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Effects of probiotic drop containing Lactobacillus rhamnosus, Bifidobacterium 
infantis, and Lactobacillus reuteri on salivary Streptococcus mutans and 
Lactobacillus levels
Maryam Hajnorouzali Tehrani, Najmeh Akhlaghi, Leila Talebian, Jaber Emami1, Siamak Etzad Keyhani2

Abstract
Aims: The aim of the present study was to evaluate the effect of a probiotic drop containing Lactobacillus rhamnosus, 
Bifidobacterium infantis, and Lactobacillus reuteri on salivary counts of Streptococcus mutans (SM) and Lactobacillus (LB) in 
children 3–6 years of age. Settings and Design: Sixty‑one healthy children were randomly allocated into two parallel blocks in 
this double‑blind, randomized controlled trial (IRCT2014120320202N1) from May to June 2015. Subjects and Methods: Finally 
53 participants consumed five drops of placebo (n = 23) or probiotic (n = 30) every night for 2 weeks. Before intervention and 
1 day after completion of the intervention, unstimulated salivary samples were collected, and microbiologic evaluations were 
carried out. Statistical Analysis: Data were analyzed with descriptive statistical methods Wilcoxon signed ranks, Mann–Whitney, 
and logistic regression. Results: SM level decreased significantly in probiotic group after intervention (P = 0.045), and there 
were significant differences in salivary SM counts after intervention between two groups (P = 0.04). In probiotic group, LB counts 
decreased significantly after intervention (P = 0.048); however, there were no significant differences between two groups (P = 0.216). 
Conclusions: Use of this probiotic drop decreased salivary counts of SM; however, LB counts did not change. In addition, use 
of the drop in children with higher salivary counts appeared to be more effective.
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Introduction

In general, there is proper response to probiotic interventions 
and unfavorable side effects are very rare.[1,2] Although a large 
number of clinical studies have shown promising results in 
relation to the effect of probiotics in decreasing caries rate or 
Streptococcus mutans (SM) counts,[1‑7] some other studies have 
not reported a particular effect of probiotics.[8‑11] Two studies 

have been carried out with the use of drops containing 
Lactobacillus reuteri and no differences have been observed 
between salivary counts of Lactobacillus  (LB) and SM.[12,13] 
Regarding the conflicting results of previous studies about 
the effects of probiotic products on oral health and as well as 
the importance of oral health, this study was performed.[14]

It is important to know that the efficacy of different species 
is not the same, and a combination of these species results in 
an increase in efficacy through synergism.[14,15]

In the present study, an attempt was made to use a product 
that contains a combination of bacteria, each of which has 
shown positive results in previous studies.[2,6,7] Therefore, 
a drop was used that contained L. reuteri of Bifidobacterium 
infantis and Lactobacillus rhamnosus to transfer probiotics 
and evaluate their effect on decreasing the counts of 
cariogenic bacteria. The aim of the present study was 
to evaluate the effect of this probiotic drop on salivary 
counts of SM and LB in 3–6‑year‑old children with initial 
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dental caries in a double‑blind, randomized controlled 
clinical trial.

Subjects and Methods

The present double‑blind, randomized controlled clinical 
trial with two parallel groups was carried out after it was 
registered at IRCT (IRCT2014120320202N1) and was approved 
by the Research Committee of Faculty of Dentistry, Isfahan 
University of Medial Sciences, Isfahan, Iran, under the code 
393875. The sample size in each group was 28 volunteers 
at a significance level of 0.05 and a power of 80% (α = 0.05, 
β = 0.20) using the below formula. This was estimated to 
show a 40% reduction of SM count in intervention group, 10% 
in the control, and 50% differences between two groups.[6]

δ δα β
2 2 2

1– 1 2
1–

2
2

( + ) ( + )

=

z Z
n

d

Participant children
By a public invitation letter that was posted on the bulletin 
board of Isfahan University’s faculties and clinics, volunteers 
were invited to participate in the study. Examinations and 
samplings were performed at Pediatric Dentistry Department, 
Dental School of Isfahan University of Medical Sciences, 
Isfahan, Iran, from May to June 2015. Written informed 
consent form was signed by volunteers (parents or caregiver 
of children). Sixty‑one healthy children were recruited for the 
study. Grouping by randomized, double‑blind method, there 
were 31 and 30 samples for the probiotic and control group, 
respectively, at the beginning of the study.

