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Abstract

Background

There are limited studies investigating the use of fecal microbial transplant (FMT) in dogs
with inflammatory bowel disease (IBD). The aim of this preliminary study was to assess the
feasibility of adding FMT to standard therapy (corticosteroids and a hypoallergenic diet) for
dogs with IBD and to and to describe the changes in measured outcomes after 30 days of
treatment.

Methods

Thirteen client-owned dogs with IBD were enrolled in this double blinded, randomized clini-
cal trial. All dogs received corticosteroid therapy and a hypoallergenic diet; dogs were ran-
domized to receive either placebo or FMT. Measured outcomes included the canine chronic
enteropathy clinical activity index (CCECAI) at 1 week and 1 month after enrolment. Fecal
microbiota were analyzed after extracting DNA from fecal samples and profiling using 16S
amplicon sequencing. Dogs in the placebo group not responding to treatment after 1 month
were offered FMT.

Results

The CCECAI significantly decreased over time in both groups (p = 0.001). There were no
significant differences between the CCECAI of the placebo and FMT group at each time
point (F test from ANOVA, p = 0.40). No adverse effects were reported in the 30 days follow-
ing FMT.

Conclusions

The addition of FMT to standard therapy for IBD was feasible. No significant differences
were observed in the CCECAI between groups at each time point. Large scale clinical trials
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can be performed using these methods to evaluate the longer term effect of FMT on clinical
signs, microbial diversity, and other outcomes.

Introduction

Inflammatory bowel disease is one of the most frequent causes of chronic vomiting, anorexia
and diarrhea in dogs [1,2]. The gastrointestinal microbiota has been speculated to be an inte-
gral component of the pathogenesis of IBD. Dysbiosis has been noted in both humans and
dogs with IBD [3-6].

There is a lack of consensus on the most appropriate treatment for dogs with IBD. Empiri-
cal treatment is largely employed, with various antimicrobial, dietary, and immunomodulatory
therapies [1]. Despite treatment, a considerable number of patients continue to have clinical
signs. As a result, additional treatment modalities to improve the response for dogs with IBD
have been explored. Fecal microbial transplantation (FMT) has been investigated in human
medicine for treatment of various gastrointestinal diseases and could be applicable in veteri-
nary medicine [7-10].

Fecal microbial transplantation has been beneficial in people with refractory Clostridioides
difficile infection, with mean cure rates of up to 90% after FMT [11-14]. More recently, it has
been used utilized in people with IBD to treat the dysbiosis suspected to contribute to disease
pathogenesis [15-17]. Fecal microbial transplantation has resulted in clinical improvement of
dogs with IBD in several case reports and series, although further clinical trials are necessary to
understand the efficacy of FMT in dogs with IBD [18,19].

The primary objective of this study was to examine feasibility of adding FMT to the treat-
ment of dogs diagnosed with IBD and treated with standard treatment (i.e., hypoallergenic
diet and immunosuppressive medications). The second objective was to describe the outcome
of treatment with either standard treatment plus FMT versus standard treatment plus placebo
after 30 days of treatment. Additionally, a goal of this preliminary study was to assess for
potential adverse effects of FMT after 30 days, as well as to gather information to aid in plan-
ning larger, long-term studies on FMT in dogs.

Materials and methods
Study population

In this randomized, parallel, double-arm, single-centre clinical trial, a convenience sample of
client owned dogs with IBD were recruited from the Ontario Veterinary College Health Sci-
ences Centre between September 2018 and August 2020. All dogs were privately owned, the
owners signed an informed consent, and the study was approved by the Institutional Animal
Care Committee.

