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ABSTRACT

Objective: To examine a reducing effect of Lactobacillus paracasei SD1 on MS and caries in pre-
school children.

Materials and methods: A total of 124 children, aged 1.5-5 years old, participated and were randomly
assigned to the probiotic or control group. The probiotic group received L. paracasei SD1-milk and the
control group received standard-milk once daily for 3 months. MS/lactobacilli were enumerated and
the caries score was examined. Association between probiotic consumption and bacterial level, or car-
ies progression was assessed by a multivariate logistic regression. This study was registered at the
Thai-Clinical-Trials-Registry (TCTR20140903001).

Results: Probiotic was found to be a factor associated with the MS level. Children in the probiotic
group had a significantly lower risk of an increase in the MS level than in the control group after
receiving the probiotic milk at 3- and 4-months with p <.001 and p =.040, respectively. Probiotic sig-
nificantly reduced the risk for caries compared to the control group (p=.016). There were no adverse
effects or non-compliance reported in either group.

Conclusions: Consumption of milk powder containing L. paracasei SD1 resulted in a reduction of both
salivary MS and delayed new caries development, and the strain is safe for use in young children.
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Results suggest that L. paracasei SD1
young children.

Introduction

Early childhood caries (ECC) is considered as a serious public-
health problem in developing countries, due to its impact on
individuals and communities in terms of pain and suffering,
impairment of function and reduced quality of life [1].
A number of studies including a systemic review have shown
that the presence of mutans streptococci (MS) in saliva or
plaque of 2- to 5-year-old children is correlated with an
increased risk of dental caries [2-4]. However, other species
clearly arise as main players in the microbial community
including Veillonella, Rothia, and Leptotrichia in enamel caries
and  Streptococcus  sanguinis,  Atopobium,  Schlegelella,
Pseudoramibacter and Lactobacillus in dentine caries [5].
Although great efforts have been performed in oral health
promotion, ECC remains a major oral health problem among
Thai children. A high burden has been reported each year for
treatment of the disease and its sequels, thus novel comple-
mentary strategies for caries prevention are required.
Previously, probiotics have been proven to have benefits
for prevention or treatment of gastrointestinal diseases [6,7].
In recent years, an increased interest in probiotics for oral
health has emerged, and the caries preventive effect of

may be an alternative way for caries prevention in

probiotics has been proposed [8,9]. Systemic review and
meta-analysis suggest that probiotics decrease the MS
counts, thus it could have a positive effect on the prevention
of caries [10-12]. Among those studies, there are great vari-
ation in their set up including duration, the probiotics used,
mode of application, and the number and age of the partici-
pants. Most studies were conducted in adults and young
adults, while the study in young children is very few.

Our previous studies on screening to select potential pro-
biotic strains of Lactobacillus strains derived from caries-free
subjects demonstrated that Lactobacillus paracasei SD1 exhib-
its good properties e.g. inhibiting growth of oral pathogens
[13], producing antimicrobial substances [13] and adhering
well to human keratinocytes [14]. Probiotic has been further
studied in clinical trials to explore the effect on prevention of
caries and its safety. It has been demonstrated that for a
short-term, 4 weeks, consumption of milk powder containing
L. paracasei SD1 could reduce salivary MS in adult volunteers
[15,16]. A longer-term (6 months) of daily probiotic ingestion
significantly reduced the number of MS and caries risk
among the school children with high caries [2]. No adverse
effect was observed in previous clinical trials, indicating the
safety of the strain.
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Figure 1. Consort flow diagram of the trial.

It was reported that children with caries lesions are at risk
of developing new caries lesions in permanent dentitions
[17]. The application of probiotic L. paracasei SD1 may be an
alternative way for early prevention of dental caries among
young children. The aim of this study was to investigate the
effect of L. paracasei SD1 on the growth of MS as well as
dental caries in young children. Any potential side effects of
the probiotic were also observed.

Materials and methods
Subjects

The study took place in the small child development centre
of Ban Phru, Hat Yai, Songkhla, Thailand. A total of 180 chil-
dren, aged 1.5-5 years old, were invited to participate in the
study. The exclusion criteria were (i) habitual consumption of
probiotics or xylitol, (i) systemic antibiotic medication taken
within 6 weeks, (iii) allergic to cows’ milk, lactose intolerant
or having a severe food allergy, or (iv) having systemic or
severe chronic diseases.

The sample size calculation was based on our pilot study;
it was calculated that there would be an estimated 80%
power at the 0.05 level of significance using two-sided test-
ing for detecting the difference in two proportions of individ-
uals who had caries progressive lesions (37.5% in the
probiotic and 66.7% in the control group) over 6 months.
Thirty-five participants per group were needed. After adjust-
ment to evaluate the results of the caries increment and
allowing for 30% dropout, at least 92 participants of a total
sample size was judged as necessary for this study.

