
1Verbakel JYJ, et al. BMJ Open 2022;12:e058912. doi:10.1136/bmjopen-2021-058912

Open access 

Antibiotic prescribing rate after optimal 
near- patient C- reactive protein testing 
in acutely ill children presenting to 
ambulatory care (ARON project): 
protocol for a cluster- randomized 
pragmatic trial

Jan Yvan Jos Verbakel    ,1,2 Tine De Burghgraeve,1 Ann Van den Bruel,1 
Samuel Coenen    ,3,4 Sibyl Anthierens,3,4 Louise Joly,5 Annouschka Laenen,6 
Jeroen Luyten,7 An De Sutter8

To cite: Verbakel JYJ, De 
Burghgraeve T, Van den 
Bruel A, et al.  Antibiotic 
prescribing rate after optimal 
near- patient C- reactive protein 
testing in acutely ill children 
presenting to ambulatory 
care (ARON project): protocol 
for a cluster- randomized 
pragmatic trial. BMJ Open 
2022;12:e058912. doi:10.1136/
bmjopen-2021-058912

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-2021-058912).

Received 01 November 2021
Accepted 06 December 2021

For numbered affiliations see 
end of article.

Correspondence to
Professor Jan Yvan Jos 
Verbakel;  
 jan. verbakel@ kuleuven. be

Protocol

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Children become ill quite often, mainly 
because of infections, most of which can be managed in 
the community. Many children are prescribed antibiotics 
which contributes to antimicrobial resistance and 
reinforces health- seeking behaviour. Point- of- care C 
reactive protein (POC CRP) testing, prescription guidance 
and safety- netting advice can help safely reduce antibiotic 
prescribing to acutely ill children in ambulatory care as 
well as save costs at a systems level.
Methods and analysis The ARON (Antibiotic prescribing 
Rate after Optimal Near- patient testing in acutely ill 
children in ambulatory care) trial is a pragmatic cluster 
randomized controlled superiority trial with a nested 
process evaluation and will assess the clinical and cost 
effectiveness of a diagnostic algorithm, which includes 
a standardised clinical assessment, a POC CRP test, and 
safety- netting advice, in acutely ill children aged 6 months 
to 12 years presenting to ambulatory care. The primary 
outcome is antibiotic prescribing at the index consultation; 
secondary outcomes include clinical recovery, 
reconsultation, referral/admission to hospital, additional 
testing, mortality and patient satisfaction. We aim to recruit 
a total sample size of 6111 patients. All outcomes will be 
analysed according to the intent- to- treat approach. We will 
use a mixed- effect logistic regression analysis to account 
for the clustering at practice level.
Ethics and dissemination The study will be conducted 
in compliance with the principles of the Declaration of 
Helsinki (current version), the principles of Good Clinical 
Practice and in accordance with all applicable regulatory 
requirements. Ethics approval for this study was obtained 
on 10 November 2020 from the Ethics Committee 
Research of University Hospitals Leuven under reference 
S62005. We will ensure that the findings of the study will 
be disseminated to relevant stakeholders other than the 
scientific world including the public, healthcare providers 
and policy- makers. The process evaluation that is part 
of this trial may provide a basis for an implementation 
strategy. If our intervention proves to be clinically and cost- 

effective, it will be essential to educate physicians about 
introducing the diagnostic algorithm including POC CRP 
testing and safety- netting advice in their daily practice.
Trial registration number  ClinicalTrials. gov Identifier: 
NCT04470518. Protocol V.2.0 date 2 October 2020. (Pre- 
results)

INTRODUCTION
Children become ill quite often, mainly 
because of infections which can be managed 
in the community in most cases. Children 
are often prescribed antibiotics (AB) unnec-
essarily,1 which contributes to antimicrobial 

Strengths and limitations of this study

 ► ARON will be the first pragmatic cluster- randomized 
controlled superiority trial with nested process eval-
uation assessing the clinical effectiveness of a diag-
nostic algorithm on the management of acutely ill 
children in ambulatory care.

 ► Linkage with administrative datasets (including data 
on required hospitalisations, consultations and phar-
maceuticals, as well as parental productivity losses) 
will allow us to identify significant cost drivers and 
evaluate the cost effectiveness of the intervention.

 ► Our comprehensive set of outcome measures will 
provide information on the safety of the suggested 
intervention.

