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Simple Summary: The effectiveness and potential impacts of fecal microbiota transplants on the 

microbial communities of domestic cats has been severely understudied. To date, only two case 

studies have examined FMT treatment in resolving diarrhea and chronic colitis in two adult cats. 

Here, we provide the first analysis of the fecal microbiome responses to an oral capsule FMT treat-

ment in a group of 68 cats experiencing chronic vomiting, diarrhea, and/or constipation. Not only 

do we show that FMT treatment is 77% effective at resolving clinical signs, but we detect modest 

but significant changes in the fecal microbiome as well. We find that fecal microbiome responses 

to FMT are potentially modulated by the host’s clinical signs, IBD diagnosis, prior antibiotic use, 

and diet. We also compare the fecal microbiomes of FMT recipients to those from their stool 

donors and from healthy cats, and discuss novel findings regarding donor bacterial engraftment in 

FMT recip-ients and increases in fecal microbiome similarity between FMT recipients and healthy 

animals after FMT. Our study provides a comprehensive analysis of fecal microbiome changes in 

cats undergoing FMT treatment. 

Abstract: There is growing interest in the application of fecal microbiota transplants (FMTs) in small 

animal medicine, but there are few published studies that have tested their effectiveness in the do-

mestic cat (Felis catus). Here we use 16S rRNA gene sequencing to examine fecal microbiome 

changes in 68 domestic cats with chronic digestive issues that underwent FMT treatment using ly-

ophilized stool that was delivered in oral capsules. Fecal samples were collected from FMT recipi-

ents before and two weeks after treatment, as well as from their stool donors, and healthy animals. 

We found that according to their owners, 77% of cats were reported to show improvement in their 

clinical signs (termed ‘Responders’), and 23% were reported to exhibit no change or a worsening of 

their clinical signs (termed ‘Non-Responders’). Variation in the fecal microbiomes of FMT recipients 

most strongly correlated with host clinical signs, diet, and IBD diagnosis. The relative abundances 

of Collinsella, Negativibacillus, Parabacteroides, and Peptoclostridium changed differentially in FMT re-

cipients. Overall, on average 13% of the bacterial amplicon sequence variants (ASVs) were shared 

between stool donors and FMT recipients (excluding ASVs already present in FMT recipients prior 

to treatment). The most commonly shared ASVs were classified as Prevotella 9, Peptoclostridium, Bac- 35

teroides, Collinsella and unclassified Lachnospiraceae. Lastly, FMT recipients that had recently taken 36

antibiotics exhibited increases in microbiome similarity to an age-matched healthy reference set 37

compared to other cats. Cats that had diarrhea or diarrhea with vomiting became more similar to 38

healthy cats than did cats exhibiting other clinical signs. Overall, our results suggest that oral cap- 39

sule FMT treatment was effective in this group of cats and microbiome responses may be modulated 40

by the FMT recipient’s initial presenting clinical signs, prior IBD diagnosis, recent antibiotic use, 41

and their diet. 42

Keywords: FMT; fecal transplant; gut microbiome; dysbiosis; IBD; diarrhea; antibiotics; cats 43

44

45

Citation: Center, G.; California, U.o.; 

Davis; California; USA Connie A. 

Rojas1,2, Zhandra Entrolezo3, Jessica 

K. Jarett3, Guillaume Jospin3, Dawn

D. Kingsbury3, Alex Martin3, Jona-

than A. Eisen1,2, Holly H. Ganz3. Animals

2022, 12, x. https://doi.org/10.3390/xxxxx

Academic Editor(s):  

Received: date 

Accepted: date 

Published: date 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

Copyright: © 2022 by the authors. 

Submitted for possible open access 

publication under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/). 



Animals 2022, 12, x FOR PEER REVIEW 2 of 23 
 

  

1. Introduction 46 

Although not an exact proxy, the fecal microbiome reflects the trillions of microbes 47 
that reside in the gastrointestinal tract; microbes that collectively contribute to host diges- 48 
tion, immunity and pathogen defense, and intestinal barrier homeostasis [1]. While the 49 
composition of the fecal microbiome is highly dynamic and can correlate with a range of 50 
host factors including age [2, 3], sex [4], body condition [5], diet [6, 7], habitat [8, 9], and 51 
antibiotic use [10], more persistent changes in composition have also been associated with 52 
disease and infections [11, 12]. Compared to their healthy counterparts, the fecal microbi- 53 
ome of animals with the disease or infection may have reduced microbial diversity [13], 54 
decreased abundances of functionally important microbes like fermentative or short-chain 55 
fatty acid (SCFA)-producing bacteria [14], or elevated abundances of pathogenic taxa [15, 56 
16]. These perturbations to fecal microbiome composition can directly impact host health. 57 
Recent research shows that Fecal Microbiota Transplants (FMT), which involve the trans- 58 
fer of fecal microbes from a healthy donor into the gastrointestinal tract of a recipient an- 59 
imal, show promise in treating or preventing a range of health conditions and improving 60 
health outcomes [17–19]. FMTs can repopulate the microbiome and restore fecal microbi- 61 
ome composition, diversity, and homeostasis by increasing microbiome diversity, enhanc- 62 
ing the numbers of beneficial microbes, or outcompeting pathogens [17–19]. FMTs can be 63 
an alternative to conventional treatment methods (particularly if these have proven inef- 64 
fective) or they can supplement already existing treatment methods for an enhanced res- 65 
olution of clinical signs. 66 

FMT procedures have been used in veterinary practice since at least the 18th century 67 
to successfully treat cattle, horses, sheep, and other animals suffering from rumination 68 
disorders, indigestion, inappetence, and colitis [20, 21]. More recent efforts have used 69 
FMTs to treat acute diarrhea, relapsing chronic diarrhea, canine parvovirus, and inflam- 70 
matory bowel disease in dogs [22–25]. Fecal transplants can also be used as a preventative 71 
measure and be administered prior to pathogen exposure or disease onset to improve an- 72 
imal health [18]. In nursing pigs, individuals given fecal material from healthy, high-par- 73 
ity sows experienced reduced mortality, increased weight gain, and sustained production 74 
of antibodies when infected with porcine circoviruses compared to individuals that did 75 
not undergo FMT treatment [26]. Similarly, dogs given maternal fecal inoculum during 76 
the weaning period demonstrated decreased incidence of diarrhea compared to dogs who 77 
did not receive FMTs [27]. These lines of evidence suggest that microbes can be introduced 78 
from a donor into the microbiome of a recipient, where they can be maintained for a pe- 79 
riod of time, potentially leading to improved health outcomes. Research also shows that 80 
complete microbiome engraftment may not be necessary for resolution of disease, thus, in 81 
some scenarios, one or a few rounds of FMT treatment could be effective [26, 28].  82 

While there is growing interest in the application of FMTs particularly to treat diges- 83 
tive disorders, there are few published studies that have evaluated their effectiveness in 84 
companion animals. Prior research is mostly limited to case studies of FMT treatment in 85 
a single individual or few individuals, but larger-scale analyses are missing, particularly 86 
for felids. In case studies of domestic cats (Felis catus), FMT treatment led to long-term 87 
resolution of vomiting and diarrhea in a six year old cat [29], and successfully resolved 88 
chronic ulcerative colitis in an adult cat [30]. Here, we expand on this work and use 16S 89 
rRNA gene sequencing to examine fecal microbiome responses to an oral capsule FMT 90 
treatment in 68 domestic cats suffering from chronic digestive conditions, including vom- 91 
iting, diarrhea, and/or constipation (Table 1). First, we evaluate the effectiveness of FMT 92 
by reporting the number of individuals in which treatment led to a reduction in their clin- 93 
ical signs. Then, we describe detailed changes in the fecal microbiomes of FMT recipients 94 
and determine whether these responses were correlated with five host factors (clinical 95 
signs, IBD diagnosis, response to FMT treatment, recent antibiotic use, and diet category) 96 
(Fig 1A). Next, we identify the bacterial amplicon sequence variants (ASVs) – the most 97 
refined level of taxonomy behind species – that engrafted or were shared between FMT 98 
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recipients and their stool donors (Fig 1B). We also examined whether FMT recipients var- 99 
ied in their ASV engraftment rates. Lastly, we evaluate the extent to which fecal microbi- 100 
omes of FMT recipients resemble those of healthy pet cats after the conclusion of FMT 101 
treatment (Fig 1C). To our knowledge, this is the first study to evaluate fecal microbiome 102 
shifts as a response to FMT treatment in a cohort of cats, and compare the fecal microbi- 103 
omes of FMT recipients to their stool donors and to a set of healthy pet cats. 104 

