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bands of the 12-month caries group were significantly lower 
than that of the caries-free group although the children of 
the 12-month caries group were caries-free at that time. 
 Conclusions:  For young Chinese children, the high frequen-
cy of eating sweets and eating sweets before sleeping are 
risk factors of caries onset, and the decrease in microbial rich-
ness could occur 6 months before the onset of caries. 

 © 2015 S. Karger AG, Basel 

 As a multifactorial disease, physical, biological, envi-
ronmental, behavioral and lifestyle-related factors may 
contribute to caries initiation and development [Selwitz et 
al., 2007; Zhou et al., 2011]. Among these, cariogenic den-
tal plaque is the etiologic agent of caries [Filoche et al., 
2010; Kanasi et al., 2010a]. Mutans streptococci (mainly 
 Streptococcus mutans  and  Streptococcus sobrinus ) are the 
most frequently isolated microbial group from human car-
iogenic dental plaque, which is involved in caries onset and 
development [van Houte et al., 1994]. However, studies 
indicate that dental caries is caused by potentially patho-
genic microbial communities rather than a single patho-
gen [Jenkinson and Lamont, 2005; Kuramitsu et al., 2007].

  The formation of dental plaque in a healthy individual as 
a result of an ordered pattern of colonization by a range of 
bacteria forms the basis of the ecological plaque hypothesis 
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 Abstract 

  Objective:  To detect changes in the microbial richness of 
dental plaque and oral behaviors during caries development 
in young Chinese children.  Methods:  Supragingival plaque 
samples and a survey of oral behaviors of 130 children aged 
3 at baseline were analyzed at 6 months and 12 months. To-
tal DNA was isolated from all samples and PCR-denaturing 
gradient gel electrophoresis analysis was conducted.  Re-

sults:  In the follow-up, 44 children had caries or cavity fillings 
at 6 months, a further 28 children had caries or cavity fillings 
at 12 months. The other 58 children remained caries-free at 
12 months. According to the changes in caries status at the 
12-month follow-up, all participants were divided into 
three groups: caries-free, caries at 6 months and caries at 12 
months. The changes in oral behaviors during the 12-month 
follow-up were not significantly different in the three groups. 
The frequency of eating sweets and eating sweets before 
sleeping was significantly different among the three groups 
at baseline. At baseline, the average detectable bands of car-
ies in the 12-month caries group were similar to those of the 
caries-free group; both of them were higher than that of the 
6-month caries group. At 6 months, the average detectable 
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[Marsh, 2003]. The composition of the resident microflora 
remains relatively stable over time following the establish-
ment of a dynamic balance [Marsh, 2003]. However, loss of 
this balance can result in the outgrowth of pathogenic bac-
teria. For example, an increased prevalence of acidogenic 
and aciduric bacteria, which rapidly metabolize dietary 
sugars to acid, leads to a reduction in pH and demineraliza-
tion of the enamel [Kuramitsu et al., 2007]. Therefore, a 
study of the pathogenic theory from a microbial commu-
nity perspective is required to more fully elucidate the role 
of bacteria in the initiation and development of caries.

  Microbial factors are essential but not adequate for de-
veloping clinical disease, which is aggravated by dietary 
factors [Kanasi et al., 2010b]. Diet also contributes to caries 
development [Palmer et al., 2010]. Dietary factors includ-
ing a high frequency of consuming sugary snacks or bever-
ages [Thitasomakul et al., 2009; Warren et al., 2008], poor 
dietary habits [Palmer et al., 2010], irregular feeding prac-
tices [Feldens et al., 2010b; Arora et al., 2011], nutritional 
problems [Feldens et al., 2010a], and undesirable oral hy-
giene [Hashim et al., 2013] were found to be relevant to 
caries in children. The above-mentioned studies have 
identified a number of dietary risk factors associated with 
caries. Whether caries-free children with such dietary risk 
factors would develop caries in the future is not known yet.

