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Background. Staphylococcus aureus is the most common cause of acute hematogenous osteoarticular infections (AHOAIs) in 
children. The risk factors for the development of orthopedic complications (OC) after AHOAI are poorly understood. We sought to 
describe clinical and microbiologic variables present on the index admission that may predict OC in S. aureus AHOAI.

Methods. Staphylococcus aureus AHOAI cases were identified from 2011–2017 at Texas Children’s Hospital and reviewed for 
the development of OC. OC included chronic osteomyelitis, growth arrest, avascular necrosis, chronic dislocation, and pathologic 
fracture. All S. aureus isolates were characterized by pulsed-field gel electrophoresis and agr group.

Results. A total of 286 cases were examined of which 27 patients (9.4%) developed OC. Patients who developed OC more often 
had infection with an agr group III organism (P = .04), bacteremia (P = .04), delayed source control (P < .001), ≥2 surgical proce-
dures (P < .001), intensive care unit admission (P = .09), and fever >4 days after admission (P = .008). There was no association with 
OC and patient age, methicillin resistance, or choice/route of antibiotics. In multivariable analyses of OC, infection with agr group 
III S. aureus, prolonged fever, and delayed source control remained statistically significant.

Conclusions. OC develop following S. aureus AHOAI in 9.4% of cases. Although the development of OC is likely multifactorial, 
agr group III organisms, prolonged fever, and delayed source control are independently associated with OC. Moreover, early aggres-
sive surgical source control may be beneficial in children with S. aureus AHOAI.
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Acute hematogenous osteoarticular infections (AHOAIs), 
which can be considered to include both osteomyelitis and 
septic arthritis, are among the most common indications for 
pediatric infectious diseases referral and have the potential to 
cause substantial morbidity. While a variety of pathogens can 
cause AHOAI, overwhelmingly the most frequently isolated or-
ganism is Staphylococcus aureus [1, 2]. Moreover, AHOAIs are 
the most common manifestation of invasive S. aureus infection 
in children [3].

Although most children treated for these infections have a 
good prognosis, a subset of patients will experience substan-
tial long-term morbidity including chronic infection, patho-
logic fracture, angular deformity, and growth arrest. Chronic 
osteomyelitis has been reported to develop following <1%–9% 
of cases of acute osteomyelitis [2, 4, 5]. Pathologic fractures 

have been reported in approximately 5% of S.  aureus osteo-
myelitis and are associated with the USA300.0114 pulsotype 
[6]. The development of sequelae in AHOAI has historically 
been believed to be related, at least in part, to inadequate or 
inappropriate treatment of acute infection [7, 8]. Early studies 
suggested that durations of therapy for acute osteomyelitis 
of <21  days were associated with an increased risk of devel-
opment of chronic osteomyelitis [4]. Additionally, surgical 
drainage of bone abscesses when present is generally regarded 
as necessary and/or ideal. By contrast, studies conducted in 
Finland would suggest that a shortened duration of therapy 
coupled with fairly minimal surgical intervention can achieve 
good outcomes in children with osteomyelitis [9, 10]. There 
are, however, very little data examining this topic in a North 
American population. Moreover, very few studies address the 
impact of patient-level variables, medical and/or surgical treat-
ment, or bacterial strain contributions on the likelihood of 
complications following AHOAI.

We sought to examine the outcomes of S. aureus AHOAI in 
children. Our goals were to better define the incidence of or-
thopedic sequelae and to correlate clinical and microbiologic 
data on the index admission with the likelihood of developing 
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sequelae at last follow-up. We hypothesized that delayed or in-
adequate source control, inappropriate empiric therapy, and 
infection with virulent strain types would be associated with 
negative outcomes.

