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Abstract

:

Introduction: Scardovia wiggsiae (SW) is a newly identified cariogenic pathogen associated with severe early childhood caries and oral disease. New studies have confirmed the presence of this organism among clinical samples from both pediatric and adult patients. However, the recent discovery of this organism has left researchers with only limited information available regarding the prevalence of this organism—and virtually no information regarding oral site-specific locations. Based upon this lack of information, the overall objective of this study was to perform an oral site-specific analysis of SW prevalence from clinical samples. Methods: Using an approved human subjects protocol, samples (n = 60) from an existing saliva and site-specific biorepository were identified and screened for SW presence using quantitative polymerase chain reaction (qPCR). These data were summarized and subsequently analyzed for correlations with demographic (age, sex, race or ethnicity) or clinical (body mass index or BMI, primary/mixed/permanent dentition, orthodontic brackets) variables. Results: These data revealed that average DNA concentrations from all sample sites (saliva, dorsum of tongue, gingival crevicular fluid (GCF), biofilm of upper buccal molar, and biofilm of lower lingual incisor) ranged between 13.74 and 14.69 μg/μL, with an overall average of 14.30 μg/μL ± 1.12 (standard error or SE). qPCR screening revealed a total of n = 34/60 or 56.7% of patient samples harboring SW. A total of n = 71/170 specific oral sites harbored this organism, with the majority of the SW-positive participant samples harboring SW at more than one oral site, n = 22/34 or 64.7%, including non-traditional sites such as GCF and the dorsum of the tongue. Weak correlations were found between specific SW outcomes in GCF and type of dentition (permanent; R = 0.2444), as well as SW outcomes in saliva with age (R = 0.228) and presence of orthodontic brackets (R = 0.2118). Conclusions: This study may be among the first to provide oral site-specific analysis to reveal the prevalence and location of Scardovia among clinical patient samples. Moreover, these data also provide some of the first evidence to suggest this organism may be present not only in traditional supragingival tooth-associated biofilm sites, but also in non-traditional oral sites including the dorsum of the tongue and the gingival crevice. Based upon these results, these data may represent a significant advance in our understanding of the potential sites and locations that harbor this organism and may help contribute to our understanding of the prevalence, distribution and potential for the development of oral disease among clinic patients.
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1. Introduction


Scardovia wiggsiae (SW) is a recently identified, Gram-positive cariogenic pathogen strongly associated with poor health outcomes and oral disease [1,2]. More specifically, SW has subsequently been characterized as an anaerobic, Gram-positive bacillus most closely related to Scardovia inopinata [3]. Genetic analysis revealed this organism as saccharolytic, with the potential capability for both acetic and lactic acid fermentation pathways [4]. These potential capabilities suggested this organism might therefore be a contributor to the oral biofilm responsible for the development or progression of oral caries [5].



Many studies now confirm the presence and rising levels of this pathogen in cases of severe and early childhood caries [6,7,8]. This organism may represent a unique niche in the oral biofilm, with the ability to metabolize glucose and produce fermentation products lactic, acetic and formics acid with higher fluoride tolerance and lower enolase sensitivity than other cariogenic pathogens, such as Streptococcus mutans (SM) [9,10].



The ability for SW and other Bifidobacteria to metabolize glucose apart from the fluoride-inhibited enolase and lactic acid-producing pathway through a shunt allowing metabolic activity and the production of acetate to continue has been identified as an important virulence mechanism [10,11,12]. Because the incorporation of fluoride into toothpastes, mouthwashes and topical applications is an important feature of anti-cariogenic oral health strategies, understanding the prevalence of SW and other organisms that may be resistant to fluoride at SM-inhibitory concentrations as well as understanding the oral sites and locations for the aggregation of this organism and methods for altering biofilm composition become increasingly important [13,14,15]. Pilot studies from this group have explored alternative methods for decreasing the cariogenic bacterial burden among children by evaluating the effect of dental sealants, which may exhibit modest and temporary effects on SW—although much remains to be discovered regarding the oral sites and prevalence of this organism [16,17].



Based upon the limited applicability of most cariogenic-inhibiting treatments and therapies to target SW specifically, an understanding of the overall prevalence of this organism has been increasingly important [18,19]. Studies from this group have also evaluated the prevalence and distribution of this organism among pediatric and adult clinical patient samples [20,21]. These studies have confirmed previous work suggesting that orthodontic therapy may be a potential risk factor influencing the growth and development of this organism [22,23]. These have led to additional research from this group to evaluate the populations, including pediatric and adult orthodontic patients, most at risk for harboring this organism [24,25,26].



Most recently, a series of site-specific sampling studies from this group have revealed differential oral locations for SW distribution among patient samples—a major step towards understanding the potential sites for colonization [27,28]. However, due to the limited number of patient samples available in these initial studies, a larger and more comprehensive microbial screening analysis was the overall objective of this current study. By combining a larger study sample and site-specific data with demographic, clinical and orthodontic treatment variables, it is hoped a more complete and thorough understanding of oral location, risk factors and prevalence can be accomplished.