  Cultivation-independent molecular methods, based 
mainly on 16S rDNA sequences, are now available for the 
detection of uncultivable bacteria in the oral cavity [Led-
der et al., 2007; Jiang et al., 2011; Jiang et al., 2013]. Among 
them, polymerase chain reaction (PCR)-denaturing gra-
dient gel electrophoresis (DGGE) has been used to iden-
tify bacterial richness profiles associated with oral disease 
status [Rasiah et al., 2005; Siqueira et al., 2008; Jiang et al., 
2011]. This technique allows the simultaneous analysis of 
multiple samples and provides genomic profiles of mi-
crobial communities as well as the possibility of identify-
ing community members on the basis of sequencing of 
excised bands [Li et al., 2007]. Using PCR-based 16S 
rRNA gene DGGE, Li et al. [2005] demonstrated reduced 
dental plaque bacterial richness and complexity in chil-
dren suffering from severe caries compared with their 
caries-free counterparts. However, most current investi-
gations are cross-sectional, with longitudinal studies of 
the dynamic microbial changes before and after the onset 
of caries being rarely reported.

  The purpose of this study was to detect changes in den-
tal plaque microbial community profiles and oral behav-
ioral habits during the transition from a caries-free to a 
caries state using PCR-DGGE in 3-year-old caries-free 
children followed up for 12 months.

  Subjects and Methods 

 Subjects 
 A total of 230 children aged 3 years from six urban kindergar-

tens located within a 10-km radius in the Haidian district of 
 Beijing, China, underwent routine oral examination in March 
2011. Any subject who met the following criteria was included in 
the study: caries-free; intact primary dentition; teeth without 
enamel hypoplasia or dentin hypoplasia or white spots; without 
systemic disease; no use of antibiotics or topical fluoride applica-
tion in the previous 3 months. One hundred and forty-four of the 
230 children were recruited for this study, all of whom were fol-
lowed up for 12 months. Written informed consent was obtained 
from the parents or guardians of all the participants prior to enroll-
ment. The study design, protocol, and informed consent details 
were approved by the Ethics Committee of Peking University 
Health Science Center (IRB00001052-5132).

  Experimental Design 
 Full-mouth supragingival plaque samples and surveys of chil-

dren’s oral behavioral habits were collected from all participants 
and their parents or guardians, respectively, after caries examina-
tions in the same location at baseline, 6 and 12 months. The ques-
tionnaire was verified for the clarity of the questions in the previ-
ous study [Qin et al., 2008]. If children were found to be suffering 
from caries during the follow-up, their parents were recommend-
ed to take them to a dental clinic. According to the potential chang-
es of caries status at the 12-month follow-up, all the participants 
were divided into three groups: caries-free group (caries-free chil-
dren at the 12-month follow-up), 6-month caries group (children 
who were found with caries or cavity fillings at the 6-month re-
view) and 12-month caries group (children who were caries-free 
at 6 months but found with caries or cavity fillings at 12 months).

  Clinical Examination and Sampling 
 Both baseline and follow-up dental examinations were con-

ducted by two pediatric dentists (in the knee-to-knee position with 
respect to the patient) in a medical examination room of the kin-
dergarten. Caries status and the decayed (cavitated), missing, or 
filled teeth (dmft) index was scored according to the modified 
World Health Organization [1997] caries diagnostic criteria. At 
baseline, the children with white spots on their teeth were exclud-
ed from the study while white spots were coded as caries during 
follow-up appointments. No radiographs were taken. Consistency 
in examination and caries diagnosis was ensured by the provision 
of training for dental examiners prior to the initiation of the study. 
The κ value for intraexaminer agreement in the diagnosis of caries 
was 0.834.

