INFECTION AND IMMUNITY, Dec. 1982, p. 1130-1136
0019-9567/82/121130-07$02.00/0
Copyright © 1982, American Society for Microbiology

Vol. 38, No. 3

Effect of Neonatal Thymectomy on Dental Caries in Rats

JEFFREY L. EBERSOLE,* MARTIN A. TAUBMAN, anp DANIEL J. SMITH
Department of Immunology, Forsyth Dental Center, Boston, Massachusetts 02115

Received 7 June 1982/Accepted 23 August 1982

The effect of T-cell depletion on susceptibility to dental caries after infection
with Streptococcus mutans was studied. Rats were neonatally thymectomized
(Tx) and infected with S. mutans 6715 or locally immunized with the homologous
organism before infection. The Tx rats uniformly exhibited a higher level of
infection with S. mutans and subsequently showed a greater extent of carious
activity. Correlation studies were performed comparing the level of salivary and
serum anti-S. mutans antibodies and the relative amount of dental caries. The
results demonstrated that salivary immunoglobulin A antibody after immunization
and infection, or infection only, showed a significant negative correlation with
dental caries. Also, after local immunization, serum immunoglobulin G antibody
showed a negative correlation with dental caries in the rats. These findings further
support a major protective role for salivary immunoglobulin A in experimental

dental caries in rats.

The role of Streptococcus mutans in the
pathogenesis of dental caries appears to be a
result of accumulation on tooth surfaces (16) and
production of large amounts of acid (24). It has
been suggested that interference with adherence
of the microorganisms would result in a dimin-
ished level of dental caries (6, 15). Experiments
have shown that antibodies to S. mutans inhibit
accumulation in vitro (15, 23) and can provide
protection against dental caries in vivo (22, 30,
31). Studies using rats as a model of caries
immunity have shown that actively induced sali-
vary immunoglobulin A (IgA) antibodies are
often associated with reduced numbers of S.
mutans recovered from infected rats and a lower
incidence of caries (22, 30, 31). Investigators
from different laboratories have thus concluded
that local administration of formalinized S. mu-
tans in the salivary gland vicinity of germfree
rats and conventional rats, hamsters, and mon-
keys elicits protective levels of salivary IgA
antibody (13, 14, 22, 25, 30, 31).

We have reported that rats that were thymec-
tomized at birth (Tx) to deplete T-lymphocyte
numbers manifest various immunological abnor-
malities (8-10). In particular, salivary IgA and
serum IgG antibody levels induced by local
immunization or infection with S. mutans or
both are significantly decreased in the Tx rats
(11). Recent studies of humans with various
immunological abnormalities have shown that
these individuals have decreased salivary and
serum antibodies to S. mutans (1, 2, 5). Accom-
panying this decreased immune response has
been a generally increased level of dental caries
(2, 5). The purpose of the present study is to

determine whether experimentally induced spe-
cific immunological dysfunction in rats infected
with S. mutans would affect dental caries activi-
ty.

MATERIALS AND METHODS

Bacteria. S. mutans 6715, serotype g, is cariogenic
in rats and hamsters and is resistant to streptomycin at
concentrations of 2 mg/ml. The organisms were grown

-anaerobically (10% CO,, 90% N,) for 18 to 36 h at 37°C

in 6 to 10 liters of a chemically defined medium (27).
The cells were removed by centrifugation (13,000 x g)
and washed three times in phosphate-buffered saline
(PBS; 0.02 M phosphate) (pH 7.5) containing 1 mM
EDTA. The bacteria were killed with 0.5% buffered
formal saline (16 to 18 h at room temperature) and
plated on mitis salivarius (Difco) and 5% sheep blood
(GIBCO) agar plates to assure that the bacteria were
nonviable. The organisms were again washed three
times in PBS-EDTA, subsequently suspended in PBS-
EDTA to a concentration of 7 X 10'%ml, and stored at
4°C.

