
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, May 2003, p. 1598–1603 Vol. 47, No. 5
0066-4804/03/$08.00�0 DOI: 10.1128/AAC.47.5.1598–1603.2003
Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Daptomycin Dose-Effect Relationship against Resistant
Gram-Positive Organisms

Raymond Cha,1 Richard G. Grucz Jr.,1 and Michael J. Rybak1,2*
Anti-Infective Research Laboratory, Department of Pharmacy Practice, Eugene Applebaum College of Pharmacy

and Health Sciences,1 and School of Medicine,2 Wayne State University, Detroit, Michigan 48201

Received 12 February 2002/Returned for modification 8 September 2002/Accepted 30 January 2003

Daptomycin exhibits in vitro bactericidal activity against clinically significant gram-positive bacteria. We
employed pharmacodynamic modeling to determine a once-daily dosing regimen of daptomycin that correlates
to pharmacodynamic endpoints for different resistant gram-positive clinical strains. An in vitro pharmacody-
namic model with an initial inoculum of 6 log10 CFU/ml was used to simulate daptomycin regimens ranging
in dose from 0 to 9 mg/kg of body weight/day, with corresponding exposures reflecting free-daptomycin con-
centrations in serum. Bacterial density was profiled over 48 h for two methicillin-resistant Staphylococcus
aureus (MRSA-67 and -R515), two glycopeptide intermediate-resistant S. aureus (GISA-992 and -147398), and
two vancomycin-resistant Enterococcus faecium (VREF-12366 and -SF12047) strains. A sigmoid dose-response
model was used to estimate the effective dose required to achieve 50% (ED50) and 80% (ED80) bacterial density
reduction at 48 h. Daptomycin MICs for study isolates ranged from 0.125 to 4 �g/ml. Model fitting resulted in
an r2 of >0.80 for all tested isolates. Control growths at 48 h ranged from 7.3 to 8.5 log10 CFU/ml. Sigmoid
relationships were not superimposable between categorical resistant species: ED50 and ED80 values were 1.9
and 3.1, 4.2 and 5.6, and 5.4 and 6.8 mg/kg for MRSA, GISA, and VREF isolates, respectively. Doses required
to achieve ED50 and ED80 values correlated with MIC differences between tested organisms. Corresponding
area under the concentration-time curve from 0 to 24 h/MIC exposure ratios demonstrated a wide range of
ED80 values among the tested isolates. Doses ranging between 3 and 7 mg/kg produced significant bactericidal
activity (ED80) against these multidrug-resistant S. aureus and E. faecium isolates.

The increasing prevalence of multidrug-resistant staphylo-
coccal and enterococcal infections causes much concern. In-
fections due to methicillin-resistant Staphylococcus aureus
(MRSA) have led to a significant increase in the use of van-
comycin with the subsequent development of vancomycin-re-
sistant Enterococcus faecium (VREF) and glycopeptide inter-
mediate-susceptible S. aureus (GISA) (5, 7, 17, 20). The
Centers for Disease Control and Prevention reported that,
from 1989 to 1998, VREF nosocomial infections increased
from 0.3 to 21.2% and from 0.4 to 22.6% in nonintensive and
intensive care units, respectively (3). Left with limited thera-
peutic options, the medical establishment’s search for optimal
agents that provide extensive coverage against drug-resistant
organisms, bactericidal activity, and favorable pharmacokinet-
ics continues.

