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Background.  In 2012, we identified the dissemination of methicillin-resistant Staphylococcus aureus (MRSA) sequence type 
(ST)45 strain in 14 nursing homes in Taiwan and foreign nurse workers, a significant risk factor for MRSA carriage. We conducted 
this study to understand MRSA carriage and molecular characteristics among foreign workers recruited from Southeastern Asian 
countries.

Methods.  A cross-sectional study involving a total of 1935 foreign workers—929 (arrival group) and 1006 (staying group)—
from Vietnam (n = 843), Indonesia (n = 780), the Philippines (n = 239), and Thailand (n = 70) were conveniently recruited during 
upon-arrival and regular health examination in a regional hospital. A nasal swab was obtained from each participant for detection 
of MRSA.

Results.  Overall, MRSA carriage rate was 2.72%, with 2.26% for arrival group and 3.18% for staying group, and 4.74% for 
Vietnamese, 1.28% for Indonesians, 1.26% for Filipino, and none for Thai workers. Pulsotype AK/ST45 (57%) and pulsotype AX/
ST188 (14%) were the top 2 dominant clones for the arrival group, whereas pulsotype D/ST59 (41%) (an endemic community clone 
in Taiwan) and pulsotype AK/ST45 (19%) were predominant for the staying group. A significant decrease of pulsotype AK/ST45 
from 57% to 19% (P = .007) and increase of pulsotype D/ST59 from 4.8% to 41% (P = .004) were found between the arrival and the 
staying groups.

Conclusions.  Approximately 3% of foreign workers recruited from Southeastern Asian countries to Taiwan were colonized with 
MRSA, including the ST45 strain. However, the MRSA isolates from workers staying in Taiwan were mostly a locally endemic clone 
and genetically different from those identified from workers on arrival.

Keywords.   carriage; foreign worker; methicillin-resistant Staphylococcus aureus; sequence type 45; Taiwan.

Staphylococcus aureus is a common cause of skin and soft tissue 
infection. It can also cause more serious conditions such as my-
ositis, bone and/or joint infection, pneumonia, endocarditis, 
and bacteremia as well as life-threatening infections such as 
septicemia, necrotizing fasciitis, and toxic shock syndrome. It is 
always a challenge to treat infections due to S aureus, especially 
methicillin-resistant S aureus (MRSA) and strains resistant to 
beta-lactams antibiotics.

Methicillin-resistant S aureus strains are classi-
fied as community-associated MRSA (CA-MRSA) and 

healthcare-associated MRSA (HA-MRSA) according to epide-
miological and/or molecular characteristics, but distinctions 
between CA- and HA-MRSA became more difficult to make 
because the strain types with these designations were not lim-
ited to community or healthcare settings, respectively [1, 2]. 
Both CA- and HA-MRSA clones varied in different continents, 
countries, or even smaller regions [1, 2]. As we know, interna-
tional travel has been shown to contribute to the spread of some 
transmissible diseases as well as multidrug-resistant clones of 
bacteria among different countries. In Taiwan, sequence type 
(ST)59 is the most prevalent CA-MRSA clone whereas ST239 
and ST5 are the most common HA-MRSA clones in the past 
decade [2]. In our previous study conducted in 2012 [3], we 
identified the dissemination of ST45 strain, not a major CA- 
and HA-MRSA clone in Taiwan, among residents and health 
workers in 14 nursing homes island wide in Taiwan, and we also 
found that foreign nurse workers were a significant risk factor 
for MRSA carriage. Most foreign workers in Taiwan were re-
cruited from Southeastern Asian countries, in which the prev-
alence as well as molecular characteristics of MRSA are scant. 
To trace the potential origin of MRSA ST45, we conducted this 
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study to determine the nasal colonization rate, risk factors for 
carriage, and microbiologic characteristics of MRSA among 
foreign workers recruited to Taiwan.

