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Simple Summary

The bacteria present in the gut of healthy horses is critical to many aspects of their health.
There has been a recent increase in research focused on the gut bacteria of horses to better
understand how gut bacteria are affected by diet, supplements, medications, disease, and
other factors. Additional research has investigated ways to change the gut bacteria of
horses in order to improve their health. The present review is intended to integrate the new
and prior literature to produce a concise summary of our current knowledge of gut bacteria
in horses and serve as a comprehensive resource for readers of the primary literature on
the topic.

Abstract

Molecular microbiology has revolutionized our understanding of the complex host-
associated microbiomes required for normative development and physiology. Horses
and other members of the family Equidae are particularly reliant on the early maturation
and lifelong maintenance of an unusually rich hindgut microbiome for optimal digestion
and overall health and performance. Research on the equine gut microbiome has acceler-
ated in the past several years, necessitating a renewed appraisal of the field. The present
work is a comprehensive and critical review of the literature regarding the bacterial
gastrointestinal microbiome of horses. First, the developmental trajectory of the foal
gut microbiome is discussed, followed by descriptions of the taxonomic membership of
the core equine gut microbiome, its primary functions and effects on host physiology,
and intrinsic and extrinsic factors that shape the equine microbiome during health, with
a focus on diet and supplements. Next, evidence supporting adverse effects on the
equine gut microbiome of gastrointestinal conditions including colic and colitis, extrain-
testinal conditions including obesity and laminitis, and pharmacological interventions
including antibiotics and non-steroidal anti-inflammatory drugs is summarized. Lastly,
clinical and experimental research investigating the effects of treatments targeting the
gut microbiome of horses, including probiotics, prebiotics, and fecal microbiome transfer,
is critically examined. Conclusions summarize the connection between natural (i.e.,
wild) equine behavior and the health of the equine gut microbiome and the impacts of
human management.
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1. Introduction
The following is intended to serve as an up-to-date and comprehensive review of our

understanding of the gastrointestinal microbiome of horses and other Equidae, viewed
through the lens of next-generation sequencing and molecular microbiology. While
the field is sufficiently “long in the tooth” to have produced several excellent review
papers [1–3], the current effort was inspired by a recent surge in publications and novel
findings not captured in previous reviews, as roughly one third of the references were
published in 2023 or later. The current review will focus primarily, but not exclusively,
on bacterial communities in the gastrointestinal tract (GIT). The equine microbiome also
contains fungal, viral, protozoal, or other (e.g., helminth) classes of organisms; however,
the bacterial component of the equine microbiome dwarfs the other classes in terms of
biomass and has an arguably greater influence on host physiology. Interested readers
are referred to studies performing multi-kingdom characterizations of the equine gut mi-
crobiome for more information [4–8]. Moreover, the equine microbiome in toto includes
microbial communities present in the GIT as well as other anatomical sites including
the skin, oral cavity, respiratory tract, ocular surface, and reproductive organs, among
others. Again, the biomass contained in the GIT outnumbers all other microbiomes
combined by several orders of magnitude and likely has a much greater impact on
overall host health than other microbiomes, notwithstanding potential effects of other
microbiomes at their site of colonization (e.g., lung microbiome in equine asthma [9],
ocular microbiome in ulcerative keratitis [10]). As above, readers are referred to work
exploring the microbiome present on the ocular surface [11], skin [12–14], reproductive
tract [15,16], oral cavity and upper airways [9,17,18], peripheral circulation [19,20], and
lungs [21–23] of horses for additional information. Lastly, the current review focuses on
data generated directly from host-derived samples, as opposed to data generated in silico
or using artificial digestive systems, to limit further expansion of an already sizeable
work. Efforts are made to use accepted Latin taxonomies, including the recently revised
phylum-level assignments [24], when describing previous findings. For example, in
studies wherein Firmicutes or Proteobacteria were originally reported, they are referenced
herein as Bacillota and Pseudomonadota, respectively.

2. Methods
2.1. Literature Search

A thorough and extensive search of the relevant scientific literature was performed
manually using Google Scholar on multiple dates between December of 2025 and June of
2026. Search terms included equine, horse, microbiome, microbiota, 16S rRNA, metabar-
coding, and metagenomic, in varying combinations, from any time period. All studies
using sequencing-based metabarcoding or metagenomic methodologies were included,
with the exception of publications that were not publicly available or were focused purely
on technical aspects of sample collection or analysis.

2.2. Image Generation

Figures 1 and 2 were generated using FigureLabs (chat.figurelabs.ai) accessed on
22 June 2026. Figures 3 and 4 were made using Microsoft Excel 365 and data reported in
the listed references. When specific values were not reported, approximations were made
based on published figures.
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Figure 1. Images depicting key factors underlying gut health in horses, and management-related
factors known to influence the composition of the equine gut microbiome. (A) Gut microbiological
health in horses is predicated on normal acquisition and maturation during the first months of life,
and a lifestyle typified by forage, freedom, and friends (the 3 Fs). Forage provides the essential
substrates for microbial metabolism, freedom allows access to novel forage and reduces psychological
stress, and friends help maintain the microbiological load in the environment and further reduce
psychological stress. Factors shaping the composition of the adult microbiome include the amounts
of neutral detergent fiber (NDF) and non-fibrous carbohydrates (NFC) in dietary grasses and forage,
hay, and cereal grains (B); nutritional and health supplements including lysine (K), threonine (T),
methionine (M), branched-chain amino acids (BCAA), ellagic acid (EA), selenium (Se), iron (Fe2+),
and zinc (Zn2+) (C); interconnected factors like exercise, use, and breed (D); and geography, climate,
and other environmental variables that ultimately shape the nature and quality of forage and the
microbes dependent on them (E).

 

Figure 2. Summaries of characteristics of the most common causes of dysbiosis including (A) severe
dysbiosis in gastrointestinal conditions including colic, colitis, and diarrhea with less severe or
minimal change in other conditions; (B) non-gastrointestinal conditions including obesity, laminitis,
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and other conditions; and (C) iatrogenic and management-related practices including administration
of antibiotics, non-steroidal anti-inflammatory drugs (NSAIDs), and anthelmentics. NC = no change,
LA = lactic acid.

Figure 3. Chart showing the reported percent reduction in richness of the microbiome in horses
diagnosed with various forms of colic, including colic restricted to the small intestine (SI) or large
intestine (LI), or colitis (pink background), and horses developing diarrhea due to oral administration
of oligofructose (OF) or starch overload (green background).

Figure 4. Chart showing the reported percent reduction in richness or alpha-diversity of the micro-
biome following administration of the listed antimicrobials in studies investigating the influence of
antimicrobials on the fecal microbiome of horses. Cool colors represent parenteral drugs, and warm
colors represent oral drugs. * denotes that richness was not reported, so comparisons were made
using Shannon’s index.
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3. Seeding and Maturation of the Equine Microbiome
While data suggest equine meconium may harbor low-biomass microbial populations

originating from the amniotic fluid [25], true colonization of the foal hindgut begins rapidly
in the immediate neonatal period, with a several log-fold expansion of bacterial cell num-
bers in the first 24 h of life [26]. The foal hindgut is seeded by bacteria from the mare’s milk,
vaginal canal, oral cavity, and environment [26–28]. Facultative anaerobes such as lactic acid
bacteria (LAB, e.g., Lactobacillus and Streptococcus) and Enterobacteriaceae are present at high
relative abundance in the neonatal foal hindgut [29,30]. The foal gut microbiome matures
into an apparently adult composition between two and three months of age [27,29,31–35],
in large part due to coprophagy by the foal [36]. This involves expansion and diversification
of a rich hindgut core microbiome of obligate anaerobes comprising members of the phyla
Bacillota, Bacteroidota, Kiritimatiellaeota (i.e., Verrucomicrobia subdivision 5) [37], Fibrobacterota,
Actinomycetota, Spirochaetota, Pseudomonadota, and Methanobacteriota [6,38]. Adjusted for
mean lifespan, this process occurs much earlier in horses than in other hosts, long before the
typical age of weaning. In Table 1, Lifespan-adjusted Time to Maturation (LTM) represents
the percentage of the average lifespan that has elapsed at the time of hindgut microbiome
maturation in different mammalian species.

Table 1. Table showing the approximate reported Age of Microbiome Maturation (AMM) in weeks,
Mean Estimated Lifespan (MEL) in years, and Lifespan-adjusted Time to Maturation (LTM) expressed
as a percentage, in eight different terrestrial mammals listed in order of increasing lifespan. References
for AMM times are provided in the column at right.

Animal AMM (Weeks) MEL (Years) LTM (%) References

Mus musculus 2.5 1 4.81% [39]
Oryctolagus cuniculus 9 8 2.16% [40,41]
Canis lupus familiaris 26 11.5 4.35% [42,43]

Felis catus 36 15 4.62% [44]
Bos taurus 26–52 15 3.33–6.66% [45,46]
Sus scrofa 20 15 2.56% [47,48]

Equus caballus 8–13 30 0.54–0.83% [27,29,31–35]
Homo sapiens 130–156 73 3.42–4.11% [49,50]

Relative to progressive weaning with increasingly longer durations away from the
mare over the course of a month, abrupt weaning at 8 months of age results in greater
stress in the foal (based on salivary cortisol 24 h post-weaning) accompanied by a transient
increase in RA of Streptococcus that normalizes by one week post-weaning [51]. The final
taxonomic changes that occur during weaning are accompanied by maturation of the
metabolic capacity of the microbes [52].

3.1. Upper Gastrointestinal Tract Microbiome

Following maturation of the hindgut, regions within the upper gastrointestinal tract
(GIT), including stomach, duodenum, jejunum, and ileum, develop their own distinct com-
positions, often retaining characteristics of the early-life microbiome. Thus, in adulthood,
the composition of the equine gut microbiome varies along the course of the gastroin-
testinal tract (GIT) [4,53–60]. The difference between the bacterial microbiome in the
upper and lower GIT of horses is dramatic. Compositional differences between regions
within either the upper or lower GIT are more subtle, but significant, nonetheless [61].
The microbiome present in the upper GIT of horses is dominated by LAB (e.g., Lactobacil-
lus, Enterococcus, Streptococcus) and a handful of other Bacillota (Veillonella, Sarcina), Pseu-
domonadota (e.g., Moraxella, Actinobacillus, Acinetobacter), and Bacteroidota (Porphyromonas,
Alloprevotella) [54,62,63] and is more variable between horses than the hindgut [53,54,64].
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3.2. Lower Gastrointestinal Tract Microbiome

Presumably, the slower transit and large volume of the lower GIT (cecum and colon)
allow time for communities to equilibrate and normalize. While the cecum has the greatest
bacterial density within the hindgut, the right colon has the greatest bacterial richness
and diversity, the highest protozoal and fungal biomass, and the highest concentrations of
total volatile fatty acids (VFAs) [4,65]. There is a desire to precisely quantify and catalog
the members of the healthy hindgut within the equine population to serve as a reference
interval against which other samples can be compared, better understand cross-feeding
networks, and inform clinical and molecular studies targeting specific taxa.

Thus, several groups have characterized the core fecal microbiome [66] within various
cohorts, defined as taxa reaching specific thresholds of prevalence and mean relative
abundance (RA). Despite differences in horse populations and a host of technical details
including prevalence and RA thresholds, outcomes of these studies align surprisingly
well. Comparing the results of several studies employing multiple different sequencing
platforms and 16S rRNA regions [6,7,30,38,67–74], collectively comprising data from over
2350 healthy horses in six different countries, over 100 genus/group-level taxonomies were
identified as part of the core equine microbiome in more than one study (Table S1).

Genera or uncultured groups found in more than one of the included stud-
ies [6,7,30,38,67–74] come from roughly a dozen phyla, with the greatest phylogenetic
diversity coming from the phyla Bacillota and Bacteroidota. The most diverse families within
Bacillota in the fecal microbiome include Lachnospiraceae, Ruminococcaceae, Oscillospiraceae,
Erysipelotrichaceae, and Clostridiaceae. Families Streptococcaceae and Lactobacillaceae are also
considered part of the core fecal microbiome in healthy horses. Within the Bacteroidota,
dominant families in the horse fecal microbiome include Prevotellaceae and several uncul-
tured taxa within the Bacteroidales including groups BF311, BS11, F082, p_251-o5, and RF16.
Other phyla within the core microbiome of the equine hindgut are less phylogenetically
diverse, often represented by one or two genera. These include Fibrobacterota (Fibrobacter),
Spirochaetota (Treponema), Kiritimatiellaeota (WCHB1-41 and RFP12 groups), Verrucomicrobiota
(Akkermansia), Mycoplasmatota (Anaeroplasma, Mycoplasma), and Actinomycetota (families
Coriobacteriaceae and Eggerthellaceae). The core microbiome is reported at the taxonomic
level of family or genus in order to assemble a manageable catalog of microbes. In truth,
several different species or strains of bacteria within a given genus are often present in
equine feces. With the benefit of full-length 16S rRNA sequencing, multiple species of
Blautia, Roseburia, Ruminococcus, and several other Bacillota are detected at high prevalence
in the fecal microbiome of wild and Thoroughbred horses [7].

4. Functionality of the Equine Gut Microbiome
Mammalian host-associated microbiomes consist of multiple overlapping syntrophic

relationships, resulting in complex networks of cross-feeding [75]. Many microbial pro-
cesses in the hindgut occur through the sequential activity of numerous unrelated genera.
For example, carbohydrate fermentation is accomplished by taxa from numerous families,
each possessing a unique repertoire of carbohydrate-active enzymes (CAZymes) needed
collectively to fully catabolize complex polysaccharide molecules into energy sources for
the host such as butyrate and acetate [76]. Multiple parallel metabolic pathways often
converge on the same end metabolite, as is the case with microbial butyrate synthesis,
achieved through four separate fermentative pathways [77–79]. As such, microbial rich-
ness (i.e., the total number of different species) is generally associated with gut health
and overall host fitness. Microbes capable of converting metabolic end products of the
host or other microbes fill a niche and enhance overall process efficiency. For example,
lactic acid produced by skeletal muscle during exercise (and by LAB) can be used by
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Veillonella to generate propionate and fix inorganic carbon into its organic form. Veillonella
spp. are enriched in the feces of endurance runners post-marathon [80]. In cattle, probiotics
containing Megasphaera elsdenii, another member of the Negativicutes related to Veillonella,
are associated with improved fermentation efficiency characterized by increased SCFA
production and reduced lactic acid and methane, enhanced average daily gain and body
condition score (BCS), and improved overall health [81]. Likewise, methanogenic Archaea,
which consume H+ ions to generate ATP, enhance the overall fermentative capacity of the
microbiome. In a six-year study with 794 feral horses, the methanogenic capacity of the
microbiome was associated with increased survival [82].

The microbiome in each region of the gut provides diet- and region-dependent func-
tions and signals to the host. For example, short-chain fatty acids (SCFAs) and other FAs
resulting from bacterial fermentation of fiber stimulate GPR41/43 expressed on L cells in
the distal ileum and colon. Additionally, while certain microbial functions (e.g., fermenta-
tion of carbohydrates) or host–microbe interactions (e.g., stimulation of mucosa-associated
lymphoid tissue, MALT) may occur predominantly in one specific region of the GIT, they
are not necessarily restricted to that region. For example, fermentation of fructans and
simple sugars begins rapidly in the stomach [83] and upper GIT [84], while more complex
polysaccharides are fermented in the hindgut [85]. Similarly, induction of different immune
cell populations by the gut microbiota likely occurs differently in the upper and lower
GIT [57,86]. Thus, similar to host physiology, the microbiome in each region is somewhat
specialized to function in that environment, but there is also overlap between regions.

4.1. General Functions of the Microbiome

A comprehensive and detailed description of the functions performed by the equine
gut microbiome is beyond the scope of the current review. However, several key microbial
processes or functions that are essential to host health merit discussion. Host benefits from
these processes can occur locally (e.g., the regulation of cell turnover and inflammation by
butyrate in the GIT), or in distant locations via cell-mediated and humoral mechanisms.

4.1.1. Fermentation

Based on metagenomic gene content within the equine hindgut, carbohydrate
metabolism is the principal metabolic pathway in the cecum, followed by amino acid
and then nucleotide metabolism [87–89]. The CAZymes associated with carbohydrate
fermentation (arranged in clusters known as polysaccharide utilization loci, PULs) map
primarily to Bacillota and Bacteroidota, albeit with substantial presence also detected in Ver-
rucomicrobiota, Spirochaetota, Pseudomonadota, and Fibrobacterota. Glycosyl hydrolases (GH)
and glycosyl transferases (GT) represent the dominant classes of CAZymes in the equine
hindgut, followed by carbohydrate-binding molecules and carboxyesterases [87–91]. GH
catabolize carbohydrates via hydrolysis of glycosidic linkages, and many are dependent
on Zn2+, Cu2+, or other metals [90,92–94]. VFAs represent the dominant and most-studied
end-products of carbohydrate fermentation, although a wide array of other bioactive com-
pounds are also produced. Outstanding and detailed reviews of prokaryotic fermentation
in general [95] and in the equine hindgut [76] are recommended for curious readers.

4.1.2. Vitamin Synthesis

While dietary sources provide the majority of B vitamins and vitamin K1 absorbed by
the host, the gut microbiome also synthesizes a substantial portion, often in a sequential
and cooperative fashion similar to fermentation [96]. Several microbial enzymes involved
in vitamin synthesis in the gut also require trace metals as co-factors [97]. While lim-
ited research has been performed investigating vitamin synthesis in the equine hindgut,
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an excellent review of vitamin synthesis in the human gut provides additional relevant
information [98].

4.1.3. Colonization Resistance

Healthy gut microbiomes also prevent the colonization or expansion of newly in-
troduced microbes, including pathogens. This occurs via direct mechanisms, wherein
commensal microbes produce bacteriocins and other compounds to inhibit the growth
of other microbes, and indirect mechanisms, wherein commensal microbes induce host
immune responses that inhibit growth or colonization of other microbes [99]. The process
begins in the neonate via acquisition of protective bacteria from the mare in the colostrum
and milk [27,28] and is augmented during early life by coprophagic behavior [36]. Notably,
segmented filamentous bacteria (SFB, Candidatus Savagella) have been reported in the adult
equine ileum [100]. Host-specific SFB are found in all healthy vertebrates under normal
conditions [101], and their presence is associated with significantly increased production of
IgA and induction of CD4+ TH17 immune responses [102,103], increased epithelial produc-
tion of antimicrobial peptides, and enhanced colonization resistance against pathogenic
Enterobacteriaceae in multiple host species [102,104,105]. Several findings suggest the micro-
biomes in the upper and lower GIT are both involved in immune homeostasis in horses.
First, luminal levels of IgA are higher in the upper GIT than the cecum or colon of horses,
despite greater numbers of IgA+ cells in the cecum [57]. Second, the RA of various mem-
bers of the core microbiome in both the ileum and cecum correlate significantly with the
expression of several anti- and proinflammatory cytokines at each site [86]. Lastly, while
attempts to predict susceptibility to Rhodococcus equi pneumonia based on the richness of
the microbiome at roughly one month of age were unsuccessful [106], the richness of the
foal microbiome of horses at 1 to 2 months of age is negatively associated with mortality
from infectious respiratory disease among other conditions [33].

4.1.4. Bile Acid Metabolism

Since horses do not have a gallbladder, conjugated bile acids (BAs) are released directly
into the lumen of the duodenum. Conjugated BAs have potent antimicrobial activity, and
bile salt hydrolase (bsh) expression is an important defense mechanism against BAs shared
by many microbes in the human gut [107]. Enzymatic activity of bsh results in deconjugation
of BAs, decreased solubility, increased passage to the hindgut, and susceptibility to 7α-
dehydroxylation by genes within the bile acid-induced (BAI) operon of taxa from families
Lachnospiraceae and Peptostreptococcaceae [108]. In addition to their activity as detergents in
the gut, primary and secondary BAs signal through G protein-coupled bile acid receptor 1
(Gpbar1, i.e., TGR5) in the GIT, liver, and adipose tissue to regulate energy expenditure
and insulin sensitivity. Notably, changes in plasma levels of certain BAs are significantly
associated with insulin dysregulation in horses [109]. Receptors in the gut communicate
with the central nervous system via vagal afferents [110]. These signals contribute to the
effects of diet on the gut microbiome, production, and behavior [111].

4.1.5. Xenobiotic Transformation

The term xenobiotic generally refers to chemical substances present in the body that
are foreign and not naturally produced, including drugs, food additives, and environmental
pollutants. Gut microbial communities influence the host exposure to xenobiotics through a
wide range of transformation reactions, conserved among vertebrate microbiomes [112,113].
As such, the equine microbiome may be responsible for the variability in clinical response
to many drugs.
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4.1.6. Associations with Performance

Given the characteristics of the microbiome of elite human athletes [80], there is
interest in the relationship between the microbiome and performance in horses. To be
clear, this is a dynamic and complex relationship between exercise, BCS, the microbiome,
and performance. Regarding the acute effects of exercise on the equine gut microbiome,
they are likely modest. While several studies have failed to detect differences between
samples collected pre- and post-exercise [114–116], others report changes in the microbiome
including increased alpha-diversity [117] and increased RA of several genera within the
Bacteroidota phylum [118,119]. That being said, diet and exercise sufficient to result in
weight loss are associated with subtle changes in the microbiome [120,121]. Conversely,
chronic food intake sufficient to induce weight gain (e.g., feeding 180% of maintenance
metabolizable energy requirements for two years) is associated with a decrease in richness
and reduced RA of Fibrobacter [122].

High- and low-performing horses in response to a nine-month conditioning regimen
differ in the RA of multiple genera within the phylum Bacteroidota (Bacteroides, Parabac-
teroides, and Prevotella) and certain CAZymes involved in fermentation [123]. Similar taxa
are enriched in the microbiome of horses following a 30-day riding training program, when
compared to an untrained control group [118]. Further supporting the relationship between
microbial richness, energy harvest, and equine performance, the metagenomic content of
elite endurance athlete horses is a strong predictor of cardiovascular fitness [124]. While
not all studies have been able to identify microbial biomarkers of equine performance [125],
several have identified microbial taxa and metabolites (e.g., acetate and butyrate) that
are positively associated with performance [89,124,126–128]. Reflecting the relationship
between richness and function, the metabolic pathways enriched in racehorses comprise
contributions from a large and phylogenetically diverse collection of microbes rather than
a limited number of related taxa [89]. Notably, the richness of the early life microbiome of
horses, before and during the point of maturation (i.e., 1 to 2 months of age), is positively
associated with multiple metrics of athletic performance in the first three years of life [33].

5. Factors Influencing the Healthy Adult Equine Microbiome
5.1. Intrinsic Factors

As in other host species, the gut microbiome of a healthy horse is shaped by intrinsic
factors including genome (e.g., breed, sex), age, and a host of extrinsic environmental
factors including (but not limited to) diet, geography, occupation, and psychological stress
(Figure 1). As described above, the hindgut of a foal is fully developed long before becom-
ing a yearling. Beyond that point and throughout adulthood, left unperturbed, healthy
horses maintain a consistently rich hindgut microbiome comprising over 1000 distinct
taxa [129]. As in humans [130] and rodents [131], the microbiome of horses undergoes
characteristic changes during aging. Richness and alpha-diversity (i.e., the evenness of
the bacterial community) are reduced in elderly horses. Several studies indicate this de-
cline begins around 20 years of age [132–135]. LPS-expressing Pseudomonadota are also
reportedly enriched in the microbiome of elderly (i.e., >19 years) horses [69,132], of po-
tential relevance to the observed changes in immune activity in aged horses [136]. The
effects of sex or sex hormones on the fecal microbiome of adult horses are significant
but modest relative to other factors and inter-individual variability [38,137–140]. Alterna-
tively, the species and breed of equids have a strong influence on the fecal microbiome
composition [38,70,135,141–145].
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5.2. Dietary and Related Factors

Regarding extrinsic factors, diet is arguably the most studied factor, often as an un-
avoidable covariate. For example, captivity is associated with reduced taxonomic and
metabolic diversity in the equine gut [30,146–148], presumably by restricting access to
varied forage. Placed on different diets, the fecal microbiome of horses will respond rapidly
to the available substrates and undergo diet-associated compositional changes [149–151].
While the majority of research focuses on responses in the hindgut due to the convenience
of fecal sampling, the upper and lower GIT microbiomes are both responsive to dietary
content [64,152]. Following transition from pasture to concentrate or vice versa, the com-
position of the fecal microbiome shows evidence of change in as little as 24 h, but the full
response to a new diet occurs over several days [153,154]. Independent of macromolecular
content, other aspects of feeding management can influence the equine fecal microbiome.
For example, provision of dietary content in the form of total mixed rations (TMR) is associ-
ated with increased daily weight gain and nutrient digestibility and significantly increased
RA of Treponema [155,156]. Similarly, provision of an equivalent amount of concentrate
as a single meal results in significantly greater cecal RA of Streptococcus, Coprococcus, and
Prevotella relative to horses consuming the same amount of concentrate divided into two or
three meals [157].

5.2.1. Carbohydrates

Hay contains high levels of neutral-detergent fiber (NDF, cellulose, hemicellulose, and
lignin). Consumption of hay and haylage is associated with an increased RA of Fibrobacter
in multiple studies [64,134,158,159]. Grass hays typically contain higher NDF relative to
legume hays, and Fibrobacteraceae is accordingly enriched in the cecum and feces of horses
fed brome grass relative to alfalfa [160]. In contrast, cereal grains such as corn, barley, wheat
bran, and oats are much higher in non-fibrous carbohydrates (NFC, starch, simple sugars,
fructans). Addition of NFC to an alfalfa hay diet is associated with a dose-dependent de-
crease in RA of Fibrobacteraceae and increase in RA of Streptococcus [161]. Supplementation
of hay-based diets with other sources of NFC including barley or high-starch concentrates
is similarly associated with decreased RA of Fibrobacter [162] and increased RA of Strepto-
coccus [64,163–166] in the equine hindgut. Other consistent changes in the fecal microbiome
associated with increased dietary NFC include enrichment of members of family Succinivib-
rionaceae [64,134,166–170] (phylum Pseudomonadota) and several closely related genera from
phylum Bacteroidota (e.g., Prevotella, Alloprevotella, Paraprevotella) [129,167,168,171,172], as
well as decreased RA of several members of phylum Bacillota [168,171,172]. It is worth not-
ing that different sources of NFC such as oats, corn, and barley may have distinct effects on
the equine microbiome [173]. Supplementation with sources of NFC is also associated with
increased VFA production [160,161,167,169,172], decreased hindgut pH [161,167,169,172],
and a greater growth rate [168,171].

5.2.2. Protein

Comparisons of different amounts of dietary crude protein (CP) suggest that CP
of roughly 12% is associated with optimal alpha-diversity and composition of the fecal
microbiome, as horses receiving lower (10.85%) or higher (13.25%) CP were associated with
decreased alpha-diversity and increased RA of Acinetobacter, while horses receiving 12%
were associated with higher RA of several members of the core microbiome within Bacillota
and Bacteroidota and optimal nutrient digestibility [174]. A second study comparing roughly
11%, 12.5%, and 14% CP in Dezhou donkeys reported similar findings with optimal protein
digestibility at 12.5% and significant associations between CP content and the RA of several
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Bacillota including members of Oscillospiraceae UCG-002 and UCG-005 and Ruminococcaceae
NK4A214 group [175].

5.2.3. Effects of Environment on Forage

Meteorological and geographic factors affecting the carbohydrate content of forage
would thus be expected to influence the hindgut microbiome of herbivores. Accord-
ingly, seasonality and the subsequent availability of seasonal forages and silage are as-
sociated with changes in the equine gut microbiome [7,150,159,176–179], and regional
and farm-level geography have a substantial effect on the fecal microbiome of adults
and foals [31,38,142,146,180–182]. For example, warm-season grasses, which are typically
higher in fiber than cool-season grasses, are associated with greater RA of Fibrobacterota
and lower RA of Lactobacillaceae [183]. Ultimately, the specific property on which a horse or
donkey resides represents a dominant variable in shaping its microbiome [182]. That being
said, the healthy equine microbiome is often resilient to diet changes, and responses are
individualized [184,185].

5.3. Dietary Supplements

Over two-thirds of horse owners or caretakers provide supplements to their horses,
based on a general sense of safety or the recommendation of a veterinarian [186,187]. While
there is still a lack of high-quality data regarding efficacy of many supplements [188], there
is a rapidly growing body of research supporting their clinical benefits and document-
ing their effects on the microbiome. Dietary supplements can be classified according to
their purported health benefit, including those targeting joint health, hoof or coat health,
digestive health, nervous system and neuromuscular health, and antioxidant or anti-
inflammatory properties. Ingredients in equine supplements include a wide range of oils
and fatty acids, amino acids, protein, vitamins, trace minerals, and botanical compounds.
Note that probiotic and prebiotic supplements are discussed further below in Section 6.

