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Abstract: Escherichia coli, a member of the Enterobacteriaceae family, is a common flora of the human and
animal guts. It is the most common cause of Gram-negative nosocomial and community-acquired infections.
Uropathogenic E. coli (UPEC) are the predominant causative organisms of urinary tract infections (UTI) and
one of the most frequently isolated organisms in neonate meningitis and nosocomial bacteremia. An acute UTI
can lead to recurrent infection, which could be considered as re-infection. The possible relationship between
bacteria persistence in the urinary tract and the presence of virulence factors (VFs) lead to biofilm formation.
Biofilm is a group of microorganisms encased in an exopolymer coat. The less availability of new generation
antibiotics necessitates looking for substances from alternative medicines with claimed antimicrobial activity.
In order to avoid renal complicacy and achieve successful treatment of UTIs, updated information of
antibiogram is essential. Extended-spectrum beta-lactamases (ESBLs) constitute a growing class of plasmid-
mediated B-lactamases which confer resistance to broad spectrum beta-lactam antibiotics. They are commonly
expressed by Enterobacteriaceae but the species of organisms producing these enzymes are increasing and
this is a cause for great concern. This review provides an overview of UPEC, ESBL and biofilm and their

antibiotic susceptibility pattern from UTIL.
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INTRODUCTION

Urinary Tract Infection (UTI) is defined as the
presence of multiplying microorganisms (bugs) in the tract
through which urine flows from the kidneys via the
bladder to the outside world [1]. Infections of the urinary
tract are the second most common type of infections in
the human body. UTI poses a serious health threat
because of the antibiotic resistance and high recurrence
rates. Escherichia coli are the most frequently isolated
microorganism in UTIs. Currently a history of UTI is
accepted as an independent risk factor for developing
bladder cancer [2].

Normally wurine is sterile and usually free of
bacteria, viruses and fungi but does contain fluids,
salts and waste products. An infection occurs when tiny
organisms, usually bacteria from the digestive tract,

cling to the opening of the urethra and begin to
multiply. Most infections arise from one type of bacteria,
E. coli, which normally lives in the colon. Any
abnormality of the urinary tract that obstructs the
flow of urine (a kidney stone, for example) sets the stage
for an infection. An enlarged prostate gland can
also slow the flow of urine, thus raising the risk of
infection [1].

Most UTIs are caused by ascending colonization
and/or infection by enteric bacteria of the perineum, the
periurethral area, the urethra, the bladder and
occasionally, the kidney. Infection results when the
bacterial virulence factors overcome the numerous host
defenses [3]. Generally predominant uropathogens
acquired from any source are Gram- negative bacteria with
E. coli accounting for the highest prevalence in most
instances [4].
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The frequency of UTIs and the mounting pressure
for cost containment in medical care emphasize the need
to consider costs of evaluating and treating UTIs. If initial
treatment is provided with a drug for which a pathogen is
not sensitive, patients will be likely to continue to
experience symptoms and return for re-evaluation,
resulting in a more thorough evaluation and a second
antibiotic, generally a more expensive fluoroquinolones,
is prescribed. The most important predictor of high
cost-effectiveness is high efficacy against E. coli.
Increased follow-up care results in diminished
cost-effectiveness. Antibiotic cost is a poor predictor of
cost-effectiveness, which is illustrated by the finding
that the most and least expensive drugs, ofloxacin and

trimethoprim-sulfamethasoxazole, are approximately
equally cost-effective. Both of these are more
cost-effective than other drugs, nitrofuration and

amoxicillin [5].

The pathogenicity and virulence of the infective
microorganisms as well as the efficiency of local or
systemic defence mechanisms determine the course
and severity of the disease. Virulence properties
(toxins, capsule and iron uptake) are encoded by genomic
structures and the determination of virulence is influenced
by the host situation. In renal insufficiency, a variety of
quite different substances (uremic toxins, betaine, amino
acids, creatinine, urea, glucose) influence the microbial
environment. Defence factors (Tamm-Horsfall protein,
defensin, phagocytic activity of granulocytes) and
underlying anatomical lesions as well as pre-existing renal
disease determine the severity of UTI and the prognosis
of renal insufficiency [6].

Idowu and Odelola [7] studied the bacterial isolates
of different genera collected from suspected cases of
UTT in Ibadan and their prevalence. Sensitivity pattern of
the organisms to quinolones antibacterial agent was also
investigated by the antibiotic disc diffusion method
using Kirby Bauer method. The study revealed the
prevalence of uropathogenic organisms as follows: E. coli
(46.2%), Klebsiella spp. (23.1%), Staphylococcus aureus
(21.1%) and  Pseudomonas  aeruginosa (76.0%).
The quinolones were found to be highly effective against
all the organisms. The average percentage susceptibility
of the organisms was as follows: S. aureus (92.7%), E. coli
(81.7%), P. aeruginosa (76.0%) and Klebsiella spp
(70.0%). As indicated by their high activity, quinolones
are better alternatives to commonly prescribed antibiotics
in UTI therapy although caution must be exercised in their
prescription as the emerging low level of resistance may
pose a great danger for their future use.
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Urinary Tract Infection in Children: UTI is one of the
most common medical conditions requiring treatment,
affecting millions of children every year [8]. A study of
3581 infants found 3.7% of boys and 2% of girls to have
urine cultures positive for bacteria in the first year of life
[9]. During the preschool and school years (1 to 11 years
of age), the incidence of screening for bacteriuria is 9 to 10
times higher in girls [10] because they have short
urethras. The cumulative incidence of symptomatic UTI in
children younger than 6 years of age is 6.6% for girls and
1.8% for boys [11].

Scholen et al. [12] have addressed several major
issues concerning UTIs in uncircumcised male infants.
They studied in large, relatively captive patient
population and were able to access inpatient diagnoses of
UTI during the first year of life. They corroborated the
association between foreskin presence and an increased
incidence of UTIs. Additionally, they have reported a
relatively higher frequency of such infections than that
which is generally recognized. Finally, Scholen ef al. [12]
have noted the greater economic burden of UTIs in this
population, primarily because of their greater incidence
during early infancy.

Urinary Tract Infection in Adults: UTIs are among the
most common bacterial infections in women, E. coli being
the most common pathogen [13, 14]. UTIs engender
substantial morbidity as well as some mortality, exacting
enormous healthcare costs. It is estimated that about 35%
of healthy women suffer symptoms of UTI at some stages
in their life. About 5% of women each year suffer with the
problem of painful urination (dysuria) and frequency [15].
The incidence of UTI is greater in women as compared to
men either due to anatomical predisposition or urothelial
mucosal adherence to the mucopolysaccharide lining or
other host factors [16]. Pregnant women see more prone
to UTIs than other women. It is thought that, about 2-4%
of pregnant women develop a urinary infection. The
hormonal changes and shifts in the position of the urinary
tract during pregnancy make it easier for bacteria to travel
up the urethras to the kidneys [17].

Uropathogenic Escherichia coli (UPEC): E. coli is
responsible for 54.7% of UTIs and the isolation of E. coli
is decreasing in comparison to previous reports,
especially in males and in patients with indwelling bladder
catheters who instead show higher Pseudomonas spp and
Enterococcus spp. Multivariate analysis of multi-resistant
uropathogens showed a positive significant correlation
with indewelling bladder catheter and age. An upward
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trend in the resistance of E. coli to cotrimoxazole,
ampicillin and fluroquinolones were observed from 1996
to 1999 and also more than 50% of Pseudomonas spp.
strains were resistant to fluoroquinolones and gentamicin
[18].

Uropathogenic  E coli possess fimbriae
(fingerlike projections, also called pili) that bind to
glycoproteins on uroepithelial cells through sites called
adhesins. This attachment allows uropathogenic E coli to
withstand being flushed by urine from the system [20].
These fimbriae are seldom identified in asymptomatic
bacteriuria [21]. After adherence, many pathogenic E. coli
secrete toxins to mediate further transmigration, including
c-hemolysin (cytotoxic-necrotizing factor) and secrete
auto transporter toxin, leading to cellular apoptosis or cell
lysis. The hemolysin toxin is present in 50% of isolates
responsible for pyelonephritis [21].

The gold standard for identification of
Enteroaggregative E. coli (EAEC) remains the HEp-2 cell
adherence test, which is time-consuming and requires
specialized facilities [19]. Strains of E coli that have a
predilection for the urinary system are known as
uropathogenic E coli. They have unique virulence factors
that contribute to their ability to cause UTIs, including
adhesion-promoting structures (types 1 and P fimbriae)
and toxins such as cytotoxic necrotizing factor and its
polysaccharide coating. These virulence factors allow the
organism to attach, invade, find nutrients and evade the
immune system.

Biofilm: Many bacteria are able to form biofilms, which
are defined as matrix-enclosed microbial population
adherent to each other and to surfaces or interfaces [22].
The formation of biofilms on surfaces can be regarded as
a universal bacterial strategy for survival and for
optimum positioning to effectively use available nutrients.
The gel-like state, predominantly consisting of
polysaccharides, prevents the access of antibacterial
agents, such as antibodies, white blood cells and
antibiotics, so that sessile bacterial cells in biofilms can
withstand host immune responses and are much less
susceptible to antibiotics than in their non-attached
individual planktonic state [23, 24]. The phenotypic
changes observed in microorganisms as they attach to
surfaces are due to the differential expression of genes
within biofilms [25]. Genetic analyses have revealed the
diversity of genetic factors participating in biofilm
formation and there are no doubt multiple pathways to
build a biofilm [26]. These factors, especially when they
are involved in the early stages of biofilm formation, can
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be functionally replaced or overridden by others,
depending on the media and growth conditions [27].
Therefore, although the study of initial attachment
probably still holds some surprises, the quest for an
essential adhesion step might be in vain. Recently, there
has been a change of focus from the simple hunt for
genes involved in the initial step of adhesion toward the
identification, through global analysis, of late biofilm
functions. The biofilm producing E. coli strains were
resistant to at least six antimicrobial agents which call for
an urgent need to regulate the overuse of antibiotics. This
would limit the spread of resistant microorganisms in the
community as well as in hospital settings [28].

