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Background and Purpose: Necrotizing fasciitis (NF) is a rapidly progressive life-threatening infection. It is located
in the deep fascia, with secondary necrosis of the subcutaneous tissues requiring urgent surgical and medical
therapy. Staphylococcus aureus is, historically, a very uncommon cause of NF, but we have recently noted an
increasing number of these infections being caused by community-acquired methicillin-resistant S. aureus
(CA-MRSA).
Methods: The medical records of 53 patients diagnosed with NF between January 2001 and December 2005 were
reviewed. A standardized instrument was used to abstract information from the medical records of each patient.
Results: S. aureus monomicrobial infection accounted for 37.7% (20/53) of the causal organisms noted. Of the
20 strains of S. aureus, 8 were methicillin-sensitive S. aureus and 12 were MRSA. In the 12 patients with MRSA
infection, 7 had CA-MRSA. All patients with NF caused by CA-MRSA had no serious coexisting conditions or risk
factors. All CA-MRSA isolates were susceptible to ciprofloxacin, trimethoprim-sulfamethoxazole, and vancomycin
in vitro. All were cured after surgical intervention and medical treatment.
Conclusions: For patients with severe invasive NF caused by CA-MRSA, glycopeptides may be prescribed as an
empirical treatment until susceptibility results. The prognosis of NF caused by CA-MRSA was good after adequate
surgical and antimicrobial treatment.
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Introduction
Staphylococcus aureus is one of the most common
causes of infections in both hospitals and communities,
causing diseases ranging from skin and soft tissue
infections to fulminant septicemia [1]. In the times
before antibiotics became available, invasive staphylococcal disease was often fatal. The introduction of
penicillin in the 1940s, and the other antibiotics subsequently, dramatically improved survival. However,
mounting recognition of isolates circulating in the
community that are resistant to methicillin has increased
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the level of concern about this important pathogen in
recent times.
In the past decade, community-acquired methicillinresistant S. aureus (CA-MRSA) infections among
individuals without health care-associated (HCA) risk
factors have surfaced in several areas [2]. In Taiwan,
MRSA was first documented in the early 1980s. In the
1990s, the incidence of nosocomial MRSA infections
increased in Taiwan, especially in teaching hospitals
[3,4]. In 2000, methicillin resistance was identified in
53-83% of all S. aureus isolates from 12 major hospitals
in Taiwan [5].
Predisposing factors for the acquisition of MRSA
include recent hospitalization, admission to an intensive
care unit, nursing home residence, exposure to a patient
who is colonized or infected with MRSA, household
contact with individuals harboring hospital-acquired
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MRSA, and prolonged antimicrobial therapy and
surgery [6]. Although the majority of CA-MRSA infections are mild skin and soft tissue infections, severe
life-threatening cases, such as necrotizing pneumonia,
necrotizing fasciitis (NF), myonecrosis, and sepsis are
emerging [7,8].
NF is a term that was first used to describe rapidly
spreading gangrene of the skin and subcutaneous
tissues above the fascial layer in the 1950s [7]. It is a
rapidly progressive life-threatening infection located
in the deep fascia, with secondary necrosis of the subcutaneous tissues. Two types are recognized — type
I, in which one or more anaerobic bacteria are isolated with one or more facultative anaerobic and/or
aerobic bacteria, and type II, in which the responsible
organism is group A Streptococcus, either alone or in
combination with other organisms (most commonly,
S. aureus) [8].
Diagnosis of NF might be delayed because of
the initial minimal skin cellulites, even as the subcutaneous tissue suffers extensive necrosis and
pronounced systemic toxicity develops. The mainstay treatment of NF is a combination of surgical and
medical therapies. Adequate and repetitive surgical
debridements, empirical antibiotics with a broad
coverage of aerobes and anaerobes, and aggressive
supportive care should be provided [9]. Worryingly,
S. aureus too has emerged as a monomicrobial cause
of NF in recent times [10].
We analyzed the risk factors, clinical manifestations,
antimicrobial susceptibilities, management, and prognostic determinants of NF caused by the monomicrobial
infection of S. aureus in 53 cases of NF diagnosed
surgically and pathologically during a 5-year period.

