Skin and Skin
Structure Infection
- No. 2371 -
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Necrotizing fasciitis is a rapid progressive and
potentially life-threatening infection. Although the
relative emergence of non-synergistic single gramnegative organisms as pathogen could be a
therapeutic issue for clinicians, limited studies so far
described the characteristics due to the low
incidence.
Therefore, this study aimed to investigate the
clinical characteristics of patients with gram-negative
and gram-positive monomicrobial NF and identify
the factors associated with mortality.

Materials and Methods
We retrospectively reviewed clinical data of necrotizing
fasciitis patients who were clinically diagnosed between
May 2001 and December 2015 in university hospitals of
three different cities of the Republic of Korea. We
compared clinical characteristics and outcomes of patients
with monomicrobial gram-negative with those of the
gram-positive counterpart.
The diagnostic criteria for necrotizing fasciitis are
evidence of necrotic fascia during an operation and/or
characteristic pathologic feature (extensive tissue
destruction, thrombosis of blood vessels, abundant
bacteria spreading along fascial planes, and infiltration of
acute inflammatory cells) or patients not undergoing
surgery and high clinical suspicion based on clinical
findings and demonstration of muscle involvement or gas
on imaging studies
Causative organism refers to the pathogen from blood or
sterile specimens obtained in the operation room. Closed
abscesses and body fluids were collected in a sterile
syringe, with the air expelled and the needle plugged
with a rubber stopper. The specimens were transported
directly to the laboratory. We included isolated
microorganisms as pathogens when the pathogens were
obtained from blood or surgical specimens.

Results
A total of 115 patients with community acquired
necrotizing fasciitis were identified. Among them,
monomicrobial infections were 67 (58%) cases: 31
(27%) in the gram-negative group and 36 (31%) in the
gram-positive group. The majority of gram-negative
group was E. coli followed by K. pneumonia and V.
vulnificus. There were more cases of the gramnegative group showing liver cirrhosis (39% versus
14%, P=0.02) and bacteremia (52% versus 16%,
P=0.02). A total of 23 (10%) patients died within 30
days, including 15 (19%) in the gram-negative group
and 8 (10%) in the gram-positive group (P=0.02).
In multivariable logistic regression, liver cirrhosis
(adjusted odds ratio [aOR], 13.7; 95% confidence
interval [CI], 2.9-67.0), treatment with antibiotics
without surgery (aOR, 10.2; 95% CI, 2.1-48.3), and
lower level of albumin (aOR 4.9; 95% CI, 1.6-14.9)
were significantly associated with 30-day mortality.
Table 1. Causative organisms of monomicrobial necrotizing fasciitis in 67
patients
Number
Gram stain
Gram positive (n=36)

Pathogen
Streptococcus pyogenes
Staphylococcus aureus

Gram negative (n=31)

of patients
10
9 (MRSA 4, MSSA 5)

Results

Results

Table 2. Baseline characteristics of patients with gram-positive and gramnegative monomicrobial and polymicrobial necrotizing fasciitis

Table 3. Treatment and outcomes of patients with gram-positive and gramnegative monomicrobial and polymicrobial necrotizing fasciitis

Gram
(n=31)

Variable

negative Gram
(n=36)

positive Polymicrobial
(n=18)

Variable

Gram negative (n=31)
23 (74)

Operation

P value

Gram positive (n=36)
31 (86)

Polymicrobial (n=18)
14 (78)

P value
0.22

Age (median, IQR)

59 (52-68)

53 (46-70)

49 (43-72)

0.18

Interval from diagnosis to
operation, median (IQR)

1.0 (0-4.0)

1.5 (1.0-3.0)

6 (1-9)

0.31

Male (n, %)

30 (97)

23 (64)

13 (72)

0.03

Amputation

1 (3)

2 (6)

1 (6)

065

Appropriate empirical
antibiotic therapy

23 (74)

25 (69)

13 (72)

0.63

Hospital days, median (IQR)

20 (3-53)

34 (15-52)

44 (11-72)

0.12

7-day mortality
14-day mortality
30-day mortality

10 (32)
10 (32)
15 (48)

4 (11)
7 (19)
8 (22)

4 (22)
5 (28)
5 (28)

0.004
0.07
0.02

Underlying disease
Diabetes

12 (39)

18 (50)

9 (50)

0.35

Malignancy

6 (19)

4 (11)

1 (6)

0.50

Immunosuppressant

1 (3)

2 (6)

0

1.00

Liver cirrhosis

12 (39)

5 (14)

4 (22)

0.02

HBV

5 (16)

3 (8)

