Porphyromonas gulae FREIZ L 5
R EIRIR R DOFEFZHIRE &
B8 B T B IR D 2 R ARG

Epidemiological investigation of canine periodontal
pathology caused by Porphyromonas gulae infection
and
investigation of the effect of periodontal disease
preventive drug.
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Abstract

Periodontal disease is the infection with the highest incidence in small
companion animals such as dogs and cats, and the plaque buildup, gingivitis,
and periodontitis found in the process were concluded to be the most
important health problems in a study of 31,484 dogs in the United States. In
addition, 70% of cats and 80% of dogs have periodontal disease by the age of
two, with small dogs and toy breeds being particularly susceptible. Canine
periodontal disease is a chronic dental condition in which periodontogenic
bacteria form biofilms in periodontal pockets, causing gingival injury and
alveolar bone fusion. Periodontal disease is formed by the association of
many periodontogenic bacteria. In humans, Porphyromonas gingivalis (P.
gingivalis), Treponema denticola, and Tannerella forsythia are considered to
be the three species of Red complex and are considered to be particularly
virulent. In dogs and cats, Porphyromonas gulae (P. gulae), a close relative of
P. gingivalis, has been isolated from the gingival sulcus and is known to have
an important role in the development and exacerbation of periodontal
disease. Fimbrilin, the pathogenic protein that forms the surface linear hairs
of this bacterium, is called FimA. the gene encoding FimA, or the fimA gene,
1s classified into three main subtypes, type A, type B, and type C, and these
genotypes are closely related to the severity of periodontal disease. Among
these fimA genes, the C-type P. gulae is considered the most pathogenic
because it predominates in the oral cavity of dogs with severe periodontitis.
However, the association between fimA genotype and clinical features of

periodontal disease in dogs remains to be elucidated. The relationship
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between fimA genotype trends with age, fimA genotype and severity of
periodontal disease, and clinical features of periodontal disease is unknown.
In addition, periodontal disease is difficult to recover from once periodontitis
and alveolar bone fusion have been induced. Prophylactic dental care at
home by owners is highly important. In this study, an epidemiological survey
was conducted in Chapter 1 on the actual age-specific possession of each
fimA genotype of P. gulae in Japanese small dog breeds and the association
between periodontal pathology (periodontal disease score) and clinical signs
(number of permanent teeth). In Chapters 2 and 3, the efficacy of a canine
periodontal disease prevention product CPC and Pt-containing formulation
was investigated in vitro and in vivo based on epidemiological studies in
dogs.

Chapter 1: Percentage of P. gulae fimA genotypes in dogs and correlation
of periodontal disease grade by fimA genotype.

The subjects were 225 periodontally diseased dogs aged 6-211 months who
visited Primo Animal Hospital Sagamihara Chuo, Atsugi Primo Animal
Hospital, Sagamiono Primo Animal Hospital, and Yasuda Veterinary Clinic.
The dogs were divided into three groups according to their age in months:
less than 50 months old (n = 50), between 50 and 100 months old (n = 60),
and more than 100 months old (n = 115). The prevalence of each fimA
genotype in P. gulae, the severity of periodontal disease, and the number of
permanent teeth as clinical signs supporting periodontal pathology were
compared among the fimA genotypes. The results showed that the P.

gulaepositive rate in all 225 dogs was 76.9%, and the percentage increased
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with age. In particular, the percentage of dogs with P. gulae of the C-type
fimA gene increased significantly with age (20% in the group less than 50
months of age, and more than 40% in the groups between 50 and 100 months
of age and more than 100 months of age) compared to the other genotypes.
This suggests that P. gulae may be involved in the increase and worsening of
periodontal disease with aging. A comparison of the severity of periodontal
disease between dogs with and without P. gulae showed that the severity of
periodontal disease was higher in P. gulae positive dogs compared to P. gulae
negative dogs in all age groups. When comparing the severity of periodontal
disease among genotypes, significantly worse severity of periodontal disease
was observed in P. gulae fimA carrying dogs of types A and C compared to P.
gulae negative dogs in the <560 month old group. In the group between 50 and
100 months of age, a significant worsening of the severity of periodontal
disease was observed with P. gulae fimA-bearing dogs of genotype C
compared to P. gulae-negative dogs.

In the over 100-month-old group, significant worsening of periodontal
disease severity was observed with all genotypes of P. gulae fimA carriers
compared to P. gulae-negative dogs. And, possession of P. gulae fimA type C
significantly worsened periodontal disease severity at all ages. Next, a
comparison of the number of permanent teeth among genotypes showed that
the number of dogs with complete dentition (42 teeth) decreased with age in
the P. gulaepositive group in the groups between 50 and 100 months of age
and in the group over 100 months of age. In addition, the number of dogs

with complete dentition was significantly reduced in the group older than
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100 months of age due to the possession of P. gulae fimA of types B and C,
compared to the P. gulae-negative dogs. These results indicated a significant
association between the presence of P. gulae and the number of permanent
teeth. The fact that injured periodontal ligaments and alveolar bone are
irreversible also suggests that protection against infection by P. gulae,
especially those carrying the C-type fimA gene, is important to prevent
periodontal disease.

Chapter 2: Investigation of the effect of cetylpyridinium chloride and
platinum nanocolloids on P. gulae

We focused on cetylpyridinium chloride (CPC) and platinum nanocolloids
(Pt), which are used as periodontal prophylactics for humans, to elucidate
the medicinal effects of these drugs on canine periodontal disease.

In the field of human dentistry, CPC has been reported to reduce motile
rods and spirochetes by cleaning periodontal pockets with a 0.05% CPC
solution, and to inhibit plaque accumulation and improve gingivitis when
used as an oral rinse (mouthwash).

The mechanism of action of Pt also removes reactive oxygen species at the
site of inflammation and alleviates/eliminates local oxidative stress. This is
thought to alleviate and suppress periodontal tissue damage and
inflammatory reactions caused by reactive oxygen species, thereby
promoting healing. Since biofilm dissolving action has also been observed, it
has been expected in human dentistry to inhibit excessive foreign body
invasion, leukocyte infiltration, and bacterial colonization under the biofilm

during the tissue repair process.
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To evaluate the effects of CPC and Pt-containing preparations on
periodontal disease in dogs, the effects of CPC and Pt-containing
preparations on growth inhibition of P. gulae, inhibition of halitosis-causing
substances (hydrogen sulfide and methyl mercaptan) produced by P. gulae,
and on inflammatory reactions in macrophage cells were examined in vitro.
Q-ness Mouth Cleaner was used as the CPC and Pt-containing formulation,
and its efficacy was evaluated at the recommended 1% concentration for
actual use. Verification of the growth inhibitory effect of the actual
concentration (1%) of CPC and Pt-containing preparations on P. gulae
showed significant inhibition of P. gulae growth compared to the negative
control group at 4 hours after incubation. Exposure of CPC and
Pt-containing preparations to P. gulae at the actual concentration used (1%)
significantly inhibited hydrogen sulfide production from the bacteria
compared to the negative control group. Furthermore, cytokine (IL-18, IL-6,
TNFa) production was measured when macrophage cells (J774.1 cells)
exposed to P. gulae were treated with CPC and Pt-containing preparations at
the actual concentration used (1%), and a significant decrease in TNFa
production was observed after exposure to CPC and Pt-containing
preparations, compared to the negative control group. These results indicate
that CPC and Pt-containing preparations at actual concentrations have
growth inhibition, hydrogen sulfide production inhibition, and
anti-inflammatory activity against P. gulae.

