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ABSTRACT

Introduction: The occurrence of dental caries has become
quite a common phenomenon nowadays. The varying levels of
salivary secretory immunoglobulin A (SIgA) usually determine
the progression of caries. The present study was aimed to
determine the correlation between SIgA and mutans-specific
antigen SlgA in children having different caries status. Scanning
electron microscopic analysis was also completed to correlate
the results.

Materials and methods: This study comprised 60 subjects,
who were divided into three groups depending on caries status.
In all, saliva was collected to determine the level of SIgA and
mutans-specific antigen SIgA using enzyme linked immunosor-
bent assay (ELISA). The World Health Organization (WHO) cri-
teria and method were used to evaluate dental caries. Bradford
reagent was used to evaluate the levels of protein in the antigen.
Furthermore, 20 sections of enamel were randomly obtained
to estimate the severity of caries development among groups.

Results: Categorical characteristics among all groups were
compared by basic statistical analysis and Chi-squared test.
Mean age (years) was found to be 9.214 +2.28, 9.5+ 2.51, and
10.2 £ 2.35 in groups |, II, and Il respectively. Mutans-specific
IgA level (ug/mL) was 34.63 + 7.46, 28.24 + 452, and 23.56 +
1.62 in groups |, Il, and Ill respectively. Total SIgA (ug/mL) was
142.53 + 22.4, 186.10 £ 24.70, and 214.8 + 27.56 in groups |,
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II, and 1l respectively. Caries index was 6.74 + 2.16, 2.32 +
0.86, and 0 = 0 in groups |, Il, and Il respectively.

Conclusion: Immunoglobulin A is dominantly present in saliva
and it plays a significant role in prevention of dental caries.
Hence, dental caries is more likely to develop in subjects with
low level of salivary IgA (high caries index).

Clinical significance: A low level of IgA may be associated
with a high risk of developing dental caries. This association
may possibly be useful in predicting the future caries status.
Accordingly, suitable caries-preventive measures can be
selected and employed.

Keywords: Bradford reagent, Dental caries, Enzyme linked
immunosorbent assay, Immunoglobulin, Scanning electron
microscopy.
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INTRODUCTION

Dental caries is defined as an irreversible microbial
disease of calcified tissue characterized by demineraliza-
tion of inorganic and destruction of the organic portion
of the tooth. It is a common condition in children. It
is characterized by the presence of bacteria, such as
Streptococcus mutans, Streptococcus aureus, etc., on the
surfaces of teeth, thus leading to destruction and result-
ing in dental caries.! Various studies have reported on
the defensive role of salivary SIgA against dental caries
in both children and adults. Dental caries is caused by
acid production due to degradation of the carbohydrates
present in the food by the microorganisms. Thus, the role
of salivary SIgA in preventing progression of dental caries
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may be considered. It has also been shown that glucosyl-
transferase is the main causative agent in caries progres-
sion, which is largely prevented by SlgA.? Studies have
been performed to determine the correlation of dental
caries in children with the presence of SIgA. Literature
has strong evidence from various studies, such as those
evaluating the association between different caries status
in children with different levels of SIgA.? The production
of SIgA specific to mutans is highly dependent on the
amount of SIgA. It is further determined by the caries
prevalence in the mouth. To establish the link between
SlgA and mutans-specific antigen SIgA with the presence
or absence of dental caries, only less number of research
studies have been done so far. The ELISA is a diagnostic
method helping in the detection of SIgA and mutans-
specific antigen SIgA. Commonly, the direct, indirect,
sandwich, and competitive ELISA methods are used.
These methods are widely used to detect antigen and are
only possible when the antibody that attaches with the
antigen is present in a preconjugated state.” The present
study aimed to determine the correlations between SIgA
and mutans-specific antigen SIgA in children having dif-
ferent caries status. We also used SEM to further correlate
and substantiate the results.

