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abstract
Macrolide resistance (MR) in group A Streptococcus (GAS) has been
well documented in several countries and has become clinically sig-
nificant since the large increases in macrolide usage during the
1970s. Macrolides are recommended as an alternative therapy for
GAS pharyngitis, the most common cause of bacterial pharyngitis.
Macrolide resistance has been associated with certain emm types,
a sequence-based typing system of the hypervariable region of the
GAS M-protein gene. Clinical failure of macrolide treatment of GAS
infections can be associated with complications including acute rheu-
matic fever and rheumatic heart disease, the leading cause of ac-
quired heart disease in children worldwide. Here we report 2
pediatric cases of MR and/or treatment failure in the treatment of
GAS pharyngitis with the subsequent development of acute rheumatic
fever. We also review the literature on worldwide MR rates, molecular
classifications, and emm types, primarily associated with GAS pha-
ryngeal isolates between the years of 2000 and 2010. The use of
macrolides in the management of GAS pharyngitis should be limited
to patients with significant penicillin allergy. Pediatrics 2012;129:
e798–e802
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Group A Streptococcus (GAS), also
known as Streptococcus pyogenes, is
one of the most common pathogenic
bacteria in children and causes a
broad range of infections and disease
states. Common infections involve the
skin and oropharynx; however, suppu-
rative and systemic infections, necro-
tizing fasciitis, toxic shock syndrome,
and immune-mediated illnesses such
as acute rheumatic fever (ARF), rheu-
matic heart disease (RHD), and post-
streptococcal glomerulonephritis can
be severe and are associated with
significant morbidity and mortality.1

GAS is themost common cause of acute
bacterial pharyngitis, accounting for
∼30% of episodes of pharyngitis in
children, and is most frequently seen in
children aged 5 to 11 years.2 Accurate
diagnosis and effective antibiotic treat-
ment of GAS pharyngitis are required
to prevent complications such as ARF
and RHD.

Standard therapy for GAS pharyngitis is
penicillin or amoxicillin. Alternative
therapy with significant penicillin al-
lergy is macrolide antibiotics or pos-
sibly clindamycin.3 Macrolide resistance
(MR) in GAS remains an increasing
worldwide concern. In this report,
we present 2 cases of ARF that oc-
curred after presumed macrolide
failure for GAS pharyngitis and re-
view the literature on MR associated
with clinical GAS isolates during the
past decade.

CASE REPORT

Patient 1

InMarch2009,an11-year-oldpreviously
healthy white boy presented with fever,
rash, joint pain, and swelling. His initial
complaints were fever, sore throat, ear
pain, and rash. His 6-year-old brother
had previously been diagnosed with
GAS pharyngitis. The patient was
reported to have a significant penicillin
allergy. After 7 days of illness, he was
empirically treated with azithromycin

anddiphenhydramine for10days.While
still taking azithromycin and ∼2 weeks
after initial symptoms, he developed
fever, ankle pain, and swelling. The pain
and swelling migrated at varying times
to his knees and elbows, requiring the
use of a wheelchair during a family
vacation. Upon return home 18 days
after the initial illness, he had a
positive GAS rapid antigen-detection
test (RADT) from his pharynx, and
azithromycin was continued. Upon
presentation to our hospital at 21 days
after initial symptom onset, he was
afebrile with normal vital signs. On
examination, he had notable features
of a faded, evanescent, erythematous
patchy rash on upper and lower ex-
tremities and splotchy truncal rash. He
had pain and swelling of his left ankle,
and bilateral second to fourth meta-
carpal phalangeal joints. He did not
have a regurgitant murmur.