Bacteria within the biofilm differ both in behavior and
in phenotypic from the planktonic, free-floating bacteria.
Conventional clinical microbiology can detect only the
planktonic, free-floating bacteria, which are absolutely
different from bacteria enclosed in the biofilm [29-31].
The microbes have evolved other mechanisms to evade
antimicrobial therapy and probably the most important
among them is the ability to either form or live within a
biofilm [32]. A single bacterial species can form a biofilm,
but in natural environment often biofilms are formed from
various species of bacteria, fungi, algae, protozoa, debris
along with corrosion products. Adhesion to surfaces
provide considerable advantage for the biofilm forming
bacteria, such as protection from antimicrobial agents,
exchange of nutrient metabolites or genetic material from
close proximity to microorganisms. Biofilms can vary in
thickness from a monocell layer to 6 to 8 cm thick, but
mostly on an average of about 100pm [33].

The difficulty in eradicating a chronic infection
associated with micro colony and biofilm formation lies in
the fact that biofilm bacteria are able to resist higher
antibiotic concentration than bacteria in suspension.
They are being implicated in the pathogenesis and also
clinical manifestations of several infections. They cause
a variety of persistent infections, including chronic middle
ear infections, heart valve infections, infections realted to
implanted medical devices and lung infections [32].

Mechanism of Biofilm: The formation of biofilm generally
consists of two main steps: (i) the deposition of the
microorganisms and (ii) the attachment by microbial
adhesion and anchorage to the surface. After the
process, multiplication and dissemination can be
observed [29, 30, 34-38]. The initial event in this process
is bacterial adhesion and the deposition of host urinary
components on the surface of the biomaterial leading to
the biofilm and consists of proteins, electrolytes and some
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unidentified molecules [29, 35]. The types of components
that form the conditioning biofilm depend on several
characteristics such as chemistry and hydrophobicity.
Many of the protein molecules in the conditioning biofilm
play an active role in the bacterial adhesion process.
The conditioning biofilm does not cover the whole
implant surface completely, but rare forms a “mesh-like”
covering [39]. Several factors are thought to influence
bacterial adhesion to outer body surfaces, such as
biomaterial and characteristics, bacterial surface features
and the behavior of microorganisms and the presenting
clinical condition [30, 35].

The biofilm is commonly built up of three layers.
The linking biofilm is attached to the tissue or biomaterial,
the biofilm base consists of microorganisms and the
surface film acts as an outer layer where planktonic
organisms can be released free-floating and spread to the
surrounding every parts [29, 30, 36, 38].

Biofilm consists of multilayered cell and embedded in
a matrix of extracellular matrix of extracellular
polysaccharide matrix biofilm, which facilitates the
adherence of these microorganisms to biomedical surface
and protects them from host immune system and
antimicrobial therapy [40]. Biofilm formation is regulated
by expression of polysaccharide intracellular adhesion
(PTIA), which mediates a cell to cell adhesion and is the
gene product of iac ADBC [41]. It is well documented that
biofilms are notoriously difficult to eradicate and are often
resistant to antibiotic therapy and removal of infected
device becomes necessary [35].To control a chronic
infection, antibiotics are chosen on the basis of
conventional in vitro diffusion and dilution evaluation
methods are not involving in biofilm formation [42].

Antimicrobial Resistance of Biofilms: Microbial biofilms
have been associated with a lot of persistent infections
which respond poorly to conventional antibiotic therapy.
This also helps in the spread of antibiotic resistant traits
in nosocomial infection by increasing mutation rates and
by the exchange of gene to gene which are responsible for
antibiotic resistance. Antibiotic therapy against device
associated with biofilm organisms often fails without the
removal of the infected implant. An elevated expression of
the efflux pump is another mechanism for the development
of antibiotic resistance in biofilm pathogen. The specific
up regulation of genes which encode antibiotic
transporters, has been seen in biofilms which are formed
by P. aeruginosa, E. coli and Candida albicans.
Physiological heterogeneity is another important
characteristic which is observed in biofilm bacteria. This
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phenomenon affects the rate of growth and metabolism of
the bacteria and is reflected by inter bacterial quorum
signals, the accumulation of toxic products and the
change in the local environment. These so called persister
cells are not resistant to antibiotics per use, but become
resistant when associated with the biofilm [43].

The Overall Biofilm Process

Trapping of Antibiotics: The exopolysaccharide slime
causes a diffusion barrier by restricting the rate of
molecule transport to the interior of the biofilm, or
chemically reacting with the molecules themselves.
The exopolysaccharide is negatively charged and restricts
the penetration of the positively charged molecules of
antibiotics by chemical interactions or molecular binding.
This also dilutes the concentration of the antibiotics
before they reach to the single bacterial cells in the biofilm
[25, 44].

Bacteria Escape the Host Immune System: Biofilm
producing bacteria escape the damaging effect of the
antibody which is produced by the host immune system
in response to infections [45].

Metabolism and Decrease of the Growth Rate of Bacterial
Biofilms: A cell to cell communication in bacterial biofilms
is established through chemical signaling. Small,
compound molecules of class of N-acylated homoserine
lactones (AHLs) are liberated by biofilm bacteria into their
surrounding local environment and these AHLs are
associated with DNA binding proteins. As the amount of
AHLs reaches a threshold level, it induces the
transcription of specific genes throughout the population.
The regulation process is known as quorum sensing. The
cells lying deep within the biofilm have low metabolic
activity and low growth rates. This makes the biofilm
microorganisms inherently low susceptible to antibiotics.
Due to the consumption of oxygen and glucose, a relative
anaerobiasis is created at the deeper layers of the bacterial
biofilm, where in order to survive, the microorganisms
transform into slow growers or non growers. Older
biofilms are relatively more resistant than newer biofilms
[46].

After the attachment to a biotic or an abiotic surface,
the bacteria undergo further adaptation, increased
synthesis of exopolysaccharide and increased antibiotic
resistance. They also develop an increased resistance to
UV light, increased genetic exchange, altered
metabolism and increased secondary metabolic
production [25, 44].
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Prophylaxis of Biofilm: This includes systemic
perioperative and local antibiotic prophylaxis. The aim of
the local antibiotic prophylaxis is to inhibit the
colonization of microorganisms on devices and the
contamination of the tissues. Antimicrobials can be
applied in various steps such as:

Coating of Device: Device coatings are of two
types - passive and active. Passive coating such as
ethylene glycol, poly ethylene oxide and hydrophilic poly
urethane can be used. The effectiveness of passive
coating is limited. In active coating, the release of anti
microbial agents in high fluxes occurs to inhibit the initial
adhesion of bacteria [43, 46 - 48].

Immersion and Surgical Irrigation: The dipping of the
device in antimicrobial solution, e.g. rifampicin dipped
vascular graft. Also, skin antisepsis and the antimicrobial
irrigation of the surgical field [48].

Antibiotic Loaded: The use of antibiotic loaded
(usually in joint arthroplasties) provides the local delivery
of antibiotics, the stabilization of soft tissues, scope for
an easier re implantation and better clinical outcome [49].

Antibiotic Therapy: This method is done to prevent the
bacterial colonization by catheter [43].

Antimicrobial Carrier: Antimicrobials can be added onto
a carrier either preoperatively or during surgery.
Biodegradable and non biodegradable polymers which are
impregnated with antimicrobials are used in orthopaedic.
The resulting effects of the antimicrobials persist for
weeks to months [48].

Treatment: The common treatment against persistent
infections which are produced by bacterial biofilm
producers is the removal of the infected Indwelling
Medical Devices (IMD), combined with
antibiotic/antifungal therapy. In case of IMD in non
surgical patients, long-term antibiotic therapy is required
[47, 50, 51].

Experimental Therapy: The in vitro use of ultrasound
electric fields and penetration of antibiotics
through microbial biofilms: The device emits low energy
surface acoustic waves, electric currents, or pulsed
ultrasounds that reduce the colonization of the devices
and enhances the release of locally applied antibiotics
[43, 46].
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The Disruption of Signaling Molecules: These are
involved in the biofilm architecture and detachment, e.g.
penicillin acid [52].

Inhibition of Biofilm: Designing small molecules which
can prevent biofilm formation at some target point, e.g.
amino imidazole. The treatment inhibits the transcription
of the biofilm regulatory genes and might be able to
completely inhibit biofilms [46, 53].

In the Future: Identifying the virulent factor and genes
which cause biofilm formation, can help in preventing the
colonization of the microorganisms [25, 43].

Use Sensors: Sensors which can detect biofilm formation
as early as possible are a great help for treating clinicians.
Research is underway on to two types of sensors for
biofilm monitoring: bacterial touch sensors and electro
chemical sensors (non bacterial sensors). Eg: Vibrio
cholerae (bacterial sensor) [54].

Prevention of Fungal Biofilm: A polymer which is
isolated from the crustacean exoskeleton inhibits candidal
biofilm formation in vivo. It damages the fungal cells,
therefore, it can be considered for the prevention of
fungal biofilms of the central venous catheters and other
medical devices [55].

Methods of Biofilm Production in In vitro: Poovendran
et al. [28] studied 100 (60.2%) E. coli strains and found
that 72 strains displayed a biofilm positive phenotype
under optimized conditions the Tube Method
(Figure 2) and the strains were further classified as highly
positive 17 (17 %), moderate positive 19 (19 %) and
weakly positive 36 (36 %). Screening on CRA biofilm
positive phenotype under optimized conditions in the
CRA method (Figure 3), the strains were further classified
as highly positive 23 (23 %), moderate positive 37 (37 %),
weakly positive 40 (40 %) and TCP biofilm positive
phenotype under the optimized conditions in the TCP
method (Figure 1). The strains were further classified as
highly positive 6 (6 %), moderate positive 80 (80 %) and
weakly positive 14 (14 %) by TCP method. which do not
correlate well with the tube method for detecting biofilm
formation in UPEC.

