
 European Journal of Molecular & Clinical Medicine (EJMCM)  

ISSN: 2515-8260                                   Volume 10, Issue 03, 2023 

 

 
842 

Original research article  

Characterization and Antimicrobial Susceptibility Testing of 

Pathogens Isolated from Urinary Tract Infections in A Tertiary 

Care 

Shilpa Singh
1
, Vinita Prasad

2
 

1
Tutor, Department of Microbiology DMCH Darbhanga 

2
Tutor, Department of Microbiology DMCH Darbhanga 

Corresponding Author: Shilpa Singh 

 

Abstract 

Backgrounds and objectives: Urinary Tract Infection (UTI) is an infection of one or more 

structures in the urinary system. The urinary tract includes urethra, bladder, ureters, prostate 

and kidneys. Clinical presentation of UTI varies from asymptomatic infection to full blown 

pyelonephritis. Some symptoms may be non-specific and frequently symptoms overlap in 

patients with lower UTIs and upper UTIs. Present study was undertaken to isolate and 

characterize pathogens causing UTIs in patients attending, DMCH Darbhanga,  a rural 

tertiary care hospital and to study the antimicrobial sensitivity pattern of the urinary isolates, 

so as to provide a basic guideline in treating UTIs.  

Methodology: A total of 500 midstream urine (MSU) samples were taken from both male 

and female patients who had clinically suspected UTI .They were asked to collect a fresh 

sample of MSU in a sterile container after cleaning the genitals with soap and water. The 

sample was transported to the microbiology laboratory and processed by wet film 

microscopy, Gram’s stain and semiquantitative culture in blood agar and MacConkey’s agar 

.All the isolates were identified by standard procedures and antimicrobial susceptibility test 

was done for the bacterial isolates.  

Conclusion: The most common uropathogen isolated in our study was E. coli. 

Pseudomonas aeruginosa was the second major pathogen isolated from UTI. In the present 

study, overall incidence of UTI observed among males is marginally higher than that was 

observed in females. High rate of UTI was observed in children of 0 – 9 years of age.  

Keywords: Urinary tract infection; E.col; Pseudomonas aeruginosa; Antimicrobial 

susceptibility. 

 

Introduction 

Urinary tract infection (UTI) is an infection of one or more structures in the urinary system. 

The urinary tract includes urethra, bladder, ureters, prostate and kidneys. So UTI 

encompasses a broad range of clinical entities namely; 

*Urethritis 

*Acute urethral syndrome 

*Prostatitis 

*Cystitis 

*Asymptomatic bacteriuria 

Clinical presentation of UTI varies from asymptomatic infection to full blown 

pyelonephritis. Some symptoms may be non-specific and frequently symptoms overlap in 

patients with lower UTIs and upper UTIs. Symptoms of bladder infection (lower UTI) relate 

to inflammation – frequency, urgency and dysuria. The upper UTI which involves infection of 
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ureters and kidneys may be associated with loin pain, fever, rigors, and vomiting.
1
 

 

Urethritis refers to inflammation of the urethra. Urethral discharge is usually present, along 

with dysuria and frequency. The classic specific etiologic agent of acute urethritis is 

Neisseria gonorrhoeae
2
. It is a syndrome seen in young sexually active women, who 

experience persistent or recurrent frequency, urgency, and dysuria, but excrete fewer than 10
5
 

colony forming units (CFU) of bacteria per ml in urine. It is a syndrome seen in young 

sexually active women, who experience persistent or recurrent frequency, urgency, and 

dysuria, but excrete fewer than 10
5
 colony forming units (CFU) of bacteria per ml in urine. 

The term prostatitis has been used for various inflammatory conditions affecting the prostate 

including acute and chronic infections with specific bacteria and more commonly instances in 

which signs and symptoms of prostatic inflammation is present, but no specific organisms 

can be detected
4
. Symptoms of bladder infection relate to inflammation – frequency, urgency, 

and dysuria. Occasionally tenderness and pain over bladder area may be present. Urine may 

have offensive smell. Haematuria occurs in approximately one third of cases. Because cystitis 

is localized infection, fever and other signs of systemic illness are usually not present.
1
 Pus 

cells and bacteria may be detected by examination of unspun urine in most cases.
4
 In majority 

of women, acute cystitis is an isolated event, never or very infrequently repeated
5
. 

