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1. INTRODUCTION

1.1. General information

Urinary tract infection (UTI) is one of the mostportant causes of
morbidity in the general population, and is theosecmost common cause
of hospital visits (Ronald, 2002; Kolawade al., 2009; Upadhyayet al.,
2013). Urinary tract infections (UTIs) are more ¢oon among women
than men, although the prevalence in elderly meshwomen is similar.
Most of the research on UTI has focused on youexgaly active women
who are at high risk for developing an infectiona(kihgton and Hooton,
2000). The predominant UTI risk factors in youngmem are sexual
intercourse and the use of spermicidal contraceptivorldwide, about
150 million people are diagnosed with UTI each ygaupta, 2001; Amin
et al.,, 2011). Urinary tract infections (UTIs) is one diet common
infectious diseases, and nearly 10% of peopleaxjtlerience a UTI during
their life-time (Foxmaret al., 2003). UTI is the leading cause of morbidity
and health care expenditures in persons of all ages (Prabhu and
Selvaraj, 2012).

UTI is one of the most common infectious diseasbghvhave been
extremely studied in the field of clinical practi(fayamet al., 2010). It is
the most common health care associated group deetcinfections
affecting humans in India (Sumaan al., 2013). UTI is among the most
common bacterial infections in humans both in comityuand hospital
settings which occur in all age groups and in bgé&mders (Orret and
Davis, 2006). UTI is the major cause of morbiditybioth the hospital and
community settings (Omigiet al., 2009; Prakash and Saxena, 2013) and
affecting both outpatients and inpatients (Suwahd@i 2).



Under normal circumstances, the urine is sterilgl inreaches the
distal urethra. Various defense mechanisms of dyent the infection
of urinary tract (Ramzast al., 2004). One of the most important defense
mechanism is the flow of urine that washes bacteutiof the body. In
men prostate gland produces secretions that préaaterial growth. The
acidic pH (5.5) and low osmolarity of urine alseaurage the bacterial
growth (Acharya, 1992). Similarly there are a numbé factors that
increase the risk of developing urinary tract iti@c. Some of these are:
sex, age, pregnancy, catheterisation, kidney stot@wors, urethral
structures, neurological diseases, congenital a@uieed anomalies of
bladder, vesica-ureteric reflux, suppressed immuystem, Diabetes

mellitus, enlarged prostate and ureteric and steeRamzaset al., 2004).

Urinary tract infection may involve only the lowerinary tract or
both the upper and the lower tracts. The term tydtias been used to
describe the syndrome involving dysuria, frequenagd occasionally
suprapubic tenderness. Acute pyelonephritis (Lané @akhar, 2011)
describes the clinical syndrome characterised &nykflpain or tenderness,
or both, and fever, often associated with dyswrgency, and frequency
(Mandell et al., 2005). More than 95% of urinary tract infections ar

caused by a single bacterial species (Baisth., 2011).

1.2. Epidemiology

UTI spans all age groups from neonates to eldeis thuch more
common in boys during first three months, oftenassociation with
urologic abnormalities. During preschool yearssicommon in girls than
boys. Presence of bacteriuria in childhood defiagsopulation at higher
risk for development of bacteriuria in adulthoodl§gl and Kaye, 2005;
Najaret al., 2009).



Once adulthood is reached, prevalence of asympiorbatteriuria
increases in the female population (Richatdl., 2006). Up to 40% to
50% of female population will experience asymptambiT| at some time
during their life. The prevalence of bacteriuriaadult men is low, until
later years, when it rises. In young men lack ofwncision increases the
risk for UTI caused byEscherichia coli including the development of
symptomatic urethritis (Spaahal., 1992; Singlet al., 2005).

Obstructive uropathy due to enlarged prostate assl df bactericidal
activity of prostatic secretions in men and poopgnmg of bladder due to
prolapse of uterus in women are the possible rea@dicolle, 2001). As a
result of anatomic and hormonal changes that fadeuelopment of UTIs,
the incidence of bacteriuria increases during paegg. UTIs are important
complications of diabetes, renal disease, renaspiantation and structural

abnormalities that interfere with urine flow (Fosh@007).

1.3. Sources of urinary tract infection spread

Urinary tract infection (UTI) is an infection of eror more structures in
the urinary system. The urinary tract includes hneet bladder, ureters,
prostate and kidneys. So UTI encompasses a broge & clinical entities

namely;

» Urethritis

» Acute urethral syndrome
* Prostatitis

o Cystitis

* Pyelonephritis

* Asymptomatic bacteriuria



Clinical presentation of UTI varies from asymptoimanfection to
full blown pyelonephritis. Some symptoms may be -spacific and
frequently symptoms overlap in patients with lowHrls and upper UTls.
Symptoms of bladder infection (lower UTI) relate toflammation-
frequency, urgency and dysuria. The upper UTI whiololves infection
of ureters and kidneys may be associated withpain, fever, rigors, and
vomiting (Forbes, 2007).

1.3.1. Urethritis

Urethritis is inflammation of the urethra. It isuadly an ascending
infection in men. In women, it is usually assoalteith cystitis or
vaginitis (Bradshavet al., 2006). Urethral discharge is usually present,
along with dysuria and frequency. It is a syndra®en in young sexually
active women, who experience persistent or rectifrequency, urgency,
and dysuria, but excrete fewer than® télony forming units (CFU) of
bacteria per ml in urine. The majority of patieatsh urethral syndrome
have bacteriuria on some occasions; while at adihegs have low count
bacteriuria. Approximately 90% of these women hpyeria, an important

discriminatory feature of infection (Forbes, 2007).
1.3.2. Prostatitis

The term prostatitis has been used for varigoflammatory
conditions affecting the prostate including acut® ahronic infections
with specific bacteria and more commonly instanicesvhich signs and
symptoms of prostatic inflammation is present, hoitspecific organisms
can be detected (Stamm, 2008). Both acute and ichbaterial prostatitis
is associated with urinary infection; prostaticrefions contain an excess
of leukocytes and macrophages and bacteria canulbered from the

secretions (Catell, 2005). The hallmark of chrobécterial prostatitis is



bacterial persistence in repeated urine culturelsliyig the same organisms
(Sobel and Kaye, 2005)

1.3.3. Cystitis

Symptoms of bladder infection relate to inflammatidrequency,
urgency, and dysuria. Occasionally tenderness and qver bladder area
may be present. Urine may have offensive smell.nkéderia occurs in
approximately one third of cases. Cystitis is l@ml infection, fever and
other signs of systemic illness are usually nos@né (Forbes, 2007). Pus
cells and bacteria may be detected by examinatiameoentrifuged urine
in most cases (Stamm, 2008). In majority of wonmayte cystitis is an

isolated event, never or very infrequently repeé@atell, 2005).

1.3.4. Pyelonephritis

Pyelonephritis refers to inflammation of the kidnpgrenchyma,
calices and pelvis, usually caused by bacteriacinbn (Forbes, 2007).
Clinical diagnosis applied to patients with baaigd, who have loin pain,
fever, and flank tenderness (Catell, 2005). Symptdevelop rapidly and
symptoms of cystitis are sometimes present. Senenifestations like
necrotizing intrarenal and perinephric abscessamur in compromised
hosts like those having urinary tract obstructiahabetes or other

iImmunosuppressing conditions (Robert and Edwar@@o)l

Neonates and children below two years have nonHspsgmptoms
including failure to thrive, vomiting and fever. iGhren between 2-5 years
have localised symptoms like frequency, dysuria abdominal or flank
pain. Adults with lower UTI present with dysy frequency, urgency
and occasionally suprapubic tenderness. Upper ,UJdsticularly with
acute pyelonephritis is accompanied by lower uyinaact symptoms in

addition to flank pain, tenderness and fever (Adp2007).



1.3.5. Asymptomatic bacteriuria

Asymptomatic bacteriuria is a significant numberbaicteria in the
urine that occurs without usual symptoms such asibg during urination
or frequent urination. Asymptomatic bacteriuria Haeen alleged to be
associated with several complications of pregnanotably low birth
weight, fetal loss, pre-eclampsia and maternal mragCatell, 2005).
Screening and treatment of asymptomatic bacteriari@commended for
pregnant women, males undergoing transurethrattieseof prostate and

individuals undergoing urologic procedures (Forl2€g7).

It is the presence of equal to or greater thanClPU/ml of same
bacterial species in two consecutive midstreameusamples. In women
the minimum prevalence is 2% to 4% in younger woret 10% in older
women. In men it is rare until 55 years of age apfroaches the rate in
elderly women after this age. Prostatic hypertropéyd increased
likelihood of instrumentation account for symptoiodiacteriuria in older
men (Najaret al., 2009; Thomast al., 2010).

Among young adults bacteriuria is 30 times morgudent in women
than men. However, in the above 65 years of age, rdtio alters
dramatically with progressive decrease in femalmade ratio (Marquest
al., 2012). Bacteriuria, or the presence of bacteriarine, is associated
with both asymptomatic and symptomatic urinary ttradection and
underpins much of the dynamic of microbial colotima of the urinary
tract (Ipeet al., 2013).

1.4. Factors influencing UTlIs

Anything that disrupts normal urine flow or comgetmptying of
bladder, facilitates access of organisms to bladsdlr predispose an

individual to infection.



1.4.1. Sex

The female urethra appears to be particularly prtoneolonisation
with colonic Gram-negative bacilli, because ofgteximity to the anus; it
has short length and its termination beneath th&lé&exual intercourse
causes the introduction of bacteria into the bladtlise of spermicidal
compounds dramatically alters the normal intrdtacterial flora and has
been associated with marked increase in vaginaingsation withE.coli.
UTls in healthy postmenopausal women are repoxeblet less common
than in pre-menopausal women, probably due to ¢tdakata for the latter.
UTlIs in young healthy men are very uncommon (Hop&000; Grabest
al., 2008). In male patients who are more than 50 yelarsnd who have
no history of heterosexual or homosexual insenmectal intercourse, UTI
is exceedingly uncommon. An important factor prpdsng to bacteriuria

in men is urethral obstruction due to prostaticdmphy (Stamm, 2008).

1.4.2. Age

Infections are rare in boys except in associatiatih \&natomic or
functional abnormalities in the first year of lifénfections are also
infrequent in the 2 to 13 years of old girls, botr® young girls experience
multiple repeated episodes of recurrent cystitipy@lonephritis. UTI may
be associated with dysfunctional voiding and bladdstability (Koff et
al., 1998). The presence of bacteriuria in childhoolihds a population at
higher risk for the development of bacteriuria @quhood (Kunin, 1987).
It has been observed that 7% of children with UgVealop renal scarring
(Young, 2012).



1.4.3. Vesicoureteral reflux

Vesicoureteral reflux due to congenital abnormality bladder over
distension or to unknown causes probably contrétdeupper urinary tract
infections via the ascending route. Clinical obaéions have demonstrated
that infection may produce reflux especially inldren (Feld and Mattoo,

2010).

1.4.4. Pregnancy

Symptomatic upper urinary tract infections are cammduring
pregnancy due to decreased urethral tone, decreastuial peristalsis and
temporary incompetence of the vesicoureteral valled in pregnancy
may be associated with an increased neonatal ntpr{denniferet al.,
2012). Recently it was found that about 20% ofgras had pyelonephritis

as the cause of primary renal disease.

1.4.5. Neurologic bladder dysfunction

Interference with bladder enervation, as in spic@id injury, tabes
dorsalis, multiple sclerosis, diabetes and othseales may be associated
with UTI. Infection may be initiated by using of thater for bladder
drainage and is favoured by prolonged stasis afieuin the bladder
(Stamm, 2008).

1.4.6. Obstruction

Any impediment to free flow of urine such as tummestriction, stone
or prostatic hypertrophy results in hydronephra@sid a greatly increased

frequency of UTI (Stamm, 2008).



1.4.7. Catheter associated UTlIs

Catheter associated UTIs account for 40% of all onomial
infections (Thomast al., 2010). With insertion of a catheter, bacteria may
be pushed along the urethra into the bladder dr antindwelling catheter,
may migrate along the track between the cathetdr uaethral mucosa,
gaining access to the bladder. Most microorganisassing endemic
catheter associated UTIs derive from the patiems colonic and perineal
flora or from the hands of health-care personaingucatheter insertion or
manipulation of the collection system (Maki and Tamath, 2001). Factors
associated with an increased risk of catheter &gsoc UTI include,
female sex, prolonged catheterisation, severe Uygr disease, and
disconnection of the catheter and drainage tube laokl of systemic
antimicrobial therapy (Stamm, 2008). Using uretluatheterisation it has
been shown that approximately 50% of women with nggpmatic

bacteriuria had infection in their upper urinargds (Valerie, 2013).

1.5. Pathogenesis

Bacteria gain access to the urinary tractthy ascending route,
the hematogenous route and lymphatic pathwayse @stablished in the
bladder, bacteria may ascend the ureters, prolzathhd in many cases by
vesicoureteral reflux or by peristaltic dilated ters caused by intraluminal
infection, an inflammation of the genitourinarydranusculature. Infection
of the renal parenchyma by many species of Graniip®sbacteria,
following Saphylococcal bacterimia or endocarditis, mycobacterial
infection andCandida infection occurs by haematogenous route. Gram-
negative infections rarely occur by haematogenouser(Sobel and Kaye,
2005).
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1.6. Aetiologic agents of bacteriuria

The Enterobactericeae is responsible for about 80 percent of bacterial
urinary tract infection. No unique symptoms complsxassociated with
any particular speciesE.coli accounts for 80 percent of community-
acquired urinary tract infectionKlebsiella pneumoniae cause about 5
percent of infection whereaBSnterobacter speciesand Proteus species
each cause 2 percent of infectidtroteus infections are often associated
with renal infection Pseudomonas aeruginosa are almost always hospital-
acquired as a result of a failure of infection cohpractices, usually after
urethral catheterisation or manipulatidiaphylococcus saprophyticus is
the second most common pathogen isolated from yeumgen in most
surveys and accounts for about 10 percent of agréthrocystitis The
most common group of bacteria responsible for wyirteact infections
were Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Citrobacter, Enterococci bacteria, andProteus

mirabilis (Jepson and Craig, 2008).

1.6.1.E.coli

Escherichia coli are a bacterium commonly found in the large
intestine of humans and other warm blooded anir&atherichia coli, the
most prevalent facultative Gram-negative bacillushe human fecal flora,
usually inhabit the colon as an innocuous commemsetording to the
special pathogenicity theory (Orskov and OrskoB5)9special properties
enablingE. coli to overcome host defenses in a new environmest, ar
necessary in order for it to escape the limitatiohthe colonic mileu and
move into new niches devoid of competition fromesthacterial species
(Eisenstein and Jones, 1988). Straink.obli that cause disease outside of
the gastrointestinal tract are referred to as exwstinal pathogenic
E.coli (EXPEC) and are divided into uropathogelgicoli (UPEC) strains
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causing neonatal meningitis and septicergicoli (Stecher and Hardt,
2008). UPEC is the most common pathotype of ExPE( ia found in

patients with urinary tract infections (Katouli, 121).

1.6.2.Klebsiella pneumoniae

Klebsiella pneumoniae is among the most common Gram-negative
bacteria encountered by physician worldwide (letnal., 2010). These
bacteria have become important pathogens in nodatomfections
(Nordamanret al., 2009), which have been well documented in the adhit
States (Graybilét al., 1973) and India (Mathuwat al., 1991). Epidemic and
endemic nosocomial infections caused Kiebsiella pneumoniae are
leading causes of morbidity and mortaliktebsiella pneumoniae can also
cause a urinary tract infection in children andleadun the United States,
K. pneumoniae accounts for 3-7% of all nosocomial bacterial ati@ns,
placing them among the eight most important intecti pathogens in
hospitals (Sarathbalat al., 2012).

1.6.3.Pseudomonas aeruginosa

Pseudomonas aeruginosa is a bacterium that is often encountered in
urinary tract infection worldwide and has shown iedr antibiotic
susceptibility patternsPseudomonas is a large and complex genus of
Gram-negative bacteria of importance, as it incdudpecies with both
clinical and environmental implication. The genBseudomonas first
proposed by Migula in 1894 (Palleroni, 200B%eudomonas aeruginosa is
a motile Gram-negative rod that belongs to the liaPseudomonadaceae.
It is a leading causes of nosocomial infectionpgemlly among critically
il admitted in intensive care unit, immunocompreed patients (Govan,
1998). Pseudomonas aeruginosa is widely distributed in nature, but has
higher prevalence in hospital environment, as thard& encourage

bacterial growth (Hugbo and Olurinola, 1992). Tharacteristic features
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of Pseudomonas aeruginosa isolates that allows the persistence in hospital
is the ability to acquire resistance to many ofilaotics, withstands
physical conditions like temperature, high concaidn of salts and
antiseptics (Erdem, 1999).

Pseudomonas aeruginosa is an opportunistic pathogen that causes
extensive morbidity and mortality in individuals w@h are
immunocompromised or have underlying medical comast such as
urinary tract, respiratory tract and skin infecsoand primarily causes of
nosocomial infections, and it is frequently resistéoo commonly used

antibiotics and disinfectants (Pollack, 2000).

1.6.4.Proteus species

Proteus species are members of the family Enterobactea@ce
(Caroline et al., 2000). Proteus species are Gram-negative bacilli that
thrive in soil, water and the intestinal tractsrsdmmals, are capable of
swarming or swimming in a coordinated manner, did surfaces. Several
species ofProteus bacteria are known to colonies and infect the human
host, but the one most frequently linked with cagshuman disease is
Proteus mirabilis. It is more commonly associated with urinary tract
infections (UTIs) in those individuals with strucall or functional
abnormalities, especially ascending infections iatigmts undergoing
urinary catheterisation (Sandsgal., 2011).

1.6.5.Enterobacter species

Enterobacter is a genus of common Gram-negative, facultatively
anaerobic, rod-shaped, non spore forming bactérighee family
Enterobacteriaceae. Several strains of these rima@ee pathogenic and
cause opportunistic infections in immunocompromisesits and in those

who are on mechanical ventilation. The urinary eegpiratory tracts are
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the most common sites of infection. The geBoterobacter is a member
of the coliform group of bacteria (Cabral, 2010).

1.6.6.Citrobacter

The genu<itrobacter is a distinct group of aerobic Gram-negative
bacilli from the Enterobacteriaceae fam(yill and Schutze, 1999).
Citrobacter species are primary inhabitants of intestinaltfratten found
in human feces. These organisms are isolated fiwnea specimens like
urine, pus, blood, and cerebrospinal fluid. Orgamsis of genus
Citrobacter are Gram-negative straight rods, found singlyropairs, and

are motile by peritrichous flagellae (Doran, 1999).

1.6.7.Acinetobacter

Members of the genuécinetobacter are ubiquitous, free living,
aerobic, Gram-negative coccobacilli that prefer @sienvironment and
can be easily obtained from soil, water, food aedage (Tanejat al.,
2011). They are usually considered opportunistith@ggens and cause
nosocomial infections in hospitalised patients leeteremia, pneumonia,

meningitis and urinary tract infections (Bergogel., 1996).

Multidrug-resistantAcinetobacter baumannii is a rapidly emerging
pathogen in the health care setting, where it Gaudections that include
bacteremia, pneumonia, meningitis, urinary tradedtion, and wound
infection. The organism’s ability to survive under wide range of
environmental conditions and to persist for extehgeriods of time on
surfaces make it a frequent cause of outbreaksfe¢tion and an endemic,
health care—associated pathogen (Fournier and Ri2B66; Lisaet al.,
2008).
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1.6.8. Coagulase-negativgtaphylococci (CONS)

Coagulase-negativ&aphylococci (CoNS) are the most important
pathogens in infectious disease. CoNS are repaatedhe third most
widespread causative agent of nosocomial infectidfshanet al., 2002).
CoNS are important and frequently encountered paih® in hospital
surroundings, and they account as a majority ohaslocomial infections
(Von et al., 2001). Infection is the major complication asstezlawith the
use of foreign bodies such as catheters (HeilmanPeters, 2000). Only
16 Coagulase-negative species have been founderinggns of human
origin. Among the CoNSSaphylococcus epidermidis principal cause of
infection, chiefly in hospitalised patients withdimelling foreign bodies

and in immunocompromised patients (Piette and Veasgen, 2009).

1.6.9.Staphylococcus saprophyticus

Saphylococci  saprophyticus tends to cause infection in young
women of a sexually active age (Schneider and Ril&ép96).
Saphylococcus saprophyticusis implicated in 10-20% of urinary tract
infections (UTIs). In females between the ages lwduh 17-27 it is the
second most common causative agent of acute Uffés, Escherichia coli.
The bacteria may also reside in the urinary tract bladder of sexually
active females (Rupet al., 1992; Ishiharat al., 2001). It is referred to as
"honeymooner's® UTI due to its association with emburse.
Saphylococcus saprophyticus is a member of the Coagulase-negative
Saphylococci (CoNS). Unlike most other CoNS, saprophyticus is rarely
resistant to most antibiotics active against Grasifve organisms

(Kumariet al., 2001).
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1.6.10.Staphylococcus aureus

Saphylococcus aureusis a relatively uncommon cause of urinary
tract infection in the general population (Robetrél., 2006). Bacteriuria
with Staphylococcus aureus is uncommon; it accounts for <2% of urinary
tract infections. It is reported primarily in hotgised older adults after
they undergo surgery, catheterisation, or otheasiwe procedures. In the
community, malignancy and other causes of obstrectiropathy are
associated withStaphylococcus aureus bacteriuria. Many older patients
have significant pyuria, but are afebrile and asigmmatic. Bacteremia
from a urinary source develops in <5% of patientgh Waphylococcus
aureus bacteriuria (Thomast al., 2002). Saureus bacteriuria more often

occurs as a consequence of bacteremia or endosardit

1.6.11.Enterococcus species

Enterococci are Gram positive cocci, which are normal commienisa
the gastrointestinal tract, genital tract, and aoteurethra. However, in
recent years, it has gained importance as a nosatpathogen because of
its antibiotic resistance (Rupalet al., 2012). Enterococci are the
commensal of the human intestinal flora. Sites ¢ colonised by these
organisms include the oral cavity, genitourinagctyr and skin, especially
in the perineal area. The main sites of colonisai the hospitalised
patients are soft tissue wounds, ulcers, and thsrajatestinal tract.
Enterococci were traditionally regarded as low-grade pathogbos,have
emerged as an increasingly important cause of wosiat infections in
recent years. The spectrum of disease varies frdim Wound infection,
soft tissue infection to bacteremia. It is the secmost common cause of
UTlI and third most common cause of bacteremia. dyin tract
instrumentation or catheterisation, genitourinagthplogy, prior use of
antibiotics, prolonged hospitalisation is some loé predisposing factors

for enterococcal infections (Soetlal., 2008).
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1.7. Antibiotic sensitivity tests

Antimicrobial chemotherapy has been a leading ause the
dramatic rise of average life expectancy in thentve¢h century. However,
disease causing microbes that have become resistaamtibiotic drug
therapy are increasing public health problem (Tpg@t1). There are three
mechanisms that can cause antibiotic resistaneseption of interaction
of drug with target organisms, decreased uptaketal@ither an increased
efflux or a decreased influx of the antimicrobiajeat and enzymatic
modification or destruction of the compound (Bamiind Muniz, 2001).
Antimicrobial resistance developed by microbes @sfaantibiotics open
serious debates in this issue and recognised esaus problem by global
medicinal and research community (Finch, 2004). yiactors play in the
emergence of resistance (WHO, 2012) from poor sation of
antimicrobial agents, to the transmission of rasisbacteria from patient
to patient and from healthcare workers to patiants vice versa, to a lack
of guidelines for an appropriate and judicious akantimicrobial agents,
to lack of easy-to-use auditing tools for restant{(Mahmoud and Hanan,
2012).In addition, there is a clear misuse of antimicablin the animal
industry, those are the same agents used in humdinshese factors

together led to the inevitable rise and emergefcesistance.

Clinical Laboratory and Standards Institute (CLSlreviously
NCCLS, 2009) has published an abbreviated ideatiba system for the
laboratory identification of diverse pathogenic teai@a and yeasts. This
includes both cultural and biochemical charactez#l suited for small and
medium bacteriologic laboratories. This is a docoihgeveloped through a
consensus process that describes criteria for pgraractice, procedure,
or material for voluntary use. These tests alloWabée identification of
organisms with a high degree of certainty, decreptie necessity for time
consuming tests. This, CLSI says, enhances timatigmt care. CLSI is a
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widely accepted organisation and laboratories imynaarts of the world
follow its recommendations for bacterial identitioa. The tests described
in the document include tests/characters that Hasen validated by
workers in the US. Expertise as a microbiologisl amitial correctness in
the interpretation of Gram stain and colony chanacis essential for good

results.

1.8. Candiduria

Candiduria is one of the most common symptoms ofawy tract
infections caused by several specie€andida, which is a normal flora of
human bodyCandida albicans has played an important role in candiduria
(Naymanet al., 2011). Candida species are the most common cause of
fungal infections leading to a range of life thesahg invasive to non-life-
threatening diseases (Jacqueleal., 2010).Urinary tract infections as a
result ofCandida species is becoming increasingly common in hospédl
setting particularly in intensive care units (Jaet al., 2011).
Epidemiological surveillance indicates thaandida species are now the
most common pathogens causing nosocomial bloodrstrend urinary
tract infection (Horvatlet al., 2003).

Urinary system infections are usually bacterialwéeer, fungal
etiology, particularlyCandida species are encountered in about 10% of
these infections (Naymamt al., 2011). C. albicans is still the most
frequently isolated species in candiduria. The gmes ofCandida species
in urine is a common clinical finding, particulaity hospitalised patients.
Candida species accounts for almost 9 to 40% of nosocouamniary tract
infections (Jacquelinet al., 2010). About 14Candida species have been
implicated in human infections, wit@andida albicans being the most
prevalent among the yeast isolates. The most frelyuisolated species is
Candida albicans, but Candida tropicalis, Candida glabrata, Candida
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krusei, and Candida parapsilosis are also emerging as importaattologic

agents ofCandida infection (Krcmery and Barnes, 2002).

The frequency of infection of the urinary tract doa€andida species
is increasing in parallel with the rapid advancésnedical progress, and
these infections are now among the most common lgrab facing
physicians. Despite this fact, much remains to dsned regarding the
pathogenesis, diagnosis, and management of bloode bantegrade)
kidney infections and ascending (retrograde) irvasof the urinary

collecting system (John, 2011).

The susceptibility range ofCandida varies to antifungal drugs.
C. albicans are usually sensitive to amphotericine B. Howesaveral
reports show that non-albicans are more resistaantifungal, especially
fluconazole (Sahat al., 2008; Yanget al., 2008) believe that differences
in sensitivity Candida species to antifungal are associated with

geographical distributions.

Several brands of chromogenic media are availalle rapid
identification of yeast and bacteria (Cookeal., 2002). These special
media yield microbial colonies with varying pigmation secondary
substrates that react with enzymes secreted by oarganisms
(www.chromagar.com). These media are specificwatig the organisms
to be identified to the species level by their coland colonial
characteristics. The manufacturer of CHROMag2andida currently
advertises its product as able to detect and difteate many species,
C. albicans by growth as light to medium green coloni€stropicalis by
growth as steel blue colonies accompanied by pyrigi@entation diffused
into surrounding agar, ar@ krusel by growth as large, fuzzy, rose colored
colonies with white edges, after incubation for H&urs at 37°C, as also
reported in several studies (Topley and Wilson,5200se of chromogenic

media in clinical microbiology laboratories for thesolation and
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presumptive identification of importa@andida species is easy to perform,
requires less time and is cost effective too (EBfatial., 1996; Willingeret
al., 2001).

1.9. Molecular Characteristics of ESL Producing E.coli

Antimicrobial resistance is a growing threat woride« Resistance
mechanisms have been found for every class ofiatititagents. In recent
years, increased incidence of resistance to betard®s among members of
the family Enterobacteriaceae has been reporteddwile (Bradford,
2001). The Extended Spectrum BfLactamases (ESBL) are plasmid-
mediated enzymes which are capable of hydrolysimg) iaactivating a
wide variety of B-lactams including third generation cephalosporins,

penicillins and aztreonam (Chaudhary and Aggar2@04).