Chapter 3: Investigation of the effects of CPC, Pt on periodontal disease in

domestic dogs.
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Fifteen dogs with mild to moderate degrees of periodontal disease and
halitosis were given CPC and Pt-containing formulations in drinking water
for one month. The sensory evaluation of halitosis, degree of plaque adhesion,
oral gas concentration, degree of gingivitis, oral thiol concentration, and
periodontal bacterial activity were measured before and after the application
of the formulation. Periodontal bacterial activity was evaluated using the
BANA-degrading enzyme test (BANA test), which is an enzyme produced by
anaerobic bacteria including periodontogenic bacteria (P. gulae, P. gingivalis,
Treponema denticola, and Tannerella forsythensis). The activity of
periodontogenic bacteria was evaluated by measuring this enzyme. As a
result, no significant changes in periodontal pathology or halitosis were
observed before or after administration of CPC and Pt-containing
formulations, suggesting that the therapeutic effect of CPC and
Pt-containing formulations on dogs with advanced periodontal disease was
low.

Next, we investigated the auxiliary effect of CPC and Pt-containing
preparations on dental procedures. Fifty dogs that had undergone dental
procedures such as scaling under anesthesia at Primo Animal Hospital
Sagamihara Chuo were divided into four groups: a group that received tooth
brushing and CPC and Pt-containing formulation in their drinking water
(n=15), a group that received only tooth brushing (n=16), a group that
received only CPC and Pt-containing formulation in their drinking water
(n=8), and an untreated group (n=11). The gingivitis index, tartar index,

halitosis, oral thiol concentration, and periodontal bacterial activity were
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compared before dental treatment, 7 days, 1 and 3 months after treatment.

Periodontal bacterial activity was determined by measuring the enzymatic
activity of N-benzoyl-DL-arginyl peptidase using ADplit®. The ADplit test
for periodontal bacterial activity is simpler to perform in animal hospitals
than the BANA-degrading enzyme test and can be used to measure the
enzymatic activity of trypsin-like enzyme specifically produced from P. gulae.
The results showed that the degree of gingivitis, thiol concentration, and
periodontal bacterial activity were significantly lower in the CPC and
Pt-containing formulation group than in the untreated group, suggesting
that the combination of CPC and Pt-containing formulations with dental
care such as tooth brushing increases the effectiveness of the treatment. The
combination of physical dental care such as tooth brushing and CPC and
Pt-containing preparations after dental treatment proved to have sufficient
preventive effect against periodontal disease.

In today's aging companion animal population, the incidence of
periodontal disease is expected to increase. Detection of the fimA genotype of
P. gulae and assessment of periodontal disease risk in dogs, as well as daily
dental care instruction to prevent periodontal disease, may be useful tools in

maintaining a good oral environment.
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F— Ve A= R TR 2= S RF ==X Vv oy
J e TN T VT )—TF—2 TV, )=V wF - FTUT, TUTRA
FeNATUR-RUAL-TIT, HFETHoT, £lolE 6 » ALUNIZH

AR A PR LT D IEBNERRF D B RS LT,
B E BT 2B, ROBWEICAREONEZHIA L, AFHE~DOT
i %72, RIZTAEIZIESWT, 50 » AR (n=50) . 50 LA L 100 4 H i
i (n=60) . 100 » ALLE (n=115) ® 3 DDV N—T1Z0F TRt %

1To7 (Wi 1) . WREZEIT 272012, v~ 7 1773 (Micro Applicator
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Fine, 7 4 — FRA&4L) ZHWT, HCERICHAZRWNE I ICEREL, £A
O _EFARE I L O LTS 4 AiEE O WPk FIZEZHR A L TERM LTz,
RipHWYa 2RI L 72t% . 2 OPIT/AES HAE O DNA ZHhiti 4%, Kato 5
D J7EKato et al., 2011) [ZHEV, 16S U A Y —2 RNA EisF ORI
KVRETDE L BT, P gulae FiR 7T 74 ~—Z2HOWTHEENGFOND Z &
IZX Y P gulae DM ZMEZR LTz, ZOfiE DNA OFIZEEN TV D P. gulae
@ DNA Z8#8 L L C. P. gulae \ZH 572774 <~—Th 5 (5 -ttg ctt ggt tgc
atg atc gg-3' (SEQ ID NO: 7) ¥ XU 5'"-get tat tet tac ggt aca ttc aca-3” (SEQ
ID NO: 8) ) ML, P. gulae i Liz, ROWIRF D P. gulae D fimA
R HE SDICFEE LTz, BHEThHo7o 72T, 612, A Blo
AmABIG IR L CRER 72774 ~—% > I (5'-tga gaa tat caa atg tgg tgc
agg ctc acg-3' (SEQ ID NO: 9) ¥ L O 5'-ctt gee tge ctt caa aac gat tge ttt tgg-3'
(SEQID NO:10) ) . BEI®D fimA BInFITxt L THRRN 27T 74 ~—F > b
(5'-taa gat tga agt gaa gat gag cga ttc tta tgt-3'(SEQ ID NO: 11) I3 L UV 5"-att
tcc tca gaa ctc aaa gga gta cca tca-3' (SEQ ID NO: 12) ) . CHd fimA&Ix
Floxt L TR 72 77 4 ~—F > & ( [5-cga tta tga cct tgt cgg taa gag ctt
gga-3' (SEQ ID NO: 13) 1 KX T 5'-tgt ggc tte gtt gtc gea gaa tee gge atg-3' (SEQ

ID NO: 14) . F721% [5'-gat ttg ctg ctc ttg cta tga cag ctt gta-3' (SEQ ID NO:

24



19) BB XU 5'"-ttt agt cgt ttg acg ggt cga tta cca agt-3' (SEQ ID NO: 20) ] )
AL T, PCRIZLY P gulae ® fimAEs TR %FE LT,

P. gulae DRHOEEL Z0 fimABER A B, CRIZLY 45D —
TN TR LTz, P. gulae ® fimA AR TR Z RIE OB, OB
FHRINREEIND Z END DD, AimABLE RN LD 7 Vv—T 5530 F 13T D
X 91250 L7=, Negative | P. gulae WIS i7eo 7227 v—7 TypeA
1% P. gulae ® fimABEF ABOBR P ST 7 v—7" TypeB X P. gulae
D fimABIL T BRIOZ P S, b LT AR LE BRSRH S iz 7
—7, TypeC I% P. gulae ® fimA Bn T CHROLPH Iz, AR E C A
sz, BRE CHpmitanz, b LUTARLE BAL CRIR R S
leZn—7L Ll (£1) .

WEl 1 &% A MEHCBIT B P gulae D fimA BIEFROEEROLE

P. gulae ® fimA BnFRUZ XV [EE L7cERICEDSE | S HEBRICB T S
P. gulae ® fimA EET I ORAE R % LIHRET LT-,

Wt 2 B A WHICRIT 5 fimA B FRB OB EREERE & K AEEO LB

1 JE S O FERE RE & KA D8 A | 45 A HEIC 1T D fimA s T Hui
LTz, BRI 0 R X BRAEE T Ot JERRRE DR & HIR B 0 A7 1 A il

WU, KAWEAERE LTz, P gulae D534 & fimA OB+ 251 L [FH
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BRIZ PCR ZHWTIRE Lz, WEIROEIEE X7 — P70 3H(X. American
Veterinary Dental College @ EYEIZHE > TR L, B (EBRRPIZIER) | A
T 1 (WARDI, THZvF A baRplL) , A7 —Y 2 (REIHER) |
AT =3 (PHEEHHAR) | BIORAT—U 4 (ETLEAR) CHBELE

(American Veterinary Dental College, 2022.) .

o JEIR D BEERE AT — AT, fE BB 4 ATEERICE SV TIREL, £ 0
B 25 R DA 13 bR R 5B 2 2 T T RIS DS W THRIE L7, B8R O
e, PP oOEREREEL L TR LT, EREROIERM & 5o
BI—MEX, EhENn vy En - U4V TRELE T TV« T+ —F A AREIC
Ko THERR LTz, w#ERORM & P gulae DA TEOBRIL, ZIohlE 7o Hr
(Type ITI SEHFN) 12X 0 5H L. £ T Siddk DL EBEHEBMELSTo72,
WENT . HJER O & S £ S ERFBIn RS ORRZ, ZohlE Sy
Hr (Type III EEFIZ LV 08T L7=%. Dunnett OZEbERE (2MEREE O
HW) Z1To7c,  KAWEIZHOWTIZ, 50 » ARl O P. gulae FEMERETIX
EENDIRND | (ERAERZ TR WH & 42 RKRm O & L THER L, 50 LA
12100 # H#nAdiids LY 100 7~ Hil EO Al Ccre 27 1 v Z7EFE LT
G EAT-> T, MEFAEMEIX, 5%B LT 1% OEFR L~V THE LT