METHODS

Isolates and patients were identified from the database of the 
S. aureus surveillance study at Texas Children’s Hospital (TCH). 
Briefly, all S.  aureus isolates identified by the clinical micro-
biology laboratory in the course of care are subcultured and 
stored in horse blood at –80°C in the Dr. Edward O Mason, Jr. 
Infectious Diseases Research Laboratory [11]. The database was 
searched for cases of S. aureus acute hematogenous osteomyeli-
tis or septic arthritis from 1 January 2011 through 31 December 
2017. Only cases of culture-confirmed S. aureus AHOAI with 
an associated viable S. aureus isolate were included in this study. 
Diagnosis of AHOAI was defined by the constellation of phys-
ical examination, radiology, and microbiological findings as 
previously described [1, 11, 12]. Patients with open or pene-
trating trauma, orthopedic hardware in place, or osteomyelitis 
secondary to a contiguous focus or a surgical procedure (such 
as sternal osteomyelitis after cardiac surgery) were excluded. 
Radiology reports were reviewed for this study; however, the 
images were not critically rereviewed. TCH has institutional 
clinical pathways to guide providers in the empiric manage-
ment of AHOAI in children that recommend clindamycin for 
those with mild to moderate disease or vancomycin for those 
with moderate to severe disease, history of a clindamycin-resis-
tant organism, or receipt of clindamycin in the recent past. In 
addition, both the Orthopedics and Infectious Diseases services 
are routinely consulted in cases of suspected AHOAI. Beyond 
these, however, all treatment decisions are individualized and 
at the discretion of the physician of record, including decisions 
regarding surgical intervention, final antibiotic choice, and 
decision to transition to oral antibiotics. Medical records were 
reviewed from admission until 30 August 2018 for outcomes 
of interest. The details of follow-up, microbiology/molecular 
biology techniques used [13–15], and the analytical plan are 
provided in the Supplementary Methods. The Baylor College of 
Medicine Institutional Review Board approved this study.

Definitions

Orthopedic complications included chronic osteomyelitis, 
pathologic fracture, growth arrest/limb length discrepancy, 
avascular necrosis, and/or chronic dislocation. To the best of 
our knowledge, no universally accepted definition for chronic 
osteomyelitis developing after AHOAI in children exists in 
the literature, with some authors relying on radiographic find-
ings [5] and others using clinical diagnosis [2] or considering 
sequelae to include the need for additional surgical or medical 
therapies [9]. For this study, chronic osteomyelitis was consid-
ered to be the presence of any of the following after ≥4 weeks 

of effective antimicrobial therapy: the presence of a sequestrum 
or permeative lucencies in bone visible on plain radiographs [5, 
8]; new or worsening pain, erythema, drainage, swelling, or loss 
of function [2]; or readmission for the treatment of AHOAI. 
The breadth of the criteria was intended to include both radio-
graphic and clinical considerations. The time to initiation of 
effective antimicrobial therapy and time to surgical interven-
tions were described in terms of hospital days from the time 
of admission. The extremes of certain continuous variables 
of interest were defined based on the >75th percentile for the 
study group; delayed source control was considered surgical 
intervention after hospital day 3; prolonged fever was regarded 
as >4 calendar days following hospital admission with a body 
temperature >100.4°F.

RESULTS

A total of 286 patients with corresponding viable S.  aureus 
isolates met inclusion criteria (Supplementary Figure 1). The 
median age of patients was 8.4 years (interquartile range [IQR], 
4.4–11.7  years; Table 1). A  total of 160 patients (55.9%) had 
isolated osteomyelitis, while 96 (33.6%) had osteomyelitis with 
concomitant septic arthritis and 30 (10.5%) had isolated septic 
arthritis. In addition, 134 patients had a subperiosteal/intraos-
seous abscess (46.8%) and 207 (72.3%) underwent at least 1 
surgical procedure; 155 cases were associated with bacteremia 
(54.2%) and 48 patients had ≥2  days of bacteremia (16.7%). 
Seventy-nine cases (27.6%) were caused by methicillin-resistant 
S. aureus (MRSA); cases caused by MRSA and methicillin-sus-
ceptible S.  aureus (MSSA) are compared in Supplementary 
Table 1. The majority of infections involved the lower extremi-
ties or pelvis (Supplementary Figure 2).

