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MIZEERE ASRIEE WL KPRt e e ges) - 2%

MEREE : S (B W TRABEMEIRITTEHE 2R TH L & & bis, NBREEZKET S
FRRTHEHY, BEPKEOEIEDODEZANT W5, ARUFZEIE, FRHEMENR DOIIE T-H1
W AT NERES  JEYYEFR e R HAEET 5 Z L 2 K BN, miEE Ot
RIIERF DM 2 G T-1%, TOEMR 2 HmET 22 & ORI AREEZHS b0
Thbd, HEOMGRIL, £, BABEmE, WEEICART (Bt RommEE 1444 (5
PE40 40, ME 104 4, 4Filin 0 51 ~101 5%, ¥ 84.6 ik, “THIFRAFHi%k : 6.9 AK) &L,
o JE I RO B LS F T D IS 1gG BUiRl [Aggregatibacter actinomycetemcomitans (Aa)
Eikenella corrodens (Ec) , Porphyromonas gingivalis (Pg) , Prevotella intermedia (Pi) &
DRI Z 7, ZOREE, OPEggoE i T, Pi 2k 2 miEHuAqm
DABIED) o7z, MiROBETEZFomina 2BV X, Piloxd 2 A2 A5
A& o T2, MIMAEREE O H 5 &l CTlx, Bc (29 2 MAEHUAME S G EICE > T2,
Aa DZNHAEAETRVEDOEVHIAICH o7, I, FREMEMIZEEIZONT, £
DA AMZRE Lo, A EEE 22 < AR 2 — By HREEic sy, dififisk
DRIM X RHE2 3T 5T, BEOHBERE ST 5 MmiE 1gG Pz HlE L, EittE
RIFRIE I DOV TRRET L7z, Bk AP X, Ramed U 2 7 ofit [FEFRmEMERiZ ) &,
RRIED ) A 7 ZFio [RREEMENIZ ] L2 B LT, MRICFRIEZGL 2 LN TE 72 84 4
B BER L, AR & MiREES (AL 14 HH) © 2 KR THIE TE 72 18 44 Z fbT
DOXFG L Llc, TORER, 4 FHE L HEBMERERICE D B2 oA MO®EEZ =T
BFIIFE LT, DO 6, Pg DA, 2KAMTHEICHMABMOZE 2~ LT (33 %),
ZDHL, ERIIZERHEMENR & B2 572 b DL 4 4(67 %) Th o 7=, FAHEME:TZ O
TIX, PgPUiflins & L7-BEOFERIT, LA LZBEOFEBLY LEWATREER S -
7= (92 F vs 78.6 F, P=0.08), LA EDZ L%, FAMEMENGZE OFIEY A 712 Pg DY
RESHEHELTWDL Z EE2RET 5, 5%, hERORE & BREGURMIOBRMR, MR
FIE S PURMOHER Z 5| M E MG T A2MERHH B2 5H, KRIZ, dHERLE LT
T84 PAZEME it . (chronic obstructive lung disease: COPD) (274 B L 7=, COPD %, 7%
Bi-DOWA (B E) 12XV, KES - MRICEERE &R 2 &L, Mg
REMRAECTERICET Z LR WKIRHAELZ RIFHE L ERIND, ARIFETIE, COPD
HEOfERE 7 & L COENMEZMEE L, COPD & DO & AR 72 e & oAl BE 12
K92 MG 1gG HUAn (350 B GLEE O FEEE) O BEIME 2 MEEH R TFEIC L o THst
Llco ABREHL, FERFEMFRENRHRRE T O COPD 4 63 4 (CF¥JEFH : 73.0 %)
L L, IiE IgG B OB E 137512 L7223 ELISA % W T T o 72, BLBREWNZ &
|2, Pg FDC381 35 &L UF SU63 12k 2 HFUAMBGMERE CH EICHEORRE N B Lz (A
BMENT), F 72, PgFDC381 3 LU SU63 (Zxtd B HUiAMibHE 1 I AR nIHE o J ) & BHsE L
Tz (ZBEEMNT), 2O &L, WEREIZT 5 1gG Hridns dih & L K B oo A Bk
AEIZ & b7 ) FROUBEYYEZ ML L2 2 L1285 T, COPD HEEEAHAE 2 4Mifil L T\
HAREME A RIE L TV D EHEl STz, L ED Z &, i BRI E ST 5 i 1gG
PUAA L, ZAVERRIEMER B OB EBEENH L Z L NREIND,
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INZIpole, MBS, < DEEMR CRE
PR — R F—2A (NST) MMk S, Es
DOIRFEIE TN END L DT/ -
7oo NST %, [EA, geFHERD & KR, F
RN, EHRE L, SEHERE LR EOZN
FECHEME - kSN TRY, —RROEKRM
IWRE LTI IRENA OGNS, LR
NH, ARMEORGE RIEX RN GE
TR BUR O Tt ERAE T H E, 2

DO EFRFIDFE LD E 9 MITHONT,

S OIZIRWVEEIR M T DI D N X LM % ik
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TITHE 270 < T, RO EFRE AL B o
HE A B E iy, £72, tMoOMENDS
b, THELRMEERMR &S TEGYE |
ThHHIZHEPD LT, NST IZBWWTIE, kK
Y QREEICE W R A TR ST Zen &
WD I 2 D b AR S & T D,
ZHLEEEORT, Falk, A
ROFIETHH D=6, UL ZDOFIE Y A
JEWRZDIEOEENEH ST THFSE
HERK & L CRHAANND Z i Lz, 37420
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AVEBEEAT ) —= L CHEHENR T
Fra—%3T52 L, FEFMEom EoT
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DA F~—T—%P 2D T L LI
SERDFEAREREES & LT,
FZENIZIE 500 FEEA 288 2 2 /i DS FTE
LTAAF T v %L, &A%
REDRIEICEET L EnNmLNnD,
WeMEf R DOJRK & L THMENEERESS, &
W DFE L DO M G A EE S v T
Lo LL72inG, HEROVERRERIE TR
AREMERT R OB RFEHEIZRNEETCH Y, F
TR ) - DR AR S RS © D i 2%
FEIE Y A 7 ITHOWT D ERAFHIEIZEN
S E IO TR CTH D, ARBFZEIE, &
FITE < FL B 5 A9 O FEIE T H52
Wrs 27 L Z B« RRYYIE 7 72 L )
DT 5 Z L AWK BEIC, &g Ol
RIGJER F DM 215712, € OB+
ERAET D EOMKRMIAERMEEFRRS Z
EEAME LT, b L, 20X R EMA
FHEWRZ D ENTEE, kg O
WHERTM~—h—& L CEREIZSA A
HEE 72D, fERMICHERORIETIHIZKE
CEMLES EE 2D,
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B E A 144 4 (FEls 51~101
%, HPE404, LME1044) &L
(F 1),
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v MRS, Fu—bvr oA
) L7, 2F2aHEEIL, niE
AT ORI (BBAFERD), BFOIRM,
HWILEERE R OFE, ik OBEE

DA, 35 L O OFEE R &
L7,

AR EAE (PURD - R & L PRI,
REMDREHEBHEME CTH D
Aggregatibacter actinomycetemcomitans
ATCC29523 (Aa), Eikenella corrodens
FDC1073 ( Ec ) , Porphyromonas
gingivalis FDC381 (Pg), ¥ L WV
Prevotella intermedia ATCC25611 (Pi)

T WAL U - R E E A
AV

MA4%E 1gG PURMMIE : FER 0% —ELISA {4
(Murayama & OFL#K, Adv Dent Res,
1988 Z &) # HW T T 72, 7238,
HEIIEL YT o7 (V=T % —
RIRZHR7 U —, #5),

SERHRMT SRR 31T D I 1gG HTiRAmiX
Mann-Whitney @ U f& & % VN THEMT
L, PAEZAY 0.05 RilioHE 2 A EE
Y EHIE LT,

B-2. If{E 1gG HUiAlh & MEHE A E~ — 1 — D
R DT

®5 HAEENEZZZED O L, MR
&SR 762 4 (Bt 433
4, MR 329 44, R 43.749.1
%) & L7z,
MRZHEHE - OPENRZ OHEE X, CPIIEIC
éwﬂﬁﬁ&ﬁm%ﬁﬁki@m%
RS EM L7, HEH DA LR
HE LT, WEWEME (Aa, Pg, Pi
FBEWEe) 1k % MG 1gG HLiaqin
B L OHERR i~ 7 e B,
WEE I LI M K SR SR T, 2 HIE
L7z,

