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ARTICLE INFO ABSTRACT

Keywords: Objectives: Severe early childhood caries (S-ECC) is highly prevalent, affecting children’s oral health. S-ECC
Severe early childhood caries development is closely associated with the complex oral microbial microbiome and its microorganism in-
Metagenomics

teractions, such as the imbalance of bacteriophages and bacteria. Till now, little is known about oral phageome
on S-ECC. Therefore, this study aimed to investigate the potential role of the oral phageome in the pathogenesis
of S-ECC.

Methods: Unstimulated saliva (2 mL) was collected from 20 children with and without S-ECC for metagenomics
analysis. Metagenomics sequencing and bioinformatic analysis were performed to determine the two groups’
phageome diversity, taxonomic and functional annotations. Statistical analysis and visualization were performed
with R and SPSS Statistics software.

Results: 85.7 % of the extracted viral sequences were predicted from phages, in which most phages were classified
into Myoviridae, Siphoviridae, and Podoviridae. Alpha diversity decreased, and Beta diversity increased in the S-
ECC phageome compared to the healthy group. The abundance of Podoviridae phages increased, and the abun-
dance of Inoviridae, Herelleviridae, and Streptococcus phages decreased in the S-ECC group. Functional annotation
revealed increased annotation on glycoside hydrolases and nucleotide metabolism, decreased glycosyl trans-
ferases, carbohydrate-binding modules, and biogenic metabolism in the S-ECC phageome.

Conclusions: Metagenomic analysis revealed reduced Streptococcus phages and significant changes in functional
annotations within the S-ECC phageome. These findings suggest a potential weakening of the regulatory influ-
ence of oral bacteria, which may indicate the development of innovative prevention and treatment strategies for
S-ECC. These implications deserve further investigation and hold promise for advancing our understanding and
management of S-ECC.

Clinical significance: The findings of this study indicate that oral phageomes are associated with bacterial genomes
and metabolic processes, affecting the development of S-ECC. The reduced modulatory effect of the oral phag-
eome in counteracting S-ECC’s cariogenic activity suggests a new avenue for the prevention and treatment of S-
ECC.

Oral microbiome
Oral virome
Salivary phageome

Abbreviations and acronyms: S-ECC, Severe early childhood caries; dmfs, decayed, missing, or filled surface score; vOTUs, Viral operational taxonomic units;
KEGG, Kyoto Encyclopedia of genes and genomes; CAZY, Carbohydrate-active enzymes; EggNOG, Evolutionary genealogy of genes; PCoA, Principal coordinate
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1. Introduction

Severe early childhood caries (S-ECC) is defined as decayed, missing,
or filled surfaces (dmfs), the score of which is no less than one under the
age of 3, four at the age of 3, five at the age of 4, and six at the age of 5
[1]. S-ECC has become increasingly prevalent worldwide; for example,
the prevalence of S-ECC increased from 9.8 % in 2013-2014 to 11.9 % in
2017-2018 in the United States [2]. S-ECC may result in dental pain,
impaired mastication, malnutrition, sleeping disturbance, and distrac-
tion, impacting children’s oral health-related quality of life [3,4].

Frequent microbial interactions within the oral microbiome are
highly relevant to dental caries. Among the components of the oral
microbiome, a robust interaction exists between bacteriophages (also
known as phages) and bacteria [5]. Phages can infect bacteria, and
bacteria can evolve to defend against phage infection. Cariogenic bac-
teria have been the focus of research on S-ECC in previous studies. In
reality, numerous phages form a phage community (also called phag-
eome) to interact directly with bacteria and firmly shape the oral
microbiome [6]. Due to the duration, specificity, and efficiency of phage
infection against bacteria, phages have the potential to help maintain a
balance in the microbiome against pathological challenges.

The association between the oral phageome and S-ECC remains un-
clear. There are numerous unknown phages in the human body and the
surrounding environment. At the quantity level, phages are the most
prominent members of the human virome and the human microbiome,
potentially composing the dominant proportion among virome and
surpassing bacteria at a ratio ranging from 10 to 50 [7,8].

