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ABSTRACT 
 
Introduction: Many studies have evaluated the prevalence of cariogenic pathogens among dental 
school patients, most notably the Gram-positive organism Streptococcus mutans (SM). Recent 
evidence has suggested another cariogenic pathogen Scardovia wiggsiae (SW) may also be 
present in the oral flora of a smaller subset of dental patients.   
Objective: Few studies to date have examined the corresponding prevalence of both SM and SW 
within the same patient samples, therefore the main objective of this study was to evaluate the 
presence of these cariogenic organisms within a dental school-based setting. 
Experimental Methods: Screening was facilitated using DNA extracted from a pre-existing patient 
saliva repository and processed using qPCR.  SW-positive (n=27) and SW-negative (n=15) samples 
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were subsequently screened for the presence of SM. The samples were nearly evenly divided 
between males and females (45%, 55%, respectively) and were mostly Hispanic minorities (n=22/42 
or 52%). 
Results: This analysis revealed that 45% of samples (n=19/42) also harbored SM. More detailed 
analysis revealed that the vast majority of SM-positive samples (n=15/19 or 79%) were derived from 
SW-positive samples, while only a small percentage of SM-positive samples (n=4/19 or 21%) were 
derived from SW-negative samples.   
Conclusions: The limited numbers of studies available regarding SW prevalence have suggested 
that SW and SM may inhabit similar and overlapping niches within the oral microbiome. In fact, 
some work has suggested the potential for competition and interactive inhibition between these 
organisms within the oral cavity. The preliminary data from this pilot study suggest SM and SW may, 
in fact, be present in the same patients and may not therefore be exclusively competitive – at least 
in this cross sectional study.  However, due to the large differences observed among these samples, 
further research will be needed to further elucidate and validate these findings. 
 

 
Keywords: Scardovia wiggsiae; Streptococcus mutans; saliva screening; microbial prevalence. 
 

ABBREVIATIONS  
 
SW : Scardovia wiggsiae  
SM : Streptococcus mutans  
qPCR : Quantitative polymerase chain reaction  
DNA : Deoxyribonucleic acid  
IRB : Institutional Review Board  
OPRS : Office for the Protection of Human 

Subjects  
UNLV : University of Nevada Las Vegas  
SDM : School of Dental Medicine 

 
1. INTRODUCTION 
 
The formation of dental caries (cavities) is a 
complex, multi-dimensional process that 
necessarily involves many risk factors – including 
the acquisition and colonization of cariogenic oral 
bacteria [1,2]. The most frequently associated 
oral pathogens are the acid-producing and acid-
tolerant oral streptococcus species, such as 
Streptococcus mutans (S. mutans) [3,4]. Many 
studies have established and confirmed the 
critical role of the formation of biofilm in the 
virulence of S. mutans, and the critical role           
this may play in determining the balance of        
the oral microbiome towards health or disease 
[5-7].  
 
More recent efforts have discovered a novel 
cariogenic pathogen, Scardovia wiggsiae (S. 
wiggsiae) among the oral bacteria of children 
with severe early childhood caries [8-10]. This 
pathogen has also been confirmed among the 
oral microbiota among patients with increased 
caries risk, such as orthodontic patients [11,12]. 
Despite these efforts, much remains unknown 
about the prevalence of this organism and the 
potential interactions with other cariogenic 

bacteria that might influence oral health or 
disease [13-15]. 
  
Studies from this group have surveyed the 
prevalence of oral microbial pathogens, such as 
S. mutans among pediatric and orthodontic 
populations [16,17]. In addition, pilot studies to 
evaluate the presence of S. wiggsiae among this 
patient population have also emerged [12,18,19].  
However, to date few (if any) of these studies 
have performed simultaneous screenings of both 
S. mutans and S. wiggsiae to determine if the 
presence of either organism might be associated 
with differences in the prevalence of the other.  
The primary goal of this study was to determine if 
this type of association may exist among the oral 
microbiota of patient samples obtained from an 
existing saliva repository. 
 