Similarly, in the 96 (71%) E. coli strains, studied by
Murugan et al. [56], 81(84.37%) strains displayed a
biofilm-positive phenotype under optimized conditions in
the Tube Method and the strains were further classified
as strong positive 9 (9.4 %), moderate positive 33 (34.4 %),

in
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Fig. 1: Tissue culture plate (TCP) method [28]
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Fig. 3: Congo red agar method (CRA) [28]
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weakly positive 39 (40.6 %) and negative 15(15.6%).
Screening on CRA biofilm positive phenotype under the
optimized CRA method, the strains were further classified
as highly positive 33 (34.4 %), moderate positive 24
(25.0 %) and weakly positive 39 (40.6 %), respectively.
Murugan et al. [56] have reported that the correlation
between biofilm and multiple drug resistance towards
UPEC. Similarly, Poovendran et al. [57] studied the
correlation between biofilm and ESBL producing UPEC.
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According to Hanna ef al. [58], biofilm formation protects
bacteria from hydrodynamic flow conditions, for example
in the urinary tract and against phagocytosis and host
defence mechanisms, as well as antibiotics. Costerton et
al. [59] have reported that more than 50% of all bacterial
infections involve biofilm formation. Similarly Matija et al.
[60] have reported 56% positive for biofilm production.
Another study by Soto er al. [61] evaluated the
prevalence of biofilm production in different clinical
samples.

Pruss et al. [62] reported that the haemolysin and
type 1 fimbriae expression are significantly associated
with biofilm production. Type 1 fimbriae which promote
adhesion to host epithelial cells, have been found to be
important in the initial steps of biofilm formation. Bacterial
biofilm has long been considered as a virulence factor
contributing to infection associated with various medical
devices and causing nosocomial infection [63, 64].

Tube method and Congo red agar method described
here are based on the enhancement of exopolysaccharide
production by using enriched media, TSB in the
Christensen method [63]. Rakhshanda et al. [65] reported
that the biofilm production by uropathogenic bacteria like
S. aureus is (75 %) E. faecalis (75%) and E. coli is (40%).
Soto et al. [61] have indicated that the E. coli as the most
frequent cause of UTI and biofilm formation allows the
strains to persist for a long time in the genitourinary tract
and interfere with bacterial eradication. Although
hemolysin is the main virulence factor by which E coli
causes acute prostatic infection, the association between
hemolysin and biofilm formation may result in increased
ability of FE.coli strains to persist in the prostate. Tenke
et al. [66] have addressed easier methods for diagnosing
and quantifying biofilm associated infection and
development of more specific antimicrobial agents and
ideal device surfaces would surely help in the fight
against biofilm formation.

Extended Spectrum B-Lactamases (ESBLs) - History:
Emergence of resistance to [-lactam antibiotics began
even before the first B-lactam penicillin was developed.
The first B-lactamase was identified in E. coli prior to the
release of penicillin for use in medical practice [67]. All the
early work on f-lactamases was concerned with those
produced by Gram-positive organisms, e.g. S. aureus and
the Bacillus spp. With the advent of new penicillin’s, eg:
ampicillin, carbenicillin and cephalosporins, attention
changed  from the Gram-positive species to the
lactamases to Gram-negative organisms. Many genera of
Gram-negative bacteria possess a naturally occurring,
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chromosomally mediated f-lactamase. These enzymes are
thought to have evolved from penicillin-binding proteins,
with which they show some sequence homology.
This development was likely due to selective pressure
extended by [-lactamase producing soil organisms
found in the environment [68]. The first plasmid mediated
B-lactamase in Gram negative, TEM-1, was described in the
early 1960s [69]. The TEM-1 enzyme was originally found
in a single strain of E.coli isolated from a blood culture
from a patient named Temoniera in Greece, hence the
designation TEM [70]. Plasmid and transposon mediated
has facilitated the spread of TEM-I to other species of
bacteria. Within a few years after its first isolation, the
TEM-1 B-lactamase have spread worldwide and is now
found in many different species of members of the family
Enterobacteriaceae, Pseudomonas
Haemophilus
Another common plasmid mediated beta lactamase
found in Klebsiella pneumoniae and E. coli is SHV-I
(for sulphydryl variable). The SHV-1 P lactamase is
chromosomally encoded in the majority of isolates of
K.pneumoniae but is usually plasmid mediated in E. coli
[71].

Jabeen et al. [72] reported that the ESBL production
in Enterobacteriaceae and the percentage of isolates
which are falsely reported as sensitive in absence of ESBL
detection, in a clinical microbiology laboratory of a
tertiary care hospital in Karachi, Pakistan between
September-October 2002 was determined. Selected
isolates were identified according to standard biochemical
tests and disc susceptibility tests were performed
according to NCCLS. ESBL detection by combined disc
(cefotaxime (30 pg) versus cefotaxime plus clavulanate
(30/10 pg) was compared with detection using double
discs (amoxi-clavulanic acid (20/10 pg) and aztreonam
(30 pg) applied 10 mm apart.

Arora et al. [73] have undertaken a study on the
prevalence of ESBL producers in major hospitals of
Kolkata. 284 non-repeat clinical isolates were taken from
five major hospitals of Kolkata and screened for ESBL
production by Disk Agar Diffusion (DAD) using third
generation cephalosporins (GC) and Double Disk Synergy
Test (DDST) with and without clavulanic acid (CA), as per
National Committee for Clinical Laboratory Standards
(NCCLS). 87 (30.6%) strains were resistant to at least
two 3GC out of which 46 (16.2%) were found to be
ESBL-producers and confirmed phenotypically by DDST.
They found ESBL production in 26 (56.5%) of E. coli,
12 (26.1%) of 14 (8.6%) of Klebsiella Spp. (4.3%) of
Pseudomonas aeruginosa, 2 (4.3%) of Proteus vulgaris.

aeruginosa,
influenza and Neisseria gonorrhoea.
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Some of the representative isolates were screened for the
presence of plasmid DNA. Both large and small plasmids
were found in these strains; 16.2% of ESBL producing
clinical strains were from Kolkata.

Extended Spectrum B-Lactamase (ESBL): In Gram
negative pathogens, P-lactamase production remains the
most important contributing factor to beta-lactam
resistance [70]. The four major groups of P-lactams;
penicillin, cephalosporins, monobactams and
carbapenems have a beta-lactam ring which can be
hydrolyzed by beta- lactamases resulting in
microbiologically ineffective compounds [74]. The
persistent exposure of bacterial strains to a multitude of
beta-lactams has led to overproduction and mutation of
beta-lactamases. These P-lactamases are now capable of
hydrolyzing penicillin, broad-spectrum cephalosporins
and monobactams. Thus these are new [-lactamases and
are called as Extended Spectrum Beta Lactamases (ESBLs)
[75]. In Gram negative bacteria these enzymes remains in
the periplasmic space, where they attack the antibiotic
before it can reach its receptor site [76]. The first plasmid
mediated beta-lactamase was described in early 1960 [69].
ESBLs have been isolated from a wide variety of
Enterobacteriaceae, aeruginosa and
Capnocytophaga ochracea [71, 77].

On the basis of mechanism of action, most
common [} -lactamases are divided into three major classes
(A, C & D) depending on amino acid sequences. These
enzymes act on many penicillin, cephalosporins and
monobactam. Class B beta-lactamases called as Metallo
Beta Lactamases (MBLs), act on penicillin, cephalosporin
and carbapenems but not on monobactams [78]. MBLs
differ from other beta-lactamases in using metal ion zinc,
linked to a histidine or cysteine residue to react with the
carbonyl group of the amide bond of most penicillin,
cephalosporins and carbapenems [79]. Another class,
Amp C- beta-lactamases is also clinically significant, since
it confer resistance to cephalosporins in the oxyimino
group, 7ca-methoxy cephalosporins and is not affected
by available B - lactamase inhibitors [80]. Amp C
B-lactamases have been reported in E. coli, Klebsiella
Salmonella spp. Citrobacter freundii,

Pseudomonas

pneumoniae,
Enterobacter aerogenes and Proteus mirabilis [81, 82].
Extended-Spectrum p-lactamase (ESBL) producing
organisms are a major problem in the area of infectious
disease after their discovery in 1983 [83]. ESBL
productivity strains of Enterobacteriaceae have emerged
as a major challenge in hospitalized as well as community
based patients. Infections due to ESBL producers range
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from uncomplicated UTI to life threatening sepsis [84].
The most common ESBL-producing organisms are
Klebsiella species and E. coli. These organisms confer
resistance to all f-lactam antibiotics except cephamycins
and carbapenems [85]. In addition, ESBL-producing
organisms frequently show cross-resistance to many
other classes of antibiotics; including amino glycosides
and fluoroquinolones, thus treatment of these infections
are often a therapeutic challenge [83]. Detection of ESBL
is challenging for the clinical microbiology laboratory. Its
presence in the bacterial cell does not always produce a
resistant phenotype; some ESBL isolates may appear
susceptible to third-generation cephalosporins in vitro
failure [86]. Resistant bacteria are emerging worldwide as
a threat to the favorable outcome of common infections in
community and hospital setting. A B -lactam is a lactam
with a hetero automatic ring structure, consisting of 3
carbon atoms and a nitrogen atom. It is a part of several
antibiotics [87].

[ - lactams are globular proteins that posses II alpha
helices and five beta-pleated sheets [88]. - lactamases are
heterogeneous bacterial enzymes that cleave the - lactam
ring of penicillin and cephalosporins to inactivate the
antibiotic have TEM and SHV beta- lactamases conferring
resistance to various antibiotics. A point mutation which
alters the configuration around the active site of the TEM
and SHV type enzymes has led to [3- lactamases that are
known as extended spectrum B-lactamase (ESBLs) can
hydrolyze cefotaxime, ceftazidime, aztreonam and other
expanded spectrum cephalosporin to varying degrees
[89].

Beta-lactamase inhibits enzymes involved in the
synthesis of Dbacterial cell wall endangering their
survival. A common mechanism of bacterial resistance to
beta-lactam antibiotics is the production of beta-lactamase
enzymes that cleave the structural beta-lactam ring of
penicillin group of drugs. More than 60 different types of
beta-lactamase have been described from Gram-negative
and Gram-positive organisms [73].

