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Abstract

Background: Uropathogenic E coli is the most frequently causes of UTIs in humans ,accountable 75- 95
% of UTIs. PMQR have been identified in family Enterobacteriaceae worldwide. The purpose of this study
to examine the dissemination of aac(6’)-1b-cr and PMQR genes in isolates of UPEC.

Method : A cross sectional study of mid-stream urine of the participate patients their approval for direction
usage their specimen. The susceptibility test by disk diffusion for UPEC were isolated from urine and
screening of quinolone resistant by multiplex PCR for gnr4, gnrB and gnrS genes and monoplex PCR for
qunD ,qepA and aac(6°)-1b-cr genes.

Results : A total of 1072 mid-stream urine were collected randomly, overall 132 were identified E. coli ,
among these 60 aminoglycoside resistant UPEC isolates were screened to the five quinolone antibiotics. The
resistance proportion to nalidixic acid and ciprofloxacin were 75.0%, as well as to lomefloxacin, norfloxacin
and levofloxacin were 76.7%, 73.3% and 71.7%, respectively. The susceptibility test for antibiotics showed
a high incidence of the resistance to the majority of antibiotics class. It was found that 73.3%, 38.3% ,
and 20.0% of the isolates harbored aac(6’)-Ib-cr, gnrS and gnrB genes ,respectively either alone or in
combination, while the gnrd. qunD ,qepA genes were not detected.

Conclusion : All isolates were identified as multiple antibiotic resistances, only one isolate can be considered
as possible PDR and high prevalence of aac(6°)-1b-cr, gnrS and gnrB genes among isolates.

Keywords : UPEC, aac(6’)-1b-cr gnrB and gnrS, plasmid mediated quinolone PMQR , multidrug resistance,

extended drug resistant, pan drug resistance.

Introduction

UTI is the second most common clinical in
primary and secondary care suggestion for experiential
antimicrobial treatment"). E. coli can cause both
complicatedanduncomplicated UTIs®). fluoroquinolones
has represented an alternative therapeutic select for the
treatment. But, newly the incidence of fluoroquinolones-
resistance between uropathogenic isolates has also been
described in different areas®. Quinolone resistance
mechanisms include mutation in target gene , elevated
expression of efflux pumps and yielding of modifying
enzyme and target protection protein®. They involve
the chromosome encoded and PMQR, three PMQR

mechanisms have been identified: target protection
by Qnr proteins, drug inactivation by AAC(6)- Ib-
cr, and drug efflux by QepA and OqxAB®. The rapid
dissemination of MDR bacteria has become a concern
worldwide and complicated the treatment of infections.
This phenomenon is a consequence of the ability of
bacteria to acquire exogenous genes by mobile elements

(e.g. conjugative plasmids, transposons and integrons)
(6)

Increased use of and other
fluoroquinolones antibiotics in Iraq may be cause
selection of isolates resistant to aminoglycosides by
selecting the isolates that possess AAC(6")-Ib-cr.

ciprofloxacin
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The aim of this study to examine the dissemination of
aac(6’)-Ib-cr and PMQR genes in aminoglycosides
resistance in UPEC isolates from Babylon hospitals .

Method

Collection of specimens

This cross section study of the participate patients
their approval for direction usage their specimen
was conducted in in two main hospitals in Babylon
hospitals during the period of six months from March to
September 2018 in patients clinically suspected to have
UTI . The inclusion criteria for the volunteer patients
were attended or admitted in the two hospitals .

Isolation and Identification of E. coli isolates

Identification of bacterial pathogens was made
based on Gram reactions, culture characters, and routine
standard biochemical tests. All E coli strains were
purified on EMB agar plates to confirm that there is no
mixed culture. Additionally, E. coli isolates were also
confirmatory identified by using commercially available
API 20 E kit.

