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Abstract
Background: Dental caries is a major health problem among school children. Antimicrobial peptides (AMPs)
in saliva are part of host innate immunity. AMPs may play a significant role in defense or vulnerability to dental
caries.
Objective: The aim of this study was to evaluate the relationship between different salivary biomarkers and caries
risk assessment.
Methods: Oral examinations were performed on 80 school children. Unstimulated whole saliva was collected
from 40 caries-free and 40 caries-affected children to evaluate the saliva flow rate, pH, total protein concentration,
total antioxidant, α-defensin and cariogenic microorganisms.
Results: There were significant differences between caries free and caries affected children in relation to salivary
pH and α-defensin. In addition, the percentage of children with streptococcus mutans or lactobacilli ≥ 105 cfu/ml was
significantly higher in caries affected children compared to caries free children. However, there were no significant
differences between the two groups regarding to saliva flow rate, total protein and total antioxidant.
Conclusion: Children with caries experience had low levels of α-defensin and salivary pH and greater numbers
of streptococcus mutans and lactobacilli. These findings could lead to new tools to screen and assess caries susceptibility in children.
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Introduction
Saliva plays a crucial role in the health of the mouth and any
changes in quantity or quality of saliva may affect the oral health
status. It is generally accepted that saliva play an important role
in the pathogenesis of dental caries [1, 2]. Whole human saliva
contains arrays of immunoglobulin and non immunoglobulin defense factors. The major components of the non immunoglobulin
group are antimicrobial peptides (AMPs), antioxidant, lysozyme,
lactoferrin, agglutinins, histidine rich protein and anionic protein
[3, 4].
Several studies have investigated the correlation between concen-

trations of the predominant protein components in saliva and
dental caries [5-10]. Mandel et al., [5], found no difference in parotid saliva proteins identified by paper electrophoresis between
caries-resistant and caries-active adults. Conversely, Balekjian et
al., [6] using gel electrophoresis found that a caries-rampant group
exhibited a significant reduction in the proportion of cationicmigrating proteins and a significant increase in amylase compared
with a caries-resistant group. Although the results of these studies
are inconclusive, there is evidence that similar proteins in saliva
from caries-active and caries-free persons may have different levels of biological activity [10].
Saliva flow rate is considered a potential risk factor when the unstimulated salivary flow rate is lower than 0.30 mL/min [11-13].
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However, some investigators found no correlation between salivary flow rates or pH and dental caries [14, 15].
The development of dental caries may be affected by disparity
between free radicals levels and antioxidants in saliva. Antioxidants combat the adverse effects of any reaction that cause excessive oxidations by neutralizing the toxicity of free radicals and
cytokines, and reduction in antioxidant levels leads to oxidative
stress [16].
It has been shown that total protein and total antioxidant in saliva
increased with caries activity [15]. Moreover, a higher total antioxidant capacity (TAC) was observed with dental caries in deciduous but not in permanent teeth [17-20] and TAC increased with
the age of the children [21, 22].
Defensins are important antimicrobial peptides in innate and adaptive immune response pathways [23]. The salivary α-defensins, a
mixture of HNP1, 2, 3 (HNP1–3) are elevated in patients with
oral inflammation [24]. Levels of HNP1–3 vary in healthy individuals ranging from undetectable to ~12 μg/ml [24, 25]. The
presence of α- defensins in saliva is most likely derived from neutrophils and is a reflection of gingival or mucosal inflammation
and loose or exfoliating teeth [26]. Several groups evaluated the
possible correlation between caries prevalence in children and salivary concentrations of the antimicrobial peptides beta-defensin-3
(hBD-3), alpha-defensins HNP1-3 and the cathelicidin LL37 [26,
27]. They found that the median salivary levels of hBD-3, LL37,
and HNP1-3 were in the microgram/ml range but were highly
variable in the population. While levels of LL37 and hBD-3 did
not correlate with caries experience, the median HNP1-3 levels
were significantly higher in children with no caries than in children with caries. The low salivary levels of HNP1-3 may represent a biological factor that contributes to caries susceptibility and
the possibility for using it as caries risk assessment tool, there have
been relatively few studies assess the relationship between salivary
α-defensin and its usage as a risk assessment tool, so the present
study was carried out to determine the relationship between dental caries status and different salivary biomarkers including total
protein, total antioxidant and α- defensin, salivary pH, saliva flow
rate, levels of streptococcus mutans and lactobacill.