Dogs were eligible for inclusion if they had a greater than 3-week history of clinical signs
consistent with IBD, as defined by the CCECALI [20], and histopathologic evidence of lympho-
cytic, plasmacytic, and/or eosinophilic IBD on histopathology of the upper and/or lower gas-
trointestinal tract. Non-gastrointestinal causes of the clinical signs were investigated for with a
complete blood count (CBC), serum biochemistry, fecal flotation parasite testing, serum cobal-
amin testing, and abdominal ultrasound in all dogs. Additional diagnostic tests including rest-
ing serum cortisol levels were performed at the discretion of the primary clinician. Enrolled
dogs were free of antimicrobial treatment for at least 1-week prior to enrollment and had not
received corticosteroids for >2 weeks prior to enrolment.
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Animals were excluded from enrollment if any evidence of primary lymphangiectasia was
present in the gastrointestinal tract histologically or if there was evidence of comorbidities that
could cause clinical signs of chronic enteropathy. Breeds predisposed to E.coli-related histio-
cytic ulcerative colitis (e.g., Boxer, French Bulldog) were excluded from the study.

Fecal microbial transplant preparation

Ten healthy canine fecal donors were recruited from the Guelph community (Guelph,
Ontario, Canada) throughout the study period. Fecal donors were deemed to be of appropriate
health status based on normal physical examination, CBC and serum biochemistry within the
preceding 3 months. Fecal donors had no history of vomiting or diarrhea in the past 6 months,
skin disease, exposure to raw food diets, antimicrobial use in the previous 6 months, or major
medical conditions including bacterial infections. Donor fecal samples were negative for para-
sites via fecal flotation and Giardia ELISA, and negative for Salmonella, Clostridium difficile,
and Campylobacter spp. on fecal culture. Fecal samples were collected as voided and frozen at
-20°C within 24 hours of collection for up to 3 months for later FMT preparation.

For preparation of FMT aliquots, fecal samples were selected from five donors and pooled
to decrease the effect of individual donors on treatment outcome. Feces were thawed at room
temperature for 2 hours prior to preparation and then 10g of feces from five donors were
obtained (50g total). Fecal material was blended with sterile saline at a ratio of 1 part feces to 5
parts sterile saline. This solution was sieve filtered then stored in 60mL syringes at -20°C until
usage. Fecal microbial transplant preparations and fecal donor samples were discarded after 3
months and donor samples underwent no more than one freeze-thaw cycle prior to FMT
preparation. Fecal donors were retested yearly as described above. Additional screening for
extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli (E. coli) was initiated in
October 2019 and performed throughout the remainder of the study.

Study design and fecal microbial transplant administration

Enrolled dogs were randomized using an online randomization program (https://www.
sealedenvelope.com) into either the FMT or the placebo group. All dogs were prescribed stan-
dard therapy for IBD, comprised of immunosuppressive doses of prednisone (approximately
2mg/kg/day) and a hypoallergenic (hydrolyzed or novel protein) diet. Fecal microbiota trans-
plant or placebo was administered within 2 weeks of initiating standard therapy.

All investigators except one (SLB) remained blinded to group allocation throughout the
study. Following randomization, dogs were admitted into the hospital to undergo infusion of
either the FMT preparation or saline via retention enema by the unblinded investigator. Ali-
quots of FMT were thawed at room temperature for approximately 1-hour prior to adminis-
tration. Placebo was a similar volume of sterile saline at room temperature. The FMT or
placebo enema was administered via a sterile lubricated Red Rusch tubing in the descending
colon over 1-5 minutes. A total infusion volume of 10mL/kg of FMT or sterile saline was
administered and retained within the colon for at least 10 minutes following infusion. Gauze
was inserted in the rectum in dogs, if needed, to facilitate retention. Dogs were discharged the
same day following the procedure. Early in the study, the FMT or placebo enema was adminis-
tered within 2 weeks of endoscopy after confirmation of a diagnosis of IBD. Due to challenges
retaining dogs in the study with this approach, beginning in January 2020 enemas were admin-
istered during general anesthesia following endoscopy in dogs where the clinician had a high
suspicion of IBD. Any dog receiving FMT or placebo immediately following endoscopy that
ultimately did not have histologic evidence of IBD was excluded from further study visits or
any data analysis.
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Enrolled dogs were subsequently evaluated at 1 week and then at 1 month following FMT
or placebo treatment. At each evaluation, the clinical status was scored by a blinded investiga-
tor (AJC), utilizing the CCECAL Feces were obtained within 12 hours of each visit either fol-
lowing natural voiding or via digital rectal examination and stored at -80°C until further
analysis. At each recheck, serum biochemistry or other diagnostics were performed at the dis-
cretion of the attending clinician, based on the dog’s clinical status and in consultation with
the client. Immunomodulatory and other therapies were adjusted at each evaluation based on
patient status at the discretion of the primary clinician.

