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Beta-lactams enhance the killing activity of vancomycin. Due to structural and mechanistic similarities between vancomycin and
telavancin, we investigated the activity of telavancin combined with nafcillin and imipenem compared to the known synergistic
combination of telavancin and gentamicin. Thirty strains of Staphylococcus aureus, 10 methicillin-susceptible S. aureus (MSSA),
10 methicillin-resistant S. aureus (MRSA), and 10 heterogeneously vancomycin-intermediate S. aureus (hVISA), were tested for
synergy by time-kill methodology. Six strains (2 each of MSSA, MRSA, and hVISA) were further evaluated in an in vitro pharma-
cokinetic/pharmacodynamic (PK/PD) model with simulated regimens of 10 mg/kg of body weight of telavancin once daily alone
and combined with 2 g nafcillin every 4 h, 500 mg imipenem every 6 h, or 5 mg/kg gentamicin once daily over 72 h. In the synergy
test, 67% of strains displayed synergy with the combination of telavancin and gentamicin, 70% with telavancin and nafcillin, and
63% with telavancin and imipenem. In the PK/PD model, the activities of all three combinations against MRSA and hVISA were
superior to all individual drugs alone (P < 0.002) and were similar to each other (P > 0.187). The activities of all three combina-
tions against MSSA were generally similar to each other except for one strain where the combination of telavancin and imipenem
was superior to all other regimens (P < 0.011). The activity of the combination of telavancin and beta-lactam agents was similar
to that of telavancin and gentamicin against S. aureus, including resistant strains. Because beta-lactam combinations are less
likely to be nephrotoxic than telavancin plus gentamicin, these beta-lactam combinations may have clinical utility.

Staphylococcus aureus, including methicillin-resistant Staphylo-
coccus aureus (MRSA), remains a major cause of serious infec-

tions, with vancomycin continuing as the mainstay of therapy in
spite of rising concern over clinical failures of this agent (1–6). In
recent years, several novel agents, including telavancin, have been
found to be effective against MRSA. Clinically, telavancin has been
shown to be effective for the treatment of skin and soft tissue
infections as well as hospital-acquired pneumonia (7, 8).

The use of combination antimicrobial therapy is a common
occurrence. Multiple guidelines from the Infectious Diseases So-
ciety of America (IDSA) advocate for the use of a myriad of com-
binations antimicrobial therapies for different purposes (9–12).
The most commonly utilized agent for synergy against S. aureus is
gentamicin. In vitro synergy of gentamicin in combination with
many antistaphylococcal agents, including beta-lactams, vanco-
mycin, daptomycin, and telavancin, has been described, usually
with positive results (13–16). Gentamicin combinations have even
been used in a major clinical study (17). However, gentamicin is
not a completely innocuous drug. Along with all aminoglycosides,
it comes with serious potential toxicity and risk to the patient, the
most common and concerning of which is nephrotoxicity. Previ-
ous studies have shown that this toxicity occurs more frequently
when gentamicin is given in combination with other, moderately
nephrotoxic drugs like vancomycin (18, 19). Indeed, clinical data
bear out the fact that initial low-dose gentamicin used for synergy
against S. aureus is nephrotoxic; thus, recent IDSA guidelines on
the treatment of MRSA generally recommend against the use of
gentamicin (12, 20). Telavancin has also been found to be a mod-
erately nephrotoxic drug, showing more renal toxicity than van-
comycin in clinical studies (7, 8). This raises serious questions
about the safety of the clinical combination of telavancin with
gentamicin. For this reason, finding a synergistic combination

that has comparable antimicrobial efficacy, but less risk of toxicity,
could have clinical value.

One such potential combination is giving telavancin with a
beta-lactam agent. Several previous investigations have found
synergy between beta-lactams and anti-MRSA agents, including
vancomycin, daptomycin, and telavancin, against MRSA (13, 21–
23). Beta-lactam drugs are also generally quite safe, with very few
side effects, in contrast with other agents such as aminoglycosides.
Nafcillin would be an ideal agent for this purpose: it is currently
widely used for methicillin-susceptible S. aureus (MSSA) infec-
tions, clinicians are comfortable with it, it has a relatively narrow
spectrum of activity, it does not require extensive monitoring (in
contrast to gentamicin), and it has an excellent safety profile. In
addition, telavancin is likely to be used with imipenem or other
carbapenems for empirical treatment of hospital-acquired pneu-
monia; thus, information about the utility of this combination
against S. aureus would also be valuable. The objective of this
investigation was to characterize the in vitro activity, using time-
kill synergy studies and a pharmacokinetic/pharmacodynamic
(PK/PD) modeling system, of telavancin combined with nafcillin
as well as telavancin combined with imipenem compared to the
known synergistic combination of telavancin plus gentamicin.

