
Hindawi Publishing Corporation
International Journal of Microbiology
Volume 2013, Article ID 979734, 7 pages
http://dx.doi.org/10.1155/2013/979734

Research Article
Methicillin-Resistant Staphylococcus aureus Carriage among
Students at a Historically Black University: A Case Study

Hua Shen,1 Eyitayo Akoda,1 and Kunyan Zhang2

1 Department of Biology, Virginia State University, 1 Hayden Drive, Petersburg, VA 23806, USA
2Departments of Pathology & Laboratory Medicine, Microbiology, Immunology & Infectious Diseases, and Medicine,
University of Calgary, Calgary, AB, Canada T2N 4N1

Correspondence should be addressed to Hua Shen; hshen@vsu.edu

Received 19 August 2012; Revised 26 October 2012; Accepted 19 December 2012

Academic Editor: Barbara H. Iglewski

Copyright © 2013 Hua Shen et al. is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. Black people in the USA is afflicted with a higher rate of methicillin-resistant Staphylococcus aureus (MRSA) infection.
is study determined the prevalence of MRSA carriage among black college students at a university setting. Methods. Hand and
nasal swabswere collected and screened forMRSAbymannitol fermentation, coagulase, andDNase activities and their resistance to
oxacillin. MRSA isolates were analyzed for antimicrobial resistance pattern, genetic pro�le for staphylococcal cassette chromosome
mec (SCCmec) type, pulsed-�eld type, multilocus sequence type (ST), and the presence of Panton-Valentine leukocidin (PVL) gene.
Results. MRSA was isolated from 1 of the 312 (0.3%) hand swabs and 2 of the 310 (0.65%) nasal swabs, respectively. All isolates lack
multidrug resistance and have type IV SCCmec, characteristic of community-associated MRSA.ese isolates were a ST8-MRSA-
IVa-PVL(+) (USA300 strain), a ST8-MRSA-IVb-PVL(−), and a new MLST, ST2562-MRSA-IV-PVL(−), identi�ed in this study.
ese isolates were thus not transmitted among students. Conclusion. We found a low rate of MRSA carriage among students in a
black university. Our �nding highlights the need of future study which involves multiinstitutions and other ethnic group to assess
the association of black race with MRSA carriage.

1. Introduction

Staphylococcus aureus, a bacterium commonly isolated from
humans, is an important causative agent for skin and so
tissue infections, pneumonia, septic arthritis, endocarditis,
osteomyelitis, and sepsis [1]. Methicillin-resistant Staphylo-
coccus aureus (MRSA) strains resistant to 𝛽𝛽-lactam antimi-
crobial agents have caused increased S. aureus infection and
mortality [2, 3]. Black people in the USA is afflicted with
a higher rate of MRSA infection as indicated by studies
of pediatric patients, community-onset skin and so tissue
infections, right-sided endocarditis patients, and hospital
patients [4–10]. A report by Klevens et al. [11] described
signi�cant race disparity through a surveillance program
in 2004-2005: incidence rates of invasive MRSA infection
were consistently higher among blacks than whites in all
age groups. Overall, infection rate was more than twice as
high, and mortality rate was 80% higher for blacks than

for whites. e reason for these racial disparities is not
known.

It is well known that S. aureus carriage is a major risk
factor for infection, and MRSA colonization as opposed to
MSSA colonization is associated with an increased risk of
infection [1–3]. A question needs to be answered is whether a
higher rate of MRSA carriage occurs among blacks. National
MRSA prevalence studies by the National Health and Nutri-
tionExamination Survey Program (NHANES) [12–14] found
that among noninstitutionalized US population the rates for
MRSA carriage were 0.9% for white and 1.1% for black in
2001-2002, and 1.6% for both whites and blacks in 2003-2004
[14]. ese cross-sectional surveys identi�ed risk factors for
MRSA carriage as healthcare facility exposure, age ≥60 years’
females, diabetes, and household with income below poverty
level. Some of the risk factors are also disproportionally
associated with the blacks, making it difficult to discern the
effect of race for MRSA carriage.
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Compelled by the high prevalence of MRSA infection
in black persons, we conducted a survey to determine the
prevalence ofMRSA carriage among students of a historically
black university in 2006-2007.

