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SUMMARY   Inflammatory bowel disease (IBD) is a chronic and relapsing inflammatory 
condition affecting the gastrointestinal tract. Human IBD consists of two major subtypes, 
Crohn’s Disease (CD) and Ulcerative Colitis (UC) which continue to have large global health 
and economic implications. Although dogs have previously been investigated as a potential 
research model for human IBD, their utility for specific subtypes has not been adequately 
considered. In this study, we explored the microbial diversity, abundance, and functional 
pathways of the gut microbiota in IBD dogs against UC and CD humans, to investigate if IBD 
dogs may serve as a research model for a particular human IBD subtype. Comparative 
analysis of combined 16S ribosomal RNA data from IBD dogs and humans revealed a 
difference in gut microbial composition between dogs and humans, further supported by a 
lack of common taxonomic groups in both core microbiome and indicator species analyses. 
Despite significant species-driven compositional differences, predictive functional pathway 
analysis displayed similarities in shared metabolic pathways of IBD dogs and UC humans. 
These findings suggest that while dogs may not serve as relatable taxonomic models for 
human IBD subtypes, they may hold functional relevance for human ulcerative colitis. 
 
 
INTRODUCTION 

nflammatory bowel disease (IBD) is a chronic inflammatory condition affecting the 
gastrointestinal (GI) system and has no cure. The global prevalence of IBD continues to 
rise, contributing to both health-related and socio-economic burdens (1). It is estimated 

that by 2030, the prevalence of IBD will exceed 400,000 individuals in Canada alone, 
resulting in billions of dollars in healthcare costs and lost work productivity (2). IBD is 
currently understood as a condition amalgamated from genetic risks, environmental factors, 
and gut microbial dysbiosis, and can be categorized into two main subtypes: Crohn’s disease 
(CD) and ulcerative colitis (UC) (3). CD affects the entire GI tract, while UC is typically 
limited to the mucosal layer of the colon (4–6).  

Differences in the microbiota composition between CD and UC have been observed at 
the phylum level (8). These differences may stem from the unique inflammatory 
environments in CD and UC, which alter the nutrient landscape of the intestines and favour 
certain bacterial taxa (9). Functional alterations within the mucosal microbiota are also 
distinct between CD and UC (10). Research on the gut microbiome and host-microbe 
interactions to characterize their respective roles in IBD progression and pathology are 
ongoing, including the use of at least 66 different animal models to dissect mechanisms and 
develop novel therapeutics for IBD (7).  

Dogs are frequently used as large animal models to investigate drug efficacy and safety, 
including the use of modified dog GI tracts as a model for analgesic sustained-release dosage 
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testing (11–14). Clinical, environmental, physiological, and genetic similarities make dogs 
suitable comparative models for human disease studies, including those related to IBD (15–
17). Comparative studies have shown that the dog microbiome is more similar to the human 
microbiome than that of other common animal models like pigs or mice (18). The complex 
interplay between the gut microbiome and the immune system is also more reliably modelled 
by canine models than murine models (19). Both human and dog IBD conditions exhibit 
similar disturbances, such as decreases in microbial diversity, short-chain fatty acids 
(SCFAs), and secondary bile acids (BAs) (20). Additionally, the microbiomes of humans and 
dogs respond similarly to dietary changes, suggesting that studies using dogs may be 
predictive of human outcomes (21).  

However, there is also evidence that challenges the reliability of dogs as models for 
human IBD. While cohabitation increases skin microbiota similarity between humans and 
dogs, it does not affect gut microbiota (22). Humans and dogs with IBD also show increased 
antibody binding to specific, but distinct, bacterial phyla (23). A previous study by Vázquez-
Baeza et al. (24) found that the dysbiosis networks of IBD in dogs differ from those in 
humans, challenging the relevance of IBD dogs as an animal model for IBD humans. 
However, their analysis acknowledges human IBD more generally, without consideration of 
the specific CD and UC subtypes. Investigating this gap could further clarify the significance 
of dogs with IBD as models for specific human IBD subtypes.  

