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[bookmark: _Toc502674541]STUDY SUMMARY
	Full study title
	Point of care diagnosis of urinary tract infections (UTIs) in pregnancy by volatile organic compound (VOC) analysis 

	Short study title
	UTI diagnosis in pregnancy by VOC analysis

	Study aim
	We aim to verify that VOCs measured from urine samples of pregnant women without UTIs will be different to those who are infected.

	Study design 
	Single centre cohort 

	Study participants
	Pregnant patients

	Study arms
	N/a

	Sample size 
	Training set plus test set for screening (test set n= 360) and test set for diagnosis (n=4700)

	Planned study period 
	36 months (or until study complete)

	Planned recruitment start date
	1.11.2020

	Planned recruitment end date 
	30.9.2023

	Planned study end date 
	31.12.2023

	
	Objectives
	Outcome Measures

	Primary

	To optimise VOC detection technology for UTIs and then be able to screen for and diagnose culture positive UTIs in pregnancy including asymptomatic bacteriuria, symptomatic cystitis and pyelonephritis. 

	Identify optimal VOC detection technology and classifier to accurately diagnose UTIs from urine samples of pregnant women and to translate this into a clinical bedside test.

	Secondary

	To undertake VOC detection using this technology to distinguish between different pathogens that cause UTIs. This will allow targeted antibiotic treatment as the pathogen will be known.
	To identify VOC patterns associated with specific bacteria causing urinary tract infections to allow prescription of specific antibiotic treatment regimes 
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STUDY FLOW CHART
Figure 1: Flow of participants through the study
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STUDY PROTOCOL
Point of care diagnosis of urinary tract infections (UTIs) in pregnancy by volatile organic compound (VOC) analysis
	
1. [bookmark: _Toc502674545]INTRODUCTION
UTIs in pregnancy affect 5-10% of women, complicating 60000 pregnancies annually in the UK (1). This incidence is due to the physiological/anatomical changes that occur during pregnancy. UTIs are caused by a variety of pathogens, most commonly Escherichia coli. Many women are initially asymptomatic which poses a challenge for prompt diagnosis and treatment. Screening and accurately diagnosing women is important as untreated, asymptomatic bacteriuria progresses within days to pyelonephritis in 40-50% of women which can rapidly lead to life-threatening maternal sepsis and preterm delivery, the major cause of neonatal death/disability (2). 

The accurate diagnosis/treatment of UTIs requires urinary culture and sensitivity testing in the microbiology laboratory at present. This takes at least 24-hours to obtain results, leading to delays in definitive treatment. A point of care test is therefore vital to reduce the risk of complications. The rapid dipstick chemical test is commonly used in clinical practice, but this has a low sensitivity (3). Many women are treated empirically and a urine sample not sent for culture (behaviour contributing to increasing antibiotic resistance). There is therefore a need for an accurate point of care test for the diagnosis of UTIs in pregnancy to help to reduce serious maternal/neonatal morbidity. 

Volatile organic compounds (VOCs) are organic chemicals which have a high vapour pressure at room temperature as a result of their low boiling point. VOCs are produced as a result of physiological/metabolic body processes, of pathogens, commensals, and the host response to microbial infections. Engineering and bioinformatic advances in the University of Warwick have enabled the detection and analysis of very low quantities of thousands of VOCs, which have increasingly been utilised in medical diagnostics (4-10). 

We will develop a test which can detect UTIs (including the pathogen) with high sensitivity and specificity, rapidly in pregnancy, building upon our previous work and the previously studies in the non-pregnant population (11-13) to outperform the urine dipstick test. We will then transfer this technology to the hospital for clinical validation. 

1.1 Background

Urinary tract infection (UTI) is common in pregnancy (1). Pathogenic colonisation of the urinary tract is increased during pregnancy due to both physiological and anatomical changes that occur (2). UTIs in pregnancy can be both symptomatic and asymptomatic which can make diagnosis a challenge, nevertheless  accurate diagnosis is imperative as it can lead to complications which can affect both the mother and fetus, including life threatening sepsis and preterm birth (2).

