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Abstract: Acute hematogenous osteomyelitis (AHO) is a common invasive infection 
encountered in the pediatric population. In addition to the acute illness, AHO has the 
potential to create long-term morbidity and functional limitations. While a number of 
pathogens may cause AHO, Staphylococcus aureus is the most common organism identified. 
Despite the frequency of this illness, little high-quality data exist to guide providers in the 
care of these patients. The literature is reviewed regarding the epidemiology, microbiology 
and management of AHO in children. A framework for empiric therapy is provided drawing 
from the available literature and published guidelines. 
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Introduction
Osteomyelitis is one of the more common invasive bacterial infections of child
hood. Studies from the mid-2000s in the United States suggested that osteomyelitis 
accounted for at least 6 per 1000 hospital admissions with rising incidence.1 Acute 
hematogenous osteomyelitis (AHO), the most frequent form of the disease in 
pediatrics, is often associated with the need for hospitalization and invasive diag
nostic and surgical procedures as well as a prolonged course of antimicrobial 
therapy. Despite the frequency and potential morbidity associated with this infec
tion, there has been a relative paucity of high-quality data available regarding the 
management of this disease. This review seeks to provide an evidence-based over
view of AHO in children with a major focus on clinical management, incorporating 
the most up to date findings from the literature as well as practice guidelines.

Clinical Forms of Osteomyelitis
Infection can develop in bones through three primary mechanisms:2,3 1) direct 
inoculation, 2) extension from contiguous foci and 3) as a result of hematogenous 
dissemination. Direct inoculation osteomyelitis most often occurs through penetrat
ing trauma or open fractures; in such infections, environmental microorganisms are 
often isolated in addition to skin flora.4 Osteomyelitis may also occur from the 
extension of infection from sites contiguous or adjacent to bones. This form of 
osteomyelitis is relatively uncommon in children and most often occurs in those 
with substantial disabilities (e.g., sacral osteomyelitis in the setting of quadriplegia 
and decubiti).3 AHO is overwhelmingly the most common form of osteomyelitis in 
children3,5 and most often affects the metaphysis of long bones.
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Epidemiology
While AHO may affect any age group, this disease entity 
is most commonly seen in school-age children, with the 
typical age being 7–10 years old.1,6 Boys may be more 
often affected than girls with an approximately 1.5–2-fold 
increased rate reported in the literature, although this is not 
consistently observed.1,6,7 While children with certain 
underlying conditions (e.g., hemoglobinopathy) may be 
at increased risk of AHO, the vast majority of patients 
lack major medical comorbidities.8

Pathogenesis of AHO
While the precise pathogenesis of AHO in children is not 
completely clear, it is generally believed to be 
a consequence of the unique anatomy of growing bones 
combined with transient bacteremia. In the commonly 
accepted mechanism of pathogenesis as first suggested 
by Hobo and Trueta,9,10 blood vessels in the growing 
metaphyses of children form tight hairpin loops which 
create an area of relative vascular stasis/sluggish flow. 
These areas of the metaphysis may be susceptible to 
microhematomas or microthrombi with relatively minor 
blunt trauma which can, in turn, serve as a nidus for 
infection. Transient bacteremia may then result in the 
deposition of microorganisms in the metaphysis. Other 
investigators have asserted that terminal capillaries in 
the metaphyses communicate with one another between 
areas of growing/replicating chondrocytes via anasto
moses which in turn contributes to vascular 
engorgement/stasis.11,12 Regardless of the precise micro
anatomy and pathophysiology, the replication of micro
organisms in this region is responsible for disease in most 
cases of AHO. The proliferation of microorganisms in the 
bone with abscess formation may ultimately breach the 
cortex resulting in elevation of the periosteum and 
a subperiosteal abscess. These abscesses may in turn 
rupture through the periosteum into the surrounding soft 
tissues or into the adjacent joint, particularly in the case of 
the proximal femur or humerus which have intracapsular 
metaphyses. Additionally, the growth of abscesses may 
increase intraosseous pressure to the point at which the 
vascular supply is compromised resulting in bone 
necrosis.

In young infants (typically <18 months of age), brid
ging vessels that traverse the physis may allow for exten
sion of infection into the epiphysis and then the joint 
space. Notably, contiguous septic arthritis does not always 

occur as a direct result of extension from the epiphysis/ 
metaphysis, as suggested by the occurrence of this phe
nomenon in older children as well.13

Clinical Manifestations and Physical 
Examination Findings
AHO in children typically presents with some combination 
of fever, pain, swelling, erythema and warmth to the 
involved area. Patients will commonly have symptoms 
for 6–8 days prior to presentation, although this varies 
with the microbial etiology.14,15 Patients also frequently 
report a history of minor blunt trauma to the affected area. 
Although AHO may involve any part of the skeleton, the 
long bones of the lower extremities are among the most 
frequently affected followed by the pelvis. In one single- 
center study, the most commonly affected bones were the 
tibia, fibula, pelvis and femur in descending order.6 The 
upper extremities are more rarely affected, with infection 
of the humerus occurring in 10–14% and the radius or ulna 
in approximately 5% of cases.6,16 When the bones of the 
lower extremity are involved, children are commonly 
unable to bear weight or may have a pronounced limp. 
Infection involving the pelvis may be more subtle and is 
often associated with a delay in diagnosis. Children with 
pelvic osteomyelitis frequently (but not consistently) are 
able to bear weight to some degree but may display 
a waddling gait as they attempt to shift their weight 
away from the affected area. Infection involving the ver
tebrae may be associated with back pain, point tenderness, 
limited flexion or extension or sometimes change in spinal 
curvature.

