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Comparison of Empiric Antibiotics for Acute
Osteomyelitis in Children
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OBJECTIVES: Broad-spectrum antibiotics are commonly used for the empiric treatment of acute
hematogenous osteomyelitis and often target methicillin-resistant Staphylococcus aureus (MRSA)
with medication-associated risk and unknown treatment beneﬁt. We aimed to compare clinical
outcomes among patients with osteomyelitis who did and did not receive initial antibiotics used to target
MRSA.

ABSTRACT

METHODS: A retrospective cohort study of 974 hospitalized children 2 to 18 years old using the Pediatric
Health Information System database, augmented with clinical data. Rates of hospital readmission, repeat
MRI and 72-hour improvement in inﬂammatory markers were compared between treatment groups.
RESULTS: Repeat MRI within 7 and 180 days was more frequent among patients who received initial
MRSA coverage versus methicillin-sensitive S aureus (MSSA)–only coverage (8.6% vs 4.1% within 7 days
[P 5 .02] and 12% vs 5.8% within 180 days [P , .01], respectively). Ninety- and 180-day hospital
readmission rates were similar between coverage groups (9.0% vs 8.7% [P 5 .87] and 10.9% vs 11.2%
[P 5 .92], respectively). Patients with MRSA- and MSSA-only coverage had similar rates of 72-hour
improvement in C-reactive protein values, but patients with MRSA coverage had a lower rate of 72-hour
white blood cell count normalization compared with patients with MSSA-only coverage (4.2% vs 16.4%;
P 5 .02).
CONCLUSIONS: In this study of children hospitalized with acute hematogenous osteomyelitis, early
antibiotic treatment used to target MRSA was associated with a higher rate of repeat MRI compared with
early antibiotic treatment used to target MSSA but not MRSA. Hospital readmission rates were similar for
both treatment groups.
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Acute hematogenous osteomyelitis (AHO) is
a bone infection resulting from the
hematogenous spread of bacteria without
direct inoculation and is an important cause
of hospitalization and morbidity among
children.1 In general, half of all the children
hospitalized for AHO do not have a causative
pathogen identiﬁed.2,3 For this reason, initial
and even ongoing antibiotic treatment is
often chosen empirically to counter
suspected bacterial pathogens, most
commonly Staphylococcus aureus.2,4,5
Subsequent clinical improvement on initial
empirical antibiotic therapy is used to
inform ongoing antibiotic treatment when
microbiology data are not revealing.
Because of the lengthy duration of antibiotic
therapy that is recommended for
osteomyelitis, initial antibiotic choice can
play a large role in patient outcomes.
Historically, narrow-spectrum B-lactam
antibiotics and ﬁrst-generation
cephalosporins have been used as a ﬁrstline treatment of pediatric AHO to target
methicillin-sensitive S aureus (MSSA).6
However, in response to the prevalence
of methicillin-resistant S aureus (MRSA),
empirical antibiotic choices for S aureus
coverage have changed in many hospitals.5,7
Although vancomycin is routinely used
for invasive MRSA infections and is
recommended as a ﬁrst-line therapy for
pediatric AHO and septic arthritis, the
emergence of resistant MRSA strains has
been described, and nephrotoxicity is a
signiﬁcant risk associated with its use.8,9
Sulfamethoxazole-trimethoprim has been
shown to be an effective agent against
MRSA skin and soft tissue infections, but
its use for osteomyelitis is not well deﬁned
and is limited by its inactivity against
Streptococcus.10 Clindamycin can be used
effectively against MSSA and MRSA in
osteomyelitis.11 However, there are variable
regional rates of in vitro–inducible
macrolide-lincosamide-streptogramin B
resistance with clindamycin in both MSSA
and MRSA, with inconclusive in vivo effects
on treatment efﬁcacy.12,13 Linezolid is an
effective agent against MRSA, but it is often
associated with signiﬁcant side effects
when used for longer treatment durations,
which are needed for treating
osteomyelitis.14–16 Daptomycin is another

