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Abstract

Oral squamous cell carcinoma (OSCC) accounts for the majority of feline oral neoplasms
and carries a poor prognosis; however, the oral microbiome in affected cats remains poorly
characterized. This study aimed to preliminarily describe the oral bacterial communities of
cats with OSCC and compare them with those of clinically healthy cats using DNA ampli-
con sequencing. Oral swabs were collected from cats with OSCC, including tumor surfaces,
tumor cut surfaces, and clinically normal mucosa distant from the tumor (n = 20 total
samples), and from the gingival margin of healthy cats (n = 12). DNA was extracted and
full-length 16S rRNA gene sequencing was performed to assess microbial composition and
diversity. Cats with OSCC exhibited significant alterations in oral microbiota compared
with healthy controls, including reduced alpha diversity, distinct beta-diversity clustering,
and consistent taxonomic shifts. Healthy cats displayed a relatively conserved core mi-
crobiome dominated by Porphyromonas spp., Bacteroides, Pasteurellaceae, Helcococcus, and
Moraxella. In contrast, OSCC-associated samples showed increased relative abundances
of anaerobic and disease-associated taxa, including Filifactor villosus, Bacteroides pyogenes,
Odoribacter denticanis, Porphyromonas circumdentaria, and members of the Pasteurellaceae.
These findings provide the first description of the oral microbiota associated with feline
OSCC and demonstrate exploratory microbial differences between health and disease.

Keywords: 16S rRNA gene sequencing; biopsy; cats; oral microbiota; oral swab; oral
squamous cell carcinoma

1. Introduction
Oral neoplasms represent approximately 3% of all tumors in domestic cats [1]. Despite

the relative rarity, these represent a clinically challenging disease process as the treatment
options are often limited by the stage at which the cancer is detected and the associated
prognosis is grave. Many papers suggest that feline oral squamous cell carcinoma (OSCC)
could be an animal model for human head and neck cancer [2]. However, mechanistic gaps
in knowledge on the pathogenesis of feline OSCC, such as the role of changes in the oral
microbiota, have not been reported, limiting our understanding of the strength of feline
OSCC as a spontaneous model of disease [3].
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Head and neck SCC in humans is the eighth most common cancer universally and
great strides have been made in its pathogenic understanding [4,5]. Smoking, alcohol
consumption and Papilloma virus (PV) infection are known risk factors of oral cancer [6],
although PV has controversial causality [7]. Further, dysbiosis in the oral microbiota is
increasingly recognized as a co-morbidity factor in OSCC, and analysis of the microbial
profiles reveals significant differences compared to healthy individuals [8,9]. Crosstalk
between the oral microbiota, mucosal immunity, and the epithelial barrier regulates oral
mucosal disease pathogenesis in mucosal disease and cancer [10]. Silent shifts in the
oral microbiota have been implicated in promoting carcinogenesis [11] and promoting
oncogenesis [12,13]. Characterization of the feline oral microbiome in OSCC and in health
provides a foundation for further study of the microbiome relative to novel diagnostic
markers and treatment that could be evaluated in cats as a spontaneous model of disease
and benefit both species.

