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Abstract

Background/Aim: The most common bacterial diseases in women 
around the world are urinary tract infections. Aim of this study, was to 
evaluate the prevalence and current antibiotic resistance rate of uro-
pathogens isolated from the female patients of a tertiary care hospital in 
Amritsar, Punjab, India.
Methods: Samples were collected from patients showing urinary tract 
infection (UTI) symptoms and analysed using microscopy, dipstick test 
and urine culturing followed by identification and characterisation of to 
identify the uropathogens. Antibiotic susceptibility test and MIC were 
performed.
Results: The results revealed that E coli (35.5 %) was the most prominent 
uropathogen followed by Klebsiella spp (21 %), Enterobacter spp (17 %), 
Acinetobacter (11 %), Enterococcus spp (6 %), Pseudomonas spp (4.5 %), 
coagulase negative Staphylococci (4 %), coagulase-positive Staphylococci 
(0.5 %) and Corynebacterium aurimucosum (0.5 %). The antibiotic sus-
ceptibility profile study reported eight isolates with multi-drug resistance 
properties. However, gentamicin, imipenem and meropenem were found 
to be the most effective antibiotics against the isolated uropathogens. All 
the extended spectrum β-lactamase (ESBL)-positive isolates possess the 
quinolone-resistant gene qnrB, while qnrA was absent.
Conclusion: The current study revealed that for appropriate treatment, 
it is crucial to be aware of the epidemiological data regarding the disease 
and to begin any empirical antibiotic treatment.
Key words: Urinary tract infection (UTI); Uropathogens; Antibiotic sus-
ceptibility; β-lactamase; Quinolone resistance; Multi-drug resistant.
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Introduction

Urinary tract infections (UTIs) are the most 
prevalent bacterial infections in women across 
the globe. These infections may be communi-

ty-acquired or nosocomial that are acquired 
from hospital settings such as catheters.1 UTI is 
particularly responsible for causing discomfort 
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in elderly and immune-compromised patients 
constituting a risk of septic shock, bacteraemia, 
respiratory distress syndrome and even death.2 
Patients having UTIs are usually treated by em-
pirical antibiotic treatment.3 Therefore, to begin 
with an appropriate treatment, it is crucial to be 
aware of the epidemiological data regarding the 
disease.4 In the present era, where pathogens 
possess high antibiotic resistance rates, it is even 
more important to understand epidemiological 
information before starting the treatment. The 
main epidemiological factors that influence the 
type of UTI, causative agents and antimicrobial 
resistance rates are age group, sex, geographical 
location and hospital setting.5

Although there are many causative agents of 
UTIs, the members of the family Enterobacteria-
ceae accounts for most of the infections. E coli is 
the most common uropathogen involved in com-
munity-acquired UTIs because it belongs to the 
intestinal microflora of the human intestine and 
may easily colonise the urinary system. Several 
investigations on community cases revealed that 
the most common uropathogens are E coli, Klebsi-
ella spp, Enterococcus spp and Proteus spp.6 

Antibiotic resistance is one of the major grow-
ing concern today. The inappropriate use of an-
tibiotics in human medicine and their misuse in 
the veterinary and agriculture field are the major 
contributing factors to antimicrobial resistance.7 
Further, the resistance of pathogenic microor-
ganisms to commonly used antibiotics is a seri-
ous concern worldwide as it highly affects the 
treatment of infectious diseases like UTIs.8, 9

 
The World Health Organization published its first 
list of antibiotic-resistant “priority pathogens” - a 
database of 12 families of bacteria that represent 
the most serious threat to human health. Multi-
drug resistant bacteria are the most dangerous of 
all, posing a particular hazard in hospitals, nurs-
ing homes and among patients requiring devic-
es such as ventilators and blood catheters. They 
include Acinetobacter, Pseudomonas and several 
members of Enterobacteriaceae family (including 
Klebsiella, E coli, Serratia and Proteus). They can 
cause severe and frequently fatal illnesses such 
as bacteraemia and pneumonia.10

Extended spectrum β-lactamases are a class of 
genetic alterations that confer resistance by hy-
drolysing penicillins, 1st, 2nd and 3rd generation Figure 1: Flow of the study

cephalosporins and aztreonam. β-lactamase in-
hibitors can prevent them from growing. Three 
primary sets of genes encode extended spectrum 
β-lactamases (ESBLs) ie TEM, SHV and CTX-M 
and these enzymes are frequently detected in E 
coli and K pneumoniae.11 ESBLs are produced by 
a variety of bacteria and were initially connect-
ed with hospital-acquired infections, but are now 
increasingly linked with community-acquired ill-
nesses.12

 
Similarly, fluoroquinolones are used to treat UTIs 
induced by both gram-positive and gram-nega-
tive bacteria. The widespread use of these anti-
biotics has resulted in resistance, particularly 
among Enterobacterales.13 Due to their potency, 
broad spectrum of activity, oral absorption and 
safety profile, cephalosporins and fluoroquinolo-
nes are frequently used to treat community-ac-
quired UTIs in non-pregnant women. However, 
since antibiotic resistance spreads around the 
world, the efficacy of these antibiotic treatment 
alternatives may be jeopardised.12

Owing to the growing concern of antibiotic re-
sistance UTIs cases in Amritsar (India), aim of 
this study was to analyse the prevalence of UTI 
causing bacteria and their antibiotic susceptibil-
ity pattern towards different antibiotics. Also, 
the study was aimed to uncover the presence of 
ESBL and plasmid-mediated quinolone resistance 
(PMQR) genes among isolated uropathogens.

Methods

Flow of the study is presented in Figure 1.
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Study area and population
The present study was carried out in the Amritsar 
city of Punjab, India. The urine samples were col-
lected from Guru Nanak Dev Hospital, Amritsar. 
The study was carried out from April to Septem-
ber 2017. A total of 200 female patients with signs 
and symptoms of UTI who visited the outpatient 
department (OPD) of the hospital were selected 
for this study. The age of patients was between 
21 to 60 years. The non-inclusion criteria for this 
study is the age of patients (< 21 years), patients 
who were on antibiotics, patients with a history 
of any implants and patients with a history of 
hospital admission a week before an OPD visit to 
rule out nosocomial infections. A questionnaire 
was prepared to have questions related to the 
signs and symptoms of the UTI, previous history 
of the UTI and medication or antibiotics taken.
The study was approved by the institutional ethi-
cal committee of Guru Nanak Dev University, Am-
ritsar, Punjab (India) (Ref No: -659/HG; Date: 29-
Mar-2016). The work was done according to the 
guidelines provided by Indian Council of Medical 
Research (ICMR). The purpose of the study was 
clearly stated and a written consent was taken 
from each patient involved in the study before 
sample collection.

Sample collection
The clean-catch midstream of freshly voided 
urine was collected in a sterile screw-capped 
container (50 mL). The instructions were given 
to the patients on how to collect the sample in the 
container. The collected samples were labelled 
and transported to the laboratory within 2 h of 
collection for analysis.

Urinalysis
Urine microscopy. In the preliminary urine anal-
ysis, 10 mL of well-mixed urine was taken in a 
centrifuge tube and centrifuged at 3000 rpm. The 
supernatant was discarded and the pellet/depos-
its left in the tube were smeared on the glass slide 
to observe under the light microscope for any 
cells, crystals and casts present in the urine.

Urine dip-stick test. The preliminary examina-
tion of the urine samples was done using 10 test 
strips coated with chemicals (Orinasys, ARKRAY 
Healthcare Pvt Ltd, Santacruz East, Mumbai, In-
dia). To perform the test, the manufacturer’s 
methodology was followed and the results were 
also read accordingly. The chemical-coated strips 
were dipped in the un-centrifuged urine samples 

and taken out immediately on a blotting paper. 
The results were noted by observing the colour 
change on the patches.