UTIs have three clinical presentations in pregnancy, asymptomatic bacteriuria, symptomatic cystitis and pyelonephritis. Asymptomatic bacteriuria is defined a significant colonisation by bacteria without clinical symptoms. It affects 2-10% of pregnancies (14, 15). Symptomatic cystitis is defined as dysuria, urinary frequency, haematuria, nocturia or suprapubic pain but the absence of pyrexia or systemic symptoms, its incidence is difficult to establish as many women are treated empirically and a urine sample not sent for culture.  Pyelonephritis is the presence of significant bacteriuria with systemic symptoms, it is estimated to complicate 0.5-2% of pregnancies (16-18) and recurs in almost one quarter of affected patients (17). Asymptomatic bacteriuria progresses to cystitis and pyelonephritis in up to 30% and 50% of patients respectively if untreated (2).

Normal urine is sterile but when voided it can become contaminated by the distal urethra, a further diagnostic challenge is therefore distinguishing contamination from infection. To reduce the risk of contamination, a midstream urine sample should be collected. To help to distinguish between contamination and significant bacteriuria suggesting a UTI, quantitative urine culture in the microbiology laboratory is currently necessary. This is required as the performance of rapid screening tests for UTI in pregnancy is poor (15, 19). The most widely used rapid test in clinical practice outside of pregnancy is the dipstick chemical test. This test is based upon strips that have reagent pads for semiquantitative assessment of nitrites (a product of common urinary pathogens), leukocyte esterase (a byproduct of leucoctyes), protein, and blood (as a sign of inflammation). A meta-analysis of urine dipstick testing in pregnancy demonstrated the low sensitivity of nitrites and leucocyte esterase for UTI detection (0.46 and 0.68 respectively) (3). More recent studies have also highlighed that urine dipstick testing has a poor negative predictive value which makes it unsuitable to exclude the presence of urine infection, especially in pregnancy (20). A further diagnostic tool is the use of flow cytometry analysers (FCA). This test is based upon detection and quantification of both leukocytes and bacteria and is currently being evaluated. This analysis would reduce the number of samples cultured with a sharp decrease in workload, time, and costs (21). Additionally, negative results could be informed considerably earlier, which would reduce unnecessary empirical antibiotic prescriptions. Some units in the UK utilise this method as a form of screening but this is not recommended for pregnancy.

Despite urine culture being the “Gold Standard” the true bacterial concentration which is diagnostic for infection is debated. The urine culture accounts for logarithmic bacterial proliferation rates. A concentration of >105 bacteria/ml is highly suggestive of infection with <1% chance of this level being secondary to contamination. At 104-105 bacteria/ml, there is a higher risk of contamination, microbiologists diagnose a UTI if a single strain of a uropathogen is isolated. At 103-104 bacteria/ml, there is a 50% chance of contamination and therefore microbiology laboratories request a repeat urine sample for culture, if the same organism is isolated on the second sample, this is more indicative of a significant bacteriuria (2), this again adds a further delay to the time of diagnosis. 

The current UK guidance advocates that as part of routine antenatal care all women have a midstream urine (MSU) sample is sent to the laboratory for culture at the booking appointment for their pregnancy (22). The rational for this is due to the association of UTIs with an increased risk of preterm birth (16, 23, 24). Urine culture is the “Gold  standard” for diagnosis of UTI but creates a significant workload and is time-consuming with a high percentage yielding no growth. However, as discussed, the other diagnostic tools discussed have a low dianostic accuracy especially in pregnancy. 

There is a need to develop an accurate point of care test for UTI in pregnancy which can be taken at the bedside and produce results within a few minutes, to reduce the burden of UTIs in pregnancy and its’ complications. Additionally, it would be beneficial due to the large scale of women who need to be tested if this cost of this test could be minimised. 
The detection of specific patterns of volatile organic compounds (VOCs) in urine, breath, sweat and faeces is a novel tool that has been developing over recents years for the detection of various diseases (5, 6, 9, 10, 25-31). Gas phase analytical instruments including gas chromatography and mass spectrometry (GC-MS), selective ion flow mass spectrometry (SIFT) and the electronic nose (enose) have been used to detect VOCs.  The pattern or “finger print” of VOCs reflect changes in the pathogens causing the disease (fermentone). There are several examples demonstrating that VOC analysis has been able to recognise various microorganisims including,  Clostridium difficile in stool samples (17), Group B Streptococcus from vaginal swabs (8) and bacterial respiratory tract infection from breath (19).   Utilising instruments that detect VOC mean that it is possible to obtain results within minutes of samples being taken.

