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Abstract
Purpose—This study utilized multiple genetic analyses to detect evidence of maternal MS
acquisition in children with S-ECC.

Methods—Twenty-seven mother/child pairs were selected from children with S-ECC preceding
dental rehabilitation under general anesthesia. Plague samples were collected from the mother,
child, and the child’s carious lesion. Arbitrarily primed-polymerase chain reaction (AP-PCR)
genotyped 6–8 MS isolates from each plague sample, and unique genotypes were identified.
Representative MS isolates with unique genotypes were characterized by pulsed-field gel
electrophoresis (PFGE). Cluster analysis using the Dice band-based similarity coefficient was
used to generate dendrograms from gel banding patterns. A Dice coefficient >70% indicated
similarity or match among PFGE genotypes.

Results—In 26% (7/27) of mother/child pairs, all of the child’s isolates matched the mother. In
15% (4/27), some of the child’s genotypes matched the mother, and in 59% (16/27), no isolates
matched the mother. Maternal transmission was a mode of MS acquisition in 41% (11/27) of
mother/child pairs, while acquisition from non-maternal sources occurred in 74% (20/27).
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Conclusions—MS genotypes that did not match maternal strains were identified in the majority
of children (74%) within this S-ECC population. Evidence of maternal transmission was detected
in 41% of mother /child pairs.
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CARIOLOGY; INFANT ORAL HEALTH/EARLY CHILDHOOD CARIES; MICROBIOLOGY;
MUTANS STREPTOCOCCI; TRANSMISSION

The source of mutans streptococci (MS) infection in infants and toddlers has been
extensively studied in recent years. Maternal transmission has been documented as a method
by which children are initially inoculated with MS.

Early studies demonstrated fidelity of maternal transfer to be as high as 71% in a cohort of
Birmingham, AL, children1 and as low as 43% in Toronto, Ontario children.2 Emanuelsson
found 55% maternal transmission and no paternal transmission in Swedish families.3 Other
studies show that MS are readily acquired from non-maternal sources in certain populations.
De Soet et al. reported that cleft palate populations receiving obturators early in life
demonstrate maternal transmission in only 38% of 21 mother/child pairs.4 Emanuelsson et
al. reported, from a Chinese population, 36% maternal transmission, 27% paternal
transmission, and, in 1 family, an identical MS strain was shared between spouses.5 Li et al.
found only 45% maternal transmission of MS in a Chinese population.6 Kozai et al
conducted an extensive study of 1,908 MS isolates within a Japanese population in which
plaque from 76 individuals (20 married couples and 36 of their children) yielded 70
genotypes within the children. The study found that 31% had similar MS genotypes to the
father, while 51% were consistent with maternal MS genotypes.7

Tedjosansongko et al. evaluated 39 Japanese children in a day care setting and found
maternal transmission in 33%, paternal transmission in 8%, and evidence of horizontal
transmission from playmates in 58%.8 Similarly, Mattos-Graner reported evidence of
horizontal MS transfer in a Brazilian day care population.9 Ersin et al. studied Turkish
families in which 8 mother/child pairs and 3 fathers all shared identical MS genotypes.10

These studies indicate that, while maternal transmission does occur, it is only one of several
modes of MS acquisition.

One of the challenges inherent to studies of bacterial transmission is the implementation of
laboratory techniques capable of accurate discrimination among bacteria from different
individuals. Genetic analysis is now the accepted approach for strain identification due to
enhanced reliability and reproducibility.11 Recent advances in molecular diagnostics for MS
strain identification include: multilocus sequence typing12; chromosomal DNA
fingerprinting13; pulsed-field gel electrophoresis (PFGE)14,15; arbitrarily primed-
polymerase chain reaction (AP-PCR)16,17; ribotyping18,19; and sequencing of the 16S
rRNA gene.11,20,21

