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Abstract:

The role of microbes in animal health, particularly in host-microbiota interactions, has garnered
significant research interest due to its implications for animal well-being and agricultural
sustainability. This paper reviews the current understanding of the microbiota in animals, focusing
on its composition, functions, and the factors influencing its balance. The microbiota, consisting of
bacteria, archaea, viruses, fungi, and protozoa, plays crucial roles in digestion, immune system
development, protection against pathogens, and synthesis of vitamins and beneficial compounds.
Various factors, including host genetics, diet, and environmental factors, influence the composition
and function of the microbiota. Dysbiosis, or an imbalance in the microbiota, is associated with
several diseases, highlighting the importance of maintaining a healthy microbial community.
Strategies such as probiotics, prebiotics, and fecal microbiota transplantation (FMT) can help restore
microbial balance in cases of dysbiosis. Future research should focus on understanding the complex
interactions between the host and its microbiota to develop effective microbial-based therapies for
improving animal health and agricultural sustainability.
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l. Introduction

A. Background

The animal microbiota, comprising bacteria,
archaea, viruses, and fungi, plays a crucial role
in the health and well-being of its host.
Recent research has increasingly highlighted
the intricate relationship between these
microbes and their animal hosts, challenging
traditional views of microbes as solely
pathogens. Studies by Ley et al. (2012) and
Sekirov et al. (2010) have shown that the
animal microbiota is not only diverse but also
essential for various physiological functions,
including digestion, immunity, and even
behavior.
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B. Importance of Microbes in Animal Health
Microbes are integral to the digestive
processes of animals. For example, bacteria in
the rumen of cattle help break down
cellulose, allowing for the efficient digestion
of plant material (Morgavi et al., 2012). In
pigs, microbial fermentation in the hindgut
contributes to the production of short-chain
fatty acids, which serve as an energy source
and play a role in gut health (Pluske et al.,
2018). Additionally, microbes are involved in
the synthesis of vitamins, such as vitamin K,
which is crucial for blood clotting (Frick et al.,
2019).
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Beyond digestion, the microbiota is also
crucial for the development and function of
the immune system. Studies by Hooper et al.
(2012) and Belkaid and Hand (2014) have
shown that exposure to microbes early in life
is essential for the proper maturation of the
immune system, helping to distinguish
between harmless and harmful antigens.
Furthermore, certain microbes can directly
inhibit the growth of pathogens, as seen in
the case of Lactobacillus species in the gut
(Corr et al., 2019).

Il. Overview of the Animal Microbiota

B. Types of Microbes in the Animal Microbiota

A. Definition of Microbiota

The animal microbiota refers to the collection
of microorganisms that inhabit the various
surfaces and cavities of an animal's body,
including the skin, gastrointestinal tract, and
respiratory system. This microbial community
is composed of bacteria, archaea, viruses,
fungi, and protozoa, with bacteria being the
most abundant and diverse group (Marchesi
et al.,, 2015). The microbiota is distinct from
the microbiome, which refers to the collective
genomes of these microorganisms.

Table 1: Composition of the Animal Microbiota

Microbial Group Examples Functions
Bacteria Firmicutes, Bacteroidetes, | Digestion, production of short-chain
Actinobacteria fatty acids, synthesis of vitamins

Archaea Methanogens Methane production, hydrogen
metabolism

Viruses Bacteriophages Regulation of bacterial populations,
gene transfer

Fungi Ascomycota, Basidiomycota Decomposition of organic matter,
symbiotic relationships

Protozoa Ciliates, Flagellates, Amoebas Breakdown of cellulose, nitrogen
recycling

Bacteria: Bacteria are the most abundant
microbes in the animal microbiota. They play
crucial roles in digestion, immunity, and
vitamin synthesis. Examples include
Bacteroides, Firmicutes, and Actinobacteria
(Turnbaugh et al., 2007).

Archaea: Archaea are less abundant than
bacteria but are still present in the animal
microbiota. They are known for their ability to
thrive in extreme environments and are found
in the gut, particularly in methane-producing
species (Leahy et al., 2010).

Viruses: Viruses in the animal microbiota,
known as the virome, are primarily
bacteriophages that infect bacteria. They can
influence bacterial populations and gene
transfer in the microbiota (Minot et al., 2011).

Fungi: Fungi are less well-studied in the
animal microbiota but are known to be
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present in various body sites, including the
gut and skin. They can play roles in digestion
and immune modulation (Underhill and lliev,
2014).

Protozoa: Protozoa are single-celled
organisms that are part of the animal
microbiota, particularly in the gut. They can
interact with bacteria and other microbes,
influencing the overall microbial community
(Benchimol and Paz, 2014).

