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The aim of this study was to investigate the urinary bactericidal titers (UBTs) and 24-h area under the
UBT-versus-time curve (AUBT) of intravenous doripenem (500 mg every 8 h [q8h]), a new carbapenem, versus
those of intravenous levofloxacin (250 mg q24h) in patients with complicated urinary tract infections (cUTIs)
or pyelonephritis. UBTs and AUBTs are pharmacokinetic/pharmacodynamic parameters able to reflect the
activity of an antimicrobial substance in the urine. Doripenem and levofloxacin show comparable urinary
excretion of approximately 80% and are therefore registered for the treatment of UTIs. In order to assess and
compare the urinary antimicrobial activities of the two substances, UBTs were investigated for 24 patients (10
treated with doripenem and 14 with levofloxacin) for 31 uropathogens and one control strain. Eight strains
were tested for all patients and 27 only in the urine of the corresponding patient. Median UBTs (AUBTs) of
doripenem for the uropathogens tested ranged between 1.5 and 65,536 (224 and 909,312) and were significantly
higher than median UBTs (AUBTs) of levofloxacin, ranging between 0 and 128 (0 and 2,208). Eight microbi-
ological failures were observed, three after doripenem treatment and five after levofloxacin treatment. For
levofloxacin, microbiological failures correlated well with low UBTs and AUBTs, whereas for doripenem there
was no correlation. From this study, a calculated target attainment rate for levofloxacin predicting therapeutic
success in patients with UTIs approximated mean UBTs of 100 over 24 h or AUBTs of 2,240. Doripenem
demonstrated excellent urinary bactericidal activity with the dose administered and appears to be a good
alternative in the empirical treatment of cUTI.

The gram-negative bacteria Escherichia coli, Klebsiella spp.,
Enterobacter spp., and Pseudomonas aeruginosa pose particu-
larly significant clinical problems in the treatment of compli-
cated urinary tract infections (cUTIs) due to a clinically im-
portant increase in the prevalence of antibiotic resistance (6,
12, 22). Carbapenems, however, still retain their activity
against most uropathogens (9). Doripenem is a new 1-�-methyl
carbapenem with broad-spectrum activity against gram-nega-
tive and gram-positive pathogens (3, 7, 9, 19), including mul-
tidrug-resistant members of the Enterobacteriaceae producing
extended-spectrum �-lactamases or with AmpC �-lactamases
(10) and some P. aeruginosa strains resistant to the other car-
bapenems (1). In healthy human adults administered a single
500-mg dose of doripenem, approximately 70% of the parent
compound and 15% of the ring-opened metabolite, dorip-
enem-M-1, were recovered in the urine within 24 h (http://www
.rxlist.com/doribax-drug.htm).

The FDA guidance for developing antimicrobial drugs in the
treatment of UTIs defines two broad categories of labeling for
anti-infective drugs in the treatment of UTIs (20): (i) uncompli-
cated UTIs and (ii) cUTIs and pyelonephritis. A cUTI is defined

as a clinical syndrome characterized by signs and symptoms of
UTI occurring in the presence of a functional or anatomical
abnormality of the urinary tract or in the presence of catheter-
ization. Doripenem was compared with levofloxacin in the treat-
ment of cUTIs or pyelonephritis in two phase 3, multinational
studies (DORI-05 and DORI-06).

Levofloxacin is one of the most frequently studied fluoro-
quinolones for UTIs, with a urinary excretion of approximately
80% (21), comparable to that of doripenem.

Pharmacokinetic-pharmacodynamic (PK/PD) probability-
of-target-attainment analyses to support phase 3 dosing strat-
egies for doripenem have been described (2). The model, how-
ever, was derived from healthy subjects and not from patients
for whom the antibiotic is indicated.

