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Introduction: When collecting oral and fecal samples for large epidemiological

microbiome studies, optimal storage conditions such as immediate freezing are

not always feasible. It is essential to study the impact of temporary room

temperature (RT) storage on microbiome diversity.

Methods: We conducted a pilot study to validate a sampling protocol based on

the viability of 16S rRNA gene sequencing in microbiome samples. Fecal and oral

samples from five participants were collected and preserved under different

conditions: a) 70% ethanol; b) FIT tube for stool; and c) chlorhexidine solution for

oral wash. Four aliquots per sample were stored at RT and frozen at days 0, 5, 10,

and 15.

Results: Alpha diversity showed a maximum average decrease of 0.3%, 1.6%, and

1.7% after 5 days for oral, stool in ethanol, and stool in FIT samples, respectively.

The relative abundances of the main phyla and orders remained stable

throughout the 15 days.

Discussion: Microbiome diversity appears remarkably resilient. Fecal and oral

samples stored at RT in 70% ethanol, chlorhexidine, and FIT tubes exhibited

minimal changes over 15 days. These results support the feasibility of large-scale

microbiome studies with delayed sample processing.
KEYWORDS

oral microbiome, fecal microbiome, stability study, GCAT, 16S, pilot study,
room temperature
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/frmbi.2025.1334775/full
https://www.frontiersin.org/articles/10.3389/frmbi.2025.1334775/full
https://www.frontiersin.org/articles/10.3389/frmbi.2025.1334775/full
https://www.frontiersin.org/journals/microbiomes
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/frmbi.2025.1334775&domain=pdf&date_stamp=2025-04-30
mailto:v.moreno@iconcologia.net
mailto:mireiaobon@iconcologia.net
https://doi.org/10.3389/frmbi.2025.1334775
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiomes#editorial-board
https://www.frontiersin.org/journals/microbiomes#editorial-board
https://doi.org/10.3389/frmbi.2025.1334775
https://www.frontiersin.org/journals/microbiomes


Rius-Sansalvador et al. 10.3389/frmbi.2025.1334775
1 Introduction

Gut and oral dysbiosis has been associated with the

development and progression of some diseases in recent years.

For instance, a role of the microbiota has been suggested in an

enormous variety of diseases (Bull and Plummer, 2014; Durack and

Lynch, 2019; Lu et al., 2019; Willis and Gabaldón, 2020; Chen et al.,

2021; Fan and Pedersen, 2021; Martıńez et al., 2022; Tuganbaev

et al., 2022) including metabolic disorders, systemic, cardiovascular,

liver, psychological or mental, and neurodegenerative diseases,

arthritis, and cancer, such as gastrointestinal, among others. As

many aspects of the relationship between the microbiome and

diverse diseases are still unknown (Malla et al., 2019), the study

of microbiota is an emerging field that is enhancing its knowledge.

When collecting samples for microbiome analysis, several

procedures and methodologies are used, hindering comparisons

across studies. Immediate freezing has been considered the best

practice for microbiome preservation (Song et al., 2016; Ilett et al.,

2019; Moossavi et al., 2019); however, this approach is not feasible

for large epidemiological studies that aim to obtain samples shipped

by postal mail. In these cases, the samples use to remain for a few

days at room temperature until they arrive at their destination

(Williams et al., 2019; Young et al., 2021; Soriano et al., 2022).

Previous research has studied the stability of fecal and oral 16S

rRNA gene sequencing microbiome samples (Dominianni et al.,

2014; Choo et al., 2015; Flores et al., 2015; Sinha et al., 2016; Song

et al., 2016; Gudra et al., 2017; Byrd et al., 2019; Bescos et al., 2020;

Park et al., 2020; Krigul et al., 2021; Marotz et al., 2021). Regarding

fecal microbiome collection methods, 70%–99% ethanol has

historically been the most popular stabilization media (Park et al.,

2020). However, there are fewer studies about the storage of the

samples at room temperature compared to other collection

methods, such as the Flinders Technology Associates (FTA) or

the Fecal Occult Blood Test (FOBT) (Byrd et al., 2019).

Furthermore, a widely used collection technique for cancer

screening is the Fecal Immunochemical Test (FIT). Some

metagenomic studies recommend the use of FIT in cohort studies

since the microbial profile stability of the samples stored for one

week at room temperature has been validated (Gudra et al., 2017;

Byrd et al., 2019; Krigul et al., 2021).

