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The ability of six screening methods to detect high-level aminoglycoside resistance in enterococcal species
other than Enterococcusfaecalis was investigated. The 85 Enterococcus isolates, which included 55 E. faecium,
il E. gallinarum, 9 E. casseliflavus, 5E. raffinosus, 4E. avium, and 1 E. mundtii, were tested by using
aminoglycoside-supplemented brain heart infusion agar (BHI), Remel EF Synergy Quad plates, high-content
aminoglycoside diffusion disks, standard (prepared in-house) microdilution panels, Pasco MIC Gram Positive
microdilution panels, and Vitek GPS-TA cards. When tested on BHI, 32 and 35 strains showed resistance to
gentamicin and streptomycin, respectively. Resistance profiles obtained with Remel EF Synergy Quad plates
were in complete agreement with those obtained on BHI. However, growth on Mueller-Hinton agar-based
plates was not as heavy. Some isolates showed only weak growth and required 48 h for resistance to become
evident, especially with swab inoculation of quadrants containing 2,000 ,ug of gentamicin per ml. Profiles
obtained by use of the agar-based screens were used as the basis for evaluating the other methods. Disk
diffusion showed complete agreement. No false resistance occurred by either microdilution method, but 48 h
of incubation was needed for detection of some gentamicin-resistant isolates, and 14% of the streptomycin-
resistant strains were not detected by standard microdilution. The Vitek GPS-TA card detected 81 and 100%
of the gentamicin- and streptomycin-resistant isolates, respectively. In general, most methods used to detect
high-level aminoglycoside resistance in E. faecalis appear to be reliable for the testing of the other enterococcal
species. However, further investigations with a greater number of resistant E. raffinosus, E. avium, and E.
mundtii isolates, when they are available, will be useful for establishing the full range of enterococci that can
reliably be tested by the various methods.

The initial report by Eliopoulos et al. (1) of transferable
high-level gentamicin resistance in Enterococcus faecium
predicted the spread of this resistance to other isolates and
species of enterococci. Subsequent reports have confirmed
the dissemination of high-level aminoglycoside resistance,
including resistance to gentamicin, among E. faecium and
other enterococcal species (4, 8, 15). The consequences that
such resistance may have for effective synergistic therapy of
serious enterococcal infections emphasizes the need to es-
tablish in vitro testing accuracy for resistance detection.
However, most previous investigations of various testing
methods have focused primarily on Enterococcus faecalis
(3, 6, 9-13, 16, 17). E. faecium has been the only other
species included in some of these studies, but the number of
strains tested has been limited and few have exhibited
gentamicin resistance (3, 6, 12, 13, 16). A report by Metch-
ock and McGowan (6) included 14 streptomycin-resistant
and 1 gentamicin-resistant E. faecium tested by Vitek GPS-
TA. Louie et al. (5) evaluated MicroScan microdilution
panels by using 103 E. faecium isolates; 37 were streptomy-
cin resistant and only 7 exhibited gentamicin resistance.
The purpose of this investigation was to establish the

reliability of several screening methods previously evaluated
for testing E. faecalis (3, 6, 9-13, 14, 16, 17) for detecting
aminoglycoside resistance in other enterococcal species.

* Corresponding author.

The 85 strains used included 55 E. faecium, 11 E. galli-
narum, 9 E. casseliflavus, 5 E. raffinosus, 4 E. avium, and 1
E. mundtii. Kathryn Ruoff, Massachusetts General Hospital,
provided 10 isolates, and 20 other isolates were provided by
the Antimicrobics Investigation Branch, Centers for Disease
Control. The remaining 55 isolates were blood culture iso-
lates from single patients obtained in the Clinical Microbiol-
ogy Laboratories at the University of Chicago Medical
Center. Species identification of all isolates was based on the
conventional scheme reported by Facklam and Collins (2).
E. faecalis ATCC 29212 and UC 73, an isolate previously
shown to be highly resistant to both gentamicin and strepto-
mycin, were used as susceptible and resistant controls,
respectively.
Four to five colonies of each isolate were selected from

