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Abstract 

Background Caries in young children has received more and more attention. The study of the oral microbiota may 
help to understand the polymicrobial etiology of dental caries.

Objectives To investigate the diversity and structure of microbial communities in saliva samples from 5-year-old 
children with versus without dental caries.

Methods A total of 36 saliva samples were collected from 18 children with high caries (HB group) and from 18 
children without caries (NB group). Then, 16S rDNA was amplified from bacterial samples using polymerase chain 
reaction, and high-throughput sequencing was performed using Illumina Novaseq platforms.

Results Sequences were clustered into operational taxonomic units (OTUs), which were distributed among 16 phyla, 
26 classes, 56 orders, 93 families, 173 genera, and 218 species. Firmicutes, Bacteroides, Proteobacteria, Actinobacteria, 
Fusobacteria, Patescibacteria, Epsilonbacteraeota, Cyanobacteria, Acidobacteria and Spirochaetes were basically the same 
in different groups, but their relative abundances were different. The core microbiome was defined as the species 
from 218 shared microbial taxa. The alpha diversity test showed that there were no significant differences in microbial 
abundance and diversity between the high caries and no caries groups. The results from principal coordinate analy-
sis (PCoA) and hierarchical clustering showed that the two groups had similar microorganisms. The biomarkers of dif-
ferent groups were defined by LEfSe analysis to identify potential caries-related and health-related bacteria. Co-occur-
rence network analysis of dominant genera showed that oral microbial communities in the no caries group were 
more complex and aggregated than those in the high caries group. Finally, the PICRUSt algorithm was used to predict 
the function of the microbial communities from saliva samples. The obtained results showed that mineral absorption 
was greater in the no caries group than in the high caries group. BugBase was used to determine phenotypes present 
in microbial community samples. The obtained results showed that Streptococcus was greater in the high caries group 
than in the no caries group.

Conclusion Findings of this study provide a comprehensive understanding of the microbiological etiology of dental 
caries in 5-year-old children and are expected to provide new methods for its prevention and treatment.
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Introduction
It is well known that by the age of 5 years, primary den-
tition is fully established and relatively stable. The  4th 
National Oral Health Survey in mainland China in 2018 
[1] revealed that in the past decade, the prevalence of 
dental caries in young children in China was not opti-
mistic, and the prevalence rate showed an upward trend. 
The prevalence rate of dental caries in 5-year-old chil-
dren was 71.9%, which was 5.8% higher than that 10 years 
ago. The average number of caries per child was 4.24, but 
the number of teeth filled due to caries was only 4.1%. 
Currently, the etiology of dental caries that has been 
accepted by most scholars is the theory of four main fac-
tors, in which bacteria play a crucial role in the initiation 
of dental caries.

Dental caries is defined as dysbiosis rather than a 
chronic infectious disease. In 1994, Marsh [2] proposed 
the ecological plaque hypothesis. They found that due 
to changes in the oral environment, such as changes in 
sugar intake, diet or pH value, the relatively balanced 
bacterial composition in the biofilm can change remark-
ably, which shifts the microbiome toward cariogenic 
bacteria. For example, in a low pH environment, the pro-
portion of potential cariogenic bacteria such as Strepto-
coccus mutans and Lactobacilli will increase, which may 
break the ecological balance of the oral microbial com-
munity, leading to dental caries. This hypothesis pro-
poses that both microorganisms and the environment are 
factors that induce dental caries [3]. All found cariogenic 
bacteria are normal flora in the mouth, which are inter-
dependent and maintain a dynamic balance. When the 
environment changes, the ecological balance of microor-
ganisms in dental plaque, tooth surface and environment 
is broken, causing dental caries. Dr. Marsh proposed that 
dental caries can be prevented not only by targeting cari-
ogenic bacteria but also by interfering with the process of 
breaking the ecological balance. Takahashi et al. [4] pro-
posed that the cariogenic microenvironment is a micro-
environment that transitions from the dynamic stability 
stage to the acid production stage and finally develops 
to the acid resistance stage. The occurrence and devel-
opment of dental caries result from an imbalance in the 
microbial community.

