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SUMMARY

The skin functions as the primary interface between
the human body and the external environment. To
understand how the microbiome varies within urban
mass transit and inßuences the skin microbiota, we
proÞled the human palm microbiome after contact
with handrails within the Hong Kong Mass Transit
Railway (MTR) system. Intraday sampling time was
identiÞed as the primary determinant of the variation
and recurrence of the community composition,
whereas human-associated species and clinically
important antibiotic resistance genes (ARGs) were
captured as p.m. signatures. Line-speciÞc signa-
tures were notably correlated with line-speciÞc
environmental exposures and city characteristics.
The sole cross-border line appeared as an outlier
in most analyses and showed high relative abun-
dance and a signiÞcant intraday increment of clini-
cally important ARGs (24.1%), suggesting potential
cross-border ARG transmission, especially for tetra-
cycline and vancomycin resistance. Our study pro-
vides an important reference for future public health
strategies to mitigate intracity and cross-border
pathogen and ARG transmission.

INTRODUCTION

The skin is not merely a physical barrier between the body and
the environment but functions as a complex contact interface
for a rich and inßuential microbial community. Indeed, the human
skin and its microbial residents play an essential role in health
and disease. The human skin microbiome has been shown to
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have a unique signature and to maintain stable characteristics
at the strain level over time (Oh et al., 2016). Despite this
resistance to colonization and disruption, the skin is a source
of potential infection, especially in vulnerable individuals. For
instance, various Propionibacterium acnes strains were identi-
Þed as potential determinants for acne, the most common skin
condition (Fitz-Gibbon et al., 2013). Skin from over 90% of atopic
dermatitis (AD) patients is highly colonized with the pathogen
Staphylococcus aureus (Leyden et al., 1974), whereas Staphylo-
coccus epidermidis was found to modulate the host immune
response to inhibit S. aureus (Cogen et al., 2010a, 2010b). The
microbial composition of the human skin can be affected by
our lifestyle choices, including cohabitants, dwelling environ-
ment, and even our pets (Lax et al., 2014). In high-density mega-
cities, mass transit systems also serve as platforms for the ex-
change of microbes between millions of humans and the built
environment (Hong KongÕs Mass Transit Railway [MTR] has a
daily ridership of around 4.7 million, for example; MTR Corpora-
tion, 2017), induced by the high mobility of the population and
constant interaction through skin-surface contact. Mass transit
systems therefore represent ideal targets for studying the
composition and dynamics of urban microbial communities.
They constitute passive samplers with unique niches and a
potentially higher propensity for microbial accumulation, expo-
sure, and transmission, created through large concentrations
of people from diverse urban backgrounds interacting in rela-
tively conÞned spaces (Be et al., 2015).

To characterize the urban metro system microbiota, several
16S rRNA-based studies have been conducted in high-density
cities, including New York and Hong Kong ( Leung et al., 2014;
Robertson et al., 2013). A recent shotgun metagenomic study
performed in the New York metro system characterized the
citywide urban microbial geographic distribution using sam-
ples collected from station surfaces ( Afshinnekoo et al., 2015).
This study reported potential health risks associated with the
).
reativecommons.org/licenses/by-nc-nd/4.0/ ).



Figure 1. The MTR System and Sampling Procedure
(A) The MTR system and eight urban lines used in this study (excluding the Airport Express line and Disneyland Resort branch). The Central-Hong Kong station
and the cross-border rail stations connecting with the MTR and the Shenzhen metro system are labeled.
(B) The sampling procedure included handwashing, handrail touching for 30 min, swabbing, and sample preservation.
microbial communities found in the stations, including the pres-
ence of pathogens and antibiotic resistance as well as constant
daily recurrence in the vast bacterial ecology. A similar study of
the Boston metro system (Massachusetts Bay Transportation
Authority [MBTA]) highlighted that different surface types and
materials are occupied by different microbes with high variation
in functional capacity and pathogenic potential ( Hsu et al., 2016).
Recently, more studies of metro and urban microbiomes have
started under the collaborative framework of the Metagenomics
and Metadesign of the Subways and Urban Biomes (MetaSUB)
International Consortium (MetaSUB International Consortium,
2016). Previous metagenomic studies of metro systems were
conducted by sampling directly from surfaces or indoor air
masses. However, to obtain a more focused picture of how mi-
crobial communities occupying the surfaces in a metro system
may affect human health, studies focusing on the contact inter-
faceÑby sampling the skin microbiomeÑare of signiÞcant inter-
est. Ultimately, a key objective of performing microbial proÞling
in a transit system is to identify possible health-related risks,
as evidence has accumulated of the transmission of clinically
signiÞcant disease from surface to hand (Bhalla et al., 2004;
Weber et al., 2010) as well as community-acquired antibiotic-
resistant infections (Ho et al., 2007; Spellberg et al., 2008; Van-
denesch et al., 2003). Therefore, characterizing shifts in the
microbial consortia an individual carries after using mass transit
is a more direct investigation than intensive sampling of accumu-
lations and communities on built surfaces ( Gibbons et al., 2015;
Prescott et al., 2017; Zimmerman et al., 2014). Furthermore,
because mass transit is characterized by intermittent passenger
loads (ßuctuating over peak and off-peak hours) and inherent
tidal effects between downtown and uptown regions, time se-
ries-based studies with distinct sampling times throughout the
day and repeated sampling days offer a more reliable and dy-
namic view of the diurnal ßux of microbial transmission and the
propensity of recurrence induced by the variation in trafÞc
ßow. Finally, investigating the correlations between microbial
composition and the underlying geographical or topological
characteristics of different metro lines as well as their connectiv-
ity to the underlying urban matrix (street networks, buildings, and
public spaces) is crucial because these connections govern hu-
man mobility and interactions in high-density environments and,
hence, inßuence the rate of microbial contact and transmission
(Adams et al., 2015). Several interesting questions that may
inform public health surveillance and urban planning were raised.
What is the composition of the microbiome and its potential
health risk (e.g., antibiotic resistance and pathogenicity) we
may acquire when exposed to mass transit? Will the microbiome
inherit tidal effects of the trafÞc ßow and vary over traveling time?
How might urban density and morphology inßuence the micro-
bial composition and health risk it carries? To what extent is a
cityÕs unique metro microbiome inßuenced by connecting routes
to a neighboring metropolitan region or country?

To answer these questions, we conducted a metagenomic
study of the Hong Kong MTR system (Figure 1A) with a cross-
border rail connection to the neighboring large city of Shenzhen
in mainland China. Shotgun metagenome sequencing followed
by taxonomic and functional analysis was performed on samples
collected from the surface of human palms after contact with
metro railcar handrails (Figure 1B). Our sampling covered
different metro lines and was conducted at different time points
across the day with weekly replicates. To determine whether the
microbiome and resistome vary over the day and differ by
distinct metro lines, we looked for time-speciÞc and line-speciÞc
signature species and antibiotic resistance genes (ARGs),
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