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The need to investigate novel dosing regimens and combinations is essential in combating poor treatment
outcomes for Staphylococcus aureus bacteremia and endocarditis. We evaluated the impact of simulated
standard- and high-dose daptomycin in combination with gentamicin or rifampin against daptomycin-suscep-
tible and nonsusceptible matched strains of S. aureus. These strains were collected from the daptomycin
bacteremia and endocarditis clinical trial and consisted of three susceptible strains (MIC, 0.25 mg/liter) and
four nonsusceptible isolates (MICs, 2 to 4 mg/liter). Daptomycin regimens of 6 and 10 mg/kg of body weight
daily alone and in combination with gentamicin at 5 mg/kg daily or rifampin at 300 mg every 8 h were evaluated
using an in vitro model with simulated endocardial vegetations over 96 h. Rapid bactericidal activity, identified
by time to 99.9% kill, was displayed in all regimens with the daptomycin-susceptible strains. Concentration-
dependent activity was noted by more-rapid killing with the 10-mg/kg/day dose. The addition of gentamicin
improved activity in the majority of susceptible isolates. Daptomycin 6-mg/kg/day monotherapy displayed
bactericidal activity for only one of the nonsusceptible isolates and for only two isolates with increased doses
of 10 mg/kg/day. Combination regimens demonstrated improvement with some but not all nonsusceptible
isolates. Three isolates developed a reduction in daptomycin susceptibility with 6-mg/kg/day monotherapy, but
this was suppressed with both combination therapy and high-dose daptomycin. These results suggest that
high-dose daptomycin therapy and combination therapy may be reasonable treatment options for susceptible
isolates; however, more investigations are needed to confirm the variability of these regimens with nonsus-
ceptible isolates.

The poor treatment outcomes associated with serious
methicillin-resistant Staphylococcus aureus (MRSA) infections
reflect the need for alternative effective treatment options. For
decades, the mainstay of therapy for MRSA has been vanco-
mycin. However, increasing reports of clinical vancomycin
treatment failure along with reduced vancomycin susceptibility
and vancomycin tolerance may be consequences of its long-
term use (6, 15, 16, 20, 22). Although S. aureus, including
MRSA, continues to be a major cause of bacteremia and en-
docarditis, alternative treatment options to vancomycin with
proven efficacy remain minimal. Several in vitro studies indi-
cate the potential of synergy with agents such as aminoglyco-
sides in combination with vancomycin, but this has not been
clearly elucidated in the clinical setting.

Daptomycin is a lipopeptide antibiotic with potent activity
against gram-positive organisms, including multidrug-resistant
S. aureus (25, 26, 30). Multiple reports have displayed the

bactericidal and concentration-dependent activity of daptomy-
cin in vitro. In the advent of serious S. aureus infections, some
studies advocate the importance of rapid inoculum reduction
and bactericidal activity (9, 22). Daptomycin has been ap-
proved in the United States for the treatment of skin and
soft-tissue infection and bacteremia and right-sided endocar-
ditis. A recent study evaluated a daptomycin regimen of 6
mg/kg of body weight daily versus standard therapy of vanco-
mycin or nafcillin in combination with gentamicin for the treat-
ment of S. aureus bacteremia and endocarditis. In this study, a
daptomycin dosage of 6 mg/kg/day displayed noninferiority
compared to both standard therapies. Treatment failure rates
were similar for both daptomycin and the comparator agent
groups. A few select study patients failed daptomycin therapy,
resulting in the recovery of S. aureus isolates with reduced
daptomycin susceptibility (MIC of �1 mg/liter). Most treat-
ment failures were attributed to deep-seated infections causing
persistent bacteremia or a lack of surgical intervention to re-
move the source of infection (11).

