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Abstract. – OBJECTIVE: Several studies of
group A streptococci (GAS) have revealed that a
small number of dominant resistant clones might
be responsible for the spread of Streptococcus (S.)
pyogenes resistance to macrolides. We aimed to
determine the genetic diversity of macrolide resistant group A streptococci (MRGAS), isolated
from patients with pharyngitis in Serbia.
MATERIALS AND METHODS: The clonal relationships among 76 MRGAS isolates collected
during 2008 were studied using two molecular
typing methods: emm typing and random amplified polymorphic DNA (RAPD) analysis. Isolates
that share the same emm type and RAPD pattern
were considered to belong to the same clone.
RESULTS: Out of 7 distinct emm types identified, the 3 most frequently occurring overall
were emm12, emm75 and emm77 (> 90% of isolates). Although as many as 26 different RAPD
patterns were found among the isolates studied,
two clones with emm12 and emm77 accounted
32 out of 76 (42%) isolates.
CONCLUSIONS: The results indicate a polyclonal spread of erythromycin-resistant Streptococcus pyogenes in our country. Furthermore,
predominance of two clones, particularly among
emm12 and emm77 strains indicates that erythromycin-resistant GAS of the same clonal origin are widely distributed in Serbia.
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Introduction
Group A streptococcus (GAS), also known as
Streptococcus pyogenes is a highly prevalent human pathogen with a worldwide distribution.
GAS causes a variety of disease, including
pharyngitis and invasive infections. GAS is responsible for more than 600 million cases of
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pharyngitis each year worldwide1. Penicillin is a
first choice therapy for infections caused by
GAS, since penicillin resistance in streptococci
has not yet emerged. Macrolides are preferred for
treatment of GAS infections in patients with beta-lactam hypersensitivity, in chronic, recurrent
pharyngitis due to prior treatment failure and
lack of oral forms of penicillin2. Significant increase in macrolide resistance has been reported
from many countries, in the last years3-6. Particularly high level of GAS macrolide resistance was
reported in southern European countries7.
Numerous typing schemes have been used to
characterize and measure the genetic diversity
among macrolide resistant isolates of S.
pyogenes. The most common tool used today is
emm typing8,9, which is based on sequence at the
5’ end of emm gene that encode M protein, one
of the major virulence factor in GAS. So far,
more than 150 emm types have been described.
An association between certain emm types and
macrolide resistance has already been documented10,11. Compare to emm typing, several methods,
such as multilocus sequence typing (MLST) and
pulsed filled gel electrophoresis (PFGE) better
suited towards characterizing the genetic relationships among the organisms of a bacterial
species. Therefore, for the precise identification
of genetic lineages, emm typing should be complemented with other typing methods12. Nevertheless, in case of GAS, MLST requires 14 sequencing reactions per isolate. On the other
hand, PFGE is time consuming and technically
highly demanding method. In order to overcome
these difficulties, alternative approaches to characterizing the genetic relationships between isolates were developed. Randomly amplification of
polymorphic DNA (RAPD) analysis is genotyping gel based method, with relatively high dis-

Corresponding Author: Ina Gajic, MD; e-mail: ina.gajic@med.bg.ac.rs

RAPD and emm typing of macrolide resistant S. pyogenes

criminatory index 13. Comparing to MLST and
PFGE, RAPD profiling is faster and more economical. In RAPD the genomic DNA is amplified
with a primer of an arbitrarily selected nucleotide
sequence. The resulting RAPD fingerprints of different isolates can be compared according to number of PCR products and their size.
Although macrolide resistance rates among
GAS were shown to be associated with consumption of macrolides, the prevalence of antimicrobial
resistance is also due to several circulating clones
associated with certain emm types. Several clinical
and epidemiological studies of group A streptococci have revealed that a small number of dominant resistant clones might be responsible for the
spread of S. pyogenes resistance to macrolides.
However, limited information about the genetic relatedness of macrolide resistant group A streptococci circulating in Serbia is available.
The aim of this study was to determine the genetic diversity of macrolide resistant group A
streptococci (MRGAS), isolated from patients
with pharyngitis in Serbia.

