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Abstract: Fecal microbiota transplantation (FMT) is an emerging therapeutic option for a variety of
diseases, which is characterized as transferring fecal microorganisms from a healthy donor into the
intestinal tract of a diseased receipt. In human clinics, FMT has been used for treating diseases for
decades with promising results. In recent years, veterinary specialists adapted FMT in canine pa-
tients, however, compared to humans, canine FMT is more inclined to research purposes than prac-
tical applications in most cases due to safety concerns. Therefore, in order to facilitate the application
of fecal transplant therapy in dogs, in this paper, we aimed to review recent application of FMT in
canine clinical treatments as well as possible mechanisms that are involved in the process of thera-
peutic effect of FMT.
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1. Introduction

Previously microbiomes were considered as pathogens and always lead to dis-
eases[1], however, it is evident that they are an important part of the human and animal
body, and play a crucial role in host physiology[2—4]. Recent advances in cultural-inde-
pendent DNA-sequencing technology (i.e, 16S rRNA sequencing) and data analysis
methods revealed that every part of a dog's body such as oral and nasal cavity[5,6],
skin[7,8], gastrointestinal[9,10] , respiratory[11-13] , urinary[14] , and reproduction[15—
17] tracts harbor certain microbiota.

The word “microbiota’ refers to the entire microorganisms including bacteria, fungi,
and viruses. Among them, bacteria are the most widely and deeply studied. The gut mi-
crobiota is by far the most diverse microbial community in humans as well as animals.
Considering various pH levels, intestinal mobility, oxygen tension, and nutritional avail-
ability, the number of bacteria varies along the gastrointestinal tube of dogs[18]. For ex-
ample, Clostridiales predominated in the duodenum (40 % of the clones) and jejunum (39
%) and were highly abundant in the ileum (25 %) and colon (26 %), while Fusobacteriales
and Bacteroidales were the most abundant bacterial orders in the ileum (33 %) and colon
(30 %). Enterobacteriales were more commonly observed in the small intestine than in the
colon, and Lactobacillales occurred commonly in all parts of the intestine[9].

The mammalian (ie., canine) gut begins colonization by microorganisms during birth
and shapes by delivery methods[19] , and the composition of gut microbiota influences
the development of the immune system[20,21].

The canine gut microbiota responsible for food digestion and nutrient absorption for
host energy production[22] , and closely related to gastrointestinal diseases, such as coli-
tis[23] , inflammatory bowel disease(IBD)[24], Clostridium difficile infection (CDI)[24,25]
and diarrhea [26,27]. However, recent studies have shown that gut microbiota can inter-
act with other organs and be a main influencing factor in health and disease beyond just
the intestine due to its role on host mental health and behavior[28,29].
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Although when we speak of gut microbiota it always sounds like a whole thing, noth-
ing further from the truth. The gut microbiota is an example of a very complex biological
ecosystem. Canine gut microbiota is composed of bacteria, archaea, fungi, protozoa, yeast,
viruses, and parasites, whose composition is hard to describe completely because while it
has uniformity among different groups of dogs, it also has its own unique difference be-
tween individuals[30]. These kinds of individual and group interactions also result in mi-
crobial communication that changes and keeps its relative balance; therefore, we are only
able to describe temporal dynamics of the gut microbiota[31]. In dogs, Firmicutes, Bac-
teroidetes, and Proteobacteria are the most abundant and remain relatively more stable in
the healthy gut[32]. The relative abundance of gut microbiota and its composition are vital
for the effective defensive role against pathogens and in various metabolic pathways[33].

The gut microbiota of dogs is an ecological system that keeps changing and evolving
from the beginning of life to its end. Generally speaking, a state of eubiosis in the canine
gut is characterized by Firmicutes and Bacteroidetes-dominated microbial pro-
files[18,34,35]. It is worthy of mentioning the crosstalk between the canine gut microbiota
and immune system, which is crucial to overall wellbeing. It allows the body to recognize
good bacteria and live with it, while protecting the body from being attacked by oppor-
tunistic bacteria that causes infections.

