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Cefditoren is the active form of cefditoren pivoxil, a new, broad-spectrum oral
cephalosporin with strong in vitro activity against penicillin-susceptible and resistant
Streptococcus pneumoniae. In this study, the minimum inhibitory concentrations
(MICs) of cefditoren were determined for a special selection of S. pneumoniae isolates
known to be susceptible, moderately susceptible or fully resistant to penicillin; these
isolates originated from the lower respiratory tract of adults with pneumonia or the up-
per respiratory tract of children with or without symptoms of infection. Some of this
latter group of isolates exhibited extremely high MICs to penicillin (�32 mg/l),
whereas the MICs of cefditoren did not exceed 2 mg/l. The MIC50 and MIC90 of
cefditoren proved to be 0.25 and 1.0 mg/l, respectively, with a range of MICs
�0.015–2.0 mg/l for all the tested S. pneumoniae isolates. Its good activity suggests
that cefditoren is expected to be a potent drug in infections caused by penicillin-resis-
tant and multidrug-resistant S. pneumoniae.
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Introduction

Penicillin-non-insensitive S. pneumoniae isolates that are also resistant to
other antimicrobial agents, such as macrolides and fluoroquinolones, are currently
being reported with increasing frequency worldwide [1–3]. The European coun-
tries with a particularly high incidence of resistance are Spain and Hungary, both
of which reported resistance rates of >40% as early as the mid-1980s [4–6]. Highly
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penicillin-resistant isolates have become a challenge in the treatment of commu-
nity-acquired pneumonia, sinusitis and acute otitis media and also in the treatment
of meningitis, where penicillin treatment is contraindicated for isolates with inter-
mediate or high-level resistance too. The nasopharyngeal carriage of S. pneumo-

niae in children from day-care centres has been shown to be an important epi-
demiologic risk factor [7]. Another well-recognized risk factor is the irrational and
excessive global usage of antibiotics, and especially oral penicillins prescribed to
children, that may select the intermediate and highly-resistant strains. The aims
of this study were to investigate the in vitro activity of a new oral cephem, cefdi-
toren pivoxil, against S. pneumoniae isolates obtained from adult patients during a
phase III study in Hungary, where community-acquired pneumonia was treated
orally with cefditoren-pivoxil. As no highly-resistant S. pneumoniae strains were
isolated during this study, a special collection of S. pneumoniae isolates originat-
ing from Hungary were also investigated; these included mostly upper respiratory
tract isolates obtained from children, some of which had extremely high MICs
(16–64 mg/l) for penicillin.

Materials and methods

During a phase III pneumonia study, carried out in 1996–1997, 25 S. pneu-

moniae strains were isolated, 22 from sputum and 3 from blood cultures. No dupli-
cate isolates from any patient were included. As very few penicillin resistant
S. pneumoniae strains were found during this clinical study, another special collec-
tion of 103 S. pneumoniae isolates from earlier studies were also used. The latter
collection comprised 25 strains, which were susceptible, 23 which were interme-
diate resistant and 55 which were highly resistant to penicillin. Most of these iso-
lates were obtained, during years 1993–1995, from the upper respiratory tract in-
cluding middle ear and sinus effusion of children under the age of 2 years. Only a
few isolates (10) belonging to the susceptible group originated from invasive in-
fections (pneumonia with or without bacteraemia). All these S. pneumoniae iso-
lates were identified by conventional methods (characteristic colonies on blood
agar, optochin susceptibility, bile solubility) and maintained at –70 °C until used
in this study. S. pneumoniae ATCC 49619 was applied as a reference strain during
the MIC determinations. The agar dilution method was used according to the re-
commendations of NCCLS for the determination of MICs of cefditoren and peni-
cillin in the case of all isolates [8]. Muller-Hinton agar with 5% blood was
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supplemented with the appropriate concentrations of penicillin G (Biogal, Hun-
gary) and cefditoren (Tedec-Meiji Farma S.A., Spain.). The concentrations of anti-
biotics ranged from 0.015 mg/l to 32 for cefditoren and from 0.03 mg/l to 64 for
penicillin.

