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ABSTRACT

Introduction Children with bone and joint infections are
traditionally treated with intravenous antibiotics for 3—10
days, followed by oral antibiotics. Oral-only treatment has
not been tested in randomised trials.

Methods and analysis Children (3 months to 18 years)
will be randomised 1:1 with the experimental group
receiving high-dose oral antibiotics and the control

group receiving intravenous antibiotics with a shift in

both groups to standard oral antibiotics after clinical

and paraclinical improvement. Children in need of acute
surgery or systemic features requiring intravenous therapy,
including septic shock, are excluded. The primary outcome
is defined as a normal blinded standardised clinical
assessment 6 months after end of treatment. Secondary
outcomes are non-acute treatment failure and recurrent
infection. Outcomes will be compared by a non-inferiority
assumption with an inferiority margin of 5%.

Ethics and dissemination The trial has the potential to
reduce unnecessary hospitalisation and use of intravenous
antibiotics in children with bone or joint infections. Due

to the close follow-up, exclusion of severely ill children
and predefined criteria for discontinuation of the allocated
therapy, we expect the risk of treatment failure to be
minimal.

Trial registration number NCT04563325.

INTRODUCTION

In recent years, the necessity of intravenous
antibiotic treatment of children and adults
with severe bacterial infections has been
questioned as the evidence hereof is lacking."
Oral-only treatment has been demonstrated
to be safe and non-inferior to intravenous
treatment for children with, for example,
severe pneumonia® and febrile urinary tract
infections® including urinary tract infec-
tions with bacteraemia.! In large prospective
randomised trials, early shift from intravenous
to oral antibiotic treatment and even oral-
only antibiotic treatment has been demon-
strated to be safe and non-inferior to longer

," Ulrikka Nygaard,' Local Investigators

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The prospective randomised design with blinded
evaluation of the primary outcome will reduce po-
tential bias.

= The primary outcome, sequelae at 6 months, is of
clear clinical relevance.

= The pragmatic design with full integration into daily
clinical practice ensures a high transferability of the
generated data.

= The 12-month follow-up reduces the risk of missing
long-term sequelae.

= The pragmatic criteria of inclusion involve a risk of
including children with non-bacterial bone or joint
disease.

courses of intravenous treatment for adults
with infectious diseases such as endocarditis”®
and bone and joint infection (B]I).1 7 Several
oral antibiotics have demonstrated good bone
and joint penetration profiles compared with
their respective plasma concentrations.®
Prospective studies on children with BJI
have demonstrated that individualised antibi-
otic therapy with significantly reduced treat-
ment duration is non-inferior to the previous
long-term treatment’™'? and that only 2-4 days
of intravenous therapy followed by 1-3 weeks
of oral therapy is sufficient in most cases.
The recommendations of individualised
and shorter treatment have been adopted in
Denmark with good results."”” These signifi-
cant changes in treatment strategies raise the
question of whether most children with BJI
could be treated with oral antibiotics only.
One small case series'* and one retrospective
case—control study'® found oral-only therapy
as a valid alternative to the current standard
treatment, but the issue has not been investi-
gated in randomised controlled trials (RCTs).
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Box 1 Criteria of inclusion and exclusion

Inclusion criteria

The participant must meet both of the following criteria:

1. Age: 3 months to 18 years at study entry.

2. Antibiotic treatment of uncomplicated bone or joint infection.

Exclusion criteria

Any of the following criteria exclude the participant from the study:

1. Severe disease at admission, for example, septic shock, or any con-
comitant invasive infection, for example, necrotising fasciitis, requir-
ing intravenous antibiotics in the opinion of the treating clinician.

2. Complicated bone or joint infection, for example, prosthetic material,
infection secondary to or complicated by trauma, severe pyomyosi-
tis or other substantial soft tissue infections.

3. Expected need of major surgery within the first 24 hours of treat-
ment, for example, drilling, debridement, fenestration, surgical
drainage, synovectomy. Minor surgery as diagnostic surgical bone
biopsy or diagnostic joint fluid aspiration including lavage is not a
criterion for exclusion.

4. Significant comorbidities that might influence the choice of treat-
ment or the course of the infection, for example, immunodeficiency
or sickle cell anaemia.

