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Abstract

Background: In prospective cohorts, biological samples are generally stored over long periods
before an adequate number of cases have accrued. We investigated the impact of sample storage
at —80°C for two years on the stability of the V4 region of the 16S rRNA gene across seven
different collection methods (i.e., no additive, 95% ethanol, RNAlater stabilization solution, fecal
occult blood test cards, and fecal immunochemical test tubes for feces; OMNIgene ORAL tubes
and Scope mouthwash for saliva) among 51 healthy volunteers.

Materials and Methods: Intraclass correlation coefficients (ICCs) were calculated for the
relative abundance of the top three phyla, the 20 most abundant genera, three alpha diversity
metrics, and the first principal coordinates of three beta diversity matrices.

Results: The subject variability was much higher than the variability introduced by the sample
collection type, and storage time. For fecal samples, microbial stability over two years was high
across collection methods (range, ICCs=0.70-0.99), except for the samples collected with no
additive (range, ICCs=0.23-0.83). For oral samples, most microbiome diversity measures were
stable over time with ICCs above 0.74; however, ICCs for the samples collected with Scope
mouthwash were lower for two alpha-diversity measures, Faith’s phylogenetic diversity (0.23) and
the observed number of operational taxonomic units (0.23).

Conclusions: Fecal and oral samples in most used collection methods are stable for microbiome
analyses after two years at 80°C, except for fecal samples with no additive.
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Impact: This study provides evidence that samples stored for an extended period from
prospective studies are useful for microbiome analyses.

Keywords
Oral microbiome; Fecal microbiome; Stability; Collection methods

Introduction

Most of the current knowledge on the human microbiome and its role in the development

of chronic diseases is based on cross-sectional studies with small sample sizes and a lack of
standardized protocols (1-3). Consequently, findings are generally too inconsistent to draw
firm conclusions regarding the microbiome’s contribution to disease etiology (4,5) or to rule
out reverse causation. Repeated, prospectively collected samples, using the best, standard
methods, from population-based cohort studies are necessary for better understanding of
the temporal nature of microbiome-disease associations. To this end, previous studies have
investigated various collection methods and their impact on multiple estimates of microbial
composition in fecal (6—12) and oral samples (13-16) to support large-scale microbiome
specimen collection in population-based studies.

While immediately freezing fecal samples at —80°C without additive is considered as

the current putative “gold standard”, this is likely infeasible in larger population-based
studies. Recent prospective cohorts started to collect fecal samples using alternative methods
such as OMNIgene GUT Kit, 95% ethanol, fecal occult blood test (FOBT) cards, or fecal
immunochemical test (FIT) tubes. The latter two collection methods support the possibility
to create prospective cohorts by partnering with colorectal screening programs. Millions

of FOBT and FIT samples are being collected each year in colorectal cancer screening
registries, providing rich opportunities to establish large epidemiologic studies with serially-
collected fecal samples. FOBT and FIT have been found to be reproducible, relatively
concordant with samples stored with no additive, and stable after short periods at room
temperature (8,9,11,17) supporting their collection for microbiome research after use for
colorectal cancer screening.

Contrary to fecal sample collection, there is currently no gold standard collection method
for studying the oral microbiome. Previous studies have compared various sample collection
and storage methods to characterize oral microbiome using saliva and oral wash samples
(13-15). Two commonly used collection methods, OMNIgene ORAL kit and Scope
mouthwash, were recently compared and had differences in relatives abundances of specific
taxa (13,15) but similarities in alpha and beta diversity metrics. Overall, the use of Scope
mouthwash for large epidemiologic studies could represent a cheaper and more practical
alternative to OMNIgene and saliva samples containing no additive and frozen immediately
after collection.