Experimental protocol. Four experiments were per-
formed in outbred Sprague-Dawley (CD-1) rats, and
one experiment was done in inbred Fischer rats (CDF/
CrBl; Charles River, Wilmington, Mass.) (Table 1). In
each experiment, values for a group of Tx rats and
control (normal [N] or sham-thymectomized [STx])
rats were compared. The purpose of experiments Al
and A2 was to determine the effect of neonatal thy-
mectomy on infection with S. mutans 6715 and caries
after 45 or 65 days of infection. Experiments A3, A4,
and AS included groups of immunized Tx or N rats
that received four weekly injections of 10° formalin-
ized S. mutans organisms, emulsified in complete
Freund adjuvant, in the vicinity of the major salivary
glands. Experiments A3, A4, and AS also used sham-
immunized (Tx and N) rats injected with PBS in
complete Freund adjuvant and a nonimmunized nor-
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mal group (only in A3) injected with PBS. All rats were
subsequently infected, and the experiments were ter-
minated at 65 or 67 days postinfection. The S. mutans-
injected groups in these experiments provided a com-
parison of the effects of immunization before infection
with those of infection alone on the extent of disease in
the Tx and N rats. The sham-immunized groups in
experiments A3, A4, and AS can also be analyzed to
determine the ability of older rats to manifest protec-
tion against S. murans-induced caries following an
infection, similar to experiments Al and A2. At sacri-
fice, the whole jaws were defleshed, and all caries and
lesions were scored by a modified Keyes method (30).
Statistical differences in the data were determined by
an analysis of variance.

Infection. S. mutans 6715 was cultured anaerobical-
ly in Trypticase soy broth (Difco) for 16 to 18 h; 0.4 ml
(approximately 10® colony-forming units) was used for
infection. All animals from experiments Al and A2
were infected on 3 consecutive days beginning on day
21 postparturition. All rats in experiments A3, A4, and
AS were also infected for 3 consecutive days, 7 to 10
days after completion of the immunization regimen
(A3, days 46 to 48 of age; A4, days 43 to 45 of age; AS,
days 44 to 46 of age) (Table 1). During the experiment
and at termination, the molar and incisor teeth were
swabbed (Calgiswab; Inolex), and the recovered orga-
nisms were dispersed by blending in a Vortex mixer in
2 ml of Y4-strength Ringer solution. Appropriate dilu-
tions were plated on mitis salivarius agar for total
streptococci and mitis salivarius agar containing 200
ng of streptomycin per ml for S. mutans 6715.

Antibody analysis. Antibody in saliva (IgA and IgG)
and serum (IgG) was determined by a modification of
the indirect enzyme-linked immunosorbent assay (10,
11). Formalinized S. mutans 6715 organisms were
attached to polystyrene microtiter plates, and after
incubation with saliva or serum and antiglobulin re-
agents, the antibody activity to the microorganism was
determined spectrophotometrically as described previ-
ously (11).

Verification of T-cell depression resulting from neo-
natal thymectomy. We have previously shown that Tx
rat spleens contain approximately 10% T lympho-
cytes, whereas normal rat spleens have 50 to 60% T
cells (8). To verify that Tx rats exhibited decreased
levels of T lymphocytes, two analyses were used.
First, spleen cells from all Tx rats and representative
control animals were prepared at the termination of
each experiment. Spleens were excised from rats and
placed in 10 ml of chilled Alsever solution. The spleens
were minced and expressed through 60-gauge stain-
less-steel wire mesh. The cell suspensions were then
forced through a 26-gauge needle and washed two
times in Hanks basic salt solution containing 5%
bovine serum albumin (Sigma Chemical Co., St. Lou-
is, Mo.). After centrifugation (800 x g, 4°C), the cell
pellets were resuspended in Hanks basic salt solution—
bovine serum albumin, and lymphocytes were isolated
by centrifugation into Ficoll-Hypaque (4). The isolated
lymphocytes were washed two times in Hanks basic
salt solution-bovine serum albumin, and viability was
assessed by trypan blue dye exclusion (90 to 95%
viable). A sample of 10° cells was then suspended in 25
wl of an appropriate dilution of fluorescein-conjugated
anti-rat T lymphocyte globulin (29). The suspension
was incubated at 4°C for 20 min and washed three
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TABLE 1. Experimental protocols for determining
the effects of neonatal thymectomy on dental caries

