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PROTOCOL SYNOPSIS
	TITLE
	Biomarkers in Sepsis (BASIS)

	STUDY DESCRIPTION
	Sepsis biomarker discovery, verification, and validation

	OBJECTIVES
	To identify novel biomarkers (proteins and RNA) that will assist with sepsis management

Primary objective: 

· identify novel biomarkers for early sepsis diagnosis 
Secondary objectives:

· identify novel biomarkers for risk stratification 

	OUTCOMES AND OUTCOME MEASURES

	Discovery phase: identify candidate proteins and RNA signatures for further analysis based on association with confirmed diagnosis of sepsis and severity of illness.
Verification phase:  identify and validate a viable protein and RNA signature with the potential for commercially available point of care testing for sepsis diagnosis and risk stratification.
Validation phase: using age and gender matched samples from healthy children, verify the expression of up to 5 candidate proteins and RNA signatures in children with suspected sepsis.

	EXPOSURES 
	Patients treated for suspected sepsis in the emergency department will have discard blood from routinely taken blood tests stored and frozen. Due to the time-critical nature of sample storage, we seek waiver of consent to store discard blood samples, and written informed consent for biomarker analysis of stored samples. Stored blood specimens will be analysed when the results of microbiological tests, disease course, and outcome, are known. Enrolled patients will be classified as sepsis confirmed if they have a positive blood culture and organ dysfunction, sepsis negative if they have a non-infective discharge diagnosis, and sepsis indeterminate for all others. Patients with sepsis confirmed and sepsis negative will be analysed during the discovery phase,  the whole suspected sepsis cohort will be analysed during the verification phase, and compared with healthy age and gender matched control samples from the HAPPI KIDS study (HREC 34183) and sepsis negative controls during the validation phase. 


	POTENTIAL CONFOUNDING FACTORS 
	Some participants with suspected sepsis will have an alternative (non-infective) final diagnosis, and will be classified as sepsis negative. This group will be used as a comparator to participants with sepsis confirmed during the discovery phase. Some participants with suspected sepsis will not have this diagnosis confirmed (e.g. blood culture negative sepsis), and will be classified as sepsis indeterminate. This group will be analysed as part of the whole sepsis cohort during the verification and validation phases.
Concurrent medication (steroids, immunosuppressives) or very young age may impact on the host response to illness or expression of proteins and RNA. As an exploratory study, these potential confounders will be analysed as sub-groups within the overall cohort.
More than one episode of sepsis in the same individual may confound the discovery and verification phases of analysis because of the small number of samples included. Only the initial episode of sepsis will be used during the discovery and verification phases for participants will multiple episodes of sepsis.

	STUDY POPULATION
	Children of any age presenting to the emergency department of The Royal Children’s Hospital with suspected sepsis will have discard samples from routinely taken blood tests (citrate tube) frozen and stored for potential analysis. Only patients with expressed consent will be eligible for analysis. 
During the discovery phase, differentially expressed proteins and RNA signatures in patients with confirmed sepsis (blood culture positive AND organ dysfunction) (n=20, 10 with severe outcomes and 10 with non-severe outcomes) will be identified. 

During the verification phase, we will use the whole sepsis cohort (n=200) to validate minimal viable protein signature of (5 candidate proteins.
During the validation phase, candidate proteins and RNA signatures from the discovery phase will be compared between the whole sepsis cohort (n=200), age and gender matched healthy controls (n=40) from the HAPPI KIDS study (HREC 34183), and sepsis negative controls (n=40).  

	DESCRIPTION OF SITES ENROLLING PARTICIPANTS
	This study will be conducted at RCH Melbourne 

	STUDY DURATION
	The study is estimated to take ~2 years to enrol 200 patients.

	PARTICIPANT DURATION
	As a non-interventional study, participants will not have any study-specific visits or procedures and will receive routine clinical care as per their treating clinicians.


GLOSSARY OF ABBREVIATIONS

	ABBREVIATION
	TERM

	AE 
	Adverse Event 

	ANOVA
	Analysis of Variance

	BRF
	Biobank Registration Form (MCRI)

	CRF / eCRF
	Case Report Form / electronic Case Report Form

	ECMO
	Extra-corporeal Membrane Oxygenation

	ED
	Emergency Department

	GCP
	Good Clinical Practice

	GLP
	Good Laboratory Practices

	HREA
	Human Research Ethics Application

	HREC
	Human Research Ethics Committee

	ICH 
	International Conference on Harmonisation 

	ICU
	Intensive Care Unit

	IV
	Intravenous

	MCBC
	Melbourne Children's Bioresource Centre 

	MCRI
	Murdoch Children’s Research Institute

	MedDRA
	Medical Dictionary for Regulatory Activities

	MV
	Mechanical Ventilation

	NHMRC
	National Health and Medical Research Council

	PI / CPI
	Principal Investigator / Coordinating Principal Investigator

	RRT
	Renal Replacement Therapy

	QA
	Quality Assurance

	QC
	Quality Control

	RGO
	Research Governance Office

	RCH
	Royal Children’s Hospital (Melbourne)

	SAE
	Serious Adverse Event

	SAP
	Statistical Analysis Plan

	SoA
	Schedule of Assessments

	SOP
	Standard Operating Procedure

	UEC
	Urea Electrolytes Creatinine

	WEHI
	Walter and Eliza Hall Research Institute


INVESTIGATOR AGREEMENT 

I have read the protocol entitled “Sepsis Biomarkers in Children”.

