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The safety and efficacy of a single 1,200-mg dose of the lipoglycopeptide oritavancin are currently being investigated in two
global phase 3 studies of acute bacterial skin and skin structure infections. In this study, an in vitro pharmacokinetic/pharmaco-
dynamic model was established to compare the free-drug pharmacodynamics associated with a single 1,200-mg dose of oritavan-
cin to once-daily dosing with daptomycin at 6 mg/kg of body weight and twice-daily dosing with vancomycin at 1,000 mg against
three methicillin-resistant Staphylococcus aureus (MRSA) strains over 72 h. The area under the bacterial-kill curve (AUBKC)
was used to assess the antibacterial effect of each dosing regimen at 24 h (AUBKC0-24), 48 h (AUBKC0-48), and 72 h (AUBKC0-72).
The rapid bactericidal activities of oritavancin and daptomycin contributed to lower AUBKC0-24s for the three MRSA strains
than with vancomycin (P < 0.05, as determined by analysis of variance [ANOVA]). Oritavancin exposure also resulted in a lower
AUBKC0-48 and AUBKC0-72 against one MRSA strain and a lower AUBKC0-48 for another strain than did vancomycin exposure
(P < 0.05). Furthermore, daptomycin exposure resulted in a lower AUBKC0-48 and AUBKC0-72 for one of the MRSA isolates than
did vancomycin exposure (P < 0.05). Lower AUBKC0-24s for two of the MRSA strains (P < 0.05) were obtained with oritavancin
exposure than with daptomycin. Thus, the antibacterial effect from the single-dose regimen of oritavancin is as effective as that
from either once-daily dosing with daptomycin or twice-daily dosing with vancomycin against the MRSA isolates tested in an in
vitro pharmacokinetic/pharmacodynamic model over 72 h. These results provide further justification to assess the single
1,200-mg dose of oritavancin for treatment of acute bacterial skin and skin structure infections.

The investigational lipoglycopeptide oritavancin is derived
from the natural product chloroeremomycin by addition of a

4=-chlorobiphenylmethyl group to the molecule. Oritavancin ex-
erts rapid and concentration-dependent bactericidal activity
against Gram-positive pathogens in vitro, distinguishing it from
both chloroeremomycin and the prototypic glycopeptide vanco-
mycin (1, 2). Oritavancin antibacterial activity is not affected by
antistaphylococcal beta-lactam resistance, exhibiting similar po-
tencies (MIC90 � 0.12 �g/ml) against both methicillin-suscepti-
ble and -resistant isolates (3).

Population analysis of the pharmacokinetics (PK) of oritavan-
cin in patients from phase 2 or 3 studies revealed dose-linear PK
that are best described by a three-compartment model with two
distributional (alpha and beta) half-lives (t1/2s) of 2.0 and 31.3 h
and a terminal elimination (gamma) half-life of 393 h (4). Orita-
vancin is not metabolized and is slowly excreted unchanged in
urine and feces (5). The PK/pharmacodynamic (PK/PD) profile
associated with optimal efficacy in vivo occurs when oritavancin is
administered as a front-loaded dosing regimen (6, 7). This attri-
bute was recently confirmed clinically in a phase 2 study of acute
bacterial skin and skin structure infections (ABSSSI) in which a
single infusion of 1,200 mg oritavancin yielded efficacy and safety
comparable to those of a once-daily dosing regimen of 200 mg
oritavancin for 3 to 7 days (8). The single 1,200-mg dose regimen of
oritavancin is currently being investigated in two global phase 3 stud-
ies of ABSSSI using vancomycin as a comparator (http://clinicaltrials
.gov/ct2/show/NCT01252719 and http://clinicaltrials.gov/ct2/show
/NCT01252732).

In vitro PK/PD models are useful tools to understand the PD of
antimicrobial agents (9). Furthermore, they can be used to sup-

port the determination of susceptibility breakpoints for antibac-
terial agents (10). An in vitro PK/PD model was previously used to
investigate oritavancin PD from total drug estimates resulting
from a once-daily dosing regimen of 200 mg used in past clinical
studies (11). In light of recent advances in understanding of ori-
tavancin potency against Gram-positive pathogens (12), popula-
tion PK (4), and serum-protein binding (13), we have established
an in vitro PK/PD model that can mimic the multiexponential
decay of oritavancin that occurs in humans following intravenous
(i.v.) dosing and can simultaneously determine its antibacterial
activity against Gram-positive pathogens. Using this model, we
investigated the PD associated with free-drug estimates of simu-
lated dosing regimens of a single 1,200-mg dose of oritavancin,
once-daily dosing with daptomycin at 6 mg/kg of body weight,
and 1,000 mg vancomycin every 12 h (q12h) against three meth-
icillin-resistant Staphylococcus aureus (MRSA) isolates over 72 h.

