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ABSTRACT: To determine the prevalence and antimicrobial susceptibility
patterns of Gram-negative uropathogens isolated from diabetic patients with
urinary tract infection (UTI) attending a tertiary care hospital in Namakkal,
Tamil Nadu. A hospital-based cross-sectional study was conducted on 225
midstream urine samples collected from clinically suspected diabetic UTI
patients, of which 132 showed significant bacteriuria. Bacterial identification
was carried out using standard microbiological methods. Antimicrobial
susceptibility testing was performed by the Kirby—Bauer disc diffusion method
following CLSI 2023 guidelines, and extended-spectrum [-lactamase (ESBL)
production was evaluated. Gram-negative bacteria constituted the majority of
uropathogens. Escherichia coli was the most frequently isolated organism,
followed by Klebsiella pneumoniae and Pseudomonas aeruginosa. Carbapenems
and amikacin demonstrated the highest antimicrobial activity, whereas
commonly prescribed oral antibiotics such as ampicillin, ciprofloxacin, and
cotrimoxazole showed poor effectiveness. A considerable proportion of isolates
were ESBL producers, indicating a high burden of multidrug resistance. UTlIs
were more prevalent among female diabetic patients, particularly those with
longer disease duration. These findings highlight the predominance of
multidrug-resistant Gram-negative uropathogens in diabetic UTIs and emphasize
the importance of routine culture-guided therapy to ensure effective treatment
and limit the emergence of resistance.

INTRODUCTION:

DM represents a growing global health burden,

Background and Global Burden of Diabetes
Mellitus: Diabetes mellitus (DM) is a group of
chronic metabolic disorders characterized by
hyperglycemia due to defects in insulin secretion,
insulin action, or both (American Diabetes
Association, 2008) 2.
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with over 366 million people affected worldwide a
number projected to rise to 552 million by 2030
(Whitinga et al., 2011) *. India is at the forefront
of this epidemic, currently home to an estimated 77
million diabetic individuals, a figure expected to
surpass 134 million by 2045 (Pradeepa and Mohan,
2021) %

Among the many complications associated with
diabetes, urinary tract infections (UTISs) remain one
of the most prevalent. Diabetic patients are
particularly susceptible to UTIs due to glycosuria
(glucose in urine), impaired immune response, and
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autonomic neuropathy leading to urinary retention
and stasis > ?°. The presence of glucose in the urine
serves as a growth medium for bacterial pathogens,
further increasing the risk of colonization and
infection %2,

Burden of Urinary Tract Infections: UTlIs are
among the most common bacterial infections
globally, affecting approximately 150 million
people each year ™. These infections can involve
any part of the urinary system urethra, bladder,
ureters, and kidneys and may present as either
lower (cystitis) or upper (pyelonephritis) UTIs.
Women are disproportionately affected due to
anatomical and physiological factors, though men
and older adults, especially those with
comorbidities like diabetes, are also at significant
risk 112,

UTIs in Diabetic Patients: Diabetic individuals
are two to four times more likely to develop UTIs
than non-diabetics . The incidence of
asymptomatic bacteriuria in diabetic women is
reported at 9-27%, compared to 0.7-3% in non-
diabetic women *°. UTIs in diabetic patients tend to
be more severe, recurrent, and complicated.
Common risk factors include impaired neutrophil
function, decreased cytokine response, glycosuria,
bladder dysfunction due to autonomic neuropathy,
and poor glycemic control.

Etiology and Pathophysiology of UTIs in
Diabetics: Gram-negative bacteria are the
predominant uropathogens in diabetic individuals.
Escherichia coli is the most frequently isolated
organism, followed by Klebsiella pneumoniae,
Proteus mirabilis, Pseudomonas aeruginosa, and
Enterobacter spp. ' *. In cases of complicated
UTIs, organisms such as Enterococcus spp.,
Staphylococcus aureus, coagulase-negative
staphylococci (CoNS), and Candida spp. may also
be involved 2. Diabetic patients often have
compromised immunity due to hyperglycemia-
induced dysfunction of neutrophils and other
immune cells, which makes them more susceptible
to infections.