Fecal microbiota transplantation (FMT), which aims to restore a healthy gut microbi-
ota after disrupted by antibiotic treatment, pathogenic invasion or dietary change, was
first proposed at the 4™ century AD and has been widely studied after the US Food and
Drug Administration approved its usage for the treatment of CDI in 2013 [36]. Yet, our
understanding of FMT is far from sufficient, especially in dogs. Recently, FMT has been
used as a therapeutic option in canine clinical treatments. Strong evidence suggests that
FMT, which is characterized as transferring a suspension of fecal microorganisms from a
healthy donor dog into the intestinal tract of the recipient dog, can help restoring micro-
bial balance of a dysbiosis gut which may result from a specific disease associated with
intestinal microbiome disruptions[37].

Despite numerous evidence supporting the beneficial effect of FMT, safety concerns
and lack of proper mechanisms that can be easily explained to dog owners are the main
limitations of therapeutic use of FMT in canine clinical practices. Therefore, in order to
facilitate the application of fecal transplant therapy in dogs, in this paper, we aimed to
review recent application of FMT in canine clinical treatments as well as possible mecha-
nisms that are involved in the process of therapeutic effect of FMT.

2. Major factors influencing canine gut microbiota

There are numerous factors that can cause alterations of canine gut microbiota (Fig-
ure 1.). Such factors include diet [38], diseases[33] , and medical interventions[39-42].

According to previous reports, other factors including obesity and diabetes[43,44], neu-
rological disorders[45], breed, age, sex[30], living environment[46,47] , and pregnancy also
may have the capability to disrupt canine intestinal microbiota.
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Figure 1. Major influencing factors of canine gut microbiota.

After the canine gut microbiota is disrupted by such elements, diversity and richness
of normal microbial community reduces significantly, especially keystone bacteria that
are responsible for providing shield against pathogenic agents by forming colonization
resistant barriers. Changes in normal gut microbiota composition leads to impaired bar-
rier protection, without it, disease-leading pathogenic agents are able to colonize in the
intestinal tube, grow and cause pathological reactions.

3. Fecal microbiota transplantation in dogs

FMT is an emerging non-pharmacological medical experimental treatment, which
aims to restore intestinal microbial diversity and richness to a normal functional status. It
is characterized as transferring fecal materials from a healthy donor to a diseased patient’s
gastrointestinal tract. It has gained popularity in recent years. Studies about the FMT ap-
plication in canine clinical medicine are few[48](Table 1), however promising. This treat-
ment, by far, has been used for intestine-originated disease in dogs when they do not re-
spond to common therapy.

FMT has better long-term effects compared to standard treatments. For example, ac-
cording to a previous study[49], when non-infectious acute diarrhea in adult dogs treated
with a single FMT administered by enema or 7 days of oral metronidazole, although fecal
consistency was both improved within a week, 4 weeks later FMT treated dogs had firmer
stools than antibiotic administered ones. Fecal dysbiosis index (FDI) is a value computed
based on qPCR results of 8 bacterial taxa in the feces, which can offer a trustworthy clue
of changes in fecal microbiota composition[50]. FMT treatment effectively stabilized FDI
after 7 days and lasted in normal range at day 28 in most dogs. However, most dogs that
were treated with metronidazole, FDI did not return to normal. In some cases, repeated
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FMT is required to achieve better therapeutic outcomes. When treating canine acute hem-
orrhagic diarrhea syndrome in 8 dogs, single FMT did not have any clinical beneficial
effect[51]. Although FMT results in quicker recovery, it may not upturn overall treatment
efficiency in viral diseases. Sixty-six puppies that had parvovirus infection diarrhea are
treated with either standard treatment or standard plus FMT[52].Results showed that
FMT is associated with faster resolution of diarrhea and shorter recovery period, but it
did not increase survival rate compared to standard treatment groups.

FMT also has been used for treating IBD in dogs, and showed favorable results. A 10-
year-old, neutered, male, 4-kg Toy Poodle with a prolonged history of vomiting and diar-
rhea, was treated with FMT[53]. After treatment, the patient's clinical symptoms were im-
proved and no adverse effects were observed. Fecal microbiota analysis revealed that the
recipient’s fecal microbiota resembled the healthy donor's fecal microbial community, es-
pecially its diversity. Changes in gut microbial diversity due to decrease in a specific gut
microbiota genus may result in IBD in dogs. For example, a study involving 9 IBD dogs
showed that the proportion of Fusobacterium in the post-FMT fecal microbiome was sig-
nificantly increased compared to pre-FMT[54]. Administration route is considered to be
an important part of the FMT and determines its efficacy. However, a study conducted
with 16 idiopathic IBD revealed that FMT treatment was both effective via oral and endo-
scopic methods[55].