 ► Although clustering at practice level avoids con-
tamination between intervention arms, the required 
sample size increases significantly due to the po-
tential intracluster correlation. The potential threat 
to our trial is low patient recruitment due tothe 
COVID- 19 pandemic, challenging the internal validi-
ty of reported results from ARON.  on M
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resistance, reinforces health- seeking behaviour and 
unnecessarily increases costs.2

Ambulatory care is where most AB are prescribed, espe-
cially for respiratory infections. Children are at partic-
ularly high- risk for unnecessary AB prescribing (up to 
37%)3 4 and up to one in four children receives at least 
one AB prescription/year from their general practitioner 
(GP).5 6

The care for acutely ill children has traditionally been an 
ambulatory care responsibility,7 but increasing numbers 
are seen in hospital. There has been a 40% increase in the 
number of children presenting to the emergency depart-
ment (UK) over the last two decades (14% with febrile 
illness),8 with urgent hospital admission rates up to 25%, 
mostly for acute infections, which could be managed in 
the community.9–11

In contrast, serious infections have become rare (<1% 
of childhood infections).12 Pneumonia represents four- 
fifth of all cases,13 14 followed by urinary tract infections, 
and very few cases of sepsis or meningitis,15 in which 
prompt recognition is essential to avoid complications or 
death.16 However, the clinical presentation in ambulatory 
care is highly non- specific, especially in the early stages 
of illness.

Clinicians often cite diagnostic uncertainty as a reason 
to prescribe AB.17 Diagnostic uncertainty leads to inap-
propriate care escalation for patients with non- serious 
infections, and is a major driver for unplanned hospital 
admissions,18 which add further pressure to already 
stretched healthcare services; in Belgium, medical 
hospital admissions are increasing by 1% per year.19

Only one clinical decision tree for diagnosing serious 
infections in children has been developed (in 3981 
children) and externally validated (in 3142 children) 
for primary care, with 100% sensitivity and 81% speci-
ficity.15 20 The decision tree is considered positive if any of 
three features is present: clinician gut feeling, dyspnoea 
and body temperature ≥40°C. The rule achieves a safe 
and complete rule- out of serious infections but still leaves 
one in five children in whom uncertainty remains.

Introducing better diagnostic tests might strengthen 
the ambulatory care management of acutely ill children. 
Inflammatory markers such as C reactive protein (CRP) 
and procalcitonin can assist in diagnosing serious infec-
tions in hospital settings.21 Up until recently, such blood 
tests play only a relatively marginal role in ambulatory 
care because the test result comes back from the labo-
ratory too late to influence clinical decision- making.13 
In an international survey, primary care doctors identi-
fied infections as a key area for diagnostic innovation, in 
particular for point- of- care (POC) tests.22

POC platforms that test CRP within 4 minutes (using 
a finger prick test) have now become available,23 24 and 
have been introduced in primary care by several compa-
nies developing high- standard POC devices.23

As previously established, POC CRP testing should be 
restricted to children at higher risk after clinical assess-
ment with the decision tree and a CRP threshold <5 

mg/L ruling out serious infection with 100% certainty 
in another 10% of the population, potentially avoiding 
unnecessary hospital referrals or additional testing.14 This 
further empowers clinicians to safely manage children in 
ambulatory care, identifying children with a serious infec-
tion without swamping secondary care services.25 26

POC CRP testing may also reduce AB prescribing 
to acutely ill children in ambulatory care.1 A relatively 
recent review of the literature showed that using CRP as a 
POC test reduces AB prescriptions in children if guidance 
is provided. AB prescriptions by primary care physicians 
decrease (up to 44%) only if clear instructions on how 
to interpret the result of the CRP test are provided.27 28 
However, these instructions are based either on evidence 
from studies performed on adult patients or on expert 
opinion, which could result in inappropriate prescribing 
in children.

This is further exemplified by a study on POC CRP 
where parents and clinicians expressed general support 
for the test, but the doctors wanted specific guidance on 
how to deal with the test result.29

These previous studies now provide concrete evidence 
for children- specific thresholds, safe for ruling out serious 
infections and fit for guiding AB prescribing.

In the ARON trial, practices recruiting children (aged 
6 months to 12 years) will be randomized to either (1) a 
diagnostic algorithm with CRP testing and specific guid-
ance on when to prescribe AB or (2) usual care.

