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Antibiotic resistance is becoming a major threat and is increasing worldwide. The increasing prevalence of infections caused by
antibiotic-resistant bacteria make the empirical treatment of Urinary Tract Infection (UTI) more difficult. The aim of the study is
to find the antimicrobial susceptibility pattern of pathogens causing urinary tract infection and help to improve the effectiveness of
empirical treatment. The pathogenic bacteria cultures were isolated from the patients with urinary tract infections in the district of
Coimbatore, Tamil Nadu, India and its antimicrobial susceptibility pattern had been examined using ten different standard antibiotic
discs. The antimicrobial activity was performed using Kirby Bauer disc diffusion method. The results had shown a considerable
increase in the resistance pattern of the uropathogens. Around 80% of the pathogens were being highly resistant to most of the
antibiotics studied. Among the antibiotics, Imipenem being most effective followed by Gentamycin. Ampicillin was found to be the
least effective. Most of the pathogens are resistant to more than three different classes of antibiotics. Present data revealed a steady
emergence of multidrug resistance among the uropathogens in this region. Frequent multi-centre studies are required to understand the
development of antimicrobial resistance of the pathogens as well as to know the effectiveness of the antibiotics prescribed. Situation

urges to develop better antimicrobial agents with minimal or no side effects.
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Microbial resistance to drugs has become a global public-
health threat compromising the efficacy of antimicrobial
chemotherapy. The magnitude of this problem has recently
been acknowledged by the World Health Organization,
which has launched a global strategy for the containment
of antimicrobial resistance. The emergence and spread of
resistance are universally acknowledged to be associated
with heavy consumption of antimicrobial agents in clinical
and veterinary practices, and the prudent use of antibiotics
has been considered to be mandatory for the preservation
of their therapeutic effectiveness for as long as possible.
Within this perspective, a combination of misuse and
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overuse of antimicrobial agents, along with overcrowding
and poor sanitation, is among the reasons given to explain
the exceedingly high resistance rates observed in low-
income countries, (Okeke et al 1999, WHO 2001, Bartoloni
et al 2004, Gajdacs and Urban 2019, Kulkarni et al 2019,
Anthony 2024 and PACCARB Report 2024 ).

The increasing prevalence of antimicrobial-resistant
organisms are an important public health problem and is
of particular concern for hospitals and other health care
settings, (Fridkin et al 2002) Patterns of resistance in health
care facilities are not uniform; even institutions in the same
city may have quite different observed patterns of resistance
for a given organism, (Lubowski et al 2001). In the United
States, urinary tract infections result in about 8 million health
practitioner visits per year. A 2013 record from the Centers
for Disease Control and Prevention (CDC) revealed that
greater than 2 million people within the US alone become
ill each year as a result of antibiotic-resistant infections,



and 23,000 die from such infections (Whiteman, 2014,
Anthony 2024).

Resistance to antimicrobial agents among clinically
important pathogens within the community and hospital
settings has compromised therapy and requires constant
monitoring of emerging patterns, (Jones 2003). The
discovery of potent and safe antimicrobial agents is
arguably the single greatest health care advance in history.
The availability of these agents will rapidly reduce the
morbidity and mortality associated with a host of formerly
fatal diseases, (Rice 2008, PACCARB 2024).

Urinary tract infections are the most common site of
microbial infections in human beings; it is estimated that
150 million UTT'S occur worldwide, resulting in more than
6 billion dollars in direct health care costs, (Stamm and
Norrby 2001). Studies from different parts of India have
indicated that UTI during pregnancy leads to low birth
weight babies, increased perinatal mortality, and premature
births along with many acute and chronic sequelae in the
mother (Roy et al 1974). Recurrent urinary tract infection
(rUTT) is a serious clinical problem, yet effective therapeutic
options are limited, especially against multidrug-resistant
uro-pathogens (O’Brien et al 2015, Anthony 2024).

The unrelenting increase in the prevalence of antimicrobial
resistance is of great concern. The urgency of the problem is
compounded by the recognition that fewer new antimicrobial
agents are introduced each year, (Lautenbach 2009). The
present study is designed to study the antimicrobial
sensitivity pattern of different pathogens causing urinary
tract infections among the people in Coimbatore.