FMT has become popular for its high efficiency and safety for treating CDI in human
medicine when it does not respond to antibiotic treatment or develop recurrent CDI
(rCDI). Similarly, FMT is used for treating CDI patients in canine clinical practices. An 8-
month-old, intact male French bulldog was presented with a 4-month history of intermit-
tent large bowel diarrhea due to CDI[37]. The dog was treated with oral FMT that was
obtained from a healthy beagle. After 2-3 days of treatment, stool consistency and fre-
quency and fecal blood and mucus became normal, and real-time PCR analysis and im-
munochromatography were negative for C. difficile antigen, toxin A&B genes and pro-
teins. No adverse events were observed. In the meantime, other FMT administration
routes such as colonoscopy also showed successful CDI treatment efficacy in another

dog[37,56].

Table 1. Peer-reviewed literature of canine fecal microbiota transplantation. .

Auth | Recipient Number of | Frequency of | Deliv | Clinical effects Effects on fecal | Method for fecal preparation
or, feature dogs FMT ery microbiota
Year route
Burto | Weaning 11 FMT 5 days, once | Oral No difference in fecal | Wide variability of | 10 ml fecal suspension (100 g
n et | puppies, 12 per day consistency between | microbiome in | pooled dam feces mixed with
al,[57 | postweaning | controls FMT and control puppies | puppies, no | 200 ml 2% fat cow's milk after
1 diarrhea clustering with | filtration)
2016 donor microbiome
observed
Botte | IBD 16 adult | Oral treatment | 9 Overall, mean CCECAI | Not applicable 60-80 g feces for dogs<20kg
ro et | refractory to | dogs with | group received | dogs seemed to decrease in BW, 100-150g for dogs >20kg
al,[55 | conventional | severe, FMT q48-72h endos | most dogs following BW. 1:1 dilution with 0.9%
1 treatment refractory copy | FMT.  Heterogeneous saline, filtered and mixed with
2017 IBD of >1 + clinical presentation and low-fat yogurt as enrichment
year oral, concurrent  treatments solution
duration 7 complicate evaluation
dogs
oral
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Perei | Parvovirus 33 FMT Endo | No difference in | Not applicable 10 g feces administered per
a et | infection received administered scopy | mortality rate, FMT dogs puppy. 1:1 dilution with saline
al,[52 standard within 5-12 h had quicker resolution of
1 treatment, | of admission diarrhea, and shorter
2018 33 and g48 h hospitalization
received thereafter
FMT in
addition
Nina | IBD 10 years | 9 treatments | Endo | Improved CIBDAL. Increased in | Feces diluted 1:3 with ringer
et refractory to | old  toy | within 6 | scopy Fusobacteria, lactate. The dog received
al,[53 | antibiotic poodle months Firmicutes and | approximately 3 g feces/kg body
1 and Bacteroidetes, weight.
2019 | immunosupp decreased in
ressive Proteobacteria.
treatment Clustered
over time. phylogenetically
with donor
Sugit | Intermittent 8 months Oral Normalization of fecal | Not applicable 30 ml fecal suspension (60 g
a et | large bowel | old French consistency and feces diluted in 50 ml tap water
al,[37 | diarrhea, 4 | bulldog defecation  frequency after filtration) given orally.
1 months  of within 2-3 days, without Equivalent to approximately
2019 | duration, recurrence of CD or 2.5-3 g feces’kg BW
feces diarrhea over 190 days
positive for
CD (PCR
and toxins A
&B)
Chit Uncomplicat 11 dogs | Endo | Lower (better) fecal | Fecal dysbiosis | Fresh feces mixed with 60 ml
man ed acute received a | scopy | scoreatdays7and28for | indexes better with | 0.9% NaCl in a blender. Blend
et diarrhea of single FMT, 7 both treatments, FMT | FMT than | on high until the stool is
al[49 | <14  days dogs received fecal score lower than | metronidazole  at | liquefied and no larger pieces
1 duration metronidazole metronidazole at day 28 | days 7 and 28. FMT | are seen. For very large dogs a
2020 15 mg/kg q 12 dogs tended to | larger volume of saline may be
h for 7 days cluster healthy dogs | needed to obtain sufficiently
at day 28 unlike | liquefied fecal solution
metronidazole dogs
Diniz | chronic - | 4-year-old | Received FMT | Colon | Clostridium difficile no | Not applicable Approximately 65 g of feces
et recurring female via oscop | longer present in the were diluted in 250 ml of
al,[56 | pasty large | Golden colonoscopy y dog's stool sterilized PBS
1 bowel Retriever
2021 | diarrhea
Gal Canine acute | 8 dogs | Received FMT | Colon | There were no | Increased Stool was homogenized at room
et hemorrhagic | aged 3-12 | via oscop | significant differences in | microbiota temperature in a sterilized
al,[51 | diarrhea years old colonoscopy y median AHDS clinical | diversity. Short- | blender at a ratio of 1-part
1 syndrome scores between FMT- | chain fatty acid | stool/4 parts saline. The
2021 recipients and sham- | producers including | suspension was passed through a
treated controls Eubacterium sterilized sieve to remove large



