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Abstract
This longitudinal cohort study evaluated the diversity, commonality, and stability of Streptococcus
mutans genotypes associated with dental caries history. Sixty-seven 5 and 6 yr-old children,
considered being at high caries risk, had plaque collected from baseline through 36 months for S.
mutans isolation and genotyping with repetitive extragenic palindromic-PCR (4,392 total isolates).
Decayed, missing, filled surfaces (dmfs/DMFS) for each child were recorded at baseline. At
baseline, 18 distinct genotypes were found among 911 S. mutans isolates from 67 children
(diversity) and 13 genotypes were shared by at least 2 children (commonality). The number of
genotypes per individual was positively associated with the proportion of decayed surfaces (p-ds)
at baseline. Twenty-four of the 39 children who were available at follow-up visits maintained a
predominant genotype for the follow-up periods (stability) and was negatively associated with p-
ds. The observed diversity, commonality, and stability of S. mutans genotypes represent a pattern
of dental caries epidemiology in this high caries risk community, which suggest fewer decayed
surfaces are significantly associated with lower diversity and stability of S. mutans genotypes.
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The advent of new molecular tools over the past few decades has substantially changed the
understanding of dental caries microbial pathogenicity relative to bacterial detection and
genotyping. Additionally, the concepts of dental caries etiology now focus on physical and
host behavioral explanations relating this disease to a microbial ecological shift which is
based on a physiologic imbalance between tooth mineral and biofilm (1, 2). Thus, among the
concept involving the multifactorial nature of caries etiology, the resident microflora is
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considered to be interacting with teeth (host) and sugar (substrates) in an opportunistic
relationship. Although dental caries is not a classical infectious disease (i.e., infections does
not always result in disease), the infectious and transmissible characteristics of endogenous
oral microflora (3–5) are considered important. Among oral bacteria, the mutans
streptococci (MS, i.e., Streptococcus mutans and Streptococcus sobrinus) have been
identified as the primary etiological agent associated with the initiation of dental caries in
humans (4, 6, 7). Most of the evidence for MS association to dental caries has focused on S.
mutans. To understand the infectious nature of dental caries regarding transmission of S.
mutans, it may be useful to study characteristics of S. mutans genotypes, in terms of the
concepts of diversity, commonality and stability in the oral cavity of individuals. Diversity is
the number of different S. mutans genotypes found within an individual. Commonality is the
number S. mutans genotypes shared among individuals in the population. Stability is the
persistence of S. mutans genotypes over time in an individual.

Interestingly, children usually carry fewer genotypes (diversity) than adults (8–11),
demonstrating that additional strains are acquired as one ages (8, 12). However if children
have early childhood caries (ECC) they tend to have a greater diversity of S. mutans
genotypes than caries-free children (13–15), indicating that frequent sugar consumption may
exert a strong selective pressure (16, 17) for colonization of additional S. mutans genotypes
(11).

Among several genetic analyses tools available, repetitive extragenic palindromic-
polymerase chain reaction (rep-PCR) has been introduced as an effective method for
bacterial strain typing with high reproducibility and throughput. This approach is
advantageous in longitudinal study of species and strain level discrimination of many
eubacteria pathogens (18–20). Previous studies have reported that rep-PCR combined with
DNA chip analysis demonstrated high reproducibility (21, 22), which have been used to
improve the probability of detecting S. mutans genotypes from a finite number of isolates
(10, 23). Consequently, rep-PCR can be utilized to catalogue large numbers of S. mutans
genotypes for longitudinal studies and for global comparison of S. mutans diversity.

Numerous studies have reported S. mutans genotypes; however extensive epidemiological
longitudinal genetic characterization has not been feasible with previous methods due to
limitations such as lack of reproducibility. This study evaluates the clonal diversity,
commonality, and stability of S. mutans associated with caries epidemiology from a cohort
of high caries-risk children followed over a 36 month time period using rep-PCR. It is
hypothesized that the characteristics of S. mutans genotype infection is associated with the
prevalence of dental caries.