MATERIAL AND METHODS

Collection and maintenance of pathogens: 50 various
isolates of urinary tract infection causing pathogenic
bacteria were collected from Sri Ramakrishna Hospital,
Coimbatore from July to September 2013 and maintained
on nutrient agar slants in cold room at 4°C.

Culture Media: Muller-Hinton Agar was prepared according
to the manufacturer's instruction, autoclaved, and dispensed
at 20ml per plate in 12 X 12 cm Petri dishes. Set plates
were incubated overnight to ensure sterility before use,
(Lakshmanan et al 2012).

Antibacterial assay: Using the Agar disc diffusion method,
Muller-Hinton agar plates were swabbed with the overnight
grown culture of each microorganism. The antibiotic
susceptibility discs were placed on each plate and incubated
at 37°C for 24 hours (Lakshmanan 2013). The standard
antibiotic discs used are Ampicillin (A), Cefpodoxime
(CEP), Cefuroxime (CU), Cefepime (CPM), Piperacillin
/ Tazobactam (PT), Erythromycin (E), Gentamicin (G),
Ciprofloxacin (CF), Co-Trimoxazole (CO) and Imipenem
(I) were obtained from Hi-media.

The Antibacterial activity was determined by measuring
the diameter of zones of inhibition (mm) produced after
incubation (Krishnavignesh et al 2013). The susceptibility
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profiles of each pathogen against standard antibiotics
were interpreted as per Clinical and Laboratories standard
Institute (CLSI) guidelines.

Statistical Analysis: The results are expressed as the mean
+ S.E.M. The results obtained from the present study
were analyzed by using GraphPad Prism version 5.00 for
Windows, GraphPad Software, San Diego California USA,
www.graphpad.com.

RESULTS AND DISCUSSION

The collected bacterial population is comprised of § different
species which are E. coli, Pseudomonas sp., Klebsiella
sp., Proteus sp., Streptococcus sp., Staphylococcus
sp., Citrobacter sp., Enterobacter sp. The population
distribution displayed a clear dominance of E. coli over
both the gram-positive and gram-negative uropathogens
studied (Figure 1). The antimicrobial susceptibility pattern
of each uropathogens was examined and their percentage
was represented in charts (Figure. 1 —8). In comparison with
all the antibiotics investigated Imipenem is highly effective
while Ampicillin being less effective.

Population distribution of uropathogens
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Figure 2: Escherichia coli susceptibility pattern
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Along with urinary tract infections, the resistance level
of uropathogens posing a huge threat to the medical well-
being of humans across the globe. Urinary tract pathogens
in Madagascar are becoming increasingly resistant to
commonly used antibiotics that are readily available at
a low price. This poses a real problem for the treatment
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of community-acquired urinary tract infections (UTIs) in
Madagascar (Randrianirina et al 2006).

Figure 3: Staphylococcus sp. susceptibility pattern
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Foot note : S — Sensitive, I — Intermediate, R — Resistant,
Ampicillin (A), Cefpodoxime (CEP), Cefuroxime (CU),
Cefepime (CPM), Piperacillin/ Tazobactam (PT), Erythromycin
(E), Gentamicin (G), Ciprofloxacin (CF), Co-Trimoxazole
(CO) and Imipenem (I).

Figure 4: Pseudomonas sp. susceptibility pattern
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Figure 5: Proteus sp. susceptibility pattern
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Ampicillin (A), Cefpodoxime (CEP), Cefuroxime (CU),
Cefepime (CPM), Piperacillin/ Tazobactam (PT), Erythromycin
(E), Gentamicin (G), Ciprofloxacin (CF), Co-Trimoxazole
(CO) and Imipenem (I).

