
Preventing	 transmission	 of	 carbapenemase-producing,	
carbapenem-resistant	Enterobacteriaceae (CP-CRE)	 is	a	
public	health	priority.	A	phenotype-based	definition	that	re-
liably	identifies	CP-CRE	while	minimizing	misclassification	
of	non–CP-CRE	could	help	prevention	efforts.	To	assess	
possible	definitions,	we	evaluated	enterobacterial	isolates	
that	 had	 been	 tested	 and	 deemed	 nonsusceptible	 to	>1	
carbapenem	at	US	Emerging	Infections	Program	sites.	We	
determined	the	number	of	non-CP	isolates	that	met	(false	
positives)	and	CP	isolates	 that	did	not	meet	(false	nega-
tives)	the	Centers	for	Disease	Control	and	Prevention	CRE	
definition	 in	 use	during	our	 study:	 30%	 (94/312)	 of	CRE	
had	 carbapenemase	 genes,	 and	 21%	 (14/67)	 of	Klebsi-
ella pneumoniae	 carbapenemase–producing	 Klebsiella 
isolates	had	been	misclassified	as	non-CP.	A	new	defini-
tion	 requiring	 resistance	 to	 1	 carbapenem	 rarely	missed	
CP	strains,	but	55%	of	results	were	false	positive;	adding	
the	modified	Hodge	test	to	the	definition	decreased	false	
positives	 to	 12%.	 This	 definition	 should	 be	 considered	
for	 use	 in	 carbapenemase-producing	 CRE	 surveillance	 
and	prevention.

Multidrug-resistant organisms are a major public health 
concern worldwide (1–4). Of particular concern has 

been the emergence of resistance to carbapenem antimicro-
bial drugs among Enterobacteriaceae (4,5). In the United 
States, the reported percentage of common health care–as-
sociated infections caused by carbapenem-nonsusceptible 
Enterobacteriaceae increased from 1.2% in 2001 to 4.2% 
in 2011 (4), and the greatest increase (≈10%) occurred 
among Klebsiella species (4).

Although carbapenem nonsusceptibility among Entero-
bacteriaceae can result from several mechanisms, much of 
the recent increase in carbapenem-resistant Enterobacteria-
ceae (CRE) in the United States is likely due to the spread 
of carbapenemase-producing strains, particularly Klebsiella 
species that produce Klebsiella pneumoniae carbapenemase 
(KPC) (3,4). In addition to KPC, several other carbapene-
mases have been identified in the United States: New Delhi 
metallo-β-lactamase (NDM), oxacillinase (OXA), Verona 
integron–encoded metallo-β-lactamase (VIM), and imipen-
emase (IMP) (5,6). These enzymes are encoded by mobile 
genetic elements that have the potential to spread between 
bacterial species. The uptake of these elements among dif-
ferent bacterial species could result in further increases in the 
prevalence of carbapenem-resistant or panresistant bacteria, 
or both, and if this occurs, treatment options in the United 
States would be limited (7). Since 2006, the Centers for 
Disease Control and Prevention (CDC) has identified >100 
NDM-producing CRE in the United States, including those 
that caused 2 hospital-based outbreaks (8,9). In light of the 
elements described above, much of the effort to prevent fur-
ther spread of CRE has targeted carbapenemase-producing 
CRE. However, these efforts have been hampered because 
many clinical laboratories do not routinely perform CRE 
resistance-mechanism testing, so they cannot differentiate 
carbapenemase-producing CRE from CRE that are carbape-
nem-nonsusceptible due to other mechanisms. In addition, 
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resistance-mechanism testing is also not routinely recom-
mended for clinical purposes by the Clinical and Laboratory 
Standards Institute (CLSI) (10).

A phenotype-based CRE definition (i.e., based on anti-
microbial drug susceptibility pattern) that is specific for car-
bapenemase-producing strains has the potential to facilitate 
CRE prevention by allowing health care facilities to target 
these strains for the most aggressive interventions without 
the need to rely on resistance-mechanism testing. The pre-
2015 CDC CRE surveillance definition—nonsusceptiblity to 
imipenem, meropenem, or doripenem, and resistance to all 
third-generation cephalosporins tested, as determined by us-
ing CLSI M100-S23 testing standards (11)—was originally 
designed to preferentially identify carbapenemase-producing 
CRE (9). However, because of the number of antimicrobial 
drugs included and the complexity of the third-generation 
cephalosporin restriction (resistance to all tested), this phe-
notype-based definition proved to be complicated and dif-
ficult to implement by health care facilities for both surveil-
lance and infection control efforts. In addition, use of this 
definition led to the mistaken assumption that CRE that did 
not meet the definition did not warrant any additional infec-
tion control precautions beyond standard precautions (9).

