Original Article

In vitro activity of levofloxacin against lower respiratory
tract pathogens
Abstract
Background: Considerable morbidity and mortality are associated with lower respiratory tract infections
(LRTIs) that put a considerable strain on the health budget. Selection of appropriate antibiotics as empirical
therapy maximizes positive patient outcomes, and that depends on regular surveillance of infective agents and
their antibiograms, which vary according to the geographical areas.
Aim: The aim was to study the drug susceptibility pattern of the isolated pathogens of the respiratory tract
infections.
Settings and Design: Retrospective study for a period of 1-year 3 months from January 2013 to March 2014 at
a Tertiary Care Hospital.
Materials and Methods: Eleven hundred and eighty-four sputum samples from both outdoor and indoor
patients with symptoms of LRTI were processed, and antibiotic sensitivity test was done to commonly used
antibiotics. Descriptive statistics was used to analyze the data.
Results: Among 502 quality sputum samples, 312 (62.15%) samples showed growth of pathogenic bacteria.
The most common pathogens were Klebsiella spp. (38.14%), Moraxella spp. (16.02%), Streptococcus pneumoniae
(14.10%), Pseudomonas spp. (9.93%), S. aureus (9.29%). It was found that the overall susceptibility pattern
was <50% for amoxicillin, amoxicillin-clavulanic acid, cefuroxime, cotrimoxazole and erythromycin whereas
for cefotaxime, cefixime, and cefoperazone-sulbactum it was 60.08%, 51.59%, 69.04%, respectively. The
susceptibility to ciprofloxacin, ofloxacin, and levofloxacin were 66.67%, 70.19% and 83.33%, respectively.
Conclusion: Klebsiella spp. was the most common LRTI pathogen. There was limited activity of amoxicillin,
amoxicillin-clavulanic acid, cefuroxime, cotrimoxazole and erythromycin for the treatment of LRTI whereas
levofloxacin, (being an oral drug with good compliance) had good activity against respiratory pathogens and
could be used for empiric treatment in LRTI.
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Introduction
Lower respiratory tract infections (LRTIs) include
mainly chronic bronchitis and its acute exacerbation
and pneumonia. Etiology of LRTIs depend on various
demographic characteristics that include the place
of study (rural/urban), age (young/middle/old) and
other predisposing factors, including hospitalization.
Nosocomial and community‑acquired LRTIs have been
on the rise as is the case with other debilitated conditions

that include compromised respiratory tract (asthma,
chronic obstructive pulmonary disease [COPD]), diabetes,
chronic kidney disease.[1‑3] Nosocomial LRTIs are mainly
caused by Gram‑negative organisms (Klebsiella spp.,
Escherichia coli, Pseudomonas, Acinetobacter spp.)
whereas community‑acquired LRTI are Streptococcus
pneumoniae,
Haemophilus
influenzae,
Moraxella
catarrhalis, Staphylococcus aureus. Besides, Chlamydia and
Mycoplasma pneumoniae also cause atypical pneumonias.
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Antibiotics are often prescribed to treat LRTIs; however,
these are not indicated in viral infections. It is important to
use appropriate antibiotic based on the causative organism
and the therapy changes with the emerging infections and the
emerging resistance to conventional therapies.[4]

Kirby‑Bauer disk diffusion method. E. coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853 and S. aureus
ATCC 25923 were used as controls. Extended‑spectrum
beta‑lactamase (ESBL) production were detected by disc
synergy method.

Among LRTI pathogens, production of β‑lactamase among
H. influenzae, M. catarrhalis and many Gram‑negative bacilli
have led to their development of resistance to first‑line therapy.

MIC values of levofloxacin, ciprofloxacin and ofloxacin were
determined by the E‑test (Hi‑Media Laboratories Pvt. Ltd.)
method on Mueller‑Hinton agar (MHA), on MHA with 5%
sheep blood for S. pneumoniae, and on Haemophilus test
medium for H. influenzae strains.