MATERIALS AND METHODS

The present study included 60 subjects; the age ranged
from 5 to 14 years in both the genders. Their parents
were informed regarding the study, and written consent
was obtained. Ethical clearance was taken prior to the
execution of the study. General information, such as
name, age, gender, etc., was recorded on case history pro
forma. Children were divided into three groups of 20
each, depending upon caries status. Group I had caries
index from 5 to 15, group II had caries index from 1 to 4,

(high caries index; larger progressing locules)

and group III had 0 caries index. In all children, careful
oral examination was performed by a single dentist. The
detection of caries was done with the help probe, explorer,
mirror, and tweezer under proper illumination. For group I
and II subjects, SEM images were also studied in order to
observe the changes occurring in the enamel at a micro-
scopic level. Totally, 20 grossly carious primary and perma-
nent molars (those indicated for extraction) were selected
randomly for SEM analysis of the changes in the enamel.
Teeth were stored in phosphate-buffered saline at 4°C. All
attached soft tissue and deposits were removed using hand
scalars, and the debris was cleaned with slurry of pumice
and water. Enamel samples were obtained by sectioning
the tooth through the center of the lesions into two halves
using a diamond-impregnated circular disk. Finally, the
enamel samples were examined under SEM (Figs 1 and 2).

The WHO criteria and methodologies were used to
evaluate dental caries. The presence of discoloration or
loss of translucency and catch with explorer tip confirmed
the caries. For the collection of saliva, all children were
made to sit comfortably on a dental chair and asked to
spit in saliva-collecting tubes. All subjects were asked to
complete the routine oral hygiene procedure. Soon after
breakfast and in between the procedure, children were
not allowed to eat or drink. All samples were collected
between 10 and 11 am, and the time spent on each pro-
cedure did not exceed 30 minutes. Approximately 5 cc of
unstimulated saliva was collected and mixed with 5.0 mm
phenyl methylsulfonyl fluoride (Sigma, St. Louis, USA).
Methylsulfonyl fluoride is added to enhance protein
solubilization in order to deactivate salivary proteases.
Saliva samples, those stored at —20°C, were taken from
the deep fridge and brought to room temperature. The
samples were centrifuged for ten minutes at the rate of
2800 rpm. For the measurement of S. mutans-specific
SIgA and total SIgA, supernatants were equally divided.

Fig. 2: SEM evaluation of caries occurring in group Il subjects
(low caries index; smaller progressing locules)
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Streptococcus mutans species was used to develop surface
antigens, which were stored at a temperature of 20°C.
Bradford reagent measured the level of protein in the
antigen. The ELISA test measured salivary total SIgA
level with the ELISA kit (Human IgG ELISA Kit, Abcam
Inc. Cambridge, USA); similarly the S. mutans-specific
antigen was also calculated. All measurements were done
in milligrams. Results thus obtained were subjected to
statistical analysis using chi-squared test. A p-value less
than 0.05 was considered significant.

RESULTS

Data thus obtained were recorded and tabulated, and
sent for statistical evaluation by Statistical Package for the
Social Sciences software package version 21 (SPSS Inc.,
Chicago, Illinois, USA). In groupwise comparison, two-
tailed p-values <0.05 were fixed as statistically significant.
Demographic values for all subjects were statistically
analyzed. Graph 1 shows that group I (20) had a caries
index 5 to 15, group II (20) had 1 to 4, and group III (20)
had 0. The difference was nonsignificant (p 1). Table 1
shows that in group I, mean age (years) was 9.214 + 2.28,

mutans-specific IgA level (ug/mL) was 34.63 + 7.46, total
SIgA (ng/mL) level was 142.53 + 22.4, and caries index
was 6.74 + 2.16. In group II, mean age (years) was 9.5 +
2.51, mutans-specific IgA level (ug/mL) was 28.24 + 4.52,
total SIgA (ug/mL) was 186.10 + 24.70, and caries index
was 2.32 + 0.86. In group III, mean age (years) was 10.2 +
2.35, mutans-specific IgA level (ug/mL) was 23.56 = 1.62,
total SIgA (ug/mL) level was 214.8 + 27.56, and caries
index was 0 = 0. There are statistical differences existing
in mean value of mutans-specific SIgA level in groups as
shown by the analysis of variance test (p <0.001, Table 2).
Table 3 shows that total SIgA level in groups depicted sta-
tistically significant differences (p <0.001). Graph 2 shows
that in group I, mutans-specific IgA was 34.6 pg/mL
and total IgA level was 142.5 pg/mL. In group II, mutans-
specific [gA was 28.2 ng/mL and total IgA level was 186.1
pg/mL. In group III, mutans-specific [gA was 23.5 ng/mL
and total IgA level was 214.8 ug/mL. The difference was
statistically significant in all groups (p <0.05).

