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ABSTRACT  

Introduction: Urinary tract infection (UTI) continues to be the 

commonest infection. Untreated cases can go in for 

complications. Empiric antimicrobial therapy reduces the 

complications thereby minimizing the cost of treatment. Since 

resistance rates differ from place to place, knowledge on 

prevailing patterns of antimicrobial resistance becomes 

essential. This study was carried out to investigate the etiologic 

agents of UTI in a tertiary care hospital and its antimicrobial 

susceptibility pattern. Materials and methods: Midstream urine 

samples collected from inpatients as well as outpatients in the 

hospital were inoculated onto the culture media. Strains having 

significant growth of 10
5 

cfu/ml were processed for 

identification and antimicrobial susceptibility testing as per the 

CLSI guidelines. Results: The culture plate showed significant 

growth from 1368 urine samples (53% female and 47% male 

patients); of which 75% (1026) were from hospitalized patients. 

UTI was predominant in adults (86.54%) than in pediatrics 

(13.44%). E. coli (59.94%) was found to be the most common 

uropathogen followed by Klebsiella (16.37%). E. coli sensitive 

to Ampicillin and gentamicin was 43.75%.  ESBL E. coli were 

47.43%, MDR strains were 8.82%. Most of Enterococcus 

species and Staphylococcus species were sensitive to 

Ampicillin. Conclusion: Ampicillin or Gentamicin can be used 

for empirical treatment of UTI, but ESBL producers and MDR 

strains should also be considered. Knowledge on the antibiotic 

susceptibility testing pattern of the uropathogens is vital for 

proper treatment of UTI. 
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INTRODUCTION  

Urinary tract infection (UTI) continues to be the commonest infection accounting for 

approximately 40% of all hospital acquired infections.
1 

UTI often results in serious 

complications like secondary bacteremia and sepsis leading to a rise in mortality in addition to 

bloating hospital charges. It is therefore imperative to treat UTI empirically in relevant situations 

where indwelling catheter for long duration is inevitable. Empiric antimicrobial therapy reduces 

the incidence of development of sepsis, and reduces the average hospital stay thereby minimizing 

the cost of treatment
2
. In recent years, bacterial resistance to different antibiotics has risen 

leaving the consultants with few therapeutic options. Methicillin- resistant Staphylococcus 

aureus (MRSA), extended spectrum Beta lactamase (ELBS) producing organisms and 

vancomycin resistant Enterococci (VRE) have become the common pathogens. Since the 

resistance rates to antibiotics differ from place to place, to start the empiric therapy, knowledge 

on information on prevailing pattern of antimicrobial resistance among common urinary 

pathogens is must. This study was therefore carried out to investigate the etiologic agents of UTI 

in a tertiary care hospital and to study their susceptibility pattern to different antimicrobial 

agents. 

MATERIALS AND METHODS 

This was a cross sectional study. After the informed consent, midstream urine samples were 

collected from both inpatients and outpatients, attending or admitted to Kasturba Medical 

College Hospital, Manipal from January 2012 to June 2012 suspecting UTI in a wide mouthed 

sterile container.  . Urine samples were inoculated onto the blood agar and MacConkey’s agar 

with four quadrant streaking method following semi quantitative culture technique using a 

standard loop technique
3
. Strains having significant growth of 10

5 
cfu/ml of urine on culture plate 

were processed for the identification of organisms according to Konemann EW et al
.3
  

Antimicrobial susceptibility testing was done by Kirby Bauer disc diffusion method using 

appropriate antibiotics as per the CLSI guidelines.
4
 Ecoli ATCC 25922, Pseudomonas 

aeruginosa ATCC 27853 and S. aureus ATCC 25923 were used as controls. Specimens which 

yielded a single pathogen were processed further, while those which yielded more than one type 

were considered as contamination. For gram negative bacilli, catalase positive and oxidase 

negative antibiotic discs like Amikacin (30 µg), Amoxicillin-Clavulanic acid (20/10 µg), 
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Ampicillin (10 µg), Cefotaxime (30 µg), Cefuroxime (30 µg), Gentamicin (10 µg), Norfloxacin 

