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ABSTRACT

The oral probiotic Streptococcus salivarius M18 (S M18) offers the potential to confer oral health benefits as it produces bacteriocins which are
targeting Streptococcus mutans.

Aims: The purpose of this clinical trial was to assess the effect of S M18 probiotics on salivary S. mutans and to identify the correlation between
dental caries with salivary S. mutans count.

Materials and methods: This clinical trial was conducted in 40 children between the age-group 3-6 years, subjects were randomly selected
and the decay extracted filled (due to caries) (def score) was recorded. The presalivary unstimulated saliva was collected and subjected to
microbiological examination for S. mutans counts, salivary pH, and buffering capacity. Children were divided into two groups as the control
and the experimental group. Bacteriocin like inhibitory substances M18 (M18 is a strain number) (BLIS M18) probiotic was administered in
the experimental group, and unsweetened lozenge as a placebo in the control group for 7 days and postsalivary samples were collected and
subjected to microbiological examinations for S. mutans count, salivary pH, and buffering capacity.

Results: A significant decrease in the S. mutans counts were noticed, an increase in buffering capacity, and no significant change in pH was
observed after the intervention of S M18. A linear correlation was observed between the def score and S. mutans count.

Conclusion: This clinical trial revealed that S M18 in its 7 days regime can lead to the inhibition of S. mutans counts favorably in the oral cavity

by affecting salivary pH and buffering capacity.
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INTRODUCTION

Chemical agents and antibiotics have been proven to be effective
against cariogenic bacteria.! But it wipes out the entire oral flora
and might lead to unwanted negative consequences like antibiotic
resistance and the emergence of multiresistant strains. This led
scientists to go through history and explore the forgotten concept
of using bacteriotherapy/replacement therapy,” where adequate
amounts of live beneficial organisms are administered to confer a
beneficial effect on the host, later termed as probiotics, and has
now come to the limelight due to extensive research using modern
study designs and methods.?

The mechanism of action of probiotics explained is the
disruption of plaque biofilm formation through competition for
binding sites on host tissues and other bacteria and competition
for nutrients or the production of antimicrobial compounds that
inhibit oral bacteria, such as organic acids, hydrogen peroxide,
low molecular weight antimicrobial compounds, bacteriocins, and
adhesion inhibitors produced by lactic acid bacteria.* Lactobacillus
reuteri, Weissella ciberia, L. acidophilus, and L. fermentum are
the strains that belong to the category of probiotics.> As these
organisms have the gastrointestinal tracts as their inherent habitat,
the use of these organisms in the oral cavity and their efficacy in
the oral context are questionable.?

Probiotics bacteriocin like inhibitory substances K12
(K12 is a strain number) (BLIS K12) and BLIS M18 are other strains
of microorganisms claimed to be used in the oral cavity. BLIS
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K12 was firstisolated from the saliva of a healthy child and has been
utilized as a commercial probiotic for over a decade.’ These strains
are derived from S. salivarius, which is a spherical, gram-positive,
oxidase negative, and catalase-negative bacterium.® Itis reported to
be a pioneer colonizer of the human oral cavity and predominantly
persists throughout life. These bacteria are believed to colonize
within 2 days of birth on the dorsum of the tongue and pharyngeal
mucosa up to 1 x 107 colony-forming unit (CFU)/mL in saliva. The
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source of these bacteria is their mother.” But these colonies make
up only <1% of the total bacterial population in these areas.

Another well-studied strain of S. salivarius is strain M18,
obtained from S. salivarius. This strain has shown a markedly
different bacteriocin profile compared to strain K12 and effectively
secretes the bacteriocins strain number (A2) and antimicrobial
proteins (AMPs), which has demonstrated an antibacterial effect
against S. mutans.® Pattern of colonization of S M18 is similar to
that of K12 and it is dose-dependent manner.? Potential benefits
of S M18 as oral probiotics against cariogenic S. mutans strain have
not been reported extensively in the scientific literature.

Based on the research hypothesis, increasing the colonization of
SM18in the oral cavity can lead to competitive inhibition of S. mutans
which affects the salivary buffering capacity and pH. Based on the
above hypothesis, our primary objective of this clinical trial was to
assess the effect of SM18 on S. mutans count and its effect on salivary
buffering capacity and pH. The secondary objective was to correlate
therelation between caries experience and salivary S. mutans count.

MATERIALS AND METHODS

The randomized parallel single blinded clinical trial study was
conducted between 15" March 2018 and 15" March 2019 after
obtaining ethical clearance from the Institutional Review Board
[IRB no: IRB/CIDS/130/2017] and registering in the Clinical Trials
Registry-India [CTRI/2018/01/011207]. In the current study, data
were analyzed using appropriate statistical methods, t-test, and
correlation analysis were done between pre and postsalivary
samples. The p < 0.05 is considered statistically significant.

Procedure

This trial comprised 40 subjects, of which 20 in each group was
estimated using G*Power version 3.1.9.2 with effective size = 0.5,
aerror=0.05, power (1 — ) =0.46, allocation rate n = 1,and degree
of freedom (df) = 38. A total of 40 healthy children in the age-group
between 3 and 6 years were selected for the study after obtaining
informed consent from their parents. Inclusion criteria were children
in primary dentition who had no history of antibiotic consumption
in the last 3-4 months.

