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The phenotypes and genetic determinants for macrolide resistance were determined for 167 erythromycin-
resistant Streptococcus pyogenes strains. A cMLS phenotype was shown in 18% of the erythromycin-resistant
strains, while inducible resistance was apparent in 31% and the M phenotype was apparent in 50%. The emm
gene type of this set of resistant isolates and that of 48 erythromycin-sensitive isolates were determined. emm2
and emm48 were recorded only in the resistant strains of the M phenotype, while approximately all of the
strains harboring the emm22 gene had the cMLS phenotype. More than 80% of the emm89-positive strains had
the iMLS phenotype, and the same portion of emm4 strains presented the M phenotype. emm3 is recorded only
among sensitive strains. The distribution of frequencies of the genetic determinant for the virulence factor M
protein was significantly different both among organisms of different types of resistance and between resistant
and sensitive populations of S. pyogenes under study.

Group A Streptococcus pyogenes (GAS) is a gram-positive
pathogen that causes many infections (pharyngitis, septicemia,
toxic shock, and necrotizing fascitis) and postinfectious se-
quelae (rheumatic heart disease and glomerulonephritis). Hu-
mans are the natural host and the sole reservoir of GAS. The
organism can survive and replicate in diverse anatomic sites
and is provided, like other human pathogenic bacteria, with
very smart offensive and defensive molecular weapons. Among
them are the virulence factors. The M protein is one of these
factors and is surface exposed by means of its amino termini.
It has provided the basis for a widely used serological typing
scheme (19, 20) and is one of the best-studied proteins in
bacteria (13). More recently, a genotypic typing scheme based
on the emm genes that encode M and M-like proteins has
become widely used, and more than 150 different emm alleles
have been characterized (1, 10; http://www.cdc.gov/ncidod
/biotech/strep/emmtypes.htm). The antigenic heterogeneity ex-
hibited by this family of genes (and related proteins) reflects
the strong impact of host immunity on the generation of di-
versity within this bacterial species. Numerous genotypic meth-
ods other than emm sequence typing have been developed for
the genotyping of GAS (9, 12, 14, 21, 24, 26, 31), enabling the
determination, to various degrees, of the phylogenetic relation-
ships between isolates and therefore of the level of clonal
relatedness in a bacterial population. In this context, it was
clearly demonstrated that the emm type appears to correlate
closely with clone or clonal complex (9). The present study
addressed the possible correlation between emm type (i.e.,
clonal relatedness) and bacterial resistance to antibiotics. In
particular, we subjected to analysis 215 clinical isolates of S.
pyogenes, isolated in 1997 from the sore throat of patients with
pharyngitis and recovered throughout Italy. Of these, 167 were

erythromycin-resistant on the basis of a conventional MIC
breakpoint (for resistance, MIC � 1 �g/ml) (23), as deter-
mined by using standard methods (22); a set of 48 sensitive
strains (MIC � 0.25 mg/liter) has been randomly selected as a
comparative control.

On the basis of the triple-disk (erythromycin plus clindamy-
cin and josamycin) assay (15), by which the constitutive resis-
tance phenotype (cMLS), the inducible-resistance phenotypes
iMLS-A, iMLS-B, and iMLS-C, and the M phenotype could be
discriminated (15), it was shown that the population of eryth-
romycin-resistant isolates under study was strongly character-
ized (�50%) by the occurrence of the M phenotype, due to the
presence of an efflux system. The remaining portion of the
population of resistant test strains consists of constitutively
resistant (18.1%) and of inducibly resistant (30.7%) isolates. In
the latter group, the dominant subpopulation is that of the
iMLS-A phenotype, which accounts for 23% of the whole
population of resistant isolates. The remaining 8% of iMLS
strains is almost equally divided between iMLS-B and iMLS-C
phenotypic patterns. This distribution of frequencies is in good
agreement with that found in wider Italian population studies
(3, 32; G. C. Schito, E. A. Debbia, G. Nicoletti, D. Pavesio,
S. Ripa, G. Tempera, and P. E. Varaldo, Abstr. 39th Intersci.
Conf. Antimicrob. Agents Chemother., abstr. 1211, 1999), with
the only exception being the proportion represented by the M
phenotype strains, which is close to 10% higher. Erythromycin-
resistant S. pyogenes isolates were then subjected to PCR anal-
ysis to detect erythromycin resistance genetic determinants.