1.2 Proposed study
The objective of this study is to determine the ability of this VOC detection technology to detect culture positive maternal UTI including asymptomatic bacteriuria, symptomatic cystitis and pyelonephritis. 

We will examine gas phase VOCs emanating from MSU samples taken from women in pregnancy (index test) and compare this to the results of the dipstick chemical test and urine culture method (reference standard). The ultimate aim is to establish a point of care test for diagnosis that can be undertaken as part of a pregnancy pathway at the bedside, as the rapid dipstick test is used at present but with improved diagnostic accuracy. 

As discussed, asymptomatic bacteriuria progresses to cystitis and pyelonephritis in up to 30% and 40-50% of patients respectively if untreated (1, 2). This new test will identify this and prevent disease progression by acute targeted administration of appropriate antibiotics to those who need it, reducing complications for both the mother and the child. From a global health presective, appropriate administration will reduce antibiotic resistance and this test will reduce the cost to screen women for these infections with a novel, rapid and increasingly available tool.

1.3 Study population 
Pregnant women presenting to antenatal clinic, ultrasound department, labour ward triage or the early pregnancy assessment unit who would routinely be asked for a MSU specimen are identified by the clinical team.

1.4 Intervention 
Pregnant women will be asked to produce a midstream urine sample, specific instructions about how to do this will be given to reduce the risks of contamination of the sample. This will be as follows:
To collect a clean urine sample:
· You must produce the sample at the hospital
· Wash your hands
· Part your labia
· Start to urinate, but don’t collect the first part of urine that comes out
· Collect a sample of urine "mid-stream" in a sterile container
· Wash your hands thoroughly

The reference standard will be sent immediately to the microbiology laboratory for processing in a boric acid container which helps to maintain the microbiological quality of the specimen, by preventing cell degradation and overgrowth of organisms. A rapid chemical dipstick test will also be performed on the sample

1.5 Clinical data
Several previous studies have demonstrated the disease detecting potential of this technology for UTIs. From a total of 680 urine samples from patients attending hospitals with suspected UTIs, they report sensitivity and specificity of various VOC detection technologies ranging from 83-100% and 88-100% respectively (11-13), a much higher sensitivity and equivalent specificity to the currently used rapid dipstick test. Our own teams study from UTI subjects recruited from UHCW (with a range of other conditions) have provided similar diagnostic performance (sensitivity/specificitiy >90%, unpublished). Forty midstream urine samples were transferred to the University of Warwick from UHCW NHS Trust. These samples were healthy volunteers and subjects with urinary tract infections (20 of each group). Samples contained multiple samples from the same patient in 2 ml vials. Samples were tested with an Owlstone Lonestar instrument (serial no. 135), Atlas sampling system and Split flow box. The instrument was located in a Category 2 bio-hazard laboratory. The unit was supplied with compressed air which was filtered using a water and VOC trap (details of filters available on request). 
Samples testing procedure:
· Samples were placed in -20 oC freezer on arrival to Warwick University;
· On day of test, samples were placed in a laboratory fridge (3 oC) for 12 hours before testing;
· 5 ml of urine were aliquoted into a new 20 ml vial;
· These were placed in the Atlas sampling system (set to 40 oC) for 10 minutes to warm up;
· Flow over the sample = 200 ml/min; make-up air 1800 ml/min; total flow 2 L/min;
· Instrument was set to scan from 0-100% d.f. in 51 steps and from -6 to +6V c.v. in 512 steps;
· Each sample was tested sequentially four times;
· Instrument was left to clean for 25 mins in between samples.

Figure 2 demonstrates an output from a culture positive urine sample


Figure 2: Example outputs from a culture positive urine sample is shown below (positive ions only)
[image: ]:

Statistical analysis was done in-line with current methods used at the University of Warwick. These in brief are:
· 2D wavelet applied to each sample (second “run” used throughout);
· Feature selection by Wilcoxon test;
· 10 fold-cross validation;
· Classification model training (90% of data) with three classifiers;
· Test model prediction (10% of data)
· ROC curve
· Performance metrics (AUC, sensitivity, specificity)
The diagnostic accuracy of the common machine learning models applied are illustrated in Table 1. The ROC curve for the sparse logistic regression model is illustrated in Figure 3.

