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Abstract

Background

Sufficient details have not been specified for the epidemiological characteristics of Staphy-
lococcus aureus (S. aureus) and methicillin-resistant Staphylococcus aureus (MRSA)
among surgical site infections (SSls) in mainland China. This systematic review aimed to
estimate proportions of S. aureus and MRSA in SSls through available published studies.

Methods

PubMed, Embase and four Chinese electronic databases were searched to identify relevant
primary studies published between 2007 and 2012. Meta-analysis was conducted on the
basis of logit-transformed metric for proportions of S. aureus and MRSA, followed by pre-
defined subgroup meta-analysis. Random-effects meta-regression was also conducted to
explore the impact of possible factors on S. aureus proportions.

Results

106 studies were included, of which 38 studies involved MRSA. S. aureus accounted for
19.1% (95%CI 17.2-21.0%; | = 84.1%) of all isolates in SSls, which was roughly parallel to
18.5% in the United States (US) (P-value = 0.57) but significantly exceeded those calculated
through the surveillance system in China (P-value<0.001). In subgroup analysis, S. aureus
in patients with thoracic surgery (41.1%, 95%Cl 26.3-57.7%; I? = 74.4%) was more common
than in those with gynecologic surgery (20.1%, 95%Cl 15.6-25.6%; | = 33.0%) or abdominal
surgery (13.8%, 95%CI 10.3-18.4%; I? = 70.0%). Similar results were found in meta-
regression. MRSA accounted for 41.3% (95%Cl 36.5-46.3%; I? = 64.6%) of S. aureus,
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significantly lower than that in the US (P-value = 0.001). MRSA was sensitive to vancomycin
(522/522) and linezolid (93/94), while 79.9% (95%CI| 67.4-88.4%; I> = 0%) and 92.0% (95%ClI
80.2-97.0%; I? = 0%) of MRSA was resistant to clindamycin and erythromycin respectively.

Conclusion

The overall proportion of S. aureus among SSls in China was similar to that in the US but
seemed higher than those reported through the Chinese national surveillance system. Pro-
portions of S. aureus SSls may vary with different surgery types. Commonly seen in SSis,
MRSA tended to be highly sensitive to vancomycin and linezolid but mostly resistant to clin-
damycin and erythromycin.

Introduction

It has been widely accepted that surgical site infections (SSIs) are an important component of all
the nosocomial infection. Three types of SSIs are defined by the Centers for Disease Control and
Prevention (CDC), including superficial, deep incisional SSIs and organ-space SSIs, depending
on the sites and the extent of infection [1], among which superficial incisional SSIs are more
common than the other two types [2]. In the United States (US) 2%-5% of patients undergoing
surgeries develop SSIs of varying severity [3]. In studies from Europe, SSIs have a similar inci-
dence, hovering at 3%-5% among patients undergoing surgery [4, 5]. SSIs are associated with
increased morbidity and mortality rate [6]. In addition, patients with SSIs have a heavy econom-
ic burden in terms of extended length of stay and increased costs of treatment [7].

Various pathogens can contribute to SSIs, but significant concern has been raised for Staph-
ylococcus aureus (S. aureus) and methicillin-resistant Staphylococcus aureus (MRSA). As the
primary pathogen, S. aureus constitute approximately 20% of SSIs cases among hospitals ac-
cording to the CDC [8]. From 1992 to 2002 the proportion of SSIs caused by S. aureus in-
creased from 16.6% to 30.9%, during which time MRSA isolates increased from 9.2% to 49.3%
[9]. The 90 days post-operative mortality was 6.7% and 20.7% for SSIs patients with methicil-
lin-susceptible S. aureus (MSSA) and MRSA, respectively [10]. Compared with MSSA, the ad-
ditional hospital charge associated with MRSA was at least $40,000 [10].

