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STUDY ABSTRACT (BRIEF SUMMARY)

This study examines the impact of chlorinated public drinking water on the assembly of the infant gut microbiome. 

The addition of chlorine or hypochlorite to metropolitan drinking water is one of the most effective means to deliver safe drinkable water because it produces a residual disinfectant that persists within the distribution system. Levels of chlorine used to treat metropolitan water are considered safe for the individual based on toxicity studies. However, to our knowledge there have been no studies examining whether levels of persistent chlorine exposure from tap water is also safe for the ecosystem of microorganisms that colonise the gastrointestinal tract. Chlorine has potent anti-microbial properties, and potentially forms disinfection by-products that can disrupt the intestinal microbiome in early childhood. Persistent exposure to low levels of chlorine may be a hitherto unrecognised risk factor for gut dysbiosis.

This project will examine whether tap water effects the natural spatial and temporal organization of the gut microbiome during infancy and early childhood. Using a randomised controlled study design, we will install a water filtration system within homes that removes residual chlorine from tap water and compare longitudinal changes in microbiome assembly from 6 months of age through to 18 months of age between chlorinated water and de-chlorinated water exposed groups. Our hypothesis is that persistent low-level exposure to residual chlorine in early childhood may alter stereotypical colonisation patterns by ‘selecting’ for particular species. This study will quantify this using metagenomics technology and examine novel links with health outcomes. 

Stakeholders in this research include State Department of Health, the Water Corporation as well as a unique industry partnership with Microba©, a personalized metagenomics testing company. 

AIM: The primary aim of this study is to assess the effect of chlorinated drinking water on the intestinal microbiome colonization patterns in healthy infants at 6 months, 12 months and 18 months.

A secondary aim of the study is to assess whether chlorinated drinking water microbiome signatures are associated with child health outcomes at 12 months and 2.5 years

HYPOTHESIS:  Both human and animal studies suggest water quality can impact the intestinal microbiome, either through the direct anti-microbial effects of chlorine or indirectly through the production of chlorine-based disinfection by-products. We hypothesise that: 
1. Filtering chlorine-based residuals from domestic tap water will influence gut colonisation patters in young children by promoting species’ richness and diversity.
2. Increased species richness and diversity will be associated with improved health outcomes related to atopy and allergic predisposition at 12-months and 2.5 years of age.
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1. BACKGROUND
This study will investigate whether persistent exposure to chlorine levels in public drinking water causes gut dysbiosis, a health issue that has now been linked to a wide range of paediatric disorders (1), as well as increasing the risk for chronic diseases in adulthood (2). Infants may experience an elevated risk of developing inflammatory diseases (outlined below) when exposed to microbial dysbiosis in early life (3). The infant microbiome is a complex ecosystem of microorganisms (bacteria, fungi, protozoans) that interact in a spatially and temporally structured environment within the gastrointestinal (GI) tract. We now have a good appreciation of the essential duties that gut microbes play related to digestion, homeostasis of the immune system and the production of metabolites that influence cognitive function and behaviour (4). Research shows that infants rely on colonisation of the gut with commensal microorganisms to support normal development of gastrointestinal, immunological, neurological and metabolic systems (5). The succession of species colonising the gut during the first few years of life is highly influenced by environmental factors, and assembly of the infant gut microbiome sets the scene for the adult microbiome (6). 

Dysbiosis of the gut microbiome causes a state of ecological imbalance when the microbial community loses key taxa, diversity and/or metabolic capacity. This can lead to the bloom of opportunistic pathogens and health consequences in early life. The development of the gut microbiota in infancy is a time of increased sensitivity to disturbances, which may cause immune disease (4). Microbiome research has intensified over the last decade and reduced diversity of clinically relevant taxa have been associated with rising rates of paediatric constipation and resistant strains of clostridium difficile (7), atopic dermatitis (8), the development of IgE-mediated food allergy (9), childhood obesity (10) and autism spectrum disorders (11).

