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 Background: Saliva contains a number of protective factors such as mucins, immunoglobulins (e.g., IgA, IgG, and IgM), and 
enzymes (e.g., lysozyme and lactoperoxidases) that play an important role in the maintenance of oral health. 
The aim of this study was to compare levels of sIgA, histatin-5, and lactoperoxidase in saliva of adolescents 
with dental caries.

 Material/Methods: Thirty-five adolescents (age 18 years) from high school were examined. Eight subjects with DMF=3 (Group I) 
and 27 adolescents with DMF>11 (Group II) were enrolled for this study. Clinical evaluation procedures com-
prised oral examination (including tooth, periodontal, and oral mucosal status) and collection of saliva sam-
ples. Saliva was collected for enzyme-linked immunosorbent assay (ELISA) and was used for determination of 
sIgA, histatin-5, and lactoperoxidase levels.

 Results: Our results showed that adolescents with very high intensity of dental caries (DMF>11) had increased levels of 
sIgA, histatin-5, and lactoperoxidase compared to adolescents with lower intensity of caries. The increase was 
statistically significant (p<0.05).

 Conclusions: We suggest that high intensity of caries is associated with increased levels of some salivary components – sIgA, 
histatin-5 and lactoperoxidase – that possess strong bactericidal or bacteriostatic effects, resulting in aggrega-
tion of oral bacteria and their clearance from the oral cavity.
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Background

Saliva contains a number of protective factors such as mu-
cins, immunoglobulins (e.g., IgA, IgG, and IgM), and enzymes 
(e.g., lysozyme and lactoperoxidases) that play an important 
role in the maintenance of oral health and are the first line of 
defense of the host against pathogens such as Streptococcus 
mutans, Streptococcus sobrinus, and Streptococcus sanguis [1]. 
Other protective factors include saliva flow, buffering capacity 
of saliva, protective dietary components, and non-cariogenic 
sweeteners [2]. The capacity is based on the phosphate sys-
tem, the carbonic acid system, and the bicarbonate system [3]. 
Disorders in the dynamic balance between pathological and 
protective factors lead to dental caries.

The various immunoglobulins can control the growth of car-
iogenic oral microflora [3]. One of them is secretory immuno-
globulin A (sIgA), which plays the main role in prevention of 
dental caries by inhibition of bacterial adherence, inactivation 
of bacterial enzymes and toxins, or by acting in synergy with 
other factors such as lysozyme and lactoferrin [4–6]. Salivary 
sIgA differs from serum IgA by having a dimeric structure, com-
pared to the monomeric structure of the latter [7].

Another protective factor in saliva is histatins. The predomi-
nant human histatins are histatin-1, histatin-3, and histatin-5 
[8]. They exhibit cidal activities against a broad range of patho-
genic fungi, including Candida albicans, Cryptococcus neofor-
mans, and Aspergillus fumigates. These proteins may represent 
major components of the non-immune host defense system 
involved in the maintenance of oral health. Histatin-5 is a sal-
ivary peptide, which contains 24 amino acids and it has an-
tifungal properties against the opportunistic yeast Candida 
albicans. The mechanism of action is still unclear but mito-
chondria seem to be the specific intracellular target leading 
to membrane damage and cell death [9–11]. Besides fungi-
cidal and fungistatic properties, antibacterial properties have 
been attributed to histatins based on their killing and growth-
inhibitory activity against several species of oral bacteria [12].

Salivary lactoperoxidase (LPO) is a protein with unique enzy-
matic activity. The main role of the enzyme is protection of sal-
ivary proteins from bacterial degradation. LPO works in con-
junction with thiocyanate and hydrogen peroxide. The products 
of that interaction inhibit glucose metabolism and oxidize bac-
terial sulfhydryl groups [13].

The aim of the study was to compare sIgA, histatin-5, and lac-
toperoxidase levels between adolescents with low and high 
caries activity. There is no data about the level of these 3 spe-
cific components in saliva of adolescents with dental caries 
disease in a single study.