MATERIALS AND METHODS

Study design and patient population. The study was approved by the ethics
committee of the Landesärztekammer Bayern, Munich, Germany (no. 03180),
and was performed as an investigator-initiated PK/PD substudy within DORI-05
at study center 104 (Straubing, Germany). DORI-05 was a phase 3, multicenter,
prospective, randomized, double-blind study of doripenem intravenous (i.v.)
infusion versus levofloxacin intravenous infusion in the treatment of cUTI and
pyelonephritis.

Criteria for inclusion were ages of �18 years, clinical signs and/or symptoms of
complicated lower UTI or pyelonephritis, and significant bacteriuria with CFU of
�105/ml (20).

A physical examination, electrocardiography, acquisition of conventional lab-
oratory data (chemistry panel, blood count, and urinalysis), and urine culture
were performed at study entry. Urinalysis and urine culture were performed daily
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until the final i.v. study drug administration and at each visit thereafter: at the
end of therapy, 6 to 9 days after therapy as a test of cure, and 28 to 35 days after
therapy as late follow-up. Conventional laboratory data were obtained at day 3
during therapy and with each visit after therapy. Symptoms of UTI and adverse
events were recorded daily until the end of therapy and at each visit after
therapy. Assessment of clinical and microbiological response was performed at
end of therapy, test of cure, and late follow-up.

Drug administration. The patients were randomly assigned in a 1:1 ratio to
receive either doripenem by i.v. infusion, 500 mg every 8 h (q8h) (Doribax,
manufactured by Shionogi & Co. Ltd., Osaka, Japan; distributed by Ortho-
McNeil Pharmaceuticals, Inc., Raritan, NJ), or levofloxacin by i.v. infusion, 250
mg q24h (Levaquin; Ortho-McNeil Pharmaceuticals, Inc., Raritan, NJ). The
study was blinded using either placebo levofloxacin given q24h and active dorip-
enem given q8h or active levofloxacin given q24h and placebo doripenem given
q8h. All active drug and placebo doses were administered as 60-min i.v. infusions.
After receiving a minimum of 9 doses of i.v. study drug, patients in both study
arms were allowed to be switched to oral levofloxacin tablets, 250 mg orally q24h,
if the patient was afebrile (�37.8°C) for at least 24 h, had absent or improved
signs and/or symptoms of cUTI or pyelonephritis, and had at least two urine
cultures with �104 CFU/ml. The total treatment duration of i.v. and oral study
drug therapy was 10 days.

The results of the DORI-05 study have been submitted for publication.
The following methods were performed only in this single-center substudy.
Urine collection. Urine from each of the 24 patients was collected prior to drug

administration (antibiotic-free urine) and at day three of i.v. therapy (steady
state) at the following time intervals after start of i.v. infusion: 0 to 4, 4 to 8, 8 to
12, 12 to 16, 16 to 20, and 20 to 24 h. All samples were immediately stored at

�80°C until investigation. The urine samples were sterile filtered before further
processing.

Test strains (Table 1). The 32 bacterial strains used in this study represent 31
clinical uropathogens derived from the DORI-05 study and 1 control strain (P.
aeruginosa ATCC 27853). Four clinical strains (E. coli 1135121, Proteus mirabilis
1134841, P. aeruginosa 1134642, and Staphylococcus aureus 1134684) were de-
rived from patients of study centers within the United States, all recovered from
patients who were counted as microbiological failures at the test-of-cure visit.
Twenty-seven clinical strains (15 E. coli strains, 1 Serratia marcescens strain, 2 P.
aeruginosa strains, 4 Enterococcus faecalis strains, 1 Staphylococcus haemolyticus
strain, 2 Staphylococcus epidermidis strains, and 2 S. aureus strains) were derived
from patients of study center 104. For determination of urinary bactericidal titers
(UBTs), 7 clinical strains and 1 control strain were tested in the urine of 24
patients (Table 2), and 27 individual patients’ strains were tested in the urine of
the individual patient only (Table 3).