Pyelonephritis refers to inflammation of the kidney parenchyma, calices and pelvis, usually 

caused by bacterial infection
1
. It is a time honoured clinical diagnosis applied to patients with 

bacteriuria, who have loin pain, fever, and flank tenderness
5
. It is the presence of equal to or 

greater than 10
5
 CFU/ml of same bacterial species in two consecutive midstream urine 

samples. In women the minimum prevalence is 2% – 4% in younger women and 10% in 

older women. In men it is rare until 55years of age and approaches the rate in elderly women 

after this age. Prostatic hypertrophy and increased likelihood of instrumentation account for 

asymptomatic bacteriuria in older men
6
. UTI spans all age groups from neonates to elderly. It 

is much more common in boys during first 3 months, often in association with urologic 

abnormalities. During pre-school years it is common in girls than boys. Presence of 

bacteriuria in childhood defines a population at higher risk for development of bacteriuria in 

adulthood
2
. As a result of anatomic and hormonal changes that favour development of UTIs, 

the incidence of bacteriuria increases during pregnancy. UTIs are important complications of 

diabetes, renal disease, renal transplantation and structural abnormalities that interfere with 

urine flow
1
. The female urethra appears to be particularly prone to colonization with colonic 

gram-negative bacilli because of it’s proximity to the anus, its short length and it’s 

termination beneath the labia. Sexual intercourse causes the introduction of bacteria into the 

bladder. Catheter associated UTIs account for 40% of all nosocomial infections; and are the 

most common source of gram-negative bacterimia in hospitalized patients
7
. With insertion of 

a catheter, bacteria may be pushed along the urethra into the bladder or with an indwelling 

catheter, may migrate along the track between the catheter and urethral mucosa, gaining 

access to the bladder. Certain virulence determinants of uropathogens provide a selective 

advantage to these strains possessing them with regard to colonization and infection
8,

   

 

OBJECTIVES  

*To study the antimicrobial sensitivity pattern of the urinary isolates, so as to   provide a 

basic guideline in treating UTIs. 

*To determine the minimum inhibitory concentration (MIC) of three selected 

antimicrobial agents against 20 Escherichia coli isolates. 
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Material and Method 

A total of 500 midstream urine (MSU) samples were taken from both male and female 

patients who had clinically suspected UTI .They were asked to collect a fresh sample of MSU 

in a sterile container after cleaning the genitals with soap and water. The sample was 

transported to the microbiology laboratory and processed by wet film microscopy, Gram’s 

stain and semiquantitative culture in blood agar and MacConkey’s agar .All the isolates were 

identified by standard procedures and antimicrobial susceptibility test was done for the 

bacterial isolates. Outpatients as well as inpatients attending various departments such as 

Medicine, Surgery, Obstetrics & Gynaecology and Paediatrics of Darbhanga Medical 

College and Hospital Darbhanga Laheriasarai, Bihar. were included in the study group. 

Both male and female patients were included in the study. Patients who had clinically 

suspected UTI were asked to collect a fresh sample of midstream specimen of urine in a 

sterile container after cleaning the genitals with soap and water. The sample was transported 

to laboratory and processed. 

 

Inclusion criteria 

Both male and female patients having clinically suspected UTI were included in the study. 

Clinical diagnostic criteria – dysuria, frequency, urgency and fever. 

 

Exclusion criteria 

*Patients on long term antibiotic therapy prior to or during the investigation. 

*Persons who are HIV positive. 

*Patients having malignancies. 

*Patients on catheterization 

Midstream urine sample from male and female patients were collected in a wide mouthed 

universal container with a secure lid. A proper instruction was given to the patient regarding 

the method of collection of midstream urine sample. Male patients were asked to retract the 

prepuce, cleanse the glans penis with soap and water and then collect the sample from middle 

of the urine flow. Female patients were instructed to thoroughly clean the ano-genital area 

from front to back, pass urine with labia separated and collect sample from middle portion of 

the stream. A drop of well-mixed uncentrifuged urine was air dried over a microscopic slide, 

heat fixed and Gram’s Staining was carried out. The stained smear was examined under oil 

immersion (×1000) and the number of bacteria per oil immersion field (OIF) was recorded
1
. 

