chez
les voyageurs 3 mois apreés leur retour

0 1 2 3 6 12

Months after return
Ruppe et al, Eurosurveillance 2015, Ruppe et al, CID 2015



When ESBLE VAP should be suspected?
Previous digestive colonization

383 pts LOS > 3 days
365 screened
90 (25%) ESBL Carriers

303 (83%) 62 (17%)
Non-ESBL carriers on ICU adm. ESBL carriers on ICU adm.

ICU-acquired ESBL carriage

PPV 10%
1/) NPV 100%

46 N=20 -
1st ICU-acquired 1st|ICU-acquired N__21 R )
infection infection 1st ICU-acquired infection
No ESBL (0 %) 2 ESBL (10%) [0 BSI] 2 (10%) ESBL [0 BSI}
10 7 4
2nd |CU-Al 2nd |CU-Al 2nd [CU-Al
No ESBL (0%) 1(149%) ESBL [0 BSI] 2 ESBL (50%) [1 BSI]

Razazi K et al - Intens care med 2012 38:1769



Think quantitatively: relative abundance?

e Previous ESBL colonization is poorly related to ESBLE infection
risk

e ESBL E coli UTI more frequent if high relative abundance in the
stool Ruppe E et al - AAC 2013; 57: 4512

But
e The relative abundance increased among hospitalized patients

e and is more important in case of previous antimicrobial
exposure De Lastours V AAC 2016;60: 6941



In pratice: do not use antimicrobial
that has been already used

030 _

Adjusted hazard ratio: [
s | 5.7(95%Cl,3.7-8.7) mipenem
2 010 _ -
c% No imipenem
0.00 - B

0 20 40 60 80
Days in hospital

Harbarth, et al. Clin Infect Dis 2001; 33: 1462-68



In pratice: do not use antimicrobial
that has been already used

62 recurrences in 314 patients with P. aeruginosa VAP

2 45— Kugo
o 40
= 35
0p) 30 : O first episod
E 25 188 Irst episoae
I 20 [ relapse
17 15 114 -
a rARE 1 2.8 . .
= il —4 0
\O I I I I
° Q ¢ S © ©
\@\Q & \o% & & (*) P<0.005 for all comparisons
? o Q

Planquette B et al — Am J Respir crit care Med 2012



New (already available) tests

e Maldi TOF alone - Identification 24 hours
e Rapid Antibiotic susceptibility test combined with Maldi-TOF1,2:3,4

- 24 hours
e PCR (S. aureus?; KPC; (VRE)) - 2- 3 hours

e Multiplex rtPCR (13 pathogens; 24 resistance mechanisms (Penicillinase,
ESBL, Carbapenemase, mec gene))°
- 6 hours

e Polymerase chain reaction followed by electrospray ionization-mass
spectrometry’ (PCR/ESI-MS) (800 microorganisms, 4 resistance mechanisms)
- 6 hours

1-Cercenado E et al — DMID 2007

2- Bouza E et al - Clin infect Dis 2007

3- Boyer A et al — DMID 2012

4- Le Dorze M et al — CMI 2015
The near futu re 5- Leone M et al - Crit Care 2013

6- Bogaerts P et al - JAC. 2013

7- Vincent JL Crit Care Med 2015



Agenda

e Ne traiter que les patients reellement infectes

e Commencer vite: quand suspecter un BGN
potentiellement resistant

e Traiter avec les bons antibiotiques aux bonnes
doses en utilisant la bonne voie
d’'administration

e Controler la source de l'infection

e Arréter préecocement les traitements inutiles



For MDR EB and P. aeruginosa, No magic bullets
high MICs for all the traditional antimicrobials

EUCAST breakpoints

Species related breakpoints (S=/R>)
Enterobacteriaceae Pryezdorionas
Piperacillin- 8/16 16 /16
tazobactam
Ceftazidime 1/8 8/8
Cefepime 1/8 8/8
Meropenem 2/8 2/8
Amikacin 8/16 8/16
Ceftolozane- 11 4/4
tazobactam
Ceftazidime- 8/8 8/8
avibactam




Le positionnement des beta-lactamines
traditionelles

Pyo R ++ + - + -
BLSE - - - +- ++
HCase - ++ - - +
Carb ases - - + - - -

(Oxa) (MBL)



