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Abstract 

Urinary tract infections (UTI) are one of the most common bacterial infections of humans. 

Accurate diagnosis of the cause of UTI is necessary for effective treatment. Even though 

clinically Standard Urine Culture (SUC) is common for detecting bacterial presence in urine 

samples, latest reports show that Expanded Quantitative Urine Culture (EQUC) provides better 

diagnostic sensitivity compared to SUC. To test this, SUC and EQUC methods were compared 

to analyse bacterial load and diversity using urine samples collected from 20 patients with UTI 

symptoms and 20 healthy controls in this study. Samples were diluted and inoculated on 

nutrient agar, HiChrome UTI agar, MacConkey agar and blood agar for SUC method, then 

incubated at 37°C for 24 hours under aerobic conditions. On the other hand, for EQUC, in 

addition to all the media, chocolate agar was used with different conditions like carbon-

enriched, anaerobic environment with incubation at 37°C for 48 hours. Colony characteristics 

and polymerase chain reaction (PCR) were performed for bacterial detection. Antibiotic 

susceptibility test was conducted by the Kirby-Baur method. On nutrient agar medium, EQUC 

yielded 5-fold higher bacteria than SUC and portrayed higher bacterial diversity. While several 

bacterial species for example, klebsiella spp., Staphylococcus aureus, and Pseudomonas 

aeruginosa was detected by SUC and EQUC based on colony characteristics, EQUC 

exclusively detected the presence of Staphylococcus haemolyticus. Seventy-five percent of 

presumptive Klebsiella and 73.3% of presumptive E. coli were confirmed by PCR. AST was 

performed on E. coli and Klebsiella. Notably, bacteria grown via EQUC showed a diverse 

resistance pattern compared to SUC. Further molecular diagnoses will be performed to validate 

these findings. 

Keywords: Urinary tract infection (UTI), standard urine culture (SUC), expanded quantitative 

urine culture (EQUC) 
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Chapter 1:  

Introduction 

1.1 Background  

Urinary Tract Infections (UTIs) are among the most prevalent bacterial infections globally, 

affecting individuals across all age groups and representing a significant public health burden, 

creating crucial healthcare economic disruption, high recurrence rate and concerningly 

increasing antibiotic resistance (Werneberg, et. al., 2025). Around 50% people at least once 

suffered from this in their lifetime (Baimakhanova, et. al., 2025). US-based reports show up to 

12.6% women suffering from UTI annually (Werneberg, et. al., 2025). Prevalence of UTI 

among infants aged from 0-24 months was 7% and for 0-19 years old children it was 7.8% 

(Lai, et. al., 2021). 50-60% of pregnant women get diagnosed with UTI, among them 2-8% of 

cases are asymptomatic UTI (Baimakhanova, et. al., 2025). Asymptomatic UTI remarkably 

increases during the peri and post menopause stage, affecting 4-19% women. Epileptic and 

diabetic women have higher prevalence of UTI occurrence and recurrence.  

 

According to the European Medicines Agency (EMA) and US Food and Drug Administration 

(FDA), uncomplicated UTI (uUTI) and complicated (cUTI) can be explained based on the 

symptoms patients experience, host factors and presence of pyuria and bacteriuria (Bilsen, et. 

al., 2023) (Table 1.1).  

 

Table 1.1: Definition of uUTI and cUTI by EMA and FDA 

Category Uncomplicated UTI (uUTI) Complicated UTI (cUTI) References 

 FDA  EMA FDA EMA  

Symptoms Painful 

urination, 

suprapubic pain, 

no systemic 

illness (fever, 

shaking etc.) 

Minimal 

symptoms like 

urgency and 

painful 

urination. 

Chills, fever, 

pelvic pain, 

frequent, urgent 

and painful 

urination. 

Tenderness, 

pelvic pain, 

frequent, urgent 

and painful 

urination. 

(Bilsen, et al., 

2023).  
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Host conditions Female patients due to their anatomy Renal disease, 

urinary retention. 

Urinary catheter, 

neurogenic 

bladder, 

obstructive 

uropathy 

Catheter, urinary 

retention, 

neurogenic 

bladder condition 

(Bilsen, et al., 

2023).  

 

Pyuria Analysis of 

leukocytes 

(nitrites/catalase 

test) to figure out 

pyuria 

>10 

leukocytes/μL 

Dipstick test 

positive for 

leukocyte 

esterase and >10 

leukocytes/μL 

>10 

leukocytes/μL 
(Bilsen, et al., 

2023).  

 

Bacteriuria ≥105 CFU/mL of 

a particular 

species of 

bacteria 

>105 CFU/mL of 

a uropathogen 

≥105 CFU/mL of 

a particular 

species of 

bacteria 

>105 CFU/mL of 

≥2 relevant 

uropathogens 

(Bilsen, et al., 

2023).  

 

*FDA (US Food and Drug Administration) *EMA (European Medicines Agency)   

The possible reasons and necessary diagnostic approaches for both UTI are slightly different 

(Baimakhanova, et. al., 2025) (Table 1.2). Elevation of pH from 7.5 has been a key factor of 

identifying UTI. Proteus species and Pseudomonas aeruginosa reportedly increase the pH.  

Proteus milabilis can increase pH up to 8.3, whereas Staphylococcus aureus can elevate it to 

7.4. On the other hand, Klebsiella pneumoniae can only take it to 6.4 (Lai, et. al., 2021).  

Table 1.2: Microbial cause and diagnostic approach of uUTI, cUTI and asymptomatic 

bacteriuria 

Aspect uUTI cUTI Asymptomatic 

Bacteriuria 

References 

Microbial 

cause 

80%- E. coli 

Others- Proteus mirabilis, 

Klebsiella species, 

Staphylococcus, 

E. coli, 

Enterococcus 

faecalis, 

Pseudomonas 

aeruginosa, other 

Any uropathogen 

with bacterial load 

of ≥105 CFU/mL 

(Baimakhanova, et. 

al., 2025) 
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Enterococcus faecalis Enterobacterales 

Diagnostic 

approach 

No initial testing required. If 

recurrent UTI, then 

urinalysis and culture 

needed for pyelonephritis 

Urinalysis and 

culture, kidney 

ultrasound needed 

for testing 

pyelonephritis 

Not required unless 

urological procedure 

done prior did any 

damage to bladder 

mucosa 

(Baimakhanova, et. 

al., 2025) 

 

The primary etiological agent is Escherichia coli (E. coli), specifically uropathogenic E. coli 

(UPEC), which accounts for approximately 60-80% of both uncomplicated and complicated 

UTIs (Mancuso et al., 2023). UPEC possesses specialized virulence factors that enable it to 

colonize the urinary tract effectively, including Type 1 fimbriae that facilitate adhesion to the 

bladder epithelium by the binding to mannose receptors on the urothelial cells, thereby resisting 

mechanical clearance through urination. These adhesins allow UPEC to establish intracellular 

bacterial communities within the superficial umbrella cells of the bladder mucosa, contributing 

to persistence and recurrence. 

 

In addition to UPEC (Figure 1.1), other pathogens contribute significantly to the microbial 

spectrum of UTIs, particularly in complicated cases or specific populations. Klebsiella 

pneumoniae, a gram-negative bacterium, is frequently implicated in healthcare-associated 

UTIs and demonstrates increasing resistance to extended-spectrum beta-lactam antibiotics, 

posing therapeutic challenges (Mancuso et al., 2023). Proteus mirabilis is notable for its 

urease-producing capability, which hydrolyzes urea into ammonia and carbon dioxide, leading 

to alkalinization of urine and precipitate of struvite and calcium phosphate crystals– factors 

that promote stone formation and catheter encrustation, making it a common pathogen in 

patients with indwelling urinary devices (Mancuso et al., 2023). Enterococcus species, 

particularly Enterococcus faecalis, are gram-positive cocci often isolated in complicated UTIs, 

especially among hospitalized patients, those with diabetes, or individuals with prolonged 

antibiotic exposure, where disruption of normal flora facilitates their overgrowth (Mancuso et 

al., 2023). Furthermore, Staphylococcus saprophyticus is a well-recognized cause of 

uncomplicated UTIs in young, sexually active women, second only to UPEC in this 

demographic, due to its ability to adhere to uroepithelial cells and resist host defenses (Mancuso 

et al., 2023). 
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Figure 1.1:  Epidemiology of uropathogens in uUTI and cUTI (Mancuso et al., 2023). 

UTI might arise from gastrointestinal tract, urethra, poor hygiene and spread to bladder, ureters, 

and kidney (Moreland, et. al., 2024). The ascending route of infection remains the predominant 

mechanism, wherein bacteria from the perineal and gastrointestinal flora migrate through the 

urethra into the bladder and potentially ascend further to the kidneys via the ureters. This 

process is facilitated by anatomical and physiological factors: females are disproportionately 

affected due to their shorter urethral length (≅ 4 cm), proximity of the urethral meatus to the 

anus, and hormonal fluctuations that influence vaginal microbiota composition (Thamer Hadi 

& M. Jayashankar, 2022). Additional risk factors include sexual intercourse, spermicide use, 

menopause related estrogen deficiency leading to loss of protective Lactobacillus-dominant 

flora, and underlying conditions such as diabetes mellitus, neurogenic bladder, urinary 

obstruction, or vesicoureteral reflux (Mancuso et al., 2023). Structural abnormalities or 

functional impairments compromise natural defense mechanisms like continuous urine flow, 

acidic pH, antimicrobial peptides (e.g. defensins), and Tamm-Horsfall protein, which normally 

inhibit bacterial adherence and promote clearance. 

 

Pediatric populations also experience a high incidence of UTI, with febrile UTI being the most 

common source of serious bacterial infection after respiratory illnesses in children under two 

years of age (Heshmat Hassan et al., 2022). In this group, E. coli remains the predominant 

pathogen, though delayed diagnosis can lead to acute pyelonephritis and long-term renal 

scarring, emphasizing the importance of early detection and appropriate management 

(Heshmat Hassan et al., 2022). Collectively, these findings underscore the multifactorial nature 
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of UTI causation, involving pathogen-specific virulence traits, host susceptibility, and 

environmental determinants that converge to initiate infection. The rising prevalence of 

antimicrobial resistance among uropathogens further complicates treatment paradigms, 

necessitating precise diagnostic stewardship and targeted therapeutic strategies. 

 

UTI present with a range of clinical symptoms that vary depending on the anatomical site of 

infection, broadly categorized as lower or upper urinary tract involvement. Lower UTI 

primarily affect the bladder (cystitis) and urethra (urethritis), while upper UTI involve the 

kidneys (pyelonephritis). The distinction is critical for appropriate diagnosis and management. 

Lower urinary tract infections are the most commonly manifested by cystitis, which presents 

with dysuria, pain or burning during urination, which occurs in over 90% of symptomatic cases 

(Mancuso et al., 2023). Patients frequently report increased urinary frequency and urgency, 

often with only small volumes of urine voided due to inflammation and irritation of the bladder 

mucosa. Suprapubic discomfort or pressure is another hallmark symptom, localized in the 

pelvic region above the pubic bone. Hematuria, or the presence of blood in the urine, may be 

visible (gross hematuria) or detected microscopically, resulting from epithelial damage caused 

by bacterial invasion and host immune response. Additionally, urine may appear cloudy or 

have a foul odor due to the presence of white blood cells (WBCs), bacteria, and cellular debris. 

(Zhou et al., 2023). Urethritis, though less specifically delineated in routine clinical practice, 

contributes to dysuria and may be associated with the urethral discharge. In women, these 

symptoms can overlap significantly with other genitourinary conditions, necessitating careful 

differential diagnosis. 

 

In contrast, upper urinary tract infections, particularly acute pyelonephritis, are more systemic 

and severe. They typically arise from the ascension of bacteria from the lower urinary tract but 

can also occur via hematogenous spread. Classic symptoms include high fever (often exceeding 

38.5℃), chills, and flank pain: unilateral or bilateral pain in the costovertebral angle 

corresponding to the location of the kidneys, nausea and vomiting are common accompanying 

features, reflecting the systemic, inflammatory response. When evaluated, urinalysis of 

pyelonephritis may reveal leukocyte casts, which indicates tubular involvement and are 

diagnostic of renal parenchymal infection rather than isolated lower tract disease. (Mancuso et 

al., 2023). 
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Figure 1.2: UTI based on the location.  

