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Eikenella corrodens can induce periodontitis-like disease in gnotobiotic rats.
Some components of this bacterial cell elicit measurable humoral immune re-
sponse during the development of the disease, but in this system endotoxin is not
among the efficient immunogens. Because no humoral immune response could be
seen to the endotoxin of Eikenella corrodens it is assumed that this endotoxin
can act uncontrolled in monoinfected rats. Accordingly, the lack of protective
humoral immune response to pathogenic components of Eikenella corrodens
may be the major factor permitting the development of the disease described
here. The possibility that both cell-mediated immunity and uncontrolled endo-
toxic action are parts of the pathomechanism of the disease is supported by our
observations.

Eikenella corrodens, a microaerophyllic,
gram-negative microorganism, has been isolated
from the deep gingival pocket of a periodontosis
patient by Newman et al. (7). Monoinfection of
genrfree rats at the age of 3 weeks with E.
corrodens causes severe alveolar bone loss in 10
to 12 weeks (3; A. C. R. Crawford, S. S. Socran-
sky, E. Smith, and R. Phillips, J. Dent. Res.,
Abstr. no. 275, 1977). The histopathological
changes of the rat gingiva during the develop-
ment of the disease are described by us in a
recent publication (5).

Earlier longitudinal studies on the immune
response in rats to E. corrodens during the
development of the disease involved the mea-
surement of cell-mediated immune (CMI) re-
sponse. It was found that the development of
the CMI reaches maximum levels in 4 to 6 weeks
before subsiding rapidly to background levels.
The disease developed only after the CMI re-
sponse diminished. This finding has been inter-
preted by us as an indication of inefficient im-
mune response to bacterial products, which per-
mits the development of the periodontal disease
(3). The results presented here were obtained by
measuring the humoral immune response in
monoinfected germfree rats during the develop-
ment of the disease. In addition, we also present
data from a pilot study in which we measured
the humoral immune response to E. corrodens
in monoinfected rats which were immune sup-
pressed by whole-body irradiation throughout
the course of disease development.

MATERIALS AND METHODS
E. corrodens cultivation. E. corrodens isolate no.

1073 has two morphologically distinct types. One, des-
ignated as CS-10-A, grows on blood agar as small,
shiny, raised colonies. The other, designated as CS-10-
B, shows under identical conditions spreading, dull
growth, which also corrodes the blood agar surface.
Electron microscopic sections of the two strains re-
vealed minor differences between the two strains. The
cell wall structure of CS-10-B is more convoluted than
of CS-10-A. Also, CS-10-B cells are longer than CS-
10-A cells, and their cytoplasm is more electron dense.

Accordingly, we cultivated the two strains sepa-
rately but used the same medium, Todd-Hewitt broth,
with 2 g of KNO3 per liter, 5 mg of hemine per liter
dissolved in 1 N NaOH (pH adjusted to 7.8), and 50
mg of L-cystein-hydrochloride. The bacteria were
grown in a 5% CO2 atmosphere under constant agita-
tion by a slow magnetic stirrer.

Preparation of bacterial sonic extracts. A sus-
pension of killed (0.5% phenol, final concentration)
bacteria containing 108 to 109 cells in distilled water
was sonically disrupted with a Branson Sonifier on ice
for 15 min at 100 W.

Isolation of endotoxic lipopolysaccharides. A
1-g amount of harvested, washed, and lyophilized bac-
teria was extracted with 50 ml of 45% phenol at 70°C
by the method of Westphal and Luderitz (12). The
water phase was dialyzed at 4°C for 3 days against
distilled water, filtered, and precipitated by 2 volumes
of methanol containing 0.1% MgCl2. The precipitate
was redissolved in 10 ml of distilled water and sedi-
mented by ultracentrifugation at 100,000 x g for 2 h.
The sediment was lyophilized. The same procedure
was applied to both CS-10-A and -B strains.

