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ABSTRACT
Introduction Early relapse in Crohn’s disease (CD) 
is associated with a more severe disease course. The 
microbiome plays a crucial role, yet strategies targeting 
the microbiome are underrepresented in current 
guidelines. We hypothesise that early manipulation of the 
microbiome will improve clinical response to standard- of- 
care (SOC) induction therapy in patients with a relapse- 
associated microbiome profile. We describe the protocol of 
a pilot study assessing feasibility of treatment allocation 
based on baseline faecal microbiome profiles.
Methods and analysis This is a 52- week, multicentre, 
randomised, controlled, open- label, add- on pilot study to 
test the feasibility of a larger multicontinent trial evaluating 
the efficacy of adjuvant antibiotic therapy in 20 paediatric 
patients with mild- to- moderate- CD (10<PCDAI≤37.5; 
PCDAI, Pediatric Crohn’s Disease Activity Index). SOC 
induction treatment will be Crohn’s Disease Exclusion 
Diet+Partial Enteral Nutrition (CDED+PEN). Relapse- 
associated microbiome signatures will be evaluated using 
16S rRNA gene sequencing and a previously generated 
Bayesian predictive model (BioMiCo) based on baseline 
stool. At week 4, patients in remission with relapse- 
associated signatures (group A) will be randomised 
to CDED+antibiotics (A2) or CDED+PEN alone (A1). 
Patients in remission without this signature will continue 
CDED+PEN alone (B). Patients not in remission will receive 
CDED+antibiotics regardless of their microbiome signature 
(C). Subjects in group A2 or C will receive a combination 
of azithromycin 7.5 mg/kg (weeks 4–8: 5 days/week; 
weeks 9–12: 3 days/week) with metronidazole 20 mg/
kg/day (weeks 4–12). Primary outcomes will assess 
feasibility of treatment allocation and possible efficacy to 
sustain remission (PCDAI≤10, no need for reinduction). 
Exploratory outcomes will include changes in PCDAI, 
inflammatory markers and patient- reported outcomes. 

We will additionally explore changes in faecal microbiome 
taxonomic composition between groups.
Ethics and dissemination This study was approved 
by METC- AMC and CCMO (Netherlands) and IWK Health 
Centre (Canada). The first version of this protocol was 
approved by North Carolina Children’s Hospital (USA), 
Wolfson Medical Centre (Israel). The FDA (USA), Health 
Canada and Ministry of Health (Israel) have reviewed 
and approved the protocol. Results will be published in 
international peer- reviewed journals and summaries will 
be provided to the funders and participants.
Trial registration number NCT04186247.

INTRODUCTION
Crohn’s disease (CD) is a major phenotype 
of inflammatory bowel diseases (IBD) and 
is characterised by relapsing and remitting 
episodes of inflammation in the gastrointes-
tinal (GI) tract. IBD diagnosis occurs in up 
to 15% of all patients during childhood and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The study design ensures that only patients who 
could benefit from add- on antibiotic treatment will 
be eligible for this intervention.

 ⇒ This is the first prospective study using a microbi-
ome prediction model (BioMiCo) based on baseline 
stool sample to determine (add- on) therapy.

 ⇒ The number of pilot study participants will be too 
few to draw conclusions concerning efficacy, espe-
cially since the study comprises different treatment 
groups, but will inform power calculation for the 
larger trial.
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adolescence, at a time when disease activity can severely 
impact (emotional and pubertal) development, growth 
and quality of life.1–4

The exact cause of IBD remains unclear, but the disease 
is hypothesised to result from a defective or inappropriate 
activation of the mucosal immune system in response to 
the gut microbiome in genetically susceptible individuals.5 
IBD results from a complex interplay of genetic, immu-
nologic and environmental factors that manifest through 
the gut microbiome.6 7 Dysbiosis in IBD patients has been 
characterised by decreased microbial diversity,decreased 
abundance of Firmicutes and increased Proteobacteria.8 9 
Different animal models have confirmed the role of the 
microbiome in IBD by showing that inflammation does 
only develop in the presence of enteral bacteria and that 
the degree of inflammation is influenced by the bacterial 
load and composition within the GI tract.10–12

Chronic inflammation of the GI tract caused by CD 
can lead to progressive tissue damage with significant 
complications, including abscesses, fistulae and intestinal 
strictures.13 All of these complications are characterised 
by transmural translocation of bacteria.14 15 Current treat-
ment options for CD therefore both focus on symptom 
control, and also on maintaining clinical remission and 
mucosal healing (deep remission) for a prolonged period 
of time.16 Current treatment strategies like corticoste-
roids, thiopurines, methotrexate and biologics primarily 
work by modulating the immune system, with the excep-
tion of exclusive enteral nutrition (EEN) of which the 
exact mechanism of action remains unknown.17 Recently, 
Crohn’s Disease Exclusion Diet+Partial Enteral Nutrition 
(CDED+PEN) was shown to have comparable efficacy 
but superior tolerance for induction and maintenance of 
remission compared with EEN in a randomised controlled 
trial in children with mild- to- moderate CD.18 However, 
treatment responses to all currently applied therapeutic 
strategies are highly unpredictable and long- term remis-
sion rates rarely exceed 50%.19 20

Microbiome dysbiosis is increasingly considered a key 
factor in CD pathophysiology, by observation that micro-
biome community structure and function is strongly 
associated with early and sustained response to therapy 
and could therefore hypothetically serve as a treatment 
target for CD. Antibiotics, which directly target bacteria 
in the GI tract, could therefore possibly obtain a more 
prominent role in CD therapy.21 However, while several 
meta- analyses support the use of antibiotics in controlling 
luminal inflammation, results of individual trials are 
heterogeneous and data in children are particularly 
sparse.22 23 Recently, a combination of azithromycin+met-
ronidazole has been found to be superior to metronida-
zole alone for induction of remission in children with 
mild to moderate CD.24 However, individual responses 
to this antibiotic treatment were variable, showing the 
percentage of clinical response to equal that of remission. 
This ‘all or nothing’ phenomenon suggests that the effect 
of antibiotics may depend on a specific microbiota signa-
ture involved in a subgroup of CD patients.

