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Urinary tract infection (UTI) is a common infectious disease that affects men

and women. It is a significant health concern due to multidrug-resistant

(MDR) organisms. Therefore, it is necessary to have a current understanding

of the antibiotic susceptibility (AS) pattern of uropathogens to manage UTI

effectively. Since the bacterial pathogen causing UTI and its AS vary with

time and place, the prevailing AS pattern of the causative agents are essential

for empirical antibiotic therapy. This study aims to determine the prevalence

and AS of uropathogens isolated from UTI patients in the eastern part of

Northern India. The study was carried out between November 2018 and

December 2019. Clean catch midstream urine samples were collected and

processed using standard guidelines for microbiological procedures. Positive

microbiological cultures were found in 333 of the 427 patients, where 287

were gram-negative bacteria (GNB), and 46 were gram-positive bacteria

(GPB). Females had a higher prevalence of UTI (60.7%) than males (39.3%)

(p = 0.00024). The most susceptible age group in females was 18–50 years

as compared to males, whereas at the age of 51–80 years and >80 years

males were more susceptible than females (p = 0.053). The most prevalent

pathogen identified were Escherichia coli (55.0%), followed by Proteus sp.

(6.9%), Klebsiella pneumoniae (6.6%), Pseudomonas aeruginosa (6.3%), of

which 96.0% were MDR bacteria. The susceptibility pattern of our study

also revealed that amikacin, gentamycin and imipenem were the most

effective drugs against GNB. In contrast, nitrofurantoin, vancomycin, and

chloramphenicol were the most effective drugs against GPB. According tothe
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findings, MDR pathogens are very much prevalent. Since UTI is one of the

most frequent bacterial diseases, proper management necessitates extensive

investigation and implementation of antibiotic policy based on AS patterns for

a particular region.
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antibiotic susceptibility (AS), antimicrobial resistance (AMR), multidrug resistance
(MDR), urinary tract infections, uropathogens, India

Introduction

Urinary tract infections (UTIs) are inflammatory disorders
caused by microorganisms that have proliferated abnormally
in the urinary system (Malik et al., 2021). UTIs are known
to induce short-term morbidities such as fever, dysuria, lower
abdominal pain, and may result in permanent kidney scarring
(Leung et al., 2019). UTIs are either community-acquired
or hospital-acquired (HA). Infection of the urinary system
originates in individuals either in the community (within 48 h
of admission) or a hospital setting (Revelas, 2012). HA-UTI
emerges 48 h after hospitalization and is not incubating at
the time of admission or within 3 days of discharge (Iacovelli
et al., 2014; Motbainor et al., 2020). UTIs can be asymptomatic
or symptomatic, imposing a strain on public health care and
lowering the quality of life (Olowe et al., 2015).

Urinary tract infection is more common in women
than in men because of the anatomical proximity of the
urethra to gut opening (Fazly Bazzaz et al., 2021). The most
prevalent bacteria causing UTI is Escherichia coli, followed
by Klebsiella pneumoniae, Staphylococcus sp., Proteus sp.,
Pseudomonas aeruginosa, Enterococcus sp., and Enterobacter
sp. with variations in their sequence of prevalence (Ahmed
et al., 2019; Patel et al., 2019; Mukherjee et al., 2020).
Approximately 150 million UTI cases per year are diagnosed
globally, resulting in at least $6 billion in healthcare costs
(Kucheria et al., 2005; Flores-Mireles et al., 2015). Susceptibility
data from local microbiological facilities assist in the empirical
selection of antibiotics for UTI treatment; however, these
data are confined to complicated UTIs because uncomplicated
UTI specimens are rarely sent to laboratories (Prakash and
Saxena, 2013). Therefore, UTIs are currently treated empirically,
particularly in rural and small-town settings where the facility
of urine culture is unavailable, resulting in antibiotic misuse
(Al-Zahrani et al., 2019). The increasing incidence of drug
resistance among uropathogens is a significant public health
concern, necessitating constant antibiotic susceptibility (AS)
screening for organisms causing UTI (Kot, 2019). In addition,
antimicrobial sensitivity for UTI-causing bacteria varies with
time and location. Therefore, screening for susceptibility in each
location is critical for producing up-to-date epidemiological

