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Macrolide resistance has been demonstrated in group B streptococcus (GBS), but there is limited informa-
tion regarding mechanisms of resistance and their prevalence. We determined these in GBS obtained from
neonatal blood cultures and vaginal swabs from pregnant women. Of 178 isolates from cases of neonatal GBS
sepsis collected from 1995 to 1998, 8 and 4.5% were resistant to erythromycin and clindamycin, respectively,
and one isolate showed intermediate penicillin resistance (MIC, 0.25 �g/ml). Of 101 consecutive vaginal or
rectal/vaginal isolates collected in 1999, 18 and 8% were resistant to erythromycin and clindamycin, respec-
tively. Tetracycline resistance was high (>80%) among both groups of isolates. Of 32 erythromycin-resistant
isolates, 28 possessed the erm methylase gene (7 ermB and 21 ermTR/ermA) and 4 harbored the mefA gene; one
isolate harbored both genes. One isolate which was susceptible to erythromycin but resistant to clindamycin
(MIC, 4 �g/ml) was found to have the linB gene, previously identified only in Enterococcus faecium. The mreA
gene was found in all the erythromycin-resistant strains as well as in 10 erythromycin-susceptible strains. The
rate of erythromycin resistance increased from 5% in 1995–96 to 13% in 1998–99, which coincided with an
increase in macrolide usage during that time.

Group B streptococcus (GBS), although a normal commen-
sal of the gastrointestinal and genitourinary tracts, is capable of
causing invasive infections in neonates, pregnant women, and
persons with underlying medical conditions (26). Between 15
and 35% of pregnant women are asymptomatic carriers of
GBS, and in the early 1990s 0.2 to 0.8% of neonates had GBS
bacteremia (26). With the advent of consensus guidelines for
intrapartum antibiotic prophylaxis in the United States, early-
onset disease decreased by 65% from 1993 to 1998 (25). Fur-
ther declines are predicted if compliance with prophylaxis can
be improved (6). However, the increased use of antimicrobials
for prophylaxis has raised concerns regarding the emergence of
resistance. In addition, increased resistance may have an im-
pact on the efficacy of prophylaxis itself.

Penicillin is the drug of choice for prophylaxis and treatment
of GBS disease, and so far, resistance to this agent has not
been reported (1, 2, 10, 16, 20, 30, 31). However, macrolides
are the recommended second-line agents and the first alterna-
tive in mothers with a penicillin allergy. Allergy to penicillin
has been reported in 12% of pregnant women in the United
States (22). Several studies have reported increasing resistance
of GBS to macrolides. The SENTRY surveillance study found
that 25 and 14% of neonatal bloodstream isolates in the
United States and Canada, respectively, were resistant to
erythromycin, with 7% resistant to clindamycin (2). In a U.S.

study of vaginal isolates, prevalence of erythromycin resistance
rose from 1% from 1980 to 1993 to 18% in 1997–98 (19).
Resistance rates have also been found to vary with geograph-
ical location. High rates have been noted in California (32 and
12% to erythromycin and clindamycin, respectively), with
lower rates in Florida (9 and 2%, respectively) (16). In Canada,
a study of invasive isolates collected from several provinces in
1996 revealed that 7% were resistant to erythromycin and 4%
were resistant to clindamycin (30).

The most frequently encountered macrolide resistance
mechanisms in streptococci are ribosomal modification by a
methylase encoded by an erm gene (33) and drug efflux by a
membrane-bound protein encoded by a mef gene (17). Pres-
ence of the Erm methylase confers resistance to erythromycin
and inducible or constitutive resistance to lincosamides and
streptogramin B (macrolide-lincosamide-streptogramin B
[MLS] phenotype), whereas presence of the Mef pump confers
resistance only to 14- and 15-membered macrolides (M phe-
notype). A second efflux mechanism, encoded by the mreA
gene, has been described for GBS (7). However, susceptible
GBS strains have also been shown to possess the mreA gene,
and it might function as a housekeeping gene (G. Clarebout
and R. Leclercq, 39th Intersci. Conf. Antimicrob. Agents Che-
mother. abstr. 840, p. 115, 1999). Although several previous
studies have documented the prevalence of macrolide resis-
tance in GBS (2, 10, 16, 19, 22, 30), few have identified the
mechanisms of resistance or have compared the prevalence of
resistance in early- and late-onset neonatal sepsis or contem-
poraneous neonatal sepsis and maternal vaginal isolates. The
relative contribution of the presence of the erm and mef genes
in contributing to a resistance phenotype may have important
implications for therapy, since there are differences in drug
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susceptibility depending on the mechanism of resistance. In
this study we report the prevalence and mechanisms of mac-
rolide-lincosamide resistance in neonatal sepsis GBS isolates
collected from 1995 to 1998 and vaginal isolates from pregnant
women collected in 1999.

