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Toxin-mediated streptococcal and staphylococcal
disease
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After several decades of seemingly decreasing virulence, streptococcal and staphylococcal
infections have reemerged as a major source of morbidity and mortality. Within the past 2
decades, not only have well-established diseases such as rheumatic fever begun to reap-
pear, but also many new entities, such as toxic shock syndrome, streptococcal toxic shock
syndrome, recurrent toxin-mediated perineal erythema, and recalcitrant erythematous
desquamating disorder have been described. Central to the renewed importance of these
bacteria has been the production of circulating toxins, which often function as superanti-
gens in causing the clinical manifestations, morbidity and mortality associated with these
diseases. (J Am Acad Dermatol 1998;39:383-98.)

Learning objective:At the conclusion of this learning activity, participants should be
familiar with the spectrum of toxin-mediated illnesses caused by streptococci and staphy-
lococci. Participants should also have a greater understanding of toxins and superantigens
as well as their role in these diseases.

After several decades of seemingly decreasingStaphylococcy®ne crucial element in the reemer-
virulence, streptococcal and staphylococcal infec- gence of the seriousness of these infections is their
tions have reemerged as a major source of morbid-ability to produce circulating toxins, which often
ity and mortalityt-6 Within the past 2 decades, not lead to clinical disease. In addition to mediating
only have many new diseases caused by thes(TSS, scarlet fever, staphylococcal scalded-skin
pathogens been described, such as toxic shoclsyndrome (SSSS), and many other well-defined
syndrome (TSS), streptococcal toxic shock syn- bacterial diseases, these toxins are being increas-
drome, recurrent toxin-mediated perineal erythe- ingly recognized as potential causes, or exacerbat-
ma, and recalcitrant erythematous desquamatinging factors, in previously “non-bacterial” diseases
(RED) syndrome, but also “older” diseases such assuch as Kawasaki disease (KD), guttate psoriasis,
rheumatic fever have begun to reappear more fre-and atopic dermatitis. An increasing spectrum of
quentlys-17 disease directly, or indirectly, caused by toxin-

Although several factors may account for producing streptococci and staphylococci is
the renewed virulence oftreptococcusand emerging (Table 1), and its clinical expression is

likely dependent on host factors as well as bacter-

i ie$,18,19
From the Division of Dermatology, Department of Medicine, ial propertlesﬁ

University of Medicine and Dentistry of New Jersey—Robert
Wood Johnson Medical School at Camden. HISTORICAL PERSPECTIVE

Reﬂ;ﬂg‘i‘q‘ﬁjtgé Osgg"e” M. Manders, MD, 100 Brick Rd, Suite 306,  Bacterial infections caused by streptococci and
Copyright © 1998 by the American Academy of Dermatology, Inc. StaphyIOC_OCCI have b(_aen In existence since anthw-
0190-9622/98/$5.00 + 016/2/91725 ty.6.10.20Hippocrates, in the 5th centusge, wrote

383



Journal of the American Academy of Dermatology

384 Manders September 1998
Table I. Toxin-mediated streptococcal and Table Il. Streptococcal and staphylococcal toxins
staphylococcal diseases Organism Toxin(s)
Toxic shock syndrome )
Streptococcal toxic shock syndrome Group A streptococci SPE-A, SPE-B, SPE-C
Recalcitrant erythematous desquamating disorder S_SA .
Scarlet fever Mitogenic factor
Toxin-mediated erythema (eg, recurrent toxin- GroupsB,C, F, SPEs

mediated perineal erythema) and G streptococci
Staphylococcal scalded-skin syndrome Staphylococci TSST-1
Necrotizing fasciitis SEA, SEB, SEC, SED,
Kawasaki diseage SEE, SEG
Guttate psoriasis Exfoliative toxin A, B
Atopic d_erm?-titié SEA,Staphylococcal enterotoxiSPE,streptococcal pyrogenic exo-
Food poisoning toxin; SSA,streptococcal superantigeRSST-1toxic shock syn-

N - - - rom in-1.
Possibly toxin-mediated. drome toxi

TNot discussed in this article.

