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Abstract

Aim Oral streptococci were found to be associated with
Early Childhood Caries. The aim of this study was to evaluate
the 6 different bacteria in the streptococcus group in the
saliva of children with severe early childhood caries (S-ECC)
by polymerase chain reaction (PCR).

Materials and methods A total of 60 children between
3 and 6 years of age were divided into two groups: children
with S-ECC (Group S-ECC; n=30) and children who were
caries-free (Group CF; n=30), according to the dmft and dmfs
indices. Unstimulated saliva was collected from all participants
for the detection of streptococcal group bacteria, including:
Streptococcus mutans, Streptococcus oralis, Streptococcus
sanguinis, Streptococcus gordonii, Streptococcus salivarius,
and Streptococcus sobrinus, using PCR-restriction fragment
length polymorphism (RFLP) of amplified 16S rRNA gene. The
data were analysed using SPSS software.

Results The prevalence of S. oralis was significantly higher
in the S-ECC group compared to the CF group (p<0.05).
However, the frequencies of S. mutans, S. sanguinis, S.
gordonii, S. salivarius, and S. sobrinus were similar between
the two groups (p>0.05). The amount of streptococci colonies
was higher in the S-ECC group compared to the CF group
(p<0.05).

Conclusion S. mutans or S. sobrinus alone may not be
the only indicators for high risk of caries, but the prevalence
of S. oralis in saliva may be a risk factor for increased caries
activity in S-ECC.

KEYWORDS Early childhood caries, Microbiology, Polymerase
Chain Reaction, Saliva, Streptococci.
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Introduction

Early Childhood Caries (ECC) was reported as the most
common chronic disease seen in childhood, with an increase
of newly diagnosed cases of 1.8 billion per year worldwide
[Fakhruddin et al., 2018; Xiao et al., 2018]. Severe ECC
(S-ECQ) is defined as the existence of one or more cavitated
teeth, missing teeth caused by dental caries or filled smooth
surfaces in primary maxillary anterior teeth, or decayed,
missing, or filled score of > 4 (age 3), > 5 (age 4), or > 6 (age
5) surfaces [Policy on Early Childhood Caries, 2016] Dental
United States 2016 Oct 1942-5473 (Electronic).

Despite protective strategies to prevent dental caries, ECC
has still been a significant health problem in developed and
developing countries [Colak et al., 2013]. In aepidemiological
studies evaluating the frequency of dental caries observed in
different countries, the global increase of the prevalence of
ECC has been emphasised [Bagramian et al., 2009]. The World
Health Organization (WHO) has proposed that at least 80%
of children aged 6 years should be caries free by 2020 [Ma
et al., 2015]. However, in terms of primary dentition, Turkish
children were found to be very far from this aim. Therefore,
it was suggested that strategies for prevention of the disease
are needed urgently [Zhou et al., 2011]. Dental caries was
found to be associated with the primary cariogenic bacteria S.
mutans and S. sobrinus in the mutans streptococci (MS) family
[Fakhruddin et al., 2018]. However, other oral streptococcus
bacteria, including S. sanguinis, S. oralis, S. gordonii, and S.
salivarius [Hoshino et al., 2004], were also reported to affect
cariogenicity through modulating the biofilm community
and interacting with MS during the caries process [Kuramitsu
and Wang, 2006]. Thus, understanding the role of oral
streptococci in caries may gain importance for prevention
of the disease [Martinez-Martinez et al., 2012; Meric, 2018].
Previous research evaluated dental plaque to identify the role
of streptococcal species in S-ECC [Fakhruddin et al., 2018;
Xu et al., 2014]. However, it was claimed that dental plaque
does not reflect the oral bacteria/MS prevalence completely
[Lindquist and Emilson, 1990]. Thus, the use of saliva as an
alternative to plaque was suggested because it is superior in
reflecting MS colonisation for the entire dentition [Nurelhuda
et al., 2010]. Because of its surface antigen proteins, MS was
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found to persist in saliva [Petersen et al., 2002]. In addition,
these sequencing techniques were used successfully for saliva
analysis in research evaluating caries [Ge et al., 2008; Jiang et
al., 2016; Ma et al., 2015].