In prospective cohorts, biological samples are generally stored over long periods before an
adequate number of cases have accrued. At present, only a few studies have investigated the
stability of fecal and oral microbiome over long periods in a freezer (18-20). Therefore, we
investigated fecal and oral microbiome stability in samples stored for two years in a —80°C
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freezer, collected via seven different collection methods (i.e., no additive, 95% ethanol,
RNA /ater stabilization solution, FOBT cards, and FIT tubes for fecal samples; OMNIgene
ORAL tubes and Scope mouthwash for oral samples), using 16S rRNA gene amplicon
sequencing data, among 51 volunteers.

Materials and Methods

Study population.

A detailed report of this population was described previously (9). Briefly, aliquots of oral
and fecal samples from 51 healthy volunteers from the Mayo Il study were used in the
current project (Table 1). All participants provided written informed consent and the study
was approved by the Mayo Clinic Studies Institutional Review Board and the NCI Office of
Human Subjects Research (approval number 12189).

Fecal and oral specimen collection.

The fecal and oral sample collection methods were explained in detail in two previously
published studies (9,15). As described before, the participants collected stool at the clinic
and immediately delivered it to the study coordinator for processing. The fecal specimens
for each individual were mixed manually using a spatula, and aliquoted to each of the

five different collection methods - Sarstedt feces tube (Numbrecht, Germany) containing
no additive, 2.5 mL of 95% ethanol (Sigma-Aldrich, St. Louis, Missouri), 2.5 mL of

RNA /ater Stabilization Solution, FOBT cards (Beckman Coulter, Brea, California), and
FIT tubes (Polymedco, Inc., Cortlandt Manor, New York). Each participant provided saliva
using an OMNIgene ORAL kit (DNA Genotek Inc., Ottawa, Ontario, Canada) and a Scope
mouthwash (Procter & Gamble Co., Cincinnati, Ohio) in person in the laboratory. An outline
of the samples used for this study is presented in Table 1. For fecal samples, two aliquots
of samples collected with no additive, 95% ethanol, RNAlater and FIT, and three aliquots
of samples collected with FOBT were frozen immediately at —80°C (Day 0). In addition,
two aliquots of samples collected with 95% ethanol, RNAlater and FIT, and three aliquots
of samples collected with FOBT remained at room temperature for 96 hours (Day 4). At
the end of the four days, the remaining aliquots were frozen at —80°C. For oral samples,
one aliquot of samples collected with OMNIgene tube and Scope mouthwash was frozen
immediately at -80°C (Day 0) and one aliquot of Scope mouthwash remained at room
temperature for 96 hours (Day 4) before being frozen at —=80°C. No aliquot of OMNIgene
tube remained at room temperature for 96 hours as the cost was prohibitive. In total,
accounting for all the time points, for fecal samples collected with 95% ethanol, FIT, no
additive and RNAlater, 12 aliquots were produced; for fecal samples collected with FOBT
cards, 18 aliquots were created.

DNA extraction and sequencing.

DNA extraction and sequencing were performed at the University of California, San Diego
(La Jolla, California). The methods for DNA extraction, PCR amplification, and sequencing
were performed as described by Caporal et al. (21) and were explained in detail previously
(8,9,15). Briefly, DNA was extracted using the MO-BIO PowerMag Soil DNA Isolation
Kit. The universal bacterial primer set 515F/806R was used to PCR amplify the V4 region
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of the 16S rRNA gene. All barcoded amplicons were pooled with equal concentrations for
sequencing on Illumina’s HiSeq. As listed in Table 1, one set of each sample was initially

extracted upon receipt (baseline), after a year frozen at —80°C (year 1), and after two years
frozen at —80°C (year 2). All of the 16S rRNA gene amplicon sequencing was done at the

same time, at the end of year 2. The average coverage was approximately 34,000 reads per
sample.

Bioinformatic processing.