Medical Therapy

All patients received intravenous antimicrobials initially. The 
most commonly used agents for empiric therapy were van-
comycin monotherapy (37.8%), clindamycin monotherapy 
(36.7%), and vancomycin with nafcillin (17.4%). The most com-
monly used antimicrobials for definitive therapy included ceph-
alexin (33.6%), cefazolin (23.8%), and clindamycin (23.1%); 
43.7% of patients (125/286) were discharged on oral antibiotics. 
The rate of oral prescribing at discharge increased substantially 
during the study period from 14.3% in 2011 to 80.5% in 2017 
(P = .004). Five patients received all therapy by the intravenous 
route as inpatients. Ten patients discharged on outpatient par-
enteral antimicrobial therapy (10/156, 6.4%) were transitioned 
to oral antibiotics outside of the hospital; 5 patients discharged 
on oral antibiotics (5/125, 4%) were readmitted and received a 
second period of intravenous therapy.

Overall Orthopedic Complications

Orthopedic complications developed in 27 patients (9.4%) of 
which the most common were chronic osteomyelitis (14/27, 
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51.8%) and pathologic fracture (8/27, 29.6%) followed by 
growth arrest (4, 14.8%) and avascular necrosis (2, 7.5%). One 
patient experienced both growth arrest and a pathologic frac-
ture. Notably, 3 patients who received an initial diagnosis of 
isolated septic arthritis were later diagnosed with chronic oste-
omyelitis in bones adjacent to the affected joint. Further clinical 
details regarding patients who developed chronic osteomye-
litis and pathologic fracture are provided in Supplementary  
Tables 2 and 3. Orthopedic complications were diagnosed at 
a median of 67.5 days (IQR, 46–100 days) following the index 
admission; 12 patients (44.4%) were still receiving antibiotics at 
the time complications were diagnosed. Among those patients 
not receiving antibiotics at the time a complication was diag-
nosed, the median duration of antibiotics prior to discontinu-
ation was 42 days (IQR, 35–42) and complications developed 
at a median of 21 days (IQR, 4–54) following discontinuation. 
Complications were associated with hospital readmissions in 18 
(66.7%) patients and additional surgeries in 13 (48.1%). For 18 
patients, the diagnosis of complications prompted prolongation 
of antibiotic therapy for a median of 305.5 days (IQR, 242–360).

There was no association with patient age, site of disease, 
the presence of bone abscesses, or duration of symptoms on 

presentation and the likelihood of developing orthopedic 
complications (Table 1). Patients who developed orthopedic 
complications were more likely to have positive blood cultures 
(74.1% vs 52.1%, P = .04), fever >4 days after admission (48.1% 
vs 22.4%, P  =  .008), and intensive care unit (ICU) admission 
(22.2% vs 9.6%, P = .09).

Patients who developed orthopedic complications were com-
pared with those who did not in term of microbiologic char-
acteristics of the infecting S.  aureus (Table 2). There was no 
association with methicillin resistance, the USA300 pulsotype, 
or the presence of genes encoding Panton-Valentine leucocidin 
(PVL) and orthopedic complications. Patients who developed 
orthopedic complications were more likely to have infection 
with an agr III S. aureus (22.2% vs 8.8%, P = .04).

Medical and surgical treatments were compared in patients 
with and without orthopedic complications (Table 3). There 
was no association with antibiotic choices, time to initiation 
of effective antimicrobials, or the use of oral antibiotics at 
discharge and the development of orthopedic complications. 
Patients who developed complications, however, were more 
likely to have required >1 surgical procedure (48.1% vs 9.3%, 
P  <  .001) and to have experienced delayed source control 

Table 1. General Characteristics and Associations of Orthopedic Complications and Patient Demographics and Disease Course

Characteristic
All Patients 
(n = 286)

Patients With Orthopedic  
Complications 

(n = 27)

Patients Without Orthopedic  
Complications 

(n = 259) P Value

Median age, y (interquartile range)a 8.4 (4.5–11.7) 8.6 (6.2–12.2) 8.3 (4.4–11.7) .53