The room temperature stability of other fecal microbiome

collection methods has been proven for FTA cards at 8 weeks

(Song et al., 2016), OMNIgene Gut Kit for 3 days (Choo et al., 2015)

and 8 weeks (Song et al., 2016; Park et al., 2020), FOBT for 3, 4 and 7

days (Dominianni et al., 2014; Sinha et al., 2016; Gudra et al., 2017;

Byrd et al., 2019; Wu et al., 2021), RNAlater for 3, 4 and 7 days

(Choo et al., 2015; Flores et al., 2015; Sinha et al., 2016; Byrd et al.,

2019; Wu et al., 2021) and 8 weeks (Park et al., 2020).

Regarding the oral microbiome, previous studies used Scope®

oral wash (mainly composed of Alcohol, Domiphen Bromide and

Cetylpyridinium Chloride) to preserve oral microbiome samples

(Vogtmann et al., 2019; Yano et al., 2020), as it has been

demonstrated that samples preserved with Scope are stable in

terms of alpha and beta diversity up to 4 days at RT (Vogtmann

et al., 2019; Wu et al., 2021). However, as this solution is not easily
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found in Europe, Chlorhexidine oral wash (Lacer®) was used.

Chlorhexidine has been commonly used in many clinical trials

where effective results have been proven in reducing the

proliferation of bacterial species (Eick et al., 2011; James et al.,

2017; Brookes et al., 2020; Xiang et al., 2021). Furthermore, the

effect of daily use of chlorhexidine oral wash on the oral

microbiome has been studied, showing significant differences in

the abundance of some phyla (Bescos et al., 2020) and a decrease in

terms of alpha diversity compared with sputum samples

(Chatzigiannidou et al., 2020; Pragman et al., 2020). Despite

demonstrating that oral washes containing chlorhexidine are

related to a major shift in the oral microbiome, the stability of the

samples for microbiome analyses, when preserved at RT has not

already been studied.

The long-term prospective cohort study of the Genomes for Life

(GCAT) aims to facilitate the prediction and treatment of frequent

chronic diseases as well as gauge the role of epidemiological,

genomic and epigenomic factors (Obón-Santacana et al., 2018).

As part of this project, oral and fecal samples for microbiome

studies need to be collected across the Catalan territory (northeast

Spain). Given the logistical challenge of postal sample transport,

where storage duration at room temperature (RT) may vary,

validating the sampling protocol is essential to ensure sample

viability. This study focuses on evaluating the short-term stability

of fecal samples (collected in 70% ethanol and FIT tubes) and oral

samples (collected via 0.12% chlorhexidine oral wash) by analyzing

changes in alpha and beta diversity and the distribution of major

bacterial genera. Ensuring the microbial diversity remains stable for

several days at RT is key to maintaining data quality for future

large-scale collection.
2 Materials and methods

2.1 Sample collection

In this study, 5 volunteer individuals (3 women and 2 men,

median age 37) provided three different types of samples for

microbiome analysis: one oral wash, preserved in 0.12%

chlorhexidine and two fecal samples, one preserved in a FIT tube

(FIT, OCSensor, Eiken Chemical Co., Tokyo, Japan) and another in

a 5 ml tube with 1 ml of 70% ethanol. Samples were collected at

home. Participants were instructed to obtain oral samples in the

morning, before any food or tooth brushing, by doing an oral rinse

for 1 minute with Lacer® oral wash and then spitting the content in

a tube. Stool samples, if obtained the night before, were kept at 4°C

before transport to the lab.

Upon arrival at the laboratory, the samples underwent the

following processing steps. The oral rinse was transferred to a 15

ml tube and centrifuged at maximum speed, as allowed by the rotor

of the centrifuge. The supernatant was discarded, and 1–2 ml of PBS

1X was added. The pellet was resuspended, transferred to a 2 ml

Sarstedt tube, and centrifuged again at 2000–3000 rpm for 5

minutes. The s supernatant was discarded. The content of the FIT

was transferred to a 2ml Sarstedt tube for further processing. The
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stool samples were thoroughly homogenized using a spatula or by

inversion to ensure uniform consistency. Next, two 2ml aliquots

were carefully prepared using a Pasteur pipette or a syringe. The

aliquots were transferred into 2 ml Sarstedt tubes for

further analysis.

For the three collection methods, a total of 4 aliquots of each

sample were prepared and one aliquot was immediately frozen at

−80°C until processing. The rest were consecutively frozen after

remaining at room temperature for 5, 10 and 15 days, resulting in a

total of 60 samples from 5 individuals at 4 time points (Figure 1;

Supplementary Table S1). None of the participants took oral

antibiotics, injected antibiotics, stomach protectors, or acid-

lowering medication in the last 3 months. All individuals agreed

to participate in the study and provided written informed consent.

