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Objective: To assess the epidemiologic attributes and microbial variations associated with extrinsic black tooth stain (BTS) among Chinese preschool children.

Methods: This cross-sectional study included 250 preschool children (3–4 years) from three kindergartens in Shanghai, China. Following clinical examination, and using a case-control design, saliva and dental plaque specimens were collected from caries-free participants with (n = 21, BTS group) and without (n = 48, control group) BTS. The chi-square test and logistic regression model were used to evaluate factors associated with BTS. 16S rRNA sequencing were used to characterize the associated microbial communities.

Results: BTS was detected in 12.4% of participants, with a mean of 13.7 black-stained teeth. Participants with BTS had a lower caries burden and better oral hygiene (P = 0.003). Children with less frequent intake of marmalade or honey (P = 0.033) and regular application of fluoride (P = 0.007) had a lower likelihood of having BTS. Microbiota analysis revealed 14 phyla, 35 classes, 63 orders, 113 families, 221 genera, 452 species, and 1,771 operational taxonomic units (OTUs). In terms of microbial diversity, no significant differences were observed in the saliva of the two groups (P > 0.05). Dental plaque from the BTS group exhibited higher OTU richness but lower evenness than that from the control group (Chao P = 0.006, Shannon P = 0.007, respectively) and showed a significant difference in β diversity (P = 0.002). The microbiome in the two groups was characterized by various microbial biomarkers, such as Pseudomonas fluorescens, Leptotrichia sp._HMT_212, Actinomyces sp._HMT_169, and Aggregatibacter sp._HMT_898 in plaques from the BTS group. Functional analysis of the microbial species suggested the existence of a hyperactive metabolic state on teeth surfaces with BTS plaques and revealed that ferric iron, the iron complex transport system, and the iron (III) transport system were more abundant in BTS plaque samples.

Conclusions: This study provides insights into the epidemiologic and microbial features of BTS in preschool children. The microbiome in BTS is characterized by various microbial biomarkers, which can serve as indicators for BTS diagnosis and prognosis.
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INTRODUCTION

Black tooth stain (BTS) is a common condition characterized by an extrinsic discoloration of teeth due to the deposition of bacterial plaque enriched in calcium phosphate minerals and insoluble iron-containing compounds (1, 2). BTS is clinically diagnosed based on the deposition of dark-colored lines or dots parallel to the gingival margin in the cervical half of the crown (3, 4). Due to the high mineral content, conventional tooth brushing is unlikely to remove BTS, and BTS has a tendency to reform after professional scaling and debridement (5).

BTS affects primary and permanent dentition and is equally prevalent (1–20%) in both genders (5, 6). The black pigmentation is caused by the formation of ferric compounds (such as ferric sulfide) as a result of interactions between hydrogen sulfide (produced by periodontal microorganisms) and iron present in saliva or gingival fluid (7). Therefore, oral microorganisms, particularly chromogenic bacteria (such as Actinomyces and Prevotella) are associated with the formation of black pigments and BTS in primary dentition (8–10). Heinrich-Weltzien et al. analyzed the compositions of bacterial plaque in patients with BTS using real-time polymerase chain reaction (PCR),and reported that specimens from the BTS group contained increased numbers of Actinomyces naeslundii and reduced numbers of Lactobacillus spp. and Fusobacterium nucleatum (11). A recent study reported the relative abundance of Pseudopropionibacterium, Actinomyces, Rothia, and Cardiobacterium was higher and that of Porphyromonas was lower in the BTS group (4). Although these findings clearly indicate an association between BTS and altered oral microbiota, the basic microbial features and association between the microbial assemblies and BTS are not fully understood. Therefore, to identify the microorganisms underlying the formation of BTS, the interactions between the complex oral environment and microbial flora require further investigations.

BTS can lead to aesthetic, social, and psychological issues in children. Although BTS has significant public health and clinical research implications, the literature and epidemiological data about the deposition of black stains on primary dentition is limited. In addition, various studies reporting the prevalence of BTS among children mainly investigated children aged 6–12 years old or adolescents (11–13). The current literature reporting the prevalence, microbiota, and risk factors of BTS in preschool children is scarce.

Next-generation sequencing (NGS) (14) is an established technology that has empowered researchers to investigate the microorganisms associated with BTS at the molecular level. This technique has facilitated better understanding of the micro-ecological alterations associated with BTS (15). Using NGS, Li et al. discovered that certain bacterial species such as Leptotrichia and Fusobacterium may contribute to the production of BTS. Furthermore, three bacterial genera (Clostridiaceae, Peptostreptococcus, and Clostridium) were found to be related to the co-occurrence of black extrinsic discoloration and dental caries (15).

The aim of the present study was to assess the epidemiologic features and microbial variations associated with extrinsic BTS among preschool children aged 3–4 years in Shanghai, People's Republic of China. We used 16S rRNA sequencing to analyze the microbiome of saliva, supragingival plaque, and pigment spots on tooth surface specimens from preschool children with and without BTS.



MATERIALS AND METHODS


Subjects and Study Design

The present epidemiological study included preschool children (3–4 years) from three kindergartens in Shanghai in three randomly selected districts (two in the suburbs and one in the central district) in 2018. Kindergartens were selected using a multi-stage cluster systematic random sampling method according to the list of kindergartens compiled by the Shanghai Education Commission in Shanghai, People's Republic of China. The ratio of public and private kindergartens was also taken into consideration in the sampling process. The required sample size was calculated with the following formula:

n≥t2p(1–p)/d2

where t is the confidence level at 95%, p is the estimated prevalence of BTS (based on a previous pilot survey, unpublished data, 15% prevalence), and d is the margin of error. The calculated sample size was ≥ 204.

Consent to participate in the study was requested from the parents/guardians of all children (3–4 years) registered at the selected kindergartens. The parents/guardians signed an informed consent form allowing us to proceed with the clinical oral examination and sample collection of their children. The study was performed with ethical approval from the institutional Ethical Committee of the Ninth People's Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China (Ref No. 2015135). This study conformed to the STROBE guidelines and all procedures were performed in accordance with the Declaration of Helsinki.

The inclusion criteria were as follows: (1) systemically healthy; (2) no antibiotic intake in the previous 3 months. Children who were absent or uncooperative on the day of the investigation and those who failed to provide informed consent were excluded.