We aim to strengthen the assessment of acutely ill chil-
dren in ambulatory care, by introducing a diagnostic 
algorithm that can potentially decrease AB overpre-
scribing and other unnecessary healthcare usage, without 
affecting patient outcomes.

METHODS AND ANALYSIS
Objectives
The ARON trial will assess whether a diagnostic algo-
rithm, including a standardised clinical assessment, a 
POC CRP test, and safety- netting advice safely reduce AB 
prescribing in acutely ill children aged 6 months to 12 
years presenting to ambulatory care.

The primary outcome is AB prescribing rate at index 
consultation (immediate or delayed).

Any reduction in the use of AB should be considered 
alongside any negative effect. Therefore, secondary 
outcomes will be considered alongside any potential 
reduction in AB use, including clinical recovery, recon-
sultation and AB prescribing rate during follow- up (day 
1 to day 30), and additional investigations (X- Ray, blood 
tests, urine tests, etc) at index consultation and/or during 
follow- up (day 1 to day 30).

Exploratory endpoints include mortality at index 
consultation and/or during follow- up (day 1 to day 30), 
full clinical recovery at day 7 and day 30, patient’s and 
physician’s satisfaction (as part of the nested qualitative 
study), cost- effectiveness of the intervention, adherence 
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to the diagnostic algorithm and actual intake of AB (from 
day 0 to day 30).

In addition, we will describe how the intervention has 
worked in practice and how clinicians/parents have expe-
rienced these consultations as part of a process evaluation 
(through semistructured interviews).

Design
This study is a multicentre pragmatic cluster- randomized 
controlled superiority trial.

As the majority of acutely ill children are seen out of 
hospital by GPs and community paediatricians, the study 
will be conducted in 122 primary care or community 
paediatric practices throughout Belgium. The partici-
pating practices will be recruited by the academic centres 
for Primary Care of the KU Leuven, UGent, UAntwerpen, 
ULiège, UCL and VUB (Brussels).

Eligibility criteria
Practices’ eligibility (and physicians within these prac-
tices) for inclusion in the study will be based on the 
following criteria: being able to recruit acutely ill children 
(ideally consecutively) and agreeing to the terms of the 
clinical study agreement.

Practices will be excluded from study participation if 
they are currently using a POC CRP device as part of their 
routine care.

Patients’ eligibility for inclusion in the study will be 
based on the following criteria: children aged 6 months 
to 12 years, provided informed consent can be obtained, 
presenting with an acute illness episode that started 
maximum 10 days before the index consultation. Patients 
will be excluded from study participation based on the 
following criteria: previously inclusion in this trial, under-
lying known chronic condition (eg, asthma, immune defi-
ciency), clinically unstable warranting immediate care, 
immunosuppressant medication taken in the previous 30 
days, trauma as the main presenting problem, AB taken 
in the previous 7 days, or unwillingness or inability to 
provide informed consent.

Randomisation
To avoid bias due to physicians working in the same prac-
tice randomisation will happen at the level of the practice.

General and community paediatric practices will 
be randomized in one of the two study arms in a 1:1 
ratio using a block randomisation system stratified by 
recruiting academic region to guarantee that allocation 
to either usual care or the intervention arm is balanced 
within every region. Stratified block randomisation will 
be done using an electronic random numbers generator 
in blocks of four practices. Randomisation and conceal-
ment will be centralised at KU Leuven and conducted by 
a staff member not involved in data collection or deliv-
ering the intervention.

(Un)blinding
Owing to study procedures, children, their parents and 
physicians will not be masked to the practices’ random 

allocation and data collection. Conditions and proce-
dures for unblinding are not required as the participating 
physicians will be aware of their allocation.

Recruitment
Given the current special circumstances under the 
COVID- 19 pandemic, we aim to recruit practices during 
two stages, with stage 1 acting as a run- in period before all 
practices will be asked to start recruiting patients. The first 
stage will allow the study team to recruit a smaller number 
of practices in a selection of the participating academic 
centres to further streamline the recruitment process 
and remedy any unforeseeable issues that might occur 
after the investigator meeting and study initiation. In a 
second stage, more practices will be recruited both at the 
initial academic centres as well as the other participating 
academic centres. We aim to keep recruitment of practices 
as pragmatic as possible to limit the burden on practices 
dealing with the aftermath of the COVID- 19 pandemic.

