
Journal of Microbiology, Immunology and Infection (2019) 52, 248e254
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jmii .com
Original Article
Prevalence and molecular characteristics of
methicillin-resistant Staphylococcus aureus
among nasal carriage strains isolated from
emergency department patients and
healthcare workers in central Taiwan

Tsung-Hua Wu a,1, Chun-Yi Lee b,1, Hui-Ju Yang c,
Yu-Ping Fang b, Yu-Fen Chang d, Shu-Ling Tzeng e,
Min-Chi Lu f,g,*
a Department of Pediatrics, Chang Hua Show Chwan Memorial Hospital, Changhua, Taiwan
b Department of Pediatrics, Chang Bing Show Chwan Memorial Hospital, Changhua, Taiwan
c Department Surgical Intensive Care Unit, Chang Hua Show Chwan Memorial Hospital, Changhua, Taiwan
d Department Laboratory, Chang Bing Show Chwan Memorial Hospital, Changhua, Taiwan
e Institute of Medicine, Chung Shan Medical University, Taichung, Taiwan
f Division of Infectious Diseases, Department of Internal Medicine, China Medical University Hospital,
Taichung, Taiwan
g Department of Microbiology and Immunology, School of Medicine, China Medical University,
Taichung, Taiwan
Received 7 May 2018; received in revised form 22 August 2018; accepted 31 August 2018
Available online 15 September 2018
KEYWORDS
Methicillin-resistant
Staphylococcus
aureus (MRSA);

Nasal carriage;
Molecular
epidemiology
* Corresponding author. Department
E-mail address: luminchi@hotmail

1 These authors contributed equally

https://doi.org/10.1016/j.jmii.2018.0
1684-1182/Copyright ª 2018, Taiwan
BY-NC-ND license (http://creativecom
Abstract Background and objective: Screening and identification of methicillin-resistant
Staphylococcus aureus (MRSA) carriage are helpful for controlling MRSA dissemination in hos-
pitals. The aim of our study was to determine the prevalence of nasal carriages and diversity
of MRSA among patients and healthcare workers (HCWs) at two regional hospitals in Taiwan.
Methods: Nasal swabs were obtained prospectively from 204 patients visiting the emergency
department (ED) and 326 HCWs in two regional hospitals in Changhua, Taiwan, between
February 2015 and June 2015. All the MRSA isolates were further molecularly characterized.
Results: Of the 204 participating patients, the nasal carriage rates of S. aureus and MRSA were
22.1% and 7.8%, respectively. For HCWs, the S. aureus and MRSA carriage rates were 26.1% and
6.1%, respectively. There was no statistically significant difference in MRSA carriage rate
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to this work.
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between patients and HCWs (P Z 0.447). Patients receiving hemodialysis were significantly
associated with MRSA colonization (P Z 0.012). The leading three sequence types (ST) were
ST59 (16, 44.4%), ST45 (11, 30.6%), and ST239 (3, 8.3%) for all 36 MRSA isolates. ST59/SCCmec
IV/t437/PVL-negative and ST45/SCCmec V/t1081/PVL-negative were the predominant clones
among HCWs (30%) and participating patients (19%), respectively.
Conclusion: Overall, a substantial proportion of patients visiting the ED and HCWs harbored
CA-MRSA, mostly ST59 strains, in their nares. It is noteworthy that MRSA ST45 strains sup-
planted ST239 as the second leading nasal MRSA colonization strain in our study.
Copyright ª 2018, 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, an important pathogen both in
healthcare and community settings, causes a broad spec-
trum of diseases ranging from skin and soft-tissue in-
fections to invasive diseases such as pneumonia,
septicemia, osteomyelitis, and endocarditis.1 The preva-
lence of methicillin-resistant S. aureus (MRSA) strains is
increasing. MRSA, considered a hospital pathogen until the
late 1990s, is classified as community-associated MRSA
(CA-MRSA) and healthcare-associated MRSA (HA-MRSA)
according to epidemiological or molecular
characteristics.2

CA-MRSA strains have no healthcare-associated risk
factors, including recent hospital admission or surgery,
long-term accommodation in health care facilities, use of
indwelling catheter, or hemodialysis.3 The differences in
the molecular characteristics of CA-MRSA and HA-MRSA
include the relatively low antibiotic resistance and the
presence of Panton-Valentine leukocidin (PVL) and type IV
or V staphylococcal cassette chromosome (SCCmec) in CA-
MRSA strains.4 However, different types of MRSA clones
have spread between communities and hospitals, particu-
larly increasing the number of endemic CA-MRSA strains in
many hospitals in the USA and Taiwan.4,5

