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1.a Defining clinical health vs. disease
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Have we treated the disease?



Dental caries is a person-level, oral-microbial 

dysbiotic disease that leads to sustained and 

irreversible demineralization of dental hard tissues 

(mainly enamel) 



This is the result of the disease

Dental caries is a person-level, oral-microbial 
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This is the result of the disease

This does not treat the disease



Stewart, BMJ, 1877

Dental caries: the disease



The fundamentals of precision health (care)

1.b Dissecting heterogeneity - precisely



Insel TR, Cuthbert BN. Medicine. Brain disorders? Precisely. Science. 

2015 May 1;348(6234):499-500. 

The fundamentals of precision health (care)



Insel TR, Cuthbert BN. Medicine. Brain disorders? Precisely. Science. 

2015 May 1;348(6234):499-500. 

The fundamentals of precision health (care)



Divaris K. Fundamentals of Precision Medicine. Compend Contin Educ Dent. 2017 Sep;38(8 Suppl):30-32. 
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The overwhelming influence of upstream factors
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1.c The social determinants of health



The overwhelming influence of upstream factors

PMID: 24189268

Lee JY, Divaris K. The ethical imperative of addressing oral health

disparities: a unifying framework. J Dent Res. 2014 Mar;93(3):224-30.



1. Early childhood oral health

2. The ZOE 2.0 study

3. Lessons and early findings

4. What next



The ZOE-G4S study

Zero-Out Early Childhood Caries

Genes for Smiles (NIH/NIDCR, 2015-2020)

Community-based genetic epidemiologic study of early childhood oral health 

among preschool children enrolled in HS (ages 3 and 4)

Ultimate goal is the conduct of a trans-ethnic genome-wide association meta-

analysis (GWAS) to identify genetic risk factors (loci) for Early Childhood 

Caries (ECC)

Aim to enroll ~9,000 children over a ~3-year period to achieve a genotype & 

phenotype sample of ~6,000



The ZOE-G4S study

Clinical examination domains [~15’ duration]:

 Height, weight, BMI

 Saliva sample (for DNA extraction, biobanking and analysis)

 Microbial plaque samples (for biobanking and future studies)

 EO/IO exam (profile, lip competence, OJ/OB, molar/canine relationships)

 Tooth surface-level caries (ICDAS criteria: healthy, pre-cavitated, cavitated) 

and developmental defects of enamel (simplified epi. DDE index)

 Dental trauma (Ellis’ classification)

 Frankl behavior score

 Referral needs (dental home, possible problems, immediate tx needs)
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Lessons and early findings

1.Logistics

2.Community engagement

3.Examiner calibration

4.Dental caries, obesity, trauma, dental home

5.Water testing – fluoride

6.Genomics

7.Methodological contributions

8.Biofilm insights

9.Community perspectives



[1] Ginnis et al. Measurement of early childhood oral health for 

research purposes: dental caries experience and developmental 

defects of the enamel in the primary dentition. Methods Mol Biol. 

2018 forthcoming

[2] Agler et al. Protocols, methods and tools for genome-wide 

association studies (GWAS) of dental traits. Methods Mol Biol. 

2018 forthcoming

[3] Divaris et al. The supragingival biofilm in early childhood caries: 

clinical and laboratory protocols and bioinformatics pipelines 

supporting oral metagenomics, metatranscriptomics and 
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Measuring Preschool-age Children’s ICDAS-based Caries 

Experience: Examiner’s Training and Calibration

Ferreira Zandona AG, Ginnis J, Cantrell J, Meyer BD, Slade 

GD, Divaris K

Abstract, AADR meeting, Fr. Lauderdale, March 2018

236 children, 20,317 tooth surfaces for inter-examiner agreement

median weighted kappa = 0.75

64 children, 5,178 surfaces for intra-examiner agreement

median weight kappa = 0.79

Lessons and early findings

1.Logistics

2.Community engagement

3.Examiner calibration

4.Dental caries, obesity, 

trauma, dental home

5.Water testing – fluoride

6.Genomics

7.Methodological contributions

8.Biofilm insights

9.Community perspectives



Dental caries prevalence (≥1 established/severe lesion, 

restoration, etc.) = 48% [first 2,490 participants]

Anthropometry: 

Normal weight: 69% 

Overweight: 13% 

Obese: 9%

Underweight: 9%

Evidence of traumatic dental injury prevalence (pulp exposure, 

tooth displacement, necrosis, tooth loss)= 4% [first 1,546 

participants]

Reported dental home = 81%

Lessons and early findings

1.Logistics

2.Community engagement

3.Examiner calibration

4.Dental caries, obesity, 

trauma, dental home

5.Water testing – fluoride

6.Genomics

7.Methodological contributions

8.Biofilm insights

9.Community perspectives



Association between overjet (mm) and traumatic dental injuryLessons and early findings

1.Logistics

2.Community engagement

3.Examiner calibration

4.Dental caries, obesity, 

trauma, dental home

5.Water testing – fluoride

6.Genomics

7.Methodological contributions

8.Biofilm insights

9.Community perspectives



Lessons and early findings

1.Logistics

2.Community engagement

3.Examiner calibration

4.Dental caries, obesity, 

trauma, dental home

5.Water testing – fluoride

6.Genomics

7.Methodological contributions

8.Biofilm insights

9.Community perspectives





Ballantine JL, et al. Exploring the genomic basis of early childhood 

caries: a pilot study. Int J Paediatr Dent. 2017 Oct 23. 

