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The microbiome in health and disease 



Rise of the microbiome 



Culture-independent microbiology 

Clinical sample 

Culture-based microbiology 

Sequence-based microbiology 



The sequencing revolution 

Human Genome Project 
  Completed 2003 
   Cost: $2,700,000,000 

January, 2014  
Human genome sequence <$1000 
Less than the cost of a chest X-ray 

Sequencing costs 
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Next generation 
sequencing 



http://www.amnh.org 

The human superorganism 



What has the microbiome ever done for us? 

 
 

Prevention of 
infection 

Nutrition 

Immune regulation 
CNS function 

Lipid and glucose 
metabolism 

Circadian rhythm 



Rheumatoid arthritis 
Nat Med. 2015;21:895-905. 

Cirrhosis 
Nature. 2014;513:59-64. 

Type 2 diabetes 
Nature. 2015; 10;528:262-6 

Atherosclerosis 
J Am Heart Assoc. 2015;4(11).  

Obesity 
Science. 2013; 341; 6150 

Depression 
Mol Psychiatry. 2016.  
doi: 10.1038/mp.2016.46 

Dysbiosis and chronic inflammatory diseases 

Cancer 
Science. 2015 27;350:1079-84.  



Is dysbiosis really to blame? 



Early life determinants of disease 

Immune regulation 

Metabolic regulation 

Anatomical development 

Microbial 
exposure 

• Allergy and asthma at 6 years of age  
• Wheezing and eczema at 8 years of age 
• Inflammatory bowel disease 
• Obesity, central adiposity, and type 2 diabetes 
• Type 1 diabetes 
• Depression, anxiety, or psychosis 

 

Antibiotic exposure <12 months associated with increased risk of  



Early life determinants of autoimmunity 



The prenatal influence of the microbiome 

Maternal fibre intake influences acetate levels 

Maternal acetate levels during pregnancy influence 
rates of allergic airways disease in offspring  



Microbiome and treatment outcomes 

Goodrich et al., Science 2016: 352;6285:532-535. 



Determinants of microbiome composition  



Using microbiome analysis to guide therapy 

“Doctors have always recognized that every patient is unique, and 
doctors have always tried to tailor their treatments as best they can to 
individuals. You can match a blood transfusion to a blood type — that 

was an important discovery. What if matching a cancer cure to our 
genetic code was just as easy, just as standard? What if figuring out 

the right dose of medicine was as simple as taking our temperature?” 
- President Obama, January 30, 2015 



A precision approach to respiratory medicine 

Disease course 

Treatment efficacy 

Adverse outcomes 

Antibiotic 
susceptibility testing 



Challenges and opportunities 

How do we balance treatments for discrete conditions against their 
impact on other physiological systems? 

Can we manage the human microbiome to influence patient health 
and therapeutic efficacy? 

Thank you 
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