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Twelve volunteers received a single oral dose of 1,000 mg extended-release (XR) ciprofloxacin versus 500 mg
levofloxacin to assess urinary bactericidal titers (UBTs) against common uropathogens. Areas under UBT-time
curves were significantly larger for Proteus mirabilis with XR ciprofloxacin and for staphylococci with

levofloxacin.

Complicated urinary tract infections (UTIs) are caused by
gram-negative and -positive uropathogens (25). Fluoroquino-
lones are among the drugs of choice for empirical antibiotic
therapy. They differ, however, in pharmacokinetic properties
(11) and in antibacterial activity, and their antibacterial activity
in urine is reduced significantly depending on urine pH and
contents (6, 15). Extended-release (XR) ciprofloxacin and
levofloxacin are given once daily (12, 23). The purpose of this
study was to compare the ex vivo pharmacokinetic/pharmaco-
dynamic properties, including urinary bactericidal titers
(UBTs) of a single oral dose of 1,000 mg extended-release
ciprofloxacin versus 500 mg levofloxacin against common uro-
pathogens. The pharmacokinetic aspects of this study were
recently published (24).

Twelve healthy volunteers successively received one oral
dose of 1,000 mg extended-release ciprofloxacin (Bayer Vital
GmbH, Wuppertal, Germany) or 500 mg levofloxacin (Sanofi-
Aventis, Berlin, Germany) in a crossover design at an interval
of 7 days according to the randomization schedule. All voided
urine samples were collected over a 12-h interval prior to drug
administration (to obtain antibiotic-free urine from each indi-
vidual) and at the following time intervals after administration
of the drug: 0 to 4, 4 to §, 8 to 12, 12 to 16, 16 to 24, 24 to 28,
28 to 32, and 32 to 36 h. All samples were stored at —20°C.
Levofloxacin and ciprofloxacin were analyzed in one chro-
matographic run by high-pressure liquid chromatography. The
drug concentrations in serum and urine samples were mea-
sured by comparison with a serum and urine calibration row,
respectively (24). MICs, minimal bactericidal concentrations
(MBCs), and urinary bactericidal titers were determined as
published previously (17, 26).

The bacterial strains used in this study and ciprofloxacin and
levofloxacin MICs are depicted in Table 1. The MBCs of levo-
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floxacin and ciprofloxacin were similar to the corresponding
MICs for all strains tested. The area under the 24-h UBT-
versus-time curve (AUBC) (13) was calculated as the sum of
the reciprocal UBT values and the respective time intervals for
each test organism and for each drug. Laboratory, UBT, and
AUBC data for the two drugs were compared for each indi-
vidual by the paired ¢ test. The application of the paired ¢ test
appears adequate according to our previous analysis of the
respective residuals (16). An « value of 0.05 was determined to
be statistically significant. Due to the high number of tests
performed, the results are of descriptive nature only. The clin-
ical significance of the statistical results, however, should be
evaluated. Statistical calculations were performed using the
Microsoft Excel 97 program (1998; Microsoft Co., Redmond,
Wash.).

UBTs and AUBC:s of both study drugs for the test organisms
were evaluated for 11 volunteers only (one volunteer showed
unexplicably low UBT values) and are given in Table 2. The
UBTSs varied considerably between individuals and pathogens.
For the gram-negative bacteria, the median reciprocal UBTs of
ciprofloxacin and levofloxacin measured within the first 4 h
were highest for Escherichia coli ATCC 25922, followed by
Proteus mirabilis, Klebsiella pneumoniae, E. coli strain 523 (na-
lidixic acid resistant), and Pseudomonas aeruginosa; for the

TABLE 1. Bacterial strains used in this study and MICs of
ciprofloxacin and levofloxacin®

MIC (mg/liter) of MIC (mg/liter) of

Strain ciprofloxacin levofloxacin

E. coli ATCC 25922 0.008 0.03

E. coli 523 (NAR®) 0.125 0.25

K. pneumoniae 595 0.008 0.03

P. mirabilis 414 0.03 0.06

P. aeruginosa 568 0.5 2

S. aureus 83 0.125 0.125
S. saprophyticus Ho94 0.25 0.25

E. faecalis 60 1 1

“ MICs were measured in Mueller-Hinton broth.
» NAR, nalidixic acid resistant.
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TABLE 2. Reciprocal urinary bactericidal titers for ciprofloxacin and levofloxacin in 11 volunteers tested after a single oral dose of XR ciprofloxacin (1,000 mg) versus levofloxacin (500 mg)

Median AUBC (range)

Median UBT (range) for the following collection period:

NOTES

at 24 h

32-36 h

28-32 h

24-28 h

4-8h 812 h 12-16 h 16-24 h

04 h

Drug and strain®

Ciprofloxacin (XR)

512 (32-2,048)

131,072 (11,264-327,680)
6,656 (896-25,600)
36,864 (6,656-197,008)

4 (0-64)°

192 (16-1,024)
64 (8-512)

512 (32-2,048)
16 (0-128)"

32 (4-256)"
256 (16-1,024)"

1,024 (128-4,096)
64 (8-512)°
256 (64-2,048)

2,048 (512-4,096)
128 (16-512)

4,096 (512-8,192)
256 (64-1,024)

4,096 (512-16,384)
256 (64-512)
2,048 (256-16,384)

16,384 (1,024-65,536)
512 (64-4,096)
4,096 (512-32,768)

