
Public Health Res Perspect 2011 2(3), 202e209
doi:10.1016/j.phrp.2011.11.047
pISSN 2210-9099 eISSN 2233-6052
- ORIGINAL ARTICLE -
A diversity of Antibiotic-resistant Staphylococcus
spp. in a Public Transportation System
Pamela J. Yeh a,b,*, Dawn M. Simon c, Jess A. Millar a, H. Forrest Alexander a,
Darleen Franklin d

aDepartment of Biology, Portland State University, Portland, Oregon, USA.
bDepartment of Environmental Health Sciences, School of Public Health, UCLA, Los Angeles,
California, USA.
cDepartment of Biology, University of Nebraska-Kearney, Kearney, Nebraska, USA.
dDepartment of Biology, San Francisco State University, San Francisco, California, USA.
Received: August 20,

2011
Revised: September
26, 2011
Accepted: October 27,
2011

KEYWORDS:

antibiotic resistance,

community-acquired

infections,

environmental

microbiology,

methicillin-resistant

Staphylococcus aureus,

pathogen transmission,

Staphylococcus,

transportation
*Corresponding author.
E-mail: pyeh@pdx.edu

This is an Open Access article distr
(http://creativecommons.org/licenses/b
any medium, provided the original work

Copyright ª 2012 Korea Centers for Dise
Abstract
Objectives: Our goal was to determine the diversity and abundance of Staphy-
lococcus bacteria on different components of a public transportation system in
a mid-sized US city (Portland, Oregon) and to examine the level of drug resis-
tance in these bacteria.
Methods: We collected 70 samples from 2 cm � 4 cm sections from seven
different areas on buses and trains in Portland, USA, taking 10 samples from each
area. We isolated a subset of 14 suspected Staphylococcus spp. colonies based on
phenotype, and constructed a phylogeny from16S rRNA sequences to assist in
identification. We used the KirbyeBauer disk diffusion method to determine
resistance levels to six common antibiotics.
Results: We found a range of pathogenic Staphylococcus species. The mean
bacterial colony counts were 97.1 on bus and train floors, 80.1 in cloth seats, 9.5
on handrails, 8.6 on seats and armrests at bus stops, 3.8 on the underside of
seats, 2.2 on windows, and 1.8 on vinyl seats per 8 cm2 sample area. These
differences were significant (p < 0.001). Of the 14 isolates sequenced, 11 were
staphylococci, and of these, five were resistant to penicillin and ampicillin, while
only two displayed intermediate resistance to bacitracin. All 11 isolates were
sensitive to trimethoprim-sulfamethoxazole, vancomycin, and tetracycline.
Conclusions: We found six different strains of Staphylococcus, and while there
were varying levels of drug resistance, we did not find extensive levels of
multidrug-resistant bacteria, and no S. aureus was found. We found floors and
cloth seats to be areas on buses and trains that showed particularly high levels of
bacteria.
ibuted under the terms of the Creative Commons Attribution Non-Commercial License
y-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
is properly cited.
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1. Introduction

Microbes in public areas can be a critical issue in

public health, because of the ease of transfer of patho-

gens from individual to individual [1e5]. This is

a particular cause for concern when microbes are drug

resistant and pathogenic. Public areas such as restau-

rants, public transportation systems, parks, schools, day-

care centers, and other community areas can bring

a large number of people together and facilitate the

transmission of microbes [5,6]. Although many drug-

resistant pathogens have been primarily nosocomial,

some, including methicillin-resistant Staphylococcus

aureus (MRSA), are also increasingly acquired in the

community [7e10]. Therefore, increased attention has

been paid to environmental microbes and to the numbers

and strains of bacteria found in public places [6,11e13].

Here, we focus on microbes in public transportation,

because mass transit systems have become increasingly

important in urban areas. With the revitalization of

many downtown areas in large urban centers [14,15],

and the increased awareness surrounding energy-saving

methods of transportation, there has been a push both

nationally in the United States [16,17], as well as

globally [18,19], towards an increased use of mass

transit systems.

Previous studies have indicated that varying levels of

bacteria can be found in transport systems [6,13,20].

