
SUPPLEMENTARY METHODS

GC-MS analysis

Sorbent tubes with a Tenax/Carbograph-5TD sorbent phase (Markes International Ltd, Llantrisant, UK) containing the gaseous sample were loaded in the Thermal Desorber’s sample tray. A single tube was loaded, sealed in the desorbing gas flow path and pressurised for a leak testing. Following this, the tube was dry purged for 1 min to remove excess of moisture and air. VOCs were then desorbed from the tube by a combination of heat (280oC) and nitrogen gas flow (50 mL/min) for 10 minutes and refocused on the cold-trap (U-T12ME-2S, Markes International Ltd, Llantrisant, UK), held at 10oC. The cold-trap was then rapidly heated to 290oC with helium carrier gas flow so that VOCs are transferred to the GC column in a narrow band. For separation, the GC column was ramped as follows: initial oven temperature held at 40oC for 4 min, ramped 5oC/min to 120oC with a 1 min hold, ramped 5oC/min to 200oC with a 1 min hold, and finally ramped 10oC/min to 240oC with a 4 min hold.  The MS transfer line temperature was 240 °C and electron ion (EI) source conditions were 70 eV at 230 °C. The range of mass scan was set at 20-250 mass to charge ratio (m/z). An initial 3 min solvent delay minimised interference from water. The above methodology has been developed and published in previous studies by our group4. Only peaks with signal to noise ratio higher than 3 were integrated as described previously(1, 2). 

To confirm the identity of VOCs against the NIST library, standards were run using to ensure that the identified compounds had the same retention time with the same instrumental set-up and analysis. For this, 0.5μL of liquid VOC standard was injected into the TD tube at 100 ng per μL using a GC syring. The GC syringe was kept within the loading rig for 20 seconds to ensure complete evaporation. The loaded TD tube was then run on the GC-MS using exactly the same settings as used for breath samples Chromatograms were analysed to formally identify compounds through retention time and mass spectral analysis. Supplementary Figure 6 shows a representative chromatogram of a standard run for the compound of interest decane.

GC-MS Data analysis
Initially, principal component analysis (PCA) of the GC-MS spectral data was performed to visualize group clustering and elucidate overall similarities and differences between spectroscopic profiles and identify any abnormalities or outliers within the data set. Bi-cross validation was used to ensure that the principal components captured systematic variation was not attributable to noise. Cross-validation with quadratic classification was used to assess the predictive capacity of the models. The spectral profiles of each sample were withheld from the dataset one at a time. The discriminating components (linear combinations of metabolic features that separate classes in a mathematically optimal way) were derived based on the remaining data. The withheld profiles were then projected onto the discriminating space and assigned to the class to which they had the smallest distance via the quadratic classifier. The cross-validation was repeated until the spectral profiles of all samples were predicted. The classification accuracies (confusion matrices) and predicted variance were used to assess the performance of the supervised multivariate models. Potentially discriminatory metabolites were selected using “training” profiles by one-way analysis of variance with a liberal p-value threshold of 0.05 (ANOVA, p-value < 0.05) and their collective capacity to discriminate between classes was tested on withheld (“test”) profiles using the above multivariate modelling strategy. Additionally, one-way ANOVA with a FDR of either 0.1 or 0.05, to account for multiple hypothesis testing was applied to identify metabolites that individually (irrespective of other metabolites) discriminate between classes, based on suitably adjusted threshold p-values. Typically, the adjusted p values corresponding to an FDR of <10% would be a significance of < 0.05. For evaluation of individual compounds from in vitro studies, the Mann Witney U test was used. For human in vivo studies, to compare post-infection VOC measurements paired with baseline/stable-state, the Wilcoxon rank sum test was used. Correlations between datasets were examined using the Spearman’s rank correlation coefficient. Differences were considered significant when p < 0.05 (3, 4).



Reference

1. Papadimitropoulos MP, Vasilopoulou CG, Maga-Nteve C, Klapa MI. Untargeted GC-MS Metabolomics. Methods Mol Biol 2018; 1738: 133-147.
2. Monteiro M, Moreira N, Pinto J, Pires-Luis AS, Henrique R, Jeronimo C, Bastos ML, Gil AM, Carvalho M, Guedes de Pinho P. GC-MS metabolomics-based approach for the identification of a potential VOC-biomarker panel in the urine of renal cell carcinoma patients. J Cell Mol Med 2017; 21: 2092-2105.
3. Veselkov KA, Mirnezami R, Strittmatter N, Goldin RD, Kinross J, Speller AV, Abramov T, Jones EA, Darzi A, Holmes E, Nicholson JK, Takats Z. Chemo-informatic strategy for imaging mass spectrometry-based hyperspectral profiling of lipid signatures in colorectal cancer. Proceedings of the National Academy of Sciences of the United States of America 2014; 111: 1216-1221.
4. Aksenov AA, Laponogov I, Zhang Z, Doran SLF, Belluomo I, Veselkov D, Bittremieux W, Nothias LF, Nothias-Esposito M, Maloney KN, Misra BB, Melnik AV, Smirnov A, Du X, Jones KL, 2nd, Dorrestein K, Panitchpakdi M, Ernst M, van der Hooft JJJ, Gonzalez M, Carazzone C, Amezquita A, Callewaert C, Morton JT, Quinn RA, Bouslimani A, Orio AA, Petras D, Smania AM, Couvillion SP, Burnet MC, Nicora CD, Zink E, Metz TO, Artaev V, Humston-Fulmer E, Gregor R, Meijler MM, Mizrahi I, Eyal S, Anderson B, Dutton R, Lugan R, Boulch PL, Guitton Y, Prevost S, Poirier A, Dervilly G, Le Bizec B, Fait A, Persi NS, Song C, Gashu K, Coras R, Guma M, Manasson J, Scher JU, Barupal DK, Alseekh S, Fernie AR, Mirnezami R, Vasiliou V, Schmid R, Borisov RS, Kulikova LN, Knight R, Wang M, Hanna GB, Dorrestein PC, Veselkov K. Auto-deconvolution and molecular networking of gas chromatography-mass spectrometry data. Nat Biotechnol 2021; 39: 169-173.