(A portion of this work was presented at the 22nd European
Congress of Clinical Microbiology and Infectious Diseases
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[ECCMID], London, United Kingdom, 2012 [24], and the 52nd
Interscience Conference on Antimicrobial Agents and Chemo-
therapy [ICAAC], San Francisco, CA, 2012 [25].)

MATERIALS AND METHODS
Bacterial strains. Thirty strains of S. aureus, all bloodstream isolates, were
used in this investigation for susceptibility and synergy testing: 10 clinical
isolates of methicillin-susceptible S. aureus (MSSA) (obtained from
Brigham and Women’s Hospital, Boston, MA), 10 clinical isolates of me-
thicillin-resistant S. aureus (MRSA) (obtained from Brigham and Wom-
en’s Hospital, Boston, MA), and 10 clinical strains of heterogeneously
vancomycin-intermediate S. aureus (hVISA) (already proven positive by
population analysis area under the curve ratio, provided by the Anti-
Infective Research Laboratory, Detroit, MI) (26). Six strains (2 MSSA, 2
MRSA, and 2 hVISA) were further evaluated in an in vitro pharmacoki-
netic/pharmacodynamic model.

Antimicrobial agents. Telavancin was provided by the manufacturer
(Theravance, Inc., South San Francisco, CA). Nafcillin, gentamicin (Sigma-
Aldrich, St. Louis, MO), and imipenem (Fisher Scientific, Pittsburgh, PA)
were purchased commercially.

Media. Mueller-Hinton broth (Difco, Detroit, MI) supplemented
with 25 mg/liter calcium, 12.5 mg/liter magnesium, and 2% sodium chlo-
ride (due to the presence of nafcillin and according to Clinical and Labo-
ratory Standards Institute [CLSI] recommendations) (SMHB) was used
for all susceptibility testing, time kills, and PK/PD models (27). Colony
counts were determined by using tryptic soy agar (TSA; Difco, Detroit,
MI). Mueller-Hinton agar (MHA; Difco, Detroit, MI) was used to test for
the emergence of resistance.

Susceptibility testing. MICs of study antimicrobial agents were deter-
mined by broth microdilution at an inoculum of 5 � 105 CFU/ml in
SMHB as described above, according to CLSI guidelines, by utilizing dry
panels provided by Astellas Pharma (27).

Synergy testing. The potential for synergy with vancomycin plus naf-
cillin was determined by time-kill methods in triplicate at a final inoculum
of �106 CFU/ml. All time-kill experiments were performed at 1/2� the
MIC of the respective antibiotic. Aliquots (0.1 ml) were removed at 0, 4, 8,
and 24 h; serially diluted in 0.9% sodium chloride; and plated onto TSA
plates with a lower limit of detection of 2 log10 CFU/ml. Time-kill curves
were constructed by plotting mean colony counts (log10 CFU/ml) versus
time. Synergy was defined as a �2-log10 CFU/ml increase in killing at 24 h
with the combination, in comparison with the killing by the most active
single drug. Combinations that resulted in �1-log10 bacterial growth in
comparison to the least active single agent were considered to represent
antagonism. All combinations not meeting the definition of synergism or

antagonism were considered indifferent. All samples were incubated at
37°C for 24 h.

In vitro PK/PD infection model. Six strains of S. aureus, 2 MSSA, 2
MRSA, and 2 hVISA, were chosen to be run in an in vitro PK/PD model
consisting of a 125-ml one-compartment glass apparatus with ports for
the addition and removal of media, antibiotics, and samples. The model
was placed into a water bath at 37°C throughout the simulation, with a
magnetic stir bar for mixing. Fresh medium was continuously supplied
and removed via a peristaltic pump (Masterflex; Cole-Parmer Instrument
Company, Chicago, IL, USA) set to simulate the half-lives of the antibi-
otics. A starting inoculum of �107 CFU/ml was used for all simulations.
This higher inoculum was chosen because hVISA requires a high inocu-
lum to observe the heterogeneous phenotype and to provide more rigor-
ous experimental conditions for the beta-lactam agents, both of which are
subject to an inoculum effect on their activity (16, 28). Bolus dosing of free
drug concentrations was used to simulate regimens of 10 mg/kg of body
weight telavancin every 24 h (targets were a maximum concentration of
free, unbound drug in serum [fCmax] of 10.8 �g/ml and a half-life of 8 h)
(29), 2 g nafcillin every 4 h (targets were an fCmax of 5.2 �g/ml and a
half-life of 1 h) (30, 31), 500 mg imipenem every 6 h (targets were an fCmax

