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The carbapenemases The carbapenemases in in EnterobacteriaceaeEnterobacteriaceae

  ChromosomallyChromosomally--encoded ESBLsencoded ESBLs

 Plasmid Plasmid--mediated ESBLsmediated ESBLs

  PlasmidPlasmid--mediated metallomediated metallo-enzymes-enzymes

 Rare  Rare plasmidplasmid--encoded cephalosporinaseencoded cephalosporinase

  Rare Rare oxacillinasesoxacillinases



 Chromosome- Chromosome-encodedencoded
. NMCA. NMCA Enterobacter cloacaeEnterobacter cloacae
. IMI-1. IMI-1 Enterobacter cloacaeEnterobacter cloacae

. Sme-1, -2. Sme-1, -2 Serratia marcescensSerratia marcescens

..    SFC-1SFC-1 Serratia fonticolaSerratia fonticola

                                  ..    SHV-38SHV-38 Klebsiella pneumoniaeKlebsiella pneumoniae

  Plasmid  Plasmid--encodedencoded
..    GES-3,-4,-5GES-3,-4,-5  K. K. pneumoniaepneumoniae, E. coli, E. , E. coli, E. cloacaecloacae
..    IMI-2,-3IMI-2,-3 Enterobacter asburiaeEnterobacter asburiae,,  E. E. cloacaecloacae

  .  KPC-1, 2, 3, 4 .  KPC-1, 2, 3, 4                       K. K. pneumoniaepneumoniae, E. , E. cloacaecloacae,,
Salmonella, E. coliSalmonella, E. coli

  

The The class Aclass A  ESBLs with carbapenemase activityESBLs with carbapenemase activity



 
Enzymes Origin Date of 

isolation 
Bacteria Number Clinical specimen Publication 

 
       
Sme-1 London (UK) 1982 S. marcescens 2 ? Yang et al. 1990, AAC 34 ; 

755-758 
IMI-1 California (USA) 1984 E. cloacae 2 Wound, bile Rasmussen et al. 1996, AAC 

: 40 ; 2080-2086 
Sme-1 Minnesota (USA) 1985 S. marcescens 1 ? Queenan et al. 2000, AAC; 

44 ; 3035-3039 
NmcA Paris (France) 1990 E. cloacae 1 Subactaneous abscess Nordmann et al. 1993, 

AAC ; 37 ; 939-946 
Sme-2 UCLA (USA) 1992 S. marcescens 5 ? Queenan et al. 2000, AAC; 

44 ; 3035-3039 
Sme-2 Boston (USA) 1994-1999 S. marcescens 19 ? Queenan et al. 2000, AAC; 

44 ; 3035-3039 
Sme-1 Chicago (USA) 1999 S. marcescens 2 Thigh culture ascitis fluid Gales et al. 2001, DMID, 39 ; 

125-127 
NmcA Seattle (USA) 2003 E. cloacae 1 Blood Pottumarth et al. 2003, EID  
NmcA Buenos Aires 

(Argentina) 
2003 E. cloacae 1 ? Fernandez et al. 2004, AAC ; 

48 : 1068-1069  
SFC-1 Vila Real 

(Portugal) 
2000 S. fonticola 1 Environment Henriques et al., 2004, 

AAC ; 2321-2324 
 

TOTAL : 35 isolates 

The The chromosome-chromosome-encoded encoded class A class A carbapenemasescarbapenemases



The carbapenemase NmcA The carbapenemase NmcA - - E. cloacaeE. cloacae



•• Reduced susceptibility Reduced susceptibility to 3rd GC to 3rd GC andand
IPMIPM

•• ChromosomallyChromosomally--encodedencoded  blablaSHV-38SHV-38  genegene
•• SHV-38 (A146V as SHV-38 (A146V as compared compared to SHV-1)to SHV-1)

Poirel Poirel & & Nordmann Nordmann AAC, 2003AAC, 2003

The The ßß--lactamase lactamase SHV-38 SHV-38 from from K. K. pneumoniaepneumoniae



E. coli (pSHV-1) E. coli (pSHV-38)

SHV-1/SHV-38SHV-1/SHV-38



 Chromosome- Chromosome-encodedencoded
. NMCA. NMCA Enterobacter cloacaeEnterobacter cloacae
. IMI-1. IMI-1 Enterobacter cloacaeEnterobacter cloacae

