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Introduction

Skin and soft tissue infections (SSTIs) range from relatively 
common superficial skin infections to rare but life‑threatening 
infections such as necrotizing fasciitis or gas gangrene.[1] 
Staphylococcus  aureus is the most common pathogen in 
SSTIs across all continents, causing a variety of SSTIs 
ranging from the benign (e.g., impetigo and uncomplicated 
cellulitis) to the immediately life‑threatening.[2] While 
S. aureus has traditionally been the leading cause of SSTIs, 
its importance has ballooned in the past 15 years with the 
emergence of a worldwide epidemic of community‑associated 
methicillin‑resistant S.  aureus  (MRSA) SSTIs.[3] The 

developing resistance to antibiotics and the presence of 
virulence factors playing roles in SSTIs such as Panton-
Valentine leukocidin  (PVL) and toxic shock syndrome 
toxin  (TSST) lead to major challenges in preventing and 
treating patients with S. aureus SSTIs.
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In China, CC59 was the dominant clonal complex among 
S.  aureus, especially MRSA among the patients with 
SSTIs, and ST7 has become the common clone recently 
in methicillin‑susceptible S.  aureus  (MSSA) SSTIs.[4,5] 
The livestock‑associated clone ST398, which was always 
associated with animals and farm workers,[6] was currently 
found frequently with a high positive rate of lukS/F‑PV 
among S. aureus in SSTIs patients in China.[4,7] CC8 was 
the most common clone among SSTIs‑associated S. aureus, 
especially MRSA in the United States and Japan.[8,9] 
Moreover, the prevalence of S. aureus colonization among 
SSTIs patients was high in the United States and 
USA300 (CC8) MRSA was often involved as reported.[10]

Jiangsu Province lies in the east of China and is adjacent to 
Shanghai. The livestock husbandry of the two cities enrolled 
in this study in Jiangsu Province was well developed. To 
the best of our knowledge, there were no published data 
regarding the molecular epidemiology of S. aureus among 
patients with SSTIs in Jiangsu Province in China. Thus, 
the aim of the current study was to investigate the genetic 
diversity of S. aureus from SSTIs patients in two Chinese 
hospitals in Jiangsu Province, China.

Methods

Study design and setting
A total of 62 patients with SSTIs from two Chinese hospitals 
in two cities  (Affiliated Hospital of Nantong University 
and Jiangsu Taizhou People’s Hospital, 41 and 21 patients, 
respectively) of Jiangsu Province were enrolled in this study, 
and 62 S. aureus isolates were collected during February 
2014 to January 2015. The experiments  in this study were 
performed in Ruijin Hospital, Shanghai Jiao Tong University 
School of Medicine, Shanghai.

This study was approved by the Ethics Committee of Ruijin 
Hospital, Shanghai Jiao Tong University School of Medicine, 
and the Review Board exempted the need for informed 
consent for this retrospective study mainly focused on 
bacteria without interventions involving patients.

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed according to 
the guidelines of Clinical and Laboratory Standards Institute.[11] 
Antibiotics including penicillin (10 units), cefoxitin (30 μg), 
gentamicin (10 μg), kanamycin (30 μg), tobramycin (10 μg), 
erythromycin (15 μg), tetracycline (30 μg), teicoplanin (30 μg), 
minocycline (30 μg), ciprofloxacin (5 μg), clindamycin (2 μg), 
sulfamethoxazole‑trimethoprim  (25 μg), chloramphenicol  
(30 μg), rifampicin (5 μg), quinupristin‑dalfopristin (15 μg), 
linezolid (30 μg), fusidic acid (10 μg), and mupirocin (5 μg 
and 200 μg) were tested by the disk diffusion method, and all 
the disks were Oxoid paper disks (Oxoid, UK). The minimum 
inhibitory concentration of vancomycin was detected by 
E‑test (bioMerieux, France). The penicillin disk diffusion 
zone edge test was performed for β‑lactamase detection, 
and inducible clindamycin resistance was determined by 

the D‑test. S.  aureus ATCC25923 and ATCC29213 were 
used as quality controls for the disk diffusion test and E‑test, 
respectively.