Studies by Saarela and by Li and Caufield validated the use of AP-PCR in discriminating
MS genotypes within individuals.17,22 Although AP-PCR can accurately discriminate
among samples processed on the same gel, variability in environmental conditions limits its
reproducibility among laboratories.23 PFGE is the preferred method of genotyping due to its
reproducibility and discriminatory power.24–26 The Centers for Disease Control and
Prevention (CDC), Atlanta, GA, use PFGE for bacterial DNA fingerprinting. This technique
is considered the “gold standard” for epidemiological studies of pathogenic bacterial
infections.27 While different restriction enzymes have been used to study the MS
genome,28–34 experience in the authors’ laboratory35–40 and reports in the literature
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indicated that SmaI would be the best restriction endonuclease for epidemiologic studies of
MS.

Previous studies have documented different MS transmission patterns in various
populations. To date, however, transmission patterns within children with severe early
childhood caries (S-ECC) have not been characterized. The diagnosis of S-ECC is given to
children younger than 5 years old with any smooth surface caries.41 The S-ECC prevalence
in the United States is between 1% and 6%. The disease, however, disproportionately effects
low socioeconomic populations.42–46

Clinically, MS transmission patterns within the population of children experiencing S-ECC
are of interest, since these patterns may explain characteristics shared with children at high
risk of S-ECC who would benefit from early prevention. Strategies for the prevention or
delay of maternal transmission of cariogenic bacteria have been recommended by the CDC
and are written into oral health policies of pediatric health care organizations.47–49 This
strategy, however, is predicated on maternal transmission of MS being the primary means by
which S-ECC children acquire cariogenic bacteria.

The purpose of this study was to utilize multiple genetic analyses to detect evidence of
maternal MS acquisition in children with S-ECC.

Methods
MS isolation

This institutionally approved, experimental cohort consisted of medically healthy children
between the ages of 18 months and 6 years who were diagnosed with S-ECC (minimum def
score = 6) and presented for full-mouth dental rehabilitation under general anesthesia at
Children’s Hospital, Birmingham, AL. The child’s biological mother had to consent to the
collection of an oral microbial (plaque swab) sample. Pretreatment plaque swab samples
were collected by passing a sterile cotton swab over the teeth and gingiva of the subject and
the mother. A site-specific bacterial plaque sample was collected from carious lesions of the
S-ECC children with a sterile tooth-pick. Clinical samples were labeled (Table 1) and placed
in a reduced transport fluid media50 for subsequent laboratory identification. MS isolates
were cultivated from salivary samples grown on selective mitis salivarius with bacitracin
agar, and 8 isolates were saved in Todd Hewitt (TH) broth (Becton Dickinson, Sparks, MD)
with 15% glycerol and frozen at −70°C.

Real-time polymerase chain reaction (real-time PCR)
MS isolates in this study were identified using SYBR green-based, real-time PCR
methodology.51,52 Briefly, 23 µl of a polymerase chain reaction mixture in final
concentrations of 1X iQ SYBR green master mix, 0.15 µM forward and reverse
Streptococcus mutans-specific primers, 5’
ATTTGATAATGCTCCTGTTTCATCAAAGAAGA 3’ and 5’
ATGGAACTCTTCAAAAGAATTATGCTTTAAACAT 3’, respectively, were pipetted into
microplate wells. Subsequently, 2 µl of template DNA (~75 ng) from each MS isolate was
added to the corresponding wells, and the entire plate was sealed.

