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INTRODUCTION



• “The ecological 
community of 
commensal, symbiotic, 
and pathogenic 
microorganisms that 
share our body space” 

• Microbiota

– “collection of organisms” 

• Microbiome

– “collection of genes”

Microbiome



http://mpkb.org/_media/home/pathogenesis/proal2009ica.003.png?cache=
http://mpkb.org/_media/home/pathogenesis/proal2009ica.003.png?cache=


NIH Roadmap for medical research
Human Microbiome Project (HMP), 2007

5 years, & 115 million

• Key Goal : Baseline to 
empower future clinical 
studies

• Assess microbial 
diversity of 250 healthy 
individuals at 5 sites

- 16s rRNA sequencing



Mullard Nature 2008



Dickson et al. Expert Rev Respir Med 2013;7:245-57



Associations of human conditions with particular microbiota characteristics

Disease Relevant finding

Psoriasis Increased ratio of Firmicutes to Actinobacteria

Reflux esophagitis
Esophageal microbiota dominated by gram-negative 
anaerobes; gastric microbiota with low or 
absentHelicobacter pylori

Obesity Reduced ratio of Bacteroidetes to Firmicutes

Childhood-onset asthma
Absent gastric H. pylori (especially the cytotoxin-
associated gene A (cagA) genotype)

Inflammatory bowel disease (colitis) Larger populations of Enterobacteriaceae

Functional bowel diseases Larger populations of Veillonella and Lactobacillus

Colorectal carcinoma Larger populations of Fusobacterium spp.

Cardiovascular disease
Gut-microbiota-dependent metabolism of 
phosphatidylcholine

Cho and Blaser. Nat Rev Genet 2012;13:260-270



“Culturing always favors the recovery of 

organisms that are best able to thrive under 

laboratory conditions (colloquially “lab weeds”), 

not necessarily the dominant or most influential 

organisms in the environment.”

National Research Council, 2007 

http://mpkb.org/_media/home/pathogenesis/microbiota/genomicculture.001.gif?cache=
http://mpkb.org/_media/home/pathogenesis/microbiota/genomicculture.001.gif?cache=


Phylogenetic structure of the prokaryotic domain: 
The primary kingdoms

Association coefficients (SAB) between representative members of the three primary kingdoms

Woese and Fox. Proc Natl Acad Sci USA 1977;74:5088–90



Universal phylogenetic tree based on rRNA sequences 

Pace. Science 1997;276:734-40



Bacterial classification system using Escherichia coli

Han et al. Thorax 2012;67:456-463



• Real-time quantitative PCR (qPCR)

• Fluorescent in situ hybridization (FISH)

• Denaturing gradient gel electrophoresis 

(DGGE)

• Terminal restriction fragment length 

polymorphism (T-RFLP)

Techniques



Morgan et al. PLoS Comput Biol 2012;8: e1002808 

OTU = Operational Taxonomic 
Unit, a group of very similar 

16S sequences 



Loman et al. Nat Rev Microbiol 2012;10:599-606



MICROBIOME OF 
THE HEALTHY LUNG



Cho and Blaser. Nat Rev Genet 2012;13:260-270



• Sputum (spontaneous and/or induced) 

• Bronchoalveolar lavage 

• Protected specimen brush 

• Biopsy 

• Sterile tissue sample

How to sample the airways 



PLoS ONE 2010;5:e8578

PLoS ONE 2011;6:e16384

Am J Respir Crit Care Med 2011;184:957-963

Am J Respir Crit Care Med 2012;185:1073-1080



Phylum Genus

Bacteroidetes
Prevotella
Bacteroides

Firmicutes
Veillonella
Streptococcus
Staphylococcus

Proteobacteria

Pseudomonas
Haemophilus
Moraxella
Neisseria
Acinetobacter
Escherichia

Taxonomy of phyla and genera in human lung microbiome



Charlson et al. PLoS ONE 2010;5: e15216

Smoking & Microbiota



• How are the bacterial communities of the lung 

established after delivery?

• Are the bacterial communities of the lung 

stable or dynamic over time? 

• Is there geographic variability in the 

constitution of lung microbial communities?

Unanswered Questions



• How do microbiota of the lung influence and 

are they influenced by microbes in other 

compartments of the body?

• How are lung microbial communities 

influenced by clinical factors and exposures 

such as gender, living environment and 

vaccination history?

Unanswered Questions



MICROBIOME

IN ASTHMA



Edwards et al. Nat Rev Microbiol 2012;10:459-471



Hansel et al. Lancet 2013



Heederik and von Mutius J Allergy Clin Immunol 2012;130:44–50



McLoughlin and Mills.. J Allergy Clin Immunol 2011;127:1097–107. 