Material and Methods

Study population

Thirty-five adolescents (age 18 years) from a high school were 
examined. Their caries intensity index DMF (decayed/missing/
filled; D+M+F/number of the examined) was determined and 
the study population was then divided into 2 groups. Group I 
was composed of 8 adolescents with DMF=3 (low intensity of 
dental caries) and Group II was 27 adolescents with DMF>11 
(high intensity of dental caries). All subjects had DMF higher 
than value 0. Clinical evaluation procedures were performed and 
included periodontal and mucosal status, evaluation of maloc-
clusion, and collection of unstimulated whole saliva samples.

The research protocol was approved by the Committee for 
Ethics and Supervision on Human Research, Medical University 
of Bialystok, with informed consent from the patients.

Saliva collection

Unstimulated whole saliva was collected by a standard method 
into sterilized tubes, which were then placed on ice. Samples 
from the subjects were taken between 9:00 A.M and 11:00 
A.M. Before collecting the saliva, all subjects abstained from 
eating and drinking for 2 h. Saliva samples were homogenized 
and clarified by centrifugation at 10 000 × g for 15 min at 4°C. 
The aliquots of clarified supernatants were kept at –70°C un-
til needed for measurements.

Analysis of salivary IgA

The high-sensitivity assay kit (USCNK) was used to determine 
the level of sIgA in the saliva samples. The microtiter plates 
had been pre-coated with a monoclonal antibody specific to 
sIgA. Standards and samples were added to the appropriate 
microtiter plate wells and incubated for 1 h at room temper-
ature. After washing away any unbound substances, peroxi-
dase-labeled antibody was added to each microplate well and 
incubated for 1 h at room temperature. After another aspira-
tion and washing step, a TMB substrate solution was added 
to each well. The enzyme-substrate reaction was terminated 
by the addition of a sulfuric acid solution and the color change 
was measured at a wavelength of 450 nm. The assay was per-
formed in duplicate and the concentration of sIgA in the sam-
ples was then determined by comparing the O.D. of the sam-
ples to the standard curve.

Determination of histatin-5

Saliva samples were determined by using an enzyme-linked 
immunosorbent assay kit (Cusabio Biotech Co., LTD.). The mi-
crotiter plate had been pre-coated with an antibody specific to 
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histatin-5. Standards and samples (100 µL each) were pipet-
ted into the wells in duplicate and incubated for 2 h at 37°C. 
After the incubation step, biotin-conjugated antibody working 
solution was added to each well. After washing away any un-
bound substances, avidin conjugated to horseradish peroxi-
dase (HRP) working solution (100 µL) was added to each well 
for 1 h at 37°C. Then a substrate solution (90 µL) was added 
to the wells for 30 min; the color developed in proportion to 
the amount of histatin-5 bound in the initial step. Color de-
velopment was stopped by sulfuric acid solution, and the in-
tensity of the color was measured spectrophotometrically at a 
wavelength of 450 nm. The concentrations of histatin-5 in the 
samples were calculated from the standard curve.

Determination of human lactoperoxidase (LPO)

Saliva samples were determined by using an enzyme-linked 
immunosorbent assay kit (Uscn Life Science, Inc.). The mi-
crotiter plate had been pre-coated with an antibody specific 
to LPO. Standards and samples (100 µL each) were then add-
ed into the wells in duplicate and incubated for 2 h at 37°C. 
After incubation, biotin-conjugated antibody working solu-
tion was added to each well. After washing away any un-
bound substances, avidin conjugated to horseradish peroxi-
dase (HRP) working solution (100 µL) was added to each well 
for 1 h at 37°C. Then a TMB substrate solution (90 µL) was 
added to the wells for 30 min; the color developed in propor-
tion to the amount of LPO bound in the initial step. Color de-
velopment was stopped by addition of sulfuric acid solution, 
and the intensity of the color was measured spectrophotomet-
rically at a wavelength of 450 nm. The minimum detectable 
dose (MDD) of human LPO was typically less than 8.1 nmol/L. 
The concentrations of histatin-5 in the samples were calcu-
lated from the standard curve.

