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ABSTRACT

Objectives: Selenomonas species such as S. noxia are associated with poor oral health and oral
prevalence of this organism may be useful as a biomarker to determine patient oral health. Current
studies are now revealing novel insights into the epidemiology of the newly discovered oral
cariogenic organism Scardovia wiggsiae (SW), although few studies have explored the oral
microbial ecology with respect to this oral pathogen. Based upon the lack of information regarding
the oral microbial ecology, the primary objective of this study was to screen an existing saliva
repository to more accurately assess the microbial flora present (or absent) including SN and SW.
Experimental Methods: Previously collected saliva samples were evaluated for the DNA isolation
and gPCR screening protocol. A total of 42 samples were identified and processed from both
pediatric (n=28/42 or 67%) and adult (n=14/42 or 33%) patients.
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Results: The results of this screening demonstrate that of the SW-positive samples (n=27/42 or
64%) none harbored the oral microbe Selenomonas noxia (SN). Conversely, SN was identified only
within the subset of SW-negative samples (n=15/42 or 35%). In addition, although Aggregatibacter
actinomycetemcomitans (AA) was only present in a small subset of samples — this organism was
only found among SW-positive samples. Other organisms, including T. forsythia (TF), and
F.nucleatum (FN) were present in both SW-positive and SW-negative samples although their
prevalence differed greatly.

Conclusions: This study may be the first to present oral microbial data which suggest SW may
participate in direct or indirect bacterial interactions that influence the potential for other organisms
to flourish within the oral microbiome. These data suggest that SN and SW may occupy distinct,
non-overlapping niches, which may differ significantly from the interactions observed with AA, FN,
and TF. Further research will be needed to more fully elucidate these interactions and to explore the
potential ramifications for oral microbial ecology and the implications for predictive saliva screening.
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ABBREVIATIONS

SW: Scardovia wiggsiae; SN: Selenomonas noxia; AA: Aggregatibacter actinomycetemcomitans;
TF: T. forsythia; FN: F. nucleatum; 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

Selenomonas noxia is an organism within the
Veillonella family, which is widely distributed
among various animal species [1-3]. Although S.
noxia is commonly found in the gastrointestinal
tract, it is also found in the oral cavity and may
be found in higher levels among patients with
poor oral health [4-6]. The recent developments
of a rapid PCR-based detection assay and
anaerobic culturing conditions have made the
screening for oral S. noxia more accessible and
cost effective [7-9].

Many patients with poor oral health often harbor
multiple disease-causing organisms that may
contribute to one or more pathologies within the
oral cavity [10-12]. Recently, a new oral
pathogen Scardovia wiggsiae was discovered in
patients with poor oral health [13,14]. Although
some screenings for Scardovia are now
beginning to emerge, much remains to be
discovered about the oral ecology and microbial
interactions that facilitate or inhibit the growth of
this organism [15-17].

Based upon the lack of information regarding the
oral microbial ecology of these specific
organisms, the primary objective of this study
was to screen an existing saliva repository to
more accurately assess the microbial flora
present (or absent) with S. wiggsiae, with specific
emphasis on S. noxia.

2. METHODOLOGY
2.1 Project Approval

Approval for this study was granted by the
Institutional Review Board (IRB) and the Office
for the Protection of Human Subjects (OPRS)
under Protocol #875879-1 “Selenomonas noxia
prevalence in DNA previously isolated from
pediatric patient saliva samples” in March 2016.
The retrospective nature of this study qualified as
“exempt” according to Federal regulatory statute
45CFR46.101(b).