newer agent used in the treatment of
osteomyelitis, but it is an intravenous
medication and has been shown to have
limited effectiveness unless coupled with
rifampin.17–19 In addition, prolonged courses
of parenteral antibiotics increase the
probability of central line–associated
complications and adverse drug events,
which occur more often with MRSA-covering
antibiotics.20–22
Studies in which researchers compare
the effectiveness of different empirical
antibiotic regimens for the early treatment
of pediatric osteomyelitis are lacking. To
address this gap in knowledge, we used
the Pediatric Health Information System
database augmented with clinical data
(PHIS1)23–26 to compare empirical antibiotic
treatment used to target MSSA versus MRSA
among patients hospitalized with AHO. We
tested the hypothesis that patients who
were treated empirically with antibiotics
targeting MSSA but not MRSA may
experience a higher rate of treatment
failure than patients who were initially
treated with an antibiotic that is effective
against MRSA.

METHODS
Data Source
The PHIS1 database of the Children’s
Hospitals Association includes
administrative data augmented by
laboratory,23 microbiology,24 and
radiographic results.25 Data from the
6 contributing hospitals were harmonized
and standardized by using biomedical
terminologies.26 Microbiology results
included cultured organisms and their
antibiotic sensitivities. Radiology results
included examination title, report text, and
impression reported in free-text format. All
radiology report text was deidentiﬁed in
bulk by using De-ID software.27
Assembly of the Study Cohort
Pediatric patients hospitalized with a
primary diagnosis of osteomyelitis
(International Classiﬁcation of Diseases,
Ninth Revision, Clinical Modiﬁcation [ICD-9CM]) from 2007 to 2011 were identiﬁed in
PHIS1. Patients were included in the cohort
if they were aged 2 to 18 years; received a
MSSA- or MRSA-covering antibiotic on

hospital day 0, 1, or 2; and had
inﬂammatory laboratory results and a
microbiology culture ordered in the PHIS1
during the same time frame. Patients were
excluded if they had a recent, signiﬁcant,
penetrating trauma; a compound fracture;
a recent, invasive orthopedic procedure;
prosthesis-associated osteomyelitis; or
another major comorbid condition that
could prolong the disease course despite
appropriate antibiotic coverage. Such
comorbidities included chronic orthopedic
conditions necessitating bone surgeries and
bone hardware, sickle cell disease,
malignancy, prematurity, immunodeﬁciency,
chronic systemic steroid use, and other
metabolic bone diseases.

Patient Characteristics
We collected patient demographic information
as well as radiographic, microbiologic, and
laboratory data obtained in the emergency
department or during hospitalization. Values
for C-reactive protein (CRP) values and white
blood cell (WBC) counts were extracted from
the PHIS1. Microbiology culture data with
associated antibiotic sensitivity testing were
obtained for blood, synovial ﬂuid, soft tissue,
and bone cultures. The radiology reports
obtained from PHIS1 were manually
evaluated and coded as osteomyelitis by a
pediatric hospitalist physician (S.M.). A
Research Electronic Data Capture data form27
was used to record information from these
radiology reports, including disease site and
severity (abscess formation, joint or growth
plate involvement, and reference to operative
procedures during the index hospitalization)
as well as conﬁrmation of the imaging
modality.

Exposures
Children were assigned to 1 of 2 empirical
treatment groups for the purpose of this
study: those who received of antibiotics
during the ﬁrst 2 days of hospitalization
targeting either MRSA or MSSA only.
Patients receiving any amount of MRSA
coverage during the ﬁrst 2 days of
hospitalization were placed into the MRSA
coverage group for the purpose of this
study. Patients who did not receive any
doses of a MRSA-covering antibiotic but
received an MSSA-covering antibiotic during
that time were placed into the MSSA-only
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coverage group. Therefore, patients in the
MRSA coverage group may have received
variable amounts of a MRSA-targeting
antibiotic during this time period.

