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INTRODUCTION:

ABSTRACT

Background: Urinary tract infections (UTIs) are among the most frequent bacterial
infections, contributing substantially to patient morbidity and healthcare burden.
Rising antimicrobial resistance has complicated management, necessitating
continuous surveillance oflocal pathogen distribution and susceptibility profiles. The
study was conducted to identify the spectrum of urinary isolates and determine their
antibiotic susceptibility patterns in patients with clinically suspected UTIs attending a
tertiary care hospital.

Materials and Methods: A hospital-based study was conducted in the Department of
Microbiology over 12 months. A total of 216 urine samples from clinically suspected
UTI patients were processed using standard microbiological methods. Significant
isolates (>10° CFU/mL) were identified by conventional biochemical tests, and
antimicrobial susceptibility testing was performed using the Kirby—Bauer disk
diffusion method on Mueller—Hinton agar according to CLSI 2023 guidelines. Data
were analyzed using descriptive statistics.

Results: Of 216 samples, 60 (28%) showed significant bacterial growth. Females and
the 21-40 years age group were most affected. Gram-negative bacilli predominated
(86.7%), with E. coli (56.7%) as the most frequent isolate, followed by Klebsiella
pneumoniae (18.3%) and Pseudomonas aeruginosa (8.3%). Among Gram-positive
isolates, Enterococcus spp. (11.7%) were most common. High resistance was noted to
ampicillin (81%), cotrimoxazole (66%), and ciprofloxacin (59%), while amikacin
(87%), nitrofurantoin (77%), and imipenem (100%) showed excellent activity.
Enterococcusisolates exhibited resistance to penicillin(71%) and ciprofloxacin (57%)
but retained 100% susceptibility to linezolid and vancomycin.

Conclusion: E. coliremains the most common uropathogen, although Gram-positive
organisms such as Enterococcus and Staphylococcus are increasingly isolated.
Resistance to first-line agents remains high, whereas nitrofurantoin, aminoglycosides,
and carbapenems continue to be reliable treatment options. Periodic local antibiogram
updates and judicious antibiotic use are critical to effective UTI management and
antimicrobial resistance containment.

Keywords: Urinary tract infection, antimicrobial resistance, Escherichia coli,
nitrofurantoin, antibiogram.

Urinary tract infections (UTIs) are among the most common bacterial infections affecting humans, second only to
respiratory infections in frequency [1]. They account for nearly 150 million cases annually worldwide, leading to
substantial morbidity and economic burden [2]. In India, UTIs represent a significant proportion of community and
hospital-acquired infections, particularly among women, elderly individuals, and catheterized patients [3].
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The etiology of UTIs is diverse, but Gram-negative bacilli predominate, with Escherichia coli being the leading pathogen
in both community and healthcare settings [4,5]. Other common uropathogens include Klebsiella pneumoniae, Proteus
Spp., Pseudomonas aeruginosa,and Gram-positive cocci such as Enterococcus spp. and Staphylococcus saprophyticus [6].
The spectrum of organisms can vary across populations, age groups, and geographical regions.

Antimicrobial resistance (AMR) among uropathogens has emerged as a major global public health problem. Increasing
resistance to commonly used antibiotics such as ampicillin, cotrimoxazole, and fluoroquinolones has been reported
widely [7]. The rise of extended-spectrum p-lactamase (ESBL) producing Enterobacteriaceae further complicates
treatment by limiting oral antibiotic options [8]. In India, multidrug resistance is increasingly reported in E. coli and K.
pneumoniae, which poses a challenge in both outpatient and inpatient management of UTIs [9].

The choice of empirical antibiotic therapy is heavily influenced by the local prevalence of pathogens and their
susceptibility patterns, which can differ between institutions and even within regions [10]. Continuous monitoring of
resistance trends is therefore crucial for guiding appropriate therapy and reducing the emergence of resistant strains.
Despite several multicenter studies on UTIs in India, there remains a need for institution-specific data to inform antibiotic
policies. Smaller, focused studies can provide valuable insights into local epidemiology and resistance trends, which are
directly relevant for clinicians in day-to-day patient management.

