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Abstract
Objectives: Ciprofloxacin is a broad-spectrum antibiotic widely
prescribed in clinical and hospital settings. The emergence of
antimicrobial resistance against effective antibiotics is a global
issue. The objective of study is the surveillance of ciprofloxacin
against common pathogens.
Methods: To investigate the present status of antimicrobial
resistance against ciprofloxacin, five hundred and twenty four
clinical isolates of Escherichia coli (30%), Staphylococcus aureus
(33%), Salmonella typhi (9%), Klebsiella pneumonia (14%) and
Pseudomonas aeruginosa (14%) were collected during study from
January, 2008 to February, 2009 from different pathological
laboratories running in and out side hospitals located in Karachi,
Pakistan. These pathogens were isolated from specimens of
both in and out patients. The in-vitro antimicrobial activity of
ciprofloxacin was carried out by Disc Diffusion Method (KirbyBauer test).
Results: Showed that ciprofloxacin is 27.02%, 21.95%, 16.66%,

72.22% and 44.44% resistant to Escherichia coli, Staphylococcus
aureus, Salmonella typhi, Klebsiella pneumonia and Pseudomonas
aeruginosa respectively.
Conclusion: It is concluded that these clinical isolates have
started developing resistance against ciprofloxacin due to its
irrational and inappropriate use. Continuous surveillance is
crucial to monitor the antimicrobial resistance among pathogens.
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Introduction

A

ntimicrobial resistance (AMR) is a global growing issue
and several reports suggest that it is an increasing problem of
phenomenal proportions, affecting both developed and developing
countries.1-5 AMR is considered as a natural phenomenon for
the survival of micro-organism. Therefore, it is imperative to
slow the rate of development of AMR to a level that maintains
the usefulness of the antimicrobials.6 Accurate determination of
bacterial susceptibility to antibiotics is essential for the successful
management of bacterial infections and comparative analysis of
antimicrobial agents. Public health officials and clinicians monitor
drug resistance through appropriate reporting of the results
from susceptibility tests and this can be achieved using a number
of techniques, including the disk diffusion method, the broth
dilution assay, and the E tests.7 As antibiotic resistance reduces
treatment efficacy, it is a time to consider routine susceptibility
testing to guide individual patient treatment and surveillance of
antibiotic resistance.8-10
Ciprofloxacin is one of the fluorinated quinolones structurally
related to nalidixic acid. It is a broad spectrum antibiotic, more
sensitive to gram- negative bacteria, and less effective against grampositive bacteria, including Staphylococcus aureus, Streptococcus
pneumoniae, and Enterococcus faecalis.11,12 Initially, ciprofloxacin
was used to treat infections caused by Gram negative and Gram
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positives organisms very successfully and resistance was very
rare. However, its introduction in the treatment of a broad range
of clinical conditions such as the treatment of urinary tract
infections, upper respiratory tract infections, and as a prophylaxis
for neutropenic patients, as well as its use in veterinary medicine,
resistant strains began to emerge.13 Ciprofloxacin is a valuable
antibiotic for the empiric treatment of urinary tract infections,
nevertheless quinolone’s resistance should be monitored
adequately.14 Increasing ciprofloxacin consumption particularly
in ICU leads to selection of resistant mutants among nosocomial
pathogens since fluoroquinolones are particularly greater selectors
of resistance among aminoglycosides, carbapenems, or other
ß-lactams and these resistant strains can more easily spread than
strains resistant to other drugs.15 Resistance is due to one or more
point mutations in the quinolone binding region of the target
enzyme or to a change in the permeability of the organism.16
Reduced susceptibility to fluoroquinolones has become a
major problem, mostly in Asia.17,18 There are several reports which
alert on the customary dispensing of flouroquinolones as over
the counter drugs, which may lead to increased resistance of the
pathogenic bacteria.19
This study aims to determine the present trends of antimicrobial
resistance against ciprofloxacin by different common pathogens.
In-vitro disk diffusion method was used to evaluate the growth
of inhibition of pathogens, since Bauer-Kirby disk diffusion
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technique is a simple, reliable, and reproducible way to assess the
antimicrobial susceptibilities.20,21

Methods
524 clinical isolates (Escherichia coli, Staphylococcus aureus,
Salmonella typhi, Klebsiella pneumonia and Pseudomonas aeruginosa)
were collected from Aga Khan University Hospital, Ehsan-ullah
Laboratories and Darusahat Hospital, Karachi, Pakistan. These
pathogens were isolated from urine (46%), stool (10%), blood
(20%), pus of skin and ear (24%) samples. Ciprofloxacin 6 mm
disks (5 µg) were procured from the commercial market (Oxoid
Ltd; Basingstoke, Hampshire, England). Antibiotic sensitivity was
tested on clinical isolates using Muller-Hinton medium (Oxoid
Ltd; Basingstoke, Hampshire, England).
Well- isolated colonies of E. coli, P. aeruginosa, S. aureus, S.
typhi and K. pneumonia of same morphological type from an agar
plate were selected. Broth was prepared by touching the top of
each colony using a sterile wire loop and then transferred it to a
tube containing 4 ml to 5 ml of a suitable broth medium, according
to the guidelines provided by the National Committee for Clinical
Laboratory Standards (NCCLS) for Mueller-Hinton broth and
agar medium.
Broth was incubated for 8-24 hours at 37°C. Suspension of
bacterial culture having an appropriate turbidity was prepared
using 0.5 McFarland standards as a reference so that the number
of organisms will be within a given range. A 0.5 McFarland
standard was prepared.22 A sterile cotton swab was dipped in
the bacterial suspension and then streaked in three directions
over the surface of the Mueller-Hinton agar to obtain uniform