The aim of this study was to evaluate the oral streptococci
in S-ECC and caries-free (CF) children to identify the
organisms involved in tooth decay for prevention of ECC in
Turkish preschool children using PCR-restriction fragment
length polymorphism (RFLP) of amplified 16S rRNA gene. The
hypothesis of the current study was that not only S. mutans
and other oral streptococci were involved with ECC.

Materials and methods

Study population

A total of 60 children between 36 and 71 months of age,
without any physical or mental disability, for whom topical
antibiotic or fluoride were not applied for the last month,
were included in the study. Thirty children (11 girls and 19
boys) were specified as S-ECC group according to the criteria
accepted by the American Academy of Pediatric Dentistry one
or more decayed (noncavitated or cavitated lesions), missing
(due to caries) or filled tooth surfaces in any primary tooth
[Policy on Early Childhood Caries, 2016]. The control group
consisted of 13 female and 17 male patients with no caries
of similar age groups (no carious symptoms were observed
for 5 seconds with air freshener) [Bhoopathi, 2017]. Teeth
lost due to trauma and/or undergoing physiological root
resorption were excluded. The ethical approval was obtained
for this study from the Ethics Committee of Mustafa Kemal
University (#2016-74). A detailed written informed consent
was obtained from the parents of all participants.

Patient evaluation and caries index

An oral and dental health examination was performed on
all participants by the same examiner (E.M.) in the Department
of Pediatric Dentistry, Faculty of Dentistry, Mustafa Kemal
University (Hatay, Turkey). The examination was performed on
a dental chair under reflector light, using a mouth mirror and
explorer, as previously described in the literature [Martinez-
Martinez et al., 2012].

Firstly, teeth were isolated with rolled cotton and then gently
dried with air-water spray for five seconds to make all decay
lesions easily detectable. Then, the dmft and dmfs values were
recorded in accordance with the criteria determined by the
WHO (1997) in order to determine the pretreatment status of
the children. Teeth lost because of trauma and physiological
root resorption were excluded. Oral hygiene and nutritional
behaviours were provided to the patients and parents in both
groups. Routine treatment procedures on the teeth of the
children in both groups were performed after the collection
of saliva samples.

Collection of microbiological samples

All participants were placed in an upright position with
their heads tilted forward. Saliva accumulated at the base of
the mouth, allowing for unstimulated saliva samples to be
taken. The patients were told to stay still without moving their
tongue, lips, or cheeks to collect and then spit out the saliva
[Jiang et al., 2016]. Saliva sampling was carried out at 9-11
AM with the dental examination. No food was permitted
to consume within 1 h before saliva collection in order to
avoid circadian rhythm changes. One ml of non-stimulated
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saliva was obtained from each child [Ghasempour et al.,
2013]. The samples were sent to the culture laboratory of the
Microbiology Department under cold chain for microbiological
cultivation and evaluation.

Microbiological analysis of the samples

All samples were vortex-mixed followed by a sonication,
and plated on mitis salivarius agar as previously described in
the literature [Jiang et al., 2016]. Following a 72 h of incubation
at 37 °C in an anaerobic atmosphere of 85% N,, 10% H,, and
5% CO,, colony-forming units (CFU) were enumerated for the
estimation of total oral streptococci on mitis salivarius agar
according to the manufacturer’s recommendations [Ge et al.,
2008].

DNA extraction and PCR procedure

Salivary DNA was extracted and quantified as previously
described in the literature [Martinez-Martinez et al., 2012].
The existence of GTF genes in the DNA was determined
with the aid of species-specific GTF primers [Hoshino et al.,
2004] (Table 1). PCR procedure was carried out in in 25 pl of
a reaction mixture with the conditions previously used in the
literature [Martinez-Martinez et al., 2012].

16S rRNA genes PCR-RFLP and 16S rRNA gene sequencing

Streptococcies were identified using restriction fragment
length polymorphism analysis (RFLP) of PCR-amplified 16S
ribosomal RNA genes. 165 rRNA gene sequences were
amplified by PCR using primers from genomic DNA and
digested PCR products with the restriction Haelll [Sato et al.,
2003]. 16S rRNA of S. mutans NCTC10449 reference strain
was used as positive.

