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Abstract: Background: Uprising quinolone resistance in Enterobactericeae isolates is a concern and its detection 
on daily basis necessitates a reproducible and specific method. Molecular methods are accurate, however, needs 
expertise and are cost effective in hospital based care setting. We aimed at evaluation of epsilometer test (E- test) for 
detection of quinolone resistance in E.coli and Klebsiella pneumoniae isolated in a University teaching and 
treatment center in Northwest Iran. Materials and Methods: One hundred and thirty four isolates including E.coli 
and K.pneumoniae isolates found resistant to either ciprofloxacin or nalidixic acid or both on disk agar diffusion 
were subjected for evaluation of Minimum inhibitory concentration (MICs) by E-test for as per the guidelines of 
clinical and laboratory standards institute (CLSI) and the manufacturer (Liofilchem, Italy). The resistance or 
susceptibility to quinolones was confirmed by the presence of gyrA (yielding a 648-bp product), and parC (yielding 
a 395-bp product) in these isolates polymerase chain reaction (PCR). Results: Among 63 K.pneumoniae and 71 
E.coli isolates resistant to ciprofloxacin or nalidixic acid or both antibiotics on disk diffusion, 61.9% K.pneumoniae 
and 92.9% E.coli were found to have ciprofloxacin MIC in the resistance level, while for all MIC of nalidixic acid 
was >256 µg/ml. Among K.pneumoniae isolates, 93.65% were positive for gyrA, and 88.88% for parC. Almost 
similar observation was revealed in E.coli isolates with gyrA being detected in 98.59 % isolates and parC in 97.1% 
isolates. Among quinolone resistant isolates confirmed by MIC equal or above the resistance breakpoint, presence of 
these two genes provided definite evidence. Discussions: E-test offers a simple, inexpensive, rapid, and easier 
alternative for detection of quinolone resistance, thus it is recommended that in the light of high resistance, prior to 
treatment regimen, the status of resistance to be accurately defined for suitable selection of antibiotic and prevention 
of microbial resistance. 
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1.Introduction: 

Quinolones are clinically useful and widely used 
antibiotics for the treatment of bacterial human and 
animal infections (1-3).Their wide use has triggered 
increased bacterial resistance worldwide(1). In Iran, 
recently increasing percentage of quinolone-resistant 
E. coli isolates have been giving cause for concern and 
in other countries start to rise the percentage of 
quinolone resistant E. coli isolates at the start of the 
new century (4). The DNA gyrase is molecular target 
in bacteria that consists of A and B subunits (5-7). 
Quinolone resistance mechanisms in gram-negative 
bacteria include chromosomal mutations, 
impermeability, active efflux, target modification, 
antibiotic neutralization, reduce levels of quinolone 
accumulation in the cells (1, 8-13). Genetic 
determination of FQs(fluoroquinolones) resistance is 

generally linked to chromosomal mutations affecting 
the quinolone resistance-determining regions (QRDR) 
of DNA gyrase (gyrA and gyrB) and topoisomerase IV 
(parC and parE) (1). Mutations in gyrA are the most 
common mechanism involved in quinolone resistance 
among bacteria (3). 

The resistance patterns associated with gyrA 
mutations are generally characterized by higher MICs 
of nalidixic acid than other FQs (10, 12, 14). Two 
mechanisms were involved in this peculiar pattern of 
resistance: one was an altered gyrase due to a 
transition from G to A at position 242 of the gyrA 
gene, leading to a Gly81Asp substitution in the gyrase 
A subunit, while the other was an impaired 
accumulation (12). In recent years several methods 
have been developed for antimicrobial susceptibility 
testing. Disk agar diffusion is a traditional and routine 
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method of antimicrobial sensitivity testing. E-test 
provides a rapid and convenient means for 
determining minimal inhibitory concentration (MIC) 
for a variety of antimicrobial agents. Studies have 
shown that E-test shows good agreement with 
reference “agar dilution” susceptibility testing 
methods (15). MIC determining methods like E-test, 
although provide quantitative measurement of 
antimicrobial sensitivity because of their cost and 
limited availability in developing countries, their 
application is not as frequent as disk diffusion method 
(16). Thus, we aimed at assessing epsilometer test 
over molecular detection for quinolone resistance in 
Escherichia coli and Klebsiella pneumoniae clinical 
isolates. 