in rats
Duration of
Expt | Group (n) | Rat strain Injection® infection
(days)”
Al | Tx (5 |CD-1 None 45
N (12) None
A2 Tx (6) | CDF/BRL| None 65
STx (10) None
A3 Tx (7)|CD-1 6715 + CFA 65
Tx (5) PBS + CFA
N (10) 6715 + CFA
N 9 PBS + CFA
N @ PBS
A4 Tx (9)|CD-1 6715 + CFA 65
Tx 9) PBS + CFA
N (10) 6715 + CFA
N (11) PBS + CFA
AS Tx (10) |CD-1 6715 + CFA 67
Tx (7) PBS + CFA
N (10) 6715 + CFA
N (10) PBS + CFA

< Four weekly injections of this material in the
vicinity of the major salivary glands. 6715, S. mutans
6715.

b Rats in all experiments were infected with S.
mutans 6715.

times in Hanks basic salt solution-bovine serum albu-
min. The cells were then diluted, and the percentage of
positively staining cells was determined (200 to 300
lymphoid cells were counted in each preparation) by
using a Leitz Ortholux fluorescence microscope with
Ploem illumination and an XBO 75 lamp. The percent-
age of T lymphocytes in the groups of rats from all
experiments showed that normal spleen T cell levels
were 56.3 + 3.5% (n = 85), whereas Tx levels were 8.9
+1.5% (n = 58). Although Tx rats are not devoid of T
lymphocytes, T-cell levels in the spleens of these rats
are decreased by 70 to 90% compared to control
animals. )

The second analysis of T-cell deprivation deter-
mined the functional capability of the residual T-cell
population in the Tx rats to reject histoincompatible
tail skin grafts (3). Two to four grafts from CDF-1 rats
(inbred Fisher 344-derived strain) were placed on the
dorsal tail surface of CD-1 (Sprague-Dawley) rats. The
grafts were covered with a protective polystyrene tube
for approximately 48 h, after which time the survival
of the grafts was monitored every 2 days. Any graft
not attached at 7 days was eliminated as a technical
failure. The grafts were scored for evidence of rejec-
tion on a 0 to +++ basis for loss of hair, epithelial
texture, and pigmentation. When two of three parame-
ters were scored as +++, the graft was considered
rejected. The rejection of histoincompatible skin grafts
was studied in rats from experiment A4. The normal
CD-1 rats rejected CDF-1 skin grafts in 10.8 + 1.1
days. In contrast, the Tx rats showed a complete
inability to reject the foreign tissue, and all grafts
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TABLE 2. Bacterial recoveries from thymectomized
and control rats during infection and at termination

of experiment
S. mutans in Tx vs N rats®
Expt Treatment® During At
infection termination
Al None + +
A2 None*
1 + +
2 +
A3 1 + +
SINI4 + -
A4 1 - +
SI + +
AS | + +
SI + +

41, Immunized; SI, sham-immunized; NI, nonim-
munized.

b +, Geometric mean S. mutans was greater in Tx
than in comparably treated N rats; —, no difference in
S. mutans between Tx and N rats.

¢ Rats in experiment A2 were swabbed twice during
the period of infection.

9 Results are a composite of a group of N rats that
were sham-immunized and a group of N rats that were
nonimmunized.

survived until the termination of the experiment.
Therefore, not only are T-lymphocyte numbers de-
creased in the Tx rats, but the graft rejection assay
suggests that cell-mediated immune functions are dras-
tically altered in these rats.

