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INTRODUCTION 
Escherichia coli is a gram-negative bacterium that 
causes a multitude of infection such as urinary tract 
infections, gastroenteritis, skin and soft tissue 
infections and bacteremia [1]. Fluoroquinolones 
such as ciprofloxacin are a class of synthetic 
antimicrobial agents with a broad spectrum of 
activity [2]. They are widely used in the treatment 
of infections caused by gram negative bacteria [3]. 
Due to the extensive use of these antibiotics, there 
has been an alarming increase in the resistance to 
these drugs [4]. 
 
Resistance to quinolones is due to mutations in 
chromosomal genes that encode for the quinolone 
target enzyme DNA gyrase (gyrA and gyrB) and  

 
 
 
 
 
 
 
 
topoisomerase IV (parC and parE) as well as 
decreased accumulation of drug caused by efflux 
pump [5,6].The above mechanisms result in high 
level of resistance. More recently plasmid mediated 
quinolone resistance (PMQR) is also being 
increasingly recognized and reported worldwide 
[7]. 
PMQR was first reported in clinical isolates of 
Klebsiella pneumoniae in the year 1998 [8].The 
genes encoding PMQR are (i) qnr genes (qnrA, 
qnrB, qnrC, qnrS and qnrV) (ii) aac(6')-Ib-cr gene 
that encodes for a variant of aminoglycoside 
acetyltransferase which also modifies 
fluoroquinolones (iii) Efflux pump associated 
plasmid borne genes qepA and oqxAB [9,10]. 
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Article Info 
Introduction: Fluoroquinolones are among the most commonly prescribed antimicrobials 
because of their broad-spectrum antimicrobial activity. The major mechanisms of 
fluoroquinolones resistance are plasmid mediated quinolone resistance. However, 
fluoroquinolone resistance in gram-positive and gram-negative bacteria has emerged and 
increased globally. Aim: The aim of the current study was to investigated the frequency of 
qnr genes and aac(6')-Ib-cr gene, among the ciprofloxacin resistant clinical isolates of 
Escherichia coli. Materials and Methods: The study included 150 E. coli clinical isolates. 
Disc diffusion technique was used to determine the co-resistance to other antimicrobials. 
Minimum inhibitory concentration (MIC) was determined by agar dilution method for 
ciprofloxacin. The presences of qnr genes and aac(6')-Ib-cr gene were screened by PCR. 
Transfer of the plasmids for qnr positives was studied by conjugation assay. Results: The 
rates of resistance to the other antibiotics were:  ampicilin (92%), cefotaxime (89%), 
piperacillin/tazobactam (64%), imipenem (11%) and amikacin (32%). MIC of ciprofloxacin 
ranged from 4µg/ml to ≥ 256μg/ml. Twenty-one (14%) isolates harbored qnr genes of 
which qnrB was detected in 12 (8%) and eight isolates (5.3%) harbored qnrS. In one 
isolates (0.6%) both qnrA and qnrS co-existed. The acc(6’)-Ib-cr gene was found in 118 
(78.6%) isolates. Among 21 qnr determinants 16 (76%) transconjugants were successfully 
transferred.  Conclusion: In our study the prevalence of acc(6’)-Ib-cr gene in E. coli is 
found to be significant. 
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PMQR is a major threat since the resistance genes 
can be transferred horizontally [11].  In the present 
study we determined the occurrence of plasmid 
mediated qnr genes (qnrA, qnrB and qnrS) and 
aac(6')-Ib-cr gene among the ciprofloxacin 
resistant clinical isolates of Escherichia coli. 
 
 
MATERIALS AND METHODS 
A total of 150 nonduplicate clinical isolates of 
ciprofloxacin resistance E.coli obtained from 
exudates (n=89), respiratory secretions (n=11), 
blood (n=7), urine (n=43) were included in the 
study. The study isolates were from hospitalized 
patients admitted in a tertiary health care hospital 
from June 2014 to May 2015. The bacterial identity 
was confirmed by automated and conventional 
methods (VIVTEK2 GN- card; BioMerieux, 
Brussels, Belgium). 
 
