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A B S T R A C T

Background: Early Childhood Caries (ECC) is most common chronic infectious disease of childhood. Diagnosis of
dental caries has been limited to clinical, visual and radiographic methods but its inflammatory component
remained unexplored. Hence, this study aims to evaluate salivary levels of inflammatory cytokines in children
with ECC to assess their potential as non-invasive biomarkers.
Methods: 50 subjects were recruited (25 ECC patients and 25 healthy children). Saliva samples were taken from
all subjects and collected again from patients after rehabilitative intervention. Levels of IL-6, IL-8 and TNF-α
were determined using ELISA. Cytokines level were statistically correlated with each other and with DMF score
along with ROC curve analysis.
Results: Salivary levels of IL-6, IL-8 & TNF-α were significantly higher in patients which got significantly reduced
after rehabilitative intervention. Levels of these cytokines were significantly associated with severity of dental
caries. These cytokines were correlating with each other along with DMF score upon Spearman correlation. ROC
curve reveals optimum sensitivity and specificity of these cytokines for diagnosis in ECC with absolute levels
observed for IL-6.
Conclusions: Significant elevation of IL-6, IL-8 and TNF-α with optimum sensitivity and specificity might imply
their involvement as potential non-invasive diagnostic/prognostic markers in ECC.

1. Introduction

Early childhood caries (ECC) is a serious socio behavioral and dental
problem that affects infants and toddlers [1]. ECC is defined as the
presence of 1 or more decayed (non-cavitated or cavitated lesions),
missing (due to caries), or filled tooth surfaces in any primary tooth in a
child 71 months of age or younger.

Severe ECC is expressed in lieu of rampant caries in the presence of
at least one of the following criteria:

• Any sign of caries on a smooth surface in children younger than
3 years.

• From ages three through five, one or more cavitated, missing (due to
caries), or filled smooth surfaces in primary maxillary anterior teeth
or a decayed, missing, or filled score of greater than or equal to four
(age 3), greater than or equal to five (age 4), or greater than or equal
to six (age 5) surfaces [2].

The etiology of ECC is multifactorial, caused by 3 primary factors:
microorganisms, cariogenic substrate diet (exposure to fermentable
carbohydrate), and susceptible host (or tooth), which forms a triad.
When these 3 essential factors interact for a considerable period of time,
an imbalance in the demineralization and remineralization between
tooth surface and the adjacent plaque (biofilm) occurs, resulting in the
development of dental caries or ECC.

Studies have suggested that the prevalence of ECC among preschool
children is very evident with a percentage of 67.3%. Therefore, there is
a need for preventive and curative oral health programs for the same
[3,4].

Diagnosis of dental caries has always been limited to clinical, visual
and/or radiographic methods but its inflammatory component re-
mained an unexplored frontier, which is an authenticated source for
diagnosis at molecular level. Dental caries or trauma can result in an
inflammatory response in the dental pulp, characterized by the accu-
mulation of inflammatory cells leading to the release of host
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inflammatory cytokines such as IL-1, IL-6, IL-8 and TNF-α.
IL-6 is an interleukin that acts both as a pro and an anti-in-

flammatory cytokine which is mainly secreted by T-cells and macro-
phages leading to stimulation of immune response [5]. IL-8 is a che-
mokine produced by macrophages and other cell types such as
epithelial and endothelial cells. This cytokine is also known as neu-
trophil chemotactic factor having primary function of chemotaxis in
target cells along with the induction of phagocytosis [6]. Tumor Ne-
crosis Factor alpha (TNF-α) is a cell signaling protein involved in sys-
temic inflammation that makes up the acute phase reaction. It is pro-
duced chiefly by activated macrophages with a primary role of
regulation of immune cells [7].

