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ABSTRACT 

Introduction:  In recent decades, the widespread use of antibiotics has led to an increasing incidence of antibiotic resistance in 
uropathogens worldwide. Therefore, urinary tract infections are the leading cause of high antibiotic use and resistance worldwide. 
However, because patterns of bacterial resistance are constantly altering, it is important to monitor antimicrobial susceptibility. It 
bring information on pathogens isolated from patients and aids in the selection of the most relevant empirical antimicrobial therapy.  

Aims/ objective: The aim of the present study was to evaluate the resistance patterns of Gram-negative isolates from suspected 
urinary tract infections.  

Materials and Method: Patients with documented urinary tract infections due to positive growth of microorganisms in urine samples 
were included in the analysis. A positive culture was defined as an isolation of greater than or equal to 105 colony forming units/mL 
or greater. Antimicrobial susceptibility testing was performed on Muller-Hinton agar using the Kirby-Bauer disc diffusion method 
according to Clinical Laboratory Standards Institute (CLSI) criteria. Descriptive statistics were used to represent and compare data 
using ratios, percentages, frequencies and cross-tabulations.  

Results: E.coli was causative pathogens in 67.69% of UTI due to gram negative pathogens. Greater than 70% of E. coli was sensitive 
to ampicillin, amoxicillin, nalidixic acid, and tetracyclines. E. Coli was least sensitive to gentamicin and cotrimoxazole.  All 
Acinetobacter and Providencia isolates were resistant to fluoroquinolones. Only one-third of pseudomonas isolates were sensitive to 
fluoroquinolones.  Two third of pseudomonas isolates were resistant to ≥6 antimicrobials. Most of the E. coli isolates were resistant 
to at least 2 antimicrobials. 

Conclusion: The result of our study and its comparison with previous study led us to conclusion that antibiotic policy of the hospital 
should be based on resistance pattern observed in local survey.  
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INTRODUCTION 

owadays, urinary tract infections (UTIs) are one of 
the most frequent diseases encountered in clinical 
practice, affecting people of all ages, from new-

borns to the elderly. 1, 2 Urinary tract infection (UTI) is a 
term used for a various clinical conditions ranging from 
asymptomatic presence of bacteria in urine to severe 
forms of kidney disease with sepsis.3 An estimated 150 
million UTIs occur annually, resulting in over $6 billion in 
direct medical costs for him. In developing countries, it is 
more common among people of lower socioeconomic 
status. 4, 5 Many urological procedures are at undue risk 
without effective antimicrobials against urinary tract 
pathogens.  

Treatment of UTI depends on age, sex, underlying medical 
conditions, infectious agents, and involvement of the 
lower or upper urinary tract. According to the Infectious 
Diseases Society of America (IDSA) guidelines, co-
trimoxazole is the drug recommended for the treatment of 
UTI when the prevalence of resistance is <10% >20% (6). 
Other drugs used to treat UTIs include fluoroquinolones, 
cephalosporin and other beta-lactams with or without 
beta-lactamase inhibitors. 6 

Therefore, up-to-date knowledge of urinary tract 
pathogens and their susceptibility patterns is critical for 
appropriate antibiotic selection and use, as well as 
appropriate prescribing strategies. Over the last few 
decades, widespread use of antibiotics has led to an 
increasing incidence of antibiotic resistance in urinary tract 
pathogens worldwide. Therefore, UTIs have become an 
important driver of global antibiotic use and resistance.7-11 

Urinary tract infections are caused by Gram-negative 
uropathogenic bacteria such as Escherichia coli, Klebsiella, 
Pseudomonas, and Enterobacter. and the genus Proteus. 
13-18  The WHO also states that Escherichia coli, particularly 
cephalosporin- and/or fluoroquinolone-resistant isolates, 
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are the most common causative agents of community-
acquired and nosocomial HAIs, and are also the major 
agents of hospital-acquired and community-acquired 
UTIs.19 

Klebsiella isolates are the second most common bacterium 
in nosocomial infections, followed by Pseudomonas 
isolates.5, 20, 21 Mortality associated with urinary tract 
infections is significantly higher after bacteremia with 
strains resistant to at least one drug from three or more 
antibiotic classes, defined as multidrug-resistant (MDR) 
strains.22, 23 The appearance and spread of MDR Gram-
negative uropathogens in communities and hospitals 
further increases therapeutic challenges.24, 25 These 
problems are most likely due to inadequate prophylactic 
or curative traditional antibacterial therapy rather than an 
association with elevated virulence of uropathogenic 
strains.26, 27 In addition, the frequency of MDR strains in 
communities extends the problem of resistance beyond 
hospitals, as drug-resistant uropathogens can be traced 
from communities to hospitals and vice versa. 28, 29 

