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 63 y.o. female is transferred to your nursing 
home from OHSU.  She has an active CRE 
urinary tract infection for which she is on IV 
antibiotics. 
◦ What is the mortality? 

◦ What transmission-based precautions are necessary 
to implement… 

 while she is being treated (i.e., during active infection)? 

 after treatment is completed (i.e., for colonization)? 



Yong et al. Antimicrob Agents Chemo 2009:5046-5054 



http://www.cdc.gov/drugresistance/threat-report-2013/ 
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 11 yo F with MRSA bacteremia, complicated by VAP 
due to pan-resistant Stenotrophomonas  
◦ Survived after undergoing lung transplant 

 
 19 yo M with traumatic injury in Calcutta 

complicated by NDM-1 CRE infection ultimately 
treated in Seattle (amputation, many surgeries) 

 

 NIH KPC CRE outbreak:  
◦ 18 patients infected or colonized 
◦ 6 deaths (33%) due to the infection 



1. Understand: what are CRE? Which CRE are 
most important? 
 

2. Become acquainted with CRE epidemiology, 
clinical importance, and treatment. 
 

3. Learn about the regional CRE Prevention 
efforts including the DROP-CRE Network 
and the Oregon CRE Toolkit. 



 Pseudomonas aeruginosa 

 Acinetobacter baumannii 

 MDR-Enterobacteriaceae 
◦ Examples of Enterobacteriaceae: E. coli, Klebsiella  

spp., and Enterobacter  spp.  

◦ The mechanism of resistance is important: ESBLs, 
AMPCs, CREs (next page) 

 



Drug Class Examples Resistance Mechanism 

β-lactams PCN, Amoxicillin β-lactamases  

Β-lactam/  
β-lactamase 
inhibitors 

Amoxicillin-clavulanic acid 
(Augmentin) 

Extended-spectrum β-
lactamases (ESBLs) 
 

Cephalosporins Cephalexin (Keflex) 
Ceftriaxone (Rocephin) 
Cefepime (Maxipime) 

Extended spectrum 
cephalosporinases  
(e.g., AmpC) 

Carbapenems Ertapenem (Invanz) 
Imipenem (Primaxin) 
Meropenem (Merrem) 
Doripenem (Doribax) 

Carbapenemases 





 
Carbapenem-resistant Enterobacteriaceae… 

Are non-susceptible (i.e., intermediate or resistant) to  
ANY carbapenem (e.g., doripenem, ertapenem, imipenem, or meropenem) 

AND 
resistant to ANY of the following 3rd generation cephalosporins tested:  

cefotaxime, ceftriaxone, or ceftazidime 

—OR— 

Possess/contain a gene sequence specific for carbapenemase (PCR) 

—OR— 

Are positive for carbapenemase production by a phenotypic test  
(e.g., Modified Hodge Test) 



 New in 2014 for labs using the current CLSI 
breakpoints:  
◦ ertapenem is no longer one of the carbapenems 

used in the definition 

◦ all (not just any) 3rd generation cephalosporin 
tested should be resistant.  

 

 These changes increase the specificity of the 
definition to detect carbapenemase-
producing organisms 



1. Carbapenemase  
 Enzymes produced by bacteria which directly 

inactivate carbapenem antibiotics 

 

2. Non-Carbapenemase 
 Multiple resistance mechanisms combine to 

confer carbapenem resistance 

 



 #1 Organism: Klebsiella spp. 

 Carbapenemases to know: 
◦ Klebsiella pneumoniae carbapenemase (KPC) 

◦ New Delhi metallo-β-lactamase (NDM)  

◦ Oxacillinase-48 (OXA-48)   

◦ Verona integron encoded metallo-β-lactamase (VIM) 

◦ Imipenemase metallo-β-lactamase (IMP) 

 

 Epidemiology: rapid worldwide dissemination  
◦ plasmid-mediated spread 



 #1 Organism: Enterobacter spp. 