Due to the large number of phages, conventional cultivation
methods, transmission electron microscope, polymerase chain reaction
profiling, and clustered regularly interspaced short palindromic repeats
profiling have limitations on studying these unknown and numerous
phages. Encouragingly, metagenomics has proven effective in investi-
gating the oral phageome and uncovering novel phages [9,10]. Meta-
genomics also helps advance phage therapy development for various
medical conditions, including those affecting the epidermal, gastroin-
testinal, cardiovascular, and endocrine systems [11-16]. Thus, meta-
genomics is potentially an ideal resort for tentatively exploring the oral
phageome in S-ECC.

Metagenomic methods facilitate the investigation of the oral phag-
eome at both the taxonomic and functional levels [17,18]. Metagenomic
analysis revealed high levels of Actinomyces phages and frequent
gene-sharing connections in the phageome of adults, particularly
involving Streptococcus phages [19]. Another study on adult oral
phageome also reported cross-infection and an abundance of specific
phages infecting Actinomyces, Corynebacterium, Lactococcus, Myco-
bacterium, Pseudomonas, Rhodococcus, and Streptococcus [20]. Simi-
larly, a metagenomic analysis on children 6 to 12 years old with and
without dental caries revealed differences in taxonomic and functional
levels. Streptococcus phage is relevant to caries’ presence, while Hae-
mophilus phage is associated with the absence of caries. Functionally,
biosynthesis pathways of urate, vitamin K2, and polyamines were
observed elevated in the caries phageome, while three deiminases and
lactate dehydrogenase were observed elevated in the caries-free phag-
eome [21]. However, studies on oral phageome analysis in younger
children are still limited.Therefore, applying metagenomics to investi-
gate ecological and functional properties is critical. This study in-
vestigates the links between the oral phageome and S-ECC through
metagenomic analysis of saliva samples taken from children younger
than 6 years.

2. Materials and methods
2.1. Subjects and sample collection

The participating children met the following criteria: (1) aged be-
tween 3 and 5 years old; (2) willingness to comply with dental
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examination, sample collection, and any necessary dental treatment
procedures; (3) absence of a history of systematic diseases or congenital
diseases; (4) no presence of other active oral diseases; (5) provision of
informed consent by the guardians.

Subsequently, all eligible children underwent a comprehensive
dental examination, including a dmfs assessment conducted by trained
resident dentists. Based on the dmfs scores, children were categorized
into two groups: (i) a healthy group, consisting of children with a dmfs
index of 0 (n = 20), and (ii) a S-ECC group, consisting of children with
dmfs index that meet the criteria for S-ECC (n = 20).

Saliva samples were collected from participating children between
8:00AM and 10:00AM to minimize diurnal variations that could affect
saliva composition. Prior to collection, children were instructed to
abstain from eating and drinking for at least 2 h, and refrain from oral
hygiene procedures for at least 1 hour to maintain a consistent oral
environment [22]. To avoid any influence from medical treatments,
intravenous infusions were also prohibited during this period.

Sterile saliva collection tubes, each labeled with a unique identifier,
were utilized to ensure sample traceability and participant anonymity.
The collection was conducted in a designated ward treatment room,
ensuring optimal temperature, humidity, and a quiet environment.
Children were guided to expectorate saliva into the collection tubes
under the supervision of trained resident dentist. It was ensured that the
volume of each saliva sample collected exceeded 2 mL to meet the
minimum requirements for subsequent analyses.

Post-collection, saliva samples were promptly stored in a portable
refrigerator to preserve their biochemical integrity. Within a 3-hour
window, the samples were transferred to a —20 °C freezer for long-
term storage, a critical step to prevent degradation and maintain sam-
ple stability. Quality control measures were rigorously implemented
throughout the collection process to ensure sample quality and consis-
tency. Samples were excluded based on the following criteria: insuffi-
cient saliva volume, contamination of the collection tube, and instances
where children failed to comply with the collection procedure. Each
sample was marked with a unique code corresponding to the partici-
pant’s ID and the date of collection, allowing for data analysis and
tracking without compromising participant privacy.

