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Differences between Macrolide-Resistant and -Susceptible
Streptococcus pyogenes: Importance of Clonal Properties in Addition

to Antibiotic Consumption
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A steady decline in macrolide resistance among Streptococcus pyogenes (group A streptococci [GAS]) in Portugal was reported
during 1999 to 2006. This was accompanied by alterations in the prevalence of macrolide resistance phenotypes and in the clonal
composition of the population. In order to test whether changes in the macrolide-resistant population reflected the same chang-
ing patterns of the overall population, we characterized both macrolide-susceptible and -resistant GAS associated with a diagno-
sis of tonsillo-pharyngitis recovered in the period from 2000 to 2005 in Portugal. Pulsed-field gel electrophoresis (PFGE) profil-
ing was the best predictor of emm type and the only typing method that could discriminate clones associated with macrolide
resistance and susceptibility within each emm type. Six PFGE clusters were significantly associated with macrolide susceptibility:
T3-emm3-ST406, T4-emm4-ST39, T1-emm1-ST28, T6-emm6-ST382, B3264-emm89-ST101/ST408, and T2-emm2-ST55. Four
PFGE clusters were associated with macrolide resistance: T4-emm4-ST39, T28-emm28-ST52, T12-emm?22-ST46, and T1-emm1-
ST28. We found no evidence for frequent ongoing horizontal transfer of macrolide resistance determinants. The diversity of the
macrolide-resistant population was lower than that of susceptible isolates. The differences found between the two populations
suggest that the macrolide-resistant population of GAS has its own dynamics, independent of the behavior of the susceptible

population.

S treptococcus pyogenes (Lancefield group A streptococci [GAS]),
is the most common bacterial agent implicated in acute phar-
yngitis and can also cause a variety of skin and soft tissue infec-
tions, as well as severe invasive disease. Although penicillin re-
mains the antibiotic of choice in the treatment of GAS infections,
macrolides and lincosamides are recommended as suitable alter-
natives for patients who are allergic to penicillin (4).

High macrolide resistance in GAS was reported in most south-
ern European countries, such as Spain, Greece, Italy, and Portugal
(14, 15, 19, 22, 25, 27), but this was not a characteristic of all
European countries (22). Although differences in the prevalence
of particular macrolide resistance genotypes and emm types were
documented, the majority of these emm types shared the same
resistance determinants, suggesting a broad geographical dissem-
ination of a few clones. Isolates fully susceptible to macrolides that
share the same pulsed-field gel electrophoresis (PFGE) profiles or
the same sequence types (STs) as these major clones have been
described, and several resistance determinants have been associ-
ated with each resistant lineage. Taken together, these data imply
that independent acquisition of resistance genes by the same prev-
alent clones followed by local dissemination could have also
played a role in conditioning the successful macrolide resistance
phenotypes and clones in particular geographic locations.

An association between certain emm types and macrolide re-
sistance was documented (1,7, 16, 17, 23, 29), but in most of these
studies the characterization of the S. pyogenes isolates was limited
to emm typing. However, it was recently shown that this typing
technique is not sufficient to unambiguously identify GAS clones.
For the precise identification of genetic lineages, emm typing
should be complemented with other typing methods, such as
PFGE or multilocus sequence typing (MLST) (5).

In Portugal, we noted a steady decline in macrolide resistance
among S. pyogenes isolates in 1999 to 2006, decreasing from 20%
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in 1999 to 12% in 2006 (25). This was accompanied by large fluc-
tuations of the macrolide resistance phenotypes, as well as changes
in the clonal composition of the population (25-27). Given these
results, we hypothesized that the changing patterns of macrolide
resistance could also be reflecting fluctuations in the overall pop-
ulation, implying that important causes for this fluctuation lay
outside antibiotic usage and reflected other selective forces acting
on the entire GAS population.

The aims of this study were to characterize the macrolide-sus-
ceptible population of GAS and to compare it with the macrolide-
resistant population to determine how much the dynamics of ma-
crolide-resistant isolates could be mirroring the behavior of the
overall GAS population.

