Serum levels of antibodies against Actinobacillus
actinomycetemcomitans in various forms of human
periodontitis

Karl Schenck, Stephen R. Porter, Tore Tollefsen, Jan R. Johansen and
Crispian Scully

Departments of Periodontology and Microbiology, University of Oslo, Oslo, Norway, and
Department of Oral Medicine and Oral Surgery, University of Bristol, Bristol,
Great Britain

Schenck K, Porter SR, Tollefsen T, Johansen JR, Scully C. Serum fevels of antibodies against
Actinobacillus actinomycetemcomitans in various forms of human periodontitis. Acta Odontol
Scand 1989;47:271-277. Oslo. ISSN 0001-6357.

Serum levels of IgG, IgA, and IgM antibodies against extracts from Bacteroides gingivalis
PERS, Actinobacillus actinomycetemcomitans Y4, and Bacteroides fragilis NCTC 9343 were
determined in three categories of periodontitis patients by means of enzyme-linked immuno-
sorbent assay. The test groups comprised 10 patients with juvenile periodontitis (JP), 18
young patients with severe periodontitis (YP), and 31 patients with adult periodontitis
(AP). Nine subjects with healthy periodontium (HP) served as a reference group. Increased
frequencies of patients with significantly elevated IgG and IgA antibody values against B.
gingivalis and A. actinomycetemcomitans were found in the three periodontitis groups as
compared with the HP group. The AP group, however, showed lower IgM values than the
other groups. The results support the contention that A. actinomycetemcomitans may play a
contributory role in adult periodontitis and that B. gingivalis is a suspected periopathogenic
bacterium in juvenile periodontitis. The clinical YP classification was not supported by the
present serologic findings. O Actinobacillus; Bacteroides; immunoenzyme technics; immuno-
globulins; juvenile periodontitis
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Actinobacillus actinomycetemcomitans most
likely plays a pathogenic role in juvenile
periodontitis (1). Recent bacteriologic find-
ings have shown that A. actinomycetem-
comitans frequently occurs in progressing
periodontal sites in patients with adult peri-
odontitis as well (2), and it was proposed
that A. actinomycetemcomitans might trigger
periodontal breakdown regardless of age.
B. gingivalis is, however, usually associated
with adult periodontitis (3), but it has also
been found in periodontal pockets in patients
with juvenile periodontitis (4).

In the study of pathogenesis of peri-
odontitis, the host reaction can give impor-
tant clues complementary to bacteriologic
investigations (5). In the present inves-
tigation we compared mean serum antibody
levels of A. actinomycetemcomitans Y4 and
B. gingivalis PER8 in different patient

groups. Our aim was to find indirect evidence
that A. actinomycetemcomitans also is
involved in the process of adult periodontitis.
A strain of Bacteroides fragilis, a commensal
of the intestine, was used as a non-oral ref-
erence bacterium.

Materials and methods
Patients

Study groups were formed in accordance
with the following criteria: 1) healthy peri-
odontium (HP) (n = 9): patients older than
20 years of age with no clinical and radio-
graphic evidence of periodontal breakdown,
and with less than 10% bleeding gingival
units after probing; 2) juvenile periodontitis
(JP) (n=10): patients between 13 and 20
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vears of age and with periodontal bone loss
of at least one-third of the root length around
one or more permanent first molar or incisor,
as judged with a Schei ruler on intra-oral
radiographs; 3) young adults with severe
periodontitis (YP) (n =18): patients be-
tween 21 and 35 years of age, with periodon-
tal bone loss exceeding one-third of the root
length around 12 or more teeth; and 4) adult
periodontitis (AP) (n = 31): patients older
than 35 years of age and with periodontal
bone loss exceeding one-third of the root
length around at least one tooth, as judged
from intra-oral radiographs. A blood sample
was taken from each patient, and the serum
was collected and stored in small portions
at —20° until used.

This study complies with the recom-
mendations of the Declaration of Helsinki.

Antigens

Bacteroides gingivalis strain PERR (6),
Actinobacillus actinomycetemcomitans strain
Y4 {7), and Bacteroides fragilis NCTC strain
9343 (8) were grown for 7 days on Columbia
agar base (Oxoid, England) supplemented
with 7% whole blood in an anaerobic glove
box (ANEE, Heinicke-National Appliance
Co.). Each growth was removed from the
agar with a rubber scraper and washed twice
in phosphate-buffered saline (PBS) at pH
7.3. Bacterial disruption was achieved by
crushing the cell pellet at —40°C in an X-
press (Biox AB, Nacka, Sweden). This prep-
aration was cleared by centrifugation at
35,000 g for 15 min, and the supernatant was
chromatographed on a Sephadex G-75
column  (Pharmacia Fine Chemicals,
Uppsala. Sweden) with twice distilled water
containing 0.1% (w/v) NaN;. The optical
density (OD) of the eluted fractions was
measured at 280nm, and those corre-
sponding to the void volume were pooled,
lyophilized, and stored at —20°C until used.