The prevalence of drug-resistant urinary tract pathogens 
and the countless problems that result are among the 
concerns of the medical community, as treatments are 
often unsuccessful, risk patient mortality, and are costly. 
Increasing MDR therefore reduces the number of effective 
drugs available for treating UTIs, leaving very limited 
choice for treating patients with these infections.30-32 
Furthermore, in developing countries, facilities for simple 
tests such as urine cultures and antimicrobial susceptibility 
testing are still inadequate, leading to misdiagnosis of UTIs 
and irrational antibiotic treatment, accelerating the 
emergence of MDR strains. 33-35 

However, because patterns of bacterial resistance are 
constantly changing, it is important to monitor 
antimicrobial susceptibility. It provides information on 
pathogens isolated from patients and aids in the selection 
of the most applicable empirical antimicrobial therapy. In 
addition, on-going antimicrobial resistance surveillance is 
important to monitor variance in this resistance. The aim 
of this study was therefore to evaluate the resistance 
patterns of Gram-negative isolates from suspected urinary 
tract infections.   

MATERIALS AND METHODS 

This was a cross-sectional study conducted in tertiary care 
centre of eastern India from August 2020 to July 2021. The 
anticipated risk to the study participant was less than 
minimal so exemption from ethics committee review was 
taken. The study was done under the guidelines of good 
laboratory practice (GLP). The participant information 
sheet was provided and explained to the patients and 
written informed consent was taken.  

Inclusion Criteria 

All patients aged 12 years and older who presented to the 
outpatient and inpatient department of general medicine 
with a clinically suspected diagnosis of urinary tract 

infection (dysuria, urinary frequency, fever, lower 
abdominal pain) were recruited in the study. Urine 
samples of these patients were sent for urine culture and 
susceptibility testing.  

Exclusion Criteria 

Patients with active menstruation, PID, tubo-ovarian 
disease, colitis, appendicitis, epididymitis, orchitis 
identified clinically or by examinations were excluded from 
this study. 

Patients with UTI evidenced by positive growth of the 
organism in urine samples were included in the analysis. A 
positive culture was defined as a isolation of greater than 
or equal to 105 colony-forming units/mL or greater in a 
midstream urine sample. 

Data Collection 

Age and gender were obtained from patient inquiry forms. 
A total of 318 participants with suspected UTI were 
recruited using serial sampling techniques. Clean 
midstream urine specimens were collected from enrolled 
patients using sterile jars. The minimum acceptable urine 
sample volume was 10 ml. All samples were analyzed 
instantly upon arrival at the laboratory to assure the 
isolation of pathogenic organisms present in urine and to 
prevent overcrowding of pathogenic organisms.  

Culture 

Urine samples were inoculated directly onto blood agar 
and MacConkey agar with the hep of a sterile standard 
calibrated wire loop (0.001). Streaked culture plates were 
aerobically incubated at 37°C for 24 hours. The number 
and type of colonies were counted on blood agar plates 
and significant bacteriuria was determined. Cultures with 
colony counts greater than 105 cfu/ml were considered 
significant for isolated individual bacteria. Identification of 
bacterial isolates was performed using colony nature on 
blood agar, MacConkey agar and bacterial Gram reaction 
and biochemical testing by standard procedures.  

Antimicrobial Sensitivity 

Antimicrobial susceptibility testing was performed on 
Muller-Hinton agar using the Kirby-Bauer disk diffusion 
method according to the criteria of the Clinical Laboratory 
Standards Institute (CLSI). 36 A suspension of 3-5 colonies 
of newly grown test organisms was introduced, 
comparable to a 0.5 McFarland standard. The swab was 
centrifuged with the suspension to completely cover the 
surface of the Mueller-Hinton agar. After allowing the 
plate to dry for 3-5 minutes, the disc was spread evenly 
over the inoculation plate using sterile forceps and 
incubated at 37 °C for 18-24 hours. The diameter of the 
zone of inhibition surrounding the disc was measured with 
scale. We classified the results based on the CLSI 2018 
guidelines. 16 The antimicrobial agents tested were: 
Ampicillin (Amp), Amoxycillin (10 µg), Chloramphenicol 
(30µg), Nalidixic Acid (NA), Nitrofurantoin (300 µg), 
Gentamicin (10µg), Ciprofloxacillin (5µg), Ceftazidime 
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(30µg), Ceftriaxone (30 µg), Norfloxacin (NOR), 
Doxycycline (30µg), Cotrimoxazole (25µg), and 
Tetracycline (30 µg). 

