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ABSTRACT
Millions of people worldwide suffer from infections of the Urinary Tract Infections (UTIs) brought on by the 
bacteria Escherichia coli (E. coli), which represents a substantial global health burden. It is essential to comprehend 
the epidemiology and risk factors that are linked to these illnesses in order to develop appropriate therapy and 
preventative techniques. The frequency, distribution patterns, and risk factors of UTIs linked to E. coli are examined 
in this study, with particular attention paid to age, gender, underlying medical problems, and opiate usage. The 
study intends to improve knowledge of UTI the pathogenesis of clinical symptoms, diagnostic techniques, treatment 
strategies, and preventive measures by analysis of clinical information, statistical models, and previous research. The 
results highlight how important it is to treat E. coli UTIs systemically, using alternative treatments, and with caution 
when using antibiotics. The study emphasises the necessity of ongoing efforts to reduce the incidence of UTIs 
caused by E. coli by means of focused interventions, policy formulation, and public health campaigns. In the end, 
this dissertation advances knowledge, directs future research paths, and enhances clinical results in the treatment 
of E. coli caused UTIs.
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INTRODUCTION

Millions of people worldwide suffer from common bacterial 
illnesses known as urinary tract infections, or UTIs. Of all the 
microorganisms that cause urinary tract infections, Escherichia 
coli, or E. coli, is one of the main offenders. This bacterium can 
cause an infection in the urinary system after ascending from 
the gastrointestinal tract. Effective prevention and management 
of UTIs need knowledge of the prevalence of E. coli and the 
identification of risk factors linked with the infection [1,2].

The epidemiology of E. coli related UTIs is examined in this 
dissertation, with particular attention paid to variables including 
age, gender, underlying medical problems, and opioid use. We 
want to clarify the incidence rates, distribution patterns, and 
probable risk factors related to urinary tract E. coli infections by 
assessing clinical data, statistical models, and previously published 
research [2].

The results of our inquiry will be useful in directing methods for 
prevention, early identification, and focused therapies for researchers, 
policymakers, and healthcare practitioners. Encountering E. coli and 
its effects on urinary tract health: Let's go on this scientific expedition 
to solve the puzzles [1].

Global perspective

About 80% of UTIs worldwide are caused by E. coli. People of 
all ages can be affected by these illnesses, which can happen in 
both community and hospital. Over the past several decades, the 
incidence of urinary tract infections has been gradually increased. 
We have to know of its incidence and related causes [1,2].

Indian scenario

UTIs are a serious health concern in India. A recent study that 
examined 8072 samples found that UTIs were common between 
males and females. Remarkably, E. coli caused a significant 
percentage of cases and was the most frequently isolated bacterium. 
According to the gender distribution, women between the ages of 
15 and 44 were shown to be more vulnerable to UTIs [3,4].

MATERIALS AND METHODS

Materials

These are the materials used for the study on E. coli prevalence in 
Urinary Tract Infections (UTIs):
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Urine sample collection materials: A) Sterile urine collection 
containers, B) Sterile gloves.

Laboratory equipment: A) Microscope, B) Incubator, C) Culture 
media plates (e.g., MacConkey agar, blood agar), D) Antibiotic 
susceptibility testing materials (e.g., antibiotic discs).

Chemicals and reagents: A) Urinalysis dipsticks or reagent 
strips, B) Staining reagents (e.g., Gram stain), C) Culture media 
components.

Antibiotics: Common antibiotics used for UTIs caused by 
E. coli (e.g., trimethoprim-sulfamethoxazole, nitrofurantoin, 
fluoroquinolones).

Safety equipment: A) Lab coats, B) Safety goggles, C) Biohazard 
waste disposal containers.

Methods

These are the methods used for the study on E. coli prevalence in 
Urinary Tract Infections (UTIs):

Sample collection: Following the steps below is essential for 
accurate results:

• Obtain urine samples from patients suspected of having UTIs 
caused by E. coli using sterile techniques.

