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GutAlive® enables DNA-based
microbiome analysis without
disrupting the original
composition and diversity

Ignacio Montero, Desirée Barrientos,
Claudio Hidalgo-Cantabrana and Noelia Martínez-Álvarez*

MicroViable Therapeutics SL, Gijón, Spain

Introduction: A precise fecal microbiome analysis requires normalized methods
for microbiome sampling, transport and manipulation in order to obtain a
representative snapshot of themicrobial community. GutAlive® is the unique stool
collection kit that generates an anaerobic atmosphere enabling oxygen sensitive
bacteria to survive,maintaining the originalmicrobiome composition and diversity.

Methods: Five stool samples from di�erent donors were collected using two
di�erent sampling devices, GutAlive® and ZymoDNA/RNA Shield®, and processed
at four di�erent time points. Shotgun metagenomics was used to evaluate the
influence of the device and the processing timing on the microbial populations to
unravel the potential fluctuations on the composition and diversity of the fecal
microbiome and the metabolic pathways profiling. Additionally, RT-qPCR was
used to quantify bacterial cell viability for downstream applications of microbiota
samples beyond metagenomics.

Results: Our results show that GutAlive® enables bacterial cell viability overtime
preservingDNA integrity, obtaining high-quantity and high-quality DNA to perform
microbiome analysis using shotgun metagenomics. Based on the taxonomic
profiling, metabolic pathways analysis, phylogeny and metagenome-assembled
genomes, GutAlive® displayed greater performance without significant variability
over time, showcasing the stabilization of the microbiome preserving the original
composition and diversity. Indeed, this DNA stabilization is enabled with the
preservation of bacterial viability on an anaerobic environment inside of the
sampling device, without the addition of any reagents that interact directly with
sample.

Conclusion: All the above makes GutAlive® an user-friendly kit for self-
collection of biological samples, suitable for microbiome analysis, diagnostics,
fecal microbiota transplant and bacterial isolation, maintaining the stability and
bacterial viability over time, preserving the original composition and diversity of
the microbiome.

KEYWORDS

fecal microbiome sampling, microbiome analysis, protocol normalization, shotgun

metagenomics, functional profiling

1. Introduction

The human body harbors a diverse community of microorganisms that live in a
symbiotic relationship with the host. In particular, the gut microbiota performs essential
physiological functions, such as preventing infection by various pathogens (Kamada et al.,
2013; Andoh, 2016; George et al., 2022); participating in the maturation and regulation of
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FIGURE 4

Functional profiling and alpha and beta divergences. (A) Shannon index. (B) PCoA of Bray–Curtis distance. (C) Functional categories of
cross-sectional study functionalities of the identified metabolic pathways and relative abundance.

(Figure 5C). Notably, GutAlive R© provided 440 complete MAGs
while DNA/RNA Shield R© returned 381 (Figure 5D).

The taxonomic classification of the MAGs did not show
significant differences between devices (Figure 5E) and sample time
points although there were differences between donors (Adonis p
< 0.001). Functional profiling at the level of MAGs was consistent
with the above, showing no differences between the variables
studied (Figure 5F).

4. Discussion

The human microbiome is one of the fastest-growing areas of
biomedical research, from diagnostics to therapeutics. However,
there is a lack of consistency in protocol normalization, which
definitely affects the comparability of results between different
studies. The standardization of sample collection, DNA extraction,
and bioinformatics analysis of sequencing data is lagging behind
(Cardona et al., 2012; Santiago et al., 2014; International Human
Microbiome Standards, 2015). In this study, we propose the use
of GutAlive R© as a standard method to collect stool samples
and maintain their quality over time for further downstream
analysis. It has been demonstrated that GutAlive R© maintains the
viability of strict anaerobes typically present in fecal samples due
to the anaerobic atmosphere generated within the collection device
(Martínez et al., 2019). In this study, we demonstrate the usability of
GutAlive R© for DNA-based microbiome analysis, allowing shotgun

metagenomics to be performed at different time points without
disrupting the original microbiome composition and diversity and
maintaining bacterial viability and DNA stability over time.

Commercially available stool collection devices can only
accommodate a few grams of sample, introducing several
limitations on sample quantity and sample availability, especially
when various applications or replicates are required. In addition,
the extensive donor recruitment efforts required in any project
can be rendered useless if not enough sample is collected. In
addition to microbiome analysis and diagnostics, fecal bacterial
isolation or fecal microbiota transplantation will require higher
amounts of samples (Cammarota et al., 2017) and bacterial cells
in viable conditions. GutAlive R© can accommodate up to 120 g,
which is less restrictive on the amount collected (Wang et al.,
2018) and an advantage, especially when several applications
are going to be performed on the same sample. Moreover,
the anaerobic atmosphere generated inside ensures the survival
of oxygen-sensitive bacteria, including strict anaerobic bacteria
(Martínez et al., 2019), which allows for various downstream
applications, including microbiome analysis, bacterial isolation,
cryopreservation, and/or fecal microbiota transplantation. In
addition to this high-capacity container, there is no bias introduced
during donor self-collection of the sample, as the entire deposition
can be collected.

