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Abstract

Escherichia Escherichia coli (E.coli) is a major etiological agent of Urinary tract infections
(UTIs) worldwide. The increasing prevalence of multidrug-resistant (MDR) E. coli strains has
compromised the effectiveness of commonly used antibiotics, posing a major challenge in
clinical management. This study aimed to assess the antimicrobial susceptibility profiles of E.
coli isolated from urine samples processed at Pathology Laboratories in 2024. A retrospective
cross-sectional study was conducted using microbiology records from January to December 2024,
analyzing a sample size of 190 E. coli isolates. Purposive sampling was first used to select urine
samples positive for E. coli, followed by random sampling to ensure representativeness of the
final sample. Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk
diffusion method against 20 antibiotics. The results showed that E. coli infections were more
prevalent in females (70.5%) than males (29.5%), with the highest infection rates observed in the
31–40 and 61+ age groups. High resistance rates was recorded for Levofloxacin (98.9%),
Ampicillin (92.1%), Nitrofurantoin (76.3%), Nalidixic Acid (66.3%), and Cotrimoxazole (60%),
while moderate resistance was observed for Tetracycline (52.6%) and Cefepime (41.1%).
Cephalosporins (Ceftriaxone (93.7%), Cefuroxime (90.5%), and Ceftazidime (91.6%)) exhibited
high effectiveness, and Carbapenems (Imipenem and Meropenem) and Chloramphenicol
demonstrated complete susceptibility (100%). The study underscores the urgent need for
enhanced antimicrobial stewardship programs, continuous surveillance of resistance trends, and
strict Infection Prevention and control (IPC) measures. Clinicians should prioritize definitive
therapy based on rapid and accurate antibiotic susceptibility testing rather than relying on
empirical treatment, ensuring targeted and effective management of E. coli-associated UTIs
while minimizing the risk of antimicrobial resistance. Public health interventions should focus on
raising awareness about responsible antibiotic use. Strengthening laboratory-based surveillance
and infection prevention strategies is critical to mitigating the spread of resistant E. coli strains
and improving treatment outcomes.

Keywords: Escherichia coli (e.coli), antimicrobial, resistance, antibiotics, susceptibility,
prevalence.
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Acronyms and Abbreviations
E. coli Escherichia coli

UTIs Urinary tract infections

MDR Multidrug-resistant

Pathlabs Pathology Laboratories

UPEC Uropathogenic Escherichia coli

uUTIs Uncomplicated urinary tract infections

cUTIs Complicated urinary tract infections

CLED Cystine-Lactose-Electrolyte-Deficient

BA Blood agar

ESBLs Extended-spectrum beta-lactamases

AMR Antimicrobial resistance

IPC Infection Prevention and Control
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Definition of key terms

Escherichia coli (E. coli) is a Gram-negative, rod-shaped bacterium. While most E. coli strains

are harmless, a few are pathogenic, causing a variety of infections.

Urinary Tract Infections (UTIs) - Infections of any part of the urinary system, such as the

bladder, kidneys, ureters, or urethra.

Multidrug-resistant (MDR) - Bacteria resistant to multiple antibiotics, making treatment

difficult.

Extended-Spectrum Beta-Lactamases (ESBLs) - They are enzymes produced by certain

bacteria, including E. coli, that degrade and confer resistance to beta-lactam antibiotics like

penicillins and cephalosporins.

Antimicrobial resistance (AMR) - It is the ability of microorganisms, such as bacteria, to

withstand the effects of medications, rendering conventional treatments ineffective.

Uncomplicated Urinary Tract Infections (uUTIs) - UTIs that occur in healthy people who

have no structural or functional abnormalities in the urinary tract.

Complicated Urinary Tract Infections (cUTIs) - UTIs that are accompanied by underlying

conditions, such as obstructions or immunocompromised states, making treatment more difficult.

Uropathogenic Escherichia Coli (UPEC) - This is a strain of E. coli that causes urinary tract

infections and is known for its virulence characteristics, which aid in infection.

https://www.allacronyms.com/UPEC/Uropathogenic_Escherichia_Coli
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CHAPTER 1 INTRODUCTION

1.1 Introduction

This chapter covers the background of the study, discussing how urinary tract infections (UTIs)

are primarily caused by Escherichia coli (E.Coli), the rise of antibiotic resistance, and the

clinical implications of these infections. The problem statement then outlines the challenges

posed by E. coli-mediated UTIs, particularly in the context of increasing antibiotic resistance.

The research objectives are then presented, focusing on the specific aims of the study. The

chapter also addresses the research questions that guide the investigation. Justification of the

study, study limitations and delimitations are also outlined in this chapter.

1.2 Study Background

Urinary tract infections (UTIs) are some of the most commonly encountered bacterial infectious

diseases in clinical practice, leading to considerable morbidity and high medical costs. E.coli is

the predominant pathogen responsible for 80-90% of community-acquired UTIs and 30-50% of

hospital-acquired UTIs (Ejrnæs, 2010). Other bacteria can cause UTIs, but E.coli is the most

common culprit, accounting for over 90% of cases globally (UCSF Health, 2023). In Africa, the

prevalence of UTI was 32.12% with E.coli accounting for 86.4% of the isolates (Mwang’onde &

Mchami, 2022). These infections are a major public health concern, particularly among women,

the elderly, and those with underlying medical conditions (Foxman, 2014). E. coli's ability to

cause UTIs is largely due to its various virulence factors, which allow it to colonise, invade, and

persist in the urinary tract (Johnson & Russo, 2005). E.coli is found in the gastrointestinal tract,

hence the close proximity of the anus and urinary system facilitates contamination (Mwang’onde

& Mchami, 2022). One of the critical issues in managing E. coli UTIs is the increasing

prevalence of antibiotic-resistant strains. Multidrug-resistant E. coli has become more common,
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complicating treatment options and leading to higher rates of recurrence and complications

(Kahlmeter, 2003). Examining the antimicrobial susceptibility profiles of E.coli isolates from

urine samples is crucial for understanding the epidemiology of these infections, identifying

resistance patterns, and informing the development of effective treatment strategies (Gupta et al.,

2011).

1.3 Statement of the problem

Urinary tract infections (UTIs) are a significant global health issue, with E. coli being the leading

cause of these infections. The situation is particularly alarming due to the rapid emergence and

spread of multidrug-resistant (MDR) E. coli strains, which pose a serious challenge to public

health worldwide. This growing resistance significantly undermines the effectiveness of standard

antibiotic therapies, leading to more complicated and recurrent infections, prolonged illness, and

higher healthcare costs. During the period at Pathology Laboratories in the microbiology

department, E.coli was identified as the most commonly isolated pathogen in urinary tract

infections (UTIs), prompting the decision to conduct research on the epidemiology and

antimicrobial susceptibility patterns of this pathogen. E.coli strains where susceptible to very few

drugs which were used. Ignoring this would allow resistant E. coli strains to spread unchecked,

not only within communities but also across borders, posing a global threat. The lack of

comprehensive data on the antimicrobial susceptibility profiles of E. coli strains hampers efforts

to develop effective treatment guidelines. Without detailed knowledge of the specific resistance

mechanisms present in local E. coli populations, healthcare providers are often left to rely on

empirical treatments that may no longer be effective.
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1.4 Research Objectives

1.4.1 Broad Objective

The main objective of this study was to assess the antimicrobial susceptibility profiles of E.coli

isolated from urine samples processed at Pathology Laboratories in 2024.

1.4.2 Specific Objectives

This study aimed to achieve the following objectives:

1. To identify socio-demographic factors of patients with E.coli infections attended at

Pathology laboratories in 2024.

2. To assess the antimicrobial susceptibility profiles of E. coli isolated from urine samples

processed at Pathology laboratories in 2024.

3. To determine the prevalence of antibiotic-resistant E. coli isolated from urine samples at

Pathology Laboratories in 2024.