  All participants were instructed to refrain from cleaning their 
teeth for 12 h and to avoid food and drink for 2 h before sample 
collection. The plaque samples were collected between 9 and 
11 a.m. The teeth were gently air-dried, and a pooled plaque sam-
ple was collected from all smooth surfaces using a sterile dental 
excavator. The plaque sample was pooled in a sterile 1.5-ml centri-
fuge tube containing 50 μl TE (50 m M  Tris-HCl, 1 m M  EDTA; 
pH 8). Samples were immediately shipped on dry ice to the micro-
biology laboratory at Peking University School of Stomatology 
within 60 min. On receipt, all samples were washed in 1 ml TE 
buffer twice, centrifuged, and the precipitates were stored at –80   °   C 
prior to further processing.
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  DNA Extraction 
 Bacterial samples were thawed at 4   °   C and total genomic DNA 

was isolated using the Wizard Genome DNA Purification Kit (Pro-
mega, Madison, Wisc., USA). DNA products were evaluated by 
electrophoresis in 0.5% agarose gels run at 100 V for 30 min, and 
the DNA sizes (23 kb) were confirmed according to a molecular 
size standard. DNA quality and quantity were measured with an 
ultraviolet spectrophotometer at 260 and 280 nm (DU ®  640, Beck-
man Instruments, Inc., Fullerton, Calif., USA). All DNA was 
stored at –20   °   C before further analysis.

  PCR Amplification 
 The concentration of each DNA sample was adjusted to 10 ng/

μl for PCR amplification. PCR was performed using the Gene Amp 
PCR System 9700 (PE Applied Biosystems, Foster, Calif., USA). 
The V2–V3 region of the 16S ribosomal DNA was amplified using 
universal bacterial primers HDA1-GC (5 ′ -GC CGC CCG GGG 
CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG GAC 
TCC TAC GGG AGG CAG CAG T-3 ′ ) and HDA2 (5 ′ -GTA TTA 
CCG CGG CTG CTG GCA C-3 ′ ) as employed by Rasiah et al. 
[2005]. It was used to generate an approximately 240-bp amplicon. 
PCRs were carried out in a total volume of 25 μl containing 2.5 μl 
template, 12.5 μl Gotap TM  Colourless Master Mix (Promega), 1 μl 
of each primer (10 μmol/l), and 8 μl of nuclease-free water (Pro-
mega). The PCR conditions were as follows: initial denaturation at 
95   °   C for 5 min and 28 cycles consisting of 30 s at 94   °   C, 30 s at 
57   °   C, and 30 s at 72   °   C, plus an additional cycle of 10 min at 72   °   C 
for chain elongation. The PCR products were evaluated by agarose 
gel (1%) electrophoresis run at 100 V for 30 min. By applying a 
molecular size standard, the sizes of all amplicons were confirmed.

  DGGE Analysis 
 Samples of PCR-amplified products (10 μl) were loaded onto 

the DGGE gel and separated using the Bio-Rad Dcode TM  System 
(Hercules, Calif., USA). A 30–60% linear DNA denaturing gradi-
ent (100% denaturant is equivalent to 7 mol/l of urea and 40% de-
monized formamide) was formed in 8% (w/v) polyacrylamide gels. 
The PCR products and one DGGE standard marker (Wako, Japan) 
were electrophoresed (60 V/60   °   C/16 h) in 1× Tris-acetate-EDTA 
buffer (pH = 8). Subsequently, the gels were rinsed with deionized 
water, fixed for 15 min in deionized water containing 10% ethanol 
and 0.5% glacial acetic acid. Then the gels were rinsed with deion-
ized water twice and stained for 15 min with deionized water con-
taining 0.5% silver nitrate and 200 μl formaldehyde. After the gels 
were rinsed with deionized water twice, they were kept in deion-
ized water containing 1.5% sodium hydroxide and 1.25 ml form-
aldehyde for 5–8 min till the bands appeared. DGGE images were 
then digitally captured with an imaging system (Vilber Fusion Fx5, 
France).

  DGGE images were normalized according to the DGGE refer-
ence markers and analyzed using Quantity One 4.62 (Bio-Rad). 
The gel background was subtracted by use of mathematical algo-
rithms according to the spectral analysis of overall densitometry 
curves. A minimal profiling setting (1.0%) was employed for the 
band search for all DGGE gels. The number of DGGE bands de-
tected per lane was determined. Cross-comparisons of multiple 
DGGE profiles were made by transferring the results to a micro-
bial database. The number of bands in each DGGE profile was 
considered to be an indicator of the richness of the dental plaque 
microbial community.

