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ABSTRACT

The feline oral cavity is naturally inhabited by var­

ious microorganisms contributing to the maintenance 

of its oral health. The imbalance of oral microbiota or 

the presence of pathogenic agents can lead to secondary 

oral diseases. Various factors such as sex, diet, breed, 

environment and even age, affect the composition of 

a healthy oral microbiota during the life of cats. The 

purpose of this study was to compare the composition 

of culturable aerobic and facultative anaerobic micro­

biota in cats in terms of different age categories. We 

used conventional cultivation methods in conjunction 

with microscopic and biochemical methods to isolate 

and identify the microorganisms found in the oral cavi­

ty of cats. The examination of 76 samples confirmed the 

dominance of the phylum Proteobacteria in almost all 

groups. Commonly occurring bacteria have been iden­

tified, i. e. Streptococcus spp., Neisseria spp. and Pas- 

teurella spp. Although aerobic and facultative anaerobic

oral microbiota were examined, differences between age 

groups were noted. The microbial diversity of the oral 

microbiota significantly increased with age.
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INTRODUCTION

The oral cavity is the first part of the gastrointestinal 

tract where the process of digestion begins, and therefore 

it creates a space for the action of various microorganisms 

[8]. The constant flow of saliva and the unique biological 

properties of each part of the oral cavity provide a place for 

attachment of microorganisms [22]. In particular, the sur­

face of the teeth has the highest microbial load compared 

to other surfaces [25]. Complex, multi-species communi­

ties of resident microorganisms, from aerobic to anaerobic, 

play a crucial role in oral health and diseases. Important is
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the beneficial defensive function or rather the competition 

with the pathogenic bacteria introduced with food or from 

the external environment [15].

The feline oral microbiota consists of several bacteri­

al phyla such as: Proteobacteria, Bacteroidetes, Firmicutes, 
Actinobacteria, Fusobacteria and others [4]. Differences in 

the diversity and dominance of bacterial strains have been 

reported in terms of health and diseases [22], and it has 

also been disclosed that the diversity of microbiota in the 

oral cavity of cats is significantly greater than that in dogs 

[11, 15].

The feline oral microbiota may pose a risk of systemic 

disease if it is transmitted to other sites in the body, e. g. 

in the case of aspiration pneumonia [1]. Microorganisms 

can also be transmitted by biting, thus causing infections 

of wounds usually described in humans [9]. The feline oral 

microbiota can be a source of zoonotic pathogens (e. g. 

Pasteurella spp.), not only in terms of bites [17], but also 

by the potential transmission of periodontal bacteria to the 

oral cavity of cat owners [2].

Microbial communities inhabiting the oral cavity can 

be affected by various factors such as sex, environment, 

breed [13], diet [1] and age [13, 19]. Also, the composi­

tion of the oral microbiota may vary with the disease. Dif­

ferences in compositions of the oral microbiota between 

healthy cats and those with a disease have been reported 

for periodontal disease (PD) [13, 16], feline chronic gingi­

vostomatitis (FCGS) [6, 12] and feline immunodeficiency 

virus (FIV) [10, 14, 23], where the predominance of certain 

oral bacteria may cause or contribute to the development 

of the disease [18].

For the detection of feline oral microbiota, culture-in­

dependent methods (gene sequence analyses) have been

increasingly used as less time-consuming than the culture 

methods [3]. However, conventional culture methods are 

still essential for the isolation and identification of micro­

organisms [8].

Natural colonization of the oral cavity by microorgan­

isms occurs from birth [19]. With increasing age, the di­

versity of microbial communities increases significantly [1, 

22] which correlates with the changes during important 

life stages [21]. Only a few studies have been involved in 

investigating the effects of age on the oral microbiota in 

cats. Therefore, the aim of our study was to evaluate on the 

basis of biochemical methods and cultures how the age of 

cats can affect the composition of their oral microbiota.

MATERIALS AND METHODS 

Age groups of cats

An important step before sampling was the formation of 

age groups. Based on the scheme proposed by V o g t et al. 

[21], the following age groups were formed: kittens (from 

birth until 5 months), young adults (6 months to 2 years), 

adults (3 years to 7 years) and seniors (over 8 years).