2. METHODOLOGY 
 
2.1 Study Design 
 
This was a retrospective study to evaluate the 
presence of both S. wiggsiae and S. mutans 
among patient samples from an existing saliva 
repository.  Approval for this study was granted 
from the Institutional Review Board (IRB) under 
Protocol #1502-5068M - The Prevalence of Oral 
Microbes in Saliva from the University of Nevada 
Las Vegas (UNLV) School of Dental Medicine 
(SDM) pediatric and adult clinical population. 
Samples were originally collected between 2010 
and 2016. In brief, each sample was given a 
unique, non-duplicated randomly generated 
identification number to protect patient anonymity 
– with only basic demographic information (age, 
sex, race/ethnicity) noted at the time of saliva 
collection. 
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2.2 Sample Selection 
 
Patient saliva samples that were previously 
identified as harboring S. wiggsiae DNA were 
selected for screening using qPCR (n=27). 
Selected samples that were previously identified 
as not harboring S. wiggsiae DNA were also 
identified from patient collections during the 
same time period (n=15), which would reduce 
the potential for time-dependent degradation of 
samples to influence the outcome and final 
results. DNA was then isolated from each clinical 
sample using the Amersham Biosciences 
GenomicPrep DNA isolation kit and the 
manufacturer recommended protocol, as 
previously described [20-22].  
 

2.3 qPCR Screening 
 
DNA screening was accomplished using primers 
specific for each organism [17,23]. The             
probes for S. wiggsiae (SwP)and S. mutans 
(SmP) were each labeled with 6-
carboxyfluorescein (FAM) at the 5’end and with 
tetramethyl-6-carboxyrhodamine (TAMRA) on 
the 3-end, as specified: 
 
Forward primer-SW, 
GTGGACTTTATGAATAAGC (19 bp)  
Reverse primer-SW, 
CTACCGTTAAGCAGTAAG(18 bp)  
SwP[ 6 ~ FAM] 5’-AGCGTTGTCCGGATTTATT-
3’G [TAMRA] 
 
Forward primer-SM, GCCTACAGC 
TCAGAGATGCTATTCT (26 bp)  
Reverse primer-SM, 
GCCATACACCACTCATGAATTGA (23 bp)  
SmP [6 ~ FAM] 5’-
GAAACCAACCCAACTTTAGCTTGGAT-3’G 
[TAMRA] 

All qPCR reactions were performed using 
TaqMan universal PCR master mix with the 
probe concentration at 0.2 uM and a minimum of 
5.0 uL of target (sample) DNA. All reactions were 
performed in duplicate using incubation at 50C (2 
min), denaturation at 95C (10 min), 40 cycles at 
95C (15 sec) and 60C (1 min).  
 

2.4 Statistics 
 
Demographic information was summarized and 
presented as simple, descriptive statistics (both 
number and percentage). The composition of the 
study sample was compared with the overall 
clinic composition from which it was originally 
collected and these data were analyzed using 
Chi Square (2) software from GraphPad (San 
Diego, CA) [24]. This analysis was also used to 
analyze the qPCR results. 
 

3. RESULTS  
 
The demographic analysis revealed that the 
study samples (n=42) were derived from nearly 
equal numbers of females and males (Table 1). 
However, the racial and ethnic composition of the 
study sample had a much higher proportion from 
minority patients than the overall clinic population 
from which that sample was collected 
(p=0.0005). The study sample was comprised of 
both pediatric and adults, which ranged in age 
from 12 – 41 years. 
 
DNA was subsequently isolated from the pre-
selected samples, which was within the range 
specified by the manufacturer (Table 2). 
Successful isolation was accomplished and the 
quality assessed using absorbance readings at 
260 and 280 nm (A260:A280 nm ratio). Quantity 
of DNA was also determined to be sufficient for 
qPCR screening of all samples. 
 

Table 1. Study sample demographics 
 

 Study sample (n=42) Clinic population Statistical analysis 
Sex    
Male 45.2% (n=19) 49.1%  2=0.640, d.f.=1 
Female 54.8% (n=23) 50.9% p=0.4236 
Ethnicity / Race    
White 23.8% (n=10) 41.4% 2=11.947, d.f.=1 
Minority 76.2% (n=32) 58.6% p=0.0005 
Hispanic 52.4% (n=22) 35.9%  
African American 16.7% (n=7) 13.1%  
Other 7.1% (n=3) 4.2%  
Age range 12-41 yrs. 2 – 91 yrs.  
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Table 2. DNA isolation and analysis 
 

 Study sample (n=42) 
DNA recovery n=42/42 (100%) 

Range (manufacturer estimate) 95-100% 
DNA purity A260:A280 range: 1.51 – 2.00  Ave: 1.71 

Acceptable range (manufacturer) 1.65 – 2.00 
DNA concentration [316.2 ng/uL] range: 91.2 – 873.4 