When investigating the oral microbiota in humans, a few terms warrant definition.
The term “oral microbiome” pertains to microorganisms that inhabit the oral cavity and
is separated into two categories, the core microbiome and the variable microbiome. The
term “core microbiome” refers to the predominant microbial species observed in diverse
anatomical locations of the human body in all individuals who exhibit sound health [14].
Distinctly, the “variable microbiome” refers to microorganisms that are unique to each
individual and are influenced by factors such as the individual’s genetic composition,
lifestyle, immune system, physiology, pathobiology, and environment [15,16]. Feline oral
ecology could benefit from these definitions. Dysbiosis commonly describes compositional
(core, variable or both) and functional alterations in the microbiota that are driven by
a set of environmental and host-related factors that perturb the microbial ecosystem to
an extent that exceeds its resistance and resilience capabilities [17]. A linkage between
the oral microbiome and Head and Neck Squamous Cell Carcinoma (HNSCC) in people
has been reported in previous studies [18–22]. For example, bacteria like Streptococcus
spp., Peptostreptococcus spp., Prevotella spp., Porphyromonas gingivalis, and Capnocytophaga
gingivalis are strongly associated with OSCC. Fusobacterium, Clostridium, Enterobacteriaceae,
Veillonella, Actinomyces, and Haemophilus are also associated with oral cancer and other
epithelial precursor lesions [12]. Additionally, high counts of Capnocytophaga gingivalis,
Prevotella melaninogenica, and Streptococcus mitis were observed in the saliva of oral cancer
patients when compared to non-cancer patients, suggesting that these three species could
be used as a diagnostic indicator for OSCC, predicting 80% of cancer cases [23].

Pathogenesis, prognosis, and targeted therapeutics have become three critical arms in
the scientific advancement of treating oral neoplasms. Additional biomarkers of disease
are emerging as possible diagnostic tools. Critical are the current metagenomic studies
on the oral microbiome in HNSCC in people [6,12,13]. However, a 2021 metagenomic
analysis revealed it remained unclear whether individual microbes or microbial signatures
consisting of a group of microorganisms are consistently depleted or elevated in OSCC in
human patients [24]. This is an active area of current research, and the manipulation of the
oral microbiome of people with oral cancer is showing promising results [25].

Despite meaningful advances in our understanding of feline SCC [26], a critical gap
remains: the oral bacterial microenvironment in feline OSCC has yet to be comprehensively
examined. To the author’s knowledge, no published studies describe the oral microbiota of
cats with this cancer, despite OSCC accounting for up to 70% of feline oral neoplasms [27].
Microbiome research in companion animal oral tumors remains sparse, with only a few
studies in dogs involving malignant melanoma or mixed-tumor cohorts [18,19,22,28]. Al-
though recent work has examined the skin microbiome in normal and cutaneous SCC-
affected cats and dogs [20], comparable investigations of the oral niche in feline OSCC are
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notably absent. Although there are no other tumor microbiome studies in cats, numerous
other feline studies describe the oral microbiome in common oral inflammatory disorders
such as feline chronic gingivostomatitis (FCGS) and periodontitis [21].

We hypothesized that the oral microbiome of cats with OSCC differs significantly from
that of healthy cats. The objective of this study was to characterize and compare the oral
bacterial communities of cats with OSCC and healthy controls using full-length 16S rRNA
gene sequencing, and to evaluate differences between tumor-associated and normal oral
sites. Given the widespread use of the cat as a comparative model for human OSCC, this
study also provides important context for interspecies similarities and differences in oral
cancer-associated microbial dysbiosis.

2. Materials and Methods
2.1. Ethics Statement and Sample Size Consideration

Biofilm sampling consisted of gentle swabbing of oral and tumor surfaces and was per-
formed under general anesthesia concurrently with clinically indicated biopsy or surgical
excision procedures. No additional anesthesia, surgical intervention, or tissue disruption
was performed for research purposes beyond standard diagnostic or therapeutic care.
Tumor tissue was collected as part of a routine biopsy procedure or resulting from tumor
excision. This study does not induce disease, injury, or distress in its subjects.

This study was designed as an exploratory, descriptive analysis of the oral microbiota
in cats with OSCC. Due to the aggressivity of the disease, ethical constraints, and the
requirement that sampling be performed only during clinically indicated procedures under
general anesthesia, sample size was determined by case availability during the study period
rather than by a priori power calculations. At the time of study initiation, no published data
were available to estimate expected effect sizes for feline OSCC-associated oral microbiome
differences, precluding reliable formal power analysis.

