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ABSTRACT
Microbiota in the gastrointestinal tract play a crucial role in nutrient digestion, health and so forth in equines. As the research
attention on gutmicrobes has increased, several studies have investigated the composition of the gastrointestinal microbial flora in
equines. This article reviews the effects of breed, age, intestinal site, nutritional management and diseases on the gastrointestinal
microbiota of horses and donkeys, thus offering references for improving the gastrointestinal microecological environment in
these animals and preventing and controlling disease occurrence in them.

1 Background

Equines, including horses and donkeys, are monogastric her-
bivores with unique anatomical structures and diets. They
exhibit hindgut fermentation and have a well-developed hindgut
structure, especially cecum.

Microflora refers to a group of microorganisms that live in or on a
host and interact with it in a unique manner, and the microflora
composition can vary considerably because of environmental
factors and host health. Nearly 80% of gut microbes cannot
be isolated using conventional methods (Langner and Vervuert
2019). Some studies on the microbial composition of the digestive
tract of healthy horses have reported that microbial distribution
varies in different parts of the gut (Costa et al. 2015). Among

them, bacterial phyla such as Firmicutes, Bacteroidetes and
Verrucomicrobia dominate the hind intestines of horses. These
microbes work together to help horses break down complex plant
polysaccharides, such as cellulose, to produce important sources
of energy, such as short-chain fatty acids (Wunderlich et al. 2023).
In addition, certain microorganisms, such as methane-producing
archaea, produce methane by metabolizing hydrogen and carbon
dioxide, supporting the activity of cellulose-degrading bacteria
(Kauter et al. 2019).This variation results from the differences
in the oxygen level, acid–base level and temperature of different
parts, which leads to the presence of distinct microbial strains
in each part. Of these parts, the large intestine has the highest
number of bacteria. The caecum seems to be a third separate
ecosystem with numerous IgA+ cells and a diverse microbiota
(Żak-Bochenek et al. 2024).
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The gut microbiota constitute a complex ecosystem with varied
functions. In studies investigating gut microbiota in donkeys, a
complex relationship was observed between the gut microbiome
and expression of genes, particularly those involved in the
immune system (Li et al. 2022). In addition, several studies
have demonstrated that equine faecal microorganisms are closely
associated with factors, such as digestion (Juśkiewicz et al. 2021;
Zaitseva et al. 2023),metabolism (Zhu et al. 2021), obesity (Walshe
et al. 2021) and disease (Lara et al. 2022). This article mainly
reviews the effects of breed, age, intestinal site, nutritional man-
agement and diseases on the gastrointestinalmicrobiota of horses
and donkeys, thereby offering a reference for improving the
gastrointestinal microecological environment in these animals
and preventing and controlling disease occurrence in them.

2 Effects of Breeds on Gastrointestinal Microbes

Microorganisms in the gastrointestinal tract have a mutually
beneficial symbiotic relationship with their hosts, and the
microbial composition varies in different species. Firmicutes
and Bacteroidetes were found to be the most abundant and
predominant phyla in Mongolian horses and thoroughbreds, and
30 of the 75 phyla differed significantly between the 2 horse
breeds, such as Synergistetes, Planctomycetes, Proteobacteria, TM7
andChloroflexi. Comparedwith thoroughbred horses,Mongolian
horses had higher levels of Treponema, whereas lower levels of
Oscillibacter, Fibrobacter,Methanocorpusculum and Succinivibrio
(Zhao et al. 2016). While assessing the faecal microbiomes of
feral and domestic horses, Ang et al. (2022) found that the
faecal microbiota of domestic horses were impoverished, possibly
because of their diet, antibiotic exposure and hygiene.