ESBLs have become a challenge both from the
diagnostic as well as on the management point of view.
B -lactam antibiotics are the most common treatment for
bacterial infections. Concurrently the {3 - lactamase are the
major defense of Gram negative bacteria against beta
lactam antibiotics. These enzymes cleave the amide bond
in the beta lactam ring, rendering beta lactam antibiotics
harmless to bacteria [90]. The number of these enzymes
now is more than 150 which were initially limited to E. coli
and Klebsiella. ESBL phenotypes and detection have
become more complex due to the diversity of the enzymes
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produced, emergence of inhibitor resistant ESBL variants
plasmid borne resistance genes, concurrent Amp-C
production enzyme hyper production and porin loss.
During the last decade, a number of ESBL phenotype has
been reported [91].

ESBL producers are associated with increased
morbidity and mortality, especially amongst patients on
intensive care and high-dependency units. Accurate
laboratory detection is important to avoid clinical failure
due to inappropriate antimicrobial therapy [92]. ESBL
producing E.coli in Europe, North, Latin America and
Western Pacific was reported at 1-8% [93]. Mathur ef al.
reported 68% ESBL positivity rate in their
Enterobacteriaceae isolates from India [94].

B-Lactam Antimicrobials: The discovery of antibiotic
drugs to treat infections caused by bacteria has been an
important development of modern medicine. The bacterial
cell wall is the obvious target for antibiotics. The two
important classes of antibiotics that inhibit bacterial cell
wall synthesis are B-lactams and glycopeptides. -lactam
antimicrobial agents are used commonly as first line
therapy for the treatment of serious infections.
The [B-lactam family of antibiotics includes many of the
most heavily used antibacterials in clinical medicine.
They are important, both historically and currently,
because of their effectiveness and generally low toxicity.
The majority of clinically useful p-lactamase belongs to
either the penicillin or cephalosporin group. The B-lactam
also includes the carbapenems the monobactams, e.g.
aztreonam and the B-lactamase inhibitors (eg. Clavulanic
acid). [P-lactam antibiotics are useful and frequently
prescribed antibiotics. The orally active P-lactams are
used frequently to treat community-acquired infections
and the parenteral forms of penicillin (with or without
B-lactamase  inhibitors) and  third  generation
cephalosporins are usually reserved for the treatment of
nosocomial infections. The increasing and wide spread
use of these classes of drugs exert a selective pressure
that act as driving force in the development of antibiotic
resistance. [-lactams are prescribed more often than any
other antibiotics, this heavy usage has selected pressure
that act as driving force in the development of antibiotic
resistance [95].

Action of B-lactam Antibiotic of Bacteria: (-lactam
antibiotics act on bacterial cell and can kill susceptible
bacteria by interfering with bacterial cell wall synthesis.
Bacteria have a cytoplasmic membrane much like that of
eukaryotes. Surrounding this membrane is a periplasmic
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space, which in turn, enclosed by a peptidoglycan layer
and finally the outer membrane. The peptidoglycan layer
is a cross linked polymer that forms a net-like structure
that helps to provide structural rigidity to the organism
and allows it to survive in the medium to which it may be
strongly hypertonic. Without cell wall and its net-like
peptidoglycan  layer, the bacterial ~ protoplast
(cytoplasm plus cell membrane) would swell and burst.
The composition of cell wall wvaries with species.
The peptidoglycan layer is composed of repeating units
of N- acetyl glutamic acid (NAG) and N-acetyl muramic
acid (NAM) acid. The cross linking of peptidoglycan
reaction is catalyzed by a peptidoglycan transpeptidase
(penicillin  binding protein) located in the cell
membrane. [B-lactam antibiotic can serve as the
substrate for the transpeptidase. Once they have
combined with the transpeptidase enzyme, they remain
bound regardless of drug concentration in the media and
inhibit bacterial cell wall synthesis and growth. Inhibition
of cell wall construction ultimately leads to cell lysis and
death [96].

Resistance two P-lactam antibiotics (B-lactamase
action): Bacteria develop resistance to [f-lactam
antibiotics by a variety of mechanisms. Most common
is the destruction of the drug by p-lactamases.
These enzymes have a higher affinity for the antibiotics
than the antibiotic has for its target. Commercially
available [(-lactam antibiotics fall into two groups the
penicillin and cephalosporins; these compounds are
susceptible to enzymatic modification and degradation.
The most important of the degradation enzymes are the
B-lactamases. Penicillin and cephalosporins are
distinguished from other antibiotics by their possession
of a B-lactam ring in the nucleus of the antibiotic molecule
and the integrity of this structure is essential for the anti
bacterial activity of the compounds. B-lactamases attack
the amide bond in the B-lactam ring of penicillins and
cephalosporins causing disruption of the molecule with
subsequent production of penicilloic acid and
cephalosporic acid respectively and ultimately rendering
the compounds antibacterially inactive. Thus the enzymes
play an important role in the resistance of many bacteria
to penicillin and cephalosporins. Penicillin destroying
enzymes have been known almost as long as penicillin
has been available for therapy [97]. Genes encoding
B-lactamases have been found in both chromosomes and
extra chromosomal locations and in both Gram positive to
Gram-negative bacteria; these genes are often on mobile
genetic elements called plasmids.
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ESBL Detection Methods: The increased prevalence of
Enterobacteriaceae producing ESBLs creates a great
need for laboratory testing methods that will accurately
identify the presence of these enzymes in clinical isolates.
Although most ESBLs confer resistance to one or more of
the oxyimino-P-lactam antibiotics, the B-lactamase does
not always increase the MICs high enough levels to be
called resistant by the National Committee for Clinical
Laboratory Standards (NCCLS) interpretive guidelines.
The sensitivity and specificity of a susceptibility test to
detect ESBLs vary with the cephalosporin tested. The
NCCLS is currently reevaluating the testing procedures
and interpretive criteria that should be used for the
detection of ESBLs. The failure of either MIC or disk tests
alone to accurately detect the presence of an ESBL in all
strains of E. coli and K. pneumoniae has been well
documented. It also appears that there is a difference in
the ability of various susceptibility-testing methods used
for detecting cephalosporin resistance in an ESBL
producing strain. Steward et al. reported lack of
sensitivity and specificity in traditional susceptibility
tests to detect ESBLs. In the years since ESBLs were first
described, a number of different testing methods have
been suggested [98].

Agrawal et al. [99]; Basavaraj et al. [100]; Naik and
Desai.[101] reported the prevalence of ESBL producer to
be 22, 32.1 and 66%, respectively. Other studies from India
have reported the ESBL production varying from 6 to 87%
[94,102-104]. In recent years increase in ESBL production
was reported from several countries such as USA,
Canada, China and Italy [105-108]. Similarly, in a large
survey of 1610 E. coli isolates from 31 centers, 10
European countries found that the prevalence of ESBL in
these organism range from as low as 1.5% in Germany to
high as 39-47% Russia, Poland and Turkey [109]. In the
Arabian Gulf region, high ESBL production is 31.7% in
Kuwait and 41% in the United Arab Emirates [110,111].
Similarly, Husam et al. [112] have reported that prevalence
the ESBL production is 60% in Saudi Arabia. Babypadmini
et al. [113]; Poovendran et al. [57], reported that in
Coimbatore (South India) ESBL production is 41 and 34%
in E. coli.

Antibiotics

Classes of Antibiotics: Some antibiotics can be used to
treat a wide range of infections and are known as 'broad-
spectrum' antibiotics. Others are only effective against a
few types of bacteria and are called 'narrow-spectrum'’
antibiotics [114]. There are different kinds of antibiotics.
The main classes of antibiotics are:
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Aminoglycosides
Cephalosporins

Fluoroquinolones
Aminoglycosides used to treat infections
caused by Gram-negative bacteria. Aminoglycosides may
be used along with penicillins or cephalosporins to give
a two-pronged attack on the bacteria. They work
quite well, but bacteria can become resistant to them.
The aminoglycosides are drugs which stop bacteria from
making proteins and the effect is bactericidal [115].
The most commonly-prescribed aminoglycosides are

are

amikacin, gentamicin, kanamycin, neomycin, streptomycin
and tobramycin.

Cephalosporins are grouped into "generations" by
their antimicrobial properties. Each newer generation of
greater negative
antimicrobial properties than the preceding generation.
The later-generation cephalosporins have greater effect
against resistant bacteria. Cephalosporins are closely

cephalosporins  has Gram-

related to penicillins. Cephalosporins have a bacteriocidal
effect by inhibiting the synthesis of the bacteria cell wall
[115]. The most commonly-prescribed cephalosporins are
cefotaxime, cefixime, cefpodoxime, cefpodoxime,
ceftazidime, cefepime and cefpirome.

Fluoroquinolones are known as broad-spectrum
antibiotics because they are effective against many
bacteria. Fluoroquinolones are used to treat most common
urinary tract infections, skin infections and respiratory
Fluoroquinolones  inhibit by
interfering with their ability to make DNA. Thus, making

the bacteria difficult to multiply and the effect is

infections. bacteria

bacteriocidal [115]. The most commonly-prescribed
fluoroquinolones ciprofloxacin,  gatifloxacin,
gemifloxacin, levofloxacin, moxifloxacin, norfloxacin,
ofloxacin and trovafloxacin.

are

Antibiotic Resistant Pattern of Uropathogenic E. Coli:
Antibiotic resistance is the ability of an organism to
withstand the effects of an antibiotic. It is a specific type
of drug resistance. Antibiotic resistance
naturally via natural selection through random mutation,
but it could also be engineered by applying an
evolutionary stress on a population. Once such a gene is
generated, bacteria can then transfer the genetic
information in a horizontal fashion (between individuals)
by plasmid exchange. If a bacterium carries several
resistance genes, it is called multi resistant or, informally
a superbug [116].

involves
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The luster of antimicrobial era soon began to show
evidence of tarnish, however, at first bacteria, then fungi
and then virus began to develop resistance to
chemotherapeutic agents directed against them.
This is especially of bacteria that have modified their
DNA by chromosomal mutation and by acquiring
resistance genes via conjugation, transformation and
even transduction. Most bacteria have multiple routes of
resistance to any drug; can rapidly give rise to vast
number of resistance progeny. Antimicrobial resistance
has been fueled by the inappropriate use of antibiotics by
the physician and the public. Antibiotic resistance is a
serious global problem, which results in morbidity,
mortality and increased health care costs. Widespread
antibiotics usage exerts a selective pressure that acts as
a driving force in the development of antibiotic
resistances. The association between increased rates of
antimicrobial use and resistance has been documented for
nosocomial infection as well as for community-acquired
infections [117].