Outcome Measures
The primary outcome measures were the
rates of treatment failure, which were
deﬁned as either readmission to the
hospital within 90 or 180 days of index
hospital admission or repeat MRI within
7 or 180 days of admission. A secondary
outcome measure was the rate of
improvement in inﬂammatory markers within
the ﬁrst 72 hours of hospitalization.
Inﬂammatory laboratory data were grouped
into categories of “low,” “moderate and/or
normal” or “high” on the basis of the
statistical distribution (in centiles) for each
test’s range of values in this study. For CRP
values, low was #7.9 mg/dL, moderate was
8.0 to 14.9 mg/dL, and high was $15.0 mg/dL.
For WBC count, low was #4.9 cells per mL,
normal was 5 to 14.9 cells per mL, and high
was $15 cells per mL. A change from high to
moderate or low for CRP values and a change
from high to normal for WBC count within
72 hours was considered an improvement for
the purposes of this outcome measure.
Statistical Analyses
Statistical analysis was conducted by using
SAS software (version 9.4; SAS Institute, Inc,
Cary, NC). Continuous variables were
described as means and SDs. Categorical
variables were expressed as proportions
and were compared by using x2 tests. The
level of signiﬁcance was set at 0.05 because
of the size of the population.

Human Subjects Oversight
This study was approved by the study
center’s Review Board for Protection of
Human Subjects in Research. Informed
consent was waived.
RESULTS
A total of 1265 hospitalized children ages
2 through 18 years were initially identiﬁed
among the 6 participating PHIS 1 hospitals
with a primary diagnosis of osteomyelitis
(Fig 1). Of those, 974 met the inclusion
criteria and received empirical antibiotics
with activity against S aureus (with or
without MRSA coverage) during the ﬁrst
2 days of hospitalization. Demographic and

Age 2–18 years
(n = 1265)

After ICD-9-CM exclusions
(n = 1046)

Empiric antibiotics on hospital day
0, 1, or 2
(n = 997)

MRSA- or MSSA-covering
antibiotic on hospital day 0, 1, or 2
(n = 974)

Culture result on hospital day
0, 1, or 2
(n = 661)

Laboratory results on hospital day
0, 1, or 2
(n = 547)
FIGURE 1 Selection of the cohort.
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clinical characteristics of these 974 patients
are listed in Table 1.
During the ﬁrst 2 days of their
hospitalization, 732 patients (75%) received
some degree of MRSA antibiotic coverage,
and 242 (25%) received MSSA-only coverage.
The most common antibiotics used during
hospitalization are listed in Table 2.
The most common MRSA-covering
antibiotics were clindamycin, vancomycin,
sulfamethoxazole and trimethoprim, and
linezolid. The most commonly used
MSSA-only antibiotics were cefazolin,
nafcillin, oxacillin, and ceftriaxone.
Initial radiographic ﬁndings used to denote
disease burden were not statistically

different between the MRSA and MSSA-only
coverage groups (Table 1). Nineteen percent
of the patients from both coverage groups
had an intraosseous or deep soft tissue
abscess seen on MRI, ∼14% of each group
had evidence of an associated septic joint,
and ∼9% of each group had growth plate
involvement. The MRSA and MSSA-only
groups also had similar rates of surgical
intervention referenced (9% and 10%,
respectively).
Of the 974 patients, 661 (67%) also had
bacterial culture data captured within
PHIS1 during the ﬁrst 2 days of
hospitalization. Of the 661, 371 (56%) had
S aureus grow in their culture, of which

75 (20%) were methicillin resistant. Of the
661, 41 (6%) had a non–S aureus organism
present. Of the 974 patients, 313 (32%) did
not have microbiology results captured
in PHIS1. Microbiology results are
summarized in Table 3.
Repeated MRIs in this study all revealed
radiographic evidence of disease
progression when compared with previous
MRI studies.
The frequency of repeat MRI within 7 days of
admission among patients who received
empirical MRSA coverage was 8.6%
compared with 4.1% among those patients
who received initial MSSA-only coverage
(P 5 .02). The rate of repeat MRI within