Given the notable microbiota differences in individuals with CD and UC, general 
comparisons of human IBD to dog IBD may obscure the relevance of dog models. Therefore, 
we hypothesized that by comparing the microbiota of IBD dogs to the microbiota of humans 
with CD and UC separately, we will uncover similarities in microbiota composition and 
function, thus supporting the relevance of dog models for studying a specific IBD subtype.  

To test this hypothesis, we examined components of the microbiota in IBD dogs and 
compared them to those in humans with CD and UC. We analyzed microbial diversity, 
taxonomic abundance, and the presence of specific taxa unique to each disease state. 
Additionally, we evaluated the differential abundance of microbiota species in IBD dogs 
relative to human IBD subtypes and compared predicted functional profiles to identify 
similarities in metabolic pathways.  

Using the dog dataset from Vázquez-Baeza et al. and a human dataset obtained from 
Alam et al. (25), we found that the dog microbiota was taxonomically distinct from the human 
microbiota, regardless of disease state. There were minimal shared core microbiota species 
and no indicator taxa between IBD dogs and any human comparisons. Following this, we 
found that IBD dogs seem to share an overlapping functional profile with UC humans, 
suggesting its potential as a model for this specific subtype of IBD. 
 
METHODS AND MATERIALS 

Dataset acquisition. The dog dataset was generated by Vázquez-Baeza et al., where fecal 
samples were analyzed from 85 healthy dogs and 65 dogs with signs of chronic 
gastrointestinal disease (24). IBD in dogs were diagnosed based on criteria set by the World 
Small Animal Veterinary Association, and 16S ribosomal RNA (rRNA) was sequenced to 
produce 192 samples. 15 of these samples were filtered out in downstream analyses, due to 
the dogs having acute haemorrhagic diarrhoea. The human dataset was obtained from Alam 
et al., in which 9 CD patients, 11 UC patients, and 10 healthy controls had their fecal samples’ 
16S rRNA sequenced (25).  
 
Data processing using the QIIME2 pipeline. The dog and human datasets were combined 
and demultiplexed in QIIME2 (version 2023.9) (26), followed by denoising and quality 
control steps which were performed in DADA2 (version 1.26.0) (27). Sequence length was 
truncated to 100 nucleotides per sequence, which was the maximum length of samples in the 
dog dataset (Figure S1). Eukaryotic samples were filtered out. The median Phred quality score 
at 100 nucleotides was 27. Using the Silva 138-99 database (28) trained with a truncation 
length of 100 and with primers 27F (AGAGTTTGATYMTGGCTCAG) and 806R 
(GGACTACNVGGGTWTCTAAT), the amplicon sequence variants (ASVs) were classified 
into individual taxonomy. QIIME2 data processing generated multiple outputs (features table, 
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rooted tree, taxonomy, sample metadata) that were imported into R for further downstream 
analysis. 
 
Data processing in R. To facilitate data analysis using R (version 4.3.3) (29), the QIIME2 
outputs were integrated into a phyloseq object using the phyloseq package (version 1.46.0) 
(30). Filtering steps were then conducted, removing any non-bacterial sequences and ASVs 
with less than five counts total, and rarefying samples using rngseed = 1 to a sampling depth 
of 8564 to maximize sample retention (Figure S2).  
 
Alpha and beta diversity analyses. Alpha and beta diversity metrics were analyzed in 
RStudio (version 2024.04.2+764) with the following R packages: Tidyverse (version 2.0.0) 
(31), Vegan (version 2.6-6.1) (32), Ape (version 5.8) (33), and Phyloseq (version 1.46.0) (30). 
Alpha diversity metrics (Observed Features and Shannon’s Diversity Index (34)) were then 
visualized using a boxplot with ggplot2 (version 3.5.1) (35). Statistical significance for alpha 
diversity metrics was computed using the 2-way analysis of variance test. The Bray-Curtis 
dissimilarity index (36) was also computed at a sampling depth of 8564. Statistical 
significance for beta diversity metrics was computed using the permutational multivariate 
analysis of variance (PERMANOVA) test (37). Principal coordinates analysis (PCoA) plots 
were generated as an output of this analysis, using the Phyloseq and ggplot2 packages. 
 