2.2. Sample preparation and metagenomic analysis

Saliva samples were mixed with 400-800 pL of saline-magnesium
buffer and were filtered with 0.45 pm and 0.22 pm filters. The filtrates
were treated with RNase and DNase at 37 °C for 60 min, followed by
incubation at 75 °C for 10 min [23]. DNA was then extracted using a
phenol-chloroform method and subjected to 1.2 % agarose gel electro-
phoresis to assess purity and integrity [24]. DNA concentration was
measured with the Qubit® dsDNA Assay Kit in a Qubit® 3.0 Fluorometer
(Life Technologies, CA, USA). Random fragmentation of DNA was con-
ducted with the Covaris M220 Ultrasonic instrument (Covaris, Woburn,
MA, USA) at a threshold of 350 bp. The DNA library was constructed
with the NEB Next Ultra DNA Library PrepKit for Illumina (NEB, USA)
and quantified with the Qubit® dsDNA Assay Kit in a Qubit® 3.0
Fluorometer (Life Technologies, CA, USA). Sequencing was conducted
with the Illumina NovaSeq 6000 PE150 at TinyGen Biotechnology Co.,
Ltd. (Shanghai, China) [25]. The quality of raw sequence reads was
controlled with fastp (version 0.22.0), with a lower quality limit of 20
and a length limit of 50 bp [26]. Raw reads were then mapped against
GRCh38/hg38 with Bowtie 2 (version 2.3.5) [27,28]. The filtered reads
were aligned and assembled into contigs with MEGAHIT (version 1.2.9)
[29].

2.3. Bioinformatics analysis
The procedure of bioinformatic analysis is illustrated in Fig. 1. Viral

sequences were predicted with VirFinder (version 1.1), DeepVirFinder
(version 1.0), VirSorter2 (version 2.2.3), CAT (version 5.2.3), and IMG/
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Fig. 1. Flowchart of bioinformatic analysis. The raw data went through quality control assembly to get valid contigs. Contigs were screened with VirFinder,
DeepVirFinder, VirSorter2, CAT, and IMG/VR to get viral contigs. Viral contigs were clustered into vOTUs for further bioinformatic analysis. Bioinformatic analysis
contains vOTUs evaluation, taxonomy annotation, Functional analysis, and diversity analysis (including Alpha and Beta diversity). The difference between the

healthy group and the S-ECC group was compared based on bioinformatic data.

VR (version 5.1) [30-33,13]. Obtained sequences were clustered into
viral operational taxonomic units (vOTUs) with CD-HIT (version 4.8.1)
and predicted for genetic information with prodigal (version 2.6.3) [34,
35]. Reported vOTUs were selected based on a similarity of at least 90 %
and coverage of at least 75 % in the comparison. Any vOTUs that did not
meet these criteria were considered novel or unreported vOTUs. Taxo-
nomic annotation was conducted by DIAMOND (version 2.0.15) against
the NCBI NR database [36,37]. Functional annotations were performed
against the Kyoto Encyclopedia of Genes and Genomes (KEGG),
Carbohydrate-Active Enzymes (CAZY), and Evolutionary Genealogy of
Genes (EggNOG) databases [38-40]. The host prediction was inferred
from the IMG/VR database with VPF-Class (version 0.1.2) [41]. R soft-
ware (version 3.6.1) was applied for statistical analysis and visualiza-
tion, and t-tests (SPSS Statistics software, version 20.0) were employed
to compare ecological and functional traits between the healthy group
and the S-ECC group.

