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An Open-label, Randomized Comparison of Levofloxacin and
Amoxicillin/Clavulanate plus Clarithromycin for the Treatment
of Hospitalized Patients with Community-acquired Pneumonia
Ting-Yu Lin, MD; Shu-Min Lin, MD; Hao-Cheng Chen, MD; Chih-Jan Wang, MD;
Yu-Min Wang, MD; Min-Li Chang, MD; Chun-Hua Wang, MD; Chien-Ying Liu, MD;
Horng-Chyuan Lin, MD; Chih-Ten Yu, MD; Ling-Ling Hsieh1, PhD;
Han-Pin Kuo, MD, PhD; Chien-Da Huang, MD
Background: Anti-pneumococcal fluoroquinolone has been used to treat communityacquired pneumonia (CAP) frequently because of its broad antimicrobial
spectrum.
Methods:
This randomized, open-label study was conducted in a tertiary teaching hospital. Eligible patients were randomized to levofloxacin 500 mg IV q24h followed by 500 mg orally q24h or a combination of amoxicillin/clavulanate
500 mg/100 mg IV q8h with oral clarithromycin 500 mg q12h and then oral
amoxicillin/clavulanate 250 mg/125 mg q8h with oral clarithromycin 500 mg
q12h for 7-14 days.
Results:
From July 2004 to February 2006, 50 patients were enrolled (levofloxacin, n
= 26; combination therapy, n = 24). The clinical response rate in the clinically evaluable population was similar for both groups (78.3% vs. 77.3%; p =
1.000). Levofloxacin had a higher microbiological response rate overall, and
for Gram-negative and non-pseudomonas Gram-negative pathogens than the
combination therapy but the difference was not statistically significant
(60.0% vs. 38.9%, 55.0% vs. 21.0% and 75.0% vs. 25.0%, respectively). The
length of hospital stay was similar for both groups (7.4 3.1 vs. 6.8 2.1
days; p = 1.000).
Conclusion: Patients who were admitted to our hospital for CAP were older and had more
comorbidities with a much higher incidence of Gram-negative pathogens
than in a previous study. Levofloxacin was at least as effective as amoxicillin/clavulanate plus clarithromycin in clinical and microbiological
responses. Levofloxacin had a higher microbiological eradication rate than
the combination therapy but the difference was not statistically significant.
This deserves further study with a larer sample size.
(Chang Gung Med J 2007;30:321-32)
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W

orldwide, community-acquired pneumonia
(CAP) remains a life-threatening infection of
the lower respiratory tract despite the availability of
many potent antimicrobial agents.(1) It accounts for
5.6 million cases and more than 1 million hospitalizations annually in the United States, and the cost
burden is significantly high for patients aged over 65
years with comorbidity.(2) The overall mortality rate
among patients hospitalized with CAP ranges from
5% to 25%.(3) The evidence-based guidelines published by the scientific societies(4-6) have recommended two regimes for hospitalized patients with CAP
who do not need intensive care: combination therapy
of intravenous β-lactam plus a macrolide or
monotherapy of an antipneumococcal fluoroquinolone (FQ). Guidelines of the British Thoracic
Society (BTS) give preference to combination therapy as initial therapy and FQ as an alternative choice
if combination therapy is not tolerated.(4) Guidelines
of the Infectious Diseases Society of America
(IDSA)(5) and the American Thoracic Society (ATS)(6)
recommend FQ as the primary or secondary consideration for patients with complicated CAP.
Hospitalized patients with pneumonia receiving
timely guideline-based empirical antibiotics have
been considered to have better outcomes than those
receiving non-guideline treatment.(7-10)
An FQ, such as levofloxacin, has the advantage
of being able to cover Gram-positive pathogens,
including penicillin-resistant Streptococcus pneumoniae, Gram-negative and atypical pathogens with a
single agent, generally given once a day.(11-15) After
levofloxacin was approved as a broad-spectrum
antimicrobial agent by the United States Food and
Drug Administration in 1997, prescribing levofloxacin as the first-line antibiotic for hospitalized
CAP treatment became popular. A number of trials
have been conducted to evaluate the efficacy of levofloxacin monotherapy compared to combination
therapy of ceftriaxone plus macrolide for the treatment of CAP.(16-19) Most of these trials revealed that
levofloxacin monotherapy is equivalent to or more
effective than combination regimens in clinical and
microbiological responses.
The combination therapy of amoxicillin/clavulanate plus clarithromycin is another choice that conforms to guidelines. Currently, amoxicillin/clavulanate plus clarithromycin is one of the standard regimens for the treatment of hospitalized patients with

