At rest, you inhale 104 to 102 microbial

cells every hour outside
(Bowers et al. 2010. ISME Journal, Bowers et al. 2009. Appl. Environ. Micro.)




cloud condensation/ice nuclei microbial dispersal
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Of course – most of these bacteria are completely harmless. However there are likely to be some potential pathogenic or potential allergenic bacteria in the air we breath. Increasing evidence that a lot of allergies are triggered by airborne bacteria – as an aside, this is interesting because most airborne bacteria are not readily culturable and thus their allergenicity is undetermined. Of course there are also plant pathogenic bacteria dispersed through the atmosphere – including the bacterium that causes fire blight a devastating disease of pear and apple orchards in the U.S.

However – I think the main motivation for this work on airborne bacteria is just plain old curiosity. We know that there is a lot of unexplored microbial diversity in the atmosphere – and we lack a fundamental understanding of the  spatial and temporal variability in airborne bacterial diversity. This is not for a lack of research on the subject – there is >100 years of research on microbial life in the atmosphere


Darwin, 1832
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Dust collected from the middle of the Atlantic ocean by Charles Darwin in mid-19th century


“Thus, wherever it has
been tested, the
atmosphere has been
found charged with the
germs of Bacteria”

ESSAYS

ON THE

FLOATING-MATTER OF THE AIR

IN RELATION TO

PUTREFACTION AND INFECTION.

BY

JOHN TYNDALL, F.R.S.

(M. D. TUBINGEN).

NEW YORK:
D. APPLETON AND COMPAXNY,
1, 8, axp 5 BOND STREET
1888,

Tyndall 1882
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filtered versus unfiltered air

Irishman – built upon work by Pasteur and many others to show that air is alive with microorganisms, disprove miasmatic theory of disease replace it with germ theory



THE SCIENTIFIC MONTHLY

JANUARY, 1935

COLLECTING MICRO-ORGANISMS FROM THE
ARCTIC ATMOSPHERE

... By FRED C. MEIER
COOPERATIVE INVESTIGATIONS, BUREAU OF PLANT INDUSTRY AND
WEATHER BUREAU, U. 8. DEPARTMENT OF AGRICULTURE

WITH FIELD NOTES AND MATERIAL
By CHARLES A. LINDBERGH

Photograph by Charles and Anne Lindbergh,
FIG. 6. REFUELING AT BOTWOOD, NEWFOUNDLAND !
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Interest in airborne microoorganisms – and airborne bacteria is not new. There is a long history of research on the topic – exteding back to the days of Louis Pasteur in the later part of the 19th century. Even celebrities got in on the game – this is the only scientific paper in which Charles Lindbergh was directly involved. Lindbergh was a famous aviator flew across Greenland collecting samples by essentially sticking a filter out the window of his plane – bringing the filter back to the lab and looking at it under the scope and trying to culture bacteria off the filter. This was pretty much how research on airborne bacteria was conducted up until 5-10 years ago.

Essays on the Floating Matter of the Air in Relation to Putrefaction and Infection. John Tyndall. 1895.

Irishman – built upon work by Pasteur and many others to show that air is alive with microorganisms, disprove miasmatic theory of disease replace it with germ theory









How do the bacteria and fungi found
in outdoor air vary across the
continental U.S.?
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breeding distribution of eastern meadowlark 

this study arises from a sense of jealousy

juglans = walnut


How do the bacteria and fungi found
in outdoor air vary across the
continental U.S.?

Juglans distribution Eastern Meadowlark
(C.S. Sargent 1884) (NPWRC, USGS)
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breeding distribution of eastern meadowlark 

this study arises from a sense of jealousy

juglans = walnut


Outer door trim as passive
aerosol collector

1,500 samples collected

Barberdn et al. 2015. PNAS
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1,400 fungal and 4,700 bacterial ‘species’
per sample (mean)

88% of fungal and 94% of bacterial
taxa were found in <10 samples

Barberdn et al. 2015. PNAS



Predictable geographic patterns in
community composition

Fungi: rm = 0.29, p<0.01

Bacteria: rm = 0.13, p<0.01
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Plot categorical


Predictable geographic patterns in
community composition
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Plot categorical – Capnodiales in eastern U.S., Pleosporales in western U.S.
Actinos and Firmicutes. in western U.S. and more Proteobacteria in eastern U.S.