MATERIALS AND METHODS

Strains. A total of 279 GBS strains were screened for antimicrobial suscepti-
bility. Strains were obtained from cases of neonatal sepsis (n � 179) as well as
from pregnant women (n � 101). Neonatal sepsis isolates were collected from
1995 to 1998 through the Toronto Invasive Bacterial Diseases Network, a pop-
ulation-based surveillance system for invasive bacterial diseases, including GBS,
in the metropolitan Toronto and Peel region (population, 3.5 million in 1996).
All hospitals and the three largest private laboratories serving residents of the
population area reported sterile site isolates of GBS to the central study office.
Clinical data were obtained from attending physicians and infection control
practitioners. Lab audits were conducted semiannually to ensure complete re-
porting. Vaginal isolates were collected from screening vaginal or combined
vaginal and rectal swabs in pregnant women in March 1999 by the largest private
laboratory serving an estimated 60% of physician offices in metropolitan Toronto
and the surrounding area. All isolates were confirmed to be GBS by standard
methodology.

Susceptibility testing. Strains were tested against penicillin, amoxicillin, cefu-
roxime, cefotaxime, ceftriaxone, erythromycin, clindamycin, tetracycline, genta-
micin, and chloramphenicol by broth microdilution following NCCLS guidelines
(21). In order to distinguish between macrolide (M) and MLS or macrolide-
lincosamide (ML) phenotypes, clindamycin discs were placed on plates at 12 and
22 mm from a central erythromycin (15-�g) disk and incubated overnight at 37°C
in 5% CO2. Blunting of the growth between clindamycin and erythromycin discs
and no inhibition around the clindamycin disk indicated inducible MLS resis-
tance (MLS I). Constitutive resistance (MLS C) was defined as growth inhibition
zones of �15 mm around both the clindamycin and erythromycin disks. Hetero-
resistance to clindamycin was defined as inhibition zones of �15 mm around the
clindamycin disk but with resistant colonies growing within this zone. The M

phenotype was characterized by resistance to erythromycin and susceptiblity to
clindamycin.

Detection of resistance genes. PCR was used to detect erm and mef genes in
the erythromycin- and clindamycin-resistant isolates as described previously (9).
Primers for detection of the mreA gene were based on GenBank accession no.
U92073 (8) as follows: MREA (bp 291 to 314), 5�-3� AGA CAC CTC GTC TAA
CCT TCG CTC; and MREB (bp 706 to 684), 5�-3� TCC ATG TAC TAC CAT
GCC ACA GG. Cycling was carried out using 5 �l of template (9) in a 25-�l
reaction mixture in a 9600 Perkin-Elmer Thermocycler as follows: initial dena-
turation at 94°C for 4 min followed by denaturation at 93°C for 30 s, annealing
at 50°C for 30 s, and elongation at 72°C for 1 min for a total of 30 cycles. A final
extension step was carried out at 72°C for 5 min. Primers and PCR conditions for
detection of the linB gene were as described previously (5). PCR products were
resolved on 1% agarose gels.

Macrolide consumption. Data on macrolide usage in the province of Ontario
were obtained through IMS HEALTH, Montreal, Canada.

RESULTS

The GBS neonatal sepsis cases identified from 1995 to 1998
comprised 163 cases of early-onset disease (illness during the
first week of life) and 33 cases of late-onset disease (illness
from days 7 to 90). A statistically significant decrease in inci-
dence of invasive disease (P � 0.001; chi-square test for trend)
was noted over the period of the study (Fig. 1). Isolates were
available for 178 cases, of which 153 were early-onset disease
and 25 were late-onset disease.

