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Background: Severe-early childhood caries (S-ECC) is one of the most common infectious diseases in children

and is prevalent in lower socio-economic populations. American Indian children suffer from the highest levels

of S-ECC in the United States. Members of the mutans streptococci, Streptococcus mutans, in particular, are

key etiologic agents in the development of caries. Children typically acquire S. mutans from their mothers and

early acquisition is often associated with higher levels of tooth decay.

Methods: We have conducted a 5-year birth cohort study with a Northern Plains Tribe to determine the

temporality and fidelity of S. mutans transmission from mother to child in addition to the genotypic diversity

of S. mutans in this community. Plaque samples were collected from 239 mother/child dyads at regular intervals

from birth to 36 months and S. mutans were isolated and genotyped by arbitrarily primed-polymerase chain

reaction (AP-PCR).

Results: Here we present preliminary findings from a subset of the cohort. The focus for this paper is on initial

acquisition events in the children. We identified 17 unique genotypes in 711 S. mutans isolates in our subset of

40 children, 40 mothers and 14 primary caregivers. Twelve of these genotypes were identified in more than one

individual. S. mutans colonization occurred by 16 months in 57.5% of the children and early colonization was

associated with higher decayed, missing and filled surface (DMFS) scores (p�0.0007). Children colonized by

S. mutans shared a common genotype with their mothers 47.8% of the time. While multiple genotypes were

common in adults, only 10% of children harbored multiple genotypes.

Conclusion: These children acquire S. mutans at an earlier age than the originally described ‘window of

infectivity’ and often, but not exclusively, from their mothers. Early acquisition is associated with both the

caries status of the children and the mothers.
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T
here is growing evidence of a substantial oral

health disparities problem in young children in

our society (1�5). While dental caries continues to

burden youth and adults at all ages, there is disparaging

evidence of a devastating disease called severe-early child-

hood caries (S-ECC) in lower socio-economic and minor-

ity children in the United States and worldwide (6). The

highest prevalence of this disease occurs in American

Indian (AI) children. The most recent surveys have

revealed an extremely high level of S-ECC in AI children

(2, 7�9). By 5 years of age, 75% of AI children had sig-

nificant caries experience with three times the severity of

the national average (8). Many studies have now shown

that American Indian children are at the highest risk of

caries compared to any other racial/ethnic group (7, 10�12).

Many studies have shown that the mutans streptococci

exhibit a number of virulence factors that can lead to the

development of caries (13�17). These organisms produce

copious amounts of lactic acid in the presence of dietary

sucrose, which leads to demineralization of the tooth
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surface. Moreover, the mutans streptococci (MS) are

highly aciduric, giving them the ability to survive and

grow in a highly acidic environment (13, 18, 19). Coupled

with their ability to form tenacious biofilms, these organ-

isms become dominant within the supragingival plaque

communities and produce a cariogenic plaque.

It has been consistently reported that the mutans

streptococci are readily transmitted from mother to child

(17, 20�25). Studies have revealed a window of infectivity

whereby very young children are most likely to acquire

these bacteria (25�28). Although it is generally accepted

that vertical transmission from mother to child is the

primary route of acquisition of these bacteria, there is

substantial evidence that horizontal transmission amongst

children also occurs frequently under the right conditions

(26, 29�32).

There is evidence of extensive variation in mutans

streptococci isolates (33, 34). A number of methods have

been used to characterize strain diversity with DNA

fingerprinting being one of the most prevalent (35).

Studies have shown multiple genotypes of Streptococcus

mutans in adults and children, although overall the

diversity in children appears to be less. Some studies

have shown different genotypes of SM that are associated

with caries versus caries-free status, as well as differences

in numbers and diversity of genotypes within individuals

in these two subgroups, whereas others have shown opposite

profiles of genotype numbers and diversity amongst caries-

active individuals (33, 34, 36, 37). It is conceivable that

specific SM genotypes are more readily transmitted and

acquired by very young children and colonization by these

specific genotypes renders these children at higher risk for

caries development.

