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SUMMARY 
 
 

Urinary tract infection (UTI) is one of the most common infectious diseases diagnosed 

both in community and in hospital. Due to rising antibiotic resistance among 

uropathogens, it is important to have local community and hospital based knowledge of 

the organisms causing UTI and their sensitivity pattern to choose correct treatment 

regimen. The study was selected with the objective to compare the prevalence and 

antibiogram among the bacterial isolates of both the community acquired UTI (CUTI) 

and nosocomial UTI (NUTI). It was a cross sectional study carried out in the 

Department of Microbiology, Mymensingh Medical College during July 2007 to June 

2008. A total of 200 urine samples 100 from community acquired and 100 from (NUTI) 

patients were cultured aerobically. All those isolates were identified by standard 

microbiological technique and their antibiotic susceptibility was observed by disk 

diffusion method. Of the total 95 (47.5%) culture positive samples, 45 (45%) were 

CUTI and 50 (50%) were NUTI. Culture positivity was directly proportional to the 

presence of increased number of pus cell. The culture positivity of UTI among the 

female were more, (71.1%) and (58%) and among the male (28.9%) and (42%) in CUTI 

and NUTI respectively. The predominant age group in case of CUTI was 15-29 and for 

NUTI 60 and above were representative. In case of CUTI 67.56% and 14.28% 

population belonged to low and high income group respectively and for the NUTI it was 

70% and 10%. 85 (42.5%) samples yielded significant growth of single organism 

whereas 5 (2.5%) yielded mixed growth. Among the 50 NUTI patients, specimen were 

collected from the gynae unit 30(60%), surgery unit 10(20%), medicine unit 5(10%), 

orthopaedics unit 4(8%) and paediatrics unit 1(2%). 



The causative microorganisms isolated from CUTI were Escherichia coli. (E. coli) (73 

%) followed by Staphylococcus saprophyticus (11.1%), Klebsiella species (6.7%), 

Enterobacter species (4.4%), Pseudomonas aeruginosa (P. aeruginosa) (2.2%) and 

Proteus species (2.2%) and from NUTI were E. coli (42 %) followed by Klebsiella 

species (12%), Enterobacter species (12%), P. aeruginosa (8%), Proteus species (6%), 

Citrobacter species (6%), Morganella species (4%), Enterococcus species (4%), Staph. 

aureus (4%) and Serratia species (2%). NUTIs were associated with urinary catheters 

in 82% of the cases. Other risk factors include pregnancy, diabetes mellitus, 

immobilization, obstruction and menopause. Only E. coli and P. aeruginosa were 

responsible for NUTI with those patients catheterized for less than 1 wk, whereas 

catheterization for more than 1 wk added the species of Proteus, Enterobacter, 

Citrobacter, Enterococcus, Morganella and Serratia also. 

All the bacterial isolates both in the CUTI and NUTI were 100 % sensitive to 

Imipenem. In case of CUTI E. coli was found 60.6% sensitive to Nitrofurantoin, 57.6% 

to Gentamicin, 45.4% to Ceftriaxone and 42.4% to Azithromycin whereas in other 

antibiotics, the percentages of sensitivity were less. E. coli was (66.7%) sensitive to 

Chloramphenicol, (57.1%) to Nitrofurantoin and (52. %) to Gentamicin, the sensitivity 

to others were not significant in NUTI. Klebsiella species was 100% sensitive to 

Gentamicin, 66.7% to Nitrofurantoin and Ceftazidime in CUTI whereas it was 83.3% 

sensitive to Gentamicin and 50% to Nitrofurantoin and Chloramphenicol in case of 

NUTI. P. aeruginosa was the most resistant bacteria except Amikacin which was 100% 

sensitive in CUTI and 75% in NUTI. There was no significant difference of resistance 

pattern between community acquired and NUTI. Drugs, which retained usefulness for 



Gram-negative isolates were Imipenem, Nitrofurantoin and Gentamicin and for Gram-

positive isolates the drugs were Imipenem, Azithromycin, Vancomycin, and 

Ceftazidime. Our study highlights the changing etiology and emergence of drug 

resistance of both the UTI within our country. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 

 
 
 

 
 
 
 
 



INTRODUCTION 

Urinary tract infection (UTI) is one of the most common infectious diseases diagnosed 

that accounts for a large proportion of antimicrobial drug consumption (Neto et al,                                           

2003) which is diagnosed in out patient as well as hospitalized patients. Worldwide, 

about 150 million people are diagnosed with UTI each year, costing the global economy 

in excess of 6 billion US dollars (Akram et al, 2007). Usually UTI is defined as the 

presence of multiplying microorganisms in the tract through which urine flows from the 

kidneys via the bladder to outside (Hackett, 2005). More precisely UTI is a condition 

where one or more structures in the urinary tract become infected after bacteria 

overcome its strong natural defenses. From a microbiological perspective, UTI can 

happen anywhere along the urinary tract which includes bladder, kidneys, ureters and 

urethra (Simon, 2006).  

UTI is classified as community acquired and hospital acquired (Nosocomial UTI), 

among which about 70% of UTI is community acquired (Hackett, 2005). 

Uncomplicated community acquired UTI (CUTI) is very common and account for more 

than 8 million office visits annually in United States (Gupta et al, 2001). Annual direct 

and indirect costs for community acquired UTI were estimated to approach $2 billion in 

1995 (Hooton et al, 2004).   Somewhere community acquired infection is mentioned as 

non catheter associated infection (Stamm, 2005). Nosocomial infection is an infection 

acquired by a patient in a hospital or other health care facility that was not present or 

incubating at the time of admission or that was the residual of an infection acquired 

during a previous admission (Sallam et al, 2004). Nosocomial UTI (NUTI) is also 



mentioned as catheter associated infection or complicated UTI typically due to hospital 

acquired bacteria (Stamm, 2005).   

In the past, antibiotic resistance has mostly been a problem in hospital-acquired UTI. 

However, recent data suggest that antibiotic resistance in CUTI is now also becoming 

an important consideration (Zhanel et al, 2000). Although acute uncomplicated lower 

urinary tract infection (cystitis) is one of the most common and easily cured bacterial 

infections,  increasing antibiotic resistance complicates its treatment by increasing 

patient morbidity, costs of reassessment and retreatment, rates of hospitalization, and 

use of broader-spectrum antibiotics (Hooton et al, 2004 ). 

 

Increased trend of drug resistance pattern, burden of treatment costs and higher 

frequency of infection to treatment failure insisted the scientists and physicians on 

doing research on UTI (Gastmeier, 2001). It is surprisingly observed in the variation of 

the resistance pattern in both types of UTI in the developing country compared to the 

developed one, most probably due to indiscriminate use of antibiotics (Savas et al, 

2006). The financial impact of lost productivity, diagnostic evaluation and testing and 

medical care is significant (Raco and Barez, 1998). Since most of treatment began 

empirically prior knowledge of the bacterial prevalence as well as the resistance 

patterns in a particular setting is essential. UTI is the most frequent nosocomial 

infection and has been suffering a shift in the etiology and antimicrobial susceptibility, 

as common as other infection in the last decade. It is important to know the etiology and 

antibiotic susceptibility of infectious agents to guide the initial empirical treatment 

(Neto et al, 2003). Local antibiograms, which primarily reflect clinicians� experiences 



with the treatment of patients experiencing complications, distort the true resistance 

picture and skew decisions about therapeutic choices. With such antibiograms, it is 

often not possible to obtain site-specific pathogen resistance data. As a result, 

appropriate susceptibility data for the selection of empirical therapy are seldom 

accessible. Unfortunately despite the widespread availability of antibiotics, UTI remain 

the most common bacterial infection among the human population (Savas et al, 2006). 

It is assumed that although being considered as benign diseases, in near future UTI, 

both the community acquired and in a large extent nosocomial UTI probably will once 

become deadly disease and will be hardly treated. 

 

The gender and sexual anatomy are among the major determinants of UTI. They are 

more common in women in comparison with men. UTI is rare in males unless 

microorganisms are introduced artificially with catheters. In women, the urethra is 

much shorter and very close to the anus, which is a constant source of faecal bacteria 

(�ilevièa, 2005). Incidence of community acquired UTI among the preschool children is 

approximately 2% and is 10 times more common in girls. Surprisingly 5% of school 

aged girls experienced UTI. The largest group of patients with UTI is adult women. The 

incidence increases with age and sexual activity. Rates of infection are also high in post 

menopausal women (Howes, 2005). By the age of 24 years, 1 in every 3 women has 

experienced ≥1 episode, and it is estimated that as many as 60% of women report 

having had a UTI in their lifetime (Hooton et al, 2004). UTI is unusual in males 

younger than 50 years (Howes, 2005).  

 



Now a day�s nosocomial infections account for 50% of all major complication of 

hospitalization. UTI alone accounts for as many as 40 to 45% of nosocomial infections 

of which 80% of the cases caused by catheterization (Sallam et al, 2004 and Savas et al, 

2006). Pavese (2003) showed that 5.7% of hospitalized patients experienced a 

nosocomial infection during their stay, of which nosocomial UTI account for 40% of 

the whole nosocomial infections. T. Matsumoto (2007) from Germany reported that the 

prevalence of nosocomial UTI was 9.4%. Moataz (2005) from Saudi Arabian military 

hospital showed that out of 48.3% nosocomial infections, 35.7% was nosocomial UTI. 

UTI is the most common nosocomial infections at about 9.7% among all patients on 

urological services (Drach, 2005). 

 A prospective study demonstrated an annual incidence of acute symptomatic UTI 

among young women is 0.5 to 0.7 infections per patient year (Stamm, 2005). In 

Bangladesh a study by Mazed et al (2008) demonstrated that the rate of UTI was 

48.61%.  In a prevalence study by Leblebicioglu (2001) in Turkey reported the overall 

prevalence of UTI was 1.7% in hospitalized patient, 65.4% of UTI were associated with 

urinary catheters. Wagenlehner et al (2006) from Germany reported that the incidence 

of nosocomial UTI was 28%, of which 4.2% was symptomatic catheter associated and 

14% was asymptomatic catheter associated. Hussain et al (1991) from Bangladesh 

reported that the rate of nosocomial infection was 38%, among them UTI was 23.6%.  

 

Many different microorganisms can infect the urinary tract, but by far the most common 

agents are the Gram negative bacilli. Escherichia coli causes~80% of acute infections in 

patient without catheters, urologic abnormalities or calculi. Other Gram negative rods, 



especially Proteus and Klebsiella, occasionally Enterobacter accounts for a smaller 

portion of uncomplicated infection. Staphylococcus saprophyticus accounts for 10% to 

15% of acute symptomatic UTI in young females. In the hospitalized patient 10% to 

15% develops UTI due to catheter caused by E. coli, Proteus, Pseudomonas, Klebsiella, 

Serratia, Staphylococci, Enterococci and Candida (Stamm, 2005). E. coli is the most 

common cause accounting for 85% of community acquired and 50% of hospital 

acquired UTI. The prevalence of infecting organism is influenced by the age of the 

patients. Staph. saprophyticus is now recognized as causing approximately 10% of 

symptomatic lower urinary tract infections in young sexually active females whereas it 

rarely causes infection in males and elderly individual (Chowdhury, 1998). 

 

In the United States, resistance to Trimethoprim and Sulfamethoxazole is increasing in 

context to community acquired UTI, now exceeds 20% in many parts of the country. 

That is also associated with the additional drugs often to Ampicillin, Cephalethin and 

Tetracycline; even the resistance is noticed in the southern Europe, Israel and 

Bangladesh where the prevalence of resistance is now 30 to 50 percent (Stamm, 2001). 

In a study in Bangladesh done by Mazed et al (2008) the Enterobacteriaceae and other 

Gram positive cocci causing UTI, Imipenem was found to be the most effective 

antibiotic (80-100%). Ampicillin and Cotrimoxazol were the least effective antibiotics.  

 

Nosocomial UTI constitutes a major problem globally along with major social, 

economical, moral and personal hazards that increases the morbidity and mortality in 

hospitalized patients. Important factors to reduce nosocomial UTI are to avoid 



unnecessary instrumentation, to choose narrow spectrum antibiotics according to 

antibiotic sensitivities, to investigate regularly the causative micro-organisms and their 

resistance patterns and to update the treatment protocol. Resistance pattern of CUTI is 

also alarming now a days in our country. Rapid and accurate diagnosis along with 

prompt and of appropriate antibiotic therapy has great potential to minimize the risk of 

poor outcome. Continued surveillance of uropathogen resistance trends is important and 

this information should be communicated to clinicians.  No study and significant 

research is done over the issue of the comparative study among the bacterial causes of 

community acquired and nosocomial urinary tract infection in Bangladesh. Hence this 

study will be helpful in reducing the health hazard and economical burden by 

nosocomial UTI and community acquired UTI as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 



OBJECTIVES 

 

 

General objective: 

To compare among the bacterial isolates of community acquired and nosocomial UTI in 

order to reduce morbidity and mortality. 

 

Specific objectives: 

a) To find out the aerobic bacterial causes of community acquired UTI and nosocomial 

UTI. 

b) To determine the antibiogram of bacterial isolates of community acquired UTI and 

nosocomial UTI. 

c) To compare the resistance pattern among bacterial isolates of community acquired 

and nosocomial UTI. 

d) To detect risk factors of nosocomial UTI. 

 

 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 



 

REVIEW OF LITERATURE 

 

Urinary tract infection (UTI), considered among the most common bacterial diseases 

that affect a large part of the world�s population (Kadri et al, 2004). It is one of the most 

commonly occurring medical problems, causing considerable morbidity and healthcare 

costs. In the United States, UTI account for approximately seven million office visits to 

physicians each year and over one million hospitalizations annually are attributed to or 

complicated by UTI (Orenstein and Wong, 1999). UTIs are classified either community 

acquired or hospital acquired/ nosocomial, of which most of the UTIs are community 

acquired (Hackett, 2005). Urinary tract infection is generally treated empirically by 

general practitioners, for which they need to be aware of the locally prevalent strains 

and their sensitivity pattern. Over the last few decades the resistance pattern of urinary 

isolates has been showing dramatic changes all over the world (Kadri et al, 2004). 

 

2.1 Definitions  

2.1.1 Urinary tract infection (UTI) 

Urinary tract infection is defined as the presence of multiplying microorganisms in the 

tract through which urine flows from the kidneys via the bladder to outside (Hackett, 

2005). The general term "urinary tract infection" refers to the presence of multiplying 

microorganisms in the urinary tract, which includes the bladder, kidneys and collecting 

systems (Wisinger, 1996). 

 



2.1.2 Community acquired UTI (CUTI) 

CUTIs are uncomplicated UTI generally occuring in sexually active, non pregnant adult 

women who do not have structural or functional abnormalities of the urinary tract 

(Bacheller and Bernstein, 1997).  

2.1.3 Nosocomial UTI (NUTI)  

NUTIs are those not present or incubating at the time of the hospital admission and 

developing 48-72 hours after hospital admission (Davison, 1999). 

2.2 Urinary tract infection is a broad term that encompasses different clinical 

entities (Thirion and Williamson, 2004) 

2.2.1 Asymptomatic bacteriuria  

Significant bacteriuria (more than 105  bacteria / ml) without symptoms. 

2.2.3 Uncomplicated urinary tract infection 

Infection in a patient with a normal, unobstructed genitourinary tract with no prior 

instrumentation. 

2.2.4 Complicated urinary tract infection  

Infection in a patient with structural or functional abnormalities. This also includes men, 

pregnant women, children, presence of foreign body (urinary catheter, stone, and tumor) 

and sometimes upper urinary tract infection. 

2.2.5 Relapse 

Recurrence of bacteriuria with the same microorganism present before initial therapy 

was started due to persistence of the organism in the urinary tract. 



2.2.6 Reinfection 

Recurrence of bacteriuria with a new microorganism. Reinfection is difficult to 

differentiate from relapse when infection occurs with a microorganism of the same 

species as the initial infection. 

2.2.7 Cystitis  

Inflammatory syndrome and infection of the bladder with signs and symptoms of 

dysuria, frequency, urgency and suprapubic tenderness. 

2.2.8 Pyelonephritis 

Bacterial infection of the kidney (renal parenchyma, calices, and pelvis) involving flank 

pain, tenderness and fever and often associated with dysuria, urgency, and frequency 

that may be acute or chronic. 

2.2.9 Urethritis 

Lower urinary tract inflammation without bacterial infection, causing symptoms similar 

to those of cystitis. Most often associated with sexually transmitted diseases such as 

Chlamydia trachomatis and Neisseria gonorrhoeae. 

2.3 Classifiction of UTI (Manduru, 1997) 

2.3.1 A.  According to anatomic site of involvement  

Upper = kidney, ureters  

Lower = bladder, urethra  

2.3.2 B. According to presence or absence of symptom  

 Symptomatic bacteriuria  



 Asymptomatic bacteriuria  

 Symptomatic abacteruria (acute urethral syndrome)  

-patient has symptoms (frequency, dysuria) of a UTI without bacteriuria  

2.3.3 C. According to complexity 

 Uncomplicated  

 Complicated  

2 .3.4  D. According to duration 

 The term chronic is not used as it is with other infections. Chronic UTI's 

usually refers to frequent UTI's.  

2.3.5 E. According to recurrence of infections  

o Relapse  

o Reinfection  

2.3.6 Clinical classification of UTIs  

A. Pyelonephritis - nonspecific inflammation of the renal parenchyma  

B. Cystitis - inflammation of the urinary bladder  

C. Urethral syndrome /urethritis - inflammation of the urethra  

D. Bacteriuria - presence of bacteria in the urine. 



2.3.7 Stamey Classification (McRac et al, 2000) 

o First infections: isolated or remotely occurring bacterial cystitis 

 

o Unresolved bacteriuria occurs when the urine can not be sterilized 

despite antibiotic treatment. 

 Common causes include preexisting or acquired bacterial 

resistance, inadequate coverage of a second organism, rapid 

reinfection with a new organism during therapy, azotemia 

preventing access of the antibiotic to the urinary tract, and 

noncompliance with treatment. 

o Recurrent infection is an infection diagnosed after successful treatment 

of an antecedent infection (95% of UTI in women). 

o Bacterial persistence: Sterilization of the urine is short-lived and within 

weeks, a relapse with the identical organism occurs. 

 Indicates a site of persistent infection within the urinary tract that 

could represent a stone, enterovesical fistula or infected anatomic 

anomaly. 

2.4 Epidemiology 

Urinary tract infections affect people in varying incidences depending on age group and 

gender. In the pediatric population, boys are at greater risk before the age of 3 months 



but girls become at greater risk thereafter (Larcombe, 1991). Approximately 3% of pre 

pubertal girls and 1% of pre pubertal boys are diagnosed with a UTI. In male infants, 

circumcision is associated with a decreased rate of UTI (To, T. et al, 1998). When all 

age groups are combined, women are at greater risk than that of men of developing a 

UTI. As many as 40�50% of females report having at least one symptomatic UTI in 

their lives (Kunin, 1994).Young sexually active women are particularly prone to UTI 

with an incidence of approximately 0.5 episodes per person-year (Muazzuli  et al, 

2001). This is not the case in men younger than 50 years of age, where UTI is rare and 

is generally secondary to urologic abnormalities (Stamm and Hooton, 1993). The 

picture is somewhat different in older men, where increasing prostatic hypertrophy may 

obstruct urine flow and increase the risk of developing a UTI. In older people in 

general, UTI is also the most common bacterial infection that is often asymptomatic. In 

the community, approximately 5�10% of older men and 10�20% of older women have 

asymptomatic bacteriuria (ASB). In nursing homes, the incidence can be as high as 25�

50%. Symptomatic UTI is also frequent and is a major indication for antibiotic 

prescription in this population (Nicolle, 2002). ASB affects between 4% and 7% of 

pregnant women (Andriole and Patterson, 1991). Among untreated patients, ASB 

acquired early in pregnancy can evolve to pyelonephritis later on in as many as 13�27% 

of cases (Foxman, 2002). In a recent study the prevalence of ASB was 26% in diabetic 

women versus 6% in women without diabetes (Geerlings et al, 2000). 