data (Ahmed et al., 2019; Daoud et al., 2020). Unfortunately,
the resistance profile of community-acquired uropathogens in
diverse geographical regions of India has not been adequately
explored (Sood and Gupta, 2012; Mohapatra et al., 2022).
Since UTIs are frequently treated empirically in regions where
microbiological facilities are either unavailable or prohibitively
expensive for the majority of the Indian population, treatment
is based on the anticipated pathogens with their AS pattern of
that geographic area. We chose to conduct this study because
we were unaware of the bacterial composition and AS pattern of
uropathogens causing UTI in Prayagraj (Uttar Pradesh), India,
which is situated in the eastern region of North India.

Materials and methods

Study area and population

A cross-sectional study was conducted at Hayes Memorial
Mission Hospital in Prayagraj, Uttar Pradesh, between
November 2018 and December 2019 to investigate the
prevalence and AS profile of uropathogens among patients
presenting with UTI. Sample size was calculated by Kish (1965)
formula, n = z2p(1-p)/d2, where z = Z score for 95% confidence
interval = 1.96; p = prevalence (22.8%) and d = acceptable error
(5%). The formula also included 1.5 times the design effect and
a 5% non-response rate. A total of 427 samples were acquired
based on a subjective symptom-based questionnaire [data not
shown], of which 333 were later verified microbiologically as
positive UTI cases.

Exclusion criteria

Patients under the age of five, those with polymicrobial
infections involving more than two bacterial species, patients
with Candida sp. as the sole pathogen or with bacteria,
pregnant females with asymptomatic bacteriuria, and those
who had previously been on antibiotic therapy were all
excluded from the study.
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Sample collection and processing

Each patient’s clean-catch midstream urine was collected
in a sterile screw-capped universal container. All patients
were instructed on collecting samples aseptically to avoid
contamination. A urine sample is medical waste material
voluntarily given by patients visiting OPD, without invasive
sample collection procedures. However, patients’ oral and/or
written consent was also collected before specimen collection
and the study was approved by institutional committee. A sterile
calibrated loopful of urine sample was plated on sheep blood
agar (SBA) and MacConkey agar (MA) to isolate bacterial
uropathogens and incubated at 37◦C for 24 h.

Identification and biochemical
characterization of pathogens

Bacterial isolates were identified based on their standard
microbiological techniques, i.e., culture and biochemical
characteristics. All the bacteria isolated from the sample were
identified using catalase test (3% v/v H2O2), coagulase test
(0.85% v/v of normal saline), bile esculin test, oxidase test,
indole test with H2S production (sulphide indole motility
medium), citrate utilization test (Simmon’s citrate medium),
urease test (Christensen’s urea agar), triple sugar iron agar
test and fermentation using sugars (Glucose, Lactose, Sucrose,
and Mannitol). Isolates identified were preserved at room
temperature of 25◦C in peptone soft agar that was wax sealed
with a cork and sub-cultured for further processing.

Antimicrobial susceptibility

The antimicrobial susceptibility test was performed on
Mueller–Hinton agar (HiMedia Laboratories, Mumbai, India)
using the Kirby–Bauer disk diffusion method and interpreted
according to Clinical Laboratory Standards Institute (CLSI)
guidelines (Table 1). Extended-spectrum beta-lactamase (ESBL)
producing strains were confirmed by utilizing a double-disk
synergy test with cephalosporin and cephalosporin/clavulanate
combination disks (ceftazidime and ceftazidime-clavulanic acid)
for E. coli and K. pneumoniae. Standard strains of E. coli
(ATCC 25922), Staphylococcus aureus (ATCC 25923), and
Pseudomonas aeruginosa (ATCC 27853) were used in this study
as quality control.

Statistical analysis

The data were analyzed using descriptive statistics for UTI
prevalence, uropathogen frequency, AS profile, Chi-square test
where applicable. All statistical tests were performed using

TABLE 1 Antibiotics used against different isolated uropathogens.