By signing this protocol, I agree to conduct the study, after approval by a Human Research Ethics Committee or Institutional Review Board (as appropriate), in accordance with the protocol and:

· the principles of the Declaration of Helsinki
· the NHMRC National Statement on Ethical Conduct in Human Research (2007 and all updates) 
· the Australian Codefor the Responsible Conduct of Research (NHMRC, 2007 and all updates)

· and in the spirit of the good clinical practice guidelines adopted by the TGA [Integrated Addendum to ICH E6 (R1): Guideline for Good Clinical Practice E6 (R2), dated 9 November 2016 annotated with TGA comments].
Changes to the protocol will only be implemented after written approval is received from the Human Research Ethics Committee or Institutional Review Board (as appropriate), with the exception of medical emergencies.  

I will ensure that study staff fully understand and follow the protocol and evidence of their training is documented on the study training log.
	Name 
	Role
	Signature and date

	Elliot Long
	Co-ordinating Principal Investigator
	

	Amanda Williams
	Principal Investigator
	

	Franz Babl
	Principal Investigator
	

	Vera Ignjatovic
	Principal Investigator
	

	Chantal Attard
	Principal Investigator
	

	Marc Pellegrini
	Principal Investigator
	

	Marcel Doerflinger
	Principal Investigator
	


ADMINISTRATIVE INFORMATION 
1.1. Registration of observational research 
The study will be registered with the Australian and New Zealand Clinical Trials Registry (http://www.anzctr.org.au/)

1.2. Sponsor
On behalf of the Sponsor, MCRI, the Study Principal Investigator (Study PI) will undertake and/or oversee those Sponsor responsibilities delegated by the Sponsor.

. 
	Study Sponsor
	Murdoch Children’s Research Institute (MCRI)

	Contact name
	A/Prof Elliot Long 

	Address
	Emergency Research

Murdoch Children’s Research Institute

The Royal Children’s Hospital

52 Flemington Road
Parkville
Victoria, 3052, Australia

	Sponsor (where applicable)
	


1.3. Expected duration of study
	Study preparation- HREC, site governance approval, study registration, funding
	June 2023 to March 2024

	Bio-sample acquisition and storage
	April 2024 to April 2025

	Bio-sample analysis: discovery phase
	June 2024 to October 2024

	Bio-sample analysis: verification phase
	December 2024 to March 2025

	Bio-sample analysis: validation phase
	April 2025 to June 2025

	Data cleaning and analysis
	June 2025-December 2025

	Publication
	2026


INTRODUCTION AND BACKGROUND
2.1 Background and rationale 
Sepsis is a global health issue. 25.2 million children per year worldwide suffer from sepsis, resulting in 3.4 million deaths, the majority in children under 5 years of age


(1) ADDIN EN.CITE . The hospitalisation cost per patient with sepsis is estimated at $26,592 USD, resulting in an annual expenditure of $7.31 billion, 18.1% of nation-wide paediatric hospitalisation costs in the US in 2019


(2) ADDIN EN.CITE . Reliable early identification of sepsis is vital if lives are to be saved, as early identification and treatment of sepsis is the single biggest predictors of survival


(3, 4) ADDIN EN.CITE . The World Health Organisation (WHO) has recommended the development of criteria for the early identification of sepsis to reduce its burden through early treatment(5). 
Current diagnostic criteria for sepsis in children perform poorly, resulting in variable estimates of sepsis prevalence, severity, outcomes, cost, difficulty benchmarking care, and inconsistent enrolment strategies for clinical trials. Originally defined as systemic inflammation due to suspected or proven infection(6), when operationalised the Systemic Inflammatory Response Syndrome (SIRS) criteria are neither sensitive nor specific for sepsis; 80% of febrile children in the ED meet SIRS criteria for sepsis, most of whom are discharged without antibiotics, and <2% actually have sepsis 


(7) ADDIN EN.CITE . Conversely, SIRS criteria achieve only moderate correlation with clinician-diagnosed severe sepsis requiring admission to the intensive care unit (ICU)


(8) ADDIN EN.CITE . In recognition of the limitations of defining sepsis using systemic inflammation, and in the absence of a criterion standard, the Adult Sepsis Definition Taskforce has identified organ dysfunction as a differentiator between uncomplicated infection and sepsis


(9) ADDIN EN.CITE , with sepsis currently defined as life-threatening organ dysfunction due to a dysregulated host response to infection (Sepsis-3)