We have conducted a 5-year birth cohort study with a

Northern Plains Tribe addressing the question why AI

children suffer from S-ECC. We had 239 mother/child

dyads enrolled in this study and we followed them from

birth until the child was 36 months of age. Our focus was

on transmission and acquisition of genotypes of S. mutans

from mother to child. We obtained information on many

other variables, including comprehensive dietary, beha-

vioral, and environmental factors that could play a role

in the establishment of a cariogenic oral microflora in

these children. Our overall hypothesis was that children

acquire these cariogenic bacteria at avery early age and the

afore-mentioned variables act in an orchestrated manner

to create a situation in which the children are at elevated

risk for the development of S-ECC. This hypothesis

would be in agreement with other investigators’ findings

that suggest the previous ‘window of infectivity’ may be

somewhat earlier than the initially proposed timeframe of

19�31 months (26, 27, 38, 39).

Here we report on some of our initial findings on

transmission and acquisition of the SM in very young AI

children. We also report on the diversity and common-

ality (14) of SM genotypes from these AI children and

their mothers.

Material and methods

Study population

Our study population was from a Northern Plains

American Indian Tribe. Our initial target was to have

200 mothers and newborns. However, successful recruit-

ment of mothers who were pregnant or who had just given

birth resulted in enrollment of 239 mother/child dyads

in the study. Our onsite research team members were

all AI and under the guidance of a study director who was

a senior dental hygienist. This particular manuscript,

focused on 40 families for microbiological analysis of

plaque samples collected within the first 16 months of the

child’s life. Therefore, all data with the exception of

DMFS (Decayed, Missing or Filled Surface) scores will be

based on these 40 families consisting of 40 children, 40

mothers and 14 primary caregivers. DMFS score analysis

is based on 39 families due to the death of one child

prior to the 36-month time point but after the 12-month

time point.

Samples were processed as they arrived at our labora-

tory and were plated for enumeration of total flora and

mutans streptococci. However, the isolation of mutans

streptococci and analysis of S. mutans isolates was very

time consuming and all samples could not be analyzed

in this way. Upon regular review of our progress and

data analysis we felt it was important to describe the

initial acquisition events that are presented here. There-

fore, we targeted a subset of families in which substantial

progress in the isolation of S. mutans had been made to the

16-month time point. We identified 40 families which were

consistent with the total cohort with respect to bacterial

load in mothers and children, as well as the presence/

absence of mutans streptococci at each time point in the

children.

Recruitment and retention

For recruitment and retention, we followed this process.

Like most Northern Plains tribal communities, Indian

Health Service (IHS) is the primary health care provider

and most pregnant women receive their prenatal care and

deliver at the local IHS hospital. Women were informed of

the proposed study by the maternity support nurses and

physicians during their prenatal visits. In addition, adver-

tisements were placed in the local papers and aired on

the local radio stations. Since the dental clinic staffs were

very supportive of this project, and in direct contact with

parents of children with ECC, they were also significantly

involved in recruiting expectant mothers. If a woman

was interested in participating, she was contacted by the

local recruiter who explained the project, obtained in-

formed consent and scheduled the initial screening visit.
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Since all births are included in the IHS patient tracking

system (referred to the Resource and Patient Management

System [RPMS]), we were able track each potential study

participant, determine their willingness to participate,

and calculate response rates in each community. To assure

that recruitment plans and materials were engaging yet

community appropriate, we had two focus group sessions

with mothers of young children. The first focus group

gathered information on the best methods for recruiting

study participants (including appropriate incentives) while

the second focus group helped refine the recruitment

strategy, printed materials and public service announce-

ments. Throughout the recruitment phase of the study,

key informant interviews and focus groups were used to

evaluate ongoing recruitment and retention strategies.

Traditional retention incentives such as birthday cards,

newsletters, and small gifts would not be sufficient to

maintain these high-risk families for a 2-year period. For

this reason, monetary incentives were also given. Families

received $90 for the first mother/child visit, and $35

for each subsequent mother/child visit for a sub-total of

$245 [90�(7*35)�335]. Young families in these commu-

nities move frequently and often do not have telephones.

However, many tend to stay on or near the reservation

and can be located through family and friends. Using

a local community member as a recruiter enabled us to

maintain contact with the study participants even though

they may have moved. Another important aspect of

ensuring participant retention was that almost all of the

study-related interactions took place in the participants’

homes. The Reservation is very rural and families often

do not have access to a car (or money for gas). By traveling

to the participants home, we reduced participate burden

and increased long-term retention.

Inclusion/exclusion criteria for the study are as follows.

Any mother with a newborn child 0�60 days old could

participate in the study if she: lived in the same home as

her child, lived within the boundaries of the research study

area on the Indian Reservation, and anticipated living

on or near the Indian Reservation for the next 3 years.