Antibiotic Susceptibility Test

Antibiotic susceptibility test was performed by
Kirby —Bauer method based to the guideline suggested
by the Clinical and Laboratory Standards Institute(”).

Examining for Quinolone Resistance and other
Antibiotics

The disk diffusion method was made to identify
quinolone resistance in all aminoglycosides resistance
UPEC by using Nalidixic acid (30pg),Ciprofloxacin
(5ng) Levofloxacin  (5ug) Lomefloxacin  (10pg),
Norfloxacin (10 pg).In addition , all aminoglycosides
resistance UPEC were screen for other antibiotics .

Examining for PMQR Genes

Multiplex PCR were used to determine the presence
gnrA, gnrB and gnrS genes and monoplex PCR for qunD

,qepA and aac(6’)-Ib-cr genes in quinolone resistance
UPEC by using T300 (thermo cycle ) and Go Taq Green
Master Mix (Promega USA). The primer target for each
PMQR genes were available elsewhere®%10:1D)

Results

Out of 298 isolates of uropathogen , 132 (44.3%)
isolates were recognized as E. coli followed by Klebsiella
spp (22.5%), Proteus spp (10.0%), S. aureus (9.4%), S.
saprophyticus (3.4%) , P.aeruginosa (3.4%), S. faecalis
(2.7%), Enterococcus spp (1.7%) Acinetobacter spp
(1.3%) and Citrobacter spp (1.3%).

Examining for Quinolone Resistance

Overall, 78.3% (47/60) of the aminoglycoside
resistant UPEC isolates were non susceptible to at least
one of the five quinolone antibiotics by disk diffusion
methods. The resistance proportion to nalidixic acid and
ciprofloxacin were 75.0%, as well as to lomefloxacin,
norfloxacin and levofloxacin were 76.7%, 73.3% and
71.7%, respectively.

Co-resistance of E. coli to other Antibiotic

Antibiotic susceptibility test of all 60 uropathogenic
E .coli against 28 antibiotics ( belong to twelve
classes) displayed high occurrence of resistance to
the majority agents of antibiotics. According to the
definitions proposed(!?, all of the 60 aminoglycoside
resistant UPEC isolates (100%) were multiple resistance
to antibiotics. Based on their MDR, 49 (81.6%) of the
isolates were included, 2 (3.3%), 1 (1.7%), 4 (6.7%), 5
(8.3%), 18 (30%) and 19 (31.6%) were resistant to 3, 5,
6, 7, 8 and 9 antibiotic classes, respectively. While, 10
(16.7%) isolates was considered as XDR organisms , of
which 6 (10%) were resistant to 10 antibiotic classes and
4 (6.7 %) were resistant to 11 antibiotic classes. PDR
could be detected in only one isolate (1.7%) in this study
(Table 1).
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Table (1): MDR, XDR and PDR of aminoglycosides resistant UPEC isolate (n=60)

Type of resistance No. of isolates No. of resistance to antibiotic groups(n=12)
MDR" 19 9
(n=49, 81.6%) 18 8
5 7
4 6
1 5
2 3
6 10
XDR*(n=10,16.7%)
4 11
PDR* (n=1, 1.7%) 1 12

*MDR: multidrug resistance; XDR: extended drug resistance; PDR: pan drug resistance

Examining for PMQR Genes

PMQR genes were identified in 78.3% (47/60) of E. coli, harbor at least only one PMQR gene, and three types of
PMQR (gnrS, gnrB and aac(6')-1b-cr variant) were recognized alone or in combination (Table 2). The aac(6')-1b-cr
variant was present in 73.3% of the isolates, followed by gnrS (38.3%) and gnrB 20.0% of the isolates. Interestingly,

qnrd, gnrD, and gepA were not found in any isolates.