First plasmid mediate-lactamase in Gram negative organisms
was reported in 1965 from ascherichia coli isolate belonging to a
patient in Athens, Greece, named Temnoniera (heesgnated TEM).
Another common plasmid mediateBt lactamase found irKlebsiella
pneumoniae and E. coli is SHV-1 (named after the sulfhydryl-variable-
active site). There is no consensus on the pret@§ieition of ESBLs. A
commonly used working definition is that, ESBLs Bfeactamases capable
of conferring bacterial resistance to the peniwdljifirst, second and third
generation cephalosporins; and aztreonam by hysielyof these
antibiotics, and which are inhibited f}tlactamase inhibitors such as
clavulanic acid (Paterson and Bonomo, 2005). Primlucof extended
spectrum beta-lactamases (ESBLs) and AmpC betanreses are the
most common mechanisms of antimicrobial resistanc&ram negative

bacilli (Tanejaet al., 2008).
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ESBL-producing Gam negative bacteria are becominghaor
global concern (Al-Jasser, 2006) and usually hanplasmid-mediated
enzymes of the TEM, SHV, OXA, PER, and CTX-M tyg&septi and
Deepthi, 2010). The TEM-1/2 and SHV-1 broad-speutBdactamases are
the most prevalent secondaBylactamases among clinical isolates of
Enterobacteriaceae worldwide. Prevalence of ESRIdycing strains also
varies from one geographical region to another ljgdireg the misuse or
overuse of beta- lactam drugs (Manchaeta., 2005). Resistance to beta
lactam antibiotics is mainly due to the enzymest thgdrolyse the

betalactam ring of the antibiotics, making it léss§.

The infection of urinary tract by bacteria and fuage important
and serious problems in the clinical field. Moreottee bacterial urinary
tract infection is the common danger disease intuRledttai area.
Therefore, the present investigations were undentako study the
prevalence and antimicrobial susceptibilities oftbaa and fungi isolated
from patients with urinary tract infections in Retottai area, Tamil Nadu,

India.

1.10. OBJECTIVESOF THE STUDY

1.10.1. Main objective

To determine the antibacterial and antifungatepsbility patterns of
uropathogens and the molecular detection of the LE§Bne types
prevailing in clinical isolates of mult-drug resiateE.coli isolated from
patients suspected with urinary tract infection viarious Hospitals at

Pattukkottai area, Thanjavur district, Tamilnaddiéa.
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1.10.2. Specific objectives

1. To study the prevalence and the distribution offedént bacterial

pathogens isolated from patients with UTIs.

2. To isolate and characterise pathogens causing idiatients.

3. To study the antibiotic sensitivity pattern of tinénary isolates, so as to

provide a basic guideline in treating UTIs.

4. To isolate and characterise of the uropathog€arwlida species

5. To study the antifungal susceptibility pattern@dndida isolates from
the UTls

6. This study the molecular detection of the ESBL gempes prevailing in
urine isolates of multi-drug resistandé.coli and describing the

epidemiology.
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2. REVIEW OF LITERATURE

2.1. GENERAL INFORMATION

Urinary tract infection (UTI) is the third most comon infection
experienced by humans after respiratory and gastestinal infections. In
fact, bacterial infections of the urinary tract #ie most common cause of
community acquired and nosocomial infections fotigpas admitted to
hospitals in India. It is distressing and occadligndife-threatening.
However, the prognosis and management of urinaagt tinfections
depends on the site of infection and any predisygofactors (Najaet al.,
2009).

UTI may be defined as a condition in which bacteari& established
and multiplying within the urinary tract. Diagnosesquires demonstration
of bacteriuria. Exceptions to this include patientth pyogenic abscess of
kidney or perinephric tissue, obstructed pyonephrosr bacterial

prostatitis in whom the urine may be sterile (Gretoa., 2008).

Some definitions are necessary because the infieofithe urinary
tract may result from microbial invasion of any tbe tissues extending
from urethral orifice to the renal cortex. Althoughe infection and
resultant symptoms may be localised, the presehdeacieria in urine
places the entire urinary system at risk of invadiyg bacteria (Najagt al.,

2009).



23

2.1.1. Forms of bacteriuria

In healthy patients most uropathogens originatefrectal flora and
enter the urinary tract via the urethra into thaddler (Handleyet al.,
2002). This is known as the ascending route angaihmgens initially
adhere to and colonise urothelium of the distathwuee Enhancement of
this route is exacerbated in patients with soilarxgund the perineum, in
patients with urinary catheters and in females tis&# spermicidal agents
(Foxman, 2003). Many studies have suggested tiat&5all urinary tract
infections (UTIs) develop through an ascendingeaitinfections, caused
mostly by Gram-negative bacteriavhile the other 5% develops by a
descending route (hematogenous infection). Therlatusually caused by
Gram-positive organisms (Bahraai al., 2002). Ascending route UTIs
begin with the colonisation of bacteria in the pesthral area, followed by
an upward progression of bacteria to infect theldda. In patients with
established cystitis up to 50% of infections mageasl into the upper
urinary tracts and most episodes of pyelonephaitiscaused by ascension
of bacteria from the bladder through the ureter mmtd the renal pelvis
(Najar et al., 2009). Bacterial ascent is aided by conditions sash
pregnancy and ureteral obstruction as these conditinhibit ureteral
peristalsis. Bacteria that reach the renal pelas penetrate the renal

parenchyma through the collecting ducts and dighgtenal tubules.

In healthy individuals infection of the kidney tlugh the
haematogenous route is uncommon. Occasionallyyahal parenchyma
may be breached in patients witaphylococcus aureus bacteraemia or
Candida fungaemia that originate from oral sources in imosuppressed
patients. On rare occasions bacteria from adjamgains may penetrate the
urinary tract via the lymphatics (Figure 1). Coradis associated with the
lymphatic route are retroperitoneal abscesses aneres bowel infections
(Niall et al., 2011).
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Ascending route

Haematogenous route

Urinary Tact Lyvmphatic route

e Infection

Figure 1. Route of urinary tract infections.

Urinary tract infections may arise from ascendiigematogenous or
lymphatic routes. Ascending routes of infection ar@st common among

patients with an established UTI.
2.1.2. Complicated and uncomplicated urinary tractinfection

There is a general agreement that for the best geament of patients
with urinary tract infections, it is important toistinguish between
complicated and uncomplicated infections (N&jaal., 2009). UTIs can be
classified as either complicated or uncomplicateplethding on underlying

host factors and on underlying uropathogens astifited in Table 1.
2.1.21. Complicated UTIs

A complicated urinary tract infection is a urinangection occurring
in a patient with a structural or functional abnaiity of the genitourinary
tract. Underlying host factors such as age, catisateon, Diabetes
mellitus and spinal cord injury predispose to caogied UTIs (Figure 2).
In complicated UTlIs less virulent uropathogens t(tfaaely cause disease

in a normal urinary tract) can cause significanindge to an abnormal
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urinary tract. Complicated UTIs are associated weiderly patients,

development of infections due to instrumentatiochsas insertion of

catheters, antimicrobial treatments, infectiong #ra also associated with
anatomic abnormalities of the genitourinary tranfections in diabetic

patients and urethritis due to inflammation of firestate gland in men
(Hooton, 2000; Kalra and Raizada, 2009).

Age

Diabetes mellitus

atheterisation /

Comorbidities in Spinal cord injury
Paediatric
patients

Complicated UTI

Figure 2. Predisposing factors for complicated UTIs.

Children with comorbidities are more likely to déaye complicated
UTls and Saphylococcus aureus is the most frequently isolated
microorganism in paediatric patients with indwedlinatheters (Schlager,
2001).Candida and Coagulase-negati@aphylococci are associated with
complicated UTIs after instrumentation of the pa&it urinary tract. Of
note, Enterobacteriaceae are the most frequerdlgtéest uropathogen in
children with uncomplicated UTIs (Schlager, 200d)Y.Is are among the
top 10 complicating illnesses in patients with [Zeds mellitus witte.coli,
Klebsiella, Group B Streptococci and Enterococcus among the common
uropathogens. In fact, Group Rreptococcus and Klebsiella pneumoniae
are 2-3 times more common in patients with diabebedlitus than in
patients without the condition (Ronald and Ludvid§01).



26

2.1.22. Uncomplicated UTlIs

Uncomplicated urinary tract infections (UTIs) amnang the most
frequently encountered infections in the outpatiesdtting. After
respiratory tract infections, they are the most wmm reason why
antibiotics are prescribed. The uncomplicated wyirteact infections are
including acute uncomplicated cystitis and pyeldnéjs. Recently, the
level of resistance of pathogens causing uncontplicdJTI has risen
significantly (Gupteet al., 2011).

Uncomplicated UTI may have a rather benign counrsbereas
complicated UTIl has been associated with increasexbidity and
mortality. Sexual intercourse is one of the most importarit fectors
associated with the risk of uncomplicated UThe increased risk caused
by sexual intercourse appears to operate througteehanical effect of
introducing uropathogens into the bladder (Hoownal., 1991) and
possibly through a trauma effect (Foxmatral., 1997). The aetiology of
uncomplicated UTIs has remained constant over dse 2 to 3 decades
with E. coli accounting for the vast majority of cases. Presiypufemale
patients with uncomplicated UTIs generally remaingehsitive to a
trimethoprim-sulfamethoxazole combination and treditional approach
to therapy had been an empirical short-coursenresit with this antibiotic
regimen (Hooton and Stamm, 1997). Unfortunatelyjuanber of more
recent studies have demonstrated increasing amntin& resistance
among uropathogens causing uncomplicated cystitid #&aditional
antibiotic regimens (Gupta al., 1999).

For many years, pathogens associated with uncoateticUTI have
remained constant, with. coli identified as the etiological agent in about
75-90% of infections (Hooton and Stamf®97). Five to ten percent of
uncomplicated cases are causedSbgaprophyticus (Guptaet al., 1999)
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with Klebsiella, Proteus, Enterococcus and Pseudomonas species seen in

smaller percentages. (Guptaal., 2001).

Table 1.Pathogens in complicated and uncomplicated UTIs.

Pathogens in complicated Pathogens in uncomplicated
UTls UTls

Escherichia coli Escherichia coli

K. pneumoniae K. pneumoniae

Enetrobacter cloacae Saphylococcus saprophyticus
Enterococcus faecalis Enterococcus faecalis

Serratia marcescens
Proteus mirabilis
Pseudomonas aeruginosa

Group B streptococci

Uncomplicated community acquiraedinary tract infections is one
of the most common bacterial infections that affiet patients in all age
groups and both sexes (Wada and ,G&12). Uncomplicated UTI occurs
in patients who have a normal, an obstructed genitary tract, who have
no history of recent instrumentation, and whose®gms are confined to
the lower urinary tract. Uncomplicated UTIs are thnosmmon in young
sexually active women with far fewer cases occgrrim older women,

those who are pregnant and in men.
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2.1.3. Symptomatic and Asymptomatic bacteriuria
2.1.31. Asymptomatic bacteriuria

When a significant number of bacteria show up ie thine, this is
called "bacteriuria” (Rahimkharet al., 2008). Finding bacteria in the
urine can mean there is an infection somewheréenurinary tract. The

urinary tract is the system that includes:

The kidneys, which make urine
* The ureters — thin tubes connecting the kidneyeddladder
* The bladder, where urine can be stored

* The urethra - the final pathway to move urine frima bladder to
outside the body.

In asymptomatic bacteriuria, large numbers of béctare present in
the urine. However, the person has no symptomsuohary tract infection
(asymptomatic means without symptoms). It is neaclwhy the bacteria
don't cause symptoms. It may be that asymptomaiitebiuria is caused
by weaker (less "virulent") bacteria (Kutlay al., 2003). The condition
does not always need to be treated.

Asymptomatic bacteriuria is most common in:
» Elderly women
» People with diabetes

» People with bladder catheters.
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This is especially common in women as evidenced byinimum
prevalence of 2-4% in young and 10% in elderly womEhe cumulative
prevalence of asymptomatic bacteriuria in womemeases about 1% per
decade throughout life regardless of ethnicity gadgraphic locations. In
contrast to women, the occurrence of asymptomaatebiuria in men is
rare until after 55 years of age, at which time phevalence increases per
decade and approaches the rate in elderly womemiiiee, 2013).
Prostatic hypertrophy and increased likelihoodnstriumentation account
for the bacteriuria in older men (Kunin, 198Djfferences between men
and women in the rates of bacteriuria have beeibatitd to the shorter
female urethra and its proximity to the vagina asctal mucosa and their

abundant microbial flora.

Asymptomatic bacteriuria is the presence of attla@CFU/ml of
the same urinary pathogen in consecutive voidedeuspecimens in
asymptomatic women (Zanet al., 1990). Asymptomatic bacteriuria in
young women is a strong predictor of subsequentpsymatic UTI
(Hooton et al., 2000). In pregnant women asymptomatic bacteriigria
common finding and may lead to pyelonephritis (3@¥l preterm labour.
These events may be prevented by adequate ardibieditment. Antibiotic
treatment was associated with a reduction in imadeof pre-term delivery
or low-birth weight babies (Smaill, 2001). Infantgth asymptomatic
bacteriuria represent a low risk group with a temyeto spontaneous

resolution usually within few weeks-months (Caraama Fanos, 2002).

Asymptomatic bacteriuria is often defined as siigaifit isolation of
bacteria from urine that is consistent with infentibut lacks any signs of
illness or symptoms that are usually associated Wikls (Foxman, 2003;
Johnson, 2008). Asymptomatic UTIs are often seediabetic females,
patients with previous history of UTIs, women waistoceles (hernias in

urinary bladder), and in about 50% of geriatric vesn{Kass and Finland,
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2002). Asymptomatic UTIs have been of great intesasce these silent
infections can result in sepsis or even death (Faxrg2003).

2.1.32. Symptomatic urinary tract infection

These occur in all age groups. Among newbornsnisfand boys are
affected more than the girls. When urinary tracthis source of neonatal
sepsis, serious underlying congenital anomalies feequently present
(Otajevwo, 2013)During childhood, persistent bacteriuria with othaut
repeated symptomatic episodes occurs in a smalipgfess than 2%) of
school-aged girls. Such girls and also school-dggygs with bacteriuria
should have a urological evaluation to detect @batde structural
abnormalities when UTIs are documented (Kunin, 1$83ure 3).
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Figure 3. Distribution of symptomatic urinary tract infectioand

prevalence of asymptomatic bacteriuria by age amdglale- shaded area,;
Female-line) (Kunin, 1987)
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Sexually active women have a markedly increased afscystitis.
Vast majority of acute symptomatic infections inx@®lyoung women.
A prospective study demonstrated an annual incel@f®.5-0.7 episodes
per patient year in this group (Fihn, 2003). In Hissence of prostatitis,
bacteriuria and symptomatic UTIs are unusual in.ndre risk of cystitis
in young men due to uropathogetcoli increases because of lack of
circumcision or having a partner with vaginal coesation with such P-
fimbriatedE.coli. At any age, both sexes may develop symptomatic
infections in the presence of risk factors thaeralirinary flow. These
include (Schrier, 2000). Congenital anomalies, Irecaculi, ureteral
occlusion (partial or total), vesico-ureteral refluesidual urine in bladder,
neurogenic  bladder, urethral structure, prostaticypehntrophy,
instrumentation of urinary tract, indwelling uriyar catheters,
catheterisation, urethral dilatation and cystocpamzaret al., 2004; Al-
Badr and Al-Shaikh, 2013).

2.1.4. Urine analysis

Urinalysis is a test that evaluates a sample afeufUrinalysis is used
to detect and assess a wide range of disorderkiding urinary tract

infection, kidney disease and diabetes (Patel, 2006

Microscopic bacteriuria, which is most conveniemdlysessed using
Gram- stained, uncentrifuged urine, is found inro98% of UTIs with
colony counts of IWFU/ml. or more and is highly specific finding
(Jenkinset al., 1986). When pyuria in voided urine specimens refcaly
assessed using haemocytometer method and whersUiEfined as more
than 16 CFU/ml, plus acute urinary symptoms, pyuria is ghhj sensitive
indicator of UTI. Pyuria and/or bacteriuria on nascopy are highly

suggestive of UTI and are useful criteria to sekgmécimens for direct



32

sensitivity testing. Pyuria is considered by somdé a poor predictor of
infection.

Bacteriuria literally means ‘bacteria in urine’. & probability of the
presence of infected urine in the bladder can bertsned by quantifying
the numbers of bacteria in voided urine or in uroieained via urethral
catheterisation (Walteat al., 1989; Ipeet al., 2013). Significant bacteriuria
has been used to describe the numbers of bactenaided urine that
usually exceed the numbers caused by contamin&bom anterior urethra
(i.e.,> 10° bacteria/ml). The implication is that in the presemf at least
10 bacteria / ml of urine, infection must be consideseriously (Smith,
2000).

The presence of white blood corpuscles (WBCs) m tinine is
known as pyuria. It indicates inflammatory respoonséhe urothelium to
invading bacteria. Presence of > 10 WBCs / HPPorssidlered significant
(Abrahamiaret al., 2013).

Routine follow up of cultures for test-of-cure aret recommended
for patients who have been treated for asymptomadicteriuria, acute
uncomplicated cystitis or acute uncomplicated pyefhritis and for
whom there is evidence of an appropriate cliniedponse to therapy
(Winickoff et al., 1989).

Urine cultures may not be necessary as part ofetlauation of
outpatients with uncomplicated UTIs (Wirgy al., 2000). However urine
cultures are necessary for outpatients, who hauanent UTIs, experience
treatment failures or have complicated UTIs (Mohaml Siddiqui, 2010).
Urine cultures are also necessary for inpatiends tevelop UTIls. The
bacterial culture remains an important test indiagnosis of UTI, not only
because it helps to document infection, but alsmbse it is necessary for

determination of the identity of the infecting moorganisms and for
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antimicrobial susceptibility testing. This is pattiarly true because of the

increased incidence of antimicrobial resistancdguvi and Gaido, 2004).

Follow up cultures are recommended for patients witfections
that do not respond to therapy, patients who hagarrent UTIs, patients
who have anatomic or functional abnormalities oé thrinary tract or
patients who continue to have unexplained abnoumalalysis findings
(Wilson and Gaido, 2004).

Hanif (2006) demonstrated that out of one thousanelgnant
women, 426 (42.6%) complained of one or more uyingymptoms.
Diurinal and nocturnal frequency was the most commae&ncountered
symptom (87.32%), followed by irritative symptomsnda voiding
difficulties. Complete urine examination of sympt@tio patients
revealed<5 pus cells /HPF (high power field) in 32%&es and 6-20 pus

cell/HPF in the remaining 104 cases.

2.1.5 UTlIs according to different sex and age

The lesser prevalence of UTI in men than womenh@ight to
result from a variety of factors, including; theegter distance between the
anus and urethral meatus, the drier environmenbgunding the male
urethra, the greater length of male urethra, &edantibacterial activity of
prostatic fluid (Lipsky, 1989). The four major rigkoups for community
acquired UTI are, school-aged girls, young wometheir sexually active
years, males with prostatic obstruction and thergld Stammet al., 1989;
Deniseet al., 2013).

The exact prevalence of UTls is age and sex depénDering the
first year of life, UTIs are more common in maldsg(yen, 2011).
However, the incidence of UTIls among males is Ift@raage of one year

and until approximately age of 60 years when eelargnt of the prostate
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interferes with emptying of the bladder. Therefds@| is predominantly a
disease of females. Extensive studies have shoamntiie incidence of
bacteriuria among girls age 5 through 14 is 1- Z8bs incidence increases
to 5% in girls over age 10. The prevalence of bagia in females
increases gradually with time to as high as 10% 20 elderly women. In
women between the ages of 20 and 40 whom have @3Imany as 50%
may become reinfected with 1 year. The associaifodTIs with sexual
intercourse may also contribute to this increasetlence because sexual
activity serves to increase the chances of batteoatamination of the
female urethra (Bettgt al., 1998).

The incidence of UTI is greater in women as comgbare men,
which may be either due to anatomical predispositiourothelial mucosal
adherence to the mucopolysaccharide lining or othest factors
(Schaefferet al., 2001). Factors that may influence the risk of Wndiude
recent sexual intercourse (Nicoke al., 2001) use of a diaphragm with

permicide and delayed postcoital micturation.

Urinary tract infections (UTIs) are a common caasenorbidity in
children (Paterson, 2004). UTI causes significhnéss in the first 2 years
of life. Misdiagnosis very often leads to avoidablénealth and long-term
renal damage. At least 8% of girls and 2% of bogsehurinary tract
infections in childhood, and between 30% and 40%ehanother episode
within two years. Male to female ratio was 1:104eaNy all UTIs are

ascending infection.

Urinary tract infections (UTIs) are a common corogtion of
pregnancy. Several anatomical and hormonal chaingpgegnant women
lead to ureter dilatation and urinary stasis (Bsigg al., 2004).
Symptomatic UTI occurs in 1% to 2% of pregnancidsile asymptomatic
bacteriuria has been reported in 2% to 13% of @egwomenUntreated

UTls can lead to complications, such as pyelonéiphiow-birth-weight
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infants, premature delivery, and stillbirth, themef, prompt treatment of
symptomatic UTIs and asymptomatic bacteriuria isrargted in pregnant

women.

The incidence of UTI in men’s ages 15 to 50 yeagsewery low
The female urethra is less than two inches longl amcroorganisms
traverse it readily. It is also closer to the am@éning than the male urethra
and its contaminating intestinal bacteria. Theseswterations are reflected
in the fact that the rate of urinary tract infeagan women is eight times
that of men (Susan, 2005).

2.1.6 Urinary tract infections

2.1.61. Types of urinary tract infection

A urinary tract infection is an infection involvinthe organs that
produce urine and carry it out of the body. Thetsectures include the
kidneys, ureters (long, slender tubes connectirg klineys with the
bladder), bladder and urethra. Doctors often diwvideary tract infections
into two types, lower tract infections and uppectrinfections (Grabet
al., 2008).

* Lower tract infections in women: Infection of the bladder is called
cystitis (bladder infection). Bacteria normally faliin the intestine
are the main cause of lower urinary tract infeiohhese bacteria
spread from the anus to the urethra and bladdegrevtney grow,

invade the tissue and cause infection (Figure 4A).

» Upper tract infections in women: These involve the ureters and
kidneys. These infections are called pyelonephrirs kidney

infections. Upper urinary tract infections usualbgcur because
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bacteria travel up from the bladder into the kidrfégmetimes, they
occur when bacteria travel from other areas ofoibey through the

bloodstream and settle in the kidney (Figure 4A).

 Lower tract infections in men: These include cystitis (bladder
infection) and urethritis (infection of the urethrdower urinary
tract infections commonly are caused by intestlmadteria, which
enters and contaminate the urinary tract from belasually by
spreading from the skin to the urethra and therth® bladder.
Urethritis can be caused by microorganisms that teaesmitted
through sexual contact, including gonorrhea and a@lgtia.
Another form of male urinary infection is prostetjtwhich is an

inflammation of the prostate (Figure 4B).

» Upper tract infections in men: These involve the ureters and
kidneys and include pyelonephritis (kidney infen)ioUpper tract
infections often occur because bacteria have teavapward in the
urinary tract from the bladder to the kidney or dgse bacteria

carried in the bloodstream have collected in tlim&y (Figure 4B).

Women are affected much more often than men becasosen have
short urethras that allow relatively easy passafjdbaxteria into the
bladder. Sexual intercourse can cause bacteripread upward into the
bladder. Also, the use of contraceptive diaphragms spermicides may
change the normal bacterial environment around uttethra and make
infection more likely (Donders, 2010).

In pregnant women, temporary changes in the phygyland
anatomy of the urinary tract make expectant motperee candidates for
cystitis and pyelonephritis. Kidney and bladdereations can pose a
serious risk to pregnant women and their unbormdam because they
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increase the risk of premature contractions ovdgjiand sometimes death
of the fetus or newborn infant (Fitz and Grazia2@)7).

Most cases of urinary tract infections occur in veomOf those that
occur in men, relatively few affect younger mennien older than 50, the
prostate gland (a gland near the bottom of thed@lgctlose to the urethra)
can enlarge and block the flow of urine from thadder. This condition is
known as benign prostatic hyperplasia or BPH. Thisdition can prevent
the bladder from emptying completely, which incesathe likelihood that
bacteria will grow and trigger an infection. Cyistits more common in
men who practice anal intercourse and in those areonot circumcised
(Najar et al., 2009). Other factors that increase the risk omhany
infections include an obstruction, such as thasedwy a partial blockage
of the urethra known as a structure, and non-nlasulstances, such as
rubber catheter tubes (as may be inserted to eeleeblockage in the
urethra.
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2.1.62. Pyelonephritis

Acute pyelonephritis: It is a clinical syndrome characterised by
flank pain, tenderness or both, and fever. It terofssociated with dysuria,
urgency and frequency. However, these symptomsatsm occur in the
absence of infection (in case of in renal infamttior renal calculus)
(Yoshikawaet al., 1996).

Chronic pyelonephritis: This may rise from either infection or
metabolic disorders. It refers to pathologic chanigethe kidney caused by
infection only. However, identical pathologic ad@ons are found in
several other entities, such as chronic urinargt tadstruction, analgesic
nephropathy, hypokalemic nephropathy, vascularadiseand uric acid
nephropathy (Yoshikawat al., 1996; Orenstein and Wong, 1999). In
chronic pyelonephritis, one or both kidneys contgioss scars, but even
when involvement is bilateral, the kidneys are egually damaged. This
uneven scarring is useful in differentiating choomyelonephritis from
diseases that cause symmetrical contracted kidngys-e.g. chronic

glomerulonephritis.

In severe pyelonephritis, the kidney is somewhdarged and
discrete, yellowish, raised abscesses are appawrenthe surface. The
pathognomic histologic feature is suppurative ngsroor abscess

formation within the renal substance (Orenstein\Afwhg, 1999).

Patients with acute pyelonephritis present witmKlalow back or
abdominal pain as well as fever, rigors, headanhesea, vomiting and
malaise. Symptoms and signs of cystitis may or may be present.
A wide spectrum of illness is encountered in perseith acute

pyelonephritis, ranging from mild disease to Gramgative septicaemia.
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These latter complications are usually associateth wrinary tract

obstruction, diabetes and immunosuppression (Ah2@e4).

Patients with pyelonephritis are usually unwell hwiback (lion)
pain, high temperature and shaking episodes (dig6ssnptoms of cystitis
may or may not be present as well. Pyelonephriismermanently damage
the kidney causing fibrosis (scaring). Repeatedchkft of pyelonephritis

can, overtime, cause the kidneys to stop workingl (&/al., 2005).

There are approximately 250,000 cases of acutepgphritis each
year, resulting in more than 100,000 hospitalisetioThe most common
etiologic cause is infection withescherichia coli. Urine cultures are
positive in 90 percent of patients with acute pgelghritis, and cultures
should be obtained before antibiotic therapy isiated. Outpatient oral
antibiotic therapy with a fluoroquinolone is sucsfe$ in most patients
with mild uncomplicated pyelonephritis. Most casek "community-
acquired" pyelonephritis are due to bowel organisimas enter the urinary
tract. Common organisms alte coli (70-80%) andenterococcus faecalis.
Hospital-acquired infections may be due to colifsremdenterococci, as
well as other organisms uncommon in the commureity. K. pneumoniae
Pseudomonas aeruginosa). Most cases of pyelonephritis start off as lower
urinary tract infections, mainly cystitis and pigis (Ramakrishnan and
Scheid, 2005).

2.1.63. Cystitis

It has been used to describe the syndrome invohdgguria,
frequency, urgency of micturition and occasionalyprapubic tenderness.
However, these symptoms may be related to lowenauyi tract

inflammation caused by urethritis (Stephan, 2003).
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Patients considered to have acute uncomplicatddisyme those who
present with a less than 1-week history of dysymaria, frequency, or
urgency, alone or in combination, and non pregnaamen; in these
patients, Escherichia coli is the most common pathogddudith et al.,

2002) .