The University Hospital of Bellvitge ethics committee approved the

protocol of the study (PR084/16).
2.2 DNA extraction and sequencing

DNA was extracted using the DNeasy PowerLyzer PowerSoil

Kit (Qiagen, ref. QIA12855) following the manufacturer’s

instructions with slight modifications depending on the initial

sample type (FIT, oral wash and stool samples). Two negative

controls of the DNA extraction process (with no initial sample)

were also included. Briefly, for FIT samples, a pre-enrichment step

was added by centrifuging the samples at 20,000 g for 5 min at 4°C.

The supernatant was removed, and the pellet was resuspended in

750 ml of PowerBead Solution, mixed and transferred to a Bead tube

with beads. Stool samples were already frozen in 2 ml tubes, where

750 ml of PowerBead Solution and the beads were directly added.

For oral wash samples, pellets were resuspended in 750 ml of

PowerBead Solution, mixed and transferred to a Bead tube with

beads. From here on all samples were processed in the same way: 60

ml of Solution C1 was added, and samples were vortexed briefly and

incubated at 70°C with shaking (700 rpm) for 10 min. The

extraction tubes were then agitated in a horizontal vortex
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(Genie2) for 20 min at maximum speed. Tubes were centrifuged

at 10,000 g for 3 min and the supernatant was transferred to a clean

tube. Then, 250 ml of Solution C2 was added, and the samples were

vortexed for 5 s and incubated on ice for 5 min. After 1 min of

centrifugation at 10,000 g, 600 ml of the supernatant was transferred
to a clean tube, 200 ml of Solution C3 was added, and the samples

were vortexed for 5 s and incubated on ice for 5 min again. A total of

750 ml of the supernatant was transferred into a clean tube after 1

min centrifugation at 10,000 g. Then, 1,200 ml of Solution C4 was

added to the supernatant, samples were blended by pipetting up and

down, and 675 ml was loaded onto a spin column and centrifuged at

10,000 g for 1 min, discarding the flow through. This step was

repeated three times until all samples had passed through the

column. 500 ml of Solution C5 was added onto the column, and

the samples were centrifuged at 10,000 g for 1 min. The flow

through was discarded, and one extra minute of centrifugation at

10,000 g was performed to dry the column. Finally, the column was

placed into a new 2 ml tube for final elution with 50 ml of Solution
C6 and centrifugation at 10,000 g during 30s. For DNA quality

control, two serial dilutions of the DNA samples were used.

Genomic DNA was quantified using SYBRGreen I (Sigma–

Aldrich, Merck) and the total bacterial load in the DNA sample

was estimated by a real-time PCR assay with primers described in

Nadkarni et al., 2002 (Nadkarni et al., 2002) (forward 5’-TC

CTACGGGAGGCAGCAGT-3’ and reverse primer 5’-GGACT

ACCAGGGTATCTAATCCTGTT-3’), using a 7900 HT Fast

Real-Time PCR System (Applied Biosystems).

For library preparation, the DNA samples were normalized

according to their bacterial DNA content to be used as a template

to prepare 16S rRNA libraries (region V3–V4). The 16S rRNA V3–V4

region was amplified with primers previously described (Willis et al.,

2018), but the library preparation protocol was slightly modified. First,

normalized DNA samples were used to amplify the V3–V4 regions of

the 16S ribosomal RNA gene, in a limited cycle PCR. The PCR was

performed in a 25 ml volume with 0.08 mM primer concentration and

NEBNext Q5 Hot Start HiFi PCR Master Mix (ref. M0543L, New

England Biolabs). The cycling conditions were an initial denaturation
FIGURE 1

Schematic representation of the sample collection process.
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of 30 s at 98°C followed by 5 cycles of 98°C for 10 s, 55°C for 5 min,

and 65°C for 45 s. After this first PCR, a second PCRwas performed in

a total volume of 50 ml. The reactions comprised NEBNext Q5 Hot

Start HiFi PCR Master Mix and Nextera XT v2 adaptor primers. PCR

was carried out to add full-length Nextera adapters: initial

denaturation of 30 s at 98°C followed by 17 cycles of 98°C for 10 s,

55°C for 30 s, and 65°C for 45 s, ending with a final elongation step of

5 min at 65°C. Libraries were purified using AgenCourt AMPure XP

beads (ref. A63882, Beckman Coulter) with a 0.9X ratio according to

the manufacturer’s instructions and were analyzed using Fragment

Analyzer (ref. DNF-915, Agilent Biosystems) to estimate the quantity

and check size distribution. A pool of normalized libraries was

prepared for subsequent sequencing. Final pools were quantified by

qPCR using the Kapa library quantification kit for Illumina Platforms

(Kapa Biosystems) on an ABI 7900HT real-time cycler (Applied

Biosystems). Sequencing was performed on an Illumina MiSeq with

2 × 300 bp reads using v3 chemistry with a loading concentration of 18

pM. To increase the diversity of the sequenced, 10% of PhIX control

libraries were spiked in.