The project was thoroughly explained to the children and
their parents in a meeting organized at the child develop-
ment centre and the informed consent form was signed
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when all individual participants accepted to participate vol-
untarily in the clinical trial. A flowchart of the study is out-
lined in Figure 1. All subjects were asked to immediately
report any adverse side effects and to fill in the questionnaire
form during the 3 months of milk consumption.

Study design

The prospective investigation was a follow-up of a double-
blinded, randomized placebo-controlled trial in two parallel
groups, with a study period of 6 months. The study was
approved by the ethics committee of the Faculty of Dentistry
at the Prince of Songkla University, Thailand (EC5702-08-P-
HR) and was registered at the Thai Clinical Trials Registry
http://www.clinicaltrials.in.th/, being one of WHO's Registry
Network, Clinical Trials identifier TCTR20140903001 (regis-
tered 2 September 2014, Date of first enrolment 8 May 2014
‘retrospectively registered’).

Children were randomized to the probiotic or control
group by means of drawing lots and this information was
kept secret by an independent monitor. This was not
unveiled until all data had been analysed. Neither the
researchers nor clinicians or healthcare personnel knew
whether the children received control or intervention milk
during the course of the study.

Intervention

Children in the probiotic group drank 5g of reconstituted
milk powder with probiotic L. paracasei SD1 in 50 mL water
once daily, whereas children in the control group drank 5g
of reconstituted milk powder without probiotic bacteria in
50mL water once daily for 3 months. The probiotic milk
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Table 1. General characteristics between control and probiotic groups at baseline (T0).

Total Control Probiotic
(n=103) (n=52) (n=51) p value
Age (months) 41.06+£9.19 39.69+8.96 42.45+9.29 113
Gender
Male 53 (51.46) 31 (59.6) 22 (43.10) .094
Female 50 (48.54) 21 (40.40) 29 (56.90)
MS level (CFU/1.5cm?)
0-10 27 (26.21) 16 (30.80) 11 (21.60) 268
11-50 23 (22.33) 14 (26.90) 9 (17.60)
51-100 19 (18.45) 9 (17.3) 10 (19.60)
>100 34 (33.01) 13 (25.00) 21 (41.20)
Lactobacilli level (CFU/1.5cm?)
0-10 16 (15.53) 8 (15.40) 8 (15.70) 973
11-50 18 (17.48) 10 (19.20) 8 (15.70)
51-100 12 (11.65) 6 (11.50) 6 (11.80)
>100 57 (55.34) 28 (53.80) 29 (56.90)
Mean of dt 9.72£5.99 8.85+6.09 10.61+5.81 132

Comparison between control and probiotic groups was performed with Chi-square test (categorical variables)
or Mann-Whitney U test (quantitative variables); statistically significant difference at p <.05.

powder contained L. paracasei SD1 10”7 CFU/g and was pre-
pared according to Teanpaisan et al. [18]. The test and the
control milk were delivered in plastic bags labelled with the
individual names of the children. All were asked to drink
under observation every day by the staff taking care of them.
On the holidays or weekends, parents were asked to give the
milk at home and then returned the plastic bags.

Compliance was checked by the staff overseeing the chil-
dren, by completing a logbook every day regarding drinking
the milk.

Oral examination

According to the caries management protocol for 3-6 years
old, children with moderate and high caries risk should be
re-evaluated for oral examination on 6 months and 3 months
basis, respectively [19]. Thus, oral examinations in this study
were planned to be carried out at baseline and at the end of
the study after 6 months by 3 dentists (Piwat S.,
Akkarachaneeyakorn N., and Chankanka O.). Before the start
of the study, the three examination teams were calibrated
against each other and inter- and intra-examiner reliability
tests were carried out (0.91 and 0.98, respectively) before the
baseline and before the re-examination.

Dental caries status was recorded according to the modi-
fied Navad criteria for caries assessment [20]; code 0, sound
surface; code 1, active non-cavitated lesion; code 2, active
cavitated lesion; code 3, inactive non-cavitated lesions; code 4,
inactive cavitated lesions; code 5, filling; code 6, filling associ-
ated with active caries; and code 7, missing due to caries.

