
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Feb. 2002, p. 546–549 Vol. 46, No. 2
0066-4804/02/$04.00�0 DOI: 10.1128/AAC.46.2.546–549.2002
Copyright © 2002, American Society for Microbiology. All Rights Reserved.

Susceptibility to Telithromycin in 1,011 Streptococcus pyogenes Isolates
from 10 Central and Eastern European Countries

Kensuke Nagai,1 Peter C. Appelbaum,1* Todd A. Davies,1 Linda M. Kelly,1 Dianne B. Hoellman,1
Arjana Tambic Andrasevic,2 Liga Drukalska,3 Waleria Hryniewicz,4 Michael R. Jacobs,5 Jana Kolman,6

Jolanta Miciuleviciene,7 Marina Pana,8 Lena Setchanova,9 Marianne Konkoly Thege,10

Helena Hupkova,11 Jan Trupl,12 and Pavla Urbaskova13

Department of Pathology, Hershey Medical Center, Hershey, Pennsylvania1; University Hospital of Infectious Diseases, Zagreb,
Croatia2; Children’s Hospital of Medical Academy of Latvia, Riga, Latvia3; Sera and Vaccine Laboratory, Warsaw, Poland4; Case
Western Reserve University, Cleveland, Ohio5; University of Ljubljana, Ljubljana, Slovenia6; Kaunas Medical University Hospital,

Kaunas, Lithuania7; Institute Cantacuzino, Bucharest, Romania8; Hospital of Infectious Diseases, Medical Academy, Sofia,
Bulgaria9; National Center for Epidemiology, Budapest, Hungary10; St. Cyril and Method Hospital11 and National Cancer

Institute,12 Bratislava, Slovak Republic; and National Antibiotic Reference Laboratory, Prague, Czech Republic13

Received 24 August 2001/Returned for modification 23 October 2001/Accepted 6 November 2001

Among 1,011 recently isolated Streptococcus pyogenes isolates from 10 Central and Eastern European centers,
the MICs at which 50% of isolates are inhibited (MIC50s) and the MIC90s were as follows: for telithromycin, 0.03
and 0.06 �g/ml, respectively; for erythromycin, azithromycin, and clarithromycin, 0.06 to 0.125 and 1 to 8 �g/ml,
respectively; and for clindamycin, 0.125 and 0.125 �g/ml, respectively. Erythromycin resistance occurred in 12.3%
of strains. Erm(A) [subclass erm(TR)] was most commonly encountered (60.5%), followed by mef(A) (23.4%) and
erm(B) (14.5%). At <0.5 �g/ml, telithromycin was active against 98.5% of the strains tested.

Streptococcus pyogenes strains continue to be penicillin sus-
ceptible, but erythromycin resistance has increasingly been re-
ported. A recent Canadian study (10) has documented that
2.1% of S. pyogenes strains collected in 1997 were macrolide
resistant. Significant rates of erythromycin resistance have
been reported in many countries including Finland, Sweden,
Spain, France, and Italy (1, 3, 6, 8, 11, 12, 16, 18, 20, 21, 24). In
the United States, it has been assumed that the rate of eryth-
romycin resistance is low (14, 15). However, a recent study has
reported erythromycin resistance rates of 32% among isolates
from specimens from patients with invasive disease and 9%
among isolates from cultures of throat swab specimens isolated
between 1994 and 1995 in the San Francisco, California, area
(25).

For S. pyogenes isolates from most areas tested, macrolide
resistance is mediated by the mef(A) gene (23), making the
isolates resistant to 14- and 15-membered-ring macrolides but
susceptible to 16-membered-ring macrolides and clindamycin.
Erm(A) [subclass erm(TR)] has also been described (21);
strains containing erm(A) are usually inducibly resistant to 14-
and 15-membered-ring macrolides but are susceptible to 16-
membered-ring macrolides and lincosamides. The erm(B) gene
has also been described, with strains that contain this gene
being resistant to macrolides and lincosamide (6, 10, 11, 16).

