
Periodontitis is an infectious disease that
results from the interplay between specific
subgingival bacteria and host immune

responses. Actinobacillus actinomycetem-
comitans, which possesses a series of strong
virulence factors (11), is considered to be

the main etiologic agent of localized juven-
ile periodontitis (4, 38, 46), and can also
contribute to adult periodontitis (30, 33).
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Aim: The purpose of this study was to characterize serum antibody responses to different
serotypes of Actinobacillus actinomycetemcomitans strains in various forms of perio-
dontitis and to determine whether any specific type of A. actinomycetemcomitans was
associated with any specific form of periodontitis in a Japanese population.
Methods: Sonicated whole cell and autoclaved serotype antigens of A. actinomycetem-
comitans were used. Serum IgG titer and avidity to A. actinomycetemcomitans were
measured by enzyme-linked immunoabsorbant assay (ELISA) and ammonium thio-
cyanate-dissociation ELISA, respectively, in 46 aggressive periodontitis patients
(8 localized, 38 generalized), 28 chronic periodontitis patients, and 18 periodontally
healthy subjects. The presence of A. actinomycetemcomitans in plaque and saliva samples
was determined using polymerase chain reaction.
Results: Generalized aggressive and chronic periodontitis patients exhibited significantly
higher IgG titers than healthy subjects to both sonicated and autoclaved antigens of
serotype c strains, while IgG titer to serotype b (Y4) was significantly higher in localized
aggressive periodontitis patients compared to healthy subjects. No A. actinomycetem-
comitans was detected in localized aggressive periodontitis patients. A. actinomycetem-
comitans-positive patients exhibited significantly higher IgG titer and avidity to serotype c
than A. actinomycetemcomitans-negative patients. In A. actinomycetemcomitans-positive
patients, a significantly positive correlation was observed between antibody titer and
avidity to serotype c. A. actinomycetemcomitans-positive patients with generalized
aggressive periodontitis showed lower IgG avidities to serotype c than those with chronic
periodontitis, though no statistically significant difference was found.
Conclusion: A. actinomycetemcomitans serotype c may play a significant role in
chronic and generalized aggressive periodontitis, while A. actinomycetemcomitans
serotype b may be associated with localized aggressive periodontitis in a Japanese
population.

D. Wang, Y. Kawashima, T. Nagasawa,
Y. Takeuchi, T. Kojima, M. Umeda,

S. Oda, I. Ishikawa
Section of Periodontology, Department of Hard
Tissue Engineering, Graduate School, Tokyo
Medical and Dental University and Center of
Excellence Program for Frontier Research on
Molecular Destruction and Reconstruction of
Tooth and Bone, Tokyo, Japan

Key words: Actinobacillus actinomycetem-
comitans; avidity; IgG; periodontitis; sero-
type

Dongqing Wang, Section of Periodontology,
Department of Hard Tissue Engineering,
Graduate School, Tokyo Medical and Dental
University, 1-5-45 Yushima, Bunkyo-ku,
Tokyo, 113–8549, Japan
Tel.: + 81 35803 5488;
fax: + 81 35803 0196;
e-mail: wdq.peri@tmd.ac.jp
Accepted for publication November 29,
2004



The American Academy of Periodontology
revised the classification of periodontal
diseases in 1999, and the terms ‘early onset
or juvenile periodontitis’ and ‘adult perio-
dontitis’ were replaced by ‘aggressive per-
iodontitis’ and ‘chronic periodontitis’ (2).
A. actinomycetemcomitans is classified

into five serotypes (a–e) (14, 34, 47). They
have been detected at different frequencies
in infected subjects and serotypes a, b and c
are more predominant than serotypes d
and e (14, 34, 47). Serotype b strains were
frequently isolated from localized juvenile
periodontitis patients in the United States
(46) and in Finnish (4) subjects with
periodontal disease. A predominance of
serotypes other than b, however, has been
reported from other parts of the world
(8, 34, 35). Chung et al. (8) reported
approximately equal distributions of sero-
types a, b and c in Korean localized juvenile
periodontitis patients. Serotype cwas repor-
ted to be predominant in Chinese periodon-
tally healthy or diseased subjects (26). A
previous study from our laboratory showed
that serotypes a and c were predominant in
Japanese patients with periodontitis (44).
Taken together, these reports suggested that
there may be specific distribution patterns
in ethnically distinct population.
The serum IgG antibody titer to A. ac-

tinomycetemcomitans (10), especially ser-
otype b (5, 37), has been reported to be
elevated in the sera of localized juvenile
periodontitis patients. Moreover, Gunsol-
ley et al. (17) demonstrated a significant
inverse relationship between antibody tit-
ers to A. actinomycetemcomitans Y4 and
the number of teeth having slight or
moderate attachment loss in aggressive
periodontitis patients. These results sug-
gest that the failure to mount a substantial
antibody response to this organism leads to
greater and more widespread periodontal
destruction in generalized aggressive per-
iodontitis subjects.
Antibody avidity is a measure of the net

binding strength between multivalent anti-
gen and polyclonal antibodies. It reflects
the functional activity of the antibodies
and increased relative avidity often occurs
as a consequence of maturation of humoral
response. Lopatin et al. (23) found eleva-
ted IgG antibody avidity to Porphyromon-
as gingivalis in adult periodontitis patients
compared with healthy controls. On the
other hand, Chen et al. (7) demonstrated
that IgG avidity to P. gingivalis was lower
in rapidly progressive periodontitis
patients than in healthy controls and
concluded that many generalized
aggressive periodontitis patients do not
produce protective levels of biologically