forming the basis for the Lancefield classification
that “...many were attacked by the erysipelas all system?6 The M-1 and M-3 surface proteins in
over the body...the erysipelas would quickly spread particular have been shown not only to greatly
in all directions. Flesh, sinews, and bones fell away facilitate bacterial adherence to infected tissue, but
in large quantities...,” undoubtedly referring to also to have antiphagocytic properties directed
necrotizing fasciiti$1.22 Scarlet fever appears to against polymorphonuclear leukocytes, whereby
have been present during Hippocrates’ time as wellthe host immune response is markedly blunt-
and indeed is believed to be the cause of theed5.8.26.27From epidemiologic data, it is clear that
“Plague of Athens,” which led to the end of a decreased prevalence of the M-1 and M-3 sur-
Greece’s Golden Agel0 George Washington is face proteins during the middle part of this centu-
believed to have died rapidly after acquiring a viru- ry correlated well with a decreased seriousness of
lent strain ofStreptococcusvhile on his farm in GABHS infection28 Conversely, the apparent
179921 Although the morbidity and mortality from  reemergence of invasive GABHS infections, such
gram-positive bacterial, especially streptococcal, as necrotizing fasciitis and streptococcal TSS
infections decreased substantially during the mid to (STSS), has been closely linked with the renewed
late portion of the 20th century, clearly streptococci prevalence of group A streptococci bearing M-1
and staphylococci have reemerged as majorand M-3 surface proteirfs813,28-33
pathogens during the past 2 decdd¥s23.24The Host factors in the general population appear to
prominent media coverage of the “outbreak” of be partially responsible for the reemergence
necrotizing fasciitis in 1994 and the description of of streptococci and staphylococci as major
such “new” diseases such as TSS have again raiseghathogen$:10.18.19Not surprisingly, very young,
public awareness of the potential seriousness ofelderly, and immunocompromised persons are at

infection with these bactersa. high risk for infection with these bactefa.
However, a large percentage of patients who have

FACTORS INVOLVED IN VIRULENCE AND serious streptococcal and staphylococcal disease

REEMERGENCE are young, otherwise healthy adf13.18.32This

Several factors may account for the reemer- is postulated to be due to the absence of previous
gence of serious streptococcal and staphylococcakexposure to these more virulent strains of bacteria,
infections in the past 2 decades. Surface proteinsbecause an absence of protective antibody appears
host factors, and toxin production have all con- to predispose persons to infectfof10.18
tributed to the renewed virulence of these bacteria. Finally, bacterial toxin production has been

Surface proteins on group@hemolytic strep-  shown to be a highly important factor in the
tococci (GABHS) have been strongly associated increased frequency of serious streptococcal and
with the invasiveness of a given strain of staphylococcal disease. Toxins produced by
StreptococcudDozens of M-surface proteins exist, Staphylococcus aureu§ABHS, and to a lesser
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Fig 1. Conventional antigen presentation.
antigen-mediated immune response sequéhte.

Conventional antigens are processed within the

antigen-presenting cell, and protein fragments of
degree non-group A streptococci (Table Il), have the antigen are then expressed on the cell surface
been implicated in the pathophysiology of a multi- in the groove of the major histocompatibility type
tude of both well-established, and more recently Il complex (MHCII) (Fig 1). The antigen-MHCII
described, diseasés$4.35Indeed, the increased complex then interacts with the T-cell receptor in a
prevalence of serious invasive GABHS infections very specific, antigen-restricted fashion. The seg-
in the United States has been linked closely ment of T cells bearing the receptor that corre-
with the production of streptococcal pyrogenic sponds to the antigen are then activated, with
exotoxin-A (SPE-A) by the infecting streptococcal resultant cytokine production and specific immune
strain4.58,18,34The majority of these toxins pro- activation44
duce their clinical effects in large part by function-  Conversely, superantigens are able to bypass
ing as “superantigens,” an emerging concept for many elements of the typical immune response
which a basic understanding is necessary to gainsequence. Superantigens are not processed by
insight into the pathogenesis of these toxin- antigen-presenting cells, but bind directly to the

mediated illnesse¥-40 MHCII complex outside of the groove (Fig 2) and
therefore are able to interact with T cells in a rela-
SUPERANTIGENS tively nonspecific fashioAz.45-52\Whereas conven-

The concept of “superantigens” was first tional antigens require recognition of all 5 ele-
described in 1989 by White et*dlnd refers to a  ments of the T-cell receptor ¢/ Ju, V3, DB, JB),
unique group of proteins manufactured by bacteriathe recognition sequence for superantigens is
and viruse$2 Superantigens produce their clinical almost entirely dependent oif8\dnly.42.43,48,50,53-56
effects by bypassing certain elements of the usualBecause only a limited amount of\genes exists,
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- - Route of admininistration, as well as dose, of toxin

Superantigen / T-cell Interaction has been shown to directly influence the clinical

response. In addition, host factors such as local
pH, glucose level, oxygen level, age, and presence
or absence of antibodies will have a direct impact

