
AHC  Media

Pediatric Manifestations  
of Group A Streptococcal Disease

The gram-positive bacterium Streptococcus pyogenes (Group A streptococcus; 
GAS) is capable of causing a wide array of diseases in the pediatric population, 
many of which often prompt caretakers to seek emergency medical care for their chil-
dren.1,2 GAS disease may be as minor as a routine sore throat or as life-threatening 
as necrotizing fasciitis, as obvious as a rash or as subtle as an aching joint. Illnesses 
caused by GAS have been with us since antiquity, and despite millennia of attention 
and treatments, the bacterium still possesses the ability to thrive in seemingly any 
body tissue and in any age group.3 GAS is almost certain to be a consistent presence 
in every emergency department, and its capacity to cause serious disease mandates 
a solid understanding of its diverse possible manifestations and their appropriate 
treatments.

— Ann M. Dietrich, MD, Editor

Introduction
GAS as an entity consists of a multitude of strains, and these are most often 

distinguished from one another by “emm typing,” a process that separates strains 
based on the variability in the sequence of the gene coding for the GAS M pro-
tein virulence factor. Although more than 200 emm types are known, any one 
geographic area will typically circulate only a small subset of these. For instance, 
more than 95% of GAS disease in temperate, industrialized countries is caused by 
only 25 emm types of GAS, but this does not hold in other regions.4 While out-
breaks of GAS may each be linked to specific emm types, this relationship is not 
consistent across time or geography, and invasive disease may be caused by many 
various emm types, unpredictably.5 GAS strain differentiation based on emm type 
is useful for clinical research and epidemiology, but it does not currently influ-
ence clinical practice. In a clinical setting, all strains of GAS may be treated the 
same way, but it is imperative not to confuse GAS with group B streptococci 
(Streptococcus agalactiae; GBS), Streptococcus pneumoniae, or other medically 
important species of streptococci.

GAS may cause disease both by direct infection, termed “suppurative disease,” 
and also by the response of the body to an antecedent infection, termed “non-
suppurative disease.”3 Streptococcal pharyngitis is the most common example 
of a suppurative GAS illness, and acute rheumatic fever is the most common 
example of nonsuppurative GAS disease. A further distinction is drawn among 
the suppurative diseases, between “invasive” and “noninvasive” infections. An 
invasive GAS infection is defined as one in which GAS can be isolated from a 
part of the body that is normally sterile, as would be the case in pneumonia but 
not in pharyngitis (See Figure 1).6

Suppurative GAS infections most often take the form of minor disease of the 
mucosa and skin, while invasive GAS can be life-threatening. The CDC esti-
mates an incidence of more than 10 million cases of noninvasive GAS infection 
in the United States each year, primarily pharyngitis and impetigo, in contrast to 
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approximately 10,000 annual cases of 
invasive GAS infection.7 Within the 
United States, nonsuppurative GAS 
disease is even more rare, with a total 
yearly incidence of a few thousand 
cases at most, though nonsuppurative 
disease is far more prevalent in the 
developing world, with acute rheu-
matic fever alone being two to five 
times more common in less-industri-
alized nations.8-10

GAS is primarily a pathogen of 
humans, and it is most commonly 
transmitted via direct contact or 
respiratory droplet. Though other 
animals may become infected or 
colonized with GAS, they do not 

substantively contribute to the 
human epidemiology of the bacte-
rium. It is also important to note 
that GAS can exist with humans in 
an asymptomatic carrier state, and 
studies have measured a 10-20% rate 
of incidental pharyngeal colonization 
in school-aged children.11,12 Though 
GAS can at times be detected on 
inanimate environmental objects, 
it dessicates within hours and does 
not typically spread efficaciously via 
fomites. GAS can, however, infect via 
the ingestion of contaminated foods, 
and well-documented outbreaks have 
occurred by this mechanism.13

Suppurative Disease: 
Noninvasive Infections

Pharyngitis. Streptococcal phar-
yngitis (“strep throat”) is the most 
well-known noninvasive infection 
caused by GAS. Pharyngitis is diag-
nosed in approximately 11-15 million 
patients per year in United States 
ambulatory and emergency settings, 
and of the pediatric presentations, 
20-30% are caused by GAS, making 
it the most common bacterial etiol-
ogy of pharyngitis.1,14 Despite this, it 
is important to note that most cases 
of pharyngitis are viral in origin. 
GAS pharyngitis is most prevalent 

 z Group A streptococcus (GAS) may cause disease both 
by direct infection, termed “suppurative disease,” and 
also by the response of the body to an antecedent infec-
tion, termed “nonsuppurative disease.” An invasive GAS 
infection is defined as one in which GAS can be isolated 
from a part of the body that is normally sterile, as would 
be the case in pneumonia but not in pharyngitis.

 z A typical presentation of GAS pharyngitis begins with 
fever and sore throat. Other typical features include 
tonsillar exudates, tender and enlarged anterior cervi-
cal lymph nodes, and the notable absence of cough and 
coryza, which are hallmarks instead of viral pharyngitis.

 z Most prevalent in 2- to 5-year-olds, impetigo begins 

as papules that progress to vesicles with erythematous 
bases.

 z The clinical presentation of streptococcal infection in 
the nasopharynx of the young child is a subacute and 
protracted course, often ≥ 4 weeks long, consisting of 
intermittent symptoms of fever, coryza, cervical adenop-
athy, thin mucopurulent nasal discharge, gastrointestinal 
upset, and sometimes pharyngeal erythema. 

 z Young children and infants may become infected with 
GAS perianally, resulting in a painful, erythematous, and 
well-circumscribed dermatitis surrounding the child’s 
anus. 
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in children 5-15 years of age, and it 
most frequently occurs in the winter 
to spring season.14 GAS pharyngitis 
is very rare in children younger than 
3 years of age, and the disease need 
not be considered in this population, 
especially since children of such an 
age are at nearly no risk for the infa-
mous sequelae of GAS infection.14-16