MATERIALS AND METHODS

Bacterial isolates and identification. A total of 1,606 S. pyogenes isolates
recovered from throat swabs and associated with a diagnosis of tonsillo-
pharyngitis were collected from 32 microbiology laboratories located
throughout Portugal from January 2000 to December 2005. In this period,
erythromycin resistance declined from 28% in 2000 to 11% in 2005 (25).
Pharyngitis is frequently managed in Portugal without a microbiological
investigation, with these being performed mostly for epidemiological pur-
poses. On the other hand, the availability of rapid antigen tests means that
an isolate will not always be recovered, even when an etiological diagnosis
is sought. The participating laboratories were asked to submit all nondu-
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plicate S. pyogenes isolates obtained from outpatients during the study
period, but no audit was performed to ensure compliance, and this is
known to be variable in this kind of study. The combination of these
factors may have contributed to a lower number of isolates than antici-
pated, but we have no reason to suspect that there was a bias in the isolates
that were submitted. The isolates were distributed in the study period as
follows: 214 in 2000, 216 in 2001, 270 in 2002, 230 in 2003, 284 in 2004,
and 392 in 2005. Isolates were identified to the species level by colony
morphology, beta-hemolysis on sheep blood agar, and a commercial latex
agglutination technique (Slidex Strepto A; bioMérieux, Marcy I'Etoile,
France). A total of 803 isolates, randomly chosen and representing 50% of
the total collection, were characterized. Among this group were 155 ma-
crolide-resistant isolates (19.3%). The distribution of the macrolide-re-
sistant isolates included in this study was as follows: 23 in 2000, 19 in 2001,
231in 2002, 38 in 2003, 30 in 2004, and 22 in 2005. These isolates represent
a subset of the total number of macrolide-resistant isolates found during
2000 to 2005 (n = 318).

Antimicrobial susceptibility testing. Susceptibilities to erythromycin
and clindamycin were tested by disk diffusion according to the recom-
mendations of CLSI (6) and were reported previously (25-27). The mac-
rolide resistance phenotype was determined according to previously pub-
lished procedures (27).

DNA extraction. Total bacterial DNA was isolated according to the
methodology described by the Centers for Disease Control and Preven-
tion (CDC) (http://www.cdc.gov/ncidod/biotech/strep/protocols.htm).

T and emm typing. emm typing was performed as described by the
CDC (http://www.cdc.gov/ncidod/biotech/strep/protocols.htm). Ampli-
fication products were purified using the High Pure PCR purification kit
(Roche, Mannheim, Germany) according to the manufacturer’s instruc-
tions and sequenced using primer emmseq2 (2), and the DNA sequences
were searched against the emm sequences deposited in the CDC database
(http://www.cdc.gov/ncidod/biotech/strep/strepindex.htm).

PFGE and MLST. Pulsed-field gel electrophoresis (PFGE) was per-
formed as previously described (26). All the macrolide-susceptible iso-
lates were digested with Smal, and isoschizomer Cfr91 was used only for
isolates presenting the M phenotype (26). The BioNumerics software
(Applied-Maths, Sint-Martens-Latem, Belgium) was used to create un-
weighted-pair group method with arithmetic mean (UPGMA) dendro-
grams of the Smal or Cfr9I fragment patterns. The Dice similarity coeffi-
cient was used, with optimization and position tolerance settings of 1.0
and 1.5, respectively. PFGE clusters were defined as groups of isolates with
=80% similarity in the dendrogram (5). A PEGE-based cluster was con-
sidered to be a major lineage if it included =10 isolates. Clusters that
included between 5 and 10 isolates were considered minor PFGE clusters.
Major lineages were identified by uppercase letters and minor clones by
lowercase letters. The subscript number in the PFGE cluster designation
identifies the number of isolates included in the cluster.