Bladder dysfunction due to autonomic neuropathy
and elevated glucose concentrations in urine create
an ideal environment for microbial colonization
and proliferation. These infections can become
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complicated, leading to recurrent UTIs, bacteremia,
and kidney damage if left untreated.

Antimicrobial Resistance: A major challenge in
the treatment of UTIs is the rising prevalence of
antimicrobial resistance. Frequent and empirical
use of antibiotics without proper sensitivity testing
has led to the emergence of multidrug-resistant
(MDR) uropathogens. This is particularly
concerning in developing countries, where
antibiotic misuse is widespread, compounded by
the presence of substandard medications and lack
of infection control measures ** **. Resistance to

commonly used antibiotics like ampicillin,
ciprofloxacin, and trimethoprim-sulfamethoxazole
has been documented, whereas drugs like

nitrofurantoin and amikacin may retain better
efficacy 4% %,

Clinical Presentation and Classification of UTIs:
Clinically, UTls are classified as uncomplicated or
complicated. Uncomplicated UTIs occur in
otherwise healthy individuals, typically presenting
as cystitis or pyelonephritis. Complicated UTlIs are
associated with underlying structural or functional

abnormalities, immunosuppression, or
comorbidities like diabetes mellitus. These
infections often involve  multidrug-resistant

organisms (MDROs) and require more intensive
treatment > #. Catheter-associated urinary tract
infections (CAUTISs) are a subtype of complicated
UTIs and are particularly prevalent in hospital
settings. Diabetic patients undergoing
catheterization are at increased risk, and CAUTIs
are the leading cause of secondary bloodstream
infections in hospitalized patients 2.

Gram-negative Bacteria in UTIs and Resistance
Mechanisms: Gram-negative bacilli such as E.
coli, Klebsiella spp., Proteus spp., and
Pseudomonas spp. are responsible for the majority
of UTlIs, especially in diabetics. These organisms
are often highly adaptive and capable of acquiring
resistance mechanisms such as extended-spectrum
beta-lactamase (ESBL) production, efflux pumps,
and porin mutations, making them formidable
pathogens in clinical practice 2*2°,

UTIs caused by multi-resistant Gram-negative
bacteria are increasingly reported in community
and hospital settings. Treatment options are limited,
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and therapy often requires second-line or last-resort
antibiotics, contributing to healthcare costs and
complications.

Empirical Treatment and the Need for
Surveillance:  UTI treatment often begins
empirically, especially in resource-limited settings.
However, due to the dynamic nature of
antimicrobial resistance, such empirical strategies
may lead to treatment failure and recurrence.
Surveillance of local antimicrobial resistance
patterns is essential to guide rational therapy. Novel
approaches, such as anti-virulence therapies that
target bacterial pathogenesis without affecting the
normal flora, are also being explored .

Current Trends in Antimicrobial Therapy for
UTIs: The traditional first-line antibiotics for UTIs
include trimethoprim-sulfamethoxazole,
ciprofloxacin, and ampicillin. However, resistance
to these agents has increased, necessitating
susceptibility testing before initiating treatment.
Newer approaches are exploring anti-virulence
strategies that target pathogen-specific mechanisms
without affecting the commensal microbiota.

Despite these advancements, many regions,
especially rural or semi-urban settings in
developing countries, still rely on empirical
treatment without microbiological confirmation.
This  practice  exacerbates  resistance  and

complicates the management of UTISs.

Impact and Importance of Local Studies: There
is limited data from rural and semi-urban areas in
India regarding the prevalence and antimicrobial
susceptibility ~ patterns  of  Gram-negative
uropathogens in diabetic patients. Most existing
studies have been conducted in urban tertiary care
centers, potentially ~ overlooking regional
differences in microbial profiles and resistance
patterns. This highlights the importance of
localized studies to inform public health policies
and clinical guidelines.

