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Summary

Ouedraogo, A. B. & M. Yildirim, 2026. The influence of gut microbiome on autoimmune
and immune-mediated disorders in dogs and cats. Bulg. J. Vet. Med. (online first).

In companion animals, the gastrointestinal tract is far more than a simple digestive conduit — it consti-
tutes a complex ecosystem that operates as an active immunological and metabolic organ. It is funda-
mental to distinguish the microbiota (taxonomy: who is present) from the microbiome (genetic and
functional potential: what they do). A balanced microbiota promotes immune homeostasis and pro-
tects against pathogenic colonisation through competitive exclusion and synthesis of essential metab-
olites, notably short-chain fatty acids (SCFAs). Dysbiosis — defined as a disruption of this functional
equilibrium — acts as an immune rheostat: its dysregulation impairs paracellular permeability and the
systemic metabolomic signature, with consequences that extend to distant organ systems through the
circulation of metabolites and immunomodulatory signals. This review synthesises current veterinary
evidence on gut microbiota alterations associated with inflammatory bowel disease, intestinal lym-
phoma, atopic dermatitis, autoimmune haemolytic anaemia, immune thrombocytopaenia, diabetes
mellitus, chronic kidney disease, cardiac disease, osteoarthritis, and asthma in dogs and cats. Validat-
ed molecular biomarkers, including the Dysbiosis Index (DI), serum zonulin, and plasma lactate, are
discussed as objective tools for clinical monitoring. Therapeutic approaches aimed at restoring mi-
crobial homeostasis — including faecal microbiota transplantation (FMT), probiotics, prebiotics, and
postbiotics — are increasingly explored in this context. Overall, the review underscores the potential
of the gut microbiome as both a diagnostic biomarker and a therapeutic target in companion animal
medicine.

Key words: atopic dermatitis, autoimmune diseases, dysbiosis, faeccal microbiota transplan-
tation, gut microbiota, inflammatory bowel disease

INTRODUCTION

In companion animals, the gastrointestinal conceptual distinction underlies this field:
tract is increasingly recognised as an ac- the microbiota refers to the taxonomic
tive immunological and metabolic organ, composition of microbial communities —

not merely a conduit for digestion. A key “who is there” — whereas the microbiome
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encompasses their collective genetic mate-
rial and functional potential — “what they
do” (Suchodolski, 2021). This ecosystem
fulfils vital homeostatic functions, includ-
ing modulation of the immune system,
protection against pathogens through
competitive exclusion, and synthesis of
essential metabolites such as short-chain
fatty acids (SCFAs).

Dysbiosis — defined as a disruption of
this functional equilibrium — acts as an
immune rheostat whose dysregulation
impairs paracellular permeability and the
systemic metabolomic signature (Sucho-
dolski, 2021). Importantly, this disruption
is not a localised phenomenon: it extends
to distant organ systems through the circu-
lation of metabolites and immunomodula-
tory signals, forming the biological basis
of the gut-skin, gut-kidney, gut-heart, gut-
joint, gut-lung, and gut-brain axes in com-
panion animals (De Luca & Shoenfeld,
2018).

This review synthesises the current
veterinary evidence on the relationship
between dysbiosis and the onset or pro-
gression of immune-related disorders in
dogs and cats, and examines emerging
diagnostic and therapeutic approaches in
this area (Table 1).

THE GUT MICROBIOTA

Composition of the canine and feline gut
microbiota

The gut microbiome refers to all the mi-
croorganisms — bacteria, viruses, proto-
zoa, and fungi — present in the digestive
tract and their collective genetic material
(Thursby & Juge, 2017). According to
Hoffmann et al. (2016), Actinobacteria,
Bacteroidetes, Proteobacteria, Firmicu-
tes, and Fusobacteria are the five domi-
nant phyla in feline and canine intestines

Alpha diversity is considerably higher in
cats than in dogs.