Antimicrobial Susceptibility Testing  
Antimicrobial susceptibility testing was determined 
by Kirby-Bauer Disk diffusion method following 
Clinical Laboratory Standards Institute (CLSI 
2016) recommendations [12]. The antimicrobial 
panel tested were: ampicillin (30µg), cefotaxime 
(30µg), ceftazidime (30µg), imipenem (10µg), 
amikacin (30µg), piperacillin/tazobactum (30µg) 
levofloxacin (5µg), ciprofloxacin (5µg) and 
ofloxacin (5µg) (Hi-media, Mumbai). The minimal 
inhibitory concentration (MIC) was determined by 
agar dilution assay for ciprofloxacin according to 
CLSI 2016 guidelines [12].E.coli ATCC 25922 was 
used as a control for both disc diffusion method and 
MIC. 
 
Screening for qnr and acc(6’)-Ib-cr genes 
All the clinical isolates were incubated overnight at 
37ºC in Luria-Bertani (LB) (Hi-media, Mumbai) 
broth and DNA was extracted by boiling method 
[13].The qnrA, qnrB and qnrS genes were screened 
by multiplex PCR using the cyclic profile: initial 
denaturation at 94ºC for seven minutes; 
denaturation at 94ºC for 50 seconds, annealing at 
53ºC for 40 seconds, and elongation at 72ºC for 60 
seconds, repeated for 35 cycles; and a final 
extension at 72ºC for five minutes [14]. 
 
PCR was also performed for acc(6’)-Ib-cr gene the 
cyclic parameters were initial denaturation at 94ºC 
for seven minutes; denaturation at 94ºC for 50 
seconds, annealing at 55 ºC for 40 seconds, and 

elongation at 72ºC for 60 seconds, repeated for 35 
cycles; and a final extension at 72ºC for five 
minutes [15]. The reaction mixture without DNA 
templates was used as negative controls for all the 
runs performed.  
 
The PCR byproduct was analyzed by 
electrophoresis in a 2% agarose gel and stained 
with ethidium bromide solution and finally 
visualized in gel documentation system. The 
PCRproducts were sequenced by SciGenome Labs 
PVT,Ltd., India. The nucleotide sequences were 
analyzed with BLAST program and compared with 
the Genbank data base available at the National 
Center for Biotechnology Information 
(www.ncbi.nim.nih.gov). The assigned Genbank 
accession number for the submitted sequences are: 
MH709266 (qnrA); KY130487 (qnrB); KY130488 
(qnrS); MH709269 (acc(6’)-Ib-cr). 
 
Conjugation assay 
The conjugation experiment was carried out for all 
qnr positive isolates.  E.coli J53 AziR strain was 
used as recipient and qnr positives isolates as donor 
[16]. The donor and recipient cells (0.5ml each) in 
logarithmic phase were added in 3ml of LB broth 
and incubated at 37ºC overnight [17]. 
Transconjugants were selected on MacConkey agar 
containing sodium azide (100µg/ml) and 
ciprofloxacin (0.5µg/ml) [18]. PCR was carried out 
for the transconjugants to determine the 
transferability of PMQR gene. 
 
RESULTS  
Antimicrobial Susceptibility Testing  
MIC to ciprofloxacin was in the intermediate range 
(2µg/ml) for four isolates and the rest had MIC 
ranging 4µg/ml to ≥256µg/ml. The rate of 
resistance to other antibiotics tested were ampicillin 
(92%), cefotaxime (89%), piperacillin/tazobactam 
(64%), imipenem (11%) and amikacin (32%) 
(Table 1). 
 
Screening for qnr and acc(6’)-Ib-cr genes 
Out of 150 isolates, qnr determinants were 
encountered in 21(14%) of which qnrB was 
detected in 12 (8%) and eight isolates (5.3%) 
harbored qnrS. In one isolates (0.6%) both qnrA 
and qnrS co-existed. The acc(6’)-Ib-cr gene was 
found in 118 (78.6%) isolates. All the qnr positive 
isolates carried acc(6’)-Ib-cr gene (Table 2). 
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PMQR gene transfer 
Conjugation experiment was carried out for all 21 
qnr positives, of which 16 (76%) conjugated 
successfully. Eleven transconjugants were positives 
for qnrB gene and four harbored qnrS gene. One 
isolate co-expressed both the qnrA and qnrS genes. 
All the 16 transconjugants were also positive for 
acc(6’)-Ib-cr gene. 
 
