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The Contemporary Microbiology and Rates of Concomitant
Osteomyelitis in Acute Septic Arthritis
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Background: Septic arthritis (SA) and acute osteomyelitis (AO) are among
the most common serious bacterial infections of childhood. Knowledge of
the microbiology of SA is critical to treatment. Awareness of the presence
of attendant AO is also important to guide clinical management. We sought
to describe the current microbiology of SA in children and clinical features
associated with coexisting AO.
Materials and Methods: Patients with SA were identified from the infectious diseases consult service records from 2010 to 2014. Patients with penetrating/open trauma and orthopedic hardware in situ were excluded.
Results: A total of 168 patients with SA were included. The most common causative organism was Staphylococcus aureus accounting for 47.7%
of cases (29.1% were methicillin-susceptible S. aureus and 18.5% were
methicillin-resistant S. aureus), followed by group A streptococcus (GAS,
8.9%). The proportion of cases due to GAS increased from 2011 to 2014
(3.3%–16.7%; P = 0.1). One hundred eight (64.3%) patients had concurrent
AO. The presence of osteomyelitis was associated with older median age
(5.9 vs. 2.4 years; P = 0.04), a longer duration of symptoms (5 vs. 2.5 days;
P < 0.001), S. aureus (62.1% vs. 21.7%; P < 0.001), bacteremia (46.2% vs.
20.3%; P = 0.001), a longer duration of fever after admission (5 vs. 2 days;
P < 0.001) and a longer length of stay (10 vs. 6 days; P < 0.001).
Conclusions: Methicillin-resistant S. aureus continues to be an important
cause of SA though GAS may be increasing in frequency. The presence of concomitant osteomyelitis is higher than previously reported and associated with
older age, a longer duration of symptoms and fever, bacteremia and S. aureus.
Key Words: septic arthritis, osteomyelitis, children, complications,
methicillin-resistant Staphylococcus aureus, group A streptococcus
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M

usculoskeletal infections, including acute hematogenous osteomyelitis and septic arthritis, are among the most common serious bacterial infections of childhood. Septic arthritis, particularly
when combined with osteomyelitis, carries a significant risk of complications including dislocation, avascular necrosis, growth disturbance, chronic osteomyelitis and pathologic fracture of the adjacent
bones.1–5 Prompt medical and surgical interventions are necessary for
optimal outcomes.6 Furthermore, knowledge of the causative organism and the presence of associated osteomyelitis early in the course of
treatment is important for guiding therapy.
Accepted for publication July 27, 2016.
Departments of Pediatrics and Allied Health Science and Section of Infectious
Diseases, Department of Pediatrics, Baylor College of Medicine, Houston,
Texas.
J.C.M. receives funding through NIAID K23AI099159. The authors have no
conflicts of interest to disclose.
Address for correspondence: J. Chase McNeil, MD, Departments of Pediatrics
and Allied Health Science and Section of Infectious Diseases, Department
of Pediatrics, Baylor College of Medicine, 1102 Bates Street, Suite 1150,
Houston, TX 77030. E-mail: Jm140109@bcm.tmc.edu.
Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions of
this article on the journal’s website (www.pidj.com).
Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0891-3668/17/3603-0267
DOI: 10.1097/INF.0000000000001417

Staphylococcus aureus is the most common cause of septic arthritis overall, accounting for 26%–50% of culture-positive
cases.2,7–10 Among patients with S. aureus septic arthritis at Texas
Children’s Hospital (TCH) between 2001 and 2008, 36% of isolates
were methicillin-resistant S. aureus (MRSA).11 Other important
etiologies of septic arthritis include group A streptococcus (GAS),
Streptococcus pneumoniae, Salmonella spp. and Kingella kingae.
Based on studies of diagnostic code utilization from 1997 to 2012,
the incidence of MRSA as a cause of childhood osteoarticular
infection appears to be increasing in the United States,12 underscoring the importance of obtaining a microbiologic diagnosis.
Septic arthritis and osteomyelitis can occur in isolation or
simultaneously in a given patient. Rates of contiguous osteomyelitis in the setting of septic arthritis have varied tremendously in
the literature from 20.8% to 68%.2,13,14 Among children with osteomyelitis, 21%–42% will have infection of the adjacent joint.7,15
Knowledge of the presence of concomitant osteomyelitis is of
clinical importance as it alters the recommended treatment duration of children with septic arthritis.16 Furthermore, children with
concomitant septic arthritis and osteomyelitis have a less favorable
clinical course including bacteremia, ICU admission and need for
more surgical procedures11,17 as well as increased risk for growth
arrest, dislocation and pathologic fracture compared to those with
septic arthritis alone.18 Few studies have sought to identify clinical
features of septic arthritis that predict associated osteomyelitis or
other complications. Many previous studies focused only on surgically managed patients or a single pathogen or were performed
before the era of community-acquired MRSA.11,18,19
The primary goal of this study was to identify the clinical
and microbiologic characteristics of patients with septic arthritis and
osteomyelitis compared to those children with septic arthritis alone.
A secondary goal of this study was to describe the contemporary
microbiology of septic arthritis at a tertiary care children’s hospital.