The antimicrobial activities of various agents in combination
with daptomycin have been evaluated in multiple in vitro stud-
ies. Previously we demonstrated increased bactericidal activity
with short-course gentamicin 5-mg/kg once-daily regimens in
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combination with daptomycin dosages of 6 and 8 mg/kg daily in
both daptomycin-susceptible MRSA and methicillin-suscepti-
ble S. aureus (MSSA) isolates. Improved bacterial killing was
most pronounced in the first 4 h of combination therapy (29).
Another study evaluated daptomycin in combination with gen-
tamicin and rifampin for isolates with various daptomycin
MICs. For six vancomycin-intermediate S. aureus isolates with
daptomycin MICs of 2 to 8 mg/liter, gentamicin and daptomy-
cin were synergistic for 67% of isolates and rifampin and dap-
tomycin had 33% synergy (8). Although the current recom-
mended dose for daptomycin is 6 mg/kg daily for S. aureus
bacteremia, including right-sided endocarditis, concentrations
greater than 6 mg/kg/day have demonstrated efficacy and safety
in vitro and in vivo. In a clinical study of healthy volunteers,
daptomycin doses up to 12 mg/kg daily were administered
without any increase in adverse events (2). We previously re-
ported the enhanced bactericidal in vitro activity with dapto-
mycin doses of 10 mg/kg daily in a historical case with dapto-
mycin-susceptible and nonsusceptible strains in vitro and in
vivo (23). Although standard and high-dose daptomycin in
combination with gentamicin or rifampin demonstrates prom-
ising results against daptomycin-nonsusceptible strains, the
pharmacodynamic effects of these regimens are not completely
understood.

This study investigated the activities of daptomycin 6- and
10-mg/kg daily dosages with and without gentamicin or ri-
fampin for daptomycin-susceptible S. aureus isolates and their
nonsusceptible derivatives from the bacteremia and endocar-
ditis clinical trial utilizing an in vitro pharmacodynamic model
with simulated endocardial vegetations (SEVs).

MATERIALS AND METHODS

Bacterial strains. A total of seven clinical isolates of S. aureus were evaluated:
six MSSA isolates and one MRSA isolate. These S. aureus isolates are from the
daptomycin bacteremia and endocarditis clinical trial and were supplied by
Cubist Pharmaceuticals, Inc. (Lexington, MA).

Antibiotics. Daptomycin (Cubist Pharmaceuticals, Inc.) analytical powder was
provided by the manufacturer. Gentamicin and rifampin analytical powder
was purchased from a commercial source (Sigma Chemical Company, St.
Louis, MO).

Media. Mueller-Hinton broth (Difco, Detroit, MI) supplemented with calcium
adjusted to physiologic conditions of approximately 1.1 to 1.3 mM and 12.5
mg/liter magnesium was used for all in vitro pharmacodynamic models to eval-
uate daptomycin simulations alone and in combination with gentamicin or ri-
fampin. Colony counts were determined using tryptic soy agar (TSA) (Difco)
plates.

Susceptibility. MICs of study antimicrobial agents were determined by broth
microdilution and Etest methodology according to Clinical and Laboratory Stan-
dards Institute guidelines (7). Minimum bactericidal concentrations were deter-
mined by inspection of colony counts on wells displaying no visible growth. All
samples were incubated at 35°C for 24 h.

In vitro pharmacodynamic infection model with SEVs. A bacterial inoculum of
approximately 109 CFU/g was achieved in the SEVs by combining 50 �l of a
high-inoculum organism suspension, 500 �l of human cryoprecipitate antihemo-
lytic factor from human volunteer donors (American Red Cross, Detroit, MI),
and 2.5 �l of a platelet/saline suspension (250,000 to 500,000 platelets per clot)
in 1.5-ml siliconized Eppendorf tubes. After vortex mixing to ensure a homoge-
neous mixture, a monofilament line followed by 50 �l bovine thrombin (5,000
U/ml) was added to each tube. The resulting SEVs were then removed from the
Eppendorf tubes with a sterile 21-gauge needle and inserted into the model. This
methodology results in SEVs consisting of approximately 3 to 3.5 g/dl of albumin
and 6.8 to 7.4 g/dl of total protein (23).