In the Indian context, Tamil Nadu has witnessed
increasing rates of DM and associated infections.
The Tertiary care hospital caters to a semi-urban
and rural population, making it an important center
for studying regional disease patterns and
antimicrobial susceptibility profiles. A previous
study conducted in a tertiary care hospital in South
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Tamil Nadu identified common UTI pathogens and
their resistance patterns, underscoring the necessity
of continuous surveillance (FMHACA, 2014).
However, there is limited published data
specifically focusing on diabetic patients from
Namakkal. Given the growing prevalence of
diabetes and AMR, region-specific data are
essential for tailoring empirical antibiotic therapy
and infection control strategies.

Rationale and Objectives of the Study: Given the
high burden of diabetes and the increasing
resistance of uropathogens to common antibiotics,
this study aims to investigate the prevalence and
antimicrobial susceptibility patterns of Gram-
negative bacteria isolated from urine samples of
diabetic patients attending Tertiary care hospital.
This research will help identify the predominant
uropathogens affecting diabetic individuals, assess
their antibiotic susceptibility and resistance
profiles, and provide valuable data to support local
treatment guidelines and antimicrobial stewardship
efforts. The rising incidence of diabetes and its

associated  complications, including  UTIs,
combined with the threat of antimicrobial
resistance, presents a critical public health

challenge. Understanding the microbiological and
resistance profiles of pathogens in specific
populations is essential for effective infection
management. This study will contribute valuable
insights into the patterns of Gram-negative
bacterial infections in diabetic patients in Tertiary
care hospital, Namakkal informing both clinical
practice and public health policy.

MATERIALS AND METHODS:

Study Area: This cross-sectional descriptive study
was conducted in the Department of Microbiology,
Tertiary Care Hospital, Namakkal, Tamil Nadu,
India. The study was carried out over a three-month
period from August to October 2025.

Sampling and Data Collection: A total of 225
urine samples were collected from consecutive
diabetic patients with clinically suspected urinary
tract infections (UTIs) who attended the Tertiary
Care Hospital, Namakkal, during the study period.
Patients were classified as having suspected UTI
based on the presence of at least one urinary
symptom (dysuria, increased urinary frequency,
urgency, suprapubic pain, flank pain, or fever)
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along with a clinician’s request for urine culture.
Only symptomatic patients were included in the
study. Cases of asymptomatic bacteriuria, defined
as significant bacterial growth in the absence of
urinary symptoms, were excluded. No eligible
patient was excluded during the study period. Thus,
225 represents all suspected diabetic UTI cases
investigated. Of these, 132 samples (58.7%)
showed significant bacteriuria and were considered
culture-positive UTIs. Among the culture-positive
samples, 109 (82.6%) yielded Gram-negative
bacterial isolates and were included for organism
distribution and  antimicrobial  susceptibility
analysis.

Source of Urine Samples: Urine specimens were
obtained either as midstream clean-catch samples
or from patients with indwelling urinary catheters
using aseptic catheter-port aspiration. Catheterized
samples were included only when clinical features
of UTI were present. Routine screening samples
from catheterized but asymptomatic patients were
excluded.

Pre-analytical Handling of Urine Samples: All
urine  specimens were transported to the
Microbiology laboratory in insulated cold boxes
maintained at 4-8 °C and processed within 4-6
hours of collection. Refrigerated transport was used
to prevent bacterial overgrowth and preserve
original colony counts. No chemical preservatives
were added. When immediate processing was not
possible, samples were stored at 4 °C and cultured
within the recommended time limits according to
standard clinical microbiology guidelines.

Culture and Isolation of Uropathogens: Each
urine sample was inoculated using a calibrated
0.001 mL loop onto CLED agar and MacConkey
agar for quantitative culture and primary isolation.
CLED agar was used to prevent Proteus swarming
and permit accurate colony counting, while
MacConkey agar was used for differentiation of
lactose-fermenting and  non-lactose-fermenting
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Gram-negative bacteria. Plates were incubated at
37 °C for 18-24 hours and colony counts were
performed. Distinct colonies were sub-cultured
onto Nutrient Agar to obtain pure isolates.
Identification of Gram-negative bacteria was
carried out using Gram staining and standard
biochemical tests including indole, citrate, urease,
triple sugar iron (TSI), and motility tests.