Table 1: Analysis Results
	Metric/Classifier
	Sparse Logistic Regression (CI 95%)
	Random Forrest (CI 95%)
	Support Vector machine (CI 95%)

	AUC
	0.98 (0.93 - 1)
	0.95 (0.86 - 1)
	0.93 (0.82 - 1)

	Sensitivity
	0.9 (0.55 - 1)
	0.8 (0.44 - 0.97)
	0.8 (0.44 - 0.97)

	Specificity
	0.9 (0.55 - 1)
	0.8 (0.44 - 0.97)
	0.8 (0.44 - 0.97)





Figure 3: ROC Curve (Sparse Logistic Regression) for the diagnosis of culture positive urinary tract infections in the non-pregnant population (unpublished data)
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2. [bookmark: _Toc502674546]RATIONALE 

2.1 Aims and hypothesis
We aim to verify that VOCs measured from urine samples of pregnant women without UTIs will be different to those who are infected and translate this into a clincial test which can be used in a ward based setting. This test will more accurately diagnose urinary tract infections in pregannt women. This will allow rapid and appropriate antibiotic administration to those who need it only. This will also reduce inappropriate antibiotic administration.

2.2 Justification
The current rapid clinical urine dipstick test has a poor sensitivity and therefore women with urinary tract infections are being missed and are therefore at risk of the sequaelae of UTIs which can impact both the health of the mother and the fetus. The current “Gold standard” urine culture test is time-consuming, delaying diagnosis and expensive. VOC technology has the potential to rapidly and accurately diagnose UTIs in pregnant women at the bedside. This work is needed to validate the previous work into VOCs for the diagnosis of urinary tract infections specific to the pregnant population and then translate this into a clinical test.

2.3 [bookmark: _Toc303179240]Assessment and management of risk
Women are asked for a urine sample at every contact with healthcare professionals in pregnancy. This is normal practice and therefore there is minimal risk associated with this.

[bookmark: _Toc502674547]

3. OBJECTIVES AND OUTCOME MEASURES/ENDPOINTS
3.1 Primary objective
Our primary objectives is:
· To optimise VOC detection technology for UTIs to specifically identify culture positive UTIs in pregnancy including asymptomatic bacteriuria, symptomatic cystitis and pyelonephritis in pregnant women and to translate this into a clinically useful bedside test. 

P 	–  Pregnant women attending the hospital for any clincial review
I 	–  VOC analysis of a midstream urine sample
C	–  Microscopy culture and sensitivity testing of midstream urine sample (and chemical dipstick 
test results)
O 	–  Diagnostic accuracy of VOC analysis of midstream urine sample when compared to the 
“Gold Standard” of microscopy, culture and sensitivity testing

3.2 Secondary objectives
To undertake VOC detection using this technology to distinguish between different pathogens that cause UTIs. This will allow targeted antibiotic treatment as the pathogen will be known.

3.3 Primary endpoint/outcome
This project will consist of two phases.

Phase 1: Lab based testing
Collect urine samples from pregnant women until thirty confirmed UTI cases have been attained. At the same time, we will collect negative urine cases as controls, from suspected women. All samples will be cultured and used as the gold standard.

All samples will be frozen at point of collection in liquid nitrogen and then stored at -80C (in line with our existing protocol). From previous experiments (4, 5, 26), we know samples will be store for up to nine months in these conditions. Samples will be tested in a single batch on multiple platforms, with sample aliquoted for multi-instrument testing. Specifically:
I. GC-TOF-MS: For chemical indentification
II. GC-IMS: For chemical indentification and potential ward use case
III. Electronic Nose: As a potential technology for ward use.
For I and II, chemical identification will be undertaken by NIST, followed by chemical confirmation. The School of Engineering have developed dedicated statistical pipelines for processing data from these platforms. These provide traditional outputs (including AUC, sensitivity, specificity, PPV and NPV), but also biomarkers/potential biomarkers. These will be compared with our previous UTI findings in non-pregnant individuals and the literature. Any differences will be investigated and protected as needed. This phase will also create classification/diagnostic models that will be applied in Phase 2.

