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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



2007

USA

Provinces de

Jiangsu

Shangai 

Zhejiang

Porto Rico

Corée du Sud

Israël

Chine

Europe

Colombie

Brésil

Argentine

Canada

Suède

Angleterre

France Grèce

Norvège
Finlande

Pologne

Danemark

Hongrie

Espagne

Suisse

Italie

Portugal

Irelande

Hollande

Belgique

Allemagne

Single cases EndemicitySeveral outbreak

Taïwan

Hong-Kong

Inde



USA

Provinces de

Jiangsu

Shangai 

Zhejiang

Porto Rico

Corée du Sud

Israël

Chine

Europe

Colombie

Brésil

Argentine

Canada

Suède

Angleterre

France Grèce

Norvège
Finlande

Pologne

Danemark

Hongrie

Espagne

Suisse

Italie

Portugal

Irelande

Hollande

Belgique

Allemagne

Taïwan

Hong-Kong

Inde

République tchèque

2020

Single cases EndemicitySeveral outbreak



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



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
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Gene outbreak
Worldwide dissemination of diverses 

strains with diversity of plasmids

Clonal diversity of 
NDM producers
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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



OXA-48 variants with carbapenemase activity similar
to OXA-48: OXA-162, OXA-181, OXA-204, OXA-245

Plasmides différents de celui qui porte blaOXA-48

Environnement génétique différent de celui de blaOXA-48

Mobilisation par ISEcp1 probable comme décrit pour blaCTX-M
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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

4

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



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



Epidemiology of CPE in France

2019
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343

1142

636

1623

1075

1897

1272

1529

1551

1288

1910

1179

2674

1257

23,1%

28,2%

36,2%

45,4%

54,6%

60,5%

66,5%

% EPC

3033

1310

69,8%



OXA-48 like
70,5%

KPC
3,1%

NDM
16,6%

VIM
6,0%

IMP
0,6%

IMI
0,6%

OXA-48-like + 
NDM
1,8%

OXA-48-like + 
VIM
0,3%

KPC + NDM
0,1%

OXA-23
0,3%

SME

Type de carbapenemase n %

OXA-48-like 2138 70,5

KPC 94 3,1

NDM 502 16,6

VIM 183 6,0

IMP 19 0,6

IMI 17 0,6

NMC-A 0 0,0

OXA-48-like + NDM 55 1,8

OXA-48-like + VIM 9 0,3

KPC + NDM 2 0,1

KPC + OXA-48-like 1 0,0

NDM + IMP 1 0,0

SFH 1 0,0

OXA-23 10 0,3

SME 1 0,0

3033 100

Distribution of CPE per type of 
carbapenemase



0 1 - 9 10 - 19

20 - 29 30 - 39 40 - 49

Number of isolates :

50 - 59 60 - 69

OXA-48-like NDM VIM

KPC IMP IMI

Autres Multiple

Geographic distribution of CPE per type of carbapenemase
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Diversification of OXA-48-like and NDM

OXA-48-like NDM

80%

82%

84%

86%

88%

90%

92%

94%

96%

98%

100%

2012 2013 2014 2015 2016 2017 2018 2019

OXA-48-like new

OXA-484

OXA-370

OXA-245

OXA-244

OXA-232

OXA-204

OXA-181

OXA-162

OXA-48

50%

55%

60%

65%

70%

75%

80%

85%

90%

95%

100%

2012 2013 2014 2015 2016 2017 2018 2019

NDM new variant

NDM-19

NDM-9

NDM-7

NDM-6

NDM-5

NDM-4

NDM-1

4%
Under 

estimated



Carbapenem resistance mechanisms per species

CPE

Non CPE

Others
(n = 76)

Serratia spp.
(n = 47)

Klebsiella spp.
(n = 1473)

Enterobacter spp.
(n = 953)

Citrobacter spp.
(n = 595)

