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WHAT’S KNOWN ON THIS SUBJECT: The burden of pediatric skin
and soft-tissue infections (SSTIs) is increasing, largely as a result
of the widespread community emergence of methicillin-resistant
Staphylococcus aureus (MRSA). Optimal antimicrobial
management strategies for SSTIs in the era of communityassociated MRSA remain unclear.
WHAT THIS STUDY ADDS: These ﬁndings, from a cohort of nearly
50 000 children with incident SSTIs, bring into question the use of
trimethoprim-sulfamethoxazole for treatment of purulent SSTIs in
community-associated MRSA–prevalent regions in which
clindamycin resistance remains low. ␤-Lactams, however, may
still be effective for nonpurulent SSTIs.

abstract
OBJECTIVE: To compare the effectiveness of clindamycin, trimethoprimsulfamethoxazole, and ␤-lactams for the treatment of pediatric skin and
soft-tissue infections (SSTIs).
METHODS: A retrospective cohort of children 0 to 17 years of age who
were enrolled in Tennessee Medicaid, experienced an incident SSTI between 2004 and 2007, and received treatment with clindamycin (reference), trimethoprim-sulfamethoxazole, or a ␤-lactam was created. Outcomes included treatment failure and recurrence, deﬁned as an SSTI
within 14 days and between 15 and 365 days after the incident SSTI, respectively. Adjusted models stratiﬁed according to drainage status were used
to estimate the risk of treatment failure and time to recurrence.
RESULTS: Among the 6407 children who underwent drainage, there were
568 treatment failures (8.9%) and 994 recurrences (22.8%). The adjusted
odds ratios for treatment failure were 1.92 (95% conﬁdence interval [CI]:
1.49 –2.47) for trimethoprim-sulfamethoxazole and 2.23 (95% CI: 1.71–2.90)
for ␤-lactams. The adjusted hazard ratios for recurrence were 1.26 (95%
CI: 1.06 –1.49) for trimethoprim-sulfamethoxazole and 1.42 (95% CI: 1.19 –
1.69) for ␤-lactams. Among the 41 094 children without a drainage procedure, there were 2435 treatment failures (5.9%) and 5436 recurrences
(18.2%). The adjusted odds ratios for treatment failure were 1.67 (95% CI:
1.44 –1.95) for trimethoprim-sulfamethoxazole and 1.22 (95% CI: 1.06 –
1.41) for ␤-lactams; the adjusted hazard ratios for recurrence were 1.30
(95% CI: 1.18 –1.44) for trimethoprim-sulfamethoxazole and 1.08 (95% CI:
0.99 –1.18) for ␤-lactams.
CONCLUSIONS: Compared with clindamycin, use of trimethoprimsulfamethoxazole or ␤-lactams was associated with increased risks of
treatment failure and recurrence. Associations were stronger for
those with a drainage procedure. Pediatrics 2011;128:e479–e487
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The growing burden of communityassociated (CA) methicillin-resistant
Staphylococcus aureus (MRSA), which is
estimated to account for ⬎70% of staphylococcal infections in some regions of
the United States, is a major problem in
childhood.1–5 A frequent cause of skin
and soft-tissue infections (SSTIs),2,4,5
CA-MRSA infections often are more
severe and lead to poor clinical outcomes.6,7 CA-MRSA isolates are uniformly resistant to ␤-lactam antibiotics, previously the most commonly used
agents for SSTIs, which makes prompt recognition and initiation of effective empiric
therapy for CA-MRSA extremely important.
Unfortunately, optimal antimicrobial management strategies for SSTIs in the era of
CA-MRSA remain unclear.
Currently, the most commonly recommended, orally administered antibiotics
for pediatric SSTIs include clindamycin
and trimethoprim-sulfamethoxazole.8–12
However, a paucity of comparative
studies of antimicrobial treatment,13,14
as well as studies that suggest that antimicrobial therapy may be unnecessary for drained abscesses,15–17 make
treatment decisions difﬁcult. In addition, although studies estimated that
nearly one-third of MRSA SSTIs result
in ⱖ1 recurrent event,9,18–20 few studies have attempted to determine the
inﬂuence of antimicrobial treatment
on recurrence risk for pediatric SSTIs.
Finally, there are no published, largescale, randomized trials of antimicrobial
treatment for pediatric SSTIs. The objective
of this study was to compare the effectiveness of clindamycin, trimethoprimsulfamethoxazole, and ␤-lactams with respect to treatment and risk of recurrence
after incident SSTIs among a large cohort
of children enrolled in the public health
care plan in Tennessee in 2004–2007.