• Sample is collected from, Netaji Subhas Chandra Bose Cancer 
Hospital, 3081, Nayabad Ave, New Garia, Pancha Sayar, 
Kolkata, West Bengal 700094. 

• Urine samples are collected in a number of stages that 
are meticulously carried out to guarantee precision and 
dependability while doing tests on them. Initially, the medical 
professional gives the patient a sterile container. Then, the 
medical staff provides detailed instructions on how to collect 
samples properly. Assuring that the procedure is performed in 
a clean and sanitary way, the patient follows these directions 
and collects the specimen of urine in the specified container. 
To stop contamination or manipulation, the sample is tightly 
sealed once it has been gathered. When the sample is finally 
sent to the lab for examination, it is tagged with pertinent 
details including the patient's name, the date, and the time of 
collection [2,5,6]. 

• Throughout this whole process, strictly followed the protocols 
and guidelines to maintain the integrity and validity of the 
urine sample for diagnostic purposes.

Urinalysis: To accurately assess potential infections, the following 
procedures should be followed:

• Perform urinalysis using dipstick tests or reagent strips to 
detect indicators of infection such as leukocytes, nitrites, and 
blood [7,8].

• Choose an appropriate urinalysis dipstick containing reactive 
strips for the parameters to be tested.

• Carefully dip the reactive portion of the dipstick into the urine 
sample, ensuring that all reactive pads are fully submerged into 
the urine sample. 

• Allow the dipstick to remain immersed in the urine for the 
specified reaction time, typically a few seconds to a minute, 
depending on the manufacturer's instructions.

• During this time, the reactive pads on the dipstick will undergo 
chemical reactions with specific components present in the 
urine sample.

• After the designated reaction time, remove the dipstick from 
the urine sample and observe any colour changes on the 
reactive pads.

• Note the intensity and hue of each colour change, as these 
correspond to the concentration or presence of the substances 
being tested.

• Immediately compare the colours on the reactive pads to the 
standardized colour chart provided by the manufacturer.

• Match the observed colours to those on the chart to determine 
the concentration or level of each tested parameter in the 
urine samples. 

• Record the results of the urinalysis, including the interpretation 
of dipstick reactions, in the appropriate documentation or 
laboratory report. 

• Ensure accurate labelling and documentation of the patient's 
information and test findings.

Microscopy

Microscopy is the technique of using microscopes to view objects 
and areas of objects that cannot be seen with the naked eye. It 
allows scientists to study the fine details of cells, tissues, and other 
small structures. Common types include optical, electron, and 
fluorescence microscopy, each offering unique magnification and 
resolution abilities.

Materials required: These are the following materials used in 
microscopy:

• Microscope

• Urine sample from the patient

• Centrifuge

• Microscope Slides

• Coverslips

• Pipettes

• Gloves.

Steps: These are the following steps used in microscopy:

• Make sure that the microscope is clean.

• Label the microscope slides with the patient's information 
such as age, sex, etc. 

• Put on laboratory gloves to maintain aseptic conditions.

• Obtain a fresh urine sample from the patient, preferably a 
midstream clean-catch sample. 

• Mix the urine sample gently to ensure uniformity before 
further processing.

• After mixing take the sample in centrifuge tube and centrifuge 
the sample at a low speed (usually around 2000 rpm) for 5-10 
min.

• After that, carefully remove the supernatant urine and retain 
the sediment at the bottom of the tube.
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by watching how the microbes use certain nutrients or substrates, 
make particular enzymes, or produce metabolic byproducts. Here I 
perform the test Indole, Catalase and Methyl Red to confirm that 
the cultured bacteria are E. coli (Figure 2).

Indole test

The indole test is a biochemical assay used to determine an organism's 
ability to produce indole from the amino acid tryptophan. Bacteria 
that can break down tryptophan produce indole, which reacts with 
Kovac’s reagent to form a red or pink color. This test is commonly 
used to identify bacteria, especially in differentiating Escherichia coli 
from other enteric bacteria (Figure 3).

