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In this study we evaluated the in vitro activities of cefditoren and 14 other comparator agents against 1025 isolates of major respiratory tract
athogens including Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, Klebsiella pneumoniae and Staphylococcus
ureus. Bacterial isolates were collected from 11 Asian countries. The majority of S. pneumoniae isolates (98.8%) were susceptible to
efditoren. The MIC50 and MIC90 values (minimum inhibitory concentrations for 50% and 90% of the organisms, respectively) of S. pneumoniae
ere ≤0.06 �g/mL and 1 �g/mL, respectively. These values were 2–32-fold lower than those of the other cephalosporins. Activity against S.
neumoniae was observed irrespective of penicillin or macrolide resistance. Cefditoren was also active against methicillin-susceptible S. aureus
100% susceptible; MIC90 = 1 �g/mL), H. influenzae (100% susceptible; MIC90 ≤ 0.016 �g/mL) and M. catarrhalis (MIC90 = 0.016 �g/mL).
owever, the cefditoren MIC90 of K. pneumoniae reached only 64 �g/mL (81.4% susceptible), which may be due to the high incidence of

xtended-spectrum �-lactamases in Asian countries. Therefore, cefditoren should be considered as a therapeutic option for the treatment of
espiratory tract infections in Asian countries.

2006 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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. Introduction

The bacterial pathogens Streptococcus pneumoniae,
taphylococcus aureus, Haemophilus influenzae, Moraxella
atarrhalis and Klebsiella pneumoniae are commonly
esponsible for community-acquired pneumonia (CAP). The
mergence and increasing trend of antimicrobial resistance
mong such bacterial pathogens has become a serious
hreat to effective treatment in clinical practice. A num-
er of investigations have reported high resistance rates of
. pneumoniae to many antimicrobials such as penicillin,

∗ Corresponding author. Tel.: +82 2 3410 0324; fax: +82 2 3410 0323.
E-mail address: wsoh@smc.samsung.co.kr (W.S. Oh).

1 M.Y. Lee and K.S. Ko contributed equally as joint first authors.

cephalosporins, macrolides, tetracyclines and trimethoprim/
sulphamethoxazole in communities worldwide. Methicillin-
resistant S. aureus (MRSA) and �-lactamase-producing K.
pneumoniae, H. influenzae and M. catarrhalis have also
attracted attention. Although high resistance among such
bacterial pathogens has been reported repeatedly in many
countries, several investigators have suggested that Asia is
one of the hot spots for antimicrobial resistance [1].

Cefditoren is an orally administered third-generation
cephalosporin with a broad spectrum of activity both against
Gram-positive and Gram-negative pathogens [2]. It has
been shown that cefditoren has excellent in vitro antimi-
crobial activity against common respiratory tract pathogens
[2–9]. However, to date, limited information is available
on the antimicrobial efficacy of cefditoren for the treat-
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ment of bacterial pathogens causing CAP in Asian countries.
Thus, this study was undertaken to evaluate the in vitro
antimicrobial activity of cefditoren against major respiratory
tract pathogens including S. pneumoniae, H. influenzae, M.
catarrhalis, S. aureus and K. pneumoniae from 11 Asian
countries. The findings were then compared with 14 other
antimicrobial agents, including cefixime, cefuroxime, cef-
prozil, cefdinir and ceftriaxone.

2. Materials and methods

In the present study, a total of 1025 non-duplicate iso-
lates of respiratory tract pathogens were collected from 11
Asian countries during the period 2000–2004 as part of
a multicentre surveillance study of the Asian Network for
Surveillance of Resistant Pathogens (ANSORP). Diverse iso-
lates were included in this study without inclusion criteria,
whether or not they caused clinically significant infections
and irrespective of the site from which they were isolated.
There were 602 isolates of S. pneumoniae (53.0% peni-
cillin non-susceptible), 87 isolates of H. influenzae, 102
isolates of M. catarrhalis, 132 isolates of S. aureus (65
methicillin-susceptible S. aureus (MSSA) and 67 MRSA)
and 102 isolates of K. pneumoniae. Fifteen antimicro-
bial agents (cefditoren, penicillin, amoxicillin/clavulanic
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Table 1
Comparative in vitro activity and resistance rates of 15 antimicrobials against
602 Streptococcus pneumoniae isolates