Bioinformatics processing was performed using QIIME2 2019.1 (22). Reads were
demultiplexed and quality filtered using DADA2 1.9.3 with a Phred quality score of 33

(23). After error correction, chimera removal, and removal of phiX sequences through
DADAZ2 and non-bacteria sequences through lack of taxonomic classification, the cleaned
read files were joined to make a single sequence variant table, with each sequence variant
representing a unique pair sequence. Taxonomic classification was performed with a naive
Bayes classifier trained on the SILVA v132 99% (operational taxonomic unit) OTU database
that includes only the V4 region (defined by the 515F/806R primer pair) (24).

Based on rarefaction curves, alpha and beta diversity measures were calculated after
rarefaction to 27,000 reads per sample for both fecal and oral samples; no samples were
excluded after rarefaction. Alpha diversity measures, i.e., observed OTUs to estimate taxa
richness, Shannon Diversity to estimate taxa richness and evenness, and Faith’s Phylogenetic
Diversity to consider phylogenetic differences in samples, were calculated using the R
phyloseq package (25). For beta diversity measures, the Bray-Curtis distance was calculated
to capture differences in microbial abundances between samples using the R vegan package
(26). Unweighted UniFrac, and weighted UniFrac were calculated to capture differences
between samples based on sequence distances using the R GUniFrac package (27).

Statistical analysis.

To quantify the percentage of microbiome variability explained by subject, sample collection
type, and the number of years frozen, a distance-based coefficient of determination R? was
estimated using a permutational multivariate analysis of variance (‘adonis’ function, vegan
package, R). This summary of the overall variability between sample characteristics was
based on three beta diversity distances (i.e., Bray-Curtis, unweighted UniFrac, and weighted
UniFrac).

The stability over time in a freezer of the oral and fecal samples, for each collection method,
was calculated using intraclass correlation coefficients (ICCs) using a linear mixed effects
model. The ICCs were calculated based on (i) the square root of the relative abundances of
the three most dominant phyla (Firmicutes, Bacteroidetes, and Actinobacteria for the fecal
samples, and Firmicutes, Bacteroidetes, and Proteobacteria for the oral samples) and the 20
most prevalent genera, which were present in at least 10% of fecal samples with relative
abundance of >0.001; (ii) three alpha diversity metrics (observed OTUs, Shannon Diversity,
and Faith’s Phylogenetic Diversity); and (iii) the first multidimensional scaling axis, also
called first principal coordinate (PC1), of three beta diversity metrics (Bray-Curtis, 22.8%
and 9.1% of explained variability for fecal and saliva samples respectively; unweighted
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UniFrac, 8.9% and 3.2% of explained variability for fecal and saliva samples respectively;
weighted UniFrac, 20.8% and 9.2% of explained variability for fecal and saliva samples
respectively). The 95% confidence intervals (95% CI) were estimated using 1,000 bootstrap
samples.

We 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
abundant among baseline, year 1, and year 2 samples. Taxa read counts were normalized
into proportions before analysis and taxa with a prevalence less than 10% or a detection
threshold for absence/presence <0.001 were excluded from testing. False discovery rate
(FDR) control using the Benjamini-Hochberg procedure was used to correct for multiple
testing. We replicated this differential abundance analysis using a methodology called
Analysis of Compositions of Microbiomes with Bias Correction (ANCOM-BC) to estimates
the unknown sampling fractions among samples and model the absolute abundance of
genera. Results from the ANCOM-BC were not substantially different from results from the
Wilcoxon signed-rank test.

For simplicity, for the above-described analyses, we primarily focused on samples frozen
immediately at -80°C; however, we repeated our analysis on samples that were frozen after
four days at room temperature (Supplementary Table 1 and 2). As described previously,
duplicates or triplicates of fecal samples were made for each collection method (Table 1). To
simplify the interpretation of our results, we randomly selected one set of aliquots over the
three timepoints (baseline, year 1, year 2) for each of the 51 individuals; we replicated our
analysis in the set of aliquots which was discarded from the main analysis (Supplementary
Table 3). We also compared the ICC among the duplicates. Overall, duplicates were very
comparable for most collection methods, even after one year or two years of storage with
ICCs varying between 0.7 and > 0.9. However, the comparison of duplicates of fecal
samples collected with no additive varied depending on the time of storage. At baseline,
ICCs varied between 0.8 and >0.9 except for Bray-Curtis (0.4) and weighted UniFrac (0.3),
which might be driven by changes in proportions of certain taxa. After one year of storage,
ICCs varied between 0.6 and >0.9 except for the relative abundance of Bacteroidetes (0.1).
After two years of storage, ICCs varied between 0.2 and 0.9 except for Bacteroidetes (<0.1).

