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Increased rates of erythromycin resistance among group B Streptococcus (GBS) and group A Streptococcus
(GAS) have been reported. Cross-resistance to clindamycin may be present, depending on the mechanism of
resistance. We determined the prevalence of macrolide-resistant determinants in GBS and GAS isolates to
guide the laboratory reporting of erythromycin and clindamycin susceptibility. Susceptibilities were deter-
mined by the disk diffusion and broth microdilution methods. Inducible and constitutive resistance to clin-
damycin was determined by the double-disk diffusion method. The presence of the ermTR, ermB, and mefA
genes was confirmed by PCR. Of the 338 GBS isolates, 55 (17%) were resistant to erythromycin, whereas 26
(8%) were resistant to clindamycin. The erm methylase gene was identified in 48 isolates, 22 of which had
inducible resistance to clindamycin and 26 of which had constitutive resistance to clindamycin. The remaining
seven resistant isolates had mefA. Of the 593 GAS isolates, 49 (8%) and 6 (1%) isolates were resistant to
erythromycin and clindamycin, respectively. Erythromycin resistance was due to mefA in 33 isolates, whereas
14 isolates had erm-mediated resistance (9 isolates had inducible resistance and 5 isolates had constitutive
resistance). In our population, erythromycin resistance in GAS was predominantly mediated by mefA and
erythromycin resistance in GBS was predominantly mediated by erm. Regional differences in mechanisms of
resistance need to be taken into consideration when deciding whether to report clindamycin susceptibility
results on the basis of in vitro test results. Testing by the double-disk diffusion method would be an approach
that could be used to address this issue, especially for GAS.

In Canada, as in other regions of North America and Eu-
rope, the rates of erythromycin resistance among isolates of
the group A Streptococcus (GAS; Streptococcus pyogenes) and
the group B Streptococcus (GBS; Streptococcus agalactiae) have
been increasing (1, 8, 16). In Ontario, Canada, the rate of
erythromycin resistance among GBS isolates has increased
from 5 to 13% over a period of 3 years (4). For GAS isolates
it has increased from 2 to 14% over 4 years (12). In the United
States, the rates of erythromycin resistance among GBS iso-
lates increased from 12 to 20% between 1990 and 2000 (16).
Despite these documented increases, there are geographic
variations in resistance rates and the prevalence of resistance
mechanisms (11). In one study, the rates of macrolide resis-
tance among GAS isolates varied from 9% in large urban
settings to 0% in rural areas, with an overall average of 4.6%
(23).

Resistance to erythromycin in streptococci is mediated by
two major mechanisms. Drug efflux, also referred to as the M
phenotype, is encoded by the mefA gene and results in low-
level resistance to erythromycin but not clindamycin. Resis-
tance may also be due to methylation of the ribosomal drug
binding site, which mediates resistance to macrolides, lincos-
amides, and streptogramin group B (MLSB). Methylases are
encoded by the erm genes and may be inducibly or constitu-

tively expressed (13). Isolates with inducible MLSB resistance
test resistant to erythromycin and susceptible to clindamycin
(19). In contrast, constitutive MLSB resistance results in resis-
tance to both erythromycin and clindamycin (19). At present,
many laboratories report susceptibilities to erythromycin and
clindamycin on the basis of in vitro test results without refer-
ence to the mechanisms of resistance. In this study, our goal
was first to determine the prevalence of erythromycin and
clindamycin resistance among clinical isolates of GBS and
GAS from the Ottawa, Ontario, Canada, area. Second, we
correlated the in vitro results with the mechanism of resistance
to help guide the most appropriate approach to the reporting
of clindamycin susceptibility.

(The data described here were presented at the 2003 Cana-
dian Association for Clinical Microbiology and Infectious Dis-
eases Meeting, Montreal, Quebec, Canada, November 2003
[K. Delgaty, M. Desjardins, K. Ramotar, C. Settaram, and B.
Toye, Abstr. Can. Assoc. Clin. Microbiol. Infect. Dis. Meet.,
abstr. F3, 2003].)

