8 Breath odors and odor emission sources (Hayashida et al.)

PC 2. Unexpectedly, however, in this study, the
nearest odor to BR was DE, and the farthest odor
was TC.

This relation between the odors may be caused
by characteristic of the denture. The subjects in
this study were elderly persons (over 70 years
old). It is reported by Hoad-Reddick ™ that only
40% of the dentures of the elderly are properly
cleaned. In this stu.dy‘ the subjects’ denture
hygiene was not assessed, but they may have not
cleaned their dentures properly. It is recommend-
ed that dentures should be cleaned mechanically
and to use denture cleaner after mechanical clean-
ing. But even though dentures are cleaned prop-
erly, the sterilization of dentures are effective in
only few denture cleaners .

Tanaka " reported that the responses of the e-
nose, which was the same type as that used in
this study had positive correlations with age,
smoking habits, pocket depth, tongue coating sta-
tus, and plaque score. VSC concentrations of the
breath showed positive correlations with only
tongue coating status and-plaque score. Tanaka's
findings indicate that the e-nose is capable of
detecting of not only VSC but also other gases. It
is suggested that gases beside VSC may affect the
similarity of BR and DE, which comes from the
PC 1 result.

Previous findings show that tongue coating is
the main cause of breath odor*™", However,
there have been no reports referring to the char-
acteristics of BR and TC due to a lack of an objec-
tive method for discriminating the odor character-
istics. Moreover, odor characteristics determined
by human judges may lack objectivity, and the
outcome of the organoleptic judgment may not be
reproducible.

This electronic nose system is regarded as the
objective method for discriminating odor charac-
teristics. In spite of the previous reports that BR
and TC are similar, the results of PCA and of one-

way ANOVA clearly separated the two odors.

From the present results, it cast doubt on the
view that the tongue coat is the main cause of
breath odor in the elderly patients. In previous
studies '"', the age distribution of the subjects
tends to be younger than the subjects in this
study. The results of this study do not contradict
the fact that the tongue coat is the main cause of
breath odor in the younger population. However,
in the elderly. denture odor can be assumed to

have a closer relation to breath odor.

Conclusion
The tongue coat odor, previously named as the
main cause of breath odor, had no similar charac-
teristics to breath odor. In the elderly, odor from
the denture could be insisted to have a closer rela-

tion to breath odor.
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Abstract

For humoral immunization, it may be possible to make effective and safe peptide vaccines for various diseases by selection of proper
B-cell epitopes. However, a lack of T-cell epitopes on short peptides, such as those associated with major histocompatibility complex (MHC)-
restriction, is a major problem for peptide vaccine development. We propose a solution for the design of peptide vaccines that involves
induction of broadly reactive T-cell epitopes via agretopes. The strategy involves positioning multi-agretope type peptides on the N-terminal
side of a di-lysine linker and B-cell epitopes on the C-terminal side. The addition of the arginine—glysine-aspartate (RGD)-motif to the N
terminus of the peptide enhances its immunogenicity, and enables nasal immunization without adjuvants.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The advantage of a peptide vaccine is that it can induce
immune responses to a specific sequence of amino acids.
However, the vaccine peptide must contain at least one major
histocompatibility complex (MHC) binding motif (agretope)
as an antigen, since antigens are presented by the immune
system as a short peptide that binds to the MHC. Subse-
quently, the T-cell receptors recognize the peptide as a T-cell
epitope on the MHC molecules [1-3]. For a humoral immune
response, a peptide must have B-cell epitopes to induce spe-
cific antibodies and at least one agretope/T-cell epitope for
presentation by MHC class II (MHC-II) molecules [1-3].
However, there are over 10 haplotypes of MHC-II in human
[1] and the agretopes are different for each haplotype. The
MHC-restriction is the most critical impediment to the de-
velopment of peptide vaccines.

A peptide vaccine has another disadvantage. The weak
antigenicity of peptide vaccines dictates a need for use of

* Corresponding author. Tel.: +81 48 458 6286; fax: +81 48 458 6288.
E-mail address: akiray @niph.go.jp {A. Yano).

0264-410X/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2005.01.031

strong adjuvants, such as Freund’s, for induction of antibod-
ies. Several approaches, such as liposome capsulation [4],
MAPs [5], and lipopeptides [6] have been used to elimi-
nate the need for strong adjuvants. We have introduced the
arginine—glysine—aspartate (RGD)-motif into peptide anti-
gens. The RGD-motif is the most representative cell attach-
ment motif seems to enhance the binding of peptides to spe-
cific receptors. Antigenicity of the peptides was enhanced
and nasal immunization by peptides was successful without
adjuvants [7].

We have proposed a design for peptide vaccines that con-
tain the RGD-motif, and the lysine linker (-KK-) that joins
two peptides [7,8]. The lysine linker is the target sequence
of the lyzosomal protease, cathepsin B, which is one of the
important proteases for antigen processing in the context of
MHC-II antigen presentation [2]. When two peptide antigens
are joined with -KK-, we can avoid induction of antibodies to
the amino acid sequence that is generated by joining of two
peptides and most antibodies are reactive to each peptide [8].
In our previous report, we have noticed a bias between the
peptides, depending upon whether they are on the N- or C-
terminal side of -KK- for induction of antibodies [7]. In this
study, we have investigated the reason for this bias and pro-
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pose the use of the bias as a solution to the MHC-restriction
problem.

2. Materials and methods
2.1. Peptide synthesis

All peptides used in this study were synthesized by a step-
wise solid-phase procedure as described previously [7]. Pep-
tides were verified by MALDI-TOF/MS (Voyager-DETMS
TR work station: Applied Biosystems Foster City, CA) when
necessary. The single-letter universally accepted notation for
amino acids is used throughout the text.