Within Portland, Oregon, a mid-sized city in the United

States (city population approximately 500,000 and

metropolitan population around 2.2 million) [21], 17.3%

of residents commute to work using bikes and public

transportation [22]. The Portland public transit system

(TriMet) consists primarily of buses and trains. An

estimated 321,100 people per day ride public trans-

portation on weekdays [23], and the system covers

a broad geographic area, including suburbs in the greater

Portland metropolitan area. As a result, there is potential

for widespread interpersonal transfer of bacteria.

The Staphylococcus genus comprises many patho-

genic species often found on the skin. These include

S. aureus, which has been a pathogen of concern due to

the existence of MRSA, as well as strains resistant to

vancomycin (vancomycin-resistant S. aureus), a drug

often referred to as the “drug of last resort” [24,25].

Furthermore, within the last 5 years, MRSA has moved

from being primarily a nosocomial pathogen to one that

is also found in community areas and public places

[7,26]. Community-acquired strains have been docu-

mented in areas such as day-care centers [27e29], fire

stations [30], and universities [31]. Furthermore, there

are many other species of Staphylococcus that are

pathogenic, and our understanding of the distribution of

these species in public areas is poor [6]. Therefore, it is

becoming increasingly important to understand the risks

of Staphylococcus transmission in public areas.
We examined the abundance and distribution of

Staphylococcus spp. over several microlocations on

Portland’s public transportation system. We were

interested in which areas on a bus or train harbored the

most bacteria, whether these bacteria were drug-

resistant, and what the diversity of Staphylococcus

was e would we primarily find S. aureus or would we

find a range of other species in this genus? Our findings

would be able to inform both personal hygiene and

public policy regarding cleaning frequency or the areas

on which to focus cleaning efforts, as well as the choice

of seats type (cloth vs. vinyl), for minimizing exposure

to potentially harmful bacteria.
2. Materials and Methods

2.1. Collecting samples
We collected samples on two separate days, April 19

and July 2, 2011. We sampled seven different location

types: cloth seats on buses, vinyl seats on trains, hand-

holds and handrails, windows, floors, under seats, and on

metal armrests at bus stops. For each of these location

types, we obtained 10 different samples. In total, we

sampled six different buses, six different bus stops, and

four different trains. Using a sterile swab dipped in

sterile water, we swiped 2 cm � 4 cm sections. Using

aseptic techniques, each sample was streaked onto

a LuriaeBertani (LB) agar plate in angled arcs, eight

streaks per 100 mm diameter Petri dish, and incubated at

37�C for 48 hours.

2.2. Bacterial counts and identification

of Staphylococcus
After a 48-hour incubation period, all bacterial

colony-forming units (cfu, or colonies) were counted

from each sample plate. From the 70 plates with

a varying number of colonies, we chose a subset of 64

colonies identified as potentially pathogenic Staphylo-

coccus species based on phenotypic traits (size, color,

and borders of the colony) [32]. Single colonies from this

subset were inoculated into LB broth medium, grown

overnight at 37�C in a shaker and stored at �80�C in

17% glycerol.

In order to further differentiate these isolates, they

were streaked onto LB and mannitol salt agar plates. For

each isolate, liquid cultures were streaked onto one

quarter of a petri dish and incubated for 48 hours.

Growth on LB plates confirmed that the bacteria were

viable, and growth on mannitol salt agar (7.5% NaCl by

weight in solution) plates indicated likely Staphylo-

coccus spp. due to the relative halotolerance of this

genus. Phenol red indicator used in mannitol salt agar

changes from red to bright yellow if acidic byproducts

from mannitol fermentation are present. This fermen-

tation has traditionally been used to identify



140

120

130

100

110

70

80

90

50

60

30

40

N
um

be
r o

f c
ol

on
y-

fo
rm

in
g 

un
its

 (c
fu

)

0

10

20

Bus stop armrests Floors Handholds
Surface sampled

Seats Under seats Windows

140

120

130

100

110

70

80

90

50

60

30

40

N
um

be
r o

f c
ol

on
y-

fo
rm

in
g 

un
its

 (c
fu

)

10

20

0
Cloth

Seat surface material
Vinyl

A

B

Figure 1. Comparison of the number of colony-forming
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coagulase-positive, often pathogenic species of Staphy-

lococci [33e38]. We used one-way analysis of variance

(ANOVA) to determine whether the number of cfu per

plate results was significantly different among the

samples, and Tukey’s post-hoc tests were used to assess

which pairwise differences showed significance.