Materials and Methods
Population and information

Oral samples were collected along with dental examination and preventive dental care from
5 to 6 yr old children in an elementary school at baseline and repeated at 6-month follow-up
intervals over 3 yr. This African American community in Perry County Alabama is
considered at high caries-risk because the population is a predominantly low socioeconomic
status with non-fluoridated water supply (24). Furthermore, dental care access is low
because the county has no dental provider for children, requiring patients to travel at least 50
km for dental treatment. Parental consent and child’s assent was obtained for this University
of Alabama at Birmingham (UAB) Institutional Review Board approved study.

Children received a dental prophylaxis, professional fluoride treatment (5% sodium fluoride
varnish), and personalized oral hygiene guidance upon dental examination and sample
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collection at follow-up visits. Assistance was provided for parents to seek regular dental care
for the participants, especially if dental treatment needs were obvious. Oral observations and
suggested treatment options were provided to the parents in writing following each
examination. Oral examination by three trained and calibrated examiners (i.e., comparison
of results of examinations of a sub-group of children examined by all three examiners) was
performed using light source, compressed air source, mirror and explorer (no radiographs
were taken). Decayed, missing, filled teeth/surfaces score, i.e., dmft (primary teeth)/DMFT
(permanent teeth)/ and dmfs /DMFS, were recorded according to WHO criteria (25).

Oral sample collection
This study was designed to focus on individual newly erupting permanent molar teeth. Our
objective was, not only to evaluate S. mutans genotype characteristics, but also how these
characteristics relate to colonization of newly erupting teeth. In this regard, plaque was
collected from primary molar teeth prior to newly erupting molars, thus the focus on molars.
It is acknowledged that saliva is a more general surrogate for the bacterial community of the
oral cavity; however the study design had the potential to provide data demonstrating more
diversity between teeth within an individual. A sterile toothpick was used to collect a pooled
plaque sample from mesial, distal, buccal, lingual, and occlusal surfaces of primary second
molar teeth and any permanent molars that were present at the baseline visit. Additional
plaque samples were collected at each 6-month follow-up visit, including up to 2 additional
individually sampled erupting permanent molar teeth. Plaque samples were transferred to 1
mL of sterile reduced transport fluid (26). Although the focus of this study was plaque,
whole saliva was also collected and served as a substitute when plaque S. mutans was not
recovered (i.e., if plaque S. mutans was isolated at baseline but not at follow-up visits).
Whole saliva was collected by chewing paraffin and expectorating approximately 5 ml into
sterile 50 ml tubes. Samples were stored with ice and transported to the laboratory at UAB
for processing within 24 h.

Isolation of mutans streptococci
Plaque samples were mixed and sonicated for 30 s on ice (Amplitude = 50; Vibra Cell,
Sonics & Materials, Newtown, CT, USA). Following dilution using 0.05 M potassium
phosphate buffer, each sample was plated in duplicate onto Mitis Salivarius agar (MS agar,
Difco/Becton Dickinson, Sparks, MD, USA) supplemented with 20% sucrose and 200 unit/
liter of Bacitracin (MSB) (27) with a Spiral Plater (Spiral System, Cincinnati, OH, USA)
and incubated anaerobically (80% N2, 10% CO2 and 10% H2) at 37°C for 2 d (28). Mutans
streptococci isolates were identified by colony morphology (and confirmed with PCR, see
below) and counted on MSB media according the spiral plate instructions to calculate
colony forming unit (CFU) per mL. Quartiles of CFU counts were compared to number of
genotypes. No S. sobrinus was detected from any of the plaque isolates; therefore, the
remainder of this study will focus on S. mutans. Seven to 10 isolated S. mutans colonies per
sample (i.e., up to 3 different plaque samples per individual) were selected to provide a
sufficient isolate number to determine genetic diversity as established, based on probability
estimates (10). Colonies were inoculated into Todd-Hewitt broth and incubated
anaerobically for 24–48 h (THB; BD, Sparks, MD, USA) before storage at −80°C in 20%
glycerol. Frozen samples were pure streaked to TH agar and grown anaerobically for 48 h.
Finally, individual isolated colonies were transferred into THB and incubated anaerobically
for 18–24 h.

