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Abstract

Background: Early childhood caries (ECC) is a rapidly progressing form of dental infection and a significant public
health problem, especially among socially and economically disadvantaged populations. This study aimed to assess
the risk factors for ECC among a cohort of Sub-Saharan African children and to determine the role of genetics in the
etiology of ECC.

Methods: A sample of 691 children (338 with ECC, 353 without ECC, age <6 years) was recruited from schools in
Lagos, Nigeria. Socio-demographic, dental services utilization and infant dietary data were obtained with interviewer-
administered questionnaire. Oral examination was conducted using the WHO oral health diagnostic criteria. Saliva
samples were collected from the children for genetic analysis. Single nucleotide polymorphisms were selected from
previous study for genotyping. Genetic association analyses to investigate the role of genetics in the etiology of ECC
was done. Bivariate comparisons and Multivariate logistic regression analyses were conducted to assess associations
between ECC and predictor variables, p < 0.05.

Results: Of the 338 children with ECC, 64 (18.9%) had Severe-Early Childhood Caries (S-ECC). Children aged

48-59 months comprised the highest proportion of subjects with ECC (165; 48.8%) and S-ECC (24; 37.5%) while
female subjects had higher dt (3.13 + 2.56) and dmft values 3.27 4 2.64. ECC was significantly more prevalent among
children who were breastfed at night > 12 months (OR 3.30; Cl 0.39, 4.75), those with no previous dental visit (OR 1.71;
C10.24,2.77), those who used sweetened pacifiers (OR 1.85; Cl 0.91, 3.79) and those who daily consumed sugar-
sweetened drinks/snacks (OR 1.35; C1 0.09, 18.51). A suggestive increased risk for ECC (OR1.26, p=0.0.0397) was
observed for the genetic variant rs11239282 on chromosome 10. We also observed a suggestive reduced risk for ECC
(OR0.80, p=0.03) for the rs131777 on chromosome 22. None of the genetic variants were significant after correction
for multiple testing (Bonferroni p value p =0.004).

Conclusions: Prolonged night-time breastfeeding, poor utilization of dental services and daily consumption of sugar
were risk factors for ECC. Larger sample size is needed to confirm the results of the genetic analysis and to conduct
genome wide studies in order to discover new risk loci for ECC.
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Background

Early childhood caries (ECC) is a widespread, socio-
behavioural and dental condition seen among children
throughout the world [1]. Recently at the International
Association of Paediatric Dentistry declaration at
Bangkok 2019, ECC was defined as the presence of one
or more decayed (non-cavitated or cavitated), missing
or filled (due to caries) surfaces, in any primary tooth
of a child under six years of age [2]. ECC is a common
and mostly untreated tooth decay in preschool chil-
dren with profound impact on a child’s life [1]. Chil-
dren with untreated ECC may suffer from pain, acute
and chronic conditions including bacteraemia, early
loss of primary tooth, malocclusion in the permanent
dentition, low self- esteem, and failure to thrive [3, 4].
ECC continues to be one of the most prevalent chronic
conditions in children especially minorities and socio-
economically disadvantaged who also have poor access
to dental facilities [5-7]. The combination of the high
disease burden of ECC and poor access to dental care
has a great social and economic impact which affects
the quality and outcomes of child oral health [4]. The
prevalence of childhood dental caries in Nigerian chil-
dren has been reported to be of epidemic proportion
[8], ranging between 11.2% and 48.0% across the coun-
try [8]. Of great concern is the high level of untreated
caries in children which is alarming with values above
80% in all parts of Nigeria. Despite decreases in the
prevalence of caries among other age groups, ECC rates
have remained high and for this reason it is important
to determine possible explanations for the persistence
of early-onset form of childhood dental caries, looking
beyond established behavioural, environmental, and
societal risk factors, and consider biological ones.

