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Abstract 

 

This study investigates the bacterial composition of the nasal and middle ear microbiota in dogs 

and cats, focusing on animals with middle ear diseases but no respiratory conditions. A total of 10 

samples were collected from both species, representing various breeds, ages, and sexes. Bacterial 

cultures were performed to identify the predominant microbial species associated with ceruminous 

otitis externa, purulent otitis externa, and ear polyps. 

The results revealed a diverse range of bacterial species across the samples. In dogs, 

Staphylococcus pseudintermedius and coagulase-negative Staphylococcus spp. were the most 

frequently isolated bacteria, particularly in cases of ceruminous and purulent otitis externa. 

Additionally, Corynebacterium spp. was found in several cases of otitis media. In contrast, cats 

exhibited a higher prevalence of Corynebacterium aurimucosum and unidentified gram-positive 

rods, especially in cases involving ear polyps. 

Several samples yielded no organisms despite clinical diagnoses of ear disease, suggesting either 

limitations in culturing techniques or the presence of non-culturable bacteria that may still play a 

role in disease pathogenesis. These findings highlight the potential link between specific bacterial 

species and middle ear diseases in companion animals, underscoring the importance of 

understanding the nasal and ear microbiota for improved diagnostic and therapeutic strategies in 

veterinary medicine. 
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Absztrakt 

 

Ez a kutatás a kutyák és macskák orrflórájának bakteriális összetételét vizsgálja, különös figyelmet 

fordítva azokra az állatokra, akik középfül-betegségekkel rendelkeznek, de nem mutatnak légúti 

tüneteket. A kutatás során 10 mintát gyűjtöttünk mindkét fajból, különböző fajtákból, életkorokból 

és nemekből. A minták mikrobiológiai és MALDI-TOF eljárásos vizsgálatával elemezték a 

domináns mikrobiális fajok azonosítása érdekében, amelyek a ceruminosus otitis externa, purulens 

otitis externa és a fülpolipok esetében jelen voltak. 

Az eredmények különféle bakteriális fajok sokféleségét mutatták a mintákban. Kutyák esetében 

a Staphylococcus pseudintermedius és a koaguláz-negatív Staphylococcus spp. voltak a 

leggyakrabban izolált baktériumok, különösen a ceruminosus és purulens otitis externa esetekben. 

Ezenkívül Corynebacterium spp. is előfordult több otitis media esetében. Ezzel szemben a 

macskák magasabb prevalenciát mutattak a Corynebacterium aurimucosum és azonosíthatatlan 

gram-pozitív pálcák esetében, különösen a fülpolipokkal kapcsolatos esetekben. 

Több mintában nem volt tenyészthető illetve MALDI-TOF eljárással kimutatható mikoróba, annak 

ellenére, hogy klinikai diagnózisok szerint fülbetegségben szenvedtek, ami arra utal, hogy ezek a 

technikák korlátozottak lehetnek, vagy olyan nem kultiválható baktériumok jelenléte is szerepet 

játszhat a betegség kialakulásában. Ezek az eredmények rávilágítanak a bakteriális fajok és a 

középfül-betegségek közötti lehetséges kapcsolatra, hangsúlyozva az orrflóra és a fül 

mikrobiotáinak megértésének fontosságát a diagnosztikai és terápiás stratégiák javítása érdekében 

az állatorvosi gyakorlatban. 
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1. Introduction 

The nasal microbiome, composed of a complex community of bacteria, fungi, viruses, and other 

microorganisms, plays an essential role in maintaining the health of the nasal cavity and the 

entire respiratory system in mammals. In both humans and animals, the nasal microbiota 

provides a natural defense against pathogenic organisms, supports immune functions, and 

contributes to the overall well-being of the host. However, despite its importance, the nasal 

microbiome of companion animals, particularly dogs and cats, remains poorly understood, 

especially when compared to the wealth of research conducted in humans. 

 

In veterinary medicine, the study of nasal microbiota has traditionally focused on the nasal plane, 

the outermost part of the nasal cavity, which is most exposed to environmental factors and 

pathogens. However, there is limited research on the deep nasal flora, which refers to the 

microbial communities inhabiting the more internal parts of the nasal cavity, such as the vomer 

and the nasopharynx. Understanding the deep nasal microbiota is crucial, as it may play an 

integral role in various upper respiratory conditions and may also influence the development of 

middle ear diseases, which are common in companion animals. 

 

Middle ear diseases, including otitis externa and otitis media, are frequently diagnosed in both 

dogs and cats, often leading to significant clinical issues. The current understanding of the 

microbial dynamics in middle ear infections in companion animals is still evolving, and while 

several studies have examined the role of the ear canal microbiota, little attention has been paid 

to the contribution of the nasal microbiome. The nasal cavity and middle ear are anatomically 

connected through the Eustachian tube, creating a direct pathway for microbial transfer between 

the two regions. This anatomical connection has been proposed as a potential mechanism by 

which nasal bacteria may contribute to the development or exacerbation of middle ear infections. 