MATERIALS AND METHODS
Patient Identification and Data Collection
Patients were identified from consultation records of the
inpatient infectious diseases service of TCH Main Campus. Infectious diseases are routinely consulted for known or suspected septic
arthritis or osteomyelitis at TCH. Infectious diseases consultations
between January 1, 2010, and December 31, 2014, were reviewed
to identify patients with a diagnosis of septic arthritis. Patients were
excluded after review of clinical records if they were given a diagnosis other than septic arthritis by the physician of record (such
as toxic synovitis or isolated osteomyelitis). Patients with septic
arthritis that developed following penetrating or open trauma or
surgery were also excluded. To assess completeness of the consult
database, a search for the number of discharges with the International Classification of Diseases, 9th revision (ICD-9) code 711.0X,
pyogenic arthritis, during the study period was obtained from TCH
administrative data.
TCH and the affiliated Texas Children’s Pediatric Associates
clinics (a network of >50 primary care clinics with >200 pediatricians in the greater Houston area) have had a fully integrated
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electronic medical record since 2010 including inpatient and outpatient encounters. All clinical records were reviewed for complications of septic arthritis including avascular necrosis and dislocation as well as complications related to a contiguous osteomyelitis
such as pathologic fracture, growth arrest and chronic osteomyelitis
when available up through June 20, 2016. When available, reports
of follow-up imaging studies after hospital discharge were also
reviewed; there was no rereview of the actual images by a radiologist. The Institutional Review Board of Baylor College of Medicine
approved this study.

Definitions
The diagnosis of septic arthritis was defined using a combination of classic clinical findings (joint swelling, erythema, tenderness, limited range of motion, etc.), radiologic findings and results of
synovial fluid Gram stain and culture. Associated osteomyelitis was
based on a combination of radiographic evidence of bone infection
[by plain radiographs, computerized tomography or magnetic resonance imaging (MRI)], clinical examination findings (such as point
tenderness along with fever, erythema and swelling) and/or bone culture or histology. The isolation of coagulase-negative staphylococci,
α-streptococci (other than S. pneumoniae or Streptococcus milleri
group), diphtheroids and Bacillus spp. were regarded as culture
contaminants.20 Fever was defined as a body temperature ≥100.4°F;
duration of fever was defined as the number of calendar days with
fever. Antibiotic pretreatment was considered ≥1 hour of intravenous
antimicrobials before obtaining synovial fluid for culture.

Microbiology
Organism identification and antimicrobial sensitivity were
performed by the clinical microbiology laboratory during the routine course of care. All synovial fluid samples submitted for culture
are routinely inoculated into blood culture bottles at our institution. TCH employs the VersaTREK blood culture system (Thermo
Fisher Scientific, Waltham, MA) using blood culture vials without resin. Polymerase chain reaction for K. kingae is not routinely
performed at TCH. A prospective surveillance study for S. aureus
infections has been ongoing at TCH since 2001 (principal investigator: S.L.K.); bacterial isolates were collected and stored in the
Infectious Diseases Research Laboratory. This surveillance study
database was searched to correlate bacterial strain types with corresponding infections in this study. When available, S. aureus isolates
were characterized by pulsed field gel electrophoresis.21

