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A cohort study was conducted to evaluate oral microbial diversity among toddlers aged

12–24 months, and to describe the dynamic processes of colonization, development,

and stabilization of the oral microflora during tooth eruption using high-throughput

sequencing technology. A total of 20 healthy toddlers aged 12 months were included

at baseline and followed up through 18–24 months. Clinical oral examinations of dental

caries status and visible plaque index were carried out at three follow-up time points.

Pooled supragingival plaque biofilm samples were also collected at ages 12, 18, and

24 months. Plaque biofilm DNA was extracted and analyzed by MiSeq sequencing.

A total of 18 toddlers completed three follow-ups. At 12 months of age, all the

toddlers only had eruption of the anterior teeth, without dental caries. At ages 18

and 24 months, one and two toddlers showed two and three teeth with carious

white spots, respectively. Depth, Good’s coverage, and sample size of sequencing

were reasonable. The dominant bacterial genera in the oral cavity of 12-month-old

toddlers were Capnocytophaga, Neisseria, Streptococcus, Kingella, and Leptotrichia;

the oral microflora composition was relatively stable by 18 months of age and included

unclassified Enterobacteriaceae, Selenomonas, Prevotella, Leptotrichia, and Veillonella

as the dominant genera; unclassified Enterobacteriaceae, Streptococcus, Neisseria,

Leptotrichia, and Selenomonas were the dominant genera by 24 months. There were

significant differences among microbial compositions in the oral cavities of 12, 18, and

24-month-old toddlers, with relatively small differences observed between the 18 and 24

months samples. In conclusion, oral microbial community of toddlers showed a trend of

dynamic development. Significant differences in oral microbial diversity among toddlers

aged 12–24 months were observed, while the microbial diversity differences among

toddlers aged 18–24 months tended to be more similar. The findings indicated that the

oral microbial community gradually matures and tends to stabilize with the growth and

development of toddlers.
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INTRODUCTION

The oral ecosystem comprises a diverse group of bacteria that
have been selected over the course of evolutionary co-adaptation
between oral bacteria and the host. These include indigenous
oral microflora, supplemental oral microflora, and transient oral
microflora. The establishment of normal oral microflora and
their succession in children is closely related to age, eating
habits, and oral hygiene habits as well as the indigenous
oral microflora of their parents. Newborns are toothless and
develop deciduous teeth as they grow. This process includes the
establishment of deciduous dentition, a process during which
microflora in the oral cavity also undergo changes. Investigating
the characteristics of bacterial colonization during the process of
tooth eruption in toddlers will help to elucidate the conditions
under which microecological balance in the oral cavity may be
maintained. Understanding these events will contribute to the
prevention of dysbiosis-induced diseases such as early childhood
caries (ECC).

Studies on early colonization by oral bacteria date back to
1965, when McCarthy performed dynamic observations of the
indigenous bacterial flora in newborns and toddlers (McCarthy
et al., 1965). Since the 1970s, related research has focused on
the isolation, culture, and identification of Streptococcus species
in the oral cavity of toddlers (Carlsson et al., 1970; Whiley
et al., 1998). In the 1990s, improvements in bacterial culture
technology, particularly anaerobic culture technology, and the
application of molecular methods to bacterial studies, made
possible the gradual emergence of research on early colonization
of anaerobic bacteria in toddlers (Könönen et al., 1999). However,
most of these studies only focused on the dominant bacteria
in the oral cavity and the colonization characteristics of one or
several bacteria. Since 2000, an increasing number of researchers
have supported the “ecological plaque hypothesis”(Marsh,
1994)—that the microbiology of the oral microenvironment
should be viewed as a whole when interpreting biological
behavior. In light of this perspective, microbiome research
has become a research trend, in contrast to conventional
research methods focusing on single bacterial species. An overall
understanding of the diversity, distribution, and succession of
oral microflora in toddlers is moremeaningful from an ecological
standpoint.

