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Abstract: Plaque-induced gingivitis (PIG) is one of the most widely distributed oral disorders in
children. We aimed to identify the diagnostic value of interleukin-6 (IL-6), interleukin-1β (IL-1β), and
c-reactive protein (CRP) in the unstimulated whole saliva of children with different degrees of PIG.
The study included 45 healthy children (aged between 4–14 years). The participants were divided
into four groups according to their Silness–Löe plaque index and Löe–Silness gingival index. ELISA
methods for the quantification of salivary IL-6, IL-1β, and CRP were used. The highest levels of
IL-6, IL-1β, and CRP were recorded in the group with severe gingivitis—14.96 pg/mL, 28.94 pg/mL,
and 490.0 pg/mL, respectively—significantly exceeding those in the control group (9.506 pg/mL,
16.93 pg/mL and 254.4 pg/mL, respectively). Based on receiver operating characteristic (ROC) curve
analysis, salivary IL-1β and CRP showed good diagnostic accuracy (0.8 ≤ AUC < 0.9) and IL-6
showed fair diagnostic accuracy (0.7 ≤ AUC < 0.8) with statistical significance to distinguish between
children with a moderate degree of PIG and those with a severe degree of PIG. Sensitivity for IL-6,
CRP, and IL-1β was 87.5% (p < 0.05), 87.5% (p < 0.01), and 75% (p < 0.01), respectively, and specificity
was 63.16% (p < 0.05), 78.95% (p < 0.01), 83.33% (p < 0.01), respectively. Based on our results, we
suggest salivary IL-1β and CRP as potential diagnostic tools that can be used to differentiate between
moderate and severe PIG.

Keywords: plaque-induced gingivitis; salivary biomarkers; IL-6; IL-1β and CRP; children

1. Introduction

Contemporary diagnostic methods increasingly rely on the potential of saliva as a
promising diagnostic medium. The advantages of saliva sampling are the high abundance
of different biomolecules and the non-invasive painless collection procedure. Saliva is
rich in biomolecules of local and systemic origin which can serve as promising diagnostic
markers, especially for oral-dental diseases [1–3]. Various studies report potential salivary
markers for the diagnosis of several oral diseases—dental caries, diseases of the dental
apparatus of an inflammatory and destructive nature, periodontitis, and gingivitis [4,5].

One of the most widely occurring oral disorders among children and adults is plaque-
induced gingivitis (PIG) [6–11]. Frequent consumption of sugar-containing foods and
beverages, especially among children, is associated with intensive plaque formation and
accumulation. Another factor that increases plaque accumulation is poor oral hygiene.
PIG is characterized by gingival inflammation provoked by plaque accumulation and the
pathogenicity of microflora within the dental plaque. Hallmarks of gingival inflamma-
tion include increased vascular permeability and cell migration of mainly neutrophils,
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monocytes, and macrophages from the peripheral blood to gingival crevicular fluid. Gin-
gival crevicular fluid is in constant and intensive interaction with saliva [12]. In parallel,
adaptive immunity is mobilized through the activated influx of T and B into the inflam-
matory site. These cells trigger a specific inflammatory response with the local production
of a significant amount of pro-inflammatory factors, namely interleukin 1β (IL-1β) and
interleukin 6 (IL-6) [13,14]. The levels of these cytokines reflect the degree of gingival
inflammation [15,16]. The C-reactive protein (CRP) is established as a reliable marker for
the diagnosis of periodontal disorders [17]. To date, some of the most studied markers in
saliva, with regard to gingivitis and periodontitis, are certain pro-inflammatory factors,
due to their role in the pathogenic mechanisms of disease progression [18–20]. Kim et al.
(2021) confirmed the prognostic value of salivary IL-1β for the diagnosis of periodontal
disease and its use as a reliable salivary biomarker [20].