Acute cystitis generally occurs in women. Patienssially present
with dysuria, frequency, urgency, voiding small amis of urine,
incontinence and suprapubic or pelvic pain (Ahm2@04). The typical
symptoms of cystitis are frequency (frequent pagsinurine) and dysuria
(pain of stinging on passing urine). There may build temperature and
suprapubic discomfort. The urine may be cloudy doot-stained
(haematuria) (Willet al., 2005). Cystitis is a common inflammation of the
urinary tract bladder in females. Symptoms oftesiude dysuria (difficult
painful, urgent urination) and pyuria. Most cases due to infection by
E.coli; also secondary bacterial cause is the Coagulasgative

Saphylococcus saprophyticus (Gerandet al., 2007).

2.1.64. Recurrences of urinary tract infection

It may be, due to relapses or re-infections. Relspd bacteriuria
refer to a recurrence of bacteriuria with the samfecting microorganism
that was present before therapy was started. Thicaused by the
persistence of the organism in the urinary tracthég&ffer, 1990).
Re-infection is a recurrence of bacteriuria witmeroorganism different
from the original infecting bacterium it is a newfaction. Re-infection
may occur with the same microorganism, which mayehaersisted in the

vagina or feces. This can be mistaken for a relépkker, 2004).
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2.1.65. Urosepsis

Urinary tract infection (UTI) is the most frequdpacterial infection
in infants younger than 90 days, and mainly affectsircumcised male
infants are at higher risk for infection with high¥irulent uropathogenic
E. coli strains than are females. Preputial colonisatiog haave a key role

in the selection of such strains (Bonacetsl., 2000).

The term is commonly used to describe the sepsidreyne caused
by urinary tract infection. It includes clinical idence of urinary tract

infection plus two or more of the following:

Temperature- >38° C or < 36° C

Heart rate - > 90 beats/min

Respiratory rate- > 20/min or Pag© 32 mm of Hg
White blood count- > 12,000 cells/cumm (Paters@943.

2.1.66. Chronic urinary tract infection

True chronic infection should really mean persiseeinf the same
organism for months or years with relapses afteatinent. Re-infection
does not mean chronicity any more than repeatesbdes of pneumonia

indicate chronic pneumonia (Orenstein and Wong9199

The symptoms associated with UTIs have been clarset
according to the site of infections. Patients whwehbeen diagnosed with
acute cystitis usually present symptoms of midtumit(urge to urinate
frequently), dysuria (difficulty or painful dischge of urine), discomfort or
pressure in the lower abdomen, cramping of pelkea @and strong odor of
urine accompanied by the presence of white blodid ¢eyuria) (Hooton,
2000 and Foxman, 2010pRatients with acute pyelonephritis usually
present the same symptoms of lower UTIs lastingentiban one week. In

addition to these symptoms, patients with pyelonéphalso develop
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nocturia (excessive urination at night), as wellchsls, persistent fever,
pain at the waist area, vomiting and nausea (Hoatwh Stamm, 1997).
Infections in the urinary tract can also be asymqattic (Kass and Finland,
2002).

2.1.67. Catheter-Associated Urinary Tract Infection CAUTI)

Catheter-associated bacteriuria is the most comiealth care
associated infection worldwide and is a result ed wvidespread use of
urinary catheterisation, much of which is inappraig, in hospitals and
long-term care facilities (Hootoat al., 2010). CAUTI can lead to such
complications as cystitis, pyelonephritis, Gramateg bacteremia,
prostatitis, epididymitis, orchitis in males, lessmmonly, endocarditis,
vertebral osteomyelitis, septic arthritis, endoplhthitis and meningitis in
all patients. Complications associated with CAU&use discomfort to the
patient, prolonged hospital stay, and increased @od mortality (Magill

and Hellinger2012)

2.1.68. Prostatitis

Men become more susceptible to UTIs after 50 yearage, when
they begin to develop prostate problems. Benignstptit hyperplasia
(BPH), enlargement of the prostate gland, can predwbstruction in the
urinary tract and increase the risk for infectibtm.men, recurrent urinary
tract infections are also associated with prostatan infection of the
prostate gland (Franco, 2005). Although only al®#%b of UTIs occur in
men, these infections can cause more serious pngbtean they do in
women. Men with UTIs are far more likely to be hisised than women.
Acute bacterial prostatitis is caused by uropathegepresents with a

tender prostate gland, and responds promptly tibiatic therapy. Chronic
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bacterial prostatitis is a subacute infection, magsent with a variety of
pelvic pain and voiding symptoms, and is charasgeti by recurrent

urinary tract infections (Lipsky, 1999)

2.1.69. Suspected cancer

Bladder cancer is a common malignancy, worldwitles the seventh
most prevalent cancer, accounting for 3.2% of albligmancies
(Beagleholeet al., 2004). Nitrate contamination of drinking water was
reported as a risk of bladder cancer. Nitrateseadogenously reduced to
nitrites, which through subsequent nitrosation giviee to highly
carcinogenic nitroso compounds (Jankovic and Radjes&c, 2007).
Other etiological factors implicated in the devetenmt and progression of
bladder cancer includes urinary tract infection3'1&) including bacterial,
parasitic, fungal, and viral infections; urinarthlasis and pelvic radiation
(Pasinet al., 2008). Bladder cancer is a common malignancy iypEgA
history of urinary tract infection can be considkr@s a risk factor for
bladder canceiescherichia coli infection is responsible for 70% of urinary
tract infection (EI-Mosalamsgt al., 2012).

2.1.610. Urinary stones

The term ‘infection stones’ refers to calculi tHfatlowing urinary
tract infection (UTIs) caused by urease-producingan®&negative
organisms. They consist of magnesium ammonium pladsp
monoammonium urate and carbonate apatite. Alkalinee is most
favorable to their formation. Urinary tract obstioo, neurogenic bladder,
voiding dysfunction, temporary or indwelling urigazatheters, distal renal
tubular acidosis and medullary sponge kidney aresidered the main risk
factors for developing infection stones. The relaship between urinary

stones and UTlIs is well known and shows two difiem@inical pictures:
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(1) stones that develop following UTlIs (infecticirses) which play a key
role in stone pathogenesis, and (2) stones congtiday UTIs (stones with
infection) which are metabolic stones that pasgivehp bacteria from
coexistent UTIs and may consist of calcium or naltiam (Mianoet al.,
2007).

2.2. CAUSATIVE BACTERIAL AGENTS OF URINARY
TRACT INFECTIONS

E. coli accounts for 85% of community acquired and 50%aspital
acquired urinary tract infections. Gram negativetéaa such aklebsella
andProteus; and Gram positiv&nterococcus faecalis and Saphyl ococcus
saprophyticus are causative agents for the remainder of communit
acquired infections (Kennedgt al., 1965). The remainder of hospital
acquired infections usually occurs after colonmatiwith Klebsiella,
Enterobacter, Citrobacter, Serratia, Pseudomonas aeruginosa,
Providencia, E. faecalis, or S epidermidis (Kennedyet al., 1965). Notably,
the patient's age may influence they type of infectorganism present
with Staphylococcus saprophyticus now accounting for 10% of UTIs in

young females compared to less than 1% in elderhafe patients.

Escherichia coli predominate as the most common urinary pathogen
accounting for at least 85% of community-acquiredary tract infections
(Sobel, 1991)Escherichia coli are the most common infecting agent in the
urinary tract, targeting most frequently neonapgeschool girls, sexually
active women and elderly women. While UTIs can besed by other
bacterial strains, including®seudomonas aeruginosa, K. pneumoniae
Enterococcus spp. andProteus mirabilis, Escherichia coli is identified as
the etiologic agent at least 75% of women who presymptoms of
cystitis. E. coli also accounts for 90 to 100% of bacterial infectiorthe

kidneys or acute pyelonephritis (Joresl., 1999).
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During 1999, a total of 13,774 non hospital urireemples were
analysed and a total of 2798 strains were isolatbdut half of these were
E. coli with Proteus mirabilis, Enterococcus spp. and Klebsiella
pneumonia occurring in relativelysmall numbers. Non-glucose-fermenting
Gram negative bacilli and other enterobacteria mau7% of isolates;
Gram positive cocci, 19%S@aphylococcus spp. 10% anditreptococcus
spp. 9%) and yeasts, 8% (Raal., 2001).

Catheter-associated UTIls are common and often potghial and
the most causative agents incluBeeudomonas aeruginosa and other
nosocomial Gram-nagative rods, often with morestast susceptibility
profiles; Enterococci andCandida speciegJudithet al., 2002).

Escherichia coli causes 75 to 90 percent of episodes of acute
uncomplicateatystitis, andtaphylococcus saprophyticus accounts for 5 to
15 percent, mainly in younger womeBnterococci and aerobic Gram-
negative rods other thak. coli, such asKlebsiella pneumoniae and
Proteus mirabilis, are isolated in the remainder of these casesal&pn
2002).

During 2001, 16500 urine samples were analysedwldth 4260
(25.8%) had significant bacteriuria and the patinsgehich causing the
predominant urinary tract infection are Gram neggatrods asE.coli,
Klebsiella pneumoniae, Proteus species Citrobacter isolates,
Mycobacterium tuberculosis, where as other isolates included other
organisms a$seudomonas aeruginosa, Enterococcus speciesSaureus
and Sagalactiae, which had very low incidence and were predominantly
isolatedfrom hospitalised patients (Rakgal., 2004).

Urinary tract infection (UTI) is the second mostmooon infectious
presentation in community practice. All over therlap Escherichia coli

accounts for 75% to 90% of UTI isolates, arflaphylococcus
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saprophyticus accounts for 5% to 15% of cases of uncomplicateditcs
(Astal, 2005).

Zhanel et al. (2005) determined that the most common organisms
were Escherichia coli (57.5%), Klebsiella pneumoniae (12.4%),
Enterococcus spp. (6.6%), Proteus mirabilis (5.4%), Pseudomonas
aeruginosa (2.9%), Citrobacter spp. (2.7%), Slaphylococcus aureus
(2.2%), Enterobacter cloacae (1.9%), Coagulaseegative Staphylococci
(1.3%), Saphylococcus saprophyticus and K. pneumoniae. (1.2%),

Enterobacter aerogenes (1.1%) and3reptococcus agalactiae (1.0%).

A variety of Enteropathogenic bacteria are knownceuse UTI
worldwide. E. coli being the predominant aetiological agent in comiyuni
practice. Other bacterial agents include speciéddaisiella, Enterobacter,
Proteus, Pseudomonas, Staphylococcus, Streptococcus and Enterococcus
faecalis (Nerurkaret al., 2012). The Honeymoon women were showing
higher rate of UTI than other women in (87 from 49)1.5 %) and (19
from 35) (54.3%) respectivelf. coli (46%) andSaphylococcus aureus
(42%) were predominant isolate in honeymoon (Naldazslet al., 2013).

E.coli is the most frequent infecting organism in acutéedation.
Klebsiella, Saphylococci, Enterobacter, Proteus, Pseudomonas, and
Enterococci speciesare more often isolated from inpatients, whereaseth
is a greater preponderancekofcoli in an outpatient population (Monadi
al., 2013). E.cali was the leading uropathogen 56.82% followed by
Klebsella spp. 15.90%Pseudomonas spp. 6.82%, Staphylococcus aureus
6.82%, Enterococcus spp.4.55% Candida spp.4.55%, Enterobacter spp.
2.27% and Streptococcus spp. 2.27% respectively. The most common
uropathogen wadg.coli. Higher prevalence of UTIls was observed in
female population. The prevalence of UTIs was Isglfer age group of 21
to 40 years (Gha=t al., 2013).
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Lewis et al., (2013) reported that 460 women recruited, 425 MSU
samples were processed and 204 UTI pathogens wergified in 201
samples. Most pathogens were Gram negative b&8f; 89.2%) and 22
(10.8%) were Gram positive cocck. coli were the most frequent GNB
(160; 79.6%), whild&nterococcus faecalis was the predominant GPC (8;
4.0%).

Poonanet al., (2013) reported thatrinary tract infections (UTIs) are
a common problem in women at all stages of lifes th particularly true of
pregnant women. Isolated and diagnosed bacterra ficegnant women
were: Escherichia coli (43.47%), Staphylococcus aureus (23.91%),
Proteus vulgaris (19.56%), Klebsiella pneumoniae (5.43%), Coagulase-
negativeStaphylococci (7.6%). The isolated uropathogens showed resistant
to ampicillin, cotrimoxazole, ciprofloxacin, andfazidime and sensitive
to nitrofurantoin and cephotaxime. In conclusi&noli were found to be

the common cause of UTI among the pregnant women.

2.3. ANTIBIOTIC SUSCEPTIBILITY PATTERN TO
ANTIMICROBIAL AGENTS

Widespread use of antimicrobial agents often leadbe selection of
multi-drug resistant microorganisms. Acquired or eeging bacterial
resistance to one or several antimicrobial agenésglobal problem. Many
microorganisms haveecome resistant to antimicrobial agents (Kagter
al., 2001).

The norfloxacin is more effective than cotrimoxazathen tested
against Gram negative isolates. The activity offlogacin was 85.19 %
where as cotrimoxazole has 42.86% activity agdBrain negative urinary
tract isolates. On the other hand, 65.15% and 44.&%xam positive
urinary tract isolates were sensitive to norflora@nd cotrimoxazole

respectively. This difference might to due to thereasing resistance of
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microorganism to cotrimoxazole. The reason being thide spread
indiscriminate use of cotrimoxazole in varieties infections by local
gquakes and general practitioners. Again, cotrimobazis very old
chemotherapeutic agent while norfloxacin is comipegly new drug
(Norrbyet al., 1987).

Nitrofurantoin showed the lowest resistance rate Eo coli and
amoxicillin the highest. Among the Gram-negativeolases of the
Enterobacteriaceae grouproteus spp. showed the highest resistance to
trimethoprim. TheE. coli showedhigh rates of resistance to amoxicillin,

amoxicillin-clavulanate and ciprofloxacin (Kadetral., 2001).

The antimicrobial agent with the highest levels aativity against
Gram-negative bacilli was amikacin which was restd to hospital use
while  cefuroxime, ciprofloxacin, fosfomycin, gentamn and
nitrofurantoin showed acceptable levels of activiNitrofurantoin was
active against all strains &aphylococcus aureus, but there is a reduction
in the activity of amoxycillin with clavulanate, tronoxazole and
quinolones td.coli (Rosaet al., 2001).

The efficacy of trimethoprim is similar whetheristused alone or in
combination with sulfamethoxazole and in some legalsuch as the
southeastern and western United States, includmghern California,
resistance to trimethoprim-sulfamethoxazole hasimecwidespread and it
detected in up to 18% of the pathogens culturenh fitee urine of women
with acute cystitis (Mangest al., 2001).

Uncomplicated acute pyelonephritis was treated Bya@oquinolone
or trimethoprim-sulfamethoxazole if the organisnsisceptible to iand
amoxicillin or amoxicillin-clavulanate is an altetive for infections

caused by Gram-positive organisms, also nitrofa@ianttrimethoprim,
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ciprofloxacin, or norfloxacin diminishes recurreacby 95% and may

prevent pyelonephritis (Hooton, 2001).

Antibiotics used in therapy of UTI are usually alite reach high
urinary concentrations, which are likely to be dally effective.
Fluoroquinolones are preferred as initial agentsefapiric therapy of UTI
in areas where resistance is likely to be of cam¢é&car and Goldstein,
1997). This is because they have high bactericddgamd clinical cure
rates, as well as low rates of resistance, amongt ntmmmon
uropathogens. Ciprofloxacin is the most frequentjyrescribed
fluoroquinolone for UTIs because of its availalilib oral and intravenous
formulations. Ciprofloxacin has shown an excellettivity against

pathogens commonly encountered in complicated UTISs.

Resistance rates in southern Europe and Bangld@deshbeen as high
as 30 to 50 percent (Perfetto and Gondek, 20B2)pli resistance was
most common to ampicillin (29.8%) andulfamethaxazole (14.1%)
followed by trimethoprim (14.8%), trimethoprim sahethaxazole
(14.1%) and nalidixic acid (5.4%) also resistande Eocoli to co-
amoxiclav, mecillinam, cefadroxil, nitrfurantoinpdfomycin, gentamicin
and ciprofloxacin was <3% but in Portugal, co-amau resistance was
(9.3%) as was resistance to the quinolones butdirali acid and
ciprofloxacin were (11.6% and 5.8%, respectiveBroteus mirabilis was
less resistance to ampicillin (16.1%) and morestasce to trimethoprim
(25.5%) thark.coli, where aKlebsiella pneumoniae were more resistance
to ampicillin (83.5%) and fosfomyci(56.7%). OtherEnterobacteriacae
were more resistance to the broad spectrum R-lacampicillin 45.9%,
co- amoxiclav 21.3% and cefadroxil 24.6%), nitrafuioin (40.2%) and
fosfomycin (15.6%), but resistance development Sé&phylococcus

saprophyticus was rare (Kahlmeter, 2003).
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Flurogquinolones are active agairg&aphylococcus saprophyticus and
most typical Gram- negative uropathogens, but aganly 60 to 70 % of
Enterococci. Nitrofurantoin  was considerably less active than
trimethoprim-sulfamethoxazole or the fluoroquina@snagainst aerobic
Gram-negative rods other th&écoli and it was inactive againBroteus
and Pseudomonas species. The use of beta-lactams (e.g., ampialhd
amoxicillin) should be avoided because of frequeantterial resistance to
these agents and low cure rates. Amoxicillin-clamate may be somewhat
more active, but generally is not recommended ksatiits high cost and

frequent adverse gastrointestinal effects (Stepb@03).

The resistance rates for straindotoli isolated from the hospitalised
patients were 61% to amoxicillin, 35% to amoxicitlavulanate, 47% to
trimethoprim, 38% to ciprofloxacin, 31% to cephafexand 13% to
gentamicin. These rates were higher than those frmroutpatients (52,
36, 40, 32, 29 and 5%) respectively, Out of the (2%) multi-drug
resistantE. coli and Klebsiella pneumoniae, 23 (1%) were found to be
positive for extended spectrum bdictamase. The resistance rate to
ciprofloxacin among the isolates &f coli, K. pneumoniae, Proteus spp.
and Pseudomonas spp.was higher. AlsoAcinetobacter spp.showed the
highest rate of resistance to ciprofloxacin and tgercin, while
Pseudomonas isolates were resistant to ceftazidime and genian(fader
etal., 2001).

Forty-one medical centres (30 from the USA and rbinf Canada)
participated, with each centre submitting up tocédsecutive outpatient
midstream urine isolates. Of the 1990 isolatesectdd, 75.1% (1494)
were collected from the USA and 24.9% (496) werdected from
Canada. Among all 1990 isolates, 45.9% were regidia ampicillin,
20.4% to SMX/TMP, 14.3% to nitrofurantoin, 9.7% diprofloxacin and

8.1% to levofloxacin. Fluoroquinolone resistances\mgghest in patients >
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or = 65 years of age. For the 11B2coli isolates, resistance rates were:
ampicillin 37.7%, SMX/TMP 21.3%, ciprofloxacin 5.5%evofloxacin
5.1% and nitrofurantoin 1.1%. For all 1990 isolades for the 114E. coli
only, resistance rates were significantly higher US compared with
Canadian medical centres (Zhagiedl., 2005).

Escherichia coli were the most frequently isolated organism (41,5%)
and it was highly susceptible to chloramphenicolprafloxacin,
ceftizoxime and amikacin (Al-Haddad, 200%he most common causative
agent wasEscherichia coli (87% of cases) followed b¥lebsiella
pneumoniae (10%). Resistance to ampicillin (74.2%) and cotniawole
(61.3%) was significant in all isolates. Nitrofutam was the most active
agent againdk coli (2.2% resistant isolates), followed by amikacir9{4),
ceftriazone (7.5%) and ciprofloxacin (12%). None tbé isolates from
Group | patient was resistance to ciprofloxacin & resistance rate
(7.1%) was noted for amikacin. In Group |l patieniene of the isolates
were resistance to amikacin, and ceftriaxone wassétond most suitable
antibiotics (resistance rate 2.2%). In group llltig@ts, the lowest

resistance rate was against nitrofurantoin (2. 7#akéelet al., 2006).

In India antimicrobial susceptibility pattern of apathogens vary
widely by region. High resistance rates to oralilaotics have been
observed, probably due to uncontrolled consumptibthese antibiotics.
Resistance to amikacin, piperacillin- tazobacturd areropenem are low,
likely reflecting lower usage of these drugs. Therldwide trend of
empirically treating community acquired UTI may ragiply for specific
geographical regions such as India, where decreasaaptibility rates are

documented for common urinary pathogens (Kothatigagar, 2008).
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E.coli showed variable antimicrobial resistance to diffe@ntibiotics.
92%, 86%, 80%, 62%, 47%, 20% and 4% of the isolata®e found to be
resistant to ampicillin, cotrimoxazole, ciprofloxin gentamicin,
nitrofuratoin and amikacin, respectively. The mosffective in vitro
agents were found to be amikacin followed byptgmicin (among the
parenterals), and ciprofloxin among the orally givenes. A higher
prevalence of UTIs was observed in the female @ andE. coli
showed no resistance to nitrofuratoin in age graf@0+ and 70+ in both

genders (Bashigt al., 2008).

Escherichia coli, the predominant organism isolated, frequently was
resistant to commonly prescribed oral antibiotic§rimethoprim-
sulfamethoxazole remains the best empiric antirbialotherapy for a
urinary tract infection, but nitrofurantoin shouseé considered iE. coli is
identified (Daset al., 2009).

E. coli isolates were mostly susceptible to nitrofurant¢iii.3%),
followed by ciprofloxacin (68.1%); however, only.28b6 of E. coli isolates
were susceptible to trimethoprim-sulfamethoxaz®érofurantoin may be
considered a first-line empiric antibacterial agefior urinary tract

infections in outpatients in Tehran, Iran (Kaséedl., 2010).

Most of the urinary isolates showed hundred pergesistant to
ampicillin and high degree of resistance to nal@ixcid, nitrofurantoin,
cotrimoxazole followed by ciprofloxacin and gentami More than 50%
of common pathogens were resistant to ceftriaxdirepathogens were
more sensitive to cephotaxime, amikacin, ofloxaaind norfloxacin.
Uropathogens resistant td®3generation cephalosporin are increasing.
Irrational and repeated use of antibiotics is themtause of increasing

resistant organism of UTI (Acharghal., 2011).
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More than 80% of the isolates were sensitive tokaomn and
nitrofurantoin, while more than 70% was sensitive norfloxacin,
ciprofloxacin and levofloxacin. Very high rate oésistance was seen
against cotrimoxazole (81.82%), amoxicillin (77.42%nd amoxi-clav
(64.34%). E. coli showed high sensitivity to amikacin 98.91% (91),
nitrofurantoin 93.48% (86). 75% dE. coli isolates were sensitive to
minocycline, showing a good utility of this drugrfthe treatment of

outdoor patients with urinary tract infections (Jiost al., 2011).

Esherichia coli was the most predominant isolate, 53.8% followed by
Klebsiella pneumoniae 22.4% andPseudomonas aeruginosa 7.6%. All
isolates were fully sensitive to ofloxacin, and mtlan 94% was sensitive
to cefuroxime. Apart from group Breptococcus, the overall response to
ampicillin by all isolates was less than 15%. Thevplence of multi-
resistantPseudomonas aeruginosa in community-acquired urinary tract
infections is increasing. AlPseudomonas aeruginosa isolates were fully
susceptible to cefuroxime and ofloxacin (Ahmad, 2011t is
recommended that cefuroxime and ofloxacin or boghused in the blind
treatment of urinary tract infection while awaitinpe culture and

sensitivity results.

E. coli was the most common isolate (55%) followedBoyer obacter
(13.3%) andsS. aureus (11.76%). Susceptibility oE. coli to nitrofurantoin
was 85.7%, gentamicin 82.5%, cefotaxime 81.9% apftoxacin 78%.
High resistance rate was observed amdhgcoli against ampicillin
(100%). The sensitivity rates ddnterobacter isolates for ciprofloxacin,
gentamicin and cefotaxime were 75, 76.4 and 77.T7éspectively.
Saureus strains were sensitive to gentamicin (84.2%), ofutrantoin
(75%) and ciprofloxacin (60%). Nitrofurantoin shdule used for first line

empirical treatment in UTI (Forouzan and Amir, 2013
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Ampicillin  showed 100% drug resistance, sulphamedizole
/trimethoprim (81.25%) and ciprofloxacin and chloghenicol, both
43.8%. Multi-drug resistance showed in 81.25% issdaOf those who had
history of urinary tract infection, 77.77% exhiladteesistance to three or
more drugs. However, 96.87% susceptibility was seenitrofurantion,
ceftriaxone (84.4%), cefotaxime (81.25%) and gemntaim(75.0%). Most
uroisolates illustrated high-level of drug resis@iiMucheyeet al., 2013).

2.4.CANDIDA SPECIES FROM THE UTls

Candida species are opportunistic pathogens and causesdisea
hosts who are compromised by underlying local @tesyic pathological
processesCandida species can cause a number of diseases ranging from
localised mild infections to deep-seated candidia@Pfaller, 1996;
Colemanet al., 1998; Carrascet al., 2005; Meurmaret al., 2007).Since
the 1980s, there has been a significant increafigeimumber ofCandida
infections, especially in hospitalised patients ehhregarded to several
factors. Predisposing factors include immunosuges prolonged
administration of antimicrobial agents, surgery,msy and indwelling

catheters intravenous drug use (Benedict and Gstagi994).

ChromagaiCandida media can be reliably used for isolation of yeasts
Use of this medium even allows mycology laborat®tie identify rapidly
clinically important species. Chromag@andida culture will also enable
the clinician to choose appropriate antifungal dragd there by decreasing
patients mortality and morbidity (Horvaghal., 2003).

Modern intensive care unit technology in conjugatath increasing
population of critically ill patients has substatly increased the incidence
of candiduria with a mortality exceeding more th&?%. In view of this

high mortality, efforts should be made to ident#gd evaluate intensive
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care unit candiduria (Toya al., 2007). Several reports have indicated that
candiduria is a very common infection in hospitdispatients and its
incidence is linked to antibiotic usage, long stayhospitals old age
(Weinbergetet al., 2003; Daleret al., 2005).

Candiduria is a common finding. Yeasts can be dedein urine that
is contaminated during collection, in patients wh@ave bladder
colonisation, and in patients who have upper uyirteact infection that
developed either from retrograde spread from tahdd#r or hematogenous
spread from a distant source. Most patients witmdichuria are
asymptomatic. The rate of development of complocegiis not known, but
appears to be low; candidemia rarely results fregmgtomatic candiduria
unless obstruction is present or instrumentatiothefurinary tract is done
(Kauffman, 2005).

The microbiology of candiduria is changing, with%0of urinary
isolates now belonging to ndPandida albicans species. The presence of
yeast in the urine is associated with increasedtatity; especially in
patients in ICUs with much comorbidity. However, madity is not often
directly attributable to invasive candidiasis. Neteless, candiduria may

be a marker for serious underlying iliness (Kauffin2005).

Many of researchers believed that candiduria is ananarker for
disseminated candidiasis (Bukhary, 2008). As a lIresdetection
asymptomatic candiduria from bladder and renalcind@ is problematic.
Nevertheless, candiduria in hospitalised patientsniensive care unit
(ICU) can be a relevant marker for systemic carmdidi (Kristinaet al.,
1999).
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Asymptomatic candiduria: For asymptomatic candiduria in a
previously healthy individual, the finding should terified by obtaining a
second carefully collected urine specimen. For maaiyents, the finding
of candiduria will not be replicated. For those whave persistent
candiduria, treatment of the underlying conditioms removal of risk
factors is usually sufficient to clear candiduri@ano antifungal agent is
needed. Antifungals have not been shown to havenaflh in the absence
of clinical evidence of infection of the kidney oollecting system (John,
2011).

Symptomatic candiduria: SymptomatidCandida cystitis, in most
instances, will respond to fluconazole becausedtiig is concentrated in
urine; remains a highly active antifungal agent imgfa most species
of Candida, especiallyC.albicans, and is well tolerated and inexpensive.
The pharmacokinetics of other azoles is not favergBrammer, 1990)
and the newer ones remain expensive. For refradiagder infections,
flucytosine, which is also concentrated in urineaymbe considered;
however, potential toxicity to the bone marrow ismajor drawback.
Treatment with >1 intravenous doses of amphotericin B (AmB)
deoxycholate is a third option, because the drug pr@longed urinary
excretion and is a potent antifungal compound. @éadrrigation has been
used to treat this disease, but has a high relapsend is a strategy rarely
needed except for persistent cystitis due to flazofe-resistant organisms
(Glew, 2005).