Taxonomic barplots. Relative abundance of ASVs through Total Sum Scaling was 
determined in RStudio using the Tidyverse (31), Vegan (32), Ape (33), Phyloseq (30) and 
ggplot2 (35) packages. The average relative abundance of the top 20 families was plotted for 
each disease state, and as well as the average relative abundance of the top 20 genera.  
 
Core microbiota analysis. Utilizing the Tidyverse (31), Phyloseq (30), microbiome (version 
1.24.0) (38), ggvenn (39), RColorBrewer (version 1.1-3) (40), reshape2 (version 1.4.4) (41), 
ggplot2 (35), and knitr (version 1.48) (42) packages in RStudio, the phyloseq object was 
filtered by species and further filtered by disease state (i.e. healthy, IBD, UC, or CD). All 
subsets were transformed as compositional data. Core microbiota heatmaps (Figure S3) were 
generated to determine the appropriate parameters for core analysis. To remain relatively 
restrictive while retaining adequate core taxa, 0.00 min. relative abundance and 0.25 min. 
prevalence parameters were used. Core microbiota taxa were identified for each data subset. 
Shared and distinct core taxa between data subsets were then visualized on Venn diagrams. 
 
Indicator species analysis. Indicator species analysis identified the taxonomic groups 
significantly associated with each disease state in humans and dogs. The Phyloseq object was 
transformed into compositional relative abundance, and grouped to either the genus or family 
level. Utilizing the Indicspecies (version 1.7.14) (43), Tidyverse (31) and Phyloseq (30) 
packages in RStudio, both disease states of humans and dogs and species were used as 
predictors within the multipatt function for analysis. Species were filtered for significance 
with a p-value lesser than 0.05. 
 
Differential abundance analysis. Taxa that differed in abundance between various disease 
states were identified using the DESeq2 (version 1.42.1) (44), Tidyverse (31) and Phyloseq 
(30) packages in RStudio. The CD and UC humans were defined as the reference groups for 
comparisons with IBD dogs, and significantly differentially abundant taxa were filtered 
according to padj<0.01 and |log2FoldChange|>2. The top ten hits for positive and negative 
differentially abundant genera were represented in bar plots using ggplot2 (35).  
 
Predictive functional analysis. After filtering out features with five or lower counts, 
PICRUSt2 (45) was installed in the local terminal and ran to conduct hidden-state prediction 
of genomes, metagenome prediction, and pathway-level predictions. The metadata and 
abundance files from this analysis were then imported to R for further processing. Using 
packages readr (46), ggpicrust2 (45), Tibble (47), Tidyverse (31), ggprism (48), patchwork 
(49), ggh4x (50), and dplyr (51), a custom function was created to summarize results from 
the differential abundance analysis of the functional pathways using the DESeq2 method (44). 
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Principal Component Analysis (PCA) plots were then created to visualize the relationship 
between our different samples based on their functional portfolios using ggpicrust2 (45). 
 

RESULTS 

The human and dog microbiota are compositionally diverse. To explore the 
differences in the microbial diversity between humans and dogs with different disease states, 
we characterized the alpha diversity of their microbiota samples through observed features 
and Shannon’s Diversity Index. The human gut microbiota samples were significantly richer 
(Figure 1A) and more abundant and even (Figure 1B) in comparison to dogs. These results 
are consistent when comparing healthy dogs to healthy humans and dogs with IBD to humans 
with Crohn’s Disease and Ulcerative Colitis. We also performed Beta diversity analysis, 
looking into the Bray-Curtis dissimilarity index, to illustrate how compositionally different 
the human and dog gut microbiotas are. Here, we observed a similar trend with our alpha 
diversity analysis, where humans and dogs are significantly different, regardless of disease 
state (Figure 1C). Statistical testing using PERMANOVA indicated both species and disease 
state drive significant differences associated with beta diversity when characterized using the 
Bray-Curtis dissimilarity index. 