functional antibody during the course of
their natural infection. Whitney et al. (43)
also reported that rapidly progressive per-
iodontitis patients had lower avidity to
P. gingivalis. Saito et al. (36) demonstrated
that high-titer sera from patients without
cultivable A. actinomycetemcomitans had
higher avidity than sera from patients
with high antibody titers and cultivable
A. actinomycetemcomitans. These results
suggest that high avidity antibody to
A. actinomycetemcomitans may afford
protection against A. actinomycetemcomi-
tans infection.
Most previous studies on antibody

responses against A. actinomycetemcomi-
tans relied on using a single reference
strain (usually serotype b) as the antigen in
an Enzyme-Linked Immunosorbent Assay
(ELISA) (9, 21). It may be crucial to use
several serotypes of A. actinomycetem-
comitans as antigens in the ELISA to
ensure a high reliability of the results (42).
Vilkuna-Rautiainen et al. (42) also repor-
ted that the sera of periodontitis patients
particularly reacted with homologous
A. actinomycetemcomitans isolated from
the patients. The homologous A. actin-
omycetemcomitans could be replaced by
the reference strain of the same serotype in
ELISA. In the present study, we performed
a systematic comparison of the serum IgG
antibody responses (titer and avidity) to
different serotypes of A. actinomycetem-
comitans in patients with various forms of
periodontitis and assessed the relationship
between the presence of A. actinomyce-
temcomitans and serum IgG antibody titer
and avidity in aggressive and chronic
periodontitis. The purpose of our study
was to determine whether a certain type of
A. actinomycetemcomitans was associated
with any specific form of periodontitis in a
Japanese population.

Materials and methods

Study population

The study population included 74 perio-
dontitis patients attending the Periodontics
Clinic at Tokyo Medical & Dental Uni-
versity, and 18 periodontally healthy sub-
jects. Informed consent was obtained from
each subject. All subjects were evaluated
by measuring clinical parameters such as
probing depth, bleeding on probing and
oral radiographs. The 74 patients included
46 with aggressive periodontitis (AgP) and
28 with chronic periodontitis (CP), who
were diagnosed based on the workshop for
classification in 1999 (12, 41). All patients
had at least five teeth per quadrant. Each
patient in CP group had at least two teeth

with 5 mm or more pocket depth and
radiographic evidence of bone loss. The
AgP patients were further divided into
those with localized (n ¼ 8) and general-
ized (n ¼ 38) forms. Generalized AgP
patients had at least three teeth with 5 mm
or more pocket depth and radiographic
evidence of bone loss, other than molars
and incisors. Healthy subjects showed no
clinical or radiographic evidence of perio-
dontal disease. All subjects were generally
healthy and had not received any perio-
dontal treatment during the previous
6 months or systemic antibiotic adminis-
tration during the last 3 months.

Bacterial sampling and polymerase chain

reaction (PCR) detection

Subgingival plaque samples were collected
with a paper point from the deepest
pockets in each quadrant in the periodon-
titis patients, and from the mesiobuccal
surface of #16, #21, #36, and #41 of
healthy subjects. Approximately 1 ml of
unstimulated saliva was also collected
from each individual in a sterile plastic
tube. Probing pocket depth and bleeding
on probing were measured and recorded
for each tooth.
Subgingival plaque and saliva samples

were subjected to a 16S rRNA-based
PCR detection method (3) to determine
the presence of A. actinomycetemcomi-
tans. Briefly, 50 ll of PCR reaction
mixtures contained 5 ll sample, 5 ll
10 · PCR buffer, 1.25 unit of Taq DNA
polymerase (Promega, Madison, WI),
0.2 mm dNTP (Pharmacia LKB, Piscata-
way, NJ), 1.0 lm primer, and 1.0 mm

MgCl2 for A. actinomycetemcomitans.
The temperature profile included an initial
step of 95�C for 2 min, followed by 36
cycles of 94�C for 30 s, 55�C for 1 min
and 72�C for 2 min, and a final step at
72�C for 2 min. PCR products were
analyzed by 1.0% agarose gel electro-
phoresis with 0.01 lg/ml ethidium bro-
mide. The plaque samples were analyzed
as individual site samples, and subjects
were designated as positive for A. actin-
omycetemcomitans if they had at least one
positive sample.

Serum samples

Peripheral blood samples were collected
from the patients and healthy subjects.
Each blood sample was centrifuged at
1500 g for 20 min. The serum was filtered
through a sterile 0.45 lm diameter filter
(Millex, Millipore Japan Ltd, Tokyo,
Japan) and stored at ) 20�C until analysis.
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Preparation of microorganisms

A. actinomycetemcomitans strains ATCC
29523 (serotype a), ATCC 43717 (sero-
type a), ATCC 29522 (serotype b), Y4
(serotype b), ATCC 43719 (serotype c)
and NCTC 9710 (serotype c) were em-
ployed in this study. All A. actinomyce-
temcomitans strains were grown in brain
heart infusion (BHI) broth (Difco, Sparks,
MD) supplemented with 1% (w/v) yeast
extract at 37�C for 3 days in a 5% CO2

atmosphere. The microorganisms were
harvested by centrifugation, washed three
times with distilled water and lyophilized.
Of the six strains, ATCC 43717, Y4

(corresponding to the strain ATCC 43718),
ATCC 43719, ATCC 29522 and ATCC
29523 were obtained from the American
Type Culture Collection (Rockville, MD)
and NCTC 9710 was obtained from the
National Collection of Type Cultures
(London, UK).
Sonicated whole cell extracts of A. ac-

tinomycetemcomitans were prepared
according to the method proposed by
Naito et al. (29). Cells were suspended in
saline (200 mg/ml, wet weight) and dis-
rupted by sonication at 30-s intervals for a
total sonication time of 3 min at maximum
output on ice. The sonicated cell suspen-
sions were centrifuged and the superna-
tants lyophilized.
Autoclaved extracts of A. actinomyce-

temcomitans were prepared for the crude
purification of serotype-specific antigen,
according to the method proposed by
Amano et al. (1). Lyophilized cell suspen-
sion in saline was autoclaved at 120�C for
15 min. The autoclaved extracts were
centrifuged at 10,000 g for 20 min to
collect the supernatants and lyophilized.

