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ABSTRACT 

FECAL MICROBIOTA ALTERATIONS IN ILLNESS AND EFFICACY OF FECAL 

MICROBIOTA TRANSPLANTATION IN TREATMENT OF INFLAMMATORY BOWEL 

DISEASE IN DOGS 

Allison Collier 
University of Guelph, 2022 

Advisor: 
Dr. Shauna Blois 

 

Gastrointestinal dysbiosis has been noted in many conditions in veterinary and human medicine, 

including inflammatory bowel disease (IBD), immune mediated disease, and critical illnesses. 

The literature on the microbiota in conditions other than IBD, as well as manipulation of the 

microbiota through fecal microbial transplant (FMT) on dogs is limited, and thereby further 

exploration in these areas is warranted.  

 

In the first study, ten healthy dogs, nine dogs with IBD, and 29 dogs with critical illness (nine 

dogs with immune mediated hematologic disease (IM), and 20 dogs with other critical illness 

(NIM)) were recruited. DNA extraction from fecal samples and PCR analysis of the 16S gene 

were performed, followed by sequencing using an Illumina MiSeq platform. The Jaccard index 

was significantly different between healthy and diseased (IBD, NIM, IM) groups (p<0.001), but 

not between individual diseased groups (p>0.05).  
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In the second study, 13 client-owned dogs with IBD were enrolled. All dogs received 

corticosteroid therapy and a hypoallergenic diet; patients were randomized to receive either 

placebo or fecal microbial transplant (FMT). Measured outcomes included the canine chronic 

enteropathy clinical activity index (CCECAI), serum albumin, C-reactive protein (CRP), and 

cobalamin levels at 1 week, 1 month, and 3 months after enrolment. Fecal microbiota were 

analyzed following DNA extraction and profiling using 16S amplicon sequencing. The CCECAI 

significantly decreased over time regardless of treatment group (p = 0.001). Dogs receiving FMT 

had improved CCECAI when assessed 30 days after enrolment (p=0.02), whereas dogs 

administered a placebo with standard therapy did not (p=0.61). However, differences between 

treatment groups in the CCECAI (p = 0.735), albumin (p=0.43), CRP (p = 0.287), or cobalamin 

(p = 0.601) were not observed after 90 days of treatment.  

 

In conclusion, dogs with IBD and dogs with critical illness had a similar fecal microbiota 

community membership, which was significantly different from healthy dogs. FMT was an 

easily applicable treatment option in canine IBD which resulted in improved disease severity 

scores early after therapy whereas placebo treatment did not, although it did not change longer 

term patient outcome or fecal microbiota diversity in dogs with IBD in this study.  
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1 Chapter 1: Literature Review 

1.1 Introduction 

The gastrointestinal microbiota is defined as the diverse collection of bacteria, archaea, fungi, 

protozoa and viruses inhabiting the gastrointestinal tract, with the microbiome encompassing its 

collective genomic material1,2. It is believed to be essential to metabolism, gastrointestinal 

epithelial vitality, immunologic activity, defense against invading pathogens, nutrition, and other 

essential functions1–3. As a result, the importance of the microbiota in the pathogenesis and 

perpetuation of many physiologic and pathologic states cannot be overstated. The interaction of 

the genetic predisposition of the host with the microbiota, the immune system and diet is 

suspected to be of vital importance in a multitude of conditions, including immune mediated 

diseases and inflammatory bowel disease (IBD)4. As a result, this review aims to further 

elaborate on the importance of the microbiota in health, immune mediated diseases, and IBD, 

and further explore potential interventions to modulate the gastrointestinal microbiota. The 

purpose of this review is to provide an overview of the current knowledge and issues relating to 

the microbiota of the gastrointestinal tract, and conditions which can disrupt the normal 

microbial community. Additionally, the review will discuss the use of fecal microbiota 

transplantation as a novel, adjunctive therapy in canine IBD. The pathogenesis, current 

treatments and prognosis of inflammatory bowel disease will be discussed, along with 

investigation of fecal microbial transplantation, and potential role of biomarkers to prognosticate 

and assess clinical status. 

 

1.2 The Gastrointestinal microbiota 

1.2.1 Development of the microbiota 

While several body surfaces (e.g., skin, oral cavity) have unique microbial communities, this 

review will focus on the gastrointestinal microbiota. Early colonizers of the intestine are acquired 

through contact with maternal and environmental microbes, with potential evidence of vertical 
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transfer1. Knowledge regarding acquisition of early colonizers of a host is supported by 

investigations demonstrating an association between composition of the microbiome and the 

method of delivery in humans1. Following establishment, the microbiota evolves its composition 

and functional capacity towards a more mature structure, developing the ability to scavenge 

energy from complex carbohydrates, metabolize xenobiotics, and participate in vitamin 

biosynthesis, amongst other functions1. In a study of kittens, it was found that the fecal 

microbiota of cats on a similar diet were more comparable to their littermates at eight weeks of 

age, but that by 12 weeks of age, diet surfaced as the chief factor driving similarity between the 

microbiota in cats1,5. This study gives evidence that environment and kinship are important 

factors influencing the neonatal microbiome, in addition to diet which drives later alterations in 

the microbiome1. The importance of diet and environment on the microbiome over genetics is 

further underscored by investigations in people where mono and dizygotic twins had microbiota 

that were no more alike than that of unrelated individuals in the same geographic and cultural 

region1,6.  

Additionally, recent studies implicated diet as the primary influence on the fecal microbiota in 

people and other mammalian species1. It has been shown that increases in vegetable fiber content 

in canine diets results in increased abundances of Firmicutes and decreased abundances of 

Fusobacteria and Proteobacteria, similar to what is observed in people7,8. Furthermore, addition of 

complex carbohydrates (such as potato fiber) has been shown to increase the proportions of 

Faecalibacterium, and it has been demonstrated that carbohydrate-rich foods favour the growth of 

bacteria associated with starch digestion9,10. The source and quantity of protein can additionally 

impact the microbiome. It was shown that in contrast to a high carbohydrate diet that favoured 

representatives of Clostridium Cluster XVIII in the feces, the high protein diet favoured 

representatives of the order Fusobacteriales in the fecal microbiota11. In another study assessing 

the impact of protein on the microbiota, dogs fed a minced beef based diet did not have significant 

changes in Fusobacterium, although did have reduced fecal microbiota diversity and a relatively 

higher abundance of taxa within Clostridiaceae12. A separate study demonstrated that a low 

protein, high carbohydrate diet favoured the growth of Bacteroides uniformis and Clostridium 

butyricum, in contrast to a high protein, low carbohydrate diet that increased the abundance of 
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Clostridium hiranonis, Clostridium perfringens and Ruminococcus gnavus10. Therefore, these 

studies underscore the importance of diet and macronutrient composition on the gastrointestinal 

microbiota.  

 

1.2.2 The microbiota in health 

The microbiota of each individual dog is unique, and is affected by a multitude of factors, 

including diet, genetics, antimicrobial exposure, disease states, and environmental factors13. It 

exhibits plasticity and is dynamic in nature4. However, common trends can be observed, and 

vary throughout different sections of the gastrointestinal tract. A mixture of aerobic and 

facultative anaerobic bacteria are present in the small intestine, whereas the colon harbors almost 

exclusively anaerobic bacteria7. Although most clinical studies have focused on the fecal 

microbiota, canine fecal samples have been shown to reliably represent a large amount of the 

relevant populations in the intestinal tract, unlike in human patients7. The predominant phyla in 

the canine intestine include Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria and 

Actinobacteria, with Clostridium being the dominant genus13. Within Bacteroidetes are gram 

negative bacteria essential in fermentation of carbohydrates resulting in production of short-

chain fatty acids (SCFAs)13. The microbiota is similar at the phylogenetic level between 

individuals but does differ significantly at the level of species14. In addition, despite individual 

animals harbouring a unique microbial profile, functional genetic content (metagenomes) is 

conserved, thereby indicating functional aspects of the microbiome are conserved across 

individuals15. In addition to bacteria, fungi, archaea, and viruses are essential factors of the 

microbiota, although their function in health and disease is less well characterized15. 

Furthermore, limitations of investigations into the microbiota thus far include the inability of 

methods such as next generation sequencing to provide sufficient resolution for classification at 

the species level16. Additionally, studies thus far have used varying methods for analysis of the 

microbiota, thereby precluding the ability to make direct comparisons between studies.  

The microbiota has several essential functions. It is involved in metabolism, protection against 

pathogen invasion, and education of the immune system, thereby impacting many physiologic 
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functions7. In addition to its own development, the microbiota impacts and dictates the 

development of the immune system, gut epithelium, and brain1. The importance of the 

microbiota in development and function of these body systems can be underscored by conditions 

such as asthma, atopy, childhood obesity, and autism spectrum disorder that have been linked to 

childhood antimicrobial use in people17,18. The microbiome has vital participation in several 

physiologic and immunologic processes such as energy homeostasis and metabolism, vitamin 

biosynthesis, regulation of immune function, carbohydrate fermentation, deconjugation of bile 

acids and amino acid fermentation, amongst other functions1. Additionally, serotonin production 

is partially controlled by the microbiome, and the gastrointestinal microbiota is essential for 

enteric nervous system development7. Commensal organisms of the microbiota are sampled by 

dendritic cells, resulting in subsequent maturation of T lymphocytes into T-regulatory (Treg) 

cells and secretion of anti-inflammatory cytokines1.  

A balanced microbiota is a crucial factor for gastrointestinal health13. The microbiota competes 

for essential nutrients and hampers colonization of pathogenic bacteria13. Microbial peptides aid 

in maintaining a balance between immunosuppressive Treg cells and proinflammatory T helper 

(Th)17 cells1,4,13,15. Differentiation of intestinal helper cells into Treg or Th17 cells is dependent 

on received signals from the microbiota, and a healthy microbiota lessens intestinal inflammation 

by stimulation of Treg cell activity13. Additionally, commensal bacteria produce polysaccharide 

A, which has been demonstrated to protect animal models against experimental IBD through 

production of interleukin (IL)-10 via Treg cells4. Furthermore, development of gut associated 

lymphoid tissue (GALT) is dependent on the microbiota, as noted by severely underdeveloped 

lymphoid follicles and Peyer’s patches in germ-free animals1. Additionally, production of the 

protective mucus layer via goblet cell differentiation and production is stimulated by commensal 

bacteria1. Furthermore, Clostridia clusters IV, XIVa, and XVIII induce Treg cells by enterocytes 

and thereby suppress inflammation13. The role of the intestinal microbiota for proper 

development of gut structure has been supported by the observation that germ-free mice have an 

altered epithelial architecture with a thinner lamina propria and lessened turnover of epithelial 

cells, as compared to conventionally raised animals1415.  
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Figure 1.1: Mucosal-microbial homeostasis in A) healthy individuals, and B) states of dysbiosis. 
In healthy individuals, commensal organisms are recognized and tolerated, promoting the 
maturation of naive T lymphocytes into anti-inflammatory Treg cells. In states of dysbiosis 
(noted pictorially as increased yellow rods), maturation of T cells into pro-inflammatory Th1 and 
Th17 cells is promoted. 

Reprinted from Journal of Veterinary Internal Medicine, Vol 32 /edition number 1, Barko, P.C., McMichael, M.A., 
Swanson, K.S., Williams, D.A., The Gastrointestinal Microbiome: A Review, Pages 9-25, Figure 4, Copyright 
(2018), with permission from John Wiley and Sons. 
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Figure 1.2 The role of bacterial metabolites in regulating the immune system and maintaining a balance 
between immunosuppressive T-regulatory cells and proinflammatory Th17 cells. 

Reprinted from Vet Clinics of North America Small Animal Practice, Vol 48 /edition number 2, Tizard, I.R., Jones, 
S.W., The Microbiota Regulates Immunity and Immunologic Diseases in Dogs and Cats, pages 307-322, Copyright 
(2018), with permission from Elsevier 
 

 

1.2.3 The impact of medications on the microbiota 

Antimicrobial exposure has been shown to have significant consequences on the gastrointestinal 

microbiota19. In a study investigating the impact of one week of tylosin treatment in dogs, 

tylosin-exposed dogs were noted to have decreased bacterial diversity characterized by decreases 

in anaerobes, with changes that did not consistently resolve following discontinuation of 

tylosin19.  Similarly, in a study investigating the impact of 14 days of tylosin treatment on 

healthy Beagle dogs, reduced diversity of the intestinal microbiota was noted, with certain taxa 

remaining altered 14 days following tylosin discontinuation20. However, the samples in the latter 

study were obtained with jejunal brush cytology, and therefore direct comparisons with fecal 

microbiota alterations cannot be made. As well, both investigations utilized healthy canine 

patients, thereby limiting the conclusions of the impact of antimicrobial use in diseased 

patients20. Additionally, the former study lacked power to make definitive conclusions in regard 

to the necessitated time for recovery of the fecal microbiota post antimicrobial administration. In 

comparison, in an investigation of healthy dogs receiving metronidazole, the microbiome was 
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noted to have decreased richness and decreased abundance of Fusobacteria, with an increased 

dysbiosis index in patients receiving metronidazole21. In similarity to the previously discussed 

investigations, the changes in the microbiome did not universally resolve throughout the study 

period and remained altered after four weeks following antimicrobial initiation21. Therefore, 

despite long-term stability, the importance of the impact of antimicrobials on the fecal 

microbiome is paramount.  

The microbiota has been noted to be altered by medications other than antimicrobials, including 

medications such as antacids and immunosuppressives. Administration of the antacid 

omeprazole to dogs and other species is also known to create fecal microbiota changes22–24. The 

effects of glucocorticoid therapy on the canine gastrointestinal microbiome is uncertain. While 

treatment with diet change and prednisone resulted in changes of the gastrointestinal microbiota 

in one group of dogs with IBD25, another investigation demonstrated that the combination of 

prednisone and metronidazole did not lead to microbiota alterations in another group of IBD 

dogs26. In a recent study, it was shown that treatment with the immunosuppressive 

mycophenolate was not associated with dysbiosis in dogs, but the impact of other 

immunosuppressives alone on the fecal microbiota is not well described in dogs27. However, in 

mice prednisone has been associated with decreased Bacteroidetes and increased Firmicutes, and 

calcineurin inhibitors in rats have resulted in increased Faecalibacterium28,29. Thereby, further 

investigations are necessitated on the effect of medications other than antimicrobials on the 

gastrointestinal microbiota. Due to the demonstrated impact of medications on the microbiota, in 

investigations assessing alterations to the microbiota in disease, it is challenging to ascertain the 

impact of disease state versus concurrent treatments on the gastrointestinal microbiota.  

 

1.2.4 The microbiota in immune mediated disease 

Although diet, environment, and aging play essential roles in development and maintenance of 

the microbiome, significant alterations are also found in various pathologic states7. Many 

pathologic conditions, including immune mediated diseases, have been associated with 

gastrointestinal dysbiosis, as defined by alterations in the microbial community composition and 
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reduced species diversity1. Given the importance of the microbiota in maintaining a balance 

between immunosuppressive Treg and inflammatory Th17 cells, an importance of the microbiota 

in immune mediated diseases was speculated. In addition, it is believed that dysbiosis of the 

microbiota can result in autoimmune disease in individuals with certain genetic and 

environmental predispositions30. Potential mechanisms by which microorganisms could provoke 

an autoimmune response could include epitope spreading, molecular mimicry, bystander 

activation, and prolonged viral infection resulting in constant activation and proliferation of T 

cells and subsequent loss of tolerance30.  

The autoimmune destruction of pancreatic beta-cells leads to development of Type 1A diabetes 

mellitus31. Microbiota alterations associated with this condition have been studied in rodent 

models. The development of diabetes in non-obese diabetic mice has been noted to be influenced 

by the microbiota13. Germ-free mice did not develop diabetes mellitus, in contrast to their 

conventional counterparts, and if commensal bacteria were given to the germ-free mice, the 

diabetes was noted to be of lesser severity13. In one study, a decreased abundance of fecal 

bacteria was noted in children with type one diabetes mellitus as compared to healthy controls32. 

Additionally, antinuclear antibody production in mice has been observed to be influenced by the 

microbiome, with increased colonization associated with segmented filamentous bacteria13. 

Investigations in human medicine have noted differences in certain microbial populations earlier 

in life with subsequent development of allergy and type one diabetes mellitus33.  

Some autoimmune diseases are considered immune mediated inflammatory, or 

immunoinflammatory, diseases34. These conditions are characterized by dysregulated immune 

responses of various aetiologies that target host tissues, and ultimately lead to common 

inflammatory responses in the body such as the overexpression of pro-inflammatory cytokines34. 

Examples of these conditions are multiple sclerosis35–37, systemic lupus erythematosus 

(SLE)38,39, rheumatoid arthritis40, psoriasis41, and inflammatory bowel disease42–45.  

Multiple sclerosis is a T-cell mediated autoimmune condition of people46,47. People with multiple 

sclerosis have been observed to have an altered microbiota in several studies, including reduced 

abundance of Bacteroidetes and Actinobacteria34–37. In these studies, Bacteroidetes was found to 
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inversely correlate with cases but not controls34–37. Investigations have additionally found 

reduced fecal microbial diversity in patients with rheumatoid arthritis as compared to controls34. 

Decreased Faecalibacterium was noted, as was additionally observed in patients with multiple 

sclerosis, psoriasis, and IBD34. A decreased Firmicutes/Bacteroidetes ratio has been observed, in 

contrast to the increased amount of Firmicutes in patients with rheumatoid arthritis30. Moreover, 

decreased levels of Synergistetes have additionally been observed, a bacteria essential in 

decreasing pro-inflammatory cytokines such as Il-630. Additionally, reduced Akkermansia and 

Ruminococcus were found in both patients with psoriasis and IBD41. In mice and people with 

SLE, reduced community richness and diversity have been noted, with enrichment of gram 

negative bacteria such as from the phylum Proteobacteria38,39. In contrast to other immune 

mediated diseases in people, a reduced Firmicutes/Bacteroidetes ratio was not observed38. 

However, patients in this investigation were receiving immunosuppressive medications, and 

thereby the impact of the disease state versus treatments on the microbiota in this investigation is 

difficult to definitively ascertain.  

There are several ways that alterations in microbiota could contribute to the pathogenesis of 

these immunoinflammatory diseases. Given evidence of reduced Faecalibacterium across 

various immune mediated diseases, this could be indicative of a potential role of decreased levels 

of this bacteria in enhancing immune activation and inflammatory disease34. Reduced 

Faecalibacterium could be associated with enhancing immune activation and inflammatory 

disease, due to its anti-inflammatory cytokine profile, including low secretions of IL-12 and IFN, 

and high secretions of IL-1048. This was further demonstrated by the fact that mice in a murine 

induced colitis model that were treated with F. prausnitzii had a protective effect on histologic 

criteria and the colonic cytokine profile48. F. prausnitzii has additionally been demonstrated as a 

key producer of butyrate in the intestinal tract, which has been shown to have a protective 

property against inflammatory bowel disease49. Butyrate can dampen intestinal inflammation 

through inhibition of interferon (IFN) gamma and NF-kB transcription49. Furthermore, it has 

been suggested that alteration of the intestinal microbiota during the immune-priming phase 

could induce an inflammatory response in the joints, as has been noted by a decrease of 
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Bacteroidaceae and an increase in Firmicutes and Proteobacteria during this phase of arthritis in 

a mouse model32.  

 

1.2.5 The microbiota in inflammatory diseases 

Given the importance of the microbiota and dysbiosis in perpetuating inflammation, dysbiosis 

has also been investigated in non-immune mediated inflammatory disorders and critical illness. 

In an investigation of critically ill human patients in the Intensive Care Unit (ICU), decreasing 

Faecalibacterium was noted, similar to what is observed in immune mediated disease50,51. 

Additionally, increased abundance of taxa from the Enterobacteriaceae family was appreciated in 

these patients, similar to microbiota changes that have been observed in human patients with 

IBD51. A separate investigation in critically ill people demonstrated that an increasing 

Bacteriodetes to Firmicutes phyla ratio was associated with hospital mortality, in contrast to the 

decreasing Bacteroidetes observed in several immune mediated diseases52. When investigating 

the lung communities in adult human patients with acute respiratory distress syndrome (ARDS), 

lung-enrichment with Bacteroides genus was associated with systemic inflammation; however, 

as this study investigated the impact of ARDS on pulmonary bacteria, direct correlations with the 

fecal microbiota cannot be made53.  

Additionally, due to frequent antimicrobial use in patients with critical illness, separating effects 

on the microbiome from antimicrobials as compared to the illness itself can be challenging to 

ascertain, and thereby separate investigations controlling for the medications being received are 

necessitated51. Many studies investigating dysbiosis in critical illness did not exclude patients 

based on antimicrobial treatment, including an investigation of the microbiota in critically ill 

people in an ICU51, in a study of the pulmonary microbiota in people with ARDS53, or in a study 

in exploring the fecal microbiota of mechanically ventilated people in the ICU52. However, in an 

investigation of gastrointestinal microbiota changes in people with burn injury, antimicrobial 

treatment other than surgical prophylaxis was an exclusion criteria54. Varying inclusion and 

exclusion criteria thereby limit direct comparisons between studies. However, commonalities 

between studies including an increase in bacteria from the family Enterobacteriaceae. 
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Additionally, a heterogenous sample group was often present in these investigations, including 

patients necessitating mechanical ventilation for a myriad of causes (including sepsis, cardiac 

arrest, and head trauma, amongst others)51,52, or in people with acute respiratory distress 

syndrome of varying aetiologies53. However, similar patterns of dysbiosis were noted amongst 

these various disease states, thereby potentially reflective of a similar pattern of dysbiosis 

observed in patients with critical illness.  

Ultimately, it is challenging to ascertain whether the microbial changes are cause or consequence 

of the inflammation and disease. It is not known whether the microbial changes observed in these 

conditions are involved in the pathogenesis of the disease, or simply the effect of the disease. 

Inflammatory environments could favour the growth of certain bacterial taxa such as 

Enterobacteriaceae55. Therefore, while these investigations provide increasing evidence for the 

role of the gastrointestinal microbiota in immune mediated and inflammatory diseases it is 

difficult to know at this time whether they are the cause or consequence of the disease34. Further 

studies, such as those analyzing fecal microbiota before and after the development of immune 

mediated disease and critical illness are needed to help establish if there is a role of dysbiosis in 

the pathogenesis of the condition. Additionally, due to the impact of medications on the 

microbiota, direct comparisons between studies using different immunosuppressive or 

antimicrobial regimens is limited. Further investigations to better elucidate the common features 

and distinctions of the gastrointestinal microbiota in a variety of inflammatory and immune 

mediated diseases would be of benefit34. The generalizability of rodent or human microbiome 

studies to canine populations is uncertain, particularly as the canine gastrointestinal microbiome 

appears more similar to that of humans than of rodents56. Exact pathologic alterations to the 

microbiota in canine patients with immune mediated disease and critical illness is unknown and 

thereby warrants further investigation.  

 

1.2.6 The microbiota in chronic enteropathies 

In addition to the dysbiosis observed in immune mediated and inflammatory disease, dysbiosis 

has been noted in both human and canine patients with IBD. Individuals with IBD harbour 
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approximately 25% fewer microbial genes than healthy counterparts34. It is unclear whether this 

dysbiosis is a cause or consequence of chronic inflammation. However, in rodent models with 

IL-10 or IL-2 deletion, significant intestinal inflammation develops only in the presence of 

bacteria, not in germ free animals57–60. The diminished inflammation in animals raised under 

germ free conditions suggests the importance of the microbiome in the development of intestinal 

inflammation1. Additionally, investigations in laboratory animals established that the transfer of 

the microbiota from animals with IBD to healthy animals increased the risk for IBD 

development1,61. The gastrointestinal microbiota plays an essential role in modulation of the 

immune system, as noted by germ-free mammals failing to develop normal mucosal lymphoid 

tissue13. Therefore, the importance of the gastrointestinal microbiome cannot be overstated. 

However, as many investigations have been performed in murine models, whereas people and 

dogs share more similarities in the gastrointestinal microbiota, further investigations into the 

gastrointestinal microbiota in dogs with chronic enteropathies could serve as valuable models for 

gastrointestinal microbiota alterations in people.  

Although dysbiosis is a frequent feature of canine chronic enteropathies, a universal pattern has 

not been identified1. In a study by Suchodolski et al, Fusobacteria, Bacteroidetes and members of 

Firmicutes were noted to be significantly decreased in patients with IBD, while certain genera 

within Proteobacteria were increased, demonstrating evidence of dysbiosis in patients with IBD 

similar to changes noted in human studies58,62. Additionally, Firmicutes (one of the predominant 

phyla in health), has been noted to be reduced approximately 5-10 fold, with reductions in key 

species such as Faecalibacterim prausnitzii particularly noted34. Decreased Faecalibacterium 

has been associated with IBD in several investigations, and additionally appeared to have a 

correlation with clinical response63. Although human patients with IBD have been noted to have 

increased levels of Fusobacteria, in a review of the microbiome, canine patients with IBD were 

found to have lower abundances of Fusobacteria1. This potentially indicates a different role of 

Fusobacterium in the gastrointestinal tract of dogs as compared to humans7. Similar changes in 

the microbiota were noted in a study by Minamoto et al, where decreases in Bacteroidetes, 

Firmicutes (particularly Clostridium clusters IV and XIVa) and concurrent increases in 

Proteobacteria were noted in patients with IBD64. Comparatively, when Xenoulis et al analyzed 
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the 16S rRNA gene sequences from duodenal brush cytology of healthy control dogs and dogs 

with IBD, dogs with IBD were enriched in sequences of the Enterobacteriaeceae family, and 

contrary to studies by Suchodolski et al, patients with IBD were also significantly increased in 

sequences of the Clostridiaceae family57. However, the microbiota was assessed via duodenal 

brush cytology in this study, thereby precluding direct comparisons between studies assessing 

fecal samples. Increased Enterobacteriaeceae have been additionally found to be increased in 

rodent models and human patients with IBD56. Additionally, abundance of facultative anaerobic 

bacteria of the family Enterobacteriaceae have been noted to be a frequent indication of 

dysbiosis7. This increase in facultative anaerobic bacteria has been speculated to be subsequent 

to increased availability of oxygen in the intestinal lumen associated with increased 

gastrointestinal permeability and inflammation7. Increased Proteobacteria were not observed in 

an investigation assessing the microbiota in canine patients with IBD via 454-pyrosequencing 

compared to healthy patients, although this study had a small sample size with non-homogenous 

population from different geographic locations, thereby potentially impacting results65. 

Limitations of these studies included small sample sizes with reduced power to detect differences 

in microbial composition, along with significant differences in age between control and diseased 

patients. Furthermore, prior use of antimicrobials could have led to microbial alterations and 

confounded results. Additionally, the microbiota was analyzed via different methodologies 

throughout these studies, limiting direct comparisons.  