A typical presentation of GAS 
pharyngitis begins with fever and 
sore throat. Other typical features 
include tonsillar exudates, tender 
and enlarged anterior cervical lymph 
nodes, and the notable absence of 
cough and coryza, which instead 
are hallmarks of viral pharyngi-
tis. GAS pharyngitis may also be 

accompanied by malaise, headache, 
and vomiting.2,17

Although clinical signs and symp-
toms describe many cases of GAS 
pharyngitis, they are not specific 
enough to establish the diagnosis in 
the absence of laboratory confirma-
tion, and current guidelines advocate 
the use of bacteriologic testing before 
treatment in suspected cases of GAS 
pharyngitis.14,18,19 In pediatric patients 
presenting with signs and symptoms 
that are convincingly consistent with 
a viral etiology of pharyngitis, both 
testing and treatment for GAS should 
not be undertaken. If GAS pharyn-
gitis is being considered, the patient 
first may be tested with a throat swab 

and rapid antigen detection test. 
Although the rapid antigen tests typi-
cally have only a 70-90% sensitivity, 
their fast turnaround times make 
them a useful first-line test. If this test 
is negative, a reflex bacterial culture 
should be performed. Treatment 
should not be undertaken until a 
positive test result is obtained.14

When GAS pharyngitis is con-
firmed, treatment with an appropriate 
antibiotic is indicated (see Table 1). 
Left to its own devices, GAS pharyn-
gitis typically runs an uncomplicated 
and self-limited clinical course of 
only 5 days. However, the diagnosis 
and treatment of GAS pharyngitis is 
intended to accomplish three things: 

Infection Treatment Regimens
Pharyngitis 1. Amoxicillin PO: 50 mg/kg (max: 1 g) once daily for 10 days

2. Penicillin G benzathine IM: 600,000 U (child < 27 kg) or 1.2 million U  
    (child > 27 kg) one time
3. Cephalexin PO: 40 mg/kg/day divided twice daily (max: 500 mg/dose)  
    for 10 days
4. Clindamycin PO: 25 mg/kg/day divided three times daily (max: 300 mg/ 
    dose) for 10 days

Impetigo 1. Mupirocin topical: three times daily for 7-14 days
2. Cephalexin PO: 25-50 mg/kg/day divided four times daily  
     (max: 500 mg/dose) for 10 days
3. Clindamycin PO: 25-40 mg/kg/day divided three times daily  
     (max: 300 mg/dose) for 10 days

Vulvovaginitis or perianal 
dermatitis

1. Cephalexin PO: 25-50 mg/kg/day divided four times daily  
     (max: 500 mg/dose) for 10 days
2. Clindamycin PO: 25-40 mg/kg/day divided three times daily  
     (max: 300 mg/dose) for 10 days
3. Mupirocin may be used topically as an adjunctive agent for perianal  
    dermatitis

Cellulitis, erysipelas, ecthyma, or 
lymphadenitis 
 
(ONLY in the uncomplicated, well-
appearing child without systemic 
symptoms)

1. Cephalexin PO: 25-100 mg/kg/day divided four times daily  
    (max: 1 g/dose) for 10 to 14  days
2. Clindamycin PO: 25-40 mg/kg/day divided three times daily  
     (max: 300 mg/dose) for 10 to 14 days
3. Amoxicillin-clavulanate PO: 25-45 mg/kg/day of amoxicillin component  
    divided twice daily (max: 875 mg/dose of amoxicillin); dosage assumes  
    a formulation of 7:1 amoxicillin:clavulanate

For high suspicion of MRSA, TMP-SMX may be added to the regimen:
TMP-SMX PO: 8 to 12 mg/kg/day of trimethoprim component divided twice daily 
(max: 160 mg/dose of trimethoprim)

Table 1. Treatment of Common GAS Infections

Suggested regimens for the treatment of common GAS infections. The first regimen listed is the standard first-line 
therapy, and some regimens are designed to have a broader spectrum, as identification of GAS as the sole causative 
pathogen is not possible in many infections. Regimens are based on reference sources.14,20,26,64
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1) prevention of post-infectious 
sequelae, such as acute rheumatic 
fever, 2) reduction of symptom 
length, and 3) reduction in GAS 
transmission. Penicillin, administered 
either intramuscularly or orally, is 
as effective now as historically, and 
there are no reports of penicillin-
resistant GAS. Amoxicillin once daily 
also may be given, and this is a more 
palatable and common choice. For 
penicillin-allergic patients, a cepha-
losporin such as cephalexin may be 
used. In patients who cannot toler-
ate any beta-lactam antibiotic, either 
clindamycin or azithromycin may 
be used, though there are strains 
of GAS that are resistant to each of 
these antibiotics. A prudent treat-
ment course is 10 days in length, and 
the data for short-course antibiotic 
treatment are not accepted by all 
authorities.20 If treatment adherence 
is suspected to be a problem, con-
sideration of intramuscular penicillin 
is warranted, as a single injection 
will suffice. Children may return to 
school or daycare after 24 hours of 
antibiotic therapy, as there is insig-
nificant disease transmission after 
this point.14,21-23 Children who are 
asymptomatic chronic pharyngeal 
carriers of GAS typically do not need 
treatment, provided they are other-
wise well. Similarly, neither testing 
nor treatment is necessary for the 
asymptomatic contacts of children 
diagnosed with GAS pharyngitis.14,20

Impetigo (pyoderma). Impetigo, 
also known as pyoderma, is a 
superficial skin infection that is 
typically caused by either GAS or 
Staphylococcus aureus. Most prevalent 
in 2- to 5-year-olds, impetigo begins 
as papules that progress to vesicles 
with erythematous bases. These 
lesions are frequently observed on 
the face (periorally and nasally) and 
extremities, and they soon unroof to 
leave erosions that crust over with a 
classic “golden” or “honey-crusted” 
appearance. Impetigo may also 
present with bullae, in which case 
it is unlikely to be caused by GAS 
but rather by S. aureus. Impetigo 
is unlikely to present with fever or 
other systemic illness.2,24

Differential diagnosis for impetigo 

includes atopic or contact dermatitis, 
scabies, herpes, and Stevens-Johnson 
syndrome. Additionally, if an impe-
tiginous lesion extends through 
the dermis, it may be reclassified as 
“ecthyma” and it may be accompa-
nied by fever or other signs of more 
serious illness.