Selected children were screened for caries under broad light
using a mouth mirror and probe and scored using def criteria, and
presalivary samples were collected.

Presalivary Sample Collection Method

Unstimulated whole saliva was collected after 1 hour of the breakfast
with the head tilted down. Saliva was collected from the floor of the
mouth and then spit into a sterile vial at regular intervals.”

The procedure was repeated until a sufficient sample was
collected. About 1 mL of saliva was pipetted into a labeled, sterile
eppendorf tube for microbiological assay, and 2 mL of saliva was
pipetted into another labeled, sterile eppendorf tube for pH and
buffering capacity estimation. The samples were immediately
plated in both brain heart infusion (BHI) and mitis salivarius agar
(MSA) plates, and the samples for pH and buffering capacity
estimation were stored deep freezer at —20°C for further evaluation.

Administration of Probiotics BLIS M18 and Placebo
(Unsweetened lozenge) in Selected Children

Children were randomly divided into two groups (20 children in the

control group and 20 children in the experimental group).
Participants were blinded of the medicaments, probiotics

BLIS M18, and placebo (unsweetened lozenge). The probiotic BLIS
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M18 was available as lozenges; therefore, unsweetened lozenges
were selected as a placebo and there was no direct association.

Children in the experimental group were given BLIS
M18 probiotic [Biopro]; children were instructed to take it once
daily for 1 week by slowly dissolving it in the mouth after half an
hour of consumption of food. Unsweetened lozenges were given
to the children in control group. They were also instructed to take it
once daily, halfan hour after food consumption, by slowly dissolving
it in the mouth for 1 week.

The postsalivary samples were collected after 1 week and were
immediately plated for microbiological assay and stored at —20°C
for evaluating the pH and buffering capacity.

Pre and Postsalivary Streptococcus Count Assay

Mitis salivarius agar (MSA) and BHI agar were brought to room
temperature before use. Using a sterile cotton swab, the saliva
sample was streaked onto the entire surface of the agar plate
for lawn culture and was incubated for 24 hours at 37°C in an
aerobic incubator. After 24 hours, the colonies were counted
using a manual colony counter. A gram staining test was done to
confirm the presence of characteristics of gram-positive organisms
(Streptococcus and Staphylococcus). Followed by a catalase test to
distinguish between staphylococci and streptococci. Thus, the
catalase test confirmed CFU in MSA as S. mutans.

Pre and Postsalivary pH and Buffering Capacity
Estimation

The stored saliva samples were brought to room temperature and
2 mL of it was pipette using an automated micropipette into a
graduated sterile tube with a conical end, and the pH was estimated
and recorded. The buffering capacity was estimated using Ericsson
Method."” A toal of 5mmol/L of hydrochloric acid (HCI) was
prepared by adding 0.044 mL of HCl into 100 mL of water. After
initial pH calculation, 1.5 mL of 5 mmol/L HCl was added into 0.5 mL
of saliva and was shaken vigorously using an apparatus called vortex
mixer. It was centrifuged for 1 minute and then allowed to stand for
10 minutes in the test tube rack. Then the pH was estimated using
a pH meter, and the values were recorded.

REesuLTs

The baseline data obtained from presalivary and postsalivary
samples with individuals with S M18 and unsweetened placebo
were depicted in line graphs (Figs 1 and 2).
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Fig. 1: Control group (placebo)
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Salivary S. mutans Count after Administration of
Unsweetened Placebo and S M18

In children administered with unsweetened placebo, a marginal
nonsignificant increase in salivary S. mutans count was observed
(p = 0.4193), data were represented in (Fig. 3), in contract children
administered with S M18 probiotic showed a significant marked
decrease in salivary S. mutans count (p = 0.04965) (Table 1).

Salivary Buffering Capacity after Administration of
Unsweetened Placebo and S M18

In children administered with vitamin C there was a marginal
decrease in salivary buffering capacity (p = 0.1699), on the contrary,
S M18 exhibited a significant increase in buffering capacity
(p =0.04965) (Table 2).
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Fig. 2: Experimental group (S M18)

Salivary pH after Administration of Unsweetened
Placebo and S M18

A marginal decrease in salivary pH was observed in children
administered with vitamin C (p = 0.07712). In contract, an increase
in salivary pH was observed in children administered with S M18
(p =0.974) (Table 3).