(Prism 9. GraphPad Software., # VUV 7 /L=T MV 7 4= 2), DO
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DY > T AA AREY TS = & ZHERT BT-0I0, BN BITo 72,

#AIBEHC B 54 BETREOFIAE, 74 RRETHI L, T~To

ANOVA T, FFHICAELRMAERITRD bngroT,
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et 10 A BB D P gulae © imA BIFRIOEREROHE

K225 A%, 173 808 P. gulae (G TH Y . Z0EIFIX 76.9% ThHh 7=, F
72 P. gulae Gt R D 5 B imABTAICI 1T 5 NERIE, TypeA 45 56 (26.0%) |
TypeB 42 58 (24.3%) . TypeC 86 58 (49.7%) TH -7z, & HEEETIX, 50
i A ERIGC P, gulae FEMERIE 21 96, TypeA 11 58, TypeB 8 #H. TypeC 10
8. 50 LLE 100 » H R C P. gulae [&E KT 13 58, TypeA 11 58, TypeB
9 8H. TypeC 27 8H. 100 » ALl ET P gulaeFEMERIT 18 B, TypeA 23 HH,
TypeB 25 88, TypeC 49 i CH - 7-,

S AEHEICBT 5 fimA B FRIORAROLE (K1) TIX, P gulaelZMt
ROFNEGIEL, 50 » AlAN T 42.0%., 50 LL 1 100 » A A T 21.7%., 100
r AELLET 15.7% TH VD | Fhin & & HIZHIG AT 28710 b,
—J7. P. gulae MR OEIEIL, 50 4 HEA T 58.0%. 50 KL 1 100 » Ak
iiti C 78.3%. 100 » ALl 1T 84.4%TH V., FiinL & I P gulae Bt KD
FEFHIN DA A FR D bivic, K2, TypeC T72bH CHBIO fimA BInT
D P. gulae #H T HROEEGIL. 50 » AMAKH ORI T 20.0%, 50 LAk
100 » AEARTH OREIZIB T 45.0%, 100 4 A #rLL EOBEIZHBNT42.6% TH Y |

OB L i U CEDOEESDIMERIC L v ZE L #EmL7-,
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M2 &R EBBICIT 5 AmARE T O RREEE & KAEE O LB
P. gulae DHIETOEEFROEEE A g+ 5 &, T_XCTOHMEET P. gulae
FRAR LR L, P gulae (RARTHEIROFEENFE 7o T\, Fiz
AR TR COWER O BEREE 2 g3 5 (X 2) &, A% 50 » ARl ORI
BWT, P gulae BEVEOR L HEI LT, TypeA ¥ LU TypeC @ P. gulae fimA
(AR TAHE AW EIR O BIEE OB BIE Sz, 50 » ALl E 100 » A i
K ORETIX, P. gulae FEMEDOR & LT, TypeC @ P. gulae imA A K
TAH R IR O B OB BE S Tz, 100 » ALl LTI, P
gulae [EMEDOR &g LT, 2B TFHIO P gulae imARAIZ LY | AR
JEIR O HAEE OB BlEE S e, £ LT, TypeC @ P. gulae fimARAIZ X
D, COHEIZEBWTHREREEEZAEICE LS E D 2 &R SN,
WIT, B THRRE CORA IR E A i (M 3)Liz& 2 A, 50 » ALl 1 100 +
H ARG OBER L OV 100 7 ABLL EOREIZER N T, B2 (42 K) #F>
ROEIL P. gulae WGMHERECIIFHn & & IZHEA Lic, £72. 100 » A#sLl Lo
2BV T, TypeB B L TypeC O P. gulae imA #H K T2 Wy 2

ROEIL P. gulae FEMEOR LG L THEIZHD LT,
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B

P. gulae ¥, RO AOMENSE 15~95%DEWEI G TR S Z L OMRENH
% (Kato et al., 2011, Yamasaki et al., 2012) , ARFHIF VT, K 225 §AH,
P. gulae IGYEROBEFIL 173 HTH D, 76.9% & mWEIEG THRE S, WED
WG L RO ENR SN, B R TIRAEIC & b 220 A E R 2358 L
TWE | WEIRBEEE ORIGHINT 5, RiZBWTbe MEEIIEmE & b

BRI L, 2y oo JEE A OFREA NS 5 Z L AR STV D
(Hirai N et al., 2013) ., ABRFHIIB T, MERIZ & 7220 P, gulae FEMHER O
ST =77, P gulae GPEROENIGITIN D188 bz 2 &
Mo, MERIZ & b7 ) lWEROEME P gulae & OBEMZE D D TH -
2o BEZ. CHID fimABInT D P. gulae 24 5 ROEIGH, hoiEis1%
L TCHRRE EHICE LML &b, C RO fimA BT P
gulae DIFAEDINERZ & b 72 5 HJEIR O, BALIZB S L T2 O TiEZRunns
EHERI SN, EDOZ L ZHERT D7D, P gulae D fimA BinHITk
FAHEEFOBEEEZ S SICHEL TS BERDH -T2,

FIZBH DL | 8P ORI E LCTO P gulae DMERE T &
KR DHE DB 2 FRGIE L 7o e Ml DS P FE T 5, 50 4 Ailiwlh o> H vk

IZBWT, P, gulae Bt K TIIER & & HIZBER I 2RO ROEIIHEA L.
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100 # AL EOREICIRB W T, P gulaefz2ER EHKG L TB RS IO CED P
gulae fimA RA R CTHEBEIZKAWEP B LTc, ZbOFfRIZ. P gulae ©
AL LKA D E DICEERBIEME S D Z L aRm LT\, GEEZZT
7o E NSO B XA R CTh D Z b b, Pogulae, $7IZ CHBID fimA
ZIRAET D P gulae DREGBENIHEE R Z B STEOICEETH D Z ENRE S
iz,

—J. P. gulae 1%, PUAEFNZ L > THHRIFET HZ EBAEETH Y . ROEEH
DIEFITKBEINTND 7 U v Z~A N P gulae 1XEZMENH D 2 & 2N
HENTND, FEACOLOBEDHEICENT, 7V F~vAf L IFN-a
B A LIZOFIRE DN W 2 U L, RO P gulae 269 Z L 25
M L7 (Nomura et al,, 2020) ., €D b, ROWEFRNIETI DI
WZHPERNIZEBT D P gulae DIEGOF I L Z OB FRIOBRH 21TV, Zhic
KT DMIFICE Y BAFR NENBREE A HERF 2 Z LR TE 20 TiE A L

EXNT,
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&
i

Wb EFAEY D= A FTFFFaal RO
P. gulae \Zxt7 % 5 RMiT

32



=t

W &2 YBIT DT OIIE T o 2 T N EE L e b, HiYE DS RED
FlBLOMREZEOT-MERNFOay ha—WEITFT 2T E L TEEE
Do —HANCRIZBWTHEAIELS & W o mME R R ENT 2V T
ELTAMTHD L IND, L, RiTeH L THEES LWHITAIE. RO
FFRE LD ZREL L, TXTORIZBWTERATHEZR Z & TERY, £0
. T U B NI BRI COERATREZR T v Z v T T2 < O RITH
LCHEIGAIRETH D, TOMBIIFAATH S Z ENE, £ Z TARFER
TEHENDZ Engn, HbeTFrv ) v=uLa (LT, CPC) BLOTZ
FFF a4 R (LLF, Pt) (& B Lo RO ERE T B8 O SN 217
ol EEHAE L LT, CPCPt GARAND P. gulae \ T4 2 HFHHIHIZH A |
BNTHT B RRERA ., RIESUSIT R D205 2 ek B N CIRGE L 7=,
ROOROJRK & 72 2 piorid, ERMMFELAY (VSC) BEERTHD EH
26, £DOVSC OHTHAF VA NS T X (CHsSH) | Fift/k#E(H:S),
CAFNYNLT 74 R (CH)SIMET Hivd, Zhh 3 DOWEIT RO AR
NROERFREE 2 5N TW5 (Iwashita et al., 2017) . VSC ZEAT S
b —RENCFEE SN TV EEMIZ,  Fusobacterium J&., Treponema J& .

