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Objective: The purpose of this study is to confirm the usefulness of RT-PCR method for the prevention of dental caries by
quantitative analysis of dental caries causing dental caries, and to widely used instruments for screening oral disease bacteria.
Methods: We selected 68 patients between the ages of 7 and 60 years who came to the dental clinic for preventive dentistry.
Patients with systemic disease, antibiotics within the last month, dentures, and pregnant women were excluded from the
study. Patients who participated in the experiment were slaughtered for 30 seconds with a squeeze solution (12 ml), and
then spit into a 50 ml conical tube. The procedure for collecting DNA from saliva is as follows.
Results: Streptococcus mitis, Streptococcus mutans, Streptococcus sobrinus, and Lactobacillus casei were tested to determine
the difference between SRT-PCR and MRT-PCR when measuring the specificity and sensitivity of primers and probes containing specific nucleotide sequences of bacteria. Four kinds of bacteria were combined and analyzed by MRT-PCR to compare
Ct values. When comparing the mean and standard deviation of the Ct values of SRT-PCR and MRT-PCR, it was found that
there was no statistically significant difference between the two groups.
Conclusion: MRT-PCR showed that the accuracy of quantitative analysis was the same as that of SRT-PCR, and there was no
statistically significant difference. Therefore, it is expected that it will be a very useful quantitative method for screening the
causative organisms of dental caries or checking the treatment results in the dental clinic.
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As with periodontal disease, dental caries is one of the most
common chronic diseases [1] and has been on the rise worldwide [2]. Studies on dental caries have been conducted mainly
on young children, the relationship between eating habits and
dental caries [3,4], and the relationship with obesity [5], and the
relationship with socio-economic status [6] and the relationship
with cigarette smoking [7]. Thus, interest in dental caries is due
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to the fact that tooth cells can not be regenerated and are a chronic complicated disease. If a dental caries suffering from a bowel
move should have lifelong dental caries, and even if teeth can
be picked up as a progression to dental caries, then the loss of
health is ultimately great. In this respect, the above factors are
being studied with social interest.
As a result of studies on dental caries, conclusions that are
commonly recognized in the dental system are related to the secretion of saliva, secretion rate, smoking, etc. [8], oral pH [9],
and plaque and bacteria of the total population. Among these
studies, a number of experimental articles about the relationship
between oral microorganisms and dental caries have been
published. Most of them have been cultivated as the most basic
research stage in laboratory experiments. Until the early 1990s,
the selection medium for blood agar was cultured according to
the characteristics of bacteria, and quantitative analysis became
possible. In addition, it was possible to identify the type of
strains cultured using primers designed for PCR using gene amplification technology. Since then, microbial identities have
been identified and the academic classification system has been
systematized and the stages of subspecies have been continuously discovered. Today, more than 1,200 kinds of oral microorganisms have been found [10-12].
The culture method using selective medium (CFU method)
cannot confirm heterogeneous bacterial excretion depending
on the characteristics of the selective medium, and furthermore,
the subspecies findings are gradually becoming less reliable in
quantitative analysis. In addition to the disadvantages of difficulty in derivation, it takes a long time to prepare the culture medium for the culture medium and the incubation time, and it is
very difficult to identify the culture conditions suitable for each
bacteria such as anaerobic culture method and aerobic culture
methods [13].
Therefore, first-generation q-PCR has a complicated confirmation procedure such as gel loading and sanger sequencing
[14,15]. Qualitative analysis is clear and bacterial identification
methods for gene amplification are increasingly preferred.
This is also applied to qualitative analysis. As a result, the real-time PCR method, which can quantitatively analyze the temporal amplification amount and select appropriate primers, has
appeared. Although the primer is used in the same manner as
q-PCR, the result can be confirmed in real time by using a probe
as a fluorescent substance. By using a probe that is more sensitive and specific than the primer, the test result can be obtained
specifically and sensitively. The results of real-time polymerase chain reaction (RT-PCR), which can be quantified, have
been reported to be used in clinical studies and various diseases.
Pneumonia, tubercle bacilli, diarrhea, and is rapidly being used
precisely as a diagnostic tool for disease [16,17].