Microbial evaluation

Unstimulated saliva samples were collected at baseline (T0),
3 (T3), 4 (T4) and 6 (T6) months of study using the spatula
method [21], and cultured on a Mitis Salivarius Bacitracin
agar or a de Man, Rogosa and Sharpe (MRS) agar, being the
selective media for MS and lactobacilli, respectively. After
48 h of incubation in anaerobic conditions (80% N,, 10% CO,
and 10% H,) at 37°C, the number of MS and lactobacilli
were counted as colony forming units (CFU)/1.5 cm?.

Analysis of data

All numerical data were presented as means and standard
deviations. The general characteristics of the children (gender,
age, number of bacterial counts and mean of decayed teeth)
between control and probiotic groups were analysed using
the Chi-square test for categorized/dichotomized variables and
the Mann-Whitney U test for interval variables. The number of
colony counts of MS and lactobacilli were presented as CFU/
1.5cm? and were categorized as 0 CFU/1.5cm? 1-50 CFU/
15cm?, and >50 CFU/1.5cm? The mean of decayed teeth
and difference of caries increments between the two groups
were analysed by the Mann-Whitney U test. Multivariable
ordinal logistic regression models were used to assess the
association between probiotic consumption and bacterial level
at different time points. Also, multivariable logistic regression
was used to analyse the risk of caries progression. The odds
ratios and their 95% confidence interval were calculated. The
software package used was the Statistical Package for Social
Sciences (SPSS Inc., Chicago, IL), and the differences were con-
sidered as significant when p < .05.

Results

From a total of 180 children, 124 children (63 females, 61
males) aged 15-60 months (mean: 41.06 £9.18 months) were
given informed consent by their parents at the beginning of
the study. At the end of the study, 103 children remained in
the study indicating the dropout rate was low (17%), and the
number of investigated children is given in the flowchart
(Figure 1). The baseline characteristics of all 103 children in
both groups who participated in the study are presented in
Table 1. There were no statistically significant differences
between the groups in age, sex, MS and lactobacilli levels at
the baseline (p > .05). Unerupted teeth were found 23.3% in all
children (24 of 103), 25.5% (13 of 51 children) and 21.2% (11
of 52 children) in the probiotic group and the control group,
respectively. There was no detection of filled teeth or missing
teeth due to caries in any children. Thus, only decayed teeth
were analysed in this study. The mean for decayed teeth
seemed to be higher in the probiotic than in the control
group, however, it was not a significant difference (p > .05).



334 N. PAHUMUNTO ET AL.

80

(a) mutans strcptococci

70

60

50

40

30

% of children

20

10

Control Probiotic Control

TO T3

Probiotic

Control

Probiotic

T4

0-10CFU [J11-50 CFU #&51-100 CFU m>100 CFU

80

(b) lactobacilli
70
60
50

40

30

% of children

20

10

Control Probiotic Control

TO T3
# 0-10 CFU

The number of children with different levels of salivary MS
and lactobacilli at baseline through the end of the study is
demonstrated in Figure 2(a,b). After receiving the probiotic
milk, a decrease in the number of children with a high MS
level (>100 CFU/1.5cm?) was observed among children in
the probiotic group. For multivariable ordinal logistic regres-
sion analyses (Table 2), after receiving the probiotic milk at
T3 and T4, children in the probiotic group had significantly
lower risk of an increase in MS levels than the control group
with an odds ratio of 0.20 (95% Cl: 0.09-0.46, p <.001) and
0.45 (95% Cl: 0.21-0.96, p =.040), respectively. Also, probiotic
consumption was not significantly associated with lactobacilli
levels at any follow-up periods.

Details of tooth surface status examined according to the
modified Nyvad criteria are shown in Table 3. Generally, there
was no statistically significant difference of individual tooth
surface status between the probiotic and control group. A
change of individual code over a 6 month time was further
carried out using a transitional analysis. Mostly, individual

Probiotic

61.5

17.317.3

Control

Probiotic

T4

[011-50 CFU 51-100 CFU m>100 CFU
Figure 2. Number of children at each MS or lactobacilli levels by groups and different time points (baseline (T0), 3 (T3), 4 (T4) and 6 (T6) months of study).

Control

Control

Probiotic

T6

Probiotic

T6

Table 2. The association between groups and MS/lactobacilli levels at differ-
ent time points (3-, 4- and 6-months of study).