To date, most of the studies on ECC are cross-sectional,
with very few cohort studies; moreover, they often begin after
the occurrence of ECC, and do not include a description of
oral microbial diversity in the early stages following tooth
eruption in toddlers; therefore, there is still insufficient
scientific research on the dynamic changes in oral microbial
diversity between deciduous tooth eruption and ECC
appearance.

Based on the “ecological plaque hypothesis,” this study aimed
to evaluate oral microbial diversity among toddlers aged 12–24
months and to describe the dynamic processes of colonization,
development, and stabilization of the oral microflora
during tooth eruption using high-throughput sequencing
technology.

MATERIALS AND METHODS

Study Participants
The study participants were 12-month-old toddlers. Between
October 2012 and March 2013, our research group enrolled
gestational women from three maternal and child care service
centers at county level in Shanghai to investigate oral health-
related quality of life during pregnancy (Lu et al., 2015).
The children that the women gave birth to were subjected to
follow-up starting from 12 to 24 months of age. Based on
our inclusion and exclusion criteria, a total of 20 toddlers
aged 12 months were included in this study. Specific inclusion
criteria were as follows: toddlers with good health without
genetic diseases and deformities, toddlers with tooth eruption,
toddlers who had not taken any antibiotics within 2 months,
and toddlers who had not received any oral treatment after
birth.

The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved
by the Ethics Committee of the Ninth People’s Hospital,
Shanghai Jiao Tong University prior to the implementation
of the study (Project identification code: 201410), and
written informed consent was obtained from parents of
toddlers.

Clinical Examination
Oral clinical examination of the toddlers was performed and
their dental caries and oral hygiene statuses were recorded.
Dental caries was classified as dental caries with cavity and early
caries. Dental caries with cavity was assessed according to World
Health Organization (WHO) recommendations (World Health
Organization, 2013), while clinical manifestations of early caries
included surfaces with opacities and discolorations when viewed
as wet.

Visible plaque index (VPI) was used to evaluate oral hygiene
status. VPI was scored as 0 or 1 corresponding to the absence
or the presence of bacterial plaque, respectively, on two surfaces
per tooth; the percentage of the surfaces with plaque was also
calculated, ranging between 0 and 100%.

We next collected dental plaque biofilms for extraction of
genomic DNA. Before sampling, the toddlers were subjected
to fasting for 2 h. Supragingival plaques were sampled from
all teeth presented in the oral cavity at ages 12, 18, and 24
months. Therefore, the same teeth were sampled from each of
the participants at three follow-ups depending on whether the
tooth is erupted or not. A sterile curettage was used to collect the
plaque sample. Pooled plaque samples were placed immediately
in a sterile Eppendorf tube containing 1ml of sodium thiosulfate
solution. The tubes were transferred in liquid nitrogen to a
laboratory for preservation at−80◦C.

Total genomic DNA of the ensemble samples of dental plaque
biofilm was extracted using the QIAGEN QIAamp DNA mini
kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. A Nanodrop 2000 ultra-micro spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA) was used to
assess DNA concentration and purity.
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PCR Amplification
PCR amplification of variable (V) regions (V4-V5) of 16S rDNA
was performed using universal primers (515F 5′- GTGCCAGCM
GCCGCGG-3′, 907R, 5′-CCGTCAATTCMTTTRAGTTT-3′).
The PCR reaction parameters were as follows: pre-denaturation
at 98◦C for 5min; 25 cycles of denaturation for 30 s at 98◦C,
annealing for 30 s at 50◦C, and extension for 30 s at 72◦C; a final
extension for 5min at 72◦C. The PCR product was detected by
2% agarose gel electrophoresis.

Bioinformatic Analysis
After the samples were successfully amplified, they were
subjected to 16S rDNA sequencing, with a sequencing depth of at
least 30,000 sequences per sample, on the Illumina Miseq PE300
sequencing platform (Illumina, San Diego, CA, USA). Valid
sequences were primarily obtained via collation and filtering of
the original sequence data.

With the QIIME software package, high-quality sequences
were clustered into operational taxonomic units (OTUs) at a
3% dissimilarity level, and the longest sequence in each OTU
was selected as the representative sequence. The taxonomic
information of each OTU representative sequence was obtained
from sequence databases using the BLAST method (Mount,
2007).