The objective of this analysis was to identify a pheno-
type-based definition that accurately differentiates carbapen-
emase-producing CRE from non–carbapenemase-producing 
CRE on the basis of antimicrobial susceptibility patterns. To 
achieve this, we evaluated isolates collected through CDC’s 
Emerging Infections Program (EIP) CRE surveillance sys-
tem (http://www.cdc.gov/hai/eip/mugsi.html).

Methods

Inclusion Criteria and Data Collection
Isolates of Enterobacter spp., Escherichia coli, and Klebsi-
ella spp. were collected from clinical laboratories that serve 

6 EIP sites in the United States: Minnesota and Tennessee 
(both statewide); the 5-county Denver, Colorado, metro-
politan area (Arapahoe, Adams, Denver, Douglas, and Jef-
ferson Counties); the 4-county Baltimore, Maryland, met-
ropolitan area (Baltimore City, Baltimore County, Howard 
County, and Carroll County); the Albuquerque, New Mex-
ico, metropolitan area (Bernalillo County); and the Roch-
ester, New York, metropolitan area (Monroe County). Four 
sites (Colorado, Maryland, New Mexico, and New York) 
submitted isolates from a preselected group of laboratories 
during March 10, 2013–January 30, 2014; two sites (Min-
nesota and Tennessee) submitted isolates received from 
statewide reporting starting January 1, 2011, and continu-
ing through January 30, 2014. If >1 isolate of the same ge-
nus was obtained from a single patient, only 1 was includ-
ed. Isolates that met the following 3 criteria were included: 
1) evidence of nonsusceptibility (intermediate or resistant) 
to any carbapenem (imipenem, meropenem, doripenem, 
or ertapenem), as determined on the basis of susceptibility 
testing conducted at the local clinical laboratory by using 
2013 CLSI breakpoints (11); 2) availability of susceptibil-
ity testing data from the reporting clinical laboratory for all 
antimicrobial drugs tested in the assessed phenotype-based 
definitions (Table 1); and 3) documentation of methods 
used for susceptibility testing.

Confirmatory Testing at CDC
Eligible Enterobacter spp., E. coli, and Klebsiella spp. iso-
lates were sent to CDC for reference susceptibility testing 
(broth microdilution and Kirby-Bauer disk diffusion test-
ing) for ertapenem, doripenem, imipenem, meropenem, 3 
third-generation cephalosporins (ceftriaxone, cefotaxime, 
and ceftazidime), and cefepime (11). Three methods were 
used to evaluate each isolate for the presence of carbapen-
emases: the modified Hodge test (MHT), a broth microdilu-
tion screening test for metallo-β-lactamases that compares  
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Table 1. Summary	of	11	phenotype-based	definitions	evaluated	for	reliability	in	identifying	carbapenemase	producers	among	
carbapenem-resistant Enterobacteriaceae,	United	States,	January	1,	2011–January	30,	2014* 

Antimicrobial	included 
Study	inclusion 

criteria 
Definition† 

1 2 3 4 5 6 7 8 9 10 11 
Any carbapenem‡ NS    R  R R  NS§ R  
Any	carbapenem	(without	ertapenem)  NS NS NS  R      NS 
>2 carbapenems‡         NS§    
All	third-generation	cephalosporins	tested   R    R      
Any	third-generation	cephalosporins	tested    R    R     
Cefepime          R R R 
*NS,	nonsusceptible;	R,	resistant.	Blank	cells	mean	not	included	in	the	definition. 
†Interpretation based on Clinical and Laboratory Standards Institute breakpoints (M100-S23)	(11).	Definitions:	1,	nonsusceptible	to	any	carbapenem,	
excluding	ertapenem;	2,	nonsusceptible	to	any	carbapenem,	excluding	ertapenem,	and	resistant	to	all	third-generation	cephalosporins	tested	(pre-2015	
Centers	for	Disease	Control	and	Prevention	carbapenem-resistant	Enterobacteriaceae	surveillance	definition);	3,	nonsusceptible	to	any	carbapenem,	
excluding	ertapenem,	and	resistant	to	any	third-generation	cephalosporins	tested;	4,	resistant	to	any	carbapenem;	5,	resistant	to	any	carbapenem,	
excluding	ertapenem;	6,	resistant	to	any	carbapenem	and	resistant	to	all	third-generation	cephalosporins	tested;	7,	resistant	to	any	carbapenem	and	
resistant	to	any	third-generation	cephalosporin	tested;	8,	nonsusceptible	to	at	least	2	carbapenems	(ertapenem	resistant,	if	tested);	9,	nonsusceptible	to	
any	carbapenem	(ertapenem	resistant,	if	tested)	and	resistant	to	cefepime;	10,	resistant	to	any	carbapenem	and	resistant	to	cefepime;	and	11,	
nonsusceptible	to	any	carbapenem,	excluding	ertapenem,	and	resistant	to	cefepime. 
‡Ertapenem, doripenem, imipenem, and meropenem. 
§If	ertapenem	used	in	the	definition,	isolate	would	need	to	be	resistant	(i.e.,	MIC	>2	g/mL). 
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the MIC of imipenem in the presence and absence of 
metal chelators (12), and PCR for the most common car-
bapenemases in the United States (i.e., blaKPC, blaNDM, and 
blaOXA-48). Isolates that were blaNDM-negative by PCR but 
blaNDM-positive by metallo-β-lactamase screening were 
further evaluated by PCR for blaVIM and blaIMP.

