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Levofloxacin showed comparable in vitro susceptibility to ciprofloxacin among Enterobacteriaceae, Pseudomonas
aeruginosa, enterococci, and Staphylococcus aureus, while greater susceptibility was observed in Stenotrophomo-
nas maltophilia and Staphylococcus epidermidis, mainly when oxacillin resistant. The susceptibility of Strepto-
coccus pneumoniae to levofloxacin reached 99%.

The recent introduction of levofloxacin, a new fluoroquino-
lone (FQ), into the Italian clinical scenario led to the need to
locally confirm its in vitro activity. Nowadays, only qualitative
studies on selected bacterial species have been reported with
levofloxacin in Italy (1, 3, 4, 5, 6, 10, 13) but larger studies on
clinical isolates are missing. We report here the major findings
of a survey carried out on the bacterial species most frequently
encountered in the routine work of 24 Italian laboratories
distributed Italywide (see Acknowledgments).

Each center was requested to collect 194 consecutive,
no-copy clinical isolates belonging to a predefined list of
bacterial species without any limitation on the ward and/or
sample of isolation. All the isolates had to be identified
according to the laboratory method used to obtain them.
Participants were asked to limit the number of collected
Escherichia coli, Staphylococcus aureus, and Staphylococcus
epidermidis strains to 30 each per center. The MICs of levo-
floxacin and ciprofloxacin were determined locally by the
Etest (AbBiodisk) method according to the manufacturer’s
instructions. All the assays were performed on Mueller-
Hinton agar except for Streptococcus pneumoniae and
Moraxella catarrhalis, which were tested by using Mueller-
Hinton agar plus 5% sheep blood, and Haemophilus influ-
enzae, which was tested by using Haemophilus test medium
(all media were from the same batch). Susceptibility break-
points were �2 �g/ml for levofloxacin and �1 �g/ml for
ciprofloxacin according to NCCLS (11). To contain intral-
aboratory variability, quality controls with E. coli strain
ATCC 25922, S. pneumoniae strain ATCC 49619, and H.
influenzae strain ATCC 49247 were requested of each center
before, during, and after the study’s conclusion. The Etest
method was selected because of its reliability in testing FQs
(9), its ease of use, and its definition of the MIC. Between
January and November 2000, case report forms for a total of
4,003 clinical isolates were collected. The quality control
results confirmed that the Etest assays were carried out
properly during the study, and any center results had to be
discharged. As reported by others (9), a slight overestima-

tion (1.6%) of the ciprofloxacin MIC for E. coli ATCC
25922 occurred, but the increase never determined a change
in the category. Detailed figures on the isolation wards,
samples, and the samples’ FQ susceptibilities will be pub-
lished elsewhere. The isolates and their susceptibilities to
levofloxacin and ciprofloxacin are illustrated in Table 1. The
Enterobacteriaceae were unhomogeneously susceptible to
the study drugs, with a percentage of susceptible strains
ranging from 75.2 to 93.9% for both ciprofloxacin and levo-
floxacin. The Pseudomonas aeruginosa isolates exhibited the
expected susceptibilities to both FQs. The resulting nonsus-
ceptibility values related mainly to the isolates coming from
the intensive care unit, which represented almost 20% of the
isolates. Stenotrophomonas maltophilia, an emerging patho-
gen, was primarily isolated among the strains from the in-
tensive care unit (48.6%) and internal medicine wards
(36.2%), respiratory (62.8%) and blood (16.8%) samples
being the more frequent sources. Among the gram-positive
isolates, a bimodal FQ MIC distribution was observed for
both S. aureus and S. epidermidis (data not shown). Inter-
estingly, while the S. aureus population could be divided into
oxacillin-resistant (oxa-R) FQ-resistant and oxacillin-sus-
ceptible (oxa-S) FQ-susceptible strains, among S. epidermi-
dis the same subgrouping revealed 47.2% of oxa-R strains
still susceptible to levofloxacin (Table 1). According to the
NCCLS breakpoints, the clinical susceptibility of S. pneu-
moniae to levofloxacin was 99% whereas ciprofloxacin could
not be categorized, and data were expressed by means of
only the MIC at which 50% of the isolates tested were
inhibited (MIC50) and MIC90 (Table 1). As far as the en-
terococcal species are concerned, both study drugs exerted
comparable moderate activities (Table 1). Significant levels
of FQ resistance in E. coli, Proteus mirabilis, and Enter-
obacter cloacae were detected compared to European (8) or
recent American (12) data. In our study, a close correlation
between FQ resistance and �-lactamase production in P.
mirabilis was confirmed (data not shown). The 33.8% P.
aeruginosa nonsusceptibility to ciprofloxacin we found was
very close to the 31.9% obtained in a survey carried out in
Italy in 1995 (2). The susceptibility and MIC distribution of
P. aeruginosa to levofloxacin were comparable to those to
ciprofloxacin (Fig. 1). Figure 1 is quite similar to figures
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recently published by Sahm et al. (12) from the U.S. and to
those from other studies carried out in Europe (7) and in
Italy in particular (1, 13). It can be concluded that, despite
a ciprofloxacin mean MIC 1 or 2 dilutions lower, there is no
different in the impact on the in vitro clinical susceptibility
of P. aeruginosa to the study drugs due to the favorable
pharmacokinetic properties of levofloxacin that allow a
breakpoint of 2 �g/ml. Levofloxacin has been reported to
exert good in vitro activity on S. maltophilia (3, 15); never-
theless, the observed percentages of ciprofloxacin-suscepti-
ble (58.9%) and intermediate (18.5%) strains were high

