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Abstract 

Urinary tract infections (UTIs) are the second most common cause of infection worldwide, 

making them a huge economic burden. People can carry diagnostic loads of bacteria within 

the bladder without experiencing any symptoms, this is asymptomatic bacteriuria (ABU). 

ABU prevalence increases with age, with around 19% of those over 60 being susceptible. 

ABU can reactivate sporadically, causing symptomatic episodes, known as recurrence. 

Current treatment is with antibiotics, either short courses or prophylaxis. Guidelines state to 

only treat symptomatic episodes. However, UTI symptoms are often diffuse and unclear, 

especially in older people. Thus, ABU is inappropriately treated in up to 52% of cases, 

encouraging antibiotic resistance. Better ways of discriminating between symptomatic and 

asymptomatic cases are needed. This would allow for more efficient treatment and patient 

management. 

To improve understanding of ABU, a longitudinal clinical pilot study was performed. For 6 

months, every 2 weeks a urine sample and symptom questionnaire was collected from 30 

patients over 65 who were clinically diagnosed with recurrent UTIs. The aim was to analyse 

potential changes in the host response and the colonising bacteria around periods of 

symptoms to see if distinct urinary profiles could be seen between symptomatic and 

asymptomatic states. Allowing for analysis into potential predictive biomarkers for 

symptoms. Uropathogenic Escherichia coli (UPEC) is known to cause the majority of UTIs, 

thus was the bacterial focus for this project. 

The study firstly allowed us to test the feasibility of such a demanding study design. It was 

possible to fully recruit to the study with all 30 patients completing its entirety, thus 

suggesting such a design could be repeated or scaled up in the future. The study produced a 

large database of bacterial isolates as well as urine samples. Urines were measured for a wide 

range of immune response proteins. Despite varying levels of immune activation, UPEC was 

able to evade host-defences and thrive in the bladder long-term. The study showed that ABU 

patients can carry significant bacterial loads of UPEC, even with antibiotics, questioning the 

advantages of prophylactic treatment of ABU patients. No distinct host or bacterial profile 

was identified between symptomatic states. No biomarkers could be seen to predict 

symptomatic episodes in these patients. However, what was observed was an unexpected 

level of dynamic variability within individuals and across the patient cohort.  
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Chapter 1. Introduction 

Infectious diseases are one of the largest threats to human survival. With an uncertain future 

surrounding antibiotic resistance, it is now more than ever imperative to understand the 

causes and effects of such infections. Better understanding of the pathogens causing 

infection; how they are interacting with the human body and the mechanisms they employ to 

survive can allow us to develop better tools to manage such infections. This may be in the 

form of more personalised treatment regimes, shorter or more effective treatment options and 

possibly a more sustainable way of treating the underlying disease and not just the 

appearance of symptoms. 

Urinary tract infections (UTIs) are the second most common form of infectious disease in 

humans and can be fatal 1. This places a huge economic and social burden on health care 

providers and funding bodies. UTIs are estimated to cost the UK alone up to £70 million 

annually 2. Antibiotic treatment associated with UTIs is therefore responsible for a huge 

number of prescriptions. This has led to the development of extremely dangerous multi-drug 

resistant organisms which are almost impossible to treat with the treatment options currently 

available 3. This pool of hard-to-treat pathogens is growing and will continue to do so, 

making it imperative to develop a better understanding of the mechanisms behind this type of 

infection so as to develop better and more efficient methods of treatment and hopefully 

eradication. 

 

1.1. Urinary Tract 

The function of the urinary tract in mammals is collection, storage and periodic release of 

urine. This leads to waste metabolites and toxic products produced by the body being 

eliminated in an efficient and co-ordinated manner 4,5. 

1.1.1. Physiology 

The urinary tract can be split into two main regions, the upper and lower urinary tract. The 

upper urinary tract comprises of the kidneys and the ureters, a healthy individual will have 

two of each. These lead into the lower urinary tract, which is made up of the urinary bladder 

and urethra (Figure 1A). The kidneys filter the blood continuously, removing any toxic 

metabolites and excess water, in order to maintain homeostasis 6 (Figure 2). Homeostasis is a 
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mechanisms the body uses to monitor the body’s internal status and make adjustments via a 

series of feedback mechanisms in order to  maintain optimal equilibrium and preserve 

stability, this occurs on the organ level all the way down to the cellular level 7,8. The blood 

undergoes glomerular filtration in the Bowman’s capsule, retaining any molecules greater 

than 68 kDa in size (Figure 2). This will leave the main components of urine, which include 

uric acid, calcium oxalate, calcium phosphate and myoglobin, in the filtrate 9. The filtrate 

then goes through homeostatic reabsorption and secretion steps in the proximal and distal 

tubules of the kidney, dictated by the hydration status of the individual. The urine then drains 

out of the kidney via the ureters into the urinary bladder 9 (Figure 2). 

The urinary bladder is a sack-like organ which can expand to store the urine as it drains in. 

The average bladder can hold a maximum volume of about 300-400ml 10,11. Upon filling the 

bladder will trigger a sequence of signals which alerts the host to urinate. These signals cause 

the host to void the bladder by micturition via the urethra 12. There is always some urine left 

in the bladder after voiding, this is known as post-void residual volume, this is usually around 

50ml in healthy people 13. 

Normal and Abnormal Urinary Tracts 

The normal physiology of the urinary tract can be compromised in some individuals. These 

are known as abnormal urinary tracts and can be structural or functional abnormalities, both 

of which can have associations with UTIs 14. Structural abnormalities could include pelvic-

organ prolapse and prostatic enlargement. Vaginal prolapse, for example, is when the wall of 

the vagina and base of the bladder descend within the patients pelvis, this can be a result of 

damage to the supporting connective tissue 12. The prostate is the organ responsible for semen 

production in males (Figure 1C). This can often become enlarged over time as a man ages 15. 

Neurogenic bladder and vesicoureteral reflux are examples of functional urinary tract 

abnormalities 12,16. Incidence of many urinary tract abnormalities increases with age 12. 
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Figure 1. Physiology of the human urinary 

tract in front view (A). Lateral views of the 

urinary tract of a female (B) and a male (C). 
Figure from Lukacz et al (2011)17.   

A 

B 

C 
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Figure 2. Physiology of the human kidney at varying magnifications  9. 
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1.1.2. Disorders and diseases  

The wall of the bladder contains smooth muscle tissue which aids with urine voiding. As with 

any muscle, this can weaken as a person ages, this weakening is a common cause for lower 

urinary tract symptoms (LUTS) 17,18. LUTS can include higher frequency of urination, more 

urgency to pass urine and passage of a lot more urine in the night than usual 19. Other 

common urinary tract symptoms which can be difficult to diagnose include pain when 

passing urine (dysuria) and blood in the urine (haematuria), which can be signs of infection or 

a far more serious underlying urinary condition, such as bladder cancer 1,20. 

The majority of painful urinary symptoms are associated with inflammation of the urinary 

tract. Inflammation of the kidneys is known as pyelonephritis and inflammation of the 

bladder is known as cystitis 21. One of the main causes for pyelonephritis and cystitis is 

infection, which will be discussed in detail later. However, there are other causes of urinary 

tract inflammation that are non-infectious. For example, interstitial cystitis is defined as more 

than 6 weeks of pain or pressure felt to be related to the bladder, in the absence of an 

infection 17. Diagnosis of non-infectious cystitis, can often be very difficult due to confusion 

around the definition. However, it is estimated to occur in up to 2.7% of women and 1.2% of 

men over 30 years of age 17. Some causes can include medication, radiation and issues with 

the autoimmune response 22. 

1.1.3. Microbiome 

The bladder has been widely accepted to be sterile until relatively recently 23. This was due to 

the lack of sensitivity in the culture method of isolating bacteria. Recent developments in 

sequencing technologies, such as 16s rRNA sequencing and metagenomic sequencing, have 

provided much more sensitive means to identify pathogens within the urine 24,25, these will be 

discussed in more detail later. It is now known that there are a number of organisms which 

make up the normal microbiome of the bladder in healthy individuals, including several 

Lactobacillus, Prevotella and Corynebacterium species. The identified microbes have 

covered a wide range of bacterial phyla, including Firmicutes, Bacteroidetes and 

Actinobacteria. These organisms reside in the bladders of healthy people with no urinary 

symptoms, thus are able to survive in the urine without triggering an immune response 24,25. 
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1.1.4. Infections 

UTI occurs when a pathogen, which is not usually part of the normal bladder microflora, 

establishes itself within the urinary tract. The location of the pathogen in the urinary tract 

defines its classification. As discussed cystitis and pyelonephritis are the terms given for 

infection of the bladder and kidneys, respectively. In general, the higher up the urinary tract 

the infection is found the more serious the disease, because the infection may be causing 

damage to vital organs. If left untreated or unsuccessfully treated the pathogen can ascend the 

urinary tract from the bladder to the kidneys and in some serious cases it can reach the blood, 

this is known as bacteraemia 26,27. Bacteraemia is a serious problem, especially in older 

people, in whom 30% of cases are fatal 1. 

Upon infection, the normal mechanism of action would be for the invading pathogen to be 

recognised and an immune response raised in order to clear it from the bladder. This will be 

discussed later on in more detail. The innate immune response leads to inflammation, which 

is the main cause of most UTI symptoms. 

Symptoms of UTIs 

UTIs can be very uncomfortable for a sufferer and have significant impact on their quality of 

life. The most common UTI symptoms include dysuria, frequency and urgency 18,28. Several 

of the previously mentioned LUTS are also symptoms of urinary tract infection, which can 

make distinguishing between the symptoms of normal ageing and infection complicated, 

especially in older people 18,29. In addition to LUTS, other potentially misleading symptoms 

which may or may not be UTI-related in the elderly include fever, incontinence, confusion 

and lower back pain 1,20,30. However, the root cause of symptoms in infection is different to 

the causes of LUTS, which are caused by the general weakening of the urinary tract 18. UTI 

symptoms are caused by the host producing immune response molecules in reaction to 

recognising the infection leading to inflammation of the urinary tract, as previously 

discussed. 

Asymptomatic Bacteriuria 

Some infections are able to persist in the bladder for long periods of time. In some cases, this 

will cause ongoing UTI symptoms, this is the cause of acute cystitis for example. These 

patients will require regular antibiotic treatment, possibly even prophylactic treatment in 

order to clear the infection and keep the inflammatory symptoms away. However, in some 

patients the symptoms can clear without the clearance of the bacteria from the bladder. A 



21 
 

patient who has a significant load of bacteria in the urine but no current symptoms of a UTI is 

known to have asymptomatic bacteriuria (ABU) 26,31. ABU is a commensal- like dormant state 

of the infection, where the bacteria is able to thrive in the urine, seemingly without causing 

any ill effect to the host. ABU is estimated to occur in 3.5% of the population worldwide and 

this increases to 19% in the elderly 1,26. 

Recurrence of UTIs 

In some cases, ABU patients will suffer what is known as recurrence. Recurrence is when the 

infection sporadically triggers episodes of symptomatic infection. The definition of recurrent 

UTI is a patient who has suffered from at least 2 episodes of symptomatic infection in 6 

months, or 3 episodes in 12 months 13. Recurrence of cystitis within 6 months is also 

estimated to occur in around 25% of cases 32. This is understood to be either caused by the 

bacteria persisting in the bladder and reactivating sporadically or by infection with a new 

pathogen 26,33. These episodes can be very frequent in some patients, however in others, they 

can be many months apart. The current course of treatment is to simply treat these episodes 

as and when they occur. It is not understood what causes the switch from ABU to these 

symptomatic episodes of infection.  

Treatment of UTIs 

The current treatment for symptomatic UTIs is with a course of antibiotics, either as a short 

course or as a long term prophylactic course aimed at preventing recurrence 34. First line 

treatments for UTIs are nitrofurantoin and trimethoprim due to their narrow spectrum of 

action 28,35. If these do not succeed susceptibility testing of the infecting pathogen is essential 

28,35. Trimethoprim is suitable for use in both upper and lower UTIs, whereas nitrofurantoin is 

not suitable for upper UTIs, as it does not reach sufficient concentrations in the kidneys 28,35. 

Elderly patients also have a higher risk of toxicity from nitrofurantoin, so pivmecillinam is 

another option for patients with lower UTIs 28. Co-amoxiclav is also suitable to treat upper 

UTIs, however the guidelines are moving away from recommending the use of co-amoxiclav 

to treat UTIs, as well as cephalosporins and quinolones, due to their broad spectrum modes of 

action increasing the risk of antibiotic resistant pathogens 28,35. However, in cases of multi-

drug resistant organisms, fosfomycin can be used. This has only relatively recently been 

licenced in the UK, and is kept for special cases where other drugs can be shown to be 

ineffective, inappropriate or unsafe, for example in pregnant women 28,36–38. 
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National Institute for Health and Care Excellence (NICE) guidelines state that ABU should 

not be treated with antibiotics, without symptoms treatment is not advised 28,39–41. However, 

due to the condition being poorly understood it is often inappropriately treated with 

antibiotics 42. 

Inappropriate treatment is usually due to the lack of reliable definitions for diagnosing a UTI. 

Significant bacteriuria causing a UTI is defined as >105 colony forming units (CFU) of 

bacteria per millilitre of urine 28,31. However, this does not take into account whether the 

patient is actually suffering from symptoms. Thus, patients may go to the doctor with signs 

such a peculiar smell to their urine, and proceed to being given antibiotics based on a positive 

urine sample. This is even more of a problem in older patients as there is a high likelihood of 

finding bacteria in the urine of healthy elderly people and, as previously mentioned, older 

people often suffer diffuse UTI-like symptoms without UTI being the cause 1. Thus, a 

positive urine sample lacks the necessary specificity to distinguish between ABU and 

symptomatic UTI 1. 

This lack of understanding and inappropriate treatment is especially worrying given the 

growing concern over antibiotic resistance to the public health system. Antibiotic resistances 

reduce the available arsenal of defence a clinician can use to treat an infection when 

symptoms occur 43–46. It is therefore essential that the accuracy of targeted treatment is 

increased. This is particularly important in the elderly, who can face many other 

complications during treatment. Treatment with antibiotics can in some cases have the 

opposite of the intended helpful effect. As well as the potential development of resistances, 

patients can suffer adverse reactions to antibiotics 30. In addition, treatment with antibiotics 

lowers the host’s natural defences and can remove body’s natural microflora allowing for 

niches where opportunistic infections can take place 47. For example, Candida albicans, the 

causative agents of thrush, can often colonise a patient being treated with antibiotics for a 

UTI 48,49. Another argument against treating these patients is that the presence of 

asymptomatic bacteria in the urine can be protective 50. Bacterial presence can prevent, or 

significantly delay superinfection by a new pathogen, compared to ABU patients who have 

treatment to eliminate the bacteria 31,51–54. This suggests that guidelines need to be clearer 

about the management of ABU patients, however more knowledge about what is actually 

occurring in the bladders of these patients is needed. 
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Prevalence 

With over 50% of women alone suffering from at least one in their life, UTIs are reported to 

be the second most common form of infection worldwide 14,55,56. An estimated third of these 

women will go on to suffer a recurrent infection within a year 26,57. It is far less common in 

men, with only 12% being affected 58. This is due to the fact that bacteria travelling from the 

gut to the bladder via the urethra have much further to travel in order to reach the male 

bladder than the female bladder 59,60 (Figure 1B and C). 

It is estimated that there are as many as 150 million cases every year of UTI reported in the 

UK alone 61. UTIs are responsible for up to 3% of all GP visits in the UK 61. Whilst everyone 

is at risk of contracting UTIs, there are subgroups in the population who are more susceptible, 

such as patients with diabetes, catheterised individuals, paraplegic patients and people over 

the age of 65 years of age 26,62. The risk of UTI increases with age, which means that the 

associated mortality also increases with age. The risk is increased further if patients are living 

in nursing homes and extended care facilities or having to be hospitalised long-term 63. Such 

high global prevalence makes it a huge economic burden of healthcare providers worldwide. 

Cost impacts 

The average cost of a patient visiting a health care professional (HCP) for a UTI complaint, 

whether an initial visit or a follow-up, is around £31.62 2. When scaling this up based on the 

reported estimate of ABU affecting 19% of the elderly population, this equates to costs of up 

to £70 million per year in the UK alone 1,26. This information alongside the serious detriments 

to sufferers’ quality of health demonstrates the huge social and economic burden of this 

disease on the country and health care providers. Days off work are less relevant within the 

elderly population, however, may still contribute to the economic stress for anyone in this age 

bracket still in employmentI2. 

1.2. Diagnosing UTIs 

Over the years, several different techniques have been used to diagnose and aid the 

management of patients suffering from UTIs, both in the clinic and clinical laboratories. An 

overview of the advantages and disadvantages of several diagnostic microbial techniques is 

given in Table 1 (p.29) as a reference, a number of these will be discussed here in more 

detail. Diagnostic techniques have developed over time from the basic dipstick analysis, urine 

culture and blood analysis as technological advancements have been made, to techniques 

such as forms of mass spectrometry and strain sequencing. Due to lack of understanding 
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around ABU, much of the inappropriate antibiotic treatment is due to downfalls in the current 

diagnostic techniques and guidelines that surround UTIs. 

1.2.1. Traditional Diagnostic Techniques 

Despite technological advancements, several traditional diagnostic techniques are still used in 

clinical practice due to their sensitivity, cost-effectiveness and in some cases speed of 

outcome. The urinary dipstick is a very cheap and fast method of getting a general overview 

of a patient’s urinary health. Urine culture is widely used and provides a relatively cheap and 

sensitive method of urinalysis (Table 1). 

Dipstick 

A large amount of basic information can be collected by performing a simple dipstick 

analysis on a urine sample. Dipsticks in use currently within health care settings can measure 

several urine parameters at once. For example, the National Health Service (NHS) use 

Multistix® 10SG (Siemens), which measure glucose, bilirubin, urobilinogen, specific gravity, 

ketones, protein, pH, nitrites, leukocytes and both haemolysed and non-haemolysed blood 

within the urine. 

Glucose is found at low levels in normal healthy individuals (up to 25mg/dL), however 

increases above this can indicate elevated glucose levels within the plasma or impaired 

glucose reabsorption within the kidney. The most common reason for glucose within the 

urine above the normal level is due to poorly controlled diabetes mellitus 64. 

Bilirubin and urobilinogen are markers of liver function and appearance within the urine can 

indicate abnormalities 65. Specific gravity is an indication of a person’s hydration status as 

well as the functioning health of their pituitary gland and kidney. Continuously elevated 

specific gravity could be caused by high levels of solute within the urine, potentially 

indicating impaired blood filtering due to kidney damage 65. Ketones and protein within the 

urine can also be markers of impaired kidney heath and can also indicate the presence of 

bacteria in the urine 65. 

Higher levels of nitrites, leukocytes and pH within the urine are all indicators of bacterial 

colonisation 65. Presence of organisms which are able to break down urea within the urine can 

be responsible for an elevated urinary pH, such as Proteus species 65. Bacteria present in the 

urine are able to reduce nitrate into nitrite, thus a positive nitrite outcome on a urinary 

dipstick usually suggests the presence of bacteria within the urine 66. A positive leukocyte 
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outcome indicates the presence of leukocyte esterase within the urine. This is an enzyme 

produced by the host’s white blood cells in response to inflammation, usually indicating 

infection within the urine 66. The presence of both nitrites and leukocytes within the urine 

have been widely accepted to be highly indicative of a UTI 2,18,67,68, with a predictive power 

of around 80-92% 28,35. 

Blood in the urine could suggest many different things, the patient may be suffering with 

calculi or tumours within the urinary tract, trauma of tract epithelium or a UTI 65. Some 

urinary pathogens have haemolytic activity, such as some strains of E. coli and Streptococcus 

species 69,70. Thus, a high level of haemolysed blood within the urine could suggest their 

presence within the bladder. 

Urine culture 

Laboratory analysis of cultured urine is the gold standard method of checking for UTIs. In the 

NHS this currently involves growth of the mid-stream urine sample on chromogenic agar to 

allow the growth of conventional aerobic pathogens 28. Quantifying the load of pathogenic 

growth within urine is essential to deduce whether the bladder is colonised or the sample is 

merely contaminated. This differs from blood culture, for example, where the presence of 

bacteria at any load is a biomarker of infection due to the unlikely nature of blood sample 

contamination 71. Whilst urine culture does provide a sensitive and relatively cheap method of 

urinalysis, it is not an especially fast technique (Table 1). Upon identification of 

uropathogens at diagnostically relevant loads, it is possible to complete antibiotic sensitivity 

testing 72. In the NHS this is completed using the disc diffusion assay technique 73,74. 

Blood Analysis 

Clinicians will often use blood tests to gain information on a patient’s general health. Certain 

blood parameters can be measured to better understand the functioning of the kidney and 

urinary tract, which cannot otherwise be deduced from the urine. Serum creatinine is a blood 

marker of kidney filtration. Elevated serum creatinine concentration can suggest impaired 

blood filtering by the kidney 75. Other blood parameters shown to indicated kidney filtration 

function are sodium, potassium and urea 76–78. Vitamin D is another marker which can be 

measured within the blood. Some evidence has shown that deficiency in vitamin D can lead 

to a higher risk of developing recurrent UTIs 79–81. 
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1.2.2. Modern Diagnostic Techniques 

Advancement in technologies have allowed certain aspects of diagnostics to become more 

efficient and more targeted. Many techniques have also been streamlined to make them faster 

and in some cases more cost effective for healthcare providers. An example of such 

technology would be sequencing, which has become vastly cheaper and more accessible over 

the past 30 years. 

MALDI-TOF Mass Spectrometry 

Until relatively recently the proteomics field of strain differentiation was based mainly on 

time consuming gel-based assays. These are not ideal for the high throughput and time-

critical nature of a clinical diagnostic environment. Mass spectrometry is a relatively new 

technique used for identifying ionised molecules to solve molecular compositions. However, 

this technique was limited to very small molecules, mainly chemicals 82. The development of 

Matrix-Assisted Laser Desorption/Ionization Time-of-Flight (MALDI-TOF) mass 

spectrometry technique allowed for the identification of larger molecules, such as proteins 82. 

The technique involves ‘soft-ionisation’ so as not to destroy or alter the sample. The 

technique can be used on whole organisms in order to identify them within a sample. 

MALDI-TOF is a technique used to differentiate different pathogens within the urine faster 

and more accurately than is possible on chromogenic identification plates82. It has been 

shown that despite different phenotypes and protein expression profiles caused by different 

growth conditions, the ability of MALDI-TOF to identify pathogens is not affected 83. This is 

essential for urinalysis as the bladder environment and urine will be very different from 

person to person and will also change significantly over time. However, access to the 

necessary equipment is not always available (Table 1). 

PCR and Sequencing 

Originally microbiological techniques to identify different pathogens involved single 

polymerase chain reactions (PCRs) on strain specific genes or the use of restriction enzyme-

based techniques, including restriction fragment length polymorphism (RFLP) and pulsed-

field gel electrophoresis (PFGE) 84,85. All of these are multi-step, time-consuming and 

generally low resolution techniques. Thus, they often lacked the speed and accuracy to be 

useful in a clinical setting 84. Due to the subjective interpretation of these gel-based 

techniques, they were also often subject to larger analysis variability 86. These techniques also 
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lack the ability to distinguish phylogeny and evolutionary relationships of the different 

species 82. 

Some improvements in technology saw the development of 16s rRNA and multiplex-PCR 

techniques. These techniques improved accuracy, speed and some ability to define 

phylogeny, but still lacked the strain typing ability and resolution needed for clinical 

application (Table 1) 24,25,82. Developments in sequencing technologies have allowed further 

advancements in the field. Sequencing techniques have allowed genomic annotation and 

bacterial strain identification with significantly higher accuracy and resolution than earlier 

techniques 87. However, the cost of completion and analysis remains an issue (Table 1). 

Whole genome sequencing is a relatively recent advancement in microbial research 74. 

However, the technique still remains too expensive to be routinely used in diagnostic 

microbiology. The average cost of sequencing a full bacterial genome is around £40. In 

addition, this does not factor in the cost of the necessary skilled labour to run and analyse. 

Therefore, this is currently too expensive for healthcare providers to undertake regularly 74 

(Table 1). 

A cheaper alternative to whole genome sequencing for strain identification, is by using a 

technique known as multi locus sequence typing (MLST). This strain typing technique has 

been successfully applied to many different pathogens including Salmonella enterica, 

Neisseria meningitis and E. coli 85,88. The technique works by sequencing housekeeping 

genes around the genome which are known to slowly accumulate variation within the 

population 85. Thus, the allelic differences within these genes allows for high resolution 

discrimination between pathogenic strains 85. MLST in E. coli involves the sequencing of 7 

housekeeping genes around the genome. The sequences return 7 ID numbers, the 

combination of which give a specific sequence type number 88,89. Whilst whole genome 

sequencing would understandably give even more genotypic information on the specific 

strain, MLST requires far simpler data interpretation and is currently significantly cheaper. 

Other advantages are that it does not have the same subjective analysis variability drawback 

of gel-based assays and still allows phylogenetic analysis 88–90. Thus, it is widely used for E. 

coli strain identification and phylogenetic grouping analysis 88,90. It was for these reasons 

MLST was selected as the method of identifying the E. coli strains in this project. 
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1.2.3. Current guidelines for the management of UTIs 

If a patient attends a GP clinic to declare they feel they have a UTI, guidelines state that if the 

patient is suffering from UTI-related symptoms such as dysuria, frequency and urgency 

dipstick analysis should be performed on the patient’s urine 18,28. The issue of diffuse age-

related urinary symptoms such as LUTS makes the diagnosis of a UTI even more difficult 91. 

The dipstick therefore helps aid a HCP deduce whether the patient’s symptoms are perhaps 

being caused by pathogens within the bladder 18,28. A positive dipstick outcome for both 

nitrites and leukocytes as discussed give a high likelihood of a bacterial colonisation within 

the bladder 28,35. Upon obtaining a positive dipstick outcome a HCP should then send a mid-

stream urine sample to a hospital laboratory for urinalysis, using urine culture and possibly 

also MALDI-TOF if available, as has been discussed above 18,28. 

Growth on chromogenic agar will give the laboratory information on the species of pathogen 

present as well as the bacterial load. There has been much debate over the cut-off for what a 

diagnostic pathogenic load should be defined as, but the current guidelines state that >105 

CFU/ml of growth is indicative of significant bacteriuria 28,31,42,92–97. It is reported that this 

definition has an 80% predictive power of a UTI when a single urine is tested, this increases 

to 95% when two samples are analysed 28. Therefore, providing the sample is not 

contaminated, the HCP will then be provided with information on what pathogen is present in 

the bladder and a list of antibiotics to which it is sensitive to in order to guide treatment 

decisions 18,28,73,74. 

The issue with this definition of significant bacteriuria is that it holds no information on 

whether the patient’s symptoms are indeed being caused by the bacteria found to be present 

in the bladder. This can lead to the inappropriate treatment of UTIs, especially ABU, due to 

the lack of understanding of this disease state. It is estimated that ABU is inappropriately 

treated in as many as 52% of cases 42. This is therefore an enormous economic burden as well 

as potentially promoting antibiotic resistance formation within the uropathogens 72,98. This 

can also be problematic in elderly patients, who can have higher toxicity risks to antibiotic 

treatments, such as nitrofurantoin 28. 
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Table 1. Advantages and disadvantages of different diagnostic microbiological techniques. Table adapte d 

from Singhal et al (2015) 82.  

Detection method Advantages Disadvantages
Sensitive Lengthy and time consuming process

Inexpensive Might require 24–48 h

Faster than conventional methods
Not as specific, sensitive, and rapid as 

nucleic-acid based detection methods

Require large amounts of antigen

Developed for only a small number of 

microorganisms

Culturing of the sample is not required A highly precise thermal cycler is needed

Specific, sensitive, rapid, and accurate

Closed-tube system reduces the risk of 

contamination

Can detect many pathogens 

simultaneously

16S rDNA and 18S rDNA sequencing are 

the gold standards

Trained laboratory personnel and powerful 

interpretation softwares are required

Expensive

Not suitable for routine clinical use

Trained laboratory personnel and powerful 

interpretation softwares are required

Expensive

Trained laboratory personnel required

Data acquisition and data analysis is time 

consuming

Trained laboratory personnel required

Fast

Accurate

Less expensive than molecular and 

immunological-based detection methods

Trained laboratory personnel not required

Trained laboratory personnel required for 

performing the test

High initial cost of the MALDI-TOF 

equipment

Metagenomic assay

MALDI-TOF MS

Can detect both contaminating organisms 

and their toxins

Can identify fastidious and uncultivable 

microorganisms

Large scale screening system for 

simultaneous diagnosis and detection of 

many pathogens

Useful for random detection of pathogens

Culture on microbiological 

media

Immunological-based 

methods

Molecular based methods

(Real-time PCR and Multiplex-

PCR)

DNA sequencing

Microarrays
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1.3. Escherichia coli 

E. coli is a gram negative, rod-shaped, flagellated, γ-proteobacteria which has been 

extensively researched and documented. E. coli has been located in many parts of the human 

body, but is most commonly found in the gut. E. coli is usually a harmless, and often even 

helpful commensal bacteria, involved with maintaining equilibrium within the host. The most 

common example of this is in the gut, which is an organ that is well adapted to cope 

colonisation with high levels of bacteria in healthy individuals 99. 

1.3.1. Pathogenesis 

E. coli is also a pathogen capable of causing a range of diseases. This happens when certain 

pathogenic strains of E. coli are able to reach organs and niches that are not equipped to deal 

with such colonisation. These pathogenic strains have adapted their virulence gene repertoire 

and phenotypes in order to survive in different conditions within the body 100. To distinguish 

between these different types of pathogenic E. coli, they are named based on the location 

from which they are usually isolated. It is widely accepted that there are 8 different groups of 

pathogenic E. coli 100. These are split into intestinal E. coli (enterotoxigenic E. coli (ETEC), 

enteroinvasive E. coli (EIEC), enteropathogenic E. coli (EPEC), enterohemorrhagic E. coli 

(EHEC), enteroaggregative E. coli (EAEC), diffusely adherent E. coli (DAEC)) and 

extraintestnal E. coli (ExPEC). Uropathogenic E. coli (UPEC) and neonatal meningitis-

associated E. coli (NMEC) are both types of ExPEC 100.  

UPEC 

The E. coli type being focussed on in this project is UPEC as this is the pathogen responsible 

for causing the majority of UTIs 100. UPEC is estimated to be responsible for 70-95% of all 

UTIs 101. It is generally accepted that the main source of bacteria in UTIs is from the gut. 

Bacteria travel from the gut to the urinary tract via the perineum where they can ascend the 

urethra into the bladder 59,60 (Figure 1B and C, p.17). UPEC is adapted to survive and grow in 

the bladder, using urine as its growth medium. 