Race … … … .94

 White 207 (72.3) 21 (77.8) 186 (71.8) …

 Black 59 (20.6) 5 (18.5) 54 (20.8) …

 Asian 10 (3.5) 1 (3.7) 9 (3.5) …

 Native American 1 (0.3) 0 1 (0.4) …

 Pacific Islander 1 (0.3) 0 1 (0.4) …

 Hispanic Ethnicity 99 (34.6) 10 (37) 89 (34.4) .83

Private insurance 138 (48.3) 11 (40.7) 127 (49.1) .4

Manifestation of acute hematogenous 
osteoarticular infection

… … … .56

 Isolated osteomyelitis 160 (55.9) 13 (48.1) 147 (56.8) …

 Isolated septic arthritis 30 (10.5) 4 (14.8) 26 (10.1) …

 Osteomyelitis and concomitant 
septic arthritis

96 (33.6) 10 (37) 86 (33.2) …

 Multifocal infection 21 (7.3) 2 (7.4) 19 (7.3) 1

Duration of symptoms on presentation, 
days

5 (3–7) 5 (3.5–7) 4 (3–7) .22

Intraosseous/subperiosteal abscess 134 (46.9) 17 (62.9) 117 (45.1) .1

Maximum abscess diameter, cmb 3.7 (2–5.2) 4.3 (2.1–7.5) 3.7 (1.9–5) .45

Positive blood culture 155 (54.2) 20 (74.1) 135 (52.1) .04

Duration of bacteremia, days 1 (1–2) 1 (1–2) 1 (1–2) .1

Duration of fever after admission, days 2.5 (1–4) 3 (0–10) 2 (0–4) .04

Fever >4 days after admission 71 (24.8) 13 (48.1) 58 (22.4) .008

Initial C-reactive protein, mg/dL 7.6 (3.8–18.3) 16.1 (4.5–23) 7.2 (3.8–17.3) .32

Intensive care unit admissions 31 (10.8) 6 (22.2) 25 (9.6) .09

aAll continuous variables expressed as medians with interquartile ranges.
bAmong 77 patients with abscess diameter documented. 
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(25.9% vs 6.5%, P < .001). The following were included in a mul-
tivariable logistic regression model for orthopedic complica-
tions: agr III organism, positive blood culture, ICU admission, 
duration of fever >4 days after hospital admission, >1 surgical 

procedure, and delayed source control. Of these variables, only 
infection with an agr III organism, duration of fever >4 days 
after admission, and delayed source control remained signifi-
cantly associated with orthopedic complications (Table 4).  

Table 2. Associations With Orthopedic Complications and Microbiologic and Molecular Characteristics of Staphylococcus aureus

Microbiologic Characteristics
All Patients 
(n = 286)

Patients With Orthopedic  
Complications 

(n = 27)

Patients Without Orthopedic  
Complications 

(n = 259) P Value

Methicillin-resistant Staphylococcus 
aureus

79 (27.6) 8 (29.6) 71 (27.4) .8

Clindamycin resistance 32 (11.2) 5 (18.5) 27 (10.4) .2

Vancomycin minimum inhibitory  
concentration ≥1.5 μg/mL

166 (58) 14 (51.8) 152 (58.6) .54

Panton-Valentine leucocidin positive 115 (40.2) 14 (51.8) 101 (38.9) .21

USA300 pulsotype 126 (44.1) 13 (48.1) 113 (43.6) .69

agr I 198 (69.2) 18 (66.7) 180 (69.4) .8

agr II 35 (12.2) 2 (7.4) 33 (12.7) .55

agr III 29 (10.1) 6 (22.2) 23 (8.8) .04

agr IV 11 (3.8) 1 (3.7) 10 (3.8) 1

agr nontypeable 13 (4.5) 0 13 (5) .6

Table 3. Associations of Orthopedic Complications and Treatment Variables

Clinical Characteristics
All Patients 
(n = 286)

Patients With Orthopedic  
Complications 

(n = 27)