Current treatment strategies have previously been 
shown to affect the microbiome in different ways.25–27 
Microbiome data from the CDED- RCT showed that a 
baseline faecal microbiome signature with predominance 
of Proteobacteria did not fully correct with nutritional 
therapy by week 12 and is associated with recurrence 
of disease.18 28 Studies characterising the microbiome 
have found distinct microbiome profiles to be associated 
with different clinical outcomes or responses to treat-
ment.25 29 30 Incorporating these specific microbiome 
profiles in prediction models have not led to any change 
in clinical practice to date.30–32 We have recently shown 
that stool microbiome communities can predict remis-
sion in treatment naïve paediatric CD patients when using 
Bayesian methods (AUC 0.79).33 We found that children 
with higher risk for relapse in the first year show a specific 
Proteobacteria predominance in their stool samples, 
present before start of treatment.

With this knowledge, we hypothesise that the risk of 
early flare after achieving clinical remission by SOC nutri-
tional induction therapy in CD patients with a relapse- 
associated (ie, Proteobacteria- rich) microbiome signature 
can be reduced by adjunctive induction therapy with oral 
antibiotics (azithromycin+metronidazole). The aim of 
the proposed pilot trial is to determine the feasibility of 
a multicentre trial on different continents with treatment 
allocation at week 4 based on baseline faecal microbiome 
profiles.

METHODS AND ANALYSIS
Study design
This is a 52- week, multicentre, randomised, controlled, 
open- label add- on design pilot study to test the feasibility 
of a larger trial evaluating the efficacy of adjuvant antibi-
otic therapy in paediatric patients with mild- to- moderate 
CD. The SOC induction treatment in this study will be the 
CDED+PEN. This study will not be blinded.

Participants
A total of 20 patients will be recruited by their treating 
paediatric gastroenterologist and enrolled in four 
academic hospitals located in The Netherlands, Canada 
and the USA. All patients newly diagnosed with Crohn’s 
disease or existing diagnosis with need of re- induction 
will be reviewed for eligibility.

Informed consent procedure
The treating physician will inform parents and children 
about the study during their hospital visit. A research team 
member will provide more detailed information about the 
study, including information leaflet and informed consent 
form. Participants will have the opportunity to carefully 
review the written consent form and ask questions prior 
to signing. After counselling, informed consent will be 
signed by children and/or parents (according to appli-
cable regulations mandated by country) and a research 
team member. Participants are free to withdraw from 
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participation in the study at any time for any reason if 
they wish to do so without any consequences.

Eligibility criteria
Inclusion criteria
1. Male or female, aged 3–17 years
2. CD diagnosis ≤36 months according to standard clini-

cal and histological criteria34

3. Mild- to- moderate active disease (PCDAI>10 (or >7.5 
excluding height item) and ≤37.5).

4. Evidence of active inflammation (<30 days prior to 
week 0 visit) based on either:
a. Faecal calprotectin (FCP)≥250 µg/g.
b. OR endoscopic and histologic evidence of inflam-

mation obtained during endoscopy.34

5. Provision of signed and dated informed consent form 
and stated willingness to comply with all study proce-
dures and availability for the duration of the study

Exclusion criteria
1. Stricturing, penetrating (intestinal or perianal) and/

or fistulising disease.
2. History of intestinal resection.
3. Current Clostridioides (formerly Clostridium) difficile in-

fection (if tested for clinical indication).
4. Current or previous use of anti- TNF/other biological.
5. Oral aminosalicylates discontinuation/dose adjust-

ment<14 days prior to week 0 (nb: stable doses (no 
change <14 days prior to week 0) of azathioprine, 
6- mercaptopurine or Methotrexate (MTX) are not a 
reason for exclusion).

6. Intravenous anti- infective <35 days or oral anti- 
infectives <14 days prior to week 0.

7. Current use of cyclosporine, tacrolimus or mycophe-
nolate mofetil.

8. Treatment with another investigational drug/inter-
vention<30 days prior to week 0.

9. Faecal microbial transplantation <35 days prior to 
week 0.

10. Known allergy or intolerance to azithromycin or 
metronidazole.

11. Risk factors for arrhythmia including history of pro-
longed QTc, hypokalaemia or hypomagnesaemia, 
resting bradycardia or concurrent treatment with 
other drugs with potential for QT prolongation.

12. Prior diagnosis of any haematologic condition/blood 
dyscrasia which could result in leukopaenia (even if 
leucocyte count is normal at screening).

13. Pregnancy or lactation.
14. History of Cockayne syndrome.
15. Screening laboratory results that show any of the ab-

normal results depicted in box 1.

Treatment groups
A baseline stool sample provided at, or within 30 days of 
week 0, will be processed for 16S rRNA gene sequencing via 
the V4–V5 region and analysed by a blinded bioinformati-
cian at Dalhousie University, Canada. Sequencing results 

will be available at least week 4 (at the latest) in order to 
ensure correct group allocation. At week 4, subjects will 
be assigned to group A or B based on posterior proba-
bility (PP) of having a ‘relapse- associated’ microbiome, 
defined as ≥30% PP of carrying a relapse- associated 
microbiome signature as determined by Bayesian anal-
ysis. Subjects in remission (PCDAI≤10) that have ≥30% PP 
of a relapse- associated microbiome (group A) will be 
randomly assigned to continue CDED+PEN alone (group 
A1) or to receive add- on antibiotic therapy in addition 
to CDED+PEN (group A2) for the next 8 weeks (weeks 
4–12). Subjects with<30% PP of relapse- associated micro-
biome (group B) will continue on CDED+PEN alone for 
the next 8 weeks. If patients have not achieved clinical 
remission (PCDAI>10) at week 4, they will be assigned to 
group C to receive add- on antibiotic therapy for 8 weeks, 
regardless of their microbiome profile. See figure 1 for an 
overview of the study design with treatment groups and 
interventions.

