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Antibiotic Management of Staphylococcus aureus
Infections in US Children’s Hospitals, 1999–2008

WHAT’S KNOWN ON THIS SUBJECT: An increase in the incidence
of S aureus infection among hospitalized children has been
observed as a result of the increase in community-associated
MRSA infections. Data are lacking regarding the impact of
changing S aureus epidemiology on antibiotic use.

WHAT THIS STUDY ADDS: This study shows a significant shift in
the use of antibiotics to treat S aureus infections. Clindamycin
now represents the most commonly used antibiotic among
hospitalized children with S aureus infections.

abstract
OBJECTIVES: The objective of this study was to describe trends in
antibiotic management for Staphylococcus aureus infections among
hospitalized children from 1999 to 2008.

METHODS: A retrospective study was conducted by using the Pediatric
Health Information Systems database to describe antibiotic treatment
of inpatients with S aureus infection at 25 children’s hospitals in the
United States. Patients who were admitted from 1999 to 2008 with
International Classification of Diseases, Ninth Revision, Clinical Modi-
fication codes for S aureus infection were included. Trends in the use
of vancomycin, clindamycin, linezolid, trimethoprim-sulfamethoxazole,
cefazolin, and oxacillin/nafcillin were examined for percentage use and
days of therapy per 1000 patient-days.

RESULTS: A total of 64 813 patients had a discharge diagnosis for S
aureus infection. The incidence of methicillin-resistant S aureus
(MRSA) infections during this period increased 10-fold, from 2 to 21
cases per 1000 admissions, whereas the methicillin-susceptible S au-
reus infection rate remained stable. Among patients with S aureus
infections, antibiotics that treat MRSA increased from 52% to 79% of
cases, whereas those that treat only methicillin-susceptible S aureus
declined from 66% to�30% of cases. Clindamycin showed the greatest
increase, from 21% in 1999 to 63% in 2008. Similar trends were ob-
served by using days of therapy per 1000 patient-days.

CONCLUSIONS: Antibiotic prescribing patterns for the treatment of S
aureus infections have changed significantly during the past decade,
reflecting the emergence of community-associated MRSA. Clindamycin
is now the most commonly prescribed antibiotic for S aureus infec-
tions among hospitalized children. The substantial use of clindamycin
emphasizes the importance of continuousmonitoring of local S aureus
susceptibility patterns. Pediatrics 2010;125:e1294–e1300
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Staphylococcus aureus is a significant
cause of skin and soft tissue infections
(SSTIs) as well as a variety of invasive
diseases in both children and adults.1,2

Although first successfully treated
with �-lactam antibiotics �60 years
ago, S aureus developed resistance
relatively quickly, leading to the isola-
tion of methicillin-resistant S aureus
(MRSA) within 1 year of exposure to
this class of antibiotics.3–6 Initial MRSA
infectionswere almost exclusively nos-
ocomial, confined to patients with a
history of repeated hospitalizations,
lengthy or repeated antibiotic treat-
ments, or close contact with health
care workers.7,8 More recently, how-
ever, an epidemic of MRSA infections
that affect individuals without such
risk factors has emerged.9 These
community-associated MRSA (CA-
MRSA) infections have primarily mani-
fested as SSTIs among previously
healthy children and adults. This evi-
dence, coupled with molecular and ge-
netic studies demonstrating the emer-
gence of genetically unique strains,
suggested novel transmission routes
outside of health care settings.10 More
recent evidence suggests that this
trend has led to an increase in
MRSA infections among hospitalized
children.11

Before this shift in epidemiology, em-
piric�-lactam therapy for hospitalized
patients with suspected S aureus in-
fection remained commonplace. The
rapid emergence of CA-MRSA, how-
ever, has led to recommendations
for targeting both methicillin-
susceptible S aureus (MSSA) and
MRSA in patients with suspected S
aureus infections.12–16 This approach
is complicated by the absence of an
antibiotic that is ideally suited for
this goal. For example, although van-
comycin, clindamycin, trimethoprim-
sulfamethoxazole (TMP/SMX), and lin-
ezolid each provide adequate coverage
against most S aureus strains, includ-

