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Background. Prior studies of pediatric musculoskel-
etal infection have suggested that methicillin-resistant 
Staphylococcus aureus (MRSA) infections result in worse out-
comes compared with infections with methicillin-susceptible S 
aureus (MSSA) strains. Based on these results, clinical predic-
tion algorithms have been developed to differentiate between 
MRSA and MSSA early in a patient’s clinical course. This study 
compares hospital outcomes for pediatric patients with MRSA 
and MSSA musculoskeletal infection presenting to the emer-
gency department at a large tertiary care children’s hospital.

Methods. A retrospective study identified pediatric patients 
with S aureus musculoskeletal infection over a 5-year period 
(2008–2013) by sequential review of all pediatric orthopedic 
consults. Relevant demographic information, laboratory values, 
and clinical outcomes were obtained from the electronic med-
ical record.

Results. Of the 91 identified cases of S aureus pediat-
ric musculoskeletal infection, there were 49 cases of MRSA 
infection (53%) and 42 cases of MSSA infection (47%). There 
were no significant differences between MRSA and MSSA 
infections in median hospital length of stay (4.8 vs 5.7 days, 
P = .50), febrile days (0.0 vs 1.5 days, P = .10), and antibiotic 
duration (28 vs 34 days, P = .18). Methicillin-resistant S aureus 
infections were more likely to require operative intervention 
than MSSA infection (85% vs 62%, P = .15). A logistic regres-
sion model based on C-reactive protein, temperature, white 

blood cell count, pulse, and respiratory rate at presentation 
demonstrated poor ability to differentiate between MRSA and 
MSSA infection.

Conclusions. The results demonstrated no significant differ-
ences between MSSA and MRSA musculoskeletal infections for 
most hospital outcomes measured. However, MRSA infections 
required more operative interventions than MSSA infections. In 
addition, a predictive model based on severity markers obtained 
at presentation was unable to effectively differentiate between 
MRSA and MSSA infection. The clinical utility and capacity for 
early differentiation of MRSA and MSSA depends on virulence 
patterns that may vary temporally and geographically.
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Staphylococcus aureus is the most common cause of pediatric mus-
culoskeletal infection (MSKI), accounting for 50%–70% of cul-
ture-confirmed infections [1–4]. Although methicillin-susceptible 
S aureus (MSSA) has historically been the predominant cause of 
community-acquired S aureus infections, there was a significant 
increase in the prevalence of methicillin-resistant S aureus (MRSA) 
between 2000 and 2010 [2, 5, 6]. Recent reports have shown MRSA 
to be the causative pathogen in 30%–50% of cases of pediatric 
osteomyelitis, septic arthritis, and pyomyositis [1, 2, 7].

The relative severity of infections caused by MRSA versus 
MSSA in children remains controversial. Several studies on 
pediatric MSKI have reported increased markers of inflam-
mation, more surgical interventions, and prolonged hospital 
lengths of stay for MRSA compared with MSSA [1, 5, 8, 9]. 
However, in the context of S aureus bacteremia and necrotiz-
ing pneumonia, other studies have reported no association 
between methicillin resistance and infection severity or 
subsequent complications [10, 11]. Regardless, the evidence 
of increased virulence of MRSA compared with MSSA has 
prompted the development of algorithms aimed at early iden-
tification of methicillin-resistant strains [12, 13], which can 
have significant implications on management and therapy.

Regional variability in S aureus patterns of methicillin resist-
ance and relative virulence are well documented in both North 
America and Europe [14, 15]. Moreover, there is increasing evi-
dence that the relative proportion of MSSA strains is rising for 
the first time in several decades [16]. The aim of this study was 
to determine the prevalence and severity of MRSA and MSSA 
pediatric MSKI at a large tertiary care children’s hospital in the 
United States. Based on current clinical experience, the authors 
hypothesized that there would be no significant differences in 
in the severity of infections caused by MRSA and MSSA.
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MATERIALS AND METHODS

An institutional review board-approved retrospective review 
was conducted to identify patients aged 0–18 who presented to 
the pediatric emergency room at a tertiary care children’s hos-
pital with concern for MSKI over a 5-year period (2008–2013). 
Two hundred seventy-three patients were initially identified 
through review of the pediatric orthopedic consult list from 
both the emergency department and the inpatient ward. Patients 
with a positive S aureus blood or tissue culture were included in 
the study. The cases were confirmed as MSKI with either intra-
operative culture or magnetic resonance imaging. Patients with 
incidental community-acquired S aureus MSKIs were included 
in the study. Patients with a diagnosis of posttraumatic infec-
tion, postoperative infection, chronic osteomyelitis, or cellulitis 
were excluded to reduce confounding variables in the analysis.