of 38.4 �g/ml and a half-life of 1 h) (32), 5 mg/kg gentamicin every 24 h
(targets were an fCmax of 13.5 �g/ml and a half-life of 3 h), 10 mg/kg
telavancin every 24 h plus 2 g nafcillin every 4 h, 10 mg/kg telavancin every
24 h plus 500 mg imipenem every 6 h, and 10 mg/kg telavancin every 24 h
plus 5 mg/kg gentamicin every 24 h. The doses of telavancin and nafcillin
are the standard doses used to treat serious staphylococcal infections. The
gentamicin dose is a high-peak, extended-interval dose used to maximize
the pharmacodynamics of the agent (15). The dose of imipenem is the
dose recommended by the Infectious Diseases Society of America for the
treatment of nosocomial pneumonia (9). Model simulations involving
two drugs with different half-lives were performed by using a previously
validated method (33). All models were done in duplicate to ensure re-
producibility.

Pharmacodynamic analysis. Samples (approximately 1 ml each) were
drawn from each model at 0, 1, 2, 4, 8, 24, 28, 32, 48, 56, and 72 h and
serially diluted in 0.9% sodium chloride. Twenty-microliter spots were
then plated onto TSA plates in triplicate for quantification with a lower
limit of detection of 2 log10 CFU/ml. Antibiotic carryover was accounted
for by using serial dilutions. The total reduction in log10 CFU/ml was
determined by plotting time-kill curves of the number of remaining or-
ganisms over the 72-h time period.

Pharmacokinetic analysis. Pharmacokinetic samples were obtained
over 72 h for verification of target antibiotic concentrations. Telavancin
and nafcillin concentrations were measured by a bioassay using Kocuria

TABLE 1 Full susceptibility data for 30 S. aureus strains testeda

Drug

MSSA (n � 10) MRSA and hVISA (n � 20)

MIC50 (�g/ml) MIC90 (�g/ml) MIC range (�g/ml) MIC50 (�g/ml) MIC90 (�g/ml) MIC range (�g/ml)

TLV 0.5 0.5 0.25–0.5 0.5 0.5 0.25–0.5
VAN 1 2 1–2 1 2 1–2
NAF 0.5 1 0.25–1 64 256 8–256
IMP 0.03 0.06 0.015–0.25 16 64 0.25–128
DAP 0.25 0.5 0.25–0.5 0.5 0.5 0.25–1
LZD 2 2 1–2 2 2 1–4
Q/D 0.5 1 0.25–1 1 1 0.25–1
CLI �0.5 1 �0.5–�8 �8 �8 �0.5–�8
CIP 0.25 4 0.125–�16 �16 �16 0.25–�16
TGC 0.125 0.25 0.125–0.25 0.25 0.5 0.06–2
ERY 0.5 �32 0.25–�32 �32 �32 0.5–�32
GEN 0.5 1 0.25–1 0.5 16 0.125–16
SXT �0.5/9.5 �0.5/9.5 �0.5/9.5 �0.5/9.5 1/19 �0.5/9.5–�8/152
a TLV, telavancin; VAN, vancomycin; TEI, teicoplanin; NAF, nafcillin; IMP, imipenem; DAP, daptomycin; LZD, linezolid; Q/D, quinupristin-dalfopristin; CLI, clindamycin; CIP,
ciprofloxacin; TGC, tigecycline; ERY, erythromycin; GEN, gentamicin; SXT, trimethoprim-sulfamethoxazole.
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rhizophila (formerly Micrococcus luteus) ATCC 9341, as previously de-
scribed (14, 16). Gentamicin concentrations were measured by using
Staphylococcus epidermidis ATCC 27626, as previously described (34).
Concentrations of imipenem were measured by a bioassay utilizing Bacil-
lus subtilis ATCC 6633 (35). Due to limitations with this method, only
models utilizing a single agent could have pharmacokinetics verified,
while combination models were done by using a verified method, as de-
scribed above (33). Intraday coefficients of variation for all drugs at high,
medium, and low standards were �11.3% for all bioassays performed.
The elimination half-lives (t1/2), areas under the curve (AUCs), peaks
(fCmax), and troughs (fCmin) were determined by using WinNonlin
PK/PD modeling software (Pharsight, Cary, NC).

