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Abstract
Objective(s): UTI is showed to be the most popular infection among Iraqi community and
nosocomial UTI and has high number of samples in clinical units and catheterized UTI patients.
Aim of study is to detect the antibiotic resistant genes and biofilm production among Iraqi
uropathogenic bacteria. Material and Methods: Fifty isolates of each Escherichia coli and
Pseudomonas aeroginosa obtained from catheterized UTI patients admitted to Al- Najaf city
hospitals. Vitek 2 automated system was used for identifying isolates. Antibiotic sensitivity was
performed using disk diffusion method. PCR studies were done for detecting antibiotic resistance
genes such as bla

AMP,

blaVIM, bla

OXA58,

rmtC, rmtF, rmt D, and parC. Microtiter plate assay was

used to detect biofilm production ability. Results: Antibiotic sensitivity test revealed 60% of E.
coli was MDR, 30% was XDR, 10% was PDR. P. aeroginosa showed 2% was pan drug resistant
isolate, while there were 48% isolates considered as MDR and 50% were XDR. Antibiotic
resistant genes were distributed among E. coli and P. aeroginosa isolates as follows: [50% and
68% for bla AMP], [90% and 55% for blaVIM], [80% and 50% for blaOXA58], [60% and 48% for rmtC],
[58% and 40% for rmtF], [49% and 90% for rmtD], [80% and 78% for ParC], respectively.
Microtiter dish assay demonstrated that 86% of E. coli and 90% of P. aeroginosa isolates were
biofilm producers. Conclusion: Uropathogenic bacteria are being more antibiotic resistant by
many means, causing serious problems for UTI catheterized patients in Al-Najaf city, Iraq.
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1. Introduction
Many pathogens have the ability to invade urinary tract tissues, colonize and initiate infections
that could be sometimes severe, especially when they are antibiotic resistant and biofilm producers.
UTI is considered as a most infection causing high morbidity across the world, and the majority of
clinical samples are related to it (1). The most common uropathogenic bacteria infecting urinary
tract and kidneys are E. coli, Proteus sp., P. aeruginosa, Acinetobacter sp., Klebsiella sp.,
Enterobacter sp., and Citrobacter sp., S. saprophyticus, Enterococcus sp., and Coagulase-negative
Staphylococcus (2). It is studied that these bacteria are more aggressive where they are able to
make different biofilm stages and easily invade and initiate infection (2). E. coli bacteria is found
to be the most common cause of UTI since this bacterium has many virulence factors (3) and it is
followed by P. aeruginosa which is also very common uropathogenic that can cause complicated
UTI and has high morbidity and mortality incidence rates (3). UTI incidence across the world is
found to be 150-250 million in 2016, especially among women (4). It is found that 50% of females
have had infected by uropathogenic bacteria at least once in lifetime and some of them with
chronic pyelonephritis (5). Despite many antibiotics are prescribed for treating UTI patient’s
worldwide, this infection is getting hard to treat and might be fatal (6). High antibiotic resistant
patterns have been found among uropathogenic bacteria for a wide range of antibiotic classes such
as trimethoprim-sulfamethoxazole, fluoroquinolones, ciprofloxacin, and others, leading to
ineffective treatment (7); therefore, many factors should be taken into account when treating UTI,
for example antibiotic resistant levels of pathogens [MDR, XDR, and PDR] (8 and 9). It is shown
that multidrug resistant extended-spectrum beta-lactamase (ESBL) producing bacteria uropathogen
can cause severe urinary tract infections (2). Consequently, aim of study is to detect the antibiotic
resistant genes and biofilm production ability among Iraqi uropathogenic bacteria.
2. Materials and Methods
2.1 Specimens: Fifty isolates of each E. coli and P. aeroginosa obtained from UTI catheterized
patients admitted to Al- Najaf city hospitals. Vitek 2 automated system was used for identifying
isolates and found that they were 99.9% probability being E. coli and P. aeroginosa.
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2.2 Susceptibility test: It was done using disk diffusion method according to (10) towards
piperacillin (100µg), ampicillin (10 µg), tetracycline (30µg), meropenem (10µg), cefepime
(30µg), aztreonam (30µg), amikacin (10µg), ticarcillin-clavulanic acid (75/10µg), trimethoprim
(5µg), levofloxacin (5µg), imipenem (10µg), gentamycin (10µg), cephalothin (30 µg),
ceftazidime (30µg), tigecycline (15µg), colistin sulphate (25µg), and disk prepared in laboratory
for polymyxin B (32µg). Negative control used was E. coli (HB101). Isolates were put into
antibiotic resistant levels (MDR, XDR, and PDR) according to method done by Aziz and Al
Jubori (9).
2.3 Genotyping assay: DNA was extracted for all isolates manually using Wizards kit to be used
in PCR process. Different genes related to antibiotic resistant were used (Table 1).