E. coli
(n = 1066)

OXA-48
634

80

KPC

NDM
194

14

VIM

CPE
1079

Non CPE
394

36

OXA-48 
+ NDM

ESBL
257

Case
50

Other
70

BLSE + Case

CPE
910

Non CPE
156

NDM
189

OXA-48
680

12
16

11
KPC

VIM

OXA-48 
+ NDM

ESBL
67

Case
45

Other
35

BLSE + Case

17
9

CPE
442

Non CPE
511

OXA-48
238

NDM
62

VIM
114

5
IMP

16

IMI

Case
350

BLSE + Case
139

12 10

CPE
538

Non CPE
57

NDM
39

VIM

31

OXA-48
456

Case
32

ESBL
6

BLSE + 
Case

12

Other
7

CPE
30

Non CPE
17

NDM
5

OXA-48
18IMP

4

VIM
1

SFH
1

1

SME

Case
11

ESBL
2

BLSE + Case

1
Other

3

CPE
34

Non CPE
42

OXA-48
10

NDM
11

KPC

1

VIM
1

1

OXA-48 
+ NDM

OXA-23
10

Other
14

Case
25

ESBL

3



Répartition des EPC par type de prélèvement et par année

Répartition des EPC par type 
de prélèvement en 2019

Répartition des EPC responsables 
d’infections en 2019

0

500

1000

1500

2000

2500

Dépistage rectal Infections Non communiqué

2014

2015

2016

2017

2018

2019

72%

7%

5%

4%

2%
10%

Urine Hémoculture Voie Respiratoire Site Profond Plaie Autre

66%

31%

3%

Dépistage rectal Total infections Non communiqué

643 751 988
1266

1800
2081

377 455 492 586
796 886

55 66 71 61 78 66



KPC-2
50%

NDM-1
50%

AMERICA
(n=2)

OXA-48
31%

KPC-2
8%

KPC-3
28%

NDM-1
22%

NDM-5
3%

VIM-2
3%

KPC-3 + OXA-48
3%

VIM-4 + OXA-48
3%

EUROPE
(N=28)

OXA-48
14%

OXA-181
8%

OXA-232
17%

OXA-244
8%KPC-2

6%

KPC-3
8%

NDM-1
14%

NDM-5
22%

NDM-1 + OXA-48
3%

MIDDLE EAST
(N=36)

OXA-48
10%

OXA-181
10%

OXA-232
12%

KPC-2
5%

NDM-1
17%

NDM-4
2%

NDM-5
36%

NDM-7
2%

KPC-2 + NDM-4

NDM-1 + OXA-181
5%

ASIA
(N=40)

OXA-48
45%

OXA-181
20%

OXA-244
2%

NDM-1
9%

NDM-4
1%

NDM-5
19%

NDM-7
1%

VIM-4
0,5%

KPC-2 + NDM-1
0,5%

NDM-1 + OXA-48
3%

AFRICA
(N=198)
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53

Carbapenem

MIC (mg/L) Disk diffusion zone diameter (mm)

S/I breakpoint Screening cut-off S/I breakpoint Screening cut-off

Meropenem (10 µg)1 ≤2 >0.125 ≥22 <252

Imipenem (10 µg)3 ≤2 >1 ≥22 <23

Ertapenem (10 µg)4 ≤0.5 >0.125 ≥25 <25

Clinical breakpoints and screening cut-off values for CPE (according to EUCAST 
methodology)

1 Best balance of sensitivity and specificity.
2 In some cases OXA-48 producers have zone diameters up to 26 mm, so <27 mm may be used as a screening cut-off during outbreaks caused by
OXA-48-producing Enterobacteriaceae, but with reduction in specificity.
3 With imipenem the separation between the wild-type and carbapenemase-producers is relatively poor. Imipenem is therefore not
recommended to use as a stand-alone screening test compound.
4 High sensitivity, but low specificity, and therefore not routinely recommended.

EUCAST Clinical breakpoints (v 6.0) (2016-01-01)

When to screen for a CPE?



ARE EUCAST GUIDELINES SUFFICIENT? 
Meropenem zone size distribution for suspected CPE isolates referred
at two NRLs in Belgium and in France

(b)   (a)    (c)    (d)                

(a) CLSI meropenem susceptibility zone diameter breakpoint (>=23 mm)
(b) EUCAST meropenem susceptibility zone diameter breakpoint (>=22 mm)
(c) EUCAST meropenem screening cut-off for the detection of CPE (<25 mm)
(d) 2EUCAST meropenem screening cut-off for the detection of CPE – epidemics (<27 mm)

Huang TD et al., JAC 2013
(Courtesy Y Glupczynski)

EUCAST screening cut off 
MEM < 25 mm = 80% 
sensitivity for CPE detection

« OXA-48 »



E. coli A

K. pneumoniae 3K. pneumoniae 2K. pneumoniae 1

E. coli CE. coli B

ETP

IMP

MEM

ETP

IMP

MEM

ETP

IMP

MEM

ETP

IMP

MEM

ETP

IMP

MEM

ETP

IMP

MEM

TO BE OR NOT TO BE A CARBAPENEMASE PRODUCER, 
THAT IS THE QUESTION IN CLINICAL MICROBIOLOGY !!!

