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The in vitro activities of two investigational ketolides, cethromycin (formerly ABT-773) and telithromycin,
were determined for a selected group of 312 Streptococcus pneumoniae isolates from a national surveillance
program. The MIC of cethromycin at which 50% of the isolates were inhibited was 0.008 �g/ml, and the MIC
at which 90% of the isolates were inhibited was 0.06 �g/ml; the corresponding values for telithromycin were
<0.015 and 0.25 �g/ml, respectively. For six quinupristin-dalfopristin-resistant strains, the cethromycin MICs
were 0.25 to 16 �g/ml and the telithromycin MICs were 1 to 4 �g/ml. However, there was only 0.3% resistance
to telithromycin.

The prevalence of antimicrobial agent resistance among
both invasive and respiratory isolates of Streptococcus pneu-
moniae has increased substantially throughout the world in the
past decade (2, 6, 8, 25). In addition to resistance to penicillin,
older-generation cephalosporins, chloramphenicol, tetracy-
cline, and trimethoprim-sulfamethoxazole, resistance to ex-
tended-spectrum cephalosporins and fluoroquinolones has
been noted (3, 4, 6, 10, 25). Two types of resistance to macro-
lides have been demonstrated, one that affects both macrolides
and lincosamides by virtue of structural modification of the
ribosomal target site by methylation [MLSB-type resistance
mediated primarily by erm(B)] and one that affects only the
macrolides [M phenotype encoded by mef(A)] due to an efflux
pump (11, 23, 24). Both mechanisms of macrolide resistance
have been associated with therapeutic failures of pneumococ-
cal infections (12, 13). Ketolides represent a new structural
modification of the macrolide structure (a ketone group re-
placing the cladinose moiety at the 3 position of the erythro-
nolide A ring), with the resulting addition of a second ribo-
somal binding site at domain V as well as at domain II of the
23S RNA subunit (9). This structure results in good activity of
ketolides against many macrolide- and lincosamide-resistant
gram-positive bacteria (9, 14, 18, 20).

The Centers for Disease Control and Prevention has per-
formed intensive surveillance in North America since 1994 for
resistance among invasive pneumococcal isolates through its
Active Bacterial Core Surveillance of the Emerging Infections
Program (11, 25). In the years 1994 to 1996, nine sites located
in various areas of the United States and Canada collected
pneumococcal clinical isolates and patient data; from 1997 to
2000, seven of the sites continued with the surveillance pro-
gram. A group of 312 isolates was selected for assessment of
the in vitro activities of two investigational ketolide antibiotics
intended for therapy of pneumococcal respiratory infections.

These isolates included 162 isolates that reflected resistance
mechanisms affecting most antimicrobial agent classes in cur-
rent clinical use (e.g., 70 resistant to penicillin, 32 to cefo-
taxime, 93 to erythromycin, 47 to clindamycin, 6 to quinupris-
tin-dalfopristin, 18 to levofloxacin, 56 to tetracycline, and 111
to trimethoprim-sulfamethoxazole), and an additional 150 sus-
ceptible isolates that were randomly selected from among the
Active Bacterial Core Surveillance isolate collection of 1994 to
1998; the selection was weighted to represent equally all of the
surveillance sites.

The ketolides examined in this study included cethromycin
(formerly ABT-773; kindly provided by Abbott Laboratories,
North Chicago, Ill.) and telithromycin (formerly HMR 3647;
kindly provided by Aventis Pharmaceuticals, Romainville,
France). Reagent powders of penicillin, cefotaxime, erythro-
mycin, clindamycin, and quinupristin-dalfopristin were pro-
vided by their manufacturers or obtained from Sigma Chemi-
cal Company. The MICs of the ketolides and the comparative
agents were determined by using the broth microdilution sus-
ceptibility test method recommended by the NCCLS (16). This
method included use of cation-adjusted Mueller-Hinton broth
supplemented with 3% lysed horse blood as the test medium,
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TABLE 1. MICs of cethromycin, telithromycin, and comparative
agents against a collection of 312 North American