Ceftazidime /Avibactam
Active in Vitro:

= Against ESBLs CMI (mg/l)

= Most KPC producers S R

= Strains with AmpC Enterobacteriaceae <8 >8
P. aeruginosa <8 > 8

= Strains with OXA-48

= Strains which are carbapenem resistant due to porin loss plus production of an
ESBL or AmpC

Not active in vitro

= Poorly against Acinetobacter spp, S maltophilia and Gram-negative anaerobic
Spp

= NOT active on MBL (VIM,NDM) (role for Aztreonam-avibactam?)
Livermore AAC 2011;55:390-394



Ceftazidime/avibactam

e 76% of P. aeruginosa isolates nonsusceptible to CAZ, CPM, PIP/TAZ and
MERO

e Animal models
o Potential interest in VAP (ratio 4/1 between components reached in the ELF)

o Discordance between in vitro and in vivo efficacy for some enterobacteriaceae
(NDM1)

« Phase IITI study on VAP finished (n=878)

_ Berkhout J AAC 2015; 59 : 2299

« Already KPC Resistant mutants Housman ST AAC 2014, 58 : 1365
MacVane SH AAC 2014, 58 : 7007

. . . Humphries RH AAC 2015; 59 : 6605

> C dif colonization Rashid MU LJAA 2015; 46 : 60
Sader et al AAC 2017; e02083-16

Shields et al - CID Sept 13rd 2016, online



REPROVE:

Guérison clinique au
TOC cMITT

Guérison clinique au
TOC CE

Ceftazidime R

Ceftazidime S

CAZ-AVI vs MERO in
HAP/V AP

245/356
69%

199/257
77%
35/45
718%

80/119
67%

270/370
73%

211/270
/8%
40/54
4%

96/126
76%

- 4,2
(-10,76,2,46)
-0,7
(-7,86,6,39)
3,7
(-13,73,20,38)
9
(-20,17,2,33)

Torres A et al - ECCMID 2017



Intensive Care Med (2015) 41:2057-2075
DOI 10.1007/s00134-015-4079-4
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Task force on management and prevention
of Acinetobacter baumannii infections

in the ICU

Table 2 Recommended doses of antimicrobials for A. baumannii infections in patients with normal renal function

Antibiotic Loading dose® Daily dose Observations
Imipenem® Not required 0.5-1 g/6 h Extended infusion is not possible due to drug instability
High doses are associated with seizures
Meropenem” Not required 2 g/8h Extended infusion (3-4 h) is recommended, In this case,
| first dose (2 g) should be administered in 30-min
Sulbactam” : Not required 9-12 g/day (in 3 or 4 doses) 4-h infusion is recommended
Polymyxin E°  6-9 million [U® 9 million 1U/day One million IU of colistin is equivalent to 80 mg of CMS.
(Colistin) in 2 or 3 doses See text for doses on intermittent hemodyalisis and CRR ¢

Polymyxin B 2-2.5 mg/kg 1.5-3 mg/kg/day in 2 doses.

ligecycline 100 mg 50mg/12 h
200 mg 100 mg/12 h
Rifampicin Not required 600 mg/day or 600 mg/12 h

Fosfomycin® Not required 12-24 ¢/day (in 3 or 4 doses)

Continuous infusion may be suitable. Same dose
in patients on CRR I

May be adequate in secondary bacteremia for approved
indications (abdominal infections and SSTI)

For other sources including pneumonia and primary bloodstream
infection (consider combination with another active
antimicrobial). Without approval by regulatory agencies

Always in combination therapy

Always in combination therapy

* The loading dose should be administered in all patients including
those with renal dysfunction

® Dose adjustment is necessary in case of renal dysfunction

¢ IU International Units

d -~ - .
CRRTcontinuous renal replacement therapy
¢ S§STIskin and soft tissue infection



Tigecycline for XDR
(A baumannii). .