 
2. Materials and methods: 

This study was carried out on the routine clinical 
specimens including, blood, wound, urine, 
endotracheal tube and various body fluids, being sent 
from various wards and intensive care units (ICU) and 
sent to Division of Microbiology during a period of 
six months from June- November, 2013. The samples 
were processed for the isolation and identification of 
E.coli and K. pneumoniae according to phenotypic 
methods as described elsewhere (17). 

Antibiotic susceptibility testing was performed 
on all isolates using the Kirby – Bauer method and 
quinolone resistance was confirmed by ciprofloxacin 
and nalidixic acid E-tests as described by the CLSI 
(2009)(18). The interpretive breakpoints for the 
minimum inhibitory concentrations (MICs) to 
nalidixic acid were ≤8 µg /ml as susceptible and ≥32 
µg/ml as resistant. The interpretive breakpoints for the 
MICs to ciprofloxacin were ≤1 µg/ml as susceptible 
and ≥4 µg/ml as resistant(19). ATCC 25922 E. coli 
reference isolate served as the standard drug-
susceptible control for disk diffusion and MIC 
measurements. 

The strains were preserved at －70°C in nutrient 
broth containing 15% v/v glycerol (20). 

The gene gyrA was amplified with primers 
5_TTAATGATTGCCGCCGTCGG-3 and 5-
TACACCGGTCAACATTGAGG-3 (yielding a 648-
bp product) and parC was amplified with primers 5-
AAACCTGTTCAGCGCCGCATT-3 and 5-
GTGGTGCCGTTAAGCAAA-3 (yielding a 395-bp 
product) to amplify the quinolone resistance-
determining region (QRDR) present in all clinical 
isolates(21, 22).The annealing temperature was same 
as reported previously but with slight modifications 
(21). 
 
3. Results: 

Among 134 isolates, 71 E.coli were isolated 
from wound (n=9), blood (n=12) and urine (n=50); 

and K.pneumoniae isolates were isolated from wound 
(n=26), blood (n=19) and urine (n=16) E.coli was the 
predominant organism in the urine specimen than 
K.pneumoniae. On the other hand, K.pneumoniae was 
the most frequently isolated bacteria in blood cultures, 
however, the association was not found statistically 
significant. No significant difference was observed in 
the prevalence of either or both pathogens from other 
clinical specimens. On disk agar diffusion assay, 
E.coli and K.pneumoniae isolates obtained from urine 
specimens were found resistant (n=125; 88.65%) or 
intermediately resistant (n=16; 11.34%) to nalidixic 
acid, while 134 (71.05%) isolates, including 63 
(47.01%) K.pneumoniae and 71 (52.98%) E.coli, 
irrespective of clinical source, were observed resistant 
to ciprofloxacin by disk agar diffusion method. In 
order to quantify this quinolone resistance, the MIC of 
ciprofloxacin and nalidixic acid was determined by E-
test (Table 1). 

Among K.pneumoniae isolates, all were resistant 
to nalidixic acid, but ciprofloxacin susceptibility 
varied: 19 (30.15%) isolates were ciprofloxacin-
susceptible (MICs ≤1 µg/ml), 5 (7.93%) ciprofloxacin-
intermediate (MICs ranged from 1-4 µg/ml), and 39 
(61.9%) ciprofloxacin-resistant isolates (MICs ≥ 4 
µg/ml). Among 71 E.coli, only one of them (1.4%) 
was nalidixic acid susceptible (MICs ≤8 µg/ml), while 
5 (7.04%) were ciprofloxacin-susceptible (MICs of ≤1 
µg/ml), and 66(92.95%) isolates were ciprofloxacin-
resistant (MICs ≥ 4 µg/ml). 