E. coli ATCC 25922
E. coli 523 (NARY)

K. pneumoniae 595

P. mirabilis 414

5,888 (1,920-19,968)"
3,328 (1,920-20,224)"

83,968 (26,624-221,184)"
1,408 (240-3,712)

882-32)
8 (2-32)

128 (32-512)
2(0-4)

128 (16-1,024)
256 (32-512)
2(0-8)
16 (4-64Y>
8 (2-32)

256 (64-1,024)
2 (0-8)?
32 (8-64)"
16 (4-32)

512 (256-2,048)
8 (2-32)°
64 (16-128)
32 (16-128)°

512 (256-2,048)
16 (8-64)

128 (32-512)

128 (16-256)

2,048 (512-4,096)”

32 (16-64)
256 (32-512)°
128 (32-512)

1,024 (256-4,096)
2,048 (1,024-8,192)

4,096 (512-8,192)
64 (16-256)
256 (64-2,048)°
256 (64-512)

512 (128-4,096)
512 (128-4,096)

8,192 (2,048-32,768)"
128 (16-512)

P. aeruginosa 568

S. aureus 83
S. saprophyticus

Ho9%4
E. faecalis 60

656 (480-3,008)

2(0-8) 1(0-4)°

32 (8-64) 16 (4-64)> 8 (4-16)° 2 (2-8)

32 (16-128)

128 (32-512)

Levofloxacin

81,920 (3,840-475,136)
6,656 (544-86,016)
37,888 (2,816-131,072)
34,816 (10,752-77,824)
896 (144-2,688)
21,504 (3,840-51,200)°
4,608 (1,920-20,480)

192 (16-1,024)
8 (4-64)
128 (16-512)
64 (32-256)
2(0-8)
32 (16-128)°
32 (4-32)

256 (32-2,048)
32 (4-512)
128 (8-1,024)
128 (32-512)
2 (1-16)

64 (16-256)"
32 (4-64)

1,024 (64-2,048)
128 (8-256)°
256 (32-1,024)
256 (128-512)

4(2-16)
128 (32-256)
32 (16-128)

16 (4-64)"
256 (128-1,024)"

128 (16-2,048)"
512 (32-2,048)
512 (256-2,048)
128 (32-256)

1,024 (64-8,192)

2,048 (64-4,096)
256 (8-1,024)
1,024 (32-2,048)
1,024 (128-2,048)"
16 (4-32)
256 (64-512)°
128 (32-256)

256 (32-4,096)
32(8-128)

512 (256-4,096)°

128 (128-512)

1,024 (256-8,192)
1,024 (1,024-4,096)

32 (8-128)
512 (128-4,096)"

256 (32-4,096)
2,048 (128-4,096)
256 (64-512)

4,096 (256-16,384) 2,048 (256-16,384)
2,048 (512-4,096)”

8,192 (256-65,536)
512 (32-8,192)
4,096 (256-16,384)
4,096 (512-8,192)
64 (8-256)
2,048 (256-8,192)

512 (128-4,096)

E. coli ATCC 25922
E. coli 523 (NAR)
K. pneumoniae 595
P. mirabilis 414

P. aeruginosa 568

S. aureus 83
S. saprophyticus

Ho%4
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gram-positive bacteria, these values were highest for Staphylo-
coccus aureus, followed by Staphylococcus saprophyticus, and
Enterococcus faecalis. The AUBCs were statistically signifi-
cantly (P < 0.05) larger for P. mirabilis with XR ciprofloxacin
and for S. aureus and S. saprophyticus with levofloxacin. The
clinical significance of these statistical calculations might, how-
ever, be different and thus has to be evaluated by appropriate
clinical studies, as some authors would interpret a clinical
significant difference between two antibiotics only if the MICs
or MBCs were to exhibit a fourfold or greater difference in
values (17, 18, 27). This has not been evaluated for UBTs or
AUBGC:s; therefore, only the statistical calculations are pre-
sented.

Biofilm infection plays a considerable role in complicated
UTIs (1-4, 5, 8-10, 19-22, 28). In an experimental model, the
MBC:s of ciprofloxacin and levofloxacin to eradicate P. aerugi-
nosa growing in biofilms within 24 h from urine were 32-fold
higher than those in planktonic growing organisms as mea-
sured under standard conditions; thus, AUC/MBC ratios for
eradication were calculated to be 768 for both drugs (7).
Therefore, an AUC/MBC ratio as calculated by the urinary
drug concentration and the MIC or MBC measured in urine
may be a helpful pharmacokinetic/pharmacodynamic index
(14), which relates directly to the AUBC, while the reciprocal
UBT value indicates the multiple factor of the MBC in urine.
The AUC/MBCs calculated in this way derived from the ex-
perimental study (7) are close to the calculated AUBCs for P.
aeruginosa, which were determined to be 896 for levofloxacin
and 1,408 for XR ciprofloxacin in the present study (Table 2).
This would also fit the experience derived from clinical studies
as shown above.

In conclusion, in the treatment of complicated UTIs, an oral
once-daily dose of 1,000 mg XR ciprofloxacin and a once-daily
dose of 500 mg levofloxacin exhibit comparable urinary bacte-
ricidal activities against common urinary pathogens. It could
therefore be assumed that these two dosages would probably
also be clinically equivalent in the treatment of complicated
UTIs, which should be evaluated in an appropriate clinical
study.

We thank Daniela Kirchbauer for technical assistance.
The study was supported by an unrestricted grant of Bayer Vital,
Leverkusen, Germany.
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