AT © )RR (Aa, Pg, Pi B8 XY
Ec) (ZxPd B IfiF 1gG B & MEjR
HORIE~——% X-Y fi iz 7' m
v hL, N6 OMERKE R HT
HZ LT, BEORELELRLT,

B-3. &I R EE (26 2 i E 1gG
& E R 2% O BE M O Mt

AREN]

PO :tt%ééﬁﬁ%ﬁ%%§ﬁiéé<:J\E%ﬂ‘%>—~ﬁ%Fﬁ
Eprﬁm (ﬁﬁ%d‘%’ﬁ&ﬁﬁm)
WTC, il @t@ﬁhbt$%®$
T, PHED Y 27 O TR |
&, %mmjx&%ﬁofﬁm@%
K] W E L, MRICFEE %S
HILWTET- 84 L& BEBEL,
ABehss & ifize =g 8] (CABe 14 A H)
D 2 B S CHIE TE 72 36 44 & fif T o

WL Ul (iR - 14 4, 7Rk
PR 22 £4), F7-, FAHEMRR O

xf B B & U B 1 P 28 1 il P AR
( chronic obstructive lung disease:
COPD) %R L, JHESKFIER RN
FHmpe+ > COPD 4 63 4 (CEE4F
i 0 73.0 %) Axfg L Lz,

FEWr A28« RAMEME, FERRMEME K B L O
COPD B DR e &R 72t B 95
k9 Dy 1gG HuiAfh (B
o B R B D FE ) o B & AR
FH TR L o THRET Lz, 1 1gG
PLAAAM o | & X @miEic Lz n
ELISA iE% AW CIro 7= (UM E),

B-4. IfLif IgG %m®ﬁ/kﬁ7ﬁ®Mﬁ
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L O EREORERZ THEIRO 2N
PEER 116 4 CEYFH - 345148
1%, CPI=0, 212 Tl IR DR
Extgrl Uiz,

B JE P B AR AT H 0 CPTARAE, 8 J&] 93 [ A
FE kT 5 MIE 1gG HUiRflifd & L
2o I 1gG PUipflig, V—v—
RIGZHRZ U — (@BE) 1ZMEL
THIE L, ok, IREHKIT
Porphyromonas gingivalis FDC381 (Pg)
L LTz,

Pg (Zxd 2 IgG HUriifil o> J UEff o %
& U o FEEfE L, ROC (Receiver

C-2. W T FESE & o 855 RO B (2 k- 5
IgG HriRffm

WE T REEM L ORE (77 4) B X OWE Rk
EHOORE (674) O2RECHT Y —1k
LT, TNETNORMICET % MmIE 1gG it
(RAM D L~V % Bl LT, & DGR,
WE T REE O LR 4 EHETRTICE
i B 1gG Priko L~UL L DI, #Et
FHIRHEE T o7 (X 2),

HTEEMRL- 774, OREEERY 674

Operating Characteristic) 73 #7112 & > T
B - REL, FOREMEMEL Lo
BAE A B TEGIE), FEEE AR O
FRALfE 2w A TRt ) 2 HE LT,

C. #&R

C-1. FIIBERzIEE & ok JE) o UM B L2 e 9 2 i A
IgG HriRff

O Eez e U oRE (112 4) B IOV AFERL
BA DO 324) O2FICHT IV —A{k
LT, TNETNORMICET % MmIE 1gG it
Rl LA~V % bl iR LTc, DERz A
D OFEZEIT D Pg BLO Pi kT 5 MiE
IgG Ui, DPErME L ot & i LT

BAE ) o T2, — 5, Mg R MR O Aa,
Ec (Zx19 % 4% 1gG HrikfiiiL, HOREgo
B K> CTHREFFN A EEIT o T2
(X 1),

OFRRiRmL 1128, OFEREY: 3248

P=0.2438 P=0.3728
4 5
4
A s Ec v .
a 2 : 2
1 i 1 '
0 | | —
-1 m A = i l
P=0.8000 P=0.7761
15 2
5
10! 1 H
Pg . Pi
50 , H Og’
i |
0 ¥ 4 -05
" & -l " =

R2 ETHEEOHRSEERRERME Y S MGk BhE

C-3. R OEEFE & w8955 JFUH B (2 k9~ 5 1
1% 1gG B

i DBEAEHE L OffE (53 44) B L UM%
OEEEAY OBE 91 4) O2RECHT IV
—{E LT, TN NORERMIZ BT 5 M E 1gG
PURT D L~V & el IRFT Lo, & DORER,
ftik OBEEOH Y OREFS T 5 PilCxi3 5
5 1gG PUAD L~ULIE, iR OBEE/R Lo
BEL B L CHEILE -2, —F, tho 3
FEREICRB VT, 2 BEBICA B2 T o 12,
Thbb, mEsIZAE D R RO DOREH L)
R BIEICEb > TW2000E LA

P=0.2303 P=0.3902 (X 3),
4 5
3 . 4 fifi2¢ D BEERL 534, ORRFIEEY 914
Aa 9 Ec 9
. 2 3 : P=0.9462 P=0.6128
1 : H 1 | I 4
0 ] 1 § 0 LJ L) 3 4
-1 E3 P2 = " =] Aa - Ec j
P=0.0635 P=0.0006 i : : i :
15 : = 0 I i 0 v
1. 3 = e 5 - Fiid =
pg ' § pi 1 $ '
7y I 0. 5 P=0.4427 P=0.0458
i N ‘ = i 15Q 2 .
0 3 + -0b ¥ 1.9 0
7 A T m A pg © : : Pi ! .
50 . b : M
B OEEHROAREERRMECHT MG BOME o—3 i o4 |
® & - ®m &

®3 o EEOH S ERRMECH Y M FGIAEOREE
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C-4. i i /27 s S & 4 o IR 8 L2 69 % if
5 1gG P

M & PR L oORE (64 4) 3 KOV
EEEAY O 804) O2RHIHT Y
—fE LT, ZENENORERICE T 5 I IgG
PURAN O L~V % bl ket U 7o, i 4 fe
EAHYOREICBIT S Aa B Ec lZxT 5
MAE 1gG RO L~L1E, fXifL 5 e L
DOFEE LI L CHEIZE -T2, —F, Pg
R0 Pi (%42 IME 1gG P, i 4 pe
FEOHEEIC L - THREHFERA B ZEIT )
ST, Thbb, MMERELET- LS
ML, DPEREE AR T Sl R M
ZiamEd 5 2 L T H I RURYYE &2 3E LS
TR0 LivZevyy (X4),

FRi i EPEE AL 6448, ORRRZIRHY 808

P=0.0632 P=0.0207
4 o g
4
A s Ec 9
a2 P o | D dl B
! il | I
1 I
0 ) [ ] 0 ) v
-1 = = - E:id ]
P=0.8000 P=0.6153
15 2 .
1.5
L : Pi 01 ’
50 8’ 5
0 ¢ -04 i
= A - = 5

R4 fHmEFEEDHREEERRBEIC T S G Al D=

C-5. MEWRIRAL & M i A o FH B

Wi P DR~ 7 a B B ER LK
ZreF (LDH) (&M, w/Ewm o2k~ —
=L LTHERATHD, Texlx, 2o THE
W) DINHEZEZT-bOD, EEDE
fnE OOVENITTEEST 5 Z &% <, MR
RN 2RI LT ULISEB L, 22
T JER IFRTE L2 %9 5 I 1gG HTiRqfh 23,
R A ORISRV IGLNE 9 0%k
BET L7z, LsL7Rid s, MER T o b~
B/ v bR s KRl EREME TS
M4 1gG Hri&Rm o I B 72 FHBIX 720 -
7= (K 5), &Iz, WERT OILERIKFERESR
(LDH) & 45 o J& 993 B 1 L2 k3 5 i 5%
IgG PURMMOFBE ZFH~7 & 2 A, RIS

Aa, Ec B L Pg (Zxf3 5 I4E 1gG HLiffm
DL ~YLILLDH &R Z O 72 o T b D
O, fRHEHEMERE Th 5 Pilsxtd 5 ik IgG
FURfi D L~UL X LDH & $B° 72 IEDFEES
R (K6), T7bb, HERMRA L M
TRARAT (3 4E LI B L 72 e & HE 2. 2 AT RE
PWERETDHHEDOD, S%OBRFFETH
o

