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Staphylococcal scalded skin syndrome describes a spectrum of super®cial blistering skin disorders caused by the
exfoliative toxins of Staphylococcus aureus. In its severe form, the exfoliation can spread to cover the entire body
surface area. Two S. aureus exfoliative toxin serotypes affecting humans have been identi®ed, but their purpose and
mechanism of action have remained elusive. Based on their interaction with human and mouse epidermis, their
three-dimensional structure and site-directed mutagenesis studies, it is speculated that they act as atypical serine
proteases, and desmoglein-1 has now been identi®ed as the speci®c epidermal substrate. Recent studies also suggest
that the toxins may have a unique superantigenic activity. Clinically, new rapid diagnostic tests have been
developed, including one that is able to detect the toxins directly from serum. With early diagnosis and appropriate
management, mortality in children remains low and long-term complications are rare because the lesions are
super®cial and heal rapidly without scarring. In adults, however, the condition carries a mortality of almost 60% despite
aggressive treatment, usually because of serious underlying illness. The recent developments in our understanding
of the exfoliative toxins should lead to new and improved diagnostic and therapeutic strategies, including the use
of speci®c antixoxins to prevent exfoliation.
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IN T R ODUC T ION
Staphylococcal scalded skin syndrome (SSSS) describes a spectrum of super®cial blistering skin disorders caused by the
exfoliative toxins (also known as epidermolytic toxins, epidermolysins and exfoliatins) of Staphylococcus aureus [1,2]. Its severity varies from localized blisters to generalized exfoliation
affecting the entire body surface [3]. While mortality is low
with appropriate care in children, it can reach almost 60% in
adults, who usually have an underlying illness [4]. The condition was ®rst described by Baron von Rittershain, a German
physician working in a Czechoslovakian foundling asylum in
1878 [5]. However, the toxins responsible were only identi®ed
in 1970 after Melish and Glasgow demonstrated that injecting
newborn mice with S. aureus isolated from patients with SSSS
resulted in mid-epidermal cleavage and exfoliation [6]. Since
then, there have been several major breakthroughs in both our
understanding of the exfoliative toxins responsible and the
management of the condition [4]. The aim of this article is
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to review the clinical and microbiological aspects of SSSS, with
particular emphasis on recent developments.
PAT HOGE NE SI S
Staphylococci and the exfoliative toxins
An association between generalized SSSS and S. aureus was
proposed as far back as 1891 when the organism was isolated
from a patient with pemphigus neonatorum [7]. Around 35% of
the general population are commensal nasal carriers of S. aureus
[8,9]. In neonates, S. aureus may also be isolated from the skin,
eyes, umbilicus, perineum and wound sites [10]. Initial studies
suggested that phage lytic group II S. aureus were mainly
responsible for exfoliative toxin production, but it is now
known that all phage groups are able to produce exfoliative
toxin and cause SSSS [11,12]. Around 5% of all S. aureus
produce exfoliative toxin [8,13,14] and two different serotypes
affecting humans (ETA and ETB) have been identi®ed [1,15].
In Europe, Africa and North America, ETA is more prevalent,
accounting for more than 80% of exfoliative toxin-producing
strains [13±18], whilst in Japan, ETB is more common [19].
Although they possess some physicochemical differences, ETA
and ETB have 40% sequence homology and produce identical
dermatological effects [20]. ETA consists of 242 amino acids,
has a molecular mass of 26 950 kDa, is heat stable and the gene is
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located in chromosomes, while ETB consists of 246 amino
acids, has a molecular mass of 27 274 kDa, is heat labile and the
gene is plasmid located [1,21].
A 27-kDa, thermolabile S. aureus exotoxin (termed ETC by
the authors) that is serologically distinct from both ETA and
ETB but able to produce mid-epidermal cleavage in newborn
mice and chicks, has been isolated from a horse with a skin
infection called phlegmon [22]. Similarly, three different exfoliative toxin serotypes, distinct from S. aureus exfoliative toxins,
have been isolated from S. hyicus and shown to induce exudative
epidermitis in young piglets an infection characterized by
exudation, exfoliation and vesicle formation in the epidermis
[23]. These toxins are capable of causing exfoliation in newborn
chicks but not in newborn mice; their role in human SSSS, if
any, has not been determined.