Dust-associated microbial communities are
structured by climate and soil
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Barberdn et al. 2015. PNAS
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this pattern could be a product of different sources of fungi or a product of some fungi producing spores that are more sensitive to drier conditions than others


Dust-associated microbial communities are
structured by climate and soil
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Barberdn et al. 2015. PNAS



Geographic distributions of allergenic fungi

Cladosporium

W Proportion of
Cladosporium
0.75

Alternaria

°. ¥ Proportion of
Alternaria
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Fusarium = wheat pathogen

Blumeria = pathogen of barley


Crop plant-fungus co-occurrence

Cotton production Cladorrhinum
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Cladorrhinum = common endophyte of cotton
Epicoccum = common fungal pathogen of soybeans


Can we use microbial
analyses to identify the
geographic origin of
dust samples?

. By DHFRlSTON :
ATT STRETGH, |
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In a Study in Scarlet – Holmes uses chemical analysis of the soil found on clothing to identify where in London a suspect had traveled. Published in 1887

relevance to knowing the geographic origin of objects, dust on clothing, dust in packages, dust on archaeological artifacts



Discriminant analyses of
fungal occurrence patterns

Mean prediction
error = 230 km
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Grantham et al. 2015. PLoS One
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we first estimated the spatial distribution of each species’ occurrence probability using available samples, and then inverted these probabilities to predict the spatial origin of a new sample. 






We spend 90% of our time indoors
(Klepeis et al. 2001)




What about the microbes
found in indoor air?




1,500 homes sampled
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More sampling photos: http://www.flickr.com/photos/yourwild_life/sets/72157632236879620/


Where you live determines what fungi are
found in your home

" Fungal NMDS
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Barberan et al. 2015. Proc. Royal Soc. B.
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Secondarily – age of home is a good predictor once we control for climate


Most fungi found inside your
home come from outside

<10% of taxa are more
common indoors
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compare fungal map indoors to fungal map outdoors   show the similarity (the map on top is the bacterial map)

Stronger geographic signal for fungi (blue) than for bacteria (red) Fungi map = top, bacteria map = bottom

Indval = takes into account frequency and occurrence

Only 15% of taxa are more common indoors than outdoors



Fungi more common inside homes:

Asperqgillus
Fusarium Common

Penicillium household molds
Eurotium

Stereum

Trametes Wood-degraders
Schizophyllum

Chaetomium

Malassezia Human skin
Trichosporon associated




Indoor bacterial communities are not
predictable from climate, soil, or geography

indoor =L . " Bacterial NMDS
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Barberan et al. 2015. Proc. Royal Soc. B.



Bacteria found indoors are more likely to come
from home occupants
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All we are is dust in the wind.


For indoor bacteria, who you live with
matters more than where you live

(male:female ratio)



~40% of homes have
a dog or a cat

E= Dogs absent E= Cats absent
L,"—: Dogs present © 08 E Cats present

Proportion
Proportion
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Emphasize that about 50-60% of the homes have either dogs or cats

2 points: these differences are subtle but we are looking at a wide range of taxa so we can look at the aggregated abundances of those taxa to predict whether you have a dog or cat in your home.

Also point out that these are taxa commonly found in dog and cat GI systems – this is not just dirt brought in by dogs.


Predicting the presence of pets in home

Dog Crossvalidation

Observed |
———

95% Accuracy

Cat Crossvalidation

- = cats or dogs present in home

- = no cats or dogs present in home
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Why do we care? – We don’t need bacterial analyses to tell you if you have a dog or cat – because it demonstrates the importance of occupants, including our pets, in shaping the bacterial diversity found inside our homes. In addition – it may provide an explanation for why exposure to dogs or cats confers protection to allergies.

Random forests algorithm – classification scheme. 90% of data = training data, 10% = test data
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Predicting which homes have only male inhabitants

Observed

B = women present in home

B = no women present in home
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Black = only males

Correctly identified 4 of the 9 homes as having men only living in them – this is much better than what we would expect by chance – but still not very good
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Predicting which homes have only male inhabitants

Observed

Predicted

B = women present in home

B = no women present in home

Problem: Only 6% of
homes have ho women
living in them
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Black = only males

Correctly identified 4 of the 9 homes as having men only living in them – this is much better than what we would expect by chance – but still not very good
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Clearly you can learn a lot from dust – it can tell you where your house is located, who you live with in your home, and what allergens you may be exposed to in your home. More generally – these analyses of dust show that our home is truly an ecosystem that harbors a broad diversity of organisms. We are never alone – dust and the microbes that can be identified from that dust are our constant companions..


Ragweed (Ambrosia)

vari.pred
06

04

02




Cockroach
(Periplaneta spp.)

Dust Mites
(Dermatophagoides spp.
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