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Abstract
Background: Resistance to quinolone and fluroquinolone is being 
increasingly reported from clinical isolates but also from veterinary 
isolates and environmental isolates. Different plasmid mediated quinolone 
resistance has been reported 1998. Also, different transferable mechanism 
were identified, which correspond to production of qnr proteins, of 
the aminoglycoside acetyltransferase aac(6’)Ib-cr. Thus, the present 
study was undertaken to investigate occurrence as well as of quinolone 
resistance determinants within environmental and food isolates and their 
transmission dynamics.

Method and findings: Samples were collected from five different sites 
of river, water bodies near waste disposal points and ready to eat food 
sample during March 2015 to August 2015. All the isolates were subjected 
to antimicrobial susceptibility testing for quinolone resistance and further 
analysed for the presence of qnr determinants and aac(6’)Ib-cr genes. Qnr 
and aac(6’)Ib-cr positive isolates were transformed into E.coliDH5ɑ and 
horizontal transferability was determined by conjugation in streptomycin-
resistant E. coli recipient strain B and selecting in media containing 
ciprofloxacin and norfloxacin.

89.17% of the studied enterobacterial isolates were resistant to nalidixic 
acid followed by norfloxacin and ciprofloxacin. On performing multiplex 
PCR, aac(6’)Ib-cr was found in 23 isolates whereas qnrD in 7, qnrA in 5 and 
qnrS in 2 isolates. Only qnrS and aac(6’)Ib-cr could be transformed into 
E.coli DH5ɑ.

Conclusion: Identification of fluroquinolone-resistant Enterobacteria strain 
in the environment could be important to curb the rapid emergence and 
spread of FQ-resistance.
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Introduction 
Development of bacterial resistance towards various classes 
of antibiotics and spread of resistance genes depends on 
the situation that is initiated by over-the-counter availability, 

indiscriminate and inappropriate use of antimicrobial agents 
especially in a country like India [1-3]. An alarming situation is 
the progressive loss of susceptibility towards ciprofloxacin and 
norfloxacin due to its increased use in the treatment of a broad 
range of clinical conditions like urinary tract infections, upper 
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respiratory tract infections, and as a prophylaxis in neutropenic 
patients, as well as in the poultry sectors [4]. 

Antibiotic resistance is particularly predominant among 
Gram -negative bacteria, specifically within the members of 
Enterobacteriaceae [5-6]. Furthermore, fluoroquinolone resistant 
bacterial isolates are disseminating in the environment through 
hospital wastes and if not treated properly may find their way 
into water bodies. 

Antibiotics used in medicine are only partially metabolized [8]
by patients, and discharged into the hospital sewage system 
or directly into the municipal waste- water. The predicted 
concentrations of antibiotics in hospital wastewater are in the 
range of the sub- inhibitory concentration (MIC50) of sensitive 
pathogenic or beneficiary bacteria for some active substances 
(0.1 - 2.9 mg/l) leading to the growing antibiotic resistance within 
the bacterial flora led to lateral transfer of antibiotic resistance[9] 
among pathogens as well as in non-pathogenic microorganisms 
thereby making them reservoirs for maintenance, propagation 
and expansion of resistance genes. Quinolones, to be the most 
commonly used antibiotic in community acquired infections, have 
become ineffective due to increasing resistance in recent years. 
However, no such study from this country is available to present 
a scenario of quinolone resistance and their maintenance within 
environmental enterobacterial isolates. A study representing the 
presence of quinolone resistant isolates and their molecular basis 
would be of epidemiological and therapeutic importance.

Thus, the present study was undertaken to investigate the 
occurrence of quinolone resistance determinants within 
environmental and food isolates and their transmission dynamics.

Materials and Method
Sample were collected from river water (Barak river, ghagra 
river, longai river, singla river, jatinga river) from five different 
sites of each river (n=25). Water samples were also collected 
from other bodies (n=11) near waste disposal while ready-to-
eat food samples (n=48) were also collected from food vendors 
shop Samples were collected from March 2015 to August 2015. 
All the samples were microbially processed using appropriate 
techniques for isolation of Enterobacteriaceae, while isolates 
were further confirmed by microscopical investigation, cultural 
characteristics and standard biochemical reactions [10]. 	

Screening of quinolone resistance
Using the disc diffusion method of the CLSI recommendations, 
quinolone resistance was determined on the following antibiotics 
Nalidixic acid (30 µg), Norfloxacin (10 µg), Ciprofloxacin (5 µg), 
Ofloxacin (5 µg), Lomefloxacin (5 µg), Levofloxacin (5 µg), 
(Himedia, Mumbai, India). E.coli ATCC 25922 served as control 
for antimicrobial susceptibility tests. Minimum Inhibitory 
Concentration (MIC) of isolates towards norfloxacin (Norflox, 
Cipla Ltd, Sikkim), ciprofloxacin (Ciplox, Cipla Ltd, Sikkim), 
ofloxacin (Oflacin, Micro Labs Ltd, Bangalore) and levofloxacin 
(Levotop-PF 1.5%, Ajanta Pharma Limited, Mumbai) was also 
determined by agar dilution method and results were interpreted 
as per CLSI guidelines [11]. 