An in vitro infection model consisting of a 250-ml one-compartment glass
apparatus with ports, where the SEVs were suspended and utilized for all sim-
ulations, was used. The apparatus was prefilled with medium, and antibiotics

were administered as boluses into the central compartment via an injection port.
The model apparatus was placed in a 37°C water bath throughout the procedure,
and a magnetic stir bar was placed in the medium for thorough mixing of the
drug in the model. Fresh medium was continuously supplied and removed from
the compartment along with the antibiotics via a peristaltic pump (Masterflex;
Cole-Parmer Instrument Company, Chicago, IL) set to simulate the half-lives of
the antibiotics. The pH was monitored throughout all experiments with dapto-
mycin due to the possible effects on its activity.

Antibiotic regimens were as follows: daptomycin, 6 mg/kg and 10 mg/kg every
24 h (peak, 98.6 and 164.3 mg/liter, respectively; average half-life, 8 h); genta-
micin, 5 mg/kg every 24 h (peak, 15 mg/liter; average half-life, 3 h); and rifampin,
300 mg every 8 h (peak, 8 mg/liter; average half-life, 3 h) (1). The pump rate was
at 0.4 ml/min to achieve an average half-life of 8 h for daptomycin and 1 ml/min
to account for the half-lives when using combination therapy, as previously
described (3).

Pharmacodynamic analysis. Two simulated endocardial vegetations were re-
moved from each model (total of four) over 96 h. The SEVs were homogenized
and diluted in cold saline and were plated on TSA plates. Plates were incubated
at 35°C for 24 h, at which time colony counts were performed. The total reduc-
tion in log10 CFU/g over 96 h was determined by plotting time-kill curves based
on the number of remaining organisms over the model duration. Bactericidal
activity (99.9% kill) was defined as a �3-log10 CFU/g reduction in colony count
from the initial inoculum. Bacteriostatic activity was defined as a �3-log10 CFU/g
reduction in colony count, while inactivity was defined as no observed reductions
in initial inoculums. The time to achieve a 99.9% (T99) bacterial load reduction
was determined by linear regression (if r2 was �0.95) or visual inspection.

Pharmacokinetic analysis. Pharmacokinetic samples were obtained through
the injection port of each model (duplicate samples) over 96 h for verification of
target antibiotic concentrations. In addition, all simulated endocardial vegeta-
tions were assayed for antimicrobial concentrations after homogenizing and were
compared to model concentrations to determine percent penetration over time.
All samples were stored at �70°C until ready for analysis. Gentamicin concen-
trations were determined by fluorescence polarization immunoassay (Abbott
Diagnostics TDx). This assay has a limit of detection of 0.27 mg/liter for genta-
micin (r2 � 0.99; between-day CV for high medium and low standards, 7.2, 4.6,
and 13.7%). Concentrations of daptomycin and rifampin were determined by
microbioassay utilizing Micrococcus luteus ATCC 9341. Blank 1/4-in. disks were
spotted with 20 �l of the standards or samples. Each standard was tested in
triplicate by placing the disk on Mueller-Hinton agar plates, which were pre-
swabbed with a 0.5 McFarland suspension of the test organism. Plates were
incubated for 18 to 24 h at 37°C, at which time the zone sizes were measured.
Concentrations of 150, 50, 10, and 5 mg/liter were used as standards for dapto-
mycin, while standard concentrations of 10, 5, 1, and 0.5 mg/liter were used for
rifampin. This assay for daptomycin was linear over the range of 2.5 to 150
mg/liter (r2 � 0.99; interday CV for high medium and low standards were 4.0, 7.8,
and 6.9%, respectively). The rifampin microbioassay was linear over the range of
0.06 to 10 mg/liter, with interday CV for high medium and low standards of 9.3,
4.9, and 4.8%, respectively (r2 � 0.99). The half-lives, area under the curve, and
peak concentrations of the antibiotics were determined by the trapezoidal
method utilizing the PK Analyst software program (version 1.10; MicroMath
Scientific Software, Salt Lake City, UT).