Bacteriostatic, not active againt P aeruginosa
Inconstant activity on S maltophilia

1 Resistance (Enterobacteriaceae)

Good tissue difusion and ELF/serum ratio >1

100mg/d Dose is not sufficient for Acinetobacter with MIC of 1 or 2 mg/I
Scheetz AAC 2007;

Largely insufficient to kill extracellular Ab
Burkhardt et al - IJAA 2009:99

Combining with CTZ it Failed to be as effective as imipenem-vancomycin in HAP
Freire AT et al Diag Microbiol Infec Dis 2010

- HIGH DOSE:

200mg Loading dose and 100mg X 2 effective and safe in HAP
Ramirez et al - AAC 2013,57:1756

Tige + COL or TIG + AG for KPCs Daikos GL. Clin Microbiol Rev 2012:25:682



Antibiothérapie pour les CPE

|
(1) Colistin or polymyxin B MIC ‘

.

| =2 mg/

|

CMS or polymyxin B based therapy (a)

<

—

=2 mg/l

Doripenem or meropenem MIC I

T , ]l

(2) doripenem or I Consider aztreonam for metallo-3- l l .

meropenem MIC (b)

; R 4

=8 mgn | <8 mg/l z

|

| + doripenem or
lLmeropenem (d)

[(3) tigecycline MIC (f) =

W T ¥
>1 m =1 mg/l
3
(4) fosfomycin MIC + tigecycline (g) ‘

A

>32 mg/l

| }

=

| =32 mg/l |

| >4 mg/l

v
Tigecycline MIC

=4 mg/l (c)

lactamase producers (b)
and ceftazidime for OXA-48

- <4 mg/l (c) ‘ - Carbapenem based therapy (d)

L

J Go to (3) g 1 v
| =1 mg/l | =1 mg/l

v

Go to (4) (m) |

| Tigecycline based |
therapy (I) |

Go to (4)

(5) Aminoglycoside MIC

> o n o
gentamicin; or >4 mg/l
amikacin

+ fosfomycin (h)

Y .
=2 mg/l, tobramycin or
gentamicin; or =<4 mg/l

amikacin

Zavascki et al. Expert Rev Anti Infect Ther 2013, 11:1333-53.



Ceftazidime-Avibactam as Salvage Therapy for Infections
Caused by Carbapenem-Resistant Organisms

38 patients treated with

L 3 6 C RE/ 2 PA compassionate use CAZ-AVI
e Bacteremia 68.4%/ IAI 15/38
e MV 37%/ Vasopressor 45%
1 1 26 patients with clinical 6 patients with partial 6 patients with clinical failure
¢ AB befo re 1 3 dys In-m ed Ia n cure and microbiological clinical improvement and microbiological failure (2)
P Extended Infu5|on 9 50/0 cure (22) or no repeat or no repeat culture (4)
culture (4)
e Standard dose 63%
2 relapses within 1 2 with 4 with microbiological
month of microbiological cure failure (2) or no repeat
microbiclogical cure culture (2)
I
4 in-hospital deaths 1 in-hospital 4 in-hospital 6 in-hospital
unrelated to this death unrelated deaths from deaths from
infection to this infection treatment treatment
failure failure

Clinical cure 68.4%
Documented microbiological cure 63%
In hospital death 39.5%

Temkin et al- AAC February 2017 Volume 61 Issue 2 e01964-16



Clinical outcomes, drug toxicity and emergence of ceftazidime-avibactam
resistance among patients treated for carbapenem-resistant

Enterobacteriaceae infections
Ryan K. Shields et al - Clinical infectious diseases Sept 13rd 2016, online

April 2015-Feb 2016 Pittsburg university

Clinical success 59% (22/37)

30-d Survival 76% (28/37)

Recurrence; 23% (5/22) of clinical successes within 90-days

Microbiologic failure rate 27% (10/37).

Ceftazidime-avibactam resistance was detected in 30% (3/10)
of microbiologic failures after 10, 15 and 19 days.
Bla KPC3 mutation confers CAZ/AVI resistance (Haidar et al - AAC 2017)

PK/PD optimization/ COMBO++++



Les beta-lactamines

e Temps au dessus de la CMI++++

e Grande variabilité inter et intra
individuelle

Intérét de la perfusion prolongéee
ou continue

Apres DOSE DE CHARGE



Intensive Care Med
DOT 10,1007 /500134-015-41 88-0 ORIGINAL
@ CrossMark

Mohd H. Abdul-Aziz Beta-Lactam Infusion in Severe Sepsis (BLISS):
Helmi Sulaiman
Qll_nhdfii];lqr_i Mat-Nor a prospective, two-centre, open-labelled
meva al - - -
Kang K. Wong randomised controlled trial of continuous
Mohd 3. Hasan man versus intermittent beta-lactam infusion
~: "*‘“"'.;“i{':“i‘j' in critically ill patients with severe sepsis

