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Vancomycin-resistant enterococci (VRE) are becoming widespread worldwide, and the rapid identification of
VRE carriers from surveillance cultures is crucial for the efficient control of their spread. We assessed a new
selective chromogenic medium, chromID VRE (bioMérieux, France), that enhanced the isolation and pre-
sumptive identification of VRE directly from rectal swabs and reduced unnecessary confirmatory and time-
consuming tests.

Enterococcus species are members of the normal intestinal
flora (14), but over the last two decades they have also
emerged as important nosocomial pathogens (14, 22, 23). Since
their initial discovery from patients in France and the United
Kingdom in 1988 (12, 20), vancomycin-resistant enterococci
(VRE) have been reported worldwide (3, 5–7, 9–11, 15, 17).
The resistance phenotype VanA is the most common and fea-
tures high-level resistance to both vancomycin and teicoplanin.
Hospital outbreaks of VRE have been reported extensively in
the United States (14, 22) and in recent years have been in-
creasingly reported in European hospitals, with observed
prevalences of 10.4% in the United Kingdom and up to 19.6%
in Italy (8, 22). The most notable consequences of VRE infec-
tion are increases in mortality and the length and cost of
hospital stays (2, 19, 21).

Management of a VRE outbreak requires strategies to con-
tain cases and decrease rates of transmission, including isola-
tion of VRE-infected or colonized patients (14, 23). VRE
colonization can be monitored by screening cultures of stool or
rectal swabs using differential and/or selective media. To date,
the widely used medium for VRE screening is bile-esculin
azide agar supplemented with 6 �g of vancomycin/ml (EVA)
(16, 23). Although reasonably sensitive, this approach requires
additional confirmatory tests to identify isolates and confirm
glycopeptide resistance. Alternatively, molecular methods
have been developed that allow identification of the glycopep-
tide resistance genotype (18, 23), with the drawbacks that they
identify either antimicrobial resistance genes in the absence of
a viable organism or resistance determinants carried by an
organism other than the targeted bacterium (1).

Recent progress in the use of highly specific chromogenic
substrates with sufficient sensitivity to identify VRE in a selec-
tive agar medium led to the development of chromID VRE
(bioMérieux, Marcy l’Etoile, France). The aim of the present
study was to evaluate the sensitivity and specificity of this

selective chromogenic agar medium in the course of an ongo-
ing outbreak faced by several wards at the Hôpital Bicêtre
since August 2004 and caused by the vancomycin-resistant E.
faecium strain BCT-1 expressing a heterogeneous VanD phe-
notype vanA genotype (15).

(This study was presented in part at the 17th European
Congress of Clinical Microbiology and Infectious Diseases,
Munich, Germany, 31 March to 3 April 2007.)

A total of 498 rectal swabs (351 patients) were tested in
routine conditions over a 6-week period. Due to a low-level
expression of the glycopeptide resistance, the swabs were first
incubated for 18 h in a bile broth (AES, Bruz, France) supple-
mented with 3 �g of vancomycin/ml, 5 �g of colistin/ml, and 50
�g of amphotericin B/ml at 37°C prior to plating on either the
conventional BD BBL Enterococcosel vancomycin agar (EVA;
BD Diagnostics, Marcy l’Etoile, France) or the chromID VRE
medium. Plates were incubated at 37°C under aerobic atmo-
sphere.

Colonies on chromID VRE were screened for purple VR E.
faecium (VREfm) or blue-green VR E. faecalis (VREfs) colors
(Fig. 1A and B). Purple or blue-green colonies were easily
differentiated from each other and from other flora, even in
mixed cultures and when present at low colony counts. EVA
plates were screened for colonies causing a blackening of the
medium around the colony. EVA has no differential capabili-
ties, making it impossible to distinguish VREfm from VREfs
without further testing. Gram staining and catalase reactions
were performed on characteristic colonies. Only gram-positive
cocci and catalase-negative colonies were retained for further
identification. Confirmatory identification with the VITEK 2
instrument and VITEK 2 GP cards (bioMérieux) was done
only on isolates that were positive on PYRase test strips (Ox-
oid, Dardilly, France).

Interfering flora (IF), defined as colonies with characteristic
color but catalase-positive or rod/yeast Gram stain shapes and
as colonies without any characteristic color, was evaluated for
both media. Among the 86 specimens that yielded IF on EVA,
77 yielded growth of non-VRE colonies presenting a typical
appearance of VRE. On chromID VRE, 66 specimens yielded
IF, but only 3 of them yielded growth of non-VRE colonies
presenting the typical color of VRE. These false positives re-
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covered from chromID VRE were two strains of E. faecalis and
one strain of Lactococcus gergoviae, all being susceptible to
glycopeptides. False positives on EVA medium were predom-
inantly naturally vancomycin-resistant species such as E. galli-

narum, E. casseliflavus, and Lactobacillus spp. These strains
had typical aspects of VRE and needed to be subcultured for
further confirmation tests (except for Lactobacillus, where the
Gram stain was sufficient).

All VRE isolates had the same resistance phenotype, as
revealed by disk diffusion antibiograms and interpreted ac-
cording to CLSI guidelines (4). The MICs of vancomycin and
teicoplanin were determined by the E-test method (AB Bio-
disk, Solna, Sweden). Although a few isolates displayed a true
VanA phenotype (vancomycin MIC of �256 �g/ml, teicopla-
nin MIC of 48 �g/ml), most of the isolates had a VanD phe-
notype (vancomycin MICs of 12 to 24 �g/ml, teicoplanin MIC
of 4 to 8 �g/ml). All VRE isolates were of the vanA genotype,
as revealed by PCR (18), and pulsed-field gel electrophoresis
showed that all E. faecium isolates were clonally related to the
epidemic E. faecium clone BCT-1.

