
  
 

 
  

Implementing Current 
Breakpoints for 
Carbapenems and 

Enterobacteriaceae on Your 
Commercial Antimicrobial 

Susceptibility Test System 

Step by Step Instructions! 



    Resources Provided to “Guide” You 
(Editable; Use is Optional!) 



 
     

       
      

        
        

    
    

      
    

 

Why is this important? 
• CDC considers carbapenem-resistant Enterobacteriaceae (CRE), including 

carbapenemase producing CRE (CP-CRE) an urgent threat to the public’s 
health as there are very limited options for treating infections due to CRE. 
1,2,3 

• The burden of CRE is high in Los Angeles County4 and it has been shown 
that approximately 20% of CRE in LA would be misclassified by use of 
outdated breakpoints.5,6 

• Outdated breakpoints can direct treating physicians to inappropriate 
antimicrobial therapy, contributing to preventable patient morbidity and 
mortality.2,3 

• Outdated breakpoints hinder the ability to identify CRE, impairing” infection 
control initiatives and fueling the spread of CRE.5 

See this webinar handout 2_Checklist CBP Enterobacteriaceae BP Verif; Appendix B. 
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CARLA Survey (2015) 
• California Antimicrobial Resistance Laboratory 

Network Assessment (CARLA) 
• Joint project: 

• California Department of Public Health 
• Los Angeles County Department of Public Health 
• Survey of clinical laboratories re: AST practices 

• Results: 
• 28% used outdated carbapenem breakpoints for 

Enterobacteriaceae 
• Many did not perform carbapenemase testing as 

required if old breakpoints used (CLSI M100 Table 3C) 

Humphries RM et al. Clin Infect Dis. 2018;66:1061-1067. 



 LA County CRE Initiative 



  LA County CRE Initiative (continued) 



Breakpoints 



   
 

Where are the current CLSI breakpoints for 
carbapenems and Enterobacteriaceae? 



CLSI Guidelines 



Enterobacteriaceae - Carbapenem 
Breakpoints (MIC µg/ml)1 



 
 

 

 

    
 

  

   

     

Breakpoint Reminders 
• CLSI and FDA set / update breakpoints in USA 
• Carbapenem breakpoints for Enterobacteriaceae 

were updated by: 
• CLSI in 2010 
• FDA in 2012 (ertapenem, imipenem); 2013 

(meropenem); 2017 (doripenem) 
• Not all cAST systems are updated with current 

CLSI / FDA breakpoints 
• No regulatory mandate for cAST manufacturers to do 

this 
• Not a priority for some cAST system manufacturers 

*cAST = commercial antimicrobial susceptibility test 



  

 
  

 

Breakpoint Reminders (cont’) 

• Clinical laboratories must perform a verification 
for a cAST system if using breakpoints other 
than those that are FDA-cleared on that system 



Verification 



   
 

  
   
  

    

  
 

CLIA Regulations re: Verification of tests 
User must demonstrate performance
specifications when using a test that is not FDA-
cleared or using a modification of an FDA-
cleared test BEFORE use for patient testing… 
• Accuracy 
• Precision (reproducibility) 

• Reportable range of patient test results 
• Reference range(s) 
• Any characteristic required for test performance 

or interpretation of results 

CLIA 493.1253 
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Applying current carbapenem 
breakpoints for Enterobacteriaceae in 

a cAST system…. 
Is a “modification of an FDA-cleared test” 
IF…. 

the cAST system does not have the current 
breakpoints in its software! 



CLIA rules very general…. 



User Lab 
Verification vs. Routine QC 



    

  

   
 

  
 

   
    

 
  

Where can I find information about “verification of 
cAST systems? 

CLSI M52 (2015) describes 
verification of: 
•New cAST system in your lab 
(Full verification) 

•Adding new drugs to your cAST 
system (Limited Verification) 

•Updating breakpoints not FDA 
cleared in cAST system (Limited 
Verification) 
see CLSI M52 page 51 App B 



For verification, test each isolate by…. 



  
 

  
 

  
  

   
  

   

    
  

How do we get REF results for isolates 
used in a cAST system verification? 
1. Test isolates with CLSI standard reference method 

– Broth microdilution or agar dilution MICs 
– Disk diffusion 

2. Test isolates with commercial FDA-cleared AST 
method that was previously verified 

3. Obtain isolates with known AST results from 
verified AST system (from outside source) 
– e.g. CDC & FDA AR Bank Isolates 

For #1 and #2, testing of cAST system to be 
verified often done at same time as REF testing. 



    
 

Summary of Recommendations for Meeting CLIA-
Required Performance Specifications for 

Verification of cAST System 



    
 

What criteria are used to determine if 
cAST system results are acceptable? 