MATERIALS AND METHODS

Subjects

A cross-sectional study, one-time point survey with 1935 for-
eign workers recruited was conducted in St. Paul’s Hospital, 
which is located in the city center of Taoyuan city, in the 
northern part of Taiwan. It is one of the designated hospitals 
in Taiwan that offers health examination for recruited foreign 
workers. Between February and July 2017, any foreign worker 
undergoing a health examination in the hospital was eligible for 
this study. There were 2 types of health examination for foreign 
workers who came to Taiwan: one was an upon-arrival health 
examination (arrival group), and the other was a regular health 
examination (staying group). It was stipulated in the law that 
any foreign workers coming to Taiwan were subjected to upon-
arrival health examination and regular health examination at 6, 
18, and 30 months after formal employment. The arrival time 
was calculated by subtracting the arrival date, which was an of-
ficial record of the government, from the nasal sampling date. 
All of them came from 4 countries, namely, Vietnam, Indonesia, 
the Philippines, and Thailand. This study was approved by 
the Institutional Reviewing Board of Chang Gung Memorial 
Hospital (201509728B0), and informed consent was obtained 
from each participant.

Sample Collection and Microbiologic Methods

A nasal swab was obtained from each participant with a sterile 
cotton-top swab for detection of MRSA. Each nasal swab was 
rubbed against both anterior nares of the participants, then 
the swab was placed into the transport medium (Venturi 
Transystem; Copan Innovation, Copan Diagnostics, Italy) im-
mediately and sent to the laboratory of Chang Gung Memorial 
Hospital within 3 days for culture. Using streak plate method, 
swab samples were inoculated onto Trypticase soy agar with 
5% sheep blood plates. The plates were incubated at 37°C over-
night. To identify S aureus, morphology, Gram stain, and coag-
ulase tests of strains grown were done on agar plates. To identify 
MRSA, cefoxitin disk was used by disk-diffusion method ac-
cording to the recommendation of Clinical and Laboratory 
Standard Institutes [4]. Once MRSA was identified, molecular 
characteristics were determined.

Molecular Typing

Chromosomal deoxyribonucleic acid was extracted from MRSA 
isolates for molecular characterization. All of them were char-
acterized by pulsed-field gel electrophoresis (PFGE) with SmaI 
digestion [5, 6], staphylococcal cassette chromosome (SCCmec) 
typing by multiplex polymerase chain reaction (PCR) [7], 
and detection of the presence of Panton-Valentine leukocidin 

(PVL) genes by PCR assay [8]. Certain isolates of representative 
pulsotypes were selected for further typing by multilocus se-
quence typing (MLST) [9] and spa gene typing [10]. We chose 
the isolates for MLST analysis according to the isolates’ number 
of individual pusotype (proportion) and at least 1 isolate for 
each pulsotype. For those untyped or undigested by SmaI on 
PFGE, we routinely performed MLST analysis.

Statistical Analysis

Analysis of variance was used for analysis of variation in MRSA 
carriage among foreign workers from 4 different countries. For 
continuous variables, Student’s t test was used. For categorical 
variables, the χ 2 test or Fisher’s exact test was used, as appro-
priate. Odds ratios (ORs) and 95% confidence intervals (CIs) 
were also calculated. The definition of statistical significance 
was P  <  .05. Variables with P < .05 in the univariate analysis 
were considered for inclusion in the multivariate model. SPSS 
22nd edition was used for analysis.

RESULTS

Baseline Characteristics

Between February and July 2017, a total of 1935 foreign workers 
recruited to Taiwan were sampled. Eight hundred forty-three 
people were from Vietnam, 780 from Indonesia, 239 from the 
Philippines, and 73 from Thailand. There were 929 people in the 
arrival group, 98.6% of whom arrived in Taiwan within ≤1 day 
(range, 0–32 days), and 1006 people in the staying group with 
a median of arrival time of 532  days (range, 152–1295  days). 
Distribution of age and arrival time of the recruited workers are 
illustrated in Figure 1. Other characteristics of the workers in-
cluding age and gender are summarized in Table 1.

Overall, S aureus, MRSA, and methicillin-sensitive S au-
reus carriage rates of the workers were 18.9%, 2.74%, 16.1%, 
respectively. The MRSA carriage rate was 2.26% for arrival 
group and 3.18% for staying group. The rate was 4.74% for 
Vietnamese (5.20% for arrival and 4.53% for staying), 1.28% for 
Indonesians (0.91% for arrival and 2.14% for staying), 1.26% 
for the Philippines (2.60% for arrival and 0.62% for staying), 
and none for Thai workers. A total of 53 MRSA isolates were 
found in the subjects: 21 from the arrival group and 32 from 
the staying group. The MRSA carriage rate of Vietnamese was 
significantly higher than Indonesians (OR  =  0.261; 95% CI, 
0.129–0.525; P  <  .001) and Filipinos (OR  =  0.255; 95.0% CI, 
0.078–0.832; P = .013). Potential risk factors including gender 
and age showed no significant influence on MRSA carriage rate 
(Tables 1 and 2).