5. Previous bone or joint infection.

6. Antibiotic therapy for more than 24 hours before inclusion.

7. Documented pathogen with limited treatment options that do not
permit randomisation, for example, the pathogen is only sensitive to
intravenous antibiotics.

8. Prior enrolment in the trial.

METHODS AND ANALYSIS

Study hypothesis and design

We hypothesise that oral-only antibiotic therapy is non-
inferior (non-inferior margin 5%) to initial intravenous
therapy, followed by oral therapy in children and adoles-
cents with BJI and test that hypothesis in a nationwide,
multicentre, randomised, controlled, open-label, non-
inferiority trial.

Included children will be randomised 1:1 with the
experimental group receiving high-dose oral antibiotic
therapy and the control group receiving intravenous anti-
biotic therapy with a shift in both groups to standard oral
therapy after clinical and paraclinical improvement.

Trial participants

Children and adolescents are considered for inclusion
when they present with suspicion of BJI. Recruitment
will be nationwide from all 18 paediatric departments
in Denmark. Request a complete list of study sites and
primary investigators at allan.bybeck.nielsen@regionh.
dk.

Criteria of inclusion are listed in box 1.

Delayed inclusion

Most patients will be included in the study before the start
of treatment. If inclusion is not performed before admin-
istration of antibiotic therapy (eg, the treating physician
is not aware of the project), up to 24 hours of antibiotic
treatment will be accepted before inclusion in the study
to achieve adequate participant enrolment.

Early termination of falsely included patients
To reflect the daily clinical setting and facilitate timely
entry to the study, the patients are eligible for entry based
on the available clinical information, often before the
final diagnosis is made. In most cases, the clinical suspi-
cion of infection is sustained (eg, by positive microbiology
or imaging), and the study treatment is completed with
or without further evidence of infection. If the suspicion
of infection is abandoned during the study period, it will
lead to early termination from the study according to the
following criteria:

1. The suspicion of infection is abandoned, and antibiot-
ic therapy is stopped prematurely.

2. The course of the disease is explained by another di-
agnosis (not BJI) that is made during treatment or
follow-up. Examples:

1. Imaging reveals another diagnosis, for example,
bone tumour, Legg-Calve-Perthes disease, or soft tis-
sue infection with no involvement of bone or joint
structures.

2. Recurrent symptoms with no confirmation of infec-
tion leads to another final diagnosis, such as juvenile
idiopathic arthritis, chronic recurrent multifocal os-
teomyelitis or other non-infectious diseases.

3. Lyme arthritis is suspected, and the antibiotic treat-
ment is changed targeting Borrelia burgdorferi.

Early terminated patients without BJI will not continue
follow-up in the trial. They will be included in the analysis
of the safety outcomes, but not in the analysis of any other
outcomes. For transparency, details on all early termi-
nated patients will be reported.

Minimising bias

Staff and participants are not blinded to the treatment
allocation, since we consider intravenous placebo treat-
ment to be unethical in this group of children and adoles-
cents. To minimise bias, the evaluation of the primary
outcome is blinded.

Diagnostic procedures and procedures during antibiotic
treatment

According to randomisation the child will receive (1)
oral-only antibiotic therapy or (2) intravenous antibiotic
therapy with shift to oral therapy after clinical and para-
clinical improvement. All other aspects of diagnosing and
treating the infection will follow current guidelines on
paediatric BJI. This includes recommendations for mobil-
isation, physiotherapy, analgesic drugs, etc, which are
all permitted during the trial. A throat swab for Kingella
kingaewill be added to the routine diagnostic procedures.
All children will be evaluated with routine blood samples
and clinical examination including grading of symptoms
and pain score. See online supplemental appendix 1 for
collection of extra material. The parents and/or the child
will complete a daily registration of temperature and pain
score, which will be reported weekly in an electronic
questionnaire directly linked to the electronic case report
form (eCRF). In these questionnaires, the parents and/
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STUDY PERIOD
Enrolment | Intervention Standard Follow-up
Allocation | (high dose IV vs. follow-up
high dose Oral) treatment
Timepoint: | D4 | Do |D: | D, | D; | ... |D? | Dfizz2ies | Me M2
Enroliment:
Eligibility screen ) [ x
Informed consent X
Allocation X
Intervention:
High dose IV (standard group} X X X X X
High dose oral (experimental group) X X X X X
Standard dose oral {both groups) X
End of therapy (both groups) x
Assessments:
Clinical assessment x) x | x| & | &[] x X X
Blood samples / imaging {x) X )| ) | 0| 0] x X (x) X
Parental registration X X X X X b X
{temperature, pain, side effects)
Blinded clinical assessment X
{primary endpoint)
Assessment of non-primary X X X X X X X X
endpoints
24/7 hotline to hospital staff X X X X X x 4 X X
x = performed