Standard-of-care induction treatment
All subjects who enter the study will receive standard- of- 
care nutritional therapy for induction of remission in 
mild- to- moderate disease by the CDED. This is a whole- 
food diet coupled with PEN which was shown to be 
equally effective for induction of remission at week 6 with 
higher tolerance, including superior sustained remission 
up to week 12, when compared with EEN in a recent 
randomised controlled trial. CDED is designed to reduce 
exposure to dietary components that are hypothesised 
to have negative effects on the microbiome and intes-
tinal barrier.27 28 35 The diet consists of 2 stages: CDED 
with 50% calories from PEN (Modulen IBD, Nestle) in 
weeks 0–6 (stage 1), followed by CDED with 25% PEN 
from weeks 7–12 (stage 2). Further details on this diet are 
published elsewhere.18 36

Possible add-on intervention
A combination of azithromycin and metronidazole was 
shown to be significantly more effective than metroni-
dazole alone for induction of remission in a randomised 
controlled trial in mild to moderate CD.24 The combina-
tion of these antibiotics covers a wide variety of bacteria 
that colonise the small and large intestine. Moreover, 

Box 1 Abnormal results in screening laboratory values

1. AST, ALT >2×ULN.*
2. Urea, creatinine >1.5×ULN.*
3. White cell count <3.0×109/L.
4. Total bilirubin≥20µmol/L.†
5. Haemoglobin <80g/L.
6. Platelets <100 000/mL.
*As determined locally by each site.
†Except for subjects with isolated elevation of indirect bilirubin relating 
to Gilbert syndrome.
ALT, alanine transaminase; AST, aspartate transaminase.
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azithromycin has specific features, including intracellular 
penetration and effect on biofilms, and can therefore 
target specific bacteria that are hypothesised to be critical 
for CD- related inflammation (like Escherichia coli).37–39

Subjects randomised to group A2 or assigned to group 
C will receive a combination of oral azithromycin+metro-
nidazole in addition to CDED+PEN in weeks 4–12. Azith-
romycin will be administered at a dose of 7.5 mg/kg (max. 
500 mg/day) for five consecutive days per week for 4 
weeks (weeks 4–8) and then three consecutive days/week 
(weeks 9–12). Metronidazole will be administered 10 mg/
kg two times per day (20 mg/kg/day, max. 1000 mg/day) 
for 8 weeks (weeks 4–12). These dosages are based on a 
recent RCT using the same combination therapy in chil-
dren with CD.24 In case of intolerance, patients can be 
instructed to reduce the dose of metronidazole by 25% 
to 15 mg/kg/day and divide the frequency to three times 
daily at the discretion of the responsible physician.

Maintenance treatment
Start of maintenance therapy is allowed from week 4 of 
induction therapy onwards, consistent with recent guide-
lines. Subjects will be recommended to receive 15 mg/m2 
subcutaneous (s.c.) methotrexate (MTX) as maintenance 
therapy (max. 25 mg weekly), unless there are contrain-
dications or oral MTX is preferred by treating physician 
and/or family.40 41 The use of MTX is not a condition 
to take part in this study and is not intended to trigger 
patients being excluded from or leaving the study.

Timeline and follow-up
Participants will have seven hospital visits in this study 
(screening, weeks 0, 4, 12, 24, 36 and 52). In case of flare, 
there will be an extra visit when the patient come to the 
hospital for regular care.

After week 12, further treatment for disease will be as 
per SOC—physician’s choice. Participants will be followed 
up to week 52. See table 1 for an overview of time points 
and procedures. All clinical (laboratory) data from study 
visits will be recorded anonymously in the electronic case 
report form (www.castoredc.com) derived from source 
documents. Study data will be stored for 25 years.

Feasibility
The purpose of this pilot trial is to assess feasibility of a 
multicentre trial on different continents with treatment 
allocation at week four based on microbiota results from 
baseline stool samples, determined at Dalhousie Univer-
sity, Canada. Outcomes of this trial will provide informa-
tion on the workability of this protocol and will inform 
power calculation for the larger trial.

Adherence
Subjects in the antibiotic treatment arms will be asked to 
complete a medication calendar to record the dose and 
any problems encountered while administering the dose. 
Additionally, compliance will be monitored by counting 
of the returned tablets at week 12 visit by study staff.

Outcomes
Primary outcome
The primary outcome of this pilot study focuses on the 
potential feasibility of a full- scale trial. These will be the 
proportion of subjects who are successfully allocated 
following baseline stool results, proportion of patients 
randomised in the randomisation procedure and the 
proportion of subjects who complete the 1- year endpoint.

In preparation for a larger trial, we will assess the propor-
tion of subjects in sustained remission at 52 weeks after 
starting SOC induction therapy. Sustained remission will 
be defined as PCDAI≤10 at week 52 and no need of rein-
duction for clinical flare (new course of CDED+PEN or 
EEN, need to start steroids), no steroid dependence, no 
biologic use and no intestinal surgery by 12 months.

Secondary and exploratory outcomes
Exploratory outcomes will be changes in disease activity 
index components (PCDAI), inflammatory markers 
in blood and stool (CRP normalisation (mg/dL), FCP 
(mcg/g)), as well as changes in patient- reported outcomes 
(IMPACT- III, ages 9–17) over time. We will also explore 
the faecal microbiome taxonomic and functional compo-
sition for association with changes in disease activity (eg, 
relapse or sustained remission) over time.