2. Materials and Methods


2.1. Study Approval


The protocol for this retrospective study was reviewed and approved by the Biomedical institutional review board (IRB) and Office for the Protection of Research Subjects (OPRS) at the University of Nevada, Las Vegas (UNLV) under 1717625-1 titled “Retrospective analysis of microbial prevalence from DNA isolated from saliva samples originally obtained from the University of Nevada, Las Vegas (UNLV) School of Dental Medicine (SDM) pediatric and clinical population”. The original study sample collection was reviewed and approved by the UNLV IRB under OPRS#1305-4466M “The Prevalence of Oral Microbes in Saliva from the UNLV School of Dental Medicine Pediatric and Adult Clinical Population” in 2013.




2.2. Sample Collection


The original sample collection was performed in the UNLV SDM clinics. Participation was voluntary and all study participants were required to provide informed consent if over the age of 18 years old or pediatric assent if under the age of 18 years old. Exclusion criteria included any patients (or parents/guardians) that declined to participate and any persons not a patient of record at UNLV-SDM. Inclusion criteria were indication of voluntary participation and provision of informed consent and/or pediatric assent.



In brief, study sample participants were provided sterile saliva collection tubes, which were labeled with randomly generated, non-duplicated numbers to prevent any association with patient identifying information. In addition, paper points were used to collect biofilm samples from the dorsum of the tongue, lingual surface of a mandibular incisor, buccal surface of a maxillary molar, and the gingival crevice of the central maxillary incisor. Basic demographic information for each sample was collected, which included age, sex, race/ethnicity and body mass index (BMI). Clinical information, such as primary/mixed/permanent dentition and the presence of orthodontic brackets, was also collected. All samples were then transferred to a biomedical laboratory for storage at −80 °C, processing and subsequent analysis.




2.3. DNA Isolation and Analysis


DNA was isolated from 100 μL of saliva samples and from paper points that were placed into 100 μL of sterile 1X phosphate-buffered saline (PBS) and vortexed to release any bacteria or other microbial constituents. Each sample was then processed using the phenol: chloroform extraction method, as previously described [21,28]. In brief, 300 μL of TriZol was added to each sample and mixed to dissolve microbial membranes and cell walls. A volume of 200 μL of chloroform was added and mixed prior to centrifugation at 12,000× g or relative centrifugal force (RCF) for 15 min to separate the proteins and nucleic acids. The aqueous supernatant containing the nucleic acids was removed and transferred to new sterile microcentrifuge tubes and mixed with 100 μL of isopropanol to precipitate the DNA, which was then centrifuged. The pellet was washed with nuclease-free ethanol prior to subsequent centrifugation and resuspension in 100 μL of sterile, nuclease-free water. Each sample was then screened for DNA concentration and purity using a NanoDrop spectrophotometer using absorbance readings at A260 and A280 nm.




2.4. qPCR Screening


Samples with sufficient quantity (>10 ng) and quality A260:A280 ratio above 1.70 were then screened for microbial presence using quantitative polymerase chain reaction (qPCR) primers specific for the bacterial positive control (16S rRNA universal primer) and Scardovia wiggsiae (SW). In brief, each qPCR screening was performed in duplicate and consisted of a reaction containing 2X ABsolute SYBR green master mix (12.5 μL), forward and reverse primers (1.5 μL each), sample DNA (1.5 μL diluted to 1.0 ng/μL) and distilled nuclease-free water (8.0 μL). Processing was performed using activation at 95 °C for 15 min, followed by 40 cycles involving denaturation (95 °C for 15 s), annealing (primer-specific temperatures below for 30 s) and extension (72 °C for 30 s).



Positive control, bacterial 16S rRNA



Forward 16S rRNA universal primer



5′-ACG CGT CGA CAG AGT TTG ATC CTG GCT-3′; Tm = 76 °C



Reverse 16S rRNA universal primer



5′-GGG ACT ACC AGG GTA TCT AAT-3′; Tm = 62 °C



Annealing temperature = lower Tm (62 °C) − 2 °C = 60 °C.




2.5. Scardovia Wiggsiae (SW)


SW Forward primer



5′-GTG GAC TTT ATG AAT AAG C-3′; Tm = 55 °C



SW Reverse primer



5′-CTA CCG TTA AGC AGT AAG-3′; Tm = 56 °C



Annealing temperature = lower Tm (55 °C) − 2 °C= 53 °C.




2.6. Statistical Analysis


Demographic variables were summarized and descriptive statistics reported. Any differences between the study sample demographics and the overall clinic population were analyzed using chi square statistics, which is appropriate for categorical, non-parametric data. Parametric data (such as DNA concentration) were summarized and descriptive statistics reported. Any differences between samples were analyzed using two-tailed Students’ t-tests, which are appropriate for continuous parametric data analysis. Any associations between demographic or clinical characteristics and the screening outcomes were analyzed using binomial logistic regression analysis.





