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Abstract

Background: A number of cohort studies have collected
Scope mouthwash samples by mail, which are being used for
microbiota measurements. We evaluated the stability of Scope
mouthwash samples at ambient temperature and determined
the comparability of Scope mouthwash with saliva collection
using the OMNIgene ORAL Kit.

Methods: Fifty-three healthy volunteers from Mayo Clinic
and 50 cohort members from Bangladesh provided oral sam-
ples. One aliquot of the OMNIgene ORAL and Scope mouth-
wash were frozen immediately and one aliquot of the Scope
mouthwash remained at ambient temperature for 4 days and
was then frozen. DNA was extracted and the V4 region of the
16S rRNA gene was PCR amplified and sequenced using the
HiSeq. Intraclass correlation coefficients (ICC) were calculated.

Results: The overall stability of the Scope mouthwash
samples was relatively high for alpha and beta diversity.

Introduction

Oral microbiota has been hypothesized to be related to
human health and several diseases. In cancer research, oral
health has been found to be associated with cancer of the
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For example, the meta-analyzed ICC for the Shannon
index was 0.86 (95% confidence interval, 0.76-0.96).
Similarly, the ICCs for the relative abundance of the top
25 genera were generally high. The comparability of the
two sample types was relatively low when measured using
ICCs, but were increased by using a Spearman correlation
coefficient (SCC) to compare the rank order of
individuals.

Conclusions: Overall, the Scope mouthwash samples
appear to be stable at ambient temperature, which sug-
gests that oral rinse samples received by the mail can be
used for microbial analyses. However, Scope mouthwash
samples were distinct compared with OMNIgene ORAL
samples.

Impact: Studies should try to compare oral microbial
metrics within one sample collection type.

esophagus (1), stomach (2), pancreas (3), and head and neck
(4). Oral health has also been found to be associated with oral
microbiota (5), particularly plaque samples (6, 7), which lends
to the hypothesis that oral microbiota directly affects diseases
such as cancer (8).

A number of prospective cohort studies have collected oral
wash specimens using Scope mouthwash and these samples are
being used for nested case-control studies within these cohorts to
study cancer outcomes (9). Many of these cohort studies received
the oral wash specimens by mail where the sample remained at
ambient temperature over the course of a few days prior to
processing and freezing. The impact of ambient temperature
on human DNA from the oral wash sample has been considered
(10-13), but the impact of ambient temperature on microbial
DNA from an oral wash sample is not well understood.

Ongoing studies of oral microbiota are using other collection
methods for oral samples. One available method, the OMNIgene
ORAL Kit, advertises stability of saliva samples at ambient tem-
perature for up to 3 weeks. The comparability of an oral wash
collection and saliva collected using the OMNIgene ORAL Kit has
not been determined.

Therefore, we evaluated the stability of Scope mouthwash
samples at ambient temperature and determined the compara-
bility of Scope mouthwash with the OMNIgene ORAL Kit within
two distinct populations, healthy volunteers from the Mayo
Clinic and cohort members of the Health Effects of Arsenic
Longitudinal Study (HEALS) in Bangladesh.
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Materials and Methods

Mayo Clinic study participants

A description of this population has previously been described
in detail (14). In brief, 53 healthy volunteers were recruited from
Mayo Clinic employees. Participants had to be 18 years or older,
not used antibiotics or probiotics within the past 2 weeks, had no
history of pelvic radiation, and not currently undergoing chemo-
therapy. All participants provided written informed consent and
the study was approved by the Mayo Clinic Studies Institutional
Review Board (Rochester, MN) and the NCI Office of Human
Subjects Research (Rockville, MD).

HEALS study participants

The HEALS study (15) and the recruitment of participants for
the microbiome component of this study (16) have been
described previously in detail. In brief, HEALS is a prospective
cohort study that recruited participants from Araihazar,
Bangladesh from October 2000 to May 2002. For the micro-
biome collection, HEALS participants living in the six nearby
villages surrounding the clinic were recruited by trained village
health workers to visit the study clinic. In total, 50 participants
visited the clinic and completed all of the study procedures. All
participants provided written informed consent and the study
was approved by the University of Chicago Institutional Review
Board (Chicago, IL) and the NCI Office of Human Subjects
Research (Rockville, MD).