Imaging of PCR products by electrophoresis

PCR products were evaluated by electrophoresis in running
them in 2% agarose gel with the aid of Tris-acetate-EDTA
buffer, using a 100-bp DNA ladder marker (Gene Ruler,
Thermo Scientific, Massachusetts, USA). All gels were stained
with ethidium bromide (0.5pg/ml) and photographed under
UV illumination (Wealtec, Dolphin-View, Nevada, USA) as
previously described in the literature [Martinez-Martinez et
al,, 2012].

Statistical analysis

To estimate the sample size, a power analysis was performed
using a programme (G*Power version 3.1.7, Franz Faul,
Christian-Albrechts-University, Kiel, Germany). According
to the results, a total sample size of 60 participants would
provide a power of 92% (actual power, 0.9217; critical F,
1.671; noncentrality parameter, 3.098) to detect a significant
difference with an effect size of 0.8 at a significance level of a
= 0.05. For the statistical analysis of the data obtained in the
study, SPSS software (Version 22, SPSS Inc., Chicago, IL, USA)
was used. In the evaluation of the study results, the Student’s
t-test, Mann-Whitney U test, Chi-square test, and Fisher’s Exact
test were used. Significance was considered to be p < 0.05.

Results

Study population

A total of 60 patients, 24 girls (39.9%) and 36 boys
(60.7%), were included in the study. The ECC group consisted
of 30 children, 11 girls (35.5%) and 19 boys (64.5%), with
a mean age of 5.03 = 0.7 years. The healthy control group
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Fragment | TABLE 1 Primary sequences used in PCR for streptococci.
Primer | Target Gene Primer Sequencing (5'-3") Length
(bp)
MKD-F GGCACCACAACATTGGGAAGCTCAGTT
S. mutans gtfD 433
MKD-R GGAATGGCCGCTAAGTCAACAGGAT
MKT-F |5 sobrinus GATGATTTGGTCTCAGGATCAATCCTC Age dmft dmfs
328 Group | Gender
MKT-R | 9tfT ACTGAGCCAGTAGTAGACTTGGCAACT (Average) | (Average) | (Average)
11 Girls
MKK-F ivari GTGTTGCCACATCTTCACTGCCTTCGG
S'tfsé"'va””s 544 ECC | (35.5%) 503: |777% |30 e
MKK-R |9 N CGTTGATGTGCTTGAAAGGGCACCATT (n=30) (19 boys | 0.7 36 : :
MKP-F | >- sanguinis GGATAGTGGCTCAGGGCAGCCAGTT (64.5%)
gtfP 313 13 girls
MKP-R GAACAGTTGCTGGACTTGCTTGTC 9
CF (43.3%) 4.98 +
MKR-F |s oralis gtfR | TCCCGGTCAGCAAACTCCAGCC o (n=30) | 17 boys 0.7 . -
MKR-R GCAACCTTTGGATTTGCAAC (56.7%)
MKG-F |5 gordonii CTATGCGGATGATGCTAATCAAGTG 440 CF: Caries-Free ECC: Early Childhood Caries
MKG-R | 9tfG GGAGTCGCTATAATCTTGTCAGAAA TABLE 2 Demographic values of study participants.

included 30 children, 13 girls (43.3%) and 17 boys (56.7%),
with a mean age of 4.9 + 0.7 years. Dmft and dmfs values of
the children in the ECC group were found on average to be
7.77 £ 3.6 and 23.77 = 16.8, respectively (Table 2).

Bacterial flora

S. mutans was observed in all children in both the ECC and
control groups (p > 0.05) (Fig. 2). The prevalence of S. sobrinus
in the ECC group (20%) was higher than in the CF group
(6.7%). This did not, however, reach statistical significance
(p > 0.05). The prevalence of S. salivarius in the ECC group
(50%) was not statistically different compared to the CF group
(36.7%) (p > 0.05). The prevalence of S. sanguinis in the ECC
group (60%) did not reach statistical significance compared
to group CF (40%) (p > 0.05). The prevalence of S. oralis in
the ECC group (56.7%) was significantly higher compared
to group CF (26.7%) (p < 0.05). There was no statistically
significant difference between the prevalence of S. gordonii
in the ECC group (36.7%) compared to group CF (26.3%) (p
> 0.05) (Fig. 1). The numbers of streptococci colonies were
found to be higher in group ECC (9.64 + 1.17 x 105) than in
group CF (3.69 + 3.36 x 105) (Fig. 2).

