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Abstract

Background

Necrotizing fasciitis (NF) is a serious skin and soft tissue infection causing high mortality.

Investigating region specific epidemiologic factors associated with NF is important for estab-

lishing appropriate treatment strategies. This multicenter study was done to provide an

update of the microbial etiology, clinical characteristics, and outcomes of NF in Korea.

Materials and methods

A retrospective cohort of adult patients with NF was established using patient data from 13

general hospitals between January 2012 and December 2015 in Korea. We evaluated

microbial etiology and clinical characteristics to identify risk factors associated with in-hospi-

tal mortality; analyses were performed using binary logistic regression models.

Results

A total of 161 patients with NF were included. The most common underlying disease was

diabetes mellitus (66 cases, 41.0%). A total of 148 organisms were isolated from 119

(73.9%) patients. Enteric Gram-negative organisms (36 patients) were the most common

pathogen, followed by Staphylococcus aureus (30 patients) and streptococci (28 patients).

Methicillin-resistant Staphylococcus aureus (MRSA) was identified in 6.2% (10/161) of
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patients. Of 37 enteric Gram-negative isolates tested, 26 (70.3%) isolates were susceptible

to ceftriaxone. The in-hospital mortality rate was 22.4%. Intensive care unit admission, sep-

tic shock, and Gram-negative organism infections were significantly associated with in-hos-

pital mortality, and surgery was not a favorable prognostic factor.

Conclusions

As initial empirical antibiotics, glycopeptides against MRSA and broad-spectrum antibiotics

against third-generation cephalosporin-resistant organisms should be considered for

patients with community-onset NF in Korea.

Introduction

Necrotizing fasciitis (NF) is a severe soft tissue infection that is characterized by fulminant tis-

sue destruction and systemic toxicity. Even with the advancement of medical technology, NF

still results in high mortality. In recent studies, 20–30% of mortality has been reported in

patients with NF [1–5]. Underlying conditions such as old age and liver cirrhosis have been

known as important non-modifiable factors associated with mortality in patients with NF [3,

6]. Urgent surgical intervention and appropriate antibiotics usage are modifiable factors for

favorable prognosis in NF [5, 7]. Early surgical intervention is especially important for pre-

venting limb loss due to ischemia and hypoxia caused by NF [8]. Also, it is important to know

which patients are at risk to NF and which organisms are major etiologic pathogens for NF in

order to establish effective treatment strategies.

Several microbiological epidemiology studies of NF have been conducted, identifying vari-

ous microorganisms as etiologic pathogens of NF. In the United States, methicillin-resistant

Staphylococcus aureus (MRSA) has been reported as one of the important pathogens in NF [9,

10], and anti-MRSA antibiotics such as glycopeptide are recommended as an empirical regi-

men in NF [11]. However, because microbial epidemiology can differ by region and vary over

time, other treatment guidelines may be more adequate. Also, data on antimicrobial suscepti-

bility are necessary to determine strategies for empirical antibiotics for NF. Therefore, we con-

ducted a multicenter study to determine the etiology, clinical characteristics, outcomes of

community-onset NF in Korea.

Materials and methods

1. Study design & population

A retrospective cohort study was conducted among thirteen teaching hospitals in the Republic

of Korea. Initially, we identified patients who were diagnosed with the Korean Standard Classi-

fication Disease and Cause of Death code for NF between January 2012 and December 2015.

Episodes of community-onset NF, which were defined as infections that developed before or

within the first 48 hours of hospital admission, were only included. After comprehensive

review of clinical, radiologic, and intraoperative findings, we included cases that were clinically

compatible with NF. Patients younger than 18 years old were excluded from the analysis.

2. Data collection

Using a standardized protocol, patient demographics (age and sex), underlying diseases (dia-

betes mellitus, liver cirrhosis, end-stage renal disease, alcoholism, solid tumor, hematologic
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malignancy, and immunocompromised state, and site of infection were searched. End-stage

renal disease was defined as when renal dialysis was needed for more than 3 months. Cases

were categorized into healthcare-associated infections if any one of the following conditions

were satisfied: (1) previous admission within 3 months for 2 days or more before episode; (2)

previous intravenous antibiotics use, chemotherapy, or nursing care at home within 1 month

before presenting with NF; (3) the previous hemodialysis within 1 month before episode; or

(4) if the patient’s residence was a nursing facility [12]. All other patients were categorized as a

community-acquired infection. Intensive care unit (ICU) admission during hospitalization

and septic shock were used as the severity indices. Septic shock was defined in accordance

with the most recent international consensus (Sepsis-III) [13]. Also, laboratory findings at the

time of admission such as white blood cell count, platelet count, level of creatinine, and of C-

reactive protein were collected. The results of cultures using blood, pus, and intra-surgical

specimens were also reviewed. Surgical intervention as a treatment modality and in-hospital

mortality as an outcome indicator was also investigated.

3. Microbiologic methods

Initially, sheep blood, chocolate, and MacConkey agar plates were used for isolation of aerobic

organisms. In the case of closed pus specimens, anaerobic culture was routinely carried out.