Jha et al. (2020) noted that Megamo-
nas, Fusobacterium, SMB53, and Entero-
coccus were the most dominant genera in
canines, while Alistipes, Collinsella, Cop-
rococcus, Peptostreptococcus, Sutterella,
Ruminococcus, Parabacteroides, Bifido-
bacterium, Adlercreutzia, Carnobacteri-
um, Oscillospira, Faecalibacterium, Pep-
tococcus, and Desulfovibrio were predom-
inant in felines.

The mycobiome of dogs is dominated
by the Nakaseomyces genus, while that of
cats is dominated by Aspergillus, Peni-
cillium, and Saccharomyces (Handl et al.,
2011). The gut microbiome significantly
influences nutrient absorption and pro-
motes the production of SCFAs including
propionate, butyrate, and acetate that are
essential for intestinal homeostasis, epi-
thelial barrier integrity, and immuno-
modulation (Rowland et al., 2018; Silva et
al., 2020).

Molecular biomarkers of dysbiosis and
intestinal permeability in dogs and cats

Several validated molecular biomarkers
are now available to characterise intestinal
dysbiosis and assess mucosal barrier func-
tion in companion animals. Among them,
the faecal Dysbiosis Index (DI) has estab-
lished itself as a reliable quantitative
PCR-based tool for detecting alterations
in gut microbiota composition. The assay
measures the abundance of selected bacte-
rial taxa, including Peptacetobacter
hiranonis (formerly Clostridium hirano-
nis), a key bacterium involved in the con-
version of primary bile acids into second-
ary bile acids and the maintenance of in-
testinal homeostasis.

In dogs, a DI score greater than 2 is
considered indicative of clinically relevant
dysbiosis and has been reported to diffe-
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rentiate healthy animals from those with
chronic enteropathies with a sensitivity of
74% and a specificity of 95% (AlSha-
waqfeh er al., 2017). A feline-specific
adaptation of the DI has subsequently
been developed. Cats with chronic
enteropathy exhibit significant reductions
in several beneficial bacterial taxa, inclu-
ding Bacteroides, Bifidobacterium, Pept-
acetobacter hiranonis, Faecalibacterium,
and Turicibacter, accompanied by in-
creased abundances of Escherichia coli
and Streptococcus spp. Using a cut-off
value above 0, the feline DI achieved a
sensitivity of 77% and a specificity of
96% for distinguishing cats with chronic
enteropathies from healthy controls (Sung
etal., 2022).

In addition to microbiome-based bi-
omarkers, indicators of intestinal barrier
integrity have gained increasing attention.
Serum zonulin, a physiological regulator
of epithelial tight junctions, is commonly
used as a marker of intestinal permeabil-
ity. In dogs with diarrhoea, serum zonulin
concentrations have been reported at 9.80
ng/mL compared with 1.94 ng/mL in
healthy controls. The same animals also
exhibited markedly elevated plasma lac-
tate concentrations (9.02 mmol/L versus
1.21 mmol/L), suggesting substantial met-
abolic stress and mucosal injury associat-
ed with barrier dysfunction (Sen et al.,
2025). Although similar mechanisms are
suspected in cats, species-specific data
regarding permeability biomarkers remain
limited.

Together, biomarkers of dysbiosis and
intestinal permeability provide comple-
mentary windows into microbial balance
and epithelial barrier function. Their in-
corporation into clinical practice holds
genuine promise for improving diagnostic
precision and treatment monitoring in
gastrointestinal disease. That said, further
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prospective studies are needed to establish
the sensitivity, specificity, and applicabil-
ity of these tools across different condi-
tions and species before standardised clin-
ical thresholds can be recommended.

Molecular mechanisms of gut-itmmune
interaction in dogs and cats

Maintaining intestinal and systemic im-
mune homeostasis in dogs and cats largely
dependson the continuous interactions
with epithelial and immune cells (Fig. 1).
Microbial metabolites, including SCFAs,
tryptophan-derived indoles, and secondary
bile acids, regulate epithelial barrier func-
tion, immune tolerance, and inflammatory
responses through multiple host signalling
pathways. Under physiological conditions,
these interactions promote regulatory T-
cell activity, mucosal IgA production, and
epithelial integrity. Conversely, dysbiosis
disrupts  host-microbe communication,
leading to excessive activation of innate
immune pathways, impaired barrier func-
tion, altered adaptive immune responses,
and chronic inflammation. Growing evi-
dence points to the involvement of these
mechanisms not only in chronic entero-
pathies but also in a broader range of im-
mune-mediated and autoimmune disorders
in companion animals (Heilmann &
Suchodolski, 2015; Ziese & Suchodolski,
2021; Rey et al., 2025).