It has been shown in mice that UPEC are able to temporarily enter intracellular vesicles 

within the bladder in order to avoid being cleared by micturition. These vesicles are one of 

the methods thought to be utilised by the bacteria to persist long-term in the bladder 102. It 

could be dormant intracellular bacteria that reactivate sporadically after long periods of 

dormancy to cause recurrent symptomatic infection in some patients. 
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In addition to flagella, UPEC possess a wide range of other virulence factors which can help 

them establish and successfully colonise the urinary tract. One such example are bacterial 

fimbriae, which are found in relative abundance in UPEC strains than other commensal E. 

coli strains 103. Fimbriae are extracellular structures around 3µm in length which allow the 

bacteria to adhere to and invade the bladder epithelial cells 104–106. The main types of fimbriae 

expressed by UPEC are P fimbriae and type 1 fimbriae, however, there are others including S 

pili and Dr family adhesins 107. Fimbriae differ by the adhesin found at the end of the fimbrial 

rod, with P fimbriae possessing the PapG adhesin 108 and type 1 fimbriae possessing the 

FimH adhesin 109. Bacteria able to colonise the kidney have found to mainly possess P 

fimbriae whereas bladder colonisers tend to have type 1 fimbriae 110. This is due to the 

different substrates each of these ahdesisn binds being found on the epithelium of the 

different parts of the urinary tract. PapG is able to bind glycosphingolipid receptors on the 

renal epithelium 111 and FimH binds mannose-containing receptors on the bladder epithelium 

112. Thus, the different expression of these virulence factors can determine potential disease 

severity. Deletion of fimH has been shown to stop UPEC from being able to colonise the 

urinary tract, thus highlighting fimbrial importance in the successful uropathogen 113,114. 

Efficient iron-acquisition can provide a huge survival advantage to uropathogens, due to the 

limited nutrient availability within the urine. Some UPEC possess the ability to actively 

transport iron into the cell via siderophores. There is evidence to suggest UPEC express more 

siderophores and that this could allow for more successful urinary tract colonisation 115. 

Another virulence factor utilised by UPEC strains is the expression of the toxin hemolysin, 

which aids bacterial survival by destroying components of the host response in order to 

prevent immune clearance 116. The virulence factors mentioned here among several others all 

work to confer survival advantages to UPEC strains within the urinary tract. 

Pathogens have been shown to exchange and vary the expression of the genes involved with 

these virulence factors by a process known as horizontal gene transfer 115,117. This is the 

process of homologous recombination of genes within and even between different species of 

microorganisms. The loss and acquisition of different genes by horizontal gene transfer can 

greatly aid adaptive evolution to different environmental niches 118,119. Therefore, can play a 

large role in the success of pathogenic organisms to survive within different environments of 

the body, such as UPEC within the urinary tract 118. 
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1.3.2. Antibiotic Resistance in E. coli 

As discussed antibiotic resistance is a huge burden on healthcare systems with growing social 

and economic impact. E. coli is commonly found in clinical settings to confer resistance to 

common antibiotics used to treat diseases, including UTIs 120. There have been recent rises in 

the isolation of clinically isolated multi-drug resistant ExPEC strains worldwide. These 

resistances include the carriage of genes encoding extended-spectrum beta-lactamases 

(ESBLs) 121. A pathogen carrying ESBL genes would likely be resistant to commonly 

prescribed drugs for UTIs, such as cephalexin and amoxycillin. Antibiotic resistance testing 

is therefore essential in a clinical setting in order to give patients the most effective choice to 

try and clear an infection. 

1.3.3. E. coli Phylogenetic Groups 

To better understand the complex variation among E. coli, sequence alignment and 

phylogenetic analysis if often used. This involves grouping the different E. coli strains by the 

degree of sequence matching, which can include virulence and housekeeping genes. These 

groups, or clades, often show trends with the niche in which the pathogen is commonly found 

122. For E. coli the main groups are known as clade A, B1, B2 and D, however there are 

others which are less represented such as clade E and F 123. Clade A and B1 are mainly 

associated with commensal gut E. coli strains 123,124. B2 is the clade is most commonly 

associated with virulent ExPEC strains, such as UPEC 90,119,125. Clade D is also known to be 

associated with UPEC strains, to a lesser extent 125, this is known to be a sister group of B2 

hence there is significant phenotypic overlap. To achieve this phylogenetic group alignment, 

techniques such as whole genome sequencing and MLST can be used 124. MLST provides an 

accurate method of assigning different E. coli sequences to the different E. coli clades based 

on their sequence alignment 88. MLST alignment is a method of identifying a specific E. coli 

strain’s clade, in order to better identify it with respect to the literature 90. 

1.4. The Immune Response 

The innate immune response is the body’s initial defence against unwelcome pathogens. 

Innate immune cells (both static epithelial and migratory inflammatory cells) continuously 

monitor the body’s environment in order to raise a defensive response if it encounters 

invading pathogens. This response is intended to lead to removal of any molecules which 

threaten the equilibrium within the host 126. 
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1.4.1. Pathogen-Associated Molecular Patterns and Toll-Like Receptors 

Pathogen-associated molecular patterns (PAMPs) are structures on pathogens that can be 

recognised by host cells, via pattern recognition receptors (PRRs). An example of a PRR are 

the membrane bound toll-like receptors (TLRs) 127. There are 10 TLRs that have been 

described to date in humans, all of which recognise different microbial PAMPs which lead to 

the activation of signalling cascades resulting in the production of an immune response 

(Figure 3) 128,129. Two of these TLRs most commonly described to have association with 

UTIs are TLR4 and TLR5 130. TLR4 recognise bacterial lipopolysaccharide on the cells 

surface and TLR5 recognises the bacterial flagella (Figure 3) 129,131. Binding of TLR4 and 

TLR5 both cause a signalling cascade detailed in Figure 3, which ultimately leads to the 

movement of nuclear factor-kappa B (NF-κB) into the nucleus. This allows NF-κB to bind 

and up-regulate target genes, leading to an innate immune response aimed at clearing the 

infection (Figure 3) 132,133. 

TLR11 has been implicated to have potential association with UTIs (Figure 3), its presence in 

the bladder has been found to have a protective effect in mice. However, this receptor has not 

yet been found in humans 134. 

Flagella 

An example of a PAMP is the bacterial flagellum, an external tail-like structure which allows 

the cell to swim to more favourable environments, for example towards nutrient sources 135. 

Flagella are made up of thousands of monomeric proteins, called flagellin, which form a long 

filament protruding out of the cell by up to 10µm 136–138. Due to its external location flagella 

are easily recognised by the human body’s immune system 139. Flagellin is recognised in the 

body by TLR5, which activates an innate immune response within the cell (Figure 3) 131,140. 

TLR5 has recently been found to appear on bladder epithelial cells [Ali, Lanz, Pickard and 

Hall, unpublished data]. Flagella have been suggested to help bacteria ascend the urinary tract 

during infection 141,142. Deleting a gene called fliC will remove the ability of the bacteria to 

produce flagella. This deletion has been shown to significantly decrease the capacity of the 

pathogen to travel up to the kidneys. This is consistent with the suggested role of flagella in 

early stages of UTI 141. Thus, flagellation and motility appear to have an important role in a 

successful colonisation of the urinary tract. 
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Figure 3. Toll-like receptor signalling pathways within mammalian cells. Figure from O'Neill et al (2013) 
143.  
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1.4.2. Innate immune response molecules 

The NF-κB dependant immune response involves the release of immune response molecules, 

such as cytokines and antimicrobial peptides 133,144,145. Anti-microbial peptides will directly 

attack the bacterial cell and cytokines will recruit other innate immune cells in order to 

increase the defensive response (Figure 3) 146,147. The aim of these response molecules is to 

clear the infection 148,149. Concentrations of several of these cytokines have been shown to be 

associated with UTIs in some way. Ten of these response proteins have been chosen for close 

analysis in this project due to their involvement in UTIs and ability to be detected within the 

urine. These 10 proteins and their UTI reported involvement will be discussed here in detail. 

Cytokines and Chemokines 

Cytokine is a general term for a number of different types of immune response molecules. 

These include chemokines, which are proteins that have leukocyte activation and chemotactic 

activities. Interleukins (ILs) are cytokines produced by leukocytes and are generally involved 

with activation, proliferation and differentiation of other leukocytes. Monokines are cytokines 

produced by monocytes and lymphokines are cytokines produced by lymphocytes 147,150,151. 

IL-1β is a pro-inflammatory cytokine produced by a range of different cell types including 

fibroblasts, macrophages and endothelial cells during infection, cell invasion and 

inflammation 147,150. It has roles in promoting coagulation of endothelial cells by modulating 

the expression of adhesion molecules, as well as inducing the release of other cytokines such 

as IL-4, IL-5, IL6, IL-8, TNFα and IFNγ 152. The protein has been shown to be found at 

increased levels in patients with bacterial cystitis compared to normal 153. This increase has 

also been shown when compared to patients with interstitial cystitis 154. Rodhe et al (2009) 

reported levels of IL-1β in the elderly bladder to be between 15.8 and 153 pg/mg creatinine 

(Table 2, p.39) 155. 

IL-4 is an anti-inflammatory cytokine produced by lymphocytes and mast cells 147,150,153. 

Anti-inflammatory cytokines regulate the host immune response by controlling the release 

and action of the pro-inflammatory cytokines 147. IL-4 has regulatory roles on the 

differentiation and development of immune CD4+ T cells as well as promoting the cell cycle 

progression of B cells 156–158. Production has been shown to be promoted in UTI patients in 

the presence of flagellin 159. However, reported urinary concentrations of IL-4 are generally 

very low, with Davidoff et al (1997) reporting levels around just 0.04 pg/mg creatinine in 

cystitis patients (Table 2) 153. 
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IL-5 is another anti-inflammatory cytokine produced by lymphocytes and T cells 150,160. It has 

a role in inducing production of and recruitment of additional immune cells 150.Early studies 

have suggested an involvement in UTIs due to elevated concentrations in the urine of mice 

with bacteraemia 161. 

IL-6 has been shown to be produced by macrophages, fibroblasts, and epithelial cells 

amongst many others 150,162. It is an important cytokine with mainly pro-inflammatory roles 

within the innate immune response, such as controlling fever and the early acute phase 

response to infection in order to clear infection 147,150. However, it has also been shown to 

have some anti-inflammatory activities as well. IL-6 has been shown to suppress the 

production of IL-1β and tumor necrosis factor alpha (TNFα) 163,164. Thus, IL-6 is a cytokine 

with an important central role of innate immune modulation. Concentrations of IL-6 have 

been reported to be significantly elevated in the urine of patients with cystitis 153,165. Levels 

have also been shown to be higher in ABU patients when compared to pyelonephritis patients 

94. Rodhe et al (2009) reported levels of IL-6 in the elderly bladder to be between 7.1 and 

37.4 pg/mg creatinine (Table 2) 155. It has also shown some promise as a biomarker for 

distinguishing between ABU and symptomatic UTIs when used in conjunction with a 

positive HCP outcome from a urinary dipstick 155. 

IL-8 is another very important pro-inflammatory chemokine involved with the acute phase 

response 166. IL-8 has also been shown to be produced by a wide range of cells, including 

monocytes, fibroblasts and epithelial cells 150,151. IL-8 falls under the classification of 

chemokine, due to its chemotactic activity 150. IL-8 can also cause the intracellular storage 

organelles to release various enzymes involved with the immune response, such as 

lysozymes, collagenases, proteases and hydrolases, in order to try and clear and infection 

from the host, such as 167. IL-8 concentrations have been reported to be higher in the bladders 

of patients with ABU and symptomatic UTI compared to healthy controls 155,168. Rodhe et al 

(2009) reported a wide range of IL-8 concentrations within the elderly bladder of 6.5 all the 

way up to 809 pg/mg creatinine (Table 2) 155. Attraction of neutrophils to the site of infection 

by IL-8 is key for aiding bacterial clearance within the urinary tract 169–171. As would 

therefore be expected, mice without the ability to recognise IL-8 showed higher susceptibility 

to UTIs and poorer bacterial clearance from the urinary tract upon infection 172.  

IL-10 is a key anti-inflammatory cytokine, produced by activated T cells, mast cells and 

lymphocytes 147,150,173. It has several anti-inflammatory effects including inhibiting 
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antimicrobial effects of macrophages, downregulating cytokine receptor expression and 

inhibiting inflammatory cytokine secretion by various immune cells 147,150. It can be 

responsible for repressing expression of IL-1β, IL-6 and TNFα 147. IL-10 has been shown to 

be found at elevated concentrations within the bladders of patients with cystitis 174. It has 

been suggested that it may play a role in long-term bacterial colonisation due to its strong 

anti-inflammatory roles 173. Rodhe et al (2009) reported a concentrations of between 5.3 and 

31.6 pg/mg creatinine within the elderly bladder (Table 2) 155. 

IL-12 p70 is a pro-inflammatory cytokine produced by macrophages, B cells and other 

antigen presenting cells 150,175. The protein has a directive role in the immune response by 

driving the production of other cytokines 150. Studies have shown its importance in the 

immune response to bacterial infections 176,177. Women prone to suffer from UTIs have 

shown elevated IL-12 production 178. Rodhe et al (2009) report IL-12 concentrations of 

between 5.3 and 67.8 pg/mg creatinine within the bladders of the elderly (Table 2) 155. 

IL-17A is produced by T cells and lymphocytes and has a pro-inflammatory role in the 

immune response. Increased levels can lead to the induction of IL-6 and IL-8 production 150. 

It also has an innate-adaptive immunomodulatory role, whereby it can enhance the expression 

of adhesion molecules on the surface of human fibroblasts 150,159. It has been suggested to 

have a role in the innate immune response raised to UTIs caused by UPEC 179. 

TNFα is a pro-inflammatory cytokine produced by lymphocytes, neutrophils and endothelial 

cells amongst several other sources 147,150,180. However, the main source is from release 

during late stage macrophage differentiation 153. TNFα functions by modulating expression of 

other cytokines and their cell receptors, which has shown to have a key role in the immune 

response to infections 150. Several of the cytokines discussed have overlapping and 

interlinking functions. For example, IL-1β and TNFα have very similar effects 150. This 

overlap can be seen by IL-6 production being increased in response to elevations in both IL-

1β and TNFα 181. There have been reports showing elevated levels of TNFα within the 

bladder of cystitis patients compared to uninfected controls 153. Rodhe et al (2009) reported 

levels of TNFα in the elderly bladder to be between 2.4 and 20 pg/mg creatinine (Table 2) 155. 

The final immune protein chosen for analysis in this study was interferon gamma (IFNγ). 

This is a pro-inflammatory cytokine produced by T cells and natural killer cells 150,160. It has 

roles in increasing immune cell expression and increasing macrophage activation in order to 
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promote pathogenic clearance during infection 150. Increased concentrations of IFNγ have 

been found in the bladders of patients suffering from bacteriuria 54. 

By analysing this library of immune response proteins within the bladder of infected patients, 

will provide an overview of the overall immune activation taking place. They provide a 

cross-section of the innate immune response with a wide range of pathways both pro- and 

anti-inflammatory being covered. 
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Table 2. Overview of the cytokines being studied within this project, including their inflammatory nature 
and some of the reported urinary concentrations from the literature. A indicates figures from Nobles et al 

(2015) looking at concentrations in women of reproductive age 182. B  indicates figures from Rodhe et al 

(2009) looking at concentrations within the elderly bladder 155. C indicates figures from Davidoff et al (1997) 

looking at concentrations within cystitis patients  153. D indicates figures from Helbig et al (2013) looking at 

concentrations within patients with Candida infection 183.  
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1.4.3. Adaptive immune response 

The innate immune response is not specific to the type or species of organism which it 

recognises whereas an adaptive response tends to have far more organism specificity. Unlike 

the immediate action of the innate response, an adaptive response can take up to 10 days to 

establish 145,184. Upon bacterial recognition by the host the activation of B cells by some 

cytokines can stimulate the production of antibodies 127. It is widely accepted that the 

adaptive immune response plays a much smaller role in defence against UTIs than the innate 

response 130,185. It has been noted that pathogens originating in the kidneys display antibody 

coating, which is not seen in pathogens colonising the bladder 186. These antibodies are also 

detectable in the urine and serum of patients who are suffering from pyelonephritis but not 

cystitis 187–189. Production of the anti-inflammatory cytokine, IL-10, was found to be specific 

to the bladder and not the kidneys, suggesting that this could be responsible for the lack of 

adaptive response seen within the bladder 173. In support of this, mice unable to produce IL-

10 showed the production of antibodies to bladder pathogens 173. 

 

1.5. Biomarkers 

Biomarkers have been used for many years in medicine for many different indicators, such as 

helping make decisions in the clinical setting, aiding drug development and evaluating new 

drugs coming to market. Due to recent advances in technology, such as human genome 

sequencing, microarrays and vastly improved imagining techniques, biomarkers have a new 

heightened importance in Research and Development (R&D) and in the clinic 190. 

The accepted definition of a biomarker 191 is a characteristic that is objectively measured and 

evaluated as an indicator of one of the following: 

1. A normal biological process 

2. A pathogenic process 

3. A pharmacological response to a therapeutic intervention 

We are most interested in biomarkers involved with the first two processes. Biomarkers are 

being used more and more widely in decision making roles in the clinic due to ever more 

powerful analysis techniques on a broad number of possible markers 190,191. Accessibility to a 

biomarker plays a larger role on whether it becomes adopted in regular clinical practice. Less 
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invasive methods of collection, such as urine or saliva, will be quicker for HCPs to obtain and 

generally preferred also by patients 192. Qualitative biomarkers are those that are present only 

in a certain subset of patients, whereas quantitative biomarkers are present in varying 

quantities in all patients 192. Thus, the cytokines, previously mentioned, being measured in 

this project are quantitative biomarkers as they have been reported to be found in the bladders 

of all patients to some degree 182. As well as cytokines, bacteria within the urine are a 

quantitative biomarker of disease, as many have been found to be present in the normal 

bladder microflora as previously discussed. Low levels of bacteria in the urine can suggest 

gut contamination, therefore a threshold of >105 CFU/ml is used to define significant, thus 

making this a quantitative biomarker 28,31. 

In order for biomarkers to be robust they should be put through extensive analysis to ensure 

they are ‘fit-for-purpose’. For this analysis they must initially go through method validation 

followed by extensive biomarker qualification. Method validation is a process in which the 

assay designed to collect and quantify the biomarker of interest has been fully assessed. This 

includes outlining assay conditions, which will be needed to give accurate and reproducible 

outcomes 190,193. Essentially the method of acquiring data must be suited for the biomarker’s 

intended application 193. Biomarker qualification (otherwise known as biomarker validation 

or evaluation 190), is the process in which evidence is used to build up a link between the 

marker and the biological process of interest. This can be done relating to clinical end points 

190,194. Whilst there is little governing control for biomarker assay validation, new devices or 

clinical tests require substantial evidence to support their approval 190. The four categories 

outlined in Figure 4 allow a good basis to logically and thoroughly undergo biomarker 

qualification 190,195.
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Figure 4. Fit-for-purpose categorisation of biomarkers . The more valid evidence provided for a certain 

biomarker allows it to progress from an ‘Exploration Biomarker’ towards a ‘Surrogate Biomarker’. The 

evidence allows a link to be validated between the marker and the biological process of interest. Adapte d 

from Wagner, J.A. et al 190. 
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1.5.1. Urine Tests Using Biomarkers 

Some of the best tests exploring urinary problems are those involving a quick patient-side 

urine-based test, which can give a result in minutes. These tests are usually either a chemical 

reaction leading to a colour change or an enzyme-linked immunosorbent assay (ELISA) 

based technology. ELISAs involve an antibody that is attached to the surface of the test 

which, when urine is passed over, changes colour if its specific antigen is present to bind to it. 

One example of a urine test includes the pregnancy tests, which look for pregnancy-

associated glycoproteins produced by the placenta. These will give a positive or negative 

pregnancy result in a very short time 196. Another form of very successful patient-side urine 

test is the well-known diabetes diagnosis test, which simply shows if the patient has glucose 

in their urine. Glucose in the urine occurs in diabetic patients 64. Glucose can be measured 

using a urinary dipstick, which is a tool used to measure several urinary biomarkers for 

urinary heath, as previous discussed. An example of urine tests developed to aid physicians 

treating UTIs is the antibody-coated bacteria (ACB) test. ACB are found in the urine once the 

infection reaches the kidney, thus a positive result to such a test could help differentiate 

between upper and lower UTI, which can assist with making further treatment decisions 186. 

Basic microbiological investigation can also be a useful biomarker of urinary disease. As 

mentioned above, the presence of bacteria in the bladder over a given threshold is a 

biomarker of significant bacteriuria in a clinical setting. However, what is needed are better 

discriminatory tests to distinguish between ABU and symptomatic UTI. 

1.5.2. Clinical studies into ABU biomarkers 

Several studies have been undertaken to try and distinguish between ABU and symptomatic 

UTI and improve knowledge of the infected bladder. Nicolle et al (1993) measured IL-1β and 

IL-6 in the urine of institutionalised elderly patients. Their data suggested that increases in 

both of these cytokines could potentially discriminate between ABU and acute UTI this 

patients cohort 197. However, this was only performed on 67 urine samples and there were no 

healthy control comparisons. Rodhe et al (2009) collected urine samples from elderly patients 

with both diagnosed acute UTI and ABU in order to try and find biomarker patterns which 

could distinguish between the two disease states. They measured a number of cytokines in the 

urine, including IL-1β, IL-6, IL-8, IL-10, IL-12 and TNF-α. They found that levels of IL-6 

and IL-8 were significantly higher in patients with acute UTI than those with ABU, and both 

disease states showed higher levels than healthy controls 155. This agreed with observations 
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previously made by Hedges et al (1992) in IL-6 concentrations in pyelonephritis patients 

compared to those with ABU 94. However, a study undertaken by Sundvall et al (2014) was 

not able to establish a difference in IL-6 that was able to distinguish between patients with 

non-specific urinary symptoms, even when used in conjunction with the dipstick outcome 67. 

The McNally group (Nottingham, UK) and collaborators completed a series of large scale 

genotypic and phenotypic analyses on up to 250 clinical urine cultures 198–200. Toval et al 

(2014) ran genotype analysis of 265 E. coli isolates from UTI patients 124. All of the above 

findings were based on single urine samples from each patient. Thus they only show a 

snapshot of information and do not take into account potentially important changes in 

symptoms or colonisation status around time of sampling. 

There are some examples of repeated urine samples within the literature however. Hernández 

et al used repeat urine sampling to analyse the effect of intentional inoculation of patients 

with ABU E. coli strain 83972. Urine samples were collected monthly for host response 

analysis and to check the intervention had been successfully established within the bladders 

185. Sundén et al (2015) also sampled urine 4 weeks apart. This was to analyse changes in the 

host responses between ABU and symptomatic UTI patients over time. However, a total of 

just 2 samples were collected from patients, thus, lacks the longitudinal information of 

whether observations were fluctuations or normal for that patient 201. In addition, both of 

these examples lacked resolution to obtain a detailed overview of changes in the patients’ 

bladders over time. Therefore, highlighting the need for a high resolution longitudinal study 

of the bladder environment in the ABU patient cohort. 

In 2009 Czaja et al reported their findings of a study very similar to the one undertaken in 

this project 202. They collected daily urine samples from patients who suffer recurrent UTIs, 

these were refrigerated for up to 14 days and upon declaration of a symptomatic episode the 

previous 14 samples were prospectively analysed for bacterial presence and host response 

activity. Further analysis on these bacterial isolates looked into more detail of the genotypes 

of the uropathogens 203. The study completed by Czaja et al was completed on a cohort 

women aged between 18 and 49, whereas this study is specifically looking into changes in the 

elderly bladder (65+ years). The study completed during this project aims to analyse fresh 

urine samples. A wider range of cytokines is analysed in this project compared to the Czaja et 

al study and age-similar controls will be used to provide a baseline for sample normalisation. 

One of the study downfalls discussed by Czaja et al, was their inability to see beyond the 3-
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month time frame. Thus, the 6-month timeline of this project design should help address this 

issue. 

As discussed here UTIs are a large social and economic burden worldwide. Many different 

clinical presentations make it a difficult disease to diagnose and therefore successfully treat. 

This is further complicated in elderly patients who often have misleading and ambiguous 

symptoms. There is a general lack of understanding around bacterial-host interactions within 

the bladder and how these are affected during long-term colonisation, as is seen in ABU 

patients. Better understanding will drive improved patient management, more successful 

disease treatment and increase patient awareness, in order to hopefully better control this 

disease on a global scale, especially in vulnerable populations. This thesis will describe the 

analysis of a longitudinal clinical study, which has been designed to address a number of 

questions raised from the UTI literature. 
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Chapter 2. Aims 

UTIs are becoming increasingly well understood, however their treatment with ad hoc 

antibiotics is still very holistic. Some acute infections are simple to treat and clear. However, 

others provide a more complicated pathology. Patients who are able to carry bacteria for long 

periods of time appear to react very differently to this colonisation. It is widely accepted in 

treatment guidelines that colonisation of the urinary tract without symptoms should not be 

treated in otherwise healthy individuals. However, what remains unclear is what causes a 

person with ABU to transition from this harmless asymptomatic state to that of a full 

symptomatic acute infection. If there were ways of predicting such a transition, it may be that 

these patients can be more effectively and efficiently treated before symptoms arise, if at all. 

This could not only reduce patients suffering but also potentially alter antibiotic course length 

and overall usage. The latter would have obvious and direct implications on preventing 

antimicrobial resistances, which are becoming a huge global threat to public health. 

In order to address this important issue a clinical study was designed in order to track patients 

who have a history of suffering from regular symptomatic UTIs. By monitoring these 

patient’s urines and symptoms regularly for 6 months it would be possible to ask the data 

several questions. This would allow observation of changes in the urinary tract over time, 

with samples being collected from patients roughly 2 weeks apart. This sampling allowed for 

analysis of change over time in the urinary tract. This would mean that both the colonising 

bacteria and the host immune response could be analysed temporally. This analysis would 

create a large database of host and bacterial data. This database alongside data of patient’s 

symptomatic state, collected from regular questionnaires and their medical records, would 

allow us to map changes in the urinary tract with periods of symptomatic infection. 

The clinical study and the mapping of these various databases of analysis would provide a 

strong method of addressing the main aims of the project; 

1. Testing the feasibility of this study design in this age group as a pilot for the potential 

of similar future studies, perhaps with a larger sample size. 

2. Investigating the changes in the bladder over time of older patients with long-term 

bacterial colonisation from both a bacterial and host perspective. 

3. Analysing any potential changes in the colonising bacterial phenotype and genotype 

during periods of changing UTI symptoms and treatment. 
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4. Analysing any changes in potential host immune urinary biomarkers around periods 

of symptoms, as these could provide a non-invasive method of predicting 

symptomatic episodes. 
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Chapter 3. Materials and Methods 

3.1. Urine Sample Storage and Dip-Stick Analysis 

Urine samples were all dipped within 4 hours of collection, using Multistix® 10SG 

(Siemens) based on availability. One aliquot of unfiltered urine was stored at -80°C. Urine 

was also filtered using a 0.45µm filter (GE Healthcare Life Sciences), 3 aliquots of this was 

taken and stored at -80°C. Finally, all urines were plated onto CPS ID 3 (CPS3) chromogenic 

agar plates (bioMérieux), each at 1µl and 10µl so that colony quantification could be made. 

Manufacture of CPS3 plates was discontinued during the study and replaced by an improved 

version, called CPSE plates. Plates were incubated at 37°C overnight. 

The dip-stick allowed measurement of several parameters of the urine; glucose, ketone, 

specific gravity, blood, pH, protein, nitrite, leukocyte esterase including pH, nitrites and 

leukocytes. The 10SG sticks also measured urobilinogen and bilirubin. These were each read 

off a colour chart supplied with the sticks according to the manufacturer’s instructions. 

3.1.1. Dipstick Score 

In order to run data analysis on the dipstick outcomes, a method of quantifying the 

parameters was devised (Table 3). Each of the 10 parameters measured on the dipstick was 

given a score from anywhere between 0 and 5. Zero indicated a normal dipstick outcome 

based on the most frequently returned result from the healthy controls, shown in Figure 30 

(p.133). The score given to each outcome increased with its divergence from this healthy 

baseline. Continuous scales, such as glucose, ketone, specific gravity, blood, pH, protein and 

urobilinogen, all carry directly on from 0 up to 5. Non-continuous scales, such as bilirubin, 

nitrites and leukocytes all peak at 5 points and count back from there. The total of all 10 

parameter scores gave the overall dipstick score for that sample. Essentially, a higher dipstick 

score indicated a less healthy urine sample. 
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Points 
Glucose 
(mg/dL) 

Bilirubin 
Ketone 
(ml/dL) 

Specific 
Gravity 

Blood 
(Ery/µL) 

pH 
Protein 
(mg/dL) 

Urobilinogen 
(mg/dL) 

Nitrites 
Leukocytes 

(Leu/µL) 

2 n/a n/a n/a 1.000 
~80 (Non-

Haemolysed) 
n/a n/a n/a n/a n/a 

1 n/a n/a n/a 1.005 
~10 (Non-

Haemolysed) 
5 n/a n/a n/a n/a 

0 - ve - ve - ve 1.010 - ve 6 - ve 0.2 - ve - ve 

1 100 n/a 5 1.015 
~10 

(Haemolysed) 
6.5 Trace 1 n/a n/a 

2 250 n/a 15 1.020 
~25 

(Haemolysed) 
7 30 2 n/a ~15 

3 500 Small 40 1.025 
~80 

(Haemolysed) 
7.5 100 4 n/a ~70 

4 1000 Moderate 80 1.030 
~200 

(Haemolysed) 
8 300 8 n/a ~125 

5 2000+ Large 160+ n/a n/a 8.5 2000+ n/a Positive ~500 

 

Table 3. Scoring system used to quantify outcomes from the dipstick analysis. A score of 0 (highlighted red) is achieved by what healthy urine should produce on the 

dipstick. The scores increased based on their deviation from what a healthy urine would produce. - ve indicates a Negative score on the dipstick.
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3.2. Bacterial Isolation and Storage 

CPS3 Plates were all photographed for referencing the different strains that had grown. Red 

colonies indicated the presence of E. coli in the urine. Red colonies were tested as an 

additional measure to identify them as E. coli using an indole test. Plates containing red 

colonies giving a positive indole test had one red colony picked and cultured overnight in LB. 

This was then frozen with 10% DMSO at -80°C the next day. All plates regardless of what 

had grown were washed down with LB and grown overnight. These too were frozen and 

stored at -80°C with 10% DMSO, this was so that at any time the complete culture could be 

back-referenced if necessary. 

Bacteria needed to be reactivated would be streaked out onto LB plates and incubated at 37°C 

overnight. A single colony would then be taken from this plate and grown overnight in LB 

broth at 37°C. 

 

3.3. Antibiotic Resistance Testing 

E. coli isolates were reactivated on LB plates grown overnight at 37°C. From the plates 

colonies were scraped and resuspended in PBS to an equivalent of a 0.4-0.6 McFarland 

turbidity standard. A swab of this is then plated out evenly on Mueller-Hinton agar plates 

using a plate spinner to achieve a consistent and even lawn of bacterial growth. Discs 

containing pre-defined antibiotic concentrations are then placed onto the plate containing 

bacteria. The antibiotics tested were the first 6 front line antibiotics tested for all UTIs, as per 

the NHS laboratory protocol 204. These were Amoxicillin, Amoxicillin-clavulanic acid, 

Cephalexin, Trimethoprim, Nitrofurantoin and Ciprofloxacin. Plates were then incubated at 

37°C overnight before analysis. To measure the isolate’s degree of sensitivity to the 

antibiotics, the zones of inhibition around each disc was measured manually. The zones of 

inhibition were then compared to well controlled European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) defined breakpoints, defining an isolate as resistant or 

sensitive to the antibiotic in question 204. 
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3.4. Motility 

Motility of isolates was measured by growing a single colony overnight in LB, 5µl of this 

was carefully placed onto a motility agar plate (1% Tryptone, 0.5% NaCl, 0.3% Agar). Plates 

were then incubated for 6 hours at 37°C. Pictures of each plate were then taken. The swarm 

created by the isolate was measured twice and an accurate measurement was obtained by 

using a ruler photographed with the plate to obtain the exact swarm size based on the pixels. 