RESULTS

Bacteriological studies. Tx rats produced lev-
els of salivary antibodies, after infection or
active immunization with S. mutans 6715, that
were below normal (10). It was of interest to
determine the effect of thymectomy on S. mu-
tans infection and dental disease associated with
these microorganisms. The extent of infection
was monitored by systematically swabbing mo-
lar and anterior tooth surfaces of the infected
rats and plating the swabs for S. mutans on mitis
salivarius agar plus 200 pg of streptomycin per
ml (Table 2). Statistically significant differences
between the levels of recoverable S. mutans
were not observed due to variations in infection
or recovery of the organism among the rats.
However, in 10 of 11 swabbing periods higher
geometric mean levels of S. mutans were recov-
ered from the nonimmunized or sham-immu-
nized Tx rats than from N rats. Similar results
were noted in groups of Tx and N rats that were
actively immunized before infection with S. mu-
tans. In five of six sampling intervals the immu-
nized Tx rats harbored greater geometric mean
numbers of S. mutans than comparably injected
N rats.

Lesions and caries. To assess the effect of T-
cell reduction on caries immunity, the numbers
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of carious lesions and caries scores of rats from
experiments Al through AS were determined.
Groups of infected, nonimmunized or sham-
immunized rats from each experiment provided
data concerning the innate susceptibility of con-
trol (N or STx) or Tx rats to dental caries upon
S. mutans infection (Table 3). In each experi-
ment, Tx rats showed increased numbers of
carious lesions as compared to N or STx ani-
mals. These differences were statistically signifi-
cant (P < 0.01 to P < 0.05) in three of five
experiments. The distribution of carious lesions,
as shown by percent change in comparably
treated Tx versus N or STx groups, is shown in
Table 3. A greater difference was seen on
smooth (buccal and lingual) than on occlusal
surfaces in immunized, sham-immunized, and
nonimmunized rats infected with S. mutans in 9
of 10 instances. In every experiment, the mean
caries scores of the Tx rats (nonimmunized or
sham-immunized) were greater than those of
comparable N or STx rats (A1, A3, A4, AS; P >
0.05) after infection with S. mutans (Table 4).
Immunized groups of rats in experiments A3,
A4, and AS were used to examine the ability of
N and Tx rats to manifest a protective response
upon active local immunization with S. mutans.
In each experiment, local immunization with
Formalin-killed S. mutans resulted in signifi-
cantly decreased numbers of lesions (Table 3)
and caries scores (Table 4) in N rats as com-
pared to their sham-immunized counterparts. A
comparison of lesions (Table 3) and caries
scores (Table 4) between immunized Tx and N
rats showed that in all experiments the Tx rats
exhibited significantly greater disease. The in-
crease in caries scores was most pronounced on
buccal and lingual surfaces of the immunized Tx
versus the immunized N rats (Table 4). When the
extent of disease was compared in Tx rats that
were either immunized or sham-immunized (Ta-
bles 3 and 4), in 11 of 12 instances, the number
and severity of carious lesions were lower in
immunized Tx rats than in sham-immunized Tx
control animals. These results suggest that al-
though the Tx rats exhibit an inability to manifest
a protective response compared to similarly treat-
ed N rats, local immunization of the Tx animals
can elicit a level of protection resulting from the
remaining immune capabilities of the rats.
Correlations between antibody levels and caries
protection. In a previous study, we emphasized
immunological differences between the respons-
es of Tx and N rats to S. mutans (10). The
present study examined differences in disease
susceptibility between these groups of rats. To
determine the relationships among these find-
ings, correlation studies were performed. Caries
scores were compared with salivary and serum
antibody levels (Table 5). In six of eight experi-
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TABLE 3. Mean numbers of carious lesions of control (N or STx) and Tx rats after immunization and
infection