Serum antibody titer measurement

Specific serum IgG titers to each A. actin-
omycetemcomitans strain were measured
using a previously described ELISA
method (19). Briefly, 96-well microtiter
plates (EIA plate, Costar, Cambridge,
MA) were coated with sonicated extracts
(10 lg/ml) or autoclaved antigen (10 lg/
ml) in carbonate buffer, and incubated for
2 h at 37�C. After blocking with 2% BSA
in carbonate buffer, plates were washed
three times with PBS-T (1 · PBS, 0.05%
Tween 20, pH 7.2). Serially diluted serum
(25)214, 100 ll per well) was added into
each well in duplicate and the plates were
incubated for 2 h at 37�C. Following
incubation, the plates were washed again
three times. Subsequently, 100 ll per well
of Alkaline phosphatase-conjugated goat

anti-human IgG (Sigma Chemical Co., St.
Louis, MO) was added. Following incu-
bation, plates were washed three times
and developed with phosphate substrate
(Sigma 104). The optical density (OD) at
405 nm for each well was then measured
using a Microplate Reader (SOFT
Max�). Calculation for the antibody titer
was done according to the method of
Ishikawa et al. (19). Absorbance was
plotted against the dilution ratio. The
logarithm of the dilution ratio, at which
the regression curve (obtained with a
cubic polynomial expression) intersected
the line expressed by OD ¼ 0.8, was
adopted as an antibody titer for a given
sample, so that the antibody titer was
expressed as log2 of the dilution.

Antibody avidity measurement

Serum IgG avidity was determined by
estimating the dissociation of antigen–
antibody binding by increasing the con-
centration of ammonium thiocyanate
(0–8 m) (24, 28, 31). The microtiter
plates were coated with sonicated
extracts, and patient serum was added
in duplicate at a dilution of 1/400. After
the incubation plates were washed with
PBS, the wells were treated with increas-
ing concentrations of ammonium thio-
cyanate (0–8.0 m). The plates were
incubated at 37�C for 60 min, washed
three times and then alkaline phospha-
tase-conjugated goat anti-human IgG
(Sigma Chemical Co.) was added into
the wells. Following incubation, plates
were washed three times with PBS, and
p-nitrophenyl-phosphate (Sigma Chemical
Co.) was added as the substrate. The OD
at 405 nm for each well was then
measured using a Microplate Reader
(SOFT Max�). Percentage of antibody
binding was calculated for each concen-
tration [(OD of thiocyanate treated well/
OD of control well) · 100] of thiocya-
nate. The avidity was expressed by the
calculation of thiocyanate concentration
required to inhibit 50% of the bound
antibody (ID50).

Inhibition assay to assess cross-reactivity

of Haemophilus aphrophilus with

A. actinomycetemcomitans strains

Microtiter plates were coated with
sonicated extracts of A. actinomycetem-
comitans strain as described above. High-
and low-responding sera were selected
(42). After washing, serial dilutions
(25)214) of test serum were mixed with
sonicated antigen of H. aphrophilus

(10 lg/ml) or the same sonicated A. ac-
tinomycetemcomitans (10 lg/ml) and
incubated for 2 h at 37�C. After washing,
1 : 1000 diluted alkaline phosphatase-
conjugated goat anti-human IgG (Sigma
Chemical Co.) was added and incubated
for 1 h at 37�C. Finally, phosphate sub-
strate (Sigma 104) was added and OD
measured at 405 nm. The amount of
dilution ratio (x-axis) and percentage of
OD (y-axis) were plotted. The OD of the
control (without absorption) was used as
100% (40).

Cross-reactivity among

A. actinomycetemcomitans serotypes a, b,

and c

Microtiter plates were coated with soni-
cated extracts of A. actinomycetemcomi-
tans as described above. Test sera which
had high IgG titers only to a single
serotype were selected. After washing,
serial dilutions (25)214) of test serum were
mixed with autoclaved antigens of A. ac-
tinomycetemcomitans (a–c, 10 lg/ml) and
incubated for 2 h at 37�C. After washing,
1 : 1000 diluted alkaline phosphatase-
conjugated goat anti-human IgG (Sigma
Chemical Co.) was added and incubated
for 1 h at 37�C. Finally, phosphate sub-
strate (Sigma 104) was added and OD
measured at 405 nm. The amount of
dilution ratio (x-axis) and a percentage of
OD (y-axis) were plotted. The OD of the
control (without any inhibitors) was used
as 100% (40).

Statistical analysis

The anova and t-test were employed to
compare the mean titers and avidities in
the four study groups and to determine the
differences between antibody titers and
avidities of A. actinomycetemcomitans-
positive and -negative patients. Correlation
between antibody titer and avidity was
evaluated by Pearson’s rank correlation
test.

Results

IgG antibody titers against

A. actinomycetemcomitans

The IgG titers to sonicated whole cell
extracts of each A. actinomycetemcomi-
tans strain in periodontitis patients and
healthy subjects are shown in Fig. 1. The
IgG titers to A. actinomycetemcomitans
serotype c strains (ATCC 43719, NCTC
9710) were significantly higher in CP
patients (10.6 ± 2.22; 9.47 ± 2.17), than
those in healthy subjects (8.84 ± 1.01;
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7.61 ± 1.63), respectively. This trend was
also found in localized and generalized
AgP patients, although the values failed to
reach statistical significance. The localized
AgP patients exhibited significantly higher
IgG titers only to A. actinomycetemcomi-
tans Y4 (serotype b) when compared to
healthy subjects (P ¼ 0.033). Neither the
CP (n ¼ 28) nor generalized AgP
(n ¼ 38) group showed significant differ-
ence in IgG titers to any serotype b strain
from healthy subjects. No difference was
found in IgG titers to A. actinomycetem-
comitans serotype a strains (ATCC 43717,
ATCC 29523) among the four study
groups.