These real-time PCR mixtures were subjected to precise thermal cycling on an iQ5 thermal
cycler (BioRad Laboratories, Hercules, CA) using the following cycle parameters: 1 cycle of
95°C for 3 minutes followed by 35 cycles of 20 seconds at 95°C, 20 seconds at 55°C and 20
seconds at 72°C. Finally, reaction specificity was determined by performing a gradient
melting curve. Analysis of amplification and melting curve data was performed using
version 2.0 BioRad iQ5 standard system software (BioRad Laboratories, Hercules, CA).
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AP-PCR analysis
Unique genotypes were identified by applying AP-PCR protocols reported by Li and
Caufield to each MS isolate from each plaque sample.17 OPA-02 (5’-TGCCGAGCTG), a
commercially available, single stranded oligonucleotide primer (Operon Technologies Inc,
Alameda, CA) was used to arbitrarily prime polymerase amplification of the bacterial
chromosomal DNA. All amplification reactions were conducted in a volume of 50 µl
containing 5 µl of 10× reaction buffer (100 mM Tris-HCl, 500 mM KCl), 10 mM each of
dATP, dCTP, dGTP, and dTTP and 0.2 µl of Taq DNA polymerase. All AP-PCR reagents
were obtained from Perkin-Elmer Applied Biosystems (Branchburg, NJ).

Amplification conditions were 45 cycles consisting of 30 seconds at 94°C, 30 seconds at
36°C, and 1 minute at 72°C. Amplification was conducted in a GeneAmp PCR System 9700
(Perkin-Elmore Applied Biosystems, Branchburg, NJ). The amplification products were
separated by electro-phoresis in a 1% agarose gel in 1× Tris-borate-EDTA at 45 volts for 3
hours and stained with ethidium bromide for 45 minutes. Gels were photographed with red
filters under UV310 light and Polaroid 667 black and white film and recorded with an
Alphalmager 1000 digital imaging system (Alpha Innotech Corp, San Leandro, CA) for
visual comparison.

Three independent observers visually compared AP-PCR fingerprints for unique MS
genotypes within the 8 MS isolates from the clinical sample, and MS genotype matches
among samples from mother and child. MS isolates representing unique AP-PCR genotypes
were selected and further characterized by PFGE.

PFGE analysis
Genotypic similarity between intrafamiliar MS samples was analyzed with PFGE. TH broth
(3 ml) was inoculated with a single colony of MS from an overnight TH agar plate isolate
grown anaerobically with 5% CO2 at 35°C. The turbidity of the broth culture was adjusted
to an Ab610 of 0.9–1.3. A 200 µl aliquo was placed into a microfuge tube and centrifuged at
12,000 × g for 5 minutes, the supernatant was aspirated, and the pellet resuspended in 200 µl
of Tris-EDTA (TE) buffer,35 washed 3 times and resuspended in 160 µl of TE buffer.
Agarose plugs were prepared by equilibrating the cell suspension in a 40°C water bath for
10 minutes, adding 50 units of mutanolysin (Sigma, St. Louis, MO) and 160 µl of 1.8%
(weight/volume) pulse field certified agarose (BioRad Laboratories) in TE buffer (50°C).
Mixtures were dispensed into 3 wells of a disposable plug mold (BioRad Laboratories) and
allowed to solidify. Cell lysis was performed in situ using 4 ml of lysis buffer35 incubated at
37°C overnight.

The buffer was replaced with a fresh lysis buffer and incubated at 37°C for 8 hours. Plugs
were then protein digested in 10 ml of ESP buffer35 in a 50°C water bath overnight, washed
3 times, and stored in TE buffer (10mM Tris, 1mM Ethylenediaminetetra acetic Acid, pH
8.0, Invitrogen, Carlsbad, CA) at 4°C until used. Restriction enzyme digestion was
performed on one-half of an agarose plug using 20 units of SmaI incubated at 25°C in the
dark for 6 hours. An additional 20 units of SmaI was added and incubation continued
overnight. Plugs were loaded into wells of 1% agarose gel (BioRad pulsed-field certified
agarose, Biorad Laboratories, Hercules, CA) in 0.5× TBE buffer, and electrophoresis was
performed using a CHEF Mapper XA electrophoresis system (BioRad Laboratories,
Hercules, CA) at 14°C with a gradient of 6 V/cm (200 V), an included angle of 120°, an
initial switch time of 1 second, and a final switch time of 40 seconds using a linear ramping
factor for 22 hours. S. mutans Ingbritt C was selected as the reference strain for gel
comparisons (Figure 1).