With this background, the present study was undertaken to identify urinary isolates and analyze their antibiotic
susceptibility pattern in patients attending a tertiary care center.

MATERIALS AND METHODS:

Study design and setting

This was a hospital-based study conducted in the Department of Microbiology at a tertiary care teaching hospital after
Written informed consent was obtained from all participants or from guardians in case of minors. The study was carried
out over a period of twelve months. The aim was to identify bacterial isolates from urine samples of clinically suspected
urinary tract infection (UTI) cases and determine their antibiotic susceptibility patterns.

Study population and sample size

A total of 216 urine samples were collected from patients of all age groups and both sexes who were clinically suspected
to have UTIs. Both outpatients and inpatients were included in the study. Based on expected prevalence of 64% and 10%
allowable error, sample size was 216.

Inclusion criteria

e Patients of all ages and both sexes with clinical suspicion of UTI (symptoms such as fever, dysuria, urgency,
frequency, suprapubic pain, or flank tenderness).

e Midstream clean-catch urine samples or catheter specimens collected under aseptic precautions.
Exclusion criteria

e Patients who had received antibiotics within the previous 48 hours.
Inadequately collected, leaking, or unlabeled urine samples.
Samples showing mixed growth of more than two organisms (considered contaminated).

Ethical considerations: The study protocol was approved by the Institutional Ethics Committee. Written informed consent
was obtained from all participants or from guardians in case of minors.

Sample collection and transport
e Foradult patients, midstream clean-catch urine was collected after cleaning the periurethral area with sterile water.
e In catheterized patients, urine was collected aseptically from the catheter port using a sterile syringe.
Approximately 10-20 mL of urine was collected in a sterile, wide-mouthed, leak-proof container.
All specimens were transported to the microbiology laboratory within one hour of collection. If delay was
anticipated, samples were refrigerated at 4°C and processed within two hours.

Microbiological processing
Culture and isolation of organisms
e  Urine samples were inoculated using a calibrated loop (0.001 mL) onto:
o Cystine Lactose Electrolyte Deficient (CLED) agar — for differentiation oflactose fermenters and colony
counts.
o MacConkey agar — for isolation of Gram-negative bacilli.
o 5% Sheep Blood agar — for recovery of fastidious organisms.
e Plates were incubated aerobically at 37°C for 24—48 hours.

Dr. Aparna Y Takpere, ef al., Bacteriological Profile and Antimicrobial Resistance Pattern of Urinary 1466
Isolates in a Tertiary Care Hospital. Int. J/ Med. Pharm. Res., 6(4): 1465-1470, 2025



e Significant bacteriuria was defined as growth of a single organismat a concentration of>10° colony -forming units
(CFU)/mL.

e Isolates were identified based on colony morphology, Gram staining, and conventional biochemical tests (indole,
methyl red, Voges—Proskauer, citrate, urease, oxidase, triple sugar iron, bile esculin, catalase, and coagulase tests,
as appropriate).

Antimicrobial susceptibility testing (AST)

o AST was performed by the Kirby—Bauer disk diffusion method on Mueller—Hinton agar, following the Clinical
and Laboratory Standards Institute (CLSI) 2023 guidelines.

e Screening for ESBL and carbapenemase was performed as per CLSI

e Inoculum was prepared by suspending 3—5 well-isolated colonies in sterile saline and adjusting turbidity to 0.5
McFarland standard.

e Plates were incubated at 37°C for 16—18 hours, and zones of inhibition were measured in millimeters using a
digital caliper.

e Results were interpreted as Sensitive (S), Intermediate (I), or Resistant (R) according to CLSI breakpoints.