MICROBIOTA AND IMMUNE-
MEDIATED DISEASES

The relationship between the gut micro-
biota and the immune system is shaped by
strict spatial compartmentalisation within
the gastrointestinal tract. Luminal bacteria
must be distinguished from mucosa-adhe-
rent populations, as the latter possess fun-
damental immunological properties that
are frequently disrupted during pathologi-
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cal processes (Suchodolski, 2021). Gut
dysbiosis has been proposed as a contribu-
tor to immune dysregulation and, poten-
tially, to the development of immune-
mediated diseases (Wu & Wu, 2012).
Whether dysbiosis precedes and drives
disease or arises secondary to mucosal inf-
lammation, however, remains unresolved
for most of the conditions reviewed below
— a distinction with important implications
for therapeutic rationale (Fig. 2).

Gastrointestinal diseases

¢ Inflammatory bowel disease

Inflammatory bowel disease (IBD) is
common in both dogs and cats. Its aetiol-
ogy is idiopathic and multifactorial, en-
compassing dietary factors, allergens,
breed predisposition, infectious agents,

A. B. Ouedraogo & M. Yildirim

and environmental triggers (Jergens &
Simpson, 2012). In cats with IBD, 16S
rRNA sequencing has revealed higher
relative abundances of Enterobacteria-
ceae and Streptococcaceae alongside re-
ductions in Firmicutes, Bacteroidetes, and
Actinobacteria (Marsilio et al., 2019).
Cats with chronic diarrhoea showed a
dominance of Firmicutes and Proteobac-
teria, with decreases in Deltaproteobac-
teria, Bacteroidaceae, Roseburia, and
Megamonas relative to healthy animals
(Suchodolski et al., 2015).

In dogs with IBD, dysbiosis is charac-
terised by increased proportions of Dia-
phorobacter, Burkholderiaceae, Pseudo-
monadales, Moraxellaceae, with concur-
rent reductions in Firmicutes, Bacteroi-
daceae, and Prevotellaceae (Omori et al.,
2017). One of the most consistent obser-