    
 

What criteria are used to determine if 
cAST system results are acceptable? 

(con’t) 



 Calculating EA / CA 



 Calculating % Errors 



   
  

 

 
 

 

  
   

  
   

How do we examine reproducibility of a 
cAST system? 
Reproducibility- CLSI M52 page 29. 
• Test isolates: 

• Routine ATCC QC strains and/or clinical isolates 
• Preferably isolate(s) with on-scale endpoints if 

available 
• Test 3 times (3 separate inocula) 
• Test over 1-3 days on cAST system 

• Acceptable results: 
• 95% within +/- 1 dilution (essential agreement) 
• For ATCC QC strains; 95% must be within +/- 1 

dilution and within acceptable QC range (CLSI M100) 
• No limit described for S, I, R reproducibility 



 

   
    

 
      

 
  

 
    

 

What to do for reproducibility for 
breakpoint update? 
Reproducibility 
Up to the laboratory director! Suggestions: 
• Review results from reproducibility studies 

previously done 
• What MIC and S I R ranges were “covered” (if current 

BPs applied)? 
• Is there a need to examine additional isolates to 

confirm S I R reproducibility? 
• Isolate selection options: 

• Isolate from Enterobacteriaceae Breakpoint Panel (e.g. #3 
Klebsiella pneumoniae) 

• QC strain P. aeruginosa ATCC 27853 
• 2 – 3 isolates sufficient 



The Carbapenem 
Enterobacteriaceae 
Verification Study! 



 

Checklist 

• Step by step 
instructions with 
resources to 
support various 
steps 



 

 
 

  
  

 
   

 

   

Verification 
Protocol 

• Customize to your 
laboratory: 

• cAST system 
• Drugs to be verified 
• When cAST system was 

originally verified 
• Concentrations of drugs on 

your cAST system panel 
• Other 

• Write protocol before 
verification begins! 



 CDC & FDA Antibiotic Resistance (AR) Isolate Bank 
Enterobacteriaceae Carbapenem Breakpoint Panel 



 

   
  

  
   

  

 
  

  
  

    

What is the CDC & FDA AR Bank? 

• Repository of organisms with a variety of resistance 
mechanisms and MIC values to be used by industry, 
researchers, clinical labs and others 
• Develop new tests / drugs 
• Validate current tests 

• Provided in “sets” or panels (frozen), e.g., 
• Enterobacteriaceae carbapenem breakpoint panel 
• Gram negative carbapenemase detection panel 
• Ceftazidime – avibactam panel 

• Accompanied with MIC and S, I, R results, sometimes 
molecular characterization 



    

 
 

   

 

• Register 
• Registration must be approved 

• Submit order 
• Complete forms (materials transfer and 

biosafety compliance) 
• Free (but pay shipping)! 
• 1-2 weeks; arrive “frozen” 

See slides at end of this set for step by step ordering 
instructions 

Getting isolates from the CDC & FDA 
AR Bank… 



 
  

   
 

    

    

    
      

    

The Study in Brief! 
• Test 31 isolates from AR Bank Enterobacteriaceae 

Carbapenem Breakpoint Panel on your cAST system 
• Record MIC results (NOT S I R) results on Worksheet 
• Interpret each MIC result as S, I (SDD), or R with current 

CLSI breakpoints 
• Compare S, I, R result with CDC reference result for each 

isolate 

No need to compare MICs - manufacturer already demonstrated 
“Essential Agreement” with “MIC reference method” during initial 

FDA clearance of tests for these drugs. 



 
 

    
  

 
 

  
 

    
  

 

    

The Study in Brief! (cont’) 
• Calculate: 

• Category Agreement - ≥90% 
• Very Major Errors - none allowed 
• Major Errors - only 1 acceptable 
• Minor Errors – up to laboratory director! 

• See CLSI M52 page 52 
• Following satisfactory verification, update breakpoints in 

your cAST system 
• Contact application specialist for your cAST system, if you need 

advice on how to do this! 
• Ensure results are accurately transmitted to patient charts 

(IT check) 
• Inform stakeholders (Antibiotic Stewardship Team, etc) of 

the change 



Worksheet 
(editable) 



Reviewing Results 



 

    

Calculating % Errors 

*Enterobacteriaceae Carbapenem Breakpoint Panel (AR Bank Isolates) 

*Example: meropenem 
Enterobacteriaceae 



Worksheet (editable) 



Additional CLSI Breakpoints 
since 2010 



  

 

cAST Systems Applying Outdated 
Breakpoints 

2_Checklist CBP Enterobacteriaceae BP Verif_D 



  

 

Enterobacteriaceae Carbapenem Breakpoint Panel 
Spreadsheet from CDC with Reference results 
Results for other drugs (including cephalosporins) 

5_BIT_ARBank_updated MJM07302018_D 



 

 
 

  

Other organism panels available from CDC including: 
Acinetobacter baumannii 
Pseudomonas aeruginosa 

Gram negative carbapenemase detection 
& many more! 



