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U-100592 and U-100766 are closely related antibiotics of the oxazolidinone class. Their in vitro activities
were determined against 100 isolates of Staphylococcus aureus and 100 isolates of coagulase-negative Staphy-
lococcus species by broth and agar dilution test methods. The MICs of both compounds by either test method
at which 50 and 90% of isolates are inhibited were 2 and 4 mg/ml, respectively, for S. aureus and 1 to 2 mg/ml
for coagulase-negative staphylococci. Time-kill assays with selected strains indicated a primarily bacteriostatic
effect against staphylococci.

In recent years there have been marked increases in the
numbers of gram-positive bacterial species that demonstrate
acquired antimicrobial resistance mechanisms and in the fre-
quency with which such strains are isolated from infected pa-
tients. Strains of Staphylococcus species, Streptococcus pneu-
moniae, and Enterococcus species that demonstrate resistance
to multiple antimicrobial agents have compromised the selec-
tion of agents available for therapy of both systemic and local-
ized infections (3, 9, 11). New antibiotics which possess unique
mechanisms of action are urgently needed to cope with this
increasing problem.
U-100592 and U-100766 are new antibacterial agents of a

novel class of compounds known as oxazolidinone antibiotics
(1, 2, 10). These agents appear to have potent activity against
a variety of gram-positive bacteria, including strains with ac-
quired resistance mechanisms affecting several drug classes (1,
4, 6, 12). They also have the potential for oral or parenteral
administration (12). This study has determined the in vitro
activities of these two new antibiotics against a collection of
100 Staphylococcus aureus and 100 coagulase-negative Staphy-
lococcus isolates of recent clinical origin. They included nor-
mally antibiotic-susceptible strains and strains with resistance
to several different antimicrobial agents, including oxacillin.
In addition to U-100592 and U-100766, oxacillin and vanco-

mycin were tested in this study. The oxazolidinones were kindly
provided by Pharmacia & Upjohn, Inc. (Kalamazoo, Mich.),
oxacillin was obtained from Sigma Chemical Co. (St. Louis,
Mo.), and vancomycin was supplied by Eli Lilly & Co. (India-
napolis, Ind.).
Broth microdilution MIC tests were performed by the pro-

cedures advocated by the National Committee for Clinical
Laboratory Standards (NCCLS) (8), including the use of cat-
ion-adjusted Mueller-Hinton broth (Difco, Detroit, Mich.); the
Mueller-Hinton broth was supplemented with 2% NaCl for
oxacillin tests. A final inoculum of 5 3 105 CFU/ml and incu-
bation for 16 to 20 h (24 h with oxacillin) at 358C in ambient air
were used. Agar dilution MIC tests were also performed with
all isolates, as recommended by NCCLS (8), by using Mueller-

Hinton agar (Difco), a final inoculum of 104 CFU, and incu-
bation for 16 to 20 h at 358C in ambient air. Supplementation
of the medium with 2% NaCl and incubation for 24 h were
also used for the oxacillin agar dilution tests. Five strains of
S. aureus and five coagulase-negative staphylococcal strains
(three strains of each species were oxacillin resistant and two
strains of each species were oxacillin susceptible) were selected
for time-kill assays (7) with U-100592, U-100766, and vanco-
mycin. Each strain at an inoculum of at least 106 CFU/ml was
exposed to two and four times the respective MIC of each
compound in 20 ml of cation-adjusted Mueller-Hinton broth.
Samples were removed at the initiation of the experiment and
after 4 and 24 h of exposure to the compounds and were
serially diluted in 0.9% saline, and aliquots of 0.1 ml were
spread over the entire surface of sheep blood agar plates. The
lowest number of organisms that could be reliably counted by
this method was 33 102 CFU/ml. An inoculum reduction of at
least 99.9% (.3 log10) was used to define a bactericidal effect
(7).
Susceptibility test results with U-100592 and U-100766 were