Brucella agar plates on which pus was inoculated were incubated in an anaerobic chamber or

commercial pouch. Tissue specimens were inoculated into enriched thioglycolate broth for the

isolation of anaerobes. Microorganism identification was performed using standard methods

at each hospital in which the quality control of microbiological tests has passed the evaluation

of accredited institutions. Susceptibility testing was done using the microdilution method, and

results were interpreted according to the National Committee for Clinical Laboratory Stan-

dards guidelines [14].

4. Statistical analysis

All statistical analyses were calculated using SPSS Statistics version 14.0 (SPSS, Chicago, IL,

USA). The following analysis was used depending on the nature of variables: Chi-square test

or Fisher’s exact test for categorical variables, the Mann-Whitney U test for continuous vari-

ables. The covariates with a significance of P< 0.1 were used included in the binary logistic

regression models for multivariate analyses. Variables known to be risk factors for mortality in

NF were also included in the multivariate analysis. Using a receiver operating characteristics

curve, continuous variables were converted to categorical variables. All tests were two-tailed,

and differences were considered significant at P< 0.05.

Results

1. Study population & clinical characteristics

A total of 161 patients with NF were included during the study period. A median of 10 patients

(interquartile range [IQR] 5–18 patients) was enrolled from each hospital. Radiologic studies

were done in 123 (76.4%) patients: 68 (42.2%) patients underwent computed tomography, 67

(41.6%) patients underwent magnetic resonance imaging, and 6 (3.7%) patients underwent

ultrasonography. Demographics, underlying disease/condition, and clinical characteristics of

enrolled patients are summarized in Table 1. The median age was 59 years (range, 48–71

years) and 108 patients were male (67.1%). The most common underlying disease was diabetes

mellitus (66 patients, 41.0%), followed by alcoholism (19 patients, 11.8%) and liver cirrhosis
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(18, 11.2%). Twenty three (14.3%) patients were categorized as having a healthcare-associated

infection. NF was most frequently identified in lower extremities (103 patients, 64.0%).

2. Microbial etiology

Microbial etiologies of NF are shown in Table 2. A total of 119 patients (73.9%) had one or

more identifiable pathogens. Microbiologic tests were performed in 154 (95.7%) patients: 138

(85.7%) for blood culture, 97 (60.2%) for intraoperative specimens and 45 (28.0%) for

Table 1. Demographics, underlying disease/conditions, and clinical characteristics of patients with community-

onset necrotizing fasciitis.

Variable No. of patients (%)

(N = 161)

Demographics

Median age, year (IQR) 59 (48–71)

Sex, male 108 (67.1)

Underlying diseases or conditions

Diabetes mellitus 66 (41.0)

Alcoholism 19 (11.8)

Liver cirrhosis 18 (11.2)

Solid tumor 13 (8.1)

End-stage renal disease 5 (3.1)

Hematologic malignancy 2 (1.2)

Immunocompromiseda 11 (6.8)

Healthcare-associated infection 23 (14.3)

Previous admission within 3 months for more than 2 days before the episode 16 (9.9)

Previous IV antibiotics, chemotherapy or nursing care at home within 1 month before

the episode

11 (6.8)

Previous hemodialysis within 1 month before the episode 5 (3.1)

Nursing facility 6 (3.7)

Site of infection

Lower extremity 103 (64.0)

Upper extremity 19 (11.8)

Other 39 (24.2)

Severity

ICU admission during hospitalization 69 (42.9)

Septic shock 53 (32.9)

Laboratory findings at the time of admission, median (IQR)

White blood cell count, /mm3 13,840 (9,600–20,100)

Platelet count, 103 /mm3 208,000 (110,000–

320,000)

Creatinine level, mg/dL 1.1 (0.8–1.8)

C-reactive protein, mg/dL 15 (6.7–25.9)

Surgery 116 (72.0)

In-hospital mortality 36 (22.4)

aPatients were defined as immunocompromised if they had human immunodeficiency virus or acquired

immunodeficiency syndrome; or if they had received solid organ or hematopoietic stem cell transplantation,

chemotherapy within 6 weeks, systemic steroids equivalent to or higher than 20 mg of prednisone for 2 weeks, or

other immunosuppressive agents within 2 weeks before hospitalization.

Abbreviations: IQR, interquartile range; IV, intravenous; ICU, intensive care unit

https://doi.org/10.1371/journal.pone.0218668.t001
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aspiration or biopsy. The positive rates of culture according to specimen source were as fol-

lows: 77.3% (75/97) from intraoperative specimens, 68.9% (31/45) from aspiration or biopsy

specimens and 37.0% (51/138) from blood cultures. A total of 148 organisms were isolated,

and two or more pathogens were isolated in 19 (11.8%) patients. Organisms identified in poly-

microbial infections are listed in Table 3. Among 19 patients with polymicrobial infections, 8

patients had both aerobic Gram-positive cocci and Gram-negative organism infections.