Gut microbiota dysbiosis and immune-mediated diseases in dogs and cats

EXTERNAL FACTORS | Diet | Drugs | Environment | Stress: ‘

v
EUBIOSIS
High diversity | Beneficial bacteria |
SCFAs | Intact barrier

v

IMMUNE HOMEOSTASIS
Tolerance | Controlled inflammation

Reduced diversity |

¥

DYSBIOSIS
jonts | Low SCFAs |

L 4

IMMUNE DYSREGULATION
Pro-inflammatory signals | Chronic inflammation

v -

STRONGER EVIDENCE
IBD | Atopic dermatitis | Diabetes

EMERGING EVIDENCE
CKD | Cardiac disease | OA |
Asthma | Lymphoma

Fig. 2. Gut microbiota dysbiosis and immune-mediated diseases in dogs and cats. External factors
(diet, drugs, environment, stress) influence the gut microbiome, leading either to eubiosis —
characterised by high microbial diversity, beneficial bacteria, intact barrier, and SCFA production —
and immune homeostasis, or to dysbiosis — characterised by reduced diversity, pathobionts, low
SCFAs, and increased permeability — and immune dysregulation. Dysbiosis is associated with
immune-mediated diseases supported by stronger veterinary evidence (IBD, atopic dermatitis,
diabetes mellitus, AIHA/ITP) and emerging veterinary evidence (CKD, cardiac disease,
osteoarthritis, asthma, and intestinal lymphoma in cats). AIHA, autoimmune haemolytic anaemia;
CKD, chronic kidney disease; IBD, inflammatory bowel disease; ITP, immune thrombocytopenia;
OA, osteoarthritis; SCFAs, short-chain fatty acids.
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vations is the depletion of Faecalibacteri-
um — a key anti-inflammatory taxon — and
P. hiranonis, with consequent impairment
of bile acid conversion. As the principal
converter of primary into secondary bile
acids, P. hiranonis depletion creates a
permissive environment for Clostridioides
difficile spore germination. Accordingly,
Clostridioides difficile has been detected
in 26% of dogs with chronic diarrhoea,
80% of which exhibit severe P. hiranonis
deficiency (Suchodolski, 2021). In granu-
lomatous colitis, adherent-invasive Esche-
richia coli (AIEC) infiltrates macrophages
of the lamina propria, generating a distinc-
tive immunopathological response (Simp-
son et al., 2006). Giaretta et al. (2020) fur-
ther confirmed the enrichment of Bacte-
roides, Shigella spp., and Escherichia coli
in the intestinal mucosa of dogs with IBD.

FMT has been shown to increase the
relative abundance of Fusobacteria in
dogs with IBD (Niina et al., 2021). The
clinical relevance of this shift warrants
careful interpretation, however, given that
Fusobacterium has been implicated in
mucosal inflammation and oncogenic pro-
cesses in other contexts (Su et al., 2020).
Taken together, these findings reflect the
inherent complexity of microbiome-based
interventions and reinforce the need for
rigorous controlled trials.

¢ Intestinal lymphoma

In cats with intestinal lymphoma, a direct
association has been reported between
mucosal-adherent  Fusobacterium  and
increased expression of NF-«xB and
CDI11b+ markers, suggesting that local
dysbiosis may act as an oncogenic co-
factor (Garraway et al., 2018). This con-
stitutes one of the more direct links be-
tween gut microbial dysbiosis and onco-
logical processes described in feline med-
icine, and merits further mechanistic in-
vestigation.

Dermatological diseases

* Atopic dermatitis — canine

The gut-skin axis depends on epithelial
barrier integrity, where the gut micro-
biome plays a central role in modulating
systemic immune responses that ultimate-
ly manifest cutaneously (Zhao et al.,
2025). This communication is bidirection-
al: intestinal dysbiosis favours skin in-
flammation, while scratch lesions arising
from the pruritus-excoriation cycle can in
turn alter gut microbiome composition
(Jarett, 2025). SCFAs contribute by rein-
forcing tight-junction resistance and limit-
ing systemic allergen exposure. Atopic
dermatitis (AD) is accordingly associated
with concurrent skin and gut dysbiosis
(Kennedy et al., 2017). Several studies
have reported gut microbial alterations in
affected dogs, with some degree of con-
sistency across cohorts. Rostaher er al
(2022) described reduced alpha-diversity
alongside increased proportions of Con-
chiformibius, Catenibacterium, Rumino-
coccus gnavus, and Megamonas. In Shiba
Inu dogs, Thomsen et al. (2023) observed
elevated gut abundances of Escherich-
ia/Shigella and Clostridium sensu stricto,
with concomitant reductions in Fusobac-
teria and Megamonas — shifts that tended
to partially reverse following oclacitinib
treatment. Oral FMT has been associated
with changes in the Firmicutes/Bacte-
roidetes ratio (Ural, 2022), and early life
exposure to Lactobacillus rhamnosus GG
(LGG) demonstrated lasting clinical and
immunological benefits in an experi-
mental canine model, leading to signifi-
cantly lower clinical severity scores three
years after probiotic discontinuation
(P=0.0003), despite allergen-specific IgE
levels remaining statistically comparable
to controls at that stage (Marsella et al.,
2012). These findings remain preliminary,
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however, given the small sample sizes and
heterogeneous study designs involved.