3. Results
3.1. Overview of the phageome

The 40 recruited children had an average age of 4.46 years. Saliva
samples were collected from 20 healthy children and 20 children with S-
ECC. Raw reads were processed by removing low-quality and contami-
nation reads from nonviral resources to obtain clean and virus-like
reads. The summary of reads in the optimization process is listed in
Table 1. A total of 50.26 % of the contigs were ranged from 3001 bp to
4000 bp (Fig. 2). 37,273 vOTUs were obtained, constructed of 26,076
novel vOTUs (70.0 %) and 11,197 reported vOTUs (30.0 %). The longest
20 reported/novel vOTUs were illustrated in Table 2, the vOTUs were

Table 1
Optimization of sequencing data for desired viral contigs.

Sequencing data Sequencing data statistics

Raw reads 2474,203,582
Clean reads 2405,632,064
Removed reads 2101,742,798
Virus-like reads 372,460,784
Total viral contigs 2920,390

identified as dsDNA viruses (33,974 vOTUs), ssDNA viruses (103
vOTUs), retroviruses (21 vOTUs). There are 3.235 vOTUs remained
unclassified.

3.2. Taxonomic annotation

The taxonomic annotation showed a high abundance of Siphoviridae
sp., Podoviridae sp., and Myoviridae sp. at the family level and Mini-
virus, Chlorovirus, and Rahariannevirus at the species level in the entire
oral phageome (Fig. 3).

3.3. Host prediction

The comparison of host prediction revealed that 85.7 % of the pre-
dicted hosts were bacteria. The phage abundance was significantly
lower in the healthy group than in the S-ECC group, and phages infecting
Bacillus, Mycobacterium, Streptococcus, Cellulophaga and Arthrobacter
at the genus level were abundant in phageome in both the healthy group
and the S-ECC group (Fig. 4). The heatmap illustrated the abundance
levels of phages across the healthy group and the S-ECC group, with
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Table 2

The longest 20 reported vOTUs annotation with their subject ID and vOTUs
length. The Subject ID refers to the sequences in the database to which the
vOTUs sequences correspond.

vOTUs Subject ID Length

H1.C29123 IMGVR_UViG_3,300,008,638_000006|3,300,008,638| 392,282
Ga0111421_100,002

H8_C129697 IMGVR_UViG_3,300,008,522_000006|3,300,008,522| 388,587
Ga0111045_100,001

C3_C37668 IMGVR_UViG_3,300,008,638_000006|3,300,008,638| 387,948
Ga0111421_100,002

C13_C117513 UGV-GENOME-0,380,221 381,654

H12.C119655 IMGVR_UViG_3,300,008,636_000008|3,300,008,636| 292,364
Ga0111420_100,004

C16_C9730 IMGVR_UViG_3,300,008,514_000002|3,300,008,514| 284,814
Ga0111023_100,008

C15_C20057 IMGVR_UViG_3,300,008,734_000001|3,300,008,734| 279,585
Ga0113998_100,007

H15_C14160 IMGVR_UViG_3,300,007,208_000001 |3,300,007,208| 279,164
Ga0103291_100,007

H14_C4701 IMGVR_UViG_3,300,008,091_000009|3,300,008,091 | 278,718
Ga0105975_100,007

C7_C54240 IMGVR_UViG_3,300,008,091_000009|3,300,008,091 | 277,608
Ga0105975_100,007

C13.C77029 IMGVR_UViG_3,300,008,747_000008|3,300,008,747 | 273,287
Ga0115677_100,001

H14_C106743  UGV-GENOME-0,380,013 273,275

C1_C120126 IMGVR_UViG_3,300,008,679_000005|3,300,008,679 | 269,528
Ga0115430_1,000,001

H15_C96531 DTR 410,932 269,310

H18_C90306 UGV-GENOME-0,379,991 269,013

H1_C136649 UGV-GENOME-0,379,994 266,081

H12_C77777 IMGVR_UViG_3,300,008,082_000002|3,300,008,082| 263,472
Ga0105968_1,000,005|2951-259,879

H12.C22198 UGV-GENOME-0,379,927 260,952

C7_C37431 IMGVR_UViG_3,300,007,980_000001 |3,300,007,980| 260,355
Ga0114366_1,000,001

C14_C4595 IMGVR_UViG_3,300,007,648_000001|3,300,007,648| 258,590

Ga0105531_100,010

phages infecting Bacillus, Mycobacterium, Streptococcus, Cellulophaga
and Arthrobacter at the genus level and Streptococcaceae, Micro-
roccaceae, Bacillaceae, Flavobacteriaceae and Mycobacteriaceae at the
family level were universally abundant in phageome in all samples
(Fig. 5).

