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Brain heart infusion–6-mg/ml vancomycin agar plates obtained from five commercial sources (B-D Micro-
biology Systems, Carr-Scarborough Microbiologicals, MicroBio Products, PML Microbiologicals, and REMEL)
were evaluated with 714 enterococci for detection of vancomycin resistance. All 465 (100%) vancomycin-
resistant enterococci (MIC > 32 mg/ml) were detected by each manufacturer’s agar screen plate, and each
manufacturer’s agar screen plate detected at least 99% of the 177 vancomycin-susceptible enterococci (MIC <
4 mg/ml). Detection of the 72 vancomycin-intermediate enterococci (MIC 5 6 to 16 mg/ml) ranged from 94%
for B-D Microbiology Systems to 99% for PML Microbiologicals.

The enterococci have become major nosocomial pathogens,
frequently causing urinary tract, surgical wound, and blood-
stream infections (1, 6, 12). An increasing number of these
infections are due to enterococci that are resistant to vanco-
mycin (2, 5, 6). Accurate detection of vancomycin-resistant
enterococci (VRE) is important so that appropriate therapy
and infection control measures may be instituted. Current
commercial antimicrobial susceptibility test systems and the
disk diffusion method may not detect all VRE (16–19, 23–25).
An agar screen assay for detection of vancomycin resistance

in enterococci was initially described by Willey et al. (23).
Brain heart infusion agar (BHIA) plates with 6 mg of vanco-
mycin per ml as recommended (9, 15) have recently become
available from several commercial sources. The purpose of the
present study was to evaluate the commercially available
BHIA-vancomycin screen plates for detection of VRE.
(A preliminary report of this work was presented previously

[20].)
A total of 714 recent clinical or rectal surveillance culture

isolates of enterococci were tested for vancomycin resistance
by five commercially prepared BHIA screen plate methods,
with each plate supplemented with 6 mg of vancomycin per ml.
The BHIA-vancomycin plates were obtained from B-D Micro-
biology Systems (BDMS) (Cockeysville, Md.), Carr-Scarbor-
ough Microbiologicals, Inc. (CSM) (Decatur, Ga.), MicroBio
Products, Inc. (MBIO) (Tempe, Ariz.), PML Microbiologicals
(Portland, Oreg.), and REMEL (Lenexa, Kans.). The BDMS
plates were obtained as an investigational formulation. The
test isolates were recent clinical isolates and included 177 van-
comycin-susceptible enterococci (MIC # 4 mg/ml); 465 VRE
(MIC $ 32 mg/ml), including 436 Enterococcus faecium, 24
Enterococcus faecalis, and 5 Enterococcus gallinarum isolates;
and 72 vancomycin-intermediate enterococci (MIC 5 6 to 16
mg/ml), including 13 E. faecalis, 19 Enterococcus casseliflavus,
and 40 E. gallinarum isolates.
The enterococci tested were all clinical isolates collected in

this laboratory within the 12 months prior to testing. Each
isolate was identified by conventional methods (3) and stored
at 48C until tested. Prior to testing, all isolates were subcul-

tured at least twice on Trypticase soy–5% sheep blood agar
(BDMS), and all tests were performed with isolates freshly
grown (#24 h) on Trypticase soy–5% blood agar. All BHIA-
vancomycin plates were inoculated and incubated, and results
were read according to the manufacturers’ instructions. An
inoculum suspension of each isolate equivalent to a 0.5 Mc-
Farland turbidity standard was prepared in sterile saline, and
10 ml (final inoculum, approximately 106 CFU/ml) was spot
inoculated with a calibrated loop onto each of the five BHIA-
vancomycin plates. Plates were incubated for a full 24 h in
ambient air at 358C. Growth of more than one colony indicated
vancomycin resistance, and no growth indicated susceptibility.
Quality control was performed with E. faecalisATCC 29212, E.
faecium WCMC strain 123 (vancomycin MIC . 256 mg/ml),
and E. gallinarum WCMC strain R093 (vancomycin MIC 5 8
mg/ml). A vancomycin E test (AB Biodisk, Culver City, Calif.),
performed according to the manufacturer’s instructions, was
used to obtain all vancomycin MICs and was repeated when
necessary to resolve any discrepancies.
Overall, the BHIA-vancomycin plates of the five manufac-