https://paperpile.com/c/ZsqT32/nmN3w
https://paperpile.com/c/ZsqT32/nmN3w
https://paperpile.com/c/ZsqT32/jYlme
https://paperpile.com/c/ZsqT32/jYlme
https://paperpile.com/c/ZsqT32/Ui7pk
https://paperpile.com/c/ZsqT32/Ui7pk
https://paperpile.com/c/ZsqT32/P6lbB
https://paperpile.com/c/ZsqT32/P6lbB
https://paperpile.com/c/ZsqT32/QT64h
https://paperpile.com/c/ZsqT32/QT64h
https://paperpile.com/c/ZsqT32/nqoUi
https://paperpile.com/c/ZsqT32/nqoUi
https://doi.org/10.20944/preprints202206.0260.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 June 2022 d0i:10.20944/preprints202206.0260.v1

6 of 18

biforme, particles
Faecalibacterium
prausnitzii, and
Prevotella  copri
were significantly
decreased

4. Mechanisms of fecal microbiota transplantation in dogs

FMT aims to restore otherwise disrupted gut microbiota communities and transfer
its compositional and functional status to normality. A healthy equine gut microbiota typ-
ically contains several different taxa and presents a high-level of taxonomic and functional
diversity. Many of these taxa are innocuous and interact with each other to support host
health and immune protection.

Although the exact mechanism of FMT is still remaining imprecise, there are four
popular hypotheses: (1) niche exclusion, (2) increase competition for nutrition, (3) produc-
tion of antimicrobials, and (4) increased production in secondary bile acids.

One of the potential mechanisms of FMT is competitive niche exclusion[58](Figure
2). Intestine is a tube with twists and turns. Due to the relatively narrow space in the belly,
the intestine folds to maximize the area and creates niches. However, such niches are ideal
safe places for pathogens and usually leads to ineffective and repeated treatments. Donor
fecal materials can occupy these niches by excluding resident recipient microbial commu-
nities. FMT has been widely used for treating CDI in human medicine. For example, in-
troduction of non-toxigenic C. difficile strains can reduce the recurrence of CDI in sub-

jects[59].
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Figure 2. potential mechanism of FMT; niche exclusion.
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During FMT treatment, donor fecal materials not only directly interact with recipi-
ent’s native gut microbiota, but also attend indirect interactions such as nutrition compe-
tition with pathogens (Figure 3). Its mechanism is similar to competitive niche exclusion.
Both of them are aimed to reduce surviving opportunities for pathogenic microbiomes,
and possible mechanisms for FMT treatments in CDI patients.
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Figure 3. potential mechanism of FMT; increase competition for nutrition.