Statistical Analysis 

The data was entered and analysed using Microsoft Excel 
365. The descriptive statistics was used to express and 
compare the data using proportion, percentage, frequency 
and cross-tabulation. 

OBSERVATIONS AND RESULTS 

Table 1:  Baseline demographic and clinical characteristics 
of the patients (n=65) 

Variables 
Number of Patients 
with Gram Negative 

isolate (n=65) 

Percentage 
% 

Age 

   <18 10 15.38 

   18-40 27 41.54 

   41-60 18 27.69 

   >60 10 15.38 

Sex 

   Male 19 29.23 

   Female 46 70.77 

Sexual Activity 

   Active 41 63.08 

   Not Active 24 36.92 

Clinical feature 

   Dysuria 47 72.31 

   Urgency  44 67.69 

   Fever  50 76.92 

   Abdominal pain  44 67.69 

A total of 318 urine specimens were examined for 
isolations and identifications of bacteria and susceptibility 
testing. Of these, 71 (22.32%) urine samples showed 
significant bacterial growth. The number of gram negative 
isolates was 65 (20.44%), and gram positive isolate was 6 
(1.89%). 

Most of the patients with UTI were females of age group 
18-40. Most of patients were sexually active. More than 
70% of patients had symptoms of fever and dysuria.  

Table 2: Distribution of significant gram-negative 
uropathogenic microorganisms among patients with 
urinary tract infection 

Variables 

Number of 
Patients with 

Gram Negative 
isolate (n=65) 

Percentage 
% 

Escherichia coli 44 67.69 

Klebsiella spp. 9 13.85 

Proteus spp. 5 7.69 

Pseudomonas spp.  3 4.62 

Enterobacter spp. 2 3.08 

Acinetobacter spp. 1 1.54 

Providenicia spp. 1 1.54 

E.coli was causative pathogens in 67.69% of UTI due to 
gram negative pathogens. Next common gram negative 
uropathogen was klebsiella responsible for UTI in 13.85% 
of patients.   

 

 

 

Figure 1: Distribution of significant gram-negative uropathogenic microorganisms among patients with urinary tract 
infection 
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Table 3: Antimicrobial susceptibility in percentage of bacterial isolates towards different antimicrobials 

Bacteria 
Escherichia 

coli 
Klebsiella 

spp. 
Proteus 

spp. 
Pseudomonas 

spp. 
Enterobacter 

spp. 
Acinetobacter 

spp. 
Providencia 

spp. 

No of Isolate 44 9 5 3 2 1 1 

Ampicillin 79.55 88.89 60.00 100 100.00 100.00 100.00 

Chloramphenicol 29.55 55.56 40.00 33.33 50.00 0 0 

Amoxycillin 75 66.67 60.00 100 50.00 100.00 0 

Cotrimoxazole 22.73 55.56 0 66.67 50.00 0 0 

Ciprofloxacin 54.55 55.56 20.00 33.33 0 0 0 

Ceftriaxone 45.45 66.67 0 33.33 0 0 0 

Nitrofurantoin 20.45 44.44 40.00 33.33 0 0 0 

Gentamicin 22.73 33.33 20.00 66.67 50.00 100.00 0 

Nalidixic Acid 72.73 44.44 60.00 0 50.00 100.00 100.00 

Ceftazidime 31.82 66.67 60.00 66.67 50.00 0 0 

Norfloxacin 68.18 66.67 20.00 33.33 0 0 0 

Doxycycline 72.73 66.67 60.00 33.33 0 100.00 100.00 

Tetracycline 84.09 33.33 60.00 66.67 50.00 100.00 100.00 

Greater than 70% of E.coli was sensitive to ampicillin, amoxycillin, nalidixic acid, and tetracyclines. E. Coli was least sensitive 
to gentamicin and cotrimoxazole.  All Acinetobacter and Providencia isolates were resistant to fluoroquinolones. Only one-
third of pseudomonas isolates were sensitive to fluoroquinolones.  

