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Abstract
Methicillin-resistant Staphylococcus aureus (MRSA) has been recognized as a nosocomial pathogen since the 1960s. Cases of MRSA infection presenting from the community were first described in the early 1980s and there had been a growing concern in the development of Methicillin-Resistant Staphylococcus aureus (MRSA). Nowadays, the increase in incidence of CA-MRSA
was reported and was recognized as a threat by health professionals. Generally, CA-MRSA
strains carry the Panton-Valentine leukocidin (PVL) virulence genes, which is a bicomponent
leukocidin and causes leukocyte destruction, tissue necrosis and possess a mobile staphylococcal
cassette chromosome mec (SSCmec). Based on this serious health concern, the prevalence of CAMRSA with other parameters such as pvl and SSCmec from different three communities (countries) was investigated. The subjects in this collaborative research were 200 students of CEU,
100 of DHC, and 94 of KHSU. Stapylococcal cassette chromosome mec and Panton-Valentine
leukocidin gene were investigated using a multiplex PCR. The prevalence of MRSA from CEU,
DHC and KHSU observed was, 12%, 3% and 3.2%, respectively. In the case of PVL, it was
found in 3% of the samples from CEU, but was not detected in any of the samples of DHC and
KHSU. SSCmec was not always carried by CA-MRSA strains. This collaborative study is the
first trial of its kind among the three communities representing the three countries, South Korea,
Japan and the Philippines. The information elicited will help understand the prevalence of CAMRSA.
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) has
been recognized as a nosocomial pathogen since the 1960s.
Cases of MRSA infection presenting from the community
were first described in the early 1980s [1]. MRSA is a potentially fatal strain of Staphylococcus aureus that is resistant to
several antibiotics including oxacillin. MRSA is categorized
based on how it is acquired. The first type, healthcareacquired MRSA (HA-MRSA) were identified in patients in
hospital and healthcare facilities that were resistant to methicillin. The more serious concern is a second type of MRSA
Biomed Res- India 2015 Volume 26 Issue 2

which appeared in the 1990s and is known as communityacquired MRSA (CA-MRSA). CA-MRSA occurs outside of
hospitals and usually infects the skin of an otherwise healthy
individual. Recently, this bacterium was found to account for
an increasing amount of infections acquired among wrestling
players, students, and soldiers. Unlike HA-MRSA, the
source of infection of CA-MRSA is often difficult to identify
[2].
CA-MRSA usually differs from several ways. Typically,
they carry the smallest staphylococcal cassette chromosome mec (SCCmec) types IV and V, are resistant to fewer
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antimicrobial agents, and are associated with the presence
and enhanced expression of specific virulence factors
[2,3]. Indeed, Panton-Valentine Leukocidin (PVL) has
been associated with severe and complicated CA-MRSA
osteoarticular infections. PVL causes leukocyte destruction and necrotizing pneumonia, an aggressive condition
that is often fatal within 72 hours. Comparing cases of
staphylococcal necrotizing pneumonia, 85% of community-acquired cases were PVL-positive, while none of the
hospital-acquired cases were found positive. It has played
a role in a number of outbreaks of fatal bacterial infections [4-6]. The aim of this study is to determine the
prevalence of CA-MRSA using several parameters such
as mecA, PVL gene as well as SCCmec from CA-MRSA
isolates from college and university students from the
three different three countries, South Korea, Japan and the
Philippines.

