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Scientific Summaries

Microbiome research has generated a wealth of information, but the science can become lost in
translation from research to actionable interventions in clinical veterinary practice. The annual
Purina Institute Microbiome Forum Virtual Event, the first of which was held in November 2021,
is dedicated to providing clinically relevant microbiome science for practicing veterinarians.

The summaries presented here provide an overview of the scientific content as well as guidance
for its translation to clinical practice. These summaries were prepared based on Al-generated
summaries from the event transcript, further modified by the Purina Institute team based on the
content of the presentations and the Q&A and panel discussions, and have been reviewed and
approved by the presenters. The summaries present the speakers’ perspectives, and do not
necessarily reflect the views of the Purina Institute or the Nestlé Purina PetCare Company or its
affiliates.

To view the presentations on demand, please visit
purinainstitute.com/events/microbiome-forum-lectures
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The Microbiota-Gut-Brain Axis in Health and Disease
Jatin Nagpal, BSc (Hons), MSc, PhD, PG Cert Teaching & Learning in Higher Education

Microbes have existed for billions of years, shaping life on Earth long before humans appeared; if
you took all life on Earth and put it on a calendar, with right now as the cusp of a new year,
microbes arose in March and dinosaurs emerged in December. Animals, including humans,
evolved in a microbial world, resulting in intricate interdependence between host systems and
resident microorganisms.

The microbiome consists of trillions of organisms—including bacteria, archaea, viruses, fungi, and
protozoa—living on and within the body, with the greatest density in the gastrointestinal tract.
Microbial and human cells are of similar order of magnitude in number, and total bacterial
biomass in humans has been estimated at roughly ~0.2 kg (wet weight).

The microbiome is not a static entity; it dynamically shapes and is shaped by host physiology
across the lifespan. Early life is a sensitive window: initial microbial exposure around birth,
feeding mode, antibiotics, infection, diet, and psychosocial stress can all influence community
assembly and function. In preclinical models, altering the microbiota (e.g., germ-free rearing,
antibiotics, probiotics, or fecal microbiota transfer) can modify stress reactivity and
social/anxiety-like behaviours; effects depend on donor/recipient factors, housing, diet, and the
behavioural assays used. Notably, several studies report that transferring microbiota from
individuals with depression into rodents can induce depression-like phenotypes, supporting a
potential causal contribution in some contexts.

The gut—brain connection is ingrained

The gut—brain link is evident in our everyday language (for example, “gut instinct,” “gut feelings,”
“gut-wrenching,” “butterflies in the stomach,” feeling “gutted,” “trust your gut”) and deeply rooted
in our physiology. The microbiota-gut-brain axis (MGBA) involves bidirectional crosstalk,
including bottom-up (gut-to-brain) and top-down (brain-to-gut) communication, in both direct
and indirect pathways.

»” «

Research has identified the major communication pathways of the MGBA:

* Vagus nerve (Cranial nerve X): With a name that means “wandering,” the vagus nerve has
multiple connections and provides a major bidirectional communication route between the
gut and brain. Visceral sensory signals are relayed to brainstem nuclei with downstream
influence over limbic and cortical circuits, while parasympathetic efferents modulate gut
motility, secretion, and immune tone. Some microbial metabolites (e.g., short-chain fatty
acids and tryptophan-derived metabolites) can engage enteroendocrine and sensory
pathways that, in turn, influence vagal activity, mood, and behaviour.

= Systemic circulation: The gut microbes act as biochemical factories that transform dietary
components into bioactive metabolites (e.g., short-chain fatty acids, bile acid derivatives,
indoles, and other tryptophan metabolites). These microbial products—and host-derived
mediators they trigger—can enter the circulation and influence blood—brain barrier function,
neuroinflammation, and neurotransmission. It is more precise to say microbes modulate host
cytokine and hormone signalling, rather than directly “producing” cytokines.

* Immune system and enteroendocrine signaling: This includes microbiota—immune
cell crosstalk and epithelial sensing pathways, including the functions of enteroendocrine
cells. The microbiota help train the developing immune system and shape inflammatory set-
points; disruptions can alter host inflammatory mediators (cytokines and chemokines), with
consequences for systemic and brain inflammation. Enteroendocrine cells and other gut
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sensory epithelial cells act as rapid transducers of luminal cues, releasing hormones and
neurotransmitters that can signal locally to nerves and immune cells and systemically to the
brain.

* Hypothalamic-pituitary-adrenal (HPA) axis: This is the evolutionarily conserved stress
axis, mediated by glucocorticoids (cortisol in humans and zebrafish; corticosterone in many
rodents). Stress responses via the HPA axis can reshape gut physiology (motility,
permeability, and immune activity) and thereby the composition and function of the gut
microbiota. Conversely, microbiota manipulations in animal models have been shown to alter
HPA reactivity and stress resilience, demonstrating bidirectional control.

= Barrier systems: Gut and blood—brain barriers, both vascular and epithelial, regulate
microbial metabolite access to the brain. Integrity of these barriers is crucial for
neuroprotection.

The exposome shapes the microbiome and gut-brain axis

The exposome refers to the totality of environmental exposures across the life course. Many
exposures—diet, medications (especially antibiotics), circadian disruption/sleep, infections,
pollutants, psychosocial stress, and the built/social environment—can influence the microbiome
and its downstream effects on host physiology. Diet is a major determinant of microbiota
composition; broadly, diverse plant-rich diets and fermentable fibre intake are associated with
greater microbial diversity and short-chain fatty acid production. Conversely, chronic stress,
disrupted sleep/circadian rhythms, and antibiotic use are commonly associated with reduced
diversity and altered microbial function. Some lifestyle factors (e.g., contact with animals, social
context) have been associated with microbiome differences, but effects are variable and context-
dependent.

From the perspective of the gut-brain axis, diet and nutrition allow us to leverage the gut
microbiome to benefit brain health and behavior. For example, studies evaluating certain
probiotics, prebiotics, postbiotics, and fermented foods have shown these dietary interventions
may reduce anxiety, depression, and the stress response, while enhancing cognition.

Are we overselling the microbiome?

Beware of the hype and fads driven by increased public awareness of the gut-brain axis and profit-
driven products and programs making unverifiable claims. Thanks to ongoing research, we have
strong correlation, but we still need to prove causality, evaluate the mechanisms (including the
identification of the mechanisms preserved across species), and perform more rigorous trials. It’s
a human tendency to look for a “magic bullet” — one easy intervention that solves all of the
problems — but we need a multimodal approach because it truly is a complete ecosystem.

Putting the science into practice:

"  Gut microbiota profoundly influences brain and behavior through multiple pathways.
®  Stress, diet, and antibiotic use can alter microbiota, affecting behavior and immunity.
® Diet and lifestyle are critical levers for microbiota modulation.

® C(Clinicians, researchers, and other health professionals should consider microbiome-informed
strategies (dietary guidance, judicious antibiotic use, and evidence-based biotics where
appropriate) alongside established approaches, as part of comprehensive plans for health,
well-being, and disease management.
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The Gut-Brain Axis in Veterinary Behavioral Medicine: Evidence

and Clinical Practice
Julia Albright, MA, DVM, DACVB

Meet Otis
Otis was a 2-year old Husky mix who presented for aggression toward unfamiliar dogs, He had
been adopted form a shelter at 6 weeks of age. Since then, he has been in multiple fights and has
sustained injuries that necessitated repeated courses of antibiotics and wound care. His owner
also reported that Otis was a “picky eater” and would get diarrhea when he was stressed (fecal
score 3-5).

Behavioral evaluation revealed a dog who showed fearful, conflicted and frustrated body language
when exposed to other dogs, especially when Otis was on leash. He also had a tendency to pace
and pant and was sensitive to noises, hypervigilant, and easily startled even when dogs were not
present. Physical findings and bloodwork were within normal limits other than loose stools.

Otis was diagnosed with inter-dog aggression driven by fear and frustration, generalized anxiety
disorder, and possible chronic enteropathy. The initial treatment plan included behavior
modification and environmental management to create more relaxation and meet his needs
without increasing his stress and anxiety; a selective serotonin reuptake inhibitor (SSRI)
antidepressant (fluoxetine) for anxiety; and a GI workup for the possible chronic enteropathy.
Otis steadily improved with this approach, until his environment changed due to his owner’s
relationship. With a change from a solely suburban environment to periodic stays in an urban
high-rise, he demonstrated relapsed aggression, diarrhea, and hyporexia and once again became
a tense, stressed dog. His management was adjusted with the addition of an alpha-2-adrenergic
medication (clonidine) before and during anticipated urban visits, as well as a synbiotic (probiotic
and prebiotic fiber supplement) and a hydrolyzed diet trial. Otis showed clear improvement and
stabilized with this multimodal plan.

Clinical Insights from Otis’ case
Why the regression? Did the aggression and GI issues relapse independently, or was there

some interaction between these two systems? Or is there a central upstream mechanism
affecting both? There is mounting evidence for the latter; the correlation between stress,
anxiety, and GI disease suggests shared mechanisms.

Environment Gl disease

Image provided by Dr. Albright

The gut—brain axis
The gut-brain axis (GBA) is a complex pathway that involves the immune, endocrine, and nervous
systems as well as microbial products (see the summary of Dr. Nagpal’s presentation for more
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information). The vagus nerve (Cranial nerve X) appears to play a pivotal role in the behavioral
impact of the GBA, and provides parasympathetic balance as well as anti-inflammatory effects.