Telithromycin is a ketolide (9, 13, 19) with low MICs for
erythromycin-susceptible and -resistant S. pyogenes strains ex-
cept those carrying erm(B). To understand macrolide suscep-
tibility in areas where high rates of drug-resistant pneumococ-
cci have been described, Central and Eastern Europe (2), we

tested the activities of telithromycin, erythromycin, azithromy-
cin, clarithromycin, and clindamycin against 1,011 isolates of S.
pyogenes. Levofloxacin was tested as the representative fluoro-
quinolone.

Strains were consecutively obtained from clinical isolates
recovered during 1999 and 2000 and were screened by the
bacitracin disk method. Organisms were frozen at all collection
sites except Warsaw (where swabs in Amies transport medium
were used) and were transported on dry ice to Hershey Med-
ical Center, where they were stored frozen in double-strength
skim milk (Difco Laboratories, Detroit, Mich.) at �70°C until
use. The identities of the organisms were confirmed by colonial
morphology, bacitracin testing, beta-hemolysis, and, in some
cases (e.g., Romanian urine isolates), serogrouping.

MICs were determined by the agar dilution methods used in
our laboratory on Mueller-Hinton agar (BBL Microbiology
Systems, Cockeysville, Md.) with 5% sheep blood (9, 19); the
plates were incubated in air (5). The breakpoints were those
approved by the National Committee for Clinical Laboratory
Standards for S. pneumoniae (17) for all drugs except telithro-
mycin, for which breakpoints of 0.5 and 2.0 �g/ml were used.
Macrolide-resistant strains were tested by PCR for the pres-
ence of erm(B), mef(A), and erm(A) genes as described previ-
ously (21–23). Clindamycin MICs were not high for some
erythromycin-resistant strains that were positive for the erm(B)
or the erm(A) gene (4, 7, 23). These and all other erythromy-
cin-resistant strains were screened for the presence of induc-
ible resistance by double-disk diffusion (5).

Patient ages varied between �2 and �60 years, with the age
group with the highest rate of infection being children ages 2 to
10 years in all countries except Romania (where most organ-
isms were detected in those ages 11 to 20 years). Among all
1,011 S. pyogenes isolates tested, 826 (81.7%) were isolated
from throat swab cultures, 119 (11.8%) were isolated from
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wounds or pus, and 32 (3.1%) were isolated from blood. In
Romania 20 strains were urine isolates. No further information
was available for those 20 strains. Isolates were predominantly
recovered from throat swab cultures in each country except
Lithuania, where S. pyogenes was recovered predominantly
from pus and wounds.

Overall, the telithromycin MICs at which 50% of isolates are
inhibited (MIC50s) and MIC90s were 0.03 and 0.06 �g/ml,
respectively (Table 1). The MIC90s for the other drugs tested
were as follows: erythromycin, 2 �g/ml; azithromycin, 8 �g/ml;
clarithromycin, 1 �g/ml; and clindamycin, 0.125 �g/ml. Mac-
rolide MIC90s were the highest for isolates from Croatia and
the Slovak Republic: �4 �g/ml for erythromycin, clarithromy-
cin, and azithromycin. All strains were penicillin G susceptible
(MICs, �0.03 �g/ml). The levofloxacin MIC90 was 2 �g/ml.

The overall rates of susceptibility to telithromycin at 0.5 and
2 �g/ml were 98.5 and 98.9%, respectively (Table 2). For the
macrolides and azalides, isolates from Hungary had the highest
susceptibility rates (94.8%) and isolates from Croatia and Bul-
garia had the lowest susceptibility rates (approximately 82%).
All S. pyogenes isolates from Slovenia were susceptible to clin-
damycin, while the lowest susceptibility rate was for isolates
from Bulgaria (90.6%). All isolates from Bulgaria, the Czech
Republic, Latvia, Poland, and Slovenia were susceptible to

levofloxacin. The highest prevalence of levofloxacin-interme-
diate S. pyogenes was found in Lithuania (10.2%).