Experiments were performed in triplicate to give a representative average motility. 

 

3.5. Sequencing 

In order to obtain an identification on the E. coli strains isolated during the study various 

genes were chosen for sequencing. The genes chosen to sequence were the well documented 

MLST genes for E. coli identification and the fliC gene for H-antigen serotyping 88. These 2 

methods would give a relatively accurate strain identification, which would allow 

differentiation in colonising strains over time if any changes were to occur. These methods of 

identification were chosen as they were comparably a lot cheaper than whole genome 

sequencing the isolates. 

3.5.1. MLST and fliC Serotyping 

Genome preparations were made of all isolates to be sequenced using a genomic DNA 

isolation kit (Sigma-Aldrich). PCR was then completed on each strain using 7 primer pairs to 

amplify the 7 different genes required for MLST (Table 4), primer sequences obtained from 

the University of Warwick Medical School website (http://mlst.warwick.ac.uk/mlst/). The 

fliC primers (Table 4) were designed and optimised previously by the Aldridge lab, to 

amplify a central region of the gene in order to obtain a reliable sequence via PCR. The PCR 

programme used was 2 minute at 95°C, 30 cycles of 1 minute at 95°C, 1 minute at the gene’s 

annealing temp (detailed in Table 4), 2 minutes at 72°C, finally followed by 5 minutes at 

72°C. The PCR reactions contained 50 ng of the prepared genomic DNA, 20pmol of each 

primer, 200µmol of the dNPTs, 10µl of 10x PCR buffer, 5 units of MolTaq polymerase 

(Molzym GmbH) and made up to a final volume of 50µl with filtered MilliQ water. 

PCR products were run on a 0.8% agarose gel using a deoxyribonucleic acid (DNA) dye of 

SafeView Nucleic Acid Stain (NBS Biologicals) or Nancy-520 DNA Gel Stain (Sigma-
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Aldrich) at 120V for ~45 minutes in order to see if the genes had been successfully amplified. 

Successful PCR products to be sequenced were cleaned up using a kit (Sigma-Aldrich) and 

sent, along with one of the primer pairs, to Source Biosciences (Nottingham, UK) for 

sequencing. Returned MLST sequences were then put into the dedicated PUB MLST 

database (Pubmlst.org - SequenceQuery), which allowed us to obtain an ID number for each 

of the 7 genes. It is the unique combination of gene ID numbers that give us the specific 

sequence type for the strain. Using the tools available on the University of Warwick Medical 

School website (http://mlst.warwick.ac.uk/mlst/) we were able to obtain the MLST of that 

strain from the 7 gene IDs. 

The returned fliC sequences were aligned with all documented E. coli fliC serotype 

sequences. The alignments were all done using a National Center for Biotechnology 

Information (NCBI) Basic Local Alignment Search Tool (BLAST) alignment search. The 

closest alignment gave the H-antigen serotype of the isolate. 

3.5.2. MLST Strain Alignments 

Full MLST sequences for the sequence types obtained were downloaded from the PUB 

MLST database (Pubmlst.org) as a concatenated virtual genome (~3kbp in size). These 

sequences were then aligned using ClustalX (Science Foundation of Ireland), which is 

multiple sequence alignment software 205. This alignment was then transferred into Jalview 

(jalview.org), a free online tool designed for multiple sequence alignment editing, 

visualisation and analysis. This tool produces an alignment tree, from which the strain’s clade 

can be deduced and visualised. The strains from this study were run alongside strains detailed 

in McNally et al (2013), which include E. coli from a wide range of pathogenic groups and 

disease areas (Figure 24, p.115) 90. A detailed list of the names and sources of each of the 

reference strains utilised from the literature is given in Appendix 1 (p.209). 
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Table 4. Seven genes required for MLST and their corresponding primer pairs and PCR annealing  

temperatures (primer from University of Warwick Medical School website 

http://mlst.warwick.ac.uk/mlst/). 
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3.6. Enzyme Linked Immunosorbent Assays 

The technique of sandwich ELISAs was chosen as a way of quantifying the different immune 

proteins chosen to analyse in the study urine samples. Ready-Set-Go!® ELISA kits 

(Affymetrix eBioscience) were used for the assays due to the repeatability of the similar 

protocols, allowing the completion of multiple protein assays at one time. This was essential 

to avoid multiple rounds of freeze-thawing of the urine samples, as it is known to deplete the 

levels of cytokines and chemokines each time 206. 

Table 5 shows the proteins and the corresponding detectable range of each of the assays. All 

ELISAs were completed in Nunc MaxiSorp® flat-bottom 96 well plates (Affymetrix 

eBioscience). The manufacturers protocol was followed by for each of the kits. This involved 

coating the plate with the capture antibody and incubating this overnight at 4°C. After 

thorough washing and blocking for an hour at room temperature, the standards and diluted 

samples (1:2) were added to the wells. This was then incubated again overnight at 4°C. This 

allows the target protein to bind the capture antibody if present in the sample. The wells were 

then washed again before the biotinylated detection antibody was added, which attaches to 

any target protein which has bound to the plate via the capture antibody. After an hour 

incubation at room temperature and another wash step, the Avadin, conjugated with the 

detection enzyme, horseradish peroxidase (HRP) was added. This was incubated for 30 

minutes at room temperature to allow this to bind the biotin on the detection antibody. After a 

final wash step the 3,3′,5,5′-Tetramethylbenzidine (TMB) solution is added to the wells for 

15 minutes at room temperature. This will detect any HRP that is bound to the plate, yielding 

a blue colour change, which indicates the target protein was present in the sample or 

standard. Finally, the reaction is stopped by the addition of 2N sulphuric acid (H2SO4) which 

yields a yellow colour, the darker the colour the more protein of question there is present in 

the well. 

The plates are then read at both 450 and 571nm using an Infinite® F50 / Robotic Absorbance 

Microplate Reader (Tecan Trading AG, Switzerland). The 571nm data was subtracted from 

the 450nm reads to eliminate the chemical colour change background before analysis took 

place. All plates were run with at least 2 blank wells, the average of which was deducted 

from all reads to eliminate the background of the assay, where antibody may have bound to 

the plate even in the absence of any target protein. The standard curve was then plotted 
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according to the manufacturer’s instructions. The target protein concentration of the scaled up 

samples were read from the linear regions of these curves. 

Healthy concentrations were calculated by taking the averages of all cytokine concentrations 

from the healthy control patients, except for 2 control subjects (6 samples). One of these was 

excluded due to their almost full load of E. coli throughout the sampling period and the other 

was excluded due to their positive HCP outcome on the dipstick throughout the sampling 

period. It was felt that these samples would therefore potentially skew the data as they were 

not normal healthy controls. This still left 39 healthy control samples from which to obtain 

the healthy averages. These averages were deducted from the cytokine concentrations 

obtained from the patient samples, in order to normalise them to the healthy baseline 

concentrations. These normalised concentrations are the figures reported and the figures used 

to calculate the fold-changes within each patient. 

  



56 

 

 

Table 5. All proteins analysed via ELISA in the study urine samples and the concentration ranges the as says 

were able to detect. Ranges show the upper and lower limit of the assays detection levels, indicting the 

assay’s sensitivity. 
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3.7. Total Scores 

In order to bring together statistical analysis from the many different study aspects it was 

necessary to normalise the data for each study sample. This would enable quantification of all 

areas of the study and make the samples comparable to one another as a cohort. This was 

done by assigning quantification to each factor of the study database from all aspects of the 

study analysis. The sum of these quantifications was referred to as the sample’s ‘total score. 

The method of quantification of the total scores is outlined in Table 6. The total score gave an 

overview of general sample health, with a higher score indicating more of a divergence from 

an expected healthy outcome. Once a total score had been calculated for each sample it 

became possible to break down the database and run statistical analysis on the various data 

sets. 

 

3.8. Statistical Analysis 

All statistical analysis and data visualisation was completed using GraphPad Prism® Version 

6.01. Where 2 data sets are being analysed an unpaired t test with Welch's correction was 

used to calculate statistical difference between them. Welch's correction is a more reliable 

statistical tool when the samples being compared have unequal variances and unequal sample 

sizes. The samples being analysed here fulfilled these criteria. When comparing multiple data 

sets an ordinary one-way analysis of variance (ANOVA) was used to assess variation 

between the data.  
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Table 6. Outline of sample total score calculation from all factors of the study. Performed on each study 

sample as individuals. 

Study Aspect Factor Scores

Abnormal serum creatinine 0 or 1

Abnormal vitamin D 0 or 1

Abnormal sodum 0 or 1

Abnormal potassium 0 or 1

Abnormal urea 0 or 1

Diabetic Non-diabetic: 0, Pre-diabetic: 1, Diabetic: 2

Most frequent UTI severity None: 0, Mild: 1, Moderate: 2, Severe: 3

Symptom score (out of 18) Max 15

Self-declared UTI 0 or 1

Treated for a UTI within 3 days 0 or 1

Urine sample for a UTI within 3 days 0 or 1

Positive sample for a UTI within 3 days 0 or 1

Dipstick score Max 21

HCP outcome 0 or 1

10 fold change in IL-1β 0 or 1

10 fold change in IL-4 0 or 1

10 fold change in IL-5 0 or 1

10 fold change in IL-6 0 or 1

10 fold change in IL-8 0 or 1

10 fold change in IL-10 0 or 1

10 fold change in IL-12 p70 0 or 1

10 fold change in IL-17A 0 or 1

10 fold change in TNFα 0 or 1

10 fold change in IFNγ 0 or 1

Diagnostic levels of E. coli 0 or 1

Motile 0 or 1

Amoxycillin resistance 0 or 1

Co-amoxyclav resistance 0 or 1

Cephalexin resistance 0 or 1

Trimethoprim resistance 0 or 1

Nitrofurantoin resistance 0 or 1

Ciprofloxacin resistance 0 or 1

Out of possible max: 69Total Score

Blood (out of 5)

Dipstick (max 22)

Cytokines (out of 10)

Bacterial (out of 8)

Clinical (max 24)
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Chapter 4. Clinical Study Design and Setup 

4.1. Study Design 

Most previous studies into the field of ABU involve snapshot sampling. This is where a 

patient will give a single sample, usually at the time of symptom presentation. This, therefore, 

lacks the temporal aspect of what is occurring in the bladders of individual patients over time. 

It was for this reason that a longitudinal study was decided uopn, in order to follow changes 

in patients over time. The study was designed to collect urine samples from each patient 

roughly two weeks apart for 6 months. The time frame was chosen as it would give us good 

temporal resolution without over-burdening the patient and risking drop-outs in participation. 

This would result in a total of 12 urine samples from each patient. 

After consultation with an independent statistician a minimum of 30 patients was chosen to 

power the study in order to infer statistical significance within the data set. This would 

therefore allow the study to become a pilot framework for the feasibility to explore a larger 

study framework within patients of this age group. 

 

4.2. Ethical approval 

In order to recruit patients through the NHS, identified via their medical records, we would 

need full Research Ethics Committee as well as NHS R&D approval. The study would also 

require sponsor from the Newcastle upon Tyne Hospitals (NuTH) NHS Foundation Trust. Mr 

Andrew Johnston from the Trust;s Joint Research Office (JRO) agreed to be the sponsor for 

the study, he agreed to sign all of the study documents for submission to the REC and R&D 

department. The necessary documentation was all produced and the online Integrated 

Research Approval System was used to submit this to the different approval bodies. All 

people involved with undertaking the study were required to have completed the necessary 

Good Clinical Practice (GCP) training. 

The first submission to the 14-NE-0026 REC on 16TH January 2014, was rejected as they felt 

some of the study documents needed amendments. The design protocol and supporting 

documentation were all updated to reflect these amends. The second submission was 

approved with a favourable opinion from the REC on 12th March 2014. This approval 

allowed a ‘research passport’ to be obtained in order to allow access to the Urology 
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Department at the Freeman Hospital, Newcastle upon Tyne, as well as the medical records in 

order to begin patient recruitment. 

 

4.3. Recruitment 

Due to the high prevalence, difficulty in diagnosing and issues with successfully treating the 

older population, a lower age limit of 65 years was chosen. This would allow us to potentially 

see a range of patients in the upper age brackets, without limiting ourselves to those who are 

potentially less physical and able to undertake such a demanding study. It was essential that 

the patients were mentally capable to fully understand and give informed consent to 

participate in the study. 

Potential patients were identified based on the lists of two UTI clinics that were held weekly 

in the Urology Department. Patients who fell into the correct age group were identified for 

screening. These patients were then screened for eligibility based on their medical records. 

Patients were selected for follow up based on them fulfilling the following inclusion criteria; 

 Patients must be over the age of 65. 

 Patients must have had 2 or more positive urine samples on their record within the last 

6 months (alternatively 3 or more within 12 months). This is the clinical definition of 

recurrent UTI. 

 Urine cultures must have been sent on due to a suspected uncomplicated UTI as 

opposed to an underlying medical condition or previous procedure (e.g. cystectomy, 

urinary conduit, bladder cancer etc.). 

 Patients must not be catheterised (either permanent or intermittent self-catheterised). 

 Patients must not have any mental or physical disability that could stop them giving 

informed consent or completing the study in a way that was safe or a burden on their 

quality of life. 

If patients fulfilled these criteria, they would be contacted after their appointment on the day 

of the clinic for a quick meeting. At this meeting the study was explained and they were 

given all study information. After a minimum of 48 hours, patients were contacted by 

telephone to gauge their interest in taking part in the study. If they expressed interest a 

baseline visit was arranged at a time of their convenience. 
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4.4. Consent and Baseline 

At the baseline visit the study was explained again and patients were given the chance to ask 

any questions they had or express any concerns. If they fully understood the undertaking of 

the study and were prepared to go ahead, informed consent was taken and witnessed by the 

research team member (Appendix 2, p.211). A Case Report Form (CRF) was then completed 

asking them basic questions about their personal details, urinary history and antibiotic usage 

(Appendix 3, p.213). A blood sample was taken by a trained NHS nurse, one vial was sent to 

the hospital laboratory for analysis for sodium, potassium and urea, and the second vial was 

stored in the study biobank within the university. The first urine sample was then collected 

and the first questionnaire was filled out (Appendix 4, p.217). Patients were then supplied 

with all paperwork and consumables they would require for the remainder of the study. A 

sampling method and schedule that suited them was arranged. A copy of the signed consent 

form was given to the patients upon the second urine sample (or sent via post to them) for 

their records (Appendix 2). 

A total of 31 patients agreed to take part in the study, however one patient dropped out as the 

burden of the frequent sampling was too difficult. Figure 5 shows a full Consort diagram of 

the recruitment and undertaking of the study, including all reasons for refusal of participation. 

The main reason for non-participation was their inability to undertake the frequent sampling 

involved with the study. 
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Figure 5. Consort diagram of recruitment of patients to the clinical study. 
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4.5. Sampling and Storage 

For the remaining 11 visits a urine sample and corresponding questionnaire was collected 

from each patient. For 29 of the 30 patients, samples were collected in person. One patient 

sent their samples via post, using the Royal Mail pre-paid Safebox® system (containing no 

preservatives), as they lived too far away to deliver the samples by hand. Samples would be 

processed within 2 hours of collecting, samples stored for any longer than this were kept at 

4°C until collection. However, these would be collected no longer than 4 hours after being 

stored. 

Upon collection all urines were analysed with a dipstick as this is standard protocol within 

the NHS to identify infections in a sample 28. However, for completeness and maximising 

data acquisition, outcomes of all aspects of the dipstick were collected, not just those that 

indicate infection. In addition, any potential outcomes of an analysis of dipstick data could be 

easily implementable in the NHS, as this was already a standard test done on these samples. 

E. coli was chosen as the pathogen of focus for this project due to the fact it is estimated to be 

responsible for causing as many as 90% of all UTIs 100,101. The decision to select only one 

colony of E. coli was made early on in the study design process. One reason was to keep the 

analysis to a manageable level, as higher than this would have been a minimum of 3 colonies 

which would have yielded over 500 isolates. This would have been too many to sequence 

within the time and budget of the project. Another reason was that the study design was 

intended to, again, mimic the current practice in the NHS as closely as possible for 

comparative reasons. NHS laboratories would also select one colony for further testing (e.g. 

antibiotic resistance) as normal practice. However, it has since been recognised within this 

study that the urine cultures are able to harbour more than one strain of E. coli at the same 

time, so perhaps in future studies the selection of multiple colonies would be advisable. 

The first study sample was collected on 28th April 2014 and the last was on 17th November 

2015. This meant the patient arm of the study ran for a total of 82 weeks (roughly 20.5 

months). Figure 6 shows the different timelines from all 30 study patients. Week number 49 

showed the most patient participation at any one time in the study, wherein 14 different urine 

samples were collected in that one week. Urine samples were collected on average 2.3 weeks 

apart. The average number of weeks the study ran for when looking at all the patient 

timelines was 26.7 weeks, the lowest being 21 weeks and the highest being 41 weeks. When 

looking at the study in terms of patient days, this study ran for a total of 5600 patient days. 
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The healthy arm of the study averaged 5 weeks and covered a total of 525 participant days. 

This appears to be higher than other longitudinal studies pf this kind reported in the literature, 

with the next highest observing 5289 patient days 202.  
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Figure 6. Timeline of all donations from all study patients. Each row represents the timeline of a different study patient. An ‘x’ indicates a urine donation from that 

patient. Patients were given chronological numbers for the duration of the study, these were then replaced with randomised patient numbers (used throughout this 

thesis) for anonymising the analysis. It is for this reason patient identifiers have been removed from this figure, in order to protect their anonymity as per the ethical  

codes in place.  
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4.6. Healthy control participants 

It was decided during the analysis of the patient urine that healthy age-similar control urine 

samples were needed for comparison. This comparison would provide ‘normal’ estimates of 

the proteins of interest in the urine so that the patient levels could be analysed more 

effectively. It cannot be assumed that the bladders of younger individuals behave in a similar 

way to the elderly bladder, both from a structurally functioning and immune perspective. 

Therefore, it was essential that the healthy controls must be a similar age to the patient cohort 

for comparability purposes. These samples would also allow for observation of the ‘normal’ 

flora in the otherwise healthy individual. Thus seeing if, for example, E. coli can also be 

isolated. A substantial amend to the ethics in place was submitted, as the changes involved a 

significant change to the study protocol. The request for an amendment was submitted on 25th 

February 2016 and a favourable ethical opinion was received on 15th March 2016 from REC 

14-NE-0026. 

We had the support of a local organisation called VOICENorth, which is a collection of 

volunteers of all ages willing to take part in research studies and trials. With the help of 

VOICENorth a list of 16 willing participants was produced. These were all contacted by 

either telephone or email, whereby the full study was explained. If they were still interested 

in taking part a meeting was organised. Of the 16 names provided, 1 was not contactable 

(incorrect email and unresponsive on email/telephone), however the remaining 15 all agreed 

to participate. The criteria for inclusion in the study were that participants had to be willing, 

able and available to participate in the study, that they were 65 years of age or more, had not 

suffered from a UTI in the past 5 years, had no history of diabetes and were not currently 

catheterised. 

At the meeting they were given all study documentation and given a chance to ask any 

questions they had. If they fully understood and were agreeable to participate witnessed 

consent was taken. A CRF was then completed asking them basic questions about their 

personal details, urinary history and antibiotic usage. The first urine sample and questionnaire 

was then taken, and all paperwork and consumables needed was provided to the participant. 

Healthy patients gave a total of 3 urine samples 1-4 weeks apart depending on their 

availability. This allowed us to mirror the temporal aspect of the patient arm of the study 

without collecting an excessive amount of control samples. All urine samples were treated in 

the same way as patient urine samples in terms of collection, initial analysis and storage. 
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The first healthy control urine sample was collected on the 25th April 2016 and the last was 

on 6th June 2016, as detailed in Figure 7. This meant the control arm of the study ran for 7 

weeks in total. 
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Figure 7. Timeline of all donations from all healthy control participants. Each row represents the timeline 

of a different participant. An ‘x’ indicates a urine donation from that participant. Healthy participants  

were given chronological numbers for the duration of the study, these were then replaced with randomis ed 

participant numbers (used throughout this thesis) for anonymising the analysis . It is for this reason 

participant identifiers have been removed from this figure, in order to protect their anonymity as per the 

ethical codes in place. 
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4.7. General study statistics 

Upon completion of the study, the basic data collected from both patients and healthy 

controls could be reviewed. This made it possible to find out more about the populations 

being observed within the study. 

4.7.1. Study Patient Demographics 

The age range for the 30 patients who completed the study was 65-86 years and the average 

age was 75 years (Figure 8A). Twenty-three of the patients were women (76.7%) and the 

remaining 7 were male (23.3%) (Figure 8B). This is to be expected as UTIs are far more 

commonly seen in women than men. 

4.7.2. Healthy Control Demographics 

The age range for the 15 healthy controls was between 65-88 years of age, with the average 

age being 72 years (Figure 8A). There was no significant difference between the ages of 

patients and healthy participants (p=0.21), which means age will not be a variable when 

analysing data from the controls as a comparison to patient data. It must be noted that these 

significances are based on sample sizes of 30 patients and 15 healthy controls, but they are 

used to display the overall lack of difference within the cohorts with respect to age, with no 

inference to the wider population. The healthy control cohort was made up of 10 males and 5 

females (Figure 8C). This ratio was not surprising, as it is known that UTIs are much more 

common in females. Therefore, finding healthy males with no recent history of UTIs is far 

more likely 26,207.   
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Figure 8. Basic study data of study patients  and healthy control participants. ‘A’ shows a frequency 

histogram of the distribution of ages of study patients  and healthy control participants at the time of 

recruitment. ‘B’ shows the split of sexes among the study patients. ‘C’ shows the split of sexes among the 

healthy control participants.  
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4.8. Urine and Bacterial Biobanks 

One of the main outcomes of this project was the large volume of samples that have been 

produced as a result of the study. 30 patients were recruited to the study as a minimum 

number to power statistical inference within a pilot study. However, due to the frequent 

sampling from each of these patients it meant that a very large biobank of urines was 

produced. This would therefore allow for both analyses between individual patients as well 

amongst the large number of individual samples themselves. 

A total of 360 urine samples were collected from the 30 study patients. From these urine 

samples, E. coli was isolated 184 times. This means that 51.1% of all the patient urine 

samples has some form of E. coli colonisation. All urine samples were frozen as an unfiltered 

and 3 filtered aliquots. This produced 360 unfiltered and 1080 filtered urine samples available 

for analysis. In addition to this the study yielded over 720 pictures of the plates and 360 plate 

washes, these would allow the future study of other potential uropathogens that were not in 

the direct remit of the project. Thirty blood samples were also frozen down into the study 

biobank. 

The healthy database produced 45 unfiltered and 135 filtered urine samples. 90 plate pictures 

and 36 plate washes, this was lower than 45 because several of the healthy control samples 

were completely clear of any growth on the chromogenic identification plates. E. coli was 

isolated from 2 of the healthy control samples (8.9%). 

 

4.9. Geographical Spread of Participants 

All patients and healthy volunteers were recruited from the city of Newcastle upon Tyne and 

surrounding areas. Patients were recruited from weekly urology clinics at the Freeman 

Hospital. These clinics cover a vast catchment area of Newcastle upon Tyne and 

Northumberland. The next closest urology clinic is held at the Queen Elizabeth Hospital in 

Gateshead, which will likely explain why there are relatively few patients south of the River 

Tyne in our study (Figure 9). There are also clinics in North Tyneside and Northumberland 

which are further afield. Healthy Participants were recruited from Voice North whose 

members cover a large area of the north east of England (Figure 9). There was a reasonably 

even spread of locations among both patients and healthy participants. It might be noted that 

the healthy participants have a wider spread on the outskirts of the city centre than patients. 
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This may be due to the fact that healthy participants were only required to give 3 urine 

samples and a longer travel distance was less of a deterrent to take part in the study. This 

larger spread of healthy patients may also be due to VOICENorth having a larger footprint 

than that of the Freeman Hospital urology clinic. Whereas patients were required to provide 

12 samples so those living far from the city centre or Freeman Hospital were more likely to 

decline participation in the study. This was often the reason given for declining the study 

based on it being too onerous (Figure 5, p.62).  
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Figure 9. Geographical locations of all patients and healthy participants in the study. Patients’ locations  

are marked with a red placeholder and healthy volunteers with green (Produced in Google Maps™). 
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4.10. Conclusions 

Czaja et al (2009) showed that regular urine sampling was possible in women aged 18 to 49 

for up to 3 months 202. However, completion of this study has shown that such sampling over 

an even longer period of time is feasible within patients over the age of 65. Most participants 

were extremely willing to give up their time in order to complete the full study, with only one 

patient withdrawing. The study was made possible by a highly dedicated and well trained 

team of research nurses. The study required a lot of organisation and one-on-one time in 

order to run smoothly, this was carried out by both the chief investigator and research nurses. 

Thus, if this study is to be repeated or scaled up, a committed team would need to be in place. 

For the 30 patients who undertook this study it required 1 chief investigator and 3 research 

nurses. Therefore, proportionally more team members would be needed if more patients were 

required in order to ensure the correct resources were in place for smooth running of the 

study. The full study took 21.5 months to undertake, with a maximum of 14 patients 

participating at any one time. With a research team of this size, it is unlikely the number of 

participating patients could be increased by much without the need for a larger team and a 

longer timescale. The healthy control arm took just 6 weeks to complete. This was completed 

after the main patient study was finished due to the dynamic and results-directed style of 

analysis which took place in this project. However, the healthy control arm could have been 

undertaken overlapping the patient study, perhaps towards the end where the schedule was 

quieter. This would have taken place, however, the study design was amended to include 

healthy controls quite late into the project. This happened after completion of some of the 

patient analysis, which made it evident that control urines were required for baseline healthy 

measurements. 

One of the most important outcomes of the whole project is the large biobank of samples 

which has been produced as a result. It is on this constructed biobank that the whole project’s 

analyses will be run. This includes, from both the study patients and healthy control arms, a 

total of 1,215 filtered urine samples, 405 unfiltered urine samples, 188 E. coli isolates and 30 

blood samples. These would allow for extensive analysis into the host immune response 

proteins within the urines and the phenotypic and genotypic changes of the bacterial isolates 

in order to address the aims of the project. In addition to the lab samples collected, the study 

also produced a large volume of data from the study questionnaires associated with each 

donation. Information was also collected from patients’ medical notes on when they 

submitted urine samples for a suspected UTI to their GP and whether this came back positive 
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or negative. This information along with the questionnaire data would allow deduction of 

changes in disease state as well as any changes in symptoms. Importantly, this information 

would allow a definition of symptomatic episodes to be decided upon for analysis purposes. 

Thus giving the ability to analyse any changes in the host and bacterial data around periods of 

symptoms, potentially allowing for identification of predictive markers. 

By not placing too many restrictions on the participation criteria, the study was able to give a 

more representative method of recruitment. Essentially the study would give a representative 

cross-section of the type of patients in this age group attending these clinics on a day-to-day 

basis. By not restricting participation the study was able to give a more realistic overview of 

the types of patients suffering from ABU and being seen by HCPs in a clinical setting. It also 

allows observation of the types of patients who are willing to participate in a study of this 

design, which may be useful to inform larger, longitudinal studies on similar patient cohorts. 
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Chapter 5. Patient and Clinical Data 

The study not only provided the opportunity to analyse the urine samples which were 

collected, but also allowed observation of the patients’ personal and clinical data. This 

included information provided by the patients themselves as well as relevant information that 

could be obtained from their medical records. By continuing to analyse the patient 

population, it becomes possible to further position the study within the patient population, 

allowing insight into the type of people suffering from recurrent UTIs in this age group. 

Analysis of the collected clinical data from the patients included treatment data from the 

patients’ medical records and symptom data from the study questionnaires (Appendix 4, 

p.217). It was included in the study set up that each patient would complete a short case 

report form (CRF) which would give some basic personal information as well as current 

treatments and urinary history (Appendix 3, p.213). 

The questionnaire data was of vital importance to the study design as it would allow pairing 

of the laboratory analysis of the urine and bacteria with the human aspects of symptoms and 

treatment. Without such pairing the study would lack the ability of being able to 

retrospectively identify periods of change in urinary disease status. 

 

5.1. CRF Data 

CRFs are commonly used in clinical studies to gather basic personal and medical information 

on each of the study participants. The questions are usually geared towards enabling the 

analyses to be broken down by different patient attributes, such as sex and age. The CRF 

aimed to collect as much potentially relevant patient information which could be helpful 

during the analysis. It was also important that the questions were not too personal (e.g. sexual 

activity) as this would likely discourage participation, especially among older participants. 

In addition to the basic patient information on age, sex and location, discussed in the previous 

chapter, the CRF also collected information on the patients’ medical histories (Appendix 3, 

p.211). These included the diabetic status of the participants, any oestrogen supplementation 

in the female participants, an estimate on the number of UTIs they had suffered in the past 

year and their perceived symptom severity upon suffering from a UTI. This was 

complimented with questions collected from the patients’ medical notes, such as the number 
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of positive urine samples submitted by each patient in the past year and the status of their 

urinary tract. 

Some form of oestrogen supplementation was being used by 9 of the women (39.1%) (Figure 

10A). Five of the patients in the study were diagnosed as diabetic (16.7%) and one as pre-

diabetic (3.3%) (Figure 10B). None of the healthy controls were diabetic and none were 

taking oestrogen supplementation. However, this was not due to any restrictions placed on 

recruitment. 

The majority of study patients had normal urinary tracts and just 36.7% had a tract status that 

was classified as abnormal. Of those that were abnormal, all were due to a structural defect, 

no patients had any functional defects in their urinary tract. The main reasons for patients 

having an abnormal urinary tract was due to a form of prolapse in the females and prostatic 

enlargement in the males (Figure 10C). 

With regards to the most common symptoms seen in patients, the severities were broken 

down into mild, moderate and severe symptoms. Mild symptoms referred to patients who 

noticed smelly/cloudy urine, suffered from increased frequency of needing to urinate and 

feeling pain when passing urine. Moderate symptom severity was for patients who felt they 

tended to suffer with some systemic flu-like symptoms in addition to those seen in the mild 

symptom bracket. Severe symptoms involved patients suffering from fever/rigors and loin 

pain at the time of a UTI. One patient stated that they did not feel they suffered from this 

scale of symptoms, but had other ways of suspecting they had a UTI, unfortunately they did 

not give any more information on this. However, the vast majority of study patients (70.0%) 

stated that they tend to suffer from mild symptoms (Figure 10D). 