Chronic stress activates the amygdala and the hypothalamic-pituitary-adrenal (HPA) axis, leading
to cortisol and norepinephrine release. This can in turn lead to inflammation, altered GI
tryptophan and serotonin metabolism, altered GI motility, dysbiosis, increased enteric
permeability, immune dysregulation, vagal withdrawal, and visceral hypersensitivity. This creates
further inflammation, turning the gut-brain axis into a continuous inflammatory feedback loop
that propagates neuroinflammation and GI disruption.

GBA dysregulation can manifest as both gastrointestinal signs such as diarrhea, constipation,
nausea, vomiting, and regurgitation, and CNS signs including hypervigilance, aggression, anxiety,
depression, and cognitive decline. In humans, comorbidity of GI and behavioral changes are
common in many neurologic conditions such as Alzheimer’s disease, epilepsy, and Parkinson’s
disease and conditions that present as with primary GI symptoms like Irritable bowel syndrome
(IBS), inflammatory bowel disease (IBD), and functional dyspepsia (gastroparesis). The latter are
known as Disorders of Gut Brain Interaction due to the lack of obvious structural abnormalities
and strong correlation between stress, GBA disruption and clinical signs.

Otis’ “perfect storm” for GBA dysregulation

The microbiome may also help explain an individual’s emotional resilience, or ability to resist the
effects of stress or rebound after a stressful experience, and that resilience is heavily impacted by
early-life challenges and changes to the microbiome that occur during and individual’s
development. In addition, microbiome maturation and neurodevelopment are intrinsically linked
(see the summary of Dr. Nagpal’s presentation for more on this). Otis’ known early-life
experiences like as premature maternal separation, and psychological stress from the shelter and
negative dog interactions, as well as poor nutrition, possible infections, antibiotics, and recurring
enteropathy were all factors that created a “perfect storm” for dysbiosis and GBA dysregulation.

Behavioral signs of Gl disease
Dogs and cats with GI disease may demonstrate a number of behavior signs, including:
" Altered elimination patterns

" Altered appetite and feeding behaviors including hyporexia or anorexia due to nausea,
dental pain, and/or visceral pain

" Stress displacement behaviors such as excessive licking (beyond itching or attention-
seeking) of surfaces and “air licking”/”fly biting” behaviors, circling, tail chasing

®  Pica

" Altered activity (including pacing)

B Altered social interactions, including separation-related behaviors

® Sleep-wake cycle disturbances

®  TIrritability and/or aggression, possibly linked to visceral pain and a lower emotional
tolerance threshold due to increased cognitive load

Treatment Strategies
Successful management of these cases requires a biopsychosocial approach that addresses
anxiety/stress reduction and GI health for optimal outcomes.
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Medications in the toolbox include antidepressants (SSRIs,
SNRIs, TCAs), anti-inflammatories, analgesics (e.g.,
gabapentin), situational meds (e.g., trazodone,

Medications

Adjunctive

benzodiazepines, clonidine). Recent evidence suggests that therapies

the action of antidepressants may be due at least in part

their anti-inflammatory effects. Antidepressants may also Environmental Modification
have an antimicrobial effect, which could potentially Behavior Modification
improve or worsen dysbiosis. Much more research is ;

needed on the impact of antidepressants on the Client education
microbiome. _ Health: Physical and mental

Microbiome-based interventions include psychobiotics
(probiotics that are shown to affect behavior), prebiotics
and fiber, synbiotics, postbiotics, and fecal microbiota Treatment

transplant (FMT) Image provided by Dr. Albright

Other adjuncts include omega-3 fatty acids (EPA/DHA), medium-chain triglycerides, and amino
acids/neurotransmitter supplements (e.g., tryptophan, L-theanine, a-casozepine). Vagal nerve
stimulation is showing promise to treat GBA dysregulation in people by ‘resetting’
parasympathetic tone, although little evidence on its use is available in cats or dogs.

Putting the science into practice:

®  Behavior problems are almost always a chronic issue, and treatment requires good client
communication and education.

®  There is a strong association between behavior, emotion, and gut health. Inflammation is a
key mediator, and addressing both gut and emotional health is critical for optimal outcome.

®  When a GI disease is identified but no organic etiology can be identified, consider the
possibility of GBA dysregulation as an inciting cause.

" Early-life stress, poor nutrition, and antibiotic exposure may predispose animals to GBA
dysregulation.

®  Comprehensive management includes:

=  Addressing comorbidities (such as GI disease)

= Providing appropriate outlets for species specific behavior (e.g., social interactions,
play, and aerobic activity)

= Identifying triggers of fear or stress, and creating new emotional associations as well
as behavior responses through behavior and environmental modifications

* Pharmaceutical, nutritional, and adjunct therapies are used to facilitate new learning

* Microbiome modulation through diet, (pre-, pro-, syn-, post)biotics, and FMT
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Gut Feelings — The Link Between Gut and Mood

Ulrika Ludvigsson, DVM, Swedish Specialist in Diseases of Dogs and Cats

There is a complex interplay between chronic enteropathy (CE) and emotional health in dogs.

Clinical case examples of the link between gut and mood

Svante was a 3.5-year-old intact male German Shepherd with intermittent diarrhea, weight loss
coupled with stress reactivity and hypervigilance. Exocrine pancreatic insufficiency (EPI) and
cobalamin deficiency were identified, and successful treatment of the GI disease with pancreatic
enzymes, cobalamin supplementation, budesonide, and diet change improved both fecal score
and behavior.

Moltas was a 12-year-old intact male Whippet with chronic enteropathy and pancreatitis.
Treatment with corticosteroids and cyclosporine led to some improvement, but his GI signs would
relapse during stressful events. Emotional modification and treatment with clomipramine
reduced his stress-related flare-ups and improved his behavioral response to stress, and his
pancreatitis resolved.

Chiva was a 3.5-year old intact female Finnish Lappdog presented for high levels of stress and
arousal, barking and lunging at unknown dogs and visitors, and intermittent diarrhea with flare-
ups every third week. Initial treatment with a hydrolyzed diet and fiber supplementation
improved her fecal score, reduced the number and duration of flare-ups, and allowed her to gain
weight. She also became much less reactive, passing other dogs during walks without bursts of
barking and lunging.

Svante, Moltas, and Chiva are just three examples. Many dogs with chronic enteropathies are also
stressed and demonstrate behavioral issues including hypervigilance, reactivity, fearfulness,
anxiety, noise reactivity, and separation-related problems. Successful treatment of their GI
disease often improves their behavior, but a subset of dogs with CE continue to show signs of
compromised emotional health even after successful management of their GI condition.
Treatment response may be improved when both GI and behavioral signs are addressed.

The science to date on the link between gut and mood

There are limited studies on the chronic enteropathy-behavior link in dogs, but there is increasing
evidence of this link in humans and in rodent models. Research models of colitis or gastritis
demonstrated the development of behavioral changes such as anxiety or depression and identified
inflammatory changes in the hippocampus, which plays a critical role in the “emotional brain”
limbic system as well as learning and memory. In humans, IBD and psychiatric disorders are
common co-morbidities; psychological disorders are more common in people with active disease
and are associated with increased risk of flare-ups and a poorer prognosis.

In a 2020 review by Mills et al., 23—-82% of behavior cases had suspected concurrent pain,
including 27% with suspected GI disease-related pain.

Marchetti et al. (2021) performed a prospective evaluation of behavioral improvements after
treatment for chronic enteropathy. Seventy-five percent (75%) of the cases in the study responded
to treatment as demonstrated by improved CCEAI scores and behavioral scores using the CBARQ
survey also improved — particularly separation-related and contact/attention-related behaviors.

Jennings et al. (2025) recently presented the results of study evaluating 24 dogs with chronic GI
signs and concurrent behavioral changes. Twenty-one (86%) of the 24 affected dogs had
experienced early-life trauma, and 90% of those dogs experience the trauma between birth and
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one year of age. More than three-quarters (76%) of the dogs showed improvement in both GI and
behavioral signs once co-managed.

The use of FMT (Toresson et al, 2023) in 41 dogs with chronic enteropathy resulted in a 76%
response rate, with improvements in fecal score, activity level, and playfulness/social interaction;
the behavioral and GI responses did not always co-occur, underscoring individual variation.

Evaluating emotional health in dogs

Emotions heavily influence dog behavior. There is no precise and generally accepted definition of
emotional health in dogs, but the Heath Model of Emotional Health evaluates emotional valence
(which emotions are present), emotional arousal (the total intensity of the emotions present,
regardless of the valence), and emotional capacity (the individual’s threshold for emotion).
Valence is based on Panskepp’s paradigm that behavior is affected by 7 (now modified to 8)
affective systems: the engaging (positive, motivational) affective systems of desire seeking, social
play, care, and lust; and the negative (protective, aversive) affective systems of fear-anxiety,
frustration, panic-grief, and pain. Negative (protective) emotions are those necessary for survival
but if frequent, prolonged, or excessive can compromise welfare and increase the risk of
behavioral problems. High arousal, either in duration or intensity, can significantly impact
physiological and emotional health. Acute emotional arousal activates the hypothalamic-
pituitary-adrenal (HPA) axis, promoting cortisol release.

Further exploring the link between gut and mood

Dr. Ludvigsson presented the findings to date of a study further investigating the link between
chronic enteropathy and emotional health, evaluating the hypothesis that dogs with CE have
evidence of compromised emotional health compared to healthy control dogs.

