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Prulifloxacin in the treatment of acute
exacerbations of COPD in cigarette smokers

Franco Pasqua, Gianluca Biscione, Girolmina Crigna and Mario Cazzola

Abstract: Smoking is associated with an increased risk of respiratory tract infection in adults

likely because components in the smoke might alter properties of the epithelial cell surface.

In studies with smokers suffering from acute exacerbations of COPD (AECOPD), the most

common bacterial pathogens found were mainly Haemophilus influenzae, but also

Streptococcus pneumoniae, Staphylococcus aureus, and Moraxella catarrhalis. Therefore,

antibiotics should be effective against such possible pathogens. Prulifloxacin has demonstrated

in vitro activity against all these pathogens. We designed the present study to evaluate the

efficacy of prulifloxacin in the treatment of AECOPD in cigarette smokers. We enrolled 61

consecutive smokers hospitalized or out-patients of either sex with symptoms and signs

compatible with the usual diagnosis criteria for AECOPD. Haemophilus influenzae was the

most common bacterial species isolated in the sputum (in 42.6% of the total sample),

followed by S. pneumoniae (16.5%), S. aureus (14.7%), M. catarrhalis (11.5%), and others

(14.7%). Prulifloxacin 600mg was given orally once daily for 10 days. Clinical success was

observed in 91.8% of patients (67.2% cured and 24.6% improved). Bacteriological

eradication rate of H. influenzae was 100%. Persistent pathogens were S. pneumoniae

(2 out of 10), S. aureus (1 out of 8), M. catarrhalis (1 out of 7), and P. aeruginosa (1 out of 3).

This study seems to indicate that prulifloxacin is of particular value in the treatment of AECOPD

in cigarette smokers.
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Introduction
The healthy human airway is sterile, with several

innate immune mechanisms acting in coordina-

tion to maintain this sterility. Smoking appears

to disrupt these innate immune mechanisms,

and as a consequence, microbial pathogens are

able to persist in the lower airway in COPD

[Sethi et al. 2006]. It has been reported that smok-

ing is a risk factor in patients with chronic obstruc-

tive pulmonary disease (COPD) for colonization

with Pseudomonas aeruginosa [El Ahmer et al.

1999], Haemophilus influenzae [Miravitlles et al.

1999; Zalacain et al. 1999], but also Streptococcus

pneumoniae, Moraxella catarrhalis [Zalacain et al.

1999] and adenovirus, Chlamydia pneumoniae,

and Pneumocystis jiroveci [Sethi et al. 2006].

Although lower airway bacterial colonization has

been found both in asymptomatic smokers and in

patients with chronic bronchitis, colonization with

potential respiratory pathogens is uncommon in

patients with chronic bronchitis and recurrent

exacerbations without severe airflow obstruction

[Qvarfordt et al. 2000]. On the contrary, there is

evidence that bacterial ‘colonization’ of the lower

airways in stable COPD is not innocuous [Sethi

et al. 2006]. In fact, bacterial colonization has

been associated with greater levels of airway

inflammation measured in sputum, increased fre-

quency of exacerbations, and an accelerated

decline in lung function [Patel et al. 2002;

Bresser et al. 2000;]. Moreover, lower airway bac-

terial colonization in the stable state modulates

the character and frequency of acute exacerba-

tions of COPD (AECOPD) [Patel et al. 2002].

Of the bacterial pathogens that ‘colonize’ the lower

airways in COPD, nontypeableH. influenzae is the

most frequently isolated [Murphy et al. 2004]. It is

not a surprise, therefore, that several researchers

[Miravitlles et al. 1999; Monsó et al. 1999;
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Cazzola et al. 1990] have reported that active

smoking is associated independently and very sig-

nificantly with the isolation of H. influenzae in the

sputum of exacerbated COPD patients.

Considering that the available data about antibio-

tic therapy for exacerbations of COPD support a

role for their use, probably because bacteria are

often responsible for exacerbations [Murphy et al.

2000], and given the primary role ofH. influenzae

as a causal pathogen in AECOPD in smokers

[Miravitlles et al. 1999; Monsó et al. 1999;

Cazzola et al. 1990], it is appropriate to prescribe

an empirical antibiotic treatment for these patients

choosing an antibiotic that is active against H.

influenzae and also against other frequent patho-

gens, such as S. pneumoniae, Staphylococcus aureus,

and M. catarrhalis [Wilson, 2005].

Prulifloxacin, the lipophilic prodrug of ulifloxa-

cin, is an oral fluoroquinolone antibacterial agent

with a broad-spectrum in vitro activity against

Gram-negative and -positive bacteria, and a

long elimination half-life, which allows the

once-daily administration [Cazzola et al. 2006].

In addition, it penetrates extensively into lung

tissues [Matera, 2006]. Its MIC90 against

Haemophilus spp. is �0.015md/dl, which is

better than that of levofloxacin 0.03mg/dl

[Matera, 2006].