2.2. Client-Owned Animals

Seven client-owned animals (n = 7) were recruited from cases presented to the Uni-
versity of California Davis (UC Davis), William R. Pritchard Veterinary Medical Teaching
Hospital (VMTH), with a histological diagnosis of oral squamous cell carcinoma, before
antibiotic exposure. Swabs, blood and tissue were collected with informed owner consent
and UC Davis IACUC Approval (Approval Code: Protocol n. 24338, active protocols are
reviewed annually, last approved: 1 May 2025). Twelve healthy client-owned cats served
as controls and were recruited from a previous study [21]. Cancer samples were collected
by board-certified veterinary dentists and oral surgeons (S. L. G. and M. S. R.) who were
responsible for clinical evaluation, diagnosis, and treatment of the oral neoplasms. A full
clinicopathologic evaluation included complete blood count, and chemistry panel. Under
general anesthesia and prior to any interventions, clinical patients with an oral tumor
had their biofilm sampled. Once the tumor tissue was harvested from tumor cases, the
intra-tumoral microbiome surface was also sampled.

2.3. Sampling Collection

A total of seven cats histopathologically diagnosed with OSCC were included in
the study. From each cat, three biofilm samples were obtained using a sterile swab: one
from a clinically normal (non-tumor) site, one from the tumor surface, and one from the
intra-tumoral surface. For comparison, 12 clinically healthy control cats were sampled in
the same manner from the oral mucosa (single site per animal) [21]. Sterile swabs were
employed for biofilm collection in the feline oral cavity, a previously validated method [21].
Samples from tumor-bearing cats were collected prior to any oral irrigation, and from
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non-necrotic portions of the tumor. Immediately after collection, all swabs were labeled
individually, placed into separate plastic collection tubes, and stored at −80 ◦C until
shipment to AnimalBiome’s laboratories for analysis.

2.4. DNA Extraction, Amplification, and Sequencing

Genomic DNA was extracted using the DNeasy PowerSoil Pro DNA Isolation
Kit (Qiagen, Hilden, Germany), following the manufacturer’s instructions. DNA con-
centration was quantified with the Qubit dsDNA High-Sensitivity Assay Kit (Thermo
Fisher Scientific, Waltham, MA, USA). Full-length (V1–V9) 16S rRNA gene amplicons
were generated using primers 27F (5′-AGRGTTYGATYMTGGCTCAG-3′) and 1492R
(5′-RGYTACCTTGTTACGACTT-3′), tailed with asymmetric barcode sequences in a dual-
index one-step PCR. PCR amplification was performed using 12.5 µL of KAPA HiFi HotStart
ReadyMix PCR kit (KAPA Biosystems, Wilmington, MA, USA), 3 µL of both Forward and
Reverse primers (2.5 µM), 5 µL of template DNA, and PCR-grade water required for a
final volume of 25 µL. PCR conditions used were initial denaturation at 95 ◦C for 3 min
and 27 cycles of denaturation at 95 ◦C for 30 s, annealing at 57 ◦C for 30 s, and extension
at 72 ◦C for 60 s. Amplicons were pooled into a final library. The purified amplicons
were sequenced using PacBio Sequel IIe chemistry (Pacific Biosciences, Menlo Park, CA,
USA). Healthy control samples were collected as part of a previously published cohort
and were sequenced prior to the OSCC samples [20]. DNA extraction and sequencing
were performed using the same laboratory protocols and sequencing platform, reducing
technical variability.

2.5. Bioinformatic Processing of PacBio CSS Reads

To minimize analytical batch effects, all demultiplexed raw sequence files from healthy
controls and OSCC cases were processed together using the same bioinformatic workflow,
using the same denoising, filtering, and taxonomic classification settings. Following se-
quencing, CCS reads were converted to HiFi reads for each demultiplexed sample using
SMRT Link (v11.0.0.146107). Read processing—including trimming, denoising, derepli-
cation, and chimera filtering—was carried out in QIIME 2 (v2023.5) [29] using the dada2
plugin [30], following the workflow described in AnimalBiome’s PacBio full-length 16S
rRNA tutorial (https://github.com/AnimalBiome/AB_FlexTax/tree/main, accessed on
9 February 2026). In brief, pseudo-pooling was applied during denoising, the maximum
expected-error threshold was set to 3, and reads outside the 1300–1600 bp range after
adapter removal were discarded. Chimera detection was performed on pooled samples.

