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Two oxazolidinones (U100592 and U100766), trovafloxacin, and a streptogramin combination (dalfopristin-
quinupristin) were highly active in vitro against Staphylococcus aureus and Staphylococcus epidermidis, including
methicillin-resistant strains. Trovafloxacin was more active than ciprofloxacin. Time-kill synergy studies
demonstrated indifference for the oxazolidinones combined with vancomycin and rifampin against methicillin-
resistant staphylococci. Spontaneous resistance was observed with all agents.

Staphylococci recovered from patients are now frequently
resistant to beta-lactam and other antibacterial agents. Al-
though vancomycin is active in vitro against Staphylococcus
aureus, including methicillin-resistant strains, questions con-
cerning the efficacy of vancomycin have been raised in clinical
reports (5). Thus, there continues to be a need for active
antistaphylococcal agents, especially against methicillin-resis-
tant S. aureus (MRSA).

We evaluated two novel oxazolidinones (U100592 and
U100766), a new streptogramin combination, dalfopristin-qui-
nupristin (RP 57669-54476), and a new fluoroquinolone, trova-
floxacin (CP-99,219), against MRSA, methicillin-resistant Staph-
ylococcus epidermidis (MRSE), methicillin-susceptible S. aureus,
and metbhicillin-susceptible S. epidermidis. In addition, limited
studies of in vitro synergy were performed for the oxazolidi-
nones in combination with other antistaphylococcal agents.
The potential of selection of resistance for MRSA and MRSE
to these new agents was investigated by spontaneous resistance
methods.

Bacteria. A total of 283 staphylococci, isolated between 1991
and 1994 from patients of the Veterans Affairs Medical Cen-
ter, Pittsburgh, Pa., were studied; 234 were blood culture iso-
lates and 49 were MRSA nasopharyngeal isolates. One hun-
dred seventy-seven organisms were S. aureus and 106 were
S. epidermidis (Table 1). Methicillin resistance was detected by
the agar screening method according to National Committee
for Clinical Laboratory Standards guidelines (6). Mueller-Hin-
ton agar supplemented with 4% NaCl and 6 pg of oxacillin per
ml was used as recommended. Any evidence of growth was
defined as methicillin resistance.

Antimicrobial agents. U100592 and U100766 were provided
by Upjohn, Kalamazoo, Mich.; dalfopristin-quinupristin was
provided by Rhone Poulenc Rorer, Vitry-sur-Seine, France;
trovafloxacin was provided by Pfizer, Groton, Conn.; cipro-
floxacin was provided by Miles, Inc., West Haven, Conn.; van-
comycin was provided by Eli Lilly, Indianapolis, Ind. Rifampin
was purchased from Sigma.
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Susceptibility testing. The MIC, defined as the lowest drug
concentration at which no growth was visible, was determined
by a standard twofold dilution technique in Mueller-Hinton
agar according to standard guidelines (6). The final inoculum
was 10* CFU. S. aureus ATCC 29213 was used as a control
strain.

Time-kill synergy testing. Standard time-kill methods (3)
were used to study the interactions of each of the two oxazo-
lidinones with vancomycin and with rifampin in tests against
three strains of MRSA and three strains of MRSE. One-fourth
of the MIC for the tested microorganism was chosen as the
concentration of each antimicrobial agent. The tests were per-
formed in duplicate on different days by different laboratory
workers to ensure reproducibility. The lowest detectable num-
ber of organisms was 10 CFU/ml. A drug carryover effect was
excluded by showing that a difference in colony counts of less
than 5% was seen when 10 ul of a solution containing 10* to
10° CFU/ml was plated in the absence or presence of antibi-
otics. Colony counts were made at 0, 4, and 24 h after incuba-
tion at 35°C. Synergy was defined as an increase in killing of at
least 100-fold at 24 h with the combination compared with the
most active single antimicrobial agent (3). Antagonism was
defined as a decrease in killing of at least 100-fold at 24 h with
the combination compared with the single most active agent.
Indifference was defined as an increase or a decrease in killing
of less than 100-fold at 24 h with the combination compared
with the single most active agent.

Spontaneous resistance. A total of 10% to 10° CFU was
plated on antibiotic plates in which concentrations were two,
four, and eight times the MIC of the antibiotic tested. After
48 h of incubation, growth on the plates was evaluated to assess
the frequency of resistant subpopulations (4).

U100592 and U100766, dalfopristin-quinupristin and trova-
floxacin showed similar levels of activity against all staphylo-
cocci; the MICs at which 90% of the isolates were inhibited
(MIC,s) were less than or equal to 1 pg/ml (Table 1). Overall,
the in vitro activities of U100592 and U100766, dalfopristin-
quinupristin, and trovafloxacin against MRSA were compara-
ble to that of vancomycin (Table 1). The frequency of the de-
velopment of spontaneous resistance at four times the MIC
ranged from 10~® to 10~° for most of the study drugs, espe-
cially for MRSE strains (Table 2).
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TABLE 1. Comparative in vitro activities of new and traditional
antimicrobial agents against S. aureus and S. epidermidis