These findings reveal the potential use of IL-6, IL-1β, and CRP as local prognostic
and diagnostic markers for gingival inflammation disorders in children, such as PIG. The
application of these salivary biomarkers in children will be useful for disease monitoring
and control, together with other parameters used in the clinical practice— Silness–Löe
plaque index (PLI) and Löe–Silness gingival index (GI) [21]. Depending on the severity
of gingival inflammation, PIG is characterized as mild, moderate, or severe [21]. The
individual immune response and reactivity differ in each of the stages of this oral-dental
disorder [21]. We hypothesized that the salivary levels of the examined pro-inflammatory
factors IL-6, IL-1β, and CRP would correspond to the degree of clinical manifestation of
PIG in children and that their diagnostic and prognostic significance would be high.

The identification and implementation of distinct inflammatory biomarkers such
as IL-6, IL-1β, and CRP in saliva potentially provide novel prognostic, diagnostic, and
preventive approaches for children suffering from, or at risk of developing, this periodontal
disease. The use of saliva as a non-invasive diagnostic medium for the quantification of
these inflammatory markers is important, especially for the youngest patients. The aim of
our study was to assess the diagnostic and prognostic value of IL-6, IL-1β, and CRP levels
in the unstimulated whole saliva of children with different degrees of PIG.

2. Materials and Methods
2.1. Study Design

This is a pilot prospective study. Declarations of informed consent were signed by
the parents of the children or their legal guardians. The study was approved by the Ethics
Committee of the Medical University of Varna (protocol No. 82/28.03.2019).

Participants in the study were recruited during their primary visit to the University
Dental Medicine Center of the Medical University of Varna based on the inclusion and
exclusion criteria.

Inclusion criteria:

1. Informed consent signed by the parent or guardian of each participant;
2. Age between 4–14 years;
3. No acute or chronic disease reported;
4. No medicine intake, including homeopathic remedies;
5. No known allergic reactions.

Exclusion criteria:

1. Children who are not collaborative during the examination and/or sample
collection procedures;

2. Children with reported acute or chronic disease at the time of examination;
3. Children taking any treatment (anti-inflammatory, antibiotics, anti-allergy drugs, or

homeopathic remedies);
4. Children with established allergic reactions;
5. Children displaying an open bite and mouth breathing;
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This pilot prospective study included 45 children (26 girls and 19 boys) with no acute
or chronic disease reported (aged between 4–14 years). For all participants, the clinical
indices of PLI and GI were recorded and applied for the evaluation of the accumulation
of dental plaque (Silness–Löe plaque index—PLI), assessment of gingival conditions, and
registration of the qualitative changes in gingival tissues (Löe–Silness gingival index—GI).

The plaque index (PLI) is applied for the evaluation of dental plaque accumulation.
This index is registered for Ramfjörd teeth 16, 22, 24, 36, 42 and 44. In children with primary
and mixed dentition, in the case of missing representative teeth, the PLI is registered for
mesially situated teeth. The recording of the PLI index is conducted by an atraumatic
periodontal probe on the vestibular, oral, mesial, and distal surfaces along the site of contact
with the marginal gingiva. The degree of dental plaque accumulation is recorded by the
scores 0, 1, 2, and 3. The criteria are as follows: 0—no dental plaque on the examined
tooth surface; 1—low levels of dental plaque on the peak of the probe; 2—moderate
levels of dental plaque scratched by the probe; 3—a considerable, macroscopically visible
accumulation of dental plaque on the tooth surface. The sum of all of the registered figures
is divided by the total number of examined surfaces. The values of PLI in the interval from
0.1 to 1.1 indicate a condition that is “excellent with a tendency to have very good and good
oral hygiene”. PLI values between 1.2 and 2.0 indicate a condition that is “good, with a
tendency to have satisfactory oral hygiene”. PLI values from 2.1 to 3.0 are descriptive of a
condition that is “satisfactory, with a tendency to have poor oral hygiene”.