(10) ADDIN EN.CITE . The transition to an organ-dysfunction based Sepsis-3 definition in children will require consideration of age-based pathophysiologic and clinical manifestations, evaluation of predictive versus descriptive performance of scoring systems, and validation outside of the ICU setting(11). It remains unclear: a) how organ dysfunction should best be captured (for example, which organs, what thresholds for determining dysfunction, and whether dysfunctional organs should receive weighted scores), b) the relationship between sepsis diagnosis, severity of disease, and timing in disease course (where diagnostic scores should be applicable early to an undifferentiated population and identify patients at risk of progression to severe disease), and c) how to account for uncertainty of infection (such as in culture-negative sepsis, pre-treated infections, and non-infectious aetiologies mimicking sepsis)(12). Though an increasing number of dysfunctional organs are associated with increased mortality in children
 ADDIN EN.CITE 
(13-15)
, existing scores use different criteria
 ADDIN EN.CITE 
(16)
, are designed for use during different phases of treatment (ED vs intensive care)
 ADDIN EN.CITE 
(17)
, and to date do not have suitable test characteristics in terms of sensitivity and specificity for widespread application
 ADDIN EN.CITE 
(18)
. 

Risk stratification tools available early in the ED treatment of children with sepsis are of limited value for predicting mortality. Risk stratification tools prioritise predictive value rather than AUROC, with worsening Sequential Organ Failure Assessment (SOFA) score in adults being predictive or mortality
 ADDIN EN.CITE 
(9)
. Risk stratification scores in children have been validated in the general paediatric ICU population (Pediatric Index of Mortality-3 and Pediatric Risk of Mortality score) 
 ADDIN EN.CITE 
(19, 20)
, in the paediatric ICU population with suspected infection (SIRS organ dysfunction criteria, pediatric SOFA score, and Pediatric Logistic Organ Dysfunction score – PELOD-2) 
 ADDIN EN.CITE 
(17, 21, 22)
, in the general paediatric ED population (pediatric SOFA score)
 ADDIN EN.CITE 
(15)
, and in the ED population with suspected infection (quick SOFA and quick PELOD scores)(23). In general, scores derived for application in the paediatric ICU population include more organ dysfunction criteria, weight the severity of organ dysfunction, and have better performance for predicting mortality than those derived for application in the ED setting. Validated risk stratification tools available early in the treatment of children with sepsis are crucial for targeting therapies to those with modifiable risk of severe disease and poor outcome.
Several biomarkers that have been investigated as adjuncts for early sepsis diagnosis and risk stratification in children. Procalcitonin (PCT) is a protein that is often elevated during bacterial infections, including sepsis, and has been investigated as a potential biomarker for early sepsis detection and risk stratification in children


(24) ADDIN EN.CITE . Elevated PCT levels, especially in conjunction with clinical signs and symptoms, can be suggestive of sepsis, but have limited clinical utility in isolation. C-reactive protein (CRP) is an acute-phase reactant produced by the liver in response to inflammation. Elevated CRP levels have been associated with sepsis in children. However, CRP is a non-specific marker of inflammation and can be influenced by various factors, limiting its specificity for sepsis diagnosis


(25) ADDIN EN.CITE . Interleukin-6 (IL-6) is a pro-inflammatory cytokine that plays a role in the immune response. Elevated IL-6 levels have been observed in children with sepsis. IL-6, along with other cytokines, has been studied as a potential biomarker for sepsis diagnosis and severity assessment, but is not currently utilised outside of the research setting


(26) ADDIN EN.CITE . Presepsin is a soluble fragment of the CD14 receptor, which is involved in the recognition of bacterial lipopolysaccharides. Studies have investigated the utility of presepsin as a biomarker for sepsis in both adults and children, where elevated presepsin levels have shown promise for early sepsis detection but is not currently utilised outside of the research setting


(27) ADDIN EN.CITE . Overall, biomarkers that have been identified to date provide supportive information but have limited utility in isolation for sepsis diagnosis or risk stratification in children


(28) ADDIN EN.CITE . 
Novel biomarkers are promising adjuncts for sepsis diagnosis and risk stratification in children. In a collaboration between emergency physicians and infectious diseases and immune defence researchers, this study aims to identify novel biomarkers present early in the disease course of paediatric sepsis that may have clinical utility in sepsis diagnosis and risk stratification. These biomarkers, through commercialisation as point of care tests, will facilitate precision-based healthcare for children with suspected sepsis by providing diagnostic certainty, allowing prioritisation of health care resources to those at risk of severe disease, reducing the burden of un-necessary treatment in those at low risk of severe disease, and standardising the criteria for inclusion in interventional sepsis trials. 
2.2 Study aim (s) 
The aim of this study is to evaluate the diagnostic accuracy of sepsis biomarkers in children and validate biomarkers for risk stratification.
STUDY OBJECTIVES AND OUTCOMES
3.1  Objectives
3.1.1 Primary objective
To identify sepsis biomarkers with high diagnostic accuracy in children.
3.1.2 Secondary objectives
To assess the performance of sepsis biomarkers in predicting clinical outcomes in children with sepsis (risk stratification).