Methods
A retrospective review of the medical records of patients
with NF admitted to the Tri-Service General Hospital,
one of the major teaching hospitals located in northern
Taiwan, from 1 January 2001 to 31 December 2005 was
done. The diagnosis of NF in 53 patients was based on
either the clinical and/or surgical finding of extensive
necrosis of the fascia and subcutaneous tissues, or
histological findings. All surgical reports were reviewed
to determine preoperative diagnosis, intraoperative
findings, and postoperative diagnosis, and the patient
was included in the study if both the intraoperative
and postoperative diagnoses were NF. A standardized
instrument was used to abstract information from
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the medical records of each patient. Information was
obtained from several broad categories — demographics,
associated conditions, duration of symptoms prior to
admission, microbiological data, antibiotic treatment,
clinical features, surgical intervention, and outcome.
An investigator reviewed the cultures of the 53 patients
and isolated 95 unique pathogens (Table 1). Twenty
five strains of S. aureus were isolated, and 20 were
monomicrobial infections. S. aureus as a concomitant
pathogen was noted in 25% of the polymicrobial infections. All in vitro susceptibilities were performed
with the disk diffusion test according to the protocols
of the National Committee for the Clinical Laboratory
Standards (NCCLS) [11].
CA-MRSA infection was defined as the identification of MRSA in a patient with signs and symptoms
of the infection, either in the outpatient setting or within
48 h of hospital admission, with no prior histories of
MRSA infection or colonization and admission to a
hospital or nursing home in the previous year, and the
absence of dialysis, surgery, permanent indwelling
catheters, or medical devices that pass through the skin
to the body [12].
Table 1. Etiology of necrotizing fasciitis
Organism
Gram-positive
Staphylococcus aureus
Enterococcus
Streptococcus, non-A, -B, -D
Viridans Streptococci
Coagulase-negative Staphylococcus
Group B Streptococcus
Group D Streptococcus
Gram-negative
Klebsiella pneumoniae
Escherichia coli
Enterobacter cloacae
Acinetobacter baumannii
Pseudomonas aeruginosa
Citrobacter spp.
Serratia marcescens
Proteus spp.
Vibrio spp.
Aeromonas spp.
Morganella spp.
Fungi
Candida albicans
Anaerobic
Peptostreptococcus spp.
Bacteroides fragilis
Fusobacterium spp.

No. of organisms (%)

25
7
6
5
4
1
1

(26.3)
(7.4)
(6.3)
(5.3)
(4.2)
(1.1)
(1.1)

10
5
4
3
3
3
2
2
2
2
2

(10.5)
(5.3)
(4.2)
(3.2)
(3.2)
(3.2)
(2.1)
(2.1)
(2.1)
(2.1)
(2.1)

2 (2.1)
4 (4.2)
1 (1.1)
1 (1.1)
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Results
Demographics
Fifty three patients (38 males and 15 females; mean age,
62 years; range, 22 to 103 years) with NF were identified.
Forty two patients (79%) were over 50 years old. The
median length of hospitalization was 27.1 days. Twenty
patients had monomicrobial infections caused by
S. aureus (Table 2). In the eight patients with methicillinsensitive S. aureus (MSSA), seven were male (85.7%),
the mean age was 48.9 years, and the mean length of
hospitalization was 31.8 days. Of the 7 patients with
CA-MRSA, 4 were male (57%), the mean age was
56.7 years, and the mean length of hospitalization was
12.6 days. For the 5 patients with HCA-MRSA, 4 were
male (80%), the mean age was 60.8 years, and the mean
length of hospitalization was 49.4 days.

of 8 in 2004, and four of 24 in 2005. Wound cultures
were monomicrobial for CA-MRSA in 7 patients. All
CA-MRSA isolates were susceptible to ciprofloxacin,
trimethoprim-sulfamethoxazole, and vancomycin
(Table 3).