2.2. Immunizations

BALB/c,B10.D2,B10.5,B10.A, and C3H/HeJ mice were
obtained from Japan SLC Inc. (Shizuoka, Japan) and were
used at 6 weeks of age to begin the immunization in all ex-
periments. Groups of four to six mice were immunized in-
tranasally with 50 ug of a peptide, either with or without
1 g of cholera toxin (CT: Sigma-Aldrich, Missouri). A mi-
cropipettor was used to gently instill 4 pL of immunogen-
containing saline solution into the nasal cavities of each
mouse (2 pL into each nasal orifice). Two identical booster
doses were given at 2-week intervals.

One group of mice was primed subcutaneously with
100 wg of peptides in 100 pL phosphate-buffered saline
(PBS) either with or without 100 pL Freund’s incomplete
adjuvants (FIA: Pierce and Endogen: Funakoshi Co. Ltd.,
Tokyo, Japan). The same subcutaneous booster dose was
given at 2-week intervals.

HA vaccine (split-product virus vaccine) was prepared
from influenza virus A/PR/8/34 (A/PR8, HIN1) according
to the method of Davenport et al. [9] at the Kitasato Institute
(Saitama, Japan). Groups of BALB/c mice were intranasally
immunized 1 p.g of HA vaccine with 1 g of peptide or 1 pg
of CT. Four booster doses were given at 2-week intervals.

One week after the last booster dose, animals were bled
and serum samples were prepared from clotted blood by cen-
trifugation and stored individually with Complete™ pro-
tease inhibitor cocktail (Roche Diagnostics Japan, Tokyo)
and 0.05% (w/v) of sodium azide.

2.3. ELISA assays

Protein antigens used for ELISA were BSA, OVA, and
PAc. Recombinant PAc was isolated from Streptococcus mu-
tans TK18 as described previously [10]. For the ELISA, 96-
well microtiter H-plates (Sumitomo Bakelite, Tokyo, Japan)
were coated with 2 pg/well peptide or 1 pg/well protein anti-
gen in 100 L of 50 mM carbonate buffer pH 9.6 and held
overnight at 4°C. All assays were performed with alka-
line phosphatase and p-nitrophenyl phosphate systems as de-
scribed previously [7]. The ODa4gs_s20 was measured using

a microtiter plate reader (Multiskan BICHROMATIC, La-
bosystem, Helsinki, Finland). The ELISA antibody titer was
expressed as the reciprocal of the highest dilution giving an
OD405-620 of 0.1 unit above that of the control wells without
antigen.

3. Results and discussion
3.1. Investigation of B-cell epitopes

SmU, with the amino acid sequence TYEAALKQ-
YEADL, is a minimum peptide antigen (PAc365-377) for
the induction of antibodies that cross react with the cell sur-
face protein antigen of S. mutans [10]. SmU has both a strong
B-cell epitope and the helper T-cell epitope for H-2¢ hap-
lotype mice, but lacks the T-cell epitope for H-2% haplotype
[11]. OVApis apeptide antigen (OVA323-336: ISQAVHAA-
HAEINE) for induction of antibodies that are cross-reactive
to ovoalbumin, which has strong epitopes for both B- and the
T-cells of H-2¢ haplotype mice [11]. To investigate the posi-
tion bias of the peptide containing lysine linker, we synthe-
sized the long peptides, SmU-KK-OVAp, OVAp-KK-SmU,
RGD-SmU-KK-OVAp and RGD-OVAp-KK-SmU. We im-
munized mice both nasally and subcutaneously with the pep-
tides, either with or without FIA. The serum titers to peptide
antigens, PAc and OVA are shown in Fig. 1. In all cases, both
SmU and OVAp were good antigens for BALB/c mice (H-
29) and induced antibodies cross-reactive to PAc and OVA.
When we focused on SmU, it was unclear whether the N- or
C-terminal side of -KK- linker was the more favorable po-
sition for induction of antibodies to PAc. This was also true
for OVAp. When the RGD-motif was added to the peptides

100 105 106 107
RGD-SmU-KK-OVAp (e -
RGD-OVAp-KK-sm [P
RGD-SmU-KK-OvAp [P 2% b lee

OVAp-KK-SmU '
sk ovay [P A c A

anti-OVA B2 anti-peptide O anti-PAc

Fig. . Serum titres induced by intranasal and subcutaneous immunization
with peptides. BALB/c mice were intranasally (LN.) immunized with 50 pg
of RGD added peptides, followed by two booster doses at two-week intervals.
One hundred micrograms of peptide with FIA was used for subcutaneous
(8.C.) immunization and immunization with RGD added peptides without
adjuvant was followed by a booster dose given at a two-week interval. One
week after the last booster dose, serum samples were collected and serum
antibody titres were determined by ELISA. Average serum titers are shown
for anti-OVA (hatched-box), anti-peptide antigen (grey-box) and anti-PAc
(open box) with SD bars for each group.
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and used for nasal immunization, SmU was a stronger anti-
gen than OVAp, independent of its position. Those results
clearly indicated that if both peptides, placed either on the
N- or C-terminal side of -KK- linker, were strong enough as
helper T-cell epitopes, antibody titers were dependent upon
the strength of B-cell epitopes.