Mitchell et al. Page 4

Pediatr Dent. Author manuscript; available in PMC 2011 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Bands were visualized by staining with ethidium bromide and digitized using a Gel Doc
2000 (BioRad Laboratories, Hercules, CA). Digital images were imported into Bionumerics
software v4.6 (Applied Maths, Inc, Austin, TX). Patterns were normalized based upon a
standard strain of S. mutans Ingbritt C (Figure 1). Cluster analysis using the Dice band-
based similarity coefficient and unweighted pair group method using arithmetic averages
were used to generate dendrograms to assess strain relatedness (percent similarity). A Dice
coefficient greater than 70% indicated similarity or match among PFGE genotypes.

Statistical Methods
Exact 95% confidence intervals for proportions were calculated, based on the binomial
distribution.

Results
Bacterial samples from 27 mother/child pairs represented 23 mothers and 27 children, of
whom there were 4 sibling pairs. Among the 18 (78%) males and 5 (22%) females, the
children’s mean age was 41.7 months (range = 19–82 months). Four of the children were
African Americans (18%), 18 were Caucasians (78%), and 1 was of Middle Eastern descent
(4%). The S-ECC children had a mean def of 9.7 teeth (range = 6–19). All MS isolates were
identified as S. mutans utilizing a SYBR green-based real-time PCR assay.

AP-PCR fingerprinting identified an average of 1.45 unique MS isolates in mothers and 1.15
unique MS isolates in children, with matching MS isolates occurring in 41% of mother-child
pairs (Figure 2a). PFGE fingerprinting confirmed the AP-PCR results, as represented in
Figure 2b. Table 2 summarizes the distribution of intrafamilial MS strains, as determined by
PFGE. In 26% (7/27) of mother/child pairs, the isolate from the child’s mouth could be
matched to isolates from their mother (Figure 3); in each of these cases, the child only had 1
isolate. In another 15% (4/27), a child possessing multiple genotypes had both matching and
non-matching genotypes (Figure 4).

Therefore, evidence of maternal transmission as a mode of MS acquisition was found in
41% of cases. In 59% (16/27) of pairs, however, none of the child’s isolates matched the
mother’s (Figure 5), and in 15% (4/27), a child with multiple genotypes possessed at least 1
genotype that did not match his or her mother’s. Interestingly, each child with multiple
genotypes (5/27) possessed at least 1 genotype that did not match the mother. Overall,
acquisition from non-maternal sources occurred in 74% (20/27) of mother/child pairs.

Four sibling pairs (subjects 5/6, 12/13, 14/15, and 20/23) were also evaluated to compare
isolates within their oral cavities. Both AP-PCR and PFGE found all 4 pairs shared at least 1
genotype, as illustrated with sibling pair 12/13 (Figure 6). Only sibling pair 20/23 shared a
genotype with the mother (Figure 7); all other sibling pairs did not match their mothers’
genotypes (Table 2).

Discussion
This study’s results add to an expanding body of literature demonstrating diversity in
patterns of MS acquisition in human populations. While evidence for maternal transmission
was observed, it was neither the exclusive nor the predominant mode of MS acquisition
within this S-ECC child population. The fidelity of maternally transmitted strains observed
within this high caries population (41%) is consistent with observations in a similar high
caries Hispanic population reported by Tan et al.53 and a cleft palate population reported by
de Soet.4,54 The evidence of acquisition of non-maternal strains of MS found in 74% (20/27)
of this study’s (Table 2) population is also consistent with Lindquist and Emilson’s results,
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where only 9 of 26 genotypes found in their child cohort were identical to their mother’s
genotypes.55 Klein et al. reported evidence of maternal transmission of S. mutans in 81% of
the cohort. Strains that could not be identified as maternal, however, were also found in 75%
(12/16) of children.56 Even in Kohler’s study where maternal transmission was detected in
88% of children, 50% also had non-maternal strains.57

MS transmission studies, as reported in the literature to date, have been conducted with a
small sample size. This study’s sample size (27) is consistent with these other studies. A
small sample size presents a statistical challenge, however, because it results in a wide
confidence interval (CI) for the results. These wide CIs, however, may contribute to the
broad variation in reported fidelity of MS transmission. This study has a 95% CI of positive
maternal MS transmission from 22% to 61%, representing a difference of 39 percentage
points between the interval’s upper and lower limit.

