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Background: Klebsiella pneumoniae is among the most common and significant agents of community and hospital-acquired infections.
Plasmid-mediated quinolone resistance (PMQR) was increasingly identified in Enterobacteriaceae family worldwide. Quinolones are
broad-spectrum antibiotics the resistant to which has increasingly been reported among many bacterial species including Klebsiella. The
current study was conducted to evaluate the prevalence of quinolone-resistant strains of K. pneumoniae in Zahedan during 2013 and 2014.
Materials and Methods: In this cross-sectional study, 184 samples of K. pneumoniae were collected. Isolates were screened for quinolone
antibiotics resistance using disk diffusion method according to clinical and laboratory standards institute (CLSI) guidelines. Also MIC
(minimum inhibitory concentration) was used against the ciprofloxacin antibiotic by the dilution method in tubes.

Results: Based on the obtained results by the Agar disk diffusion test, 31.5%, 18.4%, 17.3%, 4.3%, 3.2% and 2.1% of the strains were resistant to
nalidixic acid, ciprofloxacin, norfloxacin, ofloxacin, levofloxacin, and getifloxacin respectively.

Conclusions: Our results show increased prevalence of quinolone resistance among K. pneumoniae in south-east of Iran. This may stem
from their irrational prescription thus it is recommended that their prescription be based on antibiotic sensitivity test results. We also
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recommend further evaluation using molecular techniques and also preventive measures.

1. Background

Klebsiella are oppotunitistic pathogens from the en-
terobacteriaciae family of bacteria which can cause neo-
natal enteritis, meningitis, urinary tract infections, soft
tissue infections, bacteremia, and septicemia [1].

Klebsiella pneumoniae is one of the common causes of
hospital acquired infections [2] additionally it is among
the important agents of community-acquired infections
[3]. Antibacterial resistance has always been a potentially
major threat to the human health [4]. Thus, the world
health organization nominated the year 2011 as “Antibiot-
icresistance”. In addition to this, it has made recommen-
dations to the governments on evaluating the antibiotic
resistance status, appropriate antibiotic utilization,
prescription-restricted antibiotic sale, and infection pre-
vention and control in order to restrain and prevent the
immergence of antibiotic resistance [5]. The continuous
use of antibiotics and the resulting difficulty in antibiotic

choice has led to an increasing rate of antibacterial resis-
tance among Gram negative bacteria especially K. pneu-
moniae [6].

Quinolones inhibit DNA topoisomerases II and IV
which play an important role in bacterial duplication.
The main target of quinolones in Gram negative bacte-
ria is the A subunit of DNA topoisomerase Il while qui-
nolones exert their effect on Gram positive bacteria via
inhibiting DNA topoisomerase IV |7, 8]. Variation in the
two central rings permits the production of new quino-
lones under the name of fluoroquinolones [9,10]. In the
current study we focused on assessing the prevalence of
K. pneumoniae resistance to quinolones. In Iran, due to
arbitrary drug overuse by patients, drug resistance has
been increased severely and uncontrollably [7, 11] and
there is not any information about resistance of quino-
lones antibiotics in the region. With consideration to
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the prevalence of resistant bacteria, lack of necessary
data in region and the importance of resistance organ-
isms to fluoroquinolones, paying attention seems to be
imperative.

The aim of this study was to evaluate the rate of resis-
tance to quinolones in K. pneumoniae among clinical
specimens obtained from patients referring to teaching
hospitals of Zahedan, south-east of Iran in 2013 - 2014 to
aid in controlling the antibiotic resistance state and in
appropriate antibiotic choice by the physicians.

2. Materials and Methods

2.1. Bacterial Isolation

In this cross-sectional study, a total number of 184 speci-
mens of urine, respiratory tract secretions, blood, ulcer
and tracheal lavage, fluid on urinary catheters, joint ef-
fusion, and phlegm collected during 2013 and 2014 from
patients referring to Khatam-al-Anbia, Bou-Ali, and Imam
Ali hospitals in Zahedan, south-east of Iran. Urine was the
most common among specimens (132 = 71.7%) while there
were two joint effusion fluid specimens and one phlegm
specimen accounted for the lowest numbers among our
samples. One hundred thirty six samples provided by
Khatam-al-Anbia hospital, 30 samples from Imam Ali and
18 samples from Bou-Ali hospitals respectively.

All specimens were cultured (isolation technique) on
blood agar and MacConkey agar selective medium. The
colonies were then morphologically evaluated and stud-
ied using biochemical tests and conventional method
such as DNase and other important method for isolation.
(All culture media and reagents were purchased from
Merck co. Germany) and finally identified by way of stan-
dard tables. Strains of K. pneumoniae were then isolated
for use in the next stages of the project.