For taxonomic annotation, we applied the same Silva v138.1 curation and classification
workflow described in our previous publication [21]. Briefly, the Silva NR99 database [31]
was filtered to retain primarily full-length prokaryotic 16S rRNA sequences and to remove
entries with uninformative species labels, as outlined in the referenced tutorial. ASVs were
assigned taxonomy in QIIME 2 using a Naive Bayes classifier (confidence = 0.7) and refined
with VSEARCH [32] for higher-resolution matches. Raw PacBio HiFi sequences have been
deposited to the NCBI Sequence Read Archive (SRA), under BioProjects PRJNA1023696
(healthy controls) and PRJNA1405963 (OSCC group).

2.6. Data and Statistical Analysis

Microbiome data were imported into the R statistical software program (v.4.3.0) for
subsequent analysis. For alpha- and beta-diversity analyses, the data were further processed
using the R package MicrobiomeAnalystR (Xia Lab, McGill University, Montreal, QC,
Canada) [33]. A low-count filter was used to filter all features with <4 counts in at least 20%
of the values. Features with <10% variance, based on the inter-quartile rank, were filtered
using a low-variance filter. Finally, for data scaling, the total sum scaling was applied at the
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bacterial genus level. Alpha diversity analyses were performed using the Shannon index
and Kruskal–Wallis nonparametric test, whereas beta-diversity analyses were performed
using the Bray–Curtis dissimilarity index and PERMANOVA tests [34]. Furthermore, we
looked at the microbial composition of each sample, and we compared across different
groups and different sample sites. Additionally, visualization of the microbial composition
has been performed through a heatmap, in order to highlight correlations between taxa
and the different groups. Microbial associations with other clinical factors, as shown in
Table 1, were not possible due to the low patient sample size.

Table 1. Median age, sex, and body weight of healthy and cancer cats affected with oral squamous
cell carcinoma (OSCC).

Healthy (n = 12) OSCC (n = 7)

Age (years) 7.6 14.8
Sex (% male) 58 43

Body weight (kg) 4.5 4

3. Results
To determine whether the oral microbiota of cats with OSCC differ significantly from

healthy cats, we sampled 19 cats: 12 healthy controls and 7 cats with OSCC (Table 1).
Based on the information collected upon clinical visit, OSCC cats were generally older than
healthy cats (median age 14 vs. 7 years). The proportion of neutered males was similar
between groups (43% vs. 58%). One cat with OSCC had feline chronic gingivostomatitis
(FCGS); otherwise there was no concurrent oral or systemic disease in either cohort.

3.1. Overall Community Structure Differs Between Healthy Cats and Those with OSCC

Shannon diversity was significantly lower in OSCC samples compared with healthy
controls (Figure 1; Kruskal–Wallis test, p < 0.001). The three subgroups of OSCC samples,
normal mucosa, tumor surface, and intra-tumoral cut surface, remained significantly less
diverse than healthy samples (p < 0.001). No significant differences in alpha diversity were
detected among the OSCC subsites (Figure 2).

Figure 1. Oral microbiota alpha diversity of healthy cats compared to cats with oral squamous cell
carcinoma. For cats with OSCC, samples from the tumor surface and tumor tissue were combined.
Individual samples are shown as colored points, whereas the black diamond denotes the group
centroid (average community position in ordination space).
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Figure 2. Oral microbiota alpha diversity by subsite in cats with OSCC. Diversity differed between
healthy cats and the OSCC subsites, but not between subsites. Individual samples are shown as
colored points, whereas the black diamond denotes the group centroid (average community position
in ordination space).

