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Simple Summary: Fecal microbiota transplantation (FMT) is increasingly recognized in veterinary
medicine as a potential treatment for various gastrointestinal disorders in horses. The primary
objective of FMT is to restore the healthy gut microbiota in horses by transferring fecal material from
a healthy donor to a recipient. The mechanism of FMT remains unclear, but it is hypothesized to work
by introducing a diverse and balanced microbial community into the recipient’s gut, which can then
compete with and replace harmful pathogens and promote a healthy gut environment. Therefore, in
order to better understand current application of FMT in horses, we conducted this systematic review
based on the existing literature. According to the research findings, we discussed the key factors that
may influence the efficacy and safety, as well as future application, of FMT in horses.

Abstract: Fecal microbiota transplantation (FMT) is a technique involving transferring fecal matter
from a healthy donor to a recipient, with the goal of reinstating a healthy microbiome in the recipient’s
gut. FMT has been used in horses to manage various gastrointestinal disorders, such as colitis and
diarrhea. To evaluate the current literature on the use of FMT in horses, including its efficacy, safety,
and potential applications, the authors conducted an extensive search of several databases, including
PubMed, MEDLINE, Web of Science, and Google Scholar, published up to 11 January 2023. The
authors identified seven studies that met their inclusion criteria, all of which investigated the FMT
application as a treatment for gastrointestinal disorders such as colitis and diarrhea. The authors
demonstrated that FMT was generally effective in treating these conditions. However, the authors
noted that the quality of the studies was generally suboptimal and characterized by small sample
sizes and a lack of control groups. The authors concluded that FMT is a promising treatment option
for certain gastrointestinal disorders in horses. Nevertheless, more research is required to determine
the optimal donor selection, dosing, and administration protocols, as well as the long-term safety
and efficacy of FMT in horses.

Keywords: equine; fecal microbiota transplantation; gut microbiota

1. Introduction

The horse gastrointestinal tract is a home for heavily populated microorganisms
(bacteria, fungi, and viruses) which are collectively known as microbiota. Advances in
RNA-sequencing technology (e.g., 16S rRNA) revealed that every part of a horse’s body is
colonized with a unique microbial community. The gut microbiota has the most abundant
and diverse microbial population compared with other organs and tissue. The primary
function of equine gut microbiota is food digestion and nutrient absorption [1]. However,
recent research has shown that the gut microbiota also plays an important role in the
host’s normal physiological functions. For example, when the gut microbiota is disrupted
(dysbiosis) by various factors [2], a number of gastrointestinal diseases occur, such as
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colitis [3,4] and diarrhea [5]. Therefore, keeping the gut microbiota healthy is vital for the
overall well-being of horses.

Fecal microbiota transplantation (FMT) has been extensively studied since its approval
for treating human Clostridium difficile infections (CDI) by the US Food and Drug Adminis-
tration in 2013 [6]. Although FMT has gained increasing attention in veterinary medicine as
a potential therapy for various gastrointestinal disorders in horses [7,8], our understanding
of FMT is still limited. The aim of FMT is to re-establish the healthy gut microbiota in
horses by transferring fecal material from a healthy donor to a recipient. The mechanism
of FMT action remains elusive, but it is believed to function by introducing a diverse and
balanced microbial community into the recipient’s gut, which can then compete with and
displace harmful pathogens, leading to a healthier gut environment.

Despite the growing interest and promising results, FMT has not yet become the
mainstream treatment option in equine clinics, even though the underlying condition is
clearly intestine-based and FMT could offer the most direct and cost-effective approach.
The main barrier is safety concerns. Therefore, in this systematic review, we scrutinized the
current literature on the use of FMT in horses, including its efficacy and safety.

2. Method
2.1. Data Sources and Search Strategy

This systematic review was conducted according to the guidelines of the Preferred
Reporting Items for Systematic Review and Meta-Analysis Protocol (PRISMA).

A systematic search was performed in four databases (PubMed, MEDLINE, and Web
of Science, and for gray articles, Google Scholar limited to the first 10 pages) on 11 January
2023. Databases were searched for fecal microbiota transplantation with the following
alternative terms: “fecal”, “faecal”, “microbiota”, “microbiome”, “microflora”, “feces”,
“faeces”, “stool”, “stool flora”, “stool microbiota”, “stool bacteria”, “fecal flora”, and
“faecal flora”; individually combined with the alternative terms of transplant: “transplant”,
“transfusion”, and “transplantation”. These terms were then searched in combination.
Then, the results were combined with various equine alternative terms (“horse”, “equine”,
“pony”, “mare”, “foal”, “filly”, “gelding”, or “colt”) and combined by the Boolean term
“AND”.

After the literature search, all articles were independently reviewed by the two authors
(MT and WW).

Literature inclusion criteria: (1) the study population included any horses receiving
FMT treatment for any symptoms; (2) the study types were clinical trial, case report, and
observational studies; (3) no language limits were used.

Literature exclusion criteria: (1) duplicate publications, conference publications, edito-
rials, and reviews; (2) abstracts, and no full text available.

2.2. Data Extraction

From each study, the following information was extracted: author, year of publication,
geographic location of the study, sample size, patient characteristics, frequency of fecal
transplant therapy, methods for preparing fecal solution, and taxonomy of equine gut
microbiota pre-and-post-FMT treatment.