PMID: 29057527

Lessons and early findings

1.Logistics

2.Community engagement

3.Examiner calibration

4.Dental caries, obesity, 

trauma, dental home

5.Water testing – fluoride

6.Genomics

7.Methodological contributions

8.Biofilm insights

9.Community perspectives
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62%

4%

18%

12%
4%

Sample obtained No consent

Uncooperative Inadequate salivation

Other/not recorded

N=346

Saliva sampling results
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Preisser JS, Das K, Long DL, Divaris K. Marginalized zero-inflated negative

binomial regression with application to dental caries. Stat Med. 2016 May

10;35(10):1722-35.

PMID: 26568034 



Metagenomics of Early Childhood Oral Health and Early 

Childhood Caries

Kimon Divaris, Roach J, Basta PV, Ferreira Zandona AG, 

Ginnis J, Meyer BD, Hu S, Simancas-Pallares MA, Butz N, 

Azcarate-Peril MA

Abstract, AADR meeting, Fr. Lauderdale, March 2018

118 children, ages 3-5, whole genome sequencing (WGS) shotgun 

of supragingival biofilm

712 million high-quality reads

Comparisons between 3 groups: health (caries-free), disease 

(unrestored caries lesions and restored caries lesions)
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Participants’ quotes

“It's harder to buy healthier foods, because of the prices”.

“We live in a country that subsidizes processed food, and 

makes the really good stuff expensive”. 

“So often it's just you get in a rush at bedtime, or ... She's 

getting to be old enough that I say, "Go brush your teeth", and 

I'm not always in there too make sure that she's really doing it”.

“Accessibility. I'd say that's probably the biggest thing. 

“I definitely needed a dentist that's open after 5:00PM…That's 

the point.  To be able to go after school or get the kids to bed 

and go”.
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Becherer and Divaris, unpublished

In person interviews with parents of young children

Investigator: […] If this is easily available by saliva sample 

and affordable, would you be interested in having genetic 

testing to obtain health and disease risk information for your 

child by a physician?

Parent: If you had asked me that two years ago, I [would  say 

no] but since I do have a sick kid, I think the answer to that 

would be yes.
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Becherer and Divaris, unpublished

In person interviews with parents of young children

Investigator: […] The results are in and she tells you that you 

are a genetically pre-disposed or high-risk to develop condition 

that can be prevented with changes in your diet and overall 

lifestyle […] What would be your reaction?

Parent: I would probably do it. Change my lifestyle. I say 

probably, because those are all hypothetical. I really like 

chocolates, but I'm not saying I'll be perfect about it but I would 

give it a shot anyway for sure.
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Becherer and Divaris, unpublished

In person interviews with parents of young children

Investigator: […] Do you have any ethical or privacy concerns 

regarding genetic testing for routine health care?

Parent: I do, but I'm not as concerned about that as some of the 

people I know. I'm not a conspiracy theorist, but I do think that the 

more information that's out there about you, the more likely that 

information to be acted or used in a way where it wasn't intended for. I 

think there is cause for concern. How much concern? I have no idea. 

Who would be using that information and for what? I don't know. Is it 

going to be ... We end up with a one payer health care system and the 

government decides who is and who isn't going to get treatments 

because of the genetic testing, I think it's possible but not probable. 
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What next

1.Added measures to the 

current cohort

2.Further characterize disease 

subtypes

3.Further understand 

communities

4.Follow-up

1. Medicaid claims data

2. Qualitative studies among the positive outliers

3. Understand HS program/centers influence

4. Super-impose contextual factors

5. Obtain intra-oral photos

6. Conceptualize ways to monitor oral health



What next

1.Added measures to the 

current cohort

2.Further characterize disease 

subtypes

3.Understand communities

4.Follow-up

Conceptualize ways to monitor oral healthTooth surface 

status monitoring

Genomics

- -

Metagenomics

(meta-) 

Transcriptomics

Metabolomics



What next

1.Added measures to the 

current cohort

2.Further characterize disease 

subtypes

3.Further understand 

communities

4.Follow-up

1.Further characterize disease subtypes

a) Patterns of dental caries lesion development in the 

primary dentition

b) Microbial/biochemical signatures

2.Further understand communities

a) What works, what doesn’t

b) Impact and development of oral health champions

c) School-based programs

d) How does precision dental public health look like?



What next

1.Added measures to the 

current cohort

2.Further characterize disease 

subtypes

3.Further understand 

communities

4.Follow-up

Primary dentition

Human genome

Supragingival biofilm: 

metagenomics 

transcriptomics 

metabolomics

Behaviors: OH, diet, 

dental attendance, etc.

Environment: fluoride, 

contextual (geocoding)

Others

3-4 y.o 8-9 y.o 13-14 y.o

2017-18 2022-23 2027-28

Mixed dentition

Incident or progressive 

outcomes

1st permanent molars

Supragingival biofilm, 

behaviors, environment, 

expenditures, 

comorbidities, others

Permanent dentition

Incident or progressive 

outcomes

2nd permanent molars

Periodontal assessment

Supragingival, subgingival 

biofilm, behaviors, 

environment, 

comorbidities, OHRQoL, 

expenditures, others
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