Detection of toxin genes
A variety of clinically significant toxin genes were detected by 
polymerase chain reaction,[12] including lukS/F‑PV (encoding 
Panton-Valentine leukocidin); tst  (encoding toxic shock 
syndrome toxin 1); eta and etb (encoding exfoliative toxin 
A and B); sea‑see and seg‑sej  (encoding staphylococcal 
enterotoxins SEA‑SEE and SEG‑SEJ); and sasX (encoded in a 
mobile genetic element), which act as a virulence determinant 
and play a key role in MRSA colonization and pathogenesis.

Molecular typing
Molecular typing including multilocus sequence 
typing  (MLST) and Staphylococcus protein A gene  (spa) 
typing was performed on all S. aureus.[13] For confirming 
the presence of MRSA, mecA detection was performed on 
all S. aureus collected. Staphylococcal cassette chromosome 
mec  (SCCmec) types of MRSA were determined by the 
method described previously.[14]

Statistical analysis
The Chi‑square or Fisher’s exact test was used where 
appropriate using the SPSS software package (SPSS19.0, 
IBM-SPSS Inc, Armonk, NY, USA). A two‑sided P < 0.05 
was considered statistically significant.

Results

Clinical data
The median age of patients with SSTIs in this study was 
50  years  (range: 6  months to 95  years), and the gender 
distribution (male/female) was 40/22 (64.5%/35.5%). Forty 
of 62  patients were considered outpatients, and the rest 
20 patients were inpatients. In terms of the infection types, 
abscesses  (69.4%) was the most common infection type. 
Clinical data on any possible patient contact with animals 
were lack in this study.

Antimicrobial susceptibility testing
Sixteen (25.8%) isolates were confirmed as MRSA in this 
study. We did not find any isolated resistant to vancomycin, 
teicoplanin, sulfamethoxazole‑trimethoprim, and linezolid. 
The resistance rates of other antibiotics tested are shown in 
Table 1. A total of 35 isolates (27 MSSA and 8 MRSA) were 
inducible resistance to clindamycin based on D‑test results. 
One MRSA isolate  (ST5‑SCCmecI‑t311) was observed 
showing high‑level mupirocin resistance.

Virulence factors
The toxin genes lukS/F‑PV, etb, see, and sasX were not 
detected among all S.  aureus isolates in this study. The 
sei was most frequently found among the toxin genes we 
screened for, occurring in 16 isolates  (25.8%) as shown 
in Table 2. The tst was found in 3 isolates (1 MSSA and 2 
MRSA) and all the 3 isolates were belonging to ST5. There 
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was no significant difference observed in prevalence of the 
toxin genes between the MSSA and MRSA groups.

Molecular types
ST398 was the most common clone which detected in 10 
isolates (2 MRSA and 8 MSSA) accounting for 16.1% among 
SSTIs patients. Both ST5 and ST7 were the second common 
clones (both 8/62, 12.9%), and 4 ST5 MRSA isolates and 
1 ST7 MRSA isolate were identified as shown in Table 3. 
The relationships of S. aureus isolates are shown in a rough 
sketch produced by eBURST based on the MLST data of 
this study [Figure 1]. The spa type was identified in 38 
types and it expressed a great diversity in this study. There 
was not an outstanding spa type that found in more than 5 
isolates, and t4549 and t571 were the most common spa type 
relatively which were both detected in 4 isolates (6.5%). In 
total, we detected 5 SCCmec Type I, 3 SCCmec Type II, and 
8 SCCmec Type V isolates. The agrI (32/62, 51.6%) was the 
most frequent agr group, followed by agrII (21/62, 33.9%), 
agrIII (5/62, 8.1%), and agrIV (4/62, 6.4%).

Discussion

In this study, 16 MRSA isolates were detected accounting 
for 25.8%, and it was higher than the occurrence of 
MRSA among S.  aureus from SSTIs as we studied in 
Shanghai previously.[4] However, it was lower than the 
occurrence of MRSA among S. aureus SSTIs as reported in 
Canada.[15] Considering the importance of MRSA in SSTIs 
and its involvement associated with poor patient outcomes, 
vancomycin, teicoplanin, linezolid, daptomycin, tigecycline, 
and ceftaroline were recommended by European guidelines 
for the treatment of MRSA complicated SSTIs (cSSTIs).[16] 
According to the study which conducted more than 10 years 
in Europe, clinical efficacy and favorable outcomes of 
linezolid have been demonstrated for the treatment of 
MRSA cSSTIs, including the treatment of lower extremity 
infections.[16]