Resistance. Development of resistance was evaluated at multiple time
points throughout the 72-h simulations. One-hundred-microliter sam-
ples from each time point of simulations using telavancin were plated
onto Mueller-Hinton agar plates containing 3� the MIC of telavancin to
assess the development of resistance. Plates were then examined for
growth after 48 h of incubation at 37°C. The MIC for observed growth was
measured by broth microdilution. In addition, growth from quantifica-
tion plates at 24, 48, and 72 h was subjected to MIC testing by broth
microdilution for all simulations using the respective antimicrobial or
antimicrobials being used in the particular experiment.

Statistical analysis. Overall activities of regimens over the 72-h period
were compared by calculating the area under the bacterial kill curve
(AUBKC) for each regimen by using SigmaPlot software (version 11.1;
Systat Software, Inc., San Jose, CA). The AUCs were then compared by
using analysis of variance (ANOVA) with Tukey’s post hoc test. All statis-
tical comparisons were done with IBM SPSS Statistics (version 19.0; SPSS,
Inc., Chicago, IL). A P value of �0.05 was considered significant.

RESULTS

In the time-kill studies, 67% (20/30) of strains displayed synergy
with telavancin combined with gentamicin, 70% (21/30) with
telavancin combined with nafcillin, and 63% (19/30) with tela-
vancin combined with imipenem. For beta-lactam combinations,
the percentage displaying synergy was higher against strains resis-
tant to beta-lactams (MRSA and hVISA), with 80% (16/20) of

strains showing synergy with telavancin plus nafcillin, versus 50%
(5/10) against MSSA, and with 85% (17/20) of strains showing
synergy with telavancin combined with imipenem, versus 20%
(2/10) against MSSA. This pattern was not observed with the com-
bination of telavancin and gentamicin, with 65% (13/20) of
strains displaying synergy against strains resistant to beta-lactams
(MRSA and hVISA) and 70% displaying synergy against MSSA
(7/10). All remaining combinations displayed indifference. Sus-
ceptibility results for all 30 strains are displayed in Table 1.

In the PK/PD model, the telavancin and nafcillin doses used are
the standard doses used to treat serious staphylococcal infections.
The gentamicin dose is a high-peak, extended-interval dose used
to maximize the pharmacodynamics of the drug, and the dose of
imipenem is a standard dose used to treat serious infections (9,
15). Two strains from each group (MSSA, MRSA, and hVISA)
were selected to be run in the PK/PD model. The MSSA strains
were randomly selected from the cohort of 10 strains. The MRSA
and hVISA strains were selected to represent a range of beta-lac-
tam susceptibilities, focusing particularly on those strains that
were less susceptible. This decision was made to determine if the
beta-lactam combinations were effective even when the MIC of
the particular drug was very high. Susceptibility and synergy test-
ing results for strains used in the PK/PD model are displayed in
Table 2. Pharmacokinetic values from the PK/PD models were
within 10% of the targets. The observed free peak (fCmax) and
half-life (t1/2) values were 9.8 � 0.4 �g/ml and 8.7 � 0.2 h for
telavancin, 5.1 � 0.5 �g/ml and 1.1 � 0.3 h for nafcillin, 14.7 � 1.1
�g/ml and 3.2 � 0.4 h for gentamicin, and 40.2 � 4.5 �g/ml and
0.9 � 0.3 h for imipenem, respectively.

The activities of all three combination regimens against both
MRSA and both hVISA strains were superior to those of all indi-
vidual drugs alone (P � 0.002 for all comparisons) and were all
similar to each other (P � 0.187 for all comparisons). As expected,
telavancin alone was the only regimen that did not display re-

TABLE 2 Susceptibility and synergy testing results for strains used in the PK/PD modela

Strain

Susceptibility (�g/ml) Synergy testing result

TLV GEN NAF IMP TLV � GEN TLV � NAF TLV � IMP

MSSA SNL 4 0.5 0.5 0.5 0.25 Synergy Indifferent Indifferent
MSSA SNL 9 0.5 0.5 0.5 0.015 Synergy Synergy Synergy
MRSA SNL 96 0.25 0.25 32 32 Synergy Synergy Synergy
MRSA SNL 98 0.25 0.5 128 64 Indifferent Synergy Synergy
hVISA R2729 0.5 0.25 128 64 Synergy Synergy Synergy
hVISA R3003 0.5 16 256 2 Synergy Synergy Indifferent
a Susceptibility results are displayed only for the drugs used in the PK/PD model. Synergy results are derived from the time-kill methodology described in the text. TLV, telavancin;
GEN, gentamicin; NAF, nafcillin; IMP, imipenem.

