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7.9. What Is a Healthy Skin Microbiome? Leveraging Ancestral Microbiomes for Guidance in
Restoration of a Healthy Western Skin Microbiota

Julia Durack !, Yvette Piceno !, Brian Fanelli 2, David Good  and Larry Weiss ! (! Sym-
biome, Indiana St, San Francisco, CA 94107, USA; 2 CosmosID, Rockville, MD 20850, USA;

3 The Good Project 13 Appian Way Cambridge, MA 02138, USA).

Skin microbiota, similar to all other niche-specific human microbial assemblages, are
shaped by environmental exposures influenced by lifestyle choices. Growing evidence
implicates skin microbiome perturbation in a number of dermatological conditions im-
pacting western society, but how much do we really know about what defines a healthy
skin microbiome? To answer this question, we examined the human skin microbiome
of individuals from a semi-nomadic hunter—gatherer tribe in the Amazon. Metagenomic
sequencing provided insights to the composition and function of a healthy ancestral hu-
man microbiome before we were impacted by the urban-industrialized lifestyles of the
modern world.

7.10. Urban Green Space Aerobiomes: Exposure to Airborne Bacteria Depends upon Vertical
Stratification and Vegetation Complexity

Jake Robinson 23, Christian Cando-Dumancela 23, Craig Liddicoat >>#, Philip We-
instein >*, Ross Cameron ! and Martin E. Breed %3 (! Department of Landscape, The
University of Sheffield, Sheffield S10 2TN, UK; ? College of Science and Engineering,
Flinders University, Bedford Park 5042, Australia; 3 The Healthy Urban Microbiome Ini-
tiative (HUMI), Adelaide 5005, Australia; # School of Public Health and the Environment
Institute, University of Adelaide, Adelaide 5005, Australia).

Exposure to diverse environmental microbiota is thought to have an important role in
“training” the immune system and maintaining human health and wellbeing. Vegetation
and soil are both known to be important sources of airborne microbiota, i.e., constituents
of the aerobiome. A limited number of studies have attempted to characterise the spa-
tiotemporal dynamics of the aerobiome; however, no known studies have investigated
these dynamics from a vertical perspective. Support for its existence can be drawn from
studies of pollution and allergenic pollen where vertical stratification occurs at various
scales. The existence of aerobiome vertical stratification could have important implications
for public health and for the design and management of urban green spaces. For example,
do children receive the same exposure to airborne microbiota as adults (or taller humans),
and is this influenced by vegetation composition, structure and surrounding land-use?

Furthermore, the potential differences in aerobiome composition based on different
land cover types are still poorly understood. In this study we developed and combined an
innovative columnar sampling method (using passive petri dish sampling stations), remote
sensing techniques, and high-throughput sequencing of the bacterial 165 rRNA gene to
assess whether significant vertical stratification of the aerobiome occurs. We also assessed
whether there were differences in the aerobiome between land cover types in the Adelaide
Park Lands, in South Australia. The land cover types included in the study were as follows:
1. Amenity grassland/lawn; 2. Scrub/trees; 3. Bare ground. Site selection was determined
using a combination of remote sensing approaches (such as habitat classification indices
and random point algorithms), and ground-based site assessments. We also installed
dataloggers to record microclimate data.

Results presented provide evidence of vertical stratification in both alpha and beta
(compositional) diversity of airborne bacterial communities, with diversity decreasing
roughly with height. We also found significant vertical stratification in potentially pathogenic
and beneficial bacterial taxa.

Although additional research is needed, these preliminary findings point to potentially
different exposure attributes that may be contingent on human height and activity type.
Our results lay the foundations for further research into the vertical characteristics of urban
green space aerobiomes and their implications for public health and urban planning.
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Further Reading: Jake Robinson, Christian Cando-Dumancela, Craig Liddicoat, Philip
Weinstein, Ross Cameron, and Martin Breed. (2020). Vertical Stratification in Urban Green
Space Aerobiomes. Environmental Health Perspectives. 128. 10.1289 /EHP7807.

7.11. Using the Human Skin Microbiota to Measure Nature Exposure in a Longitudinal Study

Danica-Lea Larcombe 1, Eddie Van Etten 1, Alan C. Logan 2 Susan L. Prescott >3 and
Pierre Horwitz ! (1 Edith Cowan University, Joondalup, WA 6027, Australia; 2 The Institute
for Integrative Health, Baltimore, MD 21231, USA; 3 University of Western Australia,
Nedlands, WA 6009, Australia).

Evidence indicates that soil (which contains a rich diversity of microbes) is an im-
portant component in maintaining human health, and indoor plants have been shown to
stabilise the indoor environment. As high-rise apartment dwellers are at a disadvantage in
being further away from environmental biodiversity (and reducing the transfer of microbes
onto their skin from soil and plants) the question was asked “do soil and plants cause
changes in skin microbial diversity and species richness over time”?

This study investigated relationships between high rise apartments, environmental
biodiversity and the biodiversity of the human skin microbiota. Fifty-nine eligible partic-
ipants living in Perth, Western Australia randomly received either three real or artificial
indoor plants and were tested for communities of skin bacteria (165 DNA Sequencing) over
a 12-month period. Skin microbiota (165 DNA) results from a pilot sample of ten real and
fake plant recipients were analysed for respondent’s microbial diversity before and after
the study.

The main bacterial phyla were Thermi, Actinobacteria, Bacteroidetes, Firmicutes,
Fusobacteria and Proteobacteria. Skin microbiome profiles were unique to each person,
and the genus Staphylococcus was found to be dominant (>30%) in the study population,
in line with studies from China, Venezuela and Brazil but not the USA. A near significant
interaction between time and treatment was found, with participants receiving real plants
having a greater increase in OTU richness on average than those receiving fake plants,
significant at the ~p < 0.1 level. In addition, there was a putative increase in abundance of
the Kocuria environmental genus for real plant respondents.

The intervention appears to have resulted in an increase in OTU richness, and as
humans (as a holobiont) are a microcosm of the ecological environment it makes sense that
their microbiome would also reflect this habitat that includes bacteria normally residing in
soil and plant roots.

7.12. Investigating the Effect of Chlorinated Drinking Water on the Assembly of the Infant

Gut Microbiome

Kimberley Parkin 1, David Martino ! and Claus Christophersen 2 (! Telethon Kids Insti-
tute, Nedlands, WA 6009, Australia; 2 Curtin University, Bentley, WA 6102, Australia).

The gut microbiome has been particularly interesting in recent years due to its links to
health and disease. In infants, the gut microbiome is highly plastic, and easily influenced
by environmental factors. The development of a healthy gut microbiome is essential for a
stable, diverse, and species-rich gut microbiome as an adult, and improper development of
the gut microbiome in this sensitive period can lead to gut dysbiosis. Chlorine is one of
the most effective ways to deliver safe drinkable water to the public free from microbial
contamination because it produces a residual disinfectant that persists in the distribution
system. Due to the antimicrobial effects of chlorine in tap water, this raises the question
if persistent exposure to low levels of chlorinated tap water may have a mild antibiotic
effect to the diverse ecosystem of microorganisms that colonise the gastrointestinal tract.
Thus, residual chlorine in tap water could be a potential unrecognised risk factor of gut
dysbiosis. This project will investigate whether chlorine effects the natural spatial and
temporal organisation of the gut microbiome in infancy and early childhood.

We hypothesise that persistent exposure to low levels of residual chlorine in early
childhood may alter stereotypical colonisation of the infant gut microbiome, by reducing
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