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Once the diversity of the microbial world is 
catalogued, it will make astronomy look like 
a pitiful science.

- Julian Davies, Professor Emeritus, Microbiology and Immunology, UBC

Presenter
Presentation Notes
Talk about the need to use big data to access the vast complexity of biology and ecology. Importantly, we are no longer talking about astronomical numbers, we are now talking about biological numbers as the big ones.

There are 1e30 cells on earth, and only 1e24 stars in the known galaxy.
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Presentation Notes
Microbial science explores the smallest life on our planet. Microbes are single celled organisms and there are more of them on earth than stars in the known universe. They process our waste, produce our oxygen, and keep our bodies healthy. We can use them as sentinels of ecosystem damage – a canary in a coal mine if you will – both inside our bodies and in our soils and oceans.
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Our bodies contain more than a pound of microbes, which we evolved an immune system to handle. Think of our immune system like a national park ranger - it is there to ensure that our microbes stay in balance so they keep producing the products that our bodies depend on for health. 
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Airborne and fomite transmission

Gilbert and Stephens, Nature Reviews Microbiology, 2019



Airborne and 
surface 

microbial 
metabolic 
products 
influence 

human health

Gilbert and Stephens, Nature 
Reviews Microbiology, 2019



Genotypes demonstrate increased  
antibiotic resistance over time

Staphylococcus and 
Anaerococcus had a consistently 

greater number of antibiotic 
resistance genes after 60 days of 

hospital environmental 
exposure. 

Genomes show a greater non-
synonymous to synonymous 

mutation ratio suggesting 
extensive selective pressure

Lax et al., Sci. Trans. Med. 2017








Lax, Cardona et al Nature Comms. 2019

Wetting causes growth – and the 
abundance of microbes correlates with the 
abundance of virus like particles.



Lax, Cardona et al Nature Comms. 2019

Bacterial and fungal diversity is well correlated. Bacillus and 
Pseudomonas growth is anticorrelated. Eurotium grows well without 

water, and Penicillium does better with water.



Antibacterial alkaloids Nigragillin and Fumigaclavine C correlated with 
Ascomycota and negatively correlated with the abundance 

of Bacillus and Pseudomonas. Nigragillin was greatest on MDF and no 
bacterial growth was detected.



Azoxystrobin (19). was 
positively correlated 
with Bacillus and 
negatively correlated 
with Pseudomonas.

Scopoletin (12) was 
positively correlated 
with Pseudomonas and 
negatively correlated 
with Bacillus



Colonization and Succession of Hospital-
Associated Microbiota
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365 consecutive days: 2 months pre opening, and 10 months post 
opening

Lax et al., Sci Trans Med 2017
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Extremely low biomass prior to occupation – human 
microbes post colonization

Lax et al., Sci Trans Med 2017



Relative humidity 
positively 

correlates with 
microbial sharing 
between staff and 

patients

Lax et al., Sci. Trans. Med. 2017



Staff were consistently a greater source of bacteria to 
patients

Lax et al., Sci. Trans. Med. 2017



Mapping 
microbial 
highways

Bayesian dynamic 
maps of microbial 

species distribution 
potential between 

family members and 
the home surfaces

Lax et al., 2014 ScienceLax et al., 2014 Science



Mapping 
microbial 
highways

Adding dogs to the home 
significantly increases 
microbial transfer between 
people and surfaces.

Lax et al., 2014 Science



Dogs are Awesome!

My Dog 
Captain Beau 

Diggely
#dogsinspace



Those that physically interact share more 
microbial similarity

Lax et al Science 2014



Microbial sharing between college students in a 
dorm is mediated by the hand-transmission

Richardson et al mBio 2019



Microbial forensics



Tracking microbial sources in shared spaces: 
Air Force Cadets

Sharma et al., Microbiome, 2019








Gilbert and Stephens, Nature Reviews Microbiology, 2019

Managing the microbiome indoors



Farm Life Amish live on family run 
farms and have no asthma. 
Hutterites live on industrial 

farms and have elevated 
asthma



The children’s immune systems tell the story

Peripheral-blood leukocytes from 
Amish children had increased 

proportions of neutrophils, 
decreased eosinophils compared 

with Hutterite kids.

Neutrophils in the Hutterite 
children were older than in Amish 

children

Stein et al 2016, NEJM.



Effects of House-dust extracts on Experimental Asthma

Stein et al 2016, NEJM.

Mice which inhaled Amish 
bedroom dust were not 

allergic to a dietary antigen



Associating mice with Amish 
poop protects them against 
eosinophilia associated with 

OVA



Two metabolites were significantly elevated 
in the serum and stool of mice following 

association with Amish stool.

I3AA Iindole 3-acetic acid appears to 
promote an increase in homeostatic 

eosinophils over more proinflammatory cells



Airway microbiota still differentiate asthma phenotypes

Sharma et al 
JACI 2019



From two of the world’s top scientists, Dirt Is Good is a Q&A guide to 
everything you need to know about pregnancy, kids & germs.

At all good bookstores and online retailers now.
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