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ARTICLE INFO ABSTRACT

Handling Editor: Adrian Covaci The indoor environment is recognized as a potential contributor to human health impacts through resident
microbiomes. Indoor surface microbial communities are formed from several sources, environmental and
anthropogenic. In this study, we characterized the bacterial and fungal communities from various sources typical
of a working office environment including dust, fingers, and computer keyboards and mice. The composition of
the dust bacterial community was significantly different from the other tested surfaces (P < 0.05), whereas the
dust fungal community was only significantly different from fingers (P < 0.05). Bacterial and fungal communities
were both shaped by deterministic processes, and bacterial communities had a higher migration rate. Results of a
network analysis showed that the microbial community interactions of keyboards and mice were mainly
competitive. Fast expectation-maximization microbial source tracking (FEAST) identified the sources of > 70 %
of the keyboard and mouse microbial communities. Biomarkers for each sample types were identified by LDA
Effect Size (LEfSE) analysis, some of which were soil-derived and potential anthropogenic pathogens, indicating
the potential for exchange of microbes among outdoor, human and indoor surfaces. The current study shows that
the source of microorganisms at the office interface is highly traceable and that their migration is linked to
human activity. The migration of potentially pathogenic microbes were identified, emphasising the importance
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of personal hygiene.

1. Introduction

It is estimated that humans spend >80 % of their time in indoor
environments (Klepeis et al., 2001; Liu et al., 2020). Prolonged time
indoors has potential health impacts (Li et al., 2019) through in-
teractions with resident microbiomes (Lewis, 2021). For example, in-
door dusts have been reported to carry various harmful pathogenic
virus, bacteria and fungi (Garber, 2001; Seppanen and Fisk, 2004) and
have potential to lead to respiratory diseases including asthma that has a
deleterious effect on human health (Maciag and Phipatanakul, 2022).
Conversely, studies suggested that exposure to certain indoor bacteria in
early life stages is beneficial for health (Dannemiller et al., 2016; Lynch
et al., 2014). For example, exposure to high abundance of fungal genus
Cryptococcus, bacterial Firmicutes and Bacteriodetes in very early life
stages might decrease potential threats (e.g., asthma) to human health

(Stephens and Gibbons, 2016).

Dust microbes vary according to the type of indoor environment
(Rintala et al., 2012) and their community composition is influenced, for
example, by human activities, building environment, and pet ownership
(Canha et al., 2018; Gupta et al., 2019; Lee et al., 2002). Furthermore,
microbes from external sources such as climbing plants growing on
building facades (Zhou et al., 2021d), and microbes carried by outdoor
airborne particles such as PM 2.5 and PM 10 (Grydaki et al., 2021;
Happo et al., 2013), can also be a source for the indoor microbiome.

The human skin is inhabited by a diversity of microbes and is in
constant contact with microbial-rich interfaces (Byrd et al., 2018). Skin
microbes have unique characteristics that distinguish them from other
body microbiomes (Hannigan et al., 2015; Oh et al., 2016), with skin
bacteria more abundant and diverse than skin fungal communities (Oh
et al., 2016). The composition of the skin microbiota is related to both
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the humidity and physiological characteristics of the skin area and the
associated sebaceous microenvironment (Jo et al., 2017). It is also
influenced by a variety of external environmental factors, such as life-
style, indoor environment, and pets (Gupta et al., 2019; Lax et al., 2014;
Martin-Sanchez et al., 2021). Skin is relatively poor in nutrients (Byrd
et al., 2018), thus resident microbes utilize available resources present
in sweat, the cortex and stratum corneum (Scharschmidt and Fischbach,
2013). The resident skin microbial community actively prevent the
colonization of pathogenic bacteria in a process known as ’anti-coloni-
zation’, so that human skin acts as a barrier between the body and the
environment (Kang et al., 2018; Sanford and Gallo, 2013). Where the
barrier is broken or the balance between beneficial and pathogenic
microbes is disturbed, the skin is a potential route for infection (Fitz-
Gibbon et al., 2013). In susceptible individuals, the colonization of
pathogenic bacteria often results in skin disease (Wisniewska et al.,
2019). In addition, pathogenic bacteria may help other pathogens to
colonize the skin by modulating the host’s immune response (Cogen
et al., 2010).

Computer keyboards and mice are essential office items and are
surfaces with a high degree of contact with hands and transfer microbes
from indoor dust and human skin (Dayane et al., 2019; Gibbons, 2016).
Thus, keyboards, through high frequency contact and deposition of skin
microbes, become an extension of the skin environment (Fonseca et al.,
2016; Lax et al., 2015). However, little is known about the assemblage of
microbial communities at these interfaces and how they interact with
the skin microbiota. Potentially, these surfaces may also contain path-
ogenic microbes that threaten human health (Gebel et al., 2013).
Whereas the species of these pathogenic bacteria and their potential
sources remain unclear. In this study, we conducted high-throughput
sequencing of microbial communities from a range of sample types
(finger, mice, keyboard, and their surrounding environment) associated
with 40 office workers with the aim of 1) characterizing microbial
communities from tested surfaces; 2) exploring the pattern of microbial
colonization of office surfaces through human interaction; and 3)
identifying whether pathogenic bacteria were present.