Demographic information, laboratory values, and relevant 
clinical information and outcomes were obtained from the 
electronic medical record. Laboratory values recorded included 
C-reactive protein (CRP), white blood cell (WBC) count, tem-
perature, and erythrocyte sedimentation rate (ESR). Clinical 
outcomes included hospital length of stay (LOS), number of 
operative interventions, duration of antibiotics, and intensive 
care unit LOS. Furthermore, infection severity and degree of 
dissemination were determined for each infection as defined by 
the operational definitions in Supplementary Table 1 [17].

Statistical Methods

Data analysis was performed using the statistical analysis tool 
GraphPad Prism 6 (GraphPad Software Inc., La Jolla, CA). 
Comparison analysis was performed using Fisher’s exact 
test for dichotomous variables and Mann-Whitney U test for 

continuous variables to account for non-parametric data dis-
tribution. P values less than or equal to .05 were considered 
statistically significant. Logistic regression and Harrell’s C sta-
tistic calculations for predictive model differentiating MRSA 
and MSSA were performed using STATA14 (StataCorp, College 
Station, TX).

RESULTS

Demographic and presentation data for the patients included in 
the study are displayed in Table 1. Overall, there were 91 cases 
of MSKI included in the study: 49 were caused by MRSA strains 
and 42 were caused by MSSA strains. There were no signifi-
cant differences between patients with MRSA and MSSA MSKI 
with regard to sex, age, or weight bearing status at presentation 
(Table 1). The clinical syndromes (eg, pyomyositis, osteomyeli-
tis, etc) caused by MRSA and MSSA are displayed in Table 2. 
The anatomic location of MSKIs caused by MRSA and MSSA 
are displayed in Table 3. There were no statistically significant 
differences in distribution of clinical syndromes or anatomic 
location of infection between MRSA and MSSA (P > .05).

Inflammatory markers at presentation of MRSA and MSSA 
MSKI are compared in Table 1. There were no significant dif-
ferences in CRP, ESR, WBC, or temperature at presentation 
between MRSA and MSSA MSKI. There were also no signif-
icant differences in hospital LOS, febrile days, or duration of 
antibiotics between MRSA and MSSA. However, a higher pro-
portion of MRSA infections had operative interventions com-
pared with MSSA infections. Subgroup analyses for MRSA and 
MSSA severity for local and disseminated infections (defined in 
Supplementary Table 1) yielded similar results, with no differ-
ences in severity for local or disseminated infections except for 

Table 1. Comparisons of Musculoskeletal Infections Due to MRSA vs MSSAa

Clinical Information MRSA (n = 49) MSSA (n = 42) P Value

Epidemiologic Characteristics

 M/F 32:17 29:13 .82

 Age (years) 6.7 (3.3–11.1) 5.7 (1.3–9.0) .13

 Weight bearing at presentation (Y/N) 21:28 12:30 .19

 Local/disseminated infection 19:30 11:31 .26

Markers of Severity

 ED CRP (mg/L) 96.2 (35.3–183.2) 68.1 (40.5–145.0) .28

 ED WBC (103/µL) 12.4 (9.3–15.5) 10.7 (8.5–13.2) .08

 ED Temp (°F) 99.7F (98.4–101.4) 99.3F (98.5–100.6) .59

 ED ESR (mm/hr) 34.5 (16.5–58.3) 37.0 (18.0–55.5) .95

Hospital Outcomes and Laboratory Values

 Hospital LOS (days) 4.8 (2.8–9.7) 5.7 (4.0–9.0) .50

 No. of days with fever 0.0 (0.0–3.0) 1.5 (0.0–3.0) .10

 Duration of antibiotics (days) 28 (10–49) 34 (28–42) .18

 Requiring operative interventions, n (%) 41 (84%) 26 (62%) .015*

 Thromboembolic disease, n (%) 5 (10.2%) 4 (9.5%) >.99

Abbreviations: CRP, C-reactive protein; ED, emergency department; ESR, erythrocyte sedimentation rate; F, female; LOS, length of stay; M, male; MRSA, methicillin-resistant Staphylococcus 
aureus; MSSA, methicillin-susceptible S aureus; N, no; WBC, white blood cell count; Y, yes.
aMedian values reported with 25th and 75th percentiles in parentheses. P values determined by Mann-Whitney U test or Fisher’s exact test. P value significance defined as P < .05 
(denoted by*).
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increased operative interventions for disseminated infections 
(odds ratio [OR], 3.15; 95% confidence interval [CI], 1.18–8.4).