The study compared 50 dogs with CE to 50 age- and breed group-matched healthy controls. The
Canine Inflammatory Bowel Disease Activity Index (CIBDAI) was used to evaluate their GI signs.
Their emotional health was evaluated using a questionnaire that combined the Positive and
Negative Activation Scale (PANAS) with questions assessing signs of distress in relation to
separation and loud noises as well as the frequency of displacement behaviors (out-of-context
behaviors) as an indicator of arousal.

Treatment of the CE dogs in the study included corticosteroids (with or without second generation
immunomodulatory drugs) or mycophenolate. Thirty-nine (39) of 50 (78%) had a CIBDAI score
of 3 or lower, indicating clinically insignificant disease at the onset of the study. At initial
assessment, the CE dogs showed significantly higher negative activation scores compared to
healthy controls and their owners reported higher agreement with statements addressing
separation-related behaviors and noise reactivity. CE dogs also demonstrated more frequent
displacement behaviors compared to controls, indicating higher levels of arousal. Despite low
CIBDAI scores and clinically significant CE, significantly reduced emotional health was observed
in the CE dogs compared to healthy controls.
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Putting the science into practice:

® There is mounting evidence that there is a strong relationship between chronic enteropathy
and compromised emotional health in dogs.

= CE dogs had higher negative emotions, particularly fear and anxiety, as well as more
frequent displacement behaviors in stressful contexts and higher owner-reported
stress.

= These behavioral issues were observed even in dogs with well-controlled CE,
suggesting a persistent emotional impact and further strengthening the case for
addressing the gut-brain axis in CE.

= Thisis also an indication that dogs presenting for behavioral signs should be screened
for concurrent GI disease.

® Routine emotional health evaluation in dogs with CE, and addressing emotional health
concurrently with CE treatment, could be beneficial for improving both CE disease activity
and welfare for these dogs.
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Paroxysmal Dyskinesia in Dogs: Response to a Gluten-Free,
Hydrolyzed Diet

Prof. Gualtiero Gandini, DVM, PhD, DECVN

Paroxysmal dyskinesia (PD) in dogs involves episodic, self-limiting involuntary movements and
is increasingly recognized as a differential diagnosis for epileptic seizures. It is under-recognized
and under-diagnosed, often assumed to be Idiopathic Epilepsy (IE), as episodes may be confused
with “focal” epileptic seizures. However, its etiology and management are different, making
accurate identification critical for effective treatment.

Misdiagnosis can lead to inappropriate use of anti-seizure medications (ASM), which are
generally ineffective for PD.

Etiology and characteristics

PD was previously considered a genetic disorder limited to certain breeds (e.g., Cavalier King
Charles Spaniel, Jack Russell Terrier, Labrador Retriever, Maltese, Chinook, Soft-coated Wheaten
Terrier) and has been described as “episodic falling syndrome,” “cramping syndrome,” and
“Scotty Cramp”. Our knowledge of PD has evolved the condition to include non-genetic, reactive
forms such as gluten-sensitive PD and idiosyncratic drug reactions as well as PD secondary to
structural intracranial lesions. The identification of paroxysmal gluten-sensitive dyskinesia
(PGSD) in Border terriers, in which 24-50% of cases have accompanying GI signs, was a critical
moment for the realization of the role of the gut-brain barrier in the development and
management of PD.

The age of onset of PD is variable but it is more commonly first observed in young adulthood.

From the clinical point of view, PDs are complex episodes characterized mainly by dystonia and
tremors.

Dystonia — sustained muscle contraction that causes postural change — is one of the most
commonly observed signs of PD. Simultaneous contraction of extensor and flexor muscles
can lead to repetitive movements that can mimic seizure activity. Dystonia can be triggered
by voluntary movements.

Tremors — involuntary, rhythmic, oscillatory movement of a body part — are also
frequently observed with PD.

In Border Terriers, anti-gliadin antibodies (AGA IgG) and anti-canine transglutaminase-2-IgA
(TG-2 IgA) have been validated as biomarkers for PD and, in one case series of 6 dogs, their levels
decreased when dogs were fed a gluten-free diet. However, antibody levels in other breeds appear
to be less reliable as indicators of PD.

Diagnostic challenges

PD often mimics epileptic seizures but differs in key aspects: during PD, dogs remain alert,
maintain normal mentation, and lack autonomic signs (urination, hypersalivation, defecation).
Video recordings from owners have greatly improved diagnostic accuracy compared to historical
reliance on owners’ verbal descriptions of “seizures.”
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Diet and PD

Dr. Gandini presented the results of a prospective cohort study evaluating the effects of a
commercial, soy-based, gluten-free hydrolyzed diet (GFHD) in dogs with PD. The investigators
enrolled 23 dogs that had experienced two or more PD episodes in the prior 6 months, normal
brain MRI and neurological examination, and no prior gluten-free diet or ASM administration.
Assessments included neurological and GI evaluation, bloodwork, abdominal ultrasound, and

EPILEPTIC GENERALIZED
TONIC-CLONIC SEIZURE

Typically 30 secs-3 minutes

Loss of consciousness

Recumbency/inability to stand

Clonic-tonic movement

Contraction of lips, showing
teeth
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Variable Typically 1-5 minutes,
but can range from a few
seconds to 30 minutes or more

No loss of consciousness, can
display expression of
discomfort/stress

Inability to stand/maintain
posture

Sustained contraction in
Hyperflexion or
hyperextension, abnormal
posture (dystonia), tremors

Normal
Normal. Possible observation

of lack of drops of saliva from
the mouth

PAROXYSMAL

DYSKINESIA

Normal Normal
Often abnormal Normal
Normal Normal

Variable — most often
good

Very often not responsive

determination of AGA IgG and TG-2 IgA levels at baseline.

Neurological and GI evaluation and determination of AGA IgG and TG-2 IgA levels were repeated

at 3 months, and 6 months.

Seventy-four percent (74%) of dogs showed an excellent to good response to the GFHD, and 26%

exhibited partial or poor response.
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Feeding a GFHD:
¢ Significantly improved PD episode frequency
o The median number of episodes per month significantly reduced from 1.5 (pre-
trial) to 0.5
o The median total number of episodes in a 6-month period significantly reduced
from 6 (pre-trial) to 1.5
¢ Significantly reduced GI signs (vomiting, diarrhea)

AGA IgG and TG-2 IgA titers did not correlate with clinical response and were unreliable as
biomarkers of PD. Slightly more than half (52%) of the dogs were positive for one or both
antibodies, while 7 dogs (30%) were negative for both antibodies.

Putting the science into practice:

® Consider PD in differential diagnosis for episodic movement disorders and suspected
seizures.

® During PD, dogs remain alert, maintain normal mentation, and lack autonomic signs
(urination, hypersalivation, defecation).

® Instruct owners to submit video(s) of suspected seizures to facilitate differentiation of IE
and PD.

® A gluten-free hydrolyzed diet is an effective treatment for non-genetic PD.

® Routine antibody testing (AGA IgG, TG2 IgA) is not recommended for affected dogs of
breeds other than Border Terrier.
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Myths and Misperceptions About Pre-, Pro-, and Postbiotics
Gabiriel Vinderola, PhD (Chemistry)

The microbes we (and our pets) host influence our health, and common sense, further supported
by available evidence, dictates that a diverse ecosystem is beneficial. In the case of the
microbiome, reduced diversity is often associated with loss of beneficial bacteria, resulting in
functional changes that impact microbiome and host health. Although microbiome research is a
rapidly expanding field and certain, we still do not have a fully clear picture of a “healthy
microbiome” regarding specific microbial composition.

There are many myths and misconceptions surrounding biotics — probiotics, prebiotics,
synbiotics, and postbiotics — that are being propagated, especially on social media. Evidence-
based use of these products in veterinary practice is essential.

Definitions

The following definitions are based on scientific consensus documents published by the
International Scientific Association for Probiotics and Prebiotics (ISAPP), a non-profit
organization dedicated specifically to advancing the science of probiotics, prebiotics, synbiotics,
postbiotics and fermented foods.

Probiotics are live microorganisms that, when administered in adequate amounts, confer a
health benefit on the host. Probiotics must be identified by strain (not just genus and species),
alive at administration, and supported by evidence. The strain designation is critical, as different
strains of the same bacterial species can have different effects. Examples of strain designations:

Genus Species Strain

Enterococcus lactis SF68
Bifidobacterium longum BL999

Prebiotics are non-digestible ingredients selectively utilized by host microbes to confer health
benefits. Examples of prebiotics include inulin, fructooligosaccharide (FOS),
galactooligosaccharide (GOS), polyphenols, and resistant starch. Prebiotics have known chemical
composition, dose, and health benefit.

Synbiotics are combinations of probiotic(s) and prebiotic(s) and can be complementary (both
have independent evidence of efficacy) or synergistic (the components work together without
evidence of their individual efficacy).

Postbiotics are preparations of inanimate microorganisms and/or their components that confer
health benefits. Postbiotics include dead cells or fragments, not just the metabolites of the
microorganisms, and metabolites may or may not be present in the postbiotic (their presence is
not required). For example, a combination of heat-inactivated L. fermentum LB-f (CNCM I-2998)
and L. delbrueckii LB-d (CNCM 1-4831) is considered a postbiotic and the postbiotic may contain
the short-chain fatty acid butyrate in the mixture, but butyrate itself is not a postbiotic.
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Separating fact from fiction: Common probiotic and prebiotic myths debunked

All probiotics are created equal, and you can
substitute one for another

Probiotics must survive the stomach

Probiotics must colonize the gut

Probiotics colonize the gut permanently
The more strains, the better

The more colony-forming units (CFU), the
better

Microbiome testing determines probiotic
choice

Probiotics restore gut microbiome after
antibiotics

Probiotics must be administered AFTER
antibiotics

Probiotics need prebiotics to work

Fermented foods = probiotics

You need to intermittently “take a rest” from
probiotics

You need to rotate probiotic strains
Spore-forming bacteria are more effective as
probiotics

All fibers are prebiotics

Probiotic activity is strain-specific

Probiotics only need to be alive at
administration; survival through the gut is not
required

Probiotics do not need to colonize the gut for
efficacy

Benefits persist only with continued intake

Efficacy depends on strain-specific evidence,
not strain quantity

Efficacy depends on strain-specific evidence,
not CFU quantity. Every strain has its own
effective dose.

