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The COVID-19 pandemic has encouraged scientists and the general population to think more than ever 
before about how we interact with microbes in our indoor spaces. Research investigating transmission 
of SARS-CoV-2 has advanced our knowledge significantly in the last two years. However, indoor 
and built environment microbiomes are extremely complex polymicrobial systems. We have barely 
scratched the surface in our understanding of the microbial inhabitants of our indoor and urban 
spaces. The Microbes in the Built Environment Collection showcases recent research in this important 
topic around the globe.

In September 2018, I attended a meeting for editorial members at Springer Nature where we were told about 
the opportunity to guest edit a collection of articles in Scientific Reports. A few weeks later I proposed to be 
the guest editor for a collection on Microbes and the Built Environment, and we started collecting manuscripts 

in spring of 2019. Little did we know at the time that the behaviour of microbes in indoor spaces would become 
such a crucial topic by the end of the year.

The COVID-19 pandemic has brought attention to how microbes circulate around the places we spend our 
time—whether at home, at work, or in public spaces; indoors and outdoors. There has also been much focus on 
the removal of microbes in indoor environments, from surfaces and the air, in order to reduce the risk of SARS-
CoV-2 transmission1–3. The pandemic has resulted in an influx of new research investigating microbial survival 
and transmission pathways4–6. We might therefore think that we have greatly expanded our understanding of 
the microbes in the built environment beyond what we knew pre-pandemic. However, this assumption would 
be a mistake. While we know a lot more about SARS-CoV-2 viability and transmission, we have likely neglected 
the many other microbial inhabitants in the built environment.

Over the past decades, much research has been carried out on the microbial communities present in natu-
ral environments such as soil7, freshwater systems8, marine systems9 and the microbiomes of various animals, 
including humans10. As mentioned, however, the microbial communities found in the built environment, such 
as indoor environments, public spaces, and air and water handling systems, are often neglected. We tend to think 
that these environments are relatively microbe-free, but this is not the case. Studying these communities, and 
not just single species of microbes, allows us to better understand the ecological and evolutionary factors that 
influence them, as well as how they may interact with ourselves and other animals.

We tend to think of microbes as dirty and dangerous, but microbes have been around for billions of years 
and carry out many useful functions in their various niches. However, we still lack a full understanding of the 
complex and intricate relationships that various microbial species have between themselves and their environ-
ments. This is particularly true in the built environment, where our focus is typically on the removal of microbes 
through cleaning, due to the possible presence of pathogenic organisms that can change our lives dramatically. 
SARS-CoV-2 is an example of such an organism, as are the many antibiotic resistant pathogens that have emerged 
over the past decades11. However, there are also species present in our indoor environments which have positive 
roles, for instance, aiding the development of our immune systems in childhood, and outcompeting pathogens12.

We know little about the varied microbial communities present in our built environments—the bacteria, 
fungi, viruses, algae that we share our spaces with. This Collection is an attempt to get to know them better by 
curating manuscripts of the state-of-the-art research being carried out to better understand these communi-
ties around the world. The Collection includes a variety of microbial communities as well as a broad range of 
environments in which they are found.

The microbiome present in dust collected from various points within a building can reveal the impact of the 
environment on microbial community structure. Nygaard et al.13 show the differences in the bacterial microbi-
omes found on floor dust, and on heating ventilation and air conditioning (HVAC) intake and exhaust filter dust, 
using high-throughput sequencing. They show the HVAC intake filter communities to be rich in environmental 
outdoor organisms that are associated with the natural environment, such as Pseudomonas and Sphingomonas. 
On the other hand, the floor dust and dust from the HVAC exhaust filters were dominated by genera associated 
with human skin and the respiratory system, such as Streptococcus and Staphylococcus. Their work shows the 
influence that occupancy has on the microbiome in indoor spaces.
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Hand wash sinks in the healthcare setting were shown to be different in patient rooms and healthcare staff 
areas. Franco et al.14 used bacterial culture methods to look for opportunistic pathogens present in hand wash 
sinks. They found the drain to be a reservoir for pathogens and high levels of antibiotic resistance among the 
isolated organisms, and that these organisms persisted despite a rigorous daily cleaning regime. Furthermore, 
the resistant organisms were more frequently found in patient rather than staff sinks.