2. Materials andMethods

2.1. Sample Collection. Institutional review board approval
was obtained prior to the survey. is survey was conducted
at a historically black university; samples were collected
during a 14 months’ period from February 2006 to March
2007. ree to �ve biology senior students enrolled in
a research class each semester assisted sample collection.
Participants were recruited mostly from biology general
education classes to better represent the student population.
Samples were collected from those who authorized letter of
informed consent. With separate swabs, a single sample was
collected from each of the two body sites, nose and hand,
from each participant. Swabs from each participant were
coded with a numeric number that was followed by a letter
H for hand swab, and a letter N for nasal swab, respectively.
Cultures dried in an incidence of prolonged incubation were
withdrawn from this study thus not all participants’ nasal
and hand samples were included. Repeated samples were
excluded when indicated by information of participants.
Health care facility exposure and antibiotic usage 6 months
prior to sample collection were inquired, but answers were
incomplete and inaccurate (e.g., incorrect apprehension of
antibiotic usage) thus not included in this paper. For nasal
sample collection, a sterile cotton-tipped swabwasmoistened
by inserting into sterile 0.85% NaCl saline solution and then
expressed out extra liquid. e moistened swab was then
inserted into both anterior nares, one at a time with the same
swab, and rotated gently against the inner surface. e swab
was withdrawn and immediately streaked on a mannitol salt
agar (MSA, BD, Sparks, MD, USA). Skin samples from hand
were collected with a moisten swab prepared as described for
nasal sampling, by gently rubbing a 1 cm2 area of �ngertips
of one hand, the swab was then immediately streaked on a
MSA. MSA plates were incubated at 35∘C for up to 48 hours.
Nasal and skin samples were collected from 364 participants,
of these 347 were black students. Among the cultures lost in
the incubation incidence, 35 hand and 37 nose cultures were
from the black students. Data from the 312 skin and 310 nose
samples from black students are analyzed in this paper.

2.2. MRSA Screening. One or two (if obvious difference in
color) white or yellow or cream-colored colonies on MSA
plate with yellow surrounding (indicative of fermentation)
were subcultured on trypticase soy agar (TSA). Each sub-
culture was subjected to Gram stain followed by micro-
scopic examination. Only mannitol-fermenting, gram-posi-
tive cocci were screened for oxacillin resistance using
oxacillin screen agar (BD, Sparks, MD) which contains
0.6 𝜇𝜇g/mL oxacillin and 40mg/mL NaCl. Following the
manufacturer’s instruction, isolates were grown in trypticase
soy broth (TSB) at 37∘C for 4–6 hours and diluted to 0.5
McFarland standard with TSB. en ten microliter of the

inoculate suspension was deposited onto an oxacillin screen
agar and smeared in a 1 inch2 area with a sterile cotton-tipped
swab. S. aureus ATCC 29213 (oxacillin susceptible) and S.
aureus ATCC 43300 (oxacillin resistant) were included for
quality control.eplateswere incubated at 35∘C for 24 hours
and observed for growth.

Isolates which formed visible colonies on oxacillin screen
agar were tested for coagulase activity by tube coagulase
test (Fluka Analytical, Buchs, Switzerland) using rabbit
plasma with EDTA following the manufacturer’s instruction.
S. aureus ATCC 43300 and Escherichia coli ATCC 25922
were included as positive and negative controls, respectively.
Oxacillin-resistant coagulase-positive isolates were tested for
deoxyribonuclease (DNase) activity using DNase test agar
(BD, Sparks, MD, USA). Isolates were transferred onto
DNase test agar and incubated at 35∘C for 24 hours. Following
incubation, the plates were �ooded with 1N HCl. A clear
zone around the area of growth indicated DNase activity.
Oxacillin-resistant, coagulase-positive, and DNase-positive
isolates were identi�ed as MRSA.

2.3. Antimicrobial Susceptibility Pattern by Disc Diffusion
Assay. Antibiotic testing was performed using standard
NCCLS methods for antimicrobial disk susceptibility [15].
Antibiotics tested included penicillin (10 IU), cipro�oxacin
(5 𝜇𝜇g), clindamycin (2𝜇𝜇g), erythromycin (15 𝜇𝜇g), doxy-
cycline (30 𝜇𝜇g), tetracycline (30 𝜇𝜇g), trimethoprim/sulfa-
methoxazole (1.25/23.75mcg), and vancomycin (30𝜇𝜇g) (BD,
Sparks, MD). Brie�y, MRSA isolates were grown in TSB for
4–6 hours to reach or to be diluted to 0.5McFarland standard
with TSB. A sterile cotton-tipped swab was moistened in
the standardized suspension and then streaked on Mueller-
Hinton agar (BD, Sparks, MD). Antibiotic discs were posi-
tioned on the surface of the inoculated plate. Aer incubating
at 35∘C for 18 hours, the diameter of zone of inhibition was
measured, and susceptibility was determined according to
the de�nition by manufacturer. S. aureus ATCC 25923 was
included in the tests for quality control.