To obtain information regarding the associated factors for BTS, all participants' guardians were requested to complete the study questionnaire without assistance before commencing the oral examination. Information including sociodemographic characteristics (gender, age, height, weight, parents' education level, and parents' income); disorders or diseases during gestation (e.g., premature birth); physical conditions (systemic diseases and discomfort); dietary habits (including frequency of sweets, iron and zinc consumption); and oral hygiene habits (tooth brushing frequency and oral examination frequency) of the participants were collected using the questionnaires. Parents were also asked to disclose the medical history and any discomfort suffered by their children.

The intraoral examination of children was performed in the morning (9.00–11.00 am) by an experienced dentist, who was qualified to score the caries status of the children according to the decayed, missing, and filled teeth (dmft) and decayed, missing, and filled surfaces (dmfs) indices. According to the American Academy of Pediatric Dentistry (2018) (16), dental caries is defined as the presence of decayed (non-cavitated or cavitated lesions), missing (due to caries), or filled tooth in any primary tooth in a child. The visible plaque index (VPI) was used to assess bacterial plaque accumulation. Using the previously described criteria (11, 12), the buccal and lingual surfaces of all deciduous teeth were examined, and BTS was recorded as black lines or dots firmly adhered to the tooth surface and parallel to the gingival margin. The same examiner performed all the clinical oral examinations. To assess the intra-examiner reliability, we reexamined 10% of the participants and the Cohen's kappa value (κ) was > 0.8 for all parameters.

For further oral microbiome analysis, the following selection criteria were applied: (1) good state of general health; (2) no intake of antibiotics for the last 3 months; (3) mean VPI < 1; (4) dmft and dmfs = 0. Among the children with BTS, 21 children who met the above criteria were included in the BTS group. The control group included 48 BTS free children who matched the age, gender and kindergarten with the BTS group.



DNA Extraction and Sequencing

The children were asked not to consume any food or drink for at least 2 h prior to sample collection. In the BTS group, we obtained specimens of saliva (BS), supragingival plaque (BP), and BTS plaque (BTSP). In the control group, we collected saliva (S) and supragingival plaque (P) samples.

Supragingival plaque (~1–2 mg) and BTS samples were collected from tooth surfaces using sterile carbon curettes. For the BTS group, the BP and BTSP samples were collected from the non-stained and black-stained tooth surfaces, respectively. All specimens were stored in sterile Eppendorf tubes (5 ml) containing 400 μl of sterile water. Unstimulated whole mouth saliva (2–3 ml) was collected from each participant with a sterile Eppendorf tube (5 ml) using a funnel. All the specimens were immediately transferred to a dry ice-containing bubble chamber and placed in a freezer (−80°C) within 4 h until further experimentation.

The microbial DNA was extracted using the soil DNA Kit (EZNA® Omega Bio-tek, Norcross, GA, USA) and further analyzed for quality with agarose gel (1%) electrophoresis. The purity and final concentration of DNA were evaluated using a UV-vis spectrophotometer NanoDrop 2000 (Thermo Scientific, Wilmington, MA, USA). To amplify the bacterial 16S-rRNA gene (V3-V4 hypervariable segments), we used the primers 338F(5-ACTCCTACGGGAGGCAGCAG-3) and 806R(5-GGACTACHVGGGTWTCTAAT-3) with a thermocycler PCR system (GeneAmp 9700, ABI, USA). The following PCR protocol was applied: denaturation (3 min; 95°C, 27×30 s cycles at 95°C), annealing (30 s; 55°C), and elongation (45 s; 72°C), followed by final extension (10 mins; 72°C) (17). All specimens were run in triplicate using aliquots of 20 μL (4 μL of 5 × FastPfu Buffer, 0.8 μL of each primer (5 μM), 2 μL of deoxynucleoside triphosphate (dNTP; 2.5 mM), DNA template (10 ng), and 0.4 μL of FastPfu polymerase). PCR yields were extracted using agarose gels (2%) and the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, USA). Quantification and further purification were conducted utilizing QuantiFluor™-ST (Promega, Fitchburg, WI, USA). After purification, the amplicons in equimolar paired-end sequences (2 × 300) were pooled using the Illumina MiSeq platform (Illumina, San Diego, CA, USA) according to the instructions from Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China). The raw sequencing data for this study can be accessed through the National Center for Biotechnology Information Sequence Read Archive (Accession# PRJNA750886).



Bioinformatics and Statistical Analyses

Trimmomatic and FLASH software (v1.2.11) were used for the interpretation of the sequencing data as previously reported (18, 19). The operational taxonomic units (OTUs, similarity cutoff rate of 97%) were clustered using UPARSE v7.1 software (http://drive5.com/uparse/) (20). The recognition and elimination of chimeric sequences were performed using UCHIME.

Each 16S-rRNA gene sequence was analyzed using the RDP Classifier algorithm (http://rdp.cme.msu.edu/) along with the Human Oral Microbiome Database (HOMD) (v15.2). The online Majorbio I-Sanger Cloud Platform (www.i-sanger.com) was used for further data analysis.

Characteristic sequences were split at various classification levels (from phylum to species). Bacterial richness diversity was assessed with the α index. QIIME (v1.9.1) was used to perform principal coordinate analysis (PCoA) based on the normalized weighted Unifrac distance matrices (21). Differences in the composition of the microbiota were compared through analysis of similarities (ANOSIM) while the relative abundances (mean differences) were assessed at the species level using the linear discriminant analysis (LDA) effect size (LEfSe) (21). A fixed α value (0.05) was applied to conduct the Kruskal–Wallis H and Wilcoxon tests among the groups, controlling the false discovery rate (FDR) for multiple comparisons. The logarithmic LDA scores were analyzed using a threshold of 3.0. The association of microbial community structure with affecting factors was evaluated by variation partitioning along with distance-based redundancy analysis (db-RDA). The phylogenetic investigation of communities by reconstructing unobserved states (PICRUSt) was used to predict the functional profiles of the microbial communities (22). Genome functional annotation was performed on Clusters of Orthologous Groups of proteins (COG) and analyzed by disintegrating the predicted functional composition profiles into level-3 pathways in the Kyoto Encyclopedia of Genes and Genomes (KEGG) database (23).