Characterization of quinolone resistance by 
multiplex PCR assay
DNA extraction was performed using an improved boiling 
centrifugation method [12]. Presence of qnrA, qnrB, qnrS, 
qnrD, qnrC and aac (6’)-Ib-cr genes was detected by PCR based 
technique using the primers shown in Table 1 by thermal cycler 
(Bio-Rad, USA). Each single reaction mixture (25 μl) contained 1 μl 
( 10 ng) of DNA suspension, 15 pmol of each primer, 12.5 μl of 2x 
Go green master mix (Promega,Madison, USA) and nuclease free 
water is added to make the volume 25 μl. Previously screened 
qnrA, qnrB, qnrS, qnrD, qnrC and aac (6’)-Ib-cr positive isolates 
was taken as positive control and E.coli ATCC 25922 was taken 
as negative control. Reactions were run under the following 
conditions; initial denaturation at 95°C for 2 min; 35 cycles of 
95°C for 50 sec, 53°C for 40 sec and 72°C for 1.20 min; and a final 
extension at 72°C for 5 min. 

Plasmid analysis and transformation	
Plasmid DNA was extracted and purified by Qiagen mini prep 
kit (Germany). The plasmid was transferred into E.coli DH5ɑ by 
the heat shock method [13] and transformants were selected 
by incubation on Luria– Bertani (LB) (Himedia, Mumbai, India) 
agar plates containing 0.25 μg/ml and 0.5 μg/ml of norfloxacin, 
ciprofloxacin and levofloxacin each. Transformants were screened 
for their plasmid content and resistance phenotype. To investigate 
the transferability of plasmid encoding quinolone resistance, 
conjugation experiment was performed using the streptomycin-
resistant E.coli recipient strain B (Genei, Bangalore, India) were 
performed as described previously [14]. 

Results
A total of 68 collected isolates were identified as Enterobacteriaceae 
which were Escherichia coli (n = 23), Klebsiella pneumoniae (n =4), 
Klebsiella oxytoca (n =22), Proteus mirabilis (n=19). Fifty seven 
among them were found to be resistant to at least one of the 
quinolone group of drug tested (Table 2). Common Resistance 
profiles were nalidixic acid (89.17%) followed by norfloxacin 
(81.49%) and ciprofloxacin (73.56%). Results of Minimum 
Inhibitory Concentration were shown in Table 3.

Based on the PCR results, the prevalence of aac(6’)Ib-cr was 
highest (n=23) followed by qnrD (n=7), qnrA (n=5) and qnrS (n=2). 
None of the isolates showed the presence of qnrC (Table 4) and 
(Figures 1 and 2).

Plasmid DNA encoding qnrS, aac(6’)Ib-cr, qnrA and qnrD were 
transformed in E.coli DH5ɑ in media containing ciprofloxacin, 
norfloxacin and levofloxacin. Only qnrS and aac(6’)Ib-cr were 
able to get transformed. The transformants carrying qnrS gene 
was selected from the media containing ciprofloxacin and 
the transformants carrying aac(6’)Ib-cr gene were selected 
from the media containing both norfloxacin and ciprofloxacin. 
The transformants carrying qnrS and aac(6’)Ib-cr genes were 
confirmed by PCR. To check the self-transferability, the isolates 
carrying the qnrS and aac(6’)Ib-cr were subjected to conjugation 
using the streptomycin-resistant Escherichia Coli recipient strain 
B. The trans-conjugants were selected in media containing 
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streptomycin and ciprofloxacin. Both of the genes could be 
horizontally transferred in E.coli recipient strain B by conjugation 
whereas other types i.e., qnrA and qnrD could not be conjugatively 
transferred.

Discussion 
Fluroquinolone resistant enterobacteria isolated from water 
bodies, waste disposal and food sample, whether pathogenic 

or not, may come into contact with other microbes and transfer 
resistant genes. In this study species most prevalent gut colonizer 
E.coli, comprised 33.82% of total enterobacterial isolates in 
tested samples, which is an indicator of faecal contamination. 
This is in accordance with the study carried out by Chen et al. in 
China [15] where the prevalence of E.coli was 36.4%.In another 
study carried out to assess the microbiological quality of ready 
to eat street vended food in porto region of potugal [16] where 
E.coli accounts for 55%. The presence of E.coli in food sample 
indicates the lateral entry of enterobacterial isolates into food 
chain which may cause infection. Compared to this study, 
another report showed a different distribution in Mexico city 
[17]. Many studies were performed on the phenotypic detection 
of PMQR genes by using mostly nalidixic acid as an indicator 
[18]. The study carried out by Cavaco et al. [19] suggested that 
nalidixic acid alone did not confer the maximum effectiveness for 
the detection of these resistance determinants and used both 
antibiotics for the detection of PMQR, which is almost similar 
to our study where 39% of the isolates were simultaneously 
resistant to norfloxacin, ciprofloxacin and ofloxacin. The 
most prevalent were aac(6’)Ib-cr followed by qnrD, qnrA 
and qnrS. This is in contrast with the observation made by 
Marti et al. [20] and Poirel et al. [21-23] which stated that 
qnrS was the most commonly identified acquired qnr gene in 
the environment, because it is usually identified in waterborne 
species. Transferability of the qnrS and aac(6’)-Ib-cr gene in this 
study suggests that there is a horizontal transmission of these 
genes among the environmental isolates.