3. Results


A total of n = 60 patient samples were identified for inclusion in this study (Table 1). Demographic analysis of the study sample participants revealed that slightly more than one-third were derived from females (n = 22/60 or 36.7%), which was significantly different from the overall percentage of females from the clinic population (49.1%), p = 0.0164. The percentage of minorities was also much higher within the study sample (n = 52/60 or 86.7%) than in the clinic population (65.4%), which was also statistically significant, p = 0.00012. Finally, the average age of the study sample was 11.01 years, which was not significantly different from the pediatric clinic patient population of 10.41 years, p = 0.441.



To determine whether the DNA isolated from these samples had sufficient quality and quantity for molecular screening using qPCR, analysis was performed using spectrophotometry (Table 2). These data revealed that the average DNA concentration from all sample sites ranged between 13.74 and 14.69 μg/μL, with an overall average of 14.30 μg/μL ± 1.12 (standard error or SE). None of the site-specific averages were significantly different from the overall average of all site combined, p = 0.643. DNA purity as measured by the ratio of absorbance at A260 and A280 nm revealed that average purity for all sites exceeded 1.60 (range 1.618 to 1.701), which has been deemed acceptable for molecular screening using high-fidelity methods such as qPCR.



Confirmation of bacterial DNA presence from each study sample was accomplished using real-time quantitative polymerase chain reaction (RT-qPCR) using bacterial 16S rRNA universal primers (Figure 1). These data demonstrated that all patient samples and study sites harbored detectable levels of bacterial DNA. More specifically, the cycle threshold counts (CT) for saliva ranged between 22 and 30 (average 28.6), with more narrow ranges observed among the other sites, such as dorsal tongue (range: 25–30; average 29.4), upper buccal molar (range: 27–30, average 30.1), lower lingual incisor (range: 27–31; average 29.9) and gingival crevicular fluid (range: 26–30; average 30.6).



Screening of these samples for SW revealed that more than half of all study sample participants had at least one site harboring this organism, n = 34/60 or 56.7% (Figure 2). Analysis of the SW-positive patient samples revealed a total of n = 71/170 specific oral sites that harbored this organism, with the majority of the SW-positive participant samples harboring SW at more than one oral site, n = 22/34 or 64.7% (Figure 2A). More detailed analysis of these sites revealed that the majority of the single-site SW-positive results came from the dorsal tongue (n = 5/12 or 41.7%), with upper buccal molar (n = 3/12 or 25%) or saliva (n = 3/12 or 25%) comprising the bulk of the remaining sites.



The majority of SW-positive samples harbored SW at more than one oral site, with the most common sites revealed as the lower lingual incisor (n = 18/59 or 30.5%) and upper buccal molar (n = 16/59 or 27.1%) and saliva (n = 12/59 or 20.3%) (Figure 2B). Fewer of the samples with multiple sites harbored SW from the dorsal tongue (n = 7/59 or 11.9%) or gingival crevicular fluid (n = 6/59 or 10.2%). The combined total of both single- and multi-site data revealed that the most common sites overall were from the biofilm samples derived from the upper buccal molar (n = 19/71 or 26.8%) and lower lingual incisor (n = 18/71 or 25.4%), with many of these samples also demonstrating SW-positive results from the corresponding saliva (n = 15/71 or 21.1%). Overall, fewer SW-positive samples were found among the dorsal tongue (n = 12/71 or 16.9%) and gingival crevicular fluid (n = 7/71 or 9.9%).



To determine whether there are any significant associations between SW-positive site-specific screening (dependent) outcomes and any potential predictor variables (age, sex, BMI, dentition, brackets), Pearson’s correlation was assessed (Table 3). These data demonstrated that the majority of variables had negligible or very weak associations between the variables analyzed and SW-positive outcomes (between 0.0 and 0.19 or −0.19). However, three weak associations were found between specific SW outcomes and specific variables, which included a correlation between type of dentition (permanent) and SW-positive results with the GCF (R = 0.2444) and both age (R = 0.228) and presence of orthodontic brackets (R = 0.2118) with SW-positive results in saliva.






	
Key:




	
Strength of Correlation (R)

	
Correlation Coefficient Range




	
Negligible/Very Weak

	
0.0–0.19 or −0.19–0.0




	
Weak

	
0.20–0.39 or −0.39–−0.20




	
Moderate

	
0.40–0.59 or −0.40–−0.59




	
Strong

	
0.60–0.79 or −0.79–−0.60




	
Very Strong

	
0.80–1.0 or −1.0–−0.80










4. Discussion


The objective of this current study was to facilitate a molecular screening of samples with site-specific oral locations for SW. The results of this study clearly demonstrate that molecular screening and identification of this novel cariogenic pathogen are feasible and effective at determining site-specific locations that may harbor detectable levels, similar to other molecular methods for oral screening and pathogen identification [29,30,31]. In addition, this study may be among the first to describe the presence of this organism in non-traditional oral sites and locations, such as the biofilm on the dorsum of the tongue and GCF, which have not been oral sites or locations associated with the most prevalent cariogenic- and supragingival biofilm-associated organisms, such as Lactobacillus spp. and S. mutans [32,33,34].