2.5 The main risk factors for UTI are 

2.5.1 Catheter  



Bacteruria develops in at least 10 to 15% of hospitalized patients with indwelling 

catheters. The risk of infection is ~3 to 5 % per day of catheterization. Many infecting 

strains display markedly greater antimicrobial resistance  than organism that cause 

community acquired UTI. Factors associated with an increased  risk of catheter 

associated UTI include female sex, prolonged catheterization, severe underlying illness, 

disconnection of the catheter and drainage tube, other types of faulty catheter care and 

lack of systemic antimicrobial therapy (Stamm, 2005). 

2.5.2 Pregnancy 

As in the general population, UTI is the most common infection in pregnancy 

(Andriole, 1991). Pyelonephritis during pregnancy requires hospitalization and is 

associated with complications such as premature labour and delivery. Even without 

pyelonephritis, studies suggest that there can be complications such as low birth weight, 

anemia, preterm labour and pregnancy-induced hypertension associated with ASB 

(Foxman, 2002).  

2.5.3 Diabetes 

Diabetics are more prone to infections in general and UTI is not an exception. Studies 

have shown that women who suffer from diabetes have ASB more frequently than 

women without diabetes (Geerlings et al, 2000). Risk factors for UTI in diabetics 

include duration of diabetes, poor metabolic control of diabetes, sexual intercourse, and 

complications of diabetes. Fungal urinary infection is also more frequent in diabetics 

(Stapleton, 2002). 

1.5.4 Obstruction 

Any impediment to the free flow of urine like tumor, stricture, stone or prostatic 

hypertrophy- results in hydronephrosis and a greatly increased frequency of UTI. 



Infection superimposed on urinary tract obstruction may lead to rapid destruction of 

renal tissue. 

2.5.5 Mechanical factor 

Use of spermicidal compounds with a diaphragm or cervical cap or use of spermicide 

coated condoms dramatically alters the normal introital bacterial flora and has been 

associated with marked increases in vaginal colonization with E. coli and  the risk of 

UTI.  

2.5.6 Genetic factor 

Research has shown that women with certain blood antigen (called lewis group) are  

more susceptible to cystitis. Cells that line their urinary tracts seem to have far more 

receptors to which bacteria can adhere. It has been demonstrated that  nonsecretors of 

blood group antigens are at risk of recurrent UTI. Others may lack glycosamanoglycan, 

a substance found on the surface of the bladder that is inhospitable to bacteria. 

Mutations in host genes integral to the immune response (interferon  receptors and 

others) may also affect susceptibility to  UTI  (Stamm, 2005). 

2.5.7 Menopause 

Due to hormonal deficiency, changes in the genitourinary tract mucosa related to 

menopause may play a role in causing UTI. 

2.5.8 Spinal cord injuries and multiple sclerosis 

UTI is always complicated with spinal cord injury patients (Foxman, 2002). Many 

alterations in urinary tract function seen in spinal-cord injury patients, explain this high 

risk gives rise to problems such as incontinence, elevated intravesicular pressure, reflux, 

stones and neurological obstruction that increased susceptibility to UTI. Because of 



these abnormalities, most patients must resort to in this patient population is very 

important, since UTI are the second most frequent cause of mortality (Siroky, 2002). 

As with patients who suffer from spinal cord injuries, multiple sclerosis is also 

associated with an increased incidence of UTI (Foxman, 2002).  

2.6 Resident microorganisms of the urinary tract 

Although most of the genitourinary tract, including the kidneys and urinary bladder is 

normally free of microorganism, the terminal areas of the urethra in both males and 

females are colonized with resident microflora, eg coagulase-negative staphylococci 

(excluding S. saprophyticus), viridans and nonhaemolytic streptococci, lactobacilli, 

diphtheroids, non-pathogenic Neisseria spp, anaerobic cocci, propionobacterium spp, 

commensal Mycobacterium spp, commensal Mycoplasma spp (Forbes et al, 1998). 

 

2.7 Causative organisms 

Most UTI is caused by a single pathogen, usually enteric gram-negative bacteria 

originating from the fecal flora of the host. The most common cause of uncomplicated 

CUTI is E. coli, accounting for more than 80% of infections. Staphylococcus 

saprophyticus is the second most common pathogen, particularly among young, 

sexually active females, accounting for 5-15% of community-acquired episodes. This 

pathogen is generally considered more aggressive than E. coli because about 50% of the 

women present with upper tract involvement and infections due to this organism are 

more likely to be recurrent, relapsing, and persistent. Other bacteria such as Klebsiella 

pneumoniae, Proteus mirabilis and Enterococcus faecalis are occasionally involved.
 

Complicated UTIs including nosocomial infections are caused by more varied 



organisms and are generally more resistant than those causing uncomplicated infections. 

Although E. coli is still frequently isolated, it causes near about 50% of infections. 

Other organisms that are frequently isolated include Proteus spp, Klebsiella 

pneumoniae, Enterobacter spp, Pseudomonas aeruginosa, Staphylococci and 

Enterococci (Bacheller, 1997; Faro, 1998; Barnett, 1997 and Mullenix, 1999). 

Chlamydia trachomatis is an occasional causative agent found in women with dysuria, 

pyuria and negative cultures. For a diabetic patient, as an example, common infecting 

organisms include E. coli, as well as other organisms such as Klebsiella, Enterococcus 

faecalis, group B streptococci and Candida albicans and these causal agents are found 

in greater frequency than in the general population (Stapleton, 2002).Yeast (usually 

Candida albicans), Mycobacterium tuberculosis, Salmonella spp, Leptospira spp or 

Staphylococcus aureus in the urine often indicate pylonephritis acquired via 

hematogenous spread. Less frequently isolated agents are other gram negative bacilli 

such as Acinetobacter and Alkaligens spp, other Pseudomonas spp, Citrobacter spp, 

Gardnerella vaginalis, Beta hemolytic streptococci and Neisseria gonorrhoeae. 

Trichomonas vaginalis may occasionally be observed in urinary sediment (Baron et al, 

1998).  

 

2.8 General consideration for some common bacteria causing UTI 

2.8.1 E. Coli 

2.8.1.1 General properties 

E. coli is widely distributed in the intestine of humans and warm blooded animals and is 

the predominant facultative anaerobe in the bowel and part of essential intestinal flora 



that maintains the physiology of the healthy host (Neill et al, 1994). Although most 

strains of E. coli are not regarded as pathogens, they can be opportunistic pathogens that 

cause infections in immunocompromised hosts (Caplenas and Kanarek, 1984). 

2.8.1.2 Pathogenesis of UTI by E. Coli 

Uropathogenic E. coli (UPEC) is responsible for approximately 90% of UTI seen in 

individuals with ordinary anatomy. In ascending infections, fecal bacteria colonize the 

urethra and spread up the urinary tract to the bladder. Uropathogenic E. coli (UPEC) 

utilize P fimbria (pyelonephritis-associated pili) to bind urinary tract endothelial cells 

and colonize the bladder. These adhesions specifically bind D-galactose- D-galactose- 

moieties on the P blood group antigen of erythrocytes and uroepithelial cells (Todar, 

2007) 

2.8.1.3 Antibiotic resistance 

E. coli are resistant to many antibiotics that are effective against Gram-positive 

organisms. Antibiotic resistance is a growing problem (Johnson et al, 2006). Antibiotic 

resistant E. coli may also pass on the genes responsible for antibiotic resistance to other 

species of bacteria, such as Staphylococcus aureus. E. coli often carry multidrug 

resistant plasmids and under stress readily transfer those plasmids to other species of 

bacteria (Saylors et al, 2005) 

2.8.2 Klebsiella species 

Klebsiella species is second only to E. coli as a urinary tract pathogen. Klebsiella 

infections are encountered far more often now than in the past. This is probably due to 

the bacterium's antibiotic resistance properties. Klebsiellae species is known as a 



resident of the intestinal tract in about 40% of man and animals. It is considered to be an 

opportunistic human pathogen (Eickhoff, 1972 and Martin, 1971)  

2.8.2.1 Resistance  

Klebsiella bacteria are generally resistant to many antibiotics, such as penicillin. Often, 

two or more powerful antibiotics are used to help eliminate a Klebsiella infection 

(Brochert, 1999). Klebsiella possesses a chromosomal class A beta-lactamase giving it 

inherent resistance to ampicillin. Many strains have acquired an extended-spectrum 

beta-lactamase with additional resistance to carbenicillin, ampicillin, quinolones and 

increasingly to ceftazidime 

2.8.3 Pseudomonas aeruginosa 

Pseudomonal infections of the urinary tract usually are hospital acquired and iatrogenic, 

related to catheterization, instrumentation and surgery. These infections can involve the 

urinary tract  through an ascending infection or through bacteremic spread and are a 

frequent source of bacteremia (Qarah, 2005) 

2.8.3.1 Resistance  

Multidrur resistant Pseudomonas aeruginosa is a highly relevant opportunistic pathogen 

which inherit efflux pumps with chromosomally-encoded antibiotic resistance property. 

One of the most worrisome characteristics of P. aeruginosa consists in its low antibiotic 

susceptibility. This low susceptibility  is attributable to concerted actiongenes and the 

low permeability of the bacterial cellular envelops. Besides intrinsic resistance P. 

aeruginosa develop acquired resistance either by mutation in chromosomally-encoded 



genes or by the horizontal gene transfer of antibiotic resistance determinants (Cornelis, 

2008). 

2.8.4 Proteus species 

UTI is the most common clinical manifestation of Proteus infections. 

 

 2.8.4.1 Pathogenesis of UTI by Proteus 

The attachment of Proteus species to uroepithelial cells initiates several events in the 

mucosal endothelial cells, including secretion of interleukin 6 and interleukin 8. Proteus 

organisms also induce apoptosis and epithelial cell desquamation Urease production, 

together with the presence of bacterial motility and fimbriae, may favour the production 

of upper urinary tract infections (Gonzalez, 2006). 

 

2.8.4.2 Resistance  

Resistance to ampicillin and first-generation cephalosporins has been acquired by 10  

to 50% of strains. Overall, 5% of P. mirabilis isolates in the United States now possess 

an ESBL. Resistance to ampicillin and first-generation cephalosporins is the rule for 

these species. Derepression of an inducible chromosomal AmpC ß-lactamase (not 

present in P. mirabilis) occurs in up to 30% of strains (Russo, 2005). 

2.8.5 Staphylococcus Saprophyticus 



Unlike other organisms commonly implicated in urinary tract infections, S. 

saprophyticus is not associated with hospital-acquired infections. Instead, colonization 

is community acquired, and infection occurs when the bacteria are introduced into the 

sterile urinary tract (Raz, 2005). Patients with UTI caused by S. saprophyticus usually 

present with symptomatic cystitis. S. saprophyticus is usually susceptible to antibiotics 

commonly prescribed for patients with UTI, with the exception of nalidixic acid 

(Wikipedia, 2008).   

2.9 Pathogenesis of UTI 

2.9.1 Infection routes 

Microorganisms gain access to the urinary tract by the ascending route in the majority 

of cases. Initial colonization of the vaginal introitus and the periurethral area is followed 

by ascension of microorganisms up the urethra and into the bladder (Gupta and Stamm, 

1999). Within the bladder, proliferation and infection can occur and microorganisms 

may progress up the ureters to the renal pelvis and parenchyma and eventually cause 

pyelonephritis. Hematogenous and lymphatic routes are other uncommon pathways of 

infection. Blood-borne pathogens causing renal infection usually include staphylococci 

and possibly fungal organisms such as Candida spp. Gram-negative bacilli are seldom 

implicated in urinary tract infections arising from the hematogenous route. Little 

evidence exists to support involvement of renal lymphatics in infection, although 

anatomical connections do exist within the renal tissue. Direct extension of infection 

from neighbouring organs may occur in certain circumstances like intraperitoneal 

abscesses, especially those associated with inflammatory bowel disease and severe 

pelvic inflammatory disease (McRac et al, 2000). 



2.9.2 Bacterial pathogenesis factors 

Bacterial adherence factors are an important determinant of virulence by enhancing 

ability to colonize and invade the normally sterile urinary tract and cause infection. 

Most uropathogenic E. coli can bind to host epithelial cell receptors either with 

filamentous surface organelles termed fimbriae or pili (Hooton et al, 1996). P pili bind 

specifically to glycolipid receptors on urothelium that are also found on p blood group 

antigens. These can be glycolipid receptors found on renal tubular cells as well as on 

urothelium (McRac et al, 2000). Other virulence factors include bacterial synthesis of 

required amino acids not found in urine, ability of motility allowing ascend of the 

urethra, production of endotoxins, enzymatic production (urease, amylase) and 

production of an iron-scavenging protein ( Hooton  et al, 1996). 

2.10 Host defence mechanisms 

                                                                                                                                                                                                                                           

Several defense mechanisms exist in order to prevent colonization and infection. The 

normal flora of the periurehral area forms a defense against the colonization of 

pathogenic bacteria. Alterations in this environment resulting from shifts in pH or 

estrogen levels or the use of antimicrobial agents may alter the makeup of the protective 

flora and also the ability of pathogenic bacteria to colonize (McRac et al, 2000). Urine 

itself possesses antibacterial activity with extremes in osmolarity, high urea 

concentrations, and low urinary pH. Prostatic fluid inhibits bacterial growth, while the 

presence of glucose can favour bacterial growth (Hooton et al, 1996). Constitutive 

mechanisms involved in the clearance of bacteria include mechanical factors such as 

urine flow and regular bladder emptying (Bates et al, 2004) but catherization can impair 



this defense and promote infection. A multitude of biochemical factors have been 

identified, including cytokines, immunomodulators, adhesion proteins, humoral 

immunity and antibodies. Bacterial adherence of epithelial cells elicits recruitment of 

polymorphonuclear cells (PMNs) and results in production of cytokines such as 

interleukin (IL)-1â, IL-6, IL-8, and tumour necrosis factor. Different urinary inhibitors 

of bacterial adherence are secreted and include Tamm-Horsfall protein, bladder 

mucopolysaccharide, low-molecular weight oligosaccharides, serum immunoglobulin A 

(sIgA) and lactoferrin ( Hooton  et al, 1996).  

2.11 Significant bacteruria 

The urinary tract is sterile usually, although the distal region is colonized with 

commensal organisms that may include periurethral and faecal organisms. Because 

urine specimens are usually collected by voiding a specimen into a sterile container they 

become contaminated with periurethral flora during collection. Infection can be 

distinguished from contamination by quantitative culture methods. Bacteriuria is 

defined as �significant� when a properly collected midstream urine specimen is shown 

to contain >105 organisms per ml. Infected urine usually contains a single bacterial 

species. Contaminated urine usually has <104 organisms per ml and often contains more 

than one bacterial species. The criteria for significant bacteriuria do not apply to urine 

specimens collected from catheters or nephrostomy tubes or by suprapubic aspiration 

directly from the bladder, in which any number of organisms may be significant 

because the specimen is not contaminated by periurethral flora (Mims et al, 1993). 

Significant bacteriuria may be better defined based on patient population and method of 

urine collection, and this definition may be expanded to include the following criteria: 



≥10
5 CFU bacteria / ml in asymptomatic patients on two consecutive specimens 

≥10
3 CFU bacteria / ml in symptomatic male 

≥10
5 CFU bacteria / ml in symptomatic female 

≥10
2 CFU bacteria / ml in a catheterized patients 

Any growth of bacteria on suprapubic catheterization in symptomatic patients (Johnson, 

1991) 

2.12 Pyuria 

Pyuria is defined as  the presence of greater than 5 leukocytes per high power field in a 

centrifuged urine (Fuller, 2001). The finding of  greater  than 1 leukocyte per 7 high 

power field in a uncentrifuged urine indicates significant pyuria (Collee et al, 1996). 

2.13 Semi quantitative culture 

To count the viable bacteria in urine quicker, semi quantitative methods are used where 

common urinary pathogens grow well on simple and selective media within 24 hour of 

aerobic incubation at 37°C. Nutrient agar, blood agar, MacConkey agar and CLED agar 

are the media most often used. The Semi-quantitative methods are Standard loop 

method, Filter paper method and Dip slide method. 

 

 

2.14.1 Standard loop method 

An inoculating loop of standard dimensions is used to take up a small, approximately 

fixed and known volume of uncentrifuged urine and spread it over a plate of agar 

culture medium. The plate is incubated, the number of colonies counted or estimated, 

and this number used to calculate the number of viable bacteria per ml of urine. If 



nichrome or platinum wire of 28 sizes is used to make circular loop of 3.26 mm internal 

diameter, it will hold a drop of urine 0.004 ml urine. Thus if a 0.004 ml loop of urine 

yields 400 colonies, the count per ml will be 105, or just indicative of significant 

bacteria. 

2.14.2 Filter paper method 

 This method of semi quantitative culture is rapid and very economic but growths are 

often confluent and if mixed, required to be plated out to obtain pure subcultures for 

identification and sensitivity tests. 

2.14.3 Dip slide method 

The method of semi quantitative culture on dip slides or dip spoon is the least laborious 

for the laboratory and as the medium is seeded with urine immediately it has been 

passed, obviates the difficulty of having to prevent bacterial multiplication during 

transport to the laboratory. It is especially convenient for the routine screening of large 

numbers of patients. Its disadvantages are that it does not provide material for 

microscopic examination for the cellular content of the urine and that when the bacterial 

count is high and the growth is pure or mixed and to obtain unmixed inoculums for 

identifying and sensitivity tests (Collee et al, 1996). 