3.2. The position of T-cell epitopes and MHC-restriction

The effects of both the position and the strength of T-
cell epitopes in the peptide, including the lysine linker, were
examined. During the screening of SmU from the PAc, we
had analyzed B- and T-cell epitopes of several peptides.
PAc305-318 (NEADYQAKLTAYQT) has weaker B- and T-
cell epitopes for H-2¢ mice than SmU. However, unlike SmU,
it has T-cell epitopes for H-2° mice [11]. We have synthesized
two peptides, SmU-KK-PAc305-318 and PAc305-318-KK-
SmU that were used with FIA to subcutaneously immunize
B10.D2 (H-2%) and B10.S (H-2°%) mice (Fig. 2). B10.D2 mice
responded with antibodies to both PAc305-318 and SmU in
response to both peptides. SmU is a stronger B-cell epitope
than PAc305-318, since anti-SmU titers are always higher
than those of anti-PAc305-318. When we investigated the
importance of the peptide position on either the N- or C-
terminal side of the linker, the C-terminal position was best
for induction of antibodies. B10.S mice produced antibodies
only to the PAc305-318-KK-SmU. In this case, T-cell epi-
topes for H-2° haplotype mice existed only on PAc305-318.
Thus, we could conclude that T-cell epitopes should be placed
on the N-terminal side of -KK- linker. The cause of this phe-
nomenon is not clear. There may be molecular mechanisms
that preferentially achieve MHC-II loading of peptides that
are placed on the N-terminal side of the lyzosomal digestion
site. Since SmU lacks T-cell epitopes for H-2° haplotype,
B10.S mice could not produce antibodies by immunization
with SmU alone. However, we were able to induce antibod-
ies to SmU by immunization with PAc305-318-KK-SmU.

108
SmU-KK-PAGasns B2
, : . : B10.02
722 ‘ : :
PACaosas -KK-SmU Bl i " !
1] 1
: : : :
SmU-KK-PACxs-m18 [ ! ! I \
) i t 1
' ' ' ' B10.S
@ anti-PAC wsa1s @ anti-peptide (7 anti-SmuU

Fig. 2. Serum titres induced by subcutaneous immunization of peptides.
B10.D2 and B10.S mice after subcutancous immunization using peptides
with FIA followed by a booster dose. Average serum titres are shown for
anti-PAc305-318 (hatched-box), anti-peptide antigen (grey-box) and anti-
SmU (open-box) with SD bars for each group.

This result shows a solution to MHC-restriction and points
to the possibility of developing peptide vaccines for clinical
use.

Thus, T-cell epitopes on the N-terminal side of -KK-
linker were sufficient for induction of the antibodies.
Therefore, if we placed the multi-agretope type peptide,
broadly cross-reactive T-cell epitopes, such as T1 [12],
Gag298-312 (KRWIILGLNKIVRMY)[13], or overlapping
multi-agretope type peptide (OMP: LAVYWELLAKYLL-
DRVQKVA) [7], on the N-terminal side of -KK- linker, we
should be able to develop broadly effective peptide vaccines
for human and verterinary use. However, peptides on the N-
terminal side should not induce antibodies. We examined the
ability of those peptides to induce antibodies by immuniza-
tion of several types of mice. OMP and Gag298-312 with
FIA were used to immunize B10.BR (H-2X), B10.D2 (H-
29), B10.S (H-25), BALB/c (H-2%) and CH3/HeJ (H-2X) mice
and those peptides seemed to have very weak B-cell epitopes
(Fig. 3A). Those peptides are suitable for T-cell epitopes in
our peptide vaccines. We have synthesized peptides for in-
duction of antibodies to SmU (RGD-)OMP-KK-SmU) by
immunization of B10.S mice (Fig. 3B). Intranasal immuniza-
tion with OMP-KK-SmU alone did not induce specific an-
tibodies because of its weak immunogenicity. Immunization
with either RGD-added peptide alone or with CT induced

102 103 104 105

(B)

RGD-OMP-KK-SmUE

CT + OMP-KK-SmU &
[

Zanti-OMP Eanti-peptide Oanti-SmU

Fig. 3. Effect of multi-agretope type peptide on peptide antigens. (A) Each
group of mice was immunized subcutaneously with FIA, followed by a
booster dose, then specific antibody titres were determined by ELISA. Av-
erage titres are shown for anti-OMP (grey-box), and anti-Gag (open-box)
with SD bars for each group. (B) B10.S mice were intranasally immunized
either with or without CT. Average titres are shown for anti-OMP (hatched-
box), anti-peptide antigen (grey-box), and anti-SmU (open-box) with SD
bars for each group.
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antibodies to SmU. OMP served as a T-cell for MHC-1I of
H-2° mice in the same way as PAc305-318.

3.3. Application of the design of peptide vaccines

We have applied our design for peptide vaccines to an in-
fluenza vaccine. Several B-cell epitopes were reported that
are involved in neutralization of the experimental strains
of influenza virus A/PR8, HA1 (VTGLRNIPSIQSR) [14]
and M2 (EVETPIRNEWGCRCNGSSD) [15]. We have syn-
thesized peptide vaccines, RGD-Gag298-312-KK-HA1 and
RGD-Gag298-312-KK-M2. In order to obtain high titer of
antibodies, we immunized several mouse strains (data not
shown) and B10.A was found to be the most reactive strain.
Nasal immunization with peptides was repeated five times
and serum titers were measured (Fig. 4A). In all cases, anti-
HA1 and anti-M2 titers were specifically elevated. When two
peptides were used for immunization at the same time, HA1
was a major antigen and when CT was used as mucosal ad-
juvant, M2 was major. It may be necessary to use additional
approaches for the induction of antibodies to several peptides
at the same time.