While the strains of GAS that 
cause impetigo frequently differ from 
those that cause pharyngitis and 
invasive disease, they are all sensitive 
to penicillin.25 However, given the 
significant proportion of impetigo 
cases caused by S. aureus, it is also 
mandatory to cover this organism. 
When the impetiginous lesion is 
confined to a small area and there are 
no signs of systemic illness, impetigo 
may be treated with topical agents. 
Mupirocin may be used topically, 2-3 
times per day for 1-2 weeks. If the 
impetigo is more extensive or is unre-
sponsive to topical treatment, therapy 
with oral antibiotics should be under-
taken. Acceptable antibiotic regimens 
include 10 days of amoxicillin-clavu-
lanate, cephalexin, or clindamycin.26 
If community-acquired Methicillin-
resistant S. aureus (MRSA) is com-
mon in the patient’s region, extra 
consideration should be given to 
the use of clindamycin or to the 
combination use of cephalexin with 
trimethoprim-sulfamethoxazole (see 
Table 1).

GAS in the Young Child. Of 
special note, while GAS is unlikely to 
cause typical pharyngitis in children 
younger than 3 years old, it may still 
infect their upper respiratory tract, 
causing an illness notably dissimilar 
to GAS pharyngitis. The clinical 
presentation of streptococcal infec-
tion in the nasopharynx of the young 
child is a subacute and protracted 
course, often ≥ 4 weeks long, con-
sisting of intermittent symptoms of 
fever, coryza, cervical adenopathy, 
thin mucopurulent nasal discharge, 
gastrointestinal upset, and sometimes 
pharyngeal erythema.27

While this form of nasopharyn-
geal streptococcal infection has been 
well-described and studied since the 
1940s, it now commands little atten-
tion, primarily because the life-threat-
ening sequelae of GAS disease are 

rare in children younger than 3 years 
old.16 However, identification and 
treatment of GAS nasopharyngeal 
disease in young children may has-
ten symptom resolution and prevent 
transmission to other family mem-
bers. Diagnosis may be established 
by either pharyngeal or nasal swab, 
though the latter may be more sensi-
tive in young children.15 Treatment is 
identical to that for GAS pharyngitis.

Vulvovaginitis and Perianal 
Infection. Though seldom appreci-
ated, GAS may be a cause of vulvo-
vaginitis, particularly in a pediatric 
population.2,27 GAS is not a typical 
colonizer of vaginal mucosa, and its 
identification and eradication have 
been shown to produce symptom 
resolution. In one recent study, 
21% of prepubertal girls with vul-
vovaginitis were found to have GAS 
infection.28,29 It is often postulated 
via correlative data that autoinnocu-
lation from pharyngeal infection or 
colonization may precipitate GAS 
vulvovaginitis.

In a similar vein, young children 
and infants may become infected 
with GAS perianally, resulting in 
a painful, erythematous, and well-
circumscribed dermatitis surrounding 
the child’s anus. Perianal GAS should 
be considered in the differential 
diagnosis of diaper rash with perianal 
involvement. The discomfort of this 
infection may secondarily cause con-
stipation in the child.2

Testing of both vulvovaginitis and 
perianal infection may be performed 
via swab of the affected area and 
either rapid antigen testing or bacte-
rial culture. If GAS is identified, then 
a treatment regimen similar to that 
for GAS pharyngitis may be followed 
for either of these infections. If no 
causative organism is identified, anti-
biotic coverage should be broadened 
to include S. aureus and particularly 
MRSA, as these bacteria may also 
cause vulvovaginitis and perianal 
infections (see Table 1).

Suppurative Sequelae. The sup-
purative sequelae of GAS infection 
may arise via direct bacterial exten-
sion or by hematogenous spread, 
with the structures of the head and 
neck particularly sensitive to the 
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immediate extension of an otherwise-
uncomplicated GAS pharyngitis. 
Acute otitis media and sinusitis are 
frequently cited as the most common 
infectious sequelae of GAS pharyn-
gitis, and both maintain their typical 
clinical manifestations (e.g., ear pain 
in the former and coryza and postna-
sal drip in the latter). Diagnosis, if it 
occurs at all, may be made by a clini-
cal history of contemporaneous phar-
yngitis and a positive throat swab.30 
Treatment is the same as for GAS 
pharyngitis, though a prolonged 
course of antibiosis may be required 
for bacterial sinusitis.

Less common suppurative compli-
cations of GAS pharyngitis include 
peritonsillar cellulitis or abscess and 
other deep-space neck infections, 
such as retropharyngeal abscess.31,32 
Treatment for these includes prompt 
antibiosis, advanced imaging of 
ill-appearing patients (e.g., CT of 
the neck soft tissue), and drain-
age of any purulent spaces. Initial 
antibiotic choice should include 
coverage of anaerobes and MRSA. 
GAS pharyngitis may also extend to 
cause mastoiditis or bacterial cervi-
cal lymphadenitis, and treatment 
for these conditions should include 
antibiotic coverage for GAS. It is 
advisable to remember that GAS 
pharyngitis might extend to any con-
tiguous space, and there are reports 
of conditions such as mediastinitis, 
orbital cellulitis, and brain abscess 
that originated as GAS pharyngitis.33 
Indeed, GAS pharyngitis or any other 
noninvasive GAS infection has the 
capacity to evolve into myriad forms 
of invasive GAS disease.

Suppurative Disease: 
Invasive Infections

Characteristics and 
Epidemiology. An “invasive” GAS 
infection is a suppurative GAS infec-
tion in which GAS can be isolated 
from a part of the body that is nor-
mally sterile.6 Sites such as the phar-
ynx, sinuses, and epidermis always 
harbor bacteria, and are therefore 
sites of superficial GAS infection; in 
contrast, the lungs, bloodstream, 
bones, and most other organs are 
typically sterile, and GAS infections 

of these tissues are, by definition, 
invasive (see Figure 1). The annual 
incidence of pediatric invasive GAS 
in an industrialized nation has been 
measured to be 1.9 cases per 100,000 
children, accounting for 1.06-2.5 of 
each 1000 pediatric admissions, and 
having an overall case fatality rate of 
2-4%.34,35 The incidence of invasive 
GAS among infants is notably higher 
at 5.3 cases per 100,000 children < 1 
year of age.36 Invasive GAS is primar-
ily a community-acquired disease, 
and more than 80% of children found 
to have invasive GAS were previously 
healthy. Importantly, however, the 
presence of an underlying condition 
has been linked to an increased risk 
of death in cases of invasive GAS.35,37 
It cannot be overstated that inva-
sive GAS is far less common than 
superficial GAS, but the gravity and 
uniqueness of these infections merits 
attention.7