METHODS
Data Sources
This study used administrative data
ﬁles from Tennessee’s Medicaid
program (TennCare). The TennCare
e480
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database has been validated extensively and contains information on
subject enrollment and claims
for hospitalizations, outpatient and
emergency department visits, and
medications, as described previously.21 International Classiﬁcation
of Diseases, Ninth Edition, Clinical
Modiﬁcation (ICD-9-CM) diagnostic
codes were used to identify potential
SSTIs from emergency department
and outpatient claims. Claims for
drainage procedures were identiﬁed
on the basis of ICD-9-CM and Current
Procedural Terminology (CPT) codes.
Data on ﬁlled prescriptions were determined from Medicaid pharmacy
ﬁles.
Study Population
Children 0 to 17 years of age who were
enrolled in TennCare between January
1, 2004, and December 31, 2007, were
eligible for inclusion if they experienced an incident SSTI, deﬁned on the
basis of (1) an outpatient SSTI claim,
with or without a drainage procedure
(Supplemental Table 4 provides a complete list of eligible ICD-9-CM and CPT
codes), (2) no SSTI claims in the previous 365 days (or since birth for those
⬍1 year of age), and (3) a prescription for clindamycin, trimethoprimsulfamethoxazole, or a ␤-lactam ﬁlled
within 2 days after the SSTI claim. All
systemic antibiotics identiﬁed in the
pharmacy data ﬁle as either a penicillin or cephalosporin were considered
␤-lactams and were included. Children
were required to have ⱖ365 days of
continuous TennCare enrollment (or
enrollment since birth for those ⬍1
year of age) before the incident SSTI
and ⱖ14 days of continuous enrollment after the incident SSTI. Because
our primary aim was to compare antibiotic effectiveness, children who received ⱖ2 different antibiotics within 2
days after an SSTI claim (9960 children
who received mupirocin plus another
antibiotic and 2418 children who re-

ceived other combinations) were excluded. To limit potential severity bias,
we also excluded children who did not
receive an antibiotic after a drainage
procedure (N ⫽ 2611). Children who
were admitted initially to the hospital
and those with claims involving burns,
foreign-body injuries, or wound or
postsurgical infections also were
excluded.
Study Outcomes
The primary outcome was an SSTI
within 365 days after the incident infection, deﬁned on the basis of (1) an
outpatient SSTI claim plus an antibiotic prescription or drainage procedure or (2) hospitalization with SSTI
listed as a discharge diagnosis. Subsequent SSTIs were classiﬁed as either treatment failures (within 14
days after the incident SSTI) or recurrences (15–365 days after the incident SSTI).
Validation Sample
To assess the validity of our study definition for incident SSTIs, a random
sample of cohort children (N ⫽ 60)
cared for at Vanderbilt University Medical Center was selected for chart review. One record could not be located;
of the 59 records reviewed, all except
1 were considered to indicate true
incident SSTIs (positive predictive
value: 98.3%). Seventy-ﬁve percent of
cases were classiﬁed as abscess/
cellulitis, of which 60% were determined to be abscesses. In cases involving drainage, needle drainage
(22%) and scalpel incision with subsequent drainage (61%) were the
most common approaches.
Statistical Analyses
The primary exposure was antibiotic
treatment for the incident SSTI
and was classiﬁed as clindamycin,
trimethoprim-sulfamethoxazole, or a
␤-lactam. Clindamycin treatment was
considered the reference for all
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analyses. Odds ratios (ORs) for treatment failure were estimated by using logistic regression analyses. Hazard ratios (HRs) for time to recurrence
were estimated by using Cox
proportional-hazard regression analyses. Covariates in the ﬁnal models included study year, age, gender, race/
ethnicity, and visit diagnosis. We also
assessed for effect modiﬁcation according to gender, age, and race/ethnicity. All models were stratiﬁed according to the presence or absence of a
drainage procedure. Model diagnostics
included Hosmer-Lemeshow goodnessof-ﬁt tests and visualization of logarithmlogarithm survival plots; there was no evidence of misspeciﬁcation in the ﬁnal
models.
Several sensitivity analyses also were
performed. First, to account for children with ⬎1 qualifying incident SSTI
in different study years (N ⫽ 9074),
models using robust SEs and clustering according to patient were created.
Second, because a large number of
children (N ⫽ 9960) were excluded because they received mupirocin in addition to clindamycin, trimethoprimsulfamethoxazole, or a ␤-lactam,
analyses that included this group of
children were performed. Results for
these supplemental analyses were
unchanged from the results of the
overall models and are not presented. Finally, because children
who experienced a treatment failure
might have received a different antibiotic at the time of the failure event
(leading to potential exposure misclassiﬁcation for the recurrence outcome), analyses that excluded SSTIs
that resulted in treatment failures
were performed. Stata 10.0 (Stata
Corp, College Station, TX) was used
for all analyses. This study was approved by the Vanderbilt University
institutional review board and the
Bureau of TennCare.
PEDIATRICS Volume 128, Number 3, September 2011