2. Material and methods
2.1. Experiment design and DNA extraction

A total of 40 people (20 males and 20 females) from an office located
in Xiamen city, Fujian, China (24°36' N, 118°03'E) were selected for
study. The offices were cleaned and vacuumed weekly. Samples were
taken from their keyboard, mouse, dust surrounding their workstation
and all ten digits. Prior to sampling hand washing had not occurred
within 2 h. Workstation dust samples were taken as being representative
of deposited aerosols. To collect microbes from each surface, sterilized
cotton swabs were first dipped in Tween-20 reagent (Beyotime, China)
and each surface swabbed 5 times. Post sampling, swabs were stored in
individual sterile 2.0 ml centrifuge tubes and at —20 °C prior to DNA
extraction. The cotton from the swabs was stripped and DNA extracted
using a QIAamp® BiOstic® Bacteremia DNA Kit (Germany) following
the manufacturer’s instructions. DNA quality control was assessed using
a Qubit 3.0 fluorometer (Zhou et al., 2021b). Extracted DNA was stored
at —20 °C prior to high-throughput sequencing.

2.2. High-throughput sequencing

Bacterial (16 s rRNA; 338F/806R, region V3-V4) (Fadrosh et al.,
2014) and fungal (ITS; fITS7/ITS4) (Karlsson et al., 2014) primer sets
were used to evaluate the composition of microbial communities from
different sample types. The PCR amplification mixture contained 12.5
pL of Phusion Hot Start Flex Master Mix (Li et al., 2021), 0.1 uM each of
forward and reverse primer, 3.0 pL. DNA and sterile ddH20 to make a
final volume of 25 pL. PCR conditions were as previously described for
bacteria (Li et al., 2021) and fungi (Zhao et al., 2020). Amplification
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products were purified using a universal DNA purification kit (DP214-3
Tiangen, China). The quality and quantity of purified amplicons were
analyzed by Qubit Fluorometer 3.0 and sent to LC-BIO Bio-tech 1td
(Hangzhou, China) for high-throughput sequencing using an Illumina
Miseq PE300 platform.

Bacterial and fungal sequences were analyzed by Quantitative In-
sights Into Microbial Ecology 2 (QIIME 2) (Bolyen et al., 2019).
“USEARCH” was used to identify and discard chimeric sequences
(Edgar, 2013). Amplicon sequence variants (ASVs) were generated using
a DADA2 pipeline. Silva (v138) and Unite (v8.2) databases were used to
annotate bacterial and fungal taxonomy, respectively. Alpha and beta
diversity of samples were calculated using QIMME 2. Identification of
potential bacterial pathogens used 16Spip software with an identity
threshold of 100 % (Miao et al., 2017). Sequencing data for this study
are openly accessible at the Science Data Bank using the following links
for bacteria (https://www.doi.org/10.11922/sciencedb.01595) and
fungi (https://resolve.pid21.cn/31253.11.sciencedb.01595).

2.3. Statistical analysis

Microsoft Excel 2018 was used to calculate the sum, standard errors
and means of the relative abundance of bacterial and fungal commu-
nities. SPSS 22 (IBM, USA) was used to calculate ANOVA and signifi-
cance level (only P < 0.05 was considered) of each sample. Principal
Coordinate Analysis (PCoA) based on Bray-Curtis distances were con-
ducted by the R package, “Vegan” (Oksanen et al., 2019). To assess
whether community composition differed between sample types, PCoA
scores were analysed using the “ANOSIM” function in “Vegan”. Null
hypotheses were determined by previous study (Clarke, 1993). A neutral
community model (NCM) (Burns et al., 2016) was determined as pre-
viously described (Zhou et al., 2021c). For each sample a normalized
stochasticity ratio (NST) was calculated using the R package, “NST”, to
quantify the assembly mechanism of microbial communities (Ning et al.,
2019). A 50 % threshold was set to evaluate whether assembly was
dominated by deterministic or stochastic proccesses. Bar chart, PCoA,
NCM, NST, LDA Effect Size (LEfSe) and Venn analysis were visualized
using online OmicStudio tools (https://www.omicstudio.cn/tool). A
network analysis based on Random matrix theory (RMT) was deter-
mined using an online tool, Molecular Ecological Network Analysis
Pipeline (MENAP), http://ieg4.rccc.ou.edu/MENA/. Following the
protocol provided by the developers, network parameters, such as
average clustering coefficient (avgCC, the average percentage of in-
terconnections between pairs of nodes that are connected to the same
node.), density (Measurement of network integrity) and modulity (po-
tential microbial community detection algorithms) were calculated
(Deng et al, 2012) and visualized via Gephi 0.9.2. The positive
(collaboration) and negative (competition) correlations between the two
nodes are indicated by different colours, respectively. Fast expectation-
maximization microbial source tracking (FEAST) quantified the contri-
bution of different microbial sources for each sampled surface type
(Shenhav et al., 2019) and visualized by Originlab 2018.

3. Results
3.1. Microbial community profiles

A total of 8,011,287 and 11,739,507 high-quality bacterial and
fungal sequences were obtained ranging from 32,810 to 68,513 and
65,772 to 91,929 per sample, respectively. From these sequences, a total
of 3615 and 1305 ASVs were identified. Compared to other sample
types, bacterial and fungal communities from dust samples had a
significantly higher alpha-diversity (p < 0.05) (Fig. Sla-b). Proteobac-
teria, Firmicutes, Actinobacteria, Bacteroidetes and Cyanobacteria were
the dominant bacterial phyla detected from all samples, whereas,
Ascomycota and Basidiomycota were the dominant fungi detected from
office surface and skin samples (Fig. S1c-d). The composition of bacterial
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communities from dust samples significantly differed from finger (P =
0.002), keyboard (P = 0.001) and mouse (P = 0.001) samples (Fig. 1a-
g). Furthermore, bacterial communities from fingers separated from
both keyboard (P = 0.003), and mouse (P = 0.014) samples along the
PCoAl axis (Fig. 1e and f). No significant difference was observed be-
tween keyboard and mouse samples (Fig. 1g). The composition of fungal
communities from dust samples was significantly different from finger
samples (P = 0.019), but not from the other sample types (Fig. 1i-k).
Both bacterial and fungal communities from dust, keyboard and
mouse samples were fitted to a neutral community model (NCM)
(Fig. 2a-e). Bacterial and fungal communities from keyboard and mouse
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samples had a better goodness fit than dust samples, and bacterial
communities had a better goodness fit than fungal communities in dust
for all sample types. The migration rate (m) of either bacterial or fungal
communities from keyboard and mouse samples was greater than dust
samples. A normalized stochasticity ratio (NST) quantified the assembly
mechanisms of bacterial and fungal communities for each surface type,
indicating that a deterministic process dominated in all samples with an
average NST value lower than the 50 % threshold (Fig. 2f). Dust samples
had a significantly lower NST value than either keyboard (P < 0.001) or
mouse (P < 0.001) samples for both bacterial and fungal communities.