ing MRSA,14 each drug has limita-
tions: despite broad-spectrum cover-
age, vancomycin has poor anti-
staphylococcal activity relative to
�-lactams and is available only intra-
venously; clindamycin is limited by in-
creasing resistance in certain regions
of the United States17; TMP/SMX is vari-
ably active against Streptococcus spe-
cies (coverage of which is often desir-
able for such infections); and linezolid
is prohibitively expensive. Accordingly,
the extent to which antibiotics with ac-
tivity against MRSA have supplanted
�-lactams in the treatment of S aureus
infections, in hospitalized children and
the preferred anti-MRSA agent chosen
in such circumstances is unknown.
The objective of this study was to de-
scribe national trends in antibiotic
management of S aureus infections
from 1999 to 2008 in US children’s
hospitals.

METHODS

Study Design

We conducted a retrospective observa-
tional study to examine the use of
commonly prescribed antimicrobial
agents for S aureus infections among
inpatients at 25 freestanding, tertiary
care children’s hospitals throughout
the United States from 1999 to 2008.

Data Source and Quality

We used data from the Pediatric Health
Information System (PHIS), an admin-
istrative database that is maintained
by the Child Health Corporation of
America (CHCA) located in Mission,
Kansas. The CHCA is a collaboration of
43 not-for-profit, tertiary care pediat-
ric hospitals across the United States
aimed at improving outcomes and re-
ducing costs. Member hospitals repre-
sent 17 of the 20 major metropolitan
areas across the United States. The
PHIS database contains patient-level
demographic, diagnostic, procedural,
and resource use (eg, pharmaceuti-

cals, laboratory and imaging studies,
other patient services) data from CHCA
member hospitals. To date, data on
�19 million patient encounters are in-
cluded in the PHIS database.

Data quality and reliability are ensured
through a joint effort among the CHCA,
Thomson Healthcare (contracted data
manager), and contributing hospitals.
Data are accepted into the database
once classified errors occur in�2% of
a hospital’s quarterly data. When a
hospital’s quarterly data are unac-
ceptable according to these limits, all
of their quarterly data are rejected;
however, these data can be corrected,
then resubmitted and reevaluated be-
fore inclusion in the database. Hospi-
tals were excluded from our study
when they did not contribute complete
resource use data for the entire study
period. Twenty-five hospitals had com-
plete data and were included in our
analysis.

Study Population

The cohort for this investigation in-
cluded patients who were younger
than 18 years at time of admission to 1
of the 25 study hospitals between Jan-
uary 1, 1999, and December 31, 2008,
with an International Classification of
Diseases, Ninth Revision, Clinical Mod-
ifications (ICD-9-CM) code for S aureus
infection (041.11), S aureus septicemia
(038.11), pneumonia caused by S au-
reus (482.41), or MRSA (041.12, 038.12,
482.42, or V09.0) infection at dis-
charge. Thus, patients were classified
as having a S aureus infection when
�1 of the aforementioned codes was
in the patient’s discharge data, with
additional classification of S aureus as
MRSA orMSSA on the basis of the pres-
ence (or absence) of a discharge code
for MRSA infection. Patient encounters
that contained multiple S aureus–
related codes were counted only once.
Patients with S aureus infections were
further subdivided into those with
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SSTIs, osteomyelitis, endovascular in-
fections (endocarditis and septic
thrombophlebitis), and pneumonia by
using additional ICD-9-CM codes. This
approachwas previously implemented
by using the PHIS database.11 Site-of-
infection codes were available for 57%
of the study population.

Antibiotic Use Measures

Antibiotics that were selected for inves-
tigation included the anti-MRSA antibiot-
ics vancomycin, clindamycin, TMP/SMX,
and linezolid and theanti-MSSA�-lactam
antibiotics oxacillin, nafcillin, and cefazo-
lin. Twomeasureswere used to examine
antibiotic use for each agent: (1) per-
centage use and (2) days of therapy
(DOT) per 1000 patient-days. Percentage
use was defined as the proportion of pa-
tients who had S aureus infections and
received 1 of the specified antibiotics at
any time during the hospitalization; this
measure assigns equal weight to a sin-
gle antibiotic dose or multiple days of
therapy and is therefore independent of
therapy duration. To account for varia-
tions in therapy duration, we also mea-
sured antibiotic use by calculating DOT,
normalized to 1000 patient-days. One day
of therapy was defined as receiving�1
dose in a given day; patients were
counted as having 1 day of therapy re-
gardless of the number of doses admin-
istered. By using thesemeasures, we ex-
amined antibiotic use for all patients
with S aureus and subsequently strati-
fied them by the presence of codes for
MRSA and site of infection. All trends
were examined annually.