MATERIALS AND METHODS

Bacterial isolates. A total of 593 consecutive clinical isolates of GAS and 338
consecutive clinical isolates of GBS were collected from an adult hospital and a
pediatric hospital in Ottawa from 2002 to 2003. Among the GAS isolates, 339
(57%) were recovered from pediatric specimens, and all were pharyngeal iso-
lates. The remaining 254 (43%) GAS isolates were from specimens recovered
from throats (51%), wounds (26%), blood and sterile sites (14%), and other
sources (9%) from adults. The GBS isolates were recovered from vaginal-rectal
swabs (32%), wounds (25%), urine (21%), blood and sterile sites (16%), and
other sources (6%).
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Susceptibility testing. The MICs of erythromycin and clindamycin (Sigma
Chemical Co., St. Louis, Mo.) for GAS, GBS, and appropriate quality control
strains were determined by the broth microdilution method and were interpreted
according to the recommendations of NCCLS (17, 18). Testing was performed
with Mueller-Hinton broth supplemented with 5% lysed horse blood (Oxoid,
Ottawa, Ontario, Canada).

Differentiation of macrolide resistance mechanisms by phenotypic character-
ization was performed by double-disk diffusion testing, as described previously
(5, 9). Erythromycin (15 �g) and clindamycin (5 �g) disks (Oxoid) were placed
15 mm apart, edge to edge, on Mueller-Hinton agar supplemented with 5%
sheep blood agar (Becton Dickinson Microbiology Systems, Sparks, Md.) that
had been inoculated with a 0.5 McFarland suspension of the organism. The
plates were incubated for 24 h at 35°C in 5% CO2. Blunting was defined as
growth within the clindamycin zone of inhibition proximal to the erythromycin
disk, indicating MLSB-inducible methylation. Resistance to both erythromycin
and clindamycin indicated MLSB-constitutive methylation. Resistance to eryth-
romycin but susceptibility to clindamycin without blunting indicated an efflux
mechanism (M phenotype).

Detection of erythromycin resistance genes. The mefA, ermB, and ermTR
erythromycin resistance genes were detected by multiplex PCR with previously
published sequences that were multiplexed with 16S rRNA gene-specific primers
as an internal control (5, 14, 21). The methods used were adapted from a
previous study (5), and PureTaq Ready-to-Go PCR beads (Amersham-Pharma-
cia Biotech) were used. Template DNA was prepared as described previously (5).
Each 25-�l bead reaction mixture contained 5 �l of template, 0.25 �M each the
ermTR- and ermB-specific primer sets, 0.062 �M the mefA-specific primer set,
0.13 �M the 16S rRNA gene-specific primer set, and MgCl2 at a final concen-
tration of 3.0 mM. The reactions were performed in a Perkin-Elmer 9600 ther-
mocycler under the following conditions: denaturation at 95°C for 3 min and 35
cycles of 95°C for 1 min, 57°C for 1 min, and 72°C for 1 min. A final elongation
step was performed at 72°C for 5 min. The products were separated on a 2%
agarose minigel with the expected sizes: ermB, 640 bp; ermTR, 400 bp; mefA, 348
bp; and 16S rRNA gene, 241 bp. Reactions were performed with the following
controls: a triplex of a GAS-GBS template positive for ermB, ermTR, and mefA;
a negative reagent control; and a negative antibiotic-susceptible GAS and GBS
template. PCR detection of linB in erythromycin-susceptible, clindamycin-resis-
tant GBS isolates was performed by the method and with the primers described
previously (2); but for our use of the method, the 16S rRNA gene-specific
primers were added to the reaction mixture, and the method was adapted for use
with PureTaq Ready-to-Go PCR beads. The expected products were 925 bp
(linB) and 241 bp (16S rRNA gene). Detection of the ermA gene (640 bp) in
GAS isolates negative for ermTR, ermB, and mefA was similarly performed as
described previously (21).

RESULTS

Erythromycin and clindamycin resistance in GAS isolates.
Erythromycin resistance was detected in 49 (8%) of the 593
GAS isolates, and clindamycin resistance was detected in 6
(1%) of the 593 GAS isolates. Among the erythromycin-resis-
tant isolates, 33 had the M phenotype, which was due to the
presence of mefA in all 33 isolates; 5 isolates had constitutive
MLSB resistance due to the presence of ermB; and 9 isolates
had inducible MLSB resistance, which was detected in associ-

ation with ermB in 1 isolate and in association with ermTR in
the remaining 8 isolates. Two erythromycin-resistant isolates
had undefined mechanisms of resistance (Table 1). The eryth-
romycin and clindamycin MICs were consistent with the ex-
pected phenotypes. Isolates with mefA-mediated resistance
had low-level resistance to erythromycin (MICs at which 90%
of isolates are inhibited [MIC90] � 32 �g/ml), and all isolates
were susceptible to clindamycin (Table 1).

