DIABLO – Detection of Infectious Agents By Laser Optics
Explanatory notes for biomarker data
Objective
Using a targeted metabolomics approach, to determine potential volatile biomarkers for Clostridium difficile infection (CDI) in well-characterised stool samples using minimal sample preparation.
Design
A total of twenty-seven candidate biomarkers were identified from a review of the literature including in vitro, animal and human studies. Emission rates were determined on stored frozen stool samples from 53 CDI-positive and 53 CDI-negative patients with unexplained diarrhoea which had previously been diagnosed using enzymatic and nucleic acid amplification tests. Sample preparation was limited to placement of a subsample in an appropriate container.
Method statement
Frozen (-40⁰C) faecal samples were obtained from the infection control laboratory at St Thomas’ Hospital NHS Trust, London, UK. These samples had previously been tested for Clostridium difficile using glutamate dehydrogenase (GDH) assays, nucleic acid amplification tests and enzymatic assays for bacterial toxins. Fifty-three positive and 53 negative samples were selected by staff of the infection control laboratory. Data were completely anonymised so that patient consent was not required. Ethical considerations meant that it was not possible to collect metadata. This study was approved by the National Research Ethics Service Committee East of England – Hertfordshire (REC reference: 11/EE/0095). 
The sampling campaign was carried out at the infection control laboratory using portable equipment. Samples were thawed at room temperature while remaining sealed in their original containers. A single subsample was then taken and placed in an open container. Vial caps were used for this purpose in order to ensure that each sample had a similar free surface area and volume. The container was placed on the bottom of a 100 ml Duran bottle which was closed by a lid having ports to allow air to be drawn through (Figure 1). The bottle was maintained at a temperature of 40 ⁰C using an electrical heating jacket and a layer of insulation. The sample was left to equilibrate for 10 min with air being drawn through at a constant rate of 100 ml.min-1 using a portable pump (Gilair Plus, Shawcity Ltd, Watchfield, UK). Before reaching the sample, air was passed through an activated carbon trap to remove atmospheric hydrocarbons. After equilibration, the  flow of air was diverted to pass through a thermal desorption (TD) sampling tube containing Tenax TA and Carbotrap sorbents (50:50) (Markes International Ltd, Llantrisant, UK). A sampling time of 5 minutes was used providing a sample volume of 500 ml. Temperature and timing were controlled using an Arduino open-source microcontroller. To avoid cross-contamination, separate sets of sampling equipment were used for positive and negative samples. TD tubes were immediately capped following sampling and were returned at the end of each day to Cranfield University for analysis. 


