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C3G resistance in Enterobacterales



I: 1,12 %

R: 0,76 %

E. coli K. pneumoniae

2002

2010

2005

2010I: 1,53 %

R: 7,25 %

I: 0,97 %

R: 4,13 %

I: 1,43 %

R: 17,83%

Explanation

ESBL

C3G resistance in Enterobacterales in Europe



E. coli
CTX-M-3 CTX-M-15

CTX-Ms : Cefotaxime hydrolysis … and all other 3CG



Hawkey and Jones. JAC 2009

Worldwide dissemination of CTX-M
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% de sensibilité aux C3G

E. coli K. pneumoniae

Vers un plateau à 25-30% chez K. pneumoniae, amorce de diminution de la 
résistance aux C3G chez E. coli depuis 2016

Evolution of resistance at the hospital in France



2022

E. coli K. pneumoniae E. cloacae

BLSE
Céphalosporinase +++ 
 16,7% de BLSE

Résistances aux céphalosporines de 3ème génération chez les entérobactéries 
en France

942 établissements  en 2022 



2022

Les BLSE de type CTX-M prédominantes … CTX-M-15 +++



Co-résistances fréquentes : quinolones, aminosides



Increasing carriage of ESBLs in the community

4% carriage in

Danemark

6% carriage in

France

CTX-M : a commmunity acquired ESBL



ESBLs : our worst nightmare ?



 E. coli 

modern strains

 E. coli 

of our childhood

ESBL Plasmidic AmpC

Carbapenems : the last resort antimicrobials



P. Nordmann, L. Dortet, L. Poirel

Penicillins Cephalosporins Carbapenems

ESBLs : CTX-Ms

Carbapenemases : KPC, NDM, OXA-48 …

Résistance aux carbapénèmes : Les ennuis commencent…



2009 2011

K. pneumoniae I+R to carbapenems

1,3% 29,6%

43,5% 68,2%

Increase of carbapenem resistance in Enterobacterales in Europe



1 CARBAPENEMASE PRODUCTION

Significant hydolysis activity towards carbapenems
(KPC > MBL > OXA-48-like > OXA-23)

2 WITHOUT CARBAPENEMASE PRODUCTION

ESBL +/- AmpC overproduction
Very weak hydolysis activity towards carbapenems

+
Decreased outer-membrane permeability

Porins deficiency +/- Efflux

Carbapenem resistance in Enterobacterales
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Carbapenem resistance in Enterobacterales
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Carbapenem resistance in Enterobacterales
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Carbapenem resistance in Enterobacterales



Amoxicillin Amoxicillin + 
clavulanic 

acid

3GC
(ceftazidime
cefotaxime, 
ceftriaxone)

Aztreonam ceftazidime + 
avibactam

Carbapenems

Metallo-β-lactamases : NDM, VIM, IMP

KPC

OXA-48-like

CTX-M

CMY, DHA …

4GC
(cefepime)

ESBLs

AmpC

C
ar

ba
pe

ne
m

as
es

Penicillinase TEM-1, SHV

IMI

A
m

b
le

r c
la

ss

A

A

C

A

A

B

D

1GC

Except
cefotaxime, 
ceftriaxone
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Pénicillines C1G C3G Aztréonam β-lactamine 
+ acide clav.

ceftazidime 
+ avibactam

Carbapénèmes

GES-2, GES-5 …

C4G

Class A carbapenemases in Enterobacterales

IMI

KPC

FRI

SME, SFO …

IMI, NMC-A



KPC-3 producing K. pneumoniae

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

MOX MEC CZT



KPC : Klebsiella Pneumoniae 
Carbapenemase

2001



KPC dissemination

E. coli et E. cloacae
(Petrella, AAC, 2008)

Naas, Nordmann, Vedel, Poyart (AAC 2005)

(JAC, 2009)

E. cloacae KPC-3
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KPC-type carbapenemase producing Enterobacterales from France 2014-2019

K. pneumoniae
81% (n=250)

K. oxytoca
2% (n=6)

E. coli
12% (n=36)

E. cloacae
2% (n=5)

E. aerogenes

1% (n=3)

Enterobacter spp.

