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Abstract—This study aimed to detect and to identify the main
strains of airborne microorganisms present in the Shanghai Metro
system. Samples were collected using agar plates exposed to the air
and microorganisms were identified using catalase, plasma coagulase
and hymolytic analysis. The results show that the concentration of
mildew present within a newly opened metro line was significantly
higher than for other lines. Differences among underground and
elevated stations can be attributed to differences in passenger flow and
the environment surrounding the stations. Additionally, the
investigation indicated that bacteria reached maximum levels at
different times on weekdays and weekends. The bacteria in the Metro
stations were identified as primarily Gram positive, consisting mainly
of coagulase-negative staphylococcus strains (CNS).
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|. INTRODUCTION

Anumber of infectious diseases can be passed through
crowds, resulting in cross-contaminations, and one of the
most common routes of transmission is via respiratory
passages. It is, therefore, important to investigate air quality in
public areas, especially those with high visitor flow rates. As
the primary means of public transportation in over 120
megacities, Metro systems tend to be subject to high scrutiny in
terms of efficiency, safety and capacity. However, considerable
importance should also be attached to conditions of hygiene,
since pollutants such as sulfurous anhydride, particles and
airborne microorganisms can accumulate in the closed
environment of the Metro system [1]. Only a small number of
countries, including the United States [2], Egypt [3], Japan [4],
[5], Hungary [6], [7] and Russia [8], undertake regular
investigations of bacterial populations in their cities” Metro
systems. With nearly 7 million people boarding daily and a
peak passenger flow of 7.5 million [9], the Shanghai Metro
system is now the largest in the world. However, since the first
line opened in 1995, no investigations into the level of airborne
microorganisms have been carried out and no formal
procedures exist in China to monitor air quality in Metro
systems [10]. In the course of this study, we investigated the
concentration and distribution of airborne microorganisms,
namely bacteria and mildew, in the Shanghai Metro system and
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the probable conditions that affect the abundance of such
microorganisms. The aim of this study was, therefore, to
provide a scientific basis to inform policy decisions on public
health and the construction of future Metro systems to improve
passenger safety and comfort.

Il. METHODS AND MATERIALS
A.Sample Collecting and Cultivation

Bacteria and mildew were collected using nutrient agar and
Czapek’s medium plates, respectively. Bacterial samples and
mycotic samples were collected using the settling process,
according to the Chinese Ministry of Public Health protocol
[11]. The nutrient agar plates and Czapek's medium plates were
placed 1.2 meters above ground level and exposed to the air in
the center of the carriage or the station waiting room for 5 min.
For consistency across the results, all collections were
conducted on the same day. Nutrient agar and Czapek’s
medium plates were cultivated at 37°C for 48 hours and at 28°C
for 5 days, respectively. Cell colonies were counted beginning
on the third day of cultivation.

B. Group Allocation

The study involved the detection and classification of
airborne microorganisms in two types of location: within Metro
carriages and within Metro stations. The former included
carriages on four metro lines. Line one experienced the highest
passenger flow, reaching over 1 million people per day, and
Line ten had been opened just 3 days previously. The other two
lines were selected at random. In order to avoid the influence of
peak passenger flow rate during rush hour, all collections were
conducted in the early afternoon on the same day.

The station group included samples taken in five
underground stations and five over-ground stations. Three of
the underground stations were interchange stations where at
least two Metro lines crossed. Subsequently, these stations had
higher passenger flow. Two of the elevated stations were near
trunk roads and subject to large amounts of dust produced by
vehicles. Similarly to the carriage group, all collections were
carried out in the early afternoon on the same day.

C.Bacterial Isolation and Identification

Primary identification was carried out based on the results of
Gram-staining and  microscopic  examination.  After
microscopic confirmation of the purification of populations
based on Gram-staining, further identification was performed
using catalase and plasma coagulase tests.
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The catalase test distinguishes between streptococcus and
staphylococcus by observing the decomposition of hydrogen
peroxide solution. Bacterial samples were obtained after
cultivation for 17 h and mixed evenly with 3% hydrogen
peroxide solution. Bubbles observed in the solution revealed
the bacteria to be staphylococcus.

The plasma coagulase test distinguishes Staphylococcus
aureus from CNS strains based on the absence or presence
clot-lysis ability, respectively. Rabbit blood was added to a
3.8% solution of citrate sodium anticoagulant. This was then
added to the bacterial samples, having been cultivated for 18 h
at 37°C, and the presence or absence of clots was recorded.
Normal saline was also used as a control.