Antibiotics tested:
For Gram-negative isolates:

o Ampicillin (10 pg)
Amoxicillin—clavulanate (20/10 pg)
Ciprofloxacin (5 pg)

Cotrimoxazole (1.25/23.75 ng)
Gentamicin (10 pg)

Amikacin (30 pg)

Nitrofurantoin (300 pg)
Piperacillin—tazobactam (100/10 ug)
Imipenem (10 ug)

O O O OO0 O OO

For Gram-positive isolates (Enterococcus and Staphylococcus):
o Penicillin (10 units)

Ciprofloxacin (5 pg)

Nitrofurantoin (300 pg)

Linezolid (30 pg)

Vancomycin (30 ug)

O O O O

Data analysis: Data were entered into Microsoft Excel and analyzed using descriptive statistics. Results were expressed
as frequencies and percentages. Organism distribution and antimicrobial susceptibility profiles were presented in tabular
form.

RESULTS:

A total of 216 urine samples were processed during the study period. Out of these, 60 (28%) yielded significant bacterial
growth, while the remaining 156 (72%) showed no growth. The relatively low culture positivity may reflect inclusion of
both outpatient and inpatient cases, some with mild or atypical symptoms, as well as prior antibiotic expo sure.

Demographic distribution of culture-positive cases

Among the 60 culture-positive cases, females were more commonly affected than males, consistent with the known
epidemiology of urinary tract infections. The highest number of positive cultures was observed in the 21-40 years age
group (23; 38.3%), followed by 41-60 years (15;25.0%), >60 years (15; 25.0%), and <20 years (7; 11.7%) (Table 1). This
pattern indicates that UTIs predominantly affect young and middle-aged adults, which may be attributed to increased sexual
activity, hormonal influences, and higher exposure to community-acquired infections in this age range.

Table 1. Age-wise distribution of culture-positive cases (n = 60)

|Age group (years) ||Number (n) ||Percentage (%) |
lo—20 |7 [11.7% |
[21-40 23 [38.3% |
[41-60 [15 [25.0% |
[>60 [15 [25.0% |
[Total l60 [100% |
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Among the 60 culture-positive samples, Gram-negative bacilli predominated (52; 86.7%), while Gram-positive cocci
accounted for 8 (13.3%) isolates. The distribution of isolates is shown in Table 2.
e  Escherichia coli was the most frequently isolated pathogen (34/60;56.7%), followed by Klebsiella pneumoniae
(11; 18.3%).
¢ Among Gram-positive isolates, Enterococcus spp. were the most common (7/60; 11.7%) and Staphylococcus spp.
was isolated in 1 patient (1.7%).
e  Other Gram-negative isolates included Pseudomonas aeruginosa (5; 8.3%) and Proteus mirabilis (25 3.3%).

Table 2. Distribution of urinary isolates (n = 60)

[Organism [Number (n) [Percentage (%) |
|Escherichia coli "34 "56.7% |
|Klebsiella pneumoniae "11 ||18.3% |
|Enter0coccus spp. ||7 || 11.7% |
|Pseud0monas aeruginosa "5 ||8.3% |
|Pr0teus mirabilis "2 ||3.3% |
|Staphylococcus spp.- ||1 ||1 7% |
[Total l60 [100% |

A total of 52 Gram-negative isolates were tested for susceptibility. High resistance was noted against commonly used oral
antibiotics: ampicillin (42/52;81%), cotrimoxazole (34/52; 66%), and ciprofloxacin (31/52;59%). On the other hand,
amikacin (45/52; 87 %), nitrofurantoin (40/52;77%), and imipenem (52/52; 100%) showed excellent activity (Table
3).

These results highlight a concerning prevalence of resistance to first-line antibiotics but indicate that aminoglycosides,
nitrofurantoin, and carbapenems remain reliable treatment options for Gram-negative uropathogens.