Antimicrobial resistance is complex and dynamic.
Although the major genetic and biochemical mechanisms
have been recognized, new factors continue to be
discovered, including integrons, multidrug -efflux,
hypermutability and plasmid addiction. Natural selection
favors mechanism that confers resistance. Selection may
also favor determinants that are least burdened by their
resistance. Selection may also favor determinants that
prevent their own counter selection and resistant strains
with enhanced survival ability or virulence. The major
mechanism used by bacteria to resist the action of
antimicrobial agents are inactivation of the compound,
of the target,
permeability of the cell envelope to the agent and active
elimination of the compound from the interior of the cell
[118]. Several bacteria, including E. coli, construct a
multiple-antibiotic-resistance (MAR) efflux pump that
provides the bacterium with resistance to multiple types
of antibiotics, including erythromycin, tetracycline,
ampicillin and nalidixic acid. This pump expels the
antibiotic from the cell’s cytoplasm, helping to maintain
the intracellular levels below a lethal concentration
[119,120]. The MAR pump is composed of the proteins
MarA and MarB, whose synthesis is inhibited by the
regulatory protein, MarR [121] mutations that reduce or
eliminate the repression control of MarR resulting in over
production of the MarAB efflux pump, which enables the
cell to expel higher concentrations of antibiotics or other
antimicrobial agents [117,122].

alteration antibacterial decreased
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Antibiotic resistance of urinary tract pathogens has
been known to increase worldwide, especially to
commonly used antimicrobials. The antibiotic sensitivity
patterns of either one or more of the commonly used
antimicrobial drug in UTI cases [123 - 126].

The 20™ century saw a series of remarkable
discoveries that changed the face of medical practice.
Among the most important was the discovery of
antimicrobial agents, beginning with the synthesis of
arsphenamine by Paul Ehrlich as the century dawned.
With this discovery, the dreaded scourage of syphilis
was brought under control, although not eradicated.
However, the toxicity of the drug made it less than ideal
as an antimicrobial agent. Shortly thereafter, optochin
(ethyl cupreine) was tried for therapy of Prneumococcal
pneumonia, but it was too toxic and was not effective
enough to be successful. Moreover, pneumococci with
resistance to this drug were isolated from patients who
failed to respond to treatment- one of the first
observations of antimicrobial resistance. The middle of
the century saw an even more remarkable set of
discoveries, the development of the first true antibiotics,
beginning with the sulfonamides and penicillin and
progressing
antimicrobials that attached the bacterial cell at numerous
vulnerable points. The discovery of effective anti
tuberculosis agent and antifungal agents soon followed
[90].

Resistance is an ability of an organism to grow in the
presence of an elevated level of an antimicrobial agent.
In short, a strain for which the Minimum Inhibitory
By this
conventional criterion, biofilm cells do not necessarily
show increased resistance. With some exceptions, biofilm
cells do not grow better than planktonic cells in the
presence of a broad range of antimicrobials [127].

Bacterial UTIs are frequent infections in the
outpatient as well as in the nosocomial setting. The
stratification into uncomplicated and complicated UTIs
has proven to be clinically useful. Bacterial virulence
factors on the one side and the integrity of the host
defense mechanisms on the other side determine the
In uncomplicated UTIs
Escherichia coli is the leading organism, whereas in
complicated UTTIs the bacterial spectrum is much broader
including Gram-negative and Gram-positive and often
multi resistant organisms. The therapy of uncomplicated
UTIs is almost exclusively antibacterial, whereas in

through a whole series of effective

Concentration increased is resistant.

course of the infection.

complicated UTIs the complicating factors have to be
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treated as well. There are two predominant aims in the
antimicrobial treatment of both uncomplicated and
complicated UTIs: (i) rapid and effective response to
therapy and prevention of recurrence of the individual
patient treated; (ii) prevention of emergence of resistance
to antimicrobial the microbial
environment. The main drawbacks of current antibiotic

chemotherapy in
therapies are the emergence and rapid increase of
antibiotic resistance. To combat this development several
strategies can be followed. Decrease the amount of
antibiotics administered, optimal dosing, prevention of
infection and development of new antibiotic substances
[128].

Antimicrobial activity of imipenem was measured
using 4725 strains isolated from patients with complicated
UTIs (CUTIs) between 1988 and 2000. Imipenem was
inactive against methicillin-resistant Staphylococcus
aureus and Staphylococcus epidermidis, Enterococcus
faecium and some non-fermenting Gram-negative rods.
The prevalence of imipenem-resistant strains of S. aureus,
S. epidermidis and P. aeruginosa was sporadically high
in some years; no steady increase was seen over the
period. Resistant strains were rare in other major
uropathogenic species [129].

Bacterial infection of the urinary tract is a common
health problem in young women but also the most
common nosocomial infection (33%) contributing to the
mortality of patients and increasing the duration and cost
of hospitalization. E. coli are the most predominant
organism and its prevalence varies in different studies.
The high consumption of inappropriately prescribed
antibiotics, combined with multiple pathology and
frequent use of invasive devices, is a major factor
contributing to high levels of resistance. There is a
serious decrease in susceptibility of E. coli strains to
amoxicillin, due to the presence of R-TEM enzymes, to
cotrimoxazole and trimethoprim. Nitrofuration and
fosfomycin-trometamol remain highly active against
urinary Enterobacteriaceae, with over 90% of E. coli
being susceptible [130].

The selective pressure of use and overuse of new
antibiotics in the treatment of patients has resulted in the
new variants of B-lactamases. One of the new classes was
the oxyimino- cephalosporins, which became widely used
for the treatment of serious infections due to Gram-
negative bacteria in the 1980s [81].

Supriya et al. [131], have stated that multidrug
resistance is expected to be more common in ESBL
producing organisms. In their study, 38 (90.5%) ESBL
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producing isolates were found to be resistant to three or
more drugs whereas multidrug resistance in non ESBL
producers was seen in only 31 (68.9%) isolates. The
difference was statistically significant (P<0.05).
According to Neelam et al. [132], resistance to
antimicrobial agents has become common among all
pathogens. Fifty one isolates (42.9%) were multi-drug
resistant (resistant to 3 or more commonly used
antibiotics). Resistance to amoxyecillin, nalidixic acid,

cotrimoxazole, cefotaxime, chloramphenicol and
ciprofloxacin was 62.5, 66.7, 34.6, 48.1, 37 and 18.5 %,
respectively.

Suranjana et al. [73], observed that out of a total of
13,091 Gram-negative bacteria isolated, 9004 (68.78%) were
found to be ESBL producers. Overall, piperacillin/
tazobactam exhibited the best activity (81.37% organisms
susceptible) followed by ceftazidime/ sublactam (76.06%
organisms susceptible). Ticarcillin/ clavulanic acid
(45.48% organisms susceptible) was found to have a poor
activity against all the organisms.

Manchanda et al. [102] described that multidrug
resistance (three or more drugs) was observed in 90%
(n=46) of the isolates. Resistance to aminoglycosides was
high, with as many as 72% (n=37) of the isolates showing
resistance to gentamicin and 69% (n=35) to amikacin.
Decreased susceptibilities to cefotetan and cefoxitin were
observed among 51% (n=26) and 43% (n=22) of the
isolates, respectively.

Poovendran et al. [133] found the antibiotic
resistance were 90, 89, 88, 86, 73, 71 and 58% for amikacin,
piperacillin/tazobactam, cotrimoxazole, = amoxyclv,
norfloxacin, ampicillin and tobramycin, respectively.
The susceptibility was found to be 97 and 100% for
chloramphenicol and imipenem.

Subramanian et al. [134] observed that all the isolates
are resistant to ceftazidime with 70% of the isolates
displaying high level of resistance. However, the analysis
of the 336 confirmed ESBL isolates revealed that ESBLs
are predominantly present among E. coli (63.7%)
compared to K. pneumoniae (14%) and other
Enterobacteriaceae spp. that exhibit resistance to any
one of the third generation cephalosporins must be
reported as resistant to all third generation
cephalosporins.

CONCLUSION

Biofilm can be composed of a single or multiple
organisms on various biotic and abiotic surfaces. Hence,
in UTI caused by biofilm producing E. coli, may promote
the colonization and lead to increased rate of UTIs.
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The differentiation with respect to its biofilm phenotype
might help to modify the antibiotic therapy and to prevent
infection related to biomedical devices. A suitable and
reproducible method is necessary for screening biofilm
producers in any healthcare setup in adult women.
This causes a number of persistent infections, which
respond poorly to conventional antibiotic therapy.
The overall healthcare costs which are attributed to the
treatment of biofilm associated infections are much higher
due to their persistence. Besides, a longer hospital stay is
another factor for higher costs. Early detection of biofilm
associated infections and newer treatment options for the
management of the same are needed. The emerging threat
of ESBL pathogens in our setting with the occurrence of
these strains as etiological agents of infection in the
hospital and community was cleared. While the findings
shed light on E. coli, which are the predominant ESBL
producers, we recommend further work on evaluating the
ESBL types in these isolates as well as the prevalence of
other ESBL-producing Gram negative bacteria which are
emerging as pathogens of concern in the clinical setting.
In conclusion of this study uropathogenic E. coli was
higher in ability to form significant biofilm and ESBL
production. It has been proposed that a number of E. coli
gene re-arrangement occurs upon acquisition of the ESBL
plasmid. Based on the findings the acute uncomplicated
UTI affects a large proportion of the population.
The review confirmed E. coli to be a major uropathogens.
These indicate a need for continued surveillance of
antimicrobial resistance among uropathogens causing
UTI, so as to increase positive outcomes of clinical
interventions.