Prevalence
150
Bsicc o
100 ‘*‘
50 I
0 | I I L
S.mutans  S.sobrinus  S.salivarius  S.sanguinis  S.oralis S. gordonii
Bacteria

FIG. 1 The prevalence of bacteria between groups. The only significant
differences in the prevalence of streptococci were detected for S. oralis
between groups * p < 0.05.
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A positive correlation was detected for the prevalence of
S. sobrinus and S. mutans (100%). In addition, S. sobrinus
was not isolated alone from any of the participants. No other
statistically significant correlation existed between S. sobrinus
and other bacteria in both groups (p > 0.05) (Table 3).

Discussion

S-ECC is an increasing global public health problem that
requires complex treatment procedures and causes high
costs [Xiao et al., 2018]. Prevention of S-ECC was suggested
to correlate positively with increased understanding of its
etiopathogenesis involving cariogenic bacteria [Xiao et al.,
2018]. MS was reported to be involved with this caries process.
In particular, S. mutans and S. sobrinus were suggested to
play a major role in the cariogenic process [Ajdic et al., 2002].
However, some research found that S. mutans may not be
detected in all ECC patients and may exist in CF children. In
addition, other streptococci may be involved with this process
[Jiang et al., 2016]. Therefore, understanding the role of other
oral streptococci in S-ECC, as well as their interaction with
MS, may be significant for decreasing caries risk. In this study,
the numbers of streptococci colonies were found to be higher
in group ECC than in group CF (Fig. 2). It is consistent with
previous studies reporting higher rates of MS in children with
ECC [Ghasempour et al., 2013].

With the development of molecular-based PCR methods,
specific bacteria were reported to be detected more precisely
than conventional culture techniques. These novel methods
were also used for ECC risk assessment in children [Saraithong
et al., 2015]. Thus, in the current study, the saliva of children
with ECC or CF was analysed for well-known bacteria in
the streptococcus family using PCR analysis. Between the
evaluated streptococci, only the prevalence of S. oralis was
significantly higher in group ECC compared to group CF (p <
0.05). However, the prevalence of S. mutans, S. salivarius, S.
sanguinis, S. gordonii, and S. sobrinus were similar between
groups (p > 0.05). Our results confirmed the notion that MS
alone may not be the only indicator for caries risk. However,
S. oralis may be a risk factor for high caries risk in Turkish
children with S-ECC. In addition, traditional culture methods
used in the current study confirmed the literature [Ge et
al., 2008] that the amount of streptococci colonies was
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significantly higher in group S-ECC compared to group CF
(p < 0.05).

Previously, the aetiology of caries was not fully identified
due to limited knowledge of the oral microbiome [Corby
et al, 2005]. The previously used conventional cloning
and sequencing techniques were found to detect only the
predominant bacteria within a complex habitat [Ling et
al., 2010]. However, with the development of sequencing
techniques, many different microbial species in complex
biological samples, including dental plague, were identified
easily [Buermans and den Dunnen, 2014]. Therefore,
with the aid of these methods, knowledge concerning
caries development through bacterial interactions may be
understood in detail. The 16S rRNA sequence comparisons
can be used to identify oral mutans streptococci; however,
the identification by sequencing is sometimes difficult in
large-scale studies and for small laboratories. Therefore, 16S
rRNA genes PCR-RFLP, using Haelll, could be an alternative
method for the identification of mutans streptococci, and may
be applicable for large-scale studies on the cariogenicity of
mutans streptococci [Sato et al., 2003]. Also, it was concluded
that the 16S rRNA gene offered greatest sensitivity for MS
detection. Consequently, it is widely used to identify MS and
many other bacterial pathogens.[Spradbery, 2010].