(Part of this work was presented at the 51st Interscience Con-
ference on Antimicrobial Agents and Chemotherapy, Chicago, IL,
17 to 20 September 2011 [14].)
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MATERIALS AND METHODS
Bacterial isolates and MIC determinations. The three clinical MRSA iso-
lates used in this study were the ATCC reference strain 33591 (susceptible
to daptomycin and vancomycin), the community-associated strain
NRS123 (obtained from the Network of Antimicrobial Resistance in S.
aureus repository; susceptible to daptomycin and vancomycin), and
1561603 (Eurofins Medinet; susceptible to daptomycin; heterogenous-
vancomycin-intermediate S. aureus [hVISA] [15]). Broth microdilution
MICs were determined by following CLSI M7-A8 guidelines (16). Follow-
ing drug exposure in the in vitro PK/PD model, antimicrobial susceptibil-
ities were determined by broth microdilution for any isolates which sur-
vived challenge (typically from the 72-h time point, if present), and
susceptibilities were compared to those of the corresponding baseline
isolates. As initial broth microdilution MICs with 0.01% polysorbate 80
(the percentage used in the in vitro PK/PD model; P80) were equivalent to
those under standardized conditions with 0.002% P80 (16), MIC testing
on isolates from the present study was performed using 0.002% P80. For
surviving isolates that exhibited a �4-fold increase in MIC, the MICs were
reassessed following four consecutive days of passage on cation-adjusted
Mueller-Hinton agar.

In vitro PK/PD model. A continuous-flow, one-compartment in vitro
PK/PD model that consisted of a 1-liter central polypropylene flask (Nal-
gene; Thermo Scientific, Rochester, NY) with a modified cap to include
inlet, outlet, sampling, and infusion ports was used to investigate the PD
of simulated dosing regimens of oritavancin, daptomycin, and vancomy-
cin. The flask, representing the central compartment, was filled with 250
ml cation-adjusted Mueller-Hinton broth (CAMHB) for vancomycin,
CAMHB supplemented with 0.01% P80 (to prevent drug precipitation
and nonspecific binding to surfaces [17]) for oritavancin, or CAMHB
supplemented with 50 �g/ml CaCl2 for daptomycin (16). Fresh medium
was delivered to the flask via the inlet port by peristaltic pump (Masterflex
model 7550 –10; Cole-Parmer Inc., Montreal, Quebec, Canada).

For oritavancin, a series of monoexponential elimination rates was
used to replicate the mean concentration/time profile derived from 2,000
simulated patients (using mean parameter estimates from the population
PK model [4]) receiving a single 1,200-mg infusion of oritavancin over 3
h (C. Rubino, personal communication). Flow rates and their respective
durations to account for the 72-h challenge were as follows: 1.25 ml/min
for 5.04 h (to simulate the alpha half-life for a duration including the 3-h
infusion), 0.94 ml/min for 2.96 h, 0.31 ml/min for 25.2 h (to simulate the
beta half-life), and 0.05 ml/min for 38.8 h (to simulate the gamma half-
life). Assuming protein binding of 85% for oritavancin (13), targeted
mean population PK parameters were a free maximum concentration of
drug in serum (ƒCmax) of 19.4 �g/ml and a 24-h free area under the curve
(ƒAUC0-24) of 138.1 �g · h/ml.

For daptomycin, free-drug PK parameters associated with the ap-
proved dosage for bacteremia of 6 mg/kg once daily (ƒCmax of 8 �g/ml
assuming mean protein binding of 91.5%; t1/2, 8 h) (Cubicin prescribing
information [http://www.cubicin.com/pdf/PrescribingInformation.pdf])
were targeted using a flow rate of 0.36 ml/min over 72 h. For vancomycin,
free-drug PK parameters associated with 1,000 mg q12h (ƒCmax of 15 �g/ml
assuming mean protein binding of 55%; t1/2, 6 h [18]) were targeted using a
flow rate of 0.48 ml/min for 72 h.

The central compartment of the model was inoculated with approxi-
mately 6 log CFU/ml of each test strain and incubated for 72 h at 37°C with
stirring (380 rpm) using a magnetic stir bar. Aliquots were taken at various
time points, sampled for bacterial viability by serial dilution plating in the
presence of 25 mg/ml activated charcoal to prevent drug carryover, and
frozen at �20°C until drug concentrations were determined. Values pre-
sented are the log of the mean CFU/ml � standard deviation (SD) of two
independent experiments done in duplicate, with the exception of orita-
vancin against MRSA NRS123 and daptomycin against MRSA ATCC
33591, for which four independent experiments were performed in dupli-
cate for each drug. Bactericidal activity was defined as �3 log killing of
organisms at 24 h compared to the inoculum (19).