Negative controls of the PCR amplification steps were routinely

performed in parallel using the same conditions and reagents. Our

control samples systematically provided no visible band or

quantifiable DNA amounts. The ZymoBIOMICS™ Microbial

Community DNA Standard (ref. D6306, Zymo) was amplified and

sequenced in the same manner as all other experimental samples.
2.3 Bioinformatics and statistical analysis

Raw data were processed by using the Dada2 pipeline (v. 1.12.1)

(Callahan et al., 2015). Low-quality reads were filtered and trimmed

out based on the observed quality profiles by using the filterAndTrim

function, truncating forward and reverse reads below 290 and 230,

respectively, and considering a value of 2 as the maximum expected

error. Furthermore, 10 reads from the start of each read were removed.

We combined identical sequencing reads into unique sequences, made
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a sample inference from a matrix of estimated learning errors and

merged paired reads. Chimeric sequences were removed by using the

removeBimeraDenovo function, and taxonomy was assigned utilizing

the SILVA 16S rRNA database (v.138) (Quast et al., 2013).

Two negative controls from DNA extraction were analyzed to

assess possible sources of contamination and removed for further

analysis. The resulting Amplicon Sequence Variant (ASV) table was

merged with the metadata creating a phyloseq (v. 1.26.1)

(McMurdie and Holmes, 2013) object. We filtered out taxa with

fewer than 100 reads and with a relative abundance less than 0.1%

or present in less than 5% of the samples.

Statistical analyses were performed using the 4.1.2 R version. In

order to adjust for differences in the number of reads across samples

and allow a proper alpha diversity comparison (Willis, 2019), the

data were sampled at a value of 42,321 (rarefaction efficiency index

= 0.99 (Hong et al., 2022), the minimum number of reads

(Supplementary Figure S2).

To assess the alpha diversity of the samples four indexes were

calculated (Chao, Simpson, Inverse Simpson and Shannon).

However, since analogous results were obtained, only the

Shannon index is reported in this study, which considers the

differences in the abundance of each species and is the most

commonly used diversity metric (Reese and Dunn, 2018). In

addition, the mean and range richness of the samples at all

taxonomical levels were plotted for each time point. Furthermore,

the OTUs found in immediately frozen samples and not found

anymore were listed.

For the purpose of studying beta diversity, Bray–Curtis, Jaccard,

unweighted UniFrac and weighted UniFrac dissimilarity distances

were considered (Plantinga and Wu, 2021; By IMPACTT

investigators, 2022), but since similar results were obtained, only

the Bray–Curtis dissimilarity is reported. The projections of the

individuals were plotted in one of the three plots depending on the

collection method (Figure 2). Furthermore, the shapes were plotted

according to the days staying at room temperature and colored

according to the sample number.
FIGURE 2

Principal Coordinates Analysis based on Bray–Curtis dissimilarity, illustrating beta diversity of microbial communities. The analysis is stratified by
collection method: (a) OW-CH; (b) FIT; and (c) ETHANOL. Each point represents a sample, with colors indicating different donors and shapes
representing the time elapsed at room temperature before freezing (0, 5, 10, and 15 days).
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Since the sample size of this stability study was small, the

statistical analysis was focused on the estimation of changes and

their 95% confidence intervals. Linear mixed models (LMM) were

used to estimate the change in alpha diversity over the time points 0,

5, 10 and 15 days. LMMs account for the correlations between data

including the subject as a random effect. Estimated marginal means

(EMMs) were used to estimate differences among time points.

Multiple analysis of variance (MANOVA) was conducted to

compare the abundance of the top 5 phyla and the top 20 orders

with the number of days that the sample remained at room

temperature before being frozen.

A sensitivity analysis was performed, removing one subject that

showed a pattern considerably different from others.