Probiotics are selected based on clinical
condition, not microbiome composition

Probiotics can help preserve diversity during
antibiotic use, not restore it afterward

Timing of probiotic administration is based on
the probiotic and the antibiotic, the evidence
dictates that they are administered together

Each can work independently but can also
work synergistically as a synbiotic

Fermented foods contain undefined microbial
communities, not standardized strains.
Probiotics are standardized and fully
identified strains with proven efficacy.

As long as a health benefit is seen, continue
administering the probiotic. They are safe.

As long as a health benefit is seen, continue
administering the probiotic

Efficacy depends on strain-specific evidence,
not spore-forming ability

Some prebiotics are fibers, but not all fibers
are prebiotics.
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Postbiotics: A rapidly evolving landscape

Postbiotics are not new, but there have been at least three different conceptualizations of what
comprises a postbiotic, as well as 9 or more terms (including “ghost probiotics,” “paraprobiotics,”
“tyndallized probiotics,” etc.) used to describe them and at least 6 different definitions. Variable
descriptions of postbiotics in the scientific literature create confusion and challenges when it
comes to interpreting the studies and results.

Quantifying postbiotics creates a challenge. Colony-forming units (CFUs) are used for probiotics,
but this term only applies to viable microbes, not inanimate microorganisms incapable of
reproducing. It is likely that TFU, or Total Fluorescent Units as determined by flow cytometry,
will become the standard unit of measure for postbiotics.

Putting the science into practice:

® Probiotics and postbiotics need to be identified to the strain level, need to be alive
(probiotics) or intentionally inactivated (postbiotics), and need to have evidence of their
safety and efficacy.

® The identity of a prebiotic ingredient must be clear, and evidence of their health benefit and
selective utilization by the host microbiome is needed.

" Identifying the probiotic strains, or the inactivation method for postbiotics, in commercial
products is still a challenge due to incomplete labelling.

® Choosing biotic products:

= Market hype and misinformation persist; a critical appraisal of the evidence is
essential. Choose biotics based on evidence, not marketing claims.

= Choose a probiotic or postbiotic according to its evidence of efficacy for the
condition you're looking to treat/manage, not the number of strains or CFU. More is
not necessarily better.

* More CFU or multiple strains do not guarantee better outcomes.

= Check product labelling for the strain designation and dosage matching clinical

studies for the target condition.

®  Avoid products with minimal prebiotic content marketed as synbiotics—milligrams are
insufficient.
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Links Between Early-Life Stressors, Antibiotic Exposure, Gut
Barrier Function, and Later-Life Gastrointestinal and Skin

Diseases
Prof. Stefan Unterer, DrMedVet, Dr habil, DECVIM-CA

The prevalences of immune-mediated diseases and chronic GI disorders in dogs are rising, and
currently about 10-15% of dogs develop chronic GI signs during their lives. This emphasizes the
need to be more proactive and catch disease earlier. Genetic predisposition plays a role, with a
predisposition to chronic enteropathy (CE) in some breeds such as Yorkies, French Bulldogs, and
Boxers. Environmental factors likely play a role, and there is ample evidence that early-life
experiences can exert lifelong impacts on gut health and general health.

Normal development optimizes resilience and health

Resilience represents the stability of the microbiome and its resistance to disruption when
challenged, as well as its ability to reestablish normality after a challenge. The development of
resilience requires normal development of the microbiota and barrier function, which happen in
the first year of life. Any disruption of these processes sets the stage for chronic disease(s) later in
life.

The intestinal microbiome is an important metabolic organ that impacts development of the
intestine and the immune system; the maturation of the immune system is closely related to the
maturation of the microbiome. The composition of the microbiome during this critical
developmental stage may determine whether the immune system develops a more tolerant
programming or if it trends toward intolerance (and potentially allergy) and inflammation. A
normal, diverse microbiome is critical for inducing a well-functioning immunoregulatory
network; for example, there is a critical level of microbial diversity required to inhibit IgE
induction and favor tolerance. Delayed microbiome maturation in the first year of life in humans
is a hallmark of pediatric allergic diseases (e.g., food allergy, atopic dermatitis, allergic rhinitis,
asthma), underscoring the importance of a healthy microbiome during immune system
development. In particular, antibiotic exposure during this phase is strongly linked to later
disease.

In humans, an adult-like microbiota profile is typically reached between 2 and 3 years of age. Dogs
follow a shorter timeline, reaching near-normal microbiota by 8—12 weeks and full stability by 4—
6 months of age. Blake et al (2020) evaluated the puppy microbiome based on the Dysbiosis Index
(DI) established by Texas A&M University’s GI Lab. The investigators observed that the microbial
community in puppies is not yet completely established at the age of 7—9 weeks, with several key
bacterial species still absent at earlier stages. This early underdeveloped microbial state is
primarily driven by dramatically low levels of Peptacetobacter hiranonis (formerly Clostridium
hiranonis), which begin to increase around 5-6 weeks of age. Clostridium difficile is initially
increased, but drops to low levels at 7-9 weeks. The “balance” of these two bacteria is relevant
because P. hiranonis is the primary bacterial species that converts primary bile acids to secondary
bile acids (2BA), which are important for suppressing pathobionts; as P. hiranonis levels increase
and more bile acids are converted to 2BA, C. difficile growth and survival reduce.

Barrier development and function are critical to long-term health

The intestinal barrier allows the gastrointestinal tract and microbiome to perform their necessary

functions while preventing direct physical contact between the microbiota and host cells. Luminal

defense barrier mechanisms degrade antigens and bacteria via gastric acids, biliary secretions,
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and pancreatic enzymes; select for holobionts and create a favorable environment for commensal
bacteria; and inhibit pathobionts via bacteriocins, bile acids, luminal pH, and competition for
nutrients. The mucus layer, which is closely apposed to the intestinal epithelium, consists of a
loose outer (luminal) layer containing bacteria and a dense inner layer devoid of bacteria but rich
in defensins and IgA; when intact and functional, this mucus layer prevents direct contact
between bacteria and the epithelial lining in order to reduce immune stress and preserve
tolerance.

The intestinal epithelium is a single layer of cells that serves as a physical barrier, preventing
antigen penetration through the cells themselves (transcellular route) or through the intercellular
spaces (paracellular route). Tight junction complexes between the cells prevent macromolecular
diffusion across the epithelial layer and exclude almost all molecules present in the lumen.

The lamina propria below the epithelium contains immune cells and this region can be divided
into two functional compartments. The inductive compartment includes the Gut-Associated
Lymphoid Tissue, or GALT, including Peyers patches and lymphoid follicles, which encounter and
process antigens. The effector compartment includes antigen-experienced memory cells, intra-
epithelial lymphocytes, and lamina propria mononuclear cells and mounts the immune response
to antigens.

Intestinal infection and inflammation are associated with disruption of the mucus barrier and
barrier function, which may be accompanied by altered innate and adaptive host responses to the
microbiota and food components — setting the stage for chronic inflammation and immune
dysfunction.

Early-life intestinal barrier dysfunction and dysbiosis increase chronic disease risk
During infancy, the microbiome, immune system and gut barrier are developing and are dynamic
and vulnerable. Acute enteritis and antibiotic exposure disrupt microbiota and immune tolerance.
Barrier damage allows antigen translocation, triggering chronic inflammation. Although each
increases risk on its own, the combination of these factors greatly increases the risk of disease —
especially when they occur during early-life and critical developmental stages.

Antibiotic administration induces intestinal dysbiosis and increases the risk of later-life disease.
In humans, early-life antibiotic administration impairs microbiota maturation and significantly
increases the risk of a number of childhood and lifelong diseases, such as childhood-onset asthma,
allergic rhinitis, atopic dermatitis, food allergy, childhood obesity, and autism spectrum disorder.
Stavroulaki et al (2023) evaluated the impact of early-life antibiotic administration in cats. Eleven
(11%) of ninety-five cats developed chronic diarrhea later in life, and 10 (91%) of those 11 cats had
received antibiotics within their first year of life. Cats administered antibiotics in their first year
of life were almost 20 times more likely to develop chronic GI disease in adulthood.

Human patients with giardiasis demonstrated a significantly higher prevalence of irritable bowel
syndrome (IBS) 3 years later compared to matched control patients (48% vs 14%). Giardiasis
affects tight junctions, leading to barrier dysfunction. Metronidazole, commonly administered as
treatment for giardiasis in dogs, is well known to induce dysbiosis that persists for weeks (or
longer) after discontinuation of the antibiotic. Approximately 30% of dogs that experienced a
giardia-associated enteritis in early life developed chronic GI disease later in life, compared to
10% of controls. The long-term effects are not limited to GI disease: more than 30% of these dogs
develop chronic pruritic later in life, compared to 10% of controls. A high clinical disease activity
index during acute enteritis, combined with metronidazole use, significantly increases the risk for

chronic GI disease later in life compared to mild disease or treatment with fenbendazole only.
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Canine parvovirus enteritis (parvo) provides a model for the effects of early-life acute intestinal
damage in dogs and incorporates both dysbiosis and barrier disruption risks. The virus obliterates
intestinal villi, creating severe barrier dysfunction, and antibiotic administration creates
dysbiosis. Kilian et al (2018) observed that 42% of parvo survivors developed GI signs later in life,
compared to 12% of healthy controls. Sato et al (2022) observed a 57% prevalence of later-life GI
signs following parvo, compared to 25% in healthy controls.