A website with information about the trial will help the 
recruitment process. The website will contain a form, 
which can be completed by GPs. Both solo general prac-
tices and group practices are eligible for participation 
in the trial. Per general practice ideally only one or two 
physicians will be selected for participation in the study, 
in order not to dilute the number of patients per physi-
cian and thus to minimise the possibility of a strong selec-
tion of patients towards the most motivated.

Patient identification
The participating physicians will be asked to consecutively 
recruit children with an acute illness over the recruitment 
period covering two winter seasons.

Parents and children will be informed about the study 
by the physician. For that purpose, a patient information 
leaflet will be developed describing the aim and course of 
the trial and emphasising the fact that it does allow the 
physician to overrule the clinical algorithm but aims to 
investigate whether the intervention may help reduce the 
AB prescribing rate.

Parents and children willing to participate in the study 
will be asked to sign an informed consent form (online 
supplemental material file 1). Consent will be signed by 
the parents or legal guardian. We will include an age- 
adjusted assent procedure for older children (≥6 years). 
The physician will assess eligibility and willingness to 
participate in the study. No additional procedures are 
required.

Some practices will be selected based on purposive 
sampling to take part in the nested qualitative study and 
will be provided with an additional sheet for the informed 
consent form to request permission from parents to 
be contacted by telephone (by a trained qualitative 
researcher of the study team) during follow- up to take 
part in a semistructured interview.

Trial assessments
At study entry, the baseline data such as age and gender 
will be collected for each participating child. Data will 
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be collected by the physician at the index consultation 
and entered in the electronic case report form (eCRF) 
(figure 1).

During the first consultation at baseline, a selection 
of clinical features will be assessed and recorded by the 
physician in the patient’s health record and on the eCRF, 
including the features of the clinical decision tree (clini-
cian’s gut feeling, body temperature, dypnoea).

The physician will be asked to note in the patient’s 
health record and on the eCRF whether AB were 
prescribed, whether this was an immediate or delayed 
prescription. If the decision to prescribe AB diverted 
from the suggested algorithm in the intervention arm, 
physicians will be asked to acknowledge this and explain 
why on the eCRF. Any additional care during follow- up 
will be left at the discretion of the child’s physician.

Follow- up information for all children will be collected 
using direct patient/parent contact using a smartphone 
app. The smartphone app will ask parents and/or chil-
dren about daily symptoms such as body temperature, 
treatment and whether they consulted a physician or went 
to the hospital. Parents will be asked to complete these 
questions once a day until the symptoms have resolved, 
and the child is considered cured of the acute illness.

Furthermore, the app will ask parents to complete a few 
quality- of- life items (proxy version of the EQ- 5D- Y ques-
tionnaire)30 and two pain scales (Wong Baker FACES Pain 
Scale, Face, Legs, Activity, Cry, Consolability (FLACC) 
scale)31 32 during follow- up.

Follow- up information for all children will be collected 
from the patient’s health record up to 30 days after the 
index consultation. Follow- up information will consist 
of: diagnosis of a serious infection, reconsultation, medi-
cation prescribed, use of additional tests, admission to 
hospital, death.

A process evaluation will be nested within the pragmatic 
clustered randomized trial. It will explain how physicians 
and patients experience the intervention. We aim to iden-
tify factors within each arm which influence the manage-
ment decision to prescribe AB treatment while taking part 
in the intervention arm or while receiving usual care to 
build a framework describing the mechanisms required 
for successful implementation.

The aim of the interviews with clinicians is to explore 
the experiences of using the diagnostic algorithm (CRP 
test, safety- netting) to support prudent AB prescribing for 
acute respiratory tract infections in children among clini-
cians working in primary care settings. We aim to explore 
how clinicians use the interventions in their daily practice 
and how it influences their management decisions and 
intended future use. The aim of the parent interviews is 
to explore parents’ experiences of consulting a GP partic-
ipating in the ARON trial, how the diagnostics impact 
consultations including parent satisfaction and intention 
to consult in future for similar symptoms.

Individual telephone interviews will be carried out 
to capture perceived barriers and facilitators to using 
the diagnostic algorithm including POC CRP testing 
approach or with the usual care approach.