Statistical Analysis

Summary statisticswere constructed by
using frequencies and proportions for
categorical data elements and medians
or means for continuous variables. All
temporal trends were examined by us-
ing theMantel-Haenszel�2 test. Because
of large sample sizes, significance was
determined on the basis of P � .001.

SPSS Base 16.0 (SPSS, Inc, Chicago, IL)
was used for all statistical analyses.

RESULTS

Patient Characteristics

Of the 2.4million patient discharges ex-
amined from 1999 to 2008, a total of
64 813 (3%) children had a discharge
diagnosis code for S aureus infection.
Overall, the majority of patients with S
aureus infections were male and
white, with a median age of 3.0 years
(interquartile range: 0.8–10.9 years).
Black children were more commonly
infected with MRSA than MSSA (P �
.001). The most common type of S au-
reus infection was SSTI, occurring in
39% of all S aureus cases. SSTIs oc-
curred more frequently among pa-
tients with MRSA compared with MSSA
(P � .001), whereas pneumonia was
more commonly observed in children
with MSSA (P� .001; Table 1).

Trends in S aureus Infection

During the 10-year study period, the inci-
dence of S aureus infection more than
doubled, increasing from 14.8 per 1000
admissions in 1999 to 35.7 per 1000 ad-
missions in 2008 (Fig 1). The incidence of

MRSA infections during this period in-
creased 10-fold, from 2.0 cases per 1000
admissions in 1999 to 20.7 cases per
1000 admissions in 2008 (P � .001 for
trend), whereas the MSSA infection rate
remained relatively stable. By 2008,
MRSA accounted for 58% of all S aureus
infections in hospitalized children.

Temporal Trends in Antibiotic Use
for All Patients With S aureus

Concurrent with this shift in S aureus
epidemiology in hospitalized children,
antibiotic use changed significantly.

Percentage Use

Measured as percentage use, the overall
use of anti-MRSA antibiotics for patients
with S aureus infections increased from
52% to 79% of cases. Clindamycin
showed the greatest overall increase,
with percentage use increasing three-
fold (21% in 1999 to 63% in 2008; P �
.001 for trend; Fig 2). Vancomycin use re-
mained stable (36% in 1999 vs 37% in
2008; P� .003 for trend), whereas TMP/
SMX (9% vs 12%; P� .001 for trend) and
linezolid (0% vs 5%; P� .001 for trend)
showed small increases. In contrast,
�-lactam antibiotic use declined signifi-

TABLE 1 Demographic and Clinical Characteristics for All Patients With S aureus Infections
Between 1999 and 2008

Characteristic MRSA
(n� 29 571)

MSSA
(n� 35 242)

All S aureus
(N� 64 813)

P

Age, median (IQR), y 2.6 (0.9–10.7) 3.4 (0.7–11.1) 3.0 (0.8–10.9) .261
Male gender, n (%) 15 644 (53) 19 616 (56) 35 260 (54) �.001
Race, n (%)
White 17 955 (61) 22 782 (65) 40 737 (63) �.001
Black 8250 (28) 7458 (21) 15 708 (24)
Othera 3366 (11) 5002 (14) 8368 (13)
LOS, median (IQR), d 5 (3–12) 6 (3–15) 5 (3–14) �.001
Disposition, n (%)
Home 27 037 (91) 30 796 (88) 57 833 (89) �.001
Died in hospital 374 (1) 833 (2) 1207 (2)
Otherb 2160 (8) 3613 (10) 5773 (9)
Type of infection, n (%)
Skin/soft tissue 13 809 (75) 11 263 (61) 25 072 (68) �.001
Osteomyelitis 1733 (9) 2682 (15) 4415 (12)
Endovascular 197 (1) 356 (2) 553 (2)
Pneumonia 2678 (15) 4028 (22) 6706 (18)

P values are for differences between patients with MRSA and with MSSA. IQR indicates interquartile range. LOS indicates
length of stay.
a Asian, American Indian, other, missing.
b Transferred to another care facility, discharged to home health care, left against medical advice, or data were missing.
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cantly during the study period, from66%
of S aureus cases in 1999 to �30% in
2008 (P� .001 for trend).