5.3.1. Omega-3 Polyunsaturated Fatty Acids

The health benefits of omega-3 polyunsaturated fatty acids (PUFAs) including eicos-
apentaenoic acid (EPA), docosahexaenoic acid (DHA), and alpha-linolenic acid (ALA)
are well-established in humans. While the balance of omega-3 to omega-6 PUFAs is of
interest in equine nutrition [189], little research has been published reporting the effects of
PUFAs on the equine microbiome. Several recent reviews of the literature in other species
agree that omega-3 PUFAs function as prebiotics, contributing to the enrichment of several
SCFA-producing bacteria and increased production of SCFAs [190–192].

5.3.2. Amino Acids

Methionine, lysine, and threonine are commonly supplemented to promote growth in
young horses and maintenance of healthy coat and hooves. Methionine supplementation is
associated with increased RA of specific taxa (e.g., Methanocorpusculum, Ruminococcus) in
donkeys [193] while lysine and threonine are associated with enrichment of several mem-
bers of the Bacteroidota (Prevotellaceae, Rikenellaceae, and p_251_o5) [194]. Branched chain
amino acids (valine, leucine, and isoleucine) provided to pregnant mares are associated
with enrichment of Ruminococcus, Fibrobacter, and Treponema in foals [195].

5.3.3. Antioxidants and Trace Minerals

Ellagic acid, a polyphenol found in many nuts, fruits, and vegetables, is a natural an-
tioxidant marketed in equine supplements to reduce inflammation and support orthopedic
and neurologic health. Supplementation of yearling Thoroughbreds with ellagic acid is
associated with significant, dose-dependent increases in weight gain, fiber and protein
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digestibility, RA of Fibrobacterota and Bacteroidota, and SCFA production [196]. Supple-
mentation of bioavailable selenium in the form of L-selenomethionine is also associated
with significant, dose-dependent increases in fiber and protein digestibility, along with
increased RA of Methanobrevibacter and Actinomyces in Yili mares [197]. Supplementation
with Zn2+ in the form of zinc chloride hydroxide or zinc methionine is associated with a
dose-dependent decrease in richness, decreased RA of Bacteroidota and Fibrobacterota, and
reduced SCFA synthesis [198]. Supplementation with Fe2+ (ferrous sulfate monohydrate)
at 720 ppm for 30 days is also associated with decreased RA of an unclassified member of
the Bacteroidota, along with a reduced RA of Streptococcus and Anaeroplasma and increased
RA of Alloprevotella [199]. Addition of biochar as a feed additive to adsorb toxins and other
harmful compounds has no detectable effect on the hindgut microbiome [200].

5.3.4. Joint Supplements

Glucosamine and chondroitin sulfate, common components in supplements marketed
for support of joint health, have limited intestinal absorption, suggesting a microbiome-
associated mode-of-action (and explanation for variability in clinical responses). While
evidence of effects of glucosamine on the equine microbiome is limited, evidence exists
suggesting chondroitin sulfate is associated with the enrichment of the genus Bacteroides in
other hosts [201].

6. Dysbiosis—Causes and Consequences
Dysbiosis, defined as significant change in microbiome composition associated with

an adverse health condition or challenge to the microbiome, exists on a spectrum of severity
and duration from minor and/or transient to dramatic and/or long-lasting. Dysbiosis can
be organic, arising from disease-associated changes in the gut environment, or induced,
arising from environmental, iatrogenic, domestogenic, or management-related factors [202]
(Figure 2). Disease-associated dysbiosis often occurs in response to the primary disease
etiology, but it may then exacerbate the condition. In contrast, iatrogenic and management-
related dysbiosis may lead to de novo development of adverse effects on the health and
well-being of horses.

6.1. Gastrointestinal Conditions
6.1.1. Colic and Colitis

Conditions affecting the gastrointestinal tract are often associated with dysbiosis. The
dysbiosis associated with colitis may be of equal or greater severity than that observed
during antibiotic-induced dysbiosis [142,203]. The nature and degree of change during
colic and colitis depend on the affected region of the GI tract [204,205] and presence or
absence of inflammation [38,206] among other factors. Moreover, the duration of the
condition influences the severity of dysbiosis, as microbial richness declines over time
during unresolved colic, driven by loss of Bacillota and concomitant increases in RA of
Pseudomonadota and Bacteroidota [38,204]. Characteristic changes in the gut microbiome
of mares, including increased RA of Enterobacteriaceae and other Pseudomonadota, precede
the development of colic, suggesting a causative or contributory role for dysbiosis in
post-partum colic [207].

Spontaneous colic, colitis, and diarrhea are characterized by significantly reduced
richness and alpha-diversity [38,204,205,208–215]. Colic arising from large intestinal (LI)
lesions appear to be associated with a more severe decline in richness, relative to colic from
small intestinal (SI) lesions. In studies comprising solely [205,213] or predominantly [209]
horses with colic from LI lesions, richness was between 71% and 76% that of healthy controls
(Figure 3). In studies comprising solely horses with colic or colitis from SI lesions [205] or
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horses with mixed lesion sites [38,208,210,212], richness was between 83% and 100% that
of controls.

Characteristic changes in beta-diversity associated with colic, colitis, and diar-
rhea include reduced RA of core families and genera within the phyla Bacillota (Ru-
minococcaceae, Lachnospiraceae, and Oscillospiraceae) [38,204,209,212–214,216], Bacteroidota
(Prevotella) [209,213], Kiritimatiellaeota (WCHB1-41) [205,210,214], Fibrobacterota (Fibrobac-
ter) [211,212], and Methanobacteriota (Methanobrevibacter) [205]. In contrast, taxa enriched
during colic, colitis, and diarrhea include other members of the phyla Bacillota (LAB, includ-
ing Streptococcus, Lactobacillus, and Enterococcus) [38,205,209–212], Bacteroidota (Bacteroides,
BF311, BS11, Prevotellaceae) [38,204,209,210,216], Fusobacteriota (Fusobacterium) [208,212], and
Pseudomonadota (Enterobacteriaceae, including Escherichia and Acinetobacter) [38,205,207,212].
The depletion or loss of commensal taxa has clinical implications based on their critical role
in gut health and may contribute directly to the proliferation of pathogenic microbes [217].
The enrichment of certain taxa is of clinical concern due to their ability to lower gut pH (and
downstream effects on SCFA synthesis), their expression of LPS and other inflammatory
molecules, and the prevalence of multidrug resistance among them [146].

6.1.2. Gastrointestinal Parasitism

Evidence suggests that the composition of the bacterial microbiome regulates the
parasite burden in the equine hindgut. In a study comparing the fecal microbiome of
abruptly and gradually weaned foals, positive and negative associations were identified
between the RA of different commensal bacteria and fecal egg counts (FEC) [51]. Moreover,
horses diagnosed with larval cyathostominosis and showing clinical signs develop dysbio-
sis characterized by a significant reduction (~20%) in fecal microbiome richness, increased
RA of Streptococcus, and reduced RA of Ruminococcus, Fibrobacter, and Treponema relative
to unaffected horses on the same pasture [218]. Independent of clinical signs, high FEC
in horses has been associated with greater alpha-diversity [219,220] and subtle changes
or differences in beta-diversity of the fecal microbiome [221–223]. Diet has an apparently
greater effect, however, as a high-starch diet induces a decrease in alpha-diversity and
concurrent increase in FECs [169].

It is worth noting that antibiotic- and oligofructose-induced diarrhea are associated
with similar changes, i.e., reduced richness (Figure 3), over-representation of LAB [224], and
reduced RA of dominant commensal microbes [142,165,225–228], suggesting the changes
observed in horses affected with colic, colitis, and parasitism may represent, at least
partially, common manifestations of impaired GI function or diarrhea.

6.1.3. Inflammatory Bowel Disease (IBD)

There are, however, conditions affecting the GIT, some of which are associated with
diarrhea, that do not result in those characteristic changes, including equine IBD, free fecal
water syndrome (FFWS), and equine gastric ulcer syndrome (EGUS). At present, there
is only one large, well-controlled study comparing horses with IBD (n = 49) and healthy
pasture- and barn-mates (n = 27). Surprisingly, no differences were detected in richness
or alpha-diversity between horses with IBD and healthy control. While beta-diversity
changed significantly, IBD-associated dysbiosis is apparently characterized by reduced RA
of commensal Bacillota and increased RA of commensal Bacteroidota, rather than expansion
of LAB, Enterobacteriaceae, or Fusobacteriota [229].

6.1.4. Free Fecal Water Syndrome

There has been considerable research investigating changes in the fecal microbiome
associated with free fecal water syndrome (FFWS) in horses, a recently recognized and
vexing condition characterized by passage of formed fecal material followed by a liquid
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phase [230]. While the exact etiology of FFWS is unknown, several risk factors have
been identified including dietary and stress-related conditions [231,232]. Attempts by five
independent groups to identify characteristic features of the microbiome in FFWS-affected
horses uniformly failed to detect any differences in richness or alpha-diversity between
affected horses and unaffected controls [233–237], and only one identified extremely subtle
effects on beta-diversity [237]. Differentially abundant taxa were identified in three of the
studies [233,236,237], with some agreement between the two most well-powered including
increased RA of Alloprevotella spp. in FFWS-affected horses [236,237].

6.1.5. Equine Gastric Ulcer Syndrome

Following the characterization of a fairly diverse and stable gastric microbiome in
horses [23,62,238], investigations into the influence of the gut microbiome on EGUS have
focused on the gastric microbiome rather than the hindgut microbiome. An initial study
comparing Thoroughbred racehorses with mild (n = 3), moderate (n = 3), and severe
(n = 2) EGUS and unaffected controls (n = 2) failed to detect significant differences in
the composition of the gastric microbiome based on disease severity [239]. Rather, the
composition of the gastric microbiome was significantly associated with management
factors including feeding frequency and type of bedding [239]. Subsequent studies with
larger sample sizes identified significant differences in beta-diversity between horses
with EGUS and unaffected controls [63] and between matched affected and unaffected
tissue biopsies from horses with EGUS [240,241], and confirmed that management-related
factors have a substantial impact on the gastric microbiome [242]. Notably, equine athletes
that switched to a low-starch diet demonstrated a decrease in the ratio of Bacillota to
Bacteroidota in their feces, which correlated with the degree of improvement in gastric lesion
scores [243]. While Helicobacter spp. are found at low RA in the equine gastric and fecal
microbiomes [63,239,244], no associations with EGUS have been identified.

6.2. Conditions Affecting Other Organ Systems

As in humans, numerous conditions affecting other organ systems in horses may
result in dysbiosis. In a recent survey of 1190 horses admitted to one of eight different
teaching hospitals in three countries, including healthy horses (n = 196) and horses pre-
senting with acute and chronic GI conditions, as well as primary complaints affecting the
musculoskeletal, ocular, integumentary, respiratory, and other systems, horses admitted
for respiratory (n = 73) and dental conditions (n = 21) demonstrated reductions in richness
and alpha-diversity and changes in beta-diversity approaching those observed in horses
with acute GI conditions (n = 382) [38]. While it is unclear whether these differences are the
result of inappetence, inflammation, or other unrecognized variables, they highlight the
relevance of the gut microbiome to conditions outside the GIT. This section summarizes
our current understanding of the equine microbiome and conditions primarily affecting
organ systems outside the GIT.

6.2.1. Obesity and Endocrinopathies

The effects of obesity and its associated metabolic consequences on the equine fecal
microbiome are complex. For reasons that are unclear, obesity has been associated with a
counter-intuitive increase in richness and diversity in two studies [69,245] and no difference
in a third [246], with no consistent effects on beta-diversity relative to non-obese controls.
Two studies comparing horses affected with Equine Metabolic Syndrome (EMS), a common
sequela to obesity, and healthy controls both failed to detect a difference in richness and
found only modest, and not particularly concordant, effects on beta-diversity [247,248].
As suggested elsewhere [249], it may be that horses with insulin dysregulation are more
susceptible to changes in diet. In a survey of 16 ponies, including 11 with moderate or
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severe insulin dysregulation (with normal pituitary pars intermedia function), the evenness
of the fecal microbiome was significantly associated (R = −0.738, p = 0.001) with post-
prandial plasma aGLP-1 [250], an incretin that closely follows insulin levels following a
meal [251]. A multi-omic longitudinal comparison of EMS-affected and healthy control
horses failed to detect significant differences in the fecal microbiome. However, BAs
and other plasma metabolites were able to discriminate insulin-dysregulated horses from
controls, and levels of the BA taurochenodeoxycholic acid were significantly correlated
with the RA of Pseudomonadota [109]. A study of horses diagnosed with pituitary pars
intermedia dysfunction (PPID), characterized by loss of inhibitory dopaminergic neurons
and subsequent excessive secretion of ACTH, found modest differences in beta-diversity
between affected and healthy controls characterized by increased RA of Fibrobacter and
Pilobolus and reduced RA of several members of the core microbiome [178].

6.2.2. Orthopedic Conditions

The most common orthopedic condition linked to the gut microbiome in horses
is laminitis. Following experimental induction of laminitis via oligofructose, the fe-
cal and cecal microbiomes change rapidly, including enrichment of Streptococcus and
Lactobacillus [225,252–254]. Specifically, Streptococcus proliferates rapidly prior to the on-
set of laminitis, driving secondary increases in the RA of Lactobacillus, Negativicutes like
Veillonella [254] and Megasphaera [225] capable of metabolizing lactic acid, and Enterobacteri-
aceae [252,253]. During oligofructose-induced laminitis, levels of histamine, lactic acid, and
LPS are all elevated in horse serum [225]. Similarly, other vasoactive amines are increased
in the plasma of laminitis-prone ponies placed on lush pasture [255]. Notably, another
member of Negativicutes isolated from the equine cecum, Allisonella histaminiformans, is
able to produce histamine from histidine [256]. Thus, the excess in readily available energy
drives the proliferation of LAB, which produce lactic acid used by Negativicutes, which in
turn produce histamine and other vasoactive compounds that contribute to inflammation
in the hoof.

Changes in the fecal microbiome of horses with naturally occurring chronic laminitis
are less clear and characterized by minimal differences in beta-diversity or RA of core
taxa [257]. Interestingly, however, the fecal microbiome of horses with chronic lamini-
tis was associated with greater richness compared to healthy controls [257], reminiscent
of the aforementioned differences between obese and non-obese control horses [69,245].
Obesity and reduced insulin sensitivity have been identified as risk factors for pasture-
and endocrinopathy-associated laminitis in horses [258,259], and this idiosyncratic ef-
fect on richness raises the question of common microbiological effects or mechanisms in
these conditions.

Osteoarthritis in horses is associated with increased RA of several members of Bacillota,
Akkermansia, and Campylobacter and decreased RA of Clostridium and Fibrobacter, indepen-
dent of age and BCS [260].

6.2.3. Immune-Mediated Conditions and Hypersensitivities

In horses with asthma and healthy controls removed from pasture and introduced
to either good- or poor-quality hay to induce airway obstruction and inflammation, the
microbiomes present in the upper and lower airways are influenced by the level of antigen
exposure [9]. However, only the lung microbiome differs between asthmatic and healthy
horses, and only under inflammatory conditions, suggesting it is a reflection of the asth-
matic event rather than triggering factor. In contrast, the fecal microbiome of horses under
similar conditions does not differ between asthmatic and healthy horses and changes very
little during antigen exposure [158]. A study comparing horses with severe asthma or
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Culicoides hypersensitivity and healthy horses in the same barn found significant effects of
environmental factors (e.g., access to pasture) but no difference in diversity or composition
of the fecal microbiome based on clinical signs [182]. Equine recurrent uveitis (ERU) is a
multifactorial immune-mediated condition triggered by bacterial antigens. As above, no
differences were detected in any metric between horses affected with ERU and healthy
controls [261].

6.2.4. Plant-Based and Environmental Toxins

Various toxins, when ingested, induce changes in the fecal microbiome. Equine
Grass Sickness, due to ingestion of soilborne Clostridium botulinum producing type C
toxins, induces gut paralysis and severe dysbiosis characterized by increased RA of phyla
Bacteroidota and reduced RA of phyla Bacillota [262]. The microbiome of horses affected with
atypical myopathy, induced by intoxication with protoxins in Acer (i.e., Maple) and related
seeds and seedlings, is also substantially different compared to unaffected co-grazing
horses [263,264]. The ability of maple toxins to enter the milk of lactating mares [265,266]
suggests the microbiome of suckling foals may also be affected. Other phytotoxins capable
of disrupting GIT motility [e.g., white snakeroot (Ageratina altissima), nightshades (Solanum
spp.)] would very likely result in similar changes in the composition of the microbiome.

6.3. Iatrogenic and Management-Related
6.3.1. Antimicrobial Drugs

In the context of iatrogenic dysbiosis, antimicrobial drugs are the greatest area of
concern. In a retrospective multi-center survey of 26 equine veterinary hospitals on five
continents, 55% (792/1419) of horses presenting with acute diarrhea received antimicrobial
drugs within the first 24 h of admission, often without a clear indication [267]. Despite
its potential effect on Salmonella shedding [268], oxytetracycline is the most commonly
prescribed antimicrobial for horses with acute diarrhea in North America, whereas peni-
cillin and gentamicin are more commonly used to treat diarrhea in horses elsewhere in
the world [267]. Overall, the most commonly prescribed antimicrobials for horses world-
wide are TMS, penicillin, gentamicin, oxytetracycline, and doxycycline [269–271]. The
gut microbiome of horses is a natural reservoir for antimicrobial resistance genes [272],
associated with antibiotics produced by soil microbes (e.g., Streptomyces spp.) [89,146].
However, domestic horses possess higher levels of ARGs than feral horses, including
greater levels of tetracycline resistance genes [146], collectively suggesting that current
management practices are associated with increased antibiotic resistance in horses at the
population level.

In addition to the aforementioned antimicrobial stewardship and public health con-
siderations, there is a high likelihood of “off-target” bactericidal activity that may or may
not affect horse well-being. Antibiotics exert a range of effects on the equine fecal micro-
biome depending on drug class and route of administration, but reduced richness and
alpha-diversity are common outcomes [227,273–282]. As such, the reduction in richness or
Shannon diversity can be used to compare the effect of various antibiotics on the equine
fecal microbiome (Figure 4). In studies examining the effect of antimicrobials on the equine
microbiome, there are several notable consistencies, despite the variability in study design
and technical details. First, parenterally administered antimicrobials tend to have a less
substantial impact on richness and alpha-diversity than orally administered drugs. Within
the β-lactams, ceftiofur [274,276] has an apparently greater effect on fecal richness than
penicillin (with [274] or without gentamicin [279]), potentially due to partial biliary elimi-
nation of ceftiofur [283,284]. While not included in Figure 4 due to its study design, recent
work suggests that cephalothin sodium (20 mg/kg, IV, TID × 5 days), a first-generation
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cephalosporin useful against Staphylococcus and Streptococcus, has no detectable effect on
richness or RA of core taxa within the equine microbiome [203]. Among orally adminis-
tered drugs, TMS appears to have the least impact on richness [273–275,278,285,286], while
rifampin [287], metronidazole [275,280,281], doxycycline, and erythromycin [275] have in-
creasingly potent effects on richness. These relative effects are reflected in the fecal richness
of 32 horses with dysbiosis associated with clinical use of antibiotics. Horses treated with
TMS or penicillin and gentamicin were least affected (or unaffected), horses treated with
ceftiofur or metronidazole were more affected, and horses treated with doxycycline were
the most severely affected in terms of fecal richness [227]. Clioquinol, a potent chelator
of Cu2+ and Zn2+ used to treat suspected protozoal diarrhea and fecal water syndrome,
induces a dramatic 90% reduction in fecal richness [282], possibly due to the dependence of
several CAZymes on Zn2+ or Cu2+ [90,92]. Highlighting the value of benign neglect, even
the most severely depleted microbiomes are no different from control or baseline samples
following discontinuation of the drug and a recovery period [275,282,288]. The effects of
antibiotics are selective and may be more severe in cecum than in feces [280]. The phyla
Verrucomicrobiota, Kiritimatiellaeota, and Fibrobacterota are particularly sensitive to multi-
ple antibiotics [142,273,280]. Antibiotic-associated diarrhea is associated with increased
RA of Bacteroidota and Pseudomonadota and reduced RA of Verrucomicrobiota [142], the lat-
ter distinguishing it from antibiotic use without diarrhea [227]. Within Pseudomonadota,
pathogenic organisms are often enriched. Enterobacteriaceae are enriched in the feces of foals
after 7 days of treatment with ampicillin and amikacin or gentamicin [289], and Salmonella
enterica can be isolated from the cecum of horses following seven days of metronidazole
administration [280]. Similarly, C. difficile and C. perfringens are readily isolated from the
feces of adult horses following treatment with ceftiofur, penicillin and gentamicin, or
sulfamethoxazole-trimethoprim [277]. Virtually all antimicrobials used in equine practice
are also associated with the rapid development of antimicrobial resistance (AMR), as AMR
E. coli was isolated from over 60% (138/228) of antibiotic-treated horses [290].

6.3.2. Other Pharmacologic Agents

Other classes of drugs can also alter the equine microbiome, albeit to a lesser degree
than most antimicrobials. For example, non-steroidal anti-inflammatory drugs (NSAIDs),
the most commonly prescribed class of drugs in horses, induce significant dysbiosis in
horses. Phenylbutazone (4.4 mg/kg, PO, SID) and firocoxib (0.1 mg/kg, PO, SID) both
induce a roughly 25% reduction in richness by the 10th day of administration [291], ac-
companied by changes in the fecal metabolome [292] and a transient compromise in gut
epithelial barrier function [293].

Treatment with anthelmintics, including moxidectin, moxidectin and praziquantel,
fenbendazole, and pyrantel, has been associated with a significant reduction in alpha-
diversity [294,295] and modest changes in beta-diversity [8] or RA of core taxa [220,296].
As with NSAIDs, however, this effect on alpha-diversity is transient, as are the changes
in RA of several taxa [294]. Other pharmaceuticals commonly used in horses with no
detectable effect on the fecal microbiome include omeprazole [297,298], misoprostol [299],
and metformin [300].

6.3.3. Physical and Psychological Stress and Behavior

Factors and events presumed to be psychologically stressful for horses can induce
detectable changes in the fecal microbiome [301]. Notably, a one-hour transport induces
significant change in the hindgut microbiome [302], purportedly greater than that induced
by a 12 h fast or 6 h anesthetic procedure including premedication with medetomidine and
phenylbutazone, induction with ketamine and diazepam, and maintenance with isoflurane,
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medetomidine, LRS and hydroxyethyl starch infusions, highlighting the substantial impact
of transport on horses [303].

Among 41 different variables in a study of 185 healthy sport horses, the specific equi-
tation discipline explained the greatest amount of variability in the fecal microbiome [304].
Notably, the same study identified significant correlations between the RA of specific
genera and several behavioral “indicators of a compromised welfare state” [304], including
oral and locomotive stereotypies and aggressiveness. Noteworthy associations include
increased RA of Helicobacter and Acinetobacter with oral stereotypies and increased RA of
Streptococcus with aggressiveness. The greater RA of Streptococcus induced by a high-starch
diet is also associated with greater reactivity in horses faced with unfamiliar events, sug-
gesting an influence of the microbiome on behavior [305–307]. In a study comparing the
fecal microbiome of horses with crib-biting (i.e., cribbing, an oral stereotypy) and sex-,
breed-, and age-matched horses in the same herd, cribbing was associated with greater
RA of family Ruminococcaceae. While not reported by the authors, the data also suggest
an association between cribbing and the RA of Streptococcus [308]. A study of trigeminal-
mediated head-shaking in horses failed to detect meaningful differences between affected
horses and unaffected controls [309]. Diet and stress-induced changes in the microbiome
can be remedied, at least partially, by periods at pasture with conspecifics [310].

Pregnancy and lactation represent physical stresses to mares, jennies, and mollies.
While pregnancy does not appear to be associated with significant changes in alpha- or
beta-diversity of the fecal microbiome of mares [207,311], there may be changes in the
RA of certain taxa including Akkermansia, Moraxellaceae, and Enterobacteriaceae, some of
them occurring at different stages of pregnancy [312,313]. Two studies in Dezhou donkeys
suggest that changes in the fecal microbiome of pregnant jennies are most pronounced
during the first trimester [312,314].

7. Therapies and Preventive Care Targeting the Gut Microbiome
7.1. Probiotics

Probiotics are defined as live microbes with health benefits when ingested, prebiotics
are the metabolic substrates used by probiotic organisms, and postbiotics are the beneficial
metabolites produced by probiotic organisms. A recent survey of 26 equine veterinary
hospitals on five continents reported that probiotics were administered to 15% (215/1438) of
horses admitted for acute diarrhea [267]. The most common organisms in equine probiotics
are LAB (Lactobacillus, Bifidobacterium, Enterococcus, Pediococcus) and the yeast Saccharomyces.
That said, studies suggest that only a small minority of products in the equine market meet
their label claims [315,316].

Studies testing the ability of bacterial probiotics to reduce the incidence of diarrhea in
newborn foals have yielded mixed results, complicated by the fact that few used the same
microbes. While probiotics containing Bacillus cereus var. toyoi had no detectable effect on
diarrhea or pathogen burden in foals [317], probiotics containing L. pentosus; L. rhamnosus
and E. faecium; or L. rhamnosus (two strains), L. plantarum (two strains), and B. animalis
lactis were all associated with greater frequency or severity of diarrhea in foals [318–320].
Assessments of the foal microbiome pre- and post-supplementation suggest a limited
ability of probiotics to change the composition of the fecal microbiome in foals [321,322]. In
contrast, two studies testing the effects of probiotic cocktails derived from multiple LAB
species isolated from healthy horses reported significant reductions in the frequency and
duration of diarrhea in foals receiving probiotics, relative to placebo-treated foals [323,324].
The probiotics tested in these latter studies were more diverse, containing L. equi, L. reuteri,
L. johnsonii, L. crispatus, and L. salivarius, or L. equi, L. reuteri, L. johnsonii, L. ruminis, and B.
boum, but the reasons for the discrepant findings described above are unclear.
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In healthy adult horses, probiotics provide negligible benefit to the microbiome dur-
ing recovery from antimicrobial challenge [285,286]. This aligns with other studies find-
ing no effect of probiotics on alpha- or beta-diversity of the fecal microbiome in healthy
horses [325,326]. Despite the lack of observable effect on composition, certain probiotics
may provide beneficial effects, nonetheless. A strain of Bacillus coagulans provides robust
and reliable protection from exercise-induced inflammation [327].

There is also limited evidence of benefit from probiotics in terms of pathogen shed-
ding. One study reported a 65% reduction in Salmonella shedding in hospitalized horses;
however, horses were hospitalized for non-gastrointestinal complaints and showed no
clinical signs associated with Salmonella infection. As such, the 65% reduction represented
the difference between 4 and 11.5 shedding incidents per 1000 horse-days at risk in the
probiotic- and placebo-treated horses [328]. Two comparable studies performed in more
clinically relevant populations (i.e., horses hospitalized for colic) failed to detect an effect of
commercially available probiotics on Salmonella shedding, prevalence of diarrhea, or length
of hospitalization [329,330].

There is a growing body of data supporting the health benefits of probiotics containing
Saccharomyces, including S. cerevisiae and S. boulardii, in horses. Administration of live S.
cerevisiae to horses receiving a high-fiber or high-starch diet is associated with increased
fibrolytic activity, increased RA of multiple Bacillota, Bacteroidota, and Fibrobacter, and
reduced RA of Streptococcus [166] and Enterobacteriaceae [65,331]. While a postbiotic S.
cerevisiae fermentation product showed no detectable effect on the fecal microbiome of
Thoroughbred racehorses [332], other studies suggest similar postbiotics stabilize the
hindgut microbiome during stressful events [301].