Studies evaluating the prevalence of S. mutans in the saliva
of caries-active (CA) and CF children reported controversial
results. Some of them [Luo et al., 2012; Shimada et al., 2015]
stated that they did not detect S. mutans in CF children but
others [Ge et al.,, 2008; Jiang et al., 2016; Ma et al., 2015]
reported that they did isolate S. mutans in the saliva of both
CA and CF children. Our results showed that S. mutans was
isolated in all of the children in both the ECC group (100%)
and the CF group (100%). This confirmed research that also
detected S. mutans in CF children [Ge et al., 2008; Jiang et
al., 2016; Ma et al., 2015]. S. sobrinus, also a member of MS,
was found to be involved with S-ECC [Palmer et al., 2010] and
was isolated in the saliva of children with caries. A synergistic
effect was suggested between S. mutans and S. sobrinus on
the exacerbation of ECC [Choi et al.,, 2009]. Furthermore, S.
sobrinus was suggested to have more cariogenic potential
than S. mutans [de Soet et al., 2000]. In our study, although
all ECC patients were found to be infected with S mutans, S.
sobrinus was isolated in only 6 of 30 children in group ECC
and in 2 CF children. The low prevalence of S. sobrinus in
our study was confirmed by Zhou et al. [2011]. They reported
that the prevalence of S. sobrinus may be lower in the saliva
of children aged 3-4 years but may increase with age. Similar
to Zhou et al. our study population also consisted of children
2-6 years of age. Thus, the prevalence of S. sobrinus may
increase with age. Qin et al. [Qin et al., 2013]detected a higher
prevalence of S. sobrinus in the saliva of children with S-ECC

15 FIG. 2 Amount of
kd streptococci colonies
l between groups
Amount of MS

colonies were
significantly higher
in the S-ECC group
5 compared to the CF
group. * p < 0.05
Data are shown as
mean and standard
0 deviation.

ECC CF

Mean log,, value

Groups

(18.39%) compared to CF children aged 3-5 years (3.30%).
This difference may be associated with the differing ethnic
populations between our study and the study by Qin et al.
Colombo et al. [2017] found a significantly higher prevalence
in the saliva of children for S. sobrinus with S-ECC compared
to CF children aged 3-6 years (p < 0.05). In their study, the
prevalence of S. mutans was also reported to be significantly
higher in the saliva of ECC children compared to CF controls
(p < 0.05). The difference between Colombo et al. [2017] and
our study may be involved with the different populations or
oral environmental status, as we did not find a difference for S.
mutans prevalence between groups. This may be responsible
for the controversial results. Ge et al. [2008] found a significant
prevalence for S. mutans but similar prevalence for S. sobrinus
in the saliva of S-ECC children compared to CF controls aged
2-9 years. They explained this result by their wide age range
and small sample size of 22 children. Ghasempour et al. [2013]
also detected a significantly higher prevalence for S. mutans ,
but no difference for S. sobrinus, in the saliva of S-ECC children
compared to CF controls. Loyola-Rodriguez et al. [2008] found
a significantly higher prevalence both for S. mutans and S.
sobrinus in the saliva of CA children compared to CF controls.
In addition, no correlation was found between S. sobrinus and
other bacteria in our groups. The controversial findings may be
explained by our nutritional habits and the population of other
studies that may affect the oral flora. S. oralis was suggested to
be involved with ECC in children, and the prevalence of S. oralis
was found to be higher in the dental plaque of children with
ECC compared to CF children [Becker et al., 2002]. Similar to
this finding, in our study, the prevalence of S. oralis in the saliva
of the ECC group (56.7%) was significantly higher compared
to the CF group (26.7%) (p < 0.05). However, Ma et al. [2015]
evaluated the saliva of children with S-ECC or CF between 3
and 4 years of age and reported that S. oralis was isolated in all