Oral specimen collection

For the Mayo Clinic and HEALS studies, participants were
asked to refrain from eating or smoking at least 20 minutes
prior to the oral specimen collections. First, the participant
provided a saliva sample using the OMNIgene ORAL OM-505
Collection Device (DNAGenotek). Next, 10 mL of Scope
mouthwash was aliquoted into a sterile measuring cup from
an individual sized bottle of Scope. The participant was asked
to swish the sample for 5 seconds, followed by gargling for
5 seconds, and repeated the swish and gargle for a total of
30 seconds. At the end of 30 seconds, the participant spit the
mouthwash back into the collection cup. Then, the participant
filled out a short questionnaire regarding tobacco use, alcohol
consumption, oral health habits, recent antibiotic exposure,
and demographics.

Once the oral samples were collected, the OMNIgene tube was
shaken and then incubated at 50°C for 1 hour in a water bath as
indicated in the DNAGenotek aliquoting protocol (https://www.
dnagenotek.com/us/pdf/PD-PR-00214.pdf). After incubation,
onealiquot was created and frozen immediately at —80°C (day 0).
Two aliquots were created from the Scope mouthwash sample.
One of the aliquots were frozen immediately at —80°C (day 0)
and the other remained at room temperature for 96 hours (day 4).
At the end of 4 days, the remaining aliquot of Scope was frozen at
—80°C.

DNA extraction and sequencing

The samples were shipped on dry ice to the University of
California (San Diego, CA), thawed at 4°C, and kept on ice during
plating. A wooden swab (Puritan Cotton Tipped Applicators;
Puritan Medical Products) was dipped into each aliquot from
the OMNIgene Kit and Scope mouthwash and then the swab was
used for DNA extraction.
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DNA extraction, PCR amplification, and amplicon preparation
for sequencing were performed as described previously (14, 16).
In brief, DNA was extracted using the MO-BIO PowerMag Soil
DNA Isolation Kit. Barcoded 515F/806R primers were used to
PCR amplify the V4 region of the 16S rRNA gene and barcoded
amplicons were pooled with equal concentrations. DNA sequenc-
ing was conducted using the Illumina HiSeq. For the samples
from Mayo, on average, the OMNIgene ORAL samples had 90,837
reads (SD 26,278 reads) and the Scope mouthwash samples
had 77,153 reads (SD 29,662 reads). For the samples from
Bangladesh, the OMNIgene ORAL samples had an average of
115,689 reads (SD 52,442 reads) and the Scope mouthwash
samples had 115,340 reads (SD 46,941 reads).

Bioinformatic processing

Bioinformatic processing of the data was conducted as
described previously (14, 16). In brief, reads were demultiplexed
and quality filtered using QIIME 1.9 (17). Suboperational taxo-
nomic units (sOTU) were obtained using the default parameters
of Deblur (18). The cleaned read files were joined to make a single
biom table, with each sOTU representing a unique 150 bp
sequence. Taxonomy was assigned using QIIME with both Green-
genes database version 13.8 (19) and RDP classifier 2.2 (20). A
phylogenetic tree for the samples was built using QIIME.

Alpha and beta diversity measures were calculated after rare-
faction to 10,000 reads per sample. After rarefaction, from the
Mayo Clinic samples, 46 OMNIgene ORAL samples, 50 Scope
mouthwash day 0, and 47 Scope mouthwash day 4 samples
remained. From the Bangladesh samples, 43 OMNIgene ORAL
samples, 44 Scope mouthwash day 0, and 45 Scope mouthwash
day 4 samples remained. Alpha diversity measures (observed
sOTUs and the Shannon Diversity index) were calculated using
the R phyloseq package (21). The Bray-Curtis distance and
Jaccard index were calculated using the R vegan package and
unweighted UniFrac, generalized UniFrac, and weighted UniFrac
were calculated using the R GUniFrac package (22).

Statistical analysis

Descriptive characteristics of the population were determined
from the questionnaire data provided by the participants. We
presented the relative abundances at the phylum, family, and
genus level for the two collection methods and two populations
and tested for a statistical difference between populations for the
same sampling method using the permutational multivariate
analysis of variance (PERMANOVA) test for the Bray-Curtis
distance. Then a distance-based coefficient of determination R*
was calculated to quantify the percentage of microbiota variability
explained by subject, collection method, and freezing time-point
using the "adonis" function in the R vegan package using a
previously described statistical model with adjustment due to
the large degrees of freedom (23). Unweighted, generalized, and
weighted UniFrac and the Bray-Curtis distance were used to
summarize the overall variability of the microbiota and reflect
the shared diversity between bacterial populations in terms of
ecological distance.