Patients Without Orthopedic  
Complications 

(n = 259) P Value

Empiric therapy

 Clindamycin monotherapy 105 (36.7) 6 (22.2) 99 (38.2) .14

 Vancomycin monotherapy 108 (37.8) 10 (37) 98 (37.8) 1

 Vancomycin + Nafcillin 50 (17.5) 8 (29.6) 42 (16.2) .11

 Ineffective empiric therapya 12 (4.2) 2 (7.4) 10 (3.9) .31

Time from admission to initiation of effective 
antibiotics, daysb

1 (0–1) 1 (0–1) 1 (0–1) .49

Definitive therapy     

 First-generation cephalosporin 165 (57.7) 17 (62.9) 148 (57.1) .68

 Clindamycin 67 (23.4) 4 (14.8) 63 (24.3) .31

 Vancomycin 23 (8) 3 (11.1) 20 (7.7) .47

Oral antibiotics at discharge 125 (43.7) 8 (29.6) 117 (45.1) .15

Duration of total antibiotic therapy, daysc 42 (29–55) 42 (33–64) 41 (29–55) .36

Surgical procedure performed 206 (72.1) 23 (85.1) 183 (70.7) .12

 Corticotomy and/or incision/drainage of  
subperiosteal abscessd

154 (53.8) 19 (70.4) 135 (52.1) .11

 Bone biopsyd 53 (18.5) 7 (25.9) 46 (17.8) .3

 Arthrocentesis and/or arthrotomyd 127 (44.4) 14 (51.9) 113 (43.6) .42

 Drainage/debridement of adjacent soft tissued 40 (13.9) 6 (22.2) 34 (13.1) .24

 External drain placedd 160 (55.9) 19 (70.4) 141 (54.4) .15

More than 1 surgical procedure 37 (12.9) 13 (48.1) 24 (9.3) <.001

Time from admission to first surgical procedure, 
days

1 (0–2) 1.5 (1–2) 1 (0–2) .22

Delayed source control 28 (9.8) 7 (25.9) 21 (6.5) <.001

Duration of total follow-up, dayse 85.5 (34.5–280.5) 67.5 (46–100) 95 (34–337) .37

aAll cases of ineffective empiric therapy were the result of clindamycin being prescribed empirically in patients who were ultimately found to be infected with a clindamycin-resistant 
S. aureus. 
bAll continuous variables expressed as medians with interquartile ranges. 
cFor each patient who developed a complication and had therapy extended because of the complication, duration of therapy was regarded as the time the patient received antibiotics until 
diagnosis with an orthopedic complication. 
dNot mutually exclusive categories. 
eFor patients who developed complications, the date of diagnosis with complications was regarded as the date of follow-up; details on follow-up outcomes of patients who developed 
complications are provided in the Supplementary Materials.
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When these analyses were repeated with the exclusion of 
cases of isolated septic arthritis, similar results were achieved 
(Supplementary Table 4).

Chronic Osteomyelitis and Pathologic Fracture

Chronic osteomyelitis and pathologic fractures were examined 
separately (Supplementary Tables 5 and 6). Chronic osteomyeli-
tis was associated with agr group III infection (27.2% vs 8.9%, 
P = .08), the presence of bone abscess (100% vs 50.2%, P = .001), 
prolonged fever (54.5% vs 23.3%, P  =  .03), ICU admission 
(36.4% vs 10.2%, P = .03), multiple surgical procedures (54.5% 
vs 10.2%, P = .001), and delayed source control (45.4% vs 8.6%, 
P  =  .002). Fewer patients with chronic osteomyelitis were 
infected with an isolate with a vancomycin minimum inhibitory 
concentration (MIC) ≥1.5 µg/mL (27.2% vs 58.3%, P = .06). In 
multivariable analyses, agr III infection (P  =  .04; odds ratio 
[OR], 2.5; 95% confidence interval [CI], 1.71–24.8) and delayed 
source control (P = .006; OR, 8.26; 95% CI, 1.85–36.9) remained 
significantly associated with chronic osteomyelitis.