  

UTI start when uropathogens colonize the urethra and subsequently the bladder through the 

action of specific adhesins. If the bacteria are able to evade the immune system, they begin to 

multiply and biofilms form. Bacteria can reach the kidney from the lower urinary tract, and 

UTI can evolve into bacteremia. In complicated UTI, uropathogens are usually able to bind to 

the catheter and multiply due to the protection of the biofilm. If left untreated, the infection can 

progress to pyelonephritis and bacteraemia (Mancuso et al., 2023) (Figure 1.2).  

 

The illustration above provides a schematic overview of the urinary system and correlates 

anatomical sites with respective infection types and symptoms. On the right side, “Bladder 

infection (Cystitis)” is linked to dysuria, increased urinary frequency, and higher prevalence in 

women— consistent with epidemiological data showing that approximately half of all women 

will at least one UTI episode in their lifetime (Thamer Hadi & M. Jayashankar, 2022). 

Similarly, “Kidney infection (Pyelonephritis)” is associated with flank pain, high fever, and 

dark or foul-smelling urine, reinforcing the clinical differentiation between lower and upper 

UTI. 

 

It is important to distinguish symptomatic bacteriuria from asymptomatic bacteriuria, the latter 

defined by the presence of ≥10^5 colony-forming units (CFU)/mL of urine without signs or 

symptoms of infection. Asymptomatic cases generally do not require treatment except in 
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specific populations such as pregnant women or those undergoing urological procedures, where 

intervention reduces the risk of complication (Mancuso et al., 2023). 

 

Recurrent UTI affect up to 25-30% of women after an initial episode and may manifest with 

similar symptom profiles, though some individuals report milder or atypical presentations over 

time. Diagnostic accuracy relies on integrating patient reported symptoms with objective 

findings such as positive nitrite and leukocyte esterase tests on dipstick urinalysis, supported 

by culture when necessary. Misinterpretation of non-specific symptoms can lead to 

overdiagnosis and inappropriate antibiotic use, contributing to the growing challenge of 

antimicrobial resistance among uropathogens (Zhou et al., 2023). 

1.2 Pathophysiology and Pathogenesis of UTI  

The pathophysiology of UTI depends on the classification of UTI based on the site of infection 

and presence of leading conditions for infection (Mancuso, et. al., 2023) (Figure 1.3). 

Uncomplicated UTI or cystitis refers to the most common and recurring bacterial infection in 

the lower urinary tract resulting in urethritis, bladder inflammation after residing in the intestine 

(Bono & Leslie, 2025). Uncomplicated UTI occurs in healthy individuals, having no other 

comorbidities (such as- diabetes, renal failure, presence of calculi, obstructive uropathy, and 

history of urologic surgery, urinary retention, pregnancy, or immunocompromised state) or 

unusual structure (Mancuso, et. al., 2023). Enteric coliforms causing UTI populate in 

periurethral vaginal introitus. While ascending from urethra to bladder, the bacteria invade 

bladder mucosal wall that triggers the inflammatory reaction called cystitis (Bono & Leslie, 

2025). Repeated injury and invasion to the mucosal wall is a major predisposing factor for 

recurring UTI. Complicated UTI poses higher risk of treatment failure and can occur to people 

suffering from other functional and structural irregularities in the urinary tract. The site of 

infection causes the symptoms to differ for patients suffering from UTI. Upper UTI, also 

known as Pyelonephritis, usually presents high fever and lower pain (Walsh & Collyns, 2017). 

Lower UTI brings dysuria, haematuria and tenderness in the suprapubic region. 
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Figure 1.3: Pathogenesis of UTI; (a) uUTI, here, 1.  Contamination in periurethral region and 

colonization, 2. Migration to bladder, 3. Expression of adhesins and pili and colonization of 

umbrella cells, 4. Neutrophil infiltration, 5. Bacterial multiplication, 6. Biofilm formation, 7. 

Toxins and proteases perform host cell damage, 8. Ascend to kidney, 9. Kidney colonization, 

10. Host tissue damage, 11. Cross tubular epithelial barrier. (b) cUTI, compromised bladder 

caused by catheterization (Flores-Mireles et al., 2015). 
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1.3 Diagnosis of UTI 

Diagnosis of UTI includes evaluating symptoms, conducting a urinalysis and confirming with 

urine culture. Molecular diagnosis can also be done for rapid results.  

1.3.1 Standard Urine Culture (SUC) 

Standard urine culture is known as the “Gold Standard” of diagnosis of UTI, which follows a 

24hour incubation time to evaluate the presence of bacteria in urine samples based on the 

growth on selective media like MacConkey, Blood agar (Moreland, et. al., 2024). Though this 

method allows growth of fast-growing, facultative gram positive and negative anaerobes, it 

often can lead to misdiagnosis as SUC can rarely detect fastidious or slow-growing microbes 

because of the fast-growing gram (Moreland, et. al., 2024). Only 1μL urine is plated in the 

SUC method (Price et al.,2016).   

1.3.2 Enhanced Quantitative Urine Culture (EQUC) 

The extended version of SUC that utilizes different conditions and 100 times more urine on 

different media (BAP, MAC) with 48 hours incubation time is known as the Enhanced 

Quantitative Urine Culture method (Moreland, et. al., 2024). EQUC allows the growth of slow-

growing microbes that are anaerobic, fastidious and microaerophilic that are undetected by 

SUC (Deen, et. al., 2023). This enables EQUC to detect a variety of clinically crucial microbes 

that are significant for diagnostic and therapeutic purposes.  

1.3.3 Molecular Diagnosis 

Molecular diagnosis of UTI includes nucleic acid amplification tests for directly detecting 

bacterial DNA/ RNA in urine (Szlachta-McGinn, et al., 2022). This provides a significant 

advantage as there is no prolonged culture time, highly sensitive against fastidious organisms 

and can successfully detect anaerobic pathogens (Baiken, et al., 2025). Multiplex PCR can 

allow detection of 26 different uropathogens including Escherichia coli, Klebsiella 

pneumoniae, Enterococcus faecalis, Pseudomonas aeruginosa (Leech et al., 2025). 49 

antimicrobial resistance (AMR) markers like- vanA, mecA can be detected directly from 

unprocessed urine within an hour (Neopane, et al., 2022). Clinical studies show that multiplex 

PCR has 94.3% sensitivity and 98.7% specificity compared to SUC for resistance gene 

identification (Harris, et al., 2023).  
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Quantitative Multiplex PCR (q-MPCR) provides clinical validity by reporting pathogen load 

in genomic copies per milliliter that correlates with colony forming units (CFU/mL) from SUC 

(Festa, et al,., 2023). Next Generation Sequencing (NGS) provides extensive profiling of 

polymicrobial communities associated with recurrent UTI (Jaworska, et al., 2023). 

1.4 Risk Factors of UTI 

There are several factors that can contribute and influence the impact and recurrence of UTI. 

The factors are mentioned in the table below. Females are more prone to UTI due to their 

shorter urethra. Besides female anatomy, there are other risk factors that contribute to the 

progression and recurrence of UTI.  

 

Table 1.3: Risk Factors of UTI 

Risk Factor Possible impact References 

Dehydration Less urination increases bacterial load Bono & Leslie, 2025 

Diabetes Impairment of immune system Bono & Leslie, 2025 

Pregnancy Increased progesterone, increased volume of residual 

urine, uterine growth, slowed peristalsis  

Storme et al., 2019 

Menopause Estrogen deficiency occurs, colonization of 

Lactobacilli decreases, increases pH 

Storme et al., 2019 

Bacterial Prostitis Bacterial persistence in urinary tract Walsh & Collyns, 2017 

Hormonal status Uropathogen binds to receptor in estrogen-dependant 

stage 

Storme et al., 2019 

Sexual intercourse, use of 

spermicide 

Changes vaginal pH, bacterial flora Storme et al., 2019 

Family history of UTI, 

genetic disposition 

Increased adherence of bacteria due to the receptors 

on vaginal epithelial cells 

Storme et al., 2019 

Blood Group Blood group O have increased susceptibility as they 

are non-secretor due to absence of ABO antigens in 

body fluids.  

Storme et al., 2019 

Abnormal urinary tract Reduce protection of unidirectional urine flow Bono & Leslie, 2025 
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anatomy, neurologic 

bladder 

Urinary catheters, 

prosthetic devices, 

urethral manipulation 

Reason behind formation of biofilm by bacteria like- 

P. aeruginosa, P. mirabilis, E. faecalis. 

Walsh & Collyns, 2017 

Kidney transplant Excessive use of immunosuppressive drugs  Bono & Leslie, 2025 

Surgery Patients going through urological, gynecological 

face increased risk if they are above 60 years, 

diabetic, overweight 

(Baimakhanova, et. al., 2025) 

1.5 Antimicrobial Resistance 

Carbapenems are known as broad spectrum antibiotics that are more effective against gram-

negative organisms and slightly less effective against gram-positive organisms (Mishra, et. al., 

2025). The beta-lactam antibiotic kills bacteria cells by binding to the penicillin binding 

proteins that disrupt the cell wall synthesis. Carbapenems and colistin are known as last resort 

antibiotics for treating infections caused by Enterobacteriaceae, which are able to produce 

extended-spectrum β-lactamase. A study revealed 6.87% of Enterobacteriaceae were 

carbapenem resistant out of 509 samples collected from a tertiary hospital of North India 

(Mishra, et. al., 2025).  

 

Another study from Uganda revealed that 93.1% of gram-negative isolates were sensitive to 

carbapenem, which could be due to less availability of drugs in that area (Tesfa, et. al., 2025). 

96.7% of Gram-negative bacteria were resistant to ampicillin. Ampicillin is an aminopenicillin 

antibiotic that inhibits bacterial cell wall synthesis and causes cell lysis of both gram positive 

and gram negative (Peechakara, et. al., 2023). 87.9% of Gram-negative isolates were resistant 

to co-trimoxazole, which is in the sulfonamide class that disrupts the folate synthesis system 

and inhibits the nucleic acids. The antibiotic is a combination of Sulfamethoxazole, that inhibits 

the first enzyme of production of folic acid, and Trimethoprim, that ensures the disruption of 

folic acid production and promotes stronger anti-folate effect (Kemnic & Coleman, 2022). 

Total 71.4% of the E. coli isolates were multidrug resistant (Tesfa, et. al., 2025). A study from 

Ghana also found sulfonamide-resistant Gram-negative bacteria (Wireko, et. al., 2025). 40% 

K. pneumoniae and 60% of E. coli were multidrug resistant. Concerningly high resistance of 

E. coli and K. pneumoniae against ampicillin, ciprofloxacin and cefixime in a study of a tertiary 
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center in Nepal (Karna, 2025). Out of the isolates, 27.9% were Multi Drug Resistant (MDR) 

and 67.5% were Extensively Drug Resistant (XDR). 

 

Table 1.4: Differences of number of urotype isolated from SUC and EQUC 

Objective Protocol Level of 

bacteria 

Percentage of 

culture 

positive 

sample 

Urotype 

number 

Reference 

Analysis of 

concordance of 

urinary microbiota 

observed by 16S 

rRNA sequencing 

vs EQUC 

SUC : 0.001ml urine cultured in 5% 

sheep BAP and MAC, aerobically for 24 

hours at 350C. 

EQUC: 0.1ml urine cultured in BAP, 

CA and CNA in 5% CO2 at 350C for 48 

hours for aerobic fastidious bacteria 

BAPs at 350C and 300C for 48 hours for 

aerobic bacteria 

CDC anaerobe 5% sheep BAP under 

anaerobic conditions 350C for 48 hours. 

EQUC: 10 

CFU/mL 

Not specified Not 

specified 

(Vaughan et 

al., 2022) 

Comparing 

urobiome changes 

based on OAB 

treatment in adult 

women. 

