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Abstract: Black-pigmented bacteria are one of the neglected species to cause periodontal disease in cats, and they
are also zoonotic agents that pose an infection risk to humans. In this study, we aimed to determine the presence
of Porphyromonas gingivalis, Porphyromonas gulae and Prevotella nigrescens in the oral microbiota of pet and stray
cats. Dental swab samples were taken from 25 pet cats and 25 stray cats with symptoms of periodontal disease and
then investigated by multiplex polymerase chain reaction using 16S rRNA species-specific primers. As a result of the
multiplex PCR analysis, P. gingivalis 3/25 (12%), P. nigrescens 1/25 (4%), P. gingivalis + P. gulae 7/25 (28%), P. gin-
givalis + P. nigrescens 1/25 (4%), P. gulae + P. nigrescens 1/25 (4%), and P. gingivalis + P. gulae + P. nigrescens 2/25
(8%) were molecularly typed in the pet cats. In addition, 1/25 (4%) of P. gulae and 21/25 (84%) of P. gingivalis +
P. gulae were typed in the stray cats. In 10/25 (40%) pet and 3/25 (12%) stray cat samples, no bacteria were detected
by molecular typing. In summary, the results provide strong evidence that black-pigmented zoonotic pathogens
are associated with cat periodontal disease.
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Black-pigmented, asaccharolytic, non-motile,
Gram-negative anaerobic bacteria species like
Porphyromonas spp. and Prevotella spp. are
present in plaque and periodontal gum pockets.
Plaque can damage the gingival tissue and leads
to growing pathogenic Gram-negative bacteria
(Porphyromonas spp., Prevotella spp., etc.) below
the gum line. The bacterial species can also be de-
tected in sialadenitis, gingivitis, periodontal tissue
inflammation, and endodontic infections in cats

(Kolenbrander et al. 2010; Gilpin et al. 2017; Whyte
etal. 2017; Shenbakam et al. 2021; Tett et al. 2021).
Periodontal diseases have a prevalence of 70% and
occur in cats of all ages. Although diet and some
diseases affect its prevalence and severity, it is gen-
erally accepted that the disease progresses with age
(O’Neill et al. 2014). In addition, some diseases
such as diabetes, hyperthyroidism, hyperadreno-
corticism, feline immunodeficiency virus (FIV),
and feline leukaemia virus (FeLV) may increase
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the sensitivity against periodontitis disease in cats
(Miceli et al. 2021). Some species may provide the
basis for colonisationion and different disease fac-
tors. For example, mycotic agents can be detected
in cats with Porphyromonas spp. bacteria in their
oral microbiota (Whyte et al. 2017). Porphyromonas
gingivalis (P. gingivalis) is known as a zoonotic
dominant pathogen in the oral microbiota of cats
and it can bind to salivary enzymes, extracellular
matrix proteins, and commensal bacterial surfaces.
Periodontal tissues have an immune system against
bacterial invasion. However, due to the infection
caused by periodontopathogenic bacteria, the natu-
ral and acquired immunity of the host may be im-
paired and destruction may occur in the bone tissue
(Amano 2007; Adler et al. 2016; Usui et al. 2021).
Prevotella spp. are pigmented or non-pigmented
asaccharolytic bacteria that can live in the oral cav-
ity and gastrointestinal tract of animals and humans
(Tett et al. 2021). Mostly, 10-20% of bite wounds
become infected, including 30-50% of cat bites. The
infection rates are between 4—25% in the case of cat’s
bite wounds (Rothe et al. 2015; Dimcic et al. 2020).
It has also been reported that black-pigmented zoo-
notic agents can be detected from many local or sys-

Figure 1

Figure 1. Some diseases in humans associated with cat-
borne zoonotic Porphyromonas spp. and Prevotella
spp. (Cohen et al. 2003; Gomes et al. 2005; Hamada
et al. 2008; Wegner et al. 2010; Fernandez-Canigia et al.
2015; Venkataraman and Almas 2015; Gilpin et al. 2017;
Dominy et al. 2019; Acuna-Amador and Barloy-Hubler
2020; Tett et al. 2021; Nonaka et al. 2022)

