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)ABSTRACT
The percent of young children with dental caries in the United States has increased to levels that make it a major public health problem. Approximately a quarter of children between the ages of 2 and 5 years old have experienced dental caries in the United States, but these numbers vary greatly among groups, especially among those who are of a low socioeconomic status or in a minority. Dental pain as a result from dental caries has impacts on the child’s quality of life. They may have physical problems, e.g. failure to thrive or vitamin deficiencies, emotional problems, e.g. easily irritated, or social problems, e.g. missing school or day care. Dental caries can be caused by many environmental and biological factors working together, such as diet, oral health behaviors, microorganisms of the oral cavity, and genetic predisposition, and ongoing research is beginning to reveal the possible mechanisms underlying some of these relationships. 
Treatment can be costly and is not readily available in all areas. If caries are not prevented and treatment is not procured, the financial burden increases and the child’s long term health outcome worsens. Prevention techniques can be started in the home by practicing good oral health and avoiding sugary foods and beverages, especially before bed or during the night. Topical applications to improve the strength of the enamel, such as fluoride, reduce risk. Regular evaluations of oral health are important, but due to a lack of dental professionals that are trained to work with children, this is not always available. Some programs are training and incentivizing professionals to work with this population to increase coverage. With better accessibility to dental care and more research into the causes behind tooth decay in young children, the public health problem of early childhood caries can be alleviated.
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Oral health problems in children, especially dental caries, have become a topic of increasing public health concern in recent years. According to the American Academy of Pediatric Dentistry,  dental caries is defined as “a plaque-induced acid demineralization of the enamel or dentin, mediated by saliva,” while early childhood caries (ECC) is defined as “the presence of 1 or more decayed, missing, or filled tooth surfaces in any primary tooth in a child 71 months of age or younger. [1]” The percent of children who have dental caries has increased from NHANES III to NHANES 1999-2004[2]. In children 2-5 years old, the increase was from 24.2% to 27.9% [3]. Healthy People 2020 also reports that one-quarter of children ages 2-5 have experienced tooth decay[4]. 
While dental caries affects children across the board, it is more prevalent in those who are of lower socioeconomic status and minorities. Children are recommended to see the dentist for the first time within 6 months of their first tooth eruption or by age 1 [5]. However, individuals in the 2-4 age group had the lowest percentage of dental visits of all age groups in 2010 at approximately 31% [6].Other than lack of dental visits, risk factors for dental caries include the amount of fluoride in the water, diet, microbial biome in the mouth, caregiver’s attitude, and genetic predisposition [3, 7-11]
Untreated dental caries has greater effects in children than in adults with similar lesions. Both suffer discomfort, but when children with dental caries have problems eating, they may in turn have difficulty gaining weight and maintaining adequate vitamin and mineral levels. This compromises their overall well-being and future development [3, 12-14]. Pain and discomfort may also lead to behavioral problems, social difficulties, and increased financial burden for their families [13]. Each of these issues has further implications later in life for the child, many of which could be averted by early prevention or timely treatment of dental caries [3, 15, 16].
The purpose of this essay is to review the current knowledge of the causes and preventative measures for development of dental caries and how this knowledge formed the basis for the research questions of Center for Oral Health in Appalachia 2, COHRA2. COHRA2 is a major research initiative funded by the National Institute of Dental and Craniofacial Research. It is run by the Center for Craniofacial and Dental Genetics in the School of Dental Medicine at the University of Pittsburgh. 
In addition to the review of tooth anatomy and the process of caries formation, biological and environmental risk factors for caries will be discussed. Current knowledge and results of research and interventions are incorporated into a theoretical development of an intervention for dental caries in children in severely affected areas of Appalachia. Lastly, I report some of my observations of COHRA2 in its beginning years and the lessons I learned from it as a student of public health.