Figure 1 Overview of study design including treatment groups and possible intervention. Remission defined as PCDAI≤10. 
 : randomisation. CDED, Crohn’s Disease Exclusion Diet; PCDAI, Paediatric Crohn’s Disease Activity Index.

www.castoredc.com
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Sample size
Based on published literature, 50% of children will require 
repeat induction/treatment escalation by the end of their 
first year after diagnosis.42–44 Our current calculation is that 
25 children carrying the high- risk microbiome signature will 
need to be randomised to each study arm (A1 or A2) (10% 
drop out assumed) in a larger trial following on from this 
pilot trial, assuming 80% power, to reduce the risk of flaring 
from 80% to 40%. These calculations are based on assump-
tions of relapse risk (not including lost to follow- up) as no 

prospective microbiome data are available to inform this risk 
prediction of an unfavourable disease course.

In this pilot trial, 20 children will be enrolled to assess 
feasibility. The clinical data about relapse risk nor potential 
lost to follow- up were not used to determine the sample size 
for the pilot trial.

Randomisation
Subjects will be randomised centrally at the week 4 visit. 
Participants with a relapse- associated microbiome will be 

Table 1 Overview of time points and study procedures

Procedures

Screening
(≤30 days prior 

to week 0)

Induction phase Maintenance phase

Extra visit
(in case of 

flare)
Baseline
Week 0

Possible add- on Follow- up

Week 4 Week 12 Week 24 Week 36

End of 
study

Week 52

Informed consent X

Eligibility screen X X

Group allocation and 
randomisation

X

Intervention- related, if applicable

  Administer antibiotic X

  Medication calendar 
distribution and 
teaching

X

  Adverse event review 
and evaluation

X X X X X X

  ECG† X

Assessments

  PCDAI score (0–100) X X* X X X X X X

  Concomitant 
medication review

X X X X X X X X

  Physical examination X X X X X X X X

  Stool sample (16S 
rRNA) for prediction of 
outcome at 1 year

X X*

  Stool sample 
(metagenome)

X X* X X X X X X

  Stool sample (FCP) X X* X X X X X X

  Stool sample
  (Clostridioides difficile 

infection testing)‡

X X*

  Adverse event review 
and evaluation

X X X X X X

  Blood sample§ X X* X X X X X X

  IMPACT- III (ages 9 and 
older)

X X X X X

  Urine pregnancy test¶ X X

Study time point window of ±5 days is allowed for all visits/questionnaires/sampling.
*The timing of the screening and week 0 visits will depend on the start of therapy. Week 0 blood and stool samples will not be repeated if provided during the 
screening visit, provided that the stool samples were collected prior to bowel preparation.
†All patients randomised to groups A2 and C will receive an ECG examination both prior to and at 2–4 weeks after the initiation of the study drug.
‡If performed for clinical indication, as per SOC.
§Includes haematology and clinical chemistry Albumin, C reactive protein (CRP), haematocrit (HCT), erythrocyte sedimentation rate (ESR), alanine transaminase 
(ALT), aspartate transaminase (AST), creatinine and bilirubin. Total blood volume collected at each visit will be 5 mL.
¶Only applicable for postmenarchal female participants initiating methotrexate.
FCP, faecal calprotectin; IMPACT- III, IBD- specific health- related quality of life questionnaire; PCDAI, Paediatric Crohn’s Disease Activity Index; SOC, standard of 
care.
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randomly allocated into experimental treatment (A2) or 
control (A1) arms. To ensure 1:1 randomisation, blocks of 
two will be generated by using CastorEDC for patients in 
group A. The local study coordinator randomises the partici-
pant via CastorEDC in the presence of participant and family.

Statistical analysis
All data will be analysed according to the intention- to- 
treat principle. No interim analyses will be performed for 
this pilot study. Feasibility will be assessed by the propor-
tion of patients who are successfully allocated at week 4 
following microbiome analysis (relative to the number 
of enrolled patients at week 0), randomised in randomi-
sation procedure, proportions of patients per treatment 
arm, proportion of subjects that complete 1 year end 
point. To ultimately assess sustained remission at week 52, 
the number, and percentage of patients with a relapse- 
associated gut microbiome profile will be summarised by 
group and the difference in sustained remission rate will 
be compared using a Fisher’s exact test for categorical 
variables (comparing group A1 with A2).

For exploratory outcomes, the effects of treatment with 
antibiotics on the microbiome will be assessed to determine 
whether the signature of group A2 can be modified to move 
closer to group B. Continuous secondary outcomes will be 
summarised at each visit for both the observed values and 
the changes from baseline. A linear mixed model by group, 
their interaction and baseline characteristics as covariates 
will be used to assess the difference in means between groups 
at each time point. Least squares estimates for the popula-
tion mean and SD will be provided at each assessment time 
point by group. Missing values will not be imputed. Due to 
the exploratory nature of the assessments, no correction for 
multiplicity will be made. Categorical secondary outcome 
and variables will be analysed similar to the primary outcome. 
Missing values in continuous variables will not be imputed. 
Missing values in categorical variables will be imputed as 
non- responders.

Discontinuation of the antibiotic treatment between 
weeks 4 and 12 does not mean discontinuation of the 
study and will be moved into the group A1 (control) and 
receive SOC. Any patients discontinuing treatment will be 
reported separately.

Limitations
The number of pilot study participants will be too few to 
draw conclusions concerning efficacy, especially since the 
study comprises different treatment groups. However, to the 
best of our knowledge, this is the first trial with microbiome- 
based allocation to study groups and therefore a pilot trial is 
crucial to first determine feasibility. Results of this pilot study 
will inform power calculation for a potential larger trial.

Monitoring
Data monitoring and audits
Safety oversight will be under the direction of a Data and 
Safety Monitoring Board (DSMB). The DSMB will meet 
semiannually to assess safety and efficacy data on each arm 

of the study. The DSMB will operate under the rules of an 
approved charter including stopping criteria that will be 
written and reviewed at the organisational meeting of the 
DSMB.