[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Burden of disease: Allergy is the most common and earliest manifestation of the vulnerability of the immune system to modern environmental change.  Thirty to forty percent (30-40%) of the world’s population is affected by one or more allergic disease. In Australia alone the economic cost (including indirect costs) is more than $30 billion annually.  The greatest burden of this ‘epidemic’ is in pre-school children, with more than 20% of 1 year-olds now sensitised to foods, over 25% with eczema  and over 25% with subsequent asthma (12). The parallel increase in other immune diseases and inflammatory noncommunicable diseases (NCDs) (13), strongly suggests common modern risk factors, such as the many lifestyle changes operating to reduce diversity of commensal microbiota. Our study will therefore have wider implications for many of these other inflammatory non-communicable diseases (NCDs). 

Chlorine-based disinfectants are widely used around the world due to their potent anti-microbial properties which prevent the spread of waterborne disease (14). Although several alternative methods for disinfecting public drinking water exist, chlorine has a major advantage in that it produces a residual disinfectant that is moderately persistent in the distribution system (15). Chlorine has an excellent safety profile based on years of extensive testing, yet this now needs to be re-evaluated given revolutionary changes in microbiome sequencing technology that have allowed us to understand the unique ways in which microbiomes influence health. Chlorine or hypochlorite added to metropolitan drinking water is highly toxic to microorganisms and prevents the spread of waterborne disease. In water, chlorine reacts to form hypochlorous acid (HOCl), a very effective disinfectant. Although there are several alternative methods for disinfecting drinking water, chlorine has a major advantage in that it produces a residual disinfectant that is moderately persistent (15). This has the effect of maintaining a disinfection residual within the distribution system, or in other words, converting the water supply into a low level antibiotic. Chlorination of water has been so successful in reducing the incidence of gastrointestinal infections due to contaminated water, no doubt saving countless lives, that its widespread use is commonplace. However, the safety profile of residual chlorine in drinking water has only been considered in the context of toxicity, meaning that while we know it is safe for the individual, we have not yet considered that it may be toxic to the billions of microorganisms that colonise the gut. There is a need to investigate more subtle effects on gastrointestinal development in children, in light of new developments and understandings surrounding the importance of the microbiome in health and the protection from chronic disease. 

Key observations that support the rationale for this study:
· Evidence from mouse studies demonstrate that ingested disinfection by-products are associated with changes in faecal microbial diversity characterised by an elevated relative abundance of Bacteroidetes and changes in the ratio of Firmicutes/Bacteroidetes in a dose dependent manner (16).
· In one mouse study, prolonged exposure to chlorinated tap water reduced the number of C.Perfringens, C.Difficile, Enterobacteriacea and Staphylococcus counts in faecal samples (17).
· A recent metagenomic analysis of faecal samples from 60 healthy twins sampled from 0 – 8 months of life reported associations between domestic water sources and associated microbial signatures (18). Tap water exposure predicted a decrease in Enterobacteriacea, glycogen degradation pathways and homolactic fermentation.
· [bookmark: OLE_LINK39][bookmark: OLE_LINK40]Declining microbial diversity, particularly in the gut, is implicated in the dramatic increase in allergy and other inflammatory and immune diseases (6). 

With evidence that infant gut colonisation patterns set the scene for the adult microbiome, it is necessary to establish whether current acceptable residual chlorine levels are appropriate for promoting gut health in children. 

Infant feeding guidelines
	The National Health and Medical Research Council provide guidelines on infant feeding and advise boiling water (which removes chlorine) given to infants until 12-months of age, after which time unboiled tap water is recommended (15). These guidelines are not based on empirical evidence and current microbiome studies suggest the intestinal microbiome does not reach maturity until three years of age (4). This study will help determine whether public recommendations to introduced chlorinated tap water into the infant diet at 12-months are safe for the microbial ecology of the gut.