The saliva repository was originally created
under the OPRS-IRB Protocol #1305-4466M
“The Prevalence of Oral Microbes in Saliva from
the UNVL School of Dental Medicine Pediatric
and Adult Clinical Population” approved in June
2013. In brief, a cross-sectional (one time)
convenience sample of clinic patients were
recruited at the University of Nevada Las Vegas
(UNLV) School of Dental Medicine (SDM)
pediatric dental clinic between June 2013 and
June 2015. This involved the collection of
unstimulated saliva from pediatric and adult
patients from the University of Nevada Las
Vegas (UNLV) School of Dental Medicine (SDM)
dental clinic. Patients (and parents or guardians)
were required to provide Informed Consent, while
pediatric patients seven years or older were also
required to provide Pediatric Assent (written
consent to participate). Exclusion criteria



included any parent, guardian or patient
(pediatric or adult) who declined to participate.

2.2 Saliva Repository

During the original saliva collection, demographic
information (age, sex, and race/ethnicity) and
saliva samples were obtained from 240 patients.
In brief, each study participant was provided a
sterile 50 mL saliva collection container with a
target of collecting 5 mL. All samples were
placed on ice until transfer and storage in the
biomedical research laboratory. Each sample
was given a unique, randomly generated unique
identifier to prevent any personal or patient
information from accompanying the sample
outside of the clinic. No patient-specific
identifying  information was  subsequently
available to any member of this research project.
No other oral health information was collected at
the time of the original sample collection.

2.3 DNA Isolation

The current study involved a retrospective
analysis of pediatric saliva samples currently
available in the repository. All the available
(remaining) samples (n=240) were located and
then evaluated to ascertain if enough saliva
remained for the DNA isolation required to
perform the PCR screening. Out of the 240
samples identified, a smaller subset off n=162
contained sufficient volume (0.5 mL) for
inclusion in this study. Isolation of DNA was
facilitated using the Amersham Bioscience
(Buckinghamshire, UK) GenomicPrep DNA
isolation kit. The DNA from each sample was
suspended in 50 uL of DNA hydration solution
from Amersham Bioscience (Buckinghamshire,
UK) and stored at 4°C. Quality and quantity of
the DNA isolated from each sample was
calculated using measurements of absorbance at
260 and 280 nm to calculate the A260:A280
ratio.

2.4 PCR Screening

All DNA isolates with sufficient quantity (1 ng/uL
or greater) and sufficient quality (A260:A280 ratio
>1.65) were then screened using qPCR to
assess the presence of several oral microbial
species. The qPCR used an initial incubation of
50°C for 2 minutes, followed by 10 minute
denaturation at 95°C and 40 cycles at 95°C for
15 seconds and 60°C for 1 minute. The DNA
positive controls were S. noxia reference strains
obtained from American Type Culture Collection
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(ATCC)-43541,-51893,-700225), as previously
described [7]. The positive DNA controls for S.
wiggsiae were derived from previously identified
SW-positive samples, as previously described
[15,18,19]. TagMan universal PCR master mix
with the following primers from Eurofins MWG
Operon (Huntsville, AL) was used, resulting in a
final probe concentration of 0.2 uM with 5 uL of
template (sample) DNA in each reaction. Sterile,
nuclease-free distilled water from Promega
(Madison, WI) was used to adjust the final
reaction volume to 25 uL. Each screening was
performed in duplicate.

S. noxia Forward primer- SNF1,
TCTGGGCTACACACGTACTACAATG (25
bp)

S. noxia Reverse primer- SNR1,

GCCTGCAATCCGAACTGAGA (20 bp)

SnP[6 ~ FAM|CAGAGGGCAGCGAGAGAGT
GATCTTAAGC [TAMRA]

S. wiggsiae Forward primer-SW,
GTGGACTTTATGAATAAGC (19 bp)

S. wiggsiae  Reverse  primer-  SW,
CTACCGTTAAGCAGTAAG (18 bp)
SwP[ 6 ~FAM] 5'-

AGCGTTGTCCGGATTTATT-3'G [TAMRA]

The selected probes (SnP, SwP) were labeled
with the reporter dye 6-carboxyfluorescein (FAM)
at the 5-end and with the reporter dye
tetramethyl-6-carboxyrhodamine (TAMRA) at the
3’-end.