(10 µg) were used. For Gram negative non fermenting bacilli which were catalase positive, 

oxidase positive antibiotic discs used were Amikacin (30 µg), Ciprofloxacin (5 µg), Gentamicin 

(10 µg), piperacilin (100 µg), Aztreonam (30 µg), Cefpirome (30 µg), Imipenem (10 µg), 

Ceftazidime (30 µg)  and Piperacillin-Tazaobactum ( 100/10 µg). 

Screening test for ESBL was done according to the criteria recommended by CLSI
5
. An 

inhibition zone of ≤ 27 mm for cefotaxime and ≤ 22 mm for ceftazidime indicated that the strain 

probably produced ESBL. 

Multidrug resistant strains were tested for colistin susceptibility (10 µg) 

Antibacterial susceptibility  testing for  gram positive cocci included Ampicillin (10 µg), 

gentamicin (10 µg ), gentamicin ( 120  µg for Enterococcus), Norfloxacin (10 µg), Penicillin ( 10 

Units), Linezolid (30 µg), Teicoplanin (30 µg) and Vancomycin (30 µg). Staphylococcus species 

was tested with Cefoxitin (30 µg) for methicillin resistance. All the antibiotic discs were 

obtained from Hi-media, Mumbai, India.   

RESULTS 

1368 midstream urine samples had significant growth on blood agar and MacConkey agar.  Of 

these 25% (342) were from outpatient samples and 75% (1026) were from hospitalised patients. 

Out of the total, 53% (725) were female patients and 47% (643) of them were male patients. UTI 

was predominantly seen in adults 1184 (86.54%) when compared to pediatric age group 184 

(13.44%). Most common uropathogen was found to be E. coli 820(59.94%) followed by 

Klebsiella species 224 (16.37%) (Chart: 1). Others included Candida species and Serratia spp 

accounting to 7 (0.57%). 
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Chart 1:  Showing different microorganisms isolated  

 

Gram negative bacilli which were catalase positive and oxidase negative and susceptible to 

Amikacin Amoxicillin-Clavulanic acid, Cefuroxime,  Norfloxacin, Ampicillin, Cefotaxime, 

Cefuroxime and Gentamicin  was 43.75% for E. coli (Table 1) . 

Table 1: Organisms and its antibiotic susceptibility pattern 

 

 

 

 

 

 

*1=Amikacin (30 µg), 2=Amoxicillin-Clavulanic acid (20/10 µg), 3=Ampicillin (10 µg), 

4=Cefotaxime  ( 30 µg), 5= Cefuroxime (30 µg), 6=Gentamicin (10 µg), 7= Norfloxacin (10 µg). 

 

No. Organisms Sensitive to (1,2,3,4,5,6,7)*& Percentage 

1 E. coli 359 (43.75%) 

2 Klebsiella  species 125 (55.81%) 

3 Citrobacter species 27 (79.42%) 

4 Proteus species 13 (86.67%) 

5 Enterobacter species 12 (60%) 

6 Acinetobacter species 31 (83.79%) 
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Gram negative bacilli which were catalase positive, oxidase positive and nonfermenters were 

grouped as Pseudomonas species. These organisms sensitive to Amikacin (30 µg), Ciprofloxacin 

(5 µg), Gentamicin (10 µg), piperacilin (100 µg), Aztreonam (30 µg), Cefpirome (30 µg), 

Imipenem (10 µg), Ceftazidime (30 µg) and Piperacillin-Tazaobactum (100/10 µg) were 52 

strains (95.45%) out of 54 strains. 

Gram negative bacilli of Extended Spectrum Beta-Lactamase producers (ESBL) sensitive to 

Amikacin (30 µg), Gentamicin (10 µg), Norfloxacin (10 µg), imipenem (10 µg) and resistant to 

Amoxicillin-Clavulanic acid (20/10 µg), Ampicillin (10 µg), Cefotaxime (30 µg), Cefuroxime 

(30 µg),  Cefpirome (30 µg) was 47.43% for E. coli (Chart 2). 