One potential option for the treatment of resistant gram-
positive infections is daptomycin, a novel cyclic lipopeptide
antibiotic currently being evaluated in clinical studies. Similar
to vancomycin, it has broad activity against clinically significant
gram-positive organisms but possesses some distinct advan-
tages (16). Daptomycin’s distinctiveness is a result of its activity
against resistant organisms (including gram-positive organisms
with reduced susceptibility to vancomycin), its unique mecha-
nism of action (disruption of multiple aspects of plasma mem-
brane function without penetration into the cytoplasm), the

rare occurrence of spontaneous resistance, and its rapid con-
centration-dependent antimicrobial activity (2, 9, 13, 19; N.
Safdar, D. R. Andes, and W. A. Craig, Abstr. 39th Intersci.
Conf. Antimicrob. Agents Chemother., abstr. 1769, 1999).
Daptomycin appears to be a promising therapeutic option for
a wide variety of gram-positive infections. A once-daily regi-
men exploits daptomycin’s concentration-dependent activity
and significantly ameliorates the probability of accumulation-
related adverse effects compared to multiple-dose regimens
(15, 19). Further pharmacodynamic evaluation of potentially
applicable once-daily doses for problematic drug-resistant or-
ganisms is needed.

MATERIALS AND METHODS

Bacterial strains. A total of six strains were evaluated: two strains of methi-
cillin-resistant S. aureus (MRSA-67 was obtained from the John D. Dingell VA
Medical Center, Detroit, Mich., and MRSA-R515 was obtained from Detroit
Medical Center University Laboratories, Detroit, Mich.), two strains of glyco-
peptide intermediate-resistant S. aureus (GISA-992 was obtained from the Cen-
ters for Disease Control and Prevention, Atlanta, Ga., and GISA-147398 was
obtained from William Beaumont Hospital, Royal Oak, Mich.), and two strains
of vancomycin-resistant Enterococcus faecium (VREF-SF12047 and VREF-
12366 were obtained from William Beaumont Hospital).

Antimicrobial agents and media. Daptomycin analytical powder was provided
by Cubist Pharmaceuticals, Inc., Lexington, Mass. Mueller-Hinton broth supple-
mented with 75 mg of calcium/liter and 12.5 mg of magnesium/liter (SMHB) was
used for all susceptibility experiments and in vitro pharmacodynamic simulations
(6). Colony counts from samples were determined by using tryptic soy agar (TSA;
Difco, Detroit, Mich.) plates. For microbioassay, Mueller-Hinton agar plates that
were supplemented with 75 mg of calcium/liter, 0.1 M citric acid, and NaOH
were used.

Susceptibility testing. MICs of study antimicrobial agents were determined by
broth microdilution according to the guidelines of the National Committee for
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Clinical Laboratory Standards, with the incorporation of SMHB as the broth
medium due to the effects of calcium on daptomycin activity (14).

In vitro pharmacodynamic infection model. A previously described in vitro
pharmacodynamic infection model consisting of a 250-ml, one-compartment
glass chamber with multiple ports for the removal of broth, delivery of antibiot-
ics, and collection of bacterial and antimicrobial samples was utilized (8). All
experiments were conducted in duplicate to ensure reproducibility. Prior to each
experiment, bacterial colonies from an overnight growth on TSA were added to
0.9% sodium chloride solution to obtain a �108-CFU/ml suspension (0.5 Mc-
Farland standard, verified with a calorimeter). Then, 2.5 ml of diluted organism
suspension (�107) was added to each of the pharmacodynamic models to pro-
duce a starting inoculum of �106 CFU/ml. A peristaltic pump (Masterflex;
Cole-Parmer Instrument Company, Chicago, Ill.) was used to continuously re-
place antibiotic-containing medium with fresh SMHB at a rate to simulate the
8-h half-life of daptomycin. The model was then placed in a 37°C water bath for
the duration of the experiment, with magnetic stir bars in the medium to allow
for continuous mixing. Temperature and pH of the pharmacodynamic system
were monitored throughout the 48-h experiment periods (11).

Daptomycin was dosed across a range from 0 to 9 mg/kg of body weight/day
(doses given every 24 h) with corresponding exposures reflecting approximate
free-daptomycin concentrations based on its high affinity for protein (93% pro-
tein bound) (12; G. L. Brier, J. D. Wolny, and H. R. Black, Program Abstr. 29th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. 1347, 1989). Daptomycin’s
linear pharmacokinetics allowed the derivation of target peak concentrations as
a proportion of dose based on an achievable total peak of 80 �g/ml from a
6.0-mg/kg dose (22). Adaptive feedback from the sigmoid model determined the
sequential testing of regimens within the specified dosing range. Pharmacody-
namic simulations in the absence of antibiotics (growth control) were performed
over 48 h to ensure adequate growth of the organisms in the model.