C. freundii

1% (n=4)

C. koseri

Proteus spp.

KPC TYPE CARBAPENEMASES
FRANCE 2014-2019

(N=307)

KPC carbapenemases are strongly associated with
K. pneumoniae



Davis S et al. Nat Microbiol 2019

In 2013, in Europe most of 
KPC-producing K. 
pneumoniae were of 
ST258/512

Phylogenetic tree of 1,649 isolates belonging to K. pneumoniae of 
the EuSCAPE study (2013)

Dissemination of ST258/512 K. pneumoniae in 
Europe



Davis S et al. Nat Microbiol 2019

International spread of the epidemic ST258/512 clone of K. 
pneumoniae



Davis S et al. Nat Microbiol 2019

International spread of the epidemic ST258/512 clone of K. 
pneumoniae

KPC dissemination correspond to :

Worldwide clonal outbreak 
of ST258/512 K. 

pneumoniae



KPC-producing K. pneumoniae : the French and 
« Portuguese » paradox

Bonnin RA et al. Emerg Infect Dis 2020

ST258/512

In 2018, ST258/512 KPC-
producing K. pneumoniae 
are not the most 
prevalent STs in France 
and Portugal
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Genetic environments of blaKPC

Bonnin RA et al. Emerg Infect Dis 2020

Rare Non Tn4401 Elements (NTE)

TATAGG

TATAGG TATAGG



Pénicillines C1G C3G Aztréonam β-lactamine 
+ acide clav.

ceftazidime 
+ avibactam

Carbapénèmes

GES-2, GES-5 …

C4G

Class A carbapenemases in Enterobacterales

IMI

KPC

FRI

SME, SFO …

IMI, NMC-A



GES-5 producing K. pneumoniae

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

MOX MEC CZT



GES-5 producing K. pneumoniae

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

ETP

ATM FOX

TIC

CTXCAZ

TCC



ESBLs

Carbapenemases

Kotsakis S et al. AAC 2010

Gly170 mutation transforms ESBL in carbapenemase

x20

x200



Genetic environments of blaGES-2/-5

Girlich D et al. AEM 2011

Integron

Integron

Truncated Integron
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IMI-1 producing E. cloacae complex

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

MOX MEC CZT



Pénicillines C1G C3G Aztréonam β-lactamine 
+ acide clav.

ceftazidime 
+ avibactam

Carbapénèmes

Métallo-β-lactamases : NDM, VIM, IMP

C4G

Metallo-β-lactamases in Enterobacterales



IMP-4 producing E. cloacae

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

MOX MEC CZT



IMP-4 + CTX-M-15  producing K. 
pneumoniae

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

MOX MEC CZT



VIM, IMP and GIM-type metallo-β-lactamases  

VIM

IMP

GIM

1999

1995

2012



Dissemination of IMP 
and VIM 

carbapenemases

Greece
(42% in K. pneumoniae)



Genetic environment of blaVIM , blaIMP et blaGIM

P

intI1 blaVIM

blaIMP

blaGIM

qacE∆1

sulI orf5

▪ Class 1 integron

▪ Diversity of plasmids

▪ Pseudomonas aeruginosa and Enterobacterales



NDM : New Dehli Metallo-β-lactamase

Lancet Infectious Diseases 2011

Carriage in population
prevalence = 18,5%

2009



NDM-1 + CTX-M-15  producing E. coli

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

MOX MEC CZT



Dissemination of NDM producers from the 
Indian subcontinent



UK

France

Pakistan

Switzerland

Italy

Canada

Belgium

Germany

ST410ST101
ST131

Oman

Australia

India

ST10

Iraq

ST147

ST14 ST340ST25

Norway Sweden

ST11

USA

ST405 ST648ST90
ST156 ST782 ST15

Japan

E. coli K. pneumoniae

Clonal diversity 
of NDM 

producers
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Gene outbreak
Worldwide dissemination  of 