Statistical Analysis
Continuous variables were examined with the Mann-Whitney U and Kruskal–Wallis tests. Dichotomous variables were analyzed by χ2 and Fisher exact tests. When available, the relationship
between serum white blood cell (WBC) and synovial fluid WBC
counts was examined with the Spearman correlation test. Twotailed P values <0.05 were considered statistically significant. A
multivariate logistic regression model was used to examine clinical
findings and laboratory values associated with underlying osteomyelitis using stepwise forward and backward selection of variables;
dichotomous variables with P value <0.1 were eligible for inclusion
in this model. A priori, it was decided to not include synovial fluid
WBC count or positive synovial fluid culture in this model as these
factors are often used in the definition of septic arthritis by other
studies. Inpatient pharmacy data were included in the electronic
medical record beginning in 2011; for examination of specific
antibiotic choices, duration of therapy and the impact of antibiotic
pretreatment on culture yield, only cases from 2011 to 2014 were
considered. All analyses were conducted using STATA version 13
(STATA Corp, College Station, TX).
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RESULTS
Two-hundred ninety discharges with the diagnosis of pyogenic arthritis based on ICD-9 coding occurred from January 1,
2010, to December 31, 2014; during the study period, 249 infectious diseases consultations for septic arthritis occurred representing 85.9% of the coding database. After review of all medical
records, 168 cases of acute hematogenous septic arthritis were
identified meeting inclusion criteria. The median age of patients
was 4.2 years [interquartile range (IQR): 1.8–9.7 years; Table 1].
The most commonly involved joints were the hip (29.1%), knee
(29.1%), ankle (21.4%) and shoulder (11.9%); 5.4% of patients
had involvement of ≥2 joints. One hundred forty-six (86.9%)
patients underwent a surgical drainage procedure (arthrocentesis,
arthrotomy or corticotomy of bone) by the orthopedic surgery service; an additional 7 (4.2%) patients had aspiration of joints performed by interventional radiology. Among patients with synovial
fluid sent for cytology, there was a lower median synovial fluid
WBC count among those with positive synovial cultures [36,000
cells/mm3 (IQR: 12,225–86,844)] compared with negative cultures
[55,962 cells/mm3 (IQR: 25,375–125,500); P = 0.1], although this
was not statistically significant. There was no correlation between
peripheral WBC and synovial WBC counts (Spearman r = 0.08).

Microbiology
A microbiologic etiology was determined in 113 (67.3%)
patients. The most commonly identified infectious agent was methicillin-susceptible S. aureus (49, 29.2%; Fig. 1) followed by MRSA
TABLE 1. Overall Study Population
Clinical Characteristics
Age, yr (IQR)
Male gender, n (%)
Underlying chronic medical conditions, n (%)
Duration of symptoms on presentation, d (IQR)
Fever on presentation, n (%)
Duration of fever after admission, d (IQR)
Duration of hospitalization, d (IQR)
MRI performed, n (%)
Positive blood culture, n/N (%)
Positive synovial fluid culture, n/N (%)
Synovial fluid WBC count, cells/mm3 (IQR)†
Synovial fluid neutrophil count, cells/mm3
(IQR)†
Concomitant osteomyelitis, n (%)
 Presence of subperiosteal/intraosseous
abscess, n (%)
Concomitant pyomyositis, n (%)
Most common anatomic sites, n (%)
 Hip
 Knee
 Ankle
 Shoulder
 Elbow
 Wrist
 Multiple sites
Surgical procedures performed, n (%)
 Arthrocentesis alone
 Arthrotomy alone
 Arthrocentesis and arthrotomy
 Corticotomy/drainage of subperiosteal abscess

N = 168
4.2 (1.8–9.7)
104 (61.9)
28 (16.7)*
4.5 (2–7)
118 (70.2)
3 (2–7)
8 (6–12)
162 (96.4)
61/165 (37)
77/138 (55.8)
50,800
(19,425–86,844)
34,382
(17,483–76,326)
108 (64.2)
32 (19.1)
37 (22)
49 (29.1)
49 (29.2)
36 (21.4)
20 (11.9)
11 (6.5)
4 (2.4)
9 (5.4)
7 (4.2)
50 (29.4)
85 (50.6)
42 (24.7)

Continuous variables reported as medians along with IQRs.
*Chronic medical conditions included eczema (n = 6), prematurity (n = 5), hemoglobinopathy (n = 4), malignancy (n = 2), juvenile idiopathic arthritis (n = 2), epilepsy
(n = 2), asthma (n = 2) and 1 patient each with cystic fibrosis, chronic lung disease,
uropathy with nephrostomy tube placement, renal transplant recipient, trisomy 21,
short gut and single kidney.
†Among 49 patients with fluid sent for cytology.
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FIGURE 1. Causative agents of septic arthritis. A: Relative proportion of various causative agents. “Miscellaneous” refers
to n = 1 each of Candida albicans, Enterobacter cloacae, group B streptococcus, K. kingae, Pasteurella canis, Pseudomonas
aeruginosa and Streptococcus intermedius. B: Temporal trends in causative agents of septic arthritis. NOI indicates no
organism isolated.
(31, 18.5%), GAS (15, 8.9%), Salmonella spp. (5, 2.9%) and S. pneumoniae (4, 2.4%). A single case of K. kingae septic arthritis was identified. The relative number of cases caused by GAS increased from
2011 to 2014 (from 3.3% to 16.7%; P = 0.1). Infections caused by
MRSA were more often associated with bacteremia, concomitant
osteomyelitis, a longer duration of fever after admission and a higher
rate of positive synovial fluid Gram stains (Table 2). Specific treatment data are provided in Table (Supplemental Digital Content 1,
http://links.lww.com/INF/C600). Among children with Salmonella
septic arthritis, 2 had hemoglobinopathy and another had eczema; the
other 2 patients were previously healthy and none of the patients were
<6 months old. Two additional patients with hemoglobinopathy had
MRSA and no organism isolated, respectively. Pulsed field gel electrophoresis types were available for 32/80 S. aureus isolates; 20 of
32 belonged to pulsotype USA300 (62.5%). Seven USA300 isolates
were methicillin-susceptible.