Risk factors
A range of different interrelated host and organism factors
govern the risk of developing SSSS. Infants and young children
are particularly prone to generalized SSSS and two main
theories have been proposed to explain this: protective antitoxin
antibodies and renal function [1,2]. Immunosuppression has
been shown in mice and humans to increase the risk of
developing generalized SSSS [24], while maternal antibodies
have been shown to protect newborns [25]. Epidemiological
studies looking at antitoxin antibodies suggest that, in the
localized form, S. aureus enters the skin through a break in
the skin barrier (such as grazes, atopic dermatitis, or chickenpox) and produces the toxin locally, but hematogenous spread
is limited by the presence of antitoxin antibodies [26]. In the
generalized form, however, the toxin is usually produced at a
distant site. This may be a colonization site (such as the nares,
eye, umbilicus, groin, or wound site), or an infective site (such as
pneumonia, osteomyelitis, or endocarditis) [27]. Lack of protective antibodies allows the toxin to spread through the bloodstream to reach the mid-epidermis via dermal capillaries to
produce generalized exfoliation [26]. Work on radioactive
labeled toxin in mice has shown that the toxin does not
bind to any other organ in the body [28]. Renal function is
also an important determinant in developing SSSS and may
partly explain why young infants may be more susceptible.
Adult mice can excrete up to one-third of a test dose of ETA
within 3 h of injection compared to one-®fteenth in newborn
mice [28]. Furthermore, nephrectomized adult mice are more
likely to develop SSSS when administered ETA intravenously
[28].
Toxin mechanism of action
Despite isolating and characterizing the toxins almost three
decades ago, the mechanism by which they cause exfoliation has

remained elusive. Initial studies using a range of different nonspeci®c substrates, including casein, showed no signi®cant
enzymatic activity, and exfoliation could not be prevented by
a range of different metabolic inhibitors [1]. However, there is
accumulating evidence that the toxins may act as atypical
glutamate-speci®c serine proteases: (a) incubating ETA with
neonatal mouse epidermis [29] or A431 epidermal cells [30]
results in caseinolytic activity in the supernatant; (b) the toxins
have signi®cant sequence homology to V8 protease, another
staphylococcal protein belonging to the trypsin-like serine
proteases [31]; (c) modifying residue serine195 of the predicted
serine protease active site of ETA results in loss of exfoliating
activity in newborn mice [32,33]; (d) three-dimensional computer modeling of the toxins shows that their structure can be
modeled on other glutamate-speci®c trypsin-like serine proteases, such as a-thrombin, chymotrypsin, Streptomyces griseus
protease, and Achromobacter protease [34,35]; and (e) recent
three-dimensional crystallographic images of both ETA and
ETB show that the toxins consist of two domains, each made up
of six antiparallel b-strands that form a b-barrel common to all
members of the trypsin family, along with a serine protease
catalytic triad of serine, histidine and aspartic acid [15,34,36]. In
addition, the toxins possess Thr190 and His213 in the Nterminal pocket that are conserved in all glutamate-speci®c
serine proteases. However, ETA differs from other serine
proteases in that it possesses a large amphipathic N-terminal
portion that covers the active site. This region may bind a
speci®c epidermal receptor and cause a conformational change
that opens the active site to induce serine protease activity. A
similar mechanism has been proposed for other proteases,
including thrombin and hepatitis C virus NS3 protease [36].
The structure of ETB is similar to ETA except that the oxyanion
hole, which forms part of the catalytic site, is in the closed or
inactive conformation for ETA, but in the open or active
conformation for ETB [15]. Laboratory studies suggest that
ETB may be more pyrogenic than ETA and enhances susceptibility to lethal shock in rabbits [37], while clinical studies have
shown that, although both serotypes were equally responsible
for localized SSSS, ETB was isolated more frequently from
children with generalized SSSS (80% vs. 8% of 24 cases each)
and may also be able to cause generalized exfoliation in
apparently healthy adults [38].
Recently, Amagai's group demonstrated, using the newborn
mouse model, that the clinical and histological features of SSSS
and pemphigus foliaceus were almost identical [39]. In the latter
condition, autoantibodies target desmoglein-1 to cause super®cial blisters [40]. Desmoglein-1 is a desmosomal cadherin
involved in intercellular adhesion and is found only in the
super®cial epidermis [41]. Disruption of this structure would
result in loss of cell-to-cell adhesion and separation at the level
of the zona granulosa. Amagai et al. also showed that incubating
ETA with extracts of mouse epidermis resulted in cleaveage of
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the 160 kDa desmoglein-1 protein, but not desmoglein-3 or
epithelial cadherin, to a 113-kDa peptide [39]. ETA was also
able to cleave the extracellular domain of mouse and human
desmoglein-1 in a dose-dependent manner. The authors speculate that ETA acts as an atypical glutamate-speci®c serine
protease that binds and cleaves desmoglein-1 in the region of
amino acid number 170, where there are several glutamic acid
residues [39]. This could explain several aspects of SSSS,
including the speci®c site of action in the super®cial epidermis
and why the mucous membranes are not affected in SSSS, since
desmoglein-1 is only found in the epidermis. Minor variations
in the sequence or structure of desmoglein-1 may also explain
the species speci®city of SSSS [1].