- - - on the clinical expression of toxin-mediated ill-
Massive T-cell activation nesst7-69
Certain physical signs are frequently present in
toxin-mediated illness caused by streptococci and
staphylococci. For instance, strawberry tongue,
acral erythema with subsequent desquamation,
Massive Cytokine Release and an erythematous eruption with frequent per-
ineal accentuation have been described in TSS,
(TNF'(X’ IL-1, IL-6, others) scarlet fever, recurrent perineal erythema, and KD,
among others (Fig 4). The frequent clinical overlap
between toxin-mediated diseases is not limited to
only streptococcal illnesses, or only staphylococ-
cal illnesses, per se, but also is readily noted
Clinical Signs between these 2 groups of bacteria, as evidenced
: by the similarity of TSS and streptococcal T&%.
(fever’ emeSI‘_S’ ew,thema_tc_)us Disease overlap has been attributed to the signifi-
rash, hypotension, tissue injury, cant degree of sequence homology at a molecular
ShOCk, etc.) level of toxins not only within these 2 groups of
bacteria, but also between streptococci and staphy-
lococci4849,62,70-73 Jltimately, though, the pheno-
typic expression of a given toxin-mediated disease
is not solely dependent on the toxin itself, but is
modified by environmental factors such as the host
a given superantigen—T-cell interaction may lead factors described earlier.
to the activation of 5% to 30% of the entire T-cell
population, whereas conventional antigens activate] OXIN-MEDIATED DISEASES
approximately 0.01% to 0.1% of the body's T Toxic shock syndrome (TSS)
cells43.49,52,57,58Thjs large-scale activation of T TSS represents the prototypical superantigen-
cells by superantigens leads to massive cytokinemediated disease. Originally described in 1978
production, especially that of tumor necrosis fac- and soon thereafter associated with tampon use,
tor-a (TNF-a), interleukin-1 (IL-1), and inter- TSS is now recognized to occur in both menstrual
leukin-6 (IL-6)3142,56,59-64(Fig 3). These cyto- and nonmenstrual forni4:76 Currently, the inci-
kines, especially TNFr and IL-1, have been dence of nonmenstrual TSS exceeds that of men-
shown to mediate clinical effects such as fever, strual TSS.”.78 Most cases of nonmenstrual TSS
erythematous rash, emesis, hypotension, tissueoccur in the postoperative setting; however, TSS
injury, and shocle:13.42,49.65.6€Certain superanti- has been described in association with influenza,
gen-mediated illnesses appear to induce a largesinusitis, tracheitis, intravenous drug use, HIV
scale depletion of particularp/subsets; this may infection, cellulitis, burn wounds, allergic contact
result from apoptosis of initially activated T dermatitis, gynecologic infection, and the postpar-
cells20,24,56 tum periodé2,79-86
A single bacterial toxin, acting as a superanti-  Clinically, both menstrual and nonmenstrual
gen, can lead to a broad spectrum of clinical dis- TSS have similar features. Fever, rash, desquama-
ease. For instance, TSS toxin-1 (TSST-1) has beertion, hypotension, and multiple-organ involvement
implicated in the pathogenesis of TSS, recurrentare the hallmarks of both variants of T484.76.87
toxin-mediated perineal erythema, RED syn- The eruption of TSS is defined as “diffuse macular
drome, KD, and possibly atopic dermatitfs2,65 erythroderma”; however, a scarlatiniform eruption,

Fig 3. The superantigen/cytokine cascade.
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Fig 4. A, Perineal erythemd, Acral desquamatiorC, Strawberry tongue Q, Courtesy
William D. James, MD, Philadelphia, Pa.)

often with flexural accentuation, is frequently pre- ized infection such as erythema, tenderness, and
sent. Erythema and edema of palms and solespurulence may be absent from the site of infection,
hyperemia of conjunctiva and mucous membranes,thereby making clinical diagnosis challengifig.
and strawberry tongue are often no8éd. Multiple-organ involvement may include the gas-
Desquamation of the palms and soles, as seen irrointestinal, muscular, renal, hepatic, hematolog-
many bacterial toxin-mediated disorders, usually ic, or central nervous systems.

follows the onset of the illness by 1 to 2 weeks.  Treatment of TSS includes supportive therapy,
Importantly, in nonmenstrual TSS caused by a including hydration, vasopressors, penicillinase-
postoperative infection, the classic signs of local- resistant antibiotics, and drainage of infected sites.
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In vitro studies have suggested that sublethal con-the clinical signs of STSS are postulated to be
centrations of silver sulfadiazine cream leads to mediated by massive cytokine release (primarily
increased toxin production & aureustherefore ~ TNF-q, IL-1b, and IL-6) as a result of toxin/super-
mupirocin ointment or povidone iodine solution antigen activity.18,31,61,66_ ymphocyte \3 pro-
may be better choices for topical care of infected files consistent with superantigen induction have
sites88 The mortality rate is approximately 5%, been noted@443In addition, streptolysin O, pro-
and recurrences have been reported in as many aguced by 100% of streptococcal strains associated
30% to 40% of cases’6.89 with STSS, has also been shown to cause &NF-
Both menstrual and nonmenstrual forms of TSS and IL-13 production, and has been demonstrated
have been linked to toxin-producing strainsSof to act synergistically with SPE-%.
aureus®0-93 More than 90% of menstrual TSS is Not surprisingly, very young, elderly, diabetic,
mediated by TSST-1 production, which is associ- or immunocompromised persons are more suscep-
ated with massive release of TNFand IL- tible to the acquisition of invasive streptococcal
1.62,6594These cytokines have been demonstratedinfection such as STSSdowever, the majority of
to produce fever, rash, hypotension, tissue injury, cases of STSS have occurred in young, otherwise
and shoclke> The absence of antibody to TSST-1 healthy persons between 20 and 50 years of
has been shown to be a major risk factor for acqui-age®.6.13.18,77/An absence of protective immunity
sition of TSS; failure to generate anti-TSST-1 anti- is postulated as a potential risk factor in this popu-
body after an episode of TSS predisposes patientdation18.102STSS has also been well described as
to recurrent episodeéd.77,81,93,95.94n support of  a complication of wounds, varicella, and influenza
the concept of TSS as a superantigen-mediatedA.3:13,.18,62A controversial association of invasive
disease, studies of patients with TSS revealed thagroup A streptococcal infections such as STSS
up to 70% of T cells bearP2 during active dis-  with prior nonsteroidal anti-inflammatory drug
ease, correlating well with in vitro findings that (NSAID) use has been suggested; the link has
TSST-1 leads to B2 expression on T celf§:42 been proposed to be depression of the cellular
Isolates ofS aureusfrom nonmenstrual TSS immune response by NSAIB852.67
produce TSST-1 in approximately 50% of cases, Clinically, STSS shares many features with
whereas the remainder produce staphylococcalTSS. Fever, hypotension, myalgias, liver abnor-
enterotoxin B and C (SEB, SE€) Staphylococ- malities, diarrhea, emesis, renal dysfunction, and
cal enterotoxins have been shown to be potenthematologic abnormalities may be present in TSS
mediators of cytokine production and release in acaused by either staphylococci or streptocécci.
similar fashion to TSST-1 and thereby produce Diffuse macular erythroderma likewise is fre-