7.2. Prebiotics and Botanicals

Prebiotics are typically non-digestible carbohydrates from plant fiber that serve as the
substrate for endogenous beneficial bacteria. Cellobiose as a prebiotic is associated with a
dose-dependent increase in the ratio of Bacillota to Bacteroidota and increased RA of order
Coriobacteriales and genus Clostridium [333]. Supplementation with mannan oligosaccha-
rides (MOS) or the mannan-rich fraction of yeast (S. cerevisiae) cell wall are associated with
greater richness and alpha-diversity and enrichment of SCFA-producing bacteria from the
Bacillota and Bacteroidota [334,335]. Feeding an oligosaccharide-rich prebiotic (containing
MOS and fructooligosaccharides, FOS) to mares and foals from four weeks pre-partum
to day 49 of age resulted in a significant increase in the RA of Akkermansia [336]. Interest-
ingly, supplementation of donkey foals with yeast polysaccharides was associated with
significantly increased RA of Streptococcus, Lactobacillus, and Escherichia-Shigella, suggest-
ing the possible enrichment of LAB or suppression of beneficial bacteria [337]. Similarly,
Lactobacillus was enriched in healthy adult horses supplemented with Jerusalem artichoke
meal, a source of FOS and inulin [152]. Other studies investigating the effects of psyllium
fiber [338], aleurone [339,340], and sugar beet pulp [341] failed to detect significant effects
on alpha- or beta-diversity and found limited effects on the RA of core members or the
fecal microbiome. Similarly, botanical extracts including proprietary blends and bamboo
leaf extracts have been associated with subtle changes in the RA of several high-level taxa,
but no effect on overall alpha- or beta-diversity [342].

7.3. Fecal Microbiota Transfer (FMT)

Described 20 years ago as an adjunct treatment for C. difficile infection in horses [343]
and now used by a majority of equine practitioners in some countries [344], protocols have
now been proposed for the preparation and administration of FMT in horses [345,346].
While the effects of short-term freezing of FMT material are minimal [347,348], use of fresh
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feces is recommended as long-term storage and cryoprotectants may affect the viability or
metabolic activity of microbes [348–350]. Following a brief pre-treatment with oral antacids
(e.g., omeprazole), a fecal slurry prepared from a healthy donor horse is administered to
the recipient via nasogastric tube.

The efficacy of FMT to treat spontaneously occurring enteric conditions is still in ques-
tion, as many prior studies failed to include healthy controls [351–353] or detect any clinical
benefit of FMT [235,354,355] in the treatment of colitis [353], diarrhea [351,352,354,355], and
FFWS [235]. Data supporting the efficacy of FMT come from a study of 12 adult horses
with colitis that reported modest benefits of FMT in reduction of diarrhea and day-to-day
improvement [180]. Moreover, earlier work lacking a control group reported that, fol-
lowing treatment of diarrhea via FMT, clinical response was associated with increased
alpha-diversity and RA of Verrucomicrobiota [351].

Studies have also investigated the use of FMT to prevent or restore dysbiotic changes
following pharmacological insult or dietary challenge. Perhaps not surprisingly, FMT is
unable to prevent dysbiosis induced by concomitant administration of metronidazole [281].
Similarly, FMT from a healthy donor yielded little benefit relative to vehicle-treated controls
following TMS-induced dysbiosis [356]. While the findings from the latter study may
reflect the small sample size (n = 3/group), they may also reflect the natural ability of the
hindgut microbiome to normalize and re-equilibrate following challenge or insult. Alterna-
tively, FMT significantly accelerates the return to health following oligofructose-induced
diarrhea, in terms of microbiome composition, clinical parameters (body temperature, stool
consistency), and inflammatory markers [226].

8. Conclusions
Horses and their gut microbiome have co-evolved, and it is not possible to fully

appreciate equine physiology absent the gut microbiome. While many intrinsic factors and
disease processes can subtly shape the microbiome or cause dysbiosis in horses, serious
health-threatening concerns frequently arise from human interventions. Considerations
regarding major risk factors for dysbiosis and best practices for maintenance of a healthy
gut microbiome follow.

8.1. Antimicrobial Stewardship

The need for vigilant antimicrobial stewardship in horses cannot be overemphasized.
From the standpoint of host health, antimicrobials are likely to inhibit growth or kill more
than just the target pathogen. The microbiome has redundancies, but sufficient loss of
core microbes will eventually lead to reduced functionality and increased susceptibility to
other pathogens. In terms of global health, the fecal metagenome of horses and livestock
constitute rich reservoirs of ARGs. While many ARGs are expressed intrinsically, even in the
microbiome of wild or feral animals, many others are induced by exposure to antimicrobials
and transferred horizontally among gut commensals via plasmid-mediated conjugation,
bacteriophages, or other methods [357]. The presence of ARGs in fecal microbes also
provides those bacteria a competitive advantage in the soil [287], making this a One Health
issue of concern to animals, humans, and the environment.

8.2. Forage, Freedom, and Friends (The Three Fs) and the Microbiome

In horses, the gut microbiome is inherently related to animal welfare, in that the main-
tenance of a healthy gut microbiome is dependent on the same three things responsible for
their physiological and psychological welfare—forage, freedom, and friends [358]. Horses
consume roughly 2% of their body weight in forage daily. Among grasses, legumes, and
pelleted chows, the dietary preference of horses always correlates with greater carbohydrate
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(particularly NSC) or protein content [359–362], suggesting forage is selected based on both
nutrient content and palatability. Achieving an appropriate level of nutrition on pasture
alone thus depends on the presence of adequate vegetation containing good nutrient con-
tent and the freedom to search for the forages delivering the highest carbohydrate and
protein content. Free-ranging horses travel several kilometers and spend over 16 h per day
in their quest for forage [363]. Freedom of movement also promotes physical activity and
avoids the psychological stress of confinement. Lastly, horses are highly social animals,
and the presence of multiple healthy horses ensures continuous re-inoculation of the envi-
ronment with gut microbes which are then acquired via inadvertent acquisition of bacterial
cells or spores while grazing or even overt coprophagy. The relevance of pasture-mates to
the microbiome is clear, as social interactions between horses lead to increased similarity
in microbiome composition [364]. The combined value of forage, freedom, and friends is
perhaps best demonstrated by studies wherein severely depleted fecal microbiomes are
completely restored in terms of richness and beta-diversity following return to pasture
with other horses and benign neglect for several weeks [282].

In the real world, however, there are often limitations to what is available, or restric-
tions on one or more of the three Fs are necessary due to the use of the horse. When
access to fresh forage is limited, supplementation with dried forage or concentrates is
needed to achieve an appropriate level of nutrition. While the healthy equine microbiome
is resilient when faced with minor or gradual changes in dietary content, there is a point
at which replacement of forage with NFC and simple sugars may contribute to hindgut
acidosis, proliferation of Streptococcus, and adverse health outcomes. The growing number
of available concentrates and supplements is a double-edged sword, and horse owners and
veterinarians alike are encouraged to work with an animal or veterinary nutritionist when
questions arise regarding the sufficiency of an equine diet plan.

Additional research is needed to identify and characterize other iatrogenic and
management-related causes of dysbiosis, to develop and refine effective methods of mitigat-
ing dysbiosis when it occurs, and to develop microbiome-based tools that provide clinically
actionable data to veterinarians and horse owners. Many horses receive nutritional supple-
ments beyond their daily requirements. Just like carbohydrates, protein, and trace minerals,
every nutrient essential for the microbiome has an upper limit, at which point it begins
to negatively impact microbial function and/or host health. Thus, there is also a need for
additional in vivo research into the effects of the wide range of nutritional supplements
given to horses on the microbiome and relevant health outcomes. Ultimately, the health
of a horse is reliant on the health of its microbiome, and additional research is needed to
generate well-informed guidelines for horse owners and caretakers.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/vetsci13070659/s1, Table S1: Phyla, families, and genera reported
as part of the core microbiome in multiple studies, grouped alphabetically. Colored taxa are com-
monly reported as diet-sensitive markers, with taxa shaded in green often enriched by intake of
forage (pasture and hay) and taxa shaded in pink often enriched during intake of cereal grains
and concentrates.
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SCFA Short-chain fatty acids
VFA Volatile fatty acids

References
1. Costa, M.C.; Weese, J.S. Understanding the Intestinal Microbiome in Health and Disease. Vet. Clin. N. Am. Equine Pract. 2018, 34,

1–12. [CrossRef] [PubMed]
2. Kauter, A.; Epping, L.; Semmler, T.; Antao, E.M.; Kannapin, D.; Stoeckle, S.D.; Gehlen, H.; Lubke-Becker, A.; Gunther, S.;

Wieler, L.H.; et al. The gut microbiome of horses: Current research on equine enteral microbiota and future perspectives. Anim.
Microbiome 2019, 1, 14. [CrossRef] [PubMed]

3. Chaucheyras-Durand, F.; Sacy, A.; Karges, K.; Apper, E. Gastro-Intestinal Microbiota in Equines and Its Role in Health and
Disease: The Black Box Opens. Microorganisms 2022, 10, 2517. [CrossRef] [PubMed]

4. Dougal, K.; Harris, P.A.; Edwards, A.; Pachebat, J.A.; Blackmore, T.M.; Worgan, H.J.; Newbold, C.J. A comparison of the
microbiome and the metabolome of different regions of the equine hindgut. FEMS Microbiol. Ecol. 2012, 82, 642–652. [CrossRef]
[PubMed]

5. Mura, E.; Edwards, J.; Kittelmann, S.; Kaerger, K.; Voigt, K.; Mrazek, J.; Moniello, G.; Fliegerova, K. Anaerobic fungal communities
differ along the horse digestive tract. Fungal Biol. 2019, 123, 240–246. [CrossRef] [PubMed]

6. Edwards, J.E.; Shetty, S.A.; van den Berg, P.; Burden, F.; van Doorn, D.A.; Pellikaan, W.F.; Dijkstra, J.; Smidt, H. Multi-kingdom
characterization of the core equine fecal microbiota based on multiple equine (sub)species. Anim. Microbiome 2020, 2, 6. [CrossRef]
[PubMed]

7. Wunderlich, G.; Bull, M.; McGilchrist, N.; Zhao, C.; Ross, T.; Rose, M.; Chapman, B. The horse gut bacteriome and anaerobic
mycobiome are influenced by seasonal forages and small intestinal starch digestibility. J. Appl. Microbiol. 2025, 136, lxaf203.
[CrossRef] [PubMed]

8. Hu, D.; Yang, J.; Qi, Y.; Li, B.; Li, K.; Mok, K.M. Metagenomic Analysis of Fecal Archaea, Bacteria, Eukaryota, and Virus in
Przewalski’s Horses Following Anthelmintic Treatment. Front. Vet. Sci. 2021, 8, 708512. [CrossRef] [PubMed]

9. Fillion-Bertrand, G.; Dickson, R.P.; Boivin, R.; Lavoie, J.P.; Huffnagle, G.B.; Leclere, M. Lung Microbiome Is Influenced by the
Environment and Asthmatic Status in an Equine Model of Asthma. Am. J. Respir. Cell Mol. Biol. 2019, 60, 189–197. [CrossRef]
[PubMed]

10. Julien, M.E.; Shih, J.B.; Correa Lopes, B.; Vallone, L.V.; Suchodolski, J.S.; Pilla, R.; Scott, E.M. Alterations of the bacterial ocular
surface microbiome are found in both eyes of horses with unilateral ulcerative keratitis. PLoS ONE 2023, 18, e0291028. [CrossRef]
[PubMed]

11. Martin de Bustamante, M.G.; Plummer, C.E.; Caddey, B.; Gomez, D.E. The effect of topical antibiotic or antibiotic-corticosteroid
treatment on the ocular surface microbiota of healthy horses. Front. Microbiol. 2025, 16, 1535095. [CrossRef] [PubMed]

12. Ma, Q.; Yue, Y.; Kou, X.; Hou, W.; Wang, M.; Yang, X.; Liu, G.; Li, Y.; Wang, C. Dynamic Distribution of Skin Microorganisms in
Donkeys at Different Ages and Various Sites of the Body. Animals 2023, 13, 1566. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.1016/j.cveq.2017.11.005
https://www.ncbi.nlm.nih.gov/pubmed/29402480
https://doi.org/10.1186/s42523-019-0013-3
https://www.ncbi.nlm.nih.gov/pubmed/33499951
https://doi.org/10.3390/microorganisms10122517
https://www.ncbi.nlm.nih.gov/pubmed/36557769
https://doi.org/10.1111/j.1574-6941.2012.01441.x
https://www.ncbi.nlm.nih.gov/pubmed/22757649
https://doi.org/10.1016/j.funbio.2018.12.004
https://www.ncbi.nlm.nih.gov/pubmed/30798879
https://doi.org/10.1186/s42523-020-0023-1
https://www.ncbi.nlm.nih.gov/pubmed/33499982
https://doi.org/10.1093/jambio/lxaf203
https://www.ncbi.nlm.nih.gov/pubmed/40802476
https://doi.org/10.3389/fvets.2021.708512
https://www.ncbi.nlm.nih.gov/pubmed/34490397
https://doi.org/10.1165/rcmb.2017-0228OC
https://www.ncbi.nlm.nih.gov/pubmed/30183323
https://doi.org/10.1371/journal.pone.0291028
https://www.ncbi.nlm.nih.gov/pubmed/37682941
https://doi.org/10.3389/fmicb.2025.1535095
https://www.ncbi.nlm.nih.gov/pubmed/40831630
https://doi.org/10.3390/ani13091566
https://www.ncbi.nlm.nih.gov/pubmed/37174603
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 23 of 38

13. Kaiser-Thom, S.; Hilty, M.; Axiak, S.; Gerber, V. The skin microbiota in equine pastern dermatitis: A case-control study of horses
in Switzerland. Vet. Dermatol. 2021, 32, 646-e172. [CrossRef] [PubMed]

14. Kaiser-Thom, S.; Hilty, M.; Ramseyer, A.; Epper, P.; Gerber, V. The relationship between equine pastern dermatitis, meteorological
factors, and the skin microbiota. Vet. Dermatol. 2022, 33, 165-e48. [CrossRef] [PubMed]

15. Beckers, K.F.; Gomes, V.C.L.; Crissman, K.R.; Liu, C.C.; Schulz, C.J.; Childers, G.W.; Sones, J.L. Metagenetic Analysis of the
Pregnant Microbiome in Horses. Animals 2023, 13, 1999. [CrossRef] [PubMed]

16. Holyoak, G.R.; Premathilake, H.U.; Lyman, C.C.; Sones, J.L.; Gunn, A.; Wieneke, X.; DeSilva, U. The healthy equine uterus
harbors a distinct core microbiome plus a rich and diverse microbiome that varies with geographical location. Sci. Rep. 2022, 12,
14790. [CrossRef] [PubMed]

17. Manguin, E.; Pepin, E.; Boivin, R.; Leclere, M. Tracheal microbial populations in horses with moderate asthma. J. Vet. Intern. Med.
2020, 34, 986–995. [CrossRef] [PubMed]

18. Kennedy, R.; Lappin, D.F.; Dixon, P.M.; Buijs, M.J.; Zaura, E.; Crielaard, W.; O’Donnell, L.; Bennett, D.; Brandt, B.W.; Riggio, M.P.
The microbiome associated with equine periodontitis and oral health. Vet. Res. 2016, 47, 49. [CrossRef] [PubMed]

19. Simms, N.; Bertone, J.J.; Melgarejo, T.; O’Shea, C.; Linde, A. Equine Blood Microbiome in a Cohort of Clinically Healthy Trail
Riding Horses. J. Vet. Intern. Med. 2025, 39, e70082. [CrossRef] [PubMed]

20. Townsend, K.S.; Johnson, P.J.; LaCarrubba, A.M.; Martin, L.M.; Ericsson, A.C. Exodontia associated bacteremia in horses
characterized by next generation sequencing. Sci. Rep. 2021, 11, 6314. [CrossRef] [PubMed]

21. Bond, S.; McMullen, C.; Timsit, E.; Leguillette, R. Topography of the respiratory, oral, and guttural pouch bacterial and fungal
microbiotas in horses. J. Vet. Intern. Med. 2023, 37, 349–360. [CrossRef] [PubMed]

22. Bond, S.L.; Timsit, E.; Workentine, M.; Alexander, T.; Leguillette, R. Upper and lower respiratory tract microbiota in horses:
Bacterial communities associated with health and mild asthma (inflammatory airway disease) and effects of dexamethasone.
BMC Microbiol. 2017, 17, 184. [CrossRef] [PubMed]

23. Bishop, R.C.; Migliorisi, A.; Holmes, J.R.; Kemper, A.M.; Band, M.; Austin, S.; Aldridge, B.; Wilkins, P.A. Microbial populations
vary between the upper and lower respiratory tract, but not within biogeographic regions of the lung of healthy horses. J. Equine
Vet. Sci. 2024, 140, 105141. [CrossRef] [PubMed]

24. Oren, A.; Garrity, G.M. Valid publication of the names of forty-two phyla of prokaryotes. Int. J. Syst. Evol. Microbiol. 2021, 71,
5056. [CrossRef] [PubMed]

25. Quercia, S.; Freccero, F.; Castagnetti, C.; Soverini, M.; Turroni, S.; Biagi, E.; Rampelli, S.; Lanci, A.; Mariella, J.; Chinellato, E.; et al.
Early colonisation and temporal dynamics of the gut microbial ecosystem in Standardbred foals. Equine Vet. J. 2019, 51, 231–237.
[CrossRef] [PubMed]

26. Husso, A.; Jalanka, J.; Alipour, M.J.; Huhti, P.; Kareskoski, M.; Pessa-Morikawa, T.; Iivanainen, A.; Niku, M. The composition of
the perinatal intestinal microbiota in horse. Sci. Rep. 2020, 10, 441. [CrossRef] [PubMed]

27. Mady, E.A.; Osuga, H.; Toyama, H.; El-Husseiny, H.M.; Inoue, R.; Murase, H.; Yamamoto, Y.; Nagaoka, K. Relationship between
the components of mare breast milk and foal gut microbiome: Shaping gut microbiome development after birth. Vet. Q. 2024, 44,
1–9. [CrossRef] [PubMed]

28. Mienaltowski, M.J.; Callahan, M.; De La Torre, U.; Maga, E.A. Comparing microbiotas of foals and their mares’ milk in the first
two weeks after birth. BMC Vet. Res. 2024, 20, 17. [CrossRef] [PubMed]

29. Lindenberg, F.; Krych, L.; Kot, W.; Fielden, J.; Frokiaer, H.; van Galen, G.; Nielsen, D.S.; Hansen, A.K. Development of the equine
gut microbiota. Sci. Rep. 2019, 9, 14427. [CrossRef] [PubMed]

30. Tavenner, M.K.; McDonnell, S.M.; Biddle, A.S. Development of the equine hindgut microbiome in semi-feral and domestic
conventionally-managed foals. Anim. Microbiome 2020, 2, 43. [CrossRef] [PubMed]

31. O’Reilly, G.C.; Holman, D.B.; Muscat, K.; Muscatello, G.; Parra, M.C.; Meale, S.J.; Chaves, A.V. Characterisation of the Faecal
Microbiome of Foals from 0–5 Months of Age and Their Respective Mares across Five Geographic Locations. Front. Biosci. (Elite
Ed.) 2022, 14, 22. [CrossRef] [PubMed]

32. Costa, M.C.; Stampfli, H.R.; Allen-Vercoe, E.; Weese, J.S. Development of the faecal microbiota in foals. Equine Vet. J. 2015, 48,
681–688. [CrossRef] [PubMed]

33. Leng, J.; Moller-Levet, C.; Mansergh, R.I.; O’Flaherty, R.; Cooke, R.; Sells, P.; Pinkham, C.; Pynn, O.; Smith, C.; Wise, Z.; et al.
Early-life gut bacterial community structure predicts disease risk and athletic performance in horses bred for racing. Sci. Rep.
2024, 14, 17124. [CrossRef] [PubMed]

34. De La Torre, U.; Henderson, J.D.; Furtado, K.L.; Pedroja, M.; Elenamarie, O.; Mora, A.; Pechanec, M.Y.; Maga, E.A.; Mienaltowski,
M.J. Utilizing the fecal microbiota to understand foal gut transitions from birth to weaning. PLoS ONE 2019, 14, e0216211.
[CrossRef] [PubMed]

35. Xing, J.; Liu, G.; Zhang, X.; Bai, D.; Yu, J.; Li, L.; Wang, X.; Su, S.; Zhao, Y.; Bou, G.; et al. The Composition and Predictive Function
of the Fecal Microbiota Differ Between Young and Adult Donkeys. Front. Microbiol. 2020, 11, 596394. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.1111/vde.12955
https://www.ncbi.nlm.nih.gov/pubmed/33830562
https://doi.org/10.1111/vde.13045
https://www.ncbi.nlm.nih.gov/pubmed/34888974
https://doi.org/10.3390/ani13121999
https://www.ncbi.nlm.nih.gov/pubmed/37370509
https://doi.org/10.1038/s41598-022-18971-6
https://www.ncbi.nlm.nih.gov/pubmed/36042332
https://doi.org/10.1111/jvim.15707
https://www.ncbi.nlm.nih.gov/pubmed/31985115
https://doi.org/10.1186/s13567-016-0333-1
https://www.ncbi.nlm.nih.gov/pubmed/27080859
https://doi.org/10.1111/jvim.70082
https://www.ncbi.nlm.nih.gov/pubmed/40167194
https://doi.org/10.1038/s41598-021-85484-z
https://www.ncbi.nlm.nih.gov/pubmed/33737590
https://doi.org/10.1111/jvim.16612
https://www.ncbi.nlm.nih.gov/pubmed/36607177
https://doi.org/10.1186/s12866-017-1092-5
https://www.ncbi.nlm.nih.gov/pubmed/28835202
https://doi.org/10.1016/j.jevs.2024.105141
https://www.ncbi.nlm.nih.gov/pubmed/38944129
https://doi.org/10.1099/ijsem.0.005056
https://www.ncbi.nlm.nih.gov/pubmed/34694987
https://doi.org/10.1111/evj.12983
https://www.ncbi.nlm.nih.gov/pubmed/29931762
https://doi.org/10.1038/s41598-019-57003-8
https://www.ncbi.nlm.nih.gov/pubmed/31949191
https://doi.org/10.1080/01652176.2024.2349948
https://www.ncbi.nlm.nih.gov/pubmed/38733121
https://doi.org/10.1186/s12917-023-03864-1
https://www.ncbi.nlm.nih.gov/pubmed/38191395
https://doi.org/10.1038/s41598-019-50563-9
https://www.ncbi.nlm.nih.gov/pubmed/31594971
https://doi.org/10.1186/s42523-020-00060-6
https://www.ncbi.nlm.nih.gov/pubmed/33499959
https://doi.org/10.31083/j.fbe1403022
https://www.ncbi.nlm.nih.gov/pubmed/36137987
https://doi.org/10.1111/evj.12532
https://www.ncbi.nlm.nih.gov/pubmed/26518456
https://doi.org/10.1038/s41598-024-64657-6
https://www.ncbi.nlm.nih.gov/pubmed/39112552
https://doi.org/10.1371/journal.pone.0216211
https://www.ncbi.nlm.nih.gov/pubmed/31039168
https://doi.org/10.3389/fmicb.2020.596394
https://www.ncbi.nlm.nih.gov/pubmed/33343537
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 24 of 38

36. Pyles, M.; Agbana, M.; Hayes, S.; Flythe, M.; Lawrence, L. The Establishment of Fibrolytic Bacteria in the Foal Gastrointestinal
Tract Is Related to the Occurrence of Coprophagy by Foals. Animals 2023, 13, 2718. [CrossRef] [PubMed]

37. Spring, S.; Bunk, B.; Sproer, C.; Schumann, P.; Rohde, M.; Tindall, B.J.; Klenk, H.P. Characterization of the first cultured
representative of Verrucomicrobia subdivision 5 indicates the proposal of a novel phylum. ISME J. 2016, 10, 2801–2816. [CrossRef]
[PubMed]

38. McAdams, Z.L.; Campbell, E.J.; Dorfmeyer, R.A.; Turner, G.; Shaffer, S.; Ford, T.; Lawson, J.; Terry, J.; Raju, M.; Coghill, L.; et al.
A novel dataset of 2,362 equine fecal microbiomes from veterinary teaching hospitals across three countries reveals effects of
geography and disease. Anim. Microbiome 2025, 7, 124. [CrossRef] [PubMed]

39. Russell, A.L.; McAdams, Z.L.; Donovan, E.; Seilhamer, N.; Siegrist, M.; Franklin, C.L.; Ericsson, A.C. The contribution of maternal
oral, vaginal, and gut microbiota to the developing offspring gut. Sci. Rep. 2023, 13, 13660. [CrossRef] [PubMed]

40. Fu, C.; Ma, Y.; Xia, S.; Shao, J.; Tang, T.; Sun, W.; Jia, X.; Wang, J.; Lai, S. Study on Changes in Gut Microbiota and Microbiability in
Rabbits at Different Developmental Stages. Animals 2024, 14, 1741. [CrossRef] [PubMed]

41. Combes, S.; Michelland, R.J.; Monteils, V.; Cauquil, L.; Soulie, V.; Tran, N.U.; Gidenne, T.; Fortun-Lamothe, L. Postnatal
development of the rabbit caecal microbiota composition and activity. FEMS Microbiol. Ecol. 2011, 77, 680–689. [CrossRef]
[PubMed]

42. Asaduzzaman, M.; Olah, P.; Yaseen, N.J.; Taifi, A.; Jaray, T.; Gulyas, G.; Boldogkoi, Z.; Tombacz, D. Longitudinal long-read
microbiome profiling in a canine model reveals how age, diet, and birth mode shape gut community dynamics. mSystems 2026,
11, e0127925. [CrossRef] [PubMed]

43. Pereira, A.M.; Pinna, C.; Biagi, G.; Stefanelli, C.; Maia, M.R.G.; Matos, E.; Segundo, M.A.; Fonseca, A.J.M.; Cabrita, A.R.J.
Supplemental selenium source on gut health: Insights on fecal microbiome and fermentation products of growing puppies. FEMS
Microbiol. Ecol. 2020, 96, fiaa212. [CrossRef] [PubMed]

44. Deusch, O.; O’Flynn, C.; Colyer, A.; Swanson, K.S.; Allaway, D.; Morris, P. A Longitudinal Study of the Feline Faecal Microbiome
Identifies Changes into Early Adulthood Irrespective of Sexual Development. PLoS ONE 2015, 10, e0144881. [CrossRef] [PubMed]

45. Guo, C.Y.; Ji, S.K.; Yan, H.; Wang, Y.J.; Liu, J.J.; Cao, Z.J.; Yang, H.J.; Zhang, W.J.; Li, S.L. Dynamic change of the gastrointestinal
bacterial ecology in cows from birth to adulthood. Microbiologyopen 2020, 9, e1119. [CrossRef] [PubMed]

46. Huuki, H.; Vilkki, J.; Vanhatalo, A.; Tapio, I. Fecal microbiota colonization dynamics in dairy heifers associated with early-life
rumen microbiota modulation and gut health. Front. Microbiol. 2024, 15, 1353874. [CrossRef] [PubMed]

47. Gaire, T.N.; Scott, H.M.; Noyes, N.R.; Ericsson, A.C.; Tokach, M.D.; Menegat, M.B.; Vinasco, J.; Roenne, B.; Ray, T.; Nagaraja, T.G.;
et al. Age influences the temporal dynamics of microbiome and antimicrobial resistance genes among fecal bacteria in a cohort of
production pigs. Anim. Microbiome 2023, 5, 2. [CrossRef] [PubMed]

48. Gaire, T.N.; Scott, H.M.; Noyes, N.R.; Ericsson, A.C.; Tokach, M.D.; William, H.; Menegat, M.B.; Vinasco, J.; Nagaraja, T.G.;
Volkova, V.V. Temporal dynamics of the fecal microbiome in female pigs from early life through estrus, parturition, and weaning
of the first litter of piglets. Anim. Microbiome 2024, 6, 7. [CrossRef] [PubMed]

49. Yatsunenko, T.; Rey, F.E.; Manary, M.J.; Trehan, I.; Dominguez-Bello, M.G.; Contreras, M.; Magris, M.; Hidalgo, G.; Baldassano,
R.N.; Anokhin, A.P.; et al. Human gut microbiome viewed across age and geography. Nature 2012, 486, 222–227. [CrossRef]
[PubMed]

50. Roswall, J.; Olsson, L.M.; Kovatcheva-Datchary, P.; Nilsson, S.; Tremaroli, V.; Simon, M.C.; Kiilerich, P.; Akrami, R.; Kramer, M.;
Uhlen, M.; et al. Developmental trajectory of the healthy human gut microbiota during the first 5 years of life. Cell Host Microbe
2021, 29, 765–776.e3. [CrossRef] [PubMed]

