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ABSTRACT

Handling Editor: Yong-Guan Zhu

Bike-sharing as a common public transportation has been booming in China in recent years. Previous studies
showed that the surfaces of public transport can act as reservoirs of antimicrobial-resistant (AR) bacteria, but AR
bacterial contamination of shared bikes has not been investigated. Otherwise, the AR-Enterobacteriaceae is
considered as a global health threat for humans. Herein, we aimed to investigate the prevalence of AR
Enterobacteriaceae on shared bikes and examine correlations between AR Enterobacteriaceae from shared bikes
and public buildings around Metro stations in Beijing. We collected 2117 samples from shared bikes at 240
Metro stations in Beijing. A total of 444 non-duplicate Enterobacteriaceae were isolated from 418 samples at 166
stations. The isolates exhibited low rates of resistance (0.5%–6.3%) to all antimicrobial agents except sulfamethoxazole-trimethoprim (31.5%). Three ceftazidime-resistant E. coli isolates were positive for blaCTX-M-199 and
two of them were positive for carbapenemase-producing gene blaNDM-5. Multivariable logistic regression model
revealed that variable “secondary/tertiary non-profit hospital nearby” was significantly (p < 0.05) associated
with isolation of AR Enterobacteriaceae from the shared bikes around the Metro stations. Low AR rates of
Enterobacteriaceae observed in this study suggested the risk of dissemination of AR-Enterobacteriaceae via shared
bikes is limited. However, we identified hospitals as a risk factor for the dissemination of AR Enterobacteriaceae
among shared bike users. More attention should be paid to both comprehensive hygiene managements in the
surrounding environment of hospitals and the increasing of public awareness on the personal hygienic habits.
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1. Introduction
Bike-sharing, pioneered in Amsterdam in 1965, has become increasingly common worldwide (Shaheen et al., 2010). Modern docking
stations are now widespread after first being used in France in 2005
(Schmidt, 2018). A decade after being introduced in China, a new bike
sharing program centered on dockless bikes, which is more convenient
and covering wider areas than docking bikes, has rapidly developed and
is now an important part of the national public transport system,
especially in mega-cities such as Beijing and Shanghai (Schmidt, 2018).
For example, as the most congested city in China (China urban traffic

research report, 2018Q2), Beijing had released 1.91 million new shared
bikes which provided beneficial complement for subway and bus within
two years (2016–2018) (Sohu News, 2018). The dockless bikes have
also gained attraction and become a popular way of public transportation in other Asian countries, North America, and Europe (Cheetah
Lab, 2017). As the sharing-bike effectively reduced the usage of motorized vehicles and had positive impacts on physical activity, road
traffic, and air pollution (Otero et al., 2018; Rojas-Rueda et al., 2011;
Schmidt, 2018; Woodcock et al., 2014), the governments have encouraged the public to choose cycling rather than driving. At present,
shared bikes are frequently utilized between Metro/Bus stations and
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public buildings (schools, hospitals, parks etc) around them as an efficient complement (Gan et al., 2018).
However, there are an increasing number of studies on the isolation
of antimicrobial-resistant (AR) bacteria from public transportation
systems other than shared bikes, with a particular focus on methicillinresistant Staphylococcus aureus (MRSA). To date, MRSA isolates have
been recovered from various surfaces in buses from Portugal, the United
States, and China (Conceicao et al., 2013; Lutz et al., 2014; Mendes
et al., 2015; Otto et al., 2011; Yeh et al., 2011), as well as from trains
and light rail systems in Portugal, China, the United States, and Japan
(Iwao et al., 2012; Mendes et al., 2015; Peng et al., 2015; Yeh et al.,
2011; Zhou and Wang, 2013). Similar to MRSA, the AR Gram-positive
bacteria commonly considered as the big threats to human health, the
AR Gram-negative species such as AR Enterobacteriaceae, particularly
colistin-resistant Enterobacteriaceae, extended-spectrum β-lactamase
(ESBL)-producing Enterobacteriaceae, and carbapenem-resistant Enterobacteriaceae, have rapidly disseminated worldwide and pose a serious threat to public health (Oliveira and Reygaert, 2019). One investigation has reported the recovery of mcr-1-producing
Enterobacteriaceae showing resistance to colistin, a last-resort antimicrobial agent, from surface samples collected from four bus routes
and seven metro lines in Guangzhou, China (Shen et al., 2018). These
reports suggested that various surfaces in public transportation may act
as a reservoir for the transfer of AR bacteria. As important link vehicles
of public transportation systems, shared bikes may also be a potential
medium for bacterial transfer, but to the best of our knowledge, no one
thus far has investigated the prevalence of AR bacteria on shared bikes.
Therefore, we selected 287 Metro stations around Beijing city and
collected samples from shared bikes at these locations to investigate the
prevalence of AR Enterobacteriaceae and to examine any correlations
among AR Enterobacteriaceae from the shared bikes and public buildings
in proximity to the Metro stations.