Surfaces in various rooms in the homes of older adults were sampled by Sharpe et al.15. The samples were 
then examined using microbiological culture methods. The results showed that the communities present on the 
surfaces varied according to room and touch frequency. Bedside tables tended to have higher bacterial counts 
and greater biodiversity when compared to other surfaces, such as the phone, bathroom door, and TV remote. 
The study also showed that homes where the occupants reported opening windows frequently had different 
microbial profiles to those who kept windows closed.

Bioaerosols collected from outdoor urban and suburban areas in Japan were shown to have differing micro-
biomes by Tanaka et al.16, according to both location, but also aerosol size. Urban bioaerosols were found to be 
dominated by human skin-associated bacteria, whereas suburban samples were dominated by soil and plant 
associated bacteria. There was also a difference in the microbes identified in coarse larger particles and fine 
smaller particles. The data suggests that local environmental factors, including indoor spaces, could influence 
outdoor bacterial communities.

And we must not forget the eukaryotes. Lloyd et al.17 sampled various freshwater systems in urban Singapore, 
cultured these for microalgae, and compared the species found in different areas of the city. All samples were 
found to have microalgae present, and some water bodies have particularly diverse algal communities. The pres-
ence of these algae not only contribute to the biodiversity in the high-rise environment of Singapore, but many 
of the isolated species are also highly effective at carbon-capture, and of commercial significance.

Finally, Chen et al.18 show that microbial communities in nasal passages can be influenced by the ventilation 
strategy within a space. Their study investigated the bacterial communities found in the nares of occupants and 
the surfaces within spaces using high-throughput sequencing in two groups—hospitalised patients and a non-
hospitalised group. The study showed that the nasal and surface communities were more similar in mechanically 
ventilated spaces. Furthermore, hospitalised patients were more likely to harbour microbes found on their sur-
rounding surfaces highlighting the importance of the patients’ environment.

The “Microbes in the Built Environment” Collection is still open to new submissions. We are interested in 
work that describes the distribution and viability of microbial communities in built and managed environment 
contexts, such as buildings, water treatment facilities, public transport and leisure and hospitality venues.

References
	 1.	 van Doremalen, N. et al. Aerosol and surface stability of SARS-CoV-2 as compared with SARS-CoV-1. New. Engl. J. Med. 382, 

1564–1567 (2020).
	 2.	 Chin, A. W. H. et al. Stability of SARS-CoV-2 in different environmental conditions. Lancet Microbe 1, e10. https://​doi.​org/​10.​

1016/​S2666-​5247(20)​30003-3 (2020).
	 3.	 Allen, J. G. & Marr, L. C. Recognizing and controlling airborne transmission of SARS-CoV-2 in indoor environments. Indoor Air 

30, 557 (2020).
	 4.	 Morawska, L. et al. How can airborne transmission of COVID-19 indoors be minimised?. Environ. Int. 142, 105832. https://​doi.​

org/​10.​1016/j.​envint.​2020.​105832 (2020).
	 5.	 Mondelli, M. U., Colaneri, M., Seminari, E. M., Baldanti, F. & Bruno, R. Low risk of SARS-CoV-2 transmission by fomites in real-

life conditions. Lancet Infect. Dis. 21, e112 (2021).
	 6.	 Razzini, K. et al. SARS-CoV-2 RNA detection in the air and on surfaces in the COVID-19 ward of a hospital in Milan, Italy. Sci. 