136 Vol. 13, No. 3, September 2017

On the other hand, the causative bacteria of periodontal diseases and dental caries include various kinds. Not only a single
bacterium causes disease but many groups are characterized as
cluster disease bacteria that provide the cause. In other words.
There are various causative organisms such as Aggregatibacter
actinomycetemcomitans and Porphyromonas gingivalis, Treponema
denticola, Tannerella forsythia, Prevotella nigrescens, and P.
intermedia, and Streptococcus mitis, S. mutans, S. sobrinus, and
Lactobacillus casei in academia.
Depending on the individual, each of the other germs causes
dental caries or periodontal disease [18].
In this study, we used multiple polymerase chain reaction
(ELISA) for the detection of dental caries bacteria (S. mitis, S.
mutans, S. sobrinus, L. casei) RT-PCR was considered to be very
efficient as a tool for quantification at one time and this study
was devised. Comparison of SRT-PCR, a method that can quantitatively analyze only one microorganism in a single tube, and
Multiplex Real-time Polymerase Chain Reaction (MRT-PCR),
which enables quantitative analysis of microorganisms in one
tube To assess the sensitivity, specificity, and consistency of
each. The selected strains were S. mitis, S. mutans, S. sobrinus
and L. casei [19].

Materials and Methods
1. Saliva collection and DNA extraction method
This study was conducted under the relevant regulations
(IRB No. DKU 2016 07 026) with the approval of the research
ethics at D University Dental Hospital. We selected 68 patients
between the ages of 7 and 60 who came to the dental clinic for
preventive dentistry. At this time, no personal information except the patient’s age, sex, diagnosis, etc. was received. Patients
with systemic disease, antibiotics within the last month, dentures, and pregnant women were excluded from the study.
Patients who participated in the experiment were slaughtered
for 30 seconds with a squeeze solution (12 ml) and then spit out
in a 50 ml conical tube. The DNA was stored in a refrigerator
at 4°C and stored in a freezer at −20°C. The procedure for collecting DNA from saliva is as follows.
1) Mix a 50 ml conical tube containing the collected gaggle
solution (12 ml) for 1 minute, and dispense 1,000 l into a 1.5
l EP-tube.
2) 1.5 Cell down the EP-tube at a speed of 13,000 rpm in a
centrifuge for 10 minutes.
3) After cell down, discard the supernatant and add 100 l
of Direct buffer (Ginsu Lab, Seoul, Korea) to the remaining
pellet.
4) Add the buffer and incubate at room temperature for 10
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minutes.
5) Cells were then centrifuged for 3 minutes using a centrifuge, and 60 l of the supernatant was immediately extracted
or stored in a −20°C freezer.

2. Single real-time PCR (SRT-PCR) and multiplex
real-time PCR (MRT-PCR)
Results were analyzed using the CFX96 TouchTM Real-Time
PCR Detection System (Bio-Rad, Hercules, CA, USA) and the
resulting Cycle Threshold (Ct) value was calculated using
“CFX ManagerTM Software v3.1”. Genomic DNA extracted
from 1 ml of 12 ml of saliva was used for DNA analysis. Primers
and probes were used to identify specific sequences of each of
the microorganisms in the National Center for Biotechnology
Information (NCBI), and to validate one more sequence as a
blast. Probe is a fluorescent reagent different from the primer.
In this study, we used reagent labeled with “FAM, HEX, Texas
Red, Cy5, Cy5.5”. In order to confirm real-time PCR of real-time quantitative real-time PCR, it is important to determine
whether the probe is working properly. To confirm this, it is necessary to use B set Primer & Probe (Table 1). Bacteria were tested in duplicate by dividing the primers and probes (Table 2) into
single samples. A total of four species of dental caries were
analyzed. Internal control was included in B set (Table 1).
The composition of the reagents used in one reaction of
MRT-PCR was 12.5 l of Probe qPCR Mix (Takara Bio Inc.,
Shiga, Japan), 7 l of DW, and 4 l of pp mix mixed with 1 l
of primer and probe. Total volume was 25 l Use 1.5 l of genomic DNA extracted at 23.5 l. The reaction conditions for
MRT-PCR were pre-denaturation at 95°C for 10 minutes, denaturation at 95°C for 15 seconds, annealing at 63°C for 40 sec-