Several reports showed that the frequency of uyimi@ct infection
(UTI) due to yeasts has increased during the kasades (Laverdierst al.,
2007; Sahaet al., 2008). Prolonged hospitalisation, long stay in JCU
urinary tract abnormality, immunocompromised pasenantibacterial

therapy with broad spectrum for long time and pxdakis by antifungal
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agents are presented as more important risk fafpt$TI (Naymanet al.,
2011; Daleret al., 2005).

Uma chaudhary in their in her study on Rapid idemtiion and
antifungal susceptibility pattern dofandida isolates from critically ill
patients with Candiduria, showed high prevalendesran females. Most
common species isolated we@ealbicans (34%), C. dubliniensis (31%),
C. krusei (19%), C. tropicalis (15%) and C. glabrata (1%), with highest
susceptibility to Amphotericin B (Chaudagyal., 2009).

In a study by Manisha Jain on Candiduria in catimgd intensive
care unit patients, nonCandida albicans species emerged as the
predominant pathogens and were responsible for%lofi nosocomial
fungal urinary tract infectionC.tropicalis accounted for 52.9% of cases
where agC.albicans was seen in 28.6% of cases. Candiduria was aéso se
in extremes of ages (Jaghal., 2011).

Vinitha Mohandas in her study on Candidial isolatesm urine
samples and its virulence factors show@drusei (50%) followed by
C.albicans (25.5%). Biofilm production, Proteinase activitynda
Phospholipase activity was detected 73%, 80% antl444 respectively
(Mohandas and Ballal, 2011).

2.5. ANTIFUNGAL SUSCEPTIBILITY PATTERN OF
CANDIDA SPECIES

Out of 250 high vaginal swab8andida species were isolated in 100
(40%) of cases. Out of 10@, albicans 30 (30%),C.tropicalis 21 (21%),
C. parapsillosis 10 (10%),C. parakrusi 8 (8%) C.glabrata 8 (8%) and
C. krusei 3 (3%) were isolated. In vitro antifungal activitgdicated
clotrimazole (MIC 16 and 8g/ml) effective against 68 (70%) Glandida
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spp, fluconazole (MIC 64 and 3gg/ml) effective against 29 (36.2%) and
nystatin disc (100 units) was 51 (63.5%) effecti@ealbicans was mainly
isolated. Clotrimazole was more effective as comgdo fluconazole and
nystatin (Fouzia and Rakhshanda, 2010).

In a study on randomised double blinded study e&ttnent with
Fluconazole and placebo by Sobkeél. (2000) among Candiduria patients
stated that oral fluconazole is safe and effectivéreating symptomatic
Candiduria patients. The susceptibility decreagefluconazole although
voriconazole, Amphotericin B and flucytosine coognto show good
efficacy and concluded that there is gradual irsgean antifungal
antifungal resistance in India (Adhikary and Jog0il1).

Feglo reported that out of 528 samples tested @dsil yeasts giving
a prevalence of 12.7%Candida albicans was the commonest species
isolated with a prevalence of 33 (49.3%) followsdCandida glabrata 12
(17.9%) Candida tropicalis 8 (11.9%), Candida dubliniensis 4 (6%),
Candida krusei 3 (4.5%) andCandida sake 2 (3%) whilst Candida
guilliermondii andCandida parapsilosis prevalence was 1 (1.5%) each and
Cryptococcus neoformans prevalence was 3 (4.5%). All the isolates were
susceptible to flucytosine, amphotericin B, flucoola, itraconazole and
voriconazole excep€. albicans, C. glabrata, C. tropicalis and C. krusei
all having about 79% susceptibility to flucytosireenphotericin B, and
itraconazole (MICs 0.125-8mg/l). All th€andida krusei isolated were
resistant to fluconazole (MICs64mg/l). Generally yeast resistance ranges
from 4.5% to 22.2% to flucytosine, amphotericin #8jconazole and
itraconazole (Feglo and Narkwa, 2012).

The most frequently isolated species w€andida albicans, which
showed good (100%) susceptibilities to 5-fluorosyte (5-FC) and
fluconazole (FLCZ) but not to voriconazole (VRCZpllowed by

C. glabrata. ICU was the greatest sourceC#ndida positive samples, and
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the most relevant underlying diseases of ICU pttiemere pneumonia
followed by renal failure and post-liver transpliin status. Combined
isolation with other bacteria was seen in 27 cd4@s9%) in 2009, 25
(33.3%) in 2010 and 31 (31.3%) in 2011 and compagigt often seen in
non-ICU patients. OtherCandida species thag.albicansshowed
significantly decreased susceptibility to FLCZ ovérese 3 years
(P=0.004). One hundred (97.1%) of 103 ICU cases \geren antibiotics
at the time ofCandida isolation, and the most often used antibioticsewver
cefazolin or meropenem. In conclusi@ albicans was representatively
isolated inCandida UTI and showed good susceptibilities to 5-FC, FLCZ
and VRCZ, but othetandidas thanC. albicans showed significantly
decreased susceptibility to FLCZ in the changeheké 3 years (Kayet
al., 2013).

Candiduria presents as an increasingly common wosiat infection,
which may involve urinary tract. Spectrum of diseas varying from
asymptomatic candiduria to clinical sepsis (Jadgaeekt al., 2010).
Disease is most commonly caused Gsndida albicans. Zahra et al.,
(2013) studied those 402 patients with the ageeaanty14 years were
sampled (59.2% males and 40.8% females). Prevat#iCandida among
enrolled patients was found to be 5.2% (71.4% maihes28.6% females).
In this studyC. albicans was identified in 19 cases as the most common
yeast followed by nin€. glabrata and oneC. krusei. Urine cultures were
yielded more than 10000 CFU/ml in 14.3% of the sas#lowed by 600-
10000 CFU/ml (28.5%) and 100-600 CFU/mI (57.2%). tiftumgal
susceptibility testing revealed that only one isolaf C. glabrata and
seven isolates of. albicans was resistant to nystatin and ketoconazole,
respectively. However, all tested isolates werestasce to fluconazole
(Zahraet al., 2013).
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2.6. MOLECULAR CHARACTERISTICS OF ESBL
PRODUCING E.COLI

2.61. Bacterial resistance to antibacterial drugs

The discovery of antibiotics in the late 19209 #reir subsequent use
in treating and preventing infections beginning the 1940s, is
undoubtedly one of the great medical breakthroughte last 100 years
(Davies and Davies, 2010). In the early years ¢ibantic treatment, many
scientists and doctors believed that infectiougale had been triumphed
once and for all (Davies, 2007). And, while it igg that antibiotics have
largely nullified several diseases and infectiohattwere once very
difficult to treat, there is reason to be concertiet this may not always
be the case. Less than a decade after the fiibiaids were introduced in
medicine, evidence of bacterial strains resistarthbse antibiotics began
to surface (Davies and Davies, 2010). Shortly thiéee, scientists
uncovered evidence that bacteria were not only ldapaf developing
resistance to one antibiotic, but to multiple aiotics that were also
transferable to sensitive strains (Davies, 200He Tise of multi-drug
resistant (MDR) bacteria is a result of unscrupsi@antibiotic use in
medicine and agriculture over the last several desdMazel and Davies,
1999; Cocchet al., 2007).

Today, MDR bacteria provide numerous challenges @moblems for
healthcare providers, including increases in haspitquired infections,
reduced treatment options, higher morbidity and tality rates, and
healthcare cost increases due to longer hospégs gDucelet al., 2002).
MDR bacteria may be resistant to a couple of antiiks, several classes of
antibiotics, and in some cases every antibioti@EMDR bacteria that are

resistance to only a couple of antibiotics can tyesomplicate treatment.
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Often, such bacteria are resistance to the primaatipiotic preferred for
treatment, requiring the use of secondary andatgrtirugs instead, which
may be less effective and more toxic to the pat({@DC, 2012). The
growing problem of MDR infections is made even mooacerning by the
fact that new discoveries of antimicrobial agendséhbeen few and far
between in recent years (Coattsl., 2011; Davies, 2007). Over the last
five decades, only two new classes of antibiot@gehreached the market,
and current information suggests that no new antthiclasses will be
introduced in the near future. Without the contumsiantroduction of new
antibiotics, as was seen during the first 20 yeatbeir use, the threat of a

return to the pre-antibiotic era is very real (@&sat al., 2011).

Antimicrobial resistance among UPEC continueside m the United
States, contributing to greater difficulty in theamagement of UTI (Gupta
et al., 2001 Perfecta and Gondek, 2002). Studies carried o&tramce by
Leflon et al. (2000) and in the United States by Kagteal. (2004) have
shown a steady increase in resistance to most cafgrased antimicrobial
drugs for treatment of UTI caused Bycoli. The changing etiology of UTI
and increasing antibiotic resistance require péiochonitoring and

possibly modification of empirical regimens.

The Antimicrobial Availability Task Force (AATF),stablished by
the Infectious Diseases Society of America, idexdifseveral particularly
problematic pathogens, one of which included exterspectrum beta-
lacatamase (H¥.)-producing Enterobacteriacegdalbot et al., 2006)
ESLs are enzymes produced by bacteria that confestaese to multiple
antibiotic classes, namely cephalosporins, pemsillmonobactams, and
beta-lactamases. Over 500 differenf3ES have been identified, the most
common belonging to the CTX and CMY gene familia$ections caused

by ESL producers usually must be treated with a carbapen
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(e.g. imipenem, meropenem). Recently howeveLE@oducing Gram-
negative bacteria have been identified that ar® absistant to the

carbapenem class of antibiotics (Talbo#l., 2006; CDC, 2012).

Urinary tract infections are among the most commofections
encountered in clinical practice. Study was coneldidb detect extended-
spectrum beta lactamase (ESBL) type of resistamaginary isolates in
North Eastern Region of India. In all, 171 isotaté Gram-negative bacilli
were detected of which 42 isolates produced ESBLthS detection rate of
ESBL in the study was 24.56%. The ESBL-producingaites were 19
(28.78%) in males and 23 (21.9%) in females, amdtiference was not
found to be significant (P >0.05). In 97.61% of lades, associated
resistance was observed for ampicillin and cotriazate. Ciprofloxacin
and gatifloxacin showed coresistance of 69.04%nd2%, respectively.
Associated resistance for amoxicillin  with clavuanacid and
piperacillin/tazobactum was 38.09% and 35.71%. thé isolates of
Enterobacteriaceae producing ESBL were 100% seasit imipenem
(Das and Borthaku, 2012).

Chaudhary and Murthy (2013) reported that threedhed urine
specimens were studied. Significant bacteriuria weessent in 35% of
specimen. The most common pathogens isolated Wstkerichia coli
52.4%. The resistance pattern of uropathogens wraarhikacin 19.04%,
nitrofurantoin 40%. We found 55% Gram-negative atbpgen harbored
the ESBLs. Majority of ESBLs seen Klebsiella pneumoniae 60% and
Escherichia coli 55%. The ESBLs producingscherichia coli were highly
susceptible to imipenum, 90.90% and meropenem5%94.4creening of
multidrug resistant bacteria especially GNB posmssitlerable therapeutic

challenges in critical care patients because optbduction of ESBLSs.
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2.62. Bacterial mechanisms of antibiotic resistance

In addition toadding and deleting genes on the chromosome, lEacter
can change phenotype through the gain or loss of plasmids
(Leflon et al., 2000). Antibiotic resistanc&r example, can be transferred
via plasmid and has been demonstratefle transmitted across bacterial
species (Sahnet al., 2001). An outbreak would follow the path of the
plasmid (horizontahnd vertical gene transfer) rather than clonalagre
the path of a particular bacterial clone. The idmattion of uropathogenic
factorsand their mode of transmission between pathogenddngreatly
assist understanding of UTI epidemiologyd pathogenesis and ability to
prevent disease via vaccination other strategies (Foxman and Riley,
2001). These types of studies require epidemiolagiethods to collect
appropriate sample isolates from well-defined papohs and to make
appropriate inferences about the findibgsed on laboratory analyses. The
genotypic characterisation of pathogens therefasldlecome an important

objective in epidemiologic investigations of infiecis agents.

2.63. Detection of Extended Spectrum Beta Lactamase

The increased prevalence of Enterobacteriaceaelupimy ESBL
creates a great need for laboratory testing mettiatsaccurately identify
the presence of these enzymes in clinical isold@&®dford, 2001).
Although most ESBL confer resistance to one or nafréhe oxyiminop-
lactam antibiotics, th@-lactamase does not always increase the MICs to
high levels to be called resistant by the Clinitaboratory Standards
Institute (CLSI) interpretive guidelines (Wayne 08). The sensitivity and
specificity of a susceptibility test to detect ESBlary with the
cephalosporin tested. Several ESBL detection thatshave been proposed
are based on the Kirby-Bauer disc diffusion testhmaology (Bradford,
2001).
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These ESBL enzymes are plasmid borne and havees/élom point
mutations altering the configuration of the actsiee of the original and
long known B lactamases designated TEM-1, TEM-2, and SHV-1
(Bradford, 2001). The activity of these enzymeénsted to ampicillin,
penicillin, and carbenicillin. Initially these bacta contained a single
ESBL gene, but later multiple ESBL genes are conmyngnesent in a
single strain, further complicating the process daftecting them and
identifying an appropriate treatment regimé&n.date, more than 90 TEM-
type and more than 25 SHV-type lactamases have been identified
(Joumana and George, 2003). The Amplactamases hyper producing
Enterobacteriaceae have been reported worldwide, féw data are
available about their prevalence in human clinisplecimens. These
enzymes are numerous, and they mutate continuanisigsponse to the
heavy pressure of antibiotic use, leading to theelbgment of ESBL

(Joumana and George, 2003).

Lack of awareness, resources and facilities todeon ESBL
identification, contribute to the spread of multitg resistance in most
Enterobacteriaceagrganisms. It has been observed that while anidsiot
revolutionised the treatment of infectious diseaseshe 28' century,
resistance threatens to render these drugs ineffert the 2i' century
(Salyerset al., 2004).

Rodrigueset al., (2004) conducted a study for the detection of beta
lactamases in nosocomial Gram negative clinicalaiss. Out of 286
isolates 53% were ESBL producers. Inducible Amp &tdmase
production was detected in 7% of the isolates. ESt#ds detected in
30.18% of K. pneumoniae by PCDDT (phenotypic confirmatory disc
diffusion test) and 27.3% by DDST (double disc sggetest). They
concluded that detection of ESBL production by PADB a simple and

cost effective test. Out of 70 isolates screenedEf8BLS, 20% were ESBL
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producers of whiclEnterobacter 28.5%,K. pneumoniae, 21.2% ancE. coli
19.2%. Three dimensional tests detected 85.7% E$BHucers whereas

only 14.2% were detected by Double disc synergy tes

Out of 9076 isolates 31.9%. coli, 26.2% P. mirabilis, 15.1%
K. pneumoniae, 7.5% Enterobacter aerogenes and 7.1% Providencia
stuartii were ESBL producers. Extended spectrgiiactamase enzymes
(ESBL) are modified3-lactamase enzymes mainly derived from TEM1/2,
SHV-1 and CTX-M plasmid mediated enzymes, which rbiyde
expanded spectrum cephalosporin to varying degf(€eemsonet al.,
2007). The extended spectrufitlactamase enzymes are widespread all
over the world, but the prevalence and phenotypiaracteristic among
clinical isolates may vary between geographicadsrSirotet al., 1991;
Jacobyet al., 2006). The original TEM was first discovered kncoli
isolates in a patient named Temoniera in Greeceijtlspread rapidly to
other bacteria. The production of plasmid medi&&®BL have emerged as
an important mechanism of resistancg4actam antibiotics amonfg.coli
(Kayeet al., 2004).

Parul et al., 2008 reported that resistance to broad spectfum
lactams, mediated by extended spectrum beta las&a(B£pL) and AmpC
BL enzymes is an increasing problem worldwide. Rreseof these in
clinical infections can result in treatment failufeone of the second or
third generation cephalosporins is used. In thigdyt a total of
250Escherichia coli (E. coli) isolates were subjected to double disc test
and AmpC disc test for the detection of ES and AmpCpL-producing
strains, respectively. Prevalence offESand AmpCpBL-producing strains
among E.coli isolates, over a 3-month-period in the hospitaldoa
population of Jaipur, was 64.80% (162/250). AmIC producers were
24.00% (60/250) and co-existence offE&nd AmpCpBL was detected in
8.00% (20/250) of the isolates.
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Hassanet al., (2013) studied that the overall prevalence of ESBL-
producing isolates was 4.8% (253/5256). Most igslgB0%) were from
the inpatient department. The ESBL phenotype wasenfeequently
detected inK. pneumonia. CTX-M genes were the most prevalent ESBL
genes, detected in 82% of the studied isolates. HSBL producers
demonstrated a high multidrug resistance rate §85.é transconjugation
assay, the same ESBL gene pattern was transmitted £9.7% of
K. pneumoniae donors to the recipient strain, and the latteritaidd
concomitant decreased aminoglycosides and cotrinmdgasusceptibility.
The presence of ESBL screen-positive but confirnyategative isolates
(8.9%). Phenotypic tests for the production of Ampdactamase tested

positive in 52% of these isolates.
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3. MATERIALS AND METHODS

3.1.STUDY OF PREVALENCE OF URINARY TRACT INFECTIONS

3.1.1.Study area and specimen collection

Study area: Pattukkottai is located along the southeast cdasidia in the East-
central region of Tamil Nadu. The coast of the B&Bengal is just 12 km away
from this town. A total of 2400nidstream urine samples were collected into
sterile screw-capped containers containing few talysof boric acid as
preservative from outpatients who had visited thévape hospital,
Pattukkottai to see doctors with various complawltsch were diagnosed
tentatively as symptoms of urinary tract infecti@irl). The consulting
doctors had then referred the patients to the Gaamga Diagnostic and
Research laboratory for urine mcs (microscopy,ucaltand sensitivity)
investigation for the purpose of making definiteaghosis. Recruited
outpatients were instructed on how to collect tampgles. All collected
samples were appropriately labeled and processettdiately. The study
was carried out between January 2012 and June Baifples recovered
from inpatient and outpatients of the hospitalsem&ceived from various
specialties like Medicine, Surgery, Obstetrics &yhecology, Pediatrics,
Orthopedics, Nephrology and Intensive Care Unitieat's history and
provisional diagnosis of the infection were obtalirfieom hospital records.
Pattukkottai is located along the southeast cdalstdia in the East-central
region of Tamil Nadu. The coast of the Bay of Bdnggust 12 km away

from this town.
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Method of specimen collectionMidstream urine samples were collected.
Every patient was given a sterile wide mouth comaiand explained the
proper method of collection of urine to avoid coniaation. Male patients
were instructed to clean their genital area befaiding. Female patients
were instructed to clean the vulva and perineunh witap and water, dry
the area. They were told to provide 10 ml of usaenple. Collected urine
samples were processed without delay. The specimeme processed
according to standard bacteriological methods aedtified by standard

conventional methods.

Inclusion criteria

Both male and female patients having clinicallypgeted UTI were
included in the study. Clinical diagnostic criteradysuria, frequency,

urgency and fever.
Exclusion criteria

» Patients on long term antibiotic therapy prior to during the

investigation.
» Persons who are HIV positive.
» Patients having malignancies.

3.1.2. Wet film examination:

All samples that recorded significant bacterialrd@suvere subjected
to urine microscopy test to detect presence of e cells per high power
focus using X40 objective microscopically. All sadegpthat were positive
for significant bacterial count and also recorde@ fous cells and above

were then cultured on laboratory med&milarly presence of bacteria,
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casts, crystals, RBCs was noted. Another drop afentnifuged urine
sample was placed on a clean slide and was alldavad dry. This smear
was Gram stained and examined under oil immer&loesence of at least

one organism per field was considered significant.

3.2.ISOLATION AND IDENTIFICATION OF BACTERIA CAUSING
UTls.

3.2.1. Isolation of bacteria and colony count

A standard bacteriological loopful of each urinenpée (0.01ml) was
spread over the surface of sterile Nutrient agaac®bnkey agar and
Blood agar plates (Himedia). After inoculation, fhlates were left on the
bench for sometime in order to allow the urine ¢calbsorbed into the agar
medium. The plates were then inverted and incubate®”C for 18-24
hours. The number of bacterial colonies were calated multiplied by
100 to give an estimate of the number of bacteeampilliliter of urine.
A significant bacterial count was taken as any tagual to or in excess
of 10° per milliliter.

Media for culture:Nutrient agar, MacConkey agar and Blood agar are

usually sufficient for the recovery of the organgssm

3.2.1.1. Nutrient agar

Beef extract :3.09
Yeast extract : 3.09
Peptone :5.09
Sodium chloride : 5.0g

Agar : 15¢g
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The contents were suspended in one liter of destilvater bring to
dissolve completely. Sterilise by autoclaving aL’X2 for 15 minutes, pH

was adjusted at 7.4 £ 0.2 before sterilisation.

3.2.1.2. MacConkey Agar

Pancreatic digest of gelatin :17.0g
Pancreatic digest of casein : 1.5¢9
Peptic digest of animal tissue : 1.59
Lactose : 10.0g
Bile salts : 1.59
Sodium chloride : 5.0g
Neutral red : 0.03¢g
Crystal violet :0.001g
Agar : 13.5¢
Distilled water : 1000 ml

The contents were suspended in one liter of distilvater. Mix
thoroughly heat with frequent agitation and boit fomin to completely

dissolve the powder and autoclaved at 121°C fanitfutes.
3.2.1.3. Blood haemolysis Test

Blood agar supports the growth of most common ppho Sterile

defibrinated sheep blood: 7 ml.
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Nutrient agar (melted) :100ml

Nutrient agar first sterilised and cooled to 40-&0Than sterile
sheep blood was added and mixed well. QuantitySoml of blood agar

poured on each Petridis.

Blood hemolysis test (Colleet al., 2007): This test was used to
detect the ability of bacteria to produce hemolyamd as indicated by
hemolysis. Tested bacteria were examined by stigadin plate of blood
agar and incubated at 37°C for 48 hrs. The appearah a clear zone
around the colony indicatgshemolysis while the presence of green-color

indicatesa-hemolysis.
3.2.2. Gram’s staining

Gram stain was the key step and was carried owtrdicg to Harrigan
and McCance (1966). Smears were prepared from 1&086s old culture
and allowed to air dry and heat fixed. Smears wleea subjected to Gram

staining as per the following procedure.
» Slide flooded with crystal violet and allowed t@cgfor 1 min.

» Slides were then rinsed with distilled water, fleddwith iodine and

allowed to react for 1 min.

 The smears were again rinsed with distilled watet decolourised
with acetone alcohol by adding drop by drop untystal violet

failed to wash off from the smear.

 The smears were again rinsed in distilled water @nhter stained

with safranin for 1 min.
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Slides rinsed again with distilled water, blot driand observed

under oil immersion objective of light microscop®lympus CH

20i).
Reagents used for Gram’s staining:
A. Crystal violet solution (g/L)
Crystal violet
Ethyl alchol,95%
Ammonium oxalate
Distilled water
B. lodine solution
Potassium iodide
lodine crystals
Distilled water
C. Decolourised
Acetone
Ethyl alcohol, 95%
D. Safranin Solution- Counter stain
Safranin
Ethyl alcohol

Distilled water

20 mi
:0.8ml

: 100 ml

: 50 mi

20 ml

: 0.25¢
;10 ml

: 100 ml

Safranin was dissolved in alcohol, then water addetifiltered.
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3.2.3. Nutrient agar for slants

Peptone :5gm
Yeast Extract : 3gm
Beef Extract - 3gm
Nacl - 5gm
Agar :15gm
Distilled water : 1000 ml

The ingredients were suspended in one liter ofliégdtwater, heated
till boiling to dissolve them completely, distrilmat in 250ml conical flasks
and sterilised by autoclaving at 121°C for 15 masuand poured as slants
in sterilised test-tubes. Test isolate was inoedldightly over the slant
avoiding the media on which it was grown and incatlaat 37°C upto 96

hours. All the strains were maintained in nutriagar slants/deeps.

3.2.4. Biochemical tests for identification of baetria

The following biochemical tests were carried outd&termine the

identity of the bacterial isolate.

3.2.4.1. Catalase tesQappuccino and Sherman, 2001)

The principle of this test depend up on the bdsas the breakdown
of hydrogen peroxide to oxygen and water is medidig the enzyme
catalase. When a bacterial strain that producesasat is grown in nutrient
broth or on an agar slope to which about 1ml. g®H(10 vol) is added,

introduced into hydrogen peroxide, elaboration oblddes of oxygen, the
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gaseous product of the enzyme activity, is maretksmmediately and

after 5 minutes. The catalase test was carriefodatvs:-

1. With sterile loop, a small amount of pure growthsweansferred from

theagar plate onto the surface of a clean, dry glad$s. s

2. A drop of 3% hydrogen peroxide {8,) was placed immediately onto a

portion of a colony on the slide.

3. Evolutions of bubbles of gas were observed, indigad positive test.

This test is mainly used to differentiat&aphylococci from
Septococci when Gram positive cocci are grown in urine c@tand also

in the identification of aerobic Gram-negative taci

Positive control -Staphylococcus aureus

Negative control -Streptococcus species

3.2.4.2. Gelatin liquefaction(Colleeet al., 2007; Wolfganget al., 1999

Tubes containing gelatin media were stabbed ondheotenter with
inoculating needle then, incubated at 37°C for &4irk, then the tubes

incubated at 4°C for half hr., the liquefied meitidicate the positive test.

3.2.4.3. Lactose test

The lactose-utilising properties of Gram-negativacili can be
directly evaluated from MacConkey agar by observitlge red

pigmentation of the colonies.
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3.2.4.4. Indole production tes{Wolfganget al., 1998)

Peptone Water

Peptone :20.0gm
Sodium chloride :5gm
Distilled water 100 ml

The ingredients were dissolved in distilled wated @aH was adjusted
to 7.6. It was distributed into small test tubes2nml quantities and
autoclaved. It is used as a base for sugar fermemtiest and also used to

test for indole production by Enterobacteriaceae

Kovac's indole reagent

Isomyl alcohol (3 methyl-butanol) : 150.0ml
Dimethylamine benzaldhyde :10.0g
HCI (concentrated) : 50.0ml

P-dimethylaminobenzaldhyde was dissolved in thansgd alcohol.
Concentrated HCI was added and mixed well and fearesl to clean
brown bottle and stored at 2-8°C. The organism wasulated in peptone
water and after incubation at 37°C for 48 hours; pnesence of indole is

detected by adding kovac's reagent in positive tagevas seen.

Positive Control -E. coli.

Negative Control K. pneumoniae.
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3.2.4.5. Methyl red test (MR)

The tested organisms were inoculated in glucosepitaie peptone
and incubated at 37°C for 24 hours , then abalriops of the methyl red
reagent were added , mixed and the test was reaediately . Production
of bright red colour indicates mixed acid fermeiatat Negative test was

indicated by the production of yellow colour.

Positive control -Escherichia coli.

Negative control K.pneumoniae

Methyl red — Voges Proskauer broth MR-VP

Peptone 179
Glucose : 5g
Dipotassium phosphate : 59
Distilled water : 1000 ml

Dissolved the ingredients in distilled water by tgermeating and sterilise
at 121°C for 15 min.

3.2.4.6. Voges-Proskauer test

The tested organism was inocubated in 2 ml stghileose phosphate
peptone water and incubated at 37°C for 48 houmrse @l of 40%
potassium hydroxide and 3 ml of 5% solution of alplaphthol in absolute
alcohol were added. Shake the tube gently to expbsemedium to

atmospheric oxygen and allow the tube to remainsmmded for 10-15
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minutes; the development of pink colour was positreaction. Yellow

colour indicated negative reaction.

Positive control  K.pneumoniae

Negative control -Escherichia coli.