Theses inflammatory cytokines has found elevated in several con-
ditions including periodontitis, oral lichen planus, etc. [8]. There are
few reports available which have shown the increase in levels of in-
flammatory cytokines in dental caries affirming this disease as a chronic
inflammatory condition [9]. There are only two reports available dis-
cussing the elevated salivary levels of IL-6 or IL-8 in ECC patients
[10,11]. The salivary levels of TNF-α has not been studied yet in ECC.
In addition, all these inflammatory cytokines and their clinical sig-
nificance have not been taken into account till date in this disease.

In this maiden attempt, we have studied the levels of inflammatory
cytokines (IL-6, IL-8 and TNF-α) in saliva samples of children with ECC
and evaluated the variations in their levels before and after treatment
(rehabilitative intervention). The involvement of these cytokines has
also been evaluated with the severity of dental caries along with the
exploration of these molecules as potential diagnostic marker for the
identification of ECC.

2. Materials and methods

The study was conducted in the Department of Paedodontics and
Preventive Dentistry, Subharti Dental College and Hospital (SDCH),
Meerut in collaboration with Department of Biochemistry and
Department of Biophysics, All India Institute of Medical Sciences
(AIIMS), New Delhi. The permission of the Institutional Ethical
Committee was obtained prior to the study. Informed consent was taken
from the parents of the children participating in the study.

2.1. Sample size distribution

A total of 50 children between the age group of 1–6 years were
included in the study; and divided in two groups- a) 25 suffering from
ECC and b) 25 normal children who served as controls. Children having
dental caries upon clinical examination were taken as patients whereas
children who do not have history of any inflammatory diseases were
included as controls in the study. Saliva samples were obtained from
the ECC patients before and after rehabilitative intervention and also
from the healthy controls, thus making a total of 75 saliva samples.
Classification of dental patients was done on the basis of DMF
(Decayed, Missing, Filled teeth) index.

2.2. Saliva sample collection

Pre-operative saliva samples were collected from the study group.
All samples of unstimulated saliva were collected within a 10 min
period between 9 am and 11 am to minimize any possible effect of
diurnal variation. Saliva samples were collected by passive expectora-
tion, in which the subjects were asked to sit straight and drool ap-
proximately 1–2 ml of unstimulated whole resting saliva in the sterile
plastic test tube. Samples were transported to AIIMS, to be stored at
−80 °C.

2.3. Rehabilitative intervention

Treatment of ECC was accomplished through different types of

intervention, depending on the progression of the disease, the child's
age, as well as the social, behavioral and medical history of the child.
Detailed treatment plan was made and explained to the children's
parents.

The first step in the management of ECC involved gross excavation
of all carious lesions to remove the nidus of infection followed by in-
terim restorations of all cavitated non-exposed lesions using light cure
glass ionomer cement (LCGIC). (GC Asia Dental Pte Ltd., Singapore).

In the second step, all exposed teeth without periapical/furcation
involvement were treated through pulpectomy and stainless steel
crowns/full coverage restorations.

Last step involved extraction of poor prognosis teeth followed by
space maintainers. Preventive procedures like pit and fissure sealants
and fluoride application (1.23% APF) were also done.

2.4. Post intervention sample collection

After the rehabilitative procedure enlisted above, unstimulated
saliva samples were again collected with the same procedure described
earlier after the duration of 2 weeks and stored at −80 °C till further
use.

2.5. ELISA for determination of salivary levels of IL-6, IL-8 and TNF-α

High-sensitivity commercially available Enzyme-Linked Immuno
Sorbent Assay (ELISA) kits were used for determining the levels of IL-6,
IL-8 and TNF-α in saliva samples of the subjects. IL-6, IL-8 and TNF-α
ELISA kits were supplied by Ray Biotech. A monoclonal antibody
against the antigens (IL-6, IL-8 and TNF-α) had been pre-coated onto
the wells of the microtiter strips provided. Antigens present in the saliva
sample or standard was incubated with the plates to allow binding of
antigens to the antibody. This is followed by the addition of a primary
monoclonal anti-IL-6, IL-8 and TNF-α antibody respectively conjugated
to biotin in respective microtiter plates. Following incubation, washing
step was done to remove the unbound antigen. An avidin-HRP con-
jugated antibody specific for primary antibody was then added to the
wells. After incubation and following a wash, to remove any unbound
antibody enzyme reagent, a TMB one-step substrate reagent reactive
with HRP was added to the wells. The color development was termi-
nated by adding acid and absorbance was measured at 450 nm. A re-
ference curve was obtained by plotting the concentration of antigen of
several dilutions of standard samples versus absorbance and levels of
the antigens (IL-6, IL-8 and TNF-α) in samples tested were calculated by
its standard plot.