The inclusion criteria included 3‑  to 6‑year‑old children 
with initial dental caries and no systemic conditions, who 
had not received any product containing probiotics, xylitol, 
corticosteroids, systemic antibiotics, and local fluoride 
therapy for at least 4 weeks before taking part in the study. 
The volunteers had no gingivitis or periodontal diseases. 
Children were excluded from the study if they became ill or 
used medications. Caries‑free children were excluded as well.

The drops for the two groups were randomized according to 
a computer‑generated random table. For blinding purposes, 
the packaging of the probiotic and placebo drops were dark 
brown bottles and completely similar and sealed. The bottles 
were coded A or B by someone who was not involved in 
the study procedures so that drops were indistinguishable. 
Neither the researcher nor the volunteers knew which 
subjects belonged to which group (double‑blind). The codes 
were deciphered at the end of statistical analyses.

The probiotic and placebo drop
The probiotic drop (Pedilact, Zist‑Takhmir, Iran) was used, which 
contained L. rhamnosus ATCC 15820 (1 × 1010 colony‑forming 
unit [CFU]/mL), L. reuteri ATCC 55730 (2 × 109 CFU/mL), and 
Bifidobacterium longum subsp. infantis ATCC 15697 (1.5 × 109 

CFU/mL). Each of these bacteria has shown positive results 
in previous studies.[2,6,7] In addition, the drop contained the 
prebiotic fructo‑oligosaccharide, which helps the growth 
and activity of probiotics. Its other constituents included 
sunflower seed oil, medium chain triglyceride oil, silicon 
dioxide, and a flavoring agent. This drop has been approved 
by the Center of Pharmaceutical Products, Tehran University 
of Medical Sciences and is routinely prescribed in Iran for 
the treatment of diarrhea, flatulence, and colic in infants and 
children by pediatrician. The placebo consisted of the same 
constituents except for the probiotics and was manufactured 
by Zist Takhmir Company too.[16]

Parents were instructed to keep the drop bottle in a 
refrigerator and given five drops to their children before 
bedtime for 2 weeks.

It was recommended not to brush their teeth for at least 1 h 
after taking the drop and refrain from eating and drinking. 
The parents were asked not to change the children’s oral 
hygiene habits during the 2‑week period.[17] To ensure the 
use of the drop and the volunteers, recalls, phone calls, and 
short messages were used. In addition, the volunteers were 
asked to fill out a table for 2 weeks after each time they used 
the drop. After 2 weeks, salivary samples were once again 
collected and sent to the microbiologic laboratory.

Clinical examination
Clinical examinations and sampling were carried out by a 
pediatric dentist (investigator 3). This examiner was trained 
and calibrated according to the WHO instructions[18] for tooth 
caries diagnosis. To determine the intraexaminer reliability, 
10% of the total samples was reexamined during the data 
collection (kappa = 0.95).

The volunteers received an oral examination before the study 
using the oral mirror and Community Periodontal Index probe 
under the dental unit light and according to the WHO criteria. 
A  questionnaire including demographic features and oral 
health data was completed. The number of decayed/missing/
filled teeth (dmft/DMFT) was recorded for all teeth (inclusion 
criteria of 1–3 with initial stages of dental caries). DMFT was 
recorded in the 6‑year‑olds for permanent teeth. It should 
be noted that radiographic examinations for proximal caries 
detection could not be performed due to limitations and lack 
of Ethics Committee approval.

Collection of salivary samples
Salivary samples were collected by one operator twice for 
each volunteer: Before the intervention and 1 day after the 
end of intervention. The parents were asked to prevent 
the child from eating, drinking, and brushing before each 
sampling procedure from the time of waking up until the 
sampling procedure was completed. Due to different flow 
rates of saliva during the day, the salivary samples were 
collected during the early hours of the morning (7:30–8:30). 
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In addition, to prevent the effect of individual differences 
during the stimulation of salivary flow in the present study, 
unstimulated salivary samples were collected.[19] Each 
child was asked to evacuate his/her saliva (minimum 1 mL) 
into a sterile container. The sample was transferred to the 
microbiology laboratory within a maximum of 45 min and 
culturing was carried out on the same day.