(A)

104 105 108

RGD-Gag-KK-HA1 2222

RGD-Gag-KK-M2 |t

RGD-Gag-KK-HA1 777
+RGD-Gag-KK-M2 | &

CT+RGD-Gag-KK-HA1 Gzim—i
+RGD-Gag-KK-M2 2] ‘

control
O anti-Gag
D anti-RGD-Gag-KK-HA1 B anti-RGD-Gag-KK-M2
@ anti-HA1 8 anti-M2
B8 102 103 104 105 108
peptide+HA vaccine F— X
i X X X
CT+HA vaccine f—
HA vaccine | }— | ' :
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control |} : . I
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Fig. 4. Intranasal immunization with influenza vaccines. (A) B10.A mice
were intranasally immunized with HA 1 and M2 peptide vaccines, either with
or without CT. Average titres are shown for anti-Gag (open-box), anti-HA 1
(light grey-box), anti-RGD-Gag-KK-HA1 (hatched light grey-box), anti-M2
(dark grey-box) and anti-RGD-Gag-KK-M2 (hatched dark grey-box with
SD bars for each group. (B) BALB/c mice were intranasally immunized
with influenza HA vaccine (1 pg), with RGD-OMP-KK-OVAp (1 ng), or
CT (1 ng), followed by four booster doses. Average anti-HA vaccine titres
are shown as open-boxes with SD bars for each group.

Our peptide vaccines with the RGD-motif were reported
as being useful adjuvants for nasal immunization [7]. When
soluble proteins, such as BSA or OVA, were used for in-
tranasal immunization with a small amount of RGD peptide
vaccine, antibodies to BSA or OVA were strongly induced.
However, background level antibodies to the RGD peptide
were detected. In Fig. 4B, we have intranasally immunized
mice using HA vaccines either with or without RGD pep-
tide (RGD-OMP-KK-OVAp). The RGD peptide was already
confirmed to be a nasal adjuvant in BALB/c mice [7]. After
a series of five nasal immunizations, serum titers to HA vac-
cine were elevated by addition of the peptide, but the effects
were weaker than when CT was added. In order to develop
clinically useful peptide vaccines and adjuvants, we have to
select for strong B-cell epitopes and develop the methods for
enhancing the adjuvanicity of peptides.

In conclusion, our approach to the design of a peptide vac-
cine enables intranasal immunization without the need for
adjuvant and solves the problem of MHC-restriction. Specif-
ically, the design places the RGD at the N-terminus, a multi-
agretope peptide at the N-terminal side of lysine linker, and
a B-cell epitope at the C-terminus. We suggest that our de-
sign might be universally applicable to the development of
peptide vaccines and adjuvants for intranasal vaccination.
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Clinical assessment of oral malodor intensity expressed as
absolute value using an electronic nose
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OBJECTIVES: In our previous study, scores determined
via a multiple linear regression method (EN-MLR) invol-
ving an electronic nose provided objective halitosis-rela-
ted measurements; however, this model afforded only
relative expression exclusively. The objective of this
investigation was to assess clinically oral malodor inten-
sity expressed as an absolute value using an electronic
nose.

SUBJECTS AND METHODS: Sixty-six subjects were
evaluated based on results of an actual organoleptic test
(OLT), measurements of volatile sulfur compound (VSC)
concentrations, a score representing malodor intensity
(EN-MI) as the absolute value and EN-MLR measured
with an electronic nose system. Oral health parameters
were also examined.

RESULTS: The OLT score served as a benchmarl. The
area under the receiver-operating characteristic (ROC)
plots of EN-MI score (0.975) was significantly larger than
that of log VSC (0.896) (P = 0.036); however, the area did
not differ significantly from that of EN-MLR score (0.932).
Percentage of teeth with pocket depth 24 mm, tongue
coating score and plaque control record displayed
meaningful association with EN-MI score in multiple
logistic regression analyses.

CONCLUSION: Oral malodor intensity expressed as an
absolute value employing an electronic nose may be a
suitable method for clinical evaluation of oral malodor.
Oral Diseases (2005) §1 (Suppl. 1), 35-36

Keywords: oral malodor; clinical assessment; electronic nose;
oral health parameters

Introduction

The two primary methods applicable to clinical analysis
of oral malodor are organoleptic test (OLT) and
instrumental analysis, such as gas chromatography or
use of a portable sulfide monitor (Rosenberg et al,
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1991). However, since both techniques exhibit disad-
vantages, there remains no ideal objective approach for
clinical assessment of the degree of oral malodor
(Rosenberg, 1996). We previously reported that the
scores determined with an electronic nose under top-
note mode, provided objective halitosis-related meas-
urements. However, those data were obtained via the
multiple linear regression method (EN-MLR) and
yielded relative rather than absolute values (Tanaka
et al, 2004a). This investigation attempted to assess
clinically oral malodor intensity expressed as an abso-
lute value utilizing an electronic nose.

Subjects and methods

The subject population consisted of 46 individuals
(mean age, 40.8 years) characterized by odor-judge
ratings of 22.0 and 20 participants (mean age,
41.6 years) with odor-judge ratings of <2.0. Breath
malodor was assessed with an electronic nose. Further-
more, volatile sulfur compound (VSC) measurements
were conducted on a gas chromatograph; additionally,
an OLT was performed.

The FF-1 odor discrimination analyzer (electronic
nose, Shimadzu Ltd, Kyoto, Japan) utilized in the
present study consisted of a preconcentrator, an array of
six metal oxide semiconductor sensors selected for their
distinct sensitivity and selectivity to fragrant substances,
and pattern recognition software. The electronic nose
was calibrated with nine standard gases including
hydrogen sulfide, methylmercaptan, ammonia, trimeth-
ylamine, propionic acid, butylaldehyde, butylacetate,
toluene and heptane (Shimadzu Ltd) before the meas-
urement. The gas sample was introduced into the trap
tube for 30 s, and then the trapped odor was driven to
the sensor section with pure nitrogen. The odor
spectrum was determined for nine categories of gases
in the odor space formed by multiple output signals of
sensors. The malodor intensity of sample gases as an
absolute value was expressed as the vectorial sum of the
malodor intensity of each category of gas (Kita ef al,
2000). The score as a relative value was also obtained via
a multiple linear regression method (Tanaka et al,
2004a). Probing depth was measured at two points
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around each tooth in all subjects and periodontal status
was determined as a percentage of teeth displaying
probing depth of 24 mm. O’Leary’s plaque control
records were also employed to assess oral hygiene status.
In addition, tongue coating scores were determined by
multiplying thickness by area (Tanaka et al, 2003).