 

The human and dog microbiota are taxonomically distinct. We subsequently explored 
taxonomic differences to corroborate the observed compositional distinctiveness. Taxonomic 
barplots were generated to illustrate the relative abundance of microbes at the family and 
genus levels in humans and dogs, with groupings being made based on disease state. Across 
humans, Lachnospiraceae was the most well represented family, while dogs showed a lower 
relative abundance of Lachnospiraceae and had highest relative abundance of 
Erysipelotrichaceae (Figure 2A). Compared to healthy humans, CD humans exhibited higher 
relative abundances of Veillonellaceae and Enterobacteriaceae, as well as the presence of 
Prevotellaceae in both CD and UC. IBD dogs displayed reduced relative abundance of 
Leuconostocaceae and Prevotellaceae, and increased Peptostreptococcaceae, 
Glycomycetaceae, and an uncultured family from the Clostridiales order, compared to healthy 
dogs. At the genus level, the difference between dog and human microbiota composition is 
more pronounced (Figure 2B). The dog microbiota is dominated by Catenisphaera, while the 
human microbiota contains a wider variety of genera. Of note, there is higher relative 
abundance of Prevotella and Anaerostipes in CD and UC humans compared to healthy 

FIG. 1 The human gut microbiota shows significantly greater richness and higher abundance, and is compositionally 
different from the dog microbiota. (A) Observed features were used to measure richness while (B) Shannon’s Diversity Index 
was used to measure abundance and evenness in the human and dog microbiotas. Box plots were used for visualization and error 
bars represent mean ± SEM. Statistical analysis was performed via 2-way analysis of variance test. P-values are denoted on the 
respective plots (* p < 0.05, **** p < 0.0001). (C) Principal Coordinate Analysis (PCoA) plot of beta diversity looking into the 
Bray-Curtis dissimilarity index for dogs and humans with different disease states (p = 0.0001, PERMANOVA). Ellipses represent 
a 95% confidence interval. 
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humans, while IBD dogs showed a decreased relative abundance of Prevotella and an increase 
in an uncultured genus from Clostridiales compared to healthy dogs. 

 

 
 

FIG. 2 There is variation in relative abundance levels of taxa between dogs and humans, and their conditions. Taxonomic 
bar blots were generated, showing Total Sum Scaling relative abundance of taxa at the (A) family level and (B) the genus level, 
across different species and disease statuses. Only the top 20 most relatively abundant taxa are coloured in each plot, with other 
taxa pooled into the “Other” category. 
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Core microbiota and indicator species analyses show key microbial players are 
distinct in relation to dog and human IBD conditions. After analyzing the core microbiota, 
we found that IBD dogs, UC humans, and CD humans consisted of 5, 51, and 33 ASVs, 
respectively, prior to Venn diagram comparison. Following comparison, we found only one 
common core taxa between all three conditions, belonging to the Lachnospiraceae family 
(Figure 3). Our indicator species analysis demonstrated that this taxon is not an indicator 
species in dogs, regardless of health, while being an indicator species in all human disease 
states. Additionally, we uncovered similar patterns of differing microbial composition 
between dogs and humans. A larger comparison between indicator taxa resolved to the genus 
level between human and dog species revealed 9 species specific to dogs and 130 specific to 
humans, with no shared genera. When looking specifically at each disease state resolved to a 
genus level, including healthy dogs, IBD dogs, UC humans, CD humans, and healthy humans, 
there were no indicator genera for either IBD or healthy dogs, despite there being 11 indicator 
genera for UC, 9 for CD and 24 for healthy humans (Table S1). Our results demonstrate a 
contrast in core microbiota composition and indicator species depending on whether the 
sample came from a dog or human, regardless of the disease state.  