Prior to the antibiotic era, GAS 
was a major pathogen of neonatal 
sepsis. However, the role of GAS 
in neonatal sepsis has declined, and 
recent reviews of the literature have 
found few cases of invasive neonatal 
GAS disease. Still, given the mortal-
ity of the condition, care providers 
should continue to respect the pos-
sibility that neonates of any age may 
suffer from GAS infection, whether 
obtained by vertical transmission or 
by postpartum contact with infected 
family members.38,39

Historically, the most common 
sites of invasive GAS infection in the 
non-neonatal pediatric population 
have been the skin and its associ-
ated soft tissues, with 50-70% of all 
invasive GAS in children occurring in 
these organs (e.g., cellulitis, erysip-
elas, necrotizing fasciitis, peritonsillar 
abscess, etc.). However, it is notable 
that a large number of these cases 
were associated with a primary infec-
tion of Varicella zoster (chickenpox), 
and such cases have become much 
less frequent since widespread vac-
cine use, circa 2000. In one study 
in the United States, the fraction of 
Varicella-associated pediatric invasive 
GAS dropped from 27% to 2% after 
vaccine implementation.34 Given 
a case rate of 5.2 per 100,000 of 

invasive GAS in chickenpox, a sepa-
rate study estimated that at least 10% 
of all pediatric invasive GAS could be 
prevented by universal vaccination 
of 1-year-olds.35 After skin infec-
tions, bacteremia without localization 
accounts for 9-16% of pediatric inva-
sive GAS, making it the second-most-
common type of invasive GAS. The 
remaining balance of invasive GAS 
disease is composed of GAS pneumo-
nia (more common after influenza 
infection), arthritis, meningitis, endo-
carditis, peritonitis, osteomyelitis, 
and other rare infections.34,40,41

Of all invasive GAS infections, 
perhaps none is as feared as nec-
rotizing fasciitis, a member of the 
broader category of necrotizing soft 
tissue infections. The presence of 
GAS defines Type II (monomicro-
bial) necrotizing fasciitis, a rapidly 
progressive infection of deep tissues, 
including the muscle fascia and sub-
cutaneous fat, which often leads to 
the loss of limb or life. Additionally, 
GAS may also be present in Type I 
(polymicrobial) necrotizing fasciitis. 
Mortality among pediatric necrotiz-
ing fasciitis patients can be estimated 
to be 10-20%, with survivors in some 
studies facing median hospital stays 
of several weeks and a complication 
rate of 85%.35,42,43 While immunosup-
pression and skin trauma can predis-
pose a child to necrotizing fasciitis, 
it can also develop in an apparently 
spontaneous way. Because necrotiz-
ing fasciitis is initially a process of the 
deep tissue, its surface manifestations 
may be subtle and falsely reassuring. 
The skin of an affected area may be 
warm, swollen, and erythematous 
with indistinct margins, and a hall-
mark finding on exam is pain that 
is out of proportion to other exam 
findings. Advanced necrotizing fasci-
itis may display other classic features, 
such as bullae or crepitus, but it is 
preferable to identify the disease prior 
to the appearance of these. When 
there is suspicion of necrotizing fas-
ciitis, surgical consultation should 
be obtained, with surgical explora-
tion being the definitive diagnostic 
modality for this disease. Laboratory 
and radiographic studies have insuf-
ficient sensitivity to exclude the 
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diagnosis of necrotizing fasciitis, 
though some studies suggest that CT 
holds promise in this regard.44,45

Treatment. Pediatric patients with 
suspected invasive GAS should be 
admitted to the hospital, and their 
care will likely require the input of 
multiple specialists. In specific cases, 
such as a well-appearing child with 
lymphadenitis, outpatient manage-
ment may be considered (see Table 
1). However, for most children with 
suspected invasive GAS, inpatient 
care will be necessary. Surgical con-
sultation and source control will 
often be required, as is the case for 
septic arthritis, necrotizing fasciitis, 
and retropharyngeal abscess, among 
other conditions. Another primary 
consideration is the stability of the 
patient: children with septic physiol-
ogy with or without compromise in 
end-organ function require inten-
sive care and standard supportive 
measures, such as aggressive fluid 
resuscitation.

In addition to resuscitative inter-
ventions, treatment with antibiotics 
is of paramount importance. As is 
the case with all GAS, the strains of 
GAS responsible for invasive GAS 
are universally susceptible to beta-
lactam antibiotics, such as penicillin. 
However, it is not often possible to 
quickly confirm GAS as the caus-
ative agent in a sick child, so initial 
antibiotic therapy should be broad, 
including coverage for MRSA, gram 
negatives, and anaerobic bacteria. 
Therapy may later be narrowed when 
cultures prove GAS, so long as the 
patient is improving. All antibiotics 
should be delivered intravenously, 
as the gastrointestinal tract provides 
slower drug uptake, and the gut may 
be compromised in a seriously ill 
child. Expert bodies advise that treat-
ment courses of 2 or more weeks 
may be necessary for many invasive 
GAS infections.20

Apart from the intravenous use 
of penicillin, overwhelming infec-
tions with GAS have shown a bet-
ter response to antibiotic therapies, 
which include protein synthesis 
inhibition such as that provided by 
the macrolide antibiotic clindamycin. 

