Supplementary Data

Methodological considerations for large-scale breath analysis

studies: lessons from the U-BIOPRED severe asthma project.

Wagar M. Ahmed?, Paul Brinkman?, Hans Weda®, Hugo H. Knobel®, Yun Xu®, Tamara M. Nijsen?,
Royston Goodacre®, Nicholas Rattray®, Teunis J. Vink?, Marco Santonico’, Giorgio Pennazza’, Paolo

Montuschi®, Peter J. Sterk?, Stephen J. Fowler"®", on behalf of the U-BIOPRED study group”

Author affiliations:
1 School of Biological Sciences, University of Manchester, United Kingdom.

2 Department of Respiratory Medicine, Academic Medical Center (AMC), University of Amsterdam,
The Netherlands.

3 Philips Research, Royal Philips B.V., The Netherlands.
4 Philips Innovation Laboratories, Philips Lighting B.V., The Netherlands.

> School of Chemistry, Manchester Institute of Biotechnology, University of Manchester, United
Kingdom.

® Department of Environmental Health Sciences, Yale School of Public Health, Yale University, New
Haven, United States.

- Unit of Electronics for Sensor Systems, Faculty of Engineering, Campus Bio-Medico University of
Rome, Rome, Italy.

& Department of Pharmacology, Faculty of Medicine, Catholic University of the Sacred Heart, Rome,
Italy.

% Manchester Academic Health Sciences Centre, Manchester University NHS Foundation Trust,
United Kingdom.

*Corresponding author

Email: stephen.fowler@manchester.ac.uk



Figure S1. A diagram of the sampling method illustrating the position of the 1) Tedlar bag, 2)

connectors, 3) sample tube, 4) flow indicator, and 5) peristaltic pump.

List of Asthma VOCs from previous studies (n = 53)

Extracted from U-BIOPRED feature matrix (n = 42) J

/ Matched with NIST ID {n = 17) \

2-butanone
2-methyldecane
2-methylfuran
3-methylfuran
2-methylhexane
2-methylpentane
2,6,10-trimethyldodecane
2,6,11-trimethyldodecane
Benzene

Carbon disulfide

Cumene

Dodecane

Nonanal

Octanal

Octane

p-xylene
Weca ne

ﬂnmatched/incorrect NISTID (n= 25)\

1,3-Dioxolane, 2-(phenylmethyl)-
1-phenyl-1-butane
2,3,6-trimethyloctane
2,4-dimethylheptane
2,6-Dimethylundecane (C13H28)
2,6-Pyridinedicarboxaldehyde (C7H5SNO2)
2-ethyl-1,3-butadiene
2-ethyl-4-methyl-1-pentanol
2-ethylhexanal

2-Furoylacetonitrile (C7HSNO2)
2-octen-1-ol

2-undecenal
3,5-Dihydroxybenzonitrile (CZHSNO2)
4-Cyclopentene-1,3-dione, 4-phenyl-
5,9-Undecadien-2-one, 6,10-dimethyl-
Allyl methyl sulfide

biphenyl

benzoicacid

butanoicacid
cis-1,2-dimethylcyclohexane
Cyclohexane

Cyclohexanol 2-butyl

heptane, 2,2,4-trimethyl-
naphthalene, 2-ethenyl-

W\/menene (C10H12)

/

/ Not extracted(n =11)

1-Dodecanol, 3,7,11-trimethyl-
2(3H)-Benzoxazolone (C7H5N02)
2,4-dimethylpentane
3-methylpentane
4,6,9-nonadecatriene

Benzoic acid, heptyl ester (C14H2002)
Cedrane (C15H26)
Decahydroguinoline

Hippuric acid (C9HINO3)
Pentadecanal

~

Propylene glycol, monoallyl ether, acetate
QHmos) /

Figure S2. A flow chart detailing the results from the identification process of known asthma VOCs,

using their ion fragments to search the U-BIOPRED feature matrix.