2.3. Determining antibiotic resistance levels
We used the KirbyeBauer disk diffusion method to

test bacterial resistance to six antibiotics: ampicillin,

penicillin, tetracycline, bacitracin, trimethoprim-

sulfamethoxazole, and vancomycin. We tested 51

strains for resistance. We plated enough bacterial cells

to grow a lawn of bacteria and then placed small disks

infused with antibiotics onto the petri dishes [BD

ampicillin 10 mg, penicillin 10 IU (approximately 6 mg),
tetracycline 30 mg, bacitracin 10 IU (approximately

135 mg), trimethoprim-sulfamethoxazole (1.25 mg/
23.75 mg), and vancomycin (30 mg)]. These samples

were then grown for 24e48 hours before measuring the

diameter of the zone of inhibition around each disk.

These numbers were then compared to the measure-

ments for disk diffusion standards for Staphylococcus

spp. [39].

2.4. Identification using 16S rRNA
For isolates that grew in mannitol salt agar and fer-

mented mannitol, 1.4 kb of the 16S rRNA was

sequenced (Genewiz, South Plainfield, NJ). We used the

National Center for Biotechnology BLAST (Informa-

tion’s Basic Local Alignment Search Tool) to acquire

close matches for each of the sequences: Bacillus ben-

zoevorans (AY043085.1), B. megaterium (JF496506.1),

B. simplex (JF496314.1), Macrococcus sp. AMGM1

(GU322006.1), M. caseolyticus (FJ263452.1), Micro-

coccus luteus (AB079788.1), S. caprae (NR_024665.1),

S. cohnii (HQ169121.1), S. epidermidis (D83362.1), S.

haemolyticus 6 J-8 (EU379301.1), S. haemolyticus

EHFS1_AU1Ha (EU071616.1), S. nepalensis

(NR_028996.1), S. saprophyticus subsp. saprophyticus

(JF798360.1), S. saprophyticus V (GQ384358.1),

Staphylococcus sp. DGM-UTI2b (JF923460.1), S. war-

neri (HQ831388.1), and S. xylosus (NR_036907.1). All

sequences were aligned using MUSCLE (Multiple

Sequence Comparison by Log-Expectation) [40].

Unambiguously aligned positions were identified using

Gblocks software [41], with a minimum block size of

five characters. The remaining 1,350 positions were

submitted to RAxML analysis [42] to generate

a maximum likelihood tree.

units (cfu) found in 8 cm locations within the Portland

public transit system. There were significant mean differences

in the number of cfu between these types of surface. (A)

Number of cfu shown for various surface types within TriMet

buses and trains, and for bus stops (mean � standard error).

(B) Number of cfu for all seats broken down into surface type:

cloth seats found on buses, and vinyl seats found on trains

(mean � standard error).
3. Results

3.1. Abundance of bacteria, by microlocation
We found the following bacterial colonies per

2 cm � 4 cm swab sample: 97.1 on bus and train floors,
80.1 in cloth seats, 9.5 on handrails, 8.6 on seats and

armrests at bus stops, 3.8 on the underside of seats, 2.2

on windows, and 1.8 on vinyl seats (Figure 1). These

differences were significant (p < 0.001, F Z 7.83,

N Z 70). Tukey’s post-hoc tests indicated that the

following pairs were significantly different in terms of

bacterial counts: floorevinyl seats (p < 0.001), floore
window (p < 0.001), flooreunderneath seats

(p < 0.001), floorebus stop armrest (p Z 0.001),

floorehandrails (p Z 0.002), cloth seatsevinyl seats

(p Z 0.006), cloth seatsewindow (p Z 0.007), cloth

seatseunderneath seats (p Z 0.009), cloth seatsebus

stop armrest (p Z 0.02), and cloth seatsehandrails

(p Z 0.02).

