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abstract
Background: Urinary tract infections (UTIs) are one of the most common infections encountered in clinical 
practice. A myriad of microorganisms cause UTIs.

Objective: This is a retrospective study to evaluate the antimicrobial susceptibility pattern of aerobic microbial 
isolates from urine samples of patients with complaints suggestive of UTI.

Materials and methods: A total of 3116 urine samples which were received in the Department of Microbiology 
during the study period from April 2018 to March 2019 were analyzed.

results: Out of 3116 urine samples from both outpatient (OPD) and inpatient department (IPD), 2614 samples 
showed either growth of contaminants or insignificant or no growth of microorganisms, whereas, 502 samples 
showed significant microbial growth on aerobic culture giving overall prevalence of UTI in the study population to 
be 16.1%. Of these 502 culture positives, majority was found to be from OPD (51.0%) patients, amongst females 
(62.9%), and Escherichia coli being the commonest isolate (49.8%). The antibiotic sensitivity of uroisolates of 
Escherichia coli were found to range from 46.0 - 70.0%.

conclusion: In view of the increasing drug resistance amongst pathogens causing UTI, antimicrobial susceptibility 
should be done before initiating definitive therapy. These data may be used to formulate local antibiotic policies 
in order to assist clinicians in the rationale use of antibiotics.
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introduction
A urinary tract infection (UTI) is an infection in any 
part of urinary tract comprising of kidneys, ureters, 
bladder and urethra. The lower urinary tract i.e. the 
bladder and the urethra are often involved. UTIs 
are caused by bacteria, fungi and rarely by viruses. 
Females suffer from UTI more often than the males 
because of the shortness of urethra and its anal 
proximity. Risk factors include immune suppression, 
trauma, foreign body, broad spectrum antibiotic 
use, infused body fluids like saline irrigations and 
also urinary catheterization. Escherichia coli from 
the gut is the cause of 80 – 85% UTIs, followed by 
Klebsiella, Proteus, Pseudomonas and Citrobacter [1, 
2]. The presence of gram positive organisms like 
Staphylococcus aureus and Enterococcus has also 
increased [2].

It is estimated that annually, worldwide around 7 
million and 1 million patients with UTI attend the 
outpatient and emergency department respectively. 
Whereas, 100,000 hospitalizations occur annually 
due to UTI [3]. Most of the times these UTIs are treated 
empirically without any antibiotic susceptibility 
testing which leads to increased drug resistance in 
bacteria against commonly used antibiotics [4].

The manifestations of UTI may vary from mild 
asymptomatic cystitis to pyelonephritis and 
septicemia [5]. Untreated UTI can result in 
serious complications such as recurrent infection, 
pyelonephritis with sepsis, pre-term birth in 
pregnant females, and renal damage in young 
children. Additionally, complexities brought on by 
inappropriate antimicrobial use could result in high 
rate of antimicrobial resistance [6].

Recently, several studies have revealed increasing 
trends of antibiotic resistance [7]. The antibiotic 
susceptibility pattern of uropathogens may vary 
according to the type of healthcare provided 
(primary or tertiary care at hospitals or other 
healthcare settings), different environments and 
geographical location. Periodic evaluation of such 
pattern is necessary to update this information [8, 
9].

Hence, keeping the above facts in mind, the present 
study was carried out at a tertiary care hospital to 
evaluate the spectrum of aerobic microbial isolates 

responsible for UTI and their resistance pattern 
against the commonly used antibiotics.

Materials and methods
A retrospective study was done over a period of 
one year from March 2018 to April 2019 among 
all patients clinically suspected of having UTI and 
attending outpatient department as well as those 
admitted in wards of Integral Institute of Medical 
Sciences and Research, Lucknow, India, whose 
urine samples were received in the Department of 
Microbiology were analyzed. The present study was 
approved by Institutional Ethical Committee letter 
number IEC/IIMS&R/2020/17 conducted on 27th 
January 2020.