Table S3. A pairwise matrix showing the instrument similarity analysis results from the Procrustes

test
3 PCs GC-MS Lonestar Cyranose Tor Vergata Comon Invent
GC-MS -
R 0.2521 (m?
0.9364)
p=0.13187 B
Lonestar SES: 1.1544
95% Cl: 0.000-
0.2807
R0.1122 (m? R 0.1831 (m?
0.9874) 0.9581)
p=0.87812 p=0.2038 B
Cyranose SES: -1.1682 SES: 0.7899
95% Cl: 0.000- 95% Cl: 0.000-
0.2455 0.2524
R0.2107 (m? R0.1891 (m? R 0.7445 (m?
0.9556) 0.9642) 0.4457)
p =0.25475 p =0.3966 p = 0.000999
Tor Vergata SES: 0.6238 SES: 0.2162 SES: 10.4010
95% Cl: 0.000- 95% Cl: 0.000- 95% Cl: 0.000-
0.2657 0.2655 0.2634
R0.173 (m? R 0.3554 (m? R 0.3919 (m? R0.2157 (m?
0.9701) 0.8737) 0.8464) 0.9535)
Comon Invent p =0.52547 p = 0.002997 p = 0.002997 p =0.18382 ~
SES: -0.1456 SES: 3.4742 SES: 4.2358 SES: 0.8761
95% Cl: 0.000- 95% Cl: 0.000- 95% Cl: 0.000- 95% Cl: 0.000-
0.2693 0.2704 0.2540 0.2628



Table S4. A checklist detailing important considerations within sampling and analysis of breath

samples for new multi-site and/or longitudinal studies

Measure

Key measures

Achieved

Not yet
achieved

Not
applicable

Breath sampling

Determine suitability of sampling site
towards the project (including a risk
assessment)

Provide calibrated equipment, their
maintenance schedules, and sampling
SOPs to all sampling sites

Provide appropriate training
workshops for operators and
associated staff at regular intervals

Organise and maintain sample storage
and transport (e.g. a tracker sample) if
required

Sample analysis

Define a quality assurance program
(e.g. databases, calibration, references
items, monitoring etc.)

Develop a project-specific method and
test with control samples

Provide appropriate training for
operators and associated staff at
regular intervals

Data analysis

Set up a regular sample data quality
monitoring infrastructure

Perform interim data analysis for
longitudinal studies

Define data archiving and accessibility




Table S5. U-BIOPRED consortium members

Name Affiliation

Adcock | M National Heart and Lung Institute, Imperial College, London, UK;

Ahmed H European Institute for Systems Biology and Medicine, CNRS-ENS-
UCBL-INSERM, Lyon, France;

Auffray C European Institute for Systems Biology and Medicine, CNRS-ENS-
UCBL-INSERM, Lyon, France;

Bakke P Department of Clinical Science, University of Bergen, Bergen,
Norway;

Bansal AT Acclarogen Ltd, St. John’s Innovation Centre, Cambridge, UK;

Baribaud F Janssen R&D, USA;

Bates S Respiratory Therapeutic Unit, GSK, London, UK;

BelEH Academic Medical Centre, University of Amsterdam, Amsterdam,
The Netherlands;

Bigler J Previously Amgen Inc

Bisgaard H COPSAC, Copenhagen Prospective Studies on Asthma in Childhood,

Herlev and Gentofte Hospital,
University of Copenhagen, Copenhagen, Denmark

Boedigheimer M J

Amgen Inc.; Thousand Oaks, USA

Bgnnelykke K

COPSAC, Copenhagen Prospective Studies on Asthma in Childhood,
Herlev and Gentofte
Hospital, University of Copenhagen, Copenhagen, Denmark;

BrandsmaJ University of Southampton, Southampton, UK

Brinkman P Academic Medical Centre, University of Amsterdam, Amsterdam,
The Netherlands;

Bucchioni E Chiesi Pharmaceuticals SPA, Parma, Italy

Burg D Centre for Proteomic Research, Institute for Life Sciences,
University of Southampton, Southampton, UK

Bush A National Heart and Lung Institute, Imperial College, London, UK;
Royal Brompton and Harefield NHS trust, UK

Caruso M Dept. Clinical and Experimental Medicine, University of Catania,

Catania, Italy;