Liu et al. (2020) reported that wild donkeys had higher drymatter
digestibility and a relatively complicated bacterial network in the
gut than domestic donkeys, such as higher levels of Bacteroidetes,
Firmicutes and Ruminococcaceae_NK4A214. Furthermore, 29 of
the 40 metabolic pathways, mainly including amino acid, car-
bohydrate and energy metabolism, were present in the wild
donkeys. Additionally, wild donkeys from the Tibetan Plateau
exhibited gut microbiota different from those of donkeys from
other regions, which helped them to adapt to the high altitudes
(Liu et al. 2020). By contrast, domesticated animals usually live
in artificially controlled environments and have relatively simple
microbiota, possibly because of factors such as dietary habits and
antibiotic use (Table 1).

3 Effect of Age on Gastrointestinal Microbes

Numerous experiments have confirmed that differences in the
intestinal flora of horses are related to their age. Newborn horses
have a complex gutmicrobiota.At birth,microorganisms colonize
the gastrointestinal tract of newborn foals through the breastmilk
they feed upon and other routes, and the microbial community
of these foals is thus reorganized (Costa et al. 2016). Digestive
microbiota of newborn horses continuously adapt to changes
in dietary requirements and food types, that is, changes in the
composition of mare milk or the transition frommilk to feed diet
(De La et al. 2019). On conducting second-generation sequencing
of meconium from 13 pairs of standard-bred foals, Quercia et al.

(2019) found that microbial components derived from the mare
symbiont communities established in the gut of foals since their
foetal life. After birth, an external route for the transmission of
mare microorganisms is formed. Faubladier et al. (2014) analysed
the faecal samples of five foals and revealed that the intestinal
bacterial community in foals is established sequentially, and this
process reaches its climax state when they are around 1 month
of age. Costa et al. (2016) studied 11 mare–foal pair samples by
longitudinally collecting faecal samples from mares and foals on
the first postpartum day and periodically again until the foals
were 9 months of age. They reported that microbiota reached
relative stability from foal birth in 60 days. Lindenberg et al. (2019)
observed that the gut microbiota stabilized within 50 days of foals
after delivery. Older horses (age: 19–28 years) have less diverse gut
microbes compared with adult horses (age: 5–12 years) (Dougal
et al. 2014). Colonization of the gut by segmented filamentous
bacteria in equines may also be related to their age (Lowden and
Heath 1995). Gastrointestinal microbiota may also vary because
of differences in sampling timing and feeding methods, as well
as because of the effects of delivery mode and breastfeeding on
development and function of these microbiota (Bäckhed et al.
2015).

Functional prediction of faecal samples of donkeys of different
ages revealed that the diversity and richness of the gut microbiota
of foal donkeys (≤3 months) were significantly different from
those of adult donkeys (≥7 months) and that this diversity
increased with age. However, themicrobial composition changed
significantly in the first month (Xing et al. 2020). The number of
Bacteroidetes, Lactobacillus and Odoribacter decreased with age,
whereas that of Streptococcus increased significantly. Regarding
functional prediction using faecal samples, significant differences
were observed in the relative abundance of pathways across age
groups. The microbial community composition and structure are
uniquely characterized in each age group, which is consistent
with the functional stability of these communities. Microbial
diversity in faeces increased with the age of the donkeys, sug-
gesting that age is a critical factor affecting microbial succession.
This implies that breast milk composition may affect initial gut
microbiota composition.

In summary, the gut microbiota of equids exhibit significant
changes across age, which are reflected both in their microbial
composition and functionality (Table 2). The gut microbiota of
foals and young animals are particularly dynamic, initially colo-
nizing through external sources such as breastmilk andmaturing
with animal growth and development. The functionality of the
gut microbiota also stabilizes over time, which is closely linked
to increased digestive and metabolic efficiencies. Understanding
these age-related changes can help in providing useful insights
into equine animal health and nutrition.