overnight growth on Trypticase soy agar supplemented with
5% sheep blood (Becton-Dickinson Microbiology Systems,
Cockeysville, Md.) and were suspended in 0.85% saline to a
turbidity matching a 0.5 McFarland standard. Aliquots of
this suspension (ca. 108 CFU/ml) were diluted appropriately
to achieve final desired inoculum sizes for each of the
screening tests. These tests included brain heart infusion
agar (BHI; Becton-Dickinson Microbiology Systems, Cock-
eysville, Md.) quadrant plates prepared at the University of
Chicago Medical Center, EF Synergy Quad plates contain-
ing Mueller-Hinton agar (Remel, Lenexa, Kan.), standard
Mueller-Hinton broth microdilution panels prepared by us-
ing a Dynatech MIC 2000 microdilution system (Dynatech

2595



J. CLIN. MICROBIOL.

TABLE 1. Growth in the presence of gentamicin and
streptomycin on BHI and Remel EF Synergy Quad plates

No. of strains growing in the presence
of aminoglycosideb

Medium Incubationtime (h) Gentamicin Streptomycin
500 ,ug/ml 2,000 Fig/m1 (2,000 p.g/ml)

BHI 24 32 (0) 32 (1) 35 (0)
48 32 (0) 32 (0) 35 (0)

EF spot 24 32 (0) 31 (6) 35 (1)
48 32 (0) 32 (3) 35 (0)

EF swab 24 32 (0) 22 (17) 34 (1)
48 32 (0) 32 (14) 35 (1)

a EF spot, Remel EF Synergy Quad Plate inoculated by use of a micropi-
pette; EF swab, Remel EF Synergy Quad Plate inoculated by use of a swab
(see text).

b Values in parentheses are the number of growing isolates for which
growth was considered positive, but weak (light haze or individual colonies).

Laboratories, Alexandria, Va.), Pasco MIC Gram Positive
panels (Difco Laboratories, Detroit, Mich.), Vitek GPS-TA
cards (Vitek Systems, Inc., Hazelwood, Mo.), and disk
diffusion with high-content gentamicin and streptomycin
disks as described previously (11). By using a micropipette,
the BHI and EF Synergy Quad plates were spot inoculated
with 106 CFU. As described previously for E. faecalis
testing (9), each quadrant of the EF Synergy Quad plates
was also inoculated with the tip of a swab that had been
immersed in the organism suspension. After inoculation,
standard and Pasco microdilution wells contained 104 CFU
and Vitek GPS-TA cards had 105 CFU per well, as recom-
mended by the manufacturers. All screens were incubated at
35°C in an ambient atmosphere and were examined for
growth after 24 and 48 h. The aminoglycoside concentrations
tested are given in Tables 1 and 2. To establish consistency
and minimize false susceptibility, weak growth (light haze or

individual colonies) on the agar surface was interpreted as

resistance (9, 14).
When tested on BHI, 32 of the 85 isolates (38%) grew in

the presence of gentamicin and 35 (41%) grew in the pres-
ence of streptomycin after 24 h of incubation (Table 1). Only
one E. faecium isolate showed weak growth on 2,000 ,ug of
gentamicin per ml at 24 h and was considered resistant. The
same strains that showed high-level resistance on BHI also
demonstrated resistance when tested on EF Synergy Quad
plates. However, growth on these Mueller-Hinton agar base
plates was not as heavy as that on BHI. Several isolates gave
only weak growth when tested against 2,000 ,ug of gentami-
cin per ml, especially when the swab inoculation technique
was used. With 500 ,ug of gentamicin per ml, spot and swab
inoculation results were the same. Prolonging of incubation
to 48 h substantially increased the number of gentamicin-
resistant strains detected by swab inoculation of the quad-
rant with 2,000 ,ug of gentamicin per ml, but the effect on the
results obtained with 500 ,ug gentamicin per ml and strepto-
mycin was negligible.
Because there was complete agreement in the results