Porphyromonas J&. Bacteroides 72 & D7 7 KEMHEEMER & 77 LGMTER
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® Peptostreptococcus 7 ZEF 515 (De Boever et al., 1995) , & Z TAMET
TlL, CPC,Pt & AN D P. gulae \ZH KT HE WV OREEHA & L Thitdki/k 3
BEORAF N AN T2 R E G LTz, £72 P gulae SERT D WA DK
JEWCKS9 % CPC,Pt & ARANOHIRIEIEM Z2Fi & Lz, HERE A B L O
WIZER L, "M AT ANVDERRT D L, WEFHER X O ERTER P %

1%

s

L, MARSCHEERZI &S T, S OICHERICERT 2 ERORIER
KO B ORARIT. WEEREZRV LEEESRE LPS) A~v/r/r77—UB X
O LRI AER 3 2 FCAE S D, CPC,Pt G MAIDOIREN P. gulae
Lo THFESNE~ 7 v T 7 — Uil b ORIEEDY A F U1 > (IL-18,

IL-6, TNFa) DREAIZK L TED X O RENRLFO0E G LT,
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MEHR LU
Pt. CPC @ P. gulae\Zxt¥ 2 YEFEMEIZNF % in vitro THRAE
P. gulae ZWKPEE M & Y PMRFEREEH (HANT Ry« T v F Y OB
Xath) ICREFE L OBk &M T T3 ARG E Lictk, v~ERm7 v 7
B AR ARG (R R TR Ua ) IS THlAEDY 1.0 & 722 KO I L 7e,
P. gulae &2 CPC,Pt & A HAI% 0.01%. 0.1%. 1% L <X 10%DES
TIRA L. b orlil~4 ] 37°C, Bt T CTHE L& O B4
BacTiter-Glo™ Microbial Cell Viability Assay (7' A ) % HWCHIE L7z,
fatt st FERE O M B AR 738 % 100% & L 72 RED &R FE I8 1F 5 CPC, Pt & A 1%

HREDORIS 2 2 % b DL HEBHIEIZ K > THHME L7,

Pt. CPC @ P. gulae \ZH ¥ T 5B\ NIHT B %6E% in vitro THRIE

P. gulae %, tHFEINHIEER & FERO HIETH R L, P gulae BERIZ S K
b L <iE 1%CPC,Pt @ A RAI 2R A L, B TA T 5 0] 37°C, HRESMTTC
R LT OAKBB L OATF NV AND T R AREETA I a~ NI T 7 ¢
—ZHWTHIE Uie, HESAKE i L72BR o 1% CPC,Pt A AN L% P,
gulae DFiALKFE, AT NV ANT T 2 ARE DN Z 7 = /LT O t f#2E %2 H T

1T-72,
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Pt, CPC @ P. gulae \ZiE T HRIEIZKT 52h8E% in vitro THREE

P gulae #WgE L 7-~ 7 07 7 — UM (J774.1) 2 CPC,Pt &4 flA| &
U7 EA SN D RIEMEY A B4 > (IL-18, IL-6, TNFa) 8% FHll L 7=,
~ 7 n 77— Yillald 10% 06 WG 2 @0 L 7z RPMI-1640 i T2k
L. 1x104cells/well T 96 7 = /L8 7 L — MIIEFE L T, 27 =)L MRFEIC
72 % ¥ 7T 37°C, 5%CO2 5T T LTz, P gulae i, HIFHINHIFER & FIEED
THETER L, P gulae L)% 0.01%. 0.1%, & L<I1Z1%? CPC,Pt &AM
il 2 MU 24 FER] OB o TL-18, 1L-6,% X O TNFa % ELISA i4
ZHWTHE U7z, RRPEHIREE & A REICR 1T D CPC Pt & A7 AR SR D%

JEVEY A A RO A X > b OLEEBMIEIZ L > TEHHM L7,
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&
i

e FAEY Y= A TIFFF and Ko
— A E R OWF T % R
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A

%2 FED in vitro DFHIIBWNT, CPC,Pt & A S At &% E O 5E ks L O
R DORIEICK L TRIRBH D Z LA BN ERoTe, 22T, —RICHEF S
TV DHERRERICKT LT, CPC,Pt GARAINED L S W REHT D0
A L7z, 55 3 BT CPC,Pt 3 AT UH Ot A ~ DI R, THIRIRIZ
DWW 21T 2 72,

Bt 1 I AR X O R R ORRENEE )L PEEDORIZK LT, CPC,Pt
GHMAE 1y ARERA L, 18BRATH COWRER~OIGRIROF WA L
oo MRET 2 TITREE N O RHAE I LV o EVEHR &2 FEh L7 K 50 BHICOWT, 7
Y H N T DAL CPC,Pt & AT A 23 i U 72 BR Ot 99 T Bi%h RIZ > T

bR L7z,

41



Mt L Ok

BT 10 AREHT, BRI RRZ B2 O&RE UKRE%E 5+ 200318-1)
A ETHEM Uiz, ) S EAIE BRI H I OREE Lo R E R KOV R
DOFRFERTI 5 HFFEE DO K 15 8HI2%F LT, CPC,Pt &A% 1 » AMEMA L
TRERET, {RBRTPO 7 B, 14 B, 21 H, 28 HB X ONEEBRZ O O R ERERHE, 1A
BRAT, IR OBYRMTERE, NENT ZRIE, WRRRE, DENT 4 —/LjR
B A R TE M O RIE 22 i U 7o, AIE 2 T D BRICIE. ROEWEITAK
FEBRONFZHHA L, KREBR~OTHZE-, CPC,Pt HZAHMAIL, Qmness~
A7 Y —F—® (At QIX) ZHW T, CPC 0.01%. PT 1.2%FlA ik
% 100 5@ L CHBfokR G L,

AREREMMOIZ, 0: FRAZR2N, 1 BEORR, 2: FEHEEOAOR, 3: 5
FED RO 4 Befs TRV X0 3 L7z,

AOROAGEICIL, ORI OFENZEREZEIL ., wEREIC LV EES
NORALKRBRBIRATFNAND T G T A a~ NI T 7 41— (F—F
N7 m=®: NISSHA =77 A = A) ITL VM, @QREANFA—VIREL
OraStrip® (A—F7 ARV w7 : DS T 7 —~v7 =</~ JLRA) ([ZLo TRl L
Too ARENZEROBREUL, RoOB%Z 10 WL EFAC/ZRKETImL &V P2

WTCHIERNT A%Z I1mLERL, 4—J V7 o<l dT b2 TRIE L, 4
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—Z AN v, EATE HRCHERIC S ENDHLKEL A F VAN T
B8O SH ®REHT HIEW (F4—1) ZRHL, 0~5 ORERF—1
TEHM L7z, SRBHRICE A2 RHREER AT O SH i & ST 5 Z LIk
DRET D, ROONBZRSL LT, ROEEHAOERTHLHEARKIZYE T,
Rl BT, MBRIC DR OR BIRRIE 2 A £ 72, £ LT, 10
%I OB A L HES — hOBRY 7LV ERAEL, KbiTWAaDE S
ZHARY, 6 BEEOAaTEE L THE L, FlemnAarizs, LoEmn
FA—VREPRE LI Z L 2R LTS,