[bookmark: _Toc355557270]BACKGROUND
Dental caries is a progressive disease that can be prevented and treated at many stages as the decay, or lesion, progresses through the differently layers of the tooth (see Figure 1). The tooth can decay due to the acidic conditions created by the breakdown of sugars by flora of the mouth, the enamel, the outermost tooth layer, begins to demineralize leading to a white spot[17]. White spots can be active or inactive. Active white spots become inactive if more attention to hygiene is provided, reversing the process of demineralization. The addition of fluoride, calcium, and phosphate to the tooth environment (e.g. in saliva, as part of dental care products, etc) can help reverse the demineralization[17]. If the white spot is left untreated, it can progress through different stages of decay. After white spots, enamel lesions are the next stage of decay. Again, if left untreated or unrestored, the enamel lesion can progress into the next layer of tooth and become a dentin lesion from the acidic conditions produced by the bacteria in the mouth. From dentin, the decay can move into the pulp. Root caries decay occurs in a similar fashion, the difference being that the demineralization exposes collagen fibrils which then lead to decay in the dentin, then root of the tooth[17].
                                    [image: ]
[bookmark: _Toc355557307]Figure 1 Tooth Anatomy
Dental caries in the primary teeth of young children develops in a different pattern than in permanent teeth. The teeth most at risk are those that erupt early, but are not shielded by the tongue and saliva, i.e. maxillary incisors and first molars. This type of dental caries has been called by numerous names such as “bottle caries,” “nursing caries,” and “night bottle mouth.” More recently it has been described by the term “early childhood caries.” Environmental and biological risk factors for developing early childhood caries (ECC) are discussed in more detail below[3]
[bookmark: _Toc355557271]ENVIRONMENTAL Risk Factors
The recognition of dental benefits and problems of fluoride dates back to 1909 in Colorado Springs, Colorado. The people who had lived there for most of their lives had a brown staining on their teeth that we now call fluorosis. It results from an excess of fluoride exposure while the teeth are developing. A few decades later, researchers found that water fortified with fluoride at levels of 0.7-1.2 parts per million was protective against tooth decay [18]. Since the second half of the twentieth century, 73.9% of public water supplies in the United States have been supplemented to contain fluoride in order to help protect against dental caries. [10, 18]. 
The Centers for Disease Control and Prevention recognizes the fluoridation of water sources as one of the ten greatest public health achievements of the twentieth century. It is estimated that fluoridated water reduces an individual’s dental caries risk by about 25% over their lifetime. It is extremely cost-efficient, since $1 spent on prevention saves about $38 in treatment due to decay. For cities or towns with populations greater than 20,000, the cost of fluoridating water is about $0.50 per person. Healthy People, a program through the Health and Human Services that measures various health indicators and sets goals for improvement every decade,  estimates that 73.9% of the U.S. population is currently served by fluoridated water and its goal for 2020 is to increase that number to 79.6% [18]. 
Although fluoridation is increasing, there is also a growing resistance to the supplementation. Starting in the 1990s, questions arose about the association of cancer and the addition of fluoride. The Public Health Service and the National Academy of Sciences subsequently conducted numerous studies in response to these concerns. They have not found any association between fluoridated water and cancers [19].Other fluoride treatments, such as toothpastes and fluoride varnishes, have also been adopted as preventative measures against dental caries [3, 10, 18]. Fluoridated toothpastes are available over the counter and have a concentration of 1000-1500ppm. Fluoride mouth rinses, supplements, gels, foams, and varnishes must be prescribed by a dentist or other health care professional; they contain concentrations varying from 230ppm to 1 mg of fluoride. These treatments all provide protection from decay, but combining them with fluoridated water is better. Fluoridated water is the only treatment that is effective for all ages[18].
Diet also plays a major role in the development of Early Childhood Caries (ECC). Not only the type of food, but when and how food and beverages are consumed play a role in tooth decay [11]. Sugary beverages are quickly broken down into acids that can demineralize the enamel and dentin of the tooth. If these beverages are consumed close to bedtime or during the night, the sugars have more time to be broken down by the bacteria in the mouth rather than be digested, because salivary production slows down during sleep. This is also true of milk consumed at night. There does not appear to be a significant difference between animal (e.g. cow), plant, or breast milk and their relation to dental caries. In a US study, children with more severe ECC were shown to consume more juice between meals and eat more frequently, but the results did not find this to be a major risk factor. Night-time snacking has a greater risk than day-time snacking for the development of caries [11]. Some researchers are investigating whether the length of breastfeeding plays a role in ECC or if other confounders such as time of feeding or socioeconomic status are a more significant risk factor[3]. 