SUC: not performed 

EQUC: As described by (Vaughan et al., 

2022) 

EQUC: 10 

CFU/mL 

Not specified Not 

specified 

(Halverson et 

al., 2022) 

Assessment of the 

pediatric urinary 

microbiota 

SUC: Not performed 

EQUC: As described by (Vaughan et al., 

2022) 

EQUC: 10 

CFU/mL 

EQUC: 60% Not 

specified  

(Storm et al., 

2022) 

Evaluation of 

collection and 

culture methods to 

identify recurring 

UTI urinary 

microbiota of 

SUC: As described by (Vaughan et al., 

2022) 

EQUC: 0.1ml urine cultured in BAP, 

CNA and MAC in 5% CO2 at 350C for 

48 hours 

SUC and 

EQUC: 

varied result 

in different 

condition 

SUC: 

Catheterized 

UTI-

associated 

microbe 

(39.5%) and 

SUC: 

Catheterized 

UTI-

associated 

microbe (9) 

and voided 

(Hochstedler 

et al., 2022) 
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women 0.1, 0.01, 0.001ml urine cultured in 

BAP, MAC at 5% CO2 at 350C for 24 

and 48 hours for aerobic bacteria 

0.1, 0.01 and 0.001ml urine cultured in 

BAP, CA and CNA in 5% CO2 at 350C 

for 24 and 48 hours for aerobic 

fastidious bacteria 

voided UTI-

associated 

microbes 

(57.1%) 

EQUC: 

Catheterized 

UTI-

associated 

microbe 

(53.5%) and 

voided UTI-

associated 

microbes 

(90.5%) 

 

UTI-

associated 

microbes 

(24) 

EQUC: 

Catheterized 

UTI-

associated 

microbe (24) 

and voided 

UTI-

associated 

microbes 

(56) 

 

 

Evaluation of 

correlation of 

symptom 

improvement and 

urobiome 

characteristics in 

adult women 

prescribed 

mirabegron for 

UUI treatment 

SUC: Not performed 

EQUC: As described by (Vaughan et al., 

2022) 

EQUC: 10 

CFU/mL 

EQUC: 90%  EQUC: 34 

genera 

(Halverson et 

al., 2022) 

Assessment of 

microbiome of 

women suffering 

from lower urinary 

tract symptoms 

SUC: Not performed 

EQUC: As described by (Vaughan et al., 

2022) 

EQUC: 10 

CFU/mL 

EQUC: UTI 

(94.4%), UUI 

(92.1%), 

Stress UI 

(99.5%), 

IC/PBS 

(60.2%) and 

controls 

(57.5%) 

EQUC: Not 

specified 

(Joyce et al., 

2022) 
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Identification of 

cultivable bacteria 

in urine of women 

with interstitial 

cystitis. 

SUC: Not performed  

EQUC: As described by (Vaughan et al., 

2022) 

 

EQUC: 10 

CFU/mL 

EQUC: 

Control (40%) 

and interstitial 

cystitis (IC)/ 

painful 

bladder 

syndrome 

(PBS) (49%) 

EQUC: 

Control : 14 

species and 

IC/PBS: 19 

species 

(Jacobs et al., 

2021) 

Detection of UTI in 

women by 

Standard versus 

Expanded culture 

SUC: As described by (Vaughan et al., 

2022) 

EQUC: 0.1mL urine cultured in BAP, 

MAC, CNA in CO2 at 370C for 48 hours. 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: 63% 

EQUC: 74% 

EQUC: 28 

genera 

(Barnes et al., 

2021) 

Detection of 

urinary 

microbiome in 

postmenopausal 

women with 

recurrent UTI 

SUC and EQUC:  As described by 

(Vaughan et al., 2022) 

 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: No 

growth 

EQUC: 

59.40% 

SUC: No 

bacteria 

detected 

EQUC: Not 

specified 

(Vaughan et 

al., 2021) 

Determination of 

correlation of 

clinical profiles 

and urobiome 

composition in 

women 

SUC and EQUC: As described by 

(Hochstedler et al., 2022) 

SUC and 

EQUC: As 

described by 

(Hochstedler 

et al., 2022) 

 

SUC, EQUC: 

not specified 

SUC, 

EQUC: not 

specified 

(Burnett et 

al., 2021) 

Evaluation of the 

urine sampling to 

detect the male 

urinary microbiota 

EQUC: 0.1mL urine cultured in 

Columbia BA at 370C for 48 hours, 

CBA at 300C for 48 hours, CBA at 370C 

for 48 hours in 5% CO2, Schaedler BA 

at 370C for 5 days in campy gas mixture, 

then CBA at 370C for 48 hours,  

EQUC: 10 

CFU/mL 

 

EQUC: 97% 

(first-catch 

voided urine), 

87% (mid-

stream 

voided), 13% 

(catheterized) 

EQUC: 13 

genera 

(Hrbacek et 

al., 2021) 

Assessment of 

male bladder 

SUC: As described by (Hochstedler et SUC: 103 SUC: Not SUC:Not (Bajic et al., 
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microbiome related 

to lower urinary 

tract symptoms 

al., 2022) 

EQUC: 0.1mL urine cultured in BAP, 

CNA, CA, BA in aerobic, anaerobic and 

CO2 conditions at 350C for 48 hours. 

CFU/mL 

EQUC: 10 

CFU/mL 

specified 

EQUC: 96% 

(voided urine 

specimen), 

29% 

(catheterized 

urine 

specimen) 

specified 

EQUC: 37 

genera 

2020) 

Assessment of 

bladder bacterial 

diversity in 

continent and 

incontinent women 

SUC and EQUC: As described by 

(Vaughan et al., 2022) 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: No 

growth 

EQUC: 

Control 

(57%), UUI 

(81%), stress 

UI (86%) 

SUC: No 

bacteria 

detected 

EQUC: Not 

specified 

(Price et al., 

2020a) 

Detection of 

underdiagnosed 

pediatric UTI 

SUC: As described by (Hochstedler et 

al., 2022) 

EQUC: 0.1, 0.01, 0.001ml urine 

cultured in BAP, MAC at 5% CO2 at 

350C for 24 and 48 hours for aerobic 

bacteria 

SUC, EQUC: 

Different 

varying 

result per 

condition 

SUC: 12.8% 

EQUC: 

16.15% 

SUC: 8 

species 

EQUC: 10 

species 

(Thapaliya et 

al., 2020) 

Comparing 

between urethral 

microbiota and 

bladder urinary 

microbiota present 

in lower urinary 

tract symptom 

SUC: Not performed 

EQUC: 0.1ml catheterized/ periurethral/ 

urethral urine cultured into diverse types 

of media in different conditions at 350C 

for 48 hours. 

EQUC: 10 

CFU/mL 

(catheterized

), 100 

CFU/mL for 

other 

samples 

 

EQUC: not 

specified 

EQUC: 35 

genera 

Chen et al., 

(2020) 

Evaluation of 

temporal dynamics 

of adult female 

lower urinary tract 

SUC: not performed 

EQUC: 0.1mL urine cultured in BAP, 

CNA, CDC in aerobic, anaerobic and 

EQUC: Not 

specified 

EQUC: Not 

specified 

EQUC: Not 

specified 

(Price et al., 

2020b) 
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microbiota CO2 conditions at 350C for 48 hours. 

 

Comparison of 

Standard urine 

culture to Peezy 

midstream device 

in women 

SUC: not performed 

EQUC: 0.1mL urine cultured in BAP, 

CA, CNA, CDC in aerobic, anaerobic 

and CO2 conditions at 350C for 48 hours. 

 

EQUC: 10 

CFU/mL 

EQUC: Not 

specified 

EQUC: Not 

specified 

(Southworth 

et al., 2019) 

Culturing and 

genome 

sequencing of 

female bladder 

bacteria 

SUC and EQUC: As described by 

(Hochstedler et al., 2022) 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: not 

specified 

EQUC: 66.4% 

SUC: not 

specified 

EQUC: 36 

genera and 

78 species 

(Thomas-

White et al., 

2018) 

Detection of 

maternal bladder 

microbiota 

SUC: As described by (Vaughan et al., 

2022) 

EQUC:  0.1mL urine cultured in BAP, 

CA, CNA in aerobic, anaerobic and CO2 

conditions at 350C for 48 hours. 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: no 

growth 

EQUC: 66.7% 

SUC: No 

bacteria 

EQUC: 34 

genera 

(Jacobs et al., 

2017) 

Assessment of 

urinary symptoms 

and their 

associations with 

UTI in 

urogynecologic 

patients 

SUC: As described by (Vaughan et al., 

2022) 

EQUC: 0.1, 0.01, 0.001ml urine 

cultured in BAP, CNA and MAC in 5% 

CO2 at 350C for 24 hours 

0.1, 0.01, 0.001ml urine cultured in 

BAP, MAC at 5% CO2 at 350C for 24 

and 48 hours for aerobic bacteria 

0.1, 0.01 and 0.001ml urine cultured in 

BAP, CA and CNA in 5% CO2 at 350C 

for 24 and 48 hours for aerobic 

fastidious bacteria 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: 38% 

EQUC: 93% 

SUC: 11 

species 

EQUC: 36 

genera and 

98 species 

(Dune et al., 

2017) 

Detection of SUC and EQUC:  As described by SUC: 103 SUC: 7.88% SUC: Not (Thomas-
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association of the 

characteristics of 

microbiota with 

clinically relevant 

treatment response 

to oral UUI 

medication 

(Vaughan et al., 2022) CFU/mL 

EQUC: 10 

CFU/mL 

EQUC: 81.3% specified 

EQUC: 

Control (36) 

and UUI 

(80) 

White et al., 

2016)  

Assessment of 

enhanced 

techniques to 

improve 

identification of 

clinically relevant 

microorganisms 

from female with 

and without UTI 

SUC: As described by (Vaughan et al., 

2022) 

EQUC: 0.1, 0.01, 0.001ml urine 

cultured in BAP, CNA and MAC in 5% 

CO2 at 350C for 24 hours 

0.1, 0.01, 0.001ml urine cultured in 

BAP, MAC at 5% CO2 at 350C for 24 

and 48 hours for aerobic bacteria 

0.1, 0.01 and 0.001ml urine cultured in 

BAP, CA and CNA in 5% CO2 at 350C 

for 24 and 48 hours for aerobic 

fastidious bacteria 

For microaerophilic and anaerobic, 0.1, 

0.01 and 0.001ml urine into two CDC 

anaerobe 5% sheep BAP in campy gas 

mixture. 

SUC and 

EQUC: 

varied result 

per condition 

SUC: 33%  

EQUC: 93% 

SUC: not 

specified 

EQUC: Non 

UTI (75), 

UTI (66) 

(Price et al., 

2016) 

Comparison of 

female urinary 

microbiome with 

and without 

urgency urinary 

incontinence (UUI) 

SUC and EQUC:  As described by 

(Vaughan et al., 2022) 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: 7.78% 

EQUC: 78.9% 

SUC: not 

specified  

EQUC: 36 

genera 

(Pearce et al., 

2014) 

Detection of 

cultivable bacteria 

in adult females 

with or without 

overactive bladder 

SUC: As described by (Vaughan et al., 

2022) 

EQUC: 0.1, 0.01, 0.001ml urine 

cultured in BAP, CNA and MAC in 5% 

SUC: 103 

CFU/mL 

EQUC: 10 

CFU/mL 

SUC: 6.15% 

EQUC: 80% 

SUC: Not 

specified 

EQUC: 35 

genera and 

(Hilt et al., 

2014) 
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(OAB) CO2 at 350C for 24 hours 

0.1, 0.01, 0.001ml urine cultured in 

BAP, MAC at 5% CO2 at 350C for 24 

and 48 hours for aerobic bacteria 

0.1, 0.01 and 0.001ml urine cultured in 

BAP, CA and CNA in 5% CO2 at 350C 

for 24 and 48 hours for aerobic 

fastidious bacteria 

For microaerophilic and anaerobic, 0.1, 

0.01 and 0.001ml urine into two CDC 

anaerobe 5% sheep BAP in campy gas 

mixture. 

85 species 

*BAP- Blood Agar Plate, MAC- MacConkey Agar, CFU- Colony Forming Unit, CNA- 

Columbia Nalidixic Acid Agar, CDC- Centers for Disease Control, OAB- Over Active 

Bladder, UUI- Urgency Urinary Incontinence. 

1.6 Aims and Objectives 

1. To determine the bacteria load in urine samples collected from UTI patients and healthy 

controls. 

2. To isolate the bacteria load in urine samples collected from UTI patients and healthy 

controls. 