TABLE 1 Patient Characteristics
N 5 974
Age, y, mean (SD)
Male sex, n (%)

10 (4)
593 (60.9)

MRSA Coverage, n 5 732
10 (4)

MSSA Coverage, n 5 242
10 (5)

452 (61.8)

141 (58.3)

P
.75
.34

Race, n (%)
Non-Hispanic white

634 (65.1)

471 (64.4)

163 (67.4)

—

Non-Hispanic African American

162 (16.6)

136 (18.6)

26 (10.7)

—

18 (7.4)

—

Hispanic

69 (7.1)

Asian American

13 (1.3)

51 (7)
6 (0.8)

7 (2.9)

—

Other

96 (9.9)

68 (9.2)

28 (11.6)

,.01

Private

560 (57.5)

425 (58.1)

135 (55.8)

—

Government

318 (32.7)

244 (33.3)

74 (30.6)

—

96 (9.9)

63 (8.6)

33 (13.6)

.07
.65

Insurance, n (%)

Other
Body site of osteomyelitis, n (%)
Tibia and/or ﬁbula

162 (16.6)

124 (16.9)

38 (15.7)

Femur

84 (8.6)

61 (8.3)

23 (9.5)

.57

Radius and/or ulna

17 (1.7)

14 (1.9)

3 (1.2)

.49

Humerus

25 (2.6)

20 (2.7)

5 (2.1)

.57

Foot

96 (9.9)

76 (10.4)

20 (8.3)

.34

Hand

43 (4.4)

38 (5.2)

5 (2.1)

.04

20 (2.1)

17 (2.3)

3 (1.2)

.3

Vertebral region
Lumbosacral
Cervical and/or thoracic

—

3 (0.3)

3 (0.4)

0 (0)

93 (9.5)

69 (9.4)

24 (9.9)

.82

529 (54.3)

409 (55.9)

120 (49.6)

.09

Abscess

184 (18.9)

138 (18.9)

46 (19)

.96

Septic joint

Pelvic
Not speciﬁed
Radiographic ﬁndings, n (%)

134 (13.8)

99 (13.5)

35 (14.5)

.71

Growth plate involvement

87 (8.9)

64 (8.7)

23 (9.5)

.72

Surgical intervention

90 (9.2)

65 (8.9)

25 (10.3)

.5

—, not applicable.
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TABLE 2 Antibiotic Frequency
N 5 974, n (%)
MRSA coverage
Clindamycin

585 (60)

Vancomycin

342 (35.1)

Sulfamethoxazole and trimethoprim

26 (2.7)

Linezolid

21 (2.1)

MSSA coverage
Cefazolin

446 (45.8)

Nafcillin and/or oxacillin

197 (20.2)

Ceftriaxone

103 (10.6)

Ciproﬂoxacin

50 (5.1)

Rifampin

48 (4.9)

Ampicillin

45 (4.6)

Penicillin

9 (0.9)

Ampicillin and sulbactam

0 (0)

180 days of admission was 12% among
patients with MRSA coverage compared with
5.8% among patients with MSSA-only
coverage (P 5 .006; Table 4).
Ninety-day readmission rates for patients
receiving empirical MRSA coverage was
9.0% vs 8.7% for those who received MSSAonly coverage (P 5 .87). For patients with
MRSA coverage, the 180-day readmission
rate was 10.9% compared with 11.2% for
patients with MSSA-only coverage (P 5 .92;
Table 4).
Forty-three percent of patients with MRSA
coverage and 37% of patients with MSSAonly coverage had a CRP value captured in
the PHIS1 early during hospitalization. The
rates of improvement in CRP values were
not signiﬁcantly different between the
coverage groups (6% [11 of 195] for MRSA
and 8% [6 of 74] for MSSA only; P 5 .57).
Twenty-seven percent of patients with MRSA
coverage and 26% of patients with MSSAonly coverage had a WBC count captured
during the same time frame. Among the

patients with repeated laboratory values to
trend during hospital day 0, 1, and 2,
patients with MRSA coverage had a lower
WBC count normalization rate within
72 hours when compared with those who
received MSSA-only coverage (4% [5 of 120]
vs 16% [8 of 55] respectively; P 5 .02).