 
The IBD dog microbiota is differentially abundant from both the human CD and 

UC microbiota. To identify significant alterations in representative taxa between IBD dogs 
and CD or UC humans, we conducted differential abundance analysis using DESeq2. We 
observed a significant reduction (padj < 0.01) in differentially abundant taxa in IBD dogs, 
when compared to the human disease states. Taxa in dogs were generally less representative 
when compared to humans, with 109 ASVs less representative in IBD dogs relative to CD 
humans (Figure 4A), and 147 ASVs less representative in relation to UC humans (Figure 4B). 
41 and 44 ASVs were more representative in IBD dogs compared to CD and UC humans, 
respectively. Of genera with the highest magnitude of log2FoldChange in IBD dogs, we found 
that the genera of Catenisphaera and Ruminococcus gnavus group were more representative 
in their microbiota when compared to both CD and UC humans (Figure 4C-D). Lastly, the 
magnitude of log2 fold change when comparing any dog microbiota to a human is up to four 
times greater than that of comparisons made between states of the human microbiota (Figure 
S4A-B). 

FIG. 3 Relative proportions of 
compared core microbiomes indicate 
little to no common core taxa between 
dog IBD and either or both human 
disease states. Core microbiomes were 
identified using a minimum abundance of 
0% and minimum prevalence of 25%. The 
core taxa were resolved at the genus level. 
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Predictive functional analysis demonstrates that dogs with IBD appear to be 
functionally similar to humans with UC. Since different microbial species may have similar 
functions, we performed a predictive functional analysis using PICRUSt2 to evaluate whether 
metabolic pathways may be similar between different groups. This analysis showed that 
healthy humans and healthy dogs are diverse in functional potential, with minimal overlap 
observed in the PCA plot (Figure 5A). A similar trend was observed in IBD dogs and CD 
humans (Figure 5B). When comparing IBD dogs to UC humans, similar functional pathways 
in branched-chain amino acid (BCAA) synthesis pathways appeared to be shared between the 
two groups (Figure S5), with the human cluster completely within the dog cluster in the PCA 
plot (Figure 5C). 

 
DISCUSSION 

Using alpha diversity analyses, we found that the human gut microbiota, regardless of 
disease state, demonstrated significantly higher richness in observed features when compared 
to their dog counterparts (Figure 1A). A similar trend is observed when considering 
community abundance and evenness through Shannon’s Diversity Index (Figure 1B).  

FIG. 4 Significant differential abundance of the IBD dog microbiome in relation to CD humans and UC humans. Volcano 
plots display significantly differentially abundant taxa in terms of the magnitude of fold changes (|log2FoldChange| > 2) and high 
statistical significance (padj < 0.01) coloured in pink, evaluated in IBD dogs in relation to (A) CD humans and (B) UC humans. 
Taxa bar plots illustrating the top 10 hits of differentially abundant genera in IBD dogs relative to (C) CD humans and (D) UC 
humans are also shown, with bars coloured by phylum.  
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Overall, this implies that humans have a greater variety of microbial species found in the gut 
compared to dogs, with studies comparing the phylogenetic diversity of humans and dogs 
showing consistent results (24). Although IBD dogs have significantly lower Shannon’s 
Diversity Index compared to healthy dogs (p = 0.0002), indicating reduced microbial 
abundance and evenness, the samples did not significantly differ in richness (p = 0.5). The 
reduced Shannon’s Diversity Index for dogs affected by IBD were reproduced by Calalang et 
al. (52) and is consistent with the overall reduced microbial diversity found in human IBD 
patients from other studies (53). As a decreasing trend in abundance is not replicated when 
looking at richness, our study highlights the importance of utilizing different metrics of alpha 
diversity to better understand how the gut microbiota is affected by IBD. Moreover, humans 
having higher alpha diversity metrics suggests that the human gut microbiota is more complex 
when considering the number of different species and their associated relative abundance. 
Beta diversity analysis, utilizing the Bray-Curtis dissimilarity index, highlighted that the gut 
microbial communities cluster based on species (Figure 1C), as opposed to disease. Taken 
together, this suggests that dogs are not a good taxonomic model for IBD in humans, as the 
microbial composition and diversity in dogs may not fully capture the complexity seen in 
humans.  