Sample collection

Samples were obtained from 76 clinically healthy Eu­

ropean Shorthair cats by inserting a sterile swab into 

the cat’s mouth and rotating the swab for approximately 

10— 15 seconds. The swab included the entire oral cavity: 

the upper and lower dental arcade (supragingival plaque), 

gums, labial and buccal mucosa, palatal mucosa and sub­

lingual region. The swabs were then placed in Amies trans­

port medium (Sarstedt, Numbrecht, Germany) at 8 °C and

Table 1. Characterization of feline age groups

Age groups Mean age Sex F/M
[%]

Environment I/O/C
[%]

Diet D/W/C
[%]

Kittens (n = 20) 2 months 60/40 75/20/5 0/25/75

Young adults (n = 20) 1.5 years 50/50 50/25/25 0/0/100

Adults (n = 20) 4 years 55/45 35/35/30 0/0/100

Seniors (n = 16) 11 years 62.5/37.5 12.5/25/62.5 0/6.2/93.8

F—female; M-—male; I—indoor; O——outdoor; C—-combination; D— dry; W—wet
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processed within 24 hours. The health status of each cat 

was assessed on the basis of anamnesis, clinical examina­

tion and oral health (normal gingiva with sharp, non-in- 

flamed edges).

All procedures involving animals followed the guide­

lines stated in the Guide for the Care and Use of Animals 

(Protocol No. 3323/16-221/3), approved by the State Veter­

inary and Food Administration of the Slovak Republic and 

by the Ethics Commission of the University of Veterinary 

Medicine and Pharmacy in Kosice, Slovakia. The animals 

were handled in a humane manner in accordance with the 

guidelines established by the relevant commissions. All ap­

plicable international, national and institutional guidelines 

for the care and use of animals were observed. The basic 

data about the cats were obtained from cat owners as well 

as their consent to participate in the study. A summary of 

the data obtained on the basis of age grouping may be seen 

in Table 1.

Bacterial analysis of samples

Each swab was plated on blood agar, MacConkey agar 

(HiMedia, Mumbai, India) and Endo agar (HiMedia, Mum­

bai, India). The blood agar was prepared as Tryptone Soya 

Agar (HiMedia, Mumbai, India) supplemented with 5 % of 

sterile defibrinated sheep blood. The inoculated agar plates 

were then incubated under aerobic conditions at 37 °C for 

24 hours. After incubation, the plates were examined and 

then different types of colonies were subcultured to obtain 

pure cultures. The presence of haemolytic activity and mor­

phological characteristics such as growth, shape, size and 

colour of pure cultures were evaluated on blood agar. In ad­

dition to culture examinations, Gram staining was used to 

differentiate Gram-positive and Gram-negative bacteria 

and also to determine the microscopic morphology.

Bacterial isolates were then subjected to biochemical 

assays for oxidase and catalase activity. The indole and 

urease tests were used to differentiate Pasteurella spe­

cies. Final biochemical identification of strains were done 

using commercial identification kits: STAPHYtest 24; 

STREPTOtest 24; NEFERMtest 24; ENTEROtest 16; EN- 

TEROtest 24 (Erba Lachema, Brno, Czech Republic). Sub­

sequently, a specific bacterial strain was determined using 

the software Program TNW ProAuto 7.0. The overall re­

sults were evaluated and analysed by statistical-mathemat­

ical methods in percentage terms using the Microsoft Excel 

programme.

Two selected isolates of Neisseria spp. were identified 

by genotyping for their species identification. DNA was 

isolated using DNAzol direct (Molecular Research Center 

Inc., Cincinnati, USA) according to the manufacturer’s in­

structions. The 16S ribosomal RNA (rRNA) genes from the 

isolates were amplified by PCR using the universal primers 

27F (5’-AGAGTTTGATCMTGGCTCAG-3’) and 1492R 

(5’-CGGYTACCTTGTTACGACTT-3’). The PCR cycling 

conditions comprised an initial denaturation phase of 

5 min at 94 °C, followed by 30 cycles of denaturation at 

94 °C for 1 min, annealing at 55 °C for 1 min and primer 

extension at 72 °C for 3 min and finally a primer extension 

step at 72 °C for 10 min. The PCR was performed in a ther­

mal cycler (TProfesional Basic, Biometra GmbH, Gottin­

gen, Germany), aliquot PCR products were separated by 

horizontal 3 % (w/v) agarose gel electrophoresis in Tris-ac- 

etate-EDTA buffer (pH 7.8) and visualized with GelRed 

(Biotium, Inc., Hayward, CA, USA) under ultraviolet light. 