Statistical analysis

The Mann-Whitney U nonparametric test for unrelated results 
of sIgA, histatin-5, and LPO was used to compare differences 
between the groups. All differences were considered signifi-
cant when p<0.05. Statistical analysis was carried out using 
the Statistica 8.0 (StatSoft, USA).

Results

The salivary IgA, histatin-5, and LPO median and range of Group 
I and II are presented in Table 1. The minimum concentration of 
sIgA in Group I was 2.1 mg/dL and it was lower compared to min-
imal concentration in Group II (7.2 mg/dL). The maximum value 
of sIgA in Group I was 22.2 mg/dL and 23.8 mg/dL in Group II. 
Figure 1 shows the sIgA levels in both groups. The median of sIgA 
was 8.10 mg/dL in Group I and it was lower in comparison with 
adolescents from Group II, in which the median was 13 mg/dL. 
The difference was statistically significant (p=0.003, Table 1).

Figure 2 shows the histatin-5 levels in both groups. The medi-
an of histatin-5 was 16.89 ng/mL in Group I and 66.84 ng/mL 
in Group II, which had higher intensity of caries. The level of 
histatin-5 was significantly higher in Group II (p=0.015, Table 
1). The minimum concentration of histatin-5 was 14.11 ng/mL 
in both groups, but the maximum concentration was higher in 
Group II, in which the value was 649 ng/mL (Table 1).

Results of LPO determination in groups are presented in 
Figure 3. The median of LPO was 2148 nmol/L in Group I and 
it was lower compared to Group II, in which the median of LPO 
was 3047 nmol/L. The difference was statistically significant 
(p=0.02, Table 1). The minimum and maximum was 1305 and 

Salivary 
components

Group I with DMF=3
(N=8)

Group II with DMF>11 
(N=27)

P

sIgA (mg/dL)  8.10 (2.1–22.2)  13 (7.2–23.8) 0.003*

Histatin-5 (ng/mL)  16.89 (14.11–29.95)  66.84 (14.11–649) 0.015*

LPO (nmol/L)  2148 (1305–3248)  3047 (1515–3313) 0.02*

Table 1. Median with range of sIgA, histatin-5, and LPO in whole unstimulated saliva.

Significant difference: * p<0.05.

Figure 1.  Salivary concentration of sIgA in Group I (with DMF=3) 
and Group II (with DMF>11) using ELISA technique. 
** P<0.05 – differences statistically significant between 
Group I and Group II.
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3248 nmol/L in Group I (with DMF=3). The values were low-
er compared to minimum (1515 nmol/L) and maximum (3313 
nmol/L) in Group II (with DMF>11) (Table 1).

There was no significant Spearman’s correlation between an-
alyzed salivary components (Tables 2 and 3).

Discussion

Dental caries is an infectious and is the most common disease 
affecting children and adolescents worldwide [14]. It is caused 

by many factors, but the main microbial cause of the disease 
is Streptococcus mutans, which possesses a very strong car-
iogenic potential. The literature reports a positive correlation 
between S. mutans and dental caries disease.

Saliva and its composition play a vital role in the immune de-
fense against pathogenic bacteria and takes part in deminer-
alization and remineralization of the tooth structure.

The major salivary components are immunoglobulins (sIgA), 
proteins (histatin-5), and enzymes (LPO). They have very strong 
antimicrobial properties. The aim of the study was to measure 

Figure 2.  Salivary concentration of histatin-5 in Group I (with 
DMF=3) and Group II (with DMF>11) using ELISA 
technique. ** P<0.05 – differences statistically 
significant between Group I and Group II.
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Figure 3.  Salivary concentration of LPO in Group I (with DMF=3) 
and Group II (with DMF>11) using technique ELISA. 
** P<0.05 – differences statistically significant between 
Group I and Group II.
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Parameters sIgA Histatin-5 LPO

sIgA
r – –0.02 –0.21

p – 0.96 0.567

Histatin-5
r –0.02 – 0.44

p 0.96 – 0.208

LPO
r –0.21 0.44 –

p 0.567 0.208 –

Table 2. Spearman’s correlations in Group I with DMF=3.