Rarefaction curves and sequencing depth index were used
to assess the depth of sequencing, species accumulation curves
were used to assess whether the sample size was sufficient,
and abundance distribution curves were used to determine the
microbial diversity of samples. The ACE index, Chao1 index, and
Simpson index were used to evaluate microbial Alpha diversity in
the samples.

Community composition analysis of the samples was
performed using the QIMME software package to statistically
compare OTU results with databases of community structure at
the phylum and genus levels for three time points. Analysis of
variance (ANOVA) with multiple comparisons was performed to
compare the dominant bacterial genera of the three groups of
samples and thereby assess differences in species abundance. Beta
diversity was evaluated by principal components analysis (PCA).
In this study, PCA was performed for taxonomic classification
and species abundance at the genus level, and the PCA plots were
generated using the R vegan package. Moreover, the abundance
information of the 50 genera with the highest abundance was
subjected to inter-species correlation analysis. This information
was also subjected to cluster analysis using R software, with the
results depicted in a heatmap as shown in Figure 6.

RESULTS

In this study, 20 toddlers aged 12 months were enrolled. One was
lost to follow-up at 18 months and one at 24 months, leaving a
total of 18 toddlers who completed all three follow-ups. At 12
months of age, all toddlers showed eruption of only deciduous
anterior teeth and no deciduous molar teeth. The mean number
of erupted teeth was 5.6 with a mean VPI of 0.11 ± 0.18. At
18 months of age, one toddler developed a white spot lesion on
two teeth. The toddlers had a mean of 11.2 erupted teeth with a

mean VPI of 0.19 ± 0.15. By 24 months of age, two toddlers had
developed a white spot lesion on three teeth, and they had a mean
of 15.6 erupted teeth with a mean VPI of 0.18 ± 0.12. Over the
course of three follow-ups, a total of 54 samples of supragingival
plaque biofilm were obtained.

Sequence Characteristics
Sequence data collation yielded 30,221,512 effective sequences
from the 54 DNA samples of supragingival plaque biofilms. After
screening and optimization, 17,330,301 high-quality sequences
were obtained, with a minimum of 31,276 high-quality sequences
in one sample and a mean of 45,982 sequences in each sample,
and were used for subsequent analysis.

Distribution of OTUs
OTU clustering and sequence annotation were performed
using the above-obtained sequences at a 3% dissimilarity level
(cutoff), and the resulting OTU tables were used for subsequent
bioinformatic analysis. The OTU distributions for toddlers at 12
months of age (M12), 18 months of age (M18), and 24 months
of age (M24) are shown in Figure 1. There were a total of 1202
OTUs for the three time points, with 558 in common between
M12 and M18, 1005 in common between M18 and M24, 593 in
common between M12 and M24, and 535 in common between
M12, M18, and M24.

Results of Species Abundance Analysis
Rarefaction curves (Figure S1A) showed that the sequencing
depth was reasonable for all samples in this study, which

FIGURE 1 | A Venn diagram showing shared and unique OTUs at 97%

identity among the four groups.
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confirmed that sequencing results reflect microbial information
of the samples reasonably well. The species accumulation curves
(Figure S1B) showed that the sample size in this study was
reasonable. The abundance distribution curves for the 54 samples
(Figure S1C) indicated that in each sample, the composition of
oral microbial diversity was primarily accounted for by only a few
microorganisms, while most of the other microorganisms were
present in low proportions.

The Alpha diversity indices of the samples collected at the
three time points are shown in Table 1. Alpha diversity indices
for toddlers aged 18 and 24months were significantly higher than
those for 12-month-old toddlers (p < 0.001), but there was no
statistical difference (p > 0.05) between the former two groups.