Swelling, erythema, pain and limited function of the 
infected area are quite common. Patients are frequently 
moderately to even critically ill17 at the time of presenta
tion. Up to 75% of patients are febrile at the time of 
admission.6 Care should be taken to perform as thorough 
a musculoskeletal exam as the child’s condition and level 
of distress allows; this is important as 5–10% of patients 
may have multifocal AHO.18 Additionally, contiguous 
septic arthritis has been reported in up to 35% of cases.6 

Importantly, infection caused by less virulent organisms 
may present with more subtle symptoms and may be more 
challenging to diagnose.

General Laboratory Evaluation
Hematology studies and measurement of inflammatory 
indices are commonly performed in the evaluation of 
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serious infection. Serum white blood cell count (WBC) 
may be normal in children with AHO; the sensitivity of 
leukocytosis for the diagnosis of AHO is only approxi
mately 35%.19 A complete blood count (CBC) however, 
may be helpful in evaluating for other causes of bone pain 
such as leukemia, neuroblastoma or other malignancy. By 
contrast, C-reactive protein (CRP) is elevated in up to 98% 
of children with AHO and, while being nonspecific, is 
a highly sensitive tool.19,20 In general, obtaining a CBC, 
CRP and erythrocyte sedimentation rate (ESR) is advisa
ble in the initial evaluation of all patients with suspected 
AHO.21

Microbiology Diagnostic Studies
Efforts to determine the microbiologic cause of AHO 
should always be undertaken. Identification of a pathogen 
can allow for targeted antimicrobial therapy and can give 
a sense of closure to patient families by giving a “name” to 
the infection. At a minimum, blood cultures of adequate 
volume should be performed in all patients with suspected 
AHO. Blood cultures yield a pathogen in 20–46% of 
patients.1,6,22 Cultures of bone exudates, abscesses or aspi
rates from contiguous joints or soft tissue collections yield 
pathogens in 65–82% of specimens;6,23 in nearly half of 
such patients, surgical specimens serve as the only means 
of obtaining a microbiologic diagnosis.6 The recovery of 
certain fastidious organisms (i.e., Kingella kingae) may be 
enhanced by the inoculation of bone or synovial fluid 
samples into blood culture bottles and is recommended 
in young children (<5 years) or when suspicion otherwise 
exists.24 Notably, anaerobic, fungal and/or mycobacterial 
cultures obtained from bone or joint specimens have rela
tively low yield (1–3%)22 in pediatric AHO but should be 
utilized in those with a history of immunocompromise, 
atypical symptoms, subacute/chronic disease,5,25 history 
of penetrating/open trauma4 and/or failure of first-line 
therapy.3 If such specimens are obtained, care should be 
taken that they are collected and processed correctly.25 In 
young infants who acquire infection with pathogens which 
are also known as common causes of meningitis (e.g., 
pneumococcus, Group B Streptococcus or Haemophilus 
influenzae), consideration may need to be given towards 
performing a lumbar puncture to obtain a CSF culture; 
meningitis has been described concomitantly, albeit rarely, 
in such patients.26–28

Beyond traditional culture methods, increasing interest 
has developed in molecular diagnostics for AHO. 
A number of multiplex PCR-based panels exist to help 

identify major AHO pathogens from either bone exudates, 
purulent collections or synovial fluid; in some cases, these 
studies are able to identify select antibiotic resistance 
genes.29 Notably, a number of studies have illustrated 
that the use of PCR-based assays increases the rates of 
K. kingae identification by 2–4 fold.30,31 In one series, 
89% of cases of K. kingae musculoskeletal infection 
were diagnosed by molecular methods alone.31

Diagnostic Imaging
Imaging studies are frequently undertaken to help secure 
the diagnosis of AHO. Plain radiographs have poor ability 
to identify AHO early in the disease course; however, 
most experts continue to recommend their use in order to 
evaluate for alternative causes of musculoskeletal pain 
(e.g., fracture, bone tumor, etc.).21 Magnetic resonance 
imaging (MRI) has become the gold standard in the ima
ging diagnosis of AHO and may be helpful in localizing 
associated purulent collections. In one study of S. aureus 
osteomyelitis, MRI detected extraosseous sites of infection 
in up to 68% of patients.32

Microbial Etiology
A microbiologic etiology is identified in 66–76% of cases 
of AHO.1,6 The relative frequency of recovery of common 
organisms in AHO is summarized in Table 1. While AHO 
may be caused by a variety of microorganisms, the vast 
majority of cases are a result of S. aureus, which contri
butes to approximately 60% of all AHO in children.6

The relative proportion of cases of staphylococcal 
AHO which are due to methicillin-resistant S. aureus 
(MRSA) would be expected to vary based on the local 
community prevalence of MRSA. Cases caused by MRSA 

Table 1 Relative Frequency of Organism Identification in 
Pediatric Acute Hematogenous Osteomyelitis