DISCUSSION

As already discussed by various authors, dental caries
is a frequently seen disease of the oral cavity. In chil-
dren, due to the habits of eating candies, sugar-rich

25 food items, and malnutrition, the prevalence of caries is
higher when compared with any other dental disease.
201 20 20 2 The other common reason for the higher occurrence of
dental caries in children is the inadequate and ineffec-
15- tive brushing habit. Dental caries has varied appearance
in children. The principal host factors associated with
104 caries include tooth factors, salivary factors, and body
or general factors. Other related factors comprise diet
5 (high sugar intake), oral hygiene-related factors, salivary
flow, humidity of oral cavity, salivary pH, and glucose
content. The oral microbial factors must be imperatively
g Group | Group Il Group Ill considered in terms of their type, amount, motility, and
toxicity.® It is a well-known fact that demineralization
Graph 1: Distribution of children and remineralization are balanced processes that usually
Table 1: Studied variables in all groups
Group | Group Il Group Il
Mean  Mutans- Mean  Mutans- Mean  Mutans-
age specific IgA  Total SIgA Caries age specific IgA  Total SIgA Caries age specific IgA  Total SIgA Caries
(vears) level (ug/mL) (ug/mL) index  (years) level (ug/mL) (ug/mL) index  (years) level (ug/mL) (ug/mL) index
9.214 + 3463 % 14253+ 6.74+ 95% 28.24 + 186.10+ 232+ 10.2+ 23.56% 2148 £ 0+0
2.28 7.46 22.4 2.16 2.51 4.52 24.70 0.86 2.35 1.62 27.56

Table 2: Streptococcus mutans-specific SIgA level in groups

using ANOVA test
Degree of  Sum of
Source freedom square  p-value
Method (in between) 5 780 0.001 (p<0.05)
Method (within) 50 1024
Total 55 1804

Table 3: Total SIgA level in groups using ANOVA test

Degree of Sum of

Source freedom square  p-value
Method (in between) 5 38,410 0.001 (p<0.05)
Method (within) 50 29,874

Total 55 68,284
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Graph 2: Comparison of mean values of mutans-specific SIgA
level and total SIgA level in all groups

occur in the oral cavity. However, remineralization is
further assisted by the buffering action of saliva that
allows exchange of calcium and phosphate. Literature
has proven that the application of SEM in the study of
dental caries has greatly enhanced our understanding of
the underlying structural changes occurring at crystalline
regions (enamel).” The microscopy also provides us with
an opportunity to clarify the complex carious etiologies.®
Majority of SEM photomicrographs of group I samples
showed larger progressing locules (high caries index),
whereas the locules were smaller and relatively inactive
in group Il samples (low caries index).

Streptococcus mutans is gram-positive anaerobic cocci
bacteria commonly encountered as a causative factor of
dental caries. It is otherwise a normal commensal of the
oral cavity. For initiating decay on tooth, there should be
proper adhesion between teeth and causative bacteria.
Streptococcus mutans attaches to tooth surfaces through its
fimbriae. These bacteria promote dental plaque formation
on tooth surfaces.”!’ This formation causes breakdown
of sucrose into lactic acid, which lowers the pH of the
oral cavity. This, in turn, leads to demineralization of
inorganic portions and destruction of organic portions
of teeth. Research has shown significant reduction in the
Streptococcus count in individuals immunized against
it.! The present study was conducted to determine the
relation between SIgA and mutans-specific antigen SIgA
in children having different caries status. The estimation
of total SIgA and mutans-specific antigen SIgA was per-
formed by ELISA test. In this study, children were divided
into three groups. Group I was the high caries group with
caries index ranging from 5 to 15 and consisted of 20 chil-
dren. Group II (20) had moderate caries with caries index
ranging from 1 to 4, while group III children had no caries.
Salivary IgA is an important immunoglobulin found in
saliva. It is commonly found in the minor salivary gland

and shows diurnal variation with the level decreasing as
the day progresses. Patients with high caries have low
levels of salivary IgA, whereas those with low caries index
have high salivary IgA levels. The IgA plays an important
role in prevention of dental caries. The level of SIgA is
inversely proportional to caries prevalence. These find-
ings may be directly correlated and substantiated with
the observations of SEM analysis.