Strong evidence exists that during the development of 
healthy individuals, oral microbial communities change 
dynamically, and the oral microbiome changes physiolog-
ically. Microbial composition is specific in different age 
groups. In addition to Streptococcus mutans, many types 
of bacteria, such as Veillonellales, Actinomyces, Granu-
losicoccus, Leptotrichia, Thiomonas, Bifidobacterium and 
Prevotella, are closely related to dental caries. The imbal-
ance of oral microbial communities may be an important 
mechanism of dental caries. In this study, we performed 

Illumina Novaseq sequencing to investigate the diversity 
and structure of microbial communities in saliva sam-
ples from 5-year-old children with versus without dental 
caries. Findings from this study will help understand the 
microbial etiology of dental caries in 5-year-old children 
and provide evidence for developing novel methods to 
prevent and treat dental caries.

Materials and methods
Subject selection
Patients with high caries and no caries were recruited 
from the same kindergarten in Yubei District of Chong-
qing, China. The inclusion criteria of subjects are as fol-
lows: (i) ages 54 to 66 months; (ii) no upper respiratory 
infections in the past fortnight; (iii) no antibiotic use in 
the past 2 months; (iv) no partial denture and appliance, 
and (v) no history of systemic diseases, oral diseases and 
dental treatments. Eighteen high caries (decayed, missing 
and filled teeth (dmft) index ≥ 6) participants and 18 no 
caries (dmft = 0) participants were finally selected. The 
definitions and diagnoses of dental caries are based on 
the criteria of the World Health Organization [5]. All par-
ticipants underwent a comprehensive oral examination 
from a specialized dentist. These participants’ parents or 
grandparents were sufficiently informed about the aims 
of the research and signed the written informed consent 
provided by the Ethics Committee of the Stomatological 
Hospital of Chongqing Medical University.

Sample collection
Before the samples of all participants were taken, ster-
ile water was used to rinse their mouths, and they were 
not allowed to eat, drink or brush their teeth for 2 h. A 
specialized dentist collected their unstimulated saliva, 
placed it into 1.5-mL sterile microcentrifuge tubes, and 
froze it at -80 °C for further use.

DNA extraction, PCR amplification and illumina novaseq 
sequencing
Based on the manufacturer’s protocol, microbial DNA 
was extracted from all specimens by the PowerSoil® 
DNA Isolation Kit. Primers 338F (5′-ACT CCT ACG GGA 
GGC AGC AG-3′) and 806R (5′-GGA CTA CHVGGG 
TWT CTAAT-3′) were used to amplify the V3-V4 hyper-
variable regions of the bacterial 16S rRNA gene using 
PCR on the Veriti 96-Well  Thermal Cycler (GeneAmp 
9902, ABI, USA). Target area PCR was conducted with 
the following program: initial denaturation at 98  °C for 
2 min, 30 cycles of denaturation at 98 °C for 30 s, anneal-
ing at 50  °C for 30 s, elongation at 72  °C for 60 s, and a 
final extension at 72 °C for 5 min, followed by storage at 
4 °C. Target area PCR was performed in triplicate with a 
30 µL mixture containing 15 µL of KOD FX Neo Buffer, 
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6 µL of dNTPs (2 mM each), 0.9 µL of Vn F (10 µM)/Vn 
R (10  μM), 0.6 µL of KOD FX Neo and 50  ng ± 20% of 
template DNA. Solexa PCR was conducted with the fol-
lowing program: initial denaturation at 98 °C for 30 s, 10 
cycles of denaturation at 98 °C for 10 s, annealing at 65 °C 
for 30 s, elongation at 72 °C for 60 s, and a final extension 
at 72 °C for 5 min.

Solexa PCR was performed in triplicate with a 20-µL 
mixture containing 5 µL of target area PCR products, 
10 µL of 2 × Q5 HF MM, and 2.5 µL of MPPI-a (2 µM)/
MPPI-b (2 μM).

The final PCR products were extracted from a 1.8% 
agarose gel under a voltage of 120  V. Forty minutes 
later, overcolumn purification was performed using an 
OMEGA DNA purification column. The PCR products 
were purified, quantified, and homogenized to form a 
sequencing library. The built libraries were first subjected 
to library quality inspection, and the qualified libraries 
were sequenced by Illumina NovaSeq 6000 PE250.

Processing of sequencing data [6]
Primary FastQ files were divided into multiple files for 
processing and quality-filtered by Trimmomatic [7]. The 
following standards were used for sequence combination. 
(i) The reads were cut off when meeting any site with an 
average quality score < 20 over a 50  bp sliding window. 
(ii) The primers were perfectly matched, allowing the 
mismatch of two nucleotides, and reads with ambigu-
ous bases were not allowed. (iii) Sequences with overlap 
longer than 10  bp were merged based on their overlap 
sequence.

