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Background 
 Carbapenem resistance is serious concern 

 Very sick patients 

 MDRO, few options left for treating  

 High morbidity and mortality 

 Infection prevention and control emergency 

 Two mechanisms of resistance: 
 Production of a carbapenemase enzyme (“B-lactamase on steroids”) 

 KPC, NDM-1, (others, but these two are current concern in US) 

 Other B-lactamases + porin loss 

 Laboratory detection is complex 

 

 

 



Background 
 All Michigan clinical micro labs have rec’d CLSI documents 

2012 

o M02 – A11 (Disk Diffusion) 

o M07 – A9 (MIC reference methods) 

o M100 – S22 (Interpretive Breakpoints, Quality Control 
ranges, summary of screening and confirmatory test 
recommendations) 

• 2013 CLSI document M100-S23 is on order for MI labs 



Background 
 Current FDA-cleared breakpoints on automated susceptibility 

testing instruments may miss some isolates that are producing 
carbapenemase but still test as “S” 

 Carbapenem breakpoints were revised by CLSI in June 2010 
 Cephalosporin (not all) & aztreonam breakpoints had been revised 

previous January 2009 

 Labs were advised to “validate” the new CLSI breakpoints 
against a reference method 
 Disk-diffusion performed per CLSI M02-A11 

 Broth microdilution performed per CLSI M07-A9 

 Hard to find MIC panels with lower breakpoint dilutions 



Funding Opportunity 
 Healthcare-associated Infections are top priority at CMS 

 Michigan’s Healthcare-Associated Infection (HAI) 
Prevention Plan recognized need for confirmatory testing 
for CRE  

 Grants awarded to two state public health labs (MI and 
IN) through June 2013 

 



Goal  
 Develop non-automated AST capacity in state PHLs for 

CRE and VRSA to provide confirmatory testing for clinical 
laboratories w/in jurisdiction 

 

 



Activities 
 Implement non-automated methods to confirm CRE and VRSA 

 Implement PCR for most common mechanisms of carbapenem and 
vancomycin resistance using CDC protocols 

 Develop and maintain partnerships w clinical laboratories 

 Foster situational awareness of antimicrobial resistance (AR), including 
real-time communication with state epi and HAI coordinator 

 Pilot CDC framework for PH surveillance for critical bacterial AR 

 

 



MI Project Design 
 Perform MIC testing by CLSI reference microbroth dilution 

method 

 Four carbapenems (imipenem, meropenem, ertapenem, 
doripenem) 

 3rd gen ceph (ceftriaxone)   

 cephamycin (cefoxitin) 

 monobactam (aztreonam)  

 Interpret and report using newest CLSI breakpoints 



MI Project Design (cont’d) 
 Perform Modified Hodge Test (w meropenem) 

 Perform PCR testing 

 KPC gene   blaKPC 

 NDM-1 gene   blaNDM-1 

 Also a VRSA component:  

 PCR testing for vanA gene in Staphylococcus aureus  



MI Project Design (cont’d) 
 Perform Modified Hodge Test if any carbapenem I or R 

 Perform PCR for KPC and NDM-1 genes if: 

 carbapenem I or R 

 3rd generation cephalosporins R  

 Modified Hodge Test positive 

 Report to submitter 

 Share results with state HAI coordinator  

 Jennie Finks and SHARP Unit 



Clinical Lab Role 
 Sentinel Partner: 

 Detect possible carbapenem resistance in isolates of 
Enterobacteriaceae 

 Detect possible vancomycin resistance in isolates of S. 
aureus 

 Use newest recommendations from CLSI to the extent 
possible 

 Send all** suspect isolates to MDCH laboratory in Lansing 
for confirmation  

**depending on number of isolates rec’d, guidance my change 

 



Labs using “older” CLSI breakpoints 
 Instrument result = carbapenem I or R 

 If carbapenem = S, look at results for cephalosporins:  
 One or more 3rd generation ceph = resistant, consider MIC value for 

carbapenem 

 MIC of 2 or 4 may indicate carbapenemase production 

 Follow up with MHT as recommended 



Flowchart for “older” breakpoints 
I or R to at least one carbapenem reported   

   OR  

Imipenem/ meropenem/ ertapenem MIC  ≥ 2  

   AND 

R to one or more cephalosporin III 
cefoperazone, cefotaxime, ceftazidime, ceftizoxime, ceftriaxone 

   regardless of  

Modified Hodge Test (MHT) result, if performed 

 

Send isolates to MDCH 



Labs using “newer” CLSI 
breakpoints 
 Interpret and report carbapenems according to Table 2A 

in 2012 version of CLSI document M100-S22 

 Send any I or R isolates to MDCH 



What to Submit 
 Pure culture of any species of  Enterobacteriaceae that 

fits criteria 

 E coli    Serratia 

 Klebsiella    Proteus 

 Enterobacter   Providencia 

 Citrobacter   Morganella 

 NOT Pseudomonas   NOT Acinetobacter 

 Please email or call Marty Boehme if you’re not sure: 
boehmem@michigan.gov 517-335-9654 

 Also include copy of instrument printout and MHT results 

 

mailto:boehmem@michigan.gov


Notes 
 Imipenem MICs for Proteus, Providencia and 

Morganella may be higher than meropenem or 
doripenem 

 Intrinsic resistance, not due to carbapenemase 
mechanism 



How to Submit 
 Agar slants only, no agar plates will be accepted 

 Please include copy of your ID and AST results (e.g., 
printout from automated instrument) 

 Also include MHT result, if performed  

 Enter “CRE Confirmation” in Other_______ test area on 
MDCH lab requisition 



Transport to Lansing 
 Send to MDCH Lansing 

 Hospital courier 

 US Mail 

 FedEx  

 Follow regulations for shipping Infectious Substances, 
category B (UN 3373) 

 

 



Testing at MDCH 
 Gram Stain 

 Confirm organism ID (after subculture for fresh growth)  

 Reference method MIC (CLSI broth microdilution using 
frozen panels) 

 Modified Hodge Test 

 PCR for KPC and NDM-1 genes as indicated by results of 
above testing 



Reporting 
• Gram Stain and organism identification  

• MIC value and interpretation (S, I, or R) for antimicrobials: 
– Aztreonam 

– Cefoxitin 

– Ceftriaxone 

– Doripenem 

– Ertapenem 

– Imipenem 

– Meropenem 

• Modified Hodge Test result (pos or neg) 



Reporting (cont’d) 
 KPC PCR result  

 KPC (blaKPC) gene DNA Detected 

 KPC (blaKPC) gene DNA Not Detected 

 NDM-1 PCR result 

 NDM (blaKPC) gene DNA Detected 

 NDM (blaKPC) gene DNA Not Detected 



 
Notification 
 
 Positive KPC and/or NDM-1 

 Submitter  

 Bureau of Epi SHARP Unit 



Where to find….. 

http://www.michigan.gov/mdchlabs 



Use Microbiology/Virology DCH-0583 Lab requisition 





CRE Confirmation 
XX 

Write test name CRE Confirmation in box for “other” 



Enter organism ID, Modified Hodge Test result. 
Attach copy of Microscan or Vitek printout 



Prevent Disease – Promote Wellness – Improve Quality of Life 