3.2.4.7. Citrate utilisation test(Baronet al., 1994)

Contents:-

Magnesium sulphate :0.29
Ammonium dihydrogen phosphate :0.2g
Sodium ammonium phosphate : 0.8¢g
Sodium citrate tribasic : 2.0g
Sodium chloride : 5.0g
Bromothymol blue : 0.08¢g
Agar :15.0g

The ingredients were suspended in one liter ofliégtwater, heated
till boiling to dissolve them completely, distrilaat in 250 ml conical flasks
and sterilised by autoclaving at 121°C for 15 masuand poured as slants
in sterilised test-tubes. Test isolate was inoewldightly over the slant
avoiding the media on which it was grown and incatlaat 37°C upto 96
hours. A streak of growth and development of blolewr was positive. No

growth and original green colour was negative test.

Positive control K. pneumoniae.

Negative control -E. coli
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3.2.4.8. Oxidase testolleeet al., 2007)

The oxidase test determines the presence of oxetasanes.

a) Media

Use either nutrient agar or tryptic soy agar pldtestreak cultures
and produce isolated colonies. From these, theulnot was obtained for

oxidase testing on impregnated filter paper.

The tryptic soy agar medium consists of

Tryptone :15.0g
Soyton :5.0g
Sodium chloride :5.0g
Agar : 15.0g
Water (reagent-grade water) :1000 ml

pH should be 7.3% 0.2 after sterilisation at 121615 min.

b) Reagents

Tetramethyl p-phenylenediamine dihydrochloride I§@aus solution
freshly prepared or refrigerated for no longer tiaweek. Impregnate a

filter paper strip (Whatman No.1) with this solutio
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c) Procedure

Removed some of a colony from agar with a platimwire, and
smeared on the test strip. A dark purple or vialgbur that developed

within 10 seconds indicated a positive oxidase test

Positive control -Pseudomonas aeruginosa

Negative control -Escherichia coli

3.2.4.9. Coagulase tegCheesbrough, 2000)

Coagulase is an enzyme that clots blood plasmaabglysing the
conversion of a soluble protein (fibrinogen) toimsoluble protein (fibrin).
This test is performed on Gram-positive, catalassitye species to
identify the Coagulase positiBiaphylococcus aureus. Coagulase is a
virulence factor oR&aphylococcus aureus. The formation of clot around an

infection caused by these bacteria likely protédi®m phagocytosis

Plasma was diluted 1:10 in physiological saline @siml of the
diluted plasma was placed in a small tube. A colohyhe test organism
was emulsified in the diluted plasma. The tubesewacubated at 37°C
and checked every 30 min for up to 4 hours for fatation by tilling the

tube.

Also, a colony of bacteria is emulsified in a drop ofgolea on a glass slide.
Bacterial clumping within 2 minutes indicates theegence of bound

coagulase and constitutes a positive test result.

Positive control -Staphylococcus aureus.

Negative control -Saphylococcus epidermidis.
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3.2.4.10. Urease tegiWolfganget al., 1998)

Urease contents:-

Peptone : 30.0g
HCI 1 5.09
Potassium dihydrogen phosphate {@H :1.0g
Phenol red (0.25%) :2.0ml
Agar : 20.0g
Glucose :100ml
Urea (20%) : 100m|
Distilled water : 1000 ml

Phenol red (0.25%) was prepared by dissolved 0i2550ml of

absolute ethanol and 50ml of dissolved water was@@nd mixed well.

Methods

The dry ingredients were mixed in water and heated00°C to
dissolve the chemicals and allowed to cool to 5025&nd the phenol red
solution was added and mixed well, dispensed ieve@apped bottles and
sterilised in autoclave at 121°C for 15 minuteshwaaps loosened, when
the medium has cooled. A Christensen’s urea agaculated with the
organism and incubated at 37°C for 18 hours. Theeldpment of deep

pink colour in the upper half of the slop was agligation of positive test.

Positive control  P. vulgaris

Negative control -E. coli
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3.2.4.11. Triple sugar iron agar (TSI) Enanet al., 1996).

Contents

Sucrose :10.0g
Beef extract : 3.0g
Yeast extract : 3.09
Peptone : 15.0g
Proteose peptone : 5.09
Lactose : 10.0g
Glucose :1.0g
Ferrous sulfate :0.29
Sodium chloride : 5.0g
Sodium thiosulfate : 0.3g
Agar :12.0g
Phenol red : 0.024¢
Distilled water 1000 ml

Triple sugar iron medium (Himedia) was prepared digsolving
65gms of dehydrated TSI medium in 1000 ml of desdil water and
autoclaved at 121°C for 15 minutes. The medium pased in test tubes
in such a way that, a butt with a slant was forniedas inoculated with
the help of a straight inoculation wire. A well ligted colony of test
organism was touched with the tip of the sterileculation wire and
stabbed through the center of the TSI butt and ttemaked over the
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surface of the slant. The tube was incubated a€ 3@ 18-24 hours. It
detects ability of organism to ferment sugar (ghestactose-sucrose).
Development of pink colour indicates alkalirend yellow colour

indicates acid reactions. Reactions are readlsvs;

Acid slant/acid butt (A/A) — glucose, sucrose, andictose fermented
Alkaline slant/acid butt (K/A) — only glucose fernted, peptones utilised

Alkaline slant/no change in the butt (K/NC) — Nonfentation of glucose,

lactose or sucrose, peptone utilised.
A black precipitate in the butt indicatesSHproduction.

Bubbles or cracks in the tube indicate productib@©, or H,.

3.2.4.12. Oxidation / fermentation (OF) testQolleeet al., 2007)

Oxidation/fermentation media (Hi-Media) was prephrey
dissolving 45.52 grams dehydrated media in1000 mtlistilled water,
poured into tubes and sterilised by free steamaorg3D minutes. It is a
semi-solid medium containing sugars like glucoaetdse or sucrose. The
isolate to be tested was inoculated to a depttcof ih to the O/F agar by
stabbing 4-5 times with a sterile, cool straightengontaining the colony to
be identified. Two tubes were inoculated; one @& thbes was overlaid
with sterile liquid paraffin to detect fermentatiofubes were incubated at
37°C up to seven days. Acid production is indicabgdthe change of
colour from blue to yellow. If the organism was aiive, yellow colour
develops from top downwards in the tube whishnot overlaid with
liquid paraffin. Fermentative organisms chartge yellow colour from
bottom of the tube, or throughout the tubdyath tubes.

Fermentative Escherichia coli

Oxidative —Pseudomonas aeruginosa.
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3.2.4.13. Nitrate reduction test

Nitrate broth was prepared by dissolving 0.2 gm potassium
nitrate and 5 gm of peptone in 1000 ml of distillsdter. Two drops of
overnight broth culture of the test organism wadeaddto 5 ml of nitrate
broth in a test tube with a Durham’s tube and iated at 37°C for 48
hours. Testing was done after 24 hours after olsvgrowth was detected.
Durham'’s tube was observed for production of gdmnl 5 drops each of
nitrate reagent solution A (sulphanilic acid in acecid) and solution B
(o-naphthylamine in acetic acid) were added. Develamnof red colour
indicated reduction of nitrate to nitrite. Negatitests were confirmed by
detection of nitrate in the media by adding zinevger. Development of

red colour after addition of zinc powder confirnegative test.

Positive control -E.coli

Negative control Acinetobactor

3.2.4.14. Bile esculin Agar

Bile esculin agar media was prepared by otissy 64.5
grams of dehydrated media (Hi-Media) in 1000ml aftitled water,
sterilised by autoclaving at 121°C for 15 mimsutend poured as slopes
in tubes. The test isolate was inoculated on&diwrface of the slope.
Inoculated tubes were incubated at 37°C for 48 fioBlackening of the

media indicates growth in the presence of 40%dnle esculin hydrolysis.

3.2.4.15. Growth in6.5% NacCl

Nutrient broth with 6.5% NaCl was inoculated withot or three
colonies of the isolate and incubated at 37°C fda@s. Turbidity seen at

the end of incubation indicates growth in 6.5% NaCl
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Positive control -Enterococcus faecalis.

Negative control Viridans streptococcus.

3.2.4.16. Sugar fermentation medigWolfganget al., 1998)

Peptone water media containing 1% sugar were sgatone water
was prepared by dissolving 15 gms of peptone ana &gsodium chloride
in 1000 ml of distilled water. Ten ml of Andradeisdicator and desired
sugar to a final concentration of 1% were incorpetan to the peptone
water. The medium was poured into test-tubes comgiDurham’s tubes
and sterilised by free steaming for 30 minutes.tiBreulture of the test
organisms were inoculated into the sugar mediagusiterile Pasteur
pipette. The tubes were incubated at 37°C for DHvelopment of pink
colour indicates acid production due to fermentatd the test sugar and
displacement of medium from Durham’s tube indicages production.
Sugars used in the test for identification werecgée, lactose, sucrose,

maltose, mannitol and arabinose.

3.25. Chromagar media for the isolation and differentation of
uropathogens(Odds and Bernaerts, 1994; Okulazl., 2008).

Contents

Peptone :17.0g
Yeast extract :17.0g
Chromogenic mix : 1.0g
Agar :15.0g
Deionised water : 1000 ml

pH :7.0+£0.2
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For the 100°C heating step, mixture may also badgint to a boil in a
microwave oven: after initial boiling, removed frothe oven, stirred
gently, then returned to oven for short repeatestbuof heating until
complete fusion of the agar grains has taken pllacge bubbles replacing
foam). Cooled in a water bath to 45-50°C, swirliog stirring gently.
Poured into sterile petri dishes or tubes and atbvio gel and dry.

Prepared media plates can be kept for one day laieatrtemperature.

Interpretation Chart

Microorganisms - Typical colony appearance on Clagan

E.coli : Dark pink to reddish
Enterococcus : Turquoise blue
Klebsiella, Enterobacter, : Metallic blue
Citrobacter

Proteus : Brown halo
Pseudomonas : Cream, translucent

S aureus : Golden, opaque, small
S. saprophyticus : Pink, opaque, small

The samples inoculated on Chromagar media, groveth abserved
after 24 and 48 hours of incubation. Isolates wdentified by colony's

colour and morphology.



86

3.3 ANTIBIOTIC SUSCEPTIBILITY TESTING

All bacterial strains isolated were tested for laiotic sensitivity by
standardisation disc diffusion technique. The aliiusion disc technique
described by Bauett al., 1966 was applied.

3.3.1. Muller-Hinton Agar

Contents:-

Beef extract : 30.0g
casamino acids :17.59
Starch :1.59
Agar :17.0g
Deionised water : 1000 ml

The contents were suspended in one liter of distilbr deionised
water and boiled to dissolved completely; sterdisat 121°C for 15
minutes, and pH was adjusted to 7.2+0.4. Immediatier autoclaving, it
was allowed to cool in a 45 to 50°C water bath.skise prepared and
cooled medium was poured into glass or plastit; Battomed Petri dishes
on a level, horisontal surface to give a unifornpttieof approximately 4
mm.

The agar medium was allowed to cool to room tenipesaand,
unless the plate is used the same day, otherwasedsin a refrigerator (2
to 8°C). Plates were used within seven days aftepgration unless
adequate precautions, such as wrapping in plalstiee been taken to
minimise drying of the agar. A representative sampl each batch of
plates was examined for sterility by incubating@tto 35° C for 24 hours
or longer. The pH of each batch of Mueller-Hintgaawas checked when
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the medium was prepared. The agar medium with agtween 7.2+0.4 at
room temperature after gelling was used.

3.3.2. Inoculation of test plates

At least three to five well isolated colonies ofethsame
morphological type were selected from an agar platee top of each
colony was touched with a loop, and the growth twassferred into a tube
containing 4-5 ml of a suitable broth medium. A hawf test pathogen
(Iml of an 18 hours peptone broth culture) was gqreg by evenly
spreading 10@ inoculums with the help of a sterilised swab otihe
entire surface of the agar plate. The swab wagewtseveral times and
pressed firmly on the inside wall of the tube abthesfluid level. This will
remove excess inoculam from the swab. The driethseirof Mueller-
Hinton agar plate was inoculated by streaking twalsover the entire
sterile agar surface. This procedure was repeajestrbaking two more
times, rotating the plate approximately 60° eaafetito ensure an even
distribution of inoculam. As a final step, the rohthe agar was swabbed.
The lid was left apart for 3-5 minutes, but no méran 15 minutes, to
allow for any excess surface moisture to be absbl&tore applying the
antibiotic discs.

3.3.3. Application of Discs to Inoculated Agar Plas

Kirby-Bauer disc diffusion method of antimicrobialisceptibility
testing is the most practical method and is dt method of choice for
diagnostic  microbiology laboratories. The Kirby-Bau method
recommended by the CLSI guidelines (2009) was tdse@ntimicrobial
susceptibility testing. Antimicrobial disc suscéytty tests were
performed for 628 study isolates. The accuracy r@pdoducibility of the
test are dependent on maintaining a standard g@boédures as described
here.
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Antimicrobial susceptibility testing of all bactali species was
carried out by the disc diffusion technique usingopaamercially available
disc (Himedia- CLSI, 2009). The antimicrobial séngly of the test strains
to sixteen antibacterial drugs was done using theykBauer disc
diffusion method (Bauest al., 1966; Forbest al., 2002; Macfaddin, 2000;
Sharma, 2008). The antibiotics used were amoxciAX, 30ug),
ampicillin  (AM, 10ug), cefotaxime (CTX, 3@g), ceftazidime (CAZ,
30ug), ceftriaxone (CT,303), cephalexin (CL,3d), ciprofloxacin (CIP,
5ug), nalidixic acid (NA,3Qg), norfloxacin (NX, 1@g), ofloxacin (OF,
5ug), amikacin (AK, 3@g), gentamicin (GEN, 1), tobramycin (TB,
10ug), imipenem (IPM, 10g), nitrofurantoin (NIT, 30Qg) and
cotrimoxazole (COT, 3m).

Antimicrobial discs were dispensed onto the surfaife the
inoculated agar plate and were pressed down torersamplete contact
with the agar surface distributed evenly so thay twere no closer than 24
mm from centre to centre. The plates were invedad placed in an
incubator set to 37°C within 15 minutes after tieesl were applied. If an
antimicrobial activity was present on the platéswas indicated by an
inhibition zone. The diameter of the inhibition Bshwas measured in
millimeter at 24 hours using a scale. An organisas mterpreted as highly
susceptible if the diameter of inhibition zone wasre than 19 mm,
intermediate if diameter was 15-18 mm and resigfatite diameter was
less than 13 mm. The intermediate readings wersidered as sensitive in
the assessment of the data (Table 2).All the straiare maintained in
nutrient agar slants/deeps. All strainsiotoli were also stored on 15%
glycerol-supplemented Luria-Bertani medium at 8@%Cfurther molecular

test.



Table 2. Antimicrobial drugs and their sensitivity profil€SLSI, 2009).
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Antimicrobial Suscepti
agent Resistant Intermediate ble

Symbol Concentration mm mm mm

Amoxicillin AX 30 ug <11 12-13 >14
Ampicillin AM 10 nug <13 14 -16 >17
Cefotaxime CTX 30 ug <14 15-22 >23
Ceftazidime CAz 30ug <14 15-17 >18
Ceftriaxone CT 30ug <13 14 - 20 >21
Cephalexin CL 30 ug <14 15-17 >18
Ciprofloxacin CIP 5ug <15 16 - 20 >21
Nalidixic acid NA 30 ug <13 14 -18 >19
Norfloxacin NX 10 pg <12 13-16 >17
Ofloxacin OF 5ug <14 15-21 >22
Amikacin AK 30 ug <14 15-16 >17
Gentamicin GEN 10 pg <12 13-14 >15
Tobramycin B 10 pg <12 13-14 >15
Imipenem IPM 10 ug <13 14 - 15 >16
Nitrofurantoin NIT 300 pg <14 15-16 >17
Cotrimoxazole CcoT 30 nug <10 11-15 >16
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3.4. ISOLATION AND CHARACTERISATION OF THE PATHOGEN IC
CANDIDA SPECIES

3.4.1 Characterisation of Candida Species

Twenty two isolates ofCandida species were used for microscopy
analysis through Gram staining and culture on Clagan media,
Sabouraud dextrose agar medium, supplemented Vtm& mL-1 of
chloramphenicol. The cultures were incubated aC3Tor 24-48h, under

aerobic conditions.

3.4.11. Sabouraud Dextrose Agar (SDA)

Glucose 40g, Peptone 10g, Agar 20g, Distilled wdtdriter. The
ingredients were steamed to dissolve, and them#gium was autoclaved
at 121° C for 15 minutes and was dispensed ingl&ieally, it was left to
cool to 50° C before the addition of Chlramphen@bh concentration of

(40 mg/ Liter).

3.4.12. Chromagar media used for isolation oCandida species

CHROMagar Candida (Himedia) was prepared according to the
manufacturer's instructions. CHROMag@andida is composed of (per
litre): peptone (10g), glucose (209), agar (15g)p@mphenicol (0.5g) and
“chromogenic mix” (2g). Twelve grams of CHROMagdaandida powder
which was added to 250 ml of sterile distilled watea sterile Erlenmeyer
flask. The suspension was completely dissolved dijnig (<100°C) and

mixing. The medium dose not require sterilisatignaoitoclave, therefore
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after cooling in a water bath to 45°C the agar p@sred into sterile petri

dishes. After allowing cooling, the plates were stored &€ 4rior to use.

3.4.13. Germ tube test

Small portion of an isolated colony was suspendea itest tube
containing 0.5 ml of human serum then incubate878€C for 2 hours then
examined microscopically at 30 minutes intervalsto@ hours for the

presence of germ tube.

3.4.14. Sucrose assimilation

One colony ofCandida isolate was added to 5 ml of distilled water to
make suspension. Five drops ©&ndida suspension was added to yeast
nitrogen base agar after cool at 45°C then pouredplates. Filter paper
discs impregnated with saturated sucrose solutiemewplaced on the
surface of agar, and then incubate at 27-30°C ug8tdours. Positive

growth indicated by growth dandida around the assimilated sucrose.

3.5. ANTIFUNGAL SUSCEPTIBILITY TESTING

Antifungal susceptibility testing was carried ousing the disc
diffusion method following the National Committeeorf Clinical
Laboratory Standards institute (CLSI, 2004) guited, using fluconazole
(25ug), itraconazole(50ug), ketoconazole(10ug), and amphotericin B
(20ug) antifungal discs. Supplemented Mueller-Hinton agsueller-
Hinton agar + 2% glucose and 0.5 g/mL methylenee biye, (GMB

medium)] was used for performing the antifungakspsibility testing.



92

3.51. Preparation of inoculam

Inoculum was prepared by picking five distinct coks of approximately
1mm from 24 hours old culture grown on Sabouredtidse Agar (SDA
agar) incubated at 35- 37°C. Colonies were suspemd® ml of sterile

0.85% saline.

3.52. Susceptibility test procedure

1. Prepared plates with Mueller Hinton Agar +2% glecaesnd 0.5ug/ml
methylene blue dye (GMB) medium for carrying ousptibility of
antifungal discs. The medium in the plates shoealdterile and have a

depth of about 4 mm.

2. The prepared inoculum streaked in the entire agar sartd the plate
with the cotton swab three times, turning the p&it60° angle between
each streaking. The inoculum allowed to drying $et5 minutes with

lid in place.

3. The discs were applied using aseptic techniqueoBiethe discs with

centers at least 24 mm apart.

4. Inverted the plates and placed in an incubatotass86- 37°C within 15

minutes after the discs were applied.

5. Examined all plate after 20-24 hours of incubation.

6. Measured the zone diameter to the nearest wholeneiier at the point

at which there is prominent reduction in growth.
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3.6. PLASMID ANALYSIS-MOLECULAR CHARACTERISATION OF
ESBL PRODUCING E.COLI

3.61. Clinical isolates

A total of 100 highly Multi Drug Resistant (MDRE.coli culture
isolates were selected from urine specimens for LE@Btivity and
molecular characteristics test. Only a single thasiculture was included

in the analysis.

3.62. Double disc synergy test

E. coli that exhibited resistance to third generation ckydp@rins
were screened to detect ESBL production by DDSTot@rime 30g was
placed at a distance of 15mm edge to edge from ndratly placed
augmentin disc containing 20g of amoxicillin+10g dfvulanic acid.
Plates were incubated at 37°C for 18-24 hours &edpattern of zone
inhibition was noted. Isolates that exhibited atidet shape/size with
potentiation towards amoxicillin + clavulanic dissere considered

potential ESBL producers (CLSI, 2002).

3.63. Preparation of genomic DNA

Genomic DNA was purified by phenol extraction met{§ambrook
et al., 2001). The DNA was stored at -20°C. The samples we1 on 0.8%
Agarose gel and stained with Ethidium bromide. Htained gel was
examined under UV light to look for the presence DA bands of
particular size using a molecular weight marb2DNA Hind Il double

digests.
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3.6.4. PCR amplification for B-lactamase encoding genes

PCR analysis foB-lactamase genes of the family TEM was carried
out. Primers obtained from Medox, (Chennai) used bda TEM
amplification were 5 CTTCCTGTTTTGCTCACCCA -3 and &
TACGATACGGGAGGGCTTAC - 32 For PCR amplification, the
parameters were, 94°C for 1 minute initial dendtana and 30 cycles of
94°C for 30 seconds, 63°C for 1 minute, 72°C fomihute and a final
extension in 72°C for 7 minutes. The amplified proid were resolved in
1.5% agarose gel. The gel was visualised by s@imth ethidium
bromide. A 100bp ladder molecular weight marker waed to measure

the molecular weights of amplified products.

3.6.5. Molecular typing of E. coli DNA by RFLP

The DNA samples were digested by using Xbal regincenzyme.
The digestion mix constitutes 5ul of Restrictiozyne, 7ul of Restriction
assay buffer, 18ul of sterile water. The mixtureswdsstributed into each
0.5ml tubes. 10ul of the DNA sample was then addedach vial. The
digestion tubes were spun again for a few secaomdsdmplete settlement.
The tubes were then kept at 37°C for 4 hours. Tigested product were
then loaded and run on 1.5% agarose gel contaetimdium bromide and

the fragments were visualised under UV transilluaton.
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4. RESULTS

4.1. STUDY OF THE PREVALENCE OF UTlIs

4.1.1. Study population

A total of 2400 midstream urine samples were preegsfrom
patients having clinically suspected Urinary Trdafections (UTIS)
attending various hospitals in pattukkottai areafrJanuary 2012 to June
2013. Out of the 2400 specimens, 650 (27.1%) walwire positive and
1750 (72.9%) specimens were negative (Table 3).

Table 3. Result of urine culture among study population @3).

Growth No. of patients Percentage (%)
and Sex
Growth 650 27.1
No growth 1750 72.9
Male 980 40.8
Female 1420 59.2

4.1.2. Distribution of uropathogens according to ag groups and
gender

The age and sex-wise distribution of male and fentients is
given in Table 4. Among them 980 (40.8%) were maled 1420 (59.2%)
were female patients (Table 3). Out of the 1420 @ascollected from
females 454 (69.8%) showed growth. Of the 980 malee samples 196
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(30.2%) grew uropathogens in culture. Among femabéddren of 0-10

years of age group had 15.5% Urinary tract infexsjdl1-20 years of age
group had 10%, 21-30 years of age group had ab®a8d 31-40 years of
age group had 10.8%. 41-50 years of age group bhadea7.7%. 51-60

years of age group had above 4.3%. 61-70 yearge@fgeoup had above
3.0%. Above 71 years of age group had above 2.3&ction (Table 4).

Male children of 0-10 years of age group had 9.2%20 years of age
group had 2.8%, Similar to females, males of ab?¥0 years of age
group showed approximately, more than 6.2% infectdi-40 years of age
group had 3.4%, 41-50 years of age group had ab®é, 51-60 years of
age group had 2.0%. 61-70 years of age group I28d.2Above 71 years
of age group had 1.8% infection (Table 4). Thersigmificant difference

of positive growth between female and male pati@pt£.05).

Table 4. Distribution of uropathogens according to age gsoapd sex.

Age groups in No of % No of %

years Females males

infected infected

0-10 (Children) 101 15.5 60 9.2
11-20 65 10.0 18 2.8
21-30 105 16.2 40 6.2
31-40 70 10.8 22 3.4
41-50 50 7.7 17 2.6
51-60 28 4.3 13 2.0
61-70 20 3.0 14 2.2
Above 71 15 2.3 12 1.8
Total 454 69.8 196 30.2
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4.2. ISOLATION AND IDENTIFICATION OF PATHOGENIC
BACTERIA FROM UTIs

4.2.1. Sources of isolated strains with percentage

Table 5 and Figure 5 showed that the sources ofsthlated strains
from 650 patients with different diseases of umnndract infections.
urinary tract infection (396) with the percentag® 6, urinary cystitis
(63) with the percentage 9.7 %, urethritis (51)hwtihe percentage 7.9%,
catheter (50) with the percentage 7.7%, pyelonaph(R8) with the
percentage 4.3%, suspected cancer (25) with theepimge 3.8%,
prostatitis (20) with the percentage 3.1%, stor® (&ith the percentage

1.5 % and ureteric stone (7) with the percentafj&ol.

Table 5. The sources of isolated strains from UTIs.

Clinical Diagnosis No of isolated Percentage %
uropathogens
Urinary tract 396 60.9
infection
Cystitis 63 9.7
Urethritis 51 7.9
Catheterisation 50 7.7
Pyelonephritis 28 4.3
Suspected cancer 25 3.8
Prostatitis 20 3.1
Stone 10 1.5
Ureteric Stone 7 11
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Figure 5. The sources of isolated strains from UTIs

4.2.2. Correlation between pyuria, Gram’s stain andculture in
UTls

Microscopy to detect pyuria: Among 650 samples showing
bacterial growth in culture, microscopy of wet mbuevealed 260 (40%)
samples with 0- 3 pus cells/HPF, 170 (26.2%) samp¥gh 4-6 pus
cells/HPF and 220 (33.8%) samples with >6 pus it¢HE. The details of
wet mount microscopy findings along with resultsGram’s staining are
given in Table 6 and Figure 7(g).

Gram’s staining and microscopy: Microscopy of 1750 Gram'’s
stained uncentrifuged urine samples did not show laacteria. These
samples also failed to grow any uropathogens itul Another 205
samples also were negative for bacteria bgrascopy, but grew
bacteria in culture. However, 445 samples were tpesiboth by
microscopy and culture. 125 (19.2%) culture posittamples showed >6
pus cells/HPF but no bacilli on Gram’s staining. @4.6%) of culture
positive samples showed both >6 pus cells/HPF aadlllibin Gram’s
staining. All the samples which showed bacilli ima@’s staining were
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culture positive. 50 (12:08%) culture positive péam showed 4-6 pus
cells / HPF, but no bacilli were observed upon Gsastaining. 30

(40-58%) culture positive samples had 0 — 3 pus ddPF and no bacilli
seen on Gram'’s staining (Table 6).

Table 6. Correlation between pyuria, Gram’s stain and caliarUTIs.

Gram’s Growth in Number of pus cells/HPF ot
staining culture 0-3/hpf 4-6/hpf >6/hpf
Nil 1558 140 52 1750
Negative
Present 30 50 125 205
Positive Present 230 120 95 445

Uropathogens on NA & SDA agar

Figure 6. Isolation of bacteria on Nutrient agar (a-g) asdlation of
Candida species on Sabouraud dextrose agar (h).
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Gram’s stained smear

Figure 7 shows Gram’s staining: &aphylococcus aureus, b. Staphylococcus
saprophyticus, c. E.coli, d. K. pneumoniae e and f.Candida albicans, g. Direct
microscopy- pus cells, RBC, Epithelial cells @bahdida species, h. Germ tube
test for identificatiorcandida albicans.
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4.2.3. Uropathogens identified on Chromagar mediaczording to
pigment reactions

The colony characteristics and colour of the défeérmicroorganisms
detected are described in TableE/.coli, Proteus spp. andEnterococci
grow on thismedium in typical differentiated colonie&cinetobacter spp.
were also easilydifferentiated and distinguished fromseudomonas
isolates. The similarity of colourgroduced byKlebsiella, Enterobacter
and Citrobacter spp. prevents differentiation amotigem, and additional
biochemical tests were done for final identificatiorhe results showed
that overnight incubation is optimal for the growtlesponse of
microorganisms on Chromagar medium. Longer incobabf up to 72
hours confirmed the results and deepened the cotohyurs (Table 7;
Figure 8).