3. To assess the efficiency of the EQUC method in isolating more accurate and diverse 

bacterial colonies than SUC method. 

4. To determine the presence of E. coli and K. pneumoniae in specimens from both UTI 

patients and healthy controls. 

5. To evaluate antibiotic resistance of isolated E. coli and K. pneumoniae. 

6. To determine possible significant differences between antibiotic resistance of E. coli 

and K. pneumoniae from both UTI patients and healthy controls, isolated from SUC 

and EQUC method. 
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Chapter 2:  

Methodology 

2.1 Study Design 

This study was conducted as a case-control design. Clinically suspected UTI patients were 

enrolled as the cases, while apparently healthy individuals without UTI symptoms served as 

controls. Midstream urine samples collected aseptically by the participants were processed for 

bacterial culture, and identification, and antibiotic susceptibility testing (Figure 2.1).  

 

 

Figure 2.1: A flow diagram of the study design 
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2.2 Selection of Study Participants 

For the case group, urine samples from UTI positive patients’ were collected from Universal 

Medical College and Hospital. Controls were recruited from BRAC University. Selection 

criteria for the study participants are given in Table 2.1. 

 

Table 2.1: Inclusion and Exclusion Criteria 

Participant Inclusion criteria Exclusion criteria 

Cases 
Age- Above 18 

Both male and female 

Individuals with the symptoms of UTI 

● Age- Below 18 

● Pregnancy 

● Individuals on antibiotics 

Controls 
● Age- Above 18 

● Both male and female 

● Age- Below 18 

● Individuals with the 

symptoms of UTI 

● Pregnancy 

● Individuals on antibiotics 

 

2.3 Consent and Ethical issues 

Written informed consent was taken from all participants prior to interview and sample 

collection for the control group. Consent was taken from the corresponding hospital for using 

samples from the cases. 

2.4 Sample Size 

A total of 40 samples were collected from Dhaka City for this study. Wherefrom, 20 samples 

were randomly collected from students and staff of BRAC University for Control. Meanwhile, 

20 samples were collected from UTI patients of Universal Medical College & Hospital Ltd. for 

Case.  
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2.5 Sample Collection 

A midstream clean catch (MSCC) urine sample is the recommended method to obtain a urine 

culture to confirm a diagnosis of UTI in symptomatic adults ((Lough et al., 2019). MSCC 

method is a safe and non-invasive urine sampling technique designed to obtain a more accurate 

urine specimen within the bladder by reducing contamination from urethral and external genital 

flora (Sinawe & Casadesus, 2023). This method includes discarding the initial portion of urine 

flow and collecting the middle portion of the stream in a sterile container, thereby minimizing 

the introduction of skin or vaginal bacteria into the urine sample (Llor et al., 2022). 

 

Individual adults were instructed to provide around 10-30 mL of urine samples following the 

MSCC method in a sterile urine container maintaining cleanliness. The urine sample container 

was labelled with sample number, age, sex and date of collection. For sanitary reasons, it was 

recommended that the urine sample container be enclosed in a clear plastic bag with adhesive. 

Then, the urine samples were transported using a portable cooler box with ice or an insulated 

cooler box to keep the sample cool during transportation. Finally, the urine samples were 

delivered to the laboratory as soon as possible after completion of collection, preferably within 

1-2 hours. Otherwise, the urine samples were refrigerated at 4-8 °C. Urine samples refrigerated 

for more than 24 hours cannot be used for ‘Culture’ and were rejected by the laboratory. 

2.5.1 Urine Collection Pot 

For urine collection, red lids, leak-proof urine collecting containers were used. There were no 

preservatives included in the pot. The pots were properly labelled with the patient's age, gender 

and serial number.  

 

 

 

 

 

 

Figure 2.2: Urine collection pot 
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2.5.2 Protocols for Sample Processing 

After the urine samples are transported to the laboratory for processing, each urine sample 

container with urine specimen is vortexed to homogenize the urine sample. From each urine 

sample, 1 mL of urine was transferred to 9 mL of saline and vortexed, then labelled as 10^-1. 

Similarly, 1 mL of diluted sample from 10^-1 is transferred to 9 mL of saline to be labelled as 

10^-2, and further diluted to desired dilution factor by serial dilution for solution of EQUC. 

Serial dilution is a step-wise series of dilution which involves diluting the concentration of 

sample through a series of standard volumes of sterile diluent, e.g. distilled water or 0.9 % 

saline, to obtain an incubated plate with an easily countable number of colonies (Basic 

Practical Microbiology: A Manual, 2016). Meanwhile, 10 μL of urine is diluted in 990 μL of 

PBS and vortexed to prepare the solution for SUC. 

 

Afterwards, 100 μL sample solution is individually inoculated from both SUC and EQUC 

solution, and spread evenly over different culture mediums at a time by spread plate method. 

Spread plate method is a plating technique where a sample is evenly distributed over the surface 

of solid culture medium by a glass rod spreader to enumerate viable bacterial colonies (Sanders, 

2012).  For SUC, diluted sample solution is cultured over NA, MAC, HiCrome UTI and BA 

medium. On the other hand, diluted sample solutions for EQUC are cultured over NA, MAC, 

HiCrome UTI, CA and BA medium. Last but not least, 100 μL of raw sample was inoculated 

on NA medium for both SUC and EQUC. 

 

Finally, the cultured plates were incubated for optimal time and conditions as per protocol. For 

SUC, all NA, MAC, HiCrome UTI and BA plates were incubated under aerobic conditions at 

37°C for 24 hours. Meanwhile, all NA, MAC, HiCrome UTI, CA and BA plates for EQUC 

were incubated under aerobic conditions at 37°C for 48 hours. However, two BA plates for 

EQUC were incubated under different conditions: one BA plate incubated under anaerobic 

condition at 37°C for 48 hours, and another incubated under carbon condition at 37°C for 48 

hours.  
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Table 2.2: Protocol for Sample Processing 

 

Method 

Description of Protocol 

Volume of Urine Media Conditions Incubation Time 

 

 

 

 

Standard 

Urine Culture 

 

 

1 μL of urine sample 

+ 99 μL of PBS = 

100 μL/ 0.1 mL for 

spreading 

Blood Agar  Aerobic 37°C  

 

 

 

24 hours 

MacConkey 

Agar 

Aerobic 37°C 

Nutrient Agar  Aerobic 37°C 

HiCrome UTI 

Agar 

Aerobic 37°C 

 

 

 

 

 

 

 

Expanded 

Quantitative 

Urine Culture 

 

 

 

 

 

 

 

100 μL/ 0.1 mL for 

spreading 

Blood Agar Aerobic 37°C  

 

 

 

 

 

 

 

48 hours 

Blood Agar 

(carbon 

incubated) 

5% CO2 37°C 

Blood Agar 

(Anaerobic) 

Anaerobic 37°C 

Chocolate Agar 5% CO2 37°C 

MacConkey 

Agar 

Aerobic 37°C 

NA Aerobic 37°C 

HiCrome UTI Aerobic 37°C 
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2.6 Bacterial Stocking by T1N1 

Differential bacteria were subcultured on NA by streaking to obtain isolated colonies. The 

subcultured plates were incubated at 37°C for 24 hours. Meanwhile, T1N1 medium is prepared 

by dissolving tryptone, NaCl and agar in distilled water, followed by sterilization through 

autoclaving at 121°C for 15 minutes. After sterilization, 3 mL of T1N1 medium was transferred 

in each 4 mL vials. All T1N1 vials were kept vertically and cooled down until T1N1 medium 

solidifies. After T1N1 medium is prepared, a pure bacterial colony isolated from subculturing 

was aseptically inoculated by a needle and stabbed three times in a T1N1 vial. Afterwards, all 

the stabbed vials were kept vertically in a beaker and were incubated at 37°C for 24 hours. 

When significant bacterial growth was observed, 200-400 μL of sterile paraffin oil was 

transferred into the vials to cover the surface of T1N1 medium and bacterial growth. Finally, 

the vials were sealed with parafilm and stored vertically.  

2.7 Suspected Bacteria Identification  

After the isolation and stocking of bacterial colonies, these were identified by PCR and Gel 

Electrophoresis methods.  

2.7.1 DNA Extraction: Boiling Method 

DNA extraction by boiling method, specifically using TE buffer, is a refined thermal lysis 

technique designed to isolate nucleic acids while maintaining a stable pH and protecting the 

DNA from enzymatic degradation, where the DNA templates are later prepared for Polymerase 

Chain Reaction (PCR) (Boza et al., 2024).  

 

A loopful of pure isolated bacterial colonies were resuspended in a sterile microcentrifuge tube 

with 200 μL of 1X TE buffer to remove exogenous inhibitors, such extracellular polysaccharide 

or culture media protein. Here, the TE buffer acts as both the lysis medium and DNA 

stabilization medium (Shin et al., 2021). Following a centrifugation for 10 minutes at 13000 

RPM, after which the supernatant containing the impurities was discarded, while the cell pellet 

was resuspended and re-pipetted with 200 μL of 1X TE buffer. This resuspension was essential 

to ensure that the cells were uniformly distributed in the buffering medium, allowing for even 

heat distribution during the subsequent lysis step (Queipo-OrtuñO et al., 2008). 
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The core of the procedure involves submerging the microcentrifuge tubes in a dry heating block 

or water bath for 10 minutes at 100 ℃. This intense thermal energy causes the rapid expansion 

of intracellular fluids and denaturation lipid bilayer, leading to the physical rupture of cell walls 

and cell membranes, while intracellular components including genomic DNA were released 

into the TE buffer (Shwani et al., 2023). As there were no detergents in the buffer, some 

proteins and cell debris may remain intact, but the DNA becomes solubilized in the buffer (Shin 

et al., 2021). 

 

After boiling, the DNA sample is immediately subjected to thermal shock by being placed on 

ice for approximately 5 minutes. This rapid cooling facilitates the precipitation of denatured 

proteins and cellular debris, while the DNA remains soluble in TE buffer (Yamagishi et al., 

2016). The mixture is then centrifuged at 13000 RPM for 10 minutes to pellet large debris. The 

supernatant, which contains the extracted DNA dissolved in the TE buffer, was aseptically 

transferred to a new microcentrifuge tube and can be used directly for molecular analysis 

(Yamagishi et al., 2016). Depending on downstream requirements, the DNA extract can be 

used directly in PCR or or stored at -20 ℃ or lower for later analysis (Shin et al., 2021).  

2.7.2. Polymerase Chain Reaction (PCR) 

PCR is a highly sensitive molecular technique used for bacterial identification through 

amplification of specific DNA sequence, most commonly targets conserved genetic markers 

such as 16S ribosomal RNA (rRNA) gene, which contains both highly conserved regions 

allowing universal amplification across bacteria and hypervariable regions enabling 

discrimination at genus or species level (Yadav et al., 2024; Janda & Abbott, 2007).  

 

Successful PCR amplification depends on the precise formulation of PCR reaction mix and 

each component of PCR mix has a specific and essential role in ensuring specificity, efficiency 

and reproducibility of bacterial DNA amplification. Commercial PCR master mix combines 

polymerase, buffer, dNTPs and magnesium ions into a single solution to improve 

reproducibility and reduce error.  

 

A thermosable polymerase, typically Taq DNA polymerase, is responsible for synthesizing 

new DNA strands during PCR, while its thermostability allows it to remain active despite 

repeated exposure to high denaturation temperature (Khehra et al., 2025).  
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The PCR buffer maintains optimal pH and ionic strength, ensuring consistent enzyme 

performance throughout the thermal cycle, while Tris-HCl and monovalent ions enhance 

primer annealing and polymerase stability (Mohtar et al., 2024). 

 

Deoxynucleotide Triphosphates (dNTPs) is a mix of dATPs, dCTPs, dGTPs and dTTPs which 

serve as the building blocks for new DNA strand synthesis, here balanced concentration of 

dNTPs are essential to maintain efficient polymerase activity and prevent incorporation errors 

that may compromise downstream sequence analysis (Yadav et al., 2024).  

Magnesium ions, usually supplied as magnesium chloride, acts as essential cofactors for DNA 

polymerase activity by stabilizing the interaction between primer and template DNA as well as 

between polymerase and dNTPs. Suboptimal magnesium concentrations can either reduce 

amplification efficiency or increase non-specific binding, making magnesium concentration a 

critical parameter in PCR optimization (Khehra et al., 2025). 

