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Aim: The purpose of this study was to investigate the presence of Streptococcus mutans, Streptococcus sobrinus, and Lactobacillus species in an American Indian population displaying a high incidence of severe early childhood caries (S-ECC) and to explore the genotypic diversity and fidelity of transmission of S. sobrinus in this population.

Methods: We report here on the microbial profiles of 71 children compiled from birth to 36 months of age and initial exploration of genotypic diversity in a subset of 40 mother/child dyads. Whole mouth plaque samples were collected from mother/child dyads in a Northern Plains American Indian cohort. Mutans streptococci (MS) and Lactobacillus counts were recorded and presence/absence of S. mutans, S. sobrinus, and Lactobacillus was noted for each child. S. sobrinus was isolated and genotyped via arbitrarily primed-polymerase chain reaction (AP-PCR).

Results: The children in this study were divided into caries active (CA) and caries free (CF) groups. S. mutans, S. sobrinus, and Lactobacillus species were detected more frequently in CA groups. Distribution of MS and Lactobacillus counts was significantly different between the two groups, as was the distribution of three species colonization profiles. Twelve S. sobrinus genotypes were detected in the subset of mother/child dyads. Individual participants displayed a range of 0–3 distinct genotypes while mother/child pairs displayed a range of 1–5 genotypes. Eighty-three percent of children shared at least one genotype with his/her mother.

Conclusion: Caries active children in this population display different microbial profiles than the caries free children in this cohort. A small number of S. sobrinus genotypes appear to be very common in this population. A high rate of vertical transmission of S. sobrinus from mother to child is seen in these mother/child dyads.
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INTRODUCTION

Early childhood caries (ECC) remains a prevalent oral health challenge, despite efforts to establish successful preventive measures. A disproportionate amount of disease burden falls on low-income children and those from specific racial and ethnic groups. Among 2–5 year old children in the United States, the highest level of tooth decay is reported in American Indian and Alaska Native (AI/AN) children (1). Despite implementation of multiple preventive strategies that have been successful in other populations, very little progress has been made in decreasing the rate and severity of dental decay seen in this population (1–3). Previously published findings from the same cohort reported herein suggest that disease progression begins very early in these children. At 16 months of age, 61% present with precavitated or decayed, missing, or filled (dmf) lesions. By 36 months of age, the rate of children with cavitated lesions increased to 80% and non-cavitated lesions were reported in an additional 15% (4, 5).

Many factors contribute to the onset and severity of decay. Social factors that have been associated with dental caries in AI/AN populations include maternal age, maternal education level, maternal DMFS, household income, household size, and caregiver perceptions about access to care and beliefs about oral health (4, 6). It is well-known that cariogenic bacteria also play a pivotal role in the development of ECC and its more aggressive form, severe early childhood caries (S-ECC). Among those most commonly researched due to their established role in the etiology and advancement of dental caries are the mutans streptococci (Streptococcus mutans and Streptococcus sobrinus) and lactobacilli. S. mutans has been linked to incidence and severity of dental caries in many populations (7–10). Recent studies of the oral microbiome have confirmed associations between S. mutans and other streptococcal species with caries and have highlighted the importance of understanding the microbial dysbiosis that influences the development and progression of dental caries (11–14).

We have conducted a 5-year longitudinal study of mother/child dyads (n = 239) from a Northern Plains American Indian Tribe (15). Following the children from birth to 36 months of age, the original focus was on initial acquisition of S. mutans, diversity and fidelity of transmission of S. mutans genotypes from mother to child, along with enumeration of S. mutans, lactobacilli, and total flora. After observing unexpectedly high levels of S. sobrinus in the population (71% of research participants have S. sobrinus present), we expanded the scope of work to include isolation and genotypic analyses of both mutans streptococci (MS) species. We have previously reported on initial acquisition and genotypic diversity of S. mutans in this study population (16, 17). The focus of this manuscript is 2-fold: (1) analyses of the presence of S. mutans, S. sobrinus, and lactobacilli in children from this cohort, including exploration of colonization patterns for the three bacterial species of interest; (2) genotypic diversity and fidelity of transmission of S. sobrinus in mother/child dyads.



MATERIALS AND METHODS

Descriptions of recruitment and consent practices, clinical examination protocols, sample collection and processing have been detailed previously (5, 16). The mutans streptococci isolation and identification procedure and AP-PCR protocols followed have also been described previously (16, 18). All procedures are summarized briefly here.


Study Population, Recruitment, and Consent

Mothers who were pregnant or who had just given birth were recruited from a Northern Plains American Indian Tribe (n = 239). All onsite team members were AI, including a senior dental hygienist appointed as study director. Informed consent was obtained from all mothers who chose to participate in the study with their children. Approval for the study was sought and obtained from the Tribal Research Review Board, Aberdeen Area IRB, and University of Iowa IRB.