The dataset that was generated and analyzed in our study is

available at the Zenodo repository (DOI: 10.5281/zenodo.7684999,

accessed on 28th February 2023).
3 Results

3.1 Comparing alpha and beta diversity
between methods

At time 0, the Shannon diversity index showed only minor

differences between the 70% ethanol and FIT stool collection

methods (difference = 0.23, 95% CI: 0.18–0.65). However,

samples preserved in 70% ethanol exhibited greater dispersion in

diversity values. The alpha diversity of stool samples, as measured

by the Shannon index, was comparable to that of oral wash (OW-

CH), despite the distinct microbial composition observed in these

samples (Figure 3).
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Regarding OTU richness, no significant decrease, trend, or

pattern was observed over time at room temperature (Figure 4).

Across all taxonomic levels, richness remained largely stable, as

indicated by overlapping confidence intervals and horizontal trends

in the data. However, variation was only slightly greater at higher

taxonomic levels, particularly in ethanol-preserved samples, which

exhibited somewhat wider confidence intervals. Additionally, while

overall taxonomic richness appeared comparable across methods,

some OTUs detected in immediately frozen samples were absent in

those stored at room temperature (Supplementary Table S3).

Nevertheless, no single OTU was consistently lost across all three

methods when immediate freezing was not applied.

Regarding beta diversity, the distribution of the oral microbiota

(Figure 2a) is clearly distinct from that of the stool microbiota

(Figures 2b, c). However, both preservation methods for stool

samples show strong concordance when assessed using Bray–Curtis

dissimilarity distance. Additionally, individual projections appear

grouped by subject rather than by time, indicating that storage

duration at room temperature did not introduce noticeable patterns

or shifts in microbial composition. Notably, subject 5 was more

distant from the others along the second axis in stool samples, a

finding that aligns with this subject’s lower alpha diversity (Figure 5).
3.2 Stability of the samples

The Shannon index for oral samples preserved in chlorhexidine

remained stable over the 15 days at RT, showing no substantial

trend and a 5-day mean decrease of 0.32% (Table 1; Figure 5).

However, the alpha diversity index decreased over time for stool

samples, with a 5-day mean decrease of 1.58% for FIT and 1.67% for

ethanol preservation.

Nevertheless, although the shipment of the samples is not

expected to take so long, the Shannon Index variation over the 15

days was only −3.68% for the FIT collection method (Table 2). For

the 70% ethanol and oral wash collection methods, the shifts were

−2.12% and −0.59%, respectively. The pairwise comparison of time

points 0 and 5 did not show a major change.

While some inter-individual differences were observed, particularly

for subject 5, who exhibited lower alpha diversity values and a slightly

more pronounced decline over time (Figure 5), these variations did not

substantially alter the overall trend. This suggests that, despite minor

fluctuations, microbial diversity remains largely stable under the tested

preservation conditions

Additionally, a sensitivity analysis excluding subject 5—who

was an outlier in the Principal Coordinates Analysis (PCoA) plot

using both Jaccard and Bray–Curtis dissimilarity matrices—

confirmed that the results remained consistent.
3.3 Top 5 phyla stability over time

The resu l t s f rom the MANOVA (Supplementary

Table S4) indicated no significant differences in the relative

abundances of the most common phyla (Firmicutes, Bacteroidota,

Actinobacteriota, Proteobacteria and Campylobacterota) over time
FIGURE 3

Shannon diversity index for each collection method in samples that
were immediately frozen. Individual sample values are displayed as
dots, with mean values and 95% confidence intervals represented by
horizontal line.
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at room temperature. This suggests that the preservation

methods maintained the overall microbial composition with

minimal fluctuations.

Among the phyla analyzed, those with the highest percentage

changes over 5 days were all minority phyla (<3.5% relative
Frontiers in Microbiomes 06
abundance), including Campylobacterota in OW-CH (13.26%),

Desulfobacterota in FIT (24.60%), and Fusobacteriota in ethanol

(−19.7%). However, the confidence intervals for these variations

were wide, indicating potential variability across samples rather

than a consistent trend.
FIGURE 5

Shannon diversity index over time for each collection method: (a) OW-CH; (b) FIT; (c) ETHANOL.. Predicted values from Generalized Linear Mixed
Models are included to assess diversity trends over time.
FIGURE 4

Mean and range of microbial richness across all taxonomic levels (from phylum to species) for samples stored at varying time points at room
temperature before freezing, stratified by collection method: (a) OW-CH; (b) FIT; (c) ETHANOL.
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Notably, the most abundant phyla—Firmicutes and

Bacteroidota—remained relatively stable across all preservation

methods. The largest shift observed among dominant phyla was a

12.18% increase in Actinobacteriota in ethanol, but with a broad

confidence interval (−3.14 to 27.50), suggesting variability rather

than a systematic effect.

