
Vol. 33, No. 9ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Sept. 1989, p. 1588-1591
0066-4804/89/091588-04$02.00/0
Copyright © 1989, American Society for Microbiology

In Vitro Susceptibility Studies of Vancomycin-Resistant
Enterococcus faecalis

DANIEL F. SAHMt2* JESSICA KISSINGER,1 MICHAEL S. GILMORE,3 PATRICK R. MURRAY,4'5
ROSS MULDER,6 JOANNE SOLLIDAY,6 AND BARBARA CLARKE6

Clinical Microbiology Laboratories1 and Department ofPathology,2 The University of Chicago, Chicago, Illinois 60637-
1463; Department ofMicrobiology and Immunology, Oklahoma University Health Sciences Center, Oklahoma City,
Oklahoma 731903; Vitek Systems Inc., Hazelwood, Missouri 63042-23956; and Clinical Microbiology Laboratory,

Barnes Hospital,4 and Washington University School of Medicine,5 St. Louis, Missouri 63110

Received 30 January 1989/Accepted 13 June 1989

Vancomycin resistance exhibited by Enterococcusfaecalis isolates V583, V586, and V587 is described. The
vancomycin MICs ranged from 32 to 64 pg/ml. Although resistant to vancomycin, the isolates were susceptible
to teicoplanin (MIC, O0.5 pg/ml). Such a glycopeptide susceptibility profile has not been previously described
for E. faecalis. Time kill studies showed that vancomycin resistance adversely affected the synergistic activity
that vancomycin and aminoglycoside combinations usually demonstrate against enterococci. However, the
ability to detect vancomycin resistance varied with the susceptibility testing method used. Whereas broth
microdilution, broth macrodilution, and agar dilution methods detected resistance, disk-agar diffusion and the
AutoMicrobic system Gram-Positive GPS-A susceptibility card (Vitek Systems Inc., Hazelwood, Mo.) did not.
To detect vancomycin resistance reliably and establish the incidence of such E. faecalis isolates, adjustments in
some susceptibility testing methods may be necessary.

Vancomycin combined with an aminoglycoside provides
effective alternative therapy for serious enterococcal infec-
tions that occur in patients who cannot tolerate the penicil-
lin-class antibiotics usually used in combination with amino-
glycosides (8, 25, 26). Although vancomycin resistance has
rarely been described (19, 22), recent reports from Europe
(10, 11, 20, 23; F. W. Goldstein, A. Y. Buu-Hoi, R. William-
son, and J. F. Acar, Program Abstr. 27th Intersci. Conf.
Antimicrob. Agents Chemother., abstr. no. 1022, 1987)
indicate that such resistance among enterococci is an emerg-
ing problem.
While determining the antibiotic susceptibility profiles of

several Enterococcus faecalis isolates, we encountered
three isolates that, by broth microdilution, exhibited vanco-
mycin resistance. We established the drug susceptibility
profiles of these isolates and studied the abilities of various
in vitro susceptibility testing methods to detect this vanco-
mycin resistance. We also investigated the effect of vanco-
mycin resistance on the synergistic activity usually achieved
by vancomycin-aminoglycoside combinations against E.
faecalis (8, 25, 26). To our knowledge, this report is the first
detailed description of vancomycin-resistant, teicoplanin-
susceptible E. faecalis strains encountered in the United
States.

MATERIALS AND METHODS
Organisms. The vancomycin resistance of three E. faeca-

lis isolates, designated V583, V586, and V587, was dis-
covered while antimicrobial susceptibility profiles for 170
different E. faecalis isolates were being determined. Retro-
spective investigation of the sources of the isolates revealed
that all three originated from Barnes Hospital, St. Louis,
Mo. Two isolates (V583 and V586) were recovered from
blood cultures collected from the index patient on 12 and 23
February 1987. Additional cultures with these organisms
included blood collected on 4 March 1987 and multiple urine
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and stool cultures collected from 1 March to 1 May. This
patient had received vancomycin for 12 days prior to the first
positive culture. The isolate from the second patient (V587)
was recovered in a urine specimen collected on 26 February
1987 and two blood cultures collected on 9 March 1987. This
patient was in the same intensive care unit as the first patient
but had not received vancomycin before the first positive
culture.