Primer
blaAmpC
blaAVIM
rmtC
rmtD
rmtF
OXA58
par C2

Sequences (5'_3')
F
FATGCAACAACGACAATCCATC
F-GTTTGGTCGCATATCGCAAC

Sequences (5'_3')
R
R-GTTGGGGTAGTTGCGATTGG

Size
product
1150

Tm

R-AATGCGCAGCACCAGGATAG 382

57

F-CGA AGA AGT AAC AGC
CAA AG
FTCAAAAAGGAAAAGGACGTG
FGCGATACAGAAAACCGAAGG
F
5'AAGTATTGGGGCTTGTGCTG-3
F-GTTACCGTATGCGAGCGGTA

R-ATC CCA ACA TCT CTC CCA 711
CT
R-CGATGCGACGATCCATTC
500

53

R-GGCAGGAGCTTCATCAGAA

453

52

R 5'-CCCCTTGCGCTCTACATAC- 599
3
R-TGATTTCACCTGAGGACGGC 314

52

58

52

57.1

Table (1): Antibiotic resistant genes were used in this study (9).

3. Results
3.1 E. coli isolates: antimicrobial sensitivity studies revealed high resistant rates among isolates
towards antibiotics used in the study. Isolates were classified into 60% MDR, 30% XDR, and 10%
PDR (Figure 1).
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Figure 1: Antibiotic resistant levels of E. coli isolates.

PCR studies reported that 50% of isolates were positive for bla AMP (1150bp) (Figure 2). There
was also 90% of isolates had blaVIM gene (382bp) (Figure 3). In addition, blaOXA58 (599bp) was
screened and found among 80% of the isolates (Figure 4). Gene rmtC (711bp) was found in 60%
of isolates (Figure 5). There also was 58% of isolates had rmtF (453bp) gene (Figure 6), and 49%
of isolates had rmtD (500bp) gene (Figure 7). ParC (314bp) was found among 80% of the isolates
(Figure 8).
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Figure 2: 50% of E. coli isolates were positive to bla

AMP

(1150pb) tested by PCR and gel

electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.

Figure 2: 90% of E. coli isolates were positive to bla VIM (382pb) tested by PCR and gel electrophoresis
(70W/cm for 90min; 1% agarose) compared with DNA ladder.

Figure 4: 80% of E. coli isolates were positive to blaOXA58 (599pb) tested by PCR and gel
electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.
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Figure 5: 60% of E. coli isolates were positive to rmtC (711pb) tested by PCR and gel electrophoresis
(70W/cm for 90min; 1% agarose) compared with DNA ladder.

Figure 6: 58% of E. coli isolates were positive to rmtF (453pb) tested by PCR and gel electrophoresis
(70W/cm for 90min; 1% agarose) compared with DNA ladder.
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Figure 7: 49% of E. coli isolates were positive to rmtD (500pb) tested by PCR and gel electrophoresis
(70W/cm for 90min; 1% agarose) compared with DNA ladder.