3.4. Comparison of phageome characteristics

The Alpha diversity was tested and compared at the Sobs, Chao, and
ACE indexes level (Fig. 6A). The Sobs, Chao, and ACE indexes were
significantly higher in the healthy group (26.85, 27.15, and 27.12,
respectively) than in the S-ECC group (26.85, 27.15 and 27.12, respec-
tively) (p < 0.05). The Bray-Curtis index with principal coordinate
analysis (PCoA), showed higher Beta diversity in the S-ECC group
(Fig. 6B). The first principal coordinates) explained 15.21 % of the
variation, while the second principal coordinates) explained 12.39 % of
the variation.

Taxonomic analysis indicates a higher abundance of Podoviridae and
a lower abundance of Inoviridae and Herelleviridae in the S-ECC group
than in the healthy group. The comparison based on taxonomic anno-
tation revealed significantly higher abundance of Podoviridae at the
family level and Podoviridae sp. at the species level in the S-ECC group
than in the healthy group (p < 0.01) (Fig. 6C).

In a comparison of host predictions, phages infecting Streptococcus,
Nitrincola, Synechoccoccus, Rhodobacter, and Klebsiella at the host
genus level were observed to decrease in the S-ECC phageome, as
compared with the healthy group (p < 0.05). The comparison based on
host prediction revealed significantly lower abundance of phages
infecting Streptococcus at the genus level in the S-ECC group than in the
healthy group (p < 0.01) (Fig. 6D).

3.5. Functional annotations

The functional annotation was conducted against the KEGG,
EggNOG, and CAZy databases. The annotation against KEGG predicted a
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Fig. 4. Comparison and composition of vOTUs abundance with annotated bacterial hosts. The left figure represents the comparison of phages between the healthy
group and the S-ECC group, while the right figure illustrates the composition of phageome at the host genus level H: healthy group, C: S-ECC group.

higher abundance of replication and repair, nucleotide metabolism, and
lower carbohydrate metabolism, translation, amino acid metabolism,
and energy metabolism in the S-ECC group than in the healthy group (p
< 0.05) (Fig. 7A). The EggNOG annotation revealed an elevated abun-
dance of nucleotide transport, nucleotide metabolism, and reduced
translation, ribosomal structure, and biogenesis in the S-ECC group than
in the healthy group (p < 0.05) (Fig. 7B). The CAZy annotation predicted
elevated abundance of glycoside hydrolases (GHs) and decreased
glycosyl transferases (GTs) and carbohydrate-binding modules (CBMs)
in the S-ECC group than in the healthy group (p < 0.05) (Fig. 7C).

4. Discussion

The potential impact of the oral phageome on the bacteriome and its
relation to S-ECC remains unclear, suggesting the importance of inves-
tigating oral phageome in younger children. However, challenges arise
from both the low abundance of host bacteria and the viral specificity of
phages, which can result in specific phages inadvertently overlooked by
conventional methods. With the advancement of metagenomic tech-
nologies from polymerase chain reaction (PCR), fluorescence in-situ
hybridization (FISH), DNA microarray to next-generation sequencing
(NGS), the numerous and unknown microbiota can be explored more
effectively than ever before [42]. Compared to other methods, NGS
provides more comprehensive and extensive genetic information. NGS
involves highly parallel sequencing during the sequencing and data
processing steps and high-throughput instruments for large-scale,
multi-channel sequencing reactions. These methodological and techno-
logical properties enable NGS to process millions to billions of DNA
fragments simultaneously without isolating phages [43]. As a result, the
ability to explore diverse and previously unknown microorganisms is
significantly enhanced. In the present study, Illumina NovaSeq
sequencing was employed to analyze the diversity and novelty of phages
within the oral phageome. Illumina NovaSeq allowed for effective
analysis of a wide range of microorganisms that are challenging to
isolate, thus enabling a deeper and broader understanding of the oral
phageome.