Total n (%) ECCn (%) CF n (%) p
- Positive 4 (%50) 3 (%50) 1 (%50)
Sob+sanguinis | \ooative | 4 (%50) 3 (%50) 1(%50) 0.786
Sob+mutans Positive 8 (%100) 6 (%100) 2 (%100) )
Negative 0 (%0) 0 (%0) 0 (%0)
o Positive | 7 (%87.5) 5(%83.3) 2 (%100)
sob+salivarius |\ oative | 1(%12.5) 1(%16.7) 0 (%0) 0.750
. Positive 5(%62.5) 4 (%66.6) 1 (%50) .
Sob+oralis . 0.643 TABLE 3 Correlation
Negative 3(37.5) 2 (%33.3) 1 (%50) X .
of S. sobrinus with
Sob+gordoni | Fositive | 3 (%60) 3 (%50) 0(%0) 0357 other bacteria.
9 Negative | 2 (%40) 3 (%50) 2 (%100) '
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children in the CF group (100%). It was not, however, detected
in all participants of the ECC group. The different results may
be explained by the different dmfs scores of the ECC group
between our study (23.77 £ 16.8) and Ma et al. (11.1 = 5.6).
Shimada et al. [2015] also reported no difference for S. oralis
prevalence in the saliva of ECC children (3.6%) compared to CF
children (5.6%). Although the dmft scores of our study (7.77 =
3.6) and Ma et al. (7.0 + 30.7) were similar, this difference for
S. oralis prevalence may originate from the nutritional habits of
the two different populations, namely Turkish and Japanese.
Thus, it may be suggested that S. oralis was involved with
S-ECC in Turkish children. S. gordonii was reported to have
the capacity to inhibit S. mutans [Kreth et al., 2009]. Previously,
Xiao et al. [2018] evaluated the prevalence of S. gordonii in
the unstimulated saliva of 39 children with S-ECC or CF aged
3-6 years and reported no difference between the ECC and
CF groups (p > 0.05). Similar to their findings [Kreth et al.,
2009], we also did not find any difference for the prevalence
of S. gordonii in the saliva of group ECC (36.7%) compared
to group CF (23.3%) (p > 0.05). S. sanguinis was suggested
to be involved with oral health-related conditions [Becker et
al., 2002; Corby et al., 2005] and it had an inverse relationship
with S. mutans for ECC [Kreth et al., 2009]. In addition,
earlier colonisation of S. sanguinis compared to S. mutans in
children was reported to cause a delay in infection with S.
mutans, thus causing a delay in detecting caries [Caufield et
al., 2000]. Jiang et al. [ 2016] and Ge et al. [2008] reported
that the prevalence of S. sanguinis was similar in the saliva of
CA children compared to CF children. Also, the prevalence of
S. mutans was significantly higher in the CA group compared
to the CF group. Similar to previous studies [Ge et al., 2008;
Jiang et al., 2016; Ma et al., 2015], in our study the prevalence
of S sanguinis in the ECC group (63.3%) was not statistically
significantly different compared to the CF group (43.3%)
in saliva (p > 0.05). However, contrary to their findings, the
prevalence of S. mutans was similar between the groups in
our study. S. salivarius was suggested to be involved with CF
children and found to have a low cariogenicity [Corby et al.,
2005]. However, its interactions were stated to be significant
for the establishment of pathogenic plague [Martinez-
Martinez et al., 2012]. Ma et al. [2015] evaluated the saliva
of children with S-ECC or CF aged 3-4 years and reported
that S. salivarius was isolated in all children in the CF group
(100%). It was not, however, detected in all participants of
the ECC group. Martinez-Martinez et al. [2012], Shimada et al.
[2015], and Xiao et al. [2018] did not find any differences for S.
salivarius prevalence in the saliva of S-ECC children compared
to CF children (p > 0.05). Similar to the literature, [Martinez-
Martinez et al., 2012; Shimada et al., 2015; Xiao et al., 2018]
in our study, the prevalence of S. salivarius was not statistically
significant in the saliva of the ECC group (50%) compared to
the CF group (36.7%) (p > 0.05).

Conclusion

Our study confirmed that no single bacteria, such as S.
mutans, might be responsible for ECC. However, S. oralis may
be an indicator of S-ECC in the saliva of Turkish children.

Acknowledgement

The authors have no conflicts of interest to declare. This
study was supported by Mustafa Kemal University Research
Fund Grant MKU-BAP #16463.

EurOPEAN JOURNAL OF PAEDIATRIC DENTISTRY voL. 21/1-2020

References

Ajdic D, McShan WM, McLaughlin RE, Savic G, Chang J, Carson MB, Primeaux C, Tian R, Kenton
S, JiaH, LinS, Qian Y, Li'S, Zhu H, Najar F, Lai H, Whife J, Roe BA, Ferretti JJ. Genome sequence of
3treptococcus mutans UA159, a cariogenic dental pathogen. Proc Natl Acad Sci U S A 2002;99:14434-

Bagramian RA, Garcia-Godoy F, Volpe AR. The global increase n dental caries. A pending public health
crisis. Am J Dent 2009;22:3-8.