Safety profile of chlorine
Public drinking water is safe for people of all ages, including children over six months of age and the elderly. In Australia, the National standard mandates that levels of chlorine in the water scheme should not exceed 5 mg/L (15), which is consistent with guideline values recommended by the World Health Organisation (WHO) (19). These guidelines were established in 1993 as a conservative value based on extensive animal testing and human observational studies. Animal studies in numerous different rodent models over short and long exposure periods and over a range of doses suggest that the chlorine levels in public drinking water are safe. The safety profile of chlorine has been examined using end-points of animal physiology, carcinogenicity, reproductive effects, teratogenicity, and embryotoxicity (19).
There have been more recent concerns around the world surrounding chlorination by-products created during water disinfection. Chlorine reacts with certain natural organic material in water supplies to form trihalomethanes (THMs) including chloroform, bromodichloromethane, dibromochloromethane, and bromoform (20). These by-products have been found to be fairly ubiquitous and can reach levels as high as 160 µg/L (20). Since the discovery of THMs in the 1970s, epidemiological studies have suggested associations between the exposure to elevated levels of THMs and bladder cancer (21), miscarriage (22), and babies being born small for their gestational age (23). Overall, these studies suggest small positive effects on disease risk, and that the magnitude of absolute risk is difficult to ascertain as most studies report odds ratios rather than relative risks. Studies are associative in nature and subject to confounding, although the biological plausibility for potential toxic effects of THMs is clear, as these compounds are easily absorbed through the skin, lungs, and gut. After extensive expert evaluation of every major scientific evaluation, the International Agency for Research on Cancer (IARC) has concluded that there is not enough evidence to prove that THMs pose a health risk, yet research is ongoing.

Central hypothesis: 
Continual exposure to chlorinated tap water over a period of twelve months modifies the spatiotemporal assembly of the infant gut microbiome, potentially predisposing to gut dysbiosis and atopic diseases in early childhood. We propose that:
· Filtration of chlorine residuals from public drinking water will cause a detectable change in the species colonising the enteric system from 6 months to 18 months of age.
· Chlorine and other constituents in the W.A. water supply have a dose-dependent effect on the observed number of taxonomic units of particular microbial species observed in faecal samples. 
· Chlorine-associated microbial signatures are associated with increased incidence of atopic disease in early childhood. 

We propose the first randomized controlled trial (RCT) to determine if removing chlorine residuals from the water supply will change the natural development of the infant gut microbiome. This will potentially influence the developing human immune system and the predisposition to atopic disease. For the first time in humans, this work will establish current infant feeding guidelines are optimal for promoting gut health and preventing atopic diseases.

Significance and originality: 
This study addresses a potentially unrecognized risk factor for dysbiosis of the intestinal microbiota in early childhood. It explores the impact of residual chlorine disinfectants and other water quality parameters in the public drinking water supply on the natural assembly of the gut microbiome in early childhood. New research has demonstrated domestic water source correlates with gut microbiomes in infancy suggesting water quality may be an underappreciated determinant of microbiome acquisition (18). Short-term outcome from this study will provide foundational evidence about the appropriateness of current National guidelines on infant feeding recommendations for promoting gut health. This study involves the Water Corporation and WA Department of Health as key stakeholders. Longer term impacts from this work may help drive novel innovations in modern water treatment. The NHMRC mandates the requirements for safe drinking water, including the acceptable limits of chlorine based disinfectant residuals. Current limits are based on World Health Organization recommendations. This study aims to address whether current levels of residual chlorine deemed acceptable are appropriate for optimizing gut health in young children. In some parts of the world, efforts are already underway to explore alternative strategies including combinations of alternative primary disinfectants (UV, ozone) in combination with chloramines as secondary disinfectants to reduce residual levels of chlorine (24). 

[bookmark: _Toc103151338] STUDY RESEARCH PLAN:
[bookmark: _Toc103151339]Aim
A1 - To assess the effect of chlorinated drinking water on the longitudinal change in gut microbiota from 6 months to 18 months of age.
 A2 - and explore potential links to the development of atopic disease in early life. 

[bookmark: _Toc103151340]Study Design
Randomised controlled double-blinded trial.  

Sample size
Two hundred and twenty (220) infants will be randomised to receive one of two drinking water regimes – de-chlorinated (filtered) water (intervention group), or normal tap water (control group). 