Identification of each isolate was confirmed by colony
morphology, Gram stain, and recommended conventional
biochemical characteristics, including hydrolysis of esculin
in the presence of bile, growth in the presence of6.5% NaCl,
fermentation of sorbitol but not arabinose or raffinose,
pyrrolidonylarylamidase (Remel, Lenexa, Kans.) activity,
and reactivity with Burroughs Wellcome group D strepto-
coccal antisera (3-5). Additionally, motility tests performed
at 30°C were done to further differentiate the isolates from
Enterococcus gallinarum, a motile enterococcus previously
described as being vancomycin resistant (9). Along with
these conventional methods, AutoMicrobic system Gram-
Positive (AMS; Vitek Systems Inc., Hazelwood, Mo.) iden-
tification cards were used, according to the manufacturer's
directions and specifications, to confirm the identification of
the isolates.

Other organisms, used as controls for the susceptibility
tests, included E. faecalis ATCC 29212 (14) and E. faecalis
UC73, a clinical isolate from the University of Chicago
Clinical Microbiology Laboratories that is known to exhibit
high-level resistance (MIC, >2,000 jig/ml) to gentamicin and
streptomycin.

Antimicrobial agents. The drugs used for this study
were supplied as follows: vancomycin and daptomycin
(LY146032), Eli Lilly & Co., Indianapolis, Ind.; teicoplanin,
Merrell Dow Pharmaceuticals Inc., Cincinnati, Ohio; strep-
tomycin, Sigma Chemical Co., St. Louis, Mo.; and genta-
micin, Schering Corp., Bloomfield, N.J.

In vitro susceptibility tests. Methods used to investigate
antimicrobial susceptibility included broth microdilution
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TABLE 1. Vancomycin susceptibility as determined
by various methodsa

Zone size MIC (pig/ml)/NCCLS category

E. faecalis (mm)/NCCLS
isolate category by AMS Broth Broth Agar

disk-agar Vtk micro- macro- Agario
diffusion Vitek dilution dilution dilution

ATCC 29212 18/S 2/S 2/S 4/S 2/S
UC73 19/S s0.5/S '1/S 2/S 1/S
V583 15/S .0.5/S >16/R 64/R 64/R
V586 16/S '0.5/S >16/R 32/R 64/R
V587 14/S '0.5/S >16/R 32/R 32/R

a S, Susceptible; R, resistant. NCCLS interpretive categories are explained
in references 13 and 14.

(Pasco Gram-Positive MIC Panels; Difco Laboratories, De-
troit, Mich.), the AMS GPS-A susceptibility card (Vitek
Systems Inc., Hazelwood, Mo.), broth macrodilution, agar
dilution, and disk-agar diffusion tests, performed by proce-
dures outlined by the National Committee for Clinical
Laboratory Standards (NCCLS) (13, 14) and the manufac-
turer's recommendations. After MICs were determined by
broth macrodilution, MBCs were ascertained according to
NCCLS guidelines (15). By this method, drug concentra-
tions that yielded <10 CFU on subculture were taken as the
MBC.

Additional tests performed with the E. faecalis isolates
included the Cefinase disk for 3-lactamase production (BBL
Microbiology Systems, Cockeysville, Md.) and high-level
aminoglycoside resistance screens performed by using broth
microdilution (Pasco Gram-Positive MIC panels) and disk-
agar diffusion with high-content streptomycin (300-,.g) and
gentamicin (120-,ug) disks (18).
Time kill studies. Methods outlined in a previous study

were used to perform time kill tests with each enterococcal
isolate (17). The drug concentrations selected for testing,
based on clinically achievable levels in blood were as fol-
lows: gentamicin, 5 ,ug/ml; streptomycin, 20 ,ug/ml; vanco-
mycin, 10 ,ug/ml; teicoplanin, 5 ,ug/ml; and daptomycin, 10
jig/ml. Inoculated broths were incubated in an ambient
atmosphere at 35°C. At 0-, 4-, and 24-h intervals after
inoculation, a 0.5-ml portion was removed from each of the
tubes and subjected to serial 10-fold dilutions. From each
diluent tube, 0.1-ml samples were taken and plated over the
entire surface of Trypticase soy blood agar plates (BBL
Microbiology Systems, Cockeysville, Md.). By using the
viable counts determined at each time interval, a 24-h time
kill curve was established for each E. faecalis strain. Syn-
ergy was defined as a .100-fold increase in killing by a drug
combination over the killing accomplished by the most
active of the two drugs in the combination when tested
separately (12).