Table 3. Antibiotic resistance/sensitivity of Gram-negative isolates (n = 52)

|Antibiotic ||Susceptibility ||Number (n) ||Percentage (%) |
|Ampicillin ||Resistant ”42 "8 1% |
|Cotrimoxazole ||Resistant ||34 ”66% |
|Cipr0ﬂ0xacin ||Resistant ||3l ”59% |
[Amikacin |[Sensitive |l45 [87% |
|Nitrofurantoin ||Sensitive ||40 ||77% |
[Imipenem ||Sensitive ||52 1100% |

Among the seven Enterococcusisolates, 5 (71%) were resistant to penicillin,and 4 (57%) were resistant to ciprofloxacin.
Five (71%) isolates were sensitive to nitrofurantoin. All isolates showed 100% sensitivity to linezolid and vancomycin,
indicating these agents remain highly effective against Gram-positive uropathogens (Table 4).

Table 4. Antibiotic susceptibility of Enterococcus spp.

|Antibiotic [Sensitive (n, %) [Resistant (n, %) |
[Penicillin 12 29%) I5 (71%) |
[Ciprofloxacin I3 43%) 4 (57%) |
[Nitrofurantoin I5 71%) |2 29%) |
[Linezolid |7 (100%) 0 (0%) |
[Vancomycin 7 (100%) o 0%) |

The single Staphylococcus isolate was resistant to penicillin but sensitive to vancomycin and linezolid. Due to the low
number of isolates, no definitive conclusions can be drawn regarding susceptibility trends for Staphylococcus in this
population (Table 5)

Table 5. Antibiotic susceptibility of Staphylococcus spp.
|Antibiotic [Sensitive (n, %) [Resistant (n, %) |
[Penicillin lo (0%) [1 (100%) |
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|Antibiotic [Sensitive (n, %) [Resistant (n, %) |
[Ciprofloxacin [1 (100%) o 0%) |
INitrofurantoin [1 (100%) o 0%) |
[Linezolid I[1 (100%) 0 (0%) |
[Vancomycin [1 (100%) o 0%) |
DISCUSSION:

Urinary tract infections remain among the most prevalent bacterial infections worldwide, affecting both community and
hospital populations. The present study demonstrated a culture positivity rate of 28 %, which is lower compared to several
previous Indian studies reporting 35-60% positivity in suspected UTI cases [11—-13]. This lower isolation rate may be
attributed to early empirical antibiotic use prior to sample collection, variations in study populatio ns, or stringent exclusion
criteria applied in the current work. Similar positivity rates (25-30%) have been reported from other tertiary care centers,
highlighting regional differences in UTI epidemiology [14,15].

In our study, females constituted the majority of culture-positive cases, which is consistent with the well-established
observation that women are more predisposed to UTIs due to anatomical and physiological factors, such as a shorterurethra
and proximity to the anal opening[16]. The age group most commonly affected was adul ts between 21-40 years, correlating
with previous studies that have emphasized higher susceptibility among sexually active females and individuals with
increased healthcare exposure [17].

With regard to the spectrum of urinary isolates, Gram-negative organisms predominated, with Escherichia coli being
the most common pathogen, followed by Klebsiella spp., Proteus spp., and Pseudomonas spp.. This finding is consistent
with numerous Indian and international reports that continue to identify E. coli as the principal etiological agent of
community- and hospital-acquired UTIs [18,19]. However, the isolation of Gram-positive organisms such as
Enterococcus spp. and Staphylococcus spp. in our study underscores the emerging role of these pathogensin UTI cases,
especially in catheterized and hospitalized patients. A similar trend has been noted in recent reports, suggesting an
increasing prevalence of multidrug-resistant Gram-positive uropathogens [20,21].