Most of the urine samples were mid-stream clean 
catch, especially for the outpatient group and for 
many inpatients. The pathogen(s) grown from the 
first sample of urine were considered in the analysis. 
Repeated samples (from patients who were already 
included), samples that grew more than two types of 
organism, or had evidence of perineal contamination 
were not included for analysis.

A total of 3116 urine samples were processed 
for determining colony count on cysteine lactose 
electrolyte-deficient (CLED) agar medium using 
calibrated loops, as per standard protocol [10]. 
Samples showing growth of Gram negative 
organisms with colony count >105 colony forming 
units (CFU/ml) with single morphotype or up to 2 
types, were considered significant and processed 
further for identification and susceptibility testing. 
Gram positive organisms were processed, if isolated 
as pure growth even when the colony counts were 
<104 CFU/ml.

Antimicrobial susceptibility testing was done by 
Kirby-Bauer disk diffusion method and interpreted 
according to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines 2018. All antibiotic discs 
were procured from HIMEDIA (Mumbai, India). 
Quality control of media and discs were performed 
using American Type Culture Collection (ATCC) 
control strains [10, 11].

statistical analysis
The collected data was analyzed using SPSS data 
editor software, Chicago, version 20. Percentage of 
variables was calculated.
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results
A total of 3116 urine samples from outdoor and 
indoor patients were processed, out of which 
2614 showed either growth of contaminants or 
insignificant or no growth of microorganisms, 
whereas, 502 samples showed significant microbial 
growth on aerobic culture. Overall prevalence of UTI 
in the study population was about 16.1%.

In our study it was found that out of 502 culture 
positives, majority belonged to OPD (N=256) 
patients as compared to IPD (N=246) patients, as 
shown in Figure 1.

Figure 1: Distribution of culture positive patients 
according to their registration status (N=502).

As shown in Figure 2, UTI was found to be more 
prevalent amongst female patients (N=316) as 
compared to male patients (N=186).

Figure 2: Distribution of culture positive patients 
according to their gender (N=502).

It was observed in our study that majority of culture 
positive patients belonged to age group 20-29 years 
(28.3%), followed by age group 30-39 years (21.9%), 
40-49 years (12.3%), 50-59 years (9.9%), 60-69 
years (7.6%), 10-19 years (7.6%), 0-9 years (7.2%), 

70-79 years (4.4%) and least among age groups 80-
89 years and 90-99 years (0.4% each) as depicted in 
Figure 3.

Figure 3: Distribution of culture positive patients 
according to their age group (N=502).

As shown in Figure 4, out of 502 culture positive 
samples that yielded significant microbial growth, 
Escherichia coli was the commonest Gram negative 
isolate (49.8%), followed by Klebsiella spp. 
(15.9%), Acinetobacter spp. (4.0%), Pseudomonas 
spp. (2.2%), Citrobacter spp. (1.2%), Proteus spp. 
(0.8%) and Morganella spp. (0.8%). Among the 
Gram positive organisms commonest bacteria 
isolated was Enterococcus spp. (14.7%) followed by 
Staphylococcus aureus (6.0%), coagulase negative 
Staphylococci (2.0%) and Streptococcus agalactiae 
(1.0%). Candida spp. constituted 1.6% of the total 
isolates.

Figure 4: Organism wise distribution of culture positive 
isolates (N=502).

The antimicrobial susceptibility pattern of the 
common isolates i.e. Escherichia coli, Klebsiella spp., 
Enterococcus spp., and Staphylococcus aureus were 
further studied. Table 1 shows the susceptibility 
pattern of urinary isolates of Escherichia coli. It 
was found that isolates of Escherichia coli showed 
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highest sensitivity towards nitrofurantoin (70.0%), 
followed by piperacillin/tazobactam (65.6%). It 
was least susceptible to cotrimoxazole (46.0%) and 
meropenem (48.0 %).

Table 1: Antibiotic susceptibility pattern of urinary isolates of 
Escherichia coli for the commonly used antibiotics (N = 250).