Total Environ. 742, 140540 (2020).
	 7.	 Fierer, N. Embracing the unknown: Disentangling the complexities of the soil microbiome. Nat. Rev. Microbiol. 15, 579–590 (2017).
	 8.	 Uyaguari-Diaz, M. I. et al. A comprehensive method for amplicon-based and metagenomic characterization of viruses, bacteria, 

and eukaryotes in freshwater samples. Microbiome 4, 20. https://​doi.​org/​10.​1186/​s40168-​016-​0166-1 (2016).
	 9.	 Trevathan-Tackett, S. M. et al. A horizon scan of priorities for coastal marine microbiome research. Nat. Ecol. Evol. 3, 1509–1520 

(2019).
	10.	 Gilbert, J. A. et al. Current understanding of the human microbiome. Nat. Med. 24, 392–400 (2018).
	11.	 Anderson, M. et al. Averting the AMR crisis: What are the avenues for policy action for countries in Europe?. Copenhagen (Den-

mark): European Observatory on Health Systems and Policies. PMID: 31287637 (2019).
	12.	 Sharma, A. & Gilbert, J. A. Microbial exposure and human health. Curr. Opin. Microbiol. 44, 79–87 (2018).
	13.	 Nygaard, A. B., Tunsjø, H. S., Meisal, R. & Charnock, C. A preliminary study on the potential of Nanopore MinION and Illumina 

MiSeq 16S rRNA gene sequencing to characterize building-dust microbiomes. Sci. Re.p 10, 3209. https://​doi.​org/​10.​1038/​s41598-​
020-​59771-0 (2020).

	14.	 Franco, L. C. et al. A microbiological survey of handwashing sinks in the hospital built environment reveals differences in patient 
room and healthcare personnel sinks. Sci. Rep. 10, 8234. https://​doi.​org/​10.​1038/​s41598-​020-​65052-7 (2020).

	15.	 Sharpe, T. et al. Influence of ventilation use and occupant behaviour on surface microorganisms in contemporary social housing. 
Sci. Rep. 10, 11841. https://​doi.​org/​10.​1038/​s41598-​020-​68809-2 (2020).

	16.	 Tanaka, D. et al. Size resolved characteristics of urban and suburban bacterial bioaerosols in Japan as assessed by 16S rRNA 
amplicon sequencing. Sci. Rep. 10, 12406. https://​doi.​org/​10.​1038/​s41598-​020-​68933-z (2020).

	17.	 Lloyd, C. et al. Identification of microalgae cultured in Bold’s Basal medium from freshwater samples, from a high-rise city. Sci. 
Rep. 11, 4474. https://​doi.​org/​10.​1038/​s41598-​021-​84112-0 (2021).

	18.	 Chen, C.-H. et al. Diversity of nasal microbiota and its interaction with surface microbiota among residents in healthcare institutes. 
Sci. Rep. 9, 6175. https://​doi.​org/​10.​1038/​s41598-​019-​42548-5 (2019).

https://doi.org/10.1016/S2666-5247(20)30003-3
https://doi.org/10.1016/S2666-5247(20)30003-3
https://doi.org/10.1016/j.envint.2020.105832
https://doi.org/10.1016/j.envint.2020.105832
https://doi.org/10.1186/s40168-016-0166-1
https://doi.org/10.1038/s41598-020-59771-0
https://doi.org/10.1038/s41598-020-59771-0
https://doi.org/10.1038/s41598-020-65052-7
https://doi.org/10.1038/s41598-020-68809-2
https://doi.org/10.1038/s41598-020-68933-z
https://doi.org/10.1038/s41598-021-84112-0
https://doi.org/10.1038/s41598-019-42548-5


3

Vol.:(0123456789)

Scientific Reports |         (2022) 12:8732  | https://doi.org/10.1038/s41598-022-12254-w

www.nature.com/scientificreports/

Acknowledgements
Many thanks to the many staff at Scientific Reports who have supported me and the Collection.

Author contributions
L.C. wrote the invited editorial.

Competing interests 
The author declares no competing interests.

Correspondence and requests for materials should be addressed to L.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Microbes in the built environment
	References
	Acknowledgements