IgG antibody titers in

A. actinomycetemcomitans-positive

and -negative subjects

A. actinomycetemcomitans was detected
from patients with CP (25%) and
generalized AgP (24%), but was not found

in localized AgP patients (0%) or healthy
subjects (0%) (Table 1). The serum IgG tit-
ers to different A. actinomycetemcomitans
strains in A. actinomycetemcomitans-posi-
tive and -negative patients are summar-
ized in Table 2. In the CP group, the IgG
titers to ATCC 43719 (serotype c) in the
A. actinomycetemcomitans-positive patients
(n ¼ 7) were significantly higher than those
of A. actinomycetemcomitans-negative pa-
tients (P < 0.001). In the generalized AgP
group, A. actinomycetemcomitans-positive
patients (n ¼ 9) showed significantly ele-
vated IgG titers not only to ATCC 43719
(serotype c) but also to ATCC 29523
(serotype a) compared with A. actinomyce-
temcomitans-negative patients (P ¼ 0.002
and P ¼ 0.002, respectively).

Antibody avidity in

A. actinomycetemcomitans-positive and

-negative subjects

Table 3 displays the serum IgG avidity to
different A. actinomycetemcomitans strains
in A. actinomycetemcomitans-positive and
-negative subjects. A. actinomycetemcomi-
tans-positive patients exhibited signifi-
cantly higher IgG avidity to ATCC 43719
(serotype c) than A. actinomycetemcomi-
tans-negative patients in both the general-
ized AgP and CP groups (P ¼ 0.01
and P < 0.01, respectively). In addition,
A. actinomycetemcomitans-positive patients

with generalized AgP showed lower IgG
avidity to ATCC 43719 (serotype c) than
those with CP; however, the difference was
not significant.

Correlation between antibody titer and

avidity

Figure 2 illustrates the relationship between
IgG avidity and titer to A. actinomycetem-
comitans strains in A. actinomycetemcom-
itans-positive patients. A significant
relationship between antibody avidity and
titer to ATCC 43719 (serotype c) was found
in generalized AgP (r ¼ 0.88, P ¼ 0.002)
and CP patients (r ¼ 0.79, P ¼ 0.04).

Absorption test

The effect of possible cross-reactions of
A. actinomycetemcomitans with H. aphro-
philus is shown in Fig. 3A. Anti A. actin-
omycetemcomitans was inhibited by the
absorption with homologous A. actino-
mycetemcomitans strain dose-dependently,
while anti A. actinomycetemcomitans
response was not affected by H. aphro-
philus.
Figure 3B illustrates the possible cross-

reactions of A. actinomycetemcomitans
serotypes a, b, and c. Test sera which had
elevated titer only to sonicated extract
of serotype a, b or c were selected.
IgG response to sonicated extract of
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Fig. 1. Serum IgG titers to sonicated whole cell
extracts of A. actinomycetemcomitans strains in
periodontitis patients and healthy subjects. The
black line expresses the mean titer of each
group. The stars indicate the statistically signi-
ficant differences between the groups
(*P < 0.05).

Table 1. Clinical parameters and microbiological data

Chronic
periodontitis

Aggressive periodontitis

Generalized Localized Healthy

No. of subjects 28 38 8 18
Age* 54.9 ± 6.8 27.0 ± 5.8 22.8 ± 5.6 26.3 ± 3
PD > 4 mm* (%) 43.2 ± 26.1 73.0 ± 21.7** 21.9 ± 11.5 0
BOP* (% of sites) 21.7 ± 22.7 38.9 ± 27.1 5.9 ± 3.5 0
Aa detection rate (%) 25% 24% 0 0

Aa, A. actinomycetemcomitans.
*Mean ± SD.
**Significantly higher than those in CP and localized AgP.

Table 2. Relationship between presence of A. actinomycetemcomitans and IgG titers to sonicated
whole cell of A. actinomycetemcomitans strains

Aa strains Subjects

IgG titers (mean ± SD)

P-value*Aa-positive Aa-negative

ATCC 29523
(serotype a)

CP 9.94 ± 1.92 (n ¼ 7) 10.09 ± 2.35 (n ¼ 21)
Generalized AgP 11.51 ± 1.69 (n ¼ 9) 9.6 ± 1.59 (n ¼ 29) P ¼ 0.002
Localized AgP – 9.5 ± 1.46 (n ¼ 8)
Healthy – 9.39 ± 1.26 (n ¼ 18)

Y4 (serotype b) CP 9.94 ± 1.62 (n ¼ 7) 9.17 ± 1.63 (n ¼ 21)
Generalized AgP 9.85 ± 1.54 (n ¼ 9) 8.76 ± 1.66 (n ¼ 29)
Localized AgP – 10.3 ± 1.48 (n ¼ 8)
Healthy – 8.66 ± 0.79 (n ¼ 18)

ATCC 43719
(serotype c)

CP 13.04 ± 1.26 (n ¼ 7) 9.78 ± 1.83 (n ¼ 21) P < 0.001
Generalized AgP 12.02 ± 1.87 (n ¼ 9) 9.28 ± 2.18 (n ¼ 29) P ¼ 0.002
Localized AgP – 10.4 ± 2.41 (n ¼ 8)
Healthy – 8.84 ± 1.01 (n ¼ 18)

*Aa-positive vs. Aa-negative.
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A. actinomycetemcomitans ATCC 29523
(serotype a) was reduced by the absorption
of autoclaved homologous serotype a
antigen but was not affected by serotypes
b and c. IgG response to sonicated extracts
of A. actinomycetemcomitans Y4 (sero-
type b) or ATCC 43719 (serotype c) was
also inhibited only by the absorption of
homologous autoclaved serotype antigen
and not by the other antigens.