3. Results
3.1. Study Selection

A total of 561 articles were identified through the database search, and one article was
retrieved through cross-reference. After removing duplicates, 237 articles were initially
screened by title and abstract. At this step, 218 articles were excluded based on the study
design (n = 129), study population (n = 57), and study type (n = 32). A total of 19 articles
underwent full-text review. Then, 12 articles were removed as they were conference
abstracts or posters, with no availability of full text (n = 12).
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3.2. Study Characteristics

As shown in Figure 1, a total of seven studies were included in the qualitative synthesis.
Characteristics of the seven articles are presented in Table 1. Of these studies, 29% were
clinical trials (n = 2), and 71% were observational studies (n = 5). The usage of FMT varied
among the studies, with three investigating diarrhea, two investigating antibiotic-induced
intestinal dysbiosis, one investigating colitis, and one investigating free fecal water.
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Figure 1. PRISMA flowchart of included studies.

Table 1. Characteristics of the included studies.

Author Year Country Sample
Size

Patient Char-
acteristics

FMT
Frequency

Fecal Preparation
Methods

Dias et al. [9] 2018 Brazil 4 Colitis Once

1.5–2 kg of fresh
stool mixed with
40 g of sodium

bicarbonate in 4 L
of water

McKinne et al.
[10] 2020 USA 5 Diarrhea 3 consecutive

days

2.5 pounds of
fresh manure

mixed with 4 L of
lukewarm water
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Table 1. Cont.

Author Year Country Sample
Size

Patient Char-
acteristics

FMT
Frequency

Fecal Preparation
Methods

Di Pietro et al.
[11] 2021 Canada 9

Antibiotic-
induced
intestinal
dysbiosis

3 consecutive
days

1, 1 kg of fresh
stool mixed with
2 L of water and

centrifuged
2, 1.6 kg of fresh
stool mixed with

3.2 L of water

McKinne et al.
[8] 2021 USA 22 Diarrhea 3 consecutive

days

2.5 pounds of
fresh manure

mixed with 4 L of
lukewarm water

Costa et al.
[12] 2021 Canada 6 Diarrhea Once

1.5 kg of fresh
stool mixed with

5 L of warm water

Laustsen et al.
[13] 2021 The

Netherlands 20 Free fecal
water Once

0.5 kg of fresh
stool mixed with
5 L of non-sterile

warm saline

Kinoshita
et al. [14] 2022 Japan 9

Antibiotic-
induced
intestinal
dysbiosis

5 consecutive
days

0.5 kg of fresh
stool mixed with

1 L of warm water

A total of 75 horses were enrolled in the included studies, with a mean of 11 per
study (sample sizes ranged from 4 to 22). Among them, there were a total of 33 horses in
studies relating to diarrhea, 18 for antibiotic-induced dysbiosis, 4 for colitis, and 20 for free
fecal water.

Studies were conducted in the US (n = 2) [8,10], Canada (2) [11,12], the Netherlands
(n = 1) [13], Japan (n = 1) [14], and Brazil (n = 1) [9].

3.3. Methodology of FMT Process

The process for FMT administration was the same among studies: delivered via
nasogastric tube. However, the FMT process for obtaining feces and preparing fecal
solutions varied between studies.

3.3.1. Fecal Collection

Fecal samples were collected freshly per rectum from each donor horse
(n = 4) [9,10,12,13]. The amount of feces ranged from 0.5 kg to 2 kg, with an approxi-
mate average of 1.12 kg per horse.

In two studies, the feces were not collected directly from the rectum, but were instead
collected after being dropped on the straw bed [14], or collected using a fecal collector [11].
Approximately 10 kg of feces were obtained by an overnight-kept fecal collector [11].
However, the amount of feces is not described precisely in the other study which merely
stated ‘the feces were collected within 2 h in several times’ [14].

One study did not specify the method for collecting feces from the donor horse [8],
but that it was freshly used for FMT. Out of the seven studies included, only one study
reported using centrifugation of the fecal solution [11], while the remaining studies did not
go through extra handling of the fecal material.

3.3.2. Fecal Preparation

Of all included studies, fecal solutions were prepared aerobically, and feces were
exposed to oxygen during the obtaining and handling procedures.

Out of the seven included studies, five prepared the inoculum using freshly collected
feces. Briefly, the collected stool samples were mixed with (n = 1) [8] or without a mixer
(n = 4) [9,10,12,13] in water (n = 3) [8,10,12], 10% sodium bicarbonate solution (n = 1) [9], or
non-sterile saline (n = 1) [13]. The amount of liquid used to prepare FMT varied between
4 L to 5 L per horse. The liquid was warm or warmed up before administering to the horses.
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One study prepared FMT using frozen feces [14]. After collecting, the feces were
immediately stored at −20 ◦C, then at −80 ◦C. Before use, the frozen feces were thawed
with 1 L of warm water, mixed thoroughly, and administered to the horses.

Another study used both fresh and frozen feces [11]. Fresh FMT was conducted by
mixing 1.6 kg of stool in 3.2 L of water. Frozen stool suspension was prepared by using 2 L
of water and 1 kg of fresh feces. The mixture was centrifuged at 24,470× g for 30 min; after
the supernatant was discarded, the remainder was resuspended in 400 mL of 10% glycerol
in 0.9% saline, then stored in −80 ◦C until use.