 105 

Figure 1. Three main fecal microbiome comparisons were conducted in this study. A) We inves- 106 
tigated shifts in the fecal microbiomes of FMT recipients by testing whether five host predictors 107 
were significantly associated with microbiome composition, alpha-diversity, and beta-diversity. B) 108 
We identified which ASVs ‘engrafted’ in FMT recipients by comparing the fecal microbiomes of 109 
FMT recipients to those of their FMT stool donors, and determining which ASVs were shared. C) 110 
Lastly, we examined whether the fecal microbiomes of FMT recipients after treatment became more 111 
similar to the microbiomes of healthy cats. 112 

2. Materials and Methods 113 

2.1. Study animals, sample collection, and surveys.  114 

We used social media (primarily Facebook groups that focused on caring for cats 115 
with IBD, and posted on Facebook, Instagram, and Twitter) to recruit people with cats 116 
exhibiting symptoms of a chronic digestive condition (e.g. diarrhea, vomiting, and/or con- 117 
stipation) who were interested in adding oral FMT capsules to their care. All participants 118 
(N=68) signed an informed consent form and were sent a pilot study kit. Kits contained 119 
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50 FMT capsules, a health survey, and materials to collect two fecal samples. Participants 120 
gave one to two capsules to their cat orally with food each day for ~25 days. They were 121 
asked to collect fecal samples from their cats before and two weeks after the course of 122 
capsules to accurately assess changes in fecal microbiome composition. Owners also rec- 123 
orded the typical fecal consistency of their cat prior to beginning the capsules and follow- 124 
ing FMT treatment, using a fecal scoring scale ranging from 1 (hard and constipated) to 7 125 
(watery diarrhea), with 3 and 4 considered a normal consistency [31].  126 

To collect demographic, physical, and lifestyle information on each cat, owners filled 127 
out health surveys that asked about their cat's age, breed, sex, spay or neuter status and 128 
diet. In addition, they scored their cat’s body condition, using a scale of 1 (severely under- 129 
weight) to 10 (severely overweight), with 5 considered a healthy body condition. The sur- 130 
vey also included questions about the general health description of their animal, and 131 
asked for any diagnoses the animals had received from veterinarians. Importantly, own- 132 
ers recorded the specific clinical signs they were hoping to alleviate with the FMT capsules 133 
and among the most common clinical signs were diarrhea, constipation, vomiting, and 134 
lack of appetite. Following the course of FMT capsules, owners were asked to describe 135 
their cat’s response to treatment, and we categorized their responses as successful, mod- 136 
erately successful, or not successful (e.g. recipients experienced no change or a worsening 137 
of their conditions). See Table 1 for a summary of the characteristics of FMT recipients. 138 

The study protocol and informed consent forms were in compliance with the Animal 139 
Welfare Act. The capsules were given in addition to the standard of care offered by their 140 
veterinarian for the chronic digestive condition. Participants were advised to consult with 141 
their veterinarian before participating in the study and they were informed that they could 142 
drop out of the study for any reason at any time.  143 

Table 1. Summary characteristics for the sixty-eight cats that underwent oral capsule FMT treat- 144 
ment. 145 

Characteristic Subcategory FMT recipients (N=68) 

Age, in years  9.35 ± 4.92 

Body condition (1-10)  4.90 ± 1.57 

Sex 
       

Female 30 (44%) 

Male 38 (56%) 

Breed  
Domestic Shorthair 38 (56%) 

Other breed 30 (44%) 

Diet 

Wet 8 (12%) 

Dry 7 (10%) 

Raw 16 (24%) 

Wet & Dry 20 (29%) 

Wet & Raw 9 (13%) 

Other diet (including Wet & Dry & Raw; 
Raw & Dry) 

8 (12%) 

Spayed or Neutered 
Yes 67 (98%) 

No 1 (2%) 

Antibiotics 

Yes 34 (50%) 

No 33 (48%) 

Unknown 1 (2%) 

IBD 

Yes 35 (51%) 

No 20 (30%) 

Maybe 13 (19%) 

Response to FMT 

Improved 52 (77%) 

No Change 11 (16%) 

Worsened 5 (7%) 

Initial symptoms 

Constipation (only) 11 (16%) 

Diarrhea (only) 31 (46%) 

Vomiting & Diarrhea 17 (25%) 

Other, including None, Vomiting & Con-
stipation, Diarrhea & Constipation 

9 (13%) 

 146 
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Cats exhibiting symptoms of a chronic digestive condition (e.g. diarrhea, vomiting, 147 
and/or constipation) were recruited for this study. Owners completed a health and demo- 148 
graphic survey on their cats and collected fecal samples before and two-weeks after oral 149 
capsule FMT treatment. 150 

2.2. Preparation of FMT capsules.  151 

Donated fecal matter was collected from ten healthy indoor cats: from six individual 152 
donors and two pairs of donors (where the fecal material of two cats who live together 153 
was combined). Donor animals had no antibiotic treatment in the past year, were not tak- 154 
ing medications, had no known health conditions, current infections, or recent surgeries, 155 
and did not exhibit behavioral issues. Their ages ranged from 2-9 years old (average 4.73 156 
± 4.56 yrs), and the compositions of their fecal microbiomes were comparable to those of 157 
healthy cats in our reference database, as determined by 16S rRNA gene sequencing. All 158 
donor samples that had appropriate fecal consistencies (scores of 3-4) were submitted for 159 
pathogen screening using both qPCR and culturing to the University of California, Davis 160 
Real-time PCR and Diagnostics Core Facility. Samples were screened for Clostridiodes dif- 161 
ficile toxins A and B, Cryptosporidium spp, Salmonella spp, Giardia spp, feline coronavirus, 162 
feline parvovirus (Panleukopenia), and Tritrichomonas foetus. Donors were also periodi- 163 
cally screened for helminth parasites and protozoan oocysts via fecal flotation (IDEXX). 164 
Donor animals were on average 4.93 ± 3.43 years old, and mostly domestic shorthairs 165 
(75%) that consumed a diet of both wet food and dry food (50%; Table S1). 166 

Fecal samples from the six individual donors and the two pairs of donors served as 167 
material for the FMT capsules (Table S1) that were administered to recipient animals. 168 
Donor material was collected on a daily basis. Any stool with a suboptimal fecal con- 169 
sistency, excess mucus, mold, flies, unpleasant odor, or color was discarded. Stool was 170 
cleaned of litter, hair, and any foreign material prior to mixing with 20% glycerol (wet 171 
weight) and freeze drying at -40° C to -50° C. Once the stool was completely freeze dried, 172 
it was stored at -20° C until it was ground into a fine powder and placed into size 4 cap- 173 
sules. We followed stringent quality control guidelines and standard operating proce- 174 
dures. Capsule batches were labeled by donor and lot number, and randomly assigned to 175 
FMT recipients.  176 

