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Introduction 
The first description of staphylococcal toxic 
shock syndrome (TSS) was by Todd et al. (1978) 

in children aged 8 to 17 {l}. Shortly afterwards 

other reports were published and it became well 
known as an illness of menstruating women who 

used tampons [2, 3}' The syndrome is character
ized by rapid onset of fever, hypotension and 
multisystem failure with desquamating rash 
occurring in convalescence [4}. The majority of 
early cases reported were menstrually associated 
(MTSS) but this pattern has been changing 
with an increasing proportion of cases non
menstruall y associated (NMTSS) [5}' 

In the late 1980s, cases of severe invasive 
group streptococcal (GAS) infections associated 

with a similar clinical presentation to staphylo
coccal TSS began to appear in the literature 
[6-8}. This streptococcal toxic shock-like or 
streptococcal toxic shock syndrome (STSS) shares 
in common features of fever, shock and multi
system organ failure with staphylococcal TSS [4, 
9}. In contrast, STSS has no menstrual associa
tion, is more common at extremes of age and is 
a much more lethal condition compared to TSS 
with case fatality rates of approximately 50% as 
compared to 5% respectively [5, 1O-15}. STSS 
is occasionally associated with the severe soft 
tissue infection necrotizing fascitis which has 
been popularly called "flesh eating disease" by 
the media [12}. 

Epidemiology 

STAPHYLOCOCCAL TOXIC 
SHOCK SYNDROME 

There have been significant changes in the rates 
ofTSS since its first description two decades ago. 
In the early 1980s the incidence peaked and 
there was much public awareness [15}. Case
control studies identified white race, young 
women (under 20 years), barrier contraceptives, 
and use of tampons, particularly the superab
sorbent variety Rely brand, as risk factors for 
acquiring TSS [2, 16-18}. The Rely brand 
tampon was withdrawn from the market in 1980 
and there was a temporally associated decrease 

in TSS incidence from rates of approximately 
10 per 100,000 young women in 1980 to 1 per 
100,000 in 1986 [2, 15, 19-21]. 

Following the initial identification of MTSS 
cases, there were increasing numbers of NMTSS 
cases reported. The majority ofNMTSS cases are 
nosocomially acquired and the sources of infec
tion may be either genital, such as with post
partum or contraceptive diaphragm associated 
illness, or non-genital such as with postoperative 
wound infection, burns, cellulitis, and rarely 
necrotizing fasciitis [5, 22, 23}. Since the mid 
1980s rates ofNMTSS have been similar to those 
for MTSS. The overall incidence of TSS has been 
less well documented since the late 1980s but 
rates have probably not increased. The case 
fatality rate for TSS is variable according to age, 
gender and whether it is menstrually or non
menstrually associated. In one passive surveil
lance study conducted between 1980-1986, the 
case fatal ity rate for TSS was lowest for vaginally 
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associated disease in young females under 15 
years old (2%) and was highest in non-vaginally 
associated cases in women (13%) and men (17%) 
over 45 years old [24}. 

STREPTOCOCCAL TOXIC 
SHOCK SYNDROME 

Group A streptococcal infections have re
emerged in the past 15 years as significant causes 
of severe infections. Acute rheumatic fever and 
scarlet fever caused by GAS were common until 
the middle of the twentieth century but then 
decreased in incidence for reasons that are not 
well known. Invasive GAS infections, defined as 
the isolation of Streptococcus pyogenes from nor
mally sterile body sites such as blood or cere
brospinal, pleural, or deep tissue aspirate fluid, 
are increasingly reported as significant causes 
of severe morbidity and mortality. Population
based studies have shown that invasive GAS 
disease in Europe and North America now occurs 
at an incidence of 2-5 per 100,000 [10-13, 25}. 
Among cases of invasive GAS infection, STSS 
occurs in approximately 15 % (incidence of 
0.2-0.7 per 100,000 population) and necrotiz
ing fasciitis in 3-6% [10, 13}. 