Astudy by Gregory et al'? on salivary SIgA and serum
antibodies to S. mutans ribosomal preparations in dental
caries-free and caries-susceptible human subjects found
that patients with high levels of salivary SIgA had a lower
prevalence of dental caries and those with low levels of
salivary SIgA had more number of dental caries. Everhart
et al'® conducted a study and evaluated the dental caries
and salivary SIgA levels in children aged 3 to 7 years.
They found that children with a low caries index had
higher amounts of salivary SIgA level and vice versa. In
this study, we found that in group I, the total SIgA (ng/
mL) level was low (142.53 + 22.4), whereas the caries
index was high (6.74 + 2.16). In group II, total SIgA (ug/
mL) was more than in group I (186.10 = 24.70); however,
relative caries index was observed to be lower (2.32 +
0.86) in group II than in group I (6.74 + 2.16). In group
III, total SIgA (ng/mL) level was the highest than all the
other groups (214.8 + 27.56), while caries index was none.
We found that the mutans-specific IgAlevel was higher in
group I as compared with groups II and III. Ranadheer
etal' conducted a study to establish the relation between
salivary IgAlevels and dental caries in children, and found
low salivary SIgA levels in children with a high caries
index, while high salivary IgA levels were present with
low caries index. Similar results were seen in our study:.

However, Watanabe et al'®

found no relationship between
salivary flowrate or SIgA with dental caries in children.
Bratthall et al'® studied the IgA reaction to oral Streptococci
in the saliva of subjects with different combinations of
caries and levels of mutans streptococci. Their study
results showed low incidence of carious lesions in subjects
with higher IgA concentrations. It was in accordance to
our study results. Cogulu et al,'” in their study of evalua-
tion of the relationship between caries indices and salivary
SlgA, salivary pH, buffering capacity, and flowrate in
children with Down’s syndrome, found a positive correla-
tion between salivary SIgA, salivary pH, and presence of
dental caries. Rose et al,'® in their study of IgA antibodies
to S. mutans in caries-resistant and susceptible children,
concluded that salivary SIgA is predominantly occurring
in the saliva and active against caries-causative bacteria,
S. mutans. The author found higher bacterial counts in
children with low salivary IgA level and they were seen
having more number of carious lesions as compared
with children with high salivary IgA levels. However,
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Smith et al'” found different concentrations of total
IgA level in different age grouped children. There were
variations in the occurrence of bacterial levels in caries-
susceptible subjects and caries-resistant subjects. Many
of the other researchers also found a negative correlation
between IgA antibodies to S. mutans antigens in human
saliva and breast milk and the numbers of indigenous
oral S. mutans.**%*

CONCLUSION

An increased level of salivary SIgA in children with low
caries index literally highlights the role of immunoglobu-
lin in the prevention of dental caries. Similarly, children
with high caries had lower levels of salivary SIgA. Though
our study lacked specifying the resources for SIgA, it
could exactly indentify cariogenic bacteria. It has also been
revealed that salivary SIgA does not have a direct involve-
ment in the prevention and progression of dental caries.
Nevertheless, our study results should be interpreted as
suggestive. Authors also recommend some future long-
term studies with concurrent microbiological correlations
so as to precisely observe the “caries progression patterns”
that can affect the treatment longevity and outcomes.

CLINICAL SIGNIFICANCE

Our study results underline the importance of salivary
immunoglobulins in being associated with caries in the
oral environment. Measurement of salivary SIgA in chil-
dren can effectively help in assessing the future caries
status. A low level may be alarming and may indicate
a high risk for developing dental caries. Since the secre-
tory IgA is associated typically with S. mutans and its
enzymatic antigens, protective action of SIgA against
dental caries might not be so efficient sometimes due to
the steady self-cleansing actions of saliva.

REFERENCES

1. Marcotte H, Lavoie MC. Oral microbial ecology and the role
of salivary immunoglobulin A. Microbiol Mol Biol Rev 1998
Mar;62(1):71-109.

2. Kirtaniya BC, Chawla HS, Tiwari A, Ganguly NK, Sachdev V.
Natural prevalence of antibody titres to GTF of S. mutans in
saliva in high and low caries active children. J Indian Soc
Pedod Prev Dent 2009 Jul-Sep;27(3):135-138.

3. Collins LM, Dawes C. The surface area of the adult human
mouth and thickness of the salivary film covering the teeth
and oral mucosa. ] Dent Res 1987 Aug;66(8):1300-1302.

4. Burgess TE, Edwards JR. Chemical characterization of a cell
wall antigen from Streptococcus mutans FAL Infect Immun 1973
Sep;8(3):491-493.