 

 

2.15 Resistance patterns 

Many recent studies have reported the resistance profiles of uropathogens to 

antimicrobial agents commonly used to treat UTI. Much of this in vitro data comes from 

laboratory-based surveys that often do not define the sex, age, clinical syndrome, or 



location (inpatient vs. outpatient) of the patients from whom the urine specimens are 

collected. Therefore, the reported rates of resistance may vary depending on whether the 

study sample consists primarily of outpatients with uncomplicated UTI or patients with 

complicated nosocomial UTI (Gupta et al, 1999). In UTI, resistance patterns occur in 

two different ways. Firstly, there can be a higher prevalence of resistance to 

conventional antibiotics in the �usual� urinary pathogens such as Escherichia coli and 

Klebsiella spp. Secondly, there can be an increased frequency of pathogens with greater 

intrinsic resistance to conventional antibiotics such as Pseudomonas aeruginosa 

(Nicolle, 2002). Since the management of UTI has traditionally been based on the fact 

that the spectrum of bacteria causing UTI and their resistance patterns are very 

predictable, empiric treatment with short course Trimethoprim-sulfamethoxazole (TMP-

SMX) has been the standard management approach (Gupta, 2002). Guidelines 

published in 1999 by the Infectious Diseases Society of America (IDSA) recommend 

TMP/SMX as first-line treatment for acute cystitis, however resistance to this agent is 

increasing. Although public health authorities have increasingly recommended narrow-

spectrum antibiotics for treating community-acquired urinary tract infection (CUTI) 

whenever possible, concerns about resistance have resulted in a burgeoning use of 

Fluoroquinolones (Hooton et al, 2004). In the past few years, use of Fluoroquinolones 

in ambulatory care has dramatically increased, whereas use of TMP-SMX for UTI has 

been decreased. In the past, antibiotic resistance has mostly been a problem in hospital-

acquired UTI. However, recent data suggest that antibiotic resistance in community-

acquired UTI is now also becoming an important consideration. In a 1998 surveillance 

study, ten tertiary-care hospital microbiology laboratories from across Canada collected 



bacterial isolates from two thousand consecutive outpatients with a UTI (Zhanel et al, 

2000). Of the 2000 urinary tract isolates recovered, E. coli represented 84.1% of 

isolates, Klebsiella pneumoniae 3.8%, Enterococcus spp 2.8%, Proteus mirabilis 2.6%, 

and Staphylococcus saprophyticus 1.4%. The remaining 2.7% of isolates were mainly 

composed of Gram negative isolates. The mean rates of resistance of all 2000 isolates to 

Ampicillin, TMP/SMX, Nitrofurantoin and Ciprofloxacin were 41.1%, 19.2%, 5%, and 

1.8% respectively. In the previous studies, the rate of resistance to TMP/SMX is quite 

high and could suggest the need for a re-evaluation of first line therapies. However, we 

must keep in mind that there are limitations to susceptibility studies. Since most UTI are 

empirically treated, most practitioners do not obtain a urine sample before treating 

uncomplicated infections. Therefore, the urine samples obtained in different studies are 

more likely to be obtained from patients with UTI that have some complicating factors 

(Gupta, 2002). 

In the United States, resistance to TMP-SMX among E. coli isolates is increasing in 

context to community-acquired UTI now exceeds 20 percent in many parts of the 

country. The prevalence of such resistance is substantially higher in the West (22 

percent) than in the Northeast (10 percent), with substantial variation from hospital to 

hospital. Resistance to TMP-SMX is generally associated with resistance to additional 

drugs 
� often to Ampicillin, Cephalothin, and Tetracycline � and multidrug resistance 

may be transferred on a single plasmid. The resistance to TMP-SMX is noticed in the 

southern Europe, Israel and Bangladesh, where the prevalence of resistance is now 30 to 

50 percent (Gupta, 2001). The analysis of polyresistance among the causative agents of 

UTI revealed the following. The highest rate of polyresistant isolates was registered in 



gram-negative non-fermenting rods. 72.5% of Pseudomonads and 1.9% of 

Acinetobacter occurred to be polyresistant. In the Enterobacteriaceae family, there were 

53.8% of polyresistant strains among the isolated strains of the (Klebsiella, 

Enterobacter, Serratia) group and 56% of Citrobacter freundii. In the (Proteus, 

Morganella, Providencia) group, 51.0% of strains were polyresistant, while only 18.5% 

of E. coli occurred to be polyresistant (Zilevica, 2005). 

Urinary tract infection is a common condition worldwide; responsible for significant 

morbidity in both hospitalized and community patients. The laboratory records, for 

microbial isolates of infected urine and their susceptibility profiles for the years 1999 

and 2003 were retrospectively reviewed and compared. In 2003, there was a significant 

decline in recovery of Citrobacter spp compared to 1999. Conversely, the proportion of 

K. pneumoniae, E. coli and Enterococci increased dramatically by the year 2003, in 

both practices. For Proteus vulgaris and Proteus mirabilis, rates of isolation were 

increased by the year 2003, in hospital practice and community practice, respectively. 

Significant changes in antimicrobial susceptibility were also evident. A greater 

proportion of isolates from both practices were resistant to Ampicillin, Amoxicillin-

clavulanic acid, Cefuroxime, Ceftazidime and Cotrimoxazole in 2003 when compared 

to 1999. With respect to E. coli, there were significant increases in prevalence of 

resistance to Cefuroxime and Amoxicillin-clavulanic acid. The overall resistance rate 

for Norfloxacin remained relatively low and was unchanged for E coli. Continued 

surveillance of uropathogen resistance trends is important and this information should 

be communicated to clinicians. The feasibility of using the Fluoroquinolones as a first 

line of therapy in urinary tract infection should be considered (Orrett and Davis, 2003). 



Pathological microbes were isolated from 324 samples (25.30%) where about 79.9% 

(n=259) samples came from the outpatients departments while only 20% (n=65) were 

sent from the medical and surgical wards of SMHS Hospital. Majority of E. coli and 

klebsiella isolates thus come from the outpatients clinics, of the E. coli isolates 43.57% 

showed resistance to the commonly used antibiotics.  The highest sensitivity was shown 

to Amikacin followed by the injectable Gentamicin and orally administered antibiotics 

Chloramphenicol, Ciprofloxacin, Nalidixic acid and Nitrofurantoin. In comparison to 

Ciprofloxacin, Pefloxacin had a dismal in-vitro performance and the isolates of E coli 

showed resistance to Cephalexin, Tetracycline, Streptomycin and Co-trimoxazole. No 

strain was sensitive of Cephazoline and Norfloxacin. Such isolates from the wards and 

from the females followed the same general pattern while as those from the out patient 

department and male patients, most likely to be complicated, revealed much having 

sensitivity to antibiotics. Of the klebsiella isolates only 37.97% proved sensitive to 

generally used antibiotics while, as 62.1% were either borderline sensitive or resistant. 

High degree of sensitivity was shown to Amikacin followed by Gentamicin, Nalidixic 

acid, Ciprofloxacin and Pefloxacin. Widespread resistance was evident to all other 

generally used antibiotics for empirical therapy (Kadri et al, 2004). 

2.16 Clinical manifestations  

A. Lower tract infection (urethritis, cystitis)  

Symptoms are due to bacterial irritation of urethral and vesical mucosa causing 

frequently painful urination, usually presented with the symptoms as  



*frequency  

*urgency  

*dysuria  

*suprapubic tenderness  

Urine is often turbid, foul smelling, and contains WBC, RBC, and bacteria. Urinary pH 

> 7.5 suggesting presence of urea splitting organisms such as Proteus (most often 

associated with stones or recurrent infection).  

B. Upper tract Infection (pyelonephritis) is characterized by the symptoms like 

fever, chills  flank pain/ costovertebral angel tenderness,+/- frequency, urgency, dysuria  

+/- nausea, vomiting,  malaise.  

Urine examination reveals pyuria, WBC casts, leukocytosis with positive urine cultures 

and blood culture may be positive.  

C. Acute urethral syndrome / urethritis  

Dysuria, frequency, sterile culture (or with low bacteria counts)  

Common causes are:  

a. Vaginitis due to Candida albicans, Trichomonas, Gardnerella infection. 

b. Urethritis due to Chlamydia trachomatis, Neisseria gonorrhoeae infection. 

c. Genital Herpes due to Herpes virus infection usually by type 2 



D. Asymptomatic bacteriuria 

 (Manduru, 1997). 

2.17 Diagnosis  

Diagnosis of UTIs depends on examination of the urine, specifically performing a 

urinalysis and, if indicated, a urine culture. In order for laboratory evaluation to be 

useful, proper collection of urine is necessary. There are three methods of urine 

collection: midstream clean-catch method, urinary catheterization and suprapubic 

bladder aspiration. The midstream clean catch is the preferred method for routine urine 

collection and is the most practical for outpatient use because it utilizes voided urine. 

When patients are uncooperative or are unable to void, catheterization or suprapubic 

bladder aspiration may be indicated. These alternative methods utilize catheterized 

urine or urine aspirated directly from the bladder (Mullenix and Prince, 1999; Sobel and 

Kaye, 1995 and Hatton et al, 1994). 

2.17.1 Collection of specimen 

From male patient, a mid stream specimen of urine is collected.
 

From female patient-Female patient passes urine with the labia separated and the middle 

of stream is collected for examination.  

From catheterized patient-Urine collected through the draining portal of the urinary 

catheter using aseptic precaution. 

If tuberculosis of the urinary tract is suspected, the first urine passed in the day (early 

morning urine) is the most suitable specimen. Three complete early morning urines 

should be sent to the laboratory. 



In the investigation of urethritis the initial flow of urine, rather than a mid stream 

specimen should examined (Collee et al, 1996). 

2.17.2 Presumptive diagnosis 

Establishing the presence of a significant amount of bacteria (≥10
5 bacteria / ml) in a 

suitable urine specimen is often helpful for presumptive diagnosis. Urine dipstick tests 

are also available which can rapidly screen urine for the presence of pyuria and 

bacteriuria by detecting leukocyte esterase and nitrite respectively. The leukocyte 

esterase test detects the enzyme leukocyte esterase, which is unique to granulocytic 

cells, such as leukocytes and indicates the presence of WBCs (pyuria). The nitrite 

dipstick test detects the presence of nitrite, which is formed when gram-negative 

bacteria reduce nitrate that is normally present in the urine. It should be noted that not 

all bacteria reduce nitrates to nitrites. This includes gram-positive organisms and 

Pseudomonas aeruginosa, which may thus give false-negative results with this test. 

These urine dipstick tests are now available for home testing of UTI. The UTI urine 

nitrite test strips screen for the presence of nitrites only, while the Azo Test Strips detect 

both leukocytes and nitrites. Patients should be cautioned that false-negative results 

could occur with these tests, if they are taking Tetracycline or large doses of vitamin C. 

Additionally, Phenazopyridine can stain the test strip and make it harder to read 

(Toedter, 2000). 

2.17.3 Urinalysis 

A definitive diagnosis of UTI depends on the presence of pyuria and bacteriuria, which 

can be determined from a urinalysis. A macroscopic examination of the urine is initially 

performed, followed by a microscopic analysis.  Macroscopic analysis involves 



describing the urine color, measuring its specific gravity and estimating pH, glucose, 

protein, ketone, blood and bilirubin content. Cloudy or turbid urine often suggests UTI 

and hematuria as well as proteinuria may be present with UTI. The urinary pH may 

increase because of bi-products produced by urea-splitting bacteria, such as Proteus 

spp. A microscopic examination of the urine sediment, on the other hand, describes the 

presence and quantity of erythrocytes, leukocytes, epithelial cells, crystals, casts, and 

bacteria. Pyuria (greater than 10 WBCs / mm3
 
of urine) is often seen in symptomatic 

patients, and WBC casts often suggest pyelonephritis. Consequently, the urine culture is 

the most reliable method for diagnosing UTI. This quantifies the number of bacteria 

present and allows identification of the infecting pathogen and subsequent susceptibility 

testing. Urine cultures may not be necessary in women with acute, uncomplicated 

cystitis but should be performed when a complicated infection or pyelonephritis is 

suggested (Faro and Fenner, 1998 ; Barnett and Stephens, 1997; Mullenix and Prince, 

1999;  Sahai and Fendler, 1992 and Tice, 1999) 

2.18.4 Urine Culture  

In current office practice for the diagnosis and treatment of uncomplicated UTI do not 

require urine culture, unless there is lack of response to therapy or frequent recurrence. 

Culture should be done when complicating factors exist including suspected 

pyelonephritis. A midstream clean catch urine sample has been considered as the 

standard method for obtaining a sample from women for urine culture. However, a 

study compared results of samples obtained in nonsterile containers without any 

preparation with standard clean catch samples obtained after use of a bactericidal wipe 

and showed similar rates of contamination and colony counts (Muazzuli  et al, 2001). 



Unrefrigerated urine supports the growth of bacteria, therefore if a delay of 2 hours or 

more is assumed in transport the specimen should be refrigerated at 4°C. The colony 

count to diagnose UTI has traditionally been 105, however, diagnosis using a lower 

count of 102 currently is recommended because 30% to 50% of symptomatic women 

with any growth of pathogens on culture will have colony counts below 105 (Brown et 

al, 2002). Laboratories often use methods such as semi quantitative microscopy to 

screen out samples that are likely to produce negative cultures in order to minimize 

expense and improve turnaround time. Blood cultures are warranted only in cases of 

pyelonephritis severe enough for hospitalization or where there is suspicion of sepsis. 

2.18.5 Imaging studies 

Urologic evaluation and imaging should be considered in cases of pyelonephritis in 

which fever persists beyond 72 hours or with multiple episodes of pyelonephritis. 

Otherwise, imaging for evaluation of the urinary tract with ultrasound, excretory 

urography or cystography has a low yield in adult women (Papanicolaou, 1996).  

2.18 Treatment of UTI (Thirion and Williamson, 2004) 

A mild case of cystitis may go away on its own without treatment. Because of the risk 

of the infection spreading to the kidneys, however, antibiotics are usually 

recommended. It is important to finish the entire course of prescribed antibiotics. In 

children, cystitis should be treated promptly with antibiotics to protect their developing 

kidneys. In the elderly, prompt treatment is recommended due to the greater chances of 

deadly complications.  

 

 



 

 

 

 

2.18.1 Antibiotic regimens for urinary tract infections in women 
 
 
Condition Antibiotic of 

choice 
Duration  Alternatives Second-line agents 

for intolerance 
ASB No treatment    

Uncomplicated 
UTI 
 

TMP/SMX 1 DS 
tab bid 
 

3 days Three-day regimen 
Ciprofloxacin 250 mg 
bid, Ciprofloxacin 
XL 500 mg qd, 
Levofloxacin 250 mg 
qd, Norfloxacin 400 
mg bid, Ofloxacin 
200 mg bid, 
Trimethoprim 100 
mg bid 
Seven-day regimen 
Nitrofurantoin 
macrocrystals 50 mg 
qid, Nitrofurantoin 
dual-release 100 mg 
bid 
 

Single dose 
regimen 
Fosfomycin 3 g 
once 
Three-day regimen 
Amoxicillin 500 
mg tid, 
Amoxicillin-
clavulanate 500/125 
mg bid, Cefadroxil 
500 mg bid, 
Cefixime 400 mg 
qd, Cephalexin 
250�500 mg qid, 
Cefprozil 500 mg 
qd 
Nitrofurantoin dual-
release 100 mg bid 
As above As above 
 

Recurrent UTI 
Treatment 

As above 
TMP/SMX 
40/200 mg 
TMP/SMX 
80/400 mg 

Continuous 
 
post-coital 

As above 
 
Nitrofurantoin 50�
100 mg qd, 
Norfloxacin 200 mg 
qd, TMP/SMX 
40/200 mg 3x/wk 
Trimethoprim100 mg 
qd, Ciprofloxacin 250 
mg, Levofloxacin 
250 mg, 
Nitrofuantoin 50�100 

As above 
 
Cephalexin 125�
250 mg qd 
Cefaclor 250 mg qd 
 
Cephalexin 250 mg 



mg, Norfloxacin 200 
mg, Ofloxacin 100 
mg 

Outpatient 
acute 
pyelonephritis 

Ciprofloxacin 
500 mg bid 
Levofloxacin 
250 mg qd 
Ofloxacin 400 
mg bid 

10�14 days TMP/SMX 1 DS tab. 
bid × 14 
days 

Cefixime 400 mg 
qd 
Consider home IV 
antibiotics for 
severe 
infections 
For gram positive 
infection 
Amoxicillin 500 
mg tid, 
Amoxicillin-
clavulanate 500/125 
mg tid (or 875/125 
mg bid) 

CI: contraindicated 
TMP/SMX DS: one double strength tablet of 160 mg/800 mg 
 
 

2.18.2 Antibiotic regimens for urinary tract infections in other 
populations 

 
 

Population  Condition  Antibiotic of choice  Duration  Alternatives  Second-line agents for 
intolerance or CI to the 
first-line agents 

Pregnany  ASB or 
complicated 
UTI 
 
 
 
Prophylaxis 

Amoxicillin 500 mg 
tid 
 
 
 
 
Amoxicillin 250 mg 
bid 

7 days 
 
 
 
 
 
Until end 
of 
pregnancy 

Amox/clavulanate250/125 mg 
tid. Cefixime 400 mg qd, 
Cephalexin 250�500 mg qid. 
Fosfomycin 3 g × 1 day, 

TMP/SMX DS bid 
 
Cephalexin 250 mg bid 
TMP/SMX DS hs 

Nitrofurantoin 100 mg qid 
Nitrofurantoin dual-
release 
100 mg bid 
 
Nitrofurantoin 50�100 mg 
hs 

Men complicated 
UTI 
 
 
 
 
Acute 
prostatitis 
 
 
Chronic 
prostatitis 

TMP/SMX DS bid 
 
 
 
 
 
 
TMP/SMX DS bid 
 
 
TMP/SMX DS bid 

7�10 days 
 
 
 
 
 
 
4 weeks 
 
 
 
3 months 
 

Ciprofloxacin 250 mgbid, 
Levofloxacin 250 mg qd, 
Norfloxacin 400 mg bid, 
Ofloxacin 200 mg bid, 
Trimethoprim 100 mg bid 
 
Ciprofloxacin 500 mg bid, 
Levofloxacin 500 mg qd, 
Norfloxacin 400 mg bid, 
Ofloxacin 400 mg bid 
As acute prostatitis for 
3 months 

 
 
 
 
Doxycycline 100 mg bid 

Elderly ASB 
complicated 

No treatment 
TMP/SMX DS bid 

 
7�14 days 

 
Ciprofloxacin 250 mg bid 

Amoxicillin 500 mg tid, 
Amoxicillin-clavulanate 



UTI 
 

Levofloxacin 250 mg qd 
Norfloxacin 400 mg bid 
Ofloxacin 200 mg bid 

500/125 mg bid, 
Cefadroxil 500 mg bid, 
Cefixime 400 mg qd, 
Cephalexin 250�500 
mqid, Cefprozil,500,mg 
qd Nitrofurantoin dual-
release 100 mg bid, 
Nitrofurantoin 
macrocrystals, 50 mg qid 

Children ASB or 
acute cystitis 
 
 
 
 
 
 
Pyelonephritis 
 
Prophylaxis 

TMP/SMX 6�12/30�
60 
mg/kg/d in 2 doses 
 
 
 
 
 
TMP/SMX 6�12/30�
60 mg/kg/d in doses 
TMP/SMX 2/10 
mg/kg hs 

3�5 days 
 
 
 
 
 
 
 
10�14 days 
continous 

 
 
 
 
 
 
 
 
Nalidixic acid 30mg/kg/d in 2 
doses, Nitrofurantoin 1�mg/kg 
qd, Sulfisoxazole 10�20 
mg/kg/doses,TMP/SMX 5/25 
mg/kg twice weekly 

Amoxicillin 20�4mg/kg/d 
in 3 doses Cefixime 8 
mg/kg/d in 2 doses 
Cefprozil 30 mg/kg/d in 
2 doses Cephalexin 50�
100 mg/kg/d in in 4 doses 
 
As acute cystitis for 10�14 
days 

Diabetes ASB No treatment    

 

2.19 Prevention of UTI  (Toedter, 2000). 

Use of low-dose antibiotics on a daily basis may be recommended to prevent UTIs if 

one get frequent infections. Several nonspecific therapies have been used in preventing 

UTI and as an adjunct to antibiotics in treating UTI. Increased fluid intake is one such 

strategy, as this may result in removal of uropathogens by frequent voiding. Postcoital 

micturition may also flush bacteria from the bladder and urethra. Ascorbic acid may 

acidify the urine, thus increasing its antibacterial activity. More commonly, cranberry 

juice has been used to acidify the urine and has also been shown to prevent E. coli from 

adhering to the uroepithelium, thereby preventing infection. Additionally, urinary tract 

analgesics, such as Phenazopyridine, may be used to relieve dysuria. It has no 

antibacterial activity and is generally only used for one or two days. Patients should be 

warned that Phenazopyridine may discolor the urine to a red-orange-brown color, which 

can stain clothing. Finally, estrogen therapy may prove useful in postmenopausal 



women with frequent UTI, as estrogens may decrease vaginal pH, thus increasing 

vaginal colonization with lactobacilli and suppressing vaginal growth of 

Enterobacteriaceae  

To prevent the UTI one should  

 
 Not douche or use similar feminine hygiene products.  