Multilocus sequence typing (MLST) analysis was performed for at
least 30% of randomly selected isolates of each emm type that was repre-
sented by more than 10 isolates (n = 282) as previously described (8), and
allele and sequence type (ST) were attributed using the S. pyogenes MLST
database (spyogenes.mlst.net). The relationships between the MLST ST's
were determined using the goeBURST algorithm (9) implemented in
PHYLOViZ (10) with the complete S. pyogenes database available at
spyogenes.mlst.net.

Statistical analysis. In order to compare the probability of a given
emm type or PFGE clone being more associated with macrolide resistance
or susceptibility, the odds ratios (OR) and the corresponding P values,
corrected for multiple testing through the false-discovery rate (FDR) lin-
ear procedure (3), were calculated by reference to all other emm types and
PFGE clones.

Adjusted Wallace (AW) coefficients were used to compare partitions,
and Simpson’s index of diversity (SID) and the corresponding 95% con-
fidence intervals (CIs) were used to evaluate the clonal diversity of the
macrolide-susceptible and -resistant isolates (5, 24). Trends were evalu-

5662 aac.asm.org

ated using the Cochran-Armitage test of trend, and yearly variability was
tested using the Fisher exact test. P values of <0.05 were considered sig-
nificant.

RESULTS

Clonal characterization. The characteristics of the 803 isolates
included in this study, as well as their distribution during the study
period, are summarized in Table 1. Among the 34 different emm
types found, the most frequent were emm4 (15.2%, n = 122),
emm]l and emm3 (9.6%, n = 77 each), emm12 (9.3%, n = 75),
emm6 (7.2%, n = 58), and emm89 (7%, n = 56). The remaining
28 emm types accounted for 42.1% of the isolates (n = 338).
Among the 16 T types found in the collection, the most prevalent
were T4 (13.8%, n = 111), T12 (12.5%, n = 100), T1 (9.7%, n =
78),T28 (8.5%, n = 68), and B3264 (8.3%, n = 67). Slightly under
8% of the isolates (n = 64) were T nontypeable.

The 803 isolates were classified into 62 PFGE clusters, in-
cluding 19 major lineages representing 684 isolates (85%) (Fig.
1). Nine minor PFGE clusters were found, grouping 60 isolates
(7.5%). In most cases, each PFGE cluster had a dominant mac-
rolide resistance phenotype (susceptible, MLSg, or M), emm
type, T type, and STs belonging to the same clonal complex
(Table 1). The MLSy isolates were grouped mainly into PFGE
cluster H;g (48%, n = 30) and cluster K,, (33%, n = 21), while
49% of isolates presenting the M phenotype (n = 45) were
included into cluster G,q.

MLST analysis was performed for 282 isolates (35.1%). We
identified 4 novel alleles among the genes used in MLST, two in gki
(gkil08 and gkil09), one in mutS (muts63) and one in recP
(recp101). New allele combinations producing novel STs were also
noted and were numbered ST559 to ST569 and ST634 to ST639.
The new alleles and the novel STs were submitted to the S. pyo-
genes MLST database (spyogenes.mlst.net). Isolates of the same
emm type presented mostly the same ST or ST's of the same clonal
complex (Table 1).

Differences between PFGE clusters and emm types between
macrolide-resistant and -susceptible isolates. The SID values of
all typing methods and the corresponding 95% ClIs were deter-
mined for the macrolide-resistant and -susceptible subsets to as-
certain whether there were differences in the diversities of the two
populations (Table 2). For all the typing methods used to charac-
terize the entire collection, the diversity of the macrolide-resistant
population was lower than the diversity of the susceptible popu-
lation. This not only is evident from the lower number of different
types found among macrolide-resistant isolates but also is re-
flected in the significantly lower SID values (Table 2). For the
subset of isolates analyzed by MLST, the diversity of the mac-
rolide-resistant population was also lower.

Among the emm types that were represented by more than 10
isolates, none included solely resistant isolates. However, some
were found only in macrolide-susceptible isolates: emm3, emm87,
emm77, emm78, and emm94.