Chaiboonchoe A

European Institute for Systems Biology and Medicine, CNRS-ENS-
UCBL-INSERM, Lyon, France;

Chanez P Assistance publique des Hopitaux de Marseille - Clinique des
bronches, allergies et sommeil, Aix Marseille Université, Marseille,
France

Chung FK National Heart and Lung Institute, Imperial College, London, UK;

Compton CH Respiratory Therapeutic Unit, GSK, London, UK

Corfield J Areteva R&D, Nottingham, UK;

D’Amico A University of Rome ‘Tor Vergata’, Rome ltaly;

Dahlén B Karolinska University Hospital & Centre for Allergy Research,
Karolinska Institutet, Stockholm, Sweden

Dahlén S E Centre for Allergy Research, Karolinska Institutet, Stockholm,
Sweden

De Meulder B European Institute for Systems Biology and Medicine, CNRS-ENS-

UCBL-INSERM, Lyon, France;

Djukanovic R

NIHR Southampton Respiratory Biomedical Research Unit and
Clinical and Experimental Sciences, Southampton, UK;




Erpenbeck V J Translational Medicine, Respiratory Profiling, Novartis Institutes for
Biomedical Research, Basel, Switzerland;

Erzen D Boehringer Ingelheim Pharma GmbH & Co. KG; Biberach, Germany

Fichtner K Boehringer Ingelheim Pharma GmbH & Co. KG; Biberach, Germany

Fitch N BioSci Consulting, Maasmechelen, Belgium;

Fleming L J National Heart and Lung Institute, Imperial College, London, UK;
Royal Brompton and Harefield NHS trust, UK

Formaggio E Previously CROMSOURCE, Verona Italy

Fowler S J Centre for Respiratory Medicine and Allergy, Institute of
Inflammation and Repair, University of Manchester and University
Hospital of South Manchester, Manchester Academic Health
Sciences Centre, Manchester, United Kingdom

Frey U University Children’s Hospital, Basel, Switzerland;

Gahlemann M Boehringer Ingelheim (Schweiz) GmbH,Basel, Switzerland;

Geiser T Department of Respiratory Medicine, University Hospital Bern,
Switzerland;

Goss V NIHR Respiratory Biomedical Research Unit, University Hospital
Southampton NHS Foundation Trust, Integrative Physiology and
Critical lllness Group, Clinical and Experimental Sciences, Sir Henry
Wellcome Laboratories, Faculty of Medicine, University of
Southampton, Southampton, UK;

GuoY Data Science Institute, Imperial College, London, UK;

Hashimoto S

Academic Medical Centre, University of Amsterdam, Amsterdam,
The Netherlands;

Haughney J International Primary Care Respiratory Group, Aberdeen, Scotland;

Hedlin G Dept. Women’s and Children’s Health & Centre for Allergy
Research, Karolinska Institutet, Stockholm, Sweden;

Hekking P W Academic Medical Centre, University of Amsterdam, Amsterdam,

The Netherlands;

Higenbottam T

Allergy Therapeutics, West Sussex, UK;

Hohlfeld J M Fraunhofer Institute for Toxicology and Experimental Medicine,
Hannover, Germany

Holweg C Respiratory and Allergy Diseases, Genentech, San Francisco, USA

Horvath | Semmelweis University, Budapest, Hungary

Howarth P NIHR Southampton Respiratory Biomedical Research Unit, Clinical
and Experimental Sciences and Human Development and Health,
Southampton, UK

James A J Centre for Allergy Research, Karolinska Institutet, Stockholm,
Sweden;

Knowles RG Knowles Consulting Ltd, Stevenage. UK;

Knox A J Respiratory Research Unit, University of Nottingham, Nottingham,
UK;

Krug N Fraunhofer Institute for Toxicology and Experimental Medicine,

Hannover, Germany;

Lefaudeux D

European Institute for Systems Biology and Medicine, CNRS-ENS-
UCBL-INSERM, Lyon, France;

LozaMJ Janssen R&D, USA;

Lutter R Academic Medical Centre, University of Amsterdam, Amsterdam,
The Netherlands;