Bactreria producing NLF colonies were grouped under the family Enetrobacteriaceae based 

on oxidase production, catalase production, reduction of nitrate to nitrite. Further speciation 

depended on motility, fermentative/oxidative metabolism of sugars, phenyl alanine 

deaminase (PAD) test and fermentation of of a battery of sugars, production of H2S, indole 

and urease, methyl red test, Voges Proskauer test, citrate utilization, decarboxylation of 

lysine, arginine and ornithine in Moeller’s decarboxylation media. Gram-positive cocci 

morphologically resembling staphylococci were identified by modified oxidase test, 

coagulase test and novobiocin sensitivity. Suspected enterococci showing magenta-coloured 

colonies on MacConkey’s agar were identified by bile-esculin agar, growth in the presence of 

6.5% sodium chloride and fermentation of sugars in peptone-water sugar media. 

Antimicrobial sensitivity tests were carried out by Kirby-Bauer disk diffusion method on 

Mueller-Hinton agar (Hi Media). The media was prepared by suspending 38 gms of 

dehydrated media in 1000 ml of distilled water, autoclaved at 121
°
C for 15 minutes and 

poured into Petri plates to a depth of 4 mm.Recommended final inoculum for agar 

dilution is 10
4
CFU/ml. Four to five colonies from overnight growth on nutrient agar were 

inoculated into peptone-water and incubated until the broth becomes visibly turbid. Then the 

suspension was diluted with 0.85% saline until turbidity matches McFarland’s 0.5 turbidity 
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standard (1.5×10
8
 CFU/ml). Further the bacterial suspension was diluted 1 in 10 in 0.85 

saline to get a bacterial density of 10 CFU/ml. By using a calibrated loop 0.01ml of the 10
7
 

CFU/ml suspension was spot- inoculated to the agar surface, resulting in the final desired 

inoculum density containing approximately 10
4
 CFU/ml per spot. To check the viability of 

each test isolate and as an added check for purity, control plates that do not contain 

drugs were also inoculated. 

 

 
Fig. 1 : Biochemical reactions of E.coli 

 

 
Fig. 2 : Biochemical reactions of Pseudomonas spp 
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                                       Fig. 8: MIC of E. coli to ceftriaxone 

 

RESULTS 

A total of 500 midstream urine samples were processed from patients having clinically 

suspected UTI attending DMCH  Darbhanga. Among them 196 were males and 304 were 

female patients. The age and sex-wise distribution among male and female patients is given 

in Table 2. Among 500 samples 207 (41.4%) samples yielded growth on culture. Thirteen 

of the 207 (6.28%) samples grew 2 organisms (mixed infections) in culture. Out of the 304 

samples collected from females 122 (40.13%) showed growth. Of the 196 male urine 

samples 85 (43.37%) grew uropathogens in culture.  Among females, 0-9years age group 

had 29.82% infection. In the age group from 10-39 years the occurrence of UTI ranged 

between 23.53% to 34.29%. Females in the age group of above 40 years the occurrence 

of UTI was above 55%. Male children of 0-9 years age group had 37.14% UTI and age 

group from 10-39 years, the occurrence of UTI was between 22.22% to 35.71%. Similar to 

females, males of above 40 years of age group showed approximately, more than 50% 

UTI. The graphical representation of age and sexwise distribution of UTI is depicted in 

figure 10. Major bacterial isolate from UTI was E. coli (45.9%). The second common isolate 

was Pseudomonas aeruginosa (10.9%). The frequency of other uropathogens in descending 

order were S.epidermidis (9.5%), E.faecalis (7.7%), S.saprophyticus (6.8%), K. pneumoniae 

(6.4%), Candida spp. (4.1%), Acinetobacter spp. (3.2%), K.oxytoca (1.8%), E.faecium, 

C.koseri and S.aures (0.9% each). Proteus spp. and Enterobacter cloacae constituted 0.5% of 

isolates (Table 1). Overall, Staphylococcus spp. were isolated from 38 (17.77%) cases and 

Enterococci from 18 (8.91%) cases. 