Using USEARCH [8] (version 10.0), operational taxo-
nomic units (OTUs) were clustered with a 97% similarity 
cut off. Additionally, chimeric sequences were recognized 
and deleted by UCHIME (version 8.1) [9]. By compar-
ing the RDP Classifier algorithm [10] (version 2.2, http:// 
sourc eforge. net/ proje cts/ rdpcl assifi er/) against the Silva 
[11] 16S rRNA (Release128, http:// www. arb- silva. de) 
database, the taxonomy of each 16S rRNA gene sequence 
was analyzed based on an 80% confidence threshold.

Bioinformatics and statistical analysis [6]
Bioinformatics analysis was conducted using QIIME. 
The alpha diversity indices of Shannon, Simpson, Chao, 
ACE and PD_whole_tree were calculated at 97% identity 
by Mothur [12] version v.1.30. Beta diversity analysis was 
performed by principal coordinate analysis (PCoA) based 
on Bray–Curtis distances at the OTU level. A hierarchical 
clustering analysis based on weighted UniFrac distances 
was also conducted [13]. Analysis of similarities (ANO-
SIM) was performed using the vegan package in the R 
language and drawn with Python; unweighted UniFrac 
distances were used to compare different groups. Welch’s 

t-test was used to compare the relative abundance of 
predominant bacteria between different groups. A Venn 
diagram was used to define the core microbiome at the 
species level using Mothur [12]. Linear discriminant 
analysis of effect size (LEfSe) was conducted to define 
the biomarkers of the two groups. The threshold on the 
logarithmic LDA score for distinguishing features was set 
to 3 [14]. Co-occurrence analysis among the genera was 
performed with Python, and co-occurrence analysis of 
the 80 richest genera of each group was performed at the 
same time. The phylogenetic investigation of communi-
ties by reconstruction of unobserved states (PICRUSt2) 
program was used to predict 16S rRNA-based data from 
high-throughput sequencing and to further analyze the 
composition and differential of the Kyoto Encyclopedia 
of Genes and Genomes (KEGG) [15] metabolic pathway 
in the context of IMG microbial genome data. BugBase 
normalizes the OTU by the predicted 16S copy number 
and then predicts the microbial phenotype [16] using the 
provided precomputed files. Differences were consid-
ered significant when P < 0.05 and extremely significant 
when P < 0.01. SPSS 25.0 software (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. The raw data will 
be made available by the authors without undue reserva-
tion to any qualified researcher.

Results
Sequence information
We collected saliva samples from 36 children with an 
average age of 60.2  months. All saliva samples were 
divided into two groups: the no caries (NB) group (n = 18) 
and the high caries (HB) group (n = 18). After Illumina 
NovaSeq  sequencing, 2,525,425 effective sequences 
were acquired from 36 saliva samples, with an average of 
70,150 sequences per sample. The average length of the 
sequences was 423 bp. Ninety-seven percent of qualified 
sequences were clustered, and 10980 (Appendix 1) oper-
ational taxonomic units (OTUs) were obtained. Good’s 
coverage  estimation values of > 99.9% and the rarefac-
tion curves (Fig. 1) reaching the even stage indicated that 
sampling was basically completed.

Alpha diversity
The alpha diversity of Shannon, Simpson, Chao, ACE and 
PD_ whole_tree was calculated to analyze the diversity 
and abundance of all samples. Student’s t-test was per-
formed to compare the saliva samples between the high 
caries and no caries groups. There were no significant 
differences in alpha diversity indices between the high 
caries and no caries groups. This suggests that the diver-
sity and abundance of oral microbial communities were 
similar between the high caries and no caries groups.