Producing antimicrobials is another potential mechanism for FMT treatment[60]
(Figure 4). This is also a competition-based strategy; interaction between host and donor
gut microorganisms is the origin of bacteriocin production[61].
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Lastly, the potential mechanism of FMT is increasing in secondary bile acids produc-
Donor fecal microbiota

tion[62] (Figure 5). FMT can alter recipient's bile acid metabolism associated with altera-
tions of gut microbiota composition[63].
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Figure 5. potential mechanism of FMT; increased production in secondary bile acids.
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In CDI treatment, for example, reduced primary bile acids and increased secondary bile acid production capacity has
been reported after FMT. Meanwhile, it was also reported that FMT treatment can restore Firmicutes phylum bacteria
and secondary bile acid metabolism in CDI patients[64]. Similar to humans, in dogs CDI is a known agent of acute
diarrhea. Even though there are few articles that used FMT as a treatment of CDI in dogs, the mechanism of FMT
treatment of CDI in human clinics is extensively studied. Its mechanism is a perfect example of a combination of niche
exclusion and increased competition for nutrition, which are two of the main mechanisms of FMT treatment (Figure
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Figure 6. possible mechanism of FMT therapy for Clostridium difficile infection.

In a healthy gut, the microbial community typically contains numerous different taxa
and presents very high taxonomic and functional diversity. Most of the taxa are harmless
and interact with one another to promote host health and immune protection. Healthy gut
microbiota can establish an anti-colonization barrier that is able to keep out opportunistic
pathogens such as Clostridium difficile and E. coli. Although CDI is not a major concern in
dogs, in human medicine the mechanism of FMT is deeply studied based on CDI treat-
ments. Antibiotic treatment results in lowered taxonomic diversity, further leads to a dis-
rupted gut microbiota, which allows the host to be colonized with Clostridium difficile.
Spores of Clostridium difficile usually intersect dog gut microbiota through contaminated
food or water intake. This leads to development of CDI. Paradoxically, treatments of CDI
in canine generally involve antibiotic interventions such as metronidazole[65] . Such an-
tibiotics can exterminate Clostridium difficile but spores can remain in the gut, which not
only causes recurrence of CDI, but also leads to contaminations of soil, food and water
through feces. Transferring the fecal bacteria from a healthy donor to the patient’s gastro-
intestinal tract can restore the healthy gut microbiota that can protect the host against CDI
and other pathogenic inventions[37].

5. Risks and limitations of canine FMT

Although various researches supporting that in general, FMT is a safe approach for
treating gastrointestinal diseases with little adverse events, safety concerns still remain
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the main limitation in fecal transplant therapy in canine medicine, coupled with lack of
practical, reusable guidelines and proper regulations. Another major issue during FMT
therapy is that it may be possible to transmit harmful bacteria which lives in donors with-
out inducing clinical symptoms[66], such as drug resistant E. coli bacteria. Therefore, a
strict process for donor screening should be required, including clinical and biological
examinations. There is no doubt, selecting a route for FMT administration is a key element
for successful treatment, however, based on previous studies, it may not be as important
as we thought. In most cases, various delivery methods showed similar therapeutic effi-
cacy. Therefore, it could only depend on skills and equipment the veterinarians possess
and choices the owner makes. However, we suggest the veterinary specialists offer the
owners a detailed explanation of different FMT methods and their risks before the proce-
dures.

As stated above, the canine gut microbiota is also composed of fungi and viruses.
Without doubt they have an impact on FMT efficacy. In human medicine, it was con-
cluded that fungi might potentially influence FMT efficacy in rCDI [67]. However, it is an
unknown area in canine fecal transfer therapy, and more studies needed.

Also, it should be made clear before treatment that FMT has other risks, such as trans-
mission of pathogens, multidrug resistant bacteria and other adverse effects including di-
arrhea, constipation or colic.

6. Future perspective of canine FMT

The future of FMT for treating gastrointestinal diseases in veterinary medicine will
be bright, especially in canine clinical practices as dogs are very sensitive to changes in
gut microbial environment and usually brings problems such as diarrhea and colic. Such
conditions can be ameliorated via restoring otherwise disrupted gut microbiota commu-
nity by fecal transplant therapy with little adverse events.