Analysis
Eleven phenotype-based definitions (Table 1) were initially 
evaluated: 1) nonsusceptible to any carbapenem, excluding 
ertapenem; 2) nonsusceptible to imipenem, meropenem, or 
doripenem and resistant to all third-generation cephalospo-
rins tested (pre-2015 CDC CRE surveillance definition); 3) 
nonsusceptible to any carbapenem, excluding ertapenem, 
and resistant to any third-generation cephalosporins tested; 
4) resistant to any carbapenem; 5) resistant to any carbape-
nem, excluding ertapenem; 6) resistant to any carbapenem 
and resistant to all third-generation cephalosporins tested; 
7) resistant to any carbapenem and resistant to any third-
generation cephalosporin tested; 8) nonsusceptible to at 
least 2 carbapenems (ertapenem resistant, if tested); 9) 
nonsusceptible to any carbapenem (ertapenem resistant, if 
tested) and resistant to cefepime; 10) resistant to any car-
bapenem and resistant to cefepime; and 11) nonsusceptible 
to any carbapenem, excluding ertapenem, and resistant to 
cefepime. All susceptibility interpretations were determined 
on the basis of the 2013 CLSI breakpoints (11). With the ex-
ception of CRE that are OXA-48–like producers, most car-
bapenemase producers are multidrug resistant and should 
be resistant to third-generation cephalosporins. Thus, in an 
attempt to improve detection of carbapenemase-producing 
CRE, we included third-generation cephalosporins in cer-
tain definitions. Similarly, we added cefepime to certain 
definitions to ascertain if it might help discriminate between 
AmpC-producing and carbapenemase-producing CRE.

For each of the 11 phenotype-based definitions, we 
performed 4 calculations based on the clinical laboratory–
determined susceptibility results for carbapenem-nonsus-
ceptible isolates. The calculations determined the number 
and percentage of 1) carbapenemase-producing isolates that 
screened positive (true positives [TP]); 2) carbapenemase-
producing isolates identified that screened negative (selected 
false negatives [sFNs]); 3) non–carbapenemase-producing 

isolates that screened positive (false positives [FPs]); and 
4) non–carbapenemase-producing isolates identified that 
screened negative (selected true negative [sTN]). The de-
nominator for each of the calculations was the number of 
isolates for which the definitions could be applied on the ba-
sis of results at the clinical laboratory. Because we limited 
our isolates to those with nonsusceptibility to a carbapenem 
and could only calculate sFN and sTN screening results, we 
could not determine the specificity, sensitivity, or negative 
predictive value of a definition. Three of the 11 definitions 
were further stratified by EIP site and organism tested to 
evaluate differences in their FP and sFN results by geograph-
ic region and by genus. The 3 definitions were the one that 
obtained the lowest number of sFNs, the one that obtained 
the lowest number of FPs among definitions with potentially 
acceptable levels of sFNs (defined as <10%), and the pre-
2015 CDC CRE surveillance definition. Analysis was lim-
ited to EIP sites that submitted >50 isolates. We performed 
2-step testing by adding MHT results to the susceptibility 
results for the isolates meeting the definition with the lowest 
number of sFNs to determine if the results of the MHT af-
fected the the percentage of isolates classified as FP and sFN.