In both an animal model and a 
restrospective review of human chil-
dren with invasive GAS, significantly 
better outcomes were obtained 
with clindamycin than with penicil-
lin alone.46,47 This observation has 
multiple proposed explanations, 
including macrolide inhibition of 
GAS toxin protein production and 
a possible lack of bacterial penicillin 
binding proteins when GAS infec-
tions are overwhelming and have 
reached the stationary phase of bacte-
rial growth. In any case, the empiric 
data are compelling, and serious inva-
sive GAS infections should receive 
dual intravenous antibiotic therapy 
with penicillin G (200,000-400,000 
units/kg per day, divided every 4-6 
hours, maximum daily dose of 24 
million units) and clindamycin (25-
40 mg/kg per day, divided every 6-8 
hours, maximum daily dose of 2.7 
g). Clindamycin should not be used 
in isolation, due to occasional GAS 
resistance to this drug.14

Nonsuppurative Disease: 
Toxin-mediated Disease

Scarlet Fever. Scarlet fever is a 
GAS disease defined by the pres-
ence of a suppurative GAS infection 
in combination with a toxin-medi-
ated, pathognomonic exanthem. 
Importantly, all of the dramatic 
cutaneous findings of scarlet fever are 
caused not by local infection but by 
circulating bacterial toxins: one or 
more of certain streptococcal toxins, 
termed streptococcal pyrogenic exo-
toxin A, B, and C, must be present 
for scarlet fever to occur, and only a 
subset of GAS strains produce these 
toxins.48

In its typical presentation, the 
rash of scarlet fever begins 1-2 days 
after the onset of GAS pharyngitis, 
although it may rarely follow cutane-
ous or other GAS infections.20 The 
rash generally starts on the head 
and neck, expanding centrifugally 
through the torso and then extremi-
ties to produce a confluent, blanch-
ing erythematous exanthem, which 
classically contains innumerable 
tiny papules that impart a rough, 
sandpaper-like texture. Pruritis is 

not universal. Circumoral pallor may 
be present, and an affected child’s 
tongue may develop a thick white 
coat, which is later sloughed to reveal 
a uniformly bright-red color, in a 
transition from “white” to “red” 
strawberry tongue. In flexural and 
load-bearing parts of the body, the 
rash may contain linear petechiae, 
termed “Pastia lines.” Approximately 
5 days after rash onset, affected skin 
will begin to desquamate, proceeding 
over a period which may be as long 
as several weeks.17 The treatment and 
potential sequelae of scarlet fever are 
in every way the same as those of 
GAS pharyngitis.20 

Though the rash of scarlet fever 
is not harmful, the disease itself has 
long been a feared clinical entity, 
and this is almost certainly due to its 
epidemiologic characteristics in the 
1800s. Before this time, scarlet fever 
was well-described but not particu-
larly virulent. For unclear reasons, 
in the early 1800s pandemic scarlet 
fever began to occur regularly. The 
disease in this era was both more 
prevalent and more deadly, with case-
fatality rates of 15-30% from associ-
ated sepsis, and by mid-century it 
had become the most common infec-
tious killer of children. Then, even 
before the advent of antibiotics, it 
suddenly stopped: by the end of the 
century, mortality for scarlet fever in 
both Europe and the United States 
dropped below 1%. The incidence of 
the disease decreased as well, though 
not always in lockstep with its viru-
lence, and data from the mid-twen-
tieth century United States show a 
mortality rate of 0.1 per 100,000 
people.49,50 Scarlet fever remains simi-
larly benign and non-prevalent today, 
though occasional outbreaks do still 
occur.13,51

Toxic Shock Syndrome. Some 
GAS infections may become com-
plicated by shock and end-organ 
dysfunction in a disease termed 
Streptococcal toxic shock syndrome 
(STSS), an entity whose effects 
are mediated by bacterial toxins. 
STSS should not be confused with 
Staphylococcal toxic shock syn-
drome, though the two syndromes 
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have much in common.52 By defini-
tion, STSS in children is diagnosed 
when an invasive GAS infection 
is attended by hypotension (sys-
tolic blood pressure lower than the 
fifth percentile for age) and two or 
more of the following criteria: renal 
impairment (creatinine two times or 
more the upper limit of normal for 
age), coagulopathy (platelet count 
≤ 100,000/µL or disseminated 
intravascular coagulation), hepatic 
involvement (ALT, AST, or total 
bilirubin levels two times or more 
the upper limit of normal for age), 
acute respiratory distress syndrome, 
a generalized erythematous macular 
rash that may desquamate, and soft 
tissue necrosis.6,52 It is estimated that 
STSS complicates 4-7% of pediatric 
invasive GAS, and it brings with it a 
case fatality rate of 4-27%, with most 
reports favoring the latter end of this 
range.35,52-54 Adults with STSS do 
less well, with the mortality rate for 
STSS in the general population being 
36%.36

GAS is capable of producing a vari-
ety of toxins that lead to STSS, and 
chief among these are the toxins that 
act as superantigens. A superantigen 
is a toxin that causes the indiscrimi-
nate and widespread activation of 
the host immune system by binding 
directly to both the T-cell recep-
tor on T cells and the MHC class II 
molecule on antigen presenting cells. 
This mechanism bypasses the normal, 
careful process of antigen display 
and recognition, leading to the non-
specific activation of immune cells 
and a massive release of inflamma-
tory cytokines (TNFa, interferon-γ, 
IL-1, etc). The resulting unregulated 
activation of the immune system 
is thought to underlie the shock 
and organ dysfunction that defines 
STSS.5,52 Streptococcal toxins capable 
of acting as superantigens include at 
least the pyrogenic exotoxins A, B, 
C, F, G, H, J, and the mitogenic exo-
toxins Z and Z-2.17,52

The management of pediatric 
STSS is in many ways similar to that 
of invasive GAS in general, and the 
initial antibiotic regimen should 
cover GAS, with both a beta-lactam 
agent and clindamycin, and also 

gram-negative bacteria and MRSA.20 
Resuscitation efforts for STSS will 
often need to be more aggressive; 
however; in one large case series, 
coma and respiratory failure were 
each observed in more than two-
thirds of patients, and more than half 
of all fatalities occurred in the first 
24 hours of hospital admission.54 
Because the pathogenesis of STSS is 
thought to hinge on humoral exo-
toxins, intravenous immunoglobulin 
(IVIG) may be an effective treat-
ment, and in vitro data show that 
IVIG reduces T-cell activation and 
cytokine production in the presence 
of toxin. Although the low incidence 
of STSS has precluded definitive tri-
als, several human studies have also 
shown a survival benefit of IVIG. 
Only one study directly examined the 
effect of IVIG in pediatric STSS, and 
though it found no benefit, it was 
restrospective in design and suffered 
from selection bias. Expert sources 
currently recommend the use of 
IVIG or at least recommend that it 
may be considered, and a commonly 
suggested regimen is a single dose of 
1-2 g/kg.5,20,52,53