Clinical site monitoring will be conducted by an indepen-
dent study monitor to ensure that the rights and well- being 
of trial participants are protected, that the reported trial data 
are accurate, complete and verifiable, and that the conduct 
of the trial is in compliance with the currently approved 
protocol/amendment(s), with International Conference on 
Harmonisation Good Clinical Practice (ICH GCP), and with 
applicable regulatory requirement(s).

Each clinical site will perform internal quality 
management of study conduct, data and biological 
specimen collection, documentation and completion. 
Independent audits will not be conducted for this pilot 
trial.

Harms
The antibiotics to be used in this study are azithromycin and 
metronidazole. Both drugs are EMA- approved and FDA- 
approved, commercially available and used in paediatric prac-
tice on a daily basis.45 46 Moreover, additional drugs will only 
be given to a subgroup of children hypothesised to need addi-
tional treatment, that is, high risk for relapse (and randomised 
to antibiotics) and children who do not reach remission at 
week 4. In clinical trials, most of the reported side effects of 
azithromycin were mild to moderate in severity and revers-
ible on discontinuation of the drug. Most side effects leading 
to discontinuation were related to the GI tract, for example, 
nausea, vomiting, diarrhoea or abdominal pain. Potentially 
serious side effects of angio- oedema and cholestatic jaundice 
were reported rarely. For metronidazole, the most common 
adverse reactions reported have been referable to the GI 
tract, particularly nausea, sometimes accompanied by head-
ache, anorexia and occasionally vomiting, diarrhoea, epigas-
tric distress, abdominal cramping and constipation. Persistent 
peripheral neuropathy has been reported in some patients 
receiving prolonged administration of metronidazole, 
patients should be specifically warned about these reactions 
and should be told to stop the drug and report immediately to 
their physicians if any neurologic symptoms occur.

(Serious) Adverse events will be monitored 
throughout the whole study and reported to overseeing 
authorities accordingly. If there are indications that 
the disadvantage of participation may be greater than 
described in the protocol, the study will be suspended 
pending a further positive decision by the accredited 
METC.

Commencement of trial
The first patient was enrolled on 13 August 2021 in The 
Netherlands. There are currently 13 participants in the 
study.

DISCUSSION
There is a high need for novel, effective and safe treat-
ment strategies to improve outcome of induction and 
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maintenance of remission in paediatric IBD. This pilot 
trial is the first step towards a full- scale trial, in which 
we propose to study personalised microbiome- targeted 
treatment to shift the microbiome towards a microbial 
signature associated with healthy state. Antibiotics are 
currently used in clinical practice in a wide range of 
IBD- complications but rarely in induction of remission. 
By identifying patients carrying microbiome signatures 
at high risk of flare and complicated disease course, 
microbiome- targeted therapy can be used early to improve 
induction of remission. If successful, in case of signs of 
mucosal inflammation and/or when there is a clinical 
disease flare, antibiotics in combination with standard 
dietary therapy could be preferentially used in children 
with a specific microbiome signature or who previously 
responded to these microbiome- targeted interventions. 
This study builds on, and directly addresses, key concerns 
identified in adult and paediatric cohorts, namely iden-
tifying triggers of disease development and flare, partic-
ularly impacted by diet. Reducing risks associated with 
uncontrolled disease as well as immunosuppressive 
treatment, and prioritising options with a more favour-
able safety profile are key targets in patient- participation 
efforts in the USA and Canada, both in adult and paedi-
atric patients.47–49

ETHICS AND DISSEMINATION
This study was approved by METC- AMC (2020- 803) and 
CCMO (NL71847.018.19) (The Netherlands) and by 
IWK Health Centre (1023054) (Halifax, Canada). The 
first version of this protocol was approved by North Caro-
lina Children’s Hospital (Chapel Hill, North Carolina, 
USA), Wolfson Medical Centre (Tel Aviv, Israel). The FDA 
(USA), Health Canada and Ministry of Health (Israel) 
have reviewed the protocol and approved it.

All important protocol amendments will be presented 
to the Medical Ethics Committee of the AUMC and other 
participating sites and will await approval before they are 
implemented. All study data will be handled confiden-
tially and coded with a unique study number. Only the 
research team will have access to the data. A data manage-
ment plan is available.

This study will comply with the NIH Data Sharing Policy 
and Policy on the Dissemination of NIH- Funded Clinical 
Trial Information and the Clinical Trials Registration 
and Results Information Submission rule. Data from this 
study may be requested by other researchers for 5 years 
after the completion of the primary outcome variable by 
contacting Dr Johan Van Limbergen (Amsterdam UMC). 
In addition, this study will comply with the NIH Genomic 
Data Sharing Policy, which applies to all NIH- funded 
research that generates large- scale human or non- human 
genomic data, as well as the use of these data for subse-
quent research.

Results will be published in international peer- reviewed 
journals and summaries will be provided to the funders of 
the study as well as patients and their parents/guardians

Patient and public involvement
There was no involvement of patients or the public in the 
design of this RCT.

PROTOCOL VERSION: 2 d.d. 9 November 2021.

Trial sponsor
Emma Children’s Hospital, Amsterdam University 
Medical Centres, Amsterdam, the Netherlands.

Meibergdreef 9, 1105 AZ, The Netherlands.