The GI is utilized to evaluate the severity of gingivitis. This index records the marginal
and interproximal tissues separately on the bases of 0 to 3. The same Ramfjörd teeth applied
for the assessment for PLI are applied for the recording of GI, with the following criteria:
0—normal gingiva; 1—mild-inflammation hyperemia and slight edema, without bleeding
on probing; 2—moderate-inflammation hyperemia, edema, and provoked bleeding; 3—
severe-inflammation hyperemia, considerable edema, and spontaneous bleeding. The
assessment of bleeding was applied by atraumatic sampling along the site of the soft tissue
of the gingival sulcus. To calculate the GI, the values of the four walls of the gingival tissues
encircling the tooth were summed up and divided by four. The sum of these values was
divided by the total number of examined sites. By the application of the GI, the diagnostic
scores were determined as follows: GI = 0—normal gingiva; GI levels from 0.1 to 1.0—mild
degree of gingivitis; GI values from 1.1 to 2.0—moderate degree of gingivitis; GI values
from 2.1 to 3.0—severe degree of gingivitis [21].

The participants were divided into four groups according to their PLI and GI [21]: a
control group without gingival inflammation (GI = 0; n = 6); a group with a mild degree of
PIG (0.1 < GI ≤ 1; n = 12); a group with a moderate degree of PIG (1.1 ≤ GI ≤ 2; n = 19); a
group with a severe degree of PIG (2.1 ≤ GI ≤ 3; n = 8).

Clinical index determination and saliva sample collection were carried out on the day
of dental examination and recruitment during the primary visit.

In summary, the study design is presented in Figure 1.

Figure 1. Study design.
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2.2. Sample Size Calculation

The calculation of the sample size was carried out according to El-Patal et al. (2022) [22].
The calculated sample size was equal to 64 children with a power of 80% and α = 0.05 using
the SD (σ) with a margin of error of (E) = 0.8. In reality, the number of participants in our
study was 44, because this is a pilot study and future investigations may proceed.

2.3. Salivary Sample Collection and Analysis

The collection of unstimulated whole saliva was conducted in sterile DNase- and
RNase-free collection tubes, and the samples were frozen immediately on dry ice and stored
at −80 ◦C until analysis. Saliva specimen collection was performed between 9.00 a.m. and
11.30 a.m. All the participants in the study were instructed to brush their teeth just before
the sample collection. Enzyme-linked immunosorbent assays (ELISA) with monoclonal
antibodies were used to determine the levels of IL-6, IL-1β, and CRP in saliva (Shanghai
Sunred Biological Technology Co., Ltd., Shanghai, China). The respective absorptions
were measured at 450 nm using a microtiter plate reader, Synergy 2, BioTek, Santa Clara,
CA, USA.

2.4. Statistical Analysis

Statistical methods of descriptive statistics, an unpaired t-test, Spearman’s correlation
and receiver operating characteristic (ROC) analysis were applied. The significance level
was established at p < 0.05. GraphPad prism version 5 (Boston, MA, USA) was used to
perform the statistical analysis.

3. Results
3.1. Clinical Indicators for Plaque-Induced Gingivitis

All the examined clinical indicators were characterized by considerably higher values
in the groups with gingivitis, compared to the control group (p < 0.05) (Table 1).

Table 1. Clinical indicators of PIG.

Clinical Indicators Control Group
n = 6

Mild-Degree
n = 12

Moderate-Degree
n = 18

Severe-Degree
n = 8

p Value
t-Test

PLI 0.74 ± 0.25 1.2 ± 0.12 1.64 ± 0.29 1.98 ± 0.21 p < 0.05

GI 0 ± 0 0.75 ± 0.24 1.38 ± 0.17 2.19 ± 0.09 p < 0.05

Data are expressed as mean ± SD; abbreviations: PLI (Silness–Löe plaque index), and GI (Löe–Silness gingival
index); significance level established at p < 0.05.

The control group was represented by 4 girls and 2 boys. Two of the children had
stable primary dentition. In four subjects, a state of mixed dentition was recorded. The
mean age of the representatives in the group equaled 7 years and 5 months.