The amplification products were sent for purification and 

sequencing using primer 1492R (Microsynth, Wien, Aus­

tria).

RESULTS

The combination of culture evaluations and subsequent 

microscopic findings were the first steps in identifying 

most of the representatives of the oral microbiota at the 

level of the bacterial genus. A total of 18 different bacte­

rial genera were isolated from the 76 samples. The most 

frequently isolated bacterial genera were Streptococcus 
(23.9 %), Pasteurella (22.4 %) and Neisseria (17.9 %). Pas- 
teurella spp. were identified on the basis of Gram staining 

(Gram-negative coccobacilli), absence of haemolysis on 

blood agar, grey and viscous colonies, absence of growth 

on MacConkey and Endo agar, and positive biochemical 

activity of catalase and oxidase tests. Only two isolates of 

Pasteurella spp. have been accurately identified as Pasteur- 
ella multocida and Pasteurella pneumotropica based on 

their different biochemical characteristics (Table 2).

Escherichia coli was identified by its typical green me­

tallic sheen on Endo agar, and some suspect isolates were 

confirmed by biochemical assays. Neisseria was identi­

fied based on the culture’s characteristics (round shape, 

opaque, shiny, smooth colonies), microscopic morpholo­

gy (Gram-negative coccoid or short rods which often oc-
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Table 2. Biochemical characterization 
of two P a s te u re lla  isolates

Oxidase Catalase Urease Indole

P a s te u re lla  m u lto c id a + + - +

P a s te u re lla
p n e u m o tro p ic a + + + +

+ — positive; —  negative

curred in pairs), positive catalase activity and positive ox­

idase activity. However, two isolates of Neisseria spp. were 

also subjected to sequencing analysis (16S rRNA) and were 

identified as Neisseria zoodegmatis and Neisseria animalo- 
ris. Both species formed non-haemolytic, round shaped, 

yellowish to white colonies on blood agar (Fig. 1).

The results of biochemical commercial tests of all iden­

tified species are shown in Table 3. A score of less than 

50 % is reported only at the level of the bacterial genus.

Fig. 1. Growth of N e i s s e r i a  z o o d e g m a t is  and N e is s e r ia  a n i m a l o r is  on blood agar 
A— N e is s e r ia  z o o d e g m a tis ; B — N e is s e r ia  a n im a lo r is

The main aim of this study was to characterize and 

compare the representatives of cultivable aerobic and 

facultative anaerobic oral microbiota of cats between age 

groups (Fig. 2). The members of the genus Streptococcus 
(40.7 %) in the group of kittens were predominantly iden­

tified, followed by Pasteurella spp. (33.3 %) and Staphylo­
coccus spp. (11.1 %). In the case of young adults, the di­

versity of the bacteria was higher. The genera found in the 

highest proportions were Pasteurella (25.7 %) and Strepto­
coccus (25.7 %), followed by Moraxella (8.6 %) and Neisse­
ria (8.6 %). In the adult cats, the most frequently isolated 

bacteria were Streptococcus spp. (29.7 %) and Neisseria spp.

(27 %). The genus Pasteurella (16.8 %) was the third most 

frequently identified. The highest bacterial diversity was 

recorded in the group of seniors. The predominant genus 

was Neisseria spp. (28.6 %) followed by Pasteurella spp. 

(17.1 %) and Staphylococcus spp. (11.4 %). The percentage 

comparison of bacterial phyla between age groups can be 

seen in Fig. 3.

Other bacterial genera detected in young adults were: 

Enterobacter, Kocuria; other bacterial genera detected in 

seniors were: Aeromonas, Brevundimonas, Corynebacteri- 
um, and Sutonella, Weeksella.
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Table 3. Bacterial species identified by commercial identification kits

Bacterial species Number of isolates Average Percentage 
Identification Score [%]

A erococcus spp. 1 48.15

A erococcus v iridans 2 9511

Aerom onas caviae 1 90.33

Aerom onas ichthiosm ia 1 100

Brevundim onas vesicularis 1 78.12

C itrobacter braaki 2 95.38

En terobacter spp. 3 48.97

Escherich ia coli 3 99.76

Klebsiella oxytoca 2 99.34

Kocuria kristinae 1 99.02

M oraxella  osloensis 2 54.69

M oraxella  spp. 7 49.88

Shew anella  algae 2 92.11

Staphylococcus felis 1 95.11

Staphylococcus hom in is ssp. hom inis 2 99.80

Staphylococcus sciuri 2 100

Staphylococcus sim ulans 1 60.24

Staphylococcus spp. 4 49.74

Staphylococcus w arneri 1 99.16

Strep tococcus sanguin is/parasanguin is 17 94.77

Strep tococcus spp. 8 49.52

Strep tococcus suis 2 99.78

Strep tococcus uberis 5 99.90

Sutonella  indo logenes 2 99.38

W eeksella virosa 1 92.35

Fig. 2. Comparison of the occurrence of bacterial genera 
between age groups of cat

