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ABSTRACT 
 

Aims: To determine the prevalence of extended spectrum beta lactamase producing Escherichia 
coli (ESBL E. coli) strains among the total isolates and study the association between the antibiotic 
resistance and plasmid profiles of the isolates.  
Methodology: A total of 1258 urine samples were collected. Identification of Bacterial isolates was 
done using standard biochemical tests, antibiotic susceptibility pattern was determined using the 
Kirby - Bauer’s disk diffusion method and confirmation of the ESBL E. coli was done following CLSI 
guidelines. Isolation of Plasmid DNA of ESBL positive strains was done by alkaline lysis method. 
Results: Out of 303 isolates, 198 were E. coli. The isolates were tested for antibiotic sensitivity, 
MDR, ESBL and plasmid profiles. 59.09% of the E. coli isolates exhibited multi-drug resistance. 
41(58.57%) out of 76 ESBL E. coli isolates possessed plasmids. Few isolates possessed single 
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plasmid while other had multiple plasmids with different size ranged from 1 kb to 10 kb.  
Conclusions: High prevalence of ESBL E. coli was found with good association between the 
antibiotic resistance and plasmid profiles of the isolates. 
 

 
Keywords: ESBL; MDR; plasmid; susceptibility; urinary tract infection. 
 
1. INTRODUCTION 
 
Urinary tract infections (UTIs) are among the 
most prevalent infectious diseases, with a 
substantial financial burden on society. UTIs 
account for more than 100,000 hospital 
admissions annually, most often for 
pyelonephritis [1]. Microorganisms can reach the 
urinary tract by haematogenous or lymphatic 
spread, but there is abundant clinical and 
experimental evidence to show that the ascent of 
microorganisms from the urethra is the most 
common pathway that leads to a UTI, especially 
organisms of enteric origin (e.g. Escherichia coli 
and other Enterobacteriaceae). 
 
Beta Lactam antibiotics are commonly used to 
treat bacterial infections. The groups of 
antibiotics in this category include penicillins, 
cephalosporins, carbapenems & monobactams. 
Increased use of antibiotics, particularly the third 
generation of cephalosporins, has been 
associated with the emergence of, β-Lactamases 
mediated bacterial resistance, which 
subsequently led to the development of 
Extended Spectrum Beta Lactamase (ESBL) 
producing bacteria. ESBLs are enzymes that 
mediate resistance to extended spectrum e.g., 
third generation cephalosporins as well as 
monobactams such as aztreonam [2]. These 
enzymes catalyze the hydrolysis of the‚ β-lactam 
ring of antibiotic, thereby destroying the 
antimicrobial activity. ESBLs have been reported 
worldwide in many different genera of 
Enterobacteriaceae and Pseudomonas 
aeroginosa [3]. However, these are most 
common in Klebsiella pneumoniae & E. coli [4]. 
ESBL producing organisms are often resistant to 
several other classes of antibiotics, as the 
plasmids with the gene encoding ESBLs often 
carry other resistance determinants. Initially 
ESBL producing organisms were isolated from 
nosocomial infections but these organisms are 
now also being isolated from community [5]. 
 
The first plasmid mediated‚ β-lactamase in 
Gram-negative bacteria, TEM-1, was described 
in the early 1960s [6]. Afterwards it was detected 
from Klebsiella in Europe 1980, in Germany 
1983, and in France 1985 [7]. Genetic control of 

beta-lactamase production resides either on 
plasmids or on the chromosome, while 
expression is either constitutive or inducible [8]. 
 
The development of extended spectrum 
cephalosporins in the early 1980s was regarded 
as a major addition to our therapeutic 
armamentarium in the fight against beta-
lactamase mediated bacterial resistance. The 
emergence of Escherichia coli and Klebsiella 
pneumoniae resistant to ceftazidime & other 
cephalosporins seriously compromised the 
efficacy of these life saving antibiotics [7]. Drug 
resistance is mostly plasmid mediated and the 
situation is worsening due to the evolution of 
drug resistance plasmid genes. 
 
