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ABSTRACT:

Background: Gingivitis is an inflaimmatory condition that only affects the mucosal
epithelial tissue that covers the alveolar processes and the cervical part of teeth.
Streptococcus mutans (8. mutans) is generally linked to dental caries, although its involvement
in gingival inflammation is becoming more well acknowledged. Through glucose
transferase, it can produce extracellular polysaccharides and encourage bacterial adhesion
and accumulation, which can result in plaque buildup and oral cavity colonization.
Aim of study: The study's objectives are to measute the amount of S. mutans in saliva
samples from gingivitis patients and healthy controls and to look into the relationship

between S. mutans copy numbers and clinical periodontal markers.

Methodology: Case-control was used in this investigation. 60 adults between the ages
of 22 and 40 were split into two groups: 20 were in good health and 40 had been
diagnosed with gingivitis. The plaque index, and bleeding on probing were the oral
parameters evaluated in this investigation. Samples of unstimulated saliva were collected
from every participant. Real-time polymerase chain reaction was used to quantify S.

mutans from extracted DNA.

Results: The gingivitis group had a considerably greater (p<<0.01) S. mutans bacterial load
than the control group. Additionally, there was a strong positive link between PLI and
BOP in the patient group, but there was no significant correlation between S. zutans load
and either PLI or BOP.

Conclusion: The increased S. mutans in gingivitis points to its possible involvement in
caries as well as the development and onset of gingival inflammation. Therefore, oral
hygiene practices that target S. mutans may be beneficial in reducing both gingivitis and
caries. In order to better understand this link, greater sizes of samples and the
identification of bacterial species are advised in future research.
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INTRODUCTION

The periodontium, a collection of immune-mediated, complex, chronic illnesses, is destroyed as a result of periodontal disease
(1). Gingivitis is a minor form of periodontal disease characterized by inflammation of the gingival tissue surrounding the teeth.
Gingivitis is the initial symptom of the inflammatory reaction to the biofilm. That would become a chronic state, nevertheless,
if this condition persisted. Periodontitis can sometimes arise from chronic gingivitis (2). Maintaining oral and general health
depends on the oral microbiota, a complex ecosystem made up of bacteria, fungi, viruses, and archaea. Tooth decay, gingivitis,
petiodontitis, oral candidiasis, and halitosis are just a few of the oral health issues that can atise when this ecosystem's
equilibrium is upset (3). The World Health Organization (WHO) estimates that 50% of people worldwide suffer from gum
disease, which includes gingivitis, to varied degrees. About 10—15% of adults suffer with acute periodontitis, which is thought
to be the primary cause of tooth loss globally. Because of plaque buildup and poor dental hygiene, the problem frequently starts
in youth or early adulthood. With 70-80% of people above 65 having some kind of periodontal disease, its frequency rises
noticeably with age (4). The ability of S. mutans to produce extra-cellular polysaccharides contributes to both colonization and
pathogenicity. In fact, compared to people lacking biofilm-forming S. mutans strains, adult subjects colonized by these strains
have more caries. Whether S. mutans enhances colonization during gingivitis is still unknown. On the one hand, research has
demonstrated that gingival inflammation does not correlate with elevated S. mutans levels (5), and larger recoveries of the
bacteria have been observed in individuals with treated periodontal disease after follow-up. Similarly, §. wutans is more prevalent
in periodontally treated individuals than in untreated controls (6). Given these results, it is still unknown if S. mutans colonization
and gingivitis are related. Thus, the putpose of this study was to measure the amount of S. mutans in gingivitis patients' saliva

and look into the relationship between . zutans copy numbers and clinical periodontal markers.
METHODOLOGY

Design of the study

study of case control.

Sample size

With a 95% confidence interval and a 5% error margin, it was computed using the online tool EPITOOLS
(https:/ /epitools.ausvet.com.au/case controls). The subjects' sample size was determined to be 60 (20 healthy controls and 40
gingivitis).

Subjects

This study included 40 gingivitis patients. The following were among the inclusion criteria utilized in this study: At least 20
natural teeth, no history of systemic disease, patients with generalized gingivitis and intact periodontium, more than 30% of
BOP-affected sites without PPD greater than 3 mm, no CAL, and no periodontal therapy within the previous six months were
all requirements for inclusion. In this investigation, the following exclusion criteria were applied: displaying eatly indications of
petiodontitis and/ot cavities. the last three months' worth of antibiotic and/or anti-inflammatory drug use. past alcohol
consumption or smoking. Twenty volunteers who appeared to be in good health made up the control group; their age and sex
matched those of the patients.