Prevention of dysbiosis and barrier dysfunction, particularly during early-life, sets the stage for
long-term health and lowers the risk of chronic disease. If either or both develops, treatment
programs should include a focus on restoring homeostasis as quickly as possible to mitigate the
risks.

Putting the science into practice:
=  Early-life experiences have a heavy influence on gut health and general health.
= Dysbiosis and gut barrier dysfunction in early life significantly increase the risk of disease
later in life, and the combination of the two poses even greater risk.
= Antibiotic administration remains the biggest cause of dysbiosis. Avoid unnecessary
antibiotics; restrict their use to systemic infections.
= Avoid using antibiotics for acute diarrhea. Most cases of acute diarrhea will resolve with
supportive care. A more aggressive diagnostic and treatment approach should be performed
if the acute diarrhea has not improved within 10 days.
= Refer to ENOVAT guidelines for antimicrobial use during enteritis. (WSAVA also
provides an open-access summary if you cannot access the publication.)
= Incorporate microbiome-modulating approaches (e.g., prebiotics, probiotics, FMT) when
treating enteritis.
= Consider feeding hydrolyzed or amino acid-based diets or utilizing parenteral nutrition
during the acute phase of enteritis to reduce antigen load and avoid antigen stimulation
secondary to severe gut barrier dysfunction.
= When treating enteritis, avoid using drugs that can harm the GI barrier (e.g., NSAIDs, PPIs)
unless medically indicated.
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Exploring the Gut-Skin Axis: The Role of the Gut Microbiome in

the Pathogenesis of Canine Atopic Dermatitis
Ana Rostaher, DVM, DECVD, MRCVS

Atopic dermatitis (AD) is a prevalent chronic inflammatory skin condition, characterized by its
lifelong nature and resistance to therapy, presenting significant challenges for both veterinarians
and pet owners. The condition significantly impacts the quality of life for both dogs and their
owners, creating a cycle of stress and emotional strain. The first documented case of canine AD
was published 85 years ago, highlighting the historical significance and long-standing recognition
of this condition.!

A disease of exclusion

Atopic dermatitis can only be diagnosed through clinical evaluation, which involves assessing the
patient's signalment and clinical signs. This process must be followed by the exclusion of
differential diagnoses, including sarcoptic mange, infections, hormonal disorders, sebaceous
adenitis, and lymphoma. Elimination diet trials and allergen testing are only utilized to identify
the triggers such as food, house dust mites, pollens or fungi/yeast.

A multifaceted and evolving condition

Historically, canine AD was primarily associated with IgE antibodies to environmental allergens.
Today it is accepted as a hereditary, typically pruritic and predominantly T cell-driven
inflammatory skin disease involving an interplay between skin barrier abnormalities, allergen
sensitization, and microbial dysbiosis.2

Immunological aspects of atopic dermatitis

Atopic dermatitis is characterized by the involvement of various immune cells, including Th1, Th2,
Th22, Th17 and T regulatory cells, as well as several cytokines, which are critical in the itch
pathways (eg. IL-4, IL-6, IL-13, IL-17, IL-31, IL-33).3

Atopic dermatitis breaks down the bricks and mortar of the skin barrier

The skin barrier can be compared to a well-constructed wall made of bricks (proteins such as
keratins, filaggrins, along with adhesion molecules) and mortar (lipids such as ceramides) and is
compromised in AD. Recent studies have demonstrated that inflammation is the primary driver
of barrier disruptions.4

Atopic dermatitis is associated with microbiome dysbiosis

The hygiene and biodiversity hypotheses propose an inverse relationship between microbial
exposure and the prevalence of immune-mediated diseases, highlighting the critical role of a
diverse microbiome in the development and "training" of the host's immune system during early
life (early window of opportunity). Furthermore, skin infections are frequently associated with
exacerbations of AD. Recent technological advancements have facilitated a more comprehensive
investigation of the skin and gut microbiomes and demonstrated that atopic dogs exhibit
dysbiosis, with Staphylococcus pseudintermedius and Malassezia identified as key species
associated with this microbial imbalance.5 However, findings from a birth cohort study involving
West Highland White Terrier (WHWT) dogs suggest that the skin microbiota at the age of 3
months, may not serve as the primary driver of AD development in this breed.® These insights
have prompted further research into the significance of gut microbiota, which has been shown to
differ between allergic and healthy dogs.”
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The gut-skin axis in canine atopic dermatitis

Currently, there is a significant gap in our understanding of the gut-skin axis in canine AD.
However, its existence has been demonstrated through basic scientific research in other
species.® Three primary pathophysiological mechanisms have been identified as key components
of the gut-skin axis: short-chain fatty acids (SCFAs) and tryptophan metabolites produced by
microbes, beneficial antigenic microbial products (pattern-associated molecular patterns).

Interventions targeting the gut microbiome in canine atopic dermatitis
Microbiome-centric AD approaches include pro-, syn-, and/or postbiotics, leading to some
improvements in pruritus and skin lesions and steroid-sparing effects. Fecal microbiota
transplant (FMT) represents a broader way to positively manipulate the gut microbiota, as shown
in human AD patients.9 A recent randomized placebo-controlled study evaluated the effects of
lyophilized FMT as enema and oral capsules in 40 client-owned dogs with AD (article in
preparation). The FMT treated dogs showed significantly lower skin lesion intensity, required
significantly fewer symptomatic medications and had improvement in life-quality scores after 3
months of treatment.

Client-owned dogs with
atopic dermatitis

A i Placebo Group

FMT Group
N >
& N
50% Improvement in skin lesions 14%
30% Improvement in itch intensity 30%
40% Medication use reduction -90%

Image provided by Dr. Ana Rostaher

A subsequent unpublished study investigated the potential of fecal microbiota transplantation
(FMT) to prevent the development of atopic dermatitis (AD). In this study, Beagle puppies were
sensitized to house dust mites after receiving either no treatment, antibiotic administration
(metronidazole), or FMT. The groups that received antibiotics or no treatment exhibited
significantly higher levels of IgE following sensitization, along with notable increases in pruritus
scores, in contrast to the FMT group. These preliminary results are encouraging and indicate that
FMT may offer a protective effect against the onset of AD.

Putting the science into practice:

= The diagnosis of AD is strictly clinical; allergy tests are intended to identify specific triggers
rather than the disease itself.

= Key components of the gut-skin axis include short-chain fatty acids, tryptophan, and
pattern-associated molecular patterns that interact with toll-like receptors.

= AD is a multifactorial condition that requires a multimodal approach, addressing not only
immune and barrier dysfunction but also the role of the microbiome.
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Nutrition for Skin Health: Leveraging the Gut-Skin Axis for
Optimal Skin Health

Emanuela Kayser, DVM, PhD

By supporting gut health, we are setting a good foundation for overall health, including skin
health. The gut and skin are not only complex organs, but both serve as barriers between the
external and internal environment.

Skin health is a key indicator of overall health

The skin is a critical barrier and indicator of overall health. Signs of a disrupted skin barrier
include dryness, flaking or scaling, greasy skin, dehydration, erythema, sensitivity,
inflammation, alopecia or poor hair growth, and even local and systemic secondary infections.

Skin and coat changes often signal underlying systemic disorders (e.g., kidney disease). Skin
health can also be a sentinel for nutritional disorders.

Gut health and skin health are intrinsically linked

A healthy gut enables nutrient absorption essential for skin health. Dysbiosis is a shift in the
diversity of the gut microbiota, and the severity of dysbiosis is an indicator of the severity of
disruption of the microbiome and gut function — with potentially far-reaching effects on host
health. For example, gut dysbiosis is linked to skin disorders such as atopic dermatitis (see the
summary of Dr. Rostaher’s presentation for more information). Improving gut health improves
skin health and overall health.

Non-invasive tools help assess skin health

Non-invasive techniques facilitate the evaluation of skin health in response to interventions and
include measurement of hydration, transepidermal water loss, sebum, and skin pH. Microbiome
samples from the feces as well as skin swabs allow further exploration of the microbiota.

From a clinical perspective, validated scales such the Pruritis Visual Analog Scale (PVAS) and
the Canine Atopic Dermatitis Extent and Severity Index (CADESI) provide repeatable measures.
Recording subjective assessment of coat gloss and texture is also helpful for patient records.

Nutrition is essential for skin health
The skin needs sufficient protein and nutrients for health, and even small dietary changes can
impact skin and coat health.

Essential fatty acids
Essential fatty acids (e.g., linoleic acid, arachidonic acid) are critical for barrier function, cell
membrane integrity, overall skin structure, and water permeability. Dogs and cats cannot
synthesize linoleic acid; therefore, it must be provided in adequate amounts in the diet. Cats also
cannon synthesize arachidonic acid, and therefore require a dietary source.