2 (11)

0.46

HCV

2 (6)

3 (9)

0

1.00

End-stage renal disease

5 (16)

5 (14)

3 (17)

1.00

Table 4. Thirty-day mortality for patients with gram-negative monomicrobial
necrotizing fasciitis compared with gram-positive monomicrobial necrotizing fasciitis

Site of infection
Lower extremity

Univariate analysis
Unadjusted odds ratio
(95% CI)
P
3.61 (1.17-11.18)
0.03

Multivariate analysis
Adjusted odds ratio
(95% CI)
P
1.14 (0.23-5.61)
0.87

Liver cirrhosis
Lower extremity
Presence of bullae
Treatment with antibiotics
only without surgery

9.63 (2.76-33.58)
3.04 (0.95-9.78)
3.00 (0.99-9.01)
6.26 (1.71-22.94)

<0.001
0.06
0.05
0.006

13.71 (2.85-66.95)

0.001

10.16 (2.14-48.29)

0.004

Bacteremia
White blood cell
Albumin
Platelet
Sodium
Diabetes

3.03 (1.01-9.05)
3.23 (1.00-10.41)
4.46 (1.90-10.53)
1.00 (1.00-1.00)
1.00 (0.97-1.03)
1.06 (0.40-2.83)

0.04
0.05
0.001
0.003
0.94
0.90

4.93 (1.62-14.93)

0.005

Gram-negative organisms
18 (58)

18 (50)

11 (61)

0.35

Upper extremity

4 (13)

6 (16)

1 (6)

0.74

Trunk

5 (16)

8 (22)

4 (22)

0.53

Head and neck

0

4 (11)

1 (6)

0.12

Perineum

4 (13)

3 (8)

2 (11)

0.40

Presence of bullae

12 (33)

13 (36)

5 (28)

0.85

NRINEC score, median (IQR)

5 (3-8)

6 (3-8)

6 (4-10)

0.41

APACHE II score, median
(IQR)

13 (10-17)

8 (5-13)

11 (6-16)

0.001

Bacteremia

16 (52)

10 (28)

5 (28)

0.04

Coagulase-negative staphylococci

7

Viridans streptococcia

5

Streptococcus dysagalactiae

2

Fever ≥38 °C

3 (10)

11 (31)

6 (33)

0.04

Group F Streptococcus

2

Shock

13 (42)

7 (19)

6 (33)

0.05

Streptococcus agalactiae

1

Laboratory findings

Enterococcus faecalis

1

White blood cell, 103/μL

8.1 (3.5-16)

15.3 (9.3-22.2)

18.0 (10.9-22.5)

0.004

Escherichia coli

10

Klebsiella pneumoniae

5

Hb, g/dL

11.3 (9.8-12.9)

12.3 (11.0-13.7)

11.0 (8.6-12.7)

0.04

Vibrio vulnificus

5

Platelet, 103/μL

96 (34-206)

182 (118-301)

161 (99-292)

0.004

Aeromonas hydrophila

2

Sodium, mmol/L

136 (131-139)

136 (131-140)

135 (126-140)

0.39

Vibrio parahaemolyticus

2

Serratia marcescens

2

Albumin, mg/dL

2.4 (2.0-2.7)

3.3 (2.4-3.9)

2.5 (1.6-3.0)

0.002

Pseudomonas aeruginosa

2

Cr, mg/dL

1.6 (1.0-2.3)

1.2 (0.8-1.8)

1.1 (0.6-2.6)

0.07

Prevotella loescheii

1

Glucose, mg/dL

122 (74-171)

169 (116-239)

122 (97-168)

0.02

Yersinia enterocolitica

1

Enterobacter spp.

1

C-reactive protein mg/dL

13.4 (8.8-21.2)

24.4 (10.5-32.0)

17.9 (7.6-26.7)

0.02

Survival

Introduction

P = <.001

P = <0.001

P = .015
Gram positive
Gram negative

Liver cirrhosis X
Liver cirrhosis O

Operation O
Operation X

Time from diagnosis (days)

Figure 1. Thirty-day Kaplan–Meier survival curves of patients with monomicrobial necrotizing fasciitis caused by gram-positive and gramnegative organisms, with or without liver cirrhosis, and with or without surgery

Conclusions
Our data suggest that gram-negative organisms should be
considered as a major pathogen of NF, especially in patients
with liver cirrhosis. Patients with MGN-NF have an increased risk
of developing bacteremia with higher disease severity. Patients
with gram-negative NF seem to have poor prognosis. Patients
with liver cirrhosis as an underlying disease have poorer
outcomes.