Culturing of salivary samples
For SM count, 20 μl of saliva sample was spread on Mitis 
Salivarius Agar  (Difco Detroit, MI, USA) supplemented 
with 0.2 units/ml bacitracin and sucrose  (20%  w/v) and 
incubated aerobically at 37°C for 24 h. In addition, 20 μl of 
saliva sample was spread on Man Rogosa Agar  (MRS agar, 
Unipath, Basingstoke, UK) for the count of total LB. Plates 
were incubated anaerobically (85% N2, 5% CO2, and 10% H2) 
into chambers at 37°C for 2 days. The CFUs were identified 
by morphology, size, and color and were counted using a 
stereomicroscope (Vision Engineering, Surrey, UK).

To confirm the diagnosis of colonies in mitis salivarius agar 
plates, Gram‑staining, sugar fermentation, and catalase tests 
were performed. For sugar fermentation test, SM from each 
sample incubated for 24 h at 37°C in tryptic soy broth (TSB) 
contained (phenol red, mannitol 1%, TSB) and (phenol‑red, 
sorbitol 1%, TSB) as well. Gram‑positive cocci, negative 
catalase, positive mannitol, and sorbitol were reported as SM.

To confirm the diagnosis of colonies in MRS agar Gram‑staining, 
oxidase and catalase diagnostic tests were performed. 
Gram‑positive coccobacilli, negative catalase, and oxidase 
were reported as LB. SM and LB concentration in saliva was 
expressed as CFU/ml.

Statistical methods
The analyses were processed by SPSS software (version 20 
Chicago, IL, USA). Posttreatment and pretreatment values 
within each regimen were compared with the Wilcoxon 
signed ranks test. To compare changes in the bacterial 
levels during the intervention between two groups, 
Mann–Whitney test was used. In each block, volunteers 
were divided into two groups according to their first SM or 
LB counts (≥104 or >104). These binary groups considered 
as dependent variables. Other variables  (dmft/DMFT, age, 
gender, probiotic/placebo consumption) were considered as 
independent variables. Backward logistic regression with a 
step‑wise selection procedure was utilized to investigate the 
influence of factors to the outcome of salivary bacterial levels.

Results

Of the  – 61 volunteers par ticipating in the study, 
f inally 53 volunteers  (28 girls and 25 boys, mean age 
4.6  ±  1.2, dmft 3.4  ±  2.2) including 30 volunteers in 
the probiotic group and 23 in control group completed 

the study  [Figure  1]. Mann–Whitney U‑test showed 
that dmft/DMFT values were not statistically significant 
between the two groups  (P = 0.324). The compliance of 
volunteers was good as reported by parents. Based on the 
report of colony counts by the laboratory, the volunteers 
were placed in one of the following three groups:
•	 I: <1000 CFU/mL
•	 II: 1000–10,000 CFU/mL
•	 III: >10,000 CFU/mL.

Streptococcus mutans
Table 1 shows the numbers (percentages) of volunteers with 
different SM counts at before and after 2‑week consumption 
of probiotic and placebo drop.

Mann–Whitney test did not reveal any significant difference 
in the salivary SM counts before intervention between 
the placebo and probiotic groups  (P  =  0.054); however, 
there were significant differences in the salivary SM counts 
of after intervention between the placebo and probiotic 
groups  (P  =  0.04). Wilcoxon signed ranks test showed 
a significant decrease in SM colony counts in probiotic 
group after intervention  (P  =  0.045), with no significant 
changes SM colony counts after intervention in placebo 
group (P = 0.139). Logistic regression showed a higher rate 
of decrease in SM colony counts with an increase in the initial 
counts before intervention. However, such a relationship 
was not noted in the placebo group (odds ratio = 11.6, 95% 
confidence interval: 1.6–78.1, P = 0.043).