Results of Microbial Community Structure
Analysis
In order to analyze the microbial community structure of the
three groups of samples, PCA was performed on community
composition and structure on a genus level using the software R,
and the community structure results were further evaluated and
compared among the three groups of samples by permutational
multivariate analysis of variance (PERMANOVA) analysis.
PCA analysis showed that the samples for each time point
were clustered and independent without any overlapping areas
(Figure 2). The distances between the samples from 18 to 24-
month-old toddlers were relatively closer than between the
other pairs of samples. The PERMANOVA analysis revealed
that the difference between M12 and M18 (F = 29.029, p
= 0.001), between M12 and M24 (F = 28.622, p = 0.001),
and between M18 and M24 (F = 24.448, p = 0.001) were
all statistically significant. Difference comparison based on
UniFrac distances also indicated that inter-group difference
in oral microbial community structure was more significant
than the intra-group difference (Figure S2). In particular, the
differences between the 12-month-old toddler sample and the
18-month-old toddler sample or 24-month-old toddler sample
were significantly greater than the difference between the latter
two.

Results of Microbial Composition Analysis
Classification and compositional ratios of the samples obtained
the three time points sequenced at the taxonomic level are
shown in Figure 3. A total of 14 bacterial phyla were found
in the samples obtained at the three time points, of which 4
were dominant: Proteobacteria, Bacteroidetes, Firmicutes, and
Actinobacteria accounted for more than 80% in each sample.
Comparisons of species quantity and distribution ratio among

TABLE 1 | Comparison of Alpha diversity among samples obtained from toddlers

in 12, 18, and 24 months age groups.

Chao1 ACE Simpsoneven Shannon

m12 vs. m18 p < 0.001 p < 0.001 p < 0.001 p < 0.001

m12 vs. m24 p < 0.001 p < 0.001 p < 0.001 p = 0.005

m18 vs. m24 p = 0.834 p = 1.000 p = 1.000 p = 0.876

M12, M18, and M24 indicated that 11 groups of microorganisms
differed at a phylum level between M12 and M18, and M12 and
M24, while only 8 differed between M18 and M24. In addition,
the distribution of Proteobacteria and Firmicutes in the toddlers
was significantly lower inM12 than inM18 andM24, whereas the
distribution of Bacteroidetes and Actinobacteria was significantly
higher in the former group than in the latter two. By contrast,
the above 4 groups of microorganisms did not show significant
differences between M18 and M24 in terms of their distribution.

These results agree with the results of the linear discriminant
analysis effect size (LEfSe) (Figure 4). Comparison of the
abundance of dominant genera among samples from the three
time points showed that the dominant genera in M12 were
Bacteroidetes and Actinobacteria but shifted to Firmicutes in M18
and to Proteobacteria in M24. The M18 group had Bacteroidetes
in common with the M12 group but Firmicutes in common with
the M24 group. The species that were present in all the three
groups were Bacteroidia of phylum Bacteroidetes and Rhizobiales
of phylum Proteobacteria.

Dominant genera abundances were subjected to difference
analysis using the compositional ratios at a phylum level in
the three samples(Figure S3). A total of 192 different genera
were identified in all the samples, including 20 phyla of bacteria
accounting for more than 80% of the obtained sequences, namely
Unclassified_Enterobacteriaceae, Selenomonas, Neisseria,
Capnocytophaga, Streptococcus, Lautropia, Leptotrichia,
Prevotella, Veillonella, Burkholderia, Fusobacterium,
Stenotrophomonas, Actinomyces, Kingella, Corynebacterium,
Haemophilus, Tannerella, Rothia, Porphyromonas, Gemella, and
Campylobacter. At a genus level, there were 82 and 79 microbial
species that differed between the M12 and M18 samples and
between the M12 and M24 samples, respectively, whereas 96
species differed between the M18 and M24 samples.

Neisseria (with an overall percentage of 13.4%), Streptococcus
(12.0%), Leptotrichia (7.9%), Prevotella (5.4%), and Kingella
(5.0%) were all present at relatively stable and high percentages
in all 54 samples, thereby representing the core genera
for all three samples. However, Capnocytophaga, Lautropia,
Corynebacterium, Actinomyces, and Rothia, which were present
in relatively high percentages in the early period, continued to
decrease in the M18 and M24 groups of samples.