Statistical comparisons of EN-MI, EN-MLR score
and VSC level were analyzed using receiver-operating
characteristic (ROC) plots with Rockit 0.9B Beta
Version. Multiple linear regression and logistic regres-
sion analyses served to identify those oral health
variables demonstrating a significant independent effect
on EN-MI scores.

Results

Correlations between actual OLT score and EN-MI,
EN-MLR scores or log total VSC derived from gas
chromatography were examined. These three correlation
coefficients were 0.81, 0.78 and 0.73, respectively. No
meaningful difference was observed among the three
correlation coeflicients. ROC sensitivity-specificity plots
afforded an appropriate protocol for comparison of
EN-MI, EN-MLR scores and log total VSC data for
classification of subjects with or without actual OLT
score 22.0. Area under the ROC plots representing
EN-MI scores (0.975) was markedly larger than that of
log VSC (0.896) (P = 0.036); however, it did not differ
significantly from that of EN-MLR (0.932) (Figure 1).
Logistic regression analyses were conducted which
corresponded to the possibility of placement of subjects
in the upper 25th percentile of EN-MI score distribution
as a dependent variable. Percentage of teeth exhibiting
probing depth of >4 mm, tongue coating score and
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Figure 1 ROC plots comparing EN-MI, EN-MLR and log VSC data
utilized for classification of subjects with or without OLT score of 22.0.
Areas under ROC plots were 0.975 (EN-MI), 0.932 (EN-MLR) and
0.896 (log VSC)

Oral Diseases

plaque control record displayed significant association
with EN-MI scores (odds ratios of 13.0, 7.1 and 28.2,
respectively) (P < 0.05).

Discussion

In the present investigation, EN-MI scores were com-
pared with EN-MLR scores as oral malodor assessment
employing an electronic nose system. The correlation
coefficient between EN-MI score and OLT score
(r =0.81) was nearly identical to that between
EN-MLR and OLT score (r = 0.78). Area under the
ROC curve representing EM-MI score was also similar
to that of EN-MLR; in contrast, it was significantly
larger than that of log VSC. This finding suggests that
EN-MI score determined with the electronic nose
demonstrated a level of accuracy higher than that of
log VSC for classification of subjects with or without
actual OLT score of 22.0.

This study also established that EN-MI scores were
independently correlated with periodontal health status,
tongue coating and supra-gingival plaque accumulation.
These results were consistent with those of EN-MLR
scores (Tanaka et al, 2004a). We also previously repor-
ted that the periodontal pathogens on tongue dorsa
contributed markedly to VSC production (Tanaka et al,
2004b). However, since the proportions of periodontal
pathogens were weakly associated with OLT score, we
suggested that other malodorous compounds in addition
to VSC might also be related to OLT scores (Tanaka
et al, 2004b). EN-MI may be attributed to various
malodorous compounds which may be produced mainly
at supra-gingival plaque, periodontal pocket and tongue
coating. Thus, the relationship between amount of
supra-gingival plaque, periodontal pocket depth and
tongue coating and oral malodor may be effectively
detected by EN-MI. We conclude that the absolute
expression of malodor intensity with an electronic nose
can afford objective halitosis-related measurements.
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OBJECTIVE: The purpose of this study was to examine
the characteristics of elderly subjects who had objec-
tionable levels of volatile sulfur compound (VSC).
SUBJECTS AND METHOD: In 2002, a total of 115 85-
year-old persons in Japan were subjected to oral exami-
nations, tongue coat collections, measurements of V8Cs
levels inside the mouth using 2 portable gas chromatog-
raphy (Oral Chroma'™, Abilit, japan), and assessments of
quality of life (QOL) using an SF-36 questionnaire.
RESULTS: Sixty-six of the subjects were edentulous and
49 were dentulous. They were divided into two groups by
VSC levels, those with oral malodor (both H,S > 112 ppb
and CH,;SH > 26 ppb; subjects with oral malodor, OM
group; n =7) and those without (n = 108). Our resuits
showed that tongue coat deposit amounts and propor-
tion of dentulous subjects were significantly higher in the
OM group. Further, in an analysis of QOL, the SF-36
scores for vitality, social functioning and mental health
were significantly higher in OM.

CONCLUSION: We found that elderly subjects with oral
malodor tended to be dentulous and had large deposits of
tongue coating. However, oral malodor in the OM group
subjects did not appear to cause a disadvantage in their
social lives.

Oral Diseases (2005) 11 (Suppl. 1), 80-82
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Introduction

Elderly people generally perceive that oral health is very
important to their quality of life (QOL) in a variety of
settings, such as eating and communication (McGrath
and Bedi, 1999), and typically consider that it will be
hindered by the existence of oral malodor. Many studies
that have been undertaken regarding oral malodor have
used a biomedical or clinical approach, with relationships
with periodontal disease (Bosy et al, 1994), and with the
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degree of tongue coating and volatile sulfur compounds
(VSCs) values (Miyazaki et al, 1995) reported. However,
there are few known reports regarding the relationship
between oral malodor and QOL that have used a
scientific behavioral approach.

In the present study, we tested elderly subjects at
85 years of age. Recently, the so-called 80-20 movement
has been promoted in Japan, which advocates that a
healthy situation for the whole body exists when a
person has a majority of original teeth and aims to have
20 teeth or more remaining when a person is 80 years
old. Dental checkups on a nationwide scale were
performed for people who were 80 years old in 1997 to
prove this speculation and a database was constructed
based on the results. We checked the health condition
5 years later of some of the subjects in the 80-20
database.