REFERENCES

Hackett, M., 2000. Escherichia coli alpha-hemolysin
(HlyA) is heterogeneously acylated in vivo with 14-,
15- and 17-carbon fatty acids. J. Biol. Chem.,
275:36698-702.

Silverman, D., T.A.S. Morrison and S.S. Devesa,
1996. Bladder cancer. In: Cancer epidemiology and
prevention. Eds. Schottenfel D. and J.F. Fraumeni.
New York NY: Oxford University Press. 2: 1156-79.
Nickel, J.C., 1990. Biofilm associated urinary tract
infections. Micro biofilm book. 8: 261-270.

Gupta, K.A., D. Hooton, C.L. Wobe and W.E. Stamm,
1999. The prevalence of antimicrobial resistance
among uropathogens causing uncomplicated
cystitis in young women. Int. J. Antimicrob. Agent.,
11: 305-308.



10.

11.

12.

13.

14.

15.

16.

17.

Intl. J. Microbiol. Res., 4 (2): 101-118, 2013

Rosenberg, M., 1999. Pharmacoeconomics of treating

uncomplicated urinary tract infections. Int. J.
Antimicrob Agent., 11: 247-251.
Reinhard Funfstuck. Undine Ott. G. Kurt and

S. Naber, 2006.The interaction of urinary tract
infection and renal in sufficiency. Int. J. Antimicrob
Agents., 28: S72-S77.

Idowu, A.O. and H.A Odelola, 2007. Prevalence of
some uropathogenic bacterial isolates and their
susceptility to some Quinolones. Afr. J. Biomed.
Res., 10: 269-273.

Subcommittee on Urinary tract infection and Steering
Committee on Quality Improvement and Management
2011. Urinary tract infection: clinical practice
guideline for diagnosis and management of the initial
UTI in febrile infants and children 2 to 24 months.
Pediatrics. 128: 595-6010.

Wettergren, B., U. Jodal and G. Jonasson, 1985.
Epidemiology of bacteriuria during the first year of
life. Acta Paediatr Scand. 74: 925-33.

Ferrara, P., L. Romaniello, O. Vitelli, A. Gatto,
M. Serva and L. Cataldi, 2009. Cranberry juice for the
prevention of recurrent urinary tract infections: a
randoized controlled trial in children. Scand J. Urol.
Nephrol., 43: 369-72.

Marild, S. and U. Jodal, 1998. Incidence rate of first-
time symptomatic urinary tract infection in children
under 6 years of age. Acta Paediatr. 87:549-52.
Schoen, E.J., C.J Colby and G.T. Ray, 2000.
Newborn circumcision decreases incidence and costs
of urinary tract infections during the first year of life.
Pediatrics. 105: 789-93.

Johnson, J.R., 2003. Microbial virulence determinants
and the pathogenesis of urinary tract infection. Infect
Dis. Clin North Am., 17: 261-278.

Stapleton, A. ,2003. Novel approaches to prevention
of urinary tract infections. Infect Dis. Clin North Am.,
17:457-471.

Hooton, T.M., 2003. Urinary tract infection in adults,
In: Johnson RJ, Feehally J, (Eds). Comprehen Clinic
Nephrolo., 2: 731-744.

Schaeffer, A.J., N. Rajan, Q. Cao, B.E Anderson,
K.D.L Pruden, J.L Sensibar and Duncan, 2001. Host
pathogenesis in urinary tract infection. Int. J.
Antimicrob Agents., 17: 245-251.

Soto, A., 1987. Sterile perineal bag versus suprapubic
aspiration or urethral catheterization for the
diagnosis of urinary tract infection in infants. Annal
de Pediatr., 50: 447-450.

113

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bonadio, M., S. Costarelli, G. Morelli and T. Tartaglia,
2006. The influence of diabetes mellitus on the
spectrum of uropathogens and the antimicrobial
resistance in elderly adult patients with urinary tract
infection. BMC Infect. Dis., 6: 54-54.

Wakimoto, N., J. Nishi, J. Sheikh, J.P. Nataro,
J. Sarantuya, M. Iwashita, K. Manago, K. Tokuda,
M. Yoshinaga and Y. Kawano, 2004. Quantitative
biofilm assay using a microtiter plate to screen for
enteroaggregative Escherichia coli. Am. J. Trop Med
Hyg., 71: 687- 690.

Johnson, J.R., 2003. Microbial v irulence
determinants and the pathogenesis of urinary
tract infection. Infect Dis. Clin. North. Am.,
17:261-278.

Sivick, K.E. and H.L Mobley, 2010. Waging war
against uropathogenic Escherichia coli: winning
back the urinary tract. Infect Immun., 78: 568-585.
Costerton, JW., Z. Lewandowski, D.E. Caldwell,
D.R Korber and H.M Lappin- Scott, 1995. Microbial
biofilms. Annu. Rev. Microbiol., 49: 711-45.
Costerton, J.W., K.J Cheng and G.G. Geesey, 1987.
Bacterial biofilms in nature and disease. Annu. Rev.
Microbiol., 41: 435-64.

Nickel, J.C., 1. Ruseska, J.B. Wright
J.W Costerton, 1985. Tobramycin resistance of

and

Pseudomonas aeruginosa cells growing as a biofilm
on urinary catheter material. Antimicrob Agents
Chemother., 27: 619-24.

O’Toole, G., H.B. Kaplan and R. Kolter, 2000.
Biofilm formation as microbial development. Annu
Rev. Microbiol., 54: 49-79.

O’Toole, G.A., 2003. To build a biofilm. J Bacteriol.
185: 2687-2689.

Vallet, 1., 2001. The chaperone/usher pathways of
Pseudomonas aeruginosa: identification of fimbrial
gene clusters (cup) and their involvement in biofilm
formation. Proc Natl. Acad. Sci. USA., 98: 6911-6916.
Poovendran, P., 2012. Natarajan Vidhya and Sevanan
Murugan, 2012. In vitro biofilm formation by
uropathogenic their
antimicrobial susceptibility pattern. Asi Paci Jour
Trop Medi., 12: 210-213.

Biering-Sorensen, F., 2002. Urinary tract infection in
individuals with spinal cord lesion. Curr. Opin. Urol.,
12: 45-9.

Costerton, J.W., 1999. Introduction to biofilm. Int J
Antimicrob Agents., 11: 217-21.

Escherichia  coli and



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Intl. J. Microbiol. Res., 4 (2): 101-118, 2013

Goto, T., Y. Nakame, M. Nishida and Y. Ohi,
In vitro bactericidal activities of beta-lactamases,
amikacin and fluoroquinolones against Pseudomonas
aeruginosa biofilm in artificial urine. Urolo.,
53: 1058-62.

Sritharan, M. and V. Sritharan, 2004. Emerging
problems in the management of infectious disease:
The biofilm. Indian J. Med. Microbiol., 22: 140-142.
Kumar, A. and R. Prasad, 2006. Biofilm. J.K. Science.
8: 14-17.

Choong, S. and H. Whitfield, 2000. Biofilms and their
role in infections in urology. Brit J. Urol., 86: 935-41.
Habash, M. and G. Ried, 1999. Microbial biofilms:
their development and significance for medical
device-related infections. J. Clin Pharmacol.,
39: 887-98.

Kunin, C.M., Q.F Chin and S. Chambers, 1987.
Formation of encrustations on indwelling urinary
catheters in the elderly: a comparison of different
types of catheter materials in “blockers” and “non-
blockers”. J. Urol., 138: 899-902.

Liedl, B., 2001. Catheter-associated urinary tract
infections. Curr Opin Urol., 11: 75-9.

Reid, G., 1999. Biofilms in infectious diseases and on
medical devices. Int. J. Antimicrob Agents., 11: 223-6.
Keane, P.F. and M.C. Bonner, 1994. Characterization
of biofilm and encrustation on ureteric stents in vivo.
Brit J. Urol., 73: 687-91.

Ammendolia, M.G., R. Di rosa, R. Montanaro,
C.R. Arciola and L. Baldassarri, 1999. Slime
production and expression of the slime-associated
antigen by staphylococal clinical isolates. J. Clin
Microbiol., 37: 3235-3238.

Lewis, K., 2001. Riddle biofilm resistance. Antimi Age
Chemother. 45: 999-1007.

Costerton, J.W. and P.S. Stewart, 2000. Biofilm and
device-related infections. In Persistent bacterial
infections. JP Nataro, MJ Blaser, S Cunningham-
Rundels. editors. Amer Socie Microbio Washington
DC, USA. 23: 423-437.

Simon, A.L. and G.T. Robertson, 2008. Bacterial and
fungal biofilm infections. Annu Revi of Medici.,
59: 415-428.

Thomas, D. and F. Day, 2007. Biofilm formation by
plant associated bacteria. Annu Revi of Microbi.,
61:401-422.

Davies, D.G., M.R. Parsek, J.P. Pearson,
B.H. Iglewski, J.W. Costerton and E.P. Greenberg,
1998. The involvement of cell to cell signals in
the development of a bacterial biofilm. Scien.,
280: 295-298.

114

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Prasanna, S. and M. Doble, 2008. Medical biofilms -
Its formation and prevention using organic
molecules. Jour of Ind Instit of Scien. 88: 27-35.
Raad, I., R. Darouiche, R. Hachem, M. Sacilowski and
G.P. Bodey, 1995. Antibiotics and prevention of
microbial colonization of catheters. Antimicr age and
Chemother. 39: 2397-2400.

Darouiche, R.O., 2007. Preventing infection in

surgical  implants.US  Surge., 14:  40-45.
http://www.touchbriefings.com/pdf/2742/darouiche.
pdf.

Hanseen, A.D. and M.J. Spangahl, 2004. Practical
applications of antibiotic bone cement for treatment
of infected joint replacements. Clini Orthoped Relat
Resear. 427: 79 - 85.

Souli, M. and H. Giamarellou, 1998. Effects of slime
produced by clinical isolates of coagulase negative
staphylococci  on  activities of  various
antimicrobial agents. Antimicrobi agen and
Chemothera. 42: 939-941.