Data availability

Results

Data are available at the National Center for Biotechnology Information Sequence Read
Archive (accession number PRINA846182).

Percent variability explained by subject, collection type, and storage time.

Based on Bray-Curtis and weighted and unweighted UniFrac distance matrices,
interindividual variability explained 55% to 65% of the overall variability in fecal samples
and 51% to 78% in oral samples, which was higher than the variability introduced by the
sample collection type (4% to 13% for fecal samples, and 3% to 8% for oral samples)

and the storage time (<1% to 2% for both fecal and oral samples) for all measures of beta

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 September 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zouiouich et al.

Page 6

diversity (Figure 1). When removing the stool samples stored with no additive from the
analysis, interindividual variability explained 65% to 79% of the overall variability in fecal
samples, while the variability introduced by the sample collection type (2% to 8%) and the
storage time (<1%) was lower.

Stability of fecal samples over two years of storage.

Stability as measured by ICCs over two years in a freezer was generally high for all fecal
collection methods, excluding no additive, with ICCs ranging from 0.73 to 0.99 (Figure

2, Supplementary Table 4). However, for the samples collected with no additive, the ICCs
for all microbial measures were lower. ICCs for phyla Bacteroidetes and Firmicutes were
0.23 and 0.32 respectively; the ICC for the Shannon Diversity was 0.42; and finally, ICCs
for Bray-Curtis, unweighted UniFrac and weighted UniFrac were 0.43, 0.83 and 0.45,
respectively. In most collection methods, the ICCs for the relative abundance of the top 20
genera were generally high, except for Streptococcus, with 1CCs varying from 0.05 to 0.93
depending on the collection method (Supplementary Table 5). However, for the samples
collected with no additive, the ICCs were lower for the top 20 genera with ICCs ranging
from 0.18 to 0.78.

Stability of oral samples over two years of storage.

For the oral samples, most microbiome diversity measures were stable over time with
ICCs above 0.74 (Figure 3, Supplementary Table 6). However, ICCs for the samples
collected with Scope mouthwash were lower for the Faith’s phylogenetic diversity and
the observed OTUs, with ICCs equal to 0.23 for the two alpha-diversity metrics. For the
relative abundance of the top 20 genera, the ICCs were generally above 0.71, except for
Bacteroides (ICC = 0.11 and ICC = 0.19), Faecalibacterium (ICC = 0.11 and ICC = 0.08)
and Roseburia (ICC = 0.15 and ICC = 0.09) in Scope mouthwash and OMNIgene tube,
respectively (Supplementary Table 7).

The replication of this analysis in samples frozen after four days at room temperature
produced similar results, which are presented in Supplementary Table 1 and 2. The ICCs
for duplicated or triplicated fecal samples — discarded from the main analysis — were
comparable to the ICCs from the main analysis (Supplementary Table 3).

Differential abundance comparisons for fecal samples.

Comparing the relative abundances at the phylum and genus level, most collection methods
seemed to have similar composition when comparing samples at baseline, year 1, and

year 2 (Figure 4) except for samples stored with no additive. In fecal samples stored

with no additive, 27 genera statistically significantly differed across two years, including
Bacteroides, Faecalibacterium or Bifidobacterium (Supplementary Table 8). For example,
the average relative abundance of Bacteroides decreased from 28.13% at baseline to 2.25%
at year 2 while the relative abundance of B/autia increased from 5.73% at baseline to
16.84% at year 2. For other fecal collection methods, there were substantially fewer taxa
that had statistically significant shifts across the two years. Additionally, these differences
mostly included low abundance genera with relative abundances <1%; most notably, for FIT
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samples, we observed an average increase in the relative abundance of Faecalibacterium,
from 8.62% at baseline to 14.96% at year 2.