R=0.003 R=0.053
70 i 0
H 60
# 50 ¥ 12
g 40 =
B o :
g 10 g o Tq® 200 300 400 500 60§ 7p0
2 oo % e 1-0s R v
1o P100® och*300 400 500 600 b0 =15
SR Hb SR Hb
R=0.068 R=0.120
70
B 40 1 60
¥ 0 00
is iE 40
gy 200 5 i gg -
% 100 ¥ = = ouib =
2 e &R .
O™ 00" 200 500 %00 500 600 740 i 100 200 300 %00 500 600 ¥40
SR Ho SR Hb

H5 #ERANES AE Y E (V) L& EmBEARORE

R=0.014 R=0.024

e ‘ 7 : o
<o pE ]
LDH

R=0.088

00 _400 600 200 100012001400

LDH

B6 FLEERE K REEREM (V) LR EMB A TOREE

C-6. EAME (RREEM:) Mg & a5 5 R
(S e RN R P CE AR N ]

Aa, Ec, Pg, BXO'Pi ® 4 FfEL b2,
MEMEpERIC L D EB 2 HNDIMIE 1gG Bt
FMOEEE RTRENFELZ, £D )
b, PglZBW\WTIE, 2k LU 2 %
URYLIEIR TS IRTE) o 2 W CHUAM o
FREZRTEIENE T (2 14 %,
REMEMENGSE 27 %), F T2, 2 KE sl OB
DOEFABEOH v A TEE 1.5 FICHE
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THE, TOL TR THD Z &
Nirmoil- (K17),

r - 0.10—2.66
% — g i AT S X2
g ° o imnktib
N R
& < .
B
E =
s L L -
E oo-m. Cut-ofili (1.5)
iE 1 R Q‘0.0.DO‘.0.000.0..OOO.
o °®
o
0

BE #1-37
E7 PofiiRBdLL (EIEL. ARRE) (1.5f5 L0 L) SEREEMERm & B 2

C-7. COPD & B J& 993 JFUME B8 (2 % 9~ 2 1fn 4
IgG HLiffih

COPD %, A@/hi O A (BE7Z L)
2 &Y, RES - B ERIE &Rk
Erhxl-L, MEREERE CERICESTZ
EDRWKIHELZ RTHREL ERIND,
AFFEIZ BT, COPD %% At (GAmEM:)
i ORI E & Lz,

BLILEZENZ & 12, PgFDC381 35 LT SU63
(2R D HURM B ERE TR B I B O
R U (REEMT) (K 8A), FTz,
Pg FDC381 (Zxf7 2 HriRMGHEREIZ 1T %
M35 IL-4 LI BT > 72 (K 8B).,

(A) PgFDC381 P=0.03 Pgsusz FP=0.03
10 o o 10 s
8 4 8 o
COPD 6 1 ” 0 °
BEHEE ] ; 4
o 2
01 0
-2 -2
(=4 5t =4 F5 %
® o _P=0.0338 .
meiL-4 | 5 MM OB,
(pg/ml} 1.0&AvbF TEIC
: FELI,
1] = -
=453 1k
Pg FDC381

H8 Pglzxtd AMFIgGH A liECOPDMD &M

C-8. Pg |Z%f 9 B I+ 1gG HLiRM DA » b A
PAK2L T3]

Pg lZxf9 % i IgG HiiRfi 2 & & 12 ROC
M2 ER L, Fohy M7 Y%
1.682 (J&FE : 0.774, HEFLFE : 0.586) ik
7€ L 7=, Area Under the Curve (AUC) X 0.708
7Zo7= (¥9),

Pg
10
08 A
2 06 \
2
2 04
L]
[%]
0.2
AUC: 0.708
0 T T r T
0 02 04 06 08 10
1- Specificity
Diagnostic test result
{+) =) Total
I
Target disorder “ 415 48 463
I lgG
Lt S BT 68 189
Total 536 116 652
FvkA71E 1682
RRE 0774
HEE 0586

B9 Pglzwd5MmFIgCHAEMDNY M THEHT

D. &

HAMESITE L Esrh iz 22 AL T
5, ZOfEEEDOEIE, Pk, BEL
B o lokkix RfligEAE 726 LT\ 5,
EEEROEIZBWTIL, AENOLE
WIS, HEEnE o A GREEME) Mk
72 EOEFE L BN RUEYYE O EIC B 53
HZEDHOND L OIThoTe,

AWFED a7 ML, BEEEIcE<
B D D EE Y L D EE R TR
B, LD DR ORIET B > AT A
Z I T - RYYEFM 72 R DRSS
T EEREBMINC, BEEE O MR RIERN
T DM ST, & OERMIN T OEERT
HRMEZFANDL L THD, ZOHmEL 2
T ANREECE U, BE/ETREE (ADL)
Ko TT o7 43 &5 Bl E o
AARAMICRIE L, OFekyups 2 5
L CEAMEMRRIEOR Y 27 &inE % F
FHNZA T ) —= U TR[BRICR Db L
RN, Em, BOEOERR L O ERE
DML - HEICLEBRLE D EE X T
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W5,

% < O I TMEF (K ERERE) 12
FVELEVIZRY, MRTHLET LT —
AMMIEFNZ L\, BT E i O E LR
DL IIMEKTH D, MRIZAARNDIK
BT ROFEWUA THY, MR THELETT S
HBE D 92%I1L 65 LA Lo s Th D &
HEH, BAEMRE BIEEND,

ENMERRIE, B2 L OB &7 ik
DIEIR Z R SN — AN LU=, RNEE
Mo F FH#IT L CEERREICR D, R
L, Kk o2, SREEREOE
b, BERRIECHERIE R ERRO bz
BICEENPLETHY, F—2ANELY
A FICEA2RYEAPLEEND, TF, &
ANPERG R DOIREED B &M 72 51224, &
0ol OES T OB &I RO T
PN EEMRIND L9127 TElz, OE
FTVE, EEE O O ENORYR 2 BRE L
THAERREZ RO TIER <, EE - bk
TAlEEAEIT Y Z LIk - T, A=A
ENTZDE O TakE Wieom EaR
BICANTEmIND, S DICEEE DR
BIREOUWZEICHLEREDILDID L5
Sz, Thbb, ZThETIThbivCET,
— AN HELICE D TZAN#E oS E
HBEL, KEL SHEEREL, HHVIIH
B A L7e E o SR L CafEmIC
N OREZMERFT 2T —A0MELN
HE St otr, ZOF—AMERITHEY
R— FF—2L (NST) &FEEN, EESHO
BN B e CHLfE S, BUEO EEE =
WO EHK T2 LD TH D,

Fex X, NST ML ks, E¥E
HBENDLIRD D b DIRRIbEN S T-
DI, O OEENVLETH D Z L,
O L Tl 7 R R 2Bl 2 235 A
MOBRNPULETHDHZ &, EANNRT
A —7 v TKHBLETH DD T, O
TIXERE 2l & L RER R AHEOE K
WZORMND EWV D EHZE T T\, £,
b LML RYYE] THDHIC
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ELISA UGB (A {fi) IR T