5. Riviere GR, Papagiannoulis L. Antibodies to indigenous and
laboratory strains of Streptococcus mutans in saliva from chil-
dren with dental caries and from caries-free children. Pediatr
Dent 1987 Sep;9(3):216-220.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Neves Ade A, Castro Rde A, Coutinho ET, Primo LG.
Microstructural analysis of demineralized primary enamel
after in vitro tooth brushing. Pesqui Odontol Bras 2002
Apr-Jun;16(2):137-143.

Neves AA, Primo LG, Ramos PR. Microscopic investigation
of artificially demineralized surface enamel exposed to con-
trolled intra-oral periods. Aust Dent ] 2003;48(4):248-254.
Manning RH, Edgar WM. Intra-oral models for studying de-
and remineralization in man: methodology and measurement.
J Dent Res 1992 Apr;71(Spec No):895-900.

Bozzola JJ, Kuramitsu HK, Maynard MT. Localization of
Streptococcus mutans GS-5 glucosyl transferases and intracel-
lular invertase. Infect Immun 1981 May;32(2):830-839.
Challacombe SJ. Serum and salivary antibodies to Streptococcus
mutans in relation to the development and treatment of human
dental caries. Arch Oral Biol 1980;25(7):495-502.

Loesche WJ. Role of Streptococcus mutans in human dental
decay. Microbiol Revy 1986 Dec;50(4):353-380.

Gregory RL, Michalek SM, Filler SJ, Mestecky J, McGhee JR.
Prevention of Streptococcus mutans colonization by salivary
IgA antibodies. J Clin Immunol 1985 Jan;5(1):55-62.
Everhart DL, Klapper B, Carter WH Jr, Moss S. Evaluation of
dental caries experiences and salivary IgA in children ages
3-7. Caries Res 1977;11(4):211-215.

Ranadheer E, Nayak UA, Reddy NV, Rao VA. The relation-
ship between salivary IgA levels and dental caries in children.
J Indian Soc Pedod Prev Dent 2011 Apr-Jun;29(2):106-112.
Watanabe Y, Mizoguchi H, Masamura K, Nagaya T. No rela-
tionship of salivary flow rate or secretory immunoglobulin
Ato dental caries in children. Environ Health Prev Med 1997
Oct;2(3):122-125.

Bratthall D, Serinirach R, Hamberg K, Widerstrom L. Immuno-
€ globulin A reaction to oral streptococci in saliva of subjects
with different combinations of caries and levels of mutans
streptococci. Oral Microbiol Immunol 1997;12:212-218.
Cogulu D, Sabah E, Kutukculer N, Ozkinay F. Evaluation of
the relationship between caries indices and salivary secretory
IgA, salivary pH, buffering capacity and flow rate in children
with Down’s syndrome. Arch Oral Biol 2006 Jan;51(1):23-28.
Rose PT, Gregory RL, Gfell LE, Hughes CV. IgA antibodies
to Streptococcus mutans in caries-resistant and -susceptible
children. Pediatr Dent 1994;16:272-5.

Smith DJ, King WE, Taubman MA. Isotype, subclass and
molecular size of immunoglobulins in salivas from young
infants. Clin Exp Immunol 1989 Apr;76(1):97-102.

Camling E, Gahnberg L, Krasse B. The relationship between
IgA antibodies to Streptococcus mutans antigens in human
saliva and breast milk and the numbers of indigenous oral
Streptococcus mutans. Arch Oral Biol 1987 Feb;32(1):21-25.
Bagieh NH, Gahtani SM. Effect of Benzylisothiocyanate on acid
production of salivary sediment. Biomed Lett 2016;2(1):14-17.
Gomez SI, Jaramillo LM, Moreno GC, Roa NS, Rodriguez
A. Differential reactivity of salivary IgA and IgG against
Streptococcus mutans proteins in humans with different caries
experience. Acta Odontol Latinoam 2015 Apr;28(1):40-62.
Karnik AA, Pagare SS, Krishnamurthy V, Vahanwala SP,
Waghmare M. Determination of salivary flow rate, pH, and
dental caries during pregnancy: a study. ] Indian Acad Oral
Med Radiol 2015 Nov;27(3):372-376.

Kumar P, Kumar P, Dixit A, Gupta V, Singh H, Sargaiyan V.
Cross-sectional evaluation of awareness of prevention of dental
caries among general pediatricians in Ghaziabad District,
India. Ann Med Health Sci Res 2014 Sep;4(Suppl 3):5302-5306.

The Journal of Contemporary Dental Practice, June 2018;19(6):651-655

655