Antibiotics groups Antibiotic

Beta-lactams Penicillin Ampicillin

Penicillin

Piperacillin

Cephalosporin Cefepime

Ceftazidime

Cefoxitin

Ceftriaxone

Carbapenem Aztreonam

Meropenem

Imipenem

Beta-lactamase inhibitors Piperacillin-Tazobactam

Ceftazidime-Clavulanic

Amoxicillin-clavulanate (Amoxyclav)

Fluoroquinolones Norfloxacin

Ciprofloxacin

Aminoglycosides Gentamycin

Amikacin

Gentamycin (120)

Tobramycin

Netilmicin

Glycopeptide Vancomycin

Teicoplanin

Tetracycline Doxycycline

Tetracycline

Others Clindamycin

Chloramphenicol

Linezolid

Erythromycin

Nitrofurantoin

Co-trimoxazole

SPSS software version 23 and Microsoft Excel 2016 (Microsoft
Corporation, Redmond, Was, United States).

Results

Of the whole study group of 427, 333 (77.9%) were
excreting a significant number of bacteria in their urine. Our
study shows that 39.3% (131/333) males and 60.7% (202/333)
of females were suffering from UTIs (χ2 = 13.495; degree
of freedom = 1; p = 0.00024). The prevalence of UTI in
females was significantly higher than the males (p = 0.00024).
The most susceptible age group for UTI was 18–50 years,
followed by 51–80, 5–17, and >80 years (Figure 1). However,
at the age of 51–80 years (35.9%) and >80 years (3.8%),
males had a higher prevalence of UTI than females (25.7
and 1.5%), but in the childhood and adolescent age, group
females were more susceptible. The chi-square test showed a
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FIGURE 1

Distribution of male and female positive urinary tract infection (UTI) patients among different age groups.

significant association between age group and gender (χ2 = 7.69;
degree of freedom = 3; p = 0.053). A total of 333 bacterial
uropathogens comprising of 287 (67.2%) gram-negative and
46 (10.8%) gram-positive bacteria were isolated from positive
urine samples. There were nine different uropathogens isolated,
six of which were gram-negative bacteria, and three were
gram-positive bacteria. E. coli was the most predominant
gram-negative bacteria, accounting for 54.95% (183/333) of all
isolates, followed by Proteus sp. 6.9%, K. pneumoniae 6.6%,
P. aeruginosa 6.3%, Citrobacter sp. 6.3%, S. aureus 6.0%,
Enterococcus sp. 5.4%, E. cloacae 5.1% and S. epidermidis
2.4%. Also, gender (p = 0.620) had no significant association
with the types of bacterial pathogens isolated (Table 2). The
highest number of E. coli was found in the age group of 18–
50 years (58.17%, 121/208) followed by 51–80 years (51.5%,
51/99), 5–17 years (50%, 9/18), >80 years (25%, 2/8). The
second most prevalent organism among the age group of 18–
50 years was Proteus sp., 7.2% (15/208), followed by S. aureus,
6.7% (14/208); P. aeruginosa, 5.8% (12/208), Citrobacter sp.,
5.8% (12/208); K. pneumoniae, 5.3% (11/208); E. cloacae, 4.3%
(9/208); Enterococcus sp., 3.8% (8/208); S. epidermidis, 2.9%
(6/208). For 51–80 years, the second most prevalent organism is
K. pneumoniae, 8.1% (8/99), Proteus sp., 8.1% (8/99) followed by
E. cloacae, 7.1% (7/99); Enterococcus sp., 6.1% (6/99), Citrobacter
sp., 6.1% (6/99), S. aureus, 6.1% (6/99); P. aeruginosa, 5.1%
(5/99), and S. epidermidis, 2.0% (2/99). Also, for 5–17 years,
the second most prevalent organism is P. aeruginosa 16.7%
(3/18), K. pneumoniae, 16.7% (3/18); followed by Enterococcus
sp., 11.1% (2/18) and E. cloacae, 5.6% (1/18). A significant

association was found among the age group (p = 0.039) with
respect to bacterial isolate (Table 3).