In univariable analyses, pathologic fractures were asso-
ciated with infection with PVL-positive organisms (75% vs 
39.2%, P = .06), larger median bone abscess diameters (8.8 cm 
vs 3.5 cm, P = .06), bacteremia (75% vs 53.6%, P = .03), fever 
>4 days (62.5% vs 23.8%, P = .03), and multiple surgical proce-
dures (62.5% vs 11.5%, P = .001). None of these variables main-
tained statistical significance in multivariable analyses. The risk 
of pathologic fracture increased substantially among patients 
with ≥3 debridement procedures (Supplementary Figure 3; 
P = .002); however, the risk of fracture in patients with 1–2 sur-
geries (1.3% and 2.2%, respectively) was similar to the risk for 
those who did not undergo surgery (1.3%, P = .8)

Patients Managed Without Surgical Intervention

Seventy-nine patients (27.6%) were managed with medical 
therapy alone. Compared to those who underwent both sur-
gical and medical management, patients managed with med-
ical therapy alone had fewer bone abscesses (25.3% vs 55.1%, 
P < .001), smaller abscesses (2.8 cm [IQR, 1.1–4.7 cm] vs 3.8 cm 
[IQR, 2–6 cm], P = .2), were less often admitted to the ICU (5.1% 
vs 13%, P  =  .06), and had lower admission C-reactive protein 
(CRP, median, 5.9 vs 9.2 mg/dL, P = .03). Additionally, patients 
managed with medical therapy alone were less likely to have 

infection with MRSA (15.2% vs 31.3%, P <  .001) or a USA300 
pulsotype (30.3% vs 48.7%, P = .001). Four patients (5.1%) who 
did not undergo surgery developed orthopedic complications 
by last follow-up; all 4 of these patients had either fever lasting 
>4 days during their index admission or infection with an agr III 
organism.

Other Musculoskeletal Complaints

At the time of final follow-up, an additional 11 patients (3.8%) 
had chronic musculoskeletal complaints that did not meet 
our predefined criteria for orthopedic complications. These 
symptoms included morning stiffness (n  =  2), pain/swelling 
in a joint or extremity with exertion (n = 5), intermittent pain 
(n = 1), or joint pain/swelling with a change in weather (n = 2). 
A larger proportion of these patients had delayed source con-
trol compared to those who did not have any musculoskeletal 
complaints at follow-up (3/11, 27.3% vs 19/249, 7.6%; P = .056). 
An additional patient was diagnosed with osteosarcoma in the 
same bone that had previously been infected; this patient had a 
culture from bone that grew S. aureus, completed antimicrobial 
therapy, and was later diagnosed with malignancy.

DISCUSSION

While the vast majority of children with AHOAIs have good 
outcomes, a significant number of patients experience long-term 
morbidity. We report that 9.4% of patients experience sequelae 
after culture-proven S.  aureus AHOAI, with 5% developing 
chronic osteomyelitis, consistent with previous studies [4].

Tremendous variability exists across centers with regard to the 
management of AHOAI [1, 2, 9, 16]. Our data revealed an inde-
pendent association with delayed source control and long-term 
orthopedic sequelae. This finding points to the benefits of com-
bined medical and surgical management of AHOAI over med-
ical management alone. However, 27.6% of our patients were 
managed without surgical intervention, the majority of which 
experienced no sequelae. Our data support the need to identify 
which patients require source control early in their presentation 
so that intervention can occur promptly to improve outcomes. 
The potential benefits of early source control, however, must be 
weighed carefully against the risks of surgery/anesthesia.

Table 4. Multivariable Analyses of Associations With Orthopedic Complications

Clinical/Microbiologic Characteristics Adjusted P Value Odds Ratio 95% Confidence Interval

