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 List current CLSI recommendations for antimicrobial 
susceptibility testing (AST) and reporting of CRE. 

 Describe the differences between CRE (Carbapenem-resistant 
Enterobacteriaceae) and CPE (Carbapenemase-producing 
Enterobacteriaceae). 

 Explain the significance of CRE and CPE from clinical and 
epidemiological perspectives. 

 Describe when and where to go for help when physicians need 
more information than your laboratory can provide for a  
potential CRE isolate. 

After review of this program, you 

will be able to: 
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Acronyms Used in this Presentation 

CRE = Carbapenem-R Enterobacteriaceae 

CPE = Carbapenemase-Producing 

Enterobacteriaceae 

Also CRO, CRKP, CPKP, CPO 
– “O” = organism 

– “KP”= Klebsiella pneumoniae 
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β-Lactams and GNRs 

Basic Concepts 
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Common β-Lactam Agents  

Active Against Gram-Negative Rods (GNR) 

Penicillins 

β-lactam   

Inhibitor Combos Cephalosporins Cephamycin Carbapenems 

Amoxicillin Amoxicillin-clav Cefazolin (1) Cefoxitin Doripenem 

Ampicillin Ampicillin- sulb Cefuroxime (2) Cefotetan Ertapenem 

Piperacillin Piperacillin-tazo Cefotaxime (3) Monobactam Imipenem 

Ticarcillin Ticarcillin-clav Ceftazidime (3) Aztreonam Meropenem 

Ceftolozane-tazo   Ceftriaxone (3) 

Ceftaz-avibactam Cefepime (4) 
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β-Lactams 

All β-lactams contain a 4-membered β-lactam ring 

that is essential for activity 

β-Lactam 

(Penicillin) 
β-Lactam 

(Penicillin) 
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Different β-Lactams 

Cephalosporins Cephamycins 

Monobactam 

Penicillins 

Carbapenems 
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β-Lactamases Produced by Gram-negatives 

Enzymes that hydrolyze the β-lactam ring, 

inactivating the β-lactam  

Hundreds of different types including:  

– Penicillinases 

– ESBLs 

– Carbapenemases 

– AmpCs  

Selectively inactivate various β-lactam 

antimicrobial agents 
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β-Lactam 

(Carbapenem) 

Hydrolyzed 

β-Lactam 

(Carbapenem) 
 

-lactamase 

(Carbapenemase) 

Mechanism of Action of β-Lactamases 
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Concepts Related to AST 

When an enzyme produced by a bacterium 
hydrolyzes an antimicrobial agent, the 
enzyme inactivates that agent 

Low level activity of an enzyme implies 
that the MICs are reduced to a lesser 
extent than occurs with enzymes that 
exhibit higher level activity 
– MICs may be in the resistant, intermediate or 

even the high end of the susceptible range 

– Carbapenemases can exhibit low level or 
higher level activity 
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Carbapenem-Resistant 

Enterobacteriaceae 

Two mechanisms may result in carbapenem 

MICs or zone diameters in the “I” or “R” range 

among Enterobacteriaceae 

– Carbapenemase production 

– Cephalosporinase or ESBL together with porin loss 

• Some AmpC -lactamases and ESBLs have low-level 

carbapenem-hydrolyzing activity  

• Porin loss limits entry of the carbapenem into the cell 
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GNR β-Lactamases (Non-carbapenemase)   

 Class Examples Produced by: Notes 

A  

ESBLs [TEM, SHV,  

CTX-M] 

 

   K. pneumoniae and 

other 

Enterobacteriaceae 

 

Most inhibited by β-

lactamase inhibitors 

 

Usually plasmid-mediated; 

Can confer carbapenem 

resistance if other “R” 
mechanisms are present (e.g., 

porin modification) 

B - - -  - - -  - - -  

C AmpC 
Enterobacteriaceae and 

some non-fermenters 

Inducible in some genera 

(SPACE/SPICE organisms); 

Not inhibited by clavulanic 

acid 

D - - -  - - -  - - -  

Adapted from Queenan & Bush. 2007. Clin Microbiol Rev. 20:440. 