Enzyme-linked immunosorbent assay
(ELISA)

Polystyrene microtiter plates (M 129 B,
Dynatech, Plochingen, FRG) were incu-
bated with 150 pl per well of a 10 pg/ml
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solution of bacterial extract in PBS. Each
plate was sealed and stored at 4°C for at
least 12 h. Before each assay the plates were
washed with saline, containing 0.05% (v/v)
Tween 20 (Koch-Light, England) and 0.02%
(w/v) NaNj, in an automatic washing ma-
chine (Microwash, Skatron, Lier, Norway).
Then 200 pl of PBS containing 0.5% (w/v)
bovine serum albumin (Behringwerke AG,
Mahrburg, FRG (PBSB) was added to
each well, and the plates were incubated at
room temperature for 30 min. The wells
were washed and incubated overnight at 4°C
with 150 ul of patient serum appropriately
diluted in PBSB. After being washed, 150 ul
of a dilution of alkaline phosphatase-con-
jugated swine antibodies against human IgG,
IgA, or IgM (heavy-chain-specific, Orion
Diagnostica, Helsinki, Finland) in PBSB was
added to each well. The plates were incu-
bated at room temperature for 4h and
washed. Then 150l substrate solution
(1 mg/ml disodium nitrophenol phosphate
(Phosphatase substrate, Sigma Chemical
Co., St. Louis, Mo., USA) in 1 M dietha-
nolamine buffer at pH 9.8 and containing
0.5 mM MgCl, and 0.02% NaN;) was added
to each well. The OD was read at 405 nm
in a photometer (Titertek Multiskan, Flow
Laboratories, Scotland) at 10-min intervals.
OD values obtained at 40, 50, and 60 min
for IgG, IgA, and IgM, respectively, were
used, except when values exceeded the limit
of accuracy of the photometer. For these
wells, OD values were calculated from
earlier readings. For each bacterial extract
and conjugate, standard curves were drawn
by plotting the logarithm of the dilution of a
standard serum versus the OD observed for
that dilution. On the basis of these curves,
experimental serum dilutions were chosen
(1:3200for IgG and 1:400 for IgA and IgM).
A few sera containing particularly high
activities were remeasured at higher
dilutions, and sera that showed activities
near the lower detection limits of the assay
(the lower non-linear part of the standard
curve) were remeasured at lower dilutions.
Each serum was tested in duplicate.

Statistical evaluation
The data in Table 1 were first analyzed by
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Table 1. Antibody values (OD, 405 nm) to A. actinomycetemcomitans Y4, B. gingivalis PERS,
and B. fragilis NCTC 9343 in sera from healthy subjects and patients with juvenile, severe and
adult periodontitis (mean and standard deviation)*

Healthy Juvenile Severe periodontitis Adult
periodontium periodontitis in young adults periodontitis
(n=9) (n=10) (n=18) (n=31)
A. actinomycetemcomitans Y4
IgG 0.35 1.17% 0.73% 0.587%
(0.26-0.47) (0.49-2.80) (0.31-1.72) (0.33-1.02)
IgA 0.32 0.81% 0.687 0.411%
(0.32-0.50) (0.32-2.10) (0.20-1.67) (0.23-0.74)
IgM 0.47 0.71% 0.48% 0.37%§
(0.31-0.71) (0.49-1.04) (0.28-0.84) (0.26-0.53)
B. gingivalis PER8
IgG 0.24 0.441 0.36 0.44%
(0.15-0.39) (0.22-0.91) (0.18-0.72) (0.22-0.89)
IgA 0.29 0.52+ 0.54% 0.617
(0.20-0.41) (0.30-0.89) (0.32-0.90) (0.32-1.14)
IgM 0.57 0.76 0.61 0.471§
(0.39-0.82) (0.46-1.27) (0.41-0.90) (0.34-0.64)
B. fragilis NCTC 9343
IeG 0.30 0.30 0.31 0.29
(0.22-0.40) (0.24-0.39) (0.23-0.42) (0.21-0.41)
IgA 0.25 0.27 0.30 0.26
(0.19-0.34) (0.20-0.35) (0.22-0.42) (0.22-0.31)
IgM 0.64 0.74 0.65 0.477+§
(0.43-0.94) (0.48-1.16) (0.44-0.96) (0.33-0.67)

* The levels can be compared within immunoglobulin isotype, but not among them.

