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Abstract

Faecal microbiota transplantation (FMT) is a therapeutic approach that involves the transfer
of faecal microbiota from a healthy donor to a recipient, aiming to restore a balanced microbial
community in the recipient's gut. FMT has achieved significant success in human medicine,
particularly in the treatment of Clostridioides difficile infection (CDI) and other gastrointestinal
disorders. While FMT has been utilised in veterinary medicine for decades, its formal recognition
in human medicine has influenced its adoption and advancement. In this mini review article, we
provide a concise analysis of the mechanisms underlying FMT and trace the historical development
of transplantation procedures in veterinary medicine. We explore the current applications of FMT in
companion animals and livestock, highlighting its efficacy in managing gastrointestinal disorders.
Additionally, we discuss the synergistic role of metagenomics, metabolomics, and artificial
intelligence (Al) in shaping modern FMT practice, emphasizing their potential for improving FMT
efficacy, personalized treatment strategies, and diagnostic approaches in veterinary medicine.
By reviewing pertinent scientific literature, this comprehensive review explores the historical
perspective, current state, and potential impact of FMT in the field of veterinary medicine.

Introduction

The gut microbiota plays a crucial role in maintaining host health and homeostasis.
Dysbiosis, animbalance in the gut microbial community, has been associated with various diseases.
The FMT has emerged as a successful therapeutic modality in human medicine, particularly in the
treatment of Clostridioides difficile infection (CDI) and other gastrointestinal disorders (Smillie et
al., 2018; Vrieze et al., 2012). FMT involves the transfer of faecal microbiota from a healthy donor to
a recipient, aiming to restore microbial balance and improve health. While FMT has been practiced
in veterinary medicine for decades, its formal recognition and success in human medicine have
influenced its adoption and advancement in both fields. The rapid advancement of metagenomics,
metabolomics, and Al has significantly contributed to the development of FMT and has the potential
to shape its practice in veterinary medicine (Fouhy et al., 2016; Costea et al., 2017).
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Microbial Interactions

The transplanted microbiota in FMT
interacts with the recipient’s existing microbial
community, influencing microbial composition
and function. This interaction can modulate
host immune responses, enhance nutrient
metabolism, and promote a balanced gut
environment (Suchodolski et al.,, 2020). FMT
has the potential to influence immune cell
populations, immune signaling pathways, and
immune-mediated inflammation, leading to
a more balanced gut environment (David et
al., 2014). The introduction of new microbial
species or strains from the donor microbiota
contributes to a more diverse gut microbial
community (Mila et al., 2019).

Metabolite Production

The transplanted microbiota in FMT
can produce various metabolites, such as
short-chain fatty acids (SCFAs), vitamins,
and secondary bile acids. These metabolites
play crucial roles in host physiology, including
immune regulation, energy metabolism, and
gut barrier integrity (Arroyo et al., 2019). The
SCFAs produced by gut bacteria through the
fermentation of dietary fibers have diverse
physiological functions in the host, such as
serving as an energy source for colonocytes,
modulatingimmune responses, and maintaining
the integrity of the gutbarrier (Zhangetal.,2015).
The production of SCFAs by the transplanted
microbiota contributes to the overall health
and function of the recipient’s gut (Quan et al.,
2020). Additionally, the transplanted microbiota
can produce vitamins, such as B vitamins
and vitamin K, which are essential for host
metabolism and overall health (Arroyo et al.,
2019). The production of secondary bile acids
by the transplanted microbiota plays a role in
host lipid metabolism and immune regulation
(Quan et al., 2020).

Mucosal Immunomodulation

FMT can influence the host’s immune
system by modulating the gut-associated
lymphoid tissue (GALT), promoting regulatory
T cell responses, and reducing inflammation
(Suchodolski et al., 2020) The interaction
between the transplanted microbiota and the
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GALT can lead to effects such as promoting
regulatory T cell responses and reducing
inflammation (Wu and Wu, 2012) This
immunomodulatory effect of FMT can be
beneficial in the management of immune-
mediated disorders (Verstraete et al., 2021).