. Sme-1, -2. Sme-1, -2 Serratia marcescensSerratia marcescens

..    SFC-1SFC-1 Serratia fonticolaSerratia fonticola

                                  ..    SHV-38SHV-38 Klebsiella pneumoniaeKlebsiella pneumoniae

  Plasmid  Plasmid--encodedencoded
..    GES-3,-4,-5GES-3,-4,-5  K. K. pneumoniaepneumoniae, E. coli, E. , E. coli, E. cloacaecloacae
..    IMI-2,-3IMI-2,-3 Enterobacter asburiaeEnterobacter asburiae,,  E. E. cloacaecloacae

  .  KPC-1, 2, 3, 4 .  KPC-1, 2, 3, 4                       K. K. pneumoniaepneumoniae, E. , E. cloacaecloacae,,
Salmonella, E. coliSalmonella, E. coli

  

The The class Aclass A  ESBLs with carbapenemase activityESBLs with carbapenemase activity



Aubron Aubron , , PoirelPoirel, , NordmannNordmann, , Emerg Emerg Infect DisInfect Dis 2005 2005

•• 1,861 1,861 AmpicillinAmpicillin--resistant resistant GG--  strains isolated from strains isolated from US rivers US rivers (1999-2001)(1999-2001)

•• 30 30 imipenemimipenem--resistant resistant GG--  strains strains ((Ash Ash et al., et al., Emerg Emerg Infect Dis, 2002)Infect Dis, 2002)

•• 22 22 Enterobacter asburiae Enterobacter asburiae resistant resistant to to imipenemimipenem

•• blablaIMI-2IMI-2  gene located gene located on a large-sizeon a large-size plasmid plasmid

•• 11 11 nucleotide nucleotide substitutions, 2 AA changes (N35D, Y105H)substitutions, 2 AA changes (N35D, Y105H)

PlasmidPlasmid--mediated mediated class A class A carbapenemasecarbapenemase; IMI-2; IMI-2

Des Moines River 
(August 2001)

Kansas River 
(August 2000)

Arkansas River 
(September 1999)

Mississipi (August 2001)



E. E. asburiaeasburiae reference strain reference strain//E. E. asburiaeasburiae  IMI-2IMI-2



Class A Class A carbapenemasescarbapenemases; ; the threat the threat of KPC +++of KPC +++



ESBLs of a novel type; KPC

KPC-1: 
- 45% Sme-1, 44% NMCA and IMI-1
- plasmid encoded (50-kb)

Imipenem resistance inhibited by
clavulanic acid

AMX TIC PIP TZP

CF CTT CXM FOX

FEP AMC IPM CTX

MOX CAZ ATM TCC



MICs of MICs of ββ-lactams for KPC-1 producers-lactams for KPC-1 producers

                                                                        MICs (                                                                        MICs (µµg/ml)g/ml)

K. pneumoniae K. pneumoniae 15341534   E. coliE. coli HB101      HB101     E.coliE.coli HB101 HB101
                                                                                                (KPC-1)    (KPC-1)

AmpicillinAmpicillin       >64      >64        >64       >64          4         4

CefotaximeCefotaxime         64        64            8           8             ≤≤ 1 1

Ceftazidime         32            8       ≤ 0.5

ImipenemImipenem                 16            8       ≤ 0.25

Imipenem+claImipenem+cla           2          2            0.5           0.5             ≤≤ 0.25 0.25

MeropenemMeropenem        16       16            4           4             ≤≤ 0.25 0.25

Aztreonam                           >64Aztreonam                           >64          32         32             ≤≤ 0.5 0.5



Spread Spread of KPC of KPC producersproducers







Villegas & Quinn AAC 2006; Navon-Venezia & Carmeli AAC 2006

…… KPC in the world, December 2006 KPC in the world, December 2006



 KPC detection; clavulanic acid inhibition ?KPC detection; clavulanic acid inhibition ?