Although early studies suggested that STSS 
was more common among healthy young indi
viduals, prospective population-based studies 
have demonstrated that this is not the case 
[8, 10, 11, 13}. In the largest prospective 
population-based study of invasive GAS disease 
reported, STSS was observed in 5% of children 
under 15 years old compared to 29% in adults 
over 75 years old [10}. Furthermore, among 
patients with invasive GAS disease, those with 
STSS are more likely to have a chronic underly
ing illness [10, 13J. The most important chronic 
co-morbid conditions in invasive GAS infection 
and STSS include HIV infection, malignancy, 
heart disease, diabetes, lung disease, and alcohol 
abuse [10, 13}' Skin trauma or breakdown is 
observed as a preceding event to invasive GAS 
disease in approximately one third of cases but 
the relative risk associated with this is unknown. 
In children, varicella is the most important 

documented risk factor for acquisition of inva
sive GAS disease and necrotizing fasciitis with a 
relative risk of up to 58 [10,13, 14J. 

Approximately one half of patients with 
necrotizing fasciitis have concomitant STSS, 
although only one quarter of cases of STSS have 
necrotizing fasciitis [10, 12, 13]. The most 
common foci of infection associated with STSS 
include soft tissue infection, pneumonia, bac
teremia with no clinical focus, and septic arthri
tis [10, 13}. The case fatality rate of invasive 
GAS infection is markedly increased when asso
ciated with STSS with rates of 47-81 % identi
fied in population-based studies [10, 13, 25}. 
Necrotizing fasciitis in the absence of criteria for 
STSS does not increase the case fatality rate above 
that for invasive GAS infections alone. 

Etiology and Pathogenesis 

STAPHYLOCOCCAL TOXIC 
SHOCK SYNDROME 

TSS is caused by toxigenic strains of Staphylococ
cus aureus. The evidence supporting a toxic 
pathogenesis in TSS includes the clinical find
ings of multisystem involvement in the absence 
of systemic infection (positive blood cultures In 
less than 10% of cases) and the ability to repro
duce a TSS-like illness in rabbits using purified 
S. aureus toxins [26, 27}. There is strong evi
dence implicating toxic shock syndrome toxin-1 
(TSST-1) and the staphylococcal enteroroxins as 
the etiologic agents ofTSS [28,29]. TSST-1 was 
identified independently by Bergdoll et al. [30] 
and Schlievert et al. [31 J in 1981 and its role in 
TSS is widely accepted. This protein is produced 
by over 90% of MTSS isolates and the majority 
of NMTSS isolates [28, 31}. The staphylococcal 
enteroroxins are commonly co-produced with 
TSST-1 and are likely responsible for the syn
drome in non-TSST-1 producing isolates from 
TSS cases [28, 29J. Staphylococcal enterotoxin B 
is produced by the majority of NMTSS isolates 
in which TSST-1 is not produced and is likely 
the cause of the disease in these cases [5, 29, 32, 
33}' TSST-1 negative TSS has a higher case-
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fatality rate which may reflect the higher rate of 
co-morbid medical conditions typical ofNMTSS 
patients or the different toxins mediating the 
illness [28}. 

It is not clear why TSS emerged as a "new" 
complication of S. aureus infections in the late 
1970s. Retrospective have identified that S. 
aureus has had the ability to produce TSST-l 
since at least the 1950s [34}. The onset ofMTSS 
in 1980 appears to be closely related to the use 
of superabsorbent tampons, as these products 
probably increase the risk of MTSS by altering 
the vaginal milieu to encourage S. aureus colo
nization and promote toxin production. In vitro 
studies of TSST-l expression by S. aureus have 
identified that production is highly variable 
according to the environment and that an 
aerobic, pH neutral, low magnesium environ
ment optimizes toxin production (35). Tampons 
may increase the risk of TSS by promoting these 
conditions. It is less clear which factors have 
been involved in the development of NMTSS. It 
is possible that this condition has been present 
at a low baseline rate for many years but not 
widely identified until surveillance for MTSS 
brought it to attention. MTSS and NMTSS 
appear to be distinct microbiologically as one 
clone appears to be responsible for the majority 
of cases of MTSS whereas isolates from NMTSS 
are heterogeneous [36, 37). 

