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Necrotizing fasciitis continues to occur due to beta-haemolytic

streptococci but is now also recognized as being due to Vibrio

spp. in fishermen and those in contact with warm water in the

Gulf of Mexico and South-East Asia, including Hong Kong.

Magnetic resonance image scanning has identified the extent of

fasciitis and soft tissue oedema infiltrating fascial planes prior to

necrosis presenting clinically and is a useful tool in early

diagnosis. Surgical debridement or incisional drainage remains

essential. An enhanced bactericidal response against beta-

haemolytic streptococci has been found with a combination of

penicillin and clindamycin. Intravenous immunoglobulin has

been shown to reduce mortality if the necrotizing fasciitis is

associated with the toxic shock syndrome, by decreasing the

superantigen activity of the beta-haemolytic streptococci on

cytokine release by T cells. Curr Opin Infect Dis 14:127±132. # 2001
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Introduction
The term necrotizing fasciitis was ®rst used to describe
rapidly spreading gangrene of the skin and subcutaneous
tissues above the fascial layer in the 1950s. At the time,
pathogenesis was described due to the beta-haemolytic
streptococci (BHS) group A (Streptococcus pyogenes), as a
community-acquired infection and a synergistic infection
of aerobes and anaerobes mostly acquired with gun shot
injury or neoplasms of the gastrointestinal tract [1].
Necrotizing fasciitis is still the preferred term today. A
new organism, Vibrio vulni®cus (described below), is now
recognised as causing a distinctive clinical syndrome of
rapidly progressive necrotizing fasciitis, septicaemia and
death while several other vibrios have also been
incriminated.

New methods of diagnosis have been pursued with
computerized tomography and magnetic resonance
imaging (MRI) and an earlier diagnosis of impending
necrosis can be made. Identi®cation still depends on
bacterial culture. New approaches to treatment include
combination therapy with penicillin and clindamycin (for
an enhanced bactericidal effect) and intravenous im-
munoglobulin (to reduce superantigen activity on T cells
and cytokine production) with surgical excision, de-
bridement or fasciotomy.

Necrotizing fasciitis due to beta-
haemolytic streptococci
Necrotizing fasciitis due to beta-haemolytic streptococci
is considered below for diagnosis and treatment.

Clinical diagnosis

Fulminating necrotizing fasciitis is now recognised
acutely due to Lance®eld group A BHS (GABHS) (S.
pyogenes) and in a sub-acute variety due to groups C
and G [2]. It affects a wide age group from 15 to 90
years and especially those with diabetes, minor or
major trauma or some degree of immuno-compromisa-
tion. Individual patient immunity to the M protein of
the BHS cell wall (including the ability to opsonise the
cells), previous exposure to the toxins and the
numbers and site of the inoculated bacteria in the
tissue all determine the outcome [3.]. The clinical
disease is expressed by the organism spreading through
tissue above the deep fascia causing thrombosis of
vessels resulting in gangrene of subcutaneous fat and
dermis [2]. This spreading thrombosis prevents pene-
tration of antibiotics into the tissue allowing the
suppurative process to progress often up an arm or a
leg.
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Clinical signs are distinguishable from erysipelas and
cellulitis. The former have a well-de®ned border and
may blister profusely, while the latter are associated
with lymphangitis and blister only occasionally [3.].
Necrotizing fasciitis presents typically with patchy
discoloration of the skin with pain and swelling but
without a de®ned margin and lymphangitis. Within
several days irregular dusky blue and black patches
appear with bullae. As the infection spreads, frank
gangrenous areas appear intermingled with bullae and
patches of more normal skin (Fig. 1). The patient may
develop bacteraemia and toxic shock syndrome (TSS) at
an early stage, which often presents in a young
previously healthy person [4]. There will be fever,
prostration, hypotension, a psychotic effect with rejec-
tion of the illness and severe local pain at the site of the
lesion, which can be remarkably small. Examination of
the skin may be required at an early stage to detect
subtle evidence of a soft tissue infection or small
violaceous bullae. This situation can rapidly advance to
multi-organ failure, acute respiratory distress syndrome,
renal impairment, coagulopathy, liver abnormalities and
generalised erythroderma [4].