Intestinal dysbiosis has additionally been characterized in canine chronic enteropathies through 

the use of the ‘Dysbiosis Index’, a mathematical model characterized by quantitative PCR of 

select bacteria56. In one investigation, Streptococcus and Escherichia coli were significantly 

higher in the diseased group, and patients with chronic enteropathy were found to have a higher 

dysbiosis index than the healthy controls66. This model was found to have a 74% sensitivity and 

95% specificity to separate canine patients with chronic enteropathy from healthy patients. In a 

study assessing the fecal microbiota of dogs with IBD, the dysbiosis index was not significantly 

increased as compared to healthy dogs, despite reductions in Faecalibacterium in dogs with 

IBD67. This is in contrast to another study where it was noted that dogs with IBD had a 

significantly higher dysbiosis index than control dogs68. However, the former study had a small 

number of dogs enrolled, and thereby a type II error cannot be excluded. Additionally, the dogs 
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in the latter study were from varying institutions, and the medications and timing of sample 

collection varied between patients, thereby potentially confounding results68. Therefore, further 

validation of the dysbiosis index is necessitated in clinical trials of dogs with IBD throughout 

treatment66.  

The dysbiosis noted in patients with IBD may additionally contribute to the intestinal 

inflammation. Significant alterations in the gastrointestinal microbiota have been correlated to an 

increased susceptibility for IBD30. Although in one study the dysbiosis identified in the 

duodenum correlated with the severity of histopathologic scores, it did not correlate with clinical 

disease severity15. Subsequent to dysbiosis, a resultant maturation of naïve T cells into Th1 and 

Th17 cells can occur, leading to pro-inflammatory cytokine release1. It has been noted that 

reduced Roseburia species has been associated with resultant decreased production of Treg 

cells30. Additionally, decreased proportions of Faecalibacterium prausnitzii, an essential 

organism in the suppression of inflammation via downregulation of pro-inflammatory cytokines 

and upregulation of IL-10, have been associated with increased Crohn’s disease incidence in 

human patients30. Therefore, the inflammation in IBD can be attributed to the upregulation of 

various pro-inflammatory pathways with concurrent downregulation of a variety of regulatory 

pathways30. However, a specific causal relationship between IBD and dysbiosis has not been 

definitively demonstrated in studies performed thus far, and therefore further investigations are 

needed to ascertain whether the dysbiosis noted is a cause or consequence of IBD30. 
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Table 1.1 Common alterations observed to the gastrointestinal microbiota in canine inflammatory bowel 
disease.  

 

1.2.6.1 Metabolites associated with the microbiota 

In addition to the substantial impact of the microbiome, the metabolites associated with the 

microbiota are also believed to play an essential role in health and disease. Shorty chain fatty 

acids are end products of bacterial carbohydrate fermentation, produced within the intestinal 

tract. Clostridia clusters XIVa and IV include numerous SCFA producing bacteria that have been 

noticed to be decreased in patients with chronic enteropathies14. Alterations to these microbial 

metabolites have been noted in human patients, demonstrating decreased concentrations of 

SCFAs in gastrointestinal disease in people. In studies performed in canine populations, similar 

results have been noted. In one report, total SCFAs were lower in dogs with chronic enteropathy 

than in the control population68. In particular, lower fecal concentrations of acetate and 

propionate specifically were noted in the feces of dogs with chronic enteropathies68. In one 

study, butyrate was found to be increased in the fecal samples of dogs with acute diarrhea, 

Gastrointestinal microbiota in canine inflammatory bowel disease 

Bacterial groups that are increased Bacterial groups that are decreased 

Phyla Families Genera Phyla Families Genera 

Proteobacteria
58,64,65,69 

Enterobacteriaceae57 E. 
coli/Shigella66 
Streptococcus66 
Diaphorobatcer
58 

Firmicutes58,64 Ruminococcaceae
58 
Veillonellaceae58 
Lachnospiraceae58 

Faecalibacterium
26,64,65 
Turicibacter64 
Blautia64  
Ruminococcus58 
Megamonas58 

   Bacteroidetes5
8,64,69 

Bacteroidaceae58 
Prevotellaceae58 

 

   Fusobacteria58,
65 

 Fusobacterium70 
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potentially subsequent to decreased absorption or decreased enterocyte utilization7. Bacteroidetes 

and Firmicutes are noted to be primary and secondary fermenters respectively, and therefore 

alterations to the SCFA concentrations could be indicative of the presence of dysbiosis.  

Not only can SCFA be indicative of gastrointestinal disease and dysbiosis, but alterations could 

also potentially contribute to disease pathogenesis. It is speculated that SCFAs could modulate 

inflammation by altering the balance of pro and anti-inflammatory cytokines68. Furthermore, the 

acidic environment produced by SCFA could aid in prevention of overgrowth of pathogenic 

bacteria such as Enterobacteriaceae and Clostridia that are sensitive to pH alterations68. 

Additionally, SCFAs have been speculated to be involved in suppressing macrophages and 

promoting production of Treg cells13. Furthermore, at low total SCFA concentrations, expression 

of Salmonella typhimurium invasion gene SPI-1 is induced68. Butyrate inhibits proinflammatory 

intestinal macrophages, and has potent anti-inflammatory characteristics13,71. Additionally, 

SCFAs strengthen epithelial tight junctions and promote production of the mucous layer, thereby 

resulting in degradation of host protective factors with reduced SCFA presence1,7. Therefore, 

alterations to the fecal SCFAs can be both indicative of dysbiosis, and potentially contribute to 

ongoing intestinal inflammation68. Additional anti-inflammatory bacterial metabolites are 

present, including secondary bile acids and indole15. The ratio of primary to secondary bile acids 

is involved in downregulating inflammation, inhibiting germination of C. difficile spores, and 

modulating glucose and insulin homeostasis, and is thereby significantly impacted by changes in 

the microbiota, as only these bacteria are capable of converting primary to secondary bile acids 

in the colon15. 

 

1.2.6.2 Microbiota summary 

Although significant information has been gained about the gastrointestinal microbiome, 

additional information is still necessitated. Future studies of greater sample size could allow for 

larger power to detect changes in the microbiome. Additionally, determining the medical 
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importance of other microorganisms of the microbiota, including viruses, fungi, archaea and 

protozoa, along with functional studies of the microbiome, could be of clinical relevance. 

Moreover, assessing the association between fecal and mucosa associated microbial communities 

could allow for more thorough understanding of the generalizability of fecal microbiome 

analysis, as it is uncertain how fecal samples reflect the microbial communities of other intestinal 

regions1.  In an investigation of the diversity of the intraluminal intestinal microbial community 

in dogs by direct sequence analysis of the 16S rRNA gene, differences in the microbiota were 

observed throughout the gastrointestinal tract. In particular, Clostridium cluster XI was dominant 

in the small intestine, whereas Clostridium cluster XIVa was more abundant in the colon72. 

However, the microbiota changes observed in the duodenum have additionally been observed in 

fecal samples, thereby suggesting dysbiosis in the small intestine may be identifiable in fecal 

samples15. One study in people demonstrated a strong positive correlation between fecal and 

mucosa-associated microbial communities, whereas alternative studies have demonstrated 

important differences between the microbial populations in feces as compared to mucosal 

biopsies1. In contrast to people, it is believed that canine fecal samples reliably represent most of 

the relevant bacterial in the intestinal tract, potentially subsequent to their shorter transit time7. 

Furthermore, different storage methods of fecal samples were utilized throughout studies, 

however an investigation using high-throughput pyrosequencing of the 16S rRNA gene of the 

microbiota in fecal samples storage at varying conditions demonstrated that fecal samples 

exposed to room or freezing temperatures for up to 6 months exhibited a microbial composition 

and diversity similar to that of the host of origin73. Thereby, storage conditions of fecal samples 

for microbiota analysis may have less influence on results between studies than previously 

suspected. However, in a study investigating the fecal microbiota through high-throughput DNA 

sequencing of the 16S rRNA V4 region from human stool samples, although the different stool 

preparations did not alter diversity, distinction was found at the level of individual taxa, with 

samples that were frozen and then homogenized having higher proportions of Faecalibacterium  

and lower quantities of Bacteroides74. Whether this applies to canine fecal samples is uncertain, 

and therefore the effect of homogenization on canine gastrointestinal microbiota results requires 

further investigation.  
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Whether luminal or mucosal microbiota were assessed could have additionally resulted in 

differences between studies. In an investigation of people with ulcerative colitis, certain taxa 

were differently abundant between the mucosal and luminal samples, particularly key bacterial 

families such as Ruminococcaceae, Veillonellaceae, and Enterobacteriaceae75. Thereby, the 

microbiota composition should be interpreted in context of where the microbiota was sampled. 

Therefore, although similar changes to the microbiota have been noted in studies of canine IBD, 

direct comparisons between studies are limited, as investigations have utilized various sampling 

methods including endoscopic biopsies58,69, duodenal brush cytology57, and fecal samples58,64. 

However, similar trends of increased Proteobacteria and decreased Firmicutes have been noted 

throughout these investigations, despite different sampling methods57,58,64,65. 

In addition to differences in location of microbiota sampling that could limit comparisons 

between studies, different investigations have utilized different methodologies for assessment of 

the microbiota. Analysis in some investigations has been performed through PCR of the 16S 

rRNA gene followed by next generation sequencing58,64,65,69, quantitative PCR of select 

bacteria26,64, or fluorescence in-situ hybridization (FISH)76, amongst other methodologies. As 

different methods of assessment of the microbiota can provide different results, this thereby 

results precludes direct comparisons between studies using differing methods of assessment. 

Thereby, the decreased Faecalibacterium and Turicibacter (without significant changes in other 

bacterial groups) in one investigation from fecal samples in dogs with IBD could be subsequent 

to the fact quantitative PCR was utilized for analysis, thereby potentially providing less broader 

assessments of the microbiota, in contrast to the general trends of increased Proteobacteria and 

decreased Firmicutes observed in other studies of dogs with IBD where 454-pyrosequencing of 

the 16S rRNA gene was utilized for analysis26,58,64.   

Although many studies have utilized 16S rRNA gene sequencing to assess the gastrointestinal 

microbiota in dogs, there are benefits and limitations to this approach. Some benefits include the 

fact that 16S rRNA gene sequencing facilitates identification of theoretically all bacteria in a 

sample and is able to indicative relative changes in bacterial groups within a community15,16. 

However, some drawbacks include the fact that there is a long turnaround time for results, it 

requires advanced bioinformatics, and there is lack of absolute quantification with this 
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technique15,16. Furthermore, there is the potential for PCR/amplification bias, it has limited 

ability to classify at the species level, and does not assess other components of the microbiota, 

including viruses and eukaryotes15,16. Additionally, diseases of the gastrointestinal tract may be 

associated with changes in microbiota function as compared to changes in composition, which 

may not be readily detected with many of the microbiota analysis methods utilized to date, 

including 16S rRNA gene sequencing15.  

For assessment of microbiota function, various methods are present. One method includes 

metagenomics, which allows for assessment of the relative abundance of microbial functional 

genes present15,16. However, it does not provide information on whether these genes are 

expressed. Thereby, for further assessment of microbial function, metabolomics, the study of 

non-protein small molecules, can be utilized. Through metabolomics, molecules such as short 

chain fatty acids can be measured, to better ascertain the ability of the microbiota to produce 

molecules such as this15,16. However, there can be difficulty in definitively determining whether 

the host or the microbiome is responsible for production of that product, and some products 

(including short chain fatty acids) are volatile and require special handling15,16. Other methods of 

assessment of the function of the microbiota include transcriptomics, where assessment of the 

total RNA present is performed. However, fecal transcriptomic output is highly variable77. 

Proteomics can additionally be performed, although is challenging to analyze due to lack of 

complete characterization of the fecal proteome in veterinary medicine.  

 

1.3 Inflammatory bowel disease 

1.3.1 Introduction 

The importance of the microbiome in chronic enteropathies such as IBD cannot be overstated. 

Inflammatory bowel disease represents one of the most frequent causes of chronic vomiting, 

anorexia and diarrhea in canine patients78–81. Numerous aetiologies have been proposed, 

although have yet to be definitively determined. An inappropriate immune response to intestinal 

bacteria, dietary antigens and other environmental factors in susceptible individuals has been 
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theorized81.  There continues to be a lack of consensus on the most appropriate treatment in these 

patients. Fecal microbiota transplantation has been investigated further in human medicine for 

treatment of various gastrointestinal diseases and could be applicable in veterinary medicine. In 

addition, it is frequently challenging to monitor the remission status of patients with 

inflammatory bowel disease before development of relapse. Non-invasive and reliable 

diagnostics are needed for both monitoring of these patients and to guide treatment decisions.  

 

1.3.2 Pathophysiology 

Inflammatory bowel disease represents a group of disorders classified by chronic gastrointestinal 

signs, with histopathologic evidence of inflammatory cells in the lamina propria of the intestinal 

tract82. In contrast, chronic enteropathy (CE) refers to patients where intestinal inflammation is 

suspected although histopathologic assessment has not been performed and does not infer the 

treatments necessary for control of clinical signs79. Several theories have been suggested to 

explain the pathogenesis of IBD, although it remains to be definitively determined. It is 

suspected to involve a dysregulated mucosal immune response to environmental factors (such as 

commensal microbiota, dietary antigens) in genetically susceptible individuals82,83. Jergens et al 

documented decreased T cell and IgG plasma cell numbers in the small intestine of canine 

patients with IBD, in contrast to the increased IgG and CD3 T cells observed in the duodenum of 

dogs with IBD in a study by German et al82,84. However, the former study was a case-control 

study with a small number of patients84. Furthermore, dogs with IBD had fewer cells positive for 

CD11c+ (a potential marker of dendritic cells) in the intestinal tract compared to healthy 

controls85. The lack of dendritic cells could indicate a mechanism for the breakdown in the 

normal immune tolerance in dogs with IBD. In a subsequent study by Jergens et al, increased 

percentages of intraepithelial cell lymphocytes and plasma cells were noted in canine patients 

with lymphocytic-plasmacytic colitis, similar to the findings in small intestinal biopsies of 

patients with IBD in a separate investigation82,86. A limitation of this study was that full 

thickness biopsies (obtained at post-mortem) were obtained from control dogs, compared to 
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endoscopic partial-thickness biopsies from the diseased groups, potentially affecting results 

obtained as partial-thickness samples might not adequately represent the tissue lesions87. 

Presence of increased numbers of inflammatory cells in the gastrointestinal tract of dogs with 

IBD appears to correlate with clinical activity and could suggest a more severe inflammatory 

process88. Small numbers of patients along with heterogenous study populations and methods in 

characterizing intestinal cells, are limiting factors of the previously mentioned studies. Although 

larger, prospective studies are needed to further characterize these changes, increases in pro-

inflammatory cells and a concurrent loss of cells that promote immunologic tolerance, could be 

key to the etiology and pathogenesis of this disorder89.  

In further support of an immunologic process being crucial to the etiology of IBD, various 

cytokine alterations have been noted with this condition. In one study, significant decreases in 

the IL-1Ra:IL-1B ratio of mRNA and protein were noted in patients with inflammatory bowel 

disease, as compared to healthy control dogs, similar to as has been observed in human 

patients90. Given that IL-1B is a key mediator of the inflammatory response, this could be a 

mechanism for inflammation in these patients89. In another study, highest expression of IL-1B 

was found in the intestinal mucosa of dogs with severe IBD as compared to dogs with protein 

losing enteropathy (PLE) and healthy control dogs, further demonstrating the role of pro-

inflammatory cytokines in the pathogenesis of this condition91. In a study of German Shepherd 

dogs with chronic enteropathy, intestinal mRNA expression for IL-2, IL-5, IL-12, IFN-g, TNF-a 

and TGF-b was significantly greater than in the control group92. Many of these cytokines are 

crucial for initiating inflammatory responses, although it is difficult to know whether these 

cytokine elevations preceded onset of enteropathy or were a consequence of enteropathy. In 

another study, no significant differences were noted in the cytokine profile between dogs with 

IBD or small intestinal bacterial overgrowth (SIBO), suggesting that both of these conditions are 

accompanied by a heightened immune response91. Human patients with Crohn’s disease have 

been reported to have a dominance of Th1-associated cytokines in lesional tissues, whereas 

patients with ulcerative colitis (UC) have been noted to have a greater expression of Th-2 

cytokines93. However, the German Shepherd dogs in one study had a mixed cytokine pattern, 
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potentially suggesting a less distinct Th1:Th2 polarization in canine chronic enteropathies92. Th1 

versus Th2 polarization is reflective of the different cytokine profiles that are produced. Th1 

cells produce IFN gamma and TNF-alpha, activating innate immune cells and being essential for 

elimination of intracellular pathogens94. In contrast, Th2 cells produce IL-4, IL-5 and IL-13 

responsible for elimination of extracellular pathogens, and uncontrolled Th2 responses can lead 

to allergic conditions94. It is possible the cytokine profile could vary depending on the stage of 

disease and breed, and therefore more generalized conclusions cannot be drawn, and further 

investigations are warranted in a broader subset of patients with inflammatory bowel disease 

throughout treatment.   

 

 

Figure 1.3 Factors involved in the pathogenesis of IBD, including the interactions of a genetic 
predisposition, dysbiosis, dysregulated immune response, and environmental factors such as dietary 
antigens. 
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1.3.3 Genetics 

Investigations in human medicine have identified genetic factors associated with IBD, but the 

exact pathogenic link remains unclear81. Given the occurrence of IBD in monozygotic twins, 

coupled with the frequent family history in human patients with the disorder, genetic factors are 

suspected to be of utmost importance30,95,96. Genetic causes are suspected to be of similar 

significance in animals, given the disease prevalence in certain breeds82. Comprehensive 

investigations of genetic linkages or microsatellite markers are still required in canine patients 

with IBD82. 

Genes associated with IBD can be involved in pathogen recognition, pathogen clearance and 

prevention of pathogen invasion through the intestinal barrier30. It has been observed that a 

proportion of human patients with CD have a mutation in the NOD2 gene, a gene involved in 

identifying bacterial polysaccharide and subsequently activating pro-inflammatory transcription 

factors30,82,97. Crohn’s disease patients with NOD2 mutations have heightened serologic 

responses to microbial antigens30,98. Additionally, mutations in this gene can impair Paneth 

cells’ ability to eliminate invading pathogens30. Mutations in genes associated with autophagy 

(such as ATG16L1, IRGM, LRRK2, and PTPN2) hamper bacterial handling, and impair Paneth 

cell ability to secrete anti-microbial peptides, thereby facilitating bacterial proliferation and 

invasion30,97. Additionally, loss of function mutations associated with IL-10 and its receptor 

have been implicated in the pathogenesis of IBD. Given its role in the regulation of 

inflammation, a weakened expression has been associated with an exaggerated immune response 

and increased levels of pro-inflammatory cytokines30. This was noted in the onset of an acute, 

severe colitis in IL-10 deficient mice30. Furthermore, a defective epithelial barrier associated 

with mutations in Cadherin-1 gene (CDH1) and HNF4-alpha gene have additionally been 

associated with IBD in human patients30. This was further evidenced by significantly decreased 

intestinal epithelial and mucous secreting cells in the intestine of HNF4-alpha deficient mice30. 

However, despite the identification of genes associated with IBD, further investigations are 
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necessitated to better ascertain the role of the microbiota in conjunction with the genetic factors 

of the disease30.  

 

1.3.4 Diagnosis 

Although evidence of histopathologic alterations are noted in the gastrointestinal tract of patients 

with IBD, IBD cannot be diagnosed by histology alone87. It has been demonstrated that histology 

has not been successful in discriminating food responsive enteropathies, antimicrobial responsive 

enteropathies, and immunosuppressive responsive enteropathies99–101. A diagnosis of IBD is 

multifactorial and involves the presence of chronic gastrointestinal signs greater than three weeks 

in duration, whilst excluding systemic aetiologies of gastroenterocolitis with complete laboratory 

work, inadequate response to therapeutic trials of antimicrobials, dietary alterations, and 

anthelmintic treatment, response to anti-inflammatory and/or immunosuppressive treatment, and 

histologic evidence of mucosal inflammation87. The relationship between histologic and clinical 

parameters has been equivocal in many studies87. No significant association between long-term 

outcome over three years and severity of histopathologic findings was noted in a prospective 

study of 70 dogs with chronic enteropathy87. In addition, histopathologic grading scores and 

numbers of CD3 (T cell) positive cells in the lamina propria did not allow differentiation of food 

responsive and steroid responsive chronic enteropathies in one study101. Therefore, although 

histopathology is an important component of diagnosis, prognostic information based on 

histopathologic findings alone is not currently advised. However, in a study of a simplified 

histopathologic scoring in canine IBD, correlation between clinical scoring indices (the Canine 

Chronic Enteropathy Clinical Activity Index (CCECAI)), the Canine Inflammatory Bowel 

Disease Activity Index (CIBDAI)) were noted with the summative histologic score in the 

duodenum and colon88. Thereby, the lack of significant correlation in prior studies could have 

been subsequent to lack of standardized histologic scoring systems and variability in scoring 

among pathologists. Endoscopy has shown similar difficulties in IBD diagnosis, as endoscopic 
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lesions such as increased granularity and increased friability can be observed in cases of IBD, 

although are reported to be present in only approximately 50% of patients102.  

Due to the limitations associated with histopathology in assessment and prognostication of IBD, 

an increased demand is present for diagnostic tools more specific for IBD. A study by Karlovits 

et al investigated the colocalization of Ki-67 (a measure of cell growth rate) and CD3 (a marker 

of T cells) in the epithelium and lamina propria of villi and crypts in dogs with chronic 

inflammatory enteropathy as compared to control patients103. In this study, it was found that the 

Ki-67/CD3 ratio was upregulated in the lamina propria crypt regions of dogs with inflammatory 

bowel disease and correlated with clinical severity103. This is a marker of proliferating T cells 

with increased cytokine production, potentially contributing to the clinical signs seen in patients 

with IBD102. However, several limitations were noted in this study, given its retrospective 

nature, lack of ileal biopsies, and small study population102. Should upregulation of this marker 

(Ki-67/CD3 ratio) continue to be noted in studies of a larger sample size, this could represent a 

potential future aid in the diagnosis of IBD in canine patients102.  

 

1.3.5 Treatment 

Empirical treatment is often employed in cases of IBD, with various antimicrobial, dietary, and 

immunomodulatory therapies80. However, despite these empirical therapies, a considerable 

number of patients continue to have clinical signs. Clinical signs typically follow a cyclical 

pattern, with potential episodes of relapse78. In a retrospective study by Craven et al, 21% of 

dogs were classified as being in remission, with a median duration of remission of 14 months80. 

This is considerably lower than reported remission rates for human IBD of 75-85%80. However, 

strict definitions of remission (free of clinical signs for at least 6 months), the retrospective 

nature of the study, lack of standardized treatment, and lack of standardization of histopathology 

interpretation could have biased results. In a randomized clinical trial by Jergens et al, 83% of 

dogs with IBD treated with prednisone 1mg/kg per os (PO) every 12 hours and metronidazole 
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10mg/kg PO every 12 hours were in remission, as opposed to 88% of patients treated with 

prednisone alone, with no significant difference in the rate of remission between the treatment 

groups104. Although a more favourable remission rate was noted in this study, remission was 

differently defined (75% reduction in CIBDAI score), and a smaller sample size was utilized, 

which could have impacted results. In addition, a shorter duration of follow up could have 

resulted in more favourable outcomes, as a longer follow-up time could allow for a greater 

frequency of relapses. Given the lack of remission or occurrence of relapse in a subset of patients 

despite standard therapies, alternative therapeutics including probiotics and fecal microbial 

transplant (FMT) have begun to be investigated.  

 

1.3.6 Probiotics 

Given the importance of the gastrointestinal microbiota, investigation into the utility of 

probiotics has been pursued. Probiotics are defined as live microorganisms that confer a health 

advantage to the host when administered in adequate amounts105,106. They are often strain 

specific and must survive the acidity of the stomach to continue to be viable1. Although often 

unable to colonize the host, the metabolites they produce can potentially produce beneficial 

effects to the gastrointestinal tract7. However, in a systemic review, the evidence for the 

prevention or treatment of acute gastrointestinal signs was not significantly robust for the utility 

of probiotics in decreasing clinical signs105. The majority of investigations were noted to have a 

moderate to high estimated risk of bias with a small sample size, thereby limiting conclusions 

that can be drawn105. In this review, dietary intervention was found to be more beneficial in 

reducing clinical signs than probiotic supplementation105. Furthermore, one investigation 

compared probiotics as a single treatment compared to combination therapy with prednisone and 

metronidazole in dogs with IBD, and it was noted that dogs in the probiotic arm took longer to 

achieve remission105. However, in an investigation of dogs with IBD receiving either standard 

therapy with or without addition of a probiotic, only patients receiving probiotics demonstrated 

increased tight junction protein expression, thereby demonstrating a potential mechanism of 
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beneficial effects on the gastrointestinal mucosa76. Additionally, in one investigation, a multi-

strain probiotic as an alternative to conventional treatment with prednisone and metronidazole in 

dogs with IBD for 60 days resulted in significantly decreased clinical scores in both groups; 

although more rapid resolution of clinical signs was noted in the standard treatment group, only 

the probiotic group demonstrated recovery of butyrate producing Faecalibacterium spp26. In 

summary, the evidence thus far in the veterinary literature suggests a limited effect for 

prevention and treatment of acute gastrointestinal signs with probiotic therapy104. In human 

medicine, it is suspected that probiotics, prebiotics, and synbiotics may be more effective in 

maintaining remission and preventing disease recurrence rather than diminishing active 

inflammation98,107. However, multiple limitations were present that thereby limit the conclusions 

that can be drawn in these studies. Sample size was often insufficient to detect significant 

differences in preventing diarrhea105. Additionally, a veterinary study revealed that labels of 

commercial probiotics are often inaccurate which could greatly impact outcomes of studies108. 

Finally, effects of probiotics are strain specific, and due to the multitude and variety of probiotics 

utilized throughout these investigations, direct comparisons are limited. Thereby, due to these 

limitations, alternative treatments to manipulate the microbiota such as FMT have been 

investigated.  

 

1.4 Fecal microbial transplant 

1.4.1 Introduction 

Due to the significant alterations to the gastrointestinal microbiome in patients with IBD, 

coupled with its susceptibility to alterations during pathologic states, it becomes a viable 

therapeutic target1. The current treatment of IBD has historically focused on addressing the 

dysregulated mucosal immune response via immunomodulatory medications, as opposed to 

resolving any dysbiosis present83,109. Manipulation of the gastrointestinal microbiota can be 

achieved through processes such as FMT1.  
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1.4.2 Utility 

Fecal microbial transplantation is defined as the ‘the transfer of feces from a healthy donor into 

the intestinal tract of a diseased recipient’1. A pivotal goal of FMT is to restore phylogenetic 

diversity and microbial compositions comparable to that observed in healthy individuals110. In 

human medicine, the most frequent indication for FMT is refractory Clostridium difficile 

infection (CDI), with other uses including treatment for conditions such as IBD, chronic 

constipation, antimicrobial-associated diarrhea, and metabolic syndrome, amongst others111,112. 

Fecal microbial transplantation has resulted in significant success in people with refractory or 

recurrent CDI, with mean cure rates of 87-90% after FMT110,111. In a study investigating the 

utility of prophylactic FMT in germ free mice with CDI it was found that the loss of colonization 

resistance to CDI in dysbiotic mice was reversed following FMT113. More recently, it has also 

been utilized to treat conditions such as IBD in people and has begun to be investigated in 

veterinary medicine additionally.  

 

1.4.3 FMT in dogs 

Limited studies have been performed assessing the utility of FMT for canine patients (Appendix 

III). A case report by Weese et al noted significant improvement in fecal consistency within 24 

hours of fecal microbial transplantation in a two year-old canine patient with eosinophilic IBD16. 