Causative Organism Proportion of Cases (%)

Staphylococcus aureus 43–63
MRSA as a proportion of S. aureus 0–69.1

Streptococcus pyogenes 2.5–7

Salmonella spp. 1–3.8
S. agalactiae 0.5–5.1

S. pneumoniae 0–1.9

Kingella kingae 0–47.4*
Other Organisms 1–3

No Organism Identified 24–43.7

Notes: *It should be noted that most studies reporting high rates of K. kingae 
identification have relied on molecular assays combined with traditional culture 
methods. Data from references 1, 6, 14, 15, 22, 33–35 and 48.
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tend to be associated with a more severe course including 
higher and more prolonged fever, a greater elevation of 
inflammatory markers, large purulent collections, the need 
for multiple surgical procedures and prolonged length of 
stay.1,33–35 These findings are largely driven in North 
America by the predominance of the USA300 pulsotype 
among community-acquired MRSA. Complications asso
ciated with USA300 S. aureus AHO include venous 
thromboses, septic emboli with/without necrotizing pneu
monia and pathologic fractures.36,37 It is unlikely that the 
negative outcomes associated with MRSA AHO are 
a result of methicillin-resistance per se, but rather the 
overall genetic background of the organism.38 The influ
ence of strain type rather than antibiotic resistance on 
outcome is indirectly supported by observational studies 
suggesting a more severe clinical course and sequelae of 
USA300 methicillin-susceptible S. aureus (MSSA) com
pared to non-USA300 MSSA.39 Importantly, S. aureus 
AHO as a whole is more often associated with the pre
sence of subperiosteal/intraosseous abscesses and the need 
for surgical intervention than osteomyelitis due to other 
etiologies irrespective of antibiotic susceptibility.1,6

Group A Streptococcus (S. pyogenes) is commonly 
reported as the second most frequently isolated organism 
in acute musculoskeletal infections in children, occurring 
in 2–9% of cases.1,6,13 Invasive S. pyogenes infections are 
frequently associated with regional myositis which may be 
noted on MRI or CT. S. pyogenes remain universally 
susceptible to β-lactams which are the drugs of choice. 
Vancomycin and clindamycin are reasonable substitutes in 
the situations of β-lactam intolerance or allergy; notably, 
isolates exhibit in vitro resistance to trimethoprim- 
sulfamethoxazole (TMP-SMX). Interestingly, in recent 
studies of skin-and-soft-tissue infections of any etiology 
(including S. pyogenes), patients treated with TMP-SMX 
had similar outcomes to those treated with alternative 
agents.40,41 No data are available regarding the potential 
use of TMP-SMX for invasive S. pyogenes infection, 
however.

Non-typhi Salmonella (NTS) spp. are not infrequently 
identified in children with AHO, accounting for approxi
mately 5% of cases.1,6 Notably, compared to those cases 
caused by gram-positive pathogens, children with NTS 
more often have a history of reptile exposure and/or ante
cedent gastrointestinal symptoms (Table 2).42 Additionally, 
patients with immunodeficiencies, especially hemoglobino
pathies, are at particular risk for invasive salmonellosis; in 
case series of hemoglobinopathy patients with AHO, 

Salmonella is recovered with at least equal frequency as 
S. aureus and in some studies far exceeds the frequency of 
S. aureus in this population.43–46 Importantly, Salmonella 
AHO may be associated with long durations of fever, with 
a median duration of fever after hospital admission of 8.5 
days in one study.42

K. kingae is a pathogen which has been often asso
ciated with osteoarticular infections in toddler age chil
dren. While more commonly associated with septic 
arthritis, this pathogen has often been identified in osteo
myelitis as well.47 In an Israeli study of osteoarticular 
infections in children <2 years old, K. kingae was the 
most frequently identified organism.24 Similarly, in 
a Swiss study, K. kingae accounted for 87% of confirmed 
osteoarticular infections in children <4 years old while 
S. aureus caused 78% in older children.48 K. kingae is 
frequently associated with a less severe disease presenta
tion than staphylococcal AHO. In a French study compar
ing K. kingae and S. aureus AHO, K. kingae infections 
were associated with shorter durations of fever and 

Table 2 Pathogens to Consider in Unique Populations

Patient Population AHO Pathogens

Infants < 1 Year of Age Group B Streptococcus 
Haemophilus influenzae 
S. aureus 
Neisseria gonorrheae 
Group A Streptococcus 
Enterobacteriaceae

Children 1–5 Years of Age Kingella kingae 
S. aureus 
S. pneumoniae

School Age - Adolescence S. aureus 
Group A Streptococcus

Hemoglobinopathy/Asplenia Salmonella spp. 
S. aureus 
Plesiomonas 
H. influenzae 
S. pneumoniae

Intravenous Drug Users S. aureus 
Enterobacteriaceae 

Pseudomonas aeruginosa

Animal Exposures S. aureus 
Salmonella spp. 

Bartonella henselae 
Brucella spp.