Results
A total of 312 isolates were included in this evaluation; the 
number from each EIP site and the number for each in-
cluded genus are shown in Table 2. A carbapenemase gene 
was identified in 94 (30%) of the 312 isolates. Seventy-two 
(65%) Klebsiella spp. isolates had a carbapenemase gene, 
of which 67 (93%) were KPC and 5 (7%) were NDM. Of 
all Enterobacter spp. and E. coli isolates, 14 (14%) and 
8 (8%), respectively, had a carbapenemase gene, and all 
were KPC. The percentage of carbapenemase-producing 
CRE at the various sites was 73% in Maryland (40 [93%] 
KPC, 3 [7%] NDM); 30% in Minnesota (31 [94%] KPC, 2 
[6%] NDM); 20% in Tennessee (13 [100%] KPC); 6% in 
New York (3 [100%] KPC); 7% in New Mexico (1 [100%] 
KPC); and 0 in Colorado.

The numbers and percentages of FPs and sFNs ob-
tained with each of the 11 evaluated definitions are shown 
in Table 3. The percentage of FPs and sFNs ranged from 
5.5% to 55.0% and 0.7% to 27.7%, respectively. The 3 
phenotype-based definitions meeting the requirements for 
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Table 2. Isolates	used	in	a	study	evaluating	phenotype-based	definitions	for	reliability	in	identifying	carbapenemase	producers	among	
carbapenem-resistant	enterobacterial isolates	from	6	US	Emerging	Infections	Program	sites,	January	1,	2011–January	30,	2014 

Site 

No.	(%)	isolates 
Total	no.	isolates,	

N	=	312 Klebsiella spp.,	n	=	111 Enterobacter spp.,	n	=	103 
Escherichia coli, 

n	=	98 
Minnesota 30	(27) 63	(56) 19	(17) 112 
Tennessee 17	(25) 11	(16) 41	(59) 69 
Maryland 48	(81) 0 11	(19) 59 
New	York 11	(20) 20	(38) 22	(42) 53 
New	Mexico 5	(33) 6	(40) 4	(27) 15 
Colorado 0 3	(75) 1	(25) 4 
 



the prespecified stratified analysis by site and genus were 
the one with the lowest number of sFNs (definition 4, re-
sistant to any carbapenem); the one with the lowest number 
of FPs among definitions with potentially acceptable levels 
of sFNs, defined as <10% (definition 5, resistant to any car-
bapenem without ertapenem); and the pre-2015 CDC CRE 
surveillance definition (definition 2).

The numbers and percentages of FPs and sFNs ob-
tained by using these 3 definitions are shown by EIP site in 
Table 4. The percentage of FPs was highest in Minnesota 
and Tennessee, and the percentage of sFNs was highest in 
Tennessee. The number and percentage of FPs and sFNs 
obtained by using the same 3 definitions are shown by or-
ganism tested in Table 5. The highest percentage of sFNs 
obtained by using definitions 2 and 5 were among Klebsi-
ella spp.; overall, sFNs were generally lower for E. coli and 
Enterobacter spp. Of note, definition 4 had the narrowest 
variability in the percentage of sFNs across all sites (range 
0%–1.5%) and among the 3 enterobacterial organisms 
(range 0%–1.1%). Of the 67 KPC-producing Klebsiella 
spp., 14 (21%), 1 (1%), and 14 (21%) did not meet defini-
tions 2, 4, and 5, respectively. Of the 14 KPC-producing 
Klebsiella spp. isolates that did not meet definitions 2 and 
5, a total of 12 (86%) were susceptible to all carbapenems 

tested except ertapenem. All 5 NDM-producing Klebsiella 
spp. met the 3 definitions.

A comparison of the MHT and PCR results by en-
terobacterial organism and carbapenem used in the MHT 
is shown in Table 6. The MHT showed no sFNs for all 3 
organisms and a small number of FPs for Klebsiella spp. 
(3%) and E. coli (3%–4%); however, the MHT misclassi-
fied 31%–34% of non–carbapenemase-producing Entero-
bacter spp. as carbapenemase producers. The effect from 
adding the MHT to definition 4 is shown in Tables 4 and 5. 
Addition of the MHT to definition 4 decreased the overall 
percentage of FPs from 55% to 12%, but the percentage of 
sFNs remained at 0.7%. FPs were reduced substantially for 
Klebsiella spp. (from 27.9% to 2.7%) and E. coli (74.5% 
to 4%) but remained higher for Enterobacter spp. (29%).