 Not  drink fluids that irritate the bladder, like alcohol and caffeine.  

 Drink  cranberry juice or use cranberry tablets, but not in case of 

personal or    family history of kidney stones.  

 Drink plenty of fluids.  

 Keep the  genital area clean.  

 Urinate after sexual intercourse and  

 Wipe from front to back can make one safe from UTI. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 



MATERIALS AND METHODS 

 

3.1 Place and period  

The study was carried out in the department of microbiology, Mymensingh Medical 

College during the period from July 2007 to June 2008. 

 

3.2 Type of Study  

The study was designed as cross sectional type.  

 

3.3 Population  

A total of 200 clinically suspected nosocomial and community acquired UTI cases were 

selected from inpatient and outpatient department of Mymensingh Medical College 

Hospital respectively. Suspected cases of community acquired UTI patients were also 

selected from community and some private diagnostic centre. Of the total cases, 100 

from community acquired cases and 100 from hospital acquired cases were enrolled for 

this study. 

 

3.4 Selection criteria  

The patients who fulfilled the inclusion criteria were enrolled in this study irrespective 

of age and sex.  

 

3.4.1 Inclusion criteria for community acquired UTI 

Clinically suspected community acquired UTI cases were selected on the basis of 

following cardinal signs/symptoms (CDC criteria) (Savas et al, 2006).  

i) Urgency 



ii) Frequency 

iii) Dysuria 

iv) Suprapubic tenderness 

v) Fever (>100.40C) 

vi) Pyuria  

 

3.4.2 Exclusion criteria for community acquired UTI 

Febrile causes other than UTI.  
 

3.4.3 Inclusion criteria for nosocomial UTI  

Suspected cases of hospital acquired UTI were selected on the basis of 

 

i) Patient was not suffering from UTI at the time of hospital admission. 

ii) UTI developed at least 72 hours after admission in hospital. 

iii) Patients with indwelling catheter. 

Above points plus inclusion criteria of CUTI may present. 

 

3.4.4 Exclusion criteria for nosocomial UTI  

Those cases suffering from UTI at the time of admission or during 72 hours after 

admission. 

 

3.5 Data collection and recording 

All relevant history, clinical findings and laboratory records of every subject was 

systemically recorded in a pre designed data sheet (Appendix-1) for subsequent analysis 

by computer programme SPSS version 12.0. 



3.6 Criteria of the different personal, socioeconomic parameters used 

for      each study case  

3.6.1 Age: Age of each study case was recorded in years. 

3.6.2 Socioeconomic condition (Islam, 1992) 

Economic condition of the subjects was ascertained by interviewing the patients 

regarding their monthly income from all possible sources. For the purpose of simplicity 

the subjects were classified into different income group  

      1.   Lower income group: Having a monthly income of upto 3,000 Taka 

2. Middle income group: Having a monthly income between 3,000-20,000 Taka 

3. High income group: Having a monthly income more than 20,000 Taka 

3.6.3 Personal hygiene 

 

3.7.1 Collection of urine specimen 

The clean catch mid-stream technique was employed to collect urine samples (Forbes et 

al, 1998). 

Following the verbal consent of the patient /attendants, a urine sample was collected in 

a sterile container. 

a) For female patients-After proper positioning of thigh, patient will be instructed to 

spread the labia with one hand and cleanse the area with soaped swabs with the other 

hand, then pass a small amount of urine into toilet, and finally urinate into the wide 

mouthed container (Howes and Henry, 2008). 

b) For male patient-After washing his hands, clean catch mid stream urine will be 

collected with foreskin separated (Collee et al, 1996). 



c) For catheterized patient-Urine was collected through the draining portal of the 

urinary catheter using aseptic precaution (Tullu, 1998). 

 

 

3.7.2 Transport of urine specimen 

 Approximately 20 ml of urine was collected aseptically in a sterile wide mouthed 

container. Each sample in the container was properly labeled with patients name, ID 

number etc. The specimens were then transferred to the laboratory as quickly as 

possible, usually within 1 hour after collection (Collee et al, 1996). 

 

3.8 Examination of urine specimen 

 

3.8.1 Microscopic examination 

 

3.8.1.1 Wet film preparation for centrifuged urine 

Five ml of urine samples were poured into a clean and dry 15 ml centrifuge tubes and 

centrifuged at 3000 RPM for 5 minutes. The supernatant fluid was discarded and one 

drop of sediment was transferred to a clean labeled glass slide, covered with a clean 

cover slip and then examined under a light microscope using 10X and 40X 

magnifications. On the basis of findings of pus cells/ HPF, urine samples were 

categorized into 3 groups. Group A included all those urine samples having a pus cell 

count equal or less than 5/ HPF. Group B included pus cell counts ranging between 6 to 

10 /HPF and group C were pus cell counts above 10/ HPF (Chowdhury, 1998). 

 



3.8.1.2 Wet film preperation for uncentrifuged urine 

One drop of uncentrifuged urine sample was also examined. In uncentrifuged urine pus 

cell >1 per 7 HPF is significant. The finding of 1 leucocyte per 7 high power fields 

corresponds with 104 leucocyte per ml (Collee et al, 1996). 

 

3.8.2 Cultural examination 

Measured amount of urine specimen from each urine sample was inoculated separately 

into following media: 

 

3.8.2.1 Blood agar: For the isolation of the fastidious microorganisms and to study the 

type of haemolysis produced by the organisms. 

 

3.8.2.2 MacConkey agar: For isolation of Gram negative enteric bacteria and to 

differentiate lactose fermenting organisms from non-lactose fermenting organisms. 

 

3.8.2.3 CLED agar: It is a non selecting differential plating medium for growth and 

enumeration of urinary tract microorganism. Here indicator dye, bromothymol blue is 

used to differentiate lactose fermenting from non lactose fermenting bacteria. 

Electrolyte deficient prevents swarming of Proteus. 

 

3.8.2.4 Muller Hinton agar was used for drug sensitivity  

 

3.8.2.5 Nutrient agar for preservation of organisms.  

(Collee et al, 1996). 

 

3.9 Culture procedure 



Sterile urine samples were shaken well in their sterile containers for even distribution of 

organisms. A calibrated wire loop with internal diameter 3.26mm that hold 0.004 ml of 

urine were inoculated into the above media. The inoculums were spread with the wire 

loop on the media plate. They were incubated aerobically at 37°C for 24 hours (Collee 

et al, 1996). 

 

 

3.10 Reading of the culture plate ( Stamm, 2005; Johnson, 1991) 

After completion of incubation, the inoculated culture plates will be observed for 

presence of any bacterial growth. If growth occurs, colony count will be done to 

calculate the number of colony forming unit per ml of urine.  

Interpretation  

 

≥10
5 CFU bacteria / ml in asymptomatic patients on two consecutive specimens 

≥10
3 CFU bacteria / ml in symptomatic male 

≥10
5 CFU bacteria / ml in symptomatic female 

≥10
2 CFU bacteria / ml in a catheterized patients 

Any growth of bacteria on suprapubic catheterization in symptomatic patients  

All significantly bacteriuric cases are termed as �culture positive�, the rest are termed as 

�culture negative�. 

3.11 Identification of the organism (Collee et al, 1996; Cheesbrough 2000). 

All isolates were subjected to gram staining for initial identification of organism 

according to their gram reaction, colony morphology and finally by biochemical test. 



Gram negative bacteria were identified by motility test, indole production, citrate 

utilization test, urease production and reaction in KIA media. Gram positive bacteria 

were identified by catalase test, coagulase test and novobiocin sensitivity test.  

 

3.11.1 Escherichia coli 

Gram negative bacilli 

Colony morphology: 

MacConkey agar: Produce smooth pink colony 

CLED agar:  Smooth, circular, 1.5mm diameter, yellow opaque colony 

Blood agar: Rounded colonies of 1 � 4 mm diameter with or without haemolysis. 

Biochemical test: 

On KIA agar: Yellow slope & butt with gas production  

Indole positive, motile and non producer of urease in MIU medium  

Citrate �Negative,   Oxidase-Negative 

3.11.2 Klebsiella spp 

Gram negative bacilli 

Colony morphology: 

MacConkey: Mucoids pink colonies 

CLED: Mucoid yellow colonies 

Blood agar: Large grey white mucoid colonies 

Biochemical test: 

On KIA agar: Yellow slope & butt with gas production  

Indole negative, non motile and slow urease producer in MIU medium  

Citrate � Positive,   Oxidase-Negative 

3.11.3 Proteus spp 

Gram negative motile bacilli 

Colony morphology: 



MacConkey agar: Produce non-lactose fermenting colony 

CLED agar:  Produce non-lactose fermenting colony 

Blood agar: Fishy odor, swarming growth 

Biochemical test: 

On KIA agar: Red slope & yellow butt with gas and H2S production  

Indole negative, motile and urease producer in MIU medium  

Citrate � Positive,    Oxidase-Negative 

3.11.4 Pseudomonas aeruginosa 

Gram negative motile bacilli occur as single bacteria, in pairs and occasionally in short 

chain. 

 

Colony morphology: 

MacConkey agar: Produce non-lactose fermenting pale colony 

CLED agar:  Produce non-lactose fermenting green colony 

Blood agar: Large flat, spreading colonies, often hemolytic, greenish blue colour 

pigment production, some produce mucoid colony. 

Culture produced characterized grapelike smell of aminoacetophenone 

Biochemical test: 

Oxidase- Positive 

 KIA- Red slope & butt without production of gas & H2S 

Motility test: Motile,   Citrate � Positive 

3.11.5 Enterobacter spp 

Gram negative motile bacilli 

Colony morphology: 

MacConkey: Pink (lactose fermenting) colonies 

CLED: Yellow colonies 



Blood agar: Large grey colonies but not so mucoid 

Biochemical test: 

On KIA agar: Yellow slope & butt, produce gas but no H2S. 

Indole negative, motile and urease producer in MIU medium  

Citrate � Positive,   Oxidase-negative 

3.11.6 Citrobacter spp 

Gram negative motile bacilli 

Colony morphology: 

MacConkey: Pink (late lactose fermenter) colony 

CLED: Yellow colony 

Blood agar: Grey white colonies 

Biochemical test:   

On KIA agar: Yellow or red slope & yellow butt, produce gas but no H2S. 

Indole negative, motile and different strains give different results in urease production  

 in MIU medium  

Citrate � Positive,  Oxidase-Negative 

3.11.7 Morganella spp 

Gram negative motile bacilli 

Colony morphology: 

MacConkey agar: Small, non lactose fermenting pale colour, moist colonies 

Blood agar: Produce individual colonies. 

Nutrient agar: 1-3 mm whitish smooth, colony 

Biochemical test:  

On KIA agar: Red slope & yellow butt, few strains produce gas but no H2S. 

 Indole- Positive, motile and urease producer in MIU medium  

Citrate � Positive,  Oxidase-Negative 



3.11.8 Serratia spp 

Gram negative bacilli 

Colony morphology: 

MacConkey- Non lactose fermenter 

CLED: Pale colony 

Blood agar: White colony 

Biochemical reaction: 

On KIA agar: Red or yellow slope & yellow butt, few strains produce gas but no H2S. 

MIU medium- Indole- negative, motile and different strains give different results in 

urease production  

Citrate � Positive,  Oxidase-Negative 

3.11.9 Staphylococcus aureus 

Gram positive cocci appeared in grape like clusters with some single or paired spherical 

arrangement. 

Colony morphology: 

MacConkey: Pink color colony, 0.1 to 0.5 in diameter 

Blood agar: 1-2 mm in diameter, yellow to cream or white colony. Some strains are beta 

haemolytic and produces pin head colony. 

Nutrient agar: 1 - 3 mm in diameter, convex with shining surface and showing golden 

yellow pigmentation 

Biochemical test: 

 Coagulase positive, Catalase positive 

3.11.10 Staphylococcus saprophyticus 

Gram positive cocci 

Colony morphology: 



Blood agar: Yellow to cream or white. Some strains are beta haemolytic, 1-2 mm in 

diameter. 

Nutrient agar: 1 to 3 mm in diameter, smooth glistening surface 

MacConkey : Growth may not occur on it. 

Biochemical test: 

Coagulase negative, Catalase positive and Novobiocin resistant 

3.11.11 Enterococcus spp 

Gram positive cocci, occurring in pairs or short chains. 

Colony morphology: 

Blood agar: Mainly non hemolytic, some are alpha or beta hemolytic. 

MacConkey: Small dark red magenta colnies. 

CLED: Small yellow colonies. 

Biochemical test 

Catalase - Negative 

Bile aesculin- Positive 

Able to grow in the presence of 6.5% NaCl. 

3.12 Susceptibility testing 

Susceptibility pattern was done by disk diffusion method. All the isolated organisms 

were put into appropriate media for antibiotic susceptibility test by Kirby-Bauer disc 

diffusion technique. Disc diffusion tests were performed and interpreted according to 

the recommendations of the Clinical and Laboratory Standards Institute (CLSI, 2007).                  

All tests were performed on Muller-Hinton agar plates (pH 7.2-7.4). The surface was 

lightly and uniformly inoculated by sterile cotton swab stick.  Prior to inoculation, the 



swab stick was dipped into bacterial suspension having visually equivalent turbidity to 

0.5 McFarland (Appendix-II) standards. The swab stick was then took out and squeezed 

on the wall of the test tube to discard extra suspension. Inoculated plates were incubated 

at 37 degree celsius for 24 hours. On the next day, plates were read by taking 

measurement of zone of inhibition.  

Inhibition zones were measured in millimeter (mm) by using a ruler over the surface of 

the plate with the lid open. They were held a few inches above a black, non reflecting 

background and illuminated with reflected light. Results were recorded and graded as 

resistant (R) and sensitive (S), but no intermediate category for developing country 

according to the reference zone of inhibition of particular antibiotic (NCCLS, 2001). 

Known control strain ATCC 25922, ATCC 25923 and ATCC 27853 were used for 

quality control (CLSI, 2007).                  

3.13 Antimicrobial agents used                               

Pannel of antibiotics were used for all Gram negative bacilli except Pseudomonus 

aeruginosa named Ampicillin, Cotrimoxazole, Nalidixic acid, Nitrofurantoin, 

Imipenem, Ceftazidime, Cefaclor, Gentamycin, Ceftriaxone, Ciprofloxacin, 

Tetracycline, Azithromycin and Chloramphenicol. For P. aeruginosa the antibiotic disk 

were used- Carbenicillin, Pipercillin, Ceftazidime, Ceftriaxone, Imipenem, Gentamicin, 

Ciprofloxacin, Amikacin and Aztreonam. For Gram positive isolates antiobiotic discs 

were Ampicillin, Oxacillin, Imipenem, Ceftazidime, Ceftriaxone, Cefaclor, 

Azithromycin, Rifampicin, Gentamycin, Ciprofloxacin, Tetracycline, Chloramphenicol, 

Cotrimoxazole, Vancomycin and Novobiocin (CLSI, 2007). 

3.14 Standardization of the disc 



In order to standardize the disc potency, representative discs were tested against the 

reference strains of S. aureus ATCC 25923, E. coli ATCC 25922 and P. aeroginosa 

27853. The zone of inhibition was compared with standard value as recommended by 

CLSI (2007). 

 3.15 Sources of collection of antibiotic disc 

The antibiotic susceptibility testing discs were procured from local market 

manufactured by OXOID and Himedia.  

3.16 Preservation of  antibiotic disc 

As per manufacturer�s instruction the discs were stored in refrigerator between 

temperatures 2-80 C. Prior to use, the antimicrobial discs were taken out of the 

refrigerator and placed at room temperature for 1 hour to minimize condensation 

resulting from the warm air reaching the cold container. 

 

3.17 Long term preservation of organisms 

A number of colonies were picked up from pure culture and put into a labeled sterile 

glass vial containing 3 ml of sterile 16% Glycerol broth. It was then shaken to mix well 

and form an even suspension and then put into the incubator overnight at 370C, then it 

was transferred to a freezer at -200C (Cheesbrough 2000). 

 
 
 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



 
RESULTS 

 
 

A total of 200 patients of all age group clinically diagnosed as Urinary Tract Infection 

were studied to isolate bacteria from urine. Of which 100 from community acquired 

Urinary Tract Infection (CUTI) and 100 from nosocomial Urinary Tract Infection 

(NUTI). Out of the total 200 culture, 95 (47.5%) became positive. Out of 100 CUTI 45 

(45%) were culture positive and out of 100 NUTI 50 (50%) were culture positive (Table 

I). 

 

Table II shows the relationship between pyuria and culture positivity. Among the 50 

cases of Group A containing pus cell ≤5/ HPF in the centrifuged deposit of urine, 5 

(10%) were culture positive, among the 80 cases of Group B containing pus cell 6-10/ 

HPF, 20 (25%) were culture positive and among 70 cases of Group C containing pus 

cell >10/ HPF, all (100%) were culture positive. Culture positivity was directly 

proportional to pus cell and there is highly significant association of positive culture and 

pus cell (÷2 value109.78, P> 0.001). 

 

Table III shows the culture positivity of UTI among the female were (71.1%) and (58%) 

in CUTI and NUTI respectively. Culture positivity of NUTI among the male (42%) was 

higher than that CUTI (28.9%).The predominant age group in case of CUTI was 15-29 

(Figure:1); but for the NUTI, the age group was 60 years and above (Figure: 2). 