TABLE 3 Area under the bacterial kill curve values from the PK/PD model

Strain

Mean area (logCFU · h/ml) under the bacterial kill curve � SD

Growth
control Telavancin Gentamicin Nafcillin Imipenem

Telavancin �
gentamicin

Telavancin �
nafcillin

Telavancin �
imipenem

MSSA SNL 4 610.6 � 1.3 347.6 � 1.7 575.4 � 9.6 288.4 � 7.8 224.9 � 10.7 189 � 7.4 214.4 � 2.7 202.9 � 9.6
MSSA SNL 9 607.0 � 2.0 313.3 � 10.4 575.1 � 2 233.3 � 1.5 225.2 � 12.3 222.2 � 7.3 226.3 � 12.2 165.9 � 0.1
MRSA SNL 96 590.8 � 0.5 312.4 � 4.2 542.9 � 5.3 507.7 � 8.8 418.7 � 17.3 182 � 15.3 204.2 � 4.2 175.4 � 6.3
MRSA SNL 98 568.8 � 1.7 312.4 � 5.8 486.8 � 4.3 515.5 � 2.3 466.6 � 6.5 243.5 � 12.4 229.3 � 0.6 213.8 � 12.5
hVISA R2729 609.6 � 6.4 371.3 � 14.6 561 � 0.4 549.2 � 4.5 507.6 � 1 213.4 � 6.9 210.9 � 7.5 195.6 � 4.8
hVISA R3003 592.1 � 1.3 311.3 � 17.9 589.9 � 2.3 530.1 � 6.0 486.7 � 3.1 209.1 � 0.5 211.4 � 4.2 199.1 � 4.8
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growth over 72 h against MRSA and hVISA, and it was indeed
superior to all other individual drugs alone (P � 0.001 for all
comparisons). AUBKC values from PK/PD model experiments
are displayed in Table 3, and one example graph for MSSA, MRSA,
and hVISA is displayed in Fig. 1. No changes in MIC were detected
for any MRSA and hVISA strains over the course of the experi-
ment.

Both nafcillin and imipenem were quite active against MSSA,

as expected. For one of these strains (SNL 4), all three combina-
tions and imipenem alone were statistically similar (P � 0.092)
and were superior to nafcillin (P � 0.004), which was superior to
telavancin (P � 0.006). For the other MSSA strain (SNL 9), tela-
vancin combined with imipenem was superior to all regimens
(P � 0.011), followed by telavancin combined with gentamicin,
telavancin combined with nafcillin, imipenem alone, and nafcillin
alone, which were statistically similar to each other (P � 0.958)
and superior to telavancin alone (P � 0.001). Gentamicin alone
resulted in regrowth of both MSSA strains. No changes in MIC
were detected for MSSA.

DISCUSSION

Vancomycin clinical failures represent a potential problem for
treatment of staphylococcal infections. Due to these failures, there
is a need to find alternative treatments, including novel combina-
tions. Recent studies have demonstrated that the combination of
vancomycin and beta-lactam agents improves overall antibacte-
rial activity (21). Due to structural and mechanistic similarities
between vancomycin and telavancin, we sought to investigate if
the same was true for the combination of telavancin and beta-
lactams.

By time-kill analysis, we found that the frequency of synergy
between telavancin and both nafcillin and imipenem was similar
to that observed between telavancin and gentamicin. The obser-
vation of synergy between telavancin and beta-lactams, however,
is not new. Lin and colleagues found similarly high rates of synergy
with telavancin combinations, particularly the combinations of
telavancin and gentamicin (90% synergy), telavancin and ceftri-
axone (88%), and telavancin and meropenem (65%) (13). The
generally higher rates of synergy which those authors observed
may be due to their use of multiple different subinhibitory com-
binations (4 different combinations of 1/2� and 1/4� MIC),
compared to the single one used in this investigation, and their
measurement of synergy at 4 different time points (3 h, 6 h, 12 h,
and 24 h), compared to just the 24-h time point in this investiga-
tion. The notable exception to this is antistaphylococcal penicillin
synergy, which was 60% in their investigation with oxacillin, com-
pared to 70% in the present investigation with nafcillin. The rea-
son for this difference is not immediately clear.