3.1.3 Exploratory objectives
To explore the feasibility of using sepsis biomarkers in clinical practice for the diagnosis and management of sepsis in children.
3.2   Outcomes
Primary objective and outcome

The test characteristics of sepsis biomarkers will be reported in terms of sensitivity, specificity, and area under the receiver operating characteristic (AUROC) curve for early detection of confirmed sepsis  (blood culture positive and organ dysfunction).
Second objectives and outcomes

The positive predictive value of sepsis biomarkers to predict clinician and consumer prioritized Desirability Of Outcome Ranking (see 10.3 Population to be Analysed). 
The diagnostic accuracy of biomarker panels for sepsis diagnosis and risk stratification will be reported in terms of sensitivity, specificity, AUROC, and positive predictive value.
STUDY DESIGN
4.1  Overall design 
A single centre, biomarker analysis in children with suspected community acquired sepsis.
4.2  Study population 
Patients aged 0 to less than 18 years presenting to the emergency department and requiring hospitalisation for the treatment of suspected sepsis.
4.2.1  Inclusion Criteria 

· Aged <18 years; AND

· Admission to hospital; AND

· Treatment with intravenous (IV)/ intramuscular (IM)/ intraosseous (IO) antibiotics pre-hospital or in ED; AND

· Circulatory support (fluid bolus or inotropic support) pre-hospital or in ED

OR

       
Admission diagnosis of suspected sepsis, septicaemia or septic shock

Fluid bolus defined as ≥5ml/kg or 500mls administered over ≤30 minutes to treat impaired perfusion (not dehydration)

Inotropic support defined as intravenous infusion of inotrope/vasopressor
4.2.2 Exclusion Criteria
a) Patients not initially seen in the Emergency Department (i.e. transferred to the ward including ICU)

b) Patients presenting with trauma who receive antibiotics for prophylaxis or circulatory support for blood loss

c) Patients transferred from another hospital if > 24 hours since presentation

d) Patients transferred from another hospital ward to ED

4.3  Recruitment of potential participants

3.2.1 Screening Process

a) Identification of potentially eligible patients will be undertaken by the research team through daily review of ED attendance records for patients meeting inclusion criteria. (Figure 1) 

b) For patients meeting inclusion criteria, the research nurse will contact the RCH lab and request that the discard blood samples are frozen at -80oC and stored

4.3.2 Enrolment
a) Patients will be contacted by the research team for expressed consent to allow discard blood sample analysis and be enrolled in the study.

b) Frozen samples will be analysed for discovery, verification, and validation phases of the study
c) Enrolled participant details will be stored in a secure, password protected excel file and their identifying details replaced with a unique study number (REDCap ID)
d) Enrolled participants will have detailed medical record review for retrospective data collection, including: demographics and history, clinical findings, investigations, interventions and details of hospitalisations. 
Figure 1. BASIS enrolment pathway
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4.4 Consent
4.4.1  Expressed consent
Patients who meet inclusion criteria will be approached by the research team for expressed consent to analyse discard blood samples and perform medical record review. Consent will be documented in patient research notes and medical record. 

Patients who are severely unwell and admitted to PICU will be approached when clinically appropriate for expressed consent. The research team will liaise with the PICU clinical team to identify an appropriate time to discuss the study with the family, to ensure there is no undue burden on families, particularly those involved in multiple research projects. Consent will be undertaken by the emergency research team. If the emergency research team are unable to approach the family, for example if the child is severely unwell and imminently dying, the ED research team will reach out to the ICU research team to obtain consent.
As patients may not meet inclusion criteria for several days after hospital admission, we anticipate many children will have already been discharged. 

If consent is not able to be obtain whilst in hospital, the study team will gain consent via a telephone call. We would attempt to contact he parents 3 times. If unsuccessful, we would no longer attempt to contact the parents. 

4.4.2
Waiver of consent

All blood samples taken will be sent to the RCH clinical pathology laboratory for analysis and are stored for several days prior to being discarded as per normal clinical practice.  
For this study, the research team will screen for eligible patients within 24-48 hours post presentation to ED. For patient meeting screening criteria, the research nurse will contact the clinical pathology laboratory and request that the samples are frozen and stored. 

We are applying for a waiver of consent to freeze and store the blood samples, that would normally be discarded, in the RCH clinical pathology laboratory, until the time that consent is obtained and the samples are moved to the haematology research fridge. 

The samples stored in the RCH laboratory will not be made available to the research team until consent has been obtained. All samples in which consent is unable to be obtained will be discarded as per normal lab process. 

4.4.3 Withdrawal of consent 

Participants are free to withdraw from the study at any time upon their request or the request of their legally acceptable representative. Withdrawing from the study will not affect their relationship with, or care by, the hospital and affiliated health care professionals. 

Participants who withdraw from the study will have their stored serum samples disposed. 

5  STUDY VISITS AND PROCEDURES 
5.1 Study timeline 
	TIMELINE
	2023
	2024
	2025
	2026

	Protocol development
	
	
	
	

	Ethics approval
	
	
	
	

	Frozen sample collection
	
	
	
	

	Biomarker discovery phase
	
	
	
	

	Biomarker verification phase
	
	
	
	

	Biomarker validation phase
	
	
	
	

	Data cleaning
	
	
	
	

	Manuscript preparation and publication
	
	
	
	


STUDY PROCEDURES 

6.1  Screening 

All ED visits will be screened by research staff for patients who meet screening criteria. Screening will occur daily for potentially eligible patients within the preceding 24 hours. 