Materials and Methods
For this collaborative study, three parameters, CA-MRSA,
mecA gene and PVL gene were used in the investigation
but there were a little modification depends on each
community.
DHC researched and collected the samples from the nasal
cavities and hands of 100 college students. KHSU performed the research on samples from nasal vestibule and
the back of ear auricle of 94 students. CEU collected
samples from nares/noses and palms of 100 college students.
i) From DHC
Using sterile cotton swabs, the isolates were obtained and
transferred into non-selective and later selective medium,
for enrichment and selection, respectively. This was followed by incubation for 24hrs, DHC performed using
VITEK (BioMerieux, Maryl’Etoile, France)-automated
system, to identify and to test for the antimicrobial susceptibility of the bacteria. The standard bacteria, Staphylococcus aureus (ATCC 29213), Escherichia coli (ATCC
25922) and Pseudomonas aeruginosa (ATCC 27858)
were used. DHC adapted the multiplex PCR assay previously published paper [4] for mecA and PVL primers. The
SCCmec primers sets were employed and determined on
the basis of the band pattern obtained [7]. The ethical
committee of DHC permits for conducting this study, and
all study participants were provided with informed and
written consent.
ii) From KHSU
Strains. CA-MRSA strains (SCCmec genotype IV, and
PVL gene Positive) were provided as reference strains
from Kyushu University Hospital.Control strains (No. 31:
SCCmec genotype II /PVL gene Negative, No. 32:
SCCmec genotype I/PVL gene Negative, No. 33:
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SCCmec genotype II/PVL gene Negative、 MSSA:
mecA Negative/PVL gene Negative) were provided from
Kumamoto University Hospital. No.1 strain, No.2 strain,
and No.3 strain were isolated from Nasal vestibule and
the back of ear auricle of our students using screening
medium. All procedures were approved by the institutional review board of Kumamoto KHSU.
Determination of CA-MRSA
The most commonly known carrier of the mecA gene is
the bacterium known as MRSA, which encodes the protein PBP2A (Penicillin binding protein 2A). With this fact,
KHSU performed for the detection of PBP2’, which was
examined by MRSA Latex Test (DENKA SEIKEN CO.,
INC.). The mecA gene and Panton-Valentine leukocidin
gene (PVL) were detected [8] and typing of SCCmec was
performed [7]. Drug susceptibility testing was performed
using the method of Microscan WalkAway (SIMENS).
iii) From CEU
The study was carried out from September to November
2013 in Centro Escolar University, Centennial laboratory.
A cross sectional study was conducted on a total of 100
students from ten different colleges. Collections of the
nasal and palm samples from the participants were approved by the CEU- Institutional Ethics Committee. Nasal and palm swabs were collected and transferred in the
Microbiology Laboratory. Sterile cotton swabs were used
for sample collection. The sample was obtained by rotating the swabs gently on anterior nasal. Using another sterile cotton swab, samples were collected on both palmar
surface of the palms of the participants and placed in the
Nutrient broth and incubated overnight at 37oC. All catalase and coagulase positive Gram positive cocci isolates
were confirmed using VITEX 2 XL for biochemical and
antimicrobial profiles. However, CEU adapted a single
PCR assay [9].

Results
1. Antimicrobial susceptibility test
The CEU study revealed that 12% (14 nares/nose and 10
palm swabs /200 samples) were resistant to the antimicrobial, oxacillin. Among 24 samples, 5 strains were chosen as MRSA based on its resistance to cloxacillin. The
study of DHC revealed that 15 strains were identified and
11 candidates from the group were selected to be MRSA,
the ones which had shown <90% identification rate with
VITEK-automated system. These are presumptive MRSA
strains.. However, out of 11 isolates, only 3 strains (27%)
were identified as MRSA as they carry mecA gene (Figure
1). KHSU had found out that 3 samples (3.2%) from 94
students were identified as MRSA by Microscan WalkWay (Table 1). From antimicrobial susceptibility test,
CEU has about 4 times higher on oxacillin resistant rate
those of DHC and KHSU as MRSA rate.
Biomed Res- India 2015 Volume 26 Issue 2

PVL, SSCmec and mecA from CA-MRSA
The most commonly known carrier of the mecA gene is
the bacterium known as MRSA, which encodes the protein PBP2A (Penicillin binding protein 2A). With this fact,
KHSU performed the test to detect PBP2’. Three isolates
out of 94 students were identified as MRSA and all of
them were shown to carry PBP2’ which confirms them as
MRSA on the protein level.
2. Detection of mecA, SSCmec and PVL genes
Following the antimicrobial susceptibility test, DHC detected PVL gene, SCCmec and mecA gene from 11 presumptive MRSA strains, using a multiplex PCR. Three
isolates were confirmed as MRSA since they carried
mecA gene and SCCmec. From three isolates, two samp-

les have these two parameters, simultaneously. However,
PVL gene was not detected. (Figure 1)
Results of Penicillin Binding Protein 2’ reflected those of
mec gene. All the isolated strains harbored no PVL gene.
Strain No.1, No2 and No.3 are SCCmec IV, SCCmec V
and SCCmec IV, respectively. Drug susceptibility testing
showed that the three strains were sensitive to
CEZ、IPM、and MINO, and that one strain was sensitive but the others were resistant to EM and CLDM. Our
results similar to those by previously published reports
[10,11], suggesting that AC-MRSA have spread within
the community of Kumamoto in Japan.

