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Once the diversity of the microbial world is
catalogued, it will make astronomy look like

a pitiful science.
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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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Presentation Notes
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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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. 


Airborne and fomite transmission
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Inhalation of droplet-associated ' Fomite-associated transmission to

or desiccated microorganisms o o skin or mucous membranes
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Sufficient evidence:
0 0 * Nasopharyngeal inflammation
O Dampness O * Wheeze
O O O O * Cough
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* Shortness of breath
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* Bronchitis

{ TSN microbial
“metabolic’

Built environment
ﬁ
O
O
O

® Eczema

e . . . I
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* Common cold

L Allergy and atopy
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Genotypes demonstrate increased
antibiotic resistance over time

T AT 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

0.2 0.3 0.4 0.5
Codon Usage Bias

Lax et al., Sci. Trans. Med. 2017
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Coir = 0.28, p= 0.0003
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Bacterial and fungal diversity is well correlated. Bacillus and
Pseudomonas growth is anticorrelated. Eurotium grows well without
water, and Penicillium does better with water.

Lax, Cardona et al Nature Comms. 2019
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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). wa

positively correlated
with Bacillus and
negatively correlated
with Pseudomonas.

Scopoletin (12) was
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negatively correlated
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=
365 consecutive days: 2 months pre opening, and 10 months post

opening

_ Nose Nose
gait;]ent Hand Hand
Axilla Shoe Hospital
Floor Uniform Staff
Patient Bedrail Cell Phone
Room Faucet Handle Pager
Glove Countertop
Air Filter Computer Mouse Nurse
General Cold Tap Water Chair Station
Hot Tap Water Phone

Lax et al., Sci Trans Med 2017
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Pre and post opening
1 year


human
Lax et al., Sci Trans Med 2017
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Distance bettween Same Day Staff Member Skin Samples

Relative humidity
positively
correlates with
microbial sharing
between staff and

0.60 1

0.551

0.501 \

0.451

/ /
Temperature

Relative

patients

Humidity
Ratio

llluminance

(IJ 1 c'Jo 250 300
Days Post Hospital Opening

mee NOSe Samples === Hand Samples

O winter () song () summer () Fai Lax et al., Sci. Trans. Med. 2017




Staff were consistently a greater source of bacteria to
patients

Lax et al., Sci. Trans. Med. 2017
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Lax et al., 2014 Science

Bayesian dynamic
maps of microbial
species distribution
potential between
family members and
the home surfaces



Lax et al., 2014 Science
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Dogs are Awesome!

My Dog

Captain Beau #dogsinspace

Diggely



PC2-10.2%

Those that physically interact share more
microbial similarity
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Microbial sharing between college students in a
dorm is mediated by the hand-transmission

Surface Grouping

. Common Floor
Personal Shoe

. Common Hand-Associated
Personal Hand-Associated

Personal Hands

Richardson et al mBio 2019



Microbial forensics
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Managing the microbiome indoors

| Increased L
. ventilation | | Household pets
"~ increase microbial

\ exposure

[ Controlled exposure ‘
to farming
\ environment |

/
A

~ ™

17— . J Reduce surface

—_ moisture to
prevent unwanted
\ microbial growth )

— / L }/4“"' . JE—— \""-\,‘
[ Intentional increase in | [ Usingsensorsto | [ Change building materials,
indoor microbial diversity ‘

\ or abundance of specific taxa |

detect the indoor design and operation to

\ microbiome reduce transmission of disease )

\
\

Gilbert and Stephens, Nature Reviews Microbiology, 2019






The children’s immune systems tell the story

Eosinophils

Neutrophils

CD66b+CD16+ (%)

B Cell-Surface Markers on Neutrophils

CXCR4
P<0.001

Hutterite

CCR3+Siglec-8+ (%)

+

Hutterite

CD11b
P<0.001

an

Hutterite

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.



=
W
o
L
-
3

PB5 OWVA

M5
—

P 0.001

OVA—
Amish

B OVA—
Hutterite

Mice which inhaled Amish
bedroom dust were not
allergic to a dietary antigen

Stein et al 2016, NEJM.
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Indole-3-acetic acid (F)
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Airway microbiota still differentiate asthma phenotypes

@ Associations between fungal and bacterial microbiota of airways and asthma endotypes

Clinical Variables

Age, Sex, Race, Inhaled
& Oral corticosteroid (CS)
use, Sinusitis, Atopy
status, Serum IgE, FEV1,
FeNO, Blood eosinophils,
BAL cells

Asthmatic subjects (n=39)
T2 status

T2-High
(n=10)

T2-Low
(n=29)

— atopy
(ANA, n=18)

+ atopy
(AA, n=21)

Healthy Controls (n=19)

— atopy + atopy
(CNA, n=12) (CA, n=7)

Airway Samples

Bronchoalveolar lavage (BAL)
Endobronchial brushes (EB)

Microbiome Analysis

Bacterial (16S)
Fungal (ITS)

Findings

(1
Lower fungal diversity
in EB in T2-High asthma

Inverse Simpson

(2)
Fungal microbiome is different
between different asthma
endotypes in airways

BAL
T2-High: Fusarium,
Cladosporium, Aspergillus
Asthmatics with atopy:
Cladosporium, Fusarium

EB
T2-High: Trichoderma
T2-Low: Penicillium

(3)

Generalized Linear Models
demonstrate association between
fungal microbiome and clinical
variables

FEVA1: Alternaria, Aspergillus,
Penicillium

Inhaled CS: Alternaria,
Cladosporium

Oral CS: Cladosporium

BAL cells: Cladosporium,
Fusarium, Trichoderma

(4)
Clear inter-relationships
between bacterial and fungal
microbiome in airways

o
@ Fungal nodes
Bacterial nodes

Sharma et al
JACI 2019
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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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