
 

The disease pyramid: Environment,
pathogen, individual and microbiome
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The microbiome is also an important part of the immune response in
amphibians. Credit: Dirk Schmeller

Researchers from the Leibniz-Institute of Freshwater Ecology and Inland
Fisheries (IGB), the Université de Toulouse and the Helmholtz Centre
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for Environmental Research (UFZ) show how the microbial colonization
of the organism influences the interactions between living organisms, the
environment and pathogens, using amphibians like frogs as examples.
This is basic research for health prophylaxis.

Biotic and abiotic environmental factors have a strong influence on the
dynamics of diseases in humans and animals. In their study, the
researchers focus on an important component: the microbiome. The
individual microbiome of a living being is a vital component of
immunity. Especially on the skin and in the bowel, i.e. directly at the
interface between the individual and pathogens, endogenous bacteria and
viruses are highly active.

The international team presents the concept of a disease pyramid with
the four cornerstones of environment, pathogen, host and microbiome.
For the first time, the different functions of the microbiome are taken
into account. The researchers illustrate this by using the amphibian
disease chytridiomycosis caused by the fungal pathogen
Batrachochochytrium dendrobatidis.

"The microbiome of living organisms is highly variable. It is only in
recent years that researchers have succeeded in using genetic methods to
determine the totality of microorganisms. We are now only gradually
beginning to understand their role in health prophylaxis and how they
interact, for example, with the environmental microbiome, pathogens
and the host," explains IGB researcher Dr. Adeline Loyau, who led the
study.

Diversity of microbiome and habitats strengthens
resistance

The authors emphasise that more diverse microbiomes can make the
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host more resistant to pathogens because they are better able to keep
potential pathogens at bay. The study also shows that individuals who
inhabit complex and therefore species-rich habitats have a lower
mortality rate. The team shows that the microbiome can act very
specifically against pathogens: The symbiotic skin bacterium
Janthinobacterium spp. forms an anti-fungal agent as a metabolic
product and thus prevents infection with Batrachochytrium
dendrobatidis.

Climate change modifies the microbiome of
amphibians

It is assumed that the adaptability of the microbiome can in turn increase
the organism's adaptability to environmental influences. There are
several examples of this in the animal kingdom. However, environmental
changes such as climate change can also throw the microbiome out of
balance: "A microbiome in equilibrium can protect against infection in
changing environmental conditions," explains the study's first author,
Adriana P. Bernardo-Cravo from the Université de Toulouse and the
UFZ.

"However, it is also shown that environmental changes—especially
temperature—have a significant impact on the composition of the
microbiome, and thus on the resistance of amphibians to
Batrachochytrium dendrobatidis. Climate change will significantly
change the distribution of this fungal disease in amphibians," the
ecologist predicts.

Axa-Professor Dirk Schmeller from the Université de Toulouse, further
explains: "We have to be aware that climate change and biodiversity loss
are stress factors for ecosystems, for humans, for animals and for the
microbiome. Our research shows that if the different axes of the disease
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pyramid are destabilised, new infectious diseases can be expected,
including for humans." The presented concept of the disease pyramid is
therefore trend-setting for research on human-animal-plant-environment
interactions and the resulting risks for biodiversity and humans.

Supplementary information:

The decline of amphibians, the most endangered vertebrates, causes
cascade effects in the food webs and can change the environmental
balance in the long term, for example water quality or the occurrence of
pests and pathogens. In some ecosystems, such as the North American
arboreal forests, amphibians are the most common terrestrial vertebrates.
There they help regulate the carbon balance. The fungus
Batrachochochytrium dendrobatidis is responsible for the decline of over
500 frog species worldwide. It damages the amphibians' skin and
disrupts its basic functions, which ultimately leads to cardiac arrest.

  More information: Adriana P. Bernardo-Cravo et al, Environmental
Factors and Host Microbiomes Shape Host–Pathogen Dynamics, Trends
in Parasitology (2020). DOI: 10.1016/j.pt.2020.04.010
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