The calculation of OR supported the association of emm3 and
emm87 with macrolide susceptibility (P < 0.001 and P = 0.007,
respectively, both of which are significant for FDR) but not that of
emm?77, emm78, and emm94. emm types 6 and 89 were also asso-
ciated with macrolide susceptibility, although both included one
resistant isolate (both with a P value of <0.001, which is signifi-
cant for FDR). On the other hand, emm types 4, 22, and 28 were
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TABLE 1 Properties of the 803 GAS isolates collected from tonsillo-pharyngitis in Portugal

No. of isolates recovered in:

emm type PFGE cluster
(no. of isolates) (R/S)” T type(s)? (no. of isolates) ST(s) (no. of isolates)® 2000 2001 2002 2003 2004 2005
4(122) B (1/64)  4(63),3(1),NT (1) [39 (12), 566 (1), 635 (1)] 2 2 10 12 10 29
Gy (45/2) 4 (39), B3264 (2), 13 (1), 2/4 (1), 5/27/44 (1), [39 (16), 561 (1), 637 (1), 638 (1)] 4 0 6 16 13 8
6(1),12(1),1(1)
Other (2/8) 4 (8),6(1),2 (1) 39 (6),15(1),55(1) 0 0 1 2 0 7
1(77) Ce, (0/62)  1(61),NT (1) [28 (16), 567 (1)] 7 6 8 7 20 14
R,, (12/0)  1(10),13 (1), NT (1) 28 (7) 1 2 4 4 0 1
Other (1/2) 1(3) 28 (1) 0 1 2 0 0 0
3(77) A (0/76) 3 (40), NT (18), 3/13 (17), 5/27/44 (1) [406 (14), 315 (5), 15 (4), 560 (1)] 1 8 30 4 3 30
Other (0/1) NT (1) 15 (1) 0 0 0 0 0 1
12 (75) D., (8/42) 12 (40),NT (9),2 (1) [36 (14), 551 (1)] 9 10 6 115 9
S5 (5/5) 12 (9), NT (1) 36 (5) 1 2 1 2 3 1
A, (0/8) 12 (6),NT (2) 36 (3) 1 0 2 2 1 2
Other (4/3) 12 (6),25 (1) 36 (3), 150 (1) 3 0 4 0 0 0
6 (58) B (1/56) 6 (51),NT (4), 5/27/44 (1), 2 (1) (382 (18), 411 (1)] 13 10 8 4 2 20
Other (0/1)  6(1) 382 (1) 1 0 0 0 0 0
89 (56) Fs5 (1/51) B3264 (50), 3/13 (1), 28 (1) [101 (5), 408 (5), 553 (1), 568 (3)] 1 8 5 11 15 12
Other (0/4)  B3264 (3), 5/27/44 (1) [101 (2), 568 (1)] 555 (1) 0 1 0 0 1 2
75 (49) L,5(8/16) 25 (24) [150 (7), 563 (1)] 3 6 8 6 1 0
Q.5 (0/13) 25 (13) [150 (3), 564 (1), 639 (1)] 1 1 2 2 5 2
Other (4/8) 25 (11),NT (1) 150 (5), 481 (1) 1 1 0 3 5 2
28 (45) H,, (26/7) 28 (32),NT (1) 52 (9) 4 8 5 3 5 8
P, (1/9) 28 (10) 52(5) o 2 3 1 3 1
Other (0/2) 28 (1), NT (1) [52 (1), 456 (1)] 0 0 2 0 0 0
2 (38) 15, (0/30) 2(29),4(1) [55(7), 634 (1)] 4 6 3 3 9 5
Other (2/6) 2 (7), 12 (1) [55 (4), 636 (1)] 1 1 1 1 1 3
22 (35) K,, (21/4)  12(25) [46 (6), 389 (1)] 7 7 1 4 5 1
Other (6/4) 12 (10) [46 (2),389 (1)],52 (2) 0 2 1 5 2 0
44/61 (33) J5, (1/30) 5/27/44 (28), NT (2), 12 (1) [25 (10), 554 (1)] 0 0 0 2 14 15
Other (0/2)  5/27/44 (2) 555 (1) 0 0 1 0 0 1
87 (25) N,, (0/18) 28 (16), NT (2) 62 (6) 4 3 2 3 3 3
i5 (0/5) 28 (3),1(1),NT (1) 62 (2) 0 0 0 1 0 4
Other (0/2) 28 (1),6 (1) 0 0 0 0 0 2
9 (23) M,, (0/19) 9 (19) 75 (4) 8 3 3 1 2 2
Other (3/1) 9 (4) 75 (4) 2 0 1 0 0 1
77 (17) b, (0/8) 13 (8) 63 (3) 2 1 1 2 2 0
Other (0/9) 13 (5),NT (2),28 (1),2 (1) 63 (3) 1 2 5 0 0 1
78 (15) 0,5 (0/15) 11 (15) [253 (5), 409 (1)] 5 2 1 0 2 5
94 (11) D., (0/9) B3264 (7), 1 (1), NT (1) 89 (4) 2 1 1 1 1 3
Other (0/2)  B3264 (2) 0 0 2 0 0 0
Other? Multiple® Multiple” Multiple® 18 12 5 2 9 1