onds, and fluorescence dyeing was repeated 44 times. The composition of the reagents used in SRT-PCR was 12.5 l, DW 8
l of Probe qPCR Mix (Takara Bio Inc.), 1 l of each of primer
and probe, and the mixture was mixed with 23.5 l of mixture
and 1.5 l of extracted genomic DNA and the total volume was
25 l. The PCR reaction conditions of SRT-PCR were the same
as those of MRT-PCR.

Results
1. Total bacterial counts by SRT-PCR and MRT-PCR
A total of 68 subjects who visited Dankook University Dental
Hospital using SRT-PCR and MRT-PCR were examined by sex
and age group (Table 2). There were 35 males and 33 females
by sex, and 11 were in their teens and 15 were in their 20s, and
5 were in their 30s and 8 were in their 40s.
Table 3 shows the results of analysis of total bacterial counts
Table 2. Clinical characteristics of periodontal subjects (n=68)
Characteristics
Sex
Male
Female
Total
Age group (yr)
~10s
20s
30s
40s~
Total

No. of sample
35
33
68
11
15
5
8
68

Table 1. Primer and probe used for SRT-PCR and MRT-PCR
Species
B set

Streptococcus mitis

S. mutans

S. sobrinus

Lactobacillus casei

Internal control

Sequence (5'→3')
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe
Forward
Reverse
Probe

AACGAGTCGCAAGCCG
TACAAGGCCCGGGAAC
[5FAM]AATCGCGGATCAGCACG[3BHQ1]
AATACATGCAAGTGGG
CCGCTAATAGGCATTA
[5HEX]GTCGCGAACGGGTGGTAACG[3BHQ1]
AGGCAACGATACATAGCC
CATTGCCGAAGATTCCC
[5TexasRed]GTGAACGGCCACACTGGG[3BHQ2]
CAACTGATCGTGCCGGGT
CAGCGATTGGCAACCC
[5Cy5]TGATGATGTCGGCGGTCG[3BHQ2]
CCATGGAAGACTGGGGCT
GGTGATGGCATGGAGTGG
[5Cy5.5]ACACTGCTTAGCGCCCCG[3BHQ2]

Size (bp)
149

105

106

130

236

SRT-PCR: single reverse transcription-polymerase chain reaction, MRT-PCR: multiplex reverse transcription-polymerase chain reaction.
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Table 3. Prevalence of total bacteria in male group and female group by
SRT-PCR and MRT-PCR
Gender

Single qPCR

Number

Female
Male
Total

33
35
68

Ct
20.36±0.49
19.12±2.16
19.50±1.44

Method

Multiplex qPCR

Copy/ml
7

3.2×10
8
1.4×10
1.0×108

Ct

Copy/ml

19.90±0.51
19.02±2.16
19.67±1.15

7

6.0×10
8
1.5×10
8.3×107

Values are presented as number only or mean±standard deviation.
SRT-PCR: single reverse transcription-polymerase chain reaction,
MRT-PCR: multiplex reverse transcription-polymerase chain reaction.
Table 4. Prevalence of total bacteria in age group by SRT-PCR and
MRT-PCR
Age (yr)
10-19
20-29
30-39
≥40
Total

Number
23
24
5
5
30

SRT-PCR
Ct
21.2±2.0
19.6±1.9
20.9±1.8
20.4±0.9
20.5±2.0

MRT-PCR

Copy/ml
7

5.7×10
1.5×108
6.5×107
5.1×107
9.6×107

Ct

Copy/ml

21.7±1.5
20.7±1.9
21.1±1.4
20.9±0.5
21.2±1.6

2.8×107
7.3×107
4.1×107
2.6×107
4.8×107

Values are presented as number only or mean±standard deviation.
SRT-PCR: single reverse transcription-polymerase chain reaction,
MRT-PCR: multiplex reverse transcription-polymerase chain reaction.