: %= =E BEEEE [ oXF
=R /
HEAREOHRAZE (13ETE) |PBS- 1.43ml
15mA7 Y ANF1—T 134
& DR
1AE#E M E 15mA7 Y ANF1—T 1R
2BEME 15mA7 S ANFa—T 404K
TI—Fv7 40K
2~y S 0.5%8
[1BEH]
mEOaA—FT42Y BufferA 12ml
Na,CO; 21.2¢g
BufferB 25.5ml
NaHCO, 16.8g
50mIAF1—7 134
25mAOVTERYE 1R
ELISARZL—F 1318
14—/ — 134&
TI—Fv7 1374
ATO0—FvS 104
EEMBEORE FALCON 14misk) 7OELYFa—7 87
PBST 28.1ml
T4VERYEAFYT 1R
IIN—FvT 1A
A4ATO—FyJ 1K
AR B DR FALCON 14miR)FOELYFa—T 40K
PBST 12.4ml
AT0—FvF 404
2BEEHE]
TL—hkE PBST 1497.6ml
mEDTL—b~ADFM [ATO—FvT 164
avyFyr 80
TL—rkE PBST 1497.6ml
ZREDFHM ALP condugated anti human IgG(H+L) 26 1|
25mIAOL T E Ry &
PBST 130ml
A4ATO—Fy7 8K
/N — &
TL—hkE PBST 1497.6ml
FEEHAEDRMD NS ATz )L UEEF R L 140mg
25mIAOL T E Rk &
CIR/—IWTFEINYIT7— 140ml
diethanol amine 97ml
NaN, 1.2¢
MgCl, - 6H,0 0.1g
NaOH 62.4ml
H—— 21&
1AT0—Fv7 164
EHEE PBS- @@@ 60F /12 1.43ml 0.08
15mIA7 Y ANF1—T @@@ 28,875 /5004 634K 3638.25
AMvY S @@@ 11,340 /20%8 0.5%8 2835
IN—Fv7 @@@ 2,940 /10004 547K 158.76
ATO0—Fv7 Q@@ 1,505 /10004 1854 278.42
Na,CO, @@ 1,100/ /500g 21.2¢g 46.64
NaHCO, @@ 1,050/ /500g 16.8g 35.28
50mAF1—T Q@@ 44,000/ /1004 134K 5720
25mIAT A RARER Yk @@@ 3,308 /10004 3R 9.92
ELISARZL—b @e@ 11,550 /40%% 138 3753.75
JH—/— @e@ 15,750 /2001& 16{& 1260
FALCON 14mi/R)7OELYFa—T @e@ 11,970 /5004 48K 1149.12
PBST @@@ 4534.6ml
NaCl @@ 571 /500g 36.27g 41.42
KH,PO, @@ 7,900 /250g 0.9g 28.44
Na,HPO, " 12H20 @@ 840 /500g 13.15g 22.09
NaN, @@ 6,800 /500g 0.9g 12.24
Kcl @@ 750 /500g 0.9g 1.35
Tween20 @@@ 2,700 /500¢g 0.21ml 1.13
T4VERYERFYS @e@ 2,700 /7574 1A 36
ALP condugated anti human IgG(H+L) @e@ 25,515M/0.5ml 26 1326.78
NSZhATT=)LYUEEF R L6H20 @e@ 2,520 /5¢ 140mg 70.56
IR/ —IWTEIINYITF7— @e@ 140ml
diethanol amine @@@ 2,310/ /500ml 97ml 448.14
NaN, @@ 6,800 /500g 1.2¢ 16.32
MgCl,*6H,0 @@ 924 /500mg 0.1g 184.8
NaOH @@ 605F3/500g 62.4ml 0.07
HEET 18523.06
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Abstract

Goals The commercially available saliva substitute Oral-
balance® has been reported to alleviate symptoms of post-
radiotherapy xerostomia in head and neck cancer patients.
Oralbalance® may also be effective for xerostomia in
patients undergoing hematopoietic cell transplantation
(HCT) with high-dose chemotherapy and total-body irradi-
ation. However, HCT patients are severely compromised,
and saliva substitute must therefore not promote infection.
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This study was performed to determine the effects of
Oralbalance® on microbial species identified during HCT.
Patients and methods Microbial identification of oral
mucosa was performed in 28 patients undergoing HCT.
The antimicrobial effects of Oralbalance® against bacteria
and fungi detected in the HCT period were examined in
vitro. Briefly, bacteria and fungi were spread on agar plates,
and 0.1g of Oralbalance® gel was applied (about ¢1cm).
After incubation at 37°C for 24h, the presence of a
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transparent zone of inhibition around Oralbalance® was
observed.

Main results Not only bacterial species constituting normal
flora of the oral mucosa but also those not usually constituting
normal flora, e.g., coagulase-negative Staphylococcus, were
detected. A transparent zone was observed around Oral-
balance® in all bacterial species examined. No transparent
zone was observed for Candida albicans, but growth was
inhibited in the area where Oralbalance® was applied.
Conclusions Oralbalance® does not facilitate increases in
microorganisms in the HCT period. Oral care with
Oralbalance® does not promote infection in patients
undergoing HCT.

Keywords Hematopoietic cell transplantation -
Xerostomia - Saliva substitute - Antimicrobial activity

Introduction

High-dose chemotherapy and total-body irradiation, which
are performed as the conditioning regimen of hematopoietic
cell transplantation (HCT), are associated with xerostomia.
Xerostomia not only results in uncomfortable oral dryness
but also may cause the oral mucositis induced by
chemotherapy and/or irradiation to be more severe because
patients with xerostomia lose one of the most important
factors in protecting the oral mucosa, saliva, which contains
many components of the innate and acquired defense
systems and not only eliminates microorganisms from the
oral cavity [1, 8] but also moderates mechanical contact
between the teeth and oral mucosa. Indeed, we often see the
development of ulcerative mucositis on mucosa in contact
with dry teeth clinically. Oral care using saliva substitute
may alleviate the symptoms induced by xerostomia.

Oralbalance®, which is a commercially available saliva
substitute, has been reported to alleviate the symptoms of
post-radiotherapy xerostomia in head and neck cancer
patients [7, 9]. Therefore, this product may be effective in
HCT patients. However, as these patients are in a markedly
compromised condition throughout the period of HCT,
saliva substitute must not promote infection.

Therefore, the present study was performed to investi-
gate the effects of the saliva substitute, Oralbalance®, on
microbial species identified during HCT.

Patients and methods
Identification of microorganisms from oral mucosa

A total of 28 patients undergoing HCT at Okayama
University Hospital (male, 17; female, 11; 38.9 + 16.6 years

@ Springer

old) were enrolled in this study. Microbial samples were
obtained from oral mucosal swabs. Culture and identification
of microorganisms were performed at the Central Clinical
Laboratory of Okayama University Hospital. Microbial
samples from mucosal swabs were plated onto brain heart
infusion agar plate and cultured in aerobic condition at 37°C.
Identification of obtained colonies was performed by rapid
ID 32 STREP API®, rapid ID 32 E API® or ID 32 GN API®
identification kits (Japan bioMerieux, Tokyo, Japan) accord-
ing to the manufacturer’s instructions. Microbial identifica-
tion was performed three times (first: day —7 ~ —1; second:
day 0 ~ +7; third: day +8 ~ +14) for each patient (a total of
84 examinations in 28 patients).

Antimicrobial test of Oralbalance®

The antimicrobial effects of Oralbalance® against microbial
species in the HCT period, with the exception of those
detected only once throughout the total of 84 examinations
of microorganisms, were examined in vitro. Antimicrobial
tests were performed against the following standard strains:
Streptococcus sanguis American Type Culture Collection
(ATCC) 10556, Streptococcus salivarius Japan Collection
of Microorganisms (JCM) 5707, Neisseria mucosa ATCC
19695, Stomatococcus mucilaginosus JCM 10910, Staphy-
lococcus epidermidis National Institute of Technology and
Innovation Biological Resource Center (NBRC) 12993,
Staphylococcus aureus Food and Drug Administration 209,
and Candida albicans NBRC 1385. Aliquots of these bacteria
and fungi at concentrations of McFarland turbidity standard
No. 0.5 were spread on brain heart infusion agar plates (Difco
Laboratories, Detroit, MI, USA) or Sensitivity Disk Agar-N
plates (Nissui Pharmaceutical, Tokyo, Japan). Then, 0.1g
(about ¢plcm) of Oralbalance® and an equal amount of
Oralbalance® that had been pre-incubated at 90°C for 30min
to denature the antimicrobial enzymes contained in the gel
were applied separately to the same plates. Tetracycline disks
for antimicrobial ability test (BD Sensi-Disk Tetracycline 30;
BD Biosciences, Franklin Lakes, NJ, USA) or paper
containing 100pg of amphotericin B (Invitrogen, Grand
Island, NY, USA) were also applied to the plates as positive
controls. After incubation at 37°C in air for 24h, bacterial
and fungal growth on the plates was examined.