diverses strains with diversity of 
plasmids

Clonal diversity 
of NDM 

producers



Genetic environment of blaNDM



Genetic environment of blaNDM

blaNDM-1 bleMBL

Prom

-35 -10 +1
ISAba125

TGTCGCACCTCATGTTTGAATTCGCCCCATATTTTTGCTACAGTGAACCAAATTAA



La successful story de NDM

Hygiene

Antimicrobials 
over-

consumption and 
misuse

Diarrheae

Over-population

Subtropical climat

Dissemination of NDM prosuducing 
isolates

… mortality increase, increase of hospitalisation stay, increase of the use of 
extended spectrum antimibiocrobials
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OXA-48 / OXA-162 / OXA-181 / OXA-204

C4G
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OXA-517

OXA-23 / OXA-58

Class D carbapenemases in Enterobacterales

OXA-372

OXA-48-like
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OXA-48 producing E. coli

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

MOX MEC CZT



European dissemination of 
OXA-48 from Maghreb

OXA-181

Sporadic cases

Endemicity

Several outbreaks



Genetic environment ofblaOXA-48

same 62,5 kb plasmid of Inc L-type

Poirel et al. AAC 2012 



∆tir (Tn1999)

∆ tir + control DNA

∆ tir + tir

% 100

Tn1999

Potron A. et al.



∆tir (Tn1999)

∆ tir + control DNA

∆ tir + tir

% 100

Tn1999

Potron A. et al.

Plasmid outbreak
Dissemination of the same hyper 

conjugative plasmid among diverse 
species of Enterobacterales
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OXA-48 variants without carbapénèmase 
activity :

OXA-163, OXA-247, OXA-405

- No carbapenemase activity : deletion in the active site

PTZ PIP TIC AMX

ETP TCC CAZ TEM

FOX IMP AMC CTX

MOX MEM ATM FEP

OXA-48

PTZ PIP TIC AMX

ETP TCC CAZ TEM

FOX IMP AMC CTX

MOX MEM ATM FEP

OXA-163



OXA-48
active site

Deletion in OXA-163, 
OXA-247 and OXA-405

Carbapenemase

Non 
Carbapenemase



PTZ PIP TIC AMX

ETP TCC CAZ TEM

FOX IMP AMC CTX

MOX MEM ATM FEP

OXA-48

PTZ PIP TIC AMX

ETP TCC CAZ TEM

FOX IMP AMC CTX

MOX MEM ATM FEP

OXA-163

OXA-48 variants without carbapénèmase 
activity :

OXA-163, OXA-247, OXA-405
- No carbapenemase activity : deletion in the active site
- 3rd generation cephalosporins hydrolysis (ESBL-like)



PTZ PIP TIC AMX

ETP TCC CAZ TEM

FOX IMP AMC CTX

MOX MEM ATM FEP

OXA-48

PTZ PIP TIC AMX

ETP TCC CAZ TEM

FOX IMP AMC CTX

MOX MEM ATM FEP

OXA-163

- No carbapenemase activity : deletion in the active site
- 3rd generation cephalosporins hydrolysis (ESBL-like)
- Temocillin increased susceptibility

OXA-48 variants without carbapénèmase 
activity :

OXA-163, OXA-247, OXA-405
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OXA-244