Antibiotic susceptibility testing revealed high resistance among Gram-negative isolates to commonly prescribed agents
such as ampicillin, amoxicillin—clavulanate, and cotrimoxazole. Fluoroquinolone resistance was also notable, in line with
national surveillance data that document widespread misuse of these agents [22]. On the other hand, aminoglycosides
(amikacin, gentamicin), carbapenems (imipenem), and nitrofurantoin retained good activity against themajority ofisolates.
The high efficacy of nitrofurantoin against E. coli and Enterococcus supportsits continued role as an oral treatment option
for uncomplicated UTIs [23].

Among Enterococcus isolates, high resistance to penicillin and ciprofloxacin was observed, though susceptibility to
nitrofurantoin, linezolid, and vancomycin remained excellent. This pattern mirrors findings from other Indian studies,
where Enterococcus strains show limited treatment options but maintain consistent sensitivity to linezolid and
glycopeptides [24]. The single Staphylococcus isolate was penicillin-resistant, yet sensitive to vancomycin and linezolid,
reflecting the global challenge of increasing beta-lactam resistance in Staphylococcus aureus and the importance of
glycopeptides in treatment [25].

The relatively low culture positivity rate (28%) in this study also indicates that a significant proportion of symptomatic
patients may have non-bacterial causes, viral infections, or lower colony counts below the diagnostic threshold.
Additionally, empirical use of antibiotics prior to sample collection could have contributed to reduced growth rates. This
highlights the importance of patient education regarding proper sample collection and the judicious use of antimicrobials.

CONCLUSION: This study highlights that urinary tract infections remain a significant clinical problem, with a culture
positivity rate of 28%. Escherichia coli continues to be the predominant uropathogen, though the isolation of Enterococcus
and Staphylococcus species indicates an emerging role of Gram-positive organisms in UTIs. High resistance was observed
to commonly used antibiotics such as ampicillin, cotrimoxazole, and fluoroquinolones, whereas nitrofurantoin,
aminoglycosides, carbapenems, linezolid, and vancomycin retained good efficacy. Our findings underscore the need for
antimicrobial stewardship and routine surveillance of urinary pathogens. These findings emphasize the need for periodic
local surveillance of antimicrobial resistance patterns to guide empirical therapy. Strengthening antimicrobial stewardship
and rational antibiotic prescribing practices is essential to curb the growing problem of resistance in urinary pathogens.

REFERENCES:
1. Stamm WE, Norrby SR. Urinary tract infections: Disease panorama and challenges. J Infect Dis. 2001;183(Suppl
1):S1-4.

Dr. Aparna Y Takpere, et al., Bacteriological Profile and Antimicrobial Resistance Pattern of Urinary 1469
Isolates in a Tertiary Care Hospital. Int. J/ Med. Pharm. Res., 6(4): 1465-1470, 2025



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

22.

23.

24.

25.

Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections: Epidemiology, mechanisms of
infection and treatment options. Nat Rev Microbiol. 2015;13(5):269-84.

Goel N, Chaudhary U, Aggarwal R, Bala K. Antibiotic sensitivity pattern ofuropathogensin a tertiary care hospital in
India. Indian J Crit Care Med. 2009;13(3):148-51.

Gupta K, Hooton TM, Naber KG, et al. International clinical practice guidelines for the treatment of acute
uncomplicated cystitis and pyelonephritis in women: 2010 update by IDSA and ESCMID. Clin Infect Dis.
2011;52(5):e103-20.

Ronald A. The etiology of urinary tract infection: Traditional and emerging pathogens. Dis Mon. 2003;49(2):71-82.
Kothari A, Sagar V. Antibiotic resistance in pathogens causing community -acquired urinary tract infections in India:
A multicenter study. J Infect Dev Ctries. 2008;2(5):354-8.

Das RN, Chandrashekhar TS, Joshi HS, et al. Frequency and susceptibility profile of pathogens causing urinary tract
infections at a tertiary care hospital in western Nepal. Singapore Med J. 2006;47(4):281-5.

Paterson DL, Bonomo RA. Extended-spectrum B-lactamases: A clinical update. Clin Microbiol Rev. 2005;18(4):657—
86.

