
THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 7, NO.6, 1994 263

Humoral immune response to mutans streptococci
associated with dental caries
H. PARKASH, A. SHARMA, U. BANERJEE, S. S. SIDHU, K. R. SUNDARAM

ABSTRACT
Background. Mutans streptococci are important

aetiological agents in dental caries and their prolonged
contact with oral tissues evokes a variety of immune
responses through local secretory and systemic antibodies.
Patterns of such humoral responses in Indian children have
not been reported and we undertook the present study to
examine these.

Methods. One hundred and twenty-six children with
dental caries and 55 matched controls were studied and
saliva and sera collected from them. The tests on these
specimens included total salivary and systemic immuno-
globulins of different classes using radial immunodiffusion
and Streptococcus mutans specific IgA, IgG and IgM using
specifically standardized enzyme immunoassays.

Results. Children with caries had higher levels of IgG
(1350±9.9 mg/dl; controls 1110±6.7 mg/dl) and IgA
(260±1.B mg/dl; controls 190±1 mg/dl) in the serum but
their saliva had lower levels of total IgG (160±0.7 mg/dl;
controls 340±2.9 mg/dl) and IgA (130±0.5 mg/dl; controls
410±3 mg/dl). IgM levels in caries children and controls
were not significantly different. Higher levelsof Streptococcus
mutans specific IgA were detected in the saliva of 95 out
of 126 (75%) children with caries compared to 13 out of
55 (22%) controls. Specific serum IgG and IgA levels were
also increased in 105 and 1.14children with caries, although
the levels were not as high as those in saliva. Total and
specific salivary and serum IgM antibodies were similar in
children wit.h caries and control subjects.

Conclusion. The nature of the humoral immune response
in Indian children with dental caries suggests that Strep-
tococcus mutans specific salivary and serum antibodies
may playa major role in pathogenesis. Our findings may
have importance when devising methods for follow up and
prognosis as well as for vaccination strategies.
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INTRODUCTION
Streptococcus mutans (S. mutans) is known to be an
important infectious agent in the aetiology of dental caries.
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Its prolonged contact with lymphoid tissue evokes immune
responses through local secretory and humoral antibodies;'
The key factors in the immune response against invading
bacteria are phagocytes, lymphocytes and IgG, IgA and IgM
antibodies and the complement system. It has been shown
that the IgG and IgM antibodies may be associated with
dental caries? and salivary antibodies have been studied
extensively and been linked with its control. Specific salivary
and serum antibodies (IgG, IgA, IgM) against S. mutans
are found in most individuals but their consistent correlation
with the prevalence of dental caries has not been established.t+
Lehner et al. 6 found no significant association between serum
IgG to S. mutans and the decayed, missing and filled surfaces
(dmf) index but a significant negative correlation was shown
between antibody ratios and dmfs." Since the co-existence
of different microflora associated with other local factors
may alter the pattern of the immune response in children
who have dental caries, we decided to conduct a study on
Indian children ..We have recently reported the role of cell
mediated immunity in dental caries? and the present study
focuses mainly on the pattern of total and S. mutans specific
serum and salivary IgA, IgG and IgM levels.

PATIENTS AND METHODS
Blood and stimulated saliva samples were collected from
school children between 10 and 15 years of age (mean 12.5
years). There were 68 boys and 58 girls in the caries group
and 30 boys and 25 girls in the control group. These children
were attending the Dental outpatient department at the All
India Institute of Medical Sciences, New Delhi. They were
otherwise in good health. In the children who had active
dental caries, the process involved both the enamel and
dentine. Saliva samples were collected by stimulation
through chewing gum. Serum was collected by venepuncture
and samples were processed for total immunoglobulin levels
(IgG, IgA, IgM) and for determining S. mutans specific
antibodies. Both serum and saliva were stored at - 20 "C
until use. Saliva samples were inactivated at 56 °G for
30 minutes before testing.

Detection of total immunoglobulin
The single radial immunodiffusion (SRID) method was used
to estimate total immunoglobulin levels in serum and saliva
using commercial 'SOLUGEN' plain SRID plates (Immuno-
diagnostics Pvt Ltd India). Each plate contained 12 wells
arranged in three rows and four files. Three dilutions of the
reference standard (100%, 50% and 25%) were filled in
3 wells. The remaining 9 wells were used for samples. The
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reference standard and the samples were filled in the wells
using a syringe with a fine needle. The plates were covered
and left for 10 minutes. They were then incubated in an
inverted position for the development of a precipitin ring.
For IgG and IgA, the plates were incubated overnight
at room temperature, while for IgM, they were kept for
24 hours at room temperature followed by 24 hours at 4 "C.
The ring diameters were measured and standard graphs
constructed using the values of the reference standard on
semi-log graph scale paper. The diameter (in millimetres)
was plotted on the linear scale while the concentration
(100%, 50% and 25%) was plotted on the log scale. The
values of the test samples were determined by interpretation
on the standard graph.