Antimicrobial agent MIC (�g/mL) %R %I

MIC50 MIC90

Cefditoren ≤0.06 1 1.2a –
Ceftriaxone 0.12 1 1.0 3.5
Cefuroxime 0.25 4 41.7 1.0
Cefixime 1 32 49.3 0.0
Cefprozil 0.25 16 35.7 4.9
Cefdinir 0.12 8 41.2 1.3
Penicillin 0.12 2 33.1 19.9
Amoxicillin/clavulanic acid ≤0.06/0.03 2/1 5.1 4.3
Levofloxacin 1 1 0.6 1.0
Moxifloxacin 0.12 0.25 0.0 0.3
Imipenem ≤0.03 1 11.1 18.4
Erythromycin 1 >32 53.2 2.5
Clindamycin 0.06 >32 40.0 0.7
Rifampicin 0.03 0.03 1.0 0.2
Trimethoprim/sulphamethoxazole 2/38 8/152 46.5 4.2

MIC50 and MIC90, minimum inhibitory concentrations for 50% and 90% of
the organisms, respectively; %R, % resistant; %I, % intermediate.

a MIC breakpoint for cefditoren was applied at ≥2 �g/mL.

1 �g/mL, respectively. These findings are lower than those of
the other cephalosporins. Only seven pneumococcal isolates
(1.2%) exhibited a MIC ≥ 2 �g/mL. Other cephalosporins
showed a resistance rate between 35.7% and 49.3%, except
for ceftriaxone where the resistance rate was 1.0% (Table 1).
Cefditoren was also active against penicillin-resistant S.
pneumoniae (PRSP) isolates, although the resistance rate
(3.5%) and MIC90 (1 �g/mL) of the PRSP isolates were
higher than those of the penicillin-intermediate S. pneumo-
niae (PISP) and penicillin-susceptible S. pneumoniae (PSSP)
isolates (Table 2). Whilst most PRSP isolates were resistant to
cefuroxime, cefixime, cefprozil and cefdinir, only 3.5% were
resistant to cefditoren. For ceftriaxone, only 2.5% of PRSP
isolates were resistant; however, more than 40% had a profile
of intermediate resistance. Cefditoren-resistant S. pneumo-
niae isolates (MIC ≥ 2 �g/mL) were found in five Asian
countries including Korea, China, Malaysia, Taiwan and Viet
Nam (Table 3). The MIC50 and MIC90 values of cefditoren
were found to be lowest in India and the Philippines; however,
the overall activity was not significantly different among the
Asian countries.

Similar to the other cephalosporins, cefditoren was inac-
tive against MRSA and in contrast was highly active against
MSSA, as expected (Table 4). No H. influenzae isolates
evaluated in this study showed resistance to cephalosporins,
including cefditoren (Table 5). Both for H. influenzae and
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cid, cefixime, cefuroxime, cefprozil, cefdinir, ceftriaxone,
rythromycin, levofloxacin, moxifloxacin, imipenem, clin-
amycin, rifampicin and trimethoprim/sulphamethoxazole)
ere tested against all bacterial isolates using the broth
icrodilution method according to the guidelines of the Clin-

cal and Laboratory Standards Institute (CLSI) [10]. Inter-
retive criteria for susceptibility were those recommended
y the CLSI [10]. Minimum inhibitory concentration (MIC)
nterpretative breakpoints have not been published by the
LSI for M. catarrhalis. Although there is no breakpoint

or cefditoren according to the CLSI, a MIC ≥ 2 �g/mL
or cefditoren was interpreted as ‘resistant’, as reported
n other studies [4,5]. Streptococcus pneumoniae ATCC
9619, S. aureus ATCC 29213, Escherichia coli ATCC
5922, Enterococcus faecalis ATCC 29212 and H. influen-
ae ATCC 49247 were used as quality control strains in
ach test. Production of an extended-spectrum �-lactamase
ESBL) was tested using the double-disk method (Oxoid,
asingstoke, UK) for K. pneumoniae isolates with increased
ICs (≥2 �g/mL) for either ceftriaxone, cefixime or

efprozil.