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

AMXTICPIPTZP

FOXCAZTCCETP

CTXAMCIMPTEM

FEPATMMEMCZA

OXA-48



Variant Amino acid at position ( DBL numbering system) Hydrolysis

9
8

9
9

1
0
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1
1

0

1
2

0

1
2

5

1
7

5

1
7

9

2
1

9

2
2

0

2
2

1

2
2

2

2
2

3

2
2

4

2
2

5

IMI CAZ

OXA-48 Q T T N V E E S Y S T R I E P + -

OXA-162 A ++ -

OXA-244 G +/- -

OXA-245
T

+
-

OXA-204
H R + -

OXA-181
A D Q A + -

OXA-232
A D Q A S +/- -

OXA-163
D * * * * - +

OXA-247
S D * * * * - +

OXA-405
* * * * - +

Loop β5- β6

Low hydrolytic activity compare to OXA-48



Pénicillines C1G C3G Aztréonam β-lactamine 
+ acide clav.

ceftazidime 
+ avibactam

Carbapénèmes

OXA-48 / OXA-162 / OXA-181 / OXA-204

C4G

OXA-232 / OXA-244

OXA-163 / OXA-247 / OXA-405

OXA-517

OXA-23 / OXA-58

Class D carbapenemases in Enterobacterales

OXA-372

OXA-48-like



TZP                 PRL                TIC                 AML

ETP             TCC              CAZ              TEM

FOX              IMP            AMC             CTX

MEM                ATM                FEP

OXA-48 OXA-517

TZP                 PRL                TIC                 AML

ETP             TCC              CAZ              TEM

FOX              IMP            AMC             CTX

MEM                ATM                FEP

Loop β5- β6

Carba ESBL



MIC (mg/L)

Antibiotic
K.pneumoniae

1219

E.coli top10   E.coli top10 E.coli top10 E.coli top10 
E.coli

top10 (pOXA-517) ( pTOPO OXA-48) ( pTOPO OXA-517) ( pTOPO OXA-163)

Amoxicillin >256 >256 >256 >256 >256 2

Amoxicillin + CLAa 64 64 192 32
96

2

Piperacillin >256 >256 128 >256 >256 1.5

Piperacillin + TZBb 96 96 12 32 32 1

Cefotaxime >32 2 0.094 0.38 3 0.06

Ceftazidime 48 16 0.19 4 16 0.12

Cefepime 12 1 0.047 0.25 0.5 0.023

Imipenem 8 0.75 0.38 0.38 0.25 0.19

Meropenem 3 0.125 0.047 0.047 0.023 0.016

Ertapenem 3 0.125 0.047 0.047 0.032 0.002

Doripenem 3 0.094 0.094 0.094 0.023 0.06

Temocillin 192 192 >256 32 32 4

TZP                 PRL                  TIC                   AML

ETP                  TIM                  CAZ                TEM

FOX                   IMI                 AMC                CTX

M0X                MEM                ATM                FEP

TZP                   PRL                  TIC                   AML

ETP                  TIM               CAZ                TEM

FOX                 IMI               AMC                CTX

MEM                ATM                FEP

OXA-48 OXA-517

aCLA, clavulanic acid (4mg/L)
bTZB, tazobactam (4mg/L)



Shewanella spp. are progenitors of 
OXA-48-like enzymes



OXA-48 success story

Low hydolysis of carbapenems + no hydolysis of 3GC  
Detection difficulties

K. pneumoniae OXA-48
BLSE -

K. pneumoniae OXA-48
BLSE +

PTZ PIP TIC AMX

TCC CF

FOX IMP AMC

CMX MEM ATM FEP

ETP CAZ

CTX

PTZ PIP TIC AMX

TCC CF

FOX IMP AMC

CMX MEM ATM FEP

ETP CAZ

CTX



Global epidemiology of CPE



Epidemiology of CPE in France

2023



Répartition des souches reçues au CNR entre 2012 et 2024
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Evolution du nombre de souches reçues au CNR par mois de 2012 à 2023
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Répartition des EPC en fonction du laboratoire expéditeur
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La ville a environ 5 ans de retard sur l’hôpital … explosion à craindre !!!