Bacteremia
The vast majority of patients had blood cultures performed
[165/168 (98.2%)] of which 37% were positive for a pathogen.
The median time to blood culture positivity was 15.7 hours (IQR:
12.5–19.5 hours). Patients with bacteremia were more likely to have
disease caused by S. aureus [45/61 (73.8%) vs. 35/104 (33.7%);
P < 0.001], concomitant osteomyelitis [49/61 (80.3%) vs. 57/104
(54.8%); P = 0.001], a higher median admission C-reactive protein
(CRP, 12.9 vs. 5.4 mg/dL; P < 0.001), a longer duration of fever
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

after admission (6 vs. 2 days; P < 0.001) and a longer duration of
hospitalization (11 vs. 7 days; P < 0.001). Patients with bacteremia also had lower median synovial fluid WBC counts [14,438
(IQR: 11,150–60,750) vs. 62,989 (IQR: 28,313–139,375) cells/
mm3, P = 0.003] and lower median synovial fluid neutrophil counts
[13,188 (IQR: 10,051–36,003) vs. 48,288 (IQR: 25,764–93,575)
cells/mm3; P = 0.007]. Notably, among patients with blood and
synovial fluid cultures taken, patients with bacteremia more often
had positive synovial cultures [42/51 (82.4%)] than those without
bacteremia [32/77 (41.6%); P < 0.001]. There was no difference in
duration of symptoms on presentation or peripheral WBC counts
between patients with and without bacteremia.

Septic Arthritis and Osteomyelitis
One hundred eight (64.2%) patients were found to have concurrent osteomyelitis along with septic arthritis (Table 3). The age
of the patients with osteomyelitis was older (5.9 years) compared
to those without osteomyelitis (2.4 years). The proportion of cases
with osteomyelitis in the <2 year old group was similar to that in
the 2–5 year old groups (54.1% vs. 60.1%); a greater proportion of
children >5 years old had underlying osteomyelitis (72.1%).
Patients with associated osteomyelitis more often had
a longer duration of symptoms on presentation (5 vs. 2.5 days;
P < 0.001), had S. aureus (62.1% vs. 21.7%; P < 0.001) or
MRSA (25% vs. 6.7%; P = 0.003) as a causative pathogen, had
positive blood cultures (46.2% vs. 20.3%; P = 0.001), a longer
www.pidj.com |
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TABLE 2. Clinical Features by Infecting Organism

Clinical Characteristics
Age, yr (IQR)
Male gender, n (%)
Duration of symptoms on presentation, d (IQR)
Fever on presentation, n (%)
Duration of fever after admission, d (IQR)
Length of hospital stay, d (IQR)
Positive blood culture, n (%)
Concomitant osteomyelitis, n (%)
Admission WBC count, × 103 cells/mm3
Admission ESR, mm/h (IQR)
Peak ESR, mm/h (IQR)
Admission CRP, mg/dL (IQR)
Peak CRP, mg/dL (IQR)
Synovial fluid Gram stain positive, n/N (%)
Synovial fluid culture positive, n/N (%)
Synovial fluid WBC count, cells/mm3 (IQR)
Duration of intravenous antibiotics, d (IQR)†
Total duration of antibiotics, d (IQR)
Discharge from hospital on oral antibiotics,
n/N (%)
Combination therapy at discharge, n/N (%)

MRSA
(n = 31)

MSSA
(n = 49)

GAS
(n = 15)

Other
Organism*
(n = 18)

No Organism
Identified
(n = 55)