Oral Assessment

Each participant in the study underwent a clinical evaluation by a specialized dentist. Using William's graduated periodontal
probe, the periodontal parameters—PLI and BOP—were used to evaluate the periodontal health of every tooth.

Collection of saliva samples

Two study groups provided three milliliters of non-stimulated saliva samples, which were obtained using a spit technique prior
to the oral examination. Following collection, the samples were promptly frozen at -40°C for RTqPCR molecular detection of
the bacteria.

S. mutans detection in saliva

Each patticipant's microbial load of S. mutans in saliva was measured using qRT-PCR technique. Samples of saliva were used
to extract genomic DNA. The forward 5-AGCCATGCGCAATCAACAGGTT-3" and reverse 3'-
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CGCAACGCGAACATCTTGATCAG-5" primers were created for the precise identification and measurement of S. mutans
bacterium. Next, gPCR was used to amplify the target bacterial DNA sequences (16r RNA), and each amplification cycle's
fluorescence was tracked in real time. For every sample, the cycle threshold—which is the cycle number at which fluorescence
above a predefined threshold—was noted. By comparing the samples' cycle threshold values to a standard curve created from
repeated dilutions of known DNA concentrations, quantification was accomplished (7).

Analysis of statistics

GraphPad Prism software (version 9.0) and statistical package for the social sciences (SPSS) software (version 25, IBM, USA)
were used for statistical analysis. The Independent Samples T-test was used to compare continuous variables with a normal
distribution, which were reported as mean £ SD. The Mann-Whitney U test was used to compare non-normally distributed
variables, which were reported as median and interquartile range (IQR). A p-value of less than 0.05 was regarded as significant.

RESULTS
Features of the population and clinical markers

Table 1 shows the demographic characteristics of 60 subjects. There were no significant differences (P>0.05) between the
gingivitis group's mean age of 31.30%7.80 years and the control group's mean age of 31.65%5.75 years. Additionally, there was
no statistically significant difference in the distribution of sexes between the gingivitis and control groups (P>0.05). However,
Table 2 displays the mean values of PLI and BOP, both of which were considerably greater in the gingivitis group than in the
healthy controls (p<0.01).

Table-1: Demographic characteristic in in gingivitis and control groups.

Demographic characteristics Study groups P-value
Gingivitis patients | Healthy control
n=40 n=20
Age (years)
Range (20-40) (22-40) 0.780NS
Mean £ SD 31.30 £ 7.80 31.65 £5.75
Sex
Female (%0) 20 (50%) 14 (70%) 0.360NS
Male (%) 20 (50%) 6 (30%)
Table-2: PLI and BOP in gingivitis and control groups.
Periodontal parameters | Study groups P-value
Gingivitis patients | Healthy control
n=40 n=20
PLI
Rang (0.50-2.42) (1.05-1.99) 0.011"
Mean + SD 1.75 £ 0.49 1.47 £0.27
BOP (0.40-1.00) (0.42-0.39)
Mean + SD 0.78 £0.15 0.73£0.15 0.001"
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Molecular Detection of S. mutans

There was a statistically significant difference between the patient groups and the control group when the median §. wutans
bacterial load values in the two groups were compared. According to Table 3, the gingivitis group had a considerably greater
(p<0.01) S. mutans bacterial burden than the control group.

Table-3: Bacterial load in gingivitis and control groups

S. mutans Study groups P-value
Gingivitis patients | Healthy control
n=40 n=20
Rang (4.50-1605.00) (3.90-930.00)
Median 107.00 38.10 0.041"
IQR (20.70 - 490.00) (14.30 - 275.00)
415.15 211.85
Mean + SD | 281.48% 394.39 23615% 363.46

Correlation between S. mutans load and periodontal parameters

Our results showed a non-significant relationship between periodontal parameters (PLI and BOP) with . mutans burden. On
the other hand, strong positive correlation was found between PLI and BOP in gingivitis group, as observed in Table 4

Table-4: Correlation between S. mutans with PLI and BOP in gingivitis group.