 



 

 

 
 
 
 
 
 
 
 
Table I: Distribution of culture by the pattern of UTI 
 
 

 
Type of UTI Urine cultured Culture positive 

cases 
 

Percentage 

CUTI 100      45      45 

NUTI 100       50    50 

Total 200       95     47.5 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
Table II: Relationship between pyuria and urine culture in CUTI 

and NUTI patients  

 
 
 

 
 
 

Figures within parentheses indicate percentages 
 

(P>0.001 by Chi square test) 
 
 
 
 
 
 
 
 
 

Groups Total 
number 
of cases 

Culture 
positive cases 

 

Culture 
negative cases 

      
Group A 

(Pus cell count ≤5 / HPF) 

50 05    (10)       45    (90) 

Group B 

(Pus cell count 6-10 / HPF) 

80 20    (25)       60    (75) 

Group C 

(Pus cell count >10 / HPF) 

70    70    (100)         0    (0) 



 
 
 
 
 
 
 
 

 

 

 

Table III: Age and sex distribution of the culture positive urine 

samples of CUTI and NUTI 

 
 

 
CUTI NUTI Age 

Male Female Total Male Female Total 

0-14 1 4 5(11.1) 1 0 1(2) 

15-29 1 14 15(33.3) 5 8 13(26) 

30-44 4 7 11(24.5) 1 12 13(26) 

45-59 1 5 6(13.3) 3 5 8(16) 

60+ 6 2 8(17.8) 11 4 15(30) 

Total 13(28.9) 32(71.1) 45(100) 21(42) 29(58) 50(100) 

 
 

 
Figures within parentheses indicate percentages 
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Figure 1: Age and sex distribution of the culture positive urine 

samples of CUTI  
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Figure 2: Age and sex distribution of the culture positive urine  

samples of NUTI 

 

 
 
 
 
 

 

 



 

 

 

Table IV shows in both type of UTI the percentage of culture positivity was higher in 

low income group that was 67.56% for CUTI and 70% for NUTI. In high income group 

the percentage was 14.28% for CUTI and 10% for NUTI. Here culture positivity is 

inversely proportional to income group. Result shows significant association of 

infection with lower income group (÷2 value 21.77, P> 0.001 in case of CUTI and ÷2 

value 21.33, P> 0.001 in case of NUTI).  

 
 
Table V shows the culture positive urine in CUTI cases with satisfactory and 

unsatisfactory hygiene was 29.8% and 65.1 %, and in NUTI cases it was 12.5% and 

75% respectively. There is highly significant association of both type of UTI with 

unsatisfactory hygiene (÷2 value 12.29, P> 0.001 in case of CUTI and ÷2 value 26.25, P> 

0.001 in case of NUTI). 

 

Of the 200 urine samples evaluated, a total 85 (42.5%) yielded significant growth of 

single organism and 5 (2.5%) yielded mixed growth, 110 (55%) yielded no growth 

(Table VI) 

 

 
Table VII shows, of 50 patients with NUTI, 30(60%) were from the gynae unit, 10 

(20%) were from the surgery unit, 5 (10%) were from the medicine unit, 4(8%) were 

from the orthopaedic unit and 1 (2%) was from the paediatric unit. There is significant 



association between NUTI and patient of gynaecology and obstetric department (÷2 

value 18.03, P> 0.01).   

 
 
 
 

 

 

 

 

 

Table IV: Rate of positive urine culture among the study population in  

respect of monthly income 

 

 

 
 

Economic 
status of the 
study 
population 

Number 
of study 
cases in  
CUTI 
 

Number 
of culture 
positive 
cases 
 

Percentage Number 
of study 
cases in  
NUTI 
 

Number 
of culture 
positive 
cases 
 

Percentage 

Low income 
group 
(Upto Tk. 
3000/=) 

37 25 67.56 50 35 70 

Middle 
income group 
(Tk. >3000-
20000/=) 

28 15 53.57 30 13 43.3 

High 
income group 
(Tk.>20000/=) 

35 5 14.28 20 2 10 

Total 100 45 45 100 50 50 



 
(P>0.001 by Chi-square test both in CUTI and NUTI) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table V:  Distribution of positive urine culture among the study   

population in relation to personal hygiene 

 
 
 

 
 
Personal 
hygiene 

Number of 
study cases in  
CUTI 
 n=100 
 
 

Number of 
culture positive 
cases 
 

Number of 
study cases in  
NUTI  
n=100 

Number of 
culture 
positive cases 
 

Satisfactory 57 17      (29.8) 40 5  (12.5) 

Unatisfactory 43 28     (65.1) 60 45   (75) 

Total 100 45     (45) 100 50    (50) 

 

 
Figures within parentheses indicate percentages 

 
(P>0.001 by Chi-square test) 



 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
 
 
 
 
 

Table VI: Results of growth in culture among study cases (n= 
200) 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

5 mixed cases yield total 10 bacteria 
 
 
 
 
 

Growth Number Percentage 

Single growth 85 42.5 

Mixed growth 05 2.5 

Total growth 90 45 

No growth 110 55 



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
  
 
 
 
 
 

 
 
 Table VII: Distribution of NUTI by inpatient department 

 
 

Department Total number 
Of cases 

Number of 
positive 
culture 

Percentage 

Gynae 40 30 75 

Surgery 25 10 40 

Medicine 
 

16 5 31.25 

Orthopaedics 14 4 28.57 

Paediatrics 5 1 25 

Total 100 50  

 
 

(P>0.01 by Chi-square test in NUTI) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

From table VIII it is found that catheter (60%) was identified as risk factor for 

maximum patients. Pregnancy (17%) was the next to it. Other risk factors were 

diabetes, menopause, obstruction and immobilization. 

 

Table IX shows, among the NUTI patients 82% were catheterized, 24% pregnant. 10% 

diabetic. Menopause, obstruction and immobilization were responsible for 14%, 10% 

and 4% respectively.  

 

Table X shows that only E. coli and Pseudomonas aeruginosa were responsible for 

NUTI with those patients catheterized for less than 1 wk, the patients catheterized for 

more than 1 wk added the species of Proteus, Enterobacter , Citrobacter, Enterococcus, 

Morganella and Serratia also. 

 
 



Among the isolated organisms, E. coli was responsible as a leading cause for both the 

UTI, with a higher prevalence of (73 %) for the CUTI. No Staphylococcus 

saprophyticus was isolated from NUTI patients, all belonged to CUTI. The species of 

Klebsiella,  Pseudomonas, Proteus and Enterobacter were common for both UTI. The 

species of Citrobacter, Morganella, Serratia, Staph. aureus and Enterococcus caused 

only NUTI (Table XI, Figure: 3, Figure: 4). 

 
 
 
 

 

 

Table VIII: Prevalence of Risk factors among suspected 

NUTI patients (n= 100) 

 
 
 

Risk factors Present Percentage 

Catheter 60 60 

Pregnancy 17 17 

Menopause 10 10 

Diabetes 7 7 

Obstruction 7 7 
 

Immobility 2 2 

Total 100 100 

 



 
 
 
 
 
 
 
 
 

 

 

 

 

 
Table IX: Distribution of positive urine culture with 

Risk factors of NUTI (n=50) 

 
 

Risk factors Culture positive Percentage 

Catheter 41  82 

Pregnancy 12 24 

Menopause 7 14 

Diabetes 5 10 

Obstruction 5 10 

Immobility 2 4 

Total 50  

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table X: Distribution of microorganisms varies in relation to the 

duration of catheterization (n= 41) 

 

 
 

Isolated organism <1 week >1 week 

E. coli 9 13 

P. aeruginosa 1 3 

Proteus species - 2 

Enterobacter species - 6 

Citrobacter species - 3 

Enterococcus species - 1 

Morganella species - 2 

Serratia species - 1 

Total 10 31 

 
 
 



 
 

 

 

 

 

 

 
 
 
 
 
 
 
Table XI: Distribution of bacterial isolates among CUTI and NUTI 

 
 
 

Isolated Organism CUTI( n= 45) NUTI( n= 50) 

Escherichia coli 33 (73 %) 21 (42 %) 

Klebsiella species 3 (6.7%) 6 (12%) 

Pseudomonas aeruginosa 1 (2.2%) 4 (8%) 

Proteus species 1(2.2%) 3 (6%) 

Staphylococcus saprophyticus 5(11.1%) - 

Enterobacter species 2 (4.5%) 6(12%) 

Citrobacter species - 3(6%) 

Morganella species - 2(4%) 

Serratia species - 1(2%) 

Staphylococcus aureus - 2(4%) 

Enterococcus species - 2(4%) 

TOTAL 45(100) 50(100) 
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Figure 3: Distribution of bacterial isolates among CUTI  
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Figure 4: Distribution of bacterial isolates among NUTI 

 
 

All the bacterial isolates of CUTI were 100 % sensitive to Imipenem. E. coli were found 

60.6% sensitive to Nitrofurantoin, 57.6% to Gentamicin, 45.4% to Ceftriaxone and 

42.4% to Azithromycin whereas in other antibiotics, the percentages of sensitivity were 

less. The sensitivity patterns of Klebsiella spp were found 100% to Gentamicin, 66.7% 

to Nitrofurantoin and Ceftazidime each. Enterobacter were found 50% sensitive to 

Gentamicin, Ceftazidime, Nitrofurantoin, Tetracycline and Chloramphenicol each. 



Proteus spp were 100% sensitive to Ceftazidime, Ceftriaxone and Azithromicin. Staph. 

saprophyticus shows 80% sensitivity to Ceftazidime and Oxacillin (Table XII).  

 

Table XIII shows all the isolated organisms of NUTI were 100 % sensitive to 

Imipenem. E. coli were sensitive to Chloramphenicol (66.7%), Nitrofurantoin (57.1%) 

and Gentamicin (52.%). Klebsiella spp were 83.3% sensitive to Gentamicin and 50% 

for both Nitrofurantoin and Chloramphenicol each. Enterobacter were found only 

33.3% sensitive to Gentamicin, Nitrofurantoin, Ciprofloxacin and Chloramphenicol 

each. S. aureus were 100 % sensitive to Vancomycin and 50% were sensitive to 

Ceftazidime, Azithromicin, Gentamicin, Ciprofloxacin and Oxacillin each. Other 

organisms were variably sensitive to different antibiotics. 

 

Table XIV shows that Imipenem was the most sensitive drug (100%) for both type of 

UTI, Amikacin was 100% sensitive to CUTI and 75% to NUTI. where as in other 

antibiotics, maximum were 100% resistant. 

 
 
 
Table XII: Antibiogram of microorganisms in CUTI except 
Pseudomonas 
 
 
 

Antibiotics Sensitivity E. coli 
(33) 

Klebsiella 
(3) 

Enterobacter 
(2) 

Proteus 
(1) 

Staph 
 saprophyticus(5) 

Ampicillin S 
R 

7(21.2%) 
26(78.8%) 

1(33.3%) 
2(66.7%) 

0(00%) 
2(100%) 

0(00%) 
1(100%) 

2(40%) 
3(60%) 

Gentamicin S 
R  

19(57.6%) 
14(42.4%) 

3(100%) 
0(00%) 

1(50%) 
1(50%) 

0(00%) 
1(100%) 

2(40%) 
3(60%) 

Ciprofloxacin S 13(39.3%) 1(33.3%) 1(50%) 0(00%) 2(40%) 



R 20(60.7%) 2(66.7%) 1(50%) 1(100%) 3(60%) 
Ceftriaxone S 

R 
15(45.4%) 
18(54.5%) 

1(33.3%) 
2(66.7%) 

1(50%) 
1(50%) 

2(100%) 
0(00%) 

3(60%) 
2(40%) 

Cefaclor S 
R 

10(30.3%) 
23(69.7%) 

1(33.3%) 
2(66.7%) 

0(00%) 
2(100%) 

0(00%) 
1(100%) 

1(20%) 
4(80%) 

Imipenem S 
R 

33(100%) 
0(00%) 

3(100%) 
0(00%) 

2(100%) 
0(00%) 

2(100%) 
0(00%) 

5(100%) 
0(00%) 

Ceftazidime S 
R 

13(39.3%) 
20(60.7%) 

2(66.7%) 
1(33.3%) 

1(50%) 
1(50%) 

2(100%) 
0(00%) 

4(80%) 
1(20%) 

Nalidixic acid S 
R 

3(12.1%) 
30(87.9%) 

0(00%) 
3(100%) 

0(00%) 
2(100%) 

0(00%) 
1(100%) 

N/D  

Tetracycline S 
R 

7(21.2%) 
26(78.8%) 

0(00%) 
3(100%) 

1(50%) 
1(50%) 

0(00%) 
1(100%) 

2(40%) 
3(60%) 

Azithromycin S 
R 

14(42.4%) 
19(57.6%) 

2(66.7%) 
1(33.3%) 

 0(00%) 
2(100%) 

2(100%) 
0(00%) 

3(60%) 
2(40%) 

Cotrimoxazole S 
R 

6(18.2%) 
27(81.8%) 

0(00%) 
3(100%) 

0(00%) 
2(100%) 

0(00%) 
1(100%) 

1(20%) 
4(80%) 

Chlorampheni
col 

S 
R 

13(39.3%) 
20(60.7%) 

1(33.3%) 
2(66.7%) 

1(50%) 
1(50%) 

0(00%) 
1(100%) 

2(40%) 
3(60%) 

Oxacillin S 
R 

N/D N/D  N/D  N/D 4(80%) 
1(20%) 

Rifampicin S 
R 

N/D N/D  N/D N/D 1(20%) 
4(80%) 

Nitrofurantoin S 
R 

20(60.6%) 
13(39.4%) 

2(66.7%) 
1(33.3%) 

1(50%) 
1(50%) 

0(00%) 
1(100%) 

N/D 

Novobiocin S 
R 

N/D N/D N/D N/D 0(00%) 
5(100%) 

 
S= Sensitive, R= Resistant 
ND= Not done 
 

Table XIII: Sensitivity pattern of microorganisms in NUTI except 

Pseudomonas 

Antibiotics Sensiti
vity 

E. coli(21) Klebsiella 
(6) 

Enteobacter 
(6) 

Proteus 
(3) 

Other 
Gram (-)ve 

Enteric 
rods(6) 

Staph 
aureus 

(2) 

Enterococci 
(2)  

Ampicillin S 
R 

2(9.5%) 
19(90.5%) 

1(16.6%) 
5(83.4%) 

0(00%) 
6(100%) 

0(00%) 
3(100%) 

0(00%) 
6(100%) 

0(00%) 
2(100%) 

0(00%) 
2(100%) 

Gentamicin S 
R 

11(52.4%) 
10(47.6%) 

5(83.3%) 
1(16.6%) 

2(33.3%) 
4(66.7%) 

2(66.7%) 
1(33.3%) 

4(66.7%) 
2(33.3%) 

1(50%) 
1(50%) 

1(50%) 
1(50%) 



 
 
 
 
 

Table XIV: Antibiogram of Pseudomonas in NUTI and CUTI 
 
 
 

Ciprofloxacin S 
R 

5(23.8 %) 
16(76.2%) 

1(16.6%) 
5(83.4%) 

2(33.3%) 
4(66.7%) 

1(33.3%) 
2(66.7%) 

0(00%) 
6(100%) 

1(50%) 
1(50%) 

0(00%) 
2(100%) 

Ceftriaxone S 
R 

7(33.3 %) 
14(66.7%) 

1(16.6%) 
4(66.7%) 

1(16.6%) 
5(83.4%) 

1(33.3%) 
2(66.7%) 

3(50%) 
3(50%) 

0(00%) 
2(100%) 

1(50%) 
1(50%) 

Cefaclor S 
R 

4(19%) 
17(81%) 

0(00%) 
6(100%) 

0(00%) 
6(100%) 

0(00%) 
3(100%) 

0(00%) 
6(100%) 

0(00%) 
2(100%) 

0(00%) 
2(100%) 

Ceftazidime S 
R 

6(28.6%) 
15(71.4%) 

2(33.3%) 
4(66.7%) 

1(16.6%) 
5(83.4%) 

1(33.3%) 
2(66.7%) 

2(33.3%) 
4(66.7%) 

1(50%) 
1(50%) 

1(50%) 
1(50%) 

Nalidixic acid S 
R 

2(9.5%) 
19(90.5%) 

0(00%) 
6(100%) 

0(00%) 
6(100%) 

0(00%) 
3(100%) 

0(00%) 
6(100%) 

N/D N/D 

Tetracycline S 
R 

3(14.3%) 
18(85.7%) 

0(00%) 
6(100%) 

1(16.6%) 
5(83.4%) 

1(33.3%) 
2(66.7%) 

0(00%) 
6(100%) 

0(00%) 
2(100%) 

0(00%) 
2(100%) 

Azithromycin S 
R 

6(28.6%) 
15(71.4%) 

1(16.6%) 
5(83.4%) 

1(16.6%) 
5(83.4%) 

0(00%) 
3(100%) 

4(66.7%) 
2(33.3%) 

1(50%) 
 (50%) 

1(50%) 
 (50%) 

Chloramphe- 
nicol 

S 
R 

14(66.7%) 
7(33.3%) 

3(50%) 
3(50%) 

2(33.3%) 
4(66.7%) 

0(00%) 
3(100%) 

3(50%) 
3(50%) 

0(00%) 
2(100%) 

0(00%) 
2(100%) 

Cotrimoxazole S 
R 

3(14.3%) 
18(85.7%) 

0(00%) 
6(100%) 

1(16.6%) 
7(33.3%) 

0(00%) 
3(100%) 

2(33.3%) 
4(66.7%) 

0(00%) 
2(100%) 

0(00%) 
2(100%) 

Nitrofurantoin S 
R 

12(57.1%) 
9(42.9%) 

3(50%) 
3(50%) 

2(33.3%) 
4(66.7%) 

0(00%) 
3(100%) 

3(50%) 
3(50%) 

N/D N/D 

Imipenem S 
R 

21(100%) 
0(00%) 

6(100%) 
0(00%) 

6(100%) 
0(00%) 

3(100%) 
0(00%) 

6(100%) 
0(00%) 

2(100%) 
0(00%) 

2(100%) 
0(00%) 

Rifampicin S 
R 

N/D  N/D N/D N/D N/D 0(00%) 
2(100%) 

0(00%) 
2(100%) 

Oxacillin S 
R 

N/D N/D N/D N/D N/D 1(50%) 
1(50%) 

0(00%) 
2(100%) 

Vancomycin S 
R 

N/D N/D N/D N/D N/D 2(100%) 
0(00%) 

1(50%) 
1(50%) 

Antibiotics Sensitivity NUTI (n= 4) CUT(n= 1) 

Carbenicillin S 
R 

0(00%) 
4(100%) 

0(00%) 
1(100%) 

Pipercillin S 
R 

0(00%) 
4(100%) 

0(00%) 
1(100% 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Table XV-XIX shows among the CUTI patients the resistance of E. coli against 

Cefaclor, Ampicillin, Cotrimoxazol, Nalidixic acid and Tetracycline were 69.7%,  

78.8%, 81.8%, 87.9% and 78.8% respectively. Whereas different scenario presented 

with NUTI for the same antibiotics were 81%, 90.5%, 85.7%. 90.5% and 85.5% 

Ceftriaxone S 
R 

1(25%) 
3(75%) 

0(00%) 
1(100%) 

Ceftazidime S 
R 

1(25%) 
3(75%) 

0(00%) 
1(100%) 

Imepenem S 
R 

4(100%) 
0(00%) 

1(100%) 
0(00%) 

Gentamicin S 
R 

1(25%) 
3(75%) 

0(00%) 
1(100%) 

Amikacin S 
R 

3(75%) 
1(25%) 

1(100%)  
0(00 %)  

Astreonam S 
R 

0(00%) 
4(100%) 

0(00%) 
1(100%) 

Ciprofloxacin S 
R 

0(00%) 
4(100%) 

0(00%) 
1(100%) 



respectively. No significant difference of resistance is seen between CUTI and NUTI. 

Different Chi-square values are found which are below 3 at P value < 0.05. 