Notes: Data from references 2, 3, 21, 28, 42 and 56.
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hospital stay.49 Others have reported that invasive 
K. kingae infections were associated with normal inflam
matory markers in nearly 25% of cases.47 K. kingae has 
also been noted as a principal cause of hematogenous 
osteomyelitis of the calcaneus as well as the sternum and 
may have a predilection for these sites.47,50 While being 
a notoriously fastidious organism, identification may be 
aided by inoculation of bone exudates or synovial fluid 
directly into blood culture bottles51 and/or the utilization 
of molecular diagnostics.30,31 In many studies in Europe 
and Israel, K. kingae is the predominant cause of AHO in 
children, even surpassing S. aureus.48 By contrast, most 
studies in North America suggest that K. kingae accounts 
for <5% of cases of AHO overall.6,34 This discrepancy 
likely reflects a combination of geographic variability in 
prevalence as well as inconsistent utilization of molecular 
diagnostics across centers.

The respiratory pathogens Streptococcus pneumoniae 
and Haemophilus influenzae may rarely cause AHO particu
larly among those with antecedent respiratory symptoms or 
those with immunodeficiency or underimmunization.1,6,16 

The widespread use of the pneumococcal conjugate vaccines 
as well as H. influenzae type b vaccine has had a significant 
impact on these infections.52

Bartonella henselae may rarely cause osteomyelitis as 
a manifestation of cat scratch disease with a predilection 
for the axial skeleton.53 Molecular methods may be uti
lized to detect B. henselae in tissue although serology can 
also be employed for presumptive diagnosis. Notably, 
while patients with cat scratch disease typically have cat/ 
kitten exposure, this is not universally the case.54,55

Neonates and young infants represent a unique group 
for AHO. Group B Streptococcus (GBS, S. agalactiae) is 
a well-described cause of AHO in neonates and should be 
high in the differential diagnosis; in some older series, 
GBS is the most frequent etiology in this age group.28 

Gram-negative enterics must also be considered in AHO 
in neonates, particularly the premature. Notably, however, 
S. aureus remains a prominent cause of osteoarticular 
infection in neonates and young infants;56 consideration 
of these pathogens is important when planning empiric 
antibiotic coverage.

Management
Supportive Care
Early in the evaluation of children with suspected AHO, 
attention should be given to the patient’s hemodynamic 

state, providing prompt fluid resuscitation if indicated. 
Notably, 5–11% of children with S. aureus AHO require 
intensive care unit admission.8,18,38 Additionally, analge
sics and antipyretics should be administered as needed.

Empiric Antimicrobial Therapy and 
Specific Agents
Intravenous antibiotics are typically initiated empirically 
in patients with known or suspected AHO (Table 3, Figure 
1). Given the predominance of S. aureus, empiric parent
eral therapy directed at gram-positive pathogens is appro
priate in most situations. The European Society for 
Pediatric Infectious Diseases (ESPID) has published 
guidelines for the management of osteoarticular infections. 
In regions with a low prevalence of MRSA, the empiric 
use of antistaphylococcal penicillins (ASPs, e.g., nafcillin, 
flucloxacillin) or first-generation cephalosporins (1GCs) is 
recommended.21 A number of studies have demonstrated 
that ASPs and 1GCs have similar outcomes in the treat
ment of invasive MSSA infections.57,58 In a recent study, 
definitive treatment with a 1GC relative to alternative 
agents did not increase the likelihood of treatment failure 
in children with MSSA AHO.8 Cefazolin may have the 
additional advantage of providing coverage for K. kingae 
in toddler age children; K. kingae have relatively high 
MICs to oxacillin (MIC90= 6 µg/mL).59

The need to provide empiric therapy directed at MRSA 
should be determined based on local prevalence of MRSA 
as well as individual patient clinical risk factors (e.g., 
history of prior MRSA infections). The ESPID guidelines 
recommend empiric coverage for MRSA if the local pre
valence of methicillin-resistance among S. aureus exceeds 
10–15% (Figure 1).21 Vancomycin is one of the primary 
agents for treatment of MRSA in children and is recom
mended for patients with severe disease.21,60 Current 
guidelines recommend starting vancomycin at doses of 
60–80 mg/kg/day divided every 6 hours in children 3 
mo–12 years old with serious MRSA infections.61 

Notably, depending on the dosing regimen and comorbid
ities, vancomycin carries with it a non-trivial risk of 
nephrotoxicity.62–64 Moreover, the appropriate pharmaco
kinetic/pharmacodynamic parameters for vancomycin 
monitoring are somewhat controversial in 
children.61,62,65–67 Close attention to renal function is 
highly recommended in children receiving vancomycin.

Clindamycin is a well-tolerated alternative to vanco
mycin which has been demonstrated to be effective in 
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Table 3 Potential Antimicrobial Agents for the Management of AHO

Antimicrobial Bacteriostatic/ 
Bactericidal

Antimicrobial Spectra* Adverse Effects Other Considerations

Antistaphylococcal 

penicillins

Bactericidal MSSA, Group 

A Streptococcus

Potential for drug induced 

neutropenia, nephritis. Oxacillin 

associated with hepatotoxicity. 

Phlebitis and/or local discomfort may 

develop with IV infusion, particularly 

with nafcillin.

One of the agents of choice for 

MSSA. Limited activity against 

K. kingae. 

Liquid formulations of oral 

flucloxacillin and dicloxacillin have 

poor palatability.

First-generation 

cephalosporins

Bactericidal MSSA, Group 

A Streptococcus, K. kingae

Potential for drug induced 

neutropenia, nephritis.