ECC is a disease with multiple causative factors.
Some of the well documented factors implicated in
the development of ECC include high levels of cari-
ogenic micro-organisms such as Streptococcus mutans
(which is usually transmitted to the child’s oral cav-
ity by parents or caregivers), host factors (susceptible
tooth surface), salivary factors (reduced salivary flow
and compromised buffering potential) and fermentable
carbohydrate diet [9, 10]. Other risk indicators associ-
ated with ECC include oral hygiene practices, frequent
between-meal snacks, parental attitudes, educational
status of mother, socioeconomic status, chronic ill-
nesses or special health care needs, breastfeeding and
bottle-feeding habits especially at night, and frequent
use of sweetened medication [2, 5-10]. In addition to
environmental risk factors, genetic factors have been
associated with the risk for caries [11-13]. Studies have
shown associations between single nucleotide polymor-
phisms (SNPs) and ECC [14].
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Numerous candidate-gene studies have since been
conducted to investigate the role of genetics in car-
ies aetiology in children [11, 15]. Shaffer et al. in their
genome-wide association study, identified several genetic
loci (ACTN2, MTR, EDARADD, MPPED2, and LPO)
with suggestive evidence of association that could have
plausible biological roles in childhood caries [11]. Meng
et al. in their GWAS study in children and primary den-
tition reported three loci at the genes [interleukin 32
(IL32), galactokinase 2 (GALK2), and CUGBP, Elav-like
family member 4 (CELF4)] associated with S. mutans
carriage and severity of caries at significant levels [16].
Recently Ballantine et al. identified 13 genetic loci dem-
onstrating suggestive evidence of association with ECC,
of these 13 loci, the two most significant regions were
observed on 4q32 and 20q22 marked by SNPs rs4690994
and rs439888, respectively [17]. A recent pilot GWAS of
caries by Orlavo et al. conducted among African-Ameri-
cans showed genetic heterogeneity. They concluded that
there may be differences in the contributions of genetic
variants to caries across racial groups [18].

Behavioural and environmental risk factors for ECC
have been well documented [5-7, 19-21]. However, pres-
ently there are no reports on the genetic factors related
to ECC in African populations. Knowledge of the genet-
ics and genomics of ECC will help to carry out individual
risk assessment, innate susceptibility and behavioural
modification in order to optimize the implementation of
personalized prevention and treatment [21]. Therefore,
the study was designed to assess the risk factors for ECC
among a cohort of Sub-Saharan African children and to
investigate the genetic risk factors by genotyping single
nucleotide polymorphisms that were previously reported
for childhood caries. The study hypothesis was that cer-
tain gene polymorphisms increase the risk for ECC.

Methods

Study population and study design

This study was conducted among preschool children
below 6 years of age in Lagos, Nigeria, from March
2018 to October 2019. Details of study design has been
reported in previous study [22]. Briefly, the study was
conducted in five Local Government Areas (LGAs) of
Lagos State (Mushin, Surulere, Lagos Mainland, Ikorodu
and Epe). Lagos State is in the South-Western geopoliti-
cal zone of Nigeria with an estimated population of 17
million and it is the economic centre of the country. It
shares boundaries with Ogun State both in the North and
East and on the West by Benin Republic. In the South,
it stretches for 180 km along the coast of the Atlantic
Ocean and occupies an area of 3577 km?, 22% or 787 km?
which consists of lagoons and creeks. It consists of 20
LGAs.
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Ethics consideration

Ethical approval for the study was obtained from the
Health Research Ethics Committee of the Lagos Univer-
sity Teaching Hospital (LUTH), Lagos, Nigeria (ADM/
DCST/HREC/APP/1669). The study was conducted
according to the guidelines laid down in the Declaration
of Helsinki for all procedures involving human subjects/
patients. Written informed consent was obtained from
the parents or legal guardian of the study participants.

Inclusion and exclusion criteria

Children younger than 6 years of age whose parents
agreed to their children partaking in the research and
who provided informed consent were included in the
study. Children with physical or mental incapacity, those
with disorders that made routine oral hygiene measures
difficult, and hence are more predisposed to dental car-
ies, those with any developmental dental anomaly and
those with ongoing dental treatment were excluded.

