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Introduction

Skin and soft tissue infections (SSTIs) are usually observed in the field of plastic sur-
gery, and often are reasons for patients to make a visit to hospitals [1]. There has been 
an alteration in the microbiology of SSTIs throughout the past decade. Prior to the 
1990s, methicillin-sensitive Staphylococcus aureus (MSSA) was the common origin of 
SSTIs [2]. However, a number of recent surveillance studies noticed that community-
acquired methicillin-resistant S. aureus (CA-MRSA) has appeared as the main SSTIs 
pathogen [3]. Since its discovery in the 1960s, MRSA has been identified as a hospi-
tal-acquired bacterium. More lately however, MRSA infections have been reported in 
unexposed patients [4]. Prior to the emergence of CA-MRSA, empirical use of 
β-lactam antibiotics was an appropriate treatment for most SSTIs, due to their effec-
tiveness for treating Staphylococcus pyogenes and MSSA. In most countries, MRSA 
now occupies most SSTIs, and β-lactam antibiotics are not as effective as they once 
were [5]. MRSA-infected patients tend to have higher mortality rates, longer length of 
admission, and higher hospital cost than those with MSSA infections [6]. The most 
important contributing factor for resistance is abuse of broad-spectrum antibiotics. 
Moreover, there is a growing awareness that an early inappropriate antibiotic treat-
ment leads to worsened outcomes [7]. Regional data of microbiology, resistance pat-
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terns, and risk factors associated with resistance in specific 
types of infections are important for the assessment of the 
risk-benefit ratio among responsible use of proper empirical 
antibiotics and concerns for emergence of resistance

Methods

A retrospective review was conducted on all patients with SS-
TIs who were treated in a single institution over a 10-year pe-
riod (from January 2004 to December 2016). All patients with 
purulent SSTIs during this period underwent a wound swab 
for bacterial culture. At the department of laboratory medi-
cine, the specimens were processed in accordance with the 
standard method. Antimicrobial susceptibility testing was ex-
ecuted by the disk diffusion method. Medical records were re-
viewed to assemble the demographic data of patients. Data 
collected included the type of infection, location, age, gender, 
comorbidities, pathogenic organisms, antibiotic sensitivity, 
treatment results, and total length of hospital stay (LOS). Pa-
tients with a history of previous hospitalization within the past 
12 months, history of infection or colonization, admission to a 
nursing home, dialysis, surgery, or presence of permanent in-
dwelling catheters (e.g., urinary catheter), or medical devices 
were classified in the nosocomial infection group [8]. Founded 
on these assembled data, patients with community-acquired 
infection were distinguished from nosocomial infected pa-
tients. SSTI classifications were comprised of superficial cellu-
litis, simple abscess, surgical device- or prosthesis-associated 
infection, surgical wound infection, diabetic foot ulcer, decu-
bitus ulcer, and any other types of SSTI. Polymicrobial infec-
tion was considered present if more than one pathogen was 
determined as the reason of infection. Empirical treatment 
was categorized as inappropriate if there was a hold-up of 
more than 24 hours in initiation of therapy with antibiotics 
that show in vitro effects with identified pathogen(s).

Descriptive statistics, comparing patients who have MRSA 
infected SSTI with those who have non-MRSA infected SSTI, 
were performed. Student t-test for parametric distributions 
and Mann-Whitney U-test for non-parametric distributions 
were used to compare all continuous variables. We used a lin-
ear regression analysis to analyze the trends in annual con-
sumption of antimicrobial agents and trends in incidence of 
pathogens over time. To adjust for potential confounding vari-
ables in multivariate analyses, we used logistic regression 
models. A P-value of <0.05 was considered statistically signifi-
cant. All data were analyzed using PASW Statistics for Win-

dows version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

A total of 229 patients with a culture-positive specimen, which 
indicated SSTIs, were recruited. Patients were 0 to 93 years old, 
with a median age of 48 years. About three-fifths of patients 
(60%) were male, and one-fifth of patient (20%) were 30 to 39 
years old. A total of 33.1% had superficial cellulitis or simple 
abscess, 14.4% had decubitus ulcer, 44.5% had surgical wound 
infection, 1.7% had surgical device-associated or prosthesis 
associated infection, 0.9% had diabetic foot ulcer, and 5.2% 
had other SSTIs. Moreover, there was no significant difference 
between the MRSA infection group and non-MRSA infection 
group (Table 1). Infections were located on the lower extremi-
ty in 77 patients (33.6%), head and neck in 52 patients 
(22.7%), upper extremity in 35 (15.3%), pressure sore site in 
33 (14.4%), and trunk in 32 (14%). Seventy-seven patients 
(33.6%) reported a history of trauma, 72 patients (31.4%) re-
ported a history of surgery, and 33 patients (14.4%) reported a 
history of decubitus ulcer.