Historical Perspective of Transplantation
Procedures in Veterinary Medicine:

Early Observations

The historical roots of transplantation
procedures in veterinary medicine can
be traced back to the early 20th century
when veterinarians began utilizing various
transplantation techniques, including faecal
microbiota transplantation (FMT), for the
treatment of gastrointestinal issues in animals,
such asruminants and horses (Lutzand Prange,
1923; Mila et al., 2019). These early attempts
laid the foundation for further advancements
in transplantation procedures in veterinary
medicine.

AdvancementsinVeterinary Transplantation
Procedures

Over the years, veterinarians have
continued to refine transplantation procedures
for gastrointestinal disorders in animals. FMT,
as a form of transplantation, has been used in
veterinary medicine to address colitis in horses
(Mila et al., 2019). The successful application
of transplantation procedures, including FMT,
in veterinary medicine has informed and
influenced the development of FMT in human
medicine.

FMT in Veterinary Medicine

Gastrointestinal Disorders in Companion
Animals

Gastrointestinal disorders, including
antibiotic-associated diarrhea, chronic
diarrhea, and inflammatory bowel disease
(IBD), are common in companion animals.
These conditions can significantly impact the
quality of life for dogs and cats, leading to
discomfort, weight loss, and decreased overall
health. FMT has emerged as a promising
therapeutic intervention for managing these
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disorders. Studies investigating the use of
FMT in companion animals have reported
encouraging results. For instance, Borody et al.
(2004) conducted a study in dogs with chronic
diarrhea and observed clinical improvement
and resolution of symptoms in a significant
number of cases following FMT. Another study
by Chaitman et al. (2020) explored the use of
FMT in cats with antibiotic-associated diarrhea
and demonstrated a restoration of microbial
balance and resolution of gastrointestinal
symptoms. Similarly, Minamoto et al. (2014)
conducted a comprehensive review of FMT in
dogs and cats, highlighting its potential as a new
frontier in gastrointestinal health for companion
animals. These studies collectively support the
efficacy of FMT in managing gastrointestinal
disorders in companion animals.

FMT in Livestock
Ruminants

Ruminants, such as calves and
dairy cows, are susceptible to gastrointestinal
disorders that can negatively impact their
health and productivityy FMT has been
investigated as a therapeutic tool in ruminants,
aiming to improve gut health and overall well-
being. Several studies have demonstrated the
efficacy of FMT in managing gastrointestinal
disorders in calves. Rehman et al. (2007)
conducted a study in calves with diarrhea and
reported improvements in faecal consistency,
reduction of pathogens, and modulation of the
gut microbiota following FMT. These findings
suggest that FMT can effectively restore the
microbial balance and improve gastrointestinal
health in calves. Additionally, FMT has been
explored in dairy cows with subclinical mastitis.
Lima et al. (2021) evaluated the impact of
FMT on udder health and milk quality in
cows with subclinical mastitis and observed
enhanced udder health, reduced inflammatory
markers, and improved milk quality following
FMT. These results highlight the potential of
FMT as a valuable intervention in managing
gastrointestinal disorders and promoting
optimal health in ruminant livestock.

Swine

Swine, particularly young pigs, are

susceptible to gastrointestinal disorders,
including post-weaning diarrhea, which
can lead to significant economic losses in
the swine industry. FMT has emerged as a
potential strategy for managing gastrointestinal
disorders and improving growth performance in
swine. Studies have shown promising results
regarding the effectiveness of FMT in swine
health. Gu et al. (2019) investigated the impact
of FMT on post-weaning diarrhea in pigs and
observed a reduction in the severity of diarrhea,
improved weight gain, and modulation of the
gut microbiota following FMT. Similarly, Zhang
et al. (2019) conducted a study in piglets and
reportedimprovementsingastrointestinalhealth
and growth performance following FMT. These
findings indicate that FMT has the potential to
mitigate the negative impacts of gastrointestinal
disorders in swine and enhance their overall
well-being and productivity. 4. The Synergistic
Role of Metagenomics, Metabolomics, and Al
in Shaping Modern FMT Practice

Metagenomics and Microbial Profiling

The advent of metagenomics
has revolutionized our understanding of
the gut microbiota and its impact on health
and disease. Metagenomics enables
the comprehensive analysis of microbial
communities by sequencing the genetic
material directly from environmental samples.
By employing metagenomics, researchers can
assess the microbial composition, diversity,
and functional potential of the gut microbiota,
providing valuable insights into the efficacy and
mechanisms of FMT (Fouhy et al., 2012; Li et
al., 2016; Costea et al., 2018).

