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Lower respiratory tract infections (LRTIs) are 
major causes of morbidity and mortality. These 
infections account for over two-third of antibiotic 
prescriptions and comprise approximately 80% of all 
infection presentations. Although the great majority of 
LRTIs are self-limiting viral infections, community-
acquired pneumonia (CAP) is most of the times a 
bacterial disease with a substantial mortality, ranging 
from 0.2% for elderly people in the community to14% 
for those hospitalized with CAP. 

LRTIs may be caused by Gram-positive orga-
nisms (predominantly Streptococcus pneumoniae), 
Gram-negative organisms (Haemophilus infl uenzae 

and Moraxella catarrhalis) and “atypical” bacteria 

(Chlamydia pneumoniae, Legionella pneumophila 
and Mycoplasma pneumoniae).

Identifying the causative pathogen is rarely 
possible before initiation of antibacterial treatment. 
Therefore, treatment of LRTIs is generally em piric. 
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ABSTRACT
Respiratory fl uoroquinolones are important therapeutic options in the treatment of low respiratory tract 
infections because of the rising resistance to ß-lactams and other agents in Streptococcus pneumoniae, the 
most commonly bacterial pathogen identifi ed in these infections. 
These antibiotics offer some advantages that include excellent oral bioavailability, extensive penetration into 
sputum, bronchial and lung tissue and an elimination half-life that allows once-daily dosing.
Levofl oxacin, moxifl oxacin, ciprofl oxacin are available in both intravenous and oral formula and are excellent 
candidates for early intravenous-to-oral switch therapy in hospitalized patients. The newer fl uoroquinolones 
exibit concentration-dependent bacterial killing, offering coverage of the pathogens involved in lower 
respiratory tract infections and have been proved to be a safe and effective.
Resistance to fl uoroquinolones in Streptococcus pneumoniae remains low but rational prescribing is needed 
to sustain their future clinical effectiveness.
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TABLE 1. Prevalence of major respiratory pathogens in 
lower respiratory tract infections
Infection Pathogen Total isolates 

(%)
Acute exacerbation 
of chronic bronchitis
(AECB)

H. infl uenzae
S. pneumoniae
M. catarrhalis

30-59
15-25
3-22

Community-
acquired 
pneumonia 
CAP

S. pneumoniae
H.infl uenzae

L. pneumophila
C. pneumoniae
M. catarrhalis

8-46
2-11
1-16
6-15

2

Antimicrobials selected for the treatment of 
LRTIs should ideally possess activity against com-
mon and atypical pathogens and have optimal phar-
macokinetic and pharmacodynamic parameters that 
facilitate convenient dosage schedules and good 
tissue penetration. Some key factors to con sider 
when selecting the most appropriate anti bacterial 
agent for LRTIs are summarized in table 2.
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Emergence of antimicrobial resistance to com-
monly prescribed antimicrobial agents (ß-lactams, 
macrolides) has limited therapeutic options for 
treatment of LRTIs and newer fl uoroquinolones 
(FQs) have been developed and are now recom-
mended for the treatment of LRTIs. 

Fluoroquinolones are sinthetic quinolone deri-
vates that have a fl uorine atom in the 6 position. 
The newer fl uoroquinolones (or respiratory fl uoro-
quinolones) levofl oxacin, moxifl oxacin, gatifl oxacin 
and gemifl oxacin show enhance activities against 
Gram-positive organism like S pneumoniae (inclu-
ding multiple drug-resistant S pneumoniae) in 
addition to their improved pharmacokinetic and 
pharmacodynamic properties compared to older 
agents such as ciprofl oxacin. All new fl uoro-
quinolones have high bioavailability, low protein 
binding and longer serum elimination half-life com-
parative with the earlier quinolones, thus permitting 

once-daily dosing. All of them penetrate phagocytic 
cells and have good activity against intracellular 
pathogens. The penetration into respiratory tissue 
is very high. 

