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titleCarbapenem-Resistant Enterobacteriaceae (CRE)

2015 CDC definition:  Resistant to imipenem, 
meropenem, doripenem or ertapenem

Slide 9



titleMechanism of Carbapenem Resistance



titleMechanism of Carbapenem Resistance



Emergence of Carbapenemases



Emergence of Carbapenemases



Beta-lactamases

NDM
IMP
VIM

KPC

OXA48



Beta-lactamase Mechanisms



Beta-lactamase Molecular Class 
Predicts Susceptibility to New Inhibitors
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CRE rates at Stanford Health Care

Stanford CRE rate 4-13 fold lower than national rates
- 4.2% per 2011 NHSN data 
- 1.4% per 2010 Surveillance Network-USA data

CDC MMWR 2013 PMID: 23466435

Stanford Rate lower than national rates
- 0.73% per 2011-13 UCLA study
Pollett et al JCM 2014 



JAMA 2015
Epidemiology of CRE in 7 Communities
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Mechanism of Carbapenem Resistance
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Genotypic Detection of Known Carbapenemases
Stanford LDTs

Carbases:
blaKPC
blaNDM
blaIMP
blaVIM
blaOXA-48 like
blaSPM
blaGES
blaGIM
blaSME
blaSIM
blaIMI
blaNMC-A

Carbases:
blaKPC
blaNDM
blaIMP
blaVIM
blaOXA-48 like
blaSPM
blaGES
blaGIM
blaOXA-23 like
blaOXA-58 like

ESBLs:
blaCTX-M-1 group
blaCTX-M-1-like
blaCTX-M-15-like
blaCTX-M-32-like
blaCTX-M-2 group
blaCTX-M-9 group
blaCTX-M-8, &-25 group
blaTEM-types
blaSHV-types
blaVEB, blaPER
blaBEL
blaGES

pAmpCs: 
blaCMY I/MOX
blaACC
blaDHA
blaACT/MIR
blaCMY II
blaFOX

Carbases:
blaKPC
blaNDM
blaIMP
blaVIM
blaOXA-48 like
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Epidemiology of CRE in 7 US Communities
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Higher Carbapenem MIC in Carbapenemase+ CRE
Imipenem

Meropenem



CRE Mechanisms in Carbapenemase Gene-
Negative Isolates at Stanford Health Care



Phenotypic Detection of Carbapenemases:
Carbapenem Inactivation Method (CIM)

/ 4

18 /

van der Zwaluw et al PLOS ONE 2015



Phenotypic Detection of Carbapenemases:
MALDI-TOF Mas Spectrometry



Carbapenemase Activity in CRE 
Isolates at Stanford Health Care



Mechanism of Carbapenem Resistance



Phenotypic Detection of OmpC and OmpF 
and their Analogs



Porin Levels Down ≥2 Fold in 
Carbapenemase- Isolates
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Beta-lactamase Molecular Class 
Predicts Susceptibility to New Inhibitors



CRE Susceptibility to Newer β-lactamase 
Inhibitor Combinations as Predicted
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Phylogenetic Tree for CRE Isolates Based on Whole Genome Sequencing 



Summary

• Low CRE rate (0.3%) in our setting
• Comprehensive phenotypic and genotypic 

characterization identified sporadic occurrence of 
plasmid-encoded CP-CRE

• Not dominated by blaKPC
• Predictable susceptibility to newer β-lactam-β-

lactamase inhibitor combinations based on the 
mechanism of resistance

• On-demand nucleic acid testing was sufficient for 
detection of CP-CRE



61 y/o liver and kidney transplant
Respiratory and urine cultures

Enterobacter cloacae complex 4/18/18  Enterobacter cloacae complex 6/13/18
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