Urine culture. The urine culture was done with 
the help of a calibrated loop. One µL of un-centri-
fuged, well-mixed urine sample was inoculated 
with the help of inoculating loop on the surface of 
MacConkey and blood agar plates (HiMedia Labo-
ratories, Mumbai, India). For counting the bacte-
rial colonies, a measured amount of urine (1 µL) 
was inoculated onto the nutrient agar plates with 
the help of calibrated inoculating loop. The colo-
ny-forming unit count was more or equal to 104 
CFU/mL for a single potential pathogen interpret-
ed as positive bacteriuria.

Identification of bacterial isolates
The isolated bacteria were identified using 
standard microbiological methods as stated in 
Bergey’s Manual of Systematic Bacteriology.14 
Differential mediums were used such as mannitol 
salt agar and eosin methylene blue agar to iden-
tify bacteria. Different biochemical tests were 
performed for bacterial identification including 
IMViC, sugar fermentation (glucose, lactose, su-
crose, mannitol), motility, oxidation/fermenta-
tion, oxidase, catalase, urease, coagulase and 
triple sugar iron. Gram staining was performed 
to differentiate between Gram-positive and 
Gram-negative bacteria. Few isolates were fur-
ther confirmed by 16s rRNA gene sequence anal-
ysis. For molecular characterisation, each bacte-
rium was grown on nutrient agar plates and DNA 
was isolated by following the protocol described 
by Kaur et al.15 The 16s rRNA gene sequence of the 
bacterial samples was amplified using primers as 
described by Lane.16 The primer sequences were: 
27F (5’-CAGGCCTAACACATGCAAGTC-3’) and 
1492R (5’- GGGCGGWGTGTACAAGGC-3’). Poly-
merase chain reaction (PCR) was used to amplify 
the 16s rRNA gene in a 20 μL reaction mixture 
as described by Kaur et al.15 The PCR was per-
formed in a thermocycler (Agilent Technologies, 
Santa Clara, CA, USA). The PCR-amplified product 
was purified using a Gel Extraction Kit (IBI Scien-
tific, Dubuque, IA, USA) following the instructions 
of the manufacturer. The purified PCR products 
were sequenced using the same primers provided 
by DNA sequencing services of 1st BASE, Axil Sci-
entific Pte Ltd, Singapore. The sequences obtained 
were used for a gene similarity search against 
the National Center for Biotechnology Informa-
tion (NCBI) database using the BLAST algorithm. 
The 16s rRNA gene sequences of the isolates were 
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submitted to NCBI GenBank using BankIt (www.
ncbi.nlm.nih.gov/Banklt/).

Antibiotic susceptibility pattern of the
isolates 
Antibiotic susceptibility test. The antibiotic 
susceptibility pattern of the bacterial isolates was 
evaluated by the disc diffusion method as given 
by Bauer and Kirby with few modifications.17 The 
isolated bacteria were initially grown in Luria 
Bertani broth and the cell density was set equiv-
alent to 0.5 McFarland standards by diluting 
the grown culture with fresh medium. The agar 
plates were prepared with Mueller-Hinton agar 
medium and the diluted bacterial culture (0.1 mL) 
was spread on each agar plate. A sterile forceps 
were used to place the antibiotic discs over the 
agar surface. The plates were incubated at 37 ºC 
in a BOD incubator for 24-48 h. A total of 24 an-
tibiotics belonging to different groups based on 
their mode of action were procured from HiMedia 
Laboratories (Mumbai, India) and were tested. 
The antibiotic susceptibility of the isolates was 
determined by measuring the zone of inhibition 
around the discs and the results were interpreted 
according to the guidelines of CLSI.18 E coli ATCC 
25922 was used as the control strain.

Multiple antibiotic resistance (MAR) index. 
The MAR index was calculated by observing the 
antibiotic susceptibility pattern of the isolates. It 
was calculated by the method given by Krumper-
man.19 Total number of antibiotics to which an 
isolate was resistant was divided by total num-
ber of antibiotics tested against it.

Minimum inhibitory concentration (MIC) as-
say. MIC of the selected bacterial strains was 
determined by using commercial HiComb MICTM 
strips that contain antibiotic concentrations gra-
dient-wise (HiMedia Laboratories Mumbai, India). 
Briefly, it is based upon the diffusion of the anti-
biotic into the medium so that MIC values could 
be estimated directly using a single culture plate. 
Mueller Hinton agar plates were prepared and the 
HiComb MICTM strips were placed on them after 
inoculating them with desired bacterial culture 
(cell density equivalent to 0.5 McFarland stan-
dards). The MIC was recorded at the point of in-
tersection of the clear zone with the point on the 
scale of the MIC test strip. In the present study, 
the sixteen antibiotics selected for the MIC test 
were: polymyxin B, ciprofloxacin, amoxicillin/
clavulanic acid, gentamicin, levofloxacin, imipen-
em, tobramycin, nitrofurantoin, norfloxacin, na-

lidixic acid, piperacillin, aztreonam, meropenem, 
amikacin, cefepime and cefpirome were assessed 
using MIC strips (Himedia). E coli ATCC 25922 was 
used as the control strain.

Phenotypic detection of ESBL producers
Double-disc synergy test (DDST). The ESBL 
production of the isolated Gram-negative bacte-
ria was tested by the modified double disc syner-
gy test (MDDST) given by Kaur et al.20 In this test, 
a disc of amoxicillin/clavulanic acid (20/10 μg) 
along with four cephalosporins; ceftriaxone, cef-
tazidime cefpodoxime (third generation cephalo-
sporin) and cefepime (fourth generation cephalo-
sporin) were used. A lawn culture of the isolate 
was made on a Mueller-Hinton agar plate as rec-
ommended by CLSI.18 The amoxicillin/clavulanic 
acid disc (20/10 μg) was placed in the centre of 
the plate and the other discs of 3GC and 4GC were 
placed at 15 mm and 20 mm distance from centre 
to centre to that of the amoxicillin/clavulanic acid 
disc. Any distortion or increase in the inhibition 
zone towards the amoxicillin/clavulanic acid disc 
was considered positive for ESBL production. 
Klebsiella pneumoniae ATCC 700603 was used as 
a positive control strain.

Combination disc test (CDT). The test was per-
formed according to the guidelines of CLSI in 
which the discs containing cephalosporin alone 
and with the clavulanic acid were used.18 In this 
study, a ceftazidime (30 µg) disc alone and in 
combination with clavulanic acid (30 µg/10 µg) 
was used. The inhibition zone around the two 
discs was compared and an increase in the zone 
diameter ≥ 5 mm of the cephalosporin disc with 
clavulanic acid was interpreted as positive.

Detection of antibiotic resistance genes in 
MAR uropathogens. The Gram-negative iso-
lates which were resistant to more than seven 
antibiotics were further explored for the pres-
ence of antibiotic-resistant genes. The plas-
mid-mediated β-lactamase genes (blaSHV, blaCTX-M, 
blaTEM, blaAmpC) and quinolone-resistant genes 
(qnrA and qnrB) were studied among two iso-
lates of E coli RBRJ005 and RBRJ013 (Accession 
No: MN294475, MN294482), two isolates of K 
pneumoniae RBRJ019, RBRJ024 (Accession No: 
MN294488, MN294493), one isolate of Acine-
tobacter baumannii RBRJ027 (Accession No: 
MN294496) and one isolate of Enterobacter clo-
acae RBRJ017 (Accession No: MN294486) which 
were resistant to more than seven antibiotics. 
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Plasmid DNA was isolated from these bacterial 
isolates using High-Speed Plasmid Mini Kit Cat. 
No IB47101 (IBI, Scientific, Dubuque, IA, USA). A 
single colony of each bacterium was grown in the 
Luria-Bertani broth for plasmid DNA isolation 
and the extracted DNA was used as a template for 
amplification. The multiplex PCR (Agilent Technol-
ogies, Santa Clara, CA, USA) was used to identify 
these plasmid-mediated ESBL and quinolone-re-
sistant genes. PCR was performed in a thermocy-
cler (Agilent Technologies, USA). The final reaction 
mixture was 20 µL containing various compo-
nents. 