 

Table 1: Frequency of uropathogens in UTI 

Isolate Total Percentage 

Escherichia coli 101 45.9 

Pseudomonas aeruginosa 24 10.9 

Staph. epidermidis 21 9.5 

Enterococcus faecalis 17 7.7 

Staph. saprophyticus 15 6.8 

Klebsiella pneumoniae 14 6.4 
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Candida species 9 4.1 

Acinetobacter species 7 3.2 

Klebsiella oxytoca 4 1.8 

Enterococcus faecium 2 0.9 

Citrobacter koseri 2 0.9 

Staph.aureus 2 0.9 

Proteus species 1 0.5 

Enterobacter cloacae 1 0.5 

Total 220 100 

 

Table 2: Age and sex-wise distribution of UTI 
 

 

 

Age 

(years) 

Sex  

 

No  

Examined 

M+F 

 

 

No UTI 

+Ve M+F 

 

 

% 

M+F 

Male Female 

 

No 

Examined 

UTI 

+Ve 

 

 

% 

No  

Examined 

 

UTI 

+Ve 

 

 

% 

0-9 35 13 37.14 57 17 29.82 92 30 32.61 

10-19 22 6 27.27 34 8 23.53 56 14 25 

20-29 14 5 35.71 52 15 28.85 66 20 30.30 

30-39 18 4 22.22 35 12 34.29 53 16 30.19 

40-49 18 10 55.56 30 17 56.67 48 27 56.25 

50-59 21 10 47.62 28 17 60.71 49 27 55.10 

60-69 30 16 53.33 34 16 47.06 64 32 50 

70-79 27 14 51.85 21 11 52.38 48 25 52.08 

80-89 9 5 55.56 12 8 66.67 21 13 61.90 

90-100 2 2 100 1 1 100 3 3 100 

Total 196 85 43.37 304 122 40.13 500 207 41.40 

 

Among 207 samples showing bacterial growth in culture, microscopy of wet mount revealed 

91(43·96%) samples with 0 – 3 pus cells, 28 (13·53%) samples with 4–5 pus cells and 

88(42·51%) samples with >5 pus cells/HPF. The details of wet mount microscopy findings 

along with results of Gram’s staining are given in Table 3. 

 

However, Sixty one samples were positive both by microscopy and culture. Thirty seven 

(17·87%) culture positive samples showed >5 pus cells/HPF but no bacilli on Gram’s 

staining. Fifty one (24·64%) of culture positive samples showed both >5 pus cells/HPF and 

bacilli in Gram’s staining. All the samples which showed bacilli in Gram’s staining were 

culture positive. Twenty five (12·08%) culture positive samples showed 4 – 5 pus cells / 

HPF, but no bacilli were observed upon Gram’s staining. Eighty five (40·58%) culture 

positive samples had 0 – 3 pus cells /HPF and no bacilli  seen on Gram’s staining (Table3). 

 

Table 3: Correlation between pyuria, Gram’s stain and culture in UTI 

Gram’s 

Stain 

Growth in 

culture 

No of pus cells/HPF Total 

0 - 3/ HPF 4 - 5/HPF >5/HPF 

Negative Nil 259 23 11 293 

Present 84 25 37 146 

Positive present 7 3 51 61 
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The antibiotic resistance pattern of the major uropathogens isolated in the present study. The 

major isolates namely, E. coli, P. aeruginosa, coagulase negative staphylococci, 

Enterococcus spp. and Klebsiella spp. uniformly exhibited approximately more than 50% 

resistance to fluoroquinolones. Minimum inhibitory concentrations (MIC) for three drugs 

namely gentamicin, ciprofloxacin and ceftriaxone were detected among 20 isolates of E.coli, 

by agar dilution method. The breakpoints were selected as per CLSI guidelines as per CLSI 

document M 100 – S 17, 2007. The break points suggested were 4, 8 and 16µg/ml for 

gentamicin; 1, 2 and 4  for ciprofloxacin and 8, 16 and64µg/ml for ceftriaxone. 

The MICs observed among the 20 E. coli isolates is tabulated in Table 4. 