Research staff will use admission diagnoses and treatment logs to identify patients who meet screening criteria. In addition, all ED to ICU admissions will be screened for patients who were missed using the above criteria. 

When patients are identified as meeting screening criteria, the research nurse will contact the RCH laboratory and request that the discard blood samples are frozen at -80 oC and stored.
Details of the patient will be entered into the secure excel screening log. 

Research staff will regularly check the results of the patient’s blood culture- which usually takes 24-28 hours to be processed. 

6.2 Blood samples
Children presenting to the ED of The Royal Children’s Hospital with suspected sepsis will receive routine clinical care. This includes blood sampling for blood gas analysis (blood gas syringe 0.5ml), electrolytes (serum gel tube 0.5-7ml), full blood count (EDTA tube 0.5-3ml), coagulation studies (citrate tube 1.7ml), and blood culture (blood culture bottle 5ml).
Blood samples are sent to the clinical pathology laboratory for analysis. Once analysed, the samples are stored for several days (discard samples) prior to being disposed. Coagulation tubes are not used for repeat testing. 
Discard samples will be identified within 24 hours of being taken and prior to disposal for biomarker analysis. 
Laboratory staff will be notified of the patient using 3-point identification. Laboratory staff will isolate PBMCs and plasma taken from full blood count samples (EDTA tubes) during initial blood sampling using Ficoll density gradient centrifugation and cells will be resuspended in aliquots of 5 million cells in 1mL FCS-10% DMSO. Alternatively – in the likely case that cell numbers lower than 5 million cells will be observed in patient samples - all cells obtained from Ficoll gradient will be resuspended directly in RNAlater solution to stabilize / preserve RNA. All PBMC samples (either in FCS-10% DMSO or RNAlater) will be stored at -80oC in the haematology freezer. The corresponding Plasma samples will be stored at -80oC in 250ul aliquots in the haematology freezer. 
6.2.1 Blood Sample Management

Storage of Blood Samples

Discard blood samples will be transferred from the RCH central laboratory to the Haematology research freezer once consent has been obtained. They will remain stored here until transport to WEHI. 

Sample identifiability

All information collected will be re-identifiable. Each patient’s name will be removed and given a study code number. Only the research team will be able to match the number to the code, and only if necessary to do so.  


While at RCH, the samples will be stored with their RCH label- containing 3 point indentification- Name, UR, DOB, as is standard practice for any specimen collected. 

Once the patient has been consented for enrolment and the samples are transferred from central lab to Haematology research freezer, the samples will be relabelled with a study specific number and all identifying information removed.
6.3  Enrolled Patients
Patients who meet inclusion criteria will be contacted by the research team at the earliest convenience for expressed consent to allow for discard blood sample analysis. Consent will be documented in the patients medical records and CRF and the patient will be enrolled in the study and given a unique study number (REDCap ID).

If consent is not obtained the discard blood sample will be disposed as per normal RCH laboratory procedures. 

The research team will contact the RCH laboratory- frozen samples will be analysed for discovery, verification and validation phases of the study. Proteomic and transcriptomic analysis will be performed at the Walter and Eliza Hall Institute of Medical Research (WEHI). Samples will be transferred to WEHI by the research team in batches. 
Prior to samples being transferred to WEHI, they will be de-identified and all identifying information replaced with the unique study number. 

All enrolled patients will have detailed medical record review for retrospective data collection, including demographics and history, clinical findings, investigations, interventions and details of hospitalization. This will be linked to the blood sample analysis. 

POTENTIAL RISKS RELATED TO STUDY CONDUCT  
There are no physical risks envisaged for participants in this study beyond those of standard care due to its observational design. The data collected is stored in a de-identified form in a secure database with adherence to organisational data management policy. Consequently, the risks for breach of confidentiality are very small.

The transcriptomic and proteomic analyses performed as part of this study are purely exploratory. None of the tests being performed are validated or accredited as diagnostics. Therefore, no information will be revealed about disease-predisposing germline traits, heritable disorders, or parental identity.  Transcriptomic and proteomic analysis will be performed on discard blood samples that are obtained as part of routine blood testing for patients with sepsis. No additional blood samples will be taken for the purpose of this study. Bloods will only be analysed for novel biomarkers. Testing for any clinical abnormalities will not be performed and there is therefore no risk of incidental findings.

DATA AND INFORMATION MANAGEMENT

8.1   Overview 
The Principal Investigator is responsible for storing essential study documents relevant to data management and maintaining a site-specific record of the location(s) of the site’s data management-related Essential Documents.

The Principal Investigator is responsible for maintaining adequate and accurate source documents that include all key observations on all participants at their site.  Source data will be attributable, legible (including any changes or corrections), contemporaneous, original, accurate, complete, consistent, enduring, and available. Changes to source data (hardcopy and electronic) must be traceable, must not obscure the original entry, and must be explained where this is necessary.  