Dosing of antibiotics in the in vitro PK/PD model. An oritavancin
solution of 1.2 mg/ml was infused through the infusion port at a rate of
2.08 ml/h over 3 h using a programmable syringe pump (model number
BS-9000-2; Braintree Scientific Inc., MA). Bolus once-daily dosing with
daptomycin was done manually over 1 min. For vancomycin, the first
dose of each day was added manually by bolus addition over 1 min,
whereas the programmable syringe pump was used to deliver the second
bolus dose of each day.

Determination of oritavancin, daptomycin, and vancomycin con-
centrations. Prior to determination of oritavancin concentrations in the
in vitro PK/PD model by liquid chromatography-mass spectrometry,
sample aliquots were heated to 75°C for 30 min to kill remaining viable
bacteria. Samples were analyzed by liquid chromatography-mass spec-
trometry directly after adjusting the P80 level to 0.02% and diluting with
0.002% P80 and 0.2% formic acid in 20:80 (vol/vol) methanol-water. The
resulting solution was loaded on a Zorbax SB-Aq (3.5-�m, 2.1- by 50-
mm) column and eluted with a programmed gradient of 0.1% formic acid
in methanol and 0.1% formic acid in water over 6 min. N3-4(4-Ethylphe-
nyl)benzyl chloroeremomycin was used as the internal standard. The
mass spectrometry detection was performed in multiple-reaction moni-
toring mode on an API3000 triple quadrupole mass spectrometer (AB
Sciex, Foster City, CA). For oritavancin, the mass/charge ratio (m/z) 598.5
was fragmented into 825.9. For the internal standard, m/z 596.4 was frag-
mented into 822.7. The linear range of sensitivity was 1.0 to 30 �g/ml.
Samples with concentrations below the lower limit of the linear range but
within the 25% coefficient of variation (CV) for the lower limit of quan-
tification were included in the concentration/time profile (e.g., concen-
trations obtained at 48 to 72 h).

For quantification of oritavancin by bioassay, samples were heated to
75°C for 30 min to kill remaining viable bacteria. Although these condi-
tions are known not to affect stability of the molecule (data not shown),
oritavancin standards were similarly heated for consistency. One-hun-
dred-microliter aliquots of either standards or samples were dispensed
into bored wells of cation-adjusted Mueller-Hinton agar plates contain-
ing 5% lysed horse blood which were then kept at room temperature for
72 h to allow for diffusion of oritavancin. Plates were seeded by swabbing
the agar surface with a suspension (optical density at 600 nm [OD600] �
0.1) with the indicator strain Streptococcus pneumoniae ATCC 49619 and
then incubating the plates overnight at 37°C in 5% CO2. Inhibition zone
diameters were measured and concentrations determined by nonlinear
regression analysis (with interpolation from standard curves) using
GraphPad Prism 5 software. Concentrations presented for oritavancin are
the means � SDs from 8 independent experiments performed in dupli-
cate; the 24-h free area under the concentration-time curves (ƒAUC0-24)
for oritavancin PK profiles were calculated using GraphPad Prism 5 soft-
ware.

Targeted concentrations of daptomycin and vancomycin were con-
firmed by bioassay and are presented as the means � SDs from 8 and 6
independent experiments done in duplicate, respectively (only the first
dose of the first day in each experiment was confirmed). Briefly, wells were
bored in antibiotic medium 1 agar (Difco, Sparks, MD) supplemented
with 50 �g/ml CaCl2 and 5% lysed horse blood. Vancomycin standards
and samples were heated at 75°C for 30 min to kill viable bacteria remain-
ing in the samples. Fifty microliters of standard or sample was added to
each well and allowed to diffuse overnight at room temperature. A sus-
pension (OD600 � 0.1) of the indicator strain Streptococcus pyogenes
ATCC 12962 was swabbed onto the agar surface, and then plates were
incubated overnight at 37°C in 5% CO2. Inhibition zone diameters (in
mm) were measured using a ruler. Sample concentrations were deter-
mined using linear regression analysis derived from standard curves as
indicated above. The limits of detection for the daptomycin and vanco-
mycin bioassays were 0.5 �g/ml and 2.5 �g/ml, respectively. Half-lives for
daptomycin and vancomycin were calculated using nonlinear regression
analysis (Prism 5) of the concentration/time curves obtained from the
respective bioassays.
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Statistical analysis and quantification of antibacterial effect. The
mean changes in bacterial viability (log CFU/ml) relative to inoculum at
the specified exposure times were analyzed by one-way analysis of vari-
ance (ANOVA) using the Tukey posttest (Prism 5) to determine statistical
significance (P � 0.05). Comparisons of mean changes in bacterial viabil-
ity following 4 h of exposure to daptomycin and vancomycin were ana-
lyzed using the t test (Prism 5) to determine statistical significance (P �
0.05). The area under the bacterial-kill curves (AUBKC) for the time
intervals of 24 h (AUBKC0 –24), 48 h (AUBKC0 – 48), and 72 h (AUBKC0 –