Dogs not responding to treatment (based on lack of improvement in the CCECAI and/or
owner perception of clinical signs) were offered to have their treatment groups revealed 3
months after enrolment. Beginning in November 2019, it was elected to shorten the time
period of unblinding to 1 month following treatment to facilitate earlier FMT or other inter-
ventions for dogs having previously received a placebo if no significant response was noted.
Owners of dogs in the placebo group were given the option of having FMT administration via
retention enema as previously described and were then reevaluated 1 week and 1 month fol-
lowing FMT. These dogs were labeled as FMT2 and were included only in specified analysis
below. Responders were continued to have their treatment group blinded to the owner and
study investigator performing patient assessment.

Blood analyses

Serum biochemistry (Cobas 6000 c5-1, Roche Diagnostics, Hillsdale, MI, USA), CBC (Advia
2120 hematology analyzer, Siemens Health Diagnostics, Tarrytown, NY, USA), or other diag-
nostics unless otherwise specified were performed at the Animal Health Laboratory at the
Ontario Veterinary College.

Fecal DNA extraction and PCR

Prior to deoxyribonucleic acid (DNA) extraction, fecal samples were brought to room temper-
ature for 1-2 hours. Fecal samples underwent DNA extraction using the E.Z.N.A. Stool DNA
Kit Pathogen Detection Protocol (Omega Bio-Tek Inc., Doraville, Georgia, USA), performed
as per the manufacturer’s instructions. DNA samples were then stored at -20C until polymer-
ase chain reaction (PCR).

Following this, the 16S rRNA genes were amplified through targeting the V4 region. The
PCR reaction mixture contained 12.5uL of Kapa HiFi Ready Mix (Kapa Biosystems, Wilming-
ton, Massachusetts, USA), 9.5uL of nuclease-free water, 2uL of DNA and 0.5uL of forward
(S-D-Bact-00564-a-S-15"""" 5 -AYTGGGYDTAAAGNG-3) and reverse (S-D-Bact-0785-b-A-18
5-TACNVGGGTATCTAATCC-3) primers (10 pMol/uL) [21]. A molecular grade water sample
was used as a negative control during this stage.

The PCR products were then purified with magnetic beads and then were amplified by
PCR with Illumina adapters (Mastercycler Pro, Eppendorf Canada Ltd., Mississauga, Ontario,
Canada). They were then purified a second time. The NanoDrop® (NanoDrop 1000 Spectro-
photometer, Nano Drop Technologies Inc. (Thermo Fisher Scientific), Waltham, Massachu-
setts, USA) was used to quantify DNA through spectrophotometry [22]. Gel electrophoresis
was utilized to evaluate the final PCR products. The library was pooled and sequencing was
performed at the University of Guelph’s Advanced Analysis Centre, using an Illumina MiSeq
platform (Illumina, San Diego, California, USA). For a positive control, a mixed microbial
community was utilized (20 Strain Even Mix Genomic Material, MSA-1002, ATCC (Manassas,
Virginia, USA) distributed from Cedarlane Laboratories (Burlington, Ontario, Canada)).
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Sequence processing and data analysis

Data analysis was carried using the software Mothur v.1.39.5 [23], through a previously pub-
lished protocol [24]. After assembly of paired end reads through the make.contigs command,
sequences greater than 292 base pairs were removed. Good quality sequences were aligned
against the SILVA database, with removal of sequences that did not align to the correct region
[25]. Chimeras were identified and removed [26]. Taxonomic assignment of sequences was
performed through the Ribosomal Database Project classifier (v14) and archaea were removed
[27]. Based on the smallest number of sequences from a sample, subsampling was performed.

Statistical analysis

For all statistical analyses, significance was set at p <0.05. Data were checked for normality
with the Shapiro Wilk test. Non-normal data were log transformed to meet the assumptions of
normality.