Susceptibility testing revealed that none of the isolates were
resistant to �-lactam drugs or vancomycin, although one neo-
natal sepsis isolate showed intermediate susceptibility to pen-
icillin (MIC, 0.25 �g/ml). This isolate, although susceptible to
ceftriaxone, was less so than other strains (MIC, 0.5 �g/ml for
this isolate versus �0.125 �g/ml for other strains). The major-

FIG. 1. Prevalence of early-onset and late-onset GBS disease among neonates from 1995 to 1998.
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ity of neonatal sepsis strains (87%) showed resistance to tet-
racycline, and a few (2.8%) were resistant to chloramphenicol.
Erythromycin resistance was present in 8% of strains, with
4.5% of these also resistant to clindamycin. A single isolate was
susceptible to erythromycin but resistant to clindamycin (MIC,
4 �g/ml). Although the incidence of invasive disease decreased
over the period of the study, the rate of erythromycin resis-
tance increased from 5% in 1995–96 to 13% in 1998–99 (P �
0.06; chi-square test). Macrolide usage in Ontario increased
from 11.8 to 14.3 prescriptions/100 persons between 1992 and
1997. There was no difference in clinical severity or outcome in
cases associated with macrolide resistance, and these cases
were not clustered geographically within the surveillance area.

Of the 101 consecutive vaginal and rectal and vaginal iso-
lates collected in 1999, 18% were resistant to erythromycin and
8% were constitutively or inducibly resistant to clindamycin.
Isolates were susceptible to penicillin and chloramphenicol,
but as noted with the neonatal sepsis isolates, resistance to
tetracycline was high (82% resistant). In total, 11.5% of eryth-
romycin-resistant strains were identified among neonatal sep-
sis and vaginal isolates combined.

The association of resistance mechanisms with erythromycin
and clindamycin MICs is shown in Table 1. For only one M
phenotype strain (mef�) was the erythromycin MIC high (�16
�g/ml); for the other three, the MIC was 4 �g/ml. The majority
of erythromycin-resistant strains with constitutive or inducible
clindamycin resistance possessed the ermTR gene, an allele of
ermA (24) (Table 1 and Fig. 2). All of the ermB strains were
constitutively resistant, with one strain showing heteroresis-
tance to clindamycin. By comparison, only 38% of strains with
ermTR/ermA showed constitutive resistance and one of these
also possessed a mef gene (erythromycin and clindamycin
MICs were each �16 �g/ml). Clindamycin had a MIC of �16
mg/liter for all the ermTR/ermA constitutively resistant strains
but only for three of seven ermB strains. Inducibly resistant
strains appeared to have a susceptible clindamycin MIC by
broth microdilution and single-disk diffusion.

A single isolate which was susceptible to erythromycin but
resistant to clindamycin was found to have the linB gene. The
mreA gene was present in all the erythromycin-resistant strains
as well as in 10 randomly selected erythromycin-susceptible
strains from patients with neonatal sepsis.

DISCUSSION

In this study, a marked increase in prevalence of erythromy-
cin resistance in invasive isolates occurred between 1995 and
1997 and this increase was reflected in the vaginal and rectal
isolates collected in 1999, of which 18% were erythromycin
resistant. There was a temporal increase in macrolide usage in
the province of Ontario between 1994 and subsequent years,
which could account for the increase in resistance.

High rates of tetracycline resistance were noted, as has been
described in other studies (3, 4, 11, 31), and this is likely due to
the presence of the tetM gene (27). tetM can be readily trans-
ferred via conjugative transposons (29), which may account for
its spread under selective pressure. However, the reason for its
high prevalence in GBS is unclear since tetracycline is not used
prophylactically or therapeutically in pregnant women or in the
pediatric population.