TABLE 1 Baseline Characteristics for Children Who Did or Did Not Receive Drainage, Overall and
According to Antibiotic Treatment Group
Characteristic

Without drainage procedure
Total
Study years
2004
2005
2006
2007
Age
0–2 y
3–5 y
6–10 y
11–17 y
Gender
Male
Female
Race/ethnicity
White
Black
Hispanic
Other
With drainage procedure
Total
Study years
2004
2005
2006
2007
Age
0–2 y
3–5 y
6–10 y
11–17 y
Gender
Male
Female
Race/ethnicity
White
Black
Hispanic
Other

N

n (%)
Clindamycin

TrimethoprimSulfamethoxazole

␤-Lactam

41 094

5189 (12.6)

8417 (20.5)

27 488 (66.9)

10 700
7828
11 304
11 262

913 (8.5)
1003 (12.8)
1635 (14.5)
1638 (14.5)

340 (3.2)
1015 (13.0)
2983 (26.4)
4079 (36.2)

9447 (88.3)
5810 (74.2)
6686 (59.2)
5545 (49.2)

9267
8627
10 500
12 700

1251 (13.5)
943 (10.9)
1187 (11.3)
1808 (14.2)

2139 (23.1)
1617 (81.7)
2037 (19.4)
2624 (20.7)

5877 (63.4)
6067 (70.3)
7276 (69.3)
8268 (65.1)

20 187
20 907

2455 (12.2)
2734 (13.1)

3930 (19.5)
4487 (21.5)

13 802 (68.4)
13 686 (65.5)

23 870
13 841
1261
2122

1309 (5.5)
3463 (25.0)
136 (10.8)
281 (13.2)

5205 (21.8)
2638 (19.1)
188 (14.9)
386 (18.2)

17 356 (72.7)
7740 (55.9)
937 (74.3)
1455 (68.6)

6407

2270 (35.4)

2206 (34.4)

1931 (30.1)

1222
1222
1823
2140

400 (32.7)
471 (38.5)
661 (36.3)
738 (34.5)

121 (9.9)
281 (23.0)
728 (39.9)
1076 (50.3)

701 (57.4)
470 (38.5)
434 (23.8)
326 (15.2)

1409
1012
1410
2576

563 (40.0)
332 (32.8)
491 (34.8)
884 (34.3)

526 (37.3)
365 (36.1)
505 (35.8)
810 (31.4)

320 (22.7)
315 (31.1)
414 (29.4)
882 (34.2)

3180
3227

1128 (35.5)
1142 (35.4)

1086 (34.2)
1120 (34.7)

966 (30.4)
965 (29.9)

2588
3428
123
268

357 (13.8)
1788 (52.2)
30 (24.4)
95 (35.5)

1236 (47.8)
829 (24.2)
52 (42.3)
89 (33.2)

995 (38.5)
811 (23.7)
41 (33.3)
84 (31.3)

SSTIs were determined on the basis of a visit with a speciﬁc ICD-9-CM code (Supplemental Table 4) and a ﬁlled prescription
for an antibiotic within 2 days. Treatment failure and recurrence were deﬁned as fulﬁlling the same criteria (including a new
antibiotic) within 14 days and between 15 and 365 days, respectively. Drainage was determined on the basis of CPT and
ICD-9-CM procedure codes (Supplemental Table 4) representing incision and drainage.