Pharmacodynamic analysis. Samples were drawn from each model at 0, 0.5, 1,
2, 4, 6, 8, 24, 28, 32, and 48 h and then diluted (10- to 10,000-fold) in cold 0.9%
sodium chloride solution to minimize antibiotic carryover. Samples with low
bacterial densities and high antibiotic concentrations underwent vacuum filtra-
tion, followed by bacterial quantification after plating and incubation of the filter
on TSA. Bacterial densities of pharmacodynamic samples were determined by
plating 50-�l samples of each diluted sample on TSA by using an automated
spiral dispenser (WASP; Don Whitley Scientific Limited, West Yorkshire, En-
gland). Plated samples were incubated at 37°C for 24 h, and colony counts (log10

CFU/ml) were determined by using a laser bacteria colony counter (ProtoCOL,
version 2.05.02; Synbiosis, Cambridge, England). The limit of detection for this
method of colony count determination is 2.5 log10 CFU/ml. Time-kill curves were
constructed by plotting mean colony counts (log10 CFU/ml) from each model
versus time. Bactericidal activity (99.9% killing) was defined as a �3-log10

CFU/ml reduction in the colony count from that of the starting inoculum. The
time to achieve a 99.9% bacterial load reduction was determined by linear
regression (r2 � 0.95) and confirmed by the observed bacterial log10 CFU/ml
reductions of quantified samples.

Pharmacokinetic analysis. Samples were obtained through the injection port
at 0.5, 1, 2, 4, 8, 24, 32, and 48 h and stored at �70°C until ready for analysis for
the determination of antibiotic concentrations. Daptomycin concentrations were
determined by a modified microbioassay utilizing Micrococcus luteus ATCC 9341
(2). By using a vacuum with a modified agar cutter, a 4-mm-diameter well was cut
into Mueller-Hinton agar that was supplemented with calcium and titrated with
citric acid and/or NaOH to optimize inhibition zones. Each sample and standard
was tested in triplicate by allowing complete diffusion into the agar prior to
swabbing with a 0.5 McFarland suspension of the test organism. Plates were
incubated for 18 to 24 h at 37°C prior to the determination of inhibition zone
sizes by contrast camera imaging (Synoptics, Cambridge, United Kingdom).
Concentrations of 10.0, 5.0, 1.25, and 0.3125 �g/ml were used as standards. This
assay has a lower limit of detection of 0.3125 �g/ml and demonstrates an interday
and intraday coefficient of variation of �10%. For troughs that fell below the
detection limits, concentrations were determined by extrapolation with the mod-
eled elimination rates from detectable concentrations. A one-compartment
model with bolus-intravenous input and first-order elimination was applied by
using PK Analyst (Micromath Research, St. Louis, Mo.) to determine elimina-
tion rates, free peak and trough concentrations, and free area under the con-
centration-time curves for the first 24-h dosing intervals (AUC24-free). AUC24-free

was determined by trapezoidal area estimation.
Resistance. One-hundred-microliter samples from the end of the experiments

(48-h quantified samples) were plated on TSA plates containing four and eight
times the MIC of the respective antibiotic to assess the development of resis-
tance. Plates were then examined for the growth of potentially resistant colonies
after 48 h of incubation at 35°C.