 
 
Table XX-XXV shows the resistance of Klebsiella species in CUTI patients against 

Ampicillin, Ciprofloxacin and Cefaclor were 66.7% and 100% against Cotrimoxazole, 

Nalidixic acid and Tetracycline, whereas for NUTI Ampicillin and Ciprofloxacin were 

83.4% and the rest were 100% resistant. There is no significant difference of resistance 

pattern between CUTI and NUTI (Chi-square values are found below 3, P values are< 

0.05). 

 

Table XXVI shows 28 patients were prescribed in combination of 4 antibiotics from the 

pannel of 3rd generation cephalosporin, Metronidazol, Ciprofloxacin, Ampicillin, 

Cefradin, Cotrimoxazol, Azithromycin and Gentamicin in different permutation. All the 

combination was headed by 3rd generation cephalosporin. 

 

Table XXVII, XXVIII and XXIX shows the use of 3, 2 and single antibiotic for 9, 6 and 

7 patient�s respectively. 

 

 
 
 
   
 
 
 
 
 



 
 

 
Table XV: Cefaclor resistance of E. coli in CUTI and NUTI 

 
 

 
 

 
 
 
 
 

 
 
 
Figures within parentheses indicate percentages 

 
[P> 0.50 by Chi-square test] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of 
sensitive cases 

CUTI(n=33) 23(69.7) 10(30.3) 

NUTI(n=21) 17(81) 4(19) 



 
 
          Table XVI: Ampicillin resistance of E. coli in CUTI and NUTI 

 
 
 

 
 
 
 
 
 

 
 
Figures within parentheses indicate percentages 

 
[ P> 0.50 by Chi-square test] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of sensitive 
cases   

CUTI(n=33) 25(78.8) 8(21.2) 

NUTI(n=21) 19(90.5) 2(9.5) 



 Table XVII: Cotrimoxazole resistance of E. coli in CUTI and 
NUTI 

 
 

 
 
 
 
 
 
 

 
Figures within parentheses indicate percentages 

 
[P< 0.50 by Chi-square test] 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of sensitive 
cases 

CUTI(n=33) 27(81.8) 6(18.2) 

NUTI(n=21) 18(85.7) 3(14.3) 



 
 

 Table XVIII: Nalidixic acid resistance of E. coli in CUTI and 
NUTI 

 
 

 
 
 
 
 
 
 

 
Figures within parentheses indicate percentages 

 
[P< 0.50 by Chi-square test] 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of  sensitive 
cases 

CUTI(n=33) 30(87.9) 3(12.1) 

NUTI(n=21) 19(90.5) 2(9.5) 



 
 
 
 
Table XIX: Tetracycline resistance of E. coli in CUTI and NUTI 

 
 

 
 
 
 
 
 
 

Figures within parentheses indicate percentages 
 

[P< 0.50 by Chi-square test] 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of sensitive  
cases 

CUTI(n=33) 26(78.8) 7(21.2) 

NUTI(n=21) 18(85.7) 3(14.3) 



 
 
 
 
 
Table XX: Ampicillin resistance of Klebsiella in CUTI and NUTI 

 
 

 
 
 
 
 
 
 

Figures within parentheses indicate percentages 
 
   [P> 0.10 by Chi-square test] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of sensitive  
cases 

CUTI (n= 3) 2(66.7) 1(33.3) 

NUTI (n= 6) 5(83.3) 1(16.7) 



 
 
 
 
 

Table XXI: Ciprofloxacin resistance of Klebsiella in CUTI and 
NUTI 

 
 

 
 
 
 
 
 

 
 
 
    Figures within parentheses indicate percentages 

 
     [P> 0.10 by Chi-square test] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of resistant 
cases 

Number of  sensitive 
cases 

CUTI (n= 3) 2(66.7) 1(33.3) 

NUTI (n= 6) 5(83.3) 1(16.7) 



 
 
 
 
 

 Table XXII: Cefaclor resistance of Klebsiella in CUTI and NUTI 
 
 

 
 
 
 
 
 
 
 
 

      Figures within parentheses indicate percentages 
 

      [P> 0.50 by Chi-square test] 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of resistant 
cases 

Number of sensitive  
cases 

CUTI (n= 3) 2(66.7) 1(33.3) 

NUTI (n= 6) 6(100) 0(00) 



 
 
 
 
 
 
 
      Table XXIII: Cotrimoxazole resistance of Klebsiella in CUTI and 
NUTI 

 
 
 

 
 
 
 
 
 

      
 
   Figures within parentheses indicate percentages 

 
     [P< 0.50 by Chi-square test] 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of  sensitive 
cases 

CUTI (n= 3) 3(100) 0(00) 

NUTI (n= 6) 6(100) 0(00) 



 
 
 
 
 
 
 

Table XXIV: Nalidixic acid resistance of Klebsiella in CUTI and 
NUTI 

 
 
 

 
 
 
 
 
 

  
 
     Figures within parentheses indicate percentages 

 
      [P< 0.50 by Chi-square test] 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of  sensitive 
cases 

CUTI (n= 3) 3(100) 0(00) 

NUTI (n= 6) 6(100) 0(00) 



 
 
 
 
 
 
 

Table XXV: Tetracycline resistance of Klebsiella in CUTI and 
NUTI 

 
 

 
 
 
 
 
 

 
 
   Figures within parentheses indicate percentages 

 
      [P< 0.50 by Chi-square test] 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type of UTI Number of 
resistant cases 

Number of  sensitive 
cases 

CUTI (n= 3) 3(100) 0(00) 

NUTI (n= 6) 6(100) (000) 



 
 
 
 
 
 
 
Table XXVI: Distribution of Antibiotics taken by the NUTI patients 
(n= 50) 
 
 

Name of antibiotics Number of 
patients 
 

3rd genern cefalosporin + Metro+ AMP+ Cipro 8 

3rdgenern cefalosporin+ Metro+ Cefradin+ Cipro 7 

AMP+ G+ Cipro+ AZT 6 

 
Number of  
Antibiotics 
(4) 

AMP+ AZT+ CO+ 3rd generation cefalosporin 7 

Total  28 (56%) 

 
 

Metro= Metronidazol, AMP= Ampicillin,  Cipro= Ciprofloxacin, G= 
Gentamicin,  
 

AZT= Azithromycin, CO= Cotrimoxazol, 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 



 
 
 
 
 
 
     XXVII: Distribution of Antibiotics taken by the NUTI patients (n= 
50) 
 
 

 
 

AMP= Ampicillin, G= Gentamicin, Metro= Metronidazol, Cipro= 

Ciprofloxacin, 

 CO= Cotrimoxazol,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Name of antibiotics Number of patients 
 

AMP+ G+ Nalidixic acid 3 

3rd genern cefalosporin + Metro + Cipro 2 

 
Number of  
Antibiotics 
(3) 

Cefradin+ CO+ 3rd genern cefalosporin 4 

Total  9(18%) 



 
 
 
 
 
 
 
 
 
 
 
XXVIII: Distribution of Antibiotics taken by the NUTI patients (n= 
50) 
 
  
 
 
 
 
 
 
 
 
 
 
 

Cipro= Ciprofloxacin 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Name of antibiotics Number of 
patients 
 

3rd genern cefalosporin + Cipro 4 

 
Number of  
Antibiotics 
(2) 

1st genern cefalosporin + Cloxacillin 2 

Total  6(12%) 



 
 
 
 
 
 
 
 
 
 
 
 
 XXIX: Distribution of Antibiotic taken by the NUTI patients (n= 50) 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

Name of antibiotic Number of patients 
 

3rd genern cefalosporin  5 

 
Number of  
Antibiotic 
(1) 

Ciprofloxacin 2 

Total  7(14%) 



 
 
 
 
 
 
 
 
      

  
 
 
 
 
 
 
 
 
 



 
DISCUSSION 

Despite the widespread availability of antibiotics, Urinary Tract Infection (UTI) 

remains the most common bacterial infection in the human population (Gupta et al, 

2002). Antibiotic resistance is a common phenomenon in developing countries where 

drugs are available freely without prescription. The resistance pattern varies from one 

country to another.  The aim of the present study was to establish the etiological agents 

of hospital acquired and community acquired urinary tract infection and to evaluate the 

resistance pattern among uropathogens. Epidemiologically, UTI�s are subdivided into 

catheter associated or nosocomial infections and non catheter associated or community 

acquired infections. Although the majority of infections are acute and short lived, they 

contribute to significant amount of morbidity in the population (Stamm, 2005). 

In the present study the collected samples obtained from the community and the 

hospital, 100 from each group presented with 95 culture positive urine (Table I).  

 

In this study the rate of culture positivity increases with increasing number of pus cell/ 

HPF of centrifuged urine that was directly proportional and significant (P> 0.001 by 

Chi-square test). Pus cell >10/ HPF were found in 70(100%) of the cases and all were 

culture positive, whereas only 5(10%) patients with insignificant pyuria of  0-5/ HPF 

had positive culture (Table II) may be due to pus cell had not yet produced sufficiently. 

20 (25%) of patients with significant pyuria of 6-10/HPF had negative culture despite 

being symptomatic. This may be due to recent use of antibiotics. Similarly Chaudhury 

(1998) in Bangladesh reported centrifuged urinary specimen containing pus cell >10/ 



HPF, 6-10/ HPF and <5/ HPF became culture positive by 100%, 36.27% and 0% 

respectively. Raco and  Barez (1998) reported significant number of cases (64.56%) 

were culture positive containing pus cell >10/ HPF whereas only (35.44)% cases were 

culture positive containing pus cell < 10/ HPF.  

 

Female predominance was observed in both type of UTI in this study (Table III). Our 

study showed in case of community acquired Urinary Tract Infection (CUTI) 71.1% 

female and 28.9% male were affected by UTI which was almost similar to the study 

done by Gupta et al (2002) where female and male were 82.72% and 18.93% 

respectively. In the present study 58% female and 42% male suffered from nosocomial 

Urinary Tract Infection (NUTI) with a scenario that, relatively the male was more 

affected by NUTI than that of CUTI. In his study Gupta et al (2002) also found almost 

the similar prevalence, 51.23% for female and 48.76% for male. There was a 

predominance of young and middle aged females, whereas in older age groups of 60 

years and above, males were more affected than female. The increased prevalence of 

nosocomially acquired UTI in male group after 50 years might be caused by the higher 

incidence of urinary tract pathologies like prostate diseases. The female group has a 

more uniform distribution and the elevated incidence in the twenties and forties might 

be caused by the obstetric and gynecological causes respectively (Neto et al, 2003).  

 

Considering the socioeconomic condition it was found in our study, the rate of 

occurance of UTI was inversely proportional to the socioeconomic condition of the 

patients (Table VI). In majority of  cases, both the CUTI (67.56%) and the NUTI (70%) 



belonged to lower income group, 53.57% and 43.3% in middle income group for CUTI 

and NUTI respectively, high income group represented CUTI patients only by 5% and 

NUTI patients only by 10 %. Considering the above data it is reflected that the variation 

of socioeconomic condition and UTI were more in hospitalized patients than that of 

community patient. Chaudhury (1998) from Bangladesh found the rate of occurrence of 

UTI was the highest (11.62%) among the low income group and this rate progressively 

falls as the monthly income rises with the lowest rate of occurrence (5.79%) found 

among the patients of the high income group. Illiteracy and poverty together creats an 

unhygienic and unhealthy environment ideal for the spread of infectious and 

communicable diseases like urinary tract infections (Turck 1962). 

 

In the present study the culture positive urine in CUTI cases with satisfactory and 

unsatisfactory hygiene was 29.8% and 65.1 %, and in NUTI cases it was 12.5% and 

75% respectively (Table V). In community cases proper cleanliness after defaecation 

and urination before and after sexual intercourse decreases the prevalence of UTI. In 

hospital cases catheterization under aseptic precaution and daily cleaning of catheter 

may lower the infection. 

 

In this study out of the 200 urine samples evaluated, a total 85 (42.5%) yielded 

significant growth of single organism and 5 (2.5%) yielded mixed growth, 110 (55%) 

yielded no growth (Table VI). One study in Bangladesh reported 38.5% culture yielded 

single growth and 4% were mixed growth which was consistent with our study 

(Sharmin, 2005) 



 

In the present study, among the 50 patients of NUTI, 30(60%) were from the gynae 

unit, other 20% were from different units (Table VII). There was significant association 

between NUTI and patient of gynaecology and obstetric department (P> 0.01 by Chi-

square test)).   

NUTI was accelerated by different risk factors. In our study among the risk factors 

catheterization was the most common cause of NUTI followed by pregnancy, 

menopause, diabetes, obstruction and immobility (Table VIII). Virtually almost all 

patients who developed NUTI had indwelling urinary catheters; other factors associated 

with the development of these infections include increased duration of urinary 

catheterization, female sex and intensive care unit length of stay (Levi et al, 2006).  

Urinary catheterization was the leading one, among the causes of UTI due to 

instrumentation. About 80% of NUTI were associated with urinary catheter (Table IX). 

The risk of UTI increased with prolonged catheterization (Savas et al, 2006).  

In our study, we found that E. coli and Pseudomonas were responsible for NUTI with 

the patients catheterized for any duration of illness (Table X). The species of Proteus, 

Enterobacter, Citrobacter, Enterococcus, Morganella and Serratia were responsible for 

the patients who were catheterized for more than 2 weeks. Among them, E. coli was the 

mostly responsible. In a study by Drach from Europe showed the microorganisms 

related to urinary catheterization were E. coli, Enterococcus, Klebsiella and 

Pseudomonas  (Drach, 2005). Tullu (1998) from India have shown that the significantly 

higher risk of acquiring urinary catheter related infection in patients with catheter in situ 



for more than 7 days and the isolated organisms were E. coli, Pseudomonas, 

Enterobacter, Acinetobacter, Klebsiella and MRSA (Agarwal  et al, 2003). 

 

The organism mostly isolated from CUTI patient was E. coli 33(73%) followed by S. 

saprophyticus 5(11.1%), Klebsiella species 3(6.7%), Enterobacter species 2(4.4%), 

Pseudomonas aeruginosa 1(2.2%) and Proteus species 1 (2.2%) (Table XI). Gupta et al 

(2002) in USA found 75% E. coli, which was not different from our study. A study 

reported by Gupta et al (2001), E. coli represented about 70% to 90% of the causative 

agents of CUTI. An American study showed that the proposition of E coli in the current 

decade has risen significantly, it accounted for 69% of positive cultures in 1991, which 

increased to 75% in 1994 and 81% in 1997 (Dyer et al, 1998).  

 On the other hand in my study E. coli was responsible for 21(42%) of NUTI followed 

by several other species named Klebsiella 6(12%), Enterobacter 6(12%), Pseudomonas 

4(8%), Proteus 3(6%), Citrobacter 3(6%), Morganella 2(4%), Staphylococcus aureus 

2(4%), Enterococcus (4%) and Serratia 1(2%) (Table XI). The findings of E. coli were 

in agreement with the study done by Sharmin (2005). Another study done by Hasan et 

al (2007) showed 50.7% incidence of NUTI caused by E. coli, which was nearer to our 

study. In prevalence study carried out in Turkey showed that E. coli (32.4%) was the 

mostly responsible for NUTI (Leblebicioglu and Esen, 2001) and in N. Anbumani and 

Mallika�s study it was 33%. Another study in Germany done by Gastmeier revealed E. 

coli as the causative agent of NUTI by 56.7% (Gastmeier, 2001). E coli has been the 

predominant organism ever isolated and no significant change has occurred in this 

picture over the last couple of decades. From the above data we can conclude that the 



frequency of CUTI caused by E. coli is higher than that of NUTI. The reason of highest 

rate of isolation of E. coli causing UTI is due to the fact that most of the bacterial 

organisms causing UTI originate from the faecal flora and among these facultative 

anaerobes, E coli constitutes the major portion superimposed by various virulence 

factors that facilitate the ascent of bacteria from faecal flora, introitus or periurethral 

area, up the urethra into the bladder and less frequently allow the organisms to reach the 

kidneys to induce symptomatic inflammation (Sobel, 1991). 

Although E. coli was the most common cause of both type of UTI, Klebsiella and S. 

saprophyticus posses the second position as the causative agents of NUTI and CUTI 

respectively.  

In our study S. saprophyticus was only the causative agent of CUTI but none was 

responsible for NUTI. The percentage was 11.1% which was concomitant with study 

showed 5-15% as a causative agent of CUTI carried out in University of Washington, 

USA (Hooton et al, 2004). Chaudhury (1998) in a study reported, among the pregnant 

women 10% UTI caused by the same bacteria.  

 

Klebsiella spp was the 3rd common causes of CUTI in our study. Chaudhury (1998) and 

Sharmin (2005) from Bangladesh and Raco and Barez (1998) from Davao city found 

that Klebsiella spp isolation rate was nearer to 6.7%, which supported our findings. 

Similarly, Kadri et al  (2004) found isolation rate of 32.20% and N. Anbumani and 

Mallika  (2007) found isolation rate of 17.6% for Klebsiella spp. Findings of these two 

studies were not in agreement with the present study. 



In a study by Savas et al (2006) reported NUTI caused by Klebsiella was 10.6%. N. 

Anbumani and Mallika (2007) found the isolation rate was 14%, Sharmin (2005) found 

15.68%, Kadri  et al  (2004) found 9.23%. Surprisingly all the findings support our 

study. But Hasan  et al  (2007) reported 27.6% isolation rate for Klebsiella in NUTI � 

much higher findings than that of ours. Kenechukwu et al (2005) found 1.6% of his UTI 

cases caused by Klebsiella- findings did not correlate to our study. 

A study had done in BSMMU, Dhaka by Sharmin (2005) showed (2.38%) and N. 

Anbumani and Mallika in 2007 showed 3% Enterobacter as causative agent of CUTI 

(Sharmin 2005, N. Anbumani and Mallika 2007). These findings were in agreement 

with the present study. 

In case of NUTI Sharmin (2005) isolated the Enterobacter (13.72%) which was 

consistent to our study. N. Anbumani and Mallika (2007) from India found 3% isolation 

rate and Savas et al (2006) found 2.3% isolation rate that was lower than ours  

 

Our study revealed Pseudomonas aeruginosa as the most resistant causative agent for 

CUTI (Table XIII). In another study by Sharmin (2005) reported P. aerugiosa isolation 

rate was 3.57%, Chaudhury (1998) found 5.36%, N. Anbumani and Mallika (2007) 

found 5%. All the findings were univocal of our study. But Kadri  et al (2004) showed 

0.38% P. aeruginosa in his study which did not match to our study.  

NUTI caused by P. aeruginosa isolated 10.78% by Sharmin (2005) and 11% by N. 

Anbumani and Mallika (2007) were similar to ours. Kenechukwu  et al (2005) have 

found 1.6% isolation rate of the same organism which was not consistent with our 

study.  



 

Our study found the incidence of CUTI and NUTI cases by Proteus species of about 

2.2% and 6% respectively. These were less than the findings of 3.57% and more than 

0.98% found by Sharmin in CUTI and NUTI respectively (Sharmin, 2005). 

The dissimilarities of the rate of isolation and isolated bacterial species between the 

present study and various other studies may be due to the passage of time, geographical 

variation, difference among sexes, various personal, educational and overall 

socioeconomic status, availability of medical facilities, method of collection of urine 

samples etc. 