Antibiotic susceptibility testing revealed that 96.0%
(320/333) of the pathogenic bacteria isolated from urine
samples were MDR organisms. It was found that 40.4%
(74/183) of E. coli and none of the K. pneumoniae were
ESBL producing organisms. Table 4 demonstrates that
aminoglycoside antibiotics such as amikacin and gentamycin
were the most effective drugs. Amikacin was effective against
77.0% of E. coli, 73.9% of Proteus sp., 81.8% of K. pneumoniae,
52.9% of E. cloacae, 90.5% of Citrobacter sp., and 76.2% of
P. aeruginosa. Gentamycin demonstrated an almost similar
level of efficacy with susceptibility rates of 49.7% for E. coli,
56.5% for Proteus sp., 86.4% for K. pneumoniae, 52.9%
for E. cloacae, 81.0% for Citrobacter sp., and 81.0% for
P. aeruginosa. Tobramycin was tested only against P. aeruginosa
isolates and was effective against 71.4% of them. With the
exception of piperacillin-tazobactam and ceftriaxone, the
isolates were relatively resistant to the β-lactam group of
antibiotics, penicillin, and cephalosporins. Piperacillin-
tazobactam inhibited 52.2% of Proteus sp., 71.4% of Citrobacter
sp. and 71.4% of P. aeruginosa, as shown in Table 4, whereas,
ceftriaxone was able to inhibit 42.9% of Citrobacter sp. isolates.
The two carbapenem antibiotics also performed poorly, with
meropenem showing efficacy against 52.4% of Citrobacter sp.
but less than 50% of the other gram-negative isolates. However,
imipenem outperformed meropenem by inhibiting 57.4%
E. coli, 72.7% K. pneumoniae, 57.1% Citrobacter sp. and 90.5%
P. aeruginosa. Nitrofurantoin, a nitrofuran antibiotic, was
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TABLE 2 Distribution of bacteria among gender in the study population.

Bacterial pathogens Male (n = 131) Female (n = 202) Pearson Chi-square P-value

Escherichia coli 51.9% 56.9% 6.244; df = 8 0.620

Proteus sp. 9.16% 5.44%

Klebsiella pneumoniae 3.8% 8.41%

Pseudomonas aeruginosa 6.84% 5.94%

Citrobacter sp. 6.84% 5.94%

Staphylococcus aureus 6.1% 5.94%

Enterococcus sp. 6.1% 4.95%

Enterobacter cloaca 6.84% 3.96%

Staphylococcus epidermidis 2.29% 2.47%

n, number; df, degree of freedom.

TABLE 3 Distribution of bacteria among the age groups of the study population.

Bacterial pathogens 5–17 years
(n = 18)

18–50 years
(n = 208)

51–80 years
(n = 99)

>80 years
(n = 8)

Pearson
Chi-square

P-value

Escherichia coli 50% 58.17% 51.5% 5% 37.47; df = 24 0.039*

Proteus sp. 0% 7.2% 8.08% 0%

Klebsiella pneumoniae 16.7% 5.28% 8.08% 0%

Pseudomonas aeruginosa 16.7% 5.76% 5.05% 12.5%

Citrobacter sp. 0% 5.76% 6.06% 37.5%

Staphylococcus aureus 0% 6.7% 6.06% 0%

Enterococcus sp. 11.1% 3.84% 6.06% 25%

Enterobacter cloacae 5.55% 4.32% 7.07% %

Staphylococcus epidermidis 0% 2.88% 2.02% 0%

n, number; df, degree of freedom; *Significant.

effective against a few bacteria, inhibiting 49.7% of E. coli and
61.9% of Citrobacter sp. Nitrofurantoin demonstrated poor
susceptibility rates of 13.6 and 17.6% against K. pneumoniae,
and E. cloacae, respectively (Table 4).

Nitrofurantoin, vancomycin, and chloramphenicol
were particularly effective against gram-positive bacteria.
Vancomycin, an antibiotic with restricted prescription, was
found to inhibit 100% of Staphylococcus sp. and 72.2% of
Enterococcus sp. Nitrofurantoin was also found to be effective
against 94.4% of Enterococcus sp., 70.0% of S. aureus and
100% of S. epidermidis. Chloramphenicol, a rarely prescribed
antibiotic, inhibited 83.3% of Enterococcus sp., 75.0% of
S. aureus, and 87.5% of S. epidermidis. Ampicillin inhibited
66.7% of the Enterococcus sp. Furthermore, Enterococcus
sp. showed an 88.9% susceptibility to linezolid and a 66.7%
susceptibility to high concentration gentamycin.