There is a large reservoir of resistant genes, in 
bacterial genomes and in extra-chromosomal 
pieces of DNA (plasmids) that encode different 
mechanisms of drug resistance [9]. The 
transmission of antibiotic resistance, often to 
several drugs simultaneously, from one 
bacterium to another is attributed to plasmids. 
Understanding antibiotic resistance patterns and 
molecular characterization of plasmids is 
epidemiologically useful [10]. Although 
conventional antimicrobial susceptibility testing 
methods are useful methods for detecting 
resistance profiles and for selecting potentially 
useful therapeutic agents, they are insensitive 
tools for tracing the spread of individual strains 
within a hospital or region. Molecular methods 
like plasmid profiling provide powerful tools to 
track bacterial strains and contribute to the 
evaluation of nosocomial infection outbreaks, 
recurrent infection and clonal dissemination of 
specific pathogens [11]. They are also used as a 
means of providing additional information, to 
detect and evaluate the mode of dissemination of 
MDR pathogens [12]. Plasmid analysis has also 
proved a useful method for differentiating 
bacterial isolates [13,14]. The number and size of 
the plasmids present is used as the basis for 
strain identification. This strain typing technique 
has been used successfully for analysis of 
outbreaks of nosocomial infections and 
community acquired infections [15] caused by a 
variety of species of Gram negative rods. 
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The ESBLs producing organisms are important 
causes of nosocomial infections. Due to the 
increase of different resistance mechanisms the 
treatment options are narrowing against Gram-
negative bacteria.   
 
2. MATERIALS AND METHODS 
 
2.1 Study Design 
 
This study was a cross sectional study.  
 
2.2 Place and Duration of Study 
 
Central Department of Microbiology, Tribhuvan 
University and Department of Microbiology, KIST 
Medical College Teaching Hospital from 2013 to 
2014. 
 
2.3 Specimen Collection  
 
The patient was given a sterile, dry, wide-necked 
leak-proof Hi-Media container of 100ml capacity 
for collection of 10-20 ml of clean-catch mid-
stream urine (CC-MSU). The patient was given 
instructions for the collection of CC-MSU.  
 
2.4 Culture of Specimen 
 
The urine sample was cultured onto the 
MacConkey agar and Blood agar medium by the 
semi-quantitative culture technique using a 
standard loop.  
 
2.5 Identification of the Isolates 
 
Identification of significant isolates was done by 
using microbiological techniques which involves 
morphological appearance of the colonies, 
staining reactions and biochemical properties 
[16,17,18]. 
  
2.6 Antibiotic Susceptibility Testing 
 
The antibiotic sensitivity testing was performed 
according to the recommended Kirby-Bauer 
sensitivity testing method [2]. 
 
2.7 Quality Control for Test 
 
Quality of each test was maintained by using 
standard procedures. The quality of each agar 
plates prepared was tested by incubating one 
plate of each lot on the incubator. During 
identification of organism, for each test ATCC 

positives and negatives controls was taken 
simultaneously. E. coli ATCC 25922 was used as 
negative control for quality control of ESBL tests. 
Quality of sensitivity tests was maintained by 
maintaining the thickness of Mueller-Hinton agar 
at 4mm and the pH at 7.2-7.4. Similarly antibiotic 
discs containing the correct amount as indicated 
were used. Strict aseptic conditions were 
maintained while carrying out all the procedures. 
The quality of each test was maintained by using 
the products of Merck. 
 

2.8 Screening Test for ESBLs  
 
Isolates were screened for ESBL production by 
using disc diffusion of cefotaxime (CTX), 
ceftazidime (CAZ), ceftriaxone (CTR) and 
Aztreonam (AT) placed on inoculated plates 
containing Muller Hinton agar according to the 
CLSI recommendations.   
 

2.9 Confirmatory Test for ESBLs 
 
Phenotypic confirmatory test for ESBL producers 
was done by combination disc method for all the 
ESBL producing isolates as per CLSI 2013 
guidelines.   
 