A general linear model that accounted for the repeated effect of measuring the same dog
over time was used to test for differences in the CCECAI between the placebo and the FMT
group. Examination of the residuals assessed the data distribution and checked for possible
outliers. Data for the CCECAI were normally distributed and there were no outliers. Fixed
effects included in the model were group and day, as well as their interaction. Post hoc Dun-
nett’s tests were applied to compare the effect of day back to baseline.

For statistical analyses, dogs in the placebo group that subsequently received FMT were
labelled as ‘FMT?2’ for each timepoint from when they received FMT onwards. The FMT2
group was excluded from further analysis except where explicitly indicated.

The gastrointestinal microbiota

Alpha diversity was assessed using the Chao-1 index, Inverse Simpson, and Shannon Evenness
indices. Statistical analysis of alpha diversity was performed using JMP 15.2 (SAS Campus
Drive, Cary, North Carolina, USA). Beta diversity was assessed using the Yue and Clayton
index to assess community structure, and Jaccard index to assess community composition.

To assess for significant differences between groups in beta diversity, the analysis of molec-
ular variance (AMOVA) was utilized in Mothur [23]. Statistical differences in the relative
abundances between disease groups were investigated using the linear discriminant analysis
effect size (LEfSe) using a Linear Discriminant Analysis (LDA) cut-off value >2 and p<0.05.

Results

Study population

Thirteen dogs with clinically and histologically confirmed IBD were prospectively enrolled.
Dogs were randomly assigned into the placebo group (n = 6) or the FMT group (n = 7). Age at
presentation ranged from 1-11 years of age. Breeds represented included a Yorkshire terrier
(2), German shepherd (3), mixed breed (6), pug (1), and Labrador retriever (1). Ten dogs were
female, and three were male. Characteristics of the study patients in each group are shown in
Table 1. Six of 13 dogs (46.2%) that were classified as having a protein losing enteropathy
based on a panhypoproteinemia noted on serum biochemistry, and 7/13 (53.8%) had normal
protein levels on admission. All dogs without a protein losing enteropathy (n = 7) had received
at minimum a 2 week hypoallergenic or novel protein dietary trial prior to enrollment with no
significant response. Patients with a protein losing enteropathy had not received a dietary trial
prior to study enrollment due to concern this would be insufficient treatment by itself in these
patients, and due to concern in delaying further treatment given the critical nature of their
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Table 2. Characteristics of included dogs.

Dog | Group

1 FMT

2 FMT

3 FMT

4 FMT

5 FMT

6 FMT
FMT
Placebo

9 Placebo

10 | Placebo

11 Placebo

12 | Placebo

13 | Placebo

Age Sex |Breed

(years)

10 FI | Mixed breed

FS | Mixed breed

4 MI | German
shepherd

6 FS | Yorkshire
terrier

8 FS | German
shepherd

1 FS | Labrador
retriever

7 MN | Mixed breed

10 FS | German
shepherd

11 FS | Yorkshire
terrier

7 MN | Pug

5 FS | Mixed breed

1 FS | Mixed breed

1 FS | Mixed breed

Table 1. Characteristics of dogs in the FMT and placebo groups at baseline.

Characteristic FMT group Placebo group
Number of females 71.4% (5/7) 83.3% (5/6)
Number of dogs receiving steroids prior to enrolment 57.1% (4/7) 50.0% (3/6)
Number of dogs receiving antimicrobials prior to enrolment 14.3% (1/7) 16.7% (1/6)
Number of dogs receiving probiotics prior to enrolment 42.9% (4/7) 16.7% (1/6)
Mean weight (kg) 20.0 +/-11.94 21.9 +/-12.82
Mean age (years) 5.9 +/-2.91 5.8 +/-4.31
Mean CCECALI at baseline 6.32 +/-1.33 5.75 +/-1.44

Frequency and prevalence are reported for female sex and number of dogs receiving steroids, antimicrobials and
probiotics. Means +/- standard error are reported for weight, age and CCECAIL
Abbreviations: FMT: Fecal microbial transplant, CCECAI: Canine chronic enteropathy clinical activity index.

https://doi.org/10.1371/journal.pone.0276295.t001

condition. 3/7 dogs in the FMT group and 2/6 dogs in the placebo group had an upper and
lower gastrointestinal endoscopy, whereas the remaining dogs had only an upper gastrointesti-
nal endoscopy. Upper and lower gastrointestinal endoscopy was not performed in all patients
due to concerns with a more prolonged anesthesia in patients with hypoalbuminemia. Histo-
logic lesions in all patients were consistent with a diagnosis of IBD.