 

This study focuses on the nasal microbiome in dogs and cats with middle ear diseases but with 

no respiratory conditions known. It aims to evaluate the microbial composition of the deep nasal 

flora and determine whether specific bacterial species are associated with different types of ear 

diseases. The study population consisted of animals presenting with gastrointestinal, external, 

and middle ear diseases, but no overt signs of respiratory involvement. By analyzing the nasal 
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microbiota of these animals, this study seeks to establish a link between the nasal flora and ear 

disease, thereby advancing the current understanding of the nasal microbiota’s role in the 

pathogenesis of middle ear infections. 

 

The research methodology involved the collection of deep nasal swabs from affected animals, in 

Hungary,  followed by microbial culture and sensitivity testing to identify the bacterial species 

present. Additionally, the use of MALDI-TOF mass spectrometry provided further insights into 

the diversity and identification of microbial species.  

 

By examining the relationship between the nasal microbiome and middle ear conditions, this 

study aims to contribute valuable information to the field of veterinary medicine by expanding  

the current knowledge on the deep nasal microbiota in dogs and cats. The findings of this thesis 

could potentially lead to improved diagnostic methods, more effective therapeutic approaches, 

and a better understanding of how nasal microbiota influences the overall health of companion 

animals, particularly in relation to ear diseases. 

 

 

 

 

 



 8 

2.  Literature Review 

The evaluation of the deep nasal flora in dogs and cats, particularly within the patient population 

of Hungary, is an underexplored area of veterinary microbiology. Despite the extensive research 

on the nasal plane, there is a notable scarcity of data regarding the deep nasal bacterial flora in 

animals with no respiratory diseases. This literature review aims to synthesize relevant findings 

on deep nasal microbiota in companion animals, focusing on how it can affect their health. 

2.1.  Nasal Anatomy  

The nasal anatomy of dogs and cats is a complex system that plays crucial roles in respiration, 

olfaction, and thermoregulation. This intricate structure is adapted to support these animals' sharp 

sense of smell and their ability to efficiently process inhaled air. Structurally, the nose comprises 

several components, including the nasal bones, cartilages, and soft tissue, which together form its 

external and internal anatomy. 

2.1.1.  External Nasal Structure 

The external nose, or rhinarium, is a highly specialized structure in dogs and cats. It consists of 

hairless, moist tissue with a distinctive pattern of ridges and furrows unique to each individual 

animal, like a human fingerprint [1]. The rhinarium is usually moist and cool to the touch. This 

moisture comes from secretions produced by special glands located on the sides of the nose. 

Although there is no evidence-based explanation on the triggers of these secretions, they tend to 

increase when dogs are in warm environments or when they’re excited about food. This suggests 

that both physical conditions and emotional states can influence how much moisture is produced. 

These secretions might help with cooling the dog down and also contain antibodies that could 

protect against infections. [2] 

2.1.2.  Nasal Cavity 

The nasal cavity extends from the external nares to the choanae, where it communicates with the 

nasopharynx. It is divided into left and right halves by the nasal septum, which consists of both 

cartilaginous and bony components [3]. Each nasal cavity can be further divided into three 

regions: 
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• Vestibule: The most rostral part of the nasal cavity, lined with stratified squamous 

epithelium and containing vibrissae that filter large particles from inhaled air [4]. 

• Respiratory Region: Lined with pseudostratified ciliated columnar epithelium 

interspersed with goblet cells. This region is responsible for warming, humidifying, and 

filtering inhaled air [5]. 

• Olfactory Region: Located in the caudodorsal aspect of the nasal cavity, this region is 

lined with olfactory epithelium containing specialized olfactory receptor neurons [6]. 

Figure 1 shows the most important structures in the nasal cavity.   

 
Figure 1- Nasal cavity of a dog and its most important structures [7] 

2.1.3.  Turbinates  

The nasal cavity contains three sets of turbinates : the dorsal nasal concha (nasoturbinate), the 

ventral nasal concha (maxilloturbinate), and the ethmoidal concha (ethmoturbinate) [3]. These 

scroll-like bony structures are covered with mucosa and significantly increase the surface area 

within the nasal cavity. The maxilloturbinate is primarily involved in air conditioning, while the 

ethmoturbinate is largely associated with olfaction [8] . 

 

Recent studies using computational fluid dynamics have shown that the complex turbinate 

structures in dogs create optimal airflow patterns that enhance both respiratory and olfactory 

functions. The branching pattern of the maxilloturbinate, in particular, has been found to be more 

efficient in air conditioning compared to other mammals [8]. 