Protein
Protein plays a critical role in skin structure and also supports hair growth  The skin’s protein
and wound healing. Protein comprises 95% of hair, and the skin’s protein  needs account for

needs account for up to 30% of the pet’s daily protein requirement. up to 30% of the
Consequences of protein deficiency include dull, brittle hair; poor hair pet’s daily protein
growth; delayed wound healing; and increased risk of infection. requirement.
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Vitamins and minerals
Vitamins A and E and minerals like zinc are vital for skin integrity. Vitamin A supports cellular
growth and the keratinization process. Cats cannot produce Vitamin A from -carotene, and
therefore require dietary Vitamin A. Vitamin E has antioxidant activity and serves as a free
radical scavenger. Vitamin E can be depleted by appropriate or prolonged food storage.

B vitamin needs are generally met by food and the gut microbiome’s metabolic activity, but long-
term antibiotic use can lead to gut dysbiosis and vitamin B deficiency. Avidin, found in raw egg
whites, binds to biotin and prevents its absorption — leading to a deficiency that impacts skin
and coat health.

Zinc is a cofactor for DNA and RNA polymerase. It is also essential for the synthesis of fatty
acids. Although zinc deficiencies have occurred historically, they are rare today.

Omega-3 fatty acids
Omega-3 fatty acids, particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
reduce inflammation and improve coat quality. Fish oil is a common source of EPA and DHA,
and fish oil supplementation resulted in clinical improvement in dogs with atopy and flea
allergies.

Innovative Ingredients
Palmitoylethanolamide (PEA) is a bioactive lipid that has shown promising results to date.
Supplementation with PEA reduced itching and lesions in dogs with dust mite allergy and
delayed the recurrence of clinical signs after allergen exposure.

Botanicals like curcumin support skin and gut health, likely through immunomodulation (e.g.,
suppression of inflammatory cytokine production). Other botanicals may have antioxidant and
anti-inflammatory properties.

Incorporate the microbiome into your skin health nutrition plan

Gut health and skin health are intrinsically linked, and microbiome-centric approaches leverage
the gut microbiome to improve skin health. Pre-, pro-, and postbiotics are valuable nutritional
approaches. Clinical improvements have been reported in the scientific literature associated
with administration of probiotic strains of Lactobacillus sakei (Kim et al., 2015), Lactobacillus
rhamnosus (Marcella, 2009), and Lactobacillus paracasei K71 (Ohshima-Terada et al., 2015).

Fecal microbiota transplantation (FMT) is a rapidly expanding field of research showing clinical
benefits for gut health and skin health (see the summaries of Dr. Rostaher’s and Dr. Lotti’s
presentations for more information).

Putting the science into practice:

®  Proper nutrition is key for healthy skin, with increasing focus on understanding and
supporting the gut-skin connection.

® Skin and coat changes often signal underlying systemic disorders (e.g., kidney disease). Skin
health can also be a sentinel for nutritional disorders.

®  Skin health reflects systemic health, and nutrition plays a pivotal role.

® The gut-skin axis offers new therapeutic opportunities to leverage diet and nutrition to
improve skin health.

® Omega-3 fatty acids — primarily EPA and DHA — improve skin health.
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FMT Made Practical: How | Implemented FMT into Daily Practice

Francesco Lotti, DVM, MSc, ECVIM-CA (Internal Medicine), Specialist in Small Animal Internal
Medicine

Fecal Microbiota Transplantation (FMT) is the transfer of fecal matter from a healthy donor into
the GI tract of a patient in order to restore gut microbiome balance in dysbiosis-related disease.
To date, FMT has been shown effective in dogs and cats with chronic enteropathy, refractory GI
signs, parvovirosis, or antibiotic-induced dysbiosis. FMT research is a rapidly evolving field.

Chronic enteropathy has a complex etiology

Chronic enteropathy (CE) results from a combination of multiple pathological events that disrupt
the intestinal structure and the microbiome, including degradation of the mucus layer, increased
levels of pathobionts, villus atrophy, mucosal remodeling, dysfunction of tight junctions, and
increased permeability. The consequences of GI barrier dysfunction include inflammation,
maldigestion/malabsorption, dysbiosis, and functional changes in bile acid, lipid, and
carbohydrate metabolism.

Dysbiosis and intestinal structural changes lead to altered GI function — the higher the Dysbiosis
Index (DI), the more severe functional changes are present. Altered bile acid metabolism is one
of the more consequential aspects of dysbiosis. Peptacetobacter hiranonis (formerly Clostridium
hiranonis) is the primary converter of primary bile acids to secondary bile acids in dogs and cats,
and its depletion is associated with far-reaching health effects. Secondary bile acids, when present
in physiological levels, suppress potential pathogens such as C. difficile, C. perfringens, and E.
coli.

Not every dog or cat with CE has dysbiosis; there is a subset of CE cases without dysbiosis. This
subset may represent earlier stages of CE that may progress to a dysbiotic state unless appropriate
management is instituted.

A complex etiology demands a multimodal approach

Due to the complexity of CE etiology, a multimodal approach is necessary to optimize treatment
outcomes. The overarching strategy for treatment includes controlling inflammation, supporting
GI function, and restoring the GI microbiota and balance. Tools available to the clinician include
diet, biotics, drugs to control inflammation, and FMT.

CE is not the only inducer of dysbiosis
Dysbiosis can be induced by a number of GI disruptors, including poor diet quality,

enteropathogens, proton pump inhibitor (PPI) administration, antimicrobial therapy, and CE.

Diet should always be the first approach to CE

Dietary changes remain the most effective means of CE management in the majority of cases, and
dietary trials should always be the first-line approach in clinical practice. A thorough diet history
should be obtained and the information used to determine diet choice. One dietary trial may not
be sufficient; in many cases, 3 or more diet trials may be attempted before one proves effective.
Fiber supplementation, hydrolyzed diets, novel antigen diets, and amino acid-based diets are
among the tools available for diet trials.

FMT is simple, cost-effective, and evidence-based
Fecal microbiota transplantation (FMT) is the transfer of fecal matter from a healthy donor to a
recipient. It can be delivered via enema (recommended method) or orally via capsules. Recently,
the FMT Consortium released FMT guidelines for veterinarians (Winston et al., 2024).
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EQUIPMENT AND SUPPLIES DONOR SELECTION & SCREENING

= Donor feces = Clinically healthy
= Mixer/blender or a zip bag = Adult (12 or more months of age)
= Strainer = No raw diet
= Saline solution = No antimicrobials in previous 6
= Scale months
= Catheter for enema = No medications
= Catheter-tipped syringe (20-60mL) = Normal behavior
= Negative for pathogens

(Cats) Indoor cat

Screening: Dysbiosis Index; negative for
Salmonella, C. jejuni, Giardia, Crypto,
intestinal parasites; in cats, add
Tritrichomonas foetus, enteric
coronavirus, FIV-FeLV

Rescreen every 6 months.

= If acute GI episode, wait 3 months
before next use as a donor

» If antimicrobials administered, wait 6
months before next donation

= If PPI administered, wait 2 weeks
before next donation

PREPARATION AND STORAGE ADMINISTRATION

Preparation: . Measure catheter length needed by

=  Process feces within 2-6 hours of measuring from base of tail to
voiding sternum

= Use 2.5-5 gm donor feces per kg of 2. Attach appropriate-length catheter to
recipient body weight catheter-tipped syringe

=  Mix feces with saline 3. Push material into catheter until

= Strain comes out the tip (to avoid air

= Draw up in catheter-tipped syringe transplantation)
and attach catheter 4. Feed catheter all the way into the

colon
Storage: 5. Administer FMT material

= Freshly prepared FMT: stable at 4°C
(39°F) for up to 1 day, or for 1 month ~ Post-administration care:

at -20°C (-4°F) = Repeat dose if patient defecates
= For longer storage, add glycerol to within 20-30 minutes of FMT
make 10% solution (for each 100 gm =  Withhold food for 4-6 h post-FMT in
feces, add 100 mL saline solution and dogs
10 mL glycerol) = For cats, recommend 4-6 h
= Stable for up to 3 months at - hospitalization

20°C (-4°F), thaw before use
Frequency of administration:
= Repeat 2-3 times, 10-14 days apart
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Clinical cases demonstrate the value of FMT

Camillo was a 4 year old, intact male Miniature Poodle presented for lifelong GI signs of chronic
morning vomiting, intense nausea, poor appetite, and abdominal pain despite normal stool and
stable body weight. Previous treatments included probiotics, several different diet types and
resulted in only partial clinical improvement. He had a CIBDAI score of 5 (moderate disease).
Abdominal ultrasonography detected mild signs of non-specific enteropathy. Camillo’s Dysbiosis
Index (DI) was 4.7, indicating severe dysbiosis, with depletion of P. hiranonis. Multimodal
treatment was instituted to target his nausea (with maropitant) and hypocobalaminemia; FMT (3
FMTs by enema, 10 days apart) was performed. This treatment regime resulted in clinical
improvement: his CIBDAI score reduced to 0, his appetite greatly improved, and his DI improved.
In addition, his P. hiranonis levels went from 1.7 log DNA pre-FMT to 6.2 log DNA (normal range
5.1-7.1) 45 days after FMT

Cesira was a 7 year old, spayed female French Bulldog referred for refractory and severe chronic
enteropathy of 6 months duration. Her clinical signs included morning nausea, reduced appetite,
and mixed-bowel diarrhea. GI histopathology showed mild to moderate lymphoplasmacytic
inflammation. Prior to referral, attempted therapies included several diet trials (hydrolyzed soy
diet, single protein source diet, home-prepared diet), several courses of antimicrobials, and
steroids — none of which provided acceptable improvement. Her CIBDAI score was 7, indicating
moderate to severe disease. Her DI was 4, with depletion of P. hiranonis (0.1 log DNA, normal
5.1-7.1 log DNA), indicating severe dysbiosis which was likely due to a combination of
antimicrobial use and underlying GI disease. Three FMTs were administered 10 days apart, along
with B12 supplementation to address hypocobalaminemia, and the steroids were tapered to be
discontinued. Cesira showed clinical improvement after FMT despite persistent severe dysbiosis.
She continued to have episodes of relapse every 2-3 months, necessitating repeated FMTs;
however, she did show and maintain clinical remission even when the medications were
discontinued.