Poor CNS penetration. Some 

concern exists for inactivation of 

these drugs in the presence of large 

inoculum of S. aureus (i.e., cefazolin 

inoculum effect), although data are 

limited

Vancomycin Bactericidal MRSA, MSSA, Group 

A Streptococcus, Group 

B Streptococcus

Potential for drug induced 

neutropenia, thrombocytopenia. 

Infusion reactions (“Red Man 

Syndrome”). Nephrotoxicity 

associated with vancomycin is well 

described.

Optimal monitoring parameters not 

established in children. Close 

monitoring of renal function 

recommended. Intravenous only 

administration.

Clindamycin Bacteriostatic Clindamycin-susceptible 

MRSA and MSSA, Group 

A Streptococcus. Some 

K. kingae strains are 

susceptible.

Gastrointestinal distress, diarrhea are 

common. Potential for transaminitis.

May be administered intravenously but 

has high oral bioavailability. Local rates 

of clindamycin-resistance among 

S. aureus should be considered prior to 

empiric use. Poor CNS penetration. 

Not recommended if endovascular 

disease present. Many liquid 

formulations have poor palatability.

Linezolid Bacteriostatic S. aureus, Group 

A Streptococcus, 

Pneumococcus

Potential for drug induced 

neutropenia, thrombocytopenia. 

Prolonged use has been associated 

with optic neuritis and peripheral 

neuropathy. Tyramine containing 

foods should be avoided.

May be administered intravenously 

but has high oral bioavailability. Close 

monitoring for adverse events, 

particularly myelosuppression, is 

advised. Cost of this agent may be 

prohibitive

Daptomycin Bactericidal S. aureus, Group 

A Streptococcus, 

Pneumococcus

Potential for transaminitis. 

Rhabdomyolysis is a reported but 

rare adverse event

In animal models, inactivated by 

pulmonary surfactant. Good CNS 

penetration. Intravenous only 

administration. Limited data in the 

setting of pediatric AHO.

Trimethoprim- 

Sulfamethoxazole

Bactericidal S. aureus, K. kingae, some 

gram-negative enterics

Drug induced cytopenias, nephritis, 

rash. May rarely be associated with 

erythema multiforme/Stevens 

Johnson

Excellent in vitro activity against 

S. aureus in most studies. Data are 

limited in the setting of invasive 

S. aureus infection particularly AHO.

Tetracyclines Bacteriostatic S. aureus Potential for transaminitis. Patients may 

become very photosensitive and should 

be advised to wear sun screen while 

outdoors. Dental staining in young 

children with prolonged use (relative 

contraindication in those < 8 years)

Excellent in vitro activity against 

S. aureus in most studies. Data are 

limited in setting of invasive S. aureus 

infection, particularly AHO.

(Continued)
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serious S. aureus (and MRSA) musculoskeletal infections 
including those with bacteremia.66,68,69 The ESPID guide
lines recommend the empiric use of clindamycin in 
regions with a relatively high prevalence of MRSA but 
with clindamycin resistance in <10–15% of S. aureus pro
vided patients are not severely ill. Notably, however, 
empiric therapy can be quite challenging in regions with 
a high prevalence of both methicillin and clindamycin 
resistance, as occurs in some areas of the US.70 

Clindamycin is not recommended for either endovascular 
infections or when there is the need for penetration into the 
central nervous system; as such, clindamycin may not be 
ideal for patients with severe disseminated MRSA infec
tion. Overall, it is important to consider the potential for 
clindamycin resistance as well as other concomitant sites 
of infection when selecting empiric therapy in regions with 
high rates of MRSA.

Other agents to consider for empiric coverage of 
known or suspected serious MRSA infections include 
linezolid, daptomycin, and ceftaroline. Linezolid has 
excellent activity against gram-positive agents and has 
been used effectively in the setting of AHO in 
children.71 Notably, however, potential toxicities of this 
agent (myelosuppression, peripheral neuropathy, optic 
neuritis, etc.) as well as costs limit its use. A number of 
case reports and series describe using daptomycin to suc
cessfully treat MRSA AHO in children.72,73 In one recent 
pediatric multicenter randomized controlled trial, there 
were no statistically significant differences in outcomes 
between children with AHO treated with daptomycin 
compared to comparator agents; however, non-inferiority 

endpoints were not achieved.74 Ceftaroline, an anti-MRSA 
cephalosporin has the theoretical advantage of providing 
additional coverage for streptococci, K. kingae and some 
Enterobacteriaceae. Data on the use of this agent in chil
dren with AHO are, however, currently limited to case 
reports.75

While recognizing that staphylococci and streptococci 
are the predominant causes of disease, certain clinical 
situations may necessitate expanding empiric antibiotic 
coverage (Table 2). In patients with hemoglobinopathies 
or when Salmonella spp. or H. influenzae are otherwise 
clinically suspected, antimicrobials active against these 
pathogens (e.g., third-generation cephalosporins) should 
be added to typical anti-staphylococcal therapy.21 

Children <5 years of age may require coverage for 
Kingella.21 Other situations which warrant an expansion 
of antimicrobial coverage include immunocompromised 
hosts, those with a history of multidrug-resistant pathogens 
or who have failed first-line therapy.