Using data from Ganz et al. 2022 [3] (Table S2), we compared a reference set of 166 177 
healthy cats for comparison with FMT recipients with chronic digestive conditions. These 178 
cats had no known health conditions, clinical signs or diagnoses, had a body condition 179 
score between 3 and 6 (mean 5.14 ± 0.47) or a calculated BMI of less than or equal to 50, 180 
and had taken no antibiotics within the previous 12 months according to information re- 181 
ported by their owners. The cat’s ages were between 1-12 years of age (mean 4.99 ± 3.23 182 
years of age), although for statistical analyses, FMT recipients were age-matched to cats 183 
from the healthy reference set (see ‘Statistical analyses: fecal microbiome similarity between 184 
FMT recipients and healthy pet cats’). Of these 166 cats, 55% were female, about half were 185 
domestic shorthairs (52%), and almost all were spayed or neutered (91%) (Table S2). The 186 
two most represented diets were wet and dry food (30%), just dry food (12%), or just raw 187 
food (11%). 188 

2.3. DNA Extractions and 16S rRNA gene sequencing.  189 

Owners placed fecal material from their cats (n=68) pre- and post-FMT treatment into 190 
2 mL screw cap tubes containing 100% ethanol and silica beads. These were shipped to 191 
AnimalBiome’s facilities (Oakland, CA) and stored at 4 - 8° C until further laboratory anal- 192 
ysis. Fecal material was isolated from the preservation buffer by centrifugation, and ge- 193 
nomic DNA was extracted using QIAGEN DNeasy PowerSoil Kits (Germantown, MD). 194 
Briefly, samples were placed in bead tubes containing C1 solution, incubated at 65° C for 195 
10 min, and placed in a bead beater for 2 mins, after which the manufacturer’s protocol 196 
was followed as written. DNA was extracted from the fecal samples of healthy pets 197 
(n=166) and donor animals (n=20) in the same fashion. For the donor animals, four cats 198 
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had one fecal sample each, one cat had two samples, and another cat had 6 samples. The 199 
two pairs of donors (where two cats cohabited and their fecal material was combined), 200 
had three and five fecal samples, respectively. Thus, 20 fecal samples total were collected 201 
from ten donor animals for microbiome analysis.  202 

Amplicon libraries of the V4 region of the 16S rRNA gene were generated from ex- 203 
tracted DNA using a dual-indexing one-step PCR with complete fusion primers 204 
(505F/816R) (Ultramers, Integrated DNA Technologies) with multiple barcodes (indices), 205 
adapted for the Illumina Miniseq platform as detailed in Pichler et al. 2018 [33]. PCR reac- 206 
tions contained 0.3-30 ng template DNA, 0.1 µl Phusion High-Fidelity DNA Polymerase 207 
(Thermo Fisher), 1X HF PCR Buffer, 0.2 mM each dNTP,  and 10 µM of the forward and 208 
reverse fusion primers. PCR conditions were as follows: denaturation at 98° C for 30 sec, 209 
30 cycles of 98° C for 10 sec, 55° C for 30 sec, and 72° C for 30 sec. There was a final incu- 210 
bation at 72° C for 4 min 30 sec for a final extension, and a hold at 6°C until retrieval. PCR 211 
product amplification was assessed by running on 2% E-Gels with SYBR Safe (Ther- 212 
moFisher). PCR products were then purified and normalized using the SequalPrep Nor- 213 
malization Kit (Thermo Fisher). PCR products were pooled into the final libraries; each 214 
contained 95 samples (not all from this study) and 1 negative control (blank sample ex- 215 
traction). The final libraries were quantified with QUBIT dsDNA HS assay (Thermo 216 
Fisher), diluted to 1.8 pM and denatured according to Illumina’s specifications for the 217 
MiniSeq. Identically treated phiX was included in the sequencing reaction at 15%. Paired- 218 
end sequencing (150 bp) was performed on one mid-output Illumina MiniSeq flow cell 219 
per final library.  220 

2.4.16. S rRNA sequence processing.  221 

Raw 16S rRNA gene amplicon sequences were obtained from fecal samples of recip- 222 
ient animals (68 individuals, 136 fecal samples), donor animals (10 individuals, 20 fecal 223 
samples), and healthy reference animals (166 individuals, 166 fecal samples [3]). Se- 224 
quences were trimmed, quality-filtered and dereplicated using the Divisive Amplicon De- 225 
noising Algorithm (DADA2 v1.14.1) pipeline in R (v3.6.2) [34, 35]. Specifically, forward 226 
reads were trimmed to 145 bp while reverse reads were trimmed to 140 bp. After calcu- 227 
lating error rates, ASVs were inferred using DADA2’s core denoising algorithm and chi- 228 
meras were removed. The DADA2 pipeline merges paired-end reads after ASV calling to 229 
achieve greater accuracy [34]. Overall, samples from animals receiving FMT treatment 230 
contained an average of 56,615 ± 26,134 sequences after processing in DADA2, those from 231 
donor animals averaged 62,299 ± 23,558 sequences, and those from the healthy reference 232 
set contained on average 45,786 ± 27,918 sequences. Taxonomic classifications were as- 233 
signed to ASVs using DADA2’s naïve Bayesian classifier against the Silva reference data- 234 
base (v138) [36, 37] and ASVs classified as Eukarya, Chloroplasts, or Mitochondria were 235 
removed from the dataset. Overall, the recipient fecal microbiome dataset contained 3099 236 
total ASVs, the donor dataset contained 2060 ASVs, and the healthy reference dataset had 237 
2718 ASVs. The ASV relative abundance table, list of ASV taxonomic assignments, and 238 
metadata for every fecal sample from recipients, donors, and healthy animals is available 239 
as supplementary materials (Table S3-S5). 240 

2.5. Statistical analyses: defining host explanatory variables.  241 

Unless otherwise stated, all statistical analyses and figures were performed in R 242 
(v3.6.2) [35]. Throughout analyses, samples were classified as “recipient” samples if they 243 
came from cats that participated in the FMT capsule course treatment, “healthy” samples 244 
if they came from the 166 healthy cats, and “donors” if they came from any of the 10 stool 245 
donors. “Recipient” samples were further categorized into “preFMT” or “postFMT” de- 246 
pending on when they were collected. 247 

For recipient samples, we conducted various statistical analyses that involved five 248 
host predictors of interest: response to treatment, initial clinical signs, IBD diagnosis, an- 249 
tibiotic use, and dietary category (Fig 1A). For the response to treatment variable, recipient 250 
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animals were categorized as “responders” if their owners reported improvement in their 251 
clinical signs following FMT treatment, or as “non-responders” if their owners reported 252 
no change or a worsening of clinical signs following FMT treatment. Clinical signs were 253 
categorized into Diarrhea only, Constipation only, and Vomiting with Diarrhea (Table 1). 254 
All other combinations of symptoms were clustered into an “Other” category. For IBD 255 
diagnosis, categories included animals who had been diagnosed with IBD by a veterinar- 256 
ian (“Yes”), animals that were suspected of having IBD but never received an official di- 257 
agnosis (“Maybe”), and animals with no IBD diagnosis (“No”). Cats that were recently on 258 
antibiotics (within two weeks) were categorized as “Yes”, and all other cats as “No.” 259 
Lastly, host diet comprised six discrete categories: Dry food only, Wet food only, Raw 260 
food only, Wet and Dry food, Wet and Raw food, and Other. Table 1 lists sample sizes for 261 
each host factor and its subcategories. 262 

We also had information on a cat’s breed, body condition score, spay or neuter status, 263 
etc., but these were not selected as variables for analysis because there was not sufficient 264 
variation among samples (Table 1). For example, 98% of cats had been sterilized, so this 265 
variable was not appropriate for statistical analysis.  266 