By asking patients to estimate the number of UTIs they suffered from in the past year we 

were able to compare this to how many positive urine samples were submitted for NHS 

investigation. This would allow comparison of any disparity between what the patient sees 

and what the NHS sees (Figure 11). Only 4 of the 30 study patients stated the same number 

of UTIs as positive urine samples in the past year. In just 6 patients they underestimated the 

number of UTIs they had suffered in the past year, compared to how many positive urine 

samples the NHS labs had received. The majority of patients (66.7%) over-estimated the 

number of UTIs that they felt they had suffered from compared to the numbers seen by the 

NHS laboratories. This may indicate that patients feel they are suffering from symptoms 

more than they in fact are. They may perceive passing diffuse urinary symptoms with full 
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UTIs, which would explain why they estimate the number to be higher than those 

documented in their medical notes. It could however, alternatively, be an indication that some 

patients suffer from more UTIs but they do not always go to see a healthcare professional 

about them. This may suggest that some patients are better able to tolerate UTI or urinary 

symptoms than others. This variability in urinary symptomatic tolerance was also observed in 

the study undertaken by Czaja et al (2009) 202. 
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Figure 10. CRF data collected from study patients. ‘A’ shows the split of female study patients using 

different forms of oestrogen supplementation. ‘B’ shows the amount of study patients who were diagnos ed 

as diabetic and pre-diabetic. ‘C’ shows the urinary tract status  of study patients, the annotation gives details  

of the patients who had abnormal urinary tracts, split by females and males. ‘D’ shows the perceived level  

of UTI symptom severity they usually suffer from. 
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Figure 11. Comparison of the number of UTIs patients estimated they had suffered in the past 12 months, compared to the number of positive urine cultures submitted 

by the patient in the same time frame.
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5.2. Symptom and Treatment Data 

With each urine sample patients were asked to fill in a short questionnaire on their current 

symptomatic state with regards to their urinary tract (Appendix 4, p.217). The questionnaire 

also collected information about any antibiotics they had recently taken since their last 

donation, for both UTIs and any other infections. The questionnaire filled in with each urine 

donation asked patients about how they would rate their current urinary symptoms at the time 

of sampling. These were broken down into 6 questions; 

1. Frequency of urination (going to the toilet very often) 

2. Urgency of urine (a strong and uncontrollable urge to pass urine) 

3. Pain or burning when passing urine 

4. Not being able to empty your bladder completely/passing only small amounts of 

urine  

5. Low back pain 

6. Visible blood in your urine 

Each question allowed patients to give an answer of ‘0: did not have’, ‘1: mild’, ‘2: moderate’ 

or ‘3: severe’ (Figure 12). During the course of the study the most frequently reported UTI 

symptom was frequency of urination with 63.1% of samples returning a score of mild to 

severe. This was followed by the urgency of urination symptom being mild to severe for 

56.7% of all study samples. Frequency and urgency were the most common symptoms to be 

reported as severe, in 28.6% and 27.5% respectively. Pain when passing urine, incomplete 

voiding and lower back pain symptoms were all reported as absent in the vast majority of all 

study samples. Blood in the urine was only stated to be a symptom for 2 samples throughout 

the study, and even then it was only reported to be mild. Patients were significantly more 

likely to report UTI symptoms of frequency and urgency than any of the other listed 

symptoms (p=0.03). It is not surprising that the frequency and urgency were the most 

commonly reported symptoms in these patients, as these are very common symptoms in the 

older population. They do not necessarily indicate an infection and are often commonly 

misinterpreted 29. This may mean that symptom scores are not the most reliable method of 

defining periods of symptoms for the study.  
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Figure 12. Frequency of each symptom being experienced throughout the study. Results from all n=360 

urine samples from the study, taken from the responses given on the questionnaires at the time of collecting 

the study urine.  
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5.2.1. Changes in UTI Symptoms and Periods of Treatment 

To compliment the symptom breakdown analysis, it was also possible to use patients’ 

feelings, treatment and urine sample submissions as potential ways of deducing periods of 

symptoms within the study. Patients were asked on the study questionnaire, ‘do you feel you 

are suffering now from symptoms of a urinary tract infection?’ (Appendix 4, p.217). This was 

a simple yes or no question for the patients to answer at the time of sampling. This simple 

statement enabled collection of a black and white decision made by the patient on whether 

they felt they had a UTI at that time (Figure 13). They were allowed to then expand on their 

reason for selecting each option, the results of which will be discussed later in this chapter. 

Patient suspicion was compared to the symptoms scores derived from Figure 12, antibiotic 

treatment and positive NHS urine samples (Figure 13). These data were collected from both 

the questionnaire data and the patients’ medical notes. The comparison of these factors 

clearly shows that there is a large disparity between when patients felt like they had a UTI at 

the time of sampling and when they actually went to a physician to provide a urine sample 

(Figure 13). For example, in patients UTI218 D5, UTI365 D7, UTI899 D10 and several times 

in patient UTI781. 

In addition, from the questionnaire it could be seen that 12 of the declared UTIs were based 

on the smell of the urine, which is not technically a symptom which would require treatment. 

Thus using the patient declared UTI information is not going to be the most reliable 

definition of a symptomatic state for the purpose of this project’s analysis. The symptom 

scores are statistically higher when patients declare themselves as having a UTI (p<0.0001) 

(Figure 14A, p.88). This may be to be expected as the symptoms and self-declared UTI 

information was all taken together on the questionnaire, so a fairly strong correlation is to be 

expected. Having said this, it is also interesting to note that when patients give a high or 

higher than normal symptom score they do not always state they feel they currently have a 

UTI, which suggests the patients themselves may have some confusion as to what their 

symptoms mean. This can be seen, for example, in UTI138 D2, where a symptom score of 12 

is obtained, one of the highest seen in this patient, however they do not declare that they feel 

they have a UTI at that time. UTI138 does declare a UTI later in the study but with far lower 

symptom scores. The same can be seen in UTI383 D1, UTI468 D3 and UTI675 D3. There 

were also several patients where relatively high symptom scores were given yet no UTIs were 

ever declared, including in patients UTI524, 531, 755, 924, 966 and 974. In addition to this, 
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patients UTI138 and 383 seem to self-declare they have a UTI for much of the study without 

providing a positive urine sample or seeking treatment, further highlighting what seems to be 

confusion on behalf of the patients with respect to their urinary symptoms. It should be noted 

that in UTI383 a positive urine sample was submitted 4 days after the first donation, this may 

explain why the patient felt they had a UTI after that. However, this doesn’t explain the delay 

in them starting antibiotic treatment. 

Samples which were given within 3 days of some form of antibiotic treatment for UTIs 

correlated with significantly higher symptom scores (Figure 14B). However, the treatment 

data also shows a lot of variation between when a positive urine sample was handed in and 

prescription of antibiotics (Figure 13). For short courses this suggests patients are being 

treated without having their urine checked for bacteria, which is not following the proper 

guidelines. Thus, these periods of treatment are likely not the best indicators of a 

symptomatic state. As well as this, 11 of the study patients were on prophylactic antibiotics at 

some point during the study. This means they may not have been symptomatic at the time of 

sampling, which is another reason treatment is also not going to be the most reliable 

definition of a symptomatic state. A couple of occasions can be observed where prophylactic 

treatment was able to keep patients from suffering with UTI symptoms, such as patients 

UTI365 and 524 (Figure 13). However, it can also be seen that long periods of antibiotic 

prophylactic treatment were not sufficient at avoiding increases in symptom scores and self-

declared UTI episodes in several patients. For example, this can be seen in patients UTI100, 

343, 383, 675 and 726. Therefore, this data may suggest that long courses of antibiotics are 

not necessarily appropriate for evading symptoms in these patients. 

A positive urine sample, shown in Figure 13, indicates where a patient has provided a urine 

sample for a suspected UTI and it has been returned as a positive culture according to the 

NHS laboratory protocols within 3 days either side of collecting the study sample. Three days 

was selected as this would mean the patient’s body was still reacting to the infection, which 

would be essential for the urinalysis aspect of this project. The majority of positive urine 

samples (63.6%) was accompanied by treatment within 3 days of the study sample or by the 

next study sample. However, this does leave 8 positive urine samples which remained 

untreated. These were in patients UTI343, 365, 562, 569, 675, 840, 891 and 924. This means 

that the patient did not receive a follow up course of antibiotics, perhaps suggesting the 

symptoms resolved on their own. This may explain why there was no significant difference 

seen in symptom scores between samples that were accompanied with a positive urine sample 



85 

 

within 3 days and those that were not (Figure 14C). Regardless, a positive urine sample is 

likely to be the most reliable definition of a symptomatic episode for the purpose of this 

study, from the perspective of the NHS. As in order for the patient to have submitted a 

positive urine sample it would mean that they have felt symptomatic, made an effort to go 

and see a HCP, the HCP has deemed their symptoms to be fitting of a potential UTI and sent 

a urine sample to a hospital laboratory. This decision may or may not be aided by the use of 

urine dipstick analysis. Finally, that the sample fits the NHS’ microbiological guidelines for a 

defined UTI. However, it should be noted that defining a symptomatic state is not straight 

forward due to confusion amongst patients, and untreated urine submissions. 

In addition to this, there were 14 occasions during the study in which negative urine samples 

were submitted within 3 days of a study sample (data not shown). Below is a list of the 

patients and the corresponding donation (D) numbers that these took place in the study; 

 UTI337          D11 

 UTI365 D2 

 UTI414 D7 

 UTI524 D2 

 UTI524 D3 

 UTI524 D4 

 UTI726 D3 

 UTI726 D8 

 UTI755 D4 

 UTI755 D5 

 UTI834 D2 

 UTI834 D6 

 UTI840 D2 

 UTI840 D3

Whilst these may not be of importance to the NHS, it still implies the patient and HCP felt 

that the symptoms indicated a possible UTI. Only 3 of these negative samples correspond to 

occasions where patients felt they were suffering from UTIs, these were in UTI337 D11, 

UTI726 D3 and UTI840 D2. Interestingly, 9 of these 14 negative samples still correlate with 

antibiotic treatment being started at that donation or by the next study sample. For example, 

in patients UTI337 D11, UTI726 D8 and UTI840 D2. This could potentially mean that HCPs 

are initiating antibiotic treatment before awaiting a positive result from the urine sample 

analysis, a possible flaw in the current treatment pipeline for these patients.

Patients UTI337 and 343 and 569 are all examples of patients who seemed to suffer greatly 

with urinary complaints during the course of the study and clearly worked with their HCP to 

rectify the situations with sending off regular urine samples and initiating antibiotic 

treatment. It is clear here that the clinical outcomes are in agreement with the patient’s 
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perspective. Similarly, in patients UTI218, 236 and 840 isolated episodes can easily be 

identified, and again there is correlation with the perspective of the NHS and the patient. 

  



87 

 

 

Figure 13. Table showing patient symptom scores, self-suspected UTIs, treatment for a UTI and positive 

urine sample data for all study donations. Patients UTI numbers are given. Numbers prefaced with a ‘D’ 

are the study donation numbers. Symptom score taken as a summation of all symptom parameters from 

the questionnaires. ‘Suspect a UTI’ shows a filled box if patients answered ‘yes’ to the question ‘Do you 

feel you are suffering now from symptoms of a urinary tract infection?’. A filled box in the ‘treated’ row 

indicates if patients received antibiotic treatment for a UTI within 3 days either side of the study donation. 

A filled box in the ‘positive sample’ row indicates if the patients’ medical records showed a positive urine 

sample had been submitted to the NHS laboratories within 3 days either side of the study donation. 
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Figure 14. Symptom scores broken down by self-declared UTIs (A) and if patients were treated for a UTI 

(B) or submitted a positive urine sample (C) within 3 days of the study sample being collected. For all 3 

n=360.  



89 

 

5.3. UTI Associated Words 

The questionnaires contained a question asking about any changes in their symptoms since 

the last donation. One of the questions provided a blank space in which the patients could 

answer in their own words (Appendix 4, p.217). This allowed an insight into the sort of 

language patients were using to talk about their urinary status. Taking all of these words and 

creating a word cloud it was possible to see the most frequently used words and phrases 

patients used to talk about their disease (Figure 15). The language used allowed analysis of 

the more social aspect of the study. 

Text size of the words in word clouds are proportional to how often the word was used in the 

questionnaires, thus larger words were used most frequently. Some of the commonly used 

words are medically associated with the disease, such as ‘frequency’, ‘urgency’ and 

‘infection’. However, the majority of commonly used words are often more colloquial, such 

as ‘smell’ and ‘passage’. This suggests patients are less comfortable with medical 

terminology and prefer more layman terms to talk about their disease state. Another example 

of different terminology seen several times in both the questionnaires and during the short 

hand over meetings when collecting donations, was that several patients felt more 

comfortable using the word ‘water’ rather than urine and talked about ‘going to the toilet’ 

rather than urinating. Perhaps this lack of use of medical terminology could be due to the age 

range of the patients, they may be embarrassed to use such terms and favour what they deem 

to be politer alternatives. This should be kept in mind when HCPs are communicating with 

patients such as these, as terminology they are not comfortable with may confuse or 

embarrass them when trying to explain or educate them. 
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Figure 15. Word cloud of the comments and phrases used in the open answer in the symptom questionnaire. 

The size of the text is proportional to the frequency of the word being used. Made using 

www.wordclouds.com. 

  

http://www.wordclouds.com/
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5.4. UTI Treatments 

The data discussed thus far has explored the patients’ data and correlations with their 

perceptions, now attention will be turned to the treatment aspect of the study. From the study 

questionnaires we can gather basic information about any antibiotics that were taken during 

the course of the study. The main first line treatments for UTIs are nitrofurantoin and 

trimethoprim due to their narrow spectrum of action 28,35. However, elderly patients have 

been found to have a higher risk of toxicity from nitrofurantoin treatments 28. Due to the 

broad-spectrum mode of action of some antibiotics, such as co-amoxiclav as well as some 

cephalosporins and quinolones, there are increasing numbers of resistant pathogens being 

observed within the clinics 28,35. In cases of multi-drug resistance, fosfomycin can be used. 

However, this is kept for special cases where other drugs can be shown to be ineffective 

28,36,37. 

Of the 30 patients 22 were prescribed at least one course of antibiotics during the study 

(73.3%). The most common courses of antibiotic treatment were 7 days or 3 days (Figure 

16A). The questionnaire data was also able to reveal the most highly prescribed antibiotics to 

our patients, for both short course and prophylactic treatment, were nitrofurantoin, cephalexin 

and trimethoprim (Figure 16B-D). 

For short courses of antibiotic treatment Nitrofurantoin was prescribed at 200mg per day for a 

7-day course. Trimethoprim was prescribed at 400mg per day for either 3 or 7 days. 

Cephalexin was always prescribed for 7 days and this was at a dose of 1 to 1.5g per day. The 

only known course recorded in the questionnaires for pivmecillinam was for 400mg per day 

for 4 days. Amoxicillin was prescribed twice during the study and both times it was for 7 day 

courses of either 750mg or 1000mg. There was one course of fosfomycin, this was a short 

high-dose course of 3g for just 1 day. There was also one short course of co-amoxiclav 

prescribed during the study, of 500mg twice a day for 8 days. 

There were 13 separate prophylactic courses of antibiotics prescribed to 11 different patients 

during the study. Prophylactic courses are defined from the information given on the study 

questionnaires, where patients listed their antibiotic treatment as ‘on-going’. Prophylactic 

courses appear on Figure 13 (p.87) as consecutive filled boxes on the treated line of the 

figure, whereas short courses were usually single filled boxes. 6 separate patients were 

prescribed nitrofurantoin prophylaxis; this was most commonly 50mg or 100mg once a day. 

Trimethoprim prophylaxis was prescribed to 2 separate patients and this was always at a dose 
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of 100mg once a day. Prophylactic courses of Cephalexin were prescribed to 3 different 

patients and this was most commonly at a dose of either 125, 175 or 250mg once a day. One 

patient was also prescribed a prophylactic course of methenamine hippurate at a dose of 1g 

per day. Prophylactic courses could be seen in as little as one study donation, this was 

counted as 2 weeks and ranges all the way up to 22 weeks of treatment. However, it must be 

noted that treatment courses could have been longer as they may have been started before the 

study or continued afterwards, information which is not captured here. The average course of 

prophylaxis, captured within the remit of this study, is 8.2 weeks of antibiotic treatment. 
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Figure 16. Antibiotic treatment data of all study samples. ‘A’ shows the frequency of each length of short 

course antibiotic treatment for a UTI during the study, as collected form the questionnaire data. ‘B’ is an 

overview of all UTI antibiotic prescriptions throughout the course of the study. ‘C’ and ‘D’ show this 

broken down by short courses and prophylactic courses of antibiotics for UTI. Prophylactic courses were 

defined as ‘on-going’ treatment with antibiotics collected from the study questionnaires.  
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5.5. Conclusions 

By analysing the study patients’ clinical and questionnaire data it has been possible to gain a 

better perspective of what types of patients are suffering from recurrent UTIs, building on 

what was shown in the previous chapter. There are small proportions of the study patients 

who are being treated with oestrogen supplementation, who are diagnosed as diabetic and had 

structural abnormalities in their urinary tracts. Collecting this information will allow for any 

potential observations in the host and bacterial analysis which may be different in these sub-

populations. 

The data obtained from the analysis of the questionnaires revealed some areas of possible 

education needed for both patient and HCP. The questionnaire revealed the type of language 

patients were using to talk about the disorder was often very polite and not medically 

orientated. This may be worth noting for professionals talking to patients of this age group 

that using politer lay alternatives may be a more effective means to communicate with and 

possibly educate them on the disorder than potentially harsh medical jargon. 

Unsurprisingly, most of the study patients identified their usual UTI symptoms to fall under 

the ‘mild’ bracket. Symptoms would include smelly/cloudy urine, suffering from increased 

frequency of needing to urinate and/or feeling pain when passing urine. The most commonly 

stated symptoms throughout the study were the increased frequency of urination and an 

increased urgency to urinate. However, these are also the most commonly misinterpreted 

urinary symptoms in the elderly 29. This could indicate that patients may feel they are 

suffering from a UTI, when in fact they are feeling the effect of other age associated urinary 

problems. This is supported by data showing that patients often overestimated the number of 

UTIs that they had suffered from in the past 12 months, when comparing to the number of 

positive urine samples that were actually seen by the NHS. Also there is a large disparity 

when comparing the times of patient-declared UTI from the study questionnaires with either 

occasions when a positive sample was submitted or when patients were treated with 

antibiotics. This may also suggest that, apparent UTI symptoms resolved on their own 

without treatment or were not severe enough for them to warrant a visit to a HCP. It is 

interesting to note that long prophylactic courses of antibiotics were not sufficient to keep 

increases in symptom scores and self-declared UTI episodes away. This may indicate that 

prophylactic treatments are not the most effective means of treatment in these patient groups 

and could be simply contributing to antibiotic resistances without actually any symptomatic 
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or clinical benefits for the patients. In addition, by looking into when a negative result was 

returned from the lab for UTI testing, it was possible to identify several occasions where 

antibiotic treatment was given without a positive urine sample result. This could suggest that 

some HCPs may be starting antibiotic treatment before awaiting a positive result, 

highlighting a possible disparity between the guidelines and the current clinical practice. 

One of the most important conclusions that can be drawn from these data, was the definition 

of what would be deemed a symptomatic episode during the study. The mismatch of when 

patients’ declared they had a UTI and when positive urine sample was handed in or UTI 

treatment was given, suggested that self-declared UTIs were not suitable to be used as a 

definition of symptomatic state. In addition to this, several of the self-declared symptoms 

were due to patients feeling their urine was odorous, which is not a sufficient reason to be 

deemed symptomatic. When looking at the periods of treatment as a possible candidate for 

symptomatic definition, there was also some ambiguity as often patients were given 

prophylactic courses of antibiotics. This would mean treatment at the time of sampling even 

where UTI symptoms or positive urine samples were not present. Thus, it was decided that a 

positive urine sample submitted within 3 days of study sampling to the NHS would be the 

most reliable definition for the symptomatic state. This would mean the patient, HCP and 

NHS all deemed the bladder to be suffering a UTI very close to the point of sampling. 

According to this definition there were 22 periods of symptomatic state throughout the study 

seen in 15 different patients. Therefore, having clearly defined criteria for a clinically 

relevant symptomatic state, it provides the possibility to analyse potential changes in the 

bacterial and host data around changes in these periods of symptoms.  
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Chapter 6. Microbial Analysis 

One of the main aims of the project was to analyse the bacteria isolated from the urine 

samples. This would give a detailed understanding of the potential changes taking place in 

the bladder from the microbial perspective. Pathogen changes such as invading species, 

bacterial load, motility, among other things, could all impact a transition from asymptomatic 

to symptomatic UTI. Therefore, detailed bacterial analysis would make it possible to ask if 

the changes in the patient’s state could be attributable to the invading organism. 

The design of the longitudinal study allowed for more regular sampling of patients than 

would otherwise usually be done by the NHS. However, apart from the more frequent 

sampling, all sample analysis was based on NHS hospital lab procedure for testing urines. 

This way any findings could be directly linked back to current guidelines and protocols. 

By analysing any changes in the bladder from the microbial perspective it may be possible to 

explain what is causing symptomatic episodes in these patients. It will also give a detailed 

picture of the urinary tract environment over a long period of time, allowing observation into 

whether it is relatively stable or if change is happening all the time with regards to microbial 

colonisation. For detailed genotypic and phenotypic analysis, this project has focussed on E. 

coli, since this is widely accepted to be the main pathogen responsible for causing UTIs 

100,101. However, analysis of other potential causative agents will also be performed. 

 

6.1. Bacterial isolation and observation 

E. coli was isolated from the urine, as described in section 3.2, using chromogenic agar and 

indole testing. This protocol produced a bio-bank of 184 E. coli isolates collected from the 

patient cohort. Thus, E. coli was found to be present in a total of 51.1% of all urine samples 

collected from these patients (Figure 17C). 

The chromogenic agar plates used in the study enabled the identification of other pathogens 

within the urine samples. As well as E. coli these included Enterococcus faecalis, 

Streptococcus agalactiae, Proteus mirabilis, Staphylococcus aureus, Candida albicans. Very 

few patient samples were clear of any detectable growth on the chromogenic agar plates. As 

would be expected a larger proportion of healthy urine samples were clear of growth (11.1%) 

compared to that seen in the patients’ cohort (2.8%) (Figure 17A and B). 
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Polymicrobial growth was defined as the identification of two or more different pathogens on 

the agar plates. This was sensitive down to a concentration of 100 CFU/ml. The vast majority 

of study strains, from both patients (65.6%) and healthy participants (64.4%), were 

polymicrobial (Figure 17A and B). It is therefore very interesting to observe the high level of 

co-existence between different pathogens within the bladders of these patients. Figure 18 

shows a selection of examples of polymicrobial growth from the study urines. The plate of 

UTI115 D6 shows growth of E. coli and Enterococcus faecalis. Patient UTI337 D9 has 

growth of E. coli, Enterococcus faecalis, S. aureus and C. albicans. UTI376 D9 shows the 

growth of 2 different pathogens, Enterococcus faecalis and P. mirabilis. UTI383 D8 has 3 

different pathogens within the urine: E. coli, Enterococcus faecalis and S. aureus. Four 

different pathogens were identified in the urine sample from patient UTI966 D5: E. coli, 

Enterococcus faecalis, Streptococcus agalactiae and P. mirabilis. An example of single 

microbial growth is patient UTI138 D12, showing pure growth of E. coli (Figure 18). 

The majority of study urine samples from patients showed the growth of 1 or 2 pathogens 

(63.6%). 21.1% of urine samples showed the growth of 3 separate pathogens, and 10.0% 

showed the growth of 4. The largest number of identifiable pathogens seen in the study was 

5, within just 9 of the patient study samples (2.5%) from 7 separate patients (i.e. UTI115, 

139, 531, 569, 675, 755, 974) (Figure 19).  

Interestingly, the most commonly observed species from patients in this study was 

Enterococcus faecalis (Figure 17C). However, relatively high levels of Enterococcus faecalis 

identification was also seen in the healthy control urine samples (Figure 17D). When looking 

at the range pathogens within the study urine samples, it is often observed that the same 

combinations are identified for long periods of time during the study (Figure 19). This would 

perhaps suggest that this is not contamination but a well-established and reasonably stable 

microflora within the patients’ bladders. The trend of similar pathogen combinations 

observed long-term is highlighted in patients such as UTI100, 536 and 966. As well as 

displaying these trends in the bladder colonisation, Figure 19 also give an initial suggestion to 

the huge variability seen between the different study patients as well as within the patients 

themselves over time. 

There are several patients who present long-term colonisation with Enterococcus faecalis, 

some being colonised for the entire study duration. Three examples are patients UTI115, 266 

and 891. To assess the impact these may have on the patient it is important to analyse the 
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load within the urine. Bacterial load quantification was only done for E. coli in this study, 

however Enterococcus faecalis can be seen at diagnostic levels (>105 CFU/ml) for almost all 

study samples in patients UTI115, 266 and 891 (Figure 20). 

UTI115 saw diagnostic levels of Enterococcus faecalis at the start of the study, at donations 6 

and 7 there was a shift to E. coli (red) before Enterococcus faecalis returns to diagnostic 

levels and appears to drop off again in load towards the end of the study (Figure 20). Patient 

UTI266 had diagnostic loads of Enterococcus faecalis for the entire study duration. Patient 

UTI891 does not always show diagnostic levels of Enterococcus faecalis, but an established 

colonisation of the pathogen can be seen throughout the study. Enterococcus faecalis is 

widely accepted to be the second most common pathogen for causing UTIs after E. coli and 

the most common Gram-positive urinary pathogen 208. This study data suggests that 

Enterococcus faecalis may be more common than E. coli in certain patient groups. 
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Figure 17. Proportion of all study samples which were polymicrobial, single microbial and clear, from both 

study patients (A) and healthy samples (B), as well as the breakdown of identified pathogens from patient 

(C) and healthy control samples (D).  
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Figure 18. Polymicrobial and single microbial plate picture examples. The purple square highlights the 
single microbial example. UTI138 D12 is an example of a diagnostic load of E. coli in the urine. Red colonies 

indicate E. coli, green/blue colonies are Enterococcus faecalis, purple/pink colonies are Streptococcus 

agalactiae, white/brown colonies are P. mirabilis, small white are S. aureus and tiny white colonies are C. 

albicans.  
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Figure 19. All  

bacteria observed 

in the patients ’ 

urine samples. A 

filled box indicates  

the presence of 

that organis m 

within the urine 

sample at a level of 

100 CFU/ml or 

more, taken from 

the chromogenic 

agar plates. 

E. coli: 

Escherichia coli, 

E. faecalis: 

Enterococcus 

faecalis, 

S. agalactiae: 

Streptococcus 

agalactiae, 

P. mirabilis: 

Proteus mirabilis, 

 S. aureus: 

Staphylococcus 

aureus, 

C. albicans: 

Candida albicans 
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Figure 20. Examples of patients carrying Enterococcus faecalis for the entire study duration. Enterococcus 

faecalis is identified by a green colony on the plate. In patient UTI266 the colonies can be hard to see in 

some of the images due to the mucoid phenotype that this strain exhibited on the plates  ‘UTI’ numbers are 

the patient’s randomised participant ID number and ‘D’ prefaces the study donation number.  
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6.2. Bacterial Loads, Symptoms and Treatment 

By spreading known volumes of the urine onto agar plates it was possible to make a 

quantitative estimate of the CFU/ml of any E. coli present. Our study design allowed us to 

isolate E. coli at concentrations as low as 100 CFU/ml. Observing the bacterial loads allows 

distinguishing between urine samples where E. coli is established and colonising the bladder 

from low bacterial loads where E. coli presence could just indicate contamination at the time 

of sampling. In order to see if changes in bacterial load were affecting change in symptomatic 

state, it was necessary to bring these data together. This begins to address the bacterial aims 

of the project. As periods of antibiotic treatment could also have an effect on E. coli load in 

the bladder, it was also necessary to include this in the analysis. Figure 21 shows mapping of 

the changes in E. coli load together with the MLST, periods of symptoms and periods of 

treatment. Therefore, this also allows for identification of the isolated strain and thus 

observation of any changes in the strain and symptoms with potential spontaneous or induced 

changes in the bacterial load. The MLST is a strain ID number which allows differentiation 

of the bacteria, different numbers indicate different strains being isolated in the urine. The 

MLST data will be discussed in more detail in the next section. In order to aid understanding 

of these sections it must be noted that a patient profile is available containing all the 

information discussed for each individual in Appendix 9 (p.223) to Appendix 38 (p.252). 

Detailed here are some examples of patients where treatment courses appear to have been 

unsuccessful in clearing the infection and may even be responsible for making the situation 

within their bladder worse; 

UTI139 

The 2nd treatment course patient UTI139 received allowed E. coli strain ST131 to colonise 

the bladder (Figure 21). However, it doesn’t cause the patient symptomatic infection. Both 

treatment courses in this patient appear to clear the Streptococcus agalactiae colonisation 

from the bladder short-term (Figure 19), perhaps suggesting that the E. coli is competing with 

Streptococcus agalactiae and the treatment is therefore allowing the E. coli to thrive. This 

patient is a complex case with high levels of polymicrobial colonisation within their bladder 

throughout the study. 

UTI218 

In patient UTI218 treatment appears to make matters worse, the antibiotics appear to give rise 

to symptoms at D2 (Figure 21). This treatment appears to have cleared the Enterococcus 
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faecalis from the bladder at D1 and allowed E. coli strain ST73 to thrive, perhaps triggering 

the symptoms observed (Figure 19). 

UTI569 

Patient UTI569 suffered from 2 symptomatic episodes directly after 2 separate courses of 

antibiotic treatment with Nitrofurantoin at D3 and D5 (Figure 21). The first course clears the 

Enterococcus faecalis and Streptococcus agalactiae colonisation from the urine, however 

these both return once treatment is stopped and the patient suffers from UTI symptoms at D4 

(Figure 19). The next treatment course clears all pathogens from the urine, except E. coli 

strain ST3640. However, treatment cessation causes polymicrobial colonisation of the urine. 

This time with Enterococcus faecalis, Streptococcus agalactiae, S. aureus, C. albicans and 

new E. coli strain (ST442), suggesting that treatment may be good in the short term but is 

having no real benefit in the long run. 

UTI840 

In patient UTI840 it is clear that symptoms occurred only when the bacterial load in the 

bladder reached that of diagnostic level at D5 (Figure 21). However, this was not cleared by 

the short course of antibiotics they were given. Earlier on in the study, this patient was given 

treatment at D2 and it appears to have given rise to E. coli strain ST354, which persists for 

the rest of their study participation. 

There are many other examples of where treatment was not successful in clearing the E. coli 

from the bladder, such as patients UTI414, 468 and 726. This could be due to the NHS 

analysis selecting a different pathogen to run antibiotic susceptibility testing on and the E. 

coli isolates in this study may carry resistance, thus are able persist in the bladder despite 

treatment. 

Prophylactic treatment with antibiotics also appeared to be often ineffective at clearing the 

bacterial load and as well as symptoms, as has been previously discussed in this chapter. 

Patients UTI365, 383, 414, 524 and 675 are all examples of prophylactic treatment courses 

where the E. coli load was not consistently kept low. 

There were, however, identifiable occasions where treatment appeared to have varying 

degrees of success in some study patients. Five examples of this are detailed here; 
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UTI236 

Patient UTI236 acquires Streptococcus agalactiae in the urine, in addition to the already 

present Enterococcus faecalis at the point where they suffered a symptomatic episode at D2 

(Figure 19 and Figure 21). They were treated with pivmecillinam prior to D3 which appears 

to successfully clear the Enterococcus faecalis, which the first treatment course of 

Nitrofurantoin did not manage to clear. 

UTI343 

In patient UTI343 treatment appeared to clear the symptoms and the E. coli at D5 (Figure 

21). However, the later courses of treatment in this patient were not so successful. E. coli is 

replaced by Enterococcus faecalis and S. aureus at D11, where the patient suffers a 

symptomatic episode (Figure 19). Enterococcus faecalis had replaced E. coli twice in this 

patient, at donations 6 and 12, however no symptoms were seen. This may suggest that it was 

the colonisation with S. aureus was what pushed the immune response into causing 

symptoms in this patient. 