Aerobic Gram-positive organisms were identified in 42.6% (69/161) of patients. Of them, S.

aureus, found in 30 (18.6%) patients, were the most common pathogens, followed by strepto-

cocci in 28 (17.4%) patients and enterococci in 7 (4.3%) patients. Among 30 isolates of S.

aureus, MRSA was identified from 6.2% (10/161) patients (community-acquired cases, 6.5%

[9/138] vs. healthcare-associated cases, 4.3% [1/23]; P> 0.99).

Table 2. Identified microbial etiologies in patients with community-onset necrotizing fasciitis.

Variables Number of Patients (%)

(N = 161)a

Any pathogen 119 (73.9)

Aerobic Gram-positive organisms 69 (42.6)

Staphylococcus aureus 30 (18.6)

Methicillin-susceptible S. aureus 20 (12.4)

Methicillin-resistant S. aureus 10 (6.2)

Streptococci 28 (17.4)

Viridans streptococci 12 (7.5)

Streoptococcus agalactiae/dysgalactiae 10 (6.2)

Streptococcus pyogenes 9 (5.6)

Coagulase-negative staphylococcib 8 (5.0)

Enterococci 7 (4.3)

Aerobic Gram-negative organisms 55 (34.2)

Enteric gram-negative rod 36 (22.4)

Escherichia coli 19 (11.8)

Klebsiella species. 12 (7.5)

Proteus species. 4 (2.5)

Enterobacter species. 2 (1.2)

Citrobacter species. 1 (0.6)

Non-enteric gram-negative rod 20 (12.4)

Vibrio vulnificus 10 (6.2)

Pseudomonas species. 5 (3.1)

Acinetobacter species. 4 (2.5)

Aeromonas species. 2 (1.2)

Anaerobe and Candida speciesc 10 (6.2)

aDenominator of percentage is the total number of enrolled patients. A total of 148 organisms were isolated from 119

(73.9%) patients, and polymicrobial infections were found in 19 of 119 (16.0%) patients. Microbiologic tests were

performed in 154 (95.7%) patients: 138 for blood culture, 97 for intraoperative specimens and 45 for aspiration or

biopsy. The positive rates of culture according to specimen source were as follows: 77.3% (75/97) from intraoperative

specimens, 68.9% (31/45) from aspiration or biopsy specimens and 37.0% (51/138) from blood cultures.
bHalf (4/8) of coagulase-negative staphylococci infection were polymicrobial infections
cThree isolates of Bacteroides species, one isolate of Clostridium species, two isolates of peptostreptococci, two isolates

of Prevotella species, one isolate of Bacillus species, one isolate of Fusobacterium species, one isolate of Kocuria
species, and two isolates of Candida species.

https://doi.org/10.1371/journal.pone.0218668.t002
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Enteric Gram-negative organisms were identified in 22.4% (36/161) of patients. Antimicro-

bial susceptibility of enteric Gram-negative rods isolated from patients with community-onset

necrotizing fasciitis is shown in Table 4. Of these isolates, 70.3% (26/37) were susceptible to

ceftriaxone, 73.0% (27/37) to cefepime, 91.9% (34/37) to piperacillin/tazobactam, 100% (37/

37) to ertapenem, 70.3% (26/37) to ciprofloxacin, 97.1% (33/34) to amikacin, and 64.0% (16/

25) to trimethoprim/sulfamethoxazole. The proportion of enteric Gram-negative isolates sus-

ceptible to ceftriaxone was not significantly different between patients with healthcare-associ-

ated infections (13.4%, 3/23 patients) when compared to community-acquired cases (16.7%,

23/138 patients; P> 0.99). Of 21 non-enteric Gram-negative organisms isolated from 12.4%

Table 3. Isolates from patients with community-onset necrotizing fasciitis by polymicrobial infection.

Study No. Gram-positive cocci Gram-negative rod Others

1 Enterococcus faecalis,
Streptococcus. anginosus

2 Streptococcus mitis/oralis Clostridium species

3 Coagulase-negative staphylococci Citrobacter freundii
4 Methicillin-susceptible Staphylococcus. aureus Escherichia coli
5 Methicillin-suscpetible S. aureus,

viridans streptococci

6 Klebsiella pneumoniae Bacteroides fragilis
7 Methicillin-susceptible S. aureus E. coli
8 K. pneumoniae, E. coli Bacteroides uniforminis, Peptostreptococcus species,

Prevotella oralis
9 Coagulase-negative staphylococci, E. faecium Candida glabrata
10 Coagulase-negative staphylococci, Enterococcus E. coli, Pseudomonas aeruginosa
11 Coagulase-negative staphylococci Acinetobacter baumannii
12 E. faecalis Fusobacterium species

13 K. pneumoniae, A. baumannii, E. coli
14 E. faecalis E. coli
15 S. mitis/oralis, viridans streptocci

16 S. agalactiae E. coli
17 Methicillin-susceptible S. aureus,

S. agalactiae, S. anginosus
18 Methicillin-resistant S. aureus Candida albicans, Peptostreptococcus species,

P. oralis
19 Methicillin-susceptible S. aureus Klebsiella oxytoca

https://doi.org/10.1371/journal.pone.0218668.t003

Table 4. Antimicrobial susceptibility of enteric Gram-negative rods isolated from patients with community-onset necrotizing fasciitis.