The bar plots in Figure 6 further illustrate this stability, showing

consistent relative abundances of the major phyla across all time

points for each method. While some fluctuations can be observed,

particularly in the less abundant phyla, these variations do not

appear to affect the overall microbial composition in a

meaningful way.
3.4 Top 20 orders stability over time

A MANOVA analysis assessed microbial stability over time,

showing that most of the top 20 bacterial orders remained relatively

stable, with only a few declining noticeably (Supplementary

Table S5).

Over 5 days, in OW-CH, most frequent orders remained stable,

but Actinomycetales declined (−10.75%), while some low-abundance

orders saw more pronounced reductions: Burkholderiales (−16.73%),

Bifidobacteriales (−17.21%), Synergistales (−25.03%), and

Spirochaetales (−42.37%). In FIT samples, frequent orders showed

little change, with the exception of Erysipelotrichales (−16.71%). For

ethanol samples, most frequent orders were stable, though

Fusobacteriales declined (−19.76%), along with the less frequent

Veillonellales-Selenomonadales (−28.90%).
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Although sample 5 from the fecal microbiome showed a distinct

order-level profile compared to other samples. Despite this, it

followed similar stability patterns across preservation methods, as

illustrated in Figure 7.
4 Discussion

The stability of microbiome samples at room temperature for 15

days was investigated for oral wash samples preserved in

chlorohexidine and two fecal collection methods (FIT and 70%

ethanol). We found that oral microbiome diversity and composition

were, in general, very stable during the 15 days at room

temperature. For both fecal preservation methods, however, a

small decrease in diversity was observed, mainly after day 5, with

the samples stored in ethanol showing more heterogeneity. Between

subjects, variability was of similar magnitude to the fluctuations in

alpha diversity observed over time.

Although the microbial profile stability has previously been

validated for 95% ethanol (Song et al., 2016; Byrd et al., 2019;

Marotz et al., 2021), several studies caution against the use of 70%

ethanol since it is found to be less stable than other collection

methods stored for 4 days (Sinha et al., 2016; Byrd et al., 2019), 1

week (Sinha et al., 2016; Marotz et al., 2021) and 8 weeks (Song et al.,

2016). Other works do not report significant changes between

immediately frozen samples and the 70% ethanol microbiome

samples stored for 8 weeks at room temperature (Park et al., 2020).

Our results are in agreement with previous works that reported no

significant changes between immediately frozen samples and 70%
TABLE 1 Slopes of the generalized linear mixed models for Shannon index with 95% confidence intervals and 5-day percentage mean decrease.

Method
Shannon Index

Average time 0 Slope coefficient 95% CI 5-day % decrease

OW-CH 3.38 −0.002 (−0.009; 0.005) −0.32

FIT 3.53 −0.011 (−0.021; −0.001) −1.58

ETHANOL 3.30 −0.011 (−0.034; 0.012) −1.67
TABLE 2 Mean at time 0 (standard error) and absolute difference and percentage of change of pairwise comparisons of the time points with respect
to day 0.

Shannon Index

OW-CH FIT ETHANOL

Mean time 0 (s.e) 3.38 (0.07) 3.53 (0.16) 3.30 (0.24)

Time point
Absolute
difference

%
Change

Absolute
difference

%
Change

Absolute
difference

%
Change

0–5 −0.07 2.37 −0.04 1.42 −0.05 1.52

0–10 −0.03 0.89 0.12 −3.40 0.27 −8.48

0–15 0.02 −0.59 0.13 −3.68 0.07 −2.12
Average values were derived from the estimated marginal means of the LMM model.
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ethanol samples for microbiome studies, at least for 5 days at room

temperature, which is the usual shipment time.

Regarding the FIT collection method, several studies

recommend its use in epidemiological studies. It has been proved

that, in terms of alpha diversity, FIT samples remain stable for one

week at RT (Gudra et al., 2017; Byrd et al., 2019; Krigul et al., 2021).

Our work agrees with previous research, not showing significant

changes in the composition of the samples.