In this test a disc of ceftazidime (30 µg), 
cefotaxime (30 µg) alone and a disc of 
ceftazidime and cefotaxime in combination with 
clavulanic acid (30/10 µg) were used for each 
isolates. Both the discs were placed 25 mm 
apart, center to center, on a lawn culture of the 
test isolate on Muller Hinton agar plate and 
incubated overnight at 37°C. Increase in 5 mm or 
more zone diameter for the antimicrobial agent 
tested in combination with clavulanic acid versus 
its zone when tested alone was designated as 
ESBL positive. 
 
Interpretation: When there is an increase of ≥ 5 
mm in inhibition zone diameter around 
combination disk of Ceftazidime with Clavulanic 
acid (30/10 µg) versus the inhibition zone 
diameter around Ceftazidime disk (30 µg) alone, 
it confirms ESBL production. 
 
2.10 Plasmid Profiling  
 
Plasmid DNA was isolated from ESBL isolates 
according to Sambrook & Russel [19]. E. coli 
isolates were subcultured in Luria-Bertani broth 
at 37°C and 3 ml of overnight culture was 
subjected to plasmid DNA extraction by 
centrifugation at 5000 rpm for 5 min. After 



 
 
 
 

Singh et al.; BJMMR, 11(8): 1-9, 2016; Article no.BJMMR.21451 
 
 

 
4 
 

washing in Tris- ethylene diamine tetraacetic acid 
(EDTA) buffer, the pellet was added to the 
freshly prepared mixture of NaOH and SDS, to 
which Potassium acetate was added. The 
microfuge tube was inversely mixed and 
centrifuged at 13,000 rpm for 10 min. The 
supernatant was transferred into a new 
microfuge tube with adding Phenol: Chloroform 
and centrifuged at 13,000 rpm for 10 min. The 
upper aqueous phase was collected in a clean 
microfuge tube to which Chloroform was added 
and centrifuged at 13,000 rpm for 10 min. The 
supernatant was transferred into a new 
microfuge tube and cold 95% ethanol was added 
to precipitate bacterial DNA. The pellet was 
washed with 70% ethanol and dissolved in 60 µL 
of TE buffer. 
 
0.8% agarose gel was prepared by melting 0.8 
gm agarose in 100 ml of diluted TAE buffer (10 
mM Tris, 1 mM EDTA, pH 8.0) using a 
microwave oven. The melted agarose was 
allowed to cool to about 50°C and 0.5 µg/ml 
ethidium bromide was mixed, shacked and was 
poured into gel tray, then a comb was placed. 
After solidification of the gel, the comb was 
removed. The gel was placed in a horizontal 
electrophoresis apparatus filled with TAE buffer.   
 
Around 80 -150 micrograms per ml of isolated 
Plasmid DNA was mixed with 1 µl of 6X gel 
loading buffer. The mixture was slowly loaded 
into the well using disposable micropipette tips. 
Marker of 1 Kbp molecular weight was loaded in 
one well to determine the size of the Plasmid 
DNA. Electrophoresis of the plasmid DNA was 
carried out at 100 volts for 2 hours. 
 
The amplified products of the study samples 
were visualized by using UV trans-illuminator. 
The gel was photographed by a digital camera 
and transferred data to computer for further 
documentation [20-22]. 
 

2.11 Ethical Clearance  
 
Institutional Ethical Committee clearance (ethical 
committee of KIST Medical College Teaching 
Hospital, Nepal) was obtained before starting this 
study. 
 

2.12 Statistical Analysis 
  
Statistical package for social sciences (SPSS) 
version 16 was used to analyze the data. 

3. RESULTS 
 
A total of 303 uropathogens were recovered from 
urine samples of inpatients and outpatients of the 
hospital, with their provisional diagnosis written 
on their requisition form received from various 
wards like Medicine, Surgery, Obstetrics          
and Gynecology, Dermatology, Nephrology, 
Pediatrics, Orthopedics and Intensive care units. 
Out of 1258 samples processed for culture, 303 
(24.08%) samples showed significant bacteriuria 
(i.e.>105 cfu/ml), while 955 (75.91%) samples 
showed insignificant growth (i.e. ≤105 cfu/ml), 
growth of contaminants or no growth. Sixteen 
different species of bacteria were isolated among 
which E. coli (198 out of 303 isolates) was 
predominant. 117 out of 198 E. coli were found to 
be MDR strains.  
 