Extraction of DNA and rep-PCR
Cells obtained from the THB isolates were processed by methods previously described to
extract DNA (23). Briefly, DNA was extracted with the Ultra Clean Microbial DNA
Isolation Kit (MoBio Laboratories, Carlsbad, CA, USA). Quantitation and quality of DNA
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was assessed using a Nanodrop 1000 spectophotometer (Thermo Scientific, Wilmington,
DE, USA). All isolates were confirmed as S. mutans prior to genotyping by means of SYBR
Green PCR according to methods previously described using S. mutans specific primers (23,
29). Rep-PCR was performed with DiversiLab Streptococcus kit (bioMerieux, Durham, NC,
USA) and ABI9700 thermocycler (Applied Biosystems, Foster City, CA, USA): initial
denaturation for 2 min; 35 cycles of denaturation at 94°C for 30 s; annealing at 50°C for 30
s; extension at 70°C for 90 s; and a final extension at 70°C for 3 min (23).

DNA Chip application and DNA fingerprints analysis
The rep-PCR products were separated on microfluidics chips and an Agilent 2100
Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA) with the DNA Chip kit
(bioMerieux) (21, 22). Virtual gel images of each strain were generated by DiversiLab v 3.3
software (bioMerieux). The genotype distinction criteria of DNA fingerprint was followed
by the methods previously described (23). The generated reports were stored in DiversiLab’s
online database for analysis and to construct a genotype library of S. mutans for future
study.

Statistical analysis
Tables of CFU count quartiles vs. genotypes were condensed into 2 by 2 tables because of
sparseness. Fisher’s exact tests were used to examine the association between CFU and
number of genotypes. Kruskal-Wallis rank sum tests were conducted to evaluate the
association between numbers of S. mutans genotypes and proportion of decayed surfaces
from total surfaces of teeth (p-ds) at baseline sample collections. Generalized estimating
equations using the negative binomial distribution were used to take into account the using
multiple surfaces and visits per child to analyze the effect of S. mutans genotype stability on
the occurrence of decayed surfaces. This analysis used children with data from at least 3
follow-ups. For each child included in the analysis, each visit was classified as either
maintaining the most prevalent genotype as in the previous visit or not.

Results
Subject participation and dental examination

Ninety children initially matched the inclusion criteria of not having the first permanent
molars erupted at baseline and 22/90 children were lost to follow-up and withdrawn. From
this cohort, at baseline, 67 of the subjects had at least 7 isolates of S. mutans available for
rep-PCR analysis. One child was failed to have enough S. mutans isolates at baseline,
however the isolates were available from 18 month to 36 month. The 68 children consisted
of 33 boys and 38 girls. Dental examination data (dmfs/DMFS) were recorded for the 67
children at baseline (mean dmfs = 12.9). When comparing dmfs scores between examiners
on the same patients, there were no significant differences found (P = 0.60).

Diversity
Overall 22 unique genotypes (G) were identified from a total of 4,392 isolates (mean 18
isolates/child/visit) collected from 67 children throughout the baseline and follow-up visits.
These unique genotypes were use to define a S. mutans library (Table 1). All isolates were
compared to this library to assign genotypes. The numbers of S. mutans genotypes identified
per child (diversity) are shown in Table 2. At each visit, an average of 82% of children had
less than 3 genotypes identified (mean genotypes/child = 1.7). The numbers of S. mutans
genotypes were evaluated for association with CFU and demonstrated that the CFUs were
not significantly correlated with the number of genotypes from this cohort (P = 0.25). The
numbers of S. mutans genotypes were evaluated for association with caries examination data
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at baseline. Fig. 1 indicates that the numbers of genotypes per child were positively
associated with proportion of decayed surfaces (i.e., decayed surfaces divided by the total
number of tooth surfaces present, p-ds, P = 0.032).

Commonality
The commonality of genotypes between individuals was evaluated at each visit during the
36 months of this study (Table 1 and Fig. 2). Eighteen S. mutans genotypes were identified
at baseline (4 additional genotypes at later visits) and 13 of the 18 genotypes were shared
among the children. These 13 genotypes accounted for 96% of all the 4,392 isolates
throughout the 36 months of this study. Further, 62 of 67 children (92.5%) shared at least
one genotype with another child. The most prevalent genotype (G1) was observed in 24 of
67 (36%) children and made up 16% of all S. mutans isolated over 36 months.