Other Gram negative rods like Citrobacter spp, Morganella spp and Serratia spp were 

found only in case of NUTI at an isolation rate of 22% which was 4.5 times higher than 

the finding done by Savas et al (2006). From hospital cases our study also found the 

incidence of Gram positive cocci of about 8%, 4% for Staph aureus and 4% for 

Enterococcus spp. Hasan et al  (2007) showed the lower incidence (1.5%) for Staph 

aureus and Savas et al  (2006) showed the isolation rate (2.8%) which was closer to our 

study. 

Kenechukwu et al (2005) showed isolation rate of Enterococcus spp was 9.1% and 

Sharmin (2005) found the rate was more (14.70%) which was higher than our result. 

The findings of Enterococcus (6.9%) done by Savas et al were nearer to ours (Savas et 

al, 2006). 

The distribution of pathogens causing nosocomial infections, especially antimicrobial-

resistant pathogens, changes with time and varies among hospitals even different 

locations in the same hospital (Savas et al, 2006). It depends on the pattern of 



antimicrobial usages and colonization of the organisms in the hospital environment 

(Lolekha et al, 1981). 

 

Although the spectrum of pathological bacteria isolated from the urine of patients across 

the globe remained largely unchanged over the past few decades there have been 

dramatic changes in the resistance pattern and sensitivity profile in most countries 

(Kadri  et al, 2004). In our study antibiogram of urinary pathogens isolated from 

community reveals that E. coli were less sensitive to commonly used drugs like 

Ampicillin (21.2%), Tetracyclin (21.2%), Nalidixic acid (12.1%), Cotrimoxazol 

(18.2%), Cefaclor (30.3%) and Ciprofloxacin (39.3%). Sensitivity to Ceftriaxone 

(45.4%), Gentamicin (57.6%) and Nitrofurantoin (60.6%) were moderate (Table XII). 

Imipenem (100%) was the most sensitive against E. coli that is in agreement with the 

same findings by Sharmin (2005). Another researcher from Bangladesh picked that 

(78.89%) E. coli were resistant to Ampicillin followed by Cotrimoxazole (72.22%), 

Tetracycline (71.11%), Nalidixic acid (58.89%) and Cefaclor (57.78%).While minimum 

resistance (27.78%) were shown towards Ceftazidime followed by Ceftriaxone 

(35.56%) and Gentamicin (43.33%) (Chaudhury, 1998). In a study in Netherlands, the 

level of resistance towards Ampicillin and Cotrimoxazole were 97.8% and 92.8% 

respectively that was higher than our study and towards Ciprofloxacin and 

Nitrofurantoin 38.8% and 7.7% that was lower than our study (Sham et al, 2000). In our 

country the increased rate of resistance towards Ciprofloxacin as shown by our study, 

probably due to carelessness, misuse, erratic and improper use of this drug for a long 

period. Kadri et al showed in the 70's and 80's almost all antibiotics including 



Penicillin, Penicillin combinations, Cephalosporins, old and new Quinolones, 

Aminoglycosides, Co-trimoxazole were effective in uncomplicated UTI.  

Over the last few decades the resistance pattern of urinary isolates has been showing 

great changes all over the world. Significantly 43.57% of the E coli exhibited resistance 

to the commonly used antibiotics and the most effective in-vitro agents were found to 

be Amikacin followed by Gentamicin among the injectables and Ciprofloxacin among 

the orally administered ones (Kadri et al, 2004). But in our country resistance to 

Ciprofloxacin seen more frequently as shown in our result. Resistance to several 

antimicrobial agents was prevalent among the isolates recovered in the hospital. During 

the last two decades bacterial resistance mediated by plasmids, which carry resistance 

genes to a large number of antibiotics, which are rapidly transferred (Hasan et al, 2007). 

 

Our study concerning the antibiogram of the nosocomial isolates reveals that out of 21 

strains of E. coli, maximum resistance was found to Ampicillin and  Nalidixic acid 

(90.5%) followed by Cotrimoxazole and Tetracycline (85.7%), Cefaclor (81%), 

Ciprofloxacin (76.2%), Ceftazidime and Azithromicin (71.4%) and Ceftriaxone 

(66.7%), while minimum (33.3%)   resistance was shown towards Chloramphenicol 

followed by Nitrofurantoin (42.9%) and Imipenem (0%). From a study in Nigeria E. 

coli showed highest sensitivity to Nitrofurantoin (76%), while it was also very 

susceptible to the Fluoroquinolones (74%) and moderately susceptible to the 

Aminoglycosides (52%) however it was resistant to Amoxicillin (87%), Cotrimoxazole 

(88%), Agmentin (66%) and Tetracycline (83%) ( Kenechukwu et al, 2005). In a study 

by Hasan  et al  (2007) showed 68.5% resistance, which correlates to our study. In a 



study in Nepal, E. coli showed 100% susceptibility to Nitrofurantoin and considerable 

resistance to Amoxicillin and Ciprofloxacin (Jha and Bapat, 2005) which was also 

correlates to our study.  

In a study in India showed for inpatients, parenteral therapy with newer 

aminoglycosides and third generation Cephalosporins were needed to be advocated as 

the organisms for nosocomial UTI exhibit a high degree of drug resistance. 

Trimethoprim and Sulphamethoxazole combination was not found to be effective for 

the treatment of urinary tract infections as all the uropathogens from inpatients and 

outpatients showed high degree of resistance to Co-trimoxazole (Gupta et al, 2002). 

Gastmeier (2001) showed 54.8% of E. coli isolates were resistant to Ampicillin, 28% to 

Cotrimoxazole and 9% to Ciprofloxacin. 

 

Staph. saprophyticus was  100% sensitive to Imipenem and 80%  to Ceftazidime and 

Oxacillin.  It had good sensitivity against Ceftriaxone and Azithromycin (60%) each 

and 40% to other drugs used except Ampicillin, Cotrimoxazole. Rifampicin and 

Cefaclor, which were least sensitive. These findings were supported by Sharmin (2005). 

In this study among the community, Klebsiella spp were solely resistant  to 

Cotrimoxazole, Nalidixic acid and Tetracycline and least sensitive that was 33.3% to 

Ampicillin, Cefaclor, Ciprofloxacin, Ceftriaxone and Chloramphenicol, whereas 

moderately sensitive (66.7%) to Ceftazidime, Nitrofurantoin and Azithromicin. The 

sensitivity reached by 100% to Imipenem and Gentamicin. A Study done in Bangladesh 

represented that Klebsiella spp was 65% sensitive to Nitrofurantoin, 83% to 

Ceftazidime and 100% to Gentamicin which was almost similar to our study. He also 



found it was 14% sensitive to Ampicillin, 25% to Cotrimoxazole, 33% to Tetracycline, 

50% to Cefalexin and Ceftriaxone and 83% to Ciprofloxacin, which was little bit 

different from present study (Chaudhury, 1998). In another study in Bangladesh showed 

resistance to Amoxicillin (90%), Cotrimoxazole (95%), Cefradin (95%), Nalidixic acid 

(95%), Ciprofloxacin (90%), Nitrofurantoin (90%), Ceftazidime and Gentamicin (80%) 

(Sharmin 2005) with an exception that our study widely differ in resistance pattern of 

Nitrofurantoin and Gentamicin.  

CUTI as well as NUTI showed 100% resistance to almost similar drugs, the only 

exception was Cefaclor that was sensitive in CUTI. Other drugs that were least sensitive 

(16.6%) to Ampicillin, Ciprofloxacin, Ceftriaxone and Azithromicin, moderately 

sensitive to Ceftazidime (33.3%), Chloramphenicol and Nitrofurantoin (50%). Highly 

sensitive drugs for Klebsiella spp were Gentamicin (83.3%) and Imipenem (100%).  

Hasan  et al  (2007) found in her study that Klebsiella was 57.1% resistant to 

Gentamicin and 62.8% to Ciprofloxacin. A study by Neto (2003), Klebsiella spp were 

sensitive to Imipenem, 2nd or 3rd generation Cephalosporin and Fluroquinolones and 

highly resistant to Ampicillin. Study done by �ilevièa showed Klebsiella spp were 

sensitive to Amikacin, Norfloxacin, Imipenem. The highest resistance was found to 

ampicillin �90%, Trimethoprim/ Sulfametoxazol and Cefazolin �54.5%, Amoxicillin/ 

Clavulanic acid � 62.5%, Nitrofurantoin � 13% (�ilevièa, 2005).  

 

Our study found in case of CUTI Proteus species were 100% resistant towards  

Ampicillin, Ciprofloxacin, Cefaclor, Nalidixic acid, Nitrofurantoin, Gentamicin 

Cotrimoxazole and Tetracycline. These finding were almost similar to that of Sharmin 



(2005) who found in her study that Proteus was 100% resistant towards  Ampicillin and 

Cotrimoxazole and 75% resistant towards  Cefradin, Ciprofloxacin, Nalidixic acid and 

Gentamicin. In our study Proteus showed no resistance towards Imipenem, 

Ceftazidime, Ceftriaxone and Azithromicin, while in Sharmin�s study showed 25% 

resistance towards Ceftazidime, 50% to Ceftriaxone, 25% to Nitrofurantoin and to 

Imipenem no resistance at all. A study from Nigeria found Proteus isolates were 80% 

resistant towards  Ampicillin, Cotrimoxazole and nitrofuratoin, 40% towards 

Gentamicin and only 20% resistant towards Ciprofloxacin and Nalidixic acid which 

differed from our study (Aiyegoro, 2007).  

In hospital acquired cases our study showing Proteus species were 100% resistant 

towards Ampicillin, Cotrimoxazole, Chloramphenicol, Nalidixic acid  and Tetracycline 

while 25% resistance towards Gentamicin and 75%  towards Nitrofurantoin, 

Ceftriaxone, Ciprofloxacin and Cefaclor. Study done in India showed almost similar 

result where Proteus was 100% resistant towards Nitrofurantoin and 66.7% towards 

Ciprofloxacin (Hasan  et al, 2007). Kenechukwu  et al  (2005) showed in other study 

that Proteus was 69% resistant to Ampicillin,  70%  to Nitrofurantoin and 14% to 

Ciprofloxacin, 42%  to Gentamicin, 63%  to Nalidixic acid, which did not correlate to 

our study.  

 

In our study P. aeruginosa isolates in community cases showed 100% resistance 

towards   Carbenicillin and Pipercillin and no resistance towards Imipenem and 

Amikacin. Chaudhury (1998) from Bangladesh reported in his study 83.33% resistance 

towards Ceftriaxone, Ciprofloxacin, Gentamicin and Carbenicillin which was consistent 



to our study. But his study differed from our study in case of Ceftazidime and Imipenem 

that was resistant 33.33% and 16.67% respectively.  

In nosocomial isolates of P. aeruginosa, our study revealed 100% of the isolated 

microbe to be resistant against Ciprofloxacin, Aztreonam, Carbenicillin and Pipercillin 

and 75% to Ceftriaxone, Ceftazidime, Gentamicin and Amikacin. No resistance was 

seen towards Imipenem. Similar results were reported by investigators from other 

countries (Jones et al, 1999). Study done in India found Pseudomonas was 89.7% 

resistant to Gentamicin, 54.6% to Amikacin, 72.2% to Ceftazidime and 70.1% to 

Ciprofloxacin which was not consistent with our study (Hasan  et al 2007).  

In CUTI Enterobacter spp found in this study showed moderate sensitivity which 

was 50% towards Ciprofloxacin, Ceftriaxone, Ceftazidime, Nitrofurantoin, 

Gentamicin Tetracycline and Chloramphenicol. Imipenem was 100% sensitive 

and Ampicillin, Cotrimoxazole, Cefaclor, Nalidixic acid and Azithromicin were 

100% resistant.  

In case of NUTI Enterobacter reaveled 100% resistance towards Ampicillin, 

Cefaclor, Nalidixic acid, least resistance towards Ceftriaxone, Ceftazidime, 

Cotrimoxazole, Tetracycline and Azithromicin by 16.6%, towards Ciprofloxacin, 

Nitrofurantoin, Gentamicin and Chloramphenicol by 33.3%, only Imipenem was 

100% sensitive. Sharmin (2005) found in her study Enterobacter showed 

moderate sensitivity towards Nitrofurantoin (49%) and best against   Imipenem 

(100%) which correlates our study.       

 In our study other Gram negative enteric rods that only detected in hospital 

cases the isolates were Cirobacter, Morganella,  Serratia combindly showed 



100% resistance towards Ampicillin, Cefaclor, Nalidixic acid, Tetracycline and 

Ciprofloxacin, 66.7% resistance towards Ceftazidime and Cotrimoxazole, 50% 

towards Ceftriaxone Nitrofurantoin and Chloramphenicol and only Imipenem 

showed no resistance. 

Enterococcus species only isolated in NUTI cases and reaveled resistance to 

almost all the drugs used in our study except Gentamicin, Azithromycin, 

Ceftazidime, Ceftriaxone, and Vancomycin which were 50% sensitive, only 

Imipenem were 100% sensitive .This study was almost similar to the study done 

by Mazed et al (2008). Onifade isolated 14 strains of the Enterococcus spp 

which showed 56% sensitivity towards Ampicillin and Chloramphenicol and only 

6% to Tetracycline. Enterococcus spp showed 64% resistance to Ciprofloxacin 

and was very sensitive to Ampicillin (89%), Penicillin (83%) and Vancomycin 

100% (Onifade 1992). Gupta  et al (2002) showed Enterococcus faecalis was 

susceptible to Ciprofloxacin and no Vancomycin resistant Enterococci were 

found. This study did not correlate to ours. 

In the present study we found 2 isolates of Staph. aureus only in hospital 

admitted cases. The isolates were 100% resistant towards Ampicillin, Cefaclor, 

Ceftriaxone Tetracycline, Cotrimoxazole, Chloramphenicol, and Rifampicin, 

50% towards Ciprofloxacin, Ceftazidime, Gentamicin, Azithromicin and 

Oxacillin, only Imipenem and Vancomycin showed no resistance. Almost similar 

susceptibility pattern was reported by other investigators (Jones et al, 1999). 

Hasan et al (2007) also found in her study, Staph. aureus was 100% sensitive 

to Vancomicin.  



In the present study all the isolates were 100% sensitive to imipenem. This high level of 

sensitivity to imipenem could be due to its restricted and limited use in the clinical 

practice. The drug has only recently been introduced in Bangladesh and is very 

expensive which has further restricted its widespread use. 

The improper and indiscriminate use and easy availability of antibiotics in our 

country culminate the patients suffering from drug resistant UTI. As the patients 

were hospitalized, each of them was taking antibiotics. So, preceding antibiotics 

may be acted as the common risk factors of maximum drug resistance for the 

patients. Our studies reflected that the prior and ongoing use of antibiotics 

correlates with the UTI, most probably due to the use of multiple antibiotics or 

prolonged use of single antibiotic previously. In our study 28, 9, 6, 7 number of 

patients gave the antibiotic history of 4, 3, 2 and single drug regimen 

respectively with various duration (Table XXVII- XXIX). It is evident by Savas,  

the most important reason for resistance to antibiotics is the widespread use of 

antibiotics in hospitals, and particularly the use of betalactam antibiotics, new 

generation Cephalosporins and Fluroquinolones may cause multidrug resistant 

microorganisms (Savas  et al, 2006). Another study by Gastmeier focused on 

the duration of antibiotic use where he found that, of the infected patients 75.5% 

received antibiotics over 7 days periods, on an average (Gastmeier, 2001). 

Another study reinforced the previous statement where they found antibiotics 

used within the prior 3 months and hospitalization of any type within prior 6 

months acts as risk factor for UTI (Drach, 2005). 



The empirical use of commonly used antibiotics led the drug resistant phenomenon. 

Cotrimoxazole being a commonly used drug to treat UTI once, the use of it has been 

reduced by many folds due to its resistance pattern. Cotrimoxazole was found to be 

ineffective for UTI in the present study as all the uropathogens showed high degree of 

resistance to it. The very high rate of Ciprofloxacin resistance among both Gram 

negative and Gram positive organisms observed in our study can possibly be attributed 

to Ciprofloxacin being a commonly prescribed drug in our tertiary care hospital and 

thus warrants special precaution. Majority of the UTI patients in our country receive 

Cephalosoprins, Aminoglycosides, Fluoroquinolone or a combination of these drugs as 

empirical therapy or as definitive treatment. In our study, we did not find any significant 

difference (P < 0.05 by Chi-square test) of resistance pattern between community 

acquired and NUTI (Table XV-XIX). This was due to increased community and 

hospital use of multiple antibacterial agents. 

The emerging trends of drug resistance to almost all the commonly used antibiotics to 

treat both the UTI provoked the scientists and physicians to switch over to newer 

antibiotics to overcome the problem. Being a narrow spectrum antibiotic though 

Nitrofurantoin was advised previously, its sensitivity pattern made us think to use it in 

treating UTI. Since good in-vitro activity was shown by Nitrofurantoin it may be 

considered as first line oral therapy for ambulatory patients. Drugs, which retained 

usefulness for Gram-negative isolates, were Imipenem, Nitrofurantoin and Gentamicin 

and for Gram-positive isolates the drugs were Imipenem, Azithromycin, Vancomycin, 

and Ceftazidime. 

 



CONCLUSION AND RECOMMENDATIONS 
 
 
 
In Bangladesh, E. coli is still the leading cause of UTI, along with its increasing 

resistance pattern to various antibiotics and is going to be an alarming health hazrd. 

Most other urinary pathogen shows almost the same picture in the present study. It is 

revealed in our study that the findings of significant number of pus cells are not always 

the evidence for UTI, rather somewhere pus cell less than significant number is also 

indicative. The major responsibility goes to catheterization in various duration causing 

NUTI by different microorganisms.  

The changing scenario of resistant pathogen of both the UTIs and the new aspect of the 

treatment regimen is the extract of this study. In our study, the difference in the 

resistance pattern between the nosocomial and community acquired UTI is found 

insignificant. It is due to increasing resistance to various antibiotics acquired in the 

hospital is being carried to the community and from the community to hospital. Hence 

the larger amount of antibiotic consumption and its irrational and indiscriminate use 

losing even the last weapon to fight against UTI. Most probably in near future. if this 

process is not stopped, UTI will once cause mortality along with extreme morbidity. 

Moreover the resistance pattern and etiological agents and its prevalence varies from 

that of developed countries also shown in our study. This study has revealed the 

alarming level of resistance (even Ciprofloxacin) achieved by bacteria involved in 

causing UTI. The truth revealed from the study will help the physicians to prescribe the 

drugs cautiously for the betterment of the patients. 



 Moreover, this study concludes that E. coli and other isolates were more sensitive to 

Imipenem, Gentamicin and Nitrofurantoin compared to other antibiotics tested and 

therefore these may be the drugs of choice for the treatment of Gram negatve isolates of 

community-acquired and nosocomial UTIs in our region. For Gram-positive isolates 

Imipenem, Azithromycin, Vancomycin, and Ceftazidime may be the drug of choice. 

It is one of the few studies comparing the community acquired and nosocomial UTI 

ever done which will act as an evidence for the future research. It is recommended that, 

antibiotics should be used after doing a routine microscopy and culture/ sensitivity of 

urine in order to inhibit acquisition and spread of drug resistance by the bacteria. 

Antimicrobial policy should be adopted at both the tertiary level hospital and national 

level supervised by monitoring cell   for taking necessary steps to minimize the drug 

resistance.  