temic diseases in humans (Figure 1) (Cohen et al.
2003; Gomes et al. 2005; Hamada et al. 2008; Weg-
ner et al. 2010; Fernandez-Canigia et al. 2015;
Venkataraman and Almas 2015; Gilpin et al. 2017;
Dominy et al. 2019; Acuna-Amador and Barloy-
Hubler 2020; Tett et al. 2021; Nonaka et al. 2022).
This study aims to determine that zoonotic patho-
gens, such as P. gingivalis, P. gulae, and P. nigres-
cens, show the potential to cause many diseases
in humans, in the oral microbiota of pet cats cared
for at home, and in cats at large. Samples were col-
lected from pet cats, exposed to ordered veterinary
controls, and fed with commercially formulated dry
food, and from stray cats without health controls
and randomly fed with mixed food (leftovers). The
data obtained in this study will be a protective guide
against possible diseases that may pose a risk for
both veterinarians and animal lovers who keep cats
at home and on the streets.

MATERIAL AND METHODS
Study design and sample collection

In this study, dental swab samples were collected
from 25 pet cats (living at home) and 25 stray cats
(living in urban conditions) examined in veterinary
clinics in Izmir province and its districts between
November 2021 and January 2022 with symptoms
of periodontal disease. The pet cats were fed with
professional dry food, and the stray cats were fed
with mixed food (dry food, leftovers). Swabs were
collected by rubbing swab sticks on the surface
of the canines, gingival mucosa, dental plaque,
and premolars. The samples were transferred
to Aydin Adnan Menderes University Veterinary
Faculty Microbiology Department with the Stuart
transport medium under the cold chain system.
Of the pet cats, 13 (52%) were grouped as female
and 12 (48%) as male. The age range of cats was
determined (by the pet owner and veterinary
consultation) as follows; 20 (80%) adolescents
(6—24 months), 3 (12%) adults (3—6 years), and
2 (8%) mature (7-10 years). Of the stray cats, 15
(60%) were grouped as female and 10 (40%) as male,
16 (64%) of them were adolescents, and 9 (36%)
of them were adults (Figure 2). In the pet cats,
2 male cats were defined as infertile (neutered),
and, in the stray cats, 5 male (neutered) and 10 fe-
male cats (spayed) were defined as infertile.
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25 30 35 40 45 50
2yr. 2.5yr. 3yr 4yr. 4.5 yr. 5yr. 7 yr. Total
2 1 0 0 0 0 1 13
0 2 0 0 0 0 1 12
1 2 2 0 1 2 0 15
2 2 0 1 0 3 0 10

Figure 2. Distribution of the age and number of cats (pet-stray)

DNA extraction from the swabs

The swab samples were transferred to Eppendorf
tubes containing 500 microlitres (ul) of sterile
distilled water in the laboratory. Then, they were
vortexed and centrifuged at 7 826 x g for 6 min-
utes. The sediment at the bottom of the tubes was
collected and dissolved in 100 pl of sterile 0.9%
NaCl solution. Afterward, the bacterial DNA was
extracted for each sample using an extraction kit
(Thermo Fisher®, Waltham, MA, USA) designat-
ed by the manufacturer. The DNA quantity was
measured with a Nanodrop device (Maestrogen®,
Hsinchu City, Taiwan) and recorded. The obtained
DNAs were stored in a deep freezer at —20 °C until
used in the polymerase chain reaction (PCR) stud-
ies. In our study, P. gingivalis (ATCC 33277), P. gu-
lae (ATCC 51700), and P, nigrescens (ATCC 33563)
were used as the positive controls.