Phase 2: Ward based testing
Depending on diagnostic performance, one of the VOC analysers used within Phase 1 (instruments ii and iii) will be installed at UHCW. These instruments do not require additonal services beyond power and are simple to use. Training will be provided to the ward staff and patients recruited as before. In this case, samples will be tested as soon as possible (or briefly stored in a fridge until analysis). The VOC detection equipment will be supported by Profesor James Covington or one of his team from his laboratory from the department of engineering. The equipment will be mantained and calibrated as per the manufacturers instructions. If we have any concerns or problems with the equipment we will contact Professor Covington directly. As before, culture will be undertaken as the gold standard and a chemical dipstick test performed.

3.4 Secondary endpoints/outcomes
Further analysis of the VOC patterns will be performed to identify specific patterns associated with specific organisms.

4. [bookmark: _Toc502674548]STUDY DESIGN
Prospective cohort study

5. [bookmark: _Toc502674549]STUDY SETTING
· Single centre
· Recruitment from antenatal clinic, obstetric ultrasound scan department, labour ward triage and the early pregnancy assessment unit

6. [bookmark: _Toc502674550]ELIGIBILITY CRITERIA
· All adult pregnant women presenting to the hospital for clinical care will be eligible (aged =>18 years)

6.1 Inclusion criteria
Pregnant women, either confirmed by urinary pregnancy test in first trimester or with other clinical signs of pregnancy

6.2 Exclusion criteria
Women who are not able to give informed consent

7. [bookmark: _Toc502674551]TRIAL PROCEDURES 

7.1 Recruitment
Patients will be recruited by the research team after being identified by their clinical team when they attend for clinical care during their pregnancy


7.1.1 Patient identification

Patients will be identfied by the clinical team as being eligible to take part in the study and then will be approched by any member of the research team who has been trained to do so. This will include all team members who have completed their GCP training and are on the delegation log for the study. Women will be asked to consent on the day that they are approached about the study. This is clinically important as many women are treated based upon their urine chemical disptick tests and symptoms as is discussed in the background to the project. These women therefore are commenced on antibiotics and so it is not possible to wait for 24 hours to take patient consent and obtain a urine sample the following day.

7.1.2  Screening

If patients are recruited from the EPAU and do not have an ultrasound scan to confirm pregnancy status, a urinary pregnancy test will be performed by the clinical team before they are approached about the study. All other participants will be attedning pregancy services provided as part of routine low risk and high risk antenatal care.

7.1.3 Payment

Not applicable

7.2 Consent 

Written informed consent will be obtained from patients after discussion with the study team and after they have received a patient information sheet about the study. The patient will be made aware that if they do not wish to particpate in the study their clinical care will not be affected in any way. The participant will remain free to withdraw at any time from the study without giving reasons and without prejudicing her further treatment and will be provided with a contact point where she can obtain further information about the study. Data and samples collected up to the point of withdrawal will only be used after withdrawal if the participant consents for this. Any intention to utilise such data will be outlined in the consent literature. Where a participant is required to re-consent or new information is required to be provided to a participant it will be the responsibility of the PI to ensure this is done in a timely manner. If a potential participant does not speak English, a transalator will be used to obtain written consent.

Participants must be capable of giving consent for themselves. A capable person will: 
· understand the purpose and nature of the research 
· understand what the research involves, its benefits (or lack of benefits), risks and burdens 
· understand the alternatives to taking part 
· be able to retain the information long enough to make an effective decision
· be able to make a free choice 
· be capable of making this particular decision at the time it needs to be made (though their capacity may fluctuate, and they may be capable of making some decisions but not others depending on their complexity)

7.3 Blinding 
During the lab based testing phase, the study team will be aware of the results of the standard test as this will be needed to develop the index test. After this phase, the index test result will be rapidly available prior to the standard test. The results of the standard test will be chased by the research team and following any positive results patients will be contacted and advised to attend for clinical review and antibiotics. In view of the poor diagnostic accuracy of the chemical dipstick test, the results of this will not be used in patient care for study patients. 

