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Porphyromonas gulae, a suspected pathogen for periodontal disease in dogs, possesses approximately 41-kDa
fimbriae (FimA) that are encoded by the fimA gene. In the present study, the association of fimA genotypes
with mitral regurgitation (MR) was investigated. Twenty-five dogs diagnosed with MR (age range 6–13 years
old, average 10.8 years) and 32 healthy dogs (8–15 years old, average 10.8 years) were selected at the participat-
ing clinics in a consecutive manner during the same time period. Oral swab specimens were collected from the
dogs and bacterial DNA was extracted, then polymerase chain reaction analysis was performed using primers
specific for each fimA genotype, with the dominant genotype determined. The rate for genotype C dominant
specimens was 48.0% in the MR group, which was significantly higher than that in the control group (18.8%)
(P b0.05). These results suggest that P. gulae fimA genotype C is associated with MR.

© 2015 Elsevier Ltd. All rights reserved.
Periodontal disease, including gingivitis and periodontitis, is
commonly found in dogs, with prevalence rates ranging from 50-
70% (Harvey and Emily, 1993). Gingivitis involves inflammation of the
gingiva, whereas periodontitis is a more progressive form of periodontal
disease that involves the loss of tooth supporting tissues (i.e., periodontal
ligament, cementum, alveolar bone). Proper periodontal therapy can re-
duce gingival bleeding, tooth mobility, and, in some cases, sophisticated
methods can be utilized to regenerate lost tissues. The distribution of
bacterial species related to periodontal disease has been investigated
using oral swab specimens taken from dogs, with Porphyromonas gulae,
a Gram-negative black-pigmented anaerobe, oneof the species frequent-
ly detected (Kato et al., 2011). The cell surface component Fimbrillin
(FimA), a 41-kDafimbriae subunit, of P. gulaehas also been characterized
and shown to be a possible factor related to periodontal disease in dogs
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(Hamada et al., 2008). In our recent study, FimA of P. gulaewas classified
into 3major genotypes; A, B, and C,with type C shown to have a high vir-
ulence for periodontal disease, followed by B and A (Nomura et al., 2012;
Yamasaki et al., 2012).

The association of periodontal disease with systemic diseases has
recently been gaining attention (Pavlica et al., 2008; Rawlinson et al.,
2011). Mitral regurgitation (MR) caused by myxomatous mitral valve
disease is one of the most common types of cardiovascular diseases oc-
curring in dogs (Serfass et al., 2006; Atkins et al., 2009) and character-
ized by chronic progression, with the condition worsening from mild
to severe over time (Borgarelli et al., 2008). A few reports have shown
an association of periodontal disease with MR in dogs (Glickman et al.,
2009). In the present study, oral specimens from dogs diagnosed with
MR were analyzed to investigate the association of the disease with
the presence of P. gulae and genotypes of fimA encoding FimA.

Twenty-five dogs diagnosed with MR and treated at veterinary
clinics in Tokyo in 2012 and 2013 were consecutively enrolled (MR
group). In addition, 36 dogs older than 6 years old and without peri-
odontitis, MR, diabetes mellitus, or other relevant clinical history,
were selected as Control group. Among them, we removed the 4 larger
breed dogs that weighed more than 20 kilograms and used the remain-
ing 32 as controls. The study protocol was approved by the Animal
Research Committee of Azabu University (No. 130307–3). Prior to
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sample collection, the owners were informed of the purpose of the
study and gave approval for their participation. None of the dogs or
their owners received antibiotic treatment within the previous 3
months prior to collection. Oral specimens were obtained from supra-
and sub-gingival areas of the left and/or right upper fourth premolar
and/or lower first molar using Seed-SwabR g-1 or −2 swabs (Eiken
Chemical, Tokyo, Japan), then bacterial DNA was extracted using a
method previously described (Kato et al., 2011).