2.6. Statistical analysis

SPSS software (13.0) was used for statistical assessment. Data were
presented as median (range). Mann Whitney Test was used to statisti-
cally analyze the differences in median values of the parameters be-
tween ECC patients and controls and also between the stages. Spearman
correlation was done to correlate the different molecules with each
other and with DMF score. Salivary levels of each molecule were ana-
lyzed for determining the Receiver Operating Characteristic (ROC)
curve to identify optimal cut-points, and their associated sensitivity and
specificity and to identify their utility as diagnostic markers. A p value
of< 0.05 with 95% confidence interval was considered statistically
significant.

3. Results

3.1. Study subjects

The total of 25 children with ECC (15 boys and 10 girls) and 25
healthy children (12 boys and 13 girls) were recruited (Table 1). The
mean age of children in study and control groups was 4.5 ± 5.0 and
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4.1 ± 5 years respectively. According to the scoring of caries by DMF
index, 9 patients were in early stage and 16 were in severe stage.

3.2. Salivary levels of IL-6, IL-8 and TNF-α

ELISA was performed for detection of IL-6, IL-8 & TNF-α in saliva
samples of patients and control group. A standard curve was plotted for
each molecule in order to derive an equation involving concentration of
molecule (IL-6, IL-8 & TNF-α) and absorbance (OD). This equation was
then used to determine the concentration of molecule in an unknown
sample. The salivary levels of IL-6, IL-8 and TNF-α in study subjects
before and after rehabilitative intervention and their level of sig-
nificance has been shown in Fig. 1 and Table 2 respectively.

Children with ECC showed higher levels of inflammatory bio-
markers when compared with normal children. The levels of IL-6 were
observed to be 29.28 pg/ml, 12.81 pg/ml and 3.74 pg/ml in pre-op-
erative, post-operative and controls respectively. The levels of IL-
8 & TNF-α were respectively found to be 1614 pg/ml, 759.1 pg/ml,

485.1 pg/ml and 41.12 pg/ml, 26.59 pg/ml, 11.12 pg/ml in pre-op-
erative, post-operative and controls correspondingly. The pre-operative
saliva samples from the patients have significantly higher levels of IL-6,
IL-8 and TNF-α as compared to post-operative and control samples.
Moreover, the post-operative saliva samples were found to have sig-
nificantly higher levels of these inflammatory cytokines in comparison
to healthy controls.

3.3. Correlation between inflammatory cytokines

Upon spearman correlation analysis, statistically significant positive
correlation (p < 0.05) was observed between all the inflammatory
cytokines as shown in Table 3. In addition, levels of these markers were
significantly correlating with the measure of severity of dental caries as
measured by DMF score suggesting the involvement of these molecules
with the pathogenesis of dental caries.

3.4. Receiver Operating Characteristic (ROC) curve

ROC curves were generated for IL-6, IL-8 and TNF- α with com-
parison being done between pre-operative patients and controls to es-
timate their sensitivity and specificity in saliva samples in both the
conditions.

The area under the curve (AUC) of IL-6, IL-8 and TNF-α was found
to be 1.000, 0.9776 and 0.9792 respectively. The cut-off value of
11.0 pg/ml for IL-6 levels in saliva gave combination of sensitivity and
specificity of 100% and 100% respectively while the cut-off values of
789.5 pg/ml and 19.02 pg/ml respectively for IL-8 and TNF-α levels in
saliva gave combination of sensitivity and specificity of 88% and
96%& 92% and 96% respectively for IL-8 and TNF-α (Fig. 2).

