
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Nov. 2006, p. 3886–3888 Vol. 50, No. 11
0066-4804/06/$08.00�0 doi:10.1128/AAC.00183-06
Copyright © 2006, American Society for Microbiology. All Rights Reserved.

Use of the Surgical Wound Infection Model To Determine the Efficacious
Dosing Regimen of Retapamulin, a Novel Topical Antibiotic

Stephen Rittenhouse,* Christine Singley, Jennifer Hoover, Roni Page, and David Payne
Department of Microbiology, MMPD CEDD, GlaxoSmithKline Pharmaceuticals, Upper Providence, Pennsylvania

Received 10 February 2006/Returned for modification 19 April 2006/Accepted 10 July 2006

The effect of topically applied retapamulin ointment was evaluated using various dosing regimens in the
Staphylococcus aureus and Streptococcus pyogenes wound infection model. Retapamulin (1%, wt/wt) was effica-
cious using twice-daily (b.i.d.) applications for 4 or 5 days. These data underpinned the decision to evaluate 1%
retapamulin b.i.d. in clinical trials.

The pleuromutilin retapamulin is a new class of topical an-
tibiotic in development for the treatment of bacterial skin
infections caused by Staphylococcus aureus and Streptococcus
pyogenes. Numerous reports describe staphylococcal resistance
to topical antibiotics such as mupirocin and fusidic acid (5–7, 9,
12), and thus, the development of novel agents for topical use
is warranted. Retapamulin has excellent in vitro activity against
S. aureus (MIC90, 0.12 �g/ml) and S. pyogenes (MIC90, 0.016
�g/ml), including antibiotic-resistant isolates (11). To further
predict the effect of topical retapamulin in treating bacterial
skin infections, a series of efficacy studies were conducted. The
objective of these studies was to use the mouse surgical wound
model to facilitate the selection of the dose and dosing regi-
men for treating skin infections in humans. Studies were con-
ducted to assess different concentration of retapamulin and to
compare twice-daily (b.i.d.) versus three-times daily (t.i.d.) and
5-day versus 7-day application regimens. In addition, the effi-
cacy of retapamulin was evaluated against various strains of S.
aureus, including methicillin- and mupirocin-resistant isolates.

The following strains were obtained from the GlaxoSmith-
Kline Pharmaceuticals (Collegeville, PA) culture collection:
S. pyogenes 257, S. aureus J1225, S. aureus 1080, S. aureus F306,
S. aureus X32717, S. aureus T63256, S. aureus S5112. All strains
originated from a clinical source and were passaged in animals
for use in the model. The MICs for retapamulin and a defined
set of comparators were determined against these strains using
the Clinical and Laboratory Standards Institute-recommended
procedure for broth microdilution (4). The MICs are shown in
Table 1. For in vitro MIC testing, compounds were obtained as
follows: retapamulin, mupirocin, and amoxicillin were from
GlaxoSmithKline Pharmaceuticals, Harlow, United Kingdom;
fusidic acid was from Sigma Chemical Co., St. Louis, MO;
levofloxacin and azithromycin were deformulated by Glaxo-
SmithKline Pharmaceuticals, Harlow, United Kingdom.

Specific-pathogen-free CD1 mice (Charles River, Raleigh,
NC) weighing approximately 25 to 30 g were used throughout.
Mice were individually housed for the majority of studies to
prevent the potential removal of compound through grooming

behavior. Food and water were provided ad libitum. Each
therapy group was comprised of 5 to 8 animals. All procedures
were performed in accordance with protocols approved by the
GlaxoSmithKline Institutional Animal Care and Use Commit-
tee and met or exceeded the standards of the American Asso-
ciation for the Accreditation of Laboratory Animal Care, the
United States Department of Health and Human Services, and
all local and federal animal welfare laws. The surgical wound
model was conducted as previously described by McRipley and
Whitney (10). Retapamulin was formulated in a white petro-
latum ointment base at concentrations of 0.1, 0.5, 1, and 2%
wt/wt. Mupirocin was supplied as commercial 2% ointment
(Bactroban ointment; GlaxoSmithKline Pharmaceuticals, Re-
search Triangle Park, NC), and fusidic acid was supplied as 2%
commercial cream (Fucidin cream; Leo Laboratories, Ayles-
bury, United Kingdom). Therapy was administered topically
(0.1 ml/mouse) b.i.d. (beginning at 1 and 7 h postinfection) or
t.i.d. (beginning at 1, 4, and 7 h postinfection) and continued
for 3, 4, or 6 days (4, 5, or 7 days of therapy). Additional groups
of mice received petrolatum ointment or remained untreated
to act as placebo or infected controls. Animals were eutha-
nized approximately 18 h after cessation of therapy, and the
area around the wound was excised and homogenized in 1 ml
phosphate-buffered saline. Samples were diluted, plated in
triplicate, and incubated overnight at 37°C. Following incuba-
tion, the enumeration of viable bacteria was performed.

