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Learning Objectives

At the conclusion of this Session, participants will be 
able to:

1. Describe mechanisms of carbapenem resistance 

2. List criteria to be used for screening laboratory 
isolates for CRE

3. Describe the procedure, interpretation and 
application of the Hodge Test and MBL Etest.

4. List the pitfalls of susceptibility testing for the 
detection of CRE

5. Prepare appropriate comments for reporting CRE
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The ɓ-lactam family of antibiotics
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Cefotaxime 3rdCarbenicillin

Ertapenem

CefmetazoleCefuroxime 2ndAmpicillin

Meropenem
CefotetanCefamandole 2ndMethicillin

AztreonamImipenemCefoxitinCephalothin 1stBenzyl-
penicillin

MonobactamsCarbapenemsCephamycinsCephalosporinsPenicillins

Cefepime 4th

Doripenem
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MODE OF ACTION OF BETA LACTAMS 
IN GRAM NEGATIVES
SUSCEPTIBLE

b-Lactam Antibiotic
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RESISTANT

ċ Porin Blocks Entry

ċ Efflux Pump

ċ Beta-Lactamase

Hydolyzes Beta-Lactam

ċ Changes in PBP results in 
Failure to Bind to b-Lactam
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Carbapenems

ÅBy way of review the following antibiotics are 
classified as carbapenems

ÉErtapenem

ÉDoripenem

É Imipenem

ÉMeropenem
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ÅTwo mechanisms of resistance

ÉCarbapenemase (b-lactamase that can 
hydrolyze carbapenems)

ÉCephalosporinase combined with porin loss

ÅSome cephalosporinases (e.g., AmpC-type 
b-lactamases or certain ESBLs i.e. CTX-M) 
have a low-level carbapenemase activity

ÅPorin loss limits entry of the carbapenem 
into the periplasmic space

Carbapenem-Resistance in 
Enterobacteriaceae



Need to Distinguish Between Mechanisms 
of Carbapenem Resistance ïWhy?

ÅCarbapenemase

É Isolate likely to be resistant to all 
carbapenems and other b-lactam agents

ÉMay need to change susceptible reports to 
resistant for b-lactam drugs

ÉNeed to implement infection control measures 
such as contact precautions and possibly 
active surveillance testing

ÉThese are an Infection Control Emergency
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Need to Distinguish Between Mechanisms 
of Carbapenem Resistance ïWhy?

ÅCephalosporins combined with porin-loss

É Class A ESBL s (CTX-M) + reduced permeability

É Class C High AmpC + reduced permeability

ÅThese hydrolyze ertapenem more than meropenem 
or imipenem

É Not necessarily resistant to all carbapenems    
(i.e., would not need to change susceptible results 
to resistant reports for b-lactam drugs

ÅThese isolates are clearly MDR and infection control 
measures are recommended. Healthcare institutions 
may reserve more aggressive measures for 
carbapenemase-producing isolates

16



Molecular

Class
Carbapenemase Found in: Some Key Features

A KPC K. pneumoniae and 

other 
Enterobacteriaceae

Some are chromosomal 
(NmcA, Sme, IMI-1, SFC-1) 
others are plasmid encoded 
(KPC, IMI-2, GES). All 
hydrolyze carbapenems and 
are partially inhibited by 
clavulanic acid

SME S. marcescens

also IMI, NMCA, 
GES

Enterobacteriaceae

B Metallo beta-
lactamases

(IMP, VIM, GIM, 
SPM, NDM-1)

S. maltophilia

P. aeruginosa, 
Enterobacteriaceae,
Acinetobacter,         

Hydrolyze all ß-lactams except 
aztreonam. Activity inhibited by 
EDTA but not by clavulanic acid

D OXA Acinetobacter 
baumannii, 
Enterobacteriaceae

OXA-48 first reported in Turkey 
in 2003. Not inhibited by EDTA 
or clavulanic acid

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

Carbapenemases in the U.S.
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When to Suspect a Carbapenemase

ÅEnterobacteriaceae ïespecially K. pneumoniae 
that are resistant to extended-spectrum 
cephalosporins:

É Carbapenemase-producing Enterobacteriaceae test 
resistant to extended-spectrum cephalosporins