UTI383 

Patient UTI383 was given a prophylactic course of antibiotics at D6, this appeared to take 

around a month or so to clear the bladder of E. coli strain ST12 (Figure 21). However, by the 

end of the study this strain had returned to diagnostic levels along with several other 

pathogens such as Enterococcus faecalis and S. aureus (Figure 19). This may be due to 

developing resistance to the prophylactic anti-infective medicine, methenamine hippurate. 

UTI562 

Treatment at D2 in patient UTI562 appeared to be sufficient to clear the E. coli from the 

bladder and this strain did not appear to return for the rest of the study duration (Figure 21). 

However, Enterococcus faecalis and S. aureus persist within the bladder of this patient 

almost continuously (Figure 19). 

UTI899 

Patient UTI899 was treated at D2, which appeared to make an initial impact on the E. coli 

load, it did not clear the bladder from colonisation (Figure 21). However, this patient did not 

appear to suffer any further symptoms for the study duration, perhaps suggesting the newly 

colonising strain was less harmful to them. This was strain ST73, the most commonly 

isolated strain in this group of ABU patients (Figure 22A). Therefore, this strain may be more 

inherently adapted to avoiding the triggering of symptoms. However, this is the opposite to 
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what is seen in patient UTI218 (discussed above), suggesting that this strain is not always 

linked to an asymptomatic state. 

Collectively, these data suggest that in some patients, treatment can be effective, however it 

is very easy to identify patients where it is not. Often seeing that in the long-term treatment is 

having no real benefit to the patients’ bladder colonisation status. 
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Figure 21. E. coli load quantification over the full study duration. Numbers are the MLST strain IDs, these 

represent samples from which E. coli was isolated. Dark purple represents samples with clinically 

significant loads of E. coli (>105 CFU/ml). Red triangles are episodes defined as symptomatic.
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6.3. Long-term Carriage of E. coli 

A number of study patients showed long-term carriage of E. coli. Patients UTI138 and 468 

had diagnostic loads of E. coli in the bladder for the entire study duration (Figure 21). 13 

other patients had long-term E. coli for at least 3 donations in a row. Interestingly, relatively 

few patients who had long-term colonisation with diagnostic levels of E. coli complained of 

symptomatic episodes, except UTI343 and 840. The majority appeared to remain symptom 

free during the periods of E. coli colonisation both with and without prophylactic treatment 

courses. For example, this can be seen in patients UTI 138, 365, 383, 468 and 531. However, 

the majority of patients showing long-term E. coli carriage at diagnostic loads were those not 

taking prophylactic antibiotics. This long-term colonisation without symptoms could support 

the argument that certain strains of E. coli colonising the bladder could be protective of 

symptoms. By allowing a less harmful ABU strain to remain in the bladder may stop more 

harmful potentially symptomatic strains from invading. 

In polymicrobial urine samples E. coli was most commonly isolated with Enterococcus 

faecalis (55.4%) and S. aureus (27.7%). Long-term colonisation of E. coli and Enterococcus 

faecalis can be seen in patients UTI337 and 840. E. coli and S. aureus can be seen regularly 

isolated together from the bladders of patients UTI383 and 536 (Figure 19, p.101). The least 

common pathogens to co-exist with E. coli in this study were P. mirabilis (12.0%) and 

Streptococcus agalactiae (7.6%). The longitudinal study design allowed observation of the 

fact that when P. mirabilis is identified within a sample alongside E. coli, it is usually P. 

mirabilis colonising the bladder long-term and E. coli is just found sporadically. This can be 

demonstrated in patients UTI139, 376 and 755 (Figure 19). From Figure 21 it can be seen that 

these E. coli isolates are at very low loads, suggesting that P. mirabilis is much more 

dominant when these 2 strains are competing for the niche the bladder provides. The only 

example where this is not the case is in patient UTI531 where E. coli remains at almost 

diagnostic levels despite P. mirabilis also being isolated (Figure 19). This could be due to a 

strain advantage conferred by ST420 or perhaps competition from the colonising 

Enterococcus faecalis (Figure 21). S. aligactiae colonisation often appears to avoid periods of 

E. coli colonisation. This can be well demonstrated in patients UTI115 and 139, and to a 

lesser extent patients UTI569 and 726 (Figure 19). In patient UTI966 where E. coli was 

isolated alongside Streptococcus agalactiae at donations 5 and 7 it is found at very low 

concentrations, but when E. coli reaches diagnostic levels at D10 the Streptococcus 

agalactiae is no longer found in the urine (Figure 19 and Figure 21). These data suggest that 
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E. coli and Streptococcus agalactiae do not co-exist very successfully. Furthermore, these 

data may suggest that the different pathogens are not all equally well suited for survival 

together with E. coli.  

6.4. E. coli Sequencing Analysis 

In order to get an accurate identification of which strain of E. coli was present in the urine, 

the MLST sequencing method was used. This gives a sequence type ID number based on 7 

housekeeping genes based around the E. coli genome. These ID numbers allow us to 

differentiate between any potential changes in the colonising pathogen in the bladders of 

study patients. Another level of identification used during the project was sequencing the fliC 

gene to obtain the H-antigen serotype. This allowed further deduction of any changes in the 

infecting E. coli strain. 

E. coli was isolated from 26 of the 30 study patients at some point during the course of the 

study (86.7%). The most commonly isolated sequence type of E. coli during the study was 

ST73, which was responsible for 29.3% of all the patient isolates, found in 10 different 

patients (Figure 22A). This is followed by E. coli strains ST12, ST60 and ST420 as the next 

most commonly isolated strains. The most commonly isolated serotypes during the study 

were H1, H5 and H31 (Figure 22B). A total of 26 different strains of E. coli were detected 

and 15 different fliC serotypes. 

Figure 23 highlights the large variety of different E. coli strains colonising the study patients 

during the study. Most patients who showed E. coli colonisation during the study (80.1%) 

only had just 1 or 2 different strains of E. coli detected during the 6-month study. Patient 

UTI924, however, saw colonisation of 4 different strains of E. coli over the study period, this 

was the maximum isolated from one study patient. Periods of symptoms, indicated in red on 

Figure 23, do not align consistently with changes in strain of colonising E. coli strain. 

UTI218, UTI337 and UTI569 have periods of symptoms which coincide with changes in E. 

coli strain, however all of these patients also had another episode of symptoms during the 

study where this is not the case. This suggests that it is not the change in E. coli strain that is 

responsible for the periods of symptoms. E. coli was only isolated from patient UTI891 once 

during the study, this also coincided with an episode of symptoms the patients experienced. 

In addition, patient UTI365 suffered from a symptomatic episode at a time where the usually 

isolated strain ST404 was not detected in their urine, at D11. This may suggest the invasion 

of a more virulent and disruptive strain. It is possible to see that in this patient at D11 the 
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colonising bacteria changes from E. coli to Enterococcus faecalis and S. aureus (Figure 19). 

This could give strength to the argument that ABU E. coli strains colonising the bladder may 

be protective against symptoms. Alternatively, it could be that the body is becoming used to 

the invading strain and is desensitised to its presence in the bladder. The E. coli strain most 

commonly associated with periods of symptoms throughout the study was ST144, isolated in 

5 different symptomatic samples. However, this was all from the same patient, UTI343. E. 

coli strains ST73 and ST69 were each found to be symptomatic twice in separate study 

patients. E. coli strains ST12, ST355 and ST442 were each found to be symptomatic once 

throughout the study. 

6.4.1. Serotype Switching 

Interestingly, the flagellin serotype for the same strains within patients is not always the 

same. In 2 patients, UTI840 and 569, the serotype switches without the strain changing. By 

looking at the published sequence alignments of the H-antigens it is possible to assess 

whether these changes in serotype are likely due to full gene (or strain) switches and those 

that could be caused by point mutations within the fliC gene 209. Unfortunately, H36 was 

unable to be aligned by Wang et al, so it is not possible to see if the switch seen in ST354 in 

patient UTI840 is due to mutation or full gene switching 209. However, it seems that the H36 

variation of the strain is better suited to survival within this patient’s urinary tract as it 

remains present in almost all further study samples after the switch (Figure 23). In patient 

UTI569 E. coli strain ST442 changes from serotype H21 to H6 at D9 (Figure 23). These 

serotypes are very different, thus this switch cannot be caused by a single point mutation and 

suggest a complete change in fliC gene 209. However, these strains were isolated 7 weeks 

apart with another E. coli strain colonising in between (ST3640 H37) (Figure 23). This could 

suggest that this switch in serotype seen in strain ST442 may be due to a strain invasion event 

rather than a specific gene switch. 

In 5 different patients, changes in serotype within the same strain can be observed, that 

appear to also switch back to the original serotype during the study. UTI138 was colonised 

with ST131 with serotype H5, at D2 this changes to H12 and returns to H5 at D3 (Figure 23). 

The sequences of these serotypes are very different and thus this cannot be due to a single 

point mutation in the gene 209. Another example for this is seen in patient UTI365, where 

strain ST404 switches its serotype from H5 to H37 and back again (Figure 23). These are also 

not closely related sequences, thus suggest a full gene switch 209. UTI343 also appears to 
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have a full gene switch in strain ST144 from H6 to H5 and back again as these genes are also 

not closely related 209. After ST144 H6, this patient is colonised with another strain of E. coli, 

ST12 H5 at D7, which is followed by ST144 H5 at D9 (Figure 23). The H-antigen then 

reverts back to H6, suggesting that this serotype is better suited to survival within this 

patient’s urinary tract. In patient UTI531 E. coli strain ST420 changes serotype from H31 to 

H5 and back again, these are very different genes when analysed by sequence alignment 209 

(Figure 23). The strain ST420 changes from serotype H31 to H5 at D6. This appears to be 

followed by the invasion of a different strain of E. coli (ST583) with the same serotype seen 

previously in ST420, H31, at D7. By D8 the original ST420 strain with serotype H31 has 

returned and remains in the urine for the remainder of the study. This suggests that the H31 

serotype is better suited to survival within the urinary tract of patient UTI531 and that the 

switch to H5 conferred no survival advantage. Therefore, the H5 strain did not appear to last 

for long in their bladder before being out-competed. These observations in serotype switching 

could suggest that some strains are able to change the flagellin, perhaps as a way of evading 

recognition by the immune system. Finally, patient UTI675 shows a switch from H18 to H6 

and back in strain ST69. However, these genes are very closely related upon sequence 

alignment and could therefore be due to single point mutations in the gene rather than full 

gene switching 209. 
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Figure 22 . Frequency of 

different MLSTs (A) and 

serotypes (B) of the E. coli 

isolates from patients  

throughout the study. 
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Figure 23. All patient E. coli isolate 

sequencing over the full study 

duration. All donations containing  

numbers indicate a urine sample 
where E. coli was isolated. Purple 

text shows the MLST ID number of 

the strain and blue text gives the H-

antigen serotype of the strain’s  

flagellin. Red boxes indicate samples  

where symptoms were recorded. 
Grey squares are where no E. coli 

was isolated or symptoms were 

reported. ‘UTI’ numbers are the 

patient’s randomised participant ID 

number and ‘D’ prefaces the study 

donation number. 
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6.4.2. Strain alignment analysis 

E. coli is a very highly diverse pathogen, responsible for a wide range of diseases in various 

locations within the body. As a means of classifying the pathogen in order to better identify 

them, their phylogenetic groupings are often used. These groups, or clades, are based on 

whole genome analysis of number of published genetic markers around the genome. These 

clades also tend to show correlation with the source of the pathogen or the niche in which it 

most commonly causes pathogenicity 122. MLST provides an accurate method of assigning 

different E. coli sequences to the different E. coli clades based on their sequence alignment 88. 

By aligning the MLSTs of the study’s E. coli isolates to those with known E. coli clades, it is 

possible to better identify the types of strains being observed with respect to the literature 90. 

The alignment of the samples isolated in this project shows a reasonable spread of the isolates 

between the various clades (Figure 24). The most common clade the study isolates were 

associated with was B2. This was to be expected as this clade is most commonly associated 

with UPEC 90,125. The isolates ST677 and ST354 were associated with clades B1 and F 

respectively. These strains look proportionally well represented, but it must be noted that 

these were both isolates from single patients; UTI138 and 840 respectively. So when 

counting the strains from each patient only once, B1 and F only represent 10.9% and 4.3% of 

the different patient E. coli study isolates. To give this some perspective, the B2 clade 

represents 63.0% of the different patient isolates. ST69, which is from clade D, was isolated 

from 6 separate patients during the course of the study. This clade represents 17.4% of 

different patient isolates, which suggests this representation within the D clade is more robust 

than that of B1, E (4.3%) or F. Clade D is also known to be associated with UPEC strains 125, 

thus this observation fits with the literature. 

Clade A is associated with commensal gut E. coli strains 123. This would suggest very few of 

the study isolates are present in the urine due to gut contamination. However, this does not 

rule out the gut as a potential reservoir for UPEC strains before they reach the bladder 59,60. 

Thus low numbers of E. coli in the urine could still be due to sample contamination.  
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Figure 24. Sequence alignment grouping of all study isolates into the well-recognised E. coli clades. Strains 

identified from this study and in the literature super imposed on the sequence alignment tree. All filled 

coloured circles containing text (purple, green and blue) are isolates from this study, black circles indicate 
E. coli strains previously grouped by McNally et al 90. The size of the filled circle is proportional to how 

many times it was isolated during this study (note: black filled circles are a size of 1). Alignment tree 

produced by the Jalview program use to analyse the multiple sequence alignments of all study MLS T 

strains produced by the ClustalX software 205.
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6.5.  Motility Testing 

The bacterial flagella, which allows the cells to be motile, has been implicated to have a role 

in causing UTIs 135,141,142. It has been suggest that they help bacteria ascend the urinary tract 

during infection 141,142. It is for this reason it was interesting to assess the study E. coli 

isolates’ motility. This may give insight into strains and serotypes that are perhaps better 

suited to urinary tract colonisation. As well as allowing for observation of whether these 

more motile strains are more likely to cause the patient symptoms or remain asymptomatic. 

The majority (67.4%) of E. coli strains isolated throughout the study had a non-motile 

phenotype after 6 hours on motility agar (Figure 25A). The most commonly observed motile 

and non-motile serotypes were H1 and H5 for both phenotypes (Figure 25B and C). This 

suggests that the motility is strain related, rather than H-antigen related. Due to the low level 

of symptoms seen in these study patients and ABU patients in general, it could be that an 

evasion mechanism may be being utilised here. ABU strains may have found a way to 

eradicate or reduce flagella numbers, either per cell or within the population. This would 

allow them to avoid activating the immune system via the TLR5 pathway 131,140. 

It was occasionally observed that some strains would appear motile after being left overnight 

at room temperature. This could further the argument that these strains may be maintaining 

low levels of flagellation within the population perhaps to subvert clearance by the immune 

response. However, this would also allow them to maintain the selective advantage the 

flagella would give them of ascending the urinary tract and avoiding clearance via 

micturition. A 6-hour time point was chosen for this project as this is a standard assay time 

for assessing the motility in E. coli. However, this observation could give an argument for 

measuring motility at different time points in future studies. 

E. coli strain ST73 is the most commonly isolated motile and non-motile strain (Figure 25D 

and E). However, since this is the most commonly isolated strain throughout the study, this is 

to be expected (Figure 22, p.112). The vast majority (70.6%) of motile E. coli strains were 

only ever seen to be motile, for example ST127, ST677 and ST354. The same was found of 

most non-motile (70.6%) strains also, for example strains ST355, ST420 and ST95. There 

were 5 strains which were seen as both motile and non-motile during the study. These were 

ST73, ST69, ST131, ST144 and ST12. Which may suggest that some strains could be able to 

switch between a motile and non-motile state. Potentially giving an explanation into the 

observation that some non-motile isolates were seen to be motile after being left overnight.  
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Figure 25. Proportion of 

motile and non-motile E. 

coli isolates from the study 

(A). The frequency of each 

H-antigen serotype being  

non-motile (B) and motile 

(C). The frequency of each 

MLST being non-moti le 

(D) and motile (E)  
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6.6. Antibiotic Susceptibility Testing 

To compliment the treatment and bacterial load analysis, antimicrobial susceptibility testing 

was also performed on all E. coli isolates from the study (Figure 26). All study strains were 

tested for resistance to the 6 most commonly prescribed first-line antibiotics, as this is what is 

routinely tested for in NHS laboratories. These were amoxycillin, co-amoxiclav (amoxycillin-

clavulanic acid), cephalexin, trimethoprim, nitrofurantoin and ciprofloxacin 28,35. 

The majority of E. coli isolates were resistant to at least 1 of the antibiotics tested (81.0%), of 

which 39.1% were resistant to just 1 and 28.8% to 2 of the antibiotics. A total of 41.8% of the 

study E. coli isolates were multidrug resistant. One isolate showed resistance to 5 of the 

tested antibiotics, this was in patient UTI840 D11 (Figure 26). This was E. coli strain ST354, 

with a serotype of H36 (Figure 23, p.113). The majority of isolates were resistant to 

amoxicillin (60.3%), followed by trimethoprim (49.5%) and co-amoxiclav (16.8%) (Figure 

28). 

In several patients it is clear that the antibiotic resistance profile remains constant as the 

isolated E. coli strain remains the same during the study. Such as in patients UTI139, 531, 

755 and 781. There are also examples of the antibiotic resistance profile changing as the E. 

coli strain changes. This is clearly outlined in patient UTI924, where 4 different strains are 

isolated all with distinct resistance profiles. In patient UTI569 the changing E. coli strains can 

also be mapped to the changing antibiotic resistance profiles. To a lesser extent this can also 

be seen in patient UTI966, however both E. coli strain ST69 and ST73 have the same 

resistance profiles in this patient. In theory the resistance profile could be used as a means of 

identifying the strain without sequencing. However, there are several patients where different 

E. coli strains can be seen with the same resistance profiles, for example patients UTI337, 

365 and 726. 

There are some occasions where the E. coli strain appears to remain the same across different 

donations, however the resistance profiles are so different it seems to suggest that the 

invading strain is completely different. For example, in patients UTI218, 376 and 675, none 

of which can be aligned to potential pressures caused by any relevant antibiotic treatments. 

In patient UTI115 E. coli strain ST681 is initially susceptible to all tested antibiotics at D6, 

but later when this strain is isolated at D12 it appears to have developed the same resistances 

to amoxicillin and trimethoprim that E. coli strain ST131 possessed. Some strains appear to 
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loose and develop resistances throughout the course of the study, for example, cephalexin 

resistance is gained at D8 but then lost again after this in patient UTI383. The co-amoxiclav 

resistance is gained and lost several times throughout the study in patient UTI468 despite the 

strain appearing to remain constant.  

In patient UTI218 the E. coli strain ST73 was absent for 2 donations and when it returned at 

D5 it had developed amoxicillin resistance. This doesn't seem to have been caused by any 

treatment, as they were only given trimethoprim at D1 and 2 (Appendix 13, p.227). No 

trimethoprim resistance seems to have appeared in this strain. As seen in UTI218 amoxicillin 

resistance seems to be readily lost and gained on several occasions by different strains 

throughout the study. For example, in patient UTI343 both E. coli strain ST144 and ST12 

both have varying resistances to amoxicillin during the course of the study. Other examples 

of amoxicillin resistance appearing transiently within the same strain can be seen in patients 

UTI376, 524 and 675. Amoxicillin is a β-lactam antibiotic and resistance to it is 

predominantly caused by the bacteria producing β-lactamase encoded on a plasmid 210. The 

transient loss and acquisition of this plasmid by the colonising strains could explain the loss 

and gain of amoxicillin resistance seen here within the study isolates. 

Patient UTI524 is an example of where treatment appears to have led to the development of 

resistance. They are prescribed prophylactic trimethoprim at D5 and this is when 

trimethoprim resistance is acquired by E. coli strain ST72. This resistance remains throughout 

the rest of the study, despite a change in E. coli strain at D8 (Appendix 23, p.237). Patient 

UTI899 was given trimethoprim treatment at D2, which aligns with a trimethoprim-resistant 

strain of E. coli invading (Appendix 35, p.249). However, this strain is replaced by E. coli 

strain ST73 for the remaining duration of the study. As previously analysed in section 6.4.2 

this patient does not experience any further symptoms, suggesting this is a far less harmful 

strain to this patient. A third example of where prophylactic treatment appears to lead to 

antibiotic resistances forming is in patient UTI365. They are prescribed trimethoprim for the 

first 6 donations of the study (Appendix 18, p.232). At D2 They become colonised with a 

trimethoprim resistant strain of E. coli at full diagnostic levels. This could suggest that re-

testing urine samples could be useful in prophylactically treated patients. An example of 

resistances developing due to the pressure of short courses can be seen in patient UTI343. In 

this patient a short course of cephalexin at D5 appears to clear the bladder of E. coli by D6 

(Appendix 17, p.231). However, at D7 a cephalexin resistant strain of E. coli appears. This is 
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then treated with trimethoprim, leading to a trimethoprim resistant strain invading. A second 

course of cephalexin leads to yet another resistant strain colonising the bladder of this patient. 

It is also worth noting that none of the E. coli strains isolated during the study were resistant 

to nitrofurantoin (Figure 28), despite this being the most commonly prescribed antibiotic for 

both short course and prophylactic treatment (Figure 16, p.93). Patient UTI675 was being 

treated with Nitrofurantoin and appear to have developed no resistance to this antibiotic 

throughout the study (Figure 26). It is known that Nitrofurantoin does not reach effective 

concentrations in the blood stream to clear kidney infections 28,35. So it is possible that E. coli 

strain ST69 in patient UTI675 had ascended the urinary tract and established itself in the 

kidneys, thus avoiding this prophylactic clearance by the antibiotic. 

6.6.1. Susceptibilities of E. coli From Healthy Controls 

E. coli was only isolated from 4 of the 45 healthy urine samples, from participants H16 and 

H18 (Figure 27). Participant H18 had the E. coli strain ST73 isolated from their first urine 

sample, however this was at just 100 CFU/ml, so it is likely to be gut contamination during 

sample collection. E. coli strain ST404 was isolated from H16 in all 3 study samples, these all 

shared the same serotype and antibiotic resistance profile. This participant was carrying a 

diagnostic load of E. coli for the first 2 study samples, this then dropped to just 1100 CFU/ml 

in the final sample, despite them receiving no antibiotic treatment. This participant declared 

that they had never suffered from a UTI in their life. All E. coli isolates from the healthy 

participants were non-motile. It is interesting to note than even in the otherwise healthy 

population that diagnostic loads of E. coli can still be found.



121 
 

Figure 26. Antibiotic resistance of all E. coli isolates over the full study duration. Numbers shows the MLST ID number of the strain. 

‘UTI’ numbers are the patient’s randomised participant ID number and ‘D’ prefaces the study donation number.
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Figure 27. E. coli load quantification, MLST and fliC sequencing, motility analysis and antibiotic resistance 

testing of all E. coli isolates isolated from healthy participants. Numbers shows the MLST ID number of 

the strain. ‘H’ numbers are the healthy participant’s randomised participant ID number and ‘D’ prefaces  

the study donation number. 
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Figure 28. Proportion of all E. coli isolates with resistances to the different antibiotics tested.  
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6.7. Patient UTI138: A Case Study 

Due to the vast amount of data presented here it is difficult to focus on individual patients. 

Thus patient UTI138 has been chosen as a case study, to look into more detail about the 

bacterial changes taking place in their bladder over time. In addition, it was in this patient that 

an extra piece of analysis was completed which could be applied to other patients but was not 

possible to complete within the remit of this project. Patient UTI138 was unique in this study 

as they had pure E. coli growth throughout the full study duration (Figure 19, p.101). This 

colonisation was found at diagnostic levels in every study sample (Figure 21, p.107). 

However, they did not show any periods of symptoms and were not treated with antibiotics 

throughout (Figure 21). Two different E. coli strains were isolated from the patient’s urines 

using the single colony selection method undertaken throughout this study, these were ST131 

and ST677 (Figure 21). The fliC serotypes for strain ST677 in this patient was H21. Strain 

ST131 was isolated with 2 different serotypes H5 and H12, which has been previously 

discussed in section 6.4.1 (Figure 23, p.113). E. coli strain ST131 is found in the B2 clade 

(Figure 24, p.115), which is the most commonly associated clade with UTIs 90,125. However, 

ST677 is found in the B1 clade, which is a sister group of clade A, commonly associated with 

commensal gut strains 123,211. 

It was upon antibiotic resistance testing that something unusual was observed. It must first be 

noted that the co-amoxyclav zones of inhibition were just below the threshold for conferring 

resistance. Thus, the resistance profiles for donations 4 onwards all looked very similar. This 

seemed unusual since the resistance profile for ST131 at donations 1, 2 and 3 were very 

different (Figure 26, p.121). It was for this reason the plate washes taken during the study for 

D3 (among others, data not shown) were analysed for multiple strains of E. coli (Roca-

Bayerri and Aldridge, unpublished data). For this 100 separate E. coli colonies were picked 

from the plate wash re-activations and sequenced. This analysis revealed that both ST131 and 

ST677 were present in the urine at the same time. This data reveals that multiple strains of E. 

coli can co-exist within the urine at the same time. Figure 29 (p.126) shows phenotypic and 

genotypic evidence of the 2 distinct strains of E. coli within the same urine sample of this 

patient (all data shown is courtesy of Roca-Bayerri and Aldridge, unpublished data). This 

could suggest that future studies should select more than one E. coli colony from the urine in 

order to attempt to capture this information. However, this is a large undertaking and would 

not have been feasible to perform on a study of this size within the remit of a PhD project. 

This was one reason for the decision to only isolate one colony was made, the other was that 
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this protocol would mirror that of the NHS laboratories. Thus these data may give an 

argument for the NHS to potentially isolate more than one bacterial strain for antibiotic 

resistance testing, perhaps in hard to treat patients. Or perhaps look into alternative ways of 

analysing microbial populations rather than single isolates. 
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Figure 29. Isolation of two different strains of E. coli from the same urine sample (D3 from patient UTI138). 

‘A’ shows the differing killing concentrations of the 2 different strains isolated from the same urine sample. 

‘B’ shows representative images of the antibiotic resistance zones of inhibition from the 2 different strains 

and their corresponding MLST. ‘C’ gives the different allele ID numbers from sequencing the MLST genes 
adk and icd for the 2 separate isolates. All data shown is courtesy of Roca-Bayerri and Aldridge 

(unpublished data).  
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6.8. Conclusions 

The vast biobank created by the study allowed for a wealth of sequencing to be done to 

further explore the isolated E. coli strains. The biobank will allow for in depth analysis of the 

specific strains that are colonising this patient group. These analyses will provide insight into 

the next project aim of exploring potential changes in the bacterial phenotype and genotype 

during periods of change in the symptoms and treatment of these patients. 

The data shows that several study patients are able to carry E. coli for long periods of time. E. 

coli was most commonly isolated with Enterococcus faecalis during the study, this occurred 

in 55.4% of all samples containing E. coli. Alternatively, the least common pathogens to be 

isolated together with E. coli in this study were P. mirabilis and Streptococcus agalactiae, 

which were found in just 12.0% and 7.6% of samples containing E. coli respectively. This 

could be due to the organisms utilising the same nutrient source and therefore having to out-

compete each other in order to survive within the urinary tract. 

A total of 26 different strains of E. coli were isolated during the study from both patients and 

healthy participants. The most commonly isolated strain was ST73. A finding that fits with 

other work that has been recently done on UTI E. coli isolates, which has also identified 

ST73 as one of the most prevalent clinical UPEC strains 212. This has been a recent shift in 

prevalence, as ST131 was previously reported to be the most common UTI strain of E. coli 

124,198,212. ST73 is associated with the B2 clade of E. coli which is most commonly associated 

with UPEC. As would be expected with a UTI clinical study, the vast majority of strains 

isolated fell into this B2 clade (63.0%) and to a lesser extend the D clade (17.4%). These are 

the clades most commonly associated with UPEC 90,125. 

There were several times that the fliC serotype changed and the MLST appeared to remain 

the same. This could be the invasion of a new strain or a mechanism by which the strain is 

switching the expressed flagellin, perhaps in order to subvert the adaptive immune response. 

Feng et al have shown that E. coli is able to undergo unilateral flagellar phase variation, 

whereby it switches its fliC gene entirely, thus giving the strain an entirely different serotype 

213. This may be the mechanism we see taking place in this study. Another potential 

mechanism the cells may be using to subvert immune detection is by keeping motility at a 

lower than threshold level. This would allow the infection to survive within and ascend the 

urinary tract whilst perhaps also remaining undetected and thus not cleared by the innate 
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immune system. This is supported by the fact that very few of the strains isolated in our study 

were motile on motility agar after 6 hours. 

One of the most interesting observations during the analysis of these data are the various 

downfalls of the antibiotics treatments that patients received throughout. For example, there 

are several cases during the study where treatment courses appeared to clear the way for the 

invasion of new pathogens, sometimes much more harmful than before. This can be seen in 

patients UTI236 and 569 during the course of the study (Figure 21, p.107). It was also 

interesting to note the lack of correlation between symptomatic episodes and commencement 

of treatments. It is clear from these data that many HCPs are not awaiting the return of a 

positive urine sample before beginning antibiotic treatment, such as in patients UTI414 and 

562. In addition to this it also seems that the treatments themselves are often ineffective at 

clearing the bacterial load and in some cases also the symptoms. For example, this can be 

seen in patients UTI218 and 468. This may be due to the selection of the wrong antibiotic by 

the HCP or poor course compliance by the patients themselves. This lack of efficacy can be 

highlighted in several study patients who received prophylactic courses of antibiotics. Many 

of whom still saw varying bacterial loads and still suffered symptomatic episodes during the 

treatment, such as patients UTI365 and 383. 

By analysing the antibiotic resistances of the study strains it was possible to add another 

dimension to the bacterial analysis, as well as align this to some of the treatments given 

during the study. On several occasion it was possible to see the isolated E. coli acquiring and 

losing antibiotic resistances without any changes in antibiotic treatment. This may be due to 

horizontal gene transfer between different E. coli strains or even different bacteria colonising 

the bladder together 214. This is supported by the vast majority of study samples being 

returned as polymicrobial. This may be a useful mechanism the bacteria might use to avoid 

clearance from the urinary tract and ensure survival. Notably, no isolated E. coli showed 

resistance to Nitrofurantoin despite being one of the most prescribed antibiotics during the 

study, including for prophylactic courses. This could therefore be the best option for long 

courses of treatment, however it is not effective at clearing infections from the kidney and is 

associated with a higher risk of toxicity in older people 28,35. 

On several occasions it can be seen that treatment courses are causing the acquisition of 

antibiotic resistances or leading to new more resistant strains colonising the bladders of these 

patients. Whilst it must be noted that not all of these occasions lead to the patients 
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experiencing symptoms, it is increasing the reservoir of more resistant pathogens. This could 

therefore easily lead to the spread of the pathogens between hosts or the resistance genes 

within the bacterial community.  There are also some cases during the study where treatment 

courses appeared to clear the way for the invasion of new pathogens, sometimes much more 

harmful than before. Thus further suggesting the treatments being given could even be having 

harmful effects to these patients, as well as potentially increasing antibiotic resistances. 