Unclassified_Enterobacteriaceae, Burkholderia, and
Stenotrophomonas were present in extremely low proportions in
M12 samples, but their percentages gradually increased in M18
and M24 samples. These trends are likely to represent the order
of bacterial colonization in the oral cavity of toddlers during the
process of plaque maturation.

RDA Analysis
To analyze key phylotypes affecting early dental caries, the
software R was used to perform a two-step redundancy analysis
(RDA) on the relative abundance matrix at the genus level
(Figures 5A,B). The first step was to use toddler samples from
the three follow up time points as an environmental variable and
the relative abundance of OTUs within the samples as a species
variable. The Monte Carlo Permutation Procedure (MCPP)
showed that there was a statistically significant difference
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FIGURE 2 | PCA based on the weighted UniFrac distances at the OUT level at 97% identity. Each sample is represented by a dot. PC1 explained 75.72% of the

variation observed, and PC2 explained 7.12% of the variation. The samples formed well-separated clusters corresponding to the three groups, suggesting that the

bacterial structures between groups were different.

FIGURE 3 | Classification and compositional ratios of the samples obtained the three time points sequenced at the taxonomic level.
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FIGURE 4 | The linear discriminant analysis effect size (LEfSe). The colored nodes from the inner to outer circles represent the top abundant taxa from phylum to

genus level. The yellow nodes represent taxa showing no significant difference between groups, while nodes with other colors represent taxa showing significant

difference between groups.

(p = 0.001) in species between M12 and M18 as well as between
M18 and M24. There were 50 key phylotypes accounting for 13%
of the species difference betweenM12 andM18, and 15% between
M18 and M24.

Furthermore, in order to determine whether the presence of
early dental caries (white spot lesion) was an influential factor,
theM24 group of samples was divided into two sub-groups based
on the presence or absence of early dental caries and subjected
to RDA analysis (Figure 5C). The MCPP results showed that the
two sub-groups did not statistically differ in terms of species (p=
0.624).

The top 50 genera of bacteria arranged in descending
order of abundance that were used in RDA to assess the

differences among the three groups of samples were subjected
to heatmap analysis as shown in Figure 6. The results
indicated that the M12 samples were relatively dispersive,
primarily containing Capnocytophaga, Streptococcus, Neisseria,
Campylobacter, Prevotella, and Veillonella, with high relative
abundance and cluster richness. By the age of 18 and 24
months, the clustering level was relatively high, and the high-
abundance species areas of the two groups were closely situated,
concentrated around Selenomonas, Lactococcus, Erwinia, and
Cronobacter. This showed that the types of species that
colonize the oral cavity of toddlers are complex and that
they exhibit variations and instability between individuals.
After the eruption of dentition and the gradual establishment
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FIGURE 5 | Redundancy analysis (RDA). Bioplot of RDA of the microbiota between 12 and 18m (A), 18 and 24m (B) samples, responding the OTUs with at least 13

(A) and 15% (B) of the variability of the oral microbiota are indicated by blue arrows. Bioplot of RDA of the microbiota relative to the early dental caries (C), responding

the OTUs with at least 16% of the variability of the oral microbiota.

FIGURE 6 | Heat-map of the 50 relative abundant key bacteria genera. The color of the spot corresponds to the normalized relative abundances of the genera.
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of occlusion, oral microflora composition becomes relatively
stable.

DISCUSSION

Oral microflora is a major component of the oral ecosystem. The
establishment and succession of normal microflora are closely
related to the age of the host, feeding habits, oral hygiene habits,
and the parents’ indigenous oral microflora (Filoche et al., 2010).
During the final process of deciduous dentition in toddlers, the
microflora in the oral cavity also undergo changes based on the
microecological balance in the oral cavity. The period between
12 and 24 months of age is crucial for the establishment of oral
cavity microflora owing to changes induced by the processes of
tooth eruption and dentition. Investigation of the characteristics
of early colonizing bacteria in the oral cavity of toddlers will
help understand the characteristics and balance of microflora
balance in the oral cavity so as to prevent dysbiosis-induced
infectious diseases such as dental caries, which is directly caused
by opportunistic pathogens.