clinically similar disease&t.70 guently present in disease caused by both bacteria
and is often accompanied by mucous membrane
Streptococcal TSS findings, such as conjunctival injection and

In the late 1980s, a disease similar in appear-delayed desquamation of palms and sefe¥.106
ance to TSS, yet caused by invasive streptococci, Nonetheless, certain important differences exist
was recognized 14 Also known as “toxic strep” between STSS and TSS. The skin is often the por-
or “streptococcal toxic shock-like syndrome,” tal of entry in STSS, with soft-tissue infections
streptococcal TSS (STSS) was found to sharedeveloping in 80% of patiengst3.18,107The initial
many clinical features with TS8:97In the major- presentation of STSS is often localized pain in an
ity of cases toxin-producing group A streptococci extremity, which rapidly progresses over 48 to 72
have been isolated, with SPE-A production being hours to manifest both local and systemic signs of
most closely linked with invasive diseds®34 STSS®:6.13.29Cutaneous signs may include local-
However, group A streptococci producing SPE-B, ized edema and erythema, a bullous and hemor-
SPE-C, streptococcal superantigen, and mitogenicrhagic cellulitis, necrotizing fasciitis or myositis,
factor, as well as non-group A streptococci, have and gangren&13.16.29,10050ft-tissue involvement
been found to be causative in individual cases ofof this nature is distinctly uncommon in staphylo-
STSS as well.In a similar manner to classic TSS, coccal TSS:62STSS may uncommonly occur in

the absence of cutaneous involvement; in these
*References 6, 16, 18, 24, 29, 44, 62, 98-101. cases differentiation from staphylococcal TSS
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becomes more difficult. Blood cultures are posi- duction is less frequent. A single case caused by
tive in more than 50% of patients with STSS, as group A streptococcus has been reported as’well.

compared with less than 15% in TSSIn addi- Because of the clinical and microbiologic overlap,
tion, mortality rates are more than 5 times higher RED disorder is postulated to be a variant of TSS,
in STSS3:5.6,62,100 caused by similar bacteria, yet modified by host

Management of STSS is similar to that of TSS. factors.
Supportive therapy, vasopressors, and antibiotics
are the cornerstones of treatment. The increasing->Ccarlet fever
ly reported clinical resistance of streptococci to  Scarlet fever is no longer the major public
penicillin G, as well as the difficulty in being able health threat that it was in the past. Morbidity,
to distinguish STSS from TSS in somes cases, sugimortality, and sequelae are much less serious
gests the need for adequate antimicrobial coveraggoday not only because of the development of
for both staphylococci and penicillin-resistant antibiotics, but also because of changes in the
streptococci. Consideration should be given to streptococci responsible for the majority of cases
clindamycin, erythromycin, cephalosporins, or of scarlet fever. Whereas the bacteria that caused
other agents as deemed appropriate by clinicalscarlet fever in the beginning of this century pri-
presentation and culture resutténtravenousy- marily produced the more virulent SPE-A toxin,
globulin has been reported to be dramatically currently SPE-B and SPE-C are produced by most
effective in STSS, but is not yet in widespread Streptococcus pyogenesganisms isolated from

use20 patients with scarlet fevér.

