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Abstract
Osteoarticular infections (OAI) in children are bacterial infections that affect the bones and/or joints, such as osteomyelitis, septic arthritis, and 

spondylodiscitis. The conventional treatment approach for OAI consists of a prolonged course of intravenous antibiotics followed by oral therapy. 
However, there is an ongoing debate regarding the optimal duration of intravenous treatment and the efficacy of oral treatment for OAI.

When establishing the antibiotic strategies, the microbiological diagnosis is a key point. Novel molecular based techniques (multiplex polymerase 
chain reaction panels) BioFire® Joint Infection Panel can enable early diagnosis and adjusted treatment decisions. There is current evidence of the 
changing epidemiology of OAI, with Kingella kingae emerging as a common causative agent in young children, while Staphylococcus aureus remains 
prevalent in other age groups. Kingella kingae infections tend to be milder and have certain differential characteristics.

The minimally invasive approach to OAI consisting of performing arthrocentesis and joint lavage has been shown to be effective and with fewer 
complications than other approaches such as arthrotomy or arthroscopy.

All this gives rise to considering the possibility of carrying out an exclusively oral treatment and outpatient follow-up in selected cases of 
children without risk factors. This article reviews the data that support this new approach that is imposed in various infections with the maximum 
of: “Oral treatment is the new IV”. 
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Introduction
Osteoarticular infection (OAI) is an umbrella term for 

inflammation usually due to bacterial infection of bone and/or 
joints. The term OAI includes osteomyelitis (OM), septic arthritis 
(SA), spondylodiscitis (SD) and pyogenic sacroiliitis (PSI). Acute 
OAI are defined as the diagnosis within 2 weeks after the onset 
of clinical manifestations (symptoms or signs) in a previously 
uninfected location.  This type of infection more frequently 
affects children, especially males (1.5-3:1) under 5 years of age. 
In developed countries, an annual incidence of 1-4 cases/100,000 
children is estimated for septic arthritis and 2-13 cases/100,000 
children for osteomyelitis [1,2]. Staphylococcus aureus has been 
the most prevalent microorganism associated with osteoarticular 
infections (OAI) in all age groups [3]. However, in children aged 
6-48 months, Kingella kingae has emerged as the primary cause 
of OAI [4]. Compared to other bacteria, particularly S. aureus, K. 
kingae OAI generally exhibit milder symptoms, lower levels of 
inflammatory markers, and better outcomes [5]. Children with 
S. aureus OAI tend to be older, present with fever, and have a 
marked rise in acute phase reactants levels and white blood cell 
counts [5, 6]. Methicillin-resistant S. aureus (MRSA) infections are 
associated with more severe purulent complications, increased 
probability of secondary procedures, and a higher likelihood of 
admission to intensive care units [7, 8]. With the advent of modern 
molecular-based techniques like the BioFire® Joint Infection (JI) 
Panel, rapid identification of the causative agent of an infection is 
possible, enabling personalized approaches tailored to the specific 
microbiological agent involved [9, 10].

There is growing evidence that suggests favorable outcomes 
in primary hematogenous OAI when treated with a minimally 
invasive approach, involving stricter surgical indications and 
shorter courses or even no intravenous therapy. Due to the diverse 
clinical presentations and the advent of novel microbiological 
techniques, traditional recommendations must be re-evaluated, 
and a personalized approach to treatment should be adopted.

Discussion
For decades, children with acute osteoarticular infections 

(OAI) have been treated with intravenous antibiotics for several 
weeks before switching to oral therapy. However, the prolonged 
use of parenteral therapy has led to controversy due to extended 
hospitalization, higher costs, and potential complications related to 
central venous access [3]. To address these concerns, some experts 
propose reducing the duration of intravenous antibiotic therapy to 
a few days and then transitioning to oral therapy [11-13].

Studies have shown that a shorter duration of intravenous 
therapy followed by oral antibiotics can be effective in treating 
pediatric osteoarticular infections (OAI), including those caused 
by S. aureus. Peltola et al. conducted a prospective, randomized, 
and controlled study assessing 131 children aged 3 months to 15 
years with culture positive OAI [13]. The patients were randomly 
assigned to receive clindamycin or a first-generation cephalosporin 

for 20 or 30 days, including an intravenous phase for the first 2 
to 4 days. Their conclusion was that most cases of pediatric OAI 
could be effectively treated for only 20 days with a short initial 
period of intravenous therapy with large doses of a well-absorbed 
antimicrobial, including infections caused by S. aureus.  Additionally, 
a recent systematic review and meta-analysis compared the 
effectiveness of short-course and long-course antibiotics for 
osteomyelitis in both children and adults, showing similar rates of 
treatment success. The study found that short-course antibiotics 
may be just as effective as long-course antibiotics for patients with 
osteomyelitis, although the results for vertebral osteomyelitis were 
inconsistent [14].