ST398 was found to be the most common clone within all the 
S. aureus isolates studied. ST398 was a livestock‑associated 
clone and has been reported as a common but not the most 
common clone among patients with S.  aureus SSTIs in 

Table 1: The antibiotic resistance rates of 
Staphylococcus aureus isolated from patients with skin 
and soft tissue infections in two Chinese hospitals

Antibiotics Resistance rate (%)

Total 
(n = 62)

MSSA 
(n = 46)

MRSA 
(n = 16)

Penicillin 90.3 87.0 100
Gentamicin 12.9 4.3 37.5
Kanamycin 22.6 8.7 62.5
Tobramycin 17.7 10.9 37.5
Erythromycin 69.4 65.2 81.3
Tetracycline 22.6 15.2 43.8
Minocycline 1.6 0 6.3
Ciprofloxacin 14.5 8.7 31.3
Clindamycin* 14.5 8.7 31.3
Chloramphenicol 4.8 4.3 6.3
Rifampicin 1.6 0 6.3
Quinupristin‑dalfopristin 1.6 0 6.3
Fusidic acid 4.8 0 6.3
Mupirocin† 1.6 0 6.3
*35 isolates (27 MSSA and 8 MRSA) were D‑test positive, indicating 
inducible clindamycin resistance; †One MRSA isolate presented 
high‑level mupirocin resistance. MSSA: Methicillin‑susceptible 
Staphylococcus aureus; MRSA: Methicillin‑resistant Staphylococcus aureus.

Figure 1: The diagram produced by eBURST with the stringent (default) 
group definition. Each number represents an MLST ST and the area of 
each circle indicates the prevalence of the ST in the MLST data of this 
study. MLST: Multilocus sequence typing; ST: Sequence type.

Table 2: Prevalence of toxin genes among 
Staphylococcus aureus isolated from patients with skin 
and soft tissue infections in two Chinese hospitals

Toxin genes Positive rate (%)  χ2 P

Total 
(n = 62)

MSSA 
(n = 46)

MRSA 
(n = 16)

lukS/F‑PV 0 0 0 – –
tst 4.8 2.2 12.5 0.964 0.326
eta 3.2 4.3 0 0.001 0.979
etb 0 0 0 – –
sea 8.1 4.3 18.8 1.663 0.197
seb 4.8 4.3 6.3 <0.001 1.000
sec 19.4 13.0 37.5 0.873 0.350
sed 8.1 8.7 6.3 <0.001 1.000
see 0 0 0 – –
seg 12.9 10.9 18.8 0.142 0.706
seh 3.2 2.2 6.3 – 0.453
sei 25.8 23.9 31.3 0.061 0.806
sej 6.5 6.5 6.3 <0.001 1.000
sasX 0 0 0 – –
lukS/F‑PV: Gene encoding Panton-Valentine leukocidin; tst: Gene 
encoding toxic shock syndrome toxin 1; eta and etb: Gene encoding 
exfoliative toxin A and B; sea‑see and seg‑sej: Gene encoding 
staphylococcal enterotoxins SEA‑SEE and SEG‑SEJ; sasX: Gene 
encoding mobile genetic element; Two‑sided P  value calculated 
by the Chi‑square or Fisher’s exact test as appropriate.  –: Not 
applicable; MSSA: Methicillin‑susceptible Staphylococcus  aureus; 
MRSA: Methicillin‑resistant Staphylococcus aureus.
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Shanghai and Beijing, China before.[4,7] It has also been 
reported unexpectedly high among bone and joint infections 
and nasal‑colonizing isolates in France.[17] The spa type 
t034 which was found among all ST398 S. aureus isolates 
was reported as a dominant type in pigs and pig farmers in 
Canada.[18] According to the documents in 2014, in the two 
cities in Jiangsu Province involved in this study, a total of 
11.5 million pigs, 5.5 million sheep, and 208.6 million fowls 
were breed, of which 7.0 million pigs, 3.0 million sheep, and 
142.6 million fowls were sold to nearby cities like Shanghai. 
The livestock husbandry in the two cities is well developed 
and a great number of people in these two cities are engaged in 
livestock husbandry or other related works. The high prevalence 
of ST398 S. aureus we observed in this study suggested that 
ST398 might be related to livestock or farm working. It was the 
limitation that we lack any clinical data on any possible patient 
contact with animals. Nevertheless, it was still suggested 
that CC398 S. aureus is mostly disseminated through direct 
contact to livestock, and a substantial proportion of patients 
seem to acquire MRSA CC398 through other pathways.[19] 
Epidemiological and genetic analyses revealed that human 
MRSA of unknown origin CC398 carriers carried MRSA 
from livestock origin, suggestive of indirect transmission. 
Although the exact transmission route remains unknown, 
direct human‑to‑human transmission remains a possibility as 

well.[20] In addition to the region or the transmission of CC398 
S. aureus, the question how CC398 S. aureus could become 
the predominant clone in human infections so fast in China 
even in other countries during these years should be a matter 
of concern that need further studies.