4 Characteristics and Comparison of Microflora
in Intestinal Sites

Equines are herbivorous non-ruminants and have a highly
compartmentalized gastrointestinal tract that allows them to
digest various plant feed (Harris et al. 2017; Santos et al. 2011).
Each compartment of this tract has a semi-isolated ecosystem,
and microbiota composition and function of these ecosystems
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TABLE 1 Differences in gut microbial composition, dry matter digestibility and metabolic pathways of different breeds of equines.

Microbial composition
Mongolian
horses

Thoroughbred
horses Wild donkeys

Domestic
donkeys

Firmicutes High High High High
Bacteroidetes High High Higher Lower
Treponema Higher Lower Lower Lower
Oscillibacter Lower Higher Higher Lower
Fibrobacter Lower Higher Higher Lower
Ruminococcaceae_NK4A214 Not mentioned Not mentioned Higher Lower
Metabolic pathways Fewer Fewer More complex Less complex
Dry matter digestibility Not mentioned Not mentioned Higher Lower

TABLE 2 Characteristics of microbiological changes in equines of different ages.

Animal
species Age-related changes Key microbial shifts Functional implications

Horses
(foals)

Complex microbiota at birth,
reorganized through breast milk

and dietary changes

Transition from mare milk to
solid feed influences microbial

community

Microbial diversity stabilizes
at ∼60 days, influenced by
feeding and environment

Horses
(older)

Decrease in diversity with age
(19–28 years)

Reduced microbial diversity
compared to adult horses (5–12

years)

Aging leads to less functional
diversity in the gut microbiota

Donkeys
(foals)

Significant microbial changes in
the first month

Decrease in Bacteroidetes,
Lactobacillus and Odoribacter;
increase in Streptococcus

Increasing microbial diversity
with age; suggests functional
maturation of microbiota

Donkeys
(adults)

Greater diversity and stability in
gut microbiota

More stable microbial
community composition

More efficient digestion and
nutrient absorption as
microbiota matures

play a crucial role in animal health and metabolism. According
to Costa et al. (2015), the bacterial composition of the equine
gut varies widely among compartments, especially at lower
taxonomic levels. Although adjacent sites have more similar
bacterial compositions, they differ in the mucosal composition
and lumen content. On comparing the microbiota at different
locations in the gastrointestinal tract of Mongolian horses, Su
et al. (2020) found that the microbial community composition
differed significantly in the different regions. Significant differ-
ences were observed in the microbial community structure of the
small and large intestines, and similar patterns were observed in
the caecum and colon. Firmicutes (65%) and Proteobacteria (23%)
were themost prominent in the foregut, and Firmicutes (45%) and
Bacteroidetes (42%) were the most prominent in the hindgut. The
caecum is a very important digestive organ in equines. It pre-
dominantly consists of proteolytic bacteria, starch-decomposing
bacteria, glucose-decomposing bacteria, cellulolytic bacteria and
hemicellulose-decomposing bacteria (Dicks et al. 2014). The
microbial diversity of the equine colon and caecum is very similar
(Reed et al. 2017). Moreover, several studies examining the gut
microbiota in different regions of the equine gastrointestinal tract
through 16s rRNA sequencing have noted significant differences
in the microbiota in the different regions (Chaucheyras-Durand
et al. 2022). The faecal microbiota is not informative of the

proximal hindgut but can provide insight into the communities
of distal compartments (Reed et al. 2021). The caecum has a
high number of IgA+ cells and a diverse microbiome (Żak-
Bochenek et al. 2024). The uniformity of the gut microbiota was
considerably higher in the caecumand colon than in the stomach,
jejunum and ileum (Ericsson et al. 2016).

Liu et al. (2019) reported that different parts of the gastrointesti-
nal tract of Dezhou male donkeys had abundant and diverse
microorganisms. Moreover, the richness and diversity of hindgut
microorganisms were considerably higher than those of the
foregut. The gastrointestinal tract microbiota correspond to the
physiological functions of the different sites at which they
are located. For example, foregut microbes are more active in
carbohydrate metabolism, whereas hindgut microbes are more
active in amino acid metabolism. The common findings of these
studies are that the richness and diversity of the hindgut are
higher than those of the foregut, and the foregut and hindgut have
different key metabolic aspects.