322

CAP in our hospital. However, the prevalence of βlactam and macrolide resistance has increased dramatically during the past 2 decades.(20-22) Facing the
challenge of elderly patients with more comorbidities
and increasing antimicrobial drug resistance, we
attempt to evaluate the efficiency of FQ monotherapy and combination therapy in our current practice.
The present study is designed to compare the
clinical efficacy and safety of levofloxacin
monotherapy with a combination of amoxicillin/
clavulanate plus clarithromycin for the treatment of
hospitalized patients with CAP who do not need
intensive care.

METHODS
Study design

This study was conducted at Chang Gung
Memorial Hospital, a 3,000-bed tertiary teaching
medical center in northern Taiwan. The in-patient
department of thoracic medicine includes a 170-bed
ordinary ward. This is a randomized, open-label
study comparing the clinical efficacy and safety of
levofloxacin monotherapy with the combination
therapy of amoxicillin/clavulanate plus clarithromycin for hospitalized patients with CAP. This
project has been approved by the Chang Gung
Memorial Hospital Ethics Committee. Informed consent was obtained from all subjects.
Inclusion criteria

Patients aged ≥ 18 years were eligible for the
study if they had a diagnosis of pneumonia acquired
in the community and had been admitted to hospital.
The diagnosis criteria were as follows: (1) characteristic clinical signs, including ≥ 1 of the following: (a)
fever (oral temperature ≥ 38°C) or hypothermia (≤
35°C), (b) leukocytosis (>10,000 white blood
cells/mm3) or bands > 10%; (2) acute infiltrate consistent with pneumonia on chest radiography; (3) at
least one respiratory symptom: (a) cough or increasing cough severity, (b) purulent sputum/acute change
in the quality of sputum, (c) dyspnea.
Exclusion criteria

Patients meeting any of the following criteria
were not eligible for admission into the study: (1)
previous allergic or serious adverse reaction to levofloxacin, clarithromycin, amoxicillin/clavulanate or
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any members of the FQ, β-lactam or macrolide classes of antimicrobials; (2) severe renal failure (creatinine clearance < 20 ml/min); (3) neutropenia (< 500
polymorphonuclear cells (PMNs)/mm3); (4) unstable
psychiatric conditions; (5) pregnancy or nursing; (6)
use of study drugs within 30 days prior to entry into
the study; (7) previous antimicrobial therapy, other
than study drug, taken for more than 24 hours; (8)
anticipated requirement for the initiation of systemic
corticosteroids, unless such therapy was already
being prescribed for an unrelated medical condition.
Further exclusions included: those with healthcareassociated pneumonia (HCAP), including any patient
who was hospitalized in an acute care hospital for
two or more days within 90 days of the infection;
anyone residing in a nursing home or long-term care
facility; anyone receiving intravenous antibiotic therapy, chemotherapy or wound care within the past 30
days of the current infection; anyone attending a
hemodialysis clinic.
Randomization procedures

Patients were assigned to one of two treatment
regimens based on a computer-generated randomization schedule. The study drug was dispensed sequentially based on this randomization code, which provided for equal numbers of patients in the two regimens.
Dosage and administration

Patients randomly assigned to levofloxacin
received 500 mg IV q24h transitioning to oral levofloxacin 500 mg q24h when the patients’ conditions
were compatible with criteria for shifting to oral
medication (mentioned below). Levofloxacin was
taken for a total of 7 to 14 days. Patients randomly
assigned to the comparator group received amoxicillin/clavulanate 500 mg/100 mg IV q8h with oral
clarithromycin 500 mg q12h and then switched to
oral amoxicillin/clavulanate 250 mg/125 mg q8h
with oral clarithromycin 500 mg q12h. Combination
therapy was taken for total of 7 to 14 days. General
guidelines for switching to the oral regimen of the
study medication include: (1) cough and respiratory
distress are improving; (2) patient has been afebrile
for a minimum of 8 hours; (3) the white blood cell
count is returning to normal; (4) there is no evidence
of abnormal gastrointestinal absorption.