Erythromycin resistance in GAS isolates from adult and
pediatric populations. Erythromycin resistance was found in
16 of 254 (6%) adult GAS isolates, whereas it was found in 33
of 339 (10%) pediatric GAS isolates (Table 2). Efflux encoded
by mefA was identified in both pediatric and adult isolates but
was more prevalent among pediatric isolates (72% of pediatric
isolates versus 56% of adult isolates). Among the remaining
resistant isolates, inducible MLSB resistance (ermTR) was
more prevalent among adult isolates (31%), whereas constitu-
tive MLSB resistance (ermB) was found equally among adult
and pediatric isolates (13%) (Table 2).

Erythromycin and clindamycin resistance in GBS isolates.
Among the 338 GBS isolates tested, 55 (17%) and 26 (8%)
were resistant to erythromycin and clindamycin, respectively.
Of the 55 erythromycin-resistant isolates, 7 displayed the M
phenotype, which was due to mefA in all 7 isolates; 22 had an
inducible MLSB resistance phenotype, which was due to er-
mTR in all 22 isolates; and 26 had constitutive MLSB resis-
tance. Of the MLSB-resistant isolates with the constitutive
resistance phenotype, resistance was due to ermB in most iso-
lates, but resistance was associated with ermTR, either alone or
in combination with other mechanisms, in a small proportion

TABLE 1. Comparison of phenotypes and genotypes of erythromycin-resistant GAS isolatesa

Phenotypeb Genotype No. of
isolates

MIC (�g/ml)

Erythromycin Clindamycin

90% Range 90% Range

M mefA 33 32 8–32 0.06 0.06–0.125
iMLSB ermB 1 �1,024 0.25
iMLSB ermTR 8 �1,024 4–�1024 0.25 0.06–0.5
cMLSB ermB 5 �1,024 256–�1024 512 1–512
Unknown 2 �1,024 0.06–0.125

a A total of 49 isolates were tested.
b Abbreviations: M, efflux; iMLSB, inducible MLSB resistance; cMLSB, constitutive MLSB resistance.

TABLE 2. Comparison of erythromycin resistance and associated
mechanisms of resistance in adult isolates compared to those in

pediatric isolates

Parameter

No. (%) of isolates

Adults (n � 254) Pediatric population
(n � 339)

Erythromycin resistance 16 (6) 33 (10)

Mechanism of resistance
mefA 9 (56) 24 (72)
ermTR 5 (31) 3 (9)
ermB 2 (13) 4 (13)

Unknown 2 (6)

VOL. 42, 2004 ERYTHROMYCIN RESISTANCE IN GROUP A AND B STREPTOCOCCUS 5621



of the isolates (Table 3). Three additional isolates were found
to be susceptible to erythromycin and resistant to clindamycin.
Resistance was mediated by linB (L phenotype) in one isolate
and was undefined in the remaining two isolates.

The distribution of clindamycin MICs for erythromycin-re-
sistant isolates was consistent with the observed phenotype
(Table 3). For isolates with the M and the inducible MLSB

resistance phenotypes, the clindamycin MIC remained below
the NCCLS-defined breakpoint of 1 �g/ml (MIC90s, 0.06 and
0.25 �g/ml, respectively). The MIC90s of erythromycin for
these isolates were above the breakpoints consistent with low-
level resistance (8 and 16 �g/ml for the M and the inducible
MLSB resistance phenotypes, respectively) and were within 1
dilution of each other. Isolates with the constitutive MLSB

resistance phenotype were highly resistant to both erythromy-
cin and clindamycin (Table 3).