Correlation of Caries Experience (Def Score) and
S. mutans Count

The correlation coefficient analysis revealed that there was a
significant correlation established between caries experience
and organism count (0.9012; p = 2.256e-15) and infers to have a
significant correlation (Table 4). The linear correlation between
def score and S. mutans count showed a direct correlation (Fig. 4).
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Fig. 3: Bar diagram for colony count in MSA agar

Table 1: The difference between the colony count in pre and postsalivary samples in the control group and experimental group

livar:
Group fgmpaley Mean Standard deviation (SD) t-test value df p-value Conclusion
Control group Pre 465.35 454.322 —-0.8260 19 0.4193 Not significant
Post 563.05 451.3566
Experimental group Pre 349.6667 338.9334 2.1134 17 0.04965 Significant
Post 191.6667 2314014

Table 2: The difference in buffering capacity between the pre and postsalivary samples in the control group and experimental group

Salivary
Group sample Mean SD t-test value df p-value Conclusion
Control group Pre 5.87 0.6382 1.4266 19 0.1699 Not significant
Post 5.5535 0.8952
Experimental group Pre 5.7466 0.9517 -2.1643 17 0.04497 Significant
Post 6.3155 0.8497
Table 3: The difference in pH between the pre and postsalivary samples in control group and experimental group
Salivary
Group sample Mean SD t-test value df p-value Conclusion
Control group Pre 6.745 0.6784 1.869 19 0.07712 Not significant
Post 6.403 0.7837
Experimental group Pre 7.0039 0.4065 —0.0331 17 0.974 Not significant
Post 7.0094 0.7580
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Table 4: Correlation between presalivary S. mutans count and def score

Correlation
Variables Mean SD coefficient t-value df p-value Conclusion
Mutant count 405.625 393.0515 0.9012 12.819 38 2.256e-15 Significant
def score 2.55 2.5914
« Reducing the plaque formation by acting directly on the
6 - o) 000 O O formation or by competing and interfering with bacteria—
bacteria attachments.?®
57 © (o Lacticaseibacillus rhamnosus and Bifidobacterium longum was found
5 5o to increase the salivary buffering capacity consistently during
© “ its 9 months regime."” Significant increase in salivary buffering
2 capacity was observed after 7 days of S M18 regime in this clinical
» 37 0O d Ow . . . . . K
% trial. Increase in salivary buffering capacity can be considered
o 5 favorable in neutralizing the acids produced by substrates and
microorganism during carious process.?’
14 Minimal change in salivary pH toward alkalinity was observed,
though not statistically significant after 7 days of administration of
0 000 @@ O S M18.This may be due to reduced number of acidogenic bacteria,
T T T T T T T S. mutans, after S M18 administration and resulting less acid
0 200 600 1000

Mutans count

Fig. 4: Correlation between presalivary S. mutans count and def score—
scatter plot

Discussion

Research findings indicate that most carious lesions reflect a
sucrose-dependent S. mutans infection and has indicated that
S.mutans are involved with the initiation of decay." The growth and
metabolism of these pioneer species changes local environmental
conditions (e.g., pH, co-aggregation, and substrate availability),
thereby enabling more fastidious organisms to further colonize after
them, forming dental plaque.'? Numerous studies have demonstrated
the association of S. mutans involved in decay with the observation
of reduced caries experience with decreased salivary S. mutans
count.®2* In the present clinical trial a significant linear correlation
was observed between the def and presalivary S. mutans count.

Probiotics have the potential to modify the oral microbiota
and are being investigated to prevent or treat diseases of the oral
cavity, such as dental caries and the periodontal diseases.?> The
world’s first two S. salivarius commercial probiotic strains, K12 and
M18, were employed in the treatment of pharyngitis for its ability
to colonize in oral cavity by adhering, co-aggregate, and inhibit
the growth of various strains of S. pyogenes.?® The administration
of S M18 has claimed to colonize oral region and have some local
changes in oral cavity.®

An invivo analysis of plaque biofilm and persistence of SM18in
oral cavity has demonstrated the chances of development of new
dental caries in children in presence of S M18 were low.?” SM18 was
found to reduce S. mutans count in 90 days regime. In this clinical
trial, 7 days regime of S M18 significantly reduced S. mutans count.
The probable reasons that can be attributed is its mechanism of
action is that of the following:

+ Release of M is a series coding number (salivaricin M) proteins
from S M18.

« The release of dextranase and urease, wherein the plaque get
solubilized due to its dextranase activity and urease increases
pH of the oral cavity by breaking down urea to carbon dioxide
and ammonia.?’
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production similar finding was reported in preschool children after
9 months of milk supply with probiotics containing L. rhamnosus
5% 10%and B. longum 3 x 105,20

Children administrated with unsweetened lozenges as
placebo in this clinical trial exhibited a nonsignificant marginal
increase in S. mutans count, decreased salivary pH, and
reduced buffering capacity. S M18 can be recommended in
caries risk individuals and reduce colonization of acidogenic
microorganisms, S. mutans.

CoNCLUSION

Streptococcus salivarius M18 (S M18) in its 7 days regime, can lead to
inhibition of S. mutans counts in the oral cavity by affecting salivary
pH and buffering capacity favorably. A linear correlation between
caries experience and salivary S. mutans count was observed.
Potential benefits of probiotics S M18 can be reaped in replacement
therapy or bacteriotherapy of caries in preprimary children. Further
studies in large sample size are warranted to use probiotics as a
beneficial agent in the dental sciences.

Clinical Significance

Streptococcus mutans have a key role in the caries experience
of a child. In this research, S M18 demonstrated inhibition of
salivary S. mutans count by affecting salivary pH and buffering
capacity. Potential benefits of probiotics S M18 can be reaped
in replacement or bacteriotherapy of caries management in
preprimary children.
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