Table (2): Distribution of PMQR genes and their combinations among the UPEC isolate (n= 60)

Type of PMQR gene

No. (%) of isolates

aac(6’)-1b -cr

17 (28.3%)

qnrS 2 (3.3%)
qnrB 1 (1.7%)
aac(6’)-1b-cr, gnrS 16 (26.7%)
aac(6°)-1b-cr, gnrB 6 (10%)
aac(6’)-1b-cr, gnrS,qnrB 5(8.3%)

Total

47(78.3%)

Discussion

Frequency and Resistance of UPEC to Quinolone
antibiotic

This study revealed that the UPEC isolates (44.3%)
were the major causative agent of significant bacteriuria
compared to other uropathogen due to enteric flora ,
the way of transmission is by fecal contamination
and anatomical nearness to the genito—urinary tract in
females and the poor hygiene'®). This result is agreement
with other authors have the same findings, which E. coli
was the predominant uropathogen!*!3) .

The resistance rates to nalidixic acid and
ciprofloxacin were 75.0%, as well as to lomefloxacin,
norfloxacin and levofloxacin were 76.7%, 73.3% and
71.7%, respectively. This may be due to rampant use of
quinolones as first line empirical therapy in UTI cases.
The data reported in this study is close related with the
previous study described that ciprofloxacin resistance
rate 79.66% to E coli in Saudi Arabia'®). In the previous
report of the ECDC!'7 , the presence of UPEC isolates
resistant to fluoroquinolones were existent in low
numbers in Sweden (7.9%) and Norway (9.0%), but they
were dominant in Italy (40.5%) and Slovakia (41.9%) .
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Co-resistance of aminoglycosides and quinolones
was observed in the UPEC isolates of the present study.
The study report in Iraq the identification of a variant of
the aminoglycoside modifying enzyme AAC(6")-Ib, as
a common incidence in Enterobacteriaceae isolates!®) .

Antibiotic Resistance

All UPEC isolates were identified as multiple
antibiotic resistances. This result was considered a
high level when compared to other report. Frequency
of MDR 81.6%, which was relatively high prevalence
when compared to rates reported, in Saudi Arabia it was
67.0%19 | and in Iran it was 63.0%2?9 .The reason of
high MDR may be due to the most cases of UTIs are
treated empirically in Iraq, where patients frequently
cannot afford to consult a clinicians or have a laboratory
tests. Therefore, there may be over cases of bacteria that
are not responded to treatment.

XDR, 16.7% this finding are alarming since
infections with these XDR UPEC isolates leave
physicians with only one or two antibiotic treatment
options, leading to increased mortality and morbidity??
. In present study remarked PDR (1.6%) of UPEC. No
study investigation PDR-producers among UPEC.
However, the prevalence of PDR in Enterobacteriaceae
is rare in Europe and other countries®'??). Although
infections by PDR Enterobacteriaceae, still rare, but
have been associated with a high mortality.

Occurrence of PMQR Genes

PMQR determinants have been identified in family
Enterobacteriaceae worldwide, with varying frequency
rates®®). 78.3% of the isolates harbored at least one
PMQR gene (Table 2). In Saudi Arabia, reported that
26.0% of isolates carried PMQR genes®?. Previous
investigations conducted in Europe described fewer
PMQR determinants in ESBL-E. coli isolates than
found in the current study, 19.0% in Spain, and 10.0% in
Sweden and Norway>20) |

The AAC(6')-Ib-cr variant, an enzyme encoded by a
plasmid-borne aac(6')-1b-cr gene, that inactivate selected
fluoroquinolones (ciprofloxacin and norfloxacin) by
acetylation in addition to aminoglycosides®”). aac(6")-
Ib PCR positive products were further digested with
BstCI to identify aac(6')-1b-cr variants. Present study
demonstrated that the most prevalent PMQR gene was
aac(6')-Ib-cr as 73.3% . This is also identified in other
studies (84.0%)?7), (94.0%)?® of the aac(6')-Ib were of

the aac(6')-1b-cr variant. Presence of this variant also
increased the incidence of selection of chromosomal
mutants (quinolone resistance determine region, QRDR)
upon exposure to ciprofloxacin®”. However, Spread of
this variant is undesirable because these fluoroquinolones
are used as first choice for treatment of UTIs in Iragq.