Subsequent analysis of the taxonomic composition of the microbiotas of dogs, humans, 
and their respective disease statuses points towards further differences. Across both family 
and genus, there are clear species-driven differences in taxa (Figure 2). Between all humans 
and healthy dogs, the only noticeable shared genus belongs to Prevotella, while its relative 
abundance is reduced in IBD dogs altogether. Prevotella bacteria are known producers of 
beneficial and anti-inflammatory SCFAs, and its reduction in IBD dogs is consistent with 
other studies (54). The dog microbiota also contains a large proportion of Catenisphaera in 
both healthy and IBD dogs, a novel, minimally characterized genus first isolated in a Japanese 
anaerobic digester (55). The IBD dog microbiota contains a larger proportion of an uncultured 
genus from the Clostridiales order relative to healthy dogs. The Clostridiales order contains 
a wide variety of bacteria, from SCFA-producing microbes like Faecalibacterium to those 
associated with IBD like Ruminococcus gnavus (56–59). Further characterization of the dog 
microbiota is needed to identify the significance of representative genera like Catenisphera 
and other uncultured bacteria. Overall, the stark taxonomic contrast between humans and 
dogs as a specifies suggests that the human IBD microbiota may not be fully appreciated 
using a dog model of disease.  

FIG. 5 Predictive functional analysis demonstrates that dogs with IBD appear to be functionally similar to humans 
with UC. Principal Component Analysis (PCA) plots show similarities in -predicted functional potential of (A) healthy 
humans and healthy dogs, (B) dogs with IBD and humans with Crohn’s disease, and (C) dogs with IBD and humans with 
Ulcerative Colitis. Ellipses represent a 95% confidence interval. 
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The dissimilarities in gut microbiota composition are further amplified by our analyses 
on the core microbiota and indicator species, which highlight that key microbiota taxa in IBD 
dogs and either IBD human subtype are not similar. Our core microbiota (Figure 3) and 
indicator species (Table S1) analyses show that the core and indicative taxa for each specific 
disease state are not parallel, whereas the gut microbiota are more influenced by species than 
by the health condition. There is a single core taxa present in all dog and human IBD 
conditions, belonging to the Lachnospiraceae family, which has previously been linked to 
IBD (60). However, our indicator species analysis does not validate this core taxa as an 
indicator in dogs, whether or not diagnosed with IBD. Thus, our results suggest that there are 
little to no shared core genera between IBD dogs and any of the IBD human disease states, 
nor are there any indicator species for either IBD dogs or healthy dogs. While there is a lack 
of shared taxonomic groups between the disease states in humans and dogs, the majority of 
indicator genera for human IBD have previously been studied to be associated with IBD such 
as Desulfovibrio (61) and Sutterella (62). The absence of these human IBD genera and any 
other indicator taxa in IBD and healthy dogs highlights the influence of species on driving 
the presence or absence of key microbial players, rather than the IBD conditions.  

The difference in microbial compositions between dogs and humans is further supported 
by our differential abundance analysis, which revealed that the dog microbiota is significantly 
less abundant than the human microbiota. In reference to both CD and UC humans, more than 
double the number of more representative taxa in IBD dogs were significantly less 
representative (Figure 4A-B). In addition, there were minimal differences in the 
representative  genera of the dog microbiotas between the different comparisons in human 
disease state reference groups (Figure 4C-D). This suggests a relatively simpler microbiota 
with less overall microbial abundance in dogs and is supported by our findings in the relative 
abundance of genera in dog species (Figure 2B). Diet shapes the gastrointestinal microbiota, 
and most humans and dogs consume different diets, in that common dog foods are kibbles in 
contrast to the more complex and processed foods that humans consume (63). Consumption 
of more complex foods such as non-digestible carbohydrates can lead to increases in gut 
microbe diversity (64), and the much more diverse human gut microbiota only overlaps by 
3.2% with the dog microbiota in terms of gene pool (21). Although similar studies employing 
these analytical tools and sample species are limited, our findings on distinct microbial 
dysbiosis between dogs and humans are consistent with Vázquez-Baeza et al. (24). This is 
evident in our differential abundance analyses that reveal comparable discrepancy between 
healthy and IBD dogs in reference to healthy humans (Figure S4C-D), and to CD (Fig 5A) 
and UC (Fic 5B) humans. Our findings suggest that the species influence on gut microbiota 
composition is a more significant factor than the influence of whether the subject has IBD, 
further discouraging the use of IBD dogs as a taxonomic model for human IBD. 