Consent

The Internal Review Board (IRB) on record was the

Aberdeen Area IRB and we obtained approval. We also

had to obtain approval from the University of Iowa IRB.

Finally, we presented our study proposal and received

approval (also a requirement) from the Tribal Research

Review Board.

Clinical examination

Clinical examinations were detailed in Warren et al. (9) but

will be summarized here. The caries examinations used

dmfs/DMFS criteria adapted from those used by NHANES

(40) and were conducted by trained and calibrated dental

hygienist�examiners. These examinations were completed

using the knee-to-knee method (41) for the children and

with participants seated in a straight chair for the mothers.

Both mothers and child examinations utilized a halogen

headlight, a DenLite† illuminated mirror (Integra Miltex,

York, PA) and dental explorer (Shepherd hook #23 ex-

plorer (Hu-Friedy, Chicago, IL)). The teeth were visually

inspected after drying with gauze and the explorer was used

only to remove debris or confirm areas of suspected decay.

Collection of plaque samples

Plaque samples were collected by a trained and calibrated

dental hygienist from AI mothers and children in their

homes. Samples were collected at 530 days (baseline),

4, 8, 12, 16, 22, 29, and 36 months (930 days). If the child

had a primary caregiver other than their mother, samples

were collected from the caregiver as well. Whole mouth

plaque samples were collected by swabbing all smooth

surfaces of the teeth (or oral mucosa and tongues in

infants without erupted teeth) with a sterile cotton swab.

The swab was placed into a tube containing TSB�YE

(Tryptic Soy Broth�Yeast Extract) (Difco, Sparks, MD)

with 10% glycerol. Collection tubes were refrigerated until

shipment to the microbiology laboratory for processing.

Samples were shipped via FedEx overnight to the micro-

biology laboratories in the Dows Institute for Dental

Research at the University of Iowa, College of Dentistry.

Temperature was maintained by shipping samples in

temperature controlled Saf-T-TempTM packaging (Saf-T-

Pak, Hanover, MD).

Sample processing and isolation of mutans

streptococci

Swab samples were vortexed for 3 min and then placed in

a sonicating water bath for 1 min to provide homogeneous

suspensions of plaque bacteria. The resulting suspensions

were diluted and plated on three types of media using

an Autoplate† Spiral Plating System (Advanced Instru-

ments, Inc., Norwood, MA). The samples were plated

on Mitis-Salivarius-Kanamycin-Bacitracin agar (MSKB)

(Difco, Sparks, MD) for determination of total mutans

streptococci counts. Plates were incubated at 378C, 5%

CO2 for 96 hours.

Ten colonies displaying typical MS colony morphology

were selected from the MSKB plate. Isolates were identi-

fied by fermentation profile (mannitol, raffinose, salicin,

and sorbitol) and arginine decarboxylase activity. If there

were fewer than 10 colonies, then all available colonies

were selected. Identification was confirmed by PCR using

primers specific to the S. mutans glucosyltransferase B

(gtfB) gene. Confirmed S. mutans isolates were frozen

down (TSB-YE, 10% glycerol) and stored at �808C.

DNA extraction and arbitrarily primed PCR

Isolates were cultured in TSB�YE for 24 hours at 378C,

5% CO2. DNA was extracted using the Epicentre†

MasterPureTM Gram Positive DNA Purification Kit

(Epicentre, Madison, WI) with the following modifications:
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(1) 25 ml culture resuspended in 1.8 ml TE, (2) 2 ml Ready-

Lyse with 1 hour incubation, (3) 25 min Proteinase K

incubation, (4) 1 hour RNase A incubation after Protei-

nase K incubation, (5) sample divided into three tubes for

DNA precipitation steps. Genotypic diversity was exam-

ined by arbitrarily primed-polymerase chain reaction (AP-

PCR) using the primer OPA-2 (5?-TGCCGAGCTG-3?).
Each 50 mL PCR reaction contained 2 mL template DNA

(50 ng/mL), 5 mL of 10X PCR buffer, 200 mM of dNTP,

7 mM MgCl2, 2.5 U Taq polymerase, and 4 mm of OPA-2

primer. S. mutans ATCC 25175 was used as a positive

control for all reactions. Amplification was performed in a

thermocycler (Eppendorf, Hauppauge, NY) programmed

with the following temperature profile: initially 5 min at

948C, followed by 45 cycles of denaturation at 948C for 1

min, annealing at 368C for 1 min, and elongation at 728C
for 2 min. Amplified products were electrophoresed on

a 1.5% agarose gel and stained with ethidium bromide.