Mean no. (+SE) of carious lesions®

Expt Treatment® Group . % Buccal- % R %
Occlusal lncr:ase" Lingual® Increased  rotallesions o ced
Al None Tx 122 +1.9 12.6 = 3.6 24.8 + 6.9°
N 5.8+1.1 52.5 40=+1.1 68.3 9.8 +1.9° 60.5
A2 None Tx 16.0 = 1.0* 19.2 + 2.5* 352 3.7
STx 12.1 = 1.1* 24.3 12.6 = 1.3* 34.4 24.7 £ 2.4 29.8
A3 I Tx 8.0+22 9.2 +32 17.2 = 5.4¢
N 3.8 +0.6 52.5 0.7+03 92.4 4.5 + 0.8%" 73.8
SI Tx 13.5+ 2.0 123 +22 25.8 + 4.0°
N 93+ 1.1 31.1 6.4+ 1.4 48.0 15.7 £ 2.3% 39.1
NI N 8.8+28 34.8 103 1.5 16.3 19.1 = 4.2" 26.0
A4 I Tx 7.2 +£0.8* 79 +1.3 15.1 = 2.0’:"
N 6.3 + 1.5 12.5 1.6 £ 0.8 79.7 7.9 +2.8" 47.7
SI Tx 14.4 + 1.2* 16.0 + 2.0* 30.4 = 3.0/
N 11.2 = 1.2* 22.2 11.8 = 2.3* 26.3 23.0 = 3.5 24.3
AS I Tx 9.7 +2.1 10314 20.0 = 3.2"°
N 4110 42.3 1.3+0.3 87.4 5.4 +13% 73.0
SI Tx 16.1 = 3.7 16.3 £ 4.5 32.4 + 7.6%¢
N 9.7+1.6 39.8 9125 442 18.8 + 4.0°7 42.0

¢ 1, Immunized; SI, sham-immunized; NI, nonimmunized.
® Group means and standard errors: each mean represents the scores of at least five rats.
< All occlusal and buccal-lingual differences are statistically different as represented by the total caries pairings

except those designated by the asterisk.

4100 — (mean number of lesions of control group/mean number of lesions of Tx group) X 100.
e= Corresponding pairs statistically significant (P < 0.01 to P < 0.05).

mental pairings there was a significant negative
correlation (P < 0.01 to P < 0.05) between
salivary IgA antibody levels and the extent of
caries. In the other two cases a negative correla-
tion was noted that nearly reached statistical
significance. In contrast, salivary IgG antibody
levels never showed a significant correlation
with caries incidence. After infection of rats
with S. mutans, serum IgG antibodies are in-
duced. In all five experiments, this antibody
level did not correlate with dental caries in the
rats. However, immunization of rats with S.
mutans induced substantial levels of serum IgG
antibodies that generally remained unchanged
after the infection (10), and in each experiment
(A3, A4, and AS) serum IgG antibody levels
showed a significant negative correlation to car-
ies incidence in the immunized Tx and N rats.

DISCUSSION

Previous studies have shown that local immu-
nization of conventional rats by either injection
(22, 30) or feeding (22) of S. mutans gives rise to
a salivary IgA antibody response. In normal rats
this salivary antibody is associated with de-
creased levels of disease associated with S.
mutans infection (22, 30). We have shown that

neonatal thymectomy of rats produces a pro-
longed and significant diminution in salivary IgA
levels (8) and also a decrease in specific antibod-
ies of this isotype (9). In addition, Tx rats
showed an inability to manifest normal salivary
IgA and serum IgG antibody responses to local
administration of formalinized S. mutans, to
infection with the microorganism, or to both
10).

In this report, we have investigated the result-
ant caries activity in immunologically deficient
rats. Bacteriological studies showed that in 15 of
17 instances, Tx rats harbored more S. mutans
than similarly treated control animals. Antibod-
ies have been shown to be capable of affecting
accumulation of S. mutans (14, 15, 23), possibly
as a result of inhibition of the enzyme responsi-
ble for glucan production (glucosyltransferase).
Theoretically, any alteration in the level or qual-
ity of antibody to antigens associated with accu-
mulation in the oral cavity could presumably
affect S. mutans accumulation. Thus, the signifi-
cantly decreased immune responses to S. mu-
tans in the Tx rats may have resulted in an
increased bacterial burden.