BV AE I, O IR OOAIAE 2 L, 1 e teim o 1/3 LA, 2 @ $idh
PIPRTH O 1/3~2/3 f+75 . 8 s A3 thi i D 2/3 LA A5 & U TR A -G L 7=,
BN RFREE X, WIRFTRIC KV MO RIEDORRE L N RRE L LT RO
A Lz, 0 IEH (BRICHRIET A <. BERZRER) | 1 BEORE (H
PUC DR DOZALONERR) | 2« FEEORAE (BRICHR, IR, SLR1H
5) . 3 EEORIE (FAICE LWRIEE, IR, 523 H 0. B MmOMHmN
WD)

R JER TR PE IS, BANA G HERE R A (BANA 7 2 1) 1280 3l L 7=,
BANA ) EiEvERESR 1T, 85 (P.gulae | P.gingivalis, Treponema denticola,

Tannerella forsythensis) %LU &3 DBEKMERIE ) HEA SN DHEERE TH
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. WEFREBS I ONNEEZHET S22 ENTED, AN 7UE, EBEEB
FOTHDE 4 A 2 O 2 —89 2 KO IS TR L . MR
FOERT ety b —Z2HNTHIE LT, BAOZEICE Y 0~3 T L7 (0 :
BHZe L, 1 RIREE, 2 PRI, 3 &R .

At 20 AMEHE, B R FEIY ERE B2 OKGE (KRE S  200318-1)
AR ECHER Lz, 7Y B IRBARBR R LT A — U D
PRIV o BRI 4 520 L 72 R 50 BEA XIG & Lic, IEDBRITIE, ROfWEID
RERONEEZHRA L, KER~O THRERSZ ECEM LI, MRERo7TR
DHMEIX, 14~166 » Al TH O . FEL 99 » Al CTh 7o, BRI N FFIl
B L2 K 50 BEA AN & & CPC,Pt & A RAI 2 ok 5 L2 (n=15) .
AN E D% E L7-FE (n=16), CPC,Pt & A /A DI & oK G LI- Rt

(n=8) . MEALERE (n=11) D 4 FEZH T, R, T2 7 B hitR 1 - A,
itk 3 » H COMMNRRE, WafE, DRERIHE, nkEENT A — IV IRE,
W EIRETEE (N-_2 Y A L-DL-T VX = LT FZ —P OFEHENE) % ik
L7 (iR 2) . #*y FOZEEBBELEN LT, EALER & ALERE S

DIEN 2 FEA L 72,
BRI T SRR T, #akkE (X —0 0 77) [ Faly =Y KUy

UU T BT, R L OB LR b R, B

44



W77 b LET v 2y — b CoOWEN R E 2R E LT3 HIC 1
[FICL DB TRV FIC Ko THEIES Lz, T o 20Tz Ll of BE5% 1T
FRE L TR,

CPC,Pt & H AL, Qmess ¥V 227 U —F—®%H T, CPC0.01%, PT
1.2%E A ik A 100 AR L CREH L 72,

R RFREE (X, WHIRFTRIC KV RO RIEDORRE A N RRE L LT RO
RS L7z, 0 1EH (RAICHIET A<, BERZRER) | 1 BEORE (&
PUC DR DZALOIERR) | 2« FEEORAE (BIICHR, IR, SLR1H

%)« 3 MEORIE (BRIZE LWRIE, IR, 50850 B MmO/

WA E L FOREE Lz, CI: 0 EW (WAXRDLILRY) | Cl:1
BEOW A (HAPHEE /83U TORE->TND) | CI:2 PTHEEDOEA (1
LW 1/3~2/13 2> C\\5) |, Cl:3 EEOHEA (A 2/3 Ll E%
BoTN5)

ORERERENIZ, 0: RN, 1 BEOOR, 2 PEEOOR, 3: &
JED RO 4 Bl TERER, SIS X0 FHE L7z,

AENF A — VIREE L, OraStrip® (A—7 ARV v 7 :DST77—~7 =~

IV A) A Ko TRl L7z, i PITRR SO & £ D RUEKER A T
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WANTTZ 72 ED SH IEEHGT 6 (FA—0) L, 0~5 D
JER o — VTRl L7z, BRI B 12 M RERRIEF O F A4 —/L (SH)
KERIETHZ LIV RGTE, ROOBEZRD LT, RO#W & WA OEER
T DHWARKICY T, FALICHE HE T, RBUIRIC D EN OR IR K % Ye A
AFERT, ZLT, 10 PRISRBROFEE L HE S — SO 7L L BE

L. bITWEDFEZZHAIY , 6 RO A a7 e LTHIE L7z, Elzmu
2ayxE, IV EWFA—VRESHRELIZZE2RLTWD,

W EIR IRV N-_ > A JL-DL-7 IV X = LT F 2 — Y ORERIHE %
ADplit® (7 K7V » b« TR S M) (2 X 0 HE L TR L7z, N-~X>
VA N-DL-T VT = NA_TF X —BORER T, ROEEIFFEN O @HEE IR
HEND P gulae  DRFRICEASND N TV U HEEER TH D, IR
N T RO EBRE E 721X 8 2 /548 Tl & B OB T H 5t W ix T
DOWHIZ LoD LFESE T 3R, # LSOm0 B I [A]
F TR o 7o, BRIRERIE ORI RIS S TR L, 2oL T 2 b
7' L— N OBAETNIC 5 HEIM LY T, 20 10 5% ICHEARE 1 N Lz,
BRI DOREALHES — PO TV ERE L kb ITWEDE T Z
ALY BEEOAaTEE LTHIE L, £7omWAaizE, Xm0

RIEVEZ R LTV D,
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FARATEE ORI, BEALERE & S ALERE & Ok E 2 % v F DS E LK

MEx W T{To72,
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S
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BER
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MRFE 72 B NS

RIZBT D P. gulae HERIL 76.9% & B\WEISG TR SH, Il & b0
P. gulae BGPER OFIGITE{INT 2R BB O b c, imAELT CREHETH
P. gulae X, ROWEFREEE %2 Bl ARICKAERZHD S5 2 L
DR STz, imABET CHEHFT L5 P gulae 13, ROWEIFEIEL, 7K
DEBICREREBEEZRIFLTNDIH0LEEZILND,

ABFFECIE, ROMEEFRIELEITICB T P. gulae B ERN 2258 2 H - T
HZ &, IHICCPC, Pt & AR 8D P gulae % FE) & UT- &R TBH 3 %
L) 72 R RHLE R IR AN E LA G DD 2 LIk o T, WAEARICXTT 5+
DIRTIINER A B D Z & DFE S iz,

AHFFEDOREIL, ROERERIZB T P, gulae DFE L Z D fimA G T
RO, BER U A7 OFHE, = L ClERFROIZDDH 2 DT X

THRBIIRAOPENRE LR T 5 L CAARTFRETHDLZLEZRL, &6
(CRV R ZRIR R T HEDBRFE~SRR D b D EEZ HND,

AL O—HBIL, LT ICAFR L,

1. Shirahata S, Iwashita N , Sasaki R , Nomura R , Murakami M, Yasuda J, Yasuda H ,
Nakajima K, Inaba H , Matsumoto-Nakano M , Nakano K, Uchiyama J , Fukuyama T :
Possible association of fimA genotype of Porphyromonas gulae with the severity of
periodontal disease and the number of permanent teeth in dogs. Front Vet Sci, in print

53



A

Kz 2 DICHTeY | AFFROZITICE L TG TS, ZHifEZH Y £

U T2 fRAT R P ER R AR ER R R o B 2T 7= A BB IS TR I 70 2 Sl

DEERLET,

P NRERREE (RIS SR, KB AR R B R

e ¢ N NG S 2 (gD SoEse s B S o A LIE - SER A2 & N TN S g

E3:20 Se o VA NVAN: SE R RS A b S QTR (ARG e 6 N i N RN s 5 TR IS eSS o e 22

\—

NIITE PHEBR ISR OB 2 R L E T,

ABFFEBRAG S L D, MR S DS & A8 2 THE F L 72 bRA R 22 ERIE 250
EREE PR R TR A B ZaRICTRBE L £77,

REICHIZEICER L, #HEEE - @\l 0% Y, ZBRICED IS IESD ELE, &
HERERERE Ptk ZHECEAEZITI T, FHER A, ZHENeA, B

1, FEHY

il

REFERE AR ER R 22 R S 22T e 2 e S/ 8 T E R L R IE

Il

\

I

WFFEERE R DERRIZ O DEH T L ET,

p=iil

54



235 3R

Amano, A., Sharma, A., Lee, J.Y., Sojar, H.T., Raj, P.A., Genco, R.J., 1996.
Structural domains of Porphyromonas gingivalis recombinant fimbrillin
that mediate binding to salivary proline-rich protein and statherin. Infect
Immun. 64(5), 1631 1637.