Previous studies used Scope® oral wash to preserve oral

microbiome samples, and its stability at room temperature was

already verified (Vogtmann et al., 2019; Yano et al., 2020; Wu

et al., 2021); however, it is not easily found in Europe. As

chlorhexidine has been commonly used in many clinical trials

where effective results have been proven in reducing the

proliferation of bacterial (Eick et al., 2011; James et al., 2017;

Brookes et al., 2020; Xiang et al., 2021), we opted for Lacer®

Chlorhexidine oral wash to preserve the samples. To the best of

our knowledge, the stability of Lacer® oral wash samples at room

temperature has not been previously studied. Our results sustain
Frontiers in Microbiomes 08
that the alpha diversity of the samples remained stable for 15 days

at RT with no major shifts.

The choice of the sample collection method in a microbiome

study plays a crucial role in obtaining reliable results (Wu et al.,

2021). The mechanisms affecting bacterial 16S rRNA gene

abundance and reduction in each storage group may vary

depending on the preservative used. FIT samples contain a

stabilizing buffer that prevents bacterial growth and preserves

DNA integrity, which may contribute to their observed stability

over time (Krigul et al., 2021). However, FIT was originally designed

for detecting blood in feces and not specifically for microbiome

studies, which may introduce bias in microbial composition

(Vandeputte et al., 2017). On the other hand, 70% ethanol is

commonly used as a fixative due to its ability to inactivate

microbes and prevent DNA degradation. Nevertheless, some

studies have suggested that it may not preserve microbial

diversity as effectively as other methods (Sinha et al., 2016). Our

results show that, while ethanol-preserved samples remained

relatively stable for up to 5 days, variations in specific taxa were
FIGURE 6

Relative abundance of the main bacterial phyla detected in each sample, stratified by collection method ((a) OW-CH; (b) FIT; (c) ETHANOL) and
individual donor. Changes in phylum-level composition across different time points at room temperature are shown.
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observed, particularly in certain individuals, which aligns with

previous reports (Park et al., 2020). Finally, chlorhexidine-based

mouthwashes provide an antimicrobial effect that helps maintain

DNA integrity, making them a suitable option for oral microbiome

preservation (Eick et al., 2011). This may explain why we observed

minimal changes in oral samples stored in chlorhexidine for 15

days. Researchers should carefully consider these advantages and

limitations when selecting a method, aligning it with the study’s

objectives and the nature of the samples being investigated.

Although we are aware that the small sample size of the present

study is not powered to perform statistical tests, the estimates of

change and 95% confidence intervals allow a reasonable assessment

of the quality of the sample preservation methods. On average, the
Frontiers in Microbiomes 09
magnitude of the changes in alpha diversity was smaller than 2%,

allowing a reasonable assessment of the quality of the sample

preservation methods. Phylum compositions showed good

temporal stability, except for fecal samples preserved in ethanol in

subject number 5, which had a different microbiome pattern.

Furthermore, a shift was observed in individual 1 for the 70%

ethanol samples, while Actinobacteriota increased and Firmicutes

and Bacteroidota decreased. Park et al. (2020) also reported

significant differences in the relative abundance of the two latter

phyla compared to control samples. Regarding order compositions,

although slight relative abundance differences could be found in a

few of the low-abundance orders, the main ones remained stable

during the time of the study.
FIGURE 7

Relative abundance of the main bacterial orders detected in each sample, stratified by collection method ((a) OW-CH; (b) FIT; (c) ETHANOL) and
individual donor. Temporal shifts in microbial composition at the order level are visualized.
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5 Conclusion

To conclude, the stability of the samples regarding diversity and

composition was verified for the chlorohexidine oral wash and two

fecal methods (FIT and 70% ethanol). Alpha diversity was

maintained over 15 days at room temperature for the

chlorohexidine oral wash. For fecal samples, both 70% ethanol

and FIT showed a decrease in diversity over time but a small

decrease during the first 5 days. No substantial changes in overall

abundance were observed, with minor differences noted in some

less abundant phyla and orders.
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Willis, J. R., González-Torres, P., Pittis, A. A., Bejarano, L. A., Cozzuto, L., Andreu-
Somavilla, N., et al. (2018). Citizen science charts two major “stomatotypes” in the oral
microbiome of adolescents and reveals links with habits and drinking water
composition. Microbiome 6, 218. doi: 10.1186/s40168-018-0592-3

Willis, J. R., and Gabaldón, T. (2020). The human oral microbiome in health and
disease: from sequences to ecosystems. Microorganisms 8, 308. doi: 10.3390/
microorganisms8020308

Wu, Z., Hullings, A., Ghanbari, R., Etemadi, A., Wan, Y., Zhu, B., et al. (2021).
Comparison of fecal and oral collection methods for studies of the human microbiota in
two Iranian cohorts. BMC Microbiol. 21 (1), 324. doi: 10.1186/s12866-021-02387-9