1.5 Research Questions

1. What are the socio-demographic factors of patients with E.coli infection who attended

Pathology laboratories in 2024?

2. What are the antimicrobial susceptibility profiles of E. coli isolated from urine samples

processed at Pathology laboratories in 2024?

3. What is the prevalence of antibiotic-resistant E. coli isolated from urine samples processed

at Pathology Laboratories in 2024?
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1.6 Study Justification

Existing research on the antimicrobial susceptibility profiles of E.coil isolated from urine

samples is often limited to a specific healthcare setting or country for example the one carried at

Mulago Hospital, Kampala, Uganda in 2020. In Zimbabwe studies were also done by Takawira

and Mbanga (2023) on the ‘Multidrug-resistant Escherichia coli and antibiotic resistance genes

found in Harare, Zimbabwe's wastewater treatment plant and surrounding river water.’ Their

research had nothing to do with UTIs. Another study examined ESBL-producing E. coli

associated with urinary tract infections in nine different regions of Zimbabwe over a two-year

period (2017-2019) (Takawira et al., 2017). This research study aimed to understand the

molecular epidemiology of these antibiotic-resistant strains. Given the significant advances and

shifts in antimicrobial resistance patterns since the last comprehensive study on ESBL-producing

E. coli in Zimbabwe (2017–2019), this research on the antimicrobial susceptibility profiles of E.

coli isolated from urine samples at Pathology Laboratories in 2024 is both timely and critical.

The evolving nature of resistance mechanisms and the impact of socio-demographic changes

necessitate an updated perspective. This study filled a significant gap by providing a current

assessment of prevalence, antimicrobial susceptibility profiles, and associated socio-

demographic variables. UTIs are one of the most common bacterial infections, affecting millions

of people worldwide and posing a significant burden on public health and healthcare costs.

Understanding the prevalence of the primary causative agent, E.coli, is crucial for effective

diagnosis and treatment. In addition, there is growing global concern about E. coli's resistance to

commonly used antibiotics. This resistance can result in treatment failures, extended illness, and

higher healthcare costs. Investigating the antimicrobial susceptibility profile of E. coli isolates

was critical for determining the best antibiotic therapy. This study contributed to improved
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patient outcomes, reducing the duration of illness and preventing complications associated with

untreated or improperly treated infections.

1.7 Study delimitations

This study was conducted at Pathology Laboratories (Pathlabs) which is a private laboratory that

was established in Harare, Zimbabwe with over 10 years of experience. It offers hospitals,

healthcare professionals, patients and medical centres with the finest levels of expertise

regarding laboratory operations. This remarkable coverage provided a reliable sample size for

the study and the results presented a fair reflection of the UTI epidemiology. The study offered

valuable insights into the antimicrobial susceptibility profiles of E.coil isolated from urine

samples processed Pathology Laboratories in 2024, focusing solely on E.coli and excluding

mixed or contaminated samples.

1.8 Study limitations

This is retrospective cross-sectional study analyzed urine microbiology records at Pathology

Laboratories. Some information of the clinical data of patients were lacking or missing. The

research was restricted to Pathology Laboratories urine microbiology records. A prospective

study could not be conducted due to lack of financial resources and also time constrains.

1.9 Chapter Summary

The study aimed to investigate the antimicrobial susceptibility profiles of E.coil isolated from

urine samples processed at Pathology Laboratories in 2024. By analysing urine samples from a

diverse patient population, the study sought to determine the proportion of UTIs caused by E.coli

and assess the resistance and susceptibility patterns of these isolates to commonly used

antibiotics. This research was vital for guiding effective clinical treatment, informing public

health strategies, and contributing to the understanding of antibiotic resistance trends. Data
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collection was confined to Pathology Laboratories laboratory, focusing exclusively on E. coli,

and excluded samples with mixed or contaminated cultures.
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CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

In this chapter, the literature review concentrated on the antimicrobial susceptibility profiles of

E.coli isolated from urine samples, a topic of great importance in microbiology and clinical

diagnostics. A literature review is a summary of previously published research on a given topic

(Alex, 2024). It entailed a thorough examination of existing scholarly works relevant to the

research topic, which served as context and background for the study while also highlighting

gaps or inconsistencies in current knowledge.

2.2 Conceptual framework

The conceptual framework for this study was designed to outline and investigate the various

factors that influence the antimicrobial susceptibility profiles of E.coli isolated from urine

samples. This framework incorporated a variety of variables that interact to influence the study's

outcome, including strain characterisation, antibiotic susceptibility profiles, and E.coli infection

clinical results.

Patient demographics, such as age, gender, underlying health conditions like diabetes,

immunocompromised states, and a history of UTIs, all have an impact on E.coli susceptibility

and strain characteristics. Furthermore, the type of urine sample collected (midstream or

catheterised) and the clinical setting (outpatient versus inpatient) were important considerations

because they could influence the types and concentrations of bacteria isolated as well as the

infection characteristics observed.
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Figure 1: Conceptual framework of antimicrobial susceptibility profiles of E. coli

Figure 1 illustrates the conceptual framework guiding the study on antimicrobial susceptibility

profiles of E. coli, highlighting the dependent variables such as E.coli strain characterization,

Patient Demographics

Clinical SettingSample Source

E.coli Characterization

Phenotypic Features

(Morphology, Biochemical)

Genotypic Features

(Virulence, Resistance)

Antibiotic susceptibility

E. coli infection

Clinical Outcomes
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which included both genotypic (for example virulence and resistance genes) and phenotypic (for

example colony morphology and biochemical reactions). Antibiotic susceptibility profiles, which

describe susceptibility or resistance patterns, were critical for treatment and resistance research.

Understanding the prevalence and distribution of resistant strains also helped in assessing their

public health impact.

Mediating variables included antibiotic use and infection control strategies, both of which

influenced resistance development and strain characteristics. Environmental factors, such as

hospital sanitation and cross-infection with other infections, also impacted these outcomes.

Moderating variables encompassed E. coli strain genetic heterogeneity, which affected virulence

and resistance, as well as prior antibiotic use, which influenced current resistance profiles.

2.3 Literature review in relation to study objectives.

2.3.1 Bacterial aetiology of UTIs.

According to Silva et al. (2022), urinary tract infections (UTIs) affect approximately 150 million

people worldwide every year, and are among the most frequent bacterial diseases with E.coli as

the most common cause of UTIs. Apart from E. coli, the most common bacteria found in UTIs

are Klebsiella pneumonia, Proteus mirabilis, Enterococcus faecalis, Pseudomonas aeruginosa,

Staphylococcus saprophyticus, Staphylococcus aureus, and Streptococcus agalactiae (Mancuso

et al.,2023). However, uropathogenic E.coli (UPEC) is the predominant cause of both

uncomplicated urinary tract infections (uUTIs) and complicated urinary tract infections (cUTIs)

(Gupta et al., 2017). It is followed by other pathogens including Klebsiella pneumoniae, Proteus

mirabilis, Enterococcus faecalis, and various Staphylococcus species as mentioned by the other

authors. A study to investigate the prevalence of UTIs in stroke patients hospitalised to a

teaching hospital in Zimbabwe was done in 2022 (Mukapa et al., 2022). This research was only
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limited to stroke patients hence not giving us a information on a wider population range. A

cohort study was also done between July 2019 and July 2020 and included patients from ten

primary care clinics in Zimbabwe with the purpose to determine how antibiotic treatments

improve clinical and bacterial outcomes in Harare patients with UTI symptoms (Chisenga et al.,

2022). This study, titled ‘Antimicrobial Susceptibility Profiles of E. coli Isolated from Urine

Samples,’ offered a more in-depth and pathogen-specific analysis of E.coli, providing valuable

insights into its prevalence of antibiotic-resistant E.coli, socio-demographic factors, and

antibiotic susceptibility profiles. Compared to the UTI cohort study, this study provided a more

current and targeted understanding of E.coli infections, which was critical for defining effective

treatment options and tackling current antibiotic resistance trends. Hence, this study did not give

us biased information based on other people’s countries but our very own current and reliable

data.