A dosage of 10 mL/kg of fecal microbial transplant was administered as a retention enema over 

45-minutes. Clinical response was consistent with a dramatic shift in the fecal microbiota in the 

patient in this investigation. Although encouraging for potential evidence of the beneficial effect 

of FMT in patients with IBD, randomized clinical trials are necessitated for further investigation. 

FMT was investigated as a clinical trial as an adjunctive treatment in patients with canine 

parvovirus and resulted in faster resolution of diarrhea and shorter hospitalization times114. 

However, there was no blinding, control group, or analysis of the microbiota, thereby limiting 

conclusions. Additionally, the group receiving FMT was significantly older than those not 

receiving FMT, potentially biasing results. An additional study has reported the use of orally 
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administered FMT in canine patients with post-weaning diarrhea, where FMT administration did 

not prevent weaning-associated diarrhea114. Although the results from this study were 

discouraging as compared to the clinical trial in canine patients with parvovirus, direct 

comparisons are not possible due to varying modes of administration and different disease 

processes, and it is possible the oral method of administration was less efficacious. However, 

further studies comparing different methods of FMT administration in canine patients are 

necessitated.   

In a clinical trial of dogs with acute diarrhea, patients were divided to receive FMT as a rectal 

enema or 7-day treatment with metronidazole (15mg/kg every 12 hours). Patients receiving 

metronidazole had a significant increase in the dysbiosis index as compared to patients that had 

received FMT, where the dysbiosis index decreased over time114. Additionally, in dogs treated 

with FMT, a decrease in the percentage of primary bile acids were observed, whereas treatment 

with metronidazole lead to a progressive increase in primary bile acids114. Primary bile acids can 

have a secretory effect on the gastrointestinal tract, and a normal ratio of primary to secondary 

bile acids is important in downregulating inflammation and inhibiting germination of C. difficile 

spores67. Thereby, should FMT decrease primary bile acids, this could potentially result in 

decreased gastrointestinal inflammation. Furthermore, although both groups showed 

improvements in fecal scores, fecal scores were significantly lower at day 28 in dogs that 

received FMT as compared to metronidazole115. Although these results are encouraging for the 

utility of FMT in patients with acute diarrhea as compared to the investigation associated with 

puppies with post weaning diarrhea, this study had a small sample size and lack of placebo 

group, thereby limiting conclusions as to what degree of improvement was from FMT versus 

time alone. Additionally, there was lack of randomization and blinding, potentially biasing 

results.  

More limited success has been obtained for FMT in canine chronic enteropathies, although 

investigations have been largely restricted to case series and case reports. A case series of 16 

dogs with treatment-refractory IBD that received either oral FMT or endoscopic duodenal 

delivery FMT combined with subsequent oral FMT demonstrated improvement in the CCECAI 

when followed over time. However, due to the lack of a control group and given the other 
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concurrent treatments, it is unknown to what degree FMT was responsible for the clinical 

improvement in these patients116. Additionally, direct comparisons between studies of FMT in 

canine patients is challenging as FMT protocols have been inconsistent, with variable quantity 

and source of donor stool, preparation techniques, and outcomes measured116. 

 

1.4.4 FMT in people 

Randomized clinical trials (RCT)s assessing FMT efficacy in people with IBD have used highly 

variable methodology. In these studies, differences in the route of administration, dose of FMT 

infusion, and number of treatments have differed significantly117–119. Along with these varying 

methodologies, reported success rates have also varied largely. A study by Moayyedi et al noted 

a significant difference in the rate of remission between UC patients receiving FMT and those 

not receiving FMT, with 24% remission rate in the FMT arm versus 5% in the placebo arm, 

similar to findings in a study by Paramsothy et al117,118. In the latter study, steroid free clinical 

response was achieved in 54% of patients receiving FMT, as compared to 23% of those receiving 

placebo, as compared to in the study by Moayyedi et al, where clinical response was seen in 39% 

and 24% respectively117,118. The single donor treatment in the latter study, particular donors 

utilized, or intensity of treatment in the former study could have contributed to these differences 

in efficacy117,118. The more intensive treatment regimen (colonoscopic FMT infusion followed 

by enemas 5 days per week for 8 weeks) in the study by Paramsothy et al could have resulted in 

more favourable outcomes118. However, this also limits its clinical utility118. In a systematic 

review of patients receiving FMT, remission was achieved in 28%, compared to 9% in the 

placebo group, similar to results of a systematic review by Paramsothy et al109,120. Although 

these response rates are lower than that noted in a systematic review by Anderson et al, the latter 

systematic review contained only case series/reports, had incomplete reporting of medical data, 

and lack of consistent classification of disease121. A review of two prospective clinical trials 

demonstrated clinical response in 74.3% and 51.4% of patients at 1 and 3 months post FMT 

respectively122. However, clinical response was differently defined, a step-up FMT protocol with 
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administration within 1 hour of defecation was employed, and this was not a randomized clinical 

trial, thereby not allowing direct comparisons122. Furthermore, the intensity of FMT delivery 

varied significantly between treatment protocols, and definitions of remission were differently 

defined, limiting direct comparisons between studies109,117,118,123.  

In comparison to UC, a more limited amount of information has been obtained with regards to 

the efficacy of FMT in human patients with Crohn’s disease. In a case report of utilizing FMT 

through mid-gut endoscopic delivery for patients with refractory Crohn’s disease, the rate of 

clinical remission was noted to be 76.7% at the first month, at which point it was the highest, 

although with demonstrated sustained clinical efficacy up to 15 months124. Fecal microbial 

transplantation was additionally valuable in relieving Crohn’s disease -related abdominal pain124. 

However, given that this was a case series, a multicenter randomized clinical trial with larger 

sample size would be prudent to provide more evidence towards the utility of FMT in patients 

with Crohn’s disease.  

 

1.4.5 Methods of preparation and administration 

Numerous factors are speculated to influence FMT success, including genetic and environmental 

factors, in addition to the methodology of administration125. Patient preparation guidelines vary. 

Some investigators have advised a bowel lavage in the recipient prior to FMT to decrease the 

presence of residual clostridial organisms, although this has not been substantiated by clinical 

trials112. Varying routes of FMT administration have been performed in human patients, 

including infusion via duodenal or gastric intubation, through colonoscopic administration, or 

administration rectally through an enema126. Although the ideal route for FMT delivery remains 

undetermined, the RCTs showing significant efficacy largely utilized lower gastrointestinal 

delivery of FMT, and a systematic review of FMT in treating CDI found higher success rates 

with colonoscopic delivery109,127. Additionally, a review compared nasogastric FMT to 

colonoscopic FMT for patients with recurrent CDI and found higher cure rates with colonoscopic 
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as compared to nasogastric administration112. However, differences in treatment protocols were 

noted between these groups; patients in the nasogastric group received a proton pump inhibitor 

and antimicrobial treatment before bowel lavage, while this did not occur in the colonoscopic 

delivery group112. These differences between treatment groups could have impacted FMT 

efficacy, thereby limiting direct comparisons between groups. However, based on these overall 

results, administration of FMT via colonoscopic delivery has been proposed as first-line 

treatment for therapy of CDI112. This could give potential indication for improved efficacy with 

lower gastrointestinal delivery methodologies. In addition, a case report demonstrated potential 

efficacy of oral fecal microbiota transplant in a dog with CDI-associated diarrhea128. Although 

oral administration could be a potentially more convenient route of delivery, the survival of 

bacterial organisms through the stomach and small intestine is uncertain120. That investigation 

was limited to a single case report, and therefore RCTs are needed to further investigate the 

utility and efficacy of oral fecal microbial transplantation102. Currently, no consensus is present 

with regards to the optimal method of infusion, and therefore further investigations are 

necessitated126.  

 

1.4.5.1 Concurrent treatments 

Along with variations in route of administration, variations in concurrent treatments in people are 

also present. In a systematic review, the proportion of patients achieving clinical remission that 

did and did not receive an antimicrobial was 33% and 28% respectively120. Furthermore, a recent 

meta-analysis demonstrated higher remission rates after FMT in patients with UC that received 

antimicrobials pre-treatment (54 vs 25%)129,130. It is possible that an advantage conferred with 

antimicrobial pre-treatment could include depletion of the existing microbial environment to 

enhance donor engraftment129. However, these results are confounded by varying routes of 

administration, number of treatments, and type of donor stool utilized for FMT128. Additionally, 

another study demonstrated a trend toward patients receiving immunosuppressives to have a 
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greater benefit from FMT117.  Patients receiving immunosuppressive medications may have had 

greater control of gastrointestinal inflammation, and thereby lessened chance of recurrent 

dysbiosis following FMT. It is possible this study was insufficiently powered to assess for 

differentials in efficacy in these subgroups. Furthermore, the mandated corticosteroid wean in the 

study by Paramsothy et al was not mandated in other studies assessing the efficacy of FMT in 

patients with UC and could have impacted the treatment efficacy observed118.  

 

1.4.5.2 Fresh versus frozen FMT 

In addition to differences in concurrent treatments, differences in FMT preparation have varied 

between studies. In patients receiving frozen versus fresh FMT, clinical remission was achieved 

in 30% and 22% of patients respectively in a systematic review, similar to findings by 

Paramsothy et al, indicating a possible benefit of frozen stool109,120. A theoretical benefit of 

frozen stool could include an increased Firmicutes to Bacteroidetes ratio with prolonged frozen 

storage, although the exact role of this is unclear109. However, in a clinical study investigating 

the utility of FMT in Crohn’s disease, frozen fecal microbiota transplantation decreased clinical 

improvement by 26.7% as compared to fresh microbiota; however, no analysis of fresh versus 

frozen FMT was performed in a subsequent review of two prospective clinical trials122. In 

treatment of recurrent CDI, standardized frozen FMT preparations were found to be as effective 

as fresh FMT preparations111,131. However, whether the efficacy of frozen FMT preparations 

would apply to canine patients with IBD is uncertain, and therefore further studies more 

sufficiently investigating this are required.  

 

1.4.5.3 FMT donor characteristics 

A theoretical benefit to pooled donor stool, versus stool from a single donor, to comprise FMT 

preparations has been speculated. Pooled donor stool could increase the diversity of 

microorganisms, potentially conferring a more diverse microbial population to the recipient and 
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increasing the likelihood that an important factor will be transmitted via FMT. However, a 

benefit to this methodology has not been conclusively determined. Of interest, in an investigation 

by Moayyedi et al, treatment successes were more frequently attributed to one particular donor 

enriched in Lachnospiraceae and Ruminococcus, giving indication of potential donor-dependent 

efficacy117. However, this was not observed in other RCTs, although not all studies had 

sufficient sample size to assess for correlations between donor status and outcomes109. Microbial 

diversity of the donor stool has been demonstrated to be a critical factor affecting the efficacy of 

FMT125. In a study by Vermeire et al, it was noted that donors who produced a clinical response 

with FMT were noted to have significantly greater bacterial richness125. Furthermore, richness of 

Clostridia clusters IV and XIV in FMT donors has demonstrated to be predictive of a lasting 

response to FMT in recipients125,132. These groups of bacteria largely include genera of 

Ruminococcaceae and Lachnospiraceae, of which the more effective donor in the study by 

Moayyedi et al was enriched in117,125. Any potential differential in efficacy present between 

donors could limit direct comparisons between studies108. Due to these donor potential effects, 

an investigation by Paramsothy et al utilized a pooled donor approach118. Despite utilizing a 

multi-donor approach to fecal microbial transplant, similar remission rates were obtained as 

compared to previous studies118. However, both clinical and endoscopic remission were required 

for the primary outcome in this study, potentially resulting in a lower remission rate than would 

have otherwise been reported118. Furthermore, a case series indicated that the genetic 

relationship of the donor and recipient, age of the donor, and dosage of bacteria were not 

associated with the efficacy of FMT124. Although one systematic review demonstrated a higher 

rate of CDI resolution following FMT from a related as compared to an unrelated donor, a long-

term multicenter follow-up investigation demonstrated that CDI treatment success rates were not 

impacted by the relationship between the FMT donor and recipient112,133. Therefore, further 

investigations are necessitated to explore the utility of a multi-donor approach to fecal microbial 

transplantation, and to investigate optimal donor characteristics for FMT. 
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1.4.5.4 FMT preparation methods 

Current practices for FMT preparation typically involve aerobic preparation134. In a study 

investigating the impact of various transplant preparation methods on living fecal microbial 

communities, it was found that 16S rRNA abundance declined with increasing exposure to 

oxygen134. Oxygen exposure had the greatest negative impact on abundances of bacteria from 

the phylum Firmicutes, particularly genera Megamonas and Faecalibacterium (sp. 

prausnitzii)134. Although aerobic preparation has not seemingly impacted the efficacy of FMT 

administration for patients with CDI, given the anti-inflammatory properties of F. prausnitzii in 

the gastrointestinal tract, coupled with its production of SCFAs, aerobic preparation could 

potentially alter the efficacy of FMT preparations134. However, in this same study, bacterial 

community composition was found to remain largely stable in response to freeze-thaw cycles 

and was not drastically altered by lag time from defecation to FMT production134. Additionally, 

although no consistent difference in efficacy between varying diluents (such as milk, water, or 

saline) have been noted in studies, these represent heterogenous studies and randomized clinical 

trials comparing the efficacy between diluents are required for further investigation112. As a 

result, clinical studies assessing the efficacy of FMT with various preparation methods in canine 

patients with IBD are necessitated.  

 

1.4.5.5 Treatment frequency 

Along with varying donor stool composition, varying treatment frequencies have been utilized in 

clinical trials assessing the efficacy of FMT. A meta-analysis demonstrated that a higher clinical 

remission rate was noted in patients that received 10 or greater FMT infusions in patients with 

UC (49% versus 27% respectively)120,129. However, in a separate investigation, significant 

results following FMT treatment were seen following a lower intensity FMT protocol involving 

three treatments129,135. Additionally, in a systematic review of FMT, insufficient published data 

was present to establish a relationship between the frequency of FMT and its efficacy111. 
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Therefore, the varying success with differing treatment frequencies questions the necessity of 

more intensive treatment protocols, and what the optimal treatment frequency for FMT efficacy 

would entail129. 

Other potential factors associated with success noted in the study by Moayyedi et al included 

that patients recently diagnosed with UC in the past year were statistically significantly more 

likely to respond to FMT (75% response rate in patients recently diagnosed, versus 18% in those 

with chronic disease)117. However, lack of long-term follow up due to early discontinuation of 

the trial prevents long term efficacy conclusions. In contrast, UC duration was not associated 

with remission in a systematic review by Costello et al109,117. 

 

1.4.6 Microbiota alterations following FMT 

Alterations to the recipient gastrointestinal microbiome have been noted in several studies 

following FMT. In a study by Paramsothy et al, operational taxonomic units and phylogenetic 

variety showed significant increase following FMT in people with UC, along with an increased 

alpha diversity specific to FMT therapy118. Barnesiella, Parabacteroides, Clostridium cluster IV 

and Ruminococcus were correlated with remission, whereas Fusobacterium and Sutterella 

species were consistently correlated with lack of remission118. Similarly, when microbiota 

changes were assessed by Rossen et al at 12 weeks post treatment, people with UC receiving 

FMT had a microbiota composition similar to that of their donors (more significantly in 

responders as compared to non-responders), and proportions of Clostridium clusters IV and 

XIVa were associated with remission123. Clostridium clusters IV and XIVa have been noted to 

be frequently an indication of patient response to FMT.  However, 16s RNA based analysis does 

not provide functional information, and thus analysis is limited108. 

Although the microbial profile of the donor is critical to the FMT success, the microbial profile 

of the recipient is additionally speculated to be of importance125. Li et al demonstrated that 

microbial strain engraftment was more likely if that transferring species was already present in 
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the recipient125. Furthermore, the host’s immune system is suspected to be of critical importance 

in determining the success of FMT engraftment. As the immune system is involved in 

modulation of the microbiome, incompatibilities from FMT could be explained by an enhanced 

immune response subsequent to underlying differences between the donor and recipient125. 

Furthermore, external factors such as dietary pressures and antimicrobial exposure are likely of 

relevance in influencing the long-term success following FMT treatment125.  

 

1.4.7 Adverse effects 

In addition to the reported success of FMT, several adverse events have also been noted. Adverse 

events can be differentiated into complications associated with the procedure, versus 

complications associated with the FMT itself126. In human medicine, it has been noted that 

consideration for increased risk of adverse events should be given to patients on major 

immunosuppressive agents, or patients with diseases resulting in severe immunodeficiency136. It 

is possible that severe immunodeficiency or major immunosuppressive agents increase the risk 

of major complications such as bacterial translocation and sepsis, or that an infectious organism 

will be transmitted. The patient groups at increased risk in veterinary medicine have not been 

well defined thus far.  

In a systematic review of the adverse effects following FMT in human patients, a total incidence 

of adverse effects was noted in 28.5% of patients137. A lower incidence of adverse events of 

17.4% was noted in a review of two prospective clinical trials, and it was speculated whether the 

higher incidence of adverse events in the prior study could have been subsequent to the method 

of FMT administration and not the FMT itself122. The majority of adverse events (73.7%) 

occurred within 1-6 hours after FMT in that review, and all occurred within 1 month122. The 

most common adverse events throughout all studies in a systematic review included self-limiting 

gastrointestinal complaints, with no difference in frequency or type of adverse effect between 

treatment groups109. When investigated by Rossen et al, a number of patients experienced mild 
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adverse events during or shortly after treatment, including transient borborygmus and increased 

defecation frequency, although no severe adverse effects occurred123. A lower incidence of 

adverse effects was noted in a systematic review in human patients receiving FMT when the 

lower gastrointestinal routes of administration (including via enema, and/or colonoscopy) were 

utilized as compared to upper gastrointestinal routes (including via nasogastric, nasoduodenal, 

and nasojejunal tubes, or via gastroscopy) of administration (17.7% versus 43.6%, 

respectively)137. In addition, the reports of serious adverse effects (such as death, CDI) were 

reported in only 2.0% of patients137. However, the incidence of adverse effects may have been 

underestimated in this systematic review given that transient or mild adverse events might not 

have been reported137. Furthermore, confounding factors such as the time period from FMT 

treatment and the incidence of the adverse event, the outcome of the adverse event, and 

subjective nature of the classification of adverse events in this review could have additionally 

impacted their classification136. Along with more transient adverse gastrointestinal effects, 

alterations in gastrointestinal tract permeability could occur in patients with IBD or other 

gastrointestinal diseases, and theoretically predispose patients to bacterial translocation following 

FMT. In addition, worsening of IBD has been reported following FMT, although no statistically 

significant difference in frequency of worsening IBD following FMT was noted as compared to 

placebo117–119,129. However, these clinical trials were underpowered to assess for these 

differences117–119,129. In a systemic review and meta-analysis on the worsening of IBD in people 

following FMT, a marginal risk of worsening IBD (4.6%) was noted in high quality studies and 

RCTs138.  

In addition to short-term adverse effects of FMT, long-term adverse effects are additionally 

possible. It has been demonstrated that obesity-associated metabolic phenotypes were 

transmissible through the fecal microbiota in mice139. Thereby, given the importance of the fecal 

microbiota in regulating metabolism and insulin sensitivity, alterations to body condition are a 

potential long-term consequence of FMT. Additionally, in a study of mice it was found that those 

that were colonized with the microbiota from people with Irritable Bowel Syndrome with 

depression and anxiety developed behavioural changes140. Furthermore, in people it was found 
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that transplantation of the microbiota from psychiatrically ill donors to healthy recipients resulted 

in the transmission of depressive and anxiety-like behaviours141. Thereby, alterations to 

behaviour are another important consideration for potential long-term adverse effects of FMT 

that require further characterization in veterinary medicine.  

Although based on these studies FMT appears to be safe and well tolerated, studies thus far have 

generally not been significantly powered to make robust conclusions on safety, and duration of 

follow-up has been generally short, thereby precluding long-term conclusions.  

Along with a modest sample size limiting safety conclusions, limited power has also restricted 

efficacy conclusions in many studies thus far. Furthermore, lack of long-term follow up prevents 

longstanding conclusions on the efficacy of FMT and any lasting microbiome changes120. In 

addition, limiting comparisons between studies is the significant heterogeneity of treatment 

protocols for FMT, and lack of standardized outcome measures120. In addition, an absent control 

arm in a large proportion of studies makes analysis and comparison of FMT efficacy 

challenging120. Therefore, further larger, prospective, RCTs with standardized methodologies 

and outcome measures are required.  

 

1.5 Biomarkers of IBD and dysbiosis 

1.5.1 Introduction 

In addition to an incomplete understanding of optimal IBD treatment and utility of FMT, there is 

an incomplete understanding of the ideal diagnostic to monitor the response to treatment and 

remission status of IBD patients. Histopathologic interpretation is limited, in part due to 

considerable difference in interpretation of biopsies between pathologists even with a 

standardized grading system, as well as the fact that some histologic parameters are not included 

in this system87,142,143. Despite clinical improvement, many patients have continued 

histopathologic evidence of gastrointestinal inflammation and low clinical activity scores which 

could underestimate disease activity144. Continued inflammation in human patients is negatively 
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correlated with quality of life and outcome145,146. In dogs, monitoring and treatment decisions 

are typically based on clinical signs and are thus highly subjective144. In addition, 

histopathologic changes are not typically distinct in various subgroups of chronic 

enteropathies147 (and do not often correlate to disease severity87,88,142,143), and as a result 

treatment trials are often elected148. As a result, investigations into various potential biomarkers 

for assessment of IBD have been performed.  

To more objectively categorize the status of patients with IBD, various scoring indices have been 

validated. These scoring indices are used to facilitate more objective assessment of disease 

activity and treatment response149. Although more recently utilized in veterinary medicine, these 

clinical indices (such as the Crohn’s Disease Activity Index) remain a frequently used tool in 

assessing and monitoring IBD in human patients150. As a result, development of canine clinical 

scoring indices was elected. A study by Jergens et al, characterized the CIBDAI, scored based on 

six gastrointestinal signs150. Although indicative of clinical severity, these scoring indices have 

not been shown to correlate with the severity of histologic changes149. However, one 

investigation demonstrated correlation between scoring indices and a simplified histopathologic 

scoring tool derived from WSAVA guidelines when comparing to the summative histopathologic 

scores for the duodenum and colon88. This was a retrospective study from only two study 

centers, thereby limiting definitive conclusions87. The severity of disease as measured by the 

scoring indices was found in one investigation to be associated with long-term outcome100. In 

this same investigation, it was found that a more powerful clinical scoring system, the CCECAI, 

could more accurately predict a negative outcome through the addition of ascites, 

hypoalbuminemia, and pruritus to the CIBDAI100. There was a 68% sensitivity and 92% 

specificity for distinguishing between steroid-responsive and food responsive enteropathy when 

using a cut-off CCECAI of equal to or greater than eight149. As a result, these scoring indices 

could facilitate more objective assessment and monitoring of chronic enteropathies in companion 

animals.  
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1.5.2 C-reactive protein 

Serum C-reactive protein (CRP) is a pentameric protein that is a positive acute-phase protein 

(APP) produced in states of infection, inflammation or neoplasia149. Given these characteristics, 

coupled with its short half-life, it has been speculated to have potential utility to assess disease 

progression and treatment response in IBD58,148,151. The utility of APP has been studied 

extensively in human patients with IBD150. Increases in CRP and other acute phase proteins have 

been correlated with clinical scoring indices, endoscopic appearance, and fecal leukocyte 

concentration in human patients with IBD150.  

Due to the utility of APP monitoring in human patients with IBD, they have more recently been 

investigated in dogs with IBD. In dogs with IBD (CIBDAI score of at least 5), CRP was 

significantly increased as compared to healthy controls150. A serum CRP >9.1mg/L has been 

noted to identify dogs with chronic enteropathies necessitating anti-inflammatory medication 

with a sensitivity of 72% and specificity of 100%148,149. Both the CIBDAI and CRP decreased 

significantly during the 14-21 post-treatment period in successfully treated dogs with IBD and 

CRP strongly correlated with disease severity64,149,150.  Although the decreasing CIBDAI 

throughout treatment was encouraging, a control group of untreated dogs would be necessitated 

to more adequately assess the effect of treatment on the CIBDAI as compared to potential natural 

disease fluctuation150. The most significant increases in CRP were observed in dogs with higher 

disease activity scores (CIBDAI equal to or greater than 5), although changes in the 

concentration of other APP did not correlate as well with changes in the CIBDAI as did CRP, 

where a strong association was observed150. Additionally, in one investigation, CRP was 

indirectly correlated with CIBDAI and histologic scoring150, which contrasts with another 

investigation where CRP did not correlate with disease severity100. However, in the latter study, 

CRP was measured in less than 50% of the patients, potentially altering any associations100. 

Although these investigations indicate that the CRP may be suitable as a non-invasive tool for 

monitoring the response to treatment in canine patients with IBD, CRP is not specific for 

gastrointestinal inflammation, and other ongoing infectious or inflammatory conditions resulting 
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in an acute phase response must additionally be considered150. As a result, the measurement of 

CRP could facilitate disease assessment as an objective index of intestinal inflammation, should 

other causes of inflammation be excluded102. To facilitate measurement, a canine-specific CRP 

ELISA is available, although high inter-assay variation was noted152. An additional investigation 

validated an automated canine-specific immunoturbidimetric method that was shown to be rapid 

and reliable152.  

 

1.5.3 B12/folate 

Cobalamin and folate can also serve as potential indicators of chronic enteropathies148. 

Cobalamin is a water soluble vitamin that is mainly ingested with food of animal origin, 

transported bound to intrinsic factor (primarily produced by the exocrine pancreas in dogs and 

cats), and absorbed by receptor-mediated endocytosis in the ileum153. Folate is a B vitamin that is 

absorbed only in the proximal small intestine. Cobalamin and folate can serve as a good marker 

of intestinal disease as hypocobalaminemia can be associated with ileal malabsorption (due to 

damage of the cobalamin receptors in the distal small intestine), and hypofolatemia with 

proximal intestinal malabsorption100. Additionally, dysbiosis can result in hypocobalaminemia 

and hyperfolatemia, as the microbiota consume cobalamin before it is absorbed, and the 

microbiota produce folate, thereby resulting in hypocobalaminemia and hyperfolatemia in 

dysbiosis14. Thereby, IBD could result in hypocobalaminenia both through reduced cobalamin 

absorption and through dysbiosis. Hypocobalaminemia has been found to be a negative 

prognostic factor in dogs with IBD148. In an investigation of canine patients diagnosed with IBD, 

a cobalamin of less than 200ng/L was significantly associated with negative outcome, and it was 

suggested that hypocobalaminemia at the time of diagnosis could predict a patient being 

refractory to treatment100. Hypocobalaminemia can also be associated with other conditions 

including EPI and inherited conditions, amongst others154,155. EPI can result in 

hypocobalaminemia due to reduced production of intrinsic factor that is needed for cobalamin 

absorption.  
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1.5.4 Calprotectin 

Calprotectin, a damage associated molecular pattern contained in infiltrated leukocytes, is 

another potential non-invasive biomarker of IBD. Fecal calprotectin has shown to be 

significantly increased at the time of diagnosis of IBD, and has correlated with the severity of 

histologic inflammation, unlike CRP144,149. Improved accuracy for diagnosis of IBD was noted 

when fecal calprotectin was used in combination with CRP >9.1mg/L, CCECAI >8 or both149. 