The primers used and PCR analysis

A PCR analysis was applied by using 16S rRNA
species-specific primers after extraction. The uni-
versal primers and P, gingivalis, P. gulae, and P. nigres-
cens species-specific primers were designed as stated
by Ozavci et al. (2019). The 16S rRNA PCR reac-
tion for the detection of total bacteria was examined
atatotal volume of 25 pl, including 2X Tag Mastermix
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(GenetBio®, Daejeon, Republic of Korea) 12.5 pl,
50 millimolar (mM) MgCl, 0.75 pl, 50 uM forward
and reverse universal primer for each 1 pl, 50-100 ng
template DNA 5 pl, and completed with nuclease-
free water. The PCR temperature cycling conditions
were as follows: initial denaturation at 95 °C for
5 minutes (min), 1 min denaturation at 95 °C, 1 min
annealing at 55 °C, 1 min elongation at 72 °C with
30 cycles, and final elongation at 72 °C for 10 min
with 1 cycle (Rodrigues et al. 2019). Then, the species-
specific multiplex PCR was performed on the positive
samples with the universal primers. For the multi-
plex PCR reaction, a total volume of 25 pl was ex-
amined, including 2X Tag Mastermix (GenetBio®)
12.5 pl, 50 mM MgCl, 0.75 pl, 50 uM P. gingivalis,
P. gulae and P. nigrescens specific forward and re-
verse primer mix for 1 pl, 50-100 nanogram (ng)
template DNA 5 pl and completed with nuclease-
free water. Afterward, amplification was carried out
under the following conditions: one cycle of 95 °C for
5 min for pre-denaturation, 94 °C for 30 seconds (s),
62 °C for 30 s, 72 °C with 30 cycles for 30 s, 72 °C for
5 min at a final elongation of 1 cycle. The PCR prod-
ucts were then electrophoresed at 80 V/cm for 40 min
on a 2% agarose gel containing ethidium bromide.
The agarose gel containing the products was scanned
with a UV transilluminator system (Vilber Lourmat,
Collégien, France) and evaluated based on the am-
plicon size length of the target genes (Takahashi and
Yamada 2000; Sanai et al. 2002; Rodrigues et al. 2019).
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RESULTS

Multiplex PCR testing was performed on the
positive samples obtained from the 16S rRNA PCR
test with 50 samples. P. gingivalis, P. gulae, and
P nigrescens species-specific primers were used
for the molecular typing. The findings were de-
termined in the pets as follows: P. gingivalis (3/25,
12%), P. nigrescens (1/25, 4%), P. gingivalis + P. gu-
lae (7/25, 28%), P. gingivalis + P. nigrescens (1/25,
4%), P. gulae + P. nigrescens (1/25, 4%), P. gingiva-
lis + P. gulae + P. nigrescens (2/25, 8%). However,
the PCR analysis was performed in 10/25 (40%)
of the pet cat samples, but the bacterial existence
was not identified (Figure 3). In the stray cats, P. gu-
lae 1/25 (4%) and P, gingivalis + P. gulae 21/25 (84%)
were determined in the molecular typing, but could
not be detected in any of the results in 3/25 (12%)
samples (Figure 4). In all the samples (50), P. gin-
givalis 6% (3/50), P. gulae 2% (1/50), P. gingivalis +
P. gulae 56% (28/50), P. nigrescens 2% (1/50), P. gin-
givalis + P. nigrescens 2% (1/50), P. gulae + P. ni-
grescens 2% (1/50), and P. gingivalis + P. gulae +
P, nigrescens 4% (2/50) were identified at the speci-

Multiplex PCR P. gingivalis
Negative 12% P. gulae
40% 0%
P. nigrescens
4%
P. gingivalis + P. gingivalis +
P. gulae + . o P. gulae
P nigrescens P gu ae+ P, gingivalis + 28%
8% P. nigrescens P. nigrescens
4% 4%

Figure 3. Multiplex PCR analysis results of the pet cats
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Figure 4. Multiplex PCR analysis results of the stray cats

fied rates. However, the multiplex PCR negative
samples were identified at a rate of 26% (13/50)
(Figure 5). The presence of bacteria in cats accord-
ing to gender is grouped as follows: P. gingivalis +
P, gulae 60.71% (17/28) in the females and 59.09%
(13/22) in the males, P. gulae 4.54% (1/22) in the
males, P. gingivalis in the females 7.14% (2/28),
P nigrescens 3.57% (1/28) in the females, P. gingi-
valis + P. gulae + P. nigrescens 7.14% (2/28) in the
females and P. gulae + P. nigrescens 4.54% (1/22)
in the males (Figure 6). P. gingivalis + P. gulae were
identified 66.66% (10/15) from the females of the
infertile stray cats. Conversely, P. gingivalis + P. gu-
lae were identified at a rate of 40% (4/10) in the
infertile stray male cats, and P, gingivalis was iden-
tified at a rate of 8.33% (1/12) in the infertile pet
male cats (Figure 7). Among the infertile pet cats,
P gingivalis + P. gulae were identified from only
one 30-month-old male cat.