Detection of specific antibodies
Streptococcus mutans (Strain NCTC 10449) serotype C
was grown anaerobically on brain heart infusion agar for
48 hours. The sonicated antigen was prepared by the method
of Lehtonen et al. 3 The colonies were scraped into phosphate
buffer saline (PBS; pH 7.4) containing 0.5% formaldehyde
and kept overnight at 4 "C. After three washings with PBS,
the cells were sonicated at 50 W for 2 minutes (Vibro Cell
Sonicator, USA). The sonicated suspension was ultra-
centrifuged (Backman, USA) and the supernatant was
collected. Protein estimation was done by the method of
Lowry." Sonicated S. mutans antigen was used at a concen-
tration of 5 [.Lg/ml.During standardization, an optical density
{aD) below 0.3 was found to be the most appropriate cut-off
value to distinguish between positive and negative results.

Enzyme linked immunosorbent assay (ELISA) was used
to detect specific antibodies by the method described by
Lehtonen et al. 3 with some modifications. Sonicated antigen
of S. mutans (5 !J.g/ml) in carbonate-bicarbonate buffer (pH
9.6) was used to coat the wells (100 !J.lIwell)of polystyrene
micro-ELISA plates (Dynatech, USA). The coated plates
were incubated overnight. On the following day, the plates
were washed three times with Tween-PBS and incubated
with 4% bovine serum albumin in PBS (100 Ill/well) to block
non-specific binding sites for 30 minutes followed by similar
washings. Optimally diluted saliva or serum was added to
each well (75 !J.lIwell) and the plates were incubated at
37°C for 2 hours. The plates were washed thrice with Tween-
PBS and 100 !J.1of optimally diluted conjugate (antihuman
IgG, IgA or IgM tagged with horse-radish peroxidase;
Sigma, USA) was added to each well and incubated at 37°C
for 1 hour. Three further washings were done to remove
unbound material. Ortho-phenylenediamine was used as a

TABLEI. Levels of total IgG, IgA, IgM in caries and control
children

Group n IgG IgA IgM

Serum
Children with caries 126 1350±9.9 260±1.8 170±1.1
Controls 55 1110±6.7 190±1.0 130±0.9
pvalue <0.05 <0.01 not significant

Saliva
Children with caries 126 160±0.7 130±0.5 not detected
Controls 55 340±2.9 410±3.0 not detected
pvalue <0.001 <0.001

All values are mean±SD concentrations in rng/dl
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substrate in citrate buffer containing 0.02% H202, added to
each well (50 !J.lIwell).The plates were incubated in the dark
at room temperature for 15-30 minutes. The reaction was
stopped by adding 50 !J.lof 1.0 M HCI to each well and the
absorbance values were recorded using an ELISA reader
(Titer Tek Multiscan, USA) at 492 nm.

RESULTS
Total immunoglobulin levels in serum samples
The total IgG and IgA levels in the sera of caries children
were higher than in the controls, while IgM levels were
similar (Table I). The total serum IgM levels, however, were
not significantly different.

Total immunoglobulin levels in saliva samples
The total IgG and IgA levels in saliva were significantly
decreased in caries children compared to controls. We were
unable to detect IgM in saliva, in both caries children and
controls.

S. mutans specific antibodies in serum samples
Serum samples from caries children were subjected to
ELISA to determine S. mutans specific IgG, IgA and IgM
levels (Fig. 1). Specific IgG levels in sera were significantly
higher in caries children and 105 (83%) of them had higher
00 values ranging from 0.3 to 0.989 compared to 27 (49%)
controls. Similarly, in case of specific IgA, 114 (90%) caries
children showed high 00 values up to 0.798, whereas only
10 (18%) controls showed positivity for S. mutans specific
IgA in sera. In case of specific IgM in the sera, the test
yielded non-specific results; 89 (70%) caries children having
very low levels.