Study duration
The participating infants will be followed up until 18 months of age. We anticipate the trial will run for three years.

[bookmark: _Toc103151341]Study Sites
The Joondalup Health Campus, Joondalup, Western Australia, will be the main site for recruitment, randomisation and follow-up.  
[bookmark: _Toc103151342]
Eligibility Criteria
[bookmark: _Toc103151343]We are recruiting healthy, six-month old infants into the study
[bookmark: _Toc103151344]Inclusion Criteria
· Born term
· Without congenital birth defects
· Are intending on remaining in the Perth metropolitan area for the next two years to the best of their knowledge 
· Speak English as the primary language at home
· Happy to use the study supplied water filter to prepare drinks for their infants for the duration of the study

Exclusion Criteria
· Currently enrolled in another dietary intervention study
· Has received a course of antibiotics since birth
· Currently receiving water from a private supply
· Currently using or planning to use an installed water filter (connects to the mains) to prepare drinks for their infants for the duration of the study
· Currently using or planning to use bottled water to prepare drinks for their infants within the next two years.
· Planning on using a child-care facility for 3 or more days/wk during the intervention period
· Planning an overseas trip for more than one month during the intervention period

Screening and consent process for participants
Screening and consent processes will comply with CONSORT guidelines. Mothers enrolled in the ORIGINS study with five-month-old infants will be initially contacted about the study via text message asking if they would review our 2-minute recruitment video (Appendix H) and asked if they are interested in being contacted about this study. Responses will be recorded at the end of the video in our secure REDCAP database. Those who express interest will be contacted by telephone by a member of the TUMS team who will conduct an eligibility screen (Appendix D). Basic demographic information will be collected during eligibility screen to comply with CONSORT guidelines.

Eligible families will be provided with a participant information sheet about this study by email (Appendix B). One-to-two weeks later, a study team member will make telephone contact with the families to answer any additional questions and determine if they wish to participate. Parents who wish to participate will arrange a time for our investigator to visit their home to give an overview of the study, answer any questions and record consent into the study (Appendix C). Consented participants will complete the study entry questionnaire (Appendix E) and be randomized on the spot to the treatment or control arm of the study (A or B allocation, investigator blinded). Our investigator will install the correct water filter unit (A or B) and demonstrate the Microba kits.
[image: ]
Figure 1 – overview of screening and consent process for participants. Flow chart shows the screening and consent process with associated questionnaires for each stage.

[bookmark: _Toc103151345]Randomisation
Each eligible infant will be allocated to one of two groups using minimisation and assigned a unique study number according to a randomisation schedule. The randomisation schedule will be computer-generated and stratified by mode of birth, sex and breastfeeding. The randomisation schedule will be produced by dedicated software (QMinim) and the investigators will be blinded to groups. The group codes will be maintained by an independent party. If unblinding is required for medical reasons in the interest of the participating infant’s ongoing health care, then the infant’s general practitioner or specialist medical officer can contact the research team who will request unblinding. Investigators and participants will not be unblinded until all the children have completed their 18 month of microbiome assessment. 

Intervention
[bookmark: _Toc103151347]Study Trial Product
The study trial product is a benchtop water filtration device (Multipure Drinking Water Systems) that fits to kitchen faucet and is easily removed. Multipure Drinking Water Systems filter and housing units are tested according to NSF/ANSI Standard 42 (Aesthetic Effects) and Standard 53 (Health Effects) [certification #C0303273]. Multipure drinking water systems are designed to be used where the water is microbiologically safe and has been adequately disinfected. The intervention group will receive housing units containing the Hi-Tech Optimizer carbon filtration blocks that are rated to reduce >97% of chloramines and >99% of chlorine, but do not remove fluoride. The control group will receive identical housing units that contain a sediment only filter that removes large particles but does not alter the chemical composition of tap water.

Both the intervention and control filters will be supplied by Pure Water Systems, Australia. This is an investigator-initiated project and Pure Water Systems is only providing the product and no other funding. 
[bookmark: _Toc103151350]
Blinding of the filter units:
To maintain the blind, the filtration units look identical and will be distributed to the TUMS team to install in participant homes by the independent randomization party without notifying of the internal filter unit.