The incidence of macrolide-resistant strains and the mech-
anisms of resistance are shown in Table 3. The prevalence of
macrolide-resistant S. pyogenes was �10% in the Czech Re-
public (7.7%), Hungary (5.2%), Latvia (9.0%), and Romania
(9.7%). One hundred twenty-four strains (12.3%) were mac-
rolide resistant, and erm(A) was found in 75 (60.5%) strains.
Twenty-nine strains (23.4%) had mef(A); the largest number
of mef(A) strains was found in the Slovak Republic, with 9 of
17 (52.9%) macrolide-resistant strains having mef(A), while no
strains with mef(A) were found in the Czech Republic, Latvia,
Lithuania, Poland, or Slovenia. Eighteen resistant strains
(14.5%) had erm(B) and were found in Croatia, Hungary,
Poland, Romania, and the Slovak Republic. The largest num-
ber of isolates with erm(B) was found in Croatia, with 6 of 18
(33.3%) macrolide-resistant strains having erm(B).

The correlation between the MIC distribution and the mech-
anism of resistance in S. pyogenes is shown in Table 4. The
MIC50 and the MIC90 of telithromycin for erm(A) strains were
0.06 and 0.06 �g/ml, respectively. Most erm(B) strains (11) had
constitutive resistance, and the MIC90s of all macrolides were
�64 �g/ml for these strains; six strains from Croatia with
erm(B) genes had inducible resistance, with azithromycin, cla-

TABLE 3. Incidence of macrolide resistance and mechanisms
of resistance for isolates from 10 centers

Country
No. (%) of

macrolide-resistant
S. pyogenes strains

No. of strains with the
following gene:

Erm(B) Erm(A) Mef(A) Other

Slovak Republic 17 (16.7) 4 3 9 1
Romania 10 (9.7) 1 1 8 0
Hungary 5 (5.2) 2 2 1 0
Lithunania 10 (10.1) 0 10 0 0
Slovenia 13 (12.7) 0 13 0 0
Czech Republic 8 (7.7) 0 8 0 0
Latvia 9 (9.0) 0 9 0 0
Bulgaria 18 (16.8) 0 12 6 0
Poland 16 (16.3) 5 11 0 0
Croatia 18 (18.2) 6 6 5 1

Total 124 (12.3) 18 75 29 2

TABLE 1. MIC50s and MIC90s for the S. pyogenes tested by agar dilution

Country
MIC50/MIC90 (�g/ml)

Penicillin G Telithromycin Erythromycin Azithromycin Clarithromycin Clindamycin Levofloxacin

Slovak Republic 0.016/0.016 0.06/0.5 0.125/8.0 0.25/8.0 0.06/8.0 0.125/0.25 0.5/2.0
Romania �0.008/0.016 0.03/0.06 0.06/0.125 0.125/0.25 0.06/0.125 0.125/0.125 1.0/1.0
Hungary 0.016/0.016 0.06/0.06 0.06/0.125 0.125/0.25 0.06/0.06 0.125/0.125 1.0/2.0
Lithunania 0.016/0.016 0.03/0.06 0.06/0.125 0.25/0.25 0.06/0.06 0.125/0.125 1.0/2.0
Slovenia 0.016/0.016 0.03/0.06 0.06/2.0 0.125/16.0 0.06/2.0 0.125/0.125 0.5/1.0
Czech Republic 0.016/0.016 0.06/0.125 0.125/0.125 0.125/0.25 0.06/0.125 0.125/0.125 1.0/2.0
Latvia 0.016/0.016 0.03/0.06 0.06/0.125 0.125/0.5 0.06/0.125 0.125/0.25 0.5/1.0
Bulgaria 0.016/0.016 0.03/0.06 0.06/2.0 0.25/8.0 0.06/1.0 0.125/0.25 0.5/1.0
Poland �0.008/0.016 0.03/0.06 0.06/2.0 0.125/8.0 0.03/1.0 0.125/0.125 0.5/1.0
Croatia 0.016/0.016 0.03/0.125 0.06/8.0 0.125/16.0 0.06/4.0 0.125/0.25 1.0/2.0