2.2. Bacterial Plasmid DNA Extraction

Bacterial plasmid DNA was conducted according to Ac-
cuPrep (Bioneer, South Korea) plasmid nano-plus plas-
mid mini extraction kit (Cat. No.: K-3112) protocols. The kit
contained 6 buffers (named 1-5 and D), RNase A powder,
and DNA extraction columns. The quantity of DNA was
measured by spectrophotometry after extraction. For
quality control, 3 uL of DNA was electrophoresed on 2%
agarose gel.

2.3. Antimicrobial Susceptibility Testing

Bacterial sensitivity was examined to quinolone anti-
biotics (nalidixic acid, ciprofloxacin, norfloxacin, ofloxa-
cin, levofloxacin, and getifloxacin) with disk diffusion
technique. Disks were ordered from MAST co. England.
Standard strains of E. coli ATCC25922, and K. pneumoniae
ATCC700603 were used for antibiogram quality control
[12]. Minimum inhibitory concentration (MIC) was calcu-
lated for ciprofloxacin according to CLSI guideline [13].

Prior to the test, the Mueller-Hinton culture media were
incubated at 37°C for 24 hours to rule out the possibility
of contamination. Antibiotic disks were kept out of the
refrigerator to accommodate to room temperature half
an hour prior to the test. The plates were incubated at
37°C following bacterial culture and disk insertion. The
zone of growth inhibition of each disk was measured
with aruler and results were recorded in millimeters [13].
Micro dilution broth test was used to calculate MIC for
sensitivity of isolates to ciprofloxacin.

3. Results

In this study, 184 non-repetitive clinical samples includ-
ing 132 urine samples (71.1%), 32 respiratory excretions
samples (17.3%), 9 blood samples (4.8%), 3 wound samples
(1.6%), 3 tracheal lavage (1.6%), 3 samples of urinary cath-
eter secretions (1.6%), a sample of synovial fluid (0.5%)
and a sample of sputum (0.5%) that were collected dur-
ing one year from Khatam-al-Anbia, Imam Ali and Bou-Ali
hospitals of Zahedan, went under evaluation and finally
184 strain of K. pneumoniae were acquired. Among these,
136 samples (73.9%) were from Khatam-al-Anbia hospital,
30 samples (16.3%) were from Imam Ali hospital and 18
samples (9.7%) were from Bou-Ali hospital.

One hundred three patients (55.9%) were female and 81
patients (44.2%) were male and the average age for males
was 27.5 £18.2 years and for females was 24.8 £ 16 years.

About disk diffusion in agar method findings, this
method was done using 184 strain of K. pneumoniae iso-
lated from clinical samples, according to the proposed
methods of CLSI for the evaluation of nalidixic acid, cip-
rofloxacin, norfloxacin, ofloxacin, levofloxacin and gati-
floxacin antibiotics. The result of disk agar diffusion has
been shown in Table 1.

Thirty four isolates were resistant to ciprofloxacin
(MIC =4). The results of antibiotic sensitivity testing with
agar disk diffusion and MIC show that both methods to
have equal results with no statistically significant differ-
ence in sensitivity as shown by Z-test with 95% confidence.
The statistical analysis was performed using SPSS-18.

Table 1. Antibiotic Resistance Patterns of Isolates to Antibiotics
Used &P

Antibiotics S I R
Nalidixic acid 98(53.2) 28 (15.2) 58 (31.5)
Ciprofloxacin 103 (55.9) 47(25.5) 34 (18.4)
Norfloxacin 114 (61.9) 38(20.6) 32(17.3)
Ofloxacin 159 (86.4) 17(9.2) 8(4.3)
Levofloxacin 161(87.5) 17(9.2) 6(3.2)
Gatifloxacin 165 (89.6) 15 (8.1) 4(2.1)

3 Data are presented as No. (%)
b S:Sensitive, .Intermediate, R:Resistant.
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4. Discussion

In our study the highest antibiotic resistance occurred
to nalidixic acid and the lowest was to levofloxacin and
gatifloxacin. Quinolones and fluoroquinolones are a
group of synthetic antibacterial drugs which nowadays
are widely being used to treat the bacterial infections.
Nalidixic acid, the first member of the group quinolones
was discovered in 1962 [7]. Placing fluorine atom in posi-
tion 6 was the first modification in the basic structure of
quinolones that improved their antibacterial power and
caused quinolones to be used as beneficial drugs treating
respiratory and urinary systemic infections [9].