Table 4: Antimicrobial resistance pattern of different gram negative uropathogens 

Bacteria No of Isolate 0  1  2 3 4 5 ≥6 

Escherichia coli 44 1 8 15 11 6 1 2 

Klebsiella spp. 9 2 0 4 0 0 2 1 

Proteus spp. 5 0 2 1 1 0 1 0 

Pseudomonas spp. 3 0 0 1 0 0 0 2 

Enterobacter spp. 2 0 0 0 0 1 1 0 

Acinetobacter spp. 1 0 0 0 0 0 1 0 

Providenicia spp. 1 0 0 0 0 0 0 1 

Two third of pseudomonas isolates were resistant to ≥6 antimicrobials. Most of the E.coli isolates were resistant to at least 
2 antimicrobials.  

 

Figure 2: Proportion of E. coli resistant to different number of antimicrobials 
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DISCUSSION 

E. coli was the commonest gram negative bacteria causing 
complicated and uncomplicated urinary tract infection as 
described previously.  

The prevalence of bacteriuria in the study was 22.32%. It is 
almost comparable with what had been earlier reported by 
Yismaw et al. (17.8%), Hamdan et al. (19.5 %), Osanyinpeju 
et al. (17.3%) and Rabindra et al. (21%).37-40 However, 
prevalence of bacteriuria in our study is lower than the 
findings of studies done in India (32%), Iraq (49.1%) and 
Pakistan (51.03%).41-43 Differences in the proportion of 
urinary tract pathogens in different studies can be 
explained by differences in the methodologies used, 
environment, community social habits, personal hygiene 
standards, and education. 

In this study, Escherichia coli were by far the most 
commonly isolated bacterium, present in 67.69% of Gram-
negative organisms. This compares with the findings of 
Hamdan et al., where E. coli accounted for 42.4% of their 
Gram-negative isolates (38). This also applies to the results 
of Blomberg et al. where E. coli accounted for 38% of Gram-
negative isolates and 25% of all isolates.44 Similarly, many 
authors have made the same finding.45, 46 

Given that most treatments for urinary tract infections are 
empirical and that urinary tract pathogens are increasingly 
resistant to antibiotics, frequently updated data on 
antimicrobial susceptibility patterns are needed for 
empirical treatment. The aim of this study was to 
characterize the susceptibility profile of Gram-negative 
uropathogen isolates from patients at a tertiary care centre 
in the East India. The percentage of E. coli isolates resistant 
to ampicillin reached 79.55% in our setting. Such high levels 
of resistance to ampicillin have been cited by many other 
studies from various parts of the world. For example, 
studies in India demonstrate that ampicillin-resistant 
strains were observed in 80% and 76% of E. coli (47, 48). 47, 

48 In Africa (including Sudan, Tanzania, Kenya, and Senegal), 
E. coli in urine isolates have been reported to have a high 
pattern of antimicrobial resistance. 38, 49-51 Similarly, other 
studies have reported high tolerance of E. E. coli to various 
antibiotics has been observed in Latin America and Costa 
Rica. 52, 53 

Other Gram-negative isolates of Proteus species in our 
study demonstrated 40% resistance to ampicillin and 
amoxicillin.  There was 100% resistance to co-trimoxazole. 
This differs from the results of Yismaw et al. in which 100% 
resistance to ampicillin and amoxicillin-clavulanate and 
100% sensitivity to co-trimoxazole have been reported. 37 K. 
pneumoniae showed 85.2% resistance to ampicillin. This is 
similar to the study by Yismaw et al., Osanyinpeju et al. and 
Ghenghesh et al. 37, 39, 54 

In this study, multidrug resistance (MDR = resistance to two 
or more drugs) was observed in more than 70% of bacterial 
uropathogen isolates. This is higher than the study by 
Yismaw et al. (59.8%).37 This indicates that very high levels 
of multi-drug resistance to commonly used antibiotics have 

been found. Antimicrobial resistance is recognized as a 
result of antimicrobial use and abuse.55 Therefore, the 
reason for this alarming event could be inappropriate and 
wrong administration of antimicrobials in empirical 
treatment.  

CONCLUSION 

The increasing trend of antibiotic resistance indicates that 
rational, evidence based and conservative use of 
antimicrobials in the community is required. The result of 
our study and its comparison with previous study led us to 
conclusion that antibiotic policy of the hospital should be 
based on resistance pattern observed in local survey. Most 
of the gram negative uropathogens were resistant for 
fluoroquinolones, gentamicin and cotrimoxazole. They are 
considered as appropriate antimicrobials for empirical 
treatment for urinary tract infections with the absence of 
culture and sensitivity setting.  

Most Gram-negative uropathogens were resistant to 
fluoroquinolones, gentamicin, and cotrimoxazole. They are 
frequently used antibiotics for empirical treatment of 
urinary tract infections when culture and sensitivity report 
of patient is not available. 
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