Figure 2 represents a midsagittal section of the nasal cavity with the different conchae. 
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[2] 

Figure 2- Midsagittal section of the dog's nasal cavity 

 

2.1.4.  Olfactory Epithelium 

The olfactory epithelium in dogs covers approximately 150 cm², significantly larger than in 

humans (5 cm²), contributing to their superior olfactory capabilities. This epithelium contains 

millions of olfactory receptor neurons, each expressing a single type of odorant receptor and the 

total mucosal surface area may be also heavily influenced by muzzle size and shape in canines 

depending on the dog breed [9]. 

The dog genome encodes approximately 1,100 different olfactory receptor genes, compared to 

about 400 in humans, further explaining their enhanced sense of smell [9].  

2.1.5.  Vomeronasal Organ 

The vomeronasal organ (VNO) (Figure 3), also known as Jacobson's organ, is a chemosensory 

structure located at the base of the nasal septum. It is particularly well-developed in cats and 

plays a crucial role in detecting many chemicals, including fragrances and pheromones, which 

are chemical signals important for social communication among animals,  and reproductive 

behavior [7]. In dogs, while present, the VNO's functional significance is less clear and continues 

to be a subject of research [10]. Studies have shown that disease of the VNO may be linked to 

behavioral changes in dogs and cats. Magnetic resonance imaging (MRI) is known to be the best 

option for VNO structure visualization [7]. 
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Figure 3- 3D images (naïve, without contrast), with visualization of the VNO in (2A) dorsal, (2B) transverse, and (2C) 

sagittal projections. [11] 

2.1.6.  Paranasal Sinuses  

Dogs and cats possess several paranasal sinuses, including the frontal, maxillary, and sphenoidal 

sinuses. These air-filled cavities communicate with the nasal cavity and are lined with respiratory 

epithelium. Their functions are not fully understood but may include reducing skull weight, 

voice resonance, and protection of intracranial structures [5]. 

2.2.  Function and composition of the Nasal Microbiome 

The nasal microbiota plays a vital role in maintaining respiratory health and protecting against 

infections. It consists of a diverse community of microorganisms, including bacteria, fungi, and 

viruses that inhabit the nasal cavities. These microbial populations can influence local immune 

responses and contribute to the overall health of the host by preventing colonization by 

pathogenic organisms [12]. The presence of a balanced microbiota is essential for modulating 

immune responses; beneficial bacteria can produce metabolites that enhance epithelial barrier 

function and inhibit pathogen growth. Studies have shown that alterations in this microbiota can 

be associated with various respiratory diseases in dogs and cats [13]. 

 

In healthy dogs, the nasal microbiome is predominantly composed of the bacterial phyla 

Proteobacteria, Bacteroidetes, and Firmicutes, with families such as Mycoplasmataceae and 

Moraxellaceae being particularly abundant [14]. Research has shown that healthy dogs harbor a 
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rich diversity of nasal microbes, with Staphylococci, Streptococci, Acinetobacter, and 

Enterococci hypothesized as key components of their nasal microbiota. Notably, Moraxella spp. 

is often identified as one of the most common species present [14] (Figure 4). 	For this study, two 

nasal swabs were collected from each dog. In the cited research, samples were taken from the 

nostrils using sterile dry rayon swabs. In healthy dogs, the samples were collected while the 

animals were awake, while in diseased dogs, the samples were collected under general anesthesia 

before the rhinoscopy procedure. 

 

 
Figure 4- Bacterial families in healthy and diseased dogs [14] 

 

A comparative study investigating the nasal microbiota of canines with varying craniofacial 

morphologies revealed significant differences in microbial composition. The research focused on 

brachycephalic breeds in comparison to meso-/dolichocephalic medium to large breeds and 

terrier breeds. The findings demonstrated that brachycephalic dogs exhibited a greater variety of 

bacteria in their noses compared to their meso-/dolichocephalic counterparts. Notably, a decrease 

in the phylum Proteobacteria was observed in brachycephalic breeds, mainly Moraxella and 

Suttonella. While the study mentioned specific bacterial genera such as Streptococcus, 

Veillonella, and Porphyromonas in relation to obstructive sleep apnea in humans, it did not 

explicitly state an increase of these genera in brachycephalic dogs. But it did state an increase in 
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Actinobacteria phylum (mainly Corynebacterium and Rothia), Firmicutes phylium (mainly 

in Streptococcus and Staphylococcus) and other Proteobacteria. Interestingly, the research did 

not detect significant variations in the nasal microbiota based on age or environmental factors 

[15]. This suggests that the anatomical differences associated with brachycephaly play a more 

substantial role in shaping the microbial communities within the nasal cavity than external 

factors. 