The outcome measure of efficacy was the mean number of
bacteria in the treated wounds (log10 CFU/wound) compared
with that of the untreated control wounds. All results are
presented as group means with standard deviations. The Stu-
dent t test, using a two-sample variance (type 2) and a one-
tailed distribution, was used to determine statistical signifi-
cance (a P value of �0.05 was considered significant). The limit
of detection was 1.7 log10 CFU/wound.

Following infection with S. aureus J1225 (5 days postinfec-
tion), bacterial numbers from untreated control animals were
6.3 � 0.3 log10 CFU/wound. These values were not significantly
different from counts obtained from animals treated with pla-
cebo ointment (6.8 � 0.5 log10 CFU/wound; P � 0.05) (Fig.
1A). Retapamulin administered t.i.d. for 4 days demonstrated
significant efficacy (P � 0.01) compared with untreated ani-
mals at all concentrations tested. A maximum 4.6 log10 reduc-
tion in bacterial counts was achieved at 2% (wt/wt) (1.7 � 0.1
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log10 CFU/wound; 7/8 wounds cleared to the limit of detec-
tion). The 1% (wt/wt) concentration was statistically similar,
producing a mean 4.1 log10 reduction (2.2 � 0.9 log10 CFU/
wound) and cleared the bacterial counts to the limit of detec-
tion in 4/8 wounds. Although statistically significant, the 0.1%
and 0.5% (wt/wt) formulations were not as efficacious as the
1% and 2% (wt/wt) formulations. Mupirocin ointment (2%
wt/wt, t.i.d.) reduced bacterial numbers to 2.3 � 0.9 log10

CFU/wound, similar to retapamulin at 0.5, 1, and 2% wt/wt.
As shown in Fig. 1B, bacterial counts from untreated ani-

mals 5 days postinfection with S. pyogenes 257 were 7.4 � 0.6
log10 CFU/wound, similar (P � 0.05) to those obtained from
placebo-treated mice (7.6 � 0.2 log10 CFU/wound). All reta-
pamulin concentrations evaluated produced a potent effect
compared with untreated or placebo-treated animals (P �
0.01). The effect obtained with 4-day t.i.d. application of 0.5%,
1%, and 2% wt/wt were similar, reducing bacterial counts
by �5 log10 (1.9 � 0.4, 2.3 � 1.3, and 2.3 � 1.5 log10 CFU/
wound, respectively). Mupirocin (2% wt/wt, t.i.d.) produced a
variable effect, reducing bacterial numbers to 3.1 � 2.2 log10

CFU/wound.
The results comparing various dosing regimens are shown in

Table 2. The S. aureus J1225 bacterial counts in the wound
samples from untreated control animals (day 6 and 8 postin-
fection) were 6.3 � 0.5 and 6.1 � 0.3 log10 CFU/wound, re-
spectively. The 1% and 2% (wt/wt) retapamulin formulations

FIG. 1. Efficacy of retapamulin (2, 1, 0.5, and 0.1% [wt/wt] in pet-
rolatum ointment) and mupirocin (2% [wt/wt] in polyethylene glycol
base) t.i.d. for 4 days against an experimental surgical wound infection
in mice caused by S. aureus J1225 (A) or S. pyogenes 257 (B). Open
circles represent bacterial numbers in the wound abscess of individual
animals, and error bars define the means and standard deviations.

TABLE 1. In vitro activity (MIC) of retapamulin and comparator compounds against the test strains evaluated
in the surgical wound infection model

Strain
MIC (�g/ml) of:

Retapamulin Mupirocin Fusidic acid Azithromycin Levofloxacin Amoxicillin

S. aureus J1225 0.06 0.12 0.12 0.25 0.25 1
S. aureus 1080 0.06 4 0.25 �8 0.25 0.25
S. aureus F306a 0.12 0.25 0.25 �64 4 32
S. aureus X32717a 0.12 8 0.25 �64 32 16
S. aureus T63256a 0.06 �16 0.25 �64 32 32
S. aureus S5112 0.03 �16 0.25 �64 8 16
S. pyogenes 257 0.016 0.25 8 0.06 2 �0.004

a Methicillin resistant.