Nasal colonization by S. aureus, including MRSA, is
known to be a high risk factor for subsequent infection.6 In
Taiwan, previous studies reported that nasal MRSA coloni-
zation was common among children, with increase in
carriage rate from 1.9% in 2001 to 11.6% in 2009 among
well-child healthcare visits or school children.7e9 However,
the nasal MRSA carriage rate in pediatricians (6.8%) and
healthcare workers (HCWs) (5.0e7.8%) were higher than
that in the general adult population (3.8%).4,10e12

Strategies for controlling MRSA transmission in hospitals
require baseline information on the prevalence and char-
acteristics of circulating MRSA strains. Patients and HCWs
are at the interface between hospitals and communities;
particularly, patients visiting the emergency department
(ED) may come from different settings. Screening and
identification of MRSA carriage is helpful for controlling
MRSA dissemination in hospitals. We conducted this study
to determine the prevalence of nasal carriages and di-
versity of MRSA among patients visiting the ED and HCWs
and to identify the risk factors associated with MRSA
colonization.
Materials and methods

Study design

This study was approved by the Institutional Review Board
of Show Chwan Memorial Hospital (IRB No. 1030906). A
written informed consent was obtained from each subject
before each survey for nasal carriage of MRSA. This study
was conducted between February and June 2015 at two
regional hospitals (Chang Hua Show Chwan Memorial Hos-
pital and Chang Bing Show Chwan Memorial Hospital) situ-
ated in central Taiwan. Patients above 18 years of age
visiting the ED of the two hospitals were invited and sur-
veyed for nasal carriage of MRSA. HCWs working in the ED
and intensive care unit (ICU) of the two hospitals were also
invited and surveyed for nasal carriage of MRSA. A ques-
tionnaire regarding the risk factors for MRSA acquisition was
also obtained. Demographic information included partici-
pants’ age, gender, and working department. Information
on any chronic underlying disease, including hypertension,
diabetes mellitus, cardiovascular disease, hepatobiliary
disease, dialysis, cancer, and respiratory disease, was also
collected.

Laboratory methods

Nasal swab samples were collected using sterile swabs,
from both anterior nares of each subject. Each swab was
rubbed against the anterior 1 cm of the nasal vestibular
wall of both nares. Then the swabs were sent to the
microbiological laboratory for culture. There, swabs were
streaked on 5% blood agar plates (BD Diagnostics, Sparks,
MD, USA) and incubated at 37 �C overnight. S. aureus that
were positive for the mecA gene and non-susceptible to
cefoxitin by the disk diffusion method were identified as
MRSA isolates according to the recommendations of the
Clinical and Laboratory Standards Institute.13

Antimicrobial susceptibility testing

The susceptibilities of MRSA isolates were determined by BD
Phoenix� Automated Microbiology System PMIC/ID-62 con-
taining 14 antibiotics, including clindamycin, cefazolin,
daptomycin, erythromycin, cefoxitin, gentamicin, fusidic
acid, linezolid, oxacillin, penicillin, trimethoprim/
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sulfamethoxazole, tetracycline, teicoplanin, and vanco-
mycin. Another antibiotic levofloxacin (5 mg bd) was
determined by the disk-diffusion method according to the
recommendations of the Clinical and Laboratory Standards
Institute.

Molecular typing

Chromosomal DNA was extracted from each MRSA isolate
for molecular characterization. According to the measures
described previously, all of them were characterized by
SCCmec typing,14,15 spa gene typing,16 detection of the
presence of PVL genes and sas-X genes, and multilocus
sequence typing (MLST).17e19

Statistics

Continuous data obtained are expressed as the
mean � standard deviation (SD), and categorical data was
examined using the chi-square test in Microsoft Excel
version 2010. Fisher’s exact test was performed when any
expected count was less than five by statistical analysis. P
values < 0.05 indicated statistically significant differences.
Figure 1. Molecular characteristics of 36 methicillin-resistan

sequence type (ST) 59 and ST45. Abbreviations: SCCmec, staphyloc
genes; MLST, multilocus sequence type. Hospital A, Chang Hua Show
Memorial Hospital. NCU, Neurologic Intensive Care Unit; ED, Eme
Neonatal Intensive Care Unit; SICU, Surgical Intensive Care Unit.
Results

In total, 530 adult eligible subjects were enrolled in this
study, including 204 patients visiting the ED and 326 HCWs.
The age of patients ranged from 19 to 91 years, with a mean
age of 49.84 years, and 116 patients (56.9%) were male. Age
of HCWs ranged from 21 to 67 years, with a mean age of
33.46 years, and 73 HCWs (22.4%) were male.