Figure 8: 80% of E. coli isolates were positive to parC (314pb) tested by PCR and gel electrophoresis
(70W/cm for 90min; 1% agarose) compared with DNA ladder.

Microtiter plate assay showed that 86% of E.coli isolates were biofilm producers with a range
of 0.5-0.9 OD550 nm, while the rest of isolates showed no biofilm production ability (Figure 9).
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Figure 9: Average of three measures of E. coli isolates with a range of 0.5-0.9 OD550 nm using
microtiter plate assay

3.2 Pseudomonas aeroginosa. antimicrobial sensitivity test showed 5% of isolates was pan drug
resistant, while there were 45% isolates considered as multidrug resistant (MDR) and 50% were
extensively drug resistant (XDR) (Figure 10).
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Figure 10: Antibiotic resistant levels of Pseudomonas aeroginosa isolates.

Genetic screening for antibiotic resistant genes showed 68% of isolates had bla

AMP

gene

(1150bp) (Figure 11). The gene blaVIM (382bp) was found among 55% of isolates (Figure 12), and
there was 50% were blaOXA58 (599bp) positive (Figure 13). The gene rmtC (711bp) was found
among 48% of isolates (Figure 14), and rmtF (453bp) was harbored by 40% of isolates (Figure 15);
however, 90 % of isolates had rmtD (500bp) gene (Figure 16). Last gene tested, ParC (314bp),
was found among 78% isolates (Figure 17).

Figure 11: 68% of P. aeroginosa isolates were positive to bla AMP (1150pb) tested by PCR and gel
electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.

Figure 12: 55% of P. aeroginosa isolates were positive to bla

VIM

(382pb) tested by PCR and gel

electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.
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Figure 13: 50% of P. aeroginosa isolates were positive to bla OXA58 (599pb) tested by PCR and gel
electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.

Figure 14: 48% of Pseudomonas aeroginosa isolates were positive to rmtC (711pb) tested by PCR
and gel electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.
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Figure 15: 40% of P. aeroginosa isolates were positive to rmtF (453pb) tested by PCR and gel
electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.

Figure 16: 90% of P. aeroginosa isolates were positive to rmtD (500pb) tested by PCR and gel
electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.
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Figure 17: 78% of P. aeroginosa isolates were positive to parC (314pb) tested by PCR and gel
electrophoresis (70W/cm for 90min; 1% agarose) compared with DNA ladder.

Microtiter dish assay revealed that 90% of P. aeroginosa isolates were biofilm producers with a
range of 0.4-0.7 OD550 nm (Figure 18).