TABLE 2. Efficacy of retapamulin and mupirocin ointment versus
S. aureus J1225 and S. pyogenes 257 following b.i.d. or t.i.d.

application for 5 or 7 days

Compound
No. of
days of

treatment

Antibiotic concn
(%) (frequency
of application)

Mean log10 reduction �
SD compared with
untreated controls

(CFU/wound) in straina:

S. aureus
J1225

S. pyogenes
257

Retapamulin 5 1 (b.i.d.) 3.4 � 0.7 4.3 � 2.2
2 (b.i.d.) 4.2 � 0.5 6.0 � 0.1
2 (t.i.d.) 4.3 � 0.4 �6.1b

Mupirocin 5 2 (t.i.d.) 4.0 � 0.8 4.7 � 2.3
Retapamulin 7 1 (b.i.d.) 3.5 � 1.0 4.4 � 2.6

2 (b.i.d.) �4.4b 5.2 � 1.3
2 (t.i.d.) �4.4b �6.0 b

Mupirocin 7 2 (t.i.d.) �4.4b �6.0 b

a All results were statistically significant compared to nontreated controls
based on Student’s t test (P � 0.01).

b Bacterial counts cleared to the limit of detection (�1.7 CFU/wound).
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produced a significant effect with all dosing regimens (P �
0.01). These formulations effectively reduced bacterial num-
bers between 3.4 and 4.4 log10 CFU/wound following b.i.d. or
t.i.d. therapy for either 5 or 7 days. There was no statistical
difference in efficacy obtained with more-frequent dosing (P �
0.05). The bacterial numbers from untreated animals infected
with S. pyogenes 257 were 7.8 � 0.4 log10 CFU/wound and
7.7 � 0.4 log10 CFU/wound on days 6 and 8 postinfection,
respectively. As shown, 1% and 2% (wt/wt) retapamulin for-
mulations were highly efficacious following 5 or 7 days of ther-
apy, reducing bacterial numbers by �4.3 log10 CFU/wound.
The b.i.d regimen was as effective as t.i.d. (P � 0.05), and there
was no significant difference between 5 and 7 days of dosing
(P � 0.05).

A summary of the retapamulin efficacy against antibiotic-
resistant S. aureus is presented in Table 3. As shown, 1%
(wt/wt) retapamulin dosed b.i.d. for 4 days produced a statis-
tically significant effect against all of the strains tested, irre-
spective of the resistance phenotype. Retapamulin reduced
bacterial counts by 1.6 to 3.1 log10 CFU/wound. Compara-
tively, mupirocin and fusidic acid reduced bacterial counts by
1.1 to 3.5 log10 CFU/wound and 1.0 and 3.0 log10 CFU/wound,
respectively, against 3/5 strains, and both compounds were
ineffective against the 2 high-level mupirocin-resistant strains.

Overall, these results demonstrate the potential benefit of
retapamulin over existing topical antibiotics, particularly
against isolates resistant to currently used agents. As this
model is viewed as a valuable tool for predicting the efficacy of
topical antibiotics in humans (1, 2, 3, 8), these results sup-
ported the progression of retapamulin as a novel topical treat-
ment for bacterial skin infections caused by S. aureus and S.
pyogenes. The 5-day, b.i.d. dosing regimen of 1% retapamulin
ointment, determined to be efficacious in these studies, is cur-
rently being evaluated in clinical trials.

This work was supported by GlaxoSmithKline Pharmaceutical
Company.
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TABLE 3. Comparative efficacies of 1% (wt/wt) retapamulin ointment, mupirocin (2% ointment), and fusidic acid (2% cream) following
4 days of treatment against surgical wound infections in mice caused by methicillin- and/or mupirocin-resistant S. aureus

S. aureus
strain

Mupirocin MIC
(mg/liter)

Mean log10 reduction � SD (CFU/wound) by drug (regimen)a: CFU/wound
(mean log10 � SD)

in controls
Retapamulin

(1% ointment b.i.d.)
Mupirocin

(2% ointment t.i.d.)
Fusidic acid

(2% cream t.i.d.)

F306b,c,d 0.25 3.1 � 1.3** 3.5 � 0.6** 1.1 � 0.1** 6.2 � 0.5
1080 c 4 2.2 � 1.5** 1.2 � 0.5** 1.0 � 0.8* 6.4 � 0.6
X32717b,c,d 8 2.3 � 1.6** 1.6 � 0.7** 3.0 � 1.6** 6.7 � 0.2
T63256b,c,d �16 1.8 � 1.3* Ineffective Ineffective 5.7 � 0.8
S5112c,d �16 1.6 � 0.9** Ineffective Ineffective 6.1 � 0.3

a Statistical significance compared with untreated controls by Student’s t test. *, P � 0.05; **, P �0.01.
b Methicillin resistant.
c Azithromycin resistant.
d Levofloxacin resistant.

3888 NOTES ANTIMICROB. AGENTS CHEMOTHER.