3.3.3. Donor Selection and Screening

As shown in Table 2, all of the seven studies conducted clinical examinations before
stool collection. Although these examinations varied among the studies, the main purpose
was to ensure the donors had a healthy gut microbiota and were free from antimicrobial
therapy for at least three months. Five studies did not specify the exclusion criteria before
collecting feces, but were rather based on the recorded information [9,11–14]. Two studies
excluded donor horses based on specific criteria [8,10], such as colic, diarrhea, transport,
medical, or probiotic interventions.

Table 2. Donor examinations before and after fecal collection.

Reference No. of Donor
Before Fecal Collection After Fecal Collection

Recorded Information Exclusion Criteria Included Examinations

[9] 1

Physical examination, history
of infectious diseases; history

of antimicrobial therapy in
recent 6 months; vaccination

and deworming

Not specified Not specified

[10] 3

Complete diet history, medical
history, and physical

examination; breed, age, body
condition score, heart rate,

respiratory rate, rectal
temperature, attitude, and

borborygmi

Any recent
gastrointestinal illness

(colic, diarrhea),
transport, medical

treatment, or dietary
supplementation with

probiotics

Fecal egg count,
coronavirus, Clostridium
difficile toxins A and B,
Clostridium perfringens

antigens, Lawsonia
intracellularis, Neorickettsia
risticii, and Salmonella sp.

[11] 1

Breed, age, body weight;
history of antimicrobials or

other medications in the last 3
months

Not specified
Salmonella enterica,

Clostridium perfringens,
Clostridioides difficile, and

parasitic eggs

[8] 3

Complete diet history, medical
history, physical examination;

breed, age, body condition
score, heart rate, respiratory

rate, rectal temperature,
attitude, and borborygmi

Any recent
gastrointestinal illness

(colic, diarrhea),
transport, medical

treatment, or dietary
supplementation with

probiotics

Coronavirus, Clostridium
difficile toxins A and B,
Clostridium perfringens

antigens, Lawsonia
intracellularis, Neorickettsia
risticii, Salmonella sp., and

quantitative fecal egg count

[12] 2

Breed, age; history of
antimicrobials or other

medications in the last 6
months; history of intestinal

diseases; history of
deworming

Not specified

Salmonella enterica,
Clostridium perfringens,
Clostridioides difficile by

culture, and negative for
parasitic eggs

[13] 2

Health status, history of
digestive issues; history of

medical treatments in the last
12 months; clinical history (>5

years)

Not specified Not specified

[14] 1

Breed, age, sex; history of
antimicrobials in the last 3

months; history of intestinal
issues in the last 3 months

Not specified

Clostridioides difficile,
Clostridium perfringens, and

Salmonella species by culture
methods

After fecal collection, five studies reported further examinations of the stool. Although
the examinations were different between studies [8,10–12,14], they included coronavirus,
Clostridium difficile toxins A and B, Clostridium perfringens antigens, Lawsonia intracellularis,
Neorickettsia risticii, Salmonella sp., and fecal egg count. In contrast, two studies did not
detail any examinations after collecting stools [9,13].
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3.4. The Efficacy and Safety of FMT in Horses

Of all the seven studies, 46 horses were treated with FMT, whereas three of them died
at the end. The overall successful/survival rate was 93.48%. Among them, four colitis
horses were treated by FMT with a 75% success rate, and 23 diarrhea horses were treated
by FMT with a 91.3% success rate; one study found that FMT did not have any significant
effect on horses with free fecal water, resulting in a 0% success rate [13]. Two studies
examined the efficacy of FMT after the gut microbiota was experimentally disrupted by
antibiotics such as metronidazole [14] and trimethoprim sulfadiazine [11]. Therefore, they
were not included in the cure rate estimating process.

3.5. The Effect of FMT on Gut Microbiota

As shown in Table 3, six out of seven studies conducted fecal microbiota analysis before
and after FMT administration. Among them, four studies indicated significant dysbiosis
of gut microbiota compositions before FMT. In diarrhetic horses, the fecal microbiota
inhibited lower α-diversity and greater beta β-diversity [8,10], or increased Lactobacillales
order and the genera Lactobacillus, Intestinimonas, and Streptococcus [12]. Di Pietro et al.
indicated that after inducing intestinal dysbiosis using trimethoprim sulfadiazine, the gut
microbiota showed higher abundance of the genus Intestinimonas, unclassified Lactobacillales,
Lactobacillus, and Streptococcus compared to controls [11].

Table 3. Changes of the equine gut microbiota compositions in the included studies.