* Atopic dermatitis — feline

Feline atopic skin syndrome (FASS),
though considerably less well character-
ised than its canine counterpart, is an in-
creasingly recognised immune-mediated
condition. Available evidence, though still
limited, suggests that gut dysbiosis may
contribute to cutaneous hypersensitivity in
cats via mechanisms broadly comparable
to those described in dogs: dysbiotic fae-
cal profiles with reductions in immuno-
regulatory taxa such as Faecalibacterium
and Bifidobacterium have been reported
in atopic cats (Sung et al., 2022). Admin-
istration of soil-based probiotics has been
associated with clinically significant re-
ductions in FeDESI scores and pruritus
(Ural et al., 2022), supporting the func-
tional relevance of gut-to-skin immuno-
regulation in this species. Nonetheless,
species-specific differences in mucosal
immunity, allergen sensitisation pathways,
and baseline microbiome composition
necessitate caution in direct extrapolation
from canine data, and dedicated feline
clinical trials remain warranted.

Systemic immune-mediated diseases

* Autoimmune haemolytic anaemia and
immune thrombocytopaenia

Autoimmune haemolytic anaemia (ATHA)
and immune thrombocytopaenia (ITP) are
immune-mediated haematological disor-
ders that carry considerable morbidity
and, in severe cases, mortality in dogs and
cats. ITP is characterised by a substantial
reduction in circulating platelet counts due
to macrophage-mediated platelet destruc-
tion. AIHA results from host immune tar-
geting of erythrocyte antigens, leading to
severe anaemia, jaundice, and potentially
life-threatening complications (Dierickx et
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al., 2008). A pilot study revealed distinct
microbial compositions in affected dogs,
with higher alpha-diversity and increased
relative abundances of Treponema and
Lachnospiraceae in animals with im-
mune-mediated haematological disease
(Liu et al., 2023). These findings should
be interpreted with caution given the pilot
nature of the study, and the mechanisms
by which such microbial shifts might con-
tribute to (or reflect) haematological auto-
immunity remain poorly understood.

¢ Diabetes mellitus

Diabetes mellitus is a common endocrine
disorder in companion animals. The pre-
dominant form in dogs shares features
with type 1 diabetes mellitus whereas that
in cats more closely resembles type 2 dia-
betes mellitus (Nelson & Reusch, 2014).
Kieler et al. (2019) demonstrated that
diabetic cats exhibit reduced gut microbial
diversity and a deficiency of butyrate-
producing bacteria considered important
for insulin signalling. Kwong et al. (2023)
documented a threefold increase in Clost-
ridioides difficile in diabetic dogs, along
with a twofold increase in Butyricicoccus
pullicaecorum, Phocaeicola plebeius, and
Lacrimispora indolis. In diabetic cats,
reduced proportions of Bacteroidetes,
Prevotellaceae, and Prevotella have been
reported (Kieler et al,, 2019). Whether
these microbiome shifts play a causal role
in metabolic dysregulation or simply re-
flect the disease environment has yet to be
determined.

* Chronic kidney disease and cardiac
disease

Impairment of intestinal barrier integrity,
commonly referred to as the "leaky gut"
phenomenon, may facilitate the trans-
location of microbial metabolites and
uremic toxins into the systemic circu-
lation, potentially contributing to systemic
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inflammation. In dogs and cats with CKD,
microbial catabolism of aromatic amino
acids generates indoxyl sulphate (IS) and
p-cresol sulphate (pCS), which accu-
mulate systemically and contribute to
renal tubular toxicity (Summers et al.,
2019). This dysbiotic shift is characterised
by a progressive replacement of saccharo-
lytic commensals by proteolytic taxa —
including increased Proteobacteria, Ente-
robacteriaceae, and Enterococcus abun-
dance — that appears to increase proportio-
nally with IRIS disease stage in dogs,
while beneficial genera such as Rumino-
coccus decline concurrently (Kim et al.,
2024). In cats, the faecal microbiome of
CKD patients appears more resistant to
dietary modulation than that of healthy
controls, though supplementation with
short-chain fructooligosaccharides  has
been associated with increases in benefi-
cial Bacteroidales taxa and reductions in
phenolic uremic toxins, suggesting that
fibre type selection may be clinically
relevant in CKD dietary management
(Hall et al., 2020). Serum trimethylamine-
N-oxide (TMAO) has been proposed as a
potential biomarker of CKD severity in
dogs, although current evidence derives
from a pilot study and requires validation
in larger cohorts (Kang et al., 2025).