Furthermore, higher fecal calprotectin scores were associated with higher CCECAI scores in a 

study of canine patients with IBD, in correlation with studies in human medicine where fecal 

calprotectin has been additionally shown to correlate with higher disease activity indices149. 

Calprotectin was noted to have utility in predicting response to treatment in dogs with chronic 

enteropathies156. Concentrations of calprotectin >15.2ug/g distinguished partial and non-

responders from those patients that achieved clinical remission with a sensitivity of 80% and 

specificity of 75%148,149. Serum CRP was found not to correlate with fecal calprotectin, which 

contrasts the results of certain investigations of human patients with Crohn’s disease where CRP 

showed moderate correlation with fecal calprotectin149,157. Serum CRP in combination with 

fecal calprotectin remain a widely used marker in human IBD149. However, the effect of acute 

inflammatory gastrointestinal conditions or neoplasia on these molecules is not definitively 

determined, a small number of animals were enrolled in these investigations for short follow up 

times, there was lack of standardized treatments, and significant variability has been appreciated 

in fecal calprotectin in human patients144,148.  

 

1.5.5 Other biomarkers 

Along with alterations in calprotectin, an investigation by Estruch et al noted that canine patients 

with IBD had a significantly higher level of IgA antibodies towards calprotectin as compared to 

healthy patients and patients with other gastrointestinal disorders156. Additionally, seropositive 

responses to OmpC, an E. coli related protein, were noted to be the best discriminatory serologic 
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marker associated with canine IBD amongst the markers studied in this investigation, correlating 

with the increased prevalence of Enterobacteriaceae seen in patients with IBD156. These results 

lead to the consideration of utilizing seroconversion towards microbial antigens as a tool for the 

diagnosis of IBD and leads to further support of increased intestinal inflammation and 

permeability being a key contributor to the pathogenesis of IBD156. An investigation 

demonstrated that a 3-marker algorithm incorporating anti-OmpC IgAs (ACA), antigliadin 

derived peptide IgAs (AGA), and anti-calprotectin IgA (ACNA) differentiated dogs with IBD 

from normal dogs with 90% sensitivity and 96% specificity156. However, further investigations 

with more extended follow-up, additional markers, more extensive determination of the utility of 

these markers to better differentiate subsets of dogs of IBD, and investigation of the ability of 

these markers to more accurately ascertain the appropriate prognosis and treatment are 

necessitated156.  

Additional markers including titers of perinuclear antineutrophil cytoplasmic antibody (pANCA) 

have also been investigated in dogs with IBD. In comparison to CRP, titers of pANCA do not 

correlate with CIBDAI scores throughout treatment99. However, as significantly more patients 

with diet responsive diarrhea were found to be pANCA positive as compared to dogs with IBD, 

this could potentially aid in distinguishing dogs with diet responsive diarrhea prior to treatment 

initiation99.  

Alterations in amino acids have additionally been found to correlate with chronic enteropathies7. 

In one investigation, decreased serum tryptophan was noted in dogs with protein losing 

enteropathy, and decreasing serum tryptophan correlated with a more severe hypoalbuminemia 

and negative outcome7.  

Fecal unconjugated bile acids (FUBA) have additionally been investigated in dogs with steroid 

responsive chronic enteropathy. It was noted in a longitudinal assessment that the concentrations 

of secondary FUBA were significantly decreased in dogs with chronic enteropathy as compared 

to healthy control dogs70. Clostridium hiranonis is a bacterium known to be fundamental in 
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converting primary bile acids to secondary bile acids and was observed to be decreased in dogs 

with chronic enteropathy, although increased following two to three months of corticosteroid 

treatment70. These changes correlate with human investigations, where in up to 50% of patients 

with Crohn’s disease, bile acid malabsorption is noted70. Therefore, restoration of bile acid 

converting bacteria (such as C. hiranonis) could be of significant benefit in the management of 

canine patients with chronic enteropathy70. However, investigations utilizing a complete serum 

bile acid profile are required to confirm the mechanism of bile acid dysmetabolism, and evidence 

is lacking as to whether FUBA metabolism is critical in the development of chronic enteropathy 

or solely a consequence70.  

Other potential biomarkers include fecal alpha 1-proteinase inhibitor for the detection of protein 

losing enteropathy, N-Methylhistamine, 3-Bromotyrosine, Calgranulin, Substance P and 

Vasoactive Intestinal Peptide, that could warrant further investigation148,149. Therefore, despite 

evidence for potential utility of biomarkers, further information is to be gained. As a result, the 

proposed study hopes to further clarify the utility of CRP, cobalamin, folate, and potentially 

other biomarkers for monitoring and clinical decision making in canine patients with IBD.  

 

1.6 Conclusion 

Although significant advancements have been made on the understanding of the gastrointestinal 

microbiota, there are current gaps in the veterinary literature describing changes to the 

microbiota in conditions such as immune mediated diseases and other critical illnesses. Given the 

potential role of the gastrointestinal microbiota in development of the immune system and 

several overall health functions, dysbiosis associated with disease could be an interesting target 

for future diagnostic or treatment approaches. Investigations assessing changes to the 

gastrointestinal microbiota in disease states other than IBD, including immune mediated disease 

and critical illness are necessitated. 
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Additionally, while gastrointestinal microbiota alterations in dogs with IBD have been 

previously described, treatment strategies aimed at restoring a normal gastrointestinal microbiota 

are lacking. Although the efficacy of FMT has been demonstrated in numerous clinical trials in 

people, the mechanisms by which FMT results in clinical success continue to need further 

understanding, and there is a lack of clinical trials in dogs109,114,117,118,123. The preferred 

methodology of FMT is still incompletely understood, and further studies should determine the 

optimal route of FMT administration by comparing efficacy across various routes of 

administration, along with determination of optimal treatment intensities and dosages109.  

Furthermore, studies to date have focused primarily on microbial composition of FMT, as 

opposed to functional and metabolic changes induced by FMT which could be of greater 

relevance120. Although changes in microbial composition have been noted after FMT, further 

studies should be directed towards whether the gain in Clostridium clusters IV, XIVa and XVIII 

is persistent in responders and absent in patients that relapse119. Moreover, the specific 

microbiologic factors impacting FMT efficacy remain undetermined117,118. Understanding ideal 

fecal donor related factors and specific bacteria associated with outcome could allow for 

personalized fecal donor selection based on microbial profiles118. In addition, further studies 

assessing the long-term benefit of FMT are needed, given the short follow-up times of studies 

performed thus far118. Therefore, studies in dogs on the efficacy of FMT in IBD, and further 

studies focusing on the mode of administration, dose, and alterations in microbial composition 

following FMT are warranted.  

The proposed thesis aims to fill some of this current knowledge void, and specifically we will 

compare the microbiota in dogs with various disease states with healthy dogs, as well as 

investigating the utility of FMT as an adjunctive treatment in canine IBD.   
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2 Chapter 2: Hypotheses and objectives 
The gastrointestinal microbiota is critical for numerous physiologic functions, including 

metabolism, maintenance of gastrointestinal epithelial vitality, immunologic activity, defense 

against invading pathogens, nutrition, and other essential functions1,158. Dysbiosis has been noted 

in a myriad of conditions in people, including inflammatory bowel disease (IBD), immune 

mediated disease, and critical illnesses. Investigations of dysbiosis in dogs with immune 

mediated disease and critical illness are limited.  

 

Studies regarding the canine gastrointestinal microbiota in disease states other than IBD 

(including immune mediated disease and critical illness) are limited. Additionally, there are 

limited investigations on the utility of fecal microbial transplantation (FMT) in canine IBD. As a 

result, the objective of the first study (Section 3) was to compare the microbiota of healthy dogs 

with dogs with IBD and critical illness (including immune mediated hematological disease and 

other critical illnesses), and to describe the changes in the fecal microbiota in dogs with IBD and 

critical illness as compared to healthy dogs. We hypothesized that the fecal microbiota of dogs 

with IBD and critical illness would be different from that healthy dogs, but not significantly 

different between groups. Additionally, it was hypothesized that Proteobacteria would be 

enriched in diseased groups.  

 

The objective of the second study (Section 4) was to investigate the efficacy of FMT as an 

adjunctive treatment of IBD, in addition to standard treatment (hypoallergenic diet and 

immunosuppressive medications), to describe a standardized protocol for FMT treatment in 

dogs, and to describe the alteration in the fecal microbiota and other selected markers in dogs 

undergoing medical therapy for IBD. We hypothesized that patients receiving FMT (in addition 

to standard therapy) would have improved outcome (as documented by an improved canine 

chronic clinical activity index (CCECAI) score and remission status) as compared to dogs 

receiving standard therapy alone. Additionally, we hypothesized that there would be enrichment 

of Firmicutes (particularly Faecalibacterium) in the fecal microbiota following FMT, and that 

there would be significant differences in alpha and beta diversity between pre and post FMT 

fecal samples.  
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Abstract 

Gastrointestinal microbiome alterations have been noted in human patients with a wide range of 

conditions such as inflammatory bowel disease (IBD) and various critical illnesses. The fecal 

microbiota of dogs with gastrointestinal disorders has been described, but there are few reports 

describing the microbiome in dogs with immune mediated hematological disorders or other 

critical illnesses. The objective was to compare the fecal microbiota of healthy dogs, dogs with 

IBD, and dogs with various critical illnesses hospitalized in an intensive care unit.  

 

Ten healthy dogs, nine dogs with histopathologically confirmed IBD, and 29 dogs with critical 

illness admitted to the intensive care unit (ICU) were recruited for the study. Dogs with critical 

illness were subdivided into those diagnosed with primary immune-mediated hematologic 

disease (IM) or non-immune mediated hematologic disease (NIM). 

 

Fecal samples were collected from dogs within 12 hours of hospital admission and stored at -20C 

until further analysis. DNA extraction and PCR analysis of the 16S gene were subsequently 

performed, followed by sequencing using an Illumina MiSeq platform.  

 

Community membership (Jaccard index) was significantly different between the healthy versus 

IBD dogs (p<0.001), healthy versus IM dogs (p<0.001), and healthy versus NIM dogs (p<0.001), 

but not between individual diseased groups (p>0.05).  
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While there were significant differences in diversity of fecal microbiota in diseased dogs versus 

healthy dogs, differences were not observed between the three disease groups. Whether the 

changes in the microbiota represent a cause or consequence of the primary disease requires 

further investigation.  

 

3.1 Introduction 

The gastrointestinal microbiota is defined as a diverse collection of bacteria, archaea, fungi, 

protozoa and viruses inhabiting the gastrointestinal tract1. It is believed to be critical for many 

essential functions, including metabolism, maintenance of gastrointestinal epithelial vitality, 

immunologic activity, defense against invading pathogens, and nutrition, amongst others1,158. 

The healthy gastrointestinal microbiome is rich in abundance and diversity1. 

 

Dysbiosis is defined as alterations in the microbial community composition and reduced species 

diversity and has been noted in a myriad of conditions in companion animal and human 

medicine1. While dysbiosis is commonly associated with IBD in people and dogs7,34,58,62,64, 

emerging studies have shown dysbiosis in other diseases including various immune mediated 

diseases32–34 as well as in non-immune mediated critical illness159. Interestingly, people with 

IBD, immune mediated diseases, and critical illness share many common fecal microbiota 

changes. Critically ill human patients housed in an ICU have diminished Faecalibacterium, 

similar to as is observed in immune mediated disease50,51, as well as increased abundance of taxa 

from the Enterobacteriaceae family, similar to people with IBD50. It is unclear whether the 

dysbiosis observed in these conditions is a cause or consequence of the disease.  

 

Investigation of dysbiosis in dogs with immune mediated disease and critical illness are 

limited160. The objective of this study was to describe and compare the fecal microbiota of 

healthy dogs, dogs with histopathologically confirmed IBD, and dogs with critical illnesses, 

including those with immune mediated hematologic disease and those that had non-immune 

mediated hematologic illnesses which necessitated hospitalization in the ICU. We hypothesized 

that dogs in all disease categories would have significantly different microbiota composition 
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compared with healthy patients, but that the microbiota between sub-groups of diseases would 

not be significantly different from each other. 

 

3.2 Materials and methods 

3.2.1 Study population 

All dogs were privately owned, the owners signed an informed consent, and the study was 

approved by the University of Guelph Animal Care Committee (Animal Utilization Protocol 

number 3693).  

 

3.2.1.1 Healthy dogs 

Dogs were recruited from a local dog park in Guelph, Ontario in January 2018. Age and sex 

were recorded. Clients were interviewed to record medical history as part of a separate, 

unpublished study. Dogs were included if the owners at the dog park reported no previously 

diagnosed or suspected gastrointestinal disease, and no signs of acute vomiting or diarrhea in the 

previous month, and no history of skin atopy. Dogs were excluded if there was history of 

immunosuppressive or antimicrobial usage in the previous month, and dogs were confirmed to 

have received no medications in the previous 4 weeks. 

 

3.2.1.2 Inflammatory bowel disease dogs 

Dogs with histopathologically confirmed IBD presenting to the Ontario Veterinary College 

Health Sciences Centre (OVC-HSC) between October 2018 until August 2020 were 

prospectively recruited as part of a separate study (Section 4). Dogs were deemed eligible for 

inclusion if they had a greater than 3-week history of clinical signs consistent with IBD, as 

defined by the “Canine Inflammatory Bowel Disease Activity Index” (CIBDAI)150.  Non-

gastrointestinal causes of clinical signs were ruled out with complete blood count (CBC), serum 

biochemistry, fecal flotation parasite testing and abdominal ultrasound. Additional diagnostic 

tests including resting serum cortisol levels were performed at the discretion of the primary 

clinician. In addition, dogs with histopathologic evidence of IBD (lymphocytic, plasmacytic 
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and/or eosinophilic IBD on histopathology of the upper and/or lower gastrointestinal tract) were 

deemed eligible for inclusion. A board-certified anatomic pathologist (BLP) reviewed all slides 

available from endoscopic biopsies to confirm histologic evidence of IBD, and to exclude other 

significant diseases such as lymphangiectasia or neoplasia. Enrolled dogs were free of 

antimicrobial treatment for at least 1 week prior to enrollment and had not received 

corticosteroids for at least 2 weeks prior to enrollment. 

 

3.2.1.3 Critically ill dogs 

A convenience sample of dogs hospitalized in the OVC-HSC ICU were prospectively recruited 

from July 2019 until September 2019. Dogs were deemed eligible for inclusion in the immune 

mediated hematologic (IM) disease group if a diagnosis of immune mediated hemolytic anemia 

(IMHA), or immune mediated thrombocytopenia (ITP) was made by the primary clinician. 

Briefly, primary IMHA was diagnosed when dogs had a hematocrit <20% and evidence of 2 or 

more of the following: spherocytosis, ghost cells, persistent autoagglutination, or positive 

coombs testing. Patients underwent infectious disease testing (antigen screening for Dirofilaria 

immitis, antibody screening for Borrelia burgdorferi, Ehrlichia canis, E. ewingii, Anaplasma 

phagocytophilum. A. platys) and imaging (abdominal ultrasound, thoracic radiographs) to rule 

out secondary causes of IMHA161. Immune mediated thrombocytopenia was diagnosed based on 

a persistent, severe thrombocytopenia (<20k/uL), normal coagulation profile (PT, PTT, and 

fibrinogen), and lack of other etiology identified for the thrombocytopenia on routine infectious 

disease testing and imaging as outlined above162. Patients were eligible for inclusion in the non-

immune mediated hematologic (NIM) group if the patient was diagnosed with critical illness 

other than immune mediated hematologic disease or IBD and were hospitalized in the OVC-HSC 

ICU. Receiving antimicrobial or other treatments were not an exclusion criteria for the group of 

critically ill dogs.  
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3.2.2 Fecal collection, DNA extraction and sequencing of the V4 region of the 
16S rRNA gene 

Feces were obtained from all study patients following natural voiding of stool within 12 hours of 

admission to the hospital, or when this was not feasible, via digital rectal examination. Healthy 

patient feces were obtained following natural voiding from these dogs at the dog park. Feces 

were then stored at -20oC until further analysis.  

Prior to deoxyribonucleic acid (DNA) extraction, fecal samples were brought to room 

temperature for 1-2 hours. DNA was extracted from fecal samples using the E.Z.N.A. Stool 

DNA Kit Pathogen Detection Protocol (Omega Bio-Tek Inc., Doraville, Georgia, USA) 

performed as per the manufacturer’s instructions. Extracted DNA samples were then stored at -

20C until polymerase chain reaction (PCR).  

Following this, the 16S rRNA genes were amplified with PCR through targeting the V4 region. 

The PCR reaction mixture contained 12.5μL of Kapa HiFi Ready Mix (Kapa Biosystems, 

Wilmington, Massachusetts, USA), 9.5μL of nuclease-free water, 2μL of DNA and 0.5μL of 

forward (S-D-Bact-00564-a-S-15 ′′′′ 5 -AYTGGGYDTAAAGNG-3) and reverse (S-D-Bact-

0785-b-A-18 5 -TACNVGGGTATCTAATCC-3 ) primers (10 pMol/μL)163. A molecular grade 

water sample was used as the negative control during this stage.  

Magnetic beads were utilized to purify the PCR products. The purified PCR products were 

amplified by PCR with Illumina adapters (Mastercycler Pro, Eppendorf Canada Ltd., 

Mississauga, Ontario, Canada) and purified a second time. The NanoDrop® (NanoDrop 1000 

Spectrophotometer, Nano Drop Technologies Inc. (Thermo Fisher Scientific), Waltham, 

Massachusetts, USA) was used to quantify DNA through spectrophotometry164. Additionally, the 

finalized PCR products were evaluated using gel electrophoresis. Using an Illumina MiSeq 

platform (Illumina, San Diego, California, USA), the library was pooled and sequencing was 

performed at the University of Guelph’s Advanced Analysis Centre. A mixed microbial 

community was used as a positive control (20 Strain Even Mix Genomic Material, MSA-1002, 

ATCC (Manassas, Virginia, USA) distributed from Cedarlane Laboratories (Burlington, Ontario, 

Canada)). 
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3.2.3 Sequence processing and data analysis 

Sequence analysis was carried using the software Mothur v.1.39.5165, through a previously 

published and utilized protocol166. Following assembly of paired end reads through the 

make.contigs command, sequences greater than 293 base pairs were removed through the 

screen.seqs command. The unique.seqs command was used to merge duplicates. Good quality 

sequences were aligned against the SILVA database using the pcr.seqs and align.seqs 

commands167. Sequences that did not align to the correct region were removed, and filter.seqs 

was used to remove overhangs at both hands and remove gap characters. Reads were clustered at 

the genus level (97% similarity). Chimeras were identified and removed with the 

chimera.vsearch command168. Taxonomic assignment of sequences was performed through the 

Ribosomal Database Project classifier (v14)169. Archaea were removed. Based on the smallest 

number of sequences from a sample, subsampling was performed. Further statistical analysis was 

performed using JMP 15.2 (SAS Campus Drive, Cary, North Carolina, USA).  

 

3.2.4 Statistical analysis 

3.2.4.1 Microbiota 

Alpha diversity (the diversity within an individual sample) was assessed using the Chao-1, 

Inverse Simpson, and Shannon Evenness indices. For statistical analysis of alpha diversity, this 

was performed through non-parametric comparisons of all pairs using the Steel-Dwass Method 

for Chao-1, Inverse Simpson, and Shannon Evenness indices through JMP 15.2 (SAS Campus 

Drive, Cary, North Carolina, USA).  

Beta diversity (diversity between different samples) was assessed using the Yue and Clayton 

index to assess community structure, and the Jaccard index to assess community composition. 

Dendrograms were utilized to visualize differences in community membership and structure. To 

assess for significant differences in the microbiota between groups for beta diversity (Healthy, 

IBD, IM, and NIM), the analysis of molecular variance (AMOVA) was utilized in Mothur165. 

Statistical differences in the relative abundances between disease groups were investigated using 
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the linear discriminant analysis effect size (LEfSe). The Linear Discriminant Analysis (LDA) 

was assessed, with values >3 included. Significance was set at p <0.05.  

 

3.2.4.2 Group distribution 

To assess mean differences in age between the groups (IBD, NIM, IM and healthy) a one way 

ANOVA was fit with the fixed factor of group included in the model. The data was checked for 

normality with a Shapiro Wilk test and examination of the residuals. A chi square test was used 

to compare proportions between group of dogs (NIM, IBD, IM) of dogs that received 

antimicrobials and immunosuppressives prior to enrolment, and to compare sex between all 

groups. Significance was set at p <0.05. 

 
 

3.3 Results 

3.3.1 Study population 

A total of 53 dogs were recruited for this study, including 10 healthy dogs, 12 IBD dogs, 11 IM 

dogs, and 20 NIM dogs. 5 dogs were excluded from the study due to unsuccessful fecal DNA 

extraction; this included 3 IBD dogs and 2 IM dogs. In the IM group, 4 dogs were diagnosed 

with IMHA and 5 were diagnosed with ITP. For the NIM dogs, conditions necessitating ICU 

hospitalization included a gall bladder mucocele (n=1), acute vomiting and diarrhea (n=2), 

neurologic disease (n=3), an abdominal mass (n=3), hemangiosarcoma (n=1), hepatobiliary 

disease (n=1), pericardial effusion (n=1), chronic lymphocytic leukemia (n=1), acute 

lymphocytic leukemia (n=1), acute myeloid leukemia (n=1), hepatic encephalopathy (n=1), 

hemorrhage (n=1), pyometra (n=1), and septic arthritis (n=2). 

 

The study groups are described in Table 3.1 Overall, sex (p=0.14) and age (p=0.26) did not differ 

between the study population groups.  
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No significant differences occurred among disease groups (IBD, IM, NIM) related to the 

frequency of antimicrobial administration (p=0.64). However, no healthy patients had received 

antimicrobials for 4 weeks before enrolment, whereas 22-44% of patients in diseased groups had 

received antimicrobials. In the IBD group 2/9 dogs (22.2%) had received antimicrobials within 2 

weeks of sample collection, including a one week course of amoxicillin/clavulanic acid 

discontinued 1 week prior to sample collection (n=1), and a one week course of metronidazole 

discontinued one week prior to sample collection (n=1). In the IM group, 3/9 dogs (33%) had 

received antimicrobials within 2 weeks prior to enrolment (metronidazole (n=2), cephalexin 

(n=1)). In the NIM group, 8/20 (40%) of patients had been initiated on antimicrobials prior to 

sample collection, including ampicillin (n=2), azithromycin (n=1), cephalexin (n=1), 

enrofloxacin (n=1), metronidazole (n=2), and amoxicillin/clavulanic acid (n=1). 

 

The proportion of patients that had received immunosuppressive medications prior to sample 

collection (p=0.03) differed among diseased groups, with a statistically significantly greater 

proportion of patients in the IBD than the NIM group having received immunosuppressives prior 

to sample collection (p=0.01), but not between the IM and IBD (p=0.24), and IM and NIM 

groups (p=0.13).  Five of the nine IBD dogs (55.6%) had been initiated on immunosuppressive 

therapy prior to sample collection (prednisone, n=5). In the IM group, 3/9 (33%) dogs received 

immunosuppressives (prednisone (n=2), dexamethasone (n=1) within 2 weeks prior to 

enrollment. Of the dogs in the NIM group, 2/20 (10%) were on immunosuppressive medications 

(prednisone, n=2). Immunosuppressives (or other medications) were not administered to healthy 

dogs for 4 weeks before enrollment.  
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Table 3.1 Sex, median age, number of patients receiving immunosuppressives prior to enrollment, and 
number of patients receiving antimicrobials prior to enrolment between groups. 

Group Sample size Female 
patients 

Age (years)  Patients receiving 
immunosuppressives prior 
to enrolment 

Patients receiving 
antimicrobials 
prior to 
enrolment 

Measure N N (%) Median  

(Min-Max) 

N (%) N (%) 

IBD 9 8/9 (88.9%) 4.8 (0.83-

10) 

5/9 (55.6%) 2/9 (22.2%) 

IM 9 4/9 (44.4%) 8.3 (2.5-

13.2) 

3/9 (33.3%) 3/9 (33.3%) 

NIM 20 8/20 (40.0%) 8.6-(1.4-

13.5) 

2/20 (10.0%) 8/20 (40.0%) 

Healthy 10 6/10 (60%) 7 (2-13) 0/10 (0%) 0/10 (0%) 

p-value N/A 0.14 0.26 0.03 (between diseased 

groups) 

0.64 (between 

diseased groups) 

Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-immune 
mediated hematologic disease 
 

3.3.2 Analysis of 16S rRNA gene sequencing 

A total of 7844893 good quality reads were utilized for final analysis after all bioinformatics 

filters were applied. Based on the sample with the smallest number of reads, a subsample of 

104202 reads (median 145439, range 104202-215133) was used to decrease non-uniform sample 

size bias during alpha diversity analysis. Average coverage after sampling was 99.97% (SD 

8.02823E-05). 

 

3.3.3 Alpha diversity 

In comparing the alpha diversity between the groups (Healthy, IBD, IM and NIM), there were no 

significant differences in the alpha diversity indices (p > 0.05 for all comparisons, Table 3.2), 

including the Chao-1 (Figure 3.1A), Shannon (Figure 3.1B) and Simpson (Figure 3.1C) indices. 

However, the Shannon and Simpson indices approached significance when comparing between 

the IBD and Healthy groups (p=0.075 and p=0.061 respectively).   
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Table 3.2 Non-parametric comparisons for all pairs using Steel-Dwass Method for Chao-1, Inverse 
Simpson, and Shannon Evenness indices. No significant differences were noted between groups. 

Index Chao-1  Inverse Simpson  Shannon Evenness 
Group comparison p-value 
NIM and IBD 0.86 0.34 0.54 
IM and IBD 0.89 0.81 0.71 
IM and NIM 0.99 0.97 0.99 
IM and Healthy 1.00 0.30 0.16 
NIM and Healthy 1.00 0.35 0.06 
ICU and Healthy 0.98 0.08 0.13 

Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-immune 
mediated hematologic illness 
 
 

  
Figure 3.1 A. Chao-1 index, B. Shannon evenness index, and C. Inverse Simpson index between the 
healthy, IBD, NIM and IM groups. No significant differences were noted between groups 

Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated disease hematologic disease, 
NIM: non-immune mediated hematologic illness 
 
 

3.3.4 Beta diversity 

For beta diversity, there was overall a significant difference between groups for community 

structure (Yue and Clayton index, p=0.039), and community composition (Jaccard index, 

p<0.001). In comparison between individual groups, there was a significant difference in 

community composition (Jaccard index) between the healthy and IBD groups (p<0.001), healthy 

A 

B C 
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and IM groups (p<0.001), healthy and NIM groups (p<0.001), but not between the IBD, IM, and 

NIM groups (p > 0.05 for all comparisons, Table 3.3).  

 

Comparison between individual groups showed that community structure (Yue and Clayton 

index) differed significantly between the healthy and NIM groups (p=0.013), but not between the 

other group comparisons (p > 0.05 for all other comparisons, Table 3.3). The similarities and 

differences in community composition (Jaccard index) and community structure (Yue and 

Clayton index) are further illustrated through the associated principal coordinate analysis (PCoA) 

and dendrograms (Figure 3.2 for Jaccard index, Figure 3.3 for Yue and Clayton index).  