Sampling procedure

A multistage probability sampling technique was adopted
for this study [22]. At the first stage, five LGAs (Mushin,
Surulere, Lagos Mainland, Ikorodu and Epe) were
selected out of the 20 LGAs in Lagos state, using simple
random sampling. In the second stage, one public and
one private school was selected by the simple random
sampling method from each LGA. The lists of govern-
ment registered public and private nursery and primary
schools [23, 24] was obtained from the Lagos State Uni-
versal Basic Education Board (SUBEB) and it served as
the sampling frame. Systematic random sampling method
was used to select infants, toddlers and children in the
nursery and primary sections of the schools, who were
eligible by set criteria for the study, with the nominal
roll of pupils in the selected schools serving as the sam-
pling frame. A consent letter was sent to the parents of
the children in the schools explaining the aim, scope, and
importance of the study and asking for parental approval.
A proforma with the study questionnaire was attached
to the consent form. The consenting parents completed
the questionnaire and signed the consent forms for their
children to be examined and to have salivary samples
taken. Children without signed parental consent forms
or whose parents expressed objection to participate were
excluded from the study.

Questionnaire

The interviewer-administered questionnaire was adapted
from previously validated questionnaires [5-7]. It con-
sisted of five main parts. The first part included demo-
graphic information (child’s age, gender, tribe, mother’s
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education, father’s occupation). The second part assessed
behavioural characteristics such as child’s feeding pat-
terns while the third part assessed the participants utili-
zation of dental services. The fourth part included child’s
oral hygiene practices and the fifth part of the question-
naire assessed nature of child’s diet and snacking habits
(Additional file 1).

Clinical examination

Detailed enrolment procedures, inclusion and exclu-
sion criteria are reported in a previous study [7]. In brief,
dental caries diagnosis was done using the World Health
Organization (WHO) diagnostic criteria. The partici-
pants were examined sitting, under natural light, using
sterile dental mirrors and probes by trained dentists who
were calibrated. Caries was assessed by means of visual/
tactile examination without radiographs. Intra examiner
and extra examiner were assessed by examining 10 chil-
dren with dental caries on two separate occasions with
two weeks interval. The result was coded and entered
into the computer. The data were then subjected to a
Cohen’s kappa scores analysis, to determine the intra-
examiner and inter-examiner variability. The intra-exam-
iner variability scores ranged from 0.80 to 0.85 while the
inter-examiner variability scores ranged from 0.81 to 0.84
for the dmft indices. Children under 6 years of age, hav-
ing one or more decayed (non-cavitated or cavitated),
missing (due to caries), or filled tooth surfaces (dmfs) in
any primary tooth were considered to have ECC. A child
younger than three years of age, with one or more cavi-
tated, missing (due to caries), or filled smooth surfaces
in primary maxillary anterior teeth and from ages three
through five, a decayed, missing, or filled score of greater
than or equal to four (age 3), greater than or equal to five
(age 4), or greater than or equal to six (age 5) was con-
sidered to have S-ECC. Dental caries was recorded using
decay, missing, filled/teeth (dmft) and surface (dmfs)
index for each participating child. Children with caries
were allocated into cases while children without caries
were allocated into the control group. After the screening
procedure, children with untreated caries were referred
to the Department of Child Dental Health, LUTH for
treatment and follow-up.

Genetic analysis

Saliva samples were collected from 338 children with
early childhood caries and 353 children without caries.
Saliva samples were collected using Oragene-DNA Col-
lection Kits (http://www.dnagenotek.com), labeled and
shipped to the laboratory at the University of Iowa for
extraction, processing and analyses. DNA was extracted
from samples using Qiagen DNA Extraction Kits and
sample concentration was quantified using Qubit Assays
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and the Qubit 2.0 Fluorometer (http://www.invitrogen.
com/site/us/en/home/brands/Product-Brand/Qubit.
html). XY genotyping was also used as a quality con-
trol measure to confirm that sample sex matched clini-
cal records from collection. SNP assays for the 14 SNPs
(included in a 24 assay panel required for fluidigm) of
interest were designed based on human genome assem-
bly GRCh38/hg38, 2013 and purchased through ABi/Life
Technologies (www.lifetechnologies.com).