Oral antibiotics are preferred by the clinicians because of
good patient’s compliance and because patients can be
treated on an outpatient department (OPD) basis. Among oral
antibiotics, quinolones are well absorbed, with moderate to
excellent bioavailability.[5,6] Serum drug levels achieved after
oral administration are comparable to those with intravenous
dosing, which allow an early transition from intravenous to
oral therapy and a potential reduction of treatment cost.[7]
Since the introduction of nalidixic acid, the first quinolone, in
1962 structural modifications have resulted in second‑, third‑,
and fourth‑generation fluoroquinolones, which have improved
coverage of Gram‑positive organisms.[8] As a general rule,
Gram‑negative bactericidal activity correlates with inhibition
of DNA gyrase, and Gram‑positive bactericidal activity
corresponds with inhibition of DNA type IV topoisomerase.[8]
Thus, the aim of this study was to isolate the pathogens causing
LRTIs and to compare the in vitro efficacy of levofloxacin
among common fluroquinolones and among other commonly
used first line antibiotics by disc diffusion method as well as
by their minimum inhibitory concentrations (MICs) against
major respiratory pathogens.

Materials and Methods
After getting the institutional ethical clearance, this study
was conducted in the Department of Microbiology, Medical
College, Kolkata from January 2013 to March 2014. Five
hundred and two quality sputum samples were selected from
1184 patients having LRTI who either came to OPD or were
admitted in the hospital. Specimens containing more than 25
polymorphonuclear leukocytes and <10 epithelial cells per
low‑power field were included in the study.[9]
Patients suffering from upper respiratory infections were
not included in this study. Sputum samples were inoculated
onto 5% sheep blood agar, chocolate agar and MacConkey’s
agar media and incubated at 37°C overnight both aerobically
as well as in a candle jar for isolation of Pneumococcus
and Haemophilus spp. Further identifications were
done according to standard microbiology criteria using
conventional methods. The antimicrobial susceptibility of
various microorganisms were tested against amoxicillin
(10 μg), amoxicillin‑clavulanic acid (20/10 μg), cefuroxime
(30 μg), cefotaxime (30 μg), cefoperazone‑sulbactum
cefixime (5 μg), erythromycin (15 μg), azithromycin (15 μg),
ciprofloxacin (5 μg), ofloxacin (5 μg), levofloxacin (5 μg),
doxycycline (30 μg), cotrimoxazole (1.25/23.75 μg) using
Journal of Basic and Clinical Pharmacy

Results
Patient’s profile of lower respiratory tract infection
Table 1 shows age‑wise distribution of patients with LRTI.
The majority of patients with LRTI were male 211 (67.6%)
with male: Female ratio 2.09:1.
Sputum isolates
Among 502 quality sputum samples, 312 (62.15%) samples
showed growth of pathogenic bacteria. Two hundred and
seventy‑seven isolates were from in‑patient department and
35 isolates were from OPD. Figure 1 shows ward‑wise distribution
of the pathogens. The predominant bacterial species in LRTI
were Klebsiella spp. (119 isolates), Moraxella spp. (50 isolates),
Pneumococcus spp. (44 isolates), P. aeruginosa (31 isolates),
S. aureus (29 isolates), E. coli spp. (14 isolates), Acinetobacter
spp. (12 isolates), Haemophilus spp. (7 isolates), Citrobacter
spp. (6 isolates). Among a total 312 isolates 201 (64.42%) causing
community‑acquired pneumonia (CAP) and 111 (35.58%)
causing hospital‑acquired pneumonia (HAP) [Table 2].