É KPC producers show variable susceptibility to 
cefotetan, cefoxitin, and cefepime

É Metallo-b-lactamas producers show variable 
susceptibility to aztreonam
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Strategy for Laboratory Detection of 
Carbapenemases

ÅCLSI Screening Criteria for KPCs (M100-S-19 Jan 2009)

É Disk zone of < 22 mm for ertapenem or meropenem

É MIC of >1 mg/ml for imipenem, ertapenem or 
meropenem

ÅCLSI Confirmatory Test (M100-S19, Jan 2009)

É Modified Hodge Test

ÅProcedure Notes

É Imipenem disk test is not a good screen

É Imipenem MIC does not work as a screen for Proteus/
Providencia/Morganella due to slightly elevated MICs 
in this group
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Ertapenem 
Etest showing 
many break-
through colonies

Imipenem disk showing 
susceptible zone but 
many break-through 
colonies

20

Cefotaxime

Ceftazidime

Imipenem

Ertapenem

Cefoxitin

Cefepime

Ceftriaxone

Aztreonam

Ceftazidime/
CLA

Cefotaxime/CLA



Modified Hodge Test

ÅInoculate MH agar with a 1:10 
dilution of a 0.5 McFarland 
suspension of E. coli ATCC 
25922 and streak for confluent 
growth using a swab. 

ÅPlace 10-µg ertapenem or 
meropenem (best) disk in 
center

ÅStreak each test isolate from 
disk to edge of plate

ÅIsolate A is a KPC producer 
and positive by the modified 
Hodge test.

Anderson KF et al. JCM 2007 Aug;45(8):2723 -5. 
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Carba NP Test for 
Carbapenemase Production

ÅIsolated colonies (lyse / centrifuge)

ÅHydrolysis of imipenem

ÅDetected by change in pH of 
indicator (red to yellow/orange)

ÅRapid <3h

ÅMicrodilution plate or microtube 
method

Nordmann et al. 2012. Emerg Infect Dis. 18:1503.
Tijet et al. 2013. Antimicrob Agent Chemo. 57:4578.
Vasoo et al. 2013. J Clin Microbiol. 51:3092.

a tubes ïSolution A
b tubes Solution A + imipenem
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EPI-CRE®

Pilots Point, Sarasota, FL  www.pilotspoint.net 
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Rosco Diagnostica IMI/EDTA Disks
MBL Etest bioMerieux

IMI + EDTA = 27 mm

IMI alone =19 mm

EDTA Etest = Pos

Meropenem 
Etest
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KPC - Questions

ÅIf I have detected KPC-production, should I 
change susceptible carbapenem results to 
resistant?

É If using old CLSI carbapenem breakpoints:

ÅIsolates that are MHT positive and have an 
ertapenem MIC of 2-4 ug/mL,
imipenem MIC of 2-8 ug/mL, or 
meropenem MIC of 2-8 ug/mL, 
Report carbapenems as resistant

É If using new CLSI carbapenem breakpoints

ÅReport MIC, interpret with new breakpoints

(CLSI Jan 2011 M100-S21, p. 55)
25



Enterobacteriaceae - Revised 
Carbapenem Breakpoints (MIC mg.ml)

Agent CLSI M100-S19 
(2009)

CLSI M100-S20-U 
(2010) Supplement

Susc Int Res Susc Int Res

Doripenem - - - ¢1 2 ²4

Ertapenem* ¢2 4 ²8 ¢0.5 1 ²2

Imipenem ¢4 8 ²16 ¢1 2 ²4

Meropenem ¢4 8 ²16 ¢1 2 ²4

CLSI M100 - S20 - U. Table 2A

Special CLSI M100 -S20 -U Supplement published June 2010 
with Enterobacteriaceae Tables with these new breakpoints

26

* Ertapenem BP revised in CLSI document M100 -S22 Jan 2012



Enterobacteriaceae - Revised 
Carbapenem Breakpoints (disk mm)

Agent CLSI M100-S19 
(2009)

CLSI M100-S20 
(2010)

Susc Int Res Susc Int Res

Doripenem - - - ²23 20-22 ¢19

Ertapenem* ²19 16-18 ¢15 ²22 19-21 ¢18

Imipenem ²16 14-15 ¢13 ²23 20-22 ¢19

Meropenem ²16 14-15 ¢13 ²23 20-22 ¢19
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Special CLSI M100 -S20 -U Supplement published June 2010 
with Enterobacteriaceae Tables with these new breakpoints

* Ertapenem BP revised in CLSI document M100 -S22 Jan 2012

CLSI M100 - S20 - U. Table 2A
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Why is Carbapenem Resistance a 
Public Health Problem?

