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Introduction
The vomeronasal organ (VNO) is a peripheral chemosen-
sory structure involved in the detection of pheromones in 
vertebrates.1 In cats, this organ has been widely studied, 
and its key role in feline behaviour and communication 
has been clearly demonstrated.2,3 Salazar et al showed 
that the anatomical and histological morphology of the 
feline VNO does not differ from other species.4 

The feline VNO is surrounded by the vomeronasal 
cartilage and is located in the nasal cavity in contact with 
the vomer, the palatine process of the palatine bone and 
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the incisive bone.4 Laterally, it is in contact with the nasal 
mucosa; ventrally it opens into the oral cavity through 
the palatine fissure.4 From a histological point of view, 
VNO lumen is delimited by two types of epithelia: the 
non-sensory epithelium (NSE) and the vomeronasal sen-
sory epithelium (VNSE).4 The NSE closely resembles the 
respiratory epithelium of the nasal cavity,4,5 while the 
VNSE bears some similarity to the sensorial epithelium 
of the main olfactory system.4,5

To date, evidence of VNO alteration has been rarely 
reported in literature. In 1974, Loo and Chin described 
the presence of lymphatic nodules in the VNO of tree 
shrews, but this finding was not considered a pathologi-
cal change.6 More recently, microabscesses were observed 
in the VNO of rabbits after the experimental instillation 
of chemical solutions into the nasal cavity.7 No reports 
have described spontaneous pathological changes of the 
VNO in other animals. In fact, only induced VNO altera-
tions have been reported, with several studies finding 
that surgical removal of the VNO leads to a marked 
increase in deficits in social and reproductive behaviour 
in various species.8–10

Pheromones are involved in territorial marking 
behaviour in cats and in complex social exchanges.11 
Chemical messages emitted by means of marking behav-
iours are a more permanent form of communication than 
either postures or vocalisations.12 Individuals can space 
chemical messages to prevent meetings, recognise terri-
tory, control reproduction and organise their social life in 
general.12 Alterations in marking behaviours and impair-
ments in chemical communication understanding could 
lead to aggression related to perturbations of the social 
and spatial environment.12 The VNO is the organ that 
receives chemical messages and is pivotal in mediating a 
specific response.13

Considering the lack of literature about VNO diseases 
and the pivotal role of the VNO in the social life and 
communication of the cat, the aim of this study was to 
evaluate if the VNO can be affected by inflammatory 
alterations, and if these conditions can be associated 
with aggressive feline behaviours.

Materials and methods
Twenty cats (10 males, 10 females) from multi-cat house-
holds (range two to five cats per home) aged between 1 
and 13 years (mean ± SD 7.8 ± 3.9 years) were included 
in this study. Six subjects were humanely euthanased 
(0.7 ml/kg pentobarbital sodium IV) owing to the persis-
tence of severe aggressive behaviours,14 while 14 died 
for different organic causes and were routinely necrop-
sied to exclude the presence of pathologies that could 
have influenced their behaviour. During necropsy, the 
VNOs of all the cats were sampled, fixed in 10% buffered 
formalin (pH 7.4) for 48 h and processed by routine 
methods for histological analysis. VNOs were cut 

transversely along, transversely along their length in 
order to observe both the NSE and the VNSE at histo-
logical examination. Sections 4 µm thick were stained 
with haematoxylin and eosin for histopathological 
analysis. Owing to the different roles played by the NSE 
and the VNSE in the VNO,4,5 the NSE and VNSE were 
considered as separate entities for histopathological 
evaluation and statistical analysis. Inflammation was 
classified as acute or chronic, depending on the type of 
cellular infiltrate and the duration of the process.15,16

Data regarding the presence of aggressive behaviours 
towards humans or towards other cats were collected for 
all subjects by means of a questionnaire completed by 
the owners at the point of their cat’s death.

Statistical analysis was performed using 9.4 SAS soft-
ware (SAS Institute). Fisher’s exact test was used to 
investigate the significance of the relationship between 
VNSE and NSE inflammation and the following param-
eters: sex, age, presence of intraspecific aggression and 
presence of aggression towards humans, using the FREQ 
procedure. Statistical significance was based on a 5% 
(0.05) significance level.

Results
Histological analysis
Fourteen of the 20 cats (70%) had inflammation in the 
VNO, with 10/20 (50%) presenting concurrent inflamma-
tion of the two epithelia. Of the four cats with inflamma-
tion in only one of the epithelia, the NSE was inflamed in 
three cats and the VNSE was inflamed in one. In total, the 
VNSE was affected by inflammation in 11/20 samples 
(55%) included in the study, while the NSE was affected 
in 13/20 (65%). Data regarding VNO inflammation are 
presented in Table 1.

