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Objectives: The distribution of methicillin-resistant Staphylococcus aureus (MRSA) clones is dynamic and geo-
graphically unique. To understand the changing epidemiology of MRSA infections in China, we performed a pro-
spective, multicity surveillance study with molecular typing and phenotypic analysis to determine the
association of major prevalent clones with their antimicrobial resistance profiles.

Methods: A total of 517 S. aureus isolates collected between January 2009 and March 2012 from six cities in China
were subjected to antibiogram analysis and molecular typing, including staphylococcal cassette chromosome
mec typing, multilocus sequence typing, staphylococcal protein A gene typing and PFGE typing.

Results: Among the isolates collected, 309 were characterized as MRSA, with a prevalence of 59.8%. Three major
clones were found to be prevalent in China: ST239-MRSA-III-t030, ST239-MRSA-III-t037 and ST5-MRSA-II-t002.
These three clones were associated with two characteristic resistance profiles, namely, gentamicin/ciprofloxa-
cin/rifampicin/levofloxacin for the first clone and gentamicin/ciprofloxacin/clindamycin/erythromycin/tetracyc-
line/levofloxacin/trimethoprim/sulfamethoxazole for the latter two. Several geographically unique minor clones
were also identified.

Conclusions: The predominant MRSA clones in China were associated with characteristic antimicrobial resistance
profiles. Antibiotics for treating patients with MRSA infections can be selected based on the strain typing data.
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA), the most
representative nosocomial pathogen since S. aureus isolates
acquired a mobile genetic element called staphylococcal cassette
chromosome mec (SCCmec)1 from other staphylococcal isolates,
imposes a high burden on healthcare resources and significantly
contributes to morbidity and mortality.2 The distribution of MRSA
clones is dynamic and geographically unique. One way to control
the spread of MRSA is by determining the genotypic characteristics
of MRSA clones and the genetic relatedness of strains in different
geographic regions. Several molecular methods have been

developed to type MRSA isolates, including PFGE,3 multilocus se-
quence typing (MLST)4 and typing based on unique fragments of
the genetic loci SCCmec5 and the polymorphisms of the X region
in the staphylococcal protein A gene (spa).6 With these typing
methods, several MRSA clones have been identified worldwide,
including New York and Japan (ST5-SCCmec II), Hungary
(ST239-SCCmec III) and the USA (ST8-SCCmec IV).7,8 MRSA
isolates also harbour numerous determinants associated with
antibiotic resistance.9 – 12 The association of MRSA antimicrobial
resistance profiles (ARPs) with their molecular characteristics
can provide useful information for the clinical treatment of MRSA
infections.
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MRSAwas originally detected in China in the 1970s, and the pro-
portion of MRSA amongst S. aureus isolates increased to �20%
after 1980 and continued to increase at this level until 2000. In
the 21st century, MRSA prevalence rapidly increased, comprising
60% of S. aureus in hospital isolates in 2008.13 Two major clones,
ST239-MRSA-SCCmec type III and ST5-MRSA-SCCmec type II,
were shown to be prevalent in China during 2005 and 2006.14 To
determine the dynamic status of the predominant MRSA types in
China, 517 S. aureus isolates (with 309 MRSA isolates) collected
from nine teaching hospitals in six cities were subjected to anti-
microbial susceptibility testing and molecular typing. The correl-
ation between the MRSA molecular types and their antibiotic
resistance phenotypes was also investigated.

Materials and methods

Bacterial isolates
A total of 517 S. aureus isolates from nine teaching hospitals in six cities col-
lected between January 2009 and March 2012 were included in the present
study. The isolates were recovered from the respiratory tract secretions,
blood, drainage, pus, wound and abdominal fluid of 496 patients. Among
the 517 isolates, there were 35 isolates collected from 14 patients at differ-
ent collection times, from different samples or with different resistance
phenotypes. The isolates were kept frozen at 2808C in tryptic soy broth sup-
plemented with 40% glycerol. DNA was extracted as described by Unal
et al.15 To confirm the MRSA isolates, the mecA and femB genes were
detected by multiplex PCR as previously described.16

SCCmec typing
SCCmec typing of MRSA isolates was performed using four unique and spe-
cific pairs of primers for SCCmec types I, II, III, IV and V as previously
described.5 The MRSA isolates with unanticipated fragments or lacking frag-
ments by multiplex PCR were defined as non-typeable (NT). MRSA
NCTC10442 (SCCmec I), MRSA N315 (SCCmec II), MRSA85/2082 (SCCmec
III), MRSA JCSC 4744 (SCCmec IV) and MRSA WZ153 (SCCmec V) were pro-
vided by Dr Fangyou Yu (Wenzhou Medical College, China).17