Organism Agent MIC (pg/ml)
(no of isolates)* Range 50% 90%
MRSA (118)  U100592 0.5-2 1 1
U100766 0.5-2 1 1
Dalfopristin-quinu- ~ 0.25-1 0.5 0.5
pristin
Trovafloxacin 0.008-2 0.25 1
Ciprofloxacin 0.125->16 8 16
Rifampin 0.003->0.125  0.006 0.006
Vancomycin 0.5-2 0.5 1
MSSA (59) U100592 0.5-2 1 1
U100766 0.5-1 1 1
Dalfopristin-quinu- ~ 0.25-1 0.5 0.5
pristin
Trovafloxacin 0.008-1 0.03 0.125
Ciprofloxacin 0.125->16 0.25 8
Rifampin 0.003->0.125  0.006 0.006
Vancomycin 0.5-2 0.5 0.5
MRSE (63) U100592 0.5-2 0.5 1
U100766 0.5-1 0.5 1
Dalfopristin-quinu- ~ 0.25-1 0.25 1
pristin
Trovafloxacin 0.001-8 0.5 4
Ciprofloxacin 0.125->16 2 >16
Rifampin 0.06->16 0.06 >16
Vancomycin 0.5-2 1 2
MSSE (43) U100592 0.25-2 0.5 1
U100766 0.5-2 0.5 1
Dalfopristin-quinu- ~ 0.25-1 0.25 0.5
pristin
Trovafloxacin 0.001-8 0.03 1
Ciprofloxacin 0.06->16 0.125 4
Rifampin 0.001->0.1 0.006 0.012
Vancomycin 0.25-2 1 2

“ MSSA, methicillin-susceptible S. aureus; MSSE, methicillin-susceptible
S. epidermidis.

Time-kill curve studies with three MRSA and three MRSE
isolates showed indifference for U100592 combined with van-
comycin, U100592 combined with rifampin, U100766 com-
bined with vancomycin, and U100766 combined with rifampin
(Fig. 1 through 4).

U100592 and U100766 are new synthetic antibacterial agents
of the oxazolidinone class. This class of compounds is unre-
lated to any currently available agents (8). Preliminary studies

TABLE 2. Spontaneous resistance results with seven
antistaphylococcal antibiotics against four staphylococci

Highest concn at which growth occurred for strain:

Compound

MRSA 1 MRSA 2 MRSE 1 MRSE 2
U100592 2X MIC 24X MIC 48X MIC  2X MIC
U100766 2X MIC 24X MIC  4X MIC 2X MIC
Dalfopristin-quinu- ~ NG* NG 4X MIC 4XxX MIC

pristin

Trovafloxacin NG 2X MIC 2X MIC 4X MIC
Ciprofloxacin 2X MIC  2X MIC 2X MIC 4X MIC
Rifampin 4X MIC  2X MIC 2X MIC NG
Vancomycin 4X MIC  2X MIC MIC MIC

“ NG, no growth.
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FIG. 1. Time-kill curve of an MRSA strain for which U100592 combined
with vancomycin demonstrated indifference.

have suggested that these agents exert their antimicrobial ac-
tivities through inhibition of protein synthesis (2). Dalfopristin-
quinupristin is a mixture of two streptogramins with synergistic
antibacterial activities: pristinamycin 1A, a peptide macrolac-
tone, and pristinamycin 11A, a polyunsaturated macrolactone.
Dalfopristin-quinupristin also exerts its antimicrobial activity
through inhibition of bacterial protein synthesis (1). Trova-
floxacin (CP-99,219) is a new broad-spectrum fluoroquinolone
(7).
We found U100592, U100766, dalfopristin-quinupristin, and
trovafloxacin to have excellent in vitro activities against S.
aureus and S. epidermidis, including those strains resistant to
methicillin. The activities of these new antibacterial agents
against S. aureus (both methicillin-resistant and methicillin-
susceptible strains) appeared to be comparable to that of van-
comycin. All the new antibacterial agents showed similar ac-
tivity against S. aureus, with MICyys of =1 wg/ml (Table 1).
Dalfopristin-quinupristin was slightly more active than the oth-
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FIG. 2. Time-kill curve of an MRSE strain for which U100592 combined with
rifampin demonstrated indifference.
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FIG. 3. Time-kill curve of an MRSA strain for which U100766 combined
with vancomycin demonstrated indifference.

ers. Trovafloxacin was 4 to 64 times more active than cipro-
floxacin.

The activities of these new agents against S. epidermidis
(both methicillin-resistant and methicillin-susceptible strains)
were also comparable to that of vancomycin (Table 1). The
oxazolidinones and dalfopristin-quinupristin showed activity
against MRSE with MICy,s of = 1pg/ml, whereas the same
level of inhibition required 2 and >16 pg of vancomycin and
rifampin per ml, respectively. Trovafloxacin was at least four-
fold more active than ciprofloxacin against these same strains.

Our in vitro studies suggest that selection of resistant bac-
teria and development of resistance during therapy may be
problems with these new agents, as they are for many currently
available antibacterial agents (Table 2).

The oxazolidinones, dalfopristin-quinupristin, and trova-
floxacin may prove useful against infections caused by S. aureus
and S. epidermidis, including methicillin-resistant strains. Time-
kill curve studies on three MRSA and three MRSE isolates
showed indifference for the oxazolidinone agents combined
with rifampin or vancomycin. Antagonism was not observed.
Further studies of the pharmacokinetics, toxicology, and clin-
ical efficacy of these promising antistaphylococcal agents are
warranted.
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FIG. 4. Time-kill curve of an MRSE strain for which U100766 combined with
rifampin demonstrated indifference.
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