By the screening test ESBL production in E. coli 
was noticed in 98 (49.49%) isolates. Of the 98 
ESBL screen positive isolates, 76 isolates were 
found to be ESBL producers by Combination disc 
method. Most of the bacteria showed ESBL 
positive by both combination (Ceftazidime/ 
Ceftazidime: clavulanic acid, and Cefotaxime/ 
Cefotaxime: clavulanic acid). E. coli showed 
maximum ESBLs production in ceftazidime/ 
ceftazidime: clavulanic acid (CAZ/CAZC) 
combination.  
 
All the antibiotics used were more resistant in 
ESBL producers. Among them ciprofloxacin, 
ampicillin and nalidixic acid were more resistant, 
on the other hand amikacin (98.43%) and 
imipenem (100%) were more sensitive.  
 
3.1 Plasmid Profiling 
 
Seventy six isolates of ESBL E. coli isolated from 
urine samples of UTI suspected patients were 
screened for plasmids. The overall frequency of 
E. coli isolates containing plasmids was 53.9% 
(41 isolates where 1-7 plasmids were detected), 
while thirty five strains (46.1%) lacked any 
plasmid. Some strains contained plasmids of >10 
kb, but mainly the isolated plasmids ranged from 
1 kb to 10 kb. The plasmid distributions of the 
isolates and antimicrobial resistance pattern are 
shown in Table 1 containing single plasmid, 
Table 2 containing two plasmids, Table 3 
containing three plasmids, Table 4 containing 
four plasmids, Table 5 containing five plasmids, 
Table 6 containing six plasmids and Table 7 
containing seven plasmids respectively. Up to 7 
plasmids occurred in the isolates with sizes 
ranging from 1.0 kb to 10.0 kb. The abbreviations 
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used in the tables for the antibiotics are ampicillin 
(Amp), amoxycillin/clavulanic acid (Amc), 
ciprofloxacin (Cip), cotrimoxazole (Cot), 

gentamycin (Gen), nalidixic acid (NA), 
nitrofurantoin (Nit), norfloxacin (Nx) and ofloxacin 
(Of).  

 
Table 1. Plasmid profiles and antimicrobial resistance of 11 isolates of E. coli  harbouring 1 

plasmid 
 
S. no. Plasmid sizes (kb) Drugs bacteria resistant to 
1 10 Amp, Cot, Amc 
2 2 Amp, Gen, Nit, NA, Nx, Cip, Cot, Amc, Of 
3 1 Amp, Gen, Nit, NA, Cot, Amc,  
4 6 Amp, Nit, NA, Cot, Amc,  
5 1 Amp, NA, Nx, Cip, Cot, Amc, Of 
6 1 Amp, NA, Nx, Cip, Cot, Amc, Of 
7 10 Amp, Gen, Nit, NA, Nx, Cip, Cot, Amc, Of 
8 10 Amp, NA, Nx, Cip, Cot, Amc, Of 
9 10 Amp, Gen, Amc 
10 2 Amp, NA, Nx, Cip, Cot, Amc, Of 
11 10 Amp, NA, Nx, Cip, Cot, Amc, Of 

 
Table 2. Plasmid profiles and antimicrobial resistance of 10 isolates of E. coli harbouring 2 

plasmids 
 

S. no. Plasmid sizes (kb) Drugs bacteria resistant to 
1 1,10 Amp, Nit, NA, Nx, Cip, Cot, Amc, Of 
2 3,4 Amp, Gen, NA, Nx, Cip, Cot, Amc, Of 
3 3,4 Amp, NA, Amc 
4 4,6 Amp, Nit, NA, Cot, Amc 
5 2,10 Amp, Nit, NA, Nx, Cip, Cot, Amc, Of 
6 2,10 Amp, Gen, NA, Nx, Cip, Cot, Amc, Of 
7 1,2 Amp, Nit, Gen, NA, Nx, Cip, Cot, Amc, Of 
8 3,4 Amp, Nit, NA, Nx, Cip, Cot, Amc, Of 
9 1,2 Amp, Gen, Nit, NA, Nx, Cip, Cot, Amc, Of 
10 1,10 Amp, NA, Nx, Cip, Cot, Amc, Of 