  Statistical Analyses 
 All statistical analyses were carried out with SPSS 13.0 software 

(SPSS Inc., Chicago, Ill., USA). Fisher’s exact test was employed to 
analyze the distribution of the socioeconomic and developmental 
characteristics and oral behavioral habits at baseline among the car-
ies-free group, the 6-month caries group and the 12-month caries 
group. The changes in oral behavioral habits at baseline, 6 months 
and 12 months in each group were also compared by Fisher’s exact 
test. Numbers of DGGE bands at baseline, 6 months and 12 months 
in each of the three groups were analyzed using repeated-measures 
ANOVA and post hoc Student-Newman-Keuls-q (S-N-K-q) test-
ing so that multiple comparison could be conducted. In order to 
determine if sphericity was violated, a Mauchly’s test was carried 
out. If sphericity was violated, a Geisser-Greenhouse correction 
was employed. The difference in the numbers of DGGE bands 
among the three groups at each time point was also compared using 
ANOVA analysis and post hoc S-N-K-q testing;   p values lower than 
0.05 were considered to indicate statistical significance.

  Results 

 General Characteristics of the Subjects 
 One hundred and thirty of 144 children who complet-

ed the 12-month review were included in our study; 44 
children were found to have caries or cavity fillings at 
6 months, a further 28 children were found to have caries 
or cavity fillings at 12 months. The occlusal surface of 
posterior teeth was found to be the most caries-suscepti-
ble site. The other 58 children remained caries-free at the 
12-month follow-up ( table 1 ). There was no tooth exac-
tion induced by caries. Five teeth in 3 children were miss-
ing owing to dental trauma.

  Questionnaire Survey 
 The changes in oral behavioral habits in the caries-free 

group, the 6-month caries group and the 12-month caries 
group at the 12-month follow-up were not significantly 

 Table 1.  Caries status of the 130 children at 6 and 12 months

Outcome variable (n = 130) 6 months 12 months

Children with caries and fillings, 
n (%) 44 (33.8) 72 (55.4)

dft (range) 3.4±0.5 (1–5) 4.1±1.6 (2–7)
dt (range) 2.5±0.2 (1–3) 3.2±0.9 (2–5)
dfs (range) 5.4±2.1 (3–8) 7.6±1.5 (5–10)
ds (range) 3.6±1.1 (2–5) 5.3±0.8 (4–7)

 dft  = Decayed and filled teeth; dt  = decayed teeth (including 
filled teeth with secondary caries); dfs = decayed and filled tooth 
surfaces; ds = decayed tooth surfaces (including filled tooth surface 
with secondary caries).
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different (online suppl. table, www.karger.com/doi/ 
10.1159/000366505). The distribution of oral behavioral 
habits among the caries-free group, the 6-month caries 
group and the 12-month caries group at baseline was then 
compared. The frequency of eating sweets and eating 
sweets before sleeping was significantly different among 
the three groups (p < 0.001). The children in the caries-
free group brushed their teeth more frequently than the 
children in the other two groups (p < 0.05). No significant 
difference was observed in the drinking habits and sleep-
ing with a pacifier (p > 0.05). Compared with 69.0% (40 
of 58) of children in the caries-free group who use fluo-
ride toothpaste, 34.1% (15 of 44) of children in the 
6-month caries group and 39.3% (11 of 28) of children in 
the 12-month caries group did not use fluoride toothpaste 
(p < 0.05). Children who had their teeth brushed by their 
parents accounted for a higher proportion in the caries-
free group than in the 6-month and 12-month caries 

groups (p < 0.05;  table 2 ). Besides, the distribution of gen-
der, socioeconomic background and developmental 
characteristics among the three groups at baseline was 
not significantly different ( table 3 ).

