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Abstract Of 259 college students in northern Taiwan surveyed, nasal carriage rate of Staph-
ylococcus aureus and methicillin-resistant S. aureus (MRSA) was 22.4% and 1.54%, respectively
and no significant difference was found between athlete students and non-athlete students.
Three of four MRSA isolates belonged to sequence type 59, the endemic community clone.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Staphylococcus aureus, including methicillin-resistant
(MRSA), is an important pathogen of serious infections in

humans.1 Not only a hospital pathogen, MRSA is also a
pathogen circulated in the community since 1990s.1,2 MRSA
can colonize on anywhere of human bodies, particularly in
the anterior nares.3 The carriage of S. aureus, including
MRSA, is a significant risk factor for subsequent
infection.1e3 Community-associated (CA)-MRSA isolates,
initially identified in pediatric populations,1,2 were also
reported in certain adult population which included
competitive sports participants,1,2 especially the sports
with frequent body contacts. There have been scanty re-
ports on nasal MRSA carriage among competitive sports
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participants,4e8 and none from Taiwan. Therefore, we
conducted this study to elucidate the carriage rate of
S. aureus, including MRSA, among competitive sports par-
ticipants in Taiwan.

Methods

This study was approved by Institutional Reviewing Board of
Chang Gung Memorial Hospital (reference No: 102-1946B)
and a written informed consent was obtained from each
participant. Between June and September, 2013, 121 stu-
dents from Chang Gung University (CGU) (non-athletes
group) and 139 students of the department of sport training
science from National Taiwan Sports University (NTSU)
(athletes group), respectively, were recruited. Athlete
students were further categorized into two groups by with
or without close body contact. The contact sport group
included basketball, Judokas, Taekwondo, and soccer. The
non-contact group included tennis and table tennis. Eligible
subjects were invited to participate, and specimens were
obtained from their anterior nares for the detection of
S. aureus. A questionnaire was completed for each subject,
including demographics and potential risk factors for the
acquisition of S. aureus and MRSA. Subjects whose room-
mates, close friends, or team mates were smokers were
categorized as frequent smoking exposure.

A nasal swab specimen was collected from the anterior
nares for each subject by a dry Copan Transystem Liquid
Stuart swab (Venturi Transystem, Copan Innovation Ltd,
Limerick, Ireland). Each nasal swab was circled in the
participant’s both nasal vestibules. The swabs were placed
into the transport media and transported to the laboratory
within 4 h. S. aureus as well as MRSA was identified and the
antimicrobial susceptibility to 10 antibiotics was deter-
mined by using the disk-diffusion method, according to the
recommendations of CLSI.

For molecular characterization, all S. aureus isolates
were characterized by pulsed-field gel electrophoresis
(PFGE), staphylococcal cassette chromosome (SCCmec)
typing (only for MRSA), and detection of PantoneValentine
leukocidin (PVL) genes. Some isolates of representative
pulsotypes were further typed by multilocus sequence type
(MLST) and spa gene typing. All the molecular methods as
well as SCCmec typing for type VT were described
elsewhere.9

Results

A total of 259 students, including 139 athlete students and
120 non-athlete students, were recruited. Age ranged from
18 to 35 years, with a mean of 20.6 years. In the athletes
group, the mean age was 19.7 years and in the non-athletes
group, 21.5 years. The male to female ratio was 1:0.43. Of
the athletes group, 73% participated in contact sports and
27% non-contact sports.

Overall, S. aureus was identified in 58 students (22%),
including MSSA in 54 students (21%) and MRSA in 4 students
(1.5%). The mean ages of carriers of S. aureus and MRSA
were 20.8 � 2.89 years and 19.0 � 1.16 years, respectively.
No significant difference was found between the two groups
(athletes vs. non-athletes) in terms of nasal carriage of

MSSA (21% vs. 21%) and MRSA (0.72% vs. 2.50%). Among the
athlete students, S. aureus carriage rate varied from 10%
for the Taekwondo category to 40% for the soccer category
(Table 1).

Since only four students had MRSA colonization, it could
not be calculated in an effective method to identify the risk
factors. We analyzed the risk factor of carrying S. aureus
and MSSA. The comparison of potential risk factors for the
carriage of S. aureus between carriers and non-carriers is
shown in Supplementary Table. Household members work-
ing as health care workers (HCWs) was a risk factor of
carrying S. aureus (p Z 0.033). Smoking or frequent
smoking contact was a marginal protective factor
(p Z 0.065). The carriage rate for non-contact sports group
was higher than that for contact sports group (32% vs. 18%,
p Z 0.061). There was no statistically significant difference
between the carriers and non-carriers of S. aureus in terms
of age, gender, prior hospitalization, using artificial cath-
eters/tubes.

Fig. 1 reveals the detailed molecular characteristics of
the four MRSA isolates. Three PFGE patterns were identi-
fied. All four isolates carried SCCmec IV or VT. None of the
isolates carried PVL genes. Three isolates from non-
athletes belonged to sequence type (ST) 59/spa t437, the
endemic CA-MRSA strains in Taiwan.

Of 54 MSSA isolates, a total of 18 pulsotypes were
identified, nine pulsotypes identified in non-athlete stu-
dents (unidentified pattern for one isolate), and 16 pulso-
types in athlete students (Table 1). Pulsotype BA,
accounting for 15 (28%) of the MSSA isolates, was the
dominant type and prevailed in both universities. The 15
isolates of pulsotype BA belonged to at least three STs,
namely ST 6, 7 and 97, and at least six spa types. None of
the isolates carried PVL genes. All 54 MSSA isolates were
susceptible to vancomycin, teicoplanin, linezolid,
trimethoprim-sulfamethoxazole and ciprofloxacin. Five of
eight isolates which were resistant to erythromycin were
also resistant to clindamycin. 39 isolates (72%) were resis-
tant to penicillin. No statistically significant difference was
found between the isolates from athletes and non-athletes
in terms of antibiotic resistance rates.

Discussion

Results from the present study indicated that 1.54% of
college students in northern Taiwan, 2.50% for non-athletes
group and 0.72% for athletes group, harbored MRSA in their
nares, and there was no statistically significant difference
in carriage rate of MRSA between the two groups. The
carriage rate of MRSA among the two universities’ students
was lower than that for general population (3.8%)1,2 and
healthcare workers (5.0e7.8%)1,2 in northern Taiwan but
was consistent with that for medical students (2.2%).2

Reviewing MRSA colonization among competitive sport
participants published in the English language literature,4e8

we found that the carriage rate ranged from 0% to 37%. In
the report from Ohio, USA, none of the recruited compet-
itive sport participants harbored MRSA.4,7 Another report
from Tennessee, USA,5 showed MRSA carriage rate varied
significantly through the athletic season, from 4% to 23%,
with a peak during the time of highest athletic activity. We
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