When this study began, a subset of 81 mother/child dyads was randomly selected for microbiological analyses. Of those 81, lactobacillus count data was unavailable for 10, so those dyads were excluded from these analyses. Forty mother/child dyads were selected from the remaining 71 pairs for an initial exploration of S. sobrinus genotypic diversity. All children with S. sobrinus present at ≥2 visits were included (n = 34). The remaining six pairs were randomly selected from the children with S. sobrinus detected at only one visit.



Clinical Examination

Trained and calibrated dental hygienist-examiners conducted caries examinations utilizing dmfs/DMFS (decayed, missing, and filled surfaces) criteria adapted from those used by NHANES (19). For the children, examiners employed the knee-to-knee method to complete the examinations (20). In this study, children with a dmfs score of zero at their final examination (36 months of age) were classified as “Caries Free” and those with a dmfs score of ≥1 were classified as “Caries Active.”



Sample Collection and Processing

Whole mouth plaque samples were collected from AI mothers and babies at eight time points from birth to 36 months of age: Visit 1 (birth), V2 (4 months), V3 (8 months), V4 (12 months), V5 (16 months), V6 (22 months), V7 (29 months), and V8 (36 months). All visits occurred at the designated age ±30 days. Most visits were done in the participating family's home, but some were completed in the study's office on the Reservation. Originally, there were to be nine visits, all spaced 4 months apart, but due to the cost of shipping samples and the logistics of managing the number of visits and sample collections spread across the Reservation, one visit was eliminated and the final three visits were spread out (15). Samples were shipped to the laboratory in 0°C thermal packaging (Saf-T-Pak Inc., Hanover, MD, USA) via overnight FedEX delivery. Upon receipt, samples were diluted and spiral plated onto multiple media formulations for determination of total flora (Colombia blood agar base supplemented with sheep blood, hemin, and menadione), mutans streptococci (Mitis Salivarius Kanamycin Bacitracin agar), and Lactobacilli (Rogosa agar) counts.



Mutans Streptococci Isolation and Identification

Ten presumed MS colonies were isolated from MSKB agar at each time point. Isolates were identified as S. mutans or S. sobrinus following the established laboratory MS ID protocol – preliminary identification by colony morphology on MSID plates and confirmation with PCR targeting the glucosyltransferase (gtf) genes of S. mutans (gtfB) and S. sobrinus (gtfI).



Genotyping of S. sobrinus Isolates

A rapid DNA extraction was performed (95°C for 15 min, 2 min vortex, centrifuge 10 min at 4°C at 10,000 × g). Arbitrarily primed PCR (AP-PCR) was performed on S. sobrinus isolates using OPA-5 primer (5′-AGGGGTCTTG-3′). Streptococcus sobrinus ATCC 33478 was used as the positive control. DNA amplification was completed in a thermocycler (Eppendorf, Hauppauge, NY) with the following program settings: 5 min at 94°C, followed by 45 cycles of 1 min at 94°C (denaturation), 2 min at 37°C (annealing), 2 min at 72°C (elongation), and finishing with 5 min at 72°C. Number of genotypes present was determined by generation of dendrograms (Curve based cluster analysis using the Pearson correlation and unweighted pair group method using arithmetic averages) using GelCompar®II software (Applied Maths, Austin, TX, USA).



Data Collection and Statistical Analyses

Initial MS colonization data, presence/absence of the targeted bacterial species (S. mutans, S. sobrinus, lactobacilli), and three species colonization profiles were recorded for 71 children. S. sobrinus genotype profiles were generated for 40 children. Fidelity of transmission of S. sobrinus genotypes from mother to child was examined in 40 mother/child dyads.

The Wilcoxon-Mann-Whitney procedure was used to compare the distribution of species-specific microbial counts in children who remained caries free after 3 years of follow-up vs. those with active disease. Associations between caries status and either the presence of a particular bacterial species or the bacterial colonization pattern were assessed using the Fisher's exact test. The level of statistical significance was set at 0.05. Adjustment for multiple comparisons was made using the Bonferroni method. Analyses were performed using SAS 9.4 (Cary, NC).




RESULTS


Colonization of S. mutans, S. sobrinus, and Lactobacillus Species

For every child, presence/absence of S. mutans, S. sobrinus, and lactobacillus species was determined (Table 1). Statistically significant differences were seen between the CA and CF groups for all three species (S. mutans, p = 0.0033; S. sobrinus, p = 0.0019, lactobacillus species, p = 0.0031). Distribution of total mutans streptococci counts and total Lactobacillus counts were compared between CA and CF children at each time point samples were collected (Table 2). The distribution of mutans streptococci counts was significantly different for CA and CF children beginning at 12 months of age. Significant differences in distribution of lactobacillus counts between groups begin to be observed as early as 8 months of age.