Regarding sample processing times, it is important to highlight
that in most cases, there is a delay between sample collection and
laboratory processing, with some protocols introducing a freezing
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FIGURE 5

Metagenome-assembled genome analysis. (A) Completeness. (B) Purity. (C) Total number of di�erent taxa. (D) Number of contigs with 100%
completeness. (E) Sankey plot from phylum to family-level. (F) Heatmap representing the functional categories of the identified metabolic pathways.
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step [−20◦C or −80◦C] (Cardona et al., 2012; Santiago et al.,
2014; International Human Microbiome Standards, 2015; Alarcón
Cavero et al., 2016; Cammarota et al., 2017;Wang et al., 2018; Bellali
et al., 2019); however, this can extremely affect bacterial viability.
GutAlive R© showed great performance in stabilizing samples at
room temperature without the need for refrigeration, reducing
logistics costs and microbiome alteration, and was recommended
by the Spanish Association of Gastroenterology (García García de
Paredes et al., 2019).

Microbiome analysis and diagnostics require high-quality DNA
to obtain a representative snapshot of the microbial community.
There are many user-friendly and small kits designed for this
purpose, and one example is DNA/RNA Shield R©, which uses
buffer solutions in contact with the sample to stabilize nucleic
acids. GutAlive R© is able to enhance DNA stability by preserving
bacterial viability and generating anaerobic conditions inside the
device without adding any reagents to the sample that may
alter it for other downstream applications and not just for DNA
extraction. We used PMA coupled with qPCR to obtain accurate
bacterial quantification and the absence of differences between
viable bacteria and total bacteria shows that GutAlive R© preserves
bacterial viability and therefore, bacterial DNA integrity, making
it a suitable device for DNA-based microbiome analysis. The
shotgun metagenomic analysis enables microbiome profiling and
functional analysis to elucidate the bacterial taxa that play a key
role in human health and the dysbiosis associated with certain
diseases. A truly representative sample is required for accurate
diagnosis and any potential bias in microbial populations due to
sample processing time and DNA degradation, and other variables
and fluctuations should be avoided. In this regard, GutAlive R©

showed great performance for microbiome analysis over the 5
days of the study, maintaining consistency in bacterial taxa and
their relative abundance. GutAlive R© was able to maintain sample
stability over time, capturing a snapshot of the original microbiome
composition and diversity, representing a fingerprint of each
donor, with no alterations (alpha and beta divergences) in the
microbial populations.

M microbiome functional analysis based on pathway
identification provided consistent results across variables, with
similar conclusions to the taxonomic profiling in terms of
sample stability over time. The significant donor clustering
observed with taxonomic profiling was not as distinct from
metabolic pathways, mainly because of the broad core metabolic
functions shared among different bacterial taxa (Turnbaugh et al.,
2009).

Notably, the MAG analysis showed that GutAlive R©-collected
samples can yield genomes with a level of purity and completeness
comparable to that of DNA/RNA Shield R©. The taxonomic and
functional profiling based on MAGs confirmed the results of the
aforementioned metagenomic analysis, with the composition and
diversity of the microbiome remaining consistent over the 5 days
of the study.

All these data allow us to conclude that GutAlive R© is
a high-capacity, user-friendly kit for the self-collection of
biological samples under anaerobic conditions, allowing
microbiome stabilization based on bacterial cell viability.

These characteristics make GutAlive R© suitable for DNA-
based microbiome analysis and diagnostics, opening
new avenues for protocol normalization and method
standardization, but also for other potential applications that
require live cells, such as fecal microbiota transplantation
or anaerobic bacterial isolation for the development of live
biotherapeutic products.
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et al. (2017). European consensus conference on faecal microbiota transplantation in
clinical practice. Gut. 66, 569–580. doi: 10.1136/gutjnl-2016-313017

Cardona, S., Eck, A., Cassellas, M., Gallart, M., Alastrue, C., Dore, J., et al. (2012).
Storage conditions of intestinal microbiota matter in metagenomic analysis. BMC
Microbiol. 12, 1–8. doi: 10.1186/1471-2180-12-158

Caspi, R., Billington, R., Fulcher, C. A., Keseler, I. M., Kothari, A., Krummenacker,
M., et al. (2018). The MetaCyc database of metabolic pathways and enzymes. Nucleic
Acids Res. 46, D633–D639. doi: 10.1093/nar/gkx935

Castillo-Álvarez, F., and Marzo-Sola, M. E. (2022). Role of the gut microbiota in
the development of various neurological diseases. Neurol. (English Ed). 37, 492–498.
doi: 10.1016/j.nrleng.2019.03.026

