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We compared the Remel Spectra CRE agar plate to CDC standard methodology for the isolation of carbapenem-resistant Entero-
bacteriaceae (CRE) from 300 rectal swab specimens obtained from patients residing in a long-term-care facility (LTCF). Multi-
plex PCR experiments were performed on isolates to identify specific Klebsiella pneumoniae carbapenemases (KPC) and addi-
tional �-lactamases. Of the 300 patients, 72 (24%) harbored CRE and were PCR positive for KPC enzymes. The Remel Spectra
CRE plates detected KPC-type CRE in isolates from 70 of 72 patients (97.2%), while the CDC method detected CRE in 56 of 72
(77.8%). CRE identification results were available in 18 h compared to 36 h for the CDC method. Remel Spectra CRE agar plates
can provide useful means for a fast and reliable method for detecting KPC-type CRE and for accelerated institution of appropri-
ate infection control precautions.

Klebsiella pneumoniae carbapenemases (KPC) are predomi-
nantly found in Klebsiella pneumoniae worldwide and have

become endemic in major cities of the United States (1–4). They
have also been characterized in Klebsiella oxytoca, Escherichia coli,
Enterobacter spp., Citrobacter spp., Serratia spp., Acinetobacter
baumannii, Salmonella spp., and Pseudomonas spp (1–3). Al-
though KPC-type carbapenemases are the leading cause of car-
bapenem resistance among Enterobacteriaceae (CRE) in the
United States, carbapenem resistance can be mediated by many
other enzymes alone or in combination with other resistance
mechanisms, including efflux and porin mutations (3, 5). Infec-
tions with these organisms are associated with higher mortality
rates than those infections with more susceptible strains (6, 7).
Patients who are asymptomatic carriers can serve as a source for
nosocomial spread of these carbapenem-resistant organisms, ne-
cessitating the prompt detection of carriers and institution of ap-
propriate infection control measures (8–11). Surveillance for CRE
is especially useful among immunocompromised patients, in-
cluding those in intensive care and transplant units (11, 12).
Screening residents of long-term-care facilities (LTCF) prior to
admission and/or transfer to a hospital may be of increasing im-
portance, as they may harbor antibiotic-resistant isolates (13–15).
Although they are rapid, PCR-based technologies can be expen-
sive and limited, as they only interrogate specific genes that are
being screened and a positive result does not always predict the
expression of resistance. While traditional culture methods are
slow and may lack sensitivity, the use of chromogenic media to
culture CRE and other multidrug-resistant microorganisms
(MDRO) may facilitate the detection of these organisms in a time-
lier manner (16–18). The purpose of this investigation was to
compare Remel Spectra CRE agar plates to the standard CDC
method for the isolation of CRE from rectal swab specimens ob-
tained from patients residing in an LTCF. Remel Spectra CRE agar
is a selective and differential agar intended for use in the qualita-

tive and presumptive identification of carbapenem-resistant En-
terobacteriaceae directly from clinical specimens.

MATERIALS AND METHODS
Culture screening methods. Rectal swab specimens using double swabs
were obtained from patients residing at an affiliated LTCF consisting of
320 beds with an 80-bed ventilator unit as part of a facility-wide infection
control initiative. Specimens were obtained from patients without signs or
symptoms of diarrhea or active or recent Clostridium difficile infection
from September 2013 through January 2014 (19). Specimens were col-
lected using double swabs, placed into Stuart’s media, and transported to
the clinical microbiology laboratory for processing. The swab specimens
were used to inoculate Remel Spectra CRE plates (Remel, Thermo Fisher,
Lenexa, KS) directly and a 5-ml Trypticase soy broth (TSB) (Remel) con-
taining a 10-�g ertapenem disk (BD Diagnostics, Sparks, MD) (CDC
method) (20). Broth tubes and plated media were incubated at 37°C in
ambient air. The TSB cultures were incubated for 18 h and subcultured
onto a MacConkey agar plate (Remel), which was incubated at 37°C in
ambient air for an additional 18 h. Remel Spectra CRE plates were exam-
ined for growth after 18, 24, and 48 h of incubation. Isolates were obtained
after 18 h of incubation for analysis. Colonies of Klebsiella pneumoniae
appeared blue (Fig. 1), while Escherichia coli appeared pink on CRE plates
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(Fig. 2). Colonies of Enterobacter spp., Serratia spp., and Citrobacter spp.
will appear blue on this medium, while Acinetobacter spp. and Stenotroph-
omonas maltophilia will appear white. Pseudomonas aeruginosa will appear
either as white or turquoise-green colonies. All colonies growing on Mac-
Conkey agar or Spectra CRE plates were identified, and susceptibility
testing performed using Vitek 2 (bioMérieux, Inc., Durham, NC). Isolates
were identified directly from the Spectra CRE plates. This was validated
prior to the initiation of the study. Isolates testing nonsusceptible to er-
tapenem (MIC, �1 �g/ml) were tested for carbapenem inactivation using
the modified Hodge test (21). The Remel Spectra CRE plates are pending
FDA approval and are currently available as a research-use-only product.

PCR methods. Molecular testing for CRE and extended-spectrum
�-lactamase (ESBL) genes, including blaKPC, blaNDM-1, blaVIM, blaIMP,
blaCTX-M, blaSHV, blaTEM, and blaOXA-48, was performed by a molecular
beacon real-time PCR (MB-PCR) assay (22, 23).