Table 1: Age wise distribution of patients with LRTI
Age-group
(years)

Number of patients
having LRTI

Percentage of patients
having LRTI (%)

10
58
73
93
78

3.20
18.60
23.40
29.80
25

<15
15-30
30-45
45-60
>60

LRTI: Lower respiratory tract infections

Table 2: LRTI pathogens causing CAP and HAP
Number of isolates

Klebsiella spp. (119)
Moraxella spp. (50)
Pneumococcus (44)
Pseudomonas spp. (31)
Staphylococcus aureus (29)
Escherichia coli (14)
Acinetobacter spp. (12)
Hemophilus influenzae (7)
Citrobacter spp. (6)
Total isolates=312

CAP (%)

HAP (%)

81 (68.06)
44 (88)
38 (83.36)
9 (29.03)
16 (55.17)
2 (14.28)
2 (16.66)
7 (100)
2 (33.33)
201 (64.42)

38 (31.94)
6 (12)
6 (13.64)
22 (70.97)
13 (44.83)
12 (85.72)
10 (83.34)
0 (0)
4 (66.67)
111 (35.58)

CAP: Community acquired pneumonia, HAP: Hospital acquired
pneumonia, LRTI: Lower respiratory tract infections

 90 

Vol. 6 | Issue 3 | June-August 2015

Sarkar, et al.: Levofloxacin in LRTI

Table 3: The resistance pattern of different first line antibiotics against commonly isolated pathogens of LRTI
Number/percentage of resistance of different first line antibiotics against LRTI pathogens

Klebsiella spp. (119)
Moraxella spp. (50)
Pneumococcus (44)
Pseudomonas spp. (31)
Staphylococcus aureus (29)
Escherichia coli (14)
Acinetobacter spp. (12)
Haemophilus influenzae (7)
Citrobacter spp. (6)

AMX

AMC

CXM

108/90.7
10/20
10/22.7
24/82.8
13/92.9
11/91.7
2/28.5
5/83.3

98/82.3
4/8
6/13.6
22/75.9
11/78.6
10/83.3
1/14.2
4/66.6

99/83.2
9/18
4/9
18/62
12/85.7
11/91.7
1/14.2
5/83.3

CTX

CFS

CFX

E/Az

CIP

OF

LE

DO

COT

66/55.5 31/26 84/70.6 102/85.7 46/38.7 42/35.3 24/20.2 72/60.5 101/84.9
4/8
9/18
6/12
8/16
6/12
6/12
4/8
8/16
36/72
2/4.5
5/11.4 6/13.6 16/36.4 11/25 6/13.6 4/9. 0 28/63.6
20/64.5 16/51.6
8/25.8 10/32.3 5/16.1
21/72.4 11/37.9 9/31
2/6.9
9/31
23/79.3
10/71.4 9/64.3 12/85.7
10/71.4 9/64.3 6/42.9 8/57.1 14/100
7/58.3
6/50 10/83.3
4/33.3 4/33.3
3/25
8/66.7 11/91.7
0/0
0/0
0/0
1/14.2 1/14.2
0/0
0/0
0/0
3/42.9
4/66.6
3/50
5/83.3
2/33.3 2/33.3 2/33.3
3/50
4/66.6

AMX: Amoxicillin (10 μg), AMC: Amoxicillin-clav (20/10 μg), CXM: Cefuroxime(30 μg), CTX: Cefotaxime (30 μg), CFS: Cefoperazone-sulbactum
CFM: Cefixime (5 μg), E: Erythromycin (15 μg), Az: Azithromycin (15 μg), CIP: Ciprofloxacin (5 μg), OF: Ofloxacin (5 μg), LE: Levofloxacin (5 μg),
DO: Doxycycline (30 μg), COT: Cotrimoxazole (1.25/23.75 μg), LRTI: Lower respiratory tract infections

Table 4: The overall susceptibility pattern of different
first line antibiotics against common LRTI pathogens
Antibiotics

Amoxicillin
Amoxicillin-clav
Cefuroxime
Cefotaxime
Cefoperazone sulbactum
Cefixime
Erythromycin
Ciprofloxacin
Ofloxacin
Levofloxacin
Doxycycline
Cotrimoxazole