3.2. Staphylococcal diversity
All of the 64 isolates grew on LB; of these, 51 grew

on mannitol salt agar, and of these, 15 turned the red

plates yellow, indicating a fermentation of mannitol. We
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sequenced the 16S rRNA from 14 of the 15 isolates that

grew on and fermented mannitol, which indicates

possibly pathogenic Staphylococcus species. Phyloge-

netic analyses indicate that our sequences fall into three

distinct clusters (Figure 2). Specifically, our sequences

include two members of the genus Bacillus, one of

Macrococcus, and 11 of Staphylococcus. From the

subset of staphylococci sequenced, 16S similarities were

found with the following taxa: S. xylosus, S. saprophy-

ticus, S. cohnii, S. haemolyticus, S. epidermidis, and S.

warneri. Our phylogenetic analysis of these species as
Figure 2. Maximum likelihood tree for 16S sequences of all mann

is rooted at the midpoint, and bootstrap values (100 replicates) over

using BLAST for each new sequence. Our samples include 11 strain

two strains that match Bacilli and one Macrococcus.
well as S. aureus indicates that none of the samples in

this study was S. aureus.

3.3. Staphylococcal antibiotic resistance
Of the 11 confirmed isolates of mannitol-fermenting

Staphylococcus we examined, five were resistant to

penicillin and ampicillin, two showed intermediate

resistance to bacitracin, and none was resistant to

tetracycline, trimethoprim-sulfamethoxazole, or vanco-

mycin (Figure 3). Among the 36 strains that grew on but

did not ferment mannitol, 11 were resistant to ampicillin
itol-fermenting samples taken from the transit system. The tree

70 are shown. It includes a selection of near relatives identified

s clustered tightly with other Staphylococcus strains, as well as



Figure 3. Resistance to antibiotics among confirmed Staphylococcus isolates. Among the 14 isolates sequenced, 16S sequences

indicated that 11 were staphylococci. The resistance of these strains to several antibiotics, as determined by a disk diffusion

method, is shown on the graph in percentages. The percentages of isolates that were susceptible are shown as white bars, isolates

with intermediate resistance are shown as hatched bars, and resistant isolates are shown as black bars. There is a diversity of

resistance levels among strains and antibiotics.
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and 12 were resistant to penicillin. Three strains were

resistant to bacitracin, and one strain was resistant to

vancomycin. This strain may have simply been Gram-

negative, as Gram-negative bacteria in general are not

affected by vancomycin; however, further analysis

would be required. None of these bacteria was resistant

to trimethoprim-sulfamethoxazole or tetracycline.
4. Discussion

It is not surprising that many bacteria were found on

the different surfaces on Portland’s buses and trains.

This is consistent with results found in other studies of

microbes in public transit systems [6,13,20] (D.

Franklin, unpublished data).

Previous studies have shown that nonporous items

that hands frequently touch, for example remote

controls, door knobs, phones, and computer keyboards

[2e4,12,43] harbor smaller numbers of bacteria that

change over time due to higher rates of transfer and low

retention, despite frequent skin contact. We had there-

fore expected a lower number of bacteria to be found on

the nonporous handrails and handholds in the buses and

trains, and our study confirmed this to some degree. The

number of bacteria on the handrails was approximately

an order of magnitude lower than that found on the floor

and on cloth seats. This may also be partially due to the

ease of cleaning metal handrails, or to the fact that

Portland’s transit system, despite being very popular, is

not particularly crowded.
The seat material had a significant effect on the

number of bacteria present. Seats with cloth padding had

almost 40 times the number of bacteria as those made of

vinyl. This is likely due to the low retention and efficient

transfer of bacteria on nonporous surfaces, as well as the

ease and low cost of cleaning these surfaces in

comparison to cloth. Cloth padding may also harbor

bacteria beneath the surface areas that cannot be directly

washed. These findings were similar to a previous study

on the public transport systems in San Francisco, Cal-

ifornia (D. Franklin, unpublished data), where cloth

seats harbored many more bacteria.

Bacteria were most numerous on floors, which was

an unexpected result. Floors are generally easy to clean

because they can be washed and swept, so large areas

can be covered with less human power. The floor

bacteria levels from this study were approximately

12 cfu/cm2, which was higher than levels of bacteria on

the floor from other studies, examples of which show

approximately 3e5 cfu/cm2 [44], <5 cfu/cm2 [45], 4

cfu/cm2 [46], and approximately 4 cfu/cm2 and 7 cfu/

cm2 for semi-clean and dirty floors, respectively [47].

Other findings were less surprising: metal seats and

armrests at bus stops had very few bacteria. This may be

due to the material, possibly the limited use of these

seats, and the fact that many are exposed to the

elements, including rain. Windows and areas under seats

on buses showed a low number of bacteria, likely

because of limited human contact.