Purpose: To detect the production of indole from tryptophan.

Principle: E. coli possesses the enzyme tryptophanase, which breaks 
down tryptophan into indole, pyruvate, and ammonia.

Procedure: The following steps are used to obtain accurate results:

• A small loopful of the bacterial colony from the urine culture 
is inoculated into a tube containing tryptone broth (a medium 
rich in tryptophan.

• The tube is incubated at 37°C for 24 h.

• Using a pipette, take a small amount of the sediment from the 
centrifuged urine sample onto a clean microscope slide.

• Cover the prepared slide with a coverslip and gently press 
down it to remove any air bubbles [9-11]. 

• Place the prepared slide on the microscope stage and adjust 
the magnification to the lowest setting (usually 10x objective 
lens).

• Scan the entire area of the slide systematically, observing for 
any structures or abnormalities. 

• Once an area of interest is identified, increase the magnification 
(usually to 40x or 100x objective lens) for detailed examination.

• Identify and characterize various elements present in the 
urine sediment, including: RBC, WBC, Epithelial Cells, Cast 
(Hyaline, Granular, Cellular), Crystals.

Urinalysis findings: Urinalysis findings commonly include the 
presence of leukocytes, nitrites, blood, and bacteria, indicating an 
active urinary tract infection (Figure 1).

Culture and identification

• Inoculate urine samples onto appropriate culture media plates 
and incubate them to encourage bacterial growth. 

• Using an inoculating loop, to streak or spread a portion of the 
urine sample onto appropriate culture media. (MacConkey 
agar for Gram-negative bacteria).

• After inoculation the inoculated culture plates aerobically 
incubated at 35°C-37°C for 24-48 h.

• Identify E. coli colonies based on characteristic morphology, 
the colonies on MacConkey agar are pink in colour due to 
lactose fermentation [12-14].

E. coli colony count: The colony count of E. coli in urine samples 
varies among patients, ranging from 103 to 107 CFU/ml.

Confirmation of E. coli: Colonies that resemble E. coli (such 
as pinkish or lactose-fermenting colonies) are further tested. 
MacConkey agar is differential and selective media which is used to 
isolate only gram-negative bacteria and differentiate it from lactose 
fermented and non-lactose fermented bacteria. E. coli is gram 
negative and lactose fermenting bacteria [12,15,16]. 

Biochemical test: Laboratory methods for identifying and 
classifying bacteria according to their biochemical characteristics 
are called microbiological biochemical assays. These assays use 
the distinct metabolic properties of various bacteria to distinguish 
between strains or species. Microbiologists can make inferences 
about the identification and traits of the organisms they are studying 

Figure 1: Urine slide representation.      

Figure 2: E. coli on MacConkey agar.        

Figure 3: Indole positive representation.
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Catalase test

• The catalase test is used to identify whether a bacterial species 
produces the enzyme catalase or not.

• Catalase is an enzyme that breaks down hydrogen peroxide 
(H₂O₂) into water (H₂O) and oxygen (O₂).

• The reaction can be represented as follows:

2H
2
O

2
→2H

2
O+O

2

• The quick release of oxygen bubbles occurs when a colony 
of bacteria comes into contact to hydrogen peroxide in the 
presence of catalase.

• To prepare the bacterial suspension, we have started with an 
agar plate containing a pure culture of Escherichia coli. A tiny 
bit of the bacterial culture is transferred using a sterile loop or 
swab into a test tube that has a small amount of sterile saline 
solution (0.85% NaCl) in it (around 1-2 ml). The culture is 
mixed well to guarantee uniform dissemination. 

Labelling and organisation: Then we have written the name or 
code of the bacterium (E. coli) that is being tested on the test tube 
along with any other pertinent information, including the date. 
Test tubes are placed in a rack to make handling them easier [22,23].