51. Mach, N.; Foury, A.; Kittelmann, S.; Reigner, F.; Moroldo, M.; Ballester, M.; Esquerre, D.; Riviere, J.; Salle, G.; Gerard, P.; et al.
The Effects of Weaning Methods on Gut Microbiota Composition and Horse Physiology. Front. Physiol. 2017, 8, 535. [CrossRef]
[PubMed]

52. Yang, Q.; Liu, H.; Jafari, H.; Liu, B.; Wang, Z.; Su, J.; Wang, F.; Yang, G.; Sun, M.; Cheng, J.; et al. Metabolic changes before and
after weaning in Dezhou donkey foals in relation to gut microbiota. Front. Microbiol. 2023, 14, 1306039. [CrossRef] [PubMed]

53. Costa, M.C.; Silva, G.; Ramos, R.V.; Staempfli, H.R.; Arroyo, L.G.; Kim, P.; Weese, J.S. Characterization and comparison of the
bacterial microbiota in different gastrointestinal tract compartments in horses. Vet. J. 2015, 205, 74–80. [CrossRef] [PubMed]

54. Ericsson, A.C.; Johnson, P.J.; Lopes, M.A.; Perry, S.C.; Lanter, H.R. A Microbiological Map of the Healthy Equine Gastrointestinal
Tract. PLoS ONE 2016, 11, e0166523. [CrossRef] [PubMed]

55. Zhao, Y.; Ren, X.; Wu, H.; Hu, H.; Cheng, C.; Du, M.; Huang, Y.; Zhao, X.; Wang, L.; Yi, L.; et al. Diversity and functional
prediction of fungal communities in different segments of mongolian horse gastrointestinal tracts. BMC Microbiol. 2023, 23, 253.
[CrossRef] [PubMed]

56. Su, S.; Zhao, Y.; Liu, Z.; Liu, G.; Du, M.; Wu, J.; Bai, D.; Li, B.; Bou, G.; Zhang, X.; et al. Characterization and comparison of the
bacterial microbiota in different gastrointestinal tract compartments of Mongolian horses. Microbiologyopen 2020, 9, 1085–1101.
[CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.3390/ani13172718
https://www.ncbi.nlm.nih.gov/pubmed/37684982
https://doi.org/10.1038/ismej.2016.84
https://www.ncbi.nlm.nih.gov/pubmed/27300277
https://doi.org/10.1186/s42523-025-00493-x
https://www.ncbi.nlm.nih.gov/pubmed/41339959
https://doi.org/10.1038/s41598-023-40703-7
https://www.ncbi.nlm.nih.gov/pubmed/37608207
https://doi.org/10.3390/ani14121741
https://www.ncbi.nlm.nih.gov/pubmed/38929360
https://doi.org/10.1111/j.1574-6941.2011.01148.x
https://www.ncbi.nlm.nih.gov/pubmed/21658088
https://doi.org/10.1128/msystems.01279-25
https://www.ncbi.nlm.nih.gov/pubmed/41575196
https://doi.org/10.1093/femsec/fiaa212
https://www.ncbi.nlm.nih.gov/pubmed/33045070
https://doi.org/10.1371/journal.pone.0144881
https://www.ncbi.nlm.nih.gov/pubmed/26659594
https://doi.org/10.1002/mbo3.1119
https://www.ncbi.nlm.nih.gov/pubmed/33034165
https://doi.org/10.3389/fmicb.2024.1353874
https://www.ncbi.nlm.nih.gov/pubmed/38505558
https://doi.org/10.1186/s42523-022-00222-8
https://www.ncbi.nlm.nih.gov/pubmed/36624546
https://doi.org/10.1186/s42523-024-00294-8
https://www.ncbi.nlm.nih.gov/pubmed/38383422
https://doi.org/10.1038/nature11053
https://www.ncbi.nlm.nih.gov/pubmed/22699611
https://doi.org/10.1016/j.chom.2021.02.021
https://www.ncbi.nlm.nih.gov/pubmed/33794185
https://doi.org/10.3389/fphys.2017.00535
https://www.ncbi.nlm.nih.gov/pubmed/28790932
https://doi.org/10.3389/fmicb.2023.1306039
https://www.ncbi.nlm.nih.gov/pubmed/38282742
https://doi.org/10.1016/j.tvjl.2015.03.018
https://www.ncbi.nlm.nih.gov/pubmed/25975855
https://doi.org/10.1371/journal.pone.0166523
https://www.ncbi.nlm.nih.gov/pubmed/27846295
https://doi.org/10.1186/s12866-023-03001-w
https://www.ncbi.nlm.nih.gov/pubmed/37689675
https://doi.org/10.1002/mbo3.1020
https://www.ncbi.nlm.nih.gov/pubmed/32153142
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 25 of 38

57. Zak-Bochenek, A.; Zebrowska-Rozanska, P.; Bajzert, J.; Siwinska, N.; Madej, J.P.; Kaleta-Kuratewicz, K.; Bochen, P.; Laczman-
ski, L.; Chelmonska-Soyta, A. Comparison and characterization of the bacterial microbiota and SIgA production in different
gastrointestinal segments in horses. Vet. Res. Commun. 2024, 48, 3605–3620. [CrossRef] [PubMed]

58. Wang, Y.; Hu, T.; Liang, K.; Li, S.; Zhang, Q.; Li, W.; Qu, H.; Dong, B.; Zhang, H.; Ma, Q.; et al. Spatial variations in the microbiota:
Comparative analysis of microbial composition and predicted functions across different intestinal segments and feces in donkeys.
Front. Microbiol. 2024, 15, 1494926. [CrossRef] [PubMed]

59. Zhang, R.; Zhang, J.; Dang, W.; Irwin, D.M.; Wang, Z.; Zhang, S. Unveiling the Biogeography and Potential Functions of the
Intestinal Digesta- and Mucosa-Associated Microbiome of Donkeys. Front. Microbiol. 2020, 11, 596882. [CrossRef] [PubMed]

60. Liu, G.; Bou, G.; Su, S.; Xing, J.; Qu, H.; Zhang, X.; Wang, X.; Zhao, Y.; Dugarjaviin, M. Microbial diversity within the digestive
tract contents of Dezhou donkeys. PLoS ONE 2019, 14, e0226186. [CrossRef] [PubMed]

61. Reed, K.J.; Kunz, I.G.Z.; Scare, J.A.; Nielsen, M.K.; Turk, P.J.; Coleman, R.J.; Coleman, S.J. The pelvic flexure separates distinct
microbial communities in the equine hindgut. Sci. Rep. 2021, 11, 4332. [CrossRef] [PubMed]

62. Perkins, G.A.; den Bakker, H.C.; Burton, A.J.; Erb, H.N.; McDonough, S.P.; McDonough, P.L.; Parker, J.; Rosenthal, R.L.; Wiedmann,
M.; Dowd, S.E.; et al. Equine stomachs harbor an abundant and diverse mucosal microbiota. Appl. Environ. Microbiol. 2012, 78,
2522–2532. [CrossRef] [PubMed]

63. Paul, L.J.; Ericsson, A.C.; Andrews, F.M.; Keowen, M.L.; Morales Yniguez, F.; Garza, F., Jr.; Banse, H.E. Gastric microbiome in
horses with and without equine glandular gastric disease. J. Vet. Intern. Med. 2021, 35, 2458–2464. [CrossRef] [PubMed]

64. Raspa, F.; Chessa, S.; Bergero, D.; Sacchi, P.; Ferrocino, I.; Cocolin, L.; Corvaglia, M.R.; Moretti, R.; Cavallini, D.; Valle, E.
Microbiota characterization throughout the digestive tract of horses fed a high-fiber vs. a high-starch diet. Front. Vet. Sci. 2024, 11,
1386135. [CrossRef] [PubMed]

65. Grimm, P.; Combes, S.; Pascal, G.; Cauquil, L.; Julliand, V. Dietary composition and yeast/microalgae combination supplemen-
tation modulate the microbial ecosystem in the caecum, colon and faeces of horses. Br. J. Nutr. 2020, 123, 372–382. [CrossRef]
[PubMed]

66. Risely, A. Applying the core microbiome to understand host-microbe systems. J. Anim. Ecol. 2020, 89, 1549–1558. [CrossRef]
[PubMed]

67. Dougal, K.; de la Fuente, G.; Harris, P.A.; Girdwood, S.E.; Pinloche, E.; Newbold, C.J. Identification of a core bacterial community
within the large intestine of the horse. PLoS ONE 2013, 8, e77660. [CrossRef] [PubMed]

68. O’Donnell, M.M.; Harris, H.M.; Jeffery, I.B.; Claesson, M.J.; Younge, B.; O’Toole, P.W.; Ross, R.P. The core faecal bacterial
microbiome of Irish Thoroughbred racehorses. Lett. Appl. Microbiol. 2013, 57, 492–501. [CrossRef] [PubMed]

69. Morrison, P.K.; Newbold, C.J.; Jones, E.; Worgan, H.J.; Grove-White, D.H.; Dugdale, A.H.; Barfoot, C.; Harris, P.A.; Argo, C.M.
The Equine Gastrointestinal Microbiome: Impacts of Age and Obesity. Front. Microbiol. 2018, 9, 3017. [CrossRef] [PubMed]

70. Massacci, F.R.; Clark, A.; Ruet, A.; Lansade, L.; Costa, M.; Mach, N. Inter-breed diversity and temporal dynamics of the faecal
microbiota in healthy horses. J. Anim. Breed. Genet 2020, 137, 103–120. [CrossRef] [PubMed]

71. Bowman, M.; Sharma, A.; Jacobs, R.D.; Lahoti, M.; Gordon, M.E. Evaluating the core bacterial microbiome of 1,787 horses. J.
Equine Vet. Sci. 2023, 124, 104324. [CrossRef]

72. Shepherd, M.L.; Swecker, W.S., Jr.; Jensen, R.V.; Ponder, M.A. Characterization of the fecal bacteria communities of forage-fed
horses by pyrosequencing of 16S rRNA V4 gene amplicons. FEMS Microbiol. Lett. 2012, 326, 62–68. [CrossRef] [PubMed]

73. Daly, K.; Stewart, C.S.; Flint, H.J.; Shirazi-Beechey, S.P. Bacterial diversity within the equine large intestine as revealed by
molecular analysis of cloned 16S rRNA genes. FEMS Microbiol. Ecol. 2001, 38, 141–151. [CrossRef]

74. Yamano, H.; Koike, S.; Kobayashi, Y.; Hata, H. Phylogenetic analysis of hindgut microbiota in Hokkaido native horses compared
to light horses. Anim. Sci. J. 2008, 79, 234–242. [CrossRef]

75. Flint, H.J.; Scott, K.P.; Louis, P.; Duncan, S.H. The role of the gut microbiota in nutrition and health. Nat. Rev. Gastroenterol. Hepatol.
2012, 9, 577–589. [CrossRef] [PubMed]

76. Wunderlich, G.; Bull, M.; Ross, T.; Rose, M.; Chapman, B. Understanding the microbial fibre degrading communities & processes
in the equine gut. Anim. Microbiome 2023, 5, 3. [CrossRef] [PubMed]

77. Louis, P.; Duncan, S.H.; McCrae, S.I.; Millar, J.; Jackson, M.S.; Flint, H.J. Restricted distribution of the butyrate kinase pathway
among butyrate-producing bacteria from the human colon. J. Bacteriol. 2004, 186, 2099–2106. [CrossRef] [PubMed]

78. Louis, P.; Flint, H.J. Diversity, metabolism and microbial ecology of butyrate-producing bacteria from the human large intestine.
FEMS Microbiol. Lett. 2009, 294, 1–8. [CrossRef] [PubMed]

79. Louis, P.; Young, P.; Holtrop, G.; Flint, H.J. Diversity of human colonic butyrate-producing bacteria revealed by analysis of the
butyryl-CoA:acetate CoA-transferase gene. Environ. Microbiol. 2010, 12, 304–314. [CrossRef] [PubMed]

80. Scheiman, J.; Luber, J.M.; Chavkin, T.A.; MacDonald, T.; Tung, A.; Pham, L.D.; Wibowo, M.C.; Wurth, R.C.; Punthambaker, S.;
Tierney, B.T.; et al. Meta-omics analysis of elite athletes identifies a performance-enhancing microbe that functions via lactate
metabolism. Nat. Med. 2019, 25, 1104–1109. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.1007/s11259-024-10489-8
https://www.ncbi.nlm.nih.gov/pubmed/39180603
https://doi.org/10.3389/fmicb.2024.1494926
https://www.ncbi.nlm.nih.gov/pubmed/39895934
https://doi.org/10.3389/fmicb.2020.596882
https://www.ncbi.nlm.nih.gov/pubmed/33424800
https://doi.org/10.1371/journal.pone.0226186
https://www.ncbi.nlm.nih.gov/pubmed/31834903
https://doi.org/10.1038/s41598-021-83783-z
https://www.ncbi.nlm.nih.gov/pubmed/33619300
https://doi.org/10.1128/AEM.06252-11
https://www.ncbi.nlm.nih.gov/pubmed/22307294
https://doi.org/10.1111/jvim.16241
https://www.ncbi.nlm.nih.gov/pubmed/34351018
https://doi.org/10.3389/fvets.2024.1386135
https://www.ncbi.nlm.nih.gov/pubmed/38807937
https://doi.org/10.1017/S0007114519002824
https://www.ncbi.nlm.nih.gov/pubmed/31690358
https://doi.org/10.1111/1365-2656.13229
https://www.ncbi.nlm.nih.gov/pubmed/32248522
https://doi.org/10.1371/journal.pone.0077660
https://www.ncbi.nlm.nih.gov/pubmed/24204908
https://doi.org/10.1111/lam.12137
https://www.ncbi.nlm.nih.gov/pubmed/23889584
https://doi.org/10.3389/fmicb.2018.03017
https://www.ncbi.nlm.nih.gov/pubmed/30581426
https://doi.org/10.1111/jbg.12441
https://www.ncbi.nlm.nih.gov/pubmed/31523867
https://doi.org/10.1016/j.jevs.2023.104324
https://doi.org/10.1111/j.1574-6968.2011.02434.x
https://www.ncbi.nlm.nih.gov/pubmed/22092776
https://doi.org/10.1111/j.1574-6941.2001.tb00892.x
https://doi.org/10.1111/j.1740-0929.2008.00522.x
https://doi.org/10.1038/nrgastro.2012.156
https://www.ncbi.nlm.nih.gov/pubmed/22945443
https://doi.org/10.1186/s42523-022-00224-6
https://www.ncbi.nlm.nih.gov/pubmed/36635784
https://doi.org/10.1128/jb.186.7.2099-2106.2004
https://www.ncbi.nlm.nih.gov/pubmed/15028695
https://doi.org/10.1111/j.1574-6968.2009.01514.x
https://www.ncbi.nlm.nih.gov/pubmed/19222573
https://doi.org/10.1111/j.1462-2920.2009.02066.x
https://www.ncbi.nlm.nih.gov/pubmed/19807780
https://doi.org/10.1038/s41591-019-0485-4
https://www.ncbi.nlm.nih.gov/pubmed/31235964
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 26 of 38

81. Susanto, I.; Wiryawan, K.G.; Suharti, S.; Retnani, Y.; Zahera, R.; Jayanegara, A. Evaluation of Megasphaera elsdenii supplementa-
tion on rumen fermentation, production performance, carcass traits and health of ruminants: A meta-analysis. Anim. Biosci. 2023,
36, 879–890. [CrossRef] [PubMed]

82. Stothart, M.R.; McLoughlin, P.D.; Medill, S.A.; Greuel, R.J.; Wilson, A.J.; Poissant, J. Methanogenic patterns in the gut microbiome
are associated with survival in a population of feral horses. Nat. Commun. 2024, 15, 6012. [CrossRef] [PubMed]

83. Bachmann, M.; Glatter, M.; Bochnia, M.; Greef, J.M.; Breves, G.; Zeyner, A. Degradation of Monosaccharides, Disaccharides, and
Fructans in the Stomach of Horses Adapted to a Prebiotic Dose of Fructooligosaccharides and Inulin. J. Equine Vet. Sci. 2021, 105,
103731. [CrossRef] [PubMed]

84. Coenen, M.; Mosseler, A.; Vervuert, I. Fermentative gases in breath indicate that inulin and starch start to be degraded by
microbial fermentation in the stomach and small intestine of the horse in contrast to pectin and cellulose. J. Nutr. 2006, 136,
2108S–2110S. [CrossRef] [PubMed]

85. Daly, K.; Proudman, C.J.; Duncan, S.H.; Flint, H.J.; Dyer, J.; Shirazi-Beechey, S.P. Alterations in microbiota and fermentation
products in equine large intestine in response to dietary variation and intestinal disease. Br. J. Nutr. 2012, 107, 989–995. [CrossRef]
[PubMed]

86. Lindenberg, F.; Krych, L.; Fielden, J.; Kot, W.; Frokiaer, H.; van Galen, G.; Nielsen, D.S.; Hansen, A.K. Expression of immune
regulatory genes correlate with the abundance of specific Clostridiales and Verrucomicrobia species in the equine ileum and
cecum. Sci. Rep. 2019, 9, 12674. [CrossRef] [PubMed]

87. Cai, C.; Xie, L.; Xing, J.; Lu, T.; Qi, X.; Li, L.; Chen, X.; Akhtar, M.F.; Jin, Y.; Liu, G. Effects of concentrate feeding sequence on VFA
production, and cecal microbiota of Dezhou donkeys by metagenomic technology. Front. Vet. Sci. 2024, 11, 1401980. [CrossRef]
[PubMed]

88. Kou, X.; Liu, Y.; Xiang, F.; Zhang, X.; Khan, M.Z.; Wu, B.; Wang, H.; Gong, Y.; Wang, C.; Ma, Q.; et al. Insights into the Donkey
Hindgut Microbiome Using Metagenome-Assembled Genomes. Animals 2024, 14, 3625. [CrossRef] [PubMed]

89. Li, C.; Li, X.; Guo, R.; Ni, W.; Liu, K.; Liu, Z.; Dai, J.; Xu, Y.; Abduriyim, S.; Wu, Z.; et al. Expanded catalogue of metagenome-
assembled genomes reveals resistome characteristics and athletic performance-associated microbes in horse. Microbiome 2023, 11,
7. [CrossRef] [PubMed]

90. He, H.; Han, L.; Ni, W.; Yu, J.; Liu, K.; Li, W.; Li, C.; Hu, S.; Li, C.; Li, X. The horse gut microbiota genome represents a vast novel
reservoir of CAZymes. Int. J. Biol. Macromol. 2026, 339, 150042. [CrossRef] [PubMed]

91. Gilroy, R.; Leng, J.; Ravi, A.; Adriaenssens, E.M.; Oren, A.; Baker, D.; La Ragione, R.M.; Proudman, C.; Pallen, M.J. Metagenomic
investigation of the equine faecal microbiome reveals extensive taxonomic diversity. PeerJ 2022, 10, e13084. [CrossRef] [PubMed]

92. Hemsworth, G.R.; Davies, G.J.; Walton, P.H. Recent insights into copper-containing lytic polysaccharide mono-oxygenases. Curr.
Opin. Struct. Biol. 2013, 23, 660–668. [CrossRef] [PubMed]

93. Ito, T.; Saikawa, K.; Kim, S.; Fujita, K.; Ishiwata, A.; Kaeothip, S.; Arakawa, T.; Wakagi, T.; Beckham, G.T.; Ito, Y.; et al. Crystal
structure of glycoside hydrolase family 127 beta-l-arabinofuranosidase from Bifidobacterium longum. Biochem Biophys. Res.
Commun. 2014, 447, 32–37. [CrossRef] [PubMed]

94. Sato, M.; Liebschner, D.; Yamada, Y.; Matsugaki, N.; Arakawa, T.; Wills, S.S.; Hattie, M.; Stubbs, K.A.; Ito, T.; Senda, T.; et al. The
first crystal structure of a family 129 glycoside hydrolase from a probiotic bacterium reveals critical residues and metal cofactors.
J. Biol. Chem. 2017, 292, 12126–12138. [CrossRef] [PubMed]

95. Hackmann, T.J. The vast landscape of carbohydrate fermentation in prokaryotes. FEMS Microbiol. Rev. 2024, 48, fuae016.
[CrossRef] [PubMed]

96. Magnusdottir, S.; Ravcheev, D.; de Crecy-Lagard, V.; Thiele, I. Systematic genome assessment of B-vitamin biosynthesis suggests
co-operation among gut microbes. Front. Genet. 2015, 6, 148. [CrossRef] [PubMed]

97. Pajarillo, E.A.B.; Lee, E.; Kang, D.K. Trace metals and animal health: Interplay of the gut microbiota with iron, manganese, zinc,
and copper. Anim. Nutr. 2021, 7, 750–761. [CrossRef] [PubMed]

98. Tarracchini, C.; Lugli, G.A.; Mancabelli, L.; van Sinderen, D.; Turroni, F.; Ventura, M.; Milani, C. Exploring the vitamin biosynthesis
landscape of the human gut microbiota. mSystems 2024, 9, e0092924. [CrossRef] [PubMed]

99. Buffie, C.G.; Pamer, E.G. Microbiota-mediated colonization resistance against intestinal pathogens. Nat. Rev. Immunol. 2013, 13,
790–801. [CrossRef] [PubMed]

100. Lowden, S.; Heath, T. Segmented filamentous bacteria associated with lymphoid tissues in the ileum of horses. Res. Vet. Sci. 1995,
59, 272–274. [CrossRef] [PubMed]

101. Klaasen, H.L.; Koopman, J.P.; Van den Brink, M.E.; Bakker, M.H.; Poelma, F.G.; Beynen, A.C. Intestinal, segmented, filamentous
bacteria in a wide range of vertebrate species. Lab. Anim. 1993, 27, 141–150. [CrossRef] [PubMed]

102. Ivanov, I.I.; Atarashi, K.; Manel, N.; Brodie, E.L.; Shima, T.; Karaoz, U.; Wei, D.; Goldfarb, K.C.; Santee, C.A.; Lynch, S.V.; et al.
Induction of intestinal Th17 cells by segmented filamentous bacteria. Cell 2009, 139, 485–498. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.5713/ab.22.0258
https://www.ncbi.nlm.nih.gov/pubmed/36634661
https://doi.org/10.1038/s41467-024-49963-x
https://www.ncbi.nlm.nih.gov/pubmed/39039075
https://doi.org/10.1016/j.jevs.2021.103731
https://www.ncbi.nlm.nih.gov/pubmed/34607684
https://doi.org/10.1093/jn/136.7.2108S
https://www.ncbi.nlm.nih.gov/pubmed/16772512
https://doi.org/10.1017/S0007114511003825
https://www.ncbi.nlm.nih.gov/pubmed/21816118
https://doi.org/10.1038/s41598-019-49081-5
https://www.ncbi.nlm.nih.gov/pubmed/31481726
https://doi.org/10.3389/fvets.2024.1401980
https://www.ncbi.nlm.nih.gov/pubmed/38895717
https://doi.org/10.3390/ani14243625
https://www.ncbi.nlm.nih.gov/pubmed/39765529
https://doi.org/10.1186/s40168-022-01448-z
https://www.ncbi.nlm.nih.gov/pubmed/36631912
https://doi.org/10.1016/j.ijbiomac.2025.150042
https://www.ncbi.nlm.nih.gov/pubmed/41485666
https://doi.org/10.7717/peerj.13084
https://www.ncbi.nlm.nih.gov/pubmed/35345588
https://doi.org/10.1016/j.sbi.2013.05.006
https://www.ncbi.nlm.nih.gov/pubmed/23769965
https://doi.org/10.1016/j.bbrc.2014.03.096
https://www.ncbi.nlm.nih.gov/pubmed/24680821
https://doi.org/10.1074/jbc.M117.777391
https://www.ncbi.nlm.nih.gov/pubmed/28546425
https://doi.org/10.1093/femsre/fuae016
https://www.ncbi.nlm.nih.gov/pubmed/38821505
https://doi.org/10.3389/fgene.2015.00148
https://www.ncbi.nlm.nih.gov/pubmed/25941533
https://doi.org/10.1016/j.aninu.2021.03.005
https://www.ncbi.nlm.nih.gov/pubmed/34466679
https://doi.org/10.1128/msystems.00929-24
https://www.ncbi.nlm.nih.gov/pubmed/39287373
https://doi.org/10.1038/nri3535
https://www.ncbi.nlm.nih.gov/pubmed/24096337
https://doi.org/10.1016/0034-5288(95)90016-0
https://www.ncbi.nlm.nih.gov/pubmed/8588105
https://doi.org/10.1258/002367793780810441
https://www.ncbi.nlm.nih.gov/pubmed/8501895
https://doi.org/10.1016/j.cell.2009.09.033
https://www.ncbi.nlm.nih.gov/pubmed/19836068
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 27 of 38

103. Chen, B.; Chen, H.; Shu, X.; Yin, Y.; Li, J.; Qin, J.; Chen, L.; Peng, K.; Xu, F.; Gu, W.; et al. Presence of Segmented Filamentous
Bacteria in Human Children and Its Potential Role in the Modulation of Human Gut Immunity. Front. Microbiol. 2018, 9, 1403.
[CrossRef] [PubMed]

104. Heczko, U.; Abe, A.; Finlay, B.B. Segmented filamentous bacteria prevent colonization of enteropathogenic Escherichia coli O103
in rabbits. J. Infect. Dis. 2000, 181, 1027–1033. [CrossRef] [PubMed]

105. Garland, C.D.; Lee, A.; Dickson, M.R. Segmented filamentous bacteria in the rodent small intestine: Their colonization of growing
animals and possible role in host resistance to Salmonella. Microb. Ecol. 1982, 8, 181–190. [CrossRef] [PubMed]

106. Whitfield-Cargile, C.M.; Cohen, N.D.; Suchodolski, J.; Chaffin, M.K.; McQueen, C.M.; Arnold, C.E.; Dowd, S.E.; Blodgett, G.P.
Composition and Diversity of the Fecal Microbiome and Inferred Fecal Metagenome Does Not Predict Subsequent Pneumonia
Caused by Rhodococcus equi in Foals. PLoS ONE 2015, 10, e0136586. [CrossRef] [PubMed]

107. Song, Z.; Cai, Y.; Lao, X.; Wang, X.; Lin, X.; Cui, Y.; Kalavagunta, P.K.; Liao, J.; Jin, L.; Shang, J.; et al. Taxonomic profiling and
populational patterns of bacterial bile salt hydrolase (BSH) genes based on worldwide human gut microbiome. Microbiome 2019,
7, 9. [CrossRef] [PubMed]

108. Vital, M.; Rud, T.; Rath, S.; Pieper, D.H.; Schluter, D. Diversity of Bacteria Exhibiting Bile Acid-inducible 7alpha-dehydroxylation
Genes in the Human Gut. Comput Struct. Biotechnol. J. 2019, 17, 1016–1019. [CrossRef] [PubMed]

109. Donnelly, C.G.; Peng, S.; Pflieger, L.; Manfredi, J.; Coleman, M.; Rappaport, N.; Price, N.D.; Finno, C.J. Bile acids segregate
metabolic syndrome in a cohort of 100 deeply phenotyped horses. Commun. Biol. 2025, 8, 1711. [CrossRef] [PubMed]

110. Egerod, K.L.; Petersen, N.; Timshel, P.N.; Rekling, J.C.; Wang, Y.; Liu, Q.; Schwartz, T.W.; Gautron, L. Profiling of G protein-
coupled receptors in vagal afferents reveals novel gut-to-brain sensing mechanisms. Mol. Metab. 2018, 12, 62–75. [CrossRef]
[PubMed]

111. Homer, B.; Judd, J.; Mohammadi Dehcheshmeh, M.; Ebrahimie, E.; Trott, D.J. Gut Microbiota and Behavioural Issues in Production,
Performance, and Companion Animals: A Systematic Review. Animals 2023, 13, 1458. [CrossRef] [PubMed]

112. Hou, R.; Jin, X.; Feng, J.; Xue, J.; Chen, C.; Zou, Y.; Xu, X.; Yu, K.; Qian, P.Y.; Zhang, W.; et al. Deciphering the universal role of gut
microbiota in pollutant transformation. ISME J. 2025, 19, wraf215. [CrossRef] [PubMed]

113. Claus, S.P.; Guillou, H.; Ellero-Simatos, S. The gut microbiota: A major player in the toxicity of environmental pollutants? npj
Biofilms Microbiomes 2016, 2, 16003. [CrossRef] [PubMed]

114. Gorniak, W.; Cholewinska, P.; Szeligowska, N.; Woloszynska, M.; Soroko, M.; Czyz, K. Effect of Intense Exercise on the Level
of Bacteroidetes and Firmicutes Phyla in the Digestive System of Thoroughbred Racehorses. Animals 2021, 11, 290. [CrossRef]
[PubMed]