 

Similarly, studies have shown that healthy cats display a nasal microbiota dominated by 

Proteobacteria, followed by Bacteroidetes and Firmicutes. At the family level, Moraxellaceae, 

Bradyrhizobiaceae, Sediminibacterium, Alloicoccus, and Neisseriaceae are most prevalent in the 

nasal cavity. In cats with feline upper respiratory tract disease (FURTD), frequently identified 

families include Moraxella, Bradyrhizobiaceae, Staphylococcus, Pasteurella, Chlamydia, and 

Streptococcus. It was also concluded that Moraxellaceae was the predominant bacterial family in 

both healthy cats and those with feline upper respiratory tract disease.[12] (Figure 5). 

 

 
Figure 5- Composition of the nasal microbiota in healthy and diseased cats [12] 

 

Moreover, studies have indicated that specific bacterial populations can correlate with 

inflammatory responses in the host. For example, in dogs with chronic rhinitis, there is an 

overrepresentation of potential pathobionts- organisms native of the host’s microbiota that can 

become pathogenic under certain circumstances- may exacerbate mucosal inflammation [16]. 
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The interplay between microbial communities and host immune responses highlights the 

importance of understanding these dynamics in developing effective therapeutic strategies. 

2.3.  Ear Anatomy and Connection to Nasal Cavity 

The anatomy of the ear in dogs and cats is structured into three primary sections: the external ear, 

middle ear, and inner ear. Each of these components plays a vital role in hearing and balance, and 

their interconnectedness is crucial for understanding various auditory conditions, particularly 

otitis media, which can stem from nasal infections. 

Figure 6 shows the most important anatomical structures of a dog’s ear. 

 

 
Figure 6- Anatomy of a dog’s ear [17] 

 

2.3.1.  External Ear 

The external ear consists of the pinna (the visible outer flap) and the ear canal (Figure 6). The 

pinna is composed of cartilage and is covered by skin, fur, or hair. It is shaped to capture sound 

waves and funnel them through the ear canal to the tympanic membrane (eardrum) [18]. In both 

dogs and cats, the pinnae are mobile, and their movement is supported by a dozen of auricular 
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muscles divided into caudal, dorsal, ventral and rostral muscle groups, allowing for independent 

movement which aids in sound localization as well as the expression of their feelings [19]. 

 

In dogs, the size and shape of the pinnae can vary significantly by breed. The external ear canal 

is relatively longer in dogs than in humans and creates an effective funnel for sound transmission 

enabling them to have hearing abilities about four times more sensitive than those of the average 

person [20]. In cats, the ear canal is also deeper and more tapered, which enhances its ability to 

carry sound to the eardrum but can predispose them to wax buildup and inflammation, but still 

less than what was reported in dogs [18]. 

2.3.2.  Middle Ear 

The middle ear is separated from the external ear by the tympanic membrane at the level of the 

external meatus acoustic and contains three small bones known as the auditory ossicles (Figure 

6): the malleus (hammer), incus (anvil), and stapes (stirrup). These ossicles amplify and transmit 

sound vibrations from the eardrum to the inner ear [21]. The middle ear also houses the 

Eustachian tube (Figure 6), a small tube that connects it to the nasopharynx, allowing the passage 

of air into the middle ear [18]. 

 

The Eustachian tube plays a crucial role in equalizing pressure within the middle ear and 

facilitating drainage of secretions. In dogs and cats, this connection allows for potential pathways 

for infection, as bacteria or viruses from nasal infections can ascend through this tube into the 

middle ear, leading to conditions such as otitis media [3]. 

 

2.3.3.  Inner Ear 

In dogs and cats, the inner ear plays a crucial role in both hearing and balance, housed within a 

bony labyrinth (Figure 7) inside the temporal bone. This labyrinth has three main parts: the 

vestibule, semicircular canals, and the cochlea. The vestibule connects with the cochlea and 

semicircular canals and contains structures called the utricle and saccule (Figure 7), which help 

detect head position and linear movement. The semicircular canals, positioned at right angles to 

one another, sense head rotation through fluid movement, helping animals maintain balance. The 

cochlea, a spiral structure, is key to hearing; it contains the organ of Corti, where sensory cells 
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convert sound vibrations into nerve signals that travel to the brain. This intricate system allows 

pets to detect sounds and orient themselves, aiding in movement and environmental awareness 

[21].  

 
Figure 7- Diagram of the bony and membranous structures of the inner ear [21]. 