Treatment

The median dosage of prednisone received was 2.02mg/kg/day (range 1.01-2.31) amongst all
dogs (Table 2). One dog in each treatment group had been initiated on an antimicrobial within

Prednisone dosage at time of treatment Diet CCECAI
(mg/kg) Day 0 Day 7 Day 30
2.2 Royal Canin HP 9 7 1
2.0 Rayne Kangaroo Low Fat 4 3 2.5
14 Purina HA 7 7 3
2.17 Royal Canin HP 3 1 0
2.31 Royal Canin HP 12 5.5 3
2.01 Purina HA 3 3 3
2.1 Royal Canin HP 5.5 5
1.1 Purina HA 5 1 1
2.0 Royal Canin HP 4 8 1
2.14 Purina HA 12 8 3
2.2 Purina HA 8 4.5 5
1.96 Home cooked diet formulated by OVC 2.5 7 10
Nutrition Service
1.96 Home cooked diet formulated by OVC 3 7 9

Nutrition Service

Abbreviations: FMT: Fecal microbial transplant, Royal Canin HP: Royal Canin Hydrolyzed Protein Moderate Calorie Dry Canine Formula, Purina HA: Purina Proplan

Veterinary Diets HA Hydrolyzed Dry Canine Formula, Rayne Kangaroo Low Fat: Rayne Clinical Nutrition Low Fat Kangaroo Maintenance Dry Canine Formula.

https://doi.org/10.1371/journal.pone.0276295.t002
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3 weeks of enrolment (one dog received a 1-week course of amoxicillin/clavulanic acid discon-
tinued 1 week prior to enrolment, and one dog received a 1-week course of metronidazole dis-
continued 1-week prior to enrolment). Diets used during the study included Purina Proplan
Veterinary Diets HA Hydrolyzed Dry Canine Formula (Purina, Missouri, United States of
America) (n = 4), Royal Canin Hydrolyzed Protein Moderate Calorie Dry Canine Formula
(Royal Canin, Aimargues, France) (n = 6), Rayne Clinical Nutrition Low Fat Kangaroo Mainte-
nance Dry Canine Formula (Rayne Clinical Nutrition, Delaware, United States of America)
(n = 1), and a novel protein diet formulated by the OVC HSC Clinical Nutrition Service (n = 2).
All 7 patients in the FMT group were available for reassessment at 7 days, and 6/7 were
available at 30 days. All 6 patients in the placebo group were available for reassessment at 7
and 30 days. Three dogs received FMT at 30 days, and an additional 2 dogs received FMT at 90
days after enrolment due to incomplete treatment response at these times and were included
in the FMT?2 group. In total, 5/6 patients in the placebo group subsequently received FMT
treatment due to insufficient response at 1 month (3 dogs) or at 3 months (2 dogs) following
enrolment. No adverse effects were reported after FMT. One dog was euthanized within 1
month following enrolment due to suspected osteosarcoma development of the right forelimb
and was thereby unavailable for further follow-up.

Serum biomarkers

The CCECAI scoring throughout the study is shown in Table 3. The mean CCECAI at base-
line, day 7, and day 30 is illustrated in Figs 1 and 2. In the dogs that received FMT, the mean
CCECALI at baseline, day 7 and day 30 were 6.21 (+/- 1.33), 4.50 (+/- 0.97), and 1.78 (+/- 1.30)
respectively. In dogs that received placebo, the mean CCECAI was 5.75 (+/- 1.44) at baseline,
5.92 (+/- 1.04) at day 7, and 4.83 (+/- 1.22) at day 30.