The major weakness of synergy data such as these is that, for the
most part, they use unrealistic beta-lactam drug concentrations
not clinically achievable in humans. In an effort to determine if a
similar result could be reproduced with realistic drug concentra-
tions and pharmacokinetics, we ran 6 strains in an in vitro PK/PD
model. We found that the activities of all three telavancin combi-
nations against MRSA and hVISA were superior to the activities of
all individual agents alone. In addition, both nafcillin and imi-
penem combined with telavancin produced similar antibacterial
activity to that of telavancin combined with gentamicin, even
though the concentrations of the beta-lactams were below the
MIC of the organism for most or all of the dosing interval. Though
perhaps counterintuitive, because the driver of beta-lactam activ-
ity is the time during which the drug concentration is above the
MIC, the observed enhancement of kill in spite of zero or nearly
zero time above the MIC is consistent with previous results with
beta-lactams and vancomycin (21).

The relationships to activity against MSSA were not as simple
as with MRSA and hVISA. For both strains, all three combinations
were superior to telavancin alone and were generally similar to

FIG 1 Activities of 10 mg/kg telavancin daily alone and combined with naf-
cillin, imipenem, and gentamicin against MSSA, MRSA, and hVISA. (A)
MSSA SNL 9; (B) MRSA SNL 96; (C) hVISA R2729. Filled circles, growth
control (GC) (organism growth with no drug added); open triangles, 5 mg/kg
gentamicin (GEN) once daily; open circles, 10 mg/kg telavancin (TLV) once
daily; filled inverted triangles, 2 g nafcillin (NAF) every 4 h; filled squares, 500
mg imipenem (IMP) every 6 h; open squares, 10 mg/kg telavancin once daily
plus 2 g nafcillin every 4 h (T � N); filled diamonds, 10 mg/kg telavancin once
daily plus 5 mg/kg gentamicin once daily (T � G); open diamonds, 10 mg/kg
telavancin once daily plus 500 mg imipenem every 6 h (T � I).
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each other, with the exception of one strain in which the combi-
nation of telavancin and imipenem was superior to all other regi-
mens. The combinations were also generally similar in overall
activity to one or both beta-lactam agents alone. This was largely
due to the significantly improved activity of both beta-lactam
agents alone, which is expected against MSSA. Similar to both
MRSA and both hVISA strains, the beta-lactam combinations
were at least as effective, and in one case better than, the combi-
nation of telavancin and gentamicin.

Historically, aminoglycosides have been the most commonly
used secondary agent for combination therapy for S. aureus infec-
tions, but recent data show that this combination’s risks, specifi-
cally in terms of nephrotoxicity, may outweigh any benefit
received (20). Because of these nephrotoxicity risks with amin-
oglycosides, the finding that beta-lactam agents combined with
telavancin are at least as or more bactericidal than telavancin com-
bined with gentamicin, even when the strains are resistant to the
beta-lactam agents, is very significant. This is because beta-lactam
agents are significantly less likely to result in nephrotoxicity than
aminoglycosides and, unlike aminoglycosides, do not seem to
show an increase in nephrotoxicity when combined with vanco-
mycin (36). This increase in toxicity when used in combination
with vancomycin is concerning due to the possibility of even more
renal toxicity when an aminoglycoside is combined with telavan-
cin. A recent meta-analysis of telavancin clinical trials showed that
the incidence of nephrotoxicity with telavancin alone is roughly
twice that of vancomycin (10% versus 5%), and therefore, finding
a less renal-toxic synergistic antimicrobial combination, such as
telavancin plus a beta-lactam, could have great benefit (37).

In conclusion, we found that the combinations of telavancin
with both nafcillin and imipenem produced generally similar rates
of synergy and enhancement of killing in a PK/PD model com-
pared to the known synergistic combination of telavancin and
gentamicin. Because these beta-lactam combination regimens
should be significantly less nephrotoxic to patients than the com-
bination of telavancin and gentamicin, we believe that these com-
binations may have clinical utility.
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