Infections were monomicrobial in 163 patients (71.2%), and 
polymicrobial in 66 patients (28.8%). S. aureus, coagulase neg-
ative Staphylococcus, and Pseudomonas aeruginosa were fre-
quently isolated from patients with both monomicrobial and 
polymicrobial infections. Streptococcus infection was more 
prevalent among those with monomicrobial infection. Entero-
bacter, Enterococcus, and Escherichia coli were more frequently 

Table 1. Patient baseline characteristics

Infection
MRSA 

infection 
(n=77)

Non-MRSA 
infection 
(n=152)

P-value

Age (yr) 50.2±19.9 46.8±21.8 0.256

Female sex 27 (35.1) 65 (42.8) 0.385

Type of infection

   S�uperficial cellulitis or simple 
abscess

18 (23.4) 58 (38.2) 0.067

   Decubitus ulcer 14 (18.2) 19 (12.5) 0.285

   Surgical wound infection 40 (51.9) 62 (40.8) 0.232

   Device-associated infection 2 (2.6) 2 (1.3) 0.488

   Diabetic foot ulcer 0 2 (1.3) 0.314

   Othersa) 3 (3.9) 9 (5.9) 0.527

Values are presented as mean±SD or number (%).
MRSA, methicillin-resistant Staphylococcus aureus.
a)Other infection types included bite wound, necrotizing fasciitis, etc.
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isolated from patients with polymicrobial infection. During 
the study period, a total of 96 S. aureus isolates causing SSTIs 
were identified. Fig. 1 shows the trends in MRSA infected pa-
tients among the total SSTI patients. There was a significant 
increase in the incidence of MRSA infected patients over time 
(Fig. 1).

According to our chart review, a total of 172 patients (75.1%) 
were determined to have a hospital-acquired infection. The re-
maining 57 patients (24.9%) were determined to have commu-
nity-acquired infection. Organism distribution differed be-
tween the hospital-acquired SSTI group and community-ac-
quired SSTI group. Methicillin resistance was more common 
among S. aureus isolates from patients with hospital-acquired 
infection (88.7%) than among isolates from patients with com-
munity-acquired infection (65.4%). All gram-negative patho-
gens and Candida species were more often identified from pa-
tients with hospital-acquired SSTI, with the exception of Citro-
bacter species, which were more commonly observed among 
patients with community-acquired SSTI (Table 2). 

The data results showed that the majority of S. aureus even-
tually acquired antibiotic resistance. Additionally, as in the 
case of Acinetobacter baumannii, the ratio of imipenem-resis-
tant A. baumannii was higher by 72.4%. However, it was found 
that the ratios of vancomycin-resistant Enterococcus and imi-
penem-resistant P. aeruginosa were 12.5% and 14%, respec-
tively. This shows that Enterococcus and P. aeruginosa are to a 
degree less antibiotic resistant (Fig. 2).

Table 3 shows the risk factors of infections in both MRSA 
infected patients and non-MRSA infected patients. Among 
the 77 MRSA patients, the most common risk factors included 
recent hospitalization in 34 patients (44.2%). Diabetes melli-

tus–the second most common risk factor–was present in al-
most 20.8% of patients. Furthermore, cerebrovascular acci-

Fig. 1. Rates of methicillin-resistant Staphylococcus aureus (MRSA) among skin and soft tissue infections (SSTIs). Trends in MRSA in-
fected patients among the total SSTI patients. There was a significant increase in the incidence of MRSA infected patients over time.

Year

	 2004	 2005	 2006	 2007	 2008	 2009	 2010	 2011	 2012	 2013	 2014	 2015	 2016

50

40

30

20

10

0

Ra
te

s o
f M

RS
A 

am
on

g 
SS

TIs

Table 2. Microbiology data 

Pathogen

Hospital-
acquired 
infection 
(n=172)

Community-
acquired 
infection 
(n=57)

P-value

Gram positive

   Staphylococcus species 

      Staphylococcus aureus 37 (21.5) 19 (33.3) 0.118

      MRSA 30 (17.4) 10 (17.5) 0.987

      Coagulase negative S. 21 (12.2) 8 (14.0) 0.737

   Streptococcus species 8 (5.3) 7 (12.3) 0.051

   Enterococcus faecalis 5 (2.9) 2 (3.5) 0.822

Gram negative

   Pseudomonas aeruginosa   18 (10.5) 6 (10.5) 0.990

   Escherichia coli 3 (1.7) 0 0.319

   Klebsiella species 1 (0.6) 1 (1.8) 0.412

   Proteus mirabilis 2 (1.2) 0 0.416

   Enterobacter species 2 (1.2) 0 0.416

   Acinetobacter species 12 (7.0) 0 0.046

   Citrobacter species 0 1 (1.8) 0.082

Other

   Candida species 2 (1.2) 0 0.416

   Other organisma) 6 (3.5) 2 (3.5) 0.994

   Polymicrobial 55 (32.0) 11 (19.3) 0.122

Values are presented as number (%).
MRSA, methicillin-resistant Staphylococcus aureus.
a)Other included Serratia marcescens (n=2), Stenotrophomonas maltophilia 
(n=2), Pasteurella multocida (n=1), Providencia stuartii (n=1), and Proteus 
vulgaris (n=2).
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dent was reported in 11 patients (14.3%). Recent hospitaliza-
tion is the only statistically significant risk factor for MRSA in-
fection (P<0.001) (Table 3). 