Beyond reducing intravenous treatment duration, there is 
growing evidence comparing oral and intravenous antibiotic 
therapy for blood and bone infections. In early 2022, Wald-Dickler 
et al. conducted a review of 20 randomized controlled trials that 
compared oral and intravenous therapy for blood and bone 
infections [15]. Among the trials, seven focused on osteomyelitis in 
1,321 adult patients. The most common monomicrobial organisms 
found were Staphylococcus aureus and Pseudomonas aeruginosa. 
The researchers concluded that oral antibiotic therapy was at least 
as effective as intravenous therapy in treating these infections. Even 
in fact, they noted that the intravenous groups had higher rates of 
adverse events and lower patient satisfaction. They suggested 
considering oral therapy for patients who met specific criteria, 
such as being clinically and hemodynamically stable, having good 
oral tolerance, access to oral medication, and no psychosocial 
or logistical reasons for preferring intravenous therapy, and 
they coined the term “Oral is the new IV”. Interestingly, similar 
conclusions and selection criteria for exclusive oral therapy were 
described in Spanish children in 2018 based on a prospective study 
conducted exclusively in pediatric patients. The study compared 25 
outpatients who received only oral antibiotics with 228 hospitalized 
children who initially received intravenous treatment. The patients 
who received oral antibiotics from the time of diagnosis had a 
good overall condition, adequate oral intake, close monitoring, 
and the approval of legal guardians. All the outpatients treated 
with oral antibiotics had a positive outcome without any long-term 
complications [6].

Recently, the Spanish Network of Osteoarticular Infections 
published the results of a nationwide multicenter registry. The 
study compared 893 children who initially received intravenous 
antibiotics (group 1) with 64 children who received exclusively 
oral therapy (group 2). Group 2 patients were younger, had a 
lower percentage of Staphylococcus aureus infections, and a higher 
proportion of Kingella kingae infections compared to group 1. No 
complications or long-term sequelae were observed in group 2. The 
researchers concluded that exclusive oral administration could be 
a safe option for selected patients with osteoarticular infections, 
particularly those clinically suggestive of K. kingae as the causative 
agent and without risk factors for complications. They proposed 
specific low-risk criteria for selecting patients for this treatment 
option [16] [Table 1].
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Table 1: Proposed criteria for minimally invasive approach (all must be fulfilled)a (16).

-         Good general condition

-         Appropriate oral tolerance

-         No underlying disease

-         Age ≥6 months–<3 years

-         CRP ≤ 80 mg/L

-         ESR/CRP ratio ≥0,67b

-         No history of injury, skin infections or recent surgery

-         No local complications at onset

-         No cervical spondylodiscitis

-         Possibility of attending daily check-ups at the outpatient department

ESR, erythrocyte sedimentation rate; CRP, C reactive protein.
aIndividualize in case of hip arthritis.  bESR measured in mm/h. CRP measured in mg/L.
ESR, erythrocyte sedimentation rate; CRP, C reactive protein.

A Individualize in case of hip arthritis.  BESR measured in mm/h. CRP measured in mg/L.

The oral treatment is generally well-tolerated, and instances of 
non-compliance are typically related to other factors such as poor 
oral tolerance or vomiting. In addition, oral therapy offers increased 
patient comfort and reduces the risk of nosocomial infections 
associated with prolonged intravenous treatment [17].

Molecular-based techniques have been shown to reduce the 
time required to diagnose infectious diseases, leading to improved 
patient outcomes. Although these methods have initially been 
studied in blood samples, Micó et al. evaluated the effectiveness of 
the BIOFIRE® Blood Culture a blood culture identification (BCID) 
panel bioMérieux (France) in analyzing clinical specimens other 
than blood, including cerebrospinal fluid, joint fluid, pleural fluid, 
ascitic fluid, bronchoscopy samples, and abscesses [9]. The overall 
sensitivity and specificity of the BIOFIRE® BCID panel were 71% 
and 97%, respectively. The sensitivity was lower in samples with 
a low bacterial load, such as ascitic and pleural fluids (25%), but 
higher in abscess samples (89%). 

More recently, a specific panel for the microbiological diagnosis 
of OAI in the synovial fluid, the BIOFIRE® JI panel, was introduced 
in the market and there are already few studies showing its utility. 
For instance, in a multicentre retrospective evaluation of the 
BIOFIRE® JI panel, testing 399 synovial fluids from adults mostly 
and a few from children with acute OAI there was an increased 
diagnostic yield of the panel compared to routine culture [18]. 
Although they had only few cases of K. kingae and N. gonorrhoae, 
they mentioned that the ability to detect additional organisms 
might influence antibiotic choices. This adding to the fact of rapid 
detection of resistant strains such as methicillin-resistant S. aureus 
(MRSA), extended spectrum beta-lactamase producers (ESBL), and 
vancomycin-resistant enterococci (VRE). In this study, they also 
proposed an algorithm of use of the BIOFIRE® JI panel, targeting 
adults and children in general for the management of septic 
arthritis in routine clinical practice.