72) were calculated as a measure of the antibacterial effect (18) for each
dosing regimen using log-transformed viable bacterial counts (Prism 5);
the limit of detection (66.7 CFU/ml) was used as the baseline in the cal-
culation. One-way ANOVA using the Tukey posttest (Prism 5) was used
to determine statistical significance among the AUBKC values (P � 0.05).

RESULTS
Susceptibilities of the MRSA isolates. As shown in Table 1, ori-
tavancin exhibited MICs of 0.12 and 0.06 �g/ml against MRSA
strains NRS123 and ATCC 33591, respectively. These strains were
thus representative of wild-type strains for susceptibility to orita-
vancin with MICs less than or equal to the MIC90 of 0.12 �g/ml for
S. aureus (3). Furthermore, both isolates were susceptible to dap-
tomycin and vancomycin, with MICs of 0.5 and 1 �g/ml, respec-
tively (Table 1). The clinical isolate MRSA-hVISA 1561603 was
obtained from an ongoing oritavancin surveillance program, and
it demonstrated an unusually variable distribution of oritavancin
broth microdilution MICs ranging from 0.12 to 4 �g/ml with
repeated testing (Table 1). MICs for daptomycin and vancomycin
were both 1 �g/ml for MRSA-hVISA 1561603.

Validation of PK modeling. For oritavancin, infusion condi-
tions were established which approximated the mean free-drug
concentration/time profile derived from human population PK
modeling. Oritavancin was infused at a concentration used in pa-
tients (1.2 mg/ml) over 3 h, during which time a dilutional flow
rate (1.25 ml/min) was used to simulate the alpha half-life distri-
bution in the in vitro PK/PD model. Following the infusion and
alpha half-life period, an intermediate flow rate (0.94 ml/min for
2.96 h) was incorporated to fit the mean free-drug concentration/
time profile and its consequent ƒAUC0 –24. Analysis of the free-
drug concentration/time curve from the in vitro PK/PD model
(8 experiments) (Fig. 1) showed that the mean values for ƒCmax

(19.8 � 2.0 �g/ml; range of 16.0 to 22.2 �g/ml) and ƒAUC0 –24

(136.8 � 25.9 �g · h/ml; range of 94.2 to 168.7 �g · h/ml) were
within 2.0% and 0.9%, respectively, of targeted values from the
mean population PK profile (Table 2). Assessment of daptomycin
concentrations in the in vitro PK/PD model revealed an ƒCmax of
7.6 � 0.3 �g/ml and a half-life of 7.0 � 0.3 h, which were within
5.0% and 12.5% of the targeted values (Table 2). Similarly, the

vancomycin ƒCmax of 15.4 � 0.7 �g/ml and half-life of 5.9 � 0.7 h
were within 2.6% and 1.7% of targeted values (Table 2). These
results demonstrate that both monoexponential decay PK profiles
for daptomycin and vancomycin and the more complex multiex-
ponential decay PK profile for oritavancin can be reproducibly
simulated in the in vitro PK/PD model using the conditions de-
scribed here.

Antibacterial effect of simulated dosing regimens. The PD of
simulated dosing regimens of oritavancin, daptomycin, and van-
comycin against the three MRSA strains were determined. As
shown in Table 3 and Fig. 2, a single-dose infusion of oritavancin
that approximated the predicted mean free-drug concentration-
time profile in serum of patients receiving a single 1,200-mg dose
exerted rapid bactericidal activity (at least 3 log kill relative to
inoculum) within the first 2 h of the 3 h of infusion against the
three MRSA isolates: mean decreases in log CFU/ml were signifi-
cantly greater at 2 h than those from vancomycin exposure (Table
3) (P � 0.05). Oritavancin exposure also resulted in significantly
greater mean decreases in log CFU/ml at 8 h for MRSA isolates
NRS123 and 1561603 compared to vancomycin exposure and at
24 h for MRSA ATCC 33591 compared to daptomycin and van-
comycin exposures (Table 3) (P � 0.05). Bactericidal activity of
oritavancin was sustained over 72 h against the three MRSA
strains (Table 3 and Fig. 2). No changes in the profile of suscepti-
bility to oritavancin, daptomycin, vancomycin, or oxacillin were
observed for any surviving isolates of the three MRSA strains fol-
lowing exposure to oritavancin.