RESULTS

Both conventional testing and the AMS Gram-Positive
identification cards confirmed the identities of V583, V586,
and V587 as E. faecalis. All three isolates exhibited pyrroli-
donylarylamidase activity, for which other vancomycin-
resistant gram-positive bacteria such as Pediococcus spp.,
Leuconostoc spp., and most Lactobacillus spp. are negative
(4, 5). Additionally, the AMS Vitek identified the isolates as
E. faecalis with a 99% probability. In our experience, the
AMS does not identify Leuconostoc spp., lactobacilli, and
pediococci as E. faecalis (unpublished observations). Be-
cause none of these isolates exhibited motility at 30°C, the
possibility that they were strains of E. gallinarum was ruled
out.
The susceptibility profiles of the three isolates, as deter-

mined by broth microdilution, were the same; vancomycin,
>16 ,ug/ml; penicillin, 1 ,ug/ml; ampicillin, 0.25 ,ug/ml; eryth-
romycin, >4 jig/ml; tetracycline, .0.5 p.g/ml; chloramphen-
icol, 8 ,ug/ml; ciprofloxacin, 0.5 ,ug/ml; rifampin, c0.5 ,ug/ml;
streptomycin, <2,000 jig/ml; and gentamicin, >2,000 ,ug/ml.
High-level resistance to gentamicin, but not streptomycin,
was also demonstrated by the disk test. All three isolates
were negative for P-lactamase production.
Vancomycin susceptibility results obtained with various

testing methods are given in Table 1. Resistance was de-
tected by broth microdilution, broth macrodilution, and agar
dilution but not by the automated system (AMS Vitek) or
disk-agar diffusion. When the incubation period of the disk-
agar diffusion plates was extended from 24 to 48 h, a fine
haze of minute colonies could be observed growing up to the
vancomycin disk. When this 48-h growth was used to
inoculate another disk-agar diffusion plate, the organisms
still appeared to be susceptible at 24 h, with barely detect-
able growth up to the disk occurring only after 48 h of
incubation. Another approach to aid the detection of vanco-
mycin resistance by disk-agar diffusion was to test disks of
various potencies, including 5, 10, 15, 20, 25, and 30 ,ug.
Even with the lowest-potency disk used (5 ,ug), the smallest
inhibition zone obtained (11 mm) was greater than the 9-mm
interpretive zone size recommended for determining vanco-
mycin resistance (1, 13).
The comparative activities of vancomycin, teicoplanin,

and daptomycin are given in Table 2. Vancomycin and
teicoplanin MICs obtained by broth macrodilution corre-
lated well with those obtained by agar dilution. Daptomycin
MICs were higher by agar dilution. Both teicoplanin and
daptomycin demonstrated notably greater activity than van-
comycin against V583, V586, and V587. The MBCs were
generally considerably higher than the MICs.

Results of the time kill studies showed that after 24 h of
incubation, isolate V583, which was highly resistant to
gentamicin but not streptomycin, actively grew in the pres-
ence of vancomycin alone and in the presence of vancomy-

TABLE 2. Comparative in vitro activities of vancomycin, teicoplanin and daptomycin against E. faecalis

MIC/MBC (pug/ml) by broth macrodilution MIC (,ug/ml) by agar dilution
Isolate

Vancomycin Teicoplanin Daptomycin Vancomycin Teicoplanin Daptomycin

ATCC 29212 4/128 s0.5/32 .0.5/0.5 2 0.5 4
UC73 2/32 .0.5/64 s0.5/8 1 c0.5 2
V583 64/256 s0.5/16 0.5/8 64 s0.5 2
V586 32/128 s0.5/32 0.5/2 64 s0.5 2
V587 32/256 .0.5/4 O0.5/0.5 32 0.5 2
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cin combined with gentamicin. The combination of vanco-
mycin and streptomycin showed substantial bactericidal
activity after 4 h of incubation, but by 24 h considerable
regrowth had occurred in the presence of these two drugs.
Teicoplanin alone was only minimally bactericidal against
V583. Streptomycin, but not gentamicin, demonstrated syn-
ergy with teicoplanin. When tested alone, the killing activity
of daptomycin was so effective that after 24 h of incubation,
any synergistic effect with an aminoglycoside could not be
ascertained at the concentrations tested. Time kill results
obtained with V586 and V587 were comparable to those
obtained with V583.