Chart 2: ESBL producing gram negative bacilli: Numbers and percentage  

 

The gram negative organisms that were multidrug resistant (MDR) bacteria, resistant to 

Amikacin (30 µg), Norfloxacin (10 µg), Cefpirome (30 µg), Amoxicillin-Clavulanic acid (20/10 

µg), Imipenem (10 µg) and the strains were sensitive to Colistin (10 µg) (Chart 3). 
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Among the gram positive cocci which mainly included Enterococcus species and Staphylococcus 

species. Antibacterial susceptibility testing for Enterococcus species included Ampicillin (10 

µg), gentamicin (120 µg), Norfloxacin (10 µg), Penicillin (10 Units), Linezolid (30 µg), 

Teicoplanin (30 µg) and Vancomycin (30 µg). Enterococcus species had a sensitivity of 38.53% 

for ampicillin (Table: 2). 

Table 2: Antibacterial susceptibility of Enterococcus species  

Antibiotic disc 
Sensitivity: 

number and percentage 

Ampicillin (10 µg) 42(38.53%) 

gentamicin (120  µg), 39(35.77%) 

Norfloxacin (10 µg), 38(35%) 

Penicillin (10 Units), 0% 

Linezolid (30 µg), 109 (100%) 

Teicoplanin (30 µg) 109(100%) 

Vancomycin (30 µg). 109 (100%) 
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Staphylococcus species were classified further as Coagulase positive and Coagulase negative 

strains. Cefoxitin disc (30 µg) was used to test the methicillin sensitivity .For  Staphylococcus 

aureus zone size of ≥20mm was considered sensitive and less than 20 mm was considered as 

resistant. For  Coagulase negative Staphylococcus species zone size of ≥25mm was considered 

sensitive and any zone less than this was considered as resistant4. The antibiotic discs were used 

to test the sensitivity were Ampicillin (10 µg), gentamicin (10 µg), Norfloxacin (10 µg), 

Penicillin (10 Units), Linezolid (30 µg), Teicoplanin (30 µg) and Vancomycin (30 µg). 

Sensitivity to ampicillin in Methicillin sensitive Staphylococcus aureus was 65.55% (Table 3). 

Table 3: Staphylococcus species and their antibacterial susceptibility testing 

Antibiotic disc 

Staphylococcus 

aureus 

number and 

percentage 

Staphylococcus 

aureus 

number and 

percentage 

Coagulase 

negative 

Staphylococcus 

species 

Coagulase 

negative 

Staphylococcus 

species 

Cefoxitin (30 

µg) 

Methicillin 

sensitive 

Staphylococcus 

aureus (MSSA) 

27(93.10%) 

Methicillin 

resistant 

Staphylococcus 

aureus  (MRSA) 

2(6.89%) 

Methicillin 

sensitive 

Coagulase 

negative 

Staphylococcus 

species  (MS-

CONS) 

17(89.4%) 

Methicillin 

resistant 

Coagulase 

negative 

Staphylococcus 

species  (MR-

CONS) 

2(10.34%) 

Ampicillin(10 

µg) 
18(65.55%) 0(0%) 15(88.23%) 0(0%) 

Gentamicin (10  

µg), 
22(81.48%) 0(0%) 16(94.11%) 0(0%) 

Norfloxacin(10 

µg), 
23(85.18) 0(0%) 13(76.47%) 0(0%) 

Linezolid (30 

µg), 
27(100%) 2(100%) 17(100%) 2(100%) 

Teicoplanin (30 

µg) 
27(100%) 2(100%) 17(100%) 2(100%) 

Vancomycin 

(30 µg). 
27(100%) 2(100%) 17(100%) 2(100%) 
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DISCUSSION 

Our study showed that the number of patients admitted into various wards and suffering from 

UTI 75 % (1026) were more than the patients attending the out- patient departments with UTI, 

25% (342). Similar studies were also reported by the study conducted by Aruna K et al
6
. 