Adding hydrogen peroxide: A few drops (about three to four) of a 
3% hydrogen peroxide solution is transferred straight into the test 
tube containing the bacterial suspension. 

Observation: Then we have watched for the prompt response. If E. 
coli develops catalase, the breakdown of the hydrogen peroxide will 
result in the fast production of oxygen gas bubbles. A catalase test 
that is positive is indicated by the presence of bubbles.

Interpretation: A positive test indicates that E. coli generates 
catalase if bubbles are seen in a short period of time (Table 1). 

• After incubation, Kovac’s reagent is added to the tube.

• A positive result is indicated by the appearance of a red colour 
at the surface of the medium [17-19].

Interpretation: Indole positive 

Positive indole test: E. coli produces indole (red colour).

Negative indole test: Other bacteria may not produce indole.

Methyl Red (MR) test

The Methyl Red (MR) test is a biochemical test used to detect the 
production of stable acids from glucose fermentation by bacteria. 
In this test, the pH indicator methyl red is added to the bacterial 
culture, turning red in acidic conditions (pH below 4.4), indicating 
a positive result. It is commonly used to differentiate between 
mixed acid fermenters, such as Escherichia coli, and bacteria that 
produce neutral end products.

Purpose: To assess the ability of the bacterium to perform mixed 
acid fermentation. 

Principle: E. coli produces large amounts of acid during glucose 
fermentation.

Procedure: 1) A portion of the bacterial culture is inoculated 
into MR-VP (methyl red-Voges-Proskauer) broth, 2) The tube is 
incubated at 37°C for 48 hours, 3) After incubation, methyl red 
indicator is added, 4) A positive result is indicated by a red colour 
(low pH due to acid production) [20-22].

Interpretation: Methyl Red (MR) Positive

Positive MR test: E. coli produces acid (red colour). 

Negative MR test: Other bacteria may not produce sufficient acid. 

Table 1: Observation table of males and females suffered with Urinary tract infection.

Patient ID Age Gender Symptoms Urinalysis findings
E. coli colony count 

(CFU/mL)
Antibiotic susceptibility Treatment outcome

1 35 Female
Dysuria, frequency, 

urgency
Positive for 

leukocytes, nitrites
10^5

Susceptible to 
trimethoprim-

sulfamethoxazole, 
nitrofurantoin

Symptoms resolved 
after 3 days of 
trimethoprim-

sulfamethoxazole

2 60 Male
Fever, flank pain, 

cloudy urine
Positive for 

leukocytes, blood
10^6

Resistant to 
ciprofloxacin, susceptible 

to nitrofurantoin

Required 
hospitalization and 

intravenous antibiotics 
due to pyelonephritis

3 25 Female
Lower abdominal 
pain, foul-smelling 

urine

Positive for 
leukocytes, bacteria

10^4

Susceptible to 
ceftriaxone, resistant 

to trimethoprim-
sulfamethoxazole

Symptoms improved 
after 5 days of 

ceftriaxone

4 45 Male
Burning sensation 
during urination

Positive for 
leukocytes

10^3
Intermediate to 
nitrofurantoin, 

susceptible to fosfomycin

Symptoms resolved 
after 7 days of 

fosfomycin

5 55 Female Hematuria, fever
Positive for 

leukocytes, nitrites, 
blood

10^7

Resistant to 
nitrofurantoin, 
susceptible to 
levofloxacin

Developed acute 
kidney injury, required 

intensive care
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antibiotics, indicating that these antibiotics are effective against 
those strains of E. coli. Others may show resistance or intermediate 
susceptibility to certain antibiotics, suggesting reduced effectiveness 
or potential treatment challenges.

Trimethoprim-sulfamethoxazole and nitrofurantoin appear to be 
effective against a majority of the E. coli isolates tested, as they are 
labeled as “susceptible.”