Akram M, Shahid M, Khan AU. Etiology and antibiotic resistance patterns of community -acquired urinary tract
infections in JINMC Hospital, Aligarh, India. Ann Clin Microbiol Antimicrob. 2007;6:4.

Mathai D, Jones RN, Pfaller MA. Epidemiology and frequency of resistance among pathogens causing urinary tract
infections in 1,510 hospitalized patients: A report from the SENTRY Antimicrobial Surveillance Program (North
America). Diagn Microbiol Infect Dis. 2001;40(3):129-36.

Kothari A, Sagar V. Antibiotic resistance in pathogens causing community -acquired urinary tract infections in India: a
multicenter study. J Infect Dev Ctries. 2008;2(5):354-358.

Gupta K, Hooton TM, Naber KG, et al. International clinical practice guidelines for the treatment of acute
uncomplicated cystitis and pyelonephritis in women: A 2010 update. Clin Infect Dis.2011;52(5):e103—e120.
Tankhiwale SS, Jalgaonkar SV, Ahamad S, Hassani U. Evaluation of extended spectrum beta lactamase in urinary
isolates. Indian J Med Res.2004;120(6):553-556.

Dash M, Padhi S, Mohanty I, Panda P, Parida B. Antimicrobial resistance in pathogens causing urinary tract infections
in a rural community of Odisha, India. J Family Community Med.2013;20(1):20-26.

Balamurugan S, Kumar N. Bacterial profile and antimicrobial resistance patterns of urinary tract infection: a hospital -
based study. J Clin Diagn Res.2017;11(1):DC01-DCO05.

Hooton TM. Clinical practice. Uncomplicated urinary tract infection. N Engl J Med.2012;366(11):1028—1037.
Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections: epidemiology, mechanisms of
infection and treatment options. Nat Rev Microbiol.2015;13(5):269-284.

Akram M, Shahid M, Khan AU. Etiology and antibiotic resistance patterns of community -acquired urinary tract
infections in INMC Hospital Aligarh, India. Ann Clin Microbiol Antimicrob.2007;6:4.

Ronald A. The etiology of urinary tract infection: traditional and emerging pathogens. Dis Mon.2003;49(2):71-82.
Sood S, Gupta R. Antibiotic resistance pattern of community -acquired uropathogens at a tertiary care hospital in Jaipur,
Rajasthan. Indian J Community Med.2012;37(1):39-44.

Kaye KS, Gupta V, Mulgirigama A, Joshi AV, Scangarella-Oman NE, Yu K. Antimicrobial resistance trends in hospital-
associated urinary tract infections: a 10-year global surveillance study. Antimicrob Resist Infect Control.
2021;10(1):29.

Goel N, Wattal C, Oberoi JK, Raveendran R, Datta S, Prasad KJ. Trend analysis of antimicrobial consumption and
development of resistance in non-fermenters in a tertiary care hospital in Delhi, India. J Antimicrob Chemother.
2011;66(7):1625-1630.

Sanchez GV, Master RN, Karlowsky JA, Bordon JM. In vitro antimicrobial resistance of urinary Escherichia coli
isolates among U.S. outpatients from 2000 to 2010. Antimicrob Agents Chemother.2012;56(4):2181-2183.
Chaudhary U, Aggarwal R. Extended spectrum B-lactamases (ESBL) — An emerging threat to clinical therapeutics.
Indian J Med Microbiol.2004;22(2):75-80.

Chambers HF, DeLeo FR. Waves of resistance: Staphylococcus aureus in the antibiotic era. Nat Rev Microbiol.
2009;7(9):629-641.

Dr. Aparna Y Takpere, et al., Bacteriological Profile and Antimicrobial Resistance Pattern of Urinary 1470
Isolates in a Tertiary Care Hospital. Int. J/ Med. Pharm. Res., 6(4): 1465-1470, 2025