Reference Pre-FMT Post-FMT

[9] NA NA

[10] The fecal microbiota was significantly
more variable in terms of β-diversity

The fecal microbiota had a higher α-diversity than prior
to treatment and was phylogenetically more similar to

that of the donor

[11]

The fecal microbiota showed greater
representation of the genus
Intestinimonas, unclassified

Lactobacillales, Lactobacillus, and
Streptococcus

Simpson’s index was not significantly different
comparing patients to each other

[8]
The fecal microbiota showed lower

α-diversity and greater beta
β-diversity

Horses showed a lower mean UniFrac distance

[12]

The Order Lactobacillales and the
genera Lactobacillus, Intestinimonas,

and Streptococcus were increased in the
microbiota of diarrheic horses

No change in the fecal microbiota

[13]
Compared to healthy controls, the

fecal microbiota did not show
significant differences

No effect on the fecal microbiota in terms of alpha or beta
diversity

[14] NA

Changes in the ratios of bacterial families were similar
between the metronidazole-treated group and the

simultaneous metronidazole- and FMT-treated group,
notably in the Clostridiaceae, Ruminococcaceae, and

Enterobacteriaceae. Differences in fecal bacterial
compositions were due mainly to metronidazole

administration (p = 0.0003), but not to FMT

After FMT treatments, four studies found that there were no significant differences in
the composition of the gut microbiota compared to controls or before FMT treatment [11–14].
However, the clinical sypmtoms were allevated after FMT. Two studies showed that the
horses receiving FMT had similar fecal microbiota compositions to their donors [8,10], as
indicated by the lower mean UniFrac distance.

4. Discussion

Fecal microbiota transplantation (FMT) has emerged as a promising treatment op-
tion for various gastrointestinal disorders in horses. This systematic review provides an
overview of the current applications of FMT in horses and highlights the key findings from
the available literature. These studies have identified important aspects of FMT in horses,
including selection of the recipients, donor screening, collection and preparation of feces,
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establishment of a stool bank, frequency and amount of fecal transplant, and efficacy and
safety of FMT, as well as other factors in FMT.

4.1. The Selection of Recipients

Of all seven studies, the recipients were horses with various gastrointestinal symp-
toms, including diarrhea, antibiotic-induced intestinal dysbiosis, colitis, and free fecal
water. Among them, FMT was totally ineffective in treating horses (n = 10) with free fecal
water. In this case, fecal water syndrome did not cause gut microbiota changes in horses;
consequently, replacing the intestinal microbiota was unproductive. Indeed, although
treating gastrointestinal disorders with FMT seems logical, its effectiveness is dependent
on the presence of intestinal dysbiosis. Therefore, it is crucial to choose the right patient
for FMT.

4.2. The Screening Process for Donors

Currently, the selection process for donors prioritizes safety by avoiding as many risk
factors as possible to obtain relatively “healthy” fecal matter. The idea of a “healthy” gut
microbiota has yet to be clearly defined in horses, or even in humans. The main goal at
present is to enhance the effectiveness of FMT treatment. As shown in Table 1, the number
of donor horses ranged from one to three, which may be due to the availability of donor
horses rather than frequency or amount of FMT. Of all seven studies, the donor horse(s)
went through a screening process. The first step in all the studies was to conduct a physical
examination to ensure the donors were clinically healthy, although these examinations
varied among the studies (except for two studies done by the same author). The primary
purpose was to make certain that the donor had a relatively healthy gut microbiota free
from diseases and antimicrobial usage for at least three months. Then, five of seven studies
conducted secondary examination to further confirm the safety of the feces, which included
testing for coronavirus, Clostridium difficile toxins A and B, Clostridium perfringens antigens,
Lawsonia intracellularis, Neorickettsia risticii and Salmonella sp., and fecal egg count. Although
the current donor screening process for equine FMT is considered safe, there might be more
efficient and specific methods for donor selection.

4.3. Methods for Fecal Collection and Preparation

Collecting feces directly from the rectum is the most popular method (4/7 studies), and
produces the freshest and least contaminated fecal samples. However, the biggest drawback
is the relatively small amount of feces collected each time. Therefore, this method is more
suitable for fecal molecular analysis. Alternatively, using a fecal collector or collecting from
the bed immediately is another option; however, it may diminish the viability of the fecal
bacteria, especially anaerobic bacteria, if the stool is exposed to the environment for too
long. According to a previous study [15], the equine stool can be kept for up to 6 h at
room temperature without significant impact on the bacterial composition, but resident
microbial population alters after that. Therefore, the storage condition of fecal material is
very essential in successful FMT. Human studies have demonstrated that frozen feces can be
just as effective as fresh ones [16]. However, Kinoshita et al. reported that frozen stool was
ineffective for preventing metronidazole-induced dysbiosis of equine gut microbiota. The
authors believe that this result was mainly due to conducting FMT without discontinuing
metronidazole administration. Preparing and using frozen feces in horses is worth further
exploration as it has significant implications for veterinary practices. Pre-screened frozen
feces are more practical in terms of cost and time and allow for greater accessibility in
equine clinical practices, which can overcome geographical limitations. It should be noted
that appropriate storage conditions are necessary to maintain the viability of the microbial
population.
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4.4. Stool Bank Establishment

Establishing a stool bank for equine fecal samples could serve as an initial step towards
implementation of FMT in the future. In addition, horses are highly admired for their
athletic abilities such as jumping and running, unlike other animals. Recent evidence
suggests that the gut microbiota plays a crucial role in human performance [17,18]. Studies
have revealed that a higher abundance of lactic acid-utilizing bacteria in the gut is associated
with improved sport performance. Although there is a dearth of research on this topic,
an in vitro study identified the presence of lactate-utilizing bacteria in the equine gut
microbiota community [19]. While gut microbiota is not a predictor of performance in
endurance races in horses [20], it is plausible that lactic-acid utilizing bacteria in the
intestinal tract can enhance their athletic abilities. Thus, a stool bank using samples
from high-performance athlete horses with these bacteria could be utilized as a natural
performance booster in sports events.