Cleo was a 9 month old, spayed female Domestic Shorthair cat with refractory diarrhea with
hematochezia since she was adopted at 3 months of age. She maintained good weight and
appetite, but her diarrhea showed no improvement with diet trials (easily digestible diet, novel
protein diet, hydrolyzed salmon diet) or a multistrain probiotic. Despite the chronicity of her
disease, she was not dysbiotic. A high-fiber diet produce partial improvement of her diarrhea.
FMT was performed as a series of 3 FMTs 10 days apart. She developed normal feces after the first
FMT.

FMT is safe and effective

Retrospective and prospective studies of FMT for CE show 70-85% response rate (Toresson et al.,
2023; Vecchiato et al., 2025). Long-term success is linked to lower initial DI and better bile acid
profiles.

Side effects of FMT are minimal and self-limiting and may include mild diarrhea, flatulence, and
straining.

Immunocompromise is not a contraindication for FMT. For example, FMT improves treatment
outcome in canine parvoviral enteritis.

Predictors of response to FMT include the severity of dysbiosis (higher DI indicates worse
dysbiosis and increases likelihood of a poorer response to FMT) and the ratio of primary bile acids
and secondary bile acids at baseline (higher primary bile acids indicate a poorer response is
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likely). Dr. Lotti anecdotally reported that young German Shepherd dogs with severe diarrhea
tend to be poor responders.

Putting the science into practice:

" Diet should always be the first-line approach for CE, but FMT is an excellent next approach.
® A very high Dysbiosis Index (DI) more likely indicates advanced disease — the more
dysbiotic the patient, the more severe the functional changes.
= A high DI is also an important prognostic indicator: severe and/or persistent

dysbiosis is associated with higher risk of relapse, and repeated courses of FMT may
be necessary. If relapses occur, try to time FMT earlier to avoid flare-ups and
maintain clinical remission.

|

Clinical remission is not always equivalent to functional recovery or resolution of underlying
pathology.
® FMT is simple and cost-effective
= A screened donor and simple equipment are enough to start using FMT in your
practice
®  FMT is evidence-based and effective
=  FMT can reduce the need for medications to manage CE
= FMT is probably more effective in early disease
=  FMT can help achieve clinical remission, especially in young animals or those with
antibiotic-induced dysbiosis
= FMT as part of a multimodal strategy can help even when diarrhea is not the main
clinical sign
= Best used as part of multimodal therapy, not just a last resort.
® Indications for FMT include:
= Patient with a history of GI signs secondary to antimicrobial use
= Management of canine parvoviral enteritis
= CE unresponsive to diet, fiber, and probiotics
=  Multimodal treatment in refractory CE

®  Practical FMT tips
= A compounded lidocaine suppository may help (allow 15min for effect) if severe colitis
is present

= (Cats: give 50-100 mg gabapentin 90 minutes before FMT

" Follow-up is essential; some patients need repeated protocols for sustained remission.
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Disentangling canine chronic enteropathies and microbiome
dysbiosis: Purina-Texas A&M partnership advances
understanding of this complex condition

A partnership between Nestlé Purina PetCare and the Gastrointestinal Laboratory at Texas A&M
University’s School of Veterinary Medicine & Biomedical Sciences is driving advances in research
that are facilitating a deeper understanding of canine chronic enteropathies (CE) and the role of
diet and the microbiome, with the ultimate goal of improving patient outcomes. Three recent
veterinary journal publications supported by this partnership provide novel insights into the
mechanisms of this important group of GI conditions.

CE has been previously associated with dysbiosis (altered gut microbial composition and
function) in a subset of CE dogs, and researchers at the TAMU GI Lab developed a Dysbiosis Index
(DI) that measures the severity of dysbiosis based on the absolute abundance (levels) of key
bacteria in the feces. In research settings, commonly used next generation sequencing approaches
have a major limitation as they only provide information on the relative abundance of microbial
species, as the data for individual species is expressed as a percentage of total. In contrast, the DI
utilizes independent quantification of key bacteria affected in dysbiosis; this indicates the severity
of dysbiosis, which has important clinical relevance as shown in the studies below.

Chen et al' compared the fecal microbiome and metabolome from clinically healthy dogs and dogs
with CE with and without increased DI. The findings show that CE is a heterogenous disease, as
dogs with increased DI had more functional changes compared to CE dogs that had a normal DI.
This study also revealed that malabsorption of nutrients is a major component of CE and drives
dysbiosis, as increased amounts of fatty acids and carbohydrates were observed in dogs with CE,
and particularly those that had an increased DI. Dogs with CE with increased dysbiosis index had
also reduced abundance of Peptacetobacter hiranonis (previously called Clostridium hiranonis),
a gut bacterial species responsible for the conversion of primary bile acids to secondary bile acids,
with accompanying disruption of bile acid metabolism.

Although diet remains the frontline approach to canine CE and multiple diet trials may be
necessary to achieve a response, a number of dogs with CE do not achieve clinical remission with
diet alone and may require additional therapy in the form of microbiota modulation such as
probiotics or fecal microbiota transplantation (FMT) and/or immunomodulatory or other
medications. Toresson et al? evaluated the outcome of a repeated FMT protocol in 39 dogs with
CE. Twenty-eight of the 39 (72%) dogs clinically responded to FMT, and 20 of those 28 (71%) were
long-lasting responders who improved and remained clinically stable for 6 months or longer.
Following FMT, corticosteroid dose had been decreased by a median of 34% in 11 dogs and
corticosteroids were discontinued in 2 dogs — indicating that FMT can have a steroid-sparing
effect. When long-lasting responders were compared to non-responders and short-term
responders, two baseline parameters stood out as indicators of no or only short-term response:
the severity of dysbiosis as indicated by an increased DI, and the degree of bile acid dysmetabolism
(as indicated by lower percentage of secondary bile acids compared to primary bile acids in the
feces). This study underscores the safety and benefits of FMT for CE in dogs as well as providing
important information for setting realistic expectations when communicating with owners of CE
dogs: dogs with increased DI can clinically benefit from FMT, but likely will relapse sooner and
require repeated courses of FMT.
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A very small subset of CE that responds poorly to diet, immunomodulation, and FMT likely
represents more severe and chronic underlying gut damage and dysbiosis and requires more
aggressive treatment. Toresson et al3 focused on dogs with CE non-responsive to diet and partially
responsive or non-responsive to immunosuppressive therapy and FMT. These dogs with no
response to these combined treatments received bile acid sequestrants— medications that bind
bile acids so they are excreted instead of absorbed — to their current treatment regimen. Bile acid
sequestrants improved the clinical signs and clinical outcomes of CE in these dogs, suggesting
that some dogs with poor or no response to diet and immunosuppressive therapy and FMT may
benefit from treatment with bile acid sequestrants. The majority of these dogs responding to bile
acid sequestrants again had persistent marked dysbiosis as measured by an increased DI and
severe depletion of P. hiranonis.

In summary, CE appears to be a gradual disease leading in some dogs to mucosal remodeling with
loss of transporters and therefore malabsorption of carbohydrates, lipids, and amino acids. These
increased luminal substrates are available for bacteria leading to dysbiosis. A more severely
increased DI, especially with depletion of the key bacterium P. hiranonis, may therefore serve as
a marker for more severe functional changes. Based on these studies, an increased DI can serve
potentially as a staging marker for CE, as these dogs are less likely to achieve full resolution, and
have an increased likelihood of the need for repeated and lifelong treatment, as was demonstrated
in these studies.

These findings further explain and emphasize that diet needs to be the cornerstone therapy of
canine CE, as highly digestible diets together with fiber and changes in other nutrients will have
the largest impact in modulating the abnormal luminal environment due to malabsorption in CE.

These studies, combined with ongoing research supported by this partnership, clearly
demonstrate that CE is a heterogeneous condition and cannot be treated with a one-size-fits-all
approach; successful management of CE requires a multimodal approach focused on addressing
the underlying pathophysiologic processes as well as host and microbiome function. As further
research continues to shed light on these processes, veterinarians will be able to customize their
treatment approach to achieve greater clinical success and improve the health and quality of life
of their patients.

For a more detailed synopsis of each manuscript, please see the Study Summaries that follow.
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Study Summaries

Chen, C.-C., Pilla, R., Toresson, L., Sung, C.-H., Blake, A. B., Lopes, B. C., Turck, J.,
Jergens, A. E., Summers, S. C., Unterer, S., Ishii, P. E., Giaretta, P. R., Tolbert, M. K., &
Suchodolski, J. S. (2025). Microbial gene profiling and targeted metabolomics in fecal
samples of dogs with chronic enteropathy with or without increased Dysbiosis Index.
Journal of Veterinary Internal Medicine, 39, €70199. doi: 10.1111/jvim.70199

The Dysbiosis Index (DI) is an assay that measures the severity of dysbiosis — altered microbial
composition and function — of the gut microbiome based on the abundance (levels) of key bacteria in
the feces. The higher the DI, the more severe the shift in the composition and function of the gut
microbiome. Chronic enteropathy (CE) may be associated with dysbiosis, and the abnormal
microbiota can contribute to the clinical signs.