Any person delegated to collect data, perform data entry or sign for data completeness will be recorded on the delegation log and will be trained to perform these study-related duties and functions.
All research staff accessing RCH EMR have rightful access to the data via an appropriate clinical appointment, or for MCRI employed research nurses, an honorary RCH appointment. 
8.2  Data management 

Data for this study will be collected and entered using electronic data collection forms, which will be completed by the research team. Retrospective data will be extracted from the medical records (Figure 2).

Figure 2: Study flow of data collection
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8.3  Data generation (source data)
Source documents for this study include:

· Hospital medical records: data items sourced from medical records may include past medical history, triage and hospital admission times, weight, microbiology and laboratory results, medication and fluid records, hospital discharge times and diagnosis. 

Source Document Plan

The source documents for this study include the participants medical record, recorded data from automated instruments, laboratory reports and the signed parent/guardian information and consent forms (where applicable).  The Source Document Plan will document the source, i.e. original recording, for each data discrete item/ category of items collected for the study.  This Source Document Plan, signed and dated by the Principal Investigator, will be prepared prior to recruitment of the first participant and will be filed in the site’s Investigator Site File. 

8.3.1  Data Collection

Data to be collected is outlined in Table 1.
Table 1. Data to be collected from patient medical records by research staff as identified by time points
	Initial ED attendance:

	Detailed demographics (age, sex, Indigenous status, comorbidities)

Vital signs ((HR, MBP, SBP, RR, SpO2, RR, GCS score, CRT)

Pathology tests ((VBG, FBC, UEC, LFT, coagulation profile, troponin, microbiological tests)

Therapies administered (antibiotics, oxygen, fluids – bolus / maintenance / drug line, steroids, organ support)

Admission diagnosis 

	During hospital stay

	Disposition (hospital ward, ICU)

Vital signs (first 24 hours of hospitalisation)

Pathology tests (first 24 hours of hospitalisation)

Therapies administered (duration of hospitalisation censored at 30 days)

Intensive care unit and hospital length of stay (censored at 30 days)

Discharge diagnosis 

Results of all microbiological tests 

In-hospital mortality (censored at 30 days)


(HR=heart rate, MBP=mean blood pressure, SBP=systolic blood pressure, GCS=Glasgow Coma Scale score, CRT=capillary refill time; RR=respiratory rate; (VBG=venous blood gas, FBC=full blood count, UEC=urea electrolytes creatinine, LFT=liver function test
Electronic CRF (REDCap)

Study data will be extracted from the participant’s Medical Record by the research team. The data will be entered using electronic data collection forms which will be completed by the researchers. The data entered will only contain de-identified study information. 

De-identified study data will be entered into a study REDCap database. The study CPI and the study coordinator will be responsible for overseeing data collection. If there is a need to re-identify data for clarification, this will be done by the CPI or study coordinator. 

8.4 Use of the data
The data will be used for the analyses specified in the protocol and Statistical Analysis Plan to be developed.

Following the completion and analysis of the study, the de-identified data will be retained long-term following the mandatory archive period for use in future research projects. 
8.5  Storage and access

Electronic data will be securely stored in MCRI’s REDCap database system and in files stored in MCRI’s network file servers, which are backed up nightly. Data entry will be conducted by the research team. Only members of the study team will have access to the study database.

 Files containing private or confidential data will be stored only in site locations accessible only by appropriate designated members of the site research team (where applicable).
REDCap is hosted on MCRI infrastructure and is subject to the same security and backup regimen as other systems (e.g. the network file servers). Data is backed up nightly to a local backup server, with a monthly backup taken to tape and stored offsite. REDCap maintains an audit trail of data create/update/delete events that is accessible to project users who are granted permission to view it. Access to REDCap will be provided via an MCRI user account or (for external collaborators) via a REDCap user account created by the MCRI system administrator. The permissions granted to each user within each REDCap project will be controlled by, and will be the responsibility of, the study team delegated this task by the Principal Investigator. REDCap has functionality that makes adding and removing users and managing user permissions straightforward. All data transmissions between users and the REDCap server are encrypted. The instructions for data entry to REDCap must be read and the training log signed prior to personnel commencing data entry on REDCap.

Authorised representatives of the sponsoring institution as well as representatives from the HREC, Research Governance Office and regulatory agencies may inspect all documents and records required to be maintained by the Investigator for the participants in this study. The study site will permit access to such records.

8.6  Disclosure

The study protocol, documentation, data and all other information generated will be held in strict confidence. No information concerning the study or the data will be released to any unauthorised third party, without prior written approval of the sponsoring institution. Clinical information will not be released without written permission of the participant, except as necessary for monitoring by the HREC, Research Governance Office or regulatory agencies.

8.7 Data confidentiality

Participant confidentiality is strictly held in trust by the CPI, participating investigators, research staff, and the sponsoring institution and their agents. 