TABLE 2. Key Factors to Consider When Selecting 
Antibacterial Therapy for LRTIs
• Disease-specifi c factors
 Possible pathogens
 Likelihood of resistant organisms
 Severity of infections
 Concomitant disease 
• Antibacterial-specifi c factors
 Spectrum of activity, including resistant strains
 Proved clinical effi cacy
 Tolerability profi le/ adverse effect
 Convenience/ compliance
 Cost

TABLE 3. Concentrations of fl uoroquinolones in serum 
and lung compartments

Drug
Oral 

dosage
(mg)

C max 
ss

(µg/ml)

Alveolar 
macro-
phages
(µg/ml)

Epithelial 
lining fl uid 

(µg/ml)

CIP 500 mg bid 2,9  34,9  1,87
LVX 500 mg od 5,7  98 10
LVX 750 mg od 8,6 105 22
GATI 400 mg od 4,2  77  6,16
MOXI 400 mg od 4,5  57 20,7
GEMI 320 mg od 1,8 107  2,69

FIGURE 1. Levofl oxacin plasma and lung tissue concentrations vs. MCI90 values of key respiratory pathogens 

Concentrations in lung tissue are generally 
higher than those in serum and remains above 
the MICs for the most susceptible organism 
(fi gure 1).

Levofl oxacin, moxifl oxacin, ciprofl oxacin are 
currently available in both oral and intravenous for-
mulations and the high bioavilability may allow 
fl exible dosing and intravenous-to-oral switch the-
rapy. Hospitalized patients may be switched more 
rapidly from intravenous to oral therapy, allowing 
them to be discharged from hospital earlier. 

The newer fl uoroquinolones combine good acti-
vity against Gram-negative and “atypical” orga-
nisms with extended Gram-positive activity and 
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are unaffected by penicillin susceptibility status 
and beta-lactamase production.

ACUTE EXACERBATION OF CHRONIC 
BRONCHITIS (AECB)

Bacterial infections are involved in 40%-60% of 
AECB. Haemophilus infl uenzae is the most fre-
quently isolated bacterium, followed by Strepto-
coccus pneumoniae and Moraxella catarrhalis. 
Entero bacteriaceae and Pseudomonas spp are more 
frequently isolated in patients with the greatest 
degree of airfl ow obstruction (forced expiratory 
volume in one second-FEV1<50%). Atypical 
bacteria, such as Chlamydia pneumoniae, Myco-
plasma pneumoniae and Legionella spp have also 
been implicated in 10% of AECB. 

Martinez et al. stratify patients with AECB into 
uncomplicated or complicated groups based on the 
absence or the presence of risk factors for treatment 
failure. 

Levofl oxacin 750 mg for 3 days was comparable 
to azitromycin 500mg od for 5 days for unco m-
plicated patients with AECB, while 5 days of 750 
mg levofl oxacin were comparable to 10 days of 
amoxicillin/clavulanate 875/125mg twice daily for 
complicated AECB. Complicated patients had 
poorer clinical and microbiological outcomes than 
uncomplicated patients regardless of the therapeutic 
agent used. This study demonstrates that the short 
course of levofl oxacin 750 mg is at least as effective 
as traditional courses of azitromycin and amoxicillin/
clavulanate.

TABLE 4.  In vitro activity of fl uoroquinolones – 
percentage (%) of susceptible isolates according to 
NCCLS breakpoints (data collected from studies in 
North America evaluating clinical isolates collected 
between 1996 and 2003) 
Organism LVX CIP MOX
Streptococcus pneumoniae
 penicillin-susceptible
 penicillin-intermediate
 penicillin-resistant

99-100
100

98-100

66,9
76,7
76,4

N
N
N

Staphylococcus aureus 96-100 98 98
Pseudomonas aeruginosa 62-74 63-80 43
Enterobacter cloacae 88-94 86-91 N
Escherichia coli 88-91 88-91 91
Klebsiella pneumoniae 94-95 93-94 92
Proteus mirabilis 85-87 77-79 74
Serratia marcescens 92-95 85-87 84