DISCUSSION

The E. faecalis isolates investigated demonstrated resis-
tance to vancomycin (MICs, 32 to 64 ,uglml) but not to
teicoplanin (MIC, .0.5 ,ug/ml), a glycopeptide antibiotic
similar to vancomycin in spectrum of activity and mode of
action (16). This susceptibility profile substantiates the bio-
chemical results that differentiated these E. faecalis isolates
from other vancomycin-resistant gram-positive bacteria.
Leuconostoc spp., Pediococcus spp., and Lactobacillus spp.
exhibit high-level vancomycin resistance (MIC, -256 ,ug/
ml), heavy growth up to a 30-Rg vancomycin disk, and high
resistance to teicoplanin (5, 9; J. Swenson, R. Facklam, and
C. Thornsberry, 28th ICAAC, abstr. no. 1321, 1988).
The glycopeptide susceptibility profiles exhibited by

V583, V586, and V587 have been reported previously for E.
faecium and E. gallinarum but not for E. faecalis (9, 23;
Goldstein et al., 27th ICAAC). For these E. faecium and E.
gallinarum strains, vancomycin MICs were 32 and 16 ,uglml,
respectively, and teicoplanin MICs were 0.25 and 1 p.g/ml,
respectively. In contrast, the E. faecalis isolates reported by
Uttley et al. (23) were resistant to both vancomycin and
teicoplanin, and the vancomycin MICs were >64 ,g/ml.
Similarly, the vancomycin- and teicoplanin-resistant E. fae-
cium strains reported by Leclercq et al. (10, 11), also
resistant to both vancomycin and teicoplanin, had vancomy-
cin MICs that ranged from 512 to 1,024 pug/ml. The E.
faecalis strain reported by Shlaes et al. (20) had vancomycin
and teicoplanin MICs of 256 and 16 ,uglml, respectively.
These variations in enterococcal susceptibility to vancomy-
cin and teicoplanin indicate that differences may exist both
in the modes of action of these two glycopeptides and in the
mechanisms of enterococcal resistance to them. Further
studies designed to investigate the physiological basis for
these differences in resistance are under way.
Daptomycin MICs for these vancomycin-resistant strains

were comparable to those for vancomycin-susceptible and
-resistant isolates published in previous reports (7-10). The
differences between daptomycin MICs obtained by broth
macrodilution and those obtained by agar dilution were
reproducible and may be due to possible differences in the
calcium contents of the agar and broth MH media used in
this study (6). Daptomycin activity, as measured by both
methods, was comparable to that reported by other investi-
gators (2, 7, 9-11, 21, 23, 24).

Certain evidence strongly suggests that the isolates de-
scribed in the present study are the same strain. All three
have the same antibiotic susceptibilities, including resistance
to vancomycin but not teicoplanin. Two isolates were from
the same patient (V583 and V586), and the third isolate
(V587) was from a second patient whose time of stay in an
intensive care unit overlapped that of the first patient.
Nosocomial dissemination of enterococci has been docu-

mented (27) and may explain the isolation of these E.
faecalis strains with unique glycopeptide resistance profiles
from different patients. Plasmid analysis of V583 and V586
showed that, although both isolates were from the same
patient, their plasmid profiles differed slightly. Of the three
extrachromosomal bands observed in V583, only two were
seen in V586. The plasmid profile of V587 was the same as
that of V583.
The incidence of such vancomycin resistance among E.

faecalis is probably quite low, but the failure of disk-agar
diffusion and the AMS Vitek System, two commonly used
susceptibility-testing procedures, to detect this resistance
may be why such E. faecalis isolates have not been encoun-
tered previously. However, specific suggestions for altering
currently recommended disk-agar diffusion testing methods
(13) to facilitate detection of vancomycin resistance must
await investigations that include a greater variety of vanco-
mycin-resistant enterococcal strains. Also needed are eval-
uations to determine how well various commercial systems,
both automated (e.g., AMS Vitek) and nonautomated, detect
enterococcal vancomycin resistance.

Finally, because of the resistance that enterococci already
exhibit to a variety of antimicrobial agents, the emergence of
vancomycin resistance is troublesome. The incidence of this
resistance and its impact on the therapeutic management of
patients can only be better understood after more in vitro
and in vivo studies. Further investigations that enhance our
knowledge and understanding of the mechanisms and ge-
netic transferability of this resistance are also needed.
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