The overall prevalence of S. aureus and MRSA nasal
carriage was 24.5% and 6.8%, respectively. The S. aureus
and MRSA carriage rates were 22.1% and 7.8%, respectively,
for patients visiting the ED, and 26.1% and 6.1%, respec-
tively, for the HCWs. There was no statistically significant
difference in the nasal carriage rate of MRSA between pa-
tients visiting the ED and HCWs (P Z 0.447).

In terms of potential risk factors for MRSA acquisition,
including age, gender, and underlying diseases, there was no
statistically significant difference between participants (ED
patients andHCWs)who did or did not harborMRSA. However,
theEDpatients receivinghemodialysis (PZ0.012)were found
to be significantly associated with nasal MRSA colonization.

The molecular characterization of all 36 MRSA isolates
from 16 patients visiting the ED and 20 HCWs is shown in
Fig. 1. Most MRSA isolates belonged to three major lineages
t S. aureus (MRSA) isolates. Most MRSA isolates belonged to
occal cassette chromosome; PVL, Panton-Valentine leukocidin
Chwan Memorial Hospital; Hospital B, Chang Bing Show Chwan

rgency Department; MICU, Medical Intensive Care Unit; NICU,
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as sequence type (ST) 59 (16 isolates, 44.4%), ST45 (11
isolates, 30.6%), and ST239 (3 isolates, 8.3%), respectively.
The ST59 lineage was further classified into two clones,
namely, SCCmec type IV (11 isolates) and SCCmec type VT (5
isolates). The ST45 lineage was also further classified into
two clones harboring the SCCmec type IV (6 isolates) and
type V (5 isolates). Most spa types were t437 (all 11 isolates
belonged to ST59) and t1081 (all 7 isolates belonged to
ST45). PVL genes were detected in four isolates carrying
ST59/SCCmec VT/spa t437, ST59/SCCmec VT/spa t441,
ST59/SCCmec VT/spa t4145, and ST8/SCCmec IV/spa t008.
The sas-X genes were detected in three isolates harboring
ST239/SCCmec III or IIIA/spa t037. ST59/SCCmec IV/t437/
PVL-negative and ST45/SCCmec V/t1081/PVL-negative
were the predominant clones among HCWs (30%) and
participating patients (19%), respectively. In addition, the
molecular characteristics of the 20 MRSA isolates from
HCWs and their medical units were also appeared in Fig. 1.
The rate of MRSA carriage was higher in HCWs of the ED
(Chang Hua Show Chwan Memorial Hospital, 6.7%; Chang
Bing Show Chwan Memorial Hospital, 9.6%). Moreover, the
MRSA strains of HCWs were diverse and did not show any
cluster infection.

Table 1 shows the antimicrobial susceptibilities of all 36
MRSA isolates to different antibiotics, stratified by MLST
type. All these isolates were susceptible to vancomycin,
teicoplanin, daptomycin, and linezolid, but were resistant
to penicillin, cefazolin, cefoxitin, and oxacillin. Suscepti-
bility to clindamycin, erythromycin, fusidic acid, genta-
micin, trimethoprim/sulfamethoxazole (TMP-SMX),
tetracycline, and levofloxacin was detected in 31%, 33%,
89%, 58%, 86%, 69%, and 72% isolates, respectively. Among
MRSA isolates, the ST59 and ST45 lineages showed >80%
susceptibility rates for fusidic acid and TMP-SMX. Five iso-
lates belonged to ST45 with SCCmec V were resistant to
tetracycline and levofloxacin. However, ST239 with SCCmec
III showed multiresistance to clindamycin, erythromycin,
gentamicin, TMP-SMX, and tetracycline.
Discussion

In this study, the MRSA nasal carriage rate in adult patients
who visited the ED at two regional hospitals in central
Taiwan was found to be 6.8%. This is higher than a
Table 1 Distribution of antimicrobial susceptibility rates of 36
multilocus sequence typing (MLST).