Fluoroquinolones exibit concentration-depen-
dent bacterial killing and therefore Cmax/MIC and 
AUC/MIC ratio correlate with effi cacy for these 
agents. For levofl oxacin, Cmax/MIC ratio >10-12 
and AUC/MIC >100-125 provide optimal bacterial 
eradication and reduce the development of resis-
tance in infections caused by Gram-negative bac-
teria. In patients with infections caused by Strepto-
coccus pneumoniae an AUC/MIC ratio >30-50 was 
associated with cure rates of 95-97%.

Comparative trials have confi rmed the effi cacy 
of fl uoroquinolones in the treatment of LRTIs.

FIGURE 2. Distribution of three groups of bacteria among patients wits three 
stages of severityof lung functions (stage I, FEV1 ≥50% of predicted value; 
stage II, FEV1 >35% to <50% of predicted value; stage III, FEV1 ≤35% of 
predicted value), in percentages.
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Another trial indicates that a 5 day course of 
moxifl oxacin at a dose of 400 mg od is as effective 
as a 7 day course of macrolide antibiotic clari thro-
mycin at a dose of 500 mg bd in the treatment of 
AECB. Both treatments gave high clinical success 
rates in the effi cacy-evaluable population imme-
diately after the end of treatment (94.4% for moxi-
fl oxacin and 93.8% for clarithromycin in day 7) and 
7 days after the end of treatment (89.1% for moxi-
fl oxacin and 88.4% for clarithromycin).

This study has shown that a 5 day course of 
moxifl oxacin given orally at 400 mg od is clinically 
equivalent and bacteriologically superior to a 7 day 
course of clarithromycin given orally at 500 mg bd 
for the treatment of patients with AECB.

COMMUNITY-ACQUIRED PNEUMONIA (CAP)

Streptococcus pneumoniae is the most common 
causative pathogen of CAP. Other etiologic agents 
include Haemophilus infl uenzae, Staphylococcus 
aureus, Mycoplasma pneumoniae, Chlamydia pneu-
moniae, Legionella spp, enteric Gram-negative 
bacteria. Some patients with CAP may have a 
mixed infection involving both typical and atypical 
pathogens and even a viral organism, although the 
incidence of such co-infection is not well-known. 
The causative pathogen cannot be identifi ed in up 
to 50% of cases.

The choice of initial therapy is usually empirical.
In 2007, the Infectious Diseases Society of 

America (IDSA) and American Thoracic Society 
(ATS) released new guidelines for the management 
of care for adult patients with community-acquired 
pneumonia. In these guidelines, levofl oxacin, 
gemifl oxacin and moxifl oxacin were reported to be 
equally effective as the combination of beta-lactam 
and macrolide and were proposed to be the preferred 
treatment for patients who require admission to 
hospital, as well as for patients with comorbidity 
who receive treatment as outpatients.

Comorbidities or recent antibiotic therapy 
increases the likelihood of infection with drug-
resistant Streptococcus pneumoniae (DRSP) and 
enteric Gram-negative bacteria.

Hospitalisation is recommended in patients with 
PSI of IV or V and/or a CURB ≥2.

For patients admitted in the ICU in whom P 
aeruginosa is suspected, the fi rst-line recom-
mendation is for an antipneumococcal antipseudo-

FIGURE 3. Moxifl oxacin vs comparator in AECB treatment

TABLE 6.  Most common etiologies of CAP
Patient type Etiology
Outpatient S. pneumoniae

M. pneumoniae
H. infl uenzae 
C. pneumoniae
respiratory viruses

Inpatient (non-ICU) S. pneumoniae
M. pneumoniae
C. pneumoniae
H. infl uenzae 
Legionella spp

Inpatient ICU S. pneumoniae
S. aureus 
Legionella spp
Gram-negative bacili
H. infl uenzae 

TABLE 5. Levofl oxacin vs comparators in AECB 
treatment

Uncomplicated 
group

Complicated 
group

levo azithro levo amoxi/clav
Clinical success 
(%)

93 90,1 79,2 81,7

Microbiological 
success (%)

96,3 87,4 81,4 80,9
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monal ß-lactam plus either ciprofl oxacin or levo-
fl oxacin (750 mg).