Table 7. Urine isolates presumptively identified on Chromagaedia
according to pigment reactions.

Organisms Morphology and/or colour (18-48 hours
incubation)

E. coli Small, pink-purple

K. pneumoniae Mucoid, a metallic blue

Proteus spp. Pale brown

Pseudomonas Green

Enterobacter spp. Metallic blue

Citrobacter spp. Metallic blue

Acinetobacter spp. Nontransparent, cream, white

CoNS Colourless, small, undifferentiated

Enterococcus spp. Tiny blue, dry

S saprophyticus Small translucent; opaque

S aureus Small, colourless

Candida species Creamy, wet convex
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Uropathogens on Chromagar

Figure 8. Identificationof bacterial species on Chromagar media.

Figure 9. Identification of bacteria on MacConkey agar aihood agar.
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Table 8.ldentification of uropathogens by Gram’s stainiS§A and MA

agar.
Gram’s Sheeb Blood MacConkey
Organisms
9 staining Agar (SBA) Agar (MA)

E. coli GNB B-haemolysis LF, Pink, rough
K. GNB - LF, Pink,
pneumoniae mucoid
Proteus spp. GNB - NLF, Colorless.
Pseudomonas GNB, Pigment -

. NLF, Colorless.
spp. and fruit odour
Enterobacter GNB - -
spp.
Citrobacter GNB - -
spp.
Acinetobacter GNB, -

. . NLF

spp. diplobacilli

GPC in clusters No No growth to

CoNS haemolysis, slight growth

white pigment (pale pink).
GPC in clusters No
_ haemolysis,

Ssaprophyticus white pigment
GPC, Oval

Enterococcus .. . .

S cocci in pairs No haemolysis

PP and short chains
S aureus GPC in clusters B-haemolysis
Candida Gram positive budding yeast with no pseudohyphasamal
_ colony on SDA, capsule +ve in indian ink prepamtidrease
species

tve.
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4.2.4. Distribution of isolates among positive uria specimens

The distribution of isolates among positive urgpgecimens are

presented in the Table 10.

Table 10. Frequency of bacterial isolates from urine samfies 2400).

Data are reported as number of isolates and pagesbDf total.

Microorganisms Frequency Percentage
Escherichia coli 355 54.6%
K. pneumoniae 72 11.2%
Pseudomonas spp. 68 10.5%
Proteus spp. 44 6.8%
Enterobacter spp. 10 1.5%
Citrobacter spp. 4 0.6%
Acinetobacter spp. 2 0.3%
GNB Total 555 85.4%
CoNS 27 4.1%
Enterococcus spp. 24 3.7%
S. saprophyticus 15 2.3%
Saureus 7 1.1%
GPC Total 73 11.2%
Candida spp. 22 3.4%
Total 650 100%
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Out of total 2400 samples were collected, only 2v.af the cases
showed growth of bacteria and fungi. 650 uropathegeelonging to 12
different species were isolated (Table 10). Thetncosnmon isolates in
this study have been the Gram negative bacilli Wwidccounts for 85.4%
of the total positive isolates. In the Gram negatpacilli, the predominant
isolates from UTI were 355 strains &coli. The frequency of other
uropathogens in descending order were 72 strain&.opneumoniae
68 strains ofPseudomonas spp., 44 strains oProteus spp., 10 strains of
Enterobacter spp., 4 strains o€itrobacter spp., 2 strains ofcinetobacter
spp. In the Gram positive bacteria the main orgasiglentified were 27
strains of CoONS, 24 strains oEnterococcus spp., 15 strains of
Saphylococcus saprophyticus, 7 strains of S aureus and 22 numbers of
Candida spp. Thus,E. coli (54.6%) was the maximally isolated UTI
causing bacterium, followed bi. pneumoniae (11.2%) Pseudomonas
spp. (10.5%) Proteus spp. (6.8%) CoNS (4.1%) Enterococcus spp.
(3.7%), Saphyl ococcus saprophyticus (2.3%), Enterobacter spp. (1.5%,)S.
aureus (1.1%) Citrobacter spp. (0.6%)and Acinetobacter spp. (0.3%).
Table 10 shows the detailed frequency of all tbéatss identified.

4.3. ANTIBACTERIAL SUSCEPTIBILITY PATTERN OF
BACTERIAL ISOLATES FROM THE UTIs

4.3.1. Characterisation and susceptibility patterrof E.coli

In the Gram negative bacilli, the most predominaolate from
UTI were 355 strains d.coli (54.6%) included for this study.

Biochemical Tests: All Gram negative, raised, entire, circular,
motile, lactose, glucose fermenting, indole positimethyl red positive,
voges-proskauer negative, citrate negative andsargeegative bacilli
strains were identified asscherichia coli. While on MacConkey's agatr,
lactose fermenting (pink) colonies was detected.tn TSI testE.coli
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strains produced acids both in butt and slant alariy gas production
(Figure 6(b), 7(c), 8(b), 9(c) and 10(a); Tabl&&nd 9).

This experiment was carried out to study the susméfy of the
bacterial isolates collected from urine specimeowatd different 16
antibiotics. The percentages of susceptibilityEali isolates to the
antibiotics which are commonly used to tr&atoli infections are shown in
Table 11. The lowest percentage of susceptibilis wnanifested against
amoxicillin (8.2%) followed by ampicillin (11.3%)xephalexin (11.5%),
nalidixic acid (22.8%), cotrimoxazole (23.7%), wbas more
susceptibility was observed with imipenem (93.5%d amikacin (88.2%)
followed by nitrofurantoin (87%), tobramycin (76.9%ciprofloxacin
(69.0%), norfloxacin (67.6%), ofloxacin (64.5%), ng@micin (62.5%),
cefotaxime (58.0%), ceftazidime (54.7%) and ceftoiee (47.0%)
respectively (Figure 12, 13 and 14).

Three aminoglycoside antibiotics, amikacin (11.8%bhramycin
(23.1%) and gentamicin (37.5%) were moderatelystast to species of
pathogens used. Similarly, resistance patternshefheta-lactam group,
ampicillin (88.7%) and amoxicillin (91.8%) antibics were almost equally
resistant to the isolated.coli. Imipenem resistance patterns were 6.5 of
E.coli. Further, the cephalosporin antibiotics, ceftriaxon53%),
ceftazidime (45.3%) and cefotaxime (42.0%) were enatkly resistant and
cephalexin (88.5%) was highly resistant to spedggpathogens used.
Similarly, the fluoroquinolonegroup, ofloxacin (35.5%), norfloxacin
(32.4%) and ciprofloxacin (31%) were low resistamd nalidixic acid
(77.2%) were highly resistant to species of pathegesed. Among these
four antibiotics, nalidixic acid was recorded to ipere resistant to these
pathogens. Lastly, detailed antibiograms of twadtalone antibiotics,
cotrimoxazole and nitrofurantoin were recordedrditrantoin was found
very low resistance for 13% &.coli. The resistance percent values of the
cotrimoxazole were 76.3% (Figure 11).
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Antibiotic Sensitive | Moderately Total Total

No (%) Sensitive Sensitive Resistant

No (%) (%) No (%)

Amoxicillin 20 (5.6) 9 (2.6) 29 (8.2) 326 (91.8)
Ampicillin 30 (8.5) 10 (2.8) 40 (11.3) 315 (88.7)
Cefotaxime 190 (53.5) 16 (4.5) 206 (58.0 149 #2.0
Ceftazidime 188 (53.0) 6 (1.7) 194 (54.7 161 (35.3
Ceftriaxone 163 (45.9) 4(1.1) 164 (47.0 188 (53)
Cephalexin 39 (10.9) 2 (0.6) 41 (11.5) 314 (88.5
Ciprofloxacin 239 (67.3) 6 (1.7) 245 (69.0 110.81
Nalidixic acid 78 (22.0) 3(0.8) 81 (22.8) 274 Q).
Norfloxacin 237 (66.8) 3(0.8) 240 (67.6 115(32.4
Ofloxacin 227 (63.9) 2 (0.6) 229 (64.5 126 (35.5
Amikacin 297 (83.7) 16 (4.5) 313 (88.2 42 (11.8)
Gentamicin 212 (59.7) 10 (2.8) 222 (62.5 133 (B7.5
Tobramycin 269 (75.8) 4 (1.1) 271 (76.9 82 (23.1)
Imipenem 327 (92.1) 5(1.4) 332 (93.5 23 (6.5)
Nitrofurantoin 303 (85.3) 6 (1.7) 309 (87.0 48.Q)
Cotrimoxazole 81 (22.8) 3(0.9) 84 (23.7) 271 (76.3

Results are expressed as a percentage of BBBéi isolates susceptible,
moderately susceptible and resistant, respectif@gach antimicrobial

100
0V1E
80 1 |
70 1|
60 - |
50 |}
40 |
30 1|
20 1|
10 1 |

Percentage (%)

CT [HHHHHHHHHHH]

CL

P Z

Antibiotics

Figure 11.Antibiotic resistance oE. coli strains from patients with UTIs.
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Antibiotic susceptibility pattern of Uropathogens

Figure 12. Antibiotic susceptibility pattern of bacteria isted from UTIs.
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Antibiotic susceptibility pattern of Uropathogens

Figure 13. Antibiotic susceptibility pattern of bacteria isolated from 9Tl
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Antibiotic susceptibility pattern of Uropathogens

Figure 14. Antibiotic susceptibility pattern ofProteus spp. and MDRE.coli isolated
from UTls.
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4.3.2. Characterisation and  susceptibility pattern of

K. pneumonia.

Biochemical Tests: Gram negative, mucoid, non-motile, lactose,
glucose fermenting, voges-proskauer positive, @repesitive, citrate
positive and indole negative bacilli strains wedentified asKlebsiella
pneumoniae. While on MacConkey’s agar, lactose fermenting Kpin
mucoid colonies was detected. On the TSI t&$tpsiella pneumoniae
produced acids both in butt and slant along with g@duction (Table 7, 8
and 9; Figure 6(d), 7(d), 8(b, c) and 9(f).

The percentages of susceptibility Klebsiella pneumoniae to the
antibiotics which are commonly used to trE&dbsiella infections are
shown in Table 12. The lowest percentage of sudnkytwas manifested
against amoxicillin (11.1%) followed by ampicill{d6.7%), cotrimoxazole
(29.2%), cephalexin (30.6%) and nalidixic acid @#8), whereas more
susceptibility was observed with amikacin/imipen@.1%), followed by
gentamicin/tobramycin (80.6%), ofloxacin (79.2%profloxacin (76.4%),
norfloxacin (75%), cefotaxime (66.7%), ceftriaxof(@6.7%), ceftazidime

(54.2%) and nitrofurantoin (50%) respectively (Fgad2 and 13).

Three aminoglycoside antibiotics, amikacin (13.9%gand
gentamicin, tobramycin (19.4%) were moderatelystasit to species of
pathogens used. Similarly, resistance patternshefheta-lactam group,
ampicillin (83.3%) and amoxicillin (88.9) are dd¢al in Table 12. These
two antibiotics were almost equally resistant te ikolatedKlebsiella
pneumoniae. Imipenem resistance patterns were 13.9% Kibébsiella

pneumoniae.



Table 12. Antibiotic susceptibility pattern df. pneumoniae
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Antibiotic Sensitive Moderately Total Total
No (%) Sensitive Sensitive Resistant
No (%) (%) No (%)

Amoxicillin 6 (8.3) 2 (2.8) 8 (11.1) 64 (88.9)
Ampicillin 10 (13.9) 2 (2.8) 12 (16.7) 60 (83.3)
Cefotaxime 43 (59.7) 5 (7.0) 48 (66.7) 24 (33.3
Ceftazidime 35 (48.6) 4 (5.6) 39 (54.2) 33 (45.8
Ceftriaxone 48 (66.7) 0 48 (66.7) 24 (33.3)
Cephalexin 19 (26.4) 3(4.2 22 (30.6) 50 (69.4
Ciprofloxacin 55 (76.4) 0 55 (76.4) 17 (23.6)
Nalidixic acid 32 (49.4) 0 32 (49.4) 40 (50.6)
Norfloxacin 52 (72.2) 2 (2.8) 54 (75.0) 18 (25.0
Ofloxacin 56 (77.8) 1(1.4) 57 (79.2) 15 (20.8
Amikacin 62 (86.1) 0 62 (86.1) 10 (13.9)
Gentamicin 58 (80.6) 0 58 (80.6) 14 (19.4
Tobramycin 57 (79.2) 1(1.4) 58 (80.6) 14 (19.4
Imipenem 59 (81.9) 34.2 62 (86.1) 10 (13.9
Nitrofurantoin 34 (47.2) 2 (2.8) 36 (50.0) 36 (0.
Cotrimoxazole 20 (27.8) 1(1.4) 21 (29.2) 51 (70.8

Results are expressed as a percentage oK.7pneumoniae susceptible,
moderately susceptible and resistant, respectif@yeach antimicrobial.
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Figure 15. Antibiotic resistance oKlebsiella strains from patients with UTls.
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Further, resistance-percent values of UTI bacteriaephalosporin
antibiotics, Cefotaxime/ceftriaxone (33.3%), ceiiane (45.8%) were
moderately resistant and cephalexin (69.4%) waslyigsistant to species
of pathogens used. Similarly, resistance-percelutegaof UTI bacteria to
antibiotics of the fluoroquinolongroup, ofloxacin (20.8%), ciprofloxacin
(23.6%), norfloxacin (25%) were low resistant aradidixic acid (50.6%)
were moderately resistant to species of pathogeed.urhese antibiotics
were resistant taKlebsiella pneumoniae in the order: nalidixic acid,
norfloxacin, ofloxacin and ciprofloxacin. Among #e four antibiotics,
nalidixic acid was recorded to be more resistanthese pathogens. The
antibiograms of two stand-alone antibiotics, cotazole (50%) and

nitrofurantoin (70.8%) were recorded (Figure 15).

4.3.3. Characterisation and susceptibility patterrof Pseudomonas spp.

The rate of isolation oPseudomonas species from urine samples

was found to be 2.8% from 2400 samples.

Biochemical Tests: All isolates of Pseudomonas species were
Gram negative bacilli, actively motile and showfeliént colonies large
and small ones with irregular translucent edgesdamid center. All strains
were oxidase positive, produce acid by oxidation soigars not by
fermentation, produce gelatin liquefaction and fedrslime with surface
pellicles when grown in nutrient broth. Large, flaipaque, aerobic,
irregular colonies having grape-like smell, yellgneen pyocyannin
pigment producing colonies on common culture mediagdase positive
colonies which grow at 42 were identified a®seudomonas aeruginosa

(Figure 6(c), 8(d), 9(b) and 10(b); Table 7, 8 &hd
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Table 13.Antibiotic susceptibility pattern d?seudomonas spp.

Sensitive Moderately Total Total
Antibiotic No (%) Sensitive Sensitive Resistant
No (%) (%) No (%)
Amoxicillin 0 (0.0) 0 (0.0) 0 (0.0) 68 (100)
Ampicillin 0 (0.0) 0 (0.0) 0 (0.0) 68 (100)
Cefotaxime 46 (67.6) 4 (5.9) 50 (73.5) 18 (26.5
Ceftazidime 39 (57.4) 2(2.9) 41 (60.3) 27(39.7)
Ceftriaxone 24 (35.3) 2(2.9) 26 (38.2) 42 (61.8
Cephalexin 10 (14.7) 2(2.9) 12 (17.6) 56 (82.4
Ciprofloxacin 24 (35.3) 2 (2.9) 26 (38.2) 42 (61.8
Nalidixic acid 5(7.4) 0 (0.0) 5(7.4) 63 (92.6)
Norfloxacin 10 14.70 3(4.4) 13 (19.1) 55 (80.9
Ofloxacin 24 (35.3) 1(1.5) 25 (36.8) 43 (63.2
Amikacin 60 (88.2) 0 (0.0) 60 (88.2) 8 (11.8)
Gentamicin 46 (67.6) 1(1.5) 47 (69.1) 21 (30.9
Tobramycin 59 (86.8) 0 (0.0) 59 (86.8) 9 (13.2)
Imipenem 39 (57.3) 1(1.5) 40 (58.8) 28 (41.2
Nitrofurantoin 19 (27.9) 1(1.5) 20 (29.4) 48 @p.
Cotrimoxazole 0 (0.0) 0 (0.0) 0 (0.0) 68 (100)

Results are expressed as a percentage BséBlomonas isolates susceptible,
moderately susceptible and resistant, respectif@yeach antimicrobial.
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Figure 16: Antibiotic resistance oPseudomonas strains from patients with
UTls.
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This constitutes 10.5% (68) of theseudomonas species which
were highly sensitive towards amikacin (88.2%), rémhycin (86.8%),
cefotaxime (73.5%), gentamicin (69.1%), ceftazidin(@0.3%) and
imipenem (58.8%). However, they show a low sensyjtivate towards
ceftriaxone (38.2%), ciprofloxacin (38.2%), ofloxac (36.8%),
nitrofurantoin (29.4%), norfloxacin (19.1%), cepdah (17.6%), nalidixic
acid (7.4%), amoxicillin (0%), ampicillin (0%) ancbtrimoxazole (0%)

(Table 13 and Figure 16).

4.3.4. Characterisation and susceptibility patterrof Proteus spp.

Gram negative, swarming, fish odour colonies onwsuadchloride-
containing media, indole negative and urease pesistrains were
identified asProteus mirabilis. On the TSI testProteus strains produced
acids in both butt and slant along withSHgas (Figure 6(c), 8 (e), 9(g);
Table 7, 8 and 9).

Proteus isolates exhibited highest susceptibility agaiastikacin
100%, gentamicin 100%, tobramycin 90.9%, ciproflora 88.7%,
imipenem 88.6%, ceftriaxone 84.1%, cefotaxime 81.8%oxacin 79.5%
and norfloxacin 75%. Other agents showed lesst®atysio nalidixic acid
65.9%, ceftazidime 54.6%, nitrofurantoin 45.5%, amph 24%,
cephalexin 22.7%, amoxicillin 20.5% and cotrimoxXaz0.5% (Table 14,
Figure 14 and 17).
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Table 14.Antibiotic susceptibility pattern dProteus spp.

Antibiotic Sensitive Moderately Total Total

No (%) Sensitive Sensitive Resistant

No (%) (%) No (%)

Amoxicillin 4(9.1) 5(11.4) 9 (20.5) 35 (79.5)
Ampicillin 3(6.8) 6 (13.6) 9 (24.0) 35 (79.6)
Cefotaxime 36 (81.8) 0 (0.0) 36 (81.8) 8 (18.2)
Ceftazidime 23 (52.3) 1(2.3) 24 (54.6) 20 (45.4
Ceftriaxone 37 (84.1) 0 (0.0) 37 (84.1) 7 (15.9)
Cephalexin 8(18.2) 2(4.5) 10 (22.7) 34 (77.3
Ciprofloxacin 38 (86.4) 1(2.3) 39 (88.7) 5(11.3)
Nalidixic acid 28 (63.6) 1(2.3) 27 (65.9) 15 (3p.1
Norfloxacin 32 (72.7) 1(2.3) 33(75.0) 11 (25)
Ofloxacin 35 (79.5) 0 (0.0) 35 (79.5) 9 (20.5)
Amikacin 44 (100) 0 (0.0) 44 (100) 0 (0.0)
Gentamicin 43 (97.7) 1(2.3) 44 (100) 0 (0.0)
Tobramycin 39 (88.6) 1(2.3) 40 (90.9) 4(9.1)
Imipenem 39 (88.6) 0 (0.0) 39 (88.6) 5(11.4)
Nitrofurantoin 19 (43.2) 1(2.3) 20 (45.5) 24 (54.5
Cotrimoxazole 9 (20.5) 0 (0.0) 9 (20.5) 35 (79.5

Results are expressed as a percentage ofPrdieus isolates susceptible,
moderately susceptible and resistant, respectif@ygach antimicrobial
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Figure 17.Antibiotic resistance oProteus strains from patients with UTIs.
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4.3.5 Characterisation and susceptibility pattern ofEnterobacter spp.

The isolate from urine produced smooth yellow-cetbcolonies, 2-
3 mm in diameter on blood agar and moist, pink m@® on MacConkey's
agar after 2éours incubation at 37°C. Strains and colonies\ileae Gram
negative, motile, non-sporing, lactose fermentingple negative, methyl
red negative, voges-proskaeur positive and ciprasgtive were confirmed
to beEnterobacter spp. It fermented glucose, lactose and mannitdi e
production of acid and gas. The organism was itledtiasEnterobacter
(Table 7, 8 and 9)

All Enterobacter showed 100% sensitivity to amikacin, tobramycin
and imipenem, and highly sensitive to ciprofloxa@d®o, gentamicin 90%,
ceftriaxone 80%, ofloxacin 80%, cefotaxime 70%, floseacin 70%,
nalidixic acid 60%, ceftazidime 50%, cotrimoxaz&@%, whereas more
than 50% of these isolates were less sensitive ephalexin 40%,
nitrofurantoin 40%, amoxicillin 30% and ampicillit®% (Table 15; Figure
12 and18).

100
90 -
80 -
70 |
60 | 2
50 | =

Percentage (%)

30 | 5 = =
20 1 5 8 g
10 { = = g =
0 = T :-j T T T T T \E\ T T -:-:
N < X WL ¥ Z2 m s —
< Z 2 O <« W @)
O o e O
Antibiotics

Figure 18. Antibiotic resistance dEnterobacter strains from patients with UTIs.
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Table 15.Antibiotic susceptibility pattern dEnterobacter spp.

Antibiotic Sensitive | Moderately Total Total
No (%) Sensitive Sensitive | Resistant
No (%) (%) No (%)
Amoxicillin 2 (20) 1(10) 3 (30) 7 (70)
Ampicillin 1(10) 0(0.0) 3 (10) 9 (90)
Cefotaxime 7 (70) 0(0.0) 7 (70) 3 (30)
Ceftazidime 5 (50) 0(0.0) 5 (50) 5 (50)
Ceftriaxone 7 (70) 1(10) 8 (80) 2 (20)
Cephalexin 2 (20) 2 (20) 4 (40) 6 (60)
Ciprofloxacin 8 (80) 1(10) 9 (90) 1 (10)
Nalidixic acid 6 (60) 0(0.0) 6 (60) 4 (40)
Norfloxacin 7 (70) 0(0.0) 7 (70) 3 (30)
Ofloxacin 8 (80) 0(0.0) 8 (80) 2 (20)
Amikacin 10 (100) 0(0.0) 10 (100) 0(0.0)
Gentamicin 8 (80) 1(10) 9 (90) 1(10)
Tobramycin 10 (100) 0 (0.0) 10 (100) 0(0.0)
Imipenem 10 (100) 0 (0.0) 10 (100) 0(0.0)
Nitrofurantoin 4 (40) 0 (0.0) 4 (40) 6 (60)
Cotrimoxazole 4 (40) 1(10) 5 (50) 5 (50)

Results are expressed as a percentage dni@obacter isolates susceptible,
moderately susceptible and resistant, respectif@yeach antimicrobial.

Citrobacter spp. was identified by its colony characteristms
MacConkey's agar and results obtained from the hieimacal tests; it
produced light pink-coloured late-lactose—fermemt{hLF) colonies after
an 48 hours of incubation on MacConkey's agar;jqaatrly, it was found
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positive to catalase, MR, citrate and nitrate tesiBereas negative to
oxidase, indole, VP and urease tests. On the h8lpacterium produced
both acid and k& gas during growth (Table 7, 8 and 9).

Acinetobacter spp. was identified on colony characteristics on
nutrient agar and MacConkey agar and from resuitsived from adopted
biochemical procedures: it grew as colourless, smampaque, raised and
pinpoint colonies on Nutrient agar, but as colaslesmooth, opaque,
raised and non-lactose-fermenting (NLF) coloniesMatConkey's agar; it
was found positive to catalase, VP and citratesteshereas negative to
oxidase, indole, MR and nitrate tests (Table M@ 2).

4.3.6. Characterisation of Gram Positive Bacteria

Further, Gram- positive bacteria as medium to lasgeooth, entire,
slightly raised, creamy yellow, green/beta-haemolgblonies on blood
agar, found positive to catalase and coagulass veste confirmed to be
S aureus. Further, bile esculin producing colonies, negatoveatalase and
coagulase tests were takenEaserococcus spp., which produced grayish,
round, small colonies without any haemolytic zooaslood agar (Figure
6(a,f), 7(a,b), 8(c), 9(c) and 10(c); Table 7, & Qi

4.3.7. Antibiotic susceptibility pattern of CONS

Coagulase negativ&aphylococcus (CoNS) were showed high rate
susceptibility to ciprofloxacin 100%, amikacin 100%entamicin 100%,
tobramycin 100%, nitrofurantoin 100%, imipenem 96,3ceftriaxone
70.4%, ofloxacin 63%, norfloxacin 59.3%, cephalextib.6% and
amoxicillin (51.9%), but more than half CoNS showed less sensitivity
against cefotaxime 37%, ceftazidime 37%, cotrimoi@87%, ampicillin
14.8% and nalidixic acid 0% (Table 16). More tha&tbof Coagulase
Saphylococcus strains were resistant to the most of commonlyduse
antibiotics (Figure, 12 and 19).
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Table 16.Antibiotic susceptibility pattern of CoNS.

Antibiotic Sensitive Moderately Total Total

No (%) Sensitive Sensitive Resistant

No (%) (%) No (%)

Amoxicillin 14 (51.9) 0 (0.0) 14 (51.9) 13 (48.1)
Ampicillin 3(11.1) 1(3.7) 4 (14.8) 23 (85.2)
Cefotaxime 8 (29.6) 2(7.9) 10 (37.0) 17 (63.0
Ceftazidime 9(33.3) 1(3.7) 10 (37.0) 17 (63.0
Ceftriaxone 18 (66.7) 1(3.7) 19 (70.4) 8 (29.6)
Cephalexin 15 (55.6) 0 (0.0) 15 (55.6) 12 (44.4
Ciprofloxacin 27 (100) 0 (0.0) 27 (100) 0 (0.0)
Nalidixic acid 0 (0.0) 0 (0.0) 0 (0.0) 27 (100)
Norfloxacin 16 (59.3) 0 (0.0) 16 (59.3) 11 (40.7
Ofloxacin 15 (55.6) 2(7.4) 17 (63) 10 (37.0)
Amikacin 27 (100) 0 (0.0) 27 (100) 0 (0.0)
Gentamicin 27 (100) 0 (0.0) 27 (100) 0 (0.0)
Tobramycin 27 (100) 0 (0.0) 27 (100) 0 (0.0)
Imipenem 26 (96.3) 0 (0.0) 26 (96.3) 1(3.7)
Nitrofurantoin 27 (100) 0 (0.0) 27 (100) 0 (0.0)
Cotrimoxazole 9 (33.3) 1(3.7) 10 (37.0) 17 (63.0P

Results are expressed as a percentage of 27 Oebl8tes susceptible,
moderately susceptible and resistant, respectif@ygach antimicrobial
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Figure 19. Antibiotic resistance oCoNSstrains from patients with UTIs.



4.3.8. Antibiotic susceptibility pattern of Enterococcus spp.
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Enterococci were fully susceptible taeftriaxone 100%, amikacin

100%, gentamicin 100%, tobramycin 100%, followed tgfotaxime
83.3%, ciprofloxacin 83.3%, imipenem 83.3%, nitrafotoin 79.2%,

ofloxacin 75%,; but it was low sensitivity to amiflia 54.2%, cephalexin

54.2%,

norfloxacin 54.2%,

amoxicillin - 50%,

ceftamd 41.7%,

cotrimoxazole 41.7% and nalidixic acid 0% (Table Eigure 12 and 20).