The group with a mild degree of gingivitis was represented by 5 girls and 7 boys. Two
of the children had stable primary dentition. In ten subjects, a state of mixed dentition was
recorded. The mean age of the representatives in the group equaled 7 years and 6 months.

The group with a moderate degree of gingivitis was represented by 11 girls and 8 boys.
There were no children with stable primary dentition. In thirteen subjects, a state of mixed
dentition was recorded. Five children had permanent dentition. The mean age of the
representatives in the group equaled 7 years and 8 months.

The group with a severe degree of gingivitis was represented by 6 girls and 2 boys.
There was one child with stable primary dentition. In seven subjects, a state of mixed
dentition was recorded. The mean age of the representatives in the group equaled 8 years
and 4 months.
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3.2. Salivary Levels of IL-6, IL-1β, and CRP in Children with Different Degrees of Plaque-
Induced Gingivitis

In the present study, we examined the concentrations of IL-6, IL-1β, and CRP in
unstimulated whole saliva from children with different degrees of PIG. The mean levels of
IL-6, IL-1β, and CRP were higher in children with gingivitis compared to those of children
in the control group (ns). The highest mean concentrations of IL-6, IL-1β, and CRP were
recorded in the group with a severe degree of PIG, which were 14.96 pg/mL, 28.94 pg/mL,
and 490.0 pg/mL, respectively. These values are considerably higher compared to those
in the control group (9.506 pg/mL; 16.93 pg/mL; 254.4 pg/mL) (ns) (Figure 2). The mean
concentration of IL-6 was elevated 1.57-fold, that of IL-1β was elevated 1.71-fold, and that
of CRP was elevated 1.93-fold among the children with a severe degree of PIG compared to
the control group. A statistically significant difference was established only between the
groups with a moderate and severe degree of gingivitis for all three investigated markers
(p < 0.05) (Figure 2). We assume that the relatively small number of representatives did not
allow the establishment of a statistical significance between the other groups. The levels of
these pro-inflammatory biomarkers had the lowest mean values among the children with
a moderate degree of gingivitis compared to those in the other groups and the controls
(ns) (Figure 2). The statistically significant differences in the mean concentrations of IL-6
(p = 0.0208), IL-1β (p = 0.009), and CRP (p = 0.0131) between the moderate and severe
degrees of PIG are presented in Figure 2.

Figure 2. Mean concentrations of (a) IL-6, (b) IL-1β, and (c) CRP in the saliva of children with
different degrees of PIG, the group with all of the children with plaque-induced gingivitis and healthy
controls. Data expressed as mean ± SD. Significance level established at p < 0.05. Abbreviations:
IL-6—interleukin-6, IL-1β—interleukin-1β, and CRP—C-reactive protein.
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A positive significant correlation was observed between the investigated pro-inflammatory
salivary biomarkers among all the participants with gingivitis. The Spearman’s rank corre-
lation coefficients between IL-6 and IL-1β equaled 0.7576 (p < 0.0001); those between IL-6
and CRP equaled 0.9272 (p < 0.0001); and those between IL-1β and CRP equaled 0.7546
(p < 0.0001) (Figure 3).

Figure 3. Spearman′s correlations between (a) IL-6/IL-1β, (b) IL-6/CRP and (c) IL-1 β/CRP in
the saliva of children with PIG. Abbreviations: IL-6—interleukin-6, IL-1β—interleukin-1β, and
CRP—C-reactive protein.