Materials and Methods
Subjects
After receiving the written approval from the concerned school
authorities and informed consent from the parents, a total of
eighty healthy school children, from both genders (equal distribution), with an age ranging from 6 to 12 years old were selected
to participate in this study. Children with systemic diseases, or
those who were using any medications or mouth rinses during
the last two months before saliva collection were excluded. The
study population consists of 40 caries-free and 40 caries-affected
individuals. The intra-examiner calibration was done by the researcher according to WHO Basic Method 1997 [28] to reduce
the intra-examiner variability. Dental caries was scored according
to World Health Organization criteria 1997 [28] using deft, defs,
DMFT and DMFS indices [29-31].
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Saliva Samples
Unstimulated whole saliva samples were collected as described
previously by Chiappin et al., [32] to determine the salivary flow
rate, pH, total protein, total antioxidant, antimicrobial peptide
(α-defensin), streptococcus mutans and lactobacilli levels. Subjects were instructed not to eat for one hour prior to the sampling.
The saliva is allowed to droll into a clean container continuously
for 5 minutes. The volume of unstimulated saliva was measured
and the flow rate (ml/min.) was calculated. Salivary pH values
were measured before storage of saliva using a hand–held pH
meter according to manufacturer's instructions (HORIBA Ltd,
Japan). 0.1% Nonidet P40 was added to each saliva sample and
stored at – 80°C for further analysis.
Salivary Streptococcus Mutans and Lactobacilli Levels Assessment
The levels of streptococcus mutans and lactobacilli were assessed
before storage of saliva using CRT bacteria (Caries Risk Test) kits
(Vivadent, Schaan Liechtenstein, Germay) according to manufacturer's instructions.
Protein and Antioxidant Assessment
The total salivary protein level was measured by an autoanalyser
(Technicon RAXT, USA) according to Biuret method [33]. The
determination of the total antioxidant of saliva was performed by
the reaction of antioxidants in the sample with a defined amount
of exogenously provide hydrogen peroxide (H2O2) according to
manufacturer's instructions (Biodiagnostic, Dokki, Giza, Egypt).
Antimicrobial Peptide (α-defensin) Asessment
The antimicrobial peptide (α–defensin) level of the samples was
measured by ELISA according to manufacturer's instructions
(Hycult Biotechnology, Uden, The Netherland).
Statistical Analysis
Data were analyzed using SPSS. Qualitative data were presented
as numbers and percent while quantitative data were presented
as mean ± standard deviation and tested for normality distribution by Kolmogorov–Smirnov test and found to be of parametric
distribution, so independent t-test was used to compare between
two groups for quantitative data, Chi – square test was used for
comparison between groups for qualitative data, and Tow Way
ANOVA test was used for comparison between dependant and
independent variables, P< 0.05 was considered to be statistically
significant [34].

Results
α-defensin
The level of α-defensin in the saliva was measured to investigate
its correlation with caries (Table 1). We found that α-defensin was
significantly higher in saliva of caries free children compared to
caries affected children (p=0.041).
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Table 1. Comparison Between Caries Free and Caries Affected Children.
Groups
Factors
Age
DMFT
DMFS
deft
defs
S.F.R (ml/min.)
pH
Total protein (g/dl)
Antioxidant (mmol/l)
Alpha-defensin (µg /ml)

Caries free(No=40)
Mean ± SD

Caries affected (No=40)
Mean ± SD

P value

9.89 ± 2.09
0.36 ± 0.12
7.23 ± 0.37
0.80 ± 0.74
1.34 ± 0.77
7.16 ± 3.51

9.26 ± 2.05
1.38 ± 1.66
1.93 ± 2.70
3.05 ± 2.71
6.13 ± 6.48
0.32 ± 0.08
6.81 ± 0.22
0.85 ± 0.71
1.32 ± 0.85
5.43 ± 4.08