2.3.2 Isolation and Identification of E coli from urinary samples.

This section reviewed the methodologies and advancements in the isolation and identification of

E. coli from urine samples. To avoid contamination, a clean-catch midstream urine sample is

collected first when isolating E. coli from urine (Cleveland Clinic Laboratories, 2022) . The

collected urine is then cultured on selective and differential media, which allow E. coli to grow

while inhibiting or differentiating it from other bacteria.

In the microbiology laboratory, E. coli is isolated using a variety of culture media, including

Cystine-Lactose-Electrolyte-Deficient (CLED) agar and Blood agar. Each medium has specific

characteristics that make it appropriate for isolating and differentiating E. coli. CLED agar is a

non-selective, differential medium that contains lactose, a fermentable carbohydrate, cystine,

which promotes the growth of urinary pathogens, and bromothymol blue, a pH indicator (Smith,
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2020). The absence of electrolytes in CLED agar prevents Proteus species from swarming and

obscuring the growth of other pathogens.

Figure 2: The Growth of E.coli on CLED Agar

Figure 2 shows the characteristic growth of E.coli on CLED agar, presenting as yellow, smooth,

circular colonies due to lactose fermentation. E.coli ferments lactose in the medium, releasing

acid as a by-product. This acid lowers the pH, causing the bromothymol blue indicator to change

colour and yield yellow colonies (Aryla, 2022). This distinct colour change makes it easier to

identify E. coli colonies on CLED agar.

Blood Agar on the other hand is commonly used in conjunction with CLED agar to provide

additional information about the organism, such as haemolytic activity, and to grow a wider

range of bacteria.

E.coli is identified using a combination of biochemical tests and molecular techniques to confirm

its presence and distinguish it from other Enterobacteriaceae. A gram stain can be done and if its
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gram negative, rod shaped then it can be E.coli. To be sure, we move on to a motility test

whereby E. coli is typically motile, characterised by a diffuse growth radiating away from the

stab line, indicating movement through the medium (Brown, 2019. The indole test, which detects

the ability to produce indole from tryptophan, is a critical test in which E. coli typically produces

a positive result (Johnson & Lee, 2021). As for citrate test, E. coli is citrate negative, which

means it doesn't use citrate, hence no colour change (White, 2018). Many other biochemical tests

can also be performed.

2.3.3 The socio-demographic factors associated with E.coli infection among patients with

UTIs.

Sociodemographic factors are population-specific social and demographic characteristics that

influence individual health outcomes (Lund & Andersen, 2022). These factors usually include

age, gender, income level, education, marital status, and occupation. It is hypothesized that

sociodemographic factors may influence the incidence, prevalence, and severity of infections

caused by E. coli. Understanding the sociodemographic determinants of E. coli UTIs is critical

for developing targeted prevention and treatment strategies, particularly in relation to age and

gender, which are two of the most important predictors of UTI risk.

A study by Ejrnaes (2011), stated how the incidence of UTI is influenced by gender and age,

with UTI being most common among females in all age groups. Females are 30 times more

likely to have UTIs than males , with E.coli accounting for 75-90% of the cases (Goecker, 2019).

Women have a shorter urethra, which allows bacteria easier access to the bladder, making them

more likely to develop UTIs (Nsiande, 2024). UTI affects more than half of all women and at

least 12% of men in their lifetimes (Mlugu et al., 2023). All the above research agree on how

UTIs commonly affect women when it comes to gender. Anyone can contract an E. coli infection,
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but certain groups are more likely to become infected and develop serious illness, including

sexually active women aged 20 to 40 years and postmenopausal women older than 60 years are

the two populations at greatest risk for UTI (Ejrnaes, 2011). UTIs occur in all age groups, but

some age-related patterns have been observed. According to Mlugu (2022) study, the prevalence

of UTIs was 41% (141/344) and elders (>=60 years) had five times higher odds of having UTI

than teenagers (p < 0.001). The most common bacteria was E. coli (47%; 66/141). According to

another research, E. coli UTIs are more common in older adults due to functional impairments

and the use of urinary catheters (Rowe & Juthani-Mehta, 2014). This proves how both patient

age and gender are important factors in determining the aetiology of UTIs; they can improve

accuracy in defining the causative uropathogen while also providing useful guidance for empiric

treatment (Antonia et al., 2012). Hence, this study went into depth looking at the patient

populations that goes to Pathology and see how age and gender determined the incidence,

prevalence, and severity of infections caused by E. coli.

2.3.4 Antimicrobial susceptibility profiles of E. coli strains isolated from patients with UTIs.

Antimicrobial susceptibility is a micro-organism's ability to be inhibited or killed by a specific

antimicrobial agent, such as E. coli’s respond to antibiotics (Benkova, Soukup & Marek, 2020).

In the context of (UTIs), which are frequently caused by E. coli, understanding antimicrobial

susceptibility is crucial for selecting appropriate treatment regimens.

A study by Naqid et al., 2020, reported that E. coli was highly susceptible to carbapenems

(100%). The higher rate of sensitivity among UPEC isolates by other studies were towards

amikacin (77.55%), imipenem (76.53%), nitrofurantoin (75.5%) and gentamicin (71.43%), with

only a few isolates showing resistance (Hegazy et al., 2018). Furthermore, Nas et al. (2019)
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reported that E. coli isolates exhibited high sensitivity to Gentamicin (82%), Ciprofloxacin

(75%), and Chloramphenicol (65%).

One of the most concerning changes in E. coli's antimicrobial resistance profile is the emergence

of strains that produce extended-spectrum beta-lactamases (ESBLs). ESBL-producing E. coli

strains have been linked to more serious infections, higher rates of treatment failure, and higher

healthcare costs (Falagas & Karageorgopoulos, 2009). Enterobacteriaceae that produce ESBLs

are commonly found in the community and in hospitals around the world. Reliable identification

of ESBL-producing organisms in clinical laboratories can be difficult, so their prevalence is

likely underestimated (David C Hooper, 2024).

The findings of Hegazy et al., (2018) showed how E. coli isolates demonstrated the highest

resistance rates against Ampicillin and Cefazolin (100%), followed by Nalidixic Acid (91.84%).

The increasing prevalence of antimicrobial resistance among E. coli is a growing global concern

because it then makes infection treatment more difficult (Kibret & Abera, 2011). Detecting UTI-

causing pathogens and analysing their resistance patterns to commonly prescribed antibiotics in

clinical practice is essential and useful in improving the efficacy of empirical treatment

(Peerapur et al., 2017). However, E. coli occurrence and susceptibility profiles vary significantly

across regions, as well as between populations and environments (Kibret & Abera, 2011).

Which is why this study was necessary since it focused on clinical samples processed at

Pathology Laboratories (Pathlabs).

2.3.5 Prevalence Antibiotic-resistant E. coli infections

Prevalence is defined as the commonness of a condition (Cambridge Dictionary, 2024).

Antimicrobial resistance continues to be a global health crisis with significant social and

economic consequences. Multidrug-resistant bacteria, particularly Extended-Spectrum β-

https://www.uptodate.com/contents/extended-spectrum-beta-lactamases/contributors
https://pubmed.ncbi.nlm.nih.gov/?term=*Kibret%20M%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Abera%20B%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Peerapur%20BV%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=*Kibret%20M%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=Abera%20B%5bAuthor%5d
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Lactamase-producing Enterobacterales (ESBL-E), are considered high-priority pathogens that

demand urgent research and the development of novel therapeutic solutions (Bayaba et al., 2024).