2.6. Statistical analyses: fecal microbiome alpha-diversity and beta-diversity.  267 

We calculated the fecal microbiome alpha-diversity of samples from FMT recipients. 268 
We did not rarefy samples by subsampling to an equal number of sequences as this has 269 
been shown to be statistically inappropriate for microbiome analyses [38]. All samples had 270 
at least 8600 reads. ASV richness was calculated with phyloseq (v1.30.0) [39], Pielou’s 271 
evenness with microbiome (v1.15.2) [40], and Faith’s Phylogenetic Diversity with picante 272 
(v1.8.2) [41]; the latter after supplying it with a phylogenetic tree of ASV sequences built 273 
with DECIPHER (v2.14.0) [42] and phangorn (v2.5.5) [43].  274 

Linear mixed models evaluated whether FMT recipients varied in their fecal micro- 275 
biome richness, evenness, or phylogenetic diversity, using the lme4 (v1.1-29) [44] package. 276 
All models included one of the three alpha-diversity metrics as the dependent variable. 277 
Model #1 compared preFMT samples to postFMT samples and set individual identity as 278 
a random effect. Model #2 regressed preFMT (or postFMT) alpha-diversity values against 279 
the five host predictors (IBD diagnosis, clinical signs, antibiotic use, response to treatment, 280 
diet), and set host age and sex as random effects (Fig 1A). The statistical significance of 281 
the independent variables was determined via likelihood ratio tests (LRT) using the car 282 
package (v3.0-13) [45], setting a=0.05. Boxplots of fecal microbiome alpha-diversity were 283 
made in ggplot2 (v3.3.6) [46]. 284 

To analyze fecal microbiome beta-diversity in FMT recipients, we constructed two 285 
types of distance matrices from unrarefied data using phyloseq. The two distances were 286 
Bray-Curtis dissimilarity index, which captures compositional dissimilarity between sam- 287 
ples, and Weighted Unifrac distance that considers the phylogenetic relationships among 288 
bacterial ASVs. We constructed Permutational Multivariate Analysis of Variance (PER- 289 
MANOVA) models using the vegan package (v2.6-2) [47] to examine whether FMT recip- 290 
ients varied in their fecal microbiome structure (e.g. beta-diversity). All models included 291 
one of the two distances as the dependent variable and used 999 permutations. Model #1 292 
compared preFMT samples to postFMT samples and controlled for individual variation 293 
by including this variable as the first term in the model. Model #2 regressed preFMT (or 294 
postFMT) beta-diversity against the five host predictors of interest (IBD diagnosis, clinical 295 
signs, antibiotic use, response to treatment, and diet), plus two more variables we needed 296 
to account for (age, and sex) (Fig 1A). If PERMANOVA tests yielded statistically signifi- 297 
cant relationships (a=0.05), we used Permutational Analyses Of Multivariate Dispersions 298 
(PERMDISP) [47] to test for differences in microbiome dispersion between groups. Prin- 299 
cipal Coordinates Analysis (PCoA) ordinations were made in ggplot2. 300 

2.7. Statistical analyses: relative abundances of bacterial genera.  301 
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We investigated whether the relative abundances of core or potentially pathogenic 302 
taxa changed in recipient animals and whether these changes were associated with five 303 
host predictors. We defined core genera (N=21) as the genus-level bacterial taxa that were 304 
found in at least 55% of samples from a healthy population of cats [3] (Table S8). The 305 
potentially pathogenic taxa were five bacterial genera that may be pathogenic to felids 306 
(Table S9) [48–51]. All taxa tested must have been found in at least 10% of samples from 307 
FMT recipients. The generalized linear models specified change (Δ) in the relative abun- 308 
dance of bacterial taxon i (postFMT - preFMT) as the dependent variable and five host 309 
predictors as independent variables: host response to treatment (responder vs. nonre- 310 
sponder), initial presenting symptoms, antibiotic use, IBD status, and diet. These models 311 
did not include host sex or age as predictors since neither significantly predicted fecal 312 
microbiome alpha- or beta-diversity. We used the stats package [35] for the linear models 313 
and statistical significance was evaluated using likelihood ratio tests as described earlier. 314 
Plots of the change (Δ) in relative abundance for statistically significant genera were con- 315 
structed using ggplot2. 316 

2.8. Statistical analyses: ASVs shared between FMT recipients and their stool donors.  317 

The second objective of our study was to identify which donor microbes could en- 318 
graft (i.e. transfer) in FMT recipients and calculate ASV sharing rates between FMT recip- 319 
ients and their stool donors (Fig 1B). We used calculations adapted from a meta-analysis 320 
by Ianiro et al. 2022 [52], which examined strain engraftment after FMT in human cohorts 321 
across eight different diseases. In our study, ASV sharing rates were calculated by divid- 322 
ing the number of ASVs shared between postFMT samples and their stool donors (exclud- 323 
ing taxa shared between preFMT samples and donors) by the total number of ASVs in the 324 
donor sample (excluding any taxa shared with preFMT samples). A linear mixed model 325 
evaluated whether an FMT recipient’s ASV engraftment rate correlated with the five host 326 
predictors of interest and set host age and sex as random effects. Another generalized 327 
linear model tested whether ASV engraftment rates varied among stool donors. Plots of 328 
ASV sharing rates were made in ggplot2.  329 

2.9. Statistical analyses: fecal microbiome similarity between FMT recipients and healthy pet 330 
cats.  331 

Lastly, we tested whether the fecal microbiomes of FMT recipients approximated or 332 
“became more similar” to the fecal microbiomes of age-matched healthy animals (Fig 1C) 333 
[3]. We wanted to investigate for example, whether the fecal microbiomes of cats with IBD 334 
became more similar or less similar to healthy animals compared to cats without IBD. For 335 
these analyses, we used the two beta-diversity distances and only kept pairwise compar- 336 
isons between recipient animals and healthy animals (e.g. we excluded recipient vs. recip- 337 
ient comparisons or healthy vs. healthy comparisons). Only pairwise comparisons of cats 338 
whose ages were within 1 year of each other were retained. Change (Δ) in fecal microbi- 339 
ome similarity was calculated as follows:  340 

[ similarity between postFMT sample for cat i and healthy animal ii ] 341 
[ similarity between preFMT sample for cat i and healthy animal ii ].  342 
 343 
These calculations were done for all 68 FMT recipients compared against their age- 344 

matched healthy counterparts, and the resulting data frame was used for statistical anal- 345 
ysis. A generalized linear model tested whether the change (Δ) in fecal microbiome simi- 346 
larity was correlated with five host predictors: host response to treatment, initial present- 347 
ing symptoms, antibiotic use, IBD status, and diet. Statistical significance was evaluated 348 
using likelihood ratio tests (LRT) as described earlier. Plots of Δ in fecal microbiome sim- 349 
ilarity (Bray-Curtis) were constructed using ggplot2.  350 

351 
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3. Results 352 

3.1. FMT clinical success and microbiome responses in recipients 353 

A total of sixty-eight cats underwent oral capsule FMT treatment and provided data 354 
for this study. About half of the participants had been diagnosed with IBD by a veterinar- 355 
ian, and/or had been on antibiotics (Table 1). Prior to treatment, 46% of FMT recipients 356 
had been experiencing only diarrhea, 16% of recipients experienced only constipation, 357 
25% experienced vomiting with diarrhea and 13% experienced other combinations of clin- 358 
ical signs. Two weeks after FMT treatment, about 77% of participants experienced an im- 359 
provement in their health and a reduction of their clinical signs according to their owners 360 
(“Responders”) (Table 1), while 23% of participants experienced no noticeable change or 361 
a worsening of their condition (“Non-Responders”). Thus, the majority of participants ex- 362 
perienced clinical success after the oral FMT capsule treatment.  363 