In China, the proportions of S. aureus in SSIs have been available from the Nosocomial In-
fection Surveillance System since 1990s; however, the system which covers a wide range of nos-
ocomial infections is not specific to SSIs and the statistics reported from the system to date
remain far from sufficient to describe the epidemiology of S. aureus or MRSA in SSIs across the
country. Up to now, only three studies [11-13] have been published on the basis of this system,
reporting the proportion of S. aureus in SSIs. According to the data from 79 hospitals in the
system S. aureus accounted for 12.7% (377/2,971) between 1999 and 2001 [11] and 13.5%
(515/3812) between 1999 and 2005 [12] among pathogens in SSIs. The proportions of S. aureus
in patients with superficial incisional, deep incisional and organ-space infections were 14.1%,
12.8% and 7.4% respectively between 1999 and 2007 based on the data from 110 hospitals [13].
Furthermore, several limitations of the publications from this system existed. Firstly, the select-
ed hospitals in the studies seemed unable to represent all the nationwide hospitals. The number
of hospitals within the system had amounted to 134 in 2001 [14], but none of the studies in-
volved all or a random sample of the hospitals to estimate the proportion of S. aureus in SSIs
patients, which may introduce selection bias. Secondly, the exact data about the proportions of
MRSA and the proportions of drug resistance of MRSA in SSIs, which should be the main
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concern from the perspective of clinical practice, are not accessible in the studies. In addition,
this system only provided the overall proportion of S. aureus rather than proportions by year,
region, hospital level, and surgery type, which are likely to have more significant impact on de-
cision-making for clinical practice and public health.

Understanding the nationwide epidemiological situation of S. aureus and MRSA in SSIs is
vital for policy makers and clinicians to develop appropriate preventive countermeasures. As
the national data in China remain inadequate, this systematic review aimed to estimate the pro-
portions of S. aureus and MRSA in SSIs, by summarizing and assessing the available observa-
tional studies in China published from 2007 to 2012, to provide further evidence.

Methods
Information sources and search strategy

We performed systematic search in six electronic databases, including PubMed, Embase
(OVID), Chinese BioMedical Database (CBM), China National Knowledge Infrastructure
(CNKI), VIP Chinese Science and Technique Journals Database, and Wanfang Database, to
identify the relevant studies. Since the focus in the review was on the epidemiological charac-
teristics of S. aureus and MRSA in SSIs during recent years, search was limited to the publica-
tion date from January 2007 to November 2012. A combination of Mesh words and free text
words applied to PubMed, Embase and CBM, and free text words were used to search CNKI,
VIP and Wanfang database. The following search terms were mainly used: “surgery”, “wound
infection*”, “postoperative wound infectionx”, “surgical site infection*”, “S. aureus.”, “Staphy-
lococcus aureus”, “methicillin”, “MSSA” and “MRSA”. Details of the search strategies for each
database were summarized in S1 Table.

Eligibility criteria

Criteria of inclusion:

« Patients: those with SSIs regardless of other characteristics;

o Outcomes: S. aureus and MRSA isolates identified from SSIs;

« Study types: observational studies including cross-sectional, monitoring, prospective, ambis-
pective and retrospective study.

Criteria of exclusion:
o Duplicate studies;
o Involvement of studied population from outside mainland China;

o Therapeutic study including randomized controlled trial and observational research for com-
parative effectiveness;

« Studies with data from the China Nosocomial Infection Surveillance System.

Study selection

According to the criteria of inclusion and exclusion, two reviewers independently screened
each record by the title, keywords and abstract. The eligibility was determined further through
the full texts if selection cannot be made only based on the screening. Any disagreement was re-
solved by the third reviewer.

PLOS ONE | DOI:10.1371/journal.pone.0116079 January 20, 2015 3/27



@' PLOS ‘ ONE

Proportions of S. aureus and MRSA among SSIS in China

Data extraction

An original extraction form was designed and then modified following a pilot test. The revised
extraction form encompassed three parts: general information, clinical characteristics and
numbers for calculating proportions of S. aureus and MRSA isolates. Two reviewers extracted
information from each study independently. Any disagreement was also resolved by the third
reviewer.

Assessment of risk of bias

As there were no acknowledged or standardized quality assessment tools for the included study
designs, we used a checklist with 8 items adapted from a scale for case series [15], which was
originally developed by the National Institute for Health and Care Excellence (NICE), a special
health authority in the UK which is committed to providing national guidance and advice to
improve health and social care. Low, high or unclear risk of bias for each item was determined
according to the pre-specified criteria (S2 Table) and the graph of summary of risk of bias was
developed with Revman 5.1. One point was scored if an item was judged low risk of bias. We
defined study of higher quality with a total of at least 4 points.

Dealing with missing data

When information of the variables for analysis was missing from publications, the correspon-
dent authors were contacted by email every one week. If the authors did not reply to the emails
after our second contact attempt, the publications were excluded when the related variables
were analyzed.

Statistical analysis

We conducted all the data analyses using R (Version 3.1.2, The R Foundation for Statistical
Computing).