To sum up, significant regional differences in microbial com-
munities exist within the gastrointestinal tract of equines, and
these differences are reflected in the microbial composition and
influence the metabolic function of each region (Table 3). The
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TABLE 3 Characteristics of microorganisms from different intestinal sites in equines.

Gastrointestinal
region Dominant microbial phyla Microbial diversity Metabolic activity

Foregut Firmicutes (65%), Proteobacteria (23%) Relatively lower Active in carbohydrate metabolism
Hindgut Firmicutes (45%), Bacteroidetes (42%) Higher, more diverse Active in amino acid metabolism
Caecum Various proteolytic, starch-decomposing,

glucose-decomposing, cellulolytic bacteria
Very diverse, similar to

colon
High IgA+ cells, crucial for immune

and digestive functions
Colon Similar to caecum Very diverse, stable Supports similar metabolic

functions as caecum

composition of the microbial communities of the foregut and
hindgut differed significantly, with the richness and diversity
of the microbial community of the hindgut being generally
higher than those of the foregut. Comprehending these regional
differences is vital for improving equine health, nutritional levels
andmetabolic efficiency. In particular, the caecum and colon play
key roles in digestion and immune function, and the diversity in
their microbial communities is closely related to their functions.

5 Effects of Nutrition andManagement on the
Gut Microbiome

5.1 Fibre and Starch

Diet is a major driver of bacterial diversity among species.
Protein- and fat-rich diets increase Firmicutes abundance in the
faecal microbiota of humans, whereas dietary fibre increases the
abundance of Bacteroidetes and cellulose and xylan degradants
(De Filippo et al. 2010;Wu et al. 2011). According to culture-based
microbiology, high-starch diets were associated with increased
numbers of Lactobacillus equi (currently L. equi) and Strepto-
coccus and decreased numbers of cellulolytic bacteria, compared
with high-fibre diets (Medina et al. 2002). Diets with a very high
fibre content can affect the microbiota structure in the equine
caecum (e.g., the abundance of cellulolytic bacteria significantly
increased with a high-fibre diet) (Goodson et al. 1988). Warzecha
et al. (2017) observed that the abundance of Paraprevotellaceae,
Veillonellaceae and Succinivibrionaceae in the caecumwas higher
in high-starch diet-fed horses than in low-starch diet–fed horses.
In horses fed a starch-rich diet (greater than 1 g/kg body weight
per meal), enzymatic amylolysis in the foregut does not lead to
the digestion of a large amount of starch (Harris and Dunnett
2018). When the starch reaches the hindgut, it is fermented,
and the number of amylase-producing bacteria and lactic acid
bacteria increases (Dicks et al. 2014; De Fombelle et al. 2001),
thereby producing more lactic acid (Richards et al. 2006). This
production of excess lactic acid and volatile fatty acids (VFAs)
in the gastrointestinal tract, especially in the stomach, results
in a pH drop in the large intestine, which then restricts the
proliferation of beneficial and acid-intolerant cellulolytic bacteria
(Garber et al. 2020). A large number of bacteria susceptible
to excess lactic acid die, and excessive lactic acid deposition
can also lead to acidosis (Garner et al. 1977). Thus, the pH of
the caecum and colon may decrease with an increase in the
number of bacteria that metabolize starch to produce lactic
acid, thereby creating adverse conditions for the proliferation of