Genotyping procedure. Strains recovered after treatment failure in the same
patient were subjected to genotyping by pulsed-field gel electrophoresis and
compared to the genotypes of the initially cultured pathogens (Table 1). Agar-
ose-embedded genomic DNA was prepared using a Chef bacterial genomic DNA
plug kit (Bio-Rad, Hercules, CA) as described by the manufacturer. DNA from
gram-positive bacteria was digested with SmaI (New England Biolabs, Beverly,
MA) and that from gram-negative bacteria with XbaI (New England Biolabs).
DNA fragments were separated using a Chef DR III apparatus (Bio-Rad).
Fragment patterns were interpreted as suggested by Tenover et al. (18).

Determination of MICs. MICs of doripenem and levofloxacin were deter-
mined according to the CLSI guidelines (4) or using Etest according to the
manufacturer’s instructions (Etest Doripenem; AB Biodisk, Solna, Sweden).

TABLE 1. Strains and MICs of doripenem and levofloxacin used in this studya

Patient
no. or

location
Strain

MIC �mg/liter� at baseline
(test of cure) Type of UTI Therapy Microbiological/

clinical success
Genotypic

relationship
Doripenem Levofloxacin

NAb P. aeruginosa ATCC 27853 0.12–0.5 0.25 NA NA NA NA
U.S.b E. coli 1135121 �0.015 (�0.015) 4 (4) Lower cUTI Levofloxacin MFe Closely related
U.S.b P. mirabilis 1134841 0.03 (0.03) �8 (64) Lower cUTI Doripenem MFe Identical
U.S.b P. aeruginosa 1134642 2 (0.25) 16 (�8) Lower cUTI Doripenem MFe Closely related
U.S.b S. aureus 1134684 32 (32) 4 (4) Lower cUTI Levofloxacin MFe Closely related
07145b,c E. coli 1949820 B-N 0.03 (0.03) 8 (8) s lower cUTI Levofloxacin MF, CF Indistinguishable
08004b,c E. faecalis 1780065 B-B 4 (4) 1 (1) as lower cUTI Levofloxacin MF Indistinguishable
07141b,c,d E. coli 1949821 B-M �0.015 0.125 s lower cUTI Doripenem Yes NA
07141c,d S. haemolyticus 1949819 B-M 1 NA s lower cUTI Doripenem Yes NA
08014c,d E. faecalis 2297262-10 B-V NA �32 as lower cUTI Levofloxacin Yes NA
08014c,d S. epidermidis 2297262-9 B-V NA �32 as lower cUTI Levofloxacin Yes NA
18010c,d E. faecalis 2215767-10 B-S NA �32 as lower cUTI Levofloxacin MF ND
18010c,d S. aureus 2215767-9 B-S NA �32 as lower cUTI Levofloxacin MF ND
08015c E. coli 2297257 B-W 0.015 NA as lower cUTI Doripenem Yes NA
09031c E. coli 1780064 A-X NA 0.047 Pyelonephritis Levofloxacin Yes NA
07071c E. coli 1655646 A-Y NA 0.047 s lower cUTI Levofloxacin Yes NA
09034c E. coli 1780063 B-A 0.03 NA Pyelonephritis Doripenem Yes NA
07090c E. coli 1821385 B-C 0.03 NA s lower cUTI Doripenem Yes NA
17081c E. coli 1821386 B-D NA �0.03 s lower cUTI Levofloxacin Yes NA
08007c E. coli 1889646 B-F 0.03 (0.03) �8 (8) as lower cUTI Doripenem MF Unrelated
07121c E. coli 1889647 B-H NA �0.03 s lower cUTI Levofloxacin Yes NA
07124c E. coli 1889645 B-I 0.03 NA s lower cUTI Doripenem Yes NA
07134c E. coli 1949825 B-K 0.03 (0.03) 0.03 (0.03) s lower cUTI Doripenem MF Closely related
09053c E. coli 1949826 B-L 0.03 NA Pyelonephritis Doripenem Yes NA
07164c E. coli 2062717 B-P �0.015 (�0.015) 8 (4) s lower cUTI Doripenem MF Closely related
07180c E. coli 2062716 B-R NA 0.032 s lower cUTI Levofloxacin Yes NA
08013c S. marcescens 2297260 B-U NA 0.19 as lower cUTI Levofloxacin Yes NA
08005c P. aeruginosa 1821383 B-E NA 0.25 as lower cUTI Levofloxacin Yes NA
07168c P. aeruginosa 2062713 B-Q 0.5 (0.5) 0.06 (0.25) s lower cUTI Levofloxacin MF Indistinguishable
07199c E. faecalis 2215770 B-T 0.25 NA s lower cUTI Doripenem Yes NA
08003c S. aureus 1889640 A-Z NA 0.06 as lower cUTI Levofloxacin Yes NA
08008c S. epidermidis 1949822 B-J �32 (�32) 8 (8) as lower cUTI Levofloxacin MF Unrelated