obtained by BHI and EF Synergy Quad plates after 48 h of
incubation, the gentamicin and streptomycin resistance pro-
files of the 85 enterococcal species were taken as those
obtained by these screening methods. The profiles were as

follows: 22 E. faecium isolates and 1 E. casseliflavus isolate
were resistant to both gentamicin and streptomycin; 5 E.
faecium isolates, 2 E. raffinosus isolates, and 1 isolate each
of E. gallinarum and E. casseliflavus were resistant to only
gentamicin; 9 E. faecium isolates and 1 isolate each of E.
avium, E. gallinarum, and E. raffinosus were resistant to
only streptomycin; and 19 E. faecium isolates, 9 E. galli-
narum isolates, 7 E. casseliflavus isolates, 3 E. avium
isolates, 2 E. raffinosus isolates, and 1 E. mundtii isolate
were susceptible to both gentamicin and streptomycin.
These profiles were used to compare and evaluate the results
obtained by the other four methods.
The results obtained by disk diffusion, standard microdi-

lution, and Pasco microdilution and with Vitek cards are

TABLE 2. Comparison of four methods for detection of high-level aminoglycoside resistance

No. (%) of isolates exhibiting:

Method Aminoglycoside False resistance Agreement for False susceptibility Agreement for resistant
(concn)c susceptible isolates isolates

24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h

Disk Gent (120 p.g/disk) 0 (0) 0 (0) 53 (100) 53 (100) 0 (0) O (0) 32 (100) 32 (100)
Strep (300 ,ug/disk) 0 (0) 0 (0) 50 (100) 50 (100) 0 (0) 0 (0) 35 (100) 35 (100)

Std Md Gent (500 ptg/ml) 0 (0) 0 (0) 53 (100) 53 (100) 1 (3) 1 (3) 31 (97) 31 (97)
Gent (2,000 ,ug/ml) 0 (0) 0 (0) 53 (100) 53 (100) 5 (16) 1 (3) 27 (84) 31 (97)
Strep (2,000 ,ug/ml) 0 (0) 0 (0) 50 (100) 50 (100) 5 (14) 5 (14) 30 (86) 30 (86)

Pasco Gent (2,000 ,ug/ml) 0 (0) 0 (0) 53 (100) 53 (100) 1 (3) 0 (0) 31 (97) 32 (100)
Md

Strep (2,000 ,ug/ml) 0 (0) 0 (0) 50 (100) 50 (100) 2 (6) 1 (3) 33 (94) 34 (37)

Vitek Gent (500 ,ug/ml) 0 (0) _d sîe (100) 6 (19) 26 (81)
Strep (2,000 ,ug/ml) 3 (6) - 45- (94) - 0 (0) 35 (100)

a As determined by BHI agar screen and EF Synergy Quad plates (Table 1).
b Disk, disk diffusion (an inhibition zone diameter of <10 mm was considered resistance); Std Md, standard microdilution; Pasco Md, Pasco microdilution;

Vitek, Vitek GPS-TA card.
C Gent, gentamicin; Strep, streptomycin.
d _, Vitek results were obtained only at 6 h.
e Two susceptible E. avium isolates failed to grow on the Vitek GPS-TA card.
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presented in Table 2. For both gentamicin and streptomycin
testing there was complete agreement between disk diffusion
results and those obtained by use of BHI and EF Synergy
Quad plates. The inhibition zone diameters for all gentamicin
and streptomycin resistant isolates were 6 mm. For suscep-
tible strains, zones ranged from 15 to 29 mm for gentamicin
and from 11 to 28 mm for streptomycin. Prolonging of
incubation to 48 h had no notable effect on the inhibition
zone diameters that were obtained. These findings are con-
sistent with those of previous studies that have shown
high-content disk diffusion to be a reliable method for
detecting resistance in E. faecalis (9, 11, 13).