S. pneumoniae invasive clinical isolates

Antimicrobial
agent

MIC (�g/ml)
% Resistanta

50% 90% Range

Cethromycin 0.008 0.06 �0.004–16 NAb

Telithromycin �0.015 0.25 �0.015–4 0.3
Erythromycin 0.06 32 �0.015–�64 29.8
Clindamycin 0.06 32 �0.015–�64 15.1
Penicillin 0.03 4 �0.015–8 22.4
Cefotaximec 0.03 4 �0.015–16 10.3

a Resistance defined by approved NCCLS breakpoints (17), including recently
decided telithromycin breakpoints (susceptible, �1 �g/ml; intermediate, 2 �g/
ml; and resistant, �4 �g/ml; T. Dooley, personal communication).

b NA, not applicable; approved breakpoints do not yet exist for cethromycin.
c Cefotaxime resistance defined in terms of NCCLS nonmeningitis breakpoints

(17).
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an inoculum density of 5 � 105 CFU/ml, and incubation at
35°C in ambient air for 20 to 24 h prior to visual determination
of the MICs. S. pneumoniae strain ATCC 49619 was tested for
quality control purposes.

PCR tests were performed for erm(B) and mef(A) genes on
11 isolates selected because of elevated ketolide MICs and on
8 representative ketolide-susceptible isolates. Oligonucleotide
primers were used to amplify a 1.7-kbp segment containing the
mef(A) or mef(E) gene (23) or a 639-bp segment containing
the erm(B) gene fragment (22). Positive controls for each
primer pair and a negative control (S. pneumoniae strain
ATCC 49619) were included. In addition, an internal control
consisting of primers for RR142, a 400-bp conserved region of
S. pneumoniae (24), was employed to demonstrate adequate
DNA for amplification and the absence of inhibitors.

Both cethromycin and telithromycin MICs were generally
very low for this selected group of pneumococcal strains (Table
1) and especially for the erythromycin-susceptible strains ex-
amined (MICs of both ketolides for these strains were �0.03
�g/ml) (Table 2). However, erythromycin-resistant strains
were associated with slightly elevated cethromycin and te-
lithromycin MICs, as depicted in Table 2. Indeed, the modal
MICs of the two ketolides were 3 to 5 dilutions higher for the
M phenotype isolates than for the fully susceptible or the
MLSB phenotype strains. Perhaps the minimal effect of MLSB
resistance on cethromycin and telithromycin MICs is due to
the second ribosomal binding site of the ketolides (8). The
activities of both ketolides were most influenced by resistance
to the streptogramin antibiotic, quinupristin-dalfopristin (Ta-
ble 2). For six quinupristin-dalfopristin-resistant strains,
cethromycin MICs were 0.25 to 16 �g/ml (only one strain was
associated with a cethromycin MIC of 16 �g/ml; all others were
�1 �g/ml), and telithromycin MICs were 1 to 4 �g/ml. This
result translated to only 0.3% (1 of 312) resistance to telithro-
mycin based upon the recently decided NCCLS breakpoints
for pneumococci (susceptible, MIC of �1 �g/ml; intermediate,
MIC of 2 �g/ml; and resistant, MIC of �4 �g/ml) (T. Dooley,
personal communication). With the exception of the six strep-
togramin-resistant strains, our findings are consistent with ear-
lier reports (1, 5, 14, 18, 19, 20, 21) that indicated that both

cethromycin and telithromycin were very active against pneu-
mococcal strains of the efflux or MLSB phenotypes, although
the MICs reported in those studies did not exceed 2 �g/ml, and
telithromycin MICs usually did not exceed 1 �g/ml (1, 5, 20).
PCR analysis of the six streptogramin-resistant strains with
elevated cethromycin MICs did not reveal the presence of
either erm(B) or mef(A) sequences. Thus, the mechanism re-
sponsible for the elevated ketolide MICs among this subset of
our strains was neither of the most common macrolide resis-
tance mechanisms. It is possible that these strains contained a
different erm or mef gene or one or more mutations in the
genes that encode the structure of the 23S ribosomal subunits
such as the L22 or L4 proteins (7, 15, 21).

These in vitro data suggest the potential utility of cethromy-
cin or telithromycin in the therapy of drug-resistant pneumo-
coccal infections, depending upon the pharmacokinetic and
pharmacodynamic properties as well as the safety profiles of
the drugs in humans.

This study was supported in part by grants from Abbott Laboratories
and by Aventis Pharmaceuticals.
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