Xiang, L., Rojo, R., and Prados-Frutos, J. C. (2021). Evaluation of the efficacy of lacer
haliTM treatment on the management of halitosis: A randomized double-blind clinical
trial. J. Clin. Med. 10, 2256. doi: 10.3390/jcm10112256

Yano, Y., Hua, X., Wan, Y., Suman, S., Zhu, B., Dagnall, C. L., et al. (2020).
Comparison of oral microbiota collected using multiple methods and
recommendations for new epidemiologic studies. mSystems 5, e00156–e00120.
doi: 10.1128/mSystems.00156-20

Young, C., Wood, H.M., Fuentes Balaguer, A., Bottomley, D., Gallop, N., Wilkinson, L.,
et al. (2021). Microbiome analysis of more than 2,000 NHS bowel cancer screening
programme samples shows the potential to improve screening accuracy. Clin. Cancer Res.:
Off. J. Am. Assoc. Cancer Res. 27, 2246–2254. doi: 10.1158/1078-0432.CCR-20-3807
frontiersin.org

https://doi.org/10.1038/s41598-020-61912-4
https://doi.org/10.1016/j.jdent.2020.103497
https://doi.org/10.1016/j.csbj.2022.04.032
https://doi.org/10.1371/journal.pone.0224757
https://doi.org/10.1371/journal.pone.0224757
https://doi.org/10.1101/024034
https://doi.org/10.1038/s41522-020-0124-3
https://doi.org/10.3389/fcimb.2021.625913
https://doi.org/10.1038/srep16350
https://doi.org/10.1038/srep16350
https://doi.org/10.1186/1471-2180-14-103
https://doi.org/10.1186/1471-2180-14-103
https://doi.org/10.1084/jem.20180448
https://doi.org/10.1038/s41579-020-0433-9
https://doi.org/10.1186/s40168-015-0092-7
https://doi.org/10.1093/annonc/mdx261.032
https://doi.org/10.1093/bioinformatics/btac127
https://doi.org/10.1038/s41598-019-49956-7
https://doi.org/10.1002/14651858.CD008676.pub2
https://doi.org/10.1038/s41598-021-99046-w
https://doi.org/10.1016/j.fshw.2018.12.001
https://doi.org/10.3389/fimmu.2018.02868
https://doi.org/10.3389/fimmu.2018.02868
https://doi.org/10.1128/mSystems.01329-20
https://doi.org/10.1128/mSystems.01329-20
https://doi.org/10.3389/fpsyt.2021.814177
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1186/s12866-019-1519-2
https://doi.org/10.1186/s12866-019-1519-2
https://doi.org/10.1099/00221287-148-1-257
https://doi.org/10.1136/bmjopen-2017-018324
https://doi.org/10.1007/s12275-020-0092-6
https://doi.org/10.1007/s12275-020-0092-6
https://doi.org/10.1007/978-3-030-73351-3_5
https://doi.org/10.1093/ofid/ofaa439.828
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1128/mBio.01294-18
https://doi.org/10.1158/1055-9965.EPI-15-0951
https://doi.org/10.1158/1055-9965.EPI-15-0951
https://doi.org/10.1128/mSystems.00021-16
https://doi.org/10.1016/j.bbih.2022.100438
https://doi.org/10.1016/j.bbih.2022.100438
https://doi.org/10.1126/science.abn1890
https://doi.org/10.1093/femsre/fux027
https://doi.org/10.1158/1055-9965.EPI-18-0312
https://doi.org/10.1371/journal.pone.0216557
https://doi.org/10.3389/fmicb.2019.02407
https://doi.org/10.1186/s40168-018-0592-3
https://doi.org/10.3390/microorganisms8020308
https://doi.org/10.3390/microorganisms8020308
https://doi.org/10.1186/s12866-021-02387-9
https://doi.org/10.3390/jcm10112256
https://doi.org/10.1128/mSystems.00156-20
https://doi.org/10.1158/1078-0432.CCR-20-3807
https://doi.org/10.3389/frmbi.2025.1334775
https://www.frontiersin.org/journals/microbiomes
https://www.frontiersin.org

	Stability of oral and fecal microbiome at room temperature: impact on diversity
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 DNA extraction and sequencing
	2.3 Bioinformatics and statistical analysis

	3 Results
	3.1 Comparing alpha and beta diversity between methods
	3.2 Stability of the samples
	3.3 Top 5 phyla stability over time
	3.4 Top 20 orders stability over time

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