IgG antibody titer to

A. actinomycetemcomitans serotype

antigen.

Table 4 shows the IgG antibody titer
against autoclaved serotype antigens
of A. actinomycetemcomitans. A. actin-
omycetemcomitans-positive patients showed
significantly higher IgG titers to serotype c
than A. actinomycetemcomitans-negative

patients in the CP and generalized AgP
groups (P < 0.001, P ¼ 0.013). In the
generalized AgP group, A. actinomycetem-
comitans-positive patients (n ¼ 9) also
showed significantly elevated IgG titers
to serotype b compared withA. actinomyce-
temcomitans-negative patients (P ¼ 0.037).

Discussion

The present study examined the systemic
antibody responses (titer and avidity) to
A. actinomycetemcomitans serotype (a, b,
and c) strains in periodontally healthy
subjects and patients with various types
of periodontitis. Our results showed higher
IgG titers and avidities to A. actinomyce-
temcomitans serotype c in generalized AgP
and CP patients compared with healthy
subjects. Moreover, the antibody avidity
was found to be positively correlated with
antibody titer in A. actinomycetemcomi-
tans-positive patients (both generalized
AgP and CP). These results indicate that
A. actinomycetemcomitans serotype c may
be mainly associated with generalized AgP
and CP.

Table 3. Relationship between presence of A. actinomycetemcomitans and IgG avidity to sonicated
whole cell of A. actinomycetemcomitans strains

Aa strains Subjects

Antibody avidity (mean ± SD)

P-value*Aa-positive Aa-negative

ATCC 29523
(serotype a)

CP 2.40 ± 0.63 (n ¼ 7) 2.59 ± 0.54 (n ¼ 21)
Generalized AgP 2.41 ± 0.60 (n ¼ 9) 2.41 ± 0.6 (n ¼ 29)
Localized AgP – 2.45 ± 0.18 (n ¼ 8)
Healthy – 2.33 ± 0.22 (n ¼ 18)

Y4 (serotype b) CP 1.63 ± 0.91 (n ¼ 7) 1.51 ± 0.63 (n ¼ 21)
Generalized AgP 1.48 ± 0.89 (n ¼ 9) 1.51 ± 0.5 (n ¼ 29)
Localized AgP – 1.59 ± 0.66 (n ¼ 8)
Healthy – 1.01 ± 0.37 (n ¼ 18)

ATCC 43719
(serotype c)

CP 3.27 ± 0.51 (n ¼ 7) 2.04 ± 0.93 (n ¼ 21) P < 0.01
Generalized AgP 2.87 ± 1.16 (n ¼ 9) 1.72 ± 1.11 (n ¼ 29) P ¼ 0.01
Localized AgP – 2.07 ± 1.54 (n ¼ 8)
Healthy – 1.21 ± 0.64 (n ¼ 18)

*Aa-positive vs. Aa-negative.
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We tested the effect of possible cross-
reactions with H. aphrophilus (Fig. 3A).
There was little difference in the IgG titers
between the absorbed and control (no
inhibition) sera, suggesting that the
majority of these antibodies were A. ac-
tinomycetemcomitans-specific. This result
is in accordance with previous studies
(13, 42).
Previous findings suggested that the

pathogenic properties of A. actinomyce-
temcomitans isolates may differ (4, 30, 33,
38, 45). Therefore, we detected IgG anti-
body responses to sonicated antigens of
two strains of each A. actinomycetemcom-
itans serotype and found the same trend in
IgG responses to the same two serotype
strains and difference among serotypes.
Our absorption test indicated that IgG
titers to sonicated extracts mainly resulted
from antibody reactivity with the serotype-
specific polysaccharide antigen (Fig. 3B).
We further determined the level of IgG
titers to A. actinomycetemcomitans using
autoclaved serotype antigen and found
similar results as when using sonicated
extracts, confirming that the IgG response
to serotype c was elevated in A. actin-
omycetemcomitans-positive patients with
generalized AgP and CP.
Previous studies reported variations in

the distribution of A. actinomycetemcomi-
tans serotypes in different geographic/
ethnic populations (4, 8, 27, 34, 35, 45).
A recent report from Switzerland (16)
demonstrated broad serotype diversity in a
young ethnographically heterogeneous
periodontitis group. Celenligil & Ebersole
(6) previously reported that Turkish pa-
tients with localized juvenile periodontitis
exhibited significantly increased antibody
levels to A. actinomycetemcomitans sero-
types c (ATCC 33384, SUNYa B67) and a
(ATCC 29523, SUNYa B75), while anti-
body levels to A. actinomycetemcomitans
Y4 and JP2 (serotype b) were significantly

higher in localized juvenile periodontitis
patients in the United States. In the present
study, we identified a significant increase
in serum antibody to A. actinomycetem-
comitans Y4 in localized AgP patients,
while generalized AgP and CP patients
showed higher titers to serotype c than
healthy subjects in a Japanese popula-
tion. These data collectively suggest that
considerable variation exists in the sys-
temic antibody titers to A. actinomycetem-
comitans among different populations.
Ishikawa et al. (18) reported that P. gingi-
valis is associated with AgP as well as CP
in Japanese population. Yoshida et al. (45)
indicated that A. actinomycetemcomitans
serotype c was detected more frequently in
P. gingivalis-positive sites in Japanese
adults. A recent study from our laboratory
showed that most A. actinomycetemcomi-
tans-positive sites harbored P. gingivalis
(39). Thus, A. actinomycetemcomitans ser-
otype c may have the ability to adapt to a
P. gingivalis-positive microenvironment.
However, the detection rate of A. actin-
omycetemcomitans was low in the present
study. Methods of bacterial sampling and
identification affect the results of bacterial
analysis and we carefully considered and
selected the PCR method to reduce the risk
of underestimation. In this study A. actin-
omycetemcomitans was not commonly
found in localized or generalized aggres-
sive periodontitis, as found in North
America and Europe (4, 38, 46), perhaps
due to racial and geographic differences in
the study populations.
The elevated antibody against A. actin-