 
Table 3.3 Community composition (Jaccard index) and community structure (Yue and Clayton index) 
between the healthy, IBD, IM and NIM groups. 
There were significant differences noted between groups overall, and between diseased groups (IBD, IM 
or NIM) and the healthy group for community composition. 

 Jaccard Index Yue and Clayton Index 
Comparison p-value 
Healthy-IBD-IM-NIM <0.001 0.04 
Healthy-IBD <0.001 0.15 
Healthy-IM <0.001 0.06 
Healthy-NIM <0.001 0.01 
IBD-NIM 0.21 0.10 
IBD-IM 0.19 0.46 
NIM-IM 0.31 0.43 

Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated disease hematologic disease, NIM: non-
immune mediated hematologic illness 
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Figure 3.2 A) Principal coordinate analysis (PCoA) and B) Dendrogram illustrating similarities and 
differences in community composition (Jaccard index) between the healthy (purple), IBD (green), IM 
(yellow), and NIM (blue) groups. Community composition was significantly different between the Healthy 
and diseased (IBD, IM, and NIM) groups (p<0.001) 
Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-
immune mediated hematologic illness 
 

  
Figure 3.3 A) Principal coordinate analysis (PCoA) and B) dendrogram illustrating similarities and 
differences in community structure (Yue and Clayton index) between the healthy (purple), IBD (green), IM 
(yellow), and NIM (blue) groups. An overall significant difference was noted between groups (p=0.039) 
particularly between the healthy and NIM groups (p=0.013) 
Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-
immune mediated hematologic illness 
 
 

A 
B 
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3.3.5 Relative abundance and LefSe analysis 

Overall, there were 23 phyla, 47 classes, 80 orders, 139 families, and 348 genera were identified. 

The relative abundance of bacterial phyla representing greater than 1% of total reads is found in 

Figure 3.4. For families, there were 15 taxa representing greater than 1% of total reads, and the 

relative abundance are represented in Figure 3.5. For genera, there were 19 taxa representing 

greater than 1% of total reads, and the relative abundance is demonstrated in Figure 3.6.  

 

LefSe analysis demonstrated enrichment of different taxa in the different groups. Table 3.7 

represents the main taxa (LDA >3) significantly associated with each group. For phyla, the 

healthy group was enriched in Bacteroidetes, Firmicutes, Verrucomicrobia and Spirochaetes, the 

IBD group was enriched in Proteobacteria, Firmicutes, and Bacteroidetes, and the IM and NIM 

groups were enriched in Proteobacteria and Firmicutes. In assessment at the family level, the 

healthy group was enriched in Prevotellaceae and Ruminococcaceae, amongst others, whereas 

the IBD group was enriched in Enterobacteriaceae, Veillonellaceae and Prevotellaceae. The IM 

group was enriched in Enterococcaceae, Escherichia/Shigella, and Lactobacillaceae, amongst 

others, while the NIM group was enriched in Helicobacteraceae, Peptococcaceae and 

Enterobacteriaceae (Table 3.4).  

 

 
Figure 3.4 Relative abundances of the main bacterial phyla (>1% of total reads) enriched between the 
healthy, IBD, NIM, and IM groups. 
Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-
immune mediated hematologic illness 
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Figure 3.5 Relative abundances of the main bacterial families enriched between the healthy, IBD, NIM, 
and IM groups. 
Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-
immune mediated hematologic illness 
 
 
 
 

 
Figure 3.6 Relative abundances of the main bacterial genera enriched between the Healthy, IBD, NIM, 
and IM groups. 
Abbreviations: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-
immune mediated hematologic illness 
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Table 3.4 LefSe of bacterial taxa and their association with different groups of canine patients, 
demonstrating taxa with an LDA >3 

 

3.4 Discussion 

The present study evaluated the fecal microbiota composition and structure of healthy dogs, dogs 

with IBD, and dogs with critical illness including those with immune mediated hematological 

disease as well as non-immune mediated hematological disease. While all disease groups had 

significantly different community composition compared to healthy dogs, there were no 

significant differences in community composition between the three different disease groups. In 

addition, dogs in the IBD, IM, and NIM group were enriched in Proteobacteria and 

Enterobacteriaceae in fecal samples compared to healthy dogs. Consistent with the present study, 

Linear discriminant analysis effect size of bacterial taxa and their association with different groups of 
canine patients 

Group Phylum Family Genus LDA 
Healthy Bacteroidetes Prevotellaceae Provetella 4.4 
Healthy Bacteroidetes Unclassified Unclassified 4.0 
Healthy Firmicutes Ruminococcaceae Faecalibacterium 4.0 
Healthy Bacteroidetes Bacteroidales Unclassified 3.9 
Healthy Bacteroidetes Prevotellaceae Unclassified 3.9 
Healthy Firmicutes Acidaminococcaceae Unclassified 3.8 
Healthy Verrucomicrobia Unclassified Unclassified 3.8 
Healthy Firmicutes Ruminococcaceae Unclassified 3.6 
Healthy Firmicutes Unclassified Unclassified 3.3 
Healthy Fibrobacteres Fibrobacteraceae Fibrobacter 3.3 
Healthy Firmicutes Erysipelotrichaceae Unclassified 3.2 
Healthy Spirochaetes Spirochaetaceae Treponema 3.1 
IBD Proteobacteria Enterobacteriaceae Unclassified 4.7 
IBD Firmicutes Veillonellaceae Dialister 3.2 
IBD Bacteroidetes Prevotellaceae Paraprevotella 3.1 
IM Proteobacteria Escherichia Shigella 4.6 
IM Firmicutes Enterococcaceae Enterococcus 4.5 
IM Firmicutes Lactobacillaceae Lactobacillus 4.3 
IM Proteobacteria Sutterellaceae Suterella 3.9 
IM Firmicutes Leuconostocaceae Weissella 3.7 
IM Firmicutes Lachnospiraceae Roseburia 3.6 
IM Firmicutes Enterococcaceae Unclassified 3.3 
NIM Proteobacteria Helicobacteraceae Helicobacter 3.6 
NIM Firmicutes Peptococcaceae Peptococcus 3.4 
NIM Proteobacteria Enterobacteriaceae Proteus 3.0 
Legend: IBD: inflammatory bowel disease, IM: immune mediated hematologic disease, NIM: non-immune 
mediated hematologic disease, LDA: linear discriminant analysis 
*Note: only LDA values >3 are shown 
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investigations in people have noted some similarities in the changes to the gastrointestinal 

microbiota associated with IBD, immune mediated disease, and critical illness34,50.  

 

As was found in the present study, changes in community composition between diseased and 

healthy patients have been noted in previous canine and human investigations. In previous 

studies of dogs and people with IBD, Bacteroidetes, Fusobacteria (in dogs), and members of 

Firmicutes were noted to be significantly decreased, while certain genera within Proteobacteria 

were increased in patients with IBD1,58,62. Similarly, in the present study, the fecal microbiota of 

the IBD group was significantly enriched in the phylum Proteobacteria. Furthermore, the family 

Enterobacteriaceae was enriched in the microbiota of the IBD group, similar to what is observed 

in rodent models and human patients with IBD56. It is not known whether the microbial changes 

observed in IBD are involved in the pathogenesis of the disease, or simply an effect of the 

disease. Changes induced by inflammation could promote growth of certain bacteria. The 

increase in gastrointestinal permeability and inflammation that occurs in IBD could lead to an 

increased availability of oxygen in the intestinal lumen. This could lead to accumulation of 

facultative anaerobic bacteria and perhaps contribute to the development of IBD7. Inflammatory 

environments could favour the growth of certain bacterial taxa such as Enterobacteriaceae55. In 

addition, increased levels of certain bacterial taxa in dogs with IBD could diminish levels of 

other bacteria that are speculated to play a protective role in limiting mucosal immunity and 

thereby contribute to the pathogenesis of IBD48,170. However, further studies, such as those 

analyzing fecal microbiota before and after the development of IBD, are needed to help establish 

if there is a role of dysbiosis in the pathogenesis of the condition. 

 

As noted above, dogs with immune mediated hematologic disease and other critical illness had 

similar microbiota changes compared to dogs with IBD in the present study, namely increased 

Proteobacteria and Enterobacteriaceae. Increased abundance of taxa from the Enterobacteriaceae 

family was appreciated in an investigation of critically ill human patients in the ICU, as was 

observed in canine patients in this study50. Critical illnesses such as sepsis can disrupt 

gastrointestinal integrity, result in gastrointestinal hypoperfusion, degradation of the mucus 
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layer, and result in reduced bile salt production, thereby allowing disruptions in the intestinal 

microenvironment to ensue171.   

 

Dysbiosis has been speculated to contribute to the pathogenesis of immune mediated disorders. 

As the gastrointestinal microbiota normally influences development and maintenance of 

immunologic tolerance, disruption of the microbiota may play a critical role in the pathogenesis 

of immune mediated disease13. Additionally, metabolites such as short chain fatty acids (SCFA) 

normally produced by intestinal microbes promote systemic anti-inflammatory responses of T 

regulatory cells, a key mechanism of controlling immune responses71. The fecal microbiota of 

healthy dogs in the present study had significantly enriched Faecalibacterium, an essential 

SCFA-producing bacteria, in comparison to the disease groups. Reductions in SCFA subsequent 

to reduced Faecalibacterium or reduced SCFA-producing families (such as Ruminococcaceae 

and Lachnospiraceae) associated with dysbiosis could contribute to ongoing intestinal 

inflammation and systemic effects on immune responses. Decreased Faecalibacterium has been 

associated with IBD, and additionally appeared to have a correlation with clinical response63. 

Additionally, decreased Faecalibacterium was noted in people with various immune mediated 

diseases, suggesting an important role of this bacteria in modulating the immune system34,40,172.  

The enrichment of Faecalibacterium in healthy patients compared to disease groups found in this 

study is consistent with its essential roles as part of the healthy gastrointestinal microbiota and 

warrants further investigation in larger scale studies of ill dogs.   

 

Samples from dogs with immune mediated hematologic disease were enriched in Firmicutes in 

the present study. It is uncertain whether this change is common across all immune mediated 

disorders. In people with systemic lupus erythematosus (SLE), a systemic immune mediated 

disease that often includes hematological manifestations, a decreased Firmicutes/Bacteroidetes 

ratio has been observed while a decrease in Firmicutes was also noted in people with immune 

mediated thrombocytopenia34,173. However, increased Firmicutes were observed in human 

patients with other immune mediated conditions such as rheumatoid arthritis34. Therefore, it is 

difficult to identify whether the enrichment in Firmicutes identified or other changes to the 

microbiome noted in the present study are cause or consequence of immune mediated disease. 
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The lack of significant differences in beta diversity between diseased groups in this study is of 

interest, and it is possible that a unique pattern of dysbiosis is not present between IBD and 

immune mediated hematological disease or other critical illness. In investigations such as the 

present study, it is not possible to determine whether dysbiosis is the result of the primary 

disease process, or if it is factored into the etiology of the disease process. Critical illnesses that 

are not primarily enteric in origin can still have effects on the gastrointestinal tract, including 

alteration of its barrier function and permeability, as well as changes to local immune and 

metabolic functions of the gastrointestinal tract171,174,175. Such changes can be similar to those 

induced by primary gastrointestinal diseases like IBD, therefore similar patterns of dysbiosis can 

arise176. Alternatively, the shared pattern of dysbiosis could be a result of the similarities in 

disease pathophysiology. An immune mediated component is suspected in the pathogenesis of 

IBD, like the immune mediated hematologic disorders such as were examined in this study177. 

Thereby, it is possible any shared components of pathogenesis in these disease processes (such 

as loss of tolerance of other proposed mechanisms causing immune mediated disease) result in 

comparable changes to the gastrointestinal microbiota13,178.  

 

As the aim of the study was to describe the fecal microbiota in a group of clinical patients 

presenting to a referral hospital, recent medication administration was not an exclusion criterion 

for this study. A similar proportion of patients in the IBD, IM, and NIM groups had received 

antimicrobials in the present study, in contrast to no healthy patients receiving medications. 

Antimicrobials have been shown to impact the microbiota in numerous investigations in humans 

and dogs. In a study of dogs with acute diarrhea, those treated with amoxicillin-clavulanic acid 

were predisposed to the development of amoxicillin-resistant E. coli which persisted for as long 

as 3 weeks after treatment179. Additionally, dogs administered metronidazole were shown to have 

altered bacterial composition that did not fully resolve 4 weeks after administration21,180. 

Metronidazole administration has been shown to result in similar changes to the microbiota as in 

disease states such as IBD, including an increase in Proteobacteria21. Administration of the 

antacid omeprazole to dogs and other species is also known to create fecal microbiota changes22–

24. The effects of glucocorticoid therapy on the canine gastrointestinal microbiota is uncertain. 

While treatment with diet change and prednisone resulted in changes of the gastrointestinal 
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microbiota in one group of dogs with IBD25, another study showed that the combination of 

prednisone and metronidazole did not lead to microbiota alterations in another group of IBD 

dogs26. In a recent study, it was shown that the use of the immunosuppressive mycophenolate 

was not associated with dysbiosis in dogs, but the impact of other immunosuppressives including 

glucocorticoids alone on the fecal microbiota is not well characterized in dogs27. However, in 

mice prednisone has been associated with decreased Bacteroidetes and increased Firmicutes, and 

calcineurin inhibitors in rats have resulted in increased Faecalibacterium28,29. Thereby, it is 

possible that the differences in the microbiota between the healthy and diseased groups were due 

to treatments received by patients in the diseased groups that the healthy patients did not receive. 

As noted above, the study aimed to obtain a representative sample of diseased patients from a 

clinically ill group presenting to a tertiary care referral centre, and many dogs had been 

prescribed these medications prior referral. Further studies of larger sample size controlling for 

antimicrobial treatment and creating sub-groups of patients based on the treatments they are 

receiving would be of benefit, as well as to investigate the individual effects of glucocorticoids 

or other therapies on the canine gastrointestinal microbiota.  

 

Another potential reason for similar dysbiosis patterns observed in the disease groups in the 

present study could be that the IBD, IM, and NIM groups were frequently residing in the ICU, as 

compared to the healthy patients which were not housed in the ICU. Prior studies have found 

environment and geography to influence the composition of the microbiome, and thereby likely 

had a similar influence on the microbiome of dogs in this study1,6,181. However, samples were 

obtained within 12 hours of hospital admission, therefore the effect of the shared environment on 

fecal microbiota is likely minimal in this study. 

 

There are several important limitations to this study. As the investigation was intended to serve 

as a preliminary investigation to describe the fecal microbiota of several disease groups, a 

relatively small number of patients were enrolled. It is possible that with a larger sample size and 

greater power, additional differences would have been noted in alpha diversity or community 

structure indices between groups, and a type II error is possible, particularly as differences in 

community structure approached significance for numerous comparisons. Additionally, while the 



 

 

 67 

healthy patients did not receive medications (such as antimicrobials, antacids or 

immunosuppressive), these were permitted in dogs from the diseased groups and such 

medications could have impacted the microbiota more so than the underlying disease process. 

However, this preliminary investigation was intended to survey the fecal microbiota of a group 

of dogs presenting due to critical illness, and in practical terms many of these dogs receive 

medications prior to arrival at an intensive care unit. This limitation exists in studies of critically 

ill people, where it is difficult to isolate the effects of the primary illness on patient microbiome 

from the necessary medications in these clinical populations other than performing studies of 

induced rather than naturally occurring disease159,182. Therefore, due to the clinical nature of the 

diseased animals in this group, recruitment of a medication-free population in the present study 

would have been difficult. However, the results from this study can be used to help plan future 

larger-scale studies investigating dysbiosis in these disease groups. Finally, this study did not 

control for diet or geographic location of the dogs. However, a recent abstract showed that these 

factors were not as influential on dysbiosis as the primary disease in dogs with chronic 

enteropathy183.  

 

3.5 Conclusions 

In conclusion, significant differences in microbial community membership were observed 

between diseased (IBD, IM and NIM) groups and healthy patients, although differences were not 

between diseased groups. It was speculated whether differences in beta diversity between healthy 

and diseased groups could be reflective of the fact that a unique pattern of dysbiosis is not 

present between IBD and immune mediated hematological disease or other critical illness in 

dogs. The shared pattern of dysbiosis could be a result of the similarities in disease 

pathophysiology and pathogenesis, resulting in comparable changes to the microbiota. 

Alternatively, it is possible the differences in the microbiota between healthy and diseased 

groups were due to treatments received by patients in the diseased groups that the healthy 

patients did not receive. Additionally, diseased groups were noted to be enriched in 

Proteobacteria. The enrichment of Proteobacteria in diseased groups, and differences in 

community composition between the diseased and healthy groups (but not within diseased 
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groups) is consistent with the hypothesis of the study. Whether the changes in the microbiota 

represent a cause or consequence of chronic inflammation or disease requires further 

investigation. The information gained from the present study can help with planning of larger-

scale investigations to determine gastrointestinal microbiota alterations in different disease 

groups. 
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Abstract: 

Inflammatory bowel disease (IBD) is a frequent cause of chronic vomiting, anorexia and diarrhea 

in dogs. The objective of this study was to assess if the addition of fecal microbial transplant to 

standard therapy (corticosteroids and a hypoallergenic diet) resulted in improved outcome versus 

standard treatment alone.  

 

Thirteen client-owned dogs with IBD were enrolled in this double blinded, randomized clinical 

trial. All dogs received corticosteroid therapy and a hypoallergenic diet; dogs were randomized 

to receive either placebo or fecal microbial transplant (FMT). Measured outcomes included the 

canine chronic enteropathy clinical activity index (CCECAI) along with albumin, C-reactive 

protein (CRP), and cobalamin levels at 1 week, 1 month, and 3 months after enrolment.  Fecal 

microbiota was analyzed after extracting DNA from fecal samples and profiling using 16S 

amplicon sequencing. 

 

The CCECAI significantly decreased over time regardless of treatment group (p = 0.001). 

Compared to baseline, there was a significant decrease in the CCECAI score at day 30 in the 

FMT group (p=0.02) but not in the placebo group (p=0.61). There was no difference between 

treatment groups in the CCECAI (p = 0.735), albumin (p=0.43), C-reactive protein (p = 0.287), 

or cobalamin (p = 0.601) after 90 days of treatment. No adverse effects were reported after FMT. 

 

The alpha and beta diversity measurements were not significantly different between and within 

the treatment groups at all times, but fecal samples were were significantly enriched in 

Faecalibacterium (p=0.047) one week following FMT administration. 
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In conclusion, the addition of FMT was associated with lower disease severity 30 days after 

treatment whereas placebo treatment was not. However patient outcome was not affected as 

differences between treatment groups in the CCECAI (p = 0.735), albumin (p=0.43), CRP (p = 

0.287), or cobalamin (p = 0.601) were not observed after 90 days of treatment, and no 

differences in fecal microbiota diversity and composition was observed in dogs with IBD in this 

study.  

 

4.1 Introduction 

IBD represents one of the most frequent causes of chronic vomiting, anorexia and diarrhea in 

dogs1. Numerous potential aetiologies have been proposed, although none have yet been 

definitively determined. A genetic predisposition, along with an inappropriate immune response 

to intestinal bacteria, dietary antigens and other environmental factors in susceptible individuals 

have been theorized to contribute to disease pathogenesis79,177.   

 

The gastrointestinal microbiota has been speculated to be an integral component of the 

pathogenesis of IBD. It is believed to be essential for metabolism, gastrointestinal epithelial 

vitality, immunologic activity, defense against invading pathogens, nutrition, and other essential 

functions10,12,13. Dysbiosis, defined by alterations in the microbial community composition and 

reduced species diversity, has been noted in both humans and dogs with IBD10. It is unclear 

whether this dysbiosis is a cause or consequence of chronic inflammation.  

 

There continues to be a lack of consensus on the most appropriate treatment for IBD patients. 

Empirical treatment is largely employed in cases of IBD, with various antimicrobial, dietary, and 

immunomodulatory therapies184. However, despite treatment, a considerable number of patients 

continue to have clinical signs. In a retrospective study, only 21% of dogs treated for IBD were 

deemed to be in remission, with a median duration of remission of 14 months4. As a result, 

additional treatment modalities to improve the response for dogs with IBD, and biomarkers to 

monitor the response to treatment and assess the remission status have been explored. FMT has 
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been investigated in human medicine for treatment of various gastrointestinal diseases and could 

be applicable in veterinary medicine.  

 

Fecal microbiota transplantation is defined as the ‘the transfer of feces from a healthy donor into 

the intestinal tract of a diseased recipient’10. Fecal microbial transplantation has been shown to 

be beneficial in people with refractory or recurrent Clostridium difficile infection, with mean 

cure rates of 87-90% after FMT22,23. More recently, it has also been utilized to treat conditions 

such as IBD in people with varying success rates reported117,118,120. Fecal microbial 

transplantation has been investigated in puppies with parvovirus, and in case reports and series of 

dogs with IBD, although further investigations and clinical trials are necessitated on the use of 

FMT in dogs with IBD114,185. 

Due to the difficulties in monitoring the response to treatment and remission status of patients 

with IBD, various biomarkers have begun to be investigated in people and dogs with IBD. Serum 

C-reactive protein (CRP) is a pentameric protein that is a positive acute-phase protein (APP) 

produced in states of infection, inflammation or neoplasia149. As a result, it has been speculated 

to have potential utility to assess disease progression and treatment response in IBD58,148,151 , 

and increases in CRP and other acute phase proteins have been correlated with clinical scoring 

indices, endoscopic appearance, and fecal leukocyte concentration in human patients with 

IBD150. Additionally, cobalamin has been investigated as hypocobalaminemia can be associated 

with ileal malabsorption and dysbiosis, as can be noted in IBD. Hypocobalaminemia has been 

found to be a negative prognostic factor in dogs with IBD148. Lastly, clinical scoring indices 

have been developed to more objectively categorize the clinical status of patients with IBD, 

including the CCECAI100.  It has been found that this could accurately predict a negative 

outcome in dogs with IBD100. As a result, these biomarkers and scoring indices could aid in 

monitoring the response to treatment and remission status of dogs with IBD. 

The primary objective of this study was to compare the efficacy of dogs treated with FMT in 

addition to standard treatment (hypoallergenic diet and immunosuppressive medications) versus 

standard treatment plus placebo in inducing clinical remission, as well as alteration in the fecal 
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microbiota and other selected biomarkers. The secondary objective of this study was to detail a 

protocol for preparation and administration of FMT that can be used in a clinical practice in 

dogs. It was hypothesized that patients receiving FMT (in addition to standard therapy) would 

have improved outcome (documented by an improved CCECAI and remission status) as 

compared to dogs receiving standard therapy alone. Furthermore, it was hypothesized that there 

would be enrichment of Firmicutes (including Faecalibacterium) in the fecal microbiota 

following FMT, and that there would be differences in alpha and beta diversity between pre and 

post FMT fecal samples.  

 

4.2 Materials and methods 

4.2.1 Study population 

In this randomized, parallel, double-arm, single-centre clinical trial, 13 client owned dogs with 

IBD were recruited from the Ontario Veterinary College’s Health Sciences Centre’s (OVC-HSC) 

Small Animal Clinic between September 2018 and August 2020. All dogs were privately owned, 

the owners signed an informed consent, and the study was approved by the University of Guelph 

Animal Care Committee.  

 

Dogs were deemed eligible for inclusion if they had a greater than 3-week history of clinical 

signs consistent with IBD, as defined by the CCECAI100, and histopathologic evidence of 

lymphocytic, plasmacytic, and/or eosinophilic IBD on histopathology of the upper and/or lower 

gastrointestinal tract. Disease was further characterized and non-gastrointestinal causes of the 

clinical signs were ruled out with a complete blood count (CBC), serum biochemistry, fecal 

flotation parasite testing, serum cobalamin (vitamin B12) testing, and abdominal ultrasound in all 

dogs. Dogs were classified as having a protein losing enteropathy if both albumin and globulin 

were below the reference interval on baseline serum biochemistry, and if urine protein creatinine 

ratio (UPCR) measurement was within normal limits186. Additional diagnostic tests including 

resting serum cortisol levels were performed at the discretion of the primary clinician. Enrolled 

dogs were free of antimicrobial treatment for at least 1-week prior to enrollment and had not 

received corticosteroids for >2 weeks prior to enrolment.  
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Animals were excluded from enrollment if any evidence of primary lymphangiectasia was 

present on histopathology or if there was evidence of a comorbidity that could cause similar 

clinical signs of a chronic enteropathy. Breeds predisposed to E.coli-related ulcerative colitis 

(e.g., Boxer, French Bulldog) were excluded from the study. 

 

4.2.2 Fecal microbial transplant preparation 

Eight healthy canine fecal donors were recruited from the Guelph community throughout the 

study period. Fecal donors were deemed to be eligible for donation and of appropriate health 

status based on normal physical examination, complete blood count and serum biochemistry 

within the preceding 3 months. Fecal donors had no history of vomiting or diarrhea in the past 6 

months, skin disease, exposure to raw food diets, antimicrobial use in the previous 6 months, or 

major medical conditions including bacterial infections. Donor fecal samples were negative for 

parasites via fecal flotation and Giardia ELISA, and negative for Salmonella, Clostridium 

difficile, Campylobacter spp., or other possible enteropathogens on fecal bacterial culture. Fecal 

samples were collected as voided and frozen at -20oC within 24 hours of collection for up to 3 

months for later FMT preparation.  

 

For preparation of FMT aliquots, fecal samples were selected from five donors and pooled to 

decrease the effect of individual donors on treatment outcome. Feces were thawed at room 

temperature for 2 hours prior to preparation, then 10g of feces from each donor was then 

obtained (50g total). Fecal material was blended with sterile saline at a ratio of 1 part feces to 5 

parts sterile saline. This solution was sieve filtered then stored in 60mL syringes at -20oC until 

usage. Fecal microbial transplant preparations and fecal donor samples were discarded after 3 

months and donor samples underwent no more than one freeze-thaw cycle prior to FMT 

preparation. Fecal donors were retested yearly as described above with a CBC, serum 

biochemistry profile, fecal flotation, Giardia ELISA, and fecal culture, performed at the Animal 

Health Laboratory at the University of Guelph, Ontario, Canada To aid in decreasing the risk of 

extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli (E. coli) transmission, 
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additional screening for these pathogens was initiated in October 2019 and performed throughout 

the remainder of the study.  

 

During the first year of the study, three of the original fecal donors were excluded from the donor 

population due to antimicrobial prescriptions (n=2) and need for orthopedic surgery (n=1). 

During the second year of the study, two fecal donors were excluded due to positive Giardia 

testing and replaced by two additional donors that were recruited as described above, resulting in 

a total of 10 fecal donors having been recruited throughout the course of the study.  

 

4.2.3 Study design and fecal microbial transplant administration 

Enrolled dogs were randomized using an online randomization programa into either the FMT or 

the placebo group. All enrolled dogs were prescribed standard therapy for inflammatory bowel 

disease, comprised of immunosuppressive doses of prednisone (approximately 2mg/kg/day) and 

a hypoallergenic (hydrolyzed or novel protein) diet. Fecal microbiota transplant or placebo was 

administered within 2 weeks of initiating standard therapy.  

All investigators, except one (SLB), remained blinded to group allocation throughout the study. 

Following randomization, dogs were admitted into the hospital to undergo infusion of either the 

FMT preparation or saline via retention enema by the unblinded investigator. Sedation was 

utilized as necessary based on the discretion of the attending clinician and individual dog status. 