Of the antibiotic therapy for 96 cultures containing S. aureus 
reviewed, 72 (75%) were improper treatments, with a β-lactam 
antibiotic accounting for 56 (77.8%) of these cases. Seventy-
two (92.3%) of 78 episodes with MRSA isolates were improp-
erly treated with antibiotics. The antibiotic sensitivity pattern 
of MRSA in this group was 100% to vancomycin or teico-
planin, 95.2% to rifampin, 50% to sulfamethoxazole-trime-
thoprim (Bactrim), 14.1% to gentamicin, and 12.9% to tetra-
cycline. The six appropriately treated cases of MRSA were 
treated with vancomycin (three cases), sulfamethoxazole-tri-
methoprim (Bactrim) (one case), teicoplanin (one case), and 
tetracycline (one case). Before microbiological cultures were 
obtained, the leading antibiotic category was β-lactams (77.7% 
cephalosporins), which accounted for most of the prescrip-
tions during the entire study period. After the culture report, 
the amount of antibiotics was reduced to 178 (77.7%) to 71 
(51.5%) patients. In contrast to the case of cephalosporin, van-
comycin usage was significantly increased from nine (3.9%) to 
53 (23.1%).

The LOS differed substantially between the MRSA infection 
group and non-MRSA infection group. The mean LOS±stan-
dard deviation (SD) was 23.2±13.8 days per patient. Among 
patients with MRSA infection, the mean LOS±SD was signifi-

cantly longer (26.3±12.0 days vs. 21.7±14.5 days; P <0.001) 
than those for patients with non-MRSA infection. Moreover, 
the mean LOS±SD was significantly longer (27.3±11.9 days 
vs. 20.6±14.4 days; P <0.001) in patients with inappropriate 
antibiotics use than those with appropriate antibiotic use.

Discussion

Until the 1970s, a variety of new antibiotics were introduced, 
which were effective for most common pathogens as the initial 
treatment. The final antibacterial drugs were developed during 
the 1980s. However, antimicrobial resistance has been increas-
ing steadily, becoming a worldwide problem. The resistance 
progression is a natural evolutionary course for microorgan-
isms; however, it is expedited by factors, such as high use of 
single agents, cross-transmission of resistance genes, subopti-
mal dosages, and poor isolation techniques [9]. 

In our retrospective cohort study, hospital-acquired infec-
tions occurred in 75.1% of patients. Hospital-acquired infec-
tion occurred in 27.2% of patients in a multi-institutional 
study by Lipsky et al. [10], and 73.6% of patients in a study by 
Zilberberg et al. [11]. This diversity is due to the differences in 
the population of study or criteria period that define a hospi-
tal-acquired infection. For example, the period prior to hospi-
talization or may be the difference between the previous anti-
biotic therapy is the reason.

Table 3. Risk factors associated with MRSA

Risk factor
MRSA 

infection 
(n=77)

Non-MRSA 
infection 
(n=152)

P-value

Recent hospitalizationa) 34 (44.2) 29 (19.1) <0.001

Nursing home resident 5 (6.5) 5 (3.3) 0.273

Comorbidities

   Cerebrovascular accident 11 (14.3) 19 (12.5) 0.724

   Diabetes mellitus 16 (20.8) 27 (17.8) 0.619

   Peripheral vascular disease 2 (2.6) 6 (3.9) 0.606

   Liver disease 5 (6.5) 5 (3.3) 0.273

   Cancer 3 (3.9) 4 (2.6) 0.605

   Organ transplant 0 1 (0.7) 0.477

   Autoimmune disease 2 (2.6) 2 (1.3) 0.488

   End-stage renal disease 2 (2.6) 4 (2.6) 0.988

Values are presented as number (%).
MRSA, methicillin-resistant S. aureus.
a)History of previous hospitalization within the past 12 months.