In the study titled "Prevalence and Phenotypic Detection of Carbapenem and Multi Drug

Resistant E. coli in Urinary Tract Infection Patients in District Swat," Uzma Noor et al.

discovered that 80 (69.5%) of the total isolated bacterial species were identified as multidrug-

resistant (MDR) E. coli. Another study by Bayaba et al., (2024), found 64.7% (44/68) of ESBL-

producing Enterobacterales. Of these isolates, roughly 82% (36/44) were found to be multidrug

resistant. The study also found substantial levels of antibiotic resistance, particularly to

ceftazidime and amoxicillin + clavulanic acid. High degree of resistivity rates to ampicillin

(85%), amoxicillin (85%), septrin (90%), erythromycin (75%) and tetracycline (75%) were

detected in the study by Nas, (2019).

While these studies give useful information about the prevalence and antibiotic resistance of E.

coli and other Enterobacterales, they are limited to specific regions other than Zimbabwe. There

is still a huge study gap in knowing the antibiotic susceptibility profiles of E. coli in developing

nations like Zimbabwe. Current data on E. coli prevalence and resistance patterns in Zimbabwe

were scarce, particularly in private laboratories. This gap highlighted the need for further

research to assess the regional disparities in antibiotic resistance, particularly in private

healthcare settings such as Pathology Laboratories in Harare. The current study sought to address

this gap by looking into the prevalence and antibiotic susceptibility characteristics of E. coli

isolated from urine samples in Zimbabwe in 2024.

2.4 Chapter Summary

This literature review chapter on the characterisation of E. coli isolated from urine samples

delved into several critical aspects, including the bacterial aetiology of urinary tract infections
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(UTIs), methods for isolating and identifying E. coli, socio-demographic factors influencing E.

coli infections, and antimicrobial susceptibility of these strains. The review emphasised the

importance of understanding E. coli as the most common UTI pathogen, as well as the need for

accurate identification techniques to guide effective treatment. However, significant gaps

remained, particularly in developing countries such as Zimbabwe, where data on E. coli

occurrence and antimicrobial susceptibility were scarce and frequently outdated. The review

underscored that E. coli occurrence and resistance profiles could vary widely across regions,

populations, and environments, highlighting the necessity of conducting research within specific

contexts, such as Zimbabwe and specifically at Pathlabs. This regional focus was crucial for

developing locally relevant treatment protocols and addressing the unique challenges posed by

antimicrobial resistance in different settings.
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CHAPTER 3: METHODOLOGY
3.1 Introduction

This chapter described the methodology used to examine the antimicrobial profiles of E.coli

isolated from urine samples at Pathology Laboratories in 2024. It began with an overview of the

research design and then moved on to describe the study site and population. The chapter

outlined sampling methods, such as sample size determination and procedures for ensuring

representative sampling. The data collection instruments and procedures were described, along

with a discussion of the pilot study used to validate these methods. Data analysis and ethical

considerations were also addressed, ensuring that the study was rigorous and adhered to ethical

standards. The chapter ended with a summary of the key methodological aspects.

3.2 The Research Design

The research was a retrospective cross sectional study. A retrospective cross-sectional study is a

type of observational study that examines data from a population at a certain point in time, but

the data is collected from previous records (Hess., 2004). Data for this study was gathered from

Electronic Medical Records (EMRs) or Laboratory Information Systems (LIS), Urine Culture

Laboratory Reports and Antimicrobial Susceptibility Testing (AST) Reports.

Electronic Medical Records (EMRs) or Laboratory Information Systems (LIS) helped to extract

clinical and microbiological data related to patient demographics, symptoms, medical history,

and E.coli culture results. Patient ID, age, gender, clinical symptoms, diagnosis of UTI, test

results for example urine culture, and antimicrobial susceptibility profiles (AST) were examples

of data captured.

Urine Culture Laboratory Reports helped to gather specific details about the urine culture,

including the identification of E.coli, colony counts, and sample types (midstream urine, catheter,

etc.).
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Antimicrobial Susceptibility Testing (AST) Reports helped to document the antimicrobial

resistance patterns of E.coli isolates. Data on Sensitivity, Intermediate, or Resistance (S/I/R)

results for antibiotics was captured and this was determined using the Kirby-Bauer disk diffusion

method, following standard guidelines. Antibiotic-impregnated disks were placed on Mueller-

Hinton agar plates inoculated with E.coli bacterial isolates, and after incubation (37℃) for 24hrs,

the zones of inhibition (clear areas around the disks) were measured in millimeters.

Table 1: Antibiotic Susceptibility Breakpoints (CLSI Guidelines) for the 20 Drugs Tested

Drug Quantity
/µg

Zone of clearance
diameter /mm

Drug Quantity
/µg

Zone of clearance
diameter /mm

S I R S I R
Levofloxacin 5 ≥ 17 14-16 ≤13 Meropenem 10 ≥23 20-22 ≤19
Ampicilin 10 ≥ 17 14-16 ≤13 Ceftazidime 30 ≥21 18-20 ≤17

Amikacin 30 ≥17 15-16 ≤14 Imipenem 10 ≥23 20-22 ≤19

Nitrofurantoin 300 ≥17 15-16 ≤14 Cefepime 30 ≥25 19-24 ≤18
Cefuroxime 30 ≥23 15-22 ≤14 Cephazolin 30 ≥15 ≤14
Augmentin 30 ≥18 14-17 ≤13 Cefuroxime 30 ≥23 15–22 ≤14

Co-amoxiclav 30 ≥18 14-17 ≤13 Ciprofloxacin 5 ≥26 22-25 ≤21

Chloramphenicol 30 ≥18 13-17 ≤12 Ceftriaxone 30 ≥23 20-22 ≤19

Kanamycin 30 ≥18 14-17 ≤13 Gentamicin 10 ≥15 13-14 ≤12

Tetracycline 30 ≥19 15-18 ≤14 Cotrimoxazole 25 ≥16 11-15 ≤10

Ceftazidime-
Avibactam

30/20 ≥21 ≤20 Nalidixic Acid 30 ≤13 14–18 ≥19

Table 1 shows the zone diameter breakpoints used to interpret the antimicrobial susceptibility

results of E. coli isolates in this study. The interpretation was based on predefined Clinical

Laboratory Standards Institute (CLSI) guidelines, where isolates were classified as susceptible (S)

if the zone of inhibition met or exceeded the susceptibility threshold, resistant (R) if the zone was
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below the resistance cutoff, and intermediate (I) if the zone fell between these two values. These

breakpoints varied depending on the antibiotic, with carbapenems (e.g., imipenem, meropenem)

requiring inhibition zones of ≥22–23 mm to be considered susceptible, while other classes such

as beta-lactams, fluoroquinolones, aminoglycosides, and tetracyclines had their own specific

thresholds.

3.3 Study Site

Pathology Laboratories (Pathlabs), a private laboratory founded in Harare, Zimbabwe, with over

ten years of experience, was the study site for this research. The laboratory provided a

comprehensive range of pathology services like STAT and Routine Testing, Haematology,

Clinical Chemistry and Immunology, Microbiology and Virology, Molecular biology, Histology

and Cytology.

3.4 Study Population

The study population consisted of patients of all age groups diagnosed with UTIs in 2024, from

whom E.coli was isolated at Pathology Laboratories in 2024

3.5 Exclusion criteria

Records showing that the patient was receiving antibiotic medication prior to the sample

collection were omitted. To eliminate unnecessary intervention, patient records with a positive

urine antimicrobial test prior to culture were excluded.

3.6 Inclusion criteria

The study focused on urine microbiology records, with a specific emphasis on E.coli-related

UTIs. There were no restrictions on age, gender, immunological status, or state of referring

facility because records from a varied population will help fulfil the study's primary goals. To

rule out antimicrobial interference, only samples from patients who had not received antibiotics
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prior to culture were included, as urine was first cultured on Mueller-Hinton agar to detect the

presence of antibiotic activity.