TSST-l and the staphylococcal enterotoxins 
are superantigens which induce widespread 
immune activation and subsequent shock (38). 
In the usual cell mediated immune response, T 
cells recognize antigen presented by the major 
histocompatibility complex II positive antigen 
presenting cells with high specificity. The pop
ulation of T cells that respond are selected based 
on the specificity of their T cell receptor which 
is determined by the combination of the variable 
gene segments Va, vp, la, lP and DP [38}. 
However, superantigens bypass the usual antigen 
presenting process and activate T cells based on 
Vp specificity alone [38}. This leads to a rela
tively non-specific activation of large popula
tions of T cells. For instance, TSST-1 is Vp2 

restricted and may stimulate up to 50% of all T 
cells [38, 39}. The result of this activation is the 
release of potent mediators of inflammation 
including interleukins 1 and 6 and tumor necro
sis factor which ultimately lead to the clinical 
manifestations of TSS. 

STREPTOCOCCAL TOXIC 
SHOCK SYNDROME 

The pathogenesis of STSS is less well defined 
than TSS and it appears to be related to both the 
invasiveness of the organism as well as to the sys
temic toxins it produces. Identification of viru
lence determinants is further complicated by the 
fact that the same strains that cause severe inva
sive disease are commonly non-disease associ
ated, and that there is considerable heterogeneity 
among isolates from different cases of STSS [40}. 
There also appears to be host genetic suscepti
bility factors involved with the development of 
STSS. In one small study, HLA DRBI *02, 
DQA1 *0103 alleles and the DRBI *02-
DQAl *0102 haplotype were associated with 
protection from STSS [41}. Some investigators 
have hypothesized that non-steroidal anti
inflammatory agents may enhance the progres
sion of invasive GAS infections to STSS by 
attenuating the early inflammatory response 
{42}. One small case-control study has found an 
association between ibuprofen use and develop
ment of necrotizing fasciitis and STSS in chil
dren following varicella infection [43]. However, 
most of these children received the ibuprofen 
attar there was evidence for infection, and this 
drug use may have been a marker of severity of 
disease rather than causal. 

Unlike in TSS where systemic effects are 
observed in association with a localized infec
tion, STSS is characterized by severe bacteremic 
infection. No single factor has been identified 
that enables S. pyogenes to aggressively invade 
tissue but potential virulence determinants 
include M proteins and enzymes such as strep
tokinase, hyaluronidase, deoxyribonucleases and 
proteinases. Although there is a broad range of 
M protein types observed with severe GAS 
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disease, Ml and M3 have been observed to occur 
at higher rates with invasive infection [44-46}. 
However, the association of specific M-types 
with severe disease is modest and these proteins 
may be markers for other yet unidentified inva
sive factors. 

There are a number of exotoxins that may 
potentially mediate STSS although a single one 
has not been identified as the cause. The strep
tococcal pyrogenic exotoxins (SPE) function as 
superantigens and are structurally related to the 
staphylococcal enterotoxins [38}. Strains of GAS 
producing SPE A in North America and SPE C 
in Europe have been associated with STSS 
[47, 48}. Mitogenic factor and streptococcal 
superantigen have been identified from STSS iso
lates but their role is unclear [49, 50}. Watan
abe-Ohnishi et al. showed that characteristic V~ 
restricted T cell population changes occurred in 
cases of STSS that were not related to SPE and 
suggested that an unidentified superantigen may 
be involved [51}. 

Diagnosis 
The diagnosis of TSS or STSS is based on iden
tifying a syndrome of shock, fever, and multi
system failure with the fulfillment of criteria for 
one of these conditions. The Centers for Disease 
Control and Prevention case definition for TSS is 
shown in Table 1 and the criteria for STSS as 
defined by the Working Group on Severe Strep
tococcal Infections are shown in Table 2 [4, 9}' 
The diagnosis of TSS requires a high index of 
suspicion because it is a clinical diagnosis having 
no single diagnostic test and the infection source 
is often mild or clinically not apparent. The 
diagnosis of TSS does not require isolation 
of S. aureUJ from a normally sterile site, although 
most cases will have evidence of this infection 
from a non-sterile site. STSS is usually easier to 
diagnose than TSS because of the often fulmi
nant illness and high rate of blood culture posi
tivity (>90%) in this condition [l0}. However, 
the early presentation of patients who later 
develop STSS is often non-specific and delays 