2.5 Statistical Analysis

The information regarding this retrospective
sample were summarized using simple
descriptive statistics. Results were analyzed
using Chi Square (x2) analysis software from
GraphPad (San Diego, CA) using a significance
level of o = 0.05.

To determine the appropriate sample size for this
type of PCR screening for microbial composition
using DNA extracted from saliva, the recovery
rate from the sample-limited step of DNA
extraction was used (90-95%) to establish the
minimum expected difference of 0.10 or 10%.
Using a significance level of a = 0.05 and a
power p = 0.80, a minimum sample size of forty
(N = 40) was calculated [20].



3. RESULTS

All potential samples (n=162) were identified and
their demographic information was compiled for
analysis (Table 1). In brief, the study sample was
comprised of nearly equal numbers of males and
females, which is similar to the patient
composition from the clinic population. The
demographic analysis by race or ethnicity,
however, revealed the overwhelming majority of
samples were derived from minority patients
(mostly Hispanic), which is higher than the
proportion of minorities from the clinic population.
The ages of patients included in the study
sample ranged from 5 — 73 years of age,
compared with 2 — 91 years of age from the
general clinic population.

DNA from each of the study samples was then
extracted, which revealed many samples had
either insufficient quantity or insufficient quality
for further processing (Table 2). More
specifically, out of the total number of potential
samples identified, only n=42/162 or 25.9% had
sufficient DNA quality with an absorbance ration
(A260:A280) ratio within the manufacturer range
1.70 — 2.00 and sufficient DNA quantity (100-
1000 ng/uL) for further processing.

Each of the samples containing DNA of sufficient
quantity and quality was then processed using
gPCR (Fig. 1). The analysis of this screening
revealed that only a small proportion of the
overall study sample harbored DNA specific for
S. noxia (n=6/42 or 14.3%). These data were
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significantly different for DNA specific to S.
wiggsiae, which was found in a much higher
number of patient samples (n=27/42 or 64.3%).
These results were then verified by subsequent
screening in duplicate. Chi-square (x2) analysis
revealed these differences are statistically
significant (p<0.0001).

More detailed analysis revealed that none of the
samples that tested positive for S. wiggsiae
harbored DNA for S. noxia (Fig. 2). Conversely,
the samples that tested positive for S. noxia also
tested negative for S. wiggsiae. In addition,
although A. actinomycetemcomitans (AA) was
only present in a small subset of samples — this
organism was only found among SW-positive
samples. Other organisms, including T. forsythia
(TF), and F. nucleatum (FN) were present in both
SWh-positive and SW-negative samples although
their prevalence differed greatly.

4. DISCUSSION

The primary objective of this study was to screen
an existing saliva repository to more accurately
assess the microbial flora present (or absent)
with S. wiggsiae, with specific emphasis on S.
noxia. This screening revealed that more than
half of the samples evaluated harbored S.
wiggsiae, with a much smaller subset of samples
testing positive for S. noxia. Interestingly, none
of the Scardovia-positive samples had detectable
levels of DNA for S. noxia, while none of the
Selenomonas-positive samples tested positive
for S. wiggisae.

Table 1. Study sample demographic information

Sample (n=162)

UNLV-SDM clinic

Sex
Female n=87 (53.7%) 50.9%
Male n=75 (46.3%) 49.1%
Race/Ethnicity
White n=26 (16.0%) 41.4%
Minority n=136 (83.9%) 58.6%
Hispanic n=91 (56.2%) 35.9%
Black n=24 (14.8%) 13.1%
Asian/Other n=21 (13.0%) 4.2%
Age range 5—73 yrs. 2-91 yrs.
Table 2. Analysis of DNA from study sample
DNA recovery DNA quantity DNA quality
Study samples n=42/162 (25.9%) 631.2 ng/uL+/-51.3 A260:A280 ave=1.72
Manufacturer 90-95% 100-1000 ng/uL A260:A280 1.70-2.00
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S. noxia qPCR screening results
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n=6/42 (14.3%)
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Fig. 1. gPCR screening for Selenomonas and Scardovia. gPCR screening of patient samples
revealed differing prevalence of these organisms, with 14.3% of patient samples testing
positive for DNA from S. noxia, while 64.3% tested positive for S. wiggsiae
Chi-square (y2) analysis revealed these differences are statistically significant, y2=108.507, d.f.=1, p<0.0001