Table 1. Confirmation of MRSA and detection of the PVL gene from KHSU

Figure 1. Detection of mecA, SCCmec and PVL of MRSA isolates from DHC
Lane 1~11 are S. aureus; Lane 4,8,11 (415bp) are SCCmec gene expression (MRSA); Lane 4,8,10
(310bp) are mecA but no detection of Panton-Valentine Leukocidin (PVL).
From an antimicrobial susceptibility test, CEU screened
24 samples as presumptive MRSA and finally chose 5
samples to be confirmed. The identification of S. aureus
(femA) and MRSA (mecA) were carried out with mecA
of 286 base pairs (Figure 3-a). CEU detected the PVL
gene from two colonies of a single sample and performed same with other two samples. The samples
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which carry mecA gene were also detected PVL gene
(Figure 3-b, other two samples were same so not shown
here).
From another single PCR to detect SCCmec and to determine SCCmec type, CEU observed that all three samples were shown as SCCmec type IV (Figure 4-a,b).
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Figure 2. Detection of mecA, SCCmec and PVL of MRSA isolates from KHSU

(a)

(b)

Figure 3. Among 24 samples from CEU, three strains were shown mecA (a) and PVL positive (b)
PC: positive control

(a)

(b)

Figure 4. SCCmec from CEU. MP1-1 and 1-2 are same colony with different size; type I~IX are SCCmec types as positive control (MP means samples’ number)

Discussion
During the past years methicillin resistant S. aureus
(MRSA) has emerged as the community acquired methicillin resistant S. aureus (CA-MRSA) [7]. Among three
different communities like colleges and universities, the
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prevalence rate of CA-MRSA was shown to be high
(12%) in the Philippines, and low (3.2% and 3.0%) in the
Japan and Korea, respectively. The rate of MRSA in all
community-associated S aureus infections in Asian countries ranges from 2·5% to 39% [12]. CA-MRSA can be
spread by close skin-to-skin contact, touching contamiBiomed Res- India 2015 Volume 26 Issue 2