Out of all the inflammatory molecules, IL-6 showed an optimal
combination of sensitivity and specificity in saliva which might be
exploited as a novel diagnostic marker.

Fig. 1. Box-whisker plots showing levels of IL-6, IL-8 and TNF-α in pre and post treatment saliva samples of patients with early childhood caries and in controls. The total patients
(n = 25) were categorized into early (n = 9) and severe stages (n = 16) which have also been shown. Data was represented as Median ± Range.

Table 1
Demographic details of early childhood caries patients and controls.

Patients

Total no. (n) 25
Boys/girls 15/10
Age (years) 4.5 ± 5
Staging
Early stage 9
Severe stage 16

Controls

Total no. (n) 25
Boys/girls 12/13
Age (years) 4.1 ± 5
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4. Discussion

Dental caries is an infectious disease with multifactorial etiology
[12]. The process of dental caries is determined by a dynamic balance
between pathological factors (acidogenic bacteria, reduced salivary
function) and protective factors (fluoride, calcium, phosphate) [13]. Its
consequences includes an elevated risk for new carious lesions [14],
high treatment costs, and increased time needed for therapy [15] which
may affect the immediate and long-term quality of life of the child [16].

Diagnosis of dental caries has always been limited to clinical, visual
and radiographic methods, but its inflammatory component remained
unexplored which could be an authenticated source for diagnosis of
ECC at molecular level.

To the best of our knowledge, no study has been carried out to in-
vestigate the salivary levels of inflammatory cytokines (IL-6, IL-8 and
TNF-α) in early and severe childhood caries patients before and after
rehabilitative intervention in a single study. Moreover, their diagnostic
and prognostic significance has not been explored till date in ECC. In
this maiden attempt, we have tried to explore the potential of in-
flammatory cytokines as a non-invasive diagnostic and prognostic
marker in early childhood caries by investigating their levels in saliva
samples.

In the present study, the preoperative salivary levels of IL-6 were
found to be significantly higher as compared to post-operative levels
and controls. Moreover, the post-operative levels were significantly
higher in patients as compared to controls. This is in concordance with
the study by Menon et al. in which they have showed the elevated levels
of IL-6 in childhood caries which got reduced after treatment [10].
Gornowicz A et al. have also showed the elevation of IL-6 in un-
stimulated whole saliva [9]. Others reports are also available showing
higher levels of IL-6 in pulpal tissue from irreversible pulpitis and from
periapical lesions along with higher mRNA levels in irreversible pulpitis
compared with healthy teeth [17,18]. As pulpal symptoms are generally
explained by increase in intra-pulpal pressure due to edema, levels of
IL-6 could be correlated to the extent of inflammation and edema in the
pulp in addition to its role as a mediator of host response following

tissue injury and infection [9].
The levels of IL-6 were in association with the severity of dental

caries with levels of IL-6 higher in severe stage as compared to early
stage, hence, the number of teeth involved could be the major reason
for increase in levels of interleukins in our study. The rehabilitative
intervention included involvement of caries requiring preventive re-
storations, pulpotomy, pulpectomy followed by stainless steel crowns,
indirect pulp treatment, extractions followed by space maintainers. This
could be the cause for the increase in the levels of these cytokines in
ECC patients as the numbers of teeth involved were much higher in our
study.

Moreover, the time interval between preoperative and post-opera-
tive sample collection is the key factor in determining the levels of the
biomarkers. As the time factor can lead to increase in the levels of these
cytokines, therefore, longer time duration could be used in further
studies to evaluate more evidence based results.