Biofilm assay. This assay was performed accord-
ing to the method given by O’Toole with some 
modifications.21 The cultures of the selected bac-
teria were grown overnight in the Luria broth and 
diluted in a ratio of 1:100 using a fresh medium. 
From the diluted medium, 100 μL was added to 
a sterile 96-well microtiter plate. The microtiter 
plate was covered and incubated for 24 and 48 h 
at 37 ºC in a BOD incubator. For the quantitative 
purpose, the assay was performed in the tripli-
cate wells for each culture. After incubation of 24 
and 48 h, the bacterial culture was dumped by 
flipping the microtiter plate and gently shaking 
to remove the liquid medium from the wells. The 
wells were washed twice with phosphate-buff-
ered saline (1 x), thus removing the media compo-
nents and planktonic cells if attached to the wells. 
About 125 μL 0.1 % crystal violet was used to 
stain the wells and after 10-15 min the stain was 
removed by flipping the plate and gently shaking. 
The autoclaved distilled water was used to wash 
the microtiter plate until all the excess stain was 
removed. After that, the plate was shaken and 
blotted vigorously on a stack of tissue paper and 
was then dried at room temperature overnight. 
Thirty three percent glacial acetic acid was added 
into each well to solubilise the dye for quantifica-
tion purposes. The microtiter plate was incubat-
ed for 10-15 min at room temperature and the op-
tical density (OD) was measured at 590 nm using 
a microtiter plate reader (BioTek, Model Synergy 
HT). Thirty three percent acetic acid was taken 
as blank. The biofilm mass and bacterial adhesion 
were expressed as OD590 nm values. Bacteria 
were classified according to the scheme of Ste-
panović et al on the basis of the cut-off OD (ODc) 
value as non-biofilm producer (OD < ODc), weak 
biofilm producer (ODc < OD ≤ 2 × ODc), moderate 
biofilm producer (2 × ODc < OD ≤ 4 × ODc), strong 
biofilm producer (OD > 4 × ODc).22

Results

The age distribution of the patients was between 
21-60 years with mean age of 36.5 ± 11.87. The 
results of the present study revealed that patients 
of age group 21-30 and 31-40 years showed max-
imum symptoms of burning micturition, dysuria 
and pyuria (Table 1). 

Table 1: Patients reporting UTI symptoms

Patients gave multiple responses; UTI: urinary tract infection;

Age
(Years) Burning 

micturition
Frequency/

Urgency
Haematuria PyuriaDysuria

No of patients showing these symptoms (n = 200)

21-30

31-40

41-50

51-60

49

57

37

13

17

32

21

19

59

63

33

11

5

27

9

2

29

60

39

22

The maximum cases of pyuria were in the age 
group 31-40 years. In this study, the pyuria was 
confirmed by both the dipstick test and micro-
scopic examination. The presence of pus cells in 
the sample was shown in Figure 2, as well as the 
presence of crystals in the urine samples.

Prevalence of uropathogens 
The 16S rRNA PCR amplification gave approxi-
mately 1450 bp amplicons of different bacterial 
isolates. The alignment of partial 16S rRNA se-
quences against the NCBI database suggested that 
they belong to different bacterial species (Table 2). 
In the present study, the most frequently identi-
fied uropathogen using urine culture method was 
E coli (35.5 %) followed by Klebsiella spp (21 %), 
Enterobacter spp (17 %), Acinetobacter spp (11 %), 
Enterococcus spp (6 %), Pseudomonas spp (4.5 %) 
coagulase-negative Staphylococci (4 %), coagu-
lase-positive Staphylococci (0.5 %) and Coryne-
bacterium aurimucosum (0.5 %) (Table 2). 

Antibiotic susceptibility pattern of
uropathogens
All the isolated uropathogens were susceptible 
to gentamicin while, two isolates were resistant 
to amikacin and tobramycin (Table 3). Among 
the penicillins group, the only effective antibiotic 
was carbenicillin as only three isolates were re-
sistant to it. In the cephalosporins group, most 
uropathogens were found to be resistant to third 
and fourth-generation antibiotics. About 8.5 % 
were resistant to ceftazidime, while 7.5 % were 
resistant to cefepime and 9.5 % to cefpirome. An 
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Figure 2: a) Pus cells, b) epithelial 
cells, c) cystine crystals and d) cal-
cium oxalate crystals under light mi-
croscope (40x)

Isolated bacteria 

Mode of action 
of antibiotics

Antibiotic
groups Antibiotics No of resistant 

isolates 
Antibiotic

concentration (µg) 

Number
(n = 200 )

Percentage

Escherichia coli
Klebsiella spp
Enterobacter spp
Pseudomonas spp
Enterococcus faecalis
Coagulase positive Staphylococci
Coagulase negative Staphylococci 
Acinetobacter spp
Corynebacterium aurimucosum

Inhibitor of protein synthesis

Inhibitor of cell wall 
synthesis

71

42

34

9

12

1

8

22

1

Aminoglycosides

Beta-lactam 
antibiotics
(Penicillins)

Beta-lactam 
antibiotics
(Cephalosporins)

Monobactams

Carbapenems

Amikacin

Tobramycin

Gentamicin

Amoxicillin/

clavulanic acid

Ampicillin

Carbenicillin

Piperacillin

Cefadroxil

Cefuroxime

Ceftriaxone

Ceftazidime

Cefepime

Cefpirome

Aztreonam 

Imipenem

Meropenem 

2 (1.0 %)

2 (1.0 %)

0 (0.0 %)

30

10

10

19 (9.5 %)

26 (13 %)

3 (1.5 %)

17 (8.5 %)

9 (4.5 %)

4 (2.0 %)

2 (1.0 %)

17 (8.5 %)

15 (7.5 %)

19 (9.5 %)

23 (11.5 %)

0 (0.0 %)

0 (0.0 %)

30

10

100

100

30

30

30

30

30

30

30

10

10

35.5

21.0

17.0

4.5

6.0

0.5

4.0

11.0

0.5

Table 2: a) Pus cells, b) epithelial cells, c) cystine crystals and d) 
calcium oxalate crystals under light microscope (40x)

Table 3: Antibiotic susceptibility of uropathogens towards different antibiotics

antibiotic belonging to group monobactams azt-
reonam proves to be ineffective against 11.5 % 
of the isolated urinary microbes. All the isolates 
were susceptible to carbapenems ie imipenem 
and meropenem, hence, can be used to treat re-
current UTIs. About 13.5 % isolates were resis-
tant to nalidixic acid and ciprofloxacin was found 
to be ineffective against 7.5 % of the isolates. 
Polymyxin B was found to be ineffective against 
3 % of the isolates. Trimethoprim/sulfamethox-
azole was found to be ineffective against 12.5% 
of the uropathogens.