Schwank, S., Z. Rajacic, W. Zimmerli and J. Blaser,
1998. Impact of bacterial biofilm formation on in vitro
and in vivo activities of antibiotics. Antimicro agen
and Chemother. 42: 895-898.

Rasmussen, T.B., M.E. Skindersoe, T. Bjarnsholt,
R.K. Phipps, K.B. Christensen, P.O. Jensen,
J.B. Andersen, B. Koch, T.O. Larsen, M. Hentzer,
L. Eberl, N. Hoiby and H. Givskov, 2005. Identify and
effects of quorum sensing inhibitors produced by
Penicillium species. Microbiol., 151: 1325-1340.
Steven, A.R. and M. Christian, 2008. Construction
and screening of 2- Amino imidazole library identifies
a small molecule capable of inhibiting and dispersing
bacterial biofilms across order, class and phylum.
Angewan Chem Internati Editi. 47: 5229-5231.
Nicholas, J.S., C.N.F. Jiunn, S.O. Lindsay, S.P. Barrett,
T.L. Michael and H.Y. Fitnat, 2009. Over expression
of VPsS, a hybrid sensor kinase, enhances: biofilm
formation of Vibrio cholerae. Journ of Bacteriol.,
191: 5147-5158.

Luis, R.M., R M. Mircea, T. Moses, J.B.C. Radames,
H. George, J.F. Adam, M.F. Joel and D.N. Joshua,
2010. Demonstration of antibiofilm and antifungal
efficacy of Chitosan against candidal biofilms, using
an in vivo central venous catheter model. Journ of
Infectio Diseas. 201: 1436-1440.

Murugan, S., 2011. Pongiya Uma Devi and Peedikayil
Neetu John, 2011. Antimicrobial susceptibility
pattern of Biofilm producing Escherichia coli of
Urinary tract infection. Curr resea in Bacterio.
4: 73-80.



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Intl. J. Microbiol. Res., 4 (2): 101-118, 2013

Poovendran, P. Natarajan Vidhya and Sevanan
Murugan, 2013. Antimicrobial Susceptibility Pattern
of ESBL and Non-ESBL Producing Uropathogenic
Escherichia coli (UPEC) and their correlation with
biofilm formation. Inter J. Microb Rese. 4: 56-63.
Hanna, A., M. Berg, V. Stout and A. Razatos, 2003.
Role of capsular colanic acid in adhesion of
uropathogenic Escherichia coli. Appl Environ
Microbiol., 69: 4474-4481.

Costerton, J.W., P.S. Stewart and E.P. Greenberg,
1999. Bacterial biofilms - a common cause of
persistent infections. Scie., 284: 1318-1322.
Rijavec, M., Manca Muller-Premru, Breda Zakotnik
and Darja Zgur-Bertok, Virulence factors and biofilm
production among Escherichia coli strains causing
bacteraemia of urinary tract origin. J. Medi. Microbi.,
57: 1329-1334.

Soto, S., M. Smithson, A. Martinez, J.A. Horcajada,
J. Mensa and J. Jovial, 2007. Biofilm formation in
uropathogenic Escherichia coli strains: relationship
with  prostatitis, urovirulence factors and
antimicrobial resistance. J. Urol., 177: 365-368.
Pruss, B.,, M.C. Besemann, A. Denton and
A.J. Wolfe, 2006. A complex transcription network
controls the early stages of biofilm development by
Escherichia coli. J. Bacteriol., 188: 3731-3739.
Christensen, G.D., W.A Simpson, A.L Bisno and
E.H. Beachey, 1982. Adherence of slime producing
strains of Staphylococcus epidermidis to smooth
surfaces. Infe and Imm., 37: 318-326.

Arciola, C.R., L. Baldassarri and L. Montanaro, 2001.
Presence of ica A and ica D genes and slime
production in a collection of Staphylococcal strains
from catheter associated infections. J. Clin Micro.,
39:2151-2156.

Bagai, R., Mubashir Aziz and Ghulam Rasool, 2008.
Urinary tract infection in diabetic patients and Biofilm
formation of Uropathogens. Infec Dis. J. Paki.,
17:7-9.

Tenke, P., B. Kovacs, M. Jackel and E. Nagy, 2006.
The role of biofilm infection in urology. World J.
Urol., 24: 13-20.

Abraham, E.P. and E. Chain, 1940. An enzyme from
bacteria able to destroy penicillin. Natu., 7: 837.
Ghuysen, J.M., 1991. Serine [-lactamases and
penicillin-binding proteins. Annu Rev Microbiol.,
45:37-67.

Datta, N. and P. Kontomichalou, 1965. Penicillinase
synthesis controlled by infectious R Factors in
Enterobacteriaceae. Nat., 208: 239-44.

115

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Medeiros, A.A., 1997. Evolution  and
dissemination of  P-lactamases accelerated by
generations of -lactam antibiotics. Clin Infect Dis.,
24: S19-45.

Bradford, P.A., 2001. Extented-Spectrum [3-
Lactamases in the 21™ century; characterization,
Epideminology and Dection of this important
resistance threat. Clini Microbial Rev., 14: 933-951.
Jabeen, F.G., L. Kotra and S. Mobashery, 2003. A
renaissance of interest in amino glycoside
antibiotics. Curr Org Chem., 5: 193-205.

Suranjana Arora Ray and Manjuri Bai, 2005. Extended
Spectrum Beta-Lactamase production in clinical
isolates from hospital at Kolkata. Indian J Med
Microbial., 45: 125-130.

Bush, K. and S. Mobashery, 1998. How
B-lactamases have driven pharmaceutical drug
discovery: from mechanistic knowledge to clinical
intervention. In: Rosen B, Rosen SM, editors.
Resolving the antibiotic paradox. New York: Plenum
Publishers. 56: 71-98.

Bush, K., 2001. New beta-lactamases in Gram-
negative bacteria: diversity and impact on the
selection of antimicrobial therapy. Clin Infect. Dis.,
32: 1085-9.

Stratton, C.W., 2000. Mechanisms of bacterial
resistance to antimicrobial agents. Lab Med.,
48: 186-98.

Rosenau, A., B. Cattier, N. Gousset, P. Harrian,
A. Phillippon and R. Quentin, 2000. Capnocytophaga
ochracea: characterization of a plasmid encoded
expanded-spectrum TEM -17 betalactamase in the
phylum Flavobacter-Bacteroides. Antimicrob Agents
Chemother. 44 : 760-2.

Ambler, R.P., 1980.The structure of B-lactamases.
Philos Trans R Soc Lond B Biol. Sci., 289: 321-31.

Walsh, T.R., A.T Mark, P. Laurent and N. Patrice,
2005. Metallo-betalactamases: the quiet before the
storm? Clin Microbiol. Rev., 18: 306-25.

Thomson, K.S., 2001. Controversies  about
extended-spectrum and AmpC beta-lactamases.
Emerg Infect Dis., 7: 333-6.

Bauernfeind, A., Y. Chong and K. Lee, 1998.
Plasmid-encoded AmpC beta lactamases: How far
have we gone 10 years after the discovery? Yonsei
Med. J., 39: 520-5.

Phillippon, A., G. Arlet and P.H. Lagrange, 1994.
Origin and impact of plasmid-mediated extended-
spectrum beta-lactamases. Eur J. Clin Microbiol
Infect Dis., 13: S17-29.



83.

84.

85.

86.

87.

88.

&9.

90.

91.

92.

Intl. J. Microbiol. Res., 4 (2): 101-118, 2013

Jacoby, G.A., A.A. Medeiros, T.F. O’Brien,
M.E. Pinto and H. Jiang, 1989. Broad-spectrum,
transmissible beta-lactamases. N. Engl. J. Med.,
319: 723-4.

Chaudhury, U. and R. Aggarwal, 2004. Extended
Spectrum Beta lactamases (ESBL) - An Emerging
threat to clinical therapeutics. Indian J. Med.
Microbiol., 22: 75-80.

Cormican, M.G., S.A. Marshall and R.N. Jones,
Detection of extended-spectrum beta-lactamase
(ESBL)-producing strains by the E-test ESBL screen.
J. Clin Microbiol., 8: 1880-1884.

Emery, C.L., L.A. Weymouth and R.N. Jones, 1977.
Detection and clinical significance of extended-
spectrum beta- lactamases in a tertiary-care medical
center. J. Clin Microbiol., 8: 2061-2067.

Arti Kapil, 2005. The challenge of antibiotic
resistance: need to contemplate. Indian J Med
Microbiol., 121: 83-91.

Robert, A., L. David Paterson, K.O Wen-Chien,
Anne Von Gottberg, Jose Maria Casellas, Lutfiye
Mulazimoglu, P. Keith, Klugman, Bonomo, B. Louis,
G. Rice Joseph, McCormack and L. Victor Yu, 2001.
Outcome of Cephalosporin Treatment for Serious

Infections Due to Apparently Susceptible
Organisms Producing Extended-Spectrum  [-
Lactamases:  Implications for the Clinical

Microbiology Laboratory. J. Clin Microbiol., 39:
2206-2212.

Singh, N. and V.L. Yu, 1999. Oral ganciclovir usage
for cytomegalovirus prophylaxis in organ transplant
recipients. Is emergence of resistance imminent?
Diag. Dis. Sci., 43: 1190-1192.

Woodward, N., M.E. Ward and M.E. Kaufmann,
2004. Community and hospital spread of Escherichia
coli producing CTX-M extended-spectrum beta-
lactamases in the UK. J. Antimicrob Chemother.
54:735-743.

Stiirenburg, Ingo Sobottka, Djahesh Noor, Rainer
Laufs and Dietrich Mack, 2004. Evaluation of a new

cefepime-clavulanate ESBL E-test to detect
extended-spectrum B-lactamases in an
Enterobacteriaceae strain collection. J.

Antimicrob Chemother. 54: 134-138.

Jarlier, V., M.H. Nicolas, G. Fournier and
A. Philippon, 1998. Extended broad-spectrum [-
lactamases conferring transferable resistance to
newer [-lactam agents in Enterobacteriaceae:
hospital prevalence and susceptibility patterns. Rev
Infect Dis., 10: 867-78.