Figure 18: Average of three measures of P. aeroginosa isolates at OD550 using microtiter plate
assay.
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4. Discussion
Antibiotic resistant pathogens could cause serious infections that are hard to treat, especially
when they are at high resistant levels MDR, XDR, and PDR (9 and 11). Antibiotic sensitivity test
conducted in this study revealed that E. coli isolates had different antibiotic resistant levels. They
showed to be 60% MDR, 30% XDR, and even 10% were PDR. P. aeroginosa also showed
different patterns of resistant, however, they were 45% MDR, 50% XDR, and only 5% were pan
drug resistant. Similar results showed by Aljanaby and Aljanaby (11), Mishra et al. (12),
Aljanaby and Gafil (13), Falagas et al. (14), and Ensor et al. (15). Mishra et al. (12) found that
different uropathogenic bacteria like E. faecalis, S. aureus, C. freundii, E. aerogenes, E. coli, K.
oxytoca, K. pneumoniae, P.vulgaris and P. aeruginosa isolated from UTI patients in Saudi
Arabia were multidrug resistant towards different antibiotics such as aminoglycosides, β-lactams,
fluoroquinolones, cotrimoxazole and nitrofurantoin (12). It was also reported that 126
uropathogenic bacteria include E. coli, Pseudomonas aeroginosa, and many others could be
highly resistant to amoxicillin, third generation cephalosporins and imipenem. They concluded
that 69.3% of E. coli and 88.8 % of P. aeroginosa isolates were MDR (16).
Genotyping studies approved that the ability of antibiotic resistance levels among E. coli and
P. aeroginosa isolates in phenotypic detection referred to having different resistance genes like
β-lactamases and metallo β-lactamase (MBLs), 16s ribosomal methylation enzymes, and
quinolones resistance genes. PCR studies showed that E. coli and P. aeroginosa isolates had
blaAMP , blaVIM , and blaOXA58 genes that confirm the ability to resist different β-lactam antibiotic
agents tested in this study, and also would confirm the resistance towards carbapenem agents
(imipenem and meropenem) which usually mediated by blaVIM and blaOXA58. Similar results
showed by Najjuka et al. (17), Kamble (18), Fazeli et al. (19), and Kateete et al. (20). It was
reported that P. aeruginosa isolates were carbapenem resistant since they had blaIMP-like, blaVIMlike, blaSPM-like; blaNDM-1-like (21). It was also found that clinical P. aeruginosa isolates could
have AmpC β-lactamases (AmpC), extended spectrum β-lactamases (ESBLs) and metallo βLactamases (MBLs) (22). Study revealed that uropathogenic E. coli isolated from complicated
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UTI were antibiotic resistant due to having ESBL genes and Metallo-betalactamase MBL genes
(23).
Aminoglycoside antibiotic agents were also not effective against local E. coli and P.
aeroginosa isolates since they showed to have 16s ribosomal methylation enzymes represents in
rmtC, rmtD, and rmtF genes, which conferred resistancy towards useful clinical aminoglycoside.
Similar results were showed by Kateete et al. (21), Doi and Arakawa (24), and Wachino et al.
(25). It was revealed that Enterobacteriaceae family members could have methylation of 16S
rRNA, resulting in high resistant isolates (24). Other study showed that rmt C, rmtB, and rmtA
genes presence among gram negative bacteria were considered as a crucial cause of
aminoglycoside resistance, leading to health threat (25). It was demonstrated that 25% of
uropathogenic bacteria tested have different aminoglycoside resistant genes such as ant(4), dfrA,
addAB and QacE carried on integron, concluding the possibility of other resistance genes
presence in such pathogens (21). Especially found in gram negative bacteria, 16s ribosomal
methylation enzymes lead to resistance ability by effecting on antibiotic binding sites (26). As
revealed in literature, this resistance ability among uropathogens like E. coli and P. aeroginosa
would lead to rapid world wide spread causing chronic and severe infections (27).
Fourth generation quinolones were also not effective against local isolates since most of them
had parC gene. It was demonstrated that any mutation in parC gene (serine 80) related to
topoisomerase IV leads to reduce the affinity of quinolone antibiotics attachments (9). It was
revealed that clinical P. aeroginosa isolated from different infections had quinolone resistance
patterns due to pentapeptide repeat protein qnr (21). Białek et al. (28) showed that any mutation
in genes encoding antibiotic binding proteins would lead to reduce or loss the ability to attach
with quinolone agents, turning uropathogenic bacteria to be multidrug resistant. It is studied that
uropathogenic E. coli isolates were resistant to ciprofloxacin, ofloxacin, and norfloxacin and
nalidixic acid in high rates due to having mutation in gyrA gene related to DNA topoisomerase II
structure (29). Similar results were revealed on uropathogenic E.coli that resist ciprofloxacin,
norfloxacin and nalidixic acid by PCR (30 and 31). There were four different mutations in parC
gene confirming quinolone resistance pattern when studying 25 uropathogenic E.coli isolated
from complicated UTI by DNA sequencing methods (32). It was also studied that uropathogenic
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P. aeroginosa could resist ciprofloxacin and levofloxacin due to having of mutations in gyrA and
parC genes (33)
Microtiter dish assay demonstrated that local E. coli and P. aeroginosa isolates were strong
biofilm producers that would suggest being hard to eradicate. Similar findings was revealed by
22). It was showed that 93.3% and 83.3% of biofilm producers E. coli and P. aeroginosa,
respectively could resist nalidixic acid, ampicillin, cephotaxime and cotrimoxazole compared to
non-biofilm producers which were mostly sensitive (34). In the same study, they revealed that E.
coli and P. aeroginosa were highly biofilm producers comparing to Enterococci, K.
pneumoniae , Acinetobacter, Staphylococci isolated (34). It was also reported that 60% of E.
coli isolated from UTI patients were strong biofilm producers when tested by three different
means (35). Biofilm is related to chronic and severe UTI, especially when produced by antibiotic
resistant uropathogens (36). E.coli and P. aeroginosa with other isolates tested showed to be
resistant to different clinical antibiotic classes and highly biofilm producers (36). Gandee et al.
(37) revealed that P. aeroginosa isolates were good biofilm producers and can resist many
antibiotic agents except of ciprofloxacin at 2 μg/mL. Deotale et al. (38) showed that E. coli
isolated from UTI were strong biofilm producers, leading to high level of antibiotic resistance
compared with other isolates tested in the study. Also, a study showed that mucoid variant
colonies in crystal violet tube-adherence method were produced by E. coli isolates that were
trimethoprim-sulfamethoxazole, ciprofloxacin, fosfomycin resistant and ESBL producers (39).
Besides, it was demonstrated that 94% of uropathogenic E .coli isolated from complicated
urinary tract infection were biofilm producers including 81% of them to be very strong formers
as compared with E. coli ATCC 25922 positive control (40).
5. Conclusion
As UTI has been the most popular infection among Iraqi community and has high number of
samples in clinical units and catheterized UTI patients in Al-Najaf city, Iraq. Findings indicate
high resistance pattern against useful antibiotics used clinically and biofilm production was in
high rates, suggesting hard treatments trails showed be taken into account.