P

7 (3.5–12.5)
4.1 (1.9–10.8)
5.2 (2.1–8.1)
1.8 (0.7–9.4)
2.7 (1.8–8.4) 0.1
19 (61.3)
31 (63.2)
12 (80)
12 (66.7)
30 (54.5)
0.5
5 (3–7)
3 (2–6)
4 (2–5)
3 (1.5–7)
5 (1–7)
0.6
24 (77.4)
39 (79.6)
12 (73.3)
14 (77.8)
31 (56.4)
0.09
7 (5–11)
4 (2–8)
4 (2–5)
4 (2–5)
2 (1–3)
<0.001
12 (9–21)
10 (6–15)
9 (6–12)
9.5 (7–16)
6 (5–8)
<0.001
21 (67.8)
24 (48.9)
4/14 (28.6)
11 (61.1)
n/a
0.07
27 (87.1)
38 (77.6)
9 (60)
10 (55.6)
21 (38.2)
<0.001
13.7 (10.9–20.8) 12.9 (9.6–15.2)
17.1 (13.8–22.8)
12.4 (9.8–17.9)
12.4 (8.6–16.4) 0.02
75 (57–90)
54 (28.5–84.5)
57 (38–104)
39.5 (25–61)
51.5 (35.5–74) 0.007
98 (79–113) 84.5 (41.5–103.5)
108 (74–116)
59 (35–77)
63 (42–86) <0.001
14.7 (5.1–26)
8.8 (4.6–19.3)
16.9 (6.8–24.9)
6.8 (3.3–15)
4.5 (2.7–7.2) <0.001
17.5 (6.2–26)
12.8 (5.1–23.1)
20.6 (14.7–26.5)
7.8 (3.7–15)
4.8 (3.2–8)
0.001
17/27 (63)
23/43 (53.5)
7/12 (58.3)
6/16 (37.5)
6/40 (15)
<0.001
22/27 (81.5)
34/43 (79.1)
11/12 (91.6)
12/16 (91.6)
n/a
0.2
14,438
71,813
52,625
50,625
61,128
0.07
(10,600–60,750) (19,425–86,844) (32,200–223,000) (36,000–157,750) (25,560–125,500)
35.5 (28–42)
30.5 (15.5–42)
8 (6–18)
21 (7–28)
5 (3–21)
<0.001
35.5 (28–42)
42 (28–42)
29 (21–40)
28 (21–42)
21 (21–28) <0.001
2/21 (9.5)
7/22 (31.8)
9/11 (81.8)
5/13 (38.5)
25/34 (73.5)
<0.001
0

0

0

1/13 (7.7)

6/34 (17.6)

0.04

Continuous variables reported as medians along with IQRs.
*Other refers to Salmonella spp. (n = 5), pneumococcus (n = 4), Haemophilus influenzae (n = 2) and n = 1 each of Candida albicans, Enterobacter cloacae, group B streptococcus,
Kingella kingae, Pasteurella canis, Pseudomonas aeruginosa and Streptococcus intermedius.
†Among patients with full treatment information available.
ESR indicates erythrocyte sedimentation rate; MSSA, methicillin-susceptible Staphylococcus aureus.

duration of fever after admission (5 vs. 2 days; P < 0.001), higher
peak temperature at the time of presentation (103.2 vs. 102.3°F;
P = 0.01), higher peak and admission inflammatory markers and
positive synovial fluid Gram stain (54.7% vs. 27.8%; P = 0.004)
and culture (72% vs. 37%; P < 0.001). The following variables
were included in a stepwise logistic regression analyses to examine
features associated with underlying osteomyelitis: age >5 years,
symptom duration >3 days at presentation, fever >3 days after
admission, S. aureus or MRSA as causative pathogen, positive
blood culture, platelet count >300,000 cells/mm3, initial or peak
erythrocyte sedimentation rate >60 mm/h, initial CRP >7.5 mg/dL,
peak CRP >10 mg/dL, positive synovial fluid Gram stain and site
of infection. Of these many variables, only symptom duration >3
days on presentation (P = 0.005) and S. aureus as the causative
pathogen (P < 0.001) remained statistically significant in multivariate analysis.
Among patients with positive joint cultures who were given
the diagnosis of septic arthritis with osteomyelitis, 42 of 54 had follow-up radiographs after hospital discharge. In 33 cases (78.6%),
the follow-up radiographs revealed evidence of healing or progressive osteomyelitis. Among patients with positive joint cultures who
were not diagnosed with osteomyelitis, 9 of 20 had follow-up radiographs performed (45%), of which 1 revealed features consistent
with osteomyelitis (11.1%).

