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Summary

Prulifloxacin, a new fluoroquinolone, is a prodrug whose active compound,
ulifloxacin, is derived from its transformation after oral administration and intesti-
nal absorption. Based on early pharmacokinetic and pharmacodynamic data, the
following MIC breakpoints have tentatively been proposed: <1 pg/ml, susceptible; 2
ug/ml, intermediate; and >4 png/ml, resistant. In this report, ulifloxacin MIC vs.
zone diameter scattergrams and discrepancy rates were analyzed in 461 freshly iso-
lated clinical strains (237 Enterobacteriaceae, 101 nonfermenters, and 123 Gram-
positive bacteria). In agreement with the guidelines of the National Committee for
Clinical Laboratory Standards, a modification of the error rate-bounded method
was used to select disk diffusion test breakpoints. The following zone diameter
breakpoints were chosen and are proposed herein for the interpretation of
ulifloxacin disk (5 ng) test results: <15 and 219 mm for Enterobacteriaceae, <16
and >20 mm for nonfermenters, and <14 and >18 mm for Gram-positive bacteria.
By applying these breakpoint values, no very major errors were detected, while
major and minor errors were largely below the accepted discrepancy rates.
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INTRODUCTION

Ulifloxacin, a fluoroquinolone formerly called
NM394 13 or AF 3013 5, is the active compound
derived from the transformation of the prodrug
prulifloxacin (also called NM441 or AF 3012) after
its oral administration and intestinal absorption. Its
broad spectrum of activity covers enterobacteria,
nonfermenters, enteropathogeriic bacteria (including
Campylobacter jejuni), respiratory pathogens
(Haemophilus influenzae, Moraxella catarrhalis,
B-haemolytic streptococci), and methicillin-suscepti-
ble staphylococci 6. Compared with ciprofloxacin,
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its activity (MIC and MBC tests) is similar or greater
against gram-positive bacteria and greater against
gram-negative bacteria 5. Very recently, the microbi-
ological and pharmacological profile of this new flu-
oroquinolone and its therapeutic efficacy have been
reviewed 7.

At present, prulifloxacin is going to be marketed
in Italy and other European countries. The introduc-
tion of new antimicrobial agents necessitates the
development of appropriate methods for the in vitro
recognition of microorganisms that may not respond
to treatment. This includes the optimization and
standardization of susceptibility tests and the estab-
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lishment of interpretive criteria for MIC and disk dif-
fusion methods.

Following once daily oral administration of
prulifloxacin (600 mg), peak serum concentrations at
steady state reach about 2 pg/ml, and the serum
elimination half-life is approximately 12 h 389 MIC
interpretive criteria have yet to be established for
ulifloxacin, but based on early pharmacokinetic and
pharmacodynamic data 38° and the breakpoints
proposed by manufacturer 1°, microorganisms for
which the MIC is <1 pg/ml could be considered ten-
tatively susceptible; those for which the MIC is 24
ug/ml could be categorized as resistant; and those
for which the MIC is 2 pg/ml could be classified as
intermediate. These tentative interpretive MIC break-
points might be confirmed or altered after additional
clinical studies will be completed. However, before
that can happen, susceptibility testing criteria are
needed in order to enroll patients into the clinical tri-
als.

In this report, disk diffusion susceptibility tests
with 5-pg ulifloxacin disks were evaluated. Zone
diameters corresponding to the tentative MIC break-
points noted above were selected as provisional
interpretive criteria.

MATERIALS AND METHODS

Ulifloxacin was provided by Angelini ACRAF
(Pomezia, ltaly), and ciprofloxacin was purchased
from Sigma-Aldrich, (Milan, Italy). Ulifloxacin and
ciprofloxacin disks (5 pg) were manufactured by
Oxoid Italiana (Garbagnate Milanese, MI, ltaly).

A total of 461 freshly isclated clinical strains,
namely 237 cultures of Enterobacteriaceae, 101 of
glucose nonfermenting Gram-negative rods, and
123 of Gram-positive bacteria, were selected in
order to have an appropriate variety of clinically rel-
evant species and a broad range of MICs.

