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A randomized, prospective, double-blind, double-dummy, multicenter study investigated the efficacy and
safety of 10 days of oral therapy with grepafloxacin at 400 mg once daily, grepafloxacin at 600 mg once daily,
or ciprofloxacin at 500 mg twice daily in 624 patients with acute bacterial exacerbations of chronic bronchitis.
At the end of treatment, clinical success (cure or improvement) was achieved for 93% (140 of 151), 88% (137
of 156), and 91% (145 of 160) of patients in the groups receiving grepafloxacin at 400 mg, grepafloxacin at 600
mg, and ciprofloxacin, respectively (clinically evaluable population). At follow-up (14 to 28 days posttreat-
ment), the clinical success rates were 87% (124 of 143), 81% (122 of 151), and 80% (123 of 154) in the groups
receiving grepafloxacin at 400 mg and 600 mg and ciprofloxacin, respectively. A total of 379 pathogens were
isolated from 290 patients, with the most common isolates being Moraxella catarrhalis (21%), Staphylococcus
aureus (20%), Haemophilus influenzae (18%), and Streptococcus pneumoniae (7%). For the evaluable population,
successful bacteriologic response was obtained at the end of treatment for 96% (92 of 96), 98% (87 of 89), and
92% (82 of 90) of patients receiving grepafloxacin at 400 mg, grepafloxacin at 600 mg, and ciprofloxacin,
respectively, and was maintained in 86% (82 of 95), 88% (78 of 89), and 82% (69 of 84) of patients, respectively,
at follow-up. All pretreatment S. pneumoniae isolates were susceptible to grepafloxacin, but two strains were
resistant to ciprofloxacin. All treatments were well tolerated, with the most frequently reported drug-related
adverse events being nausea, taste perversion, and headache. All drug-related adverse events in the grepa-
floxacin groups were mild or moderate in severity. This study demonstrates that 10-day courses of grepafloxa-
cin given at 400 or 600 mg once daily were as effective, clinically and bacteriologically, as ciprofloxacin given
at 500 mg twice daily for the treatment of acute bacterial exacerbations of chronic bronchitis.

Chronic bronchitis is a common inflammatory condition of
the lower respiratory tract which afflicts more than 7 million
Americans (30). Patients may experience frequent and severe
acute bacterial exacerbations which are generally characterized
by increased cough, dyspnea, and sputum production. The
pathogens most commonly associated with acute bacterial ex-
acerbations of chronic bronchitis (ABECB) include Haemophi-
lus influenzae, Moraxella catarrhalis, Streptococcus pneumoniae,
and Haemophilus parainfluenzae (2, 19). Empiric therapy with
oral antibiotics is normal practice in the treatment of this
condition, but there is growing concern regarding the efficacies
of currently available antibiotic therapies. In particular, there
is an increasing incidence worldwide of b-lactamase-producing
H. influenzae and M. catarrhalis, making b-lactam antimicrobial
agents less effective, as well as an increasing incidence of S.
pneumoniae strains resistant to penicillin and other antibiotics
(1, 3).

Grepafloxacin is a new oral fluoroquinolone currently under
investigation for the treatment of community-acquired respi-
ratory tract infections such as ABECB. It has potent, broad-
spectrum in vitro activity against organisms associated with
lower respiratory tract infections, including gram-positive and
gram-negative bacteria as well as intracellular organisms, such

as Mycoplasma, Chlamydia, and Legionella species (19a, 23,
31). In particular, grepafloxacin has increased activity against
S. pneumoniae and methicillin-susceptible Staphylococcus au-
reus compared with those of ciprofloxacin and other fluoro-
quinolones (20, 23, 27). Grepafloxacin has an extended elimi-
nation half-life of 12 h in humans (14), allowing for once-daily
dosing, and is extensively distributed into respiratory tissues
(11).

The aims of the present study were to compare the efficacies
and safety of 10-day regimens of grepafloxacin at 400 or 600
mg once daily with ciprofloxacin at 500 mg twice daily for the
treatment of patients with ABECB.

MATERIALS AND METHODS

This was a randomized, double-blind, double-dummy, comparative study per-
formed at 33 centers throughout the United States. The study was approved by
institutional review boards, and patients gave their written informed consent
before participating in the study.