1032

Systematic Reviews in Pharmacy

Vol 11, Issue 10, Oct-Nov 2020

Molecular detection of antibiotic resistance genes and biofilm production among
uropathogenic bacteria

References
1- Behzadi P., Behzadi E., Yazdanbod H., Aghapour R., Cheshmeh M. A., and Omran D. S.
(2010). A survey on urinary tract infections associated with the three most common
uropathogenic bacteria. A Journal of Clinical Medicine; 5(2):111-115.
2- Ahmed S. S., Shariq A., Alsalloom A. A., Babikir I. H., Alhomoud B. N. (2019).
Uropathogens and their antimicrobial resistance patterns: Relationship with urinary tract
infections. International Journal of Health Sciences; 13(2):48-55.
3- Mittal R., Aggarwal S. , Sharma S., Chhibber S., and Harjai K(2009). Urinary tract
infections caused by Pseudomonas aeruginosa: A minireview. Journal of Infection and
Public Health 2: 101-111
4- Dadi, B. R. Abebe, T., Zhang L., Mihret A., Abebe W., and Amogne W. (2020).
Distribution of virulence genes and phylogenetics of uropathogenic Escherichia coli
among urinary tract infection patients in Addis Ababa, Ethiopia. BMC infectious
diseases, 20(1), 108. https://doi.org/10.1186/s12879-020-4844-z
5- Munkhdelger Y, Gunregjav N, Dorjpurev A, Juniichiro N, and Sarantuya J. (2017).
Detection of virulence genes, phylogenetic group and antibiotic resistance of
uropathogenic Escherichia coli in Mongolia. J Infect Dev Ctries; 11(1):51-57. doi:
10.3855/jidc.7903. PMID: 28141590.
6- Moroh J-LA, Fleury Y.,Tia H., Bahi C., Lietard C., Coroller L., Edoh V., Coulibaly A.,
Labia R., and Leguerinel I. (2014). Diversity and antibiotic resistance of uropathogenic
bacteria from Abidjan. African Journal of Urology; 20:18-24
7- Howell AB, Foxman B. (20020 Cranberry Juice and Adhesion of Antibiotic-Resistant
Uropathogens. JAMA;287(23):3082–3083. doi:10.1001/jama.287.23.3077
8- Ali I., Kumar N., Ahmed S., and Dasti J.I. (2014). Antibiotic Resistance in
Uropathogenic E. Coli Strains Isolated from Non-Hospitalized Patients in Pakistan;
Journal of Clinical and Diagnostic Research; 8(9): DC01-DC04. DOI:
10.7860/JCDR/2014/7881.4813
1033