beneficial cellulolytic bacteria. This may interfere with normal
digestion. Because of their digestive system, equines can consume
small amounts of high-fibre diets for a long period (Elia et al.
2010), whereas high-starch and low-fibre dietsmay cause hindgut
microbial disturbances and intestinal pain in these animals.
This dietary stress from high-fibre, low-fibre to high-starch
diet significantly increases the abundance of total anaerobic
bacteria, lactic acid–utilizing bacteria, and amylolytic bacteria in
equines. In a sociability test, the duration of vigilance positively
correlated with the concentration of starch-degrading bacteria
in the caecum and colon of horses fed a 43%–57% hay barley
diet. In the neophobia test, the duration also positively correlated
with the number of bacteria utilizing caecal lactate and colonic
starch (Destrez et al. 2015). Broom (2006) hypothesized that stress
induces immune responses, such as granulocyte proliferation
and activation. According to Willing et al. (2009), a fibre-only
diet reduced lactobacilli levels and improved microbial stability,
thereby preventing associated gastrointestinal diseases. Bergman
(1990) reported that total VFAs in the hindgut ofwhole roughdiet-
fed horses included 75% acetic acid, 15% propionic acid and 10%
butyric acid. Furthermore, Bergman reported that the content
of acetic acid, propionic acid and butyric acid varied by diet
type, and fibre-rich diets increase acetic acid content. Diets rich
in unstructured carbohydrates (monosaccharides) or starches
increase propionic acid production. These correlational studies
have suggested that diet-induced modulation of the microbiota
composition influences horse behaviour and induces diseases.

5.2 Effects of Types of Hay

Sorensen et al. (2021) noted that horses fed alfalfa had greater
faecal than caecal pH (p ≤ 0.05), whereas horses fed brome
had higher caecal than faecal pH (p ≤ 0.05). Regardless of hay
type, VFA concentrations and Bacteroides richness were higher
in the caecum than in the rectum. Moreover, alpha diversity was
greater in the rectal samples than in the caecal samples (Sorensen
et al. 2021). Daly et al. (2012) noted that colonic samples from
concentrated diet-fed horses had higher levels of Bacteroidetes
than those from pure grass diet-fed horses. Compared with
concentrate-fed horses, grass-fed horses had higher numbers of
Fibrobacteres and Lactobacillaceae bacteria that degrade fibre,
and these microbes may be inhibited by an acidic environment
(Daly et al. 2012; Fernandes et al. 2014). Julliand et al. (2018)
reported that horses fed dehydrated alfalfa pellets had higher
abundance of amylolytic-utilizing, pectinolytic-utilizing, and lac-
tic acid–utilizing bacteria than those fed sunflower meal pellets.
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Hansen et al. (2015) explored the microbial stability, diversity and
functionality of equines fed hay (low-nutrient diet) or amixture of
hay and whole oats (high-nutrient diet) as experimental diets and
the effects of these diets on their caecal microbial flora. The two
diets significantly affected caecal fermentation parameters and
bacterial microflora. Low-nutrient diets were more conducive to
the diversity and stability of caecal microbiota, which is related to
the stabilizing effect of microbial diversity. By contrast, however,
high-nutrient diets altered the caecal microbiota composition.
In conclusion, hay types influence the structure of microbial
communities, fermentation parameters and bacterial abundance.

5.3 Weaning Method

Weaning causes sudden changes in the diet and patterns, and
whether the gut microbiota has a prominent role in regulating
physiological responses in equines duringweaning stress remains
uncertain. Mach et al. (2017) assessed the effects of gradual or
abrupt weaning methods on the gut microbiota composition in
six age groups (30 days before birth; 0, 3, 5, 7 and 30 days). The
results revealed that Prevotella, Paraprevotella and Ruminococcus
were more abundant in the abrupt group than in the gradual
group. The study revealed that irrespective of the method used,
weaning affects the gut microbiota composition of foals. By
contrast, Lindenberg et al. (2019) observed that weaning had no
effect on the foalmicrobial composition. They found that the gene
expression of pro- and anti-inflammatory cytokines in the blood
exhibited no significant change before and after weaning, and the
gut microbiota reached a relatively stable level within 50 days of
postpartum. The discrepancy in results may be observed because
foals are usually weaned at 4–6 months of age, but the transition
frommilk to solids is gradual, asmost foals start consuming solids
before weaning.