omycetemcomitans serotype b (Y4) in
localized AgP is in accordance with earlier
studies (10, 22, 27). Ranney et al. (32) and
Gunsolley et al. (17) showed that lesions
of AgP in patients with high antibody titers
against A. actinomycetemcomitans were
less severe compared to those in patients
with low antibody titers, thus emphasizing

the protective role of anti-A. actinomyce-
temcomitans antibody. Lack of A. actin-
omycetemcomitans-positive subjects in the
localized AgP group might be due to the
elimination of A. actinomycetemcomitans
by a robust antibody response, although
the small sample size (n ¼ 8) makes it
difficult to verify this. We observed that
the A. actinomycetemcomitans-positive
patients showed higher serum IgG titers
to serotype c than A. actinomycetemcom-
itans-negative patients in the CP and
generalized AgP groups, implying that
those patients could produce IgG antibody
against A. actinomycetemcomitans sero-
type c, but that the antibody could not
eliminate this organism. These results
suggest that high IgG responses against
A. actinomycetemcomitans may eliminate
A. actinomycetemcomitans serotype b, but
not serotype c.
Antibody avidity, the net binding

strength between multivalent antigen and
polyclonal antibodies, has been investi-
gated in a number of infectious diseases,
both in relation to antibody titer and in
terms of disease susceptibility and pro-
gression (15, 20, 25). Chen et al. (7)
showed that one-third of the rapidly pro-
gressive periodontitis patients in their
study produced antibodies reactive with
P. gingivalis, but the antibodies were of
low avidity and thus presumably did not
eliminate this infection. Whitney et al.
(43) also suggested that in rapidly pro-
gressive periodontitis patients, low avidity
antibodies to P. gingivalis may be ineffec-
tive in clearing this organism. Our results
showed that A. actinomycetemcomitans-
positive patients exhibited significantly
higher IgG antibody avidity to serotype c
(ATCC 43719) compared to A. actin-
omycetemcomitans-negative patients in
both generalized AgP and CP groups.
These results indicate that generalized
AgP patients could undergo affinity mat-
uration in response to A. actinomycetem-
comitans. Moreover, a significantly
positive correlation was observed between
the titers and avidities to serotype c (ATCC
43719), indicating that antibody produc-
tion was accompanied by the affinity
maturation (increased avidity). However,
A. actinomycetemcomitans-positive pa-
tients with generalized AgP showed lower
IgG avidities than those with CP, suggest-
ing that patients with generalized AgP
could not produce strong avidity antibody
compared to patients with CP.
In conclusion, the quality and quantity

of serum antibody responses to A. actin-
omycetemcomitans serotypes a, b, and c
are different in chronic and aggressive

Table 4. Serum IgG titers to autoclaved serotype antigen of A. actinomycetemcomitans

Aa strains Subjects

IgG titers (mean ± SD)

P-value*Aa-positive Aa-negative

Serotype a
(ATCC 29523)

CP 10.63 ± 2.27 (n ¼ 7) 10.36 ± 2.82 (n ¼ 21)
Generalized AgP 11.18 ± 3.32 (n ¼ 9) 8.98 ± 1.88 (n ¼ 29)
Localized AgP – 9.27 ± 1.77 (n ¼ 8)
Healthy – 8.16 ± 1.85 (n ¼ 18)

Serotype b (Y4) CP 9.22 ± 2.02 (n ¼ 7) 8.29 ± 1.58 (n ¼ 21)
Generalized AgP 9.54 ± 2.12 (n ¼ 9) 7.79 ± 2.13 (n ¼ 29) P ¼ 0.037
Localized AgP – 8.87 ± 1.98 (n ¼ 8)
Healthy – 5.96 ± 1.19 (n ¼ 18)

Serotype c
(ATCC 43719)

CP 10.16 ± 0.95 (n ¼ 7) 7.03 ± 1.8 (n ¼ 21) P < 0.001
Generalized AgP 9.42 ± 1.32 (n ¼ 9) 6.96 ± 2.69 (n ¼ 29) P ¼ 0.013
Localized AgP – 8.08 ± 3.01 (n ¼ 8)
Healthy – 5.82 ± 1.45 (n ¼ 18)

* Aa-positive vs. Aa-negative.
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periodontitis. A. actinomycetemcomitans
serotype c may play a significant role in
chronic and generalized aggressive perio-
dontitis, while A. actinomycetemcomitans
serotype b (Y4) may be associated with
localized aggressive periodontitis patients
in a Japanese population.

Acknowledgment

This study was supported by a grant from
the Center of Excellence Program for
Frontier Research on Molecular Destruc-
tion and Reconstruction of Tooth and Bone
in Tokyo Medical and Dental University.

References

1. Amano K, Nishihara T, Shibuya N, Nogu-
chi T, Koga T. Immunochemical and struc-
tural characterization of a serotype-specific
polysaccharide antigen from Actinobacillus
actinomycetemcomitans Y4 (serotype b).
Infect Immun 1989: 57: 2942–2946.

2. Armitage GC. Development of a classi-
fication system for periodontal diseases
and conditions. Ann Periodontol 1999: 4:
1–6.