His leukocyte count was 10 630/mm3,
hemoglobin 10.6 g/dL, hematocrit 30%,
platelet count 409 000/mm3, erythrocyte
sedimentation rate 51 mm/h (nor-
mal 0–20 mm/h), C-reactive protein
5.8 mg/dL (normal, 0.00–0.8 mg/dL),
antistreptolysin O titer 700 IU/mL (normal
0–200 IU/mL), and antideoxyribonuclease
b titer of 1920 U/mL (normal, 0–170
U/mL). The results of an echocardiogram,
electrocardiogram, and chest radiograph
were normal. A throat culture revealed
an erythromycin-resistant, clindamycin-
sensitive strain of GAS. He was treated
with clindamycin and aspirin. He showed
prompt resolution of his arthritis with
resolution of the rash within 2 weeks
and no recurrence. The results of a re-
peat throat culture were negative, and
he received erythromycin as second-
ary prophylaxis.

Patient 2

In September 2009, a 13-year-old His-
panic girl with a history of vitelliform
macular dystrophy (Best disease) pre-
sentedwithhistory of feverof 4 to5days,

joint pain, and swelling. Approximately
3 weeks before presentation, she was
diagnosed with GAS pharyngitis by
RADT and received a 10-day course of
azithromycin of unknowndose. She did
not have a penicillin allergy. She sub-
sequently developed migratory pain
and swelling in her ankles and knees at
varying times over 3 days. She was only
able to crawl upstairs because of se-
vere pain. She was self-medicating with
ibuprofen. Upon presentation, she was
afebrile, her heart rate was 112 beats
per minute, and her vital signs were
normal otherwise. On examination, she
had pain and swelling in her left ankle
and a small 0.53 0.3 cm tender nodule
on the palmar surface of her right first
digit. She did not have a rash or ap-
preciable cardiac murmur, and her
chest was clear to auscultation.

The leukocyte count was 16 400/mm3,
hemoglobin 10.5g/dL, hematocrit 33.9%,
platelet count 387 000/mm3, erythro-
cyte sedimentation rate 120 mm/h,
C-reactive protein 23.0 mg/dL (normal,
0.00–1.0 mg/dL), and antistreptolysin O
titer.800 IU/mL. No throat culture was
obtained. Electrocardiogram and chest
radiograph results were normal. Echo-
cardiogram revealedmild tricuspid and
trivial mitral valve regurgitation. She
was treated with prednisone, and given
penicillin VK for ARF treatment and
secondary prophylaxis. An echocar-
diogram 1 year after presentation was
unchanged.

DISCUSSION

GAS pharyngitis is a self-limited illness;
however, it can be associated with
suppurative tonsillopharyngeal com-
plications or nonsuppurative immune-
mediated complications such as ARF,
RHD, and poststreptococcal glomeru-
lonephritis. RHD is the most common
cause of acquired heart disease in
children worldwide and can be pre-
vented with effective treatment of GAS
pharyngitis.1,2
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The diagnosis of ARF is based on the
Jones criteria, originally describedby T.
Duckett Jones in1944andmost recently
revised in 1992.4 Major criteria include
migratory polyarthritis, carditis, sub-
cutaneous nodules, chorea, and ery-
thema marginatum, and minor criteria
include fever, elevated acute-phase re-
actants, arthralgia, and prolonged PR
interval on electrocardiography. Di-
agnosis requires 2 major criteria or 1
major criterion and 2 minor criteria,
together with supporting evidence of
an antecedent GAS infection, such as
a positive throat culture, RADT, or rising
or elevated antistreptococcal antibody
titers.2,4 Throat cultures for GAS are
positive at presentation in only ∼25%
of ARF patients.4

The latent period between GAS phar-
yngitis and ARF is usually $10 days.4

Arthritis is seen in ∼75% of patients
with ARF.3 We believed that our patient
1 had migratory polyarthritis, fever,
and elevated acute-phase reactants
and antibody titers; his rash was
thought to be related to his illness, but
not characteristic of erythema mar-
ginatum. In patient 2, the cardiac find-
ings were probably physiologic. We
believed that her subcutaneous nodule
and migratory polyarthritis represent-
ed major ARF criteria. A pharyngeal MR
GAS strain was recovered in patient 1,
but presumed in patient 2. It is unclear
when acquisition of these strains
occurred. Whether an unrecognized
episode of GAS pharyngitis before
these presentations contributed
to their development of ARF is un-
certain.