A slightly greater proportion of ‘Responders’ were female, consumers of wet food 364 
with raw food, and cats experiencing constipation compared to ‘Non-Responders’ (Fig 365 
S1), which instead had a greater ratio of cats with IBD or suspected IBD, slightly greater 366 
ratio of cats with vomiting and diarrhea, and greater ratio of cats that ate wet food with 367 
dry food. Responder animals were slightly younger (8.96 yrs ± 5.02 yrs) than Non-Re- 368 
sponders (10.30 yrs ± 4.57 yrs) (Table 1). About 50% of cats had recently taken antibiotics 369 
in both Responders and Non-Responders (Fig S1). 370 

Next, we asked whether patterns in FMT clinical success were also observable at the 371 
microbiome level. Did FMT recipients exhibit variation in their fecal microbiomes? Were 372 
the fecal microbiomes of Responders distinct from those Non-Responders, or were cats 373 
with IBD distinct from cats without IBD? For this, we correlated fecal microbiome alpha- 374 
and beta-diversity with five main host factors of interest: response to treatment, initial 375 
presenting clinical signs, prior antibiotic use, IBD diagnosis, and diet (Fig 1A). Results 376 
showed that before FMT treatment, the fecal microbiome alpha-diversity of recipient ani- 377 
mals was best predicted by dietary category (Table S6). Cats that consumed raw food or 378 
raw food in combination with wet food tended to harbor slightly more even fecal micro- 379 
biomes than cats with other diets (Fig 2A). After FMT treatment, fecal microbiome diver- 380 
sity was significantly correlated with an individual’s pre-treatment clinical signs (Table 381 
S6). The bacterial communities of cats who suffered from both vomiting and diarrhea 382 
were less even than those of cats who had diarrhea, constipation, or other combinations 383 
of symptoms (Fig 2B). We did not detect differences in the richness, evenness, and phylo- 384 
genetic diversity of preFMT and postFMT samples (GLM LRT ASV Richness χ2=0.49, 385 
P=0.48; Pielou’s evenness χ2=0.013, P=0.48; PD χ2=0.58, P=0.44), thus, preFMT samples did 386 
not start at lesser or greater levels of diversity compared to postFMT samples. 387 

Fecal microbiome beta-diversity prior to FMT treatment was best predicted by clini- 388 
cal signs and dietary category, which each accounted for 10-11% of the variation in fecal 389 
microbiomes among individuals (Fig 2C, Table S7). Response to treatment, antibiotic use, 390 
IBD diagnosis, age (years), or sex were not significantly associated with variation in fecal 391 
microbiomes before FMT (Table S7). The fecal microbiome dispersions of hosts experi- 392 
encing different clinical signs did not differ (PERMDISP Bray-Curtis F=1.45, P=0.23; 393 
Weighted Unifrac F=2.05, P=0.11) and the same was true of host diet (PERMDISP Bray- 394 
Curtis F=0.64, P=0.66; Weighted Unifrac F=1.70, P=0.14). Similarly to pre-FMT microbi- 395 
omes, post-FMT microbiomes were also strongly correlated with clinical signs and dietary 396 
category, in addition to IBD diagnosis (Fig 2C-F). Host clinical signs accounted for 12% of 397 
the variation in the microbiome and host diet explained an additional 11% of the variation 398 
(Table S7). IBD diagnosis accounted for about 5% of the variation among individuals (Fig 399 
2D, Table S7). Furthermore, the fecal microbiomes did not vary in how heterogenous they 400 
were; thus differences between samples of different IBD diagnoses, clinical signs, and di- 401 
ets could be fully attributed to differences in their microbiome structures rather than their 402 
dispersions (IBD PERMDISP Bray-Curtis F=1.72, P=0.18; Weighted Unifrac F=2.55, P=0.08) 403 
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(Clinical signs PERMDISP Bray-Curtis F=1.47, P=0.23; Weighted Unifrac F=1.10, P=0.35) 404 
(Diet PERMDISP Bray-Curtis F=0.42, P=0.83; Weighted Unifrac F=0.35, P=0.87).  405 

Lastly, the fecal microbiomes of preFMT samples were not dissimilar from the fecal 406 
microbiomes of postFMT samples, suggesting that the patterns observed were not an ar- 407 
tifact or bias of our sampling (PERMANOVA Bray-Curtis catID R2=0.82, P=0.001, sample 408 
type R2=0.002, P=0.53; Weighted Unifrac catID R2=0.84, P=0.001, sample type R2=0.001, 409 
P=0.48) (Fig S2). Interestingly, cat individual identity explained 83% of the variance in the 410 
fecal microbiome, indicating that there is remarkable consistency in the fecal microbiomes 411 
of samples from the same individual before and after treatment. This also suggests that 412 
differences between pre-FMT and post-FMT microbiomes are not global but may be spe- 413 
cific to the relative abundances of particular bacterial taxa. 414 

 415 
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Figure 2. Host predictors of fecal microbiome alpha- and beta-diversity in FMT recipients. Box- 416 
plots of microbiome evenness (Pielou’s Evenness) by A) dietary category for preFMT samples and 417 
B) clinical signs for postFMT samples. C) Percent variance explained by host predictors according 418 
to PERMANOVA tests (averaged across Bray-Curtis and Weighted Unifrac distances; see Table S7 419 
for exact values). PCoA ordinations based on Bray-Curtis distances showing the clustering of 420 
postFMT samples by D) IBD diagnosis, E) Clinical signs, or F) dietary category. 421 

3.2. Changes in the relative abundances of core and pathogenic bacterial genera in FMT 422 
recipients  423 

Next, we conducted more fine-scale analyses to discern the particular bacterial taxa 424 
that may be underlying changes in the fecal microbiome two weeks post FMT treatment. 425 
For some individuals, certain taxa may have decreased or increased in relative abundance 426 
over the course of FMT treatment. Specifically, we tested whether the change in relative 427 
abundance (postFMT – preFMT) of core genera or potentially pathogenic genera was cor- 428 
related with host response to treatment (responder vs. nonresponder), initial presenting 429 
symptoms, antibiotic use, IBD status, and diet (Fig 1A). Of the 21 bacteria genera that 430 
constitute the core in the fecal microbiomes of healthy pet cats [3] (Table S8), the relative 431 
abundances of three genera (Blautia, Collinsella, and Negativibacillus) were associated with 432 
clinical signs. Specifically, the relative abundances of all three taxa tended to decrease in 433 
cats suffering from vomiting with diarrhea (Fig 3A-C, Fig S3). The relative abundances of 434 
Parabacteroides and Peptoclostridium varied with IBD diagnosis such that cats that had IBD 435 
experienced increases in Parabacteroides relative abundances but a decrease in Pepto- 436 
clostridium relative abundances compared to cats without the condition (Fig 3E-F, Fig S3, 437 
Table S8). The abundance of two bacterial genera changed differentially in responder an- 438 
imals vs. non-responder animals (Fig 3H-I, Table S8). Specifically, Peptococcus and Rumi- 439 
nococcus relative abundances slightly increased in non-responder animals and mainly 440 
stayed the same in responder animals (Fig S3). No statistically significant changes in the 441 
relative abundance of core genera were detected in cats that had previously taken antibi- 442 
otics vs. cats that had not taken antibiotics (Table S8). Lachnoclostridium relative abun- 443 
dances decreased in cats that ate canned wet food with dry kibble compared to other sur- 444 
veyed cats (Fig S3, Table S8). 445 

When examining the change in the relative abundances of the five potentially patho- 446 
genic genera, FMT recipients who exhibited constipation in combination with other symp- 447 
toms experienced a slight increase in their Desulfovibrio load, compared to animals that 448 
only had diarrhea (Fig 3G, Fig S3, Table S9). Furthermore, cats that may perhaps have 449 
IBD tended to experience an increase in their Helicobacter relative abundances compared 450 
to the rest of the surveyed cats (Fig 3D, Fig S3). Lastly, animals fed a 100% dry kibble diet 451 
tended to exhibit increases in their Veillonella relative abundances compared to cats fed 452 
other diets (Fig S3, Table S9). 453 

https://paperpile.com/c/qN0PVk/LeGz
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 454 

