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• Our speakers have no relevant financial 
disclosures or conflicts of interest related to 
content of this activity. 

• Completion criteria: the participant must attend 
100% of webinar and complete the participant 
evaluation to receive 1.0 CNE contact hours. 

• There is no commercial support for this activity. 

 

 

Disclosures 
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Accreditation Statement 

Continuing education credit will be provided through 
the Public Health Nursing and Professional 

Development (PHNPD) Unit.  
Public Health Nursing and Professional 

Development, Department of Health and Human 
Services, is an approved provider of continuing 
nursing education by the North Carolina Nurses 

Association, an accredited approver by the American 
Nurses Credentialing Center’s Commission on 

Accreditation. 
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• Discuss the public health significance of CRE and 
describe the process for surveillance and 
detection  

• Describe CRE identification  

• Describe the role of public health in a unified 
response to CRE  

 

Objectives  
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Multidrug-Resistant Organisms (MDROs)  
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A. 75,000 
B. 1,000,000 
C. 2,000,000 
D. 250,000 
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According to CDC, what is the estimated number of 
infections caused by antibiotic-resistant infections in 
the U.S. annually?  



A. 75,000 
B. 1,000,000 
C. 2,000,000 
D. 250,000 
 

9 

According to CDC, what is the estimated number of 
infections caused by antibiotic-resistant infections in 
the U.S. annually?  
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Types of MDROs 

MDROs 

CRE - Carbapenem-Resistant 
Enterobacteriaceae 
 
VRE - Vancomycin-Resistant 
Enterococci 
 
C Diff - Clostridium difficile 
 
ESBLs- Extended Spectrum  
     Beta-Lactamase Producers 
 

MRSA - Methicillin-resistant 
 Staphylococcus aureus 
 
MDR Acinetobacter –  
Multi-drug resistant  
Acinetobacter 
 
MDR Pseudomonas –  
Multi-drug resistant 
 Pseudomonas 
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• Enterobacteriaceae = gram negative bacteria found in the 
digestive tract 
−E. Coli 
−Klebsiella spp.  

• CRE = Enterobacteriaceae resistant to carbapenem antibiotics   
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Carbapenem-resistant Enterobacteriaceae (CRE) 



• Class of Beta-lactam antibiotics 
−Ertapenem 
−Meropenem 
−Imipenem 
−Doripenem 

• Usually reserved to treat 
drug-resistant infections 
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Carbapenems  



• Carbapenemase = enzyme that can break down carbapenem 
antibiotics 
−Klebsiella pneumoniae carbapenemase (KPC), 
−New Delhi metallo-β-lactamase (NDM), 
−Verona integron encoded metallo-β-lactamase (VIM), 
−Imipenemase metallo-β-lactamase (IMP) 
−Oxacillinase-48 (OXA-48) 

• Mobile resistance elements  
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Carbapenemase producing CRE (CP CRE)  
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CRE:  an urgent public health threat 



Detect MDROs 
– Increased awareness  
– Surveillance 
– Testing at SLPH  
– Colonization screening 

 
Ensure rapid response & containment 

– Systematic response to even single 
cases 

– Infection prevention assessments  
– Inter-facility communication  
– Screening for colonization 

 
 
 

Stewardship efforts 
– Antimicrobial resistance 

subcommittee 
– Be Antibiotics Aware Campaign 
– STAR partners  

 
Education 

– Webinars 
– Toolkits 
– Presentations 
– Guidance documents 

 

What NC DPH is doing:  
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Detection & Surveillance  
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Coming in First  

KPC 
2001 
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KPC has been reported in all 50 states 



Maps are routinely updated and available from :  https://www.cdc.gov/hai/organisms/cre/trackingcre.html 
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Detection of other CP-CRE varies by state 

OXA-48 

VIM 

NDM 

IMP 



Surveillance in NC 
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Mar. 2015 – Sep. 
2016 

Sentinel site surveillance 

Nov. 2016 – June 
2017 

Accepted Isolates but did not actively 
recruit sites 

July 2017-present 

Targeted recruitment for sentinel 
surveillance, special projects and 

outbreak response.  