A diversity of Staphylococcus species were identified

in this study, although none was S. aureus. Although this
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may be heartening, it should be emphasized that only

bacteria that grew on and fermented mannitol were

sequenced. Fermentation of mannitol has been a stan-

dard method to obtain pathogenic Staphylococcus, but is

not always accurate as a diagnostic for pathogenesis or

the production of coagulase [48,49]. In this study, two

Bacillus species, known to be a false positive for

Staphylococcus in the mannitol fermentation test [48],

and one member of genus Macrococcus were present

alongside many Staphylococci pathogens such as

S. cohnii, S. epidermidis, S. haemolyticus, S. saprophy-

ticus, S. warneri, and S. xylosus. Furthermore, Staphy-

lococcus species that could not grow in 7.5% NaCl

[50,51] would not have been represented.

The different staphylococci found have all been

documented in other studies to be pathogenic. Staphy-

lococcus cohnii, for example, has been show to be an

opportunistic pathogen with high morbidity in people

with a compromised immune system [52e54]. More-

over, antibiotic-resistant clinical isolates [55] have been

reported, as have those with antibiotic resistance plas-

mids [56]. Staphylococcus cohnii has also been reported

as a false positive for MRSA on specialized chromo-

genic media [57]. The danger of transit microbes may lie

not in well-known pathogens such as S. aureus, but in

potential pathogens like S. cohnii that may also serve as

a reservoir for antibiotic resistance, presenting the threat

of horizontal transfer to more virulent Staphylococcus.

We also found strains such as S. saprophyticus and S.

xylosus that are each implicated in a variety of infections

[58e61]. Staphylococcus xylosus, like S. cohnii, has

been found as antibiotic-resistant clinical isolates [55].

Two strains we tested were closely related to S. epi-

dermidis, a common nosocomial pathogen [62].

Although S. epidermidis is exclusively opportunistic,

lacking many of the toxins produced by S. aureus, it,

like S. cohnii and other staphylococci, can present

a serious threat in immunocompromised individuals.

Furthermore, S. epidermidis has a tendency to form

biofilms such as on catheters and other foreign bodies,

which cause infections within the patient that are diffi-

cult to treat [62].

We also found two strains closely related to S. hae-

molyticus, which is often both pathogenic and resistant

to antibiotics [63e66]. Staphylococcus haemolyticus

can cause septicemia and peritonitis as well as infect the

ears and urinary tract. Staphylococcus haemolyticus, like

the other staphylococci in this study, largely infects

immunocompromised individuals and can cause serious

infections in such situations [65]. Staphylococcus hae-

molyticus has also been found to have resistance genes

to antibiotics such as gentamicin and erythromycin in its

plasmids [63], which can be a source of concern for the

horizontal transfer of resistance to other, possibly more

virulent bacteria.

Finally, we found two Staphylococci with 16S

sequences that were very close to those of S. warneri,
another occasionally pathogenic [66e68] microbe that

has been found with decreased vancomycin suscepti-

bility [69] and is implicated in bacteremia in immuno-

suppressed patients [67]. Altogether, all the

Staphylococcus species we found have been docu-

mented as the causative pathogen in infections in

immunosuppressed patients [54,59,62,65,67], with the

exception of S. saprophyticus, a common cause of

urinary tract infections [58].

In conclusion, this study highlights that, in the Port-

land public transit system, floors and seats are the areas

with the highest bacterial densities, and efforts to clean

buses and trains should focus on these areas. Further-

more, there is a clear difference in bacterial levels

between cloth and vinyl seats, and this may be some-

thing to consider as new buses and trains are manufac-

tured and equipped. Finally, although we found

a diversity of Staphylococcus species, we did not find S.

aureus, nor did we find evidence of extensive and high

levels of multidrug resistance.

This study is limited in scope, but indicates that while

we might not have extremely multidrug-resistant

bacteria in high abundance on public transport, we

should continue to keep monitoring carefully, especially

in light of the fact that resistance genes can be trans-

ferred horizontally to more pathogenic strains of

Staphylococcus. This study can serve as a data point for

future comparisons of possible changes in antibiotic

resistance levels in public transport systems.
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