Compared to vancomycin, daptomycin exposure resulted in
mean decreases in log CFU/ml that were significantly greater for
all three MRSA strains at 2 h (Table 3) (P � 0.05) and was bacte-
ricidal within 4 h (Table 3 and Fig. 2). Bactericidal activity of
daptomycin was sustained over 72 h for MRSA NRS123 (Table 3
and Fig. 2A). Against MRSA-hVISA 1561603, daptomycin main-
tained bactericidal activity over 48 h and exerted a mean of 2.7 �
0.7 log kill at 72 h compared to starting inocula (Table 3 and Fig.
2C). No changes in the daptomycin susceptibility profile were
observed for surviving isolates of NRS123 and 1561603 following
exposure to daptomycin. Daptomycin exhibited sustained anti-
bacterial activity against MRSA ATCC 33591 in five of eight rep-
licates (from four independent experiments, each done in dupli-
cate), with a mean of 2.0 � 1.1 log kill observed at 72 h compared
to starting inocula (Fig. 2B). In the remaining three replicates,
bacterial growth surpassed a density of 8 log CFU/ml by 48 h (Fig.

FIG 1 Mean oritavancin concentration-time profiles for single-dose infusion
over 3 h as obtained by population PK modeling (Œ; predicted free drug levels
from a single 1,200-mg dose based on estimated 85% protein binding) and as
measured in the in vitro PK/PD model (�; n � 8 independent experiments;
actual measured drug level in model).

TABLE 1 Susceptibility profiles of the MRSA strains used in this study

Antibacterial agent

MIC (�g/ml) for strain:

MRSA
NRS123

MRSA ATCC
33591

MRSA-hVISA
1561603a

Oritavancin 0.12 0.06 0.12–4b

Daptomycin 0.5 0.5 1
Vancomycin 1 1 1
Oxacillin 32 128 128
a hVISA confirmed by population analysis profile testing (15).
b MRSA-hVISA 1561603 exhibited a variable oritavancin broth microdilution MIC
ranging from 0.12 to 4 �g/ml.
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2B, inset). Surviving isolates of MRSA ATCC 33591 from these
replicated experiments exhibited daptomycin MICs of 4 �g/ml
(compared to 0.5 �g/ml for the parental strain), oritavancin MICs
of 0.5 �g/ml (compared to 0.06 �g/ml for the parental strain), and
vancomycin MICs of 2 to 4 �g/ml (compared to 1 �g/ml for the
parental strain).

Bacterial killing by vancomycin was not as rapid as that by
oritavancin or daptomycin against the three MRSA isolates (Table
3 and Fig. 2). Bactericidal activity was observed against MRSA
NRS123 and MRSA ATCC 33591 at 24 h (Fig. 2A and B), whereas
a mean of 2.7 � 0.2 log kill was attained against the MRSA-hVISA
1561603 at that time (Fig. 2C). Vancomycin also suppressed bac-
terial growth over 72 h, exerting bactericidal activity against the
three MRSA strains at 72 h, compared to starting inocula (Fig.
2C). Despite equivalent in vitro susceptibility, vancomycin exerted
activity against MRSA-hVISA 1561603, but bacterial killing was
slower than against the two standard MRSA strains. No changes in
the susceptibility profile were observed for surviving isolates of the
three MRSA strains following exposure to vancomycin.

The AUBKC for each dosing regimen was calculated and used
as a measure to more rigorously compare the antibacterial effects
against the MRSA isolates (18). As shown in Table 4, the rapid
bactericidal activity of oritavancin contributed to significantly
lower AUBKC0 –24 values for the three MRSA strains than with
vancomycin (P � 0.05). The remaining AUBKC values against the

three MRSA isolates trended lower than those obtained for
vancomycin: the AUBKC0 – 48 for MRSA NRS123 as well as the
AUBKC0 – 48 and AUBKC0 –72 for MRSA-hVISA 1561603 were sig-
nificantly lower (P � 0.05) (Table 4). Daptomycin exposure also
trended to lower AUBKC values than did vancomycin, with sig-
nificantly lower daptomycin AUBKC0 –24s for all three strains and
a lower AUBKC0 – 48 and AUBKC0 –72 for MRSA NRS123 (P �
0.05) (Table 4). Comparing the antibacterial effects of oritavancin
and daptomycin regimens, oritavancin exposure resulted in
AUBKCs that trended to lower values against MRSA 33591 and
MRSA-hVISA 1561603, of which the AUBKC0 –24s were signifi-
cantly lower (P � 0.05). For MRSA NRS123, daptomycin
AUBKCs trended to lower values than did oritavancin AUBKCs,
but the differences were not significant (P � 0.05) (Table 4). These
results show that the antibacterial effect obtained from the mod-
eled single dose of oritavancin over 72 h was at least equivalent to
the antibacterial effect obtained with once-daily dosing of dapto-
mycin or q12h dosing with vancomycin.