Lactobacillus
Table 2 shows the numbers (percentages) of volunteers with 
different LB counts at before and after 2‑week consumption 
of probiotic and control drop. Mann–Whitney test did not 
reveal any significant difference in LB salivary colony counts 
of before intervention between the placebo and probiotic 
groups (P = 0.58). In the probiotic group, LB colony counts 
decreased significantly after intervention  (P  =  0.04). In 
the placebo group, changes in LB colony counts were not 
significant (P = 0.22). Mann–Whitney test did not reveal any 

Table 1: Numbers and percentages of volunteers with 
different salivary Streptococcus mutans scores before 
and after intervention

Streptococcus mutans score, n (%)

I II III

Probiotic group (n=30)

Before intervention 4 (13.3) 14 (46.7) 12 (40.0)

After intervention 16 (53.3) 12 (40.0) 2 (6.7)

Control group (n=23)

Before intervention 2 (8.7) 9 (39.1) 12 (52.2)

After intervention 3 (13.0) 11 (47.8) 9 (39.1)
I: <1000 CFU/ml, II: 1000-10,000 CFU/ml, III: >10,000 CFU/ml. 
CFU: Colony‑forming unit
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significant difference in LB colony counts after intervention 
between the placebo and probiotic groups (P = 0.21). Logistic 
regression did not show a relationship between the initial 
colony counts of LB and the amount of decrease in colony 
counts in the probiotic and placebo groups.

Discussion

The present study showed that the use of a drop containing 
L. rhamnosus, L. reuteri, and B. infantis for 2 weeks decreased 
the salivary counts of SM in children 3–6  years of age. 
However, it had no effect on LB counts. The results of the 

present study in relation to SM counts are consistent with 
several studies.[2,5‑7,19] However, some other studies have not 
shown any difference in SM counts.[8,12,13,20] Several studies 
have shown a relationship between dental caries and SM 
counts.[21] It is very difficult to compare the results of studies 
because of different study designs, duration of intervention, 
the parameters evaluated, and the type of probiotics used, 
combination of different species, and their vehicles.

To our knowledge, two studies have been carried out with the 
use of a drop containing L. reuteri and have reported results 
different from those of the present study. Cildir reported that 
use of this drop for 25 days in 4–12‑year‑old children with 
cleft lip/palate did not result in any difference in SM and LB 
counts.[13] However, the same composition in a study by Caglar 
et al. with the use of gum and lozenge resulted in a significant 
decrease in SM counts.[22,23] Cildir et al. believed one possible 
explanation was the complex interaction of probiotics with 
the oral cavity microflora of children with cleft lip/palate and 
also the small sample size.[13]

Stensson et  al.[12] evaluated the effect of such a drop by 
pregnant mothers during the last month of pregnancy and 
by their newborns up to 1 year of age on the prevalence of 
dental caries in deciduous teeth at 9 years of age. Although 
no significant differences were found in salivary counts of SM 
and LB, the rate of caries‑free state increased and the rate of 

Figure 1: The CONSORT form

Table 2: Numbers and percentages of volunteers with 
different salivary Lactobacillus scores before and after 
intervention

Lactobacillus score, n (%)

I II III

Probiotic group (n=30)

Before intervention 4 (13.30) 17 (56.70) 9 (30.0)

After intervention 12 (40.0) 18 (60.0) 0

Control group (n=23)

Before intervention 6 (26.10) 10 (43.50) 7 (30.40)

After intervention 4 (17.40) 15 (65.20) 4 (17.40)
I: <1000 CFU/ml, II: 1000-10,000 CFU/ml, III: >10,000 CFU/ml. 
CFU: Colony‑forming unit
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proximal caries decreased. In that study, colony counts were 
determined 8 years after administration of probiotics. The 
possible effect of this drop on caries without any change in 
bacterial counts might be attributed to an increase in SIgA 
in the probiotic group, resulting in the inhibition of the 
activity of SM, which can be considered another mechanism 
of probiotics.

One of the important reasons for differences between the 
results of the present study might be the use of a combination 
of three different species of probiotics and their synergistic 
effect on the inhibition of SM.