7.4 Baseline data
Baseline data will be collected on a case report form (CRF). These data will include:
· Date of sample
· Age at booking
· BMI at booking
· Gestational age
· Urine chemical analysis dipstick test results
· Ethnicity
· Smoking status
· Parity
· Symptoms of UTi at time of sample
· Medications taking at time of sample
· Allergies
· Time of day sample obtained
· M C & S results
This will be stored by the Tommy’s Biobank team

7.5 End of study definition

The study will be closed after the sample size has been achieved. We are aiming to complete by the end of 2023
8. [bookmark: _Toc502674552]STATISTICS AND DATA ANALYSIS

8.1 Sample size calculation
Phase I
Samples will be collected until 30 culture positive samples have been obtained

Phase II
The sensitivity of the chemical analysis dipstick test for UTI in pregnancy is mediocre at approximately 0.55. To determine the suitability of VOC analysis of urine as a replacement screening test, we used a minimum acceptable lower confidence limit for sensitivity of 0.60 (3), an expected sensitivity of 0.90 based on our pilot data, and a UTI prevalence of 5%. We used the one-sided method outlined in Flahault et al. 2005 (32),which identified a sample size requirement of 18 cases, and therefore 342 controls. We have funding for the project up until this stage from the Warwick Wellcome Translational Partnership. Once the data has been analysed, we will use this to apply for larger scale funding for the second part of Phase II below for the use of VOC detection technology as a diagnostic tool for urinary tract infections.
To consider the suitability of VOC analysis of urine as a diagnostic test, we used a sensitivity of 0.90 and a minimum acceptable lower confidence limit of 0.80, and identified a sample size requirement of 235 cases and 4,465 controls, where the probability that the 95% lower confidence interval is above the minimum lower confidence limit is 95%.

8.2 Planned recruitment rate

UHCW has approximately 6000 deliveries per year. Women attend multiple times throughout their pregnancy. We aim to recruit and collected 200 samples per month once the project enters Phase II. 

8.3 Statistical analysis plan

8.3.1  Summary of baseline data and flow of patients

Baseline characteristics of the cohort will be reported. Parametric data will be reported with mean and standard deviation and non-parametric data reported as median and interquartile range

8.3.2  Primary outcome analysis

The data will be analysed using the statistical pipeline successfully used in (9, 33, 34). In summary, the VOC output data will be extracted using the L.A.V. software (v2.2.1, G.A.S, Germany), which converts the data from its native file format to a text file. This will be followed by a pre-processing step to reduce the dimentionality of the data, making the statistical analysis less computationaly  intensive. A typical output file (of a single sample) contains typically 11 million data points. Though the number of data points is high, the information content is sparse, with the all of the values containing non-background information being located around the centre of the dataset. Thus, we are able to crop the central section of the data and then apply a threshold to make the background values all be zero. These values are selected by visual inspection of the data using the LAV software and results in around a 500 fold reduction in the number of non-zero data points. Once completed, the data will analysed using a 10-fold cross validation approach. In each fold, the data was split into a 90% training set and a 10% test set. Features with discriminary power will identified from the training set using a rank-sum test and 50 features with the lowest p-value were taken forward for classification. Here, five different classifiers will be used, specifically sparse logistic regression, random forest, Gaussian process classifier, support vector machine and neural network (this set is commonly used within our pipeline). Once the training models have been created in Phase 1, they will be applied to the same features in the test set (Phase 2). This process will be repeated ten times until all the data has a test result. This process will provide test probabilities for each sample and from this, statistical values, including sensitivity and specificity will be calculated.

8.3.3  Secondary outcome analysis

Samples positive for specific micro-organisms will have their VOC analysis interrogated to identify if a specific fingerprint or specific VOCs are associated with each pathogen. Once identified in future work this pattern will be reviewed in further samples to investigate diagnostic accuracy.