Kaur et al. Scr Med 2023 Dec;54(4):315-28.
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Bacterial isolates 

MAR index calculation Biofilm formation

Total number of
antibiotics tested (y) MAR index (x/y)

24 h 48 hN of antibiotics to
which the isolate
was resistant (x)

E coli RBRJ005

E coli RBRJ013

K pneumoniae RBRJ019

K pneumoniae RBRJ024

Enterobacter cloacae RBRJ017

Acinetobacter baumannii RBRJ027

Enterococcus faecalis RBRJ015

Staphylococcus aureus RBRJ010

24

24

24

24

24

24

25

25

7

8

10

8

8

12

9

8

0.29

0.33

0.41

0.33

0.33

0.50

0.36

0.32

+

++

+

++

+

++

++

0

++

+++

++

+++

++

+++

+++

+

Polymyxins

Sulphonamides 

Polymyxin B

Trimethoprim/
sulfamethoxazole

6    3.0 %)

25 (12.5 %)

300

25

Quinolones 

Fluroquinolones

Furans

Inhibitor of nucleic 
acids

Inhibitor of
membrane function

Inhibitor of
metabolic processes 

Nalidixic acid

Ciprofloxacin

Levofloxacin 

Norfloxacin

Nitrofurantoin 

27 (13.5 %)

4   (2.0 %)

7   (3.5 %)

15   (7.5 %)

2   (1.0 %)

30

5

5

10

300

U

Table 4: Multiple antibiotic resistance (MAR) and biofilm formation potential of the bacterial isolates

Antibiotic susceptibility profile of multi-drug 
resistant uropathogens
Eight bacterial isolates were resistant to > 7 an-
tibiotics and were considered multi-antibiotic 
resistant based on their antibiotic susceptibil-
ity profile. The bacterial isolates, namely E coli 
RBRJ005 and RBRJ013, K pneumoniae RBRJ019, 
RBRJ024, Acinetobacter baumannii RBRJ027, En-
terobacter cloacae  RBRJ017, Enterococcus faeca-
lis RBRJ015 and Staphylococcus aureus RBRJ010 
were resistant to > 7 antibiotics (Table 4). 

Figure 3 shows the antibiotic resistance pattern, 
while Figure 4 shows the MIC values of the anti-
biotics against multi-drug resistant strains. The 
two E coli strains ie RBRJ005 and RBRJ013 were 
found to be resistant to antibiotics commonly 
used to treat UTIs. The antibiotic profile of the 
strain RBRJ005 showed that it was resistant to 
trimethoprim/sulfamethoxazole, ceftazidime, 
aztreonam, ampicillin, piperacillin, amoxicillin/
clavulanic acid, nalidixic acid and cefepime, while 
the strain RBRJ013 was found to be resistant to 
antibiotics: trimethoprim/sulfamethoxazole, car-
benicillin, ceftazidime, aztreonam, ampicillin, 
nalidixic acid, cefpirome and cefepime. The MIC 
assay revealed that both the strains were resis-
tant to amoxicillin/clavulanic acid, nalidixic acid, 
piperacillin and aztreonam.

(0) non-biofilm producer; (+) weak biofilm producer; (++) moderate biofilm producer; (+++) strong biofilm producer;

Similarly, the two strains of K pneumoniae 
RBRJ019 and RBRJ024 were found to be resistant 
to various antibiotics used to treat UTIs. The MIC 
assay revealed that the strain RBRJ019 was resis-
tant to ciprofloxacin, amoxicillin/clavulanic acid 
and gentamicin, while the strain RBRJ024 was 
resistant to ciprofloxacin, amoxicillin/clavulan-
ic acid, gentamicin, piperacillin, aztreonam and 
norfloxacin at the specified concentrations given 
by CLSI. The strain RBRJ017 of Enterobacter clo-
acae was also observed for antibiotic resistance 
pattern and found that it was resistant to cefurox-
ime, levofloxacin, cefadroxil, ampicillin, nitrofu-
rantoin, norfloxacin, amoxicillin/clavulanic acid 
and polymyxin-B at the concentrations specified 
by CLSI. The other Gram negative bacteria Acine-
tobacter baumannii RBRJ027 of family Moraxella-
ceae was also explored for its antibiotic suscep-
tibility profile and was found to be resistant to 
many antibiotics, namely amoxicillin/clavulanic 
acid, nitrofurantoin, piperacillin, aztreonam and 
cefepime.

The two Gram positive bacteria Enterococcus 
faecalis RBRJ015 and Staphylococcus aureus 
RBRJ010 were investigated for their susceptibil-
ity towards different antibiotics including meth-
icillin. The strain RBRJ015 was resistant to cef-
tazidime, aztreonam, amikacin, nalidixic acid, 
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Figure 3: Antibiotic susceptibility of a) Enterobacter cloacae b) Escherichia coli c) Enterococ-
cus faecalis d) Acinetobacter baumannii towards different antibiotics

Figure 4: Minimum inhibitory concentration (MIC) of the antibiotics towards different bac-
terial isolates; a) Enterococcus faecalis b) E coli c) Enterobacter cloacae d) Acinetobacter 
baumannii
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Figure 5: Gel electrophoresis of the PCR products

polymyxin-B, cefpirome and cefepime, while the 
strain RBRJ010 was resistant to trimethoprim/
sulfamethoxazole, aztreonam, ampicillin, pipera-
cillin, amoxicillin/clavulanic acid, nalidixic acid, 
polymyxin-B and cefepime antibiotics. The strain 
RBRJ010 was resistant to polymyxin-B, amoxi-
cillin/clavulanic acid, nalidixic acid, piperacillin, 
aztreonam and cefepime, while the antibiotics 

Type of gene

Bacterial isolates

E coli
RBRJ005

E coli
RBRJ013

K pneumoniae 
RBRJ019

Enterobacter
cloacae

RBRJ019

Acinetobacter 
baumannii 
RBRJ027

K pneumoniae 
RBRJ024

blaSHV

blaTEM

blaCTX-M

blaAmpC

qnrA

qnrB

+

+

-

+

-

+

+

+

+

+

-

+

+

+

+

+

-

+

+

+

+

+

-

+

+

+

+

+

-

+

+

+

+

+

-

+

Table 5: Antibiotic resistant genes present in bacterial isolates

Gene: ‘+’ present; ‘-‘absent;

a) Gel electrophoresis of the PCR products of blaCTX-M gene; lane 1: DNA Ladder (1 Kb), lane 2-3: 500 bp band of PCR product in K 
pneumoniae RBRJ019 and Acinetobacter baumannii RBRJ027;
b) Gel electrophoresis of the PCR products of qnrB gene; lane 1: DNA Ladder (1 Kb), lane 2-5: 400 bp band of PCR product in E coli 
RBRJ013, K pneumoniae RBRJ019, K pneumoniae, RBRJ024, Enterobacter cloacae RBRJ017;
c) Gel electrophoresis of the PCR products of blaSHV and blaTEM gene in E coli RBRJ005; lane 1: DNA Ladder (1 Kb), lane 2-3: 1000 
bp band of PCR product;
d) Gel electrophoresis of the PCR products of blaTEM (lane 4) in K pneumoniae RBRJ024 (1000 bp); blaAmpC (lane 3, 5, 6) in E coli 
RBRJ013, K pneumoniae RBRJ019 and Enterobacter cloacae RBRJ017 (500 bp); qnrB (lane 7) in Acinetobacter baumannii RBRJ027 
(400 bp); lane 1: DNA Ladder (1 Kb); lane 2: negative result.

polymyxin-B, nalidixic acid, aztreonam, amika-
cin and cefepime were proved ineffective against 
the strain RBRJ015. The bacterium Staphylococ-
cus aureus RBRJ010 was susceptible to antibiotic 
methicillin giving inhibition zone of 18 mm, while 
the bacterium Enterococcus faecalis RBRJ015 was 
resistant to it. 
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Detection of antibiotic resistant genes 
All the multi-antibiotic resistant Gram-negative 
bacterial strains ie RBRJ005, RBRJ013, RBRJ019, 
RBRJ024, RBRJ017 and RBRJ027 were ESBL pro-
ducers.
 