Bush & Jacoby. 2010. AAC. 54:969; Bush, K. 2013. Ann NY Acad Sci 1277:84. 17 



GNR Carbapenemases 

 Class Examples Produced by: Notes 

A  
Serine carbapenemases: 

KPC, SME 

K. pneumoniae and other 

Enterobacteriaceae 

 

S. marcescens 

 

Usually plasmid-

mediated (not SME) 

B 

MBL carbapenemases: 

e.g. NDM, VIM, IMP, GIM, 

SPM 

P. aeruginosa 

Enterobacteriaceae 

Acinetobacter 

S. maltophilia 

Inhibited by EDTA 

 

Do not hydrolyze 

aztreonam 

C - - -  - - -  - - -  

D OXA carbapenemases 

Acinetobacter baumannii  

Pseudomonads 

Enterobacteriaceae 

Weakly hydrolyze 

carbapenems   

Adapted from Queenan & Bush. 2007. Clin Microbiol Rev. 20:440. 

Bush & Jacoby. 2010. AAC. 54:969; Bush, K. 2013. Ann NY Acad Sci 1277:84. 18 



Most Common 

Carbapenemases  

19 



KPC 

(Klebsiella pneumoniae Carbapenemase) 

Most common carbapenemase in USA 

 First report 1996 from North Carolina 

Usually a high level of enzyme can be produced  

Mostly K. pneumoniae, also K. oxytoca, E. coli, 

C. freundii, Enterobacter spp., Salmonella, 

Serratia spp., P. aeruginosa and other GNRs 

 Plasmid with KPC gene generally has other R 

genes including genes for ESBLs 
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Metallo β-Lactamase (MBL) 

Carbapenemase 

NDM (New Delhi MBL) is the most common MBL 

worldwide; frequently encountered in India and 

Pakistan 

 First report 2008 in a Swedish patient who was 

hospitalized in India 

Called MBL because zinc is required for activity 

Mostly K. pneumoniae and E. coli  

 blaNDM gene is highly mobile 

Also includes blaIMP, blaVIM 
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OXA Carbapenemase 

 First described in Acinetobacter baumannii in 1985 

 OXA-48 

– Commonly found in Europe and Africa; relatively rare in 

USA 

– First reported in 2008 in Turkey  

– Mostly K. pneumoniae, E. coli 

 Many OXA-48-like variants described to date (OXA-

181, OXA-232) 

 Weakly hydrolyze carbapenems and cephalosporins 

(OXA-48 has greater hydrolytic properties than some 

other OXAs against carbapenems) 
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Number of MBL-producing Gram-Negative 

Rods Reported in the U.S. to the CDC (as of 

4/27/2016) 

Slide courtesy of 

B. Limbago, CDC 
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Carbapenemase Spread and Diversity 

 A single patient may harbor several species 

containing blaKPC 

– One patient had KPC-producing K. pneumoniae, E. 

coli, and Serratia marcescens 

 Sidjabat et al. 2009. Clin Infect Dis. 49:1736. 

A single patient may harbor several species 

with different carbapenemases 

–   One UCLA patient 

• KPC (K. pneumoniae) 

• SME (S. marcescens) 

 Pollett et al. 2014. J Clin Microbiol. 52:4003. 
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Breakpoints  
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Breakpoint Reminders 

CLSI and FDA set / revise breakpoints in USA 

Carbapenem breakpoints for Enterobacteriaceae 
were updated by: 
– CLSI in 2010 

– FDA in 2012 (ertapenem, imipenem); 2013 (meropenem) 

– Note: for doripenem, FDA lists “S” only breakpoint of ≤0.5 
µg/ml (zone ≥23 mm); 2012 

Current FDA breakpoints may not be updated on 
commercial systems 

– Clinical laboratory must perform a verification for a 
commercial system if using breakpoints other than those 
that are FDA-cleared on that system 

Check with manufacturer of your commercial system for 
breakpoint status. 
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Where are the current CLSI breakpoints? 

M100S 26th ed Table 2A (January 2016) 
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http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsa

ndTobacco/CDER/ucm275763.htm 

 
Google: “FDA Interpretive Criteria Updates” and you 

will see list of dates of updated breakpoints 

Updated 

1/21/16 

Where are the current FDA breakpoints? 