Stability
Of the 67 children, 39 had at least 3 periods of follow-ups visits with at least 7 S. mutans
isolates in each period available for stability analysis. The distribution of genotypes for each
of the 39 subjects from each follow-up is summarized in Table 3 (4,034 total isolates). There
was minimal evidence of newly erupting molars associated with newly acquired S. mutans
genotypes. In this regard, thirteen of the original 18 baseline genotypes were found at each
follow-up visit. Generally, when more than one genotype was found in an individual, one of
the genotypes predominated (i.e., comprised more than half the isolates). Twenty-four of the
39 children (62%) maintained one predominant genotype throughout the 36 months. The
presence of a predominant genotype was associated with lower p-ds (P < 0.0001) at baseline
examination. Conversely, the 15 children that experienced changes in their predominant
genotypes (associated also with multiple acquisitions or losses of genotypes, up to 5) during
the follow-up visits were positively associated with higher p-ds (P < 0.0001).

Discussion
The limited diversity of S. mutans observed in this study (mean genotypes were less than 2
per child, Table 2) is consistent with other reports (30–32). Additionally, other studies have
demonstrated that S. mutans infections are established in the early stages of dentition
development and remain stable for several years (30, 32, 33). However, the present study’s
findings add the dimension of genotype stability, which was not addressed in previous
reports. It was important for this community-based study to provide some benefit to
participants, therefore preventive care (prophylaxis and fluoride treatment), toothbrushes,
toothpaste, floss, and oral health counseling was provided at each six month follow-up visit.
Although these measures potentially could confound the results (i.e., intervention effect),
baseline caries and genotype data established a starting point for which we monitored S.
mutans genotypes over the 36 months reported herein. Following baseline identification of
18 genotypes, only 4 additional genotypes were found in 8 different children during the 36-
month follow-up, accounting for 1.4% of the total isolates analyzed (63/4,392). Therefore,
the 18 initial genotypes identified, not only reflect the low diversity, but also stability in the
13 common baseline genotypes that made up 93% of the total isolates in this longitudinal
study. In contrast to our findings, other studies using different methods for defining
genotypes have shown that individual children harbor distinct genotypes (13, 34), which are
often shared with their biological mothers (31, 35). This variance of genotype commonality
could be technique related (i.e., differences in AP-PCR vs. rep-PCR or differences in how
similarities are defined), or differences in the populations studied. It is unlikely that the later
is the case but rather, more likely to be technique related differences in genotyping. In a
recent study, rep-PCR has been verified by the more extensive sequence-based MLST
analysis as a reliable screening tool for large numbers of S. mutans epidemiological study
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(36). Therefore rep-PCR combined with DNA chip analysis, compared to the more labor and
cost intensive MLST analysis, provides rapid and reproducible data for large numbers of S,
mutans isolates (4,392) analyzed in this study.

In addition to the evaluation of stability and diversity, the longitudinal design of this study
was aimed at the evaluation of the genotypic clonality when new teeth (i.e., permanent
molars) erupt. For this reason, the sample collections mainly focused on plaque, however
whole saliva samples were also collected and substituted when there was insufficient S.
mutans isolates from plaque samples (i.e.,. less than 7, 11% of the total 4,392 isolates were
from saliva). The timing of the initiation of this study was prior to eruption of permanent
first molar teeth and, the majority of these teeth were fully erupted by the 36-month visit. No
notable trend was observed in this study to indicate increased diversity was related to the
eruption of specific permanent molar teeth (data not shown). These observations support the
assertion that the genotypes of S. mutans for an individual appear to be established before
eruption of permanent molars and that the eruption of permanent molar teeth is not related to
increased diversity of S. mutans genotypes.

This study found that the genetic diversity of S. mutans is positively associated with the
prevalence of dental caries, which is in accordance with previous reports (13, 37, 38). In
addition, the study findings suggest that the predominance and/or certain combinations of
specific S. mutans genotypes were associated with caries observed in this cohort; however
the patient population size related to this observation is not adequate to make definitive
conclusions related to these observations. Further, it is interesting that from the 67 children,
one child was found with a comparatively high variety of genotypes (i.e., up to 5 at one time
period, total of 7) during this longitudinal study and had high caries prevalence at baseline
(dmfs = 36). Nonetheless, these interesting findings will require more observations and
comparisons of S. mutans genotype profiles of children including related family members to
observe vertical and horizontal commonality features associated with high caries
susceptibility.