All cMLS isolates harbor the gene coding for the ermB
methylase, as does the subfamily of inducible iMLS-A strains.
The ermB gene was detected by using the set of primers and
the PCR conditions reported by Sutcliffe et al. (30). The
ermTR methylase gene was detected in iMLS-B and iMLS-C
inducible isolates by using primer TR1 (18) together with a
second primer, TR3 (5�-GCTTCAGCACCTGTCTTAATTG
AT-3�), designed on the basis of the published sequence (29).
The PCR mixture was as described by Seppala et al. (29), and

* Corresponding author. Mailing address: Department of Molec-
ular Cellular Animal Biology, University of Camerino, 62032 Cam-
erino (MC), Italy. Phone: 39-0737-403241. Fax: 39-0737-636216. E-
mail: sandro.ripa@unicam.it.

1307



the PCR conditions have been optimized as follows: denatur-
ation at 94°C for 45 s, annealing at 53°C for 45 s, and elonga-
tion at 72°C for 45 s for a total of 35 cycles. Amplification of the
DNA produced a PCR fragment 550 bp in length. One iMLS-B
isolate possesses both ermTR and mef(A) genes; the latter
expresses the efflux pump responsible for the transport of
erythromycin out of the cell and determines the M phenotypic
pattern of resistance. The copresence of both genes has already
been described for both S. pyogenes (5; E. Giovanetti, M. P.
Montanari, M. Mingoia, S. Bompadre, M. Prenna, S. Ripa, and
P. E. Varaldo, Abstr. 39th Intersci. Conf. Antimicrob. Agents
Chemother., abstr. 1210, 1999) and S. pneumoniae (11). The
mef(A) gene was detected with the primer pair and PCR con-
ditions reported by Clancy et al. (6) and was present in all
resistant strains expressing the M phenotype.

All strains were subjected to PCR M typing to determine
specific emm gene types and therefore to infer the correspond-
ing M serotype of the isolate under study. The experiments
were basically performed by using the procedure, the emm-
specific oligonucleotides (Table 1), and the control tests de-
scribed by Vitali et al. (33). Subsequently, the PCR M typing
on the emm-untypeable strains was performed by using an
extra set of 11 emm-specific primers (see Table 1) chosen
according to two main criteria: (i) emm11, -22, -28, -29, -77,
-87, and -89 were chosen on the basis of their frequency in the
Italian GAS population (9), and (ii) the others (emm48, -75,
-78, and -94) were chosen on the basis of a sequencing screen-
ing (1) conducted on strains randomly sampled from the iso-
lates that could not be typed with the previously used set of
primers (33). Detected emm genes belonged to the emm gene
families and had the corresponding frequencies listed in Table
2. The most represented emm types in the group of resistant
isolates are emm2 (10.2%), emm4 (21.6%), emm12 (6%),
emm22 (12.6%), emm77 (7.2%), and emm89 (22.2%). On the
other hand, PCR M typing analysis conducted on the suscep-
tible strains revealed an altogether different distribution. In

particular, the emm3, emm5, and emm78 types are present,
which are missing in the resistant population. In addition, the
relative frequencies of emm4 and emm89 in the susceptible
isolates group are not as high as those found in the resistant-
isolate group (Fig. 1).

The present study was designed to analyze the possible cor-
relation between macrolide resistance (27) and emm gene dis-
tribution in Italian GAS isolates. This relationship has never
been addressed before, in spite of the fact that virulence and
resistance to antibiotics are among the most important factors
to be considered when studying a clinically relevant pathogen.

The data presented here are of particular interest if each
phenotype (28) or genotype of resistance is related to emm
type (Table 2). Fully 66% of cMLS isolates have the emm22
gene, and 87% of the iMLS-A isolates harbor the emm89 gene.
Both iMLS-B and iMLS-C phenotypes fit into the emm77 type,
with one exception represented by an iMLS-B–emm4 isolate.
This isolate, however, shows an extremely important difference
with respect to the rest of the iMLS-B–iMLS-C–emm77 group:
it is the only one to harbor both ermTR and mefA genetic
determinants. By contrast, M phenotype isolates are dispersed
in almost all emm type families, with the exception of emm11
and emm77 groups, in which no mefA determined resistance
has been recorded. The analysis shows that 100% of emm2 and
emm48 isolates (n � 23) and 80% of emm4 and emm75 types
(n � 39) fall into the M phenotype subpopulation. A similar
correlation was obtained by Brandt et al. (4), who analyzed a
limited number of erythromycin-resistant GAS isolates (n �
17) from the region of Aachen, Germany. Homogeneity with
respect to resistance phenotype was found in GAS isolates
grouped by means of other, more general typing methods (5,
34).

