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Empirical use of beta-lactam antibiotics, the preferred agents for treating uncomplicated skin and soft tissue
infections, may no longer be appropriate for these infections because of the increasing prevalence of community
strains of methicillin-resistant Staphylococcus aureus (MRSA). Retrospective studies, however, suggest that
outcomes are good even when beta-lactams are used. We conducted a randomized, double-blind trial of 166
outpatient subjects comparing placebo to cephalexin at 500 mg orally four times for 7 days after incision and
drainage of skin and soft tissue abscesses. The primary outcome was clinical cure or failure 7 days after
incision and drainage. S. aureus was isolated from 70.4% of abscess cultures. Of the isolates tested 87.8% were
MRSA, 93% of which were positive for Panton-Valentine leucocidin genes. Clinical cure rates were 90.5% (95%
confidence interval, 0.82 to 0.96) in the 84 placebo recipients and 84.1% (95% confidence interval, 0.74 to 0.91)
in the 82 cephalexin recipients (difference in the two proportions, 0.0006; 95% confidence interval, ⴚ0.0461 to
0.0472; P ⴝ 0.25). The 90.5% cure rate observed in the placebo arm and 84.1% cure rate observed in the
cephalexin arm provide strong evidence that antibiotics may be unnecessary after surgical drainage of
uncomplicated skin and soft tissue abscesses caused by community strains of MRSA.
velopments have necessitated a reassessment of the management and antimicrobial therapy of staphylococcal infections.
The purposes of this study were (i) to compare a current
“standard-of-care” antibiotic, cephalexin, to placebo after surgical incision and drainage of uncomplicated skin abscesses;
(ii) to establish the prevalence of MRSA in the population
under study; and (iii) to prospectively determine whether discordance between therapy and isolate susceptibility affected
outcome.

There is evidence that antibiotics may not be necessary for
treatment of uncomplicated skin and soft tissue infections
(SSTIs) such as abscesses, including those caused by methicillinresistant Staphylococcus aureus (MRSA) (10, 14). In recent
studies, treatment outcomes for SSTIs were the same whether
or not the antibiotic prescribed was actually active against the
cultured organism (10, 11, 14, 20). When MRSA isolates were
cultured from SSTI patients, infections resolved even when
beta-lactam antibiotics, which are presumably inactive against
MRSA, were used (11, 20, 30). It is standard practice to treat
patients with SSTIs with an antibiotic (30). A 2005 survey
found that 87% of health care providers continue to prescribe
antibiotics after incision and drainage of abscesses, and a betalactam antibiotic is typically used (24). Overuse of antibiotics
has adverse consequences, including untoward side effects and
financial costs, and may contribute to the spread of antibioticresistant organisms (9, 15, 18, 25).
The alarming increase in the prevalence of community-associated MRSA may be a consequence of years of antibiotic
misuse. The virulence of community MRSA strains, which
typically carry genes for Panton-Valentine leucocidin (PVL),
has been of particular concern (3, 5, 23). PVL has been associated with furunculosis; severe SSTIs, including necrotizing
fasciitis (19); and necrotizing pneumonia (10, 16). These de-