The stability of the Scope mouthwash samples (day 0 vs. day 4)
and the comparability of the OMNIgene ORAL to the Scope
mouthwash were calculated using an intraclass correlation coef-
ficient (ICC) for 10 representative microbial community metrics
as described previously (24). These metrics included the relative
abundance of the top four phyla (Actinobacteria, Bacteroidetes,
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Firmicutes, and Proteobacteria), two alpha diversity metrics
(observed sOTUs and the Shannon Diversity index), and the five
beta diversity matrices (Bray-Curtis, Jaccard, and unweighted,
generalized, and weighted UniFrac distances). To further investi-
gate the effects on lower taxonomic levels, selected genera
detected in at least 90% of the population in both datasets were
included for analysis. The ICCs were calculated using a linear
mixed effects model. For the relative abundances at the phylum
and genus levels, the ICCs were calculated on the basis of the
square-root-transformed abundances to reduce the influence of
extremely high abundances. The transformation also made the
data roughly meet the normality assumption under the mixed
effects model. For the four beta diversity matrices, we used a
distance-based ICC, for which the within-subject squared dis-
tances and the between-subject squared distances were used to
calculate the biological and technical variance (16). Spearman
correlation coefficients (SCC) in place of ICCs were used to
determine whether the rank order of samples was similar between
the two collection methods. For the beta diversity matrices, SCCs
were calculated using all pairwise distances, reflecting the pres-
ervation of the intersample relationships. For ICC values, we
calculated 95% confidence intervals (Cls) using the RICC package
(CI = "Smith") with the exception of the distance-based ICCs and
the SCCs that used 1,000 bootstrap samples to calculate 95% Cls.

We also conducted a differential abundance analysis using the
Wilcoxon signed-rank test to identify the bacterial taxa at the
phylum, family, and genus level which were differentially abun-
dant between day 0 and day 4 Scope mouthwash samples or
differentially abundant between the OMNIgene ORAL and the
Scope mouthwash samples. Taxa read counts were normalized
into proportions before analysis and taxa with a prevalence less
than 10% or maximum proportion less than 0.2% were excluded
from testing. FDR control using the Benjamini-Hochberg proce-
dure was used to correct for multiple testing.

Results

Population comparison and overall microbial variability

Comparing the relative abundances at the phylum, family,
and genus level of the Mayo Clinic and Bangladesh samples
showed some differences between populations, but also
between sample collection methods. For example, the relative
abundance of the phylum Spirochaetes was greater in the Ban-
gladesh samples compared with the Mayo Clinic samples, for
both the OMNIgene ORAL and Scope mouthwash. While in the
OMNIgene ORAL samples, the relative abundances of the
phylum Actinobacteria were greater in the Mayo Clinic samples
compared with the Bangladesh samples, but when comparing
Scope mouthwash, the relative abundances were similar. Over-
all, the taxonomic profiles for the two populations were sig-
nificantly different for both sampling methods (P < 0.001 for
all taxonomic ranks using PERMANOVA from the Bray-Curtis
distance; Fig. 1).

When considering the percent of microbial variability
explained by intersubject treatment (i.e., Scope mouthwash or
OMNIgene ORAL) and day of freezing (i.e., immediately or after
4 days at ambient temperature), intersubject variability explained
the highest proportion of microbial variability for all measures of
beta diversity in both study populations. Some variability was
also explained in the Bangladesh samples by the collection
method, particularly for weighted UniFrac (Fig. 2).

www.aacrjournals.org
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Stability of Scope mouthwash at ambient temperature

The ICCs for stability of Scope mouthwash samples after
4 days at ambient temperature measured by the relative
abundance of four phyla, two alpha diversity metrics, and
four beta diversity matrices were relatively high. For example,
the meta-analyzed ICC for the relative abundance of Actino-
bacteria was 0.78 (95% CI, 0.56-1.00) and for the Shannon
index the meta-analyzed ICC was 0.86 (95% CI, 0.76-0.96).
The ICCs for the relative abundance of Firmicutes and the
unweighted UniFrac matrix were lower (Fig. 3; Supplementary
Table S1).