 
 

  
 

 
  

 
  

    
     

Harbor UCLA 
Overview of Verification Study 

• Purpose: Update to current CLSI / FDA breakpoints 
• Staffing: CLS 
• Timeframe: ~ 2 months (intermittent testing) 

• No dedicated staff for verification studies 
• CLS performed testing when staffing allowed 
• Tested over 10 days 

• AST Systems verified: 2 Vitek 2 XL 
• Organism group: Enterobacteriaceae 
• Antimicrobial agents: 

• Meropenem 
• Cefazolin (urine breakpoints), ceftriaxone, ceftazidime, cefepime 
• Check MIC range on commercial system is low enough 

45 



   

  
   

 
    

  
   
   
  
   

Harbor UCLA 
Overview of Verification Study 

• Organism panels from CDC & FDA Antibiotic Resistance (AR) 
Isolate Bank 
• Enterobacteriaceae Carbapenem Breakpoint Panel 

• NOTE: AR-BANK #19 terminated on Vitek (poor growth?) 
• Gram-negative Carbapenemase Detection Panel 

• Provided 20 additional Enterobacteriaceae isolates 
• 50 isolates tested between 2 Vitek instruments (25/instrument) 
• Weekly QC for Vitek and KB – according to our IQCP 

• P. aeruginosa ATCC 27853 
• E. coli ATCC 25922 
• E. coli ATCC 35218 
• K. pneumoniae ATCC 700603 
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Harbor UCLA 
Verification Study Acceptance Criteria 

• Criteria for acceptable verification 
– ≥90% Categorical Agreement 
– 1 Major Error 
– No Very Major Error 

See next slide…please 
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Harbor UCLA 
Verification Study Results* 

Meropenem 
Enterobacteriaceae 

* CDC & FDA AR Bank Isolates: 
Enterobacteriaceae Carbapenem Breakpoint Panel 
Gram-Negative Carbapenamase Panels  



 

 

Harbor UCLA 
Verification Study Troubleshooting 

Harbor UCLA 
Verification Study 
Troubleshooting 



 
   

    
 

      
  

  
 

 

Harbor UCLA 
Verification Study Post-Verification 

• Contact manufacturer to assist with programming new 
breakpoints on instrument 
• Lab may have to hit “activate” button! 

• Conduct audit: LIS reports 
• LIS is able to receive the new breakpoints/interpretations 
• Did not need to involve IT 

• Notify stakeholders: Antimicrobial Stewardship, 
Infectious Diseases, Infection Control 

• Impact: changes in antibiogram; resistance rates 



   

  
    

  

 
 

  

Summary 
• There is a clinical and public health need to accurately 

identify CRE. 
• Failure to utilize updated carbapenem breakpoints for 

Enterobacteriaceae may result in missing 20% of CRE 
isolates. 

• CADPH and LACDPH are available to assist clinical 
laboratories in updating breakpoints. 

• Please stay tuned to learn more about other Public 
Health initiatives to assist clinical laboratories in 
confronting antimicrobial resistance and susceptibility 
testing challenges! 
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Thank You! 
…and thank you to: 
• Sandeep Bhaurla 
• Erin Epson, MD 
• Nikki Green, PhD D(ABMM) 
• Sam Horwich-Scholefield 
• James McKinnell, MD 
• Dawn Terashita, MD 
….and the rest of the teams! 



 
 

  
 

  

 
  

   

Ordering Isolates from 
CDC & FDA AR Bank 

• Ordering involves several steps but is not difficult. 
• Refer to the following slides, if needed. 
• If you experience problems, contact CDC staff to help 

you! 

♦ Note: these slides were assembled 9/25/18. There was 
notice of a website update scheduled for 9/26/8. Some 

screens may have changed during that update. 



 
Use AR 
Isolate 
Bank 



 Select Enterobacteriaceae Carbapenem 
Breakpoint Panel 



 AR Isolate Banke 



 
Then you can go back in and 

add panel(s) to cart and 
checkout! 



 Provide additional information 



 

 

  
 

 

How will you use the 
isolates? 

(note answers filled out here 
are suggested for you) 

You will need FedEx 
(or other shipping) account 

number 
(you pay shipping fees) 



  
..still need more forms 

Click “How to Place an Order” 



2 forms - click, print, 
complete, sign, submit (Fax) ! 



  Material Transfer Agreement 



  Isolates will come frozen in about 1-2 
weeks! 



The End! 
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