Questions often arise as to the optimal duration, route 
and choice of therapy as well as timing of antimicrobial 
therapy in relation to obtaining deep cultures; such clinical 
dilemmas will be discussed below.

Duration of Total Antimicrobial Therapy
One of the most often cited studies regarding the appro
priate duration of therapy is the 1979 study by Dich et al. 
These investigators retrospectively reviewed 163 cases of 
osteomyelitis in North American children. Among chil
dren with S. aureus osteomyelitis, those receiving therapy 
for ≤3 weeks experienced a higher rate of progression to 

Table 3 (Continued). 

Antimicrobial Bacteriostatic/ 
Bactericidal

Antimicrobial Spectra* Adverse Effects Other Considerations

Penicillins, 

Aminopenicillins

Bactericidal Group A Streptococcus, 

Group B Streptococcus 

penicillin-susceptible 

pneumococci, β-lactamase 

negative H. influenza

Rash. Drug-induced cytopenias with 

prolonged use. Nephritis

Third Generation 

Cephalosporins

Bactericidal Group A Streptococcus, 

K. kingae, pneumococci, 

H. influenzae, many gram- 

negative enterics (including 

Salmonella)

Diarrhea. Rash. Drug induced 

cytopenias, transaminitis, nephritis 

are possible with prolonged use.

Generally well tolerated class of drugs 

with agents that can be administered 

either intravenously or orally. 

Ceftriaxone with in vitro activity against 

MSSA, however clinical data in children 

with invasive MSSA are limited.

Notes: *The description of antimicrobial spectra is not intended to be comprehensive, but to briefly describe a few relevant AHO pathogens included within the 
antimicrobial spectra of the agent of interest.
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chronic infection (19%) than those who were treated for 
>3 weeks (2%).16 This formed much of the basis for the 
commonly recommended duration of therapy of 4–6 
weeks in North America. A retrospective study from the 
United Kingdom, also conducted during the 1970s, 
revealed a similar rate of treatment failure with <3 weeks 
of therapy; in the subset treated >3 weeks, those experien
cing treatment failure had a higher ESR and/or persistent 
symptoms compared to those who had treatment success.76 

More recently, Peltola conducted a randomized controlled 
trial of 20 vs 30 days of treatment for AHO in Finland; 
CRP monitoring was also performed with a CRP < 2.0 mg/ 
dl considered a potential threshold for therapy discontinua
tion. These investigators found no significant difference in 
the rates of developing sequelae in the long vs. short 
therapy arms.14 It is important to note, however, that this 
study spanned 20 years of enrollment and included 
a variety of pathogens (including H. influenzae type b) 

Figure 1 Suggested Decision Tree for Empiric Therapy Selection in Acute Hematogenous Osteomyelitis. Disclaimer: This is intended as a framework for thought and is no 
substitute for clinical judgment, obtainment of a thorough patient history and knowledge of local microbiology/epidemiology. *Data are limited regarding the use of 
ceftaroline and daptomycin in the treatment of osteoarticular infections in children. **Clindamycin is not recommended if patients are critically ill or there is concern for 
endovascular disease or infection involving the central nervous system.
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but no cases of infection due to MRSA. Additionally, 
relatively few patients had disease requiring surgical inter
vention in this study population. Thus, while very select 
patients may be able to be successfully treated with ≤20 
days of therapy, applying these findings to populations 
with high rates of MRSA or patients with large disease 
burdens should be performed cautiously. The current 
ESPID guidelines recommend a minimum of 3–4 weeks 
of therapy for AHO.21 The common practice in North 
America is to treat AHO for at least 4 weeks of total 
therapy or until inflammatory markers (ESR and CRP) 
have normalized (or are nearly normal) and symptoms 
have resolved.3,77 The ESPID guidelines acknowledge 
that a longer course of therapy may be required for disease 
caused by MRSA or Salmonella, infection of the pelvis or 
spinal column, severe/complicated infection or those with 
slow response to therapy. Regardless of exact duration, 
prior to considering discontinuation of therapy, virtually 
all of the patient’s symptoms should have resolved and the 
CRP nearly normalized.

Oral Step-Down Therapy vs Prolonged Intravenous 
Therapy
Transition from intravenous antibiotics to oral therapy in 
AHO was once a controversial clinical issue but has 
become a much more accepted practice.78 In principle, 
significantly higher serum concentrations of antibiotics 
may be achievable with the intravenous route compared 
to oral administration. However, this is likely unnecessary 
in the majority of patients. In a large multicenter observa
tional study, transition to oral antibiotic therapy was asso
ciated with similar rates of treatment failure compared to 
prolonged intravenous therapy.79 Additionally, the use of 
outpatient parenteral antimicrobial therapy (OPAT) rather 
than discharge on oral antibiotics has been associated with 
a higher rate of emergency room visits and hospital read
missions, compounding risks intrinsic to having a venous 
catheter.80–82 Thus, in many situations, the potential risk of 
adverse events may outweigh the theoretical benefits of 
prolonged intravenous over oral antibiotics.