Dose-effect response. Relationships between bacterial densities at 48 h and the
dose and relationships between AUC24–free and MIC were examined by multi-
variate and nonlinear regression with a sigmoid Emax model based on the four-
parameter Hill equation: Effect (log10 CFU/ml at 48 h) � E0 � (Emax �
EDs)/(ED50

s � EDs), where E0 represents the baseline effect (growth control),
Emax represents the maximal antimicrobial effect, ED represents the exposure
parameter of interest, ED50 is the value of the exposure parameter of interest
that produced 50% of Emax, and s is the sigmoidicity exponent (10). A value
representing 80% of the Emax, ED80, was calculated by determining the dose that
correlated with 80% killing between the E0 and Emax levels from the regression
output. This dose was extracted by the simulation of the nonlinear regression
line. Each organism was modeled separately and together with its same categor-
ical pair (MRSA, GISA, VREF). The criterion for model fitting was an r2 of
�0.80. Dose-effect analyses were performed with SigmaPlot (version 6.1; SPSS,
Inc., Chicago, Ill.) software.

RESULTS

Susceptibility and resistance testing. Daptomycin MICs for
study isolates MRSA-67, MRSA-R515, GISA-992, GISA-
143798, VREF- SF12047, and VREF-12366 were 0.125, 0.25,
0.5, 0.5, 4, and 2, respectively. Plating of detectable samples
from 48-h, end-of-study simulations revealed no resistant col-
onies on agar plates containing four or eight times the MIC of
respective study isolates.

Pharmacodynamics. For the purposes of clarity, time-kill
analyses for one representative isolate each of MRSA, GISA,
and VREF are shown in Fig. 1 through 3. A total of 100 in vitro
pharmacodynamic simulations were performed against the six
study isolates: 34 against MRSA, 32 against GISA, and 34
against VREF. Growth control curves for each of the isolates
ensured the adequate growth of organisms in the pharmaco-
dynamic systems over the entire study duration of 48 h, evident
by no growth diminution and adequate early logarithmic
growth. Initial inoculums of all model simulations were within
0.5 log10 CFU/ml of the target 6 log10 CFU/ml, and standard
deviations at sample time points were less than 1 log10 CFU/
ml. Rapid and pronounced bactericidal activity (99.9% killing)
to near-undetectable levels was noted for each model simula-
tion for the majority of doses against all study strains. Bacte-
ricidal activity was often achieved by 1 h by all regimens of 5
mg/kg or greater against all tested isolates, while all daptomy-
cin regimens achieved bactericidal activity by 1 h against

FIG. 1. Pharmacodynamic time-kill analysis of MRSA-67. GC,
growth control; D1 through D6, daptomycin at dose regimens ranging
from 1 to 6 mg/kg every 24 h.
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MRSA. This was followed by observed regrowth at 24 h by
some of the lower regimens, with the subsequent differentia-
tion of all regimens at 48 h. Simulated dose regimens of 3
mg/kg and greater against MRSA, 6 mg/kg and greater against
GISA, and 7 mg/kg and greater against VREF maintained
bactericidal activity throughout the 48-h study duration.

Pharmacokinetics. Exposure and pharmacokinetic parame-
ters are reported in Table 1. All achieved half-lives were within
10% of the targeted value of 8 h.

Dose-effect response. Sigmoid modeling results are pre-
sented in Fig. 4 through 6. Modeling of dose in milligrams per
kilogram per 24-h versus 48-h bacterial densities resulted in
correlation coefficients of 0.97, 0.95, and 0.82 for MRSA,
GISA, and VREF, respectively. We chose to not weigh the
observed estimates, since all but two residual values (1.15 and
1.29) from the regression output resulted in values of less than
1 between the observed and predicted estimates for low and
high y values. Sigmoid curves for the two MRSA strains were
superimposable with resultant equal-effect parameters. Effect
parameters were similarly equal for GISA isolates. As shown in

Fig. 6, the resultant sigmoid curves for the two VREF isolates
were not superimposable. Subsequent differences between the
effect parameters of the two isolates were 0.5 and 0.9 for ED50