DOT per 1000 Patient-days

Overall, similar trends were evident
when antibiotic selection was exam-

ined in terms of DOT per 1000 patient-
days (Fig 2). Clindamycin use in-
creased from 53 DOT per 1000 patient-
days in 1999 to 192 DOT per 1000
patient-days in 2008 (P � .001 for
trend). Smaller increases occurred for
TMP/SMX (37 vs 53 DOT per 1000 pa-

tient-days; P� .001 for trend) and lin-
ezolid (1 vs 27 DOT per 1000 patient-
days; P � .001 for trend). Also
consistent with the results observed
for percentage use, there was a sub-
stantial decline in DOT for�-lactam an-
tibiotics, from 33 to 18 DOT per 1000
patient-days (P� .001 for trend). Van-
comycin use, however, increased from
152 to 204 DOT per 1000 patient-days
during the study period (P � .001 for
trend), an increase not apparent when
calculated by percentage use.

Temporal Trends in Antibiotic Use
Only for Patients With MRSA

When antibiotic selection was exam-
ined for the subset of patients with
MRSA infections, generally similar
trends emerged across both mea-
sures of antibiotic use (Fig 2). When
measured by either percentage use or

FIGURE 1
Rate of S aureus infections in 25 US children’s hospitals from 1999 to 2008.

FIGURE 2
Antibiotic use in patients with S aureus infection at 25 US children’s hospitals from 1999 to 2008. �-Lactams include cefazolin, nafcillin, and oxacillin.
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DOT, clindamycin use increased more
than three-fold (19% to 67% for per-
centage use and 48–240 DOT per 1000
patient-days; both P� .001 for trend).
Smaller increases occurred for TMP/
SMX and linezolid (Fig 2). Although we
observed a decline in percentage use
of vancomycin from 53% in 1999 to 36%
of patients in 2008 (P� .001 for trend),
we observed an increase in DOT with
vancomycin (204–248 per 1000 pa-
tient-days; P� .001 for trend). A signif-
icant decline occurred for �-lactam
antibiotics (P � .001 for trend) with
both measures of antibiotic use.

Antibiotic Use on the Basis of Site
of Infection

Among the 64 813 children with a diag-
nosis of S aureus infection, 36 746
(57%) had an associated code indicat-
ing the type of S aureus infection. Al-
though use of anti-MRSA antibiotics—
clindamycin in particular—increased
overall, we observed differential
trends across the various types of S
aureus infection. The most substantial
increases in clindamycin use were for
SSTIs (30% in 1999 vs 89% in 2008; P�
.001 for trend) and osteomyelitis (17%
in 1999 vs 72% in 2008; P � .001 for
trend). Although linezolid was not
available during the first 2 years of the
study period, its use substantially in-
creased between 2001 and 2008. Lin-
ezolid use in 2008 was relatively lim-
ited for SSTIs (3%) when compared
with osteomyelitis (9%), endovascular
infection (21%), and pneumonia (10%).
Consistent with aggregated trends,
use of �-lactams dropped significantly
across all infection sites during the
study period, the biggest drop seen in
SSTIs (78% in 1999 vs 11% in 2008; P�
.001 for trend; Table 2).

DISCUSSION

Epidemiologic studies of both children
and adults have documented an in-
crease in S aureus infections that
largely were attributable to the emer-

gence of CA-MRSA.11,18–20 This study is
the first to evaluate the change in anti-
biotic use in hospitalized children with
S aureus infections during the decade
in which CA-MRSA emerged. Consistent
with clinical recognition of this epi-
demic, we identified a dramatic in-
crease in the use of MRSA-active
agents—particularly clindamycin—in
conjunction with a significant de-
crease in �-lactam use.