  DGGE Band Pattern 
 DGGE profiles were obtained from supragingival 

plaque samples at baseline, at 6-month and 12-month re-
views. Representative PCR-DGGE analysis images of the 
caries-free group, the 6-month caries group and the 
12-month caries group are shown in  figure 1 . The mean 
numbers of bands in the profiles, which represent micro-
bial richness of the three groups at baseline, 6 months and 
12 months, are shown in  figure 2 . The effect of time and 
caries status on the mean numbers of DGGE bands was 
evaluated by repeated-measures ANOVA analysis. The 
results showed a significant effect of time (F = 26.315, p < 
0.01), a nonsignificant effect of the grouping factor (F = 

 Table 2.  Comparison of oral behavior among the caries-free group, the 6-month caries group and the 12-month 
caries group at baseline

Variablea Caries-free 
group

6-month caries
group

12-month caries
group

Frequency of eating sweets**
≥2 times/day 18 (31.0) 26 (59.1) 15 (53.6)
<2 times/day 40 (69.0) 18 (40.9) 13 (46.4)

Frequency of eating sweets before sleeping**
≥3 times/week 19 (32.8) 25 (56.8) 16 (57.1)
<3 times/week 39 (67.2) 19 (43.2) 12 (42.9)

Frequency of toothbrushing*
≥1 time/day 17 (29.3) 27 (61.4) 14 (50.0)
<1 time/day 41 (70.7) 17 (38.6) 14 (50.0)

Sleep with a pacifier
Yes 32 (55.1) 25 (56.8) 16 (57.1)
No 26 (44.8) 19 (43.2) 12 (42.9)

Drinking habits
Water only 16 (27.6) 10 (22.7) 6 (21.4)
Mainly water 14 (24.1) 11 (25) 8 (28.6)
Mainly sugar-containing beverage 14 (24.1) 12 (27.2) 8 (28.6)
Sugar-containing beverage only 14 (24.1) 11 (25) 6 (21.4)

How to clean child’s mouth*
Parent(s) brush for the child 39 (67.2) 11 (25) 12 (42.8)
Brushing by the child 19 (32.8) 33 (75) 16 (57.1)
Rinse with only water 0 0 0
None 0 0 0

Use of fluoride toothpaste*
Yes 40 (69.0) 15 (34.1) 11 (39.3)
No 15 (25.9) 26 (59.1) 13 (46.4)
Not known 3 (5.2) 3 (6.8) 4 (14.3)

 Number and percent of children. * p < 0.05; ** p < 0.01. a By Fisher’s exact test for each variable.
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Caries-free group

BM T6m T12m T6m T12mB T6m T12mB

Caries 6-month group Caries 12-month group

  

Fig. 1.  Representative PCR-DGGE analysis 
images of the caries-free group, the 
6-month caries group and the 12-month 
caries group from baseline (B) to 6-month 
review (T6m) and 12-month review 
(T12m). A total of 130 sets (130 partici-
pants) of DGGE gel images were produced; 
one set of each group is included in the fig-
ure for illustration. 

 Table 3.  Comparison of the socioeconomic background and developmental characteristics of the caries-free 
group, the 6-month caries group and the 12-month caries group at baseline

Variablea Caries-free 
group

6-month caries
group

12-month caries
group

Gender
Male 29 (50.0) 21 (47.7) 13 (46.4)
Female 29 (50.0) 23 (52.3) 15 (53.6)

Mother’s schooling at child’s birth
≥12 years 41 (70.7) 31 (70.5) 20 (71.4)
<12 years 17 (29.3) 14 (29.5) 8 (28.6)

Mother’s occupation at child’s birth
Employer/professional 6 (10.3) 4 (9.1) 3 (10.7)
Employee/nonprofessional 52 (89.7) 40 (90.9) 25 (89.2)

Unemployed 0 0 0
Gestational age

≥37 weeks 56 (96.6) 42 (95.5) 27 (96.4)
<37 weeks 2 (3.4) 2 (4.6) 1 (3.6)

Mode of delivery
Vaginal 15 (25.9) 11 (25.0) 7 (25.0)
Cesarean section 43 (74.1) 33 (75.0) 21 (75.0)