and incubated at 37 °C overnight. Isolates of different colors and shapes
were selected, with red colonies then purified on eosin-methylene blue
agar plates (Beijing Land Bridge Technology Co, LTD., Beijing, China)
containing 30 mg/L vancomycin, and blue and white colonies purified
on CHROMagar Orientation plates containing 30 mg/L vancomycin.
Species identification for each isolate was then carried out via matrixassisted laser desorption/ionization time-of-flight mass spectrometry
(BrukerDaltonik GmbH, Bremen, Germany) (Huang et al., 2019), and
confirmed by 16S rRNA gene sequencing (Drancourt et al., 2000).
2.3. Antimicrobial susceptibility testing and resistance gene detection
All Enterobacteriaceae isolates were subjected to antimicrobial susceptibility testing using the agar dilution method with 10 clinically
relevant antimicrobial agents (amikacin, ceftazidime, colistin, ciprofloxacin, doxycycline, gentamicin, florfenicol, fosfomycin, meropenem,
and sulfamethoxazole-trimethoprim). E. coli strain ATCC25922 was
used as a positive control. Breakpoints were interpreted according to
Clinical and Laboratory Standards Institute (CLSI) documents M100
(29th ed.) and VET08 (4th ed.) and the European Committee on
Antimicrobial Susceptibility Testing breakpoints (version 9.0) (www.
eucast.org) (Table S1). We screened the carbapenemase genes blaNDM
and blaKPC, ESBL gene blaCTX-M and eight mobile colistin resistance
genes (mcr-1 to mcr-8) by PCR (Wang et al., 2018) in strains which were
resistant to meropenem, ceftazidime and colistin, respectively.
2.4. Statistical analysis

All samples were collected between May and July 2018. We specifically examined shared bikes parked around Metro stations because the
subway is the most convenient method of public transport in Beijing,
with a passenger flow rate of ~10 million rides per day. The subway
services most residential areas of Beijing (www.bjsubway.com), and
Metro stations act as hubs for the parking of shared bikes. By March
2019, there are 311 stations along 22 lines running in service in Beijing.
This study targeted at 287 Metro stations (along 20 lines) opened prior
to December 2017 but excluding two stations at airport and one that
was under service during the sampling period. Target shared bikes were
parked within 200 m of the entrance of a Metro station and had no
obvious damage. If there were ten or less shared bikes at one location,
samples were collected from all bikes. If there were > 10 bikes, we
randomly sampled ten bikes. Samples were collected using cotton
swabs moistened with sterile Luria-Bertani broth, which were wiped
over the handlebars and brakes of the bikes before being transferred to
5-mL microcentrifuge tubes containing 2 mL of sterile LB broth. A single
swab was used for each bike. Each sample was given a unique serial
number corresponding to the bike identification number, the time of
sampling, and the Metro station.