 

2.3.4.  Connection Between Middle Ear and Nasal Cavity 

The anatomical connection between the middle ear and nasal cavity via the Eustachian tube is 

significant for understanding how infections can spread. When bacteria or viruses infect the nasal 

cavity—often due to conditions like rhinitis or sinusitis—they can travel up through this tube 

into the middle ear [3]. Clinical signs of otitis media may include head shaking due to 

discomfort, pain upon mouth opening, indicating pressure or inflammation in the middle ear and 

neurological symptoms such as Horner's syndrome (drooping eyelids, constricted pupils) or 

facial nerve paralysis that may indicate involvement of middle ear structures and the 

involvement of the sympathetic nerves [22]. 

 

The presence of inflammatory polyps, which can arise from the eustachian tube or from the 

mucosa of the middle ear, complicates this relationship between nasal and ear diseases. These 

polyps can obstruct the Eustachian tube, leading to fluid accumulation in the middle ear and 

predisposing animals to recurrent infections. When these polyps form in the middle ear, they 
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may grow outward into the ear canal, whereas those starting in the eustachian tube tend to extend 

towards the nasopharynx. Nasopharyngeal polyps often cause respiratory signs, changes in voice 

and difficulty of swallowing. Cats with polyps in the ear canal might have purulent otorrhea, they 

can show head shaking, and sometimes a head tilt. In more severe cases, pressure from the polyp 

can lead to nystagmus or balance issues. Ear canal polyps can also appear similar to cerumen 

buildup, sometimes concealing the actual mass beneath [23]. 

 

A study showed that, in healthy dogs, the bacterial community composition within the ear canal 

has been characterized by a higher abundance of several bacterial phyla, including 

Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, and Fusobacteria and at the family 

level, the Enterobacteriaceae were the most abundant followed by Neisseriaceae, 

Moraxellaceae, Corynebacteriaceae and Staphylococcaceae. While Escherichia was clearly the 

most abundant genus followed by Conchiformibius, Corynebacterium and Staphylococcus [24]. 

This diverse microbial population plays a role in maintaining ear health and preventing the 

overgrowth of pathogenic organisms. 

2.4.  Implications for Canine and Feline Health  

The evaluation of the deep nasal microbiota in dogs and cats holds significant implications for 

their overall health, particularly regarding their respiratory and ear health. The nasal cavity 

serves as the entry point for air and pathogens, and its microbiota plays a critical role in 

protecting the body from infections.  

 

One of the most notable implications of the nasal microbiome is its potential to influence the 

immune system. The nasal cavity is equipped with an immune system designed to detect and 

fight pathogens, and the microbiota helps regulate this system. A balanced microbiota can 

enhance the mucosal barrier, prevent pathogenic bacteria from establishing colonies, and 

promote immune responses that protect against respiratory infections. In contrast, dysbiosis, has 

been associated with the development of diseases such as chronic ear infections, chronic rhinitis 

and rhinosinusitis in dogs and cats. This highlights the importance of maintaining a healthy nasal 

microbiome, especially in animals that might be predisposed to respiratory conditions [12]. 
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In healthy dogs and cats, the nasal microbiome includes bacteria like Moraxella spp., which help 

protect against pathogens. When the nasal cavity is compromised, harmful bacteria can travel 

through the Eustachian tube to the middle ear, leading to otitis media. This connection is 

particularly significant in animals with upper respiratory tract disease, where bacteria 

like Pasteurella, Chlamydia, and Streptococcus [12] can migrate to the middle ear, exacerbating 

infections and causing symptoms like head shaking, pain, and balance issues. These interactions 

between the nasal cavity and ear highlight the far-reaching effects of nasal health on the overall 

respiratory and auditory systems [23]. 
 

2.5.  Antimicrobial Resistance  

The treatment of infections caused by these bacteria presents significant challenges, particularly 

due to the emergence of antimicrobial resistance among certain strains. For instance, methicillin-

resistant Staphylococcus aureus (MRSA) has been documented in companion animals, 

complicating treatment options and raising concerns about zoonotic transmission [25]. This 

situation highlights the urgent need for ongoing research into effective prevention and treatment 

strategies that consider both the microbial landscape and resistance patterns. 

 

Overall, the deep nasal microbiome plays a vital role in maintaining the health of both the 

respiratory and ear systems in dogs and cats. Dysbiosis in the nasal microbiota, can significantly 

impact health, contributing to the development of chronic diseases. This study focuses on 

exploring the nasal microbiome, particularly the deep nasal microbiome, in both healthy animals 

and those with ear disease, with the goal of identifying microbial markers linked to health and 

disease. These findings could improve diagnostic tools and inform more effective therapeutic 

strategies. By providing valuable insights, the study aims to enhance veterinary practices in 

Hungary and beyond. Understanding the differences in bacterial species between healthy and 

diseased states will help clinicians implement targeted therapies, minimizing unnecessary 

antibiotic use and reducing the risk of antibiotic resistance. 
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3. Materials and Methods  

3.1.  Sample selection  

Sterile swab samples from the deep nasal flora were collected from patients of the Endoscopic 

laboratory of the Department of Internal Medicine, University of Veterinary Medicine, Budapest.  