Correlation Patients group
S. mutans

Spearman correlation | r p-value

PLI 0.213 | 0.187

BOP 0.293 | 0.066

Pearson correlation PLI

BOP 0.767 | 0.001"

DISCUSSION

Saliva may naturally include the well-known aciduric Gram-positive coccus S. mutans. Gingival tissue degradation is facilitated
by the production of glucans that improve biofilm adherence and can alter the host immune reaction (8). In the current
investigation, the gingivitis group's saliva samples had a higher §. mutans bacterial load than the controls. This result supports
the idea that an increase in total bacterial biomass is linked to gingivitis (9). Our findings are in line with those of Aas et al. (10)
and Kumar (11), who noted that patients with gingivitis had increased amount of S. mutans and other streptococci and
highlighted their function as primary colonizers in biofilm initiation. Marsh (12) and Zijnge et al. (13), on the other hand,
reported no discernible variation in the number of S. mutans between gingivitis and healthy locations. However, another study
by Koll-Klais et al. revealed high levels of these bacteria in healthy people, suggesting that they support the oral cavity's micro-
ecological equilibrium (14). This dispatity could result from variations in the patient's oral hygiene state, detecting techniques,
or sampling location. Additionally, Takahashi and Nyvad demonstrated that S. mutans's function in the early phases of plaque
development leading to gingival inflammation is supported by its presence as a major colonizer that generates glucans and

promotes co-aggregation (15). Preiano et al. later discovered that the increased plaque deposition in gingivitis gives primary
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colonizers additional retentive surfaces. Additional peptides and heme compounds that promote S. mutans growth and biofilm
development are provided by the inflaimmatory milieu with high GCF. Therefore, an early stage of the transition from a healthy
compatible biofilm to a dysbiotic biofilm linked to gingival inflammation may be represented by the rise of S. mutans (16). This
supportts our study's finding that there is a significant positive association between PLI and BOP in the patient group, indicating
that gingival bleeding is a clinical manifestation of increased biofilm mass caused by primary colonizers. Additionally, Dani et
al. noted that a high level of S. mutans in gingivitis patients emphasizes the significance of managing early invaders to stop the
development of more serious periodontal diseases (17). Furthermore, this result showed that patients had higher levels of PLI
and BOP than controls, which is in line with the known fact that dental plaque is the main cause of gingival inflammation. The
increased PLI in the gingivitis confirms eatlier research showing that plaque buildup is a major factor in the development of
gingivitis (18,19). Likewise, BOP is regarded as a trustworthy clinical marker of gingival inflammation and disease activity.
Conversely, the researchers detailed the pathophysiological mechanisms that usually take place in inflaimmatory tissues and the
effect of plaque deposition on blood flow, including increased capillary fragility and permeability and how the degree of
inflammation affects the severity of bleeding and how simple it is to initiate it (20). The present findings corroborated those of
(19, 21), which reported that the gingivitis groups had a higher percentage of bleeding spots than the control group.

The lack of a significant link between S. mutans load and either PLI or BOP in this study indicates that gingival bleeding or
plaque buildup in this population are not directly predicted by the amount of S. mutans. However, Wang et al. demonstrated
that since not all plaque bacteria are equally harmful, variations in bacterial makeup rather than total count may be responsible
for the lack of association between PLI and bacterial load (22). Our findings are in line with those of Aas et al. (10), who found
no association between clinical indicators and increased S. mutans levels in gingivitis. The significance of the ecological plaque
theory is thus highlighted by the lack of association between S. mutans and clinical indicators in our investigation (12). Similarly,
Zijnge et al. found that specific bacterial species and biofilm architecture are more significant indicators of disease than total
bacterial load using DNA sequencing. Therefore, if the bacterial makeup stays commensal, a rise in the number of bacteria does

not always result in an increase in clinical indices (13).

When interpreting the study's findings, a number of limitations should be taken into account. Initially, qPCR was used to
quantify solely S. mutans. Dysbiosis of the entire oral biofilm causes gingivitis, a polymicrobial illness. The interpretation of
microbial interactions in this work is limited by the absence of information on additional early invaders and periodontal
pathogens. Second, both viable and non-viable bacterial DNA can be found using qPCR. As a result, the metabolically active
S. mutans population that is directly involved in biofilm formation and pathogenicity may not be fully reflected by the bacterial
counts.Lastly, the results may not be as applicable to other groups with diverse oral health and demographic features because

the sample was drawn from a single center.

CONCLUSION

In conclusion, the increased S. mutans in gingivitis points to its possible involvement in both caries and the onset and
development of gingival inflaimmation. Therefore, oral hygiene practices that target S. mutans may be beneficial in reducing
both gingivitis and caries. To further clarify this link, greater sample sizes and the identification of bacterial species are advised

in future research.
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