A network analysis assessed the co-occurrence patterns among skin
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estimated migration rate, respectively. Blue, grey and red dots indicate over-representation, best fit and under-representation of the model to the sample types.
Normalized stochasticity ratio (NST) of bacterial and fungal communities among dust, keyboard, and mouse samples (f). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

microbiota. Average clustering coefficients (avgCC) for the bacterial
networks in dust, keyboard and mouse samples were 0.531, 0.472 and
0.444. For all sample types, the density of bacterial networks in dust
samples was greatest, while modularity was lower than either keyboard
or mouse samples (Fig. S2a-c). At least 70 % of network links across all
sample types were positive (Fig. 2Sd). The avgCC for fungal networks
from dust, keyboard and mouse samples were 0.795, 0.789 and 0.837. A
higher density of fungal networks occurred with mouse samples whereas
modularity was greatest in keyboard samples (Fig. S2e-g). Positive
correlations predominated (>99 %) in fungal networks (Fig. S2h). Re-
sults of interactions between microbial taxa showed that dust samples
had the highest avgCC and network density but lowest modularity
(Fig. 3a-c). In contrast to bacterial communities, network links across all

avgCC: 0.418 avgCC: 0.379
Density: 0.323 Density: 0.307
Module: 0.106 Module: 0.116

samples were at least 68 % negative (Fig. 3e).

3.2. Source tracking of microbiota

Dust, finger, keyboard, and mouse samples shared 707 bacterial
ASVs (Fig. 4a). Dust samples had the most unique ASVs (784). Keyboard
and mouse samples shared 1052 and 1096 bacterial ASVs with finger
samples, and shared 1121 and 1063 ASVs with dust samples, respec-
tively. For fungal communities, 470 ASVs were shared between all
sample types (Fig. 4b). Keyboard samples had the most unique ASVs
(529), while finger samples had the least (201). Keyboard and mouse
samples shared 649 and 686 fungal ASVs with finger samples, and
shared 936 and 803 ASVs with dust samples, respectively.

0 20 40 60 80 100%

1sng

asnoy pieoqhay

avgCC: 0.413 Positive
Density: 0.314 Negative
Module: 0.144

Fig. 3. Co-occurrence pattern of microbiota (a-c) from dust, keyboard and mouse samples based on random matrix theory. Average clustering coefficient (avgCC),
network density and modularity are calculated to indicate the properties of network. Bar-charts (e) depict the percentages of positive and negative links be-

tween nodes.
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Fig. 4. Venn diagram at microbial ASV level from dust, finger, keyboard, and mouse samples (a) and (b). Fast expectation- maximization microbial source tracking
(FEAST) analysis for dust, finger, keyboard and mouse samples based on microbial ASV level (c) and (d). Direction of the arrows represents the source-sink re-

lationships, and percentages represent the contribution of sources to sink.

Main sources of microbial communities for each surface type differed
(Fig. 4c). The predominant source (45 %) of the dust microbiome was
external to the studied system, whereas both the keyboard and mouse
were the main sources for the bacterial community of each other, 39 %
and 36 %, respectively. The bacterial community associated with finger
samples had an equal contribution (29 %) from both keyboard and
mouse. With regard to fungal communities, though the percentage
contributions were slightly different, the same source pattern occurred
for dust and finger samples (Fig. 4d). However, for keyboard and mouse
samples, instead of a single main source all other sources contributed
approximately equally to the fungal community (Fig. 4d).

3.3. Recognition of potential pathogens

LEfSe analysis identified potential bacterial and fungal biomarkers
for all sample types (Fig. 5a and b) as follows: mouse, Lachnoclostridium
(bacteria) and Thielavia (fungi); keyboard, Sporosarcina (bacteria) and
Malassezia (fungi); finger, Staphylococcus (bacteria) and Candida (fungi);
and dust, Rhizobiaceae (bacteria) and Fimetariella (fungi).

A total of 125 potential pathogens (human and plant) were identified
from samples, of which 13 had a relative abundance > 1 % and were
shared across all sample types (Fig. 5¢). In contrast, Gardnerella vaingalis
and Streptococcus sanguinis were unique to finger samples (Fig. 5c). The
relative abundance of S. epidermidis was greatest in finger samples, while
Bacillus cereus was greatest in dust samples (Fig. 5d).