Molecular Characterization of Methicillin-Resistant Staphylococcus au-
reus Isolates

Of the 53 MRSA isolates, 10 pulsotypes were identified and 1 
isolate was untypeable by PFGE. Seventeen isolates were char-
acterized by MLST and 29 isolates were characterized by spa 
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typing. The detailed molecular characteristics of all 53 isolates 
stratified by pulsotypes are shown in Table  3. Pulsotype AK/
ST45 (57%) and pulsotype AX/ST188 (14%) were the top 2 
dominant clones for arrival group. In staying group, 13 (41%) 
isolates were characterized as pulsotype D/ST59, 6 (19%) were 
characterized as pulsotype AK/ST45, 5 (16%) were character-
ized as pulsotype AX/ST188, and 4 (13%) were characterized 
as pulsotype C/ST59. Pulsotype BY/ST9 and pulsotype AG/
ST30 were only identified in the arrival group, and pulsotype 
BM/ST45, pulsotype AI/ST8/SCC IV/PVL-positive (USA300), 
and ST398/t034/SCC VT/PVL-negative were specific in the 
staying group.

Genotypes of MRSA isolates between the arrival group and 
the staying group showed significant difference. Among the 
staying group, there was a significantly lower prevalence of AK/
ST45 (19% vs 57%) and a higher prevalence of pulsotype D/

ST59 (41% vs 4.8%) compared with the arrival group (P = .007 
and P = .004, respectively).

No other potential risk factors, including gender and country, 
illustrated significant differences in the molecular characteris-
tics of MRSA isolates. A comparison of the major clones in dif-
ferent countries and arrival time are shown in Table 4, and the 
distribution of pulsotypes and arrival time are summarized in 
Figure 2. All 14 of the isolates characterized as ST59/pulsotype 
D/SCCmec VT and the isolate characterized as ST8/SCCmec IV 
were PVL-positive.

Antibiotics Susceptibility

The detailed antibiotic susceptible rates of the 53 MRSA iso-
lates stratified by SCCmec types are shown in Supplementary 
Table 1. All isolates were susceptible to vancomycin, linezolid, 
and teicoplanin and resistant to penicillin. The resistant rate 
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Figure 1.  Geographic distribution of foreign workers from Southeastern countries recruited to Taiwan stratified by age and arrival time. A total of 98.6% of workers in the 
arrival group (n = 929) arrived in Taiwan within ≤1 day. The arrival time of the staying group (n = 1006) was approximately 180, 540, and 900 days according to the govern-
ment statute.

Table 1.  Distribution of Nasal Methicillin-Resistant Staphylococcus aureus Carriage Rate Among Foreign Workers Recruited to Taiwan Stratified by 
Gender, Age, and Countries

Variables Total (n = 1935) MRSA (n = 53) Non-MRSA (n = 1882) Odds Ratio 95% CI P Value

Male 951 (49.1%) 28 (52.8%) 923 (49.0%) 1.164 0.674–2.011 .676

Age (mean ± SD) 29.22 ± 6.5 28.49 ± 5.5 29.24 ± 6.5   .069

Vietnam 843 (43.6%) 40 (75.5%) 803 (42.7%) Indonesia 0.261 0.129–0.525 <.001a

Philippines 0.255 0.078–0.832 .013

Indonesia 780 (40.3%) 10 (18.9%) 710 (40.9%) Philippines 0.979 0.267–3.586 1.000

Philippines 239 (12.4%) 3 (5.7%) 236 (12.5%)    

Thailand 73 (3.8%) 0 (0.0%) 73 (3.9%)    

Abbreviations: CI, confidence interval; OR, odds ratio; MRSA, methicillin-resistant S aureus; SD, standard deviation.
aP < .05.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa586#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa586#supplementary-data
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was 70% for erythromycin, 57% for clindamycin, and 28% for 
ciprofloxacin.