Discussion
In this evaluation, no phenotype-based definition identified 
all carbapenemase-producing CRE without also capturing a 
substantial number of non–carbapenemase-producing CRE. 
The percentages of FPs and sFNs varied by enterobacterial 
organism and by EIP site, likely due to the underlying varia-
tion in the prevalence of carbapenemase-producing CRE in 
different areas and among different Enterobacteriaceae. In 
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Table 3. False-positive	and	selected	false-negative	results	in	a	study	evaluating	phenotype-based	definitions	for	reliability	in	identifying	
carbapenemase	producers	among	carbapenem-resistant	enterobacterial	isolates	from	6	US	Emerging	Infections	Program sites,	
January	1,	2011–January	30,	2014 

Result 
No.	isolates/no.	tested	(%),	by	definition	no.,	N	=	307* 

1 2 3 4 5 6 7 8 9 10 11 
False-positive 117/307	

(38.1) 
82/307	
(26.7) 

91/307	
(29.6) 

169/307	
(55.0) 

57/307	
(18.6) 

146/307	
(47.6) 

153/307	
(49.8) 

60/307	
(19.5) 

37/307	
(12.1) 

34/307	
(11.1) 

17/307	
(5.5) 

Selected	false-
negative 

12/307	
(3.9) 

15/307	
(4.9) 

13/307	
(4.2) 

2/307	
(0.7) 

17/307	
(5.5) 

7/307	
(2.3) 

4/307	
(1.3) 

27/307	
(8.8) 

85/307	
(27.7) 

85/307	
(27.7) 

85/307	
(27.7) 

*False-positive	isolates	are	those	meeting	the	definition	but	not	found	to	produce	a	carbapenemase.	Selected	false-negative	isolates	were	selected	on	the	
basis	of	nonsuceptibility	to	>1	carbapenem	not	meeting	the	definition	but	found	to	produce	a	carbapenemase.	Definitions:	1,	nonsusceptible	to	any	
carbapenem,	excluding	ertapenem;	2,	nonsusceptible	to	any	carbapenem,	excluding	ertapenem,	and	resistant	to	all	third-generation	cephalosporins	
tested	(pre-2015	Centers	for	Disease	Control	and	Prevention	carbapenem-resistant	Enterobacteriaceae	surveillance	definition);	3,	nonsusceptible	to	any	
carbapenem,	excluding	ertapenem,	and	resistant	to	any	third-generation	cephalosporins	tested;	4,	resistant	to	any	carbapenem;	5,	resistant	to	any	
carbapenem,	excluding	ertapenem;	6,	resistant	to	any	carbapenem	and	resistant	to	all	third-generation	cephalosporins	tested;	7,	resistant	to	any	
carbapenem	and	resistant	to	any	third-generation	cephalosporin	tested;	8,	nonsusceptible	to	at	least	2	carbapenems	(ertapenem	resistant,	if	tested);	9,	
nonsusceptible	to	any	carbapenem	(ertapenem	resistant,	if	tested)	and	resistant	to	cefepime;	10,	resistant	to	any	carbapenem	and	resistant	to	cefepime;	
and	11,	nonsusceptible	to	any	carbapenem,	excluding	ertapenem,	and	resistant	to	cefepime. 

 

 
Table 4. Results,	by	study	site,	for	select	phenotype-based	definitions	used	to	identify	carbapenemase	producers	among	307	
carbapenem-resistant	enterobacterial	isolates	from	4	US	EIP,	Emerging	Infections	Program	sites,	January	1,	2011–January	30,	2014* 

Site 

No.	isolates/no. tested (%), by definition no.† 
2‡ 

 
4§ 

 
5¶ 

 
4	plus	MHT# 

FP sFN FP sFN FP sFN FP sFN 
Minnesota 51/111	(45.9) 3/111	(2.7)  55/111	(49.5) 1/111	(0.9)  25/111	(22.5) 5/111	(4.5)  23/111	(20.7) 1/111	(0.9) 
Tennessee 17/65	(26.2) 4/65	(6.2)  50/65	(76.9) 1/65	(1.5)  18/65	(27.7) 4/65	(6.2)  3/65	(4.6) 1/65 (1.5) 
Maryland 6/59	(10.2) 5/59	(8.5)  16/59	(27.1) 0/59  3/59	(5.1) 6/59	(10.2)  3/59	(5.1) 0/59 
New	York 4/53	(7.5) 2/53	(3.8)  31/53	(58.5) 0/53  8/53	(15.1) 1/53	(1.9)  3/53	(5.7) 0/53 
*FP,	false	positive;	MHT,	the	modified	Hodge	test;	sFN,	selected	false	negative. 
†False-positive	isolates	are	those	meeting	the	definition	but	not	found	to	produce	a	carbapenemase.	Selected	false-negative	isolates	were	selected	on	
the	basis	of	nonsuceptibility	to	>1	carbapenem	not	meeting	the	definition	but	found	to	produce	a	carbapenemase. 
‡Definition 2 nonsusceptible to any carbapenem, excluding ertapenem, and resistant to all third-generation	cephalosporins	tested	(pre-2015	Centers	for	
Disease	Control	and	Prevention	carbapenem-resistant	Enterobacteriaceae	surveillance	definition). 
§Definition	4,	resistant	to	any	carbapenem.	This	definition	obtained	the	lowest	number	of	selected	false-negatives. 
¶Definition	5,	resistant	to	any	carbapenem,	excluding	ertapenem.	This	definition	obtained	the	lowest	number	of	false-positives	among	definitions	with	
selected	false-negatives	of	<10%. 
#Definition	4	(resistant	to	any	carbapenem)	plus	MHT	(i.e.,	2-step	testing). 
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this sample of isolates, the pre-2015 CDC CRE surveillance 
definition misclassified nearly 13% of carbapenem-nonsus-
ceptible Klebsiella spp. isolates and 21% of KPC-producing 
Klebsiella spp. isolates as non–carbapenemase producing. 
In light of this finding, a phenotype-based definition that 
captures all (or nearly all) carbapenemase-producing CRE 
should be considered for surveillance and prevention. How-
ever, our data demonstrate that alternative definitions that ac-
complish this also increase the number of FPs and thus have 
the potential to increase the amount of work and the cost 
associated with CRE surveillance and prevention efforts.