The presence of the β-lactamase genes viz blaSHV, 
blaCTX-M, blaTEM, blaampC and quinolone-resistant 
genes viz qnrA and qnrB among bacterial isolates 
is given in Table 5. blaSHV, blaTEM and blaampC were 
present in all the members of the family Enterobac-
teriaceae, while blaCTX-M was present in RBRJ013, 
RBRJ019, RBRJ024 strains. The strain RBRJ027 was 
found to be positive for blaTEM, blaCTX-M and blaampC. 
The quinolone genes viz qnrA was absent in all the 
MAR isolates, while qnrB was present in all the 
isolates. The bands in the agarose gel showed the 
presence of various genes in extra-chromosomal 
DNA of the bacterial isolates (Figure 5).

Biofilm assay 
The isolates, E coli RBRJ013, K pneumoniae 
RBRJ024, Acinetobacter baumannii RBRJ027 and 
Enterococcus faecalis RBRJ015 were moderate 
biofilm producers within 24 h and strong biofilm 
producers within 48 h (Table 4). On the other 
hand, the strain RBRJ010 of Staphylococcus au-
reus was unable to form biofilm within 24 h. The 
study results showed that most isolates possess 
strong adhesion potential to form biofilms.

Discussion

In the preliminary analysis of the urine samples, 
the results of the microscopic study and dip sticks 
observations were recorded. The UTI symptoms 
like burning micturition, dysuria, frequency/
urgency, pyuria and haematuria were recorded 
from the questionnaires filled by the patients 
and by direct and microscopic observations of 
the samples. Only those samples were selected 
for the study which showed these symptoms and 
gave positive culture results. The females were 
selected for this study as they are more prone to 
UTI’s. The main reasons for UTI to be more com-
mon in females is due to their shorter urethra as 
compared to males, reduction in normal micro-
flora ie Lactobacilli, less acidic pH of the vagina, 
poor hygiene and sanitation conditions.23, 24

The patients of all age groups showed the condi-
tion of dysuria with other symptoms like urine 
urgency, frequency, painful micturition, nocturia 
and bladder discomfort. These all symptoms and 
conditions among adult females were also report-
ed by Wrenn (1990).25 The main cause of dysuria 
is stones in the urinary tract or inflammation of 
the bladder (cystitis), inflammation of the kidney 
(pyelonephritis) and inflammation of the urethra 
(urethritis).26 According to Kurowski, in adult 
women, the pain felt due to the passage of urine 
over the inflamed vaginal labia indicates external 
dysuria which may be due to vaginal infection or 
inflammation, while the pain felt inside the body 
is due to internal dysuria which may be due to 
bacterial cystitis or urethritis.27 

The urinary urgency and frequency were more 
observed in the age group 31-40 years followed 
by 41-50 years. Urinary urgency was mainly 
caused by trigonal or posterior urethral irrita-
tion which may be due to the presence of stones, 
inflammation or tumours. The discharge from 
the urethra was mainly linked with the condi-
tion of urethritis.28 The history of the frequency 
of normal urination is somewhat difficult to ob-
tain as it is different for every individual depend-
ing upon their bladder capacity and fluid intake. 
The urgency to urinate may arise with or without 
urination and is highest in incontinence. The urge 
to urinate may become constant in lower urinary 
tract inflammation by eliminating only a few mil-
lilitres of urine during each voiding.25, 29

The increased number of pus cells or leukocytes 
(WBCs) (≥ 10 WBC/high power field) in micro-
scopic examination or the positive leukocyte es-
terase test of the urine samples indicates pyuria 
and evidence for the inflammation of the genito-
urinary tract.30 

The formation of kidney stones is due to the ac-
cumulation of dissolved minerals on the kidney’s 
inner lining. These minerals in the urine lead to 
the formation of crystals. Most of the stones are 
composed of calcium followed by uric acid, stru-
vite and cystine. These are mainly present in in-
fected urine so also called infection stones. Inside 
the kidneys, the urine backs up in the tubes when 
the urinary tract is blocked by these stones. The 
bacteria that may trap in the urine due to block-
age cause UTI; also the excessive pressure on the 
kidneys results in swelling (hydronephrosis) and 
kidney damage.31 
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The alignment of partial 16S rRNA sequences 
against the NCBI database suggested that bacte-
rial isolates belong to different bacterial species. 
The results of the present study are in accor-
dance with the other researchers who reported 
E coli as the prime aetiological agent in causing 
UTIs among females.32-37 The presence of bacte-
ria in the urine indicates UTI or bacteriuria. The 
presence of at least 104 bacteria/mL in a freshly 
voided midstream urine sample indicates sig-
nificant bacteriuria. Bacteria invade the urinary 
tract by ascending or descending invasion caus-
ing UTIs. The ascending pathway is the more 
common mode where the normal faecal microbi-
ota gets access to the urinary tract by colonising 
the urethra. The bacterium mainly involved in 
UTIs is the bowel microbiota ie E coli in most cas-
es causing ascending infection.38, 39 

The symptomatic infections are linked with the 
virulence of the causing organism which com-
petes with the innate defence system of the host 
and the inflammation or injury is due to the host’s 
immune response not because of bacterium.40 
The bacteria colonise the urethral opening often 
called microbiota is routinely present in the urine 
in both men and women. But, the bacteria pres-
ent in the urine in the urethra are often flushed 
out during micturition. In women, the shorter 
distance to the bladder makes it easy for the uro-
pathogens to access and colonise the bladder eas-
ily before being removed by urination. Also, the 
closer proximity of the urethral opening, vaginal 
cavity and rectum make it easier for the bacteri-
al colonisers to get easy access to the bladder.6, 34 
Sexual activity may also directly transfers bacte-
ria from the vaginal cavity to the urethra or in-
directly through oral sex. Mostly uncomplicated 
UTIs are associated with sexual activities and 
are more common among the females of the age 
group 18-29 years.6, 41

Resistance to commonly used antibiotics used 
against various infections is now a serious glob-
al problem. The current study revealed the anti-
biotic resistance among isolated uropathogens 
against commonly prescribed antibiotics in UTI’s. 
Despite the large availability of antibiotics, UTIs 
are still the most common among females.42 Anti-
biotic course during UTI affects the normal vag-
inal and gastrointestinal flora to great extents.43 
Antimicrobial resistance among uropathogens 
varies from one region to another depending 
upon many factors. The most common one is pre-
scription of antibiotics by physicians without any 

culture sensitivity testing and their haphazard 
use by laypeople leads to increasing resistance 
among bacteria. Also, the improper dose, dura-
tion and leaving the antibiotic course in between 
make the uropathogens more resistant.44 Besides 
this, the use of antibiotics in fish farms and the 
animal farming sector makes animals and poul-
try resistant thus, transferring resistant strains 
to humans.45 Another main reason for antibiotic 
resistance among uropathogens is mainly due to 
horizontal antibiotic gene transfer.46 It also leads 
from one bacterium to other and through this 
process, bacteria become resistant to more than 
one antibiotic at once. The bacterial plasmid DNA 
possesses multidrug resistance genes which they 
transfer to other enterobacterial species.47, 48 