(x) = performed if clinically relevant
D1=Day 1, D2 = Day 2 etc.
Dt = Day of clinical/paraclinical improvement

Dt.7mies = 7 days (septic arthritis), 21 days (osteomyelitis) or 28 days (spondylodiscitis) after Dt

M6 = Month 6, M12 = Month 12
Figure 1 Participant timeline.
or the child will also report adherence (number of missed
doses) and drug side effects. The participant timeline is
illustrated in figure 1.

Choice of antibiotic treatment and predefined treatment
strategies

The antibiotic treatment is administered as ‘initial treat-
ment’ (intravenous vs high-dose oral) with a shift to
‘follow-up treatment’ (oral) after clinical and paraclinical
improvement.

Initial treatment (randomised)
Empiric intravenous treatment (standard group):
» Ceftriaxone 100mg/kg/day (maximum 4000mg/
day).
Empiric oral treatment (experimental group):
» Age <5 years:

- Amoxicillin+clavulanate 1:8, 100mg/kg/day divid-
ed every 8hours (maximum 3000mg amoxicillin/
day).

» Age >b years:

- Dicloxacillin 200 mg/kg/day divided every 6 hours

(maximum 8000 mg dicloxacillin/day).

Follow-up treatment (not randomised)
Empiric oral treatment (both groups):

» Age <5 years:

- Amoxicillin+clavulanate 1:4, 50mg/kg/day divid-
ed every 8hours (maximum 1500 mg amoxicillin/
day).

» Age >b years:

- Dicloxacillin, 100 mg/kg/day divided every 6 hours
(maximum 4000 mg dicloxacillin/day).

If infection with Staphylococcus awreus is suspected or
confirmed, oral rifampicin 20mg/kg/day divided every
8hours (maximum 900mg/day) can be added to the
empiric therapy in both groups for optimal penetration
and staphylococcal coverage.

According to daily clinical practice, the empiric antibi-
otic can be adjusted within the same route of administra-
tion (oral to oral or intravenous to intravenous) due to
susceptibility testing, allergic reactions, adverse events or
patient preferences to increase adherence (eg, taste) in
both groups.

Treatment duration

In both groups, the treatment duration is individualised
according to the rate of improvement. The minimum
duration of the ‘initial treatment’ is 3 days with a shift to
‘follow-up treatment’ after clinical improvement (pain
and mobility) and paraclinical improvement (decreasing
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C reactive protein (CRP)). The follow-up treatment is
given for 4weeks (spondylodiscitis), 3weeks (other bone
infections) or 1week (joint infection only). The follow-up
treatment will only be terminated if the child has no symp-
toms and a normal clinical examination, otherwise, the
antibiotic therapy can be prolonged until these criteria
are fulfilled.

Follow-up

All children will receive a clinical follow-up after 6 and
12 months. Any complaints or positive findings during
follow-up will be evaluated and treated according to local
guidelines. All patients and parents will be instructed to
contact the department in the case of any symptoms indi-
cating BJI during follow-up.

Registration of information from patient records

During the treatment and follow-up, the local primary
investigator will maintain contact with the clinical
team to identify potential outcomes. The primary
investigator will register information in the patient’s
eCRF in a predesigned database (software version:
REDCap 9.1.0). Registered data will include age, sex,
medical history, symptoms, clinical findings, blood
samples, microbiological findings, imaging, treatment
details and absence/presence of predefined outcomes.
Missing data will be retrieved by a telephone interview
if possible.

Primary outcome

Proportion of children with sequelae 6 months after
initiation of treatment defined as abnormal mobility or
function of the affected joint/bone. Evaluated by blinded
clinical examination by a qualified paediatrician and/or
paediatric orthopaedic surgeon (6 months).