In the present study, the preoperative levels of IL-8 and TNF-α were
found to be significantly higher in ECC patients in comparison to con-
trols. Their levels decreased significantly in patients following re-
habilitation. Their levels were correlating with the severity of disease as
investigated by high levels of IL-8 & TNF-α in severe stage patients in
comparison to early dental caries paients. A single report of IL-8 in ECC
by Seyedmajidi et al. reported no significant difference of IL-8 in ECC
patients and controls [11]. According to Huang et al. and Guo et al.,
levels of IL-8 were higher in pulpal tissue from irreversible pulpitis as
well as pulpal blood [19,20]. Authors have also shown increase in
mRNA level of IL-8 in symptomatic teeth. IL-8 might be a good con-
tender for a marker for the degree of pulpal inflammation and appeared
to be correlated with pulpal symptoms [21].

As per the reports available, the levels of TNF-α increased in un-
stimulated saliva. They have concluded that higher levels of IL-6 and
TNF-α in dental caries patients led to a lower number of osteoblasts and
fibroblasts which contribute in demineralization of teeth and develop-
ment of the dental caries process [9].

Statistically it is well known that the salivary level of cytokines may
be increased as a result of disorders in the oral cavity. Researchers have

Table 2
Statistical significance (or p value) of IL-6, IL-8 and TNF-α between all the study groups [TP: total caries patients, ECC: early childhood caries, S-ECC: severe ECC, C: controls].

TP vs C ECC vs C S-ECC vs C ECC vs S-ECC Pre TP vs Post TP Pre ECC vs Post ECC Pre S-ECC vs Post S-ECC

IL-6 < 0.0001 < 0.0001 < 0.0001
Pre < 0.0001 < 0.0001 < 0.0001 < 0.01
Post < 0.0001 < 0.001 < 0.0001 < 0.001

IL-8 < 0.0001 < 0.01 < 0.0001
Pre < 0.0001 < 0.0001 < 0.0001 < 0.01
Post < 0.001 ns < 0.0001 < 0.05

TNF-α < 0.001 < 0.05 < 0.01
Pre < 0.0001 < 0.0001 < 0.0001 < 0.05
Post < 0.0001 < 0.01 < 0.0001 < 0.05

Table 3
Correlation analysis between inflammatory cytokines (IL-6, IL-8 & TNF-α) and DMF score in pre and post early childhood caries patients.

Correlation
parameters

Pre Post

Correlation
coefficient

p-Value Correlation
coefficient

p-Value

IL-6 & IL-8 0.579 < 0.01 0.492 < 0.05
IL-6 & TNF-α 0.494 < 0.05 0.443 < 0.05
IL-8 & TNF-α 0.569 < 0.01 0.597 < 0.01
IL-6 & DMF 0.745 < 0.0001 – –
IL-8 & DMF 0.495 < 0.05 – –
TNF-α&DMF 0.542 < 0.01 – –
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speculated that dysfunction of the triangle oral mucosa, immune cells
and saliva leads to the onset of oral mucosa diseases and inflammation,
such as oral lichen planus, oral cancer, periodontitis and leukoplakia
[9].

When intergroup correlation analysis was performed, it was found
that IL-6, IL-8 & TNF-α were significantly correlating (p < 0.05) with
each other in both pre-operative and post-operative groups. Moreover,
they were also correlating with DMF score suggesting their probable
involvement with the progression of dental caries.

The diagnostic significance of these inflammatory markers were also
studied and found that all these molecules were giving plausible com-
bination of sensitivity and specificity with optimal results observed for
IL-6 suggesting the exploration of IL-6 as a potent diagnostic marker for
dental caries. In addition, significant reduction of all these in-
flammatory cytokines after rehabilitative intervention indicates their
prognostic potential too in this disease.

This study suggests that inflammatory biomarkers can play a major
role in determining the status of the pulp in patients with ECC.
Considering the limitations of the study like small sample size and re-
latively shorter duration of follow up require a more exhaustive study
with larger sample size and longer follow up to establish the role of
these cytokines in assessing the pulpal status of patients with ECC. This
maiden attempt might be a step towards validating these molecules as a
non-invasive diagnostic/prognostic biomarker in clinical settings in
future.
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