Given the species-driven differences in microbial diversity, the taxonomic composition 
between dogs and humans may be less relevant for a disease model, as common metabolic 
pathways that can be fulfilled by multiple species are involved in disease susceptibility. 
Predictive functional pathway analysis using PICRUSt2 allowed us to characterize the 
differentially expressed enzymes across various disease states within dogs and humans. The 
resulting PCA plots of this analysis illustrated differing metabolic pathways between healthy 
dogs and healthy humans (Figure 5A), as well as IBD dogs and CD humans (Figure 5B). 
However, IBD dogs and UC humans seem to share some similar predicted functional 
potential (Figure 5C). Significance in these shared pathways implies that these metabolic 
functions are conserved across humans and dogs and can indicate that these are essential 
microbial processes for the functioning of microbial communities present in the gut. While 
previous studies highlight that the most abundant pathways shared between humans and dogs 
are housekeeping genes that are not associated with disease (24), our functional analysis is 
inconsistent with this notion. Specifically, one pathway of interest that is shared between IBD 
dogs and UC humans is the synthesis of BCAAs (Figure S5), which has been implicated in 
predicting the response of humans to anti-integrin therapy for IBD (65). Studies show that 
BCAAs may reduce colonic inflammation by upregulating human beta-defensin 1 in colonic 
cells, of which expression is altered in IBD pathogenesis (66). Clinical studies have also 
illustrated that BCAAs play a fundamental role in maintaining intestinal health, supporting 
the significance of BCAAs as emerging biomarkers in UC (67). Accordingly, this shared 
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pathway between IBD dogs and UC humans render dogs functionally relevant for studying 
the UC subtype. However, more research is needed to assess the utility of dogs as functional 
models of human UC.  

Despite functional similarities in IBD dogs and UC humans, our analysis demonstrated 
that other metabolic pathways also serve as key factors in human incidences of UC but are 
not shared with dogs (Figure S5). These include L-arginine biosynthesis and pathways 
involved in lipid metabolism. Serum L-arginine levels were shown to correlate with disease 
severity in human studies of UC (68). However, our research suggests that neither L-arginine 
biosynthesis pathways are significantly altered in the dog microbiota (Figure S5). Moreover, 
metabolic profiling of human samples shows that lipid metabolism is also significantly altered 
in UC (69). Growing evidence suggests that lipid metabolism plays an important role in the 
pathogenesis of IBD (70) and that there is potential for lipid and metabolic profiling to 
become diagnostic tools of IBD, differentiating between CD and UC (71). Because these 
different lipid metabolism pathways have not been included in the shared functional pathways 
between IBD dogs and humans with UC, the potential of dogs as functional models for UC 
is shown to be rather complex. This suggests that while BCAA metabolism is a shared 
pathway that has been implicated in disease, further studies are required to explore whether 
dogs affected with IBD are suitable functional models for human UC. 

 
Limitations The main limitation of this study was the use of two different datasets to conduct 
our analyses. The data was obtained from two different studies, which themselves were based 
upon inconsistent methodologies, such as distinct sample collection procedures, collection 
time, and sample size. In regards to sample collection, leftover fecal samples were collected 
from dogs participating in other clinical studies (24), while human fecal samples were first 
frozen before use (25). Collection time varied between the two groups, with the first-morning 
samples being collected from humans and the dog samples having non-specified collection 
time points. These differences can lead to protocol-dependent biases, such as certain taxa 
being preferentially amplified by different PCR primers (72) 