1 Statistically significant differences as compared with the healthy group (¢ test, P < 0.05).

i Statistically significant differences as compared with the juvenile periodontitis group (¢ test,
P < 0.05).

§ Statistically significant differences as compared with the severe periodontitis in young adults

group (¢ test, P < 0.05).

means of regression analyses, analyses of
variance (ANOVA) and covariance, and
then by ¢ tests and discriminant analysis. All
tests were based on the logarithm of the
separate OD measurements. A statistical
program package was used (9). The fre-
quencies of values exceeding the mean plus
1.7 times the standard deviation in the HP
group were calculated within groups, and
differences among the groups were analyzed
by means of the G test of independence (10).
The level of significance chosen was 0.05.

Results
As compared with the HP group, the peri-
odontitis groups showed significantly

(P < 0.05) raised mean IgG and IgA values
to A. actinomycetemcomitans Y4 and B. gin-
givalis PERS. In contrast, the AP group
showed the lowest average IgM values. Very
consistent mean values were found for B.
fragilis NCTC 9343, except for the lowered
IgM mean value in the AP group. The mean
OD values of the study groups, the cor-
responding standard deviations, and the
results of final ¢ tests on group pairs are
shown in Table 1.

A comparison of the results for B. gin-
givalis PER8 and A. actinomycetemcomitans
Y4 showed that the HP group had sig-
nificantly lower mean values of specific IgG
and IgA antibodies than the JP, YP, and AP
groups. We used two-way ANOVAs on the
variates patient group and bacterial extract
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Table 2. Percentages of subjects in each group displaying antibody levels exceeding the mean plus
1.7 times the standard deviations as calculated from the group with healthy periodontium

Severe
Healthy Juvenile periodontitis Adult
periodontium  periodontitis  in young adults periodontitis
(n=9) (n=10) (n=18) (n=731)
A. actinomycetemcomitans Y4
IpG 11 70* 55* 58*
IgA 0 60* 33* 23*%
M 0 30* 174 0F
At least 1 raised IgG,
1gA or IgM value 11 70% 67" 61*
B. gingivalis PERS
18G 0 40* 2% 42*
IgA 0 30" 39+ 52%
IeM 0 30~ 11 0t
At feast 1 raised IgG.
fgA or IgM value 0 50* 50* 617"
B. fragilis NCTC 9343
IgG 0 0 6 3
IgA 0 10 11 0
IeM 0 20 1t 3%
At least 1 raised 1gG.
igA or IgM value 0 30* 22 6

* Statistically significant differences as compared with the healthy group (G test of inde-

pendence, P < 0.05).

+ Statistically significant differences as compared with the group with juvenile periodontitis (G

test of independence, P < 0.05).

1 Statistically significant differences as compared with the severe periodontitis in young adults

group (G test of independence, P < 0.05).

{(yielding for 1gG, F=13.07, F=6.24, and
F=17.40, and for IgA. F=9.10, F=11.57,
and F= 8.01, respectively; P < 0.05). The
mean IgM activities in the AP group were
significantly lower than those in the HP, JP,
and YP groups (F=4.27, F=21.02, and
F=17.79, respectively; P < 0.05).

Correlation coefficients were calculated
within each group between specific antibody
levels, age, and radiographic variables. Stat-
istically significant negative correlation coef-
ficients were found between age and specific
anti-bacterial IgM  values (r < —0.50,
£ < 0.05). Hence, analysis of covariance was
performed on the IgM data with age as a
covariate. According to these tests, none of
the mean IgM values in the AP group were
significantly lower than the IgM values in the
other groups; that is, the age factor explained
the low IgM values observed.

Table 2 shows the percentage of patients

in each group with antibody values exceeding
the means plus 1.7 times the standard devi-
ation as calculated for the HP group.

A discriminant classification function
using B. gingivalis PER8 and A. actino-
mycetemcomitans Y4 measurements placed
89% of the HP subjects, 60% of the JP pa-
tients, and 61% of the AP patients correctly
into their clinical groups (jack-knifed classi-
fication; that is, a procedure involving a new
classification function for each subject, based
on all subjects except the one being tested).
None of the YP patients were classified as
such.