 

Table 2.3: Primer details for K. pneumoniae and E. coli 

 

Name Sequence Gene  Product size Reference 

ECO-F 5'GACCTCGGTTTAG

TTCACAGA3' 

16SrDNA 585bp 

(Punom, et al., 

2019) 

ECO-R 5'CACCACGCTGACG

CTGACCA3' 

K.pneumoni

ae-F 

5'-

TGCAGATAATTCAC

GCCCAG-3' 
Diguanylate 

-cyclase 

130bp 

(Mahmudunnabi, 

et al., 2017) 

K.pneumoni

ae-R 

5'-

ACCCGCTGGACGCC

AT-3' 
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Primer are short single-stranded oligonucleotides which define the target DNA region to be 

amplified, often targeting conserved regions of the 16S rRNA gene, flanking variable regions 

that provide taxonomic information. Primer specificity and concentration are critical, as 

improper primer design can lead to non-specific amplification or false negative results (Janda 

& Abbott, 2007). 

 

The template DNA consists of extracted bacterial genomic DNA containing the target 

sequence. DNA purity significantly affects PCR performance, as inhibitors commonly found 

in clinical or environmental samples can interfere with enzyme activity amplification efficiency 

(Yadav et al., 2024). 

 

Nuclease-free water is primarily used to adjust the final reaction volume while ensuring that 

no contaminating enzymes interfere with DNA integrity or amplification efficiency. Unlike 

ordinary distilled or deionized water, nuclease-free water is specifically treated and quality 

controlled to be free from DNase, RNase, protease, microbial DNA, all of which could 

compromise PCR performance (Khehra et al., 2025). 

 

Table 2.4: Amount of PCR Mix Components in 25 µL Volume for K. pneumoniae and E. coli 

Amount of PCR Mix Components in 25 µL Volume 

Components Klebsiella pneumoniae (in µL)  Escherichia coli (in µL)  

Master Mix 12.5 12.5 

Forward Primer 1.0  0.25  

Reverse Primer 1.0 0.25 

Primer Concentration 10 picomole/mL 2.5 picomole/mL 

Template DNA 2.0 2.0 

Nuclease-free Water 8.5 10 
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Five Steps of PCR Cycling Conditions 

PCR amplification is achieved through thermal cycling, where controlled temperature changes 

drive sequential molecular events. A standard PCR protocol for bacterial identification 

involves five key steps: 

The initial denaturation step is performed at a high temperature, typically 94-95 ℃, for several 

minutes. This step ensures complete separation of double-stranded DNA into single-strands 

and activates hot-start polymerases when used. Complete denaturation is especially important 

for complex bacterial genomic DNA, which may contain secondary structures (Khehra et al., 

2025). 

 

Each amplification cycle begins with a short denaturation phase approximately 94-98 ℃. 

During this step, newly synthesized DNA strands from the previous cycle are separated into 

single-strand, allowing primers to bind in the next step. Repeated denaturation is essential for 

maintaining exponential amplification throughout cycling (Mohtar et al., 2024). 

 

In the annealing step, the temperature is lowered, usually 50-65 ℃, to allow the primer to 

hybridize to complementary sequences on the template DNA. The annealing temperature is 

determined by the primer melting temperature and directly affects amplification specificity. In 

bacterial identification PCR, precise annealing ensures selective amplification of conserved 

bacterial gene regions while minimizing non-specific products (Janda & Abbott, 2007). 

 

During extension (elongation), the temperature is raised to approximately 72 ℃, the optimal 

working temperature for Taq polymerase. The enzyme extends the primer by incorporating 

dNTPs in the 5’→3’ direction, synthesizing new DNA strands complementary to the template. 

The duration of this step depends on the length of the target sequence and determines the 

completeness of  amplification (Khehra et al., 2025). 

 

After completion of all cycles, a final extension step at 72 ℃ is included to allow full extension 

of any partially synthesized DNA strands. This step improves yield and ensures uniformity of 

PCR products, which is particularly important for downstream applications such as sequencing 

or cloning (Mohtar et al., 2024). 
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Table 2.5: Thermal Cycling conditions for K. pneumoniae and E. coli 

Thermal Cycling Conditions  

Steps Klebsiella pneumoniae  Escherichia coli 

Temp. ℃ Time  No. of cycle Temp. ℃ Time  No. of cycle 

Initial 

Denaturation 

94 4 mins 1 95 5 mins 1 

Denaturation 94 1 min  

35 

94 45 secs  

30 
Annealing  55 1 min 52 45 secs 

Extension 72 1.5 mins 72 1 min 

Final Extension 72 10 mins 1 72 5 mins 1 

Final Storage: 4 ℃ for ∞ holds 

2.8.3. Gel Electrophoresis  

Gel electrophoresis is a standard molecular technique used to separate DNA fragments based 

on size as they migrate through a porous matrix under an applied electric field (Lee et al., 

2012). As DNA has a uniform negative charge on its sugar-phosphate backbone, fragments 

move towards the positively charged electrode during the run, and smaller molecules migrate 

faster and further than larger molecules through the gel’s matrix, enabling size-based separation 

into distinct bands that can be visualized under UV light (Lee et al., 2012). 
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Agarose was used to formulate the gel for this gel electrophoresis, since agarose gel forms a 

three-dimensional network of pores that DNA molecules must navigate during migration. 

Agarose gel concentration plays a key role in gel electrophoresis, as lower concentrations 

produce larger pores, facilitating the separation of larger DNA fragments, whereas higher 

concentrations produce smaller pores that improves resolution of smaller DNA fragments (Lee 

et al., 2012). 

 

For gel preparation, 1.5% agarose for K. pneumoniae and 1.2% E. coli, was dissolved in the 

appropriate amount of 1X TBE buffer by heating. After the agarose gel mixture was cooled 

moderately, 4 µL of Ethidium Bromide (EtBr) was added to 100 mL of gel mixture. EtBr is the 

most common reagent used to stain DNA in agarose gel, so when exposed to UV light, electrons 

in the aromatic ring of the ethidium molecule are activated, which leads to the release of energy 

(light) as the electrons return to ground state (Lee et al., 2012). After adding EtBr, the gel 

mixture is poured into the gel apparatus and kept until solidification. After the gel solidifies, 

the comb is removed from the gel forming wells and gel tray in place in the gel box. An 

appropriate amount of running buffer (1X TBE) is poured into the gel box till the marked line. 

Afterwards, the wells in the gel were loaded with appropriate amounts of PCR product 

according to the size of well. A 50 base pair (bp) ladder was also loaded at the first and last 

wells, as a 50 bp ladder specifically contains bands spaced every 50 bp in the lower size range, 

making it particularly useful sizing for smaller PCR products. In gel electrophoresis, a ladder’s 

band serves as a molecular size marker by comparing the migration distance of unknown bands 

to the ladder’s band, thus can estimate the length of sample fragments based on the logarithmic 

relationship between distance migrated and fragment size (Lee et al., 2012).. Lastly, the lid of 

the gel box is closed, while the time, voltage and current is set according to the requirements 

and turned on.  

 

Table 2.6: Gel Electrophoresis Conditions for K. pneumoniae and E. coli 

Gel Electrophoresis Conditions 

Conditions Klebsiella pneumoniae Escherichia coli 

Gel Concentration (%) 1.5 1.2 
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Ladder (bp) 50  50  

Voltage (V) 100 100 

Current (mA) 300 300 

Time (minutes) 50 50 

Band Size (bp) 130 585 

2.9. Antimicrobial Susceptibility Test (AST) 

An AST is a standardized laboratory procedure in clinical microbiology to determine whether 

a bacterial pathogen is sensitive or resistant to specific antibiotics, which is an essential 

information for guiding effective antimicrobial therapy and combating the global rise of 

antimicrobial resistance by avoiding the use of ineffective drugs and promoting targeted 

treatment strategies (Khan et al., 2019). AST results can prevent misuse of antibiotics and help 

tailor treatment to the causative pathogen, improving patient’s outcome and slowing the spread 

of resistant strains (Khan et al., 2019). 

 

One of the most widely used AST methods is the disk diffusion method, often called the Kirby-

Bauer disk diffusion test. The procedure of AST typically begins after a bacterial isolate has 

been obtained and identified from a clinical specimen. A pure culture of the bacteria is grown 

on solid NA medium. This pure culture is inoculated in 0.9% saline solution and was vortexed 

to prepare a standardized bacterial suspension, usually adjusted to a turbidity equivalent to a 

0.5 McFarland standard to ensure a uniform inoculum density. This standardized suspension is 

essential for reproducibility and accurate comparisons between tests. For disk diffusion 

methods, the inoculum is swabbed uniformly across the surface of a Mueller-Hinton agar plate, 

chosen for its ability to support the growth of non-fastidious bacteria while allowing consistent 

antibiotic diffusion. Antibiotic-impregnated paper discs are placed on the inoculated agar 

surface before incubation at a controlled temperature, usually 37 ℃, for about 18-24 hours.  
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After incubation, zones of inhibited growth around each disc were measured, and results were 

interpreted by comparing zone diameters to clinical breakpoint defined by standards such as 

those from the Clinical and Laboratory Standards Institute (CLSI) or the European Committee 

on Antimicrobial Susceptibility Test (EUCAST). The zone of inhibition is the cornerstone of 

disk diffusion interpretation. A large zone indicates that the bacteria is more susceptible to the 

antibiotic, meaning it was unable to grow where sufficient drug concentration exists in the agar, 

whereas small or absence of zone suggests resistance (Hombach et al., 2013). 

 

Antibiotics used in disk diffusion testing come from various antibiotic classes, each with 

distinct mechanisms of action and clinical uses. Kanamycin is an aminoglycoside that binds 

irreversibly to the 30S ribosomal subunits in bacteria, causing mistranslation of mRNA and 

inhibition of protein synthesis (Dogan et al., 2021). Cefixime is an orally administered third-

generation cephalosporin that inhibits cell wall synthesis by binding to penicillin-binding 

proteins (PBPs) (Qahtani et al., 2025). Cefepime is a fourth-generation cephalosporin with 

improved stability against many 𝛃-lactamases and broader gram-negative coverage compared 

to earlier cephalosporin (Shama et al., 2024). Ampicillin is broad spectrum aminopenicillin, 

which targets PBPs to disrupt cell wall synthesis, however it develops resistance through 𝛃-

lactamase production (Rahman et al., 2025). Amoxicillin, similar to ampicillin, is susceptible 

to 𝛃-lactamase degradation (Rahman et al., 2025). Azithromycin is a macrolide antibiotic 

which interferes with protein synthesis by binding the 50S ribosomal subunit (Shama et al., 

2024). Imipenem is a carbapenem with broad-spectrum activity against gram-negative bacteria, 

including many strains resistant to other 𝛃-lactams (Mouanga-Ndzime et al., 2024). 

Tetracycline is a broad-spectrum protein synthesis inhibitor that binds the 30S ribosomal 

subunit, preventing attachment of the tRNA to the ribosome (Gunduz & Altun, 2018). 

Ciprofloxacin is a fluoroquinolone that targets DNA gyrase and topoisomerase IV, blocking 

DNA replication and transcription (Mouanga-Ndzime et al., 2024) . 

 

Aside from these antibiotics, vancomycin, aztreonam and linezolid were also incorporated, but 

were invalid against gram-negative bacteria. Vancomycin is a glycopeptide antibiotic that 

inhibits bacterial cell wall synthesis by binding to the D-Ala-D-Ala terminus of the 

peptidoglycan precursors, blocking cross-linking and weakening the cell wall, however gram-

negative bacteria possess an additional outer membrane composed of lipopolysaccharide (LPS) 

which acts a protective barrier that large, hydrophilic molecules like vancomycin are unable to 
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penetrate (Li et al., 2025). Linezolid is a oxazolidinone antibiotic that bind to the 23S rRNA of 

the 50S ribosomal subunit, blocking the initiation of protein synthesis, but its spectrum does 

not extend to most gram-negative bacteria due to the outer membrane and efflux systems 

prevent efficient intracellular accumulation of linezolid (Kaya et al., 2020). Unlike linezolid 

and vancomycin, aztreonam is actually a 𝛃-lactam antibiotic that does target gram-negative 

bacteria by binding to PBPs, especially PBP-3, thereby inhibiting cell wall synthesis, however 

its spectrum is narrow and focused on aerobic gram-negative bacilli and its effectiveness can 

be compromised by resistance mechanisms such as extended spectrum 𝛃-lactamases (ESBLs) 

and other hydrolyzing enzymes that can inactivate aztreonam (Morroni et al., 2021).   
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Chapter 3:  

Result  

3.1 Baseline Characteristics of the Study Participants   

A total of 40 samples were collected. 20 were from cases and 20 were from controls. Age 

criteria for collecting samples were above 18 years. From Figure 3.1, it is observed that among 

the control group, four individuals were aged 18–19 years, while within the age group of 20-

29 the number of individuals were 14. Only two participants were from the range 30-39 years. 