according to sex by both STR-PCR and MRT-PCR. As a result
of comparison between Ct value and copy/ml, female
(20.36±0.49, 3.2×107), but there was no statistically significant
difference (p>0.05). There was no statistically significant difference between the two methods (p>0.01), and the total bacterial ct values for each sex were 19.50±1.44 and 19.67±1.15,
respectively.
Table 4 summarizes the total bacterial counts in oral by dividing the age in 10, 20, 30, and 40 groups. The ct values of
SRT-PCR and MRT-PCR were 21.2±2 and 21.7±1.5, respectively, in the 10th group and 19.6±1.9 and 20.7±1.9 in the
20th group. The ct values of SRT-PCR and MRT-PCR were
20.9±1.8 and 21.1±1.4, respectively, in the 30s and 20.4±0.9
and 20.9±0.5 in the 40s, respectively. Overall, the total amount
of bacteria was 20.5±2 and 21.2±1.6, respectively. There was
no significant difference in results (p>0.05). There was no statistically significant difference in the total number of bacteria between STR-PCR and MRT-PCR according to sex and age
(p>0.05).

2. Comparison of SRT-PCR and MRT-PCR
methods of 4 kinds of dental caries bacteria
In the case of S. mitis, the ct values on SRT-PCR and
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Table 5. Prevalence of A set (S. mitis, S. mutans, S. sobrinus, Latobacillus
casei) in sample by SRT-PCR and MRT-PCR

B set

Streptococcus mitis
S. mutans
S. sobrinus
Latobacillus casei

SRT-PCR

MRT-PCR

23.82±3.71
22.76±3.58
30.89±4.43
20.31±3.08

22.11±3.44
22.97±3.69
30.94±4.76
21.02±2.98

Values are presented as mean±standard deviation. SRT-PCR: single
reverse transcription-polymerase chain reaction, MRT-PCR: multiplex
reverse transcription-polymerase chain reaction.

MRT-PCR were 23.82±3.71 and 22.11±3.44, respectively
(p>0.01). The ct values of SRT-PCR and MRT-PCR were
22.76±3.58 and 22.97±3.69, 30.89±4.43 and 30.94±4.76, respectively, in both S. mutans, S. sobrinus and L. casei. The ct
values were 20.31±3.08 and 21.02±2.98, The total amount of
all four microorganisms was not statistically different between
SRT-PCR and MRT-PCR (p>0.01). S. mitis, S. sobrinus, S. sobrinus, and S. mutans were used to determine the difference between SRT-PCR and MRT-PCR when measuring the specificity
and sensitivity of primers and probes containing specific nucleotide sequences of bacteria using 68 DNA samples. The Ct
values were compared and analyzed by MRT-PCR of the B set
containing SRT-PCR and four kinds of bacteria in each case of
L. casei. The mean difference between the mean and standard
deviation of SRT-PCR and MRT-PCR was±1, indicating no statistically significant difference (Table 5).