Management and outcomes

Sites of NF involvement included a lower extremity in
34 patients (64%), an upper extremity in 7, trunk in 7,
head and neck in 2, and Fournier-like gangrene in 2.
One patient had involvement of four extremities.

All patients were treated with initial surgical debridement, parenteral antibiotics, and repeated debridement
as necessary. The most commonly used antibiotic regimen was a combination of oxacillin, clindamycin, and
gentamicin. The median number of surgeries was 2.76
per patient (range, 1-9). Multiple surgical debridements
were required in 40 patients (78%). Five patients required
amputation. Two patients had an above knee amputation
and 3 patients had a below knee amputation. Eight
patients (16%) died of causes directly attributable to NF.
Of the 7 patients with CA-MRSA NF, the mean
number of surgeries performed was 1.86 per patient
(range, 1-3). Four patients initially received in vitro
active therapy — 1 patient received gentamicin for
4 days, then was shifted to oral ciprofloxacin; and 3
patients were prescribed vancomycin for 5 days, and
then shifted to oral ciprofloxacin after discharge. Three
patients received initial inactive therapy with oxacillin
for 3-4 days. Two patients were shifted to vancomycin
after obtaining wound culture results while 1 patient was
shifted to teicoplanin. Blood cultures were all negative
and all 7 patients survived.
Of the five patients with HCA-MRSA NF, the mean
number of surgeries was 10.2 per patient (range, 1-41).
Of the 8 patients with MSSA NF, the mean number
of surgeries was 3.38 per patient (range, 1-8). The
clinical characteristics, treatment, and outcome of patients with CA-MRSA, HCA-MRSA, and MSSA NF
are summarized in Table 2.

Bacteriology

Discussion

Predisposing factors and associated disease
Twenty eight patients (56%) had events leading to the
development of NF. Prior trauma and skin lesions were
the most common predisposing factors. Most patients
had documented coexisting conditions or risk factors,
the most common of which were diabetes mellitus
(30 patients) and hypertension (16 patients). Eleven
patients had no serious coexisting conditions. None of
the patients with CA-MRSA had any serious coexisting
conditions, and all patients with HCA-MRSA had underlying chronic disease. Of the 8 patients with MSSA, 6
had underlying chronic diseases.

Site of infection

Among the 53 patients, 95 pathogens were isolated.
The number of microbial species isolated in each patient
varied from 0 to 8, with a mean of 1.76. Twenty patients
(37.7%) were polymicrobial, 26 patients (49.1%) monomicrobial, and 7 patients (13.2%) showed negative results
in the culture specimens. Mixed aerobic and anaerobic
infections were recovered in 6 patients (11.3%).

S. aureus
Twelve patients had infections of MRSA and 8 had
MSSA. The annual incidence of MRSA NF was one
of 4 in 2001, one of 6 in 2002, two of 11 in 2003, four
© 2007 Journal of Microbiology, Immunology and Infection

CA-MRSA has become increasingly endemic in many
parts of the world, including Taiwan. What is more, the
rapid increase in reports of CA-MRSA outbreaks in
young, healthy populations with no apparent risk factors
for infection is alarming. Two main types of MRSA now
circulate in the community: 1) hospital strains that have
spread to the community and are infecting patients with
risk factors, referred to as HCA-MRSA; and 2) strains
arising de novo in the community and infecting patients with no established risk factors; these are the true
CA-MRSA [13,14].
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Table 2. Characteristics of patients with community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA), health carePatient

CA-MRSA
1
2
3
4
5
6
7
HCA-MRSA
8
9
10
11
12
MSSA
13
14
15
16
17
18
19
20

Gender/age
(years)

Duration of
hospitalization
(days)

Duration of
symptoms
before (days)