S. mutans specific antibodies in saliva
Specific salivary IgG and IgA were also found to be higher
in children with caries compared to controls (Fig. 2). The
greatest difference between caries children and controls was
observed in the S. mutans specific IgA levels. Ninety-five
children showed 00 values of up to 1.080 confirming the
presence of S. mutans specific IgA in the saliva of children
with caries. In contrast, only 13 (23%) were positive in the
control group and the 00 values were lower. Most samples,
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FIG1. Scatter diagram showing S. mutans specific antibodies
(IgG, IgA, IgM) in serum, between caries and control
children
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FIG2. Scatter diagram showing S. mutans specific antibodies
(IgG,IgA,IgM) in saliva, between caries and control
children

however, were negative for specific salivary IgM, only
22 children yielded positive OD values (up to 0.797) and
controls had low positivity rates (OD 0.599).

DISCUSSION
The body's immune responses play protective, destructive
or regulatory roles against invading micro-organisms and
antibodies of both the secretory and systemic immune
systems may playa part in protection against dental caries.
A low prevalence of caries in humans has been shown to
be associated with high levels of serum antibodies against
S. mutans.i-w Further, it has been suggested that the anti-
bodies in whole saliva may also play a role in control of
caries." Our study has demonstrated increased levels of total
serum IgA and IgG levels in caries children compared to
age matched controls; whereas total salivary IgA and IgG
were both significantly decreased. The total salivary IgM
was not detectable and total serum IgM levels were similar
in children with caries and controls. Lehtonen et al.? con-
ducted similar studies on high and low caries susceptibility
groups and found no difference in serum IgG and IgA;
whereas the saliva of individuals highly susceptible to caries
was shown to contain more IgA than of those who were not.
They also found that the total salivary IgA was greater in
caries resistant subjects than in caries prone subjects.
However, Twetman et al. II did not find a significant difference
in total salivary IgA levels. We found decreased levels of
total salivary IgG and IgA and increases in total serum IgG
and IgA, and further investigation should be done to explain
the differences in these results.

Our study also revealed very high levels of specific IgA
to S. mutans in the saliva of children compared to controls.
A similar trend was observed for specific salivary IgG as
well but the antibody titres were lower than in IgA. Specific
serum IgG and IgA levels were higher in caries children
than controls but specific IgM in both serum and saliva did
not show significant differences. It has been reported earlier
that the serum antibody titres against S. mutans are higher
in caries individuals than those with low caries activity" and
antibody levels were shown to decrease after treatment."
Further, it has been demonstrated that the immunological
response against dental caries is associated with the propor-
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tion of IgG to IgA and IgM classes of antibodies to serotype
C of S. mutans," It has also been shown that individuals
lacking S. mutans specific salivary IgA have an increased
incidence of caries.!' Studies on the possible association
between antibodies and dental caries in children have been
reported to be equivocal. In children, naturally occurring
salivary anti-So mutans IgA was detected only in a few cases,
whereas specific serum IgG against S. mutans was shown to
be associated with low caries activity.!" Studies on adults
conducted by Gregory et al.13 revealed higher levels of
naturally occurring salivary IgA and serum IgG, IgA and
IgM against S. mutans in caries free subjects, although they
used a ribosomal preparation of S. mutans for specific anti-
body detection. Challacornbe? has suggested that in adults,
naturally induced serum IgG antibodies are associated with
protection against caries, but that antibodies of the IgA class
in serum or saliva are not associated with protection. Serum
IgG to S. mutans was shown to have an inverse relationship
with salivary IgA and changes in salivary antibody titre
were negatively correlated with changes in the serum IgG
antibody titre." In view of previous reports" that the
immunological memory of the secretory system is shorter
than that of the serum, and frequent exposure to antigen
is required to maintain antibody titres in the saliva, it is
probable that in the present study, decreased IgA leve~s in
our caries free subjects were due to a lack of antigen
challenge. .

The mean values of serum and salivary IgM in our study
did not yield any significant differences. A comparison of
serum IgG, IgA and IgM with salivary IgG, IgA and IgM
also showed little correlation. This is not unexpected since
the serum antibodies predominantly belong to the IgG and
IgM classes, whereas salivary antibodies belong to the
secretory IgA class. II The differences between the reported
results may be attributed to the (i) use of crude S. mutans
antigen which may cross-react with antigens from other oral
bacteria, (ii) prevalence of caries in the geographical areas
of study and/or (iii) the wide age variation between the study
groups.

We suggest that S. mutans specific salivary and serum
antibodies play an important role in dental caries. This may
help in developing immunization strategies against dental
caries in Indian children.
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