*Excludes duplicate CRE (Same Carbapenemase/organism; repeat clinical isolates in a 12 month period; screening 
results subsequent to a clinical result) 

Sentinel surveillance efforts 
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Sentinel surveillance efforts 
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Sentinel surveillance efforts 
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Sentinel surveillance efforts 

KPC 76.70%  

OXA-48 18.45%  

IMP 3.88%  

NDM <1%  



• Effective October 1, 2018 

27 

Changes to 10A NCAC 41A .0101 



Changes to include: 
−Carbapenem-resistant Enterobacteriaceae (CRE) – 24 hours 
−Candida Auris – 24 hours  

Reporting will: 
−Facilitate early detection, rapid response and containment 
−Prevent transmission 
−Provide data to develop and implement prevention and 

control measures 

Changes to 10A NCAC 41A .0101 
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• Identification of CRE from a clinical specimen associated with 
either infection or colonization –AND –   
 

What to report? 
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• Identification of CRE from a clinical specimen associated with 
either infection or colonization –AND –   

• All susceptibility results (if available) – AND –  
 

What to report? 
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• Identification of CRE from a clinical specimen associated with 
either infection or colonization –AND –   

• All susceptibility results (if available) – AND –  

• All phenotypic or molecular test results (if conducted and 
available) 
 

What to report? 
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(1) Enterobacter spp., E.coli or Klebsiella spp. positive for a 
known carbapenemase resistance mechanism or positive on 
a phenotypic test for carbapenemase production 
 
 or 

 

(2) Enterobacter spp., E.coli or Klebsiella spp. resistant to any 
carbapenem in the absence of carbapenemase resistance 
mechanism testing or phenotypic testing for carbapenemase 
production. 

 

For the purposes of reporting, Carbapenem-
Resistant Enterobacteriaceae (CRE) are defined as: 
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• Organism identification 
− May use a culture or “NAAT” 

(“nucleic acid amplification 
test”) or “PCR” 

34 

Lab reports:  look for organism identity 
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a phenotypic test for carbapenemase production 
 
 or 
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mechanism testing or phenotypic testing for carbapenemase 
production. 
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Resistant Enterobacteriaceae (CRE) are defined as: 
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• Antimicrobial susceptibility results 
− Also called “MICs” (“minimum 

inhibitory concentration”) with 
“interps” (“interpretation”) 
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Lab reports:  look for susceptibility results 



• Antimicrobial susceptibility results 
− Also called “MICs” (“minimum 

inhibitory concentration”) with 
“interps” (“interpretation”) 

− Look for interpretations: 
• S = “susceptible”; listed drug 

can be used to treat 
• I = “intermediate”; listed drug 

may not be effective 
treatment 

• R = “resistant”; listed drug 
can not be used to treat 
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Lab reports:  look for susceptibility results 



 

(1) Enterobacter spp., E.coli or Klebsiella spp. positive for a 
known carbapenemase resistance mechanism or positive on 
a phenotypic test for carbapenemase production 
 
 or 
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Resistant Enterobacteriaceae (CRE) are defined as: 
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• Phenotypic methods for carbapenemase production: 
−Carba NP 
−Metallo-β-lactamase testing (e.g., E-test)  
−Modified Carbapenem Inactivation Method (mCIM) 
−Carbapenem Inactivation Method (CIM)  
−Modified Hodge Test (MHT) 
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Laboratory evidence for carbapenemase 
production or resistance mechanism 



 

• Phenotypic methods for carbapenemase production: 
−Carba NP 
−Metallo-β-lactamase testing (e.g., E-test)  
−Modified Carbapenem Inactivation Method (mCIM) 
−Carbapenem Inactivation Method (CIM)  
−Modified Hodge Test (MHT) 

 

• Molecular methods for resistance mechanism: 
−PCR (for KPC, NDM, OXA-48, IMP, or VIM) 
−Gene Xpert Carba-R (for KPC, NDM, OXA-48, IMP, or VIM) 
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Laboratory evidence for carbapenemase 
production or resistance mechanism 
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Example molecular method result 
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Example molecular method result 



What do you think? 
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Exercise 1 



What do you think? 
•Organism 
 

•Susceptibility 
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What do you think? 
•Organism 
 

•Susceptibility 
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HINT:  Carbapenem antibiotics 
include: 

• Doripenem 
• Ertapenem 
• Imipenem 
• Meropenem 

 
 

Exercise 1 



What do you think? 
•Organism 
 

•Susceptibility 
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Exercise 1 



What do you think? 
•Organism: 
 Enterobacter cloacae 
•Susceptibility:  
Resistant to ertapenem 
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48 

Exercise 1 



What do you think? 
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Exercise 2 



What do you think? 
•Organism 
 

•Susceptibility 
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Exercise 2 



What do you think? 
•Organism 
K. pneumoniae 

•Susceptibility 
S to Ertapenem  
S to Imipenem 
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Exercise 2 



What do you think? 
•Organism 
K. pneumoniae 

•Susceptibility 
S to Ertapenem  
S to Imipenem 
 

NOT CRE 
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Exercise 2 
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NC SLPH funded to characterize CRE 