Figure 3. Changes in the relative abundances of bacterial genera in cats receiving FMT treatment. 455 
Linear mixed models indicated that the changes in the relative abundance of 10 bacterial genera 456 
were significantly associated with A-D) host clinical signs, E-G) IBD diagnosis, or H-I) response to 457 
treatment. For the statistical output of posthoc testing using Tukey linear contrasts, see Fig S3. 458 

3.3. ASVs shared between FMT recipients and their stool donors 459 

Another objective of our study was to compare the fecal microbiomes of FMT recipi- 460 
ents with those of their donors to identify the bacterial ASVs that were more likely to be 461 
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shared or engraft in FMT recipients (Fig 1B). We also tested whether individuals varied 462 
in their ASV engraftment efficiency and correlated these values with host predictors. For 463 
this, we analyzed the ASVs that were shared between the fecal microbiomes of FMT re- 464 
cipients postFMT and their specific stool donors, excluding any ASVs that were shared 465 
between recipients preFMT and their donors. ASV engraftment rates indicated the pro- 466 
portion of donor ASVs that engrafted into FMT recipients relative to the total number of 467 
donor ASVs that had the capacity to engraft. 468 

Across FMT recipients, ASV engraftment rates ranged from 3.25% to 36.56%, with an 469 
average of 13.26% (± 6.24%) (Fig 4A, Table S10). That is, of the bacterial ASVs present in 470 
FMT stool donors with the capacity to engraft or be shared (x̅: 538 ASVs, range: 189-1086 471 
ASVs), about 13% on average (x ̅: 65 ASVs, range: 14-172 ASVs) successfully engrafted in 472 
the FMT recipient (Table S10). Thus, complete microbiome engraftment was not observed 473 
in this cohort of cats. An FMT recipient’s ASV engraftment rate was not significantly as- 474 
sociated with response to treatment, initial clinical signs, IBD diagnosis, prior antibiotic 475 
use, or diet (LMM LRT Response χ2=0.63, P=0.42; Clinical signs χ2=0.52, P=0.91; IBD 476 
χ2=1.5, P=0.47; Antibiotics χ2=0.09, P=0.76; Diet χ2=5.37, P=0.37). ASV sharing rates how- 477 
ever, were significantly predicted by donor’s identity (Kruskal Test χ2=16.84, P=0.018), 478 
with two donors in particular (D3 and D7) having bacterial ASVs that were shared at a 479 
larger frequency than the ASVs of other donors (Fig 4B, Table S10). The ASV engraftment 480 
rate was the lowest for two donors- D1 and D4, both instances where the fecal material of 481 
two cohabiting cats was combined to make one donor. These donors had diverse fecal 482 
microbiomes to start with, but not higher than other donors, so it is not completely clear 483 
why much fewer ASVs engrafted from these two donors.  484 

The most commonly shared ASVs (ASVs that engrafted > 12 of the 68 FMT recipients) 485 
were classified as Bacteroides, Clostridium, Lachnospira, Oscillibacter, Subdoligranulum, Fuso- 486 
bacterium, Clostridium, Blautia, unclassified Butyricicoccaceae, unclassified Oscillospiraceae, 487 
unclassified Oscillospirales, and unclassified Lachnospiraceae (Fig 4D, Table S11). Of all of 488 
the bacterial ASVs that engrafted across the fecal microbiomes of FMT recipients, 14.56% 489 
were classified as Prevotella 9, 10.74% as Peptoclostridium, 7.54% as Bacteroides, 7.33% as 490 
unclassified Lachnospiraceae, and 5.29% as Collinsella (Fig 4C). Not surprisingly, the most 491 
common genera of engrafted ASVs were also the most abundant bacterial genera across 492 
the fecal microbiomes of recipients postFMT and preFMT. Prevotella was found at a mean 493 
relative abundance of 14.08% across samples from FMT recipients, Bacteroides at 12.1%, 494 
Collinsella at 6.2%, and Peptoclostridium at 5.07% (Table S12). This indicates that FMT re- 495 
cipients are not necessarily gaining taxonomically novel microbes but instead ASVs that 496 
are taxonomically similar to those that they start with, albeit with some genomic variation.  497 
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Figure 4. ASVs shared between FMT recipients and their stool donors. Plots of ASV engraftment 499 
or sharing rates across A) FMT recipients or B) stool donors (asterisks indicate where the fecal ma- 500 
terial of two cohabiting cats constituted one donor). ASV sharing rates were calculated by dividing 501 
the number of ASVs shared between postFMT samples of FMT recipients and their stool donors 502 
(excluding taxa shared between preFMT samples and donors) by the total number of ASVs in the 503 
donor sample (excluding any taxa shared with the preFMT samples of FMT recipients). C) Taxo- 504 
nomic breakdown of ASVs shared between FMT recipients and their stool donors. D) Heatmap 505 
showing the most commonly engrafted ASVs across FMT recipients. Tan color indicates that the 506 
FMT recipient shared that ASV with its stool donor. 507 

3.4. Comparing the fecal microbiomes of FMT recipients and healthy animals 508 

Lastly, we investigated whether the fecal microbiomes of FMT recipients two weeks 509 
after the conclusion of treatment became similar to those of age-matched individuals from 510 
the healthy reference set (Fig 1C). Perhaps there were groups of cats whose fecal microbi- 511 
omes shifted closer to those of healthy animals compared to other groups of cats. For this, 512 
we computed the similarity between a cat’s preFMT microbiome and a fecal microbiome 513 
from the healthy reference set, and the similarity between a cat’s postFMT microbiome 514 
and that same healthy cat’s fecal microbiome. We then subtracted the two values (post – 515 

pre) to get (Δ) similarity for every FMT recipient –  aged-matched healthy animal dyad. 516 
The difference between the ages of the FMT recipient and healthy animal must not have 517 

exceeded 1 year. This change in similarity (Δ) would indicate whether a cat’s fecal micro- 518 
biome overall became more (if a positive value) or less (if a negative value) similar to fecal 519 
microbiomes from the healthy reference set. We used linear models to test whether an 520 
FMT recipient’s response to treatment, clinical signs, IBD diagnosis, prior antibiotic use, 521 

or diet correlated with how similar their microbiome became to those of healthy pet 522 

cats.  523 
We found that the fecal microbiomes of cats who did not responded favorably to 524 

treatment became slightly more similar (mean similarity x ̅: 0.01) to those of healthy ani- 525 
mals compared to cats who responded well to treatment (x ̅ 0.0007) (Fig 5A, Table S13). 526 
Additionally, the fecal microbiomes of cats who had diarrhea (x ̅ 0.011) or diarrhea with 527 
vomiting (x ̅ 0.006) became marginally more similar to those of the healthy reference set 528 
than cats who experienced other symptoms (x ̅ -0.011 for constipation, x ̅ -0.016 for ‘Other’ 529 
symptoms) (Fig 5B, Table S13). The fecal microbiomes of cats with IBD became equally 530 
similar (x ̅ 0.009) to those of healthy animals than did cats without IBD (x ̅ -0.001) (Fig 5C- 531 
D). The fecal microbiomes of cats that had recently taken antibiotics shifted closer to those 532 
of healthy animals (x ̅ 0.016) compared to animals who had not taken any antibiotics (x ̅ - 533 
0.01). It is important to note that our effect sizes for these analyses were modest. Lastly, 534 
cats that ate only dry food (x ̅ -0.005) or wet and raw food (x̅ -0.015) had fecal microbiomes 535 
that were less similar to those of healthy animals more than cats with other diets (x ̅ 0.011 536 
for wet food, x ̅ 0.014 for raw food, x ̅ 0.017 for wet and dry food) (Fig 5E, Table S13). This 537 
last finding could be simply be an attribute of our dataset: only 13% of healthy animals 538 
had a dry food or wet and raw food diet (Table S2). Thus, our findings could differ if diets 539 
were more evenly distributed in our dataset in terms of their sample sizes and one diet 540 
was not more prevalent than other diets. 541 
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 542 