Materials and Methods
Bacterial Isolates
Eleven laboratories from Serbia collected 3893
GAS isolates from outpatients with pharingitis
through a nationwide surveillance study. Among
those strains we identified isolates resistant to
macrolide antibiotics. Seventy six MRGAS were
randomly chosen and further investigated in the
National Reference Laboratory for Streptococci.
GAS isolates were identified on the basis of
Gram staining, typical colony morphology, bacitracin (0.04U) sensitivity test (BioRad, Hercules,
CA, USA) and latex agglutination with group Aspecific antisera (bioMerieux, Marcy L’Etoile,
France). The isolates were then stored at –80°C
in Todd Hewitt Infusion Broth (Biomedics,
Barcelona, Spain), containing 10% glycerol.
Antimicrobial Susceptibility
Susceptibilities to penicillin, erythromycin,
clindamycin, tetracycline, norfloxacin and chloramphenicol were tested by disk diffusion
method, according to the CLSI recommendations14. The minimum inhibitory concentrations
(MICs) of erythromycin, clindamycin and tetracycline were determined by E-test (bioMerieux,
France). Streptococcus pneumoniae ATCC 49619
was used as control strain.

Emm Type Assignment
Briefly, the 5’ end of emm genes were amplified by PCR method, following a previously
published protocol15. N-terminal hypervariable
portions of the emm genes were sequenced, as
described previously 8. DNA sequence alignment and emm type assignment were performed
using CDC reference strains, available at
http://www.cdc.gov/ncidod/biotech/strep/strepblast.htm. Isolates which expressed > 95 percent
homology with reference strain, were designated
the particular emm type/subtype.
RAPD Fingerprinting
RAPD fingerprinting was carried out to determine the clonal characteristics of the isolates.
RAPD amplifications were performed with a single primer H2 by previously described protocols
of Seppala et al16. Amplified products were resolved in 2 percent agarose gel, stained with ethidium bromide and visualized by UV transilluminator. Fingerprints were compared by assessment of
the number and distribution of the bands but not
their intensity. Generated banding patterns were
scored as presence (1) and absence (0) of band of
a particular molecular size. Distance matrix based
on RAPD patterns was created and then subjected
to cluster analysis, using Restdist and Neighbor
programs from the Phylip package.
Statistical Analysis
SPSS software, version 13.0 (SPSS Inc, Chicago, IL, USA) was used for statistical analysis. To
quantify diversity (D) among the GAS isolates, statistics were used to incorporate the number of
clones and their frequency of occurrence17, whereby a clone is defined in this report as a unique emm
type/RAPD fingerprint. Discrimination index (DI)
of 100% (1.0) indicates that the clonal typing
method is able to discriminate among all isolates
and a DI value of 0% (0.0) indicates that all isolates are the identical clone. An estimation of confidence intervals (CI) was also done following the
methods of Grundmann et al17.

Results
Antimicrobial Susceptibility
We identified 484 out of 3893 (12.4%)
macrolide resistant GAS. Co-resistance to erythromycin and tetracycline was detected in 17
out of 76 MRGAS isolates (22.4%). All MRGAS
strains were fully susceptible to penicillin, chloramphenicol and norfloxacin.
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Distribution of emm Types in Serbia
Emm genotyping revealed the presence of 7
different emm types: emm1 (1.3%), emm11
(1.3%), emm12 (32.8%), emm28 (2.6%), emm75
(39.5%), emm77 (18.5%) and emm118 (1.3%).
Number of isolates with specific emm type are
presented in Table I. Three and 2 different emm
subtypes are identified within emm12 (emm12.0;
emm12,7; emm12.31) and emm75 (emm75.0;
emm75.1), respectively. Two isolates were nontypable (2.6%). Out of 7 distinct emm types identified, the 3 most frequently occurring overall
were emm12, emm75 and emm77, accounted for
69 isolates (> 90%).
Specific geographical distribution of emm
types was observed. Although emm75 dominated
in Serbian Capitol, Belgrade, 4 more types
(emm11, emm12, emm28, emm118) were detected out there. The highest emm diversity was
found in Belgrade. Emm12, emm77 and emm75
predominated in other parts of the country.
In the erythromycin and tetracycline-resistant
population (N=17), 3 emm types were observed
(emm1, emm12 and emm77), the majority being
emm77 (82.4%).
RAPD Fingerprinting
Amplification of genomic DNAs from the
GAS isolates with a primer H2 resulted in RAPD
patterns consisting of three to nine distinct DNA
fragments, generally ranging from approximately
150 to 2,000 bp. A total of 26 distinct RAPD profiles were found among the 76 GAS isolates
studied. Most of the patterns were observed in a
small number of strains. Out of 26 different
RAPD fingerprints, 12 (46%) were shared and 14
(54%) were unique, representing polymorphic
nature of the tested isolates. However, 2 RAPD
profiles that were the most prevalent patterns, accounted for 32 (42%) out of 76 isolates. RAPD
profile B predominated in emm12 (92%), and
profile E was associated only with the emm75
(67%). To visualize the genetic relationships
among the different strains, a dendrogram of the
cluster analysis based on RAPD fingerprinting
was generated. Four RAPD clusters were associ-