Although some veterinarians proposed steps for canine FMT based on research arti-
cles and experiences, there is still much more room for improvement and exploration. For
example, with the rapid development of 16S rRNA sequencing technique, which is getting
more widely available and less costly, we are now able to choose donors, one step further,
based on a specific disorder in the recipient dogs. For example, a previous study found
that responders of FMT showed an increasing relative abundance of Fusobacteria when
treating dogs with IBD[53]. Therefore, transferring fecal matter that contains a relatively
higher abundance of Fusobacteria may be more effective when treating IBD in dogs. Future
researches could explore such relationships, between a specific disease and changes in gut
microbiota composition before and after FMT treatment, which may greatly enhance the
efficacy of fecal transplant therapy.

Furthermore, it suggested that gut microbiota dysbiosis can induce mental stress by
influencing the gut-brain axis.

Behavior abnormalities such as aggressiveness is the most frequent in mentally
stressed dogs that present anxiety disorders which indicates imbalance in the gut micro-
bial composition[68]. Indeed, transferring gut microbiota also transfers the mood of the
donor. Transplanting fecal microbiota from patients with depression to intestinal tract of
microbiota depleted rats, the rats showed anxiety-like behavior[69], suggesting that men-
tal stress can be transmitted via gut microbiota. It is also reported that Lactobacillus spp.
can improve social communication in stressed mice[70], and Bacteroides spp. ameliorated
anxiety-like behaviors in mice, which may be achieved by restoration of certain bacterial
metabolites[71]. Therefore, gut microbiota could be a target in the treatment and preven-
tion of abnormal behaviors in dogs. Establishing a stool bank using fecal materials from
psychically and mentally sound donors and use it to behavior rehabilitation could be a
novel therapeutic approach for mentally stressed dogs especially in older dogs.

Current donor screening process primarily aims to exclude pathogens to increase
safety of FMT, yet there is any widely accepted agreement on selecting donors based on
parameters. In the future, the donor selection process could involve inspecting microbial
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diversity and ideal Bacteroidetes versus Firmicutes ratio which are the indications of healthy
gut microbiota. In this process, behavior evaluation is also recommended for donor can-
didates. At the same time, there is little doubt that donor selection criteria will be extended
in the future if new found pathogens are proven to be able to disrupt normal gut micro-
biota composition or transmit via FMT. Therefore, veterinary specialists should be more
flexible, and consider endemic diseases and adjust the donor screening to a local-charac-
teristic approach by consulting with local departments of infectious diseases and veteri-
nary clinical microbiologists.

Stool storage is also a big step in FMT. In dogs, currently, in most cases freshly col-
lected feces are used for FMT treatments. In human studies, it was found that frozen stool
samples are just as effective as fresh fecal materials[72]. This result has more significant
meaning for veterinary clinics as using prescreened fecal materials in storage is a cost-and
time-effective and much safer approach compared to fresh FMT. Frozen stool can break
the geographic limitation and facilitate more wildly implementing FMT in canine clinical
practices (Figure 7).

FRESH FROZEN

Convenient, can be used readily in
anytime, anywhere as there doesn’t have
to be a donor around. Greatly decrease
Pros | the chances of infectious diseases caused
by stool harmful bacteria as the fecal
microbiota goes through selection
process.

Convenient, can be used readily in case of
emergency situations as long as there are
assumed healthy dogs available around.
Pros Doesn’t require any special equipment or
clinical skills, dogs’ owners can do it by
themselves in homes.

Selection process requires special
equipment, technicians and may be cost
more money. Needs special equipment
during storage (-80°C Fridge) and usage
(Water baths).

May increase adverse events that caused
by infectious diseases if the donor

Cons| doesn’t go through proper pre-screening Cons
process.

Figure 7. pros and cons of preparing fresh and frozen stools for canine FMT treatment.

Therefore, establishing a canine stool bank may be a good idea if an intensive screen-
ing process is involved. However, some critical issues should be taken into consideration
when building stool banks. Firstly, more strict screening and selecting of donor dogs
should be conducted based on stool microbial culture, antibiotic resistance testing and
necessary hematological examination to minimize the risk factors. Stool banks may not
only save time and facilitate the application of FMT in canine clinics and ranches with
simple procedures, but also reduce costs for donor or stool handling. Furthermore, stool
banks donors are required for detailed information registration[73], therefore it is easy to
track the donor during and after the FMT procedure and further monitor and ensure
safety of samples in the stool bank.