3.3. Diagnostic Accuracy of Salivary IL-6, IL-1β, and CRP

Based on the ROC curve analysis, salivary IL-1β and CRP showed good diagnostic
accuracy (0.8 ≤ AUC < 0.9) and IL-6 showed fair diagnostic accuracy (0.7 ≤ AUC < 0.8),
as categorized by Nahm et al. (2022) [23]. Statistical significance was found to distinguish
children with moderate PIG from children with a severe degree of PIG (Table 2, Figure 4).
At the optimal cut-off values, based on the largest Youden’s index, IL-6, IL-1β, and CRP
demonstrated sensitivity values ranging from 75% to 87.5% and specificity values ranging
from 63.16% to 83.33% (Table 3). Sensitivity for IL-6, CRP, and IL-1β was 87.5% (p = 0.0384),
87.5% (p = 0.0093), and 75% (p = 0.0071), respectively, and specificity was 63.16% (p = 0.0384),
78.95% (p = 0.0093), and 83.33% (p = 0.0071), respectively. IL-6 and CRP showed the
highest sensitivity (87.5%) and IL-1β showed the highest specificity (83.33%), distinguishing
between children with moderate PIG and children with a severe degree of PIG (p < 0.05)
(Table 3).

Table 2. ROC logistic regression analysis of salivary IL-6, IL-1β, and CRP levels comparing the
groups of children with different degrees of plaque-induced gingivitis.

Mild–Moderate
Degree of Gingivitis

AUC (95% CI)
p-Value

Mild–Severe
Degree of Gingivitis

AUC (95% CI)
p-Value

Moderate–Severe
Degree of Gingivitis

AUC (95% CI)
p-Value

IL-6 0.6250 0.2478 0.6354 0.3159 0.7566 0.0384

IL-1β 0.6620 0.1385 0.6979 0.1427 0.8368 0.0071

CRP 0.6272 0.2396 0.6719 0.2031 0.8224 0.0093

The significance level was established at p < 0.05. Abbreviations: ROC—Receiver Operating Characteristic;
AUC—Area Under the Curve; CI—Confidence Interval.

Table 3. ROC logistic regression analysis of salivary IL-6, IL-1β, and CRP as potential diagnostic
biomarkers to differentiate children with a moderate degree of PIG from children with a severe degree
of PIG.

Cut-Off AUC (95% CI) Youden Index Sensitivity% Specificity% p-Value

IL-6 8.385 pg/mL 0.7566 0.5066 87.50 63.16 0.0384

IL-1β 16.99 pg/mL 0.8368 0.5833 75.00 83.33 0.0071

CRP 223.8 pg/mL 0.8224 0.6645 87.50 78.95 0.0093

Significance level established at p < 0.05. Abbreviations: AUC—Area Under the Curve; CI—Confidence Interval.
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Figure 4. ROC curves of (a) IL-6, (b) IL-1β, and (c) CRP as potential diagnostic biomarkers for
differentiating children with a moderate degree of PIG from children with a severe degree of PIG.
Significance level established at p < 0.05. Abbreviations: ROC—receiver operating characteristic;
AUC—area under the curve; IL-6—interleukin-6; IL-1β—interleukin-1β; CRP—C-reactive protein.

We estimated the fair diagnostic accuracy (0.7≤AUC < 0.8) of the investigated salivary
pro-inflammatory biomarkers in distinguishing children without PIG from those with a
severe degree of PIG (ns) (Table 4) [23]. IL-6 and CRP showed the highest sensitivity (87.5%)
and IL-1β showed the highest specificity (83.33%), with p = 0.1968 (Table 5). Salivary
IL-6, IL-1β, and CRP showed poor diagnostic capacity (0.6 ≤ AUC < 0.7) to discriminate
between children without PIG and those with a mild or moderate degree of PIG (ns)
(Table 4) [23]. Our future research has to include a larger number of participants in all of
the studied groups.

Table 4. ROC logistic regression analysis of salivary IL-6, IL-1β, and CRP levels comparing the
control group with the groups with mild, moderate, and severe degrees of plaque-induced gingivitis.

Control
Group—Mild

Degree of Gingivitis
AUC (95% CI)

p-Value

Control
Group—Moderate

Degree of Gingivitis
AUC (95% CI)

p-Value

Control
Group—Severe

Degree of Gingivitis
AUC (95% CI)

p-Value

IL-6 0.5139 0.9254 0.6711 0.2148 0.7083 0.1968

IL-1β 0.5139 0.9254 0.6435 0.3015 0.7083 0.1968

CRP 0.5139 0.9254 0.6667 0.2267 0.7083 0.1968

Significance level established at p < 0.05. Abbreviations: ROC—receiver operating characteristic; AUC—area
under the curve; CI—confidence interval; IL-6—interleukin-6; IL-1β—interleukin-1β; CRP—C-reactive protein.
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Table 5. ROC logistic regression analysis of salivary IL-6, IL-1β, and CRP as potential diagnostic
biomarkers for differentiating between children with a severe degree of PIG and those without
plaque-induced gingival inflammation.