Study evaluation

At the admission visit, pertinent medical history,
vital signs, and signs and symptoms, including
cough, sputum production, purulent sputum and dyspnea, were recorded. The severity of pneumonia was
accessed by a Fine Risk Score (FRS). (23) Scores
between 71 and 130 indicate moderate to severe
pneumonia. Posteroanterior view chest x-ray (CXR)
was obtained. Within 24 hours prior to study entry,
respiratory secretion was obtained for routine culture
and Gram stain. Blood samples were collected,
including alanine transaminase, blood urea nitrogen,
glucose (non-fasting) and serum creatinine, hemoglobin, hematocrit, red blood cell count, platelet
count, white blood cell count and differential white
cell count, and analyzed to meet entry criteria and
get baseline data.
On-Therapy Visit: between study day 2 to 4, all
patients were seen after approximately 72 hours of
therapy to evaluate vital signs, signs and symptoms,
and to assess adverse events.
Post-Therapy Visit: between study day 5 to 7,
patients’ signs, symptoms, CXR, adverse events and
overall clinical progress were compared to those
observed on admission. Respiratory secretions were
obtained, if possible, for routine culture and Gram
stain. Blood samples were collected, including the
same categories as those on admission.
One-month Post-Therapy Visit: between 21-28
days after completion of the study drug course,
patients’ vital signs, clinical response compared to
the 5-7 day post-therapy visit and adverse events
were assessed. CXR and respiratory secretion were
obtained if the clinical condition was progressing.
Serology test

Serology test for Mycoplasma pneumoniae IgM
was performed before treatment and 5-7 days after
the first serology test to determine the disease
pathogen.
Safety evaluations

All patients were questioned regarding possible
adverse events during the course of the study. All
adverse events were recorded. Safety was also
assessed by the physical examinations and laboratory
tests performed during the course of the study.
Clinical efficacy evaluations
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Clinical response was determined by comparing
patients’ admission signs and symptoms to those
observed at 5-7 days post-therapy. The following
definitions were used to classify clinical response:
(1) Clinical Cure: resolution of abnormal pretreatment clinical signs and symptoms, and no further
antimicrobial therapy for CAP required; (2) Clinical
Improvement: clinical findings subsiding significantly but with incomplete resolution of clinical evidence
of infection at the follow-up evaluation in a subject
who requires no further antimicrobial therapy for
CAP; (3) Clinical Failure: no apparent response to
therapy or an incomplete response requiring additional antimicrobial therapy for CAP; (4) Unable to
Evaluate: clinical judgment of cure, improvement or
failure cannot be made due to inadequate follow-up
data.
A long-term evaluation was made based on the
information obtained at the 1-month post-therapy
visit of clinically successful patients in both groups.
Long-term evaluation was determined as: (1) Longterm Clinical Cure: resolution of signs and symptoms associated with active infection, and no additional effective antimicrobial therapy for CAP; (2)
Long-term Clinical Improvement: continued incomplete resolution of signs and symptoms, with no
deterioration during the follow-up period and no
requirement for additional effective antimicrobial
therapy for CAP; (3) Clinical Relapse: resolution or
improvement of signs and symptoms at the post-therapy evaluation, with reappearance or deterioration of
signs and symptoms of infection; (4) Unable to
Evaluate: due to patient being lost to follow-up and
not returning for post-study evaluation.
Microbiological response