In a retrospective study aggressive surgical management
has been shown to reduce mortality from 38% to 4% [5].
Although retrospective studies are often biased [3], in
this case with more severe disease having early surgery,
this has also been the experience of other workers, albeit
retrospectively [2]. The authors recommended wide
excision and debridement, appropriate antibiotics and
intensive systemic support if TSS is experienced. In an
important community-based study of GABHS necrotiz-
ing fasciitis, an incidence was found of 0.4 per 100 000
with a median age of 58 years. 79% of these cases were
community-acquired, 11% nosocomial and 10% acquired
in a nursing home [6]. 47% were associated with TSS,

46% were bacteraemic and 34% died. Outcome was not
correlated with the M type of the BHS nor its possession
of `spe' genes.

In contrast, less severe subacute infection can occur with
BHS groups C and G in the elderly [2,3 .]. Patients are
not bacteraemic, the infection is relatively localised and
responsive to early or late debridement of the eschar.

Computerised tomography and MRI have been used to
assist in clinical diagnoses [7±9,10 .]. In a study of 20
patients with necrotizing fasciitis to investigate the use of
computerised tomography, asymmetric fascial thickening
and fat stranding were seen in 16 cases, gas tracking
along fascial planes in 11 cases and abscesses were found
in seven. Computerised tomography appeared to be
useful as an adjunctive diagnostic tool [6,11]. MRI has
been used to de®ne the extent of the fasciitis [7]. It has
identi®ed soft tissue oedema in®ltrating the fascial
planes of the entire chest wall prior to local gangrenous
cutaneous signs of infection by many hours, allowing
rapid surgical incisional drainage with success [8].
Confusion can occur with MRI, however, between
cellulitis and necrotizing fasciitis [9]. Because the
sensitivity of MRI exceeds its speci®city, MRI can
over-estimate the extent of deep fascial involvement. A
negative result with no deep fascial involvement is
useful to exclude necrotizing fasciitis [9] or to determine
the depth of soft-tissue involvement [10.].

Microbiologic diagnosis

Blister ¯uid, discharge from open lesions, frank pus and
any skin sepsis should be sampled for microscopy with
Gram stain and cultured for BHS, aerobic and anaerobic
bacteria. Blood cultures should also be collected [3.,6].
An early serum sample should be stored for later assay
with samples collected after one, two and three weeks,
for antibodies to streptolysin O, hyaluronidase and
DNaseB. Samples of tissue removed at debridement
should be ground up with antibiotic inhibitors and
incubated in a ¯uid enrichment medium: this is much
better for isolation than for swabs [3 .]. A search should
be made of the patient, family or contacts for the primary
site of infection [6].

In cases of Fournier's gangrene, which is necrotizing
fasciitis of the genitalia, cultures should be targeted at
Staphylococcus aureus or E. coli aerobically and anaerobes
such as clostridia, bacteroides or anaerobic streptococci
[12].

Diagnosis of tissue infection with GABHS can also be
made by polymerase chain reaction for detection of
streptococcal pyrogenic exotoxin B (speB) gene. In a
study of tissue biopsy specimens from patients with
necrotizing fasciitis, an assay for speB was detected from
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Figure 1. Acute necrotizing fasciitis due to GABHS

Reproduced with permission from [3.].



ten individuals with necrotizing fasciitis from whom
GABHS were isolated, and was negative from 11
patients who were culture-negative or lacked serologic
evidence of infection [13]. This polymerase chain
reaction test may be useful for further investigating
tissue from culture-negative necrotizing fasciitis patients
but provides no additional information if the tissue is
culture-positive.