Systematic Reviews in Pharmacy

Vol 11, Issue 10, Oct-Nov 2020

Molecular detection of antibiotic resistance genes and biofilm production among
uropathogenic bacteria

9- Aziz R.A. and Al-Jubori S. S. (2017). Molecular Analysis of Genetic Elements
Responsible for XDR in Highly Successful Pathogen Acinetobacter Baumannii Isolated
from Clinical Samples of Iraqi Patients. Journal of Global Pharma Technology. 2017;
04(9):26-39.
10- CLSI. Performance standards for antimicrobial susceptibility testing; Twenty-Third
informational supplement. M100-S23 2013; 33 (1).
11- Aljanaby AAJ, Aljanaby IAJ (2017). Profile of antimicrobial resistance of aerobic
pathogenic bacteria isolated from different clinical infections in Al-Kufa central
hospitalIraq during period from 2015 to 2017. Res J Pharm Tech;10(10):3264-3270.
12- Mishra M. P., Sarangi R., Padhy P. N. (2016). Prevalence of multidrug resistant
uropathogenic bacteria in pediatric patients of a tertiary care hospital in eastern India.
Journal of Infection and Public Health; 9: 308-314.
13- Aljanaby AA, Gafil FA (2013). Effect of different antibiotics on aerobic pathogenic
bacteria and urinary tract infection in Al-Manathera City, Iraq: a comparative study. Res
Chem Intermed;39(8):3679-3687.
14- Falagas, M. E., Bliziotis, I. A., Kasiakou, S. K., Samonis, G., Athanassopoulou, P., &
Michalopoulos, A. (2005). Outcome of infections due to pandrug-resistant (PDR) Gramnegative bacteria. BMC infectious diseases, 5, 24. https://doi.org/10.1186/1471-2334-524
15- Ensor VM, Jamal W, Rotimi VO, Evans JT, Hawkey PM (2009). Predominance of CTXM-15 extended spectrum βlactamases in diverse Escherichia coli and Klebsiella
pneumoniae from hospital and community patients in Kuwait. Int J Antimicrob
Agents;33(5):487-489
16- Majeed H. T. and Aljanaby A. A. (2019). Antibiotic Susceptibility Patterns and
Prevalence of Some Extended Spectrum BetaLactamases Genes in Gram-Negative
Bacteria Isolated from Patients Infected with Urinary Tract Infections in Al-Najaf City,
Iraq. Avicenna Journal of Medical Biotechnology; 11(2):192-201.
17- Najjuka C.F. and Kajumbula H. et al. (2019). blaVIM- and blaOXA-mediated carbapenem
resistance among Acinetobacter baumannii and Pseudomonas aeruginosa isolates from

1034

Systematic Reviews in Pharmacy

Vol 11, Issue 10, Oct-Nov 2020

Molecular detection of antibiotic resistance genes and biofilm production among
uropathogenic bacteria