Enteric G(-) rod HCA (%) Ceftriaxone (%) Cefepime (%) Piperacillin

/tazobactam (%)

Ertapenem (%) Ciprofloxacin (%) Amikacin (%) TMP

/SMX (%)
aEscherichia coli (n = 19) 33.3 61.1 61.1 88.9 100 55.6 100 53.3

Klebsiella spp.(n = 12) 16.7 91.7 91.7 100 100 100) 100 72.7

Proteus spp (n = 4). 50.0 50.0 50.0 75.0 100 25.0 75.0 NA

Enterobacter spp.(n = 2) 0 50 100 100 100 100 100 NA

Citrobacter spp.(n = 1) 0 100 100 100 100 100 100 100

Total (n = 38) 26.3 70.3 73 91.9 100 70.3 97.1 64.0

aAntibiogram of one Escherichia. coli isolate was not availabe

Abbreviations: HCA, healthcare-associated; G(-), Gram-negative; TMP/SMX, trimethoprim/sulfamethoxazole; spp., species.

https://doi.org/10.1371/journal.pone.0218668.t004
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(20/161) patients, Vibrio vulnificus was the most commonly identified organism. Of 10

patients with V. vulnificus infection, 9 (90%) patients were diagnosed with chronic alcoholism

and 7 (70%) patients had liver cirrhosis. All of V. vulnificus isolates were susceptible to ceftriax-

one. Of 4 Pseudomonas species and 3 Acinetobacter species for which antimicrobial susceptibil-

ity information were available, 57.1% (4/7) of organisms were susceptible to ceftazidime and

piperacillin/tazobactam,

3. Outcomes

Overall in-hospital mortality was 22.4% (36/161). Median duration of hospitalization until

death was 8 days (IQR 2–25). Surgery was not performed in 45 (28.0%) patients with NF. Rea-

sons for not performing surgery included: improvement in condition after antibiotic therapy,

despite delayed diagnosis, in 17 patients; high risk of morbidity and mortality in 9 patients;

refusal of surgery in 6 patients; mortality before decision in 6 patients; and unknown reasons

in 7 patients. Surgical intervention was not a significant risk factor for in-hospital mortality

(receiving surgery 20.7% [24/116] vs. not receiving surgery 26.7% [12/45]; P = 0.41).

Mortality according to each pathogen were as follows: 22.2% (2/9) for S. pyogenes, 20%

(2/10) for S. agalactiae/dysgalactiae, 16.7% (2/12) for viridans streptococci, 14.3% (1/7) for

enterococci, 25.0% (2/8) for coagulase-negative staphylococci, 13.3% (4/30) for S. aureus,
31.6% (6/19) for E. coli, 58.3% (7/12) for Klebsiella species, 70.0% (7/10) for V. vulnificus, 0%

(0/5) for Pseudomonas species, and 75.0% (3/4) for Acinetobacter species. Patients with Gram-

negative organism infections, when compared with patients with Gram-positive organism

infections, were more likely to have chronic alcoholism (21.8% [12/55] vs. 6.6% [7 /106];

P = 0.008), liver cirrhosis (21.8% [12/55] vs. 5.7% [6/106]; P = 0.003), ICU admission during

hospitalization (61.8% [34/55] vs. 33.0% [35/106]; P = 0.001), and septic shock (50.9% [28/55]

vs. 23.6% [25/106]; P = 0.001). Mortality of patients with enteric Gram-negative infections did

not significantly differ according to the third-generation cephalosporin resistance (34.6% [9/

26] for the third-generation cephalosporin susceptible pathogen vs. 45.4% [5/11] for non-sus-

ceptible, P = 0.74). Polymicrobial infection was also not associated with increased mortality

(26.0% [26/100] for monomicrobial infection vs. 31.6% [6/19] for polymicrobial infection;

P = 0.59).

Healthcare-associated infection, alcoholism, liver cirrhosis, end-stage renal disease, septic

shock, ICU admission during hospitalization, Gram-negative organism infections, white

blood cell count� 8,000/mm3, platelet count� 85,000/mm3, and creatinine� 1.2 mg/dL

were associated with in-hospital mortality in the univariate analysis (Table 5). In multivariate

analysis, ICU admission during hospitalization (adjusted odds ratio [aOR], 30.38; 95% confi-

dence interval [95% CI], 3.50–263.67), septic shock (aOR, 8.46; 95% CI, 2.31–30.93), and

Gram-negative organism infections (aOR, 3.20; 95% CI, 1.08–9.48) were independent risk fac-

tors for in-hospital mortality.