Family beliefs may also affect development of ECC. Teeth erupt before children are old enough to care for them, so it is important for caregivers to take responsibility for early oral hygiene. This sets an example for children to follow as they grow older and begin to care for themselves. If caregivers believe that it is important to monitor and keep the child’s teeth clean from eruption, then the child is three times more likely to brush twice a day and have better oral health [3]. 
[bookmark: _Toc355557272]BIOLOGICAL Risk Factors
Currently, the microbial biome of the mouth is thought to be the most important player in ECC. The timing and relative colonization of the mouth with bacteria such as Streptococcus mutans, Streptococcus sobrinus, and Lactobacilli affects tooth decay outcome. S. mutans and S. sobrinus are associated with the development of new lesions [11]. S. mutans colonization is found earlier in children born via Caesarean section than those born vaginally. The time between colonization and caries development is thought to be approximately 13-16 months, so infants born vaginally may develop caries later than those born via Caesarean section if the transmission occurs later. Transmission of bacteria is thought to occur more often vertically, that is, from caregiver to infant, than horizontally, that is, between peers. Lactobacilli are not known to cause new lesions; rather they play a role in the progression of the tooth decay. Children are considered more high-risk to develop caries sooner from colonization if they were preterm or low-birth weight and have poor mineralization of their teeth [3]. 
Saliva is an important protective component in the process of caries development and progression. Saliva helps remineralize teeth by providing some of the calcium and phosphates that are necessary. It also can kill bacteria that are involved in the formation and progression of caries by providing an inhospitable environment though neutralization of the pH. Individuals with a more neutral saliva pH have a higher buffering capacity to the acidity produced by the breakdown of the sugars that are utilized by the bacteria involved in caries formation and progression[17]. Saliva can also prevent some food particles from sticking to the tooth surface by dislodging them and allowing them to be digested. [8]
Researchers have begun to assess the genetic factors that influence susceptibility to ECC. The Iowa Fluoride Study is a family study comprising of 575 children and their parents that investigated how the environment and genetic factors affect oral health [8]. Investigators in this study estimated that the heritability of ECC in twins was 0.64-0.85 in children. In larger families, the heritability of ECC was greater than 0.50. Heritability is the proportion of total variation in the population that can be attributed to genetic variation by measuring genetic and non-genetic factors, e.g. environment. Twins are often used to calculate heritability because monozygotic twins (MZ) have identical genotypes, whereas dizygotic twins (DZ) share half of their genotypes (on average). Twin studies compare the similarities between MZ and DZ twins to estimate heritability. Analyses of data on larger families allows for more variation in environment and genetics. The estimated heritability of ECC using data on larger families is more conservative than that obtained using twin data, but they both imply a large role for genetic factors in ECC [8]. 
The investigators in the Iowa Fluoride Study also assessed whether candidate genes, i.e., genes that are suspected to affect expression of a trait, influenced the susceptibility of caries by interacting with the microbial biome of the mouth or if they influenced enamel thickness and increased fluoride concentration. The study population consisted of 333 Caucasian parent-offspring trios. Researchers studied 23 single nucleotide polymorphisms (SNPs) from 7 candidate genes to see if they could determine the extent to which genetics plays a role in susceptibility to development of dental caries. SNPs are common variations within the population in which a nucleotide, a basic part of DNA, may be different e.g. one person may have a thymine at a specific location on the DNA, while another may have a cytosine. Groups of SNPs can be referred to as haplotypes, if they are present on one chromosome, or diplotypes, if they represent both chromosomes. The SNPs chosen for this study were from different haplotype blocks and based on the information known from the HapMap Project. Functional and non-synonymous polymorphisms were preferred. Kallikrein-related peptidase 4, KLK4, is associated with enamel remineralization. KLK4 had a protective haplotype, GC, and a risk haplotype, GG, for SNPs rs2235091 and rs198969. Aquaporin 5, AQP5, is present in salivary and lacrimal glands and produces saliva and pulmonary secretions. It had protective haplotypes of CA and CG for SNPs rs923911 and rs1996315. Mutations in the dentin sialophosphoprotein gene, DSPP, were associated with soft dentin which increases the risk of caries. SNP rs2615487 for DSPP, had association signals that were significant for dental caries. Genetic variations in KLK4, AQP5, and DSPP were all significant at p≤0.05 for association with caries. Genetics variants in MMP20 and TUFT1 were not significant at a p-value of p<0.05, but the investigators believed they were suggestive. This lack of significance may have been due to the small sample size [8]. 