Moreover, this study is among the first to provide an analysis and documentation of the prevalence of single-site versus multi-site SW-positive samples from an oral biorepository, similar to other initiatives that attempted to map microbial distribution and body sites for other types of medically important organisms, such as Staphylococcus aureus and Clostridium difficile [35]. Although more than half of the sites harboring this organism were traditional supragingival biofilm sites, such as the tooth biofilm of the upper buccal molar and lower lingual incisor, less obvious sites were revealed such as the biofilm from the dorsum of the tongue, which has been demonstrated in other studies to be an important intermediate site for the movement and redistribution of oral microbes [36,37]. In fact, this site has been recently recognized as an increasingly important site that contributes to overall microbial burden and oral ecology through various mechanisms, including salivary redistribution [38,39,40,41].



In addition to these novel insights, this study also provides the first evidence of SW presence from the gingival crevice, an area more traditionally associated with periodontal pathogens and anaerobic Gram-negative microbes [42,43]. Although the majority of GCF-associated SW-positive samples were found among patients with multi-site SW-positive results, at least one single-site positive sample was found to harbor SW only in the GCF—which may suggest that more detailed and specific studies are needed to better understand the potential microbial interactions in the subgingival biofilm and the gingival crevice [44,45,46]. Indeed, there may be undiscovered mechanisms of polymicrobial synergy or other interactions involving SW that more detailed studies in the future may be able to elucidate, thus furthering our knowledge of oral health and disease [47,48].



Despite the significance of these findings, there are some limitations associated with this study which should also be considered when evaluating this evidence. For example, at least one significant difference was found between the ethnic and racial composition of the study sample and the overall clinic demographics, which may suggest additional methods and protocols may be needed in future studies to reduce the potential for sampling and enrollment bias [49,50]. In addition, there are limitations associated with the inferences that can be made from this study due to the limitations of this pilot study sample size, a common feature among many clinical and epidemiologic studies that attempt to produce relevant clinical data without significant external funding sources [51,52].




5. Conclusions


This study may be among the first to provide oral site-specific analysis to reveal the prevalence and location of Scardovia among clinical patient samples. Moreover, these data also provide some of the first evidence to suggest this organism may be present not only in traditional supragingival tooth-associated biofilm sites, but also in non-traditional oral sites including the dorsum of the tongue and the gingival crevice. Based upon these results, these data may represent a significant advance in our understanding of the potential sites and locations that harbor this organism and may help contribute to our understanding of the prevalence, distribution and potential for the development of oral disease among clinic patients.







Author Contributions


K.K. and K.M.H. were responsible for the overall project design. J.M., S.M. and K.K. were responsible for data generation. All authors have read and agreed to the published version of the manuscript.




Funding


No external funding was obtained for this study. The authors would like to acknowledge the Office of Research and the Department of Biomedical Sciences at the University of Nevada, Las Vegas, School of Dental Medicine for support of this project. KMH and KK are co-investigators on the National Institute of Health (NIH) grant R15DE028431 to JE Ebersole.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved exempt by the Office for the Protection of Research Subjects (OPRS) and Institutional Review Board (IRB) at the University of Nevada, Las Vegas (UNLV) #1717625-1 titled “Retrospective analysis of microbial prevalence from DNA isolated from saliva samples originally obtained from the University of Nevada, Las Vegas (UNLV) School of Dental Medicine (SDM) pediatric and clinical population”.




Informed Consent Statement


Informed Consent was waived pursuant to the exemption under the Basic HHS Policy for Protection of Human Research due to Subjects, (46.101) Subpart A (b) regarding IRB exemption for research involving the use of existing data, documents, records, pathological specimens, or diagnostic specimens), in which the subjects cannot be identified directly or through identifiers.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to the study protocol data protection parameters requested by the IRB and OPRS for the initial study approval.




Acknowledgments


This study is part of a Graduate Certificate Program in Pediatric Dentistry for S.M. and J.M. In addition, preliminary data from this study have been submitted for presentation to the American Association for Dental Research (AADR) 2021 conference.




Conflicts of Interest


Authors have declared that no competing interest exist.