A previous report (18) examined caries inci-
dence in rats that were thymectomized as neo-
nates. No difference in the extent of caries
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TABLE 4. Mean caries scores of control (N or STx) and Tx rats after immunization and infection

Mean (+SE) caries scores®

Expt Treatment®  Group . % Buccal- % . %
Occlusal Increase? Lingual® Increase“ Total caries Incr:ase"
Al None Tx 104 = 3.3 95 +44 199 = 7.6°
N 3.5+ 0.7 66.3 1.8 0.5 81.1 54 1.1° 72.9
A2 None Tx 24.6 = 4.6* 19.4 + 2.4* 438 + 6.7
STx 18.9 + 2.9* 23.2 17.3 £ 2.7 10.8 363+ 5.5 17.1
A3 I Tx 199 =+ 8.0 15.0 = 6.3 36.5 + 14.4
N 6.7+ 1.2 93.3 1.0 £ 0.2 76.3 7.5+ 1.3% 75.9
SI Tx 221 + 4.1 114 5.0 352+ 87"
N 110+ 1.8 62.2 4211 50.2 152+ 2.7#% 56.8
NI N 199 = 6.8 37.0 7239 10.0 27.1 = 10.6% 23.0
A4 | Tx 8.0+ 1.6 50+1.2 13.1 = 2.5%
N 43+ 1.5 46.2 1.7 £ 0.7 66.0 6.0 2.1% 54.2
SI Tx 23.6 + 3.4 124+ 1.5 36.0 = 4.9
N 142+ 29 39.8 83+19 33.1 2.5+ 474 37.5
AS I Tx 234 69 18.1 = 7.7 41.5 = 13.3™
N 85+ 2.4 63.7 33+13 81.8 11.8 + 3.4™ 71.6
SI Tx 32.5 = 10.7* 21.0 £ 49 53.5 £ 149
N 189 = 5.6* 41.8 113+ 3.6 46.2 30.2 = 8.8” 43.6

“ 1, Immunized; SI, sham-immunized; NI, nonimmunized.
b Group means and standard errors: each mean represents the scores of at least five rats.
¢ All occlusal and buccal-lingual differences are statistically different as represented by the total caries pairings

except those designated by the asterisk.

4100 — (mean caries score of control group/mean score of Tx group) X 100.
<" Corresponding pairs statistically significant (P < 0.01 to P < 0.05).

activity between the thymectomized and control
groups was found. In our experiments, Tx rats
showed an increase in caries. These increases
were apparent on both occlusal and smooth
surfaces and accompanied decreased antibody
responses to the infecting bacteria. The disparity
could possibly be accounted for by differences in
the methodologies employed. In particular, no

attempt was made to monitor the presence or
absence of S. mutans in the oral flora in the
previous study, whereas rats in our study were
specifically infected with a cariogenic S. mu-
tans.

A recent report (17) used gnotobiotic rats
treated with an immunosuppressive agent, cy-
closporin A, to examine immune functions and

TABLE 5. Correlation coefficients comparing serum or salivary antibody levels with caries scores in Tx and
control rats after immunization or infection with S. mutans or both

Correlation coefficient

Expt Treatment Salivary Salivary Serum
IgA IgG I8G
Al Infected —-0.550¢ -0.165 -0.017
A2 Infected -0.538 0.145 -0.194
A3 Immunized, infected —0.495 -0.095 -0.560¢
Sham-immunized, infected —0.865% -0.293 -0.293
A4 Immunized, infected —0.695% ~0.387 —0.546°
Sham-immunized, infected —0.893% -0.407 —-0.361
AS Immunized, infected -0.603¢ -0.111 —0.588
Sham-immunized, infected —0.852¢ -0.209 -0.325