Weight at birth
≥2,500 g 58 (100) 44 (100) 28 (100)
<2,500 g 0 0 0

 Number and percent of children. a By Fisher’s exact test for each variable; all comparisons not significant (p > 
0.05).
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0.843, p = 0.432) and the interaction of time and grouping 
(F = 4.246, p = 0.021). Further, we compared the mean 
numbers of detectable bands among the caries-free group, 
the 6-month caries group and the 12-month caries group 
from baseline, 6 months and 12 months (post hoc S-N-K-
q testing). At baseline, the mean numbers of detectable 
bands of caries in the 12-month caries group (41.9 ± 3.7 
bands) were similar to those in the caries-free group 
(42.9 ± 1.7 bands, p > 0.05). Both of them were higher 
than that in the 6-month caries group (40.8 ± 2.5 bands, 
p < 0.05). At 6 months, the mean numbers of detectable 
bands of the 12-month caries group (38.3 ± 3.4 bands) 
were significantly lower than that of the caries-free group 
(43.5 ± 1.4 bands), although the children of the 12-month 
caries group were caries-free at that time (p < 0.05).

  Then we compared the mean numbers of detectable 
bands at baseline, 6 months and 12 months in the caries-
free group, the 6-month caries group and the 12-month 
caries group (post hoc S-N-K-q testing). In the caries-free 
group, there was no significant difference in the mean 
numbers of detectable bands at baseline (42.9 ± 1.7 
bands), 6 months (43.5 ± 1.4 bands) and 12 months 
(43.8 ± 1.9 bands, p > 0.05). In the 6-month caries group, 
the mean numbers of detectable bands at the 6-month 
review (34.5 ± 3.4 bands) were lower than that at baseline 

(40.8 ± 2.5 bands). In the 12-month caries group, the 
mean numbers of detectable bands at the 6-month review 
(38.3 ± 3.4 bands) were significantly lower than that at 
baseline (41.9 ± 3.7 bands, p < 0.05), although this group 
was caries-free at 6 months.

  Discussion 

 Longitudinal studies of the composition of the oral mi-
croflora during caries development can provide valuable 
information about the etiology of caries. To gain a thorough 
understanding of caries initiation and development, the se-
lection of an appropriate study population is critical. Caries 
progression is often slow in adults, but rapid in children. In 
a survey of US preschool children, caries prevalence in-
creased with age: 19.6% of 3-year-old children were found 
to have tooth decay (dmft = 3.9) compared with 29.3% of 
5-year-old children (dmft = 5.7) [Phipps et al., 2012]. An 
epidemiological survey report covering multiple regions in 
China indicated that the incidence of caries was 25% or less 
in 3-year-old urban children, but that the level rose to 66% 
among 5-year-old children [Wang et al., 2002]. These data 
indicated that the incidence of caries suddenly reached a 
peak in children aged 3–5 years; therefore, we selected 
3-year-old caries-free children as our target population in 
this study. The epidemiological results of our study were 
similar to those for caries prevalence reported in children 
of the same age-group in Beijing [Wang et al., 2002].

  Tao et al. [2013] monitored the longitudinal changes 
in oral microbial richness of 12 children with severe early 
childhood caries compared with caries-free controls at 8, 
14, 20, 26 and 32 months of age and found that caries was 
accompanied by a decrease in microbial richness, but the 
decrease did not quite reach statistical significance. In our 
study, intragroup comparison of the mean numbers of 
bands at baseline, 6 months and 12 months revealed that 
the microbial richness noticeably decreased in the 
6-month caries group at baseline and in the 12-month 
caries group at the 6-month review ( fig. 2 ). The results 
imply that microbial richness may undergo change at 
least 6 months before the appearance of caries.