Manufacturer range: 100 – 1000 ng/uL 

 

 
 

Fig. 1. Screening of study samples using qPCR. A) Screening of Scardovia-positive samples 
revealed more than half also harbor S. mutans DNA (55%). B) Screening of Scardovia-negative 

samples revealed relative few also contain DNA from S. mutans (27%) 

 
The screening of study samples using qPCR was 
performed, which revealed differential results for 
each of the organisms evaluated (Fig. 1). More 
specifically, qPCR screening of the previously 
identified S. wiggsiae-positive samples confirmed 
n=27 samples harbored DNA from this organism.  
qPCR analysis confirmed the S. wiggsiae-
negative samples (n=15) and revealed only a 
small fraction (27%) harbored DNA from S. 
mutans (Fig. 1B).  
 
More detailed analysis of these results revealed 
that the vast majority of S. mutans-positive 
samples (79%) were derived from S. wiggsiae-
positive samples (Fig. 2). Only a small 
percentage of S. mutans positive samples (21%) 

were derived from the S. wiggsiae-negative 
samples.  Chi-square analysis of these results 
strongly suggests this distribution was unlikely 
due to chance (p<0.00001).  
 

4. DISCUSSION 
 

The primary goal of this study was to perform 
highly sensitive qPCR screenings of patient 
saliva samples for both S. mutans and S. 
wiggsiae to determine if the presence of either 
organism might be associated with differences in 
the prevalence of the other using an existing 
saliva repository. This pilot study has revealed 
that both cariogenic pathogens S. mutans and S. 
wiggsiae may, in fact, be present in the same 

A

B

qPCR screening of S. wiggsiae-positive samples (n=27)

S. mutans-positive (n=15) 55%

S. mutans-negative (n=12) 45%

qPCR screening of S. wiggsiae-negative samples (n=15)

S. mutans-positive (n=4) 27%

S. mutans-negative (n=15) 73%
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Fig. 2. Statistical analysis of S. wiggsiae and S. mutans screening. Although S. mutans was 
found in both Scardovia-positive and –negative samples, detailed analysis of the qPCR 

screening results demonstrates a statistically significant difference was observed among the 
Scardovia-negative samples, with a much lower percentage also harboring S. mutans 

(p<0.0001) 
 

patients and are therefore unlikely to be 
exclusively competitive [25,26]. However, the 
discrepancy in the prevalence of S. mutans 
among S. wiggsiae-positive and –negative 
samples may suggest alternative factors may be 
influencing the microbial composition of patient 
oral flora [27,28]. 
 

Recent studies have now demonstrated that the 
salivary microbiota differ significantly among 
patients with different caries risk and experience 
[29,30]. This evidence has provided increasing 
support for the hypothesis that co-association of 
cariogenic and pathogenic oral microbes, may be 
understood more clearly as moving in tandem 
and providing commensal opportunities rather 
than merely as competitors for limited resources 
and available space [31-34]. Although much 
remains to be discovered regarding the 
epidemiology of these organisms in oral disease 
and prevention, these data suggest a more 
thorough understanding of prevalence will help 
clinicians and healthcare providers in both 
disease prevention and treatment. 
 

Although these findings represent novel 
information regarding co-association and 

prevalence of Scardovia in relationship to S. 
mutans, there are some limitations of this study 
that must be considered.  First, the retrospective 
nature of this study did not allow for the collection 
of samples based upon caries risk or caries 
experience, which may represent a significant 
confounding variable.  In addition, the original 
establishment of the saliva repository was done 
as a convenience sample at a low-income, public 
University-based dental school – which may 
represent patients with more limited access to 
healthcare and more likelihood to have low levels 
of health literacy and insurance [35-37].  

  
5. CONCLUSIONS 
 
The limited numbers of studies available 
regarding S. wiggsiae prevalence have 
suggested that S. wiggsiae and S. mutans may 
inhabit similar and overlapping niches within the 
oral microbiome, which has been suggested by 
other studies of initial and mature plaques and 
oral biofilms [38-41]. In fact, some work has 
suggested the potential for competition and 
interactive inhibition between these organisms 
within the oral cavity, such as the production of 
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enzymes and proteases that may facilitate the 
growth of commensal species while inhibiting the 
growth or metabolism of others [42,43]. The 
preliminary data from this pilot study suggest S. 
mutans and S. wiggsiae may, in fact, be present 
in the same patients and may not therefore be 
exclusively competitive – at least in this cross 
sectional study.  However, due to the large 
differences observed among these samples, 
further research will be needed to further 
elucidate and validate these findings. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Leong PM, Gussy MG, Barrow SY, de 