To determine whether a predictive algorithm may be used 
to differentiate between MRSA and MSSA infections, a logistic 
regression was performed with relevant variables collected in 
the emergency department. The variables included in the logis-
tic regression included CRP, temperature, WBC count, pulse, 
and respiratory rate at presentation. These variables were cho-
sen based on anticipated clinical importance for differentiating 
between MRSA and MSSA [12, 13]. The ORs for CRP, tempera-
ture, pulse, and respiration were all nonsignificant (P > .05). The 
WBC count had a statistically significant OR of 1.15 favoring 
MRSA and a 95% CI of 1.03–1.29. A receiver operator charac-
teristic (ROC) curve is displayed in Figure 1. The area under the 
ROC curve was 0.676, which suggests that the model has poor 
ability to differentiate between MRSA and MSSA disease [18].

DISCUSSION

This study compared all cases of pediatric S aureus MSKI at 
a large tertiary care children’s hospital over a 5-year period. 
The authors found no significant differences in inflammatory 
markers and LOS between MRSA and MSSA pediatric MSKIs. 
However, there were increased operative interventions for 
MRSA compared with MSSA.

Prior studies of children with MSKIs have demonstrated 
increased severity of disease caused by MRSA compared with 
MSSA. Hawkshead et  al [8] reviewed 97 pediatric patients 
with S aureus osteomyelitis and reported that MRSA infec-
tions correlated with increased CRP, WBC count, hospital LOS, 
and number of interventions compared with MSSA. Likewise, 
Martínez-Aguilar [9] et al found that MSKI caused by MRSA 
resulted in more febrile days and longer hospital stays compared 

with MSSA in a retrospective review of 59 patients. Our study, 
involving an equivalent number of patients, did not reveal 
similar differences in hospital LOS between MRSA and MSSA 
infections, despite more operative interventions for MRSA 
infections. Because operative interventions were the only fac-
tors that differed between MRSA and MSSA infections, this 
may suggest a lower threshold by providers for drainage proce-
dures after MRSA is identified by joint aspirate or bone biopsy. 
The lack of an overall severity difference between MRSA and 
MSSA disease may suggest a change in the relative virulence of 
MRSA and MSSA over time (ie, acquisition of increased viru-
lence by community-acquired MSSA strains), because the pre-
vious studies were conducted 5–10 years ago or more. This may 
also be related to regional variability in the relative virulence of 
MRSA and MSSA, as well as host factors such as sites of infec-
tion or baseline comorbidities.

Staphylococcus aureus virulence is highly dependent on 
the presence of numerous factors including cytotoxins, adhe-
sion molecules, and resistance mechanisms [19]. Leukocidins 
such as Panton-Valentine leukocidin, LukAB (also known as 

Table 2. Clinical Syndromes Caused by MRSA and MSSA

Diagnosis N (%)

MRSA (n = 49)

Superficial abscess 12 (24.5%)

Deep abscess 4 (8.2%)

Osteomyelitis 3 (6.1%)

Pyomyositis 2 (4.1%)

Septic joint 2 (4.1%)

Complexa 26 (53.1%)

Total 49 (100%)

MSSA (n = 42)

Superficial abscess 7 (16.7%)

Pyomyositis 5 (11.9%)

Osteomyelitis 3 (7.1%)

Septic joint 3 (7.1%)

Deep abscess 1 (2.4%)

Complexa 23 (54.8%)

Total 42 (100%)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sus-
ceptible S aureus.
aComplex defined as involving a combination of muscle, joint, and bone tissue.