_ _ Scarlet fever remains primarily a disease of
Recalcitrant, erythematous, desquamating children, with most cases occurring between the
disorder ages of 1 and 10 yeatSPEs have been shown to

In 1992, Cone et &lreported a novel presenta- elicit the cutaneous manifestations of scarlet fever
tion of toxin-mediated illness, known as recalci- by enhancing delayed-type hypersensitivity to
trant, erythematous, desquamating (RED) disor- streptococcal products, thereby requiring previous
der. Described exclusively in patients with AIDS, exposure for expression of dised8®.This
RED disorder shares many features with TSS. explains the rarity of cases of scarlet fever in infan-
Fever and hypotension, 2 of the hallmarks of TSS, cy because most infants have not had previous
are present in RED disorder as well. Diffuse mac- exposure to these streptococcal toxins and there-
ular erythema, ocular and oral mucosal injection, fore have not generated antitoxin antibody.
strawberry tongue, and delayed desquamation are Clinical findings include the abrupt onset of
likewise noted in both entities. fever, sore throat, headache, and cHifis.

Nonetheless, several important distinctions allow Mucocutaneous findings include a finely papular
separation of these clinical entities. The natural his- erythematous “sandpaper” rash on the trunk and
tory of RED disorder is that of a prolonged illness extremities, with circumoral pallor. Pastia’s lines
(mean duration, 50 days) with frequent recurrences, represent linear petechial streaks found especially
whereas TSS presents in an abrupt, fulminant fash-in flexural locations such as the antecubital fossae,
ion.”.108 Although both are multisystem diseases, the axilla, and the inguinal region. Erythema and
most patients with RED disorder have a less aggres-edema of the pharyngotonsillar area, punctate ery-
sive course, with usually fewer than 3 organ sys- thematous and petechial macules on the palate,
tems being involved.However, probably because and strawberry tongue are commonly present.
of the underlying medical condition of patients with Large, thick sheets of skin may desquamate from
RED disorder, there is a higher mortality rate with the hands and feet, especially in the convalescent
RED disorder than with TS84 Treatment of these  phase. Uncommon complications include pneu-
disorders is similar; antibiotics, fluid replacement, monia, pericarditis, meningitis, hepatitis, glomeru-
and supportive care are paramount. lonephritis, and rheumatic fev&t. Recurrence

In most patients with RED disorder, toxin- rates of scarlet fever have been reported to be as
producingS aureushas been isolated, with sources high as 189410
including skin, sinuses, and bloddvost of these Diagnosis of scarlet fever is usually apparent
strains have produced TSST-1; SEA and SEB pro-clinically, but can be further confirmed by sup-
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portive serologies and isolation of group A strep- pression, chronic alcohol abuse, and HIV-1 infec-
tococci from the pharynx. First-line treatment is tion.111-114Failure to adequately clear the toxin
with penicillin; erythromycin, cephalosporins, appears to predispose the very young to SSSS, as
ofloxacin, rifampin, and the newer macrolides are well as those with renal failuf€é

other alternatives. Toxin-producingS aureuscan be detected in

, , , every case of SSSS, with most isolates belonging
Toxm—medmtgd erythema (recurrent toxin- to phage group 1, types 71 and B5.n children
mediated perineal erythema) the infectious focus is usually in the nasopharynx

In 1996, Manders et Hldescribed a previously  or conjunctivaé%6 Staphylococcal pneumonia or
unrecognized toxin-mediated illness, recurrent bacteremia may be present in adults, but the
toxin-mediated perineal erythema (RPE). The hall- source of infection may be difficult to ascer-
mark of RPE is a striking diffuse macular erythe- tain11l Exfoliative toxins A and B (ETA and
ma in the perineum occurring abruptly after (with- ETB) have been implicated in the pathogenesis of
in 24 to 48 hours) a bacterial pharyngitis. Oral SSSS; however, other factors, such as
mucosal changes, such as strawberry tongue, atiemolysin, may contribute to the clinical presen-
well as erythema, edema, and convalescenttation11l Childhood cases of SSSS are primarily
desquamation of the hands and feet are usuallyassociated with solely ETA production; however,
present as well. Systemic signs such as fever oroccasional isolates produce ETA and ETB, or
hypotension are absent; however, diarrhea mayrarely, ETB aloné14The frequency of the differ-
occur. Recurrences are frequent, with one of theent toxins in adult cases is unclé&rAlthough
original patients now having experienced 12 dis- clearly toxin-mediated, ETA and ETB may not
tinct episodes during a 19-year couts€ulture act as superantigens because ET has been postu-
of the pharynx during the acute episodes reveallated to cause blistering in the granular layer by
toxin-producingS aureusor S pyogenes directly binding desmoglein | and causing inter-