Among the screened patients, 6.6% were found to be colo-
nized with VRE, which reflects the actual prevalence of VRE
in the affected wards of the Hôpital Bicêtre. The two main
human enterococcal species were isolated, but E. faecium was
the most prevalent species (n � 31; 93.4%). Overall, 33 VRE
isolates were recovered from the 498 specimens (6.6%) on at
least one of the two media: 32 on chromID VRE (sensitivity,
96.9%) and 31 on EVA (sensitivity, 93.9%) (Table 1). One
strain could not be recovered on chromID VRE, probably
because the plate was covered by Pseudomonas aeruginosa
growth.

The specificities after 48 h of incubation were 99.4 and 83.4%,
for chromID VRE and EVA, respectively (Table 2). chromID
VRE yielded positive predictive values (PPVs) of 96.8% for
VREfm and 50.0% for VREfs at 48 h. Taken together, the

FIG. 1. ChromID VRE medium plated with E. faecalis (A) or E. faecium
(B) and EVA medium with E. faecium (C). On chromID VRE colonies of E.
faecalis appear blue-green and colonies of E. faecium appear purple, and on
EVA colonies of E. faecium dark brown. For the purposes of the present
study, rectal swabs were plated to chromID VRE and EVA after a 24-h
enrichment culture, and the plates were observed after 48 h of growth.

TABLE 1. Sensitivity analysis of chromID VRE and EVA for E.
faecium or E. faecalis at 48 h

Medium Organism(s)

No. of
resultsa Sensitivity

TP FN % 95% CI

chromID VRE E. faecium 30 1 96.8 83.4–99.4
E. faecalis 2 0 100 33.3–100
E. faecium � E. faecalis 32 1 96.9 84.3–99.5

EVA E. faecium 29 2 93.6 78.9–98.3
E. faecalis 2 0 100 33.3–100
E. faecium � E. faecalis 31 2 93.9 80.0–98.4

a A true positive (TP) is defined as a blue-green or purple colony on chromID
VRE or a brown to black colony on EVA that was identified as VRE by VITEK
2 and confirmed by PCR. A false negative (FN) is defined as an isolate that was
confirmed as a VRE on one medium but did not grow on the other medium.

TABLE 2. Sensitivity and specificity analysis of chromID VRE and
EVA for VRE at 48 h

Medium

No. of
resultsa Sensitivity Specificity

TP FN % 95% CI % 95% CI

chromID VRE 32 1 96.9 84.3–99.5 99.4 98.1–99.8
EVA 31 2 93.9 80.1–98.4 83.4 79.1–86.6

a A true positive (TP) is defined as a blue-green or purple colony on chromID
VRE or a brown to black colony on EVA that was identified as VRE by VITEK
2 and confirmed by PCR. A false negative (FN) is defined as an isolate that was
confirmed as a VRE on one medium but did not grow on the other medium.
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PPV of chromID VRE was 91.4%. By comparison, the PPV of
EVA for all VRE was 28.7% at 48 h (Table 3). These results
are difficult to compare to those obtained in other studies
because an enrichment step is not always performed (13).
Moreover, a recent study indicated that specificity was found to
be better after only 24 h of incubation (5). However, the
epidemic E. faecium strain BCT-1 required with both media a
prolonged incubation of 48 h in order to have the best sensi-
tivity.

The cost of the chromID VRE was only slightly greater than
that of EVA (additional cost for 498 samples, $90). In contrast,
because of the false positives, VRE detection using EVA re-
quired numerous subcultures, supplementary identifications,
and susceptibility tests (additional material, $990; additional
technician time, $135). Therefore, the use of chromID VRE
allowed a saving of at least $2 per sample for a VRE preva-
lence of 6.6%.

This chromogenic medium, chromID VRE, provides an in-
teresting tool for screening patients for gut colonization with
VRE. This culture medium is able to identify and differentiate
VREfm from VREfs, while inhibiting the growth of vancomy-
cin-susceptible Enterococcus spp. It proved to be more specific
than conventional EVA and reduced the need for additional
biochemical analysis or antimicrobial susceptibility testing in
the clinical laboratory. Moreover, BCT-1 strains that may ap-
pear susceptible to glycopeptides on routine disk diffusion an-
tibiograms were efficiently detected on ChromID VRE. These
VanD- or VanB-type phenotypes with vanA genotype have
been observed now in several countries and might be efficiently
detected using this medium (6, 7, 9, 10, 15).

This study was funded by a grant from the Ministère de l’Education
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TABLE 3. PPVs and NPVs of chromID VRE and EVA for
VRE at 48 h

Medium

No. of
resultsa PPV NPV

TP FP TN FN % 95% CI % 95% CI

chromID VRE 32 3 462 1 91.4 77.3–97.1 99.8 98.8–99.9
EVA 31 77 388 2 28.7 20.9–38.1 99.5 98.1–99.8

a A true positive (TP) is defined as a blue-green or purple colony on chromID
VRE or a brown to black colony on EVA that was identified as VRE by VITEK
2 and confirmed by PCR. A false positive (FP) is defined as an isolate that
exhibited typical coloration on the respective medium but was not identified as
VRE by VITEK 2 or confirmed by PCR. A true negative (TN) is defined as the
lack of a typically colored colony. A false negative (FN) is defined as an isolate
that was confirmed as a VRE on one medium but did not grow on the other
medium.

2444 NOTES J. CLIN. MICROBIOL.