In Brazil, researchers have investigated whether genes that encode for matrix metalloproteinases (MMPs) and their tissue inhibitors (TIMPs) are associated with the development of caries [8, 9]. MMPs help regulate the extracellular matrix (ECM) and are involved in the organic matrix of enamel and dentin [9]. Two proteinases that researchers investigated were MMP2 and MMP9, which degrade denatured collagen and type IV collagen. MMP2 cuts structural proteins of the enamel matrix that affects tooth development. MMP9 is in saliva and is thought to play a role in dentin caries. MMP13 was also investigated, because it is involved in bone development and repair, functioning to degrade ECM components. TIMP2 inhibits MMP13 and works with MMP2 and MMP9 in mouse models [9]. The results of this study indicated that variants in MMP13 were significantly associated with caries experience (p= 0.025). The MMP13 genotype GG (at SNP rs252070) was protective (OR=0.538, 95% CI 0.313-0.926). Genotypes for TIMP2 were significantly associated with caries experience after adjusting for dentition and diet (p=0.048 OR1.532 95% CI 1.004-2.339)[9]. 
 Genome wide association studies (GWAS) have uncovered some other possible chromosomal regions of interest [20]. Although no results were significant on a genome-wide level (p<5x10-8), there were suggestive signals on chromosomes 1, 11 and 17 [20]. These variants were in or near genes related to taste, enamel formation, craniofacial abnormalities, and salivary enzymes. Candidate genes on chromosome 1 included ACTN2, MTR, and EDARAD. Actinin alpha 2, ACTN2, is thought to be involved in the organization of ameloblasts during enamel formation. Methionine synthase, MTR, has not previously been associated with dental caries, but has been suggested to be associated with cleft lip and palate. Ectodysplasin-A receptor-associated adapter protein, EDARADD mutations are related to a Mendelian syndrome, hypohidrotic ectodermal dysplasia, that is characterized by abnormal development of hair, nails, sweat glands, teeth, and skin [20, 21]. The gene on chromosome 11, MMPPED2, may be associated with the reaction to bacterial colonization. Chromosome 17 had a gene, LPO that is essential in a salivary enzyme that inhibits plaque formation and gingivitis [20]. 
These results indicate that ECC is highly heritable and that investigators are beginning to identify genes and genetic variants that influence susceptibility to dental caries.
[bookmark: _Toc355557273]PUBLIC HEALTH ISSUES
ECC is a major public health issue because it has a high prevalence that varies among populations and affects a child’s quality of life. Furthermore, it has downstream consequences for a child’s emotional, social, and physical well-being. Access to treatment is another factor in the growing problem of ECC.  The ratio for dental care in children is approximately 1 pediatric dentist to over 5000 children under 5 years old [7]. Without timely treatment, oral health deteriorates and the burden to the children and families worsens. These factors are discussed in more detail below. Thus interventions to improve access to care are outlined. This section will detail all of the above.
[bookmark: _Toc355557274]Dental Care DISPARITIES
The current recommendation by the American Dental Association is that children first visit the dentist within the first 6 months after the eruption of their first tooth and no later than their first birthday [22]. Primary teeth begin to erupt around 6 months of age and children have all of their primary teeth by age 3 [5]. As shown in Figures 2 and 3, rates in obtaining dental health care in 2010 in the U.S. vary among age groups[2]. Approximately 31%, of children in the 2-4 year old category saw the dentist, whereas children in the 5-11 year old category had the highest frequency of visits (approximately 56%).  The 12-17 year old age group is the second highest overall; approximately 53% of them visited the dentist in 2010. In adults, the 18-44 year old category comes in the second lowest at approximately 35%. For the 45-64 year old age group and 65+ year old age group the percentages are 45 and 43% respectively. So children ages 5-17 are more likely to see a dentist than adults, but children ages 2-4 are less likely than all other age groups [6]. Those children who are examined earlier save 40% in dental costs within their first 5 years of life because of better oral health [23]. Clearly, people of all ages, but especially young children, need to see the dentist more often.