Patient selection. Patients were screened for eligibility to enter the study at an
initial pretreatment visit within 48 h of the start of treatment. In order to be
eligible for enrollment in the study, patients had to be 18 to 80 years of age and
have an established diagnosis of chronic bronchitis, defined as chronic or recur-
rent productive cough present on most days for a minimum of 3 months in a year
and for not less than 2 successive years. Patients must have had an acute bacterial
exacerbation of their chronic bronchitis, characterized by the presence of at least
two of the following symptoms: an increase in the frequency and/or an increase
in the severity of cough; an increase in sputum production; changes in the
purulence of the sputum; an increase in chest congestion, as indicated by the
presence of adventitious sounds (rales, rhonchi, and wheezes); chills and/or
fever; and onset of or increase in dyspnea.
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Patients were excluded from the study if they had a history of allergy to
quinolone derivatives; were pregnant or breast-feeding; had respiratory tract
disease or infection that required parenteral antimicrobial therapy or systemic
high-dose steroids; had active bronchiectasis, pneumonia, or cystic fibrosis; had
chest X-ray signs of pneumonia, abscesses, tumor, or active tuberculosis; had
hepatic disease or severe renal impairment; had a history of seizures; had gas-
trointestinal disease that could affect drug absorption; had treatment with a
quinolone or an oral nonquinolone antibiotic within the preceding 3 days or a
long-acting parenteral antibiotic within the previous 4 weeks unless it was ad-
ministered for less than 24 h or the patient received no more than one dose or
unless the infecting organism was demonstrated to be resistant to the prior
antibiotic and the patient was considered to be a treatment failure; had received
treatment with another investigational drug within the preceding 4 weeks; had a
pretreatment plasma theophylline level of .20 mg/ml; or were terminally ill or
immunocompromised. Concomitant treatment with antimicrobial therapy other
than topical or antifungal agents was prohibited. In addition, patients taking
probenecid and warfarin were excluded, because it had not yet been studied
whether there is an interaction between grepafloxacin and these drugs. Patients
taking fluconazole and diflunisal were also excluded due to the possible inter-
action between quinolones and compounds with the difluorophenyl structure.

Antimicrobial therapy. Patients were randomized to receive one of three
treatments for 10 days: grepafloxacin at 400 mg once daily, grepafloxacin at 600
mg once daily, or ciprofloxacin at 500 mg twice daily. Since this study had a
double-blind and double-dummy design, patients received placebo tablets and
placebo capsules to maintain blinding of the medications of different dosage
forms. A study medication was taken twice daily for 10 days: the morning dose
comprised three tablets plus two capsules, while the evening dose was two
capsules. The morning dose of study drug was taken before or with breakfast and
at least 2 h before any dose of antacids or sucralfate.

Clinical and bacteriologic evaluations. Patients were assessed on day 5 during
treatment, 3 to 5 days after treatment ended (end-of-treatment visit), and 14 to
28 days after treatment ended (follow-up visit). Patients were withdrawn from
the study, placed on alternative therapy, and rated as clinical failures if their
clinical condition had worsened by day 3 or was unchanged by day 5.

Clinical assessments were made on the basis of changes in the frequency
and/or the severity of cough; changes in sputum quality; changes in dyspnea and
wheezing; and adventitious sounds, breath sound intensity, and prolongation of
the expiratory phase, all of which were graded according to predefined scales.
The presence or absence of chest pain and discomfort, fever, chills, and/or
friction rub was also recorded.

The clinical response at the end of treatment was assessed as (i) cure (disap-
pearance of the signs and symptoms of acute infection), (ii) improvement (a
reduction in the severity and/or number of signs and symptoms of the acute
infection), and (iii) failure (insufficient lessening of the signs and symptoms of
acute infection). Patients whose clinical response was assessed as failure were
withdrawn and started on alternative therapy. Clinical response at follow-up (14
to 28 days posttreatment) was assessed as (i) persistent resolution (condition as
good as or better than that at the end of treatment), (ii) mild relapse (not quite
as good as that at the end of treatment), (iii) relapse (recurrence of an acute
bacterial exacerbation), and (iv) indeterminate (evaluation not possible). Clinical
success was defined as cure or improvement at the end-of-treatment analysis and
persistent resolution or mild relapse at follow-up.

A sputum specimen for culture was obtained before starting treatment. A
Gram stain of the sputum sample (containing #10 epithelial cells and .25
leukocytes per low-power field) was used to determine that the specimen was
adequate for microbiologic evaluation. Acceptable sputum samples were sent to
a central laboratory for bacterial culture and susceptibility testing. Respiratory
pathogens were identified according to the methods currently accepted by the
American Society for Microbiology (5). Each species of Haemophilus, Moraxella,
and Staphylococcus that was isolated and identified was tested for b-lactamase
production by the cefinase disk method (Becton-Dickinson Microbiology Sys-
tems, Cockeysville, Md.). In addition, all staphylococcal isolates were tested for
methicillin resistance by using 1-mg oxacillin disks according to the current
standards of the National Committee for Clinical Laboratory Standards (NC-
CLS). MICs were determined by the broth microdilution method by procedures
recommended by NCCLS (21). The susceptibilities of the organisms to grepa-
floxacin were determined by using the following tentative breakpoint concentra-
tions: Haemophilus spp., #0.06 mg/ml (28); S. pneumoniae, #1.0 mg/ml (16);
other organisms, #2.0 mg/ml (breakpoint for intermediate susceptibility, 4.0
mg/ml; breakpoint for resistance, $8.0 mg/ml) (4). The susceptibilities of the
organisms (except S. pneumoniae) to ciprofloxacin were determined by using
NCCLS-approved breakpoints (22). For Haemophilus spp. and other organisms,
the approved ciprofloxacin breakpoint for susceptibility is #1.0 mg/ml (break-
point for intermediate susceptibility, 2.0 mg/ml; breakpoint for resistance, $4.0
mg/ml). In the absence of NCCLS-approved ciprofloxacin breakpoints for S.
pneumoniae, the susceptibilities of isolates of this organism were evaluated by
using the approved breakpoints for other organisms.