Treatment

S. pyogenes remains fully sensitive to the bactericidal
action of benzyl penicillin. Treatment should be given
by the intravenous route and in large doses (at least
14.4 grams or 24 mega-units per day) as 4 mega-units
every four hours. This will give an expected peak and
trough of 40 to 80 and 1 to 2 mg/l respectively [14].

Clinical success is not always obtained. This can be due
to a number of factors including disseminated intravas-
cular coagulation. In addition, antibiotics will not
penetrate into infected tissue in the presence of wide-
spread thrombosis so that heparinization should be
considered to aid antibiotic perfusion into tissue as well
as to control any associated disseminated intravascular
coagulation from S. pyogenes bacteraemia [3.]. Surgery is
also indicated to debride thrombotic tissue expected to
become necrotic, otherwise the spreading infected
thrombotic process continues unabated.

There has been concern that high doses of benzyl
penicillin IV may give a less effective bactericidal
response than expected [15 .]. In the laboratory this has
been associated with persistent organisms in broth tube
dilutions when a full killing effect was expected.
Patients with deep invasive S. pyogenes infection were
found to be more likely to have a favourable outcome if
initial treatment included combination with a protein-
synthesis inhibiting antibiotic, such as clindamycin in
particular, compared with exclusive treatment with
penicillins (83% versus 14%, P = 0.006) [15 .]. Clindamy-
cin has been found to be highly effective to treat S.
pyogenes pharyngitis, to eradicate the streptococcal carrier
state and to be highly effective in treatment of myositis
in the mouse model test [15.]. Clindamycin is also
known to decrease production of S. pyogenes toxins and
enzymes even in subinhibitory concentrations [15 .].
Clindamycin may reduce the release of toxins that act as
superantigens leading to the production of cytokines,
which are potential mediators of toxic shock syndrome
and organ failure [15 .,16]. Clindamycin should be
administered in a dose of 900 mg every eight hours to
give expected peak and trough levels of 10 to 12 and 1 to
2.5 mg/l respectively. Clindamycin should always be
given for treatment of group G BHS infections since this
particular BHS is known to show persistence both in
vitro and in vivo in the presence of penicillin alone.

Adjunctive therapy can include the use of hyperbaric
oxygen [17]. The use of hyperbaric oxygen is part of
standard treatment for clostridial myonecrosis. Animal
evidence supports its use in streptococcal myositis.
Hyperbaric oxygen is also likely to be most effective if
administered before end organ complications occur.

The rationale for the use of

intravenous immunoglobulin

The ability of plasma (and intravenous immunoglobu-
lin) to neutralise the proliferation and cytokine-inducing
activity of superantigens, produced by GABHS causing
necrotizing fasciitis and TSS, has recently been
intensively studied. Supernatants prepared overnight
from GABHS cultures produce superantigen activity
and can be used for neutralisation studies in the
laboratory. It was ®rst found in 1997 that plasma
collected from 12 patients with severe invasive GABHS
treated with intravenous immunoglobulin, with pre and
post samples, neutralised superantigen activity and
stopped pyrogenic exotoxins (spe A, B and C) produced
by their respective isolates more effectively [18].
Additionally, only the postintravenous immunoglobulin
plasma samples blocked cytokine production elicited by
puri®ed spes, supporting the use of intravenous im-
munoglobulins as adjunctive treatment of severe
GABHS.

In 1999, three studies assessed the role of protective
humoral immunity. Kaul et al. [19.] found that intra-
venous immunoglobulin enhanced the ability of patient
plasma to reduce T cell production of interleukin-6 and
tumour necrosis factor a in addition to bacterial
mitogenicity. Basma et al. [20] compared 23 patients
with severe GABHS with 12 non-severe cases and
healthy control individuals. They found that levels of
anti-M1 bactericidal antibodies and antistreptococcal
superantigen neutralizing antibodies were signi®cantly
lower in both groups compared with control individuals
(P50.01) but that there was no statistical difference
between them. This suggests that other immunogenetic
factors regulating the superantigen response may in¯u-
ence the severity of the clinical disease. Cawley et al.
[21] studied the response of a patient with severe
GABHS necrotizing fasciitis and TSS to intravenous
immunoglobulin, in conjunction with surgical excision
and antibiotics, and concluded that it may be a useful
adjunctive treatment.