 
Table 3. Plasmid profiles and antimicrobial resistance of 8 isolates of E. coli harbouring 3 

plasmids 

 
Table 4. Plasmid profiles and antimicrobial resistance of 3 isolates of E. coli harbouring 4 

plasmids 
 
S. no. Plasmid sizes (kb) Drugs bacteria resistant to 
1 2,4,6, >10 Amp, NA, Nx, Cip, Cot, Amc, Of 
2 1,3,4,10 Amp, NA, Nx, Cip, Cot, Amc, Of 
3 1,2,3,4 Amp, NA, Nx, Cip, Amc, Of 

S. no. Plasmid sizes (kb) Drugs bacteria resistant to 
1 2,4,6 Amp, NA, Nx, Cip, Cot, Amc, Of   
2 1,2,10 Amp, Nit, NA, Nx, Cip, , Amc, Of 
3 2,3,7 Amp, Gen , NA, Nx, Cip, Cot, Amc, Of 
4 2,4,6 Amp, Nit, NA, Nx, Cip, Cot, Amc, Of 
5 5,7,10 A mp, NA, Amc                                                                                                                             
6 7,8,10 Amp, NA, Nx, Cip, Amc, Of 
7 1,2,10 Amp, Gen, Nit, NA, Nx, Cip, Cot, Amc, Of 
8 1,2,10 Amp, Gen, NA, Nx, Cip, Cot, Amc, Of 
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Table 5. Plasmid profiles and antimicrobial resistance of 3 isolates of E. coli harbouring 5 
plasmids 

 
S. no. Plasmid sizes (kb) Drugs bacteria resistant to 
3 3,4,5,6,7 Amp, Gen, Nit, NA, Nx, Cip, Cot, Amc, Of 
5 3,4,5,6,7 Amp, Gen, Nit, NA, Nx, Cip, Cot, Amc, Of 
21 1,2,3,4,7 Amp, Gen, NA, Nx, Cip, Cot, Amc, Of 

  
Table 6. Plasmid profiles and antimicrobial resistance of 4 isolates of E. coli harbouring 6 

plasmids 
 

S. no. Plasmid sizes (kb) Drugs bacteria resistant to 
1 1,2,3,4,7,10 Amp, NA, Nx, Cip, Cot, Amc, Of 
2 1,2,3,4,8,10 Amp, Gen, Nit, NA, Nx, Cip, Cot, Amc, Of 
3 1,2,3,4,10,>10 Amp, NA, Nx, Cip, Cot, Amc, Of 
4 1,2,6,7,8,10 Amp, Gen, NA, Nx, Cip, Amc, Of 

 
Table 7. Plasmid profiles and antimicrobial resistance of 2 isolates of E. coli harbouring 7 

plasmids 
 

S. no. Plasmid sizes (kb) Drugs bacteria resistant to 
1 1,2,3,4,7,10,>10 Amp, NA, Nx, Cip, Cot, Amc, Of   
2 1,2,5,6,7,8,10 Amp, Gen, NA, Nx, Cip, Cot, Amc, Of 

 

 
 

Photograph 1. Plasmid profiles of ESBL E. coli  
 

4. DISCUSSION 
 
The prevalence of UTI in the population was 
24.08%. This is higher than the 20.2% rate 
recorded by Getachew [23], and 21.8% rate 
recorded by Mahmood [24]. It is lower than 
prevalence rate of 60% significant bacteriuria 
recorded by Kolawole [25] and 80% by Durgesh 
et al. [26]. The high prevalence may be due to 
genuine population susceptibility because factors 
like sexual intercourse, pregnancy, low socio-
economic status, are common among Nepali 
male and female.  

Resistance rates to commonly used antimicrobial 
agents have increased over the years among 
common uropathogens and this resistance rates 
vary from country to country. Among the 198       
E. coli isolates, 117 (59.1%) isolates were MDR-
strains. 
 