These features suggest that plurifloxacin

should be considered an appropriate antibiotic

for the treatment of AECOPD in smokers.

In order to confirm this hypothesis, we treated

a consecutive group of smokers that came to

our observation because of an AECOPD with

this fluoroquinolone.

Patients and methods
Sixty-one consecutive eligible adult smokers

suffering from COPD, hospitalized or out-

patients, of both sexes, with symptoms and

signs compatible with the usual diagnosis criteria

for acute exacerbation (e.g., increased cough,

dyspnoea, increased sputum volume, and

increased sputum purulence) and a positive

culture of a pre-therapy sputum specimen with

a respiratory pathogen, were enrolled in

the study. The patients also had to be appropriate

candidates for oral therapy. Written

informed consent was obtained before patient

enrolment.

Patients were excluded if they were pregnant or if

they had pneumonia or bronchopneumonia

(shown by acute infiltrations on admission chest

X-ray), cystic fibrosis, active tuberculosis, lung

cancer/metastases; unstable COPD, severe

bronchiectasis, severe malabsorption syndrome,

neutropenia, AIDS, progressively fatal disease,

renal impairment, severe hepatic disease, a low-

ered seizure threshold, a history of epilepsy or

hypersensitivity to fluoroquinolones. Patients

were also excluded if they required a systemic

antibiotic for another infection or if they had

received antibiotic treatment in the 30 days

before study entry.

All participants underwent clinical evaluation

and bacteriological examination of sputum

before therapy and at 3–5 (post therapy) and

10–14 (late post therapy) days after the comple-

tion of treatment.

Patients received oral prulifloxacin 600mg once

daily for 10 days and a short course of oral pre-

dnisolone 25mg/die.

Clinical (symptomatic) response was assessed by

the investigators as follows: cure: an elimination

of signs and symptoms and no recurrence at the

follow-up visits; improvement: a significant, but

incomplete, resolution of signs or symptoms;

relapse: worsening of signs and symptoms follow-

ing an initial improvement; failure: no improve-

ment. Patients were designated as unappreciable if

they could not be assigned to a category and were

disqualified for efficacy analysis.

At post therapy, bacteriological response was

based on microbiological culture data as follows:

eradication: pathogen eliminated; persistence: cul-

ture positive for original pathogen; colonization:

culture positive for a new pathogen without the

signs of infection; superinfection: culture positive

for a new pathogen during therapy (required

symptomatic response). At late post therapy

visit, it was based as follows: eradication: patho-

gen eliminated; relapse: recurrence of the same

pathogen with or without the development of

resistance (required a positive follow-up culture

preceded by at least one negative culture); coloni-

zation: culture positive for a new pathogen with-

out the signs of infection; eradication with

reinfection: culture positive for a new pathogen

after treatment (required symptomatic response

of failure or relapse). If no follow-up sputum spe-

cimen was produced for culture, the following
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definitions were assigned: presumed microbiological

persistence: no follow-up culture obtained with a

symptomatic response of relapse or failure;

presumptive eradication: implied absence of

appropriate material for culture, or culture not

clinically indicated (required symptomatic

response of cure or improvement); indeterminate:

could not be evaluated (bacteriological response

could not be defined or categorized), or new anti-

biotic started for a condition other than the study

indication before appropriate material for culture

was obtained, or no pathogen isolated from the

pre-therapy culture.

Patients were examined also for evidence of

adverse drug reactions.

Results
Haemophilus influenzaewas the most common bac-

terial species isolated in the sputum (in 42.6%

of the total sample), followed by S. pneumoniae

(16.5%), S. aureus (14.7%), M. catarrhalis

(11.5%), and others (14.7%) (Figure 1).

Clinical success was observed in 91.8% of

patients (67.2% cured and 24.6% improved)

(Figure 2).

Bacteriological eradication rate of H. influenzae

was 100%. Persistent pathogens were S.

pneumoniae (2 out of 10), S. aureus (1 out of 8),

M. catarrhalis (1 out of 7), and P. aeruginosa

(1 out of 3) (Figure 3). We did not find any

relapse or reinfection when the causal pathogen

was effectively or presumptively eradicated.

There were no drug-related side effects.

Discussion
Our study confirms that smokers are particularly

susceptible to infection by H. influenzae. Some

findings may explain this result. Roberts and

Cole [1979] observed that a regular supplement

of nicotine in the bronchial secretions of a heavy

smoker may be sufficient to encourage an exces-

sive multiplication of H. influenzae. It has also

been shown that alveolar lining material from

healthy subjects can support the growth of H.

influenzae without addition of hemin or

nicotinamide-adenine dinucleotide, which are

essential nutrients for this bacterium [Bell et al.

1981]. Moreover, it has been documented that

cigarette smoke exposure attenuates alveolar

macrophages responses after innate stimulation,

including pathways typically associated with bac-

terial and viral infections [Gaschler et al. 2008]

and that there is an impaired alveolar macro-

phage response to Haemophilus antigens in

COPD [Berenson et al. 2006].