2.4. Erythromycin Induced Clindamycin Resistance-D Test.
MRSA isolates were grown in TSB at 37∘C for 4–6 hours,
diluted to 0.5 McFarland standard with TSB, and streaked
on TSA containing 5% sheep blood. Antimicrobial discs of
erythromycin (15 𝜇𝜇g) and clindamycin (2 𝜇𝜇g) were placed
17mmapart from edge to edge on inoculated plate.eplates
were incubated at 35∘C for 18 hours and then photographed
and visually inspected.

2.5. SCCmec Typing. Sequences speci�c for SCCmec type I
to V andmecA, respectively, were detected by multiplex PCR
on an iCycler (Bio-Rad) using primers (Operon, Huntsville,
AL, USA) and conditions described by Zhang et al. [16].
Strains of known SCCmec types, JCSC4744 (type IVa) and
JCSC2172 (type IVb), were included in PCR for comparison.
PCR amplicons were analyzed by electrophoresis through 2%
agarose gel (Fisher, Fair Lawn, NJ, USA).
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2.6. PFGE. Isolates were genetically typed using PFGE aer
digestion with SmaI following a standardized protocol [17].
PFGE-generated DNA �ngerprints were digitized and ana-
lyzed with BioNumerics Ver. 3.5 (Applied Maths, Sint-
Martens-Latem, Belgium) by using a position tolerance of 1.0
and an optimization of 1.0. Cluster analysis was performed by
the unweighted pair groupmethod, using arithmetic averages
(UPGMA), and DNA relatedness was calculated on the basis
of the Dice coefficient. Isolates were considered to be genet-
ically related if their macrorestriction DNA patterns differed
by ≤7 bands and the Dice coefficient of correlation was ≥75%
[18]. e prototypic pulsotype strains NRS 382, NRS 383,
NRS 384, NRS 123, NRS 385, NRS 386, and NRS 387 for
USA100, USA200, USA300, USA400, USA500, USA700, and
USA800, respectively, were obtained through theNetwork on
Antimicrobial Resistance in S. aureus (NARSA).

2.7. MLST. Sequences of internal fragments of 7 house-
keeping genes, arcC, aroE, glpF, gmk, pta, tpi, and yqiL of
each MRSA isolate were ampli�ed by PCR as described
by Enright et al. [19]. PCR amplicons were puri�ed and
nucleotide sequence determined for both strands at Beckman
Coulter Genomics (Beverley, MA, USA). e sequences were
then trimmed so that they correspond exactly to the region
that used to de�ne the alleles. e trimmed sequences of
each strain were submitted to the S. aureus database (http://
saureus.mlst.net/) to obtain allelic pro�le.

2.8. Detection of PVL Gene. Sequence speci�c for the junc-
tion region of the contiguous, cotranscribed lukS-PV and
lukF-PV genes was detected by PCR with primers (Operon,
Huntsville, AL, USA) and conditions described by Lina
et al. [20]. PCR amplicons were analyzed by electrophoresis
through 2% agarose gel.

3. Results

3.1. Survey Participants. Student population during the sur-
vey period was an average of 4,796 headcounts, of which 94%
was of black race. Students’ demographic source was 70% in-
state and 30% out-of-state. Date of birth was collected from
211 participants between fall 2006 and spring 2007, of which
205 (97%) aged 18–25 years.

3.2. MRSA Carriage. Since S. aureus can be isolated from
multiple skin locations but the nose is the primary reservoir
for replication and spread to other body areas [2], we inves-
tigated MRSA carriage at nares and hand for comparison.
Hands were chosen mainly because it is convenient site to
sample and would less likely cause concern to students.ree
hundred and twelve skin (hand) swabs and 310 nasal swabs
from black students were included in this study. Of these, 1
MRSA isolate (237H) was obtained from skin swabs (0.3%),
but the nasal swab of the same participant (237N) was among
the dried MSA cultures in the initial screening thus not
included in this study. Two MRSA isolates (81N and 240N)
were obtained from nasal swabs (0.65%), but the hand swabs
of these same participants (81H and 240H) were negative for

T 1:Methicillin-resistant Staphylococcus aureus carriage among
black university students, 2006-2007.

Participants
Skin (hand) Nasal

Tested
No (%)

MRSA
No (%)

Tested
No (%)

MRSA
No (%)

Female 176 (56.4) 1 (0.6) 176 (56.8) 1 (0.6)
Male 136 (43.6) 0 134 (43.2) 1 (0.7)
Total 312 (100) 1 (0.3) 310 (100) 2 (0.65)

MRSA. e lower rate of hand carriage than nasal carriage is
in agreement with the understanding that S. aureus primarily
colonizes the nose. Difference in MRSA carriage between
male and female could not be discerned because of the small
number of MRSA isolates (Table 1).