[bookmark: _Toc355557308]Figure 2 Percent of Children who had a Dental Exam in 2010 [6]


[bookmark: _Toc355557309]Figure 3 Percent of Adults who had a Dental exam in 2010[6]
Without adequate dental care, children will have high rates of caries, both treated and untreated. Rates of caries also vary by sex, socioeconomic status, race and ethnicity. NHANES found that 27.9% of children 2-5 years of age had dental caries and 20.5% had untreated caries. Males, ages 2-11, had a higher dental caries prevalence than females ages 2-11 (44.4% versus 39.8%) and a higher prevalence of untreated caries (24.2% versus 21.7%). A further breakdown showed that prevalence varied by socioeconomic status and ethnicities. Children from families living below the Federal Poverty Level had a dental caries prevalence of 54.3% with 32.5% untreated. Children from families who live at greater than 200% of the Federal poverty level had 32.3% dental caries prevalence with 15.0% untreated. Thus, children living below the federal poverty level, compared to children living above the poverty level, had a 22% increase in the prevalence of dental caries and a 17.5% increase in the percent untreated caries.  The prevalence of caries among non-Hispanic white children was 38.6% with 19.5% untreated, whereas non-Hispanic Black and Mexican-American children had prevalences of 43.3% and 55.4% with 27.6% and 33.1% untreated, respectively. Compared to non-Hispanic white children, this is a 4.8% increase in caries prevalence among for non-Hispanic Black children is 4.8% higher and among  Mexican-American children is16.8% higher[2]. 

[bookmark: _Toc355557275]DOWNSTREAM Quality of life ISSUES		 
The primary consequence of ECC is dental pain. This pain affects daily life in ways that can have a long term effect. Infants have been shown to have retarded growth when compared to caries-free peers, due to pain during eating [3]. If the pain is great enough, children may have low body weight, be malnourished, and/ or have an iron deficiency[14] [12]. A study by Clark, et.al., showed that among children  2-6 years old suffering from severe ECC, 17% could be categorized as malnourished, 24% showed iron depletion, 6% were iron deficient, and 11% had iron deficient anemia [12]. Some even can be classified as “failure to thrive”. Of those with ECC, 8.7% weighed less than 80% of ideal weight versus 1.7% of their caries-free counterparts [14]. Children experiencing dental pain may have problems coping with stressors and may be more frustrated, worried, or upset [13]. Sleep is often affected by the pain of caries [13, 14]. Absence from school or not wanting to play with peers can also be a result of dental pain [7, 13]. In a period of life that is instrumental in social and educational development, these problems can be detrimental to their future well-being [14].
When children have caries as infants and young children, they are more likely to have caries in later erupting primary teeth and the permanent dentition [3]. Without treatment, caries in children often leads to tooth extraction [7]. Two British studies have shown that approximately 10% of teeth removed are due to caries [24, 25]. Since the progression of ECC usually affects the maxillary incisors and first molars, they are at highest risk of needing extraction [3]. If the molars are removed too early, the chance of future orthodontic care increases. With ECC affecting many children who live below the poverty level, this puts an added financial burden onto many already economically stressed families [7].
[bookmark: _Toc355557276]INTERVENTIONS
Interventions on many levels to prevent tooth decay have been found to be effective. The simplest and most successful one has been to brush teeth with fluoridated tooth paste[10]. If parents take interest in brushing their infant’s teeth, then it can become a protective habit against dental caries[3]. There was an average decrease of 29% in dental caries among children after fluoridation of water supplies. It was also estimated that for every one dollar spent on fluoridating water, $38 dollars were saved in dental restoration[15]. Changing eating and drinking habits also can be done in the home. If the child is weaned away from bottles or other assistive drinking devices, especially during the night, the microbial biome will have less of an adverse effect on the primary teeth[3]. 