While this is the only known study that focuses on a S-ECC population and may, therefore,
have unique characteristics inconsistent with non-ECC populations, a comparison with other
studies illustrates some interesting trends. Figure 8 illustrates this study’s CI, and compares
it with CIs calculated for 7 other studies from the literature. There is a very wide range for
each study, with no study having less than 30 percentage points between the CI’s upper and
lower limits, with an average range of 37 points. Six of 8 studies share 60% within their CIs,
while 5 share 30%. These numbers will vary depending on the studies compared, but
together illustrate the need for a study with a large sample size and much smaller CIs. This
study has points within its CI that are in common with every other study in the list.

In this study, the children were not sampled at the time of initial acquisition. Consequently it
is not known if the genotypes detected in this study may have replaced original, maternally
acquired genotypes. This explanation would suggest that MS colonization is not a stable
ecosystem in S-ECC patients, thus allowing new genotypes to be acquired and pre-existing
genotypes to be lost.57 It is equally plausible that the genotypes detected in this study are the
original MS genotypes acquired by the child, indicating that initial transmission came from a
non-maternal source. The 4 sets of S-ECC siblings in the study demonstrated higher degrees
of genotypic similarity with each other than they did with their mothers. This could result
from children being inoculated by the same, non-maternal source or from horizontal
transmission between siblings. Regardless of the explanation, MS transmitted from non-
maternal sources colonized most of the patient’s mouths in this study.

In a landmark study, Caufield et al. stated: “The association between MS levels and diet
high in fermentable carbohydrates cannot be ignored as a possible influence in initial
colonization of MS.”58 S-ECC children are associated with aberrant, sucrose-rich feeding
behaviors resulting in MS colonization at an earlier age.59–62 MS not only appear earlier, but
also achieve higher bacterial levels in S-ECC.63–66 S-ECC children also have a greater
number of MS genotypes than caries-free children.67,68 Taken together, these characteristics
of S-ECC populations may indicate an oral ecosystem in which excessive dietary sucrose
consumption favors the establishment and growth of MS, allowing indiscriminant
colonization to occur from any source.

Preventive measures targeted at reducing maternal bacterial loads and delaying maternal
transmission of MS have been recommended and implemented with varying degrees of
success.48,49,69–73 It seems unlikely, however, that such measures would have significantly
impacted the MS colonization in this population, since 20 of 27 patients (74%) acquired MS
from non-maternal sources and only 7 of 27 patients (26%) exclusively manifested maternal
strains. Also, given the ability of non-maternal strains to colonize 74% of the cohort, it is
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plausible that these maternally infected patients would have acquired MS from other sources
if maternal transmission had been prevented.

Conclusions
This study used AP-PCR to identify unique MS isolates within mother-child pairs in a S-
ECC population. The unique isolates were then compared for intrafamiliar similarity by
using PFGE, a highly reliable and reproducible genotyping method. PFGE banding patterns
after SmaI digestion indicate:

1. MS genotypes that did not match maternal strains were identified in the majority of
children (74%) within this S-ECC population.