. Results

Table 1 summarises the results of the in vitro susceptibility
ests for cefditoren and 14 other agents against 602 S. pneu-
oniae isolates from Asian countries. Cefditoren demon-

trated an excellent activity profile against S. pneumoniae
solates, with MIC50 and MIC90 values of ≤0.06 �g/mL and
. catarrhalis, the MIC50 and MIC90 values of cefditoren
ere ≤0.016 �g/mL; this was the lowest profile compared
ith those of the other antimicrobials. For K. pneumoniae,
8.6% displayed resistance to cefditoren (MIC ≥ 2 �g/mL),
hich is similar to the other cephalosporins (10.8–20.6%)

Table 5). Eleven K. pneumoniae isolates (10.8%) produced
SBL.
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Table 2
Antimicrobial resistance rates among penicillin-resistant, -intermediate and -susceptible Streptococcus pneumoniae isolates

Antimicrobial agent PRSP (n = 199) PISP (n = 120) PSSP (n = 283)

%R/I MIC90 (�g/mL) %R/I MIC90 (�g/mL) %R/I MIC90 (�g/mL)

Cefditoren a 3.5/– 1 – 0.5 – ≤0.06
Ceftriaxone 2.5/42.2 2 0.8/13.3 1 –/0.3 ≤0.06
Cefuroxime 100/– 8 42.5/4.2 4 0.3/0.3 0.12
Cefixime 93.0/– 32 71.7/– 16 9.2/– 1
Cefprozil 93.0/4.0 32 24.2/15.8 8 0.3/– 0.12
Cefdinir 100/– 8 40.0/5.8 4 0.4/0.4 0.12
Amoxicillin/clavulanic acid 15.6/12.6 8/4 –/0.8 1/0.5 – ≤0.06/0.03
Levofloxacin 1.5/1.5 1 –/0.8 1 0.4/0.7 1
Moxifloxacin –/0.5 0.25 – 0.12 –/0.4 0.25
Imipenem 28.1/46.7 2 9.2/18.3 0.5 – ≤0.03
Erythromycin 83.9/5.5 >32 65.0/2.7 >32 26.5/0.7 >32
Clindamycin 60.8/– >32 49.2/0.8 >32 18.0/0.7 >32
Rifampicin 0.5/0.5 0.03 – 0.03 1.8/– 0.03
Trimethoprim/sulphamethoxazole 89.9/5.5 16/304 66.7/20.0 8/152 29.0/15.9 8/152

PRSP, penicillin-resistant S. pneumoniae; PISP, penicillin-intermediate S. pneumoniae; PSSP, penicillin-susceptible S. pneumoniae; %R/I, % resis-
tant/intermediate; MIC90, minimum inhibitory concentration for 90% of the organisms.

a MIC breakpoint for cefditoren was applied at ≥2 �g/mL.

Table 3
Minimum inhibitory concentration (MIC) distributions of cefditoren in each country for multidrug-resistant Streptococcus pneumoniae

Country (no. of isolates) MIC range (�g/mL) MIC50 (�g/mL) MIC90 (�g/mL)

≤0.06 0.12 0.25 0.5 1 2 4 8 16

Korea (137) 49 10 15 38 23 1 1 0.25 1
China (107) 74 6 7 16 3 1 ≤0.06 0.5
Hong Kong (24) 6 1 3 10 4 0.5 1
India (74) 73 1 ≤0.06 ≤0.06
Malaysia (28) 13 4 6 4 1 0.12 0.5
Philippines (22) 22 ≤0.06 ≤0.06
Singapore (19) 11 7 1 ≤0.06 0.5
Sri Lanka (18) 7 6 1 3 1 0.12 0.5
Taiwan (58) 24 5 4 15 9 1 0.25 1
Thailand (47) 24 3 1 15 4 ≤0.06 1
Viet Nam (68) 11 2 4 34 15 1 1 0.5 1
Total (602) 314 37 42 142 60 3 2 1 1 ≤0.06 1

MIC, minimum inhibitory concentration (MIC50 and MIC90, for 50% and 90% of the organisms, respectively).