Current efforts to control CRE in the United States 
have used infection prevention strategies targeted at car-
bapenemase-producing strains; however, most clinical 
laboratories do not routinely differentiate carbapenemase-
producing from non–carbapenemase-producing strains. 
Molecular detection of genes encoding carbapenemases 
is the reference standard for identifying carbapenemase-
producing CRE, but this testing requires substantial ex-
pertise and expense. More readily available tests, like the 
MHT, could likely be performed in most clinical microbi-
ology laboratories, but they require additional technician 
time and reagents, which creates a burden on laboratory 
resources and therefore limits their routine use. In addition, 
the MHT might falsely identify NDM-producing strains 
as non–carbapenemase-producing CRE and might falsely 
identify non–carbapenemase-producing Enterobacter spp. 
as carbapenemase-producing CRE (13). Another carbapen-
emase detection test, the Carba-NP, has good performance 
characteristics and may be a viable alternative; however, 
it is not yet widely used (13–16). Because of the lim-
ited availability and technical challenges associated with  
resistance-mechanism testing for CRE, a definition for 
CRE that increases detection of carbapenemase-producing 
strains while reasonably limiting the number of non–car-
bapenemase-producing strains identified would aid surveil-

lance and infection control efforts until resistance-mecha-
nism–based testing becomes more routinely available.

Our results show that the use of definition 4 (resistant 
to any carbapenem) obtained one of the lowest percent-
ages of sFN results. In addition, between EIP sites and 
between the 3 enterobacterial organisms, there was little 
variability in the percentage of isolates with sFN results, 
suggesting the results may be reflective of what other hos-
pitals in the United States might experience when using 
this CRE definition to capture carbapenemase-producing 
CRE isolates. In January 2015, CDC modified its surveil-
lance definition for CRE. The change was made partly 
because of the results of findings from this evaluation but 
also as an effort to simplify the CRE surveillance defini-
tion so that it can be applied more easily. The new defini-
tion (resistant to imipenem, meropenem, doripenem, or 
ertapenem or documentation that the isolate possesses a 
carbapenemase) is to be used with current CLSI break-
points (10). To further reduce the number of non–car-
bapenemase-producing CRE strains falsely identified 
as carbapenemase-producing CRE, health care facilities 
could consider adding resistance-mechanism testing for 
isolates that meet this definition. Such testing may be par-
ticularly helpful in areas with a low prevalence of CRE 
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Table 5. Results,	by	organism	tested,	for	select	phenotype-based	definitions	used	to	identify	carbapenemase	producers	among	307	
carbapenem-resistant	enterobacterial	isolates	from	6	US	Emerging	Infections	Program sites,	January	1,	2011–January	30,	2014* 

Organism 

Definition no., result, no. isolates/no. total (%)† 
2‡ 

 

4§ 

 

5¶ 

 

4	plus	MHT# 
False-
positive 

Selected	
false-negative 

False-
positive 

Selected	
false-negative 

False-
positive 

Selected	
false-negative 

False-
positive 

Selected	
false-negative 

Klebsiella spp. 15/111	
(13.5) 

14/111	(12.6)  31/111	
(27.9) 

1/111	(0.9)  11/111	
(9.9) 

14/111	(12.6)  3/111	
(2.7) 

1/111	(0.9) 

Enterobacter spp. 42/102	
(41.2) 