DISCUSSION

For the reporting of clindamycin susceptibility, it is impor-
tant to consider the significance of inducible methylation.
Treatment failures with clindamycin have previously been re-
ported for Staphylococcus aureus isolates with inducible MLSB

resistance encoded by ermA (7, 15, 20, 22). To address these
concerns, NCCLS has revised its 2004 recommendations for
testing and reporting of the clindamycin susceptibilities of
staphylococci (17). Current recommendations are to test S.
aureus and coagulase-negative Staphylococcus isolates for in-
ducible MLSB resistance by the double-disk diffusion test, and
reports of clindamycin failure during therapy have been asso-
ciated with this phenotype. Unlike Staphylococcus species,
NCCLS has no recommendations for the routine testing of
erythromycin-resistant GAS or GBS isolates for inducible
MLSB resistance. Concerns over the increasing incidence of
macrolide resistance in GBS have recently prompted the Cen-
ters for Disease Control and Prevention to recommend routine
erythromycin and clindamycin susceptibility testing in their
guidelines for the prevention of perinatal GBS disease (3).
However, inducible MLSB resistance was not addressed. In the
absence of direct evidence of the failure of clindamycin for the
treatment of infections caused by streptococci with inducible
methylation, the potential for a suboptimal outcome with clin-
damycin is suggested by the homology between the inducible
ermA gene in Staphylococcus species and the inducible ermTR

gene in GAS and GBS (13). Presumably, the failure of clinda-
mycin treatment for infections caused by GAS and GBS iso-
lates with inducible resistance may also be expected. Experi-
mentally, the in vitro selection of ermTR GAS isolates with
constitutive clindamycin resistance has been reported (10).
The selection of constitutive expression was found to be due to
alterations in the attenuator sequences of the ermTR gene in
erythromycin-resistant isolates. Although we did not deter-
mine if similar alterations were present in our isolates, the fact
that 20% of the clindamycin-resistant GBS isolates harbored
the ermTR gene suggests that a high frequency of selection for
constitutive resistance may also be expected for streptococci.
These results are consistent with those of other studies that
have found ermTR in a significant proportion of GBS isolates
with constitutive resistance (4).

The implication for reporting of clindamycin resistance
among GAS and GBS isolates will depend on the prevalence of
erythromycin resistance and the mechanism of resistance. As-
suming that inducible MLSB resistance is clinically relevant, in
our region, where the prevalence of the erm gene among eryth-
romycin-resistant GBS isolates is approximately 90%, clinda-
mycin susceptibility could be reported on the basis of in vitro
test results or double-disk diffusion testing with erythromycin.
Taking into consideration work flow issues and knowledge of
local resistance trends, at the Division of Microbiology, De-
partment of Laboratory Medicine, The Ottawa Hospital, the
clindamycin susceptibilities of GBS isolates are now reported
on the basis of the results of testing with erythromycin. For
GAS isolates, the use of erythromycin susceptibility as a sur-
rogate for clindamycin susceptibility may not be appropriate,
because approximately 70% of our strains were resistant be-
cause of efflux (mefA). Therefore, testing of GAS by the dou-
ble-disk diffusion method would be more appropriate for the
reporting of clindamycin resistance.

There is significant geographic variation in the prevalence of
macrolide resistance genes, particularly for GAS (11). In
southern Ontario, mefA accounted for resistance in 91% of the
erythromycin-resistant GAS isolates, whereas the rate of resis-
tance accounted for by mefA was 62% in this study (12). This
may be attributed to differences in the serotypes of the strains
circulating in each region (12). In some European studies, the
prevalence of mefA among erythromycin-resistant GAS iso-
lates has been reported to range from 32 to 64% (6, 8). For

TABLE 3. Comparison of phenotypes and genotypes of erythromycin-resistant GBS isolatesa

Phenotypeb Genotype No. of
isolates

MIC (�g/ml)

Erythromycin Clindamycin

90% Range 90% Range

M mefA 7 8 8–32 0.06 0.06–0.125
iMLSB ermTR 22 16 �1,024 0.25 0.06–0.25
cMLSB ermB 19 �1,024 4–�1,024 1,024 4–�1,024
cMLSB ermTR 5 8 256–�1,024 �1,024 512–�1,024
cMLSB ermTR, ermB 1 �1,024 �1,024
cMLSB ermTR, mefA 1 �1,024 �1,024
L linB 1 0.06 8
Unknown 2 0.06–0.125 0.5–2