SUPPLEMENTARY FIGURES AND TABLES
	Supplementary Table 1: Compounds detected in headspace of airway epithelial cells that differed between bacterial versus medium treated cells

	Peak
	p value
	q value
	Retention time
	
Compound
	M/z base peak

	190
	6.38E-06
	0.002176
	9.82
	Poor match (MW 106)
	57

	197
	0.00012
	0.018237
	10.07
	2-methyl-2-Propanol
	59

	208
	3.80E-07
	0.000259
	10.39
	Neopentane
	57

	      263
	5.22E-07
	0.000238
	12.30
	3-ethoxy-3-3methyl-2butanone
	59

	335
	2.40E-05
	0.004681
	14.83
	Poor match (MW 119)
	33

	443
	6.50E-05
	0.011094
	19.03
	2-hydroxy-2-methylpropionate hydroxymethl
	59

	451
	8.09E-08
	0.00011
	19.18
	Poor match (MW 114)
	43

	460
	1.26E-05
	0.003449
	19.42
	Dimethyl disulphide
	94

	933
	1.52E-05
	0.003454
	34.82
	2 methyl acetate1 butanol
	            43

	Data analysed using ANOVA with FDR correction (q value)





	Supplementary Table 2: Demographic and clinical characteristics of London COPD cohort patients 

	Characteristic
	N (%)

	Male Sex
	91 (65.5%)

	Age
	71.8 (67.4-75.9)

	FEV1 
	1.41 (1.02-1.91)

	GOLD Stage
I
II
III
IV
	
21 (15.1%)
67 (48.2%)
45 (32.4%)
6 (4.3%)

	Smoking History
Current Smoker
Ex smoker
Pack years
	
43 (30.9%)
96 (69.1%)
44.6 (29.1-57.3)

	Comorbidities
Cardiac disease
Hypertension
Diabetes Mellitus
Chronic liver disease
Cerebrovascular disease
	
13 (9.4%)
85 (61.2%)
17 (12.2%)
1 (0.7%)
3 (2.2%)

	Inhaled therapies
Inhaled corticosteroid use
Long acting Beta-2 agonist
Long acting muscarinic agent
	
96 (69.1%)
98 (70.5%)
99 (71.2%)


	Data shown as n(%) or median (IQR)
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Supplementary Figure 1: VOC collection from headspace of BEAS2B cells showing encasement in Tedlar bags and apparatus used
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Supplementary Figure 2: Focussed sections of representative chromatograms from experimental models within the study. Experimental chromatograms generated by GC-MS analysis showing (a) decane in headspace of rhinovirus infected BEAS2B  bronchial epithelial cell cultures. (b) decane in a healthy subject experimentally challenged with rhinovirus A16. (c) 2,9 dimethyl undecane in a COPD subject with virus associated naturally occurring exacerbation. Arrow denotes peak of interest.
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Supplementary Figure 3: No effect of tedlar bag encasement upon cell viability of cultured BEAS2B bronchial epithelial cells. Viability assessed by MTT assay.
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Supplementary Figure 4: Correlations between exhaled breath 2,9 dimethyl undecane levels and acute FEV1 decline during exacerbation in bacterial and pathogen-negative exacerbations. A cohort of 133 patients with COPD were recruited and monitored for 18 months. Patients were sampled at stable state and following presentation with acute exacerbation at onset with a subset also sampled at 1,2 and 6 weeks post onset. Exhaled breath was collected and levels of 2,9 dimethyl undecane were measured by gas chromatography mass spectrometry (GC-MS). Correlation analysis of % FEV1 decline during exacerbation with 2,9 dimethyl undecane levels was evaluated in (a) bacteria associated exacerbations and (b) pathogen negative exacerbations. Data analysed by Spearman’s correlation test. 
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Supplementary Figure 5: Exhaled breath 2,9 Dimethyl undecane at exacerbation in COPD patients stratified according to use or non-use of inhaled corticosteroids. Patients presenting with COPD exacerbations were sampled at symptom onset. Exhaled breath was collected and levels of 2,9 dimethyl undecane were measured by gas chromatography mass spectrometry (GC-MS). Data shown as individual data points per patient with median +/- IQR and analysed by Mann Whitney U test.*
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Supplementary Figure 6: Representative chromatogram generated by GC-MS analysis of TD tube injected with decane standard. Arrow indicates decane peak at 29 minutes.
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BEAS-28 cells in 10 mM culture plates were bagged at 95% confluency (with or without
lids) and harvested at different time points. Cells were inspected for viability using light
microscopy and an MTT assay
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