In the case group, five individuals were aged 20–29 years, two individuals aged 40–49 years, 

five aged 50–59 years, three aged 60–69 years, four aged 70–79 years, and one individual aged 

80–89 years.  

Figure 3.1: Age distribution of the controls and cases 

 

 

 

 

 

 

 

 

 

Figure 3.2: Gender distribution among (A) controls and (B) UTI patient 
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From Figure 3.2 (A and B), it is observed that 8 (40%) of the controls were female and 12 

(60%) of them were males. On the other hand, male vs. female ratio was 1:1. 

3.2 Isolation of bacteria  

Urine from both controls and cases was diluted and then inoculated onto the culture media. For 

SUC the desired dilution was further introduced into PBS and then inoculated onto the culture 

media. For SUC, the specimens were inoculated on Nutrient Agar (A), MacConkey Agar (B), 

HiChrome UTI agar (C) and BAP agar media (D) (Figure 3.3). For EQUC, Nutrient Agar (A), 

MacConkey Agar (B), HiChrome UTI agar (C) and BAP agar media (D) were used (Figure 

3.4). Anaerobic incubation was additionally performed for BAP agar media. After incubation, 

each type of bacterial isolates based on their colony morphology were isolated and preserved.  

Figure 3.3: Cultured plates (A) Nutrient Agar, (B MacConkey Agar, (C) HiCrome UTI Agar 

and (D) Blood Agar media after incubation using SUC method. 

 

 

 

 

 

 

 

Figure 3.4: Culture plates (A) Nutrient Agar, (B) HiCrome UTI Agar, (C) MacConkey Agar 

and (D) Blood Agar media after incubation using EQUC method. 
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Figure 3.5: Percentage of Klebsiella pneumoniae and Escherichia coli isolated on different 

culture media 

A media-based comparison (Figure 3.5) showed that for controls, 86.7% K. pneumoniae was 

isolated from BA, 13.3% was isolated from UTI of SUC method. There were no presence of 

E.coli in controls. Similar result was derived from EQUC, where 73.91% of K. pneumoniae 

was isolated from BA and 26.09% from UTI. From cases, equal amount of K. pneumoniae was 

isolated from MAC and UTI, which is 23.08% in SUC. The rest 53.85% was isolated from BA. 

In Cases, 24.14% K. pneumoniae was isolated from UTI, 31.03% from MAC and 44.83% from 

BA of EQUC. 56.25% of E. coli was isolated from UTI, 31.25% from MAC and 12.5% from 
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BA of SUC. And for EQUC, 47.37% was isolated from UTI, 31.58% from MAC and 21.05% 

from BA.  

3.3 Total Aerobic Count  

Each of the plates from both SUC and EQUC methods were observed and the number of 

colonies was counted and recorded. For the control group, from HiCrome UTI agar, the average 

colony count was 1.56×106 with the SUC method and an average count of 4.58×104 was 

detected using the EQUC method. In NA medium, the SUC method yielded an average colony 

count of 6.35×104 and the EQUC method showed an average of 6.71×104. No bacterial growth 

was present on MAC with either of the methods. On BA media, an average count of 1.13×106 

was produced by SUC method and an average count of 2.21×106 were detected by EQUC 

method. In CA, EQUC produced an average colony count of 7.91×105. 

 

For the case group, in HiCrome UTI agar the average number of colonies using SUC method 

was 1.92×105 while using the EQUC method the average count was 2.89×105. In NA, the 

average colony count was 4.26×104  using SUC, and in case of EQUC it is 2.37×105. On MAC, 

SUC yielded an average of 1.12×105 colonies, whereas EQUC detected 1.7785×105 colonies 

on average. The highest colony counts were observed on BAP. Using the SUC method, the 

average colony count was 9.03×1011, while the EQUC method showed an average of 

3.39×1014. Similarly, for CA medium, which was used only in the EQUC method, yielded an 

average colony count of 1.42×1013. 

Figure3.6: Average CFU/mL count in (A) Controls (B) Cases (****p-value <0.0001) 
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From Figure 3.6 (A), it is clear that the highest average CFU/mL is observed on BAP. In the 

case group (Figure 3.6) the highest average CFU/mL was observed UTI. Additionally, in both 

control and cases EQUC showed more growth than SUC.  

3.4 PCR based Identification  

Various types of bacteria were isolated from different media used in SUC and EQUC methods. 

Based on colony morphology and cultural characteristics, two major bacterial species found 

were Escherichia coli and Klebsiella pneumoniae. To confirm these bacteria, Polymerase 

Chain Reaction (PCR) method was used. Isolated E. coli and K. pneumoniae from both SUC 

and EQUC methods were identified and confirmed using the PCR method. 

For PCR, a 130 bp product of the Diguanylate cyclase gene from klebsiella pneumoniae was 

targeted and amplified. A previously identified strain of klebsiella pneumoniae was used as a 

positive control. A negative control containing all reagents except DNA template was also used 

(Figure 3.7).   

  

Figure 3.7: Gel electrophoresis result of Klebsiella pneumoniae 

E. coli was identified by targeting its 16SrDNA (585 bp). A previously identified strain of E. 

coli was used as a positive control. A negative control containing all reagents except DNA 

template was also used (Figure 3.8). 

 

Figure 3.8: Gel electrophoresis result of Escherichia coli 
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Out of suspected 124 K. pneumoniae isolates from cases (59) and controls (65), 40 from cases 

and 53 from controls were confirmed after PCR. Out of 45 E. coli from cases, 33 were 

confirmed via PCR. 

3.5 Antibiotic Susceptibility Test 

To test the antibiotic susceptibility of the identified E. coli and K. pneumoniae isolates, 9 

antibiotics were used: Kanamycin (30), Cefixime, Azithromycin, Cefepime (30), Ampicillin 

(10), Imipenem (10), Tetracycline (30), Amoxicillin and clavulanic acid and ciprofloxacin are 

the antibiotic used.  

 

The graph A (Figure 3.9) represents the results from Antibiotic Susceptibility Test (AST) of 

Klebsiella pneumoniae of SUC method from controls. The highest value of resistance of K. 

pneumoniae is 100%, which is against Cefixime and Azithromycin. The highest sensitivity 

(100%) is against Kanamycin.  

 

Graph B (Figure 3.9) shows the results from AST of Klebsiella pneumoniae of EQUC method 

from controls. Here the highest resistance is shown against Cefixime and Cefepime, which is  

 

Figure 3.9: AST Data of Klebsiella pneumoniae (Control) 

100%. Then against Azithromycin K. pneumoniae shows resistance of 94.12%. Around 94% 

of the K. pneumoniae shows sensitivity towards Kanamycin. . 
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Graph A (Figure 3.10)  shows the results from AST of K. pneumoniae of SUC method from 

cases. Here the highest resistance is 75% against Amoxicillin. Against Azithromycin, 

Cefepime, Tetracyclin and Ciprofloxacin, it shows 100% sensitivity.   

 Figure 3.10: AST Data of Klebsiella pneumoniae (Case) 

Graph B (Figure 3.10) shows the results from AST of K. pneumoniae of EQUC method from 

cases. It shows 75 % resistance against Cefixime, Ampicillin and Amoxicillin. Here the highest 

sensitivity is 75% which is towards Kanamycin. 

 

Graph A (Figure 3.11) shows the AST result of E. coli from SUC method. Highest resistance 

is observed against Cefixime which is 86.96%. Then it shows 60% resistance against 

Azithromycin. Graph B (Figure 3.11)  shows the results from EQUC method.  Here the highest  

Figure 3.11: AST Data of Escherichia coli from SUC and EQUC (Case) 
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resistance is 69.23% which is against Cefixime. Around 54% E. coli is resistant against 

Azithromycin. E. coli in EQUC shows 100% sensitivity towards Kanamycin. 
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Chapter 4:  

Discussion 

4.1 Sample Collection 

Various studies show that women are more prone to UTI than men across all age groups (Rowe 

& Juthani-Mehta, 2013). However, in this study, 50% men and 50% women were patients. This 

could be due to the small sample size. Higher incidence rate is visible in people aged above 60 

years (Price et al., 2016). This study also shows 40% of the UTI patients belonging to the age 

group of above 60. Less incidence rate among younger population is shown in studies where 

the incidence rate is only 0.01 per person-year (Rowe & Juthani-Mehta, 2013). However, it can 

be observed from this study that 25% of UTI patients belong to the age group of 20-29, where 

the majority of patients are women. The risk factors, poor hygiene and unawareness could be 

prime reasons behind this. Control samples were collected mostly from students or the staff of 

BRAC University, as a result, 90% of the samples were from people aged below 29. 

4.2 Culture Based Result Analysis 

Both Gram-positive and Gram-negative bacteria were observed in the samples. The abundance 

of bacteria was higher in the EQUC method for both cases and control groups. In both cases 

and controls, the EQUC method showed greater bacterial diversity. Some bacteria did not grow 

in the SUC method but grew in the EQUC method. These included Staphylococcus 

epidermidis, Enterococcus faecalis, Proteus mirabilis, Micrococcus luteus, Candida albicans, 

Roseomonas gilardii, Roseomonas mucosa, and Haemophilus influenzae. In the EQUC 

method, culture media were incubated for 48 hours under different conditions. For some 

bacteria, 24 hours of incubation is not sufficient to produce visible growth (Lagier et al., 2015). 

This result shows that the SUC method is not always enough to recognize the pathogenic agent 

causing UTI. More than 16 types were isolated from urine samples, different in number in each 

urine sample.  

 

Escherichia coli was not detected in the UTI negative or control group. In the UTI positive 

group (cases), E. coli showed a 50:50 growth ratio between the EQUC and SUC methods. This 

indicates that both methods had similar efficacy in detecting this organism in this study. But in 

total bacterial abundance was much higher in the EQUC method than SUC. A study conducted 

by Price et al. (2016) reported that the EQUC method was more efficient in detecting E. coli. 

This difference may be due to the larger sample size used in their study. Despite this variation, 
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both studies identified many similar bacterial species. In addition, Price et al. (2016) showed 

that some bacteria did not grow using the SUC method but were detected using the EQUC 

method. In their study, two of the most abundant bacteria in UTI-positive patients were E. coli 

and Klebsiella pneumoniae. Similarly, in the present study, E. coli and Klebsiella pneumoniae 

were also among the most abundant bacteria. 

 

EQUC identified a higher proportion of Klebsiella pneumoniae and Escherichia coli across 

blood agar (BA), MacConkey agar (MAC), and UTI-specific media, suggesting that expanded 

culture conditions improve bacterial detection. For example, controls had most K. pneumoniae 

isolated from BA by both SUC (86.7%) and EQUC (73.9%), and cases showed enhanced 

detection across all media with EQUC compared with SUC. E. coli in cases was recovered 

more evenly across media with EQUC (47.37% UTI, 31.58% MAC, 21.05% BA) than SUC 

(56.25% UTI, 31.25% MAC, 12.5% BA). These findings are consistent with published 

evidence that EQUC detects significantly more uropathogens than standard protocols because 

EQUC uses larger inocula, multiple media types, and extended incubation (Hilt et al., 2016; 

Southworth et al., 2019). 

4.3 Total Aerobic Count  

The average CFU/mL was higher in the EQUC method than in the SUC method on all media. 

This pattern was observed in both the control and case groups. In the control group, the average 

CFU/mL on HiCrome UTI agar and blood agar was two-fold higher with the EQUC method. 