3.3. Antimicro�ial Suscepti�ility Pro�le. All 3 MRSA iso-
lates were found resistant to penicillin and ampicillin, two
(81N and 240N) were also resistant to erythromycin, but
all were susceptible to cipro�oxacin, clindamycin, doxy-
cycline, tetracycline, trimethoprim-sulfamethoxazole, and
vancomycin (Table 2).ese have the drug-resistance pattern
of community-associated MRSA (CA-MRSA) strains.

Clindamycin is amain choice for treating CA-MRSA skin
and so-tissue infections. Some CA-MRSA isolates, however,
have the potential to become resistant to clindamycin [21].
We conducted D test for the 2 erythromycin resistant, but
clindamycin-susceptible isolates strains, (81N and 240N) and
found that one strain (81N) was positive for erythromycin-
induced clindamycin resistance.

3.4. MRSA Molecular Analysis. All 3 MRSA isolates carried
type IV SCCmec, IV for 237H, IVa for 240N, and IVb for
81N (Figure 1). is is consistent with their lack of multidrug
resistance.

Isolate 240N was determined to be USA300 (>95%),
MLST type 8 (ST8: 3-3-1-1-4-4-3), and positive for PVL gene
(Figure 1). It matches closely to the prototypic pulsotype
strain NRS 384 of USA300: ST8-MRSA-IVa-PVL(+).

Isolate 237H clusters with USA100 (82%) by PFGE. Its
sequence type was determined as �-4-1-4-12-1-10. e �rst
locus, arcC, has one base-pair variation (29G→A) from
allele 1, representing a novel allele. e new arcC allele was
assigned as arcC290, and the new strain 237H was assigned
ST2562 (290-4-1-4-12-1-10) (Figure 1) (http://saureus.mlst
.net/sql/burstspadvanced.asp).

Isolates 81N clusters with USA700 (82%), MLST type 8
(ST8:3-3-1-1-4-4-3), and negative for PVL gene.

4. Discussion

SCCmec is a mobile genetic element that carries the
methicillin-resistance gene mecA. Currently, eleven major
types of SCCmec have been identi�ed [22]. Type I, II, and
III carry additional drug-resistance gene and oen found
in healthcare-associated MRSA (HA-MRSA) strains; type IV



4 International Journal of Microbiology

T 2: Antimicrobial susceptibility of methicillin-resistant Staphylococcus aureus isolates.

MRSA isolates Antibiotics tested D test
PE CI CL DO TE TS VA ER

81N R S S S S S S R +
237H R S S S S S S S NA
240N R S S S S S S R −
PE: penicillin (10 IU); CI: cipro�oxacin (5 𝜇𝜇g); CL: clindamycin (2𝜇𝜇g); DO: doxycycline (30𝜇𝜇g); TE: tetracycline (30 𝜇𝜇g); TS: trimethoprim/sulfamethoxazole
(1.25/23.75mcg); VA: vancomycin (30 𝜇𝜇g); ER: erythromycin (15 𝜇𝜇g); Quality control strain was Staphylococcus aureus ATCC 25923; D Test: test of
erythromycin induced clindamycin resistance; NA: non-applicable.

Isolate

81N

NRS 386

237H

NRS 382

240N

NRS 384

NRS 385

NRS 123

NRS 387

NRS 383

PFGE

USA700

USA100

USA300

USA300-0114

USA500

USA400

USA800

USA200

MLST type

ST8 (3-3-1-1-4-4-3)

ST72 (1-4-1-8-4-4-3)

ST2562  (290∗∗   -4-1-4-12-1-10)

ST5 (1-4-1-4-12-1-10)

ST8 (3-3-1-1-4-4-3)

ST8 (3-3-1-1-4-4-3)

ST8 (3-3-1-1-4-4-3)

ST1 (1-1-1-1-1-1-1)

ST5 (1-4-1-4-12-1-10)

ST36 (2-2-2-2-3-3-2)