Duration of Intervention
The intervention will start from study entry at 6 months of age and continue until 18 months of age. Participants will be instructed to maintain normal drinking water habits over this time. 

We have chosen our intervention period to reflect current NHMRC infant feeding guidelines which recommend the introduction of chlorinated water from 12 months of age. Therefore, our baseline sample of the microbiome at 6 months reflects a timepoint where we expect little to no chlorine exposure, and our community survey of origins participants suggests this to be the case. We are cognizant that some families will not be aware of the guidelines and we will also collect information on age of chlorinated tap water introduction and perform sensitivity analyses. 

The intervention period lasts for 12-months which represents a pragmatic study design as the filter cartridges are rated for 12-months or 5,000 litres.   
 
[bookmark: _Toc103151351]Compliance
Compliance with the use of the water filters will be assessed by questionnaire given at regular 3-monthly intervals during the intervention period. Parents will be asked to record their child’s average daily intake of water in cups, and the amount of time spent outside the home (daycare, relatives house etc) from which we will calculate a compliance variable.

Outcome Assessments
Primary outcome
The primary outcome will be change in the microbiome measured on fecal samples collected
· At 6 months, 12 months and 18 months of age (primary timepoint).

Secondary clinical outcomes
As part of the ORIGINS study clinical assessments are performed at JHC at 12-months and 2.5 years of age. We will request access to the ORIGINS databank on the following clinical outcomes for TUMS participants:
· Sensitisation to foods (egg, milk, peanut) and inhalant allergens (house dust mite, grasses, dog, cat and cockroach at 1 and 2.5 years of age), measured by skin prick test.
· IgE-mediated food allergies (egg, milk or peanut at 1 and 2.5 years of age).
· Atopic eczema and SCORAD assessments (at 1 and 2.5 years of age).
· Recurrent wheeze (at 1 and 2.5 years of age)
· Height (cm), weight (kg), head circumference (cm) and body mass index (kg/cm) (at 1 and 2.5 years of age)
· Constipation (at 1 and 2.5 years of age)
· Hospitalisations (at 1 and 2.5 years of age)

These clinical outcomes will be ascertained through the ORIGINS databank from study specific questionnaires as TUMS does not conduct clinical assessments. 

[bookmark: _Toc103151353] STUDY PROCEDURES AT EACH VISIT
Please refer to a tabulated summary overview of all procedures at various time points (page 12).

[bookmark: _Toc103151354]Enrolment and study entry (6 months of age)
1. Informed consent after eligibility confirmed.
2. Baseline data, including basic use of any prescribed medications, breastfeeding and formula feeding information will be obtained from study entry questionnaire (Appendix E). 
3. Randomisation to treatment assignment 
4. Supply of water filters
5. Supply of first microbiome testing kit.

[bookmark: _Toc103151355]Telephone calls (6 months and 9 months of age)
Eligible families will be telephoned at 6 months of age to assess eligibility for study recruitment. A follow-up telephone call will be made to book a recruitment visit at home. Another telephone call will be made to book a time for our research team to visit the property and collect a tap water sample for chemical analysis. 

[bookmark: _Toc103151357]Home water survey (9 months, 12 months and 15 months of age)
1. These questionnaires will be used to encourage and assess compliance with the water filters and ascertain any exclusion criteria such health issues requiring antibiotics, or adverse symptoms. 
2. Data will also be collected to prospectively capture information on infant exposure to chlorine from other sources (swimming pools, chemical disinfectants for bottles).