Passive hemagglutination. The method of Neter
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(6) was used to determine the humoral immune re-
sponse to E. corrodens sonic extracts and to the
phenol-water-extracted endotoxins. The endotoxins
or the CS-10-A or -B sonic extracts were heated in a
boiling-water bath for 2 h at neutral pH and used to
coat sheep erythrocytes. The coating was carried out
at 37°C, for 30 min, by shaking the cell suspensions
gently at approximately 5-min intervals. The cell sus-
pensions were centrifuged and washed three times
with physiological saline. The final suspensions of
coated sheep erythrocytes were prepared by dispersing
0.2 ml of packed-cell sediment in 10 ml of physiological
saline.
The efficiency of the coating procedure was dem-

onstrated by titrating coated cells with CS-10-A or -B
antisera produced in rabbits immunized with whole E.
corrodens bacteria. The titration was carried out in
microtiter plates by the routine procedure of 1:2 serial
dilutions of antiserum with saline before adding anti-
gen-coated erythrocytes.

Infection and bleeding of germfree rats. Three-
week-old germfree rats were infected by two different
procedures. In procedure 1, a single, fully grown germ-
free rat, monoinfected with a mixture of E. corrodens
(CS-10-A and CS-10-B), was placed in the isolator
housing 32 3-week-old germfree rats. In procedure 2
all germfree rats were infected intraorally with the
mixture of CS-10-A and -B strains by using a swab
dipped into a broth culture. Simultaneously the sterile
drinking water and sterile Keys 2000 diet of the rats
were contaminated with the same mixture of the two
strains. In procedure 3, the animals were first immu-
nosuppressed by irradiation as described in detail be-
low. The infection was induced in the same manner as
in procedure 2. Pairs of animals were sacrificed every
week starting 8 days after infection. Whole blood was
collected and allowed to coagulate for 24 h at 4°C. The
sera were separated by centrifugation and stored at
-20°C until the end of the experiment, at which time
all sera were tested.
Measurement of the degree of disease devel-

opment. The decapitated heads were preserved in a
mixture of 5% glutaraldehyde and 4% paraformalde-
hyde, buffered with sodium cacodylate to pH 7.2. The
spaces between the three molars in all four quadrants
were investigated with a dissecting microscope. Scor-
ing of the disease was done as follows: no disease, 0;
mild disease (teeth firmly in place, in line, and in
contact with each other, but evidence of hair and
bedding impaction visible), 1; moderate disease (teeth
firm and in line but open contact points with hair and
bedding impaction in the gingival sulcus), 2; advanced
disease (teeth loose, out of line or lost, extensive hair
and bedding impactions, alveolar ridge deformities), 3.
The periodontal status was assessed for each animal

by adding the scores for all eight interdental spaces
and dividing the total by 8. If n number animals was
used per group, the sum of the scores was divided by
n x 8.
Immunosuppression of rats by whole-body ir-

radiation. Monoinfected rats were transferred from
the isolator into a sterile portable chamber by means
of a sterile transfer sleeve. The portable cylindrical
chamber was custom-made by our machine shop from

0.25-inch (ca. 0.64-cm) Lucite. The dimensions of the
chamber measured 12 inches (ca. 30.48 cm) in diameter
and 4.5 inches (ca. 11.43 cm) in height. The bottom of
the chamber was outfitted with an air-tight "window"
held in place by six wing nuts. The top side of the
chamber held a passive antimicrobial air filter. The
interior of the chamber was sterilized by means of
ethylene oxide gas.
Whole-body irradiation of rats was achieved by

means of a Gamma cell 40 irradiator (Atomic Energy
of Canada Ltd.), which is a self-shielded unit contain-
ing two double-encapsulated 1,550-Ci cesium-137
sources. The above described portable chamber was
placed into the irradiation compartment of the
Gamma cell 40. The air exposure dose rate over the
12.5-inch target plane was determined at 97.5 R. Ani-
mals were exposed to a primary dose of 350 R which
was followed by a maintenance dose of 150 R at 14-
day intervals for the duration of the experiment. Al-
though this irradiation dose schedule was sublethal, it
effectively reduced the number of viable spleen cells
to between 5 and 20% of nonirradiated monoinfected
controls. This range of residual spleen cell survival
reflects stages of radiation recovery between succes-
sive irradiation exposures.

RESULTS
Histopathology and the development of

the disease. A detailed description of the his-
topathology of these monoinfected rats was re-
cently reported by us (5). Of special interest was
our observation that the connective tissue re-
mained relatively free ofinflammatory cells with
the exception of isolated neutrophils. With time,
the impaction of hair and bedding continued to
affect primarily the junctional epithelium, al-
though isolated hair or fragments of bedding
material were also observed in the underlying
connective tissue. Despite the encroachment of
foreign bodies, no increase in the concentration
of inflammatory cells in the connective tissue
was detectable. In close proximity to the foreign
materials, macrophages and giant cells could
occasionally be detected. Even at a time when
frequent interruptions in the continuity of the
epithelial lining and the onset of marked osteo-
clastic activity could be observed, the gingival
connective tissue continued to remain relatively
free of typical lymphocytes and plasma cells.