Data were consolidated in Excel 2016 (Microsoft, Redmond, WA,
USA). Previous report indicated that the trip distance of > 80% shared
bikes registers was < 2 km (ZOL News, 2017), we therefore defined the
area within a circle with a diameter of 2 km around each Metro station
as the most active shared bike area. Buildings were identified according
to official government websites or Baidu Maps (map.baidu.com/). According to the classification (en.wikipedia.org/wiki/Classification_of_Chinese_Hospitals) and the purpose of hospitals (profit/non-profit)
as well as patient's source (secondary and tertiary hospitals can accept
patients from different districts), we defined hospitals into four groupsecondary/tertiary non-profit hospitals, secondary/tertiary profit hospitals, primary non-profit hospitals and primary profit hospitals. We
further used Baidu Maps to determine the distances between public
buildings and the Metro stations. We classified Metro Stations into two
groups, if public building located within a 2 km radius of the Metro
Station, we defined this Metro Station into “Yes”. Univariate analysis
was carried out using SPSS version 23 (IBM, Armonk, NY, USA). Variables with a p-value < 0.2 were considered statistically significant.
Significant variables determined (P < 0.2) by univariate analysis were
selected for the multivariable analysis. A multivariable logistic regression model using the backward stepwise process was adopted, and
variables showed a p-value < 0.05 were considered as significant risk
factors. We tested the degree of model fit using a receiver operating
characteristic (ROC) curve. We then compared AR Enterobacteriaceae
recovered from shared bikes around Metro stations with and without
secondary/tertiary non-profit hospitals nearby. Differences in the distribution of bacteria between the two groups were determined using
Excel 2016 (Microsoft, Redmond, WA, USA). Differences in resistance
rates among the bacteria were examined by Chi-square test.

2.2. Bacterial isolation and species identification

3. Results and discussion

Aliquots (200 μL) of each sample broth were inoculated into 1 mL
volumes of brain-heart infusion broth medium (Beijing Land Bridge
Technology Co, LTD., Beijing, China) and incubated at 37 °C with
shaking (200 rpm) overnight. One loop of enriched sample was then
inoculated onto CHROMagar Orientation medium (Shanghai Central
Bio-engineering Co., Shanghai, China) containing 30 mg/L vancomycin

3.1. Prevalence and distribution of Enterobacteriaceae in samples from
shared bikes in Beijing

2. Materials and methods
2.1. Sample collection

After visiting 287 stations, 47 stations were found no shared bikes
around them. A total of 2117 samples were collected from bikes around
240 Metro stations, with 10 samples collected from 181 stations, 5–9
2
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Fig. 1. Locations of sampled Metro stations in Beijing.

samples collected from 36 stations, and < 5 samples collected from 23
stations (Fig. S1 and Table S2). Overall, we recovered 444 non-duplicate Enterobacteriaceae isolates from 418 samples, and they belonged to
35 bacterial species from 15 genera. The prevalence of
Enterobacteriaceae was 19.7% (95% CI: 18.1–21.5%) in share bikes
around Beijing Metro stations. Positive samples originated from 166
different Metro stations (69.2%, 95% CI: 62.9–75.0%) (Figs. 1 and S1).
Pantoea agglomerans (n = 127) was the predominant species isolated
from the samples, representing 28.6% of all Enterobacteriaceae isolates,
followed by Enterobacter cloacae (n = 51), which accounted for 11.5%
of the isolates. One isolate each was recovered for seven Enterobacteriaceae species (Fig. S2).
Although P. agglomerans was the most commonly isolated
Enterobacteriaceae species from the shared bikes in this study and was
considered an opportunistic human pathogen (Dutkiewicz et al.,
2016a), only a small proportion (15.0%) of them showed antimicrobial

resistance. As P. agglomerans is mainly associated with various plants
and plays a role in plant development as an epiphyte or endophyte
(Walterson and Stavrinides, 2015; Dutkiewicz et al., 2016b), we
therefore speculate that the high prevalence of P. agglomerans on shared
bikes may be associated with the widespread presence of plants in
Beijing.
Our study indicated that the overall rates of resistance among
Enterobacteriaceae isolated from shared bikes in Beijing were much
lower than those reported for isolates recovered from humans and their
environment, including inpatients (Zhang et al., 2017), a healthy population (Shen et al., 2018), and hospital environments (Fernando
et al., 2019), and were also lower than rates from food-producing animals (Yassin et al., 2017) and their products (Ye et al., 2018). However, our findings were consistent with previous studies showing low
isolation rates of AR bacteria from other forms of public transportation.
For example, Shen et al. (2018) and Lutz et al. (2014) reported isolation
3
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development of SXT resistance in Shigella spp. in 1983 (Bennish et al.,
1992), with resistance rates ranging from 40%–70% among Enterobacteriaceae species (Salmonella spp. and E. coli) (Huovinen, 2001)
recorded shortly after the first report. Consequently, the high rates of
SXT resistance among the Enterobacteriaceae isolates recovered from
shared bikes in Beijing may be related to the high rates of resistance to
this antimicrobial agent worldwide.
However, it is worth noting that two CRE (carbapenem-resistant
Enterobacteriaceae) isolates and one ESBL (extended-spectrum β-lactamase) isolate were recovered from shared bikes. To the best of our
knowledge, this is the first time that both CRE and ESBL isolates have
been reported from public transportation. The three isolates were recovered from samples collected from three Metro stations where hospitals were located within a 2 km diameter, with two of the stations
having secondary/tertiary non-profit hospitals nearby. Similar to other
forms of public transportation, the shared bikes have the opportunity to
come into contact with pathogens derived from either humans or the
environment, and it is therefore likely that they act as a medium for the
dissemination of AR pathogens between humans and the environment
and vice versa.