Thus comparing with all the previous reports, our study showed 
different pattern with diverse quinolone resistance determinants 
were carried within environmental isolates. Maintenance of 
diverse resistant genes in the environment could be due to 
irrational use of quinolone group of antibiotics in the community 
where these drugs are available over the counter.

Conclusion
Remarkable rates of colonisation with high-level fluroquinolone 
resistance were reported among multidrug resistant community 
Enterobacterial isolates in the current study which also 
highlighted the presence of these resistant determinants within 
environmental isolates.

Acquisition of resistance genes could be a natural process in 
the microorganism and the competing environment helps their 
maintenance in subsequent generations. However, the main 
concern in this phenomenon is how this gene transfers and 
their persistence affects the clinical settings and treatment 
alternatives. This kind of study not only identifies the resistance 
determinants but also predict their mobilization, source of 
acquisition, origin and evolution. As quinolone remains mostly 
prescribed oral antibiotics, the resistance against this group 
especially in community infection leads into severe clinical 
implications. Thus, the present study can be concluded that 
the presence of these plasmid mediated quinolone resistance 
determinants in environmental isolates particularly aac(6/)Ib-cr 
is indicative of its ability of persistence ,thus causing significant 
health hazard. Also the source of these genes could be from 

Figure 1 PCR results with the aac(6’)-Ib-cr primer and qnrD 
primer Lane 1and 3to8 showing positive for aac(6’)-
Ib-cr genes (519bp). Lane 9 to 12 showing positive for 
qnrD genes (582bp). Lane 2 showing negative result, 
Abbreviations: L= Ladder(100bp).

Figure 2 PCR results with the qnrA primer and qnrS primer 
Lane 1to 3 showing positive for qnrA genes (628bp). 
Lane 4and 5 showing positive for qnrS  genes (675bp). 
Abbreviations: L= Ladder(100bp).
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Primer pair Target Sequence (5ʹ3ʹ) Product size 
(bp) Reference

qnrA-1A
qnrA-1B qnrA TTCAGCAAGAGGATTTCTCA

GGCAGCACTATTACTCCCAA    628 23

qnrB-CS-1A
qnrB-CS-1B qnrB CCTGAGCGGCACTGAATTTAT

GTTTCTGCTCGCCAGTCGA  546 23

qnrS-1A 
qnrS-1B qnrS CAATCATACATATCGGCACC

TCAGGATAAACAACAATACCC 675 23

qnrC-F
qnrC-R qnrC GGGTTGTACATTTATTGAATC

 TCCACTTTACGAGGTTCT 447 22

qnrD-F
qnrD-R qnrD CGAGATCAATTTACGGGGAATA

AACAAGCTGAAGCGCCTG 582 19

aac(6_)-Ib-cr-F
aac(6_)-Ib-cr-R

aac(6_)-Ib
 cr

ATG ACT GAG CAT GAC CTT GC
TTA GGC ATC ACT GCG TGT TC 519 22

Table 1 List of primers.

Organism
 Antibiotics

Escherichia coli
(N=23)

n%

Klebsiella pneumoneae
 (N=4) 

n%

Klebsiella 
oxytoca(N=22) n%

Proteus mirabilis
 (N=19) n%

Nalidixic acid 19 82.61 3 _ 21 95.45 17 89.47

Norfloxacin 17 73.91 3 _ 19 86.36 16 84.21
Ofloxacin 14 60.87 2 _ 17 77.27 13 68.42

Ciprofloxacin 15 65.21 2 _ 18 81.81 14 73.68
Lomefloxacin 14 60.87 3 _ 17 77.27 14 73.68
Levofloxacin 13 56.52 1 14 63.6 10 52.63

Table 2 Antibiogram profiling of quinolone antibiotics.

Isolates
MIC range of quinolone resistant isolate(µg/ml)

NX CIP OF LEV
E.Coli 64 - ≥128 32- ≥64 16- 64 16- 32

Klebsiella pneumoneae 4- ≥64 8- 128 8-≥64 16- 32
Klebsiella oxytoca 32- 64 64 16-64 8
Proteus mirabilis 128 64-128 32 8

NX- Norfloxacin, CIP- Ciprofloxacin, OF- Ofloxacin, MIC-Minimum Inhibitory Concentration.

Table 3 MIC of quinolone resistant isolate.

Qnr determinants Total no. of isolates
qnrA 5
`qnrD 7
qnrS 2

Aac(6’)Ib-cr 23

Table 4 Distribution of qnr determinants.

normal gut flora which is acquired during infection followed by 
a course of quinolone therapy, released into the environment 
through faecal contamination or vice versa.

Proper measures should be adopted in public health and hygiene 
management. So as the trace and prevent the expansion of this 
health hazard in community environment.
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