Notably, the presence of bacteremia associated with 
osteomyelitis does not in-and-of-itself justify prolonged 
parenteral antibiotic therapy. In a single-center retrospec
tive study, patients with S. aureus osteomyelitis and posi
tive blood cultures who were discharged on OPAT were 
compared to those discharged on oral antibiotics and were 
found to have similar outcomes. Notably, the transition to 
oral antibiotics occurred after a median of 7 days of 

intravenous antibiotics (interquartile range of 5–10 
days).66 Similarly, in a sub-analysis of data from 
a randomized controlled trial in Finland, children with 
AHO associated with bacteremia were similar to those 
without bacteremia in terms of time to normalization of 
ESR and CRP and long-term orthopedic outcomes.83

The optimal duration of intravenous therapy that 
should be administered prior to transition to oral therapy 
has not been precisely defined with definitions of early 
transition ranging from 2 to 14 days in the literature.14,45,66 

In practice, the majority of patients can be safely transi
tioned from intravenous to oral antibiotics once blood 
cultures have sterilized, they have demonstrated clinical 
improvement, pain is well controlled and the patient is 
eating/drinking well and able to tolerate oral medications. 
Some experts also recommend that CRP should be mon
itored and demonstrate a downward trend prior to consid
ering oral step-down.84

It should be recognized that situations arise in which 
the use of prolonged intravenous therapy may be justi
fied. The ESPID guidelines suggest that a longer dura
tion of both total and intravenous therapy may be 
required for severe multifocal disease, immunocompro
mised hosts, those of very young age or infections 
caused by MRSA or Salmonella species,21 albeit there 
is not robust evidence for such practices. In one small 
single-center review of osteoarticular infections in chil
dren with sickle hemoglobinopathy, Salmonella 
accounted for 61% (n=14) of cases with many being 
able to undergo early transition to oral therapy after 
≤14 days of intravenous therapy with good outcomes.45 

Given the small sample size in this study, caution is 
nevertheless warranted.

Agents for Oral Therapy
As a general rule, antimicrobial therapy should be tailored 
toward the susceptibility of the isolated organism. 
Methicillin-susceptible S. aureus (MSSA) should be trea
ted with an oral antistaphylococcal β-lactam (e.g., diclox
acillin, cephalexin, etc.).21 As stated above, clindamycin 
may be utilized effectively to treat MRSA isolates suscep
tible to this agent even in the setting of serious infection 
and/or bacteremia provided the patient is not critically 
ill.66 Clindamycin has excellent oral bioavailability and 
is generally well tolerated in children, although diarrhea 
is a common side effect. An increased risk of developing 
Clostridium difficile-associated diarrhea has been reported 
with this agent, although the absolute risk is relatively 
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low.85 Liquid formulations of clindamycin are often foul 
tasting which may present challenges for adherence in 
young children. As stated above, linezolid may be consid
ered in patients with clindamycin-resistant MRSA or those 
who are intolerant of other therapies; close monitoring for 
the development of adverse drug events is urged. TMP- 
SMX has excellent in vitro activity against staphylococci. 
While there is clinical experience with this agent, little 
published data exist on the efficacy of TMP-SMX in the 
setting of pediatric AHO.86 Similarly, tetracyclines also 
have good in vitro activity against staphylococci but data 
on their efficacy in children with AHO are lacking.87 

Additionally, the typical several week treatment course 
for AHO effectively restricts the use of tetracyclines to 
children >8 years old.

K. kingae infection is frequently a concern in young 
children with AHO even if not confirmed by culture or 
molecular methods. These isolates are universally resis
tant to vancomycin and frequently clindamycin but are 
typically susceptible to β-lactam antimicrobials; 
K. kingae may produce a β-lactamase in up to 26% of 
cases.59,88,89 As antimicrobial susceptibility testing can
not frequently be performed in the clinical setting, use 
of a cephalosporin is often recommended.21 Many 
strains of K. kingae are also susceptible to TMP- 
SMX,59,89 potentially making this an attractive alterna
tive to β-lactams.

A number of oral β-lactams are available for the treat
ment of AHO by other organisms including Salmonella, 
H. influenza and pneumococcus although the choice of 
specific agents should be guided by susceptibility testing. 
Fluoroquinolones have been used successfully as step
down therapy for Salmonella osteomyelitis90,91 although 
the emergence of resistance on therapy has been 
reported.92

Treatment of Culture-Negative AHO
In the event, a pathogen is not definitively identified (cul
ture-negative AHO), therapy is typically directed against 
gram-positive pathogens unless risk factors for other 
organisms exist to otherwise guide therapy. Typically, 
such patients present with milder disease than those in 
whom a pathogen is identified.93 A number of series 
have shown that patients with culture-negative AHO can 
be treated similarly to gram-positive AHO in terms of 
antibiotic choice, route and duration with a high rate of 
success (>95%).94,95

Should Antibiotics Be Held Pending Surgical 
Intervention, Percutaneous Aspiration or Bone 
Biopsy?
Given the relatively long course of therapy required for 
AHO and that >50% of patients have negative blood 
cultures, some experts recommend waiting to start sys
temic antibiotics until deep cultures (from bone, synovial 
fluid or adjacent purulent collections) are obtained to 
maximize culture yield provided patients are clinically 
stable.96,97 In the setting of osteomyelitis, the use of an 
active antimicrobial will logically at some point result in 
sterilization of the bone. That being stated, it is difficult 
to know to what degree a short period of antibiotic 
pretreatment may impact culture yield. In one single- 
center pediatric series, among patients who received 
antibiotic pretreatment prior to bone biopsy, the duration 
of antibiotic pretreatment was longer in those with nega
tive cultures than those with positive cultures (mean of 
79 vs. 40 hours).23 The extent of disease likely influ
ences the impact of antibiotic pretreatment. Investigators 
at one center reported that among patients requiring open 
surgical drainage/debridement, culture yield remained 
>80% with up to 72 hours of antibiotic pretreatment; 
by contrast, among the subset of patients undergoing 
only percutaneous bone biopsy, culture yield declined 
after only 24 hours of pretreatment.6 Overall, the desire 
to obtain a definitive microbiologic diagnosis must be 
carefully balanced with the potential risk for clinical 
decompensation in a child with an untreated serious 
infection.

