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Characterization of Erythromycin Resistance of Streptococcus pyogenes

Isolated from Pharyngitis Patients in Korea
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SUMMARY: Six hundred fifteen isolates of Streptococcus pyogenes were collected over a 6-year period from
patients with pharyngitis in Korea. All isolates were characterized in terms of their antibiotic resistance, the
phenotypes of erythromycin resistance, the frequencies of erm(B), erm(A), and mef(A) genes, and the emm
genotype. The prevalent emm genotypes were emm12 and emm4. Moreover, the emm12 genotype was found to
be the most resistant strain to erythromycin. Among the 126 strains demonstrating resistance to erythromycin,
those with erm(B) were the most prevalent, accounting for 64.3% of the total. In summary, it is suggested that
the S. pyogenes pathogen isolated from pharyngitis patients in Korea developed resistant gene acquisition, as
well as a resistant phenotype, according to the annual prevailing emm type. It is also suggested that the emm
genotype distribution of erythromycin-resistant strains is correlated to the acquisition of resistant genes.
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Streptococcus pyogenes is the most common cause of
bacterial pharyngitis in school-age children. The M protein
is a major surface protein and a virulence factor of S. pyogenes.
In the absence of M type-specific antibodies, the bacteria are
able to resist phagocytosis by the host’s polymorphonuclear
leukocytes. M proteins have been classified by more than
120 serotypes, according to their antigenicity; and each M
protein type is involved with a specific disease. It has been
reported that the epidemiological change of an infection caused
by this antigen is correlated with the change in the M protein
distribution (1,2). Moreover, the prevalence of erythromycin-
resistant S. pyogenes has been observed in many countries,
with the reported resistance percentage varying among dif-
ferent countries and also from year to year (3).

We analyzed the emm genotype of 615 S. pyogenes iso-
lates from patients that had been diagnosed with pharyngitis.
These isolates were obtained from provincial health institutes
and clinical centers in the 6-year period from 1998 to 2003.

Emm genotyping was performed with the PCR-ELISA
method (4). Antibiotic resistance phenotypes were determined
by using the double-disc method with erythromycin (diffus-
ible content 15 μg) and clindamycin (diffusible content 2
μg) disc in accordance with NCCLS guidelines (5). Resist-
ance to both erythromycin and clindamycin indicated the pres-
ence of a constitutive MLSB phenotype, and susceptibility to
clindamycin with blunting and resistance to erythromycin
indicated an inducible MLSB phenotype. Susceptibility to
clindamycin with no blunting indicated an M phenotype. The
erm(B), mef(A), and erm(A) genes were detected by PCR
using previously published primers (6).

The prevalent genotypes in 1998 and 1999 were emm12
and emm4. The resistance rate to erythromycin was 44.7% in
1998 and 26.9% in 1999, the latter of which demonstrated a

decreased resistant rate, but which still remained compara-
tively high. In 2000 and 2001, the prevalent emm genotype
distribution of isolated strains included emm1, emm22,
and emm2. The resistance rate to erythromycin was 20.2% in
2000 and 18.5% in 2001. In 2002, the prevalent emm geno-
type strains were emm12 and emm22. The resistance rate to
erythromycin increased to 21.7%. In 2003, the prevalent emm
genotype strains were emm1 and emm4. The resistance rate
to erythromycin decreased to 10.3% (Table 1). We concluded
that the resistance rate to erythromycin increased when the
prevalent emm genotype of isolated strains was the emm12
gene type.

The macrolides have a bacteriostatic mechanism of action,
which blocks bacterial RNA- dependent protein synthesis, by
reversibly combining with the 50S subunit on the ribosome.
Changes in the target ribosome demonstrated simultaneous
resistance to both macrolides and lincosamides, and these
changes were observed in the MLSB (the macrolide, the
lincosamide and the streptogramin B), where the erm gene
encoded the change. Through the process of efflux, bacteria
demonstrated resistance to a few antibiotics and also demon-
strated that the M-resistant phenotype is encoded in the
mef(A) gene. In Spain, Chile, Germany, and Italy, the pheno-
types of isolates resistant to erythromycin, which were
reported from 1997 to 2002, demonstrated that the M type
accounted for 60 -90%, which surpassed the MLSB type. In
our case, the phenotype of isolated strains with resistance
to erythromycin from 1998 to 1999 demonstrated that the
constitutive MLSB type showed 89.3%, and the M type
showed a lower frequency of 10.7%. However, in 2000 the
M type increased to 66.7%, while the constitutive MLSB de-
creased to 33.3%; and in 2001, the M type was still increased
at 58.6%, while the constitutive MLSB remained decreased
at 37.9%. In 2002, strains with constitutive MLSB continued
to decrease to 23.1%, while the M phenotype increased to
41.0%; and in 2003, strains with constitutive MLSB decreased
further to 16.7%, while the M phenotype remained at 75.0%.
This result demonstrated that the phenotypes of isolated strains
with resistance to erythromycin have gradually changed to
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the M type in Korea, similar to those of other countries. In
the case of macrolide-resistant genes, among the 126 strains
with resistance to erythromycin, 64.3% of isolates harbored
erm(B), 19.8% harbored mef(A), and 3.2% harbored the
erm(A) gene. This study demonstrated that strains harbor-