9. [bookmark: _Toc502674553]DATA MANAGEMENT

9.1 Data collection tools and source document identification

Baseline data will be collected from the patient on the day of recruitment. This will use a standardised case report form (CRF). This original document will be stored by the Tommy’s Biobank team in a locked cupboard in the Biomedical Research Unit at UHCW. This document will contain patient identifiable data. These data will be transferred onto an electronic database and stored by the Tommy’s Biobank Team only. This electronic database will not have patient identifiable data and each sample will have a study number. This number will also be recorded on the CRF. Patient contact details will be kept by the research team to ensure the results of the reference standard (midstream urine sent to the microbiology laboratory for microscopy, culture and sensitivity testing) are chased and acted upon if needed. With patient permission we will collect each patients telephone number and call them with the results of the reference standard if they need further discussion or treatment.

A copy of the consent form will be kept in a file in the Biomedical Research Unit and each patient will be given a copy of the consent form.

9.2 Archiving

Following the resolution of queries and confirmation of study close-out by the Chief Investigator, all essential documentation will transferred to a third party archiving service, which provides suitable fire and water-resistant facilities.  The data will be stored in accordance with the sponsor recommendations. The standard data retention period for University of Warwick is 10 years.

10. [bookmark: _Toc502674554]TRIAL OVERSIGHT

10.1 Role and responsibilities of the Sponsor

University of Warwick has agreed to act as sponsor for this study and will undertake the responsibilities of sponsor as defined by the UK Policy Framework for Health and Social Care Research and ICH Good Clinical Practice. An authorised representative of the Sponsor has approved the final version of this protocol with respect to the study design, conduct, data analysis and interpretation and plans for publication and dissemination of results. As sponsor, University of Warwick provides indemnity for this study and, as such, will be responsible for claims for any non-negligent harm suffered by anyone as a result of participating in this trial. The indemnity is renewed on an annual basis and will continue for the duration of this trial.

11. [bookmark: _Toc502674555]MONITORING, AUDIT & INSPECTION

The study may be monitored by the Univerosty of Warwick as representatives of the Sponsor or by the Research & Development Department at UHCW, to ensure that the study is being conducted as per protocol, adhering to Research Governance and GCP. The approach to, and extent of, monitoring may be specified in a trial monitoring plan determined by the risk assessment undertaken prior to the start of the study.

12. [bookmark: _Toc502674556]ETHICAL AND REGULATORY CONSIDERATIONS

12.1 Ethical approval and research governance

The study will be conducted in compliance the principles of the ICH GCP guidelines and in accordance with all applicable regulatory guidance, including, but not limited to, the UK policy framework for health and social care research. Ethical approval for this study will be sought from the Research Ethics Committee combined with Health Research Authority (HRA) approval. No study activities will commence until favourable ethical opinion and HRA approval has been obtained. Progress reports and a final report at the conclusion of the trial will be submitted to the approving REC within the timelines defined by the committee. Confirmation of capacity and capability will be obtained from the R&D department prior to commencement of the study at all participating sites.”

12.2 Peer review

This study was peer reviewed by the Warwick-Wellcome Translational Partnership team prior to funding being offered for the project

12.3 Data protection and patient confidentiality

The study will comply with the current Data Protection regulations and regular checks and monitoring will be undertaken to ensure compliance. Participants will be assigned a unique identifier upon enrolment into the study to allow pseudonymisation of patient-identifiable data. Access to patient identifiable data will be restricted to members of the study co-ordination team who require it for the performance of their role.  Electronic data will be stored on password protected encrypted drives and hard copies of study documents will be stored in locked filing cabinets in secure entry-card protected sites.

13. [bookmark: _Toc502674557]DISSEMINATION POLICY

The study findings will be reported to the Warwick-Wellcome Translational Partnership and we aim to publish the results in high impact journals. We will apply for patent with Warwick Ventures.
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Pregnant woman attends hospital for clinical review and identified by clincial team as eligible to be approached about the study


Approached by study team about project


Written consent obtained


Patient counselled about providing MSU sample to minimise contamination


 (i) MSU sample collected in sterile container
(ii) Collection of baseline data


Sample divided into two
1. Placed in a universal container for VOC analysis
2. Rapid dipstick chemical test and then placed in a boric acid container and sent to microbiology laboratory for M, C & S testing within 1 hour for sample being produced


Patient contacted after MSU microbiology results obtained if positive for UTI for assessment and prescription of antibiotics
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