CAZ TCC FEP TCCAZT IMP





Reference Reference E. coliE. coli strain (VIM-2) strain (VIM-2)





imipenem    meropenem

MIC (mg/L)

S. marcescens IMP-type    32 - >128     128 - >128
VIM-type 64                      64

Enterobacter
Citrobacter
E. coli
S. flexneri

IMP-type  0.25 - 8        0.25 - 8
VIM-type    1 - 8          0.5 - 4

K. pneumoniae IMP-type 0.25 - >128     0.25 - 64
VIM-type  2                    0.5

Heterogeneous expression of Heterogeneous expression of metallometallo--
carbapenemases carbapenemases in in EnterobacteriaceaeEnterobacteriaceae



Walsh et al. JCM, 2002, 2755-9

MetalloMetallo--carbapenemasecarbapenemase; detection; detection



Carbapenemase VIM-1
+ ESBL SHV-5

Association of broad-sAssociation of broad-spectrumpectrum
ßß--lactamaseslactamases; ; metalloenzyme metalloenzyme + ESBL+ ESBL



K. pneumoniae
IMP-4 + SHV-12

Poirel, Pham & Nordmann, Pathology, 2004, 36; 266-7.

DetectionDetection



……. and the worst to come; three broad-. and the worst to come; three broad-
spectrum spectrum ßß--lactamases lactamases in a single isolate ?in a single isolate ?





Multidrug Multidrug resistance in resistance in K.K.pneumoniaepneumoniae;;
plasmid-mediated OXA-48; class Dplasmid-mediated OXA-48; class D

K. pneumoniae     E. coli reference (OXA-48)
….from Shewanella oneidensis… 

Poirel, Héritier,  Tolun, Nordmann AAC 2004; Poirel, Heritier, Nordmann, Tolun AAC 2004
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Most frequent mechanisms of resistance +++;Most frequent mechanisms of resistance +++;
combined mechanismscombined mechanisms

Carbapenem

ß-lactamase



  Enterobacteriaceae Enterobacteriaceae (++(++EnterobacterEnterobacter spp spp.).)

Resistance Resistance to CIIIGto CIIIG

••  OverproducedOverproduced
cephalosporinasecephalosporinase
••  PlasmidPlasmid--mediatedmediated
cephalosporinasecephalosporinase
••  PlasmidPlasmid--mediatedmediated
ESBLESBL

Decreased Decreased OM OM permeabilitypermeability

Additional Resistance Additional Resistance to to carbapenemscarbapenems

Combined mechanisms of resistanceCombined mechanisms of resistance

Lee EH, Nicolas MH, Kitzis MD, Pialoux G, Collatz E, Gutmann L. 
Association of two resistance mechanisms in a clinical isolate of 
Enterobacter cloacae with high-level resistance to imipenem. 
Antimicrob Agents Chemother. 1991, 35:1093-8.

IPM

FEPMOX

IPM

FEP

MOX



Plasmid-mediated Plasmid-mediated cephalosporinase cephalosporinase CMY-2 +CMY-2 +
permeability defectpermeability defect

E. coliE. coli ND1 ND1                                       E. coliE. coli ND 2 ND 2
ND2  ND1 Poirel, Heritier, Spicq & Nordmann JCM 2004, 36; 266-7.





Worldwide nosocomial prevalence and resistance. ICU. 2000-2004
                                                                         

Reseau REUSSIR; France. 2002; 97-100% susceptibility
to imipenem- Enterobacteriaceae

 Adapted from Rodloff et al. JAC 2006

Overall trend of resistance (ii)Overall trend of resistance (ii)

    
            Percentage susceptibility to imipenem 

    
 E.  coli  Klebsiella spp. Enterobacter spp. 
    
Argentina 100 99 99 
Mexico 96 97 73 
Peru 92 82 85 
Cyprus 98 97 100 
Germany 100 100 99 
Sweden 100 100 99 
Turkey 99 100 95 
China 100 99 96 
Russia 100 100 100 
Korea 100 98 93 
Philippines 92 100 80 
Malaysia 100 100 100 
Saudi Arabia 98 93 100 
South Africa 100 100 99 

 





Take home message

*through June 1999

1. Overall good and stable levels of susceptibility to
carbapenems of Enterobacteriaceae, worldwide;
carbapenems remain the most active ß-lactams

2. Emergence of resistance mechanisms of clinical
significance; ß-lactamases KPC and metallo-enzymes

3. Requirement for early detection of carbapenem-
resistant isolates for avoiding outbreaks

4. Need for an improvement of techniques for rapid
detection and surveillance of carbapenem-resistant
carriers
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