Broth microdilution and disk diffusion tests were
performed following the methods recommended by
the National Committee for Clinical Laboratory
Standards (NCCLS) 1112, Cation-adjusted Mueller-
Hinton broth and Mueller-Hinton agar were used as
test media, supplemented with 2-3% lysed horse
blood and 5% defibrinated sheep blood, respectively,
when pneumococci were tested. Quality control
strains included Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 29213, S. aureus
ATCC 25923 (disk diffusion only) Streptococcus
pneumoniae ATCC 49619, Enterococcus faecalis
ATCC 29212. All plates and microplates were incu-
bated overnight at 35°C in normal atmosphere,
while plates with pneumococci were incubated in 5-
7% CO,.

The NCCLS guidelines and relevant discrepancy
rates 13 were essentially referred to for the develop-
ment of interpretive criteria and breakpoints for
ulifloxacin.

RESULTS

A comparison of the MICs of ulifloxacin and
ciprofloxacin for all test strains is detailed in Table
1. In agreement with our previous findings 3, the in
vitro activity of ulifloxacin resulting from MIC assays
appeared to be similar to or greater than that of
ciprofloxacin. Consistent and comparable results
were obtained with disk diffusion tests.

MIC vs. zone diameter scattergrams for each of
the three bacterial groups tested (Entero-
bacteriaceae, nonfermenters, and Gram-positive
bacteria) are provided in Figures 1 to 3, and dis-
crepancy rates are listed in Table 2. By adjusting
the proposed interpretive breakpoints until the num-
ber of very major and major discrepancies were held
to a minimum, the following zone diameter break-
points were chosen: <15 and 219 mm for
Enterobacteriaceae, <16 and =20 mm for nonfer-
menters, <14 and =18 mm for Gram-positive bacte-
ria. By applying these breakpoint values, no very
major errors (false-susceptible disk diffusion test
results) were detected. Only three major errors (false-
resistant disk tests) were found, all largely below the
accepted discrepancy rates 13: one (Enterobacter-
iaceae, <l - 2 category, where | is the tentative inter-
mediate MIC value of 2 pg/ml) constituted a discrep-
ancy rate of 0.6% vs. an accepted discrepancy rate
of <40%, and two (nonfermenters, | + 1 category)
constituted a discrepancy rate of 8.7% vs. an
accepted discrepancy rate of <10%. Minor errors
were represented by 10 isolates among
Enterobacteriaceae, 5 among nonfermenters, and 4
among Gram-positive bacteria (all in the 1 + 1 cate-
gory), vielding discrepancy rates of 30.3%, 21.7%,
and 15.4%, respectively, vs. an accepted discrepan-
cy rate of <40%.

DISCUSSION

As a rule, the susceptible and resistant break-
points for the disk diffusion test are determined by
correlating the disk diffusion inhibitory zone diame-
ters with MICs. In the past this has often been
accomplished by regression analysis. The ability of
regression analysis to suggest appropriate zone
diameter breakpoints is dependent upon a fairly
even distribution of organisms at each MIC tested,
particularly in the range of the intermediate MIC +
2 to 3 twofold dilutions 4. With many of the newer
antibiotics, however, resistant organisms are few,
and the MIC distribution is heavily weighted toward
very susceptible MICs, resulting in an unreliable
regression line. To overcome this problem the error
rate-bounded method of Metzier and De Haan 15 as
modified by Brunden et al. ¢ can be used to select
disk diffusion test breakpoints, and this method has
been accepted by the NCCLS 1317,

Prulifloxacin, by virtue of its broad antibacterial
activity and considering that it can be given orally
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TagLE 1 - Comparative activities of ulifloxacin and ciprofloxacin against 461 bacterial clinical isolates.