Quantitative Urine Culture and Definition of
Significant Bacteriuria: Urine was cultured using
a calibrated 0.001 mL (1 pL) loop onto CLED and
MacConkey agar plates. After incubation at 37 °C
for 18-24 hours, colonies were counted and the
bacterial load was calculated by multiplying the
colony count by 1,000 to obtain colony-forming
units per milliliter (CFU/mL). A bacterial count of
>10° CFU/mL was considered significant
bacteriuria.

Definition and Handling of Contaminated or
Mixed-Growth Samples: Urine cultures showing
growth of two or more morphologically distinct
bacterial  species  without a  predominant
uropathogen were considered contaminated and
excluded from analysis. Samples showing mixed
growth suggestive of improper collection were not
subjected to antimicrobial susceptibility testing and
were not included in prevalence or resistance
analysis.

Statistical Analysis: Data were analyzed using
descriptive statistics and are presented as
frequencies and percentages.

RESULTS: Among the 109 Gram-negative
isolates, Escherichia coli was the most frequently
identified pathogen, accounting for 54 isolates
(49.5%), followed by Klebsiella pneumoniae with
28 isolates (25.7%). Pseudomonas aeruginosa
constituted 14 isolates (12.8%), while Proteus
mirabilis and Enterobacter spp. accounted for 8
(7.3%) and 5 (4.6%) isolates, respectively.

TABLE 1: DISTRIBUTION OF GRAM-NEGATIVE BACTERIAL ISOLATES (N = 109) FROM CULTURE-

POSITIVE DIABETIC UTI PATIENTS

Bacterial species

Number of Isolates

Percentage (%)

Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa
Proteus mirabilis
Enterobacter spp.
Total

54 49.5
28 25.7
14 12.8
8 7.3
5 4.6
109 100
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Antimicrobial susceptibility testing of the 109
Gram-negative isolates showed the highest overall
activity for carbapenems and aminoglycosides.
Imipenem demonstrated susceptibility in 101
isolates (92.7%), followed by meropenem in 99
isolates (90.8%) and amikacin in 97 isolates
(88.9%). Piperacillin—tazobactam also showed
good activity with 92 susceptible isolates (84.4%),
while cefepime was active against 86 isolates
(78.9%). Moderate susceptibility was observed for
ceftazidime (75 isolates, 68.8%), gentamicin (77
isolates, 70.6%), and nitrofurantoin (66 of tested
isolates, 70.2%). Lower susceptibility rates were
recorded for levofloxacin (56 isolates, 51.4%) and
ceftriaxone (42 of tested isolates, 44.7%). High
resistance was observed to ciprofloxacin (69
isolates, 63.3%), cotrimoxazole (56 of tested
isolates, 58.1%), and ampicillin (77 of tested
isolates, 84.7%). Among E. coli isolates (n = 54),
the highest susceptibility was observed for
imipenem (92.6%), meropenem (90.7%), and
amikacin (88.9%), whereas resistance was highest
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to ampicillin (87.0%) and ciprofloxacin (63.0%).
Klebsiella pneumoniae (n = 28) showed similar
susceptibility to imipenem (92.9%), meropenem
(89.3%), and amikacin (89.3%), but high resistance
to ampicillin (82.1%) and ciprofloxacin (60.7%).
Pseudomonas aeruginosa (n = 14) demonstrated
high susceptibility to imipenem and meropenem
(92.9% each) and amikacin (85.7%), with
resistance to ciprofloxacin observed in 64.3% of
isolates. Proteus mirabilis (n = 8) showed high
susceptibility to carbapenems, aminoglycosides,
and piperacillin—tazobactam, but marked resistance
to ampicillin (87.5%). Enterobacter spp. (n = 5)
exhibited 100% susceptibility to imipenem,
meropenem, amikacin, and cefepime, while 80%
were resistant to ampicillin. Extended-spectrum
beta-lactamase (ESBL) production was detected in
34 of the 109 Gram-negative isolates (31.2%), with
ESBL positivity observed in 16 E. coli (29.6%), 9
K. pneumoniae (32.1%), 3 P. mirabilis (37.5%),
and 2 Enterobacter spp. (40%) isolates.