Silva-Sanigorski A, Waters E. A systematic 
review of risk factors during first year of life 
for early childhood caries. Int J Paediatr 
Dent. 2013;23(4):235-50.  
PMID: 22925469 

2. Burne RA, Zeng L, Ahn SJ, Palmer SR, Liu 
Y, Lefebure T, et al. Progress dissecting 
the oral microbiome in caries and health. 
Adv Dent Res. 2012;24(2):77-80.  
PMID: 22899685 

3. Klein MI, Hwang G, Santos PH, 
Campanella OH, Koo H. Streptococcus 
mutans-derived extracellular matrix in 
cariogenic oral biofilms. Front Cell Infect 
Microbiol. 2015;5:10.  
PMID: 25763359 

4. da Silva Bastos Vde A, Freitas-Fernandes 
LB, Fidalgo TK, Martins C, Mattos CT,      
de Souza IP, et al. Mother-to-child 
transmission of Streptococcus mutans: A 
systematic review and meta-analysis. J 
Dent. 2015;43(2):181-91.  
PMID: 25486222 

5. Krzyściak W, Jurczak A, Kościelniak D, 
Bystrowska B, Skalniak A. The virulence of 
Streptococcus mutans and the ability to 
form biofilms. Eur J Clin Microbiol Infect 
Dis. 2014;33(4):499-515.  
PMID: 24154653 

6. Koo H, Falsetta ML, Klein MI. The 
exopolysaccharide matrix: A virulence 
determinant of cariogenic biofilm. J Dent 
Res. 2013;92(12):1065-73.  
PMID: 24045647 

7. Xiao J, Klein MI, Falsetta ML, Lu B, 
Delahunty CM, Yates JR III, et al. The 
exopolysaccharide matrix modulates the 

interaction between 3D architecture and 
virulence of a mixed-species oral biofilm. 
PLoS Pathog. 2012;8(4):e1002623.  
PMID: 22496649 

8. Tanner AC, Kent RL Jr, Holgerson PL, 
Hughes CV, Loo CY, Kanasi E, et al. 
Microbiota of severe early childhood caries 
before and after therapy. J Dent Res. 
2011;90(11):1298-305.  
PMID: 21868693 

9. Tanner AC, Mathney JM, Kent RL, 
Chalmers NI, Hughes CV, Loo CY, et al. 
Cultivable anaerobic microbiota of severe 
early childhood caries. J Clin Microbiol. 
2011;49(4):1464-74.  
PMID: 2128915 

10. Henne K, Rheinberg A, Melzer-Krick B, 
Conrads G. Aciduric microbial taxa 
including Scardovia wiggsiae and 
Bifidobacterium spp. in caries and caries 
free subjects. Anaerobe. 2015;35(Pt A): 
60-5.  
PMID: 25933689 

11. Tanner AC, Sonis AL, Lif Holgerson P, 
Starr JR, Nunez Y, Kressirer CA, et al. 
White-spot lesions and gingivitis 
microbiotas in orthodontic patients. J Dent 
Res. 2012;91(9):853-8.  
PMID: 22837552 

12. BJ Streiff, M Seneviratne, K Kingsley. 
Screening and prevalence of the novel 
cariogenic pathogen Scardovia wiggsiae 
among adult orthodontic and non-
orthodontic patient saliva samples. Int J 
Dent Oral Health 2015;1(6).  
Available:http://dx.doi.org/10.16966/2378-
7090.159 

13. Richards VP, Alvarez AJ, Luce AR, 
Bedenbaugh M, Mitchell ML, Burne RA, et 
al. Microbiomes of site-specific dental 
plaques from children with different caries 
status. Infect Immun. 2017;85(8). 
pii: e00106-17  
PMID: 28507066 

14. Henne K, Gunesch AP, 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(5):480-488.  
PMID: 27595541 

15. Eriksson L, Lif Holgerson P, Johansson I. 
Saliva and tooth biofilm bacterial 
microbiota in adolescents in a low caries 
community. Sci Rep. 2017;7(1):5861.  
PMID: 28724921 

16. Jolley D, Wonder K, Chang E,  Kingsley K. 
Oral microbial prevalence of periodontal 



 
 