References


	



Matondkar, S.P.; Yavagal, C.; Kugaji, M.; Bhat, K.G. Quantitative assessment of Scardovia wiggsiae from dental plaque samples of children suffering from severe early childhood caries and caries free children. Anaerobe 2020, 62, 102110. [Google Scholar] [CrossRef]

	



Fakhruddin, K.S.; Ngo, H.C.; Samaranayake, L.P. Cariogenic microbiome and microbiota of the early primary dentition: A contemporary overview. Oral Dis. 2018, 25, 982–995. [Google Scholar] [CrossRef]

	



Downes, J.; Mantzourani, M.; Beighton, D.; Hooper, S.; Wilson, M.J.; Nicholson, A.; Wade, W.G. Scardovia wiggsiae sp. nov., isolated from the human oral cavity and clinical material, and emended descriptions of the genus Scardovia and Scardovia inopinata. Int. J. Syst. Evol. Microbiol. 2011, 61, 25–29. [Google Scholar] [CrossRef]

	



Tanner, A.C.R.; Mathney, J.M.J.; Kent, R.L.; Chalmers, N.I.; Hughes, C.V.; Loo, C.Y.; Pradhan, N.; Kanasi, E.; Hwang, J.; Dahlan, M.A.; et al. Cultivable Anaerobic Microbiota of Severe Early Childhood Caries. J. Clin. Microbiol. 2011, 49, 1464–1474. [Google Scholar] [CrossRef] [PubMed]

	



Henne, K.; Gunesch, A.-P.; Walther, C.; Meyer-Lueckel, H.; Conrads, G.; Esteves-Oliveira, M. Analysis of Bacterial Activity in Sound and Cariogenic Biofilm: A Pilot in vivo Study. Caries Res. 2016, 50, 480–488. [Google Scholar] [CrossRef]

	



Chandna, P.; Srivastava, N.; Sharma, A.; Sharma, V.; Gupta, N.; Adlakha, V.K. Isolation of Scardovia wiggsiae using real-time polymerase chain reaction from the saliva of children with early childhood caries. J. Indian Soc. Pedod. Prev. Dent. 2018, 36, 290. [Google Scholar] [CrossRef]

	



Hurley, E.; Barrett, M.P.J.; Kinirons, M.; Whelton, H.; Ryan, C.A.; Stanton, C.; Harris, H.M.B.; O’Toole, P.W. Comparison of the salivary and dentinal microbiome of children with severe-early childhood caries to the salivary microbiome of caries-free children. BMC Oral Health 2019, 19, 1–14. [Google Scholar] [CrossRef] [PubMed]

	



Hemadi, A.S.; Huang, R.; Zhou, Y.; Zou, J. Salivary proteins and microbiota as biomarkers for early childhood caries risk assessment. Int. J. Oral Sci. 2017, 9, e1. [Google Scholar] [CrossRef] [PubMed]

	



Kameda, M.; Abiko, Y.; Washio, J.; Tanner, A.C.R.; Kressirer, C.A.; Mizoguchi, I.; Takahashi, N. Sugar Metabolism of Scardovia wiggsiae, a Novel Caries-Associated Bacterium. Front. Microbiol. 2020, 11, 479. [Google Scholar] [CrossRef] [PubMed]

	



Manome, A.; Abiko, Y.; Kawashima, J.; Washio, J.; Fukumoto, S.; Takahashi, N. Acidogenic Potential of Oral Bifidobacterium and Its High Fluoride Tolerance. Front. Microbiol. 2019, 10, 1099. [Google Scholar] [CrossRef]

	



Chen, X.; Daliri, E.B.-M.; Kim, N.; Kim, J.-R.; Yoo, D.; Oh, D.-H. Microbial Etiology and Prevention of Dental Caries: Exploiting Natural Products to Inhibit Cariogenic Biofilms. Pathogens 2020, 9, 569. [Google Scholar] [CrossRef]

	



Kressirer, C.A.; Smith, D.J.; King, W.F.; Dobeck, J.M.; Starr, J.R.; Tanner, A.C. Scardovia wiggsiae and its potential role as a caries pathogen. J. Oral Biosci. 2017, 59, 135–141. [Google Scholar] [CrossRef]

	



Bossù, M.; Selan, L.; Artini, M.; Relucenti, M.; Familiari, G.; Papa, R.; Vrenna, G.; Spigaglia, P.; Barbanti, F.; Salucci, A.; et al. Characterization of Scardovia wiggsiae Biofilm by Original Scanning Electron Microscopy Protocol. Microorganisms 2020, 8, 807. [Google Scholar] [CrossRef] [PubMed]

	



Damé-Teixeira, N.; Parolo, C.C.F.; Malz, M.; Devine, D.A.; Do, T. Gene expression profile of Scardovia spp. in the metatranscriptome of root caries. Braz. Oral Res. 2020, 34, e042. [Google Scholar] [CrossRef] [PubMed]

	



Baraniya, D.; Chen, T.; Nahar, A.; Alakwaa, F.; Hill, J.; Tellez, M.; Ismail, A.; Puri, S.; Al-Hebshi, N.N. Supragingival mycobiome and inter-kingdom interactions in dental caries. J. Oral Microbiol. 2020, 12, 1729305. [Google Scholar] [CrossRef] [PubMed]

	