Parameters sIgA Histatin-5 LPO

sIgA
r – 0.32 –0.37

p – 0.146 0.089

Histatin-5
r 0.32 – –0.06

p 0.146 – 0.789

LPO
r –0.37 –0.06 –

p 0.089 0.789 –

Table 3. Spearman’s correlations in Group II with DMF>11.
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the levels of selected salivary components with bactericid-
al potential. Our results showed significantly higher levels of 
sIgA in unstimulated whole saliva of adolescents with high ac-
tivity of caries compared to subjects with low caries activity.

Several studies reported different results regarding the con-
centration of sIgA in dental caries patients. Our results are 
similar to those reported by Thaweboon et al., Bruno et al., 
and de Farias et al. [15–17]. They demonstrated that increase 
in caries activity is associated with an increase of sIgA levels. 
Some studies have reported a correlation between levels of 
sIgA and the age of subjects. Jafarzadeh et al. observed age-
dependent changes in salivary IgA, showing that mean sIgA 
levels were significantly higher in older subjects compared to 
subjects aged 1–10 years, although they proved that the mean 
level of sIgA slightly decreased in subjects aged 61–70 years [1]. 
Challacombe et al. showed higher levels of sIgA in older people 
[18]. Some authors have emphasized links between age-de-
pendent changes in salivary IgA and changes in cytokine pro-
duction. Recently, we have shown higher levels of pro-inflam-
matory cytokines (IL-6, IL-8, and TNF-a) and selected mucins 
in saliva of adolescents with high intensity of caries [19,20].

Bagharian et al. found higher levels of sIgA in the saliva of chil-
dren who were colonized for less than 6 months with S. mu-
tans and their DMF was lower compared to those who had 
harbored S. mutans for longer than 24 months and had high 
DMF score [21].

Histatins are a group of small, cationic, histidine-rich peptides 
secreted by human salivary glands. Histatins have antifungal 
and bactericidal activity, and have been shown to reduce the 
clinical signs of gingival inflammation and plaque formation. 
Researchers have investigated its possible role in periodontal 
disease. One study showed that the levels of histatin increase 
from health to periodontitis, but the levels of histatin in the 
gingival crevicular fluid and saliva had no correlation with se-
verity of periodontal disease [22]. We observed higher levels 
of histatin-5 and LPO in adolescents with high intensity of car-
ies. All differences were statistically significant.

Lactoperoxidase, a member of the mammalian heme perox-
idase family, uses hydrogen peroxide (H2O2) to catalyze the 
oxidation of thiocyanate (SCN–) and produce hypothiocyanite 
(OSCN–), a biocidal compound [23]. The lactoperoxidase sys-
tem is known to inhibit many Gram-negative bacteria, includ-
ing H. pylori, in vitro [24]. Haukioja et al. proved that H. pylo-
ri strain ATCC 43504T and 5 clinical isolates were efficiently 
inhibited by the peroxidase system, with high concentrations 
of H2O2 in buffer. The inhibition was stronger at lower pH. 
However, in human saliva these high concentrations of H2O2 
generated less hypothiocyanite, the antibacterial product of 
the peroxidase system, and the effects of the peroxidase sys-
tem were weaker [25].

The effect of lactoperoxidase on the antimicrobial effective-
ness was checked by Welk et al., who discovered that tested 
thiocyanate and H2O2 mixtures showed no relevant antimicro-
bial effect, but by adding LPO the mixtures they became ef-
fective bactericidal and fungicidal agents [26].

Our research proves that sIgA acts in conjunction with other 
salivary components. SIgA together with LPO and histatin-5 
may enhance antibacterial properties. The network of interac-
tions between salivary components needs further investigation.

Conclusions

We suggested that high-intensity caries is associated with in-
creased levels of some salivary components – sIgA, histatin-5, 
and lactoperoxidase – that possess strong bactericidal or bac-
teriostatic effects resulting in aggregation of oral bacteria and 
their clearance from the oral cavity. More studies should be 
carried out to discover and explain molecular pathways in-
volved in dental caries.
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