A 100 bp DNA ladder served as a molecular size marker

on the gels. Gel images were captured using a transillumi-

nator and digital imaging system (Fotodyne, Hartland,

WI). Genotypic diversity was assessed by generation of

dendrograms using GelCompar †IIv6.5 software (Applied

Maths, Austin, TX). Curve based cluster analysis (1%

optimization, 1% curve smoothing) using the Pearson

correlation and Unweighted Pair Group Method using

Arithmetic Averages (UPGMA) was used to assess strain

relatedness. S. mutans isolates displaying greater than 70%

similarity were considered to be the same genotype.

Statistical analysis

A total of 39 AI children were assayed for S. mutans status

at 16 months using S. mutans selection media. Possible

associations were evaluated between S. mutans status

and caries outcomes from a surface-specific examination

conducted at 36 months, as well as perinatal maternal

characteristics. Bivariate evaluations utilized the Wilcox-

on rank-sum test to test for differences in DMFS at 36

months, maternal DMFS, total maternal colony forming

units (CFUs) for S. mutans, and overall bacterial burden.

Fisher’s exact test was used to test for association between

gender and S. mutans status. Logistic regression was used

for multivariable modeling to explore the association of

maternal characteristics with the probability of S. mutans

acquisition.

Results

Microbiological study

Forty mother/child dyads were analyzed during the first

16 months of the child’s life, to determine acquisition of

S. mutans. All of the individuals involved in the study

are American Indian and live on the reservation. The

40 samples were a subset of the original 239 pairs, as pre-

viously explained. However, these 40 are representative of

the entire cohort with respect to the percentage of indi-

viduals harboring S. mutans and caries. There were 711 S.

mutans isolates recovered from 94 subjects (40 children, 40

mothers and 14 caregivers). 37.5% of children were colo-

nized by 12 months of age and 57.5% were colonized by 16

months (Table 1). Preliminary analysis showed that 85% of

the children were S. mutans positive by 3 years. This

manuscript is focused on data from genotypic analysis up

to 16 months of age in order to address S. mutans geno-

typic diversity at initial acquisition and fidelity of trans-

mission from mother to child in order to determine

whether vertical transmission is the primary avenue of

acquisition of S. mutans in these children. In all but four of

the mothers, S. mutans colonies were recovered at baseline

and/or initial colonization of the child. Two of the S. mutans

negative mothers would be S. mutans positive at later

sampling times and two of the mothers remained S. mutans

free throughout the study. One of the S. mutans negative

mothers had a child that was colonized by S. mutans but that

child did not share genotypes with the caregiver either.

Clinical examination

Due to the death of one child, prior to 36 months but

after the 16 month time point, only the surviving 39

children were included in these particular analyses. Of the

39 children (who we were able to obtain DMFS scores for),

21 were male (11 S. mutans�) and 18 were female (11 S.

mutans�). Fisher’s exact test did not find evidence of an

association between sex and S. mutans status (p�0.7479)

(data not shown). The Wilcoxon rank sum test identified

significant differences in DMFS at 36 months (p�0.0007)

(Fig. 1a) and maternal DMFS (p�0.0125) (Fig. 1b and

Table 2), but not for maternal CFUs for S. mutans (p�0.44)

or maternal levels of overall bacterial burden (p�0.42).

When maternal factors were considered jointly, logistic

regression identified a positive association of S. mutans

status with maternal DMFS (p�0.0319), but not with

either of the bacterial counts (p�0.53) (Table 3).

Table 1. Acquisition time and prevalence

Age of child’s

initial colonization

Number of children with

new S. mutans

acquisitions

Total number of

children with S.

mutans

4 months 0 0

8 months 2 2

12 months 13 15

16 months 8 23a

Not yet colonized 17 17

New colonization represents the number of children from whom

S. mutans colonies are first isolated at a given time point. The

total number of children with S. mutans is the cumulative number

of colonized children at each time point. aOne child died between

the 12 and 16 months sampling time point.
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Genetic study