To preserve confidentiality and reduce the risk of identification during collection, analysis and storage of data and information, the following will be undertaken:

(1) The number of private/confidential variables collected for each individual has been minimised. The data collected will be limited to that required to address the primary and secondary objectives

(2) Participant identifiers will be stored separately to the data collected; documents with identifiers will be stored separately to participant data. Participant data and samples will be identified through use of a unique participant study number/code assigned to the study participant (“re-identifiable”). The Site Principal Investigator is responsible for the storage of a master-file of names and other identifiable data with the participant ID; access to this document will be restricted to the site study team and authorised persons as listed previously. The master file should be stored securely, and separately, from study data in locked/ password-protected databases with passwords kept separately
(3) Separation of the roles responsible for management of identifiers and those responsible for analysing content. The data will be analysed by the study statistician, who will be provided with anonymised data identified only by the unique participant study ID.
8.8  Data retention and disposal
Information will be stored for five years following the publication of the study results.
Destruction

At the end of the retention period, the data and documents will be securely destroyed using irreversible methods to ensure that the data is no longer usable.  Electronic data will be deleted, and hardcopies will be disposed of via a confidential shredding process. 

All blood samples will be disposed of securely. 

8.9   Data sharing

On the completion of the study, the data will be the responsibility of A/Prof Elliot Long. Each participating site can apply to the group of co-investigators, via the principal investigators, for analysis of the data for specific ancillary studies. 

Public availability of the study data: the de-identified data will not be made publicly available due to the multi-country nature of the data set involving many different jurisdictions and regulatory regimens. 
STUDY OVERSIGHT 

9.1   Governance structure 

The BASIS study is embedded into existing highly functional research infrastructure with experienced research governance. The study will become part of the collection of studies of the ED research group.
Appropriate oversight of study conduct, protocol compliance, safety and data integrity will be the responsibility of the study.
The REDcap study research database will be housed and backed up at MCRI with an in-house data manager. The study will have a dedicated research coordinator and the BASIS study will be routinely audited to ensure good clinical practice is maintained.
  STATISTICAL METHODS
10.1  Sample Size Estimation

Proteomics

We propose obtaining samples from 10 participants (20 samples) for the discovery phase, and samples from the entire sepsis cohort (200 samples) for the verification and validation phases. 

Transcriptomics

For the discovery phase, we will perform RNAseq on unstimulated and stimulated (PMA/Ionomycin) PBMCs on a cohort of 20 sepsis episodes to determine which method provides the highest quality data. Once this methodology has proved feasible and yields adequate data, we propose analysing samples from 200 sepsis episodes with 200 samples (1 samples per episode), which should provide adequate data for correlative analyses.

10.2  Statistical Analysis Plan 
Proteomics 

Proteomics analysis will be undertaken on frozen blood samples left over from routine clinical testing (discard samples). These will be analysed based on severity of illness and clinical outcome. The initial discovery phase will analyse samples from a small cohort of children with severe outcomes (permanent disability or death), whilst the validation phase will analyse a larger cohort with the full spectrum of disease severity. The standard proteomics approach used to study disease mechanisms, consisting of three phases where the number of individuals increases from a few to many, whilst, concurrently, the number of proteins studied decreases from hundreds to a handful of proteins that can be translated into patient care. 

1. Discovery phase: Data Independent Acquisition (DIA) Mass Spectrometry approach will be used to assess changes in expression of approximately 400 plasma proteins. This unbiased discovery of proteins not yet implicated in sepsis significantly adds to the proposal’s innovation and novelty. 

a. Disease mechanisms – We will identify differentially expressed proteins in participants with sepsis confirmed (n=20) compared to healthy age and gender-matched controls (n=20, collected through ‘Happi Kids’ HREC 34183). Differentially expressed proteins will be examined in the context of biological data to identify the functions, pathways and respective networks represented by those proteins, which will, in turn, identify the specific mechanism of sepsis. 

b. Outcome-based signature – Differentially expressed proteins within the sepsis group, n=20 (10 severe outcomes and 10 non-severe) will be used as candidates for the verification and validation. We envisage that 10 to 20 candidate proteins will be identified. 

2. Verification phase: We will identify and validate a minimal viable protein signature of proteins in the whole sepsis cohort using a standard, commercially available ELISA based immunoassay approach or targeted mass spectrometry.
3. Validation phase: We will use samples from the whole sepsis cohort (n= 200), age and gender-matched healthy samples from the HAPPI KIDS study (n=40), as well as age and gender matched samples from children who are sepsis negative (n=40), to screen the proteins of interest (identified in discovery phase B) using targeted proteomics. We will use a targeted mass spectrometry approach known as multiple reaction monitoring (MRM) to verify the expression of up to 5 candidate proteins. 
Transcriptomics

Bioinformatics analysis on RNAseq will be performed at the Walter and Eliza Hall Institute. The aim is to identify a transcriptome signature and profile at initial blood collection that correlates with clinical outcomes. In addition to PBMCs we will also collect plasma. When we identify a transcriptome signature that correlates with outcomes we will ascertain if that signature can be translated to detection of corresponding proteins in blood. For example, if a strong signature is obtained indicating transcriptional activity of pathways relevant for IL-8 or PCT expression or function, we can then measure these cytokines and putative chemokines / proteins in serum. Similarly, transcriptomic changes in specific metabolic pathways can be indicate the utility of proteins or metabolites from the respective pathways as putative biomarkers. A plasma test would be easier to translate to a point of care test. Nonetheless a highly targeted microarray identifying a transcriptional signature could also be translated to a clinical test. The purpose of performing an unbiased transcriptional analysis is to discover novel biomarker collections that cannot be discovered a priori using technically challenging proteomic analyses. When a transcriptional profile is discovered then a proteomic approach will be pursued. 