Discussion

Our findings show that community-onset NF resulted in high in-hospital mortality among the

thirteen Korean hospitals participating in the study and that severity was independently associ-

ated with mortality. We also identified that enteric Gram-negative organisms were the most

common etiology, followed by S. aureus. About 70% of enteric Gram-negative organism infec-

tions were susceptible to third-generation cephalosporin, while about 30% of S. aureus infec-

tions were MRSA. This study is the largest multicenter investigation of current microbial

etiology and clinical characteristics of community-onset NF in Korea. It is expected that this

study can be used to establish new treatment strategies for community-onset NF in Korea.
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For many years, community-acquired MRSA has been of interest as an emerging pathogen

in many countries. In a study conducted at six academic hospitals in Texas, United States,

MRSA was the most frequently identified organism in mono-microbial necrotizing soft tissue

infection (35%) although there was a significant variation between hospitals (4–41%) [10].

About 30% of S. aureus causing NF was methicillin-resistant in a hospital in Iowa, United

States [9]. In a study conducted in 12 European countries, MRSA was identified as the causa-

tive microorganisms in 14.6% (169/1190) in complicated skin and soft tissue infection [15].

European Antimicrobial Resistance Surveillance Network by 28 participating countries

reported that MRSA accounted for 16.7% of all S. aureus isolates in complicated skin and soft

tissue infection in 2012 [16]. Methicillin resistance of S. aureus isolates was even more than

50% in Romania and Portugal [16]. These epidemiologic studies suggest that MRSA is an

important pathogen causing NF both in the United States and European countries. Although

the proportion of MRSA-associated NF cases does not appear to be as high in Korea (6.2%) as

in the United States and Europe, considering the high risk of mortality of NF, it cannot be

neglected.

MRSA rates were higher among healthcare-associated infections, compared to community-

acquired infections [17]. This is also true in Korea [18, 19]. Surprisingly, risk factors associated

with MRSA in NF have not been evaluated well. Our study did not find that healthcare-associ-

ated infections were associated with MRSA infections in NF. This is consistent with the find-

ings that the invasion of community-acquired MRSA strains such as USA-300 into healthcare

facilities has blurred the traditional concept of healthcare-associated infections [20]. The lack

of a significant association of healthcare-associated infection with MRSA infection suggests

Table 5. Risk factors associated with an in-hospital mortality of patients with community-onset necrotizing fasciitis.

Variables No. of death/No. of episodes (%) P Adjusted Odds Ratio (95% Confidence Interval) P
Total (N = 161)

Demographics

Age� 60 year 22/77 (28.6) 0.09

Sex, male 28/108 (25.9) 0.16

Underlying diseases or conditions

Alcoholism 8/19 (42.1) 0.04

Liver cirrhosis 9/18 (50.0) 0.006

End-stage renal disease 4/5 (80.0) 0.009

Healthcare-associated infection 9/23 (39.1) 0.06

Site of infection

Lower extremity 25/103 (24.3) 0.56

Severity

Septic shock 31/53 (58.5) < 0.001 8.46 (2.31–30.93) 0.001

ICU admission during hospitalization 35/69 (50.7) < 0.001 30.38 (3.50–263.67) 0.002

Laboratory findings at the time of admission

White blood cell count� 8000/mm3 17/28 (60.7) < 0.001

Platelet count� 85000/mm3 19/31 (61.3) < 0.001

Creatinine� 1.2 mg/dL 29/70 (41.4) < 0.001

Surgery 24/116 (20.7) 0.41

Etiology

Gram-negative organism infection 23/55 (41.8) < 0.001 3.20 (1.08–9.48) 0.04

Polymicrobial infection 6/19 (31.6) 0.38

Abbreviation: ICU, intensive care unit

https://doi.org/10.1371/journal.pone.0218668.t005
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that NF by MRSA can occur unpredictably regardless of the setting. Therefore, our study sup-

ports the guidelines recently published by the Korean Society of Infectious Diseases, which rec-

ommend glycopeptides as an initial empirical regimen for NF [21].

Choosing appropriate initial empirical antibiotics is critical when treating NF. In a recent

study done in Spain, 25.3% of patients received inappropriate initial empirical antibiotics and

inadequate empirical antibiotics usage was associated with in-hospital mortality (OR, 6.04;

95% CI, 5.40–370.73) [7]. Antibiotic susceptibility data obtained in our study is useful data for

selecting appropriate initial empirical antibiotics. Especially since data on antibiotics suscepti-

bility of Gram-negative organisms causing NF has been limited. In our study, Pseudomonas
species and Acinetobacter species, which are notorious for their ability to develop antimicrobial

resistance, were isolated in 9 (5.6%) patients with NF (Table 2). In addition, enteric Gram-neg-

ative organisms not susceptible to ceftriaxone were isolated in 11 (6.8%) patients with NF

(Table 4). Therefore, Gram-negative organisms resistant to third-generation cephalosporins

should be considered as potential etiologies of NF in Korea.