a NA, not applicable; ND, not done; s, symptomatic; as, asymptomatic; MF, microbiological failure; CF, clinical failure.
b Strain was tested for all patients.
c Strain was tested in urine sample from individual patient from whom the strain was isolated.
d Two strains isolated per patient.
e Patients were not part of this study; only strains isolated from these patients were used.
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Determination of UBTs. A twofold serial dilution (dilution range, 1:0, 1:1 up
to 1:131,072) of the urine samples was prepared. The individual patient’s anti-
microbial agent-free urine collected prior to drug administration was used as a
diluent (5, 13, 14, 15). A microdilution test was used to determine UBTs. Each
well of the microplates contained 100 �l of the prepared urinary dilution. Bac-
terial strains were then added to the wells of the microplates using a multipoint
inoculator (10 �l). The final inoculum, which was confirmed by actual count,
ranged from 1.0 	 106 to 9.5 	 106 CFU/ml. The plates were then incubated at
37°C for 18 h in ambient air. UBTs were determined in a second step after 10 �l
of the subcultured urine was transferred to Columbia agar (Merck, Darmstadt,
Germany) supplemented with 5% blood. The plates were again incubated for
24 h at 37°C. The number of colonies subsequently grown was used to determine
the bactericidal endpoint. Urinary bactericidal activity was defined as a �99.9%
(�3-log) reduction of the initially inoculated colony counts. A UBT of 0 was
defined as no bactericidal activity, and a UBT of 1 was used when only undiluted
urine displayed bactericidal activity. UBTs were transformed into ordinal data
and described by using reciprocal numbers.

Determination of AUBT. The area under the UBT-versus-time curve (AUBT)
was calculated as the sum of the products of the reciprocal UBT values and the
respective time (h) intervals for each test organism and for each drug. The
calculation of AUBT values is an approximation considering the time intervals of
4 h and the nonlinear kinetics in urine.

Statistical analyses. UBT and AUBT data for the two drugs were compared
for each individual by using the Mann-Whitney test. Due to multiple testing in
the UBT analyses, a Holm correction was applied. An 
 value equal to 0.05 was
chosen to determine statistical significance. Statistical calculations were per-
formed by using the SPSS 11.0 software program (1989 to 2001; SPSS Inc.,
Chicago, IL).

RESULTS

The subject population included in this PK/PD study was
comprised of 24 consecutive patients (10 female and 14 male
patients) from study center 104, with a median age of 74 years
(standard deviation, 13.5; range, 20 to 86 years) and a median
body mass index of 26.7 kg/m2 (standard deviation, 4.4; range,
21 to 38). Three patients were treated for pyelonephritis and
21 for cUTI. Eight of those patients were assessed as micro-
biological failures (all with cUTI), three in the doripenem
treatment arm and five in the levofloxacin treatment arm. One
patient with cUTI in the levofloxacin treatment arm was as-
sessed as both a microbiological and clinical failure. There
were no serious adverse events noted among the 24 patients.