(5.1 for VREF-12366 and 5.6 for VREF-SF12047) and ED80

(6.1 for VREF-12366 and 7.0 for VREF-SF12047) values, re-
spectively. Due to the small differences between sigmoid curves
(shown in Fig. 6), both VREF isolates were modeled together.
Reported Emax modeling in Fig. 4 through 6 represents the
combination of each of the categorical isolates since they were
adequately (�1-mg/kg dose differential in effect parameters)
superimposable. Baseline values that represent the growth
control levels for MRSA, GISA, and VREF were 7.9, 8.2, and
7.3, respectively. Respective ED50 and ED80 values for MRSA,
GISA, and VREF were 1.9 and 3.1, 4.2 and 5.6, and 5.4 and 6.8
mg/kg, respectively. Sigmoid modeling of 48-h bacterial densi-
ties versus AUC24-free/MIC ratios resulted in ED50 and ED80

values of 79 and 95, 157 and 189, 76 and 106, 76 and 106, 33
and 42, and 16.5 and 21 for strains MRSA-67, MRSA-R515,
GISA-992, GISA-147398, VREF-12366, and VREF-SF12047,
respectively. Correlation coefficients ranged from 0.94 to 0.98
for dose-effect modeling of 48-h bacterial densities versus
AUC24-free/MIC ratios.

DISCUSSION

Optimal modeling of the Emax model requires characteriza-
tion of the entire sigmoidal, nonlinear curve, including both
the minimal and maximal effects based on an array of data
points that represent the initial baseline and lower part of the
curve (where low drug exposure correlates with a bacteriostatic
effect over 48 h), the linear portion of the curve (where the
largest effect is observed relative to a given drug exposure and
contains the ED50 that produces 50% of the maximal effect),
and the plateau (where the maximal effect is observed inde-
pendent of increasing drug exposure and where the law of
diminishing returns applies, resembling a saturable process in
Michaelis-Menten enzyme kinetics) (10). In this study, sigmoid
Emax modeling provided a clear definition of the dose-response
relationship for daptomycin, based on favorable correlation

FIG. 2. Pharmacodynamic time-kill analysis of GISA-992. GC,
growth control; D2 through D8, daptomycin at dose regimens simu-
lating 2 to 8 mg/kg every 24 h.

FIG. 3. Pharmacodynamic time-kill analysis of VREF-12366. GC,
growth control; D3 through D9, daptomycin at dose regimens simu-
lating 3 to 9 mg/kg every 24 h.

TABLE 1. Results of pharmacokinetic analyses

Dosing
regimen
(mg/kg)

No. of
simulations

Parametera

Cp-free
(�g/ml)

Ct-free
(�g/ml)

AUC24-free
(�g � h/ml)

1.00 4 0.91 	 0.04 0.12 	 0.02 11 	 2.1
1.50 4 1.56 	 0.02 0.17 	 0.01 13 	 1.4
2.00 12 1.82 	 0.05 0.22 	 0.03 18 	 2.8
2.50 4 2.41 	 0.11 0.29 	 0.03 22 	 4.5
3.00 12 2.94 	 0.21 0.37 	 0.07 26 	 2.8
3.50 4 3.22 	 0.19 0.41 	 0.05 31 	 3.7
4.00 12 3.61 	 0.07 0.45 	 0.02 35 	 5.0
5.00 12 4.58 	 0.22 0.60 	 0.07 41 	 7.3
5.50 2 5.20 	 0.15 0.65 	 0.05 44 	 8.9
6.00 12 5.95 	 0.19 0.73 	 0.09 47 	 12.5
6.50 2 6.22 	 0.11 0.76 	 0.11 50 	 8.1
7.00 8 6.60 	 0.14 0.85 	 0.07 56 	 9.2
8.00 8 7.42 	 0.29 0.90 	 0.10 62 	 16.2
9.00 4 8.51 	 0.13 1.05 	 0.11 81 	 11.0

a Cp-free, free peak concentration; Ct-free, free trough concentration. Values
are presented as means 	 standard deviations for all simulations.
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coefficients (�0.80). Regrowth of study isolates for low-dose
simulations was noted at 24 h and continued to greater densi-
ties by 48 h, allowing further delineation of the effects and
improved characterization of the entire effect spectrum in
comparison to 24-h densities. Sigmoid curves were superim-
posable for each pair of MRSA and GISA isolates, with insig-
nificant intraspecies differences between effect parameters
(i.e., both MRSA isolates shared the same ED50 and ED80),
suggesting that potential exposure requirements are similar for
similar species with similar vancomycin susceptibilities. A
slight but insignificant difference was noted between the two
VREF isolates based on a �1-mg/kg dose differential between
the effect parameters. Furthermore, the similarity of the sig-