Discussion
Real-time polymerase chain reaction (SRT-PCR) is a cost-effective and cost-effective way to compare the time, cost, and
procedure with the traditional colony forming unit (CFU) It is
recognized as one of the best developed technologies [20]. In
the case of the CFU method, the analysis time of the culture
method takes about one week, it is time-consuming, the cost is
high, and the confirmation procedure is complicated [21], while
the analysis period of SRT-PCR is about 5 hours Because of the
short, accurate primer and probe that works only at the correct
base sequence, the reproducibility and sensitivity are high and
qualitative and quantitative confirmation is possible [22].
Therefore, it is recognized as the most advanced molecular diagnostic technology and widely used in medical field.
For example, it is commonly used for diagnosis and prognosis of measles [23], zika virus [24], and MERS [25], and for
detection of pathogens [26]. However, in recent years,
SRT-PCR has been able to confirm only one fluorescence in real
time in one tube [27], and it has become a trend to use Multiplex
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Real-time PCR which can confirm various fluorescence from
one tube [28]. In addition, as these techniques have expanded
into the oral cavity, they have been widely used for research on
the relationship between oral microorganisms and systemic diseases [29,30].
In Korea’s social and cultural customs, the proverb or the literature on tooth health has been common for many generations.
Naturally, in any society as well as in Korean society, there are
active researches on improving quality of life by maintaining
chewing ability due to healthy teeth in an aged society.
The aim of this study was to compare the sensitivity and specificity of SRT-PCR with MRT-PCR and to compare the accuracy of MRT-PCR with that of SRT-PCR, Were identical. First,
SRT-PCR was performed under the same PCR conditions by dividing the 5 primers and probes used in MRT-PCR by bacteria
(Table 5). The results of the experiment were divided into 68
patients by sex and age. As a result, there was no statistically
significant difference (p>0.01) between Ct value of female and
male by Ct value of SRT-PCR (p>0.05). In addition, a comparison of Ct values between SRT-PCR and MRT-PCR in age
showed that there was no statistically significant difference between the four age groups (p>0.01) (Table 4).
The results of the above clinical tests confirm that MRT-PCR
is capable of accurate and quantitative analysis with no statistically significant difference between SRT-PCR and MRT-PCR.
MRT-PCR was proved to be superior. Thus, the developmental
stage of quantitative analysis of oral microorganisms was confirmed by the evolution of CFU → SRT-PCR → MRT-PCR.
On the other hand, the diversity of oral microorganisms and
characteristics of oral diseases are different from other systemic
diseases. In the case of meningitis, various pathogens including
microorganisms and viral fungi are present, and MRT-PCR
(multi-chain reaction) is used to diagnose them [31]. In order
to identify the entire pathogen of meningitis, multiplex real-time PCR Kit. Another example is pneumococci, which are
caused by a wide variety of bacteria (Klebsiella, Haemophilus,
S. pneumoniae, M. pneumoniae, respiratory virus, Chlamydia
pneumoniae, etc.) and they also use MRT-PCR [32]. Both sexes
of dental caries causing dental caries and periodontal disease
are characterized by the fact that direct causative bacteria are
very diverse in comparison to the above pneumococci and
meningitis. In other words, the detection of causative organisms
in meningitis is of diagnostic value, but the presence of causative organisms in oral disease is still insufficient as clinical diagnostic value of dental caries or periodontal disease. However,
from the viewpoint of dentistry, the distribution of kinds and
amounts of bacteria has already been identified as bacteria of
periodontal disease and bacteria of dental caries, but the bacteria also appear in healthy persons, and the distribution of the

bacteria also varies greatly depending on the immunological
characteristics of individual and the diagnostic value is reduced.
From the dental point of view, the degree of improvement before and after treatment depends on the professional subjective
opinion of the dentist. There are also differences in the degree
of subjectivity between dentists, so there is a difference in the
objective aspects of disease. In addition, the use of MRT-PCR
for diagnostic purposes is a difficult tool because oral microorganisms that cause oral diseases are present in healthy individuals in their quantity and type, and because they are highly
variable in individual immunity. Therefore, the use of
MRT-PCR in the dental field will be a very beneficial method
if the degree of improvement of the disease is confirmed after
the treatment of the dentist after the intervention. In addition,
MRT-PCR can be actively used as a preventive and therapeutic
means by screening diseases through quantitative or qualitative
analysis of individual oral hygiene status from preventive dental viewpoints.

Conclusion
MRT-PCR showed that the accuracy of quantitative analysis
was the same as that of SRT-PCR, and there was no statistically
significant difference. Therefore, it is expected that it will be
a very useful quantitative method for screening the causative
organisms of dental caries or checking the treatment results in
the dental clinic.
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