116

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Winokur, P.L., R. Canton, JM. Casellas and
N. Legakis, 2004. Variations in the prevalence of
strains  expressing an extended-spectrum  [3-
lactamase phenotype and characterization of isolates
from Europe, the Americas and the Western Pacific
Region. Clin Infect Dis., 32: S94-103.

Mathur, T., S. Singhal, S. Khan, D.J. Upadhyay,
S. Chugh, R. Gaind and A. Rattan, 2002. Evaluation
of Methods for AmpC Beta-Lactamase in Gram
Negative Clinical Isolates from Tertiary Care
Hospitals. J. Antimicrob Chemother. 23: 120-124.
Livermore, D.M., 1995. Beta-lactamases in laboratory
and clinical resistance. Clin Microbiol. Rev., 8: 557-
84.

Petri, A.A., 2001. Beta-Lactamases. Br Med Bull.,
40: 18-27.

Sykes, H.G. and R.A. Bonomo, 1976. SHV-type
beta-lactamases. Curr. Pharm. Res., 5: 847-64.
Steward, P.S., 2000. Effect of catalase on hydrogen
peroxide penetration into Pseudomonas aeruginosa
biofilm. Appl. Environ. Microbiol., 66: 836-838.
Parul Agrawal, AN., A. Ghosh, B. Satish Kumar,
K. Basi and Kapila, 2008. Prevalance of Extended-
spectrum [-lactamases among Escherichia coli and
Klebsiella pneumoniae isolates in tertiary care
hospital. Indi Jour. Patho. Microbio., 51: 139-142.
Metri Basavaraj, C., P. Jyothi and V. Peerapur
Basavaraj, 2011. The Prevalence of ESBL among
Enterobacteriaceae in a Tertiary Care Hospital of
North Karnataka, India. Jour. Clini. Diag. Rese.,
5:470-475.

Jigna Naik, Pratibha Desai, 2012. Antibiotic
resistance pattern in urinary isolates of Escherichia
coli with special reference to extended spectrum
beta Lactamases production. Inter J. Phar Lif
Scie., 3: 1498-1502.

Manchanda, V., N.P. Singh, R. Goyal, A. Kumar and
S.S. Thukral, 2005. Phenotypic characteristics of
clinical isolates Klebsiella pneumoniae and
evolution of available technique for detection of
Extended-spectrum (3-lactamases. Indi J. Med. Res.,
122: 330-7.

Tankhiwale, S.S., S.V Jalgaonkar, S. Ahamad and
U. Hassani, 2004. Evolution of Extended-spectrum
[B-lactamases in urinary isolates. Indi J. Med. Res.,
120: 553-6.

Jain, A., I. Roy, M.K. Guptha, M. Kumar and
S.K. Agarwal, 2003. Prevalance of Extended-
spectrum [3- lactamases gram negative bacteria in
septicaemic neonates in a tertiary care hospital. Indi
Med Microbio., 52: 421-5.



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Intl. J. Microbiol. Res., 4 (2):

Saurina, G.M., G.M. Quale, V.M. Manikal, E. Oydna
and D. Landman, 2000. Antimicrobial resistance in
enterobacteriaceae Brooklyin NY: Epideminology
and relation to antibiotic usage patterns. J Antimicro
Chemothera. 45: 895-8.

Cordero, L., R. Rau, D. Taylor and L.W. Avers, 2004.
Enteric Gram negative bacilli blood streem infection:
17 year experience in a neonatal intensive care unit.
Am. J. Infic. Contr., 32: 189-95.

Xiong, Z., D. Zzhu Y. Zhang and F. Wang, 2002.
Extended-spectrum P-lactamases Escherichia coli
and Klebsiella pneumoniae isolates. Zhongua Yi
Xue Za Zhi., 82: 1476-9.

Luzzaro, F., M. Mezzatesta, C. Mugnaioli, M. Perilli,
S. Stefani and G. Amicosante,2006. Trends in
production of Extended-spectrum [-lactamases
among medical interst: Report of the second Italian
nationwide survey. J. Clini Microbio., 44: 1659-64.

Goosens, H., 2001. MYSTIC Programe: Summary of
European data from 1997-2000. Diagn Microb.Infic.
Dis., 41: 183-9.

Mokaddas, E.M., A.A. Abdulla, S. Shati and
V.0 Rotimi, 2008. The technical aspects and clinical
significace of detecting extended-spectrum beta-
lactamase-producing enterobacteriaceae at a tertiary-
care hospital in Kuwait. J. Chemother. 20: 445-451.
Al-Zarouni, M., A. Senok, F. Rashid, S.M. Al-Jesmi
and D. Panigrahi, 2008. Prevalence and antimicrobial
susceptibility pattern of extended-spectrum beta-
lactamase-producing Enterobacteriaceae in the
United Arab Emirates. Med. Princ Pract., 17: 32-36.
Husam, S., M. Khanfar Khalid, C. Bindayna Abiola,
A. Senok Giuseppe and S. Botta, 2009. Extended
spectrum beta-lactamases (ESBL) in Escherichia
coli and Klebsiella pneumoniae: trends in the
hospital and community settings. J. Infect. Dev.
Ctries., 4: 295-299.

Babypadmini, S. and B. Appalaraju, 2004. Extended
-lactamases isolates of
Escherichia coli and Klebsiella pneumoniae -

spectrum in urinary
prevalence and susceptibility pattern in a tertiary
care hospital. Indi. J. Med. Microbio., 22: 172-4.
Pedersen, G., H. Schonheyder, C. Kristensen and
H.T. Sorensen, 1997. Community-acquired
bacteraemia and antibiotic resistance. Trends during
a 17-year period in a Danish county. Dan. Med. Bull.,
47:296-300.

William Kingston. 2000." Antibiotics, invention and
innovation," Resea Poli., 29: 679-710.

117

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

101-118, 2013

Zaika, L., 2002. The Effect of Temperature and Low
pH on Survival of Escherichia coli Broth. J. Food
Prot., 64: 1162-1165.

Oecthinger, M., 1. Podglajen, W.V. Kern and
S.T. Levy, 1988. Overexpression of the marA and
soxS regulatory gene in clinical topoisomerase
mutants of Escherichia coli. Antimicrob Agent
Chemother. 42: 2089-2094.

Livermore, D.M., 1995. Beta-lactamases in laboratory
and clinical resistance. Clin Microbiol. Rev.,
8: 557-84.

Okusu, H., D. Ma and H. Nikaido, 1996. AcrAB efflux
pump plays a major role in the antibiotic resistance
phenotype of Escherichia coli multiple-resistance
(Mar) mutants. J. Bacteriol., 178: 306-308.

Grkovic, S., M.H. Brown and R.H. Skurray,
Regulation of bacterial drug export systems.
Microbiol Molecu Biolo. Rev., 66: 671-701.
Alekshun, M.N. and S.B. Levy, 1999. The mar
regulon: multiple resistances to antibiotics and other
toxic chemicals. Tren in Microbiol., 7: 410-412.
Poole, K., 2000. Efllux-mediated resistance to
fluoroquinolones in  gram-negative bacteria.
Antimicrob Agents and Chemother. 44: 2233-2241.
Gordon, C.A., N.A Hdges and C. Marriott, 2000.
Antibiotic interaction and diffusion through alginate
and exopolysaccharide of cystic fibrosisderived
Escherichia coli. J. Antimicrob Chemother.
22: 667-674.

Gupta, K.A., D. Hooton, C.L. Wobe and W.E. Stamm,
1999. The prevalence of antimicrobial resistance
among uropathogens uncomplicated
cystitis in young women. Int J Antimicrob Agent.,
11: 305-308.

Huda, A.B. and M.S. Ibrahiem, 2003. Antimicrobial
Resistance among pathogens
uncomplicated UTIs.
medscape. com/view article/ 410: 182-185.
Kahlmeter, G., 2003. An international survey of the
antimicrobial susceptibility of pathogens from
uncomplicated urinary tract infections; the ECO.
SENS Projects. J. Antimicrob Chemother. 51: 69- 71.
Lewis, K., 2000. Programmed death in bacteria.
Microbiol Mol. Biol. Rev., 64: 503-514.

Florian, M.E. Wagenlehner Kurt and G. Naber,
2005. of Bacterial Urinary Tract
Infections: Presence and Future. European Urol.,
49: 235-244.

causing

causing acute

Retrieved from www.

Treatment



129.

130.

131.

Intl. J. Microbiol. Res., 4 (2):

Satoshi Ishihara, Toru Yamada, Shigeaki Yokoi,
Masayasu Ito, Mitsuru Yasuda, Masahiro Nakano,
Yukimichi Kawada and Takashi Deguchi, 2002.
Antimicrobial activity of imipenem against isolates
from complicated urinary tract infections. Int. J.
Antimicrob Agents., 19: 565-/569.

Monique Chomarat. 2000. Resistance of bacteria in
urinary tract infections. Int J Antimicrobial Agents.,
16: 483-487.

Supriya, S. Tankhiwale, Suresh, V. Jalgaonkar,
Sarfraz Ahamad and Umesh Hassani, 2004.
Evaluation of extended spectrum beta lactamase in
urinary isolates. Indian J. Med. Res., 120: 553-556.

118

132.

133.

134.

101-118, 2013

Neelam, T., E. Rekha, P. Chari and S. Meera, 2004.
A prospective study of hospital-acquired infections
in burn patients at a referral centre in North India.
Burns., 30: 665-669.

Ponnusamykonar Poovendran, Natarajan Vidhya
and  Sevanan 2012.  Antibiotic
susceptibility patterns of different uropathogenic
Escherichia coli (UPEC) strains at a tertiary care

Murugan,

hospital. Inter J of Pharmac & Biologi Archiv.,
3:1213-1216.
Subramaniam, G., S. Palasubramaniam and

P. Navaratnam, 2006. SHV-5 extended-spectrum
[-lactamases in clinical isolates of Escherichia coli
in Malaysia. Indi. J. Medi. Microbio., 24: 205-7.