All DNA samples were diluted to an identical concen-
tration of 1 ng/ul, and underwent preamplification pro-
cesses as per Fluidigm manufacturer recommendations
due to the nanoscale volume of Fluidigm Integrated
Fluidic Circuits (IFCs). Following preamplification, the
samples were diluted to decrease reaction component
concentration, to prevent reaction inhibition which may
affect quality of results in subsequent steps. Additional
reagents are then added in preparation for Fluidigm. In
this study, we used the 192.24 Dynamic Array IFC Fluid-
igm chip, which allowed for 4,608 simultaneous reactions
using 192 samples and 24 assays (14 of these assays are
relevant and were used for the current study). Samples
were randomly assigned in labeled 96-well plate maps.
Each Fluidigm chip had at least two “No Template Con-
trols” (NTCs), which consisted of TE Buffer only. NTCs
were added to ensure the presence of negative control
conditions for comparison, and to establish a point of
origin in scatter plot analyses later in the study.

Prior to loading samples, the chip was primed with
control line fluid, helping to maintain pressure and facili-
tate the closing of chip valves. Samples were then pipet-
ted into the sample inlets and assays were placed into
detector inlets. Once all samples had been introduced
to the chip and all air bubbles had been eliminated, the
chip was placed onto the IFC Controller RX machine for
loading and mixing. The machine then applied pressure,
pushing the sample and assay fluid into their respective
fluid lines. Using a carry-over slug design, sample mix-
ing was carried out as partial volumes of the first assay
and sample were pushed into and combined in isolated
reaction chambers. The load-mixing process occurred
on the first machine over the span of 45 min, after which
the chip, with all samples amply mixed with their corre-
sponding assays, underwent PCR on the FC1 Cycler in
order to induce isolated reactions.

Once both machine cycles had been completed, a flu-
orescent image was taken of the endpoint state of the
genotyping chip using the BioMark System for Genetic
Analysis. The fluorescent signals were obtained through
FAM and VIC channels, with FAM having an excitation
peak of 495 nm and an emission peak 520 nm, and VIC
having an excitation peak of 538 nm and an emission
peak of 554 nm. The final image with fluorescent signals
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in all 4,608 reaction chambers was then plugged into
Fluidigm SNP Genotyping Analysis software to gener-
ate genotype calls. Fluorescent signal brightness levels in
both FAM and VIC channels were calculated and plotted
on a scatter plot in the software based on relative inten-
sity: Wang et al. [25]. With FAM on the X-axis and VIC
on Y-axis, the fluorescent signals fell into four different
genotype groups, homozygous FAM, homozygous VIC,
heterozygous brightness between the two, and no signal
negative controls.

Data analysis

The data was entered and analyzed using IBM Statisti-
cal Package for the Social Sciences (SPSS) Version 22.0
(IBM Corp, Armonk, NY). Bivariate comparisons (t Test,
ANOVA, and Chi-square tests) and Multivariate logistic
regression analyses were conducted to assess associations
between ECC and predictor variables. Case—control
analyses of the genotype data was done using the additive
model in PLINK. Nominal significance was set at p <0.05
and Bonferroni corrected p value was p<0.004 i.e. 0.05
divided by 14 (number of SNPs and tests, where every
SNP is a test and 0.05 is significant for just one SNP/
test).

Results

Table 1 shows the distribution of early childhood caries
and severe early childhood caries among subjects. For
caries free children, females made up 50.1% of the study
participants, while the highest proportion of them were
aged 24-35 months (30.3%); had mothers with > 12 years
of formal education (64.2%) and fathers in professional/
managerial occupations (89.4%). Majority of the study
participants did not receive night-time bottle feeding
(92.4%); were breastfed for <12 months (95.5%); had no
previous dental visit (61.2%) and did not consume sugar-
sweetened drinks/snacks daily (87.5). Of the 338 children
with ECC, 274 (81.07%) had more than one carious tooth
while 64 (18.93%) had S-ECC.

Children aged 48-59 months comprised the highest
proportion of subjects with ECC (165; 48.8%) and S-ECC
(24; 37.5%) while those aged 36-47 months had sig-
nificantly higher mean dt (3.24£2.88) while those aged
60—71 months had higher dmft (4.00+£1.73).values than
subjects in other age groups. Similarly, male children
constituted a higher proportion of the patients with ECC
(171; 50.6%) and S-ECC (34; 53.1%) while female sub-
jects had higher dt values (3.13+£2.56) and dmft values
(3.27+2.64) though the association was not significant.
Furthermore, those that were bottle-fed at night with
formula/sugar-sweetened drinks (67.2%), those who had
night-time breastfeeding > 12 months (82.8%), those with
no history of previous dental visit (60.9%) and those who
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Table 1 Risk factors, risk indicators and socio-demographic parameters associated with early childhood caries among study subject

with caries
Variables ECC-free (n=353) ECC(n=338) S-ECC (n=64) dt+SD dmft+SD p value-
N (%)