Whole-Genome Sequencing of Methicillin-Resistant Staphylococcus au-
reus ST59 Isolates

To delineate the genetic relatedness between the ST59 iso-
lates identified from these foreign workers and those iden-
tified from native Taiwanese, whole-genome sequencing 
(WGS) analysis was performed for all 19 ST59 isolates iden-
tified in this study. Of the 19 ST59 isolates (named as ACR 
strains), 2 isolates (pulsotype C/SCC IV for 1 isolate, strain 
name as ACR 17; pulsotype D/SCC VT for 1 isolate, strain 
name as ACR 19) were identified from arrival group, and the 
other 17 isolates (pulsotype C for 4 isolates and pulsotype D 
for 13 isolates) were from the staying group. The methods 

for WGS were described previously [11, 12] and are pro-
vided briefly in the Supplementary Material. Five MRSA iso-
lates of ST59 were included as reference, which included 3 
clinical MRSA ST59 strains (SA957, SA40, and M013) with 
completed WGS data identified from Taiwan and 2 clinical 
MRSA ST59 strains (IS-160 and 21321)  with draft genome 
assemblies identified from the United States. Accession num-
bers in the National Center for Biotechnology Information 
(NCBI) for the reference strains are SA40 (NC_022443.1), 
SA957 (NC_022442.1), M013 (NC_016928.2), IS-160 
(GCA_000260035.1), and 21321 (GCA_000697865.1). The 
phylogenetic tree indicated that the ST59 isolates from 
Southeast Asian workers were phylogenetically close to the 
isolates from Taiwan but more genetically distant from the 
isolates from the United States (Figure 3).

Table 3.  Molecular Characteristics of 53 Methicillin-Resistant Staphylococcus aureus Isolates, Categorized by Pulsed-Field Gel Electrophoresis Pattern

PFGE Pattern No. of Isolate (%) SCCmec Type PVL-Positive MLST Type spa Type

AG 1 (2) IV 0 30 t019

AI 1 (2) IV 1 8 t008

AK 16 (30)  
2 (4)

IV 0 45  
4260

t026,  
t779, t133

AX 8 (15) IV 0 188 t189

BM 1 (2) V 0 45 t1081

BY 1 (2) XII 0 9 t899

C 5 (9) IV 0 59 t441,  
t437

CR 1 (2) IV 0 4258 t941

CU 2 (4) V 0 789 t091

D 14 (26) VT 12 59 t437, t441

UT 1 (2) VT 0 398 t034

Abbreviations: MLST, multilocus sequence type; PFGE, pulsed-field gel electrophoresis; PVL, Panton-Valentine leukocidin; SCCmec, staphylococcal cassette chromosome mec; UT, 
untypeable.

Table 2.  Nasal Staphylococcus aureus Carriage Rate Among Foreign Workers Recruited to Taiwan, 2017

Country/Timing of Arrival No. Subjects S aureus No. (%) MRSA No. (%) MSSA No. (%) P Value of MRSA Carriage

Total 1935 365 (18.9) 53 (2.74) 312 (16.1)  

  Arrival group 929 176 (18.9) 21 (2.26) 155 (16.7) .265a

  Staying group 1006 189 (18.8) 32 (3.18) 157 (15.6)  

Vietnam 843 141 (16.7) 40 (4.74) 101 (12.0)  

  Arrival group 269 39 (14.5) 14 (5.20) 25 (9.29) .729a

  Staying group 574 102 (17.8) 26 (4.53) 76 (13.2)  

Indonesia 780 159 (20.4) 10 (1.28) 149 (19.1)  

  Arrival group 547 114 (20.9) 5 (0.91) 109 (19.2) .176a

  Staying group 233 45 (19.2) 5 (2.14) 40 (17.1)  

Philippines 239 54 (22.6) 3 (1.26) 51 (21.3)  

  Arrival group 77 20 (26.0) 2 (2.60) 18 (23.4) .244a

  Staying group 162 34 (21.0) 1 (0.62) 33 (20.4)  

Thailand 73 11 (15.1) 0 11 (15.1) -

  Arrival group 36 3 (8.33) 0 3 (8.33)  