Only patients who do not present any respiratory signs were included in the study. In case of 

patients who would otherwise fit into the sampling criteria, but the sampling procedure would 

unnecessarily increase the duration of the examination, no sample was collected, and the patients 

were excluded. 

3.2.  Sample collection 

Samples were collected from the deep nasal flora using sterile microbiological swabs acquired 

from Duo Bakt Laboratory, Hungary, where the culture and sensitivity evaluation was performed. 

All patient’s nasal planes were disinfected prior to sampling. Then the swab was measured to the 

nose of the patient to identify how deep it needs to be inserted in ordered to reach the area of the 

vomer. After this measurement, the swab was introduced into the ventral nasal meatus until the 

measured depth (Figure 8). Special care was taken to ensure that no damage is caused to the nasal 

mucosa.  

 
Figure 8- Sample collection. Note that the patient is under general anaesthesia. 

 Left picture: Measurement of sampling depth. Right picture: Sampling technique 
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All samples were collected under general anesthesia (1 mg/kg maropitant premedication, 5 mg/kg 

dexmedetomidine, 0.25 mg/kg diazepam and 1mg/kg propofol induction, then isoflurane 

maintenance after endotracheal tube placement) and the collection was performed before the 

endoscopic procedure (otoscopy or gastroscopy) to reduce risk of complications. 

 

The samples were then sent over to Duo-Bakt Laboratory, Veresegyház, Hungary, where they were 

cultured, and analyzed using both conventional means, and using the MALDI-TOF technique 

mass spectrometry.  

3.3.  Sample evaluation 

Returned results where charted, and the type of microbiota recovered where recorded. Due to the 

low number of samples no statistical analysis was performed.  

  



 21 

4. Results 

4.1.  Study population  

The study comprised ten samples collected from dogs and cats, all presenting with 

gastrointestinal, external and middle ear diseases, but no respiratory involvement. The bacterial 

cultures were analyzed to determine species diversity, as well as to compare the nasal 

microcultures across different conditions and species. The samples included a variety of breeds 

and ages, ranging from 1 to 12 years, with both male and female animals represented. 

Figure 9 represents the study population’s species distribution:  

 
Figure 9- Study population distributed by species 

4.2.  Bacterial Culture Findings 

Table 1 summarizes the results found in dogs while Table 2 summarizes that of cats:  

 
Table 1- Results of bacterial cultures in dogs 
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30%

Species distribution

Dog

cat
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Table 2- Results of bacterial cultures in cats 

 

4.3.  Analysis of Results 

In total, eight different bacterial species were identified from the nasal samples of the study 

population. Among these, Staphylococcus spp. (N=5) and Corynebacterium spp. (N=3) were the 

predominant genera detected, along with unidentifiable gram-positive rods (N=3). These three 

bacterial groups represented the majority of the microbial load across all samples (p=0.611), with 

a percentage of 61.1%. 

 

The bacterial diversity was evident, with species such as Staphylococcus pseudintermedius, 

Corynebacterium aurimucosum, and Streptococcus spp. being identified in several cases. 

However, our analysis could sometimes only identify bacteria at a broader level due to the limits 

of culture techniques. For example, some bacteria appeared as “unidentifiable gram-positive 

rods,” indicating a type of bacteria was present but could not be fully classified. 

The overall composition of the nasal microbiota varied noticeably between individual animals, 

underscoring the influence of factors like age, species, and underlying middle ear pathology. 

Figure 10 and Figure 11 summarize the bacterial compositions identified in cats and dogs with 

middle ear disease and their prevalence. This data underscores the diversity within the nasal 

microbiota of affected animals. 
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Figure 10- Distribution of bacterial species 

 

 
Figure 11- Percentage distribution of bacteria species 

4.4.  Difference between the nasal microbes cultured from dogs and cats 

The results were classified by species, separating the data for dogs and cats to further analyze the 

differences in bacterial composition. 

• Dogs: The detailed profile of microbiota cultured from dogs can be seen in Figure 12. 

The most common bacteria found were Staphylococcus pseudintermedius and coagulase-
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negative Staphylococcus spp., particularly in cases of ceruminous and purulent otitis 

externa as well as Corynebacterium spp. and some unidentifiable gram-positive rods.  

 

 
Figure 12- Composition of the nasal microbiota of dogs 

• Cats: The bacterial profile was slightly different, with a higher incidence of 

Corynebacterium aurimucosum and unidentified gram-positive rods along with 

Coagulase-negative Staphylococcus spp., associated with ear polyps.  

The detailed profile of microbiota cultured from cats can be seen in Figure 13. 