Table 3. Anatomic Locations of Infections Caused by MRSA and MSSA

MRSA (n = 49) N (%)

Knee 15 (30.6%)

Hip/pelvisa 9 (18.4%)

Multifocal 8 (16.3%)

Ankle 3 (6.1%)

Thigh 2 (4.1%)

Leg 2 (4.1%)

Hand 2 (4.1%)

Shoulder 2 (4.1%)

Wrist 1 (2.0%)

Forearm 1 (2.0%)

Elbow 1 (2.0%)

Spine 1 (2.0%)

Arm 1 (2.0%)

Foot 1 (2.0%)

Total 49 (100%)

MSSA (n = 42) N (%)

Hip/pelvis 17 (40.5%)

Multifocal 8 (19.0%)

Knee 5 (11.9%)

Leg 4 (9.5%)

Thigh 3 (7.1%)

Foot 3 (7.1%)

Arm 1 (2.4%)

Shoulder 1 (2.4%)

Total 42 (100%)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sus-
ceptible S aureus.
aDefinitions: Hip and pelvis defined as sacroiliac joint, pelvis, hip joint, proximal 1/3rd 
femur, thigh–middle 1/3rd femur, knee–distal 1/3rd femur, knee joint, proximal 1/3rd tibia, 
leg–middle 1/3rd tibia, ankle–distal 1/3rd tibia, ankle joint, hindfoot, foot–mid and forefoot, 
shoulder–shoulder girdle, shoulder joint, proximal 1/3rd humerus, arm–middle 1/3rd 
humerus, elbow–distal 1/3rd humerus, elbow joint, proximal 1/3rd radius/ulna, forearm–
middle 1/3rd of radius/ulna, wrist–distal 1/3rd radius/ulna, wrist joint, carpus, hand–meta-
carpals and phalanges. Anatomic sites include surrounding muscle and soft tissue.
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LukGH), and alpha hemolysin (Hla) are well characterized 
mediators of S aureus leukocyte destruction and infection 
pathogenesis [20–23]. Expression of these virulence factors var-
ies in different strains of S aureus [24]. In addition, regulation of 
virulence gene expression depends on many factors including 
the accessory gene regulator (agr), which has a crucial role in 
quorum sensing and infection pathogenesis [25, 26]. Variable 
expression of these virulence factors likely contributes to the 
differences observed in S aureus infection severity, regardless of 
the presence of methicillin resistance.

Algorithms using clinical presentation and initial laboratory 
values have been developed to differentiate between MRSA and 
MSSA pediatric MSKIs. Ju et al [12] used temperature >38°C, 
hematocrit <34%, WBC >12 000 cell/µL, and CRP >13 mg/L as 
predictors of MRSA osteomyelitis in a logistic regression model 
with predictive probability of 92% for MRSA when all 4 predic-
tors were satisfied. A separate model developed by Dietrich et al 
[13] that used temperature, absolute neutrophil count, and CRP 
as predictive variables demonstrated 87% accuracy in predict-
ing cases of MRSA and MSSA. However, when these variables 
were used to generate a predictive model from our study cohort, 
the calculated areas under the ROCs were only 0.70 and 0.61, 
respectively. The difference in efficacy of the algorithms again 
may be due to a shift in relative virulence over time, regional 
differences in relative virulence, or differences in host factors 
between cohorts.

The present study was limited as a retrospective review because 
treatment protocols for individual patients varied based on the 
physicians involved in patient care. There also may have been 
bias in ascertainment, because patients were only included in 
the study if they received an orthopedic consult. This may have 
resulted in biased inclusion of more severe MSKIs. In addition, 

earlier identification of MSKI in the emergency department 
coupled with empiric antibiotic treatment effective against both 
MRSA and MSSA may have lessened the difference in clinical 
outcomes between strains compared with past studies. In add-
ition, although the analysis includes 49 patients with MRSA and 
42 with MSSA, it is possible that the sample size is underpow-
ered to determine a true difference in subtle hospital outcomes 
between MRSA and MSSA. Furthermore, the authors recognize 
that the outcomes of hospital LOS and number of operative 
interventions are surrogate markers of MSKI severity and may 
be influenced by other factors besides infection severity.

CONCLUSIONS

In the absence of effective clinical prediction models for differ-
entiation between MRSA and MSSA, empiric treatment cover-
ing both MRSA and MSSA should remain the standard of care. 
In the future, rapid molecular diagnostic tests that identify 
MRSA and MSSA may eliminate the need for (potentially inac-
curate) clinical prediction algorithms and improve antibiotic 
stewardship.

Supplementary Data 
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