MLST, spa typing and PFGE
A previous study demonstrated that ST239-MRSA-SCCmec type III is the
most predominant MRSA clone in China.14 Two sets of primers designed
by Feil et al.18 were used to screen ST239, and the remaining MRSA isolates
were subjected to MLSTanalysis by PCR amplification and sequencing of the
seven housekeeping genes (arc, aroE, glpF, gmk, pta, tpi and yqiL) as
described.4 Allelic profiles and sequence types (STs) were assigned accord-
ing to the MLST web site (http://saureus.mlst.net/). STs sharing at least
five of seven identical alleles were grouped into a single clonal complex
(CC).19 The X region of the spa gene in S. aureus contains variable
numbers of 21–27 bp repeats, with the 24 bp repeat being the most
common.6 The X region of each MRSA isolate was amplified by PCR as
described by Shopsin et al.20 The amplified products were sequenced and
analysed based on the spa database web site (http://www.ridom.de/
spaserver/), and each isolate was assigned a specific spa type.21 The SmaI-
digested genomic DNA of each MRSA isolate was separated by PFGE as
previously described.22 A type of MRSA strain N315 DNA PFGE molecular
size standard was included in each gel. The PFGE patterns were analysed
with BioNumerics version 6.6 (Applied Maths, Sint-Martens-Latem,
Belgium) according to the unweighted pair-group matching analysis
clustering algorithm. The strains with .90% identity were categorized
into the same group.

Antimicrobial susceptibility testing
Antibiogram testing of the MRSA isolates was performed by broth dilution
tests, according to the guidelines set by the CLSI. The MICs of 3 b-lactam
antimicrobial agents (oxacillin, penicillin and ampicillin) and 14 non-
b-lactam antimicrobial agents (gentamicin, ciprofloxacin, clindamycin,
erythromycin, rifampicin, tetracycline, vancomycin, teicoplanin, levofloxa-
cin, moxifloxacin, nitrofurantoin, trimethoprim/sulfamethoxazole, linezolid
and quinupristin/dalfopristin) were determined. CLSI breakpoints were
used for MIC interpretation.

Definitions
The clone comprising .10% of the isolates was considered the major
prevalent clone. An isolate was considered multidrug resistant (MDR)
when the isolate was resistant to three or more classes of non-b-lactam
antimicrobial agents.23 Resistance rates .70% of MRSA isolates to the
non-b-lactam antimicrobial agents comprise the ARPs.

Results

MRSA prevalence and SCCmec types

Genetic detection of the mecA and femB genes revealed that
59.8% (309/517) of S. aureus isolates were MRSA. MRSA prevalence
exceeded 60% in four coastal cities: Beijing (100%), Guangzhou
(78.5%), Shanghai (69.5%) and Shenyang (68.3%) (Table 1). Mean-
while, MRSA prevalencewas,60% in the inland cities of Chongqing
(45.0%) and Urumchi (25.8%) (Table 1). In addition to the number
of strains recovered for analysis, the spread of MRSA may be related
to local geographical conditions such as climate, hygiene, popula-
tion and available healthcare.

A total of 309 MRSA isolates were analysed by SCCmec typing.
Five SCCmec types were found: I, II, III, IV and V (Table 1). The
most common SCCmec type was type III, which was present in
178 isolates (57.6%; 178/309) and distributed in all cities, especial-
ly in Urumqi (87.0%) and Beijing (75.0%). SCCmec type II was the
second most predominant type, present in 22.0% (68/309) of the
isolates and in four cities, being most prevalent in Shenyang
(60.7%) and Shanghai (48.8%). The third predominant type was
SCCmec type IV, present in 8.7% (27/309) of the isolates and
present in five cities, being most prevalent in Beijing (12.5%),
Guangzhou (11.3%) and Chongqing (11.9%). Nineteen of 309
(6.2%) isolates belonged to SCCmec type I, which were distributed
in four cities. SCCmec type V was found in 13 isolates (4.2%). Four of
309 isolates (1.3%) were defined as NT bymultiplex SCCmec typing.