MATERIALS AND METHODS
Study setting. This study was conducted at the ISIS Clinic at the San Francisco
General Hospital from November 2004 to March 2005. The patient population
at this clinic has high rates of illicit drug injection use; homelessness; and
infection with hepatitis C, hepatitis B, or human immunodeficiency virus (HIV)
(30). The clinic provides uninterrupted, 7-days-per-week treatment from 9 a.m.
to 5 p.m. on weekdays and 9 a.m. to 12 p.m. on weekends and holidays for all
patients on a walk-in, outpatient basis (12).
Study population. All patients presenting to the ISIS Clinic are assessed by a
surgeon to determine if an abscess is present and if surgical drainage is necessary.
All study participants were recruited from the group of patients considered to
have a surgically drainable abscess (Fig. 1). We included patients with medical
comorbidities such as intravenous drug use, hepatitis B and C, HIV infection,
and diabetes. Subjects were eligible for enrollment if they were over the age of
18 years and had an abscess that the attending surgeon believed required surgical
intervention and was severe enough that a duration of 5 or more days of antibiotic therapy was anticipated. Diagnostic criteria for an abscess were as follows:
(i) acute onset within 7 days prior to enrollment; (ii) purulent drainage or
purulent aspirate; (iii) erythema, induration (ⱖ2 cm in diameter), or tenderness;
and (iv) evidence of loculated fluid at time of enrollment. Our clinical standard
is to prescribe antibiotics when two or more of these criteria are met. Subjects
were ineligible for enrollment if they were unlikely to survive through the treatment period and evaluations or had toxic shock syndrome or toxic shock-like
syndrome, shock or hypotension, oliguria (urine output of ⬍20 ml/h) not re-
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sponsive to fluid challenge, an incisional wound extending into visceral compartments, suspected or proven contiguous bone or joint involvement, ischemic
ulcers or wounds associated with severe arterial insufficiency or gangrene, infection of prosthetic materials or venous catheters that could not be removed as part
of the treatment of the current infection, infection of a full-thickness burn wound
or burn wound that was ⬎20% of total body area, allergy to penicillin or
cephalexin, or renal compromise requiring adjusted dosing of cephalexin.
Febrile patients were included. The current standard of care at ISIS does not
include routine blood drawings, and thus, white blood cell counts were not a
component of the study criteria.
The Committee on Human Research at the University of California approved
the study, and all patients gave written informed consent.
The drug trial is registered under identifier NCT00187759 at http://www
.clinicaltrials.gov.
Study protocol. At the initial visit, participants underwent a directed history
and a physical examination, including complete examination of the skin. Abscesses were measured, and local anesthetic was injected along the line of the
anticipated incision. Using a no. 11 blade, the attending surgeon used a sawing
motion to create a wide opening and completely drain the pus. The cavity was
probed for loculations and further drained if necessary. The cavity was packed
from deep to superficial levels with plain gauze for healing by secondary intention. Participants were then randomized to treatment assignments by the pharmacist, using a block randomization scheme to generate a 1:1 ratio of subjects in
each group. Assignments were placed in sequentially numbered, sealed envelopes, which were opened and recorded after all other data had been entered.
The antibiotic treatment regimen consisted of the current standard of care in
the community, oral cephalexin at 500 mg four times daily for 7 consecutive days.
Patients in the placebo group received oral placebo capsules identical in appearance to the cephalexin capsules for the same length of time. All subjects were
seen daily in the clinic by a nurse who assessed wound healing and changed
dressings until the wound showed the following signs of healing: absence of
purulent wound drainage, erythema, fluctuance, localized warmth, pain/tenderness, and edema/induration. Patients were also asked to return 7 days after initial
study enrollment for their follow-up visit. All patients, investigators, and clinic
staff were blinded to study group assignment.
Microbiologic cultures and susceptibility testing. Wound cultures were obtained from patients during the incision and drainage procedure. The intact skin
over the abscess was cleansed with 10% povidone-iodine solution (Smith and
Nephew, Largo, FL) prior to incision. A sterile Dacron swab (Becton, Dickinson