TABLE 1. Staphylococcal toxic 
shock syndrome, case definition* 

All of: 
1) Fever: Temperature ~38.9°C 
2) Rash: Diffuse macular erythroderma 
3) Desquamation: 1-2 weeks after onset of 

illness, particularly of palms, soles, fingers, 
and toes 

4) Hypotension: Systolic blood pressure <90 mm 
Hg for adults or <5th percentile by age for 
children or orthostatic syncope 

And 
Involvement of three or more of the following 
organ systems: 
A. Gastrointestinal: vomiting or diarrhea at 

onset of illness 
B. Muscular: severe myalgia or creatinine 

phosphokinase level greater than twice the 
upper limit of normal 

C. Mucous membranes: vaginal, oropharyngeal, 
or conjunctival hyperemia 

D. Renal: BUN or serum creatinine greater than 
twice the upper limit of normal; or ~5 white 
blood cells per high power field in the 
absence of a urinary tract infection 

E. Hepatic: total bilirubin, or transaminase 
greater than twice the upper limit of normal 

F. Hematology: platelets <100,000/mml 
G. Central nervous system: disorientation or 

alterations in consciousness without focal 
neurologic signs when fever and hypotension 
are absent 

And 
Negative results on the following tests if 
obtained: 
A. Blood, throat or cerebtospinal fluid cultures; 

blood cultures may be positive for S. aureus 
B. Serologic tests for Rocky Mountain spotted 

fever, leptospirosis, or measles 

* Reproduced from [4}. 

in diagnosis and treatment are not uncommon. 
Unlike in TSS, definite diagnosis of STSS 
requires the culturing of GAS from a normally 
sterile site [4, 9}. 

TSS and STSS share many clinical features in 
common, which may be the result of the shock
state or more specifically related to individual 
toxin effects. In both of these syndromes, shock 
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TABLE 2. Streptococcal toxic shock, case definition* 

I. Isolation of group A streptococcus (S. pyogenes) 
A. From a normally sterile site (e.g. blood, CSF, 

pleural or peritoneal fluid, tissue biopsy, 
surgical wound, etc.) 

B. From a non-sterile site (e.g. throat, sputum, 
vagina, superficial skin lesion, etc.) 

II. Clinical signs of severity 

and 

A. Hypotension: systolic blood pressure $90 
mm Hg in adults or <5 percentile for age in 
children 

B. ~2 of the following: 
1. Renal impairment (Creatinine> 177 J.lmolll 

for adults or twice upper limit of normal for 
age or baseline level in chronic renal 
insufficiency) 

2. Coagulopathy (platelets $100,000 or 
disseminated intravascular coagulation) 

3. Liver involvement (transaminases or 
bilirubin ~ twice upper limit normal or 
baseline in preexisting liver impairment) 

4. Adult respiratory distress syndrome 
(pulmonary infiltrates and hypoxemia 
without heart failure) or evidence of diffuse 
capillary leak (generalized edema or pleural 
or peritoneal effusions with 
hypoalbuminemia) 

5. Generalized erythematous macular rash that 
may desquamate 

6. Soft tissue necrosis (necrotizing fasciitis, 
myositis, or gangrene) 

Illness with IA and II (A and B) - definite case 
IB and II (A and B) - probable case, 

if no other etiology defined for 
illness 

* Reproduced from {9]' 

is multifactorial and may be due to vasodilation, 
non-hydrostatic protein leakage with subsequent 
intravascular volume depletion, hypovolemia 
from diarrhea, vomiting, and fever, and myo
cardial depression (52-55}. The myocardial 
dysfunction when it occurs demonstrates the 
picture of a reversible toxic cardiomyopathy or 
myocarditis [52-55}. The shock-state commonly 
leads to renal impairment from pre-renal failure 

or acute tubular necrosis (56, 57], Electrolyte 
abnormalities are non-specific and may include 
low serum calcium, magnesium, sodium, potas
sium and phosphate [56, 57}. The elevated 
transaminase and bilirubin levels commonly 
observed are most likely related to shock liver 
[53, 54, 57}. Adult respiratory distress syn
drome (ARDS) is more common in STSS but 
may also occur in TSS [53, 54, 57}. Pleural effu
sions are more common in STSS than in TSS and 
may be complicated by empyema [9, 58}. 