Topical antimicrobials were tested in children at high risk for ECC, but the risks outweighed the benefits. Microorganisms such as S. mutans and S. sobrinus, that have an influence in dental caries, were suppressed, but the good flora in the mouth and pharynx were also suppressed, thus interfering with the body’s natural defense against infection. A topical cream for teeth, casein phosphopeptide-amoutphous calcium phosphate (CPP-ACP), helps strengthen the tooth surface and reduces demineralization; it has an additive effect when used with fluoridated toothpaste[3] In a study comparing fluoride treatment and fluoride + CPP-ACP treatment, there was a 23% reduction in white spots, the first sign of a carious lesion, for fluoride-only treatment and a 64% reduction in the fluoride + CPP-ACP treatment group. In a placebo trial, the CPP-ACP group showed a 31% improvement of white spots over the control [26]. 
One problem with the treatment of dental caries in children is that it can be costly, because children often require sedation and those who treat them must be experienced in the special needs of children and this requires more training. Children are often better seen by pediatric dentists, because they are specialized in the skill set that is needed to treat this population. The number of children in the country outnumbers the availability of these practitioners, because there is only approximately 1 professional for every 5000 children under 5 years of age [7]. 
Some programs have been implemented to incentivize dental care providers to care for children. In Washington State, the Access to Baby and Child Dentistry (ABCD) program trains dentists in the needs of children and increases Medicaid reimbursement rates. The goal is to increase the number of providers that are able to care for children and give them a stronger rationale to accept more children covered under Medicaid [7]. From 1997 to 2009, the number of eligible infants and young children who have received treatment under this program has increased from 3 to 23.1% [27].  North Carolina offers a program called “Into the Mouth of Babes,” that trains medical professionals in basic dental health to screen, counsel, refer, and offer fluoride treatment for children. Young children receive some dental services and can be referred if they have dental problems that progress beyond the medical professional’s training[7]. This program has been shown to have 32% probability to reduce medical costs, especially when compared to the high costs of emergency room visits due to untreated caries [16]. There are also special fellowships and loan repayment programs for dental professionals who work in underserved areas or with underserved populations. Working in these programs can boost the career of a young dentist as well as alleviate the some financial burden of his/her dental school education [7]. 
When considering intervention options for dental caries in Appalachia, focus groups would be the best place to start. Focus groups would be needed for those who would receive the treatment and those who would provide the treatment since both would be vital stakeholders with very different needs. This population may not perceive dental caries in childhood to be a problem, rather they might consider it to be a social norm, and so formative research must be performed and assessed. Consultations with healthcare administrators, policy makers, insurance companies, and other community partners would also be necessary before any intervention could be implemented. Without the financial and executive approval, these interventions would not be sustainable. Those who would provide the treatments would have to go through additional training to ensure that they could properly recognize and apply the preventative care. Ideally, these trainings would count towards the medical professional’s continuing education units that are required by most medical fields, so that it would not be an undue burden to the professionals implementing the intervention.
Using the Health Belief Model would best elucidate the perceived susceptibility, perceived severity, perceived barriers, and perceived benefits of the population when it comes to this health topic. If the perceptions of susceptibility, severity, and benefits are low and barriers high, then a program similar to “Into the Mouth of Babes” might be best. This program could ease the transition to better oral health by incorporating medical professionals that the population already has a history with and they could begin a preventative regime for oral health[7]. 
Since early access to affordable preventative healthcare could have a huge impact, a pilot program could start in those locations that have the highest prevalence of dental caries in early childhood. Annual evaluations of how much of the population has used this dental preventative care would be performed. If the program in Appalachia reflects the success shown in the North Carolina program, the program could be expanded to surrounding areas. As knowledge and demand for more complex dental health grows, a follow-up program such as a modified Access to Baby and Child Dentistry (ABCD) program could begin to augment the “Into the Mouth of Babes” program. With a successful intervention of early access to dental care, as many as one in four children could have better outcomes if they were able to live without dental pain[4].