Faecal sample (at 6 months, 12 months and 18 months of age)
1. Participants will be mailed a stool collection kit.
2. Parent will use the swab to collect a faecal sample from the infant’s nappy. 
3. [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Supplied reply-paid envelopes will be used to post the swabs to Microba labs 


CLINICAL DEFINITIONS (AT 12M AND 2.5Y, AS DEFINED BY ORIGINS TEAM)
Clinical outcomes are assessed as part of the Origins study and the following variables will be requested from the Origins databank:
1. Eczema will be defined by typical skin lesions responsive to topical steroids. The extent and severity of the eczema was determined by the standardized SCORAD severity index.
2. Sensitisation: will be defined as a positive skin prick test with mean weal diameter ≥3mm to an allergen. If the child has any positive skin prick test results the medical practitioner or physician will also be responsible for advising the parent/guardian on whether the child will need to avoid that allergen and referring to the paediatric allergy clinic for further management and advice.
3. IgE-mediated food allergy: will be based on as a history of immediate IgE-mediated symptoms (within 60 minutes of food ingestion) including angioedema, urticaria, cough, wheeze, stridor, vomiting, diarrhoea and/or cardiovascular symptoms and specific IgE (sensitisation) to the same food detected by skin prick test (SPT).
4. Recurrent wheeze (ages 1 – 2.5 years): will be based on a history of recurrent wheeze that was demonstrated to be responsive to bronchodilator medications.
5. Allergic rhinitis (ages 1 – 2.5 years): will be defined as a history of sneezing, or a runny, or blocked nose accompanied by itchy-watery eyes when there have not been symptoms to suggest an upper respiratory tract infection. 



Summary of Samples and Procedures:
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SAMPLING, METHODS AND LABORATORY STUDIES
Faecal sampling
Families will be mailed a proprietary faecal collection kit containing a swab, instructions and a supply paid envelope. The kits contain a unique registration ID and parents will activate the kit using this number online. Parents will then collect a swab of faecal matter from baby’s nappy and seal it in the supplied swab container. This will then be sealed in the reply-paid envelope and mailed to Microba labs for metagenomic testing. Stool samples will be analysed for microbiome profiling and metabolic potential. 

DNA testing
DNA or tissue form which DNA can be derived will be requested from the ORIGINS biobank. We will use this DNA to genotype the mutated FUT2 allele (rs601338 G -> A) using pyrosequencing, which will be outsourced to Australian Genome Research Facility. Mutation of the FUT2 allele is a benign and common variant in many populations and known to alter the composition of human milk oligosaccharides which influences the infant microbiome. This information will be used to limit potential confounding in the statistical analysis of microbiome data. 

Microbiome testing
Microbiome testing will be performed on stool samples. We will use culture-independent techniques to provide not only provide qualitative and quantitative information on bacterial species, but also on microbial diversity and ordination. We will use metagenomics analysis which sequences all DNA nucleotides recovered from a stool sample.  
This will entail DNA extraction from stool, PCR amplification, and next generation sequencing will be performed. Denoising, chimera removal and complete linkage clustering of sequences into Operational Taxonomic Units (OTUs) will be performed with R statistical package using out high-performance computing environment.

[bookmark: OLE_LINK31][bookmark: OLE_LINK32]
[bookmark: _Toc103151360]DATA ANALYSIS
Analysis of trial outcomes
Primary analyses will be an intention-to-treat basis. We will also conduct a per-protocol analysis with exclusion criteria set as any individuals that: 
a) Received a course of antibiotics during the intervention 
b) Switched to an alternative water source during the intervention

For the quality control analysis, Microba will perform basic QC analysis and mapping of microbial genomes using established techniques and their proprietary reference genome database. For the exploratory analysis, clustering techniques including principal coordinate analysis and multidimensional scaling will be used to identify overall patterns in the data. Regression of the top twenty principal components against environmental data variables will be used to identify co-variates. 

For the primary analysis, the diversity of the microbiome will be compared between treatment groups using a multivariate linear regression, adjusted for confounders identified in exploratory analyses. Differences in secondary clinical outcomes will be examined in the same way.

In secondary analyses we will explore the effect of other prognostic baseline pre-randomisation variables (breastfeeding and delivery method), although we do not expect that this will vary between the two groups. In further exploratory analyses, clearly reported as such, we will investigate whether there are any interactions between treatment group and post-randomisation variables (such as maternal secretor status) and, if so, subgroup analyses will be performed. 