RESULTS
Characteristics of Study
Population
Of the 47 501 included children with incident SSTIs, 7459 (15.7%) received clindamycin, 10 623 (22.3%) received
trimethoprim-sulfamethoxazole, and
29 419 (61.9%) received a ␤-lactam
(Table 1). The duration of antibiotic
treatment (mean ⫾ SD) was comparable between the 3 groups (clindamy-

cin, 9.4 ⫾ 2.6 days; trimethoprimsulfamethoxazole, 9.7 ⫾ 2.6 days;
␤-lactam, 9.4 ⫾ 2.6 days). During the
study period, ␤-lactam use decreased
substantially, accounting for 85.1% and
43.8% of total prescriptions in 2004
and 2007, respectively. There was a
modest increase in clindamycin use,
from 11.0% in 2004 to 17.7% in 2007,
and a dramatic increase in
trimethoprim-sulfamethoxazole use,
from 3.9% in 2004 to 38.5% in 2007.
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TABLE 2 ORs for Treatment Failure, Stratiﬁed According to Drainage Status

Drainage
Incident SSTIs, n
Treatment failures, n (%)
Unadjusted OR (95% CI)
Adjusted OR (95% CI)
No drainage
Incident SSTIs, n
Treatment failures, n (%)
Unadjusted OR (95% CI)
Adjusted OR (95% CI)

Clindamycin

TrimethoprimSulfamethoxazole

␤-Lactam

2270
107 (4.7)
1.00 (reference)
1.00 (reference)

2206
246 (11.2)
2.54 (2.01–3.21)
1.92 (1.49–2.47)

1931
215 (11.1)
2.53 (1.99–3.22)
2.23 (1.71–2.90)

5189
253 (4.9)
1.00 (reference)
1.00 (reference)

8417
739 (8.8)
1.88 (1.62–2.18)
1.67 (1.44–1.95)

27 488
1443 (5.3)
1.08 (0.94–1.24)
1.22 (1.06–1.41)

SSTIs were determined on the basis of a visit with a speciﬁc ICD-9-CM code (Supplemental Table 4) and a ﬁlled prescription
for an antibiotic within 2 days. Treatment failure was deﬁned as fulﬁlling the same criteria (including a new antibiotic)
within 14 days after the incident event. Drainage was determined on the basis of CPT and ICD-9-CM procedure codes
(Supplemental Table 4) representing incision and drainage. ORs were estimated in logistic regression analyses with
adjustment for year, age, gender, race/ethnicity, and diagnosis.

Ninety-three percent of children who
received drainage had a diagnosis of
abscess/cellulitis. For children without a drainage procedure, only 61.2%
had a diagnosis of abscess/cellulitis;
an additional 20.7% had a diagnosis of
impetigo. Children who underwent a
drainage procedure were more likely to
receive either clindamycin (35.4%) or
trimethoprim-sulfamethoxazole (34.4%),
whereas those who did not undergo a
drainage procedure were most likely
to receive a ␤-lactam (66.9%).
Outcomes for Children With
Drainage Procedures
Of the 6407 children who underwent
drainage procedures, 568 (8.9%) experienced treatment failure, including
4.7% of clindamycin users, 11.2% of
trimethoprim-sulfamethoxazole users,
and 11.1% of ␤-lactam users (Table 2).
Compared with clindamycin, the odds
of treatment failure approximately
doubled for both trimethoprimsulfamethoxazole (adjusted OR: 1.92
[95% conﬁdence interval [CI]: 1.49 –
2.47]) and ␤-lactams (adjusted OR:
2.23 [95% CI: 1.71–2.90]).
There were 994 recurrences during
4363 person-years of follow-up monitoring (228 events per 1000 personyears) for children who received
drainage; the median time to ﬁrst recurrence was 95 days (interquartile
e482
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range: 46 –195 days) (the numbers of
children who experienced ⱖ1 recurrence by 1, 3, 9, and 12 months of
follow-up monitoring are presented in
Supplemental Table 5). The rates of recurrence were 173 recurrences per
1000 person-years among clindamycin
users, 270 recurrences per 1000
person-years among trimethoprimsulfamethoxazole users, and 251 recurrences per 1000 person-years
among ␤-lactam users (Table 3). The
risk of recurrence was signiﬁcantly higher among users of
trimethoprim-sulfamethoxazole (adjusted HR: 1.26 [95% CI: 1.06 –1.49])
and ␤-lactams (adjusted HR: 1.42 [95%
CI: 1.19 –1.69]) (Fig 1), compared with