[bookmark: _Toc355557277]COHRA2: factors contributing to oral health disparities in appalachia

COHRA2 is a continuation study of Center for Oral Health Research in Appalachia (COHRA1). COHRA1 was a study of families from rural Appalachia that researched what genetic and environmental factors played a role in the poor oral health seen in many children and adults from rural Appalachia[28]. One of the results of this study was that children aged 2-5 years old had a higher prevalence of dental caries in some areas of Appalachia than was found in NHANES III [29]. These findings inspired the hypotheses and aims that are the basis of COHRA2. 
COHRA2 recruits expectant Caucasian mothers from Northern Appalachia, rural West Virginia and the greater Pittsburgh area, and follows the mother-child pair longitudinally until the child is two years old. The overarching goal of this study is to investigate the genetic, environmental, microbial, and social factors that influence a child’s risk for ECC before and while the primary teeth are erupting. 
COHRA2 investigators collect a sample of household water, saliva from the mother-child pair for DNA, unstimulated salivary flow rate, pH of the saliva, as well as microbial samples from saliva, gingival swabs, and tooth plaque from intact tooth surfaces, caries at different stages of progression, and developmental defects of enamel. By using a mother-child pair, this study can see how the microbial biome is vertically transferred from mother to child, approximate when the transfer occurred (because the participants are seen at various intervals), and quantify how quickly the microorganisms colonize in vivo with respect to their behaviors.  These samples are collected in conjunction with data on behavioral patterns, diet, medical history, medications, and a dental exam to characterize susceptibility and progression of ECC. 
Quality control and logistic issues:
As with any new study, COHRA2 was not without its early problems. There were problems with electronic access to data, coordination of sample shipping, notifications of when women went into labor, and general communication issues. Some of these issues, such as the ability to transfer data electronically, were resolved with minor disruption to the recruitment and sampling process. The issue of timely notification of labor at the Pittsburgh site was largely resolved by regular communication and an awareness of when participants are due. 
[bookmark: _GoBack]The largest issue that the study faced was communication between the two sites. Regular site monitoring visits by the NIH pressured the sites of COHRA2 to find a way to improve their communication and streamline data processing. This took a lot of effort from parties at both sites. Each site worked well independently, but the sharing of information did not work as well. By far the most frustrating miscommunication was with the data that was transmitted from West Virginia to Pittsburgh. These data problems may also be the most time consuming for many of those working on COHRA2. Every small change in a data form, such as an empty or corrected bubble, had to be confirmed with the other site and documented. Correcting and documenting these changes as they are found will help with the data cleaning process when the study concludes and will increase the usefulness of that data for subsequent analyses.  For a while this question-and-clarification process was via email, but this process was not efficient. Emails would be lengthy and some details were missed, resulting in follow-up emails. The assistant and evaluator for that participant’s visit needed to be contacted, and often the length of time between the visit and the data processing could be too long for those involved in the visit to remember clearly. 
Several steps were taken to improve and correct this problem. 
The first step was to improve infrastructure. Specifically, West Virginia gained direct access to Pittsburgh’s computer network, so that it was possible for them to scan and upload data efficiently and in a timely manner. 
The next step was to increase data processing capacity by hiring more staff to process this data. At one point there was one person devoting 50% of her time to processing the data from both sites. This process was slow and created a backlog of at least 6 months per site. With more people entering data, the data is processed quickly and questions can be addressed in a timely fashion. Thus, further steps do not need to be taken, such as contacting the participant for clarification of medication. The Pittsburgh site is up to date with its data processing and West Virginia sends their paperwork in intervals of 2-4 weeks, so their backlog has decreased. As of early April 2013, the data processing team has processed and cleaned mid-January 2013 visits from West Virginia. 
Next, a question log was created so that questions did not have to be emailed back and forth. The evaluators and assistants can log into this program and answer questions as their schedule allows. Nothing is missed, because everyone can see whether a question has been answered. Pittsburgh questions are answered in about a week and West Virginia answers take 10-14 days now, whereas it took almost a month before this change in protocol. 