Becker MR, Paster BJ, Leys EJ, Moeschberger ML, Kenyon SG, Galvin JL, Boches SK, Dewhirst FE,
Griffen AL. Molecular analysis of bacterial species associated with childhood caries. J Clin Microbiol
2002;40:1001-9.

Bhoopathi P, Patil PU, Kamath, V, Gopal D, Kumar S, Kulkarni G. Caries Detection with ICDAS and the
WHO Criteria: A Comparitive Study. J Clin Diagnostic Res 2017;11: ZC09-2C12.

Buermans HP, den Dunnen JT. Next generation sequencing technology: Advances and applications.
Biochim Biophys Acta 2014;1842:1932-41.

Caufield PW, Dasana;{ake AP, Li'Y, Pan Y, Hsu J, Hardin JM. Natural history of Streptococcus sanguinis
in the oral cavity of infants: evidence for a discrete window of infectivity. Infect Immun 2000;68:4018-

Choi EJ, Lee SH, Kim YJ. Quantitative real-time polymerase chain reaction for Streptococcus mutans
and Streptococcus sobrinus in dental plague samples and its association with early childhood caries.
Int J Paediatr Dent 2009;19:141-7.

Colak H, Dulgergil CT, Dalli M, Hamidi MM. Early childhood caries update: A review of causes,
diagnoses, and treatments. J Nat Sci Biol Med 2013;4:29-38.

Colombo NH, Kreling PF, Ribas LFF, Pereira JA, Kressirer CA, Klein MI, Tanner ACR, Dugue C
Quantitative assessment of salivary oral bacteria according to the severity of dental caries in childhood.
Arch Oral Biol 2017;83:282-8.

Corby PM, Lyons-Weiler J, Bretz WA, Hart TC, Aas JA, Boumenna T, Goss J, Corby AL, Junior HM,
\é\leyant RJ, Paster BJ. Microbial risk indicators of early childhood caries. J Clin Microbiol 2005;43:5753-

de Soet JJ, Ngvad B, Kilian M. Strain-related acid production by oral streptococci. Caries Res
2000;34:486-90.
Fakhruddin KS, Ngo HC, Samaranayake LP. Cariogl;en'\c microbiome and microbiota of the early primary
dentition: A contemporary overview. Oral Dis 2018.
Ge Y, Caufield PW, Fisch GS, Li Y. Streptococcus mutans and Streptococcus sanguinis colonization
correlated with caries experience in children. Caries Res 2008;42:444-8.
Ghasempour M, Rajabnia R, Irannejad A, Hamzeh M, Ferdosi E, Bagheri M. Frequency, biofilm
formation and acid susceptibility of streptococcus mutans and streptococcus sobrinus in saliva of
E‘reschool children with different levels of caries activity. Dent Res J (Isfahan) 2013;10:440-5.

oshino T, Kawaguchi M, Shimizu N, Hoshino N, Qoshima T, Fujiwara T. PCR detection and
identification of oral streptococci in saliva samples using gtf genes. Diagn Microbiol Infect Dis
2004;48:195-9.
Jiang S, Gao X, Jin L, Lo EC. Salivary Microbiome Diversity in Caries-Free and Caries-Affected Children.
Int S Mol Sci 2016:17.
EBeBth J, Merritt J, Qi F. Bacterial and host interactions of oral streptococci. DNA Cell Biol 2009;28:397-

|1<usri'a1mitsu HK, Wang BY. Virulence properties of cariogenic bacteria. BMC Oral Health 2006;6 Suppl

Lindquist B, Emilson CG. Distribution and prevalence of mutans streptococci in the human dentition.

J Dent Res 1990;69:1160-6.

LingZ, Kong J, Jia P, Wei C, Wang Y, PanZ, Huang W, Li L, Chen H, Xiang C. Analysis of oral microbiota

i(;oc ildren with dental caries by PCR-DGGE and barcoded pyrosequencing. Microb Ecol 2010;60:677-

Loyola-Rodriguez JP, Martinez-Martinez RE, FIores-Ferrgyra BI, Patino-Marin N, Alpuche-Solis AG,

Reyes-Macias JF. Distribution of Streptococcus mutans and Streptococcus sobrinus in saliva of Mexican

Breschool caries-free and caries-active children by microbial and molecular (PCR) assays. J Clin Pediatr
ent 2008;32:121-6.