3.7 Sample size

The following formula was used to calculate the sample size :-

n = Z2 x p (1-p)

D2

Where:-

n = the sample size

Z = the statistic corresponding to the level of confidence(1.96% = 95% confidence interval)

P = the expected prevalence of the disease in the population (14.2% )

d = the precision of the estimate, which is the maximum acceptable error (5%)

Hence:-

N= 1.962 x 0.142(1-0.142)

0.052

= 187.2

Therefore the study used a sample size of 190.

3.8 Sampling Procedure

A combination of purposive and random sampling techniques was used in this study to ensure

that the sample is both relevant and representative. Purposive sampling was first utilized to

identify urine samples from which E.coli has been isolated, focusing specifically on cases of

urinary tract infections (UTIs) that align with the study objectives. This ensured that the selected

samples are relevant for examining E.coli antibiotic-restistance, socio-demographic factors and

antimicrobial susceptibility profiles.
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After identifying these relevant cases through purposive sampling, random sampling was then

then applied to select a required sample size from this subset. This step ensured that the final

sample is statistically representative of the broader population of patients with E.coli related

UTIs.

By combining these two sampling methods, the study balances targeted selection with

randomization, enhancing the validity and generalizability of the findings.

3.9 Data Collection Instruments

Data collection instruments play an important role in gathering and organizing historical data

from existing records since this study is retrospective. These instruments included records,

laboratory information systems and microbiology worksheets. This study used microbiology

records from Pathology laboratories in the year 2024, concentrating on patient demographics,

urine culture results and antimicrobial susceptibility testing results. By using these instruments,

the study collected exact data on prevalence of antibiotic-resistant E.coli, associated socio-

demographic factors and antimicrobial susceptibility profile results.

3.10 Pilot Study

A small scale preliminary study of 20 samples was conducted at Interpath Medical Laboratories

using data from 2023 to evaluate the feasibility, duration and the cost of the study and the data

which was required to do the project was readily available.

3.11 Data Analysis and Organization of Data

In this study on the antimicrobial susceptibility profiles of E.coli isolated from urine samples

processed at Pathology Laboratories in 2024, data analysis and organization of data were

important for converting raw data into valuable insights. After collecting the data, the following

actions were followed to manage and analyse it:
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3.11.1 Data Organization: The data was systematically organized in Microsoft Excel to provide

clarity and accessibility. This included organizing the data into categories, such as:

Patient demographics (age and gender).

Culture results indicating the presence of E. coli.

Antimicrobial susceptibility profiles.

The structured data was coded and organized to guarantee consistency and prevent errors during

analysis.

3.11.2 Data Cleaning: This step involved reviewing the data to identify and correct any

inconsistencies, duplicates, or missing entries. Clean, accurate data was crucial for valid analysis.

3.11.3 Data Analysis: The study processed and analyzed the acquired data using Microsoft

Excel, which was organized, cleaned, and structured for accuracy and consistency. A descriptive

analysis was used to summarize major findings, such as the frequency of E. coli in urine samples,

as well as the distribution of infections across age groups and genders. Tables were used to

provide structured data and bar graphs to highlight demographic distributions and depict trends

in antibiotic reactions. The findings were organized into clear visual representations to

effectively communicate E. coli prevalence, infection patterns across age groups and gender, and

antibiotic susceptibility trends, resulting in a thorough and structured presentation of the data.

3.12 Ethical Consideration

For the study on the antimicrobial susceptibility profiles of E.coli isolated from urine samples

processed at Pathology Laboratories in 2024, the Pathology Laboratory Manager provided

approval to access microbiology archives and patient records relating to UTI investigations. The

microbiology laboratory registers from January 2024 to December 2024 were used as primary

data sources. Ethical considerations were strictly adhered to during data collection, analysis, and
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publication of results. Patient confidentiality was maintained, with records safeguarded against

unauthorised access, ensuring that patient identities remain unknown. Thus, information like

names and addresses was not extracted from the records. Anonymized codes were used instead

of names. Only necessary data like age, gender and microbial isolates were used in analyses and

publications ensuring that individual patients cannot be identified.

Patients’ medical records and microbiological worksheets (such as their health history and

demographic information) are sensitive. The privacy of these documents was protected, meaning

that only authorized personnel should had access to this information.

Data from microbiology records was preserved in secure system, encrypted, and accessible only

to authorized researchers. After the study was completed, was archived or disposed of in

accordance with institutional policies. Research records were kept in password protected

documents on the Researcher’s laptop. Ethical approval was sought from Africa University

Research Ethics Committee (AUREC).
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CHAPTER 4 : DATA ANALYSIS AND PRESENTATION

4.1 Introduction

Data analysis is defined as a process of systematically collecting, cleaning, transforming,

describing, modelling, and interpreting data, which is the focus of this chapter (Stephen Eldridge,

2025). This chapter provided an outline of the results obtained at Pathology Laboratories in 2024

from 190 unique and anonymous patients records, all of which tested positive for E.coli. Data

analysis was done using Microsoft Excel. The results were presented using tables and graphs,

highlighting the socio-demographic characteristics of patients with E. coli infections, as well as

the age group most affected. Furthermore, the data showed the prevalence of antibiotic-resistant

E. coli strains and their susceptibility profiles to various antibiotics.

4.2 Socio-demographic characteristics of study participants

Table 2: Socio-demographic characteristics of study participants

Characteristics Frequency
N(%)

Age [mean] / years 43.0

Gender

Male 56 (29.5)

Female 134 (70.5)

Total 190 (100)

NB: Data is presented as N(%) unless specified.

Table 1 shows the socio-demographic characteristics of patients diagnosed with E. coli infections.

The mean age of patients with E. coli infection is 43 years. This indicates that middle-aged

individuals were commonly affected. A significantly higher proportion of cases were observed in

females (70.5%), which suggested that E. coli infections, particularly UTIs, are more prevalent in

women. This aligns with existing research by Trafimovich (2024), as anatomical and
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physiological factors make females more susceptible to urinary tract infections. A smaller

proportion of cases were reported in males (29.5%), which is expected, as men generally have a

lower risk of UTIs compared to women due to their gonadal anatomy.

Figure 3: Age and gender distribution of study participants.

Figure 3 shows the age and gender distribution of study participants. The age and gender

distribution of 190 patients with E. coli infection shows that females (70.5%) were more

affected than males (29.5% ) across all age groups. Generally, in most of the age groups females

were more susceptible to E. coli. The highest number of infections was recorded in the 31–40

age group, with 21.6% of females and 7.4% males, followed by the 61+ age group, where

infections were predominantly in females with 20.5% compared to males 5.3%. The 21–30 age

group showed a significant gender gap, with 14.7% females and no male cases. In contrast, the

51–60 age group showed more males with 7.4% than females with 1.1%, suggesting a shift in

susceptibility among older males. The younger age groups of 03–10 and 11–20 years had the
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lowest number of infections, with slightly more cases in females than males. These findings

show that E. coli infections are more prevalent in females, particularly in reproductive and older

age groups, while males exhibit a more balanced distribution throughout ages, with a notable

peak in the 51–60 age group.

4.3 Antimicrobial Susceptibility Profile of E.coli isolated from urine samples processed at

Pathology Laboratory in 2024.

Figure 4: Antimicrobial Susceptibility Profile of E.coli isolates.

Figure 4 shows the antimicrobial susceptibility profile results for E. coli isolates to the 20

antibiotics used. The data was divided into three categories: susceptible (S), intermediate (I), and

resistant (R), which indicated the efficacy of each drug.