To the best of our knowledge, this is the first study to investigate the
potential role of the phageome in the pathogenesis of S-ECC. We have
identified phageome alterations associated with S-ECC, including

changes in ecological diversity, taxonomic composition, and functional
annotation. It was reported that a diverse phageome has been observed
to exert a more rapid suppression of the host population [44]. In the
present study, the Alpha diversity was lower in the S-ECC group, which
aligns with the previous studies on the caries microbiome [45]. The
reduced diversity may weaken its modulatory effect against bacteria.
The current analysis also detected increased Beta diversity associated
with S-ECC. The host prediction suggested that 85.7 % of the viral se-
quences originate from phages. This high abundance of phage aligns
with findings from the previous study [46]. The taxonomic annotation
further revealed the prevalence of Siphoviridae, Podoviridae, and
Myoviridae, which is consistent with adult caries studies [47].

Due to the robust interaction between phages and bacteria, previous
studies on oral bacteriomes pave the way for exploring the oral phag-
eome. Streptococcus is the most implicated bacteria with proven car-
iogenicity [48]. Coincidentally, previous metagenomics studies found
Streptococcus phages prevailing in oral phageome, indicating their role
in the oral microbiome [49].

The current analysis revealed a lower abundance of Streptococcus
phages in the S-ECC group than in the healthy group. This contrasts with
the previously reported finding that more Streptococcus phages were
detected in the caries phageome [21]. This difference could be due to
variations in the metagenomic methodology. In the present study, the
decontamination procedure removed bacterial DNA, favoring the
detection of lytic phages. However, in the previous study, bacterial DNA
was not removed, so lysogenic phages were included in their micro-
biome metagenomic analysis [21]. The decreased cariogenicity of
Streptococcus lytic phages may weaken their modulatory effect on
bacterial activity, thus suggesting an imbalance in phages and bacteria
in developing S-ECC [50]. Furthermore, the abundance of lytic Strep-
tococcus phages in the healthy group suggests that the healthy popu-
lation may be more promising for the isolation of therapeutic phages.
The presumption is also supported by the successful isolation of lytic
Streptococcus mutans phages M102, el0, f1, $APCMO01, and SMHBZS,
from healthy subjects [51-53].

The KEGG annotation results showed an enrichment of genes asso-
ciated with "nucleotide metabolism" and "replication and repair", along
with a depletion of genes related to "translation". Similarly, the EggNOG
annotation results revealed an enrichment of genes associated with
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Fig. 5. Heatmap illustrating composition and host prediction in all samples at the family and species level. The left figure represents the host prediction at the host
family level for all samples, while the right figure illustrates the host prediction at the host species level. Red cells in the heatmap indicate higher values of specific
phages in each sample, and blue cells represent lower values of phages in each sample.
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Fig. 6. Comparative analysis of composition and taxonomic annotation between the healthy group and the S-ECC group. (A). Comparative analysis of Alpha diversity
(B). PCoA analysis of Beta diversity (C). Comparative analysis of the abundance of phages at the level of families and species. (d). Comparative analysis of the
abundance of predicted hosts at the family and genus level. * 0.01 < p < 0.05, ** 0.001 < p < 0.01, *** 0 < p < 0.001, H: healthy group, C: S-ECC group.