ing the erm(B) gene are the most prevalent (Table 2). This
result is in contrast to the acquisition of resistance observed
in studies in other countries (3,5,7,8). The MIC50 of strains
with erm(B) (>128 μg/ml) was 4 - 5 times higher than that
of strains with mef(A) (>8 μg/ml) and erm(A) (> 4 μg/ml)
(data was not shown). These are necessary to continue the
investigation and maintain surveillance of those genes that
provide resistance to erythromycin.

However, among the isolates harboring the resistant gene,
the emm12 type had erm(B), which demonstrated the most
resistance to erythromycin. This result was observed in 71
(87.7%) of 81 strains, suggesting that the extension of strains
with resistance to erythromycin is possible when there is a
prevalence of the emm12 genotype. Because the number of
resistant strains was smaller, the other emm genotypes were
difficult to interpret. However, emm1 and emm28 possessed
erm(B), and genotypes emm2, emm4, and emm75 possessed
mef(A), suggesting a correlation between a specific emm
genotype and the acquisition of a resistant gene (Table 3).

In summary, it is suggested that S. pyogenes isolated from
pharyngitis patients in Korea developed a change in anti-
biotic susceptibility, resistant gene acquisition, and resistant
phenotype, according to the annual prevailing emm type. It is
also suggested that the emm genotype distribution of strains
with resistance to erythromycin is correlated with the acquisi-
tion of resistant genes.
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Table 3.  Distribution of erythromycin resistant genotypes according
to the emm genotypes of S. pyogenes isolates

emm genotype
No. of Erythromycin resistance genotype

isolates erm(B) mef(A) erm(A) ND1)

emm1     5   3   0 1   1

emm2     9   1 73) 1   1

emm4   10   1   4 2   3

emm12   81 71   4 12)   6

emm22     6   3   3 0   0

emm28     2   2   0 0   0

emm75     4   0   4 0   0

Non typeable     9   4 63) 22)   0

Total 126 85 26 7 11

1): Not determined, because no amplification was obtained with PCR
primers for erm(B), mef(A), erm(A).

2): Including one strain harboring both erm(B) and erm(A).
3): Including each one strain harboring erm(B), mef(A) and erm(A)

and mef(A).

Table 2.  Genotype and phenotype of 126 macrolide-resistant
strains of S. pyogenes isolates

Genotype
No. of Phenotype

isolates cMLSB iMLSB M

erm(B)   81 48 11 22

mef(A)   25   1   1 23

erm(A)     4   0   0   4

erm(B), erm(A)     2   2   0   0

erm(B), mef(A)     2   0   1   1

mef(A), erm(A)     1   0   1   0

ND1)   11   2   2   7

Total (%) 126 53 (42.1) 16 (12.7) 57 (45.2)

1): Not determined, because no amplification was obtained with  PCR
primers for erm(B), mef(A), erm(A).

cMLSB, constitutive macrolide-lincosamide-streptogramin B
resistance; iMLSB, inducible macrolide-lincosamide-streptogramin
B resistance.

Table 1.  Distribution of emm genotypes and erythromycin resistant strains of S. pyogenes isolated
from pharyngitis patients by year of isolation (1998 to 2003)

emm genotype
No. of isolates

Total Resistant number (%)
1998 1999 2000 2001 2002 2003

emm1 0 3 27 7 17 40 94     5 (5.3)

emm2 0 0 6 34 18 1 59     9 (15.3)

emm3 1 1 13 11 16 3 45     0

emm4 12 5 14 14 28 41 114   10 (8.8)

emm5 1 0 0 1 0 0 2     0

emm6 1 0 5 8 8 11 33     0

emm11 0 0 0 0 5 0   5     0

emm12 25 8 5 25 41 7 111   81 (73.0)

emm22 2 5 15 42 29 3 96     6 (6.3)

emm28 1 1 0 1 4 3 10     2 (20.0)

emm75 0 0 0 14 8 6 28     4 (14.3)

Non typeable 4 3 4 0 6 1 18     9

Total 47 26 89 157 180 116 615 126 (20.5)
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