It is difficult to determine at which level empirical antibiotics against MRSA and 3rd cepha-

losporin antibiotics resistant Gram-negative organisms should be used in NF. Narrow spec-

trum antibiotics increase the risk of inappropriate antibiotics, while broad-spectrum

antibiotics increase the risk of antimicrobial resistance. Cost-benefit studies are required to

precisely define this level, but it seems to be impossible to conduct such studies in NF. Consid-

ering that NF is a severe disease that causes high mortality, we believe that the presence of

MRSA in more than 5% of NF cases may be sufficient to warrant the use of empirical antibiotic

therapy. In addition, the healthcare-associated infection might not be a useful criterion to

choose empirical antibiotics in NF. Therefore, our findings support the guideline recently pub-

lished by the Korean Society of Infectious Diseases which recommends a glycopeptide plus

piperacillin-tazobactam or carbapenems as initial empirical regimens for treating NF [21].

Although surgical intervention was not associated with lower in-hospital mortality, the

importance of early surgical intervention should not be denied. The effectiveness of antibiotics

can be limited in NF because the delivery of antibiotics can be compromised by tissue ischemia

and hypoxia [8]. Indeed, owing to survival bias, it is difficult to establish the effectiveness of

surgery on improving survival in a retrospective study. Therefore, the results of this study that

surgery did not affect in-hospital mortality should be interpreted with caution. We believe that

early surgery should be considered in all patients with NF.

Septic shock was an important risk factor for in-hospital mortality. Early appropriate anti-

biotics and surgical intervention are very important for patients with septic shock. Although

we identified patients who did not receive surgical intervention survived, our findings should

not be interpreted as suggesting that urgent therapeutic interventions can be delayed in

patients without severe manifestations of NF. Early diagnosis and treatment with broad-spec-

trum empirical antibiotics and surgical intervention should still be done in patients with NF,

regardless of septic shock status.

In our study, Gram-negative organism infection was an independent risk factor for in-hos-

pital mortality. The severity of Gram-negative organism infection should be interpreted in the

context of host and microbiologic factors. For example, patients with Gram-negative organism

infections were more likely to have alcoholism or liver cirrhosis. Among Gram-negative

organisms, V. vulnificus and K. pneumoniae have been well known as virulent pathogens caus-

ing high mortality [22, 23].

This study has some limitations. First, some isolates may be a result of wound colonization

rather than pathogenic infection. Second, because the main purpose of this study was to inves-

tigate recent etiologies of NF in Korea, data on therapeutic interventions were not fully investi-

gated. The use of appropriate initial empirical antibiotics and their role in affecting in-hospital
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mortality could not be analyzed. Therefore, our findings with respect to risk factors of in-hos-

pital mortality should be interpreted cautiously.

In conclusion, glycopeptides against MRSA and broad-spectrum antibiotics against third-

generation cephalosporin-resistant organisms should be considered as initial empirical antibi-

otics for patients with community-onset NF in Korea.

Compliance with ethical standards

All procedures performed in studies involving human participants were in accordance with

the ethical standards of the institutional and/or national research committee and with the 1964

Helsinki declaration and its later amendments or comparable ethical standards.

Ethical approval

This work was approved by the Institutional Review Board (IRB) of Soohchunhyang Univer-

sity Buchoen Hospital (2017-01-001), Dongguk University Ilsan Hospital (2017-01-012), Inje

University Ilsan Paik Hospital (ISPAIK 2017-01-010), Chung-Ang University Hospital (1704-

002-16061), Soonchunhyang University Cheonan Hospital (2017-02-021), Daegu Catholic

University Medical Center (CR-17-019), Inje University Haeundae Paik Hospital (2017-01-

029), SoonChunHyang University Seoul Hospital (2017-03-012), GangNeung Asan Hospital

(2017-02-002), GyeongSang National University Changwon Hospital (2019-04-003), Asan

Medical Center (S2019-0854-0001). Kyunghee University and Ulsan University conducted

research based on the IRB approval of Soonchunhyang University Bucheon Hospital.

Informed consent was waived since this work was a retrospective study without intervention

and did not involve extra clinical specimens. This study was conducted using the format rec-

ommended by the Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) guidelines.

Supporting information

S1 Data.

(SAV)

S2 Data.

(SAV)

Acknowledgments

The list of the membership of the Korean SSTI study group is identical to the list of the

authors.

Author Contributions

Conceptualization: Sang-Ho Choi.

Data curation: Tark Kim, Seong Yeon Park, Yee Gyung Kwak, Jiwon Jung, Min-Chul Kim,

Seong-Ho Choi, Shi Nae Yu, Hyo-Lim Hong, Yong Kyun Kim, Se Yoon Park, Eun Hee

Song, Ki-Ho Park, Oh Hyun Cho.

Formal analysis: Tark Kim.

Funding acquisition: Tark Kim.

Investigation: Tark Kim.

Necrotizing fasciitis in Korea

PLOS ONE | https://doi.org/10.1371/journal.pone.0218668 June 20, 2019 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218668.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218668.s002
https://doi.org/10.1371/journal.pone.0218668


Methodology: Tark Kim.

Supervision: Sang-Ho Choi.

Writing – original draft: Tark Kim.

Writing – review & editing: Sang-Ho Choi.