Discussion

The etiology, pathophysiology, and AS patterns of
uropathogens have altered over time and place, which
will continue to do so in the future (Ahmed et al., 2019).
Identification of the organism and its AS is crucial for managing

UTI. It exemplifies the importance of close collaboration and
cooperation between the clinician and the microbiologist
(Moue et al., 2015). This study aimed to assess the status of
antimicrobial resistance among uropathogens and compare
the situation in the Prayagraj region, the eastern part of North
India. In our study, the prevalence of UTI was 79.9% since the
inclusion criteria of patients was based on rigorous screening
through a questionnaire [data not shown] by the clinicians.
This prevalence rate is higher as compared to previous studies,
which account for 45.7, 53.8, 65.4, and 37.3% in India, even
though their inclusion criteria were symptom-based (Prakash
and Saxena, 2013; Critchley et al., 2019; Patel et al., 2019;
Sharma et al., 2020). The prevalence of UTI in our investigation
correlates to a study conducted in the Mexican population,
where 97.3% of patients excreted significant uropathogens and
Ethiopia, where 90.1% of patients showed significant growth
of uropathogens (García-Morúa et al., 2009; Seifu and Gebissa,
2018). According to several studies, the frequency of UTIs is
higher in females than in males (Prakash and Saxena, 2013;
Odoki et al., 2019; Malik et al., 2021). In concordance with
previous research, our findings also indicate a higher prevalence
of UTI in females (60.7%) than in males (39.3%). The proximity
of the urethral meatus to the anus, the shorter urethra, sexual
intercourse, incontinence, and improper toilet habits may
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TABLE 4 Susceptibility of different antibiotics against isolated gram-negative and gram-positive uropathogens.

Antibiotics E. coli
(183)

Proteus
sp. (23)

K. pneumoniae
(22)

E. cloacae
(17)

Citrobacter
sp. (21)

P. aeruginosa
(21)

Enterococcus
sp. (18)