DISCUSSION 
Fluoroquinolone is a broad spectrum synthetic 
antimicrobial agent administered for wide variety 
infection caused by gram positive and gram 
negative bacteria [19]. The occurrence of quinolone 
resistance among the E.coli is on the rise [20]. In 
our study 150 ciprofloxacin resistance clinical 
E.coli isolates were screened to determine the 
prevalence of plasmid mediated quinolone 
resistance. 
All the study isolates exhibited high resistance for 
other class of antibiotics: ampicillin (92%), 
cefotaxime (89%), piperacillin/tazobactum (64%), 
amikacin (32%) and imipenem (11%). Similar 
observation was made by Xuan Cai et al where in 
their study most of isolates being susceptible to 
imipenem and resistance towards other class of 
antimicrobial agents [21]. In the present study, all 
the isolates harboring PMQR gene exhibited high 
level of MIC to ciprofloxacin (4µg/ml to 
≥256µg/ml). 
 
Robicsek et al (2006) reported that the rise in MIC 
to ciprofloxacin is mainly due to the chromosomal 
mutations and efflux pumps [22]. However, Jin 
Hyun Kim et al and Thiyagarajan Yugendra et al 
observed that the presence of PMQR by itself can 
raise the MIC [18,23]. This is in concurrence with 
the results of the present study. As the acc(6’)-Ib-cr 
protein can acetylate fluoroquinolone the presence 
of this gene may also results in high MIC [3]. 
 
In this study, acc(6’)-Ib-cr gene was more 
prevalent than qnr genes, among qnr, the qnrB gene 
was the most frequent. Multiple qnr (A and S) was 
encountered only in one isolate. When the qnr 
genes were conjugated, 76% of transconjugants 
expressed the resistance genes but some isolates 
failed to transfer successfully. Aihua Wang et al 
(2008) and Hee Young Yang et al (2014) also 
observed that the qnr genes in some E.coli isolates 
were not transferable [24,25]. 

Qnr genes may also confer low level of resistance 
as observed by Benaicha H et al. The same study 
reported a high prevalence of acc(6’)-Ib-cr gene in 
the isolates tested [26]. More recently it has been 
found that the fluoroquinolone resistance 
determinant, acc(6’)-Ib-cr gene occurs along with 
qnrB frequently [3]. 
 
To the best of our knowledge, this is the first study 
from south India reporting all the three qnr genes 
(qnrA, qnrB and qnrS). A study from Pondicherry 
in 2016, did not find qnrA in clinical isolates of 
Enterobacteraceae [19]. An earlier study from 
Chennai, identified qnrA and qnrB genes but qnrS 
gene was not found [14]. 
 
In this study, the prevalence of qnr genes and 
acc(6’)-Ib-cr gene was found to be high (78.6%) 
when compared to the previous studies conducted 
in E.coli where it ranged from 3.2% to 45.9% 
[6,27,28,29]. In the present study 78.6% of the 
fluoroquinolone resistant E.coli carried the acc(6’)-
Ib-cr gene. This is in agreement with an earlier 
report which implied that the acc(6’)-Ib-cr gene is 
the most common quinolone resistant determinant 
in E.coli as compared to qnr genes [3]. 
 
The ciprofloxacin resistance isolates which were 
negative for PMQR genes in our study may 
probably harbor the chromosomal genes (gyrA, 
gyrB, parC and parE) or efflux pump mediated 
genes (qepA and oqxAB). These were not looked 
for in the present study. 
 
CONCLUSION  
Though the frequency of the qnr determinants 
exhibited low level of quinolone resistance when 
conjugated the transferability rate was high and this 
is alarming since the successfully transfer of 
PMQR genes can augment the dissemination of 
quinolones resistance among the bacterial isolates. 
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Table 1: Antibiotic susceptibility pattern (E.coli n=150) 
 
Antibiotic  Sensitive Intermediate  Resistant 

Ampicillin (30µg) 11(8%) - 139 (92%) 

Cefotaxime (30µg)  9(6%) 9(6%) 132 (89%) 

Ceftazidime (30µg) 4(3%) - 146 (97%) 

Imipenem (10µg), 130(87%) 3(2%) 17 (11%) 

Amikacin (30µg) 102(68%) - 48 (32%) 

Piperacillin/tazobactum(30µg)   54(36%) - 96(64%)  

Levofloxacin (5µg) - 5(3%) 145(97%) 

Ciprofloxacin (5µg) - - 150(100%) 

Ofloxacin (5µg) - - 150(100%) 
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Table 2: Prevalence of plasmid-mediated quinolone resistance genes. 
 

PMQR genes          No. of positives (n=150) 

qnrA                     1(0.6%) 

qnrB                     12(6%) 

qnrS                      8(4%) 

aac(6ʹ)-Ib-cr                      118 (78.6%) 
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