 
 

McDaniel et al.; JAMB, 5(1): 1-8, 2017; Article no.JAMB.36111 
 
 

 
7 
 

pathogens among orthodontic patients. Int 
J Dent Oral Health. 2016;1(6).  
Available:http://dx.doi.org/10.16966/2378-
7090.159 

17. Davis JE, Freel N, Findley A, Tomlin K, 
Howard KM, Seran CC, et al. A molecular 
survey of S. mutans and P. gingivalis oral 
microbial burden in human saliva using 
Relative Endpoint Polymerase Chain 
Reaction (RE-PCR) within the population 
of a Nevada dental school revealed 
disparities among minorities. BMC Oral 
Health. 2012;12:34. 

18. Row L, Repp MR, Kingsley K. Screening of 
a pediatric and adult clinic population for 
the dental caries pathogen Scardovia 
wiggsiae using saliva. J Clin Pediatr Dent. 
2016;40(6):438-444.  
DOI: 10.17796/1053-4628-40.6.438 
PMID: 27805882 

19. Catmull J, Row L, Repp MR, Heslington C, 
Miller T, Diamond J, et al. Newly identified 
cariogenic pathogen Scardovia wiggsiae 
detected by polymerase chain reaction in 
saliva of teenagers and adults in Southern 
Nevada. Forum for Dental Student 
Research and Innovation (FDSRI), Spring. 
2014;22-29. 

20. Tiku V, Todd CJ, Kingsley K. Assessment 
of oral human papillomavirus prevalence in 
a multi-ethnic pediatric clinic population. 
Compend Contin Educ Dent. 2016;37(10): 
e1-e4.  
PMID: 27875050 

21. Flake C, Arafa J, Hall A, Ence E, Howard 
K, Kingsley K. Screening and detection of 
human papillomavirus (HPV) high-risk 
strains HPV16 and HPV18 in saliva 
samples from subjects under 18 years old 
in Nevada: A pilot study. BMC Oral Health. 
2012;12:43.  
DOI: 10.1186/1472-6831-12-43  
PMID: 23088565 

22. Turner DO, Williams-Cocks SJ, Bullen R, 
Catmull J, Falk J, Martin D, et al. High-risk 
human papillomavirus (HPV) screening 
and detection in healthy patient saliva 
samples: A pilot study. BMC Oral Health. 
2011;11:28.  
DOI: 10.1186/1472-6831-11-28  
PMID: 21985030 

23. Cruz P, Mehretu AM, Buttner MP, Trice T, 
Howard KM. Development of a polymerase 
chain reaction assay for the rapid detection 
of the oral pathogenic bacterium, 
Selenomonas noxia. BMC Oral Health. 
2015;15:95.  

DOI: 10.1186/s12903-015-0071-1  
PMID: 26272608 

24. Hays WL. Statistics. 5. International 
Thomson Publishing. Inferences about 
Population Means. 1994;311–42. 

25. Li X, Hoogenkamp MA, Ling J, Crielaard 
W, Deng DM. Diversity of Streptococcus 
mutans strains in bacterial interspecies 
interactions. J Basic Microbiol. 2014;54(2): 
97-103.  
DOI: 10.1002/jobm.201200457  
PMID: 23456658 

26. Lemos JA, Quivey RG Jr, Koo H, 
Abranches J. Streptococcus mutans: A 
new gram-positive paradigm? 
Microbiology. 2013;159(Pt 3):436-45.  
DOI: 10.1099/mic.0.066134-0  
PMID: 23393147 

27. Bowden GH. Does assessment of 
microbial composition of plaque/saliva 
allow for diagnosis of disease activity of 
individuals? Community Dent Oral 
Epidemiol. 1997;25(1):76-81.  
PMID: 9088695 

28. Mira A, Simon-Soro A, Curtis MA. Role of 
microbial communities in the pathogenesis 
of periodontal diseases and caries. J Clin 
Periodontol. 2017;44(Suppl 18):S23-S38.  
DOI: 10.1111/jcpe.12671  
PMID: 28266108 

29. Belstrøm D, Holmstrup P, Fiehn NE, Kirkby 
N, Kokaras A, Paster BJ, et al. Salivary 
microbiota in individuals with different 
levels of caries experience. J Oral 
Microbiol. 2017;9(1):1270614.  
DOI: 10.1080/20002297.2016.1270614 
PMID: 28326153 