Both ST5 and ST7 were the second common clones in this 
study. ST5 was a pandemic HA‑MRSA clone disseminated 
internationally in Asia.[21] It was noteworthy that the toxin 
gene tst encoding TSST‑1 was found in 3 isolates and all 
the 3 isolates were belonging to ST5. Moreover, the TSST‑1 
ST5 has been described in China and France before.[22,23] 
Besides frequently discovered among SSTIs patients in 
China currently, ST7 was also found to be the most common 
genotype of MSSA in invasive community‑acquired 
S. aureus infection in Chinese children.[24]

CC8 (ST8, ST239, and ST630) was totally observed in 7 
isolates as shown in Table 3. ST8 (USA300) has led to a high 
burden of SSTIs globally ever since its emergence in 2000 in 
the United States, as witnessed by S. aureus clone outbreak 
among SSTIs in many countries;[4] however, we only found 
one ST8 MSSA in SSTIs patients in this study. ST239 is 
recognized as a common epidemic clone in bloodstream 
infections[13] and ST630 was recently reported to cause severe 
infective endocarditis with systemic embolism in China.[25] 

Table 3: Molecular characteristics of Staphylococcus aureus isolated from patients with skin and soft tissue 
infections in two Chinese hospitals

CC ST Isolates, n SCCmec type spa type (n) Virulence factors (n)
1 573 2 t8915 (1), t4938 (1) sec (1), sei (1)

2315 1 t11687 (1) sec (1), seg (1), sei (1)
5 5 8 I t311 (1), t2460 (1) tst (1), sec (1), seg (2), sei (2)

II t311 (2) tst (1), sea (2), sec (1), seg (1), sei (2)
t954 (2), t548 (1), t5734 (1) tst (1), sed (3), seg (2), sei (4), sej (2)

965 2 I t15075 (1) sed (1), sei (1), sej (1)
t062 (1) sea (1), seg (1), sei (1)

764 1 II t002 (1) None
6 6 2 t701 (2) eta (1), sea (1)
7 7 8 V t796 (1) None

t091 (3), t796 (2), t1685 (1), t3714 (1) sec (1)
943 1 t1867 (1) seh (1)

8 8 1 t9101 (1) sed (1), sej (1)
239 1 V t030 (1) sea (1)
630 4 V t4549 (4) None

1 t5554 None
15 15 5 t084 (3), t085 (1), t14014 (1) None

468 1 t774 (1) None
25 25 2 t078 (2) seb (2), sei (2)
59 59 1 I t437 (1) seb (1), seh (1)
88 88 1 I t15076 (1) None

4 t3155 (2), t1376 (1), t15074 (1) None
121 120 1 t435 (1) sei (1)

2155 2 t1425 (2) eta (1), seg (1), sei (1)
188 188 3 t189 (3) None
398 398 10 V t034 (1), t1928 (1) None

t571 (4), t034 (2), t1451 (2) None
CC: Clonal complex; ST: Sequence type by multi‑locus sequence typing; SCCmec: Staphylococcal cassette chromosome mec; spa: Staphylococcus 
protein A gene; None: No toxin gene detected.
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CC59 which is always the most clonal complex among 
patients with SSTIs in China was found only in one MRSA 
isolate. PVL production by S. aureus may play a key role in 
the pathogenesis of S. aureus SSTIs.[26] However, we have 
not detected any lukS/F‑PV‑positive isolate among patients 
with SSTIs in this study.

In conclusion, ST398 was the most common clone among 
patients with S. aureus SSTIs in Jiangsu Province, China. 
The livestock ST398 might be the predominant clone in 
S. aureus, causing SSTIs in the region where livestock is 
well developed. Surveillance and further studies on the 
important livestock ST398 clone in human infections are 
necessarily requested.
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