Data were analyzed using SPSS software (v20, IBM, NY, USA) with the significance level set at 5%. The significance of differences in continuous variables between the BTS and control groups was compared using the Student's t-test. Furthermore, we applied the Chi-square test to analyze the differences in clinical and lifestyle factors in both groups. Factors associated with BTS in children were evaluated using binary logistic stepwise regression. All variables that had a P value <0.2 in the bivariate analyses were selected for the regression model. The association of the VPI values with the relative abundance of each species and number of black teeth was evaluated by Spearman's correlation analysis.




RESULTS


General Characteristics of Participants

In total, 282 children were invited to participate in the investigation. The parents of 271 children completed the questionnaire, with a response rate of 96.1%. Finally, 88.7% (250/282) children received the clinical oral examination.

We analyzed the demographic and clinical data of 250 (130 boys, 120 girls) children. BTS was observed in 12.40% (31/250) of the children, with a mean of 13.7 black-stained teeth. In terms of gender distribution, there was no significant difference between the BTS group and control group (P = 0.269). The mean VPI was significantly lower in the BTS group (0.29 ± 0.16) than in the control group (0.47 ± 0.25, P = 0.003). The mean values for dmft and dmfs were also significantly lower in the BTS group than in the control group (dmft 1.1 ± 1.9 vs. 1.3 ± 2.4, P = 0.037; dmfs 2.1 ± 2.8 vs. 3.1 ± 4.7, P = 0.004, respectively). The questionnaire results were shown in Supplementary Table 1. According to the logistic regression analysis, children who consumed marmalade or honey less frequently (P = 0.033) and received fluoride application regularly (P = 0.007) had a lower likelihood of having BTS (Table 1).


Table 1. Application of multiple logistic regression model for black tooth stains.
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Sequencing Characteristics

All participants that met the inclusion criteria were selected for 16S rRNA gene sequencing. The two groups were matched in terms of gender and age (P > 0.05). The BTS group had significantly lower mean VPI than the control group (P = 0.003, Supplementary Table 2).

A total of 159 samples were collected for further analysis. The specimens consisted of five subgroups: BS (21 samples), BP (21 samples), BTSP (21 samples), S (48 samples), and P (48 samples).

A total of 6,755,214 high-quality reads were generated with a mean of approximately 43,302 reads per specimen. Sequence OTU clustering and notation (at 3% divergence level) identified 14 phyla, 35 classes, 63 orders, 113 families, 221 genera, 452 species, and 1,771 OTUs. Rarefaction revealed the near-complete sampling of saliva, plaque, and the BTS community (Supplementary Figure 1). The shared and unique OTUs in the five subgroups were illustrated in a Venn diagram (Figure 1). In both groups, the majority of OTUs (503) were preserved and shared in saliva. Notably, 398 OTUs were detected in all three plaque subgroups (BTSP, BP, and P), and 663 OTUs were unique in the BTSP subgroup.


[image: Figure 1]
FIGURE 1. Characteristics and diversity of saliva and plaque microbiota. (A) Venn diagram depicting OTU distributions of plaque samples. (B) Venn diagram of saliva samples. (C) Chao index comparing the α diversity; *P < 0.05, **P < 0.01, ***P < 0.001. (D) Shannon index; *P < 0.05, **P < 0.01, ***P < 0.001. (E) PCoA showing the differences in the plaque microbiome community structure based on the weighted normalized UniFrac distance with ANOSIM analysis. (F) PCoA of the saliva microbiome.


MOTHUR was used to identify and quantify bacterial taxa from the phylum level to the species level through taxonomic assignment against the reference HOMD database. The phyla Proteobacteria, Bacteroidetes, Actinobacteria, and Fusobacteria constituted ~94% of the microbial composition in all five subgroups. The most prevalent genera in the plaque samples were Neisseria, Leptotrichia, Pseudomonas, Actinomyces, Corynebacterium, Capnocytophaga, and Streptococcus. Neisseria, Streptococcus, Veillonella, Prevotella, Haemophilus, and Porphyromonas were the most prevalent genera in the saliva microbiota. Supplementary Figure 2 presents the bacterial average relative abundances at other levels.



Diversity of Saliva and Plaque Microbiota

The α diversity of the saliva and plaque microbiomes was analyzed using the Chao index (Figure 1C) and Shannon index (Figure 1D). The Chao index showed that the BTSP samples had a higher OTU richness than the P samples (BTSP vs. P, P = 0.006). Comparing the Shannon index data indicated that the P samples had significantly greater microbial diversity than the BTSP samples (BTSP vs. P, P = 0.007). The control group had a more balanced environment than the BTS group. The saliva samples from the two groups showed no statistical differences in terms of diversity (Chao P = 0.288, Shannon P = 0.861, respectively). Both the Shannon and Chao indices also showed no significant differences in the supragingival plaque samples (BP vs. P, Chao P = 0.774, Shannon P = 0.356, respectively).

Upon analyzing the similarities and differences in the overall microbial composition and structure (PCoA and ANOSIM), insignificant variations were detected in the structure of plaque microbiota among the BTSP, BP, and P samples (Figure 1E; P = 0.002, R = 0.197). In addition, the bacterial community composition of the saliva samples showed no significant difference between the BTS and control groups (Figure 1F; P = 0.058, R = 0.082).



Characterization of Saliva and Plaque Microbiota Associated With Black Tooth Stain

To classify microbiota associated with BTS in saliva and plaque samples, the relative bacterial abundances among the groups were compared using LEfSe analysis and the LDA scores at the species level (Figure 2, LDA score (log10) > 3). The results revealed various BTS-enriched species. We distinguished the BTS microbiome based on eight biomarkers, including Pseudomonas fluorescens, Leptotrichia sp._HMT_212, Actinomyces sp._HMT_169, and Aggregatibacter sp._HMT_898. Five bacterial species, including Lautropia mirabilis, Rothia aeria, and Corynebacterium durum, were more abundant in the BP samples. P samples from the control group were characterized by 19 bacterial species, including Corynebacterium matruchotii, Actinomyces naeslundii, and an unclassified Streptococcus species (Figure 2A). We also applied the Kruskal-Wallis H test for further comparison of the relative abundance of species in the plaque microbiota based on the top 30 abundant species in the three plaque subgroups (Supplementary Figure 3A).