The MICs of strains are shown in Table 1. Twenty-seven
clinical strains were initially cultured from 24 patients partici-
pating in the DORI-05 PK/PD substudy. Three patients had
mixed UTIs with two strains each. For the seven selected
clinical strains tested in the urine of all 24 patients, both dorip-
enem and levofloxacin showed lower MICs for five strains and
higher MICs for two strains (methicillin-resistant S. aureus and
E. faecalis) for doripenem than for levofloxacin. For the con-
trol strain, the MICs of the two antimicrobials were about the
same. For the remaining strains, only the MIC of the antimi-
crobial with which the patient was treated during the PK/PD
study phase was determined. The MICs of the strains causing
microbiological or clinical failures at baseline and test of cure
are also presented in Table 1. The MICs at baseline of levo-
floxacin and doripenem for strains causing failures were 0.38,
1, 4, 4, 8, 8, �32, and �32 mg/liter for levofloxacin and �0.015,
0.03, 0.03, 0.03, and 2 g/ml for doripenem, respectively. In-
creases in MICs of levofloxacin from baseline (0.06 g/ml) to
test-of-cure (0.25 g/ml) isolates were seen for one P. aeruginosa
strain (P. aeruginosa 2062713 B-Q) after levofloxacin treat-
ment. The genotyping results obtained with pulsed-field gel
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electrophoresis analysis of the strains causing microbiological
or clinical failure are shown in Table 1.

The median values (ranges) of UBTs and AUBTs tested for
all patients against the seven selected clinical strains and the
control strain are shown in Table 2. Median UBTs of dorip-
enem ranged between 1.5 and 65,536; individual ranges were
between 1 and 131,072. Median 24-h AUBTs of doripenem
ranged between 224 and 909,312, and the interindividual
ranges were between 76 and 1,610,800.

Median UBTs of levofloxacin ranged between 0 and 128; the
individual ranges were between 0 and 2,048. Median 24-h
AUBTs of levofloxacin ranged between 0 and 2,208, and the
interindividual ranges were between 0 and 29,696.

UBTs and AUBTs of doripenem were significantly higher
than those of levofloxacin against uropathogens investigated,
with the exception of S. aureus 1134684.

UBTs and AUBTs for each individual patient’s strain are
shown in Table 3 and UBTs in Fig. 1 and 2. The UBTs of

doripenem investigated for 10 patients (1 patient with mixed
infections) ranged between 128 and 131,072. The 24-h AUBTs
of doripenem ranged between 15,872 and 1,327,104.

The UBTs of levofloxacin investigated for 14 patients (two
patients with mixed infections) ranged between 0 and 4,096.
The 24-h AUBTs of levofloxacin ranged between 0 and 81,920.

AUBTs of doripenem against seven E. coli strains exhibiting
similar MICs (0.03 mg/liter) varied between 61,440 and
1,376,256 (22-fold) for different patients, and AUBTs of levo-
floxacin against two E. coli strains exhibiting similar MICs
(0.047 mg/liter) varied between 9,216 and 33,792 (fourfold) for
different patients.

DISCUSSION

In many infections, antimicrobial susceptibility levels are
often gauged relative to what minimal inhibitory antibiotic
concentration is achievable in the blood. In UTI, however, a

TABLE 3. Reciprocal UBTs and AUBTs of doripenem or levofloxacin for 27 individual patients’ strainsa

Drug or strain MIC
(mg/liter)

UBT for indicated collection period (h) AUBT,
24 h Type of UTI Eradication Genotype

0–4 4–8 8–12 12–16 16–20 20–24

Doripenem
E. coli 1949821 B-Mb �0.015 16,384 4,096 32,768 4,096 32,768 4,096 376,832 s lower cUTI Yes NA
S. haemolyticus