All 14 cases of vomeronasalitis were classified as 
chronic inflammation. Nine of these lesions were also 
subclassified as follows: 6/20 (30%) were chronic–active 
processes, 2/20 (10%) were pyogranulomatous inflam-
mation and 1/20 (5%) was VNO vasculitis. The last 
affected the VNO of a cat that had died due to an effu-
sive form of feline infectious peritonitis, and the vasculi-
tis was characterised by the infiltration of inflammatory 
cells around blood vessels and vascular congestion. In 
the 5/20 (25%) VNOs affected by a classic chronic pro-
cess, the inflammatory infiltrate was mainly composed 
of small lymphocytes, with minor involvement of 
plasma cells and macrophages (Figure 1a,b). The six 
cases of chronic–active vomeronasalitis were character-
ised by the same cellular infiltrate as the chronic cases, 
but with the concurrent involvement of mature neutro-
phils, signalling the restarting of the inflammatory pro-
cess. In the two VNOs presenting pyogranulomatous 
inflammation, the cellular infiltrate was composed of 
macrophages and neutrophils, often affected by degen-
erative processes (Figure 1c). In chronic, chronic–active 
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and pyogranulomatous lesions, inflammatory cells 
mainly infiltrated the VNO soft tissue under the NSE 
and VNSE, and among the epithelial layers (Figure 1).  
In four VNOs there was only mild infiltration of 

vomeronasal glands and nerves by inflammatory cells. 
Necrosis of the VNO epithelia was rarely observed and 
commonly associated with detachment of the necrotic 
cells into the lumen (Figure 1b,d). Furthermore, the 

Table 1 Histopathological findings in the vomeronasal organ (VNO) of the 20 cats included in this study

VNO VNSE NSE

Histopathological finding n % n % n %

No alterations  6 30  9 45  7 35
Inflammation 14 70 11 55 13 65
Chronic  5 25  3 15  5 25
Chronic–active  6 30  5 25  5 25
Pyogranulomatous  2 10  2 10  2 10
Vasculitis  1  5  1  5  1  5

VNSE = vomeronasal sensory epithelium; NSE = non-sensory epithelium

Figure 1 Feline vomeronasal organ (VNO). (a) Feline chronic vomeronasalitis affecting the vomeronasal sensory epithelium 
(VNSE) and the non-sensory epithelium (NSE) (haematoxylin and eosin, × 40). (b) Feline chronic vomeronasalitis affecting the 
VNSE. The inflammatory infiltrate is mainly composed of lymphocytes; macrophages and plasma cells are also present. The 
VNSE is totally disrupted by the presence of inflammatory cells, and clusters of necrotic epithelial cells are observed extending 
into the VNO lumen (haematoxylin and eosin, × 200). (c) Feline pyogranulomatous vomeronasalitis affecting the VNSE. 
Macrophages and neutrophils massively infiltrate the soft tissue under the VNSE, which is reduced in thickness and partially 
necrotic (haematoxylin and eosin, × 200). (d) Feline chronic vomeronasalitis affecting the VNSE. Lymphocytes and plasma 
cells are interspersed within nerves (arrowheads) and vomeronasal glands (arrows) (haematoxylin and eosin, × 400)
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inflammation of VNSE and NSE was often accompa-
nied by hydropic degeneration of the epithelial cells 
(Figure 1c).

Behavioural data
Of the 20 cats, five (25%) presented aggressive behav-
iours towards the other cats and eight (40%) towards 
humans. Two of the 20 cats (10%) presented aggression 
towards both cats and humans, while 9/20 subjects 
(45%) were not aggressive at all. Data regarding aggres-
sive behaviours are reported in Table 2.

Statistical analysis
Fisher’s exact test showed a statistically significant cor-
relation between VNSE inflammation and the presence 
of aggressive behaviours towards cats (P = 0.038). No 
correlation was observed between VNSE inflammation 
and sex, age and aggression towards humans (P >0.05). 
However, the test showed a statistical trend between 
VNSE inflammation and female cats (P = 0.065). No sta-
tistically significant correlation or trend was observed 
between NSE inflammation and the other parameters 
included in the statistical analysis.

Discussion
This study describes, for the first time, feline vomerona-
salitis and its possible association with aggression in 
cats. Our data showed that a large percentage of feline 
VNOs can be affected by chronic inflammation, which 
can involve both the NSE and VNSE. Statistical analysis 
showed that only inflammation of the VNSE could be 
associated with inter-cat aggression perceived by the 
owners.