30. Shin BM, Park DY. Association between 
the prevalence of dental caries in children 
and factors related to their mothers. Int J 
Dent Hyg; 2016.  
DOI: 10.1111/idh.12261 
PMID: 27921373 

31. Chen H, Jiang W. Application of high-
throughput sequencing in understanding 
human oral microbiome related with health 
and disease. Front Microbiol. 2014;5:508.  
DOI: 10.3389/fmicb.2014.00508 
PMID: 25352835 

32. Zarco MF, Vess TJ, Ginsburg GS. The oral 
microbiome in health and disease and the 
potential impact on personalized dental 
medicine. Oral Dis. 2012;18(2):109-20.  
DOI: 10.1111/j.1601-0825.2011.01851.x 
PMID: 21902769 

33. Tian L, Sato T, Niwa K, Kawase M, 
Mayanagi G, Washio J, et al. PCR-dipstick 



 
 
 
 

McDaniel et al.; JAMB, 5(1): 1-8, 2017; Article no.JAMB.36111 
 
 

 
8 
 

DNA chromatography for profiling of a 
subgroup of caries-associated bacterial 
species in plaque from healthy coronal 
surfaces and periodontal pockets. Biomed 
Res. 2016;37(1):29-36.  
DOI: 10.2220/biomedres.37.29 
PMID: 26912138 

34. Henne K, Gunesch AP, 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(5):480-488.  
PMID: 27595541 

35. BJ Streiff, K Kingsley. Orthodontic care in 
a community of underserved patients: A 
public dental school analysis. Health 
Sciences Research. 2015;2(4):19-24. 

36. Derisse D, Archer W, Kingsley K. From 
theory to practice: Analysis of a model to 
provide access to Preventive Dental Care 
(PDC) Services for medicaid, low-income, 
and minority children at a Nevada Dental 
School-Based Clinic. Journal of Theory 
and Practice of Dental Public Health. 2013; 
(4):11-15. 

37. Jang S, Spader ET, Thacker M, Cochran 
CR, Bungum TJ, Chino M, et al.  Access to 
care for pediatric, medicaid-insured 
patients in Clark County, Nevada. Journal 
of Theory and Practice of Dental Public 
Health. 2013;1(2):37-44. 

38. Reyes N, Pollock A, Whiteley A, Kingsley 
K, Howard KM. Prevalence of Scardovia 
wiggsiae among a pediatric orthodontic 
patient population. EC Dental Science; 
2017. (In Press) 

39. Mitrakul K, Chanvitan S, Jeamset A, 
Vongsawan K. Quantitative analysis of     
S. mutans, Lactobacillus and 
Bifidobacterium found in initial and mature 

plaques in Thai children with early 
childhood caries. Eur Arch Paediatr Dent; 
2017.  
DOI: 10.1007/s40368-017-0295-7  
PMID: 28721668 

40. Scalioni F, Carrada C, Machado F, Devito 
K, Ribeiro LC, Cesar D, Ribeiro R. Salivary 
density of Streptococcus mutans and 
Streptococcus sobrinus and dental caries 
in children and adolescents with Down 
syndrome. J Appl Oral Sci. 2017;25(3): 
250-257.  
DOI: 10.1590/1678-7757-2016-0241 
PMID: 28678943 

41. Villhauer AL, Lynch DJ, Drake DR. 
Improved method for rapid and accurate 
isolation and identification of 
Streptococcus mutans and Streptococcus 
sobrinus from human plaque samples. J 
Microbiol Methods. 2017;139:205-209.  
DOI: 10.1016/j.mimet.2017.06.009 
PMID: 28606792 

42. Zhou P, Li X, Huang IH, Qi F. Veillonellae 
catalase protects the growth of 
Fusobacterium nucleatum in 
microaerophilic and Streptococcus 
gordonii-present environments. Appl 
Environ Microbiol; 2017. 
DOI: 10.1128/AEM.01079-17 
pii: AEM.01079-17 
PMID: 28778894 

43. Ribeiro AA, Azcarate-Peril MA, Cadenas 
MB, Butz N, Paster BJ, Chen T, Bair E, 
Arnold RR. The oral bacterial microbiome 
of occlusal surfaces in children and its 
association with diet and caries. PLoS 
One. 2017;12(7):e0180621.  
DOI: 10.1371/journal.pone.0180621. 
eCollection 2017  
PMID: 28678838 

_________________________________________________________________________________ 
© 2017 McDaniel et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/20716 