The sample sizes between the two datasets used for this study also differed, with the dog 
dataset providing a much larger sample size (160 total samples) in comparison to humans (16 
total samples) after rarefaction. The Phred quality score in the dog dataset is lower in 
comparison to that of the human dataset, and the sequence length of the combined dataset 
was truncated to 100 nucleotides as per the maximum base length of the dog dataset (Figure 
S1). A lower Phred score corresponds to a higher probability of an incorrect base call, so the 
quality and length of the combined dataset are limited by the dog dataset. Furthermore, only 
the disease status and species were combined in the metadata file due to non-uniform 
variables across the datasets, and other confounding variables were not considered in our 
analyses. Previous research illustrates that factors such as age and antibiotic treatment impact 
the dog microbiota (73), and not accounting for these factors in our research impacts our 
ability to make conclusions about the taxonomic composition and predicted function of the 
dog microbiota.  

We acknowledge that such limitations are present in our study, but we have laid down 
the groundwork and conducted novel analyses to open up this field to more research.  
 
Conclusions Our study aimed to evaluate the microbial diversity, composition, and function 
of the IBD dog microbiota as a potential model for the human IBD subtypes of CD and UC. 
We compared alpha and beta diversity, relative and differential abundance of taxa, the core 
microbiota and indicator species, as well as predicted functional pathways between the 
disease states of dogs and humans. Our results confirm that the dog microbiota is less diverse 
and taxonomically distinct from the human microbiota, regardless of disease state. Despite 
taxonomic differences, there is shared predicted functional potential between IBD dogs and 
UC humans, notably in BCAA synthesis pathways. IBD dogs may not serve as a reliable 
taxonomic model for humans with IBD, but there is potential for IBD dogs as a functional 
model for UC humans, such as for testing therapeutics like anti-integrin therapy for IBD, 
which involves BCAA pathways.  
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Future Directions This study provides a proof of concept for further investigation into how 
dogs affected with IBD are a poor taxonomic model for human IBD but may be a functionally 
relevant model for humans with ulcerative colitis. To address one of this study’s major 
limitations, a similar study can be conducted using the same sample collection and DNA 
extraction protocol for both humans and dogs with IBD. By streamlining methodologies, 
controls can be made for confounding variables such as collection methods, and sample size, 
and DNA yield. Conducting a similar study with a higher quantity of more robust samples 
would also elucidate more substantial results, allowing for verification of the trends we 
observed in our taxonomic and functional analyses.  

Additional investigation into the differences in individual traits, such as age and breed, in 
both humans and dogs would allow for a stronger characterization of taxonomic and 
functional differences between various groups. This is particularly important as age is a 
crucial factor driving the gut microbial community of dogs, with the abundance of some 
species demonstrating a positive correlation with age (74). The microbial composition of dogs 
is also shown to be significantly affected by breed. This is demonstrated in studies showing 
that Fusobacteria are the dominant phylum in Maltese while Firmicutes and Actinobacteria 
are more abundant in Poodles provided with similar housing conditions and diet (75). 

There is a large proportion of the dog microbiota that remains uncultured and unable to 
be identified (Figure 2B). Further characterization of these uncultured species will provide 
insights into its taxonomic composition, and more importantly, its functionality relative to 
human UC. Similarly, further studies must be done to elucidate the significance of 
Catenisphaera in the dog microbiota, and its relevance in IBD. These findings will further 
our understanding of the dog microbiota, and its relevance as a potential functional model for 
human UC.  

Lastly, we would conduct further metabolome analyses to examine metabolic alterations 
caused by IBD in dogs and humans. This will allow for a more robust characterization of the 
functional similarities and differences in dogs with IBD and humans with UC, providing 
further insight to the potential of using dogs as models. In vivo studies with the appropriate 
controls must also be pursued to support findings from metabolic analyses, as previous studies 
have demonstrated that taxa-function variation arises due to differences in the external 
environment (74). Examples of further studies include using dog models to investigate 
responses to different IBD therapeutics and comparing this to studies conducted in humans. 
This could provide more insight towards the translatability of dog models, such as whether 
the observed metabolic similarities would allow us to predict human drug responses from dog 
models. 
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