American Veterinary Dental College. 2022. American Veterinary Dental
College Homepage: AVDC Nomenclature. Periodontal Anatomy and
Disease. Stages of Periodontal Disease.

https://avdc.org/avdc-nomenclature/

Armitage, G.C., 1999. Development of a classification system for periodontal

diseases and conditions. Ann Periodontol. 4 (1), 1 6.

Ashley, F.P., Skinner, A., Jackson, R.F., Wilson, R.F., 1984. The effect of a
0.1% cetylpyridinium chloride mouthrinse on the accumulation and
biochemical composition of dental plaque in young adults.Caries.Res. 18,
465 471.

DeBoever, E.H., Loesche, W.dJ., 1995. Assessing the contribution of anaerobic
microflora of the tongue to oral malodor. J Am Dent Assoc. 126, 1384
1393.

DeBowes, L.J., 2010. Problems with the gingiva. In: Small Animal dental,
oral and maxillofacial disease, a color handbook. London Manson. 159
181.

Fournier, D., Mouton, C., Lapierre, P., Kato, T., Okuda, K., Menard, C.,
2001. Porphyromonas gulaesp. nov., an anaerobic, gram-negative
coccobacillus from the gingival sulcus of various animal hosts. Int J Syst
Evol Microbiol. 51, 1179 1189.

Hajishengallis, G., Lambris, J.D., 2012. Complement and dysbiosis in
periodontal disease. Immunobiology. 217, 1111 1116.

55



Hamada, N., Takahashi, Y., Watanabe, K., Kumada, H., Oishi, Y., Umemoto,
T., 2008. Molecular and antigenic similarities of the fimbrial major
components between Porphyromonas gulae and P. gingivalis. Vet
Microbiol. 128(1-2), 108 117.

Hirai, N., Shirai, M., Kato, Y., Murakami, M., Nomura, R., Yamasaki, Y.,
Takahashi, S., Kondo, C., Matsumoto-Nakano, M., Nakano, K., Asai, F.,

2013. Correlation of age with distribution of periodontitis-related bacteria
in Japanese dogs. J Vet Med Sci. Jul 31.75(7), 999 1001.

Holt, S.C., Ebersole, J.L., 2005. Porphyromonas gingivalis, Treponema
denticola, and Tannerella forsythia ' the red complex, a prototype
polybacterial pathogenic consortium in periodontitis. Periodontol 2000.
38, 72 122,

Hoffmann, T.H., Gaengler, P., 1996. Clinical and pathomorphological
investigation of spontaneously occurring periodontal disease in dogs. J
Small Anim Pract. 37, 471 479.

Iwashita, N., Nomura, R., Shirai, M., Kato, Y., Murakami, M., Matayoshi, S.,
Kadota, T., Shirahata, S., Ohzeki, L., Arai, N., Yasuda, J., Yasuda, H.,
Inaba, H., Matsumoto-Nakano, M., Nakano, K., Asai, F., 2019.
Identification and molecular characterization of Porphyromonas gulae
fimA types among cat isolates. Vet Microbiol. 229, 100 109.

Iwashita, N., Sugita, K., Shirai, M., Murata, S., Yanagisawa, S., Goto, S.,
Takagi, Y., Asai, F., 2017. Application of a portable gas chromatograph

for quantitative measurement of canine oral malodor. Toxicol Sci. 4(1), 23
29.

Kato, Y., Shirai, M., Murakami, M., Mizusawa, T., Hagimoto, A., Wada, K.,
Nomura, R., Nakano, K., Ooshima, T., Asai, F., 2011. Molecular detection
of human periodontal pathogens in oral swab specimens from dogs in
japan. J VET Dent. 28(2), 84 89.

56



Lobprise, H.B., Dodd, J.R., 2019. Wiggs’s Veterinary Dentistry Principles
and Practice 2nd ed. 82 88.

Loe, H., Theilade, E., Jensen, S.B., 1965. Experimental gingivitis in man. J
Periodontol. 36 177.

Loesche, W.dJ., 1976. Chemotherapy of dental plaque infections. Oral Sci. Rev.
9, 65 107.

Lund, E.M., Armstrong, P.J., Kirk, C.A., Kolar, .M., Klausner, J.S., 1999.
Health status and population characteristics of dogs and cats examined
at private veterinary practices in the United States. J Am Vet Med Assoc.
214(9), 1336 1341.

Marshall, M.D., Wallis, C.V., Milella, L., Colyer, A., Tweedie, A.D., Harris, S.,
2014. A longitudinal assessment of periodontal disease in 52 Miniature
Schnauzers. BMC Vet Res. 10, 166.

Milella, L., 2015. The negative effects of volatile Sulphur compounds. J Vet
Dent. 32, 99 102.

Niemiec, B.A., 2008. Periodontal disease. Top Companion Anim. Med. 23, 72
80.

Nomura, R., Shirai, M., Kato, Y., Murakami, M., Nakano, K., Hirai, N.,
Mizusawa, T., Naka, S., Yamasaki, Y., Matsumoto-Nakano, M., Ooshima,
T., Asai, F., 2012. Diversity of fimbrillin among Porphyromonas gulae
clinical isolates from Japanese dogs. J. Vet. Med. Sci. 74, 885 891.

Nomura, R., Inaba, H., Yasuda, H., Shirai, M ., Kato, Y., Murakami, M.,
Iwashita, N., Shirahata, S., Yoshida, S., Matayoshi, S., Yasuda, J., Arai,
N., Asai, F., Matsumoto-Nakano, M., Nakano, K., 2020. Inhibition
of Porphyromonas gulae and periodontal disease in dogs by a combination
of clindamycin and interferon alpha. Sci Rep. Feb 20. 10(1), 3113.

Novak, M.J., 2006. Classification of disease and conditions affecting the

57



periodontium. Carranza’s Clinical Periodontology. St. Louis, Mo, WB
Saunders. 100-109

Philstrom, B.L., Michalowicz, B.S., Johnson, N.W., 2005. Periodontal
diseases. Lancet. 366, 1809 1820.

Shirai, M., Nomura, R., Kato, Y., Murakami, M., Kondo, C., Takahashi, S.,
Yamasaki, Y., Matsumoto-Nakano, M., Arai, N., Yasuda, H., Nakano, K.,
Asai, F., 2015. Distribution of Porphyromonas gulae fimA genotypes in

oral specimens from dogs with mitral regurgitation. Res Vet Sci. 102, 49
52.

Silness, J., Loe, H., 1964. Periodontal disease in pregnancy II. Correlation
between oral hygiene and periodontal condition. Acta Odontol Scand. 22,
121.

Theilade, E., 1986. The non-specific theory in microbial etiology of
inflammatory periodontal diseases. J. Clin. Periodontol. 13, 905 911.

Waerhaug, J., 1981. Effect of tooth brushing on subgingival plaque formation.
J. Periodontol. 52, 30 34.