ated with tested strains (cluster A through D)
(Figure 1). Strains belonging to cluster D are different but genetically related, while most strains
within clusters A, B and C have the same clonal
origin.
Great RAPD diversity was observed in emm75
strains (N=30), whereas 19 distinct patterns were
distinguished and most of them (13) were
unique. Two and three different RAPD patterns
were found in emm12 (25 strains) and emm77
(14 strains), respectively.
Discrimination index (DI) of the RAPD fingerprinting was 84% (0.84) with CI 75.8-92.2,
while DI of the emm typing was 69% (0.69) with
CI 58.5-79.5.

Discussion
Association between most of the MRGAS
emm types found in Serbia (emm75, emm28,
emm12 and emm11) and macrolide resistance
was previously described in several reports11,17.
Three dominant emm types of MRGAS in
Serbia (emm12, emm75 and emm77) are among
a few emm types that have been highly associated with macrolide resistance5,17-19,20. Emm12 is
the major resistant emm type in Germany,
Greece, Italy, Portugal, Israel11,19 and the second
one in the United States, being surpassed only
by emm75 17 . In Europe the most common
macrolide resistant emm type during 2003 and
2004 was emm2821. The highest emm diversity
in Serbian Capitol was expected, since almost a
third of entire population live in Belgrade. On
the contrary, emm homogeneity was observed in
regions with lower population density and in
smaller cities.
In the present study emm77 was the most
prevalent emm type co-resistant to tetracycline
and erythromycin. Emm77 has been previously
associated with resistance to tetracycline in Israel, Norway as well as in Italy11. On the contrary, the heterogeneity of emm types among
macrolide and tetracycline co-resistant isolates
was reported in USA22. It is believed that associ-

Table I. Numbers of emm types and RAPD fingerprints of MRGAS isolates.

N. of isolates (%)
N. of RAPD fingerprints
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emm1

emm11

emm12

emm28

emm75

emm77

emm119

1 (1.3)
1

1 (1.3)
1

25 (32.8)
2

2 (2.6)
1

30 (39.5)
19

14 (18.5)
3

1 (1.3)
1
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Figure 1. Dendrogram of the cluster analysis based on RAPD fingerprinting.
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ation between erythromycin and tetracycline resistance contributes in the selection of erythromycin resistance. Relatively high frequency
of macrolide-tetracycline co-resistance, found in
our country, indicates that tetracycline resistance
can be considered as a cofactor in selection of
macrolide-resistant strains in Serbia.
Our results related to RAPD fingerprinting
indicate a high degree of genetic variability
among MRGAS isolates in Serbia, suggesting a
polyclonal spread of erythromycin-resistant S.
pyogenes. However, a striking finding of this
study is the degree to which multiple isolates of
a given emm type share identical or highly similar RAPD profiles. Although our results show
that macrolide resistant isolates of S. pyogenes
in Serbia are genetically diverse, some widely
spread clones exist, particularly among emm12
and emm77 strains. Furthermore, these association imply strong clonal relationship among
strains within these emm types. The finding that
macrolide resistance rate of GAS isolates increased in Central Serbia, where emm12 and
emm77 are dominant, suggests that it is mainly
consequence of clonal spread of particular
macrolide resistant clones of S. pyogenes.
Discrimination index (DI) of the RAPD fingerprinting was 84% (0.8) with CI 75.8-92.2,
while DI of the emm typing was 69% (0.69)
with CI 58.5-79.5. That finding confirm that
the RAPD profiling is very good discriminatory
method for GAS genotyping. Although it has
been shown to be possible to increase the discriminatory power of RAPD analysis by using
two primers together21,23,24, in the present study
we achieved good discrimination index by using only one primer. Regional heterogeneity or
homogeneity of RAPD profiles was in accordance with emm types distribution through Serbia, although RAPD profiling reflected more
discriminatory power than sophisticated emm
technique.

Conclusions
Erythromycin resistance is mainly consequence of clonal spread of emm12 and emm77 in
our country, whereas co-resistance to tetracycline
and erythromycin is due to clonal spread of exclusively emm77. Use of PCR based RAPD
method for typing of macrolide resistant GAS
was found to be a high-resolution genetic typing
approach.
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