Since the original publication, it has become desmosomal splitting?6.116.117An appropriate
clear that RPE is part of an expanding clinical antibody response to ET appears to limit clinical
spectrum of toxin-mediated skin diseases that dodisease expression to bullous impetigo; an inade-
not easily fit into previously described clinical quate humoral immune response may predispose
entities. Recurrent erythroderma associated with apatients to development of SS5S.
preceding bacterial pharyngitis, isolated episodes Clinical features of SSSS include fever, irri-
of toxin-mediated erythema without recurrences, tability, skin tenderness, and scarlatiniform erythe-
and patients with episodic mild hypotension, fever, ma with accentuation in flexural are'®§.Within
and typical mucocutaneous findings in the absence24 to 48 hours sterile blisters and erosions devel-
of full criteria for TSS have been encountered in op; Nikolsky’s sign is characteristically present.
my own experience or in consultation with col- Intraoral lesions do not occur because of the
leagues. The common feature, aside from a largeabsence of a granular layer to which the toxin may
degree of clinical overlap, has been the repeatedbind; however, involvement of the keratinized
ability to isolate toxin-producing bacteria from external lip with crusting and fissuring is frequent-
normally sterile sites. Given the clinical variations, ly encountered. Sepsis is rare in children but com-
it is more appropriate to refer to this group of enti- mon in adults, likely accounting for the greater
ties as “toxin-mediated erythema,” although most severity of disease in this grodfh114
cases are recurrent with a propensity for perineal Therapy for SSSS includes intravenous penicil-

involvement. linase-resistant penicillins, fluid and electrolyte
) management, and topical care. The mortality rate
Staphylococcal scalded-skin syndrome is low in children (3%) but exceeds 50% in adults,

Staphylococcal scalded-skin syndrome (SSSS)especially in the setting of immunocompromise;
is primarily a disease of young children; the NSAID use may predispose patients to a poorer
majority of patients are younger than 5 years of outcomell®
agel06.111 Adults with SSSS have rarely been o
reported: predisposing factors in this population N€crotizing fasciitis
include renal failure, malignancy, immunosup- Necrotizing fasciitis (NF) is a rapidly advancing



Journal of the American Academy of Dermatology
Volume 39, Number 3 Manders 391

soft-tissue infection that is associated with sys- Table Ill. Kawasaki disease
temlc.tOXIClt.y and_ a high mortality raté.Many Fever of at least 5 days’ duratipiusat least 4 of the
organisms, including aerobes and anaerobes, Ma\s tgjiowing signs or symptoms:
be isolated, often in combinatiGR.118.119 . peripheral extremity changes (eg, edema, erythema,
Streptococcal gangrene, or type Il NF, is charac-  desquamation)
terized microbiologically by the isolation of group * Polymorphous exanthem
A streptococcus alone or in combination wgh ~ * Bilateral conjunctival injection
aureus!18 In addition to the surface M proteins Changes of lips and oral cavity (eg, erythema,
- . . ) strawberry tongue)
that facilitate tissue adherence and invasiveness. acute, nonpurulent cervical lymphadenopathy
the virulence of streptococci in NF is, at least in
part, due to the pyrogenic exotoxins, which exert
not only a local toxic effect, but probably also
function as superantigens in contributing to sys- tionary phase, in which susceptibility to penicillin
temic involvemeng2.118 Indeed, some cases of is diminished!8123,124Clindamycin may be a bet-
streptococcal NF may progress to streptococcalter choice in such instances because its efficacy is
TSS; however, streptococcal NF frequently occurs not affected by inoculum size; furthermore, there
in the absence of STSS, and vice versa. is some evidence that clindamycin suppresses
Predisposing conditions for the acquisition of toxin production by streptococé$.125 Other
NF include trauma (often trivial), previous antibiotic choices for streptococci include
surgery, diabetes mellitus, immunosuppression, cephalosporins or erythromyci#® The mortality
renal failure, arteriosclerosis, odontogenic infec- rate for NF ranges from 35% to 40%; however,
tion, malignancy, and alcoholis#§.119-121  prompt intervention lowers the rate to 1298.
Clinically NF can affect any body part, but usual-
ly involves an extremity?! Localized painful ery-
thema and edema rapidly progress over hours to Kawasaki disease (KD) is a multisystem illness,
days, with development of cyanosis, blistering, primarily occurring in infants and young chil-
and necrosi$8.118Untreated, NF may progress to dren42.126 Qriginally described in Japan, KD is
deep gangrene and sloughing of tissue. Systemianow well recognized worldwid&6-128The major-
signs and symptoms include high fever, anxiety, ity of patients with KD are younger than 5 years of
altered mental status, tachypnea, tachycardia, ancage, with a peak incidence between 12 and 24
hypocalcemid8.118 Diagnosis is made primarily months of agé26.129KD most commonly presents
clinically, but can be aided by aspirate for Gram’s in winter and early springz9130Although KD is
stain and culture, frozen tissue sections showingan acute self-limited iliness, the sequelae can be
massive polymorphonuclear infiltrate in the fascia potentially fatal. Indeed, KD is a leading cause of
and subcutaneous tissue, and radiographic studiesicquired heart disease in childf@d31.132
that may demonstrate gas (if coinfection is pre- Clinically, KD is defined by fever of 5 days’
sent) or extensive fluid in soft tissue pladé%.  duration, as well as at least 4 of 5 other clinical cri-
Rapid streptococccal diagnostic kits, usually uti- teria (Table [11)132 Mucocutaneous findings
lized for pharyngeal infections, have been recently include bilateral conjunctival injection, erythema-
reported to be effective in identifyirfg pyogenes tous or fissured lips, strawberry tongue, pharyn-
from aspirates of infected tissue in RE. geal erythema, edema and erythema of the extrem-
Treatment includes aggressive surgical debride-ities, and convalescent thick “membranous”
ment, antibiotic therapy, and supportive cad¥e. desquamation of the hands and feet. The cutaneous
Hyperbaric oxygen may be a useful adjunct. eruption of KD is classified as “polymorphous”
Antibiotic choices should cover the variety of and has been described as macular, morbilliform,
potential causative organisms, unless a definite urticarial, scarlatiniform, erythema multiforme—
bacterium can be isolated. In cases cause8® by like, pustular, and resembling erythema margina-
pyogenespenicillin G remains the antibiotic of tum126.129,133-139mportantly, the eruption in up
choice; however, invasive group A streptococcal to two thirds of patients with KD manifests as peri-
infections are sometimes characterized by concen-neal erythema33 In addition to the major clinical
trations of bacteria so high that many enter a sta-criteria, other frequently occurring physical signs