TABLE 2: ANTIMICROBIAL SUSCEPTIBILITY PATTERN OF GRAM-NEGATIVE ISOLATES (N =109)

Antibiotic Pattern E. coli K. pneumoniae P.aeruginosa P.mirabilis Enterobacter Total
n=54 n=28 n=14 n=8 spp. n=5 (n=109)
Imipenem S 50 (92.6 26 (92.9) 13 (92.9) 7 (87.5) 5 (100) 101 (92.7)
R 4 (7.4) 2(7.1) 1(7.2) 1(12.5) 0 8 (7.3)
Meropenem S 49 (90.7) 25 (89.3) 13 (92.9) 7 (87.5) 5 (100) 99 (90.8)
R 5 (9.3) 3(10.7) 1(7.2) 1(12.5) 0 10(9.2)
Amikacin S 48 (88.9) 25 (89.3) 12 (85.7) 7 (87.5) 5 (100) 97 (88.9)
R 6 (11.1) 3(10.7) 2 (14.3) 1(12.5) 0 12 (11.1)
Piperacillin— S 46 (85.2) 24 (85.7) 12 (85.7) 7 (87.5) 3 (60) 92 (84.4)
Tazobactam R 8 (14.8) 4 (14.3) 2 (14.3) 1(12.5) 2 (40) 17 (15.6)
Cefepime S 43 (79.6) 21 (75) 11(78.6) 6 (75.0) 5 (100) 86 (78.9)
R 11(20.4) 7 (25) 3(21.4) 2 (25.0) 0 23 (21.1)
Ceftazidime S 37 (68.5) 19 (67.9) 10 (71.4) 5 (62.5) 4 (80) 75 (68.8)
R 17 (31.5) 9 (32.1) 4 (28.6) 3 (37.5) 1(20) 34 (31.2)
Gentamicin S 38 (70.4) 19 (67.9) 10 (71.4) 6 (75.0) 4 (80) 77 (70.6)
R 16 (29.6) 9 (32.1) 4 (28.6) 2 (25.0) 1(20) 32 (29.4)
Levofloxacin S 28 (51.9) 15 (53.6) 7 (50) 4 (50.0) 2 (40) 56 (51.4)
R 26 (48.1) 13 (46.4) 7 (50) 4 (50.0) 3 (60) 53 (48.6)
Ciprofloxacin S 20 (37) 11(39.3) 5 (35.7) 2 (25.0) 2 (40) 40 (36.7)
R 34 (63) 17 (60.7) 9 (64.3) 6 (75.0) 3 (60) 69 (63.3)
Nitrofurantoin S 39 (72.2) 20 (71.4) - 7 (87.5) - 66 (70.2)*
R 15 (27.8) 8 (28.6) 1(12.5) - 24 (29.8)*
Ceftriaxone S 24 (44.4) 13 (46.4) 3 (37.5) 2 (40) 42 (44.7)*
R 30 (55.6) 15 (53.6) 5 (62.5) 3 (60) 53 (55.3)*
Cotrimoxazole S 22 (40.7) 12 (42.9) 3 (37.5) 2 (40) 39 (41.9)*
R 32 (59.3) 16 (57.1) 5 (62.5) 3 (60) 56 (58.1)*
Ampicillin S 7 (13) 5(17.9) 1(12.5) - 13 (15.3)*
R 47 (87) 23 (82.1) 7(87.5) - 77 (84.7)*
ESBL Positive - 16 (29.6) 9 (32.1) 3 (37.5) 2 (40) 34 (31.2)

Among the 132 culture-positive diabetic patients,
81 (61.4%) were female and 51 (38.6%) were male.
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The age of the patients ranged from 18 to over 70
years, with a mean age of 54.6 + 13.2 years. The
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largest proportion of patients belonged to the 41—
50-year age group (30 patients, 22.7%), followed
by 31-40 years (28 patients, 21.2%) and 51-60
years (24 patients, 18.2%). Patients aged 18-30
years accounted for 22 cases (16.7%), while 18
patients (13.6%) were in the 61-70-year group and
10 patients (7.6%) were older than 70 years.
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Regarding the duration of diabetes, most patients
had a disease duration of 5-10 years, comprising
78 cases (59.1%). Patients with a duration of less
than 5 years accounted for 35 cases (26.5%), while
19 patients (14.4%) had diabetes for more than 10
years.