We found higher percentage of females suffering from UTI, n= 725 (53%) when compared to 

males, n=643 (47%). This was in accordance with other studies done in India by Aruna K et al
6
 

as well as in a study done in Nepal by A Acharya et al
7
. UTI was predominately seen in adults 

1184 (86.54%) when compared to paediatric age group 184 (13.44%). Similar results were also 

published by Colgan R et al
8
. E. coli is known to be the important and most prevalent 

uropathogen according to the study conducted by Sood .S  et al
9
and  Manjunath GN et al 

10
: 

which was in concordance with  our  study, however we found  in our study , uropathogens like 

Klebsiella species , Pseudomonas species , Citrobacter species and Acinetobacter species to be 

very less  in numbers  when compared to their study . Our study showed Enterococci to be the 

predominant Gram positive uropathogen followed by Staphylococcus. This study was also 

opined with the study conducted by Sara M Soto11. Some of the rare organisms like Serratia spp 

and fungi like Candida species were also isolated but in very less number, 7 (0.5%). This study 

was in concordance with the study conducted by KasiMurugan et al
12

 and Otajevwo, F. D
13

. 

Gram negative bacilli which were catalase positive and oxidase negative  and susceptible to  

Amikacin Amoxicillin-Clavulanic acid, Ampicillin, Cefotaxime, Cefuroxime, Gentamicin and  

Norfloxacin were  ranging from 43.75% to 86.67%, but the study done in Southwest Ethiopia by 

GetenetBeyene
14

 showed 100% resistance. Pseudomonas species had 95.45% sensitivity to 

Amikacin, Imipenem, Ceftazidime and Piperacillin-Tazaobactum, whereas study conducted by 

Syed Mustaq Ahmed et al
15

 showed 100% sensitivity .  

Gram negative bacilli producing ESBL for E. coli was 47.43% and for Klebsiella 29.46%. 

Earlier studies from Shobha et al
16 

from the same center showed E. coli producing ESBL’s were   

26.39% and Klebsiella species producing ESBL’s were 27%. This indicated that the strains 

producing ESBL’s were increased over the years.   

Among the multidrug resistant bacteria (MDR), Acinetobacter species was the highest (16.20%) 

followed by Klebsiella species (14.73%) and E. coli. (8.82%). Similar study conducted by              

http://www.ncbi.nlm.nih.gov/pubmed/?term=Beyene%20G%5Bauth%5D
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P. Cornejo-Juárez et al
17

had an overall 39.5% multidrug resistant bacteria, Acinetobacter species 

having highest strains of MDR. All the strains were sensitive to colistin.  

Among gram positive bacteria, Enterococcus species susceptible to Ampicillin was 38.53% and 

high level gentamicin was 35.77% and Vancomycin was 100%. This study was in concordance 

with the study conducted by S. Mohanty et al
18

. 

Staphylococcus aureus resistant to methicillin was 6.89%, strains susceptible to ampicillin was 

65.55%, norfloxacin was 85.18%, gentamicin was 81.48%. Among the Coagulase negative 

Staphylococcus species 10.34% was resistant to Methicillin, 88.23% of strains were susceptible 

to ampicillin, 94.11% to gentamicin and 76.47% to norfloxacin. Studies done by HadizaHima-

Lerible et al 
19

showed similar results. 

CONCLUSION 

E. coli was the predominant uropathogen isolated. Ampicillin or Gentamicin can be the drug of 

choice for empirical treatment for UTI, but some of the gram negative bacilli causing UTI were 

ESBL producers and some were MDR strains. Knowledge on the antibiotic susceptibility testing 

pattern of the uropathogens is vital for proper treatment of UTI because antibiotic susceptibility 

pattern varies from place to place and changes from time.  
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