In procedure 1 the animals showed the first
sign of disease after 8 weeks. From then on, the
disease developed rather rapidly and reached
severe levels with great bone losses in 12 to 14
weeks. The animals which were infected by pro-
cedure 2 showed somewhat earlier the beginning
of bone losses (week 5), but the progressing
disease did not reach the extent shown in pro-
cedure 1 even after 14 weeks. The disease levels
are indicated by bars in Fig. 1 for procedure 1
and in Fig. 2 for procedure 2.
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FIG. 1. Correlation between disease development and rise ofimmune response in E. corrodens-monoinfected
rats. Infection has been carried out by procedure 1. Vertical lines represent range in the titer values.

The most rapid development of periodontal
lesions was observed in rats which were strongly
immune-suppressed by repeated whole-body ir-
radiation before and after infection with E. cor-

rodens (procedure 3). Table 1 shows the site and
severity of the disease state for each of five
individual rats used in this pilot study.
Passive hemagglutination assay. The

coating of sheep erythrocytes with bacterial
sonic extracts as well as with endotoxin was

efficient, because the rabbit antisera to CS-10-A
or C-10-B bacteria showed high titers to the
sonic extract as well as to the isolated endotoxin.
Antibody titers. By using the sonic extract-

coated sheep erythrocytes, the results of titra-
tion indicated that both procedures 1 and 2
produced increasing antibody levels to the bac-
terial sonic extract. The antibody titer increased
from week 4 on and reached relatively high
levels (titer 512) on week 14. The rate of increase
of the antibody to the whole-cell sonic extract
was parallel to the development of the disease.

In contrast, antiendotoxin titers remained un-
detectable in the rats infected by procedure 1
(Fig. 1) and were low but significant if procedure
2 had been used (Fig. 2). Figure 2 shows the
antibody titer changes in procedure 2 to whole-
cell sonic extracts of CS-10-A and CS-10-B bac-
teria, as well as the antiendotoxin titers. The
humoral immune response to whole-cell sonic
extracts was comparable in procedure 1 and
procedure 2, but no detectable level ofantibodies
was produced to endotoxins in procedure 1,
whereas procedure 2 gave definite antiendotoxin
antibody levels.

In procedure 3, in which radiation immune-
suppressed animals were infected with E. cor-

rodens, no detectable agglutination titer could
be detected for erythrocytes coated with either
whole bacterial sonic extracts or their respective
endotoxins of both strains. The severe suppres-

TABLE 1. Progression ofperiodontal disease in
radiation immune-suppressed gnotobiotic rats as a

function of time
Time Location and severity of disease
(weeks)

after initial Upper right Upper left Bottom Bottom left
infection jaw jaw right jaw jaw

3 M,-M2 (2)a M,-M2 (3) 0 M,-M2 (2)

4.5 0 0 0 0

6 0 M,-M2 (3) 0 0
M2-M3 (1)

7.5 M,-M2 (3) M2-M3 (2) 0 0

9 M,-M2 (3) M,-M2 (1) 0 0
M2-M3 (2) M,-M3 (2)

a M,, first molar; M2, second molar; etc. Numerical score in
parentheses indicates severity of disease (see text).

sion of a humoral response in these animals was
to be expected; however, the more rapid and
severe development of periodontal lesions in
these animals weakens the popular notion that
CMI hypersensitive state serves as a contribut-
ing mechanism leading to periodontal disease.
Future studies will include a series of experi-
ments in which monoinfected and irradiated
monoinfected rats will be passively immunized
with high-titer antiserum to E. corrodens. Sim-
ilarly, parallel groups of animals will be hyper-
immunized by repeated vaccination with nonvi-
able bacterial sonic extracts or extracts of E.
corrodens. The purpose of these experiments
will be to test the contribution of an immune
hypersensitive state to the development of per-
iodontitis.