MLST type No. CC, No. (%) E, No.(%) FA, No. (%)

Total 36 11 (31) 12 (33) 32 (89)
59 16 2 (13) 2 (13) 16 (100)
45 11 5 (45) 5 (45) 9 (82)
239 3 0 (0) 0 (0) 2 (67)
508 3 3 (100) 3 (100) 3 (100)
5 1 0 (0) 1 (100) 0 (0)
8 1 1 (100) 1 (100) 1 (100)
30 1 0 (0) 0 (0) 1 (100)

CC, clindamycin; E, erythromycin; FA, fusidic acid; GM, gentamici
levofloxacin.
previously reported MRSA nasal carriage rate of 3.8% in
adult patients who visited the ED at hospitals in northern
Taiwan in 2009,20 and the MRSA nasal carriage rate of 1.5%
determined from the nasal sample data of healthy college
students in northern Taiwan collected in 2013.21 However,
this MRSA nasal carriage rate is significantly lower than the
rates of 14.9e32% obtained from research data of patients
in adult intensive care units in Taiwan hospitals.22e24 In
addition, large differences exist in the MRSA nasal carriage
rate among various studies on patients who visited the ED in
overseas hospitals. For instance, the rate in Iran was 3.2% in
a 2014 report,25 the rate in the USA was 13.5% in
2008e2009,26 and the rate reported in Japan was 31.4% in
2009e2011.27 A subset of patients who visit the adult ED
may shuttle between hospitals and long-term care facilities
frequently, and therefore, the MRSA nasal carriage rate in
such patients is expected to be higher than that in typical
community residents. Similarly, in this study, the MRSA
nasal carriage rate in 326 HCWs from the ED and various
intensive care units was 6.1%. During the 5-month study,
clusters of MRSA infection did not occur within the health
care units where the HCWs participating in this study
worked. In comparison, the MRSA nasal carriage rates ob-
tained in other studies on HCWs in Taiwan ranged from 5.0
to 7.8%,4 and a rate of 7.6% was reported in another study
on hospital workers in Serbia,28 which are similar to the
MRSA nasal carriage rate determined in this study.

An analysis of the potential risk factors associated with
nasal MRSA colonization was attempted in this study.
Among patients who visited the ED, only those receiving
hemodialysis had a significant association with nasal MRSA
colonization (P Z 0.012). For HCWs, no statistically signif-
icant associations between risk factors and nasal MRSA
colonization were found. However, in other studies con-
ducted on domestic or foreign patients, the most commonly
observed risk factor associated with nasal MRSA coloniza-
tion was the presence of an indwelling catheter in the
body.20,29 We observed that for patients receiving hemo-
dialysis, the prolonged presence of the dialysis catheters
increased the risk of MRSA infection or colonization asso-
ciated with the use of these catheters. In a study on the
hemodialysis population in Taiwan, nasal swab samples
were obtained before and after a certain period of hemo-
dialysis, and it was observed that the MRSA carriage rate
increased from 3.8% to 6.9%. However, in this study, the
methicillin-resistant S. aureus (MRSA) isolates stratified by

GM, No. (%) SXT, No. (%) TE, No. (%) LEV, No. (%)

21 (58) 31 (86) 25 (69) 26 (72)
8 (50) 16 (100) 13 (81) 16 (100)
9 (82) 11 (100) 6 (55) 6 (55)
0 (0) 0 (0) 0 (0) 0 (0)
3 (100) 3 (100) 3 (100) 3 (100)
0 (0) 0 (0) 1 (100) 0 (0)
1 (100) 1 (100) 1 (100) 0 (0)
0 (0) 0 (0) 1 (100) 1 (100)

n; SXT, trimethoprim/sulfamethoxazole; TE, tetracycline; LEV,
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strains identified in the nares of the subjects were CA-MRSA
strains, and other risk factors associated with nasal MRSA
colonization in hemodialysis patients were not found.30

Several studies have reported a higher proportion of nasal
MRSA colonization in males than in females for HCWs29,31;
however, this was not observed in the present study.

In this study, MLST assigned 44.4% MRSA strains to ST59,
and in particular, ST59/SCCmec IV/PVL-negative and ST59/
SCCmec VT/PVL-positive were the predominant clones,
which are consistent with the current endemic CA-MRSA
strains in Taiwan.4,32 The ST59/SCCmec IV/PVL-negative
clone is also known as the Asian-Pacific clone, and is the
major nasal MRSA colonizing strain among healthy popula-
tion in communities. The ST59/SCCmec VT/PVL-positive
clone, also known as the Taiwan clone, possesses higher
toxicity compared to the Asian-Pacific clone, and is
commonly isolated from patients with serious MRSA in-
fections.32 Epidemiological data on MRSA in Asian countries
showed that heterogeneity exists in the distribution of CA-
MRSA among different countries and regions. In addition to
Taiwan, ST59 strains are endemic in China, Vietnam,
Singapore, and Hong Kong.7