Jason A. Roberts

Table 2 Primary and secondary endpoints by treatment arm in the intention-to-treat population and the subgroups of interest

Primary endpoint Intervention Control Absolute difference Significance
(n = 70 (n = 70) (95 % CI) (p value)™"
Clinical cure for ITT population, n (%) 39 (56) 24 (34) 22 (—04 to —0.1) 0.011
Clinical cure by antibiotic, n (%)°
Piperacillin/tazobactam 22 (58) 15 (32) 26 (—04 to —0.1) 0.016
Meropenem 14 (67) 8 (38) 29 (—0.5 to 0.1) 0.064
Cefepime 3 (27 1 (50) 23 (—0.3 o 0.7) 1.000
Clinical cure by concomitant antibiotic treatment, »n (%) .
Yes 14 (42) 13 (39) 3 (—03 to 0.2) 0.802 CI beTTer‘ If .
No 25 (68) 11 (30) 38 (—0.6 to —0.2) 0.001

Clinical cure by site of infection, n (%)°

Lung 27 (59) 12 (33) 25 (—04 to —0.1) 0.022 Mo nOTher'Opy

Clinical cure by A. baumannii or P. aeruginosa infection, n (90)"
Yes 13 (52) 6 (25) 27 (=05 to 0.1) 0.052

( . . o
No 10 (44) 12 (38) 6 (—0.3 to 0.2) 0.655 L f 1-
Secondary endpoints Intervention Control Absolute difference Significance ung | n ec |o ns
(n = 70) (n = 70) (95 % CI) (r value)™”

PK/PD target attainment, n (%)% M DRO

50 % fTnnc on day 1 56 (98) 49 (93) 5(—0.2 to 0.1) 0.194

100 % fT_nc on day 1 55 (97) 37 (70) 27 (—04 to —0.1) <0.001

50 % fT-_anc on day 3 56 (98) 49 (93) 5(—02 to 0.1) 0.194

100 % fT_ e on day 3 55 (97) 36 (68) 29 (—04 to —0.1) <0.001

ICU-free days 20 (12-23) 17 (0-24) 3(—31t09) 0.378

ICU survivors” 21 (19-23) 21 (14-24) 0 (—3 to 3) 0.824

Ventilator-free days 22 (0-24) 14 (0-—24) 8(—2to 18) 0.043

ICU survivors® 23 (21-25) 21 (0-25) 2(—3to7) 0.076

14-day survival, n (%) 56 (80) 50 (71) 9 (—0.2 to 0.1) 0.237

30-day survival, n (%) 52 (74) 44 (63) 11 (—0.3 to 0.1) 0.145

WCC normalisation days 3 (2-7) 8 (4-15) 5(1 o 5) <0.001

Warning: LOADING DOSE++++/ Glomerular hyperfiltration



Association

* Pour e Contre
> Elargissement du spectre v Aucune preuve dans des
> |Emergence de résistance essais controles
dans le site infecte v' Cumul des pressions de
> Données cliniques pour les selection > re§|sta_)r]ce
patients les plus graves dans le microbiote:
pour les bacteries « peu » v' Cumul des toxicités
sensibles

v' Synergie in vitro non
démontrée en clinique



Journal of
Antimicrobial
Chemotherapy

J Antimicrob Chemother 2017; 72: 29-39
doi:10.1093/jac/dkw377 Advance Access publication 13 September 2016

Polymyxin monotherapy or in combination against carbapenem-resistant
bacteria: systematic review and meta-analysis

Oren Zusman'*, Sergey Altunin?3t, Fidi Koppel?, Yael Dishon Benattar?*, Habip Gedik® and Mical Paul??