The hemolytic test was performed to distinguish
Staphylococcus haemolyticus from other Staphylococci. Streak
cultivation of bacterial samples was conducted on nutrient agar
containing goat blood and the presence or absence of hemolysis
was recorded after incubation for 18 h at 37°C.

I1l. RESULTS
A. Detection of Bacteria and Mildew in Carriages

Comparison of mildew in carriages
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Fig. 1 Comparison of (a) mildew and (b) bacterial concentrations in
Metro carriages *p < 0.05

Fig. 1 shows a comparison of mildew and bacterial
concentrations in the Metro carriages tested. Line ten was
found to have the highest concentration of bacteria and mildew,
with a statistically significant difference compared to other
lines (p < 0.05). Line one had the next highest bacterial
concentration. However, the difference in the amount of
bacteria and mildew compared to Line three and Line eight was
not found to be statistically significant (p > 0.05).

B. Detection of Bacteria and Mildew in Stations

Table | shows the concentrations of bacteria and mildew in
the different stations sampled. The concentration of bacteria
and mildew varied considerably across the different stations.
The highest content of bacteria appeared at South Changjiang
Road with a value of 101.67 CFU/dish, which was 22 times
than the result at Zhongxing Road with a value of 4.67
CHF/dish. People’s Square, Century Avenue and Zhongshan
Park underground interchange stations, where at least two lines
intersect, were found to have the highest concentrations of
bacteria of the underground stations (p < 0.01). However, the
difference in the amount of mildew in these stations was not
found to be statistically significant (p > 0.05). The elevated
stations Gongfuxincun and South Changjiang Road had
significantly higher concentrations of bacteria and mildew than
any other station (p < 0.05).

TABLE|
THE CONCENTRATIONS OF BACTERIA AND MILDEW IN DIFFERENT METRO

STATIONS

i Bacteria Mildew
Location i i
(CFU/dish) (CFU/dish)

Interchange/underground stations
Line 1 - People’s Square 15.33 +4.03 2.33+1.25
Line 2 - Century Avenue 21.67 £3.30 1.33£0.47
Line 8 - Hongkou Football studium 8.00 £0.82 1.67+1.25
Line 8 - Zhongxing Road 4.67+1.70 3.00 £1.41
Line 2 - Zhongshan Park 25.00 +£3.56 2.33 £0.47
Elevated stations
Line 3 - Chifeng Road 14.00 £4.97 3.67+1.70
Line3 - East Dongbaoxing Road 7.67+3.79 2.67+1.15
Line 3/4 - Honggiao Road 16.00 £3.56 3.67 £1.25
Line 3 - South Changjiang Road 101.67+27.06 34.67+11.93
Line 1 - Gongfuxincun 95.67 £8.18 13.67+2.87

C.Daily Variation in Bacterial Concentration

Fig. 2 shows the daily variation in bacterial concentration at
a single station on two different days, Thursday and Sunday.
Fig. 2a shows that bacterial concentration in the station peaked
in the morning on Thursday, and it can be assumed that this is
the general pattern characteristic of workdays. The statistical
result showed that the amount of bacteria dropped significantly
at noon and then again in the evening (p < 0.05). Fig. 2b shows
that the bacterial concentration in the station peaked in the
afternoon on the Sunday. However, the differences between the
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morning, noon and afternoon measurements were not found to
be statistically significant (p > 0.05). Bacterial concentration
then dropped significantly to reach its lowest point in the
evening (p < 0.05).
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Fig. 2 Daily variation in bacterial concentration for a single station on
a (a) weekday and (b) the weekend *p < 0.05

D. Identification of Bacteria in Metro Stations

Of the 163 bacterial samples obtained from the Metro
stations, 135 (82.82%) were identified as Gram-positive.
Catalase, plasma coagulase, and hemolytic tests revealed that
CNS strains were most prevalent (66.26%) in the Metro stations
(Fig. 3). Streptococcus spp. was identified at low frequency
(1.74%) in samples from the Metro stations. Further study
showed that the staphylococcus-positive samples mainly
consisted of Staphylococcus epidermidis, Staphylococcus
lentus and Staphylococcus saprophyticus. However, the study
took nutrient agar to collect the bacteria. The result is probably
different if another medium was used.