Luo AH, Yang DQ, Xin BC, Paster BJ, Qin J. Microbial profiles in saliva from children with and without

caries in mixed dentition. Oral Dis 2012;18:595-601.

Ma C, Chen F, Zhang Y, Sun X, Tong P, Si Y, Zheng S. Comparison of oral microbial profiles between

children with severe early childhood caries and caries-free children using the human oral microbe

identification microarray. PLoS One 2015;10:¢0122075.

Martinez-Martinez RE, Fujiwara T, Patino-Marin N, Hoshino T, Wilson M, Loro\a-Rodriguez JP.

Comparison of oral streptococci hiofilm in caries-free and caries-affected preschool Mexican children.

Acta Odontol Latinoam 2012:25:27-32.

Meri? E, BOI%IUI, B. Erken Cocukluk Ca 1 Ciiriikleri. Tirkiye Klinikleri 2018:13-21.

Nurelhuda NM, Al-Haroni M, Trovik TA, Bakken V. Caries experience and quantification of

Streptococcus mutans and Streptococcus sobrinus in saliva of Sudanese schoolchildren. Caries Res

2010;44:402-7.

Palmer CA, Kent R, Jr,, Loo CY, Hughes CV, Stutius E, Pradhan N, Dahlan M, Kanasi E, Arevalo

Vasquez SS, Tanner AC. Diet and caries-associated bacteria in severe early childhood caries. J Dent

Res 2010;89:1224-9.

Petersen FC, Assev S, van der Mei HC, Busscher HJ, Scheie AA. Functional variation of the antigen I/Il

surface protein in Streptococcus mutans and Streptococcus intermedius. Infect Immun 2002,70:249-56.

Policy on Early Childhood Caries (ECC): Classifications, Consequences, and Preventive Strategies.

Pediatr Dent 2016;38:52-4.

Qin XR, Zhou Q, Qin M. Genotypic diversity and virulence traits of streptocaccus sobrinus isolated from

caries-free children and children suffering severe early childhood caries. Chin ) Dent Res 2013;16:63-9.

Saraithong P, Pattanaporn K, Chen Z, Khongkhunthian S, Laohapensang P, Chhun N, Pattanaporn W,

Gaw HY, LiY. Stre;%tococcus mutans and Streptococcus sobrinus colonization and caries experience in

3- and 5-year-old Thai children. Clin Oral Investig 2015;19:1955-64.

Sato T, Hu JP, Ohki K, Yamaura M, Washio J, Matsuyama J, Takahashi N. Identification of mutans

streptococci by restriction fragment Ienﬁth polymorphism analysis of po|6ymerase chain reaction-

amplified 165 ribosomal RNA genes. Oral Microbiol Inmunol 2003;18:323-6.

Shimada A, Noda M, Matoba Y, Kumagai T, Kozai K, Sugiyama M. Oral lactic acid bacteria related to

the occurrence and/or progression of dental caries in Japanese preschool children. Biosci Microbiota

Food Health 2015;34:29-36.

Spradbery P. Restriction fragment length polymorphisms of mutans streptococci in- forensic

odontological analysis. Biosci Horizons 2010;3:166-78.

Xiao J, Grier A, Faustoferri RC, Alzoubi S, Gill AL, Feng C, Liu Y, Quivey RG, Kopycka-Kedzierawski DT,

Koo H, Gill SR. Association between Oral Candida and Bacteriome in Children with Severe ECC. J Dent

Res 2018:22034518790941.

Xu H, Hao W, Zhou Q, Wang W, Xia Z, Liu C, Chen X, Qin M, Chen F. Plaque bacterial microbiome

diversity in children younger than 30 months with or without caries prior to eruption of second primary

molars. PLoS One 2014;9:289269.

ZhouQ, Qin X, Qin M, Ge L. Genotypic diversity of Streptococcus mutans and Streptococcus sobrinus in

3-4-year-old children with severe caries or without caries. Int J Paediatr Dent 2011;21:422-31.

17