DISCUSSION
The results obtained indicate that although

good humoral immune response is induced in
rats to bacterial cell components, E. corrodens
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FIG. 2. Correlation between disease development and rise ofimmune response in E. corrodens-monoinfected
rats. Infection has been carried out by procedure 2. Vertical lines represent range in the titer values.

endotoxin is not one of these immunogens. Dur-
ing the development of the disease, antibodies
are produced to bacterial cell components other
than endotoxin. The endotoxins of the CS-10-A
and -B strains could not express their immuno-
genicity under the conditions of infection de-
scribed here.
Lack of good anti-O titers (anti-endotoxic li-

popolysaccharide) if one uses encapsulated bac-
terial cells is not an uncommon observation be-
cause the K (capsular) antigens can suppress the
immunogenicity ofthe underlying 0-antigen lay-
ers of bacterial cell envelopes. This explains why
heat-killed gram-negative bacteria are used for
good anti-O serum production, inasmuch as the
heating destroys the sensitive K antigens.

It has been shown earlier (8, 9) that antien-
dotoxin antibodies are highly efficient in detox-
ifying isolated endotoxins. The lack of good hu-
moral immune response to the endotoxin con-
tent of E. corrodens may play a significant role
in the pathogenic mechanism of this model sys-
tem. The constantly present endotoxin-contain-
ing cells and cell debris in the plaque will not be
encountered by immunoglobulins which could
neutralize the endotoxins.
The possibility that humoral antiendotoxin

immune response may be an essential part of
the rat defense mechanism becomes an even
more acceptable assumption by comparing the
result of procedures 1, 2, and 3. In procedure 1
the antiendotoxin response was zero, and the
disease developed rapidly, leading to severe bone
losses. In procedure 2, where the disease could
not reach the same extent of bone destruction,
a low but definite antiendotoxin titer could be
uncovered. Although serum antibody levels do
not wholly describe the local immune responses
of the local periodontal lesion, they do represent
a quantitative approximation of the host im-
mune response. In the pilot study described as
procedure 3, where the immune response capac-

ity of the rats has been severely reduced by y-
ray irradiation, no antibody response could be
manifested. Neither endotoxin nor other com-
ponents of E. corodens elicited measurable an-
tibody levels. In this group of rats, the most
rapid and the most extensive destruction was
observed. Although whole-body irradiation af-
fects every mammalian cell in varying degrees,
probably the most radiosensitive cells which are
essential to life are the hemopoietic cells repre-
senting the immune system. This differentially
destructive effect ofsublethal radiation exposure
on the immune system can be readily observed
by measuring the immune response to an anti-
genic challenge and/or the histological exami-
nation of tissues constituting the immune sys-
tem. In this preliminary study, we measured the
antibody response as well as determined the
surviving number of spleen cells at the time of
sacrifice. The experiments by procedure 3 will
be repeated with larger groups of rats in a more
elaborate experimental design by varying several
parameters. One conclusion which we feel to be
sufficiently safe to draw at this point is that if
the disease in the E. corrodens-monoinfected
rats were accountable for destructive conse-
quences of an immune response to E. corrodens,
these immunosuppressed rats should not have
developed any disease. On the contrary, we saw
the most severe lesions manifested in this group
of rats.
One should also entertain the possibility that

both CMI and endotoxin action are parts of the
pathomechanism in the gnotobiotic rat model
system. Endotoxin can augment the manifesta-
tions of some CMI reactions; for example, as it
was shown by Bordet in 1931 (1), guinea pigs
sensitized by mycobacteria will show extensive
hemorrhages if injected intravenously with
endotoxin-containing culture filtrate. There are
numerous references indicating similar interac-
tions between CMI and endotoxic action (2, 4,
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10, 11). It is quite likely that endotoxin or other
possible toxic components of plaque microorga-
nisms additively or synergistically aggravate the
pathological effects of CMI-causing bacterial
components, leading to a fully developed de-
structive periodontitis. As Fig. 1 shows, a short-
lived but very intensive CMI to E. corrodens
precedes the development of the bone loss. One
should not dismiss the possibility that this tran-
sient CMI (as measured by lymphoblast as well
as by skin assays) makes tissues more accessible
to endotoxin at the same time when no neutral-
izing antiendotoxin antibodies were produced.
The damage may be caused by the endotoxin,
but it is the transient CMI which may facilitate
the way for the endotoxin to reach its targets.
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