Although use of all MRSA-active antibi-
otics significantly increased during
the study period, the use of clindamy-
cin increased most dramatically, rep-
resenting use in almost two-thirds of
hospitalized patients with S aureus in-
fection. Considering DOT per 1000
patient-days, clindamycin use for chil-
dren with S aureus infection increased
four-fold, becoming equivalent by this
measure to that of vancomycin. In ad-
dition, increases in use of clindamycin
across various sites of S aureus infec-
tion (osteomyelitis: six-fold increase;

pneumonia: 1.5-fold increase; and en-
docarditis: two-fold increase) suggest
that clinicians are becoming more
comfortable prescribing clindamycin
for serious invasive S aureus infec-
tions. Although clindamycin is not Food
and Drug Administration–approved
for these indications, pediatric studies
have demonstrated effectiveness in
treating osteomyelitis and pneumonia
with this agent.21,22 Despite this ex-
panding pattern of use, it is note-
worthy that the American Heart As-
sociation discourages the use of
clindamycin in the treatment of S
aureus endocarditis.23 In our study,
87% of patients with documented
MRSA endocarditis were treated
with vancomycin in 2008.

The observed decrease in �-lactam
use in the context of unchanged MSSA
incidence rates suggests that another
antibiotic—likely clindamycin—may
be replacing �-lactams as the pre-
ferred empiric therapy for presumed S

TABLE 2 Antibiotic Use in Terms of Percentage Use Stratified by Infection Site at 25 US Children’s
Hospitals From 1999 to 2008

S aureus MRSA

1999 2008 P 1999 2008 P

Skin/soft tissue
Clindamycin 29.7 89.3 �.001 34.2 90.5 �.001
Vancomycin 19.1 22.9 .320 42.1 24.2 �.001
TMP/SMX 4.5 9.0 �.001 5.3 10.3 .074
Linezolid 0.5a 2.7 �.001 1.6a 3.3 �.001
�-Lactams 77.6 11.4 �.001 63.2 6.4 �.001

Osteomyelitis
Clindamycin 16.9 71.9 �.001 12.5 77.5 �.001
Vancomycin 22.2 52.2 �.001 62.5 62.4 .112
TMP/SMX 2.7 3.3 .122 0.0 4.3 .609
Linezolid 0.3a 9.4 �.001 2.3a 15.9 �.001
�-Lactams 87.6 47.6 �.001 37.5 27.7 �.001

Endovascular
Clindamycin 22.5 45.7 �.001 33.3 58.3 .001
Vancomycin 72.5 79.3 .097 66.7 87.5 .243
TMP/SMX 5.0 3.3 .784 0.0 6.2 .599
Linezolid 0.0a 20.7 �.001 0.0a 25.0 .003
�-Lactams 87.5 52.2 �.001 66.7 33.3 .095

Pneumonia
Clindamycin 27.1 40.6 �.001 23.7 45.3 �.001
Vancomycin 36.1 61.8 �.001 61.0 64.6 .296
TMP/SMX 10.8 20.9 �.001 16.9 25.5 .227
Linezolid 0.3a 10.1 �.001 1.4a 14.7 �.001
�-Lactams 40.0 30.1 �.001 22.0 18.0 .752

�-Lactams include cefazolin, nafcillin, and oxacillin.
a Percentage use in 2001, the first year linezolid was available.
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aureus infections. Although these data
do not allow us specifically to distin-
guish between empiric and culture-
directed therapies, it is probable that
clindamycin is often the empiric ther-
apy for both SSTIs and more invasive
infections. Given this dramatic in-
crease in clindamycin use, practitio-
ners must become aware of its limita-
tions. These include both constitutive
and inducible resistance, each of which
varies significantly by geography (with
rates as high as 80% in some regional
reports).17 Furthermore, this surge of
antibiotic pressure has the potential to
facilitate the development of resistance
among circulating clindamycin-sensitive
CA-MRSA strains; therefore, it is essen-
tial that clinicians be aware of and con-
tinue to monitor their institution’s
antibiograms. Unfortunately, a re-
cent study that evaluated the use
of institution-based antibiograms
among house officers revealed that
60% never used this information,
with the main reason being not
knowing where to find it.24 It is imper-
ative that infectious diseases physi-
cians and microbiologists make this
information readily available, be-
cause it will affect the future treat-
ment of patients with S aureus infec-
tion. Ultimately, prospective studies
that compare both empiric and de-
finitive antibiotic therapy for MRSA
infections in children are required to
define the appropriate approach.