Among K.pneumoniae isolates, 59 (93.65%) 
isolates were observed to have gyrA, while parC was 
positive in 56 (88.88%). gyrA was revealed in 70 
(98.59 %) E.coli isolates and 69 (97.18%) of them 
were positive for parC. 

Interestingly, among 19 K.pneumoniae isolates 
found ciprofloxacin-susceptible, we detected gyrA in 
18 (94.73%), and parC in 15(78.94%) isolates. 
Amongst 5 K.pneumoniae ciprofloxacin-intermediate 
isolates 4(80%) had shown presence of gyrA, 3(60%) 
parC, and all 39 K.pneumonaie ciprofloxacin-resistant 
isolates were gyrA and parC positive, and between 5 
E.coli ciprofloxacin-susceptible isolates, we detected 
4 (80 %) isolates to possess gyrA, 3 (60%) and parC, 
while all E.coli ciprofloxacin-resistant isolates (n=66) 
disclosed to have gyrA and parC genes (Table 1) 

 
4. Discussion: 

FQs are widely used antibiotics for urinary or 
intestinal tract infections, to nosocomial infections, to 
agricultural usage. The prevalence of resistance 
among E.coli also varies, between species and 
geographical regions, but uprising quinolone 
resistance in Enterobactericeae isolates is a concern. 
Mechanisms underlying FQ resistance, long thought 
to be confined to vertical inheritance, are now being 
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spread horizontally, either as in the plasmid-borne qnr 
genes of enteric bacteria or as in the transformation of 
chromosomal DNA, which was observed in 
streptococci (23). 

In a study that carried out by Seyedipor and his 
coworkers in Tehran, Iran (24), of 52 K.pneumoniae 
isolates, 23 (44.23%) were found resistant to 
quinolones. In another quinolone-resistance surveyed 
in Iran in 140 E.coli isolates showed that 116 (82.8%) 
and 63 (45%) were nalidixic acid and ciprofloxacin 
resistance respectively on PCR (25). In the present 
investigation relation between results obtained from 

PCR and E- test did not show compatibility and was 
similar to other research carried out on the presence of 
gyrA and parC genes and detection of quinolone 
resistance by E-test, in Campylobacter jejuni and 
Campylobacter coli in Egypt (26). This is in 
agreement with the fact that mere presence of 
quinolone resistance genes is not a mandatory 
evidence of such resistance. Mutation study carried by 
other authors shows significant relation between gyrA 
and parC and quinolone resistance in isolates (16, 21, 
24-26). 

 
Table 1: Relation between presence of quinolone resistance on E- test and PCR 

 MIC Gene 
 CIP* NA* gyrA parC 
E.coli (n=71)     
1 0.025 - - - 
1 0.08 8 + - 
1 0.25 >256 + + 
1 0.75 >256 + + 
1 1 >256 + + 
2 16 >256 + + 
32 >32 >256 + + 
32 >32  + + 
K.pneumoniae (n=63)     
1 0.019 - + + 
1 0.025 - + + 
1 0.032 - + + 
2 0.047 - + + 
2 0.064 >256 + + 
1 0.064 - + + 
1 0.064 - + - 
1 0.094  + + 
1 0.19  - - 
1 0.38 48 + + 
1 0.38 - + - 
1 0.5 - + - 
1 0.64 32 + + 
1 0.75 - + + 
1 1 >256 + + 
2 1  + + 
1 1.5 >256 - - 
2 1.5  + + 
1 2  + - 
1 2.5  + + 
1 4  - - 
1 8  - + 
9 >32 >256 + + 
20 >32  + + 
6 >32 >256 + + 
2 >32 12 + + 
CIP :Ciprofloxacin; NA: Nalidixic acid 
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M1 (Marker 1kb) 
M2 (Marker 100 bp) 
Lane 1: parC (395 bp) 
Lane 2: parC and gyrA (648 bp and 395 bp respectively) 
Lane 3: gyrA (395 bp) 
C.N: Control negative (PCR without DNA) 

Figure 1: Electrophoresis of PCR product on 2% agarose gel 
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