The importance of the VNO in several aspects of ani-
mal behaviour has been widely demonstrated by the 
surgical removal of this structure.8 In fact, after VNO 
ablation or rendering the VNO inaccessible, animals 
showed marked deficits in social and reproductive 
behaviour.9,10,17–19 However, there are no studies in the 
literature focused on VNO diseases, and VNO altera-
tions have been rarely reported and only as a secondary 
finding in experimental studies.6,7 The presence of 
lymphatic nodules under the vomeronasal epithelium 
has been described in tree shrews,6 while in rabbits the 

formation of VNO microabscesses as a consequence of 
experimental instillation of chemical solutions into the 
nasal cavity has been observed.7

Owing to the absence of literature about vomerona-
salitis, we can draw a parallel between our findings and 
feline chronic rhinitis, considering the similar position 
and histomorphology of the two structures.4 Chronic 
rhinitis is a common finding in cats of any age, and is 
mainly composed of a lymphoplasmacytic infiltrate.15,16 
A number of different causes can be responsible for the 
onset of this condition, but a viral aetiology is most com-
monly involved.16 Bacterial infections are also commonly 
identified during feline chronic rhinitis, but this finding 
is normally considered a secondary consequence of the 
viral infection.16 The similar anatomical position sug-
gests that feline chronic vomeronasalitis may be caused 
by the same aetiologies as chronic rhinitis. A peculiar 
finding of our study is that the feline VNO was affected 
only by chronic processes, while neutrophils were 
involved only in association with a pre-existing lympho-
cytic or macrophagic infiltrate. In feline rhinitis, neutro-
philic infiltrate is considered to be twice as common as 
the lymphocytic type, and is associated with acute and 
suppurative processes.16 In our study, we did not observe 
acute suppurative vomeronasalitis, and this finding 
could suggest some differences in the immunity function 
between nasal and vomeronasal epithelium or in the 
entry pathway of the aetiological cause. In fact, the entry 
of air into the VNO is regulated by a pumping/suction 
mechanism that makes the VNO inaccessible the major-
ity of the time, which is different from what happens in 
the nasal cavity.12

Further studies involving larger numbers of subjects 
are required to verify the cause–effect relationship 
between vomeronasalitis and intraspecific aggression. 
Nonetheless, our data showed that inflammation of the 
VNSE was statistically correlated with intraspecific 
aggression, while NSE inflammation was not correlated. 
As previously reported, the VNSE closely resembles the 
sensorial epithelium of the main olfactory system of the 
nasal cavity.4,5 In humans, chronic inflammation of the 
olfactory mucosa has been associated with the reduction 
of odour perception as a probable consequence of inflam-
mation mediators and cytokines on receptor neurons 
and nerves.20 In mice, chronic exposure to tumour necro-
sis factor (TNF)-α leads to olfactory dysfunction through 
a reduction in the number of neurons, olfactory epithe-
lium thickness and nervous function.21,22 TNF-α is a 
cytokine mainly produced by lymphocytes and mac-
rophages,22 cells that were predominant in the inflam-
matory infiltrate of the feline VNOs analysed in this 
study. Also, another macrophagic and lymphocytic 
cytokine, interleukin-6, has been associated with human 
hyposmia.23 Thus, it is our opinion that the inflamma-
tory microenvironment proposed as a cause for human 

Table 2 Presence of aggressive behaviours in the 20 cats 
included in this study

Aggression  
towards cats

Aggression  
towards humans

 n % n %

Positive 5 25 8 40
Negative 15 75 12 60
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and mouse olfactory loss may also impair the feline 
VNO during spontaneous vomeronasalitis. Our own 
data confirm that only the VNSE is responsible for the 
detection of pheromones, as widely reported in the lit-
erature.4,5,8 VNSE and NSE inflammation was not corre-
lated with aggression towards humans, suggesting that 
it is probable that in cat–human interactions other fac-
tors (eg, postural communication, vocalisations, owners’ 
characteristics) play a more crucial role.24 Our findings 
suggest that chemical communication plays a possibly 
stronger role in inter-cat relationships than those factors 
involved in human–cat interactions.

From a clinical point of view, cats with vomeronasali-
tis did not present manifest signs of this disease. The 
VNO is enclosed between the oral and nasal cavities,4 
and its internal position makes finding inflammation 
difficult. Further studies are warranted to determine 
alternative tools to diagnose vomeronasalitis in living 
animals by means of techniques other than histology, in 
order to aid clinicians during the clinical examination.

Intraspecific aggression is the most common feline 
behavioural disorder.25,26 This condition can be fear-
related, status- or conflict-related, play-related, redi-
rected or caused by the arrival of a new cat into a 
pre-existing group of cats.26 However, to date, VNO dis-
eases have never been proposed as a potential factor in 
inter-cat aggression. Our findings seem to suggest that 
inflammation of this organ and its ensuing dysfunction 
could lead to intraspecific communication alterations, 
causing inter-cat aggression. This opens a new avenue of 
investigation that links pathology to behavioural medi-
cine. Moreover, future studies should investigate the 
possible correlation between vomeronasalitis and differ-
ent forms of aggression, in order to evaluate possible 
relationships between them or the subjects involved in 
the social interactions (familiar vs unfamiliar subjects).

Conclusions
To our knowledge, this is the first study to describe VNO 
diseases in cats or indeed any species. Owing to the piv-
otal role of this organ in animal behaviour, this first report 
reveals several clinical and behavioural implications of 
VNO pathological changes. A wider number of VNO 
samples are needed to draw firmer conclusions, but our 
data suggest that vomeronasalitis could be a cofactor in 
the onset of inter-cat aggression.
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