Many patients had colonisation of several different strains of E. coli throughout the study. By 

looking at the strain changes compared to periods of defined symptoms, it was possible to see 

that the strain changes alone were not correlated with symptomatic episodes. There were even 

some cases where the E. coli colonisation of the bladder appeared to prevent the patient from 

suffering further symptomatic episodes. This fits with some of the research being done by 

Sundén et al, in which they have shown inoculating the bladders of certain patients who 

suffer from UTIs with a harmless ABU strain (83972) can actually prevent symptomatic 

UTIs 53. 

There also appeared to be no distinct link between these symptomatic episodes and sudden 

changes in the bacterial load within the bladder. This was perhaps more unexpected as 

changes in load would be expected to see changes in the immune response and thus perhaps 

symptoms. However, it could be that these patients’ bodies are used to the presence of 

bacteria in the urine and these fluctuations no longer cause sudden disturbances in the 

inflammatory response. The patients' host immune responses to these bacterial colonisations 

will be the focus of the next chapter.  50,215  
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Chapter 7. Urine Analysis and Host Response 

Is has been possible to analyse the clinical notes and questionnaire data to delineate the study 

population as well as define episodes of symptoms within the study duration. The E. coli 

isolates from the study provided a detailed perspective of the bacterial colonisation taking 

place within the bladders of the study participants. This also allowed correlation of potential 

changes around defined symptomatic episodes. The clinical study also provided a large 

database of 360 patient urine samples on which a host analysis could be run. This analysis 

would address the study aim of analysing changes in potential host immune urinary 

biomarkers around periods of symptoms. Potentially identifying markers within the urine 

which could predict such symptomatic episodes. As well as this 45 urine samples were also 

collected from healthy controls as a means of comparison and baseline threshold deduction. 

 

7.1. Dipstick Outcomes 

Dipstick analysis is a tool used by HCPs in order to non-invasively test various parameters of 

the patents health, including kidney and liver functioning. Upon collection all urine samples 

were analysed using the standard dip-stick according to the NHS protocols. In order to 

maximise data acquisition from this analysis all dipstick parameters were captured and not 

just those that indicate potential urine infections. These included glucose, bilirubin, ketones, 

specific gravity, protein, pH, urobilinogen, nitrites, leukocytes and both haemolysed and non-

haemolysed blood within the urine. Any potential findings could therefore easily be 

translated into working practice within an NHS clinical setting. 

7.1.1. Patient and Healthy Control Dipsticks 

In order to define the healthy urine baselines for the dipstick scores, the healthy dipstick 

outcomes were required. The most frequently returned outcome for each of the 10 parameters 

of the dipstick in the healthy control urines was chosen as the 0 score on the dipstick scoring 

system, as outlined in Table 3 (p.49). Frequency analysis shows clearly which levels were 

chosen as healthy. For glucose, bilirubin, ketone, protein, nitrites, leukocytes and blood were 

all set at ‘Negative’. The healthy level of specific gravity was set at 1.010, for pH it was set at 

6 and for urobilinogen at 0.2mg/dL. These were all backed up by previously reported normal 
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ranges 65. This analysis provided the baselines to determine dipstick scores for the patient 

cohort, which is discussed later in this chapter (Table 3). 

Frequency histograms of the study patients and healthy controls allow for an overview of the 

type of results being returned in the two cohorts (Figure 30). The majority of patient samples 

(99.2%) returned a negative result for glucose. Only 3 samples produced a non-negative 

result for glucose, these were UTI100 D10 (2000+mg/dL of glucose), UTI139 D12 

(100mg/dL) and UTI414 D1 (250mg/dL). These patients all stated that they had diabetes 

upon recruitment to the study (Appendix 9; p.223, Appendix 12; p.226 and Appendix 21; 

p.235). All 3 donations positive for glucose exhibit growth of Proteus mirabilis (Figure 31), 

which may suggest that this organism thrives especially well in the presence of glucose. 

Therefore, this pathogen may be a key threat to patients with poorly controlled diabetes 64. 

Levels of bilrubin, ketones, specific gravity and protein were all seen at slightly higher levels 

in patient urines compared to the healthy controls. 13.3% of patients had a ‘small’ bilirubin 

result or higher, whereas 100% of healthy controls had a negative result. 10.3% of patient 

samples had 5ml/dL or higher ketone levels in the urine, whereas all healthy controls again 

were negative. 28.9% of patient urines had a protein level of 5mg/dL and above, compared to 

just 10.0% of healthy urine samples. 80.1% of patient urine samples had a specific gravity 

over 1.010 compared to 49.0% of healthy urines seen above this designated ‘normal’ level. 

Higher levels of ketones, specific gravity and protein all suggest a slightly poorer overall 

kidney heath and potential bacterial presence in the study patients 65. Which may be to be 

expected, considering the long-term carriage of pathogens within the urinary tract of most 

study patients (Figure 19, p.101). However, the vast majority of patients showed the same 

result as was seen in the healthy controls. 

As would be expected, the urine of patients showed proportionally much higher levels of 

nitrites and leukocytes, as well as a higher pH. These are all indicators of bacterial 

colonisation 65, which was seen in almost all study patient urine samples (Figure 19). 22.2% 

and 61.1% of the patient samples had a positive dipstick outcome for nitrites and leukocytes 

respectively, compared to 0.0% and 8.0% of healthy urines. The average pH in patient 

samples was pH6.3 and in the healthy urines was pH6.2. 

Finally, the frequency of detecting blood, both haemolysed and non-haemolysed, in the 

patients’ urines was much higher (37.2%) than was seen in the healthy control urines (8.0%). 

One possible explanation for this, is that patients may have damaged uroepithelial linings, 
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which could lead to the presence of blood in the urine 22. This could be being caused by the 

combination of direct action of the colonising bacteria as well as the subsequent 

inflammation induced by the host immune response in reaction to such colonisation is 

causing 22. 
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Figure 30. Dipstick outcome frequency analysis of healthy and patient urines. Samples positive for nitrites 

and leukocytes are what a HCP would deem a positive urine sample for a potential UTI 28,65. 
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Figure 31. Plate pictures of urine samples returning a positive glucose result from the dipstick analysis. All 

plates show the growth from 10µl of study urine. ‘UTI’ is anonymised patient ID number and ‘D’ indicates  

the donation number (of 12). CFU of each plate: UTI100 D10 >105 CFU/ml, UTI139 D12 = 1.55*104 

CFU/ml, UTI414 D1 = 3.6*103 CFU/ml.  
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7.2. Dipstick Scores 

By quantifying the outcomes of the dipstick analysis it was possible to assign each of the 

study urines a dipstick score (Table 3, p.49). This enabled a holistic overview of the general 

sample health, as a higher dipstick score should correlate to a poorer overall sample health. It 

was possible to therefore align such scores with defined periods of symptoms over the 

duration of the study. If correlation was seen this could provide a very simple and cheap 

method of predicting symptomatic episodes in these patients. 

By analysing the dipstick scores, the HCP outcomes and symptoms all together over time, it 

is possible to see occasions where the symptom scores correlated with symptomatic episodes 

(Figure 32). For example, in patients UTI236 and 343. However, there are many more where 

this is not the case, such as in patients UTI138, 891 and 824. In patient UTI569 a high 

dipstick score can be seen at their first symptomatic episode, at D4, but not at their second 

episode, at D6. Alternatively, in patient UTI675 a high dipstick score correlates to their 

symptomatic episode, at D1, but the same high score at D12 where no symptomatic episode 

was recorded. Thus, the dipstick score does not appear to be consistently reliable at predicting 

periods of symptomatic UTI, when using a positive urine sample to define symptoms. 

Another interesting finding from this analysis was the lack of apparent correlation between 

positive HCP outcomes and symptomatic episodes. The symptomatic episodes in this study 

are being defined as a positive urine sample being handed in within 3 days of a study 

samples. Thus, it would be expected to see a positive urine dipstick score for nitrites and 

leukocytes at these times. However, only 34.1% of symptomatic urine samples gave a 

positive HCP outcome. Negative HCP outcomes and positive urine samples can be seen in 

patients such as UTI139, 218, 536, 562 and 569. 

A positive HCP outcome is stated to predict an ~80% chance of a UTI, when a patient takes a 

urine sample to their HCP for testing 216. However, this does not discriminate between 

symptomatic episodes. The data shown here suggests that the dipstick scores and HCP 

outcomes this gives, may not always be completely reliable at predicting or perhaps even 

diagnosing periods of symptomatic episodes in these patients.  
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Figure 32. Table showing patient dipstick scores, HCP outcomes and positive urine sample data for all 

study donations. Patients UTI numbers are given. Numbers prefaced with a ‘D’ are the study donation 

numbers. Dipstick score taken as a summation of all measured dipstick parameters. ‘HCP outcome’ shows  

a filled box if the dipstick returned a positive result for both nitrites and leukocytes. A filled box in the 

‘positive sample’ row indicates if the patients’ medical records showed a positive urine sample had been 

submitted to the NHS laboratories within 3 days either side of the study donation.  
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7.3. Blood Analysis 

In order to get an idea of the study patients' general health, certain parameters were measured 

in the blood. This is a common investigation requested by urologists in order to better 

understand the patients’ kidney and urinary functions which cannot be deduced from a simple 

urine sample. Serum creatinine was measured as a marker of kidney filtration function. An 

elevated serum creatinine concentration is usually an indicator of impaired kidney function, 

as it suggests it is not being properly filtered out of the blood 75.  The vast majority of the 

patients had serum creatinine levels within the normal range (Figure 33A). Only one patient, 

UTI755, showed elevated levels of serum creatinine in the blood, this may suggest that this 

patient had decreased kidney function. A low serum creatinine, as seen in UTI100, is not 

usually such a large cause for concern and is usually associated with a low body muscle 

mass, which is commonly seen in older people 217. 

Vitamin D was measured from the bloods of study patients as there has been evidence to 

suggest that vitamin D deficiency can put people at higher risk of recurrent UTIs (Figure 

33B) 79–81. Only 40.0% of the study patients showed sufficient concentrations of vitamin D in 

their blood. A large proportion of the recruited patients had insufficient vitamin D in their 

blood, which fits with what has been previously shown in the literature. This could suggest 

one of the reasons for their UTI history could be linked with their low levels of circulating 

vitamin D. Low levels of vitamin D have also been shown to be associated with malnutrition 

218. This link could explain the low levels of vitamin D and serum creatinine seen in patients 

UTI100, as malnutrition could be causing the patient to have a low body muscle mass both 

leading to lower levels of these blood parameters. 

Sodium, potassium and urea are all other blood based parameters routinely tested in order to 

give an overview of general kidney function. Sodium concentrations in the blood were only 

seen to be marginally too low in 3 study patients, UTI414, 536 and 966 (Figure 33C). Low 

sodium can be associated with reduced kidney function, but is usually explained by a larger 

than normal consumption of fluids or the use of diuretics, which is not unlikely in this patient 

cohort 76. Potassium was only seen to be marginally too high in 3 study patients, UTI266, 524 

and 726 (Figure 33D). Though there were no patterns here with any of the other blood results. 

None of the patients had levels over 5.5mmol/L, this is the level where clinician concern 

would be raised and levels above 6.5mmol/L would be handled as an emergency, as this is 
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associated with high levels of morbidity and mortality 77. So all the study patients were within 

a safe range of potassium concentration. 

Elevated urea levels are also indicators of poor kidney filtration function 78. Three study 

patients had levels of urea in the blood higher than the normal range, these were UTI755, 834 

and 899 (Figure 33E). UTI755 showed the highest concentration of urea at 14.7mmol/L, the 

other elevated patients 834 and 899 had levels of 10.5mmol/L and 9.7mmol/L respectively. 

UTI755 was the patient with elevated serum creatinine, this could indicate that this patient’s 

kidney status could be some cause for concern, as there has been some links between raised 

serum creatinine and urea with a poorer prognosis in kidney disease 219. However, their other 

blood parameters were within the normal ranges.   
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Figure 33. Blood results for all study patients. ‘A-E’ show blood concentrations of serum creatinine, vitamin 

D, sodium, potassium and urea in patients. Normal ranges defined by hospital laboratory reports. 
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7.4. Cytokine Analysis 

A key aim of the study was to analyse changes in immune markers that could be measured 

within the urine as a potential method of predicting symptomatic episodes of UTI within the 

ABU patient population. A wide selection of cytokines were chosen to be measured in the 

urine based on their reported involvement in UTIs. Several pro-inflammatory (IL-1β, IL-6, 

IL-8, IL-12 p70, IL-17A, TNFα and IFNγ) and anti-inflammatory (IL-4, IL-5 and IL-10) 

cytokines were chosen for analysis as both have been shown to be involved with the immune 

response in UTIs. Each of the cytokines chosen were suggested to show some involvement in 

UTIs, details of these are given in section 1.4.2 54,94,147,150–155,159,160,162,165,173–181,220,221. The 

chosen cytokines also needed to be easily measured by commercially available ELISA kits, 

this would mean a large screen could be done and that any potential findings or markers 

could be viably tested in a reproducible way in the future. 

7.4.1. Urinary Creatinine and Healthy Adjustments 

Urinary creatinine was measure within the study urine samples as a potential reference 

marker to adjust the immune protein levels to. As urinary creatinine is a marker of urine 

solute dilution levels which is governed by kidney function 222. Thus theoretically, 

adjustments of the protein concentrations would allow normalisation to that of the urine 

sample concentration. When plotting the raw data with the data adjusted for the urinary 

creatinine concentration it is possible to see a large variation in all the measured cytokines 

(Appendix 5, p.219). 

Based on the advice of the project supervisor, Professor Robert Pickard and some experts in 

this field, Dr Björn Wullt and Dr Christina Svanborg, it was decided that the raw values 

would be most informative for the analysis within this study. This was based on several 

reasons regarding their previous experience with this issue, published literature and the nature 

of urinary creatinine production. Firstly, experience with measuring urinary cytokines gave 

very similar overall findings when looking at the raw data and normalising to urinary 

creatinine compared in parallel (Wullt and Svanborg, unpublished data). As a result, such an 

adjustment would not impact the analysis and potentially make data reproduction overly 

complicated. Therefore, the best thing to use was the raw concentrations found in the urine. 

This is in agreement with Rodhe et al (2009) where a similar observation during their 

analysis was noted and suggested that testing without correction to urinary creatinine would 

be possible and not change the overall impact of the data significantly 155. Finally, urinary 
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creatinine is produced by the kidney and is thus a marker of kidney function. Thus, 

normalisation to urinary creatinine would be more appropriate for proteins being produced in 

the kidney, rather than the urinary tract and bladder as these chosen cytokines are. For these 

reasons it was decided that creatinine normalisation was inappropriate for these analyses. 

However, the data has been captured during the study, so this analysis can always be 

completed if different questions were to be asked of the data in the future. 

By using the cytokine concentration raw data from the healthy control urine samples, it was 

possible to produce an average healthy concentration for each of the measured cytokines 

(Figure 34). This could then be deducted from the individual raw values from the patient 

samples. This would now give a more realistic overview of the changes within the patients 

that are based on the illness and not normal healthy concentrations. Several of the averages 

obtained within this study fit with other reported concentrations from the bladders of ABU 

patients 155,223 (Table 2, p.39). 

The average cytokine data reveals the concentrations of each protein being seen in the patient 

group compared to that of healthy bladders (Figure 34). IL-1β, IL-5, IL-8 and IL-10 all show 

higher concentrations in the bladders of patients than healthy controls. IL-8 stands out as a 

protein which could separate the two cohorts due to its clear elevation elevated in patients 

compared to healthy controls. Interestingly, IFNγ, TNFα, IL-17, IL-12 and IL-6 all show 

reduced concentrations in patients compared to the healthy controls. This could suggest that 

the patients' immune systems are somehow supressing the production of these proteins or 

perhaps that constant immune activation has caused a desensitisation in the pathways which 

lead to their production. Due to their presence in the bladders of healthy age-similar 

individuals at relatively high concentrations, these proteins would probably not make good 

predictive biomarkers in the urine of older people. As peaks may be due to normal 

fluctuations, which could give a high rate of false positive readings. 

The purpose of measuring the cytokine levels in the bladders of healthy controls was to 

normalise the patient data. Values obtained by deducting the healthy average concentration 

from the individual patient values will be the concentrations used for the remaining analysis 

of this project (Appendix 6, p.220).  
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Figure 34. Average cytokine concentrations from all healthy and patient urine samples.  
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7.4.2. Cytokine Fold Change Analysis 

In order to visualise elevations in the urinary protein concentrations together, it was necessary 

to use fold change data. By calculating all the fold changes of the patient to healthy control 

data for all the analysed cytokines, a general fold change of 11.2 was observed (Figure 34). 

Thus, as a cut off, it was decided that concentrations over 10-fold higher than the lowest 

detectable concentration in each patient would be reported as a positive. Analysing different 

options for fold change cut-offs 10-fold would allow inclusion of and average of 10.2% of all 

study samples (Figure 35). The 2-fold and 5-fold cut offs would have included averages of 

18.8% and 14.1% respectively. Therefore 10-fold was a tight cut-off but this is necessary 

when trying to identify potential biomarkers of disease. By using the tighter control of 20- or 

50-fold cut-offs would have left on average just 6.8% and 3.5% of the samples above this 

level respectively. As these were so low they were discarded because they may begin to 

prevent any observations being made within the data. Using the 10-fold change data would 

allow for a comparable overall visualisation of concentration peaks for all of the measured 

proteins together (Figure 36). Fold-increase allows for the detection of fluctuations above 

normal which is a standard diagnostic method in clinical practice. However, it would also be 

possible to calculate and analyse the fold decrease in proteins which showed suppression in 

patients compared to healthy controls. As a single standardised method was required for these 

analyses, a fold increase method was chosen for the cytokine data produced.  

Visualising the data in this way shows the huge variability of the immune response over time 

within patients. It also shows the variation between different patients with the same disease. It 

is not consistently one or a combination of cytokines that are being produced in response to 

ABU. This suggests a huge level of variability of the immune response to pathogenic 

colonisation of the bladder in different patients. 

Interestingly, patient UTI343 who showed 6 separate symptomatic episodes during the course 

of the study had no immune protein concentrations over 10-fold that of their lowest. This is 

surprising as it would be expected that a high frequency of symptoms would show a highly 

active immune response. Looking at the raw values the only cytokine found above that of the 

healthy control was IFNγ at UTI343 D3, which is not even a sample which was defined as 

symptomatic. However, the concentration was much lower than the assays detectable range 

(0.47pg/ml). This patient may give rise to the argument that patients with long-term 
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pathogenic presence in the bladder, have an overall desensitised immune response to 

colonisation due to the constant activation. 

The fold change data suggests that there are no clear or consistent patterns in immune protein 

concentration around the periods of symptoms. By visualising all the data for the chosen 

cytokines together, it is possible to see if any of the measured proteins show significant peaks 

in concentration around times of symptoms. These peaks will be captured within the 10-fold 

change cut-off. From this analysis, there appears to be no distinct protein or protein 

combination that can be identified to predict periods of symptomatic infection (Figure 36). 

However, it is important to also look at the raw values of the cytokines in patients over time 

in case potential observations are excluded by the 10-fold concentration cut off.
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Figure 35. Proportion of samples above varying thresholds of fold change in protein concentration for each cytokine.



146 

 

Figure 36. 10-fold change cytokine data alongside symptomatic episodes . 

A filled box indicates the protein concentration was 10-fold higher than 

the lowest detectable concentration seen in that patient. Pro- and anti -

inflammatory cytokines are shown in separate colours.  
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7.4.3. Host Response and Symptomatic State 

It was previously outlined in Chapter 5 how a symptomatic episode would be defined. This 

stated that the best definition for a period of symptoms in our study would be based on the 

patients handing a positive urine sample to a healthcare professional for a suspected UTI 

within 3 days of the study urine sample being collected. This allowed the identification of 

samples could be classed as ‘symptomatic’ at the time of collection, these episodes occurred 

in 15 patients during the study. These symptomatic episodes could then be plotted against the 

various markers being analysed in the urines. Figure 37 to Figure 46 show the 10 analysed 

immune protein concentrations in all 15 patients who suffered from a symptomatic episode 

during the study. This provided a comparison of the cytokine concentrations while 

comparisons to other potential definitions of a symptomatic state, such as self-declared 

symptoms from patients and positive HCP outcomes, will follow in the next chapter. 

These timeline-based representations allow the data to be analysed for any trends in protein 

levels around the time of symptoms. It must be noted that the scales are based on the levels 

seen in that patients so direct comparisons of levels cannot be made across patients within the 

figures. In addition, it is important that not all donations were evenly spaced, most were ~2 

weeks apart however some had longer gaps, this must be kept in mind when interpreting 

these figures. However, the definition of symptomatic state is based on a positive sample 

being submitted within 3 days either side of the donation that is marked (green bars). 

IL-1β 

Of the 23 individual identifiable symptomatic episodes defined in the study, only 2 occurred 

at times of peak IL-1β concentrations in that patient, these were in patients UTI236 and 569 

(Figure 37). However, UTI569 suffered another symptomatic episode and no such increase in 

IL-1β was seen. UTI236 showed one other raise in IL-1β levels of about half the magnitude 

however this did not correspond to another symptomatic episode. Other patients saw some 

IL-1β concentration rises around symptoms, such as in patients UTI337, 365, 562 and 840. 

However, all of these patients saw larger peaks in IL-1β at other points in the study which did 

not correlate to a symptomatic episode. 

IL-4 

The highest levels of IL-4 within patients corresponded to just 2 of the 23 symptomatic 

episodes, in UTI675 and 924 (Figure 38). However, the peak in IL-4 concentration seen in 

UTI675 was very low and in UTI924 was below the detectable range for the assay so no 
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conclusions can reliably be drawn from these variations. The only detectable concentration of 

IL-4 in UTI675 was at a period of symptoms. Very few detectible concentrations of IL4 were 

found in any of the 15 symptomatic patients' urine samples. This fits with the concentrations 

Davidoff et al (1997) saw when measuring urinary IL-4 in patients with bacterial cystitis 153. 

IL-5 

IL-5 concentrations were at maximum concentrations for just 3 of the 23 symptomatic 

episodes, in UTI236, 337 and 891 (Figure 39). All 3 of these patients showed clear increases 

in IL-5 protein concentrations only at periods of symptoms, indicating a possible correlation. 

IL-5 patterns in patient UTI236 and to a lesser extent UTI337 show some correlation with IL-

1β around periods of symptoms. UTI569 also showed a correlating symptom and peak in IL-

5, but another symptomatic episode did not. 

IL-6 

Only 3 of the 23 symptomatic episodes corresponded to peak concentrations of IL-6 in 

patients UTI236, 569 and 891 (Figure 40). UTI236 and 891 seemed to show a correlation 

with the protein concentration and symptom state. However, UTI569 displayed another 

episode of symptoms but without an increase in IL-6 concentration, which was similar to 

their concentration profile of IL-1β. The IL-6 peak seen in patient 891 showed similarity to 

the clear peak in IL-5 at the patient’s symptomatic episode. 

IL-8 

IL-8 was shown to have the highest average concentration in patients compared to any other 

measured cytokine (Figure 34, p.142). IL-8 peaked at just 2 of the 23 periods of symptoms in 

UTI337 and 569 (Figure 41). The peak profile in UTI337 was similar to that of IL-1β. 

However, both of these patients had other episodes of symptoms without another 

corresponding peak in IL-8 protein concentration. The IL-8 concentrations mirrored those of 

the IL-1β and IL-6 profiles in patient UTI569. It should also be noted that the levels of 

protein seen in UTI337 were much higher than could reliably be detected using the assays. So 

whilst the peaks seen in this patient will likely indicate an increase in the protein level, the 

exact values are likely to be inaccurate. On 5 separate occasions the IL-8 concentrations 

peaked within 1 or 2 donations after a symptomatic episode, suggesting the immune system 

activating to clear the infection. This would not therefore be a good choice of predictive 

marker for UTI symptoms. 
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IL-10 

In several cases the concentration of IL-10 seemed to increase on or shortly after 

symptomatic episodes (e.g. UTI100, 536, 562, 675, 891) (Figure 42). This could be due to a 

delayed immune response or perhaps a result of subsequent treatment. However, this trend 

was not consistent for all symptomatic episodes. Also this would also suggest it would not be 

a suitable predictive marker for symptoms. 

IL-12 p70 

IL-12 concentration peaks correlated with symptomatic episodes in 3 of the 23 identified 

cases, these were seen in patients UTI337, 569 and 891 (Figure 43). However, both UTI337 

and 569 had other periods of symptoms which did not show corresponding increases in IL-12 

concentrations. As was seen in the concentrations of IL-10 for UTI891, despite a peak in IL-

12 at the period of symptoms, the patient had other increases in the protein where symptoms 

were not present. 

IL-17 

IL-17 increase only corresponded to 1 symptomatic episode in UTI569 (Figure 44). However, 

this patient also presented with another period of symptoms but did not show another increase 

in IL-17 concentration. This was similar to what was seen in IL-1β, IL-6 and IL-8 in this 

patient. 

TNFα 

Maximum levels of TNFα corresponded to symptomatic episodes in just 2 patients; UTI337 

and 569 (Figure 45). However, both patients had other periods of symptoms but did not show 

elevated TNFα levels in the urines. The TNFα concentration profile for patient UTI337 was 

similar to that of the IL-12 profile. Very low levels of this protein are seen across the 

symptomatic patients. This is likely due to the healthy average adjustment, as this was one of 

the proteins which showed a marked lower average concentration in the patients’ urines 

compared to the healthy controls (Figure 34, p.142). 

IFNγ 

Finally, the peak levels of IFNγ did not appear to correlate with any symptomatic episodes 

(Figure 46). IFNγ did have a tendency to increase shortly after a symptomatic episode in a 

few cases. However, the concentrations were generally too low to have any significance. As 

with TNFα, this protein shows consistently low concentrations due to the healthy adjustment, 
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as this protein was also seen at higher levels in healthy urine than in patients (Figure 34, 

p.142). 

These data taken together show that there is huge variability in the immune response between 

patients and even within patients as individuals. However, it is clear that of the proteins 

measured in this study, there is no single immune marker that consistently shows marked 

elevation before symptomatic episodes. It is possible that there may be a combination of 

protein patterns which may be able to predict episodes of symptoms. For this it is therefore 

necessary to observe periods of symptomatic episodes alongside elevations in all the urinary 

proteins together.  



151 

 

 

Figure 37. IL-1β concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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Figure 38. IL-4 concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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Figure 39. IL-5 concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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Figure 40. IL-6 concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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Figure 41. IL-8 concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID.  
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Figure 42. IL-10 concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 

  



157 

 

 

Figure 43. IL-12 p70 concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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Figure 44. IL-17A concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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Figure 45. TNFα concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic  

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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Figure 46. IFNγ concentrations in all patients who experienced symptomatic episodes during the study. 

Purple line indicates the concentration (pg/ml) of protein in the urine. Green bars indicate symptomatic 

episodes, defined as a positive urine sample being submitted within 3 days of the study sample being  

collected. ‘D’ is the study donation number, ‘UTI’ is the patient’s anonymised study ID. 
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7.5. Conclusions 

The urine and blood analysis outlined in this chapter gives a better look at the hosts reaction 

to the long-term colonisation of the bladder and how their body is coping with this. The blood 

analysis provided insight into the study patients’ general well-being, with special regard to 

their urinary health. An interesting finding from the blood results is that a large proportion of 

patients were vitamin D deficient. It has been shown previously that low levels of circulating 

vitamin D can be associated with an increased risk of urinary disease 79–81. Thus it may be 

worth HCPs strongly recommending vitamin D supplementations to any patients with low 

levels of vitamin D in the blood, as this could be an explanation for why some of this patient 

cohort are suffering from such a disorder to begin with. Whether this would have an impact 

on improved UTI outcome would need further investigation. Early evidence suggests it may 

have some benefit to patients who suffer from UTIs 224. One element of data that was not 

collected in this study was the vitamin D status of the healthy controls. This could be an 

important explanation for some of the observations made regarding their urinary cytokine 

concentrations as well as the bacterial presence previously mentioned. Bloods were not 

collected from healthy participants due to ethical and time restrictions. However, future 

studies should certainly consider collecting this information in order to check this potential 

explanation for any variabilities observed. 

The blood analysis also revealed that the only 3 study samples with detectable levels of 

glucose reported on the dipstick shows growth of P. mirabilis. There seems to be no obvious 

link between diabetic patients and P. mirabilis infection in the literature. However, in this 

study all samples which returned a positive reading of glucose on the dipstick analysis 

contained P. mirabilis, suggesting some kind of link. Perhaps the pathogen survives 

especially well in the presence of glucose, which could make it a particular threat to patients 

with poorly controlled diabetes. This is just 3 samples of course, so would need further 

investigation in other glucose-positive urine samples to analyse the significance. 

Basic dipstick analysis of the study urine samples reveals that these patients appear to have 

slightly poorer overall kidney health compared to age-similar controls. They also had higher 

levels of blood in the urine than was seen in the healthy controls. These results are to be 

expected as they are likely to be caused by both the direct action of the invading pathogens as 

well as the subsequent inflammation and damage this will cause within the urinary tract. It is 

this inflammatory response that was further analysed in this chapter. By quantifying the 
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outcomes of the dipstick analysis, it was possible to assign each study urine sample a dipstick 

score, this gave an idea of overall sample health. By analysing these dipstick scores along 

with the HCP outcomes of the dipstick (positive for nitrites and leukocytes), it was possible 

to see that neither of these are able to reliably predict or even necessarily diagnose periods of 

symptomatic UTI. This lack of reliability is also beginning to be seen within the literature and 

care guidelines 28,68,216. 

Extensive cytokine analysis was performed on all study urine samples from both patients and 

healthy controls. This provided a vast database of information of the immune responses 

within the bladders of people of this age group who both did and did not suffer from long-

term bladder colonisation. There was enormous variation in the immune protein 

concentrations within the patients themselves over time and between the patients as a whole. 

This variation was also seen when all proteins were analysed together alongside periods of 

symptoms. This suggests that different symptomatic infections can produce very different 

immune responses within different patients. This could be down to the quantity and diversity 

of pathogens being carried within the bladder and the length of time such colonisation has 

been present. As this long-term carriage may desensitise certain aspects of the immune 

response due to constant activation. 

Analysing the data of protein concentrations over time together with the symptomatic 

episodes provides an interesting overview of the immune protein profiles over time in 

patients with defined symptomatic episodes, but it does not produce any consistent 

correlations in the data. Whilst there are some correlations of protein concentration increases 

with symptomatic episodes, there are far more examples of where these correlations do not 

occur. There are no clear patterns in the cytokine data to suggest they would be useful for 

predicting symptomatic episodes. There are many more immune proteins that could be 

further analysed in urines which may indeed increase or drop in concentration prior to 

symptoms, but none of the proteins analysed in this project have provided robust evidence for 

taking forward as a potential predictive biomarker. 
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Chapter 8. Cumulative Study Analysis 

By analysing the clinical, bacterial and host aspects collected during the study it has been 

possible to get an overview of the patients and their urinary health status. The previous 

chapters have explored each aspect individually. Analysis has been done within patients over 

time by analysing potential changes around periods of symptoms. In this chapter all these 

parameters will be brought together to analyse the whole study database in a cross-cutting 

manner. This will allow visualisation of potential correlations from different sides of the 

study analysis.  