Obesity is a rising concern among horses as it is associated with metabolic disorders
such as insulin imbalances, high lipid levels, and laminitis [21–23]. Studies have demon-
strated that overweight horses have alterations in their gut microbiota following weight
loss, resulting in a significant increase in the alpha-diversity of their fecal microbiota [24].
Considering these findings and the impact of gut microbiomes on fitness, utilizing lean
horse feces selected based on Body Condition Score (BCS) as a treatment option for weight
loss in overweight horses may be a cost-effective and safe approach.

4.5. The Frequency and Amount for Fecal Transplant

The frequencies of FMT were varied among studies, with some using a single FMT, or
administration over three or five consecutive days. The volume of stools was also different
between studies, from 0.5 kg to 2 kg. These findings suggest that the frequency and amount
of FMT are not related to a specific disorder or the weight of the patient, but are instead
determined by the veterinary expert.

4.6. Efficacy and Safety of FMT

In clinical treatments, FMT horses typically do not receive any pre-treatment (n = 5),
except for study purposes (n = 2). However, research on humans and mice has demon-
strated that the efficacy of FMT can be enhanced through the use of antibiotics before the
procedure [25–27]. Commensal bacteria in the gastrointestinal tract can act as a protective
barrier, preventing other microbiomes from residing in the gut. Antibiotic treatment prior to
FMT aims to disrupt the recipient’s gut microbiota and increase colonization efficacy. How-
ever, the use of antibiotics in horses can cause severe consequences such as colitis [28–31],
diarrhea [32,33], colic [34], laminitis [35], etc. Therefore, polyethylene glycol (PEG 4000)
could be an alternative choice for eradicating the recipient horse’s gut microbiota as studies
on humans and mice have demonstrated the effectiveness of PEG in cleaning the bowel
and reducing the microbiome [36,37]. While FMT has been successful in treating horses
without pre-treating the recipient’s gut microbiome, exploring the efficacy of PEG in equine
FMT could increase effectiveness, reduce the need for repeated treatments, and improve
equine welfare. Among the seven studies, excepting one study which did not report the
composition of gut microbiota, four studies indicated no significant alterations of gut mi-
crobiota after FMT whereas the results of the remaining two studies had obvious changes.
Hence, based on the current literature, it is challenging to provide a conclusive answer as
to whether the efficacy of FMT could be proved by altered composition of gut microbiota in
the recipient. From a practical perspective, the alleviation of clinical symptoms may serve
as a more visible means of validating the efficacy of FMT.

4.7. Other Factors in FMT

The main purpose of FMT is to restore the disrupted gut microbiota. However, some
studies suggest that the efficacy of FMT may also depend on other factors such as fungi
and viruses. For example, in humans, a previous study indicates that fungi might have
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a potential influence on FMT efficacy in recurrent CDI treatment [38]. However, the
impact of fungi and viruses on efficiency of FMT treatment is an area requiring further
research in veterinary science. In addition, side-products of the gut microbiota, including
antimicrobials and secondary bile acid, may play a crucial role in FMT efficacy. The
production of antimicrobials, bacteriocin, is directed by the gut microbiota [39]. If the
gut microbiota is imbalanced, it can decrease the production of bacteriocins which are
responsible for preventing harmful agents from growing and spreading. However, by
transplanting microbiota from a healthy donor, bacteriocin production could be restored,
leading to the effective elimination of pathogenic and opportunistic microorganisms. Gut
microbiota also regulates the production of secondary bile acid [40], which can be altered
due to the modified composition of their gut microbiota by FMT. Research has shown that
FMT can also restore the Firmicutes phylum and secondary bile acid metabolism in CDI
patients, which may prevent the growth and germination of C. difficile spores both in vitro
and in vivo [41,42]. In summary, while multiple factors contribute to the effectiveness of
FMT in horses, the gut microbiota remains a crucial factor in the treatment’s success.

5. Conclusions

Fecal microbiota transplantation (FMT) has emerged as a promising treatment op-
tion for various gastrointestinal disorders in horses. This systematic review provides an
overview of the current applications of FMT in horses and summarizes some of the key
findings from the available literature.

One of the main findings of the review was that FMT appears to be effective in treating
certain gastrointestinal disorders in horses, including colitis and diarrhea, with reported
success rates ranging from 75% to 91.3%. However, the authors note that the quality of
the evidence is generally suboptimal, with small sample sizes and a lack of control groups,
which limits the strength of the conclusions that can be drawn. Future studies should aim
to address these limitations by using larger sample sizes, more rigorous study designs, and
standardized protocols for administering FMT.

Another important consideration in the use of FMT is donor selection. Most studies
used healthy horses as donors, but there is limited evidence on the optimal criteria for
selecting appropriate donors. Some potential factors to consider may include the diversity
and stability of their microbiota. Future research should aim to establish clear guidelines
for donor selection to ensure the safety and efficacy of FMT in horses.