http://sourceforge.net/projects/rdpclassifier/
http://sourceforge.net/projects/rdpclassifier/
http://www.arb-silva.de
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Microbial community structure
OTUs were distributed among 16 phyla, 26 classes, 56 
orders, 93 families, 173 genera, and 218 species. The 
phylogenetic trees of the 68 most abundant genera were 
constructed, in which the taxonomic composition and 
abundance can be observed (Fig. 2). The most abundant 
phyla were Firmicutes (37.4%), Bacteroidetes (21.3%), 
Proteobacteria (18.8%), Actinobacteria (10.9%), Fusobac-
teria (8.0%), Patescibacteria (1.1%), Epsilonbacteraeota 
(1.3%), Cyanobacteria (0.6%), Acidobacteria (0.3%) and 
Spirochaetes (0.2%), all of which accounted for 99.8% 
of the total sequences. The most abundant genera were 
Streptococcus (15.5%), Neisseria (11.2%), Veillonella 
(12.7%), Prevotella_7 (9.1%), Rothia (5.9%), Leptotrichia 
(4.9%), Actinomyces (3.7%), Prevotella (2.6%), Fusobac-
terium (2.9%), and Alloprevotella (3.3%), all of which 
accounted for 71.9% of the total (Fig. 3). The predominant 
bacteria between the two groups were largely consistent, 
but their relative abundances were different. The relative 
abundances of Selenomonas, Bifidobacterium, Dialister, 
Olsenella, and Anaeroglobus were significantly higher in 
the high caries group than in the no caries group. The rel-
ative abundance of Prevotella was significantly lower in 
the high caries group than in the no caries group (Fig. 4). 
The core microbiome was defined by a Venn diagram, 
which can be detected in most individuals at the species 
level. We identified 218 species in each group (Fig.  5). 
Among them, all species were consistent, indicating that 

the composition of microorganisms was stable in the 
saliva of the high caries and no caries groups.

Similarity and dissimilarity of bacterial compositions
PCoA was used to evaluate the similarity of the microbial 
community structure between the two groups (Fig.  6). 
PCoA results showed that there was no significant dif-
ference in bacterial composition between the high caries 
and no caries groups, suggesting that patients with high 
caries and no caries had similar microbial community 
structures. The ANOSIM  test (Fig.  7) and hierarchical 
cluster analysis (Fig. 8) also showed no remarkable differ-
ence between high caries and no caries samples.

The features most likely to explain differences between 
high caries and no caries samples were defined by LEfSe. 
Figure  9 shows a branching diagram of potential bio-
markers representing different groups. At the genus level, 
Propionibacterium was remarkably enriched in the high 
caries group. At the species level, the abundances of s_
uncultured_bacterium_g_Prevotella_7 and s_uncultured_
bacterium_g_Propionibacterium were relatively higher 
in the high caries group than in the no caries group 
(LEfSe LDA = 3, P < 0.05).

Network analysis and function prediction
Co-occurrence analysis was performed to identify the 
interactions between genera in different groups. The 
top 80 genera with high relative abundance were found 

Fig. 1 The rarefaction curves at the genus level. ✳The x-axis indicates the number of sequences sampled. The y-axis indicates the number of 
operational taxonomic units (OTUs). Different colors represent different groups
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to have complex interactions in each group. In the high 
caries group, 7 genera exhibited negative correlations 
(Fig.  10A), but in the no caries group, 27 genera exhib-
ited negative correlations (Fig. 10B). Microbial communi-
ties were more negatively correlated and showed a more 
complex relationship in the no caries group than in the 
high caries group.

PICRUSt2 was used to help understand the function 
of microbial communities in saliva samples. A bar graph 
(Fig.  11A) showed that the saliva samples of the two 
groups had similar KEGG maps, suggesting that the func-
tion of microbiota in the two groups was similar. How-
ever, STAMP analysis showed that there was a difference 
in the function of microbiota between the two groups. In 
class 2 (Fig. 11B-1), a higher abundance of environmental 
adaptation was observed in the high caries group than in 
the no caries group and a higher abundance of immune 
diseases was observed in the no cariesgroup than in 
the high caries group  (P < 0.05). In class 3 (Fig.  11B-2), 
a higher  abundance of plant-pathogen interaction and 
pertussis were observed in the high caries group than in 
the no caries group, while a higher abundance of mineral 
absorption, carbon metabolism, thiamine metabolism, 
primary immunodeficiency, nicotinate and nicotinamide 
metabolism, and MAPK signaling pathway-yeast, were 
observed in the no caries group than in the  high caries 
group (all P < 0.05).