Subjects and methods

In 2002, a total of 115 elderly people in Japan, each
85 years old and in general good health, were examined,
during which we carried out oral examinations including
tongue coat deposit collection, measurements of VSC
levels inside the mouth using a portable gas chromatog-
raphy (Oral ChromaTM, Abilit, Japan), and assessments
of QOL. From the results, we attempted to determine
whether oral malodor in healthy elderly people was
related to one of the tested factors or to their QOL.
A single examiner evaluated the subjects’ tongue coat
status and the score from 0 to 3 was given according to
the distribution area (Miyazaki et al, 1995). Tongue
coat samples were collected by scraping the dorsum
surface with a sterile tooth brush and suspending the
material in PBS. After sonication, the optical density of
the suspension was determined at a wavelength of
500 nm. For detailed QOL assessments, we employed
the SF-36, Japanese edition version 1.2 (Fukuhara et al,
1998a,b), which is a questionnaire used to present
general health status as an index for evaluation of
QOL. In the SF-36, one item is designed to assess any
perceived change in health status and the remaining 36
items are divided into the following eight sections;
physical functioning (PF), role-physical (RP), body
pain, general health, vitality (VT), social functioning



(SF), role-emotional, and mental health (MH). Data
were analyzed statistically and all statistical analysis
procedures were conducted using SPSS 11.5J (SPSS Inc.
Chicago, IL, USA).

Results

The average number of teeth present was 4.30 + 7.11
in all of the subjects, of whom 66 were edentulous
and 49 dentate. We divided the subjects into two
groups by VSC levels, those with oral malodor (both
H,S > 112 ppb and CH3;SH > 26 ppb, OM group;
n = 7) and those without oral malodor (normal group,
n = 108).

Based on the results of a chi-square test, the propor-
tion of dentulous subjects in the OM group was
significantly higher than in the normal group, as shown
in Table 1. Further, it was shown that the amounts of
tongue coat deposits were significantly higher in the OM
group (Mann-Whitney’s U-test) (Figure 1), although
there was no significant difference between edentulous
and dentulous subjects.

Table 1 Relationship between oral malodor and presence of teeth

Oral malodor
Subjects oM Normal Total
Dentulous 6 43 49
Edentulous 1 65 66
Total 7 108 115

Values shown represent the number of subjects. Analysis was carried
out using a chi-square test, y* = 5.664, P = 0.041.

OM, subjects with oral malodor (both H,S > 112 ppb and
CH3SH > 26 ppb); normal, subjects without oral malodor.
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Figure 1 Relationship between tongue coat deposits and oral malodor.
Mann-Whitney’s U-test: **P < 0.01. OM, subjects with oral malodor
(both H,S > 112 ppb and CH;SH > 26 ppb); normal, subjects
without oral malodor

Oral malodor of elderly people and SF-36
F Aizawa et af

Table 2 Factors related to H,S concentration

Tongue coat score Tongue coat deposit

H:S 0.257% 0.278%

*Analysis was carried out using Spearman’s correlation coefficient by
ranks, P < 0.01.

Table 3 SF-36 factors related to CH3SH concentration

PF RP MH

CH,SH 0.187* 0.204* 0.342%=

Analysis was carried out using Spearman’s correlation coefficient by
ranks: *P < 0.05; **P < 0.01.
PF, physical functioning; RP, roll-physical; MH, mental health.

To examine whether there was a difference in QOL
between the OM and normal groups, we analyzed the
SF-36 results using a #-test and found that scores for the
PF, VT, SF, and MH sections were significantly higher
in the OM group, which showed that the subjects with
oral malodor had a tendency to have high scores for
QOL, both physically and mentally. Further, we ana-
lyzed which factors were related to the levels of VSC in
mouth air, especially the concentrations of H,S and
CH,SH, and found that the concentration of H,S was
related to tongue coat score and the amount of tongue
coat deposit (Spearman’s correlation coefficient by
ranks) (Table 2). In contrast, CH;SH was not associated
with the amount of tongue coat deposit; however, there
were significant relationships to the SF-36 categories of
PF, RP, and MH (Table 3).

Discussion

In Japan, more than 50% of dental outpatients are
concerned about oral malodor that is actually below the
sense of smell threshold and believe that their bad
breath, although unable to be detected by others,
hinders them from successful interpersonal relation-
ships. In our previous study, we found that healthy high
school students who were excessively concerned about
bad breath below the sense of smell threshold tended to
believe that their interpersonal relationships were not
good (Aizawa et al, 2003). In contrast, the elderly
subjects with oral malodor in the present study did not
perceive that their social functioning or mental health
were hindered. Further, the concentrations of H,S and
CH;SH in the mouth air of the present dentulous
subjects were higher than in the edentulous subjects.

It is known that the physical functions of elderly
people with fewer teeth are higher than dentulous elderly
subjects. However, in the present study, the QOL scores
of elderly subjects with oral malodor were high both
physically and mentally, regardless of the presence of
teeth. These results suggest that healthy elderly people
who maintained their health condition to the point of
being able to come to a health checkup at the age of

8i
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85 years old, did not find that bad breath had hindered
their social life. We concluded that people who are
unable to manage their interpersonal relationships
because of oral malodor generally are not healthy at
the age of 85 years old.