Results

Altogether 128 S. pneumoniae isolates were investigated. Thirty-five origi-
nated from community-acquired invasive pneumonia: 30 were isolated from spu-
tum samples and 5 from blood cultures. All these isolates were susceptible (31) or

intermediate resistant (4 isolates) to penicillin, with an MIC range between �0.03
and 0.25 mg/l. The corresponding MIC50 and MIC90 values of cefditoren were

one step lower, with an MIC range of �0.015–0.25 mg/l (Table I). The other 93 iso-
lates, which were obtained from the upper respiratory tract of young children (un-
der 2 years of age), were much more resistant to penicillin. The MIC range for pen-

icillin was between �0.03 and �64 mg/l, but much lower MIC values were mea-

sured for cefditoren, with an MIC range between �0.015 and 2.0 mg/l. The highest
MIC observed for cefditoren was 2 mg/l, in the case of two isolates with MICs of
64 and 32 mg/l for penicillin. Table II shows the MIC50 and MIC90 values of
cefditoren for the isolates belonging in the three categories according to their
penicillin MIC values. Even in the group of isolates that exhibited a high level of
resistance to penicillin, the MIC50 and MIC90 values of cefditoren were 0.5 and
1.0 mg/l, respectively.
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Table I

MICs of penicillin and cefditoren for S. pneumoniae isolates obtained from adult patients with pneumonia
and children with upper respiratory tract infections

Origin of isolates MICs (mg/l)
MIC50 MIC90 MIC range

Pneumonia (35)
Penicillin �0.03 0.06 �0.03–0.25
Cefditoren �0.015 0.03 �0.015–0.25

Upper respiratory tract infections (93)
Penicillin 0.5 4.0 �0.03–�64
Cefditoren 0.25 1.0 �0.015–2.0



The MIC values of cefditoren and penicillin were correlated. The correla-
tion index was found to be R2 = 0.6888 for the isolates that were susceptible or in-
termediate resistant to penicillin. The penicillin MIC values in the fully resistant
range showed less correlation with cefditoren MIC values (R2 = 0.3865).

Discussion

Cefditoren is a new oral cephalosporin, in pivaloyloxymethyl ester form,
with improved activity against staphylococci, streptococci, Haemophilus influen-

zae, Nesseria gonorrhoeae and some members of the Enterobacteriaceae family
[9]. The MICs of cefditoren against penicillin-susceptible, intermediate resistant
and penicillin-resistant pneumococci have been shown to be the lowest among all
oral beta-lactams [9–11]. Despite the fact that cefditoren, like other beta-lactams,
is also showing an increase in MIC for most S. pneumoniae isolates that are highly
resistant to penicillin, time-kill studies confirm the superior anti-pneumococcal
activity of cefditoren relative to cefuroxime or cefpodoxime [9]. In our study on a
specially selected collection involving altogether 27 moderately and 55 highly
penicillin-resistant isolates, the MIC50 and MIC90 of cefditoren were found 4
times lower than that of penicillin for the group of isolates being intermediately re-
sistant to penicillin. The difference was even more marked for the isolates with
high level of resistance to penicillin: the MIC50 and MIC90 for cefditoren were 16
times lower than those for penicillin. Such differences in MICs exceed those nor-
mally found between penicillin and ceftriaxone or cefotaxime [9]. The highest
MIC of cefditoren was 2 mg/l for two isolates, which is lower than the peak achiev-
able serum concentration of cefditoren (2.3–3.4 mg/l) when a normal dosing regi-
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Table II

MIC values of cefditoren for S. pneumoniae isolates (n = 128) considered to be susceptible, intermediate
resistant or resistant to penicillin

Penicillin
Susceptible Intermediate Resistant

(MIC �0.06 mg/l) (MIC 0.12–1 mg/l) (MIC �2 mg/l)
(n = 46) (n = 27) (n = 55)

Penicillin MIC50 �0.03 0.5 8.0
Penicillin MIC90 �0.03 1.0 16.0
Cefditoren MIC50 �0.015 0.12 0.5
Cefditoren MIC90 0.03 0.25 1.0



men is used [9]. This level is equal to the resistance breakpoint of cephalosporins
for S. pneumoniae. A good correlation was observed between the MICs of penicil-
lin and cefditoren for the isolates that were sensitive and intermediate resistant to
penicillin. However, no correlation was observed for the penicillin-resistant iso-
lates. Cefditoren proved more active than penicillin against the highly penicil-
lin-resistant isolates.

Our study, and also earlier publications [9–12], provide evidence that
cefditoren is a potent drug against beta-lactam-resistant S. pneumoniae, most of
which are additionally multidrug-resistant. Cefditoren seems to have the currently
highest in vitro activity among the oral cephalosporins against penicillin-resistant
S. pneumoniae, and Haemophilus influenzae and Moraxella catarrhalis are also
covered by its antibacterial spectrum [10, 13]. Since resistant S. pneumoniae is
most prevalent among upper respiratory tract isolates, this drug is expected to be
particularly useful in the therapy of otitis media and sinusitis. Pharmacokinetic and
clinical studies [4] have provided supportive evidence that, over its excellent in vi-

tro activity, the favourable pharmacological properties of cefditoren contribute to
the eradication of the pathogens in middle ear and sinus fluids. Patients with severe
invasive infections such as pneumonia and meningitis caused by penicillin-resis-
tant S. pneumoniae need a suitable parenteral drug as initial therapy, such as
ceftriaxone, cefotaxime or vancomycin.
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