Future studies include evaluation of transmission using molecular typing methods in
collaboration with rep-PCR. Vertical (maternal) transmission is generally accepted as the
most common source of initial colonization (31, 39) with S. mutans, while other studies
suggest as much as 31% paternal transmission (12). Additionally, significant horizontal
transmission may take place between siblings and classmates/playmates (34, 40–42).
Although evaluation of transmission is beyond the scope of this study, we observed that
children, who were not biologically related (i.e., classmates in school), shared genotypes
(commonality). At each follow-up period, an average of 77% of the genotypes was shared
by at least one child. Future studies will evaluate evidence for vertical as well as horizontal
transmission by longitudinal analysis of family members to supplement the school classmate
data presented herein.

A reduced study population from the baseline (N = 67) to the 6 month follow-up (N = 39)
was mainly due to the ability to retrieve S. mutans isolates from subsequent follow-up
samples. Based on previous analysis reported for determination of minimal isolates required
to provide representative sample of genotypes we required at least 7 isolates for each
individual follow-up sample (10). Therefore children who had less than 7 isolates did not
qualify for the longitudinal analyses; hence number of subsequent follow-up was reduced
from 67 to 39.

It has been suggested that selective media such as MSB agar might limit the recovery rate of
S. mutans (43, 44), however, this media has been successfully used and recommended for
decades for isolating mutans streptococci (4, 27, 45). We have used this media extensively
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in the past and using it for this study provides continuity with our previous work.
Furthermore, although S. sobrinus results were not included in this study, it was not
excluded but rather rarely detected. The lack of S. sobrinus may be the result of the selective
media used which may not be optimal for S. sobrinus. However, related quantitative-PCR
studies of DNA extracted from whole plaque, saliva and tongue samples detected little to no
S. sobrinus in the subjects of this large epidemiological study suggesting S. sobrinus may
not be present in sufficient quantity to be detected by traditional culture methods in this
population (data not shown).

Genotypic characterization of S. mutans using rep-PCR and DNA chip analyses provides
practical and reproducible data to catalogue large numbers of S. mutans isolates
longitudinally to establish a database for analysis of caries risk related factors. Thereby, this
data provides an important foundation for tracking colonization with S. mutans in a high
caries risk population. In this regard, this study is part of a larger study that will include
investigation into S. mutans transmission among household family members (i.e., mother,
father, siblings, and other cohabitating individuals such as aunts, uncles, cousins, and
grandparents) of these children. The relative small number of genotypes among the
thousands of isolates from this study established a S. mutans library that will facilitate
comparisons of genotypes with other laboratories.

In conclusion, the automated rep-PCR DiversiLab system provides a reproducible, reliable,
and cost effective genotyping screening tool for large numbers of S. mutans isolates. A
limited number of genotypes (mean = 1.7) was identified within (diversity) and among
(commonality) children, and was generally maintained within individuals for 36 months
(stability). Less decayed surfaces were significantly associated with less diversity and stable
S. mutans genotypes.
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Figure 1.
Box plot of S. mutans genotype diversity and caries activity. Number of S. mutans
genotypes and caries activity at baseline was evaluated for 67 children. X axis: 1 = single
genotype, 2 = 2 genotypes, >2 = more than 2 genotypes per individual at baseline. Y axis:
Proportion of decayed surfaces (p-ds): total number of tooth surfaces present was included
in the model as an offset variable. * Kruskal-Wallis rank sum test: χ2 = 6.8991, df = 2, P =
0.032.
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Figure 2.
Pie chart of distribution of S. mutans genotypes over 36 months. Distribution and
commonality is illustrated for the cohort of 67 children at baseline and during 36 month
follow-up analysis. The genotype number is given with the number of individuals that share
genotypes in parenthesis (i.e., if at least 2 children share a genotype). The genotypes which
were not shared with anyone were indicated as grey shade (G10, 17, 20, 25, 27: less than 4%
of total isolates).
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