IVb

IVa

IV

II

IVa

IVa

IVd

IVa

IVa

II

PVL gene

−

−
−
−

−

−
−

+
+

+

50 60 70 80 90 10
0

SCCmec type

F 1: Molecular and genotypic traits of methicillin-resistant Staphylococcus aureus (MRSA) isolates. PFGE, pulsed �eld gel electrophore-
sis; MLST, multilocus sequence typing; SCCmec, staphylococcal cassette chromosome mec; PVL, Panton-Valentine leukocidin (+, positive;
−, negative); Strains NRS 382, NRS 383, NRS 384, NRS 123, NRS 385, NRS 386, and NRS 387 are the prototypic pulsotype strains of USA100,
USA200, USA300, USA400, USA500, USA700, and USA800, respectively; 290∗: a new arcC allele with one base-pair variation from allele 1,
29G→A; ST2562∗: a new multilocus sequence type identi�ed in this study, data of MLST type, SCCmec type, and PVL gene of strains NRS
386, NRS 384, NRS 382, NRS 385, NRS 123, NRS 387, and NRS 383 are obtained from the website of Network on Antimicrobial Resistance
Staphylococcus aureus (NARSA): molecular typing control strains. (http://www.narsa.net/control/member/search?repositoryId=108).

and V carry no additional drug-resistance gene and are CA-
MRSA strains [3, 22]. All 3 isolates carry type IV SCCmec,
characteristic of CA-MRSA.

MRSA strains have been established by PFGE as USA100
to USA1200, and multilocus sequence typing (ST) based on
allelic pro�le of seven housekeeping genes. In this study, we
identi�ed one USA300 strain which is also ST8, a CA-MRSA
strain as a primary cause for staphylococcal skin and so
tissue infection. e other 2 isolates are not so typical: 81N
is a ST8 and related to USA700; 237H clusters with USA100
and was a ST2562, a new MLST strain.

From 312 skin (hand) swabs and 310 nasal swabs, 1
MRSA (0.3%) isolate was obtained from skin swabs and 2
(0.65%) fromnasal swabs. Given the high rate ofMRSA infec-
tion among the blacks [4–11], the nasal carriage rate initially
surprised us, a rate lower than the black and white (1.6%) as
found in the national prevalence survey during 2001–2004
[14]. However, a lower rate of carriage was conceivable for
the population of our study. First, our study subjects were
university students agedmostly 18–25 (see Section 3.1) at the
time of sample collection; therefore, some of the known risk
factors such as children, age greater than 60, and educational

level below high school diploma were eliminated in our
study.

Further, living in crowded household and having house-
hold members of MRSA-colonized persons have been found
to increase the risk of becoming colonized by MRSA [3, 23–
26]. Students can be contaminated by MRSA by a household
member who is infected or a carrier through person to
person contact, contact of surfaces, or contaminated house-
hold items and become a carrier. Living in the university
dormitory limits the students’ chance of such contacts with
household member. erefore, when students lose their
transiently carried MRSA strain, they may have a reduced
chance to be retransmitted by a household member.

Other studies on nasal carriage of MRSA among college
students had reported varied �ndings. In a Hawaii college in
2005, 3 of 100 students and faculty members (3%) carried
MRSA [27]; in a Texas college in 2007-2008, 15 of 203
students (7.4%) carried MRSA, and the associated risk factor
was determined as hospitalization within 12 months [28]; at
2 higher-learning institutions in Tennessee in 2009, investi-
gation of student athletes found 4 of 124 (3.2%) in one insti-
tution, and 1 of 153 (0.65%) in another, carried MRSA [29].
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However, the carriage rates are difficult to compare given the
range of variables and the limited sample sizes.

ere have been reports describing a lower rate of nasal
carriage of S. aureus in persons of African origin. Millian
et al. in a 1960 study found that S. aureus carriage in
African American female and male aged 18–69 were 19.5%
(of 67) and 9.7% (of 72), whereas in their white counterparts
were 36.7% (of 147) and 38.4% (of 271), respectively [30].
Nobel in a study of British school children aged 5–14 at
an immigrant community in 1974 found nasal carriage
among black children was 30% whereas among their white
counterparts was 41%, a less striking but similar trend [31].
On the contrary, Lamikanra et al. in a survey of Nigerian
students fromprimary school to university in 1985 found that
S. aureus carriage as high as 56.4% [32]. Yet, the surveys by
NHANES found S. aureus carriage in the USA was 25% in
blacks and 33.3% in whites during 2001-2002; and 22% in
blacks and 30.7% inwhites during 2003-2004 [14].is recent
data indicates a more than 8% lower S. aureus carriage rate
in blacks than in whites, lending supporting evidence to the
notion of lower S. aureus carriage among black people.