To perform this analysis, by taking all urine samples as individuals, the study database as a 

whole was subjected to statistical analysis to explore potential trends in the data. By doing 

this, samples can be segmented without losing the sample size (n=360) to power such 

statistical analysis. Appendix 9 (p.223) to Appendix 38 (p.252) give full profiles of all study 

analysis for each of the individual patients, which can be referred to for further detail 

throughout this chapter. 

The chapter will then go on to explore any observations which can be made when compiling 

study data. This will involve bringing all aspects of the analyses together from previous 

chapters. This will also look into any trends which can be seen around the alternative 

definitions of symptoms. 

 

8.1. Total Scores of All Study Samples 

In order to analyse the study database for statistical differences it was essential to normalise 

all the samples in a way that made them comparable to each other. This would allow analysis 

of all 360 samples as individuals, giving the sample size to power statistical comparison. In 

order to achieve this a ‘total score’ was calculated for each study sample based on all aspects 

of the study. The total score, therefore, reflected basic, clinical, host and microbial 

information (Table 6, p.58). This total score provides a summary of sample health, with a 

higher score indicating more of a divergence from an expected healthy outcome. A score of 0 

would suggest a healthy outcome from all study factors, which is highlighted when 

comparing the total scores from patients’ samples and healthy control samples (Figure 47), 

giving a statistically significant difference in scores (p<0.0001). 
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Upon calculation of the total scores for each study sample it is then possible to break down 

the database and run statistical analysis on the various sub-categories and ask specific 

questions with respect to sample health. This allows for comparisons to be made upon the 

many different aspects of the study analysis. 

8.1.1. Basic Patient Data 

Gender 

A statistically significant difference can be seen in the total scores from female and male 

patients from the study (p=0.0012) (Figure 48A). UTIs are much more common in women 

than men 26,207. A potential explanation for the difference is that it is possible when bacteria 

are able to successfully colonise the male bladder the resulting interactions are more stable 

and less harmful than those seen in the female bladder. This could suggest that bacteria found 

in male urinary tracts are more capable at avoiding activation of the patient's immune 

response and avoiding symptoms. Bacteria from the gut travelling periurethrally to the 

urethra have much further to travel in order to reach the male bladder than the female bladder 

59,60 (Figure 1B and C, p.17). Thus, perhaps the ones that are successful are far better adapted 

to surviving undisturbed within the urinary tract once they are there. However, when splitting 

the average cytokine concentrations by sex, no significant differences were seen between the 

female and male averages for any of the measured proteins (Appendix 8, p.222). 

Age 

When total scores are broken down by different age groups of patients in the study it can be 

seen that all age groups are statistically significant to those from patients aged 75-79 years (p-

values given in Appendix 7, p.221) (Figure 48B). This suggests patients of this age range are 

more likely to have poorer sample health compared to those older and younger than them. It 

might have been expected that sample health would degenerate the older the patient. 

However, it is known that the average life expectancy in the UK is 81.2 years 225. Thus, one 

potential explanation for this observation is that people older than this are intrinsically better 

suited to survival and are therefore better at coping with disturbances within the body such as 

UTIs. Thus it could be that internal coping mechanisms within older patients that are 

preventing the scores from being higher, perhaps by modulation of more efficient action of 

their immune responses. 
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Impact of Diabetes and UTI Severity 

There were no significant differences seen between diabetic patients (p=0.366) (Figure 48C). 

This suggests that this disease does not impact sample health. However, the lack of a 

difference could be due to the diabetic patients within the study successfully managing their 

disease, therefore leading to no marked differences within the urine of diabetic patients and 

non-diabetic patients. Patients with poorly controlled diabetes may indeed have a very 

different sample health and with the correct ethics in place this is a testable hypothesis. The 3 

samples within the study with detectable glucose within the urine, suggesting unsuccessful 

diabetes management at that time 64, from patients UTI100 at D10, UTI138 at D12 and 

UTI414 at D1 gave total scores of 14, 21 and 18 respectively. These are all relatively close to, 

if perhaps a little higher than, the average total scores for both diabetic (15.9) and non-

diabetic (15.2) patient samples. All 3 of these patients stated that they were diabetic at 

recruitment. 

There were also no statistical differences between patients who claimed to suffer from 

different types of disease severity (p-values given in Appendix 7, p.221) (Figure 48D). This 

suggests there is variable sample health for all different types for UTI severity and that it is 

not just specific to patients with one sub group of symptom types. It may also suggest that 

patients are not always consistent at reporting their most common UTI symptoms, which 

could be a psychological difference of how different patients perceive symptom severity. 
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Figure 47. Total scores from all patient and healthy control samples. 
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Figure 48. Total scores broken down by aspects of the basic patient data. ‘A’ Shows the total score of all 

samples from female and male patients (n=360). ‘B’ shows the scores segmented by the age of patients at 

recruitment (n=360). ‘C’ shows scores from diabetic and non-diabetic patients (n=360). ‘D’ breaks down 

the total scores from patients based on the perceived level of UTI symptom severity they usually suffer from 

(discussed in section 5.1) (n=360). 
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8.1.2. Clinical Patient Data 

As would perhaps be expected samples where the patients felt they were suffering from a 

UTI had significantly higher total scores to those from samples where they did not 

(p<0.0001) (Figure 49A). This significant difference potentially supports using the self-

declared UTI as a potential definition for symptomatic episodes. A large proportion of the 

total score is based on the symptoms scores that patients gave on a questionnaire. Therefore, 

it is logical that patients who felt they were suffering from a UTI would give higher scores to 

each of the symptom questions, which could be responsible for weighting their scores.  

A significant difference (p<0.0001) was also seen between samples with a positive and 

negative HCP outcome (Figure 49B). This indicates that a positive dipstick outcome is not 

only an indicator of a possible urinary tract infection, but also potentially a good indicator of 

patient and sample health 28,216. This also suggests that a positive HCP outcome could be used 

as a potential definition of a symptomatic episode. However, it has been shown previously 

that a positive HCP outcome does not always align with urinary symptoms (Figure 32, 

p.136). Despite Figure 49A and Figure 49B looking very similar, of the samples with self-

declared UTIs (n=62) and the positive HCP outcomes (n=64), only around half of these 

matched (n=27). Thus, demonstrating a lack of agreement between when a patient may feel 

they have a UTI and when a HCP would define a UTI. This may be due to a potential lack of 

reliability in patients accurately reporting symptoms and self-diagnosing based on diffuse 

urinary symptoms. 

Samples from patients who had handed in a positive urine sample to their doctor within 3 

days were statistically more likely to have a higher total score (p=0.002) (Figure 49C). This is 

a breakdown which is not influenced by any other factor in the study, making this difference 

very important. This therefore further supports the decision for choosing this to be the criteria 

used to define periods of symptoms in earlier chapters. 

Interestingly, no significant difference was seen between samples in which the patient 

received antibiotics to treat a UTI within 3 days of the study sample being collected and those 

that were not being treated (p=0.305) (Figure 49D). This might suggest one of two possible 

scenarios that the treatments being given to these patients are not benefitting them and 

causing an improvement to their sample health. Alternatively, it could suggest that the 

treatments do in fact improve the sample and therefore patient health. Further work would be 

needed in order to make this distinction.  
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Figure 49. Total scores broken down by patients’ clinical data. ‘A’ Shows the total score from samples  

where patients declared on the study questionnaire that they felt they had a UTI at the time of sampling  

and those that did not (n=360). ‘B’ shows the scores segmented by whether the patient received antibiotic 

treatment for a UTI within 3 days of the study sample (n=360). ‘C’ shows the scores segmented by whether 

a positive urine sample was received by the NHS within 3 days of the study sample (n=360). ‘D’ shows  

scores from samples which returned a positive and negative HCP outcome on the dipstick (n=360). 
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8.1.3. Bacterial Data 

Samples which contained E. coli showed a statistically higher total score to those that did not 

contain E. coli (p<0.0001) (Figure 50A). This difference was also seen in samples with 

diagnostic loads of E. coli, where the box-plots show even less interquartile range overlap 

(p<0.0001) (Figure 50B). These data suggest that E. coli in the urine of patients indicated a 

poorer sample health. However, it is important to keep in mind that E. coli analysis 

contributed to the bacterial aspect of the total score. Thus, other bacteria were not quantified 

here and samples clear of E. coli would almost always give a lower score. Thus, to test this 

significance the total scores from samples with varying E. coli load were broken down 

(Figure 50C). Interestingly, there is still a statistically significant difference between all 3 

cohorts (p-values given in Appendix 7, p.221). This further suggests that E. coli presence in 

the urine, especially at diagnostic quantities, does cause a deterioration in sample health. 

A significant difference was also seen between motile and non-motile E. coli strains, samples 

containing non-motile E. coli gave significantly higher total scores (p=0.001) (Figure 50D). 

For this analysis only scores from samples containing E. coli were used (n=184) as including 

scores from samples clear of E. coli would skew the data and prevent a reliable comparison to 

be made. This suggests that non-motile strains are responsible for a reduction in sample 

health. This could potentially be due to motile strains of E. coli somehow being better able to 

subvert detection by the host and avoid immune activation, which could in turn potentially 

prevent urinary symptoms. 

By asking the database if there was any variation in the total score of samples with high 

levels of antibiotic resistance, it was possible to see no significant differences between 

samples with 1 or no resistances and those with 2 or more (p=0.073) (Figure 50E). This may 

suggest that, despite some bacteria having a survival advantage of antibiotic resistances, they 

are not necessarily responsible for a more aggressive disease phenotype which could lead 

negative effects on the patient’s health indicated by a higher total score. In agreement with 

this observation, studies have shown that more virulent strains of E. coli are more often 

associated with antibiotic susceptibility 226,227.   
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Figure 50. Total scores broken down by E. coli data. ‘A’ Shows the total score from samples which did and 

did not contain any amount of E. coli (n=360). ‘B’ shows the scores from samples which contained 

diagnostic loads of E. coli (>105 CFU/ml) (n=360). ‘C’ shows the scores segmented by the load of E. coli in 

the sample (n=360). ‘D’ shows scores from samples which contained motile and non-motile E. coli (n=184). 

‘E’ shows scores from samples which contained E. coli that was resistant to 2 or more of the antibiotics  

tested and those that were only resistant to 1 or less (n=184).  
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8.2. Cytokines, Alternative Symptom Definitions and E. coli Load 

Previously, in section 7.4.3 the symptom definition of a positive urine sample being received 

by the NHS within 3 days of the study sample being collected was analysed against the 

measured cytokine concentration over time. In this section the cytokine data will be analysed 

alongside all the alternative definitions for a symptomatic episode as have been discussed in 

section 5.2. These definitions are; 

a) A study urine with a positive HCP outcome 

b) Self-declared UTIs by the patients at the time of sampling 

c) Antibiotic treatment being taken for a UTI within 3 days of the study sample 

In addition to this the changes in cytokine concentrations will also be analysed with respect to 

the presence of diagnostic loads of E. coli in the urine. Due to the large volume of data 

generated, each cytokine was initially analysed individually in order to begin to visualise the 

data. 

By visualising changes in IL-1β alongside all possible definitions of symptomatic episodes, 

small observations can be made. However, no trends appear to be consistent or reliable across 

patients and even within individuals. This appeared to be similar for all measured cytokines 

in this study Appendix 39 (p.253) to Appendix 47 (p.261). For this reason, IL-1β only will be 

discussed in relative detail here as an example of the types of observations being made across 

all the proteins measured. 

Colonisation of the bladder with a diagnostic load of E. coli appears to match with the peak in 

IL-1β concentration in patient UTI115 (Figure 51). UTI337 shows the best correlation with 

HCP positive outcomes and peaks in IL-1β concentrations, which also align with the self-

declared symptomatic UTIs (Figure 51). Apart from the first IL-1β peak in patient UTI337, 

the later trends to not align with a positive urine sample received by the NHS, the previously 

used definition for symptoms. A similar trend to this was also seen in patient UTI536. 

Patients UTI365, 531 and 781 also show some correlation with a positive HCP outcome and 

increases in IL-1β concentrations. Patient UTI383 shows alignment of IL-1β concentration 

and HCP outcome at D4. However, the positive dipstick outcome continues in donations 5, 6 

and 7 but the IL-1β concentrations are lower here. At these later donations patient UTI383 

appeared to lose S. aureus from the urine (Figure 19, p.101), suggesting this pathogen may 

have been causing the IL-1β increases. However, S. aureus returns later on in this patient and 
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does not correlate to elevations in IL-1β. In patient UTI 468 a positive HCP outcome aligns 

well with peaks in IL-1β at donations 1, 2 and 12 (Figure 51). However, there are also peaks 

in the protein concentration at donations 8 and 10 which do not show a positive HCP 

outcome and these do not appear to align with any marked changes in the presence of other 

pathogens in the urine (Figure 19). There are also several patients in which the HCP outcome 

does not align with changes in the IL-1β concentration, such as patients UTI115, 266, 562, 

675 and 924. 

Patients’ self-declaration of a symptomatic UTI showed some alignment with increases in IL-

1β concentrations, for example in patient UTI899. The first peak aligns with the only NHS-

perspective symptomatic episode. Patients UTI138, 236, 383, 414 and 569 believe they have 

a UTI on most occasions when the IL-1β concentration in their urine increases. However, all 

of these patients declare that they feel they have a UTI on other occasions where their IL-1β 

concentrations do not peak. There are, however, many patients where the self-declared UTIs 

did not align with fluctuations in IL-1β, for example in patients UTI365, 562, 675, 726 and 

781. 

In patient UTI236 a gap in their antibiotic treatment between donations 1 and 3, appeared to 

align with an increase in IL-1β concentration in their urine. This peak in IL-1β also correlates 

with the NHS-positive symptomatic episode seen in patient UTI236. There are other 

examples of patients whereby IL-1β is found at lower concentrations throughout treatment 

duration. For example, this can be seen in patients UTI562, 755 and 899. It can also be seen 

on several occasions where prophylactic antibiotic treatment was not sufficient to prevent 

peaks in IL-1β concentration. For example, this can be seen in patients UTI115, 365, 524 and 

675. 

In addition to trends in the cytokine changes, visualising the data in this way also allowed 

comparison between of the NHS-positive urine samples, bacterial load, HCP outcome, self-

declared UTI and treatment data. For example, patient UTI337 had 4 occasions during the 

study in which the dipstick was positive for both nitrites and leukocytes, these all matched 

with the 4 self-declared UTI episodes the patient suffered. Two of these also aligned with full 

diagnostic loads of E. coli and one aligned with an NHS-positive urine sample. However, this 

correlation was not seen in other patients. In patients 236 and 569 an NHS-positive urine 

sample appeared to align with gaps in antibiotic treatment. Positive urine samples were 

submitted to the NHS after diagnostic loads of E. coli appeared to be cleared from the urine 
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in patients UTI337, 365 and 569, not necessarily due to treatment. These observations could 

suggest that these patients’ bladders are reacting to a more aggressive pathogen. All periods 

where NHS-positive urine samples were submitted align with Enterococcus faecalis 

colonisation in these patients, which could suggest this pathogen is responsible for causing 

the ill-effect (Figure 19, p.101). 

Interestingly, it can also be observed that a full diagnostic load of E. coli in the urine did not 

always correlate with a positive HCP outcome on the dipstick. For example, in patients 

UTI468, 726, 781 and 899, which calls into question the reliability of the dipstick to identify 

samples containing diagnostic bacterial loads. Visualisation of the different definitions for 

symptomatic episodes shows the lack of agreement between them. This highlights one of the 

biggest issues with such a study, is the difficulty of defining a symptomatic episode as none 

appear to be consistent or reliable. 

In order to best display the observations being made with regards to the cytokine 

concentrations and different symptom definitions, patient case examples will be used for the 

next section of analysis. This is due to the large amount of data being displayed in Figure 51 

and Appendix 39 (p.253) to Appendix 47 (p.261) making it hard to observe trends. This will 

also allow for multiple cytokine concentrations to be visualised together.  
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Figure 51. IL-1β concentrations compared to E. coli load, HCP outcome and periods of antibiotic treatment. 

‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows if the 

dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where patients  

felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ row indicates  

if the patients’ received antibiotic treatment within 3 days of the study donation. Green columns indicated 

samples which were collected within 3 days of a positive urine sample being received by the NHS. 
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8.3. Patient Case Examples 

As discussed in section 8.2 some trends could be seen within the cytokine data when 

compared to the different symptomatic definition. For these analyses each definition will be 

analysed in detail and patient case examples will be given to display the points of 

observation. For ease of reading, therefore, some data will need to be repeated across Figure 

52 to Figure 57. Case examples will also be used to display observations made about the 

timing of cytokine concentration fluctuations. 

8.3.1. Diagnostic E. coli Load 

In order to demonstrate some of the trends between the cytokine concentrations and the E. 

coli load data, patients UTI531, 562, 726 and 781 will be used as case examples. Patient 

UTI531 saw peaks in IL-4, IL-5, IL-10, IL-12 and IL-17 at D6 towards the end of a long-term 

colonisation with E. coli strain ST420 (Figure 23; p.113 and Figure 52). After a short gap at 

D7 where diagnostic loads were not isolated, ST420 returns at full loads at D8, however this 

time a different cytokine profile is seen, with only peaks in IL-5 and IL-8 concentrations. Of 

the cytokines shown here, with the exception of IL-5, most proteins were found at lower 

levels during the gap in diagnostic E. coli load at D7. This patient did not receive antibiotic 

treatment for a UTI for the study duration. This could therefore suggest that the combination 

of cytokines seen peaking at D6 were sufficient to clear the full load of E. coli strain ST420 

from the bladder of this patient. However, the subsequent dips in the immune proteins 

appears to allow the strain to re-establish for the remainder of the study. Further rises in these 

cytokines at D10 do not appear to be sufficient to clear the bladder again. 

Patient UTI562 also sees peaks in cytokine concentration before a full load of E. coli is 

cleared from the bladder. The combination of proteins seen in this patient are IL-1β, IL-5 and 

IL-10 (Figure 52). Alongside a course of trimethoprim this appeared to be successful in 

clearing the colonising E. coli from the bladder for the rest of the study duration (Appendix 

24, p.238). Which could suggest that the combination of treatment and increased immune 

response was effective at clearing the bladder. Perhaps explaining why this was not sufficient 

in keeping the E. coli from returning in patient UTI531. 

A peak in the concentration of IL-1β and IL-10 in the bladder of patient UTI726 at D6 

appeared to clear the diagnostic load of E. coli from the bladder without the aid of antibiotics 

(Figure 52 and Appendix 29, p.242). However, the same E. coli strain appears to return at D8, 
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ST73 (Figure 23, p.113). The patient is given a short course of trimethoprim which appears to 

be unsuccessful at clearing this colonisation (Appendix 29, p.243). Increases in the 

concentrations of IL-1β, IL-4, IL-5 and IL-6 at D9 do appear to clear this diagnostic load of 

ST73 (Figure 23; p.113 and Figure 52). As was seen in patient UTI531, however, the strain 

appears to return to diagnostic loads shortly afterwards. This could suggest that if the 

treatment was given when the immune response was also being activated it could have been 

more successful at clearing the long-term infection, as was seen in patient UTI562.  

At D6 and D7 in patient UTI781 increases in the concentrations of IL-5, IL-10, IL-12, IL-17 

and IFNγ appear to help clear the diagnostic load of E. coli from the bladder by D8 (Figure 

52). This patient does not receive antibiotic treatment for the duration of the study (Appendix 

31, p.245). However, the same strain returns at D9, ST73 (Figure 23, p.113). Ongoing 

elevations in the listed cytokines plus IL-1β and IL-4, appear to prevent the strain from re-

establishing for several weeks. However, the strain does appear again at low levels by D12 

(Figure 27, p.122). 

These data taken together may suggest that treating a patient when their immune response is 

also being activated, is a more effective method of clearing long-term colonisation from the 

bladder.  However, the protein profiles of activation are very different between different 

patients. 

IL8 Concentrations 

One of the observations made when looking through the cytokine data with respect to the 

pathogens identified was that the majority of proteins showed some correlations with E. coli 

load. One exception to this was IL-8, which appeared to show relatively few correlations with 

the E. coli load and appeared to be more influenced by the changing presence of other 

pathogens within the urine, especially Enterococcus faecalis.  

For example, in patient UTI100 Enterococcus faecalis disappears entirely at D7, leaving just 

P. mirabilis in the urine (Figure 19, p.101). This aligns with a large spike in IL-8 

concentrations (Appendix 9, p.223). This pathogen loss may have caused the immune system 

to suddenly increase. At D8 the Enterococcus faecalis returns and the IL-8 concentrations 

returns to a low level. This may suggest that Enterococcus faecalis may be supressing the IL-

8 immune response in some way in this patient. Other examples of where the loss of 

Enterococcus faecalis appears to cause a peak in IL-8, can be seen in patients UTI218 D3 and 

UTI376 D8 (Appendix 13; p.227 and Appendix 19; p.233). 
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There are also examples of patients where Enterococcus faecalis appears at the time of an IL-

8 peak too, such as patients UTI337 D11 and UTI726 D3 (Appendix 16; p.230 and Appendix 

29; p.243). There are other large peaks in IL-8 associated with the appearance of new 

pathogens in the urine. For example, Streptococcus agalactiae appears at D7 in patient 

UTI236 (Appendix 14; p.228), S. aureus appears at D2 in patient UTI266 (Appendix 15; 

p.229) and C. albicans and Streptococcus agalactiae appear at D8 and D11 respectively in 

patient UTI891 (Appendix 34; p.248). 

In patient UTI236, the treatment courses at D1 and D3 appear to lower the IL-8 concentration 

of the urine, which is outlined by a peak in the protein seen at D2 (Appendix 14, p.228). This 

is also highlighted by treatment cessation after D1 in patient UTI266, which appears to lead 

to a gradual increase in IL-8 concentrations in their urine (Appendix 15, p.229). Perhaps 

suggesting that the immune activating pathogen has been able to return. This could be being 

caused by the appearance of either S. aureus at D2 or Streptococcus agalactiae at D3 in 

patient UTI266 (Figure 19, p.101). In patient UTI562, E. coli disappears from the urine at D3 

and appears to be replaced by Enterococcus faecalis, S. aureus and C. albicans, which causes 

an increase in IL-8 (Figure 19 and Appendix 26, p.240). The IL-8 peak at D3 in patient 

UTI726 correlates with a new colonisation with Enterococcus faecalis (Appendix 29, p.243). 

However, the opposite can be seen in this patient at D8, where Enterococcus faecalis, 

Streptococcus agalactiae and S. aureus, are lost from the urine leaving just E. coli and C. 

albicans at the time where IL-8 concentrations increase.  

These observations suggest that IL-8 concentrations within the urine may be more influenced 

by the changing colonisation of pathogens other than E. coli within the bladder. This was 

observed for IL-8 far more than for the other measured cytokines. Pathogens such as 

Enterococcus faecalis appear to be largely responsible for IL-8 fluctuations. This may 

suggest that Enterococcus faecalis could be an important focus of future analysis performed 

on the study biobank.
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Figure 52. Patient case examples for trends in cytokine concentrations and diagnostic loads of E. coli.  



180 

 

8.3.2. Positive HCP outcome 

A positive HCP outcome is when a sample gave a positive result of both nitrites and 

leukocytes from the urinary dipstick. This result would generally cause a HCP to send a 

sample to an HNS lab for urinalysis to investigate whether the patient had a UTI. To observe 

trends in the cytokine concentrations collected in this study and positive HCP outcomes, 

patients UTI138, 236, 337, 376 and 468 will be used as case examples. 

Peaks in IL-1β, IL-10 and IL-17 in patient UTI138 appear to correlate throughout the study 

relatively well with positive HCP outcomes of the samples (Figure 53). IL-10 appears to 

begin to rise slightly before a positive HCP outcome compared to the other cytokines listed. 

Despite this varying level of immune activation as well as detectible nitrite and leukocyte 

levels within the urine, at no point in the study did the patient submit a urine sample to their 

GP. This suggests that they did not experience UTI symptoms throughout. 

Patient UTI236 shows marked increases in the concentration of IL-1β, IL-5 and IL-6 at D2 

which is accompanied by a positive HCP outcome (Figure 53). However, the same outcome 

at D3 shows no such increases in the listed cytokines. This demonstrates the enormous 

variability and inconsistency of immune activation seen in the vast majority of study patients 

during the study. This suggests that, despite an apparently identical dipstick outcome, the 

overall situation within the bladder can be very different, even within the same patient. This 

variation in cytokine profile, with a continued positive HCP outcome can be further 

demonstrated in D1-3 in patient 376 (Figure 53). 

Patients UTI337 and 468 show a degree of correlation in the concentrations of certain 

cytokines with positive HCP outcome from the urinary dipstick (Figure 53). However, the 

combination and concentrations of the proteins being released appears to vary each time 

within both patients. Both patients experienced long-term stable colonisation with E. coli 

strain ST73 (Figure 23, p.113). This suggests that patients do not always exhibit the same 

response to colonisation and even stable colonisation with the same bacteria can cause 

sporadic fluctuations in immune activation.  
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Figure 53. Patient case examples for trends in cytokine concentrations and positive HCP outcomes on the 

urinary dipstick. 
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8.3.3. Self-declared UTIs 

Within the study questionnaire, patients were given the opportunity to state if they felt they 

were suffering from a UTI at the time the study sample was taken. Comparing these self-

declared UTIs with fluctuations in the measured cytokines, allows a more patient-focussed 

method of analysing changes within their bladders. In order to demonstrate some of these 

changes, patients UTI236, 337, 414, 569 and 899 will be used as case examples. 

Concentrations of IL-1β, IL-5 and IL-6 peak at D2 in patient UTI236, which is also a time 

when they state they feel they are suffering from a UTI (Figure 54). However, they also state 

this at D1 and only IL-1β appears to be increased of these 3 cytokines. This could suggest 

that IL-1β is responsible for causing the UTI symptoms recognised by the patient. However, 

a similar rise in IL-1β later in the study does not lead to another self-declared UTI. 

Patients UTI337 and 899 show relatively tight correlation of increases in the listed cytokines 

with occasions when the patient states they felt they had a UTI (Figure 54). However, the 

combination and magnitude of these is different between the patients and even within the 

individual patients. This makes it difficult to know if it is these increases that are responsible 

for the patients feeling like they have a UTI. 

UTI414 and 569 are examples of patients feeling like they have a UTI for a long period of the 

study. In patient UTI414 this is from D2 to D4 and in UTI569, from D4 to D6 (Figure 54). It 

is clear in both patients, however, the immune activation appears to be greatly varied 

throughout this time. These examples further demonstrate the variability within the bladders 

of patients who feel they are suffering from a UTI. 

These data outline the difficulty in narrowing down a single protein or combination of 

proteins which could be responsible for causing patients to feel symptoms. They also 

demonstrate how different bladder environments can be within this patient group during 

periods of reported symptoms.  
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Figure 54. Patient case examples for trends in cytokine concentrations and patients self-declaring they feel 

they have a UTI at the time of sampling on the study questionnaire.  



184 

 

8.3.4. Antibiotic Treatment 

It might be assumed that antibiotic treatment would cause an overall reduction in immune 

activation as bacteria are cleared from the bladder and symptoms are prevented. However, as 

concluded previous to this, it seems that in several of the study patients, treatment is not 

always successful at clearing the pathogenic colonisation or reliable at preventing symptoms. 

In line with these observations it was often seen that cytokine concentrations would show 

fluctuations even during periods of antibiotic treatment. Patients UTI218, 337, 414, 468, 562 

and 899 will be used as case examples to highlight these observations. 

UTI218 sees a large elevation in both IL-12 and IL-17 at D1 when the patient is treated with 

trimethoprim (Figure 55 and Appendix 13, p.227). Antibiotic treatment continues to the 

second donation, however, the protein concentrations are greatly decreased. This may suggest 

that the treatment was able to clear the pathogen causing this immune activation. 

Enterococcus faecalis is present in this patient at D1 but not present at D2, perhaps 

suggesting this is responsible (Figure 19, p.101). However, Enterococcus faecalis returns at 

D4 but does not appear to affect the cytokine concentrations. A similar observation in the 

cytokine concentrations can be made in patient UTI337 at D6 and D7 (Figure 55). During this 

time the patient is receiving cephalexin treatment (Appendix 16, p.230). However, unlike in 

patient UTI218 no such change in the isolated pathogens could be seen (Figure 19). These 

data suggest that the immune activation is not being directly affected by differing pathogens 

in the bladders of these patients.  

In patient UTI899 elevations in IL-5, IL12 and IFNγ concentrations appear to align with 

antibiotic treatment courses (Figure 55). Patients UTI468 and 562 appear to have elevated 

concentrations of the listed cytokines at the first treatment course, but these elevations are not 

subsequently seen at the second course. In both patients the first occasion sees only the 

colonisation with E. coli and the second with polymicrobial colonisation (Figure 19). This 

might suggest that polymicrobial colonisation may lead to an overall lower immune 

activation in these patients, perhaps due to desensitisation of the immune response to 

increased activation by multiple pathogens. This is certainly not a consistent observation 

however, as for example, in patient UTI414, there are elevations in IL-6 and IL-10 at D2 

where they have polymicrobial colonisation with both P. mirabilis and C. albicans (Figure 55 

and Figure 19). 



185 

 

In section 8.3.1 it was suggested that treatment at times of increased immune activation 

within a patient may be a more successful means of clearing a bladder of long-term 

colonisation. However, the case examples given here suggest that this is not necessarily 

observed within patients. When looking at the colonisation status of these patients after 

periods of antibiotic treatment and high levels of immune activation there seems to be no 

distinct pattern in clearance of the bladder (Figure 19 and Figure 23, p.113). For example, 

patient UTI899 is treated with trimethoprim at D2 at the same time they have high levels of 

IL-5, IL12 and IFNγ within the bladder (Figure 55 and Appendix 35, p.249). This appears to 

give rise to colonisation with E. coli strain ST73, which remains in their bladder for the 

remainder of the study (Figure 23). 
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Figure 55. Patient case examples for trends in cytokine concentrations and antibiotic treatment for a UTI. 
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Prophylactic Treatment 

As can be seen to some degree in Figure 55 in patients UTI337 and 414, long-term antibiotic 

treatment is not always effective at keeping the immune response from fluctuating. Patients 

UTI115, 524 and 675 will be used to further demonstrate this observation (Figure 56). All 3 

patients were receiving prophylactic courses of antibiotics and all had regular isolation of E. 

coli from their study samples (Figure 23, p.113). Patient UTI115 received 2 prophylactic 

courses of cephalexin, separated by a short course of trimethoprim at D7 (Appendix 10, 

p.224). Patient UTI524 received nitrofurantoin until D4 then switched to a course of 

trimethoprim from D5 onwards (Appendix 23, p.237). Finally, patient UTI received 

prophylactic nitrofurantoin from D3 onwards (Appendix 28, p.242). So despite a variety of 

different prophylactic drugs being prescribed, huge fluctuations in immune activation can be 

seen within these patients (Figure 56). There appears to be no distinct pattern caused by the 

different antibiotics. This can be clearly demonstrated by patient UTI524, who received 2 

adjacent courses of different antibiotics, yet appear to see a similar level of protein 

fluctuation for both (Figure 56). These data may suggest that prophylactic courses of 

antibiotics are not sufficient in preventing immune activation in patients with persistent 

bladder colonisation. 
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Figure 56. Patient case examples for trends in cytokine concentrations and prophylactic antibiotic 

treatment for a UTI.  
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8.3.5. Timing of Cytokine Fluctuations 

In section 8.3.2, patient UTI138 appeared to have rising levels of IL-10 at the donation before 

a positive HCP outcome was seen within the urine on 3 separate occasions (Figure 53, p181). 