For each pathogen, microbiological response
was based on evaluations at 5-7 days and was
defined as follows for patients with bacteriological
confirmation of the pathogen at admission: (1)
Eradicated: absence of the identified admission
pathogen in the post-therapy culture; (2) Presumed
Eradicated: presumed absence of the identified
admission pathogen(s) due to substantial improvement of infection so that no material for culture was
available; (3) Persisted: continued presence of the
identified admission pathogen; (4) Presumed persisted: presumed presence of the identified admission
pathogen post-therapy for patients with clinical fail-
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ure; (5) New infection: appearance of a pathogen
other than the original pathogen(s) identified and isolated at admission, and signs and symptoms of pneumonia; (6) Unable to evaluate: inadequate follow-up
etc.
Planned analyses

Three populations were identified for the purposes of analysis. The intent-to-treat population
(ITT) consisted of all randomized patients. The modified intent-to-treatment population (MITT) consisted of all ITT patients who had a confirmed diagnosis
of CAP and who had taken the study drug at least
once. The clinically evaluable population consisted
of all ITT patients who had a confirmed diagnosis of
CAP and who had taken the study drug for at least 3
days without a clinical response of “unable to evaluate”.
The clinical response was evaluated in the ITT,
MITT and clinically evaluable population. The
microbiologically evaluable population consisted of
the clinically evaluable population who had appropriate bacteriological cultures and infection that had
been bacteriologically proven.
The primary efficacy variables were the clinical
responses and microbiological responses. The cured
and improved clinical responses were combined and
classified as clinical success. The eradicated and presumed eradicated microbiological responses were
combined and classified as microbiological success.
The classes of persistent, presumed persistent, new
infection and unable to evaluate were defined as
microbiological failure. Length of hospital stay and
long-term evaluation were compared between the
clinically successful patients of both groups. The
long-term evaluation of the clinically cured and
improved cases were combined and classified as
clinical success.
Sample size determination

The minimum sample size needed to show that
levofloxacin is at least as effective as combination
therapy was determined as follows. The calculation
is based on the following assumptions: (1) the null
hypothesis is that the clinical success rate for amoxicillin/clavulanate plus clarithromycin minus the success rate for levofloxacin is greater than or equal to
15%; (2) the alternative hypothesis is that the success
rate difference is less than 15%; (3) the alternative
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for which the sample size is calculated is that 87% is
the success rate for both treatment groups; (4) the
test is conducted at the α = 0.025 significance level
and with power 1 - β = 0.80. Under these assumptions, the required number of evaluable patients per
treatment group is 79, which means there should be a
least 158 clinically evaluable patients. However,
according to the rate of progress in this trial and considering the possible prolonged time for recruiting
158 evaluable patients, we analyzed the available
data.

Table 1. Enrolled Patients’ Characteristics
Levofloxacin Combination
Intent-to-treat population

26

24

Modified intent-to-treat population

25

24

Clinically evaluable population

23

22

Microbiologically evaluable population

13

10

Identified pathogens

15

18

Abbreviation: Combination: combination therapy of amoxicillin/
clavulanate with clarithromycin

Analysis methods

Data analysis was performed using Graphpad
Prism 4 software. The categorical variables were
analyzed by Fisher’s exact test and the numerical
variables were analyzed by paired or unpaired
Student’s t-test. For unpaired data with uneven variation, a Mann-Whitney U test was used. The primary
inferential analysis was the construction of a twosided 95% confidence interval (CI) for the difference
in clinical success rates between the two treatment
groups, with the goal of confirming that levofloxacin
monotherapy is at least as effective as amoxicillin/
clavulanate plus clarithromycin. This goal was considered to be confirmed if the upper confidence limit
was less than 15% (i.e. the alternative hypothesis: the
difference in clinical success rates of two groups is
< 15%, represents a better response in the levofloxacin group). A p value of less than 0.05 was
considered to be statistically significant. The odds
ratio (OR) was presented to assess the priority of the
levofloxacin group.