Given technological limitations, past research on oral
microorganisms has involved bacterial culture to investigate the
association of a single or several bacteria with oral diseases such
as ECC (Aas et al., 2005). In recent years, increasing evidence
indicates that microorganisms in the environment function as
an organic whole to affect the host’s health status, with local
micro-ecological disorders and the destruction of ecological
balance among bacteria often leading to the occurrence of
disease (Hajishengallis and Lamont, 2012; Human Microbiome
Project C, 2012). To date, 687 oral microorganisms have been
reported in the Human Oral Microbiome Database (HOMD)
(Chen et al., 2010), and studies have shown that only 50%
of the total bacteria from the oral cavity can be cultivated
under experimental conditions (Aas et al., 2005). Research on
such a complex ecosystem requires more advanced technology.
The advent of non-culture-dependent metagenomic technologies
has made it possible to rapidly detect changes in microbial
communities (Chen et al., 2015; Xiao et al., 2016). In this
study, high-throughput sequencing and biological informatics
were used for cohort analysis of samples from toddlers aged 12–
24 months, which provided an in-depth insight into the oral
bacterial development of toddlers.

The oral cavity of a baby undergoes several environmental
changes. With the formation of the periodontal pocket during
primary tooth eruption, an anaerobic niche develops in the oral
cavity, which make it possible for the colonization of anaerobes
(Caufield et al., 2000). These processes stimulate corresponding
changes in the nature and composition of oral microflora, which
gradually stabilize with the eruption of teeth. Previous studies on
the oral microflora of babies mostly focused on the development
of oral microflora during the neonatal period (0–1 years old)
(Rosenblatt et al., 2015; Chu et al., 2017) and preschool age (3–
6 years old) (Ling et al., 2010; Zhang et al., 2015) with very
little focus on the development of oral microflora in children
during the teething period. The results of this study confirmed
from several experimental angles that the process of dentition

in toddlers is accompanied by high dynamism in oral microbial
communities.

The Alpha diversity index showed that toddlers have greater
microflora species diversity at 18 and 24 months of age than
at 12 months of age. PCA showed significant differences in
constituentmicrobial species among samples taken from toddlers
belonging to the three different age groups. LEfSe analysis results
indicated that the core species of the samples were both similar
and different among the three age groups. With increasing age,
the 20 dominant genera accounting for 80% of the total number
of species continued to change in abundance ratios. In 12-month-
olds, Capnocytophaga, Neisseria, Streptococcus, Kingella, and
Leptotrichia were the main species; at 18 and 24 months of age,
the abundance ratio of Capnocytophaga continued to decrease
but those of Burkholderia and Stenotrophomonas showed an
increasing trend, and Enterobacteriaceae, in particular, became
a dominant genus. Despite these differences, Streptococcus,
Neisseria, and Leptotrichia were consistently found to be the
dominant genera, with a high level of abundance in toddlers
from 12 to 24 months of age. The above results indicate that
microflora colonization in the oral cavity of toddlers during the
teething period is a dynamic and continuous process involving
certain core species that remain dominant, with different species
gathering and colonizing around the core species at different ages
to eventually reachmicrobial balance through a series of complex
processes including symbiosis, competition, and inhibition.

The results of this study showed that during growth from 18
and 24 months, the community structure and composition of
the oral bacteria remained similar. There were 1005 OTUs in
common between the 18 and 24-months age groups, which was
much higher than the number of OTUs in common between 18
and 12-months age groups. The Alpha diversity index showed
that compared with the difference in microbial diversity between
12 and 18 months of age, no significant difference was observed
between 18 and 24 months of age. Of the seven core genera with
the highest abundance in toddlers aged 18 months, six were also
included among the sevenmost abundant genera in toddlers aged
24months; in addition, both PCA and UniFrac analysis indicated
a relatively tight connection between microbial communities in
18 and 24-month-olds. This shows that compared with younger
babies, the oral bacterial community structure in toddlers aged
18 to 24 months began to stabilize after the eruption of most of
their teeth, during the gradual establishment of occlusion. These
results were consistent with the findings of Sarkonen (Sarkonen
et al., 2000).