Nonsuppurative Disease: 
Immune-mediated 
Disease

Acute Rheumatic Fever. Acute 
rheumatic fever (ARF) is an autoim-
mune inflammatory sequela of GAS 
pharyngitis with characteristic clinical 
manifestations in the brain, joints, 
skin, and heart. Most common in 
patients who are 5-15 years old, ARF 
has had a sharply decreased pres-
ence in industrialized nations since 
the 1950s, and the World Health 
Organization estimates its current 
incidence at 0.5 cases per 100,000 
school-age children.9 This decline is 
not believed to be explicable entirely 
by antibiotics and is thought instead 
to be a combination phenomenon, 
related also to public health condi-
tions and a change in the prevalence 
of specific “rheumatogenic” GAS 
strains.17 Notably, the incidence of 
ARF in developing countries remains 
high, with local incidences vary-
ing from 20-200 cases per 100,000 

school-age children.8,9,55 The sequelae 
of ARF include chronic rheumatic 
heart disease (estimated to occur 
in 60% of ARF cases), heart failure, 
stroke, and infective endocarditis. 
Accounting for these morbid condi-
tions, ARF has been estimated to 
underlie at least 400,000 deaths 
worldwide annually.8

The potential manifestations of 
ARF are numerous and varied, and 
the disease is therefore diagnosed by 
the Jones criteria, a set of five major 
and four minor criteria, of which two 
major or one major and two minor 
criteria must be present to establish 
the diagnosis (see Table 2).56 The 
Jones criteria also mandate evidence 
of an antecedent GAS infection, 
which typically would have occurred 
2-6 weeks prior to ARF onset, 
though it may have gone unnoticed. 
Evidence of antecedent GAS infec-
tion includes: positive throat culture, 
rapid antigen test, or streptococcal 
antibody test, with the latter investi-
gation most likely to provide an accu-
rate result so many weeks after active 
infection.

Migratory polyarthritis and carditis 
are the two most common features 
of ARF and are also two of the major 
Jones criteria. The migratory arthritis 
of ARF typically affects one of the 
large joints for a few days to a week 
and then “migrates” on, from joint 
to joint. Long-lasting articular dam-
age is rare. In contrast to this, the 
carditis of ARF is considerably more 
dangerous. It may affect all tissues of 
the heart, and its endocardial involve-
ment often leads to mitral and/or 
aortic valvulitis with regurgitation. 
This acute insult often then pro-
gresses to chronic rheumatic heart 
disease, which is typified variously by 
regurgitation and/or stenosis of the 
damaged valves, frequently in a per-
manent way. This cardiac damage is 
the primary source of the high mor-
bidity and mortality that is attribut-
able to ARF.

The major Jones criteria are com-
pleted by chorea, erythema margin-
atum, and subcutaneous nodules. 
The chorea of ARF (Sydenham cho-
rea, St. Vitus dance) typically occurs 
months after GAS infection, rather 
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than weeks, and is characterized by 
purposeless involuntary movements, 
incoordination, emotional labil-
ity, and other CNS effects. It fol-
lows a self-limited course of several 
months to a full resolution, but it 
may recur sporadically throughout a 
patient’s life. Erythema marginatum 
is the classical rash of ARF, though 
it occurs in only 2% of cases. It is 
composed of transient lesions of the 
trunk and sometimes extremities 
that are macular, erythematous, and 
non-pruritic. The lesions, which may 
be annular to somewhat serpiginous, 
typically have a crisp outer border, 
for which they are named. This rash 
is self-limited and non-injurious. The 
final major Jones criterion is fulfilled 
by the presence of subcutaneous 
nodules, which are firm, nonpain-
ful nodules that typically occur over 
the bony prominences of extensor 
surfaces in no more than 1% of ARF 
patients. They, too, are self-limited 
and non-injurious. The minor Jones 
criteria consist of arthralgias, fever, 
prolonged PR interval on ECG, and 
elevations in acute-phase reactants, 
such as CRP or ESR.17,56

It is essential to note that ARF 
may be nearly completely prevented 
by the adequate treatment of GAS 
pharyngitis. Data from studies of epi-
demic ARF within the 1940s-1950s 
U.S. military suggest strongly that 
standard treatment of GAS phar-
yngitis is adequate to prevent the 
development of ARF in almost all 
cases, even when treatment is started 
up to 9 days after symptom onset.57 
Despite this, prevention will never 
be complete, as some GAS infections 

go unnoticed or untreated. Given 
the current low incidence of ARF in 
industrialized countries, some mod-
ern commentators now recommend 
against the treatment of GAS phar-
yngitis with antibiotics, arguing that 
the harmful side effects of antibiotics 
outweigh their benefits.58 While this 
line of reasoning may have merit, it 
is not supported by any of the major 
authorities, all of which still advocate 
the full-treatment approach without 
qualification.14,20

The complete treatment of ARF has 
several important facets. Importantly, 
all new diagnoses of ARF must first 
be treated with a full course of an 
antibiotic that is appropriate for the 
treatment of GAS pharyngitis. This 
should be done even if no clinical or 
historical evidence of GAS pharyngitis 
can be found.20 Second, aspirin (50-
70 mg/kg/day for 2-4 weeks then 
tapered for 4-6 weeks) should be used 
to combat the inflammation of ARF 
and to reduce its symptoms. Third, 
all children diagnosed with ARF 
should undergo a period of antimi-
crobial prophylaxis to prevent recur-
rent attacks. Prophylaxis in children 
should continue for 5 years or until 
the child is 21 years old, whichever is 
longer. This period may need to be 
extended if rheumatic heart disease 
is present. Appropriate prophylactic 
regimens include 1.2 million units 
of intramuscular penicillin G every 
4 weeks or 250 mg of oral penicillin 
V twice daily. Macrolides or sulfa-
diazine may be used for prophylaxis 
in patients with penicillin allergies. 
Rheumatic heart disease, if present, 
may necessitate the involvement of a 

cardiologist for management of heart 
failure.17,20

Post-streptococcal 
Glomerulonephritis. Acute post-
streptococcal glomerulonephritis 
(PSGN) is an immune-mediated 
sequela of GAS infection that is 
defined by acute renal injury, some-
times to the point of complete renal 
failure. While PSGN may affect 
people of any age group, it is most 
prevalent among school-age children, 
and in many areas it is the most com-
mon cause of pediatric nephritis. 
Population studies estimate the inci-
dence of PSGN to be 0.3 cases per 
100,000 person-years in more devel-
oped countries and a strikingly higher 
24.3 cases per 100,000 person-years 
in less developed countries, a dispar-
ity that is reminiscent of the demo-
graphics of other GAS sequelae.10,16,17