RESULTS
From July 2004 to February 2006, 50 patients
were randomized to treatment. These patients were
composed of the ITT population (Table 1). In the
levofloxacin group, one patient’s sputum acid fast
stain revealed 2+ and diagnosis of pulmonary tuberculosis was confirmed later. The MITT population
consisted of 49 patients. Four patients did not receive
the study drug for more than 3 days in each group.
One patient received another antibiotic on the first
day and three patients received the study drug for
less than 3 days because of personal choice. The
clinically evaluable population was composed of 23
patients in the levofloxacin group and 22 patients in
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the combination group. Thirty-three pathogens were
identified from 23 patients (51.1%) in the clinically
evaluable population. These pathogens were evaluated for microbiological response (Table 5).
Baseline demographic and disease characteristics were similar in the clinically evaluable population (Table 2). The mean age was 68.1 12.5 years
and 31 patients (68.9%) were older than 65 years.
There was no significant difference in FRS between
the two groups. There were 32 patients with scores
of more than 71 (71.1%). We analyzed the distribution of scores above and below 71, and there was
also no significant difference between the two study
groups.
More than 90% of patients in the clinically
evaluable population had a productive cough, dyspnea and radiological evidence of pneumonia on
admission (Table 3). Other symptoms included
leukocytosis or left shift (73.3%), purulent sputum
production (68.9%), tachycardia (44.4%) and fever
(42.2%).
Table 4 reveals the clinical responses on the 7th
day of admission. The overall clinical success rate
was 78.3% in the levofloxacin group and 77.3% in
the combination group in the clinically evaluable
population. The result was similar in the MITT and
ITT populations. In the clinically evaluable population, patients with FRS above 71, which means moderate to severe pneumonia, the success rate was
66.7% in the levofloxacin group versus 76.5% in the
combination group. In patients with FRS below 71,
the success rate was 100% in the levofloxacin group
versus 80.0% in the combination group. There was
no significant statistical difference in the success rate
between the two study groups.
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Table 2. Baseline Demographics and Comorbidities of the
Clinically Evaluable Population

Table 3. Signs and Symptoms of Pneumonia in the Clinically
Evaluable Population

Levofloxacin Combination
p value
n = 23 (%)
n = 22 (%)
Gender

Levofloxacin Combination
n = 23
n = 22
Fever*

Total

10 (43.5%)

9 (40.9%)

19 (42.2%)

10 (43.5%)

10 (45.5%)

20 (44.4%)

18 (78.3%)

13 (59.1%)

31 (68.9%)

17 (73.9%)

16 (72.7%)

33 (73.3%)

Male

15 (65.2%)

18 (81.8%)

Female

8 (34.8%)

4 (18.2%)

Age (Mean SD)

65.3 13.2

71.0 11.4

0.132

Leukocytosis or left shift

Comorbidity

21 (91.3%)

20 (90.9%)

1.000

Dyspnea

22 (95.7%)

19 (86.4%)

41 (91.1%)

13 (56.5%)

8 (36.4%)

0.236

Sputum production

22 (95.7%)

22 (100%)

44 (97.8%)

Asthma

8

2

Cough

23 (100%)

22 (100%)

45 (100%)

COPD

3

8

Bronchiectasis

2

0

23 (100%)

22 (100%)

45 (100%)

Old TB

3

1

Cerebrovascular diseases

1 (4.3%)

3 (13.6%)

0.346

Renal insufficiency

2 (8.7%)

2 (10%)

1.000

Liver disease

4 (17.4%)

2 (9.1%)

0.665

Cardiovascular diseases

3 (13.0%)

2 (9.1%)

1.000

DM

4 (17.4%)

10 (45.5%)

0.057

Malignancy

1 (4.3%)

5 (22.7%)

0.096

Alcoholism

3 (13.0%)

0

0.233

Smoker/ex-smoker

14 (60.9%)

13 (59.1%)

1.000

Oral

4

5

0.722

Inhaled

8

7

1.000

Median

78

81

0.642

Range

38 118

42 118

n=8

n=5

Median

65

53

Range

38 67

42 69

n = 15

n = 17

Median

89

89

Range

77 118

71 118

Chronic pulmonary disease

0.314

326

Purulent sputum

pneumonia

§

Abbreviations: Combination: combination therapy of amoxicillin/

Fine Risk Score

Fine Risk Score ≥ 71

‡

Radiological evidence of

Corticosteroid history

Fine Risk Score < 71

Tachycardia†

0.622

0.850

Abbreviations: Combination: combination therapy of amoxicillin/
clavulanate with clarithromycin; SD: standard deviation; COPD:

clavulanate with clarithromycin; *: oral temperature ≥ 38°C; †: heart
rate above 100 beats/minute; ‡: acute change in the quality of sputum; §: white blood cells > 10,000/mm3 or bands > 10%