3. Ashimoto A, Chen C, Bakker I, Slots J.
Polymerase chain reaction detection of 8
putative periodontal pathogens in subgingi-
val plaque of gingivitis and advanced
periodontitis lesions. Oral Microbiol Immu-
nol 1996: 11: 266–273.

4. Asikainen S, Lai CH, Alaluusua S, Slots J.
Distribution of Actinobacillus actinomyce-
temcomitans serotypes in periodontal health
and disease. Oral Microbiol Immunol 1991:
6: 115–118.

5. Califano JV, Schenkein HA, Tew JG.
Immunodominant antigens of Actinobacil-
lus actinomycetemcomitans serotypes a and
c in high-responder patients. Oral Microbiol
Immunol 1991: 6: 228–235.

6. Celenligil H, Ebersole JL. Analysis of
serum antibody responses to periodonto-
pathogens in early-onset periodontitis
patients from different geographical loca-
tions. J Clin Periodontol 1998: 25: 994–
1002.

7. Chen HA, Johnson BD, Sims TJ, Darveau
RP, Moncla BJ, Whitney CW, et al.
Humoral immune responses to Porphyro-
monas gingivalis before and following
therapy in rapidly progressive periodontitis
patients. J Periodontol 1991: 62: 781–791.

8. Chung HJ, Chung CP, Son SH, Nisengard
RJ. Actinobacillus actinomycetemcomitans
serotypes and leukotoxicity in Korean
localized juvenile periodontitis. J Periodon-
tol 1989: 60: 506–511.

9. Ebersole JL, Steffen MJ, Cappelli D. Lon-
gitudinal human serum antibody responses
to outer membrane antigens of Actinobacil-
lus actinomycetemcomitans. J Clin Period-
ontol 1999: 26: 732–741.

10. Ebersole JL, Taubman MA, Smith DJ,
Genco RJ, Frey DE. Human immune
responses to oral microorganisms. I. Associ-
ation of localized juvenile periodontitis
(LJP) with serum antibody responses to

Actinobacillus actinomycetemcomitans.
Clin Exp Immunol 1982: 47: 43–52.

11. Fives-Taylor PM, Meyer DH, Mintz KP,
Brissette C. Virulence factors of Actinoba-
cillus actinomycetemcomitans. Periodontol
2000 1999: 20: 136–167.

12. Flemmig TF. Periodontitis. Ann Periodontol
1999: 4: 32–38.

13. Genco RJ, Zambon JJ, Murray PA. Serum
and gingival fluid antibodies as adjuncts in
the diagnosis of Actinobacillus actinomyce-
temcomitans-associated periodontal disease.
J Periodontol 1985: 56 (Suppl.): 41–50.

14. Gmür R, McNabb H, van Steenbergen TJ,
Baehni P, Mombeli A, van Winkelhoff AJ,
et al. Seroclassification of hitherto non-
typeable Actinobacillus actinomycetem-
comitans strains: evidence for a new
serotype e. Oral Microbiol Immunol
1993: 8: 116–120.

15. Grzybowski J, Trafny EA, Wargocka JW,
Patzer J, Dzierzanowska D, Marciniak IZ,
et al. Amount, avidity, and specity of anti-
bodies to Pseudomonas aeruginosa in nor-
mal human sera. J Clin Microbiol 1989: 27:
1367–1371.

16. Gmür R, Baehni PC. Serum immunoglob-
ulin G responses to various Actinobacillus
actinomycetemcomitans serotypes in a
young ethnographically heterogeneous per-
iodontitis patient group. Oral Microbiol
Immunol 1997: 12: 1–10.

17. Gunsolley JC, Burmeister JA, Tew JG, Best
AM, Ranney RR. Relationship of serum
antibody to attachment level patterns in
young adults with juvenile periodontitis or
generalized severe periodontitis. J Period-
ontol 1987: 58: 314–320.

18. Ishikawa I, Kawashima Y, Oda S, Iwata T,
Arakawa S. Three case reports of aggressive
periodontitis associated with Porphyromon-
as gingivalis in younger patients. J Perio-
dontal Res 2002: 37: 324–332.

19. Ishikawa I, Watanabe H, Horibe M, Izumi
Y. Diversity of IgG antibody responses in
the patients with various types of periodon-
titis. Adv Dent Res 1988: 2: 334–338.

20. Joynson DH, Payne RA, Rawal BK. Poten-
tial role of IgG avidity for diagnosing
toxoplasmosis. Clin Pathol 1990: 43:
1032–1033.

21. Ling TY, Sims TJ, Chen HA, Whitney
CW, Moncla BJ, Engel LD, et al. Titer and
subclass distribution of serum IgG anti-
body reactive with Actinobacillus actin-
omycetemcomitans in localized juvenile
periodontitis. J Clin Immunol 1993: 13:
101–112.

22. Listgarten MA, Lai C-H, Evian CI. Com-
parative antibody titers to A. actinomyce-
temcomitans in juvenile periodontitis,
chronic periodontitis and periodontal
healthy subjects. J Clin Periodontol 1981:
8: 154–164.

23. Lopatin DE, LaBelle D, Lee SW. Measure-
ment of relative avidity of antibodies react-
ive with Porphyromonas (Bacteroides)
gingivalis in the sera of subjects having
adult periodontitis. J Periodontal Res 1991:
26: 167–175.

24. MacDonald RA, Hosking CS, Jones CL.
The measurement of relative antibody affin-
ity by ELISA using thiocyanate elution.
J Immunol Methods 1988: 106: 191–194.

25. Meurman O, Waris M, Hedman K. Immu-
noglobulin G antibody avidity in patients
with respiratory syncitial virus infection.
J Clin Microbiol 1992: 30: 1479–1484.

26. Mombelli A, Gmür R, Lang NP, Corbet E,
Frey J. Actinobacillus actinomycetemcomi-
tans in Chinese adults. Serotype distribution
and analysis of the leukotoxin gene promo-
ter locus. J Clin Periodontol 1999: 26: 505–
510.