DISCUSSION

The in vitro PK/PD model described here offers an effective
method to reproducibly study the PD of dosing regimens of ori-
tavancin and comparator agents under clinically meaningful con-
ditions. Using parameters from the oritavancin population PK
model, the mean free-drug concentration-time profile for orita-

TABLE 2 Pharmacokinetic parameters obtained for the indicated dosing regimens in the in vitro PK/PD model

Parameter

Value with indicated dosing regimen

Oritavancin Daptomycin Vancomycin

1,200-mg single dose 6 mg/kg once daily 1,000 mg q12h

Targeteda Obtained Targetedb Obtained Targetedc Obtained

ƒCmax (�g/ml) 19.4 19.8 � 2.0 8 7.6 � 0.3 15 15.4 � 0.7
Half-life (h) NDd ND 8 7.0 � 0.3 6 5.9 � 0.7
ƒAUC0–24 138.1 136.8 � 25.9 ND ND ND ND
a The mean population PK model was used to derive the targeted PK values from 2,000 simulated patients receiving a single 1,200-mg dose of oritavancin during a 3-h infusion
(assuming protein binding of 85%).
b The targeted PK values for daptomycin were derived from the full prescribing information (assuming protein binding of 91.5%) (Cubicin prescribing information [http://www
.cubicin.com/pdf/PrescribingInformation.pdf]).
c The targeted PK values for vancomycin were obtained from reference 9.
d ND, not determined.

TABLE 3 Mean decrease in bacterial viability relative to inoculum of the MRSA strains exposed to oritavancin, daptomycin, and vancomycin in the
in vitro PK/PD model

Exposure
time (h)

Mean decrease in bacterial viability (log CFU/ml � SD)a

MRSA NRS123 MRSA ATCC 33591 MRSA-hVISA 1561603

Oritavancin Daptomycin Vancomycin Oritavancin Daptomycinb Vancomycin Oritavancin Daptomycin Vancomycin

2 �4.3 � 0.1* �3.6 � 0.2* �0.6 � 0.3 �3.7 � 0.4** �2.6 � 0.3* �0.2 � 0.1 �4.0 � 0.1* �2.7 � 0.5* �0.1 � 0.1
4 Not done �4.0 � 0.1* �1.2 � 0.2 Not done �3.8 � 0.1* �0.8 � 0.3 Not done �3.4 � 1.1 �0.3 � 0.0
8 �4.2 � 0.7* �3.6 � 1.1 �1.7 � 0.6 �4.0 � 0.4 �3.8 � 0.5 �2.6 � 0.5 �4.1 � 0.1* �3.3 � 0.8* �0.8 � 0.1
24 �3.3 � 0.7 �4.2 � 0.0 �3.2 � 0.3 �4.1 � 0.0*** �2.2 � 0.5 �3.2 � 0.8 �4.1 � 0.1 �3.1 � 0.6 �2.7 � 0.2
48 �4.0 � 0.4 �4.1 � 0.2 �3.4 � 0.2 �4.0 � 0.1 �2.9 � 1.1 �3.2 � 0.6 �3.4 � 1.0 �3.2 � 0.3 �3.4 � 0.6
72 �3.6 � 0.6 �3.1 � 1.1 �3.2 � 0.3 �3.9 � 0.3 �2.0 � 1.1 �3.1 � 1.2 �3.3 � 0.3 �2.7 � 0.7 �3.5 � 0.5
a *, decrease in log CFU/ml significantly different from the corresponding value obtained for vancomycin at the same exposure time (P � 0.05). Comparisons of daptomycin to
vancomycin after 4 h of exposure were determined to be significantly different using the t test (P � 0.05). **, decrease in log CFU/ml significantly different from the corresponding
values obtained for daptomycin and vancomycin at the same exposure time (P � 0.05). ***, decrease in log CFU/ml significantly different from the corresponding value obtained
for daptomycin at the same exposure time (P � 0.05).
b Experimental replicates in which reduced susceptibility to daptomycin was detected against MRSA ATCC 33591 (three of eight replicates from four independent experiments)
were excluded from these calculations.
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vancin was estimated from 2,000 simulated patients receiving a
single 1,200-mg dose of oritavancin administered over a 3-h infu-
sion. Analysis of oritavancin PK in the phase 2 and 3 patient pop-
ulation revealed a 10-fold range in Cmax (range, 10.9 to 131 �g/ml)

and AUC0 –24 (42.2 to 618 �g · h/ml) from a 200-mg/day dosing
regimen (4). In this context, the variability of the ƒCmax (CV �
10.1%) and ƒAUC0 –24 (CV � 18.9%) obtained experimentally in
the in vitro PK/PD model is modest and could allow for PD deter-
minations in special patient populations that present altered phar-
macokinetics for oritavancin, such as patients with higher and
lower clearance rates.