Sex
Male 176 (49.9) 71 (50.6) 34(53.1) 2794+2.18 2894217 0.191
Female 177 (50.1) 167 (49.4) 30 (46.9) 3.13+£256 3271264

Age (months)
0-11 13(3.7) 2(0.6) 2(3.1) 2.00£0.00 2.0040.00 0.009*
12-23 45(12.7) 19 (5.6) 5(7.8) 205+1.43 2.16+1.34
24-35 107 (30.3) 54 (16.0) 13(20.3) 2.57+2.10 2771248
36-47 90 (25.5) 85(25.1) 19(29.7) 3244288 3244288
48-59 97 (27.5) 165 (48.8) 24 (37.5) 3.04+£229 3.15+£226
60-71 1(0.3) 13(3.9) 1(1.6) 2334252 400+£1.73

Maternal education
<12 years of formal education 126 (35.8) 58 7) 11(017.2) 3214255 3254252 0577
> 12 years of formal education 227 (64.2) 8 ) 53(82.8) 287+£225 298+223

Paternal occupation
Skilled/unskilled labour 37 (10.6) 159 (47.1) 29 (45.3) 2914244 2974242 0.817
Professional/managerial 316 (89.4) 177 (52.9) 35 (54.7) 2854202 2994201

Night-time bottle feeding
Yes 27 (7.6) 66 (19.5) 43 (67.2) 3.08+220 3.15+£1.96 <0.001%
No 326 (924) 272 (80.5) 21(32.8) 2794224 2914224

Night-time breastfeeding
> 12 months 18 (5.0) 175 (51. 53(82.8) 3.01+£289 3.13+236 0.007*
<12 months 335(95.0) 3(42.2) 11017.2) 219+1.22 2.194+1.22

Previous dental visit
Yes 137 (38.8) 80 (23.7) 25(39.7) 279+£2.11 2824209 0.032%
No 216 (61.2) 258 (72.3) 39 (60.9) 3114259 3444253

Daily consumption of sugar-sweet-
ened drinks/snacks
Yes 44(12.5) 151 (44.7) 53(82.8) 393+251 4004248 0.020%
No 309 (87.5) 187 (55.3) 11017.2) 2.86+2.35 2994240
Total (each subsection) 338(100) 64 (100) 2964238 3084242

*Significant - values for dmft+SD

daily consumed sugar-sweetened drinks/snacks (82.8%)
had a higher proportion of S-ECC. They also had sig-
nificantly higher mean dmft values. Similarly, children
whose fathers had a professional/ managerial level occu-
pation (54.7%) also constituted a higher proportion of the
patients with S-ECC even though the association was not
significant.

In the logistic regression analysis of significant pre-
dictors in the bivariate model for significant predic-
tors of ECC, those breastfed at night>12 months (OR
3.30; CI 0.39, 4.75), those with no previous dental visit
(OR:1.71; CI 0.24, 2.77), who used sweetened pacifiers
(OR 1.85; CI 0.91, 3.79) and those who daily consumed

Table 2 Results of the logistic regression model for ECC

OR cl p
Night-time breastfeeding > 12 months 3.30 0.39,4.75 0.043*
No previous dental visit 1.71 0.24,2.77 0.045*
Use of sweetened pacifiers 1.85 091,379 0.040*
Daily consumption of sugar-sweetened 135  0.09, 18.51 0.032*
drinks/snacks

Age 062 031,203 0.053
Sex 1.01 0.67,1.38 0.122
Paternal occupation 179  0.94,342 0.990
Maternal education 1.11 0.34,3.63 0.539
*Significant
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sugar-sweetened drinks/snacks (OR 1.35; CI 0.09, 18.51)
had significantly higher odds of having S-ECC-Table 2.
Figure 1 shows the Pattern of tooth decay in children
with ECC. Primary molars accounted for the highest pro-
portion of decayed teeth with mandibular left 2nd molars
being the highest number (n=138). This was followed by
the mandibular right 2nd molar (n=128) and then the
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mandibular right first molar (n=118). Mandibular left
lateral incisors were the least carious teeth (n=6).