However, the proposal that the exfoliative toxins cleave
desmoglein-1 to produce exfoliation con¯icts with several recent
studies. For example, both exfoliative toxin serotypes cleave aand b-melanocyte-stimulating hormones and this activity is not
present with biologically inactive mutants of the toxins [42].
The authors suggest that these proteins may be the target for the
toxins. On the other hand, a Japanese group isolated and
puri®ed a distinct 20 kDa protease from a supernatant of
exfoliative toxin with neonatal mouse epidermis and showed
that this protease could reproduce the mid-epidermal splitting
of SSSS when injected subcutaneously into newborn mice [43].
Superantigenic activity
The debate as to whether the exfoliative toxins are superantigens continues and has been reviewed several times recently
[34,37,44,45]. Initial work suggesting that the toxins were able
to stimulate human Vb2 and murine Vb3 T cells [46,47,48]
were refuted by studies suggesting that recombinant exfoliative
toxin cloned into either non-toxin-producing S. aureus [49] or
Escherichia coli [45] did not possess any superanitgenic activity,
despite the recombinant toxin retaining its exfoliative activity.
The authors suggest that the superantigenic activity in previous
studies was probably due to contamination by other staphylococcal superantigens, such as toxic shock syndrome toxin-1 or
the enterotoxins [45,49]. Vath et al. [34], however, showed that
cloning ETA into a non-superantigenic strain of S. aureus
resulted in superantigenic activity, and that recombinant ETA
with a mutated active site (Ser195Cys) lost its exfoliative
activity, but retained its mitogenic activity, suggesting that
the mitogenic activity of the exfoliative toxin was separate from
its exfoliative activity. ETA is also able to activate murine
macrophages to release high levels of tumor necrosis factora, interleukin-6 and nitric oxide and cause contact-dependent
cytotoxicity in transformed embryo ®broblast cells [50]. More
recent work suggests that the exfoliative toxins may possess a
unique and very speci®c superantigenic activity [37]. Using
highly puri®ed recombinant exfoliative toxins, Monday's group
showed that, in the presence of antigen-presenting cells, both
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ETA and ETB were able to induce selective polyclonal expansion of several human Vb-bearing T cells (but not Vb2), and
only those murine Vb T cells that were highly homologous to
the human forms. Although any superantigenic activity possessed by the exfoliative toxins is unlikely to play a major role in
the pathogenesis of SSSS, it may be important in other diseases
where superantigens are thought to be involved. Such conditions include acute exacerbations of atopic dermatitis, guttate
and chronic plaque psoriasis, Kawasaki's disease, staphylococcal
nephritis, staphylococcal septic arthritis, rheumatoid arthritis
and other autoimmune diseases, and sudden infant death
syndrome [1].
CL INIC AL FE AT UR E S
The clinical features of SSSS vary along a spectrum. The
localized from is also known as bullous impetigo, bullous
varicella and measles pemphigoid, and often presents with a
few localized fragile super®cial blisters ®lled with colorless to
purulent ¯uid [51]. The surrounding skin appears normal and
there are no systemic symptoms. In neonates, the lesions are
often found around the umbilicus or the perineum, whilst in
older children, they are more common on the extremities [17].
In the generalized form (also known as pemphigus neonatorum
and Ritter's disease, after its original describer) patients often
initially present with fever and erythema, with constitutional
symptoms such as malaise, poor feeding and irritability, followed by large super®cial blisters that quickly rupture, particularly in areas of friction [3]. Left untreated, large sheets of
epidermis then slough off to leave extensive areas of raw
denuded skin that is sensitive and painful (Figure 1). The
condition may follow a localized staphylococcal infection, such
as pneumonia, abscess, conjunctivitis, oomphalitis, septic
arthritis, endocarditis or pyomyositis, but in most cases no focus
is found [1,27]. A positive Nikolsky sign, which can be elicited
by gentle rubbing of uninvolved or healed skin to produce
dislodgement of the super®cial epidermis, is characteristic of
generalized SSSS, and mucous membranes are not affected
[17,52].