gnrS was the most prevalent 38.3%, followed by
gnrB (20.0%). Present findings concurred with a previous
European survey that gnrS was more frequently detected
than other gnr genes in clinical Enterobacteriaceae
isolates®?). In the USA, among ceftazidime-resistant
Enterobacteriaceae isolates, 23% were positive for
either gnr4 or gnrB, while gnrS was absentG!. In China
among ciprofloxacin resistant E. coli is 7.5%. gqnrA,
gnrB and gnrS were detected in 3.8%, 4.7% and 3.8%
of these isolates, respectively®?). However, variations
in distribution of gnr genes have been suggested
to be attributing to differences in selection criteria
or geographic area®®. None of the gnrd, qnrD and
quinolone specific efflux pumps (gep4) were found in
present collection.This is not surprising since gnrD and
gepA determinants are rarely found worldwide.

This study was revealed high combination of
aac(6’)-1b -cr qnrS, followed by aac(6’)-Ib-cr, gnrB
and aac(6’)-1b-cr, gnrS, gnrB isolates as shown in Table
(2). This could be explained by the coexistence of the
aac(6')-Ib-cr and gnr genes on the same plasmid®¥. The
combination is also observed where 35.1% and 1.3% of
the E. coli isolates carried two and three different PMQR
genes, respectively.

Ethical Clearance: The Research Ethical
Committee at scientific research by ethical approval of
both environmental and health and higher education and
scientific research ministries in Iraq

Conflict of Interest: The authors declare that they
have no conflict of interest.

Funding: Self-funding

References

1. Scottish Intercollegiate Guidelines Network.
Management of suspected bacteria urinary tract
infection in adults: a national clinical guidelines.
2012 . Edinburgh: SIGN.

2. Sobel JD, Kaye D. Urinary tract infections. In: Mandell
GL, Bennett JE, eds. Principles and Practice of
Infectious Diseases, 8th ed. Philadelphia: Elsevier



10.

11.

12.

Indian Journal of Forensic Medicine & Toxicology, January-March 2020, Vol. 14, No. 1

Saunders. 2014:886-9132.

Sanchez AM, Baird JA, Karlowsky RN , Master
JM. Bordon Nitrofurantoin retains antimicrobial
activity  against multidrug-resistant  urinary
Escherichia coli from US outpatients J Antimicrob
Chemother. 2014; 69, pp. 3259-3262.

Redgrave LS, Sutton SB, Webber MA , Piddock LJ.
Fluoroquinolone resistance: mechanisms, impact
on bacteria, and role in evolutionary success.
Trends Microbiol. 2014;22:438-445.

Jacoby GA, Strahilevitz J , Hooper DC. Plasmid-
mediated  quinolone  resistance.  Microbiol
Spectr.2014 ;2, DOI: 10.1128/microbiolspec.
PLAS-0006-2013.

Berendonk TU, Manaia CM, Merlin C, Fatta-
Kassinos D, Cytryn E. et al. Tackling antibiotic
resistance: the environmental framework. Nat Rev
Microbiol . 2015;13:310-317.

CLSI. Clinical and Laboratory Standards
Institute. Performance standards for antimicrobial
susceptibility testing; approved standard 26th
ed. 2016. CLSI document M100S. Clinical and
Laboratory Standards Institute.

Cattoir V, Poirel L, Rotimi V, Soussy CJ , Nordman
P. Multiplex PCR for detection of plasmid-
mediated quinolone resitance dterminants qnr
genes in ESBL-producing enterobacterial isolates J
Antimicrob Chemother. 2007; 60: 394-397.