The safety of FMT in horses is another area of concern. While most studies reported no
adverse effects associated with FMT, the long-term safety of the procedure is not yet clear.
Additionally, the potential risks of FMT, such as the transmission of infectious diseases and
the possibility of introducing harmful or unknown microorganisms into the recipient’s gut,
highlight the need for more research on safety and risk management strategies.

Finally, while most studies focused on the use of FMT for treating gastrointestinal
disorders, there is limited evidence on the potential applications of FMT for other condi-
tions in horses, such as obesity and metabolic disorders. Future research should explore
the potential benefits of FMT in these areas and investigate the underlying mechanisms
of action.

In conclusion, the systematic review provides a comprehensive overview of the current
applications of FMT in horses and highlights the need for more research in this area. While
FMT appears to be a promising treatment option for certain gastrointestinal disorders in
horses, more rigorous studies are needed to establish the optimal donor selection, dosing,
and administration protocols, as well as the long-term safety and efficacy of FMT in horses.
Additionally, future research should explore the potential applications of FMT for other
conditions in horses and investigate the underlying mechanisms of action.

Author Contributions: Conceptualization: M.T.; Supervision: N.Z.; Writing—original draft: M.T.
and W.W.; Writing—review and editing: M.T. and W.W. All authors have read and agreed to the
published version of the manuscript.



Vet. Sci. 2023, 10, 290 10 of 11

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Sugahara, H.; Odamaki, T.; Hashikura, N.; Abe, F.; Xiao, J.-Z. Differences in Folate Production by Bifidobacteria of Different

Origins. Biosci. Microbiota Food Health 2015, 34, 87–93. [CrossRef] [PubMed]
2. Garber, A.; Hastie, P.; Murray, J.-A. Factors Influencing Equine Gut Microbiota: Current Knowledge. J. Equine Vet. Sci. 2020, 88,

102943. [CrossRef] [PubMed]
3. Costa, M.C.; Arroyo, L.G.; Allen-Vercoe, E.; Stämpfli, 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]

4. Graness, N.; Swidsinski, A.; Krüger, M.; Ehlers, K.; Arnold, C.; Schusser, G.F. Analysis of the Fecal Microbiome in Horses in
Association with Antibiotic and Prebiotic Treatment. Berl. Und Münchener Tierärztliche Wochenschr. 2018, 131, 224–238. [CrossRef]

5. Cohen, N.D.; Woods, A.M. Characteristics and Risk Factors for Failure of Horses with Acute Diarrhea to Survive: 122 Cases
(1990–1996). J. Am. Vet. Med. Assoc. 1999, 214, 382–390.

6. Nicco, C.; Paule, A.; Konturek, P.; Edeas, M. From Donor to Patient: Collection, Preparation and Cryopreservation of Fecal
Samples for Fecal Microbiota Transplantation. Diseases 2020, 8, 9. [CrossRef]

7. Mullen, K.R.; Yasuda, H.; Gr, K.; Divers, T.J. 4.6 Microbiota Transplantation for Equine Colitis: Revisiting an Old Treatment with
New Technology. Abstract 2014.

8. 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]

9. 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. Vet. Bras. 2018, 38, 1564–1569. [CrossRef]

10. 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]

11. Di Pietro, R. Development of a Protocol with Concentrated Bacteria for Fecal Microbiota Transplantation and Impact on the
Equine Fecal Microbiota after Antibiotic-Induced Dysbiosis. 2021. Available online: https://papyrus.bib.umontreal.ca/xmlui/
handle/1866/24704 (accessed on 13 January 2023).

12. Costa, M.; Di Pietro, R.; Bessegatto, J.A.; Pereira, P.F.V.; Stievani, F.C.; Gomes, R.G.; Lisbôa, 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.

13. Laustsen, L.; Edwards, J.E.; Hermes, G.D.A.; Lúthersson, 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]

14. 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]

15. Martin de Bustamante, M.; Plummer, C.; MacNicol, J.; Gomez, D. Impact of Ambient Temperature Sample Storage on the Equine
Fecal Microbiota. Animals 2021, 11, 819. [CrossRef] [PubMed]

16. Staley, C.; Hamilton, M.J.; Vaughn, B.P.; Graiziger, C.T.; Newman, K.M.; Kabage, A.J.; Sadowsky, M.J.; Khoruts, A. Successful
Resolution of Recurrent Clostridium difficile Infection Using Freeze-Dried, Encapsulated Fecal Microbiota; Pragmatic Cohort Study.
Am. J. Gastroenterol. 2017, 112, 940–947. [CrossRef] [PubMed]

17. 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]

18. 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]

19. Biddle, A.S.; Black, S.J.; Blanchard, J.L. An in Vitro Model of the Horse Gut Microbiome Enables Identification of Lactate-Utilizing
Bacteria That Differentially Respond to Starch Induction. PLoS ONE 2013, 8, e77599. [CrossRef]

20. Plancade, S.; Clark, A.; Philippe, C.; Helbling, J.-C.; Moisan, M.-P.; Esquerré, D.; Le Moyec, L.; Robert, C.; Barrey, E.; Mach, N.
Publisher Correction: Unraveling the Effects of the Gut Microbiota Composition and Function on Horse Endurance Physiology.
Sci. Rep. 2020, 10, 15880. [CrossRef]