Cut-Off AUC (95% CI) Youden Index Sensitivity% Specificity% p-Value

IL-6 8.576 pg/mL 0.7083 0.5417 87.50 66.67 0.1968

IL-1β 16.62 pg/ml 0.7083 0.5833 75.00 83.33 0.1968

CRP 218.4 pg/ml 0.7083 0.5417 87.50 66.67 0.1968

Significance level established at p < 0.05. Abbreviations: ROC—receiver operating characteristic; AUC—area
under the Curve; CI—confidence interval; IL-6—interleukin-6; IL-1β—interleukin-1β; CRP—C-reactive protein.

4. Discussion

Non-invasive and routine laboratory examination of potential salivary biomarkers
such as IL-1β, IL-6, and CRP can be applied as a novel tool for the assessment of PIG severity
in children, and could contribute towards practitioners’ efforts in developing methods
for the precise diagnosis, prognosis, treatment, and even prevention of PIG [1]. The
precise diagnosis of the state of gingival inflammation in children is important for disease
monitoring and control. In this study, we estimated that salivary IL-1β and CRP have
good diagnostic accuracy and that IL-6 showed fair diagnostic accuracy in differentiating
between children with moderate and children with a severe degree of PIG. These salivary
markers may be implemented in the practice of precision dental medicine. The application
of these markers in children with different degrees of PIG is important for the accurate
diagnosis of the state of the disease, especially of a severe degree of PIG, and for adequate
therapy and treatment to prevent the progression into periodontitis.

Etiologically, PIG is related to the accumulation of dental plaque, which has a tendency
to increase the severity of pathological traits. The growth and maturation of dental plaque
provoke inflammatory host tissue reactions. The conventional clinical parameters of the
PLI and GI are applied for the evaluation of the degree of clinically manifested PIG [21].
The contemporary concept of personalized dental medicine is focused on the individual’s
specifics, including the progression of periodontal diseases. The sensitivity and severity of
the host’s immune response determine the course of inflammation on the systemic level
and on the local level in the oral cavity.

The processes of the immune system that occur in response to the accumulation of
bacterial biofilm are influenced by a great variety of pro- and anti-inflammatory cytokines
and enzymes. Different studies have ascertained that immune cells in patients with di-
agnosed periodontal disorders release a greater amount of pro-inflammatory cytokines
compared to cells in periodontally healthy individuals [21]. This corresponds to the higher
salivary levels of the pro-inflammatory biomarkers of IL-6, IL-1β, and CRP among children
suffering from PIG in comparison to controls, as established in our study. Other authors
also report that the salivary concentration of IL-6 is increased among individuals with
gingival inflammation [24,25].

