
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Feb. 2004, p. 677–680 Vol. 48, No. 2
0066-4804/04/$08.00�0 DOI: 10.1128/AAC.48.2.677–680.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Telithromycin Susceptibility and Genomic Diversity of
Macrolide-Resistant Serotype III Group B

Streptococci Isolated in Perinatal Infections
Edouard Bingen,* Catherine Doit, Philippe Bidet, Naima Brahimi, and Dominique Deforche
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We studied the telithromycin, erythromycin, azithromycin, and clindamycin susceptibilities of serotype III
macrolide-resistant group B streptococci, together with genetic mechanisms of resistance and genomic diver-
sity. ermB, ermA, and mefA were found in, respectively, 57, 32, and 9% of isolates. The telithromycin MIC at
which 90% of isolates were inhibited was 0.5 �g/ml. Macrolide resistance was associated with dissemination of
resistance determinants among isolates of different genetic backgrounds.

Group B Streptococcus (GBS) infection remains a leading
cause of neonatal morbidity and mortality, despite major ad-
vances in perinatal GBS disease prevention in the 1990s. Se-
rotype III GBS is the most common cause of invasive neonatal
infection (9, 18). Intrapartum antibiotic prophylaxis can pre-
vent early-onset GBS infection (26). Penicillin is the drug of
choice, but about 10% of pregnant women in the United States
are allergic to this agent (24). Erythromycin and clindamycin
are recommended as alternatives to penicillin in this setting
(25). Widespread implementation of prevention guidelines has
increased the use of antimicrobials during labor and has con-
tributed to the emergence of resistant GBS (22). Increasing
macrolide resistance among GBS isolates has raised concerns
about the use of these antimicrobials in the prophylaxis of
early-onset GBS infection. GBS strains expressing the serotype
III capsular polysaccharide have been found to have higher
rates of erythromycin resistance (15, 21). Telithromycin is a
semisynthetic erythromycin A derivative with enhanced activity
against macrolide-resistant streptococci (7), but GBS suscep-
tibility to this drug has rarely been studied (3). The aim of this
study was to determine the telithromycin susceptibility of ma-
crolide-resistant serotype III GBS clinical strains recently iso-
lated in France and to examine the genetic mechanisms of
resistance. We also investigated whether erythromycin resis-
tance among GBS isolates was due to clonal spread of resistant
strains.

In 2001 and 2002, 88 unrelated erythromycin-resistant sero-
type III GBS strains were identified among 430 consecutive
isolates obtained from different patients in the Paris (France)
area. The isolates were recovered from genital specimens of
pregnant women (n � 47), cultures of blood (n � 2) or cere-
brospinal fluid (n � 5) from neonates with invasive infections,
or gastric fluid or ear specimens of colonized or infected new-
borns (n � 34). Beta-hemolytic colonies and suspected non-
hemolytic colonies were identified as GBS by using a commer-

cial agglutination technique (Murex Diagnostics, Dartford,
United Kingdom). Erythromycin-resistant GBS isolates were
identified as previously described (14). The MICs of erythro-
mycin, azithromycin, clindamycin, and telithromycin for all
isolates were determined by the agar dilution method in Muel-
ler-Hinton medium supplemented with 5% defibrinated sheep
blood (10, 23). The plates were incubated overnight at 35°C in
air. Pulsed-field gel electrophoresis (PFGE) was performed
using the SmaI restriction enzyme as previously described (17).
Cluster analysis (unweighted pair group method with arith-
metic mean) with whole-band analyzer software (Biogene, Vil-
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TABLE 1. MICs of macrolides and related agents for 88
erythromycin-resistant GBS isolates according to known mechanisms

of resistance

Group (n) and
antimicrobial agent

MICa (�g/ml)

50% 90% Range

All isolates (88)b

Erythromycin 4 �128 0.5–�128
Azithromycin 16 �128 1–�128
Clindamycin 64 �128 0.064–�128
Telithromycin 0.125 0.5 0.032–2

ermB (50)
Erythromycin 128 �128 0.5–�128
Azithromycin �128 �128 2–�128
Clindamycin 64 �128 0.25–�128
Telithromycin 0.125 1 0.064–2

ermA (28)
Erythromycin 2 8 0.5–16
Azithromycin 8 32 1–64
Clindamycin 0.5 128 0.064–�128
Telithromycin 0.064 0.064 0.032–0.125

mefA (8)
Erythromycin 2 4 2–4
Azithromycin 2 4 2–4
Clindamycin 0.064 0.125 0.064–0.125
Telithromycin 0.25 0.25 0.125–0.5

a 50 and 90%, MIC50 and MIC90, respectively.
b Two isolates were negative for ermA, ermB, and mefA genes.
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ber-Lourmat, Marne la Vallée, France) was used to calculate
similarity or dissimilarity among GBS isolates. Clonally related
PFGE patterns were defined by a similarity coefficient higher
than 80% (usually corresponding to a difference of no more
than four bands in our study). All erythromycin-resistant iso-
lates were screened for erythromycin resistance genes. The
mefA, ermB, and ermA genes were detected by multiplex PCR
amplification with previously described primers (4, 15, 27, 28).
Streptococcus agalactiae BM 132, S. agalactiae SBI, and Strep-
tococcus pyogenes O2 C1110 were used as positive PCR con-

trols for the ermB, mefA, and ermA genes, respectively (2, 4, 8).
Five erythromycin-susceptible GBS isolates were used as neg-
ative controls. The positive controls yielded PCR products of
the expected sizes (616, 348, and 206 bp for ermB, ermA, and
mefA, respectively).