Diet and nutritional management are crucial factors that influ-
ence the gut microbiome, especially in equines. Different dietary
components and forage types can significantly alter the structure
and function of the gut microbiota, which in turn affects animal
health and behaviour (Table 4). Weaning methods may also exert
an effect on the gut microbiota of foals. However, this effect
may vary according to individual differences. Therefore, careful
consideration and management of the diet and nutritional intake
of animals is required to maintain their health.

6 Effects of Disease on the Gut Microbiome

6.1 Colitis

Equines are typical monogastric herbivores and primarily use
crude fibre in their guts for substrate fermentation. Disturbances
in the gut microbiota composition or structure cause many
diseases in horses, most notably colitis in foals. When the faecal
microbiota of healthy horses were compared with those having
undifferentiated colitis, Firmicutes (68%), Bacteroidetes (14%)
and Proteobacteria (10%) were found to predominate in healthy
horses. Bacteroidetes (40%), Firmicutes (30%) and Proteobacteria
(18%) were the most abundant in colitis horses (Costa et al.
2012). Garber et al. (2020) also revealed that Bacteroidetes was
the most abundant in the intestinal tract of colitis horses, and

Fusobacteria was also more abundant in colitis horses than in
healthy horses. Alterations in the dominant gut bacterial species
are associated with colitis; however, mechanisms linking the
gut microbial diversity to colitis need to be elucidated (Costa
et al. 2012; Desrochers et al. 2005; Uzal and Diab 2015). The
aforementioned studies have shown that colitis is not caused by
a single pathogen but is rather a gut-associated disease and is
caused by major disturbances in the gut microbiota. In colitis,
the number of beneficial bacteria decreases, whereas that of
harmful bacteria increases, and this imbalance leads to intestinal
inflammation and diarrhoea.

6.2 Laminitis

Many factors could cause clinical laminitis in horses (Moreau
et al. 2014; Milinovich et al. 2010), such as excessive starch intake,
excessive fructan intake associated with overgrazing lush pas-
tures and glucocorticoid use (Johnson et al. 2002). Colic can also
result in an episode of laminitis. Steelman et al. (2012) performed
pyrosequencing of genes of bacteria isolated from faecal samples
to characterize the hindgut bacterial community of healthyhorses
and horses with chronic laminitis. They found that the bacterial
community was dominated by Firmicutes (69.21% healthy horses,
56.72% laminitis horses) and Verrucomicrobia (18.13% healthy
horses, 27.63% laminitis horses). More operational taxonomic
units (OTUs) were observed in the laminitis horse group than
in the healthy horse group, and differences were observed in
the abundance of Clostridium spp. The most abundant genera
in the laminitis horse group were Streptococcus, Clostridium and
Treponema; the core flora of the hindgut was Streptococcus. These
findings act as a basis for future research on the occurrence and
development of chronic laminitis.

6.3 Parasites and Anthelmintics

Grazing horses may be infected by parasite colonies, mainly
nematodes (Ogbourne 1976; Bucknell et al. 1995; Corning 2009;
Kuzmina et al. 2016). Parasites present in the gut alter the activity
and composition of the gutmicrobiota (Midha et al. 2017; Peachey
et al. 2017). In an experimental pasture trial conducted using
20 parasite-free female Welsh ponies (10 parasite-susceptible
and 10 parasite-resistant), the ponies displayed different micro-
bial compositions under parasite-free conditions, and parasite-
susceptible ponies exhibited a reduction in the abundance of
bacteria such as Ruminococcus, Clostridium XIVa and members
of the Lachnospira family (Clark et al. 2018). This may be
due to the disruption of mucosal homeostasis on Day 92 of
grazing. According to this hypothesis, an increase in pathogenic
organisms such as Pseudomonas and Campylobacter, as well
as several predicted changes in immune pathways, including
pathogen infection and activation of lipid metabolism and signal
transduction, are crucial for regulating the immune system and
maintaining energy stability. Intestinal parasites can easily cause
malnutrition, weight loss, developmental disorders, and so forth,
thereby inducing physical damage to the intestine and causing
alterations in the gastrointestinal microbial flora. The main
factors that cause parasitic infections also need to be explored
further.
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TABLE 4 Effects of nutritional and management on the gut microbiota of equines.