between the two studies (3, 15). Such a result is probably due to
assay variations (14, 16). S. epidermidis isolates were more sus-
ceptible to levofloxacin than ciprofloxacin, mainly when they were
oxa-R, as described by Cafiso et al. (4), who found levofloxacin to
exert 30% more activity than ciprofloxacin on oxa-R coagulase-
negative staphylococci. The susceptibility of S. pneumoniae to
levofloxacin was very high, reflecting a previous work (G. P. Gesu,
C. G. Gechtman, C. Bonato, A. Cavallero, R. Ieri, and F. Mar-
chetti, Abstr. 9th Int. Congr. Infect. Dis., abstr. 74.003, 2000). To
our knowledge, this is the largest Italian study carried out on
enterococci and FQs. Both study drugs exerted moderate activi-

TABLE 1. Clinical isolates and their susceptibilities to levofloxacin and ciprofloxacin

Strain (n) Antimicrobial agent % Susceptible % Intermediate % Resistant MIC50 MIC90

Staphylococcus aureus (615) Levofloxacin 71.2 4.9 23.9 0.25 32
Ciprofloxacin 68.5 1.8 29.8 0.5 64

Staphylococcus aureus oxa-R (198) Levofloxacin 20.7 13.1 66.2 8 32
Ciprofloxacin 17.2 1.5 81.3 32 64

Staphylococcus aureus oxa-S (417) Levofloxacin 95.2 1.0 3.8 0.25 0.5
Ciprofloxacin 92.8 1.9 5.3 0.25 1

Escherichia coli (596) Levofloxacin 86.2 1.8 11.9 0.064 16
Ciprofloxacin 82.0 1.3 16.6 0.064 32

Pseudomonas aeruginosa (551) Levofloxacin 64.8 3.1 32.1 1 32
Ciprofloxacin 66.2 3.1 30.7 0.5 64

Enterococcus faecalis (485) Levofloxacin 72.4 0.8 26.8 1 64
Ciprofloxacin 67.4 5.4 27.2 1 64

Klebsiella pneumoniae (295) Levofloxacin 94.6 0.7 4.7 0.064 1
Ciprofloxacin 93.9 1.0 5.1 0.064 0.5

Proteus mirabilis (285) Levofloxacin 85.3 0.7 14.0 0.064 16
Ciprofloxacin 80.4 4.6 15.1 0.064 32

Staphylococcus epidermidis (267) Levofloxacin 64.4 8.6 27.0 1 32
Ciprofloxacin 51.3 8.2 40.4 1 64

Staphylococcus epidermidis oxa-R (163) Levofloxacin 47.2 12.9 39.9 4 64
Ciprofloxacin 30.7 11.0 58.3 4 64

Staphylococcus epidermidis oxa-S (104) Levofloxacin 91.3 1.9 6.7 0.125 2
Ciprofloxacin 83.7 3.8 12.5 0.125 8

Streptococcus pneumoniae (218) Levofloxacin 99.1 0 0.9 0.5 1
Ciprofloxacin 0.5 2

Haemophilus influenzae (210) Levofloxacin 100 0 0 0.064 0.25
Ciprofloxacin 100 0 0 0.064 0.25

Enterobacter cloacae (157) Levofloxacin 79.0 1.9 19.1 0.064 64
Ciprofloxacin 75.2 3.8 21.0 0.064 64

Stenotrophomonas maltophilia (124) Levofloxacin 85.5 4.0 10.5 0.5 8
Ciprofloxacin 58.9 18.5 22.6 1 8

Serratia marcescens (81) Levofloxacin 92.6 0 7.4 0.125 2
Ciprofloxacin 86.4 6.2 7.4 0.064 2

Citrobacter freundii (80) Levofloxacin 87.5 1.3 11.3 0.064 8
Ciprofloxacin 85 2.5 12.5 0.064 8

Moraxella catarrhalis (39) Levofloxacin 100 0 0 0.064 0.125
Ciprofloxacin 100 0 0 0.064 1
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ties on enterococci, and FQ high-level resistance was associated
with resistance to glycopeptides (data not shown). In conclusion,
the findings of the present study suggest that resistance surveil-
lance should be intensified for select Enterobacteriaceae and P.
aeruginosa strains. Levofloxacin turned out to exert good in vitro
activity on either gram-positive or gram-negative clinical isolates.
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