clindamycin users. The results of analyses that excluded treatment failures
were unchanged from the results with
the overall models (Supplemental Table 6). Tests for interaction yielded signiﬁcant results for gender (Supplemental Tables 7 and 8).
Outcomes for Children Without
Drainage Procedures
Among the 41 094 children without a
drainage procedure, 2435 (5.9%) experienced treatment failure, including
4.9% of clindamycin users, 8.8% of
trimethoprim-sulfamethoxazole users,
and 5.3% of ␤-lactam users. The
adjusted ORs for treatment failure
were 1.67 (95% CI: 1.44 –1.95) for
trimethoprim-sulfamethoxazole and
1.22 (95% CI: 1.06 –1.41) for ␤-lactams,
compared with clindamycin.
There were 5436 recurrences during
29 887 person-years of follow-up monitoring (182 events per 1000 personyears) among children who did not receive drainage; the median time to ﬁrst
recurrence was 88 days (interquartile
range: 41–192 days) (the numbers of
children who experienced ⱖ1 recurrence by 1, 3, 9, and 12 months of
follow-up monitoring are presented in
Supplemental Table 5). This value included 610 recurrences among clinda-

TABLE 3 HRs for First Recurrence, Stratiﬁed According to Drainage Status

Drainage
First recurrences, n (%)a
Follow-up period, person-years
Events, No. per 1000 person-years
Unadjusted HR (95% CI)
Adjusted HR (95% CI)
No drainage
First recurrences, n (%)a
Follow-up period, person-years
Events, No. per 1000 person-years
Unadjusted HR (95% CI)
Adjusted HR (95% CI)

Clindamycin

TrimethoprimSulfamethoxazole

␤-Lactam

280 (12.3)
1619
173.0
1.00 (reference)
1.00 (reference)

359 (16.3)
1329
270.1
1.51 (1.29–1.77)
1.26 (1.06–1.49)

355 (18.4)
1415
250.9
1.47 (1.26–1.72)
1.42 (1.19–1.69)

610 (11.8)
3736
163.3
1.00 (reference)
1.00 (reference)

1272 (15.1)
5136
247.7
1.46 (1.32–1.60)
1.30 (1.18–1.44)

3554 (12.9)
21 015
169.1
1.06 (0.97–1.15)
1.08 (0.99–1.18)

SSTIs were determined on the basis of a visit with a speciﬁc ICD-9-CM code (Supplemental Table 4) and a ﬁlled prescription
for an antibiotic within 2 days. Recurrence was deﬁned as fulﬁlling the same criteria (including a new antibiotic) between
15 and 365 days after the incident event. Drainage was determined on the basis of CPT and ICD-9-CM procedure codes
(Supplemental Table 4) representing incision and drainage. HRs were estimated in Cox proportional-hazard regression
analyses with adjustment for year, age, gender, race/ethnicity, and diagnosis.
a Percentages reﬂect the proportion of incident SSTIs in each antibiotic category that resulted in ⱖ1 recurrence event.
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FIGURE 1
Cumulative hazards for SSTI recurrence for the drainage subgroup. SSTIs were determined on the
basis of a visit with a speciﬁc ICD-9-CM code (Supplemental Table 4) and a ﬁlled prescription for an
antibiotic within 2 days. Recurrence was deﬁned as fulﬁlling the same criteria (including a new
antibiotic) between 15 and 365 days after the incident event. Drainage was determined on the basis of
CPT and ICD-9-CM procedure codes (Supplemental Table 4) representing incision and drainage. HRs
were estimated in Cox proportional-hazard regression analyses with adjustment for year, age, gender, race/ethnicity, and diagnosis.