Antibiotic Pretreatment and Synovial Culture Yield
Ninety-patients with synovial fluid obtained for culture also
had full pretreatment information available. There was no difference in culture positivity rate among those who were pretreated and
those who were not [26/42 (61.9%) vs. 25/48 (52.1%); P = 0.3]. In
addition, among those who were pretreated, there was no difference
in duration of pretreatment among those with positive and negative synovial fluid cultures [26.3 hours (IQR: 13–43 hours) vs. 16.5
hours (14.8–23.3 hours); P = 0.2].
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Complications
Eight (4.7%) patients were found to have orthopedic complications on subsequent follow-up encounters. Three patients
developed progressive/chronic osteomyelitis, 2 patients developed
pathologic fractures and 1 patient each developed avascular necrosis, physeal growth arrest and chronic dislocation. Seven of these
patients were diagnosed with concomitant osteomyelitis at the time
of initial presentation (87.5%) and 3 (37.5%) had subperiosteal or
intraosseous abscesses (compared with 17.9% of those without
complications; P = 0.1). Among patients who developed orthopedic complications, S. aureus was more often the causative agent
compared with those that did not develop complications [6/8 (75%)
vs. 74/163 (45.3%); P = 0.1]; among those with isolates available for testing, USA300 S. aureus specifically was more common
among those with orthopedic complications (83.3% vs. 59.3%;
P = 0.3). All 8 patients had MRI and surgical procedures performed
with their initial encounter; 5 patients underwent corticotomy and
3 patients underwent multiple procedures. Patients who developed
complications received a longer course of total antibiotic therapy
(42 days; IQR: 30–42) than those who did not develop complications although this was not statistically significant (28 days; IQR:
21–42; P = 0.2).

DISCUSSION
S. aureus continues to be the most common causative organism of septic arthritis in children, responsible for 70.8% of culturepositive cases in our study; 18.5% of infections were caused by
MRSA, which is notably a lower proportion than those found in previous studies.11,22,23 Bocchini et al22 reported that MRSA accounted
for 62.9% of S. aureus osteomyelitis from 2001 to 2004. The relative decline in MRSA as a cause of septic arthritis is consistent
with recent studies from our own institution on the microbiology
of acute hematogenous osteomyelitis.20 This is of clinical import
in that empiric therapy for musculoskeletal infections in many
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Comparisons of Patients With Septic Arthritis With and Without Concomitant Osteomyelitis
With
Osteomyelitis
(n = 108)

Without
Osteomyelitis
(n = 60)

P

5.9 (2.1–10)
57 (52.7)
71 (65.7)
5 (2.5–7)
51/84 (60.7)
106 (98.1)
67 (62.1)
27 (25)
21 (19.4)
10 (7–15)
49/106 (46.2)
76/104 (73.1)
103.2 (102.1–103.9)
5 (2–8.5)
46/76 (60.5)
12.9 (9.4–16.4)
7670 (5070–12,000)
298 (228–370)
36/75 (48)
66 (38–87)
57/107 (53.3)
90 (59–112)
80/107 (74.8)
7.7 (4–22.7)
55/107 (51.4)
13 (4.7–23.5)
55/107 (51.4)
41/75 (54.7)
54/75 (72)
27,200 (12,687.5–75,062.5)
29,754 (11,835–62,069)
28 (8–42)
39 (28–42)
20/51 (39.2)

2.4 (1.5–7.4)
22 (36.7)
33 (55)
2.5 (1–5)
18/50 (36)
56 (93.3)
13 (21.7)
4 (6.7)
34 (56.7)
6 (5–8.5)
12/59 (20.3)
42/60 (70)
102.3 (101.2–103.2)
2 (1–4)
12/42 (28.6)
13.5 (10.9–17.8)
7660 (5,230–11,890)
351 (282–415)
31/48 (64.6)
45 (29–73)
22/59 (37.3)
62 (35–85)
33/59 (55.9)
5.2 (3.4–14.7)
20/60 (33.3)
5.4 (3.7–15)
20 (33.3)
15/54 (27.8)
20/54 (37)
71,813 (33,875–139,375)
48,288 (19,792–115,681)
6 (4–21)
21 (21–28)
31/43 (72.1)

0.04
0.05
0.2
<0.001
0.007
0.2
<0.001
0.003
<0.001
<0.001
0.001
0.7
0.01
<0.001
0.001
0.1
0.7
0.05
0.09
0.01
0.05
<0.001
0.01
0.02
0.04
0.005
0.03
0.004
<0.001
0.02
0.05
<0.001
<0.002
0.002