10.3  Population to be analysed 

Patients who meet all inclusion criteria and no exclusion criteria will be enrolled. Discard blood samples from enrolled patients will be frozen and stored at -80oC. 
Sepsis confirmed:

In accordance with the most recent international paediatric sepsis consensus definition


(29) ADDIN EN.CITE , patients who have: 

A. a positive blood culture that is not clinically deemed to be a contaminated sample

B. evidence of organ dysfunction based on PODIUM criteria


(18) ADDIN EN.CITE 
Will be considered to have confirmed diagnosis of sepsis.

Sepsis negative:

Patients who have a non-infective discharge diagnosis (e.g.: intussusception) will be classified as sepsis negative.

Sepsis indeterminate:

Participants who do not meet the criteria for sepsis confirmed or sepsis negative will be classified as sepsis indeterminate. 

Medical records for all analysed participants will be reviewed by the study team to ensure they comply with their designated analysis category (sepsis confirmed or sepsis negative). 

Risk stratification:

Risk stratification will be based on patient outcome at 30 days or hospital discharge (whichever comes first) using the following Desirability of Outcome Ranking (DOOR):

	Rank
	Explanation

	1
	Hospital discharge without complications

	2
	Hospital discharge with complications - mild

	3
	Hospital discharge with complications - moderate

	4
	Hospital discharge with complications - severe

	5
	Hospital discharge with disability - mild

	6
	Hospital discharge with disability - moderate

	7
	Hospital discharge with disability - severe

	8
	Persistent hospitalisation with complications - mild

	9
	Persistent hospitalisation with complications - moderate

	10
	Persistent hospitalisation with complications - severe

	11
	Death


Where:

1 = no organ dysfunction and hospital LOS <7d and no ICU

2 = resolved single organ dysfunction and hospital LOS<7d and no ICU

3 = Resolved multiple organ dysfunction and hospital LOS <7d and no ICU

4 = Resolved multiple organ dysfunction or hospital LOS (7d or ICU admit

5 = Persistent single organ dysfunction or ICU admission (3d

6 = Persistent multiple organ dysfunction 

7 = brain injury or limb amputation

8 = Persistent hospitalisation with persistent single organ dysfunction

9 = Persistent hospitalisation with persistent multiple organ dysfunction

10 = Persistent hospitalisation with premorbid or non-curative goals of therapy

4 = death

10.4 Methods of Analysis 
We will follow established prediction rule methods(30), and Standards for the Reporting of Diagnostic accuracy studies (STARD) guidelines. To validate diagnostic and risk stratification biomarkers, we will assess the accuracy of biomarkers for identifying multiple outcomes based on severity of disease and outcome (Table 2). Diagnostic accuracy of biomarkers will be assessed via sensitivity, specificity, negative and positive predictive values, and the Receiver-Operator Characteristic (ROC) area under the curve (AUC) with 95% Confidence Intervals (CIs). Descriptive statistics will be calculated for key variables, using mean and inter-quartile range for normally distributed data, and median and standard deviation for skewed data. Diagnostic statistics will include multiple logistic regression models and sensitivity analyses. The level of significance is set at P<0.05.  

ETHICS AND DISSEMINATION  

11.1  Research Ethics Approval & Local Governance Authorisation

This protocol and the informed consent document and any subsequent amendments will be reviewed and approved by the human research ethics committee (HREC) prior to commencing the research. A letter of protocol approval by HREC will be obtained prior to the commencement of the study, as well as approval for other study documents requiring HREC review.

As an observational study there are no significant risks to the participant. The study is expected to add to the body of knowledge on the assessment of children with sepsis in an ED setting and thus contribute to advances in management for children presenting with similar conditions in the future. 

11.2  Amendments to the protocol 

This study will be conducted in compliance with the current version of the protocol. Any change to the protocol document or Informed Consent Form that affects the scientific intent, study design, participant safety, or may affect a participants willingness to continue participation in the study is considered an amendment, and therefore will be written and filed as an amendment to this protocol and/or informed consent form. All such amendments will be submitted to the HREC, for approval prior to being implemented.

PARTICIPANT REIMBURSEMENT
No payment, reimbursement, gifts, or compensation of any kind will be provided to subjects/families for participation in this study.
FINANCIAL DISCLOSURE AND CONFLICTS OF INTEREST
There are no financial conflicts of interest at any participating study site. 
DISSEMINATION AND TRANSLATION PLAN
Only de-identified aggregated data will be submitted for presentation and/or publication following appropriate peer review
ADDITIONAL CONSIDERATIONS
Nil
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