The bacteriologic response at the end of treatment and at follow-up was
assessed as follows: (i) eradication (eradication of causative organism from the
sputum after therapy was stopped or within 3 to 5 days of completing treatment);
(ii) presumed eradication (absence of culture material for evaluation because
patient was clinically improved and no adequate sputum was produced); (iii)

persistence (presence of causative organism at the end of therapy or within 5
days posttreatment); (iv) presumed persistence (the need for additional antimi-
crobial therapy due to continued infection in the absence of microbiological
data); (v) superinfection (presence of a new organism during or at the end of
therapy or within 5 days posttreatment with the new organism judged to be
causing a new pulmonary infection documented by clinical findings); (vi) relapse
(presence of the causative organism in the sputum and clinical symptoms after
one negative culture); (vii) eradication with reinfection (elimination of the initial
infecting pathogen followed by replacement with a new species or a new serotype
or biotype of the same organism in a culture of a specimen after the completion
of therapy; reinfection was documented by clinical findings); (viii) colonization (a
positive sputum specimen culture not associated with clinical signs and symptoms
of an ABECB, an increase in bacterial numbers in sputum, and the absence of
increased numbers of leukocytes in a Gram stain of the sputum were considered
to be colonization and not representative of actual infection); or (ix) indetermi-
nate (not evaluable). If more than one pretreatment pathogen was identified, the
bacteriologic response was assessed separately for each pathogen.

Safety evaluations. At each visit, clinical laboratory tests (chemistry, hematol-
ogy, and urinalysis) were performed on blood and urine samples, and adverse
events were assessed for severity, frequency, outcome, and relationship to a study
drug.

For patients concomitantly receiving theophylline, plasma theophylline levels
were monitored by the Acculevel Theophylline Test (Syntex Medical Diagnos-
tics, Palo Alto, Calif.). In patients in whom theophylline levels were 10 to 20
mg/ml at enrollment, the theophylline dose was reduced by 50%. If theophylline
levels were above 20 mg/ml, the patient was excluded from enrollment in the
study. Once the patient was in the study, if the theophylline level rose above 20
mg/ml, the dose was adjusted as clinically indicated.

Statistical analysis. The Cochran-Mantel-Haenszel test was used to compare
the differences between each grepafloxacin group and the ciprofloxacin group for
patient demographic and pretreatment baseline characteristics (intent-to-treat
population) and individual signs and symptoms of infection in patients with a
documented bacterial infection. The bacteriologic success rate, based on the
number of pathogens, was calculated at the end of treatment and at follow-up.

The equivalence of each grepafloxacin group in comparison with the cipro-
floxacin group was assessed by calculating the two-tailed 95% confidence inter-
vals (CIs) for the difference in outcomes by the Mantel-Haenszel method. Equiv-
alence was established if the 95% CI crossed zero and the lower bound of the CI
was within 210% for response rates of .90%, within 215% for response rates
of 80 to 89%, and within 220% for response rates of ,80%. The treatment-by-
center interaction was assessed by the Breslow-Day test.

RESULTS

A total of 624 patients entered the study; 207 of these pa-
tients were randomized to receive 10 days of treatment with
grepafloxacin at 400 mg once daily, 204 patients were random-
ized to receive grepafloxacin at 600 mg once daily, and 213
patients were randomized to receive ciprofloxacin at 500 mg
twice daily. Five hundred fifteen patients completed the study,
and 109 patients were withdrawn prematurely (Table 1). Fewer
patients in the group receiving grepafloxacin at 400 mg (4%)

TABLE 1. Reasons for withdrawal

Reason for withdrawal

No. (%) of patients

Grepafloxacin Ciprofloxacin
at 500 mg
twice daily
(n 5 213)

Overall
(n 5 624)

400 mg
once daily
(n 5 207)

600 mg
once daily
(n 5 204)

Lack of responsea 8 (4) 13 (6) 20 (9) 41 (7)
Adverse event 6 (3) 8 (4) 6 (3) 20 (3)
General unwillingness

to participate
2 (1) 4 (2) 2 (1) 8 (1)

Lost to follow-up 4 (2) 4 (2) 1 (0.5) 9 (1)
Noncomplianceb 2 (1) 1 (0.5) 4 (2) 7 (1)
Other 10 (5) 7 (3) 7 (3) 24 (4)

Total 32 (16) 37 (18) 40 (19) 109 (18)

a Assessed as treatment failures.
b Defined as failure to take at least 80% of the first 7 days of medication or

failure to report for at least three of the four required during-treatment and
posttreatment clinic visits.
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than in the group receiving grepafloxacin at 600 mg (6%) or
the group receiving ciprofloxacin (9%) were withdrawn due to
a lack of response. Significantly fewer patients in the group
receiving grepafloxacin at 400 mg than in the group receiving
ciprofloxacin were withdrawn for this reason (P 5 0.037).
Twenty patients were withdrawn due to adverse events, and 19
of these patients discontinued the study medication. A total of
24 patients were withdrawn for other reasons, with the most
common being the use of other antibiotics or other protocol-
prohibited medications. No patient was withdrawn from the
study as a consequence of treatment-emergent laboratory ab-
normalities. During the posttreatment period, three patients in
each of the grepafloxacin groups and eight patients in the
ciprofloxacin group were withdrawn due to relapses.