Fig. 2. Antibiotic resistance of microorganisms. MRSA, methicil-
lin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive 
S. aureus; IRAB, imipenem-resistant Acinetobacter baumannii; 
ISAB, imipenem-sensitive A. baumannii; VRE, vancomycin-resis-
tant Enterococcus; VSE, vancomycin-sensitive Enterococcus; 
IRPA, imipenem-resistant Pseudomonas aeruginosa; ISPA, imi-
penem-sensitive P. aeruginosa.
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MRSA infections have appeared in the past few years as an 
important medical problem. We found that MRSA was pres-
ent in a remarkable 33.6% of subjects, and 80.2% of all S. aure-
us isolates were MRSA. This is congruous with other studies 
reported throughout the past decade, which all suggested that 
the proportion of S. aureus isolates resistant to methicillin is 
on the rise [12]. Initially, MRSA was mainly a problem in hos-
pital-acquired infections. Over the past 10 years, however, cas-
es of community-acquired MRSA have been increasing con-
siderably in some countries. Most reported proportions ex-
ceeded 20% in all World Health Organization regions, and 
even exceeded 80% in some reports [13]. The increasing inci-
dence rate of methicillin resistance among community-ac-
quired and hospital-acquired S. aureus isolates is faced with 
challenging decisions regarding the choice of antibiotic thera-
py, greater financial costs for persons with SSTI, and worse 
outcomes.

There are valid concerns about the economic influence of 
SSTI worldwide. Edelsberg et al. [14] examined the economic 
outcomes associated with the failure of initial treatment of 
SSTI. Patients who failed the initial treatment had a 3-fold 
higher risk of death in the hospital, and they incurred a mean 
hospital stay of additional 5.4 days. In the study by Zilberberg 
et al. [15], an inappropriate empiric therapy is associated with 
significantly prolonged hospital stay, by as much as 2 days. A 
total of 229 patients were evaluated for the appropriateness of 
the first antibiotic treatment on the basis of culture outcome 
acquired, including 140 who received appropriate therapy 
(61.1%) and 89 who did not (38.9%). Patients with unsuccess-
ful first antibiotic therapy had an average of additional 6.65 
days of intravenous antibiotic treatment compared with those 
with successful first antibiotic therapy. Infection with antibiot-
ic-resistant isolates can lead to unsatisfactory outcomes, pro-
longed LOS, and increased cost of treatment [16]. In a com-
parative study concerning MRSA and MSSA, patients with 
MRSA infections had worse clinical and economic results 
[15,17,18]. Besides, delayed use of vancomycin in patients 
with complicated SSTI appears to be associated with extended 
hospital stay and more expensive total costs [19]. Therefore, a 
rapid diagnosis and proper treatment of MRSA are highly im-
portant for improving outcomes. 

This study was designed to objectively quantify the inci-
dence of antibiotic resistance microorganisms associated with 
SSTIs treated in a single institution. It was also aimed to help 
identify risk factors among patients to allow for immediate 
start of empiric antibiotic treatment of MRSA, without having 

to wait for culture results. If antibiotics were started without 
sending the materials for culture, then an evaluation of risk 
factors and local prevalence of MRSA should be considered. 
In this study, when analyzing the demographic characteristics 
(age, sex, infection type, risk factors, etc.) of patients with 
MRSA and non-MRSA, MRSA bacteria detected a statistically 
significant higher for patients who were recently admitted to 
hospitals within the last 12 months. 

Our ability to find other risk factors for MRSA was limited 
by the retrospective nature of this study and incomplete medi-
cal records. In this study, local prevalence of MRSA was 33.6%, 
and some authors recommend treatment coverage for MRSA 
when the local prevalence rate is greater than 15% [20]. There-
fore, we have to modify our institutional guidelines for treat-
ing SSTIs. For hospitalized patients with a complicated or se-
vere SSTI, vancomycin or newer antistaphylococcal antibiotics 
(quinupristin-dalfopristin, linezolid, tigecycline, and daptom-
ycin) should be considered while awaiting culture results. In 
our hospital, vancomycin, teicoplanin and rifampin can be 
used. A β-lactam antibiotic can be used in hospitalized pa-
tients with nonpurulent cellulitis, and the regimen can be 
modified specifically to MRSA-active therapy if there is no 
clinical reaction. 

There are some limitations to consider. First, given the ret-
rospective nature of this study, there may be biases, especially, 
selection bias. To reduce such possibilities, we have established 
an a priori case definitions and have registered successive pa-
tients for a specific period of time. The wound culture was ob-
tained through a swab, which in effect indicated colonization 
rather than infection. Thus, resulting in an exaggerated rate of 
improper treatment, requiring longer follow-up period. Third, 
this study lacks data about the mortality of patients and post 
hospitalization outcomes, limiting itself to only the LOS. 

MRSA-related SSTIs are increasing at a significant rate. 
These patients are more likely to be exposed to improper ini-
tial antibiotic therapy. Antibiotic therapy guidelines must con-
sider this change to minimize the cost and morbidity, while 
maximizing success. We recommend that practitioners exe-
cute a culture-based treatment for all SSTIs and analyze the 
MRSA trends in their own society to adapt local therapy regi-
mens for empiric MRSA coverage.
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