C. Factors Influencing the Composition of the
Animal Microbiota

Host Genetics: The genetics of the host animal
can influence the composition of its
microbiota. Studies have shown that certain
genetic traits can predispose animals to
specific microbial communities (Goodrich et
al., 2014).
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Diet: Diet is a major factor influencing the
composition of the animal microbiota.
Different types of diets can lead to shifts in
microbial populations, affecting the overall
diversity and function of the microbiota
(David et al., 2014).

Environment: Environmental factors, such as
exposure to pathogens, antibiotics, and other
chemicals, can impact the animal microbiota.
Changes in the environment can lead to
disruptions in microbial communities and
potentially affect animal health (Song et al.,
2016).

Age: The age of the animal can also influence
its microbiota. Young animals, especially
neonates, undergo significant changes in their
microbiota as they mature, influenced by
factors such as diet and immune development
(Yatsunenko et al., 2012).

[ll. Functions of Microbes in Animal Health

A. Digestion and Nutrient Absorption

The microbiota plays a crucial role in the
digestion of food and the absorption of
nutrients in animals. In the rumen of ruminant
animals, such as cows and sheep, microbes
break down complex plant materials, such as
cellulose, into simpler compounds that can be
absorbed by the host (Flint et al., 2008). This
process not only provides energy to the
animal but also allows for the utilization of
otherwise indigestible plant materials.

In the hindgut of animals like horses and
rabbits, microbial fermentation contributes to
the breakdown of fibrous plant materials and
the production of volatile fatty acids, which
are a significant energy source for the host
(Dougal et al., 2012). Additionally, microbes in
the gut produce enzymes that help break
down proteins, fats, and carbohydrates,
aiding in their digestion and absorption (Smith
and Macfarlane, 1997).

B. Immune System Development and Function
The microbiota plays a crucial role in the
development and function of the immune
system. Studies have shown that exposure to
microbes early in life is essential for the
proper maturation of the immune system,
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helping to distinguish between harmless and
harmful antigens (Hooper et al.,, 2012).
Microbes in the gut also interact with the
immune system, helping to regulate its
response to pathogens and maintaining
immune homeostasis (Belkaid and Hand,
2014).

C. Protection Against Pathogens

The microbiota provides protection against
pathogens by competing for nutrients and
space, producing antimicrobial compounds,
and modulating the host immune response.
For example, certain species of bacteria, such
as Lactobacillus and Bifidobacterium, produce
lactic acid and other compounds that create
an acidic environment in the gut, which is
inhospitable to many pathogens (Corr et al.,
2019). Additionally, some microbes produce
antimicrobial peptides that can directly inhibit
the growth of pathogens (Frick et al., 2019).

D. Synthesis of Vitamins and Other Beneficial
Compounds

Certain microbes in the animal microbiota are
capable of synthesizing vitamins and other
beneficial compounds that are essential for
the host. For example, bacteria in the gut can
produce vitamin K, which is crucial for blood
clotting (Frick et al.,, 2019). Other microbes
can produce short-chain fatty acids, such as
butyrate, which have been shown to have
anti-inflammatory and immune-modulating
effects (Smith et al., 2013).

IV. Host-Microbiota Interactions

A. Mutualistic Relationships

The relationship between the host and its
microbiota is often mutualistic, meaning that
both parties benefit from the interaction. For
example, microbes in the gut can help break
down complex carbohydrates into short-chain
fatty acids, which serve as an energy source
for the host (Flint et al., 2008). In return, the
host provides a stable environment and
nutrients for the microbes to thrive.

B. Impact of Host Genetics on Microbiota
Composition

Host genetics can influence the composition
of the microbiota. Studies have shown that
different host species have distinct microbial
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communities, and variations in host genes can
lead to differences in microbial composition
even among individuals of the same species
(Goodrich et al., 2014). For example, mice
with a mutation in a gene called Nod2 have
been shown to have altered gut microbiota
composition, leading to increased
susceptibility to colitis (Frank et al., 2011).

C. Influence of Diet on Microbiota
Composition

Diet is a major factor influencing the
composition of the microbiota. Different types
of diets can lead to shifts in microbial
populations, affecting the overall diversity and
function of the microbiota (David et al., 2014).
For example, a high-fiber diet has been shown
to promote the growth of beneficial bacteria,
such as Bacteroidetes, while reducing the
abundance of potentially harmful bacteria,
such as Firmicutes (Turnbaugh et al., 2009).