Percentage Percentage of Percentage
of sensitive intermediate of resistant
sensitive
34.88
44.49
39.26
56.3
56.08
47.11
44.58
60.36
63.46
72.3
60.14
21.71

0
0
4.16
3.78
12.96
4.48
0
6.31
6.73
11.03
0
0

OPD
CHEST

65.12
55.51
56.58
39.92
30.96
48.41
55.42
33.33
29.81
16.67
39.86
78.29

MEDICINE
PAEDIATRICS
SURGERY
HAEMATOLOGY
ENT
GYNAECOLOGY

Figure 1: Wardwise distribution of the pathogen

LRTI: Lower respiratory tract infections

Antibiotic susceptibility testing
Klebsiella species were least resistant to cephoperazone
sulbactum and fluoroquinolones, and highly resistant to
amoxicillin (90.7%). 31 (26.05%) Klebsiella isolates were
ESBL producer. Moraxella species showed good susceptibility
to amoxicillin‑clav, fluroquinolones, cephalosporins and
erythromycin. The antibiotic resistance patterns of the
remaining organisms are shown in Table 3.
The overall susceptibility pattern of antibiotics against
LRTI pathogens was the highest to levofloxacin (83.33%),
ofloxacin (70.19%) and ciprofloxacin (66.67%) and lowest to
co‑trimoxazole (21.21%) followed by amoxicillin (34.88%)
and cefuroxime (39.26%) [Table 4]. Among the three
fluoroquinolones, the MIC of levofloxacin is minimum in all
respiratory isolates [Table 5].

in LRTIs same as observed in a study from South India[10]
and in Nigeria,[11] who also reported that H. influenzae was
the second most common pathogen in LRTIs. This was in
contrast to the current study, which revealed Moraxella
spp. (16.02%) as the next common bacterium isolated. The
predominance of Gram‑negative bacteria (76.6%) among
the LRTIs in this study was also observed by a recent
study from Nepal by Mishra et al. who reported 84.1%
occurrence.[12]
In this study, LRTI was more common in males than
females, which were consistent with other studies from
India.[13] This was due to more prevalence of associated
risk factors (e.g., smoking, chronic alcoholism, COPD) of
pneumonia in Indian males than females.[14]

Discussion

The maximum number of patients were from older age
group, 45‑60 years (29.80%) and >60 years (25%). This
was in accordance with a study from India[15] and Finland
where the rate of pneumonia increased for each year of age
over 50 years.[16]

The
study
results
indicated
that
Klebsiella
pneumoniae (38.14%) was the most predominant pathogen

Management of LRTIs had been a challenge to the
physicians, more recently due to the emergence of multi‑drug
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Table 5: MIC (µg/ml) of three fluroquinolones against commonly isolated pathogens of LRTI
Organisms

Klebsiella spp. (119)
Moraxella spp. (50)
Staphylococcus aureus (29)
Pneumococcus (44)
Pseudomonas spp. (31)
Citrobacter spp. (6)
Escherichia coli (14)
Acinetobacter spp. (12)
Haemophilus influenzae (7)