Toxin manifestations that may be indepen
dent of the shock-state occur commonly espe
cially in TSS. In TSS the rash is typically a 
diffuse macular erythroderma with desquama
tion most pronounced on the hands and soles at 
approximately 1-3 weeks after illness onset. The 
rash in STSS is similar but is less common and 
desquamation occurs less commonly. TSS may be 
associated with mental status changes ranging 
from headache to encephalopathy which may 
lead to persistent cognitive impairment [59J. 
Vomiting and inflammatory diarrhea are 
common in TSS, as is sterile pyuria. These may 
be a result of severe illness or secondary to 
toxin(s). 

Necrotizing fasciitis is a rapidly progressive 
infection that is often difficult to diagnose clin
ically. It occurs commonly in association with 
STSS and is definitely diagnosed if histopatho
logical examination reveals necrosis of fascia 
with edema and polymorphonuclear infiltrate 
[i2l. This diagnosis may be made clinically if 
tissue necrosis is or at surgical exploration. In the 
early stages there may be necrosis of the under
lying fascia despite normal overlying skin. Clues 
to the diagnosis include pain out of proportion 
to physical findings, edema, and/or erythema in 
the setting of symptoms and signs of infection 
including fever, arthralgias and myalgias [60}. 
Rapid changes in clinical findings are particu
larly worrisome for this diagnosis. Creatine 
kinase levels are often elevated but this test is 
both insensitive and non-specific and therefore 
inadequate to rule out necrotizing fasciitis. Soft 
tissue radiograms rarely show air in tissue in 
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TABLE 3. Comparison of epidemiological and clinical features of TSS and STSS 

Feature TSS STSS 

Risk groups young women using superabsorbent extremes of age, chronic underlying disease, 
tampons 

2-17% 
<10% 

alcohol abuse, chickenpox 
47-81% 
>90% 

Case fatali ty rate 
Bacteremia 
Etiology 
Rash 

TSST-1, staphylococcal enterotoxins 
all 

Poorly defined 
minority 

Necrotizing fasciitis 
Antibiotic treatment 
IVIG 

rare 
oxacillin or clindamycin 
possible benefit 

necrotizing fasciitis due to GAS and are unhelp

ful to exclude this diagnosis. Magnetic resonance 

imaging has been reported as a possible test to 

rule out necrotizing fasciitis but performance of 

this test should not delay definitive diagnosis by 

surgical exploration and biopsy which is the 

standard of care [60, 61}, Since no symptom, 
sign or non-invasive investigation reliably rules 

out a diagnosis of necrotizing fasciitis, surgical 

exploration should be performed in all cases for 
which the diagnosis is entertained. The proce
dure has minimal morbidity but a missed or 
delayed diagnosis of necrotizing fasciitis has very 
serious and often lethal consequences. 

In both TSS and STSS the differential diag
nosis includes a broad range of inflammatory 

conditions. Rocky Mountain spotted fever 
caused by Rickettsia rickettsii, typhus, meningo
coccemia, Lyme disease and leptospirosis are all 

infections associated with rash that may mimic 

TSS. Toxic epidermal necrolysis, erythema 

multiforme and Stevens-Johnson syndrome all 
present with rash and fever. Sepsis from endo

carditis or Gram-negative organisms may also 

be difficult to differentiate from toxic shock. 
Kawasaki disease is an acute illness of children 
characterized by fever, rash, lymphadenopathy, 
oral involvement and peripheral extremity 
changes that must be differentiated from TSS 
because this condition is complicated by coro
nary artery aneurysms in approximately 25% of 
untreated cases [62, 63}. 

common (25%) 
clindamycin and penicillin 
standard of care 

Treatment 

The general principles of treatment of TSS and 

STSS are similar and may involve supportive 
care, antibiotics, surgery and intravenous 

immunoglobulin (IVIG). There have been no 

randomized trials in the treatment of TSS or 

STSS and management is based primarily on 
expert opinion and from experience in related 

conditions. The spectrum ofTSS ranges from rel

atively mild to severe disease whereas STSS is 
virtually always severe. In one prospective study, 
80% of cases of STSS required ICU care, 60% 
needed mechanical ventilation and 52% vaso
pressor support [13}' In all cases of STSS and 
TSS, ifICU care is not initially undertaken, close 
monitoring on the hospital ward is required with 
a low threshold to transfer to ICU care in the 

event of clinical deterioration. 