Wiggs, R.B., Lobprise, H.B., 1997. Periodontology, in Veterinary Dentistry,
Principals and Practice: Philadelphia, PA, Lippincott — Raven. 186 231.

Yaegaki, K., 2008. Oral malodorous compounds are periodontally pathogenic
and carcinogenic. Japanese Dent Sci Rev. 44(2), 100 108.

Yamasaki, Y., Nomura, R., Nakano, K., Inaba, H., Kuboniwa, M., Hirai, N.,
Shirai, M., Kato, Y., Murakami, M., Naka, S., Iwai, S,
Matsumoto-Nakano, M., Ooshima, T., Amano, A., Asai, F., 2012.
Distribution and molecular characterization of Porphyromonas
gulae carrying a new fimA genotype. Vet. Microbiol. 161(1-2), 196 205.

Yamasaki, Y., Nomura, R., Nakano, K., Naka, S., Matsumoto-Nakano, M.,
Asai, F., Ooshima, T., 2012. Distribution of periodontopathic bacterial

58



species in dogs and their owners. Arch Oral Biol. 57(9), 1183 1188.
HIRTERR, FEEIL, R, 1991, kT A P=U AL HWAR S v b

Ve DR ARSE IR B KOS #8122 BRI oW CLH 8 8. 33(2), 448
457,

W LS, /INRE —, BAAIE, 2008. AH4) / oA Robigbzhd L oy
7 i~ . FRAGRANCE JOURNAL. 6, 26 33.

59



KB LUK

#z 1 P.gulae MEBEBTFRICK B I NA—T4310F

Negative MEBEBFHRE S 20
TypeA A B DB
TypeB X @0)7%1%{:[:{

ATl BRI
C BDH

AFIL CRIRRH
BAEIL CHEINBMH
ARl BAEIL CHRINKRH

TypeC

P. gulae D fimA BT EZFET L, HHOBEFRPBEINLZERHV |
P. gulae DO L imABETFR A, B, CRUZLY 4 2O 7 NV—TFT5050 7,

60



under 50 months 50 - 100 months over 100 months

Negativ
e

Negativ
e

Negativ
e Txfe

Type
A

Total=50 Total=60 Total=115

M1 &AEBICETS imA BEFROGERE ik
£ 50 » H#nARTNE (Negative:42.0%, A:22.0%, B:16.0%, C:20.0%)
g 50 LA E 100 - HinoRditi (Negative:21.7%, A:18.3%, B:15.0%, C:45.0%)
4. 100 » ALl b (Negative:15.7%, A:20.0%, B:21.7%, C:42.6%)

61



1 under 50 months

[ 50 - 100 months <0.0001
" Bl over 100 months 0.0028
o
g <0.0001 <0.0001 0.0082
e
» 47
"
(5
O 37
D
© 27
e
c
S
o™
[ S
(]
o 0 :

) 2

R a7 o” o B o o R BT 0”5

O
‘\0& RS e@"’ RS

fimA type of P. gulae

é@o‘;b &*Q &ﬁQ «QQ

2 WEREERE &S ABEEICBIT S P gulae D fimA BEFH & O RH
A Xy NDOLERE (FBa R L EPERR o el (2 X 0§l L7,

62



X 3

0.0148

0.0484
Qo QO
401 o @ & ©
& ©

o OB
-

Ll
000§ W

Number of residual teeth
(@)
o0 o

{o enepme = po ot

20 © ®
O under 50 months & .
© 50 - 100 months O
® over 100 months : &
0 o}
o T gl e U PR