 Resistance mechanism to know: 

AmpC and/or ESBL 

plus  

Decreased cell wall permeability (e.g., porin mutation)  

 Epidemiology  
◦ Incidence stable ~20 years 



Tier Description 
Recommended Action 
(acute care facilities) 

1 
Carbapenemase-producing CRE 
(CP-CRE) 

Most aggressive control 
measures 

2 
CRE with acquired resistance NOT 
due to carbapenemase 
production 

Control measures as for 
other MDRO infections 

*see Oregon CRE Toolkit 2013 





Patel, Rasheed, Kitchel. 2009. Clin Micro News 

CDC, unpublished data   

DC 
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AK 

HI 

Nov, 2006 

Slide from Alex Kallen,MD, MPH 



http://www.cdc.gov/hai/organisms/cre/
TrackingCRE.html accessed Jan 2014 
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MMWR 2013 Mar 8;62(9):165-170 

From facilities reporting CRE to NHSN, Jan-June 2012 
CAUTI=catheter-associated UTI; CLABSI=central-line-associated bloodstream infection 





Letter = Facility 

Number = Patient 

Black = clinical Cx 

Red = surveillance Cx 

Arrow = origin of CRE   

   could be determined 

Line = origin of CRE  

   uncertain 

Won S. et al. Clin Infect Dis 2011;53:532-40 

Figure: Exposure Network Analysis 



 “We observed extensive transfer of KPC-
positive patients throughout the exposure 
network of 14 acute care hospitals, 2 
LTACHs, and 10 nursing homes. Although 
few cases were identified at most institutions, 
many facilities were affected. Successful 
control of KPC-producing Enterobacteriaceae 
will require a coordinated, regional effort 
among acute and long-term health care 
facilities and public health departments.” 

Won S. et al. Clin Infect Dis 2011;53:532-40 



4 4 4 3 
1 

3 
1 2 1 2 

5 

1 2 3 

9 
11 

9 

5 

10 

15 15 
17 

13 

6 

1 
1 1 

1 

N
o

v-1
0

…
…
…
…
…
…
…

 

D
ec-1

1

Jan
-1

2

Feb
-1

2

M
ar-12

A
p

r-12

M
ay-12

Ju
n

-12

Ju
l-1

2

A
u

g-1
2

Sep
-1

2

O
ct-12

N
o

v-1
2

D
ec-1

2

Jan
-1

3

Feb
-1

3

M
ar-13

A
p

r-13

M
ay-13

Ju
n

-13

Ju
l-1

3

A
u

g-1
3

Sep
-1

3

O
ct-13

N
o

v-1
3

D
ec-1

3

CP-CRE

other CRE



1 1 
4 

8 

18 

27 

32 

0 
2 

8 

17 

21 

10 

0

10

20

30

40

<5 5-<18 18-<35 35-<50 50-<65 65-<80 80+

F

M

1 



Organism Anatomical Site of culture Total 

Urine Blood Respiratory Wound Other 

Enterobacter 
aerogenes 

10 1 2 2 0 15 

Enterobacter  
cloacae 

51 6 12 14 5 88 

Escherichia 
coli 

13 1 0 1 0 15 

Klebsiella 
pneumoniae 

9 1 0 2 1 13 

Other 13 1 2 3 0 19 

Total 96 10 16 22 6 150 

26 



 30-50% mortality of invasive infection across 
multiple studies (with exceptions) 
◦ Infection types include bacteremia, pneumonia, 

UTI/urosepsis, abdominal abscess 

 
 Limited treatment options 
◦ Colistin 
◦ Tigecycline (black box warning) 
◦ Aminoglycoside 
◦ Fosfomycin (UTIs) 

 
 Some CRE are “pan-resistant” 

Patel et al. ICHE 2008;29:1099-1106 
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Adopted from Alex Kallen,MD, MPH 



 New systemic antibacterial agents approved by the 
US Food and Drug Administration per 5-year 
period, through 2012. 