1949819 B-Mb
1 512 128 1,024 128 2,048 128 15,872 s lower cUTI Yes NA

E. coli 2297257 B-W 0.03 4,096 2,048 16,384 4,096 32,768 4,096 253,952 as lower cUTI Yes NA
E. coli 1780063 B-A 0.03 4,096 1,024 4,096 1,024 4,096 1,024 61,440 Pyelonephritis Yes NA
E. coli 1821385 B-C 0.03 4,096 256 32,768 8,192 8,192 256 215,040 s lower cUTI Yes NA
E. coli 1889646 B-F 0.03 65,536 32,768 32,768 8,192 65,536 65,536 1,081,344 as lower cUTI MF Unrelated
E. coli 1889645 B-I 0.03 65,536 32,768 131,072 32,768 65,536 4,096 1,327,104 s lower cUTI Yes NA
E. coli 1949825 B-K 0.03 16,384 4,096 8,192 2,048 4,096 256 140,288 s lower cUTI MF Closely related
E. coli 1949826 B-L 0.03 65,536 32,768 131,072 32,768 65,536 16,384 1,376,256 Pyelonephritis Yes NA
E. coli 2062717 B-P �0.015 32,768 1,024 1,024 512 32,768 2,048 280,576 s lower cUTI MF Closely related
E. faecalis 2215770

B-T
0.25 2,048 512 1,024 512 2,048 512 25,600 s lower cUTI Yes NA

Levofloxacin
E. faecalis 2297262-10

B-Vb
�32 0 0 0 0 0 0 0 as lower cUTI Yes NA

S. epidermidis
2297262-9 B-Vb

�32 1 1 4 2 2 2 48 as lower cUTI Yes NA

E. faecalis 1780065
B-B

1 16 8 4 4 4 2 152 as lower cUTI MF Indistinguishable

E. faecalis 2215767-10
B-Sb

�32 0 0 1 0 0 0 4 as lower cUTI MF ND

S. aureus 2215767-9
B-Sb

�32 0 0 1 0 0 0 4 as lower cUTI MF ND

E. coli 1780064 A-X 0.047 1,024 512 256 128 256 128 9,216 Pyelonephritis Yes NA
E. coli 1655646 A-Y 0.047 2,048 2,048 2,048 1,024 1,024 256 33,792 s lower cUTI Yes NA
E. coli 1821386 B-D �0.03 2,048 8,192 2,048 4,096 2,048 2,048 81,920 s lower cUTI Yes NA
E. coli 1949820 B-N 8 0 0 0 0 0 0 0 s lower cUTI MF, CF Indistinguishable
E. coli 1889647 B-H �0.03 2,048 2,048 512 1,024 512 256 25,600 s lower cUTI Yes NA
E. coli 2062716 B-R 0.032 1,024 512 512 256 128 64 9,984 s lower cUTI Yes NA
S. marcescens 2297260

B-U
0.19 512 256 128 128 32 32 4,352 as lower cUTI Yes NA

P. aeruginosa 1821383
B-E

0.25 32 128 128 128 128 16 2,240 as lower cUTI Yes NA

P. aeruginosa 2062713
B-Q

0.38 8 4 4 4 4 2 104 s lower cUTI MF Indistinguishable

S. aureus 1889640 A-Z 0.06 256 128 128 128 64 64 3,072 as lower cUTI Yes NA
S. epidermidis 1949822

B-J
8 4 4 2 4 2 1 64 as lower cUTI MF Unrelated

a Eleven patients were treated with doripenem and 16 with levofloxacin. MF, microbiological failure; CF, clinical failure; s, symptomatic; as, asymptomatic.
b Two strains isolated per patient.
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significant portion of bacteria reside in the urine filling the
hollow urinary tract. Therefore, the urinary antimicrobial ac-
tivity may be consulted to evaluate the activity of an antibiotic
substance in the treatment of UTI. The investigation of UBTs
and AUBTs can be considered a PK/PD assessment of an
antibiotic substance in the urine. In urine, bactericidal concen-
trations are preferred over inhibitory concentrations, because

urine is a rather turbid medium where the inhibition of bacte-
rial growth is difficult to visualize. PK/PD studies are often not
carried out for those individuals in whom the antibiotic sub-
stance is determined to be used. In this substudy, patients with
cUTIs or pyelonephritis were included for such PK/PD inves-
tigation.