According to the ACVIM (American College of Veterinary Internal
Medicine) functional classification (Atkins et al., 2009), the 25 dogs in
theMR group (18males, 7 females; 10.8±0.3 year old)were diagnosed
based on physical examination, thoracic radiography, electrocardiogra-
phy, and echocardiography findings, as follows; Stage A (n = 0), Stage
B1 (n = 4), Stage B2 (n = 10), Stage C (n = 7), and Stage D (n = 4).
In addition, the severity of MR has been reported to be associated with
murmur intensity and audibility (Ljungvall et al., 2009). Thus, these
dogswere also evaluated using the Levine classification,which is a scor-
ing system used to classify the intensity or loudness of a heart murmur
(Freeman and Levine, 1933), as follows; I/VI (n = 0), II/VI (n = 8),
II-III/VI (n = 2), III/VI (n = 7), IV/VI (n = 7), V/VI (n = 0), and VI/VI
(n=1). Breeds represented in theMR group are listed in Supplementa-
ry Table 1. The 32 healthy dogs in the control group (17 males, 15 fe-
males, 10.8 ± 0.4 years old) had no abnormal cardiac conditions
shown in physical examination, thoracic radiography, electrocardiogra-
phy, and echocardiography findings. Breeds represented in the control
group are listed in Supplementary Table 2.

Statistical analyses were performed using the computational
software packages StatView 5.0e and Prism 4f. Fisher’s protected least-
significant difference test was utilized to compare the detection
frequencies of each fimA genotype for each gingival condition. Odds
ratio (OR) and 95% confidence interval (CI95) values were calculated
to determine the significance of the association of each fimA genotype
in the dogs with each periodontal condition. A P value of b0.05 was
considered to be statistically significant.

We evaluated calculus coverage, and gingival and periodontal scores
based on methods previously described, with some modifications
(Warrick and Gorrel, 1997; Harvey and Emily, 1993; Löe, 1967; Wolf
et al., 2005). For each dog, 22 teethwere scored according to a previous-
ly described technique (Kate and Cecilia, 1999). Dental calculus
Table 1
Oral conditions and distribution frequency of P. gulae and its fimA genotypes in oral specimens

MR (n = 25)

Age in years
Mean ± SE a (range)

10.8 ± 0.3 (6–13)

Body weight in kg
Mean ± SE a (range)

5.7 ± 0.8 (1.6-14.6)

Oral condition
Dental calculus score (mean ± SE a) 1.7 ± 0.1
Gingival score (mean ± SE a) 0.8 ± 0.2
Periodontal score(mean ± SE a) 0.6 ± 0.2

PCR detection
P. gulae-positive 24 (96.0%)
A-dominant 5 (20.0%)

B-dominant 3 (12.0%)
C-dominant 12 (48.0%)

A = C 2 (8.0%)
A = B = C 0 (0%)
Untypeable 2 (8.0%)

a SE, standard error.
b NS, not significant.
c OR, odds ratio.
d CI95, 95% confidence interval.
accumulation was scored visually, as follows; (3) more than half of
the area of the portion of the tooth from the gingival margin to the tip
of the crown, (2) less than half of that area, (1) slight, only at gingival
margin, and (0) none. Gingival scores were evaluated visually as fol-
lows; (3) prominent inflammation (intensive redness with gingival
swelling) identified throughout entire area, (2) prominent inflamma-
tion (intensive redness with gingival swelling) identified in limited
area, (1) slight inflammation (slight redness without gingival swelling)
identified only in gingival margin, and (0) no significant findings. Peri-
odontal scores were evaluated based on visual examination and palpa-
tion, as follows; (3) tooth mobility with severe attachment loss,
(2) attachment loss identified in more than one quarter of the portion
of the tooth but no tooth mobility, (1) attachment loss identified in
less than one quarter of that portion, and (0) no significant findings.
Table 1 summarizes the oral conditions in the MR and Control groups.
There were no significant differences in regard to dental calculus and
gingival scores. As for periodontal scoring, the MR group had higher
scores than the control group, though there were no significant differ-
ences between the groups.