Boucher H, et al. Clin Infect Dis 2013;56:1685-94 
http://www.idsociety.org/Index.aspx, accessed 10/20/13 
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Initiated September 
2012 

CRE 



 Zintars Beldavs, MS (OHA) 

 Genevieve Buser, MD (OHA) 

 Maureen Cassidy, MT, MPH (OHA) 

 Ann Thomas, MD, MPH (OHA) 

 

 Jon Furuno, PhD (OSU College of Pharmacy) 

 Chris Pfeiffer, MD, MHS (PVAMC, OHSU) 

 John Townes, MD (OHSU) 

 Andy Leitz, MD (OHSU, Infectious Diseases 
fellow) 



 Develop a CRE surveillance and response plan  

 Assess statewide needs and capabilities for 
MDRO/CRE response 

 Coordinate statewide MDRO/CRE education 

 Develop and disseminate an Oregon-specific 
CRE Toolkit 



The Oregon  

CRE Toolkit 

• Published June, 2013 

 

• Contains specific 
recommendations for 
Oregon facilities. 

http://public.health.oregon.gov/diseasesconditions/diseasesaz/pages/disease.aspx?did=108 
 



1. Overview 

2. OHA CRE Definition and CRE Reference Guide 

3. Prevention and Control in Acute Care  

4. Prevention and Control in Long Term Care  

5. Prevention and Control in Ambulatory Care 

6. Recommendations for Microbiology Laboratories 

7. References 

8. Appendices (response diagrams, laboratory 
protocols, educational material including patient/staff 
FAQs, environmental cleaning monitoring tool, inter-
facility transfer form) 



 Educate clinical staff 

 Ensure reporting of CRE (per correct definition) 

 Ensure that lab results are quickly alerted to person(s) 
responsible for infection control. 

 

 









 Hand Hygiene 
◦ Before and after resident contact 

 

 Gowns/Gloves/Face Shields 
◦ Use when contact with blood/body fluid/ 

drains/tubes/non-intact skin/etc. of 
hands/body/face is anticipated 



 

 Effective January 1, 2014  

 

 When a referring health care facility transfers 
or discharges a patient who is infected or 
colonized with an MDRO, it must include 
written notification of the infection or 
colonization to the receiving facility in 
transfer documents.  

*OAR 333-019-005 



 DROP-CRE working group is available to 
support the local facility as needed via 
phone or on-site consultation 

 



 Continue CRE surveillance and education 
◦ Update the CRE Toolkit with new definition 

◦ Focus efforts on LTC community 

 

 Improve Communication 
◦ Learn from regional MDRO collaboratives 

 

 Apply lessons learned to focus on other MDROs 

 



CRE are an urgent global threat; however, cases are 
currently uncommon in Oregon. 

 

A regional approach to CRE control is important, and 
the DROP-CRE Network is uniquely positioned to 
coordinate a such an approach. 

 

 In the LTC setting, place CRE-colonized residents at 
high risk for CRE-transmission in Contact Precautions  

 

Use the OR CRE Toolkit and our DROP-CRE team as a 
resource for CRE prevention at your facilities. 

 

 

 



Current Working Group 

Zintars Beldavs, MS  

Gen Buser, MD, MSHP 

Maureen Cassidy, MT, MPH  

Ann Thomas, MD, MPH 

JJ Furuno, PhD  

John Townes, MD 

Andy Leitz, MD 

 

Regional Collaborators 

DROP-CRE Advisory Committee 

Margaret Cunningham, MPH 

Tasha Poissant, MPH 

Robert Arao, MPH 

Melissa Parkerton, MA 

National Collaborators 
Alex Kallen, MD, MPH (CDC) 
Nimalie Stone, MD (CDC) 
Keith Kaye, MD, MPH (Detroit 
Medical Center) 
Robert Bonomo, MD (Cleveland 
VAMC) 
 
 
 
PVAMC and the OHSU ID Division 
Brian Wong, MD 
Tom Ward, MD 
Graeme Forrest, MBBS 
And others 
 
And of course, Janice Jou, MD, MHS 

THANK YOU! 