A lower rate of S. aureus colonization could mean a
higher risk for MRSA colonization or infection. For example,
studies in the health care setting in 1960s suggested that
an individual with persistent nasal carriage of S. aureus is
generally protected against the acquisition of new S. aureus
strains, while intermittent S. aureus carriers, in contrast, may
be at risk of acquiring drug-resistant S. aureus [33]. Stevens
et al. [23] found that skin infection took longer to develop in
methicillin-sensitive S. aureus carriers (2.9 year) than MRSA
carriers (0.8 years) and non-S. aureus carriers (2.2 years),
supporting such hypothesis. Persons of noncarrier for S.
aureusmay suffer low level of S. aureus infection and it would
be an advantage before the drug-resistance era. However,
with the rise and wide spread of drug-resistant S. aureus the
noncarrier has reduced barrier to the colonization of exposed
S. aureus and can be at higher risk of being transmitted a
MRSA strain and become infected [2]. is seems also a
plausible factor for a higher rate of MRSA infection among
the black population. But further investigation is needed.

Our study has several limitations. First, our results
represented a convenience sample from a single institution,
therefore, it cannot be generalized or used to predict preva-
lence in other settings. Second, we could not conduct a
controlled study that would require the participants of an
equivalent student population of other ethnic group. ird,
it should be noted that our data was collected during 2006-
2007, but MRSA prevalence data for the same period could
not be found for comparison. Forth, we did not screen for
methicillin-sensitive S. aureus which would offer additional
data to understand S. aureus carriage among people of
African origin. Fih, there is a growing evidence that CA-
MRSA may preferentially colonize other parts of the body
such as throat and inguinal areas [3, 26, 34–37]. As illustrated
byMiller et al. [26] in a survey of 3 body sites, nasal, orophar-
ynx, and inguinal areas, nasal sample only revealed 49%
of MRSA carriage of the combination of the 3 body sites.
In the absence of additional oropharynx and inguinal spec-
imens, the rate of MRSA carriage in our study was certainly

underestimated. Our �nding nonetheless highlights the need
of future study which involves multiinstitutions and other
ethnic group to assess the association of black race with
MRSA carriage.

In conclusion, our study found nasal carriage rate of
MRSA among the black college students was 0.65%, and skin
carriage in hand was 0.3%, a lower nasal carriage rate than
that found amongwhites and blacks by theNHANES surveys.
All three isolates are CA-MRSA as indicated by type IV
SCCmec and nonmultidrug resistance. eir distinct molec-
ular pro�les do not indicate transmission among students.

�on��ct of �nterests

e authors have no con�ict of interests to declare.

Acknowledgments

We thank the student participants in this study. is work
was partially supported under NIAID/NIH Contract No.
N01-A1-95359.is publication was made possible by Grant
Number 5P20MD002731 from NCMHD. Its contents are
solely the responsibility of the authors and do not necessarily
represent the official views of the NCMHD.

References

[1] F. D. Lowy, “Medical progress: Staphylococcus aureus infec-
tions,”e New England Journal of Medicine, vol. 339, no. 8, pp.
520–532, 1998.

[2] J. Kluytmans, A. van Belkum, and H. Verbrugh, “Nasal carriage
of Staphylococcus aureus: epidemiology, underlying mecha-
nisms, and associated risks,” Clinical Microbiology Reviews, vol.
10, no. 3, pp. 505–520, 1997.

[3] M. Z. David and R. S. Daum, “Community-associated methi-
cillin-resistant Staphylococcus aureus: epidemiology and clinical
consequences of an emerging epidemic,” Clinical Microbiology
Reviews, vol. 23, no. 3, pp. 616–687, 2010.

[4] S. K. Fridkin, J. C. Hageman, M. Morrison et al., “Methicillin-
resistant Staphylococcus aureus disease in three communities,”
e New England Journal of Medicine, vol. 352, no. 14, pp.
1436–1444, 2005.

[5] T. J. Ochoa, J. Mohr, A. Wanger, J. R. Murphy, and G. P.
Heresi, “Community-associated methicillin-resistant Staphylo-
coccus aureus in pediatric patients,” Emerging Infectious Dis-
eases, vol. 11, no. 6, pp. 966–968, 2005.

[6] S. Bratu, D. Landman, J. Gupta, M. Trehan, M. Panwar, and
J. Quale, “A population-based study examining the emergence
of community-associated methicillin-resistant Staphylococcus
aureus USA300 in New York City,” Annals of Clinical Microbi-
ology and Antimicrobials, vol. 5, article 29, 2006.

[7] A. E. Chen,M. Goldstein, K. Carroll, X. Song, T.M. Perl, and G.
K. Siberry, “Evolving epidemiology of pediatric Staphylococcus
aureus cutaneous infections in a Baltimore hospital,” Pediatric
Emergency Care, vol. 22, no. 10, pp. 717–723, 2006.