Evolution des principales espèces reçues par année
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Guadeloupe

La Réunion

Guyanne Polynésie

Mayotte Nle Calédonie

MartiniqueSt Barthélémy

St Martin

St Pierre et 
Miquelon

15

65

174

16

17

EPC partout en France



Distribution des souches reçues en 2023 par mécanisme de résistance
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Multiple IMI



Epidémiologie de la résistance aux carbapénèmes chez les Enterobacterales

OXA-48-like
58%

KPC
2%

NDM
28%

VIM
6%

IMI
0,4%

NDM + OXA-48 like
5%

VIM + OXA-48 like
1%

2023

39,4 % de MBLs



Forte augmentation des OXA-48-like à activité hydrolytique réduite
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38%

20%

10%

24%

8%

OXA-48-like
(n=2916)

E. coli

K. pneumoniae

E. cloacae complex

C. freundii

Autres
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E. coli comme véhicule de dissémination des OXA-48-like émergents 
(OXA-181, OXA-244 et OXA-484)

E. coli ST-410*
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E. coli ST-131

E. coli ST-410*
* PLP3 mutée
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TYPES D'INFECTIONS

Infections vs colonisation



High level resistance to amynoglycosides due to 

16S RNA methylsases

▪ 2003 : description of armA a 16S rRNA methylase in a K. pneumoniae BM4336 (Paris, 2000) conjugative 

plasmid pAT780 80 kb (blaCTX-M-3 )

▪ 2003: rmtA (P. aeruginosa AR-2, 1997, Japan) Yokoyama et al., Lancet, 2003,362;1888-93

▪ 2004: rmtB (S marcescens S-95, 2002, Japan) Doi et al., AAC, 2004, 48 (2) 491-6

▪ 2006: rmtC (P mirabilis ARS68, 2003, Japan) Wachino et al, AAC, 2006, 50(1), 178-84
▪ 2007: rmtD (P. aeruginosa PA0905, 2005, Brazil) Doi et al., AAC, 2007,51, 852-6

▪ 2007: npmA (E coli, 2003, Japon) Wachino, AAC, 2007, 51, 4401-09

▪ rmtE, F, G, H et ….

High-level resistance to:

Gentamicin, Tobramycin, Amikacin,

Isepamicin, Kanamycin, Netilmicin, arbekacin

Spares:

Neomycin, Apramycin, Streptomycin



Relations phylogénétiques des 16S rRNA 
méthyl-transférases

0.1

NbrB Streptoalloteichus hindustanus nebramycin

KgmB Streptomyces tenebrarius nebramycin

Sgm Micromonospora zionensis sisomicin

Kgm Streptomyces lividans kanamycin

GrmA Micromonospora purpurea gentamicin

GrmB Micromonospora rosea sisomicin

Kmr Streptomyces kanamyceticus kanamycin

FmrO Micromonospora olivasterospora fortimicin

RtmA  Pseudomonas aeruginosa  

RtmB Enterobacteriaceae

RtmC Proteus mirabilis 

RtmD Pseudomonas aeruginosa

RmtE Escherichia coli

ArmA Enterobacteriaceae

NB: RmtF, RmtG et RmtH have been recently reported

Producers

Pathogens

Kmr

ArmA

RmtA

NbrB

KgmB

Sgm

Kgm GrmA

GrmB

RmtB

RmtC

RmtD

RmtE

Methylation G1405
Methylation A1408

Actinomycetes -> self-defence mechanisms





Résistance à tous les aminoglycosides (2-DOS, 4,6 disubst.) 
Sensibilité conservée à apramycine et néomycine

Image résistance 
avec repousse 
dans la zone
(croissance 
Hétérogène)

Apramycine

Néomycine

GentamicineTobramycine

Amikacine Netilmicine



Souvent associées à des BLSE (CTX-M +++) et/ou des 
carbapénèmases (NDM +++)