Statistical analysis

Total sample SN-positive SW-positive
100
100
Total samples 90
80
a 70
g 60
:_n? 50
= ® 309 196
30
20 14)
10 48
0
FN  AA FN  AA FN
Total sample SN-positive SW-positive
Total SW-positive n=27/42 64.3%
Total SN-positive  n=6/42 14.3%
Total TF-positive n=13/42 30.9% TF-positive (n=4/6) 66.7% TF-positive (n=8/27) 29.6%
Statistical analysis %2 =11.560,d.f.=1
p=0.0007
Total FN-positive  n=40/42 95.2% FN-positive (n=6/6) 100% FN-positive (n=26/27) 96.3%
Statistical analysis %2 =0.360,d.f.=1
p=0.5485
Total AA-positive n=2/42 4.8% AA-positive (n=0/6) 0% AA-positive (n=2/27) 7.4%

%2 =100.0, d.f.=1
p<0.0001

Fig. 2. Analysis of SW- and SN-positive samples. Detailed analysis revealed that SW-positive
samples (64.3%) did not harbor SN, while SN-positive samples (14.3%) did not harbor SW.
Differential results were obtained from screening for other organisms, including T. forsythia
(TF; 30.9% overall, 66.7% SN*, 29.6% SW"), F. nucleatum (FN; 95.2% overall, 100% SN*, 96.3%
SW") and A. actinomycetemcomitans (AA; 4.8% overall, 0% SN*, 7.4% SW")

Chi square analysis revealed these differences were statistically significant for both TF and AA but not FN
(p<0.05)



These results may suggest that some oral
microbial communities may facilitate the growth
of specific species, while inhibiting the growth of
others [21,22]. This study found that A.
actinomycetemcomitans was found only among
the Scardovia-positive samples. However,
differential results were observed for F.
nucleatum, and T. forsythia. These findings only
strengthen the evidence for the hypothesis that
specific microbial constituents such as Scardovia
may compete with or inhibit the growth of some
species, while facilitating or enhancing the
growth of others [23,24]. While more evidence
will be needed to validate these findings, this
study may be the first to present oral microbial
data which suggest that either S. wiggsiae or S.
noxia (or possibly both) may participate in direct
or indirect bacterial interactions that influence the
potential for other organisms to flourish within the
oral microbiome.

Due to the retrospective nature of this study,
some limitations were inherent and should also
be considered. For example, the length of
storage time for these saliva samples may have
varied greatly, which has been demonstrated to
significantly affect both the quality and quantity of
DNA isolates [25,26]. Future studies to confirm
these observations may be prospective in nature,
which would reduce the complications associated
with long-term storage and sample degradation -
and would also allow for the collection of oral
(and other) health information, which may be
useful to other oral health researchers. In
addition, the higher proportion of minority patient
samples from this public dental school patient
population may also have influenced these
results — mainly due to the limited resources and
low socioeconomic status of the majority of these
clinic patients [27-29].

5. CONCLUSIONS

These data suggest that S. noxia and S.
wiggsiae may occupy distinct, non-overlapping
niches, which may differ significantly from the
interactions observed with A.
actinomycetemcomitans, F. nucleatum, and T.
forsythia. Further research will be needed to
more fully elucidate these interactions and to
explore the potential ramifications for oral
microbial ecology and the implications for
predictive saliva screening.
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