Author affiliations
1Department of Paediatric Gastroenterology and Nutrition, Amsterdam University 
Medical Centers - location University of Amsterdam, Emma Children's Hospital, 
Amsterdam, The Netherlands
2Tytgat Institute for Liver and Intestinal Research, Amsterdam Gastroenterology 
Endocrinology Metabolism, University of Amsterdam, Amsterdam, The Netherlands
3Amsterdam Reproduction & Development Research Institute, Paediatric 
Gastroenterology, Amsterdam, The Netherlands
4Department of Biology, Dalhousie University, Halifax, Nova Scotia, Canada
5Department of Paediatrics, Division of Hematology & Oncology, IWK Health Centre, 
Halifax, Nova Scotia, Canada
6Institute for Comparative Genomics, Dalhousie University, Halifax, Nova Scotia, 
Canada
7Department of Paediatrics, Dalhousie University, Halifax, Nova Scotia, Canada
8Department of Paediatrics, UCSF Benioff Children's Hospital, University of 
California, San Francisco, California, USA
9Department of Paediatrics, Children's Hospital of Pittsburgh of UPMC, Pittsburgh, 
Pennsylvania, USA
10Division of Paediatric Gastroenterology, UNC Children’s Hospital, The University of 
North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA
11Integrated Microbiome Resource (IMR) and Department of Pharmacology, 
Dalhousie University, Halifax, Nova Scotia, Canada
12Department of Surgery, University of Bonn, Bonn, Nordrhein- Westfalen, Germany

Contributors JVL is the principal investigator, designed the study, wrote the 
protocol, obtained funding, will contribute to bioinformatics analysis and supervised 
drafting of the manuscript. CMV participated in writing the protocol, coordinated the 
study and wrote the manuscript. KAD participated in writing the protocol, performed 
the bioinformatics analysis and wrote the manuscript. AO participated in writing the 
protocol, is a site- principal investigator and contributed to writing the manuscript. 
SV, WS, FS and TdM are site- principal investigators and contributed to writing the 
manuscript. AC and ML will contribute to the bioinformatics analysis and writing the 
manuscript. MH, WdJ and MAB contributed to drafting the manuscript.

Funding This work was supported by Crohn’s and Colitis Foundation of America, 
Pro- Kiids award number 585718 and by the 'Wetenschappelijke Adviesraad Emma 
Kinderziekenhuis'.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting or dissemination plans of this research.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Charlotte M Verburgt http://orcid.org/0000-0002-7198-0603

REFERENCES
 1 Kuenzig ME, Fung SG, Marderfeld L, et al. Twenty- First 

century trends in the global epidemiology of pediatric- onset 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7198-0603


8 Verburgt CM, et al. BMJ Open 2023;13:e064944. doi:10.1136/bmjopen-2022-064944

Open access 

inflammatory bowel disease: systematic review. Gastroenterology 
2022;162:1147–59.

 2 Rosen MJ, Dhawan A, Saeed SA. Inflammatory bowel disease in 
children and adolescents. JAMA Pediatr 2015;169:1053–60.

 3 Burgess CJ, Henderson P, Jones G- R, et al. Paediatric Patients (Less 
Than Age of 17 Years) Account for Less Than 1.5% of All Prevalent 
Inflammatory Bowel Disease Cases. J Pediatr Gastroenterol Nutr 
2020;71:521–3.

 4 Marcus SB, Strople JA, Neighbors K, et al. Fatigue and health- 
related quality of life in pediatric inflammatory bowel disease. Clin 
Gastroenterol Hepatol 2009;7:554–61.

 5 Kellermayer R, Zilbauer M. The gut microbiome and the triple 
environmental hit concept of inflammatory bowel disease 
pathogenesis. J Pediatr Gastroenterol Nutr 2020;71:589–95.

 6 Jostins L, Ripke S, Weersma RK, et al. Host- Microbe interactions 
have shaped the genetic architecture of inflammatory bowel disease. 
Nature 2012;491:119–24.

 7 Glassner KL, Abraham BP, Quigley EMM. The microbiome and 
inflammatory bowel disease. J Allergy Clin Immunol 2020;145:16–27.

 8 Duvallet C, Gibbons SM, Gurry T, et al. Meta- Analysis of gut 
microbiome studies identifies disease- specific and shared 
responses. Nat Commun 2017;8:1784.

 9 Gevers D, Kugathasan S, Denson LA, et al. The treatment- naive 
microbiome in new- onset Crohn's disease. Cell Host Microbe 
2014;15:382–92.

 10 Sartor RB, Wu GD, . Roles for intestinal bacteria, viruses, and fungi 
in pathogenesis of inflammatory bowel diseases and therapeutic 
approaches. Gastroenterology 2017;152:327–39.

 11 Rath HC, Ikeda JS, Linde HJ, et al. Varying cecal bacterial 
loads influences colitis and gastritis in HLA- B27 transgenic rats. 
Gastroenterology 1999;116:310–9.

 12 Kim SC, Tonkonogy SL, Albright CA, et al. Variable phenotypes 
of enterocolitis in interleukin 10- deficient mice monoassociated 
with two different commensal bacteria. Gastroenterology 
2005;128:891–906.

 13 Baumgart DC, Sandborn WJ. Crohn’s disease. Lancet 
2012;380:1590–605.

 14 Kedia S, Ghosh TS, Jain S, et al. Gut microbiome diversity in acute 
severe colitis is distinct from mild to moderate ulcerative colitis. J 
Gastroenterol Hepatol 2021;36:731- 739.

 15 De Cruz P, Kang S, Wagner J, et al. Association between specific 
mucosa- associated microbiota in Crohn's disease at the time 
of resection and subsequent disease recurrence: a pilot study. J 
Gastroenterol Hepatol 2015;30:268–78.

 16 Shah SC, Colombel J- F, Sands BE, et al. Systematic review with 
meta- analysis: mucosal healing is associated with improved 
long- term outcomes in Crohn's disease. Aliment Pharmacol Ther 
2016;43:317–33.

 17 van Rheenen PF, Aloi M, Assa A, et al. The medical management of 
paediatric Crohn's disease: an ECCO- ESPGHAN guideline update. 
J Crohns Colitis 2020. doi:10.1093/ecco-jcc/jjaa161. [Epub ahead of 
print: 07 Oct 2020].

 18 Levine A, Wine E, Assa A, et al. Crohn's disease exclusion diet plus 
partial enteral nutrition induces sustained remission in a randomized 
controlled trial. Gastroenterology 2019;157:440–50.

 19 Jongsma MME, Aardoom MA, Cozijnsen MA, et al. First- Line 
treatment with infliximab versus conventional treatment in children 
with newly diagnosed moderate- to- severe Crohn's disease: an open- 
label multicentre randomised controlled trial. Gut 2022;71:34–42.