Ciprofloxacin, on the other hand, shows resistance in some 
isolates, indicating reduced effectiveness.

Other antibiotics such as ceftriaxone and fosfomycin also 
demonstrate variable susceptibility patterns among the isolates.

Intermediate susceptibility to nitrofurantoin is observed in one 
isolate, indicating potential treatment challenges or the need for 
higher doses.

DISCUSSION

Age distribution

The bulk of patients in this dataset are adult patients; there is no 
representation of paediatric or elderly patients. Patients with E. coli-
caused UTIs range in age from 15 to 60 yrs old. This distribution 
indicates that E. coli-related UTIs can impact people of all ages, 
although adults are more likely to have them (Figure 5).

Gender distribution

• The gender distribution shows that females are most 
experiencing UTI caused by E. coli in this sample. 

• The dataset includes both male and female patients. This 
research supports the widely held belief that Urinary Tract 
Infections (UTIs) can afflict people of any gender, however 
women often have a greater frequency of UTIs overall because 
of anatomical variations (Figure 6). 

Antibiotic susceptibility testing

To find the best antibiotics for therapy, do antibiotic susceptibility 
testing using techniques like the Kirby-Bauer disc diffusion method.

Kirby-Bauer disc diffusion method

In clinical microbiology, the Kirby-Bauer disc diffusion method-
also known to as the disc diffusion test [24-26] or resistance to 
antibiotic testing is commonly used technique for ascertaining the 
antibiotic susceptibility of microorganisms. This is a summary of 
the steps involved in this testing:

Preparation of bacterial culture: Getting a pure culture, such as 
using the E. coli isolate from a urine sample. After that the bacteria 
are cultivated on Mueller Hinton agar, to create a consistent 
bacterial growth.

Antibiotic disc placement: Sterile antibiotic disks impregnated with 
specific concentrations of antibiotics are placed equally distributed 
on the surface of the agar plate. Each disk has a different antibiotic.

Incubation: After the disc placed on the plate, the plate must have 
to incubate for an amount of time again like 16-18 h in 37°C. In 
this period the bacteria proliferate and manifest as visible lawn on 
the agar surface.

Measurement of Inhibition zone: After the incubation measured 
the zone of inhibition which is actually a clear region that shows 
surrounding the disc where the bacterial growth is suppressed 
are looked for on the plate. One can use the automated tool or 
calibrated ruler to measure the zone of inhibition. 

Interpretation: The diameter of the zone of inhibition is compared 
to established interpretative criteria provided by organizations such 
as the Clinical and Laboratory Standards Institute (CLSI) or the 
European Committee on Antimicrobial Susceptibility Testing 
(EUCAST). This makes easier to categorise the bacteria as sensitive, 
intermediate or resistance to the used antibiotic (Figure 4).

RESULTS

The table indicates the susceptibility of E. coli isolates to different 
antibiotics commonly used for UTI treatment. 

Susceptibility testing results show variability in susceptibility 
patterns among the isolates. Some isolates are susceptible to certain 

Figure 4: Antibiotic susceptibility representation.

Figure 6: Gender distribution chart of UTI patients. 

Figure 5: Age distribution chart of UTI patients.

( ) % of UTI

( ) Male; ( ) Female.
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treatment results as well as the necessity of using different treatment 
approaches.

Look at the link between treatment results, especially hospitalisation 
rates, and the severity of E. coli UTIs. Examine if any risk factors, 
such as comorbidities or immunocompromised condition, are 
linked to a higher chance of hospitalisation for serious infections. 
Clinical judgement and the distribution of resources can be 
influenced by knowledge of the factors that indicate a serious 
illness [30-32].

Examine the frequency of complications and lasting consequences 
that follow UTIs caused by E. coli and how they affect the course of 
therapy. Extended hospital stays, elevated morbidity, and impaired 
renal function can result from complications such pyelonephritis, 
infection, and renal damage. Examine the risk factors that put 
people at risk for these issues and the effects they have on long-term 
health and quality of life.