The exact mechanisms of action of probiotics are 
unknown.[3] Lactobacilli showed better adherence to 
“saliva‑coated hydroxyapatite blocks” than bifidobacteria in 
an in vitro study.[24] Antibacterial substances production and 
competition with pathogenic microorganisms for adhesion 
sites and/or substrates are suggested roles of probiotics in 
reducing oral pathogenic germs.[1,3,14,24]

The effects of L. reuteri and L. rhamnosus on changing SM 
counts have been evaluated in various studies.[2,6] To our 
knowledge, the effect of B. infantis on combination with other 
LB on salivary SM counts has not been evaluated.

Another factor is the use of different vehicles such as dairy 
products, chewing gum, and drops to transfer probiotics. 
The probiotic vehicles are suitable for all the ages, especially 
for young children.[1] The concentrations of probiotics 
might decrease in dairy products over time, and the process 
of food preparation might affect the viability of bacteria 
and decrease the number of viable bacteria to below the 
recommended levels.[25,26] A drop was selected in the present 
study because it is safe, available, and used routinely in 
Iran for the treatment of diarrhea, flatulence and colic, and 
prevention of various allergies (respiratory and cutaneous) 
in newborns and children as an over‑the‑counter medication. 
The concentration of bacteria in this drop is consistent with 
those in previous studies. Use of a drop in younger children 
is easier than the use of mouthwashes, chewing gum, and 
dairy products and its effect on orodental health has not 
been evaluated to date. In the present study, the use of 
the probiotic drop for 2 weeks resulted in a decrease in LB 
salivary counts; however, the difference was not significant 
compared to the control group.

Contrary to the majority of studies which have shown a 
decrease in SM counts,[2,4,6,7,24,25] in relation to LB the majority 
of studies have not shown any change in LB counts.[7,8] A lack 
of change in LB counts has been observed in various studies 
in association with a decrease in SM counts,[7,13] which might 
be attributed to various mechanisms of action of probiotics 
in the oral cavity. Some probiotics exert their oral effects by 
colonizing the oral cavity or other mechanism similar to the 
explanation provided by Stensson et al.[12]

In a study, LB counts increased in L. reuteri group, with no 
changes in L. rhamnosus group.[27] Others reported that LB 
counts increased.[11,27] The increase in LB counts during the 
study period might be considered colonization of LB in the 
oral cavity, rather than an increase in caries risk because as 
discussed previously not all the LB increase caries risk.[27] 
However, complexities of the interaction of biofilm and 
interactions between bacteria found in the oral cavity might 
explain such diversities in the results in relation to LB.[28] It 
should be pointed out that popularity and acceptance of 
drops were high among patients. In this study, culturing 
techniques were used to determine salivary bacterial 
courts. Although use of chair‑side kits is easier, they are 
semi‑quantitative and the gold standard in this field is the 
culture technique.[14]

To increase control and the study power, the double‑blind, 
controlled, and placebo design was used. In addition to the 
determination of inclusion and exclusion criteria, logistic 
regression was used to compare changes in SM between 
the two groups with high and low concentrations of SM 
by controlling other similar factors. It was shown, similar 
to previous studies, that in the probiotic group the rate of 
decrease in colony counts increased with an increase in the 
initial counts of SM.[8] It might be concluded that it appears 
probiotic drop is more effective in individuals with higher 
SM counts. Therefore, it is advisable, in future studies, to 
determine salivary SM counts in subjects in the first step and 
include subjects with high SM counts.

It does not seem that permanent establishment of probiotics 
occurs after discontinuation. Therefore, daily consumption of 
probiotics seems necessary to achieve its potential impact;[1] 
however due to limitations 2  weeks study period was 
considered in this study. Due to some limitations, different 
species of salivary lactobacillus were not considered in the 
present study which may affect results and a follow‑up study 
after the drop withdrawal would be interesting as well.

Conclusions

The use of a drop containing a combination of Bifidobacterium 
and LB for 2 weeks resulted in a decrease in salivary counts 
of SM; however, the salivary counts of LB did not change. In 
addition, it appears use of the drop was more effective in 
subjects with higher SM counts. However, further studies 
are required with different combinations of probiotics in the 
form of a drop so that a conclusion can be reached in relation 
to the efficacy of this form of administration. It seems that 
a combination of different probiotic species results in an 
increase in efficacy through synergism as well.
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