moid curves for pairs of isolates when the dose was modeled
suggests that dose does not scale with MIC. Subsequent sig-
moid modeling with AUC24-free/MIC ratios resulted in distinct
effect parameters between all study isolates that were primarily
due to MIC differences. As expected, an increased incremental
dose requirement paralleling MICs was noted for MRSA,
GISA, and VREF. Although less likely, more laborious phar-
macodynamic evaluations against a wide distribution of sus-
ceptibilities may be needed to confirm interspecies differences
in exposure requirements.

The rapid in vitro bactericidal activity of daptomycin has
been well described (2, 16; A. Louie, P. Kaw, W. Liu, N. L.
Jumbe, G. Vasudevan, M. H. Miller, and G. L. Drusano, Abstr.

FIG. 4. Pharmacokinetic-pharmacodynamic dose modeling to effect for MRSA isolates. ED50, dose correlating to 50% bacterial density
reduction from growth control; ED80, dose correlating to 80% bacterial density reduction from growth control. F, MRSA-67 bacterial densities
at 48 h; E, MRSA-R515 bacterial densities at 48 h.

FIG. 5. Pharmacokinetic-pharmacodynamic dose modeling to effect for GISA isolates. ED50, dose correlating to 50% bacterial density
reduction from growth control; ED80, dose correlating to 80% bacterial density reduction from growth control. F, GISA-992 bacterial densities
at 48 h; E, GISA-147398 bacterial densities at 48 h.
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39th Intersci. Conf. Antimicrob. Agents Chemother., abstr.
1770, 1999). In this study, we observed a very rapid and pro-
nounced kill, often to undetectable limits, with simulations
against drug-resistant, gram-positive isolates even at lower dos-
ing regimens. This bactericidal activity was usually maintained
for the experiment duration by the upper half of the study
dosing range (4 to 8 mg/kg every 24 h). Emax modeling was
applied to 48-h densities to account for both regrowth and
continued bactericidal activity. The Emax model further eluci-
dates the ability of daptomycin to attain pronounced bacteri-
cidal levels. The high sigmoidicity in the Emax curves suggest
that the threshold for attaining bactericidal levels is relatively
low and easily attainable once the ED50 is surpassed.

Despite the achievement of early bactericidal activity, signif-
icant regrowth was observed by 48 h with smaller dosing reg-
imens despite the administration of a second dose (given at
24 h). Although we observed a multifold concentration expo-
sure with smaller dosage simulations (i.e., against staphylococ-
ci), regrowth can be explained by inadequate overall drug
exposure (AUC24-free/MIC or Cmax-free/MIC ratios) for the
continued suppression of bacterial densities but enough for an
initial bacterial kill due to the concentration-dependent activ-
ity of daptomycin. The lack of effect of the second dose may be
due to a variety of possible factors. We believe that this may be
attributed to slight changes in the bacterial population subse-
quent to low antimicrobial exposures. There is the possibility of
a highly susceptible portion of a heterogeneic bacterial popu-
lation possibly accounting for the majority of the initial bacte-
rial densities that is killed off (i.e., 0- to 8-h observations, with
the initial dose at 0 h), leaving a more resilient portion of the
population that may grow despite the rechallenging of a second
dose. This concept was retrospectively tested in duplicate by
simulating daptomycin at 1 mg/kg/24 h against MRSA-67 (dap-
tomycin MIC � 0.125 �g/ml) in an in vitro model, accompa-
nied by subpopulation analysis by previously reported methods
(1). Samples from 0 and 24 h were immediately plated onto

antibiotic-containing agar plates (0.500, 0.375, 0.250, 0.180,
0.125, 0.088, 0.063, 0.031, 0.016, and 0 �g/ml) and quantified.
No significant differences (�1 log10 CFU/ml) were observed
between sample populations and can be weakly explained by
the need for a single passage, a limited sampling strategy, low
concentration-related dilutional errors, and methodological in-
adequacies. The differential effects of daptomycin on bacterial
growth phases are remote and also difficult to confirm by real-
time phase determination measures during model simulations
(11).