BugBase  was used to determine phenotypes pre-
sent in microbiota samples. Nine phenotypes including 
Aerobic, Anaerobic, Contains_Mobile_Elements, Fac-
ultatively_Anaerobic, Forms_Biofilms, Gram_Negative, 
Gram_Positive, Potentially_Pathogenic, Stress_Tolerant 
were predicted from both groups. The relative abundance 
of facultative anaerobic was significantly higher in the 
high caries group than in the no caries group (P < 0.05) 
(Fig.  12A). At the genus level, Streptococcus caused a 
higher relative abundance of facultative anaerobic bacte-
ria in the high caries group than in the no caries group 
(Fig.  12B). At the phylum level, Firmicutes caused a 
higher relative abundance of facultative anaerobic bacte-
ria in the high caries group than in the no caries group 
(Fig. 12C).

Fig. 2 The phylogenetic tree of the 68 most abundant genera. Each 
branch represents a taxon, the length shows phylogenic distances 
between two taxa, and different colors represent different phyla. 
The bar plot on the right side shows the relative abundance of each 
genus in the high caries and no caries groups
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Discussion
Bacteria in dental biofilms are considered to be essen-
tial in the occurrence and development of dental caries 
[2, 17]. To comprehensively study the oral microbiome 
and understand its etiology, high-throughput technol-
ogy is an effective method to study the composition and 
structure of microbial communities related to health and 
disease.

Previous studies have helped us to increase our under-
standing of microbial compositions at different ages. 
Some researchers found that Firmicutes was lower and 
Proteobacteria was higher in children than in adoles-
cents and adults, while the conclusions were completely 
opposite in adolescents and adults [18]. According to a 

previous study [19], it is generally believed that micro-
organisms attached to the surface of teeth and mucous 
membranes continue to flow into saliva, making it the 
repository of oral microbial communities and a "finger-
print" of all oral microbiota. Findings of this study in 
which saliva samples were used will help us to compre-
hensively understand the microbial communities associ-
ated with early childhood dental caries.

Previous studies have reported that when dental caries 
occurs, the alpha diversity of microbial communities in 
the mouth will decrease [20, 21]. In contrast, the alpha 
diversity of microbial communities measured in this 
study demonstrated that the diversity and abundance of 
microbial communities were similar between the high 

Fig. 3 The distribution of the predominant bacteria. A Results at the phylum level. B Results at the genus level. The predominant taxa (relative 
abundance > 2% on average) are shown

Fig. 4 Welch’s t-test bar plot at the genus level. The results of the high caries and no caries groups. Only the results that had significant differences 
are shown (P < 0.05)
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caries and no caries groups. This is also supported by 
the results of a previous study [22]. It is speculated that 
the reason for the inconsistent results between different 
studies may be attributed to a certain extent to the choice 
of subjects. The subjects in this study have high homo-
geneity. All subjects lived in the same area and had simi-
lar diets and lifestyles. Although their salivary microbial 
communities have certain differences in species composi-
tion, their microbial diversities are highly similar.

The detected OTUs were distributed among 16 phyla, 
26 classes, 56 orders, 93 families, 173 genera, and 
218 species. Phyla mainly included Firmicutes, Bacte-
roides, Proteobacteria, Actinobacteria, Fusobacteria, 

Patescibacteria, Epsilonbacteraeota, Cyanobacteria, Aci-
dobacteria and Spirochaetes. These results are similar to 
previous findings [23, 24]. This indicates that the micro-
bial community structure in the mouth is relatively sta-
ble. It can be seen from the community bar graph that the 
microbial community structure in the high caries group 
was similar to that in the no caries group. This indicates 
that the disease state may not have a remarkable impact 
on bacterial composition.

At the genus level, the most popular bacteria in the two 
groups were basically the same, but the relative abun-
dances were different. Prevotella is often detected in 
the study of caries-related microorganisms in children, 

Fig. 5 Venn diagram at the species level. Different colors represent different groups. The overlaps represent the common species between groups, 
and the nonoverlapping portions represent unique species in each group
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Fig. 6 PCoA based on Bray–Curtis distances at the OTU level at 97% identity. Each sample is represented by a dot. Circles in different colors 
represent different groups. PC1 explained 14.84% of the variation observed, and PC2 explained 5.24% of the variation

Fig. 7 ANOSIM based on unweighted UniFrac distances between high caries and no caries groups (P = 0.509)
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and Prevotella is considered to be used as a marker to 
detect caries in young children [25]. Prevotella is a gram-
negative bacterium of the Bacteroidetes phylum that has 
been considered a potential periodontal pathogen for a 

long time. Its role in dental caries has been recognized 
in a recent study [26]. However, in this study, Prevotella 
was higher in the no caries group than in the high car-
ies group. This finding supports the "ecological plaque 

Fig. 8 Hierarchical clustering tree at the OTU level. The length of the branch shows the distance between two samples, and different groups are 
presented in different colors
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hypothesis", which states that dental caries is the result 
of the destruction of the steady state of resident microor-
ganisms rather than the activity of specific microorgan-
isms [27].