The results suggest that integrating BIOFIRE® JI panels with 

routine culture methods could improve our ability to diagnose 
the microorganisms causing OAIs in clinical practice, facilitating 
the selection of appropriate antimicrobial agents. However, 
before incorporating this method into microbiological diagnostic 
algorithms, it is important to conduct cost-benefit studies to 
assess its economic feasibility. Nevertheless, its use can enable the 
determination of the causative agent and identify children with K. 
kingae infection who can be exclusively treated orally, resulting 
in cost savings and a reduction in side effects associated with 
hospitalization.

Additionally, age and acute phase reactants have been 
studied as factors in septic arthritis. Tornero et al. conducted a 
retrospective study involving 74 children with septic arthritis in 
the knee who initially underwent needle joint aspiration. Their 
findings revealed that additional drainage was unnecessary for 
patients under one year old and for all patients between one and 
three years old with a C-reactive protein (CRP) level below 20 
mg/L [19]. This observation could possibly be attributed to the 
presence of K. kingae, a pathogen associated with these age groups. 
Septic arthritis of small or hard-to-reach joints like the sacroiliac, 
sternoclavicular, or interphalangeal joints poses challenges when it 
comes to aspiration, particularly in children. Consequently, in such 
cases, it may be advisable to consider a trial of medical management 
using antibiotics as an alternative approach to surgery [16, 20, 21]. 
In patients from whom a sample from the site of infection cannot 
be obtained, the detection of K. kingae DNA in the oropharynx could 
point to the etiology by this agent [22].

In addition to antibiotics, surgery plays a crucial role in the 
treatment of acute osteomyelitis and septic arthritis in children [23] 
that we cannot forget. Surgery allows for the collection of biological 
samples to identify the causative agent and guide the selection and 
duration of antimicrobial therapy. For acute osteomyelitis, surgery 
can help remove necrotic bone tissue, clean the surrounding 
soft tissues, and reduce bacterial load [24]. While most cases of 
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hematogenous osteomyelitis can be cured with antibiotic therapy 
alone, surgical intervention may be necessary in cases where 
patients do not respond to antibiotics or when complications are 
suspected. Surgery for spondylodiscitis is typically reserved for 
cases involving vertebral instability, neurological symptoms, or 
failure of conservative treatment [25-27].

In cases of acute septic arthritis, joint drainage is crucial 
to reduce the risk of complications such as bone avascular 
necrosis and permanent cartilage damage caused by elevated 
intra-articular pressure [28]. The European Society for Pediatric 
Infectious Diseases (ESPID) provides guidelines for the treatment 
of septic arthritis in children, which recommend joint drainage by 
aspiration (arthrocentesis), arthroscopy, or arthrotomy followed 
by intravenous administration of antibiotics [1]. However, there is 
limited literature available regarding the most effective drainage 
technique for children with septic arthritis.

Spans and Donders recently conducted three systematic 
reviews comprising retrospective and prospective studies, focusing 
on drainage techniques for septic arthritis in the hip, knee, and 
shoulder joints in children [29-31]. These joints are particularly 
significant in the pediatric population, as the hip and knee are 
commonly affected in cases of septic arthritis, and the hip and 
shoulder joints are of particular interest due to the potential risk 
of avascular necrosis. Overall, these systematic reviews indicate 
that both aspiration and arthrotomy can lead to positive clinical 
outcomes in the management of septic arthritis. It is worth 
mentioning that the time elapsed between the onset of symptoms 
and the initiation of treatment can potentially serve as a predictor 
of clinical and radiological outcomes. Specifically, studies have 
shown that delayed treatment is associated with poorer outcomes 
[32-35].

Therefore, and to be able to establish an exclusively oral 
treatment, we must ensure that we have the availability to perform 
an arthrocentesis before the patient is sent home, with joint lavage, 
if necessary, in the case of septic arthritis. And a capacity to monitor 
patients in 24-48 hours on an outpatient clinic, to confirm that they 
are evolving favorably and that they do not require a new evacuation 
and washing or surgery. Oral tolerance must be guaranteed. Parents 
must be reliable enough, and available to go to the hospital for 
review. A confirmed or highly suspected Kingella kingae infection is 
highly recommended. Ultimately, treatment must be individualized 
and closely controlled. But if all these requirements are met, we can 
offer a much less harmful treatment for our children, suitable for 
families and cost effective for the health system.

Despite all the above, further studies are needed to better 
understand this treatment approach. Currently, two multicenter 
clinical trials called CHILD@HOME_BJI (Oral only antibiotics for 
Bone and Joint Infections in Children) and BEST (Bone and Joint 
Infections—Simplifying Treatment in Children Trial) are underway, 
and their results may provide additional insights into this matter.

Conclusion
In summary, this paper provides a current perspective on 

the approach and treatment of pediatric patients with primary 

hematogenous OAI. Recent research suggests that, in selected 
patients, an individualized and minimally invasive approach and an 
exclusively oral treatment can be a safe and effective option. BCID 
panels can enable early and accurate diagnosis of the causative 
pathogens in OAIs using specimens such as joint fluid and bone 
tissue, facilitating a more individualized therapeutic approach. 
However, further research is needed to refine treatment strategies 
based on the specific causative agent.
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