The treatment of UTIs is increasingly getting com-
plicated because bacteria develop resistance to 
various antibiotics. The increasing antibiotic re-
sistance among bacteria often leads to treatment 
failures which have serious effects on critically 
ill patients.49 The resistant bacteria, particular-
ly E coli, Klebsiella spp, Pseudomonas spp, Entero-
bacter spp, Staphylococcus spp and Enterococcus 
spp are more commonly emerging in communi-
ty-acquired as well as in nosocomial infections.50 
The susceptible bacterial population may acquire 
resistance to antimicrobial agents through mu-
tation and selection or through genetic informa-
tion from other bacteria that encodes resistance 
involving different mechanisms such as conju-
gation, transformation and transduction.46 Eight 
bacterial isolates were resistant to > 7 antibiotics 
and were considered multi-antibiotic resistant 
based on their antibiotic susceptibility profile. 
The bacterial isolates, namely E coli, K pneumo-
niae, Acinetobacter baumannii, Enterobacter cloa-
cae, Enterococcus faecalis and Staphylococcus au-
reus were resistant to > 7 antibiotics. The results 
are similar with the studies published from other 
regions of the country.51-54

All the multi-antibiotic resistant Gram-negative 
bacterial strains ie RBRJ005, RBRJ013, RBRJ019, 
RBRJ024, RBRJ017 and RBRJ027 were ESBL pro-
ducers. The frequency of ESBL-producing mem-
bers of the family Enterobacteriaceae isolated 
from urine samples varies in different regions of 
the country and was studied by many authors.37, 55

UTIs are the most common bacterial infections 
in women and E coli is the primary pathogenic 
agent in these infections. There were many re-
ports across the country on antibiotic resistance 
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and ESBL-producing Gram-negative bacilli isolated 
from urine samples. Gajamer et al investigated the 
major ESBL-producing uropathogens in female pa-
tients of Sikkim and Darjeeling.37 They found that 
the blaCTX-M-I5 group was more predominant in the 
isolates than all other ESBL genes. In a similar study, 
Ojdana et al observed the prevalence of blaCTX-M, blaSHV 
and blaTEM genes in K pneumoniae, E coli and Proteus 
mirabilis strains.56 They revealed that thirty-six of 
the tested strains exhibited blaCTX-M genes, twelve 
strains harboured blaSHV genes and twenty-five 
strains showed the presence of blaTEM gene re-
spectively. Gajamer et al studied the occurrence 
of Extended Spectrum β lactamase genes coex-
isting with carbapenemase, AmpC and amino-
glycoside resistance gene in uropathogens and 
reported the high prevalence of carbapenemase 
resistance among ESBL positive isolates.57

 
Similarly, the prevalence of quinolone resistance 
genes in uropathogenic E coli was observed by 
Malekzadegan et al and revealed that 33.1 % of 
the isolates were positive for qnrS gene and 12.4 
% of the isolates were positive for qnrB genes 
respectively, while, none were found to be pos-
itive for qnrA gene.58 The present study also re-
ported similar findings. Tayebi et al investigat-
ed the plasmid-mediated quinolone resistance 
genes in ESBL-producing E coli isolated from 
UTIs and found that the widespread presence of 
plasmid-mediated quinolone resistance genes in 
ESBL-positive isolates is increasing at an alarm-
ing rate.59 Presented study findings were also 
concordant with these as all the Gram-negative 
Bacilli possess qnrB gene. The co-dissemination 
of these genes among bacterial isolates is a major 
threat to public health.

There were many reports on uropathogenic E coli 
(UPEC) which is the primary causal agent of UTIs, 
forming biofilms on different sources. In a recent 
study, Eberly et al reported that E coli forms bio-
films on catheters as well as on and within uri-
nary bladder epithelial cells.60 Biofilms mainly 
protects these isolates from antibacterial agents, 
environmental conditions and the host’s immune 
system. In another study, Zheng et al character-
ised the biofilm formation by Enterococcus fae-
calis isolates derived from UTIs in China.61 Alves 
et al, Taya et al and Karigoudar et al have seen 
a significant association between the antibiotic 
resistance pattern and biofilm formation among 
clinical isolates from UTIs.62-64

The current study revealed that the incidence 
of UTIs is more prominent in the age groups 
21-30 and 31-40 years. The menacing state of 
drug resistance among Gram-negative bacil-
li in this geographical region is revealed. The 
effective group of antibiotics against these 
isolates are aminoglycosides (gentamicin) and 
carbapenems (imipenem and meropenem). All 
the Gram-negative multidrug-resistant iso-
lates were ESBL producers which also possess 
qnrB gene. Furthermore, it is extremely crucial 
to design a strict antibiotics prescription pol-
icy and judicious use of antibiotics should be 
encouraged.

Conclusion

Conflict of interest

None.

Acknowledgement

Funding

Authors are highly thankful to Guru Nanak Dev 
University, Amritsar for providing the necessary 
infrastructure to carry out the research work.

Authors are highly thankful to University Grants 
Commission for providing financial assistance 
under UPE (University with Potential for Excel-
lence) scheme and DRS SAP programmes.

References

1.	 Odoki M, Almustapha Aliero A, Tibyangye J, Nyabayo 
Maniga J, Wampande E, Drago Kato C, et al. Prevalence of 
bacterial urinary tract infections and associated factors 
among patients attending hospitals in Bushenyi district, 
Uganda. Int J Microbiol 2019 Feb 17;2019:4246780. doi: 
10.1155/2019/4246780.

Kaur et al. Scr Med 2023 Dec;54(4):315-28.



327

2.	 Singhal A, Sharma R, Jain M, Vyas L. Hospital and com-
munity isolates of uropathogens and their antibiotic 
sensitivity pattern from a tertiary care hospital in North 
West India. Ann Med Health Sci Res 2014 Jan;4(1):51-6.

3.	 Bischoff S, Walter T, Gerigk M, Ebert M, Vogelmann R. 
Empiric antibiotic therapy in urinary tract infection in 
patients with risk factors for antibiotic resistance in a 
German emergency department. BMC Infect Dis 2018 
Jan 26;18(1):56. doi: 10.1186/s12879-018-2960-9.

4.	 Beahm NP, Nicolle LE, Bursey A, Smyth DJ, Tsuyuki RT. 
The assessment and management of urinary tract infec-
tions in adults: Guidelines for pharmacists. Can Pharm J 
(Ott) 2017 Jul 31;150(5):298-305.

5.	 Tandogdu Z, Wagenlehner FM. Global epidemiology 
of urinary tract infections. Curr Opin Infect Dis 2016 
Feb;29(1):73-9.

6.	 Kaur R, Kaur R. Symptoms, risk factors, diagnosis and 
treatment of urinary tract infections. Postgrad Med J 
2021 Dec;97(1154):803-12.

7.	 Manyi-Loh C, Mamphweli S, Meyer E, Okoh A. Antibiot-
ic use in agriculture and its consequential resistance in 
environmental sources: potential public health implica-
tions. Molecules 2018 Mar 30;23(4):795. doi: 10.3390/
molecules23040795.

8.	 Shaikh S, Fatima J, Shakil S, Rizvi SM, Kamal MA. Antibi-
otic resistance and extended spectrum beta-lactamas-
es: Types, epidemiology and treatment. Saudi J Biol Sci 
2015 Jan;22(1):90-101.

9.	 Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Aguilar 
GR, Gray A, et al. Global burden of bacterial antimicrobi-
al resistance in 2019: a systematic analysis. The Lancet 
2022 Feb 12;399(10325):629-55.

10.	 Shrivastava SR, Shrivastava PS, Ramasamy J. World 
health organization releases global priority list of an-
tibiotic-resistant bacteria to guide research, discovery, 
and development of new antibiotics. J Med Soc 2018 Jan 
1;32(1):76-7.

11.	 Castanheira M, Simner PJ, Bradford PA. Extended-spec-
trum β-lactamases: an update on their characteristics, 
epidemiology and detection. JAC Antimicrob Resist 
2021 Jul 16;3(3):dlab092. doi: 10.1093/jacamr/dlab092.