For the relative abundance of the top 25 genera, the ICCs
were generally high overall. The meta-analyzed ICCs for the
relative abundances of Atopobium, Corynebacterium, Rothia,
Capnocytophaga, Porphyromonas, Prevotella, Bulleidia, Catonella,
Dialister, Megasphaera, Peptostreptococcus, Selemonas, Veillonella,
Fusobacterium, Aggregatibacter, Lautropia, and Neisseria were all
greater than 0.75 (Supplementary Fig. S1; Supplementary
Table S2).

Some of the relative abundances at the phylum, family, and
genus level were significantly different at a FDR less than 0.01 after
4 days at ambient temperature. For example, at the phylum
level, an increase of Firmicutes and a decrease of Bacteroidetes,
Proteobacteria, and Fusobacteria were detected in both the Mayo
Clinic and Bangladesh samples. The increase in Firmicutes
appeared to be related specifically to an increase in the Strepto-
coccus genus, while the decrease in Bacteroidetes included decreases
in Prevotella, Porphyromonas, and Capnocytophaga (Supplementary
Fig. S2A and S2B).

Comparability of Scope mouthwash with the OMNIgene
ORAL Kit

The ICCs for the comparability of Scope mouthwash with the
OMNIgene ORAL Kit were generally low, but a few ICCs were
acceptable, including the relative abundance of Bacteroidetes (ICC
0.77; 95% CI, 0.58-0.95) and the observed sOTUs (ICC 0.77;
95% CI, 0.61-0.94; Fig. 4A; Supplementary Table S3). The SCC
values for the comparability of Scope mouthwash with the
OMNiIgene ORAL Kit were higher. The highest meta-analyzed
SCC was observed for the relative abundance of Proteobacteria
with a SCC of 0.81 (95% CI, 0.72-0.90; Fig. 4B; Supplementary
Table S4).

For the relative abundance of the top 25 genera, the ICCs were
variable, but were greater than 0.75 for Atopobium, Megasphaera,
Aggregatibacter, and Lautropia (Supplementary Fig. S3A; Supple-
mentary Table S5). The SCCs overall were higher than the ICCs for
the relative abundance of the top 25 genera with Porphyromonas,
Catonella, Megasphaera, Oribacterium, Peptostreptococcus, Streptococ-
cus, Fusobacterium, Aggregatibacter, Campylobacter, Lautropia, and
Neisseria all with SCCs 0.75 or greater (Supplementary Fig. S3B;
Supplementary Table S6).

Some of the relative abundances at the phylum, family, and
genus level were significantly different at a FDR less than 0.01
when comparing the Scope mouthwash with the OMNIgene
ORAL samples. Compared with the OMNIgene ORAL samples,
the samples collected in Scope mouthwash had higher levels of
the phylum Firmicutes in both the Mayo Clinic and Bangladesh
samples. The Bangladesh Scope mouthwash samples also had
higher levels of the phylum Actinobacteria, but the Mayo Clinic
Scope mouthwash samples had lower levels of Actinobacteria.
There were consistently lower levels of the phyla Proteobacteria,
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Figure 1.

Stacked barplot of the relative abundances at the phylum, family, and genus level for OMNIgene ORAL (OMNI) and Scope mouthwash samples (both day O
and day 4) from Mayo Clinic (M) and Bangladesh (B). Using the PERMANOVA test for the Bray-Curtis difference, the taxonomic profiles for the two
populations were statistically different for both the OMNIgene ORAL and Scope mouthwash collections (P < 0.001).

Fusobacteria, and Spirochaetes in the Scope mouthwash samples  Djscussion
compared with the OMNIgene ORAL samples for both
Mayo Clinic and Bangladesh samples (Supplementary Fig.
S4A and S4B).

In this study of 53 healthy volunteers from Mayo Clinic and 50
individuals in the HEALS cohort in Bangladesh, microbial
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Percent of microbial variability explained by subject (black), sample
collection method (grey), and day of freezing (white) was calculated using an
adjusted distance-based coefficient of determination R? for beta diversity
estimates from unweighted UniFrac, generalized UniFrac, weighted UniFrac,
and Bray-Curtis (BC) distance for Mayo Clinic and Bangladesh samples.