Differential abundance comparisons for oral samples.

For oral samples, we observed a statistiscally significant increase in the relative abundance
of Actinomyces in both OMNIgene tubes and Scope mouthwash (1.14% and 1.93% at
baseline to 1.91% and 5.14% at year 2). In addition, in Scope mouthwash samples, we
detected alterations in the relative abundances of more highly abundant taxa. For example,
the relative abundance of the phyla Actinobacteria and Firmicutes increased from 8.76% and
42.07% at baseline to 12.96% and 50.02% at year 2, respectively. At the genus level, the
relative abundance of Strepfococcus increased from 23.31% at baseline to 32.32% at year 2.

Discussion

Among 51 healthy volunteers from the Mayo 1l study, microbial variability was largely
explained by subject differences, followed by the sample collection type and minimally

by the storage time in both fecal and oral samples. For many of the collection methods,

the stability of fecal and oral microbiome in samples stored for two years at —80°C was
generally high for the relative abundance of three phyla, three alpha-diversity metrics,

three beta-diversity matrices, and the relative abundances of most of the top 20 genera.
However, for the fecal samples collected with no additive, the ICCs were lower for the
relative abundance of Bacteroidetes and Firmicutes, Shannon Diversity and, Bray-Curtis and
weighted UniFrac. In addition, ICCs for the samples collected with Scope mouthwash were
lower for the Faith’s phylogenetic diversity and the observed OTUs. Many of the relative
abundances of the top 20 genera also had lower ICCs for fecal samples collected with no
additive. When comparing the relative abundances at the phylum, family and genus level, all
the collection methods for both fecal and oral samples, except for fecal samples collected
with no additive, had overall similar composition when comparing samples at baseling,

year 1, and year 2. However, differences in low abundant genera were observed in all the
collection methods for both fecal and oral samples. These results suggest that studies must
consider long-term stability before selecting appropriate collection methods when storing
fecal and oral samples.

Some previous studies have evaluated the short-term, from a few days to a few months, as
well as long-term stability of several years, of fecal samples for microbial analyses using
no additive and RNAlater (17-19,27-29). For fecal samples collected in RNAlater from
24 individuals, —80°C storage for up to five years had little effect on the gut microbiota
composition (19). For fecal samples collected with no additive, in nine infant fecal samples
stored at —80°C for two years, significant changes in the microbial community, with a
minor reduction in the observed number of taxa and variations in the abundance of some
specific taxa were seen (20). Our results were consistent with previous findings suggesting
that the technical variability introduced by storage effects (6 months to two years) is lower
than the interindividual microbiota variability (19,28). In more complex microbiota from
adults, we also found significant changes in relative abundances of specific genera and
estimated moderate to poor stability of several diversity metrics in fecal samples stored
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with no additive for two years. Although considered as the “gold standard” method, the
stability of samples stored immediately with no solution is questionable for long periods of
storage, even when left at —80°C. Indeed, as previously described, freezing fecal samples
prior to DNA extraction might impact the relative abundances of Gram-positive and Gram-
negative bacteria (29,31). This is an important consideration for future microbiome cohorts
as immediately freezing fecal samples with no additive at —80°C is likely to be infeasible in
the context of large population-based studies.