12.	 Kammili N, Rani M, Styczynski A, Latha M, Pavuluri PR, 
Reddy V, Alsan M. Plasmid-mediated antibiotic resis-
tance among uropathogens in primigravid women-Hy-
derabad, India. PLoS One 2020 May 8;15(5):e0232710. 
doi: 10.1371/journal.pone.0232710.

13.	 Emmerson AM, Jones AM. The quinolones: decades of 
development and use. J Antimicrob Chemother 2003 
May;51 Suppl 1:13-20.

14.	 Gibbons NE, Buchanan RE, Eds. Bergey's manual of de-
terminative bacteriology. Philadelphia, USA: Williams & 
Wilkins company, 1974.

15.	 Kaur R, Singh D, Kesavan AK, Kaur R. Molecular charac-
terization and antimicrobial susceptibility of bacterial 
isolates present in tap water of public toilets. Int Health 
2020 Sep;12(5):472-83.

16.	 Lane DJ (1991) 16S/23S rRNA Sequencing. In: Stacke-
brandt E, Goodfellow M, Eds. Nucleic acid techniques 
in bacterial systematic. New York, USA: John Wiley and 
Sons, 1991; pp. 115-175.

17.	 Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic sus-
ceptibility testing by a standardized single disk method. 
Am J Clin Pathol 1966 Apr;45(4):493-6.

18.	 Wayne P. Performance standards for antimicrobial sus-
ceptibility testing; twenty-fourth informational supple-
ment. CLSI Document M100-S24. Wayne, Pennsylvania: 
Clinical and Laboratory Standards Institute, 2014. 

19.	 Krumperman PH. Multiple antibiotic resistance index-
ing of Escherichia coli to identify high-risk sources of fe-
cal contamination of foods. Appl Environ Microbiol 1983 
Jul;46(1):165-70.

20.	 Kaur J, Chopra S, Sheevani, Mahajan G. Modified double 
disc synergy test to detect ESBL production in urinary 
isolates of Escherichia coli and Klebsiella pneumoniae. J 
Clin Diagn Res 2013 Feb;7(2):229-33.

21.	 O'Toole GA. Microtiter dish biofilm formation assay. J 
Vis Exp 2011 Jan 30;(47):2437. doi: 10.3791/2437.

22.	 Stepanović S, Vuković D, Dakić I, Savić B, Švabić-Vlahović 
M. A modified microtiter-plate test for quantification of 
staphylococcal biofilm formation. J Microbiol Methods 
2000 Apr;40(2):175-9.

23.	 Hotchandani R, Aggarwal KK. Urinary tract infections 
in women. Indian J Clin Practice 2012;23(4):187-94.

24.	 Anejo-Okopi JA, Okojokwu OJ, Ramyil SM, Bakwet PB, 
Okechalu J, Agada G, et al. Bacterial and antibiotic sus-
ceptibility pattern of urinary tract infection isolated 
from asymptomatic and symptomatic diabetic patients 
attending tertiary hospital in Jos, Nigeria. Trends Med 
2017 Nov 23;17(1):1-5.

25.	 Wrenn K. Dysuria, frequency, and urgency. In: Walker 
HK, Hall WD, Hurst JW, eds. Clinical methods: the histo-
ry, physical, and laboratory examinations. 3rd edition. 
Boston: Butterworths, 1990; Chapter 181.

26.	 Bremnor JD, Sadovsky R. Evaluation of dysuria in adults. 
Am Fam Physician 2002 Apr 15;65(8):1589-96.

27.	 Kurowski K. The women with dysuria. Am Fam Physi-
cian 1998 May;57(9):2155-64.

28.	 Ainsworth JG, Weaver T, Murphy S, Renton A. Gener-
al practitioners' immediate management of men pre-
senting with urethral symptoms. Genitourin Med 1996 
Dec;72(6):427-30.

29.	 Hanno P, Dmochowski R. Status of international con-
sensus on interstitial cystitis/bladder pain syndrome/
painful bladder syndrome: 2008 snapshot. Neurourol 
Urodyn 2009;28(4):274-86.

30.	 Hoffman RF. Acute dysuria or pyuria in men. Decision 
making in medicine: an algorithmic approach. St Louis, 
Mosby 1998:506-7.

31.	 Rao PN, Preminger GM, Kavanagh JP, eds. Urinary tract 
stone disease. London: Springer, 2011.

32.	 Daza R, Gutiérrez J, Piédrola G. Antibiotic susceptibility 
of bacterial strains isolated from patients with commu-
nity-acquired urinary tract infections. Int J Antimicrob 
Agents 2001 Sep;18(3):211-5.

33.	 Farajnia S, Alikhani MY, Ghotaslou R, Naghili B, Nakhl-
band A. Causative agents and antimicrobial susceptibil-
ities of urinary tract infections in the northwest of Iran. 
Int J Inf Dis 2009 Mar 1;13(2):140-4.

34.	 Foxman B. The epidemiology of urinary tract infection. 
Nat Rev Urol 2010 Dec;7(12):653-60.

35.	 Singhal A, Sharma R, Jain M, Vyas L. Hospital and com-
munity isolates of uropathogens and their antibiotic 
sensitivity pattern from a tertiary care hospital in North 
West India. Ann Med Health Sci Res 2014 Jan;4(1):51-6.

36.	 Fernando MM, Luke WA, Miththinda JK, Wickramasing-
he RD, Sebastiampillai BS, Gunathilake MP, et al. Ex-
tended spectrum beta lactamase producing organisms 
causing urinary tract infections in Sri Lanka and their 
antibiotic susceptibility pattern–a hospital based cross 
sectional study. BMC Infect Dis 2017 Feb 10;17(1):138. 
doi: 10.1186/s12879-017-2250-y.

37.	 Gajamer VR, Bhattacharjee A, Paul D, Kapil J, Sarkar 
A, Singh AK, et al. The first report of phenotypic and 
molecular characterization of extended-spectrum 
beta-lactamase-producing uropathogens in Sikkim 
and Darjeeling hills of India. Microb Drug Resist 2018 
Nov;24(9):1284-8.

38.	 Minardi D, d’Anzeo G, Cantoro D, Conti A, Muzzonigro G. 
Urinary tract infections in women: etiology and treat-
ment options. Int J Gen Med 2011;4:333-43.

39.	 Sabih A, Leslie SW. Complicated urinary tract infections, 
2023. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2023 Jan-. [Cited: 1-Oct_2023]. 
Available from: https://www.ncbi.nlm.nih.gov/books/
NBK436013/.

40.	 Svanborg C, Bergsten G, Fischer H, Godaly G, Gustafsson 
M, Karpman D, et al. Uropathogenic Escherichia coli as a 
model of host–parasite interaction. Curr Opin Microbiol 
2006 Feb;9(1):33-9.

Kaur et al. Scr Med 2023 Dec;54(4):315-28.



41.	 Foxman B, Gillespie B, Koopman J, Zhang L, Palin K, Tall-
man P, et al. Risk factors for second urinary tract infec-
tion among college women. Am J Epidemiol 2000 Jun 
15;151(12):1194-205.

42.	 Anejo-Okopi JA, Okojokwu OJ, Ramyil SM, Bakwet PB, 
Okechalu J, Agada G, et al. Bacterial and antibiotic sus-
ceptibility pattern of urinary tract infection isolated 
from asymptomatic and symptomatic diabetic patients 
attending tertiary hospital in Jos, Nigeria. Trends Med 
2017 Nov 23;17(1):1-5.