Results

Microorganisms identified on the oral mucosa during HCT
The microorganisms identified on the oral mucosa during
HCT are shown in Table 1. No samples were obtained during

13 of the 84 examinations because of the patients’
conditions. «- and <y-Streptococcus spp. (87.3% and
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Table 1 Microorganisms identified from the oral mucosa and
detection frequency during HCT

Microorganism Detection Number
frequency (%) /71)
Bacterial components of the normal flora
«-Streptococcus spp. 87.3 62
y-Streptococcus spp. 29.6 21
Neisseria spp. 43.7 31
Stomatococcus spp. 23.9 17
Bacteria not usually found in the normal flora
Coagulase-negative 46.5 33
Staphylococcus spp.
Staphylococcus aureus 2.8 2
Haemophilus influenzae 1.4 1
Enterococcus spp. 1.4 1
Stenotrophomonas maltophilia 1.4 1
Bacillus spp. 1.4 1
Fungi
Candida albicans 5.6 4
Torulopsis glabrata 1.4 1

The microorganisms identified on the oral mucosa are shown.
Microbial identification was performed three times (first: day —7 ~
—1; second: day 0 ~ +7; third: day +8 ~ +14) for each patient (total of
84 times for 28 patients). No samples were obtained during 13 of the
84 examinations because of the patients’ conditions at these time
points. Findings from 71 examinations are shown.

29.6%, respectively), Neisseria spp. (43.7%), and Stomato-
coccus spp. (23.9%), which are components of normal oral
flora, were identified frequently. Coagulase-negative Staphy-
lococcus spp. (CNS), which are not constituents of the
normal flora, were also identified frequently (46.5%). The
fungus, C. albicans, was identified at a frequency of 5.6%. S.
aureus, Haemophilus influenzae, Enterococcus spp., Steno-
trophomonas maltophilia, Bacillus spp., and Torulopsis
glabrata were identified at low frequencies (1.4% ~ 2.8%).

Antimicrobial ability of Oralbalance®

The results of antimicrobial tests on Oralbalance® against S.
sanguis, S. salivarius, N. mucosa, S. mucilaginosus, S.
epidermidis, S. aureus, and C. albicans are shown in
Fig. 1. The presence of a transparent zone of inhibition
was observed around Oralbalance® for all bacterial species
examined. No such transparent zone was observed around
heated Oralbalance®. With regard to fungi, although there
was no transparent zone on C. albicans cultures, growth was
inhibited in the area where Oralbalance® had been applied.

Discussion

The commercially available saliva substitute, Oralbalance®,
showed antimicrobial activity against the bacterial species

Fig. 1 Antimicrobial ability test of Oralbalance® against bacterial and
fungal species isolated from patients during HCT. a: Streptococcus
sanguis, b: Streptococcus salivarius, c¢: Neisseria mucosa, d:
Stomatococcus mucilaginosus, e: Staphylococcus epidermidis, f:
Staphylococcus aureus, and g: Candida albicans. Appearance of the
entire plate surface; Oralbalance® was applied to the upper right
portion of the plates. Heat-incubated Oralbalance® was applied to the
upper left portion of the plates. Tetracycline disks (a—f) or paper
containing amphotericin B (g) were applied to the lower part of the
plates. There was a transparent zone of inhibition around Oralbalance®
for all bacterial strains examined. Although there was no apparent
transparent zone in C. albicans cultures, growth was inhibited in the
area where Oralbalance® had been applied
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detected during HCT. Against fungi, although there was no
transparent zone observed on C. albicans cultures, growth was
inhibited in the area where Oralbalance® had been applied in
vitro. These result suggested that Oralbalance® would not
contribute to the infection in patients undergoing HCT.

There have been some reports regarding the relationships
between the bacteria that constitute the normal oral flora,
e.g., Streptococcus species [6] and Stomatococcus species
[2, 3], and bacteremia in neutropenic patients. In the present
study, bacteria not usually seen in the normal flora in the
oral mucosa, e.g., CNS, were also detected with high
frequency during HCT, probably because bacterial substi-
tution occurred due to the use of many antibiotics against
infections in patients under neutropenic conditions. CNS is
the bacterium isolated most frequently from blood cultures
of febrile neutropenic patients [5]. The oral mucosa should
be considered a potential source of organisms, including
CNS, associated with bacteremia in immunocompromised
patients [4]. In our in vitro studies, Oralbalance® did not
facilitate an increase in such microorganisms related to
bacteremia. The antibacterial effect of Oralbalance® is
mainly due to antimicrobial enzymes of salivary origin, i.e.,
lactoperoxidase, lysozyme, and lactoferrin. Indeed, no
transparent zone was observed around heat-incubated
Oralbalance®. As Oralbalance® does not contain any
antibiotics, it does not contribute to the appearance of
antibiotic-resistant bacteria.

In conclusion, the saliva substitute, Oralbalance®, would
not facilitate an increase in microorganisms during the HCT
period.
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THEETE -l WA ) — =2 TR & LT O SIS0 2 55 IgG HiikAMioA A
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VSERTR & ORRA IR G RANVERT L T S - RIE
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JEIRIERRIC K o THIRMAICE RIS LTz & 0» 5 9%
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ZUMAFEEE ORI IR D L VO B A, hIERE
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JE 95 JE A B X, Aggregatibacter actinomycetemcomitans
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SRl £ REHERE TR S, NS, no significant difference. Mann-
Whitney @ U #ixE
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Wi RERSUIERZEAT. al, ICBWVTHR),

1 JE R SR B 1S R % TgG Bt Murayama 5
Ok Y s TR gl (BLISA i) &/
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DLl (N=22D) icA7 3V =Lk, &h7 3V —Mic
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A
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RS SR EERTUE, TR 72 o ST REAR LS SE DY
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Prognosis of Periodontitis Recurrence After Intensive
Periodontal Treatment Using Examination of Serum IgG
Antibody Titer Against Periodontal Bacteria

Noriko Sugi,' Koji Naruishi,’ Chieko Kudo,' Aya Hisaeda-Kako,' Takayuki Kono,?
Hiroshi Maeda,' and Shogo Takashiba'*
"Department of Pathophysiology-Periodontal Science, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Okayama, Japan
2Department of Comprehensive Dentistry, Okayama University Hospital of Medicine and Dentistry,
Okayama, Japan

Chronic periodontitis is associated with
systemic diseases such as atherosclerosis.
In this study, we evaluated the efficacy of
serum IgG antibody titer to periodontal
bacteria for prognosis of periodontitis recur-
rence during supportive periodontal therapy
(SPT) phase. The 139 patients during SPT
phase were selected and divided to two
groups as follows: “Stable” and “Recur-
rence” group at SPT phase for case—control
study: “High IgG titer” and “Normal IgG
titer” group before transition to SPT phase
for cohort study. We examined whether
clinical findings or serum IgG antibody titers
to periodontal bacteria are risk factors for
the development of periodontitis recur-
rence. Case—control study showed that

there were significant differences between
the stable and recurrence groups in age and
number of teeth. The serum IgG antibody
titer to Eikenella corrodens FDC1073, Por-
phyromonas gingivalis SU63, and Campy-
lobacter  rectus  ATCC33238 was
significantly higher in the recurrence group.
Next, we found, that the recurrence ratio in
the high 1gG titer group to Gram-negative
obligate anaerobe, Prevotella intermedia,
Treponema denticola,and C. rectus was
significantly higher than that of the normal
IgG titer group. Taken together, serum IgG
antibody titer test is useful in the prognosis
of periodontitis recurrence during the SPT
phase. J. Clin. Lab. Anal. 24:1-8, 2010.
© 2010 Wiley-Liss, Inc.

Key words: serum IgG antibody titer; periodontitis recurrence; supportive periodontal

therapy

INTRODUCTION

Chronic periodontitis is a polymicrobial infectious
disease (1) and the disease may result in loss of teeth by
inflammation-mediated bone resorption. More than 300
individual cultivable species of microbes have been
identified in the human mouth (2,3). Recurrence of
periodontitis caused by insufficient periodontal main-
tenance may lead to poor oral health, and result in tooth
loss. Therefore, in order to prevent the recurrence of the
disease after periodontal treatment, it is important to
establish the efficient methods for prediction. Recently,
many researchers have reported that chronic period-
ontitis resulting from persistent low-grade infection of
Gram-negative bacteria is associated with increased
atherosclerosis, diabetes mellitus, and other systemic
diseases disseminated through blood stream (4,5).

© 2010 Wiley-Liss, Inc.

