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Abstract

Abiotic and biotic factors can affect host resistance to parasites. Host diet and host gut
microbiomes are two increasingly recognized factors influencing disease resistance. In par-
ticular, recent studies demonstrate that (1) particular diets can reduce parasitism; (2) diets
can alter the gut microbiome; and (3) the gut microbiome can decrease parasitism. These
three separate relationships suggest the existence of indirect links through which diets
reduce parasitism through an alteration of the gut microbiome. However, such links are
rarely considered and even more rarely experimentally validated. This is surprising because
there is increasing discussion of the therapeutic potential of diets and gut microbiomes to
control infectious disease. To elucidate these potential indirect links, we review and examine
studies on a wide range of animal systems commonly used in diet, microbiome, and disease
research. We also examine the relative benefits and disadvantages of particular systems for
the study of these indirect links and conclude that mice and insects are currently the best
animal systems to test for the effect of diet-altered protective gut microbiomes on infectious
disease. Focusing on these systems, we provide experimental guidelines and highlight chal-
lenges that must be overcome. Although previous studies have recommended these sys-
tems for microbiome research, here we specifically recommend these systems because of
their proven relationships between diet and parasitism, between diet and the microbiome,
and between the microbiome and parasite resistance. Thus, they provide a sound founda-
tion to explore the three-way interaction between diet, the microbiome, and infectious
disease.

Introduction

Parasites can severely reduce host fitness, and host defenses against parasites are under strong
selection. Hosts and parasites are often studied as pair-wise interactions [1] without consider-
ing the environment in which they interact [2]. This is problematic because biotic and abiotic
factors can have strong effects on host resistance to parasitic infection [3,4]. One increasingly
recognized environmental factor that influences disease is host diet (Fig 1). Host diet also
importantly shapes the gut microbiome in a wide range of hosts (Fig 2).
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Fig 1. Direct and indirect relationships between host diet, host gut microbiome, and parasites. In bees, studies have independently shown that diets
modulate resistance to parasites [9,21], diets alter gut microbiomes [75], and gut microbiomes modulate parasitism [90,107]. However, it is not known
whether there is an indirect link between the three based on these direct relationships. Alternatively, the host immune system can indirectly alter this

potential three-way interaction by modulating antimicrobial peptides or pattern recognition receptors via diet or the gut microbiome to fight parasites
[11,110].

https://doi.org/10.1371/journal.ppat.1007891.g001

The gut microbiome, in turn, can be a crucial driver of infectious disease. The complex
community of microorganisms inhabiting an animal’s digestive tract constitutes the gut
microbiota, and their collective genetic content constitutes the gut microbiome. Changes in
gut-associated microbial community composition and diversity have been associated with
Clostridium difficile infection in humans [5] and malaria infection in mosquitoes [6].

Current understanding thus shows three important relationships: (1) diet can alter disease
resistance; (2) diet can affect the gut microbiome; and (3) the gut microbiome can reduce or
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