All 624 patients who entered the study were included in the
intent-to-treat population for safety analysis. The demographic
and baseline characteristics of the patients in the three treat-
ment groups in the intent-to-treat population were comparable
(Table 2). The overall mean age of the patients was 47.6 years
(range, 18 to 82 years), and the majority of patients (88%)
were Caucasian. The number of nonsmokers was unusually
high compared with the number usually seen among patients
with chronic bronchitis. Many of the patients were receiving
concomitant medication, including central nervous system
agents (58%), autonomic drugs (46%), hormones and syn-
thetic substitutes (31%), and cardiovascular drugs (26%).

A total of 379 pretreatment pathogens were isolated from
the 290 patients in the modified intent-to-treat population. The
most common isolates were M. catarrhalis (21%), S. aureus
(20%), H. influenzae (18%), S. pneumoniae (7%), and H. para-
influenzae (6%). These commonly isolated pathogens ap-
peared to be similarly distributed among the three treatment
groups. Eighty-five percent of M. catarrhalis isolates and 30%
of H. influenzae isolates produced b-lactamase. S. aureus was
the second most common pretreatment pathogen, and all S.
aureus isolates were susceptible to methicillin. The frequency
of occurrence of S. aureus appeared to be particularly high in
this study, but this may have been related to the criteria used
to determine the acceptability of sputum samples. Although
the proportion of infections caused by S. pneumoniae was rel-
atively low, the incidence of recovery of this organism varies
from year to year, and rates of pneumococcal infection similar

to those found in the present study have been observed in
other studies (17, 24). In addition, recovery of S. pneumoniae
from transported clinical samples is relatively difficult. Bacteria
other than H. influenzae, S. pneumoniae, and M. catarrhalis
were considered pathogens if they were present on Gram stain-
ing and/or were the predominant organism cultured. Since in
many cases S. aureus is associated with the presence of another
organism, its true pathogenesis was difficult to ascertain for
many of the patients. All pretreatment isolates with the excep-
tion of 20 organisms from 18 patients were susceptible to both
grepafloxacin and ciprofloxacin; the exceptions included
strains of Pseudomonas aeruginosa, H. parainfluenzae, and
Stenotrophomonas maltophilia, which demonstrated resistance
or intermediate susceptibility to grepafloxacin and/or cipro-
floxacin, and two strains of S. pneumoniae, which were resistant
to ciprofloxacin but susceptible to grepafloxacin.

FIG. 1. Clinical response at the end of treatment and at follow-up (14 to 28
days posttreatment) for patients treated with grepafloxacin (Grepa) at 400 mg
once daily (n 5 151 and 143, respectively), grepafloxacin at 600 mg once daily
(n 5 156 and 151, respectively), or ciprofloxacin (Cip) at 500 mg twice daily (n 5
160 and 154, respectively) (clinical efficacy evaluable population).

TABLE 2. Baseline and demographic characteristics of patients (intent-to-treat population)

Characteristic Grepafloxacin at 400
mg once daily

Grepafloxacin at 600
mg once daily

Ciprofloxacin at 500
mg twice daily

No. of patients 207 204 213

Race (no. [%] of patients)
Caucasian 179 (86) 180 (88) 189 (89)
Black 25 (12) 21 (10) 21 (10)
Other 2 (1) 3 (2) 3 (1)

Sex (no. [%] of patient)
Male 93 (45) 100 (49) 96 (45)
Female 113 (55) 104 (51) 117 (55)

Mean 6 SD age (yr [range]) 47.7 6 15.3 (18–82) 48.4 6 18.0 (18–77) 46.8 6 14.7 (18–80)