In 6/7 dogs that received FMT, the CCECALI at day 30 was lower than at baseline, and in no
dog that received FMT did it worsen over time. Additionally, in all dogs that received FMT
(n =7), the CCECALI at day 30 was 3 or less (considered insignificant disease) [20]. In 4/6 dogs
that received placebo treatment, the CCECAI score at day 30 was lower than at day 0. How-
ever, in two dogs that received placebo, the CCECALI steadily increased from day 0 to 30, and
in one additional patient it worsened from day 7 to day 30. In 3/6 dogs that received placebo,
the CCECALI at day 30 was 3 or less.

There were no differences between the FMT and placebo group at each time point (F test
from ANOVA p = 0.40). The mean CCECAI in the placebo group (5.75) did not differ from
that of the FMT group (6.32) at baseline (p = 0.82) or at day 30 (p = 0.12). However, there were
trends for the FMT group to have a significantly lower CCECAI (1.78) at 30 days compared to
baseline (p = 0.02). The mean CCECALI of the placebo group (4.83) at 30 days was not signifi-
cantly different from baseline (p = 0.61). Time remained a significant factor for CCECAI, with
the lowest scores achieved by day 30 (p = 0.01).

Table 3. The CCECAI between treatment groups at baseline, day 7 and day 30.

Baseline Day 7 Day 30
Placebo 5.75 +/- 1.44 5.92 +/- 1.04 4.83 +/-1.22
FMT 6.21 +/- 1.33 4.50 +/- 0.97 1.78 +/- 1.30
p-value 0.82 0.34 0.12

No significant differences were noted between groups at each time point. Values for CCECAI are reported as means
+/- standard errors.

Abbreviations: FMT: Fecal microbial transplant.

https://doi.org/10.1371/journal.pone.0276295.t003
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Mean CCECAI over time

Mean CCECAI

0 5 10 15 20 25 30

Days post treatment

—e—FMT —@—Placebo

Fig 1. Mean CCECAI over time between the placebo and FMT group. No significant differences were noted between
groups at each time point, although time remained a significant factor, with the lowest scores achieved by day 30
(p =0.01).

https://doi.org/10.1371/journal.pone.0276295.9001

The fecal microbiota

A total of 9753672 good quality reads were utilized for final analysis (median 180484/sample,
range 129748-276776). Based on the sample with the smallest number of reads, a subsample of
129748 reads was used.

When comparing the microbiota at baseline compared to one week post FMT in patients
that received FMT, there were no significant differences in alpha diversity between baseline
and one-week post FMT samples for Chao (Fig 3A) Shannon Evenness (Fig 3B), and Inverse
Simpson indices (Fig 3C), (p > 0.05 for all comparisons; p = 0.13 for Chao-1, p = 0.79 for
Inverse Simpson, p = 0.61 for Shannon Evenness).

Community membership (Jaccard index, p = 0.79), and structure (Yue and Clayton,

p = 0.53) were not significantly different between pre and one-week post FMT samples. This is
further illustrated by the lack of clustering of samples in the associated principal coordinate
analyses (PCoA) and dendrograms (Fig 4 for Jaccard index, Fig 5 for Yue and Clayton index).

Relative abundance and LefSe analysis

LefSe analysis demonstrated enrichment of different taxa in the different groups. Table 4 rep-
resents the main taxa (LDA >2) significantly associated with the post FMT samples. In LefSe
analysis, the post FMT samples were enriched in families Ruminococcaceae, Coriobacteria-
ceae, and Erysipelotrichaceae, and genera Faecalibacterium and Slackia. The relative

A CCECAIl at day 0 B CCECAl atday 7 C CCECAI at day 30
15+ 104 154
—p 8 —
— 10 T ‘ - . — 10 —e-
< E— < 6 < —
O O o O
8 | [ \ A ‘ i
o 5 ;; o (8] 54
L L o—T— o'l’*
FMT Placebo FMT Placebo FMT Placebo

Fig 2. Box and whisker plot of the CCECAI at baseline, day 7 and day 30 in dogs that received placebo or FMT.
https://doi.org/10.1371/journal.pone.0276295.9002
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Fig 3. A) Chao-1, B) Shannon Evenness, and C) Inverse Simpson indices between the pre and one-week post FMT samples.

https://doi.org/10.1371/journal.pone.0276295.9003

abundances of phyla, families and genera in pre and one-week post FMT samples are shown in
Fig 6-8 respectively.