OXA-48
NDM-1
CTX-M-15
RmtC (ARNr methylase 
16S)
SHV-11 
TEM-1

K. . pneumoniae



ArmA, RmtB and RmtC are predominant among Enterobacteriaceae

Wachino & Arakawa, Drug Resist Updates 2012; 15:133-148

Worldwide distribution of 16S rRNA methylases



Résistances émergentes chez 
Pseudomonas aeruginosa



Infections causées par P. aeruginosa

26,5% respiratoire

36,2% urine



Résistance aux antibiotiques chez P. aeruginosa



40%

8%

27%

3%

2%
1%

3%

16%

n=102 centres
(1 au 28 février 2022)

Urinaire

Hémoculture

Respiratoire

61%

16%

20%

3%

Médecine

Chirurgie

Réanimation

Pédiatrie

1 931 isolats

La résistance aux carbapénèmes chez P. aeruginosa

Epidémiologie nationale
GERPA 2022

Courtesy Katy Jeannot



CMI (mg/L)* 0.5 1 2 4 8 16 32 64 128 256 512

Pipéracilline/tazobactam 281 67 40 46 28 31 25 7

Ceftazidime 73 224 82 39 35 38 22 9 3

Céfépime 88 189 90 69 49 32 6 1 1

Imipénème 135 232 53 27 40 33 2 0 3

Méropénème 327 75 40 25 28 21 4 2 3

Sensibilité des souches de P. aeruginosa isolées des prélèvements respiratoires

*CMI déterminées par microdilution en milieu liquide et interprétées selon les recommandations de 

l’EUCAST 2023

26.1 %

20.4 %

17.0 %

14.9 %

(n=525 isolats)

4%

47%

2%

47%

Réanimation
Médecine

Chirurgie

Pédiatrie
5.7 %

Courtesy Katy Jeannot



CMI (mg/L)* 0.5 1 2 4 8 16 32 64 128 256 512

Pipéracilline/tazobactam 281 67 40 46 28 31 25 7

Ceftazidime 73 224 82 39 35 38 22 9 3

Céfépime 88 189 90 69 49 32 6 1 1

Imipénème 135 232 53 27 40 33 2 0 3

Méropénème 327 75 40 25 28 21 4 2 3

26.1 %

20.4 %

17.0 %

14.9 %

CMI (mg/L)* 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128

Ceftazidime/avibactam 31 124 245 67 37 12 5 1 3

Ceftolozane/tazobactam 196 228 65 21 9 0 1 5

Céfidérocol 94 75 136 114 62 31 6 3 3 1

Imipénème/relebactam 451 38 27 3 3 0 0 0 3

Colistine 35 298 181 7 1 2 1

1.8 %
1.7 %

4.0 %

2.9 %

0.8 %

< 5% de résistance aux nouvelles associations, au céfidérocol et à la colistine 

(n=525 isolats)

4%

47%

2%

47%

Réanimation
Médecine

Chirurgie

Pédiatrie
5.7 %

Sensibilité des souches de P. aeruginosa isolées des prélèvements respiratoires

*CMI déterminées par microdilution en milieu liquide et interprétées selon les recommandations de 

l’EUCAST 2023

Courtesy Katy Jeannot



La résistance aux carbapénèmes chez P. aeruginosa

PIP

AKNETTOBCN

LEV

CAZCTX

CIP MERO IPM

TIM ATM

TICFEPTZP

Perte / 
modification 
porine OprD

Porine sauvage

Porine mutée (G119D)



La résistance aux carbapénèmes chez P. aeruginosa

PIP

NETTOBCN

LEV

CAZCTX

CIP MERO IPM

TIM ATM

TICFEPTZP

AK

AmpC 
déréprimée

+
Perte de 

porine OprD



BLSE VEB
+

Perte OprD
+

Autres mécanismes 
pour Aminosides et FQ  

PIP

NETTOBCN

LEV

CAZCTX

CIP MERO IPM

TIM ATM

TICFEPTZP

AK

La résistance aux carbapénèmes chez P. aeruginosa



VIM OXANDM IMP GES Autres

VIM
41,5%

NDM
35,4%

GES
5,1%

Autres
1,1%

n= 221 souches

IMP
14,3%

OXA
2,6%
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La résistance aux carbapénèmes chez P. aeruginosa