[image: Figure 2]
FIGURE 2. Comparisons of the relative bacterial abundance in the BTS and control groups; LDA revealed significant variations in the levels of bacterial species [LDA Score (log10) > 3]. (A) Plaque samples. (B) Saliva samples.


Compared to the S samples from the control group (Figure 2B), the relative proportions of seven species from the genera Neisseria, Lautropia, Haemophilus, and Aggregatibacter were higher in the BS samples. The distributions of four species, including Prevotella melaninogenica and Streptococcus parasanguinis clade 411, were highly abundant in the control group. The Wilcoxon rank-sum test results for the 30 most abundant species in the two saliva groups are shown in Supplementary Figure 3B.



Correlation Between Plaque and Saliva Microbiota and the Number of Teeth With Black Tooth Stains

To identify the association of plaque and salivary microbiota with the number of teeth with BTS, further correlation analyses of the relative abundance (%) was conducted with Spearman's correlation using the top 50 species in the plaque and saliva microbiota and the black-stained teeth number (BSTN) (Figure 3). Specific bacterial species related to VPI were also analyzed. In the plaque samples, five bacterial species were positively correlated with the BSTN, while 17 bacterial species were negatively correlated (Figure 3A). The relative abundances of Corynebacterium matruchotii (r = −0.397, P < 0.001), Actinomyces naeslundii (r = −0.438, P < 0.001), and Leptotrichia HMT_392 (r = −0.406, P < 0.001) showed a decreasing trend with the increase of BSTN. Pseudomonas fluorescens (r = 0.658, P < 0.001), an unclassified species from Pseudomonas (r = 0.696, P < 0.001), and Aggregatibacter sp._HMT_898 (r = 0.411, P < 0.001) were positively associated with the BSTN. Negative correlations to the VPI values were found in the relative abundances of Pseudomonas fluorescens (r = −0.332, P = 0.001), an unclassified species from Pseudomonas (r = −0.342, P < 0.001), and Aggregatibacter sp._HMT_898 (r = −0.373, P < 0.001). Noticeably, most species, such as Prevotella shahii, Leptotrichia shahii, and Lachnoanaerobaculum umeaense, showed opposite correlation relationships with BSTN and VPI.


[image: Figure 3]
FIGURE 3. Factors related to the bacterial community structure. BSTN: black-stained teeth number; VPI: visible plaque index; Fe: iron supplementation period; *P < 0.05, **P < 0.01, ***P < 0.001. (A) Spearman's correlation analyses for relative abundance (%) of the 50 most abundant species and related environmental factors in plaque samples. (B) Spearman's correlation analyses of saliva samples. (C) db-RDA plot at the species level in plaque samples. (D) db-RDA plot of saliva samples.


In saliva, eight bacterial species were significantly correlated with the BSTN (Figure 3B). For instance, Streptococcus parasanguinis_clade_411 (r = −0.421, P = 0.0003) had a significantly negative correlation with the BSTN. Moreover, a noticeable positive association of Streptococcus parasanguinis_clade_411 with VPI values (r = 0.256, P = 0.034) was observed.



Environment Factors Associated With Plaque and Saliva Bacterial Community

To explore whether other environment factors had any additional influence on the microbiota, the collinearity among various environmental factors (clinical and questionnaire data) was assessed by measuring the variance inflation factor (VIF). The factors with VIF > 10 were excluded from the subsequent analysis. The db-RDA based on the weighted normalized Unifrac distance matrix was determined to explore whether other environment factors had any additional influence on the saliva and plaque microbiota communities and composition. The species level db-RDA results showed a relationship between the iron supplementation period and the plaque (Figure 3C, r2 = 0.15, P = 0.002) as well as the saliva (Figure 3D, r2 = 0.14, P = 0.006) microbial community structures in these children. The plot indicated a strong inverse connection between the plaque microbiota and the values of VPI (r2 = 0.10, P = 0.012) and BSTN (Figure 3C, r2 = 0.20, P = 0.001). In addition, a correlation was also found between the saliva microbiota and BSTN (Figure 3D, r2 = 0.27, P = 0.001).



Functional Features of the Microbiota Correlated With Black Tooth Stain

To analyze the functional alterations in the microbiota, PICRUSt was performed to determine the microbial functional composition profiles. The COG database indicated that amino acid transport and metabolism, translation, ribosomal structure and biogenesis, and cell wall/membrane/envelope biogenesis were enriched in all five subgroups (Figure 4; Supplementary Figure 4).


[image: Figure 4]
FIGURE 4. Functional annotation of the microbiome based on Clusters of Orthologous groups of proteins (COG). (A–E) BTS plaque from BTS group (BTSP), supragingival plaque from BTS group (BP), supragingival plaque from control group (P), saliva from BTS group (BS) and saliva from control group (S), respectively.


Using the KEGG database, we obtained the KEGG Orthology (KO) and correlated the microbial functional features with important proteins found in the saliva and plaque samples. The 20 most abundant KO groups were visualized with heatmaps (Figure 5). Notably, in the saliva microbiota, iron complex transport system-related proteins (K02013-K02016) were more enriched in the control group (Figure 5B). In the plaque samples, these proteins were more enriched in the BTSP microbiota, especially the iron complex outer membrane receptor protein (Figure 5A), showing an opposite tendency compared to the saliva samples. In addition, proteins such as the ABC-2 type transport system permease protein, ABC-2 type transport system ATP-binding protein, sucrose-6-phosphatase [EC:3.1.3.24], and ATP-binding cassette, exhibited increased levels in the control group saliva and plaque specimens. To further evaluate the function of iron in the bacteria in the BTSP specimens, KO groups associated with iron were selected (Figure 6). It was found that the KO groups enriched in the BTSP samples contained ferric iron (K02010, K02011, K02012). Moreover, in KEGG pathways for the plaque samples (level 3), pathways related to glycolysis/gluconeogenesis, cysteine and methionine metabolism, pyruvate metabolism, serine, glycine, and threonine metabolism were more abundant in the BP group (Figure 5C).