Clinical Characteristics
Age, yr (IQR)
Age >5 yr, n (%)
Male gender, n (%)
Duration of symptoms on presentation, d (IQR)
Duration of symptoms on presentation >3 d, n (%)
MRI performed, n (%)
Staphylococcus aureus as causative agent, n (%)
MRSA, n (%)
No organism identified, n (%)
Length of hospital stay, d (IQR)
Positive blood culture, n (%)
Fever on presentation, n (%)
Highest temperature at time of presentation, °F (IQR)
Duration of fever after admission, d (IQR)
Duration of fever >3 d after admission, n (%)
WBC count on admission, × 103 cells/mm3 (IQR)
ANC on admission, cells/mm3 (IQR)
Platelets on admission, × 103/mm3 (IQR)
Admission platelet >300 × 103/mm3, n (%)
ESR on admission, mm/h (IQR)
Admission ESR >60 mm/h, n (%)
Peak ESR, mm/h (IQR)
Peak ESR >60 mm/h, n (%)
CRP on admission, mg/dL (IQR)
CRP on admission >7.5 mg/dL, n (%)
Peak CRP, mg/dL
Peak CRP >10 mg/dL, n (%)
Positive synovial fluid Gram stain, n/N (%)
Positive synovial fluid culture, n/N (%)
Synovial fluid WBC count, cell/mm3 (IQR)
Synovial fluid neutrophil count, cell/mm3 (IQR)*
Duration of intravenous antibiotics, d (IQR)
Median duration of total antibiotics, d (IQR)
Oral antibiotics at discharge, n/N (%)
Joint infected, n (%)
 Hip
 Shoulder
 Knee
 Elbow
 Ankle
 Multiple joint

28 (25.9)
16 (14.8)
24 (22.2)
8 (7.4)
29 (26.9)
7 (6.5)

21 (35)
4 (6.7)
23 (38.3)
3 (5)
7 (11.7)
2 (3.3)

0.2
0.1
0.03
0.7
0.03
0.5

Continuous variables reported as medians along with IQRs.
*Among 38 patients with synovial fluid sent for cytology and differential performed.
ANC indicates absolute neutrophil count; ESR, erythrocyte sedimentation rate

institutions includes coverage for MRSA with antibiotics such as
vancomycin or clindamycin. While it is perhaps on the decline,
MRSA continues to be an important cause of septic arthritis and
should be considered when choosing empiric antibiotics. This is
particularly important in light of MRSA causing a significantly
longer length of stay and duration of fever in our study as well as
being associated with concurrent osteomyelitis. Similarly, patients
with S. aureus infections received a longer course of antibiotics and
were less likely to be discharged on oral antibiotics. Notably, GAS
demonstrated a rise in the relative frequency of occurrence from
2011 to 2014. Although it is one of the most common causes of
septic arthritis in Europe, K. kingae was only detected in 1 patient
in our study. However, polymerase chain reaction for K. kingae
was not routinely performed in our center as is performed in other
institutions,24 and a portion of the culture-negative cases could have
been attributable to K. kingae that was not isolated. Given the shifts
in microbiology, the etiologies of septic arthritis should continue
to be monitored to determine the best choices for empiric therapy.
Unexpectedly, our study found a lower median synovial
WBC count in children with concomitant osteomyelitis, bacteremia
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

and positive joint cultures. The reasons for this finding are unclear
and not related to peripheral WBC counts. It is possible that this
represents selection bias in that only 49 patients (29.2%) had synovial fluid sent for cytologic analysis; an additional 6 patient specimens clotted before analysis (3.6%). It is possible that in patients
for whom frank pus was aspirated from the joint, the index of suspicion for bacterial arthritis was so high that cytology was not considered necessary by the provider.
Previous research described concomitant osteomyelitis in
31.1% of children with S. aureus septic arthritis.11 Investigators
in Little Rock, AR, report underlying osteomyelitis in 21.5% of
children with septic arthritis.17 Our study group had a high rate of
coexisting osteomyelitis (62.9%), consistent with another recent
report.13 One could argue that our findings were a consequence of
the large number of patients undergoing MRI studies, which have
a very high degree of sensitivity for bone and joint infection and
the theoretical risk of false positive results.25 This may particularly
be the situation in cases in which MRI detects abnormalities in the
bone without evidence of abscess. Previous studies, however, support a high rate of coexistence of these infectious entities. A study
www.pidj.com |