Gut dysbiosis is also increasingly
implicated in canine cardiac disease. Ele-
vated circulating TMAO has been repor-
ted in dogs with myxomatous mitral valve
disease (MMVD) and congestive heart
failure (CHF) (Karlin et al., 2019). In a
study of 92 client-owned dogs, the gut
dysbiosis index increased proportionally
with MMVD severity, progressing from a
mean of —1.48 in healthy animals to +1.47
in dogs with CHF, and was inversely
correlated with Peptacetobacter hiranonis
(r =-0.79, P<0.0001) — a key secondary
bile acid converter (Li et al, 2021).
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Escherichia coli, capable of trimethyla-
mine production in the gut, showed
increased abundance in advanced disease
stages and may partly account for elevated
circulating TMAO, while secondary bile
acids appeared to promote the growth of
beneficial taxa such as Faecalibacterium
while suppressing Escherichia coli (Li et
al., 2021). TMAO is thought to influence
cholesterol metabolism and promote car-
diac fibrosis, thereby increasing cardio-
vascular risk, though the causal direc-
tionality of these associations remains to
be fully established in companion animals.
On Dbalance, these observations
position gut microbiome modulation as a
potentially valuable adjunctive strategy in
renal and cardiovascular disease manage-
ment; however, longitudinal interventional
studies are needed before any clinical
recommendation can be made.

¢ Osteoarthritis

Osteoarthritis is the most common
articular condition in dogs and cats. The
gut-joint axis is thought to operate
through at least two principal mecha-
nisms: systemic low-grade inflammation
associated with gut dysbiosis, and bacte-
rial translocation across a compromised
intestinal barrier, potentially promoting
localised joint inflammation (Cintio ef al.,
2020; Jarett, 2025). In dogs with hip and
elbow osteoarthritis, increased abundan-
ces of Megamonas and reduced abundan-
ces of Paraprevotellaceae, Porphyromo-
nadaceae, and Mogibacteriaceae have be-
en reported, accompanied by elevated C-
reactive protein and reduced serum
vitamin B12 and folate concentrations,
suggesting a concurrent systemic inflam-
matory state (Cintio et al., 2020). More
recently, Balouei et al. (2025) identified
enrichment of Peptococcus, Peptostrepto-
coccus, Clostridiaceae, and Coprobacil-
lus in dogs with osteoarthritis across three
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age groups, while also demonstrating that
ageing independently influences gut
microbial composition — an important
confounding factor that warrants careful
control in future studies.

These observations must nonetheless
be weighed against findings from more
methodologically rigorous studies. Two
independent investigations employing
validated clinical outcome measures and
adjusted statistical analyses failed to
identify significant differences in alpha or
beta diversity between dogs with
osteoarthritis-associated pain and healthy
controls after correction for multiple com-
parisons (Stevens et al., 2024). In a
parallel cross-sectional analysis of 115 pet
dogs and 100 human participants, micro-
bial alpha diversity did not differ between
individuals with and without multi-joint
osteoarthritis; however, lower Faecalibac-
terium abundances and higher Escheri-
chia-Shigella abundances were modera-
tely associated with pain severity in dogs,
and Faecalibacterium was more abundant
in humans without radiographic osteoarth-
ritis (Nelson et al., 2025). The parallelism
between human and canine findings is
noteworthy, although both datasets remain
associative and prospective canine studies
are needed to confirm these patterns. The
detection of intestinal bacterial DNA
within arthritic joints provides additional
circumstantial support for a role of intesti-
nal permeability in articular pathophysio-
logy, though direct mechanistic evidence
in companion animals remains limited
(Jarett, 2025).