ÅSignificantly limits treatment options for life-
threatening infections

ÅNo new drugs for gram-negative bacilli 

ÅEmerging resistance mechanisms, 
carbapenemases are mobile 

ÅDetection of Carbapenem Resistant 
Enterobacteriacea (CRE) and implementation 
of infection control practices are necessary to 
limit spread



CDC Definition of CRE
(Carbapenem Resistant Enterobacteriaceae)

ÅEnterobacteriaceae that are:
ÉNonsusceptible to one of the following 

carbapenems: doripenem, meropenem, or 
imipenem AND

ÉResistant to all of the following 3rd-generation 
cephalosporins that were tested: ceftriaxone, 
cefotaxime, and ceftazidime. (Note: All three 
of these antimicrobials are recommended as 
part of the primary or secondary susceptibility 
panels for Enterobacteriaceae)

http://www.cdc.gov/hai/organisms/cre/
29



CDC Definition of CRE

ÅKlebsiella spp. and E. coli that meet the CRE 
definition are a priority for detection and 
containment in all settings; however, other 
Enterobacteriaceae (e.g., Enterobacter species) 
might also be important in some regions.
ÅFor bacteria that have intrinsic imipenem 

nonsusceptibility (i.e., Morganella morganii, 
Proteus spp., Providencia spp.), requiring 
nonsusceptibility to carbapenems other than 
imipenem as part of the definition might increase 
specificity.

http://www.cdc.gov/hai/organisms/cre/
30



Imipenem vs. Proteeae

ÅMIC90S of imipenem are Ò 1 ug/mL for most 
Enterobacteriaceae, but are 4-8 ug/mL for Proteeae and 
therefore may test non-susceptible to imipenem using 
the new CLSI/FDA breakpoints

ÅSome P. mirabilis are more resistant, with imipenem 
MICs ranging from 16 to 64 ug/mL

ÅHigher MICs seen with imipenem vs. P. mirabilis are not 
due to carbapenemases but rather diminished 
expression of penicillin-binding protein (PBP) 1a and 
reduced binding of imipenem by PBP2

ÅMeropenem, doripenem and ertapenem are not affected 
and will test in susceptible range in absence of a 
carbapenemase (eg. KPC) 
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Villar HE et al JAC 1997, 40:365-370
Neuwirth C, et al. 1995, 36:335-342



Imipenem Disclaimers

ÅFDA Indications for imipenem: Acinetobacter
spp., Citrobacter spp., Enterobacter spp., E. coli, 
M. morganii, P. vulgaris, Prov. rettgeri, Prov. 
stuartii, P. aeruginosa, Serratia spp., including S. 
marcescens

ÅNote: there is no FDA indication for imipenem 
and P. mirabilis

ÅConsider not reporting imipenem results for P. 
mirabilis
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Detect and Protect

ÅCDC is funding some states who are testing 
the use of Detect and Protect strategies to 
find germs causing healthcare-associated 
infections (HAI) and prevent their spread. 

ÅDetect and Protect strategies include: 
Tracking CRE, including use of the National 
Healthcare Safety Network (NHSN), and 
Prevention activities, such as those found in 
CDC guidelines and HAI prevention toolkits.

http://www.cdc.gov/hai/organisms/cre/
33



Creation of XDRO Registry

ÅIn response to the CRE public health threat, IDPH 
has amended the Control of Communicable Diseases 
Code (77 Ill. Adm. Code 690) Rules (see addendum) 
to require reporting of CREs to IDPH. 