Another noteworthy point is that ST45 strains accounted
for 30.6% of all MRSA isolates in this study, and thus occu-
pied second position after ST59. Therefore, ST45 has sup-
planted ST239, which belongs to the HA-MRSA strains, and
was reported as the second leading sequence type in pre-
vious Taiwanese studies.4,33 ST45 strains mainly carry
SCCmec type IV or V, and were first observed in Berlin
hospitals in 1993; therefore, the strains are also known as
the Berlin epidemic MRSA.33 In recent years, ST45 strains
have also been reported in different regions of Asia.
Furthermore, studies conducted in Germany, Singapore,
and Hong Kong showed that ST45 strains of MRSA are
gradually posing a new threat in nursing homes or long-term
care facilities.34e36 In Taiwan, MRSA was the most common
pathogen isolated from patients and environmental sources
in long-term care facilities.37 A study involving 523 sub-
jects, who consisted of residents and employees of 14
nursing homes in Taiwan, was conducted in 2012. Results of
the study indicated that ST45 accounted for half of the
strains responsible for the nasal carriage rate of 20.1%
among the subjects.38 However, although ST45 strains are
endemic in nursing homes or long-term care facilities, no
study other than ours reported proportions of ST45 strains
up to 30% in MRSA nasal colonization in Taiwanese hospitals.
Further investigation is required to determine whether the
increase in the proportion of ST45 strains is due to the
dissemination of this strain via frequent shuttling of resi-
dents between nursing homes or long-term care facilities
and hospitals for health care needs.

It is well-known that the antibiotic resistance genemecA
harbored by SCCmec is responsible for the antibiotic resis-
tance of MRSA. However, in recent years, oxacillin-
susceptible MRSA (OS-MRSA) strains have been identified
in Taiwan and foreign countries.39,40 OS-MRSA strains are
characterized by the following characteristics: minimum
inhibitory concentration (MIC) of oxacillin <2 mg/ml, mecA
positivity, and preponderance of clones belonging to CA-
MRSA SCCmec type V or VT corresponding to ST59/t437
and ST45/t1081.41 There is a need for careful evaluation of
the performance of these methods for the detection of
OS-MRSA to prevent their further spread in community
settings.

This study is not without limitations. First, too few
participants, regardless of whether they were patients
visiting the ED or HCWs, were enrolled in the study. In
addition, the proportions of HCWs from different health
care units within the hospitals participating in this study
varied, and therefore, the results obtained are not
completely representative of the nasal carriage rates of the
respective hospital units. Second, in addition to age,
gender, and diseases of the patients, other important risk
factors associated with MRSA acquisition were not recorded
in this study, e.g., records of recent hospitalizations,
antibiotic use, habits such as smoking or betel nut chewing,
and place of residence of patients visiting the ED (nursing
homes or long-term care facilities). Third, due to the lim-
itation of resources in the microbiological laboratory, the
MIC of vancomycin for MRSA strains was not tested. In
addition, as the inhibition zone size determined using the
vancomycin disk test correlated poorly with susceptibility
test results obtained using the recommended standard
dilution method, VSSA (vancomycin susceptible S. aureus,
MIC < 2 mg/ml) and VISA (vancomycin intermediate S.
aureus, MIC 4e8 mg/ml) could not be accurately distin-
guished. Therefore, at present, the vancomycin disk
diffusion method is no longer recommended. Lastly, pulsed-
field gel electrophoresis (PFGE) was not included in the
molecular biology tests of MRSA strains; therefore, evi-
dence regarding genetic relationships and similarities be-
tween MRSA strains is slightly inadequate.

In this study, nasal MRSA colonization was observed in
7.8% patients visiting the ED and 6.8% HCWs. Statistical
analysis of data showed that a history of hemodialysis in
patients visiting the ED was a risk factor associated with
MRSA colonization. Characterization of the nasal MRSA
isolates revealed that three-quarters of isolates belonged
to CA-MRSA strains, and the leading sequence type was
ST59, which is consistent with the current endemic CA-
MRSA strains in Taiwan. However, a significant increase in
the prevalence of ST45 strains was also observed in this
study, with ST45 supplanting ST239 as the second leading
sequence type. Therefore, a gradual dissemination of ST45
may occur within communities and hospitals.
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