Mean 6 SD wt (kg) 80.5 6 20.8 79.6 6 18.7 80.2 6 21.5

Smoking habits (no. [%] of patients)
Nonsmoker 48 (23) 40 (20) 39 (18)
Ex-smoker 61 (30) 55 (27) 52 (24)
Current smoker 97 (47) 109 (53) 122 (57)
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Clinical response. The clinical responses of the patients in
the three treatment groups at the end of treatment and at
follow-up are summarized in Fig. 1. Of the 467 clinically evalu-
able patients for whom efficacy data were available at the end
of treatment, 93% of patients in the group receiving grepa-
floxacin at 400 mg, 88% of patients in the group receiving
grepafloxacin at 600 mg, and 91% of patients in the group
receiving ciprofloxacin were considered clinical successes (cure
or improvement). The 95% CI confirmed the equivalence of
the groups receiving grepafloxacin at 400 mg and ciprofloxacin
(95% CI 5 24.5 and 8.9%), the groups receiving grepafloxacin
at 600 mg and ciprofloxacin (95% CI 5 210.0 and 4.4%), and
the groups receiving grepafloxacin at 400 and 600 mg (95%
CI 5 21.9 and 12.3%). None of the comparisons of cured or
improved subcategories of response demonstrated significant
differences, and the confidence intervals demonstrated equiv-
alence. At the follow-up visit (14 to 28 days posttreatment),
clinical success (persistent resolution or mild relapse) was
demonstrated for 87% of patients in the group receiving grepa-
floxacin at 400 mg, 81% of patients in the group receiving
grepafloxacin at 600 mg, and 80% of patients in the group
receiving ciprofloxacin. Once again, the 95% CI confirmed the
equivalence of the groups receiving grepafloxacin at 400 mg
and ciprofloxacin (95% CI 5 21.7 and 15.4%), the groups
receiving grepafloxacin at 600 mg and ciprofloxacin (95% CI 5
27.5 and 10.3%), and the groups receiving grepafloxacin at
400 and 600 mg (95% CI 5 22.7 and 14.3%).

(i) Clinical responses of patients with pretreatment patho-
gens exhibiting possible resistance to either study drug. Six
pathogens with resistance or intermediate susceptibility to
grepafloxacin were isolated from four patients subsequently
randomized to grepafloxacin treatment. P. aeruginosa alone
was isolated from two of these patients, P. aeruginosa plus S.
maltophilia was isolated from one patient, and P. aeruginosa

plus H. parainfluenzae was isolated from one patient. All four
of these patients had successful clinical outcomes at the end of
treatment, although one patient infected only with P. aerugi-
nosa had a relapse by the follow-up visit, at which time P.
aeruginosa was again isolated. The bacteriologic responses of
the other three patients were as follows: for the patient in-
fected with P. aeruginosa only, success; for the patient infected
with P. aeruginosa and S. maltophilia, failure and success, re-
spectively; and for the patient infected with P. aeruginosa and
H. parainfluenzae, failure and success, respectively. However, it
should be noted that the roles of both P. aeruginosa and S.
maltophilia in ABECB are unclear. Ciprofloxacin-resistant S.
pneumoniae strains were isolated from two patients, one of
whom was subsequently randomized to treatment with grepa-
floxacin at 600 mg and one of whom was randomized to treat-
ment with ciprofloxacin. Both of these patients had successful
clinical outcomes at the end of treatment and at follow-up,
although the patient treated with ciprofloxacin was classified as
a bacteriologic failure at follow-up.

(ii) Clinical signs and symptoms of acute infection. The
individual clinical signs and symptoms of acute infection
(cough severity; breath sound intensity; prolongation of expi-
ratory phase; sputum color, viscosity, and thickness; wheezing
severity; chest pain; and chills) were all improved at the end of
treatment and at follow-up, and these improvements were
comparable for the patients in the three treatment groups
(data not shown). Patients in all three treatment groups exhib-
ited a reduction in the mean sputum purulence by the end of
treatment, and this continued through the follow-up period.

Bacteriologic response. At the end of treatment, bacterio-
logic success rate for the microbiologically evaluable patients
(eradication, presumed eradication, and eradication plus con-
tamination or colonization) was 96% for the group receiving
grepafloxacin at 400 mg, 98% for the group receiving grepa-

TABLE 3. Bacteriologic response at the end of treatment and at follow-up in microbiologically evaluable patients treated with grepafloxacin
(400 or 600 mg once daily) or ciprofloxacin (500 mg twice daily)

Time and response Grepafloxacin at
400 mg once daily

Grepafloxacin at
600 mg once daily

Ciprofloxacin at
500 mg twice daily

End-of-treatment
Total no. of evaluable pathogens 96 89 90
Success (no. [%] of patients) 92 (96) 87 (98) 82 (92)

Eradication 11 (12) 17 (19) 9 (10)
Presumed eradication 77 (80) 68 (76) 73 (81)
Eradication 1 contamination or colonization 4 (4) 2 (2) 0
Reinfection 0 0 0

Failure (no. [%] of patients) 4 (4) 2 (2) 8 (9)
Presumed persistence 3 (3) 2 (2) 3 (3)
Persistence 0 0 1 (1)
Relapse 1 (1) 0 4 (4)

Follow-up
Total no. of evaluable pathogens 95 89 84

Success (no. [%] of patients) 82 (86) 78 (88) 69 (82)
Eradication 4 (4) 12 (14) 2 (2)
Presumed eradication 74 (78) 62 (70) 63 (75)
Eradication 1 contamination or colonization 4 (4) 4 (5) 1 (1)
Reinfection 0 0 3 (4)

Failure (no. [%] of patients) 13 (14) 11 (12) 15 (18)
Presumed persistence 10 (11) 6 (7) 11 (13)
Persistence 1 (1) 0 0
Relapse 2 (2) 5 (6) 4 (5)
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floxacin at 600 mg, and 92% for the group receiving ciprofloxa-
cin (Table 3). The 95% CI confirmed the equivalence of the
groups receiving grepafloxacin at 400 mg and ciprofloxacin
(95% CI 5 23.7 and 13.0%), the groups receiving grepafloxa-
cin at 600 mg and ciprofloxacin (95% CI 5 22.1 and 15.0%),
and the groups receiving grepafloxacin at 400 and 600 mg (95%
CI 5 29.2 and 5.6%). The bacteriologic success rates at fol-
low-up remained high for all three treatment groups (86, 88,
and 82%, respectively; Table 3). Equivalence was seen be-
tween the groups receiving grepafloxacin at 400 mg and cipro-
floxacin (95% CI 5 25.9 and 15.3%) and between the groups
receiving grepafloxacin at 600 mg and ciprofloxacin (95% CI 5
24.8 and 17.4%).