2. Maternal transmission of MS occurred in 41% of mother/child pairs.

3. S-ECC siblings may be infected with similar MS strains independent of maternal
transmission.

4. Additional studies are needed to validate whether preventive practices designed to
minimize maternal MS transmission to a child can effectively prevent S-ECC, since
MS may be acquired from other human sources.
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Figure 1.
S. mutans Ingbritt C was used as the reference strain for PFGE gel comparisons. DNA
fragment size is expressed in kilobases (kb) and compared to lambda (λ) phage.
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Figure 2.
Representative comparison of AP-PCR gel with PFGE gel for mother/child pair #17. (A)
AP-PCR gel demonstrating maternal genotypes do not visually match genotypes from the
child. (B) PFGE gel confirming representative genotypes from mother (M-1, M-2, M-3) and
child (BP-1, BP-2, BP-3) do not match (DICE coefficient = 56.6%) -Dice coefficient greater
than 70% indicates match.
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Figure 3.
Representative PFGE analysis where each genotype in child matches mother. (A) Mother/
Child Pair #11 where all MS genotypes share at least 97.9% similarity. (B) Mother/Child
Pair #18 where all MS genotypes share at least 96.3% similarity. -Dice coefficient greater
than 70% indicates match.
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Figure 4.
Representative PFGE gels where genotypes in child partially match mother. Mother/Child
Pair #26 where child’s MS genotype 26BP-2 does not match mother, while other child
genotypes (26BP-1,5,BC-1) match maternal genotypes (26M-1,2,5). (B) Mother/Child Pair
#27 where genotypes 27BP-1, 27BC-3 do not match maternal genotypes, while child’s
27BC-1 matches maternal genotypes (27M-5,6,7). -Dice coefficient greater than 70%
indicates match.

Mitchell et al. Page 14

Pediatr Dent. Author manuscript; available in PMC 2011 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Representative PFGE gels where child does not match mother. (A) Mother (1M) and child
(1BP) share less than 49 percent similarity. (B) Mother (2M) and child (2BP) share less than
60 percent similarity. (C) Mother (28M) and child (28BP/28BC) share less than 44 percent
similarity. -Dice coefficient greater than 70 percent indicates match.
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Figure 6.
PFGE gel from siblings (12BP/BC and 13BP/BC) who possess genotypes that match one
another, but do not match maternal genotypes (12M). Sibling genotypes 12BC-1, 12BP-4,
13BP-2 and 13BP-3 share 100 percent match. Neither child matches maternal genotypes
(DICE coefficient <45 percent). -Dice coefficient greater than 70 percent indicates match.
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Figure 7.
PFGE gel for siblings (20BP and 23BP) whose genotypes match one another and maternal
genotypes (23M) (Dice coefficient >90 percent). -Dice coefficient greater than 70 percent
indicates match.
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Figure 8.
95% confidence intervals for fidelity of reported maternal MS transmission. Reported
transmission percentages are marked by •. Calculated confidence intervals are demarcated
by error bars. Vertical bars indicate studies sharing 30% or 60% fidelity.
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Table 1

LABELING CONVENTION FOR SAMPLES

Sample Type* Label

    Mother’s Plaque M

    Child’s Plaque BP

    Plaque from Child’s Caries BC
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Table 2

DISTRIBUTION OF INTRAFAMILIAL GENOTYPES OF MS STRAINS ISOLATED FROM CHILD-
MOTHER PAIRS

Child/Mother
pairs

Child’s MS
strains*

Mother’s MS
strains*

1 A B, C

2 A B

5† A B

6† A B

8 A B, C

9 A, B A

10 A B

11 A A

12 †† A C

13 †† A, B C

14††† A B, C

15 ††† A B, C

16 A A, B, C

17 A B

18 A A

19 A, B, C A, D

20 †††† A A

21 A B

22 A A, B

23 †††† A A

24 A B,C

25 A A

26 A,B A

27 A,B A

28 A B

29 A B

30 A B,C

*
Letters represent unique MS genotypes within a Child/Mother Pair. Approximately 8 MS strains were isolated per individual providing a 0.9922

probability of finding 2 or more unique genotypes, and a 0.8834 probability of finding 3 or more unique genotypes assuming that different
genotypes occur at equal frequency.

†, ††, †††, ††††
Indicates children who have the same mother.
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