Chaumeil, P. A., Mussig, A. J., Hugenholtz, P., and Parks, D. H. (2020). GTDB-Tk:
a toolkit to classify genomes with the genome taxonomy database. Bioinformatics. 36,
1925–1927. doi: 10.1093/bioinformatics/btz848

Gao, B., Chi, L., Zhu, Y., Shi, X., Tu, P., Li, B., et al. (2021). An introduction to next
generation sequencing bioinformatic analysis in gut microbiome studies. Biomolecules.
11, 530. doi: 10.3390/biom11040530

García García de Paredes, A., López-Sanromán, A., Foruny Olcina, J. R., Peñas
García, B., Cobo Reiniso, J., del Campo Moreno, R., et al. (2019). “Trasplante de
microbiota fecal por colonoscopia para el tratamiento de la infección recurrente por
Clostridium difficile,” in Protocolos asistenciales para mejorar la Gestión interdisciplinar
de las enfermedades Digestivas en el ámbito hospitalario (Asociación Españo de
Gastroenterología) p. 1−53.

George, S., Aguilera, X., Gallardo, P., Farfán, M., Lucero, Y., Torres, J. P.,
et al. (2022). Bacterial gut microbiota and infections during early childhood. Front.
Microbiol. 12, 793050. doi: 10.3389/fmicb.2021.793050

Graham, E. D., Heidelberg, J. F., and Tully, B. J. (2018). Potential for primary
productivity in a globally-distributed bacterial phototroph. ISME J. 12, 1861–1866.
doi: 10.1038/s41396-018-0091-3

Helmink, B. A., Khan, M. A. W., Hermann, A., Gopalakrishnan, V., and Wargo,
J. A. (2019). The microbiome, cancer, and cancer therapy. Nat. Med. 25, 377–388.
doi: 10.1038/s41591-019-0377-7

Hyatt, D., Chen, G. L., LoCascio, P. F., Land, M. L., Larimer, F. W., and Hauser,
L. J. (2010). Prodigal: prokaryotic gene recognition and translation initiation site
identification. BMC Bioinformatics. 11, 119. doi: 10.1186/1471-2105-11-119

International Human Microbiome Standards (2015). Available online at: http://
www.human-microbiome.org/ (accessed November 9, 2022).

Kamada, N., Chen, G. Y., Inohara, N., and Núñez, G. (2013). Control of
pathogens and pathobionts by the gut microbiota. Nat. Immunol. 14, 685–690.
doi: 10.1038/ni.2608

Kumar, R., Eipers, P., Little, R. B., Crowley, M., Crossman, D. K., Lefkowitz,
E. J., et al. (2014). Getting started with microbiome analysis: sample acquisition to
bioinformatics. Curr. Protoc. Hum. Genet. 82, 18. doi: 10.1002/0471142905.hg1808s82

Li, D., Luo, R., Liu, C. M., Leung, C. M., Ting, H. F., Sadakane, K.,
et al. (2016). MEGAHIT v1.0: a fast and scalable metagenome assembler
driven by advanced methodologies and community practices. Methods. 102, 3–11.
doi: 10.1016/j.ymeth.2016.02.020

Martínez, N., Hidalgo-Cantabrana, C., Delgado, S., Margolles, A., and Sánchez, B.
(2019). Filling the gap between collection, transport and storage of the human gut
microbiota. Sci. Rep. 9, 1–8. doi: 10.1038/s41598-019-44888-8

McIver, L. J., Abu-Ali, G., Franzosa, E. A., Schwager, R., Morgan, X. C., Waldron,
L., et al. (2018). BioBakery: a meta’omic analysis environment. Bioinformatics. 34,
1235–1237. doi: 10.1093/bioinformatics/btx754

Miller, I. J., Rees, E. R., Ross, J., Miller, I., Baxa, J., Lopera, J., et al. (2019). Autometa:
automated extraction of microbial genomes from individual shotgun metagenomes.
Nucleic Acids Res. 47, e57–e57. doi: 10.1093/nar/gkz148

Oliphant, K., and Allen-Vercoe, E. (2019). Macronutrient metabolism by the human
gut microbiome: major fermentation by-products and their impact on host health.
Microbiome. 7, 1–15. doi: 10.1186/s40168-019-0704-8

Parks, D. H., Imelfort, M., Skennerton, C. T., Hugenholtz, P., and Tyson, G. W.
(2015). CheckM: assessing the quality of microbial genomes recovered from isolates,
single cells, and metagenomes. Genome Res. 25, 1043. doi: 10.1101/gr.186072.114

Qian, X. B., Chen, T., Xu, Y. P., Chen, L., Sun, F. X., Lu, M. P., et al. (2020). A guide
to human microbiome research: study design, sample collection, and bioinformatics
analysis. Chin. Med. J. (Engl). 133, 1844. doi: 10.1097/CM9.0000000000000871