References
1. Choi SH, Kwak YG, Chung JW, Choo EJ, Kim KH, Yun NR, et al. Clinical Characteristics and Causative

Organisms of Community-acquired Necrotizing Fasciitis. Infect Chemother. 2012; 44:180–184.

2. Yu SN, Kim TH, Lee EJ, Choo EJ, Jeon MH, Jung YG, et al. Necrotizing fasciitis in three university hos-

pitals in Korea: a change in causative microorganisms and risk factors of mortality during the last

decade. Infect Chemother. 2013; 45:387–393. https://doi.org/10.3947/ic.2013.45.4.387 PMID:

24475352

3. Audureau E, Hua C, de Prost N, Hemery F, Decousser JW, Bosc R, et al. Mortality of necrotizing fascii-

tis: relative influence of individual and hospital-level factors, a nationwide multilevel study, France,

2007–12. Br J Dermatol. 2017; 177:1575–1582. https://doi.org/10.1111/bjd.15615 PMID: 28452064

4. Kadri SS, Swihart BJ, Bonne SL, Hohmann SF, Hennessy LV, Louras P, et al. Impact of Intravenous

Immunoglobulin on Survival in Necrotizing Fasciitis With Vasopressor-Dependent Shock: A Propensity

Score-Matched Analysis From 130 US Hospitals. Clin Infect Dis. 2017; 64:877–885. https://doi.org/10.

1093/cid/ciw871 PMID: 28034881

5. Wong CH, Chang HC, Pasupathy S, Khin LW, Tan JL, Low CO. Necrotizing fasciitis: clinical presenta-

tion, microbiology, and determinants of mortality. J Bone Joint Surg Am. 2003; 85-A:1454–1460.

6. Shen HN, Lu CL. Skin and soft tissue infections in hospitalized and critically ill patients: a nationwide

population-based study. BMC Infect Dis. 2010; 10:151. https://doi.org/10.1186/1471-2334-10-151

PMID: 20525332

7. Macia-Rodriguez C, Alende-Castro V, Vazquez-Ledo L, Novo-Veleiro I, Gonzalez-Quintela A. Skin and

soft-tissue infections: Factors associated with mortality and re-admissions. Enferm Infecc Microbiol

Clin. 2017; 35:76–81. https://doi.org/10.1016/j.eimc.2016.02.030 PMID: 27061974

8. Misiakos EP, Bagias G, Patapis P, Sotiropoulos D, Kanavidis P, Machairas A. Current concepts in the

management of necrotizing fasciitis. Front Surg. 2014; 1:36. https://doi.org/10.3389/fsurg.2014.00036

PMID: 25593960

9. Thapaliya D, O’Brien AM, Wardyn SE, Smith TC. Epidemiology of necrotizing infection caused by

Staphylococcus aureus and Streptococcus pyogenes at an Iowa hospital. J Infect Public Health. 2015;

8:634–641. https://doi.org/10.1016/j.jiph.2015.06.003 PMID: 26163423

10. Kao LS, Lew DF, Arab SN, Todd SR, Awad SS, Carrick MM, et al. Local variations in the epidemiology,

microbiology, and outcome of necrotizing soft-tissue infections: a multicenter study. Am J Surg. 2011;

202:139–145. https://doi.org/10.1016/j.amjsurg.2010.07.041 PMID: 21545997

11. Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach SL, et al. Practice guide-

lines for the diagnosis and management of skin and soft tissue infections: 2014 update by the infectious

diseases society of America. Clin Infect Dis. 2014; 59:147–159. https://doi.org/10.1093/cid/ciu296

PMID: 24947530

12. Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL, Briggs JP, et al. Health care—associated

bloodstream infections in adults: a reason to change the accepted definition of community-acquired

infections. Ann Intern Med. 2002; 137:791–797. PMID: 12435215

13. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, et al. Surviving Sepsis Campaign:

International Guidelines for Management of Sepsis and Septic Shock: 2016. Crit Care Med. 2017;

45:486–552. https://doi.org/10.1097/CCM.0000000000002255 PMID: 28098591

14. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility test-

ing; twenty-first informational supplement. CLSI document M100-S21 Wayne, PA: Clinical and labora-

tor Standards Institiue, 2011.

15. Eckmann C, Lawson W, Nathwani D, Solem CT, Stephens JM, Macahilig C, et al. Antibiotic treatment

patterns across Europe in patients with complicated skin and soft-tissue infections due to meticillin-

resistant Staphylococcus aureus: a plea for implementation of early switch and early discharge criteria.