S. aureus
(20)

S. epidermidis
(8)

Gram-negative uropathogens Gram-positive uropathogens

Amikacin 77.0% 73.9% 81.8% 52.9% 90.5% 76.2% NT NT NT

Gentamycin 49.7% 56.5% 86.4% 52.9% 81.0% 81.0% NT NT NT

Tobramycin NT NT NT NT NT 71.4% NT NT NT

Ampicillin 1.1% 8.7% 0.0 0.0 23.8% NT 66.7% NT NT

Amoxy-clav 12.6% 0.0 18.2% 5.9% 4.8% NT NT NT NT

Piperacillin NT NT NT NT NT 23.8% NT NT NT

Piperacillin-
tazobactum

37.7% 52.2% 45.5% 23.5% 71.4% 71.4% NT NT NT

Ceftazidime 12.0% 26.1% 54.5% 17.6% 33.3% 23.8% NT NT NT

Cefepime 6.6% 8.7% 22.7% 23.5% 9.5% 38.1% NT NT NT

Ceftriaxone 16.9% 26.1% 40.9% 35.3% 42.9% NT NT NT NT

Co-trimoxazole 39.8% 34.7% 86.4% 35.3% 52.4% NT NT 20.0% 37.5%

Ceftazidime
Clavulanic acid

45.9% NT 0.0 NT NT NT NT NT NT

Imipenem 57.4% 13% 72.7% 29.4% 57.1% 90.5% NT NT NT

Meropenem 37.2% 13% 40.9% 29.4% 52.4% 23.8% NT NT NT

Nitrofurantoin 49.7% 21.7% 13.6% 17.6% 61.9% 0.0 94.4% 70.0% 100.0%

Penicillin NT NT NT NT NT NT 33.3% 0.0% 12.5%

Cefoxitin NT NT NT NT NT NT NT 15.0% 25.0%

Norfloxacin 4.4% 13.0% 13.6% 0.0% 23.8% 66.7% 33.3% 10.0% 37.5%

Ciprofloxacin 3.8% 21.7% 22.7% 5.9% 28.6% 71.4% 44.4% 10.0% 37.5%

Clindamycin NT NT NT NT NT NT NT 55.0% 62.5%

Erythromycin NT NT NT NT NT NT 11.1% 5.0% 25.0%

H-gentamycin NT NT NT NT NT NT 66.7% NT NT

Netilmicin NT NT NT NT NT NT NT 25.0% 75.0%

Novobiocin NT NT NT NT NT NT NT 70.0% 87.5%

Tetracycline NT NT NT NT NT NT 38.9% NT NT

Doxycycline NT NT NT NT NT NT NT 40.0% 50.0%

Teicoplanin NT NT NT NT NT NT 83.3% NT NT

Vancomycin NT NT NT NT NT NT 72.2% 100.0% 100.0%

Linezolid NT NT NT NT NT NT 88.9% NT NT

Chloramphenicol NT NT NT NT NT NT 83.3% 75.0% 87.5%

NT, not tested.

contribute to a higher rate of UTI in females than in males
(Prakash and Saxena, 2013). In our study, young females in the
age of 18–50 years (reproductive age) showed a higher incidence
of UTI, which is similar to the findings of the study in Meerut
(26–36 years, 90.7%), Jaipur (21–50 years, 41.3%) and Ethiopia
(20–29 years, 37.5%) as their anatomy makes them more
vulnerable and prone to this disease (Sood and Gupta, 2012;
Prakash and Saxena, 2013; Seifu and Gebissa, 2018). However,
our study also revealed that elderly males (51–80 y) had a higher
incidence of UTI (35.9%) than elderly females (25.7%). These
findings mirrored studies conducted in Jaipur (Rajasthan),
47.3%; Meerut (Uttar Pradesh), 71.2%; Sonipat (Haryana),
58.3% India (Sood and Gupta, 2012; Prakash and Saxena, 2013;

Malik et al., 2021). The leading causes of higher UTI incidence
in elderly males might be attributed to the higher prevalence
of benign prostate enlargement and neurogenic bladder (Lee
and Kuo, 2017). Other researchers backed up similar findings,
claiming that prostate disease in elderly males is responsible
for the higher incidence of UTI (Rowe and Juthani-Mehta,
2013). The most common gram-negative bacteria isolated from
samples in our investigation was E. coli (55.0%). These findings
are consistent with those of several other published studies
where the prevalence of E. coli was 97.0, 92.6, 74.0, 55.0, 49.3,
43.5, 41.9, and 40.0% (Arora et al., 2016; Odoki et al., 2019; Chen
et al., 2020; Daoud et al., 2020; Ali et al., 2022; Huang et al., 2022;
Jagadeesan et al., 2022; Komagamine et al., 2022). In our study,
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Proteus sp. (6.9%) and K. pneumoniae (6.6%) was the second and
third most frequent bacteria reported, followed by P. aeruginosa
(6.3%) and Citrobacter sp. (6.3%). Proteus sp. colonizes in the
gastrointestinal tract of humans and causes UTI by ascending
from the rectum to the urethral tissue and the urinary bladder.
The increased prevalence of gram-negative bacteria from the
Enterobacteriaceae family causing UTI can be attributed to
several factors, including adherence to the uroepithelium
due to urogenital mucosa colonization via adhesins, pili,
fimbriae, and P-1 blood group phenotypic receptor (Terlizzi
et al., 2017). P. aeruginosa is an unusual uropathogen that is
primarily responsible for catheter-associated UTIs in adults.
Its presence as the second commonest isolate (3/18, 16.7%)
in the age group of 7–18 years needs further exploration.
However, Bitsori et al. (2012) has suggested that with a history
of previous UTI episodes, hospitalization, antibiotic use,
malformations predisposing to UTIs, vesicourethral reflux,
abnormal DMSA (dimercaptosuccinic acid) scan, longer
hospitalization and surgery makes children more prone to
P. aeruginosa UTI. The emergence of Citrobacter sp. as an
uropathogen, especially in the age group >80 years, which is
resistant to the majority of antibiotics, is alarming. Citrobacter
sp. should no longer be ignored as commensal and proper
surveillance in the antimicrobial sensitivity testing must be
done (Sami et al., 2017).