Table 4. Clinical Response on the Seventh Day of Hospitalization
Levofloxacin Combination p value
ITT population

n = 26

n = 24

Clinical success

18 (69.2%)

17 (70.8%)

Failure

8 (30.8%)

7 (29.2%)

n = 25

n = 24

Clinical success

18 (72.0%)

17 (70.8%)

Failure

7 (28.0%)

7 (29.2%)

n = 23

n = 22

Clinical success

18 (78.3%)

17 (77.3%)

Failure

5 (21.7%)

5 (22.7%)

n = 15

n = 17

Clinical success

10 (66.7%)

13 (76.5%)

Failure

5 (33.3%)

4 (23.5%)

n=8

n=5

8 (100%)

4 (80%)

0

1 (20%)

MITT population

Clinically evaluable population

Fine risk score ≥ 71

Fine risk score < 71
Clinical success
Failure

1.000

1.000

1.000

0.700

0.385

chronic obstructive pulmonary disease; TB: tuberculosis; DM: dia-

Abbreviations: Combination: combination therapy of amoxicillin/
clavulanate with clarithromycin; ITT: intent-to-treat; MITT: modi-

betes mellitus

fied intent-to-treat
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The overall microbiological success rate was
60.0% in the levofloxacin group and 35.3% in the
combination group (Table 5). Although the success
rate was higher in the levofloxacin group than in the
combination group, there was no statistically significant difference (OR: 2.36, 95% CI: 0.79~3.65). Table
6 shows all the causative pathogens and microbiological responses in each group. The number of
Gram-negative causative pathogens (75.8%) was significantly higher than the number of Gram-positive
(21.2%) ones. One patient had a positive result for
Mycoplasma IgM in the combination group but the
microbiological response could not be evaluated
based on a serology test. Two patients with
Pseudomonas and Acinetobacter baumannii in the
levofloxacin group and two patients with
Haemophilus parainfluenza and Klebsiella pneumoniae in the combination therapy group continuously
received original regimens because their clinical conditions were improving, although microbiological
failure was noted.
Since Gram-negative pathogens contributed to
more than 70% of the identified pathogens, we next
evaluated the efficacy of the study drugs to eradicate
Gram-negative pathogens by excluding the Grampositive pathogens and mycoplasma, which were
successfully eradicated in both groups. In the Gramnegative CAP population, the microbiological success rate was 54.4% in the levofloxacin group and
21.4% in the combination group. Although the success rate was higher in the levofloxacin group than in
the combination group, there was no statistically significant difference (OR: 4.40, 95% CI: 0.77~25.16).
Among Gram-negative pathogens, Pseudomonas aeruginosa was revealed in both groups.
Such a pathogen should be treated with a combination of anti-pseudomonas antibiotics, as suggested in
published guidelines.(4-6) Therefore, we further evaluated the drug efficacy for the non-pseudomonas
Gram-negative pathogens. The success rate was
higher in the levofloxacin group than in the combination group (75.0% versus 25.0%), with marginal significance (OR: 9.00, 95% CI: 0.96~13.95).
Icrobiald ty-acquired pneumonia The overall
mean length of hospital stay for CAP in the clinically
successful population was 7.1 2.6 days. The length
of hospital stay was similar in both groups (7.4 3.1
versus 6.8 2.1 days; p = 1.000). We excluded one
patient in the levofloxacin group who was continu-
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Table 5. Microbiological Evaluation of Identified Pathogens
Identified pathogen

Levofloxacin Combination
n = 15

Successful eradication

n = 17

9 (60%)

6 (35.30%) 2.75, 0.791~3.653

Eradication

5

6

Presumed eradication

4

0

6 (40%)

11 (64.70%)

Persistent

4

2

Presumed persistent

1

4

New infection

1

5

Failed eradication

OR, 95% CI

Abbreviations: Combination: combination therapy of amoxicillin/
clavulanate with clarithromycin; OR: odds ratio; CI: confident interval