[8] M. D. King, B. J. Humphrey, Y. F. Wang, E. V. Kourbatova, S. M.
Ray, and H. M. Blumberg, “Emergence of community-acquired
methicillin-resistant Staphylococcus aureus USA 300 clone as
the predominant cause of skin and so-tissue infections,”
Annals of Internal Medicine, vol. 144, no. 5, pp. 309–317, 2006.



6 International Journal of Microbiology

[9] B. Hota, C. Ellenbogenn, M. K. Hayden, A. Aroutcheva, T. W.
Rice, and R. A. Weinstein, “Community associated methicillin-
resistant Staphylococcus aureus skin and so infections at a
public hospital: do public housing and incarceration amplify
transmission?” Archives of Internal Medicine, vol. 167, pp.
1026–1033, 2007.

[10] T. Lalani, J. J. Federspiel, H. W. Boucher et al., “Associations
between the genotypes of Staphylococcus aureus bloodstream
isolates and clinical characteristics and outcomes of bacteremic
patients,” Journal of Clinical Microbiology, vol. 46, no. 9, pp.
2890–2896, 2008.

[11] R. M. Klevens, M. A. Morrison, J. Nadle et al., “Invasive
methicillin-resistant Staphylococcus aureus infections in the
United States,” Journal of the AmericanMedical Association, vol.
298, no. 15, pp. 1763–1771, 2007.

[12] P. L. Graham, S. X. Lin, and E. L. Larson, “A U.S. population-
based survey of Staphylococcus aureus colonization,” Annals of
Internal Medicine, vol. 144, no. 5, pp. 318–325, 2006.

[13] M. J. Kuehnert, D. Kruszon-Moran, H. A.Hill et al., “Prevalence
of Staphylococcus aureus nasal colonization in the United States,
2001-2002,” Journal of Infectious Diseases, vol. 193, no. 2, pp.
172–179, 2006.

[14] R. J. Gorwitz, D. Kruszon-Moran, S. K. McAllister et al.,
“Changes in the prevalence of nasal colonization with Staphy-
lococcus aureus in the United States, 2001–2004,” Journal of
Infectious Diseases, vol. 197, no. 9, pp. 1226–1234, 2008.

[15] Clinical and Laboratory Standards Institute, Performance Stan-
dards for Antimicrobial Disk Susceptibility Tests; Approved Stan-
dard, Clinical and Laboratory Standards Institute, Wayne, Pa,
USA, 9th edition, 2006, Document M2-A9.

[16] K. Zhang, J. A. McClure, S. Elsayed, T. Louie, and J. M.
Conly, “Novel multiplex PCR assay for characterization and
concomitant subtyping of staphylococcal cassette chromosome
mec types I to V in methicillin-resistant Staphylococcus aureus,”
Journal of Clinical Microbiology, vol. 43, no. 10, pp. 5026–5033,
2005.

[17] M. R. Mulvey, L. Chui, J. Ismail et al., “Development of a Cana-
dian standardized protocol for subtyping methicillin-resistant
Staphylococcus aureus using pulsed-�eld gel electrophoresis,”
Journal of Clinical Microbiology, vol. 39, no. 10, pp. 3481–3485,
2001.

[18] F. C. Tenover, R. D. Arbeit, R. V. Goering et al., “Interpreting
chromosomal DNA restriction patterns produced by pulsed-
�eld gel electrophoresis: criteria for bacterial strain typing,”
Journal of Clinical Microbiology, vol. 33, no. 9, pp. 2233–2239,
1995.

[19] M. C. Enright, N. P. J. Day, C. E. Davies, S. J. Peacock, and
B. G. Spratt, “Multilocus sequence typing for characterization
of methicillin-resistant and methicillin-susceptible clones of
Staphylococcus aureus,” Journal of Clinical Microbiology, vol. 38,
no. 3, pp. 1008–1015, 2000.

[20] G. Lina, Y. Piémont, F. Godail-Gamot et al., “Involvement of
Panton-Valentine leukocidin-producing Staphylococcus aureus
in primary skin infections and pneumonia,” Clinical Infectious
Diseases, vol. 29, no. 5, pp. 1128–1132, 1999.

[21] T. P. Levin, B. Suh, P. Axelrod, A. L. Truant, and T. Fekete,
“Potential clindamycin resistance in clindamycin-susceptible,
erythromycin-resistant Staphylococcus aureus: report of a clini-
cal failure,”Antimicrobial Agents and Chemotherapy, vol. 49, no.
3, pp. 1222–1224, 2005.