Imipenem, Meropenem, and Chloramphenicol exhibited complete susceptibility (100%), with no

intermediate or resistant isolates. Co-amoxiclav was 98% susceptible, had minimal resistance
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(1%) and a low intermediate rate (1%). Most cephalosporins, including Cephazolin, Ceftriaxone,

Cefuroxime, and Ceftazidime, displayed high susceptibility which was above 85%, with low

intermediate rates ranging from 4% to 6% and minimal resistance. Aminoglycosides such as

Gentamicin and Kanamycin also showed strong activity, though Amikacin had a moderate

susceptibility rate of 66%, with 6% intermediate and 28% resistance. Ciprofloxacin was very

effective in 82% of cases, with 3% intermediate and 15% resistant isolates. Augmentin had 97%

susceptibility and showed minimal resistance of 3%. However, high resistance was noted for

Levofloxacin with 99%, Ampicillin (92%), and Nitrofurantoin (76%), with Levofloxacin also

having a small intermediate rate of 2%. Nalidixic Acid, Cotrimoxazole, and Tetracycline also

showed resistance of 66%, 60%, and 53% respectively. Cefepime had mixed results, with 59%

susceptibility, no intermediate cases, and 41% resistance. The findings indicated that

carbapenems Imipenem and Meropenem remain the most effective treatment options, while

Levofloxacin, Ampicillin, and Nitrofurantoin demonstrated significant resistance.



28

4.4 Prevalence of Antibiotic Resistant E.coli isolated from urine sample processed at

Pathology Laboratory in 2024.

Figure 5: Prevalence of Antibiotic Resistant E.coli isolated at Pathology Laboratory in 2024.

Figure 5 shows the prevalence of antimicrobial resistance profile of E. coli isolates which varies

significantly across different antibiotics. High resistance rates were observed for Levofloxacin

(98.9%), Ampicillin (92.1%), Nitrofurantoin (76.3%), Nalidixic Acid (66.3%), and

Cotrimoxazole (60.0%), indicating a reduced effectiveness of these antibiotics in treating E. coli

infections. Tetracycline (52.6%) and Cefepime (41.1%) had moderate resistance, while

Amikacin (27.9%) and Kanamycin (21.6%) exhibited lower but still concerning resistance levels.

Ciprofloxacin exhibited a resistance rate of 15.3%, and other cephalosporins, such as Cephazolin

(5.8%), Ceftriaxone (6.3%), Cefuroxime (4.7%), and Ceftazidime (4.7%), had minimal
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resistance, indicating their continued effectiveness. Co-amoxiclav (1.1%) and Augmentin (4.2%)

also showed low resistance levels. Imipenem, Meropenem, and Chloramphenicol exhibited 0%

resistance, making them the most effective treatment options. Gentamicin also shown a relatively

low resistance rate of 6.3%. The absence of resistance in certain antibiotics suggests their

sustained efficacy, whereas the high resistance observed in Levofloxacin, Nitrofurantoin, and

Ampicillin underscores the necessity for careful antibiotic selection guided by susceptibility

testing.

4.4 Chapter Summary

The chapter presented the analysis of E. coli isolates from urine samples, focusing on socio-

demographic characteristics, antimicrobial susceptibility profiles, and the prevalence of

antibiotic resistance. The data, derived from 190 samples, highlighted variations in infection

rates by age and gender. The susceptibility testing against 20 antibiotics revealed high resistance

to drugs like levofloxacin, ampicillin, nalidixic acid, nitrofurantoin, tetracycline, cefepime, and

cotrimoxazole, while imipenem, meropenem, and chloramphenicol showed 100% suceptibility.

The results were illustrated using tables and graphs to emphasize the distribution of resistance

and susceptibility patterns.
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CHAPTER 5: DISCUSSION, CONCLUSION, AND RECOMMENDATION

5.1 Introduction

This chapter discusses the main findings of the study, comparing them with previous research to

identify similarities, differences, and emerging trends. The discussion is structured to address the

study objectives, highlighting significant findings, potential gaps, and any unexpected

observations. Additionally, the implications of these findings on public health are explored,

along with the study’s limitations, conclusions, and recommendations for future research and

policy changes.

5.2 Discussion

5.2.1 Socio demographic characteristics of patients with E.coli infections attended at

Pathology Laboratory in 2024.

This study analyzed 190 E. coli isolates from urine samples and found a significantly higher

prevalence of infection among female patients (70.5%) compared to males (29.5%). These

findings are consistent with those of Naqid et al. (2020) done in Algeria, who examined 418 E.

coli isolates and similarly reported a higher prevalence in females (73.9%) than in males (26.1%).

According to Odongo et al. (2020) from Uganda, this disparity between the two sexes can be

attributed to anatomical factors, such as the close proximity of the anus to the warm urethral tube

in females. Furthermore, the shorter length of the female urethra reduces the distance bacteria

must move to reach the bladder, making women more susceptible to urinary UTIs (Nsiande,

2024). Similarly, Shanthi & Kayathri (2012) supported this explanation, stating that the

anatomical structure of the female urogenital tract plays a key role in bacterial contamination

from both internal and external flora. Additionally, factors such as poor hygiene, inadequate

resources, and low socioeconomic status can exacerbate the risk of UTIs (Odongo et al., 2020).
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Alterations in the vaginal micro-flora also play a crucial role in promoting the colonization of

coliform bacteria (E.coli), which is strongly associated with UTIs.

In the present study, the highest prevalence of E. coli infections was observed in women aged

31–40 years, followed by those aged 61 years and older. This finding is somewhat in line with

the study conducted by Tanzina et al. (2020) in Tunisia, which identified individuals aged 31–45

as the most vulnerable group for E. coli-induced UTIs. Similarly, a research by Nas et al. (2019)

done in Nigeria highlighted that elderly patients between 41 and 70 years were the most affected

age group, which aligns with the findings of the current study. E. coli infections maybe more

common in older adults due to functional impairments and the use of urinary catheters (Rowe &

Juthani-Mehta, 2014).

Moreover, Ejrnaes (2011) also reported that UTI incidence is influenced by both gender and age,

with females across all age groups being more susceptible. The results of the present study,

which found the highest prevalence of E. coli infections among women aged 31–40 years,

followed by those aged 61 years and older, align with the findings of Ejrnaes (2011) which found

out that sexually active women between 20 and 40 years, as well as postmenopausal women over

60, are at the greatest risk for UTIs.

5.2.2 Antimicrobial susceptibility profile of E.coli isolated from urine samples processed at

Pathology Laboratory in 2024.

In this study, the antibiotic sensitivity pattern was analyzed using the Kirby-Bauer disc diffusion

method. The findings revealed that all E. coli isolates from urine samples processed at Pathology

Laboratory were highly susceptible to Imipenem, Meropenem, and Chloramphenicol (100%),

aligning with the study by Naqid et al., (2020), which reported that E. coli was highly susceptible

to carbapenems (100%). Similarly, Hassan et al., 2023, in Somalia, found that Imipenem was the
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most effective antibiotic, with a susceptibility rate of 99.6%, further supporting the present

study's results. The study by Wu et al., 2021, also observed that all isolates were susceptible to

Meropenem (100%), reinforcing the consistency of carbapenems as highly effective antibiotics

against E. coli. Daoud et al., 2020 in Tunisia concurred with these findings, stating that ESBL-

producing isolates remain highly susceptible to carbapenems. A study by Akinyemi, (2020) also

agreed with the present study on the most effective antibiotic for E. coli being Chloramphenicol.

The present study also found that Ceftriaxone (93.6%), Ceftazidime (91.5%), and Gentamicin

(90%) exhibited moderate efficacy, with high susceptibility rates and low resistance levels.

These findings are somewhat consistent with the study by Munkhdelger et al., (2017) in Somalia

that had sensitivity values of above 50% found to Gentamicin (57.4%), Ceftazidime (66.2%),

Ceftraiaxone (76.4%) and imipenem (98%). In comparison to the present study results, the study

by Hegazy et al., (2018) in Egypt reported that Amikacin (77.55%), and Gentamicin (71.43%)

were susceptible, but showing resistance in drugs like Cefotaxime, Ceftazidime and Ceftriaxone.