Table 6. Microbiological Efficacy for Identified Pathogens
Levofloxacin
n = 15
Eradication

Combination
n = 18

Success Failure Success Failure
n=9 n=6
n = 6 n = 11

Gram-positive pathogens n = 7 (21.2%)
Streptococcus pneumoniae

3

0

2

0

Staphylococcus aureus

0

1

1

0

Gram-negative pathogens n = 25 (75.8%)
Haemophilus influenza

1

0

1

0

Haemophilus parainfluenza

1

0

1

1*

Moraxella catarrhalis

1

0

0

0

Klebsiella pneumoniae

1

0

0

4*

Escherichia coli

0

0

1

2

Pseudomonas

0

3*

0

2

Shewanella putrefaciens

1

0

0

0

Acinetobacter baumanniiq

1

2*

0

0

Stenotrophomonas maltophilia

0

0

0

1

Citrobacter freundii

0

0

0

Mycoplasma pneumoniae n = 1 (3.0%) 0

0

1
1

†

Abbreviations: Combination: combination therapy of amoxicillin/
clavulanate with clarithromycin; *: One patient with clinical
cure/improvement; †: One patient had a positive result for Mycoplasma
IgM in the combination group but the microbiological response could
not be evaluated from a serology test.
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ously hospitalized for cervical and perineum inflammation and vaginal bleeding after recovery from
CAP.
At the 1-month post-therapy follow-up of the
clinically successful population, equivalent outcome
was noted in both groups (clinical success rate:
89.5% versus 88.2%, p = 1.000). Two clinical relapses were contributed to by Mycobacterium tuberculosis and Klebsiella pneumoniae. During the 1-month
follow-up period, no significant clinical or laboratory
abnormalities induced by the study drugs were
recorded for the enrolled population.