& Co., Cockeysville, MD) was rotated within the cavity immediately after surgical incision. Wet swabs were sent to the clinical microbiology laboratory at San
Francisco General Hospital for routine aerobic and anaerobic culture and antimicrobial susceptibility testing. Since staphylococci and streptococci are the two
most prevalent organisms in SSTIs, the laboratory tested only for these. MICs
were determined by Microscan (Microscan Walkaway instrument; Dade International, West Sacramento, CA). Guidelines from the Clinical and Laboratory
Standards Institute (formerly NCCLS) were used throughout to assess susceptibility (22). Samples identified as MRSA were tested for the presence of PVL
genes using the method of Lina et al. (16).
Clinical response. The primary study outcome was either clinical cure or
clinical failure, which was determined according to a predetermined set of criteria and based on the clinical judgment of trained nurse practitioners. There is
currently no validated instrument available to assess cure or failure of an abscess;
the goal of this study was not to create such an instrument but rather to reflect
clinical practice. Determination of clinical cure was made by one of the study
investigators (P.R.) and five trained study nurses at the 1-week follow-up visit if
there was resolution of the following signs and symptoms—purulent wound
drainage, erythema, fluctuance, localized warmth, pain/tenderness, and edema/
induration—such that no further antibiotics or surgical procedure was needed.
Treatment failure, defined as the presence of any of those symptoms, was confirmed by a nurse practitioner in the ISIS Clinic if the infection did not resolve
as expected and thereby required antibiotics or a surgical procedure anytime
after study entry. All those who assessed study outcome were trained by a study
investigator. Patients who came to the clinic after the designated 1-week follow-up visit were also included. Treatment adherence was based on patient
self-report.
Patients were instructed not to take any other antibiotics except the study drug
during the study period. If they reported taking additional antibiotics for their
abscess or for any unrelated condition, treatment was considered a failure and
patients were followed in the clinic until their infection resolved.
Statistical analysis. This was an intent-to-treat analysis of all patients who
enrolled in the study. The primary clinical end point was the proportion of
patients whose wounds were considered to be clinically cured. Early stopping
rules were set in the event that the overall cure rate was high, irrespective of
treatment group. Patients who missed their follow-up visit and whose treatment
was not already considered a failure were contacted via telephone by one of the
study investigators, and their medical records were reviewed. If sufficient information was available to determine clinical outcome, these patients were included
in the analysis. Patients who did not return for follow-up, who could not be
contacted by phone, and whose outcome could not be determined from chart
review were deemed failures.
The sample size was designed to provide 80% power to detect a difference of
10% or more between the two groups (6). A one-tailed Fisher exact test with a
5% level of significance was used to compare the primary outcomes, as placebo
was not expected to be better than cephalexin.
Statistical analyses were performed using Microsoft Access 2000 and SAS
software, versions 8.2 and 9.1. Cure rates are presented as proportions with
corresponding 95% confidence intervals. Dichotomous variables were analyzed
using Fisher’s exact test. Ordinal variables were analyzed using the KruskalWallis test. Continuous variables were analyzed with Mann-Whitney tests. Twosided P values of ⬍0.05 were set to indicate statistical significance for all other
comparisons.

RESULTS
Characteristics of the study subjects. A total of 166 eligible
subjects were enrolled and randomized to receive either cephalexin or placebo (Fig. 1). Subjects randomized to the two study
groups were similar with respect to baseline characteristics
(Table 1). A total of four subjects were lost to follow-up.
Clinical response was determined in the clinic for 89% of the
166 subjects eligible for analysis. Of the 14 subjects who did not
return for their 1-week follow-up visit, outcome was determined by chart review of hospital records alone (n ⫽ 8) and by
chart review coupled with a telephone conversation with one of
the study investigators (n ⫽ 2). Treatment adherence data
were available for 113 patients: 72.2% (n ⫽ 39) reported taking
cephalexin as instructed and 78.0% (n ⫽ 46) reported taking
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FIG. 1. Enrollment and outcomes.
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TABLE 1. Baseline characteristics of the 166 study subjects
included in the analyses, by study group

TABLE 3. Characteristics of the 166 subjects, by clinical outcome
Value for study group

Value for study group:
P value

Characteristic
Cephalexin

Placebo

43 (22–66)
72.0

45 (22–88)
81.0

0.3191
0.2313
0.2431

6.2
1.5
4.6
38.5
49.2
35.4
2.4
30.5
15.9

0
1.5
1.5
46.2
50.8
38.1
6.0
33.3
7.1

0.7493
0.4432
0.7408
0.0915

17.7
19.2
1.4
18.7 (1–144)

18.1
24.1
5.3
19.0 (1–150)