LEfSe shows different groups of potential biomarkers. 
Among these remarkably different genera, Propioni-
bacterium showed higher abundance in the high car-
ies group than in the no caries group. Xiao et  al. [28] 
isolated Propionibacterium from human caries. They 
found that the main terminal metabolites of Propi-
onibacterium are a large amount of propionic acid and 

acetic acid, as well as an appropriate amount of succinic 
acid. Streptococcus mutans is a type of Streptococcus 
that is recognized as one of the main cariogenic bac-
teria; however, in this study, no differences in Strepto-
coccus mutans were found between the high caries and 
no caries groups. Agnello et al. [29] found that the oral 
microbial communities in Aboriginal children with 
severe early childhood caries were remarkably different 
from those in children with no caries. In addition, they 
detected extremely abundant Streptococcus mutans 
in the microbial plaque of children with severe early 

A

B

Fig. 9 The potential biomarkers were defined by LEfSe. A Cladogram for taxonomic representation of significant differences between high caries 
and no caries groups. The colored nodes from the inner to the outer circles represent taxa from the phylum to genus level. The significantly different 
taxa are marked by different colors representing the four groups. B Histogram of the LDA scores for differentially abundant features among groups. 
The threshold on the logarithmic LDA score for discriminative features was set to 3.0
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A

B

Fig. 10 Network analysis showed interactions of genera (|SpearmanCoef|> 0.8 and P < 0.01). Bacterial interactions of two different groups. The size 
of the node is proportional to the genera abundance. Node color corresponds to phylum taxonomic classification. Edge color represents positive 
(red) and negative (green) correlations
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A

B-1

B-2

Fig. 11 Function prediction by PICRUSt. A The compositions of KEGG functions in the two groups. B Welch’s t-test bar plot of KEGG. B1 Results of 
the no caries and high caries groups in Class 2. B2 Results of the high caries and no caries groups in Class 3. Only the results that had significant 
differences are shown (P < 0.05)
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childhood caries. However, due to different population 
characteristics and analysis methods, some scholars 
also found that the relative abundance of Streptococcus 
in the microbial plaque decreased when caries occurred 
[18]. In many healthy subjects, the content of Strepto-
coccus mutans was higher than that detected in patients 
with white spot lesions and dentin caries lesions [21, 
30]. A high abundance of Streptococcus mutans does 
not always exist in the microbial plaque of patients 
with different degrees of caries [31]. The percentage of 
high abundance of Streptococcus mutans in the micro-
bial community is not linearly correlated with the pro-
gress of caries from healthy teeth to deep caries [21]. 
Therefore, some scholars believe that the level of Strep-
tococcus mutans is not significantly correlated with the 
severity of caries [32]. Epidemiological and caries risk 
assessment data also show that in recent decades, the 
use of  caries  preventive  methods taking Streptococcus 
mutans as the main target has had little effect.

Network analysis showed the potential correlation of 
oral microbiota with dental caries. Different groups show 
different bacterial interactions. The relationship between 
oral microbial communities in the no caries group was 

more complex than that in the high caries group. This 
finding indicates that some microbial relationships may 
be destroyed, leading to ecological imbalance and result-
ing in the development of caries. This is consistent with 
the finding from a previous study [33].

In this study, we analyzed the function of the sali-
vary microbial community in 5-year-old children from 
Chongqing, China. We found that when the function of 
the salivary microbial community was class 3,  Mineral 
absorption gene clusters were concentrated in saliva 
of children  without caries. The possible reason is that 
the occurrence of dental caries is related to tooth min-
eralization. The  microorganisms in the saliva of chil-
dren without caries can promote the active absorption 
of minerals, resist the damage of acid  to tooth enamel 
and the loss of minerals, thus preventing the occurrence 
of caries. Wang et al. [34] found that the functional dif-
ference between children with high caries and no caries 
was mainly reflected in carbohydrate metabolism. Liu 
et al. [35] studied the microbial function in deep dentinal 
carious lesions and found that carbohydrate metabolism 
and amino acid metabolism drive the occurrence of car-
ies. However, no differences in carbohydrate and amino 