Time point Parameter 0Odds ratio (95% Cl) p value
MS level
T3 Group (probiotic vs. control) 0.20 (0.09, 0.46) <.001
MS level at TO 2.35 (1.64, 3.38) <.001
T4 Group (probiotic vs. control) 0.45 (0.21, 0.96) .040
MS level at TO 241 (1.70, 3.41) <.001
T6 Group (probiotic vs. control) 0.70 (0.33, 1.49) 354
MS level at TO 2.87 (2.00, 4.12) <.001
Lactobacilli level
T3 Group (probiotic vs. control) 1.04 (0.49, 2.19) 927
Lactobacilli level at TO 1.74 (1.26, 2.40) .001
T4 Group (probiotic vs. control) 1.55 (0.67, 3.59) .309
Lactobacilli level at TO 2.14 (1.50, 3.05) <.001
T6 Group (probiotic vs. control) 1.13 (0.54, 2.37) 751
Lactobacilli level at TO 1.82 (1.32, 2.52) <.001

Multivariable ordinal logistic regression models were used to assess the association after
adjusting for bacterial levels at baseline (T0); statistically significant difference at p < .05.

codes still remained at the same status (92.5 and 93.6% in
the probiotic and control group, respectively), while the pro-
gression of caries (sound or inactive turned to active lesions)
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Table 3. Details of tooth surface status according to Nyvad criteria of children in the probiotic (n=51) and

control group (n=52) at baseline and 6 months.

No. of tooth surface (%)

No. of tooth surface (%)

at baseline at 6 months

Tooth surface status Probiotic Control Probiotic Control
Unerupted surface 234 (4.10) 219 (3.76) 124 (2.65) 127 (2.66)
Code 0, sound surface 3549 (62.21) 4105 (70.50) 3051 (65.32) 3456 (72.48)
Code 1, active non-cavitated surface 468 (8.20) 458 (7.87) 338 (7.24) 322 (6.75)
Code 2, active cavitated surface 1243 (21.79) 908 (15.59) 878 (18.80) 684 (14.35)
Code 3, inactive non-cavitated surface 85 (1.49) 80 (1.37) 75 (1.61) 73 (1.53)
Code 4, inactive cavitated surface 126 (2.21) 53 (0.91) 205 (4.39) 106 (2.22)
Total surface 5705 (100.00) 5823 (100.00) 4671 (100.00) 4768 (100.00)

was found 4.44 and 4.88%, in the probiotic and control
group, respectively. It is noted that reversion of carious
lesions (active non-cavitated or active cavitated turned to
inactive non-cavitated or inactive cavitated lesions) was
found relatively higher in the probiotic group (3.06%) than in
control group (1.53). Mean of decayed tooth at baseline and
at the end of the study of both groups are shown in Table 4.
There were no any filled teeth found either at baseline or at
the end of the study. Although there was no statistically sig-
nificant difference in means of decayed teeth at baseline
compared to the end of the study in either group, a signifi-
cant increase in caries increment was found among children
in the control group compared to the probiotic group
(p=.029). When the main variables were analysed (Table 5),
the dependent variables and caries progression were dicho-
tomized scoring as progression and no progression. The
model was controlled for probiotic consumption, caries level
at baseline, and age. The results showed significant negative
association between probiotic consumption and caries pro-
gression. The odds of having caries progression in the pro-
biotic group was lower than in the control group (odds ratio
0.34, 95% Cl: 0.14-0.82, p =.016). While the odds of having
caries progression was higher for children with high caries at
the baseline (>6 decayed teeth) (odds ratio 7.06, 95% Cl:
1.73-28.83, p =.006).

Discussion

Despite great efforts and achievements in oral health promo-
tion, caries remains a major health problem among child-
hood [1]. Potential effects of probiotic strains on cariogenic
pathogens have been abundantly demonstrated in vivo
[10-12]. In Thailand, the report of the Ministry of Public
Health, Thailand (2012) showed that approximately 60% of
children (3-years-old) were affected by dental caries, espe-
cially children in the southern part of Thailand. Regional data
in Songkhla Province confirmed the high caries development
(71.2%) among Thai children in the South of Thailand [2].
The progression of caries increased from 4.2% at 9 months-
old to 84.5% at 24 months-old with a mean caries score
(dmf) of 0.14 and 5.35, respectively, indicating that the ECC
problem among Thai children is severe. Thus, novel comple-
mentary strategies for caries prevention are required. In
recent years, probiotic applications for prevention and/or
treatment of oral diseases, especially dental caries, has been
received an attention. Probiotics are defined as live microor-
ganisms, when administrated in adequate amounts that

Table 4. Mean £ SD of decayed teeth of an individual’s decayed score at base-
line and at 6 months of study.

Control Probiotic  p value
Decayed teeth at baseline (dt0) 8.85+6.09 10.61+5.81 132
Decayed teeth at 6 months of study (dt6) 10.10+5.55 11.37+£560 .220
Increase of decayed teeth (A dt) 1.25+164 076+129 .029

Statistically significant difference at p < .05.

Table 5. Multivariable logistic regression model to estimate the odds of being
in the caries progression group relative to the no caries progression group.