Supportive care in TSS and STSS is similar to 

that used for septic shock caused by infection 

with other organisms, particularly Gram

negatives, as discussed elsewhere in this book. 

Cardio-respiratory support includes intravenous 

fluids, inotropes/vasopressors, and mechanical 

ventilation. Intravenous fluids should promptly 
be administered to replete intravascular volume. 
Both colloid (albumin or pentastarch) and crys
talloid (normal saline or lactated Ringer's) solu
tions are useful in restoring cardiac output but 
larger volumes of crystalloid must be given for 
equal effect [64}. In patients with TSS or STSS 
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who require several liters of fluid or in those with 
evidence of diffuse capillary leak, use of colloid 
may help to reduce tissue edema. When 
hypotension and poor tissue perfusion persist 
despite adequate fluid resuscitation, inotropic 
and/or vasopressor agents are indicated. Place
ment of a pulmonary artery catheter at this stage 
is prudent to guide therapy. Fluid infusion 
should continue to reach an initial goal pul
monary wedge pressure of 1O-15mmHg [65}. 
Higher filling pressures may be required 
depending on individual patient response. 

There is no single best inotrope or vasopres
sor in the toxic shock syndromes and an indi
vidualized approach is necessary depending on 
the clinical response including changes in men
tation, tissue perfusion, blood pressure and urine 
output as well as improvements in serum lactate, 
cardiac index and systemic oxygen delivery [66, 
67}. Dopamine (5-20 !J.g/kg/min) is recom
mended as the initial agent of choice but other 
drugs may need to be introduced. Dobutamine 
(5-20 !J.g/kg/min) is useful in the setting of the 
poor cardiac output state occasionally associ
ated with toxic shock [52}. Norepinephrine 
(0.01-0.5 !J.g/kg/min) and epinephrine (0.04-
1 !J.g/kg/min) have both inotropic and vasocon
strictor properties. Phenylephrine acts primarily 
as a vasopressor with minimal inotropic effect. 
In addition to fluid and inotrope/vasopressor 
treatment, cardiorespiratory support includes 
the use of oxygen to correct hypoxia and mechan
ical ventilation with paralysis is indicated in 
severe cases to reduce metabolic demand and 
ensure adequate ventilation. Close attention 
should also be paid to nutritional supplementa
tion, and correction of metabolic, hemostatic and 
renal function abnormalities. 

Antibiotic therapy is essential in the treat
ment of TSS and STSS. For TSS, antibiotics are 
most important for preventing relapse in MTSS 
but are usually also needed to treat the local 
infection in NMTSS [68}. Prompt use of antibi
otics in STSS is critical because this is nearly 
always a systemic infection. S. aureus is virtually 
always resistant to penicillin and in some regions 

it is commonly methicillin resistant (MRSA). 
S. pyogenes is universally sensitive to penicillin. 
However, despite in vitro susceptibility, in STSS 
beta-lactam antibiotics may be limited in treat
ment because of "inoculum effect" [69}' This 
occurs when the bacteria are present in high con
centrations and are in stationary phase with the 
subsequent reduced production of penicillin 
binding proteins, the target of beta-lactam 
antibiotics [69}' Clindamycin is a protein syn
thesis inhibitor antibiotic that has in vitro activ
ity against both S. aureus and S. pyogenes. It is not 
affected by the inoculum effect and may also 
treat toxic shock by inhibiting toxin production. 
Clindamycin has been shown to be more effec
tive than penicillin in mouse models of GAS 
myositis and in case-control srudies in humans 
with STSS [70, 71}. 