Most studies on antimicrobial susceptibility of GBS strains
have found uniform susceptibility to penicillin (1, 2, 10, 16, 19,
22, 30, 31), although increased resistance to ampicillin, in par-
ticular as a result of ante- and intrapartum treatment with this
agent, has been described (18). However, Vermillion et al.
(32), in a study of 574 GBS isolates collected from an obstetric
population in the United States in 1998, reported 1.8% of
strains with nonsusceptibility to penicillin; MIC levels were not
reported. In our study one neonatal sepsis strain showed in-
termediate penicillin resistance (MIC, 0.25 �g/ml). Emergence
of resistance to penicillin should be monitored since this is the
first-line agent for prophylaxis.

Erythromycin resistance was found to be predominantly due
to the presence of an Erm methylase and the ermTR/ermA
gene was most prevalent (75% of MLS strains). An ermTR/
ermA gene was identified in a strain collected as far back as
1995. The ermTR/ermA gene has been identified in group A
streptococcus (GAS) strains from different geographical loca-
tions (9, 11, 13, 14), in Group C and G streptococci (15, 28),
and in Peptostreptococcus strains (23). In these studies, the
ermTR/ermA strains rarely, if ever, possessed a constitutive
phenotype. Our previous study of GAS strains identified only
1 of 19 ermTR/ermA strains with constitutive resistance. The
number of constitutively resistant ermTR/ermA strains identi-
fied in this study suggests that this phenotype is more highly
associated with GBS than with GAS. In addition, a high clin-
damycin MIC (�16 mg/liter) was associated with all of the

TABLE 1. Association of phenotype, genotype, and MICs of erythromycin and clindamycin

Phenotype Genotype No. of strains

MIC (�g/ml)a

Erythromycin Clindamycin

50% 90% Range 50% 90% Range

MLS Cb ermB 7 �16 �16 2–�16 4 �16 2–�16
ermTR 8 4 �16 2–�16 �16 �16 �16

MLS I ermB 0
ermTR 13 2 4 2–4 0.25 0.25 0.25

M mef 4 4 16 4–�16 0.25 0.25 0.25
L linB 1 NAc NA 4 0.12 0.12 0.12

a 50% and 90%, MICs at which 50 and 90% of isolates are inhibited, respectively.
b One ermB strain showed heteroresistance; one MLS phenotype strain harbored both an ermTR/ermA and a mef gene.
c NA, not applicable.
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constitutively resistant ermTR/ermA strains but with only 42%
of ermB strains with this phenotype. Interestingly, inducibly
resistant ermTR/ermA strains showed a susceptible clindamycin
MIC by broth microdilution as well as by single disk diffusion
and based on these tests alone, they would be phenotypically
indistinguishable from mef-positive strains. In a routine clinical
diagnostic laboratory, it would be important to carry out a
double-disk diffusion test as described here to verify clindamy-
cin resistance.

Bozdogan et al. in 1999 described a novel lincosamide-inac-
tivating nucleotidyltransferase encoded by the linB gene in
Enterococcus faecium (5). Our studies demonstrate its pres-
ence in GBS. It will be interesting to see whether, or more
likely how soon, this gene spreads to other GBS strains or
indeed to other streptococcal species.

The low prevalence of the mef gene (16% of erythromycin-
resistant strains) is in contrast to erythromycin-resistant GAS
strains isolated in Ontario, where 70% of strains possessed this
gene (9). Among pneumococcal strains collected from across
Canada, 55% were mef positive (12). The mef gene has been
shown to be mobile in a variety of gram-positive bacteria (17),
and its low incidence in GBS is surprising, although the poten-
tial for spread is presumably high. A second efflux mechanism,
encoded by the mreA gene, has been reported to be associated
with macrolide resistance in GBS (8). However, all strains
tested (both resistant and susceptible) possessed this gene,
which adds weight to its questionable role as a cause of mac-
rolide resistance (Clarebout and Leclercq, 39th ICAAC).

Our study shows that although the incidence of invasive
neonatal GBS disease is decreasing in association with increas-
ing use of intrapartum antimicrobial prophylaxis, macrolide
resistance in GBS strains appears to be increasing. The clinical
relevance of macrolide-resistant GBS in women treated with
macrolides for intrapartum prophylaxis needs to be assessed.
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