Discussion

Addition of FMT to standard treatment was feasible in this preliminary study. Subjectively,
uptake in study enrolment was greater when FMT or placebo was offered at the time of endos-
copy in dogs suspected to have IBD, compared to treatment following confirmation of histo-
logic results consistent with IBD. Additionally, in this double-blinded trial, unblinding the
treatment group after 1 month versus 3 months was subjectively more acceptable to owners
and clinicians as this led to earlier additional intervention if clinical signs were poorly con-
trolled with initial therapy. The information gained from this preliminary study will help
refine methods for larger scale clinical trials and potentially increase likelihood of a successful
trial.

In this preliminary study, there was no significant differences in the CCECAI at all time
points between dogs in the placebo and FMT group. However, there were trends for dogs
receiving FMT to have reductions in their disease severity, assessed by the CCECAI at day 30
compared to baseline, whereas dogs receiving placebo did not. However, power was limited at
the interaction level, and therefore studies with greater power are necessitated to better deter-
mine whether FMT aids in faster response times compared to standard treatment alone. A
clinical trial in puppies with parvovirus infection showed more rapid resolution of diarrhea
and shorter hospitalization time for puppies receiving FMT [18]. Previous reports have also
documented improved clinical scoring indices and fecal consistency of dogs with chronic
enteropathy or IBD after FMT [28-30], as well as in dogs with IBD described as refractory to
other treatments [31]. Potential benefits following FMT could include restoration of secondary
bile acids, increased proportion of short chain fatty acids (SCFA) and SCFA producing bacte-
ria, and resolution of dysbiosis [32-34].

The longer term effect on clinical scoring indices (such as the CCECAI) and remission
rates following FMT in dogs with IBD remains unknown. However, FMT was found to be an
easily applicable treatment option in this study. Therefore, this preliminary study demon-
strated that studies investigating the benefit of FMT over a longer time frame with a larger
sample size are warranted and that this is an area worthy of further exploration. Additionally,
the response rate and other data from this study can be used to inform more precise sample
size calculations for future investigations of FMT in dogs with IBD.
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Fig4. A) Dendrogram and B) principal coordinate analysis illustrating similarities and differences in community
composition (Jaccard index) between the pre (green) and one-week post FMT (blue) samples. No significant
differences were noted between pre and post FMT samples.

https://doi.org/10.1371/journal.pone.0276295.9004

The addition of FMT to standard therapy of IBD did not significantly change fecal micro-
bial diversity in recipients in this study. This contrasts with other reports of FMT in veterinary
medicine. In a case series of FMT in 9 dogs with IBD, the fecal microbiota 2 weeks following
FMT was more diverse with increased proportion of Fusobacteria [28]. Another case report of
a dog with IBD showed that the fecal microbiota resembled that of the healthy, FMT donor
dog’s microbiome at 2-14 days following FMT [30]. Although a single administration of FMT
was performed in these case reports and case studies, it is possible the single FMT administra-
tion in the present study of dogs with IBD was insufficient to result in significant changes in
alpha and beta diversity, and that the more intensive FMT administration protocols used in
many human investigations are necessary to achieve microbial diversity in the recipient in
some patients. Additionally, given the small sample size, a type II error as a cause for the lack
of significant differences in diversity following FMT cannot be excluded.

Although measures of overall diversity did not significantly change following FMT in the
present study, fecal samples 1-week after FMT were significantly enriched in Firmicutes, par-
ticularly family Ruminococcaceae and genus Faecalibacterium compared to baseline samples.
Some members of Firmicutes, particularly members of Ruminococcaceae, and genus Faecali-
bacterium are essential SCFA-producing bacteria, and SCFA are proposed to have numerous
beneficial and anti-inflammatory effects in the gastrointestinal tract [35,36]. Thereby, restora-
tion of these essential SCFA-producing bacteria could be a potential benefit of FMT
administration.