[image: Figure 5]
FIGURE 5. Metabolism alterations in the microbiome. The color in the heatmap represents the relative abundance according to the right panel: (A) Predicted functional profile with KEGG Orthology (KO) in plaque samples. (B) KO of saliva samples. (C) KEGG pathways (level 3) in plaque samples. (D) KEGG pathways (level 3) in saliva samples.



[image: Figure 6]
FIGURE 6. The KEGG Orthology (KO) groups related to iron in plaque samples.





DISCUSSION

The present study assessed the prevalence and epidemiological features related to BTS among preschool children in China. For this purpose, we collected data related to the sociodemographic, lifestyle, and oral hygiene habits of the children using an objectively structured questionnaire. Microbial saliva and plaque specimens from the participants were analyzed to determine the microbial features correlated with BTS.

Since the incidence of oral diseases (such as caries and periodontitis) is relatively low in junior kindergarten children, and the microbial basis of BTS in the oral environment remains largely unknown, first-year kindergarten children (3–4 years) are considered good candidates for studying BTS and extracting useful scientific data. In this study, BTS was observed clinically in 12.4% of 250 preschool children. The majority of children in the BTS group had deposition of black stains on more than eight teeth. The percentage of BTS in this study was similar to that reported in other studies (11, 13) and higher than the prevalence (9.9%) reported in our previous study (24). The dental caries indicators (dmft and dmfs indices) were significantly lower in the BTS group in this study. These finding are in agreement with our previous study (24). Children with BTS on permanent dentition tend to have a lower prevalence of caries (2, 10, 25–27). In this study, the mean VPI was also remarkably lower in children with BTS compared to the value in the control group, which may be responsible for the lower incidence of dental caries. Moreover, bacterial species (such as Aggregatibacter sp._HMT_898) showed an inverse relationship with the BSTN and VPI values. The db-RDA plot also indicated a strong inverse relationship between the plaque microbiota and the values of VPI and BSTN. The improved oral health of the participants with BTS may be attributed to more attention in maintaining the oral hygiene to relieve or control the expansion of BTS.

Analysis of related sociodemographic factors and oral health habits revealed a lower risk of BTS in children with less frequent intake of marmalade and honey and regular fluoride application. These findings provide evidence of the influence of the oral hygiene behavior and dietary habits on BTS in children. In the present study, we observed a preventive role of BTS against dental caries. In addition, diet and consumption frequency may alter the composition of dental plaque microbiota (28). These results suggest that the presence of BTS may limit the progression of caries (10). Therefore, reducing the consumption frequency of cariogenic foods such as marmalade and honey may reduce the growth of cariogenic bacteria, thereby encouraging a favorable environment for bacteria associated with the development of BTS. Fluoride application on a regular basis may facilitate a higher pH in the oral cavity, which may be favorable for the deposition of BTS. However, these hypotheses require validation and further investigations.

BTS is a distinct form of dental plaque that is deposited by oral microorganisms (29). Since some of these bacteria are also related to various oral diseases, we selected children with good oral condition (without caries) for further oral microbiome analysis. BTS is deposited mainly on the lingual surfaces of mandibular incisors that are directly exposed to saliva secreted by the submandibular glands. Considering the vital role of saliva in BTS, we investigated plaque and saliva samples for further microbial features analysis. The collection of bacterial plaque using metallic instruments may contaminate the specimens with metallic ions (30). Thus, in this study, we used graphite curettes to collect the BTS samples.

In this study, α and β diversity indices indicated no significant differences in the microbial structure of saliva in children with unstained teeth and those with BTS. However, comparisons of the Chao and Shannon indexes in plaque samples revealed that BTSP samples had a higher OTU richness but a lower evenness than the control P samples, indicating the control group had a more balanced environment than the BTS group. ANOSIM analyses of the plaque microbiota also indicated significant differences in β diversity in the three plaque groups. Han et al. analyzed the salivary microbiome diversity and reported significant differences in the microbial diversity of the BTS and control groups (7). Chen et al. performed 16S rRNA sequencing and reported no statistically significant differences in the diversity and Unweighted Unifrac PCoA in the supragingival plaque microbiome between children with (n = 10) and without (n = 10) BTS (31). In contrast, Sheth et al. compared the microbiomes of BTS and white plaque in adults and reported poorer species diversity in the BTS microbiome than in the white-plaque microbiome (32). The differences in diversity trends may be attributed to variations in the ages, dietary habits and life habits of the volunteers and the tendency of dysbiosis to develop over time.

The BTS plaque microbiome was characterized by eight microbial biomarkers. Actinomyces has been reported to have the capability to produce black or brown pigmentation (33). The predominance of Actinomyces in the oral cavity is associated with BTS in children (4, 8, 31). Furthermore, hydrogen sulfide produced by oral microorganisms (such as Actinomycetes) can react with ferric ions present in saliva, resulting in the formation of BTS. The adhesion of Actinomyces naeslundii may also reduce the rate of caries formation (34, 35). Weltzien et al. reported a significant increase in Actinomyces naeslundii, which reduced caries progression in BTS children (11). Similarly, Actinomyces colonization enhances the level of Actinomyces antibodies, which also have an inhibitory effect on caries (35). Interestingly, we found a high prevalence of Actinomyces naeslundii in supragingival plaque from the control group, whereas Actinomyces sp._HMT_169 was more prevalent in the BTS plaque. There are several reasons for these differences in the results. First, Actinomyces reported in some previous studies were analyzed at the genus level or in saliva samples (15, 26, 32) and specific Actinomyces species were not defined in BTS plaques. Second, the participants in our study were all caries-free and had low VPI levels. The Actinomyces abundance related to caries may not be obvious in this study and the function of specific Actinomyces species in BTS formation and the associated pathophysiology remain unclear. Moreover, significantly higher numbers of Rothia aeria were found in black-stained plaques in the present study. Rothia belongs to the Actinomycetaceae family, which are filamentous, gram-positive, facultative anaerobic cocci and present many features comparable to those of Actinomyces (26).