1.0000
0.5668
0.3678
0.3676

64.1
17.2
18.8

67.7
14.1
18.3

0.9048

38.8
0.05

40.2
0.01

1.0000
1.0000

placebo as instructed. No major adverse events (events resulting in death, life-threatening situations, or permanent disabilities) were reported for either study group. No disseminated
disease such as pneumonia or meningitis was reported.
Clinical outcome. There was no difference in the clinical
cure rate between subjects receiving placebo and those receiving cephalexin (90.5% [n ⫽ 76/84] versus 84.1% [n ⫽ 69/82];
95% confidence interval, 0.82 to 0.96 versus 0.74 to 0.91, respectively; difference in the two proportions, 0.0006; 95% confidence interval for this difference, ⫺0.0461 to 0.0472; P ⫽
0.25). Of the 21 subjects in the treatment failure group, four
were lost to follow-up (Table 2). Of the 17 subjects who were
followed up, 11 from the cephalexin group and six from the
placebo group were subsequently prescribed antibiotics. Four

TABLE 2. Reasons for clinical failures by study group
No. of subjects in
study group:
Reason

Nurse practitioner thought abscess
was not healing as expected
Patient was prescribed antibiotics
for new, nonadjacent abscess
Patient returned to emergency
department complaining of
worsening abscess
Patient started on antibiotics for
unrelated medical condition
during study period
Primary care provider urged
patient to withdraw from study
due to HIV infection
Loss to follow-up

Cephalexin
(n ⫽ 13)

Placebo
(n ⫽ 8)

8

3

0

2

2

0

0

1

1

0

2

2

Shown as no. (%) of subjects
Male sex
Homeless
Race
Pacific Islander
Asian
African-American
Caucasian
Hepatitis (B or C)
Diabetes
Intravenous drug use
Tissue depth
Subcutaneous
Fascia
Muscle
Shown as mean value
Age (yr)
Mean amt of pus drained
(ml)
Surface area of abscess
(cm2)

Cure

Failure

Placebo

Cephalexin

Placebo

Cephalexin

61 (80.3)
28 (36.8)

47 (68.1)
24 (34.8)

7 (87.5)
4 (50.0)

12 (92.3)
5 (38.5)

1 (1.6)
2 (3.3)
27 (44.3)
31 (50.8)
23 (30.3)
5 (6.6)
38 (50.0)

0 (0.0)
3 (5.6)
23 (42.6)
28 (51.9)
21 (30.4)
2 (2.9)
32 (46.4)

0 (0.0)
0 (0.0)
4 (57.1)
3 (42.9)
5 (62.5)
0 (0.0)
4 (50.0)

0 (0.0)
0 (0.0)
4 (40.0)
6 (60.0)
4 (30.8)
0 (0.0)
5 (38.5)

44 (67.7)
9 (13.8)
12 (18.5)

34 (63.0)
10 (18.5)
10 (18.5)

4 (66.7)
1 (16.7)
1 (16.7)

7 (70.0)
1 (10.0)
2 (20.0)

44.2
20.9

42.5
29.3

46.5
14.7

40.9
44.1

20.2

16.8

7.1

28.0

from the cephalexin group underwent another surgical procedure, and two, also from the cephalexin group, were hospitalized.
Patients who were cured and those who were not did not
differ with respect to demographics, medical comorbidities, or
abscess characteristics (Table 3). Among those with HIV infection, all six of those on placebo and 8/13 on cephalexin were
cured (P ⫽ 0.128).
Pathogen distribution and susceptibility. There was no difference in pathogen distribution between study groups (Table
4). Of the 162 patients for whom cultures were obtained,
Staphylococcus aureus was isolated from 114 (114/162 ⫽
70.4%). Of these 114 S. aureus isolates, 99 were tested for
antibiotic susceptibilities; 87 (87/99 ⫽ 87.8%) were MRSA. Of
these 87 MRSA isolates, 86 were tested for the presence of the
PVL gene and 80 were positive for PVL (80/86 ⫽ 93.0%).
Susceptibility data for the isolates tested are shown in Table 5.
There was no difference in the distribution as well as clinical
cure rates in patients with PVL-positive MRSA between the
placebo group and the cephalexin group (Table 6). Of the
seven Streptococcus species-only isolates, the three/five patients on placebo were cured and two/two patients on cephalexin were cured.