D. Effects of Environmental Factors on Host-
Microbiota Interactions

Environmental factors, such as exposure to
pathogens, antibiotics, and other chemicals,
can impact the host-microbiota interactions.
For example, exposure to antibiotics can
disrupt the microbial balance in the gut,
leading to dysbiosis and potentially affecting
host health (Dethlefsen et al., 2008). Similarly,
changes in diet or living conditions can alter
the composition of the microbiota and its
interactions with the host (Song et al., 2016).
V. Dysbiosis and Disease

A. Definition and Causes of Dysbiosis

Dysbiosis refers to an imbalance in the
microbial community in a particular
environment, such as the gut. It can result
from various factors, including changes in
diet, antibiotic use, stress, and infections.
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Dysbiosis can lead to a disruption in the
normal functions of the microbiota, affecting
digestion, immune function, and overall
health (Belkaid and Hand, 2014).

B. Diseases Associated with Dysbiosis
Dysbiosis has been associated with several
diseases, including inflammatory bowel
disease (IBD), irritable bowel syndrome (IBS),
obesity, and allergies. In IBD, such as Crohn's
disease and ulcerative colitis, dysbiosis is
believed to play a role in the development
and progression of the disease (Frank et al.,
2011). Similarly, dysbiosis has been implicated
in the pathogenesis of IBS, where alterations
in the gut microbiota may contribute to
symptoms such as abdominal pain and
bloating (Marchesi et al., 2015).

C. Strategies to Restore Microbial Balance
Several strategies can help restore microbial
balance in cases of dysbiosis. Probiotics,
which are live microorganisms that confer a
health benefit to the host, can help restore a
healthy microbial community in the gut (Corr
et al, 2019). Prebiotics, which are non-
digestible fibers that promote the growth of
beneficial bacteria, can also be beneficial
(Flint et al., 2008).

In more severe cases of dysbiosis, fecal
microbiota transplantation (FMT) may be
considered. FMT involves transferring fecal
material from a healthy donor to a recipient
to restore a healthy microbial community in
the gut (van Nood et al., 2013). This approach
has been shown to be highly effective in
treating recurrent  Clostridium  difficile
infection, which is often associated with
dysbiosis (Cammarota et al., 2017).

@ www.neuroquantology.com

164



NeuroQuantology| November 2020 | Volume 18 | Issue 11|Page 161-167| doi: 10.48047/nq.2020.18.11.NQ20247
Laxmikant et al/ The Role of Microbes in Animal Health: Implications for Host-Microbiota Interactions

Probiotics

Fecal Microbiota

Transplantation
(FMT)

P
Live microorganisms
that confer health
benefits when
consumed in adequate
amounts

A

Non-digestible fibers )
that stimulate the
growth and activity of
beneficial microbes in
the gut ‘ microbiota

Transfer of fecal
material from a healthy
donor to a recipient to

restore a healthy gut

Figurel: Strategies to Restore Microbial Balance

VL. Future Directions and Implications

A. Research Gaps and Areas for Further Study
Despite significant progress in understanding
the role of microbes in animal health, several
research gaps and areas for further study
remain. One area of interest is the role of the
microbiota in neurological disorders, such as
autism and depression, and how microbial
interventions may influence brain function
(Cryan and Dinan, 2012). Additionally, more
research is needed to understand how the
microbiota influences metabolism and energy
balance, with implications for obesity and
metabolic disorders (Turnbaugh et al., 2009).

B. Potential Applications in Animal Health and
Agriculture

The insights gained from studying the
microbiota have the potential to revolutionize
animal health and agriculture. Probiotics and
prebiotics can be used to improve animal
growth, feed efficiency, and disease
resistance, reducing the need for antibiotics in
livestock production (Gresse et al.,, 2017).
Additionally, microbial-based therapies, such
as FMT, hold promise for treating a variety of
animal diseases, including gastrointestinal
disorders and immune-mediated conditions
(Weese and Costa, 2018).

C. Conclusion

In conclusion, the microbiota plays a critical
role in animal health, influencing digestion,
immune function, and disease resistance.
Dysbiosis, or an imbalance in the microbiota,
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can lead to a variety of health problems, but
strategies such as probiotics, prebiotics, and
FMT can help restore microbial balance.
Future research should focus on
understanding the complex interactions
between the host and its microbiota, with the
goal of improving animal health and
agricultural sustainability.

VII. Conclusion

The microbiota is a complex and dynamic
community of microorganisms that plays a
crucial role in animal health. By understanding
the interactions between the host and its
microbiota, we can develop strategies to
promote a healthy microbial balance and
improve animal health and agriculture.
Further research is needed to fully understand
the implications of the microbiota in animal
health and to develop effective microbial-
based therapies.
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