Aliquots of FMT were thawed at room temperature for approximately 1-hour prior to 

administration. The infusion was administered with a catheter-tipped syringe attached to a sterile 

lubricated Red Rusch tubing. The tube was gently advanced into the descending colon, with the 

infusion administered over 1-5 minutes. A total infusion volume of 10mL/kg of FMT or sterile 

saline was administered and retained within the colon for at least 10 minutes following infusion. 

Gauze was inserted in the rectum in dogs, if needed, to facilitate retention. Dogs were discharged 

the same day following the procedure.  

In January 2020, it was elected to initiate enrolment at the time of endoscopy if the supervising 

internist highly suspected IBD as an etiology for the dog’s clinical signs. When this was elected, 

dogs were randomized into their treatment group prior to endoscopy using the same online 
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randomization as described above. Fecal microbial transplant or placebo was administered as 

described above during general anesthesia, following endoscopy. Continued enrolment in the 

study pended on endoscopic biopsy results being consistent with inflammatory bowel disease. 

Dogs without histological evidence of IBD were excluded from further study visits or any data 

analysis.  

 

Enrolled dogs were subsequently evaluated at 1 week, and then at 1 and 3 months following 

FMT or placebo treatment. At each evaluation, the clinical status was scored by a blinded 

investigator (AJC), utilizing the CCECAI. Weight, body condition score, and muscle condition 

score were additionally assessed187. Feces was obtained within 12 hours of each visit, either 

following natural voiding, or when this was not feasible, via digital rectal examination. Fecal 

samples were then stored at -80oC until further analysis. Blood was collected via jugular 

venipuncture, centrifuged (5min, 1000 x g), and the serum was harvested. An aliquot of serum 

was submitted for serum biochemistry or other diagnostics at the discretion of the attending 

clinician (as detailed below), an aliquot was saved for serum CRP measurement, and at the 

baseline and 3 month assessments, an aliquot was saved for serum cobalamin measurement. 

Saved aliquots of serum were then stored at -80oC until further analysis. At each recheck, serum 

biochemistry or other diagnostics were performed at discretion of the attending clinician, based 

on the dog’s clinical status and in consultation with the client. When serum biochemistry was 

performed, the albumin was recorded. Immunomodulatory and other therapies were adjusted at 

each evaluation based on patient status at the discretion of the primary clinician.  

 

At the 3-month interval following FMT or placebo treatment, dogs not responding to treatment 

had their treatment group revealed, and the client and investigator were unblinded. Owners of 

dogs in the placebo group were given the option of having FMT administration via retention 

enema as previously described, and were then reevaluated 1 week, 1 month and 3 months 

following FMT. Responders were continued to have their treatment group blinded to the owner 

and study investigator performing patient assessment. In November 2019, it was elected to 

shorten the time period of unblinding to 1 month following treatment to facilitate earlier FMT or 
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other interventions for dogs having previously received a placebo, if no significant response was 

noted.  

 

4.2.4 Blood analyses 

Serum was analyzed for CRP by a canine-specific enzyme-linked immunosorbent assay (ELISA) 

as has been utilized in prior investigations188 as per manufacturer’s instructions measured in 

duplicate, at each examination (Canine CRP ELISA, ALPCO (Salem, New Hampshire)). Serum 

cobalamin levels were assessed at the baseline and 3-month visit through a commercial 

laboratory (IDEXX Reference Laboratories Ltd, Markham, Ontario). Complete blood count, 

serum biochemistry, total protein profile (including albumin, globulin and total protein), or other 

diagnostics unless otherwise specified were performed at the Animal Health Laboratory at the 

University of Guelph, Ontario, Canada. Albumin, globulin (calculated) and total protein were 

measured through photometric methods. The CBC was performed through the Advia 2120 

hematology analyzer (Siemens Health Diagnostics, Tarrytown, NY, USA), and the serum 

biochemistry was performed through the Cobas 6000 c5-1 (Roche Diagnostics, Hillsdale, MI, 

USA).  

 

4.2.5 Fecal DNA extraction and PCR 

Fecal DNA extraction and PCR was performed as per the protocol detailed in Section 3. In 

summary, prior to deoxyribonucleic acid (DNA) extraction, fecal samples were brought to room 

temperature for 1-2 hours. Fecal samples underwent DNA extraction using the E.Z.N.A. Stool 

DNA Kit Pathogen Detection Protocol (Omega Bio-Tek Inc., Doraville, Georgia, USA), 

performed as per the manufacturer’s instructions. Following extraction, DNA samples were 

stored at -20C until polymerase chain reaction (PCR).  

Following this, the 16S rRNA genes were amplified through targeting the V4 region. The PCR 

reaction mixture contained 12.5μL of Kapa HiFi Ready Mix (Kapa Biosystems, Wilmington, 

Massachusetts, USA), 9.5μL of nuclease-free water, 2μL of DNA and 0.5μL of forward (S-D-

Bact-00564-a-S-15 ′′′′ 5 -AYTGGGYDTAAAGNG-3) and reverse  



 

 

 77 

(S-D-Bact-0785-b-A-18 5-TACNVGGGTATCTAATCC-3 ) primers (10 pMol/μL)163. A 

molecular grade water sample was used as a negative control during this stage.  

The PCR products were then purified with magnetic beads. The purified PCR products were 

amplified by PCR with Illumina adapters (Mastercycler Pro, Eppendorf Canada Ltd., 

Mississauga, Ontario, Canada). They were then purified a second time. The NanoDrop® 

(NanoDrop 1000 Spectrophotometer, Nano Drop Technologies Inc. (Thermo Fisher Scientific), 

Waltham, Massachusetts, USA) was used to quantify DNA through spectrophotometry164. Gel 

electrophoresis was utilized to evaluate the final PCR products. The library was pooled and 

sequencing was performed at the University of Guelph’s Advanced Analysis Centre, using an 

Illumina MiSeq platform (Illumina, San Diego, California, USA). For a positive control, a mixed 

microbial community was utilized (20 Strain Even Mix Genomic Material, MSA-1002, ATCC 

(Manassas, Virginia, USA) distributed from Cedarlane Laboratories (Burlington, Ontario, 

Canada)). 

 

4.2.6 Sequence processing and data analysis 

Data analysis was carried using the software Mothur v.1.39.5165, in accordance with a previously 

published protocol166, and as per the protocol detailed in Section 3. After assembly of paired end 

reads through the make.contigs command, sequences greater than 292 base pairs were removed 

through the screen.seqs command. The unique.seqs command was utilized to merge duplicates. 

Good quality sequences were aligned against the SILVA database, with removal of sequences 

that did not align to the correct region167. Reads were clustered at the genus level (97% 

similarity). Chimeras were identified and removed through the chimera.vsearch command168. 

Taxonomic assignment of sequences was performed through the Ribosomal Database Project 

classifier (v14) and archaea were removed169. Based on the smallest number of sequences from a 

sample, subsampling was performed.  
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4.2.7 Sample size determination 

Sample size determination was based on prior similar studies in people and reported remission 

rates for dogs with IBD. Based on prior literature, it was estimated that approximately 40-50% of 

dogs treated with the standard of therapy (prednisone and a hypoallergenic diet) would enter 

remission 1-3 months following initiation of treatment. In addition, it was estimated 

approximately 75-90% of dogs receiving FMT would enter remission 1-3 months following 

initiation of treatment. As a result, to detect an effect size between the two treatment groups, 

approximately 15 dogs per group would be necessitated to obtain a power of 80% and 

confidence of 95% (alpha 0.05). 

 

4.2.8 Statistical analysis 

For statistical analyses, the FMT group was labelled as ‘FMT’, the placebo group as ‘Placebo’, 

and the dogs in the placebo group that subsequently received FMT as ‘FMT2’ for each timepoint 

from when they received the FMT onwards. FMT2 excluded from further analysis except where 

explicitly indicated.  

A general linear model that accounted for the repeated effect of measuring the same dog over 

time was used to test for differences in CCECAI between the placebo group and the FMT group. 

The data was checked for normality with Shapiro Wilk, Cramer-von Mises and Kolmogorov-

Smirnov tests. Examination of the residuals assessed the data distribution and checked for 

possible outliers. The data was normally distributed and there were no outliers. Fixed effects 

included in the model were group and day as well as their interaction. Significance was set at 

p<0.05. Following this, a paired analysis was then performed. An exact conditional logistic 

regression was used to determine if the placebo group had less chance to achieve remission. The 

CCECAI scores for the last timepoint of treatment were used to compare if the FMT2 group had 

lower scores than the placebo group using a Wilcoxon sign rank test. The null hypothesis was 

one sided. Significance was set at p<0.05. Remission was defined as an improvement of the 

CCECAI scoring of >75% from baseline values. A general linear model for a binary distribution 

was fit using glimmix procedure. Repeated effects included were group, day, group by day 
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interaction and the repeated effect of dog. Means were the percentage in remission with standard 

error and 95% confidence limits.    

A similar general linear model that accounted for the repeated effect of measuring the same dog 

over time was used to test for differences in albumin and CRP between the placebo group and 

the FMT group. The data was assessed for normality with the Shapiro-Wilk, Cramer-von Mises 

and Kolmogorov-Smirnov tests. Examination of the residuals assessed the data distribution and 

checked for possible outliers. The data was not normally distributed. Data was log transformed to 

meet the assumptions of the ANOVA. Fixed effects included in the model were group and day as 

well as their interaction. To account for repeated measures, several correlation structures were fit 

with Akaike information criterion used to assess the best model fit. Significance was set at 

p<0.05. 

A two factor ANOVA was performed to compare cobalamin levels at baseline versus 3 months 

following treatment. As the data were not normally distributed, log transformation was applied. 

Paired t-tests with in-group and student t-test between groups were performed. Significance was 

set at p<0.05. Data was expressed as median values, with lower and upper limits reported.  

To assess mean differences in age between the groups (FMT, placebo) a one way ANOVA was 

performed. The data was checked for normality with a Shapiro Wilk test. A chi square test was 

used to compare sex between the FMT and placebo group. Fisher’s exact test was used to 

compare the variables cobalamin, antibiotics prior to treatment and probiotics prior to treatment 

between the placebo and FMT group. Significance was set at p <0.05. 

 

4.2.8.1 Microbiota 

Alpha diversity was assessed using the Chao-1 index, Inverse Simpson, and Shannon Evenness 

indices. Statistical analysis of alpha diversity was performed using JMP 15.2 (SAS Campus 

Drive, Cary, North Carolina, USA). Beta diversity was assessed using the Yue and Clayton index 

to assess community structure, and Jaccard index to assess community composition. 

Dendrograms were utilized to visualize differences in community membership and structure.   
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To assess for significant differences between groups in beta diversity, the analysis of molecular 

variance (AMOVA) was utilized in Mothur165. Statistical differences in the relative abundances 

between disease groups were investigated using the linear discriminant analysis effect size 

(LEfSe). The Linear Discriminant Analysis (LDA) was assessed, with values >2 included.  

 

4.3 Results 

4.3.1 Study population 

Thirteen dogs with histopathologically confirmed IBD were prospectively enrolled in the study. 

The study was concluded prior to enrollment of 30 cases as initially proposed due to difficulties 

with case recruitment, related to the novel coronavirus SARS-CoV2 pandemic. Dogs were 

randomly assigned into the placebo group (n= 6) or the FMT group (n=7). Age at presentation 

ranged from 1-11 years of age. Breeds represented included a Yorkshire Terrier (2), German 

Shepherd (3), mixed breed (6), Pug (1), and Labrador Retriever (1). Ten dogs were female, and 

three were male. Twelve were castrated, and one was intact. Age, sex, and body weight at 

baseline did not differ between groups (Table 4.1). All dogs had small intestinal signs (consisting 

of small intestinal diarrhea), although one patient in each group additionally had intermittent 

mucous in the feces. All dogs without a protein losing enteropathy had received at minimum a 2 

week hypoallergenic or novel protein dietary trial prior to enrollment with no significant 

response. Patients with a protein losing enteropathy had not received a dietary trial prior to 

enrollment due to concern this would be insufficient treatment by itself in these patients, and due 

to concern in delaying further treatment given the critical nature of their condition. 3/7 dogs in 

the FMT group and 2/6 dogs in the placebo group had an upper and lower gastrointestinal 

endoscopy. An upper and lower gastrointestinal endoscopy was not performed in all patients due 

to concerns with a more prolonged anesthesia in patients with hypoalbuminemia. Histopathology 

was consistent with IBD in all patients (Appendix II).  
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Table 4.1 Characteristics of patients in the FMT vs placebo group at baseline. No significant differences 
were noted in baseline characteristics between groups. Frequency and prevalence are reported for 
female sex and number of dogs receiving steroids, antimicrobials and probiotics. Means +/- standard 
error are reported for weight, age and CCECAI.  

Characteristic FMT group Placebo group p-value 

Number of females 71.4% (5/7) 83.3% (5/6) 1.00 
Number of dogs 
receiving steroids 
prior to enrolment 

57.1% (4/7) 50.0% (3/6) 1.00 

Number of dogs 
receiving 
antimicrobials prior 
to enrolment 

14.3% (1/7) 16.7% (1/6) 1.00 

Number of dogs 
receiving probiotics 
prior to enrolment 

42.9% (4/7) 16.7% (1/6) 0.19 

Mean weight (kg) 20.0 +/-11.94 21.9 +/- 12.82 0.78 
Mean age (years) 5.9 +/- 2.91 5.8 +/- 4.31 0.99 
Mean CCECAI at 
baseline 

6.32 +/-1.33 5.75 +/-1.44 0.80 

Abbreviations: FMT: fecal microbial transplant, CCECAI: canine chronic enteropathy clinical activity index 

 

Relevant clinicopathologic data are shown in Appendix II. 6/13 dogs (46.2%) were classified as 

having a protein losing enteropathy based on a panhypoproteinemia noted on serum 

biochemistry, and 7/13 (53.8%) had normal protein levels on admission. Albumin did not differ 

between treatment groups at enrollment (p=0.43), and mean values were below the reference 

interval in both groups. Serum cobalamin testing was performed in all dogs at baseline, and at 3 

months post treatment. 8/13 dogs (61.5%) were hypocobalaminemic (<400ng/mL) at baseline, 

with no significant differences between groups (p=0.47).  
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Table 4.2 Albumin, cobalamin and CRP between treatment groups throughout time. No significant 
differences were noted between groups for albumin, cobalamin, and CRP. Values are reported as median 
with ranges in brackets. 

 Albumin (g/L) 
RI: 31-37b 

Cobalamin 
(ng/mL) 

RI: 150-700ng/mLc 

CRP (ng/mL) 

Baseline 7 
days 

30 
days 

90 
days 

Baseline 90 days Baseline 7 days 30 days 90 days 

Placebo 32 (10-
36) 

30 
(18-
41) 

30 
(26-
42) 

30 
(28-
38) 

462.55 
(297.68-
718.74) 

553.345 
(296.68-
1032.04) 

211.05 
(95.14-
15272) 

170.11 
(68.89-
8314.85) 

58.60 
(40.47-
1552.24) 

118.91 
(63.80-
176.82) 

FMT 20 (12-
33) 

25 
(19-
38) 

32 
(17-
36) 

31 
(21-
35) 

374.42 
(248.97-
563.09) 

456.19 
(293.48-
708.86) 

197.61 
(119.35-
3331.50) 

184.41 
(88.03-
2784.20) 

100.65 
(66.82-
174.95) 

177.73 
(49.56-
2556.85) 

p-value 0.65 0.56 0.33 0.44 0.47 0.60 0.99 0.51 0.92 0.29 
Abbreviations: FMT: fecal microbial transplant, RI: reference interval, CRP: C-reactive protein 
 
 

4.3.2 Treatment 

All dogs received standard treatment consisting of prednisone (median 2.02mg/kg/day, range 

1.01-2.31) and a hypoallergenic diet. 7/13 (53.8%) dogs were initiated on standard treatment 

within 2 weeks preceding FMT or placebo administration while 6/13 (46.2%) dogs started 

standard treatment at the time of FMT or placebo administration. Timing of treatment initiation 

did not differ between treatment groups (p=1.00). One dog in each treatment group had been 

initiated on an antimicrobial within 3 weeks of enrolment (one dog received a 1-week course of 

amoxicillin/clavulanic acid discontinued 1 week prior to enrolment, and one dog received a 1-

week course of metronidazole discontinued 1-week prior to enrolment), and this did not differ 

significantly between treatment groups (p=1.00). Hypoallergenic diets were either a hydrolyzed 

protein, novel protein veterinary therapeutic food, or novel protein diet formulated by a 

veterinary nutritionist, and were chosen at the choice of the attending clinician in discussion with 

the owner. Diets used during the study included Purina Proplan Veterinary Diets HA (dry)d 

(n=4), Royal Canin Veterinary Diets Canine Hypoallergenic(dry)e (n=6), Rayne Clinical 

Nutrition Low Fat Kangaroo Maintenance (canned)f (n=1), and a novel protein diet formulated 

by the OVC HSC Clinical Nutrition Service (n=2). Additionally, the number of dogs that had 

been initiated on probiotics (Proviable, Nutramax Laboratories Inc., Edgewood, Maryland) (3/7 

in FMT group, 1/6 in placebo group) (p=0.19) and/or cobalamin (2/7 in FMT group, 4/6 in 

placebo group) (p=0.29) prior to enrolment did not differ between treatment groups.  
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All 7 patients in the FMT group were available for reassessment at 7 days, and 6/7 were 

available at 30 days and 90 days. All 6 patients in the placebo group were available for 

reassessment at 7 and 30 days. At this time, 3 patients in the placebo group received FMT and 

were in the FMT2 group. The remaining 3 patients in the placebo group were available for 

reassessment at 90 days, at which 2 of these patients received FMT and were in the FMT2 group. 

In total, 5/6 patients in the placebo group subsequently received FMT treatment due to 

insufficient response at 1 month (3 dogs) or at 3 months (2 dogs) following enrolment. One dog 

was euthanized within 1 month following enrolment due to suspected osteosarcoma development 

of the right forelimb and was thereby unavailable for further follow-up.  

 

4.3.3 CCECAI 

All dogs had CCECAI scoring at each evaluation performed by the same blinded examiner 

(AJC). Baseline CCECAI scoring ranged from 2.5-12 and did not differ between treatment 

groups (p=0.82). The mean CCECAI in the placebo group at baseline was 5.75, and the mean 

CCECAI in the FMT group at baseline was 6.32. The mean CCECAI score over time is shown in 

Figure 4.1. At 90 days, the mean CCECAI in the placebo group was 1.38, and in the FMT group 

was 1.17. There was no effect of group (p=0.31), or group by day interaction (p=0.40). There 

was an overall effect of time with the lowest scores achieved by day 90 (p=0.01). However, there 

was a significant difference in the CCECAI score between day 0 and 30 in the FMT group 

(p=0.02) whereas not for the placebo group between day 0 and 30 (p=0.61).  
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Figure 4.1 Mean CCECAI over time between the placebo and FMT group. 
There was a significant difference between baseline and day 30 CCECAI in the FMT (p=0.02) but not the 
placebo group (p=0.61). No significant differences were noted between groups at each time point, 
although time remained a significant factor, with the lowest scores achieved by day 90 (p=0.01). 
 
 

4.3.4 Remission 

Overall, 88.3% of dogs in the FMT group, and 48.9% of dogs in the placebo group were in 

remission overall throughout the investigation (as previously defined), with no significant 

differences between groups (p= 0.53). When comparing the difference in the percentage of 

patients in remission between groups over time, there were no significant differences between 

the placebo and FMT group at all time points (p>0.05 for all comparisons, Table 4.3). There was 

no effect of group (p=0.66), treatment visit (p=0.52), or group by visit (p=0.83) on the likelihood 

of remission. However, in paired analysis, when comparing the CCECAI scoring at the last 

available timepoint of investigation between the placebo and FMT2 group, there were significant 

odds of being in remission (odds ratio 11.77) if belonging to the FMT2 group as compared to 

being in the placebo group (p=0.05).  

 

For all patients that received FMT (whether in the FMT group (n=7), or in the FMT2 group 

(n=5)), 8/12 of these patients were in remission following FMT. Any patient that was in 

remission following FMT remained in remission for the remainder of the investigation. The 

length of remission ranged from 0-90 days following FMT. 2/8 of these patients were in 

remission prior to FMT. For the remainder, 3/8 entered remission 30 days after FMT, and 3/8 

entered remission 90 days following FMT.  
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Table 4.3 Number of dogs in remission over time between the Placebo and FMT group. No significant 
differences were noted between groups or over time. 

Day FMT Placebo p-value 
7 0/7 1/6 0.55 
30 3/6 3/6 1.00 
90 3/6 2/3 0.61 

Abbreviations: FMT: fecal microbial transplant 
 

4.3.5 Serum biomarkers 

Serum concentrations of the biomarkers albumin, CRP and cobalamin throughout the study are 

shown in Table 4.2.  

 

The mean serum albumin at baseline in the placebo group was 24.64g/L, and in the FMT group 

at baseline was 21.57g/L. In a general linear model to assess for differences in serum albumin 

concentrations between groups, there was no effect of group (p=0.43), day (p=0.20), and group 

by day (0.96) on serum albumin. Additionally, concentrations of serum albumin did not differ 

between groups at baseline (p=0.65) or 90 days (p=0.44).  

 
The median serum CRP concentration of the placebo and FMT group are shown in Table 4.2. 

When comparing the serum CRP concentrations in a general linear model between groups over 

time, no significant differences were noted at baseline (p=0.99), 7 days post treatment (p=0.51), 

30 days post treatment (p=0.73), or 90 days post treatment (p=0.29). Concentrations of serum 

CRP also did not differ between baseline and day 7 (p=0.69), day 30 (p=0.16), and day 90 

(p=0.60) in the FMT group. 

 
The median serum cobalamin concentrations are shown in Table 4.2. There were no significant 

differences between groups (p=0.60). Additionally, no differences were observed in serum 

cobalamin concentrations within the placebo group between baseline and 90 days (p=0.63), or in 

the FMT group between baseline and 90 days (p=0.50).  
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4.3.6 Fecal microbiota 

4.3.6.1 Analysis of 16S rRNA gene sequencing 

A total of 9753672 good quality reads were utilized for final analysis after all bioinformatics 

filters were applied. Based on the sample with the smallest number of reads, a subsample of 

129748 (median 180484, range 129748-276776) reads was used to decrease non-uniform sample 

size bias during alpha diversity analysis.  

 

4.3.6.2 Alpha and beta diversity comparisons between groups 

In assessing the microbiota within and between groups over time, all samples from FMT2 were 

removed, and samples between FMT and the placebo group were compared. For alpha diversity 

(including Chao-1, Inverse Simpson, and Shannon Evenness indices), there was no differences 

within or between treatment groups. For Chao, there was no significant differences between 

treatment groups within phase (p=0.92), over time within phase (p=0.319), and for their 

interaction (p=0.532). Similarly, for Inverse Simpson and Shannon Evenness, there was no 

significant difference between treatment groups within phase, over time within phase, and for 

their interaction (p>0.05 for all comparisons, Table 4.4).  

 
Table 4.4 p-values for alpha diversity measures between treatment groups, time(phase), and 
treatment*time*phase. No significant differences were noted between groups or over time. 

 

Measure 

p-value 

Treatment(phase) Time(phase) Phase Treatment*Time*Phase 

Chao p=0.92 p=0.319 p=0.191 p=0.532 

Inverse Simpson p=0.373 p=0.403 p=0.810 p=0.720 

Shannon Evenness p=0.503 p=0.706 p=0.849 p=0.838 

 

For beta diversity, community membership (Jaccard index, p=1.00) and structure (Yue and 

Clayton index, p=0.71) were similar between the FMT and placebo group at all times. For 

comparisons within the placebo group over time, community membership (Jaccard index, 

p=0.996) and structure (Yue and Clayton index, p=0.599) were similar at all times. For 

comparisons within the FMT group over time, community structure (Yue and Clayton index, 
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p=0.448) was similar at all times, although community membership (Jaccard index, p=0.051) 

approached significance.  

 

4.3.6.3 Pre and one week post FMT microbiota comparisons 

There were no significant differences in alpha diversity between baseline and one-week post 

FMT samples for Chao (Figure 4.2A) Inverse Simpson (Figure 4.2B), and Shannon indices 

(Figure 4.2C), (p > 0.05 for all comparisons; p=0.13 for Chao-1, p=0.79 for Inverse Simpson, 

p=0.61 for Shannon Evenness).  

 

  

 
Figure 4.2 A) Chao-1, B) Inverse Simpson, and C) Shannon Evenness indices between the pre and one-
week post FMT samples. No significant differences were noted. 
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Community membership (Jaccard index, p=0.79), and structure (Yue and Clayton, p=0.53) were 

not significantly different between pre and one-week post FMT samples. This is further 

illustrated through the associated principal coordinate analysis (PCoA) and dendrograms (Figure 

4.3 for Jaccard index, Figure 4.4 for Yue and Clayton index). 

 
 

  
Figure 4.3 A) Dendrogram and B) principal coordinate analysis illustrating similarities and differences in 
community composition (Jaccard index) between the pre (green) and one-week post FMT (blue) samples. 
No significant differences were noted between pre and post FMT samples. 
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Figure 4.4 A) Dendrogram and B) principal coordinate analysis illustrating similarities and differences in 
community structure (Yue and Clayton index) between the pre (green) and one-week post FMT (blue) 
samples. No significant differences were noted between pre and post FMT samples. 

 

4.3.6.4 Relative abundance and LefSe analysis 

LefSe analysis demonstrated enrichment of different taxa in the different groups. Table 4.5 

represents the main taxa (LDA >2) significantly associated with each group. For phyla, the post 

FMT samples were enriched in Firmicutes and Actinobacteria (Figure 4.6). For family, the post 

FMT samples were enriched in Ruminococcaceae, Coriobacteriaceae, and Erysipelotrichaceae 

(Figure 4.7). At the genus level, the post FMT samples were enriched in Faecalibacterium and 

Slackia (Figure 4.8).  
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Figure 4.5 Relative abundances of the main bacterial phyla enriched between the pre and one-week post 
FMT samples. 

 
 

 
Figure 4.6 Relative abundances of the main bacterial families enriched between the pre and one-week 
post FMT samples. 
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Figure 4.7 Relative abundances of the main bacterial genera enriched between the pre and one-week 
post FMT samples. 
 

Table 4.5 LefSe of bacterial taxa and their association with the one-week post FMT samples, 
demonstrating taxa with an LDA >2. 

 
 
 
 
 
 

 
 

4.4 Discussion 

The objective of this study was to assess the efficacy of FMT as an adjunctive treatment in 

addition to standard therapy (corticosteroids and a hypoallergenic diet) in canine IBD. It was 

hypothesized that patients receiving FMT (in addition to standard therapy) would have improved 

outcome (documented by an improved CCECAI and remission status) as compared to dogs 

receiving standard therapy alone. While FMT did not result in significant differences in disease 

remission rates or clinicopathological parameters (serum CRP, albumin, and cobalamin) between 

groups over time, dogs receiving FMT had significant reduction in their disease severity, 

assessed by CCECAI at day 30 compared to baseline, while dogs in the placebo group did not. 

This could suggest that FMT aids in faster response times compared to standard treatment alone.  