variability was primarily explained by between-subject differ-
ences, although in the Bangladesh samples, some variability was
explained by collection method. The stability of Scope mouth-
wash samples after 4 days at ambient temperature was high for the
relative abundance of four phyla, two alpha diversity metrics,
four beta diversity matrices, and the relative abundances of many
of the top 25 genera. The relative abundances of some taxa
were significantly altered in Scope mouthwash samples after 4
days at ambient temperature including an increase in the phylum
Firmicutes and decrease in Bacteroidetes, Proteobacteria, and
Fusobacteria. The comparability of the Scope mouthwash samples
to the OMNIgene ORAL samples were relatively low when
assessed using ICCs, but the SCC values were generally higher
for the relative abundance of four phyla, two alpha diversity
metrics, four beta diversity matrices, and the relative abundances
of many of the top 25 genera. Specifically, there were significantly
higher relative abundances of the phylum Firmicutes and lower
levels of Proteobacteria, Fusobacteria, and Spirochaetes in the Scope
mouthwash samples compared with the OMNIgene ORAL sam-
ples, which suggests that studies should make comparisons within
a single collection method.

Some previous studies have evaluated the stability of oral
samples for microbial analyses. For cheek swabs collected from

Oral Collection Methods for Studies of Microbiota

3 individuals, room temperature storage for up to 10 days had no
significant effect on microbial diversity or composition (25).
Saliva samples from 4 adults stored in liquid dental transport
medium or in an OMNIgene Kit had similar bacterial diversity
after room temperature storage for 2-7 days (26). For oral wash
samples, human DNA appeared stable at room temperature for
variable lengths of time (10-13) and as seen in this study, a
number of microbial metrics were relatively stable at room
temperature, but there were some significant differences for the
relative abundances of taxa between the samples frozen imme-
diately and those left at room temperature for 4 days.

Data from the Human Microbiome Project (HMP) gave evi-
dence for distinct community types within the oral cavity (27);
however an oral wash specimen was not included in the HMP. In
another study, which included oral sampling similar to the HMP,
but also collected an oral wash sample with Scope mouthwash,
found that the buccal cells derived from the oral wash samples
were distinct from the other oral samples, although the buccal
cells were most similar to the saliva sample (28). When a saliva
sample without preservative was compared with a saliva sample
collected in an OMNIgene Kit, there were no significant differ-
ences in the quantity or quality of the extracted DNA. When the
saliva sample without preservative was compared with an oral
wash sample collected in saline solution, the oral wash sample
tended to have increased alpha diversity compared with the saliva,
but the difference was not statistically significant. And in general,
the beta diversity plots did not show clustering by collection
method (29). Overall, we did detect differences between the
Scope mouthwash sample and the OMNIgene ORAL sample, but
similar to previous findings, the between-subject variability
tended to outweigh the collection method differences.

This study has some limitations. For the stability calculations,
we did not test whether the OMNIgene ORAL sample was stable at
room temperature for 4 days because it is advertised as a kit that is
stable for up to 3 weeks at room temperature. However, it would
be important to test this claim. We also did not include an
immediately extracted sample because all samples were sent to
a central laboratory for DNA extraction, PCR amplification, and
sequencing. However, any large epidemiologic study would
likely not be able to immediately extract all collected samples,
so this process represents a more realistic process for sample
collection and processing. We did not calculate assay-to-assay
laboratory measurement error, so the stability and comparability
calculations incorporate laboratory measurement error and
temporal or sample collection differences. In addition, we were
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unable to test stability or comparability differences for rare taxa
due to small sample size. Finally, we only assessed the stability
and comparability of samples using 16S rRNA gene sequencing
and it will be important to understand how these methods
may affect other technologies, such as whole genome shotgun
metagenomics.

This study also has a number of important strengths. We
conducted this study in two distinct populations with unique
diets and exposures with similar results for stability and compa-
rability of the collection methods. In addition, the samples
collected in Bangladesh were within a larger cohort study and
this demonstrates the feasibility of collecting oral samples in a
field study. Finally, we used novel statistical methods to evaluate
the changes in the relative abundance of specific taxa for the
stability of the Scope mouthwash samples and the comparability
of the Scope mouthwash to the OMNIgene ORAL samples.

Currently, oral wash samples from a number of prospective
cohort studies are being used to evaluate associations between
the oral microbiota and adverse health outcomes. Although we
found the room temperature storage of Scope mouthwash over
4 days did not affect the overall oral microbiota as much as
different collection methods, we did detect growth or decline
of specific taxa over 4 days at room temperature and the
change was relatively consistent between the two studies. Thus,
we suggest recording the time at room temperature that then
could be adjusted for in the statistical analysis, especially when
the time is correlated with the primary variable of interest.
Finally, due to the differences between the two oral sample
collection methods, we suggest that any new study of the oral
microbiota should make comparisons within one collection
method.
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