4. Discussion

The composition of the bacterial community from workstation dust

differed from the other tested surfaces. This concurs with our a priori
assumption and previously published studies (Zwa et al., 2020) that
bacterial communities associated with workstation dust would likely
originate from external sources such as aerosol deposition. This was
supported by FEAST analysis which identified that 45 % of the bacteria
detected was from external sources and included Rhizobiaceae, a bac-
terial family typical of soil (Rintala et al., 2008). One potential source of
soil-derived bacteria, was the building facade external to the studied
office which was planted with climbing plants and is a known source of
transferable microbiota (Zhou et al., 2021d). In addition, airborne PM
2.5 or PM 10 could also have transferred microorganisms to the indoor
environment (Zhou et al., 2021a) via open windows and once entered,
circulated throughout the office area via the air conditioning system.
As would be expected, microbial communities of surfaces in most
frequent contact with humans, in this study, computer keyboards and
mice had the least contribution (c. 25 %) from dust sources to their
respective community composition. A two-way contribution to both
bacterial and fungal communities existed between skin and computer
devices with approximately 20-30 % of the community derived from
each source. Furthermore, reconstructed bacterial networks of computer
keyboards and mice had higher modularity and lower average clustering
coefficients (avgCC), suggesting more complex and robust network re-
lationships associated with skin (finger) contact (Deng et al., 2012). This
is likely through several potential scenarios including migration and
subsequent colonization (Gibbons, 2016), and natural sweating that
provides a nutrient resource for micro-organisms (Hayashi et al., 2021).
In addition, introduced microbes through skin contact may impact the
intrinsic surface microbial community, disrupting the original microbial
network structure and making it more complex (Yuan et al., 2021).
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Fig. 5. LDA Effect Size (LEfSe) analysis highlights the bacterial and fungal biomarkers associated with dust, finger, keyboard and mouse samples (a > 0.01, LDA
score > 3.6) (a) and (b). Shared network and relative abundance of potential pathogens (>1%) among dust, finger, keyboard, and mouse (c) and (d).

As perhaps could be anticipated, all communities from the different
sample types were determined by deterministic processes, with
keyboard and mouse samples having higher NST values than dust. This
contrasts with a recent study which found indoor expiratory bacteria
and fungi were determined by stochastic processes (Zhang et al., 2022),
possibly due to differences in habitat and nutrient availability resulting
in microbial communities being driven by different processes (Adams
et al., 2015). Both NCM and NST analysis further confirmed that bac-
terial communities had higher migration rates than fungi, perhaps due
to differences in body size (bacteria vs fungi) (De Bie et al., 2012).

Through LEfSe analysis, bacterial and fungal biomarkers indicative
of each sample type were identified. Staphylococci, in line with other
studies (O’flaherty et al., 2005; Tong et al., 2015), were prevalent in skin
samples. However, Lachnoclostridium and Sporosarcina, usually found in
the human gut (Liang et al., 2020; Priyodip and Balaji, 2019), were
identified as biomarkers for computer mice and keyboards, respectively,
suggesting anthropogenic mediated colonization of microbes. Although
in comparatively low abundance, several pathogens were present in the
sample types tested including human pathogens, for example, Pseudo-
monas aeruginosa, Acinetobacter baumannii and Escherichia coli, which
were reported previously from domestic residences (Ijaz et al., 2016;

Rosas et al., 1997; Whitby and Rampling, 1972). Furthermore, our data
suggests that potential pathogens such as Staphylococcus epidermidis,
once introduced to and established in the office environment, can in-
crease in abundance through human interaction with computer key-
boards and mice. This concurs with a previous study, that found
Staphylococcus epidermidis with antibiotic resistance associated with
computer touch screens (Gerba et al., 2016).

Overall, this study has demonstrated that distinct microbial com-
munities are associated with several components of a typical office
environment, including opportunistic pathogens. The formation of mi-
crobial communities at the office interface is mediated by the hand.
Fingers drive the migration of microbial communities in all sectors. To
minimize potential negative consequences of pathogens being present in
an office environment, mitigation strategies such as personal hygiene is
essential (Two et al., 2016); as is effective cleaning of office surfaces
(Gerba et al., 2016); and maintaining room ventilation (Hobday and
Dancer, 2013).

CRediT authorship contribution statement

Hu Li: Conceptualization, Data curation, Formal analysis,



H. Li et al.

Investigation, Methodology, Software, Visualization, Funding acquisi-
tion, Writing — review & editing. Shu-Yi-Dan Zhou: Data curation,
Formal analysis, Investigation, Methodology, Software, Visualization,
Writing — original draft, Writing — review & editing. Roy Neilson:
Funding acquisition, Writing — review & editing. Xin-Li An: Funding
acquisition, Resources, Writing — review & editing. Jian-Qiang Su:
Conceptualization, Resources, Project administration, Supervision,
Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

Acknowledgements

This study was financially supported by the National Natural Science
Foundation of China (41807460, 41977210, 42021005 and U1805244).
The James Hutton Institute receives financial support from Scottish
Government Rural and Environment Science and Analytical Services
(RESAS).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.envint.2022.107493.

References

Adams, R.I., Bateman, A.C., Bik, H.M., Meadow, J.F., 2015. Microbiota of the indoor
environment: a meta-analysis. Microbiome 3, 49.