18.18%

W Gram positive

Gram negative

Fig. 3 The characterization of airborne bacteria in Metro stations. The
airborne bacteria in metro stations were mainly consisted of Gram
positive strains. Further study showed that CNS strains predominated
in metro stations (66.26%). Streptococcus was identified at low
frequency from samples in metro stations (1.47%). The
Staphylococcus samples mainly consist of Staphylococcus
Epidermidis, Staphylococcus Lentus and Staphylococcus
Saprophyticus

IV. DISCUSSION

The results from the collections carried out in Metro
carriages showed that Line ten had significantly higher
concentrations of bacteria and mildew than other lines, despite
the fact that the passenger flow was lowest. However, as our
study was conducted in the early afternoon; the influence of
passenger flow is not considered the main condition affecting
the concentration of airborne microorganisms. A recent study
showed similar results with respect to airborne bacteria in the
Shenzhen Metro system. In newly opened Metro lines, bacterial
content was found to be higher and dropped after several years
[12].

In our study, underground stations and elevated stations were
treated separately since the conditions that affect the abundance
and distribution of airborne microorganisms are different. Soil
is one of the primary natural sources of bacteria and mildew.
Since the stations of Line ten were all underground, the
presence of microorganisms is likely to originate from the soil
exposed when the line was opened. When the metro system is
operational, the amount of bacteria and mildew is likely to be
modified by such factors as the ventilating system, disinfection
activities and passenger flow [13]. However, the higher
concentration of bacteria and mildew in Line ten can be
attributed to it having been opened only recently and being
underground at all points along its length. To improve
conditions and guarantee the comfort and safety of passengers,
it is recommended that regular air sterilization practices should
be carried out on this particular line.

The results in underground stations revealed that interchange
stations had higher concentrations of bacteria and mildew,
indicating that passenger flow may influence the abundance of
airborne microorganisms. Previous studies have demonstrated
the effect of several conditions on the amount of airborne
bacteria. In Seoul underground stations, deeper underground
stations and stations with higher passenger flow were found to
have higher bacterial contents than those shallow ones [14]. In
London, similar results showed that deep underground stations
had higher fungal counts than others [15]. This is attributed to
the fact that exchange with the external environment is less

629



International Journal of Medical, Medicine and Health Sciences
ISSN: 2517-9969
Vol:6, No:12, 2012

frequent in such closed stations, allowing airborne
microorganisms to accumulate. In the present study, the
environment surrounding elevated stations was found to be the
primary condition influencing the concentration of
microorganisms. In addition to passenger flow, it is suggested
that particles produced by vehicles travelling on the trunk road
affect the abundance of bacteria and mildew in elevated
stations.

The results suggest that the time of day at which bacterial
concentration reaches a peak differs between weekends and
weekdays. Only one day was studied since it was deemed that
the temperature and humidity were unlikely to change
significantly at the same station during this period. However,
the concentration of microorganisms is likely to vary
considerably between seasons due to the influence of
temperature and humidity.

Gram-positive cocci were identified as the dominant strain of
microorganism in the Metro stations. Extracellular enzyme
tests indicated the predominant airborne bacteria in Metro
stations to be CNS strains, including Staphylococcus
saprophyticus, Staphylococcus epidermidis and
Staphylococcus haemolyticus. Staphylococcus epidermidis and
Staphylococcus saprophyticus are easily detected on human
skin and mucous membranes as normal flora [16]. The huge
passenger flow in Metro systems provides ideal conditions for
the widespread circulation of bacteria. However, the invasive
capacity of bacteria depends on characteristics such as
adhesiveness and extracellular enzyme profiles. Identification
of coagulase activity constitutes important evidence of bacterial
pathogenicity. All samples investigated in this study were
coagulase-negative, and the proportion of Staphylococcus
haemolyticus was low, suggesting that no highly pathogenic
strains exist in the studied Metro stations.

This study represents a significant step forward in terms of
identifying and measuring the concentration of airborne
bacteria in the Shanghai Metro system, as well as shedding light
on the potential factors that influence distribution patterns. It
should be noted that the nutrient agar used in the present study
is commonly used and can cultivate most bacteria, but not all. A
valuable continuation of the present work could, therefore,
include comparisons of the results obtained using different
culturing media.
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