Cavaco LM, Hasman H, Xia S, Aarestup FM.
gnrD a novel Gene Conferring transferable
quinolone resistance in Salmonella enterica Serovar
Kentucky and Bovismorbificans Strains of Human
Origin Antimicrob. Agents Chemother. 2009; 53:
603-608.

Yamane K, Wachino J-i, Suzuki S, Arakawa Y.
Plasmid mediated gepA gene among Eschericha
coli clincial isolates from Japan Antimicrob Agent
Chemother. 2008;52: 1564-66.

Hu X, Xu B, Yang Y. et al . A high throughput
multiplex PCR assay for simultaneous detection
of seven aminoglycosideresistance genes in
Enterobacteriaceae, BMCMicrobiology.2013;
vol.13, no. 1, article no. 58.

Magiorakos AP, Srinivasan A, Carey RB, Carmeli
Y, Falagas ME, Giske CG. et al. . Multidrug-
resistant, extensively drug-resistant and pandrug-
resistant bacteria: an international expert proposal
for interim standard definitions for acquired

13.

14.

15.

16.

17.

18.

19.

20.

21.

497

resistance. Clin Microbiol Infect. 2012; 18: 268-
281.

Mitsumori K, Terai A, Yamamoto S, Yoshida O.
Virulence characteristics and DNA fingerprints
of Escherichia coli isolated from women with
acute uncomplicated pyelonephritis. J Urol.
1997;158(6):2329-2332.

Mollick S, Dasgupta T, Hasnain MdJ, Ahmed
M. Isolation and Characterization of Pathogens
Responsible for Urinary Tract Infection in
Bangladesh and Determination of their Antibiotic
Susceptibility Pattern. Journal of Applied
Pharmaceutical Science.2016; Vol. 6 (04), pp. 072-
076.

Elsayed T, Ismail HAF, Elgamal SA, Gad AHA.
The Occurrence of Multidrug Resistant E. Coli
which Produce ESBL and Cause Urinary Tract
Infections. Journal of applied Microbiology and
Biochemistry. 2017; Vol. 1 No. 2: 8.

Alyamani EJ, Khiyami AM, Booq RY, Majrashi
MA, Bahwerth FS, Rechkina E. The occurrence
of ESBL-producing Escherichia coli carrying
aminoglycoside resistance genes in urinary tract
infections in Saudi Arabia. Ann Clin Microbiol
Antimicrob . 2017;16:1.

European Centre for Disease Prevention and
Control (ECDC). Point prevalence survey of
healthcare-associated infections and antimicrobial
use in European acute care hospitals. Stockholm.
2013. ECDC.

Abdul Sada IAA. Prevalence of Plasmid —Mediated
Quinolones Resistance (PMQR) Genes in Proteus
spp Isolated from Patients with Urinary Tract
Infection in Najaf Hospitals. M.Sc. Thesis. 2019.
College of Medicine. Kufa University.

Alqasim A, AbuJaffal A, Alyousef AA. Prevalence
of Multidrug Resistance and Extended-Spectrum
f-Lactamase Carriage of Clinical Uropathogenic
Escherichia coli Isolates in Riyadh, Saudi
Arabia. International Journal of Microbiology .
2018;Volume, Article ID 3026851, 9 pages.
Dehbanipour R , Rastaghi S, Sedighi M, Maleki N.
Faghri J. High prevalence of multidrug-resistance
uropathogenic Escherichia coli strains, Isfahan,
Iran. J Nat Sci Biol Med. 2016; 7(1): 22-26.
Zhi-Wen Y, Yan-Li,Z, ManY, Wei-Jun F. Clinical
treatment of pandrug-resistant bacterial infection
consulted by clinical pharmacist. Saudi. Pharm J.



498

22.

23.

24.

25.

26.

27.

Indian Journal of Forensic Medicine & Toxicology, January-March 2020, Vol. 14, No. 1

2015; 23(4): 377-380.