TABLE 3: DEMOGRAPHIC CHARACTERISTICS OF DIABETIC PATIENTS WITH CULTURE-POSITIVE UTIS

(N=132)
Characteristic Category n (%)
Gender Female 81(61.4)
Male 51 (38.6)
Agegroup (years) 18-30 22(16.7)
31-40 28 (21.2)
41-50 30 (22.7)
51-60 24 (18.2)
61-70 18 (13.6)
>70 10 (7.6)
Meanage+SD - 54.6+13.2
Durationof diabetes <5years 35 (26.5)
5-10 years 78 (59.1)
>10years 19(14.4)

DISCUSSION: The present study demonstrates
that more than half of diabetic patients with
clinically —suspected UTIs had significant
bacteriuria, with ~ Gram-negative  organisms
accounting for over 80% of isolates. This finding is
consistent with previous reports showing that
Gram-negative uropathogens dominate UTIs in
diabetic patients due to their ability to adhere to

uroepithelial cells and thrive in glucose-rich urine
16, 17

E. coli was the predominant pathogen, similar to
findings reported in Ethiopia, India and other
regions > “* % The high proportion of K.
pneumoniae also aligns with earlier studies ** .
The relatively higher prevalence of P. aeruginosa
in this study compared with some reports may
reflect increased hospital exposure and catheter use
in diabetic patients ®.

The antimicrobial susceptibility pattern revealed
that carbapenems and amikacin remain highly
effective against Gram-negative uropathogens.
Similar high carbapenem activity has been reported
from India and Africa * % *. Piperacillin-
tazobactam and cefepime also demonstrated good
activity, suggesting their usefulness in hospital-
acquired infections. In contrast, high resistance to
ampicillin, ciprofloxacin and cotrimoxazole was
observed, which reflects the widespread misuse of
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these agents as empirical therapy. This pattern is
consistent with global antimicrobial resistance
trends reported by WHO (2017) and earlier diabetic
UTI studies > %'

The ESBL prevalence of 31.2% is within the ran%e
reported in previous Indian and regional studies >
% indicating a significant burden of multidrug-
resistant organisms. This highlights the importance
of routine ESBL screening and strict infection-

control measures.

Female predominance and the concentration of
cases in middle-aged and elderly patients are
consistent with earlier reports " 3* #2. The higher
risk among patients with longer diabetes duration
may be attributed to chronic hyperglycemia,
impaired immune responses and  bladder
dysfunction ¢,

Overall, the findings emphasize the need for
culture-guided therapy rather than empirical use of
fluoroquinolones, cotrimoxazole or ampicillin in
diabetic UTlIs, in order to limit treatment failure
and the spread of resistant organisms.

CONCLUSION: This study demonstrated that
Gram-negative bacteria, predominantly Escherichia
coli and Klebsiella pneumoniae, were the leading
causes of urinary tract infections among diabetic
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patients at a tertiary care hospital in Namakkal,
Tamil Nadu. More than half of the clinically
suspected cases showed significant bacteriuria, and
a substantial proportion of isolates exhibited
resistance to commonly used antibiotics such as
ampicillin, ciprofloxacin, and cotrimoxazole. In
contrast, higher in-vitro susceptibility was observed
for carbapenems and amikacin, while nitrofurantoin
and piperacillin—tazobactam showed moderate
activity. The detection of ESBL-producing
organisms highlights the growing burden of
multidrug resistance in this setting. These findings
emphasize the importance of culture-guided
therapy for the management of UTIs in diabetic
patients. However, as this was a single-center study
with a limited study period, the results should be
interpreted within this context.
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