Table 4
Antimicrobial resistance rates in methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-susceptible S. aureus (MSSA)

Antimicrobial agent MSSA (n = 65) MRSA (n = 67)

MIC50 MIC90 %R/I MIC50 MIC90 %R/I

Cefditoren 0.5 1 – >64 >64 100
Ceftriaxone 4 4 – >128 >128 89.6/9.0
Cefuroxime 1 2 – >64 >64 92.5/–
Cefixime 16 16 NA >64 >64 NA
Cefprozil 0.25 1 – >64 >64 89.6/4.5
Cefdinir 0.5 0.5 – >64 >64 100/–
Penicillin 8 >32 87.7/– 32 >32 100/–
Amoxicillin/clavulanic acid 0.5/0.25 1/0.5 – 32/16 32/16 91.0/–
Levofloxacin 0.25 0.25 4.6/– 8 >64 77.6/4.5
Moxifloxacin 0.06 2 NA 2 >32 NA
Imipenem ≤0.03 ≤0.03 – >32 >32 76.1/4.5
Erythromycin 0.5 >32 32.3/– >32 >32 97.0/3.0
Clindamycin 0.12 >32 12.3/– >32 >32 86.6/–
Rifampicin ≤0.016 ≤0.016 4.6/– ≤0.016 ≤0.016 4.5/–
Trimethoprim/sulphamethoxazole 0.06/1.19 0.12/2.4 – 0.06/1.19 >32/608 31.3/–

MIC50 and MIC90, minimum inhibitory concentrations for 50% and 90% of the organisms, respectively; %R/I, % resistant/intermediate; NA, not available.
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Table 5
Antimicrobial resistance rates in Haemophilus influenzae, Moraxella catarrhalis and Klebsiella pneumoniae

Antimicrobial agent H. influenzae (n = 87)a M. catarrhalis (n = 102)b K. pneumoniae (n = 102)c

MIC50 MIC90 %R/I MIC50 MIC90 MIC50 MIC90 %R/I

Cefditoren ≤0.016 ≤0.016 – ≤0.016 ≤0.016 0.25 64 18.6/–
Ceftriaxone ≤0.016 ≤0.016 – ≤0.016 ≤0.016 ≤0.12 64 10.8/2.9
Cefuroxime 0.5 1 – 0.5 1 4 >64 17.6/6.9
Cefixime ≤0.03 0.06 – ≤0.03 0.06 0.12 >32 15.7/–
Cefprozil 2 8 –/5.7 2 8 2 >64 20.6/–
Cefdinir 0.25 0.5 – 0.25 0.5 0.25 >32 18.6/1.0
Penicillin 0.5 >32 NA 0.5 >32 >32 >32 NA
Amoxicillin/clavulanic acid 0.5/0.25 2/1 – 0.5/0.25 2/1 4/2 32/16 14.7/3.9
Levofloxacin ≤0.016 ≤0.016 – ≤0.016 ≤0.016 0.12 1 8.8/–
Moxifloxacin ≤0.016 ≤0.016 NA ≤0.016 ≤0.016 0.12 2 NA
Imipenem 0.5 1 – 0.5 1 0.25 1 –
Erythromycin 4 8 – 4 8 >32 >32 NA
Clindamycin 4 16 NA 4 16 >32 >32 NA
Rifampicin 0.12 0.25 – 0.12 0.25 16 >16 NA
Trimethoprim/sulphamethoxazole 0.12/2.4 8/152 26.4/5.7 0.12/2.4 8/152 0.12/2.4 32/608 14.7/–

MIC50 and MIC90, minimum inhibitory concentrations for 50% and 90% of the organisms, respectively; %R/I, % resistant/intermediate; NA, not available.
a H. influenzae isolates from the Philippines (13), India (3) and Korea (71).
b M. catarrhalis isolates from Korea (23), Japan (30), the Philippines (5), Singapore (35) and Thailand (9). Clinical and Laboratory Standards Institute MIC

interpretative guidelines are not published for M. catarrhalis.
c K. pneumoniae isolates from the Philippines (15), Viet Nam (5) and Korea (82).