Meanwhile, obesity is becoming a major health concern in dogs and it is related to
metabolic abnormalities[46] . Gut microbiota changed in overweight horses after losing
weight[74,75], specifically, the diversity of the fecal microbiota showed a significant in-
crease after losing weight. Given above results and gut microbiomes' role on fitness, it is
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highly possible to select lean dogs" fecal materials according to body condition score and
use them as a means of treatment in overweight dogs for weight loss, which would be a
safe and economical approach.

In addition to the importance of the donor fecal contents, studies suggested that the
gut microbiome composition of the recipient also plays an important role in their clinical
response to FMT[76,77]. Thus, antibiotic pretreatment has been effectively used to alter
resident gut microbiota in recipient patients to increase FMT efficacy by eliminating the
potential competitive advantage of existing microorganisms that may decrease the colo-
nization by microbes present in the transplanted feces. Meta-analysis of human and mice
studies supported that antibiotic pre-treatment enhances FMT efficiency[78,79]. This pro-
cess is based on the ‘ecological niche” hypothesis. It states unsuccessful FMT is because of
the ‘barrier’ effect created by recipient’s gut microbiota community against colonization
of donor microbial population by creating competition for ecological niches.

Antibiotic treatment prior to FMT has never been studied in dogs. Recently, however,
emerging evidence has suggested that the usage of antibiotics in animals is associated
with many adverse effects. Among them, antibiotic-resistant bacteria are the biggest prob-
lem, because unlike farm animals, dogs are adored for their companionship, especially in
kids. It could be very dangerous if such bacteria were transmitted from dogs to young
children, elderly or other adults with immunodeficiency diseases. Therefore, we do not
recommend using antibiotics as pre-treatment agents when conducting FMT in client
owned dogs.

Laxative is an alternative option for ‘getting rid of’ recipient gut microbiota and gain-
ing more and more popularity in human FMT treatments considering antibiotic treatment
has potential risk of causing multi-drug resistance which, also, one of the major concerns
and limitations for wider FMT implementations in clinical practices. A study showed that
using 40 ml/kg of polyethylene glycol (PEG 4000) has a good efficiency in bowel cleaning
in human subjects[80]. Another recent research reported that 425 g/L of PEG given by oral
gastric gavages at 20 min intervals can empty the intestine and decrease the gut microbiota
by 90% after 4 times of successive administration in mice[81]. In addition to mice and
human study, an article reported that stomach tube administration of 8 mg/kg of PEG was
effective in dogs for bowel cleaning[82]. It suggested PEG was equal or slightly more ef-
fective than senna when used for intestine fecal cleaning before radiology and colonos-
copy. Although this study concluded there were no adverse effects, repeated stomach
tube insertion with general anesthesia may be dangerous in elderly or anesthesia drug
allergic dogs.

In conclusion, even though it is quite possible to achieve successful FMT treatment
in dogs without cleaning their gut microbiota[37,83], it is advisable that veterinary spe-
cialists should pretreat recipient dogs with laxatives such as PEG. It increases FMT effi-
cacy by reducing repeated treatment which is a huge improvement of canine welfare if
FMT delivered through other routes such as colonoscopy and enema.

Also, poop pills, freeze-dried encapsulated stool products, are widely accessible for
human patients and showed very promising results[72,84,85]. For example, when 49 CDI
patients were treated with encapsulated FMT, the success rate was 88%. However, there
is only one report that used commercially available, encapsulated fecal materials used in
canine research[83]. Therefore, there may be a prospective study on this matter.

7. Conclusion

FMT is a good therapeutic choice for treating gut microbiota related disorders in ca-
nine clinicals and has been used for gastrointestinal disorders including CDI and IBD,
which is now getting accepted as a treatment option by medical specialists around the
world. Successful FMT is heavily dependent on selection of the most proper donor and its
ideal content of fecal materials that plays a critical role as a regulator otherwise disrupted
gut microbiota community in recipient. In dogs, FMT still is at the early stage, with in-
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creased use in clinical settings, regulations and standardization becoming an urgent mat-
ter. This paper aims to describe the current application of FMT therapy in dogs and pos-
sible mechanisms that are involved in the process to facilitate its therapeutic usage.
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