not significantly different on the basis of the use of either the
NCCLS broth microdilution or the NCCLS agar dilution pro-
cedure; 91 to 100% of MICs determined by the agar dilution
method agreed within 1 twofold dilution of the MICs of either
compound determined by the broth microdilution method (Ta-
ble 1). However, there was a slight tendency for MICs to be
lower by 1 log2 dilution by the agar dilution method. The
agreement between the oxazolidinone MICs determined by the
two NCCLS reference procedures is comparable to that ob-
served with vancomycin for all isolates and to that observed
with oxacillin for S. aureus. In contrast, only 72% of the ox-
acillin MICs for coagulase-negative staphylococci agreed
within the anticipated 1 twofold dilution range (Table 1). Thus,
either of the NCCLS reference susceptibility test methods ap-
pears to be satisfactory for use in further studies of the oxazo-
lidinone compounds with staphylococci.
The two oxazolidinones showed very similar inhibitory ac-

tivities against the 200 isolates of staphylococci included in this
study. All isolates of S. aureus and coagulase-negative species
of staphylococci were inhibited by U-100592 or U-100766 at
#8 mg/ml (most by concentrations of 2 to 4 mg/ml) (Table 2).
Resistance to oxacillin or other antimicrobial agent classes did
not affect the susceptibilities of these isolates to the oxazolidi-
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nones (data not shown). U-100592 and U-100766 were not
reliably bactericidal against 10 selected strains (five S. aureus
and five coagulase-negative strains) on the basis of time-kill
assays. Figures 1 and 2 depict the time-kill curves derived from
testing two of the strains. U-100572 was bactericidal ($99.9%
kill) at four times the MIC against only one of four S. aureus
isolates and one of four coagulase-negative isolates, and
U-100766 was bactericidal at a similar concentration against
only one of the S. aureus strains (data not shown). In contrast,
in these assays vancomycin demonstrated bactericidal activity
against 7 of 10 strains.
Because of the rapid development of resistance among sev-

eral genera and species of gram-positive bacterial pathogens,
there is an acute need for new classes of antimicrobial agents
that take advantage of novel mechanisms of inhibiting bacterial
growth. In the case of methicillin- and oxacillin-resistant staph-
ylococci, only one antibiotic is currently approved for use
against serious infections, i.e., vancomycin. The rapid emer-
gence of vancomycin resistance among enterococci has raised

the concern that vancomycin resistance could occur at some
future time with staphylococci, including S. aureus. The greater
virulence of S. aureus suggests that if vancomycin resistance
should occur, the clinical consequences would be far greater
than have been experienced thus far with vancomycin-resistant
enterococci.
This study and others (6, 12) have shown that U-100592 and

U-100766 have very promising activities against multiple drug-
resistant gram-positive bacteria. The oxazolidinones appear to
achieve their antibacterial effects by acting on early stages of
protein synthesis, leading to a bacteriostatic activity against
most species (4, 5). It appears from previous studies that in
vitro selection of resistant mutants does not occur readily (6,
12). This is coupled with the fact that mechanisms of resis-
tance that affect classes of antibiotics in current clinical use
do not affect the activities of the oxazolidinones (12). Indeed,
in the present study, resistance to oxacillin and non-beta-
lactam agents did not affect the susceptibilities of staphylococci
to U-100592 and U-100766. The MICs of U-100592 and

FIG. 1. Time-kill assay with oxacillin-susceptible strain S. aureus 33. U-100592,
U-100766, and vancomycin were tested at four times their respective MICs.

FIG. 2. Time-kill assay with oxacillin-resistant coagulase-negative staphylo-
coccal strain 61. U-100592, U-100766, and vancomycin were tested at four times
their respective MICs.

TABLE 1. Comparison of MICs determined by agar dilution to
those determined by broth microdilution

Species and agent

No. of agar dilution MICs within
indicated log2 dilution of broth

dilution MICs

.22 22 21 Same 11 12

S. aureus (100 isolates)
U-100592 5 30 58 7
U-100766 36 44 20
Oxacillin 3 24 59 14
Vancomycin 1 5 90 4

Coagulase-negative Staphylococcus
species (100 isolates)

U-100592 9 42 44 5
U-100766 4 28 46 22
Oxacillin 14 11 23 34 15 3
Vancomycin 66 34

TABLE 2. Susceptibilities of Staphylococcus species isolates by the
method used for testing

Antibiotic/test method

MIC (mg/ml)a

S. aureus (n 5 100)
Coagulase-negative
Staphylococcus species

(n 5 100)

50% 90% Range 50% 90% Range

U-100592
Broth microdilution 2 4 0.5–8 2 2 0.5–4
Agar dilution 2 4 0.25–8 1 2 0.5–4

