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Part 1 Introduction

Dysbiosis 
● The gut microbiota plays a vital role in digestion, immune 

modulation, and metabolism. 
● An imbalance—known as dysbiosis—has been linked to various 

chronic conditions, including: Inflammatory bowel disease, obesity, 
diabetes, allergies 

● Cause
○ Overuse of antibiotics
○ Lack of dietary diversity 
○ Environmental factors
○ Genetic predisposition: Boston Terriers, Shih Tzus, French 

Bulldogs, German Shepherds, Bichon Frises
○ Medical interventions: H2 blocker, NSAIDs, Steroid

Figure 1. Overview of the impact of the domestic environment on the 
gut microbiota and health of humans and pet dogs.
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Clinical disorders associated with Dysbiosis 

● Gastrointestinal disorders
: Chronic diarrhea, IBD, Food intolerance 
: Dysbiosis can alter mucosal immunity, impair digestion, and 
trigger chronic inflammation in the gut 

● Atopic dermatitis: Gut-skin axis  
● Liver disease: Gut-liver axis 
● Chronic kidney disease: Gut-kidney axis  
● Pancreatitis 
● Neurological disorders: Gut-brain axis  
● Neoplasia

Figure 2. Human microbiota dysbiosis contributes to various diseases
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FMT, Fecal Microbiota Transplantation

● A therapeutic procedure where feces from a healthy 
donor dog or cat—rigorously tested for safety (PCR) and 
efficacy (NGS)—are transplanted into patients with gut 
microbiota imbalance.

● Helps regulate immune and inflammatory responses, 
improving clinical symptoms.

● Administration routes
○ Oral capsules: easy and non-invasive, no anesthesia 

required
○ Rectal infusion: liquid transplant delivered via the 

rectum
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NGS in Gut Microbiota Analysis 

● NGS, Next-generation sequencing 
○  Enables precise analysis of microbial communities

● Diversity Index 
○ Shannon and Simpson index help compare microbial diversity 

across samples 
● Abundance 

○ Quantifies the relative presence of specific bacterial taxa
● Functional prediction 

○ Estimates capabilities such as SCFA production or presence of 
antibiotic resistance genes 

● Disease association 
○ identifies microbiota patterns linked to obesity, inflammation, 

autism, IBD

Figure 3. Next-Gen DNA sequencing technology in 
veterinary medicine 
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Mechanism of FMT in dogs 

Figure 4. Potential mechanism of FMT
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Short-chain fatty acids (SCFAs)

SCFAs

● SCFAs include acetate, propionate, and butyrate.
● They are the end products of bacterial fermentation of 

non-digestible dietary fibers in the colon.

Functions of SCFAs

● Immunomodulation
○ ↑ Anti-inflammatory cytokines (e.g., IL-10, TGF-β)
○ ↓ Pro-inflammatory cytokines (e.g., IL-6, IL-8, TNF-α)
○ ↑ Activation of Foxp3 (a key transcription factor for immune 

regulation)
● Antidiarrheal and Motility Regulation

○ SCFAs help modulate GI motility and fluid balance.

● Colonization Resistance
○ SCFA production lowers colonic pH, inhibiting growth 

of pH-sensitive pathogens like Enterobacteriaceae and 
Clostridia.

○ SCFA-rich environments suppress virulence and 
colonization of enteropathogens.
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Figure 5. Fecal short-chain fatty acid (SCFA) concentrations in healthy 
control (HC) dogs and dogs with chronic enteropathy (CE). 

Short-chain fatty acids (SCFAs)

● SCFAs levels in dogs with chronic enteropathy 
○ Clinical studies show that dogs with chronic 

enteropathy (CE) 
○ exhibit significantly lower fecal concentrations of 

SCFAs compared to healthy controls (HC)
● The reduced SCFA levels in dogs with CE correlate with 

significant dysbiosis, suggesting a disrupted 
host–microbiota–metabolite axis. This supports the 
rationale for therapeutic approaches like FMT to 
restore balance.
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Chronic Enteropathies 

● Some dogs are non-responsive to standard treatments (diet, 
antibiotics, immunosuppressants).

● FMT is being explored as an adjunctive therapy for such 

refractory cases.