Table 17.Antibiotic susceptibility pattern dEnterococcus spp

Antibiotic Sensitive Moderately Total Total

No (%) Sensitive Sensitive Resistant

No (%) (%) No (%)

Amoxicillin 11 (45.8) 1(4.2) 12 (50.0) 12 (50.0)
Ampicillin 13 (54.2) 0 (0.0) 13 (54.2) 11 (45.8)
Cefotaxime 20 (83.3) 0 (0.0) 20 (83.3) 4 (16.7)
Ceftazidime 10 (41.7) 0 (0.0) 10 (41.7) 14 (58.3
Ceftriaxone 24 (100) 0 (0.0) 24 (100) 0 (0.0)
Cephalexin 13 (54.2) 0 (0.0) 13 (54.2) 11 (45.8
Ciprofloxacin 20 (83.3) 0 (0.0) 20 (83.3) 4 (16.7)
Nalidixic acid 0 (0.0) 0 (0.0) 0 (0.0) 24 (100)
Norfloxacin 13 (54.2) 0 (0.0) 13 (54.2) 11 (45.8
Ofloxacin 17 (70.8) 1(4.2) 18 (75.0) 6 (25.0)
Amikacin 24 (100) 0 (0.0) 24 (100) 0 (0.0)
Gentamicin 24 (100) 0 (0.0) 24 (100) 0 (0.0)
Tobramycin 24 (100) 0 (0.0) 24 (100) 0(0.0)
Imipenem 20 (83.3) 0 (0.0) 20 (83.3) 4(16.7)
Nitrofurantoin 19 (79.2) 0 (0.0) 19 (79.2) 5(20.8
Cotrimoxazole 10 (41.7) 0 (0.0) 10 (41.7) 14 (58.3)

Results are expressed as a percentage d&ng#ococcus isolates susceptible,

moderately susceptible and resistant, respectif@ygach antimicrobial
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Figure 20.Antibiotic resistance oEnterococcus strains from patients with UTIs.

4 3.9. Antibiotic susceptibility pattern of Staphylococcus saprophyticus

Saphylococcus saprophyticus was 100% sensitive to amikacin,
gentamicin, tobramycin, imipenem, while it was hegh sensitive to
ofloxacin 89.7%, ciprofloxacin 86.7%, norfloxacin 0%,
nitrofurantoin 73.4%, cotrimoxazole 53.3%, ceftand 46.7%,
cefotaxime 40%, ceftriaxone 40% and cephalexin @6 .Staphylococcus
aureus was 100 % resistant to three antibiotics amoxicithmpicillin and
nalidixic acid (Table 18; Figure 13 and 21).
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Figure 21.Antibiotic resistance o&.saprophyticus from patients with UTIs.
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Table 18.Antibiotic susceptibility pattern ditaphylococcus saprophyticus.

Antibiotic Sensitive Moderately Total Total

No (%) Sensitive Sensitive Resistant

No (%) (%) No (%)

Amoxicillin 0 (0.0) 0 (0.0) 0 (0.0) 15 (100)
Ampicillin 0 (0.0) 0 (0.0) 0 (0.0) 15 (100)
Cefotaxime 6 (40.0) 0 (0.0) 6 (40.0) 9 (60.0)
Ceftazidime 7 (46.7) 0 (0.0) 7 (46.7) 8 (53.3)
Ceftriaxone 6 (40.0) 0 (0.0) 6 (40.0) 9 (60.0)
Cephalexin 3 (20.0) 1(6.7) 4 (26.7) 11 (73.3)
Ciprofloxacin 13 (86.7) 0 (0.0) 13 (86.7) 2 (13.3)
Nalidixic acid 0 (0.0) 0 (0.0) 0 (0.0) 15 (100)
Norfloxacin 12 (80.0) 0 (0.0) 12 (80.0) 3 (20.0)
Ofloxacin 13 (86.7) 0 (0.0) 13 (89.7) 2 (13.3)
Amikacin 15 (100) 0 (0.0) 15 (100) 0 (0.0)
Gentamicin 15 (100) 0 (0.0) 15 (100) 0 (0.0)
Tobramycin 15 (100) 0 (0.0) 15 (100) 0 (0.0)
Imipenem 15 (100) 0 (0.0) 15 (100) 0(0.0)
Nitrofurantoin 10 (66.7) 1(6.7) 11 (73.4) 4 (26.6
Cotrimoxazole 8 (53.3) 0 (0.0) 8 (53.3) 7 (46.7)

Results are expressed as a percentage 8fsaprophyticus isolates susceptible,

moderately susceptible and resistant, respectif@yeach antimicrobial.

4.3.10. Antibiotic susceptibility pattern of Staphylococcus aureus

Saphylococcus aureus were fully susceptible to ceftriaxone,
ciprofloxacin, ofloxacin, amikacin, gentamicin, tamycin, imipenem and
nitrofurantoin, followed by cefotaxime 85.7%, cefghan (85.7%),
norfloxacin 85.7%, ceftazidime 71.4%, cotrimoxaz@k4%, amoxicillin
57.1%, while it were showed less sensitivity agaiampicillin 42.9% and
nalidixic acid 28.6% (Table 19; Figure 12 and 13).
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Table 19.Antibiotic susceptibility pattern ditaphylococcus aureus.

Antibiotic Sensitive Moderately Total Total

No (%) Sensitive Sensitive Resistant

No (%) (%) No (%)

Amoxicillin 4 (57.1) 0 (0.0) 4 (57.1) 3(42.9)
Ampicillin 3(42.9) 0 (0.0) 3(42.9) 4 (57.1)
Cefotaxime 5 (71.4) 1(14.3) 6 (85.7) 1(14.3)
Ceftazidime 5((71.4 0 (0.0) 5(71.4) 2 (28.6)
Ceftriaxone 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Cephalexin 6 (85.7) 0 (0.0) 6 (85.7) 1(14.3)
Ciprofloxacin 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Nalidixic acid 2 (28.6) 0 (0.0) 2 (28.6) 5 (71.4)
Norfloxacin 6 (85.7) 0 (0.0) 6 (85.7) 1(14.3)
Ofloxacin 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Amikacin 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Gentamicin 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Tobramycin 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Imipenem 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Nitrofurantoin 7 (100) 0 (0.0) 7 (100) 0 (0.0)
Cotrimoxazole 4 (57.1) 1(14.3) 5(71.4) 2 (28.6)

Results are expressed as a percentage @aureus isolates susceptible,

moderately susceptible and resistant, respectif@ygach antimicrobial.
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Figure 22. Antibiotic resistance o%. aureus from patients with UTIs.
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4.3.11. Antibiotic resistance patterns of all Bact&al isolates from UTIs

All the bacterial isolates from urinary tract infien patients were
highly susceptible to amikacin 90.4%, imipenem 88.6tobramycin
82.5%, gentamicin/nitrofurantoin 72.8%, ciproflonac/0.9%, ofloxacin
65.8%, norfloxacin 63.3%, cefotaxime 62.5%, cekoie 55%,
ceftazidime 53.7%, nalidixic acid 24.9%, cotrimoakz24.4%, cephalexin
20.4%, ampicillin 13.2%, and amoxicillin 12.7%. Hidgevel of resistance
was seen to ampicilin, amoxicillin, cephalexin araidixic acid. Most of
the isolates were sensitive to amikacin, imipen@tmamycin, gentamicin,
nitrofurantoin, ciprofloxacin and ofloxacin. Amikacwas found to be very
effective against all the isolat€3.able 20 and Figure 23).
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Figure 23. Antibiotic resistant of all bacterial strains isigld from UTIs.
4.3.12. Aminoglycoside resistance in bacterial isgiks from UTIs

Three aminoglycoside antibiotics (pg/disc), amikagyentamicin
and tobramycin were moderately resistant to alkds&r used, in ranges,
11.8% to 37.5% of 355 strains Bf coli, 13.9% to 19.4% of 72 strains of
K. pneumoniae 11.8% to 30.9% of 68 strains Bseudomonas spp. 0% to
9.1% of 44 strains dProteus spp. 0% to 1% of 10 strains Bhterobacter
spp. 0% of 27 strains of CONS 0% of 24 strain&mterococcus spp. 0%
of 15 strains ofSsaprophyticus and 0% of seven strains & aureus.
Among these three antibiotics, gentamicin was @brto be more
resistant to these pathogens (Table 20).
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4.3.13. Beta-lactam group of antibiotics resistance bacterial isolates
from UTls

The percentages of resistance patterns of both Geayative bacilli
and Gram positive cocci with two antibiotics of theta-lactam group
(ampicillin, amoxicillin) are detailed (Table 2@¥sistance patterns were in
ranges: 88.7% to 91.8% of 355 strainsEofcoli, 83.3% to 88.9% of 72
strains ofK. pneumoniae 100% of 68 strains dPseudomonas spp. 79.5%
of 4 strains oProteus spp. 70% to 90% of 10 strains Biterobacter spp.
48.1% to 85.2% of 27 strains of CONS 45.8% to 560P@24 strains of
Enterococcus spp. 100% of 15 strains @saprophyticus and 42.9% to
57.1% of 7 strains o& aureus. All these two antibiotics were almost
equally resistant to the isolated UTI bacteria.

Imipenem is an intravenoiislactam antibiotic Imipenem belongs
to the subgroup of carbapenems. The percentagessistance patterns of
both Gram positive and Gram negative bacteria Wdse antibiotics are
detailed (Table 20); resistance patterns werenges: 6.5% of 355 strains
of E. coli, 13.9% of 72 strains oKlesiella spp. 41.2% of 68 strains of
Pseudomonas spp. 11.4% of 4 strains &froteus spp. 3.7% of 27 strains of
CoNS 16.7% of 24 strains dEnterococcus spp. 0% of 10 strains of
Enterobacter spp. 15 strains d. saprophyticus and 7 strains db. aureus.

Further, resistance-percent values of UTI bacteriaephalosporin
antibiotics (Cefotaxime, ceftazidime, ceftriaxormedacephalexin) were in
ranges, 42% to 88.5% of 355 strains E€oli, 33.3% to 69.4% of 72
strains ofK. pneumoniae 26.5% to 82.4% of strains @fseudomonas spp.
15.9% to 77.3% of 4 strains &foteus spp. 20% to 60% of 10 strains of
Enterobacter spp. 29.6% to 63% of 27 strains of CONS 16.7%83% of
24 strains ofEnterococcus spp. 53.3% to 73.3% of 15 strains 8&f
saprophyticus 4.3% to 28.6% of 7 strains @& aureus. All these four
antibiotics were moderately resistant to the isaldTI pathogens. These
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antibiotics were resistant to UTI pathogens in threler: cephalexin
>ceftazidime>cefotaxime>ceftriaxone (Table .20)

4.3.14. Fluoroquinolone resistance in bacterial isolats from UTIs

Similarly, resistance-percent values of UTI baei¢o antibiotics of
the fluoroquinolonegroup (ciprofloxacin, nalidixic acid, norfloxacima
ofloxacin) were in ranges; 31% to 77.2%of 355 sgafE. coli, 20.8% to
55.6% of 72 strains ofK. pneumoniae 61.8% of 92.6 strains of
Pseudomonas spp. 11.4% to 34.1 of 4 strains Bfoteus spp. 10% to 40%
of 10 strains ofEnterobacter spp. 0% to 100% of 27 strains of CoNS
16.7% to 100% of 24 strains @&hterococcus spp. 13.3% to 100% of 15
strains ofS.saprophyticus and 0% to 71.4% of 7 strains &faureus (Table
20). These antibiotics were resistant to UTIl paémsgin the order:
nalidixic acid> norfloxacin>ofloxacin>ciprofloxacinAmong these four
antibiotics, nalidixic acid was recorded to be maoesistant to these
pathogens.

4.3.15. Two stand-alone antibiotics resistance imateria from UTIs

The detailed antibiograms of two stand-alone aotids,
cotrimoxazole and nitrofurantoin were recordedrdditrantoin was found
resistance for 13% of 355 strains &f coli, 50% of 72 strains of
K. pneumoniae 70.6% of 68 strains oPseudomonas spp. 54.5% of 4
strains ofProteus spp. 60% of 10 strains dnterobacter spp. 0% of 27
strains of CoNS 20.8% of 24 strains Bfiterococcus spp. 26.6% of 15
strains ofSsaprophyticus and 0% of 7 strains db. aureus. Surprisingly,
resistance-percent values of UTI bacteria to astitbof the cotrimoxazole
were 76.3% of 355 strains oE. coli, 70.8% of 72 strains of
K. pneumoniae, 100% of 68 strains d?. aeruginosa. 79.5% of 4 strains of
Proteus spp. 50% of 10 strains &nterobacter spp. 63% of 27 strains of
CoNS 58.3% of 24 strains &nterococcus spp. 46.7% of 15 strains db
saprophyticus and 28.6% of 7 strains & aureus (Table 20)
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4.4. ISOLATION AND CHARACTERISATION OF THE
PATHOGENIC CANDIDA SPECIES

Candida species were isolated from twenty two numbers diepts
The species were identified according to morpholagg color of colonies
on CHROMagarCandida. The color of colonies on CHROMag@andida
was similar as given by the manufacturer, i.e. mgremlonies of
C.albicans, steel blue colonies d@.tropicalis accompanied by purple
pigmentation which diffuses into surrounding aggrgoowth, and large,
fuzzy, rose colored colonies with white edges ©krusei, the smooth
white to light pink colonies of jlabrata which later became pink (Table
21). The prevalence candiduria in critically iktgents in the study was
3.4%. Out of the total 22 strains isolated, 4(18.2%d 18(81.8%¢andida
strains were isolated from male and female patier@spectively.
C. albicans (45.5%)was the highest occurring pathogens isolated, it
by C. glabrata (22.7%), C. tropicalis (18.2%), andC. krusel (13.6%)
(Table 21 and 22; Figure 24).

Table 21. Characteristics ofCandida species on Chromagatandida

media.

Species Colony characteristics on CHROMagar Total

Candida number. of
isolates

C. albicans Apple green colonies; consistent 10 (45.5%)

C. glabrata White large glossy pale pink to violet| 5 (22.7%)
colonies

C. tropicalis Dull blue, to purple color that diffused into| 4 (18.2%)
surrounding agar with pale pink edges

C. krusei Large, flat, spreading, pale pink colonies 3 (13.6%)
with matt surfaces
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Table 22.Distribution of isolatedCandida species (n=22).

Species No. qf Male Female
organisms

C. albicans 10 (45.5%) 2 8

C. glabrata 5 (22.7%) 1 4

C. tropicalis 4 (18.2%) 0 4

C. krusei 3 (13.6%) 1 2

Total 22 (100%) 4 (18.2%) 18 (81.8%)

Figure 24.Characteristics ofandida species on Chromag@andida media.
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Table 23. Identification of isolatedCandida species by Direct wet mount and

Germ tube methods.

Sl. Samples Sex of D'rfgfjmet Chromaaar Germ
No. No patient L 9 tube
examination
1 210 Female veast like C. tropicalis Not
structure formed
2 314 Female Yeast like C. albicans Formed
structure
3 349 Female Yeast like C. albicans Formed
structure
4 620 Female Yeast like C. albicans Formed
structure
5 624 Female Yeast like C. albicans Formed
structure
6 675 Female Yeast like C. albicans Formed
structure
7 728 Female Yeast like C. albicans Formed
structure
8 734 Female Yeast like C. krusai Not
structure formed
9 788 Female Yeast like C. kruse Not
structure formed
10 842 Female Yeast like C. albicans Formed
structure
11 951 Female Yeast like C. albicans Formed
structure
12 954 Female Yeast like C. krusai Not
structure formed
13 1266 Male Yeast like C. albicans Formed
structure
14 1288 Male veast like C. glabrata -
structure
15 1290 Male veast like C. tropicalis Not
structure formed
16 1350 Female veast like C. glabrata -
structure
1 1401 Female veast like C. glabrata -
structure
18 1602 Female veast like C. glabrata -
structure
19 1655 Female veast like C. tropicalis Not
structure formed
20 1656 Female veast like C. glabrata -
structure
21 1806 Male Yeast like C. albicans Formed
structure
22 1995 Female veast like C. tropicalis Not
structure formed
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4.5. ANTIFUNGAL S USCEPTIBILITY PATTERN OF CANDIDA
SPECIES CAUSING UTls

The antifungal sensitivity tests carried out usiogmmercially
available antifungal disc that 10 (100%) strains f albicans were
sensitive to amphotericin B and itraconazole, whil€70%) strains of
C. albicans were resistant to fluconazole and 2 (20) to Ketezoie. Of
the C. glabrata strains, all (100%) strains were sensitive to tirexzole, 4
(80%) were sensitive to amphotericin B and itracoh® whereas 3 strains
(60%) were resistant to Ketoconazole. Among theropicalis strains,
four (100%) were found sensitive to amphotericinaBd Itraconazole.
While all four strains (100%) were found resistintonazole and 2 stains
resistant (20%) to Ketoconazol€. krusei, 3 (100%) strains were found
sensitive to amphotericin B and 100 % resistantFtaconazole and
Ketoconazole, followed by 1 (33.3%) to Itraconazahtifungal agents.
Amphotericin B and itraconazol2l (95.5%)was found to be the most

effective antifungal agent (Table 24; Figure 25 a6y
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Figure 25. Antifungal susceptibility pattern d@andida species.
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Figure 26. Antifungal susceptibility ofCandida species isolated from candiduria
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4.6. PLASMID ANALYSIS-MOLECULAR CHARACTERISATION OF
ESBL PRODUCING E.COLI

4.61. ESBL PositiveE.coli

Totally 100 MDRE. coli isolate were isolated from different source
of urine specimens. Ten isolates were confirmeditpe for ESBL
production. Third generation cephalosporins show&do to 45%
resistance. For these isolates gentamicin showe@%2 resistance,
whereas amphicillin and amoxicillin showed 86% t@%8 resistance.
Imipenem and amikacin depicted 88.6% and 90.4%itsensespectively.
Using the DDST method, ESBL was confirmed in 10dates (10%) of
which two from cystitis samples (20%), four frometgnephritis samples

(40%) and the rest were normal urine samples (40%).

Figure 27.Double disc synergy test.(Augmentin Disc (20 g moaicillin
+ 10 g of clavulanic acid) with 30 g of cefotaxime
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4.6.2. PCR and RFLP analysis

Confirmed ESBL samples were checked for the preseicTEM
gene by PCR amplification and it was found to bsitpe. PCR products
of molecular size 717 bps showed that it was TEMegand it resulted in
10% of isolates containdalargy genes (Figur@6). The results showed
that 10% of isolates were positive for ESBL both jplyenotypic and
genotypic methods. Further Restriction fragmentgienpolymorphism
(RFLP) was carried out for genomic DNA wita | restriction enzyme to
check for the polymorphism (Figurz6). RFLP analysis showed eight
different banding patterns for the ten samples amehich four samples
showed identical banding pattern and other two $ssnplso had the
similar banding pattern, indicating two differerdusce of origin. Other
samples had different patterns indicating that tleg not from same
samples. Thus ten samples showed eight different bandiatterns

concludes that the samples are not from same origin
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5. DISCUSSION

This study shows the distribution of microbial spscisolated from
patients with UTI at a Gangasaras diagnostic laboyacenter in
Pattukkottai, Tamilnadu, India, and their susceiyb pattern to
antimicrobial agents. Furthermore, in this invedtign described the

relationship between sex, age and isolated baktsayents of UTI.

Out of the 2400 processed samples, six fifty (27.b%estream urine
samples yielded significant microbial growth. Oheusand fifty (72.9%)
samples recorded no bacterial and fungal growter &4 and 48 hours
incubation at 37°C respectively. The reason fa& thay be due to the fact
that subjects (from whom negative samples wereiddy, may have been
on antibiotic therapy before reporting to the htapand laboratory. The
antibiotics may have inhibited bacterial growth @kfua and Okonofua,
1989; Parveerst al., 2011; Sharmaet al., 2013). The use of midstream
urine was aimed at reducing and eliminating th&ierfce of normal flora

and other contaminants on expected results.

Almost all samples showed pus cells. Thereforeseamee of pus cells
may not be a reliable indicator of UTI. In thisdyuthe samples showing
bacteria in Gram’s stained smear also grew badtealture in significant
numbers (1® CFU/ml). However, 31.5% of the samples negative fo
bacteria in Grams stained smears, also showed lgrinmtultures. In a
few of the studies microscopic bacteriuria watedted in Gram’s
stained, uncentrifuged urine in over 90% of UTIswgolony counts of T0
CFU/ml or more (Jenkinet al., 1986).

In the present study, UTI prevalence rate of 27vi& obtained. This

was consistent with the reports of similar UTI s&sdby other workers
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(Ebieet al., 2001; Oladeindet al., 2011) who recorded 35.3% and 39.7%
respectively. Other similar studies recorded miaster prevalence rates
of 26.7% and 22.3% (Omonigted al., 2001). It was on record that much
higher prevalence rates have been reported by sohers (Jellhedeat
al., 1996; Onifadeet al., 2005; Obiogbolet al., 2009; Shirishkumaet al.,
2012) stating prevalence rates of 46.5%, 54.099%866.0% and 71.6%

respectively.

In the present study found that girls in the 0-#@rg of age group had
15.5% UTI. Generally UTls are infrequent amonggyiaiged 2-10 years,
but some experience multiple repeated episodesa@irrent cystitis or
pyelonephritis (Koffet al., 1998). The present finding on UTIs among girls
of 0-10 years was quite high (24.7%). The preseoicdacteriuria in
childhood defines a population at higher risk fbe tdevelopment of
bacteriuria in adulthood (Sobel and Kaye, 2005).

In this study, age group of 20-30 years had gdt Ipigevalence of UTI,
a total of 22.4% of patients were found to havenificant bacteriuria. In
the present study female of childbearing age gf@0p40 years) had 27%
growth positive cases. This result suggests thatadly active and women
of childbearing age were more susceptible to UTévi®us study done by
Rajbhandari and Shrestha (2002); Sharma and PauR)also found the
similar results. The increased risk of UTIs in saiuactive women has
been attributed to mechanical effect of introducimgpathogens into the
bladder (Schneider and Riley, 1996; Hooton, 2000).the present
investigation, this fact was supported where thie o growth positivity
was found to be 69.8% (454/650) in females and %@0(296/650) in
males. This higher growth positivity seen in fersalgas found to be
statistically significant (p<0.05) and is attribdtdo their anatomical
structure (short urethra and proximity to analiogf leading to easy access

for coliform bacilli. This result confirms and exp#s the previous findings
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(Stromet al., 1987; Abu Shagra, 2000; Rajbhandari and Shresth@2;2
Khadri and Alzohairy, 2009).

The overall incidence of UTI observed among maledhie present
study was 30.2%. Observed data in this study dlswed a high rate of
UTI in male children of 0-10 years of age (9.2%xn@rally infections
were reported to be rare in boys except in assoniavith anatomic or
functional abnormalities in the first year of lifgoff et al., 1998). In the

present work, most of these boys were being inyattd for febrile illness.

Generally low prevalence of UTI was observed amarayp. This was
attributed to greater distance between the anus umathra, the drier
environment surrounding the urethral meatus, tleatgr length of male
urethra and thengibiotic activity of the prostatic fluid (Lipsky, 1989). UT
may be present even in the absence of these fattotise present study,
observed that more than 70% infection was seen gmun of below 40
years of age. Among males, highest growth posti{®6%) was found
among age group of 30-40 years. The similar stumhedy Jha and Bapat
(2005) also showed that the highest percentagefeéted male was found
in age group 31-40 years.

Results obtained in this study also showed thatrGnagative bacilli
constituted 85.4%% (of which Enterobacteriaceaeemaal 74.6%) while
Gram positive cocci which constituted 11.2% of whibe most prevalent
and second most prevalent bacterial agents of bThe study area were
Escherichia coli (54.6%) andK. pneumoniae (11.2%) respectively. This
was similar to the report of Olurerst al. (2011) which stated 85.0% of
Gram negative bacilli (made of 66.7% Enterobactea&) and 15.0%
Gram positive cocci of whickscherichia coli andK. pneumoniae were the
most and second most occurring bacterial agenpecésely. The present
report also agrees with reports of other studiesii€berg, 1980; Orret
and Shurland, 1998; Daz al., 2001; Dimitrovet al., 2004; Inabo and
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Obanibi, 2006; Abubakar, 2009; Omigie, 2009; Nwadiet al., 2010;
Manikandan and Amsath, 2013) but differs from tbparts of Ehinmidu
(2003) and Aboderinet al. (2009) which recordedPseudomonas

aeruginosa andK. pneumoniae respectively as the predominant bacteria.

The high occurrence of Enterobacteriaceae in tloskw74.6%) and
some of the isolated pathogens show that a higtep&ge of urinary tract
infection may be due to faecal contamination agisiom poor hygiene.
This is so because, these organisms occur in theepen of the large
intestine as commensals (Anyamesteal., 2002; Mooreet al., 2002;
Behzadiet al., 2008). Also, commensals of the intestine are nmorelved
in UTIs because of the anatomy proximity to the igeminary area
(Obiogbolu, 2004).

In this studyE. coli was the predominant uropathogen (38.9%) causing
UTI. This was comparable to a retrospective studgedat Bombay by
Sonavaneet al. (2008)in which E. coli was isolated from 41.31% of UTI
cases. The pattern of isolation of organism in $higly was similar to the
results from various regions of India (Tankhiwelal., 2004; Kothari and
Sagar, 2008; Tanegt al., 2010; Agarwalet al., 2012; Patekt al., 2012;
Gautam et al., 2013) and other countries (Mordi and Erah, 2006,
Obiogboluet al., 2009; Aminet al., 2011; Oladeindet al., 2011; Oluremi
et al., 2011; Yakubuet al., 2012; Ghazet al., 2013), which indicate that

Escherichia coli is the commonest pathogen isolated in patients Witls.

The second major uropathogen isolated in the ptestrdy was
K. pneumoniae (11.2%), which was similar to the result of 14%n(N and
Batchoun, 2010) and 14.9% (Humayun and Igbal, 20t2)majority of
other Indian studies showed (Sonavahel., 2008; Tanejeet al., 2010;
Manikandan and Amsath 201¥). pneumoniae was the second major

uropathogens.
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The occurrence dPseudomonas aeruginosa (10.5%) in this study was
not in agreement the much higher incidence ratasded by other authors
in similar UTI investigations (Shigemura al., 2005; Tambekaget al.,
2006; Kolawole, 2009; Omigiet al., 2009; Oluremiet al., 2011). The
incidence ofPseudomonas aeruginosa 10.5%, which was almost similar to
9.8% (Deshpandet al., 2011). Pseudomonas spp.was an opportunistic
pathogen causing infections mainly in debilitatednomunocompromised
patients. Hospital acquired UTIs are common duédsudomonas spp.
(Tambekat al., 2006; Forbest al., 2007).

Proteus species (6.8%), which was higher than 5.5% (Bataal.,
2012) and 4.2% (Ahmae al., 2011). Enterobacter species 1.5%, which
was lower than 5.5% (Kothari and Sagar, 20@8.obacter species 0.6%,
which was lower than 4.5% and 5% (Inyaetaal., 2011). Acinetobacter
species 0.3%, which is very lower than 4.2% (Humaguad Igbal, 2012).
Saphylococcus aureus 1.1 % andenterococcus faecalis 3.7% were almost
similar finding (2.9%) reported by Jureg al. (2011). In this study also
similar to Akortha and Ibadin (2008) and Mansetal. (2009). A large
number of microorganisms were isolated from fengagents, especially
E.coli. The frequency of UTI is greater in women as comgao men.
This might be owing to anatomic and physical fastPhiyegoroet al.,
2007).

In the present study, Chromagar was also useddemtification of
uropathogens. Six hundred fifty numbers of uropgéms were tested by
inoculation on Chromagar media. In agreement witheio studies on
chromogenic media, the data proved Chromagar asxeellent medium

for the isolation of uropathogens (Leela retral., 2012).

Isolation of pathogens from any diseased human |=iy alone
may be of no use without a corresponding presornpwf appropriate

antibiotic therapy. Besides, the need for constambnitoring of
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susceptibility of specific pathogens in differerdpplations to commonly
used antimicrobial agents has been suggested fSumaret al., 2012).

For this purpose, antibiotic sensitivity test wame on all isolates by the
disc diffusion technique using a commercially aafaié disc. The
antibiotics disc used were amoxicillin, ampicillcefotaxime, ceftazidime,
ceftriaxone, cephalexin, ciprofloxacin, nalidixicciéd norfloxacin,

ofloxacin, amikacin, gentamicin, tobramycin, imigem, nitrofurantoin and

cotrimoxazole.