Bolyen, E., Rideout, J.R., Dillon, M.R., Bokulich, N., Abnet, C.C., Al-Ghalith, G.A.,
Alexander, H., Alm, E.J., Arumugam, M., Asnicar, F., Bai, Y., Bisanz, J.E., Bittinger,
K., Brejnrod, A., Brislawn, C.J., Brown, C.T., Callahan, B.J., Caraballo-Rodriguez, A.
M., Chase, J., Cope, E.K., Da Silva, R., Diener, C., Dorrestein, P.C., Douglas, G.M.,
Durall, D.M., Duvallet, C., Edwardson, C.F., Ernst, M., Estaki, M., Fouquier, J.,
Gauglitz, J.M., Gibbons, S.M., Gibson, D.L., Gonzalez, A., Gorlick, K., Guo, J.R.,
Hillmann, B., Holmes, S., Holste, H., Huttenhower, C., Huttley, G.A., Janssen, S.,
Jarmusch, A.K., Jiang, L.J., Kaehler, B.D., Bin Kang, K., Keefe, C.R., Keim, P., Kelley,
S.T., Knights, D., Koester, L., Kosciolek, T., Kreps, J., Langille, M.G.1., Lee, J., Ley, R.,
Liu, Y.X., Loftfield, E., Lozupone, C., Maher, M., Marotz, C., Martin, B.D., McDonald,
D., Mclver, L.J., Melnik, A.V., Metcalf, J.L., Morgan, S.C., Morton, J.T., Naimey, A.T.,
Navas-Molina, J.A., Nothias, L.F., Orchanian, S.B., Pearson, T., Peoples, S.L., Petras,
D., Preuss, M.L., Pruesse, E., Rasmussen, L.B., Rivers, A., Robeson, M.S., Rosenthal,
P., Segata, N., Shaffer, M., Shiffer, A., Sinha, R., Song, S.J., Spear, J.R., Swafford, A.
D., Thompson, L.R., Torres, P.J., Trinh, P., Tripathi, A., Turnbaugh, P.J., Ul-Hasan,
S., vander Hooft, J.J.J., Vargas, F., Vazquez-Baeza, Y., Vogtmann, E., von Hippel, M.,
Walters, W., Wan, Y.H., Wang, M.X., Warren, J., Weber, K.C., Williamson, C.H.D.,
Willis, A.D., Xu, Z.Z., Zaneveld, J.R., Zhang, Y.L., Zhu, Q.Y., Knight, R., Caporaso, J.
G., 2019. Reproducible, interactive, scalable and extensible microbiome data science
using QIIME 2. Nat. Biotechnol. 37, 852-857.

Burns, A.R., Stephens, W.Z., Stagaman, K., Wong, S., Rawls, J.F., Guillemin, K.,
Bohannan, B.J.M., 2016. Contribution of neutral processes to the assembly of gut
microbial communities in the zebrafish over host development. ISME J. 10,
655-664.

Byrd, A.L., Belkaid, Y., Segre, J.A., 2018. The human skin microbiome. Nat. Rev.
Microbiol. 16, 143-155.

Canha, N., Lage, J., Galinha, C., Coentro, S., Alves, C., Almeida, S.M., 2018. Impact of
biomass home heating, cooking styles, and bread toasting on the indoor air quality at
Portuguese dwellings: a case study. Atmosphere 9, 214.

Clarke, K.R., 1993. Non-parametric multivariate analyses of changes in community
structure. Aust. J. Ecol. 18, 117-143.

Cogen, A.L., Yamasaki, K., Muto, J., Sanchez, K.M., Crotty Alexander, L., Tanios, J.,
Lai, Y., Kim, J.E., Nizet, V., Gallo, R.L., 2010. Staphylococcus epidermidis
Antimicrobial §-Toxin (Phenol-Soluble Modulin-y) Cooperates with Host
Antimicrobial Peptides to Kill Group A Streptococcus. PLoS ONE 5, e8557.

Dannemiller, K.C., Gent, J.F., Leaderer, B.P., Peccia, J., 2016. Indoor microbial
communities: Influence on asthma severity in atopic and nonatopic children.

J. Allergy Clin. Immunol. 138, 76-83.

Environment International 168 (2022) 107493

Dayane, D., Johani, K., Melo, D.S., Kelly, D., Keller, D., Tipple, A., Hu, H., Vickery, K.,
2019. Biofilm contamination of high-touched surfaces in intensive care units:
epidemiology and potential impacts. Lett. Appl. Microbiol. 68, 269-276.

De Bie, T., De Meester, L., Brendonck, L., Martens, K., Goddeeris, B., Ercken, D.,
Hampel, H., Denys, L., Vanhecke, L., Van der Gucht, K., Van Wichelen, J.,
Vyverman, W., Declerck, S.A.J., 2012. Body size and dispersal mode as key traits
determining metacommunity structure of aquatic organisms. Ecol. Lett. 15,
740-747.

Deng, Y., Jiang, Y.H., Yang, Y.F., He, Z.L., Luo, F., Zhou, J.Z., 2012. Molecular ecological
network analyses. Bmc Bioinformatics 13, 20.

Edgar, R.C., 2013. UPARSE: highly accurate OTU sequences from microbial amplicon
reads. Nat. Methods 10, 996-998.

Fadrosh, D.W., Ma, B., Gajer, P., Sengamalay, N., Ott, S., Brotman, R.M., Ravel, J., 2014.
An improved dual-indexing approach for multiplexed 16S rRNA gene sequencing on
the Illumina MiSeq platform. Microbiome 2, 1-7.

Fitz-Gibbon, S., Tomida, S., Chiu, B.H., Nguyen, L., Du, C., Liu, M.H., Elashoff, D.,
Erfe, M.C., Loncaric, A., Kim, J., Modlin, R.L., Miller, J.F., Sodergren, E., Craft, N.,
Weinstock, G.M., Li, H.Y., 2013. Propionibacterium acnes Strain Populations in the
Human Skin Microbiome Associated with Acne. J. Invest. Dermatol. 133,
2152-2160.

Fonseca, T., Pessa, R., Felix, A.C., Sanabani, S.S., 2016. Diversity of Bacterial
Communities on Four Frequently Used Surfaces in a Large Brazilian Teaching
Hospital. Int. J. Environ. Res. Public Health 13 (2), 152.

Garber, G., 2001. An overview of fungal infections. Drugs 61, 1-12.