 

Although utmost sincerity and dedication was invested to carry out the study it could 

not go beyond limitations as the sample size was not large enough, moreover the 

genetic analysis of resistant bacteria that could help finding the actual cause behind the 

emerging drug resistance, we could not do that due to lack of proper logistic support. 
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Appendix � I 
 
 

Data sheet 

 
Title: Comparative study among the bacterial causes of community acquired and 
nosocomial urinary tract infection 
 
 
SL No.                                                                           Date: 

 

Name of the patient:                                                     Age:               

 

Sex:   Male / Female                                             Religion: Islam/ Sonaton/ Others 

 

Father�s name:      Mother�s name: 

 

Husband�s name: 

 

Location:  Community / In patient / Out patient 

 

Particulars of the patient 

Community 

 

Village:                               P.O:                              Upazilla:                  District: 

 

Socio-economic condition: Lower / Middle / Higher economic group 

 

Personal hygiene: Proper / Satisfactory / Improper 

 

Out patient: Discipline:  Reg no:  Date: 

 

Inpatient: Unit   no:                     Ward no:                      



 

Reg.  No:    Bed no: 

 

Date of admission:    Original disease:  

 

Risk factors for nosocomial UTI   

 

Duration of stay in hospital:      Immobility: 

 

Use of an indwelling catheter: Yes / no    Pregnancy: 

 

Duration of catheterization: 

         Diabetes: 

Neurogenic bladder dysfunction: 

 

Symptomatic /Asymptomatic 

Symptoms     

  

Burning sensation during micturition: Yes/ no    Urgency of micturition:Yes/ no  

 

Increase frequency of micturition : Yes/ no       Lower abdominal pain : Yes/ no 

 

Fever: Yes / no    

 

Signs  

Tenderness in lower abdomen / renal angel 

 

Antibiotic therapy: Yes / no 

 

If yes, name of the drug:   Dose:     

Duration: 



Laboratory findings 

 

Microscopic examination of urine 

 

Pus cell:��../ HPF          Epithelial cell:���/ HPF Rbc:���/ HPF 

 

Hemoglobin:         gm / dl       ESR:        mm in 1st.hour      Blood sugar:   mg/ dl       

 

Haematology :  

TC:���/ cmm.        DC: N;��%    E:��% L:�..%      M:�.  %        B:�.% 

 

Other investigations 

 

Diagnosis by the investigator: Community acquired / Nosocomial UTI 

 

 Specimen :Urine��..Free flow/ from catheter /others 

 

Tests 

Protein: + / ++ / +++ /++++ /Nil Reducing substance: +/ ++ / +++/ +++/Nil 

 

Microscopic examination of urine 

Centrifused urine     Uncentrifused urine  

 

Pus cell:  ���/ HPF    Pus cell :���../ HPF 

 

Epithelial cell:���./ HPF                               Epithelial cell:���./ HPF 

 

Rbc���/ HPF     Rbc����./ HPF 

 

Cast-        Cast- 

Crystal-       Crystal- 



Culture: No growth / growth 

If growth, colony counts: 

Colony morphology 

On blood agar media: 

 

On MacConkey�s agar media: 

 

On CLED media: 

 

Gram�s staining from colony 

Gram positive Cocci / Gram negative bacilli 

 

Biochemical test: 

Catalase test:  Positive / Negative 

 

Coagulase test:  Positive / Negative 

 

Oxidase test:  Positive / Negative 

 

TSI /KIA media 

Slant: Acidic /Alkaline    Butt: Acidic /Alkaline 

 

Gas production:  Yes / No    H2S production: Yes / No 

 

Motility: Motile / Non motile   Urease:   Positive / Negative 

 

Citrate utilization test: Yes / No   Indole:   Positive / Negative 

 

Names of isolated organism / s:    

 

Signature of investigator 



 
ANTIBIOGRAM FOR GRAM NEGATIVE BACILLI 

 
 
 

 

Zone diameter (mm) 
Antibiotics Disk 

content 
µgm/disc Resistant 

Sensitive 

Result Comments 

Ampicillin 10 ≤ 13 
≥ 17   

Tetracycline 30 ≤ 11 ≥ 15   

Cotrimoxazole 25 ≤ 10 ≥ 16   

Cefaclor 30 ≤ 14 ≥ 18   

Gentamicin 10 ≤ 12 ≥ 15   

Ciprofloxacin 5 ≤15 ≥ 21   

Nitrofurantoin 300 ≤ 14 ≥ 17   

Nalidixic acid 30 ≤13 ≥ 19   

Ceftazidime 30 ≤ 14 ≥ 18   

Ceftriaxone 30 ≤13 ≥ 21   

Azithromycin 15 ≤ 13 ≥ 18   

Chloramphenicol 30 ≤12 ≥ 18   

Imipenem 10 ≤ 13 ≥ 16   



 
ANTIBIOGRAM FOR GRAM POSITIVE COCCI 

 
 
 

 
 
 

Zone diameter (mm) 
 

Antibiotics 

 

Disc content 

µgm/disc 

Resistant Sensitive 

 
Result 

 
Comments 

Ampicillin 10 ≤ 28  ≥ 29   

Tetracycline 30 ≤ 14 ≥ 19   

Cotrimoxazole 25 ≤ 10 ≥ 16   

Cefaclor 30 ≤14 ≥ 18   

Gentamicin 10 ≤12 ≥ 15   

Ciprofloxacin 5 ≤ 15 ≥ 21   

Rifampicin  5 ≤16 ≥ 20   

Azithromycin 15 ≤ 13 ≥ 18   

Ceftazidime 30 ≤14 ≥ 18   

Ceftriaxone 30 ≤13 ≥ 21   

Imipenem 10 ≤13  ≥ 16   

Chloramphenicol 30 ≤ 12 ≥ 18   

Oxacillin 1 ≤10 ≥ 13   

Novobiocin 5 - ≥16   

Vancomycin 30 - ≥ 13   



 
 
ANTIBIOGRAM  FOR PSEUDOMONAS SPP 

    
 
 

 
 

 
 
 
 
 
 

 
 
 

 
 

Zone diameter (mm) 
Antibiotics 

Disk content 

µgm/disc Resistant Sensitive 

Result Comments 

Carbenicillin 
100 ≤ 13 ≥ 17   

Ciprofloxacin 5 ≤ 15 ≥ 21   

Ceftazidime 30 ≤ 14 ≥ 18   

Ceftriaxone 30 ≤ 13 ≥ 21   

Imipenem 10 ≤ 13 ≥ 16   

Piperacillin 100 ≤ 17  ≥ 18   

Gentamicin 10 ≤ 12  ≥ 15   

Amikacin 30 ≤ 14 ≥ 17   

Aztreonam 30 ≤ 15  ≥ 22   



 
Appendix � II  

 

The composition and methods of preparation of different media, chemicals and reagents 

used in this study are given below �  

Nutrient agar medium 

Composition:  

Ingredients  gram/liter 

Peptic digest of Animal Tissue 5.00 

Sodium Chloride  5.00 

Beef Extract 1.50 

Yeast Extract       1.50 

Agar      15.00 

 
 

Twenty eight grams of dehydrated nutrient agar medium was added to 1000 ml of cold 

distilled water in a flask and heated to boiling to dissolve the medium completely. The 

medium was then sterilized in an autoclave at 1210C and 15 lbs pressure for 15 minutes. 

The sterile media were stored in a refrigerator at 40C for future use. 

 

Blood agar medium 

Composition: 

Ingredients  gram/liter 

Heart infusion  500.00 

Tryptose 10.00 

Sodium chloride 5.00 

Agar 15.00 



 

Forty grams of the dehydrated blood agar medium was suspended in 1000 ml cold 

distilled water in a flask and boiled to dissolve the medium completely. It was then 

sterilized by autoclaving at 1210C and 15 lbs pressure for 15 minutes. The autoclaved 

materials were allowed to cool to a temperature of 450C in a water bath. Defibrinated 5-

10% sheep blood was then added to the medium aseptically and distributed to sterile 

petridishes. Sterilie media was stored in refrigerator at 40C for future use. 

 

MacConkeys agar medium  

 
Composition: 

 

Ingredients  gram/liter 

Peptone 19.0 

Lactose 10.0 

NaCl 5.0 

Na- Deoxycholate 1.0 

Neutral Red 0.03 

Crystal Violet 0.001 

Agar 15.0 

 
 
Fifty two grams of dehydrated MacConkeys agar medium was suspended in 1000 ml 

cold distilled water and boiled to dissolve the medium completely. The solution was 

then sterilized by autoclaving at 1210C and 15 lbs pressure for 15 minutes. 

 

 



 

CLED agar medium  

Composition: 

Ingredients  gram/liter 

Peptone bacteriological   7.00 

Casein digest peptone  4.00 

Lactose  10.00 

L-Cystine  0.128  

Bromothymol blue  0.02 

Acid fuchsin  0.10 

Agar  15.00 

 
Thirty six grams of dehydrated CLED agar medium was suspended in 1000 ml cold 

distilled water and boiled to dissolve the medium completely. The solution was then 

sterilized by autoclaving at 1210C and 15 lbs pressure for 15 minutes. 

Muller Hinton agar medium  

Composition: 

Ingredients  gram/liter 

Beef dehytrated infusion 300 

Casein hydrolysate 17.50 

Starch agar 17.00 

Agar 17.00 

 

Thirty eight grams of dehydrated Mueller Hinton agar medium was suspended in 1000 

ml cold distilled water and boiled to dissolve the medium completely. The solution was 



then sterilized by autoclaving at 1210C and 15 lbs pressure for 15 minutes. The 

autoclaved media was stored at 40C     

 

Kliglar iron agar medium 

Composition: 

Ingredients  

Dehydrated KIA  media 65.0 gram 

Distilled water 1000 ml 

 

The ingredients were dissolved by boiling and the ph was checked, distributed into test 

tubes in 5 ml amount and sterilized by autoclaving at 121c for 15 miniutes under 15 lbs 

pressure. The tubes were then allowed to cool and solify in such position, which gave a 

slant and a thick butt. 

MIU Medium Base 

Composition: 

Ingredients  gram/liter 

Casein enzymic hydrolysate  10.00 

Dextrose  1.00 

Sodium chloride  5.00 

Phenol red  0.01 

Agar  2.00 

 
 

Eighteen grams of dehydrated MIU agar medium was suspended in 950 ml cold 

distilled water and boiled to dissolve the medium completely. The solution was then 

sterilized by autoclaving at 1210C and 15 lbs pressure for 15 minutes. Cool to about 50 



� 520C and aseptically add 5ml sterile 40% Urea solution per 95ml basal medium. Mix 

well and dispense in to sterile tests tubes. Allow to cool in an upright position.     

Simmons citrate medium 

Composition: 

Ingredients  

Dehydrated media 24.2 gram 

Distilled water 1000.0 ml 

 
pH- 6.8,    Ingredients dissolved, dispense into test tubes autoclaved at 1210C for 15 

minutes and allowed to set as slopes. 

 

16% Glycerol Broth (For 100ml) (Cheesebrough, 2000)  
Composition: 

Ingredients  

Nutrient Broth 84 ml 

Glycerol 16 ml 

pH-7.4+/- 2,     After inoculation, preservation is maintained at � 200C 

MacFarland Standard 0.5  

Composition and preparation 1% (V/V) solution of chemically pure 0.36 (N) sulphuric 

acid and 1.175% (W/V) solution of chemically pure (0.048M) barium choloride was 

prepared in two separate sterile flasks. Than 9.9ml of sulphuric acid and 0.1ml of 

barium chloride were added to the clean screw capped test tube and sealed. The barium 

sulphate suspension corresponds approximately to Mcfarland standard tube number1 

with corresponding cell density of 3× 10
8  organism/ ml to made the turbidity standard 

of cell density to one half of the Mcfarland standard tube number 1 which correspond to 

cell density of 1.5 ×10
8  organism/ml for determination of antibiotic sensitivity by 

Kirby-Bauer inoculated technique 0.5ml of 1.75% (W/V) barium chloride (Bacl2 2H2) 



was added to 99.5ml of 1% (V/V) sulphuric acid (0.36N), mixed oil and 5 � 10 ml was 

distributed in sterile capped test tube and scaled.    

APPENDIX-III 

 

The composition and methods of preparation of different stains, diluents and chemicals 

used in this study are given below: 

Crystal violet Gram stain 

Crystal violet                                                   20g 

Ammonium oxalate                                          9g 

Ethanol or methanol, absolute                          95ml                            

Distilled water to                                    1 liter   

Lugol�s iodine solution  

Potassium iodide  20g 

Iodine   10g 

Distilled water  1 liter 

Alcohol fixative solution 

To make 200ml: 

Ethanol (ethyl alcohol), absolute                180ml 

Acetic acid, glacial                                  10ml 

Distilled water                                            10ml 

Immerse the fixative for 20 minutes. Rinse with 95% ethanol and allow the smear to 

dry. 

Carbol fuchin  

Basic fuchin      10g 

Ethanol or methanol     100ml 

Phenol       50g 



Distilled water      1 liter 

 

 
 
Appendix � IV 

 
 
Different tests: 
 
Catalase test: (Cheesebrough, 2000) 
 
Procedure:  

A small amount of the culture to be tested was picked up from an agar media with 

cleaned sterile platinum loop. This was inserted into H2O2 (3%) solution held in a small, 

clean tube. The production of gas bubbles from the surface of solid culture materials 

indicates a positive reaction. Staph aureus was used as positive control and 

Streptococcus as negative control.   

 

Coagulase test: (Collee et al, 1996)  

Human plasma was collected from discarded blood bag for transfusion and preserved in 

15ml screw cap test tube at -200C for months and one test tube for a use at 40C for one 

week.   

 

Slide coagulase test  

One drop of normal saline (0.85% sodium chloride) was placed on a clean microscopic 

slide. With minimum of spreading one or two colonies of test organisms were taken and 

emulsified in the drop of saline to form a smooth milky suspension. One drop of 

undiluted human plasma was added to the bacterial suspension with the help of one 



inoculating wire loop. Appearance of coarse clumping visible to the naked eye within 5 

� 10 sec indicative positive reaction. A positive control test was done using coagualase 

positive culture of staph aureus.  

 
 

 

Tube coagulase test 

Plasma was diluted 1 in 6 normal saline. 1ml of diluted plasma was taken in a small 

clean test tube and a colony of strain under test was emulsified. The tube was then 

incubated at 370C and tested to see clot formation by tilting tube through 900 after 1, 3 

and 6 hours. The tube showing negative reaction were kept overnight at room 

temperature and re-examined positive and negative controls were run side by side. 

 
Gram's staining method (Cheesebrough, 2000)  

Gram's staining was done for morphological identification of Staphylococcus auerus. A 

drop of distilled water was taken on the middle of a clear glass slide. Then bacterial 

colony (fresh culture) was transferred with a sterilized inoculating loop on the drop of 

water and a very thin smear was prepared on the slide by spreading the colony 

uniformly. The smear was fixed by passing it over the flame for two or three times. The 

smear was flooded with crystal violet (Appendix-III) solution and allowed to stand for 

two minutes and then washed thoroughly with gentle stream of tap water. The slide was 

then immersed with Gram's iodine (Appendix-III) solution for one minute and then 

washed with tap water. Then the smear was decolorized with acetone alcohol 

(Appendix-III) for 5-10 seconds. Acetone alcohol was drained off and washed 



thoroughly with gentle stream of tap water. The slide was then counterstained with 

diluted carbol fuchsin(1:10) for one minute. After washing with tap water, slide was 

dried and examined under microscope with high power objective (X100) using 

immersion oil.  

 

 

 

Oxidase test: (Nandy et al, 2007) 

To differentiate Pseudomonas from Enterobacteriaceae 

Procedure:  

In this test, oxidase discs from Himedia (DD018) were used to test the presence of the 

cytochrome oxidase enzyme. A loopful of bacterial cell from solid media was brought 

in contact with the oxidase disc and the change in colour is observed within 60 seconds. 

A positive reaction is characterized by a dark purple/ blue colour and developed within 

1-2 miniutes. No change of colour indicates negative reaction. 

Both Pseudomonas and E. coli were used as positive and negative control respectively. 

 

Kovac�s reagent (Collee et al, 1996)  

Composition 

 

Ingredients  

Amyl or isoamyl alcohol 150ml 

P-Dimethyl-aminobenzaldehyde 10gram 

Concentrated hydrochloric acid 50ml 

 



Aldehyde was dissolved in alcohol and acid is added slowly. 

Method: Medium was inoculated with test organisms and incubated for 48 hours at 

370C. 0.5 ml of Kovacs reagent was added and shaken gently. A red colour in the 

alcohol layer indicates a positive reaction. 

 

 
 
 
 
 
 
 
 
Novobiocin sensitivity test (Collee et al, 1996) 
 
Procedure 
 
On the surface of a Muller Hinton agar plate inoculated by the test organism in the 

standard manner and a 5 µgm novobiocin disc was placed. The plate was then incubated 

at 370C. for 24 hours and observed for appearance of zone of inhibition of growth. 

Diameter of any such zone of less than 15mm of an inoculum of Staphylococcus 

indicates the bacteria to be Staphylococcus saprophyticus. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



         Appendix-V 
 
 
 

 
 
 

Fig-5: MacConkey agar media showing pink colour growth of     
Enterobacter spp 

 
 

 

 
 
Fig-6: Nutrient agar media showing greenish pigment of Pseudomonas 
aeruginosa 
 
 



Appendix-VI 
 
 
 

 
 
 
Fig-7: Nutrient agar media showing swarming growth of Proteus 
species 
 
 

 

 
 
 
Fig-8: CLED agar media showing mucoid growth of Klebsiella species 

 



 
 

Appendix-VII 
 
 
 

 
 
 
 

 
 

 
 
 

Fig-9: Photograph of Oxidase test 
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Appendix-VIII 

 
 
 
 
 
 
 
 

 
 
 

Fig-10:  Photograph of Urease and Motility test in MIU agar 
media 
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Fig-11:  Muller Hinton agar media with antibiotic sensitivity disk of 
Pseudomonas aeruginosa  

 
 
 
 
 
 
 
 

 



Appendix-X 
 
 
 
 
 

Chi- square tests 
 

 
Table II: Cross tabulation of urine culture on the basis of 
number of pus cell 
 
 

  
 Urine culture Total 

 Negative Positive  

Group A 
Pus cell 5/HPF 

45 05 50 

Group B 
Pus cell 6-10/HPF 

60 20 80 

Group C 
Pus cell 10/HPF 

0 70 70 

Total 105 95 200 

 
 
          Chi-square value = 109.78, at P> 0.001 and df 2 

 
 
          
 
 
 
 
 
 
 
 
 
 
 
 



 
Table VII: Cross tabulation of urine culture of NUTI by 
inpatient    department 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Chi-square value = 18.03, at P> 0.01 and df 4 
 

 
 
Table XVI: Cross tabulation of Ampicillin resistance of E. coli in CUTI 

and NUTI 

 
 Ampicillin Total 

 Resistant  
cases 

Not Resistant  
cases  

 

CUTI 25 8 33 

NUTI 19 2 21 

Total 44 10 54 

 
 
                     Chi-square value= 1.508, at P value > 0.50 and df 1 
 

 Urine culture Total 

 Negative Positive  

Gynae 10 30 40 

Surgery 15 10 25 

Medicine 11 5 16 

Orthopaedics 10 4 14 

Paediatrics 4 1 5 

Total 50 50 100 


