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ÁA large family of Gram-negative bacteria 

~80 ɀ95%
ÁEscherichia coli
ÁKlebsiellapneumoniae
ÁProteus mirabilis

ÁProteus spp., Morganellaspp., Providenciaspp.



ÁImipenem, meropenem, ertapenem, 
doripenem
Áretain activity against the chromosomal 

cephalosporinases (AmpC) and extended-
spectrum beta-lactamases (ESBL)

Áfound in many gram-negative pathogens

ǐEnterobacteriaceae
ǐKlebsiella pneumoniae

ǐEscherichia coli



ÁOrganisms are likely multidrug-resistant 
ÁMany different mechanisms

ÁCarbapenemases

ǐcarbapenem-hydrolyzing beta-lactamases
ǐClasses A, B, and D are of greatest clinical importance among 

nosocomial pathogens

ǐcarbapenemase-producing CRE (CP-CRE)
ǐare currently believed to be primarily responsible

ÁImpaired permeability due to porin mutation



Árequire an active-site serine at position 70
ÁChromosomally-encoded carbapenemases

ÁSME (Serratia marcescens enzyme)

ÁNMC (non-metalloenzyme carbapenemase)

ÁIMI (imipenem-hydrolyzing beta-lactamases)

ÁPlasmid-encoded carbapenemases

ÁKPC (Klebsiella pneumoniae carbapenemase)

ÁGES (Guiana extended spectrum)



ÁThe most clinically important of the Class A
carbapenemases
Áreside on transmissible plasmids
Ácan be transmitted from Klebsiellato

ÁE. coli, Pseudomonas aeruginosa, Citrobacter, 
Salmonella, Serratia, Enterobacter spp

ÁInhibited by boronic acid



ÁFirst described in a clinical isolate of K. 
pneumoniaein the late 1990s in North Carolina

ÁKPC-2 
Áan enzyme later found to be identical to the initially 

described KPC
ÁKPC-3
Ádiffers from KPC-1/KPC-2 by a single amino acid) 

ÁKPC-possessing isolates have also been 
increasingly recovered from other regions of the 
world



Áthe metallo-beta-lactamases (MBLs)
Árequire zinc for efficient hydrolysis of beta-lactams

Ácan be inhibited by EDTA (an ion chelator)
ÁNaturally occurring MBLs are chromosomally 

encoded
ÁAeromonashydrophilia, Chryseobacteriumspp., 

Stenotrophomonasmaltophilia
ÁAcquired MBLs consist of genes encoded on 

integronsresiding on large plasmids
Átransferable between both species and genera 



ÁWere initially described in Japan in 1991
ÁNDM-1 was first described in December 2009 

in a K. pneumoniae isolate from a Swedish 
patient who had been hospitalized in India



ÁFirst described in December 2009 in a Swedish 
patient hospitalized in India with an infection 
due to Klebsiellapneumoniae

ÁThe gene is located in a very mobile genetic 
element

ÁBacteria containing NDM-1 have tested 
susceptible to colistinor tigecycline
Ásuch susceptibility may be short-lived

ÁNDM-1 has also been identified in
ÁE. coli, Enterobactercloacae
Ánon-Enterobacteriaceae(ie Acinetobacter)



ÁOXA-type enzymes

Ápreferential ability to hydrolyze oxacillin

ǐ(rather than penicillin)

Ávariably affected by the beta-lactamase 
inhibitors
ÁOXA-48-type carbapenemases might not 

exhibit resistance to third -generation 
cephalosporins (ceftazidime)



ÁCarbapenemase-producing organisms can 
arise from previously carbapenemase-
negative strains 

Áby acquisition of genes from other bacteria



ÁNo phenotypic definition will perform 
perfectly in distinguishing between CP-CRE
and non-CP-CRE



ÁUse of broad spectrum cephalosporins
and/or carbapenemsis an important risk 
factor for the development of colonization or 
infection with Carbapenemase-producing 
organisms
ÁReported carbapenem use among patients 

prior to the isolation of MBL varies from 15 to 
75 percent



Átrauma
Ádiabetes
Ámalignancy
Áorgan transplantation
Ámechanical ventilation
Áindwelling urinary or venous catheters
Áoverall poor functional status or severe illness
Áreceived medical care in India and Pakistan
ÁNDM-1



Áto other isolates and genera of bacteria via 
mobile genetic element
Átransposon, plasmid

ÁPatients themselves - intestinal colonization 
Áreservoir for resistant Enterobacteriaceae

Áperson to person transmission
Ácontact

Áfrom environment reservoir
ÁSink, stethtoscope

ÁNDM-1-positive bacteria have been identified in 
public water supplies in India