Based on our findings, we speculate that measurable
oral malodor does not cause a hindrance of social and
interpersonal relationships, but rather the belief that bad
breath exists, which may result in a decrease of QOL. In
conclusion, we found that elderly subjects with oral
malodor tended to be dentulous and had high levels of
tongue coat deposits; however, their social life was not
hindered as a result.
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OBJECTIVE: To assess the health-related quality of life
(HRQOL) of patients complaining of halitosis at their first
visit and at a later time when their complaint had
diminished following therapy, using 2 self-administered
questionnaire, the Medical Outcome Study Short Form-
36 (SF-36). The aim of this study was to examine the
relationship between HRQOL of patients before and after
self-reported disappearance of their complaint following
oral hygiene improvements for halitosis. ’
SUBJECTS AND METHODS: Seventy patients of our
special clinic for halitosis served as subjects. At the first
visit, each completed the SF-36 before determination of
volatile sulfur compound (VSC) concentration in mouth
air. After excluding dropouts, the same measurements
were performed for subjects whose self-reported com-
plaint had disappeared following oral hygiene therapy.
RESULTS AND DISCUSSION: At the initial visic, 5F-36
scale scores for general health, vitality, social functioning,
role-emotion, and mental health were significantly lower
when compared with the national averages in Japan. For
subjects with self-reported disappearance of complaing,
only social functioning rose significantly among SF-36
scores at the end of the study. These results suggest that
an awareness of improvement in social life could be
related to patient’s satisfaction with halitosis oral hygiene
therapy.
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Introduction

Recently, the patient-oriented outcome of medical
intervention has been studied using techniques to
evaluate health-related quality of life (HRQOL) with a
high degree of reliability. The Medical Outcome Study
Short Form-36 (SF-36) health survey is a representative
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Iwate Medical University School of Dentistry, 1-3-27 Chuo-Dori, 020-
8505 Morioka, Japan. Tel: 81-19-651-5111 (ext) 4516, Fax: 81-19-622-
2228, E-mail: mkishi@iwate.med.ac.jp

tool for determining HRQOL (Fukuhara et al, 1998a)
and is widely used in a variety of medical fields. The
disappearance of self-reported complaint in halitosis
patients is considered to closely depend on HRQOL,
however, its determination is not commonly used in
halitosis studies. The aim of the present study was to
assess the HRQOL of patients complaining of halitosis
at the first visit and at the time when their self-reported
complaint had disappeared following oral hygiene
treatment.

Subjects and methods

Subjects and therapy

The subjects were 70 patients (20 males, 50 females,
mean age 46.7 + 14.8 years old) who visited the Special
Clinic for Halitosis at the Dental Hospital of Iwate
Medical University School of Dentistry, Morioka,
Japan. None had severe systemic disease and the
therapy was not unusual. Briefly, it consisted of
instruction regarding oral self-care, professional oral
cleaning, and consultations about halitosis including
explanation of the examination data, education about
halitosis and reassurance. Treatments for periodontal or
the other oral diseases were performed if necessary. The
SF-36 questionnaire was given and measurement of
volatile sulfur compound (VSC) was carried out at
the first visit for all subjects, and then for those who
no longer complained about halitosis following our
therapy.

Definition for disappearance of complaint

For the present study, we defined a patient with
disappearance of complaint about halitosis as follows.
The patient received treatment three or more times over
a l-month period and, after finishing the therapy, was
satisfied that their previous oral malodor was no longer
a matter of concern to themselves or others. Further,
they agreed to receive regular general dental check-ups
after the initial therapeutic period.

Measurement of VSC in mouth air

The VSC levels in mouth air were measured using a
Halimeter (Model RH-17K, Interscan Corp., Chats-
worth, CA, USA) under the same conditions as reported
in our previous study (Kishi ez al, 2002).
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SF-36 questionnaire and statistical analysis

The HRQOL status of each subject was evaluated using
the SF-36 version 1.2, Japanese edition (Fukuhara and
Suzukamo, 2001), which presents questions related to
health status in eight scales: physical functioning, role-
physical, bodily pain, general health, vitality, social
functioning, role-emotion, and mental health, the
answers to which were analyzed using an original
algorithm. All procedures concerning the questionnaire
were performed according to the manual provided with
the SF-36.

For statistical analysis, each of the SF-36 scores was
standardized to a norm-based score and shown as a
deviation value (mean: 50 + 10) when compared with
the general population in Japan (Fukuhara et al,
1998b). VSC concentration results were transferred to
logarithms (logVSC) to obtain a near normal distribu-
tion. All statistical analysis procedures were conducted
using spss 11.5J (SPSS Inc., Chicago, IL, USA).

Results

The average Halimeter measurement of all subjects at
the first visit was 291.5 + 417.5, while 64.1% of the
subjects had a concentration <200 p.p.b. H,S equival-
ent (concentration for the threshold of malodor Tonze-
tich, 1976). SF-36 scores for the scales of general health,
vitality, social functioning, role-emotion, and mental
health were significantly lower than the national aver-
ages (Figure 1). Table 1 shows the correlations between
each SF-36 scale score and two principal components
that are commonly considered as physical and mental
components (Ware et al, 1994). When compared with
the standard scores in Japan, it was notable that the
social functioning scores of the present subjects had very
little relation to a physical component.

During the present study, 17 of the subjects met our
definition for disappearance of complaint for halitosis.
For them, SF-36 scales and clinical parameters were
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Figure 1 Average Medical Outcome Study Short Form-36 (SF-36)
scores for all patients at the first visit. Norm-based score shows
mean =+ s.d. for the general population in Japan, which is 50 + 10.
The vertical bar (T) shows the s.e. Analysis of each sample was done
with a t-test by comparing with the national average, *P < 0.05 and
**p < 0.01. PF, physical functioning; RP, role of physical; BP, bodily
pain; GH, general health; VT, vitality; SF, social functioning; RE, role
of emotion; MH, mental health
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Table 1 Associations between SF-36 scales and rotated components

Japanese standard® Present subjects

Physical* Mental®  Physical* Mental®
Physical functioning 0.75 0.17 0.75 0.02
Role-physical 0.81 0.19 0.66 042
Bodily pain 0.51 0.52 0.62 0.03
General health 037 0.66 0.36 0.02
Vitality 0.21 0.88 0.16 0.81
Social functioning 0.45 0.60 0.03 0.70
Role-emotion 0.69 0.34 0.50 0.64
Mental health 0.13 0.89 0.04 0.88

Correlations are shown between each Medical Outcome Study Short
Form-36 (SF-36) scale and the principal component.