Blinding

The assessor (qualified paediatrician or paediatric
surgeon) of the primary outcome will be blinded for the
intervention as well as any other details on the course of
disease. The assessor will be informed about the age of
the child as well as the approximate location of the infec-
tion and will perform a predefined systematic clinical
examination of the relevant area (categories: (1) lower
extremities, (2) upper extremities including claviculae
and scapulae and (3) columna, costae and sternum).
The exact anatomical location including side (left or
right) will not be revealed. The child and parents will be
followed by a study nurse who will secure that the blinding
is respected. The primary outcome is met if there are any
positive findings related to the previously infected bone
or joint.

If indicated, any clinical findings will be further eval-
uated according to standard clinical practice and if this
evaluation fails in confirming the sequelae (eg, suspicion
of clinical scoliosis followed by normal scoliosis imaging),
the primary outcome is not met.

Secondary outcomes

1. Non-acute treatment failure. Proportion of children
with change of antibiotic therapy due to non-acute
treatment failure (28 days).

This will be evaluated by two paediatric specialists and

is suggested by the following parameters:

1. Temperature above 38.5°C after more than 72 hours
of antibiotic therapy.

2. Increasing CRP after more than 96 hours of antibi-
otic therapy.

3. No improvement in mobility or pain after 120 hours
of antibiotic therapy.

2. Recurrent infection. Proportion of children with re-
currence of symptoms and signs (same anatomical
location) after completion of antibiotic treatment re-
quiring further antibiotic administration (6 months).

Other predefined outcome measures
Safety outcomes and other predefined outcome measures
are listed in table 1.

Discontinuation/withdrawal of participants from study

treatment

If the allocated treatment is no longer compatible with

good clinical care, the randomised strategy will be

discontinued. The participant will continue follow-up
in the trial and will be included in the primary analyses

(intention to treat, ITT) but not in secondary analyses

(per-protocol). Routine clinical care consistent with the

new information will be recommended. Reasons for

discontinuation/withdrawal of the randomised strategy
include:

1. Development of severe disease or complications (safe-
ty outcome no. 1).

2. Non-acute treatment failure (secondary outcome no.
1). Non-acute treatment failure will be evaluated by
two paediatric specialists, the local paediatrician re-
sponsible for the treatment, and one of the chief inves-
tigators. The decision to change therapy will be based
on a complete evaluation of the clinical condition and
the treating paediatrician will make the final decision.

3. Unable to receive oral treatment, for example, vomit-
ing with no improvement on antinausea medications.
If the patient is only temporarily unable to receive oral
treatment, for example, intercurrent gastroenteritis or
vomiting primarily due to pain or fever, intravenous
treatment for maximum 24 hours will be accepted
without discontinuation of the allocated oral strategy.

4. Unable to maintain intravenous access. If the partic-
ipant is temporarily without intravenous access, for
example, waiting for anaesthetic assistance, oral treat-
ment for maximum 24 hours will be accepted without
discontinuation of the allocated intravenous strategy.

5. No suitable medication exists within the allocated strat-

egy (intravenous vs oral) due to susceptibility testing,
contraindications or adverse reactions.

. Non-adherence to the allocated therapy.

7. Withdrawal of consent from participant/parents.

[=2]

4 Bybeck Nielsen A, et al. BMJ Open 2023;13:6072622. doi:10.1136/bmjopen-2023-072622



3

Open access

Table 1 Safety outcomes and other predefined outcome measures

No Category Specification Time frame

1 Safety Proportion of children with severe complications during antibiotic treatment, for example, 28 days
need for intensive care, septic shock, organ failure, pyomyositis, endocarditis, deep venous
thrombosis.

2 Safety Proportion of children with need for surgical intervention during antibiotic treatment. 28 days
Diagnostic surgical intervention (diagnostic joint aspiration or diagnostic bone biopsy)
excluded

3 Safety Proportion of children with treatment-related adverse events for example, complications of 3 months
intravenous access (infection, need for replacement, extravasation) and drug side effects
reported by medical staff or by parents (electronic questionnaire)

4 Exploratory Time to apyrexia from initiation of antibiotic treatment 28 days

5 Exploratory Level of mobility and pain assessed by daily grading of symptoms by medical staff and daily 14 days
standardised pain scores from participants and/or parents. Score systems: Visual Analogue
Scale or Face Legs Activity Cry Consolability scale, both with scores from 0 (no pain) to 10
(worst pain).