0/102  68/102	
(66.7) 

0/102  26/102	
(25.5) 

0/102  30/102	
(29.4) 

0/102 

Escherichia coli 25/94	
(26.6) 

1/94	(1.1)  70/94	
(74.5) 

1/94	(1.1)  20/94	
(21.3) 

3/94	(3.2)  3/94	
(3.2) 

1/94	(1.1) 

*MHT,	the	modified	Hodge	test. 
†False-positive	isolates	are	those	meeting	the	definition	but	not	found	to	produce	a	carbapenemase.	Selected	false-negative	isolates	were	selected	on	
the	basis	of	nonsuceptibility	to	>1	carbapenem	not	meeting	the	definition	but	found	to	produce	a	carbapenemase. 
‡Definition 2 nonsusceptible to any carbapenem, excluding ertapenem, and resistant to all third-generation	cephalosporins	tested	(pre-2015	Centers	for	
Disease	Control	and	Prevention	carbapenem-resistant	Enterobacteriaceae	surveillance	definition). 
§Definition	4,	resistant	to	any	carbapenem.	This	definition	obtained	the	lowest	number	of	selected	false-negatives. 
¶Definition	5,	resistant	to	any	carbapenem,	excluding	ertapenem.	This	definition	obtained	the	lowest	number	of	false-positives	among definitions	with 
selected	false-negatives	of	<10%. 
#Definition	4	(resistant	to	any	carbapenem)	plus	MHT	(i.e.,	2-step	testing). 

 

 

 

 
Table 6. Results	for	modified	Hodge	test	evaluation	of	312	
enterobacterial	isolates	from	6	US	Emerging	Infections	Program 
sites,	January	1,	2011–January	30,	2014 
Organism,	
carbapenem	used 

False-positive	
results,	% 

Selected	false-negative	
results 

Klebsiella spp.   
 Meropenem 2.7 0 
 Ertapenem 2.7 0 
Enterobacter spp.   
 Meropenem 31 0 
 Ertapenem 34 0 
Escherichia coli   
 Meropenem 3 0 
 Ertapenem 4 0 
 



and with organisms that are less likely to produce car-
bapenemases (e.g., E. coli and Enterobacter spp.).

This evaluation has several limitations. First, our testing 
collection consisted of a relatively small number of isolates 
from a limited number of sites, and because strain typing was 
not performed on any of the isolates included in this analysis, 
we cannot exclude the possibility that some of these isolates 
might have been related to each other. However, this evalua-
tion did include isolates from diverse locations in the United 
States that represent areas with low and relatively high prev-
alences of CRE. Second, isolates from only 3 genera were 
included, limiting the generalizability of any conclusions 
beyond these organisms. Last, our sample included mostly 
KPC-producing CRE among the carbapenemase-producing 
strains. These results may not be applicable to other emerg-
ing carbapenemases, specifically NDM and OXA. However, 
current epidemiology suggests that KPC remains the most 
common carbapenemase in the United States.

In conclusion, the pre-2015 CDC CRE surveillance 
definition failed to identify some carbapenemase-producing 
strains. A definition that includes only resistance to any 1 
of the 4 approved carbapenems is simpler and misses fewer 
carbapenemase-producing strains, but at the cost of increas-
ing FPs. The addition of the MHT to this definition further 
limits FPs; however, this testing is not routinely used in the 
United States. In general, all organisms that are nonsuscep-
tible to a carbapenem are potentially multidrug-resistant and, 
at minimum, warrant the use of interventions such as contact 
precautions to minimize transmission. Health care facilities 
could choose to reserve more aggressive interventions, such 
as screening of contacts and patient cohorting, for patients 
with isolates that meet this new definition, which appears 
to more completely detect carbapenemase-producing CRE. 
Health care facilities wishing to limit the work and expense 
associated with more aggressive interventions could perform 
resistance-mechanism testing on isolates meeting this new 
definition and apply interventions only when the isolates are 
confirmed to produce carbapenemase.

Acknowledgments
We thank Kamile Rasheed and David Lonsway for their advice 
and Christine Lascols for confirmatory testing at CDC.

Dr. Chea is an Epidemic Intelligence Service officer with the 
Division of Healthcare Quality Promotion at the CDC, Atlanta. 
His primary research interest is healthcare-associated infections.

References
  1. Spellberg B, Guidos R, Gilbert D, Bradley J, Boucher HW,  

Scheld WM, et al. The epidemic of antibiotic-resistant infections: 
a call to action for the medical community from the Infectious 
Diseases Society of America. Clin Infect Dis. 2008;46:155–64.  
http://dx.doi.org/10.1086/524891

  2. Smolinski MS, Hamburg MA, Lederberg J. Microbial threats to 
health: emergence, detection, and response. Washington:  
The National Academies Press; 2003.