a A total of 55 isolates were tested.
b Abbreviations: M, efflux; iMLSB, inducible MLSB resistance; cMLSB, constitutive MLSB resistance; L, lincomycin nucleotidyltransferase.
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GAS, we did observe differences in the erythromycin resistance
rates and the prevalence of the associated mechanism of re-
sistance between adult and pediatric populations. Although
the sample size was small, the rate of macrolide resistance was
higher among pediatric isolates. Efflux (mefA) was the more
common mechanism of resistance in both groups of isolates
but was more predominant in pediatric isolates. Among the
adult isolates, the mechanisms of resistance were more equally
distributed between efflux and methylation. For GBS, the vari-
ation in resistance mechanisms was not as apparent. The
prevalences of inducible and constitutive methylation and ef-
flux in GBS were similar to those previously reported from
southern Ontario (4). These differences emphasize the need
for laboratories to understand the prevalence of mechanisms
of macrolide resistance to determine the most appropriate
approach to the reporting of clindamycin susceptibility. Al-
though the results of disk diffusion and MIC testing correlated
well with the presence of constitutive MLSB resistance (ermB),
only double-disk diffusion testing accurately differentiated ef-
flux (mefA) from inducible MLSB resistance (ermTR) for both
GAS and GBS (data not shown). We did not determine the
optimal separation between the erythromycin and clindamycin
disks. Whether the separation obtained with regular disk dis-
pensers would be optimal for the detection of inducible MLSB

resistance, as described for Staphylococcus species isolates (9),
still needs to be determined. Nevertheless, double-disk diffu-
sion testing remains a simple and reliable alternative method
to PCR for deciding how to report clindamycin susceptibility
results for GBS and GAS and can easily be incorporated into
routine testing.

ACKNOWLEDGMENTS

We thank Frank Chan of the Children’s Hospital of Eastern Ontario
for providing us with the pediatric GAS and GBS isolates. We also
acknowledge Christiane Guibord and Emily Cameron for technical
assistance and Lynn Crosbie for secretarial support.

REFERENCES

1. Betriu, C., E. Culebras, M. Gomez, I. Rodriguez-Avial, B. A. Sanchez, M. C.
Agreda, and J. J. Picazo. 2003. Erythromycin and clindamycin resistance and
telithromycin susceptibility in Streptococcus agalactiae. Antimicrob. Agents
Chemother. 47:1112–1114.

2. Bozdogan, B., L. Berrezouga, M.-S. Kuo, D. A. Yurek, K. A. Farley, B. J.
Stockman, and R. Leclercq. 1999. A new resistance gene, linB, conferring
resistance to lincosamides by nucleotidylation in Enterococcus faecium
HM1025. Antimicrob. Agents Chemother. 43:925–929.

3. Centers for Disease Control and Prevention. 2002. Prevention of perinatal
group B streptococcal disease. Morb. Mortal. Wkly. Rep. 51(RR-11):1–22.

4. De Azavedo, J. C. S., M. Mcgavin, C. Duncan, D. E. Low, and A. McGeer.
2001. Prevalence and mechanisms of macrolide resistance in invasive and
noninvasive group B Streptococcus isolates from Ontario, Canada. Antimi-
crob. Agents Chemother. 45:3504–3508.

5. De Azavedo, J. C. S., R. H. Yeung, D. J Bast, C. L. Duncan, S. B. Borgia, and
D. E. Low. 1999. Prevalence and mechanisms of macrolide resistance in

clinical isolates of group A streptococci from Ontario, Canada. Antimicrob.
Agents Chemother. 43:2144–2147.

6. Descheemaeker, P., S. Chapelle, C. Lammens, M. Hauchecorne, M. Wij-
dooghe, P. Vandamme, M. Ieven, and H. Goossens. 2000. Macrolide resis-
tance and erythromycin resistance determinants among Belgian Streptococ-
cus pyogenes and Streptococcus pneumoniae isolates. J. Antimicrob.
Chemother. 45:167–173.

7. Faden, H., and S. Ferguson. 2001. Community-acquired methicillin-resistant
Staphylococcus aureus and intra-family spread of pustular disease. Pediatr.
Infect. Dis. 20:554–555.

8. Farrell, D. J., I. Morissey, S. Bakker, and D. Felmingham. 2002. Molecular
characterization of macrolide resistance mechanisms among Streptococcus
pneumoniae and Streptococcus pyogenes isolates from the PROTEKT 1999–
2000 study. J. Antimicrob. Chemother. 50(Suppl. S1):39–47.