Therefore, as the infection control is very important
for general health, it should be evaluated by appropriate
laboratory clinical tests focused on microbial infection.
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The microbiological examinations for periodontitis
have been available to dental clinicians since the end of
the 1980s (6). It has been generally accepted that
infection with periodontal bacteria leads to humoral
immunological responses and elevates the levels of
serum IgG antibody to the bacteria (7,8). There are
various reports regarding the usefulness of the serum
IgG antibody titer against periodontal bacteria to
evaluate the treatment effects for periodontitis (9,10).
As serum IgG antibody levels correspond to the amount
of periodontal bacteria, the effects of treatments focused
on eclimination of bacteria could be evaluated by
decrease of serum IgG titer to the pathogens.

Supportive periodontal therapy (SPT) is an integral
part of periodontal treatment, and is essential to prevent
the recurrence of the disease in susceptible individuals,
because periodontitis is frequently recurrent even after
the intensive treatment (11). In general, clinically,
several risk factors for the susceptibility of periodontitis
recurrence are evaluated during the SPT phase, includ-
ing: (i) the prevalence of residual periodontal pockets,
(i1) tooth loss, (iii) the systemic conditions in each
patient, and (iv) environmental or behavioral factors
such as smoking (12). Basically, these factors should be
considered and evaluated together for prognosis of
periodontitis recurrence. Determining the risk for
periodontitis recurrence during SPT phase would help
the clinician to customize the frequency and contents of
SPT wvisits. As chronic periodontitis is an infectious
disease, it is important to evaluate the infection levels of
periodontal pathogens. However, the current test for
evaluating the level during SPT phase is not clinically
useful, so establishment of convenient diagnosis system
for the prognosis of periodontitis recurrence is needed.

In this study, we propose a new method for the
prognosis of periodontitis recurrence during SPT phase
using measurements of serum IgG antibody titer against
periodontal pathogens. To show the clinical usefulness
of serum IgG antibody titer for prognosis of the disease,
we analyzed the relationship of several clinical data and
serum IgG antibody titer to periodontitis recurrence
during SPT. This examination will help to identify the
most appropriate approach to SPT for individual
patients to prevent the periodontitis recurrence. We
believe our approach contributes to promotion of
general health in the future.

MATERIALS AND METHODS
Study Population

The subjects included 139 (male: 34, female: 105,
average age: 61.4+410.4) chronic periodontitis patients at
the Department of Periodontics and Endodontics,
Okayama University Hospital of Medicine and Dentistry.

J. Clin. Lab. Anal.

The patients received intensive periodontal treatment
followed by SPT for more than 1 year.

Informed consent was obtained from each subject,
and the protocol for the evaluation of serum IgG titer
has been approved by the institutional review board.
The intensive periodontal treatment include scaling,
root planning, under infiltration anesthesia, and period-
ontal surgeries at one or more sites. SPT procedures
included re-motivation, plaque control guidance, scaling
and root planning, and removal of local environmental
factors at intervals of a few months. Patients with
systemic diseases such as diabetes were excluded from
this study because of the elevated risk factors for
periodontal diseases. A detailed breakdown of the
criteria for inclusion and exclusion in this study is
presented below.

Inclusion Criteria

—_

. Adult patients with chronic periodontitis.

2. Patients with chronic periodontitis, treated by means
of scaling and root planning and/or periodontal
surgery, and in SPT phase for at least 1 year.

3. Patients systemically healthy, and without relevant

chronic medication intake.

Exclusion Criteria

1. Pregnant women or in lactation.

2. Systemic antibiotic intake. Frequent use of anti-

inflammatory drugs.

Patients with systemic diseases.

Three or more periodontal pockets with >6 mm

5. Additionally, other habits, such as smoking, were
recorded by a directed interview, as well as any
relevant systemic condition or medication intake.

s

Preparation of Bacterial Antigens

Ultrasonic extract antigens were used for antigen
samples of periodontal bacteria. The bacteria were
allowed to reach maturity in pure cultures, using agar
plate and liquid media, and diluted with phosphate-
buffered saline solution (PBS). After the bacterial cells
were sonicated to destroy cellular membranes, each
bacterial solution sonicated were centrifuged at 12,000g
for 20 min to obtain the supernatants. These bacteria
included: Aggregatibacter actinomycetemcomitans Y4,
A. actinomycetemcomitans ATCC29523, A. actinomyce-
temcomitans SUNY67, Capnocytophaga ochracea S3,
FEikenerra corrodens FDC1073, Fusobacterium nucleatum
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P. intermedia ATCC25611, Porphyromonas gingivalis
FDC381, P. gingivalis SU63, Treponem denticola
ATCC35405, and Campylobacter rectus ATCC33238.

Measurement of the Serum IgG Antibody Titer
to Periodontal Bacteria

The levels of serum IgG antibody titer against
periodontal bacteria were measured before transition
to SPT phase, and once or twice a year during SPT
phase.

The amount of serum IgG that bound to each
pathogenic bacteria antigen causing periodontitis was
measured by ELISA as described previously (8). Briefly,
each antigen was diluted to 10pg/ml with 0.1 M
carbonate buffer (pH 9.6). A portion of this diluted
solution (100 ul) was then added to each well in a flat-
bottomed microtiter plate (Greiner Co., Ltd., Frick-
enhausen, Germany) and the plate was stored overnight
at 4°C. Each well with immobilized antigen was washed
three times with PBS (pH 7.4) containing 0.05% Tween-
20 (PBST). Subsequently, a diluted serum sample
(3,100-fold dilution with PBST) was added to each well.
After incubation at 37°C for 2 hr, each well was washed
three times with PBST and bound/free (B/F) separation
was carried out. Next, a 100 ul portion of 1:5,000 diluted
alkaline phosphatase-conjugated goat antihuman IgG
(Jackson Immuno Research Laboratories, Inc., Balti-
more, MD) was added to each well. After incubation at
37°C for 2h, each well was washed three times with
PBST and B/F separation was carried out. Thereafter,
50 ul of p-nitrophenyl phosphate (Wako Pure Chemical
Industries, Ltd., Osaka, Japan) adjusted to 1 mg/ml with
10% diethanolamine buffer (pH 9.8) was added to each
well as substrate. The plate was then incubated at room
temperature for 10-20 min. The enzymatic reaction was
terminated by adding 50 ul of 3N NaOH and optical
density (measurement at 405 nm; reference at 490 nm)
was measured in a Micro ELISA Auto Reader (Bio-Rad
Laboratories, Hercules, CA).

The sera from ten healthy subjects (age: 20-29 yr)
were pooled and used as the calibrator of analysis.
Using serial dilutions (1:12.5, 1:50, 1:200, 1:800, 1:3,200,
1:12,800, and 1:51,200) of this pooled control plasma,
standard titration curves were prepared. The absorbance
of each sample after reaction was defined as ELISA unit
(EU), so that 100 EU corresponds to 1:3,200 dilution of
the calibrator sample. For clinical use, the following
formula was applied to the EU to calculate the
diagnostic standardized value: standardized va-
lue = (IgG titer of patient—mean IgG titer of healthy
subjects)/2 standard deviation (SD) determined by mean
IgG titer of ten healthy subjects.

At 2 years during SPT after periodontal healing,
subjects were classified into a ““Recurrence group” (with
recurrence or progression of periodontitis) and a ““Stable
group” (without recurrence or progression of period-
ontal disecase) for a case—control study (Fig. 1A).
Patients with three or more deepening periodontal
pockets with a depth of 3mm or more after the
transition to SPT phase were judged to be “with
periodontitis recurrence or progression,” based on the
report of Levine et al. (13). Trained dentists performed
the examination of clinical findings (age, number of
teeth, plaque control record (PCR), bleeding on probing
(BOP), and periodontal pocket depth by pocket prob-
ing), and a supervisory doctor checked it so that there
was no difference in technique among attending dentists.
PCR was examined using O’Leary plaque index (14).
Significant differences between each group were ana-
lyzed by Mann—Whitney U-test.