Site of infection

Antibiotic use
within past
12 months

Hospitalization
within past
24 months

F/55
F/66
F/70
M/35
M/52
M/57
M/62

13
11
26
8
10
6
14

7
7
20
7
5
5
7

Back
Right buttock
Anterior chest wall
Left foot
Right knee
Right hand 3rd web space
Left foot

–
–
–
–
–
–
–

–
–
–
–
–
–
–

F/53
M/42
M/67
M/71
M/72

10
86
25
74
52

7
7
7
7
3

Left hand
Right hip
Right thigh
Left lower leg
Left foot

+
+
+
–
+

–
+
+
–
+

F/59
M/34
M/42
M/46
M/50
M/51
M/53
M/56

37
21
57
29
7
19
27
57

2
5
3
10
5
5
7
14

Back
Left gluteal region
Right foot
Right lower leg
Back
Left upper limb
Right thigh
Four limbs

–
+
+
+
–
+
+
–

–
+
+
+
–
+
+
–

Abbreviations: F = female; M = male; – = no; + = yes; DM = diabetes mellitus; CAD = coronary artery disease; AK = above knee

CA-MRSA has been recognized as a novel pathogen
genetically different from nosocomial MRSA [15].
Community-acquired strains are characterized by limited
antibiotic resistance, and with cellulitis and abscess as
the major clinical manifestations. Most infections are
located on the extremities, but may involve other sites
as well [16-18]. They have a common pulsed-field gel
electrophoresis pattern, which is distinct from the major
pandemic clones of hospital-acquired isolates [19].
MRSA isolates carry the methicillin resistance gene

(mecA) on a horizontally transferred genetic element
called the staphylococcal chromosome cassette mec
(SCCmec). CA-MRSA isolates usually carry SCCmec
type IV. SCCmec VT is a novel SCCmec variant that
is found in multiply resistant CA-MRSA strains with
the sequence type 59 in Taipei in association with
the Panton-Valentine leukocidin genes [20]. PantonValentine leukocidin, a synergohymenotropic cytotoxin,
is associated with furunculosis, severe necrotizing hemorrhagic pneumonia, NF, and other lesions involving

Table 3. Susceptibility rates of community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA), health careassociated MRSA (HCA-MRSA), and methicillin-sensitive S. aureus (MSSA) isolates to antimicrobial agents, 2001-2005
No. of susceptible isolates/total no. (%)

Antimicrobial susceptibility
CA-MRSA (n = 7)
Penicillin G
Erythromycin
Oxacillin
Clindamycin
Gentamicin
Vancomycin
Ciprofloxacin
Trimethoprim-sulfamethoxazole

338

0
1
0
1
6
7
7
7

(0.0)
(14.3)
(0.0)
(14.3)
(86.0)
(100.0)
(100.0)
(100.0)

HCA-MRSA (n = 5)
0
0
0
0
0
5
1
2

(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(100.0)
(20.0)
(40.0)

MSSA (n = 8)
0
5
8
8
8
8
8
8

(0.0)
(62.5)
(100.0)
(100.0)
(100.0)
(100.0)
(100.0)
(100.0)
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associated MRSA (HCA-MRSA), and methicillin-sensitive S. aureus (MSSA) necrotizing fasciitis
Coexisting
conditions

Bacteremia

Initial
antimicrobial
therapy

Definitive
antimicrobial
therapy

No. of surgical
procedures

Outcome

–
–
–
–
–
–
–

–
–
–
–
–
–
–

Oxacillin
Vancomycin
Oxacillin
Gentamicin
Vancomycin
Vancomycin
Oxacillin

Vancomycin
Ciprofloxacin
Vancomycin
Ciprofloxacin
Ciprofloxacin
Ciprofloxacin
Teicoplanin