In our study, 96.0% of the pathogens were MDR, compared
to 91.3% in Nepal, 85.5% in Somaliland, 83.0% in Haryana,
45.1% in Tunisia, and 42.6% in China (Ben Ayed et al., 2019;
Huang et al., 2022; Malik et al., 2021; Shilpakar et al., 2021;
Ali et al., 2022). The inappropriate and indiscriminate use of
broad-spectrum antibiotics and prolonged hospital stay are key
etiological factors associated with MDR infections (Prestinaci
et al., 2015). In our study, 40.4% of E. coli produced ESBLs,
whereas other publications reported 25.2%; 35.7, 46.0, and
52–67% (Gharavi et al., 2021; Huang et al., 2022; Naushad
et al., 2022; Sadeghi et al., 2022). ESBL producers hydrolyze
and eliminate the majority of broad-spectrum beta-lactam
antibiotics, increasing morbidity and mortality (Mahmud et al.,
2020). Because ESBL-producing bacteria do not easily hydrolyze
carbapenems, they are routinely used as first-line therapy in
clinical settings. However, abuse of carbapenems, on the other
hand, may make treatment of this type of bacterium more
difficult (Gharavi et al., 2021). Antibiotic susceptibility revealed
that amoxy-clav followed by ampicillin and cefepime were
the most ineffective drugs against all identified gram-negative
bacteria. In contrast, amikacin, gentamycin, and imipenem were
the most susceptible drugs for gram-negative bacteria. These
AS findings were consistent with prior research conducted
in Sonipat (Haryana) and Meerut (UP) by other authors
(Prakash and Saxena, 2013; Malik et al., 2021). In our study,
tobramycin showed promising sensitivity to P. aeruginosa;
however, according to a study conducted in Meerut, 60.0% of
P. aeruginosa were resistant to tobramycin (Prakash and Saxena,

2013). In our study, imipenem and meropenem exhibited poor
antimicrobial activity against gram-negative bacteria, in contrast
to previous investigations in which carbapenem susceptibility
was greater than 80.0% (Patel et al., 2019; Malik et al., 2021).
Several studies have reported resistance to the β-lactam group
of antibiotics, cephalosporins and fluoroquinolones, which is
similar to that of our investigation, where a substantial decrease
in sensitivity pattern was observed (Sood and Gupta, 2012;
Sharma et al., 2020; Malik et al., 2021). Furthermore, in
our study, nitrofurantoin exhibited significant susceptibility to
E. coli but not to other Enterobacteriaceae (except Citrobacter
sp.), which is consistent with a study conducted in Jaipur (Sood
and Gupta, 2012). It is presumably due to irrational use of it in
the past with insufficient dose and duration. Antibiotics showed
considerably high sensitivity rates to gram-positive bacteria in
our study, which was in concordance with the investigation
conducted by other authors (Sood and Gupta, 2012; Patel et al.,
2019).

Conclusion

The main factor fueling AMR is improper usage of
antibiotics that needs to be checked (Duan et al., 2021).
According to the Infectious Diseases Society of America’s
proposed regulations, empirical antibiotic treatment for
UTI should be based on regional susceptibility data, drug
accessibility, and patient history (Tamma et al., 2022).
Resistance to bacterial uropathogens is becoming a public
health issue in India. Many Indian cities and towns lack
appropriate microbiological laboratories, leading to fewer
microbiological assessments and increased empirical antibiotic
use. Typically, urine samples are sent for microbiological
testing only after treatment failure, recurrent or relapsing
infection. Our findings emphasize the significance of local
antibiotic resistance patterns, which may subsequently be
used to develop hospital and regional antibiotic policies. To
avoid/contain the emergence of antibiotic resistance in bacteria,
the government must introduce laws requiring the prudent use
of these antibiotics.
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