Lastly, the evaluators and assistants from both sites sat down in one room and addressed the common errors in the data from both sites and how to best facilitate correcting them easily and efficiently. The face-to-face meeting did more than any phone call or email could have done. Each site was able to address what they needed in a congenial and respectful manner that was effective and understandable. Previous emails and telephone conversations had led to misinterpretations and increased frustration. Since these steps have been taken, the communication between the sites has improved greatly and allowed the two teams to respect and enjoy each other’s company.
These early problems that COHRA2 faced have left a very valuable impact. Some problems such as the multiple firewalls took time and expertise in computers and systems to resolve, but others such as the communication problems needed to be worked through little by little. Letting the frustration between partners continue would just poison the water and lessen the chances of having a successful study or intervention. Working through the problems helps build faith and trust in the other side. Lastly, after working hard to problem-solve, doing something fun and relaxing together, such as going out for dinner and cheesecake, can be just as essential to improve communication and relationships as the technical meetings about procedures.
[bookmark: _Toc355557278]CONCLUSION
Dental caries in early childhood is an important public health issue, especially due to its increased prevalence in lower socioeconomic groups and minorities, and its downstream effects[3, 7, 12-14, 16, 24, 25]. With the percent of young children with caries increasing, along with many of those children going untreated, this issue needs an intervention with an effect similar in magnitude to that of fluoride supplementation to the water from the mid to late 20th century[10, 15]. 
Knowledge is growing with respect to what microorganisms and genes play a role in the development of caries at such a young age. The strains of bacteria, time of exposure, and amount of colonization are all shown to be causative agents, when combined with environmental factors such as consuming sugary beverages or food around the time of sleep when saliva production decreases[3, 7, 8, 11, 14]. The amount of fluoride the child is exposed to in water, varnish treatments, and toothpaste can be protective, if used in moderate levels [3, 10, 12]. Family interaction can also reduce risk for dental caries. If caregivers demonstrate an interest in cleaning  children’s teeth, practicing good oral health, and limiting the exposure to sugars at sensitive times of the day, children are expected to have a better outcome than if they do not receive this attention[3]. The frequency of dental visits was lower in 2010 for adults than for children ages 5-17, but both were higher than for children ages 2-4[6]. Children who are pain-free from dental caries, whether they are unaffected or have been treated for caries, have better outcomes for quality of life[3, 7, 11, 14, 24, 25].
Health disparities among the socioeconomic classes and ethnic groups are noticeable in dental caries. With a limited number of practitioners who specialize in pediatric dentistry and the high cost of treating dental caries, many children are left without treatment[7]. This leads to physical, emotional, social, and financial issues downstream, including difficulties in weight gain and nourishment, frustration, missed time for interacting and socializing with peers , and higher costs of repair and extraction[3, 7, 12, 14, 16, 25]. Some interventions, such as the ABCD program in Washington, have attempted to combat this growing problem by incentivizing dentists to take younger patients, especially if they are on Medicaid[7, 27]. The ABCD program has seen nearly an eight-fold increase in those eligible for treatment[27]. Other programs, such as the “Into the Mouth of Babes” program in North Carolina, have focused on training medical personnel in basic dental medicine to try to expand care and have better knowledge of preventative techniques that can be done at home, thus saving the family higher costs of repair by providing preventative care such as fluoride varnishes, dental screening, and oral care education[7, 16].
After working on COHRA2, I realize that communication should be a major focus in the infrastructure in any research or intervention programs. Numbers such as prevalence of dental caries by age, amount of pediatric dentists in a particular area, and socioeconomic status are all quantifiable. They can be obtained and be analyzed without community input. Programs such as ABCD  and “Into the Mouth of Babes” could be beneficial to the population of Appalachia, but might be difficult to implement when dealing with different states and not knowing the perceptions and health beliefs of those in the target audience. Communicating with the population that would be receiving the treatment and involving them in the formation of the intervention is a good way to increase the acceptance and success of the program. With this type of input, a modified program containing parts of both the ABCD and “Into the Mouth of Babes” could reduce the prevalence of childhood caries and improve the lives of more than a quarter of children of Appalachia.
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