RESULTS

A total of 300 rectal swab specimens from 300 patients were re-
ceived and included in this study. The identification of presump-
tive carbapenemase-harboring organisms was available in 18 h
with the Remel Spectra CRE plate assay compared to 36 h with the
standard CDC method. Seventy-eight CRE isolates were obtained
from 72 patients, and 24% harbored KPC-type CRE. Remel Spec-
tra CRE plates detected isolates from 70 of 72 (97.2%) patients
with CRE and in 76 of 78 (97.4%) isolates. In contrast, the CDC
method detected CRE in 56 of 72 (77.8%) patients. Specific organ-
isms and KPC genotypes are shown in Table 1. Non-Enterobacte-
riaceae carbapenem-resistant organisms detected by Remel Spec-
tra CRE plates are shown in Table 2. Carbapenem resistance
mechanisms of these isolates were not characterized.

Of the 78 isolates that were suspected of harboring a carbapen-
emase, all but 4 Klebsiella pneumoniae isolates were positive using
the modified Hodge test. All 78 strains tested positive for blaKPC

and negative for blaNDM-1, blaVIM, blaIMP, and blaOXA-48. Of 51 K.
pneumoniae isolates, 19 harbored the KPC-2 gene, while 33 con-
tained KPC-3. Of the 22 E. coli isolates, 9 contained the KPC-2
gene and 13 carried KPC-3, and all 5 Enterobacter spp. harbored
the KPC-2 gene (Table 1).

There were an additional 39 isolates found on the Remel Spec-

tra CRE plates that were susceptible to the carbapenems but ap-
peared to harbor ESBL-type �-lactamases based on their antibi-
otic susceptibility profiles. There were no differences in the
representative pigmentation between CRE and non-CRE isolates.
These were all negative for blaKPC, blaNDM-1, blaVIM, blaIMP, and
blaOXA-48. Among these, 19 K. pneumoniae and 12 E. coli isolates
were positive for CTX-M group 1 genes. One Citrobacter freundii
isolate contained SHV-1 and CMY2, LAT, and CEF �-lactamases.
An additional 7 E. coli isolates, all with elevated MICs to cefoxitin
and cefepime, were negative for ESBL- and AmpC-type �-lacta-
mases tested. Five of these isolates contained TEM-1 �-lactama-
ses, while 2 isolates were negative for all other �-lactamase genes
tested.

DISCUSSION

This study evaluated the utility of Remel Spectra CRE agar for
detecting CRE from rectal swabs obtained during active surveil-
lance from patients residing in an affiliated LTCF. Many commer-
cial chromogenic media, including Supercarba, Remel Spectra
CRE, CHROMagar KPC, chromID Carba, and Brilliance CRE,
have been evaluated for the detection of CRE and isolates with
reduced susceptibility to carbapenems (16–18, 24, 25). Two stud-
ies compared chromID Carba media with the standard CDC
method during fecal screening surveillance programs, and sensi-
tivities were 96.5% and 96.9%, respectively (17, 18). In another
analysis for the detection of blaKPC, Remel Spectra CRE had an
overall sensitivity of 97.8%; CHROMagar KPC, 76.6%; and a di-
rect ertapenem disk method, 83.0% (16). In our study, Remel
Spectra CRE plates detected CRE in isolates from 70 of 72 (97.2%)
patients, while the standard CDC method detected rectal carriage
of CRE in 56 of 72 (77.8%). This is in agreement with previous
studies which showed poorer isolation of CRE using the CDC
method (16, 17). The CDC method was especially poor in detect-
ing KPC-producing E. coli and Enterobacter spp. Although not an
indication, the Spectra CRE plates detected twice as many A. bau-
mannii isolates than did the conventional CDC method.

Although not a focus of this investigation, an additional 39
specimens yielded characteristically pigmented colonies that were

FIG 2 E. coli on a Spectra CRE agar plate.FIG 1 Klebsiella pneumoniae on a Spectra CRE agar plate.
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determined not to be CRE. Thirty-one of these isolates were Kleb-
siella pneumoniae and E. coli, all harboring CTX-M-type ESBLs.
There was 1 Citrobacter freundii isolate which contained several
�-lactamases, and 7 additional E. coli isolates with elevated MICs
to the extended-spectrum cephalosporins did not contain any of
the �-lactamase genes tested. This emphasizes the need to confirm
the susceptibility profiles of those isolates growing on selective
chromogenic media prior to reporting the results from the chro-
mogenic screening medium.

This medium has been shown by the manufacturer to be
capable of isolating organisms containing the NDM-1 metallo-
�-lactamase. Although this medium should be capable of
growing other metallo-�-lactamases and oxacillinases, none
were recovered in this study, so no claims can be made as to the
ability to recover organisms containing these enzymes on this
medium.

Long-term-care facilities have become a major focus of in-
vestigations because the patients harbor resistant organisms
(14, 15). Obtaining information about resistant bacteria from
these facilities has been problematic for various reasons (14–
15, 26). There is no consistent support for active surveillance in
nonoutbreak situations, and LTCFs are grossly underfunded
and understaffed for these types of undertakings. Molecular
techniques are not routinely performed in most clinical micro-
biology laboratories, and bacteria harboring resistant genes
have been revealed after the fact, with silent dissemination (8).
In conclusion, Remel Spectra CRE media detected more CRE
and MDRO than did the standard CDC method, and results
were available faster with Remel Spectra CRE than with the
CDC method. Analysis of the isolates by molecular identifica-
tion confirms and supports the use of chromogenic media for
the identification of CRE. Such media can provide useful
means for the fast and reliable detection of CRE. In addition,
the ease of introduction into clinical microbiology laboratories
should accelerate the institution of appropriate infection con-
trol precautions.
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