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Early childhood caries (ECC) is a chronic and destructive oral disease that
disproportionately afflicts children living in poverty and with limited access to dental

care (Casamassimo et al. 2009). The disease is multifactorial, with onset influenced by
interactions between a cariogenic microbiota and host genetics, immunity and diet (Bowen
et al. 2018; Pitts et al. 2017; Simon-Soro and Mira 2015). ECC has a significant impact

on young children’s quality of life and is difficult to treat effectively (Dye et al. 2007).
Recent national data indicate that the prevalence of ECC in US preschool children is 24%,
but ranges from 11% to 72% depending on household income, ethnicity, and demographic
factors (Dye et al. 2015; Ismail et al. 2008; Kopycka-Kedzierawski et al. 2008; Phipps et al.
2012; Schroth et al. 2005).
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Caries risk assessment (CRA) is an important component of dental caries management
whereby clinicians assess the likelihood of future dental caries onset to inform preventive
intervention measures (Fontana 2015; Twetman and Fontana 2009). A broad range of
environmental, behavioral, and biological factors are associated with ECC risk, including
diet, saliva composition, dental caries history, genetics, and socioeconomic status (Fontana
2015; Mejare et al. 2014). Combinations of these factors have been incorporated into
numerous tools for CRA in dental practice. However, the causal impact and predictive
accuracy of these risks remain uncertain, and none is considered adequate for clinical
practice (Fontana 2015; Tellez et al. 2013).

Molecular and microbial biomarkers represent an additional source of dental caries risk
assessment. Next generation sequencing technology has made it feasible to profile the
composition of the oral microbiota, and advances in laboratory technologies have led

to an increased understanding of the likely microbial contributions to the etiology and
microbial ecology of ECC (Hajishengallis et al. 2017; Jiang et al. 2016; Luo et al. 2012).
Previous work using these methods has identified an association of ECC with S. mutans,
Lactobacillus, Viellonella, and Prevotella along with an increase in ECC severity due to co-
infection of S. mutans and Candlida albicans (Xiao et al. 2018). Although these cariogenic
bacteria have been associated with ECC, they have not been demonstrated to be necessary or
sufficient to cause the disease (Simon-Soro and Mira 2015).

We conducted a study (Grier et al. 2020) to identify oral microbiota taxa that are causal
for ECC and to develop predictive models of ECC risk and prevention. Sequencing of
16S rRNA amplicons was employed for microbiome analysis of saliva samples that were
collected at six-month intervals for 24 months from 56 initially caries-free children aged
1-3 years over the 2-year study period. Thirty-six children became caries-active and 20
remained caries-free over the study period. Taxonomic analysis determined that the top
12 most abundant genera accounted for 94.2% of the overall composition across all
samples; Streptococcus was the most abundant (61.7% overall abundance), followed by
Veillonella (9.2%), Neisseria (4.1%), Granulicatella (3.7%), and an unnamed genus of
Gemellaceae (3.7%). ECC onset is thought to be the result of a progressive process, with
increasingly cariogenic microbiota developing from healthy to pre-caries to caries-active
states. We included all three states in our analysis model and used the caries-free state

as the comparison. Using univariate tests of each species-level taxonomic unit and mixed-
effects models that account for repeated sampling and the progressive nature of ECC,

we identified five taxa — Corynebacterium sp., Selenomonas sp., Kingella sp., Veillonella
parvula, and unclassified Pseudomonas—as differentially abundant between caries states
by all our descriptive tests. Four of these taxa—Corynebacterium sp., Selenomonas sp.,
unclassified Pseudomonas, and Veillonella parvula— were detected in both the baseline-
visit and all time point univariate tests as differing between pre-caries and healthy. Of
these, all but Selenomonas sp. were also differentially abundant between caries-active and
healthy, suggesting that they may be early and persistent biomarkers of an oral environment
developing towards a cariogenic state.

We next developed machine learning models to predict ECC risks that are generalizable and
sensitive up to two years prior to ECC onset, and become increasingly selective as the risk of
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ECC onset becomes imminent. Two common machine learning models were used, random
forest and gradient boosting classifiers, both capable of capturing interactions between
features and non-linear relationships. Both models demonstrated significant predictive power
based on either the enrollment visit or last visit prior to caries diagnosis, and were able

to distinguish between those children with ECC onset during the 24 months following the
initial visit and those who remained caries-free. Optimal performance was achieved with

the random forest model when based on the last visit prior to caries, achieving an AUC
(area under the curve, or concordance statistic) of 0.89 (p < 0.001) with an accuracy of
85.5% at the optimal threshold (sensitivity = 0.857 and specificity = 0.850). Three taxa were
consistently predicted as important in these models, Streptococcus sp., Rothia mucilaginosa,
and Veillonella parvula. Of these three taxa, the Streptococcus sp. and Veillonella parvula
have long been associated with dental caries (Burne 2018; Cross et al. 2016; Simon-Soro
and Mira 2015). The presence of these three robust bacterial biomarkers of ECC, with
metabolic and ecological interdependence suggest a mutualistic community and ecological
framework that promotes a caries-active state. More importantly, these findings demonstrate
the oral microbiota signatures can serve as accurate and robust predictors of ECC risk in
caries-free children.
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