 20 D'Haens GR, van Deventer S. 25 years of anti- TNF treatment for 
inflammatory bowel disease: lessons from the past and a look to the 
future. Gut 2021;70:1396–405.

 21 Perencevich M, Burakoff R. Use of antibiotics in the treatment of 
inflammatory bowel disease. Inflamm Bowel Dis 2006;12:651–64.

 22 Townsend CM, Parker CE, MacDonald JK, et al. Antibiotics for 
induction and maintenance of remission in Crohn's disease. 
Cochrane Database Syst Rev 2019;2:Cd012730.

 23 Verburgt CM, Heutink WP, Kuilboer LIM, et al. Antibiotics in pediatric 
inflammatory bowel diseases: a systematic review. Expert Rev 
Gastroenterol Hepatol 2021;15:891–908.

 24 Levine A, Kori M, Kierkus J, et al. Azithromycin and metronidazole 
versus metronidazole- based therapy for the induction of remission 
in mild to moderate paediatric Crohn's disease : a randomised 
controlled trial. Gut 2019;68:239–47.

 25 Lewis JD, Chen EZ, Baldassano RN, et al. Inflammation, antibiotics, 
and diet as environmental stressors of the gut microbiome in 
pediatric Crohn's disease. Cell Host Microbe 2015;18:489–500.

 26 Hart L, Verburgt CM, Wine E, et al. Nutritional therapies and their 
influence on the intestinal microbiome in pediatric inflammatory 
bowel disease. Nutrients 2022;14:4.

 27 Verburgt CM, Dunn KA, Van Limbergen JE. Dietary Therapy Reduces 
Pro- inflammatory Microbiome Features in Paediatric Crohn’s 
Disease. J Crohns Colitis 2022;16:682–4.

 28 Verburgt CM, Dunn KA, Ghiboub M, et al. Successful dietary therapy 
in paediatric Crohn's disease is associated with shifts in bacterial 
dysbiosis and inflammatory Metabotype towards healthy controls. J 
Crohns Colitis 2022. doi:10.1093/ecco-jcc/jjac105. [Epub ahead of 
print: 15 Sep 2022].

 29 Mondot S, Lepage P, Seksik P, et al. Structural robustness of the gut 
mucosal microbiota is associated with Crohn's disease remission 
after surgery. Gut 2016;65:954–62.

 30 Dunn KA, Moore- Connors J, MacIntyre B, et al. Early changes 
in microbial community structure are associated with sustained 
remission after nutritional treatment of pediatric Crohn's disease. 
Inflamm Bowel Dis 2016;22:2853–62.

 31 Jones CMA, Connors J, Dunn KA, et al. Bacterial taxa and 
functions are predictive of sustained remission following exclusive 
enteral nutrition in pediatric Crohn's disease. Inflamm Bowel Dis 
2020;26:1026–37.

 32 Ananthakrishnan AN, Luo C, Yajnik V, et al. Gut microbiome function 
predicts response to Anti- integrin biologic therapy in inflammatory 
bowel diseases. Cell Host Microbe 2017;21:603–10.

 33 Verburgt C, Dunn K, Bielawski J, et al. OP32 Stool microbiome 
communities predict remission in treatment- naïve Pediatric 
Crohn’s Disease patients. Journal of Crohn's and Colitis 
2021;15:S030–S30.

 34 Levine A, Koletzko S, Turner D, et al. ESPGHAN revised Porto criteria 
for the diagnosis of inflammatory bowel disease in children and 
adolescents. J Pediatr Gastroenterol Nutr 2014;58:795–806.

 35 Ghiboub M, Penny S, Verburgt CM, et al. Metabolome changes 
with diet- induced remission in pediatric Crohn's disease. 
Gastroenterology 2022;163:922–36.

 36 Levine A, Sigall Boneh R, Wine E. Evolving role of diet in the 
pathogenesis and treatment of inflammatory bowel diseases. Gut 
2018;67:1726–38.

 37 Høiby N, Bjarnsholt T, Givskov M, et al. Antibiotic resistance of 
bacterial biofilms. Int J Antimicrob Agents 2010;35:322–32.

 38 Lutz L, Pereira DC, Paiva RM, et al. Macrolides decrease the 
minimal inhibitory concentration of anti- pseudomonal agents against 
Pseudomonas aeruginosa from cystic fibrosis patients in biofilm. 
BMC Microbiol 2012;12:196.

 39 Darfeuille- Michaud A, Boudeau J, Bulois P, et al. High prevalence of 
adherent- invasive Escherichia coli associated with ileal mucosa in 
Crohn's disease. Gastroenterology 2004;127:412–21.

 40 Haisma S- M, Lijftogt T, Kindermann A, et al. Methotrexate for 
maintaining remission in paediatric Crohn's patients with prior failure 
or intolerance to thiopurines: a multicenter cohort study. J Crohns 
Colitis 2015;9:305–11.

 41 Turner D, Doveh E, Cohen A, et al. Efficacy of oral methotrexate in 
paediatric Crohn's disease: a multicentre propensity score study. Gut 
2015;64:1898–904.

 42 Duncan H, Buchanan E, Cardigan T, et al. A retrospective study 
showing maintenance treatment options for paediatric CD in the 
first year following diagnosis after induction of remission with 
Een: supplemental enteral nutrition is better than nothing! BMC 
Gastroenterol 2014;14:50.

 43 Frivolt K, Schwerd T, Werkstetter KJ, et al. Repeated exclusive 
enteral nutrition in the treatment of paediatric Crohn's disease: 
predictors of efficacy and outcome. Aliment Pharmacol Ther 
2014;39:1398–407.

 44 Walters TD, Kim M- O, Denson LA, et al. Increased effectiveness 
of early therapy with anti- tumor necrosis factor-α vs an 
immunomodulator in children with Crohn's disease. Gastroenterology 
2014;146:383–91.