“ PFGE clones defined as major lineages are designated by uppercase letters, and minor PFGE clones (10 > n = 5) are designated by lowercase letters. Whenever a PFGE clone
included fewer than 5 isolates of that particular emm type, it was not discriminated, and all such isolates were grouped under “other.” The numbers of resistant (R) and susceptible

(S) isolates are indicated in parenthesis.
Y NT, nontypeable.

¢ Brackets indicate STs that belong to the same clonal complex defined by the goeBURST algorithm (http://goeburst.phyloviz.net/) with the complete S. pyogenes database available

at spyogenes.mlst.net.

918 emm types (47 isolates): 11 (9), 102 (9), 58 (5), 48 (3), 74 (2), 18 (2), 29 (2), 68 (2), 53 (2), st7700 (2), 118 (2), 43 (1), 73 (1), 70 (1), 64 (1), 25 (1), 5 (1), and st38 (1).

¢ Twenty-one PFGE clones.

£12 T types: NT (15), 11 (8), 13 (5), 3/13 (5), B3264 (3), 28 (3), 9 (2), 3 (2), 25 (1), 12 (1), 18 (1), and 1 (1).
€17 STs: 60 (3), 403 (2), 562 (2), 410 (2), 247 (1), 331 (1), 161 (1), 176 (1), 402 (1), 552 (1), 559 (1), 167 (1), 565 (1), 569 (1), 120 (1), 63 (1), and 12 (1).

associated with macrolide resistance (all with a P value of <0.001,
which is significant for FDR).

Nine PFGE clusters that included only susceptible isolates were
also identified (Table 1). In contrast, only one PFGE cluster, R,,
(mostly T1-emm1-ST28), grouped exclusively resistant isolates.
All the other PFGE clusters included both susceptible and resistant
isolates.

Similarly to what was found for emm types, the calculation of
OR for the PFGE major clusters supported only the association of
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some clusters with the macrolide resistance phenotype. The asso-
ciation with susceptibility of PEGE clusters A4 (mostly T3-emm3-
ST406), Cq, (mostly T1-emm1-ST28), and 15, (mostly T2-emm?2-
ST55) was statistically supported (P < 0.001, P < 0.001, and P =
0.002, respectively, all of which are significant for FDR). Addition-
ally, PFGE clusters By, (mostly T4-emm4-ST39), E5q (mostly T6-
emm6-ST382), and Fs; (mostly B3264-emm89-ST101/ST408), all
including one resistant isolate, were also found to be associated
with susceptibility (all with a P value of <0.001, which is signifi-
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FIG 1 Dendrogram showing the PFGE profiles of the 803 GAS isolates. The
dendrogram was constructed using the unweighted-pair group with arithme-
tic mean (UPGMA) method. Dice coefficients (percentages) are indicated in
the scale above the dendrogram. For each PFGE cluster, a triangle proportional
to the number of isolates is shown in the dendrogram. The clusters are desig-
nated by letters, with major clusters (n = 10) identified by uppercase letters
and minor PFGE clusters (10 > n = 5) identified by lowercase letters. The
subscript numbers indicate the number of isolates included in the cluster.