mycin users (163 recurrences per
1000 person-years), 1272 recurrences
among trimethoprim-sulfamethoxazole
users (248 recurrences per 1000
person-years), and 3554 recurrences
among ␤-lactam users (169 recurrences per 1000 person-years). The
risk of recurrence was signiﬁcantly higher among trimethoprimsulfamethoxazole users (adjusted HR:
1.30 [95% CI: 1.18 –1.44]) but not
among ␤-lactam users (adjusted HR:

1.08 [95% CI: 0.99 –1.18]) (Fig 2). The
results of analyses that excluded treatment failures were similar to the results with the overall models (Supplemental Table 6), and tests for
interaction yielded nonsigniﬁcant results (Supplemental Tables 7 and 8).

DISCUSSION
This is the ﬁrst large-scale study to
investigate the effectiveness of antimicrobial treatment strategies for chil-
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Time, d
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FIGURE 2
Cumulative hazards for SSTI recurrence for the no-drainage subgroup. SSTIs were determined on the
basis of a visit with a speciﬁc ICD-9-CM code (Supplemental Table 4) and a ﬁlled prescription for an
antibiotic within 2 days. Recurrence was deﬁned as fulﬁlling the same criteria (including a new
antibiotic) between 15 and 365 days after the incident event. Drainage was determined on the basis of
CPT and ICD-9-CM procedure codes (Supplemental Table 4) representing incision and drainage. HRs
were estimated in Cox proportional-hazard regression analyses with adjustment for year, age, gender, race/ethnicity, and diagnosis.
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dren with both drained and nondrained SSTIs. In this population-based
cohort of nearly 50 000 children from
Tennessee, use of trimethoprimsulfamethoxazole or ␤-lactams for
treatment of incident SSTIs was significantly associated with both treatment
failure and recurrence, compared
with use of clindamycin.
Among children who received drainage,
use of trimethoprim-sulfamethoxazole
or a ␤-lactam doubled the odds of
treatment failure, compared with use
of clindamycin. In the only other study
comparing the effectiveness of clindamycin and trimethoprim-sulfamethoxazole
for treatment of MRSA SSTIs among
children after drainage, Hyun et al13
demonstrated no difference in the occurrence of treatment failure for
⬎400 hospitalized children discharged with either orally administered clindamycin or trimethoprimsulfamethoxazole. In contrast to our
study, all of the children in that study
were hospitalized initially and nearly
90% received parenterally administered clindamycin, which makes it difﬁcult to compare the 2 treatment
groups.
In a study examining the epidemiological features of purulent SSTIs in Tennessee, Talbot et al22 reported that, of
182 drained abscesses from a pediatric emergency department that were
cultured, 142 (79.7%) were attributable to MRSA. Similarly, data from
across the United States demonstrated the predominant organism in
pediatric skin abscesses to be
MRSA.4,23,24 Therefore, it is likely that
the majority of purulent infections in
our cohort also were attributable to
MRSA. This would explain the increased risk of treatment failure for
the ␤-lactams, which uniformly lack
antimicrobial activity against MRSA;
however, the mechanism for increased treatment failures in the
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trimethoprim-sulfamethoxazole group
is unknown.
Despite high rates of in vitro susceptibility to trimethoprim-sulfamethoxazole
among CA-MRSA isolates,25 failure
rates of nearly 20% among adults treated
with trimethoprim-sulfamethoxazole for
SSTIs in a clinical trial setting16 and as
high as 50% among adults with significant comorbidities26,27 have been reported. Moreover, 2 recent randomized trials, although they likely were
underpowered to detect small differences, failed to demonstrate superiority of trimethoprim-sulfamethoxazole
over placebo for treatment of SSTIs after drainage among both children15
and adults16 (neither study included an
active comparator). In the pediatric
trial by Duong et al,15 4% of children who
received trimethoprim-sulfamethoxazole
experienced treatment failure and
an additional 13% developed new lesions within 10 days. Trimethoprimsulfamethoxazole inhibits bacterial
growth by blocking key steps in the biosynthesis of thymidine, halting bacterial DNA replication. However, S aureus, through its ability to liberate and
to acquire free thymidine from DNA
fragments (which are present in high
concentrations in abscess ﬂuid), may
bypass the antimicrobial effects of
trimethoprim-sulfamethoxazole.26 This
mechanism might explain the increased
risk of treatment failure associated with
trimethoprim-sulfamethoxazole.
Although recurrences were common
among all children who received drainage, recurrence risk increased by nearly
30% for those who received
trimethoprim-sulfamethoxazole and
by ⬎40% for those who received
␤-lactams, compared with clindamycin. Because persistent colonization
with S aureus (including CA-MRSA) has
been linked to the development of clinical infection,28,29 it is possible that clindamycin is superior at preventing recurrence because it decreases
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colonization more effectively.30 Another potential mechanism for the increased recurrence risk associated
with trimethoprim-sulfamethoxazole
may be the development of staphylococcal small-colony variants, slowgrowing, intracellular organisms that have
been isolated among persons receiving
chronic trimethoprim-sulfamethoxazole
therapy and patients with recurrent
SSTIs.26,31 However, the development of
this phenotype among a large population of children with incident SSTIs
seems unlikely.
Among children with nondrained
SSTIs, the risk of treatment failure remained signiﬁcantly higher for those
treated with either trimethoprimsulfamethoxazole or ␤-lactams, although the magnitude of the effect was
decreased, compared with children
who underwent drainage. Risk of
recurrence also was signiﬁcantly
increased among trimethoprimsulfamethoxazole users but not among
users of ␤-lactams. In contrast to
SSTIs that underwent drainage (for
which CA-MRSA likely was the predominant organism), SSTIs that did not undergo drainage likely were more heterogeneous. Some children might
have had small abscesses that were
not amenable to drainage or that
drained spontaneously, both likely attributable to CA-MRSA. Nonpurulent
SSTIs, however, likely were attributable to a mixture of Streptococcus pyogenes and S aureus. Consistent with
this hypothesis, nearly 95% of children
who received drainage had an ICD-9CM– coded diagnosis of abscess/cellulitis, whereas only 60% of those without a
drainage procedure had this diagnosis.
Trimethoprim-sulfamethoxazole is largely
ineffective for streptococcal infections, whereas both clindamycin and
␤-lactams possess potent activity
against S pyogenes. In a recent,
nested, case-control study with ⬎2000
children with nondrained, noncultured