DISCUSSION
In this study of children with acute
osteomyelitis, we found that early empirical
antibiotic treatment with MRSA coverage or
MSSA-only coverage was associated with
overall equivalent hospital readmission
rates, but patients with MRSA coverage had
a higher rate of repeat MRI compared with
patients receiving empirical MSSA-only
coverage. The rate of 72-hour improvement
in CRP values was not signiﬁcantly different
between the coverage groups. Patients
who received MRSA coverage had a lower
rate of 72-hour normalization in WBC count
compared with patients receiving MSSA-only
coverage.

TABLE 3 Microbiology Results
Bacterial Culture Result, N 5 661

MRSA Coverage, n 5 485

MSSA-Only Coverage, n 5 176

n (%)

n (%)

MSSA

225 (46)

71 (40)

—

MRSA

68 (14)

7 (4)

—

Other organism

30 (6)

11 (6)

—

162 (33)

87 (49)

,.001

No growth
—, not applicable.

x2 P

Since the emergence of MRSA as a
signiﬁcant bacterial pathogen for skin and
soft tissue infections, variable rates of MRSA
have been described across the United
States. In this study, we included data from
6 pediatric centers that primarily deliver
care to patients in the Northeast, Northwest,
and Central regions of the United States.
Overall, this study’s patient cohort had
similar clinical and demographic
characteristics to previous regional studies
of children with AHO.7,28,29
The reliability of this study’s data is
supported by the multiple levels of data
validation performed during the
construction of the PHIS1, making the
quality of clinical data high. During this
process, any inconsistencies between the
data source and the PHIS1 were reviewed
at a data-mapping level by the PHIS1
information technology teams and the study
center research teams. In addition, a
signiﬁcant sample of patient records from
this study’s cohort underwent electronic
medical record chart review for validation
and matching at each of the 6 participating
hospitals. During each of these stages of
data testing, if data quality issues arose,
they were rectiﬁed, and study sites
resubmitted data for bulk review using the
same steps described here.
Limitations of the PHIS1 are related to the
availability of clinical results for capture
by the PHIS1 on the basis of where a test
was performed and where the result was
reported. For instance, although all 6 study
hospitals could submit inpatient clinical
data, not all of them could submit outpatient
and emergency department data. In
addition, test results from referral centers
were not available electronically for capture
into the PHIS1. These limitations may have
affected the ability to capture a complete
episode of care for some patients who had
testing performed somewhere other than
the 6 study centers, speciﬁcally regarding
microbiology and initial inﬂammatory
laboratory data. There are also inherent
limitations to the use of ICD-9-CM codes for
identifying patients with a principal
diagnosis of interest, which in this case is
osteomyelitis.30 For this reason, it is
possible that patients who would have
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TABLE 4 Comparison of Treatment Failure Rates
MRSA Coverage, n 5 732

MSSA Coverage, n 5 242

n (%)

n (%)

P

Repeat MRI within 7 d

63 (8.6)

10 (4.1)

.02

Repeat MRI within 180 d

88 (12)

14 (5.8)

.006

Readmission within 90 d

66 (9.0)

21 (8.7)

.87

Readmission within 180 d

80 (10.9)

27 (11.2)