  Current understanding of caries development is encap-
sulated in the ecological plaque hypothesis [Marsh, 2003], 
which proposes that a shift in the balance of the resident 
plaque bacteria underlies the initiation and development 
of caries. When low populations of acidogenic and acidu-
ric bacterial species, previously in balance with the oral 
environment and other plaque species, increase following 
high-frequency carbohydrate exposure, then caries oc-

  Fig. 2.  Column view showing the mean number of detectable 
bands from the caries-free group, the 6-month caries group and 
the 12-month caries group at baseline, 6-month review and 
12-month review ( *  p < 0.05;  *  *  p < 0.01). 
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curs. As caries progresses, a direct result of that may be that 
a shrinking number of species cannot survive the harsh 
conditions, which leads to a reduction in bacterial com-
munity richness. This notion was supported by several 
studies. Gross et al. [2010] demonstrated an overall loss of 
community richness with caries progression in young per-
manent teeth with the species that were significantly de-
creased including the  Streptococcus mitis ,  pneumoniae  and 
 infantis  groups,  Corynebacterium matruchotii ,  Streptococ-
cus gordonii ,  Streptococcus cristatus ,  Capnocytophaga gin-
givalis , Eubacterium IR009,  Campylobacter rectus , and 
 Lachnospiraceae  sp. C1. The lower pH and greater demin-
eralization associated with caries may be the result of the 
loss of these species. The current study provides addition-
al support for the ecological plaque hypothesis about car-
ies, confirming a decline in the richness of dental plaque 
before caries onset. Our next step will focus on discovering 
the species which decrease or increase during the transi-
tion from a caries-free state to caries in young children.

  Qin et al. [2008] demonstrated that night feeding and 
excessive sugar intake were important contributors to the 
development of severe early childhood caries. Other stud-
ies suggested that sweets or beverage frequencies were in-
dependently associated with children with severe early 
childhood caries [Arcella et al., 2002; Marshall et al., 2005]. 
In Swedish 2- and 3-year-old children, eating at bedtime 
and during the night, in particular, was strongly corre-
lated with severe early childhood caries. Compared to 56% 
of the children with severe early childhood caries, most 
caries-free children reported no nighttime snacks or bev-
erages [Bankel et al., 2006]. In our study, for the caries-free 
group, the 6-month caries group and the 12-month caries 
group, respectively, there was no significant difference 
found in the oral behaviors from baseline to the 12-month 
review, which suggested that the eating habits and oral 
care behavior of these children in each group were rela-
tively stable over time. However, the oral behaviors such 
as frequency of eating sweets, eating sweets before sleep-
ing, toothbrushing, use of fluoride toothpaste and the 
method of mouth cleaning among the three groups at 
baseline were significantly different ( table 3 ). It is implied 
that children with improper eating and oral care habits 
were more likely to have caries at 6 or 12 months.

  DGGE band analysis provides a method for the deter-
mination of microbial richness in a microbial commu-
nity. Furthermore, DGGE analysis over time allows the 
investigation of shifts in the microbial composition at a 
population level. The present study proves that PCR- 
DGGE is a valuable tool for monitoring the dynamics of 
an oral microbial community with caries causation and 

development. However, this technique is limited for the 
analysis of complex communities [Ercolini, 2004] by the 
presence of minor bacterial populations in samples at a 
level below the limit of detection. More recently, high-
throughput bar-coded parallel 454 pyrosequencing anal-
ysis of bacterial richness in severe early childhood caries 
showed greater complexity in the bacterial phenotypes 
than was previously reported [Jiang et al., 2013]. Because 
of the large sample size in our study, broad-range primers 
were utilized for PCR-DGGE fingerprinting analysis of 
the changes in bacterial richness during the process of 
caries development; in this way, we were able to select 
representative or particular samples for future research.

  In summary, a significant variation in DGGE profiles 
was observed during the progression from the caries-free 
to the caries state. Most significantly, a decrease in bacte-
rial richness was detected at least 6 months before caries 
onset. Besides, children with improper eating and oral 
care habits were more likely to have caries at 6 months or 
12 months. This study provides a preliminarily confirma-
tion that reduced microbial richness is associated with 
caries onset. These data provide novel insights into the 
role of potentially pathogenic communities in the devel-
opment of caries and they represent the basis for further 
investigations into the design of more effective interven-
tions for this disease. Further research should take advan-
tage of PCR-DGGE combined with other techniques and 
it should pay attention to a specific group of bacteria of 
dental plaque during the caries process, which can put the 
etiology of caries into a broader context.
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