Our results suggest that the collection of fecal samples in FIT tubes and FOBT cards

is feasible as long-term storage is compatible with fecal microbiome analyses in these
commonly used sample collection methods from colorectal cancer screening registries. For
fecal samples collected with FOBT and FIT, we had good to excellent stability of the

gut microbiome over two years of storage —80°C; although, we observed alterations in

the relative abundance of a few low abundant genera in both methods, and an increase

in the relative abundance of Faecalibacterium from 8.62% at baseline to 14.96% at year

2 in FIT samples. This supports the hypothesis that colorectal cancer screening registries
in which millions of FOBT or FIT samples are being collected each year, might provide
rich opportunities to establish cohorts of individuals with pre-diagnostic collected fecal
samples (8,9,11,12). Indeed, to attain adequate power to detect disease associations with
microbiome profiles, future studies will likely have to recruit a large cohort or follow the
cohort for a long times, from several years to decades (32). Long-term stability of the gut
microbiome over a long period of storage at —80°C is therefore an important paremeter

to take into account when establishing prospective population-based cohorts. In addition,
FOBT cards stored at room temperature for 10 weeks as previously showed excellent
stability when compared with the immediately frozen cards (12); this indicates that future
microbiome population-based cohorts would not have to immediately freeze fecal samples
after collection, which might be required in large prospective cohorts.

To our knowledge, no study has considered the impact of long-term storage of oral samples
on oral microbiome characteristics. Our findings suggest that the duration in which saliva
samples remain stored at —80°C has only limited impact on the stability of the oral
microbiome for both OMNIgene ORAL kit and Scope mouthwash. However, for samples
collected with Scope mouthwash, two alpha-diversity metrics showed low stability; these
results might be driven by the variation of the relative abundances of specific bacteria
after two years of storage. Specifically, when comparing the Scope mouthwash samples at
baseline and at year 2, we observed alterations in the relative abundances of genera with
relative abundance >1%, i.e., higher levels of Strepfococcusand Actinomyces after two
years of storage. Interestingly, although both OMNIgene ORAL kit and Scope mouthwash
contain different antimicrobial agents that inhibit the growth of bacteria (13), we observed
low stability of the relative abundances of the genera Bacteroides, Faecalibacterium, and
Roseburia in the two collection methods. In the absence of replication and validation of
these results, it is unclear whether these changes were related to actual variations of the
relative abundance of these three taxa during storage or to other technical variations.

This study has several limitations. First, only healthy donors were included in this study.
As such, the results presented may not be representative of less diverse microbiome
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compositions of diseased individuals. Second, the duration of storage at —80°C was

limited to two years. Although, our results suggest that two-years freezing is, for most
collection methods, compatible with fecal and oral microbiome analyses, future microbiome
prospective cohorts might store fecal and oral samples for decades before sufficient
numbers of diseased cases are reached. Third, the lack of technical duplicates for oral
samples prevented the separation of technical variation due to long-term storage from other
technical variability. Though, technical reproducibility in OMNIgene ORAL kits and Scope
mouthwash was usually high in previous studies (13,15,16), and typical epidemiologic
studies are based on single-point sampling with no technical duplicates. Finally, we used
16S rRNA gene sequencing to characterize the microbial metrics, while other profiling
methods such as whole-genome shotgun metagenomics are becoming more common.
However, 16S rRNA gene sequencing remains the most affordable method to study the
bacterial microbiome diversity, and other scientists may find these results helpful in
designing large epidemiologic cohorts for microbiome studies.

This analysis also has several important strengths. First, with 51 healthy volunteers, there
was greater statistical power to determine long-term stability of diverse microbiome metrics
than any previous study, in both fecal and oral samples. Second, to our knowledge, our study
was the first to consider the impact of long-term storage of oral samples on oral microbiome
characteristics. Third, our analysis was the first to include a wide variety of collection
methods, comprising FOBT and FIT, which represent viable methods for the opportunistic
collection of fecal samples after colorectal cancer screening.