Previous studies have highlighted the possibility of

dealing with AECOPD in smokers by using those

14.7%

H. influenzae

S. pneumoniae

S. aureus

M. catarrhalis

Others

42.6%

16.5%

14.7%

11.5%

Figure 1. Most common bacterial species isolated in sputum of 61
smokers suffering from AECOPD.

8.2%
Unchanged

Clinical success
91.8%

24.6%
Improved

67.2%
Cured

Figure 2. Clinical success rates.
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cephalosporins that are particularly active on

H. influenzae [Cazzola et al. 1991; Brown,

1987]. However, emergence of antimicrobial

resistance over the past two decades in common

community-acquired respiratory tract pathogens

[principally penicillin- and/or erythromycin-resis-

tant S. pneumoniae (also multidrug-resistant

strains) and �-lactamase-producing H. influenzae

and M. catarrhalis] has complicated empiric ther-

apy approaches, requiring reliance on advanced-

generation oral agents including macrolides,

cephalosporins, �-lactam/�-lactamase inhibitor

combinations, and respiratory fluoroquinolones

[Anzueto et al. 2007; Mandell et al. 2003]. In par-

ticular, the fluoroquinolone class of antimicrobial

agents is being increasingly used empirically as

resistance has developed to the more traditional

antimicrobial agents [Patel and Wilson, 2006;

Blasi et al. 2003].

Indeed, due to their potency, their broad

spectra of antimicrobial activity, favorable phar-

macokinetics, and safety profile, newer fluoroqui-

nolones have been recommended as first-line

therapy for patients with AECOPD who are at

higher risk of failure with standard therapies

[Grossman, 2000; Sethi, 1999]. The excellent

distribution of fluoroquinolones in the

respiratory tissue may contribute to explain the

high-efficacy rates observed in patients with

respiratory infections. The emergence of

fluoroquinolone resistance among respiratory

pathogens has been uncommon, although

sporadic examples of resistance developing in

patients with COPD or bronchiectasis have

been observed [Chen et al. 1999].

Prulifloxacin is a new therapeutic prospect in the

antimicrobial therapy of AECOPD [Blasi et al.

2007; Cazzola and Donner, 2006]. Although a

careful evaluation of the activity of prulifloxacin

against S. pneumoniae needs to be made before it

can be considered suitable for the empirical ther-

apy of acute exacerbation of chronic bronchitis

[Cazzola and Donner, 2006], the antimicrobial

spectrum and the results of clinical trials indicate

the possible role of this fluoroquinolone in the

treatment of exacerbations of outpatients with

moderate to severe COPD, which are generally

caused by Gram-negative bacteria (mainly H.

influenzae), Enterobacteriaceae, and Pseudomonas

spp. [Blasi et al. 2007]. Prulifloxacin’s pharmaco-

kinetic/pharmacodynamic behavior [Cazzola

et al. 2006] and the possibility of using this

agent on a once-daily basis, favoring patient com-

pliance with therapy – a key factor in the success-

ful treatment of any infection – accounts for

considering prulifloxacin an interesting antibac-

terial option for the treatment of AECOPD in

smokers, also considering that smokers tend to

be less compliant to medication [McNagny

et al. 1997; Shea et al. 1992].

In this study, prulifloxacin has not only proved to

be very effective, as expected, against gram-

negative bacteria, especially against H. influenzae,

but it was also able to successfully control

AECOPD caused by S. pneumoniae and S.

aureus. The in vitro activity of ulifloxacin against

strains of methicillin-susceptible S. aureus is fairly

good with a reported MIC90 value of50.5mg/ml

[Prats et al. 2002; Montanari et al. 2001]. On the

contrary, the in vitro data are not homogeneous in

defining the activity of prulifloxacin against S.

pneumoniae [Prats et al. 2002; Montanari et al.

2001]. It is likely, however, that the high and

long-lasting penetration of prulifloxacin into the

pulmonary tissues (Figure 4) determines the rela-

tionship between its tissue pharmacokinetics and

pharmacodynamics that is quite different from

that in blood [Cazzola et al. 2006; Matera,

2006]. This essential difference could explain

the high rate of in vivo efficacy showed by pruli-

floxacin against the majority of S. pneumoniae

strains found in the sputum of patients with

AECOPD.

In conclusion, the results of our study show that

600mg prulifloxacin od was effective and well

tolerated in the treatment of AECOPD in adult

smokers. Prulifloxacin was extremely active

against the main pathogen of clinical relevance

in smokers, H. influenzae, and it was also

active against S. pneumoniae, S. aureus, and M.

catarrhalis. Thus, prulifloxacin 600mg od can be
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Figure 3. Bacteriological responses by organism.
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considered a first choice treatment for AECOPD

in smokers.
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