Detection of P. gulae and fimA genotypes in addition to Tannerella for-
sythia and Campylobacter rectus were performed by PCR using species-
specific sets of primers (Kato et al., 2011; Nomura et al., 2012;
Yamasaki et al., 2012). PCR amplification was performed in a total vol-
ume of 20 μl with 1 μl of bacterial DNA using Ex Taq polymerase (Takara
Bio, Shiga, Japan)with the following cycling parameters: initial denatur-
ation at 95 °C for 4 minutes and then 30 cycles consisting of 95 °C for 30
seconds, 60 °C for 30 seconds, and 72 °C for 30 seconds, with a final ex-
tension at 72 °C for 7 minutes. Specificity with this method was shown
in our previous study, with the minimumdetection level reported to be
10–100 cells (Nomura et al., 2012; Yamasaki et al., 2012). The dominant
genotypes were determined using samples with multiple fimA geno-
types detected. PCR was performed with titrated DNA samples (1/10,
1/100, 1/1000) from each specimen. The dominant genotypewas deter-
mined as thatwith the lowest detection limit.When the detection limits
were similar for at least two genotypes, the results were described as no
dominancy. Fig. 1A shows the results of detection using the PCR system
with genomic DNA extracted from titrated cultures of representative
strains of each type. The lowest numbers of tested strains for identifica-
tion were the same for all 3 fimA genotypes. Fig. 1B, C, and D show
in MR and Control groups.

Control (n = 32) Statistical analysis

10.8 ± 0.4 (8–15) NS b

5.7 ± 0.7 (1.6-18.8) NS b

1.8 ± 0.2 NS b

0.8 ± 0.1 NS b

0.3 ± 0.1 NS b

30 (93.8%) NS b

17 (53.1%) P = 0.0143
OR: 0.22
(CI95: 0.07-0.73)

4 (12.5%) NS b

6 (18.8%) P = 0.0240
OR c: 4.00
(CI95 d: 1.22-13.08)

1 (3.1%) NS b

1 (3.1%) NS b

1 (3.1%) NS b
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Fig. 1.Methodology designed to identify the dominant genotype fimA of P. gulae, using po-
lymerase chain reaction (PCR). A. Comparisons of PCR products using diluted genomic
DNA extracted from P. gulae strains with each fimA genotype. M; molecular size marker
(100-bp DNA ladder). B, C, D. Representative results obtained with clinical specimens
using PCR system constructed for the present study.
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representative results obtained using titrated bacterial DNA samples
from the original concentration to 10−3 in the PCR system constructed
for the present study. Fig. 1B presents a representative specimen, in
which positive bands were observed in the original and 10−1 dilution
samples for type B and the original dilution for type C, while positive
bands were observed when applying the original, 10−1, 10−2, and
even 10−3 dilution samples for type A detection. Thus, this specimen
was classified as “type A-dominant.” Fig. 1C and D present representa-
tive results of other “type B-dominant” and “type C-dominant” speci-
mens, respectively. The detection rates for both T. forsythia and
C. rectus were not significantly between the Control and MR groups
(Supplementary Tables 1 and 2).

Table 1 summarizes the distribution frequencies of P. gulae and its
fimA genotypes in oral specimens obtained from the MR and Control
groups. P. gulaewas detected in nearly all specimens from both groups.
On the other hand, there was a significantly larger number of type
A-dominant specimens in the Control group (P b0.05) and a significantly
larger number of type C-dominant specimens in theMR group (P b0.05).
The odds ratios for type-A and type-C detection in the MR group were
0.22 and 4.00, respectively.

This is the first known study to analyze oral specimens obtained
from dogs with MR in comparison to those from healthy dogs, though
the number of subjects, variety of breeds, and clinical assessment
parameters were limited. We previously reported that genomic DNA
specific for P. gingivalis was detected in approximately 10% of heart
valves and 20-30% of atheromatous plaque specimens, indicating a
possible association between periodontal disease and cardiovascular
diseases (Nakano et al., 2009). That notion is also supported by previous
evidence showing that frequent detection of fimA genotype organisms,
such as type II and IV, indicated that they are highly virulent for peri-
odontitis (Nakano et al., 2008). In addition, it is interesting that analysis
of the evolutionary relationship revealed that type C fimA of P. gulae is
close to type IV fimA of P. gingivalis (Yamasaki et al., 2012). Taken
together, these results indicate the possibility of an association of
periodontal disease with MR.

In summary, the present results indicate a possible association
between the presence of a specific genotype of fimA of P. gulae with
MR. In addition, our novel method used to specify the dominant
genotype of P. gulae in the specimens obtained may enable identifica-
tion of subjects at risk and in need of preventive approaches.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.rvsc.2015.07.009.
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