U-100766
Broth microdilution 2 4 0.5–4 2 2 0.5–4
Agar dilution 2 4 0.5–4 1 2 0.5–4

Vancomycin
Broth microdilution 1 1 0.5–2 2 2 1–2
Agar dilution 1 1 0.12–4 1 1 0.5–2

Oxacillin
Broth microdilution 1 .64 0.25–.64 8 .64 0.06–.64
Agar dilution 1 .64 0.25–.64 2 .64 0.06–.64

a 50% and 90%, MICs at which 50 and 90% of isolates are inhibited, respec-
tively.
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U-100766 at which 50 and 90% of isolates are inhibited were 2
and 2 to 4 mg/ml, respectively, and compare closely with the
MICs found in two recent investigations of these compounds
(6, 12). The principally bacteriostatic activities of these agents
against staphylococci have also been confirmed in the present
study. Standard toxicological and efficacy studies are warranted
with U-100592 and U-100766 to determine their ultimate clin-
ical utility.

This study was supported in part by a grant from Pharmacia &
Upjohn, Inc.

REFERENCES

1. Barry, A. L. 1988. In vitro evaluation of DuP 105 and DuP 721, two new
oxazolidinone antimicrobial agents. Antimicrob. Agents Chemother. 32:150–
152.

2. Brickner, S. J., D. K. Hutchinson, M. R. Barbachyn, S. A. Garmon, K. C.
Grega, S. K. Hendges, P. R. Manninen, D. S. Toops, D. A. Ulanowicz, J. O.
Kilburn, S. Glickman, G. E. Zurenko, and C. W. Ford. 1995. Synthesis of
U-100592 and U-100766, two new oxazolidinone antibacterial agents in clin-
ical trials for treatment of multiply resistant gram positive infections, abstr.
F208, p. 149. In Program and abstracts of the 35th Interscience Conference
on Antimicrobial Agents and Chemotherapy. American Society for Micro-
biology, Washington, D.C.

3. Cohen, M. L. 1992. Epidemiology of drug resistance: implications for a

postantimicrobial era. Science 257:1050–1055.
4. Daly, J. S., G. M. Eliopoulos, E. Reizner, and R. C. Moellering, Jr. 1988.
Activity and mechanism of action of DuP 105 and DuP 721, new oxazolidi-
none compounds. J. Antimicrob. Chemother. 21:721–730.

5. Eustace, D. C., P. A. Feldman, I. Zajac, and A. M. Slee. 1988. Mechanism of
action of DuP 721: inhibition of an early event during initiation of protein
synthesis. Antimicrob. Agents Chemother. 32:1218–1222.

6. Kaatz, G. W., and S. M. Seo. 1996. In vitro activities of oxazolidinone
compounds U100592 and U100766 against Staphylococcus aureus and Staph-
ylococcus epidermidis. Antimicrob. Agents Chemother. 40:799–801.

7. National Committee for Clinical Laboratory Standards. 1992. Methods for
determining bactericidal activity of antimicrobial agents. Tentative guideline
M26-T. National Committee for Clinical Laboratory Standards, Wayne, Pa.

8. National Committee for Clinical Laboratory Standards. 1993. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically.
Approved standard M7-A3. National Committee for Clinical Laboratory
Standards, Wayne, Pa.

9. Neu, H. C. 1992. The crisis in antibiotic resistance. Science 257:1064–1073.
10. Slee, A. M., M. A. Wuonola, R. J. McRipley, I. Zajac, M. J. Zawada, P. T.

Bartholomew, W. A. Gregory, and M. Forbes. 1987. Oxazolidinones, a new
class of synthetic antibacterial agents: in vitro and in vivo activities of DuP
105 and DuP 721. Antimicrob. Agents Chemother. 31:1791–1797.

11. Tomasz, A. 1994. Multiple-antibiotic-resistant pathogenic bacteria—a report
on the Rockefeller University Workshop. N. Engl. J. Med. 330:1247–1251.

12. Zurenko, G. E., B. H. Yagi, R. D. Schaadt, J. W. Allison, J. O. Kilburn, S. E.
Glickman, D. K. Hutchinson, M. R. Barbachyn, and S. J. Brickner. 1996. In
vitro activities of U-100592 and U-100766, novel oxazolidinone antibacterial
agents. Antimicrob. Agents Chemother. 40:839–845.

VOL. 41, 1997 NOTES 467