Manta A Roche Diagnostics GmbH, Mannheim, Germany




Masefield S

European Lung Foundation, Sheffield, UK;

Matthews J G

Respiratory and Allergy Diseases, Genentech, San Francisco, USA;

Mazein A European Institute for Systems Biology and Medicine, CNRS-ENS-
UCBL-INSERM, Lyon, France
Meiser A Data Science Institute, Imperial College, London, UK

Middelveld RJ M

Centre for Allergy Research, Karolinska Institutet, Stockholm,
Sweden

Miralpeix M Almirall, Barcelona, Spain;

Montuschi P Universita Cattolica del Sacro Cuore, Milan, Italy;

Mores N Universita Cattolica del Sacro Cuore, Milan, Italy;

Murray CS Centre for Respiratory Medicine and Allergy, Institute of
Inflammation and Repair, University of Manchester and University
Hospital of South Manchester, Manchester Academic Health
Sciences Centre, Manchester, United Kingdom

Musial J Dept. of Medicine, Jagiellonian University Medical College, Krakow,
Poland

Myles D Respiratory Therapeutic Unit, GSK, London, UK;

Pahus L Assistance publique des Hopitaux de Marseille, Clinique des
bronches, allergies et sommeil
Espace Ethique Méditerranéen, Aix-Marseille Université, Marseille,
France;

Pandis | Data Science Institute, Imperial College, London, UK

Pavlidis S National Heart and Lung Institute, Imperial College, London, UK

Postle A University of Southampton, UK

Powel P European Lung Foundation, Sheffield, UK;

Pratico G CROMSOURCE, Verona, Italy

Puig Valls M CROMSOURCE, Barcelona, Spain

Rao N Janssen R&D, USA;

Riley J Respiratory Therapeutic Unit, GSK, London, UK;

Roberts A Asthma UK, London, UK;

Roberts G NIHR Southampton Respiratory Biomedical Research Unit, Clinical
and Experimental Sciences and Human Development and Health,
Southampton, UK;

Rowe A Janssen R&D, UK;

Sandstrom T

Dept of Public Health and Clinical Medicine, Umea University,
Umea3, Sweden;

Schofield JPR

Centre for Proteomic Research, Institute for Life Sciences,
University of Southampton, Southampton, UK

Seibold W Boehringer Ingelheim Pharma GmbH, Biberach, Germany

Selby A NIHR Southampton Respiratory Biomedical Research Unit, Clinical
and Experimental Sciences and Human Development and Health,
Southampton, UK;

Shaw D E Respiratory Research Unit, University of Nottingham, UK;

Sigmund R Boehringer Ingelheim Pharma GmbH & Co. KG; Biberach, Germany

Singer F University Children’s Hospital, Zurich, Switzerland;

Skipp P J Centre for Proteomic Research, Institute for Life Sciences,
University of Southampton, Southampton, UK

Sousa AR Respiratory Therapeutic Unit, GSK, London, UK;

Sterk P J Academic Medical Centre, University of Amsterdam, Amsterdam,

The Netherlands;




Sun K

Data Science Institute, Imperial College, London, UK

Thornton B

MSD, USA

van Aalderen WM

Academic Medical Centre, University of Amsterdam, Amsterdam,
The Netherlands;

van Geest M

AstraZeneca, MdIndal, Sweden;

Vestbo J Centre for Respiratory Medicine and Allergy, Institute of
Inflammation and Repair, University of Manchester and University
Hospital of South Manchester, Manchester Academic Health
Sciences Centre, Manchester, United Kingdom

Vissing N H COPSAC, Copenhagen Prospective Studies on Asthma in Childhood,
Herlev and Gentofte Hospital,
University of Copenhagen, Copenhagen, Denmark;

Wagener A H Academic Medical Center Amsterdam, Amsterdam, The
Netherlands

Wagers S S BioSci Consulting, Maasmechelen, Belgium

Weiszhart Z Semmelweis University, Budapest, Hungary;

Wheelock C E Centre for Allergy Research, Karolinska Institutet, Stockholm,
Sweden;

Wilson S J Histochemistry Research Unit, Faculty of Medicine, University of

Southampton, Southampton, UK;