1. Antimicrobial 
susceptibility 

testing (AST) to 
confirm phenotypic 

detection of CRE 

2. Phenotypic 
methods to detect 
carbapenemase 

production 

Carbapenem 
Inactivation 

Method (CIM) -- 
preferred 
method 

3. Molecular 
methods for 

carbapenemase 
gene detection 

KPC, NDM, 
and OXA 48-

like 

VIM, IMP, mcr-
1 -optional 



 

 

• Enterobacter spp., E. coli or Klebsiella spp. resistant to any 
carbapenem in the absence of carbapenemase resistance 
mechanism testing 
 

• Identification of CRE producing a carbapenemase other than 
KPC may be requested for additional testing. 

 

When should isolates be sent to the State 
Laboratory of Public Health? 

54 



Phenotypic test 
positive for 

carbapenemase 
production** 

CRE identified:  Esherichia coli, Enterobacter spp., Klebsiella spp. Resistant to 
one or more carbapenems (minimum inhibitory concentrations of ≥4 mcg/ml 

for meropenem, imipenem, and doripenem or ≥ 2 mcg/ml for ertapenem) 

Performed phenotypic or molecular testing for 
carbapenemase production using a recognized test* 

Phenotypic test 
negative for 

carbapenemase 
production 

Molecular test negative for 
known carbapenemase (KPC, 

IMP, NDM, OXA, or VIM) 

Molecular test positive for 
known carbapenemase (KPC, 

IMP, NDM, OXA, or VIM) 

Notes 
*See “laboratory criteria for diagnosis 
for a list of tests 
https://www.cdc.gov/hai/prevent/tap/c
labsi.html Note that if relying on 
Modified Hodge, the state requests 
isolate submission regardless of 
Modified Hodge results 
**If no molecular testing is performed 

What should be reported to the North Carolina Division of Public Health (NC DPH) 
Carbapenemase-Producing Carbapenem-Resistant Enterobacteriaceae (CP-CRE) 

STOP 

YES NO 

YES NO 
Request isolate be sent to State Laboratory of Public 
Health (SLPH) for phenotypic or molecular testing for 

carbapenemase 
ISOLATE SENT ISOLATE NOT SENT 

NOT REPORTABLE REPORTABLE 

Positive for KPC 
production 

Positive for IMP, 
NDM, OXA, or 

VIM production 

If isolate not 
tested at SLPH, 

send to SLPH for 
confirmation 

STOP 

NOT REPORTABLE 

https://www.cdc.gov/hai/prevent/tap/clabsi.html
https://www.cdc.gov/hai/prevent/tap/clabsi.html
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If isolate not 
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confirmation 

STOP 

NOT REPORTABLE 

https://www.cdc.gov/hai/prevent/tap/clabsi.html
https://www.cdc.gov/hai/prevent/tap/clabsi.html
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How am I going to prioritize? 

Priority Mechanism Setting 
Number of 

Cases 
1 Non KPC CP-CRE LTCF 1 or more 

2 Non KPC CP-CRE ACH 1 or more 

3 KPC CP-CRE LTCF 2 or more 

4 KPC CP-CRE ACH  2 or more 

5 KPC CP-CRE LTCF 1 

6 KPC CP-CRE ACH  1 

7 Non CP-CRE LTCF 2 or more 

8 Non CP-CRE ACH 2 or more 
LTCF = long-term care facility 
ACH = acute care hospital 
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• https://epi.publichealth.nc.gov/cd/lhds/manuals/cd/reportable_diseases.html  

Resources:  
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Resources:  
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NO 

Has the patient tested positive before? 

Isolate positive for CP-CRE 

Create new event 

* A clinical isolate is obtained through a clinical diagnostic test for the purposes of diagnosis and/or 
treatment 
** A screening isolate is obtained through a rectal swab performed for the purpose of surveillance 

What to do with a confirmed Carbapenemase 
Producing CRE (CP-CRE) result 

North Carolina Division of Public 
Health  

September 2018 
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New Clinical* Isolate 

NO 

Has the patient tested positive before? 

Isolate positive for CP-CRE 

YES 

Create new event 

Has it been 12 months 
since the last positive 

isolate? 

YES 

* A clinical isolate is obtained through a clinical diagnostic test for the purposes of diagnosis and/or 
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** A screening isolate is obtained through a rectal swab performed for the purpose of surveillance 
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SHARPPS inbox: NCHAI@DHHS.NC.GOV 

Epi-On-Call: 919-733-3419 
 
 

Heather Dubendris, MSPH 
heather.dubendris@dhhs.nc.gov 

919-546-1654 

Questions?  
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