Fig. 3. Comparison of bacterial phyla between age groups
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DISCUSSION

The composition of a culturable feline oral microbiota 

may be influenced by many factors. This study focused on 

various stages in a cat’s life and the potential differences in 

the diversity of oral microbiota in the different age groups.

Oral swabs were performed without anaesthesia or se­

dation because the cats were calm during swabbing. This 

approach differed from that used in other studies [4, 18, 

24] when samples were taken during anaesthesia as a part 

of routine dental examination. Subsequent bacteriological 

examinations focused mainly on the isolation and identi­

fication of the facultative anaerobic and aerobic bacteria, 

as the samples were transported over longer distances to 

the laboratory. Also, in the study by R a z a l i et al. [17] 

anaerobic bacteria were not included in the investigation 

of the oral microbiota in the cats, as anaerobic bacteria re­

quire more complex cultivation and immediate processing 

after sampling.

The current trend in the analysis of the oral microbiota 

of cats is carried out mainly by NGS sequencing, so that the 

samples are subjected directly to DNA extraction without 

previous conventional culture [5, 20]. In addition, com­

pared to standard culture methods, a culture-independent 

methodology can detect also the presence of non-cultura- 

ble and unknown microorganisms in the oral microbiota 

[3]. On the other hand, from the point of view of veter­

inary practice, culture methods are used in conjunction 

with the determination of the antibiotic susceptibility of 

oral bacteria which may cause either primary or secondary 

infections.

Commonly occurring bacteria, for example Streptococ­
cus, Neisseria and Pasteurella, were identified in this study 

by culture and biochemical identifications. The dominance 

of the Proteobacteriaphylum  was also noted. A study of the 

oral microflora of cats with or without disease showed that 

a-haemolytic Streptococci were the most common genus in 

healthy cats while in the sick cats, the genus Staphylococ­
cus dominated [24]. S t u r g e o n et al. [20] investigated 

the oral microbiota from 11 clinically healthy cat and de­

tected the predominance of Proteobacteria phylum, mainly 

the genera Moraxella, Pasteurella, Neisseria and unclassi­

fied bacteria of the Pasteurellaceae family. Another study 

reported that the most commonly identified genera in 

healthy cats were, Enhydrobacter, Moraxella and Capnocy- 
tophaga [18]. The bacterial genera Moraxella and Neisse­

ria were obtained from a healthy feline oral cavity. These 

were also described as two of the most common aerobic 

genera identified in samples from humans bitten by cats 

[3]. H a r r i s et al. [7] reported that the most dominant 

phylum in their study of the oral cavity of healthy cats was 

Bacteroidetes, which does not agree with our results. This 

may be related to other factors that may affect the compo­

sition of the oral microbiota [13].

The research of S p e a r s et al. [19] focused on the 

development of oral microbiota in kittens from birth to 

8 weeks of age. They examined a total of 5 litters; the num­

ber of individuals was 16. Phylogenetic analysis during 

their growth showed an increase in the proportion of phy­

la. Although a different age range was used in our study, 

our results indicated an increase in bacterial diversity.

CONCLUSIONS

Our study investigated changes in the composition 

of the oral microbiota during the life of cats. Despite the 

limitations of culture and biochemical methods, our re­

sults agree with the previous studies regarding the abun­

dance and predominance of the Proteobacteria strains in 

the oral microbiota of cats. An increase in the bacterial 

diversity with age was observed in the older age groups. 

The difference in the oral microbiota may have been due to 

changes during the life stages, which can be associated with 

the change of the diet from milk to commercial or other 

available food for kittens. Further studies are needed to 

demonstrate the potential effects of other factors. A study 

of cultivable healthy oral microbiota of cats with respect to 

age can differentiate potential pathogenic bacteria not only 

for the cats themselves but also for the potential risk of bite 

infections in humans.
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