MIC 90ciprofloxacin

MIC 90ofloxacin

MIC 90levofloxacin

8
0.12
1
2
4
4
8
4
0.5

8
0.12
2
2
8
4
8
4
0.03

1
0.06
0.5
1
2
4
4
2
0.03

MIC: Minimum inhibitory concentration, LRTI: Lower respiratory tract infections

resistance.[17] Although the strains of S. pneumoniae
in this study had shown high degree of resistance to
cotrimoxazole (63.6%), ciprofloxacin (36.4%), ofloxacin (25%)
and ampicillin (22.7%), sensitivity to levofloxacin,
erythromycin,
amoxicillin‑clavulanic
acid,
cefixime,
cefuroxime, cefotaxime was 86–96%. K. pneumoniae,
E. coli, Acinetobacter spp., Citrobacter spp. and S. aureus
were 80–90% resistant to amoxicillin, 65–85% resistant to
amoxicillin‑clavulanic acid, 60–92% resistant to cefuroxime,
55–72% resistant to cefotaxime, 30‑68% resistant to
doxycycline. Cefoperazone‑sulbactam was 50–65% resistant
in E. coli, Acinetobacter spp., Citrobacter spp., S. aureus
but only 26% resistant in Klebsiella. Cefixime was 70–86%
resistant in K. pneumoniae, E. coli, Acinetobacter spp. and
Citrobacter spp. It was found that S. aureus and Klebsiella
were 70‑85% resistant to macrolides. Levofloxacin was
most sensitive (83.33%) and cotrimoxazole was most
resistant (78.29%) in all isolates.
In German CAPNETZ surveillance study, 163 pneumococcal
isolates from 556 patients with pneumococcal pneumonia
were analyzed for fluoroquinolone resistance and none
exhibited fluoroquinolone resistance.[15] In one study
S. pneumoniae was 100% sensitive to levofloxacin; no
resistance had been detected. However, it was resistant to
erythromycin, clindamycin and cotrimoxazole.[18] In a study
from Greece, among 588 bacteria isolated during the period
1/2009–12/2012 from patients with community‑acquired
respiratory tract infections, only two were resistant to newer
fluoroquinolones.[19] A multivariate analytical study including
981 patients with pneumococcal pneumonia, 46 (4.7%) had
levofloxacin‑nonsusceptible S. pneumoniae, of which 23 were
classified as healthcare‑associated infection.[20]
In a recent study on LRTIs, Panda et al. from Andhra Pradesh
reported K. pneumoniae (31.3%) as the most frequent
causative agent followed by S. aureus (26.5%). The same study
had reported that fluoroquinolones showed better in vitro
sensitivities when compared with cephalosporins indicating
the prevalence of ESBL’s in Gram‑negative bacteria.[21]
The susceptibility pattern in this study revealed that
cotrimoxazole, amoxicillin, amoxicillin‑clavulanic acid,
cefuroxime and erythromycin were not so active against
any bacteria. This indicated that resistance had evolved
Journal of Basic and Clinical Pharmacy

due to long‑term use of these quite affordable drugs in the
community.[11] Among all the first line drugs against LRTIs
levofloxacin showed highest sensitivity in vitro. In vivo
levofloxacin had a favorable pharmacokinetic profile in
plasma of patients with severe LRTIs.[22] After a single oral
dose of levofloxacin, the drug is rapidly distributed in the
bronchopulmonary tissues achieving its peak concentration
in plasma in 1 h and epithelial lining cells in 1½ h.[23] In
accordance to a study done in Kerala, this study also proposed
levofloxacin as an effective oral antibacterial agent for LRTI
patients.[24]
The strength of this study was that it had dealt with a large
number of cases including both community and hospital
acquired infections, thereby being able to distinguish between
the common pathogens and their antimicrobial resistance
pattern of CAP and HAP.
The study had its own limitation in that the causative
pathogens of atypical pneumonia could not be identified as
we used routine culture media for isolation.

Conclusion
Considering both community and hospital acquired
LRTIs, the most common organism isolated was
K. pneumoniae (38.14%). The occurrence of multidrug
resistance even at the community level should be considered
as a matter of concern. In this study it was found that the
overall susceptibility pattern was <50% for amoxicillin,
amoxicillin‑clavulanic acid, cefuroxime, cotrimoxazole
and erythromycin whereas for cefotaxime, cefixime, and
cefoperazone‑sulbactum it was 60.08%, 51.59%, 69.04%
respectively. The susceptibility to ciprofloxacin, ofloxacin and
levofloxacin was 66.67%, 70.19% and 83.33%, respectively.
Therefore, it was found that levofloxacin, (being an oral drug
with good compliance) had good activity against respiratory
pathogens and could be used for empiric treatment in LRTI.
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