@ Statistically significant, P < 0.05.
b Statistically significant, P < 0.01.
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the relationship to dental caries. These authors
indicated that the agent primarily affected T-cell
function and that after challenge with Actinomy-
ces viscosus Nyl, the immunosuppressed rats
had fewer dental caries than untreated controls.
The interpretation of these findings was that if
immune responses were important in protection
from dental caries, then antibodies directed to T-
independent antigens may be the most signifi-
cant. Our results seem to contrast with these, in
that T-cell deprivation of rats by neonatal thy-
mectomy led to a significant increase in disease.
Two important differences in these systems
must be taken into account when comparing
these findings. First, we utilized conventional
rats specifically infected with S. mutans, where-
as the other study used gnotobiotic rats monoin-
fected with A. viscosus. The importance of the
difference lies in the evidence that generally
associates Actinomyces sp. only with root sur-
face caries in the rodent system (17), whereas S.
mutans has been identified as a causative agent
in both smooth-surface and occlusal disease
(16). Secondly, the method of the T-cell depres-
sion in the rats was quite different. The actual
cell populations affected by the immunosuppres-
sive agent (cyclosporin A) in the previous study
were only defined by the effect on serum aggluti-
nins to A. viscosus. We have shown significant
decreases in T-cell numbers in the blood and
spleen of the Tx rats as well as a dysfunctionina
cell-mediated immune correlate (graft rejection).
Also, in contrast to the A. viscosus report, we
identified significant decreases in salivary anti-
bodies to the cariogenic agent in the Tx rats.
Thus, whereas both of these studies attempted
to examine regulation of immune responses in
relationship to dental caries incidence, the dif-
ferences in methodology do not allow a direct
comparison of the findings.

IgA-deficient Tx rats were also actively immu-
nized with S. mutans. Tx rats showed signifi-
cantly less IgA antibody after the immunization
regimen than N rats (10). Also, serum IgG
antibody responses to the injected S. mutans
were significantly decreased (10). These experi-
ments also showed that immunized Tx rats had
significantly greater disease after S. mutans in-
fection than the comparably treated N rats. A
pattern of disease susceptibility was also noted
between the Tx and N rats (Tables 3 and 4). In
general, the percentage of increase in lesions
and caries in the Tx rats was greater on smooth
surfaces than on occlusal surfaces. This finding
may indicate that the Tx rats manifest a specific
inability to respond to S. mutans infection which
is reflected by the increased smooth-surface
disease. However, the increase in extent of
lesions (defined by the caries score) on occlusal
surfaces in the Tx rats may be an additive effect
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of the §. mutans infection and an increase in
caries activity as a result of immune alterations
to the indigenous cariogenic flora.

Numerous studies using rat (21, 30, 31), ham-
ster (25), or monkey (13, 19) model systems have
indicated that increased salivary IgA antibodies
to S. mutans are associated with decreased
numbers of organisms or disease activity. Thus,
correlation studies between antibody levels and
disease were performed in this investigation. In
general, salivary IgA antibody showed a signifi-
cant negative correlation with the extent of
caries. Therefore, in this system using immuno-
compromised as well as normal rats, the in-
creased levels of salivary IgA anti-S. mutans
antibody elicited via infection or active immuni-
zation resulted in decreased caries activity.
Also, local immunization of the rats resulted in
serum IgG antibody levels which showed a
significant negative correlation to dental caries.
These results are similar to those reported with a
primate model (19, 20). In the primate studies,
serum IgG antibody, presumably reaching the
oral cavity via the gingival crevice, correlated
with protection against dental caries. In our
studies, only those groups of rats injected with
antigen showed an IgG correlation, whereas
infected rats showed no correlation. This may
suggest that much greater levels of serum IgG
are necessary for protection as compared to
salivary IgA antibodies, with which all groups in
the experiments showed a strong negative corre-
lation.

These findings support the concept that sali-
vary IgA antibodies are of considerable impor-
tance in the protection of rats against S. murans-
caused dental caries. However, it does not
eliminate the possibility that other humoral and
cellular immune factors are involved in protec-
tion. Experiments with rats deprived of T-cells,
which results in a severe IgA deficiency, suggest
that the protective responses to S. mutans are
dependent upon thymic-derived factors. Al-
though T-cell functions (cell-mediated immuni-
ty) are depressed in these rats, the mechanism of
cell-mediated immune protection from S. mu-
tans-induced disease is difficult to envisage in
the milieu of the oral cavity. Thus, the immuno-
logical deficiency in these rats that may lead to
increased disease is probably via T-cell interac-
tions in the elicitation of protective antibody
responses.
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