We found 17 unique S. mutans genotypes (GT) among the

recovered S. mutans isolates, which formed our genotype

library (Table 4). While 77.5% of families had more than

one S. mutans genotype (Fig. 2a), 95.8% of families with

S. mutans positive children had more than one S. mutans

genotype (data not shown). The average number of

genotypes among a family unit (mother [M] and child

[B] or M, B and caregiver [C]) is 2.3 genotypes with the

maximum number of six genotypes recovered from a given

family (Fig. 2a). However, at any time point, the maximum

number of genotypes recovered from a child was two

genotypes (Fig. 2b). At 8 months, only one genotype was

recovered from each of the two children who were

colonized by S. mutans. At 12 months, 30% of children

had one S. mutans genotype identified and 7.5% had two

genotypes identified (mean number of genotypes/child

was 1.2). At 16 months 47.5 and 10% of children had one

and two genotypes identified respectively (mean number

of genotypes/child was 1.19). Genotypic diversity was

greater in mothers and caregivers (Fig. 2c), as multiple

mothers had up to four S. mutans genotypes and one

caregiver had three genotypes (mean genotypes were 1.48

and 1.77, respectively).

The commonality of genotypes was evaluated for five

sampling visits over the course of 16 months. Twelve of

the 17 genotypes were shared by at least two subjects

(Fig. 3a), throughout the population and 11 genotypes

were shared by at least two families (Fig. 3b). These

shared genotypes comprised 95.5% of all isolates. The

most common genotype, genotype 10 was shared by 32

(36%) subjects and 21 (53%) families and represented

66% of all S. mutans isolates (Table 4). All children but

one (96%) shared a genotype in common with another

child in this group (Data not shown).

In the 23 children that had S. mutans, 47.8% exhibited at

least one genotype in common with the mother (Fig. 4).

Only one child had two genotypes in common with their

mother. Six of the 14 caregivers sampled were associated

with a S. mutans positive child. Of these six, three of

the children did not share a genotype with either their

mother or caregiver. Of the remaining three, one only

shares a genotype with the mother and the other two share

the same genotype with both the mother and caregiver.

Therefore, there are no genotypes that are transmitted

uniquely from caregiver to child. Members of the six

mother/caregiver pairs shared at least one genotype 64.3%

of the time.

Fig. 1. S. mutans (SM) status on DMFS/dmfs scores. Box

plots of the distribution of (a) Children’s dmfs at 36 months

and (b) Maternal DMFS by the SM colonization status

of the children at 16 months. The Mean (2), Median

(Horizontal line), Interquartile range (Shaded boxes) and

Max/Min values (Error bars) of DMFS scores from children

at 36 months (a, p�0.0007) or mothers of children (b,

p�0.0125) who were not colonized by SM early (defined as

colonization by 16 months or prior) (N) and by those who

were colonized by SM early (Y).

Table 2. Descriptive statistics for maternal DMFS by

S. mutans status

S. mutans N Mean Std Dev Median Min Max P

No 17 16.00 12.00 12.00 2.00 40.00 0.0125

Yes 22 30.59 19.10 29.00 1.00 87.00

This is a summary of the comparison of maternal DMFS by

S. mutans status. P-value is the significance probability associated

with Wilcoxon Rank-Sum test. There is statistically significant

evidence of a difference in groups.

Table 3. Odds ratios for S. mutans acquisition

Variable OR 95% CI P

S. mutans CFU 0.958 0.775 1.185 0.6943

Overall CFU 1.175 0.705 1.958 0.5365

Maternal DMFS 1.07 1.006 1.138 0.0319

This is a summary of the logistic regression which models child

S. mutans acquisition as a function of maternal factors. This

multivariable model identifies that maternal disease burden is

significantly associated with the probability of child S. mutans

acquisition.
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When two or more genotypes are present in an indi-

vidual, one genotype is dominant (over 50% of isolates)

46.4% of the time. Dominant genotypes in the mother

were transmitted to children 10.4% (2 of 19 mothers) of the

time. Genotype 10 was the genotype most commonly

acquired by children from their mothers, representing

54.5% of transferred genotypes (6 of 11). Genotype 10 was

the dominant genotype of isolated colonies at a given

visit in six of the 18 mothers harboring this GT (Table 4).

However, there were only two instances where Genotype

10 was the dominant GT in a mother and transferred to

a child.

Discussion
A large percentage of children (37.5%) in this cohort were

colonized by S. mutans by 12 months and the majority

(60%) colonized by 16 months. This is earlier than the

traditional ‘window of infectivity’ regarding S. mutans

colonization with 19�31 months as the normal range

and 26 months was the median (27). Therefore we have

defined any colonization by 16 months as ‘early acquisi-

tion’. However, some low socioeconomic populations

have early colonization times similar to the 16 month

time point we see in this American Indian population

(38, 39) and colonization instances as early as 6 months

(42). These studies, along with our observations suggest

that acquisition of S. mutans may occur earlier in some

populations than previously thought. Part of our hypoth-

esis was that children in this community acquire S.

mutans at an earlier age than other children and that is

confirmed by this initial analysis. One key factor could be

that tooth eruption in this population occurs significantly

earlier than in any other population (43). These tooth

eruption data will be described in detail in a forthcoming

manuscript.

