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A rural environment and farming lifestyle are known to provide
protection against aller gic diseases. This protective effect is expected
to be mediated via exposure to environmental microbes that are
needed to support a normal immune tolerance. However, the triangle
of interactions between environmental microbes, host microbiota,
and immune system remains poorly understood. Here, we have
studied these interactions using a canine model (two breeds, n = 169),
providing an intermediate approach between complex human studies
and artificial mouse model studies. We show that the skin microbiota
reflects both the living environment and the lifestyle of a dog.
Remarkably, the prevalence of spontaneous allergies is also associ-
ated with residential environment and lifestyle, such that allergies
are most common among urban dogs living in single-person families
without other animal contacts, and least common among rural dogs
having opposite lifestyle features. Thus, we show that living environ-
ment and lifestyle concurrently as sociate with skin microbiota and
allergies, suggesting that these fact ors might be causally related. More-
over, microbes commonly found on human skin tend to dominate the
urban canine skin microbiota, while environmental microbes are rich in
the rural canine skin microbiota. This in turn suggests that skin micro-
biota is a feasible indicator of exposure to environmental microbes. As
short-term exposure to environmental microbes via exercise is not
associated with allergies, we conc lude that prominent and sustained
exposure to environmental microbiotas should be promoted by urban
planning and lifestyle changes to support health of urban populations.
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Our health tends to be affected by our living environment,
green space being the promoter of our well-being (1).

Supporting evidence is provided by studies showing that allergies
are increasing due to urbanization, especially in Western countries,
while allergies remain rarer in developing countries as well as in
rural areas (2, 3). As the urban and rural environmental microbiota,
i.e., the diverse microbial community in a defined ecosystem, differ
(4), it is suggested that increased exposure to microbes from natural
environments, directly or indirectly through animals or family mem-
bers, is protective against the development of allergic diseases (5).
This idea is further strengthened by findings that the microbiota
differs between healthy and allergic people (reviewed in ref. 6). While
there is good evidence for associations between the living environ-
ment and allergic diseases (7, 8) as well as between host microbiota
and allergies (e.g., refs. 6 and 9), itis unclear whether all these factors
are related, and if so, how.

Unfortunately, a multitude of confounding factors associated
with human life, such as a constant change both in lifestyle pat-
terns and in living areas due to moving and traveling, makes it
difficult to establish a causal relationship between living environ-
ment and lifestyle and health (8). To overcome this problem,
several studies linking allergies to microbiota have been carried
out in the mouse model (e.g., refs. 10 and 11). However, controlled
laboratory experiments are not ideal for studying the effect of
complex living environments, as they are practically impossible

to replicate in artificial conditions. In an attempt to establish a
feasible compromise between problematic human studies and
overly simplistic laboratory models, we adopted a canine model
(pet dogs). We consider dogs to be relevant model animals, as
they suffer increasingly from diseases analogous to inflammatory
disorders in humans, such as allergies (e.g., in ref. 12). Importantly,
dogs develop these diseases spontaneously unlike in a mouse
model. Also, dogs share the living environment with and are
influenced by the lifestyle of their owners. However, dogs still live