● 15–43% of CE dogs are non-responsive (NRE), with poor 

long-term prognosis and increased risk of euthanasia

● Dysbiosis in CE 
○ Meta-analyses show significant dysbiosis in dogs with 

GI disease compared to healthy dogs.
● Dysbiosis features:

○ ↓ Diversity
○ ↓ Abundance of Faecalibacterium, Fusobacterium, 

Blautia, Turicibacter, Clostridium hiranonis
○ ↑ E. coli

● Population: 41 dogs with CE (age: 0.6–13 years, median 5.8)

FMT protocol:

● Route: Rectal enema
● Frequency: 1–5 treatments (median: 3), spaced 10–20 days 

apart
● Dose: 5–7 g/kg body weight
● Administered alongside ongoing diet and medications
● Fasting: Withhold food for ≥6 h prior; water allowed.
● Exercise: Dogs were walked for 30–60 min to encourage 

defecation.
● Premedication: Acepromazine 0.1 mg/kg SC, 15 min before FMT
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Chronic Enteropathies 

● CIBDAI score (Canine Inflammatory Bowel Disease 

Activity Index):

○ Baseline: median 6 (range 2–17)

○ After FMT: median 2 (range 1–9) → significant 

improvement (p < 0.0001)

● Disease activity at baseline was further compared 
between good responders (n = 26) versus 
short-lasting and poor responders combined (n = 15), 
but there was no significant difference between the 
groups.

Figure 7. Canine inflammatory bowel disease activity index (CIBDAI) in 41 dogs 
with chronic enteropathy treated with FMT before FMT and after FMT 3 in 
dogs receiving 3 or more FMTs. For dogs only receiving 1 or 2 FMTs, the 
follow-up CIBDAI was calculated after the single FMT or the last of the 2 FMTs. 
Short horizontal lines represent median. The long striped line represents 
CIBDAI of 3, which is the upper limit for clinically insignificant disease. 
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Chronic Enteropathies 

Response rate

● 31/41 dogs improved

● 24/41 had better stool quality

● 24/41 showed increased activity

Medication Adjustment

● 12 out of 41 dogs: Reduce corticosteroid dosage, or 

Discontinue antibiotic use after FMT

● 10 of those 12 dogs, corticosteroid doses could be tapered 

to levels that had not been achievable prior to FMT

● The remaining 2 dogs:

○ Previously experienced frequent flare-ups, managed 

only with metronidazole or tylosin

○ After FMT, both dogs could stop regular antibiotics 

for 3 to 20 months

Figure 8. Flow-chart of the classification of response to FMT. Good 
responders also had to have a minimum CIBDAI improvement of 2 
compared to baseline. If baseline CIBDAI was 4–5, indicating mild 
clinical disease activity, the response was graded as good if the CIBDAI 
was consistent, but maintenance therapy could be tapered to doses 
that had not been possible before.
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Chronic Enteropathies 

Adverse Effects 

● 10 out of 41 dogs experienced side effects after 
FMT: 7 responders, 3 non-responders

● Gastrointestinal Effects
○ 7 dogs had diarrhea or worsening of 

diarrhea within 48 hours post-FMT.
○ In all but one non-responder, symptoms 

resolved spontaneously within 2–3 days.
○ 4 of these 7 dogs reacted only to one out of 

three FMTs

1. One dog (responder):

● Flare-up of diarrhea + occasional vomiting
● Occurred 1 week after each of the 3 FMTs, lasted up to 48 

hours

2. Dog with HUC (histiocytic ulcerative colitis):

● After FMT 1 and 2: 2–3 days of flatulence, foul-smelling 
feces, and mild vomiting

● No side effects after FMT 3

3. One dog experienced:

● Rectal straining and discomfort for 4 hours, starting 2 hours 
after FMT 1

● Management for FMT 2 and 3: No further side effects after 
FMT 2 and 3
○ Premedication with higher dose of acepromazine
○ Use of rectal suppository (Xyloproct: hydrocortisone + 

lidocaine)
○ Reduced transplant volume by mixing with less saline
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Chronic Enteropathies 

Table 1. Long-term outcome (3–40 months) in 41 CE dogs treated with FMT as an adjunctive therapy.
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Chronic Enteropathies 

Clinical effects of FMT

● Improved fecal quality 
● Increased activity 

Mechanisms of Increased activity 

● Reduced inflammation and pain
● Altered gut-brain axis
● Microbial production of neurotransmitters (e.g., GABA, 

dopamine)
● SCFAs ↑ → serotonin synthesis (95% of 5-HT resides in gut)

Antibiotic-sparing effect 

● FMT reduced or replaced the need for antibiotics in 3 out 

of 4 dogs where this was a treatment goal.

● Tylosin and metronidazole, as broad-spectrum antibiotics, 

are known to induce long-lasting dysbiosis in dogs.

● In humans, early-life antibiotic exposure increases the risk 

of IBD, especially with broad-spectrum and repeated use 

(n=194,163; case–control study).

● There’s evidence of antimicrobial resistance gene sharing 

between dogs and humans in the same household.