We later observed that, by 36 months, 85% of children

were colonized by S. mutans (data not shown). Here we

are considering data only up to the 16-month time point

of the children because we are interested in determining

the diversity of S. mutans genotypes at initial acquisition

and fidelity of transmission from mother to child. Since

it is common, in most societies, for children to acquire

S. mutans from their mothers, it is important to focus on

this time point and determine if vertical transmission is

the primary avenue of acquisition of S. mutans in these

children.

Table 4. Genotype library

Distribution of S. mutans genotypes

Children
Mothers Caregivers Percentage of

Genotype AP-PCR pattern 8 Months 12 Months 16 Months Individuals Individuals total isolates

GT1 1 1 2 2.5

GT2 2 2 13 4 11.5

GT3 1 3 4 4.8

GT4 1 4 2 11 1 20.5

GT5 1 1.3

GT6 1 2 7 5 8.7

GT7 1 1 1 2.4

GT8 1 0.8

GT9 2 2 1 1 5.3

GT10 6 7 18 5 26.9

GT11 4 6 3 9.1

GT12 1 2 0.6

GT13 1 1 1.5

GT14 1 0.7

GT15 1 1.4

GT16 1 1 0.3

GT17 1 1 0.8

Genotypes identified with the number of children at 8, 12 and 16 months, as well as mothers and caregivers, which reflect the diversity

and commonality of S. mutans genotypes (711 isolates from 86 individuals). The mothers and caregiver values represent genotypes

identified with individuals over multiple sampling (1�3) times, while child values represent one specific sampling time point. The

percentage of total isolates represents the richness of a particular genotype within the genotype library in that it is the percentage of total

isolated colonies that identify with a particular genotype. Heading should read Distribution of S. mutans genotypes. Rows in bold type

indicate the three most common genotypes, the incidence at each point and their richness.
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In addition to early acquisition of S. mutans in these

children, we found a strong association with the DMFS

scores of the mothers at baseline (within 1 month of

the child’s birth). Interestingly, there was no association

between maternal plaque bacteria levels and early acquisi-

tion (16 months). We observed the bacterial counts from

the mothers’ plaque samples to be relatively low when

compared to other studies. However, the fact that the

progression of caries in the mothers correlates so strongly

with early acquisition in the children, suggests that the

Fig. 2. Diversity of S. mutans (SM) genotypes (GTs). (a)

Family groups consist of a mother/child pair or mother/child/

caregiver triad. The quantity of genotypes represents the total

number of SM genotypes that are identified in all members

of the group. (b) The number of children with 0, 1 or 2 SM

genotypes at 8, 12 and 16 months of age. No SMs were

detected in children prior to 8 months. *One child died between

12 and 16 months and was only counted at 12 months. ¥One

child who was colonized with SM at 12 months was only

colonized with S. sobrinus at 16 months and therefore was

only counted at 12 months. (Since colonization occurred with

another MS species, the 12 months colonization was not

considered transient.) (c) Mothers and caregivers of this

population analyzed individually with respect to the number

of genotypes identified in each and recorded over multiple

sampling visits during a 16-month period.

Fig. 3. Commonality between (a) subjects and (b) families.

Genotype designation (GT#) with number of (a) subjects

(including children, mothers or caregivers) and (b) family

groups (one member of a mother/child pair or mother/child/

caregiver group) harboring each genotype in parentheses.
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overall bacterial burden is less important than the caries

status of the mothers in predicting colonization of these

children with S. mutans. Several other reports have found

association between high levels of S. mutans in mothers

and early acquisition in children (27, 31, 44) and it is

possible that the sample set size used for this preliminary

analysis did not allow for significant differences to be

detected. Due to the death of one child between the 12 and

16 month time points, our caries association analysis was

performed on the 39 children with recorded caries status

at 36 months. Our decision to include this child in our

acquisition analysis was based on the fact that it had

been colonized at 12 months.

There are several key factors that have been implicated

in S. mutans colonization and these have been described

in Law et al. (45). Briefly, these include the following:

epidemiological factors, genetic and immunological factors,

salivary factors, dietary factors and behavioral factors.