Impact

Fibre and starch Hay types Weaning method

High-fibre diet High-starch diet
Concentrated

diet Grass diet
Abrupt
weaning

Gradual
weaning

Key microbial
changes

Increased
Bacteroidetes,
cellulose/xylan
degraders

Increased
Lactobacillus,
Streptococcus

Higher
Bacteroidetes in

colonic
samples

Higher
Fibrobacteres
and Lactobacil-

laceae

Increased
abundance of
Prevotella,

ParaPrevotella,
Ruminococcus

Lower levels of
Prevotella and
Ruminococcus

Microbiome
changes

Supports
beneficial gut

bacteria, improved
stability

Increased lactic
acid and VFAs

production, lower
pH in hindgut

Lower
fibre-degrading

bacteria

Higher
diversity in gut
microbiota

Reduced
microbial
stability

Gradual
microbiota
stabilization

Behavioral/
Gastrointestinal
effects

Reduced
lactobacilli, better
gastrointestinal

stability

Potential acidosis,
disturbed gut flora
and behaviour

changes

Altered
microbial
composition

Reduced
acidification,
better fibre
degradation

Higher pro-
inflammatory
cytokines

Lower cytokine
responses

Abbreviation: VFAs, volatile fatty acids.

In horses, deworming treatment has been suggested as a possible
contributor to colic (Hillyer et al. 2002), possibly because this
treatment induces an alteration in the gastrointestinal micro-
biota. However, this conclusion needs to be considered more
cautiously, as no relevant study has clearly confirmed that
deworming treatment directly causes colic. In some studies, the
relative abundance of Bacteroides in the gut reduced in the
anthelmintics fenbendazole-treated horses (Sirois 2013). Walshe
et al. (2019) demonstrated that the relative abundance of Bac-
teroides in the gut decreased, irrespective of any age of the
horse and the class of therapeutic drugs used (fenbendazole or
moxifloxacin). Similar reports have found that the abundance of
Bacteroidetes in the equine gut was related to nematode infection,
whereas that of Firmicutes was the highest after treatment with
fenbendazole for 5 days and ivermectin for 1 day, followed
by that of Bacteroidetes (the number of Bacteroidetes displayed
a downward trend) (Garber et al. 2020; Walshe et al. 2019).
Antihelmintics directly affected the bacterial population, and
parasites may change mucin production, thus possibly altering
bacterial nutrient milieu in the gut (Fricke et al. 2015). Although
the effects of deworming drugs on gut microbiology have been
reported, whether deworming directly triggers abdominal pain
or changes in the microbiota remains poorly documented.
Kunz et al. (2019) demonstrated that moxictin and praziquan-
tel decreased microbial diversity, whereas β-diversity remained
unchanged. Although they found significant differences in the
abundances of 21 taxonomic groups, they did not believe that
deworming treatmentmajorly affected the gastrointestinalmicro-
biota. In a previous study (Daniels et al. 2017), although bacterial
diversity was not significantly altered by moxidectin, 13 different
OTUs differed between the experimental and control groups.
Although anthelmintics drugs have a limited effect on the gut
microflora, they can reduce microbial diversity and abundance.
In addition, the duration of drug use is an influencing factor,
and thus,medication time should be reasonably controlled. Thus,
although deworming treatments may alter the gut microbiota
composition to some extent, further studies are warranted to

verify whether this results in abdominal pain or significant
gastrointestinal reactions.