The exfoliation of SSSS in itself rarely poses a problem since
the level of epidermal cleavage is super®cial, which means that
scarring is rare (Figure 2). In infants and young children,
potentially fatal complications of losing the protective epidermis
include hypothermia, dehydration and secondary infections by
organisms such as the pseudomonads [21,53]. With appropriate
management, however, mortality due to SSSS in children
remains below 5% [17,21,27]. On the other hand, generalized
SSSS in adults carries a mortality rate of almost 60%, mainly
because the majority of patients suffer from underlying conditions such as poor renal function, the use of immunosuppressive drugs, infections such as acquired immunode®ciency
syndrome, and malignancy [27].
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Figure1 Generalised SSSS in a 2-year-old child.

DI AGNO SI S A ND DIFFER E N T I AL DI AGNO SE S
Both the localized and generalized forms of SSSS are usually
diagnosed by their characteristic clinical appearance, and differential diagnoses are few. It has been proposed that streptococcal impetigo can be distinguished from staphylococcal
impetigo (localized SSSS) by its characteristic thick, dirty,
golden crusting which soon reforms when removed [17,51].
However, this distinction is often dif®cult to make clinically,
particularly since the two organisms can coexist. Few conditions
resemble generalized SSSS when it presents in its extensive

form. The main differential diagnosis remains erythema multiforme/toxic epidermal necrolysis, another exfoliating skin disorder that is more common in adults than children and carries a
high mortality, particularly if not diagnosed early and managed
appropriately [54]. It is caused by a variety of viral illnesses and
drug reactions and can rapidly lead to multiorgan failure. Unlike
SSSS, the mucous membrane is almost always affected, causing
extensive erosions in the mouth, conjunctiva, trachea, bronchi,
esophagus and genitalia [54]. Scalding and chemical burns
must also be considered in the differential diagnosis for generalized SSSS, particularly in children, where neglect and non-

Figure 2 Same child 7 days after antibiotic therapy.
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accidental injury may be suspected [51]. Other uncommon
differential diagnoses include congenital disorders (epidermolysis bullosa, acrodermatitis enteropathica, bullous ichthyosis),
other bacterial (staphylococcal superantigen-mediated conditions, streptococci and streptococcal scarlet fever, syphilis,
listeriosis, E. coli, Pseudomonas and Haemophilus species) and
viral (herpes, vaccinia, varicella zoster) infections, graft-versushost reactions, diffuse cutaneous mastocytosis, Kawasaki disease
and psoriasis [1,2].
IN V E S T IG AT ION S
The dif®culties in diagnosing SSSS have been reviewed recently
[4]. A thorough examination is essential, not only to determine
the extent of exfoliation but also to identify any potential focus
of staphylococcal infection (such as pneumonia, an abscess,
septic arthritis, endcarditis, etc.), the ¯uid status of the patient
and any evidence of secondary skin infection. Super®cial swabs
of the lesions at the time of presentation are useful in both the
localized and generalized forms of SSSS. The antibiotic sensitivity pro®le of S. aureus isolated may be useful in cases where
empiric treatment is not successful, because of antibiotic resistance, for example [55]. In the generalized form, super®cial
swabs may also identify other organisms involved in secondary
skin infection [53]. Exfoliative toxin-producing S. aureus may
occasionally be isolated from blood cultures. This is more common in adults, who often have signi®cant underlying disease
and frank bacteremia; in children, blood cultures are usually
negative because the toxins are produced at a distal site [27,56].
In cases where the diagnosis remains uncertain, the most
useful investigation remains a skin biopsy, which is not practical
in children [4]. In SSSS, the biopsy would show mid-epidermal
splitting at the level of the zona granulosa, without cytolysis, cell
necrosis or any in¯ammatory reaction [57]. Staphylococci may
occasionally be seen in localized bullous lesions, but very rarely
in generalized SSSS [58]. The biopsy is particularly useful in
distinguishing SSSS from erythema multiforme/toxic epidermal necrolysis, where splitting occurs at the dermo-epidermal
level [54,59].
A number of different laboratory investigations ± including
polymerase chain reaction (PCR), reverse passive latex agglutination, enzyme-linked immunosorbent assays and radioimmunoassays ± have been developed to determine toxin
production by S. aureus isolated from patients with suspected
SSSS [60]. They are both sensitive and speci®c for the exfoliative toxins and most have been validated against the neonatal
mouse model. However, they all rely on isolating S. aureus from
the patient. We recently demonstrated that, of 72 S. aureus
isolates from children with suspected generalized SSSS, only
35 (48.6%) produced exfoliative toxin when tested by PCR,
suggesting that isolating S. aureus is neither sensitive nor speci®c
(unpublished data). Hence, any further tests on the S. aureus
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strain isolated cannot be reliable. Also, given the time taken to
culture and isolate the organism from peripheral and blood
specimens, any further tests would only be useful for retrospective con®rmation of the diagnosis [4]. Furthermore, S.
aureus can be isolated from up to half the patients with toxic
epidermal necrolysis and this can lead to a delay in correct
diagnosis and inappropriate treatment [54]. We have recently
developed a F(ab0 )2 Fragment ELISA that can detect ETA not
only from staphylococcal culture supernatants but also directly
from serum with sensitivity in the picogram range. We are
currently developing a similar ELISA-based detection system
for ETB. If these diagnostic tests are successful in clinical studies,
then diagnosis of SSSS could be con®rmed within a few hours
from routine blood tests [60].