Calculation formula for the proportions of S. aureus and MRSA

Proportions of S. aureus and MRSA isolates were calculated by the following formula for each
related study:
Number of S.aureus isolates detected

p tion of S. = 1
TOPOTHon Ol S-UreUs = " mber of all the detected isolates 00%

. Number of MRSA isolates detected
Proportion of MRSA = - x 100%
Number of S.aureus isolates detected

Proportion of antibiotics—resistant MRSA

_ Number of detected MRSA isolates resistant to a given antibiotic

1 0,
Number of MRSA isolates detected X 100%

Incremental 0.5 was added to both the numerator and denominator in studies with zero or all
events. 95% CI for the proportion in each study was calculated based on the logit-transformed
metric.

Pooled overall proportions

Meta-analysis was conducted for the pooled estimates, followed by comparison between our
overall estimate of S. aureus and MRSA and the corresponding proportions in the US and in
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the China Nosocomial Infection Surveillance System. Statistical difference between the propor-
tions in such comparisons was tested by Q statistic for heterogeneity [16]. P-value of less than
0.05 indicated statistical significance. Considering probable heterogeneity across all the obser-
vational studies, random-effects model with Der-Simonian Laird method was used a priori
throughout the data analyses.

Heterogeneity and subgroup analysis

Q test and I statistic were used to examine and quantify the heterogeneity of the logit-
transformed proportion across the studies. P-value of less than 0.05 or I” statistic of more than
50% were regarded as substantial heterogeneity [17]. Subgroup analysis was conducted to explore
the possible sources of heterogeneity based on the pre-defined variables including study quality,
sample size, region, level of hospital, provincial economic condition, types of surgeries. A map
for the distribution of S. aureus was drawn through MapInfo Professional 11.0 according to the
subgroup analysis by provinces. We determined small sample size if at most 20 bacteria isolates
or S.aureus isolates were included in analysis for primary studies respectively reporting the pro-
portion of S. aureus or MRSA. Based on whether the annual Gross Domestic Product (GDP) per
capita of each province in 2011 was higher or lower than the national average (35,181RMB) in
China, provinces were categorized into higher or lower provincial economic condition [18].

Informal comparisons were made between subgroups for the proportions of S. aureus and
MRSA by directly comparing the magnitudes of proportions between different subgroups in-
stead of significance tests which tend to be misleading for the comparison in subgroup analysis.
Statistical significance was defined as non-overlap of the confidence intervals of the propor-
tions between the subgroups [19].

Meta-regression for the proportion of S. aureus isolates

Meta-regression was used to explore the impact of pre-defined factors on the proportion of

S. aureus isolates. We defined logit(P) as the dependent variable where P referred to proportion
of S. aureus isolates. All the independent factors were initially selected based on the expertise in
clinical microbiology and the availability of related information in the included articles, includ-
ing study quality, sample size, region, level of hospital, provincial economic condition and type
of surgery, all of which were defined as dummy variables. The factors without colinearity indi-
cated by no correlation to each other (P-value>0.10) were finally included into the random-
effects meta-regression model with restricted maximum likelihood (REML) method. The sta-
tistical significance of any single coefficient was tested by Z-test and 0.05 was used as the
threshold of P-value for statistically significant difference.

Publication bias

Egger’s test served to assess the probability of publication bias for the overall S. aureus and

MRSA proportion [20]. The test was based on the logit-transformed proportion and corre-
sponding standard error. A P-value of less than 0.10 was regarded as statistical significance,
indicating probable publication bias.

Results
General information about included studies

We retrieved 2904 references from six databases, of which 106 studies were eligible for inclu-
sion (Fig. 1). All the studies, 105 published in Chinese and one in English, were hospital-based.
Table 1, Table 2 and S3 Table show detailed characteristics of included studies.
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Methodological quality of studies

The methodological quality of studies was displayed in Fig. 2 with more details in S2 Table, S1
Fig The maximum score that studies achieved was 7 while the minimum was 0. We finally
identified 38 studies with relatively high quality which reached at least 4 scores in our quality
assessment scale.

Overall proportions

106 studies, including a total of 13,608 isolates, reported proportions of S. aureus isolates.

The pooled proportion of S. aureus isolates among patients with SSIs was 19.1% (95%CI 17.2-
21.0%; 1% = 84.1%) (Fig. 3). The proportion was similar to 18.5% (1,452/7,848, 95%CI 17.7-
19.4%) (Q = 0.32, df = 1, P-value = 0.570) in the US, but significantly exceeded the proportions
of 12.7% (377/2,971, 95%CI 11.5-13.9%) (Q = 33.4, df = 1, P-value<0.001) and 13.5% (515/
3,812, 95%CI 12.5-14.6%) (Q = 28.3, df = 1, P-value<0.001) reported through the China Noso-
comial Infection Surveillance System.