Both antibiotics investigated show a favorable urinary excre-

FIG. 1. Reciprocal UBTs of doripenem (500 mg q8h) for 11 individual patients’ strains (dotted lines show microbiological failures).

FIG. 2. Reciprocal UBTs of levofloxacin (250 mg q24h) for 16 individual patients’ strains (dotted lines show microbiological failures).
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tion rate of approximately 80%, and they are comparable in
that respect (21). One of the differences between the two
antibiotics is the different PK/PD parameters correlating best
with their antibacterial effects. For doripenem, a target time
during which the antibiotic concentration is above the MIC of
the target pathogen (T�MIC) of 35% or higher has been
determined in target attainment analyses (2). For levofloxacin,
an area under the concentration-time curve/MIC target of 125
or higher has been calculated, at least for gram-negative bac-
teria (17). These PK/PD parameters, however, have not been
evaluated for the treatment of cUTIs or pyelonephritis. In the
present study, UBTs and AUBTs for the eight bacterial strains
(seven uropathogens from this study and one control strain)
tested for all 24 patients were significantly higher for patients
treated with doripenem than for those treated with levofloxa-
cin, except for one methicillin-resistant S. aureus strain. These
differences were generally marked (1,000- to 10,000-fold).
However, this must be considered in the context of dosing and
MICs of the two antimicrobials. Assuming a similar urinary
excretion rate, a factor of six could be explained by the differ-
ence in daily dosages. In addition, the generally lower MICs of
doripenem would also explain higher reciprocal UBTs. Taking
all these factors into account, the urinary bactericidal activity
of doripenem is more potent than that of levofloxacin. This is
best illustrated when comparing the UBTs for the control P.
aeruginosa strain, which exhibits comparable MICs for the two
antimicrobials. The median reciprocal UBTs for doripenem
were 272-fold higher than for levofloxacin (Table 2). Consid-
ering a factor of six, explained by different daily dosing, the
bactericidal activity of doripenem still remained 45-fold higher
than that of levofloxacin.

Interindividual variation of AUBT values for patients with
strains exhibiting similar MIC levels was extensive (Table 3).
There was an approximately 22-fold variation of AUBT values
investigated for seven different patients with cUTIs caused by
E. coli (MIC, 0.03 mg/liter) and treated with doripenem and an
approximately fourfold variation for two different patients with
cUTIs caused by E. coli (MIC, 0.047 mg/liter) and treated with
levofloxacin.

There were three patients with microbiological failures (E.
coli 1889646 B-F, E. coli 1949825 B-K, and E. coli 2062717
B-P) but no clinical failure in patients treated with doripenem
(Table 3). The three microbiological failures in the doripenem
arm did not correlate with the MICs of the strains and the
UBT and AUBT values. One strain (E. coli 1889646 B-F) was
genotypically different from the strain at the follow-up visit.
The female patient harboring these two strains carried out
intermittent self-catheterization because of residual urine on
the basis of atonic bladder function. The second strain (E. coli
1949825 B-K) was genotypically closely related to the strain at
the follow-up visit. The male patient infected with this strain
was included in the study on the basis of a lower cUTI and
abscess-forming epididymitis leading to a consecutive ablatio
testis, without correction of the complicating factor (enlarge-
ment of the prostate) responsible for the development of the
symptomatic cUTI and epididymitis. The third strain (E. coli
2062717 B-P) was genotypically closely related to the strain at
the follow-up visit. The female patient infected with this strain
had ureteral stenosis with an indwelling ureteral stent. The
ureteral catheter was removed during the course of antibiotic

treatment, but the ureteral stenosis was not surgically cor-
rected during this time period. Considering the results of geno-
typing, true microbiological failures were observed in two pa-
tients and the possible cause of this failure was the persistent
underlying complicating factors within the urinary tract. Thus,
the microbiological failures in patients treated with doripenem
in spite of high UBT values were most probably related to the
insufficient treatment of the urological complicating factor.
Additionally, this shows that achieving higher drug concentra-
tions with �-lactam antibiotics does not result in increased
bacterial killing.