Table 3 shows the results of the association analy-
ses with ECC for 14 SNPs. Two SNPs (rs11239282 and
rs131777)showed significant association at the nominal
significant level. (p=0.05).

140

Frequency (no. of teeth)

o

o

aud

Maxillary right Maxillary left Mandibular right Mandibular left
M Central incisor W Lateral Incisor ~ ® Canine First molar  m Second molar
Fig. 1 Pattern of tooth decay in children with ECC
Table 3 Single nucleotide polymorphisms associated with ECC
Current study Ballantine study
CHR  SNP MAF (cases)  MAF (controls)  Minorallele p OR L95 U95 OR L95 U95 Minorallele
1 rs6702652 0.1632 0.1756 G 0.5384 092 069 121 026 048 014 G
4 rs3796983 03279 03414 G 0.5962 094 075 118 026 014 048 G
4 rs4690994 0.4347 0.4545 C 0.4591 092 075 1.14 35 2.09 595 C
5 rs1500131 0.1944 0.187 C 0.7267 105 080 137 353 209 595 C
9 rs1624327 0.405 0.3881 T 0.5201 107 086 1.33 291 1.79 473 T
10 rs932986 04718 04972 A 0.3461 090 073 118 283 176 455 A
10 rs11239282*  0.3531 03011 G 0.0397 127 101 159 291 18 473 G
1 rs12365282 0.2991 0.3324 A 0.1845 086  0.68 1.08 032 019 054 A
12 rs17104851 0.2887 0.2991 A 0.6707 095 075 120 554 253 121 A
12 rs7134614 0.2374 02131 C 0.2798 1.15 0.89 148 518 244 11 C
21 1439888 0.2463 0.262 T 0.5019 092 072 117 36 2.1 6.2 T
22 157286697 04659 04618 C 0.8781 102 082 126 299 181 496 C
22 rs6000748 0.2959 03168 C 0.3998 091 0.72 1.14 3.87 2.09 719 C
22 rs131777% 04241 04801 C 0.0373 080 065 099 333 195 566 C

MAF = Minor allele frequency * and Bold indicates SNPS with p <0.05
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Discussion

Dental caries is the most prevalent disease in children,
and it is a serious public health problem, especially in
socially disadvantaged populations. Certain socio-demo-
graphic, psycho-social, microbiological and behavioural
risk factors contribute to the development of carious
lesions. The identification of groups at risk for ECC is
critical for designing preventive initiatives and initiating
early treatment.

It was observed in this study that ECC was associ-
ated with prolonged night-time breastfeeding. This is
similar to what was reported in an Australian study by
Haag et al. [26]. In the study, they observed an associa-
tion between exclusive breastfeeding for six months and
continued breastfeeding for 24 months with 1.45 higher
caries prevalence. Recently, there have been several sys-
tematic reviews with conflicting reports about the effect
of breastfeeding on ECC. A recent systematic review by
Moynihan et al. [27] concluded that breastfeeding until
two years of age did not increase caries risk. In another
review, Tham et al. [28] reported that breastfeeding
protected against ECC but that breastfeeding beyond
12 months of age increased the risk of ECC, this is also
in agreement with the report of the meta-analysis by
Cui et al. [29], where they concluded that breastfeeding
greater than 12 months of age is associated with higher
risk of ECC. Although links have been associated with
breastfeeding beyond age one year and ECC, it is impor-
tant to consider other confounding factors such as night-
time feeding, use of fluoride, utilization of dental services
and other related factors. The difficulty in linking asso-
ciation of ECC directly with prolonged breastfeeding
due to confounding factors has led to recommendation
by specialists and societies to encourage breastfeeding,
provided that teeth are cleaned, consumption of sugar is
reduced and infants are not allowed to fall asleep with the
breast [30].

Breastfeeding has many well-established benefits for
both mother and baby, thus, potential effects of breast-
feeding on caries should be mitigated by improving oral
hygiene and access to oral healthcare [26].