Even India also experiences the same problem, Meta-
analyses of the drug susceptibility results of various
laboratories in India reveal an increasing trend in the
development of resistance to commonly used antimicrobial
agents in pathogens like Salmonella, Shigella, Vibrio
cholerae, Staphylococcus aureus, Neisseria gonorrhoeae,

N. meningitidis, Klebsiella, Mycobacterium tuberculosis,
HIV, Plasmodium and others. One of the major concern
is that there are no national data based on antimicrobial
resistance in different pathogens yet known that the
infectious disease burden in India is among the highest in
the world, (WHO 2010, Kumar et al 2013).

Figure 6: Klebsiella sp. susceptibility pattern
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Figure 7: Citrobacter sp. susceptibility pattern
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Ampicillin (A), Cefpodoxime (CEP), Cefuroxime (CU),
Cefepime (CPM), Piperacillin/ Tazobactam (PT), Erythromycin
(E), Gentamicin (G), Ciprofloxacin (CF), Co-Trimoxazole
(CO) and Imipenem (I).

In the present investigation, the population of uropathogens
was comprised of Escherichia coli (44%) followed by
Staphylococcus sp., (14%), Pseudomonas sp., (12%),
Proteus species, (12%), Klebsiella species (12%), and 2% of
Citrobacter species, Enterobacter species and Streptococcus
sp. (Figure 1). It has shown that E. coli was to be the major
causative of urinary tract infections. The same pattern of
distribution of uropathogens was reported in another 5-year
study by Gupta et al (1999) which showed the presence
of Escherichia coli (86%) followed by Staphylococcus
saprophyticus (4%), Proteus species (3%), Klebsiella
species (3%), Enterobacter species (1.4%), Citrobacter
species (0.8%), and Enterococcus species (0.5%). Other,
less frequent isolates in aggregate caused 1.3% of infections.
It indicates that E. coli is being predominant amongst the
other uropathogens. E. coli cultures shown a high level
of resistance towards Ampicillin (A), Ciprofloxacin (CF),
Erythromycin (E), and Cefpodoxime (CEP) while sensitive
to Imipenem (I) followed by Gentamycin (G) (Figure. 1).

These results were supported by several other studies that
stated the majority of E. coli isolates resistant to ampicillin,
trimethoprim-sulfamethoxazole, or ciprofloxacin, (Zhannel
et al 2000). The prevalence of fluoroquinolone-resistant
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isolates of E. coli has been reported to be increasing over
time in the United States and Canada. (Hooton 2003).
7.1% of urinary isolates of E. coli (2,763 of 38,835) were
found resistant to three or more agents and considered
multidrug-resistant. Among the multidrug-resistant isolates,
97.8% were resistant to ampicillin, 92.8% were resistant
to trimethoprim-sulfamethoxazole, 86.6% were resistant
to cephalothin, 38.8% were resistant to ciprofloxacin, and
7.7% were resistant to nitrofurantoin, ( Karlowsky et al
2002, Sahm et al 2001).

Figure 8: Enterobacter sp. susceptibility pattern
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Figure 9: Streptococcus sp. susceptibility pattern
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Ampicillin (A), Cefpodoxime (CEP), Cefuroxime (CU),
Cefepime (CPM), Piperacillin/ Tazobactam (PT), Erythromycin
(E), Gentamicin (G), Ciprofloxacin (CF), Co-Trimoxazole
(CO) and Imipenem (I).

It shows that E. coli is gaining resistance to multiple
antibiotics. The results of this study also raises the alarm
of the emergence of multidrug resistance among the E.
coli strains in Coimbatore. This may be due to the increase
in strains harbouring an extended-spectrum 3 lactamase.
Staphylococcus sp. cultures showed higher resistance
towards Ampicillin (A), Piperacillin/Tazobactam (PT), Co-
trimoxazole (CO), Cefpodoxime (CEP), while Imipenem
(I) found to be highly effective with 100% inhibition
followed by Gentamicin (G) and Cefepime (CPM). The
study indicates the emergence of multidrug resistance
among Staphylococcus cultures isolated from patients with
urinary tract infections.