Bioinformatics 
The statistical analysis will be led by Dr Claus Christophersen in collaboration with Microba, who will map raw sequencing data to their metagenomics database to identify microbial species present in stool samples. The primary outcome will be changes in the microbiome. Exploratory analysis will identify key dietary and lifestyle variables that influence microbiome development over the first 18 months of life. Between-intervention effect on richness, diversity indices and relative abundance of individual operational taxonomic unities (OTUs), genera and species will be formally tested using linear mixed models, with a random effect of subject. Between-intervention effect on community structure will be assessed by principal coordinate ordination. We will use regression analyses to identify specific enteric microbial species that are influenced by water quality parameters in a dose dependent manner. We will also conduct secondary analysis to look for potential relationships between intervention-associated changes, specific species influenced by water quality and the development of wheeze, atopy, eczema, asthma and food allergy in early life. Dr Christophersen is an expert in microbiome analysis through his role in the microbiome consortium of WA and will lead the analytical aspects of the study.  


[bookmark: _Toc103151361]OTHER STATISTICAL CONSIDERATIONS
[bookmark: _Toc103151362]Sample Size Calculations 
A recent randomized controlled cross-over intervention assessed the impact of changes in water pH on fecal microbiota outcomes in 29 Danish men. Post-hoc analysis of effect sizes for alkaline versus neutral drinking water on alpha diversity indicated a sample size of 180 would have 80% power at alpha=0.05 (25). We have based our sample size of 200 volunteers on the effects observed in this study. We aim to recruit 220 volunteers to allow for a dropout rate of 10%.

TRIAL MANAGEMENT
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]A TUMS Trial Steering Committee to monitor the progress of the trial will consist of all Chief Investigators (CIs) and will be chaired by Dr Claus Christophersen and deputy chair Dr Debbie Palmer.
A TUMS Serious Adverse Event Committee (SAE) will be convened in the event of a SAE arising and will consist of a paediatrician, a paediatric allergist or paediatric gastroenterologist and a microbiologist.     
[bookmark: RMRefList_DINO_18febdraft]
[bookmark: _Toc103151364]SERIOUS ADVERSE EVENTS AND ADVERSE EVENT REPORTING
[bookmark: _Toc103151365]Serious Adverse Events
A serious adverse event (SAE) is any untoward medical experience in child that suggests a significant hazard.  A SAE is any event which:
1. results in death
2. is life-threatening (such as admission to level 3 hospital care)

Serious adverse events that are life-threatening or result in death, should be notified immediately to Chief Investigator and the Chair of the Steering Committee, Claus Christophersen.  Any event that in the opinion of a Chief Investigator may be of immediate or potential concern for a woman’s or infant's health or well-being will be reported immediately to the Chair of the Ethics Committee.  The Chair of the Steering Committee will also be responsible for reporting any serious adverse events to their HREC as soon as they have been reviewed by the Serious Adverse Event Committee. In agreeing to the provisions of the protocol, these responsibilities are accepted by the Chair of the Steering Committee.


EMERGENCY CONTACT DETAILS
	Dr David Martino 
Team Leader, Clinical Epigenetics
Telethon Kids Institute
Perth Children’s Hospital, 
15 Hospital Avenue, Nedlands   
Western Australia 6009
Mobile: +61432 536 281

	Prof Desiree Silva  
[bookmark: OLE_LINK41][bookmark: OLE_LINK43]Paediatrician, Head of Paediatrics Department  
Joondalup Health Campus
Cnr Grand Blvd & Shenton Ave
JOONDALUP WA 6027
Mobile: 0418941448




The TGA only requires notification of serious adverse events which are unexpected and deemed to be related to the study treatments.  Fatal or life-threatening unexpected adverse events will be notified to the TGA as soon as possible but no later than 7 calendar days after first acknowledged by the Coordinating Centre that a case qualifies, followed by as complete a report as possible within 8 additional calendar days. Serious, unexpected adverse events that are not fatal or life-threatening, but deemed related to study treatment shall be filed as soon as possible but no later than 15 calendar days.  Serious adverse events that are unrelated to the study treatments shall be included in the end of study report.