Antibiotics tested
Number of 
sensitive 

isolates (%)

Number of 
resistant 

isolates (%)

Amikacin 153(61.2%) 97(38.8%)

Imipenem 125(50.0%) 125(50.0%)

Nitrofurnatoin 175(70.0%) 75(30.0%)

Ampicillin/sulbactam 129(51.6%) 121(48.4%)

Piperacillin/tazobactam 164(65.6%) 86(34.4%)

Gentamicin 125(50.0%) 125(50.0%)

Meropenem 120(48.0%) 130(52.0%)

Cotrimoxazole 115(46.0%) 135(54.0%)

Abbreviations: N = Number of isolates.

The uroisolates of Klebsiella spp. were found to be 
highly sensitivity to meropenem (82.5%), followed 
by imipenem (76.3%). However, they showed least 
sensitivity for nitrofurantoin (50.0%), followed by 
cotrimoxazole (55.0%) as shown in Table 2.

Table 2: Antibiotic susceptibility pattern of urinary isolates 
of Klebsiella spp. for the commonly used antibiotics (N = 80).

Antibiotics tested
Number of 

sensitive isolates 
(%)

Number of 
resistant isolates 

(%)

Amikacin 60(75.0%) 20(25.0%)

Imipenem 61(76.3%) 19(23.7%)

Nitrofurnatoin 40(50.0%) 40(50.0%)

Gentamicin 52(65.0%) 28(35.0%)

Meropenem 66(82.5%) 14(17.5%)

Cotrimoxazole 44(55.0%) 36(45.0%)

Ciprofloxacin 45(56.3%) 35(43.7%)

Abbreviations: N = Number of isolates.

As depicted in Table 3 the urinary isolates of 
Enterococcus spp. showed highest sensitivity of 100% 
for high level gentamicin, high level streptomycin 
and vancomycin, while they showed least sensitivity 
for ciprofloxacin (47.3%).

Table 3: Antibiotic susceptibility pattern of urinary isolates 
of Enterococcus spp. for the commonly used antibiotics (N = 
74).

Antibiotics tested
Number of 
sensitive 

isolates (%)

Number of 
resistant 

isolates (%)

High level gentamicin 74(100%) 0(0%)

High level streptomycin 74(100%) 0(0%)

Vancomycin 74(100%) 0(0%)

Linezolid 65(87.8%) 9(12.2%)

Nitrofurantoin 55(74.3%) 19(25.7%)

Ciprofloxacin 35(47.3%) 39(52.7%)

Teicoplanin 68(91.9%) 6(8.1%)

Abbreviations: N = Number of isolates.

Table 4 shows the antimicrobial susceptibility 
pattern of uroisolates of staphylococcus aureus. 
These isolates were found to have highest sensitivity 
of 100% to vancomycin, linezolid, tobramycin and 
teicoplanin, followed by sensitivity to nitrofurantoin 
(80.0%) and least sensitivity for ciprofloxacin 
(46.7%) followed by cefoxitin (50%).

Table 4: Antibiotic susceptibility pattern of urinary isolates 
of Staphylococcus aureus for the commonly used antibiotics 
(N = 30).

Antibiotics tested
Number of 

sensitive isolates 
(%)

Number of 
resistant isolates 

(%)

Vancomycin 30(100%) 0(0%)

Linezolid 30(100%) 0(0%)

Ciprofloxacin 14(46.7%) 16(53.3%)

Cefoxitin 15(50%) 15(50%)

Nitrofurantoin 24(80.0%) 6(20.0%)

Tobramycin 30(100%) 0(0%)

Teicoplanin 30(100%) 0(0%)

Cotrimoxazole 23(76.7%) 7(23.3%)

Abbreviations: N = Number of isolates.

Discussion
UTI accounts for huge burden on health care systems 
due to its high prevalence in both community and 
nosocomial settings. UTI is caused by variety of 
pathogens including Escherichia coli, Klebsiella 
spp, Proteus spp, Staphylococcus aureus, coagulase 
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negative Staphylococci and also Candida spp. [12]. 