Similarly, in a clinical trial of puppies with parvovirus, a more rapid resolution in diarrhea and 

LDA pValue 
     

2.3 0.047 Firmicutes Clostridia Clostridiales Ruminococcaceae Faecalibacterium 

2.9 0.006 Actinobacteria Actinobacteria Coriobacteriales Coriobacteriaceae Slackia 

2.2 0.040 Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Unclassified 

2.4 0.012 Firmicutes Bacilli Bacillales Unclassified Unclassified 



 

 

 92 

shorter hospitalization time was noted in puppies that received FMT114. A more rapid clinical 

response following FMT could be subsequent to its potential benefits, including restoration of 

secondary bile acids, increased proportion of SCFA and SCFA producing bacteria, and 

resolution of dysbiosis110,116,189. Additionally, induction of T-regulatory cells and promotion of 

IL-10 production may occur subsequent to FMT due to a shift towards butyrate-producing 

bacteria, and this may result in decreased intestinal inflammation due to modulation of the 

mucosal immune response189. Furthermore, in people it was noted that donor-derived 

bacteriophage colonization was associated with treatment response following FMT, and it is 

possible that transfer of fecal donor bacteriophages to the recipient is also of benefit in canine 

FMT190.  

 

Given these potential benefits, the use of FMT has been investigated in human medicine. A study 

by Moayyedi et al found a significant difference in the rate of remission between ulcerative 

colitis (UC) patients receiving FMT and those receiving placebo, with 24% remission rate in the 

FMT arm versus 5% in the placebo arm, similar to findings in a study by Paramsothy et al117,118. 

This contrasts with the lack of significant differences in the percentage of patients in remission 

between treatment groups in the current study. This discrepancy could be due to the fact that 

there were larger sample sizes in these human trials, improving statistical power to detect 

differences between groups. Additionally, more intensive FMT administration methods were 

elected in these investigations in people (weekly FMT administration via enema for 6 weeks), 

that could have resulted in a more favourable response compared to the single administration of 

FMT performed in the current study.    

 

In contrast to the current study, case reports have shown a favourable response to FMT in the 

veterinary literature. A case series of 16 canine patients with treatment-refractory IBD that 

received either oral FMT or endoscopic duodenal delivery FMT combined with subsequent oral 

FMT demonstrated improvement in the CCECAI when followed over time115. Another case 

series of dogs with IBD demonstrated clinical improvement 3 days post FMT (administered 

rectally as an enema), with lower clinical scoring indices (Canine Inflammatory Bowel Disease 

Activity Index, ‘CIBDAI’) post FMT treatment191. However, direct comparisons between studies 
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of FMT in canine patients is challenging as FMT protocols have been inconsistent, with variable 

quantity and source of donor stool, preparation techniques, and outcomes measured192. 

Nonetheless, the improvements in clinical parameters seen following FMT in these reports is in 

contrast to the lack of significant differences observed in the current study and could be 

subsequent to the small sample size, or insufficient method of FMT preparation and 

administration. Given the likely complex etiology of IBD in dogs, and the potential that the 

etiology is variable between individuals, it is possible that FMT would help in only a subset of 

patients. The exact mechanism of benefit derived from FMT is unknown but is speculated to be 

at least in part due to the resolution of dysbiosis in responding patients110,189. Dysbiosis is 

common in dogs with IBD, but whether it is central to the pathogenesis of all dogs with IBD has 

yet to be determined45.  

 

An additional objective of this study was to assess and describe the changes in the microbiota 

following FMT. In this study, alpha and beta diversity measures did not significantly differ 

between treatment groups, or throughout time. Improvements in dysbiosis would have been 

expected with clinical improvement in IBD, as noted by the improvement of the CCECAI 

scoring over time. However, given that histology was not repeated in this study it is possible that 

ongoing histopathologic inflammation and dysbiosis remained. In people, despite improvement 

in clinical scoring indices, many patients have ongoing histologic inflammation, and it is 

possible this is additionally the case in veterinary medicine as well144. In contrast to the present 

study, alterations to alpha diversity have been noted in several human investigations following 

FMT. Recognized benefits of FMT to the microbiota in people include an increase in richness 

and shift towards the microbial profile of the healthy donor116. In a study by Paramsothy et al, 

operational taxonomic units and phylogenetic variety were significantly increased after FMT 

compared to baseline, along with an increased alpha diversity specific to FMT therapy118. It is 

possible the single FMT administration in the present study of dogs with IBD was insufficient to 

result in significant changes in alpha and beta diversity, and that the more intensive FMT 

administration protocols used in many human investigations are necessary to achieve microbial 

diversity in the recipient.   
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Additionally, although measures of diversity did not significantly change following FMT, fecal 

samples 1-week after FMT were significantly enriched in Firmicutes, particularly family 

Ruminococcaceae and genus Faecalibacterium compared to baseline samples. Decreased 

Faecalibacterium has been associated with IBD in several investigations, and additionally 

appeared to have a correlation with clinical response63. Firmicutes (particularly members of 

Ruminococcaceae, and genus Faecalibacterium) are essential short chain fatty acid (SCFA)-

producing bacteria, and SCFA are proposed to have numerous beneficial and anti-inflammatory 

effects in the gastrointestinal tract64,68. Thereby, restoration of these essential short chain fatty 

acid (SCFA)-producing bacteria could be a potential benefit of FMT administration. 

Additionally, the pre-FMT samples were noted to have higher proportions of Proteobacteria than 

the post-FMT samples in this study. In previous studies of dogs and people with IBD, increases 

in Proteobacteria have been noted and associated with dysbiosis1,58,62. Thereby, it is possible the 

lessened proportion of Proteobacteria following FMT in the current study could be reflective of 

improving dysbiosis.  

 

The CCECAI was utilized in this study to monitor the clinical remission status of patients over 

time, similar to clinical scoring indices such as the Mayo Score or Crohn’s Disease Activity 

Index that have been used in many human studies of IBD109,193. No significant differences were 

noted in the CCECAI between treatment groups at 90 days, although time remained a significant 

factor with the lowest scores achieved in both groups by day 90. It is possible that treatment with 

standard therapy (corticosteroids and a hypoallergenic diet) had a greater importance in lessening 

disease activity scores than FMT itself in canine IBD. However, a type II error cannot be 

excluded given the small sample size in this study. Additionally, as the CCECAI does not 

encompass endoscopic assessment (unlike the Mayo Score) or histologic assessment, it is 

possible it is not an accurate representation of disease activity in dogs with IBD. Although 

indicative of clinical severity, these scoring indices have not been shown to correlate with the 

severity of histologic changes in some investigations in dogs and people with IBD149,194. As a 

result, clinical remission as defined by the CCECAI may not be reflective of true histologic 

remission of IBD. Ideally, repeat histologic assessment would have been performed to ascertain 

the impact of FMT more definitively on the remission status of these patients. However, as the 
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CCECAI represents a less invasive and expensive way to assess the clinical status of dogs with 

IBD, it was elected in this study, although may underestimate disease activity.  

 

Due to difficulties in assessing the remission status of IBD, potential biomarkers including 

cobalamin, albumin and CRP were assessed in this study. Serum CRP was not noted to be 

significantly different between treatment groups, or over time. This finding was unexpected, as 

the improving disease activity scores (CCECAI) would be anticipated to be associated with 

improving gastrointestinal inflammation and declining CRP. Additionally, increases in CRP have 

been correlated with clinical scoring indices in human patients with IBD195. In contrast to the 

current investigation, a study of people with Crohn’s disease showed that patients receiving FMT 

had stable CRP whereas those that received placebo had increasing CRP levels196. Studies in 

people have also demonstrated a decrease in CRP after corticosteroid treatment in inflammatory 

conditions such as community acquired pneumonia and rheumatoid arthritis197,198. In prior 

investigations in dogs, CRP has shown to indirectly correlate with the CIBDAI and histologic 

scoring, unlike in the current investigation150. However, CRP is a marker that is non-specific for 

gastrointestinal inflammation and therefore other inflammatory influences on the CRP cannot be 

excluded150. Additionally, it is possible that a more intensive FMT protocol would be necessary 

to see benefits from FMT in the CRP in dogs. As histopathology was not repeated, ongoing 

gastrointestinal inflammation cannot be excluded. Furthermore, given the small sample size, a 

type II error is additionally possible for the lack of differences noted in the CRP over time. 

 

Cobalamin was assessed as a potential biomarker of IBD in this investigation. No significant 

differences in cobalamin were noted between treatment groups at all time points. Similarly, in a 

meta-analysis of people with IBD, no differences in cobalamin were noted between control and 

IBD patients199. The lack of significant differences observed in this study could be reflective of 

the fact that all dogs with suboptimal cobalamin (<400ng/mL) were initiated on injectable or oral 

supplementation, irrespective of treatment group. Additionally, some dogs had been initiated on 

cobalamin supplementation prior to enrolment in the study, potentially impacting results, and 

clouding the potential benefit of FMT administration on cobalamin levels. Furthermore, given 

the lack of significant changes in measures of alpha and diversity measures over time, it is 
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possible that lack of significant changes to the microbiota contributed to the lack of significant 

changes in serum cobalamin, should ongoing dysbiosis persist.  

 

Dogs from the placebo group were offered FMT if response to standard therapy did not result in 

complete clinical remission based on owner and clinician assessment, and most dogs in the 

placebo group ultimately underwent FMT. Dogs in the placebo group that subsequently received 

FMT had a significantly improved odds of being in remission following the FMT administration, 

when compared to the remission rate reported in the placebo group. This could indicate that FMT 

improved the clinical course of IBD in these patients. However, these dogs in the placebo group 

that subsequently received FMT were also receiving standard therapy during the 1-3 months 

prior to FMT was administered. Therefore, it is also possible that the improved odds of being in 

remission was due to the longer duration of standard therapy treatment and not the FMT itself. 

 

A secondary objective of the current study was to describe a method of preparation and 

administration of FMT aliquots. The protocol utilized for FMT preparation was comparable to 

recommendations in a recent review of FMT in veterinary medicine and was similar to the 

protocol utilized in a study of the efficacy of FMT in puppies with parvovirus infection114,116. 

However, unlike in the latter study where fresh feces were utilized, frozen feces was used in the 

current study, to aid in the ability to have readily available FMT preparations. In a systematic 

review of FMT in human patients, clinical remission was seen in a similar proportion of patients 

with fresh vs frozen FMT109,120. A theoretical benefit of utilizing frozen stool could include an 

increased Firmicutes to Bacteroidetes ratio that has been noted with prolonged frozen storage109. 

However, whether the efficacy of frozen FMT preparations would apply to canine patients with 

IBD is uncertain, and therefore further investigations comparing fresh versus frozen FMT in 

dogs are necessitated. Additionally, in a review of fecal microbial transplantation in canine 

patients, addition of glycerol was advised for frozen preparations to reduce damage of microbial 

cells induced by freezing, although this was not performed in this investigation and potentially 

could have impacted the viability of frozen preparations116. Glycerol is additionally advised in 

frozen FMT preparations in people and was shown to provide superior viability of the microbiota 

during freezing when comparing frozen canine feces with and without the addition of 
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glycerol200,201. Furthermore, microbial viability of donor preparations was not assessed, and 

thereby could have impacted the efficacy of FMT should microbial viability have been sub-

optimal. However, the characteristics of FMT aliquots that confer benefit to the host are not 

clearly defined, therefore assessing viability of the preparation does not necessarily indicate that 

it is beneficial. It is additionally possible that the aerobic preparation of feces harmed beneficial 

anaerobic bacteria.  

 

Pooling of feces from five donors was elected in this study for FMT preparation. In a study by 

Moayyedi et al., treatment successes in people with IBD were more frequently ascribed to one 

donor that was enriched in Lachnospiraceae  and Ruminococcus, thereby giving suggestion of 

potential donor-dependent efficacy117. As a result, pooling of feces was elected in the present 

study to reduce the potential of impact of an individual donor on treatment outcome, especially 

considering the anticipation that specific donors might not be available throughout the entire 

study period. Investigations in people have utilized varying protocols of pooled or single donor 

for FMT preparations109. Pooled donor stool has been shown to increase the diversity of 

microorganisms, potentially resulting in an increased likelihood that an important factor will be 

transmitted via FMT. However, potential drawbacks of pooling donor feces include a limited 

ability to identify beneficial or detrimental donor-specific factors, and possible dilution of 

beneficial factors in one donor118.  

 

Similar donor screening criteria were utilized in this study as has been advised in a recent review 

of FMT in dogs116. However, the gastrointestinal microbiota of the fecal donors was not assessed 

in this investigation, and measurement of a dysbiosis index of donor feces could be considered, 

as has been advised in recent reviews116. The optimal fecal donor characteristics in dogs has been 

yet to be determined and was not investigated in this study. Future studies should examine the 

ideal fecal microbiota profile of effective canine FMT donors. Such information could then 

inform donor selection in veterinary medicine. 

 

Administration of FMT via retention enema was elected in this preliminary investigation for 

convenience of administration. There have been various routes of administration performed in 
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studies in people, including infusion via duodenal or gastric intubation, through colonoscopic 

administration, or self-administration rectally126. Although the most optimal route for FMT 

delivery is unknown, a systematic review of FMT in treating CDI in people found higher success 

rates with colonoscopic delivery109. However, the optimal route of administration for dogs 

remains to be determined and could be explored in future investigations. Orally administered 

encapsulated FMT has shown promising results in people, and the utility of this in veterinary 

medicine could be investigated202.  

 

A single administration of FMT was elected in this pilot study, although a recent meta-analysis 

in people showed a higher clinical remission rate in people that received 10 or more FMT 

infusions in people with UC129. Additionally, it is possible in people and dogs with chronic 

enteropathy and IBD where ongoing intestinal inflammation may perpetuate continued dysbiosis, 

multiple FMT treatments may be necessitated and thereby it is possible the single FMT 

administration utilized in this study was insufficient, as has been suggested in European 

guidelines on FMT in people200. Therefore, the single FMT administration in this study may have 

been inadequate to result in a significant difference in clinical parameters in dogs with IBD. 

However, investigations assessing the optimal FMT administration frequency, donor 

characteristics, or method of preparation remain to be determined and further studies comparing 

different FMT administration frequencies and protocols are necessitated.  

 

Several limitations were present in this study. The small sample size limited the power and 

therefore the safety and efficacy conclusions. Therefore, a prospective study of larger sample 

size is necessitated to make more robust conclusions regarding efficacy and safety of FMT in 

canine patients with IBD. Additionally, a significant proportion of patients were 

panhypoproteinemic, and it is possible patients with IBD and panhypoproteinemia have a 

different response to FMT than patients without panhypoproteinemia. Furthermore, although a 

hydrolyzed, novel protein veterinary therapeutic diet, or a novel protein homemade diet 

formulated by a veterinary nutritionist was necessitated, the specific diet was not standardized. 

Differences in diet formulation, energy intake as well as dietary marco- and micronutrient intake 

could have affected disease outcome203. Moreover, given the influence of diet on the microbiota 
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and serum protein levels, this could have influenced microbiota and serum albumin results1,203. 

Additionally, adjunctive treatments (such as antacids or thromboprophylaxis) were not 

standardized, and thereby could have impacted the microbiota and influenced results or treatment 

outcome23,204. Lastly, it is possible that the single administration of FMT in dogs with IBD in this 

study was insufficient to result in changes to the microbiota where ongoing intestinal 

inflammation could perpetuate continued dysbiosis.  

 

4.5 Conclusion 

Dogs receiving FMT in addition to standardized therapy had improved disease severity scores 

when assessed 30 days after enrolment, in comparison to dogs administered a placebo with 

standard therapy. However, the addition of FMT to the treatment protocol did not change patient 

outcome as measured by CCECAI at 90 days, nor did it result in any differences in serum 

albumin, C-reactive protein, and cobalamin concentrations, as well as fecal microbiota diversity 

and composition in dogs with IBD in this study. Furthermore, exploration of the utility of FMT 

for more rapid clinical improvement in IBD is warranted in future investigations of greater 

power. In addition, further studies are required to assess the efficacy, safety, optimal FMT 

donor/patient characteristics, and utility of FMT in a larger group of patients, as well as 

comparing different FMT administration methods and protocols.  

 
Footnotes 

a: https://www.sealedenvelope.com 

b: Animal Health Laboratory, University of Guelph, Ontario, Canada 

c: IDEXX Reference Laboratories Ltd, Markham, Ontario, Canada 

d: ProPlan Veterinary Diets HA Hydrolyzed Canine, Purina, Missouri, United States of America 

e: Canine Hydrolyzed Protein Moderate Calorie Dry Dog Food, Royal Canin, Aimargues, France 

f: Low Fat Kangaroo-MAINT Dry Diet, Rayne Clinical Nutrition, Delaware, United States of America
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5 Chapter 5: Summary and Conclusions 
 

5.1 Summary 

Gastrointestinal dysbiosis has been noted in a myriad of conditions in people, including 

inflammatory bowel disease (IBD), immune mediated disease, and critical illnesses. 

Investigations of dysbiosis in dogs with immune mediated disease and critical illness are limited. 

Considering dysbiosis is well known and described in IBD34,62,66, coupled with the fact that 

despite empirical therapies a considerable number of dogs with IBD continue to have clinical 

signs, additional treatment modalities have been explored. Fecal microbiota transplantation has 

been investigated further in human medicine for treatment of various gastrointestinal diseases 

and could be applicable in veterinary medicine to address the underlying dysbiosis that has been 

noted in dogs with IBD117,118,120,131,205.  

 

Studies regarding the canine gastrointestinal microbiota in disease states other than IBD 

(including immune mediated disease and critical illness) are limited. Additionally, there are 

limited investigations on the utility of FMT in canine IBD. The objective of the first study 

(Section 3) was to compare the microbiota of healthy dogs with dogs with IBD and critical 

illnesses (including immune mediated hematological disease and other critical illnesses). The 

objective of the second study (Section 4) was to investigate the efficacy of FMT as an adjunctive 

treatment of IBD, in addition to standard treatment (hypoallergenic diet and immunosuppressive 

medications), to describe a standardized protocol for FMT treatment in dogs, and to describe the 

alteration in the fecal microbiota and other selected markers in dogs undergoing medical therapy 

for IBD. 

 

Results of the study pertaining to evaluating the gastrointestinal microbiota in dogs with IBD 

(Section 3) demonstrated that there was overall a significant difference between groups for 

community structure (Yue and Clayton index, p=0.039) and community composition (Jaccard 

index, p<0.001). In comparison between individual groups, there was a significant difference in 
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community composition between the healthy and diseased groups (p<0.001), but not between the 

diseased groups (p>0.05, Table 2.5). The diseased groups were enriched in Proteobacteria, 

whereas the healthy group was enriched in Bacteroidetes and Firmicutes, including family 

Ruminococcaceae and genus Faecalibacterium. The enrichment of Proteobacteria in diseased 

groups is similar to what has been observed in dogs with IBD, and in people with IBD, immune 

mediated diseases including SLE, and critical illness38,50,55,66,206,207. Thereby, this investigation 

was able to demonstrate commonalities between the dysbiosis observed in dogs and people with 

IBD, immune mediated disease and critical illness.  

 

It was speculated whether differences in community composition between healthy and diseased 

groups could be reflective of the fact that a unique pattern of dysbiosis is not present between 

IBD and immune mediated hematological disease or other critical illness in dogs. The shared 

pattern of dysbiosis could be a result of the similarities in disease pathophysiology and 

pathogenesis, resulting in comparable changes to the microbiota. Alternatively, it is possible the 

differences in the microbiota between healthy and diseased groups were due to treatments 

received by patients in the diseased groups that the healthy patients did not receive. Additionally, 

whether the changes in the microbiota represent a cause of consequence of chronic inflammation 

or disease requires further investigation.  

 

Results of our second study (Section 4) pertaining to fecal microbial transplantation in dogs with 

IBD demonstrated that the CCECAI significantly decreased over time regardless of treatment 

group (p =0.001). Compared to baseline, there was a significant decrease in the CCECAI score at 

day 30 in the FMT group (p=0.02) but not in the placebo group (p=0.61). It was speculated that a 

more rapid clinical response to FMT could be subsequent to its potential benefits, including 

restoration of secondary bile acids, increased proportion of SCFA and SCFA producing bacteria, 

and resolution of dysbiosis110,115,189.  

 

There was no difference between treatment groups in the CCECAI (p =0.735), albumin (p=0.43), 

CRP (p =0.287), or cobalamin (p =0.601) after 90 days of treatment. No adverse effects were 

reported after FMT. In assessing the microbiota between pre and one-week post FMT samples, 
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there were no significant differences between samples for Chao-1 (p=0.13), Inverse Simpson 

(p=0.79), or Shannon (p=0.61) indices. Additionally, in assessing beta diversity, community 

membership (Jaccard index, p=0.79) and structure (Yue and Clayton index, p=0.53) were not 

significantly different between pre and one-week post FMT samples.  

 

The lack of significant differences between treatment groups could be subsequent to the small 

sample size, thereby limiting the statistical power to detect differences between groups. 

Alternatively, it is possible that the method of FMT preparation or administration was 

insufficient to result in significant changes to clinical parameters or the microbiota between 

groups.  

 

In this study, we additionally described a protocol for FMT donor screening, as well as FMT 

preparation and administration that was easily performed, and that can be applied to clinical 

practice or as a basis for future investigations. However, further research is needed to determine 

the optimal protocol (including donor screening, frozen versus fresh FMT administration, 

frequency of administration, and route of administration) for FMT in dogs. In this preliminary 

investigation, a single administration of FMT was elected. However, it is possible in people and 

dogs with chronic enteropathy and IBD where ongoing intestinal inflammation may lead to 

continued dysbiosis, multiple FMT treatments may be necessitated and thereby it is possible the 

single FMT administration utilized in this study was insufficient, as has been suggested in 

European guidelines on FMT in people200. Additionally, glycerol was not utilized in the frozen 

FMT preparations in this study and should be considered in future protocols for FMT 

preparation.  

 

Although measures of diversity did not significantly change following FMT, relative abundance 

and LefSe analysis demonstrated that the post FMT samples were enriched in Firmicutes and 

Actinobacteria for phyla, and Ruminococcaceae, Coriobacteriaceae and Erysipelotrichaceae for 

family, and Faecalibacteirum and Slackia at the genus level. Decreased Faecalibacterium has 

been associated with IBD in several investigations, and additionally appeared to have a 

correlation with clinical response63. Thereby, restoration of these essential SCFA bacteria could 
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be a potential benefit of FMT administration, and this investigation provides further data in 

support of this potential benefit. Additionally, the pre FMT samples were noted to have higher 

proportions of Proteobacteria than the post FMT samples in this study. In previous studies of 

dogs and people with IBD, increases in Proteobacteria have been noted and associated with 

dysbiosis1,58,62. Thereby, it is possible that reduced populations of Proteobacteria following FMT 

in the current study could be reflective of improving dysbiosis.  

 

In conclusion, dogs receiving FMT in addition to standardized therapy had improved disease 

severity scores when assessed 30 days after enrolment, in comparison to dogs administered a 

placebo with standard therapy that did not. Thereby, FMT may have a role in resulting in 

improved early clinical treatment response in dogs with IBD, although further exploration is 

warranted in this area. However, the addition of FMT to the treatment protocol did not change 

patient outcome as measured by CCECAI at 90 days, nor did it result in any differences in 

albumin, CRP, and cobalamin levels, or fecal microbiota diversity and composition in dogs with 

IBD in this study. Additionally, fecal microbiota diversity and composition were not 

significantly different between baseline and one-week post FMT samples. However, post FMT 

samples were enriched in Faecalibacterium. As the goal of the study was to assess for a clinical 

benefit of FMT in dogs with IBD, in summary, a potential early-benefit in the clinical treatment 

response was noted in dogs that received FMT, with no significant differences noticed overall 

between treatment groups. There were no adverse effects noted following FMT, and it was a 

safe, and easily applicable treatment option in this preliminary investigation.  

 
 

5.2 Limitations 

Our studies had several limitations. One of the main limitations was the small number of patients 

enrolled. The small number of patients limited overall statistical power of our studies and ability 

to detect differences in the microbiota between study groups. For the FMT study (Section 4), it 

was calculated that 15 dogs per group would be necessitated to obtain a power of 80% and 

confidence of 95%, and therefore this study was underpowered. The possibility of a type II error 

cannot be excluded, and it is possible differences in the microbiota between diseased groups 
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would have been noted with a larger sample size. Additionally, FMT could potentially have 

shown a beneficial impact should a larger sample size had been present. Given that dogs 

receiving FMT had significant reduction in their disease severity, assessed by CCECAI, at day 

30 compared to baseline while dogs in the placebo group did not, it is possible a larger sample 

size would have aided in demonstrating a benefit in the percentage of patients in remission 

between groups. Furthermore, although no adverse effects were appreciated following FMT, the 

investigation was not powered to assess the safety of FMT, and adverse events could have been 

noted with a larger sample size. Therefore, a prospective study of larger sample size is necessary 

to make more robust conclusions regarding efficacy and safety of FMT in dogs with IBD. To 

circumvent challenges with difficulties in sufficient case enrolment, a multi-center investigation 

could be considered in the future to investigate differences in the microbiota between a larger 

population of diseased and healthy dogs and investigate the efficacy of FMT in a larger 

population of dogs with IBD. 

 

Another limitation of our studies was the impact of medications on the microbiota. In our first 

study (Section 3) while the healthy patients did not receive medications (such as antimicrobials, 

antacids or immunosuppressives), these were permitted in dogs from the diseased groups and 

such medications could have impacted the microbiota more so than the underlying disease 

process. However, this preliminary investigation was intended to survey the fecal microbiota of a 

group of dogs presenting due to critical illness, and therefore many of these dogs received 

medications prior to arrival at an intensive care unit. This differential treatment exposure could 

have resulted in differences in the microbiota between diseased and healthy patients, irrespective 

of the disease state. However, most dogs enrolled had been prescribed these medications prior to 

or soon following referral, and it was felt withholding necessary medications (such as 

antimicrobials) in these groups of patients if deemed necessary would be unethical. In our second 

study (Section 4) additional treatments (such as thromboprophylaxis, antacids or secondary 

immunosuppressives) were not standardized due to the differential needs of each individual 

patient, and it is possible that these additional treatments impacted the microbiota and the 

treatment response. Future studies of larger sample size could control for these additional 

treatments and create groups of patients based on the treatments they are receiving, thereby more 
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adequately assessing the impact of the disease state alone on the microbiota, and the impact of 

FMT alone in dogs with IBD. 

 

A third limitation was the impact of varying environments in both studies. In the first study 

(Section 3) healthy patients were not housed in the OVC ICU, unlike many of the diseased 

patients. Additionally, in the second study (Section 4), patients returned to their home 

environment following hospitalization and between recheck examinations, thereby resulting in 

different environments for each individual patient that could have impacted the microbiota. Prior 

studies have found environment and geography to influence the composition of the microbiota, 

and thereby likely had a similar influence on the microbiota of patients in this study1,6. This 

could be another potential confounding factor in the differences in community composition 

between the diseased and healthy groups, but not between the diseased groups in our first study. 

However, samples were obtained within 12 hours following admission to the hospital, and 

therefore environment was unlikely to have made a significant impact to the microbiota at the 

time of sampling.  