growth. Mueller-Hinton agar was prepared according to the
manufacture’s specifications. Plates were dried for five minutes.
Using sterile forceps, place disks of ciprofloxacin 5 µg (CIP 5,
Lot No. 634185, expiry date: March, 2011.) on these plates. The
discs were placed in such a manner that they were 15 mm from
the edge of the plate and not less than 25 mm from each other.
Plates were incubated within 15 minutes after applying the
disks at 37o C for 24 hours. The diameter of the zones of growth
inhibition around each disk was measured to the nearest whole
mm using sliding scale. According to the standard values provided
by NCCLS these pathogens were classified as sensitive (21 mm),
Intermediate resistant (16-20 mm) and resistant (15 mm).23
Intermediate resistant (IR) pathogens were not considered as
sensitive or susceptible organisms against the tested antibiotic.
The result value ranges are usually regarded as pinpointing of non
useful curative option akin to the resistant category for treatment
purpose.24

Results
All the clinical isolates were incubated on Muller-Hinton
medium with ciprofloxacin (5 µg) disks. These pathogens were
isolated from blood, stool, urine, skin, and pus specimens, (Table
1). Organisms lying within the intermediate zones were not
considered as sensitive pathogens, because they did not respond to
normal therapy. Ciprofloxacin was highly effective against S.typhi
and least sensitive against K. pneumoniae. Sensitivity patterns of
ciprofloxacin against different pathogens are summarized in Table
2. The value of resistance in percentage of investigated drug is
represented in graphical form in Figure 1.

Table 1: Sources of Clinical Isolates
Specimen #

Pathogens

1
2
3
4
5

Escherichia coli
Staphylococcus aureus
Salmonella typhi
Klebsiella pneumoniae
Pseudomonas aeruginosa

Blood
48
-

Sources
Stool /Urine
155
75
-

Skin / Ear pus
100/71
32/43

Total No. of clinical isolates

524

Table 2: Resistance ratio among different clinical isolates against ciprofloxacin
Sensitivity of Pathogens against Ciprofloxacin (5µg)
Specimen #

Clinical Isolates

Resistant (R)*
Intermediate Resistant (IR)**
≤15mm
16-20 mm
1
Escherichia coli
32
10
2
Staphylococcus aureus
30
7
3
Salmonella typhi
7
1
4
Klebsiella pneumoniae
42
12
5
Pseudomonas aeruginosa
29
4
*Resistant (R) means pathogens are not responsive to tested antibiotics.
**Intermediate Resistance (IR) is an indication of non useful therapeutic options similar to the resistant category.
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Sensitive (S)***
≥21mm
113
134
40
21
42
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***Susceptible (S) means organisms are responsive to tested antibiotics.24

Figure 1: Graphical representation of resistance pattern of clinical
isolates against Ciprofloxacin