This correlation scheme clearly indicates that antibiotic re-
sistance and the emm gene are associated. In consideration of
the fact that emm typing is a good indicator of the clonal
complexity of a GAS population, resistance to antibiotic ac-

TABLE 1. Oligonucleotide probes used in the present study

Probe Nucleotide sequencea Reference or source

emm1 5� TTC TAT AAC TTC CCT AGG ATT ACC ATC ACC 3� 34
emm2 5� TGC TTC TTT TTT GAC AGG GAC AGG GTT CTT 3� 34
emm3 5� CAT GTC TAG GAA ACT CTC CAT TAA CAC TCC 3� 34
emm4 5� CCA CGC TGA ATC AGC CTG AGG CTT TTT AAT 3� 34
emm5 5� CGG GTC ATT TAT TGT ACC CCT AGT CAC GGC 3� 34
emm6 5� TGC TTT GTC CGG GTT TTC TAC CGT CCC CCT 3� 34
emm8 5� TCG TTA TTA GAA ATA CTA TGA GAT TTT GGG 3� 34
emm11 5� CGC TCA CGT TTG TAC CTT TAG GAG CGC TTT 3� This study
emm12 5� ACG TTG TTT TTC TGC GAC TAA ATC ACT ATG 3� 34
emm18 5� CGT CTT TAT TGT CTG CTG TAG CTC GAG TAA 3� 34
emm22 5� CTT GAG AAA TGT TTG ATG ACT CCG CAT TAT 3� This study
emm24 5� TTC TTG TAC TTT TTC CAG AGT ATC TGT CTG 3� 34
emm28 5� CCA TTA GCA GAA GTC TCA GTA CTT TTT GGA 3� This study
emm29 5� CTA CGT CCT CTT TTG TCA TAC CCC TAG TAA 3� This study
emm48 5� TGC TTC AGG TGG TAA TTC AGT AAA AGT ACT 3� This study
emm75 5� GCT TCA TAT GGT AAC TCA GTA AAA GTA CGT 3� This study
emm77 5� CGG TTA TGT AGT GAT GCA TCT GAA CCT ACA 3� This study
emm78 5� CTC GTT AGT AAT ACT ACG AGA GTT CTG AGA 3� This study
emm87 5� GAA GCA GCC AAT TCG TTG GTT ACT TCT CTG 3� This study
emm89 5� TGA CAG AGA CAG ATC TAT TAA TAT TGT CAC 3� This study
emm94 5� GTA ATG TGA GTT GCC CAT TAT TTG ATG CTT 3� This study

a For emm oligonucleotide probes, the sequences are complementary to the coding strand of the N-terminal region of the corresponding emm gene sequence.
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quisition is (i) nonrandom and (ii) influenced by the genetic
background of the cell. This general conclusion might be fur-
ther extended to the particular case of virulence, since we have
analyzed the emm gene, which codes for the M protein. For
instance, the M serotype is in good association with many other
virulence traits, e.g., opacity factor, T antigen, and other fac-
tors belonging to the emm-like gene family (2, 8, 16, 17).
Hence, it is possible to formulate the hypothesis that the mode
of host invasion and/or colonization is able to positively influ-
ence the genetic acquisition of some resistance determinants
and to impede the acquisition of some others. Furthermore,
this hypothesis seems to be reinforced by the results obtained
with sensitive strains: the emm3, emm5, and emm78 (n � 14)
families include susceptible isolates only. It seems that these
strains are generally not prone to gain macrolide resistance. In
this context, it is noteworthy that M3 isolates are characterized
as highly invasive and are frequently associated with severe
infections (7).

The fact that the environment influences the general biology
of a living organism is universally known. Nevertheless, acqui-
sition of foreign DNA by microorganisms is poorly understood
if the phenomenon is considered from an ecological point of
view. Therefore, at least in S. pyogenes, a specific genetic back-
ground, the corresponding phenotype, and the resulting host-
parasite interaction could favor acquisition of a particular
antibiotic resistance because the microorganism shares a par-
ticular environment with bacteria harboring specific trans-
ferable resistance genetic determinants (25) and/or because
the colonized niches possess especially favorable conditions
for competence. Therefore, the general concept in bacterial
evolutionary genetics and pathobiology—that horizontal trans-
fer (and recombination) of genes encoding or mediating traits
thought to confer adaptive advantage is an important mecha-
nism used by pathogenic microbes to diversify populations and
enhance survival—is here extended by the indication that ac-
quisition of specific genetic traits is, to some extent, influenced
by the clonal imprinting of the single strain.
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