DISCUSSION
Our study showed that levofloxacin monotherapy was as effective as the combination regimen of
amoxicillin/clavulanate plus clarithromycin for the
treatment of CAP in hospitalized patients. To our
knowledge, this study is the first randomized study
comparing levofloxacin monotherapy with sequential
intravenous and oral amoxicillin/clavulanate-based
combination therapy. The results in our study were
similar to other clinical trials comparing levofloxacin
to other β-lactams (most of them being ceftriaxone)
plus macrolide as CAP therapy.(16-18)
In the study of Fine et al.,(23) an FRS of 71 to 130
indicated moderate to severe disease and an associated need for hospitalization. The CAP mortality rate
was less than 1% in patients with an FRS below 71,
suggesting that patients with lower FRS do not need
hospitalization. The clinical response was not statistically significant in subgroups of patients with FRS
below or above 71. This means that levofloxacin
monotherapy is as effective as combination therapy
in the treatment of patients with different severities
of CAP. In this study, patients with FRS below 71
made up 28.9% of the clinically evaluable population. However, disease severity was not the only criteria for administration. ATS guidelines describe
such a decision as an “art of medicine”. Social considerations, e.g. social insurance or home care support, should also be considered.(6) In addition to the
severity index, IDSA guidelines also emphasize the
importance of clinical judgment and safety of the initial site of treatment.(5)
Nearly 70% of our patients were older than 65
years. This could explain why there were lower percentages of fever and leukocytosis in our patients.
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Ninety-one percent of them had at least one comorbidity. These results are compatible with other studies that demonstrated that seniors with comorbid
conditions have a higher risk of hospital admission
and mortality. (23-28) Kaplan et al. revealed that
advanced age and an increasing number of comorbidities were major independent risk factors for oneyear post discharge mortality.(26) Efforts should be
made to reduce preventable comorbidities, and provide effective influenza and pneumococcal vaccination.
Causative pathogens were identified in more
than half of the clinically evaluable population. In
previous reports, incidence of CAP due to Gramnegative pathogens was about 11%.(27,29) In our study,
75.8% of CAP was due to Gram-negative pathogens,
which was significantly higher than previous reports.
The significantly higher percentage of Gram-negative pathogens compared to previous reports is discussed below. Documented risk factors for CAP due
to Gram-negative pathogens include aspiration, previous hospital admission, previous antibiotic use,
medical comorbidity and residence in a nursing
home.(29) Ruiz et al.(27) also showed that patients older
than 60 years with any comorbidity have a higher
risk of infection from Gram-negative bacteria, particularly Pseudomonas infection. It is possible that, as
our hospital is a referral hospital for northern
Taiwan, patients were older with many comorbidities
and, therefore, were at high risk of Gram-negative
infection. Further, the small number of cases is
another important limitation. These data reflect the
experience of one tertiary teaching hospital. It may
not be extrapolated universally. However, such local
data can remind us that it is important to ensure adequate empiric antibiotics to cover Gram-negative
pathogens for older patients with many comorbidities.
The incidence of atypical pneumonia in this
study was rare. IDSA guidelines (2000) for CAP in
adults mentioned that Mycoplasma pneumoniae is a
common cause of respiratory tract infections, primarily in those aged 5-9 years of age and in young
adults. This organism causes a small percentage of
cases of CAP requiring hospitalization. The impact
of age on the etiology of CAP shows that patients
aged < 60 years are at risk for an “atypical” bacterial
etiology, especially Mycoplasma pneumoniae.(27)
Nearly 70% of our patients were older than 65 years
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of age. This could explain why there were lower percentages of atypical pneumonia and a low identifying rate of Mycoplasma pneumoniae in the older
patient population of our study.
Levofloxacin had a higher microbiological eradication rate than the combination therapy in the overall, Gram-negative pathogens and non-pseudomonas
Gram-negative pathogens, although there were no
statistically significant differences. The better efficiency of levofloxacin in the eradication of Gramnegative pathogens was compatible with a large
study conducted in the United States in 2000.(15) It is
rational to predict that it will be statistically significant in a larger sample size.
The adverse effects of levofloxacin monotherapy and combination therapy in one 236-patient
study(14) were reported as 4.5% and 4.4%, respectively. In our study, no adverse effects caused by the
study drugs were recorded. Levofloxacin has other
potential advantages for clinical practice. Its oral formulation is essentially 100% bioavailable(14) and parenteral levofloxacin may be switched to an oral formulation easily, achieving better compliance.
Further, levofloxacin penetrates well into the lung
epithelium and macrophage, achieving higher levels
in the lung than in serum.(30) The once daily administration also lessens nurses’ workload.
One of the limitations of our study was the
small sample size. After 1 year and 7 months, we
supposed that the time needed for recruiting patients
to the estimated numbers would take another 3 years.
Considering the limited resources of our department,
we decided to analyze currently available data first.
Of course, we knew that the sample size of the analysis was small and the power of the analysis would
not be adequate but we hoped that this local preliminary finding would provide more discussion about
this important issue. The power for microbiological
response in Gram-negative non-pseudomonas
pathogens was 0.48 and we estimate that if the
pathogen sample size was increased to 62, the power
would become 0.8. A larger patient pool would probably exhibit significant difference in microbiological
response between the study groups. Another limitation is that we did not specifically identify viruses,
Chlamydia and Legionella species. Such management conformed to the suggestion of published
guidelines for usual clinical practice, except in enigmatic severe pneumonia, during outbreaks or for epi-
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demiological reasons. (4-6) These data represent an
endemic condition at a tertiary medical center that
may not be able to be simply applied to every type of
hospital. However, these results remind us of the
importance of the increasing burden of elderly
patients with comorbidity and the necessity of effective empiric antibiotics to cover Gram-negative
pathogens in the management of CAP.
This hospital-based study revealed that, for hospitalized patients with CAP, levofloxacin monotherapy is at least as effective as a combination therapy of
amoxicillin/clavulanate plus clarithromycin in clinical and microbiological efficacy, and long-term evaluation.
Patients who were admitted to our hospital for
CAP were older and had more comorbidities, with a
much higher incidence of Gram-negative pathogens
than in a previous study. Levofloxacin had a higher
microbiological response rate in overall, Gram-negative and non-pseudomonas Gram-negative pathogens
but the difference was not statistically significant.
This deserves further study with a larger sample size
in the future.
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