Nonsusceptibility. Development of reduced susceptibility to daptomycin was
evaluated at multiple time points throughout the simulation, at 0, 8, 24, 48, 72,
and 96 h. One-hundred-microliter samples from each time point were plated on
TSA plates containing three- and sixfold MICs of daptomycin to assess the
development of reduced susceptibility. Plates were then examined for growth
after 24 to 48 h of incubation at 35°C.

Statistical analysis. Changes in CFU/g at 24, 48, 72, and 96 h were compared
by two-way analysis of variance with Tukey’s posthoc test. A P value of �0.05 was
considered significant. All statistical analyses was performed using SPSS statis-
tical software (Release 10.07; SPSS, Inc., Chicago, IL).

RESULTS

Susceptibility. One MRSA isolate, CB 1734, and two MSSA
isolates, CB 1740 and CB 1815, were susceptible to daptomy-
cin, with MICs of 0.25 mg/liter. Four MSSA isolates, CB 1735,
CB 1741, CB 1813, and CB 1814, displayed nonsusceptible
daptomycin MICs of 2, 2, 2, and 4 mg/liter, respectively. Two
nonsusceptible isolates, CB 1735 and CB 1741, contained mprF
mutations (data on file; Cubist), which has been previously
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reported to occur in nonsusceptible isolates (12). All isolates
were initially susceptible to both gentamicin (MIC, 1 to 2
mg/liter) and rifampin (MIC, �0.0625 mg/liter).

In vitro pharmacokinetics and pharmacodynamics. The
pharmacokinetic parameters of the three antimicrobial agents
utilized are displayed in Table 1. These values were within the
targeted range. The in vitro activities of antibiotic regimens for
the set of isolates evaluated are described in Table 2. Standard-
dose daptomycin (6 mg/kg/day) simulated in the in vitro phar-
macodynamic model displayed potent activities against all dap-
tomycin-susceptible isolates. Rapid bactericidal activity was
achieved for all susceptible strains, with a time to 99.9% kill of
6.6, 6.9, and 18.9 h for each strain. Bacterial regrowth occurred
with only one of three isolates using a 6-mg/kg daily dosage and
was consistent with a threefold increase in the MIC (0.75
mg/liter) with isolate 1815. High-dose daptomycin therapy (10
mg/kg daily) resulted in even greater bactericidal activity, with
T99s of 1.8, 3.8, and 9.7 h. This activity of 10 mg/kg/day was
maintained for most isolates throughout the 96-h evaluation,
with only isolate 1740 displaying regrowth. The high-dose reg-
imen prevented the increase in MIC that was noted for isolate
1815 with 6-mg/kg daily doses. Gentamicin and rifampin
monotherapy resulted in no activity and resistance (MICs of
�4 and �32 mg/liter, respectively) by the end of the treatment
duration.

The addition of gentamicin to both standard and high-dose
daptomycin therapy resulted in enhanced bactericidal activity
for the daptomycin-susceptible isolates. Figure 1 graphically
depicts the in vitro activities of all regimens evaluated against
the daptomycin-susceptible isolate 1734. The enhanced bacte-
ricidal activity with the addition of gentamicin was especially
pronounced in the first 4 to 8 h of simulated therapy and
continued to kill to detection limits by 24 to 32 h. The genta-
micin addition to the daptomycin 6-mg/kg/day regimen pre-
vented the emergence of the MIC increase that was noted for
one strain with daptomycin monotherapy. Daptomycin regi-
mens in combination with rifampin against the susceptible
isolates displayed antagonistic properties compared to dapto-
mycin alone. This effect was most evident in the first 24 to 48 h
of simulated therapy. However, bactericidal activity was still
achieved in all rifampin combination regimens in addition to
elimination of both regrowth and increases in MICs.

