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Key Story

1. Next generation – sequencing and statistical 

bioinformatics

2. Modeling

3. Asthma, COPD, Pneumonia, IPF, Cancer

4. Sociomicrobiology – quorum sensing and 

biofilming

5. Integration



colonbronchi

GUT-LUNG AXISIndependent Microbiome

Question 1: What makes the airways sterile?
Question 2: What makes the concept of sterility in airways?



General Start-Up

• Who is there? [Metagenomic Profiling] 

– Taxonomy diversity

– Bacteriome, Virome, Mycobiome

• What are they doing? [Functional 
Metagenomics]

– Functional diversity

– Community stability: resistance vs. resilience

– Drivers and passengers



Q & A in Lungs
• Spatial and temporal heterogeneity

• Diversity and severity of illness

• Identification of novel pathogens

• Pulmotypes (vs. enterotypes)

• How are/do lung microbial communities influenced 
by/influence asthma, COPD, Pneumonia, IPF, Cancer, 
bronchiectasis?

• Would it be the microbiome biomarkers or therapeutic 
targets?

(Prebiotics, Probiotics)



Metagenomics timeline and milestones 

Frontiers in Genetics. 2015;6:article 348



PubMed results by year for 
“microbiome” and “lung-microbiome”



PLOS Computational Biology. 2012;8(2):e1002808



Data Analysis workflow



Alpha diversity
(Diversity Index, Rarefaction curve)



Beta diversity
(2D,3D PCoA plot, UPGMA tree)



Gut-Lung Axis: Before Lung Microbiome Period

Samuelson DR, Front Microbiol. 2015



Adapted Island Model 
of respiratory microbiome

PLOS Pathogens | DOI:10.1371/journal.ppat.1004923 July 9, 2015



Neutral model

mBio. 2015;6:e02284-14



Healthy Lungs



Taxonomy of phyla and genera

Expert Rev Respir Med. 2013; 7(3): 245–257.



Dickson et al. mBIO. 2017;8(1):e0228-16

Bacterial Topography



Mouth-lung bacterial immigration 

Bacterial topography of healthy LRT

Dickson et al. mBIO. 2017;8(1):e0228-16

Similarity Richness



Dickson et al. mBIO. 2017;8(1):e0228-16
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Asthma
allergic airway diseases



Interface of microbiota interactions 
with other factors in asthma

J Allergy Clin Immunol. 2015; 135(1): 25–30

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25567040


Unique Microorganisms 
in corticosteroid sensitive asthma

Am J Respir Crit Care Med. 2013;188:1193–1201



Unique Microorganisms 
in corticosteroid resistant asthma

Am J Respir Crit Care Med. 2013;188:1193–1201



Respiratory Microbiome 
in Severe IgE-mediated Asthma patients

Millares et al. BMC Microbiology. 2017;17:20



PCoA plots in BAL microbiome

weighted UniFrac distances

Healthy control
(n = 10)

eosinophil-high asthma 
(n = 11)

eosinophil-low asthma 
(n = 12)

J ALLERGY CLIN IMMUNOL 2017 



Eosinophil-high

J ALLERGY CLIN IMMUNOL 
2017 

Eosinophil-low 



lung immunity and gut immunity

Allergy Asthma Immunol Res. 2017 March;9(2):101-106. 



AsthmaNet(NHBLI)

J ALLERGY CLIN IMMUNOL 2017



J ALLERGY CLIN IMMUNOL 2017

• Atopic Asthma(AA)
• Atopy without Asthma(ANA)
• Healthy Control(HC)



Relative Abundance (>X2)

J ALLERGY CLIN IMMUNOL 2017



Taxa positively correlated with blood eosinophil counts (BEO), serum IgE levels 
(IgE), or sputum eosinophil counts (SEO) in AAs (*) or ANAs (#)

J ALLERGY CLIN IMMUNOL 2017

Metagenomic
Profiling



Mean difference in predicted Kyoto Encyclopedia of 
Genes and Genomes orthologs (KOs) between groups

J ALLERGY CLIN IMMUNOL 2017

Functional 
Metagenomic
Data



Epithelial Genes & Bacterial Burden 
in T2-high Asthma

J ALLERGY CLIN IMMUNOL 2017



Responsiveness to ICS

J ALLERGY CLIN IMMUNOL 2017



ICS Treatment

J ALLERGY CLIN IMMUNOL 2017



Suggestion

• Different bronchial bacterial microbiome in three mild 
atopic asthma (steroid naive), atopy alone, control.

• Asthma: 

high Haemophilus, Neisseria, Fusobacterium, and 
Porphyromonas spp., Sphingomonodaceae

no Lactobacillus spp.

• T2-high asthma phenotype -low bacterial burden

• ICS response is linked to a distinct microbiome & 
functional profile

J ALLERGY CLIN IMMUNOL 2017



COPD



The Vicious-Circle Hypothesis of Infection and Inflammation in COPD.

Altered
Microbiome
Composition

Microbiome
Metabolome

Products

Initiating Factors
Smoking, childhood respiratory disease, altered microbiome

Respirology. 2016;21:590-9.



Heterogeneity and diversity in bacterial microbiota across 
different regions of the same lung

Erb-Downward et al. 
PLoS One. 2011; 6(2):e16384



Translational Research 2017;179:71–83



Correlations between the relative abundance of H. influenzae
(a Pasteurellaceae/Gammaproteobacteria) and that of all other identified taxa

Journal of Clinical Microbiology 2014;52: 2813–23



Microbiome vs. FEV1% in COPD

Thorax 2016;71:795–803



Morphotypes

H. Kulasekara and L. Hoffman

Diversity of the microbiota
VS.  lung function

Clin Pulm Med 2016;23:57–66

Pseudomonas aeruginosa in COPD



Clin Pulm Med 2016;23:57–66



Relative bacterial composition at the genus level in 
moderate and severe (M or S) stable COPD

Aquirre E, et al. APMIS. 2015 May;123(5):427-32

• 19 stable chronic obstructive pulmonary disease patients (mean (SD) FEV1: 47 
(18%)

• Haemophilus and Moraxella were detected more frequently with the new 
genetic procedures

http://www.ncbi.nlm.nih.gov/pubmed/25858184


Metagenome and Metatranscriptome
of Moderate and Severe COPD Sputum

PLOS ONE. 2016 Jul



Metatranscriptome and Metagenome

Nature 2015;13:360-



Sociomicrobiology



Biofilming
Quorum Sensing
Two-component system

Bacterial growth and behavior

Toxin: Eagle’s effect



Biofilm Architecture (SEM)

Arch Otolaryngol Head Neck Surg. 2007;133:110-114
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LuxI/LuxR–type quorum sensing in Gram(-) bacteria 

Sensors (Basel). 2012; 12(3): 2519–2538. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3376616/


Integromics



Multi-omics data types 

Nature 2015;13:360-

Integrating multi-omic data for deeper biological insights 



Nature 2015;13:360-

Integrating multi-omic data for deeper biological insights 





Just Beginning in Airways!

1. Microbiome; metaprofiling –->

2. functional metagenomics, 

metatranscriptomics, metaproteomics, 

metametabolomics, multiomics, integromics

3. Unique microbimes and interactomics in 

asthma, COPD, other respiraotry diseases.

4. AsthmaNet, COMETIPF, etc



1. Clinical Design!

2. Clinical Oriented Analysis

Software!

Clinical Microbiome



We Must Know!

We Will Know!

Thank you for your kind attention!

Respiratory Microbiome.