In support of the current findings already a high level of
MRSA was reported in our country, which found 41%
of methicillin resistance among 26310 isolates (India et
al 2013). In India, Gram-positive infections, particularly
methicillin-resistant Staphylococcus aureus (MRSA)

prevalence among invasive S. aureus isolates, have been
increased exponentially from 29% in 2009 to 47% in 2014.
Apart from MRSA, the rising prevalence of vancomycin-
resistant enterococci (VRE), which ranges from 1 to 9% in
India, has raised concerns, (Kulkarni et al 2019).

The majority of the Pseudomonas cultures investigated
in the study were highly sensitive to Imipenem (I), and
Ciprofloxacin (CF), followed by Gentamicin (G). While
50% of the isolates found intermediate to Piperacillin
/ Tazobactam (PT) and 33% were sensitive and found
resistant to other antibiotics studied. This result was
correlated with the study conducted in Pakistan, (Shah et
al 2015) which reported 10% resistance towards Imipenam,
19.6% towards Piperacillin / Tazobactam (PT), 35% vs
Gentamicin (G), and varies with the findings against 99%
vs CU; 50% vs CF whereas we observed 50% and 100%
resistance against CU and CF respectively.

This variation may be due to the indiscriminate use of
antibiotics in the respective geographical areas. Besides
the few contradictions, all these studies substantiate the
development of multidrug resistance in Pseudomonas
strains. Infection caused by this organism is difficult to
treat because of the presence of its innate resistance to
many antibiotics (f-lactam and carbapenem group of
antibiotics), and its ability to acquire further resistance
mechanisms to multiple classes of antibiotics, including
Beta-lactams, aminoglycosides, and fluoroquinolones,
(Pachori et al 2019).

Proteus isolates were shown higher sensitivity to Imipenem
(I), Cefuroxime (CU) followed by 33% of sensitivity
towards Piperacillin / Tazobactam (PT), and it has been
found resistant to all other antibiotics investigated. The
emergence of multidrug resistance observed among Proteus
sp. in this study in Coimbatore district contradicts the
findings of multicenter surveillance conducted in Taiwan
that revealed decreased susceptibility of P. mirabilis to some
broad-spectrum antibiotic particularly to the resistance rate
against Imipenem. Besides the current study found zero
percent resistance compared to 51.8%, however it correlates
with the majority of the findings related to the increasing
resistance level reported against different antibiotics
including 3rd-generation cephalosporins and ciprofloxacin,
in the past decade. Similar results were reported in Banglore,
India found more than 80% of resistance in Proteus sp. This
finding indicates the development of antibiotic resistance
among Proteus sp. against multiple antibiotics. This might
be due to a higher prevalence of ESBL- and/or AmpC
B-lactamase- producers, (Wang et al, 2014, Navneeth et
al 2002).

Klebsiella isolates showed good susceptibility to Imipenem
(I) and moderately susceptible to Gentamicin (G) while
it has shown resistance to all other antibiotics studied. A
report in Uganda found concurrence with the current study
showing 82% of Klebsiella sp. was resistant to at least three
classes of antibiotics, (Stanley et al 2018).

In Tanzania, the resistance level of Klebsiella spp strains
was cotrimoxazole (92.6%), ciprofloxacin (25.0%), and
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gentamicin (38.2%) but our study in Coimbatore district
displayed a considerably higher level of resistance of
83.3%, 83.3%, and 50% against the respective antibiotics.
This might be due to the production of ESBL among the
strains, (Moyo et al 2020).

All the above studies found Imipenem is being effective
against Klebsiella sp. Citrobacter isolate found intermediate
only to Imipenem (I) and exhibited resistance to all other
antibiotics tested. The current study was found parallel
with another which reported the majority of the urinary
tract Citrobacter isolates were found to be resistant to
cefotaxime, cephalexin, norfloxacin, ciprofloxacin, and the
aminoglycosides. This may be because of the widespread
use of broad-spectrum antibiotics, leading to selective
survival advantage of pathogens, (Metri et al 2013).