We recommend that TSS be treated initially 
with high dose intravenous oxacillin (2 g q4h) or 
clindamycin (40mg/kg/day, up to 900mg q8h 
maximum) in beta-lactam allergic patients. In 
regions with high rates of MRSA, vancomycin 
(20mg/kg/day, maximum, Ig IV q12h) should 
be included until susceptibility-testing results 
are available. STSS should be treated with high 
does intravenous penicillin (100,000-
200,000 u/kg/day divided q4h up to 24 million 
units/day) and clindamycin (40mg/kg/day up 
to 900mg q8h) unless susceptibility testing 
demonstrates resistance. Generally, 7 to 10 days 
of intravenous therapy are needed for STSS, 
while step-down to oral therapy is instituted 
based on clinical response for TSS. In both TSS 
and STSS a minimum two-week total treatment 
regimen is recommended. In some cases it may 
be difficult to differentiate among TSS, STSS and 
Gram-negative septic shock in the initial pre
sentation. Our recommendation in this situation 
is that clindamycin (40mg/kg/day, maximum, 
900mg IV q8h) should be used with a broad 
spectrum, p-lactamase resistant agent until 
microbiologic diagnosis is achieved. 

Surgical intervention is commonly required 
in TSS and STSS. Any localized infection source 
requires intervention such as removal of tampons 
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or wound packing, or surgical drainage of 
infected wounds, abscesses or empyema. Necro
tizing fasciitis must be treated surgically 
without delay because this condition is typically 
fulminant. Adequate drainage and excision of all 
necrotic tissue is mandatory and often-repeated 
surgical procedures or daily exploration are 
needed in the treatment of this condition [l0, 
13}. Wounds should generally be packed open 
until the infection has been cured. 

IVIG has been suggested as an important 
treatment in TSS and STSS. Intravenous 
immunoglobulin contains neutralizing antibod
ies to staphylococcal and streptococcal super
antigens and has anti-cytokine activity [72-75}. 
One observational study comparing 21 STSS 
patients treated with IVIG with 32 STSS his
torical controls showed an increased survival rate 
for those treated with IVIG at 30 days of 67% 
vs 34% respectively [72}. Randomized trials of 
this therapy are unlikely to be performed in the 
future because of the high mortality rate associ
ated with STSS and the apparent efficacy of 
IVIG. Therefore, a single dose of IVIG (2g/kg) 
is recommended as standard treatment for this 
condition. Occasionally, repeated doses may be 
beneficial. 

Antibodies to the staphylococcal enterotoxins 
and TSST-1 are protective for TSS and theoreti
cally IVIG would also be valuable in the treat
ment of this condition [76, 77}. However, TSS 
has a much lower rate of morbidity and mortal
ity and IVIG use is a clinical decision alone. In 
children with TSS or STSS it is important to 
exclude Kawasaki disease as this condition shares 
many features with toxic shock and may be diag
nosed simultaneously [78, 79}' If there is clini
cal criteria for Kawasaki disease or evidence of 
coronary involvement then IVIG is clearly indi
cated based on its proven efficacy in reducing the 
risk of developing coronary aneurysms from 
approximately 23% to 2% [80}. Echocardiogra
phy is the screening procedure of choice to detect 
coronary aneurysms and it is our recommenda
tion that this test be performed routinely on all 
children with TSS or STSS [62, 81}. 

Preventive measures may play a role in the 
management of TSS and STSS. In patients with 
an initial episode of tampon-associated MTSS, it 
is prudent to recommend against the further use 
of tampons. If these products are used then the 
absorbency and amount of time they are left in 
place may best be minimized. Careful wound 
care and prompt treatment of infection in surgi
cal cases may reduce risks for NMTSS. Recur
rence occurs in up to one quarter of cases of TSS 
and there is a potential role for eliminating S. 
aureus asymptomatic carriage in the nares using 
topical mupirocin [2, 82}. Invasive GAS disease 
has an estimated household contact transmission 
risk of 3 per 1000 which is comparable to rates 
observed for sporadic meningococcal disease 
[l0}. Antibiotic prophylaxis for close contacts of 
patients with STSS may be beneficial but data is 
lacking and there is no consensus agreement on 
whether this prophylaxis should be routinely 
offered [83}. As a result, individual cases should 
be reviewed and prophylaxis offered based on 
risk factor assessment. Consultation with an 
infectious disease or public health specialist is 
recommended. If prophylactic treatment is war
ranted then we recommend clindamycin (20-
30mg/kg/day, up to 300mg po q8h) orally for 
10 days to clear pharyngeal carriage. In children, 
16% of all cases of invasive GAS disease are com
plications of varicella infection and it has been 
estimated that at least 10% of all invasive GAS 
in children could be prevented by routine vacci
nation for varicella at one year of age [l4}. 
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