Table 1
Antimicrobial resistance data for Enterobacteriaceae isolated from shared bikes
(n = 444).
Antimicrobial

Number of resistant
Enterobacteriaceae

Resistant rate,
%

Amikacin
Ceftazidime
Ciprofloxacin
Colistin
Doxycycline
Gentamicin
Florfenicol
Fosfomycin
Meropenem
Sulfamethoxazole-trimethoprim

3
3
2
16
24
6
11
28
2
140

0.7%
0.7%
0.5%
3.6%
5.4%
1.3%
2.5%
6.3%
0.5%
31.5%

rates of 3.5% (26/737) and 15% (35/237), respectively, which are similar to the AR Enterobacteriaceae isolation rate of 8.2% (173/2117) in
the current study.
3.2. Susceptibility profiles of Enterobacteriaceae from shared bikes

3.3. Correlations between AR Enterobacteriaceae from shared bikes and
communal facilities

In general, the 444 Enterobacteriaceae isolates exhibited low resistance rates (0.5%–6.3%) to all tested antimicrobial agents except for
sulfamethoxazole-trimethoprim (SXT) (31.5%, n = 140) (Table 1). A
total of 179 isolates (40.3%) from 173 samples showed resistance to at
least one antimicrobial agent, with 145, 22, 10, and 2 isolates showing
resistance to one, two, three, and eight antimicrobial agents, respectively. Of the 12 multidrug-resistant Enterobacteriaceae isolates, eight
were identified as E. coli, two were Serratia marcescens, one was Klebsiella pneumoniae, and one was Providencia vermicola. The two isolates
showing resistance to eight different antimicrobial agents were both E.
coli. Eleven Enterobacteriaceae species showed a high prevalence
(> 80%) of antimicrobial resistance, while 10 species were sensitive to
all tested antimicrobial agents (Fig. S2). Among the critically important
drugs used in clinical settings, only three (0.7%) E. coli exhibited resistance to ceftazidime (32–128 mg/L) and positive for blaCTX-M-199-type
ESBL gene. Interestingly, the two ceftazidime-resistant E. coli isolates
were also resistant to meropenem (8–16 mg/L) and positive for the
carbapenemase gene blaNDM-5. It should be noted that hospitals were
located within a 2-km diameter of these three Metro stations where the
ESBL-producing strains collected, two of the stations were close to the
tertiary non-profit hospitals. We also identified 16 colistin-resistant
isolates, half of which were intrinsically resistant to colistin, including
S. marcescens (n = 4), Providencia stuartii (n = 2), and Providencia rettgeri (n = 2). The remaining eight colistin-resistant isolates (MICs
ranging from 4 to 128 mg/L) were identified as Enterobacter hormaechei
(n = 1), Enterobacter asburiae (n = 1), Enterobacter kobei (n = 1), E.
cloacae (n = 1), Pantoea ananatis (n = 2), P. agglomerans (n = 1), and P.
vermicola (n = 1), all of which were negative for all currently known
mcr genes.
SXT (sulfamethoxazole-trimethoprim), a combination of sulfonamide and trimethoprim with activity against a wide bacterial spectrum
and which has been used in clinical settings since 1968 (Huovinen,
2001), was the only antimicrobial agent examined in this study with a
high resistance rate. In total, 25 different Enterobacteriaceae species and
nearly one third of the tested isolates showed SXT resistance. It should
be noted that SXT has been widely used in the developing world to treat
various infections, and is considered a first-line treatment for urinary
tract infections caused by E. coli. This high usage leads to the