Discussion
Antibiotic resistance is one of the world’s most pressing public
health problems. The antibiotic-resistant organisms can quickly
spread and so threaten communities with new strains of infectious
disease that are more difficult to cure and more expensive to
treat. Treatment failures may arise due to the resistance offered
by pathogens against effective broad spectrum antibiotics. These
treatment failures and hard-to-treat infections may results in high
death rates.25
In this study, routine analysis for development of resistance
was done using common pathogens responsible for community
infections. E. coli - a Gram negative bacterium and considered
as a major source for urinary tract infections, was isolated from
urine and stool specimens. It is a good indicator organism of
resistance in gram-negative bacteria.26 Ciprofloxacin showed good
activity against E. coli, about 27.02% resistance was shown by this
pathogen. It was documented in a study conducted at Riyadh
hospital that E. coli resistance was increased from 10% in 2001 to
22% in 2005.27 The resistance reported against ciprofloxacin by E.
coli ranged between 20-30% in different countries.28,29
Throughout the 1990s, S. aureus acquired more resistance
to commonly prescribed antibiotics.30 The clinical isolates of S.
aureus in the current study showed less resistance than E .coli.
The organisms exhibited 21.95% resistance against ciprofloxacin.
This extent of resistance is similar to different studies conducted
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in different parts of the world. Ciprofloxacin resistance among
S. aureus isolates is comparable to that reported in 2000-2002
from United States 51%, Canada 24.1%, Italy 58.6%, Germany
26.1% and France 40.5% respectively.31 There has been an increase
in resistance to fluoroquinolones among isolates of S. aureus in
recent years. However, the fourth generation fluoroquinolones
may reduce this growing and dangerous process of increasing
resistance.32
Typhoid fever is a growing concern worldwide.33 World Health
Organization (WHO) estimates that there are about 22 million
cases of typhoid fever worldwide every year.34 S. typhi is a major
cause of typhoid fever. In the present study, the least resistance was
shown by S. typhi (16.66%). This percentage of resistance is minimal
when compared to the other four pathogens. Ciprofloxacin may be
successfully used as a second choice drug after chloramphenicol,
the gold standard for typhoid fever.35 Bhattia et al. reported 88%
sensitivity of ciprofloxacin in typhoid fever.36 In 1999, at least 10
patients infected with strains with decreased susceptibility to
ciprofloxacin did not respond to treatment with fluoroquinolone
antimicrobials. However, S. typhi with decreased susceptibility
to ciprofloxacin increased to 23% in the U.K. Resistance to
ciprofloxacin has been chromosomally encoded in all isolates with
decreased sensitivity to this antimicrobial.37
Ciprofloxacin-resistant Salmonella typhi may lead to a situation
of untreatable enteric fever.38 In earlier studies, no resistance was
reported by S. typhi.39 Since studies to determine the microbial
resistances are ongoing with time, it would be interesting to reveal
the results of these period studies. The emergence of multi drugresistant S. typhi has necessitated the use of fluoroquinolones in
the therapy of enteric fever.40
Ciprofloxacin is the only available oral antibiotic with antipseudomonal coverage. P. aeruginosa is most susceptible to
ciprofloxacin and imipenem.41 In the present investigation, it
exhibited quite higher resistance than E. coli, S. aureus and S. typhi.
It exhibited 44.44% resistance against the tested ciprofloxacin
which is in compliance with another study reported by Hu et al. in
2009.42 A latest study affirmed that from 1992 to 2004, P. aeruginosa
strains did not show any unusual resistance to the tested agents
(piperacillin/tazobactam, ceftazidime, cefepime, ciprofloxacin
and tobramycin, meropenem, imipenem, Amikacin,), except for
imipenem.43 The resistance to fluoroquinolones is a reflection of
mutation, which is a result of selective pressure created by the use
of fluoroquinolones.44
Inpast, fluoroquinolones showed excellent clinical activity against
Enterobacteriaceae including Klebsiella, but the frequency of
ciprofloxacin-resistant Klebsiella pneumoniae has increased
worldwide in recent years.45,46

Oman Medical Journal 2010, Volume 25, Issue 4, October 2010

Resistance Pattern of Ciprofloxacin... Ali et al.

In this study, the highest resistance was shown by K.
pneumoniae that is 72.22%. This increased resistance showed that
K. pneumoniae had adapted to survive in presence of ciprofloxacin
and on the basis of these results, it is not considered as an effective
therapy choice to eradicate the infections caused by K. pneumonia.
The present study is not in agreement with previous data
according to which ciprofloxacin was bactericidal and widely used
to treat community-acquired pneumonia.47 It is possible that this
decreased susceptibility or high-level resistance can be overcome
merely by increasing the dosage of ciprofloxacin, analogous to the
treatment of intermediate-level penicillin-resistant pneumococci
with high-dose penicillin. However, there are no clinical or
experimental animal data to support such a high dosage regimen
for the treatment of low-level ciprofloxacin-resistant K. pneumoniae
or other Enterobacteriaceae.47,48
This study clearly demonstrates the development of resistance
for ciprofloxacin by common pathogens especially K. pneumoniae
and P. aeruginosa. Initially, ciprofloxacin was highly effective to
treat different gram positive and negative bacteria. However,
after the passage of time, different factors are attributable for
emergence of resistance. These mainly include; high consumption
of antibiotics, irrational use, incomplete course of therapy, and
self-medication by patients, leading to the emergence of resistance
and even treatment failures. One major cause of self-medication
is poverty. Pakistan is an under developed country, people are
used to treating themselves without obtaining prescriptions from
physicians. The present situation is alarming, because it is not long
before ciprofloxacin, an effective antibiotic would be failed to treat
even simple or minor infections. Curtailed follow up of regimen
also creates resistance. Generally patients stop their treatment
when they feel slight improvement and thus microorganisms start
adapting the environment rather than get killed. Governments
must initiates different educational programs, seminars,
workshops in collaboration with the media to make people aware
of the consequences of self-medication, especially with broadspectrum antibiotics. In addition to this, routine antimicrobial
susceptibility testing must be timely performed to determine the
current status of resistance against antimicrobial agents (MIC,
E test, Disk diffusion method). Otherwise, therapy failures may
occur which increase the cost of the therapy as well as recovery
time from the underlying disease.

showed highest resistance against ciprofloxacin. The emergence
and spread of antimicrobial resistance are complex and driven by
numerous interconnected factors. The principle causes of microbial
resistance are inappropriate, irrational, high consumption, and
profligate use of antibiotics. The use of antimicrobials must
be restricted and monitored in order to decline the resistance.
Constant surveillance and antibiotic sensitivity testing is vital for
patient care and to prevent treatment failures.

Conclusion

13.

Antimicrobial resistance is a globally ever-increasing problem.
Ciprofloxacin is still considered as a better choice against infections
caused by E. coli, S. aureus, S. typhi. and K. pneumoniae, which
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