In this study, the resistance to nalidixic acid and cipro-
floxacin antibiotics has been achieved 31.5% and 18.4%,
respectively, that shows a progressive resistance. With re-
gards to this fact that it has passed 6 decades since the pro-
duction of nalidixic acid in 1962 as the first drug of quino-
lones and because it was used from the beginning for the
treatment of specific urinary infections, so it expects that
the resistance to the nalidixic acid be much more than
the other quinolone antibiotics [3]. In a research done by
Soltan-Dalal et al. [11] to determine the antibiotic resistance
pattern of isolated Klebsiella species from patients sam-
ples in Imam Khomeini hospital in Tehran, the resistance
to nalidixic acid was reported 2% and comparison with our
results shows that the resistance to nalidixic acid is much
higher in this study that could be due to poor hygiene and
over usage of antibiotics in the region. In another study
by Langarizadeh et al. [14] in Tabriz, the resistance rate to
nalidixic acid 58.3% and to ciprofloxacin and norfloxacin
43% have been reported that had accordance with results
of this study which could be due to indiscriminate use
and without accurate surveillance of these drugs in devel-
oping countries. Norfloxacin and ofloxacin are chemical
drugs from the second age of quinolones that has been
reported 17.3% and 4.3% respectively which in the case of
norfloxacin has been lesser rather to the results of similar
studies implemented by Madani et al. in Kermanshah [15],
Molaabaszadeh et al. in Tabriz [16] and Fernandez in Spain
[17] that reported the resistance rate 31.3%, 29% and 33%, re-
spectively. In a study which Rastegar Lari et al. [18] devoted
to the Gram negative bacteria isolated from patients with
urinary tracts infections, they reported the resistance rate
to ofloxacin 13.27%. Incidence of resistant isolates to ofloxa-
cin in Japan has been reached from 13.5% in 1995 to 32.5%
in 1999. Resistance rate to the second age quinolones has
been reported lesser in contrast to the first age ones in oth-
er regions which indicate that norfloxacin has not been
administered as health priorities by physicians. Another
second age fluoroquinolones is levofloxacin with Tavenax
trade name which its resistance has been reported in 6
cases (3.2%).

In Karlowsky etal. [19] research, during 1998 to 2001 they
evaluated antibiotic resistance in Enterobacteriacea fam-
ily isolated from conferring patients to the US hospitals
and the resistance rate to K. pneumoniae, E. coli, Entero-
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bacter cloacae, Enterobacter aerogenes, Serratia marcescens,
Morganella morgani, Proteus mirabilis and Providencia
species has been reported 5.1%, 7.4%, 8.3%, 4.4%, 4.9%, 20.5%,
14.4% and 48.3%, respectively. So with regards to appropri-
ate condition in K. pneumoniae and progressive resistance
in other family members, since the horizontal transition
of resistance genes is probable, it seeks surveillance and
accuracy in prescription of infection with other bacteria.
Gatifloxacin is a new fluoroquinolones (fourth age) with
stronger antibacterial effects against bacteria than the
older fluoroquinolones. In this study the least resistance
rate has been reported 4 cases (2.1%).

In a study, Sader et al. [20] analyzed the global patterns
of resistance of 21 antimicrobial agents against 48440 En-
terobacteriacea during 1997 - 2001 in four international
areas (Asia, Pacific ocean, Europe, Latin America and
North America) and reported the resistance to gatifloxa-
cin 5.9%. Lower resistance to gatifloxacin in the region
could be due to unavailability of the mentioned antibi-
otic in this area. The new age of quinolones, on the one
hand, must conquest to multidrug resistances and on the
other hand has lesser side effects. Although, dysglycemia,
as its side effects, caused this drug to be collected from
American markets, so effort for synthetizing gatifloxacin
derivations with higher effects and more tolerance is nec-
essary to remove the limitations of gatifloxacin. Irregu-
lar utility of antibiotics and also their administration
without doing antibiotic susceptibility determination
tests or high dose prescription of antibiotics are among
the most important reasons for bacteria resistance. On
the other hand, utilizing of wrong antibiotic also is one
of the proofs for antibiotic resistance. The results of this
study could be a guide for native physicians for aberrant
administration of these efficient antibiotics with low
side effects and the necessity of much more surveys with
aid of molecular techniques from the point of absolute
evaluation of resistance genetic pattern shows existence
of accurate supervision and surveillance programs and
rigid precautionary proceeding.
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