Surgical Intervention
Surgical intervention has the potential for providing speci
mens for culture and microbiologic diagnosis as well as 
a therapeutic benefit. Drainage of purulent collections may 
promote pain relief and facilitate a more rapid response to 
medical therapy. In general, indications for surgical inter
vention may include (but are not limited to) the presence 
of subperiosteal, intraosseous or adjacent soft tissue 
abscesses or failure to improve with medical therapy 
alone. Bone biopsy purely for the purpose of obtaining 
diagnostic specimens, either through open surgical proce
dures or percutaneous techniques, should also be 
considered and can be performed relatively safely.6 This 
may be particularly important in regions with high rates of 
antibiotic resistance where selection of empiric therapy 
can be challenging.6
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There is emerging data that early surgical intervention 
in AHO may promote good long-term outcomes. In 
a single-center study of culture-confirmed S. aureus 
AHO, early surgical source control (<3 days after presen
tation to care) was associated with a reduced rate of 
developing late complications of AHO;18 notably, this 
study population possessed a higher rate of bone abscesses 
as well as MRSA than that in other studies which may 
have biased results. An additional study examining 
S. aureus AHO found that patients who underwent 
a planned “second look” operative procedure with irriga
tion and debridement experienced shorter durations of 
fever and hospital stay than those who underwent 
a single surgical procedure with primary closure.98 Of 
note, as both of these studies focused on culture- 
confirmed S. aureus disease, it is unclear how big an 
impact surgical intervention would have if all causes of 
AHO are considered. Specific surgical techniques utilized 
may include drilling, corticotomy, incision/drainage of 
abscesses and curettage; robust clinical data illustrating 
superiority of one technique over another are lacking.

Additionally, a high index of suspicion must always 
exist for concomitant infection of the contiguous joint. It is 
particularly critical to consider adjacent septic arthritis 
with infection of the bones of either the pelvic or shoulder 
girdle so that timely arthrocentesis/arthrotomy may be 
performed in the hip or shoulder to preserve good 
function.99

It is important to keep in mind, however, that many 
cases of AHO which are less severe and without purulent 
collections or contiguous septic joints can be managed 
without surgical intervention and achieve good 
outcomes.7 It should be recognized that such patients 
typically have fewer and smaller abscesses, lower inflam
matory markers and are, in general, less ill than their 
counterparts who undergo combined medical and surgical 
management, making direct comparisons between treat
ment groups challenging.18 A multi-disciplinary approach 
is strongly recommended with close consultation between 
general pediatricians, infectious diseases specialists and 
orthopedists in the assessment and management of chil
dren with AHO.100

Prognosis
In general, the prognosis for the majority of children with 
AHO is excellent.14,18 Long-term complications of AHO 
have been reported in <1–10% of patients.1,8,16,18,37,101 

The most common sequelae are recurrence of infection/ 

development of chronic osteomyelitis followed by patho
logic fractures.18 It is generally believed that the biggest 
risk factors for sequelae include inadequate or inappropri
ate treatment of acute infection.2,3 In one series, the devel
opment of chronic infection was associated with delayed 
source control and prolonged fever as well as infection 
with certain specific strains of S. aureus;18 many of these 
patients experienced hospital readmissions and persistent 
functional limitations. In S. aureus AHO, pathologic frac
tures have been associated with USA300 S. aureus, large 
abscesses and the need for multiple surgical 
debridements.18,37 Other potential complications include 
growth arrest/limb length discrepancy (particularly with 
disease of the physis/epiphysis), angular deformity and 
avascular necrosis, all of which may be associated with 
significant morbidity. Notably, a small subset of patients 
may report vague musculoskeletal symptoms or sometimes 
arthritic symptoms (e.g., morning stiffness, pain/swelling 
with change in weather, etc.) after musculoskeletal 
infection,18 although no controlled studies exist regarding 
these findings. Importantly, while it can be challenging to 
predict which patients may develop sequelae, the majority 
of patients have eventual return to normal activities with 
no long-term consequences.

Conclusion
AHO is a relatively common serious bacterial infection of 
children. While this disease can be caused by a wide 
variety of pathogens, S. aureus is the predominant etiol
ogy. A multidisciplinary approach including the considera
tion of combined medical and surgical management should 
be considered in these patients. Although there is the 
potential for long-term sequelae, the majority of children 
with AHO can be transitioned to oral antibiotics once 
clinically improved and complete their treatment as out
patients. Further studies are needed to help guide the 
optimal management of these children.
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