● A good response to FMT in a dog with relapsing HUC, 

which typically requires restricted antibiotics, is particularly 

promising—no relapse over 2 years post-FMT.
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Chronic Enteropathies 

Sequential FMT justification 

● Across studies, dysbiosis recurred after 3–4 weeks 
post-FMT.

● In the current study, 23/31 responders improved further 
after the second FMT.

● In three dogs, relapse signs just before FMT #2 were 
reversed after the procedure.

● Similarly, repeat FMTs were beneficial for relapse in 
human patients.

Positive Metabolic Shifts Post-FMT

● In humans, positive FMT outcomes have been associated 
with increased SCFA biosynthesis and secondary bile acids.

Functions of SCFAs

● Activate regulatory T cells, reduce inflammation
● Inhibit TLR signalling, serve as energy for colonocytes
● Regulate gut motility, maintain intestinal barrier integrity

● Lack of SCFA-producing bacteria is associated with 
inflammation and dysfunction

Bile Acid Dysmetabolism, Bile Acid Diarrhea  

● Positive response to cholestyramine in 2 non-responders 
and 1 short-term responder supports this.

● Reduced Clostridium hiranonis and secondary bile acids 
has been seen in dogs with CE.

● A lack of secondary bile acids may promote dysbiosis by 
failing the growth of pathogens like C. difficile, E. coli, and 
others
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CASE 2 - Pancreatitis
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CASE 2 - Pancreatitis 
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CASE 3 - 항암 부작용
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CASE 4 - Chronic diarrhea (unknown cause)
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CASE 5 - Refractory IBD 
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CASE 5 - Refractory IBD 

● Patient selection, the timing of FMT, administration 
route, how much of FMT and routine treatment 
(Top-Down approach) likely impact the outcomes of FMT. 
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Atopic dermatitis

Gut-Skin Axis
● Dysbiosis (Microbial diversity ↓)
● Inflammatory cytokine modulation: Gut inflammation → 

systemic inflammation → impair skin barrier function 
● Reduced SCFAs production: Low SCFAs → increased skin 

inflammation, impaired skin immune balance
● Increased gut permeability (leaky gut): translocation of 

microbial toxins into the bloodstream may trigger skin 
reactions

● Loss of immune tolerance: Dysbiosis → reduction in Treg 
cells → excessive immune responses 
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Atopic dermatitis

FMT  
● Activation of regulatory T cells (Tregs) → immune 

tolerance and anti-inflammatory regulation in 
skin

● Mitochondrial regulation → promote fatty acid 
oxidation (FAO) → maintain epidermal barrier 
integrity 

● Regulation of NHEKs (normal human epidermal 
keratinocytes) → promote keratinocyte 
differentiation → strengthen skin barrier 

● Regulation of HaCaT cells → reduce 
pro-inflammatory cytokine secretion

● Modulation of the skin microbiome 
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CASE 6 - Atopic dermatitis 
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Atopic dermatitis

Indication 

● Limited or partial response to standard treatment 
(corticosteroids, antihistamines, cyclosporine, 
oclacitinib)

● Comorbid allergic dermatitis and IBD: strongly 
indicates gut dysbiosis 

● History of frequent antibiotic or steroid use: loss 
of microbial diversity 

Figure 7. Changes in clinical scores of 12 dogs with atopic 
dermatitis after a single oral fecal microbiota 
transplantation. (a) Canine Atopic Dermatitis Extent and 
Severity Index (CADESI)-04. (b) Pruritus Visual Analog 
Scale (PVAS). (c) Medication score. 
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Brain Diseases 

Gut-Brain Axis
● Gut-Brain are closely connected, interacting 

through the immune system, vagus nerve, and 
endocrine system

● Regulation of Neurotransmitters
○ Gut microbiota influence the production of 

neurotransmitters like GABA and serotonin
○ More than 90% of serotonin is produced in 

the gut
● Modulation of Inflammation and Immune 

Response
● Direct Signaling via the Vagus Nerve

FMT 
● Restoration of microbial diversity → reduced intestinal inflammation, 

immune homeostasis → restore brain function
● Increased SCFAs production → reduce neuroinflammation, protect 

neurons
● Normalization of neurotransmitter metabolism (GABA, serotonin) →  

reduce anxiety, stabilize mood, lower seizure sensitivity 
● Improved gut barrier function →  repair leaky gut →  reduce 

neurotoxicity, inflammation
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Brain Diseases 