Metabolomics and Metabolic Profiling

Metabolomics complements
metagenomics by studying the small-molecule
metabolites produced by the gut microbiota.
It provides a comprehensive view of the
metabolic activities and interactions within
the gut ecosystem. Metabolomic analysis of
faecal samples before and after FMT can shed
light on the metabolic changes associated
with treatment response and help identify key
metabolites involved in the therapeutic effects
of FMT (Marchesi et al., 2016; Li et al., 2019;
Koppel et al., 2017).
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Artificial
Modeling:

intelligence and Predictive

Artificial intelligence (Al) techniques,
such as machine learning and predictive
modeling, can analyze complex data sets
generated from metagenomic and metabolomic
studies. Al algorithms can identify microbial
signatures, predict treatment outcomes, and
aid in donor selection. Additionally, Al can
contribute to personalized treatment strategies
by integrating clinical data, microbiome data,
and patient characteristics (Pasolli et al., 2016;
Lloyd-Price et al., 2019; Costea et al., 2018).

Future Perspectives and Challenges

Synergies between
Metabolomics, and Al

Metagenomics,

The integration of metagenomics,
metabolomics, and Al holds great potential
for enhancing the understanding of FMT
mechanisms, improving treatment efficacy, and
developing personalized therapeutic strategies.
By combining data from these disciplines,
researchers can gain a more comprehensive
view of the gut ecosystem, identify novel
biomarkers, and optimize donor selection
for improved clinical outcomes (Zhao and
Castellana, 2020; Lloyd-Price et al., 2019; Li et
al., 2021).

Standardisation of Protocols

To facilitate the wider adoption of
FMT in veterinary practice, standardization
of protocols is essential. This includes
establishing guidelines for donor selection,
sample preparation, storage techniques, and
administration methods. Standardized protocols
will enhance reproducibility, comparability, and
safety across different veterinary clinics and
research settings (Guard et al., 2020; Gomez-
Gallego et al., 2020).

Ethical Considerations

Ethical considerations surrounding
FMT in veterinary medicine should be
addressed. This includes informed consent,
donor screening, and ensuring the well-
being of animals involved in the donation
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and transplantation processes. Veterinary
professionals and researchers should adhere to
ethical guidelines and prioritize animal welfare
(Gomez-Gallego et al., 2020; Verstraete et al.,
2021).

Regulatory Frameworks

As FMT gains recognition and
acceptance in veterinary medicine, regulatory
frameworks need to be developed to ensure
the safe and ethical use of this therapeutic
approach. Guidelines and standards should be
established to govern donor screening, sample
processing, storage, and administration.
Collaboration between researchers, clinicians,
regulatory bodies, and industry stakeholders
will be crucial in shaping these guidelines and
ensuring the responsible implementation of
FMT in veterinary practice (Guard et al., 2020;
Verstraete et al., 2021).

Conclusion

The FMT has emerged as a
promising therapeutic approach in both
human and veterinary medicine. The success
and widespread adoption of FMT in human
medicine, driven by advancements in
metagenomics, metabolomics, and Al, have
influenced its application and development in
veterinary medicine. FMT holds great potential
in the management of gastrointestinal disorders
in companion animals and livestock. The
integrationofmetagenomics, metabolomics,and
Al offers opportunities for improving treatment
efficacy, personalized medicine, diagnostic
approaches, and the development of microbial
therapeutics. However, standardization, ethical
considerations, and regulatory frameworks
are crucial to ensure the safe and responsible
use of FMT in veterinary practice. Continued
research and collaboration are needed to fully
harness the potential of FMT, metagenomics,
metabolomics, and Al for the benefit of animal
health and welfare.
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