cant for FDR). In contrast, PFGE clusters G, (mostly T4-emm4-
ST39), Hsg (mostly T28-emm28-ST52), K,, (mostly T12-emm?22-
ST46), and R,, (mostly T1-emm1-ST28) were associated with
macrolide resistance (all with a P value of <0.001, which is signif-
icant for FDR).
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Correspondence between typing methods and differences
between macrolide-susceptible and -resistant isolates. The AW
coefficient calculated for the relationship between PFGE and macro-
lide susceptibility was high (AWppgp gy = 0.715; 95% CI, 0.642 to
0.788), while it was extremely low for emm type (AW, gy =
0.095; 95% CI, 0.016 to 0.175). The AW coefficients also indicated
that among the typing methods used in this work, PEGE was the
best predictor of emm type. This was valid considering all the
isolates included in the collection and the macrolide-resistant and
-susceptible subsets (AW prGe emm, an = 0.914; 95% CI, 0.889 to
0.939). The inverse relationship was significantly weaker
(AW,,,,—pEGE, an = 0.598; 95% CI, 0.565 to 0.630). When con-
sidering only the macrolide-resistant or -susceptible subsets, the
relationship was much stronger (AW.,,,,,, .prGE, gy = 0.754 [95%
CI, 0.658 t0 0.850]; AW, -prGe, £’ = 0.787 [95% CI, 0.747 to
0.827]), reflecting the discrimination by PFGE of macrolide-resis-
tant and macrolide-susceptible lineages of the same emm types.
For the subset of isolates analyzed by MLST (n = 282), the ST was
an excellent predictor of emm type (AWgr_.pm = 0.963;95% CI,
0.937 to 0.988), but the inverse relationship was significantly
weaker (AW, o1 = 0.678; 95% CI, 0.602 to 0.753).

Changes of macrolide resistance within emm types with
time. Since particular genetic lineages were found to be associated
with macrolide resistance, we tested whether the distribution of
macrolide-resistant isolates changed with time within each of the
emm types with =10 isolates in the studied period. Changes were
noted in emm1 (P = 0.016) and emm4 (P < 0.001), but only the
latter was significant for FDR. This indicates that while the pro-
portion of macrolide-resistant isolates remained stable in time for
most emm types, that for emm4 changed significantly. An increase
in emm4 isolates was noted during the study period (Cochran-
Armitage test for trend, P < 0.001). However, this increase reflects
the underlying dynamics of its two major PFGE clusters. The in-
crease in recent years of the macrolide-susceptible PFGE cluster
B, which peaked in the last year of the study, is in contrast to the
dramatic increase of the macrolide-resistant PFGE cluster G, in
the early years, to a peak in 2003, and its current decline (Table 1).

DISCUSSION

The changes in the prevalence of macrolide resistance phenotypes
noted in Portugal were accompanied by alterations in the clonal
composition of the population (25). At this point, it remained
unclear whether all these changes were a reflection of large fluctu-
ations in the overall GAS population or whether macrolide-resis-
tant S. pyogenes isolates have their own dynamics. In this work, we
compared macrolide-resistant and -susceptible GAS isolates in
the period from 2000 to 2005 in order to gain new insights into the

TABLE 2 Simpson’s indices of diversity and 95% confidence intervals of
the typing methods used in the analysis

SID (95% CI) [no. of partitions]

Macrolide-resistant isolates Macrolide-susceptible isolates

Typing method (1 = 155) (n = 648)

PFGE 0.851 (0.817-0.884) [22] 0.938 (0.932-0.944) [58]
emmtyping  0.823 (0.792-0.854) [12]  0.927 (0.922-0.933) [34]
T typing 0.819 (0.787-0.850) [14]  0.924 (0.920-0.928) [16]
MLST 0.889 (0.853-0.924) [17] 0.959 (0.951-0.966) [52]
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reasons behind the fluctuations reported for the resistant popula-
tion.