Evaluate how patient compliance to treatment plans affects how 
well E. coli UTIs are treated. The mishandling of antibiotics, 
whether by incorrect dosage or early cessation, can lead to treatment 
failure, recurring infections, and resistance to antibiotics. Examine 
the effects of patient adherence techniques on treatment efficacy, 
including instruction for patients, streamlined dose regimens, or 
the implementation of reminders systems.

Analyse how different risk variables related to E. coli UTIs affect 
the course of treatment and its results. These risk factors might 
include things like sexual activity, urinary tract instrumentation, 
a catheterization, anatomical anomalies, age, gender, and 
underlying medical disorders like diabetes or urinary tract 
abnormalities. Personalised approaches to UTI management and 
optimal treatment results may be achieved by comprehending the 
interactions between these risk variables and treatment methods 
(Figure 7).

Symptoms

These are the following symptoms for UTIs:

Frequent and painful urination: Patients may experience a 
persistent urge to urinate, often accompanied by a burning 
sensation during urination. This symptom is known as dysuria [2].

Cloudy or foul-smelling urine: Urine infected with E. coli may 
appear cloudy or have an unpleasant odour, indicative of the 
presence of bacteria in the urinary tract.

Lower abdominal pain or discomfort: Some individuals with E. 
coli-related UTIs may experience discomfort or pressure in the 
lower abdomen, often localized around the bladder area [27-29].

Haematuria: Haematuria refers to the presence of blood in the 
urine. In UTIs caused by E. coli, patients may notice pink, red, or 
cola-coloured urine, signalling possible inflammation or damage to 
the urinary tract lining.

Fever and malaise: In more severe cases or when the infection 
spreads to the kidneys, patients may develop fever, chills, and 
overall feelings of malaise or fatigue as the body mounts an immune 
response to the bacterial invasion [11].

Treatment outcome

The results of treatment for each patient are different, some 
get better with antibiotics while some get worse and need to be 
hospitalised or suffer from consequence including kidney damage 
[28].

Examine if treating E. coli related UTIs with antibiotic is successful. 
Analyse the effectiveness of several antibiotic regimens that are 
often used to treat UTIs caused by E. coli, taking into account 
variable including recurrence rate, microbial eradication and 
symptoms resolution. Examine how antibiotic resistance effect 

Figure 7: Treatment according to antibiotic susceptibility.
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CONCLUSION

To sum up, this dissertation has clarified the many risk factors 
linked to the development of Urinary Tract Infections (UTIs) and 
the prevalence of E. coli. E. coli is still the most frequent cause of 
UTIs, according to a thorough assessment of the literature and 
empirical research. This emphasises the need of comprehending 
its epidemiology and related aspects for efficient treatment and 
preventive measures.

The results of this investigation highlight how important anatomical 
features, behavioural patterns, comorbidities, age, and gender are 
in determining an individual's susceptibility to UTIs caused by E. 
coli. Additionally, the necessity for prudent antibiotic usage and 
the investigation of alternative therapeutic options is highlighted 
by the role that antimicrobial resistance plays in complicating 
treatment results.

Furthermore, the discovery of new risk variables, such dietary 
practices and socioeconomic status, sheds light on the complex 
nature of E. coli UTIs and highlights the need of treating this 
public health issue holistically. 

Subsequent study attempts have to be directed towards expanding 
upon the complex interplay of host, pathogen, and environmental 
elements in the progression and durability of urinary tract 
infections caused by Escherichia coli. Furthermore, initiatives should 
be focused on creating focused interventions and policies meant to 
lessen the burden of E. coli UTIs and mitigating the associated risks 
on both individual and population levels.

Overall, by offering a thorough understanding of the prevalence 
and risk factors associated with E. coli UTIs, this dissertation adds 
to the body of information already available on the subject, helping 
to guide future research paths, public health initiatives, and clinical 
practice.
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