  Staying group 37 8 (21.6) 0 8 (21.6)  

Abbreviations: MRSA, methicillin-resistant S aureus; MSSA, methicillin-sensitive S aureus.
aObtained using Fisher’s exact test, 2-tailed.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa586#supplementary-data
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DISCUSSION

Results from this study showed that the overall nasal MRSA 
carriage rate among foreign workers recruited to Taiwan was 
2.74%: 2.26% for on-arrival subjects (ranged from none in 
Thailand subjects to 5.2% in Vietnamese subjects) and 3.18% 
for staying subjects (ranged from none in Thailand subjects 
to 4.53% in Vietnamese subjects). Among the colonizing iso-
lates from the on-arrival subjects, ST45/pulsotype AK (57%) 
and ST188/pulsotype AX were the 2 most common clones, 
whereas ST59/pulsotype D (41%) and ST45/pulsotype AK 

(19%) were most commonly seen among those from staying 
subjects.

The MRSA carriage rate of on-arrival workers from Vietnam 
(5.20%), Indonesia (0.91%), the Philippines (2.60%), and 
Thailand (0%) may also represent a rough estimate of nasal 
MRSA carriage among the previously healthy adults in the re-
spective country because the specimens of these people were 
almost all tested within 1 day of arrival. Few studies regarding 
the prevalence and molecular epidemiology of nasal MRSA car-
riage in these Southeast Asian countries were available. Selected 

Table 4.  Comparison of the Major Clones Distribution of MRSA Isolates From Foreign Workers Recruited to Taiwan, 2017, Stratified by Timing of Samplings

Country/Timing of Arrival
ST45/Pulsotype AK  

No. (%)
ST188/Pulsotype AX  

No. (%)
ST59/Pulsotype C  

No. (%)
ST59/Pulsotype D  

No. (%)
Others  
No. (%)

Vietnam (n = 40) 14 (35) 8 (20) 4 (10) 13 (33) 1 (3)

  Arrival group (n = 14) 9 (64) 3 (21) 0 (0) 1 (7) 1 (7)

  Staying group (n = 26) 5 (19) 5 (19) 4 (15) 12 (46) 0 (0)

Indonesia (n = 10) 3 (30) 0 (0) 1 (10) 1 (10) 5 (50)

  Arrival group (n = 5) 2 (40) 0 (0) 1 (20) 0 (0) 2 (40)

  Staying group (n = 5) 1 (20) 0 (0) 0 (0) 1 (20) 3 (60)

Philippines (n = 3) 0 (0) 0 (0) 0 (0) 0 (0) 3 (100)

  Arrival group (n = 2) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100)

  Staying group (n = 1) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100)

Total (n = 53) 18 (34) 8 (15) 5 (9) 14 (26) 8 (15)

  Arrival group (n = 21) 12 (57)a 3 (14) 1 (5) 1 (5)a 4 (19)

  Staying group (n = 32) 6 (19)a 5 (16) 4 (13) 13 (41a) 4 (13)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus.
aSignificant difference between arrival group and staying group (P < .01).
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Figure 2.  Distribution of pulsotypes/sequence type of 53 methicillin-resistant Staphylococcus aureus isolates from foreign workers recruited to Taiwan stratified by timing 
of arrival. PFGE, pulsed-field gel electrophoresis; ST, sequence type. 
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previous publications [13–18] on prevalence of MRSA carriage 
rates in these 4 Southeast Asian countries are summarized in 
Table  5. Van Nguyen et  al [13] reported MRSA nasopharyn-
geal carriage rate of 7.9% among 1016 healthy individuals in the 
general population in northern Vietnam. The nasal MRSA car-
riage rate in Indonesia was reported to be 0.8% [19] among 384 
patients for elective surgery, and only 1 of 3995 individuals in 
2 cities had MRSA carriage in another report [15]. The MRSA 
carriage rate among the previously healthy Thailand population 
was 0% [16] among 128 preclinical medical students in 2012, 
1% among 200 university students in 2009–2010 [17], and 
2.3% [18] among 217 individuals in the pediatric population in 
2010–2011. There have been no data for MRSA carriage among 
the healthy general population reported from the Philippines.