There are limitations to the present study. As a preliminary study, the sample size is small
and limited the power and therefore the safety and efficacy conclusions that can be drawn, par-
ticularly at the interaction level. However, this study helped evaluate feasibility, acceptability,
and uptake of FMT and will inform methodology for a larger clinical to make more robust
conclusions regarding the longer term efficacy and safety of FMT in canine patients with IBD.
Given that only 13 dogs were enrolled in a 2-year period in the present trial, multicentre trials
are encouraged to help recruit a larger sample size for future larger-scale studies of FMT effi-
cacy and safety. Additionally, a significant proportion of patients in the present study were
panhypoproteinemic, and it is possible patients with IBD and panhypoproteinemia have a dif-
ferent response to FMT than patients without panhypoproteinemia. Adjunctive treatments
(such as antacids, probiotics, or thromboprophylaxis) were not standardized, and thereby
could have impacted the microbiota and influenced results or treatment outcome [37,38].
Future studies would benefit from increased power through a larger sample size, as well as ran-
domization for adjunctive treatments (including probiotics) reducing confounding and
variation.

Additionally, it is possible that the single administration of FMT in dogs with IBD in this
study could be insufficient to result in changes to the microbiota where ongoing intestinal
inflammation could perpetuate continued dysbiosis. A recent meta-analysis in people showed
a higher clinical remission rate in people that received 10 or more FMT infusions in people
with ulcerative colitis [39]. As well, in a review of FMT in canine patients, addition of glycerol
was advised for frozen FMT preparations to reduce damage of microbial cells induced by
freezing, although this was not performed in this investigation and potentially could have
impacted the viability of frozen preparations [32]. Additionally, the fecal slurry used in this
study was generated based on weight rather than bacterial potency. However, a recent review
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Table 4. LefSe of bacterial taxa and their association with the one-week post FMT samples, demonstrating taxa with an LDA >2.

Fig 5. A) Dendrogram and B) principal coordinate analysis illustrating similarities and differences in community
structure (Yue and Clayton index) between the pre (green) and one-week post FMT (blue) samples. No significant

differences were noted between pre and post FMT samples.

https://doi.org/10.1371/journal.pone.0276295.9005

LDA pValue

2.3 0.047 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium
2.9 0.006 Actinobacteria Actinobacteria Coriobacteriales Coriobacteriaceae Slackia

2.2 0.040 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Unclassified

2.4 0.012 Firmicutes Bacilli Bacillales Unclassified Unclassified

Abbreviations: LDA: Linear discriminant analysis.

https://doi.org/10.1371/journal.pone.0276295.t004

of FMT in veterinary medicine recommended FMT dosing based on fecal weight, and bacterial

potency does not account for other potentially essential parts of the FMT, such as viruses,
archaea and metabolites [32,40]. As well, in this study, microbial viability or composition of
donor preparations was not assessed, and thereby could have impacted the efficacy of FMT
should microbial viability have been sub-optimal. Thereby, it is possible the method of FMT
preparation and administration used was inadequate to result in significant differences to the
gastrointestinal microbiota in dogs with IBD in this study. Furthermore, the longer term
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Fig 6. Relative abundances of the main bacterial phyla enriched between the pre and one-week post FMT samples.
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Fig 7. Relative abundances of the main bacterial families enriched between the pre and one-week post FMT
samples.
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impact of FMT in dogs with IBD was not investigated but should be assessed in future studies
of FMT in dogs with IBD.

In conclusion this preliminary study was able to identify that addition of FMT is feasible
and was well tolerated in this group of dogs 30 days after administration. Dogs receiving FMT
in addition to standardized therapy did not have significant differences in the CCECAI at day
30 compared to the placebo group. Exploration of the utility of FMT for more rapid clinical
improvement in IBD is warranted in future investigations of greater power, and over a longer
time frame. In addition, further studies are required to assess the efficacy, safety, optimal FMT
donor/patient characteristics, and utility of FMT in a larger group of patients, as well as com-
paring different FMT administration methods and protocols.
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