P gulae + P. gingivalis +
P gingivalis + P nigrescens P. gulae + P. nigrescens Multiplex PCR
] 4% Negative
P. nigrescens 2%
2% 26%
P, nigrescens P, gingivalis
2% 6%
P gulae
2%
P. gingivalis +
P. gulae

56%

Figure 5. Distribution of the species detected from the
pet and stray cats
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Figure 6. Distribution of the bacteria detected in the cats
by gender

65


https://www.agriculturejournals.cz/web/vetmed/

Original Paper

Veterinarni Medicina, 68, 2023 (02): 62—68

4

1
0 ‘ 0 0
T

Infertile stray
cat (male)

_ =
SO N B O 0 O N
I I J I I J

Number of infertile cats

Infertile pet
cat (male)

Infertile stray
cat (female)

P, gingivalis + P. gulae P, gingivalis
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DISCUSSION

Both P. gingivalis and P. gulae are anaerobic
pathogens that cause changes in the oral micro-
biota composition associated with periodontitis
and systemic diseases (Nomura et al. 2020). As a re-
sult of gingivitis, the subgingival biofilm, anaero-
bic Gram-negative secondary bacteria colonies,
such as Prevotella spp. and Porphyromonas spp.,
can attach to the animals’ oral tissues (Golynska
etal. 2017). Many studies have reported that more
than 70% of cats are exposed to periodontal disease
by at least 24 months of age (Rodrigues et al. 2019).
This study investigated the presence of detected
P. gingivalis, P. gulae, and P. nigrescens as black-
pigmented Gram-negative anaerobic zoonotic
pathogens in the oral microbiota of cats aged be-
tween 12 and 30 months. P, gingivalis and P. gulae
were the most relevant pathogen in the periodontal
disease in cats. P. intermedia and P. gingivalis have
been known as pathogens associated with the de-
velopment and progression of periodontitis (Sanai
et al. 2002). In this study, oral bacterial diversity
was found to be the higher rate in pet cats. The
findings show that P. gulae can be detected with
both P. gingivalis and P. nigrescens in a mixed infec-
tion in pet cats. Interestingly, P. gulae were iden-
tified as a single infective pathogen in the stray
cats. Bacterial species, such as Staphylococcus
aureus, Streptococcus pyogenes, Corynebacterium
spp., Listeria spp., and Pasteurella multocida, are
considered to be frequently isolated from stray
cat bite wounds. However, our findings highlight
that it would be beneficial to clinically evaluate the
black-pigmented bacterial species in bite wounds.
In addition, we detected a more common multi-
bacterial distribution in pet cats according to the
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stray cats. It has been reported that the formulated
dry food (commercial) consuming cats had more
oral Porphyromonas spp. diversity than cats fed with
canned wet food or fresh meat. Therefore, the cats
fed in this way would be taken 12% more carbohy-
drates with the diet (Adler et al. 2016; Spears et al.
2017). Different diets (rich in fat and low in fibre)
and lifestyles may reduce the growth of Prevotella
spp. (Tett et al. 2021). Glucose is an essential factor
for Prevotella spp. that promotes anaerobic growth
and supports intracellular polysaccharide aggrega-
tion (Takahashi and Yamada 2000). In our findings
showed that there were bacterial differences in the
oral microbiota and signs of periodontal disease
in domestic and stray cats fed with different diets.
The isolation of P. nigrescens from pet cats fed with
commercial food can be considered a physiologi-
cal adaptation and further research on this subject
may be useful to establish a relationship. However,
neutering, the gender, and the age range were not
considered as factors affecting the bacterial diver-
sity in the mouth.

In conclusion, cats (pets or strays) can host black-
pigmented pathogens, such as P. gulae, P. nigres-
cens, and P. gingivalis, in their dental plaque and
oral microbiota. Nutrition may influence the de-
velopment and composition of the oral microbi-
ome in cats. For this reason, the effect of the diet
on the bacterial diversity in the oral microbiota
of cats should be investigated in more studies.
A microbiological analysis of the gingival pock-
ets using molecular-based tests in both veterinary
and human clinical practice can provide the basis
for increasing the efficacy of any potential treat-
ment and prophylaxis. As a preventive approach,
regular prophylactic clinical periodontal examina-
tions of both pet and stray cats by veterinarians
and informing their owners/feeders will be helpful
in terms of preventing zoonotic infections.
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