 

 
Figure 13- Composition of the nasal microbiota of cats 
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4.5.  Results according to diagnosis  

Breaking down nasal microbiota compositions by specific ear conditions highlights microbial 

patterns associated with different diagnoses: 

 

1. Ceruminous Otitis Externa: Samples from dogs with ceruminous otitis externa were 

dominated by Staphylococcus pseudintermedius and coagulase-negative Staphylococcus 

spp. Similarly, in cases of purulent otitis externa, only Staphylococcus pseudintermedius 

and coagulase-negative Staphylococcus spp. were identified. These species were the most 

frequently observed in both types of otitis externa. 

Figure 14 summarizes this bacterial distribution. 

 

 
Figure 14- distribution of bacterial species in cases of otitis externa 
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2. Ear Polyps: Three samples from three cases with ear polyps exhibited coagulase-

negative Staphylococcus spp. and Corynebacterium aurimucosum, as well as unidentified 

gram-positive rods. 

Figure 15 shows this bacterial distribution.  

 

 
Figure 15- distribution of bacterial species in cases of ear polyp 
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5. Discussion  

This study aimed to explore the nasal microbiota in dogs and cats with middle ear disease but no 

respiratory conditions. The results revealed distinct bacterial profiles, with Staphylococcus 

and Corynebacterium species predominating, suggesting a potential link between nasal 

microbiota and middle ear disease. 

Staphylococcus pseudintermedius was the most frequently identified species in dogs, particularly 

in those with ceruminous otitis externa, which is commonly associated with inflammation and 

discomfort in the ear canal. The presence of Staphylococcus in the nasal cavity could suggest that 

conditions such as otitis externa may create a favorable environment for staphylococcal 

colonization, possibly due to the lipid-rich nature of ear wax. However, since there was no 

middle ear involvement in most cases (the TM was intact), the nature of this connection requires 

further research. This overgrowth of bacteria could exacerbate ear inflammation, pointing to the 

important role of nasal bacteria in influencing ear disease progression. The similar role 

of Staphylococcus pseudintermedius in otitis externa has been well-documented in previous 

studies [24], aligning with our findings and underscoring the connection between the nasal and 

ear microbiotain dogs. 

In cats, the predominant species was Corynebacterium aurimucosum, alongside with coagulase-

negative Staphylococcus spp., especially in cases involving ear polyps. The microbial profile 

associated with ear polyps suggests that structural or environmental changes in the middle ear, 

such as the formation of polyps, may create colonization or infection in the nasal cavity, via the 

Eustachian tube. These bacteria may not directly cause the polyps but could reflect an alteration 

in the ear environment linked to polyp development. This finding highlights the complexity of 

microbial interactions within the middle ear and warrants further investigation into the exact role 

these bacteria play in disease progression. 

The diversity in microbial composition between dogs and cats points to species-specific factors 

that influence nasal microbiota. Interestingly, while both dogs and cats shared a similar microbial 

profile dominated by Corynebacterium aurimucosum, coagulase-negative Staphylococcus spp., 



 28 

and gram-positive rods, dogs had an additional notable presence of Staphylococcus 

pseudintermedius. This suggests that, despite some commonalities in the nasal microbiota of 

dogs and cats, species-specific factors, such as immune responses, nasal anatomy, and 

environmental exposures, may shape the bacterial populations in the nasal cavity and influence 

the progression of ear disease. For example, anatomical differences between species, such as 

variations in the structure of the nasal cavity and Eustachian tube, could impact microbial 

colonization patterns, potentially affecting the types of bacteria that can migrate to the middle ear 

and exacerbate infection. 

 

This study also underscores the potential role of the Eustachian tube as a pathway for microbial 

migration from the nasal cavity to the middle ear. This tube, which connects the nasopharynx to 

the middle ear, provides a direct route for bacteria to travel from the nasal cavity to the middle 

ear. Given that both nasal and ear microbiota were found to overlap in many of the study 

samples, it is plausible that nasal bacteria are capable of migrating to the middle ear, particularly 

in animals with chronic ear disease. This pathway is significant because it allows for the 

establishment of infections in the middle ear, particularly when the nasal cavity is dysbiotic, or 

when the immune system is compromised. 

The findings of this study support the notion that a dysbiotic nasal microbiome can contribute to 

the development of middle ear infections. For example, the dominance of Staphylococcus species 

in the nasal cavity may predispose affected animals to ear infections, as these bacteria are known 

to be opportunistic pathogens. Further research into the dynamics between the nasal and ear 

microbiota could provide a deeper understanding of how bacterial migration via the Eustachian 

tube may initiate or exacerbate middle ear disease. 