TABLE 4. Pathogen distribution by study group
No. (%) of subjects by
study group:
Organism

Staphylococcus aureus only
Streptococcus species only
Both Staphylococcus aureus and
Streptococcus species
Neither species

Cephalexin
(n ⫽ 80)

Placebo
(n ⫽ 82)

55 (68.8)
2 (2.5)
3 (3.8)

55 (67.1)
5 (6.1)
1 (1.2)

20 (25.3)

21 (25.6)
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Age, median (range), yr
Male sex (%)
Race (%)
American Indian
Pacific Islander
Asian
African-American
Caucasian
Homeless (%)
Diabetes (%)
Hepatitis B or C (%)
HIV infection (%)
Abscess size of ⬎5 cm in
dimension (%)
Length
Width
Depth
Surface area, mean
(range), cm2
Tissue depth (%)
Subcutaneous
Fascia
Muscle
Underlying skin
disease (%)
Folliculitis
Atopic dermatitis

Characteristic
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TABLE 5. Antimicrobial susceptibilities of Staphylococcus aureus
from abscesses at enrollment, by study groupa
Antimicrobial
agent

Cephalexin
(n ⫽ 50)

Placebo
(n ⫽ 49)

6 (12.0)
8 (16)
25 (50.0)
27 (74.0)
39 (88.0)
44 (88.0)
49 (98.0)
50 (100)
50 (100)

6 (12.2)
7 (14.3)
30 (61.2)
39 (79.6)
41 (83.7)
44 (89.8)
49 (100)
49 (100)
49 (100)

50 (100)
50 (100)

49 (100)
40 (100)

a
Of the 110 staphylococcal isolates, antimicrobial susceptibility data were
available for 99.

DISCUSSION
This study compared a commonly used beta-lactam antibiotic, cephalexin, to placebo for the treatment of uncomplicated
skin and soft tissue abscesses after incision and drainage in a
population with high rates of community-acquired MRSA. Our
findings of high clinical cure rates (84 to 90%) and no difference in clinical cure rates for cephalexin compared to placebo
indicate that beta-lactam antibiotics probably do not provide
an additional benefit over that afforded by incision and drainage in the treatment of cutaneous abscesses. Even though
more than 90% of MRSA clinical isolates were positive for
PVL genes, this had no apparent effect on outcome.
A possible criticism of the study design is that no active
treatment arm was included (assuming that beta-lactams have
no clinically useful antimicrobial activity against MRSA). However, given the high cure rates in both the cephalexin and
placebo arms—rates which are consistent with those of four
recently published studies of SSTIs (88 to 96%) (1, 13, 27,
29)—it is doubtful that an active agent would have performed
any better. The one previous placebo-controlled study of
cephradine for soft tissue infections, including abscesses, was
conducted in 1985 and included 50 subjects (17). That study
found no difference in cure rates between the antibiotic and
placebo groups; to our knowledge, microbiologic susceptibility
was not reported. Observational, retrospective studies have
found no difference in outcomes of patients treated with betalactam antibiotics for SSTIs caused by MRSA compared to
those given an antibiotic to which the isolate was susceptible
(11, 14, 20, 30). Our trial is the first interventional study that
directly supports this finding. These observational studies in
conjunction with our results strongly suggest that antibiotics
may not be necessary for treating some SSTIs, including those
caused by MRSA.
Clinicians have been reluctant to change the current standard of care, citing the lack of evidence from well-designed
randomized control trials and the increasing prevalence of
MRSA (7, 10, 21, 26). Even clinicians knowledgeable about
antibiotic overuse continue to prescribe beta-lactam antibiotics
for soft tissue infections (14, 24). The two main arguments in

TABLE 6. Prevalence and cure rates of PVL-producing MRSA,
by study group
No. of isolates
Study group and
outcome

