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Topics for This Presentation

• What is the lung microbiome?

• How can the lung microbiome be beneficial or harmful?

• What can be done to restore a healthy, balanced, diverse lung microbiome?

Terminology

• Microbiota: All the microorganisms in an environment

 Bacteria, archaea, fungi, protists, and viruses

 Commensal, symbiotic, or pathogenic

• Microbiome: All the microorganisms in an environment and their genetic material

• Ecosystem: a system that includes all living organisms in an area and its physical 
environment

Terminology cont.
• Perturbation: a disturbance in a microbial ecosystem

• Dysbiosis: refers to a microbial imbalance on or inside the body

 Most commonly reported as a condition in the digestive tract 
or an imbalance in gut bacteria

 Change in composition, abundance, and distribution
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Methodology 

• Metagenomics: Study of all genetic material recovered from complex samples

 “Culture-independent techniques”

The Normal Microbiome
• Bacteria, archaea, fungi, viruses,

protists

• Composition of microbiota 
varies with each individual

 Most fairly stable

 Some species transient

• Each individual has a unique 
microbial “fingerprint”

• Individual ecosystems

 Mouth, Nose, Sinus, Respiratory tract,
GI tract, GU tract, Skin
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Terminology cont.
• Bacteriome: the bacterial community

• Virome: the viral community

• Mycobiome: the fungal community

• Holobiome: the sum total of the host and microbiota genomes

• Xenobiome: all the microbiota and their genomes in our environment

The Respiratory Tract

Bacteria and the Lung

Moffatt M. The Lung Microbiome. Nov 27, 2019.
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Your lungs are full of microorganisms. Some are welcome 
guests, providing protection from other harmful organisms, and 

some are uninvited gate-crashers with the potential to cause 
trouble if their numbers overwhelm our immune system.

Factors that influence the lung 
microbiome¹٬²

• Different organisms moving into the airways as we breathe, from our stomachs 
or our mouths

• How effectively the lungs can remove microbes

• The conditions in the lung and how favorable they are to microbial growth

¹Dickson RP and Huffnagle GB. The lung microbiome: new principles for respiratory bacteriology in health and disease. PLOS Pathol 2015; 11(7): e1004823.

²Richardson H, Dicker AJ, Barclay H, et al. The microbiome in bronchiectasis. Eur Respir Rev 2019; 28: 190048

Ecological determinants of the respiratory microbiome

Dickson RP, Huffnagle GB (2015) The Lung Microbiome: New Principles for Respiratory Bacteriology in Health and Disease. PLOS 

Pathogens 11(7): e1004923. https://doi.org/10.1371/journal.ppat.1004923

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1004923

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1004923
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Mucosal Immunology (2017) 10, 299-306;
doi:10.1038/mi.2016.108

Figure 1

The Asthma Microbiome

Moffatt M. The Lung Microbiome. Nov 27, 2019.
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Mucosal Immunology (2017) 10, 299-306;
doi:10.1038/mi.2016.108

Figure 2
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The Dysbiosis-Inflammation Cycle

Illustration of the factors modifying the healthy and diseased lung microbiome. 

Hollian Richardson et al. Eur Respir Rev 2019;28:190048

©2019 by European Respiratory Society

The altered ecosystem of the critically ill patient



9

Terminology cont.

• Gut-Lung Axis:  bi-directional cross-talk between gut and lung immune systems

 Best exemplified by intestinal disturbances observed in lung 
diseases 

Gut-Lung Axis

Budden KF, et al., Nature Reviews Microbiology 2017.
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Principles of gut–lung crosstalk in health and disease

Regulation of lung inflammation by intestinal 
microbiota

McAleer JP, Kolls JK. Eur J Immunol. 2018.

Emerging pathogenic links between the  
microbiota and the gut–lung axis

• The gastrointestinal tract (GIT) and respiratory tract, although separate organs, are part 
of a shared mucosal immune system termed the gut–lung axis.

• The microbiota of the GIT and the respiratory tract are involved in the gut–lung axis, 
influencing immune responses both locally and at distant sites.

• Current research has identified specific bacterial taxa, their components and 
metabolites that can influence host immunity.

• With greater knowledge of the gut–lung axis and microbial influences of immunity, 
advances have been made in understanding the role of the microbiota in respiratory 
diseases, such as asthma, chronic obstructive pulmonary disease (COPD) and 
respiratory infection.

• This newfound understanding has created several possible therapeutic strategies for the 
treatment or prevention of acute and chronic respiratory diseases. 

• However, several technical challenges and unanswered questions remain.

Budden KF, et al., Nature Reviews Microbiology 2017.
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New therapeutic strategies for lung infections

Coronavirus Disease 2019 (COVID-19) Situation Summary

• An outbreak of respiratory disease caused by a 
novel (new) coronavirus that was first detected in 
Wuhan City, Hubei Province, China and which has 
now been detected in 50 locations internationally

• Virus has been named “SARS-CoV-2” and the 
disease it causes has been named “coronavirus 
disease 2019” (abbreviated “COVID-19”)

https://www.cdc.gov/coronavirus/2019-nCoV/summary.html

COVID-19
Symptoms and Complications

https://multimedia.scmp.com/infographics/news/china/article/3047038/wuhan-virus/index.html?src=article-launcher
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Restoration of a Healthy, Functional Core Lung 
Microbiome• Optimize oral hygiene

 Brushing with toxin free toothpastes, flossing, etc.

 Oral probiotics (?)

• Optimize acute/chronic rhinosinusitis management

 Maximal medical management — sinonasal rinses, treatment of acute infection, etc.

 Probiotic rinses

• Optimize GERD/aspiration management

• Optimize pulmonary hygiene

 Clearance of secretions

 Prevention and relief of atelectasis

 Avoidance of toxins — smoking, vaping, etc.

 Treatment of acute/chronic infections

 Resolve acute asthmatic episodes

• Restore and rebalance the functional core gut microbiome

 Weed, Reseed and Feed concepts

Clinical Pearls

• The lungs are constantly bombarded by microbes and the 
largest host to microbe interface in the body where bacteria 
come within millimeters of the blood stream.

• The lung microbiome is altered in both acute and chronic 
diseases.

• The lung microbiome is altered by antibiotics, 
corticosteroids, PPIs and probably lots of other things we 
are just beginning to discover.
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Additional Key Messages

• The microbial ecosystems of the gut and the lungs change substantially in 
critically ill patients, resulting in dramatic changes to bacterial communities

• In animal studies of shock, the microbial contents of the gut determine the 
severity of multiorgan failure and the risk of death, an observation supported by 
trials of selective manipulation of the gut microbiome in human beings

• The mechanisms that drive gut-derived sepsis are incompletely understood and 
multifactorial, offering numerous unexplored therapeutic targets

• During lung injury, the bacterial ecosystem of the alveolus shifts to a state of 
abundance in nutrients and growth-promoting host stress signals, leading to a 
positive feedback loop of inflammation and dysbiosis

• The microbiome is a key therapeutic target for the prevention and treatment of 
critical illness, and it should be included in any discussion of precision medicine 
in the intensive care unit

Thank you for your attention.
Questions or Comments?