With respect to the proportion of MRSA, 1,502 isolates of S. aureus in 38 studies were in-
cluded. The overall proportion of MRSA isolates was 41.3% (95%CI 36.5-46.3%; I* = 64.6%)
(Fig. 4). The proportion was significantly lower (Q = 10.3, df = 1, P-value = 0.001) than that of
53.9% in the US (150/278, 95%CI 48.1-59.7%).

No evidence in Egger’s test suggested publication bias for the overall proportion of S. aureus
(t=-1.10, P-value = 0.275) and MRSA (t = 0.46, P-value = 0.651).

Subgroup analysis

All the results of subgroup analysis were summarized in Table 3 and the forest plots were pre-
sented in S1 File.

The pooled proportion was 41.1% (95%CI 26.3-57.7%; I> = 74.4%) for thoracic surgeries,
20.4% (95%CI 15.3-26.7%; I* = 87.8%) for orthopedics surgeries, 20.1% (95%CI 26.3-57.7%;
I* = 74.4%) for gynecologic surgeries and 13.8% (95%CI 10.3-18.4%; I* = 70.0%) for abdominal
surgeries. In addition, S. aureus proportion was higher in studies conducted in low economic
condition, rural or non-tertiary hospitals or with small sample size (at most 20 isolates of bacte-
ria), although significant differences between subgroups were not found. On the other hand,
the proportions seemed similar in studies with high and low quality, those with retrospective
and non-retrospective design, or those beginning before and since 2007 (Fig. A-Iin S1 File).

Geographical differences in S. aureus proportions by different provinces or municipalities
across China were shown in Fig. 5. Among 21 areas the maximum point estimate of S. aureus
proportion among all the provinces with available data was 33.3% (95%CI 15.8-57.1%) in
Ningxia province, followed by Tianjin municipality (30.2%, 95%CI 21.9-40.1%) and Jiangxi
province (30.0%, 95%CI 16.9-47.4%) and the minimum was 11.5% (95%CI 8.1-16.1%) in
Gansu province. However, there was only one study available, respectively, for the proportion
estimate in Ningxia, Jiangxi and Gansu.

Regarding the pooled proportion of MRSA isolates (Fig. J-R in S1 File), the proportion was
55.0% (95%CI 21.4-84.5%, I> = 74.1%) for abdominal surgeries, 41.0% (95%CI 23.5-61.1%,

I” = 0%) for gynecologic surgeries, 39.1% (95%CI 3.8-91.2%, I* = 94.0%) for thoracic surgeries
and 26.6% (95%CI 15.3-42.2%, I* = 56.9%) for orthopedics surgeries. Furthermore, despite
insignificant difference between subgroups, MRSA proportion tended to be higher in low eco-
nomic condition, urban and tertiary hospitals as well as in studies with small sample size (at
most 20 S. aureus isolates). Similar proportions can be found between studies with higher and
lower quality, studies with retrospective and non-retrospective design, or studies with the start
time of before 2007 and since 2007.
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CBM: n=906
CNKI: n=752
VIP: n=419
Wanfang: n=737
Pubmed: n=37
Embase: n=53
Total: n=2,904

Y

Duplicate: n=1,428

Records after duplicates
removed: n=1,476

Full-text articles assessed
for eligibility: n=177

Exclusion reasons in screening:

Unrelated to or unclear about S51s: n=736

Unrelated to the proportions of S. awreus or MRSA isolates: n=282
Involvement of other kinds of nosocomial infections: n=39
Recruitment of participants outside mainland China: n=13
Therapeutic study: n=63

Case report: n=11

Animal or in vitro experiment: n=33

Review or comment: n=66

Clinical guideline: n=1

Project introduction: n=19

Product or technology introduction: n=7

Patent introduction: n=7

Translation from English: n=5

Duplicate: n=17

Total: n=1,299

Studies included for data
extraction and qualitative
synthesis: n=106

Exclusion reasons in full-text assessment:

Unrelated to or unclear about S51s: n=18

Unrelated to the proportions of S. aureus or MRSA isolates: n=42
Involvement of other kinds of nosocomial infections: n=7
Therapeutic study: n=1

Duplicate: n=3

Total: n=71

A

y

Studies included in meta-analysis
for the proportion of S aureus:

n=106 =)

Studies included in meta-regression
for the proportion of S aureus:
n=97 (Studies with missing data:

Studies included in meta-analysis
for the proportion of MRSA: n=38

Figure 1. Flow diagram of study inclusion.

doi:10.1371/journal.pone.0116079.9001
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Table 2. Distribution of S. aureus and MRSA isolates in the included studies.
Characteristics S. aureus MRSA

Number Number Number of Number Number Number

of of S. detected of of MRSA of S.
studies aureus isolates studies aureus

Publication 2007 13 351 2,441 4 43 95
year

2008 16 380 1,636 6 84 198

2009 16 285 1,806 3 40 123

2010 14 200 1,257 4 42 92

2011 24 714 3,613 11 221 539

2012 23 582 2,855 10 194 455
Surgery Orthopedic 16 362 2,022 5 35 143
type

Abdominal 15 161 1,163 3 35 64

Gynecologic 13 88 471 2 10 25

Thoracic 4 88 196 2 19 73

Others* 49 1,556 8,754 23 445 1,003

Unclear 8 257 1,029 3 80 194
Study Retrospective 67 1,794 10,169 26 520 1,204
design

Prospective 10 139 781 4 34 95

Ambispective 9 117 764 1 11 29

Cross- 8 38 133 1 1 2

sectional

Unclear 17 424 1,761 6 58 172
Regions Urban 85 2,111 11,603 31 563 1,344

Rural 20 378 1,925 6 55 135

Unclear 1 23 80 1 6 23
Hospitals Tertiary 63 1,740 9,581 25 499 1,168

Non-tertiary 42 749 3,947 12 119 311

Unclear 1 23 80 1 6 23
Economic Higher 45 852 5,734 12 152 384
Condition

Lower 60 1,637 7,794 26 466 1,095

Unclear 1 23 80 1 6 23
Study Higher 39 1,000 5,313 14 271 665
Quality

Lower 67 1,512 8,295 24 353 837
Sample >20 isolates 95 2,464 13,435 26 561 1,392
Size**

<20 isolates 11 48 173 12 63 110
Total 106 2,512 13,608 38 624 1,502

* Others refer to: 1) multiple surgeries involved in the study which cannot be classified into a specific type
of surgery or 2) a specific type of surgery, rather than orthopedic, abdominal, gynecologic, or thoracic
surgeries, which was reported in a small number of studies.

** Sample size refers to isolates of all identified bacteria for the proportion of S.aureus, isolates of all
identified S.aureus for the proportion of MRSA, and isolates of MRSA for the proportion of antibiotic
resistance.

doi:10.1371/journal.pone.0116079.t002
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Specified Diagnostic Criteria of Original Diseases

Specified Diagnostic Criteria of SSls

Specified Criteria of Inclusion

Case Source

Case Selection Method

Specified Test for Pathogenic Bacteria

Pathogenic Test for All Included Cases

Study Type

0% 25% 50% 75%  100%

[ Low risk of bias [ ] Unclear risk of bias B High risk of bias

Figure 2. Summary of risk of bias for all the included studies.

doi:10.1371/journal.pone.0116079.g002

All the MRSA were sensitive to vancomycin (522/522) while only one isolate was resistant
to linezolid (1/94). 79.9% (95%CI 67.4-88.4%; I* = 0%) and 92.0% (95%CI 80.2-97.0%; I* =
0%) of MRSA, respectively pooled from four and five studies, were resistant to clindamycin
and erythromycin (Fig. S and Fig. T in S1 File).

Meta-regression for the proportion of S. aureus isolates

97 studies without any missing data were included for meta-regression to identify related po-
tential factors for heterogeneity with statistical significance. As we found a significant correla-
tion coefficient between levels of hospital and region (coefficient = 0.570, P-value<0.001),
provincial economic condition and region (coefficient=-0.198, P-value = 0.052), the region
variable was therefore excluded out of the pre-defined independent factors for the meta-
regression (Table 4).

The meta-regression (residual I = 83.3%, adjusted R* = 17.6%, P-value<0.001 in the test
for the goodness of model fit) showed that compared with thoracic, S. aureus proportion was
significantly lower in abdominal (OR = 0.224, 95%CI 0.105-0.477, P-value<0.001), gynecolog-
ic (OR =0.254, 95%CI 0.114-0.565, P-value<0.001) and orthopedic (OR = 0.352, 95%CI
0.171-0.726, P-value = 0.005) surgeries. Studies with relatively large sample size (>20 isolates)
were likely to conclude lower proportions of S. aureus (OR = 0.582, 95%CI 0.344-0.985,
P-value = 0.044).