In the present study, Aggregatibacter sp._HMT_898 was highly abundant in BP. When comparing the saliva samples, the relative proportions of species from Aggregatibacter were higher in the BTS group than in the control group. Similarly, Celik et al. also reported a significantly higher count of Aggregatibacter in black-stained plaques (26). Aggregatibacter actinomycetemcomitans is a Gram-negative periodontal pathogen that may produce black pigment and plays a role in the formation of BTS. The prevalence of Aggregatibacter actinomycetemcomitans was reported to be significantly higher in BTS plaque samples (70%) than in black stain-free plaque samples (20%) (8). In contrast, real-time PCR analysis revealed no significant differences in the prevalence of Aggregatibacter actinomycetemcomitans in teeth with and without BTS (11). In the present study, no significant difference was detected in the prevalence of Aggregatibacter actinomycetemcomitans while comparing the plaque from teeth with and without BTS. These different results indicated associations between complex microbial interactions and BTS formation in the oral cavity, and their roles need to be investigated further.

According to microbiota functions analysis, pathways related to glycolysis/gluconeogenesis, cysteine and methionine metabolism, pyruvate metabolism, serine, glycine, and threonine metabolism were highly abundant in the BP group. These findings are similar to those of previous studies (26, 36), suggesting the existence of a hyperactive metabolic state in teeth surfaces with BTS plaques.

Various nutritional substance present in the dental plaque may fortify bacteria to produce metabolic products that may facilitate the formation of BTS; for example, consuming iron-rich diets or supplements has been reported to increase the deposition of BTS by increasing the availability of iron in the oral fluids (37). The species level db-RDA results in this study indicated a relationship between the iron supplementation period and the plaque and saliva microbial community structures in these children. However, we found no association between the iron supplementation period and BTS prevalence in the questionnaire data. Similarly, Prskalo et al. (38) and Veses et al. (25) reported no correlation of iron supplements with BTS in their investigations. Chen et al. proposed two hypotheses regarding the role of iron in BTS (39). First, BTS is related to bacterial metabolism. The plaque bacteria produce iron compounds, resulting in the formation of black deposits. Secondly, certain factors (for example, diet) may alter the plaque microbiome, thereby encouraging black sedimentation through altered microbial interactions. In the diet survey performed in this study, we found no association between iron or zinc supplements and BTS. However, diet may not be the only factor that affects the formation of BTS (39).

We found that KO groups related to ferric iron (K02010, K02011, K02012) were enriched in BTSP specimens (Figure 6). Moreover, the iron complex transport system and the iron (III) transport system exhibited enhanced activity in the BTS group, while the manganese/zinc/iron transport system showed increased activity in the control group. In addition, the nutrition source and chemical nature of iron may influence biofilm formation (39). The differences in the iron-related KO groups also suggested an association of iron and microbiota with the formation of BTS. However, the mechanism underlying the formation of BTS is still need to be further investigated

Interestingly, in saliva, KO groups related to ferric iron, the iron complex transport system, and the iron (III) transport system were similar or more abundant in the control group. Considering the similar overall microbial composition and structure in the BS and S groups, we propose that the plaque samples may be more representative of BTS-related oral microflora.

There are certain limitations in this study. We did not classify these samples by black tooth stain degree, which might be related to the microbiome composition. Besides, we did not analyze the iron contents in BTS plaque and saliva in our participants. The correlations between plaque and saliva microbiota and the concentrations of iron were not explored in this study. There are several theories about the role of iron in BTS. Reid et al. suggested that the black pigmentation is caused by the formation of ferric sulfide as a result of chemical reactions between the iron present in the saliva or gingival exudate and hydrogen sulfide produced by certain bacteria (40). Another study indicated that the stains contain iron and copper in trace amounts along with a substantial proportion of organic matter (41). The formation of a sulfur and metal ion complex was considered responsible for pigmentation corresponding to zones of high concentrations of sulfur and iron/copper (7). Whether the presence of iron or copper is associated with BTS in primary dentition is still unclear and requires further investigations.

The present study lies in the comprehensive investigation of the microbial composition of BTS. The oral microbiome is considered the main etiological factor in the formation of BTS (5, 11, 15, 26, 31, 32, 36). Although the present study does not provide a definite conclusion regarding the relationship of BTS with oral microbiota, it provides evidence suggesting the involvement of the bacteria metabolic pathway in BTS formation in primary dentition. In addition, the variations detected in the oral microbiota in BTSP samples suggest the involvement of several microorganisms including Actinomyces, which contribute to the deposition of BTS. Further studies are required to confirm the dysregulation of metabolic pathways and identify the microbial species responsible for BTS formation.



CONCLUSIONS

The present study explored the epidemiologic and microbial characteristics of saliva and plaque in preschool children with BTS and their counterparts with healthy teeth. Participants with BTS had better oral hygiene and a lower prevalence of dental caries. The likelihood of developing BTS was lower in children with less frequent intake of marmalade and honey and regular fluoride application. The healthy group had a more balanced microbial environment than the BTS group. Microbiome analysis revealed various microbial biomarkers, such as Pseudomonas fluorescens, Leptotrichia sp._HMT_212, Actinomyces sp._HMT_169, and Aggregatibacter sp._HMT_898 in plaques from the BTS group. This information can be used as a basis for understanding the involvement of specific bacteria in the formation of BTS.



DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.



ETHICS STATEMENT

The study was performed with Ethical Approval from the Institutional Ethical Committee of the Ninth People's Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China (Ref No. 2015135). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

YZ and XC contributed to the study design, sample collection, clinical examination, data analysis, statistics, interpretation, and drafting and critically revising the manuscript. YZ contributed to data analysis, statistics, and drafting and critically revising the manuscript. G-ZC, RY, and J-YZ contributed to sample collection and drafting and critically revising the manuscript. X-PF contributed to the study design and drafting and critically revising the manuscript. All authors gave final approval and agree to be accountable for all aspects of the work.



FUNDING

The study was funded by the National Natural Science Foundation of China (No. 81800967) and Shanghai Municipal Health Commission (Nos. 2019SY027 and 2020YJZX0114).