There was a higher prevalence of ECC and S-ECC in
children who daily consumed sugar-sweetened drinks
and snacks and children who were bottle-fed with for-
mula/sweetened drinks at night. These findings cor-
roborated previous similar studies carried out among
Nigerian children [5-8]. A recent study reported that
despite the lower consumption of sugar among children
from low-income countries, the prevalence of ECC was
high, this could possibly be explained by the impact of the
frequency of consumption when compared to the quan-
tity of consumption of sugar [31]. Also, there is access to
cheaper high sugar containing meals in low-resourced
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settings which is a readily accessible alternative diet [32].
Daily and frequent consumption of low quantity of sugar
can increase the risk of ECC and therefore it is impor-
tant to control intake of sugar from early childhood to
prevent unwanted dietary habits which tend to remain in
adulthood. The risk factors for ECC are multifactorial as
observed in our study, the aetiological mechanisms that
we observed may however additionally involve gene-
environment interactions.

Furthermore, targeted genotyping of 14 suggestive
SNPs on a cohort of 338 children with ECC and 353
children without caries was performed and replicated
the signals for two SNPs (rs11239282 and rs131777).
Although, the effect size for the rs11239282 in the current
study is lower than what was reported by Ballantine, the
effect sizes are in the same direction and suggestive of an
increased risk for ECC at this locus across populations.
Opposite effect sizes for rs131777 were observed. In the
present study cohort, the effect size suggests a reduced
risk while in the Ballantine study, they reported an
increased risk at this locus for the same allele. This may
be due to chance if the associations are spurious or due
to different environmental contexts altering the impact
of this variant between the two studies if the associations
are indeed real. For the 12 SNPs that were not replicated,
differences in effect sizes and direction between the two
populations were observed. The lack of replication for
the remaining 12 SNPs could indicate that the previously
observed associations were due to chance, or could be
evidence of possible differences that exist for the genetic
architecture of ECC across populations. These difference
may be in the minor allele frequency and the haplotype
blocks which is smaller in Africans compared to Europe-
ans. The latter explanation is supported by the fact that
population specific signals for complex traits that have
been widely reported [33—35].

The rs11239282 is an eQTL for the Ras association
domain family member gene (RASSF4) and differential
expressions have been reported in tissues such as brain,
heart, breast, colon, stomach and minor salivary glands.
The RASSF4 gene is involved in the promotion of apop-
tosis, cell cycle arrest and signal transduction. It also
functions as a potential tumour suppressor. RASSF4 was
shown to be expressed in the dental pulp in a microarray
study [36]. Expression in relevant dental tissue supports
its role in tooth development and caries.

The rs131777 is an eQTL for the choline kinase beta
gene (CHKB) with differential expression of the gene
in tissues like muscles, whole blood, fibroblast and the
lungs. CHKB is involved with phospholipid metabolism
and regulates catalysation of the first step of phosphati-
dylethanolamine and phosphatidylcholine biosynthesis
[37, 38]. Mutations in this gene have been reported in
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individuals with muscular dystrophy [39, 40]. It is uncer-
tain how CHKB is involved in ECC and possible that it is
not the gene of interest and perhaps another gene in the
same topologically associated domain as the rs131777 is
involved.

The aetiological relevance of specific microbi-
ome groups appears to vary between different pop-
ulations [41], suggesting that genetic risk for oral
microbiome might also vary between populations. The
composition of the human oral microbiome is influ-
enced by the host genetic background while shared and
non-shared environmental factors are significant drivers
of oral microbial communities, especially, in connection
to oral disease and microbiome maturation [42]. Addi-
tional studies to explore these possibilities are required as
we plan studies on personalized care and prevention.

A limitation of this study was that ethnicity-specific
results were not examined for sub-analysis, while we also
did not determine the exposure of the children to topical
or systemic sources of fluoride.

Conclusion

A high prevalence of S-ECC (18.93%) and a gradient of
distribution of ECC along low socioeconomic status,
poor utilization of dental services and unhealthy nutri-
tional practices were observed. The study also showed
evidence of hereditability of ECC among African popu-
lation with replication of two previously reported SNPs
for ECC. Larger samples sizes are needed to confirm the
results of the genetic analysis and to conduct genome
wide studies in order to discover new risk loci for ECC.
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