Our study considers epidemiological factors including:

high S. mutans burden in the mothers, frequent contact

with additional high MS carriers, virulent strains of

S. mutans, availability of ecological sites and reduced

competition, which will be described in more detail in a

future manuscript. Genetic and immunological factors

include HLA genes and MHC genes, salivary factors, such

as, agglutinins, salivary flow and buffering capacity and

immunological factors, such as immunoglobulin, lacto-

ferrin, peroxidases and lysozyme. Dietary factors include

increased frequency of sugar containing foods or drinks.

Behavioral factors include a lack of oral hygiene. Dietary

and behavioral factors are being analyzed as a part of our

overall study and will be described in a future manuscript.

In order to respect cultural sensitivities, it was agreed that

our study would not collect or analyze host genetic or

immunological data. While these are important factors, we

must respect the wishes of our partners in the American

Indian community.

Our ongoing analysis of the remaining 200 mother/

child pairs could reveal additional associations. Of course,

investigations that found an association between high

maternal bacterial counts and early acquisition in children

did not mention any analyses of maternal DMFS scores.

It is possible that this could have been an even stronger

association in those studies. It is reasonable to assume that

many mothers with high DMFS scores would have a

plaque dominated by MS and that this would play a role

in early acquisitions in children. This perpetuates a viscious

cycle of inheritance of cariogenic plaque and early decay.

Levels of S. mutans in children as a single variable may

not be a reliable predictor of caries but rather detection of

early colonization of MS may be the key for develop-

ment of S-ECC. S. mutans colonization has always been

associated with tooth eruption (27, 39, 46�48) but some

studies have shown that S. mutans may be detected in pre-

dentate children (49, 50). Nevertheless, studies have shown

an association between the number of erupted teeth and

S. mutans CFU (42, 51).

The genotypic diversity of this population, based on

this initial subset, is quite consistent with other studies

(14, 28, 38). We observed 17 distinct genotypes from 711

isolates. With regards to a link between genotype diversity

and caries, it has both been reported that caries active

children harbor greater numbers of S. mutans genotypes

than caries-free children (37, 52, 53) and fewer genotypes

(54). We will wait until we have completely analyzed this

cohort over the full 3-year collection period to draw

conclusions about this. Children were given a full dental

examination during each sampling visit (every 3�4

months). If at any time, a white spot lesion was detected

in a child, that child was treated with fluoride varnish.

This could have potentially affected the colonization of

S. mutans in a child and could be a confounding factor

to the overall diversity of the S. mutans in plaque. This is

a natural limitation based on simple ethics of treating

children in a study as needed. One could argue that this

could further impact later studies where we more deeply

consider children’s caries status. However, studies have

shown that application of fluoride varnish in AI popula-

tions has less impact on the caries progress than in other

children and that varnish must be applied frequently to

have a measurable effect (55, 56). Therefore, we believe

it is unlikely that fluoride varnish had a definitive impact

on the cariogenic oral flora in these children. MSKB agar

is routinely and widely used in the isolation of mutans

streptococci but is sometimes criticized for its high

selectivity and low recovery of S. mutans when compared

to other common S. mutans selective agars (57). However,

we believe that the number of potential false negatives

would be quite low and the greater selectivity of the media

compensates for possible lower S. mutans recovery rates.

Fig. 4. Fidelity of S. mutans (SM) transmission. The percen-

tage of 23 children who have acquired SM by 16 months who

share either one or two genotypes with their mothers are

represented, along with children who do not share any SM

genotypes with their mothers. (Caregivers were not consi-

dered because in every instance where a child shared a GT

with a caregiver, the child shared the same GT with the

mother.)
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This study also addresses the issue of genotype com-

monality in this community and demonstrates the possi-

bility for horizontal transmission as well as vertical

transmission (32, 58, 59). The prevailing dogma has

been that S. mutans colonization initiates in a window

of infectivity lasting from 19 to 31 months and remains

with the individual. We have demonstrated that, in this

population, colonization occurs earlier than in other

studies and genotypes are shared within families and

within the community. Horizontal transmission allows the

possibility of transient infections by different genotypes

as demonstrated by Lindquist and Emilson (31). Despite

the high degree of commonality of genotypes, the assump-

tion of horizontal transmission could not be proved by

these data and is likely beyond the scope of this study.