9. Fiebelkorn, K. R., S. A. Crawford, M. L. McElmeel, and J. H. Jorgensen.
2003. Practical disk diffusion method for detection of inducible clindamycin
resistance in Staphylococcus aureus and coagulase-negative staphylococci.
J. Clin. Microbiol. 41:4740–4744.

10. Fines, M., M. Gueudin, A. Ramon, and R. Leclercq. 2001. In vitro selection
of resistance to clindamycin related to alterations in the attenuator of the
erm(TR) gene of Streptococcus pyogenes UCN1 inducibly resistant to eryth-
romycin. J. Antimicrob. Chemother. 48:411–416.

11. Kataja, J., P. Huovinen, The Macrolide Resistance Study Group, and H.
Seppala. 2000. Erythromycin resistance genes in group A streptococci of
different geographic origins. J. Antimicrob. Chemother. 46:789–792.

12. Katz, K. C., A. J. McGeer, C. L. Duncan, A. Ashi-Sulaiman, B. M. Willey, A.
Sarabia, J. McCann, S. Pong-Porter, Y. Rzayev, J. S. de Azadevo, and D. E.
Low. 2003. Emergence of macrolide resistance in throat culture isolates of
group A streptococci in Ontario, Canada, in 2001. Antimicrob. Agents Che-
mother. 47:2370–2372.

13. Leclercq, R. 2002. Mechanisms of resistance to macrolides and lincosamides:
nature of the resistance elements and their clinical implications. Clin. Infect.
Dis. 34:482–492.

14. Martineau, F., F. J. Picard, P. H. Roy, M. Ouellette, and M. G. Bergeron.
1996. Species-specific and ubiquitous DNA-based assays for rapid identifi-
cation of Staphylococcus epidermidis. J. Clin. Microbiol. 34:2888–2893.

15. McGehee, J. R., R. F., F. F. Barrett, and M. Finland. 1968. Resistance of
Staphylococcus aureus to lincomycin, clinimycin, and erythromycin. Antimi-
crob. Agents Chemother. 8:392–397.

16. Murdoch, D. R., and L. B. Reller. 2001. Antimicrobial susceptibility of group
B streptococci isolated from patients with invasive disease: 10-year perspec-
tive. Antimicrob. Agents Chemother. 45:3623–3624.

17. National Committee for Clinical Laboratory Standards. 2004. Performance
standards for antimicrobial susceptibility testing; fourteenth informational
supplement. M100-S14. National Committee for Clinical Laboratory Stan-
dards, Wayne, Pa.

18. National Committee for Clinical Laboratory Standards. 2003. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically;
approved standard, 6th ed. M7-A6. National Committee for Clinical Labo-
ratory Standards, Wayne, Pa.

19. Roberts, M. C., J. Sutcliffe, P. Courvalin, L. B. Jensen, J. Rood, and H.
Seppala. 1999. Nomenclature for macrolide-lincosamide-streptogramin B
resistance determinants. Antimicrob. Agents Chemother. 43:2823–2830.

20. Siberry, G. K., T. Tekle, K. Carroll, and J. Dick. 2003. failure of clindamycin
treatment of methicillin-resistant Staphylococcus aureus expressing inducible
clindamycin resistance in vitro. Clin. Infect. Dis. 37:1257–1260.

21. Sutcliffe, J., T. Grebe, A. Tait-Kamradt, and L. Wondrack. 1996. Detection
of erythromycin-resistant determinants by PCR. Antimicrob. Agents Che-
mother. 40:2562–2566.

22. Watanakunakorn, C. 1976. Clindamycin therapy of Staphylococcus aureus
endocarditis. Clinical relapse and development of resistance to clindamycin,
lincomycin and erythromycin. Am. J. Med. 60:419–425.

23. Weiss, K., J. De Azavedo, C. Resteri, L. A. Galarneau, M. Gourdeau, P.
Harvey, J. F. Paradis, K. Salim, and D. E. Low. 2001. Phenotypic and
genotypic characterization of macrolide-resistant group A Streptococcus
strains in the province of Quebec, Canada. J. Antimicrob. Chemother. 47:
345–348.

VOL. 42, 2004 ERYTHROMYCIN RESISTANCE IN GROUP A AND B STREPTOCOCCUS 5623