MIC ranges and MICs at which 50% of the isolates were
inhibited (MIC50s) and MIC90s are shown in Table 1. The
ermB, ermA, and mefA genes were found in, respectively, 57,
32, and 9% of the isolates. Multiplex PCR amplification was
unsuccessful with two isolates. For these two isolates, amplifi-

FIG. 1. Dendrogram constructed from PFGE analysis of 73 typeable erythromycin-resistant serotype III GBS isolates in relation to PCR results
for ermB, ermA, and mefA genes. Triangles, collapsed branches gathering isolates with 80% similarity according to the banding patterns. UPGMA,
unweighted pair group method with arithmetic mean.
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cation of a housekeeping gene (mreA) (15) was positive, indi-
cating that the failure of our multiplex PCR was not due to a
PCR-inhibitory preparation. We did not examine 23S rRNA
mutations or ribosomal protein mutations. Table 1 shows
MICs according to the erythromycin resistance genotype. Fif-
teen isolates were repeatedly nontypeable by PFGE because of
incomplete total-DNA digestion by SmaI. The remaining 73
isolates displayed extensive genetic diversity. The dendrogram
calculated from PFGE patterns identified 39 different clonal
lineages (�80% similarity) (Fig. 1). The 40 ermB isolates gave
37 patterns, the 25 ermA isolates gave 12 patterns, and the 7
mefA isolates gave 7 patterns (Fig. 1). Multiple resistance types
were found within some clonal groups (Fig. 1).

GBS resistance to penicillin or ampicillin has not yet been
described (1, 21), while resistance to erythromycin and clinda-
mycin has increased substantially in the last few years (22). The
prevalence of GBS resistance ranged from 7 to 25% for eryth-
romycin and from 3 to 15% for clindamycin in reports pub-
lished between 1998 and 2001 (1, 5, 13, 21). A recent French
study showed that 18% of GBS isolates were resistant to eryth-
romycin (15). Macrolide resistance is more frequent among
serotype V and serotype III GBS strains than among other
serotypes (12, 15, 21). In our institution, the rate of erythro-
mycin resistance among serotype III GBS strains isolated in
2002 was 23%, and a similar level of resistance was found by
Lin et al. in six U.S. teaching hospitals (21). This is a matter of
concern, as serotype III GBS strains are most frequently asso-
ciated with neonatal invasive infections (9, 18). Guidelines on
intrapartum antimicrobial chemoprophylaxis for penicillin-al-
lergic women were recently updated (25). Vancomycin is rec-
ommended for women who are at high risk of �-lactam ana-
phylaxis and from whom macrolide-resistant GBS is isolated
(25). However, vancomycin use has been associated with van-
comycin resistance among gram-positive cocci (16).

Here, we determined the telithromycin susceptibility of 88
serotype III macrolide-resistant GBS clinical isolates and the
mechanisms of resistance. Telithromycin was active against all
the isolates, with MIC50s and MIC90s of 0.125 and 0.5 �g/ml,
respectively. Inducible clindamycin or telithromycin resistance
was not checked in our study. The telithromycin MIC90s were
higher for strains carrying ermB than for strains carrying ermA
or mefA. Erythromycin resistance was mainly associated with
ermB (57% of erythromycin-resistant isolates), as recently re-
ported by Betriu et al. (3) In contrast, in a Canadian study
erythromycin resistance was found to be due mainly to ermA
(11). The low prevalence (9%) of the mefA gene among our
isolates was comparable to that found in previous studies (3,
11, 20). In contrast to the results of Betriu et al. (3), we never
found more than one erythromycin resistance gene in the same
isolate. Previous studies have demonstrated genetic heteroge-
neity among serotype III GBS isolates (6). Likewise, PFGE
revealed major genetic diversity among our serotype III GBS
isolates. In our study, macrolide resistance among serotype III
GBS strains was due to the dissemination of resistance deter-
minants among isolates of identical or different genetic back-
grounds, rather than to epidemic spread of a single clone, as
described for macrolide-resistant serotype V GBS (12) and
group A streptococci (19). Our results suggest that telithromy-
cin is a potential alternative for prophylaxis of perinatal GBS

disease when the mother is allergic to penicillin and the local
prevalence of macrolide resistance is high.
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