[22] International Working Group on the Classi�cation of Staphy-
lococcal Cassette Chromosome Elements (IWG-SCC), “Classi-
�cation of staphylococcal cassette chromosomemec (SCCmec):
guidelines for reporting novel SCCmec elements,”Antimicrobial
Agents and Chemotherapy, vol. 53, no. 12, pp. 4961–4967, 2009.

[23] A. M. Stevens, T. Hennessy, H. C. Baggett, D. Bruden, D. Parks,
and J. Klejka, “Methicillin-resistant Staphylococcus aureus car-
riage and risk factors for skin infections, Southwestern Alaska,
USA,” Emerging Infectious Diseases, vol. 16, no. 5, pp. 797–803,
2010.

[24] A. Österlund, G. Kahlmeter, L. Bieber, A. Runehagen, and J. M.
Breider, “Intrafamilial spread of highly virulent Staphylococcus
aureus strains carrying the gene for Panton-Valentine leuko-
cidin,” Scandinavian Journal of Infectious Diseases, vol. 34, no.
10, pp. 763–787, 2002.

[25] K. Boubaker, P. Diebold, D. S. Blanc et al., “Panton-valentine
leukocidin and staphyloccoccal skin infections in schoolchil-
dren,” Emerging Infectious Diseases, vol. 10, no. 1, pp. 121–124,
2004.

[26] L. G. Miller, S. J. Eells, A. R. Taylor et al., “Staphylococcus aureus
colonization among household contacts of patients with skin
infections: risk factors, strain discordance, and complex ecol-
ogy,” Clinical Infectious Diseases, vol. 54, no. 11, pp. 1523–1535,
2012.

[27] J. E. Morita, R. S. Fujioka, A. D. Tice et al., “Survey of
methicillin-resistant Staphylococcus aureus (MRSA) carriage in
healthy college students, Hawai’i,” Hawaii Medical Journal, vol.
66, no. 8, pp. 213–215, 2007.

[28] R. E. Rohde, R. Denham, andA. Brannon, “Methicillin resistant
Staphylococcus aureus: carriage rates and characterization of
students in a Texas university,” Clinical Laboratory Science, vol.
22, no. 3, pp. 176–184, 2009.

[29] D. Rackham, S. Ray, A. Franks, K. Bielak, and T. Pinn,
“Community-associated methicillin-resistant Staphylococcus
aureus nasal carriage in a college student athlete population,”
Clinical Journal of Sport Medicine, vol. 20, no. 3, pp. 185–188,
2010.

[30] S. J. . Millian, J. N. Baldwin, M. S. Rheins, and H. H. Weiser,
“Studies on the incidence of coagulase-positive staphylococci in
a normal uncon�ned population,” American Journal of Public
Health, vol. 50, pp. 791–798, 1960.

[31] W. C. Noble, “Carriage of Staphylococcus aureus and beta
haemolytic streptococci in relation to race,” Acta Dermato-
Venereologica, vol. 54, no. 5, pp. 403–405, 1974.

[32] A. Lamikanra, B. D. Paul, O. B. Akinwole, and M. O. Paul,
“Nasal carriage of Staphylococcus aureus in a population of
healthyNigerian students,” Journal ofMedicalMicrobiology, vol.
19, no. 2, pp. 211–216, 1985.

[33] W. C. Noble, R. E. O. Williams, M. P. Jevons, and R. A. Shooter,
“Some aspects of nasal carriage of staphylococci,” Journal of
Clinical Pathology, vol. 17, pp. 79–83, 1964.

[34] E. S. Yang, J. Tan, S. Eells, G. Rieg, G. Tagudar, and L. G. Miller,
“Body site colonization in patients with community-associated
methicillin-resistant Staphylococcus aureus and other types of S.
aureus skin infections,” Clinical Microbiology and Infection, vol.
16, no. 5, pp. 425–431, 2010.

[35] D. Mertz, R. Frei, N. Periat et al., “Exclusive Staphylococcus
aureus throat carriage at-risk populations,” Archives of Internal
Medicine, vol. 169, no. 2, pp. 172–178, 2009.

[36] K. T. Chen, H. Campbell, L. N. Borrell, R. C. Huard, L. Saiman,
and P. Della-Latta, “Predictors and outcomes for pregnant



International Journal of Microbiology 7

women with vaginal-rectal carriage of community-associated
methicillin-resistant Staphylococcus aureus,” American Journal
of Perinatology, vol. 24, no. 4, pp. 235–240, 2007.

[37] H. A. Cook, E. Y. Furuya, E. Larson, G. Vasquez, and F. D.
Lowy, “Heterosexual transmission of community-associated
methicillin-resistant Staphylococcus aureus,” Clinical Infectious
Diseases, vol. 44, no. 3, pp. 410–413, 2007.