All cause mortality

Mono Comb
Author, year Bacteria Combination events/total events/total Weight OR (95% CI)
HAP/VAP
Yilmaz, 2015.1 AB Sulbactam 7117 14/20 — 3.36% 0.30 (0.08, 1.17)
Kalin, 2014 AB Sulbactam 27147 27135 [ 5.55% 0.40 (0.15, 1.06)
Aydemir, 2013 AB Rifampicin 16/22 13/21 [ ] 3.68% 1.64 (0.45, 5.94)
Yilmaz, 2015 AB Carbapenem 7117 16/33 —e 4.20% 0.74 (0.23, 2.43)
Chuang, 2014 AB Carbapenem 52/104 7115 [ 4.78% 1.14 (0.39, 3.38)
RE model for subgroup - 0.69 (0.39, 1.24)
Mix
Petrosillo, 2014.1 mix Tigecycline 17/61 4/12 —e 3.51% 0.77 (0.21, 2.91)
Lopez-Cortes, 2014 AB Tigecycline 12/46 219 2.29% 1.24 (0.22,6.79)
Ku, 2014 mix Tigecycline 26/71 7119 . ] 5.02% 0.99 (0.35, 2.83)
Simsek, 2012 AB Rifampicin 10/20 2/12 e 2.18% 5.00 (0.87, 28.86)
Durante-Mangoni, 2013 AB Rifampicin 457105 45/104 —— 10.66% 0.98 (0.57, 1.70)
Srijatuphat, 2014 AB Fosfornycin 21/39 19/43 — - 6.49 1.47 (0.62, 3.52)
Rigatto, 2015 AB Carbapenem 46/68 12124 H— - 5.80% 2.09 (0.81, 5.39)
Petrosillo, 2014 mix Carbapenem 17761 4/21 — - 3.98% 1.64 (0.48, 5.59)
Crusio, 2014 mix Carbapenem 416 27750 1 . 2.11% 1.70 (0.29, 10.17)
RE model for subgroup < 1.28 (0.92,1.79)
BSI
Kontopidou, 2014 KP  Tigecycline or aminoglycoside 6/26 6/30 —t——— 3.72% 1.20 (0.33, 4.31)
Gomez-Simmonds, 2016 KP  Tigecycline or amineglycoside 27 14/32 e N— 2.12% 0.51 (0.09, 3.06)
Daikos, 2014.1 KP  Tigecycline or qmlnuglyc05|de 12/22 13/49 —a 5.00% 3.32 (1.16, 9.51)
Zarkotou, 2011 KP Tigecycline 417 079 ———————— 0.73% 24.43 (1.03, 580.63)
Tumbarello, 2012 KP Tigecycline 11/22 7123 . 4.00% 2.29 (0.68, 7.74)
Nguyen, 2010 KP Tigecycline 419 4/13 — - 2.16% 1.80 (0.31, 10.52)
Batirel, 2014.1 AB Sulbactam 26/36 32/68 —a— 6.50% 3.01(1.26,7.17)
Daikos, 2014 KP Carbapenem 12/22 317 - 2.27% 1.60 (0.29, 8.90)
Batirel, 2014 AB Carbapenem 26/36 56/102 H—a— 6.93% 2.14 (0.93, 4.88)
Moloudi, 2010 KP aminoglycoside 15/19 10/17 ——— 2.97% 2.62 (0.61,11.37)
RE model for subgraup L 2.23(1.51, 3.30)
r T 1
Heterogeneity: 7= 0.11; 2=30.53, df=23 (P=0.13);12=24.33 010 025 100 20.00

OR (log scale)



Effect of appropriate combination therapy on mortality of W™, @
patients with bloodstream infections due to
carbapenemase-producing Enterobacteriaceae

(INCREMENT): a retrospective cohort study

Belén Gutiérrez-Gutiérrez™, Elena Salamanca™, Marina de Cueto, Po-Ren Hsueh, Pierluigi Viale, José Ramdn Pafio-Pardo, Mario Venditti,

Mario Tumbarello, George Daikos, Rafael Canton, Yohei Doi, Felipe Francisco Tuon, llias Karaiskos, Elena Pérez-Nadales, Mitchell | Schwaber,
Ozlem Kurt Azap, Maria Souli, Emmanuel Roilides, Spyros Pournaras, Murat Akova, Federico Pérez, Joaquin Bermejo, Antonio Oliver,

Manel Almela, Warren Lowman, Benito Almirante, Robert A Bonomoe, Yehuda Carmeli, David L Paterson, Alvaro Pascual, Jests Rodriguez-Bafio,
and the REIPI/ESGBIS/INCREMENT Investigatorst