KPC-2 OXA-48

VIM-1 IMP-1 NDM-1

CTX-M-15 + 
impermeability

ATM

CAZ

AMC



Ticarcilline + clavulanic acid

≥ 15 mm
N=95

< 15 mm
N=526

≥ 22 mm
N=112

≥ 15 mm
N=132

< 15 mm
N=394

Temocillin

Imipenem

< 22 mm
N=20

Imipenem

≥ 22 mm
N=92

< 22 mm
N=3

Non-
carbapenemase

producer

Complementary
tests  needs

Complementary
tests  needs

Complementary
tests  needs

Non-
carbapenemase

producer

Algorithm of CA-SFM
Enterobacteriaceae with decreased susceptibility to carbapenems N=621

EPC = 0 EPC = 6

5 NDM-1
1 NDM-5

EPC = 207

2 KPC-2, 1 KPC-3
10 NDM-1, 5 NDM-5

3 VIM-1, 1 VIM-4
166 OXA-48, 1 OXA-162
8 OXA-181, 9 OXA-204

1 OXA-232
1 NDM-1 + VIM-2

1 NDM-1 + OXA-48
1 NDM-1 + OXA-232

EPC = 0 EPC = 0

15,3% 84,7%

96,8% 3,2% 25,1% 74,9%

84,8% 15,2%

Prospective evaluation of an algorithm for the phenotypic 
screening of carbapenemase-producing Enterobacteriaceae

Dortet L, Cuzon G, Plésiat P, Naas T, JAC, 2016

=> Eliminates 1/3 of putative CPEs (watch out for SME; IMI)



Hodge test

Girlich D. JCM 2012, 24h

Phenotypic

Methods of CPE detection : Phenotypic test



Inhibition testsHodge test

Girlich D. DMID 2013
Bonnin RA. JCM 2012

24h

Girlich D. JCM 2012, 24h

Phenotypic

Methods of CPE detection : Phenotypic test



Inhibition testsHodge test

Girlich D. DMID 2013
Bonnin RA. JCM 2012

24h

Girlich D. JCM 2012, 24h

Phenotypic
CIM test

Gauthier, PlosOne, 2017

24h

Methods of CPE detection : Phenotypic test

Advantages
- Easy to perform
- Cheap

Limits
- Lack of sensitivity and specificity
- 24h delay after antimicrobial susceptibility testing



Carbapenem -hydrolysis

Inhibition testsHodge test

Girlich D. DMID 2013
Bonnin RA. JCM 2012

24h

Girlich D. JCM 2012, 24h

Phenotypic
CIM test

Gauthier, PlosOne, 2017

24h

Methods of CPE detection : confirmation tests



UV spectrophotometry

Bernabeu S. DMID 2012, >2h

Colorimetry PH-metry

Carbapenem -hydrolysis

MALDI-TOF

Tandé D. JCM 2015, 30’
Dortet, AAC, 2012
Pires J, JCM, 2013

Dortet.  JAC 2015, 2h
Bogaerts.  JCM 2015, <1h

β-Carba

Bernabeu. JAC  2017<30’

Inhibition testsHodge test

Girlich D. DMID 2013
Bonnin RA. JCM 2012

24h

Girlich D. JCM 2012, 24h

Phenotypic
CIM test

Gauthier, PlosOne, 2017

24h

Methods of CPE detection : confirmation tests

rCIM

Muntean M. JAC, in press, 3h



Carba NP test

N
O

R

COOH

S-R

Carbapenem
Imipeneme

H2N

R

COOH

S-RO

HO

Acid production

pH

Colorimetric 
detection

1 2 1 2

Carbapenemase productionNo carbapenemase

Red Yellow

1 : Reveal solution
(internal negative control)

2 : Reveal solution + imipenem

Carbapenemase

Principle: In vitro hydrolysis of a carbapenem (imipenem)

Interpretation:



Carba NP test derivatives

RAPIDEC® CARBA NP
bioMérieux

Rapid CARB Screen, ROSCO Diagnostica

Carba NP
Nordmann et al., EID 2012

Blue Carba 
Pires et al., JCM  2013

Pasteran, JCM 2015



β-Carba test (Biorad)

Carbapenemase
production

No 
carbapenemase

Principle:
In vitro hydrolysis of a chromogenic broad spectrum cephalosporin which
remain stable towards ESBLs and cephalosporinases

Interpretation:



β-Carba test (Biorad)

ESBL OXA-48 KPC NDM IMP IMI / SMECase

 Detection problems with 10% of 
OXA-48 (low hydrolysis)

 No detection of Non KPC Ambler 
class A carbapenemase

 OXA-48 variant with no 
carbapenemase activity
falsely detected as CPE

No hydrolysis of cephalosporins



UV spectrophotometry

Bernabeu S. DMID 2012, >2h

Colorimetry PH-metry

Carbapenem -hydrolysis

MALDI-TOF

Tandé D. JCM 2015, 30’
Dortet, AAC, 2012
Pires J, JCM, 2013

Dortet.  JAC 2015, 2h
Bogaerts.  JCM 2015, <1h

Immuno-chromatography

KPC
OXA-48,
NDM
(IMP
VIM)

Bogaerts, JAC, 2016, in press 2017

Dortet, JAC,, 2016, 15’

β-Carba

Bernabeu. JAC  2017<30’

Inhibition testsHodge test

Girlich D. DMID 2013
Bonnin RA. JCM 2012

24h

Girlich D. JCM 2012, 24h

Phenotypic
CIM test

Gauthier, PlosOne, 2017

24h

Methods of CPE detection : confirmation tests

rCIM

Muntean M. JAC, in press, 3h
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Methods of CPE detection : Immunochromatography
confirmation tests

Coris IMP K-set

Coris Resist-5 O.O.K.N.V.

+OR



UV spectrophotometry

Bernabeu S. DMID 2012, >2h

Colorimetry PH-metry

Carbapenem -hydrolysis

MALDI-TOF

Tandé D. JCM 2015, 30’
Dortet, AAC, 2012
Pires J, JCM, 2013

Dortet.  JAC 2015, 2h
Bogaerts.  JCM 2015, <1h

Immuno-chromatography

KPC
OXA-48,
NDM
(IMP
VIM)

Bogaerts, JAC, 2016, in press 2017

Dortet, JAC,, 2016, 15’

PCR et RT-PCR

DNA micro-array

Naas T. AAC 2011, 2016, < 1h

Naas T. JCM 2011, 7h

Molecular

β-Carba

Bernabeu. JAC  2017<30’

Inhibition testsHodge test

Girlich D. DMID 2013
Bonnin RA. JCM 2012

24h

Girlich D. JCM 2012, 24h

Phenotypic
CIM test

Gauthier, PlosOne, 2017

24h

Methods of CPE detection : confirmation tests

rCIM

Muntean M. JAC, in press, 3h
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PLAN 