Four daptomycin-nonsusceptible strains were evaluated
with the in vitro model with SEVs utilizing 6- and 10-mg/kg
daily regimens. Daptomycin at 6 mg/kg/day displayed mini-

mal activity and achieved bactericidal killing for only one
strain (CB 1735), as displayed in Table 2 and Fig. 2. How-
ever, for this strain, regrowth was noted after only 8 h of
therapy, resulting in a twofold MIC increase to 4 mg/liter by
96 h. High-dose daptomycin 10-mg/kg/day therapy also dis-
played minimal activity, with bactericidal killing for two of
the four nonsusceptible strains (1735 and 1741) evaluated.
For these two strains, daptomycin activity was maintained
and continued to kill up to 96 h but never reached detection
limits. Increases in baseline MICs occurred for CB 1735 (4
mg/liter), CB 1813 (3 mg/liter), and 1814 (6 mg/liter) when
these isolates were dosed at 6 mg/kg/day, while no changes
occurred for the one remaining nonsusceptible isolates at
this dose. High-dose daptomycin (10 mg/kg/day) alone pre-
vented the emergence of increased daptomycin MICs re-
gardless of activity.

Combination therapy with the daptomycin-nonsusceptible
isolates displayed variable activities. Gentamicin in combi-
nation with daptomycin at 6 mg/kg/day resulted in signifi-
cantly increased killing against isolate CB 1735 (P � 0.001)

TABLE 1. Pharmacokinetic parameters of daptomycin, gentamicin,
and rifampin achieved using in vitro pharmacodynamic

model with the SEVsa

Drug, dosage Cmax
(mg/liter)

Cmin
(mg/liter)

Half-life
(h)

AUC0–24
(mg/liter � h)

Daptomycin, 6 mg/kg/day 103.0 � 7.6 19.4 � 2.6 8.9 � 1.9 1504.6 � 149.9
Daptomycin, 10 mg/kg/day 162.3 � 3.4 19.0 � 8.5 7.8 � 1.9 1736.8 � 111.0
Gentamicin, 5 mg/kg/day 16.6 � 0.6 0.04 � 0.02c 2.8 � 0.3 60.8 � 4.0
Rifampin, 300 mg q8hb 6.2 � 0.8 1.3 � 0.3 3.2 � 0.5 107.7 � 6.0

a Cmax, maximum concentration; Cmin, minimum concentration; AUC0–24,
area under the concentration-time curve from 0 to 24 h. Results are expressed as
means � standard deviations.

b q8h, every 8 h.
c Extrapolated data; limit of detection � 0.27.

TABLE 2. In vitro activities of daptomycin alone and in
combination with gentamicin or rifampin

Isolate
MIC of

daptomycin
(mg/liter)

Drug(s) and
dosea T99

b (h) Regrowthc

Fold
change in
MIC of

daptomycin

CB 1815 0.25 D6 6.9 � 0.2 Y 3
D6 � G 4.6 � 0.3 N 0
D6 � R 40.6 � 2.0 N 0
D10 3.8 � 0.2 N 0
D10 � G 10.2 � 0.5 N 0
D10 � R 29.5 � 2.3 N 0

CB 1813 2 D6 NA Y 1.5
D6 � G NA Y 0
D6 � R NA N 0
D10 NA N 0
D10 � G 16.8 � 0.7 N 0
D10 � R 50.9 � 5.1 N 0

CB 1814 4 D6 NA Y 1.5
D6 � G NA Y 0
D6 � R NA N 0
D10 NA Y 0
D10 � G NA Y 0
D10 � R 49.8 � 1.4 N 0

CB 1734 0.25 D6 6.6 � 0.3 N 0
D6 � G 3.0 � 0.2 N 0
D6 � R 48.1 � 1.2 N 0
D10 2.0 � 1.4 N 0
D10 � G 1.8 � 0.1 N 0
D10 � R 7.4 � 0.3 N 0