"nucleotide transport and metabolism" and a depletion of genes related
to "translation, ribosomal structure, and biogenesis". These findings
collectively confirm that there are more genes associated with nucleo-
tide metabolism and fewer genes associated with synthesis in the S-ECC
phageome than in the healthy phageome. The nucleotide metabolism
helps reduce mutation rates, which weakens phage flexibility to coun-
teract with their host bacteria [54,55]. Moreover, the impact on syn-
thesis could also prevent oral phageome from exerting a modulatory
effect on the oral microbiome, for that synthesis is essential for phages’

survival and virulence [56]. CAZy annotations revealed an enrichment
of GHs and decreased GTs in the S-ECC group. GHs and GTs exert
adverse effects on exopolysaccharides (EPS) [57,58]. GHs could hinder
bacterial attachment and biofilm formation by breaking down EPS and
polysaccharides [59]. Contrarily, GTs catalyze the synthesis of EPS [60].
The changes in functional annotations in the S-ECC group indicate that
oral phageome may present modulatory effects against S-ECC develop-
ment or undergo adaptive changes in response to S-ECC. Further studies
are needed to substantiate this hypothesis.
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The above-mentioned findings show that the S-ECC phageome has a
reduced modulatory effect than the healthy phageome. Additionally, the
inhibitive activities of the phageome against the development of S-ECC
were lessened. Given the ecological and functional changes in the S-ECC
phageome, the study hypothesizes that phage-bacteria interactions play
a role in S-ECC development. Phages may inhibit S-ECC by infecting
cariogenic bacteria, enhancing anti-cariogenic synthesis, and directly or
indirectly impeding bacterial attachment.

Saliva is an ideal sample for phageome analysis in children subjects.
Based on the developmental stage of children under the age of 6, saliva
serves as an accessible collection method without invasion and suffering
[61]. Moreover, saliva holds diagnostic potential in oral and some sys-
temic diseases for it being individually specific and stable over time
[62]. Therefore, saliva samples were applied in the present study to
investigate the relationship between oral phageome and S-ECC. It is
worth noting that saliva and plaque are two representative types used
for omics analysis. Further, the properties of phageome from saliva and
plaque are different [20]. To be specific, the salivary phageome has been

observed to have a higher taxonomic abundance, whereas the plaque
phageome, particularly in patients with periodontitis, exhibits a
considerably lower abundance. Furthermore, the predominant phages
also vary between the salivary and plaque phageome, with Yersinia
phage phiR1-37 being predominant in saliva, and Lactococcus phage
1706 and Actinomyces phage AV-1 being predominant in plaque. In
addition, other oral samples, such as gingival crevicular fluid, mucous
membranes and mouthwashes, might have their own distinct phageome
[63-66]. These insights are speculative, based on the characteristics of
the disease and the sample; The actual disparity requires confirmation
through microbiome analysis. Thus, an initial exploration of the salivary
phageome serves as a fundamental step towards further in-depth and
updated studies. Such future research efforts are critical to uncovering
the microbial mechanisms underlying oral pathologies.

This study explored oral phageome in children with and without S-
ECC. The demographic characteristics of the subjects, sample size, and
the progression pattern of S-ECC were conservatively controlled. Future
studies should consider enrolling a larger population for representative
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samples. Moreover, the phageome may vary with S-ECC progression, so
further studies should consider whether the S-ECC exhibits a progressive
or arrested pattern. Furthermore, the relation between the phageome
ecological and functional properties with the S-ECC metabolism requires
more robust evidence. A combination of phageome metagenomics and
bacteriome metagenomics is also needed to reach mutual corroboration
on how phage-bacteria interaction functions in S-ECC development. The
combination of genomics, transcriptomics, and proteomics is also
essential to confirm the effect phageome play in the development of S-
ECC.

5. Conclusion

In summary, our metagenomic analysis of the oral phageome in
children with S-ECC has revealed a significant reduction in phages tar-
geting Streptococcus, accompanied by significant alterations in func-
tional annotation. These findings suggest a reduced ability to affect the
composition and metabolic processes of the oral bacteria, thus high-
lighting the importance of the oral phageome in the development of S-
ECC. The reduced modulatory effect to counteract cariogenic factors
may pave the way for novel prevention and treatment strategies for S-
ECC. Future research should consider integrating metagenomics tar-
geting both the phageome and the bacteriome to understand better the
phage-bacteria interaction associated with S-ECC.
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