SSTIs, trimethoprim-sulfamethoxazole
doubled the risk of treatment failure,
compared with ␤-lactams, whereas
clindamycin conferred no beneﬁt over
␤-lactams.14 Therefore, the use of
␤-lactams for nondrained, nonpurulent SSTIs may still be appropriate
even in areas with high CA-MRSA
prevalence.
Although several prospective treatment trials are ongoing, results likely
will not be available for several years;
therefore, we selected a retrospective,
population-based cohort to investigate
the effectiveness of these commonly
used antimicrobial agents for pediatric SSTIs. Observational studies that
use previously validated administrative data offer several advantages over
randomized trials, including larger
sample sizes, long-term follow-up
monitoring and outcome assessment
(in a relatively short period of time),
and the ability to assess treatment effectiveness (versus efﬁcacy). The
TennCare administrative data ﬁles
have been used for pharmacoepidemiological research for ⬎30 years and
have been validated extensively. In addition, a validation sample conﬁrmed
the predictive value of our SSTI
deﬁnitions.
Despite the study’s strengths, several
limitations should be discussed, including residual confounding, the lack
of microbiologic data, and potential
misclassiﬁcation of antibiotic exposure and outcomes. To control for potential confounding, several patientlevel characteristics, as well as study
year and diagnosis, were included in
the multivariate models. We did ﬁnd evidence for confounding according to
race, because the change in the adjusted models was attributable primarily to this variable. Black individuals were least likely to receive a
␤-lactam and were most likely to receive clindamycin. The reasons for
treatment differences according to
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race are unclear; however, they might
stem from a perceived increased risk
for MRSA among black individuals, as
well as regional variations in treatment preferences. Although comorbidities were not assessed, there is no
indication that children with comorbidities would be more likely to receive
one antibiotic over another.
Data on microbiologic causes are important for understanding the mechanisms governing treatment failure and
recurrence; even if cultures are obtained, however, results are not immediately available and initial treatment
decisions are nearly always empiric. Compared with children who received clindamycin or trimethoprimsulfamethoxazole, those who received
a ␤-lactam might have had less severe
disease, because ␤-lactams are not
recommended for suspected CA-MRSA
infections. In contrast, both clindamycin
and trimethoprim-sulfamethoxazole are
ﬁrst-line, outpatient, antimicrobial
agents when MRSA is a consideration,
and both are used frequently in clinical
practice. Although we were unable to
control for lesion size, location, or
character, it is unlikely that these
characteristics differed among children who received either clindamycin
or
trimethoprim-sulfamethoxazole.
Confounding according to indication
was further limited through restriction of the cohort to outpatient visits
for children who received a single antibiotic and stratiﬁcation according to
drainage status. Although it represents a question of great interest, we
did not intend to evaluate the effectiveness of drainage alone, because of
concerns regarding systematic differences between this group and the group
of children who received antimicrobial
treatment. However, a posthoc analysis
that included children who received
drainage alone, compared with clindamycin treatment, revealed an increased
risk of treatment failure but not recurPEDIATRICS Volume 128, Number 3, September 2011