Schott et al. (2018) demonstrated, in a
murine model, that gut microbiome imba-
lance contributes to obesity-associated
osteoarthritis, and that oligofructose sup-
plementation — through restoration of Bifi-
dobacterium populations — attenuated di-
sease progression. Since these findings
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were obtained exclusively in rodents, their
relevance to dogs and cats remains uncer-
tain in the absence of species-specific
confirmation. From a therapeutic perspec-
tive, a systematic review and meta-ana-
lysis of 72 trials confirmed significant
analgesic benefits of omega-3-enriched
diets and omega-3 supplementation in
canine and feline osteoarthritis, while
chondroitin-glucosamine  nutraceuticals
failed to demonstrate clinically meaning-
ful effects and were not recommended for
pain management (Barbéau-Grégoire et
al., 2022). At a more exploratory stage,
heat-treated Lacticaseibacillus rhamnosus
strains have exhibited anti-inflammatory
properties and stimulated type II collagen
synthesis in canine chondrocytes in vitro,
representing a promising postbiotic strate-
gy that requires in vivo validation before
clinical application can be considered
(Rago et al., 2026).

In summary, while certain microbial
taxa appear to be associated with osteo-
arthritis and pain severity in dogs, no
consistent and reproducible dysbiosis sig-
nature has yet emerged from the available
literature. The mechanistic links between
gut microbiota composition and joint di-
sease in companion animals therefore re-
main incompletely understood, and longi-
tudinal interventional studies integrating
microbiome profiling with validated clini-
cal and inflammatory outcome measures
are warranted.

* Asthma

Asthma is a prevalent inflammatory air-
way disease in cats, triggered by allergen-
induced responses in the lower respiratory
tract (Halliwell et al., 2021). There is
growing support for a gut-lung axis in
cats, through which intestinal microbiota
shifts may modulate airway immune
responses via systemic immune and meta-
bolic pathways.
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Cats with chronic asthma exhibit redu-
ced Firmicutes and increased Proteobac-
teria abundances, accompanied by a
marked decrease in amplicon sequence
variants (ASVs) (Vientés-Plotts et al.,
2022). In spontaneously asthmatic cats,
significant lower airway dysbiosis has
been documented relative to healthy
controls, with Pasteurella and Moraxella
spp. identified as potential pathobionts
and Mpycoplasma detected in 35% of
asthmatic cats but absent in healthy
animals (Vientds-Plotts et al., 2022). In an
experimental model, induction of asthma
with Bermuda grass allergen decreased
microbial richness in both rectal and
lower airway samples, suggesting bidirec-
tional interactions between intestinal and
respiratory microbial communities
(Vientos-Plotts et al., 2022).

When spontaneous feline asthma and
chronic bronchitis were compared, lower
airway microbiota composition was bro-
adly similar between conditions, although
differences in Actinobacteria abundance
were noted at the phylum level. Cats
exhibiting a shift from Proteobacteria to
Bacteroidetes dominance had significantly
longer disease duration before diagnosis,
suggesting a possible progression-related
microbial signature (Werner et al., 2024).
A higher abundance of Atopobiaceae in
the faecal microbiota of cats with acute
asthma has also been proposed as a
potential diagnostic biomarker, though
independent validation is required (Deng
etal., 2022).

From a therapeutic perspective, oral
multistrain probiotic administration in
healthy cats altered bronchoalveolar lava-
ge microbiota and demonstrated that
probiotic species could reach the lower
respiratory tract, providing preliminary
support for microbiome-mediated gut-
lung interactions (Vientos-Plotts er al.,
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2017). A subsequent randomised, blinded,
placebo-controlled trial in asthmatic cats
receiving multistrain probiotics alongside
glucocorticoids, however, failed to de-
monstrate significant improvements in
clinical signs, airway eosinophilia, micro-
bial community composition, or immune
markers (Remaks et al, 2024). These
findings suggest that the clinical efficacy
of probiotics in feline asthma remains
uncertain and that strain selection, dosage,
and route of administration are likely
critical determinants of therapeutic out-
come.