Physicians (approximately 16) will be purposively 
sampled to obtain variation in gender, practice setting 
and experience. Parents (approximately 14–18) will be 
purposively sampled to obtain variation in age, age and 
the number of children, sociodemographic background, 
gender and whether they received AB. Interviews will 
follow semistructured topic guides exploring physicians’ 
and parents’ views and experiences of taking part in the 
trial. Interviews will be carried out by telephone and anal-
ysed using thematic and framework analysis.

Usual care
In the control arm, patients will receive ‘usual care’ left at 
the discretion of the treating physician (figure 2).

Apart from the general training session for all partici-
pating physicians they have attended prior to recruitment 
and randomisation, physicians in the control arm will not 
receive additional tools.

They are expected (but not forced) to follow the Belgian 
guidelines (as described in Belgian Commission for the 
Coordination of the Antibiotic Policy National guide-
lines and the National Institute for Health and Disability 

Figure 1 Flow chart ARON project. CRP, C reactive protein; 
EBM, evidence- based medicine; GP, general practitioner.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-058912 on 3 January 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Verbakel JYJ, et al. BMJ Open 2022;12:e058912. doi:10.1136/bmjopen-2021-058912

Open access

Insurance (RIZIV) consensus meeting ‘Rational use of 
antibiotics in children’) (figure 3).

Intervention: diagnostic algorithm
Guidance will be part of a diagnostic algorithm which 
includes clinically guided POC CRP testing and safety- 
netting advice to inform parents on what to expect and 
what to look out for. CRP testing will be conducted as per 
the diagnostic algorithm (see figure 4). We will use a POC 
CRP test which requires 1.5 μL of capillary blood obtained 
by finger prick (results within 4 min).23 24 Clinical features 
will be recorded before the CRP test is conducted.

The safety- netting advice will be supported by a parent 
information booklet, based on previous research (the 
‘When should I worry’-interactive booklet (a guide to 
Coughs, Colds, Earache & Sore Throats),33 the ‘Mijn kind 
heeft koorts’ booklet (Eefje de Bont, www.thuisarts.nl)34 
and the ‘Caring for children with coughs’-leaflet (infor-
mation about how to look after a child who has a cough 
and when to see the doctor)).35

Patient recruitment started on 24 February 2021 and is 
expected to last until 1 December 2022.

Statistics and data analysis
The main aim of our study is to establish the assumed 
superiority of a diagnostic algorithm including a stan-
dardised clinical assessment, a POC CRP test, and safety- 
netting advice over usual care to reduce AB prescribing 
rates.

Previous research in a similar population has shown 
approximately 17% of children testing positive if yes to 
any of three features: clinician gut feeling, dyspnoea and 

body temperature ≥40 °C.15 In all children, 30.43% will 
be prescribed AB.28

If a diagnostic algorithm including the clinical deci-
sion tree, POC CRP test and safety- netting advice is 
provided, based on the abovementioned information 
and after consulting the key stakeholder groups (eg, 
patients, physicians and healthcare funder), we can 
prudently assume to expect the AB prescribing rate in 
all children to be reduced to 22.65% in the interven-
tion arm, based on our systematic review,36 the previous 
trials in acutely ill children14 37 and a previous systematic 
review in adults.38

Considering the required sample size for these anal-
yses of the primary study outcome and the secondary 
outcomes, aiming to recruit a total sample size of 6111 
patients will be sufficient (online supplemental material 
file 2).

The planned recruitment period will be 21 months, 
starting 24 February 2021. Considering an inclusion rate 
of 1 in 5 of all eligible children, we will include a total of 
122 ambulatory care physicians.

Presentation of baseline characteristics of the study 
population and comparability of the two arms will be 
based on the following variables: age (median and 25–75 
percentiles) and gender (percentage).

Differences in baseline characteristics and clinical 
features will be analysed through χ2 testing and non- 
parametric equality- of- medians testing to assess potential 
recruitment bias.

The primary and secondary endpoints will be analysed 
according to the intent- to- treat approach.

Figure 2 Control arm: detailed flow chart. : clinical assessment, : clinical management, : antibiotic treatment; AB, 
antibiotics; CRP, C reactive protein; EBM, evidence- based medicine; GP, general practitioner. *As advised by guidance on 
antibiotic prescribing (figure 3).
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We will use a mixed- effects logistic regression analysis to 
account for the clustering at practice level.