[bookmark: _Toc103151366]9.2	Adverse events 
An adverse event (AE) is any untoward medical experience in a mother or infant during a clinical study, whether or not considered related to the study products.  Minor AEs will be recorded in the case report form with particular focus on allergic reaction symptoms. Hospitalisations (of more than 24 hours) will be recorded in the case report form including the length of hospital stay and the primary diagnoses.  

STUDY APPROVAL AND CONDUCT
[bookmark: _Toc103151367]Regulatory Approval
The requirement for the conduct of clinical trials in accordance with the Clinical Trial Notification (CTN) scheme of the Australian Therapeutic Goods Administration (TGA) will be met before commencement of this study.  
[bookmark: _Toc103151368]Human Research Ethics Committee (HREC) Approval
[bookmark: _Toc396730287][bookmark: _Toc396789108][bookmark: _Toc396789194][bookmark: _Toc428758631][bookmark: _Toc436125866][bookmark: _Toc1796443]Approval in writing from the Human Research Ethics Committees (HREC) shall be granted prior to the initiation of the study – including any future study sites. Any study amendments to the protocol shall have written approval by each site HREC. 
[bookmark: _Toc103151369]Ethical Considerations
This study will be carried out in accordance with the Principles of International Conference on Harmonisation (ICH) Good Clinical Practice (GCP) (as adopted in Australia) which builds upon the ethical codes contained in the current version of the Declaration of Helsinki and the Australian National Statement on Ethical Conduct in Research Involving Humans.
All data collected will be treated with confidence and participants will be free to withdraw from the study at any time, without explanation and without prejudice to their future care.

[bookmark: _Toc103151370]Written Informed Consent
A participant will have the study explained by a Chief Investigator or nominee.  They will receive a full explanation, in lay terms, of the aims of the study as well as the discomfort, risks and benefits of participation.  The study is for research purposes and any therapeutic benefit to the individual is unknown.  The participant’s right to withdraw from the study at any time without prejudice will be confirmed. The participant or parent/guardian will be required to provide written informed consent and be given a copy of the signed Consent Form.

Withdrawals
Participants will be advised that they are free to withdraw from the study at any time.  The reasons for withdrawal will be recorded on the case report form and included in the final report. Participants who discontinue or are withdrawn will not be replaced. 

Study Documentation
Original/copies of study documents listed below will be retained at the Coordinating Centre Telethon Kids Institute.  Retention of documents shall either be for at least 21 years after completion of the study.  

The material to be stored in a study master file shall include the following:
1. Signed and dated copy of the final study protocol and any amendments.
2. Signed and dated letter of HREC approval, letter of constitution of the HREC and copies of any other correspondence relevant to the study with the HREC or regulatory authorities.
3. The HREC approved Study Information Form/Informed Consent Form.
4. Current curriculum vitae (signed and dated) of the Investigators.
5. Blank study questionnaire forms.
6. Signed subject informed consent forms.
7. The completed CTN Application Form.
8. Case report forms, treatment accountability forms, and dispensing records, etc.

Access to Source Documents
In order to ensure the accuracy of data collected on the case report forms, representatives from the Coordinating Centre and regulatory authorities will have access to source documents. Confidentiality will be maintained at all times.

[bookmark: _Toc103151375]TERMINATION OF STUDY
[bookmark: _Toc103151376]Coordinating Centre Termination
The Coordinating Centre may terminate the study at any time for any of the following reasons:
1. Failure to enrol participants.
2. Major protocol violations.
3. Inaccurate or incomplete data.
4. Unsafe or unethical practices.
5. Unsafe storage of the study products.

[bookmark: _Toc103151377]Investigator Termination
In the event an Investigator terminates the study prematurely the Coordinating Centre requires the following: 
1. Reasons for termination to be provided in writing.
2. All study supplies, including unused water filters and case report forms be returned to the Coordinating Centre.
3. All GCP documents have been provided to the Coordinating Centre.
4. Investigative site must retain all study documents for at least 21 years after written notification to the Coordinating Centre.

[bookmark: _Toc103151378]
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