Principal Coordinate Analysis (PCoA) based on Bray–Curtis dissimilarity showed a
clear separation between healthy cats and OSCC cases. Healthy samples formed a tight
cluster, while OSCC samples were more dispersed (Figure 3). PERMANOVA indicated a
significant difference in beta diversity between groups (p = 0.001).

Figure 3. Beta diversity of the feline oral microbiome in health and oral squamous cell carcinoma
(OSCC). Principal Coordinate Analysis (PCoA) of Bray–Curtis dissimilarity demonstrates significant
differences in overall microbial community composition between healthy cats and cats with OSCC
(PERMANOVA, p = 0.001).

Beta-diversity patterns were consistent across OSCC subsites. All OSCC subgroups—
normal mucosa, tumor cut site, and tumor surface—were significantly different from
healthy controls (PERMANOVA, p ≤ 0.003), but the OSCC sample sites did not differ
significantly from each other (p > 0.3; Figure 4). Collectively, these findings indicate
that individual samples are dominated by a few taxa and that different samples can be
dominated by entirely different taxa. Additionally, OSCC-associated microbial shifts occur
across the tumor environment rather than being restricted to a specific tissue region.
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Figure 4. Beta diversity of the feline oral microbiome stratified by OSCC sampling subsite. Bray–
Curtis-based PCoA demonstrates significant separation between healthy oral microbiomes and OSCC-
associated microbiomes (PERMANOVA, p = 0.001). Stratification of OSCC samples by collection site
does not reveal clear subsite-specific clustering, with overlapping community composition observed
across tumor-associated sites.

3.2. Taxonomic Differences Between Healthy and OSCC Oral Microbiomes

Relative abundance profiles showed pronounced shifts in microbial composition be-
tween groups (Figure 5). Healthy cats’ core microbiome was primarily characterized by
species such as Porphyromonas canoris, Porphyromonas cangingivalis, Porphyromonas pasteri,
and Moraxella spp., which dominated the community structure. In contrast, the variable
microbiome in OSCC samples exhibited increased abundances of several anaerobic and
disease-associated taxa, including Filifactor villosus, Bacteroides pyogenes, Odoribacter dentica-
nis, Porphyromonas circumdentaria, and members of the Pasteurellaceae. These differences
were further supported by the heatmap of dominant species (Figure 6), which highlighted
a more heterogeneous and dysbiotic microbial profile in cats with OSCC relative to the
consistent commensal composition observed in healthy controls.

Figure 5. Taxonomic composition of the feline oral microbiome in healthy cats and cats with oral
squamous cell carcinoma (OSCC). Relative abundance of dominant oral bacterial taxa in healthy cats
and cats with OSCC. Each bar represents an individual sample, with colors indicating taxa. Taxa
present at low relative abundance are grouped as “Others”.
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Figure 6. Clustering heatmap of differentially abundant oral bacterial taxa in healthy cats and cats
with OSCC. Heatmap of normalized relative abundances of selected oral bacterial taxa across healthy
and OSCC samples. Samples are annotated by disease status and OSCC sampling subsite. Taxa and
samples are hierarchically clustered based on abundance profiles.

3.3. Inferred Ecological Implications of Oral Microbial Dysbiosis in Feline OSCC Compared with
Human Disease

Because this study used 16S rRNA gene amplicon sequencing, functional pathways
cannot be directly assessed; therefore, the following interpretations are speculative and
based on known ecological associations of the taxa observed. Compared with control
oral samples, feline OSCC was characterized by a marked restructuring of the oral mi-
crobial community. Tumor-associated samples exhibited reduced alpha diversity and a
shift in taxonomic composition toward organisms commonly associated with anaerobic
or inflammation-linked oral niches. Specifically, feline OSCC samples showed increased
relative abundance of Filifactor villosus, Bacteroides pyogenes, Odoribacter denticanis, Porphy-
romonas circumdentaria, and members of the Pasteurellaceae, alongside depletion of taxa
frequently associated with oral health, including Moraxella- and Bergeyella-like organisms.
While the specific taxa enriched in feline OSCC differed from those commonly reported
in human OSCC, the overall ecological pattern—characterized by reduced diversity and
enrichment of anaerobe-associated taxa—was consistent with trends reported in human
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oral squamous cell carcinoma. These taxonomic and diversity shifts form the basis for a
comparative conceptual model of conserved ecological restructuring in OSCC across cats
and humans (Figure 7).