Multiple imputation will be applied to deal with 
missing data. Imputation will be performed for the binary 
outcome variable and logistic regression will be used as 
imputation model. Predictors for the imputation model 
are baseline patient characteristics and intervention.

Subgroup analysis will be performed to investigate how 
the primary outcome behaves in function of age catego-
ries and gender.

Cost effectiveness
First, we will perform a cost study aiming to calculate 
total costs of the intervention, to identify significant cost 
drivers and to compare the cost impact of the interven-
tion with its alternative usual care. The potential subcat-
egories of costs considered are: acute outpatient, acute 
inpatient, ambulatory care, residential care, pharmacy 
prescriptions, chronic prescriptions, diagnostic tests, 
visit to the emergency department, intervention costs.39 
Predominantly, a healthcare payer perspective will be 

adopted, which includes payments out of the Belgian 
federal government’s and the communities’ healthcare 
budget as well as patients’ copayments for healthcare 
consumption, hence excluding productivity or other indi-
rect costs (online supplemental material file 3).

The second part is a cost- consequences analysis, 
comparing costs with various consequences (expressed 
in reductions in hospitalisations, consultations, pharma-
ceuticals (reimbursed and non- reimbursed)) and a cost–
utility analysis using broader outcome metrics such as 
quality- adjusted life years (QALYs), to express the differ-
ences in health outcomes between participants interven-
tion group and those in the usual care group.

For both study groups, resource use data and health- 
related quality of life (HRQOL) data will be collected 
during the trial using information from the patients’ 
health records and using a questionnaire (self- reported) 
as part of the smartphone app for parents for those 
resources not captured by the health records. Simul-
taneously, information from the RIZIV nomenclature 

Figure 3 Guidance on antibiotic prescribing according to the Belgian Commission for the Coordination of the Antibiotic Policy 
(BAPCOC) guide (November 2019)+National Institute for Health and Disability Insurance (RIZIV) consensus meeting). /’, per 
minute; AB, antibiotics; AOM, acute otitis media; D, day(s); IE, international units; ORL, oto- rhino- laryngologic.
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database will be used to attach costs to the different 
resource use data. Alongside the data collected from the 
app during the trial, the costs associated with hospitalisa-
tion, consultations, pharmaceuticals (reimbursed) during 
follow- up will be collected by linking the national insur-
ance number (collected during the index consultation by 
the participating physician) of children via a trusted third 
party to the administrative databases reporting on health-
care usage. The HRQOL data will be collected using the 
proxy version of the EQ- 5D- Y questionnaire30 (filled out 
at regular timings by the participants (by parents)). As 
we anticipate a large proportion of our study population 
to be below the age of 4 years, we will include additional 
scales aiming to assess quality of life or rather pain as this 
is assumed to be the main driver for quality of life in the 
young infants and has shown to have face validity:

 ► The Wong Baker FACES Pain Scale,31 which has been 
validated in children from 3 years to 18 years of age.40

 ► The FLACC scale,32 which has been validated in chil-
dren from 0 to 18 years of age.41

Resource use data will be collected during follow- up by 
linking the national insurance number to the administra-
tive healthcare usage databases, as well as from the data 
collected in the parental app (hospitalisation, consulta-
tion, etc). This complementary approach is preferred to 
avoid missing data and assess representativeness of our 
analysis.

Information related to the intervention costs (equip-
ment, training, etc) will be collected, including the 
physician’s time spent on the programme (as reported 
by the participating physicians in the nested qualitative 
study). The latter costs will be recalculated at patient 
level.

We will calculate incremental cost- effectiveness ratios 
in terms of costs incurred for natural effects avoided 
(hospitalisations, consultations, number of packages AB 
reimbursed) and incremental cost–utility ratios in terms 
of cost- per- QALY- gained, or net benefits (in case of domi-
nated or dominant interventions).

Decision- analytic modelling will be used to predict 
longer term outcomes and complications for cohorts of 
patients as well as their expected economic impact, as 
well as to investigate the effect of changes in particular 
parameters (through scenario and sensitivity analyses).