turers detected vancomycin-susceptible and -nonsusceptible
(intermediate and resistant) enterococci with greater than 99%
accuracy for the total 714 isolates tested (Table 1). All 465
(100%) of the VRE were accurately detected as resistant by
each of the five BHIA-vancomycin plates. The BDMS, MBIO,
and REMEL plates failed to grow each of the 177 (100%)
vancomycin-susceptible enterococci. These results are similar
to those of previous investigations of BHIA-vancomycin screen
plates prepared in-house (15, 18). The REMEL BHIA-vanco-
mycin formulation was previously investigated as part of the
REMEL Synergy Quad plate (4) with results similar to those
obtained in this study. There was only one discrepant vanco-
mycin-susceptible isolate (Table 2), one of the two E. casselifla-
vus isolates (MIC5 4 mg/ml) which grew in small numbers, i.e.,
fewer than five colonies, on both the CSM and the PML plates.
Growth of some enterococci, including E. faecalis and vanC
enterococci for which MICs were near the susceptibility break-
point of 4 mg of vancomycin per ml, on screen plates has been
reported but appears to be rare (4, 15). The vanC enterococci,
i.e., E. casseliflavus and E. gallinarum, have intrinsic resistance
to vancomycin (7, 10), and most likely all strains should be
considered vancomycin resistant regardless of the MIC and
screen test results. No E. faecalis or E. faecium isolate for
which the vancomycin MIC was #4 mg/ml grew on any BHIA-
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vancomycin plate. The enterococci used in this study were not
tested for genetic relatedness or resistance markers, which
could be a limitation of the study; however, previous studies
have shown our population of VRE to be heterogeneous (8,
14).
The accuracy of detection of vancomycin-intermediate en-

terococci as resistant was somewhat lower, with a range of 94%
for BDMS to 99% for PML (Table 1). One E. gallinarum
isolate (MIC 5 8 mg/ml) did not grow on the MBIO BHIA-
vancomycin plate, and one (MIC 5 6 mg/ml) did not grow on
the BDMS BHIA-vancomycin plate. One E. faecalis isolate
(MIC 5 8 mg/ml) grew only on the MBIO BHIA-vancomycin
plate, one (MIC 5 6 mg/ml) grew only on the PML BHIA-
vancomycin plate, and one (MIC 5 6 mg/ml) grew only on the
CSM, PML, and REMEL BHIA-vancomycin plates (Table 2).
Errors at or near the resistance breakpoint of 6 mg of vanco-
mycin per ml could be due to reader error with regard to either
the BHIA-vancomycin plate or the E test MIC. The E test was
used since vancomycin MICs obtained by this method compare
favorably to MICs obtained by standard methods (13). Slight
errors in interpretation of the E test MIC near the breakpoint
might have led to some discrepant results, particularly with the
two E. faecalis strains (MICs 5 8 and 6 mg/ml) that each grew
only on one commercial BHIA-vancomycin plate. The pres-
ence of vanA or vanB genes was not determined for any isolate
in this study but might have helped to resolve these discrep-
ancies. The performance of several formulations of BHIA
from BDMS has been tested, with one modified formulation
intended for industrial applications being found not as accept-
able as others (15). The present BDMS plates do not use the
referenced (15) modified BHIA formulation.
Fifty-nine of the 72 vancomycin-intermediate enterococci

tested were E. casseliflavus and E. gallinarum isolates, which
were detected as vancomycin resistant by most of the BHIA-
vancomycin plates. These enterococci have not been associated
with nosocomial outbreaks and are not yet considered an in-
fection control problem, but they can be isolated from clinical

specimens (3, 11) and from rectal surveillance cultures (21).
Identification of these two enterococcal species is often neces-
sary to prevent costly unwarranted infection control measures
from being instituted, and yet several commercial systems fail
to accurately identify them (21, 22). A simple test for motility
at 308C (3) should be performed on all enterococci resistant to
vancomycin by a screen test method to rule out E. casseliflavus
and E. gallinarum.
While all five manufacturers recommend an inoculum of 1 to

10 ml, we inoculated all plates with 10 ml or approximately 106

CFU of enterococci per ml. The 1-ml (105 CFU/ml) and 10-ml
inocula have been shown to yield equivalent results by vanco-
mycin agar screen plate methods (4, 15, 18). A 106-CFU/ml
inoculum may result in an inoculum haze that can be inter-
preted as growth, particularly when read by less-experienced
technologists (18). This was not considered a problem in this
study, since almost no false resistance was detected.
The BHIA-vancomycin screen plates manufactured by

BDMS, CSM, MBIO, PML, and REMEL incorporate Na-
tional Committee for Clinical Laboratory Standards recom-
mendations (9) for screening of enterococci for vancomycin
resistance and are accurate for detection of VRE. All entero-
cocci that grow on the vancomycin screen plates should be
identified at least by a motility test to rule out vanC isolates
and confirmed as vancomycin resistant by a reliable suscepti-
bility method.

We thank B-D Microbiology Systems; Carr-Scarborough Microbio-
logicals, Inc.; MicroBio Products, Inc.; PML Microbiologicals; and
REMEL for supplying the BHIA-vancomycin agar screen plates.
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