In NA it was 1.09-fold higher in EQUC compared to SUC. In the case group, the difference 

was more observable. The average CFU/mL on HiCrome UTI agar was 15-fold higher in the 

EQUC method. On nutrient agar, it was 5-fold higher, while on MacConkey agar (MAC) it 

was 1.58-fold higher compared to the SUC method.The higher average CFU/mL obtained from 

the EQUC method is mainly because of the longer incubation period of 48 hours. Hochstedler 

et al. (2022) conducted a study comparing EQUC and SUC using both catheterized and non-

catheterized urine samples. In all cases, the EQUC method showed higher average CFU/mL 

than the SUC method, which is consistent with findings reported by Hochstedler et al. (2022). 

Additionally, the case group showed a significantly higher average CFU/mL compared to the 

control group. 
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4.4 PCR Results Analysis 

According to the study by Mohmadunnabi et al., (2017), primers K. pneumoniae-F and K. 

pneumoniae-R amplify the diguanylate cyclase gene of K. pneumoniae in PCR and in gel 

electrophoresis gives band at 130 bp region. In this study, using a 50 bp ladder, visible bands 

in 130 bp were observed for the Klebsiella pneumoniae derived from cases and controls. K. 

pneumoniae from all the cases and controls were confirmed and identified via PCR and gel 

electrophoresis.ECO-F and ECO-R primers amplify 16SrDNA gene of E. coli in PCR and in 

gel electrophoresis gives band at 585 bp region (Punom et al., 2019). In this study, ECO-F and 

ECO-R were used and visible bands were observed in 585 bp region, using 50 bp ladder. E. 

coli isolated from all the cases (UTI patients) were confirmed and identified via PCR and gel 

electrophoresis.  

4.5 AST Result analysis  

Klebsiella pneumoniae, isolated from UTI patients in SUC and EQUC method, was highly 

sensitive to kanamycin (75% and 87.5%, respectively). This was also observed in K. 

pneumoniae isolated from controls. As for SUC, the K. Pneumoniae were 100% sensitive to 

kanamycin and for EQUC, it was 94.12%. This indicates the potential use of kanamycin as an 

antibiotic to treat the people suffering from UTI. From non-patients, 100% resistance of 

Klebsiella pneumoniae, isolated from both SUC and EQUC, for cefixime was observed, which 

is highly concerning. A study also reported high resistance for cefixime in clinical K. 

pneumoniae samples, which was 95% (Iqbal, et al., 2021). For UTI patients, in SUC, the 

reported resistance is surprisingly lower (25%). However, in EQUC, the resistance increased 

to 75%. This could refer to the ability of the EQUC method to isolate more resistant bacteria 

efficiently. In case of controls, other than cefixime, high resistance was observed for aztreonam 

(in SUC- 100%, EQUC- 94.12%), cefepime (in SUC- 90.91%, EQUC- 100%) and ampicillin 

(in SUC- 90.91%, EQUC- 88.24%). A clinical study showed relatively lower resistance in K. 

pneumoniae for aztreonam (44.7%), cefepime (50%) and ampicillin (76.3%), compared to this 

study (Jalil & Atbee, 2022). However, resistance of K. pneumoniae isolated from cases show 

varying results in SUC and EQUC. As, resistance for aztreonam (62.5%), cefepime (62.5%) 

and ampicillin (87.5%) are relatively closer to the reported result of the study conducted by 

Jalil and Atbee (2022). But the results obtained from EQUC showed high sensitivity for 

aztreonam (100%), cefepime (100%), and ampicillin (50%). 
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E. coli, isolated from EQUC, was 100% sensitive to kanamycin, and 82.61% in case of SUC, 

indicating possible treatment for the patients suffering from UTI. For cefixime, highest 

resistance was observed in SUC and EQUC both, which is 86.96% and 69.23% respectively. 

This was also shown in a clinical study where the E. coli samples were 93% resistant to 

cefixime (Lopez-Sampedro, et al., 2023). Second highest resistance was observed for 

aztreonam, 60.87% and 53.85% for SUC and EQUC respectively. High resistance for 

aztreonam (74.4%) was also reported in E. coli isolated from clinical samples (Jalil & Atbee, 

2022). More than 80% of E. coli isolates were reported to be resistant to ciprofloxacin (Iqbal, 

et al., 2021). However, in this study, the E. coli isolates from UTI patients were less resistant 

to ciprofloxacin in SUC (26.09%) and EQUC (15.38%). While this study shows relatively low 

resistance of E. coli to ampicillin (47.83% for SUC, and 46.15% for EQUC), other studies 

report high resistance up to 86.6% for ampicillin (Jalil & Atbee, 2022). High sensitivity of E. 

coli was observed for imipenem in both SUC and EQUC, 73.91% and 61.54% respectively. 

This was also reported in other studies where the resistance was 13.4% only (Golsha, et al., 

2021). 
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Chapter 5: 

Conclusion 

In conclusion, this study shows that the EQUC method can detect more types of uropathogens 

and gives higher colony counts than the SUC. This means EQUC is more sensitive for detecting 

urinary tract infections. Although SUC is still useful for routine testing, EQUC may help 

improve the diagnosis and management of UTIs. 

5.1 Strengths  

This study has several notable strengths that enhance the reliability, depth and clinical 

relevance of its findings. The strengths are-  

1. The study included samples from both male and female patients, which allowed a more 

comprehensive understanding of UTI across gender and improves the generalizability 

of the findings 

2. Participants were selected from a wide range of adult age groups, enabling the analysis 

of age related variations in UTI prevalence and bacterial pattern among adults. 

3. The EQUC method revealed a broader spectrum of bacteria compared to SUC 

providing deeper insights into the microbial diversity associated with UTI. 

4. The direct comparison between SUC and EQUC strengthens the study by highlighting 

the limitations of routine diagnostics and the advantages of EQUC technique. 

5. AST results enhanced understanding of the relationship between bacterial diversity and 

antimicrobial resistance. 

6. Findings from this study may contribute to improved diagnostic accuracy and better 

targeted antimicrobial therapy essential for effective UTI management. 

5.2 Limitations  

Every study that has been conducted has some limitations. This study has also some limitations. 

They are, 

1. The sample size was small, limiting the generalizability of the findings. 

2. Anaerobic could not be adequately maintained due to lab limitations, leading to the 

underdetection of anaerobic uropathogens. 

3. Maximum older adult samples were included in the case group, while the control group 

consisted exclusively of younger adult samples, which may introduce age-related bias. 
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4. Fewer female samples were included in the control group due to hesitation in 

participation, which may affect gender-based comparison.  

5. The absence of specific primers in the lab restricted molecular identification of several 

bacteria. 

5.3 Future Prospects  

1. The sample will be increased to improve statistical power and enhance the 

generalizability of finding across different populations and healthcare settings. 

2. Identification of suspected bacteria by PCR will be carried out from previous samples 

after obtaining specific primers. 

3. Data from the EQUC method may contribute to updating diagnostic protocols of UTI, 

particularly in cases of recurrent or culture-negative infections. 

4. Future research could incorporate detection of resistant genes using specific primers to 

correlate phenotypic AST results with genotypic resistance patterns. 
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Appendix: 

Media and Reagents  

Nutrient Agar (NA) 

According to HiMedia Laboratories (2024), NA is a general purpose medium utilized for the 

cultivation of non-fastidious microorganisms. Due to its basic formula and non-selective 

nature, it provides an optimal condition for a wide range of microorganisms to grow (HiMedia 

Laboratories, 2024).  

 

Table A.1: Composition of Nutrient Agar (NA) 

Composition of NA 

Ingredients Amount (g / L) Function 

Peptone 5 Provides necessary nutrients for 

growth 
Beef Extract 1.5 

Yeast Extract 1.5 

Sodium Chloride 5 Maintains osmotic equilibrium 

Agar 15 Solidifying agent 

Final pH (at 25℃): 7.4 ± 0.2 

 

This medium consists of peptone, beef extract and yeast extract which provides essential 

nitrogen and carbon compounds, vitamins, and some other essential trace ingredients that 

supports the growth of a wide range of bacteria; sodium chloride maintains the osmotic balance 

of the medium; while agar acts as an solidifying agent (HiMedia Laboratories, 2024). 

According to  HiMedia Laboratories (2024), NA can be used for clinical samples such as urine 

and faeces; food and dairy samples; and water sample for routine culture of microorganism, 

enumeration of bacteria and subculturing to maintain bacterial strain. 
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HiCrome UTI Agar  

As recommended by HiMedia Laboratories (2025), Hicrome UTI agar is a chromogenic, 

differential culture medium used in clinical microbiology to isolate, differentiate, and achieve 

presumptive identification of uropathogens directly from urine specimens in urinary tract 

infection (UTI) diagnostics. The medium contains two chromogenic substrates that react with 

specific bacterial enzymes, allowing distinct bacteria to produce differential colored colonies 

based on their metabolic properties (HiMedia Laboratories, 2025).  

 

Table A2: Composition of HiCrome UTI Agar 

Compositions of HiCrome UTI Agar 

Ingredients Amount (g / L) Function 

Peptone (special) 15 Provides essential growth nutrients 

Chromogenic mixture 2.45 Allows visible color change 

Agar 15 Solidifying agent 

Final pH (at 25℃): 6.8 ± 0.2 

 

As stated in HiMedia Laboratories (2025), the principle behind HiCrome UTI agar is 

presumptive identification of uropathogens on the basis of contrasted colony colors produced 

by the reaction of genus or species specific enzymes: ꞵ-glucosidase and ꞵ-D-galactosidase with 

two chromogenic substrates. For instance, Escherichia coli produces ꞵ-D-galactosidase, which 

cleaves the galactoside chromogen to form pink or magenta colonies; Klebsiella spp. or 

Enterococcus spp. express ꞵ-glucosidase cleaved by glucoside chromogen to produce blue 

colonies; meanwhile, presence of amino acids like phenylalanine and tryptophan from peptone 

detects tryptophan deaminase activities that appears as brown colonies, indicating the presence 

of Proteus, Morganella, and Providencia species (HiMedia Laboratories, 2025). 

 

MacConkey Agar (MAC) 

MAC is a selective and differential medium, primarily utilized for the isolation and 

differentiation of Gram-negative bacteria, particularly members of the family 

Enterobacteriaceae. However, some Gram-negative bacteria such as Haemophilus influenzae 
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and Neisseria meningitidis struggle to grow due to their sensitivity towards bile salts. This 

medium’s effectiveness stems from its unique composition, which simultaneously inhibits the 

growth of most Gram-positive bacteria and promotes the differentiation of Gram-negative 

bacteria based on their ability to ferment lactose (Madigan et al., 2021).  

 

Table A3: Composition of MAC 

Compositions of MAC 

Ingredients Amount (g / L) Function 

Peptone (pancreatic digest of 

gelatin) 

17 Provides essential nutrients, vitamins, and 

nitrogenous factors for growth of 

microorganisms 
Proteose peptone (meat and 

casein)  

3 

Lactose monohydrate 10 Fermentable source of carbohydrate 

Bile salts 1.5 Inhibits Gram-positive bacteria 

Crystal violet 0.001 

Sodium chloride 5 Maintains osmotic balance 

Neutral red 0.03 pH indicator 

Agar 13.5 Solidifying agent 

Final pH (at 25℃): 7.1 ± 0.2 

 

The selective properties of MAC are attributed to the inclusion of bile salts and crystal violet 

in its formation. Bile salts inhibit most Gram-positive bacteria, while crystal violet further 

enhances this inhibitory effect. This selectivity of MAC makes it invaluable for isolating Gram-

negative enteric pathogens from various samples, such as clinical specimens, food, and 

environmental sources (Cappuccino & Welsh, 2017). 

 

Beyond selection, MAC is a differential medium, distinguishing Gram-negative bacteria based 

on lactose fermentation. It contains lactose as the sole carbohydrate source and neutral red as 
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pH indicator. Lactose fermenting bacteria such as Escherichia coli and Klebsiella spp., 

produces acid, which lowers the pH of the medium below 6.8 and causes the neutral red 

indicator to turn pink or red, often resulting in pink-red colonies. Meanwhile, non-lactose 

fermenting bacteria such as Salmonella and Shigella utilize peptone, forming ammonia, which 

increases the pH of the medium above 6.8, typically resulting in colorless or transparent 

colonies, reflecting the color of the medium  (HiMedia Laboratories, 2025).  