Respiratory Microbiota & Asthma

Edwards et al. Nat Rev Microbiol 2012;10:459-471



PSB

PLoS ONE 2010;5:e8578

Asthma 
(n=11)

COPD (n=5)
Control  

(n=8)



Hilty et al. PLoS ONE 2010;5:e8578



PSB

J Allergy Clin Immunol 2011;127:372-81

Poorly 
controlled 

Asthma 
(n=65)

Control  
(n=10)



Huang et al. J Allergy Clin Immunol 2011;127:372-81



Wenzel. Nat Med 2012;18:716–25



1. Early-Life Microbiome Composition & 
Asthma Development





Wenzel. Nat Med 2012;18:716–25

2. Neutrophil Variant Forms of Asthma



Wenzel. Nat Med 2012;18:716–25



PLoS Pathog 2011;7: e1002244 



3. Treatment-Resistant Asthma

Unique Bacterial Genus Expansions in the Airways of 
CR & CS Subjects with Asthma

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

BAL

CR asthma 
(n=29)

CS asthma 
(n=10)

Control  
(n=12)



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



Effects of Bacteria from the Airways on Cell Activation and 
Response to Corticosteroids in Airway Macrophages

P38 mitogen-activated 
protein kinases

activation

mitogen-activated 
kinase phosphatase 1 

(MKP-1)

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



MICROBIOME

IN COPD



Sethi and Murphy N Engl J Med 2008;359:2355-2365



• Distinct from healthy controls

• ↑Proteobacteria , ↓Bacteroides

• ↑Haemophilus spp.

PLoS ONE 2010;5:e8578

Asthma 
(n=11)

COPD (n=5)
Control  

(n=8)



PLoS ONE 2011;6:e16384

BAL

COPD

(n=4)

Healthy 
smokers

(n=7)

Never-
smokers  

(n=3)

Lung 
explant

COPD

(n=6)



Erb-Downward et al. PLoS ONE 2011;6:e16384



Erb-Downward et al. PLoS ONE 2011;6:e16384

16S qPCR of BAL Samples



Erb-Downward et al. PLoS ONE 2011;6:e16384



Erb-Downward et al. PLoS ONE 2011;6:e16384

Bacterial Communities Present in Individual Lung Airways



Induced 
sputum

Bronchial 
aspirate

BAL

J Clin Microbiol 2012;50:3562-8

COPD 

(n=6) Bronchial 
mucosal 
biopsy



Bacterial diversity in respiratory tract samples

Cabrera-Rubio et al. J Clin Microbiol 2012;50:3562-8



Principal component analysis of 
the four respiratory tract sample types

Cabrera-Rubio et al. J Clin Microbiol 2012;50:3562-8



BAL

PLoS ONE 2012;7:e47305

Moderate 
COPD 

(n=14)

Severe 
COPD

(n=8)

Control

(n=10)



Principal Coordinate Analysis Demonstrates 
Clustering of COPD Samples

Control 
Moderate COPD
Severe COPD

Non-smokers
Smokers

Pragman et al. PLoS ONE 2012;7:e47305



Inhaled bronchodilator non-users
Inhaled bronchodilator users

ICS non-users
ICS users

Pragman et al. PLoS ONE 2012;7:e47305

Principal Coordinate Analysis Demonstrates 
Clustering of COPD Samples



Lung tissue

Am J Respir Crit Care Med 2012;185:1073-1080

Non-
smokes 

(n=8)

Healthy 
smokers 

(n=8)

Very 
severe 
COPD  
(n=8)

Cystic 
fibrosis 

(n=8)



Sze et al. Am J Respir Crit Care Med 2012;185:1073-1080



• 8 COPD pts undergoing mechanical ventilation during 
AECOPD

OMICS 2010;14:9-59



family level bacterial diversity detected in COPD 
airways despite antimicrobial administration

Huang et al. OMICS 2010;14:9-59



Bacterial richness in individual patient samples

Huang et al. OMICS 2010;14:9-59



Bacterial community composition is highly 
influenced by the duration of intubation 

Huang et al. OMICS 2010;14:9-59



FUTURE
DIRECTIONS



• To understand whether specific aspects of the lung 
microbiome relate to disease progression and 
whether manipulating the bacterial community 
might preserve lung function

• To define how bacterial communities change around 
the time of exacerbation, and even whether 
changes in the bacterial community structure might 
predict exacerbation, possibly allowing early or 
preemptive intervention

Ultimate Goals



Huang YJ et al. Am J Respir Crit Care Med 2013;187:1382-1387



• Standardization of techniques for sample 

acquisition, quantification of bacterial biomass and 

data analysis

• Ongoing identification of novel pathogens, 

development of methods for confirming 

pathogenicity, and development of accurate, rapid 

and affordable point-of-care diagnostic tools for 

respiratory infection

In the coming years..



• Longitudinal studies of samples from individual 

subjects, both diseased and control, to characterize 

the stability and robustness of lung microbial 

communities over time as well as the influence of 

external factors such as antibiotics, 

immunosuppression and acute illness

• Study of nonbacterial lung microbes such as viruses 

and fungi

In the coming years..



• Development of animal models of lung microbiome

states to test mechanistic hypotheses

• Exploration of microbe-microbe and microbe-host 

signaling mechanisms

• Clinical trials of microbiome-targeted 

interventions

In the coming years..



PLoS ONE 2010;5:e8578



• Novel culture-independent techniques have recently 
demonstrated that the lower respiratory tract, 
historically considered sterile in health, contains 
diverse communities of microbes: the lung 
microbiome. 

• Increasing evidence supports the concept that a 
distinct microbiota of the lower respiratory tract is 
present both in health and in respiratory diseases, 
although the biological and clinical significance of 
these findings remains undetermined. 

Take Home Message