Mascini et al. [22] studied 53 patients with invasive
GABHS. Absence of antibodies against spe A or B was a
risk factor for developing invasive streptococcal disease.
TSS and mortality were associated with a lack of anti-spe
A antibodies. Patients infected with spe A producing
GABHS developed anti-spe A antibodies in convalescent
sera.
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Necrotizing fasciitis due to Vibrio species
Vibrionaceae comprise three genera: Vibrio, Aeromonas
and Plesiomonas. These comma-shaped Gram negative
rods are all aquatic organisms associated with shell ®sh.
All Vibrio spp. except V. vulni®cus usually cause intense
diarrhoea. A purulent wound infection has been reported
with V. cholerae non-01 associated with a tropical ®sh tank
[3.].

A. hydrophila is the predominant clinical pathogen mainly
causing wound infection in the summer months asso-
ciated with minor trauma and exposure to river or sea
water. It can also cause septicaemia and necrotizing
fasciitis, often in a diabetic or immunocompromised
patient [23,24 .].

Necrotizing fasciitis due to Vibrio vulnificus

V. vulni®cus, ®rst described in 1979, multiplies well in
warm water (4208C) with a salt concentration of 0.7 to
1.6%. It is found in warm coastal waters such as the Gulf
of Mexico, S. America, Asia (Thailand, Taiwan, Hong
Kong) and Australia but is also reported in small
numbers off Belgium and Scandinavia. It is found in
oysters, crustaceans and ®sh, which may be the source of
infection with or without trauma.

Necrotizing fasciitis due to V. vulni®cus biotype 1 is
severe [24.]. It occurs after minor trauma in ®shermen
and in those in contact with ®sh or sea water. Vibrio
infections occur in the hot summer months from mid-
May to mid-September in contrast to S. pyogenes
infections, which tend to be concentrated in winter
months [25].

Patients are often over 50 years-of-age and compromised
with other conditions, particularly chronic liver dysfunc-
tion such as cirrhosis, or diabetes. The infection presents
after one day with swelling, pain, tenderness, ecchy-
moses and blistering. Predominant skin lesions have
been reported as oedema and subcutaneous bleeding,
with ecchymosis and purpura, rather than super®cial
necrosis as is seen in S. pyogenes infection [25].
Systemically, there are fevers, rigors and hypotension.
Septicaemia with V. vulni®cus is a prominent feature,
more so than with S. pyogenes. This leads to rapid multi-
organ failure within 24 hours, which presents as en-
cephalopathy (Glasgow coma score 56 off sedation),
hepatic failure(bilirubin4120 mmol/l), renal failure(serum
creatinine4350 mmol/l), respiratory failure (FiO25150)
and most importantly disseminated intravascular
coagulation (platelet count 550 000/ml).

Patients with necrotizing fasciitis due to V. vulni®cus
progress more rapidly than S. pyogenes [25]. Early
diagnosis and extensive debridement is essential to save
life as otherwise this disease has an almost 100%

mortality. While Aeromonas may infect muscle, this is
unusual with V. vulni®cus so that, in principle, debride-
ment and not amputation is needed although this
decision must be made uniquely for each case.
Computerised tomography and magnetic resonance
imaging are useful for locating the site and depth or
extension of the infection as discussed above for
GABHS. Cultures should be collected from blood,
blister ¯uid, wound and stool specimens. Gram stains
show curved bacilli with or without pleomorphic forms.