Int J Antimicrob Agents. 2014; 44:56–64. https://doi.org/10.1016/j.ijantimicag.2014.04.007 PMID:

24928311

16. Bassetti M, Baguneid M, Bouza E, Dryden M, Nathwani D, Wilcox M. European perspective and update

on the management of complicated skin and soft tissue infections due to methicillin-resistant

Necrotizing fasciitis in Korea

PLOS ONE | https://doi.org/10.1371/journal.pone.0218668 June 20, 2019 11 / 12

https://doi.org/10.3947/ic.2013.45.4.387
http://www.ncbi.nlm.nih.gov/pubmed/24475352
https://doi.org/10.1111/bjd.15615
http://www.ncbi.nlm.nih.gov/pubmed/28452064
https://doi.org/10.1093/cid/ciw871
https://doi.org/10.1093/cid/ciw871
http://www.ncbi.nlm.nih.gov/pubmed/28034881
https://doi.org/10.1186/1471-2334-10-151
http://www.ncbi.nlm.nih.gov/pubmed/20525332
https://doi.org/10.1016/j.eimc.2016.02.030
http://www.ncbi.nlm.nih.gov/pubmed/27061974
https://doi.org/10.3389/fsurg.2014.00036
http://www.ncbi.nlm.nih.gov/pubmed/25593960
https://doi.org/10.1016/j.jiph.2015.06.003
http://www.ncbi.nlm.nih.gov/pubmed/26163423
https://doi.org/10.1016/j.amjsurg.2010.07.041
http://www.ncbi.nlm.nih.gov/pubmed/21545997
https://doi.org/10.1093/cid/ciu296
http://www.ncbi.nlm.nih.gov/pubmed/24947530
http://www.ncbi.nlm.nih.gov/pubmed/12435215
https://doi.org/10.1097/CCM.0000000000002255
http://www.ncbi.nlm.nih.gov/pubmed/28098591
https://doi.org/10.1016/j.ijantimicag.2014.04.007
http://www.ncbi.nlm.nih.gov/pubmed/24928311
https://doi.org/10.1371/journal.pone.0218668


Staphylococcus aureus after more than 10 years of experience with linezolid. Clin Microbiol Infect.

2014; 20 Suppl 4:3–18.

17. Bassetti M, Carnelutti A, Righi E. The role of methicillin-resistant Staphylococcus aureus in skin and soft

tissue infections. Curr Opin Infect Dis. 2017; 30:150–157. https://doi.org/10.1097/QCO.

0000000000000353 PMID: 28079631

18. Park KH, Kim DY, Lee YM, Lee MS, Kang KC, Lee JH, et al. Selection of an appropriate empiric antibi-

otic regimen in hematogenous vertebral osteomyelitis. PLoS One. 2019; 14:e0211888. https://doi.org/

10.1371/journal.pone.0211888 PMID: 30735536

19. Leem AY, Jung WJ, Kang YA, Park SC, Kim YJ, Hwang ED, et al. Comparison of methicillin-resistant

Staphylococcus aureus community-acquired and healthcare-associated pneumonia. Yonsei Med J.

2014; 55:967–974. https://doi.org/10.3349/ymj.2014.55.4.967 PMID: 24954325

20. David MZ, Glikman D, Crawford SE, Peng J, King KJ, Hostetler MA, et al. What is community-associ-

ated methicillin-resistant Staphylococcus aureus? J Infect Dis. 2008; 197:1235–1243. https://doi.org/

10.1086/533502 PMID: 18422435

21. Kwak YG, Choi SH, Kim T, Park SY, Seo SH, Kim MB, et al. Clinical Guidelines for the Antibiotic Treat-

ment for Community-Acquired Skin and Soft Tissue Infection. Infect Chemother. 2017; 49:301–325.

https://doi.org/10.3947/ic.2017.49.4.301 PMID: 29299899

22. Huang KC, Weng HH, Yang TY, Chang TS, Huang TW, Lee MS. Distribution of Fatal Vibrio Vulnificus

Necrotizing Skin and Soft-Tissue Infections: A Systematic Review and Meta-Analysis. Medicine (Balti-

more). 2016; 95:e2627.

23. Rahim GR, Gupta N, Maheshwari P, Singh MP. Monomicrobial Klebsiella pneumoniae necrotizing fas-

ciitis: an emerging life-threatening entity. Clin Microbiol Infect. 2019; 25:316–323. https://doi.org/10.

1016/j.cmi.2018.05.008 PMID: 29787886

Necrotizing fasciitis in Korea

PLOS ONE | https://doi.org/10.1371/journal.pone.0218668 June 20, 2019 12 / 12

https://doi.org/10.1097/QCO.0000000000000353
https://doi.org/10.1097/QCO.0000000000000353
http://www.ncbi.nlm.nih.gov/pubmed/28079631
https://doi.org/10.1371/journal.pone.0211888
https://doi.org/10.1371/journal.pone.0211888
http://www.ncbi.nlm.nih.gov/pubmed/30735536
https://doi.org/10.3349/ymj.2014.55.4.967
http://www.ncbi.nlm.nih.gov/pubmed/24954325
https://doi.org/10.1086/533502
https://doi.org/10.1086/533502
http://www.ncbi.nlm.nih.gov/pubmed/18422435
https://doi.org/10.3947/ic.2017.49.4.301
http://www.ncbi.nlm.nih.gov/pubmed/29299899
https://doi.org/10.1016/j.cmi.2018.05.008
https://doi.org/10.1016/j.cmi.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/29787886
https://doi.org/10.1371/journal.pone.0218668