CB 1735 2 D6 8.3 � 0.4 Y 2
D6 � G 7.7 � 0.3 N 0
D6 � R 59.7 � 4.1 N 0
D10 3.0 � 0.1 N 0
D10 � G 3.8 � 0.2 N 0
D10 � R 60.8 � 5.6 N 0

CB 1740 0.25 D6 18.9 � 6.6 N 0
D6 � G 2.6 � 0.2 N 0
D6 � R 37.9 � 4.7 N 0
D10 9.7 � 0.6 Y 0
D10 � G 5.4 � 0.2 N 0
D10 � R 8.9 � 1.2 N 0

CB 1741 2 D6 NA Y 0
D6 � G NA Y 0
D6 � R 61.7 � 5.2 N 0
D10 30.8 � 2.4 N 0
D10 � G NA N 0
D10 � R 88.1 � 5.9 N 0

a D6, daptomycin at 6 mg/kg/day; D10, daptomycin at 10 mg/kg/day; G, gen-
tamicin at 5 mg/kg daily; R, rifampin at 300 mg every 8 h.

b NA, not achieved; T99, time to achieve a 99.9% bacterial load reduction.
c Y, yes; N, no.
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but had no additional effects on isolates CB 1741, CB 1813,
and CB 1814 compared to daptomycin (6 mg/kg/day) alone.
The addition of rifampin to the daptomycin 6-mg regimen
resulted in improved activity against CB 1741, lesser activity
against CB 1735, and no change in killing for CB 1813 and
CB 1814. Regrowth was demonstrated for three of the four
isolates with the combination of gentamicin, while rifampin
prevented regrowth for all nonsusceptible strains. Results
with high-dose daptomycin in combination with gentamicin
or rifampin were also highly variable. Significantly improved
activity with the addition of gentamicin was noted for one of
the four isolates. Rifampin also improved the killing activity
compared to results with daptomycin (10 mg/kg/day) alone
for only two of four isolates, with no regrowth for any strain.
All combination regimens tested prevented the emergence
of isolates with increased daptomycin MICs with the SEV
model. When combined with daptomycin, no changes in
gentamicin or rifampin MICs were found.

DISCUSSION

Although the historical drug of choice for MRSA infections
has been vancomycin, high failure rates and increasing reports
of vancomycin resistance have raised questions regarding the
effectiveness of this antibiotic (6, 14–16, 18, 20). The approval
of daptomycin as a treatment option for bacteremia and en-
docarditis has opened new treatment regimens for these seri-
ous infections. This study confirmed the rapid bactericidal ac-
tivity and concentration-dependent effects of daptomycin that
have been reported by others with its use against susceptible S.
aureus isolates (17, 29).

The impact of combination therapy with daptomycin re-
mains controversial. Although the exact mechanism is not well
understood, previous in vitro studies have indicated synergistic
activity with daptomycin and gentamicin tested against dapto-
mycin-susceptible strains (8, 29). It is hypothesized that com-
bining two rapidly bactericidal antibiotics will produce optimal

FIG. 1. In vitro activity of daptomycin at 6 mg/kg/day (A) or daptomycin at 10 mg/kg/day (B) in combination with gentamicin or rifampin against
daptomycin-susceptible strain CB 1734.
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bacterial killing. Limited clinical data are available, but this
effect, especially early in the course of therapy, may be advan-
tageous in initial inoculum reduction in patients with high-
bacterial-load infections, such as endocarditis. In comparison,
clinical evaluations of vancomycin in combination with genta-
micin to treat S. aureus infections have produced conflicting
results (5, 10). In the daptomycin bacteremia and endocarditis
trial, the comparator arm for MRSA infections was treated
with a vancomycin dosage of 1 g every 12 h combined with
gentamicin at 1 mg/kg every 8 h for the first 4 days. In our
study, we utilized a higher once-daily dose of gentamicin given
over the 96-h model, which clinical studies have indicated as an
effective and safe alternative to traditional aminoglycoside dos-
ing (21). Rifampin is a concentration-dependent antibiotic and
has been utilized in combination with vancomycin to treat
MRSA infections. This regimen in vitro has displayed en-
hanced activity compared to vancomycin alone; however, clin-
ical data and experience remain controversial (8, 18, 24). We
utilized a dose of rifampin of 300 mg every 8 h, which is within
the range of recommended daily doses in the treatment of

endocarditis (1). The potential for enhanced activity and syn-
ergy with daptomycin and rifampin exists from the limited data
available from in vitro studies (8).