This study evaluated the microbiome and fecal metabolome from 74 clinically healthy dogs with a
normal DI and 115 dogs with CE. Of the CE dogs, 57 dogs had a normal DI (<0) and 58 dogs had
dysbiosis (DI>0).

Dogs with increased DI had significantly reduced abundance of P. hiranonis (the main bile acid
converting bacteria in dogs) and significantly increased fecal primary bile acid levels compared to
healthy dogs and CE dogs without dysbiosis. These dogs also had significantly higher fecal levels of
primary bile acids and significantly lower levels of secondary bile acids and the cholesterol
metabolite coprostanol compared to healthy dogs and CE dogs without dysbiosis. These parameters
in CE dogs without dysbiosis were closer in value to those of healthy dogs than to CE dogs with
dysbiosis. No significant differences were observed when the CE dogs were compared by their CE
category instead of the DI.

Metabolomic analysis identified altered metabolic pathways — particularly those associated with lipid
and carbohydrate metabolisms — in CE dogs with increased DI compared to healthy dogs and CE
dogs with normal DI. A subset of CE dogs with increased DI showed increased carbohydrate
degradation-related pathways and fecal transporter-dependent carbohydrate concentrations as well
as reduced carbohydrate biosynthesis-related pathways, possibly indicating a subset of CE that may
benefit from altered carbohydrate intake. An additional subset of CE dogs with increased DI
demonstrated alterations to several amino acid pathways, increased abundance of E. coli and
Streptococcus, and reduced abundance of P. copri and C. mitsuokai, which may reflect intestinal
amino acid malabsorption.

Collectively, these findings suggest that dogs with CE accompanied by dysbiosis also have altered
host and microbial metabolic functions and that the pathophysiology of CE with dysbiosis differs
from that of CE without dysbiosis. Overall these findings indicate that malabsorption is a key
component of CE, and is associated with dysbiosis.

Toresson, L., Ludvigsson, U., Olmedal, G., Hellgren, J., Toni, M., Giaretta, P. R., Blake,
A. B., & Suchodolski, J. S. (2025). Repeated fecal microbiota transplantation in dogs
with chronic enteropathy can decrease disease activity and corticosteroid use. Journal
of the American Veterinary Medical Association, online ahead of print. doi:
10.2460/javma.25.08.0563

This prospective study evaluated 39 dogs with CE who had received 2-3 fecal microbiota
transplantations (FMTs) via enema in a 1-month time period. The dogs’ Canine Inflammatory Bowel
Disease Activity Index (CIBDAI) scores and fecal microbiomes were assessed at baseline and for the
following 6 months.

Twenty-eight (28) of the 39 dogs (72%) clinically responded to FMT, as demonstrated by increased
activity level, improved fecal scores, decreased stool frequency, and weight gain in previously
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underweight dogs. Eight of those 28 (29%) dogs had a short-lasting response — they improved after
the first FMT, but showed no further improvement with subsequent FMTs. The 20 long-lasting
responders (LLRs) demonstrated significant improvements in CIBDAI scores and Dysbiosis Index
(DI) compared to baseline, while nonresponders (N) and short responders (SR) did not. Median P.
hiranonis was higher, E. coli was lower, and the percentage of secondary bile acids was higher at
baseline in LLRs than N and SR groups combined. CIBDALI scores at baseline were not associated
with response to FMT.

At 6 months, maintenance corticosteroid (CCS) dose had been decreased by a median of 34% (range,
25-63%) in 11 LLR dogs and had been stopped in 2 LLR dogs. Prior to FMT, attempts to taper CCS
were unsuccessful.

The presence of marked dysbiosis and bile acid dysmetabolism before and after FMT was associated
with short-lasting or no clinical response to FMT. Dogs with severe dysbiosis may still benefit from
FMT, but are less likely to respond and may require repeated FMT; this underscores the importance
of setting realistic expectations prior to therapy. These results confirm that FMT is a safe and
valuable adjunctive treatment option in dogs with refractory or partially refractory CE, associated
with decreased disease activity and a CCS-sparing effect in the majority of responders.

Toresson, L., Blake, A. B., Sung, C.-H., Olmedal, G., Ludvigsson, U., Giaretta, P. R.,
Tolbert, M. K., & Suchodolski, J. S. (2025). Fecal and clinical profiles of dogs with
chronic enteropathies treated with bile acid sequestrants for 5-47 months: A
retrospective case series. Journal of Veterinary Internal Medicine, 39, €70206. doi:
10.1111/jvim.70206

Bile acids (BA) have numerous critical roles in metabolism and health, and impaired BA metabolism
has been shown to occur in some dogs with chronic enteropathies (CE). This retrospective case series
evaluated the veterinary medical records of 24 dogs with CE (based on the Canine Inflammatory
Bowel Disease Activity Index, CIBDAI) receiving BA sequestrants — medications that bind BA so they
are excreted instead of absorbed — as adjunctive therapy due to inadequate or no response to diet
change and immunosuppressive therapy. Fecal BA concentrations and Dysbiosis Index results in
these dogs were compared to those of 18 healthy dogs and also within the CE group based on their
response (responder vs non-responder) to BA sequestrant therapy.

Sixteen (67%) of the 24 dogs with CE responded to BA sequestrants with improved fecal and CIBDAI
scores. Dogs that responded to BA sequestrants had higher concentrations of fecal primary BAs,
lower concentrations of secondary BAs, higher DI, and low abundance of Peptacetobacter hiranonis
(formerly Clostridium hiranonis; this is the primary BA-converting bacterial species) compared to
non-responders and healthy dogs. Nine (64%) of 14 dogs treated with corticosteroids were able to
have their dosages reduced by 33-67%, which had not been possible prior to BA sequestrant
administration. Adverse effects of the BA sequestrants were observed in some dogs, and more
common in the non-responder group, but tended to be mild. Long-term follow-up on the dogs
showed that 4 of 16 (25%) of the responder group had been euthanized due to their enteropathy,
compared to 4 of 8 (50%) of the non-responder group; the remaining responders alive at the time of
manuscript preparation had maintained their improved clinical status.

The authors concluded that treatment with BA sequestrants may benefit some dogs with CE that do
not respond, or only partially respond, to dietary intervention and immunosuppressive therapy,
particularly when those dogs have higher dysbiosis index, higher levels of fecal primary bile acids
and depleted P. hiranonis. The study also shows that clinical remission does not mean there is
resolution of the underlying pathology.

Purina Institute Microbiome Forum Virtual Event 2025 | 12-13 November 2025 | Scientific Summaries
The opinions expressed are those of the individual author(s) and do not necessarily reflect the views of 41
Nestle Purina PetCare Company or its affiliates.



Institute

Advancing Science for Pet Health

CLAIM YOUR FREE
NUTRITION HANDBOOKS TODAY!

Looking for trusted nutrition guidance for your team and clients? The Purina Institute

offers two essential references to keep you informed:
» Handbook of CANINE AND FELINE WELL-PET NUTRITION

* Handbook of CANINE AND FELINE CLINICAL NUTRITION

Download both Ebooks FREE when you sign up to
receive scientific communications from Purina Institute




Institute

Advancing Science for Pet Health

GET TO KNOW THE PURINA INSTITUTE

Advancing Science for Pet Health

At the Purina Institute, we believe science is more powerful when it’s shared. That’s why we’re
on a mission to unlock the power of nutrition to help pets live better, longer lives. A global
professional organization, the Purina Institute shares Purina’s leading-edge research, as well as
evidence-based information from the wider scientific community, in an accessible, actionable
way so veterinary professionals are empowered to put nutrition at the forefront of pet health
discussions to further improve and extend the healthy lives of pets through nutrition.

For more information and a wealth of pet nutrition resources,
visit www. Purinainstitute.com and sign up for scientific communications.
By signing up, you'll receive updates on discoveries in nutritional science, free
resources to support you in your nutrition conversations with clients, invitations to
events, newsletters and much more from the Purina Institute.

www.Purinalnstitute.com/Sign-Up

Learn more at
Purinalnstitute.com

PURINA TRADEMARKS ARE OWNED BY SOCIETE DES PRODUITS NESTLE S.A.
EE/CRCA



https://www.purinainstitute.com
https://www.purinainstitute.com
https://www.purinainstitute.com/sign-up

	Introduction
	Table of Contents
	The Microbiota-Gut-Brain Axis in Health and Disease
	The Gut-Brain Axis in Veterinary Behavioral Medicine: Evidence and Clinical Practice
	Gut Feelings – The Link Between Gut and Mood
	Paroxysmal Dyskinesia in Dogs: Response to a Gluten-Free, Hydrolyzed Diet
	Myths and Misperceptions About Pre-, Pro-, and Postbiotics
	Links Between Early-Life Stressors, Antibiotic Exposure, Gut Barrier Function, and Later-Life Gastrointestinal and Skin Diseases
	Exploring the Gut-Skin Axis: The Role of the Gut Microbiome in the Pathogenesis of Canine Atopic Dermatitis
	Nutrition for Skin Health: Leveraging the Gut-Skin Axis for Optimal Skin Health
	FMT Made Practical: How I Implemented FMT into Daily Practice
	Disentangling canine chronic enteropathies and microbiome dysbiosis: Purina-Texas A&M partnership advances understanding of this complex condition
	Handbooks Flyer for MBFVE Summaries Back Cover.pdf
	Slide 1

	Blank Page
	Blank Page