27. Mooney J, Kinane DF. Humoral immune
responses to Porphyromonas gingivalis and
Actinobacillus actinomycetemcomitans in
adult periodontitis and rapidly progressive
periodontitis. Oral Microbiol Immunol
1994: 9: 321–326.

28. Nagasawa T, Aramaki M, Takamatsu N,
Koseki T, Kobayashi H, Ishikawa I. Oral
administration of Porphyromonas gingivalis
fimbriae with cholera toxin induces anti-
fimbriae serum IgG, IgM, IgA and salivary
IgA antibodies. J Periodontal Res 1999: 34:
169–174.

29. Naito Y, Okuda K, Takazoe I. Immuno-
globulin G response to subgingival gram-
negative bacteria in human subjects. Infect
Immun 1984: 45: 47–51.

30. Papapanou PN, Baelum V, Luan WM,
Madianos PN, Chen X, Fejerskov O.
Subgingival microbiota in adult Chinese:
prevalence and relation to periodontal dis-
ease progression. J Periodontol 1997: 68:
651–666.

31. Pullen GR, Fitzgerald MG, Hosking CS.
Antibody avidity determination by ELISA
using thiocyanate elution. J Immunol Meth-
ods 1986: 86: 83–87.

32. Ranney RR, Yanni NR, Burmeister JA, Tew
JG. Relationship between attachment loss
and precipitating serum antibody to Actino-
bacillus actinomycetemcomitans in adoles-
cents and young adults having severe
periodontal destruction. J Periodontol
1982: 53: 1–7.

33. Rodenburg JP, van Winkelhoff AJ, Winkel
EG, Goene RJ, Abbas F, de Graff J.
Occurrence of Bacteroides gingivalis, Bac-
teroides intermedius and Actinobacillus
actinomycetemcomitans in severe perio-
dontitis in relation to age and treatment
history. J Clin Periodontol 1990: 17: 392–
399.

34. Saarela M, Asikainen S, Alaluusua S,
Pyhala L, Lai CH, Jousimies-Somer H.
Frequency and stability of mono- or poly-
infection by Actinobacillus actinomycetem-
comitans serotypes a, b, c, d or e. Oral
Microbiol Immunol 1992: 7: 277–279.

35. Saito A, Hosaka Y, Nakagawa T, Seida K,
Yamada S, Takazoe I, Okuda K. Signifi-
cance of serum antibody against surface
antigens of Actinobacillus actinomycetem-
comitans in patients with adult periodonti-
tis. Oral Microbiol Immunol 1993: 8: 146–
153.

36. Saito A, Hosaka Y, Nakagawa T, Yamada S,
Okuda K. Relative avidity of serum immu-
noglobulin G antibody for the fimbria
antigen of Actinobacillus actinomycetem-
comitans in patients with adult periodonti-
tis. Infect Immun 1993: 61: 332–334.

37. Sims TJ, Moncla BJ, Darveau RP, Page RC.
Antigens of Actinobacillus actinomycetem-
comitans recognized by patients with juven-

178 Wang et al.



ile periodontitis and periodontally normal
subjects. Infect Immun 1991: 59: 913–924.

38. Slots J, Reynolds HS, Genco RJ. Actinoba-
cillus actinomycetemcomitans in human
periodontal disease: a cross-sectional micro-
biological investigation. Infect Immun
1980: 29: 1013–1020.

39. Takeuchi Y, Umeda M, Ishizuka M, Huang
Y, Ishikawa I. Prevalence of periodonto-
pathic bacteria in aggressive periodontitis
patients in a Japanese population. J Period-
ontol 2003: 74: 1460–1469.

40. Tangada SD, Califano JV, Nakashima K,
Quinn SM, Zhang JB, Gun JC, et al. The
effect of smoking on serum IgG2 reactive
with Actinobacillus actinomycetemcomitans
in early-onset periodontitis patients. J Peri-
odontol 1997: 68: 842–850.

41. Tonetti MS, Mombelli A. Early-onset per-
iodontitis. Ann Periodontol 1999: 4: 39–53.

42. Vilkuna-Rautiainen T, Pussinen PJ, Mattila
K, Vesanen M, Ahman H, Dogan B,
Asikainen S. Antigenically diverse refer-
ence strains and autologous strains of
Actinobacillus actinomycetemcomitans are
equally efficient antigens in enzyme-linked
immunosorbent assay analysis. J Clin
Microbiol 2002: 12: 4640–4645.

43. Whitney C, Ant J, Moncla B, Johnson B,
Page RC, Engel D. Serum immunoglobulin
G antibody to Porphyromonas gingivalis in
rapidly progressive periodontitis: titer, avid-
ity, and subclass distribution. Infect Immun
1992: 60: 2194–2220.

44. Yamamoto M, Nishihara T, Koseki T,
He T, Yamato K, Zhang YJ, et al. Preval-

ence of Actinobacillus actinomycetemcom-
itans serotypes in Japanese patients with
periodontitis. J Periodontal Res 1997: 32:
676–681.

45. Yoshida Y, Suzuki N, Shibuya K, Ogawa Y,
Koga T. Distribution of A. actinomycetem-
comitans serotypes and Porphyromonas
gingivalis in Japanese adults. Oral Micro-
biol Immunol 2003: 18: 135–139.

46. Zambon JJ A. actinomycetemcomitans in
human periodontal disease. J Clin Period-
ontol 1985: 12: 1–20.

47. Zambon JJ, Slots J, Genco RJ. Serology of
oral A. actinomycetemcomitans and sero-
type distribution in human periodontal dis-
ease. Infect Immun 1983: 41: 19–27.

IgG response to Actinobacillus actinomycetemcomitans 179