Discussion
Proportions of S. aureus

The overall proportion of S. aureus isolates (19.1%) was consistent with the reported propor-
tion of 18.5% in the US in 2003 [21], but was significantly higher than both estimated in the
China Nosocomial Infection Surveillance System (12.7% between 1999 and 2001, 13.5% be-
tween 1999 and 2005) [11, 12]. This difference between our review and the Chinese

PLOS ONE | DOI:10.1371/journal.pone.0116079 January 20, 2015 14/27
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Figure 3. Overall proportion of S. aureus in patients with SSls.
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doi:10.1371/journal.pone.0116079.g003
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Figure 4. Overall proportion of MRSA in patients with S. aureus SSils.
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doi:10.1371/journal.pone.0116079.9004

surveillance system could not be attributed to the change over time because of insignificant
difference between the studies starting before 2007 and those starting after 2007 by subgroup
analysis. However, the following reasons may result in such difference. First, the surveillance
result derived from only 79 of 134 surveillance hospitals (58.9%), which may reduce the repre-

sentativeness of the practical situation in China. Nevertheless, 106 studies in our review
involved more than 125 hospitals distributed in 21 different provinces or municipalities,
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Table 3. Summary of the pooled results of proportions of S. aureus and MRSA isolates.

Subgroup

Surgery type

Economic
condition

Region

Hospital Level

Quality

Study Design

Sample
size***

Start time

Total

Orthopedic
Abdominal
Gynecologic
Thoracic
Others*
Unclear
Higher

Lower
Unclear
Urban
Rural
Unclear
Tertiary
Non-tertiary
Unclear
Higher
Lower
Retrospective

Non-
retrospective**

Unclear
>20 isolates

<20 isolates
Before 2007
Since 2007
Unclear

Studies

16
15
13
4

50
8

45

60
1

85
20
1

63
42
1

39
67
67
22

17
95

11
55
47
4
106

Proportions of S. aureus isolates Proportions of MRSA isolates

Sample Estimate 95%Cl (%) P Studies Sample Estimate 95%Cl (%) I?
Size** (%) (%) Size** (%) (%)
2,022 20.4 15.3-26.7 878 5 143 26.6 15.3-42.2 56.9
1,281 13.8 10.3-184 70.0 3 64 55.0 21.4-845 741
471 20.1 156256 330 2 25 41.0 235611 O
196 411 26.3-57.7 744 2 73 39.1 3.8-91.2 94.0
8,609 18.2 15.9-20.7 856 23 1,003 44.6 39.5-49.7 515
1,029 24.7 20.1-30.0 602 3 194 41.3 34.4-486 3.0
5,777 16.6 13.9-19.7 842 12 384 39.4 28.6-51.2 734
7,751 20.7 18.5-23.2 818 25 1,095 42.8 37.5-48.3 59.4
80 28.8 19.9-39.6 - 1 23 26.1 122472 -
11,678 18.5 16.4-20.7 85.8 31 1,344 41.5 36.3-46.9 66.5
1,850 20.9 17.4-25.0 694 6 135 44.9 29.2-61.7 60.7
80 28.8 19.9-39.6 - 1 23 26.1 122472 -
9,613 18.3 159-21.0 882 25 1,168 42.7 36.9-48.7 69.1
3,915 20.0 17.5-22.6 688 12 311 39.0 30.0-48.7 52.2
80 28.8 19.9-39.6 - 1 23 26.1 122-472 -
5,225 17.9 15.5-20.6 785 14 665 401 32.6-48.0 65.6
8,383 19.9 17.4-22.8 86.3 24 837 421 35.7-489 65.3
10,169 18.6 16.9-20.5 756 26 1,204 42.4 37.2-47.7 622
1,678 17.9 13.1-238 844 6 126 41.3 26.3-58.0 59.4
1,669 21.6 14.9-30.2 921 6 172 41.0 22.9-61.9 755
13,435 18.6 16.7-20.5 852 26 1,392 39.8 35.0-44.8 68.2
173 28.1 19.8-38.1 38.7 12 110 53.6 36.1-70.3  53.1
8,696 18.8 16.4-214 852 17 821 41.0 33.4-49.0 722
4,642 19.0 16.1-22.3 832 19 638 423 35.6-49.2 60.1
270 25.5 20.6-31.1 0.1 2 43 32.6 20.3-478 0
13,608 19.1 17.2-21.0 84.1 38 1,502 41.3 36.5-46.3 64.6