Laboratory analysis
An internal standard solution containing 50 ng d8-toluene (Supelco Cat No. 48593) in methanol was added to each thermal desorption tube using a calibration solution loading rig according to the manufacturer’s instructions (CSLRTM, Markes International Ltd, Llantrisant, UK). Headspace samples were analysed by ToF-GC-MS. Analytical instrumentation comprised a Series 2 Unity thermal desorber with Series 2 Ultra autosampler connected to an Agilent model 7890 gas chromatograph and ALMSCO Bench-ToF-GC-MS (Markes International, Llantrisant, UK). The gas chromatograph was fitted with a DB5 column of dimensions 60m x 0.4mm x 0.25mm (Agilent Technologies UK Limited, Stockport, UK). The carrier gas was CP grade helium (BOC gases, Guildford, UK) passed through a combined trap for removal of hydrocarbons, oxygen and water vapour. 
TD tubes were initially purged for 1 minute in order to remove air and water vapour then desorbed at 300 ⁰C for 8 minutes onto the secondary cold trap (Materials emission trap, U-T12ME-2S) which was initially maintained at -10 ⁰C. Once desorption was complete, the secondary trap was heated at the maximum available rate to 300 ⁰C and maintained for 3 minutes whilst the effluent was transferred to the GC via a transfer line maintained at 150 ⁰C. Constant-flow operation was used, at 1.2 ml min-1.  Initial GC temperature was 35 ⁰C held for 1 minute, then increased at 2 ⁰C /min to 75 ⁰C, 5 ⁰C/min to 140 ⁰C and 10 ⁰C/min to 300 ⁰C where it was held for 10 minutes. The eluted products were transferred to the MS via a line maintained at 200 ⁰C where they were subjected to electron ionisation, the ion source temperature being maintained at 200 ⁰C. The MS was operated from 33 – 480 amu at an effective scan rate of approximately 2.2 Hz.
Compound identification and quantification was achieved using Chemstation (enhanced data analysis) software, Automated Mass spectral Deconvolution and Identification System (AMDIS) Version 2.62 and the National Institute of Standards and Technology (NIST) mass spectral library. The system was calibrated using analytical grade standards of the target compounds dissolved in methanol and added to TD tubes over the required range of concentration. Response curves against the internal standard were then generated using Chemstation. Calibration was repeated as necessary, for example following tuning of the mass spectrometer. 
Results were processed using IBM® SPSS® Version 22. Data quantified using Chemstation as mass of each analyte per TD tube were converted to emission rate per litre sample volume per second using the known sampling time (5 min) and estimated volume of the sample (3.3 ml). 
Controls
VOC emission from the apparatus was assessed by drawing samples through an empty bottle. This was done for each set of apparatus at least once on each day of sampling for a total of 16 samples. The VOC content of laboratory air was determined by drawing samples (N=5 at the same flow rate and duration) through a TD tube connected directly to a pump. Finally, the contribution of the analytical instrumentation was monitored by the inclusion of a TD tube bearing internal standard alone in each analytical run (N=15). Internal standards (IS, N = 15) were made by adding 50ng d8-toluene (see above) to conditioned, unused TD tubes. Controls were analysed in the same way as samples.

Data
All files are in a single compressed folder: DIABLO project biomarker data.zip. 
	File
	Notes

	DIABLO biomarkers explanatory notes.docx
	This file.

	Complete DIABLO dataset 2014.sav
	Complete dataset in SPSS format. 

Values are emission rates in ng/l/s. Other fields are:
· Date sample was taken.
· Date analysed.
· Data filename (e.g. 20131024ieht05) which corresponds to one of the quantification reports (see below) and to the original data file for the analytical run.
· Tube number – the unique identifier of the TD tube on which the sample was taken.
· Diagnosis – the outcome of standard testing for CDI.


	Complete DIABLO dataset 2014.xlsx
	Complete dataset in Excel format. Other information as above.

	DIABLO standards reference data.docx
	Summary of data on the target compounds relevant for TD-GC-MS analysis.

	Percentage of nondetects by diagnosis.sav
	For each analyte in class of sample (CDI +ve, CDI -ve, controls), the percentage of samples in which it could not be detected. SPSS format.

	Percentage of nondetects by diagnosis.xlsx
	For each analyte in class of sample (CDI +ve, CDI -ve, controls), the percentage of samples in which it could not be detected. Excel format.

	-&- Guy's & Thomas' Master Data -&-.xlsx
	Collation of data from individual quantification report files. This file contains results from patient samples. It also includes additional information in the form of comments attached to individual cells.

	-&- Control Study Master Data -&-.xlsx
	Collation of data from individual quantification report files. This file contains results from control samples (Empty bottle, IAQ and IS). It also includes additional information in the form of comments attached to individual cells.

	20131024ieht05.xls
	This is an example of an individual quantification report file generated by Chemstation. All filenames follow this naming convention which can be linked with the original instrument data files. Each file corresponds to one analytical run.






A note on units
The units given in the quantification report files are ng (mass of analyte per TD tube). This actually represents the mass of analyte swept from a sample during the 5 min sample time. The sample volume is estimated as 3.3 ml (a 5ml container 2/3 full). So the effective units are:
ng/5min/3.3ml  (1)
/5  →  ng/min/3.3ml  (0.2)
/3.3  →  ng/min/ml  (0.06)
X1000  →  ng/min/l  (60)
/60  →  ng/s/l  (1)
So that the units are in a convenient range to be presented and have the same numeric values as the quantification  reports. 
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