                          

Table 4: MIC of three antibiotics to E. coli (n = 20) 

 No of Isolates Showing Inhibition of Growth 

Gentamicin Ciprofloxacin Ceftrioxone 

Antibiotic 

concentration 

µg/ ml 

 

4 
 

8 
 

16 
 

1 
 

2 
 

4 
 

8 
 

16 
 

64 

 

Strains inhibited 

No 

(%) 

 

11 

(55) 

 

0 
 

9 

(45) 

 

6 

(30) 

 

0 
 

14 

(70) 

 

7 

(35) 

 

1 

(5) 

 

12 

(60) 

 

DISCUSSION 

UTIs are considered to be the most common bacterial infection. Approximately 10% of 

humans will have a UTI at some time during their lives.
1
 Women are significantly more 

likely to experience UTI than men. Almost half of all women will experience at least one UTI 

during their lifetime. 20-30% of adult women will have recurrence within 3 – 4 months after 

an initial UTI. Specific subpopulations at increased risk of UTI include infants, pregnant 

women, the elderly, patients with spinal cord injuries and/or catheters, patients with diabetes 

or multiple sclerosis, patients with acquired immunodeficiency disease syndrome/human 

immunodefiency virus and patients with underlying urologic abnormalities.
9
 Catheter-

associated urinary tract infections remain the most common nosocomial infection accounting 

for as many as 35% of nosocomial infections. Although usually benign, catheter associated 

UTIs cause bacterimia in 2 – 4% of patients and has been associated with a case fatality rate 

three times as high as nonbacteriuric patients
10

. Although majority of UTIs are acute and 

short lived, they contribute to significant morbidity in the population
1
. UTIs are important 

complications of diabetes, renal disease, renal transplantation, and structural and neurologic 

abnormalities that interfere with urine flow.
1
 Therefore the incidence of UTI varies between 

populations and geographical areas depending upon the life style and other factors.  

township situated at the foothills of Western Ghats and has a population of approximately 1·5 

lakh. It is surrounded by hilly forest area inhabited by agriculturists. This area has areca 

and rubber plantations in which labourers work. In the present study, we collected 

midstream urine samples (MSU) from 500 patients belonging to both sexes and all ages 

ranging from 4 months to 95 years, in whom UTI was suspected on clinical grounds. Among 

them 207 (41.4%) samples were diagnosed in the laboratory to be suffering from UTI. This 

correlates with the finding by Tambekar et al 
11

 wherein 39.1% of urine samples showed 

growth. This finding shows that nalidixic acid is of no use in the treatment of enterococcal 

UTI in these areas. Enterococcal resistance to fluoroquinolones observed in this study were 

70% resistance to norfloxacin and 75% resistance to ciprofloxacin. A good example for the 

drastic variation in resistance pattern of enterococci was reported from Mumbai; while 
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Miskeen et al
12

 reported 55.78% resistance to ciprofloxacin, 91.7% resistance to the same 

drug was reported by Sonavane et al
13

. Only Mahesh et al
14

 reported low level resistance to 

ciprofloxacin (28.57%) and norfloxacin (28.57%). Resistance to gentamicin and amikacin in 

the present study were 50% and 40% respectively. Aminoglycoside resistance among 

enterococci in Indian studies range from, 36.92% to gentamicin in the study by Miskeen et 

al
12

 in Mumbai during 2000, to 91% to amikacin in the study by Sonavane et al
13

 in Mumbai 

during 2008. So in the present study, the resistance pattern ofenterococci to aminoglycosides 

was in the mid-range of that reported in Indian studies. MIC determination of randomly 

chosen 20 strains of E. coli by agar dilution method showed that 55% of the strains were 

 concentration. Forty five percent of strains were 

resistant to gentamicin even at >16g/ml. High resistance was observed for ciprofloxacin 

(70% at 4g/ml) and ceftriaxone (60% at 64g/ml). The resistance pattern seen in MIC was 

comparable to disk diffusion method (Gentamicin 44.09%, ciprofloxacin 82.35% and 

ceftriaxone 56.25%, ). Both MIC and disk diffusions showed that E. coli isolated from UTI 

were more sensitive to gentamicin than ciprofloxacin or ceftriaxone. 

 

CONCLUSION 

*Bacterial culture of urine samples remains an important method in the diagnosis of UTI. 

*Rate of urinary tract infection among males is nearly equal to that observed in females. 

*More number of 0-9 year old have UTI 

*Similar to earlier studies, major uropathogen is E.coli. 

*Pseudomonas aeruginosa was found to be second important uropathogen in the present 

study. 

*Sensitivity of uropathogens to antimicrobials is in the mid-range of that compared to other 

reported Indian studies. 
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