En 2022, 19,1% des souches résistantes aux carbapénèmes expertisées par le CNR produisaient 
au moins une carbapénèmase. Forte progression de NDM-1 

Courtesy Katy Jeannot



La résistance aux carbapénèmes chez P. aeruginosa

VIM-2

VIM and VIM carbapenemases are predominant in P. aeruginosa

Colistin : an antibiotic of last resort

XDR P. aeruginosa isolate

CS



Résistances émergentes chez 
Acinetobacter baumannii



Infections causées par A. baumannii

29,7% respiratoire



Résistance aux antibiotiques chez A. baumannii



In the early 1980’s In 2000’s

Acinetobacter baumannii



Falagas M, et al. Clin Microbiol Infect 2007; 13:816

Towards 100% of carbapenem resistance?



La résistance aux carbapénèmes chez A. baumannii
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Les carbapénèmases chez A. baumannii
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Hansen et al, 2023; Kostyanev et al, 2021 (EURECA Study), Zarrilli et al, 2021,
 Valcek et al, 2022, Galani et al, 2023

Carbapénèmases identifiées chez A. baumannii en Europe
Danemark 2014-2021 (n=141)

Serbie 2016-2018 (n=104) 

OXA-23

Grèce 2020-2021 (n=271)

OXA-23

Italie 2014-2018 (n=37)

OXA-23

Belgique 2014-2017 (n=40)

OXA-23

OXA-23
OXA-24

France 2019-2023 n=1 192

OXA-23

France 2014-2018 (n=1 653)

OXA-23
OXA-23

OXA-24/40

OXA-58
NDM-1

NDM-1 + OXA-23

Autres

ECDC 2023, 
Data 2022

3.5%

Courtesy Katy Jeannot



Carbapenemase-producing Acinetobacter spp.

OXA-23

Carbapenem 

hydrolyzing β-

lactamases 

(CHDLs) and mostly 

OXA-23 are 

predominant in 

Acinetobacter spp.



OXA-58 (acquired)

OXA-229 (A. bereziniae)

OXA-66 (A. baumannii)

OXA-69 (A. baumannii)

OXA-51 (A. baumannii)

OXA-213 (A. calcoaceticus)

OXA-143 (acquired)

OXA-231 (acquired)

OXA-253 (acquired)

OXA-255 (acquired)

OXA-40 (acquired)

OXA-134a (A. lwoffii)

OXA-235 (acquired)

OXA-211 (A. johnsonii)

OXA-214 (A. haemolyticus)

OXA-10 (acquired)

OXA-2 (acquired)

OXA-20 (acquired)

OXA-1 (acquired)

OXA-23 (A. radioresistens)

Acquired class D carbapenemases

 5 main groups of acquired 

CHDL: 

OXA-23, OXA-40, OXA-58, 

OXA-143 and OXA-235

 Hydrolysis of penicillins 

and carbapenems 

 Not inhibited by 

clavulanate



Global distribution of OXA-type carbapenemases
in Acinetobacter spp.

OXA-23

OXA-24/40

OXA-58

OXA-143

OXA-235



MBL-producing Acinetobacter spp.

NDM-1

IPM+
EDTA

IPM

AMX CF CTX FEP

TIC CAZ AMC ATM

PIP TCC IMP MEM

TZP ETP FOX MOX

CIP COL NET RIF

OFX TET CHL TOB

NOR TGC SXT AMK

NIT FOS SSS GEN



Global distribution of MBL-type carbapenemases
in Acinetobacter spp.

IMP

VIM

SIM

TMB

NDM
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