Though the exact pathogenesis 
of PSGN is still under investigation, 
it is widely believed that specific 
streptococcal antigens deposit into 
the glomerulus and cause an in situ 
immune reaction that leads to paren-
chymal damage and dysfunction. 
Importantly, PSGN may follow GAS 
infections of either the respiratory 
tract or the skin, as opposed to ARF, 
which only develops after respiratory 
tract infections. The latent period 
between GAS infection and PSGN 
onset is typically 10-21 days, and 
in contrast to ARF, even adequate 
treatment of a GAS infection will not 
necessarily prevent PSGN. The clini-
cal manifestations of PSGN are quite 
variable and range from microscopic 
hematuria alone to edema, hyperten-
sion, oliguria, elevated creatinine, 

(A) Major Criteria (B) Minor Criteria (C) Supporting Evidence
Carditis
Polyarthritis
Chorea
Erythema marginatum
Subcutaneous nodules

Arthralgias
Fever
Elevated acute-phase reactants (ESR, 
CRP)
Prolonged PR interval on ECG

Positive throat culture or rapid 
streptococcus antigen test
Elevated or rising streptococcal 
antibody test

Table 2. Jones Criteria for the Diagnosis of Acute Rheumatic Fever

The diagnosis of acute rheumatic fever based on the Jones criteria requires evidence of recent GAS infection (column 
“C” in the table) in addition to the presence of either of the following: two major criteria (column “A” in the table) or one 
major and two minor criteria (columns “A” and “B” in the table).17,56
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and gross hematuria.10,59

The treatment of PSGN is primar-
ily supportive in nature, with severe 
cases requiring dialysis. Additionally, 
all diagnoses of PSGN should receive 
a full course of an antibiotic that is 
appropriate for the treatment of GAS 
pharyngitis. As with ARF, this should 
be done even in the absence of any 
clinical or historical evidence of GAS 
infection. While ARF is quite likely 
to recur in an individual, PSGN is 
fortunately very unlikely to affect the 
same individual more than once, and 
antimicrobial prophylaxis is therefore 
unnecessary. Most children affected 
by PSGN will make a spontaneous 
full recovery, though a small percent-
age may continue to have mild renal 
dysfunction.10,17

Other Immune-mediated 
Disease. Several diseases exist as 
either minor or unproven sequelae of 
GAS infection. One notable member 
of this group is post-streptococcal 
reactive arthritis (PSRA), which is 
proposed to be an arthritic condition 
that develops after GAS infection in 
patients who do not otherwise fulfill 
the Jones criteria for ARF. In con-
trast to ARF, the arthritis of PSRA 
begins sooner after GAS infection, 
is non-migratory, and responds less 
well to aspirin and other NSAIDs. 
The course of PSRA is self-limited 
and does not permanently injure 
affected joints. The treatment of 
PSRA is debated, though nothing 
beyond a typical treatment course for 
GAS pharyngitis is routinely recom-
mended. Occasional reports of PSRA 
describe carditis or other cardiac 
involvement, but this is rare. Extreme 
care should be taken to ensure that a 
case of PSRA is not simply a misdiag-
nosed case of ARF.17,60

Erythema nodosum (EN), a pain-
ful inflammation of subcutaneous fat, 
may also be a sequela of GAS infec-
tion. Though seldom discussed, pre-
ceding GAS infection may underlie 
nearly half of all EN cases, with the 
remainder caused by other systemic 
disease, including tuberculosis infec-
tion and Crohn’s disease. A typi-
cal presentation of EN will display 
tender, poorly demarcated nodules 
over extensor surfaces of the body, 

most commonly over the pretibial 
areas, which resolve spontaneously 
over several weeks without residual 
damage. Although confirmatory test-
ing for recent GAS infection may 
help exclude more morbid possible 
causes of EN, this diagnostic step is 
not mandatory, nor is any treatment 
required. If treatment is desired for 
confirmed infection, an antibiotic 
course appropriate to GAS pharyn-
gitis may be given, a short course of 
oral corticosteroids may be consid-
ered, and pain may be managed safely 
with NSAIDs.61

A final, highly controversial set of 
possible GAS sequelae are termed 
“pediatric autoimmune neuropsy-
chiatric disorders associated with 
streptococcal infections” (PANDAS). 
Proponents of PANDAS as an entity 
propose that GAS infections may 
both cause and exacerbate neuropsy-
chiatric disorders, including tics and 
obsessive-compulsive disorder. In 
support of this possibility, they cite 
the well-established neuropsychiat-
ric symptoms seen in the Sydenham 
chorea of ARF. To date, evidence of 
an association between GAS infec-
tions and neuropsychiatric disorders 
has been mixed, with most studies 
failing to show a clear link or causal 
relationship that is different than that 
commonly observed between many 
types of stressors and the worsen-
ing of a neuropsychiatric condition. 
Treatment of possible PANDAS cases 
should focus on the standard, unre-
lated therapies for GAS infections 
and neuropsychiatric disorders.62,63
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CME Questions
1. Which of the following is the most 

correct approach to an asymptom-
atic child with regard to pharyngeal 
Group A streptococcus (GAS) testing 
and treatment?
a. The child should neither be 

tested nor treated for GAS.
b. If a close contact of the child has 

GAS pharyngitis, then the child 
should be tested and treated 
accordingly.

c. If a close contact of the child has 
GAS pharyngitis, then the child 
should be treated presumptively 
with 10 days of amoxicillin.

d. If the child attends school or  
daycare, then he/she should 
undergo once-yearly testing for 
GAS, regardless of symptoms.

e. If the child has previously been 
an asymptomatic carrier of GAS, 
then he/she should be tested and 
treated, if need be, at least yearly.