The MIC90 of oritavancin against S. aureus isolates in ongoing
surveillance programs is 0.12 �g/ml (3). Since resistance to orita-
vancin has not yet been defined and because �99.99% of vanco-
mycin-susceptible S. aureus isolates have an oritavancin MIC of
�0.5 �g/ml, it is likely that the MIC distribution range for wild-
type isolates does not exceed 0.25 �g/ml at its uppermost margin.
Both MRSA NRS123 and ATCC 33591 are typical of wild-type
isolates. The clinical isolate MRSA-hVISA 1561603 was identified
from an ongoing oritavancin surveillance program because its ori-
tavancin MIC was reported as 2 �g/ml, among the highest MICs
recorded for a non-VISA phenotype. Subsequent MIC retesting
resulted in a distribution of oritavancin MICs ranging from 0.12
to 4 �g/ml. It remains to be determined if the hVISA phenotype
for this isolate (15) accounts for the range of oritavancin MICs
obtained by the broth microdilution method since other hVISA
isolates do not exhibit this phenomenon (data not shown). Re-
gardless of its MIC variability, the AUBKC0 –72 for oritavancin
against MRSA-hVISA 1561603 was not significantly different
from those of MRSA NRS123 and ATCC 33591 in the in vitro
PK/PD model (P � 0.05). Furthermore, a humanized dosing reg-
imen of the single 1,200-mg dose of oritavancin in a neutropenic
mouse thigh model of infection was similarly effective against
both MRSA-hVISA 1561603 and wild-type isolates, including
MRSA NRS123 (7). Therefore, despite its hVISA phenotype and
its uncharacteristic variability in oritavancin broth microdilution
MICs against this strain, oritavancin exhibits a PD profile against
MRSA-hVISA 1561603 that is similar to those against the wild-
type MRSA isolates NRS123 and ATCC 33591.

In vitro PK/PD modeling has proven to be a useful tool in
elucidating how different dosing regimens prevent or evoke resis-
tance development, described by the mutant selection window
hypothesis and the inverted U-shaped pattern of bacterial killing
as a function of exposure (20, 21). Other in vitro PK/PD studies
have shown that drug exposure may elicit survival of bacterial
isolates that retain susceptibility to the test agent (18, 22–24). How
these survivors subsist despite exposure to antibacterial agents at
concentrations that are above the MIC or minimal bactericidal
concentration remains poorly understood. Whether these survi-
vors reflect only an in vitro phenomenon or are relevant to clinical

FIG 2 Pharmacodynamics of simulated dosing regimens of a single dose of
1,200 mg oritavancin (�), once-daily dosing with 6 mg/kg daptomycin (�),
and q12h dosing with 1,000 mg vancomycin (o) against MRSA NRS123 (A),
MRSA ATCC 33591 (B), and MRSA-hVISA 1561603 (C) over 72 h. The inset
in panel B depicts the pharmacodynamic activity of daptomycin against MRSA
ATCC 33591 in replicate experiments (three of eight replicates from four in-
dependent experiments) in which changes in susceptibility to daptomycin
occurred. No-drug growth controls (Œ) for each MRSA isolate were per-
formed using the flow rates for oritavancin PK simulations to supply fresh
medium over 24 h. The limit of detection (dashed line) of viable bacteria is 66.7
CFU/ml.

TABLE 4 Antibacterial effect at the indicated time intervals for the dosing regimens against the MRSA strains

Measure of
antibacterial
effect

Value (mean � SD) fora:

MRSA NRS123 MRSA ATCC 33591 MRSA-hVISA 1561603

Oritavancin Daptomycin Vancomycin Oritavancin Daptomycinb Vancomycin Oritavancin Daptomycin Vancomycin

AUBKC0–24 14.6 � 5.2* 12.9 � 9.2* 54.4 � 2.7 6.1 � 0.6** 24.9 � 2.6* 48.7 � 5.2 2.5 � 0.1** 21.8 � 1.5* 67.9 � 0.1
AUBKC0–48 34.6 � 7.1* 14.4 � 11.3* 85.2 � 6.0 9.8 � 3.2 54.9 � 17.3 75.0 � 33.3 9.8 � 10.2* 51.9 � 20.4 104.1 � 10.9
AUBKC0–72 51.0 � 8.4 26.4 � 22.6* 104.3 � 5.0 15.9 � 10.4 93.8 � 39.9 102.5 � 58.2 25.9 � 22.4* 79.2 � 28.1 126.5 � 9.8
a *, AUBKC significantly different from the corresponding AUBKC obtained for vancomycin at the same time interval (P � 0.05); **, AUBKC significantly different from the
corresponding AUBKC obtained for daptomycin and vancomycin at the same time interval (P � 0.05).
b Experimental replicates in which reduced susceptibility to daptomycin was detected against MRSA ATCC 33591 (three of eight replicates from four independent experiments)
were excluded from the AUBKC calculations.