Previous studies conducted in Taiwan showed that the nasal 
MRSA carriage rate was 3.8% for 502 adult patients visiting emer-
gency rooms [20], 3.8% for 3098 adults receiving health examin-
ations [21], and 2.2% for 322 medical students [22]. Compared 
with the local prevalence, the general population in Indonesia, 
the Philippines, and Thailand seemed to have a lower nasal MRSA 

carriage rate, whereas those in Vietnam had a higher nasal MRSA 
carriage rate. In this study the workers recruited from Vietnam 
had a significantly higher nasal MRSA carriage rate than those 
from the other 3 countries. However, no significant difference 
was found for MRSA carriage in terms of gender and age in this 
study, consistent with previous reports [23, 24].

Molecular characterizations of the MRSA isolates in the 
present survey showed that ST45/pulsotype AK and ST188/
pulsotype AX were dominant among on-arrival workers, 
whereas, unexpectedly, pulsotype D/ST59 (41%) and pulsotype 
C/ST59 (12%) became common among the staying workers. 
A  significant difference of pulsotype AK/ST45 and pulsotype 
D/ST59 carriage may indicate transmission and/or acquisition 
of certain MRSA strains. The strains of pulsotype C and D/
ST59 in the staying workers were long recognized as the main 
CA-MRSA clone in Taiwan [2, 25], whereas ST45 was reported 
to be 1 of the 3 common strains among the S aureus isolates from 
both community and clinical settings in Vietnam in a recent 
study [26]. Natural loss and acquisition of S aureus had been 
described in previous studies [27, 28]. Miller et al [27] found 
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that 30% of their study participants acquired new SCCmec type 
and 68% subsequently lost their first recognized spa-type. These 
may infer that some foreign workers carried MRSA ST45 strain 
on arrival but lost this strain carriage later and acquired the 
local endemic strain of ST59. We further performed WGS anal-
ysis of these ST59 isolates and demonstrated that the ST59 iso-
lates from Southeast Asian workers were phylogenetically close 
to the isolates from Taiwan but more genetically distant from 
the isolates from the United States. These findings suggest that 
when people go to a foreign country and stay there for a period 
time, they might acquire a new MRSA strain colonization that 
is endemic in that country.

 In the present study, MRSA ST45, the targeted clone of this 
study, was indeed found to be the major clone of MRSA identi-
fied from the on-arrival workers recruited as we expected; how-
ever, the pulsotype of these isolates was AK, which was different 
from that (pulsotype BM) previously identified and circulating 
in nursing homes in Taiwan [3]. Only 1 isolate of pulsotype, 
BM/ST45, was identified from a Filipino, who stayed in Taiwan 
for more than 6 months, and the occupation of this worker was 
not obtainable. The issue of whether the pulsotype BM/ST45 
strain circulating in Taiwan was transmitted from the foreign 
workers needs further studies. The MRSA ST45 strain was ini-
tially reported in Berlin, and it spread through Europe and Asia 
[29–31]. Studies also showed increasing prevalence of MRSA 
ST45 in long-term care facilities in Germany, Hong Kong, 
China, and Taiwan [3, 32–34]. In Taiwan, ST45 was first iden-
tified during an outbreak investigation in 2006 and reported in 
2011 [35]. Whole-genome sequencing study to compare these 
strains are ongoing.

CONCLUSIONS

This study had several limitations. First, the nasal carriage rate 
of the respective countries may represent an estimate but not a 
complete picture of the true prevalence of MRSA carriage rate 
because of the selection bias. The group of foreign workers may 
represent a healthy portion of the whole population (healthy 
worker effect) of the respective countries to fulfill recruit-
ment regulation to Taiwan. Second, from each study subject, 
samplings for MRSA detection were obtained only from 1 site 
(nares), so some MRSA-colonizing patients might be unde-
tected, and the carriage may be underestimated. Third, this is 
a convenient sample of subjects in 1 hospital instead of random 
recruitment of foreign workers in several hospitals in Taiwan, 
which may affect the validity of the study. However, our study 
obtained preliminary data of MRSA prevalence among for-
eign workers, and further research may be needed across more 
hospitals. Fourth, a longitudinal study is needed to investigate 
whether there is a reciprocal transmission of MRSA ST45 and 
ST188 strains from foreign workers to the local people and the 
local ST59 strain to the foreign workers staying longer than 
5 months in Taiwan.Ta

bl
e 

5.
 