Similar observations of changes in protein levels both before and after changes in bacterial 

load, HCP outcome, self-declared UTIs and treatment were seen in a large number of study 

patients. To demonstrate some of these observations, patients UTI337, 569, 675, 840 and 899 

will be used as case examples. 

Patient UTI337 appeared to have a full load of E. coli at D1 which was followed by a strong 

immune reaction at D2 (Figure 57). At D2 they also submit a positive urine sample to the 

NHS, declare they have a UTI and produce a urine with a positive HCP outcome. On this 

occasion it appears that the immune activation is in response to the diagnostic load of E. coli 

and sufficient at reducing colonisation load (Figure 21, p107). A similar pattern can also be 

seen after the full loads of E. coli at D5 and D10 (Figure 57). This suggests that in this patient 

the E. coli colonisation is triggering the immune response to activate in order to attempt to 

clear the infection and the temporal aspect of the study allows us to see this activation over 

time. This patient felt they had a UTI at D11 even after the E. coli has been cleared from the 

bladder, likely due to the strong immune response being seen here. This could suggest that 

symptoms may in some cases, only become apparent after the infection has already been 

cleared by the immune system, making antibiotic treatment superfluous. 

Two periods of strong immune activation at D4 and D5 in patient UTI569 align with times 

when they took a positive urine sample to their GP (Figure 57). However, it is clear that the 

protein profiles were very different each time. Interestingly it was actually between these 

times when the patients saw diagnostic loads of E. coli and was treated for a UTI. This 

patient was fully colonised with E. coli strain ST3640 at D10 to D12 (Figure 21), they 

showed a positive HCP outcome and stated they felt they had a UTI at D10, by D11 the 

patient no longer suspected a UTI and by D12 the HCP outcome was no longer positive 

(Figure 57). This demonstrates the variation in clinical and subjective outcomes of a UTI 

with no apparent change in the bacterial colonisation. 

As seen in patient UTI569 D4, a strong immune activation appears to precede colonisation 

with a diagnostic load of E. coli and a positive HCP outcome at D12 in patient UTI675 

(Figure 57). This may suggest that these proteins could be able to predict these situations in 

this patients. However, their worth is questionable as the patient did not feel they had a UTI 
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at D12 nor did they take a urine sample to their GP (Appendix 28, p.242). Therefore, this is a 

case that the NHS would never have seen regardless, so predicting it would have likely 

caused confusion and perhaps unnecessary antibiotic treatment. 

UTI 840 and 899 show examples of patients where the immune response appears to be 

peaking shortly after a patients state they have a UTI (Figure 57). Immune proteins appear to 

be found at relatively low levels when patients state they have a UTI, which is unexpected as 

it would be assumed patient symptoms would be caused by immune activation and 

inflammation. This may highlight the issue with accurately diagnosing the cause of patient 

symptoms in this patients group. As symptoms can often be diffuse and have alternative 

causes in older patients 29. 

These data taken together suggest that there is no distinct pattern or trend in the measured 

cytokines with regards to predicting symptomatic infections, when using any of the possible 

definitions outlined here. There may be some trends which are patients specific, but would 

require continual monitoring to test their reliability to predict a symptomatic UTI in each 

separate patient. 
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Figure 57. Patient case 

examples for trends in 

cytokine concentrations  

with regards to their 

timing in relation to the 

various symptomatic 

definitions. 
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8.4. Conclusions 

In previous chapters, each of the individual study aspects have been analysed in detail. This 

chapter allowed for gathering all of these aspects together, allowing for cross sectional 

visualisation and data analysis. It was essential to perform this to see if different urinary 

components showed relevant correlation with one another. 

By giving a quantification to each of the study samples it became possible to analyse the 

whole database together and begin to analyse potential differences within the different study 

cohorts. This provided 360 individual samples for analysis, thus giving the sample sizes 

needed to power statistical analyses. The total score assigned to each study sample provided 

this quantification and gave an indication of sample health. A higher total score indicated a 

generally poorer sample health. 

By splitting the total scores down by the basic patient data it was possible to see that there 

were no significant differences between the sample health from diabetic and non-diabetic 

patients. Also no difference was seen between patients who chose different severities of their 

most common UTI symptoms. A statistical difference was however seen between total scores 

from male and female patients, with men showing a trend towards favourable sample health 

than women. One possible explanation for this is that the bacteria capable of travelling the 

relatively large distance from outside the body to the male bladder, are better adapted to 

survival within the urinary tract by avoiding activation of the patient's immune responses. 

This would give a lower total score from the host analysis perspective. Also this potential 

lack of activation may in turn prevent symptoms and thus give lower symptom scores, further 

lowering the total score. 

Another statistical difference that could be obtained from the basic patient data was from 

breaking down the total scores by patient age groups. There scores rose with age from 65 to 

79 years, after which they appeared to drop again. This could potentially be due to the older 

patients having better survival mechanisms and therefore perhaps being better able to cope 

with fluctuations in their homeostasis which UTIs may be responsible for. For example, they 

may have more efficient better immune activation perhaps preventing unnecessary 

inflammation and symptoms. 

Splitting the total scores down by aspects of the clinical data analysis, it was possible to see 

additional interesting differences within the data. As would perhaps be expected all samples 
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positive for the different definitions of a symptomatic episode produced a poorer sample 

health. These were when patients declared they had a UTI at the time of sampling, a sample 

with a positive dipstick score from a HCPs perspective and, the definition used in this project, 

of when a positive urine sample was received by the NHS within 3 days of the study sample 

being collected. However, a positive HCP outcome on the dipstick contributes 7-10 points to 

the overall score, thus some of the difference seen could be partially weighted towards a 

positive outcome (Table 3, p.49). Also, on questionnaires where patients declared they had a 

UTI they are logically more likely to give higher scores to the symptom questions outlined in 

section 5.2. This again could contribute to a weighting of the samples total score. The 

positive urine sample was a simple binary score of yes or no, thus the significance seen here 

is much more organic and unbiased. This therefore supports the decision for it to be chosen as 

the definition of a symptomatic episode thus far. 

Another interesting observation within the clinical data break down of the total scores was 

that no significant difference was seen between samples receiving antibiotic treatment and 

those that were. This suggests that whether a patient was receiving treatment or not did not 

impact the sample health score. This poses two possible explanations, the first being that 

treatment is effective at improving sample health, thus bringing the scores down to the level 

of those which were not being treated. Alternatively, it may suggest that antibiotic treatments 

are not being given effectively, as the patients receiving them have a similar sample health to 

those are not. Further investigation would be needed to deduce which of these was the cause 

of the lack of difference in total scores. For example, patients starting or stopping treatment 

could be regularly monitored throughout the transition to see if their total scores change. 

Samples containing E. coli appeared to be associated with significantly poorer sample health 

scores than those without E. coli present. Due to the calculation including antibiotic 

resistance and motility data outcomes for only samples containing E. coli, this significance 

could be partially weighted. However, when looking at scores from samples that contained E. 

coli up to the diagnostic load compared to those with diagnostic loads, this significance could 

still be observed. Suggesting that E. coli presence in the urine does, in fact, cause a 

deterioration in patient and sample health. To assess the importance of this observation, other 

pathogens would need to be further analysed to see if this difference was E. coli specific or 

not. For this project E. coli was focussed on, however the bacterial isolation suggests that 

Enterococcus faecalis may be worth future analysis (Figure 17, p.99). In order to remove this 

sample bias, breaking down the total score to analyse the effect of motility on sample health 
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was performed only on samples containing E. coli (n=184). Samples containing motile E. coli 

gave a significantly lower total score, suggesting motility has a positive influence on sample 

health. One explanation for this could be that motile strains are able to subvert detection by 

the host, avoid immune activation and causing symptoms, all of which would lead to a higher 

total score. One potential mechanism for this could be by E. coli controlling flagella numbers, 

either per cell or within the population in order to avoid activating the immune system via the 

TLR5 pathway, as previously discussed in section 6.5 131,140. 

By analysing the total scores from only samples containing E. coli, it was possible to see that 

there was no significant difference in total scores between those with multiple drug 

resistances to the antibiotics tested and those resistant to just one drug or less. This could 

perhaps indicate that despite the survival advantage of being resistant to multiple antibiotics 

these strains are not necessarily responsible for a more aggressive disease phenotype. 

In the previous chapter fluctuations in the urinary cytokine concentrations were analysed 

against the definition of symptoms that have been used throughout. This defined symptoms as 

samples in which a positive urine culture had been received by the NHS within 3 days either 

side of collection. There were no consistent correlations seen with the proteins and these 

periods of symptoms. It was therefore important to analyse all the cytokine concentration data 

with other potential ways of defining a symptomatic episode, such as a full load of E. coli in 

the urine, a positive HCP outcome, self-declared UTIs by patients on the questionnaires and 

antibiotic treatment for a UTI around the time of sampling. This analysis could potentially 

give information on trends in the immune system which could predict changes in the disease 

state. By visualising all of the protein concentrations with the different study aspects it was 

possible to see lots of small trends within each of the individual cytokines. However, these 

were generally very variable and not consistent or reliable around any of the other potential 

symptom definitions. The majority of trends would show peaks in protein concentration 

taking place after a potential symptomatic episode, which while interesting would not make 

them suitable for a predictive marker for symptomatic UTIs. 

An interesting observation was made within the IL-8 cytokine data when comparing this to 

pathogens being identified within the urine. IL-8 appeared to show relatively few correlations 

with the E. coli load than were seen within the other tested cytokines. This protein appeared 

to be more strongly influenced by changes in the presence of other pathogens, most notably 
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Enterococcus faecalis. This suggests that genotypic and phenotypic analysis of Enterococcus 

faecalis could provide an important avenue of future analysis on the study’s biobank. 

It was suggested that perhaps timing treatment with periods of strong immune activation may 

be more effective at successfully clearing the bladder of long-term infection. However, 

inconsistent observations made this unclear. Further investigation would be needed to test 

whether this is a viable avenue to pursue. 

This method of temporal analysis also made it possible to visualise changes in the immune 

response proteins during extended periods of treatment. It was clear to see in almost all of the 

measured cytokine profiles that prophylactic treatment with antibiotics did not prevent 

activation of an innate immune response. This is not surprising, as it has previously been seen 

in earlier analysis that there is still a great deal of microbial activity within the urine of 

patients taking long-term antibiotics to prevent UTIs. 

Despite being unable to identify a clear predictive biomarker for a symptomatic episode, 

using any of the available definitions, performing cross-sectional analysis on all aspects of 

the study database allows for important observations to be made. This could suggest that 

looking cumulatively at all the aspects contributing to overall sample health may be more 

reliable at defining severity, than focussing on individual aspects of the clinical or bacterial 

outcomes. 
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Chapter 9. Discussion 

The aims of this project were to investigate the changes in the elderly bladder over time from 

both the bacterial and a host aspect. In order to achieve this a longitudinal study was 

undertaken, sampling regular urine donations of 30 patients with a history of frequent 

recurrent UTIs. This involved acquiring full ethical approval as recruitment was done within 

an NHS setting in order to give a holistic view of the types of patients being seen within the 

clinics. Both men and women from Newcastle Upon Tyne and the surrounding areas were 

recruited to the study, with the average age being 75 years old. 

The study completed in 82 weeks, which totalled equivalent to 5600 patient days. The study 

was run day-to-day by a small team of urology nurses and the chief investigator (author of 

this thesis). This therefore addresses the first aim of the project, which was to test the 

feasibility of such a study design in this age group. It has shown it is possible to complete 

such a demanding longitudinal pilot study in a patient group of this age. This in itself is a 

huge achievement, as pilot studies provide invaluable insight for potential future research and 

study design. In order to scale up such a study, what would be needed was either a 

proportionally larger research team or a significantly extended timeline. The willingness and 

engagement of patients, staff and researchers significantly aided the smooth and successful 

running of this clinical study. 

A total of 12 urine samples and symptom questionnaires were collected from each patient 2.3 

weeks apart on average. This allowed for a non-invasive method of observing changes in the 

patients’ bladders over time with relatively good temporal resolution. The majority of 

previous studies analysing urinary constituents of UTI patients are single snapshot sampling 

67,94,155,198 and those that have repeated sampling are with larger gaps between collection, a 

minimum of 4 weeks apart 185,201. Blood samples were also taken for standard NHS 

urological blood testing and for DNA analysis. After completion of the study a large biobank 

of samples was created. This included 1,215 filtered urine samples, 405 unfiltered urine 

samples, 188 E. coli isolates and 30 blood samples. In addition to the urine, bacteria and 

blood, 360 symptom and treatment questionnaires were also collected. This database would 

allow for extensive bacterial, host and clinical analysis in order to address the aims of the 

project. 
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By analysing patient and clinical data, it was possible to gain perspective on the study 

population being analysed as well as highlighting some basic observations within the clinical 

and treatment data. For example, the most commonly identified symptoms patients gave for a 

UTI were increased frequency of urination and an increased urgency to urinate. These are 

also the most common lower urinary tract symptoms (LUTS) associated with normal ageing 

of the bladder, thus they are commonly misinterpreted as a UTI 29. This can lead to 

inappropriate and ineffective treatment with antibiotics, compounding the issues with 

developing antibiotic resistances. This simple observation from the study questionnaires 

highlights the difficulties clinicians face in correctly interpreting symptoms patients declare. 

This issue is further highlighted when comparing numbers of positive urine samples received 

by the NHS in 12 months with patient estimates of how many UTIs they felt they suffered in 

the same amount of time. Patients would often overestimate the number of UTIs that they had 

suffered in the past year, compared the number actually being seen by the NHS. This further 

highlights a potential lack of reliability in self-diagnosis and medical history recall by these 

patients.  Interestingly, the clinical and questionnaire data were able to highlight that 

prophylactic antibiotic treatments were not reliable at preventing increases in patient declared 

UTIs and increases in their symptoms scoring from the questionnaires. This lack of treatment 

efficacy was a common trend seen throughout the data analysis and will be addressed 

throughout this discussion.  

One of the main aims of the study was to analyse changes from both the bacterial and host 

perspective around periods of symptoms. The study format aimed to capture events of 

transition between asymptomatic to symptomatic states. This could potentially allow methods 

of predicting such episodes in these patients, to give more effective treatment and minimise 

patient suffering. In order to do this a single definition of when a patient was suffering a 

symptomatic UTI was needed, this turned out to be one of the major difficulties during the 

study analysis. Patient declared symptoms were unreliable from a clinical perspective. 

Alternatively, using positive dipstick outcome or full diagnostic loads of bacteria to define a 

symptomatic UTI lacks any information on how the patient is actually feeling. For these 

reasons a symptomatic episode was defined as any study sample given within 3 days of a 

positive urine sample being received by the NHS. Indicating that a patient has taken a sample 

to their GP practice suspecting a UTI, the HCP has agreed, sent the urine for urinalysis and 

finally the NHS have stated it is a positive sample for a UTI. Thus this definition allowed for 

agreement between the patients, HCPs and NHS. By using this definition, a total of 22 
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periods of symptoms were recorded throughout the study, equivalent to 6.1% of all patient 

samples. These episodes were seen in 15 different study patients (50.0%). Due to these 

patients being recruited based on their medical history of frequent UTI, these values are 

perhaps lower than may have been originally expected. Therefore, providing less 

opportunities to visualise symptomatic changes within individuals, as the majority of these 15 

patients only suffered one defined symptomatic episode in the 6 months of the study (73.3%). 

E. coli was chosen to be the focus during these analyses as it is reported to be responsible for 

the vast majority of UTIs 100,101. By isolating E. coli whenever it was found to be present in 

the urine, allowed bacterial phenotypic and genotypic analysis to be completed. E. coli was 

isolated from 51.1% of the urines collected during the study, with 27 of the 30 patients 

showing some form of colonisation at some point. Many of these patients showed long-term 

carriage of the pathogen. The majority of samples showed the growth of two or more 

pathogens (65.6%). Interestingly, the most commonly isolated pathogen from the study urines 

was Enterococcus faecalis, in 55.4% of all samples. This might suggest that analysis into the 

genetics and phenotype of Enterococcus faecalis would be a logical next step for this study 

analysis. The decision to focus on E. coli was supported by the literature, however looking 

back on the completed analysis Enterococcus faecalis appears to be the next logical avenue 

of research. Changes in the load and strain of this microbe could potentially explain some of 

the fluctuations we see within the bladders of these patients and may show further trends 

within the sample health. 

By performing MLST sequencing on all isolated E. coli strains it was possible to find out 

which strains were commonly being isolated within these patients and what phylogenetic 

clades these fell into. The most commonly isolated sequence type was E. coli strain ST73, 

which fits with what is seen in the literature 198,212. ST73 is associated with E. coli clade B2, 

which is the group most commonly associated with UPEC 90. The vast majority of study 

isolates fell into this B2 clade (63.0%). However, clades D, F and B1 were also represented to 

a lesser extent. None of the study isolates were isolated from clade A, thought they have been 

isolated in UTI patients previously 124,203,228. This is the clade most commonly associated with 

commensal gut E. coli strains 123. This suggests very few of the study isolates are present in 

the urine due to gut contamination. However, it is still possible that the gut could act as a 

reservoir for UPEC strains before reaching the bladder 59,60. 
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Sequencing analysis also allowed observation of the stability of the different strains within 

the bladder and any changes in the colonising strain. By analysing these changes alongside 

the defined symptomatic episodes and periods of treatment, several observations could be 

made. It was clear from the data collected that antibiotic treatment is often an ineffective 

means of clearing the bacterial load from the bladder and in some cases also the symptoms. 

The inefficiency of treatment is exemplified in study patients receiving long-term 

prophylactic antibiotics; who would still complain of symptomatic episodes and experience 

fluctuations in bacterial load. Knowing the strains sequence type allowed observation of 

changes in the strain, which often occurred after rounds of treatment. In several cases this 

appeared to clear the way for more aggressive and symptomatic strains, for example in 

patient UTI569. This could give strength to the argument that some patients may benefit from 

being left untreated, with a harmless ABU strain colonising their bladder. Several studies 

have shown that the presence of certain strains of E. coli within the bladder can prevent, or 

significantly delay superinfection by a new pathogen, when being compared to ABU patients 

being given antibiotic treatment to clear the bladder 31,50–54,215. It is clear that treatment in 

some patients is not only un reliable at ‘clearing’ the bladder, but may also be detrimental in 

terms of super-infections and on top of this could be contributing to the formation of 

antibiotic resistances, a huge problem at this time. 

Whilst the data shown can tell us when changes in the strain are taking place it is not possible 

for us to know where the new strains are coming from. One suggestion may be that they are 

originating from a reservoir within the gut 59,60. In order to test this hypothesis, perineal 

swabs could be used to sequence the bacteria found in this area to see if it matched the strain 

colonising the bladder 59. Swabs were not included in this study, as it would be a significant 

burden on patients as they would need to regularly attend the clinic for the swabs to be taken 

correctly by a HCP. This may have negatively affected study recruitment, timeline and 

compliance. However, this may be a useful amend to the current ethics, if such a study was to 

be repeated in the future as this information could be useful for helping aid patient 

management and education. The study undertaken by Czaja et al (2009) suggests that the gut 

is the main source of bacteria, bladder isolation occasionally occurred without prior 

periurethral isolation, suggesting the bladder is a large reservoir for UPEC, which may or 

may not go on to cause a symptomatic infection 202. Other potential reservoirs for 

uropathogenic bacteria in these patients include the vagina in women as well as previously 

reported intracellular bacterial communities (IBCs) 33,59,184. IBCs are small colonies which 
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live within the epithelial cell lining of the bladder. These can lay dormant within the bladder 

for very long periods of time, but can also be seen to re-surface to colonise the bladder 

sporadically 33. Such colonisation could explain how strains can appear to be cleared from the 

bladder and re-appear many weeks later in the urine 202. IBCs are likely responsible for the 

bacterial reservoir within the bladder hypothesis mentioned above. For example, as is seen in 

patients UTI115 and 524. It could suggest that strains are present in the bladder for very long 

periods of time during an adult’s lifespan and that age related deterioration of the bladder and 

immune defences leads to them no longer residing asymptomatically in certain people. How 

long these pathogens can remain in the human bladder for still needs to be investigated. 

These IBCs are likely a large contributor to UTI recurrence and the huge immune response 

variation seen in this study. 

Sequencing of the fliC gene in all isolated E. coli samples allowed observation of situations 

whereby the strains were able to switch serotype of the expressed flagellin. Sequence 

alignment identified that most of the switches appeared to be full gene changes rather than 

changes due to single gene mutations. These urinary pathogens may be undergoing unilateral 

flagellar phase variation 213. The reason for this is unclear, however one suggestion is that this 

may be a mechanism utilised by the infecting pathogen to subvert surveillance by the 

adaptive immune response and avoid clearance from the bladder. Another potential 

mechanism for avoiding immune clearance observed within the bacterial study data was 

related to the motility of the isolates. Motility after 6 hours was found in the minority of the 

E. coli isolates (32.6%). The pathogen may be able to maintaining some degree of motility 

within the population conferring a survival advantage and enabling ascension of the urinary 

tract, but at a low enough level to remain undetected and thus not be cleared by the innate 

immune activation. This is a theory currently being tested and early evidence appears to 

support this hypothesis (Picton, Lauvrak and Aldridge, unpublished data). 

Phenotypic and genotypic analysis for the isolated E. coli samples compared to changes in 

symptomatic state showed no clear evidence for the strain, motility or bacterial load being 

responsible for causing such symptomatic episodes. This may suggest that bacteria 

themselves are not able to provide a reliable biomarker of change in symptoms. However, 

further analysis would be needed on other major pathogens residing within the urine to 

completely rule this out. This is supported by the fact that the majority of samples showed the 

growth of several different pathogens using these cultivation techniques, therefore indicating 
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that analysing the polymicrobial picture is essential and details could be missed by focussing 

on just one pathogen. 

By performing blood analysis on parameters regularly requested for by urologists within the 

NHS, it was possible to identify that a large number of the study population were deficient in 

circulatory vitamin D. Association with increased risk of UTI and vitamin D deficiency has 

been previously shown 79–81. This deficiency could provide an explanation for why some of 

this patient cohort are suffering from such urinary disorders. Therefore, a simple point of 

education could benefit these patients and potentially impact their disease status long-term. 

HCPs should perhaps be strongly recommending vitamin D supplementation to these patients 

with low levels of vitamin D. Whether this would have an impact on improved UTI outcome 

would need further investigation of supplemented patients over time, however early studies 

show that this may be a promising avenue for such patients 224. The vitamin D status of the 

healthy controls was not assessed in this study due to ethical and time restrictions. However, 

this could provide an important insight and possible explanation into the observations made 

regarding the unexpected urinary cytokine concentrations and bacterial presence seen in these 

participants. For this reason, it would be recommended that future studies consider including 

blood collection from healthy controls. 

Analysis of urinary constituents arising from the host allowed for observation of potential 

changes around symptomatic episodes and addressed the second aim of the study. This was to 

analyse potential changes in the colonising bacterial phenotype and genotype during periods 

of changing UTI symptoms and treatment. A library of 10 urinary cytokines were chosen 

based on their reported involvement with UTIs from the literature, some more extensively 

researched than others. These were IL-1β, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 p70, IL-17A, 

TNFα and IFNγ 54,94,147,150–155,159,160,162,165,173–181,220,221. All chosen cytokines were measured 

within the study urine using commercially available ELISA kits. 

Originally when submitting the ethics, it was decided that control urines would not be 

necessary as all results would be compared within each individual patient. This was felt to be 

the best method for looking for a predictive biomarker for symptomatic episodes. However, 

upon completion of the cytokine concentration analysis it became evident that there was a 

lack of correlation with symptoms and that the large variability in concentrations made it 

difficult to reliably draw conclusions without a healthy comparison. This led to the question 

of how the environments of healthy bladders compare to those of study patients being asked. 
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In order to address this, an amends to the ethical approval was submitted to recruit 15 

healthy, age-similar control participants to the study. These participants were required to have 

no urinary complaints within the last 5 years. In hindsight this arm of the study could have 

been performed in parallel with the patient arm, which would be a recommendation if such a 

study was to be repeated. These urines allowed for a healthy baseline average to be calculated 

for each of the measured proteins, allowing normalisation of all patients samples for analysis. 

The healthy urine samples from age-similar controls gave the opportunity to explore the 

normal bladder environment of people in this age group. The expected result was urine 

samples clear of any bacterial growth, normal dipstick outcomes and a close to absent 

immune response. However, low levels bacterial growth was seen in a vast majority of the 

healthy control samples, with one patient even showing diagnostic loads of E. coli in 2 of the 

3 collected samples. One other healthy control gave a positive HCP score for all 3 urines. 

These 2 patients were excluded from the analysis as it was felt they were not healthy control 

samples, from a healthcare perspective. By taking an average of each of the measured 

proteins it was not only possible to obtains a baseline to which the patients’ concentrations 

could be normalised, but it was also possible to get an overview of the healthy bladder host 

environment. Half of the measured proteins were seen at much lower levels in the healthy 

controls, which was expected. However, the other half appeared to be found at higher 

concentrations in the healthy controls. This was an unexpected observation and may suggest 

that mechanisms may be in place within the colonised patients which are repressing the 

release of certain immune response proteins, possibly explaining why they are less able to 

maintain a bladder clear of growth. Another suggestion is that the patients may be 

experiencing desensitisation of the immune response due to the long-term colonisation of the 

bladder. Further investigation would be needed to deduce which of these mechanisms is 

responsible. 

When looking at cytokines with a concentration of over 10-fold higher than the lowest seen 

in each patient, it provided an overview of the levels of immune activation being seen within 

this patient cohort. This showed there was generally a low level of immune activation despite 

a high incidence of colonisation of these patients. This low level of immune response could 

be responsible for the inefficient clearing of the pathogens from the bladders of these 

patients. This is also a theory put forward by Sivick et al (2010) based in the observations 

they saw in the bladders of mice susceptible to UTIs 179. One potential explanation for this 

could be due to gene silencing via DNA methylation within the bladder epithelium 229,230. 



203 

 

Silencing of the genes involved with the innate immune response and cytokine production 

could be responsible in part for the low levels of proteins being detected within the bladders 

of these patients. Which in turn may explain why the patients struggle to successfully clear 

these long-term infections from their bladders (Figure 58). In order to test this hypothesis, 

genomic DNA could be isolated from sloughed epithelial cells collected from the unfiltered 

urine stocks. This could then be used to perform DNA methylation testing of the genes of 

interest. DNA methylation is known to increase with age, thus could potentially have a 

significant impact on this patient group 229. This theory of a dampened immune response in 

the elderly, is supported by comparing the data shown here with the much higher cytokine 

concentration values seen in younger women suffering from recurrent UTIs, aged 18 to 49, in 

the study completed by Czaja et al (2009) 202.  
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Figure 58. Possible model of perpetual colonisation within elderly patients suffering from ABU and 

recurrent UTIs.  



205 

 

By analysing all measured cytokines against all potential definitions for a symptomatic 

episode it was evident that there were no distinct patterns within the protein levels that would 

be able to reliably predict periods of symptomatic infection in these patients. What this 

temporal analysis did provide, however, is an indication of the enormous variability not only 

between patients but within individuals over time. This variation suggests that colonisation 

within the same patient group can produce extremely different immune responses. This may 

be explained by the huge variation in colonising pathogens seen between samples in most 

patients. This highly dynamic environment within the bladder likely provides an explanation 

for the inability of treatments to be effective and prevent re-infection and symptomatic 

episodes. This long-term carriage of several pathogens may also be causing a desensitisation 

of the immune response due to constant activation. Potentially providing another reason for 

the low levels of immune activation seen within the vast majority of study patients (Figure 

58). The transient environment within the bladders of this patient group also suggests that it 

will be unlikely that a single or combination of urinary biomarkers will be identifiable for the 

purpose of predicting symptomatic episodes. The variability may also be being caused by 

changes in the bladder microbiome, much of which is known to be undetectable by standard 

culturing methods. The bladder is known to be colonised by a number of organisms even in 

healthy individuals 24,25. Due to the lack of sensitivity of current urinalysis within the NHS, 

such fluctuations could be being missed. This may suggest that more sensitive methods of 

assessing bladder colonisation may be useful in some hard to treat patients, such as 16s rRNA 

sequencing 24,25. 

An interesting observation made by analysing the host and bacterial data together was that 

IL-8 concentration appears to show stronger correlations with the presence of pathogens other 

than E. coli in the bladder. There appeared to be some observable relationships between IL-8 

concentration and the presence of Enterococcus faecalis, suggested by qualitative analysis. 

This stood out as it was not an observation made for any of the other tested urinary cytokines. 

Therefore, a strong recommendation for future work is to perform the microbial analysis 

shown here for E. coli on Enterococcus faecalis. 

The host analysis revealed some downfalls in the current antibiotic treatments being given to 

these patients, similar to what has already been discussed from the microbial analysis. 

Treatment courses often appeared to be ineffective at preventing fluctuations within the 

immune response. This was clearly demonstrated within patients who were taking long-term 

prophylactic antibiotics. Whereby these patients would show significant fluctuations in most 
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of the measured immune response proteins, suggesting that the bladder is not being kept clear 

of aggressive pathogens and that the immune system is being activated regularly despite 

treatment (Figure 58). These treatment courses were also seen to be ineffective at preventing 

symptomatic episodes, when using any of the possible symptom definitions. Therefore, this 

observation with respect to treatment, is again suggesting reduced benefits of treatment 

within these patients. 

As well as extensive temporal analysis of the different samples within individual patients, it 

was important to be able to ask questions of the database of analysis as a whole. The method 

chosen for this was to assign each sample a ‘total score’ which takes into account all aspects 

of the analysis. Whereby a lower total score would indicate a healthier sample. This would 

then allow for statistical analysis to be run for different questions with respect to sample 

health. This method of analysis allowed differences to be identified between different patient 

cohorts. Interestingly, samples containing E. coli were related to poorer sample health and 

this health score was seen to deteriorate as the load of E. coli increased. To identify whether 

this was specific to E. coli, other pathogens would need to be analysed, such as the previously 

suggested microbial analysis of Enterococcus faecalis. 

Total scores from samples positive for symptoms using all potential definitions, except 

treatment, showed a significant difference. A lack of agreement was observed between when 

a patient would declare they have symptoms compared to when a HCP or the NHS would 

define a symptomatic UTI. This may go back to the previously discussed reliability of 

patients reporting symptoms accurately and misdiagnosing themselves based on, potentially, 

unrelated symptoms related to the ageing bladder. 

When looking at the sample health of those that were being treated with antibiotics and those 

that were not there appeared to be no difference in the scores from these 2 groups. This could 

either suggest that treatment is indeed effective at improving sample health by bringing the 

scores down to the level of those not being treated or that treatment is not significantly 

impacting the sample health score at all. If it is the latter, this supports the observations 

within this study data collected that have shown that antibiotics may be ineffective at clearing 

pathogens from the bladder, preventing fluctuations in immune activation, preventing 

symptomatic episodes long-term and perhaps even improving sample health in general within 

these patients (Figure 58). This calls into questions the worthwhile effectiveness of antibiotic 

treatment in these patients with long-term colonisation of the bladder, as they seem to be 
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unreliable at benefitting the patient in the long-term. In addition, ineffective treatment will 

promote the spread of antibiotic resistance within the bacterial community 231 (Figure 58). 

Multi-drug resistance has become an enormous global health problem