Rowland, I., Gibson, G., Heinken, A., Scott, K., Swann, J., Thiele, I., et al. (2018).
Gut microbiota functions: metabolism of nutrients and other food components. Eur. J.
Nutr. 57, 1. doi: 10.1007/s00394-017-1445-8

Roy, S., and Trinchieri, G. (2017). Microbiota: A key orchestrator of cancer therapy.
Nat. Rev. Cancer 17, 271–285. doi: 10.1038/nrc.2017.13

Santiago, A., Panda, S., Mengels, G., Martinez, X., Azpiroz, F., Dore, J., et al. (2014).
Processing faecal samples: A step forward for standards in microbial community
analysis. BMCMicrobiol. 14, 1–9. doi: 10.1186/1471-2180-14-112

Suzuki, M. T., Taylor, L. T., and DeLong, E. F. (2000). Quantitative analysis of
small-subunit rRNA genes in mixed microbial populations via 5’-nuclease assays. Appl.
Environ. Microbiol. 66, 4605–4614. doi: 10.1128/AEM.66.11.4605-4614.2000

Tang, Q., Jin, G.,Wang, G., Liu, T., Liu, X.,Wang, B., et al. (2020). Current Sampling
Methods for Gut Microbiota: A Call for More Precise Devices. Front. Cell. Infect.
Microbiol. 10, 151. doi: 10.3389/fcimb.2020.00151

Thomas, V., Clark, J., and Doré, J. (2015). Fecal microbiota analysis: an overview of
sample collection methods and sequencing strategies. Future Microbiol. 10, 1485–1504.
doi: 10.2217/fmb.15.87

Tremlett, H., Bauer, K. C., Appel-Cresswell, S., Finlay, B. B., and Waubant, E.
(2017). The gut microbiome in human neurological disease: a review. Ann. Neurol.
81, 369–382. doi: 10.1002/ana.24901

Turnbaugh, P. J., Hamady, M., Yatsunenko, T., Cantarel, B. L., Duncan, A., Ley, R.
E., et al. (2009). A core gut microbiome in obese and lean twins. Nature. 457, 480–484.
doi: 10.1038/nature07540

Wang, Z., Zolnik, C. P., Qiu, Y., Usyk, M., Wang, T., Strickler, H. D.,
et al. (2018). Comparison of fecal collection methods for microbiome and
metabolomics studies. Front. Cell. Infect. Microbiol. 8, 301. doi: 10.3389/fcimb.20
18.00301

Zheng, D., Liwinski, T., and Elinav, E. (2020). Interaction between microbiota
and immunity in health and disease. Cell Res. 30, 492–506. doi: 10.1038/s41422-02
0-0332-7

Frontiers inMicrobiology 09 frontiersin.org

https://doi.org/10.3389/fmicb.2023.1118291
https://doi.org/10.1159/000444066
https://doi.org/10.1093/bioinformatics/btz859
https://doi.org/10.1038/s41591-020-01183-8
https://doi.org/10.7554/eLife.65088.sa2
https://doi.org/10.3389/fmicb.2019.01606
https://doi.org/10.1136/gutjnl-2016-313017
https://doi.org/10.1186/1471-2180-12-158
https://doi.org/10.1093/nar/gkx935
https://doi.org/10.1016/j.nrleng.2019.03.026
https://doi.org/10.1093/bioinformatics/btz848
https://doi.org/10.3390/biom11040530
https://doi.org/10.3389/fmicb.2021.793050
https://doi.org/10.1038/s41396-018-0091-3
https://doi.org/10.1038/s41591-019-0377-7
https://doi.org/10.1186/1471-2105-11-119
http://www.human-microbiome.org/
http://www.human-microbiome.org/
https://doi.org/10.1038/ni.2608
https://doi.org/10.1002/0471142905.hg1808s82
https://doi.org/10.1016/j.ymeth.2016.02.020
https://doi.org/10.1038/s41598-019-44888-8
https://doi.org/10.1093/bioinformatics/btx754
https://doi.org/10.1093/nar/gkz148
https://doi.org/10.1186/s40168-019-0704-8
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1097/CM9.0000000000000871
https://doi.org/10.1007/s00394-017-1445-8
https://doi.org/10.1038/nrc.2017.13
https://doi.org/10.1186/1471-2180-14-112
https://doi.org/10.1128/AEM.66.11.4605-4614.2000
https://doi.org/10.3389/fcimb.2020.00151
https://doi.org/10.2217/fmb.15.87
https://doi.org/10.1002/ana.24901
https://doi.org/10.1038/nature07540
https://doi.org/10.3389/fcimb.2018.00301
https://doi.org/10.1038/s41422-020-0332-7
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