4. Discussion

In this study we evaluated the in vitro antimicrobial activ-
ity of cefditoren against 1025 isolates of S. pneumoniae, H.
influenzae, M. catarrhalis, S. aureus and K. pneumoniae col-
lected from 11 Asian countries. These five bacterial species
are well known common respiratory pathogens. The increas-
ing antimicrobial resistance of these pathogens has raised
concern in the medical community worldwide. Increased
vigilance for the treatment and surveillance of these antimi-
crobial agents is of critical importance to maintain their
efficacy. Of equal importance is the development and evalua-
tion of additional therapeutic options for common respiratory
pathogens.

The results of this study showed that there is a high
incidence of penicillin resistance in clinical isolates of
S. pneumoniae in Asian countries, which confirms previ-
ous reports [1]. Our data revealed that the prevalence of
penicillin-non-susceptibility among S. pneumoniae isolates
was 53%. In addition, 53% of S. pneumoniae were also
erythromycin resistant. Moreover, many antimicrobial
agents now display reduced activity among penicillin-
non-susceptible S. pneumoniae isolates rather than among
penicillin-susceptible isolates [9,11]. We also observed
such a tendency in the current study. The activity of most
of the oral �-lactam antibiotics evaluated was reduced for
P
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by 0.5 �g/mL and 1 �g/mL cefditoren, respectively (Table 2).
Several studies have reported both a significant bactericidal
activity as well as a modest post-antibiotic effect with treat-
ment using cefditoren for PRSP [2,3,12]. Cefditoren could
therefore be an excellent therapeutic option for pneumococ-
cal infections irrespective of penicillin resistance. In addition,
the cefditoren MIC90 was lower by 2–32-fold compared
with other �-lactams, except for ceftriaxone. Such excellent
activity of cefditoren was also observed in ciprofloxacin-
intermediate and -resistant S. pneumoniae isolates (data not
shown).

The in vitro activity of cefditoren was preserved in all
Asian countries included in this study. These countries
included Korea, Viet Nam, Hong Kong and China, which are
well known hot spots of antimicrobial resistance in pneumo-
cocci [1]. Only one or two cefditoren-resistant pneumococcal
isolates were found in each country and the cefditoren MIC90
was ≤1 �g/mL in all Asian countries (Table 3).

The activity of cefditoren against H. influenzae and
M. catarrhalis (MIC90 ≤ 0.016 �g/mL for both) was also
favourable. Cefditoren had a greater potency against H.
influenzae and M. catarrhalis isolates than the other
cephalosporins (cefuroxime, cefixime, cefprozil and cefdinir)
and was found to be most comparable with ceftriaxone
and the fluoroquinolones such as levofloxacin and moxi-
floxacin. Although �-lactamase-producing H. influenzae and
M
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ISP and PRSP (Table 2). PISP and PRSP isolates also
ad reduced susceptibility to non-�-lactam antibiotics such
s imipenem, erythromycin, clindamycin and trimetho-
rim/sulphamethoxazole compared with PSSP isolates.
owever, cefditoren demonstrated excellent activity against
RSP and PISP. Most PISP and PRSP isolates were inhibited
. catarrhalis isolates were not identified in this study,
revious studies have shown that cefditoren was active irre-
pective of �-lactamase production [2,3]. In addition, it has
een reported that �-lactamase-negative ampicillin-resistant
. influenzae was also inhibited by cefditoren at ≤0.5 g/mL

2]. Most of the K. pneumoniae isolates were also inhibited
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by cefditoren at ≤2 �g/mL. However, the cefditoren MIC90
reached 64 �g/mL, which is higher than the level reported by
others [13]. We observed that of the 11 ESBL-producing K.
pneumoniae isolates, all but one showed resistance to cefdi-
toren, as expected (data not shown), which might result in a
high MIC90 in K. pneumoniae.

In this study we evaluated the in vitro antimicrobial activ-
ity of cefditoren against five major respiratory pathogens
collected from 11 Asian countries. Cefditoren demonstrated
excellent activity against the organisms evaluated except
for MRSA and the ESBL-producing K. pneumoniae. These
results suggest that cefditoren could be an effective ther-
apeutic option for respiratory tract infections in Asian
countries.
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