Cephalexin (n ⫽ 82)
Cure
Failure
Placebo (n ⫽ 84)
Cure
Failure

MRSA

PVL positive/
tested

Cures/PVL
positive

40
2

38/41
2/2

38/38
0/2

39
4

37/39
3/4

37/37
0/3

support of this practice are (i) that these infections may be
polymicrobial, containing some streptococcal species sensitive
to beta-lactam antibiotics (2, 8, 11), and (ii) that killing the
sensitive organisms in the soft tissue infection may tip the
balance in favor of host defenses against the organisms that
are resistant to the antibiotic given (11).
The strengths of this study include its randomized, doubleblind, placebo-controlled design; a well-defined study population; and a 91.6% follow-up rate (97.6% if the additional 10
patients whose follow-up consisted of chart review are included). Nevertheless, our study does have some limitations.
Clinical outcomes were assessed at end of treatment, but 10
patients (6%) had their clinical outcomes determined by chart
review. Two antibiotic treatment failures were found in emergency department records. When we analyzed the data excluding these 10 patients, it had no effect on study conclusions.
Recurrence rates also were not determined, and whether antimicrobial therapy might have a beneficial effect by preventing
recurrent infections some weeks or months later is an important question that merits further study. Data on treatment
adherence were based on self-report and were not available for
all patients. Adherence, therefore, could have been lower than
reported. However, given the high cure rate for the placebo
alone, this likely had no impact on results.
Our subjects were adults who were recruited from a single
clinic, and they may not be representative of the general population. The MRSA rate of 87.8% in our study is higher than
what was previously reported at the same clinic (30) and is
higher than rates reported from other study sites (26, 30). In a
recent survey of MRSA isolates from this clinic, 91% belonged
to the PVL-positive epidemic community clone MRSA
USA300 (F. Perdreau-Remington, unpublished data), the
most prominent community MRSA clone type in the United
States and Canada (4, 23) and one that has been implicated as
a cause of very severe infection (19). Thus, all or almost all of
the PVL-positive clinical isolates probably were USA300. We
also had a high rate of injection drug users (48%). Thus, our
findings may not be generalizable to children or to patient
populations in which MRSA (and USA300 in particular) or
injection drug use is not highly prevalent. Although our study
criteria permitted enrollment of febrile patients, because only
1 out of the 166 was febrile these study results may not be
generalizable to febrile patients. In addition, incision and
drainage procedures were performed by attending surgeons;
outcomes may not necessarily be the same in clinics run by
other health care providers.
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Nafcillin
Erythromycin
Ciprofloxacin
Levofloxacin
Tetracycline
Clindamycin
Rifampin
Gentamicin
Trimethoprimsulfamethazole
Vancomycin
Linezolid

No. (%) of isolates for
study group:
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We included patients with medical comorbidities such as
HIV infection, hepatitis, diabetes, and folliculitis, populations
for whom clinicians often prescribe antibiotics (28), but sample
sizes were too small to determine whether or not these subgroups might benefit from antibiotics. This area merits further
research because clinicians commonly feel compelled to prescribe antibiotics for infections in these populations.
Another population generally thought to require antibiotics
is patients with larger abscesses. A previous study cited an
abscess greater than 5 cm in diameter as a significant predictor
of hospitalization (10). We included patients with abscesses
greater than 5 cm in length (n ⫽ 28), width (n ⫽ 34), or depth
(including those down to the muscle) (n ⫽ 24). Although the
subgroup sample sizes were too small to make definitive conclusions, our overall findings suggest that even patients with
large abscesses may not need antibiotics.
In summary, the 90.5% cure rate observed in the placebo
arm of this study and good outcomes in cephalexin recipients
despite an overall MRSA prevalence of ⬎50% indicate that
antibiotics may be unnecessary after surgical drainage of skin
and soft tissue abscesses for populations with high rates of
MRSA. Perhaps even more important, this study demonstrates
that that a placebo control can be safely used in trials of
uncomplicated SSTIs and should be considered in future studies of this type. The results of future placebo-controlled trials
of SSTIs could have a significant impact on management of
community-acquired MRSA infections.
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