  3. Gupta N, Limbago BM, Patel JB, Kallen AJ. Carbapenem-resistant 
Enterobacteriaceae: epidemiology and prevention. Clin Infect Dis. 
2011;53:60–7. http://dx.doi.org/10.1093/cid/cir202

  4. Centers for Disease Control and Prevention. Vital signs:  
carbapenem-resistant Enterobacteriaceae. MMWR Morb Mortal 
Wkly Rep. 2013;62:165–70.

  5. Lee CS, Vasoo S, Hu F, Patel R, Doia Y. Klebsiella pneumoniae 
ST147 coproducing NDM-7 carbapenemase and RmtF 16S rRNA 
methyltransferase in Minnesota. J Clin Microbiol. 2014;52: 
4109–10. http://dx.doi.org/10.1128/JCM.01404-14

  6. Mathers AJ, Hazen KC, Carroll J, Yeh AJ, Cox HL, Bonomo RA,  
et al. First clinical cases of OXA-48-producing carbapenem-
resistant Klebsiella pneumoniae in the United States: the “menace” 
arrives in the new world. J Clin Microbiol. 2013;51:680–3.  
http://dx.doi.org/10.1128/JCM.02580-12

  7. Centers for Disease Control and Prevention. Guidance for control 
of infections with carbapenem-resistant or carbapenemase- 
producing Enterobacteriaceae in acute care facilities. MMWR 
Morb Mortal Wkly Rep. 2009;58:256–60.

  8. Epstein L, Hunter JC, Arwady MA, Tsai V, Stein L,  
Gribogiannis M, et al. New Delhi metallo-β-lactamase–producing 
carbapenem-resistant Escherichia coli associated with exposure 
to duodenoscopes. JAMA. 2014;312:1447–55. http://dx.doi.org/ 
10.1001/jama.2014.12720

  9. Epson EE, Pisney LM, Wendt JM, MacCannell DR, Janelle SJ, 
Kitchel B, et al. Carbapenem-resistant Klebsiella pneumoniae 
producing New Delhi metallo-β-lactamase at an acute care hospital, 
Colorado, 2012. Infect Control Hosp Epidemiol. 2014;35:390–7. 
http://dx.doi.org/10.1086/675607

10. Clinical and Laboratory Standards Institute. Performance  
standards for antimicrobial susceptibility testing: twenty-fourth 
informational supplement. M100-S24. Wayne (PA):  
The Institute; 2014.

11. Clinical and Laboratory Standards Institute. Performance standards 
for antimicrobial susceptibility testing: twenty-third informational 
supplement. M100-S23. Wayne (PA): The Institute; 2013.

12. Rasheed JK, Kitchel B, Zhu W, Anderson KF, Clark NC,  
Ferraro MJ, et al. New Delhi metallo-β-lactamase–producing  
Enterobacteriaceae, United States. Emerg Infect Dis. 2013;19:870–8. 
http://dx.doi.org/10.3201/eid1906.121515

13. Nordmann P, Poirel L. Strategies for identification of carbapenemase- 
producing Enterobacteriaceae. J Antimicrob Chemother. 
2013;68:487–9. http://dx.doi.org/10.1093/jac/dks426

14. Tijet N, Boyd D, Patel SN, Mulvey MR, Melano RG. Evaluation of 
the Carba NP test for rapid detection of carbapenemase-producing 
Enterobacteriaceae and Pseudomonas aeruginosa. Antimicrob 
Agents Chemother. 2013;57:4578–80. http://dx.doi.org/10.1128/
AAC.00878-13

15. Voulgari E, Poulou A, Koumaki V, Tsakris A.  
Carbapenemase-producing Enterobacteriaceae: now that  
the storm is finally here, how will timely detection help us  
fight back? Future Microbiol. 2013;8:27–39.  
http://dx.doi.org/10.2217/fmb.12.130

16. Nordmann P, Poirel L, Dortet L. Rapid detection of  
carbapenemase-producing Enterobacteriaceae.  
Emerg Infect Dis. 2012;18:1503–7. http://dx.doi.org/ 
10.3201/eid1809.120355

Address for correspondence: Alexander J. Kallen, Centers for Disease 
Control and Prevention, 1600 Clifton Rd NE, Mailstop A31, Atlanta, GA 
30329-4027, USA; email: ffp0@cdc.gov

1616	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	21,	No.	9,	September	2015