 45 Pfizer. Zithromax (Azithromycin), 2017. Available: https://www. 
accessdata.fda.gov/drugsatfda_docs/label/2017/050670s032, 
050710s046,050711s043,050784s030lbl.pdf

 46 Pharmacia. Flagyl (metronidazole tablets), 2003. Available: https://
www.accessdata.fda.gov/drugsatfda_docs/label/2004/12623slr059_ 
flagyl_lbl.pdf

 47 Grant A, Crane M, Laupacis A, et al. Engaging patients and 
caregivers in research for pediatric inflammatory bowel 
disease: top 10 research priorities. J Pediatr Gastroenterol Nutr 
2019;69:317–23.

 48 Canadian children IBD network, 2019. Available: https://cidscann.ca/ 
patient-engagement/

 49 Crohn’s & Colitis Foundation. Top patient priorities for research, 
2020. Available: https://www.crohnscolitisfoundation.org/blog/ 
addressing-top-patient-concerns-through-ibd-research

http://dx.doi.org/10.1053/j.gastro.2021.12.282
http://dx.doi.org/10.1001/jamapediatrics.2015.1982
http://dx.doi.org/10.1097/MPG.0000000000002842
http://dx.doi.org/10.1016/j.cgh.2009.01.022
http://dx.doi.org/10.1016/j.cgh.2009.01.022
http://dx.doi.org/10.1097/MPG.0000000000002908
http://dx.doi.org/10.1038/nature11582
http://dx.doi.org/10.1016/j.jaci.2019.11.003
http://dx.doi.org/10.1038/s41467-017-01973-8
http://dx.doi.org/10.1016/j.chom.2014.02.005
http://dx.doi.org/10.1053/j.gastro.2016.10.012
http://dx.doi.org/10.1016/S0016-5085(99)70127-7
http://dx.doi.org/10.1053/j.gastro.2005.02.009
http://dx.doi.org/10.1016/S0140-6736(12)60026-9
http://dx.doi.org/10.1111/jgh.15232
http://dx.doi.org/10.1111/jgh.15232
http://dx.doi.org/10.1111/jgh.12694
http://dx.doi.org/10.1111/jgh.12694
http://dx.doi.org/10.1111/apt.13475
http://dx.doi.org/10.1093/ecco-jcc/jjaa161
http://dx.doi.org/10.1053/j.gastro.2019.04.021
http://dx.doi.org/10.1136/gutjnl-2020-322339
http://dx.doi.org/10.1136/gutjnl-2019-320022
http://dx.doi.org/10.1097/01.MIB.0000225330.38119.c7
http://dx.doi.org/10.1002/14651858.CD012730.pub2
http://dx.doi.org/10.1080/17474124.2021.1940956
http://dx.doi.org/10.1080/17474124.2021.1940956
http://dx.doi.org/10.1136/gutjnl-2017-315199
http://dx.doi.org/10.1016/j.chom.2015.09.008
http://dx.doi.org/10.3390/nu14010004
http://dx.doi.org/10.1093/ecco-jcc/jjab197
http://dx.doi.org/10.1093/ecco-jcc/jjac105
http://dx.doi.org/10.1093/ecco-jcc/jjac105
http://dx.doi.org/10.1136/gutjnl-2015-309184
http://dx.doi.org/10.1097/MIB.0000000000000956
http://dx.doi.org/10.1093/ibd/izaa001
http://dx.doi.org/10.1016/j.chom.2017.04.010
http://dx.doi.org/10.1093/ecco-jcc/jjab075.031
http://dx.doi.org/10.1097/MPG.0000000000000239
http://dx.doi.org/10.1053/j.gastro.2022.05.050
http://dx.doi.org/10.1136/gutjnl-2017-315866
http://dx.doi.org/10.1016/j.ijantimicag.2009.12.011
http://dx.doi.org/10.1186/1471-2180-12-196
http://dx.doi.org/10.1053/j.gastro.2004.04.061
http://dx.doi.org/10.1093/ecco-jcc/jjv031
http://dx.doi.org/10.1093/ecco-jcc/jjv031
http://dx.doi.org/10.1136/gutjnl-2014-307964
http://dx.doi.org/10.1186/1471-230X-14-50
http://dx.doi.org/10.1186/1471-230X-14-50
http://dx.doi.org/10.1111/apt.12770
http://dx.doi.org/10.1053/j.gastro.2013.10.027
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/050670s032,050710s046,050711s043,050784s030lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/050670s032,050710s046,050711s043,050784s030lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/050670s032,050710s046,050711s043,050784s030lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2004/12623slr059_flagyl_lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2004/12623slr059_flagyl_lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2004/12623slr059_flagyl_lbl.pdf
http://dx.doi.org/10.1097/MPG.0000000000002396
https://cidscann.ca/patient-engagement/
https://cidscann.ca/patient-engagement/
https://www.crohnscolitisfoundation.org/blog/addressing-top-patient-concerns-through-ibd-research
https://www.crohnscolitisfoundation.org/blog/addressing-top-patient-concerns-through-ibd-research

	Personalised azithromycin+metronidazole (PAZAZ), in combination with standard induction therapy, to achieve a faecal microbiome community structure and metagenome changes associated with sustained remission in paediatric Crohn’s disease (CD): protocol of 
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Study design
	Participants
	Informed consent procedure

	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Treatment groups
	Standard-of-care induction treatment
	Possible add-on intervention
	Maintenance treatment
	Timeline and follow-up
	Feasibility
	Adherence
	Outcomes
	Primary outcome
	Secondary and exploratory outcomes

	Sample size
	Randomisation
	Statistical analysis
	Limitations
	Monitoring
	Data monitoring and audits
	Harms

	Commencement of trial

	Discussion
	Ethics and dissemination
	Patient and public involvement
	Trial sponsor

	References