6 Exploratory Total duration of antibiotic therapy 3 months

7 Exploratory Proportion of children with sequelae, for example, abnormal mobility and growth 14 months
abnormalities, assessed by clinical examination by a qualified paediatrician 12 months after
the initiation of treatment, accepted range 11-14 months

8 Exploratory Proportion of children with radiological abnormalities assessed by a qualified radiologist 12 14 months
months after initiation of treatment, accepted range 11-14 months

9 Exploratory Secondary infection with antimicrobial-resistant organisms or Clostridioides difficile 3 months

Statistical methods and analyses
The plan for statistical analyses is based on the estimand
framework.'® !’

Sample size and power calculation

Outcomes will be compared by a non-inferiority assump-
tion with an inferiority margin of 5% and an expected
treatment success of 99% in both groups. With a one-
sided significance level (alpha) of 2.5% and accounting
for a 10% rate of drop-out, a sample size of 180 children
in the principal stratum, 90 children in each group, will
provide a power of 90% to detect non-inferiority.

Randomisation

Web-based computer randomisation (TrialPartner by
DEFACTUM) will be used to allocate patients to the treat-
ment groups at a 1:1 ratio stratified by CRP (<35vs >35).
The randomisation will be in randomly permuted blocks
with varying block sizes of 4 and 6.

Target population/the principal stratum

The principal stratum will include all randomised chil-
dren but exclude children with the intercurrent event
of early termination, that is, children with no BJI. All
randomised children will be included in the analysis of
the three safety outcomes. For the remaining outcomes,
including the primary and secondary outcomes, only data
from children in the principal stratum will be analysed.

Statistical analyses for the primary outcome

Based on the principal stratum, the population-level
summary measure will be the risk difference, calculated
as the proportion with sequelae after 6 months in the

experimental group (oral only) minus the proportion
with sequelae after 6 months in the control group (intra-
venous+oral), with one-sided 97.5% confidence limits. If
the absolute upper one-sided 97.5% CI is less than 5%,
then the criteria of non-inferiority will be met.

Based on ITT principle, the primary analysis of the
primary outcome will include all participants in the prin-
cipal stratum.

A secondary per-protocol analysis (PPP) will also be
performed excluding all participants experiencing one
or more of the predefined intercurrent events leading to
a discontinuation of the allocated treatment strategy.

Missing data

The primary outcome will be evaluated in all partici-
pants who attend the follow-up after 6 months. We only
expect missing data if the participant is lost to follow-up
or withdraw their consent. Due to the close follow-up at
each local department, we expect missing data to be less
than 5% and equal in both groups. If the missing data
are more than 5%, we will impute data based on avail-
able knowledge for the patient and the observations of
the other patients in the same randomised group. Sensi-
tivity analyses will include tipping point analyses for the
imputation.

Statistical analyses for the secondary outcomes

Based on the principal stratum, the primary analysis (ITT)
described in 6.4.2 will be repeated for the secondary
outcomes: ‘non-acute treatment failure’ and ‘recurrent
infection’. The secondary analysis (PPP) described above
will be repeated for ‘recurrent infection’” but not for
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‘non-acute treatment failure’ while this outcome is one
of the intercurrent events excluding the participant from
the secondary analysis (PPP).

Missing data

If a participant experiences one of the secondary
outcomes, it will be registered in the medical record. Due
to the close follow-up and the national design including
complete surveillance of all paediatric departments in
Denmark with access to all electronic medical records,
only cases where participants withdraw from all follow-up
or relocate to another country are at risk for missing
data on secondary outcomes. We expect this to be less
than 5% and no imputation is planned for the secondary
outcomes.

Statistical analyses for the safety outcomes

For safety outcomes 1 and 2, we will report the total
number of participants in each treatment group meeting
these outcomes.