28 

http://www.fda.gov/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/ucm275763.htm
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To view the FDA breakpoints for a specific antimicrobial agent,  

click on: “Dailymed” or “Drugs@FDA” 
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Type in antimicrobial agent name, then click on “Label 

Information” for the antimicrobial agent, which will open up a 

pdf of the package insert. 
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Then Go to “Clinical Pharmacology section” in the package 

insert (subsection Microbiology) for FDA BPs  

FDA Breakpoints 

for Doripenem 
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Where can I find information about 

“verification” of ASTs? 
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AST Verification Requirements 

 In USA, laboratories must perform verification 

study when implementing a new test or new 

breakpoints  
– CLIA requirement 

Must perform if using: 
– Disk diffusion 

– Commercial system that is FDA-cleared for the new 

breakpoints 

– Commercial system that is not FDA-cleared for the 

new breakpoints 

 

33 



Verification  

Accuracy Reproducibility 

Run to run - 
ATCC strains 

Within run -               
5 bugs x 3 

Compare NEW w/ 
REF method 

Manufacturer’s 
information 

Literature  

In-house 
studies 

Test minimum of 
30 isolates 

FDA-cleared AST  

…Prior to patient testing 



AST In-House Verification Study - Example* 

 Step Details 

Obtain Isolates 

N ≈ 30 

•Obtain isolates from a reference laboratory or other source  

(“reference set”); “Reference set”: 
˗ is provided with meropenem MIC and S, I, R results that were 

obtained from method verified with current CLSI/FDA BPs  

˗ includes both “S” and “R” phenotypes with variety of MICs 

Test by 

Automated MIC 

•Evaluate carbapenems routinely tested in your laboratory 

• Interpret MICs (M100S 26th ed) 

Review MIC and 

S, I, R results   

 

•Compare MIC results from automated AST system to 

“reference” MIC results (essential agreement) 

•Compare S, I, R results from automated AST system to 

“reference” S, I, R results (categoric agreement) 

•Some results may not agree; need plan to arbitrate (e.g., send to 

another lab that uses CLSI reference MIC method) 

Write verification 

report 

•Submit for laboratory director approval 

* verify current CLSI/FDA meropenem BPs on commercial automated AST 

system using set of organisms obtained from a reference laboratory 



Example: Meropenem In House Verification Study 

Test Method: Automated AST System 

Reference (Comparator): “Reference Set” from Lab B 

Organism 
Isolates 

No. (No. R) 

EA CA VME ME 

# % # % # % # % 

E. coli 

2 CR (KPC) 
10 (2)  10 100 10 100 0 0 0 0 

K. pneumoniae 

5 CR (4 KPC, 1 NDM) 
10 (5) 9 90 9 90 1 20* 0 0 

Other 

Enterobacteriaceae 

(1 SME, 1 NDM) 

10 (2) 9 90 10 100 0 0 0 0 

     Total 30 (9) 28 93.3 29 97 1 11* 0 0 

* Unacceptable result  repeat, send to second reference lab for additional testing. 

Isolates may have lost plasmid. Avoid excessive subbing to avoid plasmid loss. 

CR = carbapenem resistant; VME = very major error; ME = major error 
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 Enterobacteriaceae 

Interpreting Carbapenem 

Results 

The best way to detect CRE is to use 

current breakpoints! 
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CLSI M100S 26th ed Table 2A 
Enterobacteriaceae and Carbapenems 
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CLSI Carbapenem Breakpoints / 

Dosage Comments 

S        I    R S          I    R 

M100S 26th ed Table 2A.  39 



CLSI Carbapenem Dosage Comment 

“Because of limited treatment options for 
infections caused by organisms with 
carbapenem MICs or zone diameters in the 
intermediate range, clinicians may wish to 
design carbapenem dosage regimens that use 
maximum recommended doses and possibly 
prolonged intravenous infusion regimens as 
has been reported in the literature.” 

CLSI M100S 26th ed. 

Daikos et al. 2011. Clin Microbiol Infect. 17:1135. 