To our knowledge, this is the first study to evaluate combi-
nation therapy with standard and high-dose daptomycin in
combination with gentamicin or rifampin against daptomycin-
susceptible and nonsusceptible derived clinical isolates. Com-
bination antimicrobial therapy has many theorized benefits.
Combining antibiotics with different mechanisms and sites of
action may reduce the potential for subsequent isolates with
reduced susceptibility during therapy. Also, in sequestered in-
fections such as endocarditis and osteomyelitis, two antibiotics
penetrating to the site of action may enhance activity and
reduce the chance for resistance development. We evaluated
this effect previously with daptomycin and rifampin, where the
emergence of an isolate with reduced daptomycin susceptibility
in the SEV model occurred with a daptomycin dosage of 6
mg/kg/day alone and was suppressed in combination with ri-
fampin (27). In our current study, one daptomycin-susceptible
isolate displayed a threefold increase in MIC, up to 0.75 mg/

FIG. 2. In vitro activity of daptomycin at 6 mg/kg/day (A) or daptomycin at 10 mg/kg/day (B) in combination with gentamicin or rifampin against
a daptomycin-nonsusceptible strain, CB 1735.
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liter, while exposed to simulated doses of daptomycin at 6
mg/kg daily. Utilizing the same daptomycin dose in combina-
tion with gentamicin or rifampin, the MIC for this isolate
remained stable during the 96-h simulation. Similar results
with combination therapy were noted for three daptomycin-
nonsusceptible isolates that had higher MICs after the 6-mg/
kg/day regimen. Our study demonstrated that although the
activity of combination regimens with daptomycin may be
strain dependent, it may prove advantageous in select patients
in suppressing the emergence of nonsusceptible isolates.

The concentration-dependent activity of daptomycin has
been well established (4, 13, 23). Since daptomycin has been
studied in safety trials up to 12 mg/kg/day, we decided to
evaluate simulated high-dose daptomycin therapy at 10 mg/kg
daily. Previously Tsuji et al. evaluated doses up to 8 mg/kg/day,
which displayed improved bactericidal activity compared to
6-mg/kg/day doses in an in vitro pharmacokinetic/pharmaco-
dynamic model (29). Our current study evaluated doses up to
10 mg/kg daily against both daptomycin-susceptible and non-
susceptible S. aureus isolates. The high-dose daptomycin regi-
men demonstrated a more-rapid T99 kill for all susceptible
isolates and two of four nonsusceptible strains. We were sur-
prised to discover that the bactericidal activity with combina-
tion regimens and high-dose daptomycin was highly variable.
We attribute this effect to the heterogeneously susceptible
nature of these particular S. aureus isolates, rather than an
overall antagonistic effect of these combinations. It should be
noted that daptomycin-nonsusceptible isolates continue to be
relatively rare in clinical practice, with a select number of case
reports from patient with deep-seated infections (19, 27, 28).
More in vitro studies are necessary in order to fully character-
ize the pharmacodynamic effects of high-dose daptomycin in
combination with gentamicin and rifampin.

In conclusion, we have demonstrated overall that combina-
tion daptomycin and gentamicin therapy provides the advan-
tage of enhanced in vitro activity and suppression of resistance.
While the majority of isolates tested did not display greater
activity with the addition of rifampin, this regimen suppressed
the emergence of reduced susceptibility that was noted with
daptomycin 6-mg/kg/day monotherapy. Also, high-dose dapto-
mycin (�6 mg/kg/day) may be a reasonable option for patients
with serious infections and should be further explored.
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