Bacteriologic response for individual pathogens. The bacte-
riologic success rates at the end of treatment and at follow-up
(Table 4) for H. influenzae, H. parainfluenzae, M. catarrhalis,
and S. aureus isolates were similar among the three treatment
groups. At 3 to 5 days posttreatment, the success rate for S.
pneumoniae was 94% for patients treated with grepafloxacin
(for both groups combined) and 60% for those receiving cip-
rofloxacin. At 2 to 4 weeks posttreatment these figures were
reduced to 81 and 50%, respectively. Thus, the bacteriologic
success rate for S. pneumoniae appeared to be lower for the
ciprofloxacin group than for either grepafloxacin group at both
time points, although the number of pneumococcal isolates
detected in this study was too small for this to be clinically
meaningful. Two of the three pneumococcal strains isolated
from ciprofloxacin-treated patients who failed bacteriologically
at follow-up were susceptible to the drug (MICs, 1 mg/ml), and
one was classified as resistant (MIC, 4 mg/ml). All of the patho-
gens found to be resistant to grepafloxacin pretreatment, with
the exception of the three strains of P. aeruginosa described
above, were successfully eradicated. Clinical efficacy did not
always correlate with bacteriologic outcome or in vitro suscep-
tibility. This is not unusual and may be related to other factors
such as host response and possibly patient-to-patient variation
in the absorption and distribution of drug.

Adverse events. All patients who took study drugs were in-
cluded in safety analyses. All three treatment regimens were
well tolerated. The most frequently reported drug-related

treatment-emergent adverse events were nausea, taste perver-
sion, headache, dizziness, diarrhea, and vomiting (Table 5).
Nausea was considered drug related for 102 of 114 (89%)
patients who reported it, although it was mild to moderate for
88% of patients. The incidence was significantly greater for the
group receiving grepafloxacin at 600 mg than for the group
receiving ciprofloxacin (P 5 0.014). Taste perversion (usually
described by patients as a metallic or bitter taste) was consid-
ered drug related for all but two patients; a significantly greater
incidence was observed among patients in both grepafloxacin
groups than among patients in the ciprofloxacin group and in
the group receiving grepafloxacin at 600 mg than in the group
receiving grepafloxacin at 400 mg. Headache was considered to
be drug related for approximately half of the patients receiving
grepafloxacin who reported it and for 80% of the patients
receiving ciprofloxacin, but its incidence did not differ signifi-
cantly between the treatment groups. Photosensitivity reac-
tions were seen in only one patient in the group receiving
grepafloxacin at 400 mg (1 of 207; ,1%) and in 6 of 204 (3%)
patients in the group receiving grepafloxacin at 600 mg (data
not shown); most of these reactions were described as sun
sensitivity or sunburn, and only one patient required the ap-
plication of topical cream. No photosensitivity reactions were
reported among the patients in the ciprofloxacin group. The
incidence of photosensitivity reactions was significantly greater
in the group receiving grepafloxacin at 600 mg than in the
group receiving ciprofloxacin (P 5 0.033).

Eight serious adverse events were reported by six patients.
One patient in the group receiving grepafloxacin at 400 mg
reported cholecystitis and two patients in the group receiving
grepafloxacin at 600 mg reported depression, but none of these
adverse events was considered to be drug related. Of the three
patients in the ciprofloxacin group with serious adverse events,
one each reported dyspnea (of unknown relationship to the
study drug), asthma (not drug related), and dyspnea with rhi-
nitis and pain (not drug related). No deaths were reported in
this study.

A total of 26 patients discontinued the study medication due
to drug-related adverse events, but not all patients were ex-
cluded from further analyses: 7 of 207 (3.4%) patients in the
group receiving grepafloxacin at 400 mg, 15 of 204 (7.4%)
patients in the group receiving grepafloxacin at 600 mg and 4
of 213 (1.9%) patients in the group receiving ciprofloxacin.
This difference was statistically significant when the groups
receiving grepafloxacin at 600 mg, and ciprofloxacin are com-

TABLE 4. Bacteriologic success at follow-up for individual
pathogens in microbiologically evaluable patients treated with

grepafloxacin (400 or 600 mg once daily) or
ciprofloxacin (500 mg twice daily)

Pretreatment pathogen

No. of pathogens successfully treated/total
no. of pathogens (%)