Furthermore, Nas et al. (2019) reported that E. coli isolates exhibited high sensitivity to

Gentamicin (82%), Ciprofloxacin (75%), and Chloramphenicol (65%). However, in the present

study, chloramphenicol demonstrated a 100% susceptibility rate, suggesting an even greater

efficacy of this antibiotic in the study population. Additionally, co-amoxiclav showed minimal

resistance, with only two isolates exhibiting resistance, indicating its continued reliability as a

treatment option.

However, high resistance was observed against Levofloxacin and Ampicillin, with 98.9% and

92.1% resistant isolates, respectively. This trend is consistent with the findings of Hegazy et al.,

(2018) where E. coli isolates demonstrated the highest resistance rates against Ampicillin and
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Cefazolin (100%), followed by Nalidixic Acid (91.84%). The present study identified multidrug

resistance among E. coli isolates, with notable resistance observed against other antibiotics such

as Nitrofurantoin, Tetracycline, Cefepime, Kanamycin, Amikacin, and Cotrimoxazole.

The present study’s results indicated that carbapenems were the most effective antibiotics against

E. coli, while ampicillin and levofloxacin exhibited the highest resistance rates. This finding can

be attributed to several factors.

Carbapenems are regarded as the gold standard for treating infections caused by highly resistant

bacteria, including E. coli (Aurilio et al., 2022). Their broad-spectrum activity and resistance to

degradation by most β-lactamases, including ESBLs, make them highly effective. In this study, E.

coli demonstrated 100% susceptibility to carbapenems, which suggests that resistance has not yet

emerged in the studied population. However, the widespread use of carbapenems globally has

contributed to the development of carbapenem resistance in some regions (Aurilio et al., 2022).

To preserve their efficacy, it is crucial to use them judiciously, limiting their use to cases where

no alternative treatments are available only.

On the other hand, the high resistance observed with Ampicillin and Levofloxacin is likely due

to their frequent and often inappropriate use. Ampicillin, a β-lactam antibiotic, has been widely

used for decades, leading to the selection of resistant E. coli strains through the production of β-

lactamase enzymes (Akinyemi., 2020). Similarly, fluoroquinolones like levofloxacin are

commonly prescribed for urinary tract infections, and excessive use has driven the development

of fluoroquinolone-resistant E. coli strains.
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These findings highlight the importance of antimicrobial stewardship to ensure that carbapenems

remain effective while minimizing the overuse of antibiotics like Ampicillin and Levofloxacin,

which contribute to increasing drug resistance.

5.2.3 Prevalence of Antibiotic-Resistant E. coli Isolated from Urine Samples Processed at

Pathology Laboratory in 2024

The present study revealed a high prevalence of antibiotic resistance among E. coli isolates, with

the highest resistance observed against Levofloxacin (98.9%) and Ampicillin (92.1%). These

findings align with those of Naqid et al., (2020) who reported an Ampicillin resistance rate of

87.8%, as well as Hegazy et al., (2018) who found a complete (100%) resistance to ampicillin

among E. coli isolates. The present study results were also consistent with the study conducted in

Algeria by Tang et al. (2011), which also reported significantly high Levofloxacin resistance

rates ranging from 26.51% to 43.20% over a five-year period. Both studies underscore an

alarming trend in fluoroquinolone resistance.

Following Ampicillin and Levofloxacin, the present study also recorded notable resistance to

Nitrofurantoin (76.3%) and Nalidixic acid (66.3%), findings that are partly consistent with Akter

et al., (2015) who reported a higher resistance rate of 93.48% to Nalidixic Acid. Additionally,

while the present study found a significant resistance rate to Nitrofurantoin (76.3%), Hegazy et

al., (2018) reported a considerably lower resistance of 21.4%. In contrast, resistance to amikacin

was comparable, with both the present study and Hegazy et al., (2018) reporting resistance rates

of approximately 22.4% and 22.45%, respectively.

Resistance to Cefepime was also observed in the present study (41.1%), aligning with the

findings of Hassan et al., (2023) who reported a slightly higher resistance rate of 51.8%.

Similarly, Nas et al., (2019) reported high resistance rates to Ampicillin (85%) and Tetracycline
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(75%), findings that partially correspond with the present study, where Tetracycline resistance

was recorded at 52.6%.

While the present study found resistance rates of less than 20% for Ceftazidime, Augmentin, Co-

amoxiclav, Ceftriaxone, Cefazolin, Gentamicin, and Ciprofloxacin, Wu et al., (2021) reported

almost similar results whereby the resistance rates to Ceftazidime, Gentamicin, Ciprofloxacin,

and Sulfonamides were 31, 20, 33, and 47%, respectively. Moreover, Nas et al., (2019) observed

a high susceptibility of E. coli isolates to Ciprofloxacin (75%), which aligns with the findings of

the present study, where E. coli isolates also demonstrated susceptibility to Ciprofloxacin.

However, Daoud et al., (2020) reported that in Turkey, 50% of E. coli isolates were resistant to

Ciprofloxacin. Their study emphasized the growing concern over fluoroquinolone resistance, a

finding that partially aligns with the present study, where an exceptionally high resistance to

Levofloxacin (98.9%) was observed which happens to be a fluoroquinolone antibiotic.

Antibiotic resistance among bacteria has become a critical global health issue, with particularly

high resistance rates observed in developing countries. Daoud et al., (2020) highlighted concerns

regarding the increasing resistance of E. coli as a consequence of frequent and inappropriate

antibiotic use in empirical therapy. To treat UTIs, empirical antibiotic treatment is often initiated

before susceptibility results are available typically requiring at least 48 hours. However, this

practice has contributed to the emergence of resistance to several first-line antimicrobial agents.

The unregulated sale and smuggling of antibiotics on the streets is a growing concern, as it

promotes self-medication, improper dosing, and misuse which are factors that significantly

contribute to the development and spread of antimicrobial resistance. Furthermore, the

widespread resistance to Ampicillin and fluoroquinolones, along with the rise of multidrug-

resistant strains and extended-spectrum beta-lactamase (ESBL)-producing E. coli, has become a
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major concern worldwide (Daoud et al., 2020). That is why Ampicillin and fluoroquinolones are

no longer recommended for the empirical treatment of urinary tract infections (UTIs).

5.3 Implication of findings to public health

This study shows the growing threat of AMR in E. coli infections, emphasizing the critical need

for updated and current treatment guidelines and frequent antibiotic susceptibility testing. The

high resistance rates to routinely used antibiotics, particularly Levofloxacin (98.9%) and

Ampicillin (92.1%), highlighted the necessity of antibiotic stewardship programs in controlling

the usage and prevention of resistance escalation.

The high rate of E. coli infections in females, particularly in the 31-40 and 61+ age groups,

necessitates focused interventions such as hygiene promotion, awareness campaigns, and

preventive measures. In order to minimize the spread of resistant E. coli strains, infection

prevention and control (IPC) techniques must be strengthened, as well as resistance patterns to

be monitored continuously.

To reduce the impact of AMR and enhance treatment outcomes, a comprehensive approach that

incorporates laboratory surveillance, clinical best practices, and public health policy is required.

5.4 Limitations to the study

The study had certain limitations. As a retrospective cross-sectional study of urine microbiology

records, it relied on existing data, some of which lacked comprehensive clinical details about the

patients. Additionally, the research was limited to Pathology Laboratories records, limiting the

generalizability of findings to other healthcare settings. Conducting a prospective study was not

feasible due to financial constraints and time limitations considering the pressure which came by

just being an undergrad student. Expanding future research to include multiple laboratories and a

broader patient population would enhance the robustness and applicability of the findings.
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5.5 Conclusion

This study highlighted the high prevalence of E. coli infections among female patients who

attended Pathology Laboratories in 2024, particularly those aged 31 to 40 and 61 years and older.