the Mulago hospital intensive care unit in Kampala, Uganda. BMC Infect Dis 19, 853.
https://doi.org/10.1186/s12879-019-4510-5
18- Kamble, R (2015). Acinetobacter species in Health Care setting: Clinical significance and
Antimicrobial sensitivity. Int. J. Curr. Microbiol. Appl. Sci., 4, 861–869.
19- Fazeli, H.; Akbari, R.; Moghim, S.; Narimani, T.; Arabestani, M.R.; Ghoddousi, A.R.
(2012) Pseudomonas aeruginosa infections in patients, hospital means, and personnel’s
specimens. J. Res. Med. Sci., 17, 332–337. 39.
20- Kateete, D. P., Nakanjako, R., Okee, M., Joloba, M. L., & Najjuka, C. F. (2017).
Genotypic diversity among multidrug resistant Pseudomonas aeruginosa and
Acinetobacter species at Mulago Hospital in Kampala, Uganda. BMC research
notes, 10(1), 284. https://doi.org/10.1186/s13104-017-2612-y
21- Kateete, D. P., Nakanjako, R., Namugenyi, J., Erume, J., Joloba, M. L., & Najjuka, C. F.
(2016). Carbapenem resistant Pseudomonas aeruginosa and Acinetobacter baumannii at
Mulago Hospital in Kampala, Uganda (2007-2009). SpringerPlus, 5(1), 1308.
https://doi.org/10.1186/s40064-016-2986-7
22- Madaha E.L., Gonsu H. K., Bughe R. N., Fonkoua M. C., Ateba C. N., and Mbacham W.
F. (2020). Occurrence of blaTEM and blaCTXM Genes and Biofilm-Forming Ability
among Clinical Isolates of Pseudomonas aeruginosa and Acinetobacter baumannii in
Yaoundé, Cameroon. Microorganisms; 8, (708): 1-22;
doi:10.3390/microorganisms805070
23- Ugwu M. C., Shariff M., Nnajide C.M., Beri K., Okezie U. M., Iroha I. R., and Esimone
C. O. (2020). Phenotypic and Molecular Characterization of β-Lactamases among
Enterobacterial Uropathogens in Southeastern Canadian Journal of Infectious Diseases
and Medical Microbiology; Article ID 5843904:1-9
https://doi.org/10.1155/2020/5843904
24- Doi Y. and Arakawa Y (2007). 16S Ribosomal RNA Methylation: Emerging Resistance
Mechanism against Aminoglycosides. Clinical Infectious Diseases; 45:88–94.

1035

Systematic Reviews in Pharmacy

Vol 11, Issue 10, Oct-Nov 2020

Molecular detection of antibiotic resistance genes and biofilm production among
uropathogenic bacteria

25- Wachino J., Yamane K., Shibayama K., Kurokawa H., Shibata N., and Suzuki S. (2006).
Novel Plasmid-Mediated 16S rRNA Methylase, RmtC, Found in a Proteus mirabilis Isolate
Demonstrating Extraordinary High-Level Resistance against Various Aminoglycosides.
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY; 50(1):178–184
26- Lioy, V. S., Goussard, S., Guerineau, V., Yoon, E. J., Courvalin, P., Galimand, M., &
Grillot-Courvalin, C. (2014). Aminoglycoside resistance 16S rRNA methyltransferases
block endogenous methylation, affect translation efficiency and fitness of the host. RNA
(New York, N.Y.), 20(3), 382–391. https://doi.org/10.1261/rna.042572.113
27- Wachino J. and Arakawa Y. (2012). Exogenously acquired 16S rRNA methyltransferases
found in aminoglycoside-resistant pathogenic Gram-negative bacteria: An update. Drug
Resistance Updates; 15(3):133-148
28- Białek A. W., Baraniak A., Wawszczak M., Głuszek S., Gad B., Wróbel K. (2018). The
genetic background of antibiotic resistance among clinical uropathogenic Escherichia coli
strains. Molecular Biology Reports; 45:1055–1065 https://doi.org/10.1007/s11033-0184254-0
29- Shenagari M., Bakhtiari M., Mojtahedi A., Roushan Z. A. (2018). High frequency of
mutations in gyrA gene associated with quinolones resistance in uropathogenic
Escherichia coli isolates from the north of Iran. Iranian Journal of Basic Medical
Sciences; 21:1226-1231. doi: 10.22038/ijbms.
30- Heisig P. (1996). Genetic evidence for a role of parC mutations in development of highlevel fluoroquinolone resistance in Escherichia coli. Antimicrobial agents and
chemotherapy, 40(4), 879–885. https://doi.org/10.1128/AAC.40.4.879
31- Anvarinejad M., Farshad S., Alborzi A., Ranjbar R., Giammanco G. M., and Japoni A.
(2011). Integron and genotype patterns of quinolones-resistant uropathogenic Escherichia
coli. African Journal of Microbiology Research Vol. 5(22): 3765-3770
DOI:10.5897/AJMR11.673.
32- Komp Lindgren, P., Karlsson, A., & Hughes, D. (2003). Mutation rate and evolution of
fluoroquinolone resistance in Escherichia coli isolates from patients with urinary tract