Tsang, O.; Major, K.; Santoyo, S.; Kingsley, K.; Nguyen, L. qPCR Screening of Pediatric Saliva Samples to Evaluate Effects of Dental Sealants on Cariogenic Bacteria Streptococcus mutans and Scardovia wiggsiae. Environ. Dent. J. 2021, 2. [Google Scholar]

	



Quan, K.; Kingsley, K. Effect of Dental Sealants on Oral Microbial Burden of Scardovia wiggsiae within a Pediatric Population: A Pilot Study. Microbiol. Res. J. Int. 2018, 24, 1–10. [Google Scholar] [CrossRef]

	



Eriksson, L.; Holgerson, P.L.; Esberg, A.; Johansson, I. Microbial Complexes and Caries in 17-Year-Olds with and without Streptococcus mutans. J. Dent. Res. 2017, 97, 275–282. [Google Scholar] [CrossRef] [PubMed]

	



Eriksson, L.; Holgerson, P.L.; Johansson, I. Saliva and tooth biofilm bacterial microbiota in adolescents in a low caries community. Sci. Rep. 2017, 7, 1–12. [Google Scholar] [CrossRef]

	



Row, L.; Repp, M.R.; Kingsley, K. Screening of a Pediatric and Adult Clinic Population for Caries Pathogen Scardovia wiggsiae. J. Clin. Pediatric Dent. 2016, 40, 438–444. [Google Scholar] [CrossRef]

	



McDaniel, S.; McDaniel, J.; Tam, A.; Kingsley, K.; Howard, K.M. Oral Microbial Ecology of Selenomonas noxia and Scardovia wiggsiae. Microbiol. Res. J. Int. 2017, 21, 1–8. [Google Scholar] [CrossRef]

	



Tanner, A.C.R.; Sonis, A.; Holgerson, P.L.; Starr, J.; Núñez, Y.; Kressirer, C.A.; Paster, B.J.; Johansson, I. White-spot lesions and gingivitis microbiotas in orthodontic patients. J. Dent. Res. 2012, 91, 853–858. [Google Scholar] [CrossRef] [PubMed]

	



Torlakovic, L.; Klepac-Ceraj, V.; Øgaard, B.; Cotton, S.L.; Paster, B.J.; Olsen, I. Microbial community succession on developing lesions on human enamel. J. Oral Microbiol. 2012, 4. [Google Scholar] [CrossRef] [PubMed]

	



Milne, W.; Rezaei, G.; Whiteley, A.; Kingsley, K. Cariogenic pathogen Scardovia wiggsiae screening among pediatric orthodontic patients: A pilot Study. Curr. Res. Dent. 2018, 9, 1–5. [Google Scholar] [CrossRef]

	



Reyes, N.; Pollock, A.; Whiteley, A.; Kingsley, K.; Howard, K.M. Prevalence of Scardovia wiggsiae among a pediatric Orthodontic patient population. EC Dental Sci. 2017, 13, 203–210. [Google Scholar]

	



Whiteley, A.; Kingsley, K. Scardovia wiggsiae prevalence among adult and pediatric orthodontic and non-orthodontic patient populations. J. Med. Disc. 2017, 2, jmd17034. [Google Scholar] [CrossRef]

	



Carr, G.; Alexander, A.; Nguyen, L.; Kingsley, K. Oral Site Specific Sampling Reveals Differential Location for Scardovia wiggsiae. Microbiol. Res. J. Int. 2020, 30, 47–55. [Google Scholar] [CrossRef]

	



Emett, J.; David, R.; McDaniel, J.; McDaniel, S.; Kingsley, K. Comparison of DNA Extracted from Pediatric Saliva, Gingival Crevicular Fluid and Site-Specific Biofilm Samples. Methods Protoc. 2020, 3, 48. [Google Scholar] [CrossRef]

	



Steigmann, L.; Maekawa, S.; Sima, C.; Travan, S.; Wang, C.-W.; Giannobile, W.V. Biosensor and Lab-on-a-chip Biomarker-identifying Technologies for Oral and Periodontal Diseases. Front. Pharmacol. 2020, 11. [Google Scholar] [CrossRef]

	



Vieira, A.R.; Hiller, N.L.; Powell, E.; Kim, L.H.; Spirk, T.; Modesto, A.; Kreft, R. Profiling microorganisms in whole saliva of children with and without dental caries. Clin. Exp. Dent. Res. 2019, 5, 438–446. [Google Scholar] [CrossRef]

	



Belstrøm, D.; Constancias, F.; Liu, Y.; Yang, L.; Drautz-Moses, D.I.; Schuster, S.C.; Kohli, G.S.; Jakobsen, T.H.; Holm, J.T.; Givskov, M. Metagenomic and metatranscriptomic analysis of saliva reveals disease-associated microbiota in patients with periodontitis and dental caries. NPJ Biofilms Microbiomes 2017, 3, 23. [Google Scholar] [CrossRef]