Figure 5. Do the fecal microbiomes of cats receiving FMT treatment become similar to the micro- 543 
biomes of healthy cats? We examined shifts in the fecal microbiome of FMT recipients by quantify- 544 
ing how similar their fecal microbiomes were (before and after FMT treatment) to those from an 545 
age-matched healthy reference set. We computed the difference between the two similarity scores 546 
(postFMT similarity - preFMT similarity) to generate the change in similarity (Δ) for each FMT re- 547 
cipient–healthy animal dyad. We then correlated these Δ values with host characteristics using gen- 548 
eralized linear models. A-E) Average Δ similarity scores for each group (± St.Error). A value of 0 549 
indicates no shift in similarity. Bray-Curtis distances were used. See Table S13 for model statistics. 550 

4. Discussion 551 

4.1. Effectiveness of FMT treatment 552 

In our study, 77% of cats that underwent oral capsule FMT treatment for their chronic 553 
digestive issues were reported to have an improvement in their clinical signs at two weeks 554 
post FMT according to their owners. These cats (termed ‘Responders’) were of distinct 555 
ages and sexes, and experienced vomiting, diarrhea, and/or constipation. This means that 556 
this particular FMT treatment is potentially effective at alleviating a range of symptoms, 557 
not just one particular symptom. Interestingly, a slightly greater proportion of cats with 558 
constipation were found in the ‘Responder’ group compared to ‘Non-Responders’ indi- 559 
cating that cats with constipation may be particularly responsive to the treatment. A prior 560 
study showed that FMT resolved vomiting and diarrhea in one cat [29], and our work 561 
expands on this and finds that FMT treatment can help resolve constipation, in addition 562 
to vomiting and diarrhea in a group of 68 pet cats, as early as two weeks after FMT treat- 563 
ment. In dogs, FMT is effective at treating acute diarrhea, relapsing chronic diarrhea, ca- 564 
nine parvovirus, and inflammatory bowel disease [22–25].  565 

FMT treatment in the form of oral capsules specifically, has been shown to be effec- 566 
tive in treating IBD in 16 dogs [53]. Furthermore, in a 9 year old dog suffering from chronic 567 
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enteropathy (CE), a two-cycle oral treatment of FMT was able to resolve all gastrointesti- 568 
nal and systemic symptoms, and restore the dog’s appetite and body weight [54]. In a 569 
larger study involving 56 dogs with CE treated with FMT capsules, clinical signs of im- 570 
provement – as determined by changes in the canine chronic enteropathy clinical activity 571 
index – were observed in 74% of receivers [55]. Thus, oral capsule FMT treatment shows 572 
promise in being able to treat gastrointestinal issues in companion animals. This is signif- 573 
icant as oral capsules are easier to administer and are less invasive and likely less costly 574 
than administering FMT via an endoscopy, colonoscopy, or via a nasogastric route [56].  575 

4.2. Host predictors of fecal microbiome alpha- and beta-diversity 576 

The fecal microbiomes of FMT recipients varied depending on the initial clinical 577 
signs, IBD diagnosis, and diet of the individual. Specifically, cats that consumed a raw 578 
diet had more diverse fecal microbiomes than cats that did not incorporate any raw food 579 
in their diet. A raw food diet, which consists of skeletal muscle, fat, tissue, cartilage, and 580 
bones, is typically richer in protein and fat and lower in carbohydrates compared to dry 581 
kibble or canned wet food [57]. Our findings are consistent with those of a prior study 582 
conducted in dogs, which reported that individuals fed a raw meat diet exhibited more 583 
diverse fecal microbiomes than individuals fed commercial foods [58]; although other 584 
studies report a contrasting finding [59]. Diet is a major determinant of fecal microbiome 585 
composition in animals, given that microbes that are able to metabolize the dietary com- 586 
ponents outcompete those that do not. However, it is not clear why a raw food diet in 587 
particular may enable a greater diversity of microbes to co-exist in the gut. We also found 588 
that the fecal microbiome beta-diversity of FMT recipients was strongly correlated with 589 
host diet. This is expected, as the type of food a cat is eating (raw vs. canned wet food vs. 590 
dry kibble) will select for distinct microbiome compositions depending on its protein, fat, 591 
carbohydrate, fiber, and macronutrient composition [60–63].  592 

We also found that cats with vomiting and diarrhea had less diverse microbiomes 593 
than cats experiencing other clinical signs. Host clinical signs in general explained 12% of 594 
the variation in fecal microbiomes among individuals. Vomiting, diarrhea, and constipa- 595 
tion are usually not standalone symptoms and may reflect distinct disorders or diseases. 596 
Diarrhea for example is quite common in felines, and maybe a symptom of a bacterial, 597 
protozoan or viral infection [64]. It may also be a clinical sign of inflammatory bowel dis- 598 
ease (IBD) or low-grade lymphoma [65]. Vomiting is also extremely common in cats [66], 599 
and may be caused by food intolerance, inflammatory bowel disease, liver disease, pan- 600 
creatitis, hyperthyroidism, and uremia [67–69]. Historically, constipation in cats has been 601 
tied to dehydration, and is associated with chronic kidney disease (CKD), diabetes melli- 602 
tus and hyperthyroidism [70]. It is evident that the clinical symptoms exhibited by cats 603 
are strongly tied to their health and physiology, which may partially explain the differ- 604 
ences in their fecal microbiomes. Cats with diarrhea compared to cats with constipation 605 
or vomiting may have slightly different gastrointestinal physiologies, digestion, gut 606 
transit times [71], or overall health. They may have taken distinct antibiotics or medical 607 
treatments to treat their symptoms. All of these differences may be contributing to fecal 608 
microbiome divergence among FMT recipients. Overall, our work aligns with prior find- 609 
ings that the fecal microbiome of cats varies with IBD diagnosis [72] and degrees of intes- 610 
tinal dysbiosis or enteropathy [73, 74].  611 

Interestingly, our study also reported that the fecal microbiomes of FMT recipients 612 
that had recently taken antibiotics became slightly more similar to the healthy reference 613 
set than did other surveyed cats. A plethora of studies have shown associations between 614 
fecal microbiome composition and antibiotic use in companion animals [75–77]. Other 615 
studies have also highlighted how FMT treatment might restore fecal microbiome com- 616 
position after antibiotic-associated disruptions [78], but here we are discussing how FMT 617 
may be effective despite prior antibiotic administration. Perhaps antibiotic administration 618 
disrupts the fecal microbiome to an extent, and facilitates the colonization of microbes 619 
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from FMT capsules or fecal slurries. Oral decontamination with antibiotics appears to en- 620 
hance the efficacy of FMT in human patients that are colonized by beta-lactamase produc- 621 
ing Enterobacteriaceae or Acinetobacter [79, 80]. However, these findings are not widespread 622 
and antibiotic use may also enable the growth of pathogenic bacteria. No studies have 623 
experimentally compared the effectiveness of FMT treatment after antibiotic administra- 624 
tion in cats.  625 