1. Epidémiologie et dissémination des carbapénèmases

2. Méthodes de détection des entérobactéries productrices 
de carbapénèmases

2.1. A partir d’un  prélèvement clinique (infection)

2.2. Dépistage des patients porteurs

1.1. Les carbapénèmases de la classe A de Ambler

1.2. Les métallo-β-lactamases

1.3. les carbapénèmases de la classe D de Ambler



Stool, Rectal swabs

Selective
Chromogenic

media

Single- or Multi-plex
Real time PCR

Enrichment
culture

CPE colonisation detection

Girlich D. DMID. 2013
Réglier-Poupet H. JMM. 2008
Cuzon G. JCM. 2008

Naas T. AAC. 2013
Naas T. AAC. 2011
Oxacelay C. JAC. 2009
Hoyos, IJAA, 2017

24-48h 1-2h



Drigalski + ertapenem
disc

Avantages : Simple, Faible coût

Inconvénients : Milieu non recommandé pour Carba NP test

Faible inoculum

Screening Media

ETP



3CG supplemented
media

Ex : ChomID ESBL

ETP

Screening Media

Drigalski + ertapenem
disc



3CG supplemented media

No detection of OXA-48 producer if no ESBL

PTZ PIP TIC AMX

TCC CAZ CF

FOX IMP AMC CTX

CMX MEM ATM FEP

K. pneumoniae OXA-48
BLSE -

K. pneumoniae OXA-48
BLSE +

PTZ PIP TIC AMX

TCC CF

FOX IMP AMC

CMX MEM ATM FEP

ETPETP CAZ

CTX



Carbapenem
supplemented media

CHROMAGAR KPC 
ChromID Carba

Brillance CRE

SUPERCARBA

ETP

3CG supplemented
media

ETP

Drigalski + ertapenem
disc

Screening Media



 CHROMAGAR KPC (Chromagar) : Méropénème + chromogenes NO

 ChromID Carba (Biomérieux) : Carbapenem (?) + chromogèenes OK except OXA-48

 Brillance CRE agar (Oxoid) : Carbapenem (?) + chromogènes OK except OXA-48

 SUPERCARBA medium (made in Bicêtre) : Etapenem + cloxacillne + Zinc    OK for all

Carbapenem supplemented media

Girlich, Poirel and Nordmann. Diag Microb Infect Dis. 2012

SUPERCARBA Brillance CRE CHROMagar KPC

Sensibilité (%) 96.5 76.3 43

Spécificité (%) 60.7 57.1 67.8

Sensibilité classe A 100 85 70

Sensibilité classe B 92 78.4 58.8

Sensibilité classe D 100 69.8 11.6



OXA-48 screening medium

OXA-48

Avantages :

Easy to use, commercialized standardized medium

Problems :

No detection of other cabapenemases

Containing temocillin

+ chromogenes



Global CRE screening medium

ChromID® CARBA SMART

Avantages :

Easy , commercialized
standardized medium

Detect all carbapenemases

ChromID® OXA-48 ChromID® CARBA 



Global CRE screening medium

ChromID® CARBA SMART

Avantages :

Easy , commercialized
standardized medium

Detect all carbapenemases

Except …

ChromID® OXA-48 ChromID® CARBA 



Screening of OXA-244-producers, a difficult to detect and emerging 
OXA-48 variant?

OXA-48

OXA-244

X✓ ✓

✓

✓

✓

✓

X

X

✓✓

X

X

✓

85% of OXA-244

✓

Emeraud et al. JAC 2020



Résultats en: 48 min 

Détection simultanée de blaKPC, blaNDM, blaVIM, 

blaIMP-1 and blaOXA-48 like incluant les 
carbapénèmase OXA-181, OXA-232.

Sensibilité 96 %

Spécificité 98 %

Temps de manip. < 1 minute

« PCR pour les nuls »

Xpert Carba-R package insert

XPERT® CARBA-R

80



Performances

Xpert® Carba-R v2

This study
Global French CPE 

epidemiology (2012-2014)*

Sensitivity 97.8 % 99.61 %

Specificity 94.1 % 99.98 %

False positive
1 OXA-405

1 OXA-405
2 OXA-163

False negative 2 IMP-8
7 IMI

1 FRI-1

* 2026 isolates

XPERT® CARBA-R V2 KIT FOR THE DETECTION OF 
CARBAPENEMASE-PRODUCING ENTEROBACTERIACEAE 

 150 enterobacterial isolates including 130 isolates with decreased 
susceptibility to at least one carbapenem)

 61 non-carbapenemase producers

 89 carbapenemases producers :



Molecular detection of CPE :
False positive and False negative results

Reference  = Culture after enrichment in ertapenem supplemented BHI 

False positive results of the molecular biology (culture -)

 Transitory fecal carriage of Shewanella = OXA-48-like progenitor (no 
expression of blaOXA-48-like gene)

 VIM-producing P. aeruginosa and NDM-producing Acinetobacter ≄
CPE

False negative results of the molecular biology (culture +)

 Low level carriage of CPE

Jousset AB et al. AAC 2018
Antonelli A et al. DMID 2015

Decousser JW et al. CMI 2015
Girlich et al. DMID 2019

Diene SM et al. CMI 2014



How to identify false positive and false negative
results of molecular biology

 Perform culture ± enrichment

 Repeat molecular biology on another sample

 Think OXA-244 which is not a false positive result of 
the molecular biology but a false negative result of 
the culture if using ChromID CARBA SMART 



http://www.cnr-
resistance-
antibiotiques.fr/exp
ertise-des-souches-
1.html

Version 2018



En cas d’épidémie
Patients « contact »

http://www.cnr-
resistance-
antibiotiques.fr/exp
ertise-des-souches-
1.html
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