Gebel, J., Exner, M., French, G., Chartier, Y., Christiansen, B., Gemein, S., Goroncy-
Bermes, P., Hartemann, P., Heudorf, U., Kramer, A., Maillard, J.-Y., Oltmanns, P.,
Rotter, M., Sonntag, H.-G., 2013. The role of surface disinfection in infection
prevention. GMS hygiene and infection control 8, Doc10.

Gerba, C.P., Wuollet, A.L., Raisanen, P., Lopez, G.U., 2016. Bacterial contamination of
computer touch screens. Am. J. Infect. Control 44, 358-360.

Gibbons, S.M., 2016. The Built Environment Is a Microbial Wasteland. Msystems 1.

Grydaki, N., Colbeck, I., Mendes, L., Eleftheriadis, K., Whitby, C., 2021. Bioaerosols in
the Athens Metro: Metagenetic insights into the PM10 microbiome in a naturally
ventilated subway station. Environ. Int. 146, 106186.

Gupta, M., Lee, S., Bisesi, M., Lee, J., 2019. Indoor microbiome and antibiotic resistance
on floor surfaces: an exploratory study in three different building types. Int. J.
Environ. Res. Public Health 16, 4160.

Hannigan, G.D., Meisel, J.S., Tyldsley, A.S., Zheng, Q., Hodkinson, B.P., SanMiguel, A.J.,
Minot, S., Bushman, F.D., Grice, E.A., 2015. The Human Skin Double-Stranded DNA
Virome: Topographical and Temporal Diversity, Genetic Enrichment, and Dynamic
Associations with the Host Microbiome. Mbio 6.

Happo, M., Markkanen, A., Markkanen, P., Jalava, P., Kuuspalo, K., Leskinen, A.,
Sippula, O., Lehtinen, K., Jokiniemi, J., Hirvonen, M.R., 2013. Seasonal variation in
the toxicological properties of size-segregated indoor and outdoor air particulate
matter. Toxicol. In Vitro 27, 1550-1561.

Hayashi, K., Mori, I., Takeda, K., Okada, Y., Hayase, A., Mori, T., Nishioka, Y.,
Manabe, K., 2021. Analysis of hand environment factors contributing to the hand
surface infection barrier imparted by lactic acid. Skin Res. Technol. 27, 1135-1144.

Hobday, R., Dancer, S., 2013. Roles of sunlight and natural ventilation for controlling
infection: historical and current perspectives. J. Hosp. Infect. 84, 271-282.

Ijaz, M.K., Zargar, B., Wright, K.E., Rubino, J.R., Sattar, S.A., 2016. Generic aspects of the
airborne spread of human pathogens indoors and emerging air decontamination
technologies. Am. J. Infect. Control 44, S109-S120.

Jo, J.H., Kennedy, E.A., Kong, H.H., 2017. Topographical and physiological differences
of the skin mycobiome in health and disease. Virulence 8, 324-333.

Kang, K., Ni, Y.Q., Li, J., Imamovic, L., Sarkar, C., Kobler, M.D., Heshiki, Y., Zheng, T.T.,
Kumari, S., Wong, J.C.Y., Archna, A., Wong, C.W.M., Dingle, C., Denizen, S.,
Baker, D.M., Sommer, M.O.A., Webster, C.J., Panagiotou, G., 2018. The
Environmental Exposures and Inner- and Intercity Traffic Flows of the Metro System
May Contribute to the Skin Microbiome and Resistome. Cell Reports 24, 1190-1202.

Karlsson, L., Friberg, H., Steinberg, C., Persson, P., 2014. Fungicide Effects on Fungal
Community Composition in the Wheat Phyllosphere. PLoS ONE 9.

Klepeis, N.E., Nelson, W.C., Ott, W.R., Robinson, J.P., Tsang, A.M., Switzer, P., Behar, J.
V., Hern, S.C., Engelmann, W.H., 2001. The National Human Activity Pattern Survey
(NHAPS): a resource for assessing exposure to environmental pollutants. J. Eposure
Sci. Environ. Epidemiol. 11, 231-252.

Lax, S., Smith, D.P., Hampton-Marcell, J., Owens, S.M., Handley, K.M., Scott, N.M.,
Gibbons, S.M., Larsen, P., Shogan, B.D., Weiss, S., Metcalf, J.L., Ursell, L.K., Vazquez-
Baeza, Y., Treuren, W.V., Hasan, N.A., Gibson, M.K., Colwell, R., Dantas, G.,
Knight, R., Gilbert, J.A., 2014. Longitudinal analysis of microbial interaction
between humans and the indoor environment. Science 345, 1048-1052.

Lax, S., Hampton-Marcell, J.T., Gibbons, S.M., Colares, G.B., Smith, D., Eisen, J.A.,
Gilbert, J.A., 2015. Forensic analysis of the microbiome of phones and shoes.
Microbiome 3, 21.

Lee, S.C., Guo, H., Li, W.M., Chan, L.Y., 2002. Inter-comparison of air pollutant
concentrations in different indoor environments in Hong Kong. Atmos. Environ. 36,
1929-1940.

Lewis, D., 2021. THE CHALLENGES OF MAKING INDOORS SAFE. Nature 592, 22-25.

Li, L., Qiu, Y., Gustafsson, ;\,, Krais, A.M., Weiss, J.M., Lundh, T., Bergman, /f\., 2019.
Characterization of residential household dust from Shanghai by particle size and
analysis of organophosphorus flame retardants and metals. Environ. Sci. Eur. 31,
1-12.