Kawasaki disease
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include central nervous system involvement (irri- easet2.132.143 eung et al*2isolated toxin-produc-
tability, lethargy, aseptic meningitis), urethritis, ing bacteria (primaril\§ aureusless frequenths
cardiac abnormalities (gallop rhythm, pericarditis, pyogenegin 13 of 16 patients with KD, as com-
myocarditis, congestive heart failure), liver dys- pared with only 1 of 15 control subjects. Cultures
function, arthritis, abdominal pain, and diar- were obtained from the throat, axilla, groin, and
rheal26.129,130 rectum; of note is the fact that most colonieSof
Laboratory findings in KD include elevations in aureus were white and were therefore easily
leukocyte count, erythrocyte sedimentation rate, missed for coagulase-negative staphylococci
and platelet count. Thrombocytosis peaks in the (which may account for the failure to isola%e
convalescent phase, usually 2 to 3 weeks afteraureusin previous studies¥2 The primary toxin
onset of illness. Likewise, coronary artery elaborated was TSST-1, with the streptococcal iso-
aneurysms usually manifest after 2 weeks of ill- lates producing SPE-B and SPE42:145|n sup-
ness; it is recommended that a baseline echocarport of a superantigen-mediated process, marked
diogram be obtained, with a repeat echocardio- expansion of the T-cell population bearin@2#+
gram approximately 3 and 8 weeks after diseaseand \38.1+ was observed in acute, but not conva-
onsetl26,129 Histopathologic examination reveals lescent, blood samples of patients with K.
a necrotizing vasculitis, especially of medium- Although this latter study has been confirmed by
sized arteries such as the coronary arter-others!46it has not been uniformly accept&d.
ies132,136,13These pathologic findings are usual- Advocates of a superantigen-mediated pathophys-
ly not evident on skin biopgh?9.138 iology have postulated that the efficacy wf
Although KD is self-limited, the most serious globulin in the treatment of KD is due to antibod-
sequelae involve aneurysms of the coronary arter-ies that inhibit the activation of T cells by staphy-
ies, which can develop during the convalescentlococcal or streptococcal superantigétfs.
phase of disease in up to 20% of patiéAs-29 o
Myocardial infarction is the primary cause of PSoriasis
death in KD, occurring in 2% of patients, and usu-  As more is learned regarding the pathogenesis
ally presenting within the first year subsequent to of psoriasis, it is becoming clear that T-lympho-
acute diseas¥6.129 Incomplete or “atypical”  cyte activation and infiltration play a crucial role in
forms of KD have been reported and are charac-the initiation and maintenance of clinical dis-
terized by cardiac involvement in the absence of 5ease#2.149|n guttate psoriasis, and perhaps to a
of 6 clinical criterial26.139 lesser degree chronic plaque psoriasis, there
Intravenousy-globulin is the cornerstone of appears to be a potential role for bacterial super-
therapy for KD and may be given either as a 4-dayantigens in the induction of the localized inflam-
regimen or as a single, larger ddégel4l matory response that leads to the clinical lesions of
Antiplatelet therapy with aspirin is recommended, psoriasist2.150,151
with dipyridamole as an alternative agent for = The potential association of guttate psoriasis
patients unable to take aspifi#f Angioplasty, with a preceding streptococcal infection has been
thrombolytic therapy, or even coronary artery recognized for decadég2.153More recently, it has
bypass surgery may be required for patients withbeen shown that intradermal injections of strepto-
severe coronary involvemeH.129 coccal extracts into normal skin of patients with
Although unproven, an infectious origin has psoriasis can lead to lesions histologically consis-
been suspected for KD because of the self-limitedtent with psoriasi$®4.155In addition, T lympho-
nature, occasional epidemics, geographic cluster-cytes from patients with psoriasis have been
ing, and seasonal inciden¥#,;127,136|n addition, demonstrated to have enhanced proliferative
the paucity of cases in children younger than 6 responses to group A streptococcal antigéfs.
months, or older than 5 years, of age suggests the Selective expansion of f2+ T cells in the
possibility of a protective antibody to an infectious lesional and perilesional skin of patients with gut-
agentl26 Nonetheless, a specific microbial cause tate psoriasis has been demonstrab8d>’This
has been elusive. was shown to be a localized phenomenon because
Increasing evidence suggests that KD may there was no concurrent clonal expansion of T cells
be a toxin-mediated, superantigen-driven dis- in the peripheral bloo&k?All streptococcal isolates
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from patients with guttate psoriasis produced SPE-aureusmay contribute to the pathogenesis of skin
C, a toxin which has been associated with the selec-inflammation in AD have been proposed, many
tive expansion of B2* T cells10 |t has also been involving toxins. In one model, toxins may direct-
demonstrated that superantigens may upregulatdy stimulate TNFea or IL-la release from
the expression of cutaneous lymphoid antigen macrophages, Langerhans cells, keratinocytes, or
(CLA), the skin homing receptor, on T ce}.159 dermal dendritic cells, leading to leukocyte infil-
Taken together, these findings suggest one potentiakration into the skirf2.165
model for the pathogenesis of guttate psoriasis, in  Another potential role for toxins in the patho-
which a pharyngeal infection with toxin-producing genesis of AD involves a superantigen-mediated
streptococci leads to the expansion @RYVT cells stimulation of T cells to locally produce cytokines
bearing CLA in local lymph nodes. This is followed that mediate tissue inflammation, which has been
by localization of these R2*/CLA* T cells to the =~ demonstrated in mice with the application of
skin where, in combination with local factors such SEB#2.166 Activated keratinocytes, unlike “nor-
as cytokine production, the clinical lesions of gut- mal” keratinocytes, express MHCII and therefore
tate psoriasis are produc&tso can function as superantigen-presenting cells to
Chronic plaque psoriasis has been less closelyneighboring T cells, leading to further cytokine
linked with preceding, or concurrent, bacterial release and inflammation, which in turn could lead
infection than guttate psoriasis. Nonetheless, theto further activation of keratinocytes, thereby
findings of persistent T-cell clones bearin@3/or essentially self-perpetuating the inflammatory
VB13.1 in skin biopsy specimens from patients sequencé2.52,167,168
with chronic plague psoriasis suggest the possibil-  Finally, toxins fromS aureusmay function as
ity of a superantigen-induced inflammatory allergens in the pathogenesis of AD. The majority
responsés0 One potential hypothesis to explain of patients with AD have circulating IgE specific
the persistence of autoreactive T cells in the skin offor TSST-1, SEB, and SEA; these antibodies may
patients with plaque psoriasis involves the abnor- lead to mast cell degranulation on exposure to tox-
mal recognition by T cells of specific skin anti- ins that have penetrated an already compromised
gens, perhaps modified by host genetic factors andepidermal barriet2.145 Histamine release from
chronic superantigen exposure, although this is yetmast cells may then contribute to the pruritus that
unprovedt2.149,150 is characteristic of AD?2