Figure 7. Schematic representation of taxonomic and inferred ecological differences between health
and oral squamous cell carcinoma (OSCC) in human and feline hosts.

4. Discussion
This study provides the first description of the oral microbiota associated with feline

oral squamous cell carcinoma (OSCC) and its preliminary comparison with clinically
healthy cats. Given the high prevalence and poor prognosis of OSCC in cats, the absence of
prior microbiome data has represented a significant knowledge gap. Our results show that
feline OSCC is probably associated with significant oral microbial dysbiosis, characterized
by reduced alpha diversity, distinct beta-diversity clustering, and consistent taxonomic
shifts relative to healthy controls. These findings support our hypothesis that the oral
microbiome of cats with OSCC differs significantly from that of healthy cats and establish
a foundation for future needed mechanistic and translational studies [35,36]. Due to the
limited number of cats enrolled in this study, larger studies with matched confounding
factors will be needed in the future.

Healthy cats displayed a relatively conserved oral core microbiome dominated by
Porphyromonas spp., Moraxella spp., Bacteroides, Pasteurellaceae, Helcococcus, and Moraxella-
like taxa, consistent with previous feline oral microbiome studies [21,37–43]. In contrast,
OSCC samples exhibited increased abundances of anaerobic, proteolytic, and disease-
associated taxa, including Filifactor villosus, Bacteroides pyogenes, Odoribacter denticanis,
Porphyromonas circumdentaria, and members of the Pasteurellaceae, alongside depletion of
putative health-associated commensals such as Moraxella- and Bergeyella-like taxa. These
shifts reflect a transition from a relatively stable, commensal-rich microbiome toward a
low-diversity, anaerobe-dominated community. Such a pattern is consistent with microbial
dysbiosis observed in chronic inflammatory and neoplastic oral diseases across species and
suggests that functional ecological changes—rather than the presence of a single pathogenic
organism—may be relevant to disease processes in feline OSCC [22,44,45].

Although this study was based on full-length 16S rRNA gene sequencing and there-
fore does not directly assess microbial gene expression or metabolic activity, the observed
taxonomic shifts could be interpreted within a broader ecological framework informed by
human OSCC microbiome studies. In humans, OSCC is consistently associated with en-
richment of anaerobic, proteolytic, and inflammation-linked taxa, including Porphyromonas,
Fusobacterium, Peptostreptococcus, Prevotella, and Filifactor, accompanied by depletion of
health-associated commensals such as Neisseria, Haemophilus, and Rothia. Our findings re-
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veal a concordant ecological shift in cats despite differences in specific taxa, suggesting that
conservation is strongest at the level of microbial guilds and ecological behavior rather than
species-level identity. Notably, Fusobacterium nucleatum, a prominent organism in human
OSCC [46,47], was not a dominant feature of feline OSCC samples. This difference likely
reflects host-specific oral ecology rather than methodological limitations. Thus, while cats
are often considered a comparative model for human HNSCC [2], our results emphasize
that directional microbiome changes and functional associations may be more conserved
than individual taxa.