Table 1. Presence/Absence of S. mutans, S. sobrinus, and lactobabillus species.
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Table 2. Two-group comparison of distribution of Log transformed mutans streptococci and Lactobacillus counts by visit (base 10 logarithm of [CFU/ml +1]).
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A three species colonization profile was assigned to each child based on the presence/absence of S. mutans, S. sobrinus, and Lactobacilli in each child's plaque samples over the duration of the study. Six different three species colonization profiles were observed in these 71 children. Distribution of colonization profiles (Table 3) seen in CA children was different from that seen in CF children (p < 0.0001, Fisher's exact test). Over 98% of CA children (52/53) exhibited one of two colonization profiles, SM+/SS+/LB+ and SM+/SS–/LB–, while six different colonization profiles were observed in CF children. In no instance were all three species absent from the profile, nor did any child exhibit the SM+/SS+/LB– colonization profile.


Table 3. Distribution of three species colonization profiles in caries free and caries active children.
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Genotypic Diversity and Fidelity of Transmission of S. sobrinus

A total of 878 S. sobrinus isolates were analyzed via AP-PCR in 40 mother/child dyads. Twelve S. sobrinus genotypes were detected (Table 4). Six (50%) of these genotypes were observed in more than one participant. The most commonly detected genotypes were 1, 3, and 6, which were isolated from 37 (46.3%), 34 (42.5%), and 37 (46.3%) participants, respectively. These three genotypes accounted for over 90% of the S. sobrinus isolated from this subset.


Table 4. S. sobrinus genotype distribution.
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Individual participants in this cohort displayed a range of 0–3 S. sobrinus genotypes (Children: 1–3; Mothers: 0–3). A range of 1–5 genotypes was seen in Mother/Child dyads (Figure 1). As expected based on the genotypic diversity results, genotypes 1, 3, and 6 were most commonly shared between mother and child. Sixty-eight percent of children in this cohort (27/40) shared one genotype with his/her mother. Fifteen percent of dyads (6/40) shared two genotypes. The remaining seven children did not share any S. sobrinus genotypes with their mothers (Figure 2).


[image: Figure 1]
FIGURE 1. Genotypic diversity of S. sobrinus in (A) Children, (B) Mothers, and (C) Mother/Child Dyads.
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FIGURE 2. Fidelity of transmission of S. sobrinus genotypes from mother to child.





DISCUSSION

This study monitored the presence of specific bacterial species associated with the onset and progression of dental caries during the first three years of life in American Indian children and their mothers. Levels of mutans streptococci and lactobacilli have been shown to correlate with the presence of S-ECC (21–23). In this study population, mutans streptococci (both S. mutans and S. sobrinus) were detected more frequently in children with caries than in children without caries. These findings are consistent with results reported from other populations (8, 24, 25). Overall, S. mutans and S. sobrinus were present in 91.55 and 70.42% of children, respectively. Prevalence of S. mutans in other populations has been reported at rates as low as 23% and as high as 100% of participants while the range reported for S. sobrinus is 0–87% (24–32). While looking at combinations of oral streptococci observed in a cohort of Mexican children, Martinez-Martinez et al. found that 100% of children with dmfs scores >10 had S. sobrinus present, while in those with a dmfs score of 1–5, S. sobrinus was only observed in 58.3% of participants (31). In the American Indian children, there was not as striking a difference based on dmfs score. In children with dmfs scores ≤9 at the final visit, 72.7% had S. sobrinus present at ≥1 visit. When dmfs score was ≥10, 90.3% had S. sobrinus present at ≥1 visit. This is not unexpected, as the prevalence of S. sobrinus across the population is high in this cohort (70.42%), as stated previously.

Lactobacillus species were detected more frequently in CA children as they progressed through the study. Lactobacilli are secondary colonizers, establishing themselves in existing carious lesions (33–35), so it is not surprising to see a more consistent lactobacillus presence in the children with active caries. The percentage of children in this cohort with lactobacillus detected at ≥1 visit was 94.37%, which is toward the higher end of the range of 40–100% reported in other populations (36–40).

The earliest colonization of mutans streptococci in CF children was seen at the 12 month visit, while the earliest colonization in the CA group was observed at the baseline visit. While very early colonization of MS did occur in the CA group, this was not common. When looking at the distribution of MS counts in CA and CF children across all study visits, we did not detect a statistically significant difference in the distribution of total MS counts between groups until 12 months of age. Differences in the distribution of lactobacillus species counts was observed earlier than the MS counts. We observed significant differences in lactobacillus counts between the CA and CF groups by the time the children were 8 months of age.