ACKNOWLEDGMENTS

We are grateful to all participants in our research.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2022.751361/full#supplementary-material



REFERENCES

 1. Reid JS, Beeley JA, Macdonald DG. Investigations into black extrinsic tooth stain. J Dent Res. (1977) 56:895–9. doi: 10.1177/00220345770560081001

 2. De Rezende VS, Fonseca-Silva T, Drumond CL, Ramos-Jorge ML, Paiva SM, Vieira-Andrade RG. Do patients with extrinsic black tooth stains have a lower dental caries experience? a systematic review and meta-analysis. Caries Res. (2019) 53:617–27. doi: 10.1159/000500476

 3. Hattab FN, Qudeimat MA, Al-Rimawi HS. Dental discoloration: an overview. J Esthet Dent. (1999) 11:291–310. doi: 10.1111/j.1708-8240.1999.tb00413.x

 4. Chen Y, Dou G, Wang D, Yang J, Zhang Y, Garnett JA, et al. Comparative microbial profiles of caries and black extrinsic tooth stain in primary dentition. Caries Res. (2021) 55:310–21. doi: 10.1159/000517006

 5. Li Y, Zhang Q, Zhang F, Liu R, Liu H, Chen F. Analysis of the microbiota of black stain in the primary dentition. PLoS ONE. (2015) 10:e0137030. doi: 10.1371/journal.pone.0137030

 6. Ronay V, Attin T. Black stain—a review. Oral Health Prev Dent. (2011) 9:37–45. doi: 10.3290/j.ohpd.a21283

 7. Han R, Yue J, Lin H, Du N, Wang J, Wang S, et al. salivary microbiome variation in early childhood caries of children 3–6 years of age and its association with iron deficiency anemia and extrinsic black stain. Front Cell Infect Microbiol. (2021) 11:628327. doi: 10.3389/fcimb.2021.628327

 8. Saba C, Solidani M, Berlutti F, Vestri A, Ottolenghi L, Polimeni A. Black stains in the mixed dentition: a PCR microbiological study of the etiopathogenic bacteria. J Clin Pediatr Dent. (2006) 30:219–24. doi: 10.17796/jcpd.30.3.q1561155x22u0774

 9. Costa MT, Dorta ML, Ribeiro-Dias F, Pimenta FC. Biofilms of black tooth stains: PCR analysis reveals presence of Streptococcus mutans. Braz Dent J. (2012) 23:555–8. doi: 10.1590/S0103-64402012000500014

 10. Franca-Pinto CC, Cenci MS, Correa MB, Romano AR, Peres MA, Peres KG, et al. Association between black stains and dental caries in primary teeth: findings from a Brazilian population-based birth cohort. Caries Res. (2012) 46:170–6. doi: 10.1159/000337280

 11. Heinrich-Weltzien R, Bartsch B, Eick S. Dental caries and microbiota in children with black stain and non-discoloured dental plaque. Caries Res. (2014) 48:118–25. doi: 10.1159/000353469

 12. Koch MJ, Bove M, Schroff J, Perlea P, Garcia-Godoy F, Staehle HJ. Black stain and dental caries in schoolchildren in Potenza, Italy. ASDC J Dent Child. (2001) 68:353–5. doi: 10.1177/088307380101600918

 13. Gasparetto A, Conrado CA, Maciel SM, Miyamoto EY, Chicarelli M, Zanata RL. Prevalence of black tooth stains and dental caries in Brazilian schoolchildren. Braz Dent J. (2003) 14:157–61. doi: 10.1590/S0103-64402003000300003

 14. Faust K, Sathirapongsasuti JF, Izard J, Segata N, Gevers D, Raes J, et al. Microbial co-occurrence relationships in the human microbiome. PLoS Comput Biol. (2012) 8:e1002606. doi: 10.1371/journal.pcbi.1002606

 15. Li Y, Zou CG, Fu Y, Li Y, Zhou Q, Liu B, et al. Oral microbial community typing of caries and pigment in primary dentition. BMC Genomics. (2016) 17:558. doi: 10.1186/s12864-016-2891-z

 16. Policy Policy on Early Childhood Caries (ECC): classifications consequences preventive strategies. Pediatr Dent. (2018) 40:60–2. Available online at: https://www.ingentaconnect.com/content/aapd/pd/2018/00000040/00000006/art00024;jsessionid=22tadql9d3s99.x-iclive-01

 17. Huws SA, Edwards JE, Kim EJ, Scollan ND. Specificity and sensitivity of eubacterial primers utilized for molecular profiling of bacteria within complex microbial ecosystems. J Microbiol Methods. (2007) 70:565–9. doi: 10.1016/j.mimet.2007.06.013

 18. Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, Bushman FD, Costello EK, et al. QIIME allows analysis of high-throughput community sequencing data. Nat Methods. (2010) 7:335–6. doi: 10.1038/nmeth.f.303

 19. Magoc T, Salzberg SL. FLASH: fast length adjustment of short reads to improve genome assemblies. Bioinformatics. (2011) 27:2957–63. doi: 10.1093/bioinformatics/btr507

 20. Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB, et al. Introducing mothur: open-source, platform-independent, community-supported software for describing and comparing microbial communities. Appl Environ Microbiol. (2009) 75:7537–41. doi: 10.1128/AEM.01541-09

 21. Segata N, Izard J, Waldron L, Gevers D, Miropolsky L, Garrett WS, et al. Metagenomic biomarker discovery and explanation. Genome Biol. (2011) 12:R60. doi: 10.1186/gb-2011-12-6-r60

 22. Langille MG, Zaneveld J, Caporaso JG, Mcdonald D, Knights D, Reyes JA, et al. Predictive functional profiling of microbial communities using 16S rRNA marker gene sequences. Nat Biotechnol. (2013) 31:814–21. doi: 10.1038/nbt.2676

 23. Tang R, Wei Y, Li Y, Chen W, Chen H, Wang Q, et al. Gut microbial profile is altered in primary biliary cholangitis and partially restored after UDCA therapy. Gut. (2018) 67:534–41. doi: 10.1136/gutjnl-2016-313332

 24. Chen X, Zhan JY, Lu HX, Ye W, Zhang W, Yang WJ, et al. Factors associated with black tooth stain in Chinese preschool children. Clin Oral Investig. (2014) 18:2059–66. doi: 10.1007/s00784-013-1184-z

 25. Ortiz-Lopez CS, Veses V, Garcia-Bautista JA, Jovani-Sancho MDM. Risk factors for the presence of dental black plaque. Sci Rep. (2018) 8:16752. doi: 10.1038/s41598-018-35240-7