6.4 Obesity andMetabolic Syndrome

Obesity in horses has become increasingly common because
of modern management practices and the availability of high-
energy feeds. Obese horses exhibit a more diverse intestinal
microbial composition and higher microbial abundance than
healthy horses (Biddle et al. 2018; Morrison et al. 2018). However,
Morrison et al. (2018) reported that the number of Bacteroidetes
and Actinomyces increased in the obesity group, whereas Biddle
et al. (2018) reported a decrease in these taxa. These differences
may be observed due to a more heterogeneous population and a
diverse diet in the latter study (Biddle et al. 2018). On the other
hand,Morrison et al. (2018) designed the experimentmore tightly.
Biddle et al. (Zhu et al. 2021) indicated that specific bacterial
species may act as markers of obesity and thinness in horses,
particularly bacterial groups positively correlated with the blood
analysis results and obesity, including Butyrivibrio, Prevotella,
Blautia spp., Erysipelotrichaceae and Lachnospiraceae. After the
horses lost weight, the relative abundances of Firmicutes and
Tenericutes in the gut decreased significantly, whereas that of
Bacteroidetes did not change significantly. Although this study
did not control diet, revealing metabolic differences between the
gut communities of obese and lean horses and designing targeted
microbial intervention strategies are essential (Morrison et al.
2018). Thus, microbiota may play a crucial role in the physiology
of weight regulation (Garber et al. 2020). Faecal transplantation
into the gut is recommended to further study the gut microbial
composition and determine if similar effects exist.

In addition, Elzinga et al. (2016) revealed differences in the overall
microflora composition between equine metabolic syndrome
(EMS) horses and healthy horses. According to the results,
the abundances of Clostridium cluster XI, Verrucobacterium
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TABLE 5 Effects of disease on the intestinal flora of equines.

Disease type Microbiome changes Impact

Colitis Increase in Bacteroidetes and
Proteobacteria, decrease in Firmicutes

intestinal inflammation and
diarrhoea

Laminitis Streptococcus, Clostridium and Treponema Laminitis development
Parasites and
anthelmintics

Altered activity and composition of gut
microbiota

Malnutrition, weight loss,
developmental disorders

Obesity and metabolic
syndrome

More diverse and abundant gut
microbiota

Weight regulation and metabolic
differences

and Lactobacillaceae bacteria increased, whereas those of Lach-
nospiraceae, Flavobacteriaceae and Rhodospirillaceae decreased.
Another study also identified the faecal microbiota composition
of EMS horses and healthy controls. EMS horses exhibited a
decreased microbial diversity, but whether lean and obese horses
with the same diet will have similar differences remains unclear
(Garber et al. 2020).

Overall, diseases such as colitis and laminitis aswell as conditions
like parasitic infections and obesity significantly alter the gut
microbiome of horses (Table 5). These changes can lead to a range
of health problems, highlighting the importance of maintaining
a balanced gut microbiome for equine health. Further research
is warranted to fully understand the complex interactions among
gut health, disease and microbiome balance.

7 Conclusion

The animal gastrointestinal tract comprises a large and diverse
microbial community. This community not only affects nutrient
digestion and absorption but also participates in regulating
many physiological functions of the host, including disease
occurrence. The symbiosis between the host and microbes can
promote animal health, thereby benefiting and improving animal
productivity. In the case of horses, attention must be paid
to the external environment, and their rational management
must be strengthened in combination with the characteristics
of this species, such as providing a reasonable diet, managing
weaning method and time, preventing parasitic infections and
using deworming drugs rationally. Moreover, a large research
gap exists in the deep signal transduction mechanism, and
whether the dominant factor affecting the microbial commu-
nity structure is the diet or host genotype remains uncertain.
Therefore, several in-depth studies on intestinal microbes must
be conducted, as they would offer crucial theoretical guidance
for improving the gastrointestinal microecological environment
of horses and donkeys and preventing and controlling disease
occurrence.
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