Mahmoud AB, Eissa NA, El-Raghy NA, El Sebaey
HM , Melake NA , Awad ET. et al. Phenotypic
and molecular characterization of multidrug
resistant isolates

from intensive care units at Menoufia University
hospitals. Menoufia Med J. 2016;29:835-845.

Martinez-Martinez L, Eliecer CM, Manuel RJ ,
Calvo JP. Plasmid-mediated quinolone resistance.
Expert Rev Anti Infect Ther. 2008; 6 (5): 685-711.

Ibrahim NH, Algahtani FY, Aleanizy FS, Alfaraj
R. Frequency of plasmid-mediated quinolone
resistance determinants gnr and gped among
clinical isolates of Escherichia coli and Klebsiella
pneumoniae  producing extended- spectrum
B-lactamases from Saudi Arabia intensive care
units. Int J Microbiol Res. 2017; 9 (8): 924-929.

Karah N, Poirel L, Bengtsson S, Sundqvist M,
Kahlmeter G, Nordmann P. Plasmid-mediated
quinolone resistance determinants gnr and aac(60)-
Ib-cr in Escherichia coli and Klebsiella spp. from
Norway and Sweden. Diagn Microbiol Infect Dis.
2010; 66: 425-431.

Briales A, Rodri’guez-Marti 'nez JM, Velasco C, de
Alba PD, Rodri’guez-Bano J, Marti nez-Marti nez
L. Prevalence of plasmid-mediated quinolone
resistance determinants gnr and aac (60)-Ib-cr
in Escherichia coli and Klebsiella pneumoniae
producing extended-spectrum beta-lactamases in
Spain. Int J Antimicrob Agents. 2012; 39: 431-
434.

Robicsek A, Jacoby GA, Hooper DC. The
worldwide emergence of plasmid mediated

quinolone resistance. Lancet Infect Dis. 2006a; 6:
629-640.

Enterobacteriaceaeclinical

28.

29.

30.

31.

32.

33.

34.

Alheib O, Al Kayali R, Abajy Y. Prevalence of
plasmid-mediated quinolone resistance (PMQR)
determinants among extended spectrum beta-
lactamases ~ (ESBL)-producing  isolates  of
Escherichia coli and Klebsiella pneumoniae in
Aleppo, Syria. Arch Clin Infect Dis. 2015; 10 (3):
e20631.

Partridge SR. Analysis of antibiotic resistance
regions in Gram negative bacteria. FEMS Microbiol
Rev. 2011;35: 820-855.

Poirel L, Leviandier C, Nordmann P. Prevalence
and genetic analysis of plasmid-mediated
quinolone resistance determinants QnrA and QnrS
in Enterobacteriaceae isolates from a French
university hospital. Antimicrob Agents Chemother.
2006; 50: 3992-3997.

Robicsek A, Strahilevitz J, Sahm DF, Jacoby
GA, Hooper DC. Qnr prevalence in ceftazidime-
resistant Enterobacteriaceae isolates from the
United States. Antimicrob Agents Chemother.
2006b; 50 (8):2872-2874.

Wang A, Yang Y, Lu Q. Presence of gnr gene
in Escherichia coli and Klebsiella pneumoniae
resistant to ciprofloxacin isolated from pediatric
patients in China. BMC Infect Dis. 2008; 8: 68.

Oktem I M, Gulay Z, Bicmen M, Gur D. gnrA
prevalence in extended-spectrum betalactamase-
positive Enterobacteriaceae isolates from Turkey.
Japanese J Infect Dis. 2008; 61 (1): 13-17.

Jiang Y, Zhou Z, Qian, Y, Wei Z, Yu Y, Hu
S.  Plasmid-mediated  quinolone  resistance
determinants gnr and aac(6')-Ib-cr in extended-
spectrum B-lactamase-producing Escherichia coli
and Klebsiella pneumoniae in China J Antimicrob
Chemother. (2008); 61: 1003-1006.