21. Thatcher, C.D.; Pleasant, R.S.; Geor, R.J.; Elvinger, F. Prevalence of Overconditioning in Mature Horses in Southwest Virginia
during the Summer. J. Vet. Intern. Med. 2012, 26, 1413–1418. [CrossRef]

https://doi.org/10.12938/bmfh.2015-003
https://www.ncbi.nlm.nih.gov/pubmed/26594608
https://doi.org/10.1016/j.jevs.2020.102943
https://www.ncbi.nlm.nih.gov/pubmed/32303307
https://doi.org/10.1371/journal.pone.0041484
https://www.ncbi.nlm.nih.gov/pubmed/22859989
https://doi.org/10.2376/0005-9366-17051
https://doi.org/10.3390/diseases8020009
https://doi.org/10.1371/journal.pone.0244381
https://doi.org/10.1590/1678-5150-pvb-5521
https://doi.org/10.1371/journal.pone.0230148
https://papyrus.bib.umontreal.ca/xmlui/handle/1866/24704
https://papyrus.bib.umontreal.ca/xmlui/handle/1866/24704
https://doi.org/10.3390/ani11102776
https://doi.org/10.1016/j.jevs.2022.104004
https://doi.org/10.3390/ani11030819
https://www.ncbi.nlm.nih.gov/pubmed/33803934
https://doi.org/10.1038/ajg.2017.6
https://www.ncbi.nlm.nih.gov/pubmed/28195180
https://doi.org/10.1038/s41591-019-0485-4
https://www.ncbi.nlm.nih.gov/pubmed/31235964
https://doi.org/10.3389/fmolb.2021.656204
https://doi.org/10.1371/journal.pone.0077599
https://doi.org/10.1038/s41598-020-69895-y
https://doi.org/10.1111/j.1939-1676.2012.00995.x


Vet. Sci. 2023, 10, 290 11 of 11

22. Potter, S.J.; Bamford, N.J.; Harris, P.A.; Bailey, S.R. Prevalence of Obesity and Owners’ Perceptions of Body Condition in Pleasure
Horses and Ponies in South-Eastern Australia. Aust. Vet. J. 2016, 94, 427–432. [CrossRef] [PubMed]

23. Robin, C.A.; Ireland, J.L.; Wylie, C.E.; Collins, S.N.; Verheyen, K.L.P.; Newton, J.R. Prevalence of and Risk Factors for Equine
Obesity in Great Britain Based on Owner-Reported Body Condition Scores. Equine Vet. J. 2015, 47, 196–201. [CrossRef] [PubMed]

24. 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]

25. Keshteli, A.H.; Millan, B.; Madsen, K.L. Pretreatment with Antibiotics May Enhance the Efficacy of Fecal Microbiota Transplanta-
tion in Ulcerative Colitis: A Meta-Analysis. Mucosal Immunol. 2017, 10, 565–566. [CrossRef]

26. Ji, S.K.; Yan, H.; Jiang, T.; Guo, C.Y.; Liu, J.J.; Dong, S.Z.; Yang, K.L.; Wang, Y.J.; Cao, Z.J.; Li, S.L. Preparing the Gut with Antibiotics
Enhances Gut Microbiota Reprogramming Efficiency by Promoting Xenomicrobiota Colonization. Front. Microbiol. 2017, 8, 1208.
[CrossRef]

27. Millan, B.; Park, H.; Hotte, N. Others Antibiotics and Bowel Preparation Enhance the Ability of Fecal Microbial Transplantation
to Reshape the Gut Microbiota in IL-10-/- Mice. Proc. Can. J. Gastroenterol. Hepatol. Conf. 2016.

28. Weese, J.S.; Kaese, H.J.; Baird, J.D.; Kenney, D.G.; Staempfli, H.R. Suspected Ciprofloxacin-Induced Colitis in Four Horses. Equine
Vet. Educ. 2010, 14, 182–189. [CrossRef]

29. Gustafsson, A.; Båverud, V.; Gunnarsson, A.; Rantzien, M.H.; Lindholm, A.; Franklin, A. The Association of Erythromycin
Ethylsuccinate with Acute Colitis in Horses in Sweden. Equine Vet. J. 1997, 29, 314–318. [CrossRef]

30. Raisbeck, M.F.; Holt, G.R.; Osweiler, G.D. Lincomycin-Associated Colitis in Horses. J. Am. Vet. Med. Assoc. 1981, 179, 362–363.
31. Staempfli, H.R.; Prescott, J.F.; Brash, M.L. Lincomycin-Induced Severe Colitis in Ponies: Association with Clostridium Cadaveris.

Can. J. Vet. Res. 1992, 56, 168–169.
32. Baker, J.R.; Leyland, A. Diarrhoea in the Horse Associated with Stress and Tetracycline Therapy. Vet. Rec. 1973, 93, 583–584.