At least one Enterobacteriaceae isolate was recovered from bikes at
166 of the 240 Metro stations sampled. We categorized these Metro
stations based on the presence/absence of AR Enterobacteriaceae: stations with at least one AR Enterobacteriaceae isolate were defined as
being AR Enterobacteriaceae-positive, with all other stations considered
AR Enterobacteriaceae-negative. Overall, 97 of the 166 stations (58.4%)
were classified as AR Enterobacteriaceae-positive. Univariate analysis
revealed that the variables “secondary/tertiary non-profit hospitals”,
“primary non-profit hospitals”, “temples/churches”, and “other venues”
within a 2 km diameter of a Metro station were significantly associated
(p < 0.2) with the AR Enterobacteriaceae (Table 2). “Secondary/tertiary non-profit hospitals” (OR = 1.984, 1.051–3.745) was significantly
(p < 0.05) associated with the isolation of AR Enterobacteriaceae from
the shared bikes around the subway stations based on multivariable
logistic regression analysis (Table 3). ROC analysis showed that the area
under the curve (AUC) = 0.605 in this model. For further analyses, we
defined Metro stations with secondary/tertiary non-profit hospitals
nearby as hospital-related (HR)-stations, while Metro stations without
secondary/tertiary non-profit hospital nearby were defined as nonhospital (NH)-stations.
3.4. Comparison of AR Enterobacteriaceae from shared bikes around HRand NH-stations
Results indicated that AR Enterobacteriaceae were more frequently
isolated from HR-stations (n = 113) than NH-stations (n = 66) (Fig. 2).
In addition, eight AR Enterobacteriaceae species, including K. pneumoniae, Pantoea calida, E. hormaechei, P. stuartii, P. rettgeri, P. vermicola,
Raoultella terrigena, and Kosakonia radicincitans, were only isolated from
shared bikes around the HR-stations (Fig. 2). In general, the AR Enterobacteriaceae from shared bikes around HR-stations showed higher or
similar resistance rates to eight of the 10 tested antimicrobial agents
(except for amikacin and fosfomycin) than those around NH-stations
(Table S3). For example, AR Enterobacteriaceae from shared bikes
around HR-stations exhibited significantly higher rates of resistance to
SXT and colistin than those around NH-stations (p < 0.05) (Table S3).
Importantly, 66.7% (8/12) of the multidrug-resistant Enterobacteriaceae

4
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Table 2
Univariate analysis of variables associated with AR Enterobacteriaceae-positive Metro stations (n = 166).
Variables
Exchange station
a

City park

Office building
Shopping mall
Secondary/tertiary non-profit hospital
Secondary/tertiary for-profit hospitalb
Primary non-profit hospitalb⁎
Primary for-profit hospital

b

Primary school or high school

a

Universitya
Research institutions
a⁎

Temple/church
Other venuesb⁎
Scenic areaa

b⁎

Category

Percentage (%)

Prevalence (%) (95%CI)

OR (95%CI)

P

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

20.5
79.5
41.0
59.0
63.9
36.1
47.6
52.4
56.0
44.0
18.1
81.9
21.7
78.3
39.8
60.2
93.4
6.6
36.1
63.9
15.7
84.3
26.5
73.5
34.3
65.7
16.9
83.1

64.7
56.8
58.8
58.2
60.4
55.0
60.8
56.3
65.6
49.3
66.7
56.6
44.4
62.3
60.6
57.0
59.4
45.5
58.3
58.5
53.8
59.3
70.5
54.1
66.7
54.1
60.7
58.0

1.4 (0.6–3.0)
1.0
1.0 (0.5–1.9)
1.0
1.2 (0.7–2.4)
1.0
1.2 (0.6–2.2)
1.0
2.0 (1.0–3.7)
1.0
1.5 (0.7–3.5)
1.0
0.5 (0.2–1.0)
1.0
1.2 (0.6–2.2)
1.0
1.8 (0.5–6.0)
1.0
1.0 (0.5–1.9)
1.0
0.8 (0.3–1.9)
1.0
2.0 (1.0–4.2)
1.0
1.7 (0.9–3.3)
1.0
1.1(0.5–2.6)
1.0