43.	 Amabebe E, Anumba DO. Female gut and genital tract 
microbiota-induced crosstalk and differential effects 
of short-chain fatty acids on immune sequelae. Front 
Immunol 2020 Sep 10;11:2184. doi: 10.3389/fim-
mu.2020.02184.

44.	 Ancillotti M. Antibiotic resistance: a multimethod inves-
tigation of individual responsibility and behaviour. Dig-
ital comprehensive summaries of Uppsala dissertations 
from the Faculty of Medicine. Uppsala: Acta Universita-
tis Upsaliensis, 2021.

45.	 Elsayed TI, Ismail HA, Elgamal SA, Gad AH. The occur-
rence of multidrug resistant E. coli which produce ESBL 
and cause urinary tract infections. J Appl Microbiol Bio-
chem 2017;1(2):8. DOI: 10.21767/2576-1412.100008.

46.	 Lerminiaux NA, Cameron ADS. Horizontal transfer of 
antibiotic resistance genes in clinical environments. Can 
J Microbiol 2019 Jan;65(1):34-44.

47.	 Baquero F, Martínez JL, Cantón R. Antibiotics and anti-
biotic resistance in water environments. Curr Opin Bio-
technol 2008 Jun;19(3):260-5.

48.	 Canton R. Antibiotic resistance genes from the environ-
ment: a perspective through newly identified antibiotic 
resistance mechanisms in the clinical setting. Clin Mi-
crobiol Infect 2009 Jan;15 Suppl 1:20-5.

49.	 Ventola CL. The antibiotic resistance crisis: part 1: caus-
es and threats. P T 2015 Apr;40(4):277-83.

50.	 Majumder MM, Mahadi AR, Ahmed T, Ahmed M, Uddin 
MN, Alam MZ. Antibiotic resistance pattern of micro-
organisms causing urinary tract infection: a 10-year 
comparative analysis in a tertiary care hospital of Ban-
gladesh. Antimicrob Resist Infect Control 2022 Dec 
10;11(1):156. doi: 10.1186/s13756-022-01197-6.

51.	 Kothari A, Sagar V. Antibiotic resistance in pathogens 
causing community-acquired urinary tract infections in 
India: a multicenter study. J Infect Dev Ctries 2008 Oct 
1;2(5):354-8.

52.	 Gupta S, Kapur S, Padmavathi DV. Comparative prev-
alence of antimicrobial resistance in community-ac-
quired urinary tract infection cases from representative 
States of northern and southern India. J Clin Diagn Res 
2014 Sep;8(9):DC09-12.

53.	 Lakshminarayana SA, Chavan SK, Prakash R, Sangeetha 
S. Bacterial pathogens in urinary tract infection and 
antibiotic susceptibility pattern from a Teaching Hos-
pital, Bengaluru, India. Int j Curr Microbiol Appl Sci 
2015;4(11):731-6.

54.	 Patel HB, Soni ST, Bhagyalaxmi A, Patel NM. Causative 
agents of urinary tract infections and their antimicrobi-
al susceptibility patterns at a referral centre in Western 
India: An audit to help clinicians prevent antibiotic mis-
use. J Family Med Prim Care 2019 Jan;8(1):154-9.

55.	 Oberoi L, Singh N, Sharma P, Aggarwal A. ESBL, MBL and 
Ampc β Lactamases Producing Superbugs - Havoc in the 
Intensive Care Units of Punjab India. J Clin Diagn Res 
2013 Jan;7(1):70-3.

56.	 Ojdana D, Sacha P, Wieczorek P, Czaban S, Michalska 
A, Jaworowska J, et al. The occurrence of blaCTX-M, 
blaSHV, and blaTEM genes in extended-Spectrum β-lac-
tamase-positive strains of Klebsiella pneumoniae, Esch-
erichia coli, and Proteus mirabilis in Poland. Int J Antib 
2014:935842. Doi:10.1155/2014/935842.

57.	 Gajamer VR, Bhattacharjee A, Paul D, Ingti B, Sarkar A, 
Kapil J, et al. High prevalence of carbapenamase genes, 
AmpC genes and aminoglycoside resistance genes in 
extended spectrum β-lactamase positive uropathogens 
from Northern India. J Glob Antimicrob Resist 2020 
Mar;20:197-203.

58.	 Malekzadegan Y, Rastegar E, Moradi M, Heidari H, Ebra-
him-Saraie HS. Prevalence of quinolone-resistant uro-
pathogenic Escherichia coli in a tertiary care hospital 
in south Iran. Infect Drug Resist 2019 Jun 19;12:1683-9.

59.	 Tayebi Z, Heidari H, Kazemian H, Ghafoori SM, Borouma-
ndi S, Houri H. Comparison of quinolone and beta-lac-
tam resistance among Escherichia coli strains isolat-
ed from urinary tract infections. Infez Med 2016 Dec 
1;24(4):326-30.

60.	 Eberly A, Floyd K, Beebout C, Colling S, Fitzgerald M, 
Stratton C, et al. Biofilm formation by uropathogenic 
Escherichia coli is favored under oxygen conditions that 
mimic the bladder environment. Int J Mol Sci 2017 Sep 
30;18(10):2077. doi: 10.3390/ijms18102077.

61.	 Zheng JX, Bai B, Lin ZW, Pu ZY, Yao WM, Chen Z, et al. 
Characterization of biofilm formation by Enterococcus 
faecalis isolates derived from urinary tract infections in 
China. J Med Microbiol 2018 Jan;67(1):60-7.

62.	 Alves MJ, Barreira J, Carvalho I, Trinta L, Pereira L, Fer-
reira IC, et al. Propensity for biofilm formation by clin-
ical isolates from urinary tract infections: developing a 
multifactorial predictive model to improve the antibio-
therapy. J Med Microbiol 2014;63:471-7.

63.	 Tayal RA, Baveja SM, De Anuradha S. Analysis of biofilm 
formation and antibiotic susceptibility pattern of uro-
pathogens in patients admitted in a tertiary care hospi-
tal in India. Int J Health Allied Sci 2015 Oct 1;4(4):247-52.

64.	 Karigoudar RM, Karigoudar MH, Wavare SM, Mangalgi 
SS. Detection of biofilm among uropathogenic Esche-
richia coli and its correlation with antibiotic resistance 
pattern. J Lab Physicians 2019 Jan-Mar;11(1):17-22.

65.	 Ahmed OI, El-Hady SA, Ahmed TM, Ahmed IZ. Detec-
tion of bla SHV and bla CTX-M genes in ESBL producing 
Klebsiella pneumoniae isolated from Egyptian patients 
with suspected nosocomial infections. Egyptian J Med 
Human Gen 2013 Jul 9;14(3):277-83.

66.	 Grover SS, Sharma M, Chattopadhya D, Kapoor H, Pasha 
ST, Singh G. Phenotypic and genotypic detection of ESBL 
mediated cephalosporin resistance in Klebsiella pneu-
moniae: emergence of high resistance against cefepime, 
the fourth generation cephalosporin. J Infect 2006 
Oct;53(4):279-88.

67.	 Schwartz T, Kohnen W, Jansen B, Obst U. Detection of an-
tibiotic-resistant bacteria and their resistance genes in 
wastewater, surface water, and drinking water biofilms. 
FEMS Microbiol Ecol 2003 Apr 1;43(3):325-35.

68.	  Wu JJ, Ko WC, Tsai SH, Yan JJ. Prevalence of plasmid-me-
diated quinolone resistance determinants QnrA, QnrB, 
and QnrS among clinical isolates of Enterobacter cloacae 
in a Taiwanese hospital. Antimicrob Agents Chemother 
2007 Apr;51(4):1223-7.

328 Kaur et al. Scr Med 2023 Dec;54(4):315-28.