Currently, immediately freezing fecal samples collected with no additive is considered as the
best collection method to evaluate associations between the gut microbiome and diseases;
however, our findings suggest that fecal samples should be preserved via RNAlater, 95%
ethanol, FIT tubes or FOBT cards when stored over long periods of time. When stored via
these methods, our findings support that the fecal microbiome will remain stable for up

to two years of storage at —80°C. While we cannot make a direct simple recommendation
of a specific method on our analysis, we have highlighted several issues that investigators
should be aware of when storing fecal samples for long period. Overall, we recommand that
future studies use the same collection method to be able to compare results across cohorts.
Our results also suggest that storing saliva samples at —80°C for two years has only limited
impact on the stability of the oral microbiome for both OMNIGene ORAL kit and Scope
mouthwash. Future studies are needed to replicate our findings across longer follow up
periods.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Percent variability explained by subject, collection type, and storage time using a distance-

based coefficient of determination (R2) for beta diversity estimates from Bray-Curtis,
weighted and unweighted UniFrac distance matrices for (A) fecal and (B) oral samples.
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Figure 2.

ICCs based on random effects models for microbiome stability comparing fecal samples
extracted upon receipt (baseline), after a year stored at —80°C (year 1), and after two years
stored at —80°C (year 2) for five fecal sample collection methods.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 September 13.

Collection methods

FIT
R

No additve
$ RNAlater



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Zouiouich et al.

Intraclass Correlation Coefficients

1.004

0.751

0.50

0.256

0.00+

Page 14

i t | ! i !
q
m
¢
Collaction methods
[T ovniGene b
@ seope moutwan
D
' ' ‘ 3 ' : © o
QJ\Q? \)\e? \Q}\'b @ & L \)@a @ @
& & & & & > S &
K <t \vf’o & © & *
F &
Figure 3.

ICCs based on random effects models for microbiome stability comparing oral samples
extracted upon receipt (baseline), after a year stored at —80°C (year 1), and after two years
stored at —80°C (year 2) for two oral sample collection methods.
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Figure 4.

Relative abundance of taxa at the phylum and genus levels, which were present in at least
10% of samples with relative abundance of >0%, at baseline, and after one and two years of
storage at —80°C, for (A, B) fecal (n=51) and (C, D) oral samples (n=51).
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Table 1.

Collection methods for fecal and oral samples, and number of aliquots for microbiome analyses in 51 healthy
volunteers. For fecal samples, two aliquots of samples collected with no additive, 95% ethanol, RNAlater and
FIT, and three aliquots of samples collected with FOBT were frozen immediately at —80°C (Day 0). In
addition, two aliquots of samples collected with 95% ethanol, RNAlater and FIT, and three aliquots of samples
collected with FOBT remained at room temperature for 96 hours (Day 4). At the end of the four days, the
remaining aliquots were frozen at —80°C. For oral samples, one aliquot of samples collected with OMNIgene
tube and Scope mouthwash was frozen immediately at —80°C (Day 0) and one aliquot of Scope mouthwash
remained at room temperature for 96 hours (Day 4) before being frozen at —80°C.

Baseline Year 1 Year 2
Collection Day 0 Day 4 Day 0 Day 4 Day 0
method N Missing | Total N Missing | Total N Missing | Total N Missing | Total N Missing | Total N
95% 2x51 0 102 2x51 0 102 2x51 15 87 2x51 16 86 2x51 15 87 2x51
ethanol
FIT 2x51 0 102 | 2x51 2 100 | 2x51 15 87 2x51 16 86 2x51 15 87 2x51
FOBT 3x51 0 153 | 3x51 0 153 | 3x51 16 137 | 3x51 29 124 | 3x51 16 137 | 3x51
No additive | 2x51 0 102 0 0 0 2x51 16 86 0 0 0 2x51 16 86 0
RNAlater 2x51 1 101 | 2x51 1 101 | 2x51 15 87 2x51 14 88 2x51 15 87 2x51
Scope
mouthwash 51 0 51 51 0 51 51 0 51 51 0 51 51 0 51 51
omisiCene |5 0 51 0 0 0 51 0 51 0 0 0 51 0 51 0
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