As early as 1965, McCarthy(McCarthy et al., 1965) found that
Streptococcus, Staphylococcus, and Neisseria were the dominant
bacteria in the oral cavity of 12-month-old infants. With
the eruption of teeth, the rate at which Actinomycetes and
Fusobacteria were detected increased. Kononen also found in
1999 that Capnocytophaga was an early dominant genus in the
oral cavity of infants (Könönen et al., 1999). A study by Zou
et al. in 2004 found that Streptococcus was a dominant genus
in the oral cavity of infants <1-year-old (Zou et al., 2004), and
the mouth also contained anaerobes such as Capnocytophaga.
These findings were consistent with the results of this study—that
the core genera previously described to colonize the oral cavity
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early, namely Streptococcus,Neisseria, and Capnocytophaga, were
found in the samples of 12-month-old toddlers analyzed in our
study. From 18 to 24 months, with the increase of teeth erupted,
proportion of Gram-negative bacillus declined (Selenomonas
from 20.6 to 2.9% and Prevotella from 5.1 to 2.1%), while the
Gram-negative cocci rose (Streptococcus and Burkholderiales).
This variation was also consistent with the former reports (Zou
et al., 2004; Shi et al., 2016). The microbial composition and
structure of 24 months toddlers were more similar to that of
deciduous dentition children aged 3–5 years (Xu et al., 2015).

Moreover, species of Streptococcus and Neisseria appeared
as core species all three age groups and accounted for a
high proportion of detected species, which was consistent with
previous findings (Tao et al., 2013) and once again proved that
Streptococcus and Neisseria are early and major members of
the oral microflora in toddlers. Actinomyces are autochthonous
or early colonizing microorganisms in the oral cavity, and are
associated with the occurrence of dental caries in young children
and involved in the formation of early plaques (Sarkonen et al.,
2000). This is consistent with the results of our study, where
we found a high abundance of Actinomyces in the oral plaque
samples collected from 12-month-old toddlers.

In this study, the unclassified Enterobacteriaceae genus in the
family of Enterobacteriaceae accounted for more than 50% of
the total number of genera in the samples from toddlers aged
18 and 24 months, making it a dominant genus in the oral
cavity. We found no related reports in the literature. This may be
because the annotation in this study failed to accurately classify
bacteria belonging to the Enterobacteriaceae family, causing the
category unclassified Enterobacteriaceae to contain information
from multiple genera. It may also be attributed to the fact that
during the process of maturation, the intestinal microflora of
toddlers is significantly associated with oral microflora. Further
research is needed to explore why unclassified Enterobacteriaceae
of Enterobacteriaceae is dominant in the oral microflora of
toddlers.

White spot lesion was observed in toddlers aged 24 months,
but no cavity was found. Therefore, we divided the samples into
two sub-groups based the presence of white spot lesions and tried
to analyze whether specific dominant bacteria were differentially
present in the early stages of ECC. However, RDA failed to
detect significant species differences between toddlers with white
spot lesion and toddlers without, which may be due to the fact
that assemble samples were collected from the mouth, resulting
in insufficient site-specificity, which in turn led to insignificant
species differences between the two sub-groups. Reports have

shown that the onset of ECC in Chinese infants was detected
in 20-month old infants (Zhou et al., 2012), which appears to be
later than that in other countries (Thitasomakul et al., 2006). In
future research, more site-specific specimens should be collected.

Possible limitation of the present study should be considered.
First of all, the observational period is short. At 24 months
of age, all the toddlers had not yet developed dental caries,
which made it difficult to observe the endpoint of microflora
succession and analyze early cariogenic bacteria. Secondly, some
external factors, such as the feeding habits, oral hygiene habits,
and the parents’ indigenous oral microflora, may associate with
the progression of the oral microbiota of toddlers from 12 to
24 months. However, due to the lack of this information in the
present study, the role of external factors may not be investigated.
In the future, it is necessary to extend the observational period,
improve sampling methods and collect more comprehensive
information to describe the overall profile of oral microbiota
among toddlers.
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