False resistance did not occur by either the standard or
Pasco microdilution methods (Table 2). With the standard
microdilution screen, five strains tested against 2,000 ,ug of
gentamicin per ml showed false susceptibility at 24 h, as did
one strain tested against 500 ,ug/ml. At 48 h, only one isolate
was falsely susceptible, regardless of the drug concentration
tested. False streptomycin susceptibility occurred with 5
(14%) of the streptomycin-resistant isolates tested, and this
did not change with prolonged incubation. Only one isolate
that showed resistance at 48 h had exhibited weak growth
(fine haze on the bottom of the microdilution well) at 24 h.
Use of the Pasco microdilution panel resulted in one isolate
that gave false gentamicin susceptibility at 24 h, with no false
susceptibility observed at 48 h. Similarly, the Pasco screen
detected 94 and 97% of the streptomycin-resistant isolates
with 24 and 48 h of incubation, respectively. These agree-
ment percentages are comparable to those reported by
Weissmann et al. (14) for testing E. faecium by using
MicroScan MIC panels containing either Mueller-Hinton or
dextrose phosphate broth, but they were higher than the 43%
of resistant E. faecium detected by MicroScan as reported
by Louie et al. (5).
No false streptomycin susceptibility occurred with Vitek

GPS-TA cards, but 19% of the gentamicin-resistant isolates
were not detected (Table 2). These findings are in contrast to
the 36% false streptomycin susceptibility reported for E.
faecium by Metchock and McGowan (6), but are more
comparable to the 6% false streptomycin susceptibility and
18% false gentamicin susceptibility reported by Weissmann
et al. (14). In our study, three strains showed false resistance
to streptomycin, but upon retesting they were susceptible.
Additionally, two susceptible E. avium strains failed to grow
in the Vitek system, but these organisms also grew poorly on
EF Synergy Quad plates. Further work to enhance resis-
tance detection by Vitek GPS-TA cards is in advanced
stages of investigation (7).

Testing problems previously reported for E. faecalis (9),
such as the need for prolonged incubation to detect resis-
tance, weak growth by some resistant isolates, and false
susceptibility to streptomycin, were evident in this study.
Prolonging of incubation to 48 h increased the number of
gentamicin-resistant isolates detected by EF Synergy Quad
plates and microdilution screens, especially when 2,000 p.g
of drug per ml was used (Tables 1 and 2). Additionally, with
swab inoculation, several resistant isolates showed weak
growth in the presence of 2,000 ,tg of gentamicin per ml. As
has been recommended for E. faecalis (9, 14), prolonging of
incubation to 48 h when weak or light growth, in comparison
with the growth control, is observed at 24 h enhances
resistance detection in some isolates. BHI results indicate
that some of these problems might be related to the growth
medium. Whether or not BHI contained aminoglycoside,
growth of resistant and susceptible strains was notably
heavier than that on the Mueller-Hinton-based EF plates,

weak growth occurred with only one resistant isolate tested
on BHI, and all resistant isolates were detected without
prolonging incubation to 48 h (Table 1). False streptomycin
susceptibility among these species of enterococci, which in
this study was most evident with the standard microdilution
screen, is a problem that also has been reported for E.
faecalis (3, 6, 9, 12-14).

In summary, high-level aminoglycoside resistance has
disseminated among several enterococcal species and will
undoubtedly continue to spread. Therefore, regardless of the
species, there is a need to perform resistance screening on
isolates that cause serious infections. Results of this study
show that several methods previously shown to be reliable
for aminoglycoside resistance detection in E. faecalis per-
formed well for the testing of other enterococci. However,
as larger numbers of resistant strains are encountered and
the variety of species exhibiting resistance increases, the
reliabilities of these and other methods will need to be
monitored.

We thank Kathryn Ruoff of Massachusetts General Hospital and
Carolyn Baker of the Antimicrobics Investigation Branch, Centers
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used in this study.
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