“Two principal (physical and mental) components were extracted from
the SF-36 scores of all subjects and rotated to an orthogonal simple
structure using a varimax method.

®Data from a previous study (Fukuhara er a, 1998a).

compared between the first visit and at the end of the
study (Figure 2, Table 2). Parameters relating to oral
hygiene were significantly improved and mean VSC
levels reduced following therapy although the change
was not statistically significant. In the SF-36 scores, only
the social functioning score rose significantly.

Subsequently, to examine whether the SF-36 is helpful
to estimate the prognosis of halitosis patients, we
performed a multiple logistic regression analysis, in
which SF-36 scale scores for all the subjects were used as
independent variables. In addition, the patient residence
location information was added to the regression
analysis, as the time required commuting between home
and clinic might have been a considerable factor for
those who dropped out of the study. At the conclusion
of the regression analysis, only social functioning and
mental health scores were shown to be significant
variables, with odds ratios of 0.948 and 1.077, respect-
ively (Table 3).
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Figure 2 Medical Outcome Study Short Form-36 (SF-36) scores in
subjects with disappearance of complaint. Average SF-36 scores at the
first visit and following treatment for 17 patients with disappearance of
complaint were compared. The vertical bar (T) shows the se.
**Analysis was done using a paired t-test, P < 0.01. PF, physical
functioning; RP, role of physical; BP, bodily pain; GH, general health;
VT, vitality; SF, social functioning; RE, role of emotion; MH, mental
health



Table 2 Clinical parameters before and after the treatment

First visit After treatment
VSC (p.p.b)* 347.8 + 91.7 2108 + 364
logVSC 233 + 0.11 2.23 + 0.07
Tongue score® 147 £ 024 0.94 + 0.20%*
Pocket depth (mm)°® 3.33 £ 0.19 3.00 = 0.22*
Bleeding tooth rate (%)° 415 + 5.27 252 % 5.27%
PCR (%)° 436 + 5.05 27.1 + 2.69*

Values represent mean =+ s.e.
*VSC concentration in mouth air determined by Halimeter.

ongue coat score obtained by inspection according to a previous
study (Miyazaki et al, 1995).
“Maximum pocket depth among recorded six sites of all measurable
teeth.
“The rate tooth showing bleeding on probing among all measurable
teeth.
“Percentage index of Plaque Control Record (Podshadley and Haley,
1968). .
Comparison between the averages before and after treatment by paired
t-test: *P < 0.05, **P < 0.01.
VSC, volatile sulfur compound; PCR, polymerase chain reaction.

Table 3 Significant variables for prediction whether the complaint
could disappear or not

Variable B se. P-value Exp(B) 95% CI
Social functioning -0.54 024 0.025 0.948  0.904-0.993
Mental health 0.75 034 0.029 1077  1.008-1.152

The dependent variable was disappearance of complaint (disappear-
ance: 1, others: 0). Independent variables were each SF-36 scale score
and the subject residence location (same city as our clinic: 1, neigh-
boring city/town: 2, distant city/town with good traffic condition: 3,
distant city/town with poor traffic condition: 4, another prefecture: 5).
B, partial regression coefficient; CI, confidence interval; Exp(B),
exponent of partial regression coefficient (=odds ratio); SF-36,
Medical Outcome Study Short Form-36.

Discussion

At the first visit, SF-36 scores for the 70 subjects in the
scales of general health, vitality, social functioning, role-
emotion, and mental health significantly differed from
those of the national standard. Among them, social
functioning seemed to best represent the characteristics
of the halitosis patients that visited our special clinic.
Based on a principal component analysis, social func-
tioning was strongly related to the mental component,
however, not the physical component. We considered
that this represented a failure in social functioning that
was closely associated with the mental health of our
patients. These results suggest that, at least for the
present subjects, halitosis complaints may be derived
mainly from a decline of social functioning.

Among the patients whose complaint was eliminated,
average VSC did not show a significant reduction

HRQOL and satisfaction with therapy in halitosls patients
M Kishi et af

following our treatment. The high standard error of
mean VSC values reflects the wide range of VSC levels
found in the population at large. This wide scatter may
hide the differences obtained through treatment. It is
obvious that a reduction of VSC level is the main goal of
halitosis therapy; however, in patients whose VSC level
is comparatively low at the start of treatment, the
outcome of clinical intervention will not be clearly
demonstrated. Whilst an improvement in halitosis (as
measured by lowering of VSC levels) could not be
shown statistically, patients may still show satisfaction
following the therapy, as in the present subjects. Our
present study suggested that the disappearance of
complaint of halitosis in subjects can be related to an
improvement in social functioning score following
improvement of their oral hygiene.

We tried to develop a prognosis model for halitosis
patients by using the SF-36. By means of a stepwise
procedure of logistic regression analysis, social func-
tioning and mental health were shown to be significant
variables. Furthermore, there was a tendency for
patients with low social functioning and high mental
health scores to have a high possibility that the initial
complaint could disappear by our ordinary remedy for
halitosis, although the odds ratios were too small to
obtain a sufficient estimation for prognosis.

In conclusion, patient’s satisfaction following halito-
sis therapy relates to HRQOL of the patients, especially
to social functioning.
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