These findings align with existing literature, which identified gender and age as as key risk

factors for urinary tract infections (UTIs). Female anatomy, with a shorter urethra and is

proximal to the anus, facilitates bacterial entry into the bladder, which is made worse by factors

such as poor hygiene and socioeconomic status. The shift in vaginal microflora may also

contribute to increased vulnerability by increasing the colonisation of coliforms that led to UTIs.

The study also highlighted concerning patterns of antimicrobial resistance among E. coli isolates.

While Imipenem, Meropenem, and Chloramphenicol exhibited the highest susceptibility, with no

observed resistance, moderate susceptibility was recorded for Ceftriaxone, Ceftazidime, and

Gentamicin. E. coli isolates demonstrated extremely high resistance to Levofloxacin, Ampicillin,

Nitrofurantoin, Nalidixic acid, Cefepime and Tetracycline, emphasizing the significant variation

in resistance patterns. These findings underscore the persistent challenge of multidrug resistance

(MDR) in E. coli, which remains a major public health concern due to its association with

prolonged hospital stays, increased healthcare costs, and treatment failures.

The significant frequency of MDR E. coli necessitates prompt action to combat the growing

threat of antibiotic resistance. Routine monitoring of resistance patterns is critical for guiding

empirical therapy and building effective antimicrobial stewardship plans. To reduce the potential

of resistance development, antibiotic use must be closely monitored and controlled. Laboratory

facilities should implement rapid diagnostic techniques to aid in the early detection of bacterial

infections and ensure timely and appropriate treatment, reducing reliance on empirical treatment.



38

Furthermore, a conservative approach to antibiotic use should be taken, with certain antibiotics

reserved as last-line therapies to combat growing resistance.

To reduce the transmission of resistant E. coli strains, infection prevention and control (IPC)

procedures must be reinforced in clinical settings. Improving hygiene education, especially

among high-risk populations, is also critical for lowering UTI incidence. Furthermore, ongoing

surveillance and periodic updates on resistance patterns will provide critical data for guiding

regional antibiotic guidelines and policy changes.

These methods, if effectively adopted, will help to enhance patient outcomes while still

preserving antibiotic efficacy in UTI care.

5.6 Recommendations

To combat antimicrobial resistance and improve treatment outcomes, a diversified strategy is

essential. Scientists should prioritize rapid detection of bacteria and antibiotic susceptibility

testing to ensure definitive therapy and reduce reliance on empirical therapies. Implementing

strict antibiotic stewardship programs in healthcare facilities can help regulate antibiotic use and

preserve their efficacy whereby the aim is on taking good care of our antibiotics. Continuous and

updated surveillance of resistance patterns is crucial for informing treatment guidelines and

public health policies. Strengthening infection prevention and control (IPC) measures, such as

proper sanitation and hand hygiene, can help curb the spread of resistant E. coli strains, thus

getting rid of the cause. Additionally, raising awareness among clinicians, laboratory scientists,

pharmacists, nurses and the public about responsible antibiotic use, the risks of self-medication

and self-presciptions, and the importance of adherence to prescribed treatments is vital. Lastly, a

conservative approach to antibiotic use should be adopted, whereby we reserve certain

antibiotics for cases where resistance to first-line treatments is detected. Resolving these



39

challenges through laboratory-based surveillance, antibiotic stewardship, and public health

interventions will improve patient outcomes and contribute to the global fight against

antimicrobial resistance.

5.7 Dissemination of Results

The Pathology Laboratory Manager received a copy of the research findings to help guide

laboratory practices and antimicrobial stewardship activities. Another copy was sent to Africa

University's College of Health, Agriculture, and Natural Resources under the Department of

Biomedical and Laboratory Science, for academic purposes and future reference. Furthermore,

the data may be disseminated through scientific conferences, seminars, or publications to

contribute to broader discourse on antimicrobial resistance and E. coli infections. By doing this,

the findings of this study will actually help as compared to just being stored and kept safe

somewhere.

5.8 Chapter Summary

The chapter discussed the findings of the present study aligning then to previous researches. A

higher prevalence of E. coli infections was observed in females than in males, with the most

affected age groups being 31–40 and 61+ years. This study found that carbapenems were the

most the effective antibiotics against E. coli, with 100% susceptibility, likely due to their

stability against β-lactamases. In contrast, Ampicillin and Levofloxacin showed high resistance,

likely due to overuse and bacterial adaptation through β-lactamase production and

fluoroquinolone target mutations. These findings highlight the need for antimicrobial

stewardship to preserve carbapenem efficacy and curb rising resistance. Continuous surveillance

and responsible prescribing are essential to maintaining effective treatment options for E. coli

infections.
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Appendices
Appendix 1: AUREC Approval Letter.



46

Appendix 2: Study Site Approval Letter.
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Appendix 3: Budget

ITEMS UNIT COST $ QUANTITY TOTAL COST

(US$)

Transport 10 5 50

Stationery 0.50 6 3

Printing and Binding

Services

0.1 50 5

Internet (Data) 13 2 26

Aurec Fees 15 1 15

Unforeseen Expenses 30 1 30

Total 68.6 65 129
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Appendix 4: Gannt Chart

ACTIVITY

PERIOD

Aug 2024 –
Nov 2024

Dec 2024 – Jan
2024

Feb 2025 Mar 2025 Apr 2025

Preparation and
submission of proposal to
AUREC

Data collection

Data processing and
analysis

Final project writing

Project submission to
Africa University


	Abstract
	Declaration
	Copyright
	Acknowledgment
	Dedication
	Acronyms and Abbreviations
	Definition of key terms
	List of Tables 
	List of figures
	List of appendices
	CHAPTER 1 INTRODUCTION
	1.1Introduction
	1.2 Study Background
	1.3 Statement of the problem 
	1.4  Research Objectives
	1.4.1 Broad Objective
	1.4.2 Specific Objectives

	1.5 Research Questions
	1.6 Study Justification
	1.7 Study delimitations
	1.8 Study limitations
	1.9 Chapter Summary

	CHAPTER 2 LITERATURE REVIEW
	2.1 Introduction
	2.2 Conceptual framework
	2.3 Literature review in relation to study objecti
	2.3.1 Bacterial aetiology of UTIs.
	2.3.2 Isolation and Identification of E coli from 
	2.3.3 The socio-demographic factors associated wit
	2.3.4 Antimicrobial susceptibility profiles of E. 
	2.3.5 Prevalence Antibiotic-resistant E. coli infe

	2.4 Chapter Summary

	CHAPTER 3: METHODOLOGY
	3.1 Introduction
	3.2 The Research Design
	3.3 Study Site
	3.4 Study Population
	3.5 Exclusion criteria
	3.6 Inclusion criteria
	3.7 Sample size
	3.8 Sampling Procedure
	3.9 Data Collection Instruments
	3.10 Pilot Study
	3.11 Data Analysis and Organization of Data
	3.12 Ethical Consideration

	CHAPTER 4 : DATA ANALYSIS AND PRESENTATION
	4.1 Introduction
	4.2 Socio-demographic characteristics of study par
	4.3 Antimicrobial Susceptibility Profile of E.coli
	4.4 Prevalence of Antibiotic Resistant E.coli isol

	CHAPTER 5: DISCUSSION, CONCLUSION, AND RECOMMENDAT
	5.1 Introduction
	5.2 Discussion
	5.2.1 Socio demographic characteristics of patient
	5.2.2 Antimicrobial susceptibility profile of E.co
	5.2.3 Prevalence of Antibiotic-Resistant E. coli I

	5.3 Implication of findings to public health 
	5.4 Limitations to the study
	5.5 Conclusion
	5.6 Recommendations
	5.7 Dissemination of Results
	5.8 Chapter Summary

	References
	Appendices
	Appendix 1: AUREC Appr
	Appendix 2: Study Site 
	Appendix 3: Budget
	Appendix 4: Gannt Chart