No significant microbiome differences were detected among samples collected from
tumor surfaces, tumor cut surfaces, or clinically normal mucosa within OSCC-affected cats.
However, this finding should be interpreted cautiously, as the absence of detectable subsite
differences may reflect limited statistical power and/or the constraints of swab-based
sampling rather than true biological homogeneity. While our results are consistent with
the possibility that OSCC-associated microbial alterations extend beyond the visible tumor
mass and may involve the broader oral environment, additional studies with larger cohorts
and higher spatial resolution will be required to confirm whether a “field effect” is present
in feline OSCC. This is different from humans, as studies using spatial transcriptomics,
multiplex imaging, and 3D high-resolution mapping across multiple human cancers (in-
cluding oral/head and neck tumors) have shown that bacteria are not randomly distributed
but are localized within specific tumor niches. The tumor surface in these studies was
enriched with periodontal-associated anaerobes such as Fusobacterium and Prevotella, the
hypoxic tumor core harbored immune-modulating taxa, and the adjacent mucosa resem-
bled healthy microbiota, with these spatially distinct communities closely correlating with
tumor pathology and clinical behavior. Consequently, intra-tumoral bacteria may actively
shape cellular heterogeneity, immune exclusion, and tumor invasiveness [48,49]. Several
non-mutually exclusive explanations could possibly explain this difference in cats. First,
the small size of cat teeth, the more conical shape, and the lack of interproximal contacts in
feline teeth differ considerably from human dentition. Secondly, a field effect may exist in
which tumor-associated ecological changes influence adjacent mucosal sites. Eventually,
dysbiosis may precede tumor development, resulting in a relatively uniform microbial
profile across oral sites at the time of diagnosis. Third, sampling limitations and sample
size may have reduced the ability to detect subtle spatial differences. Regardless, these
findings contrast with some human OSCC studies in which tumor tissue and adjacent
normal mucosa differ microbiologically, highlighting hypothetical potential species-specific
differences in oral tumor biology and disease progression [50,51].

Microbiome studies in dogs with oral tumors have yielded mixed results. Some inves-
tigations have identified significant dysbiosis and enrichment of periodontal-associated
taxa [18,28], whereas others report only minor differences compared to healthy controls [22].
Our findings in cats more closely resemble studies demonstrating tumor-associated dys-
biosis, suggesting that microbial involvement may vary by species, tumor type, or oral
microenvironment. These interspecies differences caution against direct extrapolation of
microbiome signatures across companion animals and reinforce the importance of species-
specific investigations. A descriptive evaluation of the oral microbiota in canine OSCC is
forthcoming from our group.

In cats with severe inflammatory oral diseases like feline chronic gingivostomati-
tis [21], the oral microbiota across ten sites displayed similar patterns of dysbiosis as those
seen in cats with oral cancer, with several taxa overlapping between the two. The oral
communities of FCGS cats also have a depletion of healthy-associated bacteria such as
Moraxella, Neisseria, Conchiformibius kuhniae, Bergeyella zoohelcum, and Porphyromonas pasteri,
and elevated abundances of taxa such as Porphyromonas gulae, P. circumdentaria, Bacteroides
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pyogenes, Tanerella forsythia, and Fusobacterium russii. This suggests that microbial dysbiosis
characterized by depletion of healthy-associated bacteria throughout the oral cavity is
one of the hallmarks of oral disease in cats. Whether the observed dysbiosis represents a
predisposing factor, a consequence of chronic inflammation, or a tumor-driven ecological
shift remains unknown. However, the present study was not designed to assess causality
or temporal relationships. The shared dysbiotic signatures observed in OSCC and FCGS
raise the possibility of a linkage between chronic inflammation and oral carcinogenesis.
Epidemiologic observations indicate that chronic oral inflammation may precede OSCC
development in some cats [52], raising the possibility of shared microbial and immunologic
pathways. However, retrospective data from veterinary teaching hospitals did not show a
positive association between refractory FCGS and oral SCC; in one cohort, the presence
of FCGS was inversely associated with SCC occurrence, suggesting a lower rate of SCC
in FCGS cats [53]. Longitudinal studies tracking cats with inflammatory oral disease over
time will be required to clarify these and many other relationships.