INCREMENT cohort: 2004-2013
26 tertiary hospitals in ten countries.
Exclusion criteria were
- Missing key data
— Death sooner than 24 h after the index date

- Therapy with an active antibiotic for at least 2 days when
blood cultures were taken

- Subsequent episodes in the same patient.

wwwithelancet.com/finfection Published online April 22, 2017 http://dx.doi.org/10.1016/ 51473-3099(17)30228-1
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CLINIC

@) covorir A Predictive Model of Mortality in Patients
With Bloodstream Infections due to
Carbapenemase-Producing Enterobacteriaceae

Regression coefficient

Variable (95% Cl) Score
Severe sepsis or septic shock .76 (1.01-2.50) 5
Pitt score >6 1.39 (0.54-2.25) 4
Charlson comorbidity index >2 0.93 (0.09-1.78) 3
Source of BSI other than urinary or biliary tract 092 (0-1.85) 3
Inappropriate early targeted therapy 0.69 (0.07-1.31) 2
Total points 17

BS|I = bloodstream infection.



343 received appropriate therapy

A Al mortality scores

100~ —— Monotherapy
— Combination therapy
80
g 60
E
2
3 40
20
HR 076 (95% Cl 0-53—1-08}; p=0-12
0 T T T T T 1
0] 5 10 15 20 25 30
Number at risk
Monotherapy 208 181 158 147 136 130 125
Combinationtherapy 135 131 121 109 103 94 50

Adjusted analysis*

HR (95% CI) pvalue
INCREMENT-CPE mortality 123 (1-16-1-31) <0.0001
score (per unit)
Combination therapy 1-63 (0-67-3-91) 028
Delay to first active
treatment (per day)
High-mortality-risk centre 2-00 (1-40-2-85) 0-0001
Study period 2004-11 1-46 (0-98-2-18) 0-06
(reference 2012-13)
Propensity scoret 1.20 (0-61-2-35) 0-60
Interaction of 0-92 (0-84-0-99) 0-04

INCREMENT-CPE mortality
score (per unit) with
combination therapy




Mortality stratified by level of increment CPE score

B Low mortality score (0-7)

100+

80+

Survival (%)
[=a]
T

F=
o
|

20+

HR 1-18 (95% Cl 0-62-2-23); p=0-61

0

0

Number at risk
Monotherapy 105
Combination therapy 72

5 10
103 96
72 68

Death: 20 vs 24%

15

94
65

90
63

25

86
56

C High mortality score (8-15)
100 —
80—
g 60—
©
2
2
A 40
20
HR 0-60 (95% CI 0-39-0-93); p=0-02
I 0 T T T T T |
30 0 5 10 15 20 25 20
24 Number at risk Follow-up (days)
55 Monotherapy 103 78 62 53 46 44 41
Combination therapy 63 59 53 44 40 38 35

Death: 62 vs 48%

Adjusted HR 0.56 (0.34-0.91, p=0.02



Outcomes with ceftazidime/avibactam in patients with
carbapenem-resistant Enterobacteriaceae (CRE)
infections: a multi-center study

Patients, n/N (%)
Parameter In-hospital mortality | Microbiologic Cure Clinical Success
Overall population 19/60 (32) 39/60 (65) 32/60 (53)
1 Concomitant therapy 9/27 (33) 17/27 (63) 17/27 (63)
6 O p atl en tS Monotherapy 10/33 (30) 22/33 (67) 15/33 (45)
I P=1.0 P=02 P=0.79
P Itt SCore 2 ICU 16/35 (46) 18/35 (51) 16/35 (46)
I C U 5 9 % Non-ICU 3/25(12) 21/25 (84) 16/25 (64)
P=0.01 P=0.013 P=0.196
BSI| 38% Renal dose adjustment 14/33 (42) 18/33 (55) 19/33 (58)
No renal dose adjustment | 5/27 (19) 21/27 (78) 13/27 (48)
KPC 83% P=0.057 P=0.1 P=0.604
Infection Type
Mono n=33 Bacteremia 9/23 (39) 19/23 (82) 14/23 (61)
Urinary tract 2/17 (12) 7/17 (41) 15/17 (88)
Combo n=27 Pneumonia 9/16 (56) 7/16 (44) 9/16 (56)
Wound 2/8 (25) 3/8 (38) 5/8 (63)
Intra-abdominal 1/4 (25) 3/4 (75) 3/4 (75)
Bone/joint 1/2 (50) 1/2 (50) 0/2 (0)