A

B C

Fig. 12 BugBase phenotype prediction. A Welch’s t-test bar plot of phenotype in the two groups (red represents a significant difference (P < 0.05)). 
B The compositions of different phenotypes at the genus level. C The compositions of different phenotypes at the phylum level
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acid metabolism were found in this study. These find-
ings suggest that in addition to further investigating the 
products of functional genes of carbohydrate and amino 
acid metabolism and analyzing the role of carbohydrates 
in oral flora metabolism, other metabolic pathways, such 
as mineral absorption, can provide a new entry point for 
etiology research, prevention and risk assessment of den-
tal caries.

BugBase analysis showed that there was a phenotypic 
difference in Facultatively_Anaerobic between the high 
caries and no caries groups. The obtained results also 
showed that at the genus level, Streptococcus was the 
main factor that caused the increase in Facultatively_
Anaerobic in the high caries group. Previous studies have 
fully revealed the role of Streptococcus in the occurrence 
and development of dental caries [36, 37]. However, there 
was no significant difference in the content of Streptococ-
cus between the high caries and no caries groups. This 
finding was also supported by the results of other relevant 
studies [38–40]. It is speculated that this result occurs 
possibly because Streptococcus contains many bacte-
rial species, such as Streptococcus mutans, Streptococcus 
sanguinis, Streptococcus oralis, Streptococcus sobrinus, 
and Streptococcus mitis. These bacterial species play dif-
ferent roles in the occurrence of caries; thus, the relative 
contents may have different trends in the occurrence and 
development of dental caries, resulting in the stability of 
the overall content of Streptococcus. The mouth, as part 
of the digestive system, is located at the beginning of the 
whole system, and it is in direct contact with the external 
environment. Therefore, the overall composition of oral 
microbial communities shows a high degree of dynam-
ics [41]. Temperature, pH, salinity, redox potential, and 
the acquisition of oxygen or nutrients also have a cer-
tain impact on microbes. Under normal conditions, the 
microbial community present in the mouth can resist the 
invasion and colonization by alien species; thus, it can 
regulate local and systemic health. On the other hand, the 
imbalance of the microbial community may lead to oral 
diseases such as common dental caries and periodon-
tal disease [42, 43]. According to the "ecological plaque 
hypothesis", dental caries results from the disruption of 
the normal microbial community balance due to changes 
in the oral environment [3]. The results of this study once 
again show that the microbial changes involved in dental 
caries are more complex than expected. The occurrence 
of dental caries is not caused by a specific bacterium, but 
the structure of microbial communities among all micro-
organisms in the mouth has changed [3]. The eruption of 
permanent teeth and the increase in age will affect oral 
microorganisms [30, 44]; therefore, the study of the oral 
microbiome should be based on age. To exclude the influ-
ence of age, in this study, we selected only 5-year-old 

children as subjects. To try to control the effect of the 
external environment on saliva samples, we only selected 
saliva samples of children living in the same area. We 
investigated the microbial communities in saliva sam-
ples from 5-year-old children with versus without dental 
caries and provided evidence for the diagnosis and pre-
vention of dental caries in 5-year-old children from the 
perspective of microbiology. However, the sample size 
is slightly small. Moreover, saliva samples are affected 
by various factors, such as environmental factors and 
dietary factors, resulting in inconsistencies between the 
results of this study and other research results. Therefore, 
it is necessary to increase the sample size to further dis-
cuss and validate the results of this study.

Conclusion
In conclusion, alpha diversity analysis demonstrated that 
the richness and diversity of the bacterial communities 
were similar between high caries and no caries children. 
Then, PCoA and hierarchical clustering showed that the 
two groups had similar microorganisms. Meanwhile, 
LEfSe analysis detected several bacteria at significantly 
higher levels in the high caries group, which can be rec-
ognized as a potential bacterial biomarker. A portion 
of the detected microorganisms was shared in the two 
groups, supporting the existence of an oral core micro-
biome. These bacteria play a critical role in maintaining 
the balance of the oral microbial ecosystem. KEGG maps 
showed differences between the two groups, which may 
indicate that the function of the microbiota was to main-
tain the balance of the oral microbial ecosystem. Parental 
education and counseling on the importance of a healthy 
microbiome and diet in infancy should be conducted as 
early as possible.
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