Pharmacodynamics of Single-Dose Oritavancin

January 2013 Volume 57 Number 1 aac.asm.org 209

http://aac.asm.org


infection warrants further exploration, as they may confound in-
terpretation of antibacterial effect in longer-term in vitro PK/PD
studies. Surviving clones/isolates without changes in susceptibility
were obtained for each MRSA isolate that was exposed to the clin-
ically relevant tested dosing regimens of oritavancin, daptomycin,
and vancomycin. Interestingly, isolates that survived oritavancin
challenge only became apparent following reduction of the bacte-
rial cell density to below the limit of detection (66.7 CFU/ml). A
similar response also occurred for MRSA NRS123 exposed to dap-
tomycin, whereas survivors of MRSA ATCC 33591 and MRSA-
hVISA 1561603 appeared following reduction of the viable bacte-
rial count to near the limit of detection. This likely indicates that
only a very limited number (�0.0001%) of the total bacteria in-
oculated into the in vitro PK/PD model exhibit a phenotype that
promotes survival following drug exposure. In contrast to this
phenomenon, only MRSA ATCC 33591 exposed to daptomycin
(in three of the eight replicates from four independent experi-
ments) elicited an altered susceptibility profile to the three drugs.
Reduced susceptibility to daptomycin and concurrent reduced
susceptibility to vancomycin have been reported for MRSA iso-
lates exposed to daptomycin under different in vitro conditions
(25–27). Recently, MRSA isolates with reduced susceptibility to
daptomycin exhibited oritavancin MICs between 0.06 and 0.5 �g/
ml; oritavancin killing activity against these isolates was similar to
that of daptomycin-susceptible isolates (28, 29). Because orita-
vancin and daptomycin both perturb bacterial membrane poten-
tial to effect killing (1, 30, 31), it is plausible that reduced suscep-
tibility to daptomycin may impact oritavancin susceptibility in
some instances, such as reported here. A more thorough analysis
of the daptomycin PK/PD targets (e.g., AUC/MIC) that are asso-
ciated with the mutant selection window for MRSA ATCC 33591
may help explain the reduced susceptibility to daptomycin that
was occasionally observed in this study.

Because oritavancin antibacterial activity is concentration de-
pendent (2, 32), it is expected that the PD index associated with
bacterial eradication would be best described by exposures that
maximize ratios of Cmax/MIC or AUC/MIC. Dose fractionation
studies of oritavancin in in vivo infection models have identified
the Cmax/MIC and AUC/MIC ratios as strong predictors of bacte-
rial eradication (33, 34). An in-depth analysis of the AUC/MIC
ratio in relation to bacterial eradication of five S. aureus isolates in
the same infection model identified important PK/PD targets and
demonstrated that front-loaded doses of oritavancin result in
greater antibacterial activity than do fractionated doses (7, 35),
confirming earlier findings with a single strain (33). Correspond-
ingly, a single 1,200-mg dose of oritavancin was comparable in
terms of safety and efficacy to once-daily dosing with 200 mg for 3
to 7 days in a recent phase 2 study of ABSSSI (8). As has been done
for other agents (10, 36), dose-ranging studies in the in vitro
PK/PD model combined with Monte Carlo simulations could be
used to predict target attainment rates and help support determi-
nation of the susceptibility breakpoint for oritavancin.

In conclusion, simulation of free-drug PK parameters for ori-
tavancin derived from population PK studies in a newly estab-
lished in vitro PK/PD model revealed the potent antibacterial ac-
tivity associated with the 1,200-mg single-dose regimen. As
demonstrated by the rapid bactericidal activity of the single dose,
it is interesting to speculate whether this feature would be of clin-
ical benefit to the treatment of certain types of infections (37).
Future studies with the in vitro PK/PD model could help guide

dose selection of oritavancin for severe infections as well as for
patients with special PK profiles. Other studies could help identify
a PD index associated with bacterial eradication and provide sup-
port for determining the susceptibility breakpoint for oritavancin.
In light of recent studies that optimized PK/PD targets to prevent
in vitro changes in susceptibility, in vitro PK/PD modeling could
also assist in elucidating PK/PD targets for oritavancin that inhibit
the emergence of reduced susceptibility to this investigational
agent.
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