Monotherapy with moxifl oxacin (400 mg i.v. 
once daily followed by oral moxifl oxacin 400 mg 
for 7 to 14 days) is superior to the one with a stan-
dard combination regimen of a ß-lactam and a ß-
lactamase inhibitor, co-amoxiclav (1,2 g adminis-
trated by i.v. infusion three times a day followed by 
oral co-amoxiclav 625 mg three times a day), with 
or without a macrolide, clarithromycin (500 mg 
twice daily iv or orally), in the treatment of patients 
with CAP admitted to a hospital. The duration for 
fever to go down was faster for patients who rece-
ived moxifl oxacin (2 vs 3 days), and the duration of 
hospital admission was approximately 1 day less 
for patients who were administered moxifl oxacin.

Legionella infections account for up to 16% of 
cases of CAP and in numerous observational stu-
dies, Legionella is among the four microbial causes 
of hospitalization.

Ofl oxacin and levofl oxacin have been succes-
sfully used in the treatment of Legionnaires disease.

Levofl oxacin has excellent in vitro activity 
against Legionella spp. and is effective in intra-
cellular killing of various strains of Legionella. In 
addition, levofl oxacin concentrates in the intra-
pulmonary compartments at levels well above the 
MCI. Unlike the macrolides which are bacteriostatic 
for Legionella, levofl oxacin is bactericidal.

Fluoroquinolones were as effective as erytro-
mycin in the treatment of Legionnaires disease and 

duration to apyrexia was signifi cantly longer in the 
macrolide group (77,1 h vs 48 h ).

NOSOCOMIAL PNEUMONIA

Hospital-acquired pneumonia (HAP), healthcare-
acquired pneumonia (HCAP) and ventilator-
associated pneumonia (VAP) may be caused by a 
wide spectrum of bacterial pathogens.

Early-onset HAP and VAP (occuring in the fi rst 
4 days of hospitalization) are often caused by com-
munity-acquired pathogens such as S. pneumoniae, 
H infl uenzae or methicillin-susceptible S aureus 
(MSSA). 

In contrast, late-onset HAP and VAP (5 days or 
more) are more likely to be caused by multidrug-
resistant (MDR) pathogens: P aeruginosa, Entero-
bacteriacaes, Acinetobacter spp, methicillin-
resistant S aureus (MRSA) or Legionella spp.

Monotherapy with fl uoroquinolones (levo fl oxa-
cin, moxifl oxacin, ciprofl oxacin) is an appropriate 
choice for treatment in patients with early-onset 
HAP, HCAP or VAP and no risk factors for MDR 
pathogens. For patients with late-onset HAP, HCAP 
or VAP or risk factors for MDR pathogens, the 
initial empiric antibiotic therapy should be started 
with a broad-spectrum antipseudomonasß-lactam 
plus a fl uoroquinolone antipseudomonas (cipro-
fl oxacin or levofl oxacin) or an aminoglicoside 
(amikacin, gentamicin or tobramycin) plus linezolid 
or vancomycin if MRSA risk factors are present or 
there is a high incidence locally.