Maintain higher antimicrobial agent levels in patients 

for longer periods of time. 
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Agent 

Current CLSI & FDA  

Breakpoints 
Old CLSI Breakpoints  

Susc Int Res Susc Int Res 

Ertapenem ≤0.5 1 ≥2 ≤2 4 ≥8 

Imipenem ≤1 2 ≥4 ≤4 8 ≥16 

Meropenem ≤ 1 2 ≥4 ≤4 8 ≥16 

Agent 
Current CLSI 

Breakpoints 
Old CLSI Breakpoints 

Doripenem2 ≤1 2 ≥4 none 

Enterobacteriaceae - Carbapenem  
Breakpoints (MIC µg/ml)1 

1 CLSI M100 26th ed; also lists corresponding disk diffusion breakpoints 
2 FDA breakpoint “S” only =  ≤0.5 
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Carbapenemase 

Testing for the Enzymes 
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Do we need to determine if a 

carbapenemase is present in CRE?  

 Patient care 

– No, when using the “current” CLSI breakpoints 

– Yes,  if using “old” CLSI breakpoints 

 Infection control  

– Yes, if outbreak suspected; possibly in other settings 

 Epidemiology / research 

– Yes, to better understand  emerging resistance and 

plan for “challenges”  

Some say MUST identify resistance mechanism in all CRE as 

carbapenemase-producers are more worrisome than non-

carbapenemase-producing CRE.  
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MHT Carba NP Molecular 

Use Enterobacteriaceae Enterobacteriaceae 

P. aeruginosa 

Acinetobacter 

Enterobacteriaceae 

P. aeruginosa 

Acinetobacter  

Strengths Simple Rapid Determines type of 

carbapenemase 

Limitations Some false pos (eg, 

ESBL/AmpC + porin) 

 

Some false neg 

(eg NDM) 

 

Enterobacteriaceae 

only 

Special “fresh” 
reagents 

 

Some invalid results 

 

 

False neg  for OXA-

type carbapenemase 

Special reagents 

 

 

Specific to targeted 

gene 

 

Difficult for some 

micro labs to 

implement 

Introduction to Tables 3B and 3C. Tests for Carbapenemases in 

Enterobacteriaceae, Pseudomonas aeruginosa, and 

Acinetobacter spp. 

CLSI M100S 26th ed.   44 



Modified Hodge Test  for Carbapenemases 

M100S 26th ed. Table 3B. 
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Carba NP Test for 

Carbapenemase Production 

 Isolated colonies (lyse) 

 Hydrolysis of imipenem 

 Detected by change in pH of 

indicator (red changes to 

yellow/orange) 

 Rapid <2h 

 Microtube method 

Nordmann et al. 2012. Emerg Infect Dis. 18:1503. 

Tijet et al. 2013. Antimicrob Agents Chemother. 57:4578. 

Vasoo et al. 2013. J Clin Microbiol. 51:3092. 

Dortet et al. 2014. J Med Microbiol. 63:772. 

Dortet et al. 2014.  Antimicrob Agents Chemother. 58:2441. 

NO 

imipenem 

+  

imipenem 

 pos 
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Carba NP Test - Examples 

         Blank         Neg           KPC        OXA48    OXA181     NDM        IMP         VIM         SME 

Courtesy of Shaun Yang,  P. Hemarajata   
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  Pos         Invalid        Neg         Pos         Pos         Pos          Pos 



Neg Control 

Modified Hodge Test - Examples 

Courtesy of Shaun Yang,  P. Hemarajata   

Pos Control 

KPC 

NDM 

False neg 

OXA 232 

Positive  

SME 

Positive  
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Modified Hodge Test False Positive 

AmpC + porin loss 

Pos Control 

Courtesy of Paul Schreckenberger 49 

Neg Control 

Neg Control 



CIM Test – for Carbapenemase 
(Carbapenem Inactivation Method) 

Principle:  

• A suspension of bacteria is incubated 

with a standard meropenem disk.  

• If the organism produces 

carbapenemase, it will inactivate the 

meropenem in the disk. 

• Following 2 h incubation, the 

meropenem disk is removed from the 

suspension and placed on a lawn of E. 

coli ATCC 25922.  

• Following overnight incubation, 

carbapenemase activity is 

demonstrated by a loss of meropenem 

activity in the disk. 