T R E AT ME N T
There is very little objective evidence for optimum treatment of
SSSS [4]. Previous suggestions that antibiotics may not be useful
in treating SSSS because the condition is toxin-mediated must
be regarded with caution. Most clinicians will treat localized
SSSS with oral antibiotics that cover both staphylococci and
streptococci, and may add a topical agent since organisms may
be present in the lesions. If generalized SSSS is diagnosed in its
early stages, then oral antibiotics may be effective, with close
observation. However, by the time the condition is diagnosed,
the patient usually presents with widespread exfoliation. In such
cases, intravenous antibiotics against penicillin-resistant S. aureus
would be recommended. If there is any evidence of secondary
skin infection, then an aminoglycoside should be added. Particular care must be given to pain management since the lesions
are often very painful, and patients with severe peri-oral
involvement may require short-term intravenous nutrition.
Young infants require careful observation for dehydration,
hypothermia and secondary infections. In severe cases of exfoliation, liaising with, and possibly transferring the patient to, the
local burns unit may prove to be life-saving [61].
Because the condition is toxin-mediated, exfoliation usually
continues 24±48 h after starting appropriate antibiotic treatment, although new lesions are uncommon after this period [3].
There have been several cases of methicillin-resistant S. aureus
causing SSSS and this must be considered if the patient is not
responding to empiric antibiotic treatment [55,62]. In most
cases, the skin lesions heal rapidly over the next 7±10 days and,
because the exfoliation is super®cial, scarring is rare (Figure 2).
F U T UR E T R E ND S
Our understanding of SSSS has reached an exciting era. The
recent identi®cation of a speci®c substrate for the exfoliative
toxins should speed up future research. How does the toxin get
to desmoglein-1 in the mid-epidermis? Is there a speci®c
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binding site for the toxin on desmoglein-1? Does the toxin act
as an atypical protease as its structure suggests? Do ETB and
other toxin homologs produced by S. hycius act in a similar
fashion? Are minor changes in the desmoglein-1 protein related
to susceptibility to SSSS? Understanding the mechanism of
action of the toxins has direct clinical implications. The substrate could be used to develop more sensitive and speci®c
diagnostic assays for SSSS. Analogs of desmoglien-1 could also
be developed to inhibit the action of the toxins and therefore
inhibit exfoliation. Previous work has shown that exfoliation
can be halted or limited in mice given antitoxin antibodies early
in the disease process [63]. Desmoglein-1 analogs could therefore be used to bind and neutralize the toxin in vivo and thereby
prevent the toxin reaching the epidermis. Such therapy may
become life-saving in SSSS cases of disseminated staphylococcal
infection in immunocompromised patients [27] or when multiresistant S. aureus is responsible [55,62]. Similarly, having identi®ed a very speci®c epidermal target, the toxins could be used
in a controlled manner to induce localized exfoliation of
offending super®cial skin lesions with minimal scarring. The
targeting and binding domain of the toxin could also be used to
transport drugs to a very speci®c location within the epidermis
with minimal systemic side-effects.
CONL US ION S
Staphylococcal scalded skin syndrome is a relatively uncommon
but potentially fatal disorder, particularly in adults who often
have serious underlying disorders, and in young infants who are
prone to secondary complications of exfoliation. Clinicians
should maintain a high index of suspicion in all cases of
super®cial exfoliating disorders in both children and adults,
particularly when associated with symptoms or signs of infection. The past few years have seen a remarkable development in
our understanding of the condition. The three-dimensional
structure of the exfoliative toxins has been elucidated, their
speci®c epidermal substrate identi®ed and a unique superantigenic activity proposed. In the clinical arena, there have been
several reports of methicillin-resistant S. aureus causing SSSS,
and detection systems have been developed to diagnose the
condition rapidly. However, although these recent breakthroughs have been a major step forward, they have opened
a whole new area for further research. In particular, it is hoped
that the identi®cation of the substrate will lead to new antitoxin
strategies to prevent exfoliation in the near future.
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