Characterization of MRSA with MLST, spa typing and PFGE

The STs of the 309 MRSA isolates were characterized. Fifteen STs
that could be clustered into 12 CCs and 4 new STs were found
(Table S1, available as Supplementary data at JAC Online). Four
major CCs (CC239, CC5, CC59 and CC45) comprising 93.2% of the
MRSA isolates were found to be prevalent in China. ST239
(CC239) was the most predominant ST (51.5%, 159/309), and
was distributed in all six cities. By spa typing, ST239 included spa
types t030, t037, t138, t459, t632 and t3167. The most predomin-
ant spa type in ST239 isolates was t030 (56.6%, 90/159), followed
by t037 (30.2%, 48/159). ST5 (CC5) was determined to be the
second most common ST (25.2%, 78/309), and the most predom-
inant ST for SCCmec II isolates. ST5 was the most common ST iden-
tified in Shenyang (78.6%) and Shanghai (51.2%), whereas ST239
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was similarly identified in the other four cities. ST5 included spa
types t002, t010, t570, t2460 and t045. The most predominant
spa type in ST5 isolates was t002 (62.8%, 49/78). Other than ST5,
CC5 also included ST105 and ST267 isolates, which were recovered
from Guangzhou and Shanghai, respectively. ST59 (CC59) com-
prised 10.7% of the tested isolates and was the third most
common ST. ST59 was the most predominant ST in SCCmec I, IV
and V MRSA isolates and was mainly prevalent in Chongqing and
Guangzhou. ST59 included spa types t437, t138, t441 and t7281.
The most predominant spa type in ST59 isolates was t437. ST45
(CC45) was a small-scale epidemic ST (5.2%, 16/309) that was
prevalent in Guangzhou.

The distribution of spa types varied among the cities: the most
common spa type in Guangzhou, t030, was distributed among
Guangzhou (50%), Urumqi (21.4%) and Beijing (13.1%); t002
was predominant in Guangzhou (60%) and Shanghai (30%);
t037 was predominant in Guangzhou (50%) and Chongqing
(37%); and t570 was most common in Shenyang.

All 309 MRSA strains were subjected to PFGE analysis: 17 major
groups (more than five strains per group), 6 minor groups (fewer
than four strains per group) and 37 singletons with unique patterns
(data not listed) were found.

Antimicrobial resistance of MRSA

Antibiotic susceptibility testing showed high rates of resistance to
antimicrobial agents (Table S2, available as Supplementary data
at JAC Online). Excluding intermediate resistance, 97.6% of the
MRSA isolates were resistant to oxacillin, 100% to penicillin,
99.4% to ampicillin, 77.3% to gentamicin, 80.2% to ciprofloxacin,
80.9% to clindamycin, 86.2% to erythromycin and 81.7% to levo-
floxacin. The results also showed that 74.8% (231/309) of the
MRSA were MDR isolates, with 36.8% (7/19), 70.6% (48/68),
87.6% (156/178), 40.7% (11/27) and 61.5% (8/13) for SCCmec
types I, II, III, IV and V MRSA isolates, respectively. One MDR
isolate was defined as NT. Interestingly, the SCCmec type II and
III MRSA isolates shared the same ARPs, they showed high resist-
ance rates (.70%) to seven non-b-lactam antimicrobial agents
(gentamicin, ciprofloxacin, clindamycin, erythromycin, tetracyc-
line, levofloxacin, trimethoprim/sulfamethoxazole). The SCCmec
type I and V isolates exhibited high rates of resistance to three
non-b-lactam antimicrobial agents (clindamycin, erythromycin,
levofloxacin). The SCCmec type IV MRSA isolates shared ARPs of

clindamycin and erythromycin. Moreover, one linezolid-resistant
isolate (ST239-MRSA-III-t037) from Chongqing and no vancomycin-
resistant isolates were found.

Discussion
The accumulated epidemiological data have revealed the mech-
anism by which MRSA strains spread geographically. Phenotypic
typing (such as phage typing and antibiogram profile analysis)
and molecular typing (including SCCmec, PFGE, MLST, and spa
typing) techniques are widely performed to type MRSA.3 – 6 Each
typing method has its own strengths and weaknesses, and no
one method meets all demands. Previous studies demonstrated
that the MRSA prevalence in China from 1998 to 1999 was 27.5%
and rapidly reached 60.7% in 2009.24,25 Coastal cities such as
Shanghai have reported an MRSA prevalence .80%.26 This study
indicated that the prevalence of MRSA was 59.8%, with 69.5% in
Shanghai and .80% in Beijing and Guangzhou. Meanwhile,
MRSA prevalence in inland cities was lower: 45.0% and 25.8% in
Chongqing and Urumchi, respectively. By SCCmec typing, SCCmec
III (57.6%) was still the most common type prevalent in China,
followed by SCCmec II (22.0%) and IV (8.7%) (Table 1). This
result is similar to that of a very recent report that found SCCmec
III is the main documented genotype (81.3%, 87/107) of MRSA
from the lower respiratory tract.27