 

While the study revealed similarities in the nasal microbiota of dogs and cats, the presence of 

species-specific differences underscores the complexity of microbial communities. The increased 

prevalence of Staphylococcus pseudintermedius in dogs, particularly those with ceruminous 

otitis externa, points to a bacterial species that may be particularly adapted to thrive in the canine 

nasal and ear environments. This may be linked to the distinct anatomical features of dogs, 

including variations in the shape of the nasal cavity and the length of the Eustachian tube, which 
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could influence the types of bacteria present in the nose and the likelihood of migration to the 

ear. 

 

Moreover, the age and breed of the animals could further affect microbial diversity, as previous 

studies have shown that factors such as breed (e.g., brachycephalic vs. mesocephalic breeds) 

influence the composition of the nasal microbiome [15]. These factors could play a role in the 

observed microbial diversity in this study, though this was not specifically investigated. Further 

studies that explore the relationship between breed, age, and nasal microbiome composition in 

relation to ear disease would provide valuable insights into how these factors might contribute to 

microbial colonization and disease progression. 

 

While the results of this study provide important insights into the potential link between the nasal 

microbiome and middle ear disease, several limitations must be acknowledged. One of the 

primary limitations is the small sample size, which reduces the ability to generalize these 

findings to the broader population of dogs and cats with middle ear disease. A larger, more 

diverse sample size would help confirm the findings and improve the robustness of the 

conclusions drawn. 

Additionally, the reliance on culture-based techniques for microbial identification is a limitation 

of the study, as culture methods may not capture the full diversity of the nasal microbiome. Some 

bacteria may not grow under standard culturing conditions, leading to the underrepresentation of 

certain species. Employing advanced techniques such as 16S rRNA gene sequencing in future 

studies would allow for a more comprehensive analysis of the microbiome, providing greater 

insight into the diversity of microbial species present in the nasal cavity and their potential role 

in ear disease. 

Finally, future research should explore the functional interactions between the nasal and ear 

microbiomes, including whether specific bacterial species are capable of causing ear disease or if 

they simply reflect changes in the nasal environment. Longitudinal studies that track microbial 

changes over time in animals with chronic ear disease would be beneficial for understanding how 

microbial populations evolve in response to treatment or disease progression. 
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The findings of this study have important clinical implications for veterinary medicine. If future 

research confirms that specific bacterial species in the nasal microbiome are associated with 

middle ear diseases, this could lead to the development of new diagnostic tools and therapeutic 

strategies. For example, analyzing the nasal microbiome could provide early indicators of an 

impending ear infection, allowing for timely intervention. Moreover, therapies aimed at restoring 

a healthy nasal microbiome, such as probiotics or antimicrobial management, could be used to 

prevent or treat ear infections in companion animals, reducing the need for broad-spectrum 

antibiotics and minimizing the risk of antimicrobial resistance. 

 

In conclusion, this study highlights the potential link between the nasal microbiome and middle 

ear disease in dogs and cats. The identification of key bacterial species involved in ear otitis 

externa and ear polyps underscores the need for further research into the role of the nasal 

microbiota in the pathogenesis of middle ear diseases. Future studies with larger sample sizes, 

advanced molecular techniques, and a focus on microbial interactions are essential for advancing 

our understanding of how the nasal microbiome contributes to ear health and disease in 

companion animals. 
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6. Summary  

This study investigates the bacterial composition of the nasal microbiota in dogs and cats with 

middle ear disease but no respiratory symptoms, aiming to explore the potential relationship 

between nasal bacteria and ear infections. The study included ten animals (dogs and cats), with 

diverse breeds, ages, and sexes, all diagnosed with external and middle ear diseases. Nasal 

samples were collected under general anesthesia and analyzed using conventional bacterial 

cultures and MALDI-TOF mass spectrometry. 

 

The results showed that Staphylococcus pseudintermedius, coagulase- 

negative Staphylococcus spp., and Corynebacteriumspp. were the most frequently isolated 

bacterial genera from the nasal cavity, suggesting these species may be involved in the 

pathogenesis of middle ear infections. The diversity of the nasal microbiota was significant, with 

some species only being identified at a broader level due to limitations in culturing techniques. 

Both dogs and cats exhibited a similar microbial composition, but dogs showed a higher 

prevalence of Staphylococcus pseudintermedius in addition to other common nasal microbes.  

 

The study highlights the potential for nasal bacteria to migrate to the middle ear through the 

Eustachian tube, contributing to ear disease. However, due to the small sample size, the findings 

are not fully conclusive, and further research with larger populations and advanced techniques is 

required. Despite these limitations, this study contributes to understanding the nasal 

microbiome's role in ear health and disease in dogs and cats. It also provides the foundation for 

future studies to investigate microbial interactions and develop targeted treatments for ear 

infections in companion animals.  
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