1
2
3
1
2
1
3

Survived
Survived
Survived
Survived
Survived
Survived
Survived

DM
DM
Malignancy
DM
DM, CAD

–
–
–
–
–

Vancomycin
Oxacillin
Vancomycin
Oxacillin
Oxacillin

Vancomycin
Teicoplanin
Vancomycin
Teicoplanin
Vancomycin

4
41
3
1 (AK amputation)
2

Survived
Survived
Survived
Survived
Survived

DM
DM
DM
–
DM
DM
DM
–

+
–
–
+
–
+
–
+

Ceftriaxone
Cefazolin
Oxacillin
Vancomycin/cefpirome
Penicillin G
Flomoxef
Oxacillin
Ceftriaxone/penicillin G

Oxacillin
Ciprofloxacin
Oxacillin
Oxacillin/gentamicin
Oxacillin
Oxacillin
Oxacillin
Oxacillin

1
2
6
2
3
2
3
8

Survived
Survived
Survived
Survived
Expired
Expired
Survived
Survived

the skin or mucosa in both CA-MRSA and CA-MSSA
strains [21,22].
In this study, 58% of the MRSA isolates collected
as part of the retrospective population-based surveillance
were not associated with traditional risk factors and
were classified as CA-MRSA. Most of these isolates
were associated with clinically relevant infections that
required treatment. There were substantial common
factors among our CA-MRSA cases. Firstly, it was
surprising that all patients survived, since the typical
mortality rate of NF has been reported to be about 33%
in Los Angeles [10]. The absence of death in our series
suggested that NF caused by CA-MRSA may be less
virulent than that caused by other organisms.
S. aureus has also been isolated from patients
with NF, usually as part of a mixed flora. Because NF
caused by CA-MRSA is an emerging clinical syndrome,
clinicians should now consider MRSA as a potential
pathogen in patients with suspected S. aureus infections
in the community setting [23-25]. The retrospective
design of this study, using chart reviews, is also a
limitation that might have resulted in an inability to
confirm whether cases had no previous medical events
© 2007 Journal of Microbiology, Immunology and Infection

associated with health care facilities in the year before
the S. aureus infection. However, the antibiograms for
our CA-MRSA isolates from patients without identifiable risk factors are clearly different from those for the
analogous HCA-MRSA isolates. Clinicians should
obtain appropriate material for bacterial culture; followup on the results of susceptibility testing of all S. aureus
isolates, since by definition MRSA organisms are not
susceptible to beta-lactam antibiotics; and recommend
surgical drainage of infections when feasible [26]. The
selection of appropriate antimicrobial agents for any
suspected S. aureus infections of skin and soft tissue in
patients in the community must now take into account
the emergence of CA-MRSA and their varied antibiotic
susceptibilities in different countries or areas.
The major difference in the antibiotic susceptibility patterns found by this study and others is that
erythromycin and clindamycin resistance were extraordinarily high in our CA-MRSA isolates [15,27-29].
Although most CA-MRSA isolates were susceptible
to several antimicrobial agents, selection of alternative agents must remain dependent on local susceptibility patterns. Clinicians should remain aware that
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beta-lactam antimicrobials can no longer be relied on
as empirical therapies for invasive CA-MRSA infections,
and the treatment of non-invasive CA-MRSA infections
should not routinely require the use of glycopeptides
[23,30,31].
In conclusion, in S. aureus NF patients with risk
factors (diabetes mellitus, hypertension, and chronic
pulmonary disease) for harboring resistant strains, glycopeptides should be used empirically [32]. For Taiwanese
patients with suspected mild MRSA infections, such as
soft tissue infection, who lack these risk factors, antibiotics other than beta-lactams (e.g., clindamycin, gentamicin, ciprofloxacin or timethoprim-sulfamethoxazole)
may be used empirically while awaiting the culture
report. Identifying potential risk factors for CA-MRSA
acquisition and fully characterizing the epidemiologic,
clinical, and molecular properties of these strains are
necessary for providing effective therapeutic guidelines. In the meantime, other interventions and the
promotion of appropriate use of antimicrobial agents in
communities need to be pursued.
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