 
 

 

 

van der Zwaluw K, et al. 2015. PLoS One. 10(3):e0123690 

#1 carbapenemase positive 

#2 carbapenemase negative 

#1 #2 



Neo-Rapid CARB Screen Kit 

Commercial kit; similar to Carba NP 

 Enterobacteriaceae and P. aeruginosa 

 Tablets 

– Imipenem + indicator 

– Negative control 

 ≤2 hours 

Research use only 
 

 

 

www.keyscientific.com 

 neg  pos 
 neg 

cntrl  pos 
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Molecular Tests for Carbapenemases1 

 

 Biofire 2 

– KPC 
 Nanosphere 2 

– KPC, NDM, OXA, IMP, VIM 
 Cepheid 3 

– KPC, NDM, OXA-48, IMP-1, VIM 
 BD Max 4 

– KPC, NDM, OXA-48 
 NucliSENS EasyQ KPC 4 

– KPC 
 Check-Points CPE 4 

– KPC, NDM, OXA-48, OXA-181, IMP, VIM  

 

 

1 Not all inclusive 
2 FDA-cleared; for use with positive blood culture broth 
3 FDA-cleared; for use with isolated colonies  
4 RUO (Research Use Only) 
 



CRE 

Reporting Results 

Testing and Reporting Additional Agents 
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Specimen: Blood 
Diagnosis: Pneumonia 
Klebsiella pneumoniae  
  

 

 amikacin >32 R 

 cefepime >32 R 

 ceftriaxone  >32 R 

 ciprofloxacin >2 R 

 ertapenem >4 R 

 gentamicin >10 R 

 meropenem 4 R 

 piperacillin-tazo  >128/4 R 

 tobramycin  >10 R 

 trimeth-sulfa >4/76 R 

 

 

MIC (µg/ml) 

 “This Klebsiella pneumoniae 
has unusual carbapenem 
results and is considered 

carbapenem-resistant 
Enterobacteriaceae (CRE); 

Infectious Diseases Consult 
suggested” 

Final Report with 

Optional Comment 
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Treatment Options for CRE   

 Polymyxins 

– Colistin, polymyxin B 

 Tigecycline 

Minocycline 

Aminoglycosides (not tobramycin) 

 Fosfomycin 

Ceftazidime-avibactam (class A producers only) 

 
Usually a combination of antimicrobial agents 

(often with a polymyxin) are used 
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Supplemental Antimicrobial Agents to Consider 

for AST of CRE 

Antimicrobial 
Agent 

Enterobacteriaceae 
(CRE) 

Minocycline Yes 

Tigecycline 1 Yes (excluding 
Pro/Prov/Morg) 

Colistin  

(or polymyxin B) 
Yes 2 

Fosfomycin  Yes 3 

Ceftazidime-
avibactam  

Yes 

1 Not on urine isolates. Breakpoints (µg/ml): No CLSI; FDA ≤2 S, 4 l, ≥8 R; EUCAST ≤1 S, >2 R 
2 Breakpoints (µg/ml): No CLSI;  EUCAST ≤2 S, >2 R 
3 Breakpoints (µg/ml): CLSI ≤64 S, ≥256 R for E. coli only; EUCAST ≤32 S, >32 R for all 

Enterobacteriaceae  
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Availability of ASTs for Supplemental 

Drugs for CRE 

Antimicrobial 
Automated  

Systems 
Disk Diffusion Etest 

CLSI 

Reference MIC 

method 1 

Minocycline Some Yes Yes Yes 

Tigecycline Yes Yes Yes Yes 

Colistin  

(or polymyxin B) 2 No 

Yes, but poor 

performance, 

RUO 

Poor 

performance, 

RUO 

Yes 

Fosfomycin 3,4 No Yes Yes Yes 

Ceftaz-avibactam  Some Yes, RUO Yes, RUO Yes 

1 performed by few laboratories 
2 no FDA-cleared commercial methods 
3 only test reliably by agar methods 
4 FDA-cleared for E. coli and E. faecalis only 



Thank you for your attention! 

Please check this website again for 

additional materials on CRE and other 

topics in AST! 

Brought to you by the Outreach 

Working Group of the CLSI 

Subcommittee on Antimicrobial 

Susceptibility Testing 
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