2. Which of the following is the  
typical mode of GAS transmission  
to humans?
a. Droplet contact
b. Droplet nuclei
c. Fecal-oral
d. Fomite (transmission by  

inanimate object contact)
e. Zoonotic (animal to human)

3. Which of the following is the 
best treatment regimen for GAS 
pharyngitis?
a. Amoxicillin, oral, 50 mg/kg once 

daily (max: 1000 mg) for 10 days

b. Amoxicillin, oral, 90 mg/kg 
divided BID (max: 1000 mg)  
for 10 days

c. Benzathine penicillin G,  
intravenously (1.2 million units, 
regardless of weight) once

d. Clindamycin, oral, 7 mg/kg/dose 
3 times daily (max: 300 mg/
dose) for 10 days

e. Azithromycin, oral, 12 mg/kg 
once daily (max: 500 mg) for  
5 days

4. Which of the following is a  
suppurative sequela of GAS infection?
a. Acute otitis media
b. Acute rheumatic fever
c. Post-streptococcal  

glomerulonephritis
d. Scarlet fever
e. Erythema nodosum

5. Which of the following children 
is experiencing a nonsuppurative 
sequela of GAS infection?
a. A 9-year-old male with a  

painful left knee and a new  
cardiac murmur 3 weeks after a 
sore throat

b. A 2-year-old female with  
intermittent fevers and runny 
nose for 5 weeks

c. A 15-year-old female with a  
painful right eye and increased 
pain with eye movements 1 week 
after a sore throat

d. A 16-year-old male with a sore 
throat; on exam, the uvula is 
deviated to the right, and there is 
a fullness in the left tonsillar area

e. A 3-year-old female with a 
maculopapular and erythematous 
peri-oral rash that exhibits an 
overlying gold crust

6. Which of the following is the most 
common site of invasive GAS disease 
in the pediatric population?
a. Skin and soft tissue
b. Lung (pneumonia)
c. Pharynx
d. Unlocalized bacteremia
e. Heart (carditis)

7. An 8-year-old child presents with a 
rapidly progressive pneumonia and 
sepsis. You have concern for GAS as 
the causative pathogen. Which of the 
following is the most appropriate  
initial pharmacologic regimen?
a. Piperacillin + tazobactam,  

vancomycin, and clindamycin
b. Ceftazidime, vancomycin, 

clindamycin, and  
methylprednisolone

c. Ceftriaxone and vancomycin

d. High-dose intravenous penicillin 
alone

e. High-dose intravenous penicllin 
with clindamycin

8. An ill-appearing 12-year-old girl 
complains of right thigh pain and 
fever. On exam, her thigh is moder-
ately erythematous and more tender 
than expected. Her blood pressure  
is 82/40, heart rate is 130, tempera-
ture is 39.2° C, serum creatinine is 
2.0 mg/dL, and platelet count is 
55k/mcL. You give piperacillin + 
tazobactam and vancomycin. Which 
of the following is the least appropri-
ate additional therapeutic option?
a. Platelet transfusion
b. Fluid resuscitation
c. Clindamycin
d. Surgical consultation for  

debridement

9. Which common childhood disease 
has an available vaccine whose use 
also reduces the incidence of  
pediatric necrotizing fasciitis?
a. Chicken pox (Varicella zoster)
b. Measles
c. Bacteremia due to Streptococcus 

pyogenes
d. Bacteremia due to Streptococcus 

pneumoniae
e. Tetanus

10. Cephalexin given for 10 days is an 
appropriate single-agent therapeutic 
in all of the following cases except:
a. an 8-year-old girl with intermit-

tent joint inflammation, fevers, 
and a prolonged PR interval on 
her ECG, who had a throat cul-
ture positive for GAS 1 month 
ago.

b. a 6-year-old girl with GAS  
pharyngitis.

c. a 3-year-old boy with honey-
crusted red lesions below his nose 
that have been refractory to  
topical treatment.

d. an 18-month-old girl with GAS 
perianal cellulitis complicating her 
diaper rash.

e. a well-appearing 5-year-old boy 
with microscopic hematuria, trace 
extremity edema, and a mild 
elevation in serum creatinine,  
who is urinating well and who  
had an isolated sore throat  
2 weeks earlier.
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Suggested regimens for the treatment of common GAS infections. The first 
regimen listed is the standard first-line therapy, and some regimens are designed 
to have a broader spectrum, as identification of GAS as the sole causative 
pathogen is not possible in many infections. Regimens are based on reference 
sources.14,20,26,64

Table. Treatment of Common GAS Infections 

Infection Treatment Regimens
Pharyngitis 1. Amoxicillin PO: 50 mg/kg (max: 1 g) once daily for 10 days 
 2. Penicillin G benzathine IM: 600,000 U (child < 27 kg) or  
     1.2 million U (child > 27 kg) one time 
 3. Cephalexin PO: 40 mg/kg/day divided twice daily (max:  
     500 mg/dose) for 10 days
 4. Clindamycin PO: 25 mg/kg/day divided three times daily  
     (max: 300 mg/dose) for 10 days

Impetigo 1. Mupirocin topical: three times daily for 7-14 days 
 2. Cephalexin PO: 25-50 mg/kg/day divided four times daily  
     (max: 500 mg/dose) for 10 days 
 3. Clindamycin PO: 25-40 mg/kg/day divided three times  
     daily (max: 300 mg/dose) for 10 days

Vulvovaginitis or  1. Cephalexin PO: 25-50 mg/kg/day divided four times daily 
perianal dermatitis     (max: 500 mg/dose) for 10 days 
 2. Clindamycin PO: 25-40 mg/kg/day divided three times  
     daily (max: 300 mg/dose) for 10 days 
 3. Mupirocin may be used topically as an adjunctive agent for  
     perianal dermatitis

Table. Jones Criteria for Diagnosis of Acute Rheumatic Fever

The diagnosis of acute rheumatic fever based on the Jones criteria requires 
evidence of recent GAS infection (column “C” in the table) in addition to the 
presence of either of the following: two major criteria (column “A” in the table) or 
one major and two minor criteria (columns “A” and “B” in the table).17,56

(A) Major Criteria
Carditis
Polyarthritis
Chorea
Erythema marginatum
Subcutaneous nodules

(B) Minor Criteria
Arthralgias
Fever
Elevated acute-phase  
  reactants (ESR, CRP)
Prolonged PR interval  
  on ECG

(C) Supporting Evidence
Positive throat culture  
  or rapid streptococcus  
  antigen test
Elevated or rising  
  streptococcal antibody  
  test
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