Discussion

Other work has shown that increased levels
of serum antibodies to B. gingivalis fre-
quently occur in adult periodontitis, whereas
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raised antibody values to A. actinomy-
cetemcomitans are prevalent in juvenile peri-
odontitis (6, 11-18). The present study
agrees with those findings. Juvenile peri-
odontitis patients emerged as a group with
significantly raised mean concentrations
of anti-A. actinomycetemcomitans Y4 anti-
bodies, whereas AP had significantly in-
creased mean values of anti-B. gingivalis
PERS antibodies (Table 1).

In addition, we found that AP displayed
elevated average anti-A. actinomycetem-
comitans Y4 1gG values, indicating past
exposure of patients to this bacterial species.
To some extent, the results accord with those
bacteriologic findings that showed A. acti-
nomycetemcomitans to be present in many
sites with progressing periodontal break-
down in adult patients (2). Similarly, JP
showed moderately raised anti-B. gingivalis
PERS8 IgG and IgA mean values. The results
indicate that B. gingivalis at times might be
involved in the disease process of juvenile
periodontitis and at times is a useful sup-
plementary serologic marker of the disease.
Low antibody values against B. fragilis
NCTC 9343, the reference bacterium, was
found in all groups. The latter results support
the contention that there is an association
between elevated antibody activity in serum
and past or present infection with oral bac-
terial colonizers. Antibody response among
adult periodontitis patients is not limited to
a single bacterial species (15-17, 19). In the
present study, most of the patients in the
periodontitis groups showed at least one sig-
nificantly raised IgG, IgA, or IgM antibody
value to the test bacteria (Table 2). We agree
with those authors who propose that such
findings rather suggest that combinations of
opportunistic bacteria trigger periodontal
breakdown, or that the more virulent patho-
gens attack sequentially (20, 21). Moreover,
the extent to which all relevant subgingival
bacteria release sufficient antigens to pro-
duce raised antibody levels, as detected by
ELISA, is unknown.

Inverse correlations were found between
age and specific IgM levels. When analysis
of covariance was used, the differences in
specific IgM levels between AP and the other
groups appeared insignificant. Since the
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relationship with age involved B. fragilis as
well, reduced IgM values with advancing
age might reflect a general phenomenon.
Other studies have shown that cell prolifer-
ation, interleukin-2 production, and respon-
siveness to lymphokines triggering cell
growth and differentiation decrease with
advancing age (22-24). Such lessened reac-
tivity might also reduce IgG and IgA pro-
duction in adults. Moreover, terminal
differentiation in IgM-secreting B cells is
impaired in older persons (25). Increased
production of anti-idiotype antibodies might
also contribute to reduced amounts of
specific antibodies in elderly people (24).
The ELISA method chosen was based on
time-dependent OD readings and therefore
permitted semiquantitative comparisons of
OD values within each immunoglobulin
class. The OD values found were also trans-
formed to serum dilutions by aid of ELISA
standard curves (data not shown). Mean IgG
and IgA reactivities to A. actinomycetem-
comitans Y4 in the JP group (1.17 and 0.81
in Table 1) were thus raised 10 and 15 times,
respectively, as compared with the mean
level in HP. In contrast, the mean antibody
values to A. actinomycetemcomitans Y4 and
B. gingivalis PERS8 in the groups YP and
AP were increased two to five times. Those
results emphasize the strongly increased
reactivity to A. actinomycetemcomitans Y4
in juvenile periodontitis (14) versus the more
moderate increases found to oral bacterial
species in other forms of periodontitis. Per-
haps the local microbial flora in juvenile
periodontitis produces immunomodulators
different from those produced by the com-
plex microbiota in adult periodontitis (26).
The group YP was formed in accordance
with clinical criteria given by others (13, 16,
27-31). Smith et al. (27) reported a non-
specific hyperresponsiveness to polyclonal
B-cell activators in such patients. The sero-
logic characteristics found in the present YP
group were, however, largely comparable
with those of AP (Table 1). YP showed
higher mean serologic reactivity to A. acti-
nomycetemcomitans Y4 than to B. gingivalis
PERS, albeit less than that observed in JP.
Classification by means of a discriminant
function failed to classify YP patients as a
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particular group. Thus the data from this
study comply with the view of Tew et al. (16)
that YP hardly comprises a separate disecase
entity.

In sum, raised serum antibody levels to A.
actinomycetemcomitans Y4 were found in
patients with juvenile periodontitis as well
as in adults with periodontitis. The present
findings suggest that A. actinomycetem-
comitans, to which an etiologic role is
ascribed in the pathogenesis of juvenile peri-
odontitis (31), also might be related to other
adult forms of periodontitis. Similarly, raised
levels of anti-B. gingivalis PERS antibodies
were found in periodontitis patients regard-
less of age, indicating that B. gingivalis is a
useful general marker of periodontal break-
down.
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