Li, H., Wu, Z.F,, Yang, X.R., An, X.L,, Ren, Y., Su, J.Q., 2021. Urban greenness and plant
species are key factors in shaping air microbiomes and reducing airborne pathogens.
Environ. Int. 153.


https://doi.org/10.1016/j.envint.2022.107493
https://doi.org/10.1016/j.envint.2022.107493
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0005
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0005
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0015
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0015
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0015
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0015
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0020
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0020
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0025
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0025
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0025
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0030
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0030
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0035
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0035
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0035
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0035
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0040
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0040
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0040
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0045
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0045
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0045
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0050
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0050
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0050
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0050
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0050
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0055
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0055
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0060
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0060
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0065
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0065
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0065
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0070
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0070
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0070
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0070
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0070
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0075
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0075
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0075
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0080
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0090
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0090
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0100
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0100
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0100
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0105
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0105
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0105
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0110
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0110
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0110
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0110
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0115
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0115
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0115
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0115
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0120
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0120
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0120
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0125
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0125
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0130
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0130
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0130
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0135
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0135
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0140
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0140
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0140
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0140
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0140
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0145
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0145
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0150
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0150
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0150
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0150
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0155
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0155
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0155
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0155
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0155
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0160
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0160
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0160
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0165
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0165
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0165
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0170
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0175
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0175
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0175
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0175
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0180
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0180
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0180

H. Li et al.

Liang, J.Q., Li, T., Nakatsu, G., Chen, Y.-X., Yau, T.O., Chu, E., Wong, S., Szeto, C.H.,
Ng, S.C., Chan, F.K., 2020. A novel faecal Lachnoclostridium marker for the non-
invasive diagnosis of colorectal adenoma and cancer. Gut 69, 1248-1257.

Liu, S., Huang, Q.Y., Wu, Y., Song, Y., Dong, W., Chu, M.T., Yang, D., Zhang, X.,
Zhang, J., Chen, C., Zhao, B., Shen, H.Q., Guo, X.B., Deng, F.R., 2020. Metabolic
linkages between indoor negative air ions, particulate matter and cardiorespiratory
function: A randomized, double-blind crossover study among children. Environ. Int.
138.

Lynch, S.V., Wood, R.A., Boushey, H., Bacharier, L.B., Bloomberg, G.R., Kattan, M.,
O’Connor, G.T., Sandel, M.T., Calatroni, A., Matsui, E., Johnson, C.C., Lynn, H.,
Visness, C.M., Jaffee, K.F., Gergen, P.J., Gold, D.R., Wright, R.J., Fujimura, K.,
Rauch, M., Busse, W.W., Gern, J.E., 2014. Effects of early-life exposure to allergens
and bacteria on recurrent wheeze and atopy in urban children. J. Allergy and Clin.
Immunol. 134, 593-601.

Maciag, M.C., Phipatanakul, W., 2022. Update on Indoor Allergens and Their Impact on
Pediatric Asthma. Annals of allergy, asthma & immunology : official publication of
the American College of Allergy, Asthma, & Immunology.

Martin-Sanchez, P.M., Estensmo, E.L.F., Morgado, L.N., Maurice, S., Engh, I.B., Skrede, I.,
Kauserud, H., 2021. Analysing indoor mycobiomes through a large-scale citizen
science study in Norway. Mol. Ecol. 30, 2689-2705.

Miao, J.J., Han, N., Qiang, Y.J., Zhang, T.T., Li, X.W., Zhang, W., 2017. 16SPIP: a
comprehensive analysis pipeline for rapid pathogen detection in clinical samples
based on 16S metagenomic sequencing. BMC Bioinf. 18.

Ning, D., Deng, Y., Tiedje, J.M., Zhou, J., 2019. A general framework for quantitatively
assessing ecological stochasticity. PNAS 116, 16892-16898.

O’flaherty, S., Ross, R., Meaney, W., Fitzgerald, G., Elbreki, M., Coffey, A., 2005.
Potential of the polyvalent anti-Staphylococcus bacteriophage K for control of
antibiotic-resistant staphylococci from hospitals. Appl. Environ. Microbiol. 71, 1836-
1842.

Oh, J., Byrd, A.L., Park, M., Kong, H.H., Segre, J.A., Sequencing, N.C., 2016. Temporal
Stability of the Human Skin Microbiome. Cell 165, 854-866.

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., Legendre, P., Mcglinn, D., Minchin, P.
R., O’Hara, R.B., Simpson, G.L., Solymos, P., Stevens, M.H.H., Szoecs, E., Wagner, H.,
2019. vegan: Community ecology package, 2.5-6 ed, pp. Ordination methods,
diversity analysis and other functions for community and vegetation ecologists.

Priyodip, P., Balaji, S., 2019. A preliminary study on probiotic characteristics of
Sporosarcina spp. for poultry applications. Curr. Microbiol. 76, 448-461.

Rintala, H., Pitkaranta, M., Toivola, M., Paulin, L., Nevalainen, A., 2008. Diversity and
seasonal dynamics of bacterial community in indoor environment. BMC Microbiol.
8, 1-13.

Rintala, H., Pitkaranta, M., Taubel, M., 2012. Chapter 4 - Microbial Communities
Associated with House Dust. In: Laskin, A.I., Sariaslani, S., Gadd, G.M. (Eds.),
Advances in Applied Microbiology. Academic Press, pp. 75-120.

Rosas, 1., Salinas, E., Yela, A., Calva, E., Eslava, C., Cravioto, A., 1997. Escherichia coli in
settled-dust and air samples collected in residential environments in Mexico City.
Appl. Environ. Microbiol. 63, 4093-4095.

Sanford, J.A., Gallo, R.L., 2013. Functions of the skin microbiota in health and disease.
Semin. Immunol. 25, 370-377.