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

271

Branson et al

The Pediatric Infectious Disease Journal • Volume 36, Number 3, March 2017

of acute osteomyelitis at our institution revealed that septic arthritis
was codiagnosed in 35.2% of cases.20 A recent study of children
with metaphyseal osteomyelitis who underwent MRI revealed that
53% of them had coexisting synovial effusions by imaging and that
75% of these were ultimately determined to be septic.26 It is notable
that among those patients in our study with positive synovial cultures (and thus unquestionably septic arthritis), the vast majority of
those diagnosed with osteomyelitis by MRI had evidence of healing/progressive osteomyelitis on follow-up radiographs (78.6%).
Taken together, the presence of either joint effusion in the presence
of osteomyelitis or adjacent bone abnormalities by MRI in the presence of septic arthritis should be assumed to be contiguous sites
of infection until proven otherwise. An MRI should be considered
for any child with known or suspected septic arthritis to evaluate
for neighboring sites of osteomyelitis given the high rates of concurrence. This desire for thorough diagnostics, however, must be
balanced with the need for timely drainage of the involved joint in
children with septic arthritis.
It has been previously reported that the presence of concurrent osteomyelitis with septic arthritis was more commonly seen
in neonates, adolescents, children with infection of the shoulder
joint, duration of symptoms >6 days and those with infection secondary to S. aureus.17 Carrillo-Marquez at al11 found that attendant osteomyelitis was more common in cases of S. aureus septic
arthritis with bacteremia, fever >2 days duration and an initial CRP
>10 mg/dL. Other investigators have reported that higher CRP values, specifically those >13.8 mg/dL, along with thrombocytopenia
are predictive of contiguous sites of infection in the setting of septic arthritis.19 In contrast, our study did not reveal an association
with osteomyelitis and young age or infection of the shoulder or
hip joints. Numerous other clinical features including older age,
duration of fever, positive blood culture and height of inflammatory markers were significantly associated with underlying osteomyelitis by univariate analysis but lost statistical significance in
multivariate analyses. Some of these discrepancies from previous
studies may have been related to inclusion of patients with a diagnosis of septic arthritis who only received medical management,
a group that had been excluded from some previous studies.17,19
However, our data do confirm the association of a longer duration
of symptoms and S. aureus with septic arthritis and concomitant
osteomyelitis in our multivariate model. Thus, while it is often
difficult to predict accurately which patients with septic arthritis
have underlying osteomyelitis, the presence of a long duration of
symptoms on presentation (>3 days) and the isolation of S. aureus
should alert the clinician to the possibility of concomitant osteomyelitis. These findings could potentially be utilized to guide care
for patients with septic arthritis in the future in settings in which
MRI for all cases is not feasible.
Long-term orthopedic complications of septic arthritis developed in 4.7% of patients in our study and were associated with substantial morbidity. Reports from the 1980s illustrated that long-term
complications of septic arthritis can occur in up to 25% of patients;27
while contemporary reports have suggested lower rates of complications, they are in general more common in neonates, infection of
the hip or shoulder joints and when intervention is delayed.4 Our
study was unfortunately underpowered to fully recognize predictors
of orthopedic complications of septic arthritis in children given the
sample size. Because information regarding care for complications
at facilities outside of the TCH system was unavailable to investigators, it is possible that not all of the cases with complications
were captured. Given the scope of the TCH electronic medical
record system, which includes numerous primary care offices, this
is likely minimized. Further research is needed regarding predictors of complications of this disease in order to establish guidelines
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for follow-up in children with septic arthritis. There are limitations
of this study, which should be acknowledged in addition to those
above. Given the retrospective nature of this study, it is difficult to
fully account for all relevant clinical variables on presentation that
were not consistently described in the medical record. Another limitation is that this was a single center study and thus results may not
be applicable to all settings, particularly as regards microbiology
and the contribution of MRSA or GAS to septic arthritis. The reliance on an infectious disease consult database may have preselected
for patients with more severe disease (more concomitant osteomyelitis or bacteremia); given that the consult list accounted for >85%
of the number of unique pyogenic arthritis ICD-9 codes any such
bias is likely minimal. Furthermore, review of radiology reports
only was undertaken rather than a systematic review of all imaging
studies by a radiologist in a research capacity. In addition, the inclusion of patients without culture confirmed disease and those without
synovial WBC counts performed raises the possibility that some of
the patients may have had nonbacterial arthritis. In conclusion, S.
aureus continues to be the most common causative organism of septic arthritis in children. MRSA remains an important pathogen and
should be considered when choosing empiric antibiotics, though its
occurrence in septic arthritis in the study period is lower than in
previous reports. GAS may be increasing in relative frequency as an
arthritis pathogen. Concurrent osteomyelitis should be considered
in all children with septic arthritis particularly those with >3 days
of symptoms on presentation, bacteremia, persistent fever or rising
inflammatory markers. Further studies are needed to better predict
both concurrent osteomyelitis as well as long-term complications in
the setting of pediatric septic arthritis.
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