	



Papagerakis, P.; Zheng, L.; Kim, D.; Said, R.; Ehlert, A.A.; Chung, K.K.M.; Papagerakis, S. Saliva and Gingival Crevicular Fluid (GCF) Collection for Biomarker Screening. Methods Mol. Biol. 2019, 1922, 549–562. [Google Scholar] [CrossRef]

	



Ghallab, N.A. Diagnostic potential and future directions of biomarkers in gingival crevicular fluid and saliva of periodontal diseases: Review of the current evidence. Arch Oral Biol. 2018, 87, 115–124. [Google Scholar] [CrossRef]

	



Bibi, T.; Khurshid, Z.; Rehman, A.; Imran, E.; Srivastava, K.; Shrivastava, D. Gingival Crevicular Fluid (GCF): A Diagnostic Tool for the Detection of Periodontal Health and Diseases. Molecules 2021, 26, 1208. [Google Scholar] [CrossRef]

	



Eggers, S.; Mc Malecki, K.; Peppard, P.; Mares, J.; Shirley, D.; Shukla, S.K.; Poulsen, K.; Gangnon, R.; Duster, M.; Kates, A.; et al. Wisconsin microbiome study, a cross-sectional investigation of dietary fibre, microbiome composition and antibiotic-resistant organisms: Rationale and methods. BMJ Open 2018, 8, e019450. [Google Scholar] [CrossRef] [PubMed]

	



Chervinets, V.M.; Chervinets, Y.V.; Leont’Eva, A.V.; Kozlova, E.A.; Stulov, N.M.; Belyaev, V.S.; Grigoryants, E.O.; Mironov, A.Y. The microbiome of oral cavity patients with periodontitis, adhesive and biofilm forming properties. Klin. Lab. Diagn. 2021, 66, 45–51. [Google Scholar] [CrossRef] [PubMed]

	



Wilbert, S.A.; Welch, J.L.M.; Borisy, G.G. Spatial Ecology of the Human Tongue Dorsum Microbiome. Cell Rep. 2020, 30, 4003–4015.e3. [Google Scholar] [CrossRef] [PubMed]

	



Rabe, A.; Salazar, M.G.; Michalik, S.; Fuchs, S.; Welk, A.; Kocher, T.; Völker, U. Metaproteomics analysis of microbial diversity of human saliva and tongue dorsum in young healthy individuals. J. Oral Microbiol. 2019, 11, 1654786. [Google Scholar] [CrossRef] [PubMed]

	



Dwivedi, V.; Torwane, N.A.; Tyagi, S.; Maran, S. Effectiveness of Various Tongue Cleaning Aids in the Reduction of Tongue Coating and Bacterial Load: A Comparative Clinical Study. J. Contemp. Dent. Pract. 2019, 20, 444–448. [Google Scholar] [PubMed]

	



Sharma, N.; Bhatia, S.; Sodhi, A.S.; Batra, N. Oral microbiome and health. AIMS Microbiol. 2018, 4, 42–66. [Google Scholar] [CrossRef] [PubMed]

	



Hall, M.W.; Singh, N.; Ng, K.F.; Lam, D.K.; Goldberg, M.B.; Tenenbaum, H.C.; Neufeld, J.D.; Beiko, R.G.; Senadheera, D.B. Inter-personal diversity and temporal dynamics of dental, tongue, and salivary microbiota in the healthy oral cavity. NPJ Biofilms Microbiomes 2017, 3, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Abusleme, L.; Hoare, A.; Hong, B.; Diaz, P.I. Microbial signatures of health, gingivitis, and periodontitis. Periodontol. 2000 2021, 86, 57–78. [Google Scholar] [CrossRef] [PubMed]

	



Diaz, P.I. Microbial Diversity and Interactions in Subgingival Biofilm Communities. Front. Oral Biol. 2011, 15, 17–40. [Google Scholar] [CrossRef] [PubMed]

	



Tan, J.; Zuniga, C.; Zengler, K. Unraveling interactions in microbial communities-from co-cultures to microbiomes. J. Microbiol. 2015, 53, 295–305. [Google Scholar] [CrossRef] [PubMed]

	



Diaz, P.I.; Hoare, A.; Hong, B.-Y. Subgingival Microbiome Shifts and Community Dynamics in Periodontal Diseases. J. Calif. Dent. Assoc. 2016, 44, 27514154. [Google Scholar]

	



Curtis, M.A.; Diaz, P.I.; Van Dyke, T.E. The role of the microbiota in periodontal disease. Periodontol. 2000 2020, 83, 14–25. [Google Scholar] [CrossRef]

	



Fragkioudakis, I.; Riggio, M.P.; Apatzidou, D.A. Understanding the microbial components of periodontal diseases and periodontal treatment-induced microbiological shifts. J. Med. Microbiol. 2021, 70, 001247. [Google Scholar] [CrossRef]

	