PVL, SSCmec and mecA from CA-MRSA
nated stuffs and surfaces, unsanitary and crowded living
conditions and poor personal hygiene. These are the usual
modes of transmission of CA-MRSA. The slightly higher
prevalence rate of CA-MRSA in CEU could be caused by
humid and crowded conditions. Most of CA-MRSA
strains have the virulence factor, Panton-Valentine Leukocidin (PVL), which is not frequently found in hospitalacquired MRSA strains or methicillin-sensitive S. aureus
(MSSA) strains but a low incidence of MSSA was reported, and has been associated with necrotizing pneumonia and death [12].
The most commonly known carrier of the mecA gene is
the bacterium known as MRSA. The detection of PVL
and methicillin resistance (mecA) genes represents a
new tool to aid the early identification of CA-MRSA
isolates [4]. Panton-Valentine leukocidin is a biocomponent leukocidin encoded by two cotranscribed genes,
lukS-PV and lukF-PV (lukS/F-PV), which causes leukocyte destruction and tissue necrosis [4]. PVL is also an S.
aureus-specific exotoxin and its genes have been demonstrated primarily among CA-MRSA [2]. Several studies has shown that PVL genes were found <5% of S.
aureus isolates worldwide [5,12,13], whereas our collaborative study showed three samples from CEU were
PVL positive, however, the PVL genes were not detected
in samples from KHSU and DHC. The strain carrying
mecA gene has PVL genes and considered very important factor for virulence because the PVL toxin has been
shown to be responsible for many of the severe clinical
symptoms of infection caused by MRSA, such as furunculosis, severe necrotizing pneumonia, and necrotic lesions of the skin and soft tissues.
However, the rates of carriage of the PVL toxin gene are
>75% for CA-MRSA stains [14] and 67% and 80% for
CA-MRSA strains with ST8 and ST1, respectively, in the
United State [15]. This big different rate of PVL positive
from CA-MRSA might be caused by bacterial strains and
direct isolates from healthy human skin of this study.
Consequently, the reported articles were studied with
MRSA bacterial strains, which are presumptively carrying
PVL gene. It is expected that CA-MRSA infection is associated with community PVL-positive MRSA from nasal
cavity and skin, but not detected from CA-MRSA. The
detection of PVL and methicillin resistance (mecA) genes
represents a new tool to aid the early identification of CAMRSA isolates [4]. Using multiplex PCR, both the two
parameters, PVL and mecA were not found in the 10 samples but separately detected. The identification of S.
aureus isolates carrying PVL genes is an important first
step in controlling the virulence [4]. The combination of
both PVL and mecA shows very potent virulence and resistant to antibiotics such as oxacillin.
However, it was expected that mecA and PVL genes are
simultaneously expressed but not correlated from DHC and
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KHSU. Consequently, it is very important to identify serious and harmful S. aureus from both detection of PVL and
mecA. However, several studies [4] showed these patterns
PVL(-) MSSA, PVL(+) MSSA, PVL (-) MRSA and PVL
(+) MRSA. Therefore, the PVL toxin can be carried by
both MRSA (methicillin resistant Staphylococcus aureus)
and MSSA (methicillin sensitive Staphylococcus aureus).
The PVL genes are more common in CA-MRSA isolates
compared with CA-MSSA isolates [14,15,16] and a recent
molecular study showed the presence of PVL gene in almost all of the CA-MRSA strains [17].
The resistance of bacteria to antimicrobials is caused by
the acquisition of the methicillin resistance gene mecA,
carried by the staphylococcal cassette chromosome mec
(SCCmec). By the time the Guidelines for the classification of SCCmec elements was prepared, eight SCCmec
types have been described for S. aureus [20]. SCCmec
types IV and V elements are generally carried by CAMRSA strain as reported [21,22]. Therefore, it is expected
that samples 4,8 and 11 of DHC which has mecA gene
can be also carried by SCCmec but samples 4 and 8 were
observed using the two parameters, mecA and SSCmec. A
previous paper [7] reported two-type-size of primers of
SCCmec and DHC designed and adapted primers of
SCCmec type IV with 415 bp size. Therefore, samples 4
and 8 were regarded as SCCmec type IV. SCCmec type IV
is the most common type, followed by type V, type I and
type II [7]. CA-MRSA generally carries mecA gene with
PVL-positive and SCCmec but it can be expected that
MSSA also can carry SSCmec. KHSU also got two
SCCmec type IV with 415bp and one SCCmec type V
with 359 bp. In the case of CEU, all of three samples carrying mecA gene could be expressed by SCCmec type IV.
However, it was reported that CA-MRSA isolates carried
the SCCmec type IV complex, and most were PVL positive, whereas the HA-MRSA isolates carried the SCCmec
type II complex and did not harbor the PVL genes [2,23].
The two parameters, mecA and SCCmec were negative in
the samples from DHC and three samples KHSU. However, CEU confirmed three samples which have mecA,
SCCmec and PVL gene together. The mecA gene encodes
for an altered penicillin binding protein known as penicillin binding protein 2A and thereby endows resistance to
methicillin and other similar beta-lactam antimicrobial
agents. Resistance to methicillin by staphylococcus results from the acquisition of the mecA gene, which is part
of a larger mobile genetic element known as the staphylococcal chromosomal cassette (SCCmec), a genetic element that integrates into the staphylococcal chromosome.
PVL is present in the majority of community acquired
methicillin resistant S. aureus and is produced from the
genetic material of a bacteriophage which infects S.
aureus, making it more virulent [24]. Therefore, we can
generalize that, “MRSA strain has PBP2A encoded by
mecA which is located on a SCCmec element and are
sometimes carried by PVL gene”.
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The study was performed on college students taking
health science courses, 200 from CEU, 100 from DHC
and 94 from KHSU. It was shown that there is no high
rate of PVL-positive mecA and SCCmec. PVL-positive
isolates is more serious but CA-MRSA do always carry
PVL gene. This proves that the higher rate of prevalence
of the three parameters, PVL-positive, mecA and SCCmec
can be acquired through exposure to unsanitary environments. From the results of this first collaborative study on
the comparison of prevalence rates in the three different
communities, information to elucidate on the three parameters, mecA, SCCmec and PVL gene from CA-MRSA
is made available and can be useful to future researchers
who wish to probe deeper on MRSA. Furthermore, sampling, raw data collection be standardized to elicit reliable
results / information with the use of other molecular diagnostic tools. The result of this study is not conclusive but
is vital and priceless in the area of community-acquired
MRSA of the three different countries, South Korea, Japan and the Philippines.
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