Secondly, subjects were classified into “High IgG
titer” and “Normal IgG titer” group in serum IgG
antibody titer against periodontal bacteria at the

Intensive
periodontal
therapy
| ] L] il
First vist SF’T‘(start) SPT 2 years)

F Y

(Stable (N=112)

Recurrence (N=27)
= 4+

Clinical findings

Serum |gG titer

F

analysis examined by trained dentists
B Intensive
periodontal
therapy SPT (2 years)
n | Ll
First wist SPT (start)
High 19G titer M| Ratio of
Mormal lgG titer p|| recurrence
4 - ;
depends on analysis

periodontal bacteria

Fig. 1.  Experimental protocol (A) A case—control study. At 2 years
during SPT after intensive periodontal treatment, subjects were
classified into a “‘Recurrence group” (with recurrence or progression
of periodontitis, N = 112) and a ““Stable group” (without recurrence or
progression of periodontal disease, N =27). Significant differences
between each group were analyzed by Mann-Whitney U-test. (B)
A cohort study. At the beginning of the SPT phase, subjects were
classified into “High serum IgG titer” and “Normal serum IgG titer”
group in each strain of periodontal bacteria. Significant differences of
periodontitis recurrence ratio within 2 years after intensive periodontal
treatment between each group were analyzed by Pearson’s x° test.
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beginning of the SPT phase for a cohort study (Fig. 1B).
Patients exhibiting IgG antibody titer levels significantly
(>20) above the average among healthy volunteers are
defined as having high-level serum IgG antibody titer
against periodonopathic bacteria. Significant differences
of periodontitis recurrence ratio between each group
were analyzed by Pearson’s x° test.

For statistical analysis, computer software Statview
5.0 (Abacus Concepts, Inc., Berkeley, CA) was used.

RESULTS
Clinical Findings of Patients Before SPT Phase

Chronic periodontitis of all patients were treated by
intensive periodontal treatment. The healing was eval-
uated by trained dentists using routine periodontal
examination methods (periodontal pocket depth, BOP,
and X-ray). A total of 139 patients during SPT phase
were analyzed for case—control study (Stable group: 112,
Recurrence group: 27). Clinical findings of patients
before SPT phase are summarized in Table 1. There
were no significant differences between the stable and
recurrence group in the score of their PCR, BOP, and
even averaged probing pocket depth. On the other hand,
there were significant differences between the stable and
recurrence groups in their age and number of teeth (age,
P =0.026: number of teeth, P =0.025: Mann—Whitney
U-test).

Statistical Differences Between the Stable and
Recurrence Group in Serum IgG Antibody Titer
Before Transition to SPT Phase

In 12 strains from 8 bacterial species, average of serum
IgG antibody titer against all of periodontal bacteria
before transition to SPT phase in the recurrence group
was higher than that of the stable group (Fig. 2).
Especially, the levels of serum IgG antibody titer to
several periodontal bacteria were statistically higher in
the recurrence group than that of the stable group before
transition to SPT phase (A. actinomycetemcomitans Y4,

TABLE 1. Clinical Findings at the Beginning of SPT Phase

P=0.020: E. corrodens ATCCI1073, P =0.040:
P. gingivalis SU63, P = 0.020: C. rectus ATCC33238, P =
0.025: Mann—Whitney U-test). The serum IgG antibody
titer against T. denticola ATCC35405 was also clearly
higher in the recurrence group than in the stable group
(P =0.081: Mann—Whitney U-test) before transition to
SPT phase.

Statistical Differences Between the High and
Normal Serum IgG Titer Group in Periodontitis
Recurrence

In a cohort study, the patients were categorized into
two groups according to their serum IgG antibody titer
levels associated with the eight known periodontal
bacteria. In the “normal” group, the level of serum
IgG antibody titer was observed to be lower than 1.0
against each type of bacteria at the beginning of the SPT
phase. In the “high” group, the level of serum IgG
antibody titer exceeds 1.0 against periodontal bacteria.
As shown in Table 2, importantly, we found that there
were no significant differences between the Normal and
High serum IgG antibody titer group in all clinical
findings. From these clinical data, we confirmed to
become healthy clinically in both groups by active
periodontal treatment. Furthermore, we observed the
tendency that the recurrence ratio of the high serum IgG
titer group was higher than that of the normal group
(Normal group: 14.9-19.0 %, High group: 20.5-36.8 %).
Especially, the recurrence ratio of the high IgG titer group
to three obligate anaerobic bacteria was statistically
higher than that of the normal titer group (P. intermedia
ATCC25611, P=0.021; T. denticola ATCC35405,
P=0.039; C. rectus ATCC33238, P =0.048: Pearson’s
x* test). In addition, the recurrence ratio of the high titer
group against P. gingivalis SU63 was higher than that of
the normal titer group, although there was no statistical
difference (P = 0.083: Pearson’s % test). Furthermore, we
examined the combined recurrence ratio in high IgG
antibody titer against 12 periodontal bacteria, and the
periodontitis recurrence ratio of the high titer group was

Stable group (N = 112) Recurrence group (N = 27) P-value
Age (yr) 60.2+10.6 67.0+8 1 0.026™*
Number of teeth 22.04+6.3 17.24+82 0.025
PCR (%) 21.5+15.1 22.44+13.0 0.775
BOP (%) 11.3+11.0 13.9+87 0.224
Pocket depth (mm) 2.30+0.3 2.50+0 5 0.158
SPT period (month) 489+124 51.8+12.5 0.362

Clinical findings excluding SPT period were examined at the beginning of SPT phase. PCR, Plaque control record; BOP, Bleeding on probing.
*Significant difference (P<0.05, Mann-Whitney U-test) between stable and recurrence group. Values represent the mean + standard deviation

(SD).
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The levels of serum IgG antibody titer against 12 periodontal bacteria. The significant differences between ““Stable” and “Recurrence”

group were analyzed using the Mann—Whitney U-test. Each dot represents an individual data tested by ELISA assay. The Y-axis (IgG Titer) in
each panel denotes the value determined as (serum IgG titer tested by ELISA)—(mean titer calculated using that of healthy subjects)/(2 SD
calculated using that of healthy subjects) as described in Materials and Methods section. Ave, average of IgG Titer: each data have calculated and
shown as average+SD. *P<0.05. Aa, A. actinomycetemcomitans; Co, C. ochracea; Ec, E. corrodens; Fn, F. nucleatum; Pi, P. intermedia; Pg, P.

gingivalis; Td, T. denticola; Cr, C. rectus.

greater than that of the normal titer group (High titer
group: 21.6 % (N=97), Normal titer group: 14.3%
(N =42), P=0.339, Pearson’s ° test).

DISCUSSION

Periodontal disease is a common chronic infection

caused by Gram-negative bacteria such as P. gingivalis

and P. intermedia (1). Recurrence of periodontitis may

lead to poor oral health, and result in tooth loss.
Therefore, in order to prevent the recurrence of the
disease after periodontal treatment, it is important to
establish the efficient methods for patients. Recently,

epidemiological research provides strong evidence that
periodontitis is a risk factor for systemic diseases such as
cardiovascular disease (5,6). A number of studies have
reported that periodontal infection would be a risk
factor for progression of myocardial infarction and
stroke (15,16). Therefore, persistent low-grade infection
by chronic periodontitis is also a focus for physicians.
This study is a part of our ongoing efforts to elucidate
the clinical usefulness of serum IgG antibody titer to
periodontal bacteria. In general, it is well recognized

- 15

that periodontitis is a multifactorial disease (17-19). For
example, a young patient developing periodontitis might
be most likely a carrier of one or more genetic factors.
Patients may also have one or more chronic systemic
diseases associated with an increased risk for period-
ontitis. Therefore, it is difficult to identify the factors
contributing to the onset, progression, and the recur-
rence of periodontitis following periodontal therapy.
Good control of supragingival plaque is important to
prevent the periodontitis recurrence in SPT phase, after
intensive periodontal treatment. However, our results
have shown that the predictive value of routine period-
ontal parameters (PCR, BOP, and pocket probing depth)
is relatively low (Table 1). Periodontal examinations we
performed routinely did not provide clear predictions for
the recurrence of periodontitis. This is not unexpected
because routine periodontal examinations such as BOP
and pocket probing depth primarily indicate the past
reaction to inflamed periodontal tissue. As shown in
Table 1, among the factors relating to the periodontitis
recurrence during SPT phase, we found age of patients is
one of the risk factors in the recurrence. With age,
metabolism, restoration ability, and preventive ability of