Antibiotics should be commenced in high dosage but are
additional to surgical intervention. A combination of
ceftazidime (or cefotaxime) with cipro¯oxacin (or an-
other quinolone) or tetracycline (or doxycycline) should
be given in maximum dosage.

The ®rst well-de®ned outbreak from a common source
was described in Israel in 1996 [26 ..]. This was also the
®rst recognition of this infection in countries bordering
the Mediterranean Sea. It involved 62 cases of wound
infection and bacteraemia in people who handled fresh
whole ®sh (Tilapia spp. ± St Peter's ®sh) cultivated in
arti®cial ®sh ponds, purchased live and needing to be
descaled. The isolates were of biotype three and had the
same polymerase chain reaction±restriction fragment
length polymorphism pattern. The incubation time
varied from three hours to two days with a median of
12 hours. 57 patients developed cellulitis, four had
necrotizing fasciitis and one developed osteomyelitis
but there were no deaths. This contrasts with biotype 1
infections for which there is an expected mortality of
20% to 50%. Since ceasing to sell live ®sh, descaling and
degutting the ®sh prior to marketing and selling the ®sh
on ice, only three cases of invasive V. vulni®cus infection
have occurred in the last three years.

Necrotizing fasciitis due to other Vibrios

There are two other species currently recognised as
being able to cause necrotizing fasciitis.

Vibrio parahaemolyticus

Septicaemia and acute necrotizing fasciitis involving the
whole arm has been described in one patient from
Singapore caused by V. parahaemolyticus. The 65-year-old
patient had cut his arm while cleaning uncooked crabs.
He presented in shock with erythema and swelling of
the soft tissue of the right arm from the wrist to the axilla
[27]. The patient was managed with intravenous ¯uid
replacement, fasciotomy, antibiotics (ceftazidime and
doxycycline) and intensive care for two days. Blood
cultures yielded growth of the organism fully sensitive to
antibiotics. The wounds healed gradually after two
weeks. Patients with liver disease, alcoholism and
diabetes are found to be more at risk of this infection.
This is relevant to Singapore where 6% of the population
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are hepatitis B carriers with some developing cirrhosis.
The ambient sea temperatures in tropical areas such as
Singapore (and the Gulf of Mexico) promote growth of
Vibrios with sea water exposure and minor trauma being
risk factors. These infections must be treated aggres-
sively for successful recovery.

Photobacterium damsela (Vibrio damsela)

This isolate is similar to other species of Vibrio which are
halophilic Gram-negative curved rods. Infection has
been described due to this organism in a 43-year-old
man following a laceration to the leg caused by a stingray
®sh in Tampa Bay, Florida [28]. After three days there
was septicaemia and necrotizing fasciitis of the right
tibial region. Deep surgical debridement of skin and
fascia to the muscle layer was performed and intravenous
antibiotics given (cefazolin, doxycycline and tobramy-
cin). The organism was grown from wound cultures and
was fully sensitive to antibiotics. The patient recovered
needing split-skin grafts. P. damsela is a pathogen for
both immunocompromised and healthy hosts and can
cause rapid fulminant infection with death [28].

Conclusion
Necrotizing fasciitis remains an important cause of
morbidity and mortality. In cold or temperate climates,
community-acquired infection is usually due to the beta-
haemolytic streptococci, especially S. pyogenes, while in
summer months of hot climates there is an increasing
recognition of this infection due to Vibrio spp. Both types
are characterised by previous minor trauma but a salt
water source is also involved with infection by Vibrio
spp. The infection is more common in immunocompro-
mised, diabetics or patients over 40 years old, especially
those with some type of underlying disease such as
cirrhosis. Management is similar for both types of
infection, requiring acute surgical debridement, intra-
venous antibiotics, ¯uid replacement and intensive care.
Mortality can vary from 5% to 50% depending on the
length of incubation of the infection prior to presenta-
tion, its recognition by the clinical team and appropriate
aggressive therapy.
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