Atopic dermatitis CONCLUSION

Although the exact pathogenesis of atopic der- The resurgence of serious streptococcal and
matitis (AD) remains to be elucidated, it is clear staphylococcal infections within the past 15 years
that multiple factors, including local inflammation has led to a renewed interest in some “classic”
with monocytes and T cells, mast cell degranula- infectious diseases, the recognition of several new
tion, humoral and cellular immunity, and a person- clinical entities, and the reevaluation of the poten-
al and/or family history of atopy all contributél tial role of bacteria in well-recognized conditions
The precise role of each of these elements, as wellwith unclear pathogenesis. Central to the reemer-
as the contribution from exogenous factors such asgence ofStreptococcusand S aureusas major
allergens or infection, is yet to be determined. pathogens has been the production of toxins, which

Bacterial colonization has been well described as often function as “superantigens” in mediating dis-
a potential initiating or exacerbating factor in AD, ease by a massive inflammatory response which
with S aureuseing isolated from the affected skin bypasses the conventional immune sequence. Other
of more than 90% of patient&2 More than half of  innate bacterial properties likely contribute to dis-
the S aureusstrains isolated from patients with AD ease expression as well. The ability of individual
have been shown to secrete toxins, primarily SEA, toxins to produce varying manifestations of clinical
SEB, and TSST-145.163Furthermore, SEB applied disease is probably due to the level of toxin pro-
directly to the skin of normal subjects, as well as to duction in a given person, as well as host factors
the uninvolved skin of patients with AD, has been such as age, immune status, local pH, and oxygen
shown to result in erythema and induratiéf. and glucose levels. Clinically, certain common fea-

Several potential mechanisms by whiéh  tures are frequently present in these toxin-mediated
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illnesses, such as an erythematous eruption with 17

frequent perineal accentuation, mucosal changes
such as strawberry tongue, and extremity changes 1g.
of erythema, edema, and desquamation. The poten-
tial role of these bacteria in entities such as KD, 19

psoriasis, and AD is intriguing, but is still unproved.
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