 

Patient variability was another limitation present between both studies. In the second study 

(Section 4), a significant proportion of patients were panhypoproteinemic. Given that the referral 

population of patients with suspected IBD presenting to the OVC were often 

panhypoproteinemic, patients were not excluded based on this finding to aid in recruitment of 

cases. However, it is possible that patients with IBD and panhypoproteinemia have a different 

response to FMT than patients without panhypoproteinemia. To circumvent this, future studies 

could investigate the utility of FMT in dogs with IBD with and without hypoproteinemia. 

Additionally, ileal biopsies were not obtained in all dogs, and thereby could have impacted the 

histopathologic diagnosis should these have been obtained. Furthermore, in our first study 

(Section 3) limited information was available for the healthy patients. As health status was 

determined based on discussion and questionnaire with the owner, subclinical disease cannot be 

excluded. Routine CBC and biochemistry in these patients would have aided in more 

conclusively determining health status. Additionally, data concerning diet history was 

unfortunately unable to be obtained for the healthy patients. Therefore, future studies comparing 
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the microbiota between diseased and healthy patients should obtain consistent diet history and 

routine screening (such as CBC and serum biochemistry) to more definitively ascertain the 

health status.  

 

Additional variability between patients in both studies included the varying diets patients were 

receiving. A consistent diet was not mandated between dogs in both studies, and dogs with 

critical illness were potentially anorectic, altering their food consumption. Increases in dietary 

protein have been shown to result in increased Clostridiaceae and Bacteroidetes, whereas 

increases in insoluble fiber have been shown to result in increases in Firmicutes 9,10,12. However, 

a recent abstract showed that factors such as diet were not as influential on dysbiosis as the 

primary disease in dogs with chronic enteropathy183. Breed and age matching was additionally 

not performed in either investigation and could have potentially impacted the gastrointestinal 

microbiota results between groups due to the varying breeds present. A recent investigation 

demonstrated changes in the gastrointestinal microbiota between Maltese, Poodle and Miniature 

Schnauzer breeds208. Although these breeds were not over-represented in our investigations, it 

alludes to potential gastrointestinal microbiota differences between breeds of dogs. However, age 

was not statistically significantly different between groups in either study. Additionally, the 

season during which the fecal samples were obtained could have impacted results. Samples for 

patients in the ICU and IM groups were obtained largely in August 2019, whereas samples for 

patients in the healthy group were obtained in January 2018. Seasonal variation on the 

gastrointestinal microbiota has been noted in wild mice and broiler chickens, although the 

specific impact on dogs requires further investigation209,210. Future studies could circumvent 

these potential sources of variation by grouping patients based on diet, breed and season of 

sampling, to better ascertain the impact of these factors on the gastrointestinal microbiota as 

compared to the disease process itself.   

 

In addition to variability between patients, investigations have additionally noted intra-individual 

variability in the fecal microbiota. Thereby, the single fecal sample to represent each patient in 

Section 3, and each study time-point in Section 4 is another limitation of these investigations, as 

it possible the single fecal sample was not entirely representative of the fecal microbiota for that 
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time point for each individual. However, an abstract and unpublished study showed that inter-

dog variation in the fecal microbiota was greater than intra-dog variation when healthy dogs 

were followed for 3 months, with no significant differences in richness and diversity between 

days (unpublished data). However, in a study of healthy dogs administered a probiotic, a 

significant amount of intra-individual variation in the fecal microbiota was observed211. 

Additionally, in people with IBD, intra-individual variation has been noted, and obtaining 3-5 

pooled fecal samples has been found to be most ideal to be representative of a single time 

point212,213. Thereby, it is possible the gastrointestinal microbiota shows more variation in disease 

as compared to health, and that the single fecal samples obtained for study dogs were not 

completely representative of each time point.  

 

It is possible that the method of fecal sample storage impacted results as well. The fecal samples 

from Section 3 and the FMT preparations from Section 4 were stored at -20C without glycerol, 

and the fecal samples from Section 4 were stored at -80C without glycerol.  In a recent abstract, 

various storage conditions for canine fecal samples were assessed and tested for viability214. 

After 3 months, it was noted that storage with glycerol was superior to freezing without, with no 

significant decline in viability for this storage condition at -20C or -80C214. Furthermore, in a 

study of human feces, microbial populations were stable at 6 months when frozen73. Thereby, as 

all samples were frozen (at -20C or -80C), and as 16S rRNA sequencing can detect viable and 

non-viable bacteria, the impact from this limitation are suspected to be minimal. Furthermore, 

although addition of glycerol to frozen FMT preparations as has been advised in dogs and people 

in recent reviews was not performed in this investigation, FMT preparations were stored for a 

maximum of 3 months, and thereby the impact on viability was suspected to be minimal200. 

However, further investigation is required, and lack of significant effect of FMT in this study 

subsequent to potentially suboptimal viability of the FMT aliquots cannot be completely ruled 

out as viability was not assessed.  

 

Another potential limitation of Section 4 was that the fecal donors did not have their fecal 

microbiota assessed. A recent review of FMT in veterinary medicine recommended fecal donors 

to have a fecal dysbiosis index less than zero116. Although subclinical dysbiosis of the fecal 



 

 

 108 

donors cannot be excluded, all donors were screened to ensure they did not have factors that 

would make them at risk for dysbiosis, including gastrointestinal disease, recent antibiotic 

administration, or consumption of a raw food diet. Additionally, the dysbiosis index would not 

have been able to rule out dysbiosis, as in some studies, the dysbiosis index in dogs with chronic 

enteropathy has not been significantly different from healthy controls67. Furthermore, utilizing 

the dysbiosis index or sequencing of their fecal microbiota would not allow for assessment of 

whether the bacteria are viable and would not allow for assessment of other potentially beneficial 

factors within the donor feces, including short chain fatty acids, secondary bile acids, or 

bacteriophages, amongst others. Furthermore, although factors constituting an optimal FMT 

donor in human medicine are better defined (including being enriched in Ruminoccaceae, 

Lachnospiraceae, Clostridium clusters IV and XIVa, and having greater overall diversity), these 

factors are not yet well characterized in veterinary medicine, making FMT donor screening based 

on assessment of the microbiota more challenging125. However, assessment of optimal FMT 

donor microbiota characteristics in veterinary medicine is an area worthy of further exploration 

in future investigations to facilitate more tailored FMT donor screening.  

 

The protocol for FMT preparation and administration utilized additionally had some limitations. 

A single administration of FMT was elected in this preliminary investigation, although a meta-

analysis in people demonstrated a higher remission rate in people with UC when more frequent 

FMT infusions were performed129. Therefore, the single FMT administration in this study may 

have been inadequate to result in a significant difference in clinical parameters in dogs with IBD. 

Future studies could compare different administration protocols to determine whether a more 

intensive FMT administration regimen would result in significant differences in the remission 

rate of dogs with IBD.  

 
 

5.3 Future Directions 

This thesis highlights the current state of knowledge of the canine gastrointestinal microbiota in 

health, IBD, and critical illness, along with the use of FMT as an adjunctive treatment in canine 

IBD.  
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Although significant differences were not appreciated between diseased groups for beta 

diversity, or between all groups (IBD,NIM, IM and healthy) for alpha diversity, future studies of 

larger sample size could aid in detecting more subtle differences between groups, to aid in 

determining whether a unique pattern of dysbiosis is present between different disease states.  

 

Additionally, future studies of larger sample size could create subgroups of patients based on the 

treatments they are receiving and investigate the individual effects of glucocorticoids or other 

therapies on the canine gastrointestinal microbiota, and on the rate of remission in dogs with 

IBD. Although our knowledge of the impact of antimicrobials on the microbiota is 

improving21,180, this would aid in better determining the impact of other medications (such as 

glucocorticoids, antacids, immunosuppressives) on the gastrointestinal microbiota in dogs. As 

our knowledge of the importance of the gastrointestinal microbiota continues to improve, better 

understanding the impact of medications and diet on the microbiota may impact our treatment 

decisions in prescribing these medications. Through controlling for the impact of medications 

and diet in future studies, it can aid in determining whether the similarities in community 

membership between diseased groups observed in this study was subsequent to a shared pattern 

of dysbiosis in diseased states or was subsequent to the treatments that those patients received.  

 

Although gastrointestinal dysbiosis has been noted in several conditions in people (including 

IBD, immune mediated disease, and critical illness), along with being noted in IBD dogs, it is 

unknown whether the dysbiosis present is a cause or consequence of chronic disease. Thereby, 

further studies analyzing the microbiota before and after the development of conditions such as 

IBD, immune mediated disease, and/or critical illness are needed to help establish if there is a 

role of dysbiosis in the pathogenesis of these conditions. 

 

Should dysbiosis be documented in dogs in further studies of greater power in conditions such as 

immune mediated disease and critical illness, the impact of manipulation of the microbiome in 

these conditions could be explored as a potential novel therapeutic approach. FMT has been 

investigated as a therapeutic approach in certain immune mediated diseases in people, including 
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multiple sclerosis, immune mediated dry eye, and graft versus host disease, and therefore could 

be explored as a potential treatment option in immune mediated diseases in dogs as well215–217. 

Manipulation of the microbiota has also been investigated in animal models of immune mediated 

disease. Manipulation of the microbiota in an investigation of mice with lupus nephritis regulated 

the lupus-associated immune response and lupus nephritis218.  

 

Due to the benefits of FMT noted in people with conditions such as C.difficile infection and IBD, 

along with parvovirus and acute diarrhea in dogs, FMT could potentially be of value in dogs with 

acute diarrhea, IBD, or other conditions associated with dysbiosis109,114,115. In this preliminary 

investigation, FMT was an easily applicable and well tolerated treatment option. As this study 

was underpowered to make efficacy and safety conclusions, a larger clinical trial assessing both 

the safety and efficacy of FMT in canine patients with IBD would be of value. However, this 

study demonstrated that FMT was an easily applicable treatment option. Therefore, should 

further studies of larger power demonstrate the safety and efficacy of FMT in dogs with IBD, it 

could become a more widespread and feasible treatment option as part of the protocol for 

treatment of IBD in dogs. Additionally, in studies of larger sample size assessing the efficacy of 

FMT as an adjunctive treatment in canine IBD, hierarchical regression modelling could be 

utilized to compare the diversity in the fecal microbiota between samples to facilitate for control 

of additional variables.  

 

This study additionally demonstrated a method of FMT donor screening, preparation and 

administration. Pooling of feces from 5 donors was elected in this study for FMT preparation. 

However, whether a pooled or single donor approach is more efficacious in canine FMT is 

uncertain and could be compared and investigated in future studies. Additionally, the optimal 

characteristics of FMT donors in canine patients has not been investigated. Thereby, future 

studies could investigate the optimal characteristics of FMT donors for dogs by analyzing the 

microbiota of the canine fecal donors and comparing the efficacy of FMT between various fecal 

donors.   
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Frozen FMT preparations were elected in this study. In a systematic review of FMT in human 

patients, clinical remission was seen in a similar proportion of patients with fresh vs frozen 

FMT109,120. However, whether the efficacy of frozen FMT preparations would apply to canine 

patients with IBD is uncertain, and therefore clinical trials comparing the efficacy of fresh versus 

frozen FMT preparations are warranted. Additionally, addition of glycerol has been previously 

advised for frozen FMT preparations and comparing the viability of frozen FMT preparations 

with and without glycerol addition would be of benefit to aid in determining the optimal storage 

conditions for FMT preparations.  

 

In the human literature, methods of FMT administration have varied from upper gastrointestinal 

(such as nasoduodenal) delivery to enema administration. Administration of FMT as retention 

enemas was elected in this study due to convenience of administration with this method. 

However, clinical trials comparing varying routes of administrations would be beneficial to 

determine the optimal delivery route of FMT in dogs to optimize both safety and efficacy. 

Furthermore, methods such as oral administration in pill form could be investigated, as this has 

shown promising results in people202. Additionally, a single administration of FMT was elected 

in this pilot study. However, studies comparing single vs multiple FMT infusions could be 

performed to determine whether more intensive administration protocols are warranted in 

conditions such as IBD. 

 

Restoration of secondary bile acids and of essential bile acid converting bacteria (such as C. 

hiranonis) have been suspected to be a potential benefit of FMT116. Therefore, assessment of 

restoration of secondary bile acids and select bacterial groups (such as C. hiranonis) could be 

considered in future investigations to determine whether this is a benefit of FMT in dogs. 

 

Biomarkers including cobalamin and CRP were assessed in this investigation. However, 

additional biomarkers including fecal calprotectin and anti-OmpC IgAs (ACA), antigliadin 

derived peptide IgAs (AGA), and anti-calprotectin IgA (ACNA) could be assessed in future 

studies of FMT in dogs to aid in determining the remission status of these patients throughout 

treatment.  
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This thesis highlights the vast amount of information to be gained in regard to the impact of 

varying disease states and medications on the canine gastrointestinal microbiota in health and 

disease, as well as the optimal method of FMT donor screening, preparation and administration 

for dogs with IBD. However, the results from this study can be used to help plan future larger-

scale studies investigating dysbiosis in different disease groups, as well as investigating the 

efficacy and safety of FMT in dogs with IBD. 

 
 

5.4 Conclusions 

In this thesis, we assessed alterations to the microbiota in healthy dogs, dogs with IBD, and dogs 

with critical illness. Community composition was significantly different between healthy dogs 

and diseased groups (IBD, NIM and IM) but not between diseased groups. Whether this 

represents a shared pattern of dysbiosis among varying disease states due to similarities in 

disease pathogenesis or due to similarities in treatments received requires further investigation. 

Additionally, enrichment of Proteobacteria in diseased groups, and enrichment of 

Faecalibacterium in healthy dogs was noted, similar to as has been observed in people50,206,207. 

Given the dysbiosis observed in canine IBD, treatment modalities such as FMT have been 

explored. In our investigation, FMT was additionally noted to be an easily applicable treatment 

option in canine patients with IBD. Dogs receiving FMT in addition to standard therapy had 

improved disease severity scores when assessed 30 days after enrolment, whereas dogs 

administered a placebo did not, thereby being potentially indicative of an early benefit in the 

clinical improvement of IBD in dogs that received FMT. However, the addition of FMT to the 

treatment protocol did not change patient outcome as measured by CCECAI at 90 days, nor did it 

result in any differences in albumin, CRP, and cobalamin levels, as well as fecal microbiota 

diversity and composition in dogs with IBD in this study, although a type II error cannot be 

excluded. Further studies are required to assess the efficacy, safety, optimal FMT donor/patient 

characteristics, and utility of FMT in a larger group of patients. Furthermore, exploration of the 

utility of FMT for more rapid clinical improvement in IBD is warranted in further investigations 

of greater power. 
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APPENDICES  
Appendix I Patient data for enrolled patients with IBD, immune mediated disease (IM), non-immune mediated hematologic disease (NIM), and 
healthy patients.  

ID Group Sex 
Age 
(years) 

Immunosuppressives at 
enrollment:  

Antimicrobials 
at enrollment: Working Diagnosis 

658852 IM MN 2.5 Yes No IMHA 
658967 IM MN  13.2 No No ITP 
658842 IM FS 7.9 No No IMHA 
659175 IM MN 11.1 No Yes ITP 
659662 IM FS 3.2 Yes No ITP 
659819 IM MN 8.3 No No IMHA 
641101 IM FS 10 Yes No ITP 
259359 IM MN 10.9 No Yes ITP 
659497 IM FS 4 No Yes IMHA 
659051 NIM FI 6.9 No Yes Gall bladder mucocele 
654640 NIM MN 2 No No Acute gastrointestinal upset 
659087 NIM FI 1.6 No No Seizures 
659470 NIM FS 5.8 No Yes Pyometra 
635542 NIM MN 12 Yes Yes Acute gastrointestinal upset 
659474 NIM MN 13.5 No No Abdominal mass 
659383 NIM FS 9.9 No No Hemangiosarcoma 
659380 NIM FS 11.1 No No Vestibular dysfunction 
659316 NIM MN 9.4 No No Splenic mass 
659201 NIM MN 7.9 No Yes Acute hepatopathy 
655903 NIM MI 9.5 Yes No Septic arthritis 
659590 NIM FS 7.6 No Yes Hemorrhagic gastroenteritis 
643055 NIM MN 13.5 No No Pericardial effusion 
659490 NIM FS 1.4 No No Myasthenia gravis 
642425 NIM MN 13 No No Abdominal mass 
659518 NIM FS 10.8 No No Intestinal mass 

659691 
NIM 

MN 3.7 No No 
Chronic lymphocytic 
leukemia 

660124 
NIM 

MI 3.2 No Yes 
Acute lymphocytic 
leukemia 

660199 NIM MI 2 No Yes Acute myeloid leukemia 
259169 NIM MN 11.1 No Yes Septic polyarthritis 
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640898 IBD FS 10 Yes Yes IBD 
654114 IBD FS 4.5 Yes No IBD 
655299 IBD MN 7.5 No No IBD 
659520 IBD FS 6.3 Yes No IBD 
654475 IBD FS 4.8 Yes No IBD 
658263 IBD FS 1.5 No No IBD 
660702 IBD FS 1.5 No No IBD 
614882 IBD FS 7.5 No Yes IBD 
663440 IBD FS 0.83 Yes No IBD 
1 Healthy FS 7 No No Healthy 
2 Healthy FS 2 No No Healthy 
3 Healthy MN 3 No No Healthy 
4 Healthy FS 13 No No Healthy 
5 Healthy FS 9 No No Healthy 
6 Healthy MN 3 No No Healthy 
7 Healthy MN 8 No No Healthy 
8 Healthy FS 8 No No Healthy 
9 Healthy MN 5 No No Healthy 
10 Healthy FS 7 No No Healthy 

Abbreviations: IMHA, immune mediated hemolytic anemia; ITP, immune mediated thrombocytopenia; MN, male neutered; MI, male intact; FS, female spayed; 
FI, female intact; IBD, inflammatory bowel disease; IM, immune mediated hematologic disease; NIM, non-immune mediated hematologic disease 
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Appendix II Initial patient data and diagnostic results for patients in FMT clinical trial 
ID Group Age 

(years) 

Sex Total 

protein 

(g/L) 

Albumin 

(g/L) 

Cholesterol 

(mmol/L) 

HCT 

(%) 

WBC 

count 

(x10^9

/L) 

Histopathology 

(morphologic diagnosis) 

Completed 

study? 

652113 FMT 10 FI 40 24 3.01 53 11.0 Small intestine: Chronic 
plasmacytic and 
lymphocytic enteritis 
 
Stomach: chronic 
lymphoplasmacytic gastritis 

Yes 

654114 FMT 5 FS 32 13 2.31 54 16.6 Small intestine: Chronic 
lymphoplasmacytic to 
granulomatous enteritis with 
villous blunting, 
lymphangiectasia, crypt 
ectasia and hyperplasia 
 
Stomach: chronic 
lymphoplasmacytic gastritis, 
with erosion and lymphoid 
hyperplasia 
 
Colon: Chronic 
lymphoplasmacytic colitis 
with edema 

Yes 

658521 FMT 4 MI 55 33 4.13 48 11.0 Small intestine: Plasmacytic 
enteritis with cryptectasia 
 
Stomach: Normal stomach 

Yes 

659520 FMT 6 FS 34 14 1.9 67 18.3 Small intestine: Chronic 
plasmacytic and 
lymphocytic enteritis, with 
cryptectasia 
 

Yes 
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Stomach: chronic 
lymphoplasmacytic gastritis 

614882 FMT 8 FS 30 17 N/A 44 19.2 Small intestine: Plasmacytic 
lymphocytic enteritis 
 
Stomach: Plasmacytic and 
lymphocytic gastritis with 
edema 

Yes 

663440 FMT 1 FS 53 29 6.23 45.8 6.72 Small intestine: 
Lymphoplasmacytic 
eosinophilic enteritis with 
villous atrophy 
 

Yes 

665759 FMT 7 MN 56 29 6.1 49 13.1 Small intestine: Chronic 
lymphoplasmacytic enteritis 
 
Stomach: chronic 
lymphoplasmacytic gastritis 
with lymphoid follicular 
hyperplasia 
 
Colon: chronic erosive 
lymphoplasmacytic colitis 
with hemorrhage 

No; 
euthanized 1 
month after 
enrolment due 
to suspected 
osteosarcoma 

640898 Placebo 10 FS 32 17 N/A   Small intestine: Chronic 
plasmacytic and 
lymphocytic enteritis, with 
crypt ectasia, hyperplasia 
 
Stomach: Chronic 
lymphoplasmacytic gastritis 
 
Colon: chronic 
lymphoplasmacytic colitis 
with edema 

Yes 

653470 Placebo 11 FS 23 11 1.87 46 22.1 Small intestine: Chronic 
lymphoplasmacytic and 
neutrophilic/erosive enteritis 

Yes 
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with moderate to marked 
crypt distension 
 
Stomach: erosive and 
lymphocytic gastritis with 
edema 

655299 Placebo 7 MN 31 10 N/A 31 29.6 Small intestine: Chronic 
lymphoplasmacytic enteritis 
with crypt distension 
 
Stomach: Chronic 
lymphoplasmacytic gastritis 

Yes 

654475 Placebo 5 FS 43 27 2.07 48 17.8 Small intestine: Chronic 
lymphoplasmacytic and 
pyogranulomatous enteritis 
 
Stomach: Chronic 
lymphocytic gastritis 

Yes 

658263 Placebo 1 FS 57 33 6.47 52 8.4 Small intestine: Chronic 
lymphoplasmacytic and 
neutrophilic enteritis 
 
Stomach: chronic 
plasmacytic and 
lymphocytic gastritis 

Yes 

660702 Placebo 1 FS 67 39 7.66 54 7.6 Small intestine: Chronic 
plasmacytic and 
lymphocytic enteritis 
 
Stomach: Chronic 
lymphoplasmacytic gastritis 
with edema 
 
Colon: Chronic plasmacytic 
lymphocytic colitis with 
edema and hemorrhage 

Yes 

Abbreviations: FMT, fecal microbial transplant; FS, female spayed; FI, female intact; MN, male neutered; MI, male intact; HCT, hematocrit 
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Appendix III Studies of fecal microbial transplant in dogs 
Study Study population Sample size Site of 

microbiota 
sampling 

Method of 
microbiota 
analysis 

Method of FMT Results 

Chaitman 
et al, 
2020115 
 
Clinical 
trial 

Dogs with acute 
diarrhea; 7 treated 
with 
metronidazole, 11 
with FMT, 14 
healthy control 
dogs 

32 Feces 16s rRNA 
gene 
sequencing 

-Single fecal donor 
-Single FMT 
administered with 5g 
of frozen donor stool 
per kg bodyweight 
-Donor feces mixed 
with 60-120mL saline 
and given as a rectal 
enema 
-Activity restricted 
for 4-6 hours after 
transplantation 

-Fecal consistency 
improved in FMT and 
MET groups by day 7 and 
28 
-Fecal consistency better in 
FMT group on day 28 
-DI decreased over time in 
FMT group, while in MET 
group it led increase in DI 
at day 7 and 28 compared 
to FMT and healthy dogs 
-Dogs treated with FMT 
had a decrease in cholic 
acid and % of primary BA 
-Treatment with MET led 
to an increase in cholic 
acid at day 7 
-FMT dogs had an increase 
in Faecalibacterium and 
C. hiranonis 

Diniz et al, 
2021219 
 
Case 
report 

Single patient 
with CDI (4yo 
female golden 
retriever) 

1 Feces -C.difficile 
A/B toxins 

-Single donor 
-65g feces mixed 
with saline 
-60mL solution 
administered into 
ascending colon via 
endoscope 
-patient kept elevated 
for 20 minutes 

-No diarrheic episodes 
after FMT 
-Post FMT stool sample 
negative for A/B toxins 
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Chaitman 
et al, 
2017220 
 
[Abstract] 
 
Case series 

8 dogs <8 months 
of age with 
treatment 
refractory Giardia  
infections and 8 
dogs with chronic 
enteropathy and 
no response to 
novel protein or 
antimicrobials 

16 Feces Dysbiosis 
index 

-Single donor 
-5g/kg stool diluted 
with 60mL saline 
administered via 
rectum via red rubber 
catheter (out-patient 
basis) 

-Dysbiosis index decreased 
significantly in dogs post 
FMT 

Berlanda et 
al, 2021221 
 
Case 
report 

9yo dog with CE 
for at least 3 years 

1 Feces 16s rRNA 
gene 
sequencing 

-One FMT capsule 
orally per day for 30 
days 
-Repeated 8 months 
later 
-Capsules from 
AnimalBiome Inc 
(Oakland, CA, USA) 

-Progressive improvement 
in diarrhea during 
administration 
-After first and second 
transplantation, receiver’s 
microbiome showed a shift 
towards the donors’ 
(decrease in % of 
Fusobacteria and increase 
in Firmicutes) 
-No adverse effects from 
FMT 

Bottero et 
al, 2017222 
 
Case series 

16 adult dogs with 
severe, refractory 
IBD >1y duration 

16 Not assessed Not assessed -Endoscopically and 
orally (9 dogs), orally 
(7 dogs) 
-60-80g feces for 
dogs <20kg, 100-
150g stool for dogs 
>20kg 
-1:1 dilution with 
saline, mixed with 
low-fat yogurt as 
enrichment solution 

-Mean CCECAI decreased 
in most dogs followed 
FMT 

Gal et al, 
2021223 
 
Pilot study 
 

-8 Dogs with 
AHDS from New 
Zealand and 
Australia 

8 Feces 16S rRNA 
gene 
sequencing 

-Stool homogenized: 
1 part stool:4 parts 
saline 
-Administered via 
colonoscopy 

-No significant differences 
in median AHDS clinical 
scores between FMT-
recipients and controls 
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-10-15mL/kg instilled 
into ascending colon 

-Increased SCFA-
producing genera’s 
abundances after FMT 
-Shannon diversity index 
did not change in those 
given placebo, but 
increased in those given 
FMT 

Burton et 
al, 2016224 
 
RCT 
 

-11 puppies 
postweaning  

11 Feces 16S rRNA 
gene 
sequencing 

-Orally administered 
-10mL fecal 
suspension (100g 
pooled dam feces 
mixed with 200mL 
2% cow’s milk) 

-Wide variability of 
microbiome in puppies, no 
clustering with donor 
observed 
-No puppies had diarrhea 
(in FMT or placebo group) 

Pereira et 
al, 2018114 
 
Clinical 
trial 
 

-66 puppies with 
parvovirus 

66 Feces Not done -10g of donor feces 
diluted in 10mL of 
saline, administered 
rectally 
-Patient maintained in 
lateral recumbency 
for 2 minutes 
-FMT performed 6-
12 hours post 
admission and 
repeated every 48 
hours until resolution 
of diarrhea OR a total 
of 5 applications 

-FMT was associated with 
faster resolution of 
diarrhea and shorter 
hospitalization time 

Niina et al, 
2021191 

-9 dogs with IBD 9 Feces Quantitative 
PCR, 16S 
rRNA gene 
sequencing 
(3 dogs) 

-Fresh feces from 5 
donor dogs 
-3kg/kg feces 
dissolved in Ringer’s 
solution 
-10mL/kg 
administered as rectal 
enema 

-Proportion of 
Fusobacterium was 
increased in post-FMT 
fecal microbiome 

Abbreviations: MET: metronidazole, FMT: fecal microbial transplantation, CDI: C. difficile infection, IBD: inflammatory bowel disease, CE: chronic 
enteropathy, SCFA: short-chain fatty acid, DI: dysbiosis index 
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