* Others refer to: 1) multiple surgeries involved in the study which cannot be classified into a specific type of surgery or 2) a specific type of surgery, rather

than orthopedic, abdominal, gynecologic, or thoracic surgeries, which was reported in a small number of studies.
** Non-retrospective design comprises prospective, cross-sectional, ambispective study and surveillance.
*** Sample size in the proportions of S. aureus isolates refers to the number of all the detected bacteria isolates; in the proportions of MRSA it refers to

the number of all S. aureus isolates.

doi:10.1371/journal.pone.0116079.t003

including tertiary and non-tertiary hospitals, urban and rural areas, which may be more repre-
sentative of the real national status. Second, the sample size of bacteria isolates from the surveil-
lance system (only 3,812 in total) was substantially less than that included in our review
(13,608). Pooling data from 106 studies with a larger sample size may provide a more reliable
estimate for national situation.

In addition, our finding can provide further useful information which was not available
from the Chinese surveillance system, such as the stratified proportions by the surgery type,
economics condition, hospital level and province. As shown in the subgroup analysis, S. aureus
proportions varied between different surgery types—highest for thoracic surgeries (41.1%)
whereas lowest for abdominal surgeries (13.8%). Meta-regression suggested the similar result
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that patients undergoing thoracic surgeries were much more vulnerable to SSIs by S. aureus,
compared with patients with any other involved surgery type. This result was consistent with
the guideline for prevention of SSIs, which concluded that S. aureus was the dominant patho-
gen causing SSIs following thoracic surgeries [8], indicating that S. aureus should be highly sus-
pected in the case of SSIs after thoracic surgeries. On the contrary, with other influencing
factors adjusted, patients with abdominal surgeries were less likely to suffer from SSIs by

S. aureus. Priority may not be given to S. aureus in the SSIs after this surgery type because
gram-negative bacilli, rather than S. aureus, tend to be predominant in the gastrointestinal
tract usually involved in abdominal surgeries [22, 23]. Impoverished regions, non-tertiary hos-
pitals, and some provinces or municipalities such as Ningxia, Tianjin and Jiangxi, may also re-
quire more attention paid to S. aureus SSIs.

Proportions of MRSA

Our estimate focused on SSIs and thus may close the gap of the surveillance system in China
which merely reported the MRSA proportion of 79.9% (3,177/3,975) in all kinds of hospital in-
fections instead of in SSIs [12]. Comparison between the results indicated that the proportion of
MRSA in SSIs may be lower than the average level among a diversity of hospital infections.
Besides, our review concluded a significantly lower proportion than that reported in a recent
multi-center study with a smaller sample size in the US [24]. However, the status quo necessi-
tates further improvement since MRSA accounted for more than 40% of S. aureus in our review.

Variation in the MRSA proportions was found between different surgery types: highest in
abdominal surgeries (55.0%) and lowest in orthopedics surgeries (26.6%). While a recent study
showed cases with MRSA SSIs accounted for 30.4% in those with S. aureus SSIs in the US [22],
the high MRSA proportion (55.0%) following abdominal surgeries in our study provided an
alarming picture that, despite S. aureus being subordinate pathogen in SSIs after abdominal
surgeries, physicians still have to be highly cautious about MRSA in SSIs. On the contrary, or-
thopedic surgeries saw the lowest proportion of MRSA SSIs (26.6%) in spite of its high propor-
tion of S. aureus. A study also concluded that the proportion of MRSA was the lowest in
orthopedic surgeries among all the surgical procedures, although the proportion (31.9%) they
calculated was higher than ours [10]. However, the mechanism seems still unclear and requires
further studies to confirm.

Proportions of antibiotic-resistant MRSA

Based on our findings, vancomycin and linezolid appeared to be still effective for treating
MRSA in SSIs in vitro. Vancomycin therapy is the primary option in the case of limited current
therapeutic methods for patients with MRSA infections [25]. In China, the surveillance system
suggested that none of MRSA were resistant to vancomycin (0/3,102) between 1999 and 2005
in a variety of nosocomial infections including SSIs [12], which was similar to our result: we
identified none of the MRSA isolates resistant to vancomycin (0/522) in SSIs. However, it is
necessary to raise the awareness of the resistance of vancomycin since there has been evidence
suggesting the observed rise in minimum inhibitory concentrations (MICs) of vancomycin
from less than 0.5ug/mL in 2005 to 1.0 pg/mL in 2010 [26]. Linezolid is the first available oxa-
zolidinone antibiotic, which uniquely inhibits bacterial protein synthesis by preventing forma-
tion of 708 initiation complex [27]. Although surveillance data on linezolid was absent, one of
94 MRSA isolates in our findings was resistant to linezolid. But currently no robust clinical evi-
dence can demonstrate whether linezolid or vancomycin is superior in the treatment of MRSA
SSIs [28]. Continuous surveillance of drug resistance for both antibiotics in this treatment is
necessary and crucial for the clinical practice.
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Figure 5. Province distribution of proportions of S. aureus isolates in China.