All strains 0.016/0.016 0.03/0.06 0.06/2.0 0.125/8.0 0.06/1.0 0.125/0.125 1.0/2.0

TABLE 2. Rates of susceptibility to S. pyogenes

Country

% Susceptible

Telithro-
mycina

Erythro-
mycin

Azithro-
mycin

Clarithro-
mycin

Clinda-
mycin

Levo-
floxacin

Slovak Republic 96.0/97.0 83.3 82.3 84.3 96.0 97.0
Romania 99.0/99.0 90.2 90.2 90.2 99.0 99.0
Hungary 97.9/98.9 94.8 94.8 94.8 97.9 97.9
Lithunania 100/100 89.8 89.8 89.8 96.9 89.8
Slovenia 100/100 87.2 86.2 87.2 100 100
Czech Republic 100/100 92.3 92.3 92.3 98.0 100
Latvia 100/100 91.0 91.0 91.0 98.0 100
Bulgaria 100/100 82.2 82.2 82.2 90.6 100
Poland 95.9/95.9 83.6 83.6 83.6 93.8 100
Croatia 95.9/97.9 81.8 81.8 82.8 95.9 94.9

All strains 98.5/98.9 87.7 87.5 87.8 97.3 98.0

a For telithromycin, values are for breakpoints for telithromycin susceptibility
at �0.5/�2.0 �g/ml.
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rithromycin, and erythromycin MIC50s of �64 �g/ml, while the
clindamycin MIC50 was 0.25 �g/ml and the telithromycin
MIC50 was 2 �g/ml. The MIC90 of telithromycin for strains
with mef(A) was 0.5 �g/ml. For two strains from Croatia and
the Slovak Republic, the erythromycin MICs were lower (0.125
and 0.5 �g/ml, respectively), but the azithromycin MICs were
high (2 and 8 �g/ml, respectively) and the strains had no
discernible macrolide resistance mechanisms.

Taking into consideration the heterogeneity of sample ori-
gins, the prevalence of macrolide-resistant S. pyogenes strains
was 12.3%, varying from 5.2 to 18.2%. Most erythromycin-
resistant S. pyogenes strains had erm(A) and most had induc-
ible resistance. These strains were cross resistant to azithro-
mycin, erythromycin, and clarithromycin. All strains with
mef(A) were clindamycin susceptible (6, 10, 16). No strain had
more than one macrolide resistance mechanism. Two strains

from Croatia and the Slovak Republic (Tables 3 and 4), for
which azithromycin MICs were higher (2 to 8 �g/ml) but for
which erythromycin MICs were lower (0.125 to 0.5 �g/ml), did
not have the erm(A), erm(B), or mef(E) gene (23); we are
working to determine their mechanisms of resistance. Telithro-
mycin MICs were lower (0.004 to 0.5 �g/ml) than those of
macrolides and azalides (0.5 to �64 �g/ml) for S. pyogenes
strains with erm(A) or mef(A); however, the telithromycin
MIC50 and MIC90 were higher (16 and �64 �g/ml, respec-
tively) for erm(B) strains (5).

In summary, telithromycin had excellent in vitro activity
against S. pyogenes isolates with the exception of isolates with
erm(B). However, the presence of erm(B) is not a common
mechanism of resistance in S. pyogenes strains from most coun-
tries. The prevalence of erythromycin resistance in Croatia,
Poland, and the Slovak Republic was higher than that in other
countries. Our findings point to the potential use of telithro-
mycin in the treatment of S. pyogenes infections.

This study was supported by a grant from Aventis, Romainville,
France.
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