It is tempting to borrow information from the human literature on potential mech-
anisms of disease and crosstalk between inflammation and the immune environment of
companion animal squamous cell carcinoma. However, cats and dogs are not small humans,
and many unique differences exist. Probably the most overt distinction is the shortened
life span of dogs and cats. As such, tumor progression in the oral cavity is rapid and
generally lacks overt epithelial dysplasia and oral potentially malignant disease (OPMD).
OPMD is common in people and indicates which lesions need to be followed for malignant
transformation. OPMD may be present for years in people with oral lichen planus, and in
areas of erythroplakia or leukoplakia and then suddenly transform to OSCC [54]. While
feline OSCC is often considered a comparative model for human disease, our observations
should be interpreted as descriptive and hypothesis-generating; functional studies will be
required to determine whether similar microbial activities or host–microbe mechanisms are
conserved across species.

Emerging evidence in human OSCC suggests that anaerobic bacterial predominance
within tumors may influence the immune microenvironment, including T-cell dysfunction
and immune suppression [55]. Preliminary parallel data in feline OSCC indicate alterations
in regulatory T-cell populations, raising the possibility of microbiome–immune interactions
in this disease [2].

Although direct correlations between immune cell subsets and microbial taxa were
beyond the scope of this study, future integrative analyses may provide insights into the
mechanisms linking oral dysbiosis, immune modulation, and tumor progression in cats.

This study has several limitations. The limited sample size, particularly within the
OSCC cohort, represents an important limitation of this study and restricts statistical power
as well as the ability to assess associations with clinical variables. In addition, the OSCC
cohort was older than the healthy controls, and age may influence microbiome compo-
sition, representing a potential confounder when comparing groups. While age-related
microbiome differences have been documented in cats at other body sites such as the
intestinal microbiota [56,57], evidence for age-associated shifts specifically in the feline oral
microbiome remains limited [58]. Future studies should therefore include age-matched
control cats to more clearly define OSCC-specific microbial changes. Recruitment was
additionally limited by the difficulty of sampling tumor-bearing cats prior to antibiotic
exposure, as many OSCC patients receive antimicrobials before referral due to oral in-
fection/necrosis and clinical discomfort. To minimize antibiotic-driven bias in microbial
community composition, we prioritized pre-antibiotic sampling, which further restricted
case availability and reduced the final cohort size.
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Finally, one OSCC cat had concurrent feline chronic gingivostomatitis (FCGS), an
inflammatory oral disease likely to independently alter the oral microbiota and increase
variability within the OSCC group. Larger prospective studies with complete metadata
and exclusion of concurrent inflammatory oral disease will be necessary to confirm OSCC-
specific microbial signatures.

Viral cofactors, including papillomavirus, FeLV, and FIV, were not evaluated and
may influence both tumor biology and microbial composition. The use of oral mucosal
and tumor surface swabs provided a standardized approach for sampling across cats and
sites; however, more localized sampling may be needed to detect fine-scale microbial
differences between the tumor sites. Futhermore, tumors were located in different areas of
the mouth. Additionally, while full-length 16S rRNA sequencing provides high taxonomic
resolution, it does not yield functional information. Metagenomic, metatranscriptomic,
and metabolomic approaches will be necessary to define functional pathways relevant
to feline OSCC. Accordingly, these findings should be interpreted as preliminary and
hypothesis-generating.

5. Conclusions
Collectively, these findings hypothetically demonstrate that feline OSCC is associated

with a distinct oral microbial ecosystem characterized by reduced diversity and enrichment
of anaerobic, disease-associated taxa. While specific bacterial species differ between cats
and humans, the overall ecological shift toward dysbiosis appears conserved. This study is
limited by a small and unbalanced cohort, age differences between groups, and unavoidable
confounders inherent to studying feline oral squamous cell carcinoma under ethical and
clinical constraints. These limitations restrict the strength of inferential conclusions as
exploratory, descriptive, and hypothesis-generating. Although there are many limitations,
this study provides a critical baseline for future investigations into diagnostic biomarkers,
immune interactions, and microbiome-targeted interventions in feline oral cancer.
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