0.176
0.080
0.000
0.782
0.917
0.041

DMFT / DMFS = Decayed, Missed due to caries and Filled permanent Tooth / Surface. deft/defs = decayed indicated for filling,
decayed indicated for extraction and filled deciduous tooth / surface. S.F.R = Saliva Flow Rate, SD = standard deviation, p = value of
significance. Analysis done by independent t test at CI=95% and level of significance at p≤0.05.
Salivary pH and Flow Rate
salivary pH (Table 1) was significantly lower in caries affected children compared to caries free children (p =0.000) while saliva flow
rate was comparable in both groups (p=0.080).
Salivary Total Protein and Total Antioxidant
As can be seen in Table 1, both caries affected and caries free
groups had similar level of total protein (p=0.782) and total antioxidant (P=0.917) and age was not contributing factor (p=0.176).
Salivary Streptococcus Mutans And Lactobacilli Levels
As can be seen in Figure 1, the percentage of children with streptococcus mutans or lactobacilli ≥105 cfu/ml was significantly higher in
caries affected children compared to caries free children (p=0.000
for both).

Discussion
Saliva is an important body fluid containing various microbes and
host biological components that could be used for caries risk assessment. Currently, dental caries is mainly treated by restorative
approaches, which do not always generate optimal satisfactory
results. Caries risk assessment allows for the estimation of the
probability of caries incidence, i.e., number of new cavities or
incipient lesions in a certain time period, as well as the probability
of the changes in the size or activity of caries lesions [35]. An
accurate caries risk assessment can identify patients at high caries
risk for preventive therapies and improved treatment effectiveness. Therefore, more attention has been given to this topic lately
[36]. The collection of saliva samples is non-invasive, safe, and
inexpensive. It seems likely that testing methods can be developed
which can be used in dental practice to provide a foundation for
the recognition of potential biomarkers of the disease [4].
Saliva flow rate is considered a potential risk factor when the unstimulated salivary flow rate is lower than 0.30 mL/min [11-13].

This study demonstrates that the salivary flow rate do not correlated to dental caries. This result is in agreement with previous studies [37, 38]. On contrast, other studies found that lower
salivary flow rates play a significant role in caries development
[39, 40].
In the present study we have shown that salivary pH was significant lower in caries affected children compared to caries free
children (p =0.000). These results demonstrated that salivary pH
can be used as indicator for caries risk assessment. Other studies
support our finding as they have reported that larger quantities
and faster rates of acid production in caries active individuals than
that in caries-free individuals [41, 42]. There is strong evidence
showing that salivary buffering capacity protects the tooth from
dental caries [43] and low buffering capacity is usually associated
with caries development because of its impaired neutralization
of plaque acids and reduced remineralization of early enamel lesions [44-46]. This association between low caries levels and high
salivary buffering capacity has been demonstrated [47, 48] and
individuals with a high salivary buffer capacity are often cariesresistant [11].
Oxidative stress may play an important role in the onset and the
development of several inflammatory oral pathologies and dental
caries [49]. In the current study, salivary total antioxidant was not
significantly higher in children with caries. Our result was similar
to results of other studies. Preethi et al., [18] have shown that the
role of salivary antioxidant in dental caries is less clear. In addition, Tulunoglu et al., [15] have shown non-significantly higher
TAC in caries active children.
In the present study salivary total protein was higher in caries affected children compared to caries free children but the difference
was statistically non significant. These findings were in agreement
with Roa et al., [50] who found no difference in total protein
levels between caries-free and caries-active adults. On contrast,
Preethi et al., and Dodwad et al., [18, 51] have shown that total
proteins were significantly higher in caries active in comparison to
caries free children.
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Figure 1. Percentage of Children with Cariogenic Bacteria ≥ 105 cfu/ml.
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Salivary α-defensin is part of antimicrobial innate immunity. The
results of the present study shows statistically significant higher
concentration of α-defensin in caries free than caries affected
children. Thus, this inverse correlation between α-defensin concentration and dental caries experience could be useful measure
for caries risk assessment in children. Similar correlation was reported by previous studies [26, 27, 52]. On the contrary, Toomarian et al., [53] found no significant differences in α-defensins levels between childhood caries and caries free preschool children.
Streptococcus mutans and lactobacilli play an important role in the
pathogenesis of dental caries. We demonstrated that the number
of children with streptococcus mutans or lactobacilli ≥105 cfu/
ml was significantly higher in caries affected children compared
to caries free children. These findings are supported by previous
studies [54-59].
In conclusion, children with caries experience had low levels of
α-defensin and salivary pH and greater numbers of streptococcus
mutans and lactobacilli. These findings could lead to new tools to
screen and assess for caries susceptibility in children.
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