Of the 198 E. coli isolates, 98 (49.5%) were 
resistant to ceftriaxone and all were subjected for 
phenotype confirmatory test for ESBL, 
combination disc method. Total 76 isolates were 
confirmed as ESBL producers.  
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In the study, resistance to third generation 
cephalosporins was found to coexist with 
resistance to antibiotics like ampicillin, nalidixic 
acid, ciprofloxacin, ofloxacin, amoxicillin/ 
clavulanic acid as also reported by several 
studies indicating multidrug resistant pattern. 
Mechanisms of co-resistance are not clear, but 
one possible mechanism is the co-transmission 
of ESBL and resistance to other antimicrobials 
within the same conjugative plasmids [27-32]. 
 
Above 90% ESBL positive isolates were found 
resistant to ampicillin, quinolones, 
fluoroquinolones and amoxicillin/clavulanic acid. 
100% sensitivity to imipenem and 98.43% 
sensitivity to amikacin advocates the usage of 
amikacin and carbapenem antibiotics as the 
therapeutic alternative to beta-lactam antibiotics 
as indicated in many studies [32,33]. 
Nitrofurantoin was considered the most effective 
of the drugs that can be orally administered; 
which represent an alternative for oral empiric 
therapy of uncomplicated UTI. Nitrofurantoin in 
this study demonstrates excellent activity against 
UPEC isolates i.e. 68%; both in complicated and 
uncomplicated UTIs and also in community 
acquired and hospital acquired infections. The 
study showed good co-resistance between 
nitrofurantoin, fluoroquinolones and ESBL. 
Moreover, the production of ESBLs has been 
associated with decreased susceptibility to 
nitrofurantoin [34-36]. As in UPEC infection, 
rising rates of resistance to antimicrobial drugs 
limits the choice of drugs that can be used to 
treat infections with these potent pathogens. 
 
Aztreonam was found 100% resistant in this 
study, which correlates with the study done by 
Sasirekha et al. [37]. Most of the ESBL producing 
organisms were found to be coresistance to 
flouroquinolones, aminoglycosides and co-
trimoxazole, which correlates with the study done 
by Denholm [38] and Jabeen [39]. This was due 
to the genes encoding these β-lactamases were 
often located on large plasmids that also encode 
genes for resistance to others antibiotics, 
including aminoglycosides, tetracycline, 
sulfonamides, trimethoprim and chloramphenicol 
[7]. We found such associated resistance with 
fluroquinolones 84.4%. 
 
In this study we used two combinations with 
clavulanic acid (CAZ/CAZC and CTX/CTXC) and 
found that E. coli showed maximum ESBLs 
production in CAZ/CAZC combination, which 
correlates with other studies [40,41]. 
 

By definition, plasmids do not carry genes 
essential for the growth of host cells under non-
stressed conditions but most plasmids confer 
positively selectable phenotypes including 
antimicrobial resistance genes among others 
[42]. Plasmid profiling is also an important tool for 
epidemiological typing and has got diagnostic 
value as well. In view of these results, the studies 
on E. coli, focusing on the changes on molecular 
level, could provide valuable insights for its 
management. Thirty five strains (46.1%) do not 
contained plasmid whereas in 41 strains (53.9%), 
1-7 plasmids were detected. Three strains 
contained plasmids of >10 kb, but mainly the 
isolated plasmids ranged from 1 kb to 10 kb. In 
this study, plasmids of molecular weight 2 kb was 
most common among isolates. Clinical isolates of 
E. coli are known to harbour plasmids of different 
molecular size ranging from 2-3 kb to 6.5 kb and 
maximum 26 kb. Danbara [43] reported the 
plasmid size between 3.9 kb and 50kb in E. coli 
strains isolated from patients suffering from 
traveler’s diarrhea. All the plasmid containing 
strains were resistant to ampicillin (100%). 
Majority of the isolates (92.7%) with plasmid 
showed multidrug resistance.  
 
5. CONCLUSIONS 
 
High prevalence of extended spectrum beta 
lactamase producing Escherichia coli (ESBL E. 
coli) strains was found among the total isolates. 
The study showed good association between the 
antibiotic resistance and plasmid profiles of the 
isolates as the plasmid containing strains 
showed high resistance towards different 
antibiotics. 
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