Se
le

ct
ed

 P
ub

lic
at

io
ns

 o
n 

Pr
ev

al
en

ce
 o

f M
RS

A
 C

ar
ri

ag
e 

Ra
te

 A
m

on
g 

Pr
ev

io
us

ly
 H

ea
lth

y 
Su

bj
ec

ts
 in

 S
ou

th
ea

st
er

n 
A

si
an

 C
ou

nt
ri

es

C
ou

nt
ry

S
tu

dy
 P

er
io

d
S

tu
dy

 S
ub

je
ct

s 
an

d 
N

um
be

r
A

ge
M

R
SA

 N
o.

 (%
)

R
ef

er
en

ce

V
ie

tn
am

Fe
br

ua
ry

 t
o 

Ju
ne

 2
01

2
10

16
 h

ea
lth

y 
su

bj
ec

ts
 f

ro
m

 u
rb

an
 a

re
a 

of
 

D
on

g 
D

a 
an

d 
ru

ra
l a

re
a 

of
 B

a 
V

i
A

ll 
ag

es
 a

re
 in

cl
ud

ed
 m

ed
ia

n:
 in

 t
he

 
ag

e 
gr

ou
p 

30
–5

9 
ye

ar
s

80
 (7

.9
%

)
Va

n 
N

gu
ye

n 
et

 a
l [

11
]

In
do

ne
si

a
A

pr
il 

to
 S

ep
te

m
be

r 
20

15
38

4 
E

le
ct

iv
e 

su
rg

er
y 

pa
tie

nt
s 

in
 C

ip
to

 
M

an
gu

nk
us

um
o 

H
os

pi
ta

l
M

ed
ia

n 
=

 4
6 

ye
ar

s
3 

(0
.7

8%
)

N
el

w
an

 e
t 

al
 [1

2]

 
Ju

ly
 t

o 
O

ct
ob

er
 2

00
1 

in
 S

ur
ab

ay
a 

an
d 

Ja
nu

ar
y 

to
 

M
ay

 2
00

2 
in

 S
em

ar
an

g
39

95
 p

eo
pl

e 
(p

at
ie

nt
s 

an
d 

th
ei

r 
re

la
tiv

es
) i

n 
2 

ci
tie

s:
 S

em
ar

an
g 

an
d 

S
ur

ab
ay

a,
 In

do
ne

si
a

N
ot

 m
en

tio
ne

d
1 

(0
.0

25
%

)
S

ev
er

in
 e

t 
al

 [1
3]

Th
ai

la
nd

 
M

ar
ch

 2
01

2
12

8 
pr

ec
lin

ic
al

 m
ed

ic
al

 s
tu

de
nt

s
M

ea
n 

ag
e 

of
 2

0.
9 

±
 0

.9
 y

ea
rs

 
0 

(0
%

)
Tr

ee
si

ric
ho

d 
et

 a
l [

14
]

O
ct

ob
er

 2
00

9 
to

 S
ep

te
m

be
r 

20
10

20
0 

he
al

th
y 

st
ud

en
ts

19
–2

5 
ye

ar
s 

ol
d

2 
(1

%
)

K
itt

i e
t 

al
 [1

5]

20
10

–2
01

1
21

7 
he

al
th

y 
ch

ild
re

n 
in

 3
 p

rim
ar

y 
sc

ho
ol

s
3–

12
 y

ea
rs

 o
ld

5 
(2

.3
%

)
Ta

ng
ch

ai
su

riy
a 

et
 a

l 
[1

6]
A

bb
re

vi
at

io
ns

: M
R

SA
, m

et
hi

ci
lli

n-
re

si
st

an
t 

St
ap

hy
lo

co
cc

us
 a

ur
eu

s.



8  •  ofid  •  Chen et al

 In conclusion, approximately 3% of foreign workers recruited 
from Southeast Asian countries to Taiwan were colonized with 
MRSA, including the ST45 strain. However, the MRSA strains 
identified from the workers who stayed in Taiwan for more than 
5 months were mostly endemic clones in Taiwan and were ge-
netically different from those identified from the workers on 
arrival.
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