We evaluated temporal trends in anti-
biotic use by measuring both percent-
age use and DOT per 1000 patient-days.
This combination of metrics allowed
us to compute a more accurate de-
scription of antibiotic use within this
setting. Percentage use evaluates how
often the antibiotics are being pre-
scribed irrespective of whether the
choice is empiric or culture-directed.
Although this provides a broad over-
view of antibiotic choices, percentage
use ignores length of antibiotic ther-

apy and, consequently, gives equal
weight to empiric (often brief) and
culture-directed (generally longer and
more definitive) therapy. To account
for variations in length of therapy, we
also calculated DOT. This measure de-
scribes how many days a patient was
on a given antibiotic, standardizing to
1000 patient-days. This approach not
only addresses variable lengths of
therapy but also provides amore accu-
rate picture of use when compared
with another common measure—the
defined daily dose—especially in pedi-
atric populations.25

The difference between these 2 mea-
sures is exemplified by the calcu-
lated vancomycin use in our study;
although percentage use was un-
changed over time, DOTs per 1000
patient-days increased substantially.
Given that vancomycin is the empiric
antibiotic of choice for patients with
suspected severe S aureus infec-
tions, this difference may be recon-
ciled by considering the epidemiol-
ogy of MRSA: in the early study
period, we speculate that patients
were empirically treated with vanco-
mycin but it was discontinued after
the patient’s culture and susceptibil-
ity results revealed MSSA; however,
given that MRSA is more prevalent
today, use of MRSA-active drugs such
as vancomycin should increase as
patients require continuation of this
initial empiric therapy, leading to in-
creases in vancomycin DOT.

A strength of this study is the ability
to evaluate the antibiotic treatment
of a large number of hospitalized
children from across the United
States with S aureus infections by
using the PHIS database. The PHIS
database provides national-level
pediatric data, combining patient
records from 43 large, tertiary care
children’s hospitals. PHIS provides
up to 21 diagnosis codes per hospi-
talization, providing more diagnosis

data per patient than other adminis-
trative data sets. In this study, only
25 of the CHCA hospitals were in-
cluded because of lack of complete
data from 18 of the hospitals. Al-
though the hospitals excluded were
similar in that they are freestanding
children’s hospitals, the exclusion of
these hospitals led to a lack of signif-
icant representation from the Pacific
Northwest and the Northeast. This is
potentially important because the
rates of MRSA vary on the basis of
geographic region; however, a re-
cent study that used PHIS hospitals
with a more uniform geographic rep-
resentation noted a similar increase
in MRSA infection.11 Although it is
possible that these areas are using
antibiotics differently, anecdotal re-
ports suggested that their prescrib-
ing practices are likely similar.

Despite the advantages of adminis-
trative data, they are limited by the
possibility of miscoded information.
The accuracy of ICD-9-CM codes for
diagnosing either S aureus or MRSA
infection has not been validated for
this large population, and, although
generally specific, ICD-9-CM code–
based searches may not have ideal
sensitivity, as evidenced by our iden-
tification of site codes for less than
two-thirds of S aureus infections;
therefore, this analysis might under-
represent the actual disease burden.
Also, because we were unable to as-
sess microbiologic data, we are lim-
ited in distinguishing empiric therapy
from culture-directed regimens. Fur-
thermore, we cannot verify that pa-
tients received medications for which
bills were generated—the source of
antibiotic use data. Finally, because
the analysis was limited to freestand-
ing children’s hospitals, generalizing
these findings to other inpatient pedi-
atric settings (eg, general hospitals
with pediatric wards) and outpatient
settings may not be warranted.
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CONCLUSIONS

Antibiotic prescribing for hospital-
ized children with S aureus infec-
tions has changed dramatically
since the emergence of CA-MRSA, re-
flecting an increase in MRSA-active
therapy coincident with a decrease
in �-lactam use. Clindamycin has be-
come the primary antibiotic for the

treatment of S aureus infections, in-
cluding both SSTIs and invasive dis-
eases such as osteomyelitis and
pneumonia. It is essential that clini-
cians be vigilant in monitoring anti-
biotic susceptibilities as well as
patient outcomes to ensure appro-
priate empiric and culture-directed
therapy for S aureus infections.
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