Grepafloxacin
at 400 mg
once daily

Grepafloxacin
at 600 mg
once daily

Ciprofloxacin
at 500 mg
twice daily

H. influenzae 17/19a (90) 15/16 (94) 15/18 (83)
b-Lactamase negative 10/11 (91) 11/11 (100) 12/12 (100)
b-Lactamase positive 7/7 (100) 4/5 (80) 3/6 (50)

H. parainfluenzae 4/4 (100) 4/4 (100) 5/5 (100)

M. catarrhalis 18/20a (90) 18/21 (86) 15/16 (94)
b-Lactamase negative 4/4 (100) 1/1 (100) 4/4 (100)
b-Lactamase positive 13/15 (87) 17/20 (85) 11/12 (92)

S. aureus 11/15 (73) 14/17 (82) 14/17 (82)

S. pneumoniae 6/8 (75) 7/8 (88) 2/5 (40)

a One H. influenzae isolate and one M. catarrhalis isolate were not tested for
b-lactamase production.

TABLE 5. Most frequently reported drug-related
treatment-emergent adverse eventsa

Adverse event

No. (%) of patients

Grepafloxacin at
400 mg once

daily (n 5 207)

Grepafloxacin at
600 mg once

daily (n 5 204)

Ciprofloxacin at
500 mg twice

daily (n 5 213)

Nausea 30 (15) 45 (22%)b 27 (13%)b

Taste perversion 26 (13)c,d 54 (27%)d,e 8 (4%)c,e

Headache 16 (8) 16 (8) 23 (11)
Dizziness 17 (8) 19 (9) 12 (6)
Diarrhea 12 (6) 14 (7) 14 (7)
Vomiting 4 (2)f 18 (9)f 9 (4)

a P values are provided only where significant differences were observed.
b P 5 0.014.
c P 5 0.001.
d P , 0.001.
e P , 0.001.
f P 5 0.002.
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pared (P 5 0.015). The most frequent causes of discontinua-
tion were nausea in 14 of 26 patients (3 in the group receiving
grepafloxacin at 400 mg, 8 in the group receiving grepafloxacin
at 600 mg, and 3 in the group receiving ciprofloxacin), vomiting
in 8 of 26 patients (1 in the group receiving grepafloxacin at
400 mg, 4 in the group receiving grepafloxacin at 600 mg, and
3 in the group receiving ciprofloxacin), taste perversion in 7 of
26 patients (2 in the group receiving grepafloxacin at 400 mg,
and 5 in the group receiving grepafloxacin at 600 mg), dizziness
in 6 of 26 patients (3 in each of the grepafloxacin groups), and
diarrhea in 4 of 26 patients (2 in the group receiving grepa-
floxacin at 400 mg group and 1 each in the groups receiving
grepafloxacin at 600 mg and ciprofloxacin).

(i) Clinical laboratory tests and vital signs. No unique or
unexpected laboratory findings were seen. Treatment with
grepafloxacin or ciprofloxacin resulted in slight decreases in
neutrophil and leukocyte counts (consistent with improvement
of infection) and increases in platelet counts and creatinine
and uric acid concentrations. The observed changes were con-
sistent with expected laboratory results for quinolones. No
clinically meaningful differences were seen between treatment
groups in the mean change from pretreatment values for tem-
perature, systolic or diastolic blood pressure, pulse rate, or
respiratory rate.

(ii) Plasma theophylline concentration. The concomitant
administration of grepafloxacin and theophylline appeared to
be well tolerated in the 71 patients who received both drugs.
Six patients exhibited a plasma theophylline concentration of
$20 mg/ml in the first 15 days of the study: two patients in the
group receiving grepafloxacin at 400 mg and four patients in
the group receiving grepafloxacin at 600 mg. Adverse experi-
ences were reported by three patients: one patient in the group
receiving grepafloxacin at 600 mg (the patient had a theoph-
ylline concentration of 24.9 mg/ml and reported nausea) and
two patients in the group receiving grepafloxacin at 400 mg
(one patient had a theophylline concentration of 23.0 mg/ml
and reported anorexia, insomnia, somnolence, and nausea, and
the other patient had a theophylline concentration of 20.3
mg/ml and reported back pain and taste perversion). None of
the adverse events was considered serious, and none of the
serious side effects associated with theophylline concentrations
of $20.0 mg/ml were observed. None of the 23 patients receiv-
ing ciprofloxacin and theophylline exhibited a plasma theoph-
ylline concentration of $20.0 mg/ml.

DISCUSSION

The primary goals of antimicrobial therapy in patients with
ABECB are to resolve the infection as quickly as possible and
to keep the patient free of any further exacerbation for as long
as possible. Ineffective therapy not only leads to high failure
rates but also may contribute to shorter infection-free periods,
longer periods of morbidity, and a progressive decline in lung
function (7). This damage is mediated by toxins produced by
the infecting organism and by the host response to infection in
patients who have impaired mucociliary clearance (10).