Colombo, A.P.V.; Magalhães, C.B.; Hartenbach, F.A.R.R.; Souto, R.M.D.; da Silva-Boghossian, C.M. Periodontal-disease-associated biofilm: A reservoir for pathogens of medical importance. Microb. Pathog. 2016, 94, 27–34. [Google Scholar] [CrossRef]

	



Tripepi, G.; Jager, K.J.; Dekker, F.W.; Zoccali, C. Selection Bias and Information Bias in Clinical Research. Nephron Clin. Pract. 2010, 115, c94–c99. [Google Scholar] [CrossRef]

	



Wieringa, S.; Engebretsen, E.; Heggen, K.; Greenhalgh, T. Rethinking bias and truth in evidence-based health care. J. Eval. Clin. Pr. 2018, 24, 930–938. [Google Scholar] [CrossRef]

	



Tripathi, R.; Khatri, N.; Mamde, A. Sample Size and Sampling Considerations in Published Clinical Research Articles. J. Assoc. Physicians India 2020, 68, 14–18. [Google Scholar] [PubMed]

	



Riley, R.D.; Ensor, J.; Snell, K.I.E.; Harrell, F.E., Jr.; Martin, G.P.; Reitsma, J.B.; Moons, K.G.M.; Collins, G.; van Smeden, M. Calculating the sample size required for developing a clinical prediction model. BMJ 2020, 368, m441. [Google Scholar] [CrossRef] [PubMed]








[image: Dentistry 09 00073 g001 550] 





Figure 1. qPCR screening of samples for positive control 16S rRNA. All study samples harbored bacterial DNA with average cycle threshold (CT) counts ranging from 28.6 (saliva and lower lingual incisor), 29.9 (dorsal tongue), to 30.1 (upper buccal molar and gingival crevicular fluid). 
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Figure 2. Heat map of study sample molecular screening for S. wiggsiae. (A) Heat map of the qPCR screening revealed a total of n = 34/60 or 56.7% of patient samples harboring SW. (B) A total of n = 71/170 specific oral sites harbored this organism, with the majority of the SW-positive participant samples harboring SW at more than one oral site, n = 22/34 or 64.7%. Note: Key indicates relative DNA abundance through CT values: 20 = greater abundance; 35 = less abundant. 
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Table 1. Demographic analysis of study sample.
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	Study Sample
	Clinic Population
	Statistical Analysis





	Sex
	
	
	



	Females
	n = 22/60 (36.7%)
	49.1%
	Χ2 = 5.762, d.f. = 1



	Males
	n = 38/60 (63.3%)
	50.9%
	p = 0.0164



	Race/Ethnicity
	
	
	



	White
	n = 8/60 (13.3%)
	34.6%
	Χ2 = 21.275, d.f. = 1



	Minority
	n = 52/60 (86.7%)
	65.4%
	p = 0.00012



	Hispanic
	n = 40/60 (66.7%)
	58.6%
	



	Black
	n = 8/60 (13.3%)
	10.2%
	



	Asian
	n = 40/60 (6.7%)
	6.6%
	



	Age
	
	
	



	Average age
	11.01 years
	10.41 years
	p = 0.441



	Range
	5–17 years
	0–17 years
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Table 2. Analysis of DNA isolated from study samples.
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	DNA Concentration

(Average ± Standard Error or SE)
	DNA Purity

A260:A280
	Statistical Analysis





	Gingival Crevice
	14.69 μg/μL ± 1.24 SE
	1.701 ± 0.21
	p = 0.722



	Upper Buccal Molar
	14.34 μg/μL ± 1.17 SE
	1.691 ± 0.24
	p = 0.887



	Lower Lingual Incisor
	14.40 μg/μL ± 1.16 SE
	1.672 ± 0.27
	p = 0.772



	Dorsal Tongue
	14.34 μg/μL ± 1.05 SE
	1.637 ± 0.31
	p = 0.911



	Saliva
	13.74 μg/μL ± 1.01 SE
	1.618 ± 0.28
	p = 0.643



	Average
	14.30 μg/μL ± 1.12 SE
	1.664 ± 0.26
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Table 3. Correlation of variables to SW-positive site-specific screening results.
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	Age
	Sex
	BMI
	Dentition
	Brackets





	Gingival Crevice
	R = −0.1945
	R = 0.0611
	R = 0.0950
	R = 0.2444
	R = −0.1437



	Upper Buccal Molar
	R = −0.0810
	R = −0.0024
	R = −0.0598
	R = −0.0010
	R = −0.0848



	Lower Lingual Incisor
	R = −0.0246
	R = −0.1057
	R = −0.0278
	R = −0.1046
	R = −0.0509



	Dorsal Tongue
	R = −0.1604
	R = 0.1211
	R = 0.0833
	R = 0.1550
	R = −0.0667



	Saliva
	R = 0.2228
	R = 0.0399
	R = −0.1701
	R = −0.1139
	R = 0.2118
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