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Supplementary Data  

Supplementary Table 1. Subtypes of primary exacerbations (MRC cohort) 
Exacerbation type Number of 

primary 
exacerbations 

Percent Number of 
subjects 

All 74 100% 59 

Bacterial 
exacerbation 

18 24.3% 18 

Bacteria : Virus 9 12.2% 9 

Bacteria: Eos 1 1.4% 1 

Bacteria : Virus: 
Eos 

1 1.4% 1 

Viral Exacerbation 7 9.5% 7 

Virus: Eos 1 1.4% 1 

Eosinophilic 
Exacerbation 

9 15.3% 9 

Total infection 
associated 
exacerbation 

37 50% 35 
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Supplementary figure 1. A) Spearman’s correlation of G-CSF levels at exacerbation with G-CSF 

fold change during recovery (N=37). B) Subjects having high G-CSF levels at exacerbation has 

shorter length of hospital stay following antibiotic (Abx) treatment as represented by the Box-

plot and C) Kaplan-Meier plot. 
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Supplementary figure 2. High serum G-CSF during exacerbation reflects lung neutrophilic 

inflammation. A-B) G-CSF fold change (N=68) and G-CSF levels at exacerbation (N=68) were 

plotted as a continuous variable against sputum neutrophil percent at exacerbation. C-D) G-CSF 

fold change (N=62) and G-CSF levels at exacerbation (N=62) were plotted as a continuous variable 

against sputum IL-6 levels at exacerbation. Statistical significance analyzed by Spearman’s 

correlation. 
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Supplementary figure 3. Baseline G-CSF is prognostic of neutrophilic inflammation during 

exacerbation. Patients were grouped into 4 quartiles based on their baseline G-CSF expression 

levels and plotted against A) blood neutrophil counts, B) sputum neutrophil percent, C) sputum 

IL-8 and D) serum G-CSF at exacerbation. Wilcoxon rank sum test p values were calculated 

between the lowest and the highest quartiles. 
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Supplementary figure 4. An altered sputum microbiome is present during both bacterial 

exacerbations and those with ³2- fold increase in G-CSF. A,E) Shannon’s Diversity Index, B,F) 

NMDS ordination plot of Bray-Curtis distances with dashed ellipses representing the 95% CI for 

the centroid of each stratification group, C,G) Haemophilus abundance, and D,H) Moraxella 

abundance for the sputum microbiota during bacterial exacerbations. A-D)  Bacterial 

exacerbations, No: n=16, Yes: n=17.  E-H) exacerbations characterized by >2 fold increase in G-

CSF, No: n=31, Yes: n=9). For A and E, group mean +/- standard error and Wilcoxon Rank-Sum 

test p values are shown. For B and F, permutational ANOVA was calculated. For C, D, G, and H, 

the y-axes have been fixed to the limits of log10(relative abundance) for these samples, group 

mean log10(relative abundance) +/- standard error is depicted, and statistical significance was 

determined by DESeq2 and adjusted for false discoveries. 
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Supplementary figure 5. Model summary. A dysbiotic lung microbiota with lower bacterial 

diversity driven by colonization of potential respiratory pathogens such as Haemophilus and 

Moraxella precedes bacterial exacerbations in COPD patients.  Elevated serum G-CSF at 

exacerbation classifies exacerbations characterized by bacteria (increased abundance of 

respiratory pathogens such as Haemophilus and Moraxella, increased bacterial load, and 

reduced lung microbiome diversity) and neutrophilic inflammation (high sputum and blood 

neutrophils and sputum IL-1b). 