Enterobacter isolate was susceptible to Co-trimoxazole
(CO) while it was found resistant to all other antibiotics
inspected. The most crucial finding was its resistance
to Imipenem. Streptococcus isolate found sensitive to
Imipenem (I) and intermediate to Co-trimoxazole (CO), to
the rest of antibiotics, it displayed resistance. Citrobacter.,
Enterobacter, and Streptococcus isolates displayed a higher
rate of resistance against different classes of antibiotics. A
study in Hungary also reported the emergence and spread
of ESBL-and/or carbapenemase-producing Enterobacter
(Gajdacs et al 2019).

Our study has shown Imipenem (I) as an effective antibiotic
against the majority of the uropathogens investigated
followed by Gentamycin (G). Though most of the organisms
were not sensitive to Ciprofloxacin (CF) it was found
intermediate in a considerable volume of the microbial
population investigated. Piperacillin / Tazobactam (PT),
Cefuroxime (CU), and Cefepime (CPM) had shown
moderate activity. Co-Trimoxazole (CO), Erythromycin (E)
and Cefpodoxime (CEP) were found to be least effective.
Most of the reports worldwide found Imipenem to be one of
the most effective antibiotics. Ampicillin resistance pattern
varies among countries, was reported to be Ethiopia (17%),
Italy (36%), UK (23%), USA (43%), Canada (33%), Europe
(50%) and Norway (25%), (Bitiv et al 2017).

In contrast to the above findings our study in Coimbatore
district, Tamil Nadu, India was found to be 100% against both
the gram-negative as well as gram-positive uropathogens,
these findings were supported by another study conducted at
Banglore, India reported a 93% resistance among the gram-
negative uropathogens, (Navneeth et al 2002). Studies
from African countries and Iran also reported 100% and
89.29% resistance respectively against ampicillin, (GLASS
Report 2017).

Though Imipenem was found to be an effective antibiotic
amongst most of the organisms, still this study found a
small fraction of microbial population resistant to it. It is an
alarming signal since carbapenemase-producing pathogens
are a significant clinical and public health concern that will
drastically limit the therapeutic armamentarium, (Gajdacs
and Urban 2019).

Several factors contribute to the emergence of antimicrobial
resistance, they are indiscriminate use of antibiotics,
intrinsic antibiotic resistance like efflux systems and
producing antibiotic-inactivating enzymes, acquired
antibiotic resistance like mutations, adaptive antibiotic
resistance like biofilm mediated resistance, and microbial
genomic plasticity. The constant changing of the microbial
genome is a bigger threat than the infection itself. There are
several mechanism microbes utilize to alter their genomes
such as horizontal gene transfer, transposon-mediated
genomic alterations and promiscuous nature of the gene
and genomic products.

Some of the world’s most common and potentially most
dangerous infections are proving drug-resistant and most
worrying of all is pathogens don’t respect national borders.
That’s why WHO is encouraging all countries to set up good
surveillance systems for detecting drug resistance that can
provide data to this global system, (GLASS Report 2017
WHO 2018). This emphasizes the importance of the local
resistance data which is crucial to any part of the world.
Though the sample size of this study is small it provides the
much needed local resistance data which reveals the first
details on population distribution among the uropathogens
and its antimicrobial resistance pattern towards the different
class of antibiotics in the Coimbatore district, Tamil Nadu.
With these initial insights, it warrants a detailed multicentric
study on the surveillance of antimicrobial resistance patterns
of uropathogens to design an effective protocol.

The present study revealed that the uropathogens are
steadily gaining resistance towards most of the commonly
used antibiotics. This is a clear warning signal over the
emergence of multidrug resistance among the uropathogens
in Coimbatore, India as well as all across the globe.
Concurrent resistance to antimicrobials of different
structural classes has arisen in a multitude of bacterial
species and complicates the therapeutic management of
urinary tract infections. Frequent prevalence studies on
pathogens causing urinary tract infections are warranted to
understand the ever-changing antimicrobial trends in their
respective regions. Growing multidrug resistance limits
the therapeutic options. This scenario urges the scientific
and medical community to develop additional effective
antibiotics in order to serve the community in a better
way. With all this, we are in a situation to frame a strict
operational policy of antimicrobial therapies and standard
treatment guidelines.
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