ÅAll hospitals, hospital-affiliated clinical laboratories, 
independent or free-standing laboratories, longer-
term care facilities, and long-term acute care 
hospitals in Illinois will be required to report CRE 
isolates that meet surveillance criteria to IDPH 
through a tool called the XDRO registry, effective 
November 1, 2013. 



1. Molecular test (e.g., PCR) specific for carbapenemase

OR

2. Phenotypic test (e.g., Modified Hodge) specific for 
carbapenemase production

OR

3. For E. coli and Klebsiella species only: non-susceptible 
to ONE of the carbapenems (doripenem, meropenem, 
or imipenem) AND resistant to ALL third generation 
cephalosporins tested (ceftriaxone, cefotaxime, and 
ceftazidime).

Report 1st CRE event per patient per encounter

Report CRE Isolates to XDRO Registry 
with one of following test results:



Why labs should continue to perform MHT and EDTA   
Inhibition Test on isolates that test NS to carbapenems

ÅKnowing the resistance mechanism is important

ÅThe following cases demonstrate 3 different 
mechanisms of carbapenem resistance. Some 
require changes in antibiotic reporting, some 
require infection control notification, some 
require reporting to XDRO registry, and some 
require no action

ÅCan you tell the difference between them by 
MIC alone?
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Patient History Case 1

Å58 y/o male, morbidly obese (>500 lbs)

ÅPresented to ER with episode of hypoxia and 
hypotension during dialysis

ÅPMH
É Pt has trach for hypercapnea (COPD and OSA), currently vent 

dependent

É Chronic foley catheter

É Diabetes mellitus type 2

É ESRD

ÅExam:
É Afebrile

É Multiple decubitus ulcers (sacrum, spine, right leg)

É Urine is grossly dirty
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Patient History

ÅConcerned that septic => Pan-cultures

É Urine: Klebsiellaé

38

ÅSpot Indole Neg
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Imipenem - S 
Ertapenem - R 

Suggests possible 
KPC which should 
be confirmed with 
Hodge test or sent 
to reference lab for 
confirmation

Double Disk Potentiation Method ïCase 1
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Cefotaxime

Ceftazidime

Imipenem

Ertapenem

Cefoxitin

Cefepime

Ceftriaxone

Aztreonam

Ceftazidime/
CLA

Cefotaxime/CLA



Positive control

Negative control

PatientCase 1-MHT Positive
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And the Answer is ééé..
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Molecular

Class
Carbapenemase Found in: Some Key Features

A KPC K. pneumoniae and 

other 
Enterobacteriaceae

Some are chromosomal 
(NmcA, Sme, IMI-1, SFC-1) 
others are plasmid encoded 
(KPC, IMI-2, GES). All 
hydrolyze carbapenems and 
are partially inhibited by 
clavulanic acid

SME S. marcescens

also IMI, NMCA, 
GES

Enterobacteriaceae

B Metallo beta-
lactamases

(IMP, VIM, GIM, 
SPM, NDM-1)

S. maltophilia

P. aeruginosa, 
Enterobacteriaceae,
Acinetobacter,         

Hydrolyze all ß-lactams except 
aztreonam. Activity inhibited by 
EDTA but not by clavulanic acid

D OXA Acinetobacter 
baumannii, 
Enterobacteriaceae

OXA-48 first reported in Turkey 
in 2003. Not inhibited by EDTA 
or clavulanic acid

Carbapenemases in the U.S.
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Adapted from Queenan & Bush. 2007. Clin Microbiol Rev. 20:440.



ÅIf using former CLSI/FDA breakpoints change all 
carbapenems to resistant 

ÅIf using new CLSI/FDA breakpoints report 
interpretations as tested

ÅAdd following statement to report:
Carbapenem resistant Enterobacteriaceae (CRE) 

detected by Modified Hodge Test ïprobable KPC type. 
Implement infection control measures according to 
facility policy.ò

ÅREPORT TO XDRO REGISTRY

Patient Report Case 1
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Imipenem - S 
Ertapenem - R 

Suggests possible 
KPC which should 
be confirmed with 
Hodge test or sent 
to reference lab for 
confirmation

Double Disk Potentiation Method ïCase 2
Blood Culture with Enterobacter cloacae
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Cefotaxime
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Imipenem

Ertapenem
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