J. Clin. Lab. Anal.

5_

o

55

57

59

61

63

65

67

69

71

73

75

77

79

81

83

85

87

89

91

93

95

97

99

101

103

105

107




| —o—

” Journal: JCLA @ Disk used Article : 09-177 Pages: 8 Despatch Date: 31/3/2010

6 Sugi et al.
1  TABLE 2. Clinical Findings After Periodontitis Treatment and Reccurrence Ratio During SPT 55
3 Strains Examination Normal laG titer High IgG titer P-value 57
Facultative anaerobic Aa Y4 Patients number 104 35
5 Age (yr) 60.1+10.7 64.0+9.2 0.16 59
Number of teeth 21.8 20 0.17
7 PCR (%) 21.3 25.7 0.47 61
BOP (%) 11.7 14.4 0.51
Pocket depth (mm) 2.32 2.29 0.66
9 Serum IgG Ab. Titer 0.079 2.51 <0.0001 63
Recurrence ratio (%) 17.3 25.7 0.28
11 Aa ATCC29523 Patients number 107 35 65
Age (yr) 61.2+10.6 61.5+10.3 0.92
Number of teeth 222 19.2 0.085
13 PCR (%) 2.7 216 0.54 67
BOP (%) 124 124 0.79
15 Pocket depth (mm) 2.28 2.41 0.39 69
Serum IgG Ab. Titer 0.11 2.69 <0.0001
17 Recurrence ratio (%) 16.8 28.1 0.16 71
Ec FDC1073 Patients number 82 57
Age (yr) 60.8+10.4 61.6+10.5 0.69
19 Number of teeth 22.1 20.2 0.064 73
PCR (%) 23.1 21.6 0.41
21 BOP (%) 124 12.2 0.63 75
Pocket depth (mm) 2.31 2.33 0.89
Serum IgG Ab. Titer 0.11 2.64 <0.0001
23 Recurrence ratio (%) 15.9 24.6 0.21 71
Obligate anaerobic Pi ATCC25611* Patients number 115 24
25 Age (yr) 61.3+10.1 61.1+12.5 0.93 79
Number of teeth 21.6 20.2 0.49
27 PCR (%) 22.3 23.3 0.84 81
BOP (%) 12.2 13.7 0.51
Pocket depth (mm) 2.31 2.39 0.24
29 Serum IgG Ab. Titer 0.02 2.07 <0.0001 83
Recurrence ratio (%) 15.8 36.1 0.021
31 Pg FDC381 Patients number 100 39 85
Age (yr) 61.7+10.5 60.1+10.5 0.56
Number of teeth 21.8 20.2 0.43
33 PCR (%) 23.1 213 0.39 87
BOP (%) 12.4 12.4 0.99
35 Pocket depth (mm) 2.29 2.38 0.59 89
Serum IgG Ab. Titer 0.14 3.14 <0.0001
37 Recurrence ratio (%) 19.1 20.5 0.84 91
Pg SU63 Patients number 113 26
Age (yr) 61.8+10.6 57.849.3 0.18
39 Number of teeth 21.2 22.1 0.99 93
PCR (%) 24.2 12.4 0.29
41 BOP (%) 13.1 9.1 0.15 95
Pocket depth (mm) 2.31 2.33 0.95
Serum IgG Ab. Titer 0.004 3.13 <0.0001
43 Recurrence ratio (%) 16.8 36.1 0.083 97
Td ATCC35405* Patients number 120 19
45 Age (yr) 61.1+10.2 61.3+12.3 0.88 99
Number of teeth 21.8 18.8 0.14
PCR (%) 23.3 17.8 0.24
47 BOP (%) 12.7 10.4 0.67 101
Pocket depth (mm) 2.33 2.23 0.22
49 Serum IgG Ab. Titer 0.21 2.31 <0.0001 103
Recurrence ratio (%) 16.7 36.8 0.039
51 Cr ATCC33238* Patients number 100 39 105
Age (yr) 61.5+10.1 60.6+11.4 0.79
Number of teeth 22.1 19.9 0.22
53 PCR (%) 2.1 233 0.76 107
J. Clin. Lab. Anal.
- 156 —

| o




11

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

43

45

47

49

51

53

——

” Journal: JCLA @ Disk used Article : 09-177 Pages: 8 Despatch Date: 31/3/2010
Prognosis of Periodontitis Recurrence 7
TABLE 2. Continued
Strains Examination Normal 1aG titer High IgG titer P-value

BOP (%) 11.8 13.6 0.65

Pocket depth (mm) 2.26 2.42 0.13

Serum IgG Ab. Titer 0.02 3.67 <0.0001

Recurrence ratio (%) 14.9 29.7 0.048

Data were analyzed by Mann—Whitney U-test for clinical findings and Pearson’s  test for Recurrence ratio between “Normal” and “High” 1gG
titer group. *, P<0.05: The recurrence ratio in “High” IgG Titer group is significantly higher. Aa, A. actinomycetemcomitans; Ec, E. corrodens,

Pi, P. intermedia; Pg, P. gingivalis; Td, T. denticola; Cr, C. rectus.

periodontal tissue cells are reduced irreversibly. There-
fore, the risk of periodontitis recurrence might increase
with the age of patients indirectly.

There have been reports that measurement of serum
IgG antibody titer was useful for diagnosing period-
ontitis or judging the treatment effects (15). However,
during the SPT phase following active periodontal
treatment, the usefulness of the levels of serum IgG
antibody titer was still unknown. We have proposed a
new insight for the prognosis of periodontitis recurrence
during SPT phase using serum IgG antibody titer. In
this study, we analyzed the usefulness of the levels of
serum IgG antibody titer in predicting the recurrence of
periodontitis during SPT phase by multiple classification
analysis. We used sonic extracts of whole bacterial cells
as antigens for ELISA. As the bacterial antigens include
various components, mainly protein, lipopolysaccharide
(LPS), and DNA, the serum IgG antibody titer against
periodontal bacteria reflects total results of antibody
responses (8).

Periodontitis is a bacterial infectious disease (17). The
humoral responses against bacteria are largely different
among individuals. The immunological response against
specific bacteria should be clinically useful for evaluating
the risk of periodontitis recurrence. Figure 2 shows the
levels of serum IgG antibody titer against 12 periodontal
bacteria before transition to SPT phase in the stable and
recurrence group. Interestingly, although the levels of
serum IgG antibody titer against all periodontal bacteria
were variable, we found that the serum IgG antibody titer
against several bacteria (A. actinomycetemcomitans Y4,
E. corrodens ATCCI1073, P. gingivalis SU63, and C. rectus
ATCC33238) was significantly higher within the recur-
rence group than the stable group when in transition to
SPT phase. These findings indicate that serum IgG
antibody titer might be useful clinically as a diagnostic
marker of periodontitis recurrence during SPT phase.

From another viewpoint, we examined the differences
of the periodontitis recurrence ratio between the high
and normal serum IgG antibody titer group when
transition to SPT as a companion study. Interestingly,
we observed the tendency that the recurrence ratio of the

high serum IgG titer group was higher than that of the
normal group as shown in Table 2. Especially, we found
the recurrence ratio of the high titer group against
several periodontal bacteria (P. intermedia ATCC25611,
T. denticola ATCC35405, and C. rectus ATCC33238)
was statistically higher than that of the normal titer
group. Furthermore, we examined the combined recur-
rence ratio in high IgG antibody titer against 12
periodontal bacteria. Interestingly, we found that the
periodontitis recurrence ratio of the high titer group was
greater than that of the normal titer group. The
combined periodontal bacteria might provide an effec-
tive clinical prognosis of periodontitis recurrence. Our
findings indicate that the serum IgG antibody titer
might be useful as a predicting marker of periodontitis
recurrence during SPT phase. Also, Tolo et al. reported
that the level of serum IgG antibody titer against
P. gingivalis increases before absorption of alveolar bone,
and could predict the progression of periodontitis (20).
This report supports our concept.

According to recent studies, chronic periodontitis,
persistent low-grade infection of Gram-negative bacter-
ia, is associated with increased atherosclerosis, heart
disease, diabetes mellitus, and other systemic diseases
through the blood stream (4,5,21). So poor oral health
may have profound effect on general health; therefore, it
1S important to prevent the recurrence of periodontitis
for health promotion practice.

We believe that SPT is effective for preventing the
recurrence of periodontitis. In this study, we wanted to
find the primary risk factors of periodontitis recurrence
in patients after periodontal treatment. From multiple
classification analysis on clinical findings and serum IgG
antibody titers before transition to SPT phase, we
elucidated the predictive markers for the recurrence of
periodontitis in view of humoral immune responses to
periodontal infection. We propose the attention should
be focused on the levels of serum IgG antibody to
periodontal bacteria when transition to SPT phase. Our
findings show that elevated serum IgG antibody titer is
an important marker to predict the periodontitis
recurrence during the transition to SPT phase.
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