Our study also reported other findings. The first finding was that
three major clones (ST239-MRSA-III-t030, ST239-MRSA-III-t037
and ST5-MRSA-II-t002) comprised 57.0% (176/309) of the tested
MRSA isolates in China (Table 2); ST239-MRSA-III-t037 prevailed
before 2000 and was then replaced by ST239-MRSA-III-t030,
which continues to be the most predominant clone.28 The results
suggest that ST239-MRSA-III-t030 has a stronger survival strategy
than ST239-MRSA-III-t037 for easy transmission in Chinese hospi-
tals. A similar finding was obtained in London, where a higher rela-
tive fitness clone (CC22) allowed it outcompete with CC30 and
became dominant from 2006 onwards.29 By mapping genome-
wide single-nucleotide polymorphisms (SNPs) to the reference se-
quence, Harris et al.30 found that t037 represented the ancestral
ST239-MRSA-III spa type, whereas our findings suggest that this
type continues to be the second most common MRSA clone preva-
lent in China. ST5-MRSA-II was initially described as the main clone
in the USA31,32 and Japan33 and was subsequently detected in

Table 1. Distribution of MRSA isolates in six cities

City No. (%) of MRSA/S. aureus

No. (%) of MRSA of the following SCCmec types

I II III IV V NT

Beijing 16/16 (100) 0 2 (12.5) 12 (75.0) 2 (12.5) 0 0
Chongqing 59/131 (45.0) 12 (20.3) 0 34 (57.6) 7 (11.9) 6 (10.2) 0
Guangzhou 142/181 (78.5) 5 (3.5) 29 (20.4) 87 (61.3) 16 (11.3) 4 (2.8) 1 (0.7)
Shanghai 41/59 (69.5) 0 20 (48.8) 18 (43.9) 1 (2.4) 0 2 (4.9)
Shenyang 28/41 (68.3) 1 (3.6) 17 (60.7) 7 (25.0) 1 (3.6) 2 (7.1) 0
Urumqi 23/89 (25.8) 1 (4.4) 0 20 (87.0) 0 1 (4.4) 1 (4.4)
Total 309/517 (59.8) 19 (6.2) 68 (22.0) 178 (57.6) 27 (8.7) 13 (4.2) 4 (1.3)

Major MRSA clones in China
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several European34 and Asian countries.35,36In China, ST5-MRSA-II
was reportedly prevalent in Shenyang and Dalian.14 The evolution-
ary history of the ST5-MRSA clone investigated by Nubel et al.37

showed that the geographically associated clades ascertained by
SNPs were not concordant with previously described groupings
based on spa typing. The geographic spread of ST5-MRSA over a
large distance rarely occurred, and the progeny of the recombinant
strains resided locally rather than globally.37 In the present study,
ST5-MRSA-II-t002 was the third most common clone, constituting
13.9% (43/309) of the MRSA isolates, and this clone was mostly
found in Shanghai.

The second finding of our study was that the three major preva-
lent clones were associated with two characteristic ARPs (Table 2).
Despite having different ST and SCCmec types, ST239-MRSA-III-
t037 and ST5-MRSA-II-t002 clones shared the same resistance
profile (gentamicin, ciprofloxacin, clindamycin, erythromycin,
tetracycline, levofloxacin, trimethoprim/sulfamethoxazole). Most
isolates of these two clones were resistant to clindamycin, tetra-
cycline and trimethoprim/sulfamethoxazole, compared with that
of the ST239-MRSA-III-t030 clone. By contrast, the MRSA isolates
of the ST239-MRSA-III-t030 clone were more resistant to rifampi-
cin, which was concordant with a previous report.28 This finding
suggeststhat the clinical selection of antibiotics based on typing in-
formation is advantageous for the treatment of patients with
MRSA infections.

The third finding was that six small-scale epidemic clones of
MRSA had spread in China and were accompanied by the major
clones. Among MRSA-III isolates, ST239-MRSA-III-t138 (3.6%,
11/309) with the same resistance profile as t037 was found in
Chongqing, whereas ST239-MRSA-III-t1081 (3.6%, 11/309) with
the resistance profile of gentamicin, clindamycin, erythromycin
and tetracycline was found in Guangzhou. Among MRSA-II
isolates, ST5-MRSA-II-t570 with the same resistance profile
as t002 was the major clone found in Shenyang (46.4%, 13/28).
In addition, the isolates of ST59-MRSA-I-t437 (2.6%, 8/309),
ST59-MRSA-IV-t437 (3.6%, 11/309) and ST59-MRSA-V-t437 (1.6%,
5/309) clones belonging to CC59 with different resistance profiles
were found.

In conclusion, we found that three major clones and six minor
clones of MRSA currently prevail in China. These epidemic clones
formed 76.1% (235/309) of the MRSA isolates that were spread
in Chinese hospitals or the community. The major clones have
broadly geographic distributions, whereas the six minor clones
seem geographically unique to China. The epidemic clones were
associated with characteristic ARPs, suggesting that antibiotics
for treating patients with MRSA infections should be selected
based on the typing information of infected strains.
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