 626 

4.3. ASV engraftment rates in FMT recipients 627 

FMT effectiveness can also be assessed by examining which donor microbes were 628 
able to colonize the intestine of the recipient following FMT treatment. In our study, we 629 
could not directly sample the gut contents of FMT recipients, but we did quantify the 630 
degree of ASV sharing between recipients and their stool donors. We found that donors 631 
shared about 13% of their ASVs (range 3-36%) with FMT recipients after treatment (ex- 632 
cluding ASVs shared between donors and FMT recipients before FMT, which ranged from 633 
54 ASVs to 349 ASVs). This finding indicates that complete microbiome engraftment is 634 
not occurring in this group of cats, and may not be necessary for FMT success, given that 635 
FMT was still successful in the majority of FMT recipients. Not many FMT studies have 636 
quantified engraftment rate, but a prior study reported that in humans with HIV taking 637 
antiretroviral medication, modest microbiome engraftment was observed after FMT ad- 638 
ministration via a colonoscopy. The recipient’s fecal microbiota remained significantly 639 
distant from donors eight weeks after FMT [81]. A small clinical trial of 12 patients who 640 
had mild to moderate ulcerative colitis reported that the proportion of bacteria transferred 641 
from the donor to the FMT recipient varied from 15% to 85% [82]. The transferred bacteria 642 
spanned the phylogenetic diversity of the donor’s bacteria.  643 

Furthermore, while we found that ASV engraftment rates were not correlated with 644 
host factors such as IBD diagnosis, diet, or antibiotic use, these were strongly tied to donor 645 
identity. In other words, ASV engraftment rates depended on the fecal microbiome of do- 646 
nors. This echoes prior work which showed that strain engraftment for patients with re- 647 
current C. difficile (rCDI) infection was largely predicted by the abundance and phylogeny 648 
of bacteria in the donor and the bacteria already present in the FMT recipient [83]. Another 649 
study examining FMT treatment in patients with rCDI found that donor-derived strains 650 
constituted a larger fraction of the post-FMT microbiota than did novel undetected strains 651 
not present in donors or recipients [84]. These findings reinforce the notion that potential 652 
FMT stool donors need to be strictly screened, given the large impact they could have on 653 
the fecal microbiomes of FMT recipients. However, we cannot discount the potential in- 654 
fluences of the FMT recipient as well. A meta-analysis examined strain engraftment in the 655 
gut of human patients across eight disease types, including rCDI, irritable bowel syn- 656 
drome, Crohn’s disease, renal carcinoma, and Tourette’s syndrome. They reported that 657 
the most important predictors of strain-level retention were the diversity and the abun- 658 
dances of bacterial species in FMT recipients [85]. A similar meta-analysis using some of 659 
these same human cohorts found that increased engraftment was observed in individuals 660 
that received FMT from multiple routes (e.g. via both capsules and colonoscopy) [52]. In- 661 
creased engraftment was also observed in individuals that had been treated with antibi- 662 
otics for their infections or disease [52]. Furthermore, as Danne and colleagues (2022) [86] 663 
note, an FMT recipient’s genetics, immunity, microbiota, and lifestyle, may also impact 664 
bacterial engraftment and clinical efficacy. 665 

We found that the most commonly shared ASVs belonged to the genus Prevotella, 666 
Collinsella, Bacteroides, and Peptoclostridium. Interestingly, all of these genera form part of 667 
the core microbiome in healthy pet cats [3]. These four bacterial genera are also correlated 668 
with SCFA (propionate, acetate, butyrate) production in the mammalian intestine [87]. 669 
SCFAs act as indispensable sources of energy for host colonocytes, stimulate colonic blood 670 
flow and motility, and may promote the growth of commensal and resident bacteria [88– 671 
90]. There is also increasing evidence that gut microbial metabolites like SCFAs may act 672 
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as regulators of gene expression or as signaling molecules [91]. Thus, it appears that po- 673 
tentially beneficial microbes are being shared between stool donors and FMT recipients in 674 
our cohort of cats. In a study examining strain engraftment in humans treated with FMT 675 
for rCDI, the fecal microbiomes of FMT recipients were also enriched in Bacteroides (and 676 
Alistipes and Parabacteroides) after FMT [92]. 677 

5. Limitations 678 

Our study has several limitations and we advise readers to interpret our findings 679 
with caution. First, the data on FMT effectiveness was solely derived from information 680 
provided by pet owners. No diagnostic tests were conducted by a veterinarian to examine 681 
whether the animal experienced improvement in their clinical signs based on established 682 
metrics (e.g. chronic enteropathy clinical activity index, dysbiosis index). Thus, FMT ef- 683 
fectiveness reflects perceived effectiveness by the owner, and is subject to biases and inac- 684 
curacies. Nonetheless, even with these limitations, our study provides valuable insights 685 
regarding effectiveness of FMT oral capsules in cats with chronic digestive issues. 686 

Second, we did not carry out metagenomic sequencing or measure strain-level pat- 687 
terns when determining bacterial engraftment rates. Our analysis on bacterial sharing was 688 
instead done at the level of bacterial ASVs. We also did not directly sample microbes from 689 
the GI tract; fecal samples most likely reflect bacteria from the lower portion of the intes- 690 
tine. Thus, we cannot say for sure which bacteria ‘engrafted’ or actually transferred from 691 
the stool donor to the FMT recipient. 692 

Lastly, our fecal microbiome surveys reflect the fecal microbiome of FMT recipients 693 
at two weeks post-FMT treatment. We do not know how the microbiome changed after 694 
those two weeks, nor can we say which bacterial ASVs were retained at 1, 3, 4, or 8 weeks 695 
after FMT. Our analyses are focused on the fecal microbiomes of cats during a particular 696 
window and we encourage future studies to examine fecal microbiomes at distinct time 697 
windows post-FMT. 698 

6. Conclusions 699 

Our study is the first to show that FMT treatment in the form of oral capsules was 700 
effective at resolving diarrhea, constipation, and/or vomiting in a group of sixty-eight do- 701 
mestic cats. Fecal microbiome responses to FMT were potentially modulated by an indi- 702 
vidual’s clinical signs, IBD diagnosis, prior antibiotic use, and diet, which are all factors 703 
to consider when studying the fecal microbiomes of cats. Partial stool donor bacterial en- 704 
graftment was observed in FMT recipients, illustrating that microbes are being shared be- 705 
tween a stool donor and its recipient, and that complete microbiome engraftment is not 706 
necessary for FMT effectiveness. The fecal microbiomes of certain subsets of FMT recipi- 707 
ents grew more similar to those from age-matched healthy individuals, further supporting 708 
FMT effectiveness. 709 

Supplementary Materials: The following supporting information can be downloaded at: 710 
www.mdpi.com/xxx/s1 Figure S1 Characteristics of “Responder” and “Non-Responder” FMT re- 711 
cipients, Figure S2 Fecal microbiomes of recipient animals do not cluster by timepoint (preFMT vs. 712 
postFMT), Figure S3 Posthoc testing of bacterial genera that were found to significantly correlate 713 
with host predictors according to a linear model, Table S1 Characteristics of donor animals, Table 714 
S2 Characteristics of healthy animals, Table S3 Sample metadata, Table S4 ASV abundance table, 715 
Table S5 ASV taxonomy, Table S6 Microbiome Alpha-diversity  ~ host predictors (recipient animals), 716 
Table S7 Microbiome Beta-diversity  ~ host predictors (recipient animals), Table S8 Generalized lin- 717 
ear models of 22 core genera ~ host predictors (recipient animals), Table S9 Generalized linear mod- 718 
els of 5 pathogenic genera ~ host predictors (recipient animals), Table S10 ASV sharing rates between 719 
FMT recipients and their stool donors, Table S11 Taxonomy of ASVs shared between FMT recipients 720 
and their stool donors, Table S12 Average abundances of bacterial taxa across preFMT or postFMT 721 
samples, Table S13 PERMANOVA of FMT microbiome similarity to the microbiomes of healthy pet 722 
cats 723 
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