In this study, a statistically significant association was found
between macrolide resistance and emm4, emm?22, and emm?28, of
which emm4 and emm?22 were also found in association with mac-
rolide resistance elsewhere (1, 16, 23, 29). However, our findings
are in contrast to a report from Korea that indicated a relationship
between these emm types and macrolide susceptibility (12). It was
also possible to establish significant associations between macro-
lide susceptibility and emm3, emm6, emm87, and emm89. While
emm3 was also previously reported in association with macrolide
susceptibility in Spain (1) and in Italy (29), emm89 was previously
found in association with macrolide resistance (29), contrary to
our findings. Associations between certain emmm types and macro-
lide resistance and susceptibility were reported in other studies
but were not detected in Portugal, such as for emm12 and emm?2,
which were often associated with macrolide resistance (7, 17, 29),
and emml isolates, which were frequently found in association
with macrolide susceptibility (1, 16).

PFGE was the only typing method capable of differentiating
resistant isolates of the same emm type. For emm4 and emm],
PFGE grouped the isolates into two major PFGE clusters (B4, and
G, for emm4 isolates and Cg, and R, for emm] isolates), associ-
ated with macrolide susceptibility and resistance, respectively. As-
sociations between some PFGE clusters and macrolide suscepti-
bility that could not be detected by emm type alone were
identified. This was the case for clusters Cg, and R,,, including
emm] macrolide-susceptible and -resistant isolates, respectively,
and for cluster I,, including emm?2 isolates. None of these emm
types was statistically associated with macrolide susceptibility.
These observations reinforce the usefulness and the importance of
using PFGE to characterize GAS isolates.

In order to compare the two populations, the SID values for all
the typing methods used in this study were calculated (Table 2).
There were differences in the number of types and SID values
between the macrolide-resistant and -susceptible subsets for
PFGE, emm typing, and T typing. The diversity of the resistant
population was lower than that of the susceptible subset by all
three methods. The SID values for the fraction of the isolates char-
acterized by MLST were also lower in the macrolide-resistant pop-
ulation.

The association of certain emm types and PFGE clones with
macrolide resistance or susceptibility and the differences in the
diversity of the two groups indicate that the macrolide-resistant
isolates represent lineages distinct from the susceptible popula-
tion. The discrepancies in associations between emm types and
macrolide resistance found in different geographical regions
could be due to the circulation of different lineages expressing
these emm types in different areas.

If the diversity of the resistant population previously reported
(25-27) was a reflection of the diversity of the overall GAS popu-
lation, the emm types and the PFGE clusters would not show these
associations, and the diversities of the two populations would be
approximately the same. Some emm types are never or rarely
found in resistant isolates, even though their prevalence in suscep-
tible isolates is high. This is the case for emm3, emm6, and emm89.
In 2002 and 2005, 22% and 15% of the isolates, respectively, were
emm3, and no macrolide-resistant isolates were detected. Fifty-
seven out of the 58 emme6 isolates were macrolide susceptible, and
while in 2005, 10% of the isolates presented this emm type, no
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acquisition of macrolide resistance determinants was detected.
The same situation occurred with emm89, which increased
throughout the study period, but a single resistant isolate was
found. Taken together, these data suggest that there is limited
ongoing transfer of macrolide resistance determinants.

The narrow group of resistant lineages is quite stable and
has disseminated widely (11, 13, 18, 20, 21, 28). Whether their
success is dependent solely on their association with macrolide
resistance or may also reflect other clonal properties remains to
be shown. The characterization of contemporaneous macro-
lide-resistant and -susceptible isolates revealed distinct popu-
lations that changed independently in the study period.
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