In the present study.coli were the predominant uropathogens
being responsible for 54.6% of community acquiretldJin these area,
and no change in its prevalence among all commumitguired
uropathogens were observed over the 18 months §tedyd. Antibiotic
resistance was a major clinical problem in treatimigctions caused by
these microorganisms. In the study, the highestgueage of resistance
was noted against amoxicillin (91.8%) followed by@cillin (88.7%),
cephalexin (88.5%), nalidixic acid (77.2%), cotrixaaole (76.3%). The
resistance to amoxycillin varies from place to plag@hile Kausaet al.
(2009 from Hubli reported 91.5% resistance, Tanejal. (2010) from
Chandigarh observed 32.7% resistance. This wasgusy reported in
other hospital as well as in other institutionstie various countries
(Akujobi, 2005; Daouckt al., 2006). Previously reported studies showed
60% of cotrimoxazole resistance and more recerfifp Zrom Pakisthan
Medical University (Khan and Ahmed, 2001). In thregent studyE.coli
showed 31% and 32.4% resistance to ciprofloxacid aorfloxacin
respectively. In this finding was at par with thbservation made by
Kausaret al. (2009) from Hubli (83% and 85% respectively), andch
higher to the report of Arjunaet al. (2010) from Tirunelvelli (22.3%).

Third generation cephalosporins were the other coniynused

antibiotics in the treatment of UTI. In the presstidyE, coli exhibited
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42% resistance to cefotaxime and 53% resistancecdfirioxone.
Cefotaxime resistance was similar to reports by deawt al. (2009
(59.5%) and ceftrioxone resistance was betweellindengs of Biswaset
al. (2003) (22.6%) and Sonavaret al. (2008) (74.9%). Therefore, it
appears that cephalosporins were still useful entteatment of UTIs due

to E. coli in this area.

E. coli showed a low resistance to nitrofurantoin (13%)tlhe
present study. This is similar to the reports oligaxret al. (2008) (15%)
and Biswast al. (2003) (9.3%). The reason for low resistance mathbe
nitrofurantoin was less frequently prescribed bseanf the requirement of
sixth hourly dosage and gastrointestinal disturbandollowing oral
administration. Nitrofurontoin resistance in we#s countries was as
low as 0.4 % in the USA (Karlowsky al., 2002) to 5.7% in the Spain
(Garciaet al., 2007).

The resistance exhibited Iycoli to aminoglycosides varies. In this
study, observed 37.5% resistance to gentamicin1dn8% resistance to
amikacin. Various other studies reported 5% stasce in non ESBL
producing E.coli (Maheshet al., 2008) to 72.6% resistance in ESBL
producingE. coli to gentamicin and 5% to 36.6% (Sonavahal., 2008)
to amikacin. Gentamicin and tobramicin resistanas &lso increased as
compared to other studies (Faroogi al., 2000), but amikacin has
remained sensitive so far. Moreover, the resuthis study of gentamicin
and amikacin sensitivity against UTIs isolates vgawmilarly to studies
found in Karbala (Ali, 2011) and Lafi (Lafet al., 2012). The higher
susceptibility of isolates to other antibiotics sues amikacin, gentamicin
and ofloxacin expected, as this has been reportetiqusly (Mbata,
2007). As a wholé&.cali in the study area appeared to be still resistémce
ofloxacin (35.5%), ciprofloxacin (31%), norfloxacin32.4%) and

nitrofurantoin (13%), which are the common antilmstprescribed for
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UTI. The resistance to the antimicrobials has iaseel over the years.

Resistance rates vary from country to country (Blaat al., 2005).

In most Indian studieK. pneumoniae occupy second place among
uropathogens. However, in the present study lklgmneumoniae were the
second (11.2%) common uropathoges. The highestipige of resistance
was noted against amoxicillin (88.9%) followed by@cillin (83.3%),
cotrimoxazole (70.8%), cephalexin (69.4%) and meldacid (50.6%).
This was previously reported in other hospital asllwas in other
institutions in the various countries (Akujobi, Z)Maoudet al., 2006).

In the present stud. pneumoniae exhibited higher resistance to
cephalosporins (ceftriaxone/cefotaxime, 33.3% aettazidime 45.8%)
than other Indian studies (Khan and Zamang2@uptaet al., 2007;
Hasanet al., 2007; Sonavanet al., 2008; Bhargavi et al., 2010). The
other drugs for whichK. pneumoniae showed higher resistance was
amoxyclillin (88.9%), ampicillin (83.3%), cotrimozale (70.8%) nalidixic
acid (50.6%), nitrofurantoin (50.0%) and norfloxadi25.0%). Among
these nalidixic acid is not commonly prescribed aodloxacin is active
against Gram negative rods. Amoxicillin resistaii88.9%) observed in
the present study was lower than the reports ofagmmeet al., 2008
(97.7%). The resistance pattern ®f. pneumoniae to norfloxacin,
nitrofurantoin and nalidixic acid in other studisBowed wide variation.
The resistance oK. pneumoniae to cotrimaxazole (70.8%) was high,
compared to most Indian studies (Bisveasl., 2006; Khan and Zaman,
2006; Hasart al, 2007; Sonavanet al., 2008). Only Arjunaret al., 2010
from Tirunelvelli reported cotrimaxazole resistarité.3%) that was lower
than what has been observed in this study. Cotiaxae was a broad
spectrum antibiotic widely used in UTI treatment.this study revealed
high resistance to aminoglycosides which was lotiam most Indian

studies. Among ciprofloaxacin resistance were ma@er(23.6%),
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amikacin (13.9%) and gentamycin (19.4) which waselo resistance to
Klebsiella isolates. As a whol&. pneumoniae in this study area appeared
to be still susceptible to ofloxacin (79.2%), cifjosacin (76.4%),
norfloxacin (75%) and nitrofurantoin (50%), whiclhreathe common

antibiotics prescribed for UTI.

Pseudomonas aeruginosa was the third major pathogen (10.5%)
isolated from UTI in this study. All the isolate$ Bseudomonas (100%)
were resistant to ampicillin, amoxicillin and caotoxazole, while the
highest sensitivity rate of 88.2% was recorded wvéthikacin (88.2%),
tobramycin (86.8%), cefotaxime (73.5%), gentam{€9.1%), ceftazidime
(60.3%) and imipenem (58.8%). These findings comdarorably with
that of Goniuguet al. (2003) in Turkey on 249 isolates B$seudomonas in
a teaching hospital where 100% resistance to ahlmpieind amoxicillin

was recorded.

In this study, observed 70.6% resistance to nitesftoin and 61.8%
resistance to ciprofloxacin. Overview of literatsteows thaPseudomonas
exhibits up to 100% resistance to nitrofurantoirkighn et al., 2007).
Ciprofloxacin resistance varies over 20% (Gugptaal., 2007) to 100%
(Bhargaviet al., 2010). In this study revealed moderate aminoglyt=si
resistance 30.9% to gentamicin and 11.8% resist@namikacin. Previous
report shows resistance to gentamicin ranged froft 88hargaviet al.,
2010) to 100% (Guptat al., 2007). Resistance to amikacin ranged from
33% (Akramet al., 2007) to 60 (Guptat al., 2007). In this study revealed
higher resistance to third generation cephalospolike ceftriaxone
(61.8%) and ceftazidime (39.7%). This was similaretrlier reports by
Tanejaet al., 2006 (64.7%); Akramet al., 2007 (67%) and Hasaat al.,
2007 (72.2%).

However, the isolates dPseudomonas spp. tested were only low

resistance to cefotaxime (26.5%). High resistar®&706) to cefotaxime
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was observed in earlier studies (Hasaml., 2005). In the present study
100% ofPseudomonas spp. were resistance to amoxycillin. It is inteirest
to note thatPseudomonas spp. exhibited low resistance (13.2%) to
tobramycin and (11.8%) to amikacin (11.8%) in tkiady. In a similar
study carried out in Turkey (Goniuger al., 2003), resistance of
Pseudomonas spp. to gentamicin and tobramycin was found to 0%,7
while studies carried out in Spain (Bowaal. 1999) and Italy
(Bonfiglio et al., 1998) showed similar figures. Findings from Amaric
(Ronald and Jones, 2001) showed that, 16.3%saidomonas isolates
was resistant to fluoroquinolones and over 80%nefisolates was resistant
to cotrimoxazole, erythromycin, and ampicillin ieveral studies (Jones
al., 1998; Jones, 1999).

In the present studyroteus spp. were isolated in 6.8% of cases. This
finding correlated with Lavanya and JogalakshmiO@0 (2.3%) and
Priyadarsiniet al., (2004) (4.17%). However, Kriplangt al., (1993),
Gratacos Eduard al., (1994) and Hagay Zioet al., (1996) foundProteus
as the most common organism isolated (8.82%, 18&% 16%
respectively). Isolates oProteus, in this study were mostly found in
catheter-associated urinary tract infections. s supported by other
literature (Cheesbrough, 2000) suggesting thatawyintract infections
caused byProteus are associated with hospital-acquired infectiaften
following catheterisation or gynecological surgeiy. contrast to the
previous studies done in Addis Ababa and Gondamg@det al., 2002) the
most frequently isolated species from non-cathegeri patients was

K. pneumoniae followed byE. coli.

Proteus isolates exhibited highest susceptibility agaiastikacin
100%, gentamicin 100%, tobramycin 90.9%, ciproffora 88.7%,
imipenem 88.6%, ceftriaxone 84.1%, cefotaxime 81.8%oxacin 79.5%

and norfloxacin 75%. Other agents showed lesstsatysto nalidixic acid
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65.9%, ceftazidime 54.6%, nitrofurantoin 45.5%, amph 24%,
cephalexin 22.7%, amoxicillin 20.5% and cotrimaxaeZ20.5% (Table 14).
This also corresponds to other previous studieslifkeh al., 2002; Moges
et al., 2002; Wazaitt al., 2003).

This study shows a very low distribution &hterobacter species
(1.5%) in Pattukkottai area hospitals. The antitaog of Enterobacter
showed the organism to be more susceptible to mobiotics, except
cephalexin, nitrofurantoin, amoxicillin and ampiicil However, the high
susceptibility to amikacin, tobramycin, imipenem,iprofloxacin,
gentamicin, ceftriaxone and ofloxacin are an ingcathat the drug could
be the drug of choice for arfynterobacter urinary tract infection. They
were moderately susceptible to cefotaxime, norftoxand nalidixic acid.
There was high resistance to the recommended lifest-antibiotics
cotrimoxazole and ampicillin. The observed resistamas agrees with
literature reports, which claimed thiahterobacter species were reisistant
to most antibiotics. There are reports (Thiotasl., 2005) on increasing
resistance oEnterobacter species to penicillins groups of antibiotics, all

generations of cephalosporins and their emergencknical specimens.

The epidemiology oEnterobacter infection as seen from this study
appear to place children at relatively higher mékinfection, followed by
adult females, with adult males least predisposedhfiection. Children
have been known to be most susceptible to anytiofe@s a result of
habits, exposure and lower immunitignterobacter infection is largely
associated with decreased immunity. Those heavifgcted are the
immunocompromised as well as factors such as isetekength of stay in
the hospital; increased length of stay in the isitsgunit; those on urinary

catheter and long-term antibiotic administratiom(é&t al., 2003).

In this study, Citrobacter infections were more among elderly

people; this is because of the fact that these pgroconstitute large
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proportion of hospital populations and reduced imityuin these people to
fight against infection in general. Similar resultgre seen in the study
conducted by Samoneé al. (2009).

Coagulase negativ@aphylococcus were the most common cause of
UTI among Gram positive bacteria emphasising tg flaict that these
pathogens were still the most important causesTdfwbdridwide (Ranjbar
et al., 2009).

In the present study CoNS constituted 4.1% of thars isolated.
This confirmed with the finding of Biswaat al. (2003). CoNS exhibited
63% of isolates was resistance to cotrimoxazolevél@r Sonavanet al.
(2008) reported 100% resistance of CoNS to cotramole. In this study
reported no resistance to nitrofurantoin. The reasay be low exposure
of CoNS to nitrofurantoin due to limited prescrgstiof the drug in UTI.
Earlier studies from different parts of India doanted 9.6% (Biswast
al., 2003) to 25% (Sonavanet al., 2008) resistance of CoONS to
nitrofurantoin. In the present study, showed higrege of resistance of
CoNS to fluoroquinolones (norfloxacin 40.7%), thdre earlier reports
(25% to 57.3%) (Hasaet al., 2007; Sonavanet al., 2008). The sensitive
pattern of CoNS to aminoglycosides was 100% se&es(tientamicin and
amikacin), in this study, which is almost similar previous study by
Biswaset al. (2003) (gentamicin 79.8% and amikacin 62.8%). Aauik is
preferred to gentamicin in UTI because of its widpectrum of activity.
High resistance to cephalaxin (44.4%) and modenasistance to
amoxicillin (48.1%) were recorded in this study.n&waneet al. (2008)

reported 50% resistance to both these antibiotics.

Enterococcus speciesconstituted 3.7% of the uropathogens in this
study, which often occurred after instrumentatidrth@ patient's urinary
tract. This was comparable with the report of Tamejal. (2010), (8.7%)

from Chandigarh during 2009Enterococcus spp. was the second
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commonest Gram Positive organism isolated from Wirlthe present

study.

In the present study, observed that 23.08% ofetiterococci were
resistant to nitrofurantoin. The resistance patt@fn enterococci to
nitrofurantoin ranged from 0.78% in the study byskéenet al. (2002) to
58% reported by Sonavare al. (2008). Both reports are from Mumbai.
The ampicillin resistance oénterococci observed in the present study
(45.8%) was comparable to the study by Miskeeal. (2002) (23.13%)
from Mumbai. The nalidixic acid resistance (100%gswobserved in this
study. Very high nalidixic acid resistaatterococci were observed in UTI
by Sonavanest al. (2008) (98.2%) from Mumbai and Bhargaet al.
(2010) (88.9%) from Vijayawada. These finding sbkowthat nalidixic

acid was no use in the treatment of entermalotTI in these area.

The low incidence (1.1%) o&aureus recorded in this study. It
agrees with the results of a similar work previgusrried out by Akortha
and Ibadin (2008). Urinary tract is supposed tcstegile, but the fact that
this study shows high incidence &faureus in women than men could be
due to the proximity between the genital tracts gnedurethra/anus, which
perhaps facilitate auto transmission as earliegssigd by Audu and Kudi
(2004). In general, as high as incidencesohureus was observed among
the ages of 21 to 30 years. It can be speculatdstiiis is the sexually
active and also the child bearing age group. Thdystherefore supports
the report of Akortha and Ibadin (2008), that thisr@igh rate of bacterial

infection among sexually active women of childbegrage.

In this study it was found th& aureus showed highest sensitivity
(100%) to ceftriaxone, ciprofloxacin, ofloxacin, &acin, gentamicin,
tobramycin, imipenem and nitrofurantoin, moderatsceptibility (85.7%)
to cefotaxime, cephalexin, norfloxacin, respeciiyébllowed by sensitive
to ceftazidime (71.4%), cotrimoxazole (71.4%), amiin (57.1%), while
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the highest resistance to ampicillin 42.9% anddmdl acid 28.6% was
also observed. Sensitivity patterns ®faureus to antibiotics recorded by
other work showed similarity except in few case@sthe study carried out
by Olowu and Oyetunyi (2003) show&dureus is being 60% sensitive to
gentamycin and resistant to naladixic acid cotriexmte. Akortha and
Ibadin (2008) documenteds. aureus strains were sensitive to augmentin
(83%), ofloxacin (75.9%), nitrofurantion (63.5%)dagentamicin (50.2%).
S aureus was found to be highly resistant to naladixic a@l8.3%) and

contrimoxazole (87.3%).

The low incidence (2.3%) d&aphylococcus saprophyticus recorded
in this study. Honeymoon women were showing higlage of UTI than
other women (80%). It agrees with the results sinalar work previously
carried out by Nada Khazedt al. (2013), honeymoon women were
showing higher rate of UTI than other women in {&m 95) (91.5 %) and
(19 from 35) (54.3%) respectively. In this studgaphylococcus
saprophyticus isolates, exhibited high resistance to amoxicilampicillin
and nalidixic acid and 100% susceptibility to ansika gentamicin,
tobramycin and imipenem, while it was high sensitio ofloxacin 89.7%,
ciprofloxacin 86.7%, norfloxacin 80% and nitrofutaim 73.4%. It agrees
with the results of a similar work previously cadiout by Khoshbakkdt
al. (2013). Gram positive cocci play a lesser role inTIdJ
However,Staphylococcs saprophyticus, a novobiocin-resistant, coagulase-
negative species, accounts for 10-15% of acute ®yngiic UTIs in

young females (Walter and Braunwald, 2001).

In this study, 3.4% of culture from sampled patentelded
different species o€andida. A total of twenty twoCandida isolates from
urine clinical specimens were included in this gtuaf which C. albicans
showed the highest number of isolates (45.5%)pwWadld byC. glabrata
(22.7%), C. tropicalis (18.2%) and C. krusai (13.6%) respectively.
According to Patelet al. (2012), Candida species is the seventh most
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common nosocomial hospital wise pathogen, whiclsed25% of all the
urinary tract infections. Other studies have docuee that hospitalised
patients are relatively susceptible to candidukab@yashiet al., 2004;
Sellamiet al., 2006). Several reports show that the frequenayantiiduria
in women is more than men (Achkar and Fries, 2010)this study
observed that the female: male percentage in tadyds 82:18, contrary
to the male predominance reported in the study dyl & al. (2007). In
this study candiduria were also more prevalentga eange 31-60 years
(72.7%) followed by; 9.1% < 30 years and >61-80ryea

C. albicans had remained the major agents of candiduria until
recently (Weinbergeet al., 2003) however; several reports show that non-
albicans species, especialytropicalis and C. glabrata now predominate
in many regions (Lagrotterigt al., 2007). Nonalbicans species accounted
for 64.4% and 71% of isolates in Kobayashal. (2005) and Paudt al.
(2007) reports, respectively. Although the majonitly candiduria in the
present study were caused Gyalbicans (45.5%), nonalbicans species,
especiallyC. glabrata (22.7%) was emerging as a nosocomial infection.
Similar reports (Zareét al., 2012) from Iran showed the most common
isolates wereC. albicans (53.3%), followed byC. glabrata (24.4%),

C. tropicalis (3.7%), C. krusai (2.2%), andGeotrichum spp. (0.7%).
Several reports from Iran showed t@andida colonisation in the urinary
tract (Behzadiet al., 2010 and Mardangt al. (2008) reported a case of
Candida cydtitis in a patient with diabetes mellitus.

There are a few reports about in vitro assessmérgnbfungal
activity candiduria agents. In a study conductedvianzanoet al. (2008)
several species dfandida, isolated from candiduria were tested against
some antifungal drugs. They have shown that ampbote B, and
ketoconazole have less activity agair@st glabrata isolates, whereas
fluconazole presented higher activity (Manzamal., 2008). In addition,
Chenet al. (2008) reported that all candiduria isolates wareceptible to
fluconazole, and amphotericin. In the present s&ltyws that all isolates
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of C. albicans, C. krusei and C. glabrata were resistant to fluconazole,
with the exception of three isolates ©f glabrata that were sensitive to
fluconazole. UTIs due t&. glabrata have recently increased and these
infections are usually resistant to fluconazoler(yet al., 2003).

The present study clearly shows that there wagyla prevalence of
ESBLE.coli in urinary isolates and its resistance to commonsed
antibiotics is found in various hospitals, Pattuitép area, India. The
prevalence oE. coli infection was almost 10%. The overall prevalente o
ESBL producers was found to vary greatly in difféargeographical areas
and in different hospitals. Previous studies fromid have reported ESBL
production varying from 28% to 84% (Narayanaswanmg aVallika,
2011). It may be noted that urinary tract infectis the most commonly
encountered infection found in women in many paftthe world. Reports
of high incidence of community acquired urinaryctranfections are
available from Asia, Pacific, Denmark, Japan, Indtassia and the USA
(Rumanaet al., 2012). Further the incidence of urinary tract atiens by
ESBL producinge. coli was found highest in India (60%) followed by
Hongkong ( 48%) and Singapore (33%) (Hseuh and Rlebal., 2011).

A point of interest noted in the present study tied all the selected
strains were at least resistant to 3-5 antibiottbgch include the first and
second generation of cephalosporins. The resistarase very high to
amoxicillin  (91.7%), ampicillin (88.7%) and cepheile (88.573%).
cefotaxime (42%), ceftazidime (45.3%) and ceftrrex@53.0%) which is
comparable with the studies of Padmini and Appajrap04. Almost all
the ESBL-positive isolates were found to be resista amoxicillin and
ampicillin and sensitive to imipenem, which agadvaecates the usage of
carbapenem antibiotics as the therapeutic altematio p-lactam
antibiotics. The total resistance of these antitsotmight be due to
continuous use of it for many years and may alsadbe to empirical

treatment.
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This study demonstrates the presence of ESBL nesbiasistance of
E.coli from urine specimens collected from urinary tiafection patients.
The prevalence of ESBLs is 10%. This study, ainoedetect and to do the
molecular characterization of the types of ESBLegeim isolates oOE coli.

In addition to DDST, PCR amplification assay foe tdetection of the
ESBL genes in clinical isolates Bfcoli was used in this study because this
assay has been shown to have the advantage ofyrajoictening large
numbers of clinical isolates (Woodfoetlal., 2006) and the DNA was used

for further molecular epidemiological charactelimatBradford, 2001).

The prevalence of ESBLs among the clinical isolat@ses greatly
world-wide and in geographical areas and it wasdigpchanging over
time. In the west, the ESBL production in Enterdbeaceaesariesfrom 5
to 52 per cent and in other Asian countries, itiesafrom 10 to 46.5%
(Dhillon and Clark, 2012). Other studies from Indtiave reported a high
prevalence of the ESBL production, which rangesnfl.0 to 63.6 per
cent inE. coli (Goyalet al., 2009).

Hence the detection of ESBL is necessary to fortaulae treatment
policy (David et al., 2005). There have been reports of considerable
geographical differences in ESBLs worldwide anchiitcountries (Coque
et al., 2008). The hospital to hospital variability thatcars possibly
reflects the direct proportionality between use amduse of antibiotics
(Deepti and Deepthi, 2010). In India, prevalende cd ESBLSs varies from
28 to 84%. While earlier reports from North Indiave documented the
prevalence of ESBLs ranging from 55 to 69%, a restudy from North
India reported an alarming 64.8% of ESBL produdsajates. In Southern
India, 21.6% ESBL producing bacteria have been ohacued in a study
from Karnataka and another study from Coimbatoponed about 40%
ESBL producers (Al-Agamyt al., 2009). In this study reported that the

prevalence of ESBL in Pattukkottai area in Tamilnal 10%, which was



157

similar to that of the other study from Chennai fAUESBL mediated
resistance to 3GCs in 6.6% of the isolates recavéfanhkiwaleet al.,
2004).

The population of India of over one billion repretea potentially
vast reservoir of antimicrobial resistance genedutling those ESBLs
(Tsering et al., 2009). ESBLs are undergoing continuous mutations
causing the development of new enzymes showing nelquh substrate
profiles. At present, there are more than 300 ckfie ESBL variants and
these have been clustered into nine different wtratand evolutionary
families based on amino acid sequence (Muzaleted., 2008). In the
present study, ESBL positive isolates screenedduybl2 disc synergy test
were also screened by PCR technique. All isolateseviound to contain
TEM gene.
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6. SUMMARY AND CONCLUSION

A total of 2400 midstream urine samples were preegsfrom
patients having clinically suspected Urinary Tralktfection (UTI)
attending various hospitals in Pattukkottai aresnfidanuary 2012 to June
2013. Out of the 2400 specimens, 650 (27.1%) waleire positive and
1750 (72.9%) specimens were negative. The most aymsolates in this
study have been the Gram negative bacilli whicloants for 85.4% of the
total positive isolates. Major Gram negative isedatvere E.coli (54.6%);
K. pneumoniae (11.2%)was the second major isolates dPsbudomonas
spp., (10.5%) was the third major isolates. In Gram pesitisolates;
CoNS, Enterococcus and Staphylococcus saprophyticus were the least

dominant uropathogen causing UTI strains.

Overall incidence of UTI in the present study waghbr in females
(69.8%) than in males (30.2%). There is significdifiterence of positive
growth between male and female patients (P<0.08)this study shows
the significant association between infection amdamale and male
patients (p<0.05). In the present finding on UTloau girls of 0-10 years
were quite high (24.7%). High rate of UTI inal@ children of 0-10
years of age (9.2%). Higher rate of UTI was segefiemales in age
groups from 30 years and above. More than 70% tiofegvas seen among
men of below 40 years of age. Pyuria and Gram's stacroscopy were

found to be of low sensitivity in detecting UTIs.

Sensitivity of E.coli to imipenem, amikacin, nitrofurantoin,

tobramycin and ciprofloxacin were more than otharaotics. The lowest
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percentage of sensitivity was manifested againstoxailin  and
ampicillin. Sensitivity ofK. pneumoniae to amikacin, imipenem followed
by gentamicin and tobramycin were more than otharbmtics. The
lowest percentage of sensitivity was observed agaimoxicillin followed
by ampicillin, cotrimoxazole and cephalexi®seudomonas spp. were more
sensitive to amikacin, tobramycin, cefotaxime, gemtin and ceftazidime
than to any other antimicrobial with high resistano nalidixic acid; 100
% resistance to amoxicillin, ampicillin and cotrirazole.Proteus isolates

exhibited highest sensitivity against amikacin gedtamicin.

Coagulase negative Saphylococcus was more sensitive to
ciprofloxacin, amikacin, gentamicin, tobramycin andtrofurantoin.
Enterococci were sensitive to ceftriaxone, amikacin, gentamicin
tobramycin, cefotaxime, ciprofloxacin and nitrofotain. S.saprophyticus
was 100% sensitive to amikacin, gentamicin, tob@mymipenem, while
it was highest sensitive to ofloxacin, ciprofloxacinorfloxacin and

nitrofurantoin.

Candida albicans was observed in 3.4% cases of UTI. A total of
twenty two numbers ofCandida species were isolated, of which

C. albicans showed the highest number of isolates.

The multidrug resistant ESBL producing.coli isolates were
present in these area hospitals with a prevalehd®%. There were two
predominant genes TEM and SHV detected among MBROoli

uropathogenic strains circulating in these arepitals.
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Conclusion

This study concludes that understanding the eftécthe different
factors on community acquired urinary tract infess and Gram negative
bacilli were responsible for urinary tract infectoin patients will aid the

proper management of this disease.

The present study also showed a high incidencesiftance to most
antimicrobial agents tested. Particularly, incregsamoxacillin, ampicillin
and fluoroquinolone resistance in pathogens isdldtem patients is
frustrating. When antibiotics treatment is needdéde susceptibility,
potential availability, simplicity of use, safetynd low cost of the

antimicrobial agent has to be taken into account.

Nitrofurantoin resistance is low and has signifitardecreased and
therefore should now be considered the mainstagnggiric treatment of
uncomplicated UTlIs in females. Gentamicin resistanemains low but
susceptibility trends should be monitored considgitne reliance placed
on it as part of the empiric treatment of sevepsse(including urosepsis)

in the Pattukkottai area hospital.

This study showed that antibiotic like imipenem, ileamin,
nitrofurantoin and gentamicin which display highsistance in other
regions across India is still very effective in oenvironment while
conversely an increased resistance to amoxycilliampicillin,
cotrimoxazole and norfloxacin were observed. Anthmbial resistance
pattern are constantly evolving in our region. Ehé a necessity for
constant antimicrobial sensitivity surveillance abceptibility testing to
be conducted prior to antibiotics prescriptionwiis also observed that

route of antibiotic could contribute in checkingspierse of antibiotic
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resistance. Plamid profile revealed that the amiiibiresistance in this
geographical area is plasmid borne. Hence, our aditdnelp clinician in
this region provide safe and effective emperic dpes and could

contribute to decrease in emergence of resistance.

The clinical laboratories should develop a habit sareening all
uropathogens to determine the susceptibility anBLEgroducers in order
to advise the hospital the way forward to manadhegUTI patients. The
extended spectrum lactamase producers should ricedded with the third
or fourth generation of cephalosporins, quinolofile®roquinolones an@
lactams, but instead use other therapeutic aligezasuch as amikacin,

nitrofurantoin and gentamycin that are susceptiblESBL producers.
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