For safety outcome 3, the outcome will be the frac-
tion of days the child is affected by one or more of these
non-serious adverse events (SAEs). The two randomised
groups will be compared using the Wilcoxon-Mann-
Whitney test. The population-level summary measure will
be the difference between the means of the fractions with
two-sided 95% CLs based on the normal approximation
for the estimated mean difference. The mean of the indi-
vidual fractions in each randomised group will also be
presented with two-sided 95% CLs based on the normal
approximation for the estimated mean.

In addition, we will also for each randomised group
present the total number of non-SAEs, the number of
children who had one or more non-SAEs, the number of
non-SAEs per person-year at risk and the total number of
days with one or more non-SAE.

Risks and safety monitoring

All antibiotics used in the trial are licensed agents with
well described safety profiles approved for treating BJIs
in children. The trial is not a clinical trial of an inves-
tigational medical product. The following, therefore,
describes our own procedures for safety reporting.

Since our hypothesis is founded on the existing litera-
ture'* ' as well as the general development in antibiotic
treatment for children in recent years®* and since we
are excluding children with severe disease, we consider
the risk of insufficient treatment to be minimal. Due to
the close follow-up, we expect to promptly recognise
insufficient treatment and evaluate whether a change in
treatment is needed. In our recent retrospective study
on Danish paediatric BJI infections,'> approximately 5%
of children receiving the current standard treatment
needed a change in antibiotic therapy due to insuffi-
cient effect (data not published). In the current study,
we expect a similar need for change in therapy in both
groups. The infection and the antibiotic treatment may
result in discomfort (pain, fever), side effects (loose stool,

abdominal pain, rash) or rarely other complications, but
the risk of these events is not increased due to participa-
tion in the study. Unexpected adverse effects may occur,
but the close follow-up including a 24/7 hotline to the
hospital staff, enables us to react promptly to any unex-
pected incidents. Children and adolescents in the experi-
mental group can avoid the establishment of intravenous
access which in most children is a painful procedure. On
the other hand, children in the experimental group need
to take oral antibiotics for a longer period.

SAEs are not expected in this study due to the exclu-
sion of patients with septic appearance and the fact that
paediatric BJI is a condition not associated with mortality
or severe morbidity. Only 1 of 82 children in our recent
retrospective study of paediatric BJI developed sepsis or
any other SAE."

Safety and data monitoring committee

For monitoring the study, an independent safety and data
monitoring committee will be established. The committee
will consist of two independent paediatricians and a
biostatistician with experience in paediatric infectious
diseases and in the monitoring of RCTs will be consulted
if needed. The committee will function independently of
all other individuals conducting the study and all poten-
tial and SAEs will be reported to the committee. The
committee will review all safety data by treatment arm
every 6-12 months. The committee will be empowered to
advise suspending the trial.

Roles, funding and patient compensation

The projectis initiated by chief investigators Allan Bybeck
Nielsen and Ulrikka Nygaard (sponsor). Each site has a
primary investigator. The protocol is finalised by the
listed authors which includes the chief investigators,
main collaborators (Professor Lone Graff Stensballe and
Professor Kjeld Schmiegelow) as well as primary investi-
gators from sites with an expected inclusion of more than
10 participants. Funding is received from The Research
Foundation of Copenhagen University Hospital, Copen-
hagen Health Science Partners and Innovation Fund
Denmark. None of the investigators or main collabora-
tors are financially attached to private enterprises, foun-
dations, etc that have interests in the research project.
Neither the patients enrolled in the project, nor their
families, will receive any kind of payment for participating
in the project.

ETHICS AND DISSEMINATION

The treating paediatrician will obtain informed consent
according to the ethical approval, see information for
parents in online supplemental appendix 2. As described
in ‘risks and safety monitoring’, we consider the risk of
harm to the participants to be minimal. The hypothesis
has never been tested before and the radical change in
treatment cannot be made in a scientific ethical sense
without being based on a study at the current level of
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evidence. The hypothesis has not been tested in adults
and it is not possible to perform the study on adults and
transmit the data directly to children, as there are large
differences in the course of BJIs between children and
adults. If the experimental therapy is non-inferior to the
standard therapy, the study is expected to lead to a radical
change in the treatment of BJI in children and adoles-
cents. The results of the project (whether positive, nega-
tive or inconclusive) will be submitted for publication in
scientific peer-reviewed international journals. All investi-
gators and main collaborators will be given the opportu-
nity of authorship of the main publication (s) according to
the International Committee of Medical Journal Editors
(ICJME) criteria.