doi:10.1371/journal.pone.0116079.g005

On the other hand, clindamycin and erythromycin, inhibiting protein synthesis by their ef-
fect on ribosome function and commonly used in clinical practice for MRSA SSIs [27, 29], may
have a doubtful effectiveness. The proportion of MRSA resistant to clindamycin in our findings
(79.9%) was also similarly suggested in the surveillance system for nosocomial infections—
78.9% (1,137/1,445) [12]. In our review, more than 90.0% MRSA isolates were identified to be
resistant to erythromycin, far higher than that in the UK bacteraemia surveillance where eryth-
romycin resistance only occurred in 67% of MRSA [30]. As such, both treatments may not be
the first choice when MRSA in SSIs is suspected.
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Table 4. Summary results of meta-regression for the proportion of S. aureus isolates.

Factor Coefficient SE OR 95% CI (OR) P-Value

Surgery type

Thoracic - - 1 - - -

Abdominal -1.495 0.385 0.224 0.105 0.477 <0.001

Gynecologic -1.370 0.408 0.254 0.114 0.565 <0.001

Orthopedic 1.043 0.369 0.352 0.171 0.726 0.005

Others -1.281 0.351 0.278 0.140 0.552 <0.001
Economic condition

Lower - - 1 - - -

Higher -0.232 0.139 0.793 0.604 1.041 0.095
Hospital level

Non-tertiary - - 1 - - -

Tertiary -0.223 0.143 0.800 0.605 1.058 0.118
Sample size

<20 isolates - - 1 - - -

>20 isolates -0.541 0.268 0.582 0.344 0.985 0.044
Quality

Lower - - 1 - - -

Higher -0.080 0.141 0.923 0.700 1.218 0.573
Constant -0.513 0.443 - - - 0.247

doi:10.1371/journal.pone.0116079.1004

Limitations

There are several limitations in this review. First, methodological quality of the included studies
is the main concern for the combined estimates because less than half of the studies are of high
quality according to our criteria. However, study quality seems not to be the main heterogene-
ity source as both subgroup analysis and meta-regression showed that the pooled result from
studies of higher quality were consistent with that from those of lower quality. Second, we only
included studies published after 2007 so as to understand the current proportion of S. aureus
and MRSA in SSIs. Considering some studies had started before 2007, we conducted subgroup
analysis for studies initiating before and after 2007 to ensure that it was reasonable to combine
results from all included studies to provide more precise estimates and facilitate the meta-
regression. Third, none of the pre-defined variables can fully explain the variance in propor-
tions of S. aureus (I = 84.1%) and MRSA (I* = 64.6%) in subgroup analysis and meta-regres-
sion, which could result in uncertainty around the pooled proportions. The major obstacle of
extensively exploring the potential source of variation is the limited information about the het-
erogeneity reported in the publication, such as the duration of surveillance, MICs and molecu-
lar epidemiology, which may be significantly associated with the heterogeneity but cannot be
examined in our review. However, meta-regression did find that some factors with available in-
formation, such as the types of surgery and sample sizes, may partly contribute to the heteroge-
neity across studies. In addition, despite informal comparisons between subgroups by 95%CI
rather than the significance test, the problem with multiple comparisons may be raised in the
comparisons with no adjustment made with a stricter criterion for the significant difference.
Further study may also be required to confirm some pooled results derived from limited num-
ber of included studies in our review.
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Conclusion

In conclusion, the overall proportion of S. aureus causing SSIs in mainland China was similar
to that in the US, and the proportion of MRSA was possibly lower. The real proportion of

S. aureus may be higher than that reported from the Chinese surveillance system. Both propor-
tions of S. aureus and MRSA tended to depend on types of surgeries. Therefore, clinicians
should take into account the types of surgery when taking care of post-operative patients and
managing S. aureus and MRSA SSIs. Vancomycin and linezolid appeared to be effective for
MRSA in SSIs. Further well-designed studies on this topic, including surveillance and primary
prospective studies, are required to provide further reliable evidence.
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