Environment International 168 (2022) 107493

Scharschmidt, T.C., Fischbach, M.A., 2013. What Lives On Our Skin: Ecology, Genomics
and Therapeutic Opportunities Of the Skin Microbiome. Drug discovery today.
Disease mechanisms 10.

Seppanen, O.A., Fisk, W.J., 2004. Summary of human responses to ventilation. Indoor
Air 14, 102-118.

Shenhav, L., Thompson, M., Joseph, T.A., Briscoe, L., Furman, O., Bogumil, D.,
Mizrahi, 1., Pe’er, L., Halperin, E., 2019. FEAST: fast expectation-maximization for
microbial source tracking. Nat. Methods 16, 627-632.

Stephens, B., Gibbons, S.M., 2016. What Have We Learned about the Microbiomes of
Indoor Environments? Msystems 1, e00083-e116.

Tong, S.Y.C., Davis, J.S., Eichenberger, E., Holland, T.L., Fowler, V.G., 2015.
Staphylococcus aureus Infections: Epidemiology, Pathophysiology, Clinical
Manifestations, and Management. Clin. Microbiol. Rev. 28, 603-661.

Two, A.M., Nakatsuji, T., Kotol, P.F., Arvanitidou, E., Du-Thumm, L., Hata, T.R., Gallo, R.
L., 2016. The Cutaneous Microbiome and Aspects of Skin Antimicrobial Defense
System Resist Acute Treatment with Topical Skin Cleansers. J. Invest. Dermatol. 136,
1950-1954.

Whitby, J., Rampling, A., 1972. Pseudomonas aeruginosa contamination in domestic and
hospital environments. The Lancet 299, 15-17.

Wisniewska, K., Lewandowska, A.U., Sliwifiska-Wilczewska, S., 2019. The importance of
cyanobacteria and microalgae present in aerosols to human health and the
environment — Review study. Environ. Int. 131, 104964.

Yuan, M.M., Guo, X., Wu, L.W., Zhang, Y., Xiao, N.J., Ning, D.L., Shi, Z., Zhou, X.S.,
Wu, L.Y., Yang, Y.F., Tiedje, J.M., Zhou, J.Z., 2021. Climate warming enhances
microbial network complexity and stability. Nat. Clim. Change 11, 343-348.

Zhang, Y., Shen, F., Yang, Y., Niu, M., Chen, D., Chen, L., Wang, S., Zheng, Y., Sun, Y.,
Zhou, F., Qian, H., Wu, Y., Zhu, T., 2022. Insights into the Profile of the Human
Expiratory Microbiota and Its Associations with Indoor Microbiotas. Environ. Sci.
Technol. 56, 6282-6293.

Zhao, A., Liu, L., Chen, B., Fu, W., Xie, W., Xu, T., Zhang, W, Ye, Q., Feng, H., Fu, S.,
2020. Soil fungal community is more sensitive to nitrogen deposition than increased
rainfall in a mixed deciduous forest of China. Soil Ecol. Lett. 2, 20-32.

Zhou, S.-Y.-D., Li, H., Giles, M., Neilson, R., Yang, X.-R., Su, J.-Q., 2021b. Microbial flow
within an Air-Phyllosphere-Soil continuum. Front. Microbiol. 11.

Zhou, S.-Y.-D., Lin, C,, Yang, K., Yang, L.-Y., Yang, X.-R., Huang, F.-Y., Neilson, R., Su, J.-
Q., Zhu, Y.-G., 2021c. Discarded masks as hotspots of antibiotic resistance genes
during COVID-19 pandemic. J. Hazard. Mater. 127774.

Zhou, F., Niu, M.T., Zheng, Y.H., Sun, Y., Wu, Y., Zhu, T.L., Shen, F.X., 2021a. Impact of
outdoor air on indoor airborne microbiome under hazy air pollution: A case study in
winter Beijing. J. Aerosol Sci. 156.

Zhou, S.-Y.-D., Zhang, Q., Neilson, R., Giles, M., Li, H., Yang, X.-R., Su, J.-Q., Zhu, Y.-G.,
2021d. Vertical distribution of antibiotic resistance genes in an urban green facade.
Environ. Int. 152, 106502.

Zwa, B., Hl, A., Wei, L.B., Xj, C., Yw, B., Xm, A., 2020. Microbial community in indoor
dusts from university dormitories: Characteristics, potential pathogens and influence
factors - ScienceDirect. Atmos. Pollution Res. 12 (3), 321-333.


http://refhub.elsevier.com/S0160-4120(22)00420-2/h0185
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0185
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0185
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0190
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0190
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0190
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0190
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0190
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0195
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0195
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0195
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0195
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0195
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0195
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0205
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0205
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0205
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0210
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0210
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0210
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0215
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0215
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0225
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0225
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0235
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0235
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0240
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0240
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0240
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0245
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0245
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0245
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0250
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0250
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0250
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0255
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0255
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0265
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0265
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0270
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0270
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0270
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0275
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0275
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0280
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0280
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0280
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0285
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0285
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0285
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0285
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0290
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0290
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0295
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0295
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0295
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0300
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0300
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0300
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0305
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0305
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0305
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0305
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0310
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0310
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0310
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0315
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0315
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0320
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0320
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0320
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0325
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0325
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0325
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0330
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0330
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0330
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0335
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0335
http://refhub.elsevier.com/S0160-4120(22)00420-2/h0335

	Skin microbiota interact with microbes on office surfaces
	1 Introduction
	2 Material and methods
	2.1 Experiment design and DNA extraction
	2.2 High-throughput sequencing
	2.3 Statistical analysis

	3 Results
	3.1 Microbial community profiles
	3.2 Source tracking of microbiota
	3.3 Recognition of potential pathogens

	4 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