The study will be performed under the approval of
The Ethics Committee of the Capital Region of Denmark
(Ref.: H-20009117) and conducted according to the
guidelines and recommendations of Good Clinical Prac-
tice and the Declaration of Helsinki.

Patient and public involvement

Parents of children in different age groups were involved
in designing the participant information. No patient,
parent or the public was involved in designing, writing or
editing the protocol.

Trial registration, trial status and protocol amendments

The study is registered at www.clinicaltrials.gov

(NCT04563325), trial registration dataset in online

supplemental appendix 3. Recruitment was started on 15

September 2020. All sites are active, and 148 patients have

been recruited in the principal stratum by 1 February

2023.

In version 1.0 of the protocol and at the initial regis-
tration on www.clinicaltrials.gov, all outcomes, except
the primary outcome, were categorised as secondary
outcomes. After finishing the statistical analysis plan, the
categories of the outcomes were changed so that only two
secondary outcomes are now registered. The remaining
nine are now registered as ‘Other Outcome Measures’
including three safety outcomes corresponding to the
current protocol version 2.0. In this revision of the
outcome categories after the initiation of the study, four
exploratory outcomes were dismissed:

1. Level of CRP. Comment: Will be reported but not con-
sidered as an outcome.

2. Disability days. Comment: This registration was missed
in the electronic questionnaire and data are not regis-
tered.

3. Duration of intravenous antibiotics. Comment: Will be
reported but not considered as an outcome.

4. Adherence (parental report of missed doses).
Comment: Will be reported but not considered as an
outcome.

DISCUSSION
With the current protocol, we aim to investigate if oral-
only antibiotic treatment is non-inferior to the current

standard therapy of initially intravenous antibiotic treat-
ment followed by oral treatment in children and adoles-
cents with BJI.

The strengths of our study are the randomised
controlled design with a blinded primary outcome eval-
uation and the national inclusion of all 18 paediatric
departments in Denmark. The trial is fully embedded
into daily clinical practice and reflects standard practice
in all aspects other than randomisation and collection
of data. The main limitation is the pragmatic criteria of
inclusion without strict diagnostic criteria introducing
a potential risk of including children with non-bacterial
arthritis or osteomyelitis. We aim to reduce this risk by
early termination of children if a non-infectious condi-
tion is established during treatment or follow-up. The
pragmatic design ensures timely inclusion of patients and
reflects daily clinical practice where antibiotic therapy is
often initiated before strict diagnostic confirmation of
bacterial infection.

The choice of a non-inferiority design was based on
the combination of (1) the high treatment success
of the current intravenous treatment and the overall
favourable outcomes of these types of infection, (2)
the practical aspects of realistic recruitment and (3)
the potential large benefits of the experimental oral
treatment. This choice is in accordance with current
recommendations on non-inferiority clinical trials.'®
We initially decided to use a 10% non-inferiority
margin, which was based on consensus among a wide
range of infectious disease specialists, paediatric infec-
tious disease specialists and paediatric orthopaedic
surgeons balancing the potential risks and benefits of
oral treatment. This margin was further supported by
published guidelines suggesting similar non-inferiority
margins when evaluating treatment of other bacterial
infections.'” After 6-month follow-up of the first 100
children, no sequelae were registered in the trial, equal-
ling a treatment success of 100% in both groups. Due to
this very high overall treatment success, we reduced the
non-inferiority margin to 5% and adjusted the sample
size estimation to 184 (initially 180) with expected treat-
ment success of 99%.

Based on extrapolated Danish data from 2012 to
2017," more than 100 children are diagnosed with BJI
in Denmark each year. If the experimental therapy is
successful, these children will benefit significantly from
the new treatment in terms of shorter admissions, avoid-
ance of intravenous access, earlier return to everyday activ-
ities and better quality of life during the treatment. The
results are expected to influence the treatment strategies
of children with BJIs worldwide. Especially in countries
with similar resistance spectrum where the results can be
directly applied, but also in countries with a more chal-
lenging resistance spectrum, where the general demand
(often non-evidence based) of intravenous antibiotics for
severe infections will be challenged.
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