Parameter 0Odds ratio (95% Cl) p value
Probiotic 0.34 (0.14, 0.82) 016
Caries level at baseline

0-2 decayed teeth Ref.

3-5 decayed teeth 3.826 (0.87, 16.84) 076

>6 decayed teeth
Age (month)

7.06 (1.73, 28.83) .006
0.98 (0.92, 1.04) .599

Statistically significant difference at p <.05.

confer a health benefit on the host [22]. In most cases, the
MS count number has been used as the indicator to prove
the efficacy of probiotics for caries prevention [10-12], while
the use of clinical parameters, like the increment of newly
developed caries lesions or caries risk was scarce, especially
in ECC studies [23-28]. Most studies have shown the efficacy
of probiotics in prevention of caries [23,24,27,28]. However,
one study did not find any change, neither an increase nor
decrease, of caries at 4 years of age in a low caries popula-
tion after receiving probiotic [25]. The authors explained this
finding by the fact that probiotic effects are species and/or
strain specific.

This study was designed as a randomized double-blinded
clinical 6 months-trial regarding the effects of L. paracasei
SD1, a human oral-origin strain, on both MS levels and dental
caries in young children. This was based on the fact that Thai
children are in high caries risk, 3 months for probiotic inter-
vention and 6 months for monitoring caries progression
could observe the effect of probiotic strain. The dropout rate
from the baseline was low and compliance with the study
protocol during the intervention was satisfactory based on
the information from the logbook. In previous studies, the
follow-up samplings were generally conducted at the termin-
ation of probiotic intervention and any information on post-
intervention regrowth of the suppressed target bacteria
afterward was minimal. This study monitored the MS levels
more frequently during the intervention and follow-up time.
It was hypothesized that long-term exposure to probiotics
could prevent or delay MS colonizing and accordingly
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prevent dental caries. Thus, evaluation of the study was
based on MS colonization and the increment of newly devel-
oped caries lesions between the children receiving probiotic
milk and control milk. Our findings revealed that the pro-
biotic was found to be a factor associated with MS levels at
follow up periods after adjusting for bacterial levels at base-
line, and that the odds of having high levels of MS was sig-
nificantly low among probiotic subjects at the 3 and 4
months stage of follow-up. The number of children with a
high salivary MS level (>100 CFU) in the probiotic group was
found to decrease after 3 months of receiving the probiotic
milk compared to the baseline, and a decrease of MS could
still be observed after cessation of receiving the probiotic
milk at least 3 months later (T3-T6). Children taking the con-
trol milk seemed to have stable individual MS levels through-
out the study compared to the baseline. In previous studies,
an increase in the number of children with high salivary lac-
tobacilli levels (>100 CFU) in the probiotic group was
observed after consuming probiotics [23,26-28]. However,
such increase was not found during the whole period in
this study.

There have been only a few reports of randomized con-
trolled clinical trials using caries as the outcome, especially
regarding clinical evaluation of probiotic bacteria that origi-
nated from the mouth. Most strains isolated and developed
for gastrointestinal health have been adopted for use in den-
tal research. The 3-months intervention followed by 3-
months observation in this study revealed that L. paracasei
SD1 strain may have a beneficial effect on delayed caries pro-
gression leading to a significantly low caries increment
among the children in the probiotic group compared to the
control at the end of the study. Whether such findings
resulted from a decrease of MS by probiotic effect is still
questioned. Given the polymicrobial nature of dental caries,
it suggests that preventive strategies directed towards spe-
cific bacterial species may not be universally effective, thus
future research should consider focusing on the metabolic
output of microbial communities for understanding and con-
trolling dental caries [5].

Any residual effect after the taking of products containing
probiotics has always been an issue of interest. In this study,
there were no reported negative side effects following the
probiotic intervention in the young children.

It has been accepted that the effects of probiotic strains
are strain specific; not all the Lactobacillus are probiotics that
possess the ability to confer health benefits for the host [22].
Thus exploring the desirable properties of certain strains is
needed. Our previous study revealed that L. paracasei SD1
could produce paracasin SD1, a specific antimicrobial protein,
against various oral pathogens including cariogenic bacteria
[29]. It may support the advantages of this strain with
respect to its potential use as a bacterial replacement, which
is a means of combatting infections by the administration of
non-pathogenic bacteria to displace pathogenic microorgan-
isms. In conclusion, the consumption of milk powder contain-
ing L. paracasei SD1 has resulted in the reduction of both
salivary MS and new caries development. The results indicate
that certain probiotics may be an alternative way to be

considered for caries prevention of young children in a high-
caries population.
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