King et al — AAC online 8 May 2017 doi:10.1128/AAC.00449-17



Le partenaire

e Aminosides:
— activité concentration dépendante (Pic/CMI)
— doses initiales élevées
e Fluoroquinolones:
— activité concentration dependante (AUC/CMI),
— doses initiales élevees, difficile a atteindre pour certaines CMI
limites
e Colymicine:
— Concentration dependante/ Dose de charge 9-12MUI
e Tigecycline:
— Double dose

...en fonction de ce qui est possible....



Antibiothérapie des infections a germes résistants
Mécanique de précision

*Collaboration avec les microbiologistes
Diagnostic précoce d'espece et de résistance
CMI

‘DOSAGES
Aminosides++++
a améliorer pour les autres molécules



Suspicion d’infection a BGN-R

Portage++
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Pathologies associées aux soins...
Bronchectasies et antibiothérapie
multiples dans les mois précédents

B-lactamines en association

A4

Penems
Colistine
Tigecycline
éalable Aminosides
Fosfomycine
sion

3 dogmes:
ne pas utiliser une molécule

utilisée précédemment
Optimiser PK/PD (collaboration
microbio-clinique+++)

DOSE DE CHARGE++

Bactericidie

Aminoglycosides -~ Moindre résistance
+ (OU) Synergie in vitro
Fluoroquinolones

Diffusion
Moindre toxicité

REEVALUATION/ DESESCALADE




Agenda

e Ne traiter que les patients reellement infectes

e Commencer vite: quand suspecter un BGN
potentiellement resistant

e Traiter avec les bons antibiotiques aux bonnes
doses en utilisant |la bonne voie d’administration

e Controler la source de l'infection

e Arréter préecocement les traitements inutiles



In XDR infection, control of the source is key
111 KPC septic shock - Falcone et al cMI 2016; 22:444
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Agenda

e Ne traiter que les patients reellement infectes

e Commencer vite: quand suspecter un BGN
potentiellement resistant

e Traiter avec les bons antibiotiques aux bonnes
doses en utilisant |la bonne voie d’administration

e Controler la source de l'infection

e Arréter précocement les traitements inutiles



Désecalade et arrét précoce

e Si les prélevements microbiologiques sont
effectués AVANT antibiothérapie

e Bi-thérapie a haute dose de durée limitee

e Duree de traitement : si controle clinique toute
anibiothérapie > 7 jours doit étre rediscutéee

e ROle de la Procalcitonine



Conclusion

Reconnaitre précocemment les facteur de risque de EBLSE
Séjour en zone d'endémie + hospitalisation+antibiotiques
Antibiothérapie antérieure
Colonisation préalable/ écosystemes
Dépistage
Immunodépression/ procédure invasives/ durée de séjour

Risque de BHR a évaluer:
colonisation préalable
antibiothérapies préalables
pression de colonisation

Promouvoir le diagnostic rapide

Traitement précoce:
Bithérapie (tri?)
Dose de charge et optimisation PK
Evacuation du foyer infectieux
Désescalade si Souche sensible+++

Politigue globale
Maitrise de la transmission croisée ET Maitrise de la prescription des antibiotiques







ESBL AmpC Carbapenemases Pseudomonas | Acinetob
Serine (KPC) Oxa48-like ~ MBL SPP- acter

FDA

s

Ceftolozane- . i

tazobactam* approved
Ceftazidime- o o - " ) - FDA
avibactam* approved
Aztreonam-avibactam ++ ++ ++ + ++ + - 2
Imipenem-relebactam s w - . :
(MK7655) : -

Meropenem-

vaborbactam ++ ++ ++ 5 + = 3
(RPX7009)

Cefepime-zidebactam i i o e - - .
(WCK 5222)

Cefiderocol (S49266) ++ ++ ++ e - e - 3
Eravacycline ++ ++ ++ ++ ++ - ++ 3
Plazomicin ++ ++ ++ ++ ++/- + - 3
Murepavadin e .
(POL7080)