Standard management of GAS pharyn-
gitis is 10 days of oral penicillin VK or
intramuscular benzathine penicillin G.
Amoxicillin is often used for increased
palatability and compliance. Penicillin
therapy is effective and inexpensive,
although there are rare reports of ARF
despite therapy.5 Alternative therapy
for those with severe penicillin allergy

is macrolide or azalide antibiotics,
which include erythromycin, clari-
thromycin, and azithromycin. The rec-
ommended azithromycin dose in GAS
pharyngitis is 12 mg/kg per day (max-
imum 500 mg/day) for 5 days.3 In non-
anaphylactic cases of penicillin allergy,
a first-generation cephalosporin may
be used.2,3,6 The diagnosis of GAS
pharyngitis is most commonly made by
RADT, a specific and inexpensive di-
agnostic method performed routinely
in the outpatient setting.

Although there has never been a peni-
cillin-resistant GAS clinical isolate, MR
strains of GAS have been described
since the 1950s; increasing resistance
during the 1970s was correlated with
a massive increase in macrolide con-
sumption in some countries.7 Clinda-
mycin resistance also occurs in GAS.8

MR in GAS is mainly attributed to 2
principle mechanisms, an active efflux
pump (M phenotype) related to en-
zymes encoded for by mef genes, and
ribosomal target site modification by
methylation (erm genes), which causes
coresistance to macrolide, lincosamide,
and streptogramin (MLS) antibiotics
(MLS phenotype).7,9 MLS resistance is
expressed constitutively (MLSc) or in-
ducibly (MLSi). M and MLS phenotypes
are distinguished by using double-disk
diffusion testing (D-test) evaluating
clindamycin (lincosamide) suscepti-
bility in the presence of erythromycin
resistance.10

We reviewed data recently published
between 2000 and 2011 for worldwide
prevalence of MR, phenotypic and
genotypiccharacterizationofmacrolide-
resistant GAS isolates, and macrolide-
resistant emm types, with a focus on
multicenter studies involving pharyn-
geal isolates in children (Table 1). There
was awide spectrum in rates of GASMR,
from 1.1% in Cyprus to as high as 97.9%
in Chinese children. Dominant pheno-
types and genotypes associated with
MR were highly variable by country or

region as were emm types, a sequence-
based typing system based on the N-
terminus hypervariable region of the
M-protein gene widely used for epide-
miological classification of strains.11

Several reports noted wide fluctua-
tions in molecular classifications and
emm types occurring annually and/or
seasonally.

In the United States, single-center
studies have revealed MR rates as
high as 48% during a single season.12,13

In addition, prospective multicenter US
surveillance studies have shown in-
creasing resistance rates from 3% to
8.7% between 2000 and 2003 to as high
as 12% to 15% at the same centers in
2007.14–16 The increase in worldwide
rates has been attributed to several
factors, including horizontal gene
transfer and spread of dominant re-
sistance clones, overconsumption of
macrolide antibiotics, and temporal
variation in the distribution of emm
types.17–20

Although prospective clinical trials
have demonstrated successful treat-
ment of GAS pharyngitis with short-
course macrolide therapy, macrolides
should be used with caution, unless
there is an indication of severe penicillin
allergy, such as a type I hypersensitivity
reaction, because of circulating MR GAS
strains.21–25 In addition, short-course
macrolide therapy can be associated
with late bacteriologic recurrence,21

and although there has not been a sig-
nificant recent increase in the number
of ARF cases in the United States, com-
plications of GAS infection associated
with MR and treatment failure including
ARF as in our cases have been rarely
described.26–28

CONCLUSIONS

Group A Streptococcal pharyngitis is
a common illness in the pediatric
population. Penicillin or amoxicillin
remain the standard therapy. In non-
anaphylactic cases of penicillin allergy,
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a first-generation cephalosporin may
be used. Practitioners should be cau-
tioned to use macrolide antibiotics in

themanagementof GAS infectiononly in
the face of anaphylactic-type penicillin
allergy because of increased rates of

MR and the potential risk of serious
complications such as ARF and RHD
without adequate therapy.
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