The results of this study indicate that 10-day courses of
grepafloxacin at 400 or 600 mg once daily are as effective as
ciprofloxacin at 500 mg twice daily in the treatment of ABECB.
Both grepafloxacin and ciprofloxacin treatments gave high
clinical success rates at the end of treatment (88 to 93 and
91%, respectively). More importantly, clinical success was
maintained for up to 4 weeks after the end of treatment for 81
to 87 and 80% of patients receiving grepafloxacin and cipro-
floxacin, respectively. The 600-mg dose of grepafloxacin was
associated with a higher incidence of adverse events than ei-

ther the 400-mg dose of grepafloxacin or ciprofloxacin. This
may have contributed to the slightly lower clinical response
rate observed in the group receiving grepafloxacin at 600 mg
because, as adverse events increase, patients are less likely to
report “improvement.” It was not reflected in the bacteriolog-
ical response rate, which was similar for patients receiving both
grepafloxacin doses.

The most common pathogens isolated from patients en-
rolled in the present study were M. catarrhalis, S. aureus, H.
influenzae, S. pneumoniae, and H. parainfluenzae, which is gen-
erally consistent with previous reports describing the most
common organisms associated with ABECB (2, 19), the excep-
tion being the higher incidence of S. aureus seen in the present
study. Only 6 of 379 pretreatment pathogens were resistant to
ciprofloxacin or grepafloxacin. Two strains of S. pneumoniae
were resistant to ciprofloxacin, but all isolates were susceptible
to grepafloxacin.

Ciprofloxacin is one of the most extensively studied quino-
lones for the treatment of respiratory tract infections. In a
previous study with patients with ABECB, ciprofloxacin given
orally at 750 mg twice daily for 14 days resulted in clinical cure
for all patients evaluated. Relapses occurred for 15% of the
patients and were due to H. influenzae and S. pneumoniae,
although ciprofloxacin exhibited good antimicrobial activity
against the major respiratory pathogens both at the end of
therapy and posttherapy (9). A lower dose of ciprofloxacin
(500 mg twice daily) also resulted in clinical cure, although the
relapse rate, again due to S. pneumoniae and H. influenzae, was
higher (21%) (8). In a more seriously ill group of patients,
ciprofloxacin given orally at 500 mg twice daily for 10 days
resulted in a clinical cure rate of 70%, although 1 week after
follow-up this had decreased to 50% (12). The results reported
for ciprofloxacin in the present study are consistent with those
reported in similar previous studies.

In the present study the overall bacteriologic success rates
for grepafloxacin and ciprofloxacin were equivalent at the end
of treatment and at 14 to 28 days posttreatment. The differ-
ences in bacteriologic failure rates between the groups receiv-
ing grepafloxacin at 400 and 600 mg at the end of treatment (4
versus 2%) and at follow-up (14 versus 12%) were not signif-
icant. S. pneumoniae eradication rates appeared to be better
for grepafloxacin than ciprofloxacin both at the end of treat-
ment and at follow-up, although the number of pneumococcal
isolates detected in this study was very small. This trend may be
a reflection of the difference in in vitro activity against S.
pneumoniae between ciprofloxacin and grepafloxacin (25, 30).
The in vitro spectrum of grepafloxacin also includes penicillin-
resistant isolates, which are increasing in prevalence worldwide
(1). Recent data indicate that between 9 and 10% of isolates in
the United States are resistant to penicillin (13), and in some
states, the incidence of resistant pneumococci is nearly 30%
(6).

In recent years, extensive efforts have been made to develop
new fluoroquinolones with improved activities against gram-
positive organisms, such as S. pneumoniae and S. aureus, and
with better pharmacokinetic profiles. Grepafloxacin appears to
meet both of these objectives, having superior activity com-
pared to that of ciprofloxacin against gram-positive organisms
(18, 20, 23), extensive penetration into respiratory tissues (11),
and a longer elimination half-life (12 h), allowing for once-
daily administration (14).

Since good patient compliance with therapy is a key factor in
the successful treatment of any infection, once-daily treatment
with antibiotics such as grepafloxacin may have compliance
advantages over twice-daily treatment with agents such as cip-
rofloxacin (15).
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The ability to tolerate both study drugs was comparable
among the treatment groups. The most common adverse
events associated with the use of fluoroquinolones are gastro-
intestinal disturbances such as nausea, diarrhea, dyspepsia, and
abdominal pain; skin reactions such as rash; and blood effects
such as decreased leukocyte or neutrophil counts (26). In the
present study, grepafloxacin demonstrated a safety profile sim-
ilar to that reported for other fluoroquinolones and appeared
to be well tolerated. The most common drug-related adverse
events in patients treated with grepafloxacin were nausea, taste
perversion, and headache. The majority of events were mild to
moderate in severity and required no treatment. There were
few serious adverse events in the present study, and none was
considered to be related to the study medication.

In conclusion, this study has shown that grepafloxacin given
orally at 400 or 600 mg once daily is as effective, both clinically
and bacteriologically, as ciprofloxacin given orally at 500 mg
twice daily for the treatment of patients with ABECB. The
once-daily dosing schedule required for grepafloxacin may
have advantages in terms of compliance. The potential advan-
tages of grepafloxacin over ciprofloxacin against S. pneumoniae
remain to be confirmed in studies with larger numbers of
patients in whom this is the pathogen causing infection.
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