115. Szemplinski, K.L.; Thompson, A.; Cherry, N.; Guay, K.; Smith, W.B.; Brady, J.; Jones, T. Transporting and Exercising Unconditioned
Horses: Effects on Microflora Populations. J. Equine Vet. Sci. 2020, 90, 102988. [CrossRef] [PubMed]

116. Janabi, A.H.D.; Biddle, A.S.; Klein, D.J.; McKeever, K.H. The effects of acute strenuous exercise on the faecal microbiota in
Standardbred racehorses. Comp. Exerc. Physiol. 2017, 13, 13–24. [CrossRef]

117. Ma, R.; Wang, C. Microbiome analysis reveals the positive effects of exercise on the gut microbiota in horse. Microb. Pathog. 2026,
216, 108501. [CrossRef] [PubMed]

118. Sun, Y.F.; Han, Z.X.; Yao, X.K.; Meng, J.; Ren, W.L.; Wang, C.K.; Yuan, X.X.; Zeng, Y.Q.; Wang, Y.F.; Sun, Z.W.; et al. Effects
of Different Stages of Training on the Intestinal Microbes of Yili Horses Analyzed Using Metagenomics. Genes 2025, 16, 504.
[CrossRef] [PubMed]

119. Janabi, A.H.D.; Biddle, A.S.; Klein, D.; McKeever, K.H. Exercise training-induced changes in the gut microbiota of Standardbred
racehorses. Comp. Exerc. Physiol. 2016, 12, 119–130. [CrossRef]

120. Morrison, P.K.; Newbold, C.J.; Jones, E.; Worgan, H.J.; Grove-White, D.H.; Dugdale, A.H.; Barfoot, C.; Harris, P.A.; Argo, C.M.
The equine gastrointestinal microbiome: Impacts of weight-loss. BMC Vet. Res. 2020, 16, 78. [CrossRef] [PubMed]

121. Walshe, N.; Cabrera-Rubio, R.; Collins, R.; Puggioni, A.; Gath, V.; Crispie, F.; Cotter, P.D.; Brennan, L.; Mulcahy, G.; Duggan, V. A
Multiomic Approach to Investigate the Effects of a Weight Loss Program on the Intestinal Health of Overweight Horses. Front.
Vet. Sci. 2021, 8, 668120. [CrossRef] [PubMed]

122. Langner, K.; Blaue, D.; Schedlbauer, C.; Starzonek, J.; Julliand, V.; Vervuert, I. Changes in the faecal microbiota of horses and
ponies during a two-year body weight gain programme. PLoS ONE 2020, 15, e0230015. [CrossRef] [PubMed]

123. Bao, Y.; Wang, T.; Adina, W.; Yao, R.; Chu, H.; Yao, X.; Meng, J.; Wang, J.; Ren, W.; Zeng, Y. Gut microbial signatures and
cardiac-microbiota axis in Yili horses with divergent exercise-induced cardiac remodeling. Front. Microbiol. 2025, 16, 1689293.
[CrossRef] [PubMed]

124. Mach, N.; Midoux, C.; Leclercq, S.; Pennarun, S.; Le Moyec, L.; Rue, O.; Robert, C.; Salle, G.; Barrey, E. Mining the equine gut
metagenome: Poorly-characterized taxa associated with cardiovascular fitness in endurance athletes. Commun. Biol. 2022, 5, 1032.
[CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.3389/fmicb.2018.01403
https://www.ncbi.nlm.nih.gov/pubmed/30008704
https://doi.org/10.1086/315348
https://www.ncbi.nlm.nih.gov/pubmed/10720527
https://doi.org/10.1007/bf02010451
https://www.ncbi.nlm.nih.gov/pubmed/24225812
https://doi.org/10.1371/journal.pone.0136586
https://www.ncbi.nlm.nih.gov/pubmed/26305682
https://doi.org/10.1186/s40168-019-0628-3
https://www.ncbi.nlm.nih.gov/pubmed/30674356
https://doi.org/10.1016/j.csbj.2019.07.012
https://www.ncbi.nlm.nih.gov/pubmed/31428294
https://doi.org/10.1038/s42003-025-09111-7
https://www.ncbi.nlm.nih.gov/pubmed/41310118
https://doi.org/10.1016/j.molmet.2018.03.016
https://www.ncbi.nlm.nih.gov/pubmed/29673577
https://doi.org/10.3390/ani13091458
https://www.ncbi.nlm.nih.gov/pubmed/37174495
https://doi.org/10.1093/ismejo/wraf215
https://www.ncbi.nlm.nih.gov/pubmed/41025510
https://doi.org/10.1038/npjbiofilms.2016.3
https://www.ncbi.nlm.nih.gov/pubmed/28721242
https://doi.org/10.3390/ani11020290
https://www.ncbi.nlm.nih.gov/pubmed/33498857
https://doi.org/10.1016/j.jevs.2020.102988
https://www.ncbi.nlm.nih.gov/pubmed/32534767
https://doi.org/10.3920/CEP160030
https://doi.org/10.1016/j.micpath.2026.108501
https://www.ncbi.nlm.nih.gov/pubmed/41985591
https://doi.org/10.3390/genes16050504
https://www.ncbi.nlm.nih.gov/pubmed/40428326
https://doi.org/10.3920/CEP160015
https://doi.org/10.1186/s12917-020-02295-6
https://www.ncbi.nlm.nih.gov/pubmed/32131835
https://doi.org/10.3389/fvets.2021.668120
https://www.ncbi.nlm.nih.gov/pubmed/34222398
https://doi.org/10.1371/journal.pone.0230015
https://www.ncbi.nlm.nih.gov/pubmed/32191712
https://doi.org/10.3389/fmicb.2025.1689293
https://www.ncbi.nlm.nih.gov/pubmed/41415820
https://doi.org/10.1038/s42003-022-03977-7
https://www.ncbi.nlm.nih.gov/pubmed/36192523
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 28 of 38

125. Plancade, S.; Clark, A.; Philippe, C.; Helbling, J.C.; Moisan, M.P.; Esquerre, D.; Le Moyec, L.; Robert, C.; Barrey, E.; Mach, N.
Unraveling the effects of the gut microbiota composition and function on horse endurance physiology. Sci. Rep. 2019, 9, 9620.
[CrossRef] [PubMed]

126. Li, C.; Li, X.; Liu, K.; Xu, J.; Yu, J.; Liu, Z.; Mach, N.; Ni, W.; Liu, C.; Zhou, P.; et al. Multiomic analysis of different horse breeds
reveals that gut microbial butyrate enhances racehorse athletic performance. npj Biofilms Microbiomes 2025, 11, 87. [CrossRef]
[PubMed]

127. Park, T.; Yoon, J.; Yun, Y.; Unno, T. Comparison of the fecal microbiota with high- and low performance race horses. J. Anim. Sci.
Technol. 2024, 66, 425–437. [CrossRef] [PubMed]

128. Mach, N.; Moroldo, M.; Rau, A.; Lecardonnel, J.; Le Moyec, L.; Robert, C.; Barrey, E. Understanding the Holobiont: Crosstalk
Between Gut Microbiota and Mitochondria During Long Exercise in Horse. Front. Mol. Biosci. 2021, 8, 656204. [CrossRef]
[PubMed]

129. Proudman, C.J.; Hunter, J.O.; Darby, A.C.; Escalona, E.E.; Batty, C.; Turner, C. Characterisation of the faecal metabolome and
microbiome of Thoroughbred racehorses. Equine Vet. J. 2015, 47, 580–586. [CrossRef] [PubMed]

130. Buford, T.W.; Carter, C.S.; VanDerPol, W.J.; Chen, D.; Lefkowitz, E.J.; Eipers, P.; Morrow, C.D.; Bamman, M.M. Composition and
richness of the serum microbiome differ by age and link to systemic inflammation. Geroscience 2018, 40, 257–268. [CrossRef]
[PubMed]

131. Langille, M.G.; Meehan, C.J.; Koenig, J.E.; Dhanani, A.S.; Rose, R.A.; Howlett, S.E.; Beiko, R.G. Microbial shifts in the aging mouse
gut. Microbiome 2014, 2, 50. [CrossRef] [PubMed]

132. Baraille, M.; Buttet, M.; Grimm, P.; Milojevic, V.; Julliand, S.; Julliand, V. Changes of faecal bacterial communities and microbial
fibrolytic activity in horses aged from 6 to 30 years old. PLoS ONE 2024, 19, e0303029. [CrossRef] [PubMed]

133. Theelen, M.J.P.; Luiken, R.E.C.; Wagenaar, J.A.; Sloet van Oldruitenborgh-Oosterbaan, M.M.; Rossen, J.W.A.; Zomer, A.L. The
Equine Faecal Microbiota of Healthy Horses and Ponies in The Netherlands: Impact of Host and Environmental Factors. Animals
2021, 11, 1762. [CrossRef] [PubMed]

134. Dougal, K.; de la Fuente, G.; Harris, P.A.; Girdwood, S.E.; Pinloche, E.; Geor, R.J.; Nielsen, B.D.; Schott, H.C., 2nd; Elzinga, S.;
Newbold, C.J. Characterisation of the faecal bacterial community in adult and elderly horses fed a high fibre, high oil or high
starch diet using 454 pyrosequencing. PLoS ONE 2014, 9, e87424. [CrossRef] [PubMed]

135. Qin, X.; Xi, L.; Zhao, L.; Han, J.; Qu, H.; Xu, Y.; Weng, W. Exploring the distinctive characteristics of gut microbiota across different
horse breeds and ages using metataxonomics. Front. Cell. Infect. Microbiol. 2025, 15, 1590839. [CrossRef] [PubMed]

136. DeNotta, S.; McFarlane, D. Immunosenescence and inflammaging in the aged horse. Immun. Ageing 2023, 20, 2. [CrossRef]
[PubMed]

137. Hu, D.; Chao, Y.; Li, Y.; Peng, X.; Wang, C.; Wang, Z.; Zhang, D.; Li, K. Effect of Gender Bias on Equine Fecal Microbiota. J. Equine
Vet. Sci. 2021, 97, 103355. [CrossRef] [PubMed]

138. Li, J.; Toyama, H.; Matsumoto, T.; Qasimi, M.I.; Inoue, R.; Murase, H.; Yamamoto, Y.; Nagaoka, K. Changes in fecal microbiota
during estrous cycle in healthy thoroughbred mares. J. Equine Vet. Sci. 2024, 135, 105034. [CrossRef] [PubMed]

139. Wang, Y.; Li, X.; Li, Z.; Han, Q.; Hu, T.; Zhang, Q.; Qu, H.; Zhang, H.; Qu, Y.; Shi, D.; et al. Comparative analysis of composition
and spatial variations in the foregut microbiota of male and female donkeys. Front. Microbiol. 2025, 16, 1532265. [CrossRef]
[PubMed]

140. Liu, X.; Fan, H.; Ding, X.; Hong, Z.; Nei, Y.; Liu, Z.; Li, G.; Guo, H. Analysis of the gut microbiota by high-throughput sequencing
of the V5-V6 regions of the 16S rRNA gene in donkey. Curr. Microbiol. 2014, 68, 657–662. [CrossRef] [PubMed]

141. Lan, Y.; Li, Y.; Wang, Y. Microbiome analysis reveals dynamic changes of gut microbiota in Guizhou horse and Dutch Warmblood
horses. Front. Microbiol. 2025, 16, 1562482. [CrossRef] [PubMed]

142. Arnold, C.E.; Pilla, R.; Chaffin, M.K.; Leatherwood, J.L.; Wickersham, T.A.; Callaway, T.R.; Lawhon, S.D.; Lidbury, J.A.; Steiner,
J.M.; Suchodolski, J.S. The effects of signalment, diet, geographic location, season, and colitis associated with antimicrobial use or
Salmonella infection on the fecal microbiome of horses. J. Vet. Intern. Med. 2021, 35, 2437–2448. [CrossRef] [PubMed]

143. Zhao, Y.; Li, B.; Bai, D.; Huang, J.; Shiraigo, W.; Yang, L.; Zhao, Q.; Ren, X.; Wu, J.; Bao, W.; et al. Comparison of Fecal Microbiota of
Mongolian and Thoroughbred Horses by High-throughput Sequencing of the V4 Region of the 16S rRNA Gene. Asian-Australas.
J. Anim. Sci. 2016, 29, 1345–1352. [CrossRef] [PubMed]

144. Edwards, J.E.; Schennink, A.; Burden, F.; Long, S.; van Doorn, D.A.; Pellikaan, W.F.; Dijkstra, J.; Saccenti, E.; Smidt, H.
Domesticated equine species and their derived hybrids differ in their fecal microbiota. Anim. Microbiome 2020, 2, 8. [CrossRef]
[PubMed]

145. Bao, W.; Yu, J.; He, Y.; Liu, M.; Yang, X. The diversity analysis and gene function prediction of intestinal bacteria in three equine
species. Front. Microbiol. 2022, 13, 973828. [CrossRef] [PubMed]

146. Ang, L.; Vinderola, G.; Endo, A.; Kantanen, J.; Jingfeng, C.; Binetti, A.; Burns, P.; Qingmiao, S.; Suying, D.; Zujiang, Y.; et al. Gut
Microbiome Characteristics in feral and domesticated horses from different geographic locations. Commun. Biol. 2022, 5, 172.
[CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.1038/s41598-019-46118-7
https://www.ncbi.nlm.nih.gov/pubmed/31270376
https://doi.org/10.1038/s41522-025-00730-w
https://www.ncbi.nlm.nih.gov/pubmed/40410196
https://doi.org/10.5187/jast.2023.e45
https://www.ncbi.nlm.nih.gov/pubmed/38628692
https://doi.org/10.3389/fmolb.2021.656204
https://www.ncbi.nlm.nih.gov/pubmed/33898524
https://doi.org/10.1111/evj.12324
https://www.ncbi.nlm.nih.gov/pubmed/25041526
https://doi.org/10.1007/s11357-018-0026-y
https://www.ncbi.nlm.nih.gov/pubmed/29869736
https://doi.org/10.1186/s40168-014-0050-9
https://www.ncbi.nlm.nih.gov/pubmed/25520805
https://doi.org/10.1371/journal.pone.0303029
https://www.ncbi.nlm.nih.gov/pubmed/38829841
https://doi.org/10.3390/ani11061762
https://www.ncbi.nlm.nih.gov/pubmed/34204691
https://doi.org/10.1371/journal.pone.0087424
https://www.ncbi.nlm.nih.gov/pubmed/24504261
https://doi.org/10.3389/fcimb.2025.1590839
https://www.ncbi.nlm.nih.gov/pubmed/40692682
https://doi.org/10.1186/s12979-022-00325-5
https://www.ncbi.nlm.nih.gov/pubmed/36609345
https://doi.org/10.1016/j.jevs.2020.103355
https://www.ncbi.nlm.nih.gov/pubmed/33478764
https://doi.org/10.1016/j.jevs.2024.105034
https://www.ncbi.nlm.nih.gov/pubmed/38428754
https://doi.org/10.3389/fmicb.2025.1532265
https://www.ncbi.nlm.nih.gov/pubmed/40458714
https://doi.org/10.1007/s00284-014-0528-5
https://www.ncbi.nlm.nih.gov/pubmed/24452427
https://doi.org/10.3389/fmicb.2025.1562482
https://www.ncbi.nlm.nih.gov/pubmed/40143867
https://doi.org/10.1111/jvim.16206
https://www.ncbi.nlm.nih.gov/pubmed/34268795
https://doi.org/10.5713/ajas.15.0587
https://www.ncbi.nlm.nih.gov/pubmed/26954132
https://doi.org/10.1186/s42523-020-00027-7
https://www.ncbi.nlm.nih.gov/pubmed/33499942
https://doi.org/10.3389/fmicb.2022.973828
https://www.ncbi.nlm.nih.gov/pubmed/36160217
https://doi.org/10.1038/s42003-022-03116-2
https://www.ncbi.nlm.nih.gov/pubmed/35217713
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 29 of 38

147. Liu, H.; Zhao, X.; Han, X.; Xu, S.; Zhao, L.; Hu, L.; Xu, T.; Zhao, N.; Zhang, X.; Chen, D.; et al. Comparative study of gut
microbiota in Tibetan wild asses (Equus kiang) and domestic donkeys (Equus asinus) on the Qinghai-Tibet plateau. PeerJ 2020, 8,
e9032. [CrossRef] [PubMed]

148. Metcalf, J.L.; Song, S.J.; Morton, J.T.; Weiss, S.; Seguin-Orlando, A.; Joly, F.; Feh, C.; Taberlet, P.; Coissac, E.; Amir, A.; et al.
Evaluating the impact of domestication and captivity on the horse gut microbiome. Sci. Rep. 2017, 7, 15497. [CrossRef] [PubMed]

149. Fernandes, K.A.; Rogers, C.W.; Gee, E.K.; Kittelmann, S.; Bolwell, C.F.; Bermingham, E.N.; Biggs, P.J.; Thomas, D.G. Resilience of
Faecal Microbiota in Stabled Thoroughbred Horses Following Abrupt Dietary Transition between Freshly Cut Pasture and Three
Forage-Based Diets. Animals 2021, 11, 2611. [CrossRef] [PubMed]

150. Leng, J.; McNally, S.; Walton, G.; Swann, J.; Proudman, C.; Argo, C.; Emery, S.; La Ragione, R.; Eustace, R. Hay versus haylage:
Forage type influences the equine urinary metabonome and faecal microbiota. Equine Vet. J. 2022, 54, 614–625. [CrossRef]
[PubMed]

151. Kristoffersen, C.; Jensen, R.B.; Avershina, E.; Austbo, D.; Tauson, A.H.; Rudi, K. Diet-Dependent Modular Dynamic Interactions
of the Equine Cecal Microbiota. Microbes Environ. 2016, 31, 378–386. [CrossRef] [PubMed]

152. Glatter, M.; Borewicz, K.; van den Bogert, B.; Wensch-Dorendorf, M.; Bochnia, M.; Greef, J.M.; Bachmann, M.; Smidt, H.; Breves,
G.; Zeyner, A. Modification of the equine gastrointestinal microbiota by Jerusalem artichoke meal supplementation. PLoS ONE
2019, 14, e0220553. [CrossRef] [PubMed]

153. Franzan, B.C.; Coelho, I.; Torres de Souza, M.; Monteiro de Moraes Santos, M.; Queiroz de Almeida, F.; Silva, V.P. Fecal microbiome
responses to sudden diet change in Mangalarga Marchador horses. J. Equine Vet. Sci. 2022, 108, 103803. [CrossRef] [PubMed]

154. Fernandes, K.A.; Kittelmann, S.; Rogers, C.W.; Gee, E.K.; Bolwell, C.F.; Bermingham, E.N.; Thomas, D.G. Faecal microbiota of
forage-fed horses in New Zealand and the population dynamics of microbial communities following dietary change. PLoS ONE
2014, 9, e112846. [CrossRef] [PubMed]

155. Jing, H.; Liu, P.; Zheng, S.; Cao, K.; Li, X. Total mixed ration enhances nutrient digestibility, blood biochemical parameters and
faecal microbial diversity in horses. BMC Vet. Res. 2025, 21, 483. [CrossRef] [PubMed]

156. Xie, L.; Xing, J.; Qi, X.; Lu, T.; Jin, Y.; Akhtar, M.F.; Li, L.; Liu, G. Effects of Concentrate Feeding Sequence on Growth Performance,
Nutrient Digestibility, VFA Production, and Fecal Microbiota of Weaned Donkeys. Animals 2023, 13, 2893. [CrossRef] [PubMed]

157. Venable, E.B.; Fenton, K.A.; Braner, V.M.; Reddington, C.E.; Halpin, M.J.; Heitz, S.A.; Francis, J.M.; Gulson, N.A.; Goyer, C.L.;
Bland, S.D.; et al. Effects of feeding management on the equine ceal microbiota. J. Equine Vet. Sci. 2017, 49, 113–121. [CrossRef]

158. Leclere, M.; Costa, M.C. Fecal microbiota in horses with asthma. J. Vet. Intern. Med. 2020, 34, 996–1006. [CrossRef] [PubMed]
159. Salem, S.E.; Maddox, T.W.; Berg, A.; Antczak, P.; Ketley, J.M.; Williams, N.J.; Archer, D.C. Variation in faecal microbiota in a group

of horses managed at pasture over a 12-month period. Sci. Rep. 2018, 8, 8510. [CrossRef] [PubMed]
160. Sorensen, R.J.; Drouillard, J.S.; Douthit, T.L.; Ran, Q.; Marthaler, D.G.; Kang, Q.; Vahl, C.I.; Lattimer, J.M. Effect of hay type on

cecal and fecal microbiome and fermentation parameters in horses. J. Anim. Sci. 2021, 99, skaa407. [CrossRef] [PubMed]
161. Li, M.; Xu, Z.; Sun, L.; Cheng, Z.; Yu, Y.; Chen, Y.; Li, F.; Zang, C. Effects of Dietary Non-Fibrous Carbohydrate to Neutral

Detergent Fiber Ratio on Apparent Digestibility, Fecal Microbiota, and Plasma Metabolomics in Yili Horses. Animals 2026, 16, 844.
[CrossRef] [PubMed]

162. Morrison, P.K.; Newbold, C.J.; Jones, E.; Worgan, H.J.; Grove-White, D.H.; Dugdale, A.H.; Barfoot, C.; Harris, P.A.; Argo, C.M.
Effect of age and the individual on the gastrointestinal bacteriome of ponies fed a high-starch diet. PLoS ONE 2020, 15, e0232689.
[CrossRef] [PubMed]

163. Respondek, F.; Goachet, A.G.; Julliand, V. Effects of dietary short-chain fructooligosaccharides on the intestinal microflora of
horses subjected to a sudden change in diet. J. Anim. Sci. 2008, 86, 316–323. [CrossRef] [PubMed]

164. Brandi, L.A.; Nunes, A.T.; Faleiros, C.A.; Poleti, M.D.; Oliveira, E.C.M.; Schmidt, N.T.; Sousa, R.L.M.; Fukumasu, H.; Balieiro,
J.C.C.; Brandi, R.A. Dietary Energy Sources Affect Cecal and Fecal Microbiota of Healthy Horses. Animals 2024, 14, 3494.
[CrossRef] [PubMed]

165. Bustamante, C.C.; Pereira, P.A.M.; Fernandes, C.C.; Canola, P.A.; Doria, R.G.S.; Costa, M.C.; Valadao, C.A.A. Starch Overload and
Cecal Alkalinization: Impacts on the Intestinal Microbiota and Health of Horses. Vet. Anim. Sci. 2026, 32, 100619. [CrossRef]
[PubMed]

166. Garber, A.; Hastie, P.M.; Farci, V.; McGuinness, D.; Bulmer, L.; Alzahal, O.; Murray, J.M.D. The effect of supplementing pony diets
with yeast on 2. The faecal microbiome. Animal 2020, 14, 2493–2502. [CrossRef] [PubMed]

167. Warzecha, C.M.; Coverdale, J.A.; Janecka, J.E.; Leatherwood, J.L.; Pinchak, W.E.; Wickersham, T.A.; McCann, J.C. Influence of
short-term dietary starch inclusion on the equine cecal microbiome. J. Anim. Sci. 2017, 95, 5077–5090. [CrossRef] [PubMed]

168. Zhang, C.; Zhang, C.; Wang, Y.; Du, M.; Zhang, G.; Lee, Y. Dietary Energy Level Impacts the Performance of Donkeys by
Manipulating the Gut Microbiome and Metabolome. Front. Vet. Sci. 2021, 8, 694357. [CrossRef] [PubMed]

169. Laroche, N.; Grimm, P.; Julliand, S.; Sorci, G. Diet modulates strongyle infection and microbiota in the large intestine of horses.
PLoS ONE 2024, 19, e0301920. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.7717/peerj.9032
https://www.ncbi.nlm.nih.gov/pubmed/32547852
https://doi.org/10.1038/s41598-017-15375-9
https://www.ncbi.nlm.nih.gov/pubmed/29138485
https://doi.org/10.3390/ani11092611
https://www.ncbi.nlm.nih.gov/pubmed/34573577
https://doi.org/10.1111/evj.13456
https://www.ncbi.nlm.nih.gov/pubmed/33900659
https://doi.org/10.1264/jsme2.ME16061
https://www.ncbi.nlm.nih.gov/pubmed/27773914
https://doi.org/10.1371/journal.pone.0220553
https://www.ncbi.nlm.nih.gov/pubmed/31393892
https://doi.org/10.1016/j.jevs.2021.103803
https://www.ncbi.nlm.nih.gov/pubmed/34864510
https://doi.org/10.1371/journal.pone.0112846
https://www.ncbi.nlm.nih.gov/pubmed/25383707
https://doi.org/10.1186/s12917-025-04937-z
https://www.ncbi.nlm.nih.gov/pubmed/40696370
https://doi.org/10.3390/ani13182893
https://www.ncbi.nlm.nih.gov/pubmed/37760293
https://doi.org/10.1016/j.jevs.2016.09.010
https://doi.org/10.1111/jvim.15748
https://www.ncbi.nlm.nih.gov/pubmed/32128892
https://doi.org/10.1038/s41598-018-26930-3
https://www.ncbi.nlm.nih.gov/pubmed/29855517
https://doi.org/10.1093/jas/skaa407
https://www.ncbi.nlm.nih.gov/pubmed/33515482
https://doi.org/10.3390/ani16050844
https://www.ncbi.nlm.nih.gov/pubmed/41829052
https://doi.org/10.1371/journal.pone.0232689
https://www.ncbi.nlm.nih.gov/pubmed/32384105
https://doi.org/10.2527/jas.2006-782
https://www.ncbi.nlm.nih.gov/pubmed/17940163
https://doi.org/10.3390/ani14233494
https://www.ncbi.nlm.nih.gov/pubmed/39682460
https://doi.org/10.1016/j.vas.2026.100619
https://www.ncbi.nlm.nih.gov/pubmed/41868108
https://doi.org/10.1017/S1751731120001512
https://www.ncbi.nlm.nih.gov/pubmed/32580805
https://doi.org/10.2527/jas2017.1754
https://www.ncbi.nlm.nih.gov/pubmed/29293739
https://doi.org/10.3389/fvets.2021.694357
https://www.ncbi.nlm.nih.gov/pubmed/34692802
https://doi.org/10.1371/journal.pone.0301920
https://www.ncbi.nlm.nih.gov/pubmed/38593129
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 30 of 38

170. Collinet, A.; Grimm, P.; Julliand, S.; Julliand, V. Sequential Modulation of the Equine Fecal Microbiota and Fibrolytic Capacity
Following Two Consecutive Abrupt Dietary Changes and Bacterial Supplementation. Animals 2021, 11, 1278. [CrossRef] [PubMed]

171. Sha, Y.; Yu, J.; Xia, D.; Zhang, Y.; Liu, J.; Wang, H. Remodeling of intestinal bacterial community and metabolome of Dezhou
donkey induced by corn silage. Sci. Rep. 2024, 14, 17032. [CrossRef] [PubMed]

172. Hansen, N.C.; Avershina, E.; Mydland, L.T.; Naesset, J.A.; Austbo, D.; Moen, B.; Mage, I.; Rudi, K. High nutrient availability
reduces the diversity and stability of the equine caecal microbiota. Microb. Ecol. Health Dis. 2015, 26, 27216. [CrossRef] [PubMed]

173. Harlow, B.E.; Lawrence, L.M.; Hayes, S.H.; Crum, A.; Flythe, M.D. Effect of Dietary Starch Source and Concentration on Equine
Fecal Microbiota. PLoS ONE 2016, 11, e0154037. [CrossRef] [PubMed]

174. Liu, Y.; Wang, X.; He, Q.; Wang, G.; Wu, Z.; Liu, Q.; Du, M.; Zhao, Y.; Bou, G.; Zhang, X. Effects of dietary protein on weight gain,
biochemical parameters, and gut microbiota in late-gestation grazing Mongolian mares. Agriculture 2026, 16, 936. [CrossRef]

175. Wang, Y.; Diao, K.; Li, H.; Zhang, C.; Zhang, G.; Guo, C. Effects of Dietary Protein Levels on Production Performance, Meat
Quality Traits, and Gut Microbiome of Fatting Dezhou Donkeys. Microorganisms 2025, 13, 1388. [CrossRef] [PubMed]

176. Zhu, Y.; Wang, X.; Deng, L.; Chen, S.; Zhu, C.; Li, J. Effects of Pasture Grass, Silage, and Hay Diet on Equine Fecal Microbiota.
Animals 2021, 11, 1330. [CrossRef] [PubMed]

177. Zhu, Y.; Wang, X.; Liu, B.; Yi, Z.; Zhao, Y.; Deng, L.; Holyoak, R.; Li, J. The Effect of Ryegrass Silage Feeding on Equine Fecal
Microbiota and Blood Metabolite Profile. Front. Microbiol. 2021, 12, 715709. [CrossRef] [PubMed]

178. Wang, W.; Gibson, J.; Horsman, S.; Mikkelsen, D.; Bertin, F.R. Characterization and comparison of fecal microbiota in horses with
pituitary pars intermedia dysfunction and age-matched controls. J. Vet. Intern. Med. 2025, 39, e17288. [CrossRef] [PubMed]

179. Fernandes, K.A.; Gee, E.K.; Rogers, C.W.; Kittelmann, S.; Biggs, P.J.; Bermingham, E.N.; Bolwell, C.F.; Thomas, D.G. Seasonal
Variation in the Faecal Microbiota of Mature Adult Horses Maintained on Pasture in New Zealand. Animals 2021, 11, 2300.
[CrossRef] [PubMed]

180. McKinney, C.A.; Bedenice, D.; Pacheco, A.P.; Oliveira, B.C.M.; Paradis, M.R.; Mazan, M.; Widmer, G. Assessment of clinical and
microbiota responses to fecal microbial transplantation in adult horses with diarrhea. PLoS ONE 2021, 16, e0244381. [CrossRef]
[PubMed]

181. Guo, R.; Zhang, W.; Shen, W.; Zhang, G.; Xie, T.; Li, L.; Jinmei, J.; Liu, Y.; Kong, F.; Guo, B.; et al. Analysis of gut microbiota in
chinese donkey in different regions using metagenomic sequencing. BMC Genom. 2023, 24, 524. [CrossRef] [PubMed]

182. Kaiser-Thom, S.; Hilty, M.; Gerber, V. Effects of hypersensitivity disorders and environmental factors on the equine intestinal
microbiota. Vet. Q. 2020, 40, 97–107. [CrossRef] [PubMed]

183. Zaitseva, S.; Dagurova, O.; Radnagurueva, A.; Kozlova, A.; Izotova, A.; Krylova, A.; Noskov, S.; Begmatov, S.; Patutina, E.;
Barkhutova, D.D. Fecal Microbiota and Diet Composition of Buryatian Horses Grazing Warm- and Cold-Season Grass Pastures.
Microorganisms 2023, 11, 1947. [CrossRef] [PubMed]

184. Weinert-Nelson, J.R.; Biddle, A.S.; Williams, C.A. Fecal microbiome of horses transitioning between warm-season and cool-season
grass pasture within integrated rotational grazing systems. Anim. Microbiome 2022, 4, 41. [CrossRef] [PubMed]

185. Gomez, A.; Sharma, A.K.; Grev, A.; Sheaffer, C.; Martinson, K. The Horse Gut Microbiome Responds in a Highly Individualized
Manner to Forage Lignification. J. Equine Vet. Sci. 2021, 96, 103306. [CrossRef] [PubMed]

186. Swirsley, N.; Spooner, H.S.; Hoffman, R.M. Supplement Use and Perceptions: A Study of US Horse Owners. J. Equine Vet. Sci.
2017, 59, 34–39. [CrossRef]

187. intelmarketresearch. Equine Supplement Products Market Growth Analysis, Dynamics, Key Players and Innovations, Outlook
and Forecast 2026–2034. Available online: https://www.intelmarketresearch.com/equine-supplement-s-market-31077 (accessed
on 24 April 2026).