Bacteremia .1 2.4 0.85–6.8

Intensive care unit admission .36 1.78 0.52–6.12

agr III Staphylococcus aureus .007 5.05 1.56–16.31

Prolonged fever .04 1.9 1.79–5.51

More than 1 surgical procedure .66 0.9 0.29–2.75

Delayed source control .002 5.91 1.95–17.88

No significant collinearity was noted among variables.
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Additionally, we found an association with infection with 
agr group III S. aureus and sequelae, specifically chronic oste-
omyelitis; the reasons for this finding are unclear. agr is a com-
plex regulatory system that controls a number of growth and 
virulence factors in S. aureus [17, 18]. Notably, recent studies 
suggest that agr dysfunction and polymorphisms within this 
complex may promote chronic infection in a rat osteomyelitis 
model [19]. We previously reported an association with agr 
IV, elevated vancomycin MICs, and disease severity at time of 
presentation in MSSA AHOAI [11]. While these variables may 
contribute to acute disease, our current findings do not sup-
port a role for elevated vancomycin MIC or agr IV in the de-
velopment of post-discharge complications. Studies from the 
mid-2000s suggested that MRSA (particularly PVL-positive, 
USA300 MRSA) was associated with a more severe infection 
phenotype in AHOAI than that caused by MSSA [2, 20–22]. 
However, recently there has been a relative decline in com-
munity-associated MRSA (CA-MRSA) strains contributing to 
invasive S.  aureus infection in many centers [23]. While the 
mechanisms linking agr III strains with negative outcomes are 
unclear, it may represent the emergence of new virulent strain 
types in the post–CA-MRSA era.

Given that chronic osteomyelitis was the most common com-
plication seen, the risk factors for chronic osteomyelitis largely 
mirrored those for orthopedic complications as a whole. While 
the number of patients who developed pathologic fracture was 
quite small, by contrast, we did not observe an association with 
fracture and agr III infection or timing of surgical interven-
tion. We did, however, find a strong association in univariable 
analyses between the need for ≥2 surgical procedures and the 
development of pathologic fractures that was most evident in 
patients undergoing ≥3 procedures. This association is notable 
and deserves further investigation; however, it does not prove 
causation. While it is certainly conceivable that repeated sur-
gical debridements in bone may weaken the cortex predispos-
ing to fracture, it is also possible that these patients experience 
a greater severity of infection (necessitating multiple surgical 
procedures) and that the degree of illness itself predisposes to 
fracture. This second hypothesis is supported by the association 
with pathologic fractures and larger bone abscesses compared 
to those patients who did not experience fracture. Importantly, 
the risk of fracture in patients who underwent 1–2 procedures 
was not increased compared to those who did not undergo any 
surgical intervention. Previous investigations noted an associa-
tion with USA300.0114 pulsotype and pathologic fracture [6]. 
We did not observe an association with the USA300 pulsotype 
and fracture; however, this may again be a product of the shift-
ing molecular epidemiology of invasive staphylococcal disease, 
as well as the small number of cases.

Importantly, we did not observe an association with the use 
of oral antibiotics at time of discharge and the development of 
any orthopedic sequelae in S.  aureus AHOAI. These data are 

in agreement with data from previous studies, suggesting that 
most patients can be transitioned to oral antibiotics with good 
outcomes [10, 16, 24].

There are limitations to this study that should be acknowl-
edged. Foremost, these findings are from a single center and 
may not be representative of the US population at large, partic-
ularly with regard to the impact of agr group and surgical inter-
ventions on outcomes. Notably, the rate of surgical intervention 
for S. aureus AHOAI at TCH is comparable to that in a study 
at the University of Tennessee [2] but higher than reported in a 
multicenter study of all-cause osteomyelitis [24]. Additionally, 
due to the observational nature of the study, we were unable 
to assess the impact of antibiotic duration on the likelihood 
of orthopedic sequelae. The definition of chronic osteomyeli-
tis used for this study was developed by the authors and may 
have led to misclassification of some patients. However, given 
that all patients with chronic osteomyelitis had radiographic 
evidence of disease, the impact of this is likely minor. Given 
the variable durations of follow-up, the development of certain 
complications, namely, growth arrest and/or avascular necrosis, 
may have been underestimated. Furthermore, the adequacy of 
surgical source control was not fully explored and was beyond 
the scope of this study. Finally, the restriction of the study to 
S. aureus AHOAI limits the generalizability of our findings, par-
ticularly when considering that most patients with culture-neg-
ative AHOAI do quite well [25].

In conclusion, orthopedic sequelae as a collective group 
complicate 9.4% of S. aureus AHOAIs and are associated with 
substantial morbidity. While the development of orthopedic 
sequelae is almost certainly multifactorial in these patients, 
agr group III organisms, prolonged fever, and delayed source 
control are independently associated with negative outcomes. 
Large-scale, prospective studies are needed to better under-
stand the predictors of outcome in this common but serious 
childhood infection.
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