1036

Systematic Reviews in Pharmacy

Vol 11, Issue 10, Oct-Nov 2020

Molecular detection of antibiotic resistance genes and biofilm production among
uropathogenic bacteria

infections. Antimicrobial agents and chemotherapy, 47(10), 3222–3232.
https://doi.org/10.1128/aac.47.10.3222-3232.2003
33- Nouri R., Rezaee M. A., Hasani A., Aghazadehb M., Asgharzadehd M. (2016). The role
of gyrA and parC mutations in fluoroquinolones-resistant Pseudomonas aeruginosa
isolates from Iran. Brazilian Journal of Microbiology; 47: 925–930
34- Subramanian, P., Shanmugam, N., Sivaraman, U., Kumar, S., & Selvaraj, S. (2012).
Antiobiotic resistance pattern of biofilm-forming uropathogens isolated from catheterised
patients in Pondicherry, India. The Australasian medical journal, 5(7), 344–348.
https://doi.org/10.4066/AMJ.2012.1193
35- Niveditha, S., Pramodhini, S., Umadevi, S., Kumar, S., & Stephen, S. (2012). The
Isolation and the Biofilm Formation of Uropathogens in the Patients with Catheter
Associated Urinary Tract Infections (UTIs). Journal of clinical and diagnostic research:
JCDR, 6(9), 1478–1482. https://doi.org/10.7860/JCDR/2012/4367.2537
36- Tofte N, Nielsen ACY, Trøstrup H, Andersen CB, Von Linstow M, Hansen B, BieringSørensen F, Høiby N, Moser C. Chronic urinary tract infections in patients with spinal
cord lesions – biofilm infection with need for long-term antibiotic treatment. APMIS
2017; 125: 385–391.
37- Gandee L., Hsieh J.T., Sperandio V., Moreira C., Lai C.H. , Zimmern P. E. (2015). The
efficacy of immediate versus delayed antibiotic administration on bacterial growth and
biofilm production of selected strains of uropathogenic Escherichia coli and
Pseudomonas aeruginosa. .IBJU.41 (1): 67-77. doi: 10.1590/S1677-5538
38- Deotale V. S., Attal R., Joshi S., Bankar N. (2015).Correlation between biofilm formation
and highly drug resistant uropathogens (HDRU). Int J Cur Res Rev; 7(2):61-65.
39- Behzadi, P.; Urbán, E.; Gajdács, M. (2020). Association between Biofilm-Production
and Antibiotic Resistance in Uropathogenic Escherichia coli (UPEC): An In Vitro
Study. Diseases, 8 (17): 2-11. doi:10.3390/diseases8020017

1037

Systematic Reviews in Pharmacy

Vol 11, Issue 10, Oct-Nov 2020

Molecular detection of antibiotic resistance genes and biofilm production among
uropathogenic bacteria

40- Whelan, S.; O’Grady, M.C.; Corcoran, D.; Finn, K.; Lucey, B. (2020).
Uropathogenic Escherichia coli Biofilm-Forming Capabilities are not Predictable from
Clinical Details or from Colonial Morphology. Diseases, 8, 11.

1038

Systematic Reviews in Pharmacy

Vol 11, Issue 10, Oct-Nov 2020