There were five patients with microbiological failure in the
levofloxacin treatment arm, including one patient who was also
a clinical failure (Table 3). Of the eight strains (six patients)
with AUBTs of 152 or less, six strains (five patients) were
associated with microbiological failure; no patient with a strain
with an AUBT of 2,240 or greater was reported as a microbi-
ological failure (Fig. 1). Only one patient with a mixed cUTI
with E. faecalis and S. epidermidis exhibiting low AUBTs (0 and
48, respectively) and high MICs (�32 mg/liter) showed a dis-
appearance of the original strains at test of cure and late
follow-up. Spontaneous clearance in this patient might be a
possible explanation.

In general, failures with doripenem were exclusively due to
gram-negative organisms, whereas failures with levofloxacin
comprised gram-negative and -positive bacteria.

The emergence of resistance during therapy is difficult to
assess with a rather low number of patients investigated. For
one patient infected with a P. aeruginosa strain and treated
with levofloxacin, however, an increase in the MIC of levo-
floxacin from baseline (0.06 mg/liter) to test of cure (0.25
mg/liter) was noted, and the isolate was genotypically indistin-
guishable. In all other cases, no significant increase of MICs
was demonstrable (Table 1).

There is still no validated target attainment rate predicting
therapeutic success for patients with cUTI or pyelonephritis.
From the present study, a target attainment rate of an AUBT
of 2,240 can be calculated for levofloxacin, which approximates
mean UBTs of 100 over 24 h (Fig. 1 and 2). Because there were
no data available between AUBTs of 152 and 2,240, a narrower
breakpoint between success and failure cannot be determined.
These results are also in agreement with an in vitro catheter-
associated urinary infection model, in which a minimum of
32-fold the MIC of levofloxacin was needed to suppress the
growth of a P. aeruginosa strain to a nondetectable limit, cor-
responding to an AUBT of 768 (32 	 24) (8). Therefore, in
order to achieve higher UBTs for levofloxacin, higher doses,
e.g., 750 mg levofloxacin per day, should be applied. Such a
dose was recently studied and has already been approved for
use in the United States and Canada (16). For doripenem, no
such target attainment rate can be concluded from this study,
due to several reasons. (i) Interpretation of AUBTs might be
suitable only for concentration-dependent and not for time-
dependent antimicrobials. (ii) The excessively high UBTs of
doripenem most likely did not result in higher killing than
lower UBTs, because with �-lactams the bactericidal effect is
related to the T�MIC and not the ratio of antibiotic concen-
tration over the MIC. This has been shown in an in vivo
pharmacodynamic profiling study of doripenem against P.
aeruginosa in which the exposure of �40% T�MIC was critical
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for a bactericidal effect whereas exposure of �20% T�MIC
resulted in a bacteriostatic effect (11).

Conclusion. In this PK/PD study with patients with cUTI or
pyelonephritis to whom doripenem was administered at 500
mg i.v. q8h or levofloxacin was administered at 250 mg i.v.
q24h, the investigated UBTs and AUBTs were significantly
higher for patients treated with doripenem than for those
treated with levofloxacin. The urinary bactericidal activity of
doripenem remained overproportionally higher than that of
levofloxacin, even after the different daily dosages and MICs of the
two antimicrobials were considered. In the levofloxacin group,
microbiological failures were observed only in patients with
AUBT levels of 152 or lower. In the doripenem group, no
correlation of treatment failure and AUBT level was found,
and the persistence of underlying complicating factors that
were not removed during therapy was considered the most
likely cause. Doripenem exhibited excellent urinary bacteri-
cidal activity with the dose administered and appears to be a
good alternative in the empirical treatment of cUTI and pye-
lonephritis.
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