We established a statistically significant difference in the mean levels of IL-6, IL-1β,
and CRP between children with a moderate degree of PIG and those with a severe degree
of PIG. The salivary levels of these pro-inflammatory biomarkers were significantly higher
in the group with a severe degree of PIG compared to the group with a moderate degree
of gingivitis. This is associated with the development of the inflammatory process that
occurs in parallel to the progression of gingivitis. IL-1β and IL-6 are characterized as basic
innate cytokines and serve as key inflammatory mediators under conditions of periodontal
disorder [26,27]. IL-1β is secreted by monocytes, macrophages, and neutrophils. This pro-
inflammatory cytokine is associated with the secretion of other mediators that provoke not
only inflammatory alterations but also tissue damage [27,28]. Its function is related to the
specifics of the clinical manifestation of PIG with the progression from moderate to severe
degrees of PIG. The possible physiological feature connected to the decreased levels of IL-6,
IL-1β, and CRP in the group with a moderate degree of PIG could be the shift in specific
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pathogenic microflora in the children with a severe degree of gingivitis, which would
have led to an increase in the severity of the inflammatory response, increased gingival
inflammation, and increased production of inflammatory mediators, such as IL-6 and IL-
1β [21]. The qualitative and quantitative content of plaque is different as a result of plaque
maturation [29,30]. The significant difference between moderate and severe PIG only seems
reasonable because in patients with a low degree of PIG, host protective mechanisms (e.g.,
cell immunity) could still be not active enough. In patients with a moderate degree of PIG,
the immunological mechanism differs from that of the severe form. The transition from a
moderate to severe degree of gingivitis has been reported to be characterized by a shift from
the innate immune response to the acquired immune response [31]. Macrophages, which
predominate in the innate phase, have a reduced capacity for pro-inflammatory cytokine
production compared to B-cells, which represent the acquired immune response [31].

We did not establish a statistical significance between IL-6, IL-1β, and CRP levels in
the control group and the group with a mild degree of PIG because the PIG in the latter
group was characterized as an initial phase of plaque-induced gingivitis. This initial phase
of PIG is characterized by the formation of so-called initial lesions, where the appearance
of gingival inflammation is low and characterized by hyperemia and slight edema, without
bleeding upon probing [32]. The observed cytokine levels in the saliva in our study were
also low, and not statistically different compared to those of the control group. The innate
immune mechanisms are active during this stage and cytokine production is very low. The
rate of collagen destruction also is low [32].

The moderate degree of gingivitis is characterized by hyperemia, edema, provoked
bleeding, and the formation of early lesions. The inflammatory cells which are involved
in this stage are lymphocytes and macrophages. The collagen degradation rate is higher
than that in mild-degree PIG but lower than in severe-degree PIG [32]. The observed
lowest levels of IL-6, IL-1β, and CRP in moderate-degree PIG could be due to the resolu-
tion of macrophages from M1 (classical) into M2 (alternative) phenotypes [33]. The M1
phenotype is the pro-inflammatory phenotype which is characterized by increased IL-6
production [34,35]. The M2 phenotype is involved in tissue repair and is characterized by
decreased IL-6 production [36,37]. Probably, the anti-inflammatory M2 phenotype involved
in active tissue repair is the distinctive immune response, a compensatory mechanism in
moderate-degree PIG [36,37]. This explains the lowest cytokine levels that were found in
moderate-degree PIG. Garaicoa-Pazmino et al. (2019) discuss in their study the transition
of macrophages from M1 to M2 phenotypes in patients with gingivitis and periodontitis.
Interestingly, they also did not find statistically significant differences between the M1 and
M2 polarization of macrophages in healthy tissues and tissues with periodontitis [33]. The
increased production of IL-6 and IL-1β demonstrated by the results of our study may have
been related to the infiltration of T and B cells, which is typical for severe-degree PIG only.
In severe gingivitis, the highest inflammatory response occurs through the increased local
secretion of pro-inflammatory cytokines and other inflammatory molecules [32].

The established significant positive correlation between salivary levels of IL-6, IL-
1β, and CRP among the participants with PIG is confirmed by several studies explor-
ing the mechanism of interaction between these pro-inflammatory biomarkers. Bacterial
lipopolysaccharide and IL-1β significantly increase IL-6 production in human gingival fi-
broblasts [27]. It was shown that the combined activity of IL-1β and IL-6 enhanced gingival
inflammation and the risk of progression of periodontitis [27,38]. The established strong
positive correlation between the pro-inflammatory cytokines IL-6 and IL-1β and the acute
phase protein CRP described in our study has been widely explored and corroborated in
the scientific literature [28,38]. Inflammatory stimuli such as IL-1β and IL-6 induce the
synthesis of CRP from the liver. IL-6 and IL-1β act synergistically for the induction of CRP
gene expression, as IL-1β alone has no effect [39]. These observations confirm the combined
action of these molecules and their role in the development of inflammation [28,38,39].