 26. Celik ZC, Cakiris A, Yanikoglu F, Abaci N, Ekmekci SS, Ilgin C, et al. Metagenomic analysis of black-stained plaques in permanent dentition. Arch Oral Biol. (2021) 128:105171. doi: 10.1016/j.archoralbio.2021.105171

 27. Elelmi Y, Mabrouk R, Masmoudi F, Baaziz A, Maatouk F, Ghedira H. Black stain and dental caries in primary teeth of Tunisian preschool children. Eur Arch Paediatr Dent. (2021) 22:235–40. doi: 10.1007/s40368-020-00549-3

 28. Parisotto TM, Steiner-Oliveira C, Duque C, Peres RC, Rodrigues LK, Nobre-Dos-Santos M. Relationship among microbiological composition and presence of dental plaque, sugar exposure, social factors and different stages of early childhood caries. Arch Oral Biol. (2010) 55:365–73. doi: 10.1016/j.archoralbio.2010.03.005

 29. Zyla T, Kawala B, Antoszewska-Smith J, Kawala M. Black stain and dental caries: a review of the literature. Biomed Res Int. (2015) 2015:469392. doi: 10.1155/2015/469392

 30. Parnas L, Chevion M, Berenshtein E, Faibis S, Moskovitz M. Are there metallic traces in black extrinsic dental stain? Quintessence Int. (2013) 44:427−32. doi: 10.3290/j.qi.a29149

 31. Chen L, Zhang Q, Wang Y, Zhang K, Zou J. Comparing dental plaque microbiome diversity of extrinsic black stain in the primary dentition using Illumina MiSeq sequencing technique. BMC Oral Health. (2019) 19:269. doi: 10.1186/s12903-019-0960-9

 32. Veses V, Gonzalez-Torres P, Carbonetto B, Del Mar Jovani-Sancho M, Gonzalez-Martinez R, Cortell-Ballester I, et al. Dental black plaque: metagenomic characterization and comparative analysis with white-plaque. Sci Rep. (2020) 10:15962. doi: 10.1038/s41598-020-72460-2

 33. Sarkonen N, Kononen E, Summanen P, Kononen M, Jousimies-Somer H. Phenotypic identification of Actinomyces and related species isolated from human sources. J Clin Microbiol. (2001) 39:3955–61. doi: 10.1128/JCM.39.11.3955-3961.2001

 34. Stenudd C, Nordlund A, Ryberg M, Johansson I, Kallestal C, Stromberg N. The association of bacterial adhesion with dental caries. J Dent Res. (2001) 80:2005–10. doi: 10.1177/00220345010800111101

 35. Levine M, Owen WL, Avery KT. Antibody response to actinomyces antigen and dental caries experience: implications for caries susceptibility. Clin Diagn Lab Immunol. (2005) 12:764–9. doi: 10.1128/CDLI.12.6.764-769.2005

 36. Zhang F, Li Y, Xun Z, Zhang Q, Liu H, Chen F. A preliminary study on the relationship between iron and black extrinsic tooth stain in children. Lett Appl Microbiol. (2017) 64:424–9. doi: 10.1111/lam.12728

 37. Adcock KG, Hogan SM. Extrinsic iron staining in infant teeth from iron-fortified formula and rice cereal. J Pediatr Pharmacol Ther. (2008) 13:162–5. doi: 10.5863/1551-6776-13.3.162

 38. Prskalo K, Klaric Sever E, Aleric I, Antonic Jelic T, Zaja I. Risk Factors Associated with Black Tooth Stain. Acta Clin Croat. (2017) 56:28–35. doi: 10.20471/acc.2017.56.01.05

 39. Hayrapetyan H, Siezen R, Abee T, Nierop Groot M. Comparative Genomics of Iron-Transporting Systems in Bacillus cereus Strains and Impact of Iron Sources on Growth and Biofilm Formation. Front Microbiol. (2016) 7:842. doi: 10.3389/fmicb.2016.00842

 40. Sangermano R, Pernarella S, Straker M, Lepanto MS, Rosa L, Cutone A, et al. The treatment of black stain associated with of iron metabolism disorders with lactoferrin: a litterature search and two case studies. Clin Ter. (2019) 170:e373–81. doi: 10.7417/CT.2019.2163

 41. Tantbirojn D, Douglas WH, Ko CC, Mcswiggen PL. Spatial chemical analysis of dental stain using wavelength dispersive spectrometry. Eur J Oral Sci. (1998) 106:971–6. doi: 10.1046/j.0909-8836..t01-8-.x

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhang, Yu, Zhan, Cao, Feng and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-751361-g005.gif





OPS/images/fped-10-751361-g006.gif
KO rebted to ron

s

e —

e e

e

e

e

e

e

S —]

e

e






OPS/images/fped-10-751361-g003.gif





OPS/images/fped-10-751361-g004.gif





OPS/images/fped-10-751361-t001.jpg
Variables

Frequency of mamalade and honey intake
=1 x /day
1-6 x /week
Seldom/never®
Apply fluoride regularly
Yes
No
Not clear®

“Reference group.
Cl, Confidence interval.

Odds ratio

7.23
2.41

0.15
0.66

95%Cl

0.83-62.97
0.28-20.46

0.05-0.50
0.23-1.89

P

0.033

0.007





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Epidemiological and Microbiome Characterization of Black Tooth Stain in Preschool Children



		Introduction



		Materials and Methods



		Subjects and Study Design



		DNA Extraction and Sequencing



		Bioinformatics and Statistical Analyses







		Results



		General Characteristics of Participants



		Sequencing Characteristics



		Diversity of Saliva and Plaque Microbiota



		Characterization of Saliva and Plaque Microbiota Associated With Black Tooth Stain



		Correlation Between Plaque and Saliva Microbiota and the Number of Teeth With Black Tooth Stains



		Environment Factors Associated With Plaque and Saliva Bacterial Community



		Functional Features of the Microbiota Correlated With Black Tooth Stain







		Discussion



		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Epidemiological and Microbiome
Characterization of Black Tooth Stain
in Preschool Child





OPS/images/fped-10-751361-g001.gif





OPS/images/fped-10-751361-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