Indication 
● Epilepsy: reduce the frequency and severity of seizures 
● CCD (Canine Cognitive Dysfunction): help slow cognitive decline and improve behavioral disturbances in CCD
● Anxiety, Separation anxiety, aggression: promote emotional regulation and anxiety relief 
● Obsessive-Compulsive and abnormal behaviors: restore balance in neurotransmitter metabolism (GABA, Serotonin) 
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CASE 7 - Canine Epilepsy 

Dogs, Study design 
● 9 dogs with drug-resistant epilepsy and behavioral comorbidities 

FMT protocol 
● 2.5 - 5 g/kg, three FMTs were administered, 2 weeks apart 
● At least two-thirds of the catheter was inserted rectally into the colon, 

depending on body size and tolerance
● No sedation or anesthesia was needed
● Dogs were discharged home immediately after FMT
● Feeding and physical activity were restricted for 4–6 hours 

post-procedure to reduce risk of defecation
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CASE 7 - Canine Epilepsy 

Figure 4. (A–C) The figures show significant improvement 
in (A) attention deficit hyperactivity disorder (ADHD) 
impulsivity and (B) non-social fear and chasing behavior 
from canine behavioral assessment and research 
questionnaire (C-BARQ) and (C) seizure severity and 
frequency, and carer anxiety around the seizure event 
from quality of life questionnaire (EpiQoL). 

(A) Reduction in ADHD-like Impulsivity
● Significant decrease in impulsivity and inattention 

after FMT (*p < 0.05)

(B) Decrease in Non-Social Fear and Chasing Behavior
● Notably reduced post-FMT (*p < 0.05)

(C) Decreased Seizure Severity & Caregiver Anxiety
● Both seizure events and owner stress levels 

significantly improved (**p < 0.01)
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CASE 7 - Canine Epilepsy 

Figure 4. Box and whisker plots demonstrate a comparison of the urinal 
neurotransmitter concentration at the first appointment before FMT 
(V1) with the fourth (V4, three months after FMT) and fifth follow-up 
time point (V5, six months after FMT). 

● The excitatory neurotransmitters aspartate and glutamate were 
decreased, while the inhibitory neurotransmitter 
gamma-aminobutyric acid (GABA) and GABA/glutamate ratio 
were increased compared to baseline. 

Conclusion
● Behavioral comorbidities in canine IE could be alleviated by FMT. 
● This study highlights FMT’s potential as a novel approach to 

improving behavioral comorbidities and enhancing the quality of 
life in canine patients with epilepsy.
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Liver Diseases 

Gut-Liver Axis
● Dysbiosis → Gut barrier damage → increased intestinal 

permeability → gut-derived toxins (LPS, lipopolysaccharide) 
→ enter the portal circulation → liver 
○ Inflammatory response
○ Activation of immune cells and cytokine release 
○ Progression to liver fibrosis, cirrhosis 

FMT 
● Suppression of LPS-producing bacteria → reduces 

endotoxin influx to the liver → alleviates hepatic 
inflammation 

● Increased production of SCFAs → anti-inflammatory effects, 
immune regulation 

● Modulation of bile acid metabolism 
● Management of HE → decreases ammonia-producing 

bacteria 
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Liver Diseases 

Indication 
● Elevated liver enzymes of unknown origin
● Chronic hepatitis or cirrhosis 
● Hyperammonemia, hepatic encephalopathy 
● Poor response to standard hepatic support (SAMe, Silymarin, hepatic diet)
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Cancer 

Gut-Cancer Axis
● Dysbiosis → chronic inflammation → carcinogenesis 
● Loss of beneficial microbes → weakened anti-tumor immunity
● Intestinal barrier damage → leaky gut → endotoxins (LPS) 

translocate into circulation → systemic inflammation 
● Chemoresistance microbiota → therapeutic efficacy ↓, side effects ↑ 

FMT 
● Restores microbial balance → reduces inflammation, stabilizes 

immune function 
● SCFAs production ↑ → reduce neuroinflammation, protect neurons
● Improves intestinal barrier integrity → reduces anxiety, stabilizes 

mood, lowers seizure sensitivity 
● Restores immune cell function → normalize the tumor immune 

microenvironment 
● Improves response to cancer therapy, enhance antitumor immunity 



Part 3 Clinical Application of FMT

Cancer 

Indication 
● Severe GI side effects (diarrhea, inappetence, colitis) during chemotherapy
● Immunosuppression leading to recurrent or chronic infection/inflammation
● Poor or rapidly progressing response to cancer therapy
● High risk of dysbiosis due to repeated antibiotics, polypharmacy, or advanced age

Therapeutic value of FMT

● Resets the intestinal ecosystem and restores systemic homeostasis
● Enhances immune function, alleviates side effects, and regulates inflammation
● Supports improved clinical condition, better treatment response, and enhanced quality of life
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