Health economic evaluation studies are frequently 
characterised by degrees of uncertainty or method-
ological considerations. In the current study, one- way, 
multiway and probabilistic (Monte Carlo/non- parametric 
bootstrapping) sensitivity analyses will be conducted to 
handle various uncertainties. Uncertainty analyses will 
be expressed in terms of cost- effectiveness acceptability 
curves.

Figure 4 intervention arm: detailed flow chart. : decision tree, : point- of- care CRP test, : antibiotic treatment, 
: safety- netting advice, : additional testing, H:referral to secondary care. Figure 4 describes the different steps of the 
diagnostic algorithm. First of all, the decision tree will be applied, if yes to any of three features (gut- feeling, dyspnoea, 
temperature ≥40°C), physicians are advised to perform a point- of- care C reactive protein (CRP) test. If the CRP level is then 
5 mg/L or above: referral or additional testing is advised to rule out a potential serious infection. If all features of the decision 
tree are reassuring (no to all) and a physician is still considering prescribing antibiotics, we advise them to perform a point- of- 
care CRP test and only consider prescribing if the CRP level is 5 mg/L or above. For example, in a child with dyspnoea and a 
CRP level of <5 mg/L, physicians are advised to prescribe antibiotics only if according to the prescribing guidelines (figure 3). 
*As advised by guidance on antibiotic prescribing (figure 3). AB, antibiotics; EBM, evidence- based medicine; GP, general 
practitioner.
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Data handling
Study data will be collected and managed using Research 
Electronic Data Capture (REDCap) electronic data capture 
tools hosted at KU Leuven.42 43 REDCap is a secure, web- 
based software platform designed to support data capture 
for research studies, providing (1) an intuitive interface 
for validated data capture; (2) audit trails for tracking data 
manipulation and export procedures; (3) automated export 
procedures for seamless data downloads to common statis-
tical packages; and (4) procedures for data integration and 
interoperability with external sources.

Data monitoring
The investigator will permit trial- related monitoring, and 
audits, providing direct access to all related documents. 
eCRFs, including progress notes and copies of laboratory 
and medical test results must be available at all times for 
review by the sponsor’s clinical trial monitor and auditor. 
The accuracy of the data will be verified by review of these 
documents.

For all details about monitoring, we refer to the Trial 
Monitoring Plan (see online supplemental appendix), 
which will be developed and agreed by the Trial Manage-
ment Group and Trial Steering Committee based on the 
trial risk assessment.

Public and patient involvement
We will present the suggested intervention to parents 
and children to receive input on potential barriers and 
facilitators of our proposed trial. Furthermore, patient 
representative groups will be contacted to obtain useful 
feedback regarding our trial.

ETHICS AND DISSEMINATION
The study will be conducted in compliance with the prin-
ciples of the Declaration of Helsinki (current version), the 
principles of Good Clinical Practice and in accordance with 
all applicable regulatory requirements. Approval of this 
protocol, the informed consent forms and other related 
documents, for example, advertisements and physician 
information letters, was obtained on 10 November 2020 
from the Ethics Committee Research of University Hospi-
tals Leuven under reference S62005. Parents/guardians 
provided informed consent for participants aged under 18.

We will ensure that the findings of the study will be 
disseminated to relevant stakeholders other than the 
scientific world including the public, healthcare providers 
and policy makers. In case this study proves our diagnostic 
algorithm to be more effective than usual care to reduce 
AB prescribing rate in children, translating this evidence 
into routine practice will be the next great challenge.

The process evaluation that is part of this trial will be 
informative in respect to this and hence provide a basis for 
an implementation strategy. It will be essential to educate 
physicians about introducing the diagnostic algorithm 
including POC CRP testing and safety- netting advice in their 
daily practice. This will require training which should be 

delivered through accredited Continued Medical Education 
but should also be part of the basic medical curriculum for 
physicians. The engagement of most of the Belgian academic 
centres for general practice in this trial will undoubtedly 
facilitate the integration of education about diagnosis and 
management of infectious diseases in children in ambula-
tory care—in combination with AB prescribing guidelines—
in the medical curriculum.

ETHICS STATEMENTS
Ethics approval for this study was obtained on 10 November 
2020 from the Ethics Committee Research of Univer-
sity Hospitals Leuven under reference S62005 (online 
supplemental material file 5). Parents/guardians provided 
informed consent for participants aged under 18.
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