[CrossRef] [PubMed]
33. Wilson, D.A.; MacFadden, K.E.; Green, E.M.; Crabill, M.; Frankeny, R.L.; Thorne, J.G. Case Control and Historical Cohort Study

of Diarrhea Associated with Administration of Trimethoprim-Potentiated Sulphonamides to Horses and Ponies. J. Vet. Intern.
Med. 1996, 10, 258–264. [CrossRef] [PubMed]

34. Haggett, E.F.; Wilson, W.D. Overview of the Use of Antimicrobials for the Treatment of Bacterial Infections in Horses. Equine Vet.
Educ. 2008, 20, 433–448. [CrossRef]

35. Basile, R.C.; Rivera, G.G.; Del Rio, L.A.; de Bonis, T.C.M.; do Amaral, G.P.D.; Giangrecco, E.; Ferraz, G.; Yoshinari, N.H.; Canola,
P.A.; Queiroz Neto, A. Anaphylactoid Reaction Caused by Sodium Ceftriaxone in Two Horses Experimentally Infected by Borrelia
burgdorferi. BMC Vet. Res. 2015, 11, 197. [CrossRef]

36. Fang, S.; Song, Y.; Liu, Y.; Wang, L. Randomized clinical trial: Efficacy and tolerability of two different split dose of low-volume
polyethylene glycol electrolytes for bowel preparation before colonoscopy in hospitalized children. Pediatr. Res. 2021, 90, 171–175.
[CrossRef]

37. Wrzosek, L.; Ciocan, D.; Borentain, P.; Spatz, M.; Puchois, V.; Hugot, C.; Ferrere, G.; Mayeur, C.; Perlemuter, G.; Cassard, A.-M.
Transplantation of Human Microbiota into Conventional Mice Durably Reshapes the Gut Microbiota. Sci. Rep. 2018, 8, 6854.
[CrossRef]

38. Ng, S.C.; Kamm, M.A.; Yeoh, Y.K.; Chan, P.K.S.; Zuo, T.; Tang, W.; Sood, A.; Andoh, A.; Ohmiya, N.; Zhou, Y.; et al. Scientific
Frontiers in Faecal Microbiota Transplantation: Joint Document of Asia-Pacific Association of Gastroenterology (APAGE) and
Asia-Pacific Society for Digestive Endoscopy (APSDE). Gut 2020, 69, 83–91. [CrossRef]

39. Krajicek, E.; Fischer, M.; Allegretti, J.R.; Kelly, C.R. Nuts and Bolts of Fecal Microbiota Transplantation. Clin. Gastroenterol. Hepatol.
2019, 17, 345–352. [CrossRef]

40. Guzior, D.V.; Quinn, R.A. Review: Microbial Transformations of Human Bile Acids. Microbiome 2021, 9, 140. [CrossRef]
41. Theriot, C.M.; Bowman, A.A.; Young, V.B. Antibiotic-Induced Alterations of the Gut Microbiota Alter Secondary Bile Acid

Production and Allow for Clostridium Difficile Spore Germination and Outgrowth in the Large Intestine. mSphere 2016, 1,
e00045-15. [CrossRef] [PubMed]

42. Theriot, C.M.; Koenigsknecht, M.J.; Carlson, P.E., Jr.; Hatton, G.E.; Nelson, A.M.; Li, B.; Huffnagle, G.B.; Li, J.Z.; Young, V.B.
Antibiotic-Induced Shifts in the Mouse Gut Microbiome and Metabolome Increase Susceptibility to Clostridium Difficile Infection.
Nat. Commun. 2014, 5, 3114. [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/10.1111/avj.12506
https://www.ncbi.nlm.nih.gov/pubmed/27785793
https://doi.org/10.1111/evj.12275
https://www.ncbi.nlm.nih.gov/pubmed/24735219
https://doi.org/10.3389/fvets.2021.668120
https://www.ncbi.nlm.nih.gov/pubmed/34222398
https://doi.org/10.1038/mi.2016.123
https://doi.org/10.3389/fmicb.2017.01208
https://doi.org/10.1111/j.2042-3292.2002.tb00167.x
https://doi.org/10.1111/j.2042-3306.1997.tb03129.x
https://doi.org/10.1136/vr.93.22.583
https://www.ncbi.nlm.nih.gov/pubmed/4785348
https://doi.org/10.1111/j.1939-1676.1996.tb02059.x
https://www.ncbi.nlm.nih.gov/pubmed/8819052
https://doi.org/10.2746/095777308X338893
https://doi.org/10.1186/s12917-015-0478-6
https://doi.org/10.1038/s41390-020-01216-5
https://doi.org/10.1038/s41598-018-25300-3
https://doi.org/10.1136/gutjnl-2019-319407
https://doi.org/10.1016/j.cgh.2018.09.029
https://doi.org/10.1186/s40168-021-01101-1
https://doi.org/10.1128/mSphere.00045-15
https://www.ncbi.nlm.nih.gov/pubmed/27239562
https://doi.org/10.1038/ncomms4114
https://www.ncbi.nlm.nih.gov/pubmed/24445449

	Introduction 
	Method 
	Data Sources and Search Strategy 
	Data Extraction 

	Results 
	Study Selection 
	Study Characteristics 
	Methodology of FMT Process 
	Fecal Collection 
	Fecal Preparation 
	Donor Selection and Screening 

	The Efficacy and Safety of FMT in Horses 
	The Effect of FMT on Gut Microbiota 

	Discussion 
	The Selection of Recipients 
	The Screening Process for Donors 
	Methods for Fecal Collection and Preparation 
	Stool Bank Establishment 
	The Frequency and Amount for Fecal Transplant 
	Efficacy and Safety of FMT 
	Other Factors in FMT 

	Conclusions 
	References