The good diagnostic accuracy of these salivary biomarkers was confirmed by ROC
curve analyses and the established AUC values in our study. IL-1β and CRP showed
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good diagnostic accuracy (0.8 ≤ AUC < 0.9) and IL-6 showed fair diagnostic accuracy
(0.7 ≤ AUC < 0.8) with statistical significance in distinguishing between children with
moderate PIG and children with a severe degree of PIG. the t-test analysis established a
statistically significant difference between the levels of IL-1β, IL-6, and CRP in children
with moderate and severe degrees of gingivitis. The trend of the considerable elevation
of these inflammatory biomarkers parallel to the progression of PIG from a moderate to a
severe degree could have been due to the action of the acquired immune system in the oral
cavity. The rapid increase in the levels of these inflammatory parameters may be associated
with the activation of enzymes involved in tissue destruction [40]. The results of our study
are in line with the findings of other investigations in the field. The adoption of these
inflammatory biomarkers in non-stimulated mixed saliva has the potential to serve as a
prognostic tool for the progression of gingivitis from moderate to severe degrees before
the clinical manifestation of the advanced inflammation of gingival tissues. Namely, the
combined application of IL-6, IL-1β, and CRP, interpreted in the context of recording clinical
indices and the evaluation of clinical findings and symptoms, can serve as prognostic and
diagnostic indicators of the risk of PIG progression. This is key to the development of
adequate, personalized prophylactic measures and the efficient control and minimization of
the risk of the progression of PIG in later periods. The poor control and inefficient, sporadic
treatment of PIG in children can be a predisposing factor for the initiation of periodontitis
in adulthood. Many authors accentuate the late impact of gingivitis in children in terms of
its effect on the gingival sulcus, which facilitates the establishment of the disease and the
colonization of the site by periodontal pathogenic microflora [1]. On an epidemiological
basis, strong evidence exists that shows the progression of gingivitis to periodontitis in
adults [1]. In our study, we accentuated the relationship between clinical parameters for
the wide-spread oral disorder of PIG and for inflammatory biomarkers in non-stimulated
saliva. In light of the trending advancement of non-invasive and simple methods of
assessing inflammation status, our results concerning the diagnostic potential of IL-6, IL-
1β, and CRP as biomarkers for differentiating between moderate and severe degrees of
clinical manifestation of PIG, can be useful for the development of gingivitis prevention
strategies. Pediatric and dental practitioners should take into account the fact that the
clinical manifestation of the severe forms of gingivitis in primary, mixed, and permanent
dentition correlates with the degree of inflammatory cell infiltration into gingival tissues.
It has been established that the chronic inflammation of periodontal tissues in childhood
can provoke local tissue destruction, which could later develop into periodontitis [1]. Our
findings are also relevant to the prophylaxis and limitations of favorable conditions that
predispose gingivitis to periodontitis progression in later years. Non-invasive and routine
laboratory biomarkers such as IL-1β and CRP with new applications in the diagnosis of the
degree of PIG in children may add to the efforts of practitioners in the precise diagnosis,
prognosis, treatment, and even prevention of the progression of PIG [1].

The main limitation of this study is the relatively small number of representatives
in the examined groups, which will be taken into account in future work. Based on
scientific sources, we do assume that under conditions in which there is a larger number of
participants, we would obtain statistically significant results when comparing all the study
groups, including the control.

This is a pilot study and future investigations may proceed. The search for non-
invasive informative biomarkers is expected to provide fast and reliable diagnostics, espe-
cially in children. In this aspect, saliva appears to be a suitable matrix for further studies in
dental medicine and oral biology.

5. Conclusions

Based on our results, we suggest salivary IL-1β and CRP as potential diagnostic tools
to differentiate between moderate and severe degrees of plaque-induced gingivitis. Given
the therapeutic approaches that differ depending on the severity of the disease, these
markers could be implemented in personalized dental clinical practice.
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