fimA type of P. gulae

KA & & H BB D P, gulae ® imA BI=FR L DR

P. gulae [EVERE (Negative ) & &KBmTHEE DOk E T AT ¢ v 7 BUFSHTIC
£V EHI L7,

50 # A A (£5): 4 185 TR C O KA EUZ 2 b7 L,

50 UL | 100 » A #n ARG OfE (H2R) 1 P, gulae BAVEREIZ I W THEm & & B I

KA DD LT,

100 » LA EORE(R): P. gulae GVERE TIXAFEHD & & BITKABEA B LTz,

F 72, TypeB 3 LU TypeC OFEIZIWNT, KAEED P. gulae [EVERE S

g L TR EIZHEAD LT,

63



X 4 CPC,Pt&ABKNIz LD Pgulae OHEFEMEIVER

64



¥ 5.1 #3% 54D CPC,Pt & BHA D Pgulae DAVICHT 2 5hEE

5.2 H#% 545,60 530 CPC,Pt SHMHID Pgulae DAVTHT S
SETE

65



X6 CPC,PtaE&FRKND Pgulae \ZiBRT D3 A b A v EADOMFIER

66



X7 CPC,Pt&AHANC L% 0 REREFME

67



8 CPC,Pt A HANC X 2RI EE

68



9 CPCPtEFBANCL B OENT RABE

69



X 10 CPC,Pt A RAIC X 2 HHRRERE

70



X 11 CPC,Pt &HBANC X 3 OENF A —VEBE

71



12 CPC,Pt A BAIC L 2B REEME

72



18 HABRELLERTH Ol RREE

73



14 WAREAEF®ROEAIEK

74



15 M ABRELERI% O O R'EREFHm

75



16 HAEBRELEBRIZO OBENF L —NVEE

76



17 EABREFLERIR O &R EE

77



i 2Bk

fMREl BLE Yo Ir—%

Age group | Breeds Age | Sex | fimA genotype | TEIR AT | JKAEEK
<50 mix 6% | 2 42
mix 8% | 1 42
mix 71% | 1 42
toy poodle 9| & (-) 1 42
toy poodle 6| (= 1 42
toy poodle 6| ) 2 42
chihuahua 7|2 (=) 1 42
yorkshire terrier 8| o ) 3 42
yorkshire terrier 10| ) 2 42
chihuahua 7|2 (=) 1 42
mix 8| ¢ (=) 1 42
mix 34| g (=) 2 42
yorkshire terrier 44| v | (& 2 42
shih Tzu 8% | 1 42
mix 23| 2v | 1 42
toy poodle 24| & =) 2 42
pomeranian 27| v | (&) 2 42
tibetan spaniel 8| o =) 1 42
pug 34| v | 2 42
maltese 18| 2v |(5) 1 42
chihuahua 3B | AV | () 1 42
chihuahua 3B |2V |A 2 42
miniture pinscher 25| & A 2 42
toy poodle 42 | 2 A 2 42
chihuahua 48| 2v |A 3 38
yorkshire terrier 4|2/ |A 3 38
shiba inu 46 | v | A 2 42
yorkshire terrier 18| Av | A 2 42
chihuahua 27| A A 3 42
toy poodle 49 | o A 2 42
pekingese 25| v | A 2 42
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yorkshire terrier 40| & A 3 42
chihuahua 8| B 3 42
maltese 6| A and B 1 42
chihuahua 48 | & A and B 2 40
toy poodle 48 | v |AandB 3 42
toy poodle 10| 2 A and B 2 42
pomeranian 14| 2 B 2 40
papillon 49 | v |AandB 2 42
unknown 48 | v/ |AandB 1 42
miniature dachshund 23| v |C 3 40
toy poodle 21| AV |Aand C 3 40
miniature dachshund 45 | @ A and C 3 42
toy poodle 48| 2 v |AandC 4 36
yorkshire terrier 49 | & A and C 3 40
chihuahua 48 | v |AandC 3 42
miniature schnauzer 37| & B and C 3 42
pomeranian 33| v |C 3 40
chihuahua 29| 2v |C 1 42
toy poodle 49 | v |ABand C 3 37
50-100 miniature dachshund 64| v | (&) 1 42
miniature poodle 69 | AV | () 2 42
mix 72| & =) 1 42
mix 51| v | () 2 42
toy poodle 57| v | (=) 2 42
toy poodle 13| AV | (=) 2 40
mix 90| v | () 3 40
maltese % | 2v | () 2 42
maltese 84| v | (—) 2 42
shih Tzu 90| ¢/ | 2 41
toy poodle 67| v | () 2 42
mix 99 | @ (-) 3 41
chihuahua 50 | v | (5) 2 40
cocker spaniel 54| 2 A 3 42
toy poodle 60| v |A 2 38
miniature poodle 69| v | A 2 42
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toy poodle 13| 2V |A 3 38
chihuahua 762V | A 3 39
toy poodle 67 | & A 3 38
chihuahua 922 | A A 3 40
jack russell terrier 84| v |A 2 42
toy poodle 82| 2v |A 2 24
miniature dachshund 99 | 2 A 2 38
miniature dachshund 52| A 1 42
miniature dachshund 91| 2v |B 3 36
miniature dachshund 80| &v |AandB 3 42
chihuahua 72| 2 A and B 2 42
toy poodle 98| AV |AandB 3 42
miniature schnauzer 8 | v |B 3 40
shiba inu % | 2v |B 3 36
toy poodle 69| 2v |AandB 2 42
chihuahua 58| v |AandB 3 42
welsh corgi 92v |B 2 42
mix 69| v |C 4 36
papillon 74| v | AB and C 4 30
pomeranian 79| v |Aand C 3 36
toy poodle 80| 2 Aand C 4 35
toy poodle 72| Av |Band C 3 36
toy poodle 85| A AB and C 4 2
miniature dachshund 91| v |Aand C 3 38
bichon frize 95 | 2 AB and C 4 38
japanese terrier 9|V |[Aand C 4 41
yorkshire terrier 98| v |C 4 20
toy poodle 74| v |Aand C 3 38
maltese ARE: Aand C 2 42
toy poodle 73| v |ABand C 2 40
shetland sheepdog 63| Av |Band C 3 40
toy poodle 73| v |ABand C 2 40
miniature dachshund 97| v |AandC 3 38
jack russell terrier 64| 2 AB and C 1 42
toy poodle 71| 2 Aand C 3 41
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toy poodle 95| v |BandC 4 36
mix 9% | 2v |ABandC 3 40
whippet 9| AV |Aand C 3 40
toy poodle 73| A AB and C 4 9
toy poodle 83| AB and C 2 41
toy poodle 64| v |ABandC 3 41
toy poodle 98 | & B and C 3 9
toy poodle 64| v |ABandC 2 41
pomeranian 91| v | C 3 20
=100 toy poodle 101 | AV | (&) 2 42
chihuahua 123 | v | (5) 2 42
miniature schnauzer 130 | AV | (5) 2 42
chihuahua 132 | & (-) 4 33
miniature dachshund | 143 | & v/ | (—) 3 41
pomeranian 162 | v | (& 3 40
italian greyhound 126 | v | (&) 3 42
shiba inu 123 &/ | () 2 38
maltese 108 | 2v | (& 2 42
pomeranian 134 | v | (& 2 40
mix 108 | v | (—) 2 42
chihuahua 120 | 'V | () 3 42
west highland white
. 132 | &v | (&) 1 31
terrier
miniature schnauzer 130 | v | (&) 2 40
shiba inu 184 | v | (&) 3 39
miniature dachshund | 168 | 2 v | (—) 4 42
chihuahua 150 | v | (&) 2 26
miniature dachshund 148 | v | (&) 4 42
toy poodle 105 | & A 3 24
pomeranian 105 2v |A 4 3
miniature dachshund 117 | 2v | A 3 42
chihuahua 120 | & A 4 38
maltese 130 | & A 2 42
miniature schnauzer 131 & A 4 40
miniature dachshund 141 | & A 4 30
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miniture pinscher 143 | AV | A 4 13
chihuahua 148 | v | A 3 36
miniature dachshund 149 | v | A 4 13
italian greyhound 177 | v | A 4 6
toy poodle 134 | & A 3 42
toy poodle 169 | 2v | A 3 39
miniature dachshund 132 | v | A 3 40
cavalier 132 | v | A 3 20
miniature dachshund 168 | v | A 2 40
miniature dachshund 108 | v | A 3 42
toy poodle 142 | v | A 2 35
miniature dachshund 189 | v | A 3 40
yorkshire terrier 119 | & A 2 40
toy poodle 143 | AV | A 3 4
papillon 204 | v | A 4 13
shetland sheepdog 166 | IV | A 4 38
toy poodle 109 | v |Aand B 3 34
chihuahua 110 | & A and B 3 40
miniature dachshund 12| v |B 4 N/A
toy poodle 115| &v |B 4 29
miniature dachshund 128| &'V | B 3 30
maltese 129 | a'v/ | B 4 N/A
miniature dachshund 132 | & B 2 41
toy poodle 136 | v | B 4 34
miniature dachshund 150 | v |Aand B 3 42
chihuahua 171 2 |B 3 38
miniature dachshund 186 | 2v | B 4 3
chihuahua 180 | v | B 4 32
toy poodle 126 | A A and B 4 4
maltese 109 | & A and B 3 28
miniature dachshund 179 | 2 v |Aand B 3 42
toy poodle 115| A v | B 4 32
toy poodle 161 | v |B 2 42
toy poodle 150 | v | B 4 34
chihuahua 186 | & B 4 28

82




jack russell terrier 173 | v |B 3 37
chihuahua 122 2 v |B 2 42
norwich terrier 12| &v |B 2 39
miniature dachshund 211 | &v |AandB 4 15
miniature dachshund 128 | & B 2 30
miniature dachshund 164 | v |Aand B 4 20
mix 104 | v |ABandC 4 30
miniture pinscher 105| Av |ABand C 4 32
miniature dachshund 105 &v |AandC 3 38
yorkshire terrier 110 | AV |Aand C 2 42
toy poodle 12| v |Aand C 4 13
toy poodle 12| v |Aand C 4 15
chihuahua 12| 2 AB and C 3 35
toy poodle 114| v |Band C 3 N/A
shetland sheepdog 132 | A A and C 4 42
miniature dachshund 105 | v |Aand C 3 38
papillon 104 | v |Aand C 3 42
chihuahua 167 | v |Band C 3 36
toy poodle 120 | v |Band C 3 40
norfolk terrier 137| v |Band C 3 42
toy poodle 118 2v | C 4 16
miniature dachshund 119 | & A and C 4 6
chihuahua 120| v/ |Aand C 3 24
pomeranian 121 v |Aand C 4 13
unknown 121 | v/ |Aand C 3 6
miniature dachshund 124 | &v |ABand C 3 42
papillon 125 2v | C 3 26
pomeranian 127| v | C 3 40
toy poodle 129 | Av |[Band C 4 29
chihuahua 132 | 2v |Aand C 2 42
chihuahua 135 | & AB and C 4 40
miniature schnauzer 138 | & AB and C 4 13
maltese 139| v |ABand C 4 9
yorkshire terrier 149 | v |Aand C 4 11
miniature dachshund 156 | & AB and C 4 13
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pomeranian 162 | AV | C 4 2
miniature dachshund 163 | v | C 4 26
mix 167 | v/ |Aand C 3 N/A
miniature dachshund 175| v |ABand C 4 8
toy poodle 108 | v |Aand C 4 14
miniature dachshund 189 | Av |ABand C 4 4
beagle 165 | v |ABand C 4 40
yorkshire terrier 189 | v |ABand C 4 38
pomeranian 144 | v/ | C 3 36
miniature dachshund 126 | &v | C 4 7
chihuahua 116 | & Aand C 4 11
cavalier 128 | &v |ABand C 3 19
miniature dachshund 129| 2v |Band C 2 42
pomeranian 142 | & C 3 17
unknown 142 | 2v | C 3 39
toy poodle 107 | & Aand C 2 42
chihuahua 136 | & Aand C 3 29
toy poodle 109| v |ABand C 2 38
cavalier 128| v |ABand C 4 19
miniature schnauzer 133| v |ABand C 4 25
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