The prevalence and antimicrobial susceptibility of 
uropathogens may vary with time and geographical 
area, and therefore continuous surveillance 
of antibiotic susceptibility patterns of urinary 
pathogens at local level is crucial in dealing with 
emerging problems of antibiotic resistance and 
provide assistance in managing with effective initial 
therapy [13, 14].

The present retrospective study highlights the 
distribution of UTI causing organisms and the 
antibiotic resistance patterns of the common isolated 
uropathogens in the population seeking healthcare 
services from a tertiary care hospital at Lucknow.

Overall prevalence of UTI in the study population 
was about 16.1%. We found a greater prevalence 
of UTI in female patients (62.9%) as compared to 
male patients (37.1%) which is in concordance 
with the finding of another study done in Meerut 
which reported that out of 155 culture positives 
higher prevalence of UTI was seen among female 
patients (103/155) as compared to male patients 
(52/155) [15]. Females are more prone to develop 
UTI, probably due to the characteristic anatomy of 
the urethra and the effect of normal physiological 
changes that affect the urinary tract – short urethra, 
its proximity to the anus, urethral trauma during 
intercourse, dilation of the urethra and stasis of 
urine during pregnancy [16-18].

Escherichia coli were the most frequently encountered 
uropathogen in our study, followed by Klebsiella spp. 
and Enterococcus spp. The isolation rate of urinary 
pathogens is consistent with reports of other 
recently published studies [19-23]. However, studies 
from some other parts of the country have shown 
different isolation rates, probably due to variation in 
sample size, geographical location or population.

The higher prevalence of UTI in the present study 
was found in sexually active young patients between 
the age group 20 – 39 years. Similarly a study done 
in Gujarat reported higher prevalence of UTI among 
patients between age group of 31-45 years (44.8%) 
[24].

Antibiotic resistance has become a major clinical 
problem worldwide and has increased over the 
years. Most of the isolates were resistant to multiple 

antibiotics at our setting. High level of resistance to 
Ampicillin/Sulbactam was seen amongst the most 
commonly isolated uropathogen i.e. Escherichia 
coli. Fluoroquinolones, which are the mainstay for 
treatment of urinary tract infections, were not found 
to be useful even among Gram negative bacilli due to 
their reduced sensitivity. This is similar to previous 
studies in India [19].

Klebsiella spp. have the ability to acquire resistance 
genes by mutations and more commonly by 
transmissible plasmids. Progressive spread and 
increasing incidence of carbapenem resistance 
among Klebsiella spp. has become a severe public 
health issue [25]. In our study Klebsiella spp. showed 
reduced sensitivity of 76.3% to imepenem and 82.5% 
sensitivity to meropenem. Since carbapenems are 
often the last line of defense against resistant Gram-
negative infections, resistance to these antibiotics 
could result in greater morbidity, mortality, costs, 
and prolonged hospital stay [25].

As far as gram positive cocci are concerned 
vancomycin and linezolid were the most effective 
antibiotics with 100% sensitivity as reported in 
various studies [26-28]. Very high resistance was 
seen to ciprofloxacin amongst Enterococcal isolates 
which is in agreement with other studies [26, 27].

The Infectious Diseases Society of America 
(IDSA) guidelines consider nitrofurantoin and 
co- trimoxazole as current standard therapy for 
uncomplicated UTI in women. However, the guidelines 
specify that local antimicrobial susceptibility 
patterns should be taken into account [29]. In our 
study reduced sensitivity for both nitrofurantoin and 
co-trimoxazole was detected amongst the commonly 
isolated Gram negative bacilli (Escherichia coli) and 
Gram positive cocci (Enterococcus spp.).

conclusion
To conclude, antibiotic resistance has become a huge 
public health problem as it leads to limited treatment 
options, increased treatment costs and hospital stay. 
Our study reported that the isolated uropathogens 
showed high levels of resistance to multiple urinary 
antimicrobial agents. Therefore, it is mandatory 
to routinely test the antimicrobial susceptibility 
pattern of the isolated microorganisms. This is of 
utmost importance to prepare the antibiotic policy 
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of the hospital and thereby help the clinicians to give 
empirical treatment of UTI.
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