TABLE 7.  Modifying factors that increase the risk of infection with specifi c pathogens
Pathogen Modifying Factors
Penicillin resistant 
and drug-resistant 
pneumococci

Age> 65 yr
ß-lactam therapy within the past 3 mo
Alcoholism
Imunosuppresive illness (including therapy with corticosteroids)
Multiple medical comorbidities
Exposure to a child in a day care center

Enteric Gram-
negative organism

Residence in a nursing home
Underlying cardiopulmonary disease 
Multiple medical comorbidities
Recent antibiotic therapy

P. aeruginosa Structural lung disease (bronchiectasis)
Monotherapy with moxifl oxacin (400 mg i.v. once daily followed by oral moxifl oxacin 400 mg for 
7 to 14 days) is superior to the one with a standard combination regimen of a ß-lactam and a ß-
lactamase inhibitor, co-amoxiclav (1,2 g administrated by i.v. infusion three times a day followed by 
oral co-amoxiclav 625 mg three times a day), with or without a macrolide, clarithromycin (500 mg 
twice daily iv or orally), in the treatment of patients with CAP admitted to a hospital. The duration 
for fever to go down was faster for patients who received moxifl oxacin (2 vs 3 days), and the 
duration of hospital admission was approximately 1 day less for patients who were administered 
moxifl oxacin.
Corticosteroid therapy
Broad-spectrum antibiotic therapy for 7 d in the past months
Malnutrition
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West et al compared the effi cacy and safety of 
levofl oxacin (750mg od given iv and then orraly 
for 7 to15 days) and imipenem/cilastatin (500mg to 
1g iv every 6 to 8 hours) followed by oral cipro-
fl oxacin (750mg every 12 hours) 7-15 days in adult 
patients with nosocomial pneumonia. The clinical 
cure rates and the microbiological eradi cation rates 
were similar. 

With the widely use of fl uoroquinolones in the 
clinical practice, the potential for developing 
resistance has become a concern. Clinical isolates 
of S pneumoniae that are not susceptible to fl uoro-
quinolones have emerged. Surveillance programs 
in USA have found that resistance to the fl uoro-
quinolones in S pneumoniae remains low (1% in 
2000) with higher rates in Hong Kong 14,3%, South 

Koreea 2,9%, USA 1,8%, Mexico 1,5%, Canada 
1,4% and Japan 1,3%. Resistance to levofl oxacin 
regulary confers resistance to other quinolones 
(63% and 29% of levofl oxacin-resistant isolates 
were also resistant and intermediate to moxifl oxacin 
in this study). Resistance to fl uorquinolones in 
pneumococci occurs in a step- wise fashion, with 
mutation observed in either parC or gyrA (depending 
on the selecting fl uoroquinolone) or both, leading 
to decreased fl uorquinolone susceptibility. Strains 
usually become fully fl uoroquinolone resistant with 
the addition of a mutation in the other target gene 
(either gyrA or parC). Mutations in parE or gyrB 
and antimicrobial drugs effl ux also contribute to 
fl uoroquinolone resistance but usually to a lower 
degree. 

Respiratory fl uoroquinolones offer some advan-
tages for the treatment of LRTIs because they are 
highly active against penicillin-resistant strains of S 
pneumoniae, are active against all of the other 
respiratory pathogens, are active against Legionella 
and the other atypical pulmonary pathogens and 
have the great advantage of favourable pharma-
cokinetic profi le. Fluoroquinolones exibit excellent 
penetration into sputum, bronchial and lung tissues 
and have proven excellent clinical and bacteriological 
effi cacy in the treatment of LRTIs. In addition, 
fl uoroquinolones can be used in penicillin-alergic 
patients and erythromycin-intolerant patients. Ra-
tional prescribing is needed to sustain their future 
clinical effi cacy. 
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FIGURE 4. Moxifl oxacin vs comparator in CAP treatment

TABLE 8. Risk factors for multidrug-resistant pathogens 
causing HAP, HCAP and VAP

Antimicrobial therapy in preceding 90 days
Current hospitalization of 5 days or more
High frequency of antibiotic resistance in the community 
or in the specifi c medical unit
Presence of risk factors for HCAP:
Hospitalization for 2 days or more in the preceding 90 
days
Residence in a nursing home or extended care facility
Home infusion therapy (including antibiotics)
Chronic dialysis within 30 days
Home wound care
Family member with multidrug-resistant pathogen
Immunosuppressive disease and/or therapy 
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