Organism (n. tested) Antimicrobial MIC (ug/ml)
agent Range 50% 90%
Escherichia coli (68) Ulifloxacin <0.015-128 <0.015 2
Ciprofloxacin <0.015-128 <0.015 4
Klebsiella spp. (39) Ulifloxacin <0.015-64 <0.015 2
Ciprofloxacin <0.015-128 <0.015 4
Enterobacter spp. (28) Ulifloxacin <0.015-32 0.03 8
Ciprofloxacin <0.015-128 0.03 32
Serratia spp. (25) Ulifloxacin <0.015-32 0.03 1
Ciprofloxacin <0.015-32 0.03 4
Citrobacter spp. (14) Ulifloxacin <0.0154 0.03 4
Ciprofloxacin <0.015-32 0.03 8
Proteus spp. (24) Ulifloxacin <0.015-128 0.06 1
Ciprofloxacin <0.015-128 0.03 4
Providencia spp. (24) Ulifloxacin <0.015-128 1 64
Ciprofloxacin <0.015>128 0.125 128
Morganella spp. (16) Ulifloxacin <0.015-128 0.03 8
Ciprofloxacin <0.015-128 0.03 32
Total Enterobacteriaceae (237) Ulifloxacin <0.015-128 0.03 16
Ciprofloxacin <0.015->128 0.03 32
Pseudomonas aeruginosa (73) Ulifloxacin 0.03-64 0.25 16
Ciprofloxacin 0.03-128 1 64
Acinetobacter spp. (23) Ulifloxacin 0.03-128 4 128
Ciprofloxacin 0.03-128 4 128
Stenotrophomonas maltophilia (5) Ulifloxacin 0.5-64
Ciprofloxacin 0.25-32
Total nonfermenters (101) Ulifloxacin 0.03-128 1 64
Ciprofloxacin 0.03-128 1 64
Staphylococcus aureus, Ulifloxacin 0.06-1 0.125 0.5
methicillin susceptible (35) Ciprofloxacin 0.12-1 0.25 0.5
Staphylococcus aureus, Ulifloxacin 0.12-128 8 64
methicillin resistant (37) Ciprofloxacin 0.25->128 16 64
Coagulase negative staphylococci (17) Ulifloxacin 0.06-64 0.06 1
Ciprofloxacin <0.015-128 0.03 4
Enterococcus spp. (17) Ulifloxacin 0.25-128 1 32
Ciprofloxacin 0.25-128 1 64
Streptococcus pneumoniae (17) Ulifloxacin 0.25-16 1 2
Ciprofloxacin 0.25-32 1 8
Total Gram-positive bacteria (123) Ulifloxacin 0.6-128 1 32
Ciprofloxacin <0.015->128 4 64
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once a day, might become an important agent to and >19 mm for Enterobacteriaceae, <16 and 220
add to the physician’s armamentarium. To help mm for nonfermenters, <14 and 218 mm for Gram-
guide ongoing clinical trials, we propose that the positive bacteria) be used for interpreting ulifloxacin
breakpoints resulting from the present study (<15 disk test results.
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TABLE 2 - MIC-zone diameter discrepancy rates for ulifioxacin (5-ug disks) with 461 bacterial clinical isolates.

N. of discrepancies (% discrepancy rate)

Organisms
(propose:d zone diameter MIC . N. Very major Major Minor
breakpoints, mm) range of isolates
Enterobacteriaceae [+ 2 32 0 NA 0
(<15, 219) I1+1 33 0 0 10 (30.3)
<-2 172 NA 1 (0.6) 0
Total 237 0 1(0.4) 10 (4.2)
Nonfermenters >+ 2 32 0 NA 0
€16, =20) Iz1 23 0 2(8.7) 5(21.7)
-2 46 NA 0 0
Total 101 0 2(1.9) 5(4.9)
Gram-positive bacteria 2+ 2 37 0 NA 0
(<14, =18) I+1 26 0 0 4 (15.4)
<-2 60 NA 0 0
Total 123 0 0 4 (3.2)

NA, not applicable
I, tentative intermediate MIC value (2 pg/ml).
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