rence for this group (Supplemental Table 9). Because of the likely differences
mentioned above, however, these results should be interpreted with caution.

the group without drainage if a drainage
procedure claim was not ﬁled.

We were unable to account for medication noncompliance or antibiotic
changes without an additional SSTI visit; however, antibiotic changes without
an additional visit should be rare, and
prescription ﬁlling has been shown to
predict medication adherence reliably.32,33 Palatability also is likely a major determinant of drug adherence in
children, although clindamycin is notoriously unpalatable, compared with
other antibiotics34,35; therefore, it
would not be expected that different
levels of adherence would explain the
decreased risk of treatment failure
and recurrence associated with
clindamycin. Occasionally, antibiotic
changes at subsequent follow-up visits
(within 14 days) might have been
based on culture results and not a true
treatment failure. This would most
likely affect children who received a
␤-lactam, because CA-MRSA causes
the vast majority of purulent SSTIs in
our region and both clindamycin and
trimethoprim-sulfamethoxazole demonstrate good in vitro activity against
local CA-MRSA isolates.

In the largest pediatric study to date of
the comparative effectiveness of antibiotic treatment strategies for incident SSTIs, clindamycin was demonstrated to be superior to both
trimethoprim-sulfamethoxazole and
␤-lactams for the acute treatment and
prevention of SSTI recurrence. This effect was most signiﬁcant for children
with purulent SSTIs who underwent
drainage. The implications of the current study are twofold. First, our ﬁndings call into question the routine use
of trimethoprim-sulfamethoxazole for
purulent SSTIs in CA-MRSA–prevalent
regions where clindamycin resistance
remains low. Second, although
␤-lactams are no longer recommended when MRSA is a consideration, these agents may still be effective for nonpurulent SSTIs such as
uncomplicated cellulitis or impetigo.
Furthermore, although incision and
drainage remains the mainstay of
treatment for purulent SSTIs, our data
conﬁrm that antimicrobial agents are
used frequently after drainage, and
they suggest, at least indirectly, a possible additive beneﬁt of appropriate
antimicrobial therapy. Additional research, in the form of large, welldesigned, randomized, controlled trials, is needed urgently to conﬁrm our
ﬁndings and to provide additional insight into the mechanisms governing
treatment failure and recurrence for
pediatric SSTIs in the era of CA-MRSA.

It is inevitable that a small proportion
of secondary SSTIs that occurred ⬃14
days after the incident SSTI were misclassiﬁed (treatment failures classiﬁed as recurrences and vice versa), although any misclassiﬁcation would be
nondifferential. Among children who
did not receive a drainage procedure, it
was impossible to determine whether
children had purulent infections (ie, abscesses) or nonpurulent cellulitis, because these diagnoses fall under the
same ICD-9-CM code. This likely contributed to heterogeneity among these children and may have affected outcome assessment for this group. Similarly, a
small number of children who received
drainage might have been assigned to

CONCLUSIONS
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