The development of the oral microbiome in children is influenced by both maternal and environmental sources (11, 12). While other aspects of our overarching study have examined environmental influences that may play a role in the rampant caries observed in this population (4), the focus of microbiological reporting to date has been on genotypic diversity and maternal transmission of S. mutans (16, 17). Much research on the influence of the mutans streptococci on caries progression has indicated that the presence of S. mutans and S. sobrinus together results in greater disease risk than S. mutans alone (8, 24, 27, 41–43). Similarly, in this study, 16.67% of CF children had S. mutans and S. sobrinus, compared to 79.25% of CA children. It has been suggested that these two species may have a synergistic impact on disease progression (22, 25, 43). It is reasonable to postulate that the frequent occurrence of S. sobrinus and S. mutans together in this population may be a contributing factor to the severity of disease observed in these children.

With this cohort, we completed an initial analysis of S. sobrinus diversity and transimission. The few studies that have reported on genotypic diversity of S. sobrinus have observed between 8 and 23 genotypes within their target populations (44–47). The findings in this population are within that range as well (12 S. sobrinus genotypes). When looking at genotypic diversity of S. mutans, we found that all participants analyzed shared at least one genotype with a participant from another mother/child dyad (data not shown). Similar to our findings with S. mutans in this population, there is a high rate of commonality of S. sobrinus genotypes as well. Half of the genotypes in this population are found in more than one participant. Ninety-six percent of participants (48/50) shared ≥1 genotype with a participant from another mother/child dyad. The remaining two participants were mothers that had no S. sobrinus present. Because three genotypes account for 90% of all S. sobrinus isolated from this population, it is not surprising to find that all participants with S. sobrinus colonization share at least one genotype with other participants from the cohort. For the same reason, it was not unexpected to observe that 83% of mother/child pairs shared ≥1 genotype. This is very similar to the S. sobrinus transmission rate reported by Klein et al. (45). Overall, there appears to be a great deal of commonality in mutans streptococci genotypes among the population.

Johansson et al. report that long term dental care appears to impact the microbiota of a population over time. In a population with easy access to consistent care and preventive measures from early childhood, the role of mutans streptococci in caries was less pronounced than in a second population with limited access to care and treatment (48). This highlights the importance of access to consistent care and preventive treatments on oral health. Recent assessment of preventive strategies and interventions in American Indian populations show that preventive measures need to start early, be culturally appropriate, and may also need to target behaviors and beliefs of the parents (2, 49).



STRENGTHS, LIMITATIONS, AND FUTURE DIRECTIONS

We believe this to be a strong longitudinal study of a population displaying high levels of dental caries. Sound methods were used to complete the study. Interpretation of microbiological data was completed without bias and with statistical analyses appropriate to the available data. There were challenges and limitations at multiple points throughout this 5 year study. Challenges and logistics of the overall study have been detailed previously (15). For this portion of the study specifically, the biggest challenge was the imbalance of caries positive and caries negative children. As previously stated, 80% of the children had at least one cavitated lesion by 36 months of age. The percentage goes up to 95 percent when you add the children with uncavitated lesions. The disparity between caries free and caries active groups limited what could be determined as statistically significant differences between the groups.

In the future, we would like to further explore the microbiological components involved in the progression of S-ECC in this population by looking at the development of the complete oral microbiome in AI children, not just the mutans streptococci and lactobacillus species. It would also be valuable to compare the findings from this cohort to additional cohorts within other populations displaying high levels of oral health disparity in order to facilitate a better understanding of whether specific microbiological components contribute to why certain populations carry a disproportionate burden of oral decay.



CONCLUSIONS

This population displayed a high incidence of dental caries in mothers and S-ECC in children. This study confirmed that S. mutans, S. sobrinus, and lactobacillus species play a role in the rampant caries observed in this population. Caries active and caries free children displayed different profiles of these bacterial species. Additionally, the rate of detection of Streptococcus sobrinus was much higher than anticipated and there was very little genotypic diversity of the S. sobrinus in these mother/child dyads, which could indicate a high rate of vertical and horizontal transmission of this species among this study population.

There is a definite need to address parental perceptions of barriers to oral health care and personal histories of poor oral health in working toward improved oral health for AI children. This, combined with a better understanding of the microbiological aspects of S-ECC in this population, may lead to innovative treatment approaches and new strategies to reduce the burden of S-ECC in AI children more successfully than the standard preventive measures that have been attempted to date.
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