 

Blood Agar (BA) 

BA is an enriched and differential medium widely used for the isolation and cultivation of 

fastidious microorganisms, particularly those with complex nutrient requirements. Its 

distinctive feature is the incorporation of 5% mammalian blood, typically sheep, in a blood 

agar base. This blood provides essential growth factors and nutrients required by many bacteria 

to thrive, making it an excellent enrichment medium (Cappuccino & Welsh, 2017). 

 

Table A4: Composition of Blood Agar Base 

 

The differential property of BA primarily revolves around its ability to detect hemolytic 

activity, which is the lysis of red blood cells (RBCs) by bacterial exotoxins called hemolysins. 

There are three main types of hemolysis observed on BA: 

Alpha (𝛂) hemolysis: This appears as partial lysis of RBCs around  bacterial colonies, resulting 

in a greenish discoloration of the medium. This green color is caused by the reduction of 

Compositions of BA Base 

Ingredients Amount (g / L) Function 

Peptone 10 Provides carbon, nitrogen, 

amino acids, vitamins and 

minerals  
Tryptose 10 

Sodium chloride 5 Maintains osmotic 

equilibrium  

Agar 15 Solidifying agent 

Final pH (at 25℃): 7.3 ± 0.2 
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hemoglobin to methemoglobin due to the production of H2O2 by 𝛂-hemolytic bacteria. 

Example of 𝛂-hemolytic bacteria include Streptococcus pneumoniae and some strains of 

Streptococcus viridans (Cappuccino & Welsh, 2017). 

 

Beta (𝛃) hemolysis: This indicates the complete hemolysis of RBCs, leading to a clear, 

transparent zone around bacterial colonies. This complete clearing is due to denaturation of 

hemoglobin by potent hemolysins. Classic examples of 𝛃-hemolytic bacteria are Streptococcus 

pyogenes (Group A Streptococcus) and Staphylococcus aureus.  

 

Gamma (𝛄) hemolysis or non-hemolytic: This signifies no hemolysis or discoloration of the 

BA around the bacterial colonies. The RBCs remain intact. Many non-pathogenic bacteria 

exhibit 𝛄 hemolysis, such as Enterococcus faecalis (Cappuccino & Welsh, 2017). 

According to HiMedia Laboratories (2024), to prepare BA, create a sterile BA base by 

suspending 40 g of BA base powder in 1 L of distilled water and heated up to boiling to dissolve 

the medium completely. It is sterilized by autoclaving at 121 ℃ and 15 lbs pressure for about 

15 minutes. The autoclaved medium is cooled down to about 45-50 ℃ to which 5% sterile, 

defibrinated sheep blood to room temperature is aseptically added and mixed well. The media 

is then poured in sterile plates under sterile conditions and stored in 2-8 ℃. 

 

Chocolate Agar (CA) 

CA is a non-selective, enriched growth medium used in the isolation and cultivation of 

fastidious microorganisms, particularly Haemophilus and Neisseria species (Madigan et al., 

2021). 

 

Table A5: Compositions of Chocolate Agar 

Composition of CA 

Ingredients Amount (g / L) Function 

Casein 15 Provides nitrogenous nutrients, amino 

acids, and essential elements for growth 

Cornstarch 1 Neutralize possible toxic metabolites 
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Sodium Chloride 5 Maintains osmotic equilibrium 

Dipotassium Phosphate 4 Maintains uniform pH during growth 

Monopotassium Phosphate 1 

Hemoglobin solution 5% Provides essential nutrients for fastidious 

bacteria 

Koenzyme enrichment  10 Provides essential growth factors for 

fastidious bacteria 

Agar 10 Solidifying agent 

Final pH (at 25℃): 7.3 ± 0.2 

 

CA is prepared by adding 5% defibrinated sheep blood to a sterile molten CA base and heating 

it gently at 80℃ for 10 minutes. Unlike BA, this heating process causes RBCs to lyse, releasing 

essential intracellular nutrients for fastidious bacteria, so hemolysis cannot be observed . 

During this process, hemoglobin is converted to Factor X (hemin), which is an iron-containing 

porphyrin essential for bacterial respiration, and Factor V (Nicotinamide adenine dinucleotide, 

NAD), which is a coenzyme that supports metabolism (oxidation-reduction reactions). These 

two factors are essential for the growth of certain fastidious bacteria (HiMedia Laboratories 

2024). 

 

Unlike BA, CA is not differential as the RBCs are already lysed. However, various pathogenic 

bacteria lack the ability to synthesize these factors on their own; therefore, they are unable to 

grow on standard BA where these factors remain trapped inside intact RBCs. CA effectively 

pre-digest these RBCs, releasing a banquet of freely available growth factors (Cappuccino & 

Welsh, 2017).  

 

This medium is designed for fastidious organisms–bacteria that are picky eaters and requires a 

specific environment to survive. It is the gold standard for culturing respiratory and sexually 

transmitted pathogens. For instance, Haemophilus influenzae, a major cause of respiratory 

infections and meningitis, requires both Factor X and Factor V and thrives on CA. Similarly, 

Neisseria species, such as Neisseria meningitidis which causes bacterial meningitis, and 
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Neisseria gonorrhoeae which causes gonorrhea, rely on this medium to provide the NAD they 

are unable to produce themselves (Madigan et al., 2021).  

Tryptone Salt Agar (T1N1) 

T1N1 is a low nutrient agar made with basic formulation, specifically tryptone solution with 

1% NaCl, supporting the survival of many non-fastidious bacteria, which is used to maintain 

stock cultures over short to medium periods because the limited nutrient environment slows 

bacterial metabolism and reduces overgrowth while preserving viability (Program, 2017; 

Senaratne, 2024) 

 

Table A11: Compositions of T1N1  

 

Mueller Hinton Agar (MHA) 

According to Clinical and Laboratory Standards Institute (CLSI), MHA is a non-selective, non-

differential culture medium which is internationally recommended as the standard medium for 

antimicrobial susceptibility test (AST), particularly by the Kirby-Bauer disk diffusion method. 

The formulation of MHA supports the growth of a wide range of non-fastidious bacteria while 

allowing uniform diffusion of antibiotics, ensuring accurate and reproducible susceptibility 

results (CLSI, 2023). 

 

 

 

 

Compositions of T1N1 

Ingredients Amount (g / L) Function 

Tryptone 10 Source of amino acids for bacterial growth 

Sodium Chloride 10 Maintains osmotic balance 

Agar 20 Solidifying agent 

Final pH (at 25℃): 7.1 ± 0.2 
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Table A6: Composition of MHA 

Composition of MHA 

Ingredients Amount (g / L) Function 

Casein acid hydrolysate 17.5 Provides essential nutrients for growth 

Beef extract 2 

Starch 1.5 Absorbs toxic metabolites 

Agar 17 Solidifying agent 

Final pH (at 25℃): 7.3 ± 0.2 

 

As mentioned in ™ Media (2022), MHA include beef extract and casein acid hydrolysate 

which supply nitrogen and carbon source, vitamins, amino acids and other essential growth 

factors; starch acts as a protective colloid which absorbs bacterial toxins which prevents 

interference with antibiotic activity and enhance the clarity of inhibition zone during AST, and 

starch hydrolyse dextrose, which serves as an energy source for bacterial growth; agar acts as 

a solidifying agent. Moreover, the low content of thymidine and thymine prevents false 

resistance results with sulfonamides and trimethoprim; while the level of calcium and 

magnesium is maintained for accurate zones of inhibition as per specified diameters in the 

CLSI standard. 

 

Phosphate-Buffered Saline (PBS) 

PBS is an isotonic, non-toxic buffer solution formulated to maintain a constant physiological 

pH of microorganisms, typically around pH 7.2-7.4, which closely resembles the pH of human 

body fluids (Madigan et al., 2021). The buffering capacity of PBS is provided by the phosphate 

system, which resists changes in pH when small amounts of acids or bases are added; the saline 

component maintains osmotic equilibrium, preventing cell lysis or shrinkage during laboratory 

procedure; due to its isotonic and non-toxic nature, PBS does not interfere with cellular 

integrity and biological reactions, making it highly suitable for washing microbial cells, 

diluting bacterial suspension, culture transfer, or molecular analysis (Cappuccino & Welsh, 

2017). 
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Table A7: Composition of PBS (1x) 

Composition of PBS (1X) 

Ingredients Amount (g / L) Concentration (mM) 

Sodium Chloride (NaCl) 8 136.893 

Potassium Chloride (KCl) 0.2 2.683 

Sodium Phosphate Dibasic (Na₂HPO₄) 1.44 10.144 

Potassium Phosphate Monobasic (KH₂PO₄) 0.245 1.8 

Final pH (at 25℃): typically pH ≈ 7.4 

 

Tris-EDTA (TE) Buffer 

TE buffer is primarily formulated to dissolve and preserve DNA and RNA extracted from 

microorganisms, where Tris (Tris(hydroxymethyl)aminomethane) maintains a stable alkaline 

pH to stabilize nucleic acids by preventing pH fluctuation, while ethylenediaminetetraacetic 

acid (EDTA) acts as a chelating agent which inhibits nuclease activity by removing metal ions 

such as magnesium ions  and calcium ions for these enzyme activities (Brown, 2016) 

 

Table A8: Composition of TE buffer (10x) 

Composition of TE Buffer (10X) 

Ingredients Amount (g / L) Concentration (mM) 

Tris-Cl 15.759 99.997 

EDTA 2.92 9.992 

Final pH (at 25℃): pH 7.5 for RNA and pH8.0 for DNA 

 

Tris-Borate-EDTA (TBE) Buffer 

TBE buffer is commonly formulated as an electrophoresis buffer which is preferred for 

electrophoretic separation of small DNA fragments because it offers high buffering capacity 

and produces sharp, well-resolved bands (Madigan et al., 2021). TBE buffer consists of Tris 
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which maintains stable alkaline pH, while borate provides buffering capacity, and EDTA 

chelates divalent metal ions such as magnesium ions, thereby protecting DNA from nuclease 

activity (Brown, 2016). 

 

Table A9: Composition of TBE Buffer (1X) 

Composition of TBE Buffer (1X) 

Ingredients Amount (g / L) Concentration (mM) 

Tris base 10.8 89 

Boric acid 5.5 89 

EDTA (disodium salt)  0.74 2 

Final pH (at 25℃): typically pH ≈ 8.3 

 

Normal Saline Solution 

According to HiMedia Laboratories (2024), 0.9% saline solution (normal saline) is an isotonic 

solution which maintains the osmotic balance in microbial cells and helps to maintain the cell 

integrity and viability. Normally used sterile after autoclaved, to prepare stock solutions and 

serial dilutions of antimicrobial agents, or microbial suspensions for detection of antimicrobial 

agents, or to growth media used for disk susceptibility testing (HiMedia Laboratories, 2024) 

 

Table A10: Composition of Normal Saline Solution 

Composition of Normal Saline Solution 

Ingredients Amount (g / L) Function 

Sodium Chloride (NaCl) 9 Maintains osmotic balance, 

cell integrity and viability in 

microbial cells. 

 

Agarose 

Agarose is neutral, linear polysaccharide derived from agar and extracted from seaweeds 

genera Gelidium and Gracilaria consisting of repeated agarobiose (L- and D-galactose) 
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subunits, this uniform and low charge structure allows agarose to form a stable, porous gel 

matrix suitable for gel electrophoresis to separate DNA and RNA fragments based on 

molecular size (Lee et al., 2012). Moreover, due to its low sulfate content and minimal 

interaction with nucleic acids, agarose produces sharp, reproducible bands and is preferred over 

crude agar in molecular biology applications (Lee et al., 2012). 

 

Paraffin Oil 

Paraffin oil is a form of mineral oil used as a simple cost-effective method for stocking bacterial 

cultures on solid medium as covering the top layer of the medium and the microorganism forms 

a barrier between the microorganism and oxygen, which creates an oxygen-free environment 

that prevents the growth and multiplication of microorganisms, preserving their viability for an 

extended period (Senaratne, 2024). 

 