.92

otherwise met clinical criteria for inclusion
were not included in this study.
A potential limitation to outcome
comparisons between the antibiotic
exposure groups was the inclusion of
patients who received mostly MSSA-only
coverage during the ﬁrst few days of
hospitalization in the MRSA coverage group
because they had received some degree of
MRSA coverage during this time frame. For
the purposes of this study, patients were
placed into the MSSA-only antibiotic
treatment group only if they received no
MRSA antibiotic during their ﬁrst 2 hospital
days because it was not possible to
determine how much antibiotic providing
MRSA coverage was administered in an
individual patient and devise a cutoff for
empirical treatment categorization. This
caused the number of patients in the MRSA
coverage group to be disproportionally
larger than that of the MSSA-only coverage
group. These factors may have impeded the
ability to detect additional differences in
clinical outcomes between the MRSA and
MSSA-only coverage groups.
In the MRSA coverage group, it was also not
possible to know when vancomycin dosing
had achieved therapeutic drug levels,
providing reliable coverage against MRSA.
It is possible that some patients who
were included in the MRSA coverage
group received initial monotherapy with
vancomycin without having therapeutic
serum drug levels. This could have
disadvantaged patients with osteomyelitis
caused by MRSA.
In this study, 32% of the patients meeting
initial study inclusion criteria did not have
microbiology data captured in the PHIS1
during the ﬁrst 2 days of hospitalization.
This may have been because of blood
cultures being sent before the index
hospitalization at another laboratory other

than those at the 6 study sites. Of the
242 patients who initially received only
MSSA coverage and had bacterial culture
results in the PHIS1, 71 (40%) had MSSA
present, and 4% (7 of 176) had MRSA
present. None of the 7 patients who had
MRSA present and did not receive initial
MRSA coverage had repeat MRI or hospital
readmission captured in the PHIS1.
Serum CRP is an acute-phase reactant
with a relatively short half-life (∼19 hours)
and can be elevated in infectious,
rheumatologic, and oncologic conditions.
CRP has been shown to be a useful tool in
timing the transition of children with
osteoarticular infections from intravenous
to oral therapy.31,32 In addition to clinical
examination, response to empirical therapy
for osteomyelitis can also be determined by
trending inﬂammatory markers often
before any microbiology data are available
to guide antibiotic choice. Although there
is no universally accepted time frame for
expected CRP value improvement in
pediatric osteomyelitis as a means of
guiding empirical therapy, for the purposes
of this study, 72 hours was used. Previous
researchers have found a higher initial
elevation of CRP values in patients with
MRSA osteomyelitis and among patients
with an associated septic joint.31–33 Similarly,
the median initial CRP value for patients
with MRSA osteomyelitis in this study was
12.3 mg/dL compared with 8.4 mg/dL for
MSSA. This could have negatively impacted
the rate of CRP normalization among some
patients within this cohort who had MRSA
osteomyelitis.
Finally, the outcome measures chosen in
this study are relatively general measures
of treatment failure or success. Not all
patients with treatment failure may have
been rehospitalized. In addition, although all
repeated MRI studies revealed evidence of

disease progression or persistence, this
may have been because of factors other
than initial antibiotic choice, which could
not be appreciated by using these study
methods. Nevertheless, we were able to
capture initial radiographic markers of
disease burden, such as an abscess or
septic joint, which were not statistically
different between the MRSA and MSSA-only
coverage groups. Clinical prediction models
for determining MRSA infection among
children with musculoskeletal infections
have been used in an attempt to guide
appropriate initial treatment (speciﬁcally,
judicious antibiotic use) but have been
difﬁcult to validate in subsequent
studies.34,35 More descriptive clinical and
historical patient data, such as the duration
of signs and symptoms at presentation, may
assist in assigning disease burden for AHO
at the time of hospitalization, guide initial
antibiotic treatment, and ultimately aid in
predicting responses to treatment.

CONCLUSIONS
Children who received initial MRSA
antibiotic coverage for AHO had higher rates
of repeat MRI compared with children
receiving initial MSSA-only coverage.
Equivalent readmission rates at 90 and
180 days were observed between the
2 treatment groups. Rates of 72-hour
improvement in CRP values were equivalent
between the groups, but a lower 72-hour
normalization rate in WBC count was
observed among patients treated
empirically with MRSA antibiotics. Further
study is needed to guide clinical indications
for initial MRSA versus MSSA-only antibiotic
coverage as a treatment of AHO in children
with unknown MRSA risk.
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