Overall, feline asthma appears to be
associated with alterations in both respi-
ratory and intestinal microbial commu-
nities. Therapeutic strategies targeting the
microbiome remain at an exploratory sta-
ge, however, and well-controlled studies
using standardised methods and validated
clinical endpoints are needed before these
approaches can be considered for routine
practice.

CURRENT RESEARCH LIMITATIONS
AND CLINICAL IMPLICATIONS

Despite accumulating evidence linking the
gut microbiota to immune-mediated dis-
eases in companion animals, several im-
portant limitations must be acknowledged.
Many veterinary studies are constrained
by small sample sizes and methodological
heterogeneity — including disparate se-
quencing platforms, variable bioinforma-
tic pipelines, non-standardised reference
databases, and inconsistent sampling pro-
tocols — all of which impede cross-study
comparison and complicate data synthesis.

Observational and cross-sectional de-
signs continue to dominate the literature,
precluding firm causal inference. Whether
dysbiosis represents a primary driver of
immune dysregulation or a downstream
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consequence of mucosal inflammation
remains unresolved for most conditions
reviewed — a question with direct implica-
tions for the rationale behind microbiome-
targeted interventions. A further concern
is that much of the mechanistic evidence
originates from murine models, whose
translational relevance to canine and fe-
line physiology has not been fully estab-
lished.

From a practical standpoint, integrat-
ing microbiome analytics into routine vet-
erinary care faces non-trivial challenges.
Although tools such as the faecal DI pro-
vide species-specific thresholds, the long-
term efficacy, optimal protocols, and re-
producibility of microbiome-targeted stra-
tegies — probiotics, oral FMT, dietary mo-
dulation — have not yet been standardised.
Interpretation is further complicated by
the absence of universally accepted refer-
ence intervals for a "healthy" canine or
feline microbiome, and by substantial
inter-individual variation attributable to
genetics, signalment, diet, geographic en-
vironment, prior antimicrobial exposure,
and concurrent subclinical conditions.

Advancing the field will require large-
scale, prospective, multicentre trials that
employ standardised multi-omic ap-
proaches and validated outcome measures
such as CADESI or FeDESI. Only such
studies can determine whether intestinal
microbiota manipulation consistently al-
ters disease trajectories — and provide the
evidence base that microbiome diagnos-
tics and therapeutics will need before they
can be meaningfully integrated into rou-
tine small animal practice.

CONCLUSIONS

The gut microbiota functions as a dynamic
immunological and metabolic organ in
dogs and cats, and its disruption —
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dysbiosis — is associated with the onset or
progression of a wide range of clinically
relevant conditions. Direct veterinary evi-
dence now implicates microbiome altera-
tions in IBD, intestinal lymphoma, atopic
dermatitis, AIHA/ITP, diabetes mellitus,
chronic kidney disease, cardiac disease,
osteoarthritis, and asthma; the gut-brain
axis is also emerging as a frontier in com-
panion animal neurology. The strength of
this evidence nonetheless varies markedly
across conditions, and causal conclusions
cannot be drawn uniformly.

The mechanisms mediating gut-
immune crosstalk are multiple and inter-
related: they include microbial metabolite
signalling (SCFAs, TMAO, indoxyl
sulphate, secondary bile acids), modulati-
on of immune cell differentiation through
TLR/NLR pathways and Treg induction,
and alterations in intestinal barrier integ-
rity. Validated molecular biomarkers — the
DI, serum zonulin, and plasma lactate —
offer practical tools for monitoring dys-
biosis and gauging therapeutic response in
the clinical setting.

Looking ahead, the convergence of
nutrigenomics and precision medicine
opens the prospect of tailored dietary stra-
tegies capable of modulating host gene
expression via the gut microbiome.
Therapeutic tools such as FMT, targeted
prebiotics, and postbiotics may ultimately
allow restoration of microbial homeostasis
without routine recourse to antimicrobials
(Sasso & Jain, 2025). Future research
should prioritise longitudinal mechanistic
studies in dogs and cats, standardise
microbiome analytical methodologies, and
conduct well-designed controlled clinical
trials  evaluating microbiome-targeted
therapies.
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