0.405

(46.5–80.3)
(47.9–65.4)
(46.2–70.6)
(47.8–68.1)
(50.4–69.7)
(41.6–67.9)
(49.1–71.6)
(45.3–66.9)
(55.0–75.1)
(37.4–61.3)
(47.2–82.7)
(47.9–65.1)
(27.9–61.9)
(53.4–70.7)
(47.8–72.4)
(46.7–66.9)
(51.2–67.2)
(16.7–76.6)
(44.9–70.9)
(48.5–68.0)
(33.4–73.4)
(50.7–67.5)
(54.8–83.2)
(44.8–63.2)
(52.9–78.6)
(44.3–63.7)
(40.6–78.5)
(49.3–66.3)

0.932
0.499
0.562
0.035
0.312
0.054
0.645
0.557
0.984
0.605
0.059
0.120
0.788

a

Classification based on information from the official websites of the Beijing Gardening and Greening Bureau (yllhj.beijing.gov.cn/), the Beijing Municipal Health
Commission (wjw.beijing.gov.cn/sy/), the Beijing government (www.beijing.gov.cn/bmfw/)the National Religious Affairs Administration (www.sara.gov.cn/old/
csjbxx/index.htm) and the Beijing Cultural Tourism Bureau (whlyj.beijing.gov.cn/index.htm).
b
Other venues including the theatre, gymnasium and concert hall.
⁎
Significant variable (p < 0.2).

Appropriate disinfection measures can limit the transmission of resistant bacteria within health facilities, but the high population mobility in secondary/tertiary hospitals (> 145 million visitors to secondary/tertiary hospitals in Beijing were recorded in 2018) means that
the spread of resistant bacteria cannot be completely eliminated
(Health Statistics in Beijing, 2018).

Table 3
Multivariable logistic regression analysis of factors associated with AR
Enterobacteriaceae.
Variables

OR (95%CI)

P

Secondary/tertiary non-profit hospital
Primary non-profit hospital

1.984 (1.051–3.745)
0.476 (0.223–1.016)

0.034
0.055

3.5. Limitations

isolates were collected from shared bikes around HR-stations.
AR Enterobacteriaceae from public transportation have previously
been associated with hospitals, with mcr-1-carrying E. coli frequently
isolated from commonly touched surfaces in public transportation serving hospitals and heavy traffic routes in Guangzhou, China (Shen
et al., 2018). Antimicrobial agents are intensively used in hospitals,
making them common locations for the emergence and persistence of
AR Enterobacteriaceae (Deshpande et al., 2017, Otter et al., 2013).
Secondary/tertiary hospitals in Beijing serve more patients than primary hospitals, while non-profit hospitals have better medical facilities
and are less expensive than for-profit hospitals (Bu Q., 2016). Therefore, non-profit hospitals generally have more patients and visitors than
their for-profit counterparts (Bu Q., 2016). Previous reports have shown
that AR Enterobacteriaceae can be isolated from both hospital sewage
(Parvez and Khan, 2018) and the general hospital environment
(Deshpande et al., 2017, Fernando et al., 2019, Otter et al., 2013.).
Moreover, AR Enterobacteriaceae strains persist on various surfaces in
healthcare facilities (Otter et al., 2013), even if regular disinfection is
carried out (Fernando et al., 2019). Therefore, hospitals are likely to be
important sources and reservoirs of AR Enterobacteriaceae in large cities.

Our study had several limitations. First, we did not take into account the frequency of use in each shared bike sampled in the current
study. Second, we could not control for differences in the habits of
people using the shared bikes or the weather conditions at the time of
sample collection. Third, we have no detail data of shared bikes routes
to know the frequency of use for people in each type of public building.
4. Conclusions
The prevalence of extensively-drug-resistant bacteria on shared
bikes in Beijing is very low. However, hospitals as major reservoirs of
AR Enterobacteriaceae and may be involved in the dissemination of these
pathogens via the shared bike system, appropriate control measures
(e.g., comprehensive hygiene managements in the hospital environment and better education of the general population, such as thorough
hand washing procedures) to prevent the spread of AR
Enterobacteriaceae in and around hospitals should be developed and
implemented.

5
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Fig. 2. Prevalence of various AR Enterobacteriaceae in samples from shared bikes around HR- and NH-stations.
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