This phenomenon can also be due to the inherent proce-
dural aspects of this study. Due to the large number of simu-
lations and subsequent samples, we chose to test significant
levels of resistance from 48-h samples at four and eight times
the MIC, rendering the detection of smaller incremental
changes impossible, which would explain some of the regrowth
phenomenon and the lack of effect of subsequent small con-
centration exposures. Also, the inherent nature of our resis-
tance screening required a single passage of the sample prior
to the application to antibiotic-containing medium, allowing
for the potential reversion of elevated MICs to preexposure
MICs. There is the remote possibility that a dilutional error
was made during serial dilution in bacterial quantification as-
sessments. In addition, limiting sampling strategies in this
study may have prevented the observation of any potentially
small bacterial reductions by the second dose at 24 h over the
period of 24 to 28 h. We also accept that this phenomenon
could also be an inherent artifact of the model due to the
potential adhesion of bacteria to the tubing, with subsequent
reinoculation of the central compartment during sampling;
pooling of bacteria at the edge of the meniscus, where there
may be limited antimicrobial distribution; possible biofilm pro-
duction; and other biological or physical situations that favor
protected microenvironments for bacteria. For a complete
characterization of this phenomenon, further intricate micro-
biologic investigation is required.

FIG. 6. Pharmacokinetic-pharmacodynamic dose modeling to effect for VREF isolates. ED50, dose correlating to 50% bacterial density
reduction from growth control; ED80, dose correlating to 80% bacterial density reduction from growth control. F, VREF-12366 bacterial densities
at 48 h; E, VREF-SF12047 bacterial densities at 48 h.
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The dose requirement to achieve 80% maximal kill activity
was 3 mg/kg against both MRSA isolates. This equates an
AUC24-free of approximately 26 with a corresponding
AUC24-total of approximately 370, based on 93% protein bind-
ing. The subsequent AUC24-total/MIC ratio (2,960 and 1,480
for the two MRSA isolates in this study) substantially exceeds
the previously established breakpoint of 516 for the 80% max-
imal kill target, which was determined against S. aureus isolates
exhibiting daptomycin MICs of less than 1 �g/ml (J. Legget, K.
Totsuka, S. Ebert, B. Vogelman, and W. A. Craig, Program
Abstr. 27th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. 154, 1987). However, overall AUC24-free/MIC ratios that
represent ED80 values ranged from approximately 16.5 to 189
for all study isolates. This wide disparity in ratios was due
mostly to the MIC in the denominator. Consequently, signifi-
cantly lower AUC24-free/MIC ratios were required against the
VREF isolates than those required against the MRSA isolates
to achieve the 80% maximal kill target. Overall, there was an
incrementally higher dose requirement to achieve the ED50

and ED80 for MRSA, GISA, and VREF, respectively. Rather
than the species, the increasing dose requirements were more
likely due to the expression of higher daptomycin MICs.

In conclusion, daptomycin exhibited pronounced activity
against drug-resistant gram-positive isolates (MICs ranging
from 0.125 to 4.0 �g/ml), as evidenced by the rapid bactericidal
activity and lack of resistance development despite subinhibi-
tory antimicrobial pressure (particularly against VREF). Bac-
tericidal levels were achieved and maintained within the dosing
range of 3 to 7 mg/kg given every 24 h for the drug-resistant
gram-positive isolates evaluated in this study, suggesting that
the coverage of the potential clinical 6-mg/kg dose given every
24 h may be adequate for a wide range of drug-resistant gram-
positive infections.
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