However, while an individual may be stably colonized

by S. mutans after acquisition, the phenomenon of geno-

type switching suggests that S. mutans infections are not

as stable as originally believed. Ongoing analysis of this

cohort is focusing on the stability of acquired S. mutans

genotypes in children over the entire 3 year period.

Genotypes 10, 2 and 4 were the most common geno-

types in this cohort and were observed in children,

mothers and caregivers. We did not see any associations

between these genotypes and caries or earlier acquisi-

tion or fidelity of transmission compared to other, less

common genotypes. It is possible that the size of this

sample set was too small to show statistical significance

and, therefore, we cannot rule out the possibility that our

ongoing analysis of the complete cohort of 239 family

groups may show these associations.

In this group, only 48% of children shared a common

genotype with their mothers. Other studies have shown

fidelity of transmission as high as 71% (28) and as low

as 33% (60). In the latter study (where mother/child

commonality was 33%) only three S. mutans colonies

were selected from each sample, which increased the

likelihood of not being able to isolate all genotypes

that may have been present (61). The moderate level

of fidelity of S. mutans transmission between mothers

and their children in our study, suggests that, in this

community, there is also a significant level of horizontal

transmission (62). This could be due to the common

practice of multiple families sharing a small house. There

are many contributing factors that impact fidelity of

transmission, such as the amount of time a child spends

with the mother, additional caregivers, siblings and

closeness of the community as well as dietary variables

that are difficult to compare across studies. Therefore,

differences in the level of fidelity of transmission of

S. mutans most likely will vary depending on the

influence of this multitude of variables. Nevertheless, our

data suggest a significant level of horizontal transmission

overall.

The overall dominance of genotypes within an indivi-

dual did not seem to play a role in transmission of that

genotype at this point in our study. Cheon et al. demon-

strated that dominant genotypes may be more stable

and showed an association between these genotypes and

caries (14). The limited number of individuals in our

initial sample subset may be too small to show statistically

significant transmission and/or caries trends. Also, the

early time points that are focused on acquisition do not

allow for stability analysis. Ongoing analysis will seek to

determine if dominant genotypes associate with greater

stability of colonization within an individual, greater

transmission rates or higher DMFS scores.

A very limited number of children analyzed in this

sample had primary caregivers other than the biological

mothers. Primary caregiver was defined as those who

took care of the child for a minimum of 8 hours per day.

We collected data on these caregivers as this brings up

the intriguing question of whether the children acquired

S. mutans from the caregivers, or the biological mothers

who also lived in the same residence. In the six caregiver

samples associated with SM positive children, we saw

commonality with the child in three instances. In each of

the three instances the common genotypes were also found

in the biological mother. Therefore, determination of the

source of the S. mutans genotypes could not be done as it is

conceivable that the transmission occurred from either

source. However, it is still noteworthy that, in this very

small subset of children, half shared S. mutans genotypes

with both adults.

Summary and conclusions

S-ECC is a multifactorial disease involving dietary,

behavioral and environmental factors along with the

plaque microbiology. Our study will consider all of these

factors but here we presented our initial microbiological

findings, which were compelling. These American Indian

children acquired S. mutans at an earlier age than what

was previously and widely believed and this early acquisi-

tion eventually associated with higher caries incidence in

the children. These data also suggest that maternal vertical

transmission could be a common route of initial acquisi-

tion and that mothers with high levels of caries had

children who acquired S. mutans at the early time point.

However, the high level of commonality for some of the

genotypes suggests that other means of acquisition exist

and, therefore, it’s impossible to definitively state that

mothers who share genotypes with their children were the

source of these acquired genotypes. These initial findings

provide ample evidence that early acquisition of S. mutans

is a major factor in the rampant S-ECC in this community.

Analysis of later time points will provide an invaluable

longitudinal perspective of S. mutans colonization in these

children as we link the many factors that contribute to this

disease.
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RB. Mutacin production in Streptococcus mutans genotypes

isolated from caries-affected and caries-free individuals. Oral

Microbiol Immunol 2005; 20: 20�4.

David J. Lynch et al.

10
(page number not for citation purpose)

Citation: Journal of Oral Microbiology 2015, 7: 27182 - http://dx.doi.org/10.3402/jom.v7.27182

http://www.journaloforalmicrobiology.net/index.php/jom/article/view/27182
http://dx.doi.org/10.3402/jom.v7.27182


37. Napimoga MH, Kamiya RU, Rosa RT, Rosa EA, Höfling JF,
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