188. Vervuert, I.; Stratton-Phelps, M. The Safety and Efficacy in Horses of Certain Nutraceuticals that Claim to Have Health Benefits.
Vet. Clin. N. Am. Equine Pract. 2021, 37, 207–222. [CrossRef] [PubMed]

189. Burron, S.; Richards, T.; Krebs, G.; Trevizan, L.; Rankovic, A.; Hartwig, S.; Pearson, W.; Ma, D.W.L.; Shoveller, A.K. The balance of
n-6 and n-3 fatty acids in canine, feline, and equine nutrition: Exploring sources and the significance of alpha-linolenic acid. J.
Anim. Sci. 2024, 102, skae143. [CrossRef] [PubMed]

190. Cao, B.; Sun, Y.; Lam, C.; Chen, Y.; Dri, C.E.; McIntyre, R.S. Interaction between dietary omega-3 polyunsaturated fatty acids,
obesity and gut microbiota in preclinical models: A systematic review of randomized controlled trials. Diabetes Obes. Metab. 2025,
27, 4643–4661. [CrossRef] [PubMed]

191. Hull, M.A.; Sun, H. Omega-3 polyunsaturated fatty acids and gut microbiota. Curr. Opin. Clin. Nutr. Metab. Care 2026, 29,
123–130. [CrossRef] [PubMed]

192. Zou, B.; Zhao, D.; Zhou, S.; Kang, J.X.; Wang, B. Insight into the effects of Omega-3 fatty acids on gut microbiota: Impact of a
balanced tissue Omega-6/Omega-3 ratio. Front. Nutr. 2025, 12, 1575323. [CrossRef] [PubMed]

193. Huang, F.; Ma, Z.; Du, X.; Wang, C.; Liu, G.; Zhou, M. Methionine Alters the Fecal Microbiota and Enhances the Antioxidant
Capacity of Lactating Donkeys. Animals 2025, 15, 648. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.3390/ani11051278
https://www.ncbi.nlm.nih.gov/pubmed/33946811
https://doi.org/10.1038/s41598-024-67869-y
https://www.ncbi.nlm.nih.gov/pubmed/39043883
https://doi.org/10.3402/mehd.v26.27216
https://www.ncbi.nlm.nih.gov/pubmed/26246403
https://doi.org/10.1371/journal.pone.0154037
https://www.ncbi.nlm.nih.gov/pubmed/27128793
https://doi.org/10.3390/agriculture16090936
https://doi.org/10.3390/microorganisms13061388
https://www.ncbi.nlm.nih.gov/pubmed/40572280
https://doi.org/10.3390/ani11051330
https://www.ncbi.nlm.nih.gov/pubmed/34066969
https://doi.org/10.3389/fmicb.2021.715709
https://www.ncbi.nlm.nih.gov/pubmed/34497595
https://doi.org/10.1111/jvim.17288
https://www.ncbi.nlm.nih.gov/pubmed/39853825
https://doi.org/10.3390/ani11082300
https://www.ncbi.nlm.nih.gov/pubmed/34438757
https://doi.org/10.1371/journal.pone.0244381
https://www.ncbi.nlm.nih.gov/pubmed/33444319
https://doi.org/10.1186/s12864-023-09575-z
https://www.ncbi.nlm.nih.gov/pubmed/37670231
https://doi.org/10.1080/01652176.2020.1745317
https://www.ncbi.nlm.nih.gov/pubmed/32189583
https://doi.org/10.3390/microorganisms11081947
https://www.ncbi.nlm.nih.gov/pubmed/37630507
https://doi.org/10.1186/s42523-022-00192-x
https://www.ncbi.nlm.nih.gov/pubmed/35729677
https://doi.org/10.1016/j.jevs.2020.103306
https://www.ncbi.nlm.nih.gov/pubmed/33349409
https://doi.org/10.1016/j.jevs.2017.08.021
https://www.intelmarketresearch.com/equine-supplement-s-market-31077
https://doi.org/10.1016/j.cveq.2020.11.002
https://www.ncbi.nlm.nih.gov/pubmed/33618951
https://doi.org/10.1093/jas/skae143
https://www.ncbi.nlm.nih.gov/pubmed/38776363
https://doi.org/10.1111/dom.16535
https://www.ncbi.nlm.nih.gov/pubmed/40536121
https://doi.org/10.1097/MCO.0000000000001176
https://www.ncbi.nlm.nih.gov/pubmed/41076730
https://doi.org/10.3389/fnut.2025.1575323
https://www.ncbi.nlm.nih.gov/pubmed/40453723
https://doi.org/10.3390/ani15050648
https://www.ncbi.nlm.nih.gov/pubmed/40075931
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 31 of 38

194. Lin, J.; Jing, H.; Wang, J.; Lucien-Cabaraux, J.F.; Yang, K.; Liu, W.; Li, X. Effects of lysine and threonine on milk yield, amino acid
metabolism, and fecal microbiota of Yili lactating mares. Front. Vet. Sci. 2024, 11, 1396053. [CrossRef] [PubMed]

195. Meng, C.; Zeng, Y.; Wang, J.; Yao, X.; Meng, J. BCAA supplementation enhances milk fat synthesis in Yili mares and promotes foal
growth through remodeling of intestinal amino acid metabolism. Front. Microbiol. 2025, 16, 1699614. [CrossRef] [PubMed]

196. Li, J.; Huang, X.; He, L.; Li, C.; Jing, H.; Lin, J.; Ma, C.; Li, X. Effect of ellagic acid on body weight, nutrient digestibility, fecal
microbiota, and urolithin A metabolism in Thoroughbred horses. J. Anim. Sci. 2023, 101, skad232. [CrossRef] [PubMed]

197. Li, M.; Lin, J.; Ma, C.; Wei, G.; Hu, Q.; Li, X. Effects of L-selenomethionine supplementation on nutrient digestibility and
metabolism, antioxidant capacity, hormone levels, and fecal microbiota diversity in pregnant Yili mares during mid- to late
gestation. BMC Vet. Res. 2026, 22, 181. [CrossRef] [PubMed]

198. Passlack, N.; van Bommel-Wegmann, S.; Vahjen, W.; Zentek, J. Impact of Dietary Zinc Chloride Hydroxide and Zinc Methionine
on the Faecal Microbiota of Healthy Adult Horses and Ponies. J. Equine Vet. Sci. 2022, 110, 103804. [CrossRef] [PubMed]

199. Arantes, J.A.; Borges, A.S.; Zakia, L.S.; Surette, M.G.; Weese, J.S.; Costa, M.C.; Arroyo, L.G. Effect of dietary iron supplementation
on the equine fecal microbiome. Can. J. Vet. Res. 2023, 87, 97–104. [PubMed]

200. Ticha, D.; Vadronova, M.; Vyborna, A.; Kudrna, V.; Joch, M. Effects of feeding biochar on the faecal bacterial community in horses.
Ital. J. Anim. Sci. 2026, 25, 287–295. [CrossRef]

201. Shmagel, A.; Demmer, R.; Knights, D.; Butler, M.; Langsetmo, L.; Lane, N.E.; Ensrud, K. The Effects of Glucosamine and
Chondroitin Sulfate on Gut Microbial Composition: A Systematic Review of Evidence from Animal and Human Studies.
Nutrients 2019, 11, 294. [CrossRef] [PubMed]

202. Fox, M.W. Domestogenic diseases. Int. J. Stud. Anim. Prob 1980, 1, 146–147.
203. Kinoshita, Y.; Niwa, H.; Ueno, T. Minimal disruption of equine gut microbiota by intravenous cephalothin treatment. J. Vet. Med.

Sci. 2025, 87, 690–696. [CrossRef] [PubMed]
204. Stewart, H.L.; Pitta, D.; Indugu, N.; Vecchiarelli, B.; Hennessy, M.L.; Engiles, J.B.; Southwood, L.L. Changes in the faecal bacterial

microbiota during hospitalisation of horses with colic and the effect of different causes of colic. Equine Vet. J. 2021, 53, 1119–1131.
[CrossRef] [PubMed]

205. Park, T.; Cheong, H.; Yoon, J.; Kim, A.; Yun, Y.; Unno, T. Comparison of the Fecal Microbiota of Horses with Intestinal Disease
and Their Healthy Counterparts. Vet. Sci. 2021, 8, 113. [CrossRef] [PubMed]

206. Loublier, C.; Costa, M.; Taminiau, B.; Lecoq, L.; Daube, G.; Amory, H.; Cesarini, C. Longitudinal Changes in Fecal Microbiota
During Hospitalization in Horses With Different Types of Colic. J. Vet. Intern. Med. 2025, 39, e70039. [CrossRef] [PubMed]

207. Weese, J.S.; Holcombe, S.J.; Embertson, R.M.; Kurtz, K.A.; Roessner, H.A.; Jalali, M.; Wismer, S.E. Changes in the faecal microbiota
of mares precede the development of post partum colic. Equine Vet. J. 2015, 47, 641–649. [CrossRef] [PubMed]

208. Costa, M.C.; Arroyo, L.G.; Allen-Vercoe, E.; Stampfli, H.R.; Kim, P.T.; Sturgeon, A.; Weese, J.S. Comparison of the fecal microbiota
of healthy horses and horses with colitis by high throughput sequencing of the V3-V5 region of the 16S rRNA gene. PLoS ONE
2012, 7, e41484. [CrossRef] [PubMed]

209. Stewart, H.L.; Southwood, L.L.; Indugu, N.; Vecchiarelli, B.; Engiles, J.B.; Pitta, D. Differences in the equine faecal microbiota
between horses presenting to a tertiary referral hospital for colic compared with an elective surgical procedure. Equine Vet. J. 2019,
51, 336–342. [CrossRef] [PubMed]

210. Yano, R.; Moriyama, T.; Arai, H.; Scheftgen, A.J.; Suen, G.; Nishida, T.; Handa, M.; Fukuma, N. Correlation of hindgut microbiome
and fermentation properties with a history of gas and/or impaction colic in Japanese draft horses. J. Equine Sci. 2025, 36, 93–102.
[CrossRef] [PubMed]

211. Thomson, P.; Garrido, D.; Santibanez, R.; Lara, F. Preliminary Functional Analysis of the Gut Microbiome in Colic Horses. Animals
2024, 14, 3222. [CrossRef] [PubMed]

212. Arroyo, L.G.; Rossi, L.; Santos, B.P.; Gomez, D.E.; Surette, M.G.; Costa, M.C. Luminal and Mucosal Microbiota of the Cecum and
Large Colon of Healthy and Diarrheic Horses. Animals 2020, 10, 1403. [CrossRef] [PubMed]

213. Salem, S.E.; Maddox, T.W.; Antczak, P.; Ketley, J.M.; Williams, N.J.; Archer, D.C. Acute changes in the colonic microbiota are
associated with large intestinal forms of surgical colic. BMC Vet. Res. 2019, 15, 468. [CrossRef] [PubMed]

214. Schoster, A.; Staempfli, H.R.; Guardabassi, L.G.; Jalali, M.; Weese, J.S. Comparison of the fecal bacterial microbiota of healthy and
diarrheic foals at two and four weeks of life. BMC Vet. Res. 2017, 13, 144. [CrossRef] [PubMed]

215. Rodriguez, C.; Taminiau, B.; Brevers, B.; Avesani, V.; Van Broeck, J.; Leroux, A.; Gallot, M.; Bruwier, A.; Amory, H.; Delmee,
M.; et al. Faecal microbiota characterisation of horses using 16 rdna barcoded pyrosequencing, and carriage rate of clostridium
difficile at hospital admission. BMC Microbiol. 2015, 15, 181. [CrossRef] [PubMed]

216. Li, Y.; Lan, Y.; Zhang, S.; Wang, X. Comparative Analysis of Gut Microbiota Between Healthy and Diarrheic Horses. Front. Vet.
Sci. 2022, 9, 882423. [CrossRef] [PubMed]

217. Rivera-Chavez, F.; Zhang, L.F.; Faber, F.; Lopez, C.A.; Byndloss, M.X.; Olsan, E.E.; Xu, G.; Velazquez, E.M.; Lebrilla, C.B.;
Winter, S.E.; et al. Depletion of Butyrate-Producing Clostridia from the Gut Microbiota Drives an Aerobic Luminal Expansion of
Salmonella. Cell Host Microbe 2016, 19, 443–454. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.3389/fvets.2024.1396053
https://www.ncbi.nlm.nih.gov/pubmed/39021407
https://doi.org/10.3389/fmicb.2025.1699614
https://www.ncbi.nlm.nih.gov/pubmed/41277961
https://doi.org/10.1093/jas/skad232
https://www.ncbi.nlm.nih.gov/pubmed/37422771
https://doi.org/10.1186/s12917-026-05366-2
https://www.ncbi.nlm.nih.gov/pubmed/41689060
https://doi.org/10.1016/j.jevs.2021.103804
https://www.ncbi.nlm.nih.gov/pubmed/34999337
https://www.ncbi.nlm.nih.gov/pubmed/37020575
https://doi.org/10.1080/1828051X.2026.2635203
https://doi.org/10.3390/nu11020294
https://www.ncbi.nlm.nih.gov/pubmed/30704054
https://doi.org/10.1292/jvms.25-0105
https://www.ncbi.nlm.nih.gov/pubmed/40254462
https://doi.org/10.1111/evj.13389
https://www.ncbi.nlm.nih.gov/pubmed/33222287
https://doi.org/10.3390/vetsci8060113
https://www.ncbi.nlm.nih.gov/pubmed/34204317
https://doi.org/10.1111/jvim.70039
https://www.ncbi.nlm.nih.gov/pubmed/40048584
https://doi.org/10.1111/evj.12361
https://www.ncbi.nlm.nih.gov/pubmed/25257320
https://doi.org/10.1371/journal.pone.0041484
https://www.ncbi.nlm.nih.gov/pubmed/22859989
https://doi.org/10.1111/evj.13010
https://www.ncbi.nlm.nih.gov/pubmed/30153353
https://doi.org/10.1294/jes.36.93
https://www.ncbi.nlm.nih.gov/pubmed/40980339
https://doi.org/10.3390/ani14223222
https://www.ncbi.nlm.nih.gov/pubmed/39595275
https://doi.org/10.3390/ani10081403
https://www.ncbi.nlm.nih.gov/pubmed/32806591
https://doi.org/10.1186/s12917-019-2205-1
https://www.ncbi.nlm.nih.gov/pubmed/31864369
https://doi.org/10.1186/s12917-017-1064-x
https://www.ncbi.nlm.nih.gov/pubmed/28558788
https://doi.org/10.1186/s12866-015-0514-5
https://www.ncbi.nlm.nih.gov/pubmed/26377067
https://doi.org/10.3389/fvets.2022.882423
https://www.ncbi.nlm.nih.gov/pubmed/35585860
https://doi.org/10.1016/j.chom.2016.03.004
https://www.ncbi.nlm.nih.gov/pubmed/27078066
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 32 of 38

218. Walshe, N.; Mulcahy, G.; Crispie, F.; Cabrera-Rubio, R.; Cotter, P.; Jahns, H.; Duggan, V. Outbreak of acute larval cyathostominosis—
A “perfect storm” of inflammation and dysbiosis. Equine Vet. J. 2021, 53, 727–739. [CrossRef] [PubMed]

219. Zak-Bochenek, A.; Bajzert, J.; Sambor, D.; Siwinska, N.; Szponar, B.; Laczmanski, L.; Zebrowska, P.; Czajkowska, A.; Karczewski,
M.; Chelmonska-Soyta, A. Homeostasis of the Intestinal Mucosa in Healthy Horses-Correlation between the Fecal Microbiome,
Secretory Immunoglobulin A and Fecal Egg Count. Animals 2022, 12, 3094. [CrossRef] [PubMed]

220. Boisseau, M.; Dhorne-Pollet, S.; Bars-Cortina, D.; Courtot, E.; Serreau, D.; Annonay, G.; Lluch, J.; Gesbert, A.; Reigner, F.; Salle, G.;
et al. Species interactions, stability, and resilience of the gut microbiota—Helminth assemblage in horses. iScience 2023, 26, 106044.
[CrossRef] [PubMed]

221. Peachey, L.E.; Molena, R.A.; Jenkins, T.P.; Di Cesare, A.; Traversa, D.; Hodgkinson, J.E.; Cantacessi, C. The relationships between
faecal egg counts and gut microbial composition in UK Thoroughbreds infected by cyathostomins. Int. J. Parasitol. 2018, 48,
403–412. [CrossRef] [PubMed]

222. Peachey, L.E.; Castro, C.; Molena, R.A.; Jenkins, T.P.; Griffin, J.L.; Cantacessi, C. Dysbiosis associated with acute helminth
infections in herbivorous youngstock—Observations and implications. Sci. Rep. 2019, 9, 11121. [CrossRef] [PubMed]

223. Clark, A.; Salle, G.; Ballan, V.; Reigner, F.; Meynadier, A.; Cortet, J.; Koch, C.; Riou, M.; Blanchard, A.; Mach, N. Strongyle Infection
and Gut Microbiota: Profiling of Resistant and Susceptible Horses Over a Grazing Season. Front. Physiol. 2018, 9, 272. [CrossRef]
[PubMed]

224. Al Jassim, R.A.; Scott, P.T.; Trebbin, A.L.; Trott, D.; Pollitt, C.C. The genetic diversity of lactic acid producing bacteria in the equine
gastrointestinal tract. FEMS Microbiol. Lett. 2005, 248, 75–81. [CrossRef] [PubMed]

225. Tuniyazi, M.; He, J.; Guo, J.; Li, S.; Zhang, N.; Hu, X.; Fu, Y. Changes of microbial and metabolome of the equine hindgut during
oligofructose-induced laminitis. BMC Vet. Res. 2021, 17, 11. [CrossRef] [PubMed]

226. Tuniyazi, M.; Tang, R.; Hu, X.; Fu, Y.; Zhang, N. Carbonate buffer mixture and fecal microbiota transplantation hold promising
therapeutic effects on oligofructose-induced diarrhea in horses. Front. Vet. Sci. 2024, 11, 1388227. [CrossRef] [PubMed]

227. Arnold, C.; Pilla, R.; Chaffin, K.; Lidbury, J.; Steiner, J.; Suchodolski, J. Alterations in the Fecal Microbiome and Metabolome
of Horses with Antimicrobial-Associated Diarrhea Compared to Antibiotic-Treated and Non-Treated Healthy Case Controls.
Animals 2021, 11, 1807. [CrossRef] [PubMed]

228. Bustamante, C.C.; de Paula, V.B.; Rabelo, I.P.; Fernandes, C.C.; Kishi, L.T.; Canola, P.A.; Lemos, E.G.M.; Valadao, C.A.A. Effects of
Starch Overload and Cecal Buffering on Fecal Microbiota of Horses. Animals 2022, 12, 3435. [CrossRef] [PubMed]

229. Savilammi, T.; Alakangas, R.R.; Hayrynen, T.; Uusi-Heikkila, S. Gut Microbiota Profiling as a Promising Tool to Detect Equine
Inflammatory Bowel Disease (IBD). Animals 2024, 14, 2396. [CrossRef] [PubMed]

230. Lindroth, K.M.; Johansen, A.; Baverud, V.; Dicksved, J.; Lindberg, J.E.; Muller, C.E. Differential Defecation of Solid and Liquid
Phases in Horses-A Descriptive Survey. Animals 2020, 10, 76. [CrossRef] [PubMed]

231. Lindroth, K.M.; Lindberg, J.E.; Johansen, A.; Muller, C.E. Feeding and Management of Horses with and without Free Faecal
Liquid: A Case-Control Study. Animals 2021, 11, 2552. [CrossRef] [PubMed]

232. Kienzle, E.; Zehnder, C.; Pfister, K.; Gerhards, H.; Sauter-Louis, C.; Harris, P. Field study on risk factors for free fecal water in
pleasure horses. J. Equine Vet. Sci. 2016, 44, 32–36. [CrossRef]

233. Schoster, A.; Weese, J.S.; Gerber, V.; Nicole Graubner, C. Dysbiosis is not present in horses with fecal water syndrome when
compared to controls in spring and autumn. J. Vet. Intern. Med. 2020, 34, 1614–1621. [CrossRef] [PubMed]

234. Wester, R.J.; Baillie, L.L.; McCarthy, G.C.; Keever, C.C.; Jeffery, L.E.; Adams, P.J. Dysbiosis not observed in Canadian horse with
free fecal liquid (FFL) using 16S rRNA sequencing. Sci. Rep. 2024, 14, 12903. [CrossRef] [PubMed]

235. Laustsen, L.; Edwards, J.E.; Hermes, G.D.A.; Luthersson, N.; van Doorn, D.A.; Okrathok, S.; Kujawa, T.J.; Smidt, H. Free Faecal
Water: Analysis of Horse Faecal Microbiota and the Impact of Faecal Microbial Transplantation on Symptom Severity. Animals
2021, 11, 2776. [CrossRef] [PubMed]

236. Lindroth, K.M.; Dicksved, J.; Pelve, E.; Baverud, V.; Muller, C.E. Faecal bacterial composition in horses with and without free
faecal liquid: A case control study. Sci. Rep. 2021, 11, 4745. [CrossRef] [PubMed]

237. Porter, M.M.; Davis, D.J.; McAdams, Z.L.; Townsend, K.S.; Martin, L.M.; Wilhite, C.; Johnson, P.J.; Ericsson, A.C. Alterations in
the Microbiome of Horses Affected with Fecal Water Syndrome. Vet. Sci. 2025, 12, 724. [CrossRef] [PubMed]

238. St-Pierre, B.; de la Fuente, G.; O’Neill, S.; Wright, A.D.; Al Jassim, R. Analysis of stomach bacterial communities in Australian
feral horses. Mol. Biol. Rep. 2013, 40, 369–376. [CrossRef] [PubMed]

239. Dong, H.J.; Ho, H.; Hwang, H.; Kim, Y.; Han, J.; Lee, I.; Cho, S. Diversity of the Gastric Microbiota in Thoroughbred Racehorses
Having Gastric Ulcer. J. Microbiol. Biotechnol. 2016, 26, 763–774. [CrossRef] [PubMed]

240. Paul, L.J.; Ericsson, A.C.; Andrews, F.M.; McAdams, Z.; Keowen, M.L.; St Blanc, M.P.; Banse, H.E. Field study examining the
mucosal microbiome in equine glandular gastric disease. PLoS ONE 2023, 18, e0295697. [CrossRef] [PubMed]

241. Voss, S.J.; McGuinness, D.H.; Weir, W.; Sutton, D.G.M. A study comparing the healthy and diseased equine glandular gastric
microbiota sampled with sheathed transendoscopic cytology brushes. J. Equine Vet. Sci. 2022, 116, 104002. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.1111/evj.13350
https://www.ncbi.nlm.nih.gov/pubmed/32920897
https://doi.org/10.3390/ani12223094
https://www.ncbi.nlm.nih.gov/pubmed/36428322
https://doi.org/10.1016/j.isci.2023.106044
https://www.ncbi.nlm.nih.gov/pubmed/36818309
https://doi.org/10.1016/j.ijpara.2017.11.003
https://www.ncbi.nlm.nih.gov/pubmed/29432771
https://doi.org/10.1038/s41598-019-47204-6
https://www.ncbi.nlm.nih.gov/pubmed/31366962
https://doi.org/10.3389/fphys.2018.00272
https://www.ncbi.nlm.nih.gov/pubmed/29618989
https://doi.org/10.1016/j.femsle.2005.05.023
https://www.ncbi.nlm.nih.gov/pubmed/15953698
https://doi.org/10.1186/s12917-020-02686-9
https://www.ncbi.nlm.nih.gov/pubmed/33407409
https://doi.org/10.3389/fvets.2024.1388227
https://www.ncbi.nlm.nih.gov/pubmed/38711536
https://doi.org/10.3390/ani11061807
https://www.ncbi.nlm.nih.gov/pubmed/34204371
https://doi.org/10.3390/ani12233435
https://www.ncbi.nlm.nih.gov/pubmed/36496956
https://doi.org/10.3390/ani14162396
https://www.ncbi.nlm.nih.gov/pubmed/39199930
https://doi.org/10.3390/ani10010076
https://www.ncbi.nlm.nih.gov/pubmed/31906279
https://doi.org/10.3390/ani11092552
https://www.ncbi.nlm.nih.gov/pubmed/34573518
https://doi.org/10.1016/j.jevs.2016.04.098
https://doi.org/10.1111/jvim.15778
https://www.ncbi.nlm.nih.gov/pubmed/32588473
https://doi.org/10.1038/s41598-024-63868-1
https://www.ncbi.nlm.nih.gov/pubmed/38839848
https://doi.org/10.3390/ani11102776
https://www.ncbi.nlm.nih.gov/pubmed/34679798
https://doi.org/10.1038/s41598-021-83897-4
https://www.ncbi.nlm.nih.gov/pubmed/33637818
https://doi.org/10.3390/vetsci12080724
https://www.ncbi.nlm.nih.gov/pubmed/40872676
https://doi.org/10.1007/s11033-012-2070-5
https://www.ncbi.nlm.nih.gov/pubmed/23065252
https://doi.org/10.4014/jmb.1507.07054
https://www.ncbi.nlm.nih.gov/pubmed/26809803
https://doi.org/10.1371/journal.pone.0295697
https://www.ncbi.nlm.nih.gov/pubmed/38060520
https://doi.org/10.1016/j.jevs.2022.104002
https://www.ncbi.nlm.nih.gov/pubmed/35490972
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 33 of 38

242. Paul, L.J.; Ericsson, A.C.; Andrews, F.M.; McAdams, Z.; Keowen, M.L.; St Blanc, M.P.; Banse, H.E. Dietary and management
factors influence the equine gastric microbiome. J. Am. Vet. Med. Assoc. 2022, 260, S111–S120. [CrossRef] [PubMed]

243. Irving, J.; Pineau, V.; Shultz, S.; Ter Woort, F.; Julien, F.; Lambey, S.; van Erck-Westergren, E. Impact of Low-Starch Dietary
Modifications on Faecal Microbiota Composition and Gastric Disease Scores in Performance Horses. Animals 2025, 15, 1908.
[CrossRef] [PubMed]

244. Moyaert, H.; Decostere, A.; Vandamme, P.; Debruyne, L.; Mast, J.; Baele, M.; Ceelen, L.; Ducatelle, R.; Haesebrouck, F. Helicobacter
equorum sp. nov., a urease-negative Helicobacter species isolated from horse faeces. Int. J. Syst. Evol. Microbiol. 2007, 57, 213–218.
[CrossRef] [PubMed]

245. Biddle, A.S.; Tomb, J.F.; Fan, Z. Microbiome and Blood Analyte Differences Point to Community and Metabolic Signatures in
Lean and Obese Horses. Front. Vet. Sci. 2018, 5, 225. [CrossRef] [PubMed]

246. Coleman, M.C.; Whitfield-Cargile, C.M.; Madrigal, R.G.; Cohen, N.D. Comparison of the microbiome, metabolome, and lipidome
of obese and non-obese horses. PLoS ONE 2019, 14, e0215918. [CrossRef] [PubMed]

247. Al-Ansari, A.S.; Duggan, V.; Mulcahy, G.; Yin, X.; Brennan, L.; Cotter, P.D.; Patel, S.H.; O’Donovan, C.M.; Crispie, F.; Walshe, N.
Faecal microbiota and serum metabolome association with equine metabolic syndrome in connemara ponies. BMC Vet. Res. 2025,
21, 411. [CrossRef] [PubMed]

248. Elzinga, S.E.; Weese, J.S.; Adams, A.A. Comparison of the fecal microbiota in horses with equine metabolic syndrome and
metabolically normal controls fed a similar all-forage diet. J. Equine Vet. Sci. 2016, 44, 9–16. [CrossRef]

249. Johnson, A.C.B.; Biddle, A.S. A standard scale to measure equine keeper status and the effect of metabolic tendency on gut
microbiome structure. Animals 2021, 11, 1975. [CrossRef] [PubMed]

250. Fitzgerald, D.M.; Spence, R.J.; Stewart, Z.K.; Prentis, P.J.; Sillence, M.N.; de Laat, M.A. The effect of diet change and insulin
dysregulation on the faecal microbiome of ponies. J. Exp. Biol. 2020, 223, 219154. [CrossRef] [PubMed]

251. Bamford, N.J.; Baskerville, C.L.; Harris, P.A.; Bailey, S.R. Postprandial glucose, insulin, and glucagon-like peptide-1 responses of
different equine breeds adapted to meals containing micronized maize. J. Anim. Sci. 2015, 93, 3377–3383. [CrossRef] [PubMed]

252. Milinovich, G.J.; Burrell, P.C.; Pollitt, C.C.; Klieve, A.V.; Blackall, L.L.; Ouwerkerk, D.; Woodland, E.; Trott, D.J. Microbial ecology
of the equine hindgut during oligofructose-induced laminitis. ISME J. 2008, 2, 1089–1100. [CrossRef] [PubMed]

253. Milinovich, G.J.; Trott, D.J.; Burrell, P.C.; Croser, E.L.; Al Jassim, R.A.; Morton, J.M.; van Eps, A.W.; Pollitt, C.C. Fluorescence in
situ hybridization analysis of hindgut bacteria associated with the development of equine laminitis. Environ. Microbiol. 2007, 9,
2090–2100. [CrossRef] [PubMed]

254. Moreau, M.M.; Eades, S.C.; Reinemeyer, C.R.; Fugaro, M.N.; Onishi, J.C. Illumina sequencing of the V4 hypervariable region
16S rRNA gene reveals extensive changes in bacterial communities in the cecum following carbohydrate oral infusion and
development of early-stage acute laminitis in the horse. Vet. Microbiol. 2014, 168, 436–441. [CrossRef] [PubMed]

255. Crawford, C.; Sepulveda, M.F.; Elliott, J.; Harris, P.A.; Bailey, S.R. Dietary fructan carbohydrate increases amine production in the
equine large intestine: Implications for pasture-associated laminitis. J. Anim. Sci. 2007, 85, 2949–2958. [CrossRef] [PubMed]

256. Garner, M.R.; Flint, J.F.; Russell, J.B. Allisonella histaminiformans gen. nov., sp. nov. A novel bacterium that produces histamine,
utilizes histidine as its sole energy source, and could play a role in bovine and equine laminitis. Syst. Appl. Microbiol. 2002, 25,
498–506. [CrossRef] [PubMed]

257. Steelman, S.M.; Chowdhary, B.P.; Dowd, S.; Suchodolski, J.; Janecka, J.E. Pyrosequencing of 16S rRNA genes in fecal samples
reveals high diversity of hindgut microflora in horses and potential links to chronic laminitis. BMC Vet. Res. 2012, 8, 231.
[CrossRef] [PubMed]

258. Menzies-Gow, N.J.; Harris, P.A.; Elliott, J. Prospective cohort study evaluating risk factors for the development of pasture-
associated laminitis in the United Kingdom. Equine Vet. J. 2017, 49, 300–306. [CrossRef] [PubMed]

259. Coleman, M.C.; Belknap, J.K.; Eades, S.C.; Galantino-Homer, H.L.; Hunt, R.J.; Geor, R.J.; McCue, M.E.; McIlwraith, C.W.; Moore,
R.M.; Peroni, J.F.; et al. Case-control study of risk factors for pasture-and endocrinopathy-associated laminitis in North American
horses. J. Am. Vet. Med. Assoc. 2018, 253, 470–478. [CrossRef] [PubMed]

260. Chow, L.; Kawahisa-Piquini, G.; Bass, L.; Hendrickson, D.; Patel, A.; Rockow, M.; Dow, S.; Pezzanite, L.M. Correlation of fecal
microbiome dysregulation to synovial transcriptome in an equine model of obesity associated osteoarthritis. Ann. Transl. Med.
2024, 12, 112. [CrossRef] [PubMed]

261. Martin de Bustamante, M.; Gomez, D.; MacNicol, J.; Hamor, R.; Plummer, C. The Fecal Bacterial Microbiota in Horses with
Equine Recurrent Uveitis. Animals 2021, 11, 745. [CrossRef] [PubMed]

262. Leng, J.; Proudman, C.; Darby, A.; Blow, F.; Townsend, N.; Miller, A.; Swann, J. Exploration of the Fecal Microbiota and Biomarker
Discovery in Equine Grass Sickness. J. Proteome Res. 2018, 17, 1120–1128. [CrossRef] [PubMed]

263. Wimmer-Scherr, C.; Taminiau, B.; Renaud, B.; van Loon, G.; Palmers, K.; Votion, D.; Amory, H.; Daube, G.; Cesarini, C.
Comparison of Fecal Microbiota of Horses Suffering from Atypical Myopathy and Healthy Co-Grazers. Animals 2021, 11, 506.
[CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.2460/javma.22.07.0277
https://www.ncbi.nlm.nih.gov/pubmed/36108099
https://doi.org/10.3390/ani15131908
https://www.ncbi.nlm.nih.gov/pubmed/40646806
https://doi.org/10.1099/ijs.0.64279-0
https://www.ncbi.nlm.nih.gov/pubmed/17267952
https://doi.org/10.3389/fvets.2018.00225
https://www.ncbi.nlm.nih.gov/pubmed/30294603
https://doi.org/10.1371/journal.pone.0215918
https://www.ncbi.nlm.nih.gov/pubmed/31013335
https://doi.org/10.1186/s12917-025-04853-2
https://www.ncbi.nlm.nih.gov/pubmed/40598279
https://doi.org/10.1016/j.jevs.2016.05.010
https://doi.org/10.3390/ani11071975
https://www.ncbi.nlm.nih.gov/pubmed/34359102
https://doi.org/10.1242/jeb.219154
https://www.ncbi.nlm.nih.gov/pubmed/32098884
https://doi.org/10.2527/jas.2014-8736
https://www.ncbi.nlm.nih.gov/pubmed/26440006
https://doi.org/10.1038/ismej.2008.67
https://www.ncbi.nlm.nih.gov/pubmed/18580970
https://doi.org/10.1111/j.1462-2920.2007.01327.x
https://www.ncbi.nlm.nih.gov/pubmed/17635552
https://doi.org/10.1016/j.vetmic.2013.11.017
https://www.ncbi.nlm.nih.gov/pubmed/24355533
https://doi.org/10.2527/jas.2006-600
https://www.ncbi.nlm.nih.gov/pubmed/17591708
https://doi.org/10.1078/07232020260517625
https://www.ncbi.nlm.nih.gov/pubmed/12583709
https://doi.org/10.1186/1746-6148-8-231
https://www.ncbi.nlm.nih.gov/pubmed/23186268
https://doi.org/10.1111/evj.12606
https://www.ncbi.nlm.nih.gov/pubmed/27363591
https://doi.org/10.2460/javma.253.4.470
https://www.ncbi.nlm.nih.gov/pubmed/30058970
https://doi.org/10.21037/atm-24-109
https://www.ncbi.nlm.nih.gov/pubmed/39817240
https://doi.org/10.3390/ani11030745
https://www.ncbi.nlm.nih.gov/pubmed/33803123
https://doi.org/10.1021/acs.jproteome.7b00784
https://www.ncbi.nlm.nih.gov/pubmed/29364680
https://doi.org/10.3390/ani11020506
https://www.ncbi.nlm.nih.gov/pubmed/33672034
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 34 of 38

264. Francois, A.C.; Cesarini, C.; Taminiau, B.; Renaud, B.; Kruse, C.J.; Boemer, F.; van Loon, G.; Palmers, K.; Daube, G.; Wouters, C.P.;
et al. Unravelling Faecal Microbiota Variations in Equine Atypical Myopathy: Correlation with Blood Markers and Contribution
of Microbiome. Animals 2025, 15, 354. [CrossRef] [PubMed]

265. Sander, J.; Terhardt, M.; Janzen, N. Detection of maple toxins in mare’s milk. J. Vet. Intern. Med. 2021, 35, 606–609. [CrossRef]
[PubMed]

266. Renaud, B.; Francois, A.C.; Boemer, F.; Kruse, C.; Stern, D.; Piot, A.; Petitjean, T.; Gustin, P.; Votion, D.M. Grazing Mares on
Pasture with Sycamore Maples: A Potential Threat to Suckling Foals and Food Safety through Milk Contamination. Animals 2021,
11, 87. [CrossRef] [PubMed]

267. Gomez, D.E.; Kopper, J.J.; Byrne, D.P.; Renaud, D.L.; Schoster, A.; Dunkel, B.; Arroyo, L.G.; Mykkanen, A.; Gilsenan, W.F.; Pihl,
T.H.; et al. Treatment approaches to horses with acute diarrhea admitted to referral institutions: A multicenter retrospective study.
PLoS ONE 2024, 19, e0313783. [CrossRef] [PubMed]

268. Owen, R.A.; Fullerton, J.; Barnum, D.A. Effects of transportation, surgery, and antibiotic therapy in ponies infected with
Salmonella. Am. J. Vet. Res. 1983, 44, 46–50. [CrossRef] [PubMed]

269. Wilson, A.; Mair, T.; Williams, N.; McGowan, C.; Pinchbeck, G. Antimicrobial prescribing and antimicrobial resistance surveillance
in equine practice. Equine Vet. J. 2023, 55, 494–505. [CrossRef] [PubMed]

270. Leus, E.K.; Collins, N.; Gruyaert, M.; Kennedy, R.N.; McConnell, E.; McGorum, B.C.; Luethy, D.; Sanz, M.; Versporten, A.; Viljoen,
A.; et al. Use of a point prevalence survey to measure antimicrobial use and antimicrobial resistance in equine veterinary hospitals.
Equine Vet. J. 2026, 58, 580–590. [CrossRef] [PubMed]

271. Tallon, R.E.; Whitt, B.; Bladon, B.M. Antibiotic usage in 14 equine practices over a 10-year period (2012–2021). Equine Vet. J. 2024,
56, 544–551. [CrossRef] [PubMed]

272. Mitchell, S.; Bull, M.; Muscatello, G.; Chapman, B.; Coleman, N.V. The equine hindgut as a reservoir of mobile genetic elements
and antimicrobial resistance genes. Crit. Rev. Microbiol. 2021, 47, 543–561. [CrossRef] [PubMed]

273. Theelen, M.J.P.; Luiken, R.E.C.; Wagenaar, J.A.; Sloet van Oldruitenborgh-Oosterbaan, M.M.; Rossen, J.W.A.; Schaafstra, F.;
van Doorn, D.A.; Zomer, A.L. Longitudinal study of the short- and long-term effects of hospitalisation and oral trimethoprim-
sulfadiazine administration on the equine faecal microbiome and resistome. Microbiome 2023, 11, 33. [CrossRef] [PubMed]

274. Costa, M.C.; Stampfli, H.R.; Arroyo, L.G.; Allen-Vercoe, E.; Gomes, R.G.; Weese, J.S. Changes in the equine fecal microbiota
associated with the use of systemic antimicrobial drugs. BMC Vet. Res. 2015, 11, 19. [CrossRef] [PubMed]

275. Gomez, D.; Toribio, R.; Caddey, B.; Costa, M.; Vijan, S.; Dembek, K. Longitudinal effects of oral administration of antimicrobial
drugs on fecal microbiota of horses. J. Vet. Intern. Med. 2023, 37, 2562–2572. [CrossRef] [PubMed]

276. Liepman, R.S.; Swink, J.M.; Habing, G.G.; Boyaka, P.N.; Caddey, B.; Costa, M.; Gomez, D.E.; Toribio, R.E. Effects of Intravenous
Antimicrobial Drugs on the Equine Fecal Microbiome. Animals 2022, 12, 1013. [CrossRef] [PubMed]

277. Parker, J.L.; Page, A.; Jacob, O.; Stanton, V.; Davis, B.; Flythe, M.; Adam, E.N. Equine fecal microbiota response to short term
antibiotic administration. J. Equine Vet. Sci. 2024, 133, 104993. [CrossRef] [PubMed]

278. Di Pietro, R.; Arroyo, L.G.; Leclere, M.; Costa, M.C. Species-Level Gut Microbiota Analysis after Antibiotic-Induced Dysbiosis in
Horses. Animals 2021, 11, 2859. [CrossRef] [PubMed]

279. Kauter, A.; Brombach, J.; Lubke-Becker, A.; Kannapin, D.; Bang, C.; Franzenburg, S.; Stoeckle, S.D.; Mellmann, A.; Scherff, N.;
Kock, R.; et al. Antibiotic prophylaxis and hospitalization of horses subjected to median laparotomy: Gut microbiota trajectories
and abundance increase of Escherichia. Front. Microbiol. 2023, 14, 1228845. [CrossRef] [PubMed]

280. Arnold, C.E.; Isaiah, A.; Pilla, R.; Lidbury, J.; Coverdale, J.S.; Callaway, T.R.; Lawhon, S.D.; Steiner, J.; Suchodolski, J.S. The cecal
and fecal microbiomes and metabolomes of horses before and after metronidazole administration. PLoS ONE 2020, 15, e0232905.
[CrossRef] [PubMed]

281. Kinoshita, Y.; Niwa, H.; Uchida-Fujii, E.; Nukada, T.; Ueno, T. Simultaneous Daily Fecal Microbiota Transplantation Fails to
Prevent Metronidazole-Induced Dysbiosis of Equine Gut Microbiota. J. Equine Vet. Sci. 2022, 114, 104004. [CrossRef] [PubMed]

282. Smith, M.Z.; York, M.; Townsend, K.S.; Martin, L.M.; Gull, T.; Coghill, L.M.; Ericsson, A.C.; Johnson, P.J. Effects of orally
administered clioquinol on the fecal microbiome of horses. J. Vet. Intern. Med. 2025, 39, e17276. [CrossRef] [PubMed]

283. Foster, D.M.; Jacob, M.E.; Farmer, K.A.; Callahan, B.J.; Theriot, C.M.; Kathariou, S.; Cernicchiaro, N.; Prange, T.; Papich,
M.G. Ceftiofur formulation differentially affects the intestinal drug concentration, resistance of fecal Escherichia coli, and the
microbiome of steers. PLoS ONE 2019, 14, e0223378. [CrossRef] [PubMed]

284. Rutjens, S.; Vereecke, N.; De Spiegelaere, W.; Croubels, S.; Devreese, M. Intestinal Exposure to Ceftiofur and Cefquinome after
Intramuscular Treatment and the Impact of Ceftiofur on the Pig Fecal Microbiome and Resistome. Antibiotics 2022, 11, 342.
[CrossRef] [PubMed]

285. Lagounova, M.; MacNicol, J.L.; Weese, J.S.; Pearson, W. The Effect of Dietary Synbiotics in Actively Racing Standardbred Horses
Receiving Trimethoprim/Sulfadiazine. Animals 2023, 13, 2344. [CrossRef] [PubMed]

286. Collinet, A.; Grimm, P.; Julliand, S.; Julliand, V. Multidimensional Approach for Investigating the Effects of an Antibiotic-Probiotic
Combination on the Equine Hindgut Ecosystem and Microbial Fibrolysis. Front. Microbiol. 2021, 12, 646294. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.3390/ani15030354
https://www.ncbi.nlm.nih.gov/pubmed/39943124
https://doi.org/10.1111/jvim.16004
https://www.ncbi.nlm.nih.gov/pubmed/33336854
https://doi.org/10.3390/ani11010087
https://www.ncbi.nlm.nih.gov/pubmed/33466424
https://doi.org/10.1371/journal.pone.0313783
https://www.ncbi.nlm.nih.gov/pubmed/39565809
https://doi.org/10.2460/ajvr.1983.44.01.46
https://www.ncbi.nlm.nih.gov/pubmed/6337537
https://doi.org/10.1111/evj.13587
https://www.ncbi.nlm.nih.gov/pubmed/35575046
https://doi.org/10.1111/evj.14535
https://www.ncbi.nlm.nih.gov/pubmed/40468537
https://doi.org/10.1111/evj.13988
https://www.ncbi.nlm.nih.gov/pubmed/37587746
https://doi.org/10.1080/1040841X.2021.1907301
https://www.ncbi.nlm.nih.gov/pubmed/33899656
https://doi.org/10.1186/s40168-023-01465-6
https://www.ncbi.nlm.nih.gov/pubmed/36850017
https://doi.org/10.1186/s12917-015-0335-7
https://www.ncbi.nlm.nih.gov/pubmed/25644524
https://doi.org/10.1111/jvim.16853
https://www.ncbi.nlm.nih.gov/pubmed/37681574
https://doi.org/10.3390/ani12081013
https://www.ncbi.nlm.nih.gov/pubmed/35454258
https://doi.org/10.1016/j.jevs.2023.104993
https://www.ncbi.nlm.nih.gov/pubmed/38171452
https://doi.org/10.3390/ani11102859
https://www.ncbi.nlm.nih.gov/pubmed/34679880
https://doi.org/10.3389/fmicb.2023.1228845
https://www.ncbi.nlm.nih.gov/pubmed/38075913
https://doi.org/10.1371/journal.pone.0232905
https://www.ncbi.nlm.nih.gov/pubmed/32442163
https://doi.org/10.1016/j.jevs.2022.104004
https://www.ncbi.nlm.nih.gov/pubmed/35526726
https://doi.org/10.1111/jvim.17276
https://www.ncbi.nlm.nih.gov/pubmed/39709594
https://doi.org/10.1371/journal.pone.0223378
https://www.ncbi.nlm.nih.gov/pubmed/31584976
https://doi.org/10.3390/antibiotics11030342
https://www.ncbi.nlm.nih.gov/pubmed/35326805
https://doi.org/10.3390/ani13142344
https://www.ncbi.nlm.nih.gov/pubmed/37508120
https://doi.org/10.3389/fmicb.2021.646294
https://www.ncbi.nlm.nih.gov/pubmed/33841371
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 35 of 38

287. Alvarez-Narvaez, S.; Berghaus, L.J.; Morris, E.R.A.; Willingham-Lane, J.M.; Slovis, N.M.; Giguere, S.; Cohen, N.D. A Common
Practice of Widespread Antimicrobial Use in Horse Production Promotes Multi-Drug Resistance. Sci. Rep. 2020, 10, 911. [CrossRef]
[PubMed]

288. Chapuis, R.J.J.; Becker, A.; Dowling, P.M.; Weese, J.S. Characterisation of faecal microbiota in horses medicated with oral
doxycycline hyclate. Equine Vet. J. 2023, 55, 129–141. [CrossRef] [PubMed]

289. Freccero, F.; Lanci, A.; Mariella, J.; Viciani, E.; Quercia, S.; Castagnetti, A.; Castagnetti, C. Changes in the Fecal Microbiota
Associated with a Broad-Spectrum Antimicrobial Administration in Hospitalized Neonatal Foals with Probiotics Supplementation.
Animals 2021, 11, 2283. [CrossRef] [PubMed]

290. Johns, I.; Verheyen, K.; Good, L.; Rycroft, A. Antimicrobial resistance in faecal Escherichia coli isolates from horses treated with
antimicrobials: A longitudinal study in hospitalised and non-hospitalised horses. Vet. Microbiol. 2012, 159, 381–389. [CrossRef]
[PubMed]

291. Whitfield-Cargile, C.M.; Chamoun-Emanuelli, A.M.; Cohen, N.D.; Richardson, L.M.; Ajami, N.J.; Dockery, H.J. Differential
effects of selective and non-selective cyclooxygenase inhibitors on fecal microbiota in adult horses. PLoS ONE 2018, 13, e0202527.
[CrossRef] [PubMed]

292. Whitfield-Cargile, C.M.; Chung, H.C.; Coleman, M.C.; Cohen, N.D.; Chamoun-Emanuelli, A.M.; Ivanov, I.; Goldsby, J.S.; Davidson,
L.A.; Gaynanova, I.; Ni, Y.; et al. Integrated analysis of gut metabolome, microbiome, and exfoliome data in an equine model of
intestinal injury. Microbiome 2024, 12, 74. [CrossRef] [PubMed]

293. Whitfield-Cargile, C.M.; Coleman, M.C.; Cohen, N.D.; Chamoun-Emanuelli, A.M.; DeSolis, C.N.; Tetrault, T.; Sowinski, R.;
Bradbery, A.; Much, M. Effects of phenylbutazone alone or in combination with a nutritional therapeutic on gastric ulcers,
intestinal permeability, and fecal microbiota in horses. J. Vet. Intern. Med. 2021, 35, 1121–1130. [CrossRef] [PubMed]

294. Walshe, N.; Duggan, V.; Cabrera-Rubio, R.; Crispie, F.; Cotter, P.; Feehan, O.; Mulcahy, G. Removal of adult cyathostomins alters
faecal microbiota and promotes an inflammatory phenotype in horses. Int. J. Parasitol. 2019, 49, 489–500. [CrossRef] [PubMed]

295. Kunz, I.G.Z.; Reed, K.J.; Metcalf, J.L.; Hassel, D.M.; Coleman, R.J.; Hess, T.M.; Coleman, S.J. Equine Fecal Microbiota Changes
Associated With Anthelmintic Administration. J. Equine Vet. Sci. 2019, 77, 98–106. [CrossRef] [PubMed]

296. Daniels, S.P.; Leng, J.; Swann, J.R.; Proudman, C.J. Bugs and drugs: A systems biology approach to characterising the effect of
moxidectin on the horse’s faecal microbiome. Anim. Microbiome 2020, 2, 38. [CrossRef] [PubMed]

297. Tyma, J.F.; Epstein, K.L.; Whitfield-Cargile, C.M.; Cohen, N.D.; Giguere, S. Investigation of effects of omeprazole on the fecal and
gastric microbiota of healthy adult horses. Am. J. Vet. Res. 2019, 80, 79–86. [CrossRef] [PubMed]

298. Cerri, S.; Taminiau, B.; de Lusancay, A.H.; Lecoq, L.; Amory, H.; Daube, G.; Cesarini, C. Effect of oral administration of omeprazole
on the microbiota of the gastric glandular mucosa and feces of healthy horses. J. Vet. Intern. Med. 2020, 34, 2727–2737. [CrossRef]
[PubMed]

299. Pfeifle, R.L.; Ericsson, A.C.; McCoy, A.M.; Boothe, D.M.; Wooldridge, A.A.; Groover, E.S.; Sierra-Rodriguez, T.; Lascola, K.M.
Multidose misoprostol pharmacokinetics and its effect on the fecal microbiome in healthy adult horses. Am. J. Vet. Res. 2023, 84.
[CrossRef]

300. Ericsson, A.C.; Johnson, P.J.; Gieche, L.M.; Zobrist, C.; Bucy, K.; Townsend, K.S.; Martin, L.M.; LaCarrubba, A.M. The Influence of
Diet Change and Oral Metformin on Blood Glucose Regulation and the Fecal Microbiota of Healthy Horses. Animals 2021, 11, 976.
[CrossRef] [PubMed]

301. Ganda, E.; Chakrabarti, A.; Sardi, M.I.; Tench, M.; Kozlowicz, B.K.; Norton, S.A.; Warren, L.K.; Khafipour, E. Saccharomyces
cerevisiae fermentation product improves robustness of equine gut microbiome upon stress. Front. Vet. Sci. 2023, 10, 1134092.
[CrossRef] [PubMed]

302. Perry, E.; Cross, T.L.; Francis, J.M.; Holscher, H.D.; Clark, S.D.; Swanson, K.S. Effect of Road Transport on the Equine Cecal
Microbiota. J. Equine Vet. Sci. 2018, 68, 12–20. [CrossRef] [PubMed]

303. Schoster, A.; Mosing, M.; Jalali, M.; Staempfli, H.R.; Weese, J.S. Effects of transport, fasting and anaesthesia on the faecal microbiota
of healthy adult horses. Equine Vet. J. 2015, 48, 595–602. [CrossRef] [PubMed]

304. Mach, N.; Ruet, A.; Clark, A.; Bars-Cortina, D.; Ramayo-Caldas, Y.; Crisci, E.; Pennarun, S.; Dhorne-Pollet, S.; Foury, A.; Moisan,
M.P.; et al. Priming for welfare: Gut microbiota is associated with equitation conditions and behavior in horse athletes. Sci. Rep.
2020, 10, 8311. [CrossRef] [PubMed]

305. Destrez, A.; Grimm, P.; Cezilly, F.; Julliand, V. Changes of the hindgut microbiota due to high-starch diet can be associated with
behavioral stress response in horses. Physiol. Behav. 2015, 149, 159–164. [CrossRef] [PubMed]

306. Destrez, A.; Grimm, P.; Julliand, V. Dietary-induced modulation of the hindgut microbiota is related to behavioral responses
during stressful events in horses. Physiol. Behav. 2019, 202, 94–100. [CrossRef] [PubMed]

307. Bulmer, L.S.; Murray, J.A.; Burns, N.M.; Garber, A.; Wemelsfelder, F.; McEwan, N.R.; Hastie, P.M. High-starch diets alter equine
faecal microbiota and increase behavioural reactivity. Sci. Rep. 2019, 9, 18621. [CrossRef] [PubMed]

308. Martinez-Aranzales, J.R.; Cordoba-Agudelo, M.; Perez-Jaramillo, J.E. Fecal microbiome and functional prediction profiles of
horses with and without crib-biting behavior: A comparative study. J. Equine Vet. Sci. 2024, 142, 105198. [CrossRef] [PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.1038/s41598-020-57479-9
https://www.ncbi.nlm.nih.gov/pubmed/31969575
https://doi.org/10.1111/evj.13570
https://www.ncbi.nlm.nih.gov/pubmed/35202500
https://doi.org/10.3390/ani11082283
https://www.ncbi.nlm.nih.gov/pubmed/34438741
https://doi.org/10.1016/j.vetmic.2012.04.010
https://www.ncbi.nlm.nih.gov/pubmed/22565010
https://doi.org/10.1371/journal.pone.0202527
https://www.ncbi.nlm.nih.gov/pubmed/30138339
https://doi.org/10.1186/s40168-024-01785-1
https://www.ncbi.nlm.nih.gov/pubmed/38622632
https://doi.org/10.1111/jvim.16093
https://www.ncbi.nlm.nih.gov/pubmed/33656183
https://doi.org/10.1016/j.ijpara.2019.02.003
https://www.ncbi.nlm.nih.gov/pubmed/30986403
https://doi.org/10.1016/j.jevs.2019.01.018
https://www.ncbi.nlm.nih.gov/pubmed/31133326
https://doi.org/10.1186/s42523-020-00056-2
https://www.ncbi.nlm.nih.gov/pubmed/33499996
https://doi.org/10.2460/ajvr.80.1.79
https://www.ncbi.nlm.nih.gov/pubmed/30605038
https://doi.org/10.1111/jvim.15937
https://www.ncbi.nlm.nih.gov/pubmed/33063923
https://doi.org/10.2460/ajvr.22.09.0161
https://doi.org/10.3390/ani11040976
https://www.ncbi.nlm.nih.gov/pubmed/33915682
https://doi.org/10.3389/fvets.2023.1134092
https://www.ncbi.nlm.nih.gov/pubmed/36908513
https://doi.org/10.1016/j.jevs.2018.04.004
https://www.ncbi.nlm.nih.gov/pubmed/31256882
https://doi.org/10.1111/evj.12479
https://www.ncbi.nlm.nih.gov/pubmed/26122549
https://doi.org/10.1038/s41598-020-65444-9
https://www.ncbi.nlm.nih.gov/pubmed/32433513
https://doi.org/10.1016/j.physbeh.2015.05.039
https://www.ncbi.nlm.nih.gov/pubmed/26048306
https://doi.org/10.1016/j.physbeh.2019.02.003
https://www.ncbi.nlm.nih.gov/pubmed/30726719
https://doi.org/10.1038/s41598-019-54039-8
https://www.ncbi.nlm.nih.gov/pubmed/31819069
https://doi.org/10.1016/j.jevs.2024.105198
https://www.ncbi.nlm.nih.gov/pubmed/39306146
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 36 of 38

309. Aleman, M.; Sheldon, S.A.; Jospin, G.; Coil, D.; Stratton-Phelps, M.; Eisen, J. Caecal microbiota in horses with trigeminal-mediated
headshaking. Vet. Med. Sci. 2022, 8, 1049–1055. [CrossRef] [PubMed]

310. Mach, N.; Lansade, L.; Bars-Cortina, D.; Dhorne-Pollet, S.; Foury, A.; Moisan, M.P.; Ruet, A. Gut microbiota resilience in horse
athletes following holidays out to pasture. Sci. Rep. 2021, 11, 5007. [CrossRef] [PubMed]

311. Salem, S.E.; Hough, R.; Probert, C.; Maddox, T.W.; Antczak, P.; Ketley, J.M.; Williams, N.J.; Stoneham, S.J.; Archer, D.C. A
longitudinal study of the faecal microbiome and metabolome of periparturient mares. PeerJ 2019, 7, e6687. [CrossRef] [PubMed]

312. Zhang, Z.; Huang, B.; Wang, Y.; Zhan, Y.; Zhu, M.; Wang, C. Dynamic alterations in the donkey fecal bacteria community and
metabolome characteristics during gestation. Front. Microbiol. 2022, 13, 927561. [CrossRef] [PubMed]

313. Xing, J.; Jia, M.; Zhang, G.; Li, L.; Liu, S.; Li, G.; Liu, G. The composition and predictive function of the fecal microbiota in female
donkeys across different reproductive cycles. Front. Microbiol. 2025, 16, 1565360. [CrossRef] [PubMed]

314. Li, Y.; Ma, Q.; Liu, G.; Zhang, Z.; Zhan, Y.; Zhu, M.; Wang, C. Metabolic Alternations During Gestation in Dezhou Donkeys and
the Link to the Gut Microbiota. Front. Microbiol. 2022, 13, 801976. [CrossRef] [PubMed]

315. Weese, J.S.; Martin, H. Assessment of commercial probiotic bacterial contents and label accuracy. Can. Vet. J. 2011, 52, 43–46.
[PubMed]

316. Berreta, A.; Burbick, C.R.; Alexander, T.; Kogan, C.; Kopper, J.J. Microbial Variability of Commercial Equine Probiotics. J. Equine
Vet. Sci. 2021, 106, 103728. [CrossRef] [PubMed]

317. John, J.; Roediger, K.; Schroedl, W.; Aldaher, N.; Vervuert, I. Development of intestinal microflora and occurrence of diarrhoea in
sucking foals: Effects of Bacillus cereus var. toyoi supplementation. BMC Vet. Res. 2015, 11, 34. [CrossRef] [PubMed]

318. Weese, J.S.; Rousseau, J. Evaluation of Lactobacillus pentosus WE7 for prevention of diarrhea in neonatal foals. J. Am. Vet. Med.
Assoc. 2005, 226, 2031–2034. [CrossRef] [PubMed]

319. Schoster, A.; Staempfli, H.R.; Abrahams, M.; Jalali, M.; Weese, J.S.; Guardabassi, L. Effect of a probiotic on prevention of diarrhea
and Clostridium difficile and Clostridium perfringens shedding in foals. J. Vet. Intern. Med. 2015, 29, 925–931. [CrossRef]
[PubMed]

320. Strobel, C.; Gunther, E.; Romanowski, K.; Busing, K.; Urubschurov, V.; Zeyner, A. Effects of oral supplementation of probiotic
strains of Lactobacillus rhamnosus and Enterococcus faecium on diarrhoea events of foals in their first weeks of life. J. Anim.
Physiol. Anim. Nutr. 2018, 102, 1357–1365. [CrossRef] [PubMed]

321. Schoster, A.; Guardabassi, L.; Staempfli, H.R.; Abrahams, M.; Jalali, M.; Weese, J.S. The longitudinal effect of a multi-strain
probiotic on the intestinal bacterial microbiota of neonatal foals. Equine Vet. J. 2016, 48, 689–696. [CrossRef] [PubMed]

322. Urubschurov, V.; Stroebel, C.; Gunther, E.; Romanowski, K.; Busing, K.; Zeyner, A. Effect of oral supplementation of probiotic
strains of Lactobacillus rhamnosus and Enterococcus faecium on the composition of the faecal microbiota of foals. J. Anim. Physiol.
Anim. Nutr. 2019, 103, 915–924. [CrossRef] [PubMed]

323. Yuyama, T.; Yusa, S.; Takai, S.; Tsubaki, S.; Kado, Y.; Morotomi, M. Evaluation of a host-specific Lactobacillus probiotic in neonatal
foals. Int. J. Appl. Res. Vet. Med. 2004, 2, 26–33.

324. Tanabe, S.; Suzuki, T.; Wasano, Y.; Nakajima, F.; Kawasaki, H.; Tsuda, T.; Nagamine, N.; Tsurumachi, T.; Sugaya, K.; Akita, H.; et al.
Anti-inflammatory and Intestinal Barrier-protective Activities of Commensal Lactobacilli and Bifidobacteria in Thoroughbreds:
Role of Probiotics in Diarrhea Prevention in Neonatal Thoroughbreds. J. Equine Sci. 2014, 25, 37–43. [CrossRef] [PubMed]

325. Laukova, A.; Micenkova, L.; Kubasova, I.; Bino, E.; Kandricakova, A.; Placha, I.; Strkolcova, G.; Galik, B.; Kovacik, A.; Halo, M.;
et al. Microbiota, Phagocytic Activity, Biochemical Parameters and Parasite Control in Horses with Application of Autochthonous,
Bacteriocin-Producing, Probiotic Strain Enterococcus faecium EF 412. Probiotics Antimicrob. Proteins 2023, 15, 139–148. [CrossRef]
[PubMed]

326. Zak-Bochenek, A.; Zebrowska-Rozanska, P.; Bajzert, J.; Laczmanski, L.; Szponar, B.; Siwinska, N.; Gladysz, K.; Sikorska, K.;
Chelmonska-Soyta, A. Investigating the potential immunomodulatory effects of commercial oral probiotic supplements on equine
gastrointestinal tract barrier function. Front. Immunol. 2024, 15, 1487664. [CrossRef] [PubMed]

327. Jacobs, R.D.; Grum, D.; Trible, B.; Ayala, D.I.; Karnezos, T.P.; Gordon, M.E. Oral probiotic administration attenuates postexercise
inflammation in horses. Transl. Anim. Sci. 2024, 8, txae124. [CrossRef] [PubMed]

328. Ward, M.P.; Alinovi, C.A.; Couetil, L.L.; Glickman, L.T.; Wu, C.C. A randomized clinical trial using probiotics to prevent
Salmonella fecal shedding in hospitalized horses. J. Equine Vet. Sci. 2004, 24, 242–247. [CrossRef]

329. Parraga, M.E.; Spier, S.J.; Thurmond, M.; Hirsh, D. A clinical trial of probiotic administration for prevention of Salmonella
shedding in the postoperative period in horses with colic. J. Vet. Intern. Med. 1997, 11, 36–41. [CrossRef] [PubMed]

330. Kim, L.M.; Morley, P.S.; Traub-Dargatz, J.L.; Salman, M.D.; Gentry-Weeks, C. Factors associated with Salmonella shedding among
equine colic patients at a veterinary teaching hospital. J. Am. Vet. Med. Assoc. 2001, 218, 740–748. [CrossRef] [PubMed]

331. Carter, M.M.; Leatherwood, J.L.; Paris, B.L.; Moore, G.E.; George, J.M.; Martinez, R.E.; Karges, K.; Cox, J.R.; Arnold, C.E.; Glass,
K.G.; et al. Influence of Saccharomyces cerevisiae CNCM I-1077 on the fecal pH, markers of gut permeability, fecal microbiota,
and markers of systemic inflammation in sedentary horses fed a high-starch diet. J. Anim. Sci. 2025, 103, skaf005. [CrossRef]
[PubMed]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.1002/vms3.735
https://www.ncbi.nlm.nih.gov/pubmed/35060350
https://doi.org/10.1038/s41598-021-84497-y
https://www.ncbi.nlm.nih.gov/pubmed/33658551
https://doi.org/10.7717/peerj.6687
https://www.ncbi.nlm.nih.gov/pubmed/30976468
https://doi.org/10.3389/fmicb.2022.927561
https://www.ncbi.nlm.nih.gov/pubmed/36060774
https://doi.org/10.3389/fmicb.2025.1565360
https://www.ncbi.nlm.nih.gov/pubmed/40636483
https://doi.org/10.3389/fmicb.2022.801976
https://www.ncbi.nlm.nih.gov/pubmed/35369472
https://www.ncbi.nlm.nih.gov/pubmed/21461205
https://doi.org/10.1016/j.jevs.2021.103728
https://www.ncbi.nlm.nih.gov/pubmed/34670695
https://doi.org/10.1186/s12917-015-0355-3
https://www.ncbi.nlm.nih.gov/pubmed/25889817
https://doi.org/10.2460/javma.2005.226.2031
https://www.ncbi.nlm.nih.gov/pubmed/15989186
https://doi.org/10.1111/jvim.12584
https://www.ncbi.nlm.nih.gov/pubmed/25903509
https://doi.org/10.1111/jpn.12923
https://www.ncbi.nlm.nih.gov/pubmed/29790614
https://doi.org/10.1111/evj.12524
https://www.ncbi.nlm.nih.gov/pubmed/26509834
https://doi.org/10.1111/jpn.13079
https://www.ncbi.nlm.nih.gov/pubmed/30854744
https://doi.org/10.1294/jes.25.37
https://www.ncbi.nlm.nih.gov/pubmed/25013357
https://doi.org/10.1007/s12602-022-09918-4
https://www.ncbi.nlm.nih.gov/pubmed/35119612
https://doi.org/10.3389/fimmu.2024.1487664
https://www.ncbi.nlm.nih.gov/pubmed/39906737
https://doi.org/10.1093/tas/txae124
https://www.ncbi.nlm.nih.gov/pubmed/39281311
https://doi.org/10.1016/j.jevs.2004.05.004
https://doi.org/10.1111/j.1939-1676.1997.tb00071.x
https://www.ncbi.nlm.nih.gov/pubmed/9132482
https://doi.org/10.2460/javma.2001.218.740
https://www.ncbi.nlm.nih.gov/pubmed/11280409
https://doi.org/10.1093/jas/skaf005
https://www.ncbi.nlm.nih.gov/pubmed/39803897
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 37 of 38

332. Lucassen, A.; Hankel, J.; Finkler-Schade, C.; Osbelt, L.; Strowig, T.; Visscher, C.; Schuberth, H.J. Feeding a Saccharomyces
cerevisiae Fermentation Product (Olimond BB) Does Not Alter the Fecal Microbiota of Thoroughbred Racehorses. Animals 2022,
12, 1496. [CrossRef] [PubMed]

333. Passlack, N.; Vahjen, W.; Zentek, J. Impact of Dietary Cellobiose on the Fecal Microbiota of Horses. J. Equine Vet. Sci. 2020, 91,
103106. [CrossRef] [PubMed]

334. Brummer-Holder, M.; Power, R. Equine microbiome shifts with dietary mannan-rich fraction inclusion. J. Equine Vet. Sci. 2025,
148, 105432. [CrossRef]

335. Wang, T.; Wang, Y.; Li, P.; Liu, J.; Mao, X.; Li, Z.; Wen, Z.; Yin, Y.; Li, Y.; Lin, G.; et al. Dietary Mannan Oligosaccharides Enhance
Lactational Performance, Nutrient Metabolism, Plasma Metabolomics, and Gut Microbiota in Dezhou Donkeys. Int. J. Mol. Sci.
2025, 26, 9105. [CrossRef] [PubMed]

336. Lindenberg, F.C.; Lutzhoft, D.O.; Krych, L.; Fielden, J.; Kot, W.; Frokiaer, H.; van Galen, G.; Nielsen, D.S.; Hansen, A.K. An
Oligosaccharide Rich Diet Increases Akkermansia spp. Bacteria in the Equine Microbiota. Front. Microbiol. 2021, 12, 666039.
[CrossRef] [PubMed]

337. Huang, B.; Khan, M.Z.; Chen, Y.; Liang, H.; Kou, X.; Wang, X.; Ren, W.; Wang, C.; Zhang, Z. Yeast polysaccharide supplementation:
Impact on lactation, growth, immunity, and gut microbiota in Dezhou donkeys. Front. Microbiol. 2023, 14, 1289371. [CrossRef]
[PubMed]

338. Mienaltowski, M.J.; Belt, A.; Henderson, J.D.; Boyd, T.N.; Marter, N.; Maga, E.A.; DePeters, E.J. Psyllium supplementation is
associated with changes in the fecal microbiota of horses. BMC Res. Notes 2020, 13, 459. [CrossRef] [PubMed]

339. Boshuizen, B.; Moreno de Vega, C.V.; De Mare, L.; de Meeus, C.; de Oliveira, J.E.; Hosotani, G.; Gansemans, Y.; Deforce, D.; Van
Nieuwerburgh, F.; Delesalle, C. Effects of Aleurone Supplementation on Glucose-Insulin Metabolism and Gut Microbiome in
Untrained Healthy Horses. Front. Vet. Sci. 2021, 8, 642809. [CrossRef] [PubMed]

340. Boshuizen, B.; De Mare, L.; Oosterlinck, M.; Van Immerseel, F.; Eeckhaut, V.; De Meeus, C.; Devisscher, L.; Vidal Moreno de Vega,
C.; Willems, M.; De Oliveira, J.E.; et al. Aleurone supplementation enhances the metabolic benefits of training in Standardbred
mares: Impacts on glucose-insulin dynamics and gut microbiome composition. Front. Physiol. 2025, 16, 1565005. [CrossRef]
[PubMed]

341. Ford, T.; McAdams, Z.L.; Townsend, K.S.; Martin, L.M.; Johnson, P.J.; Ericsson, A.C. Effect of Sugar Beet Pulp on the Composition
and Predicted Function of Equine Fecal Microbiota. Biology 2023, 12, 1254. [CrossRef] [PubMed]

342. Adams, V.J.; LeBlanc, N.; Penell, J. Results of a Clinical Trial Showing Changes to the Faecal Microbiome in Racing Thoroughbreds
after Feeding a Nutritional Supplement. Vet. Sci. 2022, 10, 27. [CrossRef] [PubMed]

343. Feary, D.J.; Hassel, D.M. Enteritis and colitis in horses. Vet. Clin. N. Am. Equine Pract. 2006, 22, 437–479, ix. [CrossRef] [PubMed]
344. Loublier, C.; Taminiau, B.; Seidel, L.; Moula, N.; Tano, C.; Cesarini, C.; Costa, M.; Lecoq, L.; Daube, G.; Amory, H. Survey on

Faecal Microbiota Transplantation and Probiotic Use in Equine Practice in France and Belgium. Vet. Med. Sci. 2026, 12, e70854.
[CrossRef] [PubMed]

345. Mullen, K.R.; Yasuda, K.; Divers, T.J.; Weese, J.S. Equine faecal microbiota transplant: Current knowledge, proposed guidelines
and future directions. Equine Vet. Educ. 2018, 30, 151–160. [CrossRef] [PubMed]

346. Loublier, C.; Taminiau, B.; Heinen, J.; Lecoq, L.; Amory, H.; Daube, G.; Cesarini, C. Evaluation of Bacterial Composition and
Viability of Equine Feces after Processing for Transplantation. Microorganisms 2023, 11, 231. [CrossRef] [PubMed]

347. Bell, J.; Raidal, S.; Peters, A.; Hughes, K.J. Storage of equine faecal microbiota transplantation solution has minimal impact on
major bacterial communities and structure. Vet. J. 2024, 307, 106220. [CrossRef] [PubMed]

348. Long, A.E.; Pitta, D.; Hennessy, M.; Indugu, N.; Vecchiarelli, B.; Luethy, D.; Aceto, H.; Hurcombe, S. Assessment of fecal bacterial
viability and diversity in fresh and frozen fecal microbiota transplant (FMT) product in horses. BMC Vet. Res. 2024, 20, 306.
[CrossRef] [PubMed]

349. Arantes, J.A.; Di Pietro, R.; Ratte, M.; Arroyo, L.G.; Leclere, M.; Costa, M.C. Changes in bacterial viability after preparation and
storage of fecal microbiota transplantation solution using equine feces. PeerJ 2025, 13, e18860. [CrossRef] [PubMed]

350. Kopper, J.J.; Alexander, T.L.; Kogan, C.J.; Berreta, A.R.; Burbick, C.R. In Vitro Evaluation of the Effect of Storage at −20 ◦C and
Proximal Gastrointestinal Conditions on Viability of Equine Fecal Microbiota Transplant. J. Equine Vet. Sci. 2021, 98, 103360.
[CrossRef] [PubMed]

351. McKinney, C.A.; Oliveira, B.C.M.; Bedenice, D.; Paradis, M.R.; Mazan, M.; Sage, S.; Sanchez, A.; Widmer, G. The fecal microbiota
of healthy donor horses and geriatric recipients undergoing fecal microbial transplantation for the treatment of diarrhea. PLoS
ONE 2020, 15, e0230148. [CrossRef] [PubMed]

352. Costa, M.; Di Pietro, R.; Bessegatto, J.A.; Pereira, P.F.V.; Stievani, F.C.; Gomes, R.G.; Lisboa, J.A.N.; Weese, J.S. Evaluation of
changes in microbiota after fecal microbiota transplantation in 6 diarrheic horses. Can. Vet. J. 2021, 62, 1123–1130. [PubMed]

353. Dias, D.P.M.; Sousa, S.S.; Molezini, F.A.; Ferreira, H.S.D.; de Campos, R. Efficacy of faecal microbiota transplantation for treating
acute colitis in horses undergoing colic surgery. Pesqui. Veterinária Bras. 2018, 38, 1564–1569. [CrossRef]

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.3390/ani12121496
https://www.ncbi.nlm.nih.gov/pubmed/35739833
https://doi.org/10.1016/j.jevs.2020.103106
https://www.ncbi.nlm.nih.gov/pubmed/32684251
https://doi.org/10.1016/j.jevs.2025.105432
https://doi.org/10.3390/ijms26189105
https://www.ncbi.nlm.nih.gov/pubmed/41009663
https://doi.org/10.3389/fmicb.2021.666039
https://www.ncbi.nlm.nih.gov/pubmed/34093482
https://doi.org/10.3389/fmicb.2023.1289371
https://www.ncbi.nlm.nih.gov/pubmed/38029159
https://doi.org/10.1186/s13104-020-05305-w
https://www.ncbi.nlm.nih.gov/pubmed/32993781
https://doi.org/10.3389/fvets.2021.642809
https://www.ncbi.nlm.nih.gov/pubmed/33912605
https://doi.org/10.3389/fphys.2025.1565005
https://www.ncbi.nlm.nih.gov/pubmed/40276369
https://doi.org/10.3390/biology12091254
https://www.ncbi.nlm.nih.gov/pubmed/37759653
https://doi.org/10.3390/vetsci10010027
https://www.ncbi.nlm.nih.gov/pubmed/36669028
https://doi.org/10.1016/j.cveq.2006.03.008
https://www.ncbi.nlm.nih.gov/pubmed/16882483
https://doi.org/10.1002/vms3.70854
https://www.ncbi.nlm.nih.gov/pubmed/41782495
https://doi.org/10.1111/eve.12559
https://www.ncbi.nlm.nih.gov/pubmed/32313396
https://doi.org/10.3390/microorganisms11020231
https://www.ncbi.nlm.nih.gov/pubmed/36838196
https://doi.org/10.1016/j.tvjl.2024.106220
https://www.ncbi.nlm.nih.gov/pubmed/39117173
https://doi.org/10.1186/s12917-024-04166-w
https://www.ncbi.nlm.nih.gov/pubmed/38987780
https://doi.org/10.7717/peerj.18860
https://www.ncbi.nlm.nih.gov/pubmed/39989751
https://doi.org/10.1016/j.jevs.2020.103360
https://www.ncbi.nlm.nih.gov/pubmed/33663713
https://doi.org/10.1371/journal.pone.0230148
https://www.ncbi.nlm.nih.gov/pubmed/32155205
https://www.ncbi.nlm.nih.gov/pubmed/34602643
https://doi.org/10.1590/1678-5150-PVB-5521
https://doi.org/10.3390/vetsci13070659


Vet. Sci. 2026, 13, 659 38 of 38

354. Quattrini, C.; Bozorgmanesh, R.; Egli, P.; Magdesian, K.G. Fecal microbiota transplant for treatment of diarrhea in adult
hospitalized horses-111 cases (2013–2018). Open Vet. J. 2023, 13, 1135–1140. [CrossRef] [PubMed]

355. Bell, J.; Radial, S.L.; Cuming, R.S.; Trope, G.; Hughes, K.J. Effects of fecal microbiota transplantation on clinical outcomes and
fecal microbiota of foals with diarrhea. J. Vet. Intern. Med. 2024, 38, 2718–2728. [CrossRef] [PubMed]

356. Di Pietro, R.; Arroyo, L.G.; Leclere, M.; Costa, M. Effects of concentrated fecal microbiota transplant on the equine fecal microbiota
after antibiotic-induced dysbiosis. Can. J. Vet. Res. 2023, 87, 85–96. [PubMed]

357. Despotovic, M.; de Nies, L.; Busi, S.B.; Wilmes, P. Reservoirs of antimicrobial resistance in the context of One Health. Curr. Opin.
Microbiol. 2023, 73, 102291. [CrossRef] [PubMed]

358. Phelipon, R.; Hennes, N.; Ruet, A.; Bret-Morel, A.; Gorecka-Bruzda, A.; Lansade, L. Forage, freedom of movement, and social
interactions remain essential fundamentals for the welfare of high-level sport horses. Front. Vet. Sci. 2024, 11, 1504116. [CrossRef]
[PubMed]

359. Allen, E.; Sheaffer, C.; Martinson, K. Forage nutritive value and preference of cool-season grasses under horse grazing. Agron. J.
2013, 105, 679–684. [CrossRef]

360. Catalano, D.N.; Sheaffer, C.C.; Grev, A.M.; DeBoer, M.L.; Martinson, K.L. Yield, forage nutritive value, and preference of legumes
under horse grazing. Agron. J. 2019, 111, 1312–1322. [CrossRef]

361. Grev, A.M.; Sheaffer, C.C.; DeBoer, M.L.; Catalano, D.N.; Martinson, K.L. Preference, yield, and forage nutritive value of annual
grasses under horse grazing. Agron. J. 2017, 109, 1561–1572. [CrossRef]

362. Redgate, S.E.; Cooper, J.J.; Hall, S.; Eady, P.; Harris, P.A. Dietary experience modifies horses’ feeding behavior and selection
patterns of three macronutrient rich diets. J. Anim. Sci. 2014, 92, 1524–1530. [CrossRef] [PubMed]

363. Kohnke, J.; Kelleher, F.; Trevor-Jones, P. Feeding Horses in Australia—A Guide for Owners and Managers; Rural Industries Research
and Development Corporation: Canberra, Australia, 1999; p. 252.

364. Antwis, R.E.; Lea, J.M.D.; Unwin, B.; Shultz, S. Gut microbiome composition is associated with spatial structuring and social
interactions in semi-feral Welsh Mountain ponies. Microbiome 2018, 6, 207. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/vetsci13070659

https://doi.org/10.5455/OVJ.2023.v13.i9.9
https://www.ncbi.nlm.nih.gov/pubmed/37842104
https://doi.org/10.1111/jvim.17185
https://www.ncbi.nlm.nih.gov/pubmed/39266472
https://www.ncbi.nlm.nih.gov/pubmed/37020579
https://doi.org/10.1016/j.mib.2023.102291
https://www.ncbi.nlm.nih.gov/pubmed/36913905
https://doi.org/10.3389/fvets.2024.1504116
https://www.ncbi.nlm.nih.gov/pubmed/39634765
https://doi.org/10.2134/agronj2012.0300
https://doi.org/10.2134/agronj2018.07.0442
https://doi.org/10.2134/agronj2016.11.0684
https://doi.org/10.2527/jas.2012-5579
https://www.ncbi.nlm.nih.gov/pubmed/24496846
https://doi.org/10.1186/s40168-018-0593-2
https://www.ncbi.nlm.nih.gov/pubmed/30466491
https://doi.org/10.3390/vetsci13070659

	Introduction 
	Methods 
	Literature Search 
	Image Generation 

	Seeding and Maturation of the Equine Microbiome 
	Upper Gastrointestinal Tract Microbiome 
	Lower Gastrointestinal Tract Microbiome 

	Functionality of the Equine Gut Microbiome 
	General Functions of the Microbiome 
	Fermentation 
	Vitamin Synthesis 
	Colonization Resistance 
	Bile Acid Metabolism 
	Xenobiotic Transformation 
	Associations with Performance 


	Factors Influencing the Healthy Adult Equine Microbiome 
	Intrinsic Factors 
	Dietary and Related Factors 
	Carbohydrates 
	Protein 
	Effects of Environment on Forage 

	Dietary Supplements 
	Omega-3 Polyunsaturated Fatty Acids 
	Amino Acids 
	Antioxidants and Trace Minerals 
	Joint Supplements 


	Dysbiosis—Causes and Consequences 
	Gastrointestinal Conditions 
	Colic and Colitis 
	Gastrointestinal Parasitism 
	Inflammatory Bowel Disease (IBD) 
	Free Fecal Water Syndrome 
	Equine Gastric Ulcer Syndrome 

	Conditions Affecting Other Organ Systems 
	Obesity and Endocrinopathies 
	Orthopedic Conditions 
	Immune-Mediated Conditions and Hypersensitivities 
	Plant-Based and Environmental Toxins 

	Iatrogenic and Management-Related 
	Antimicrobial Drugs 
	Other Pharmacologic Agents 
	Physical and Psychological Stress and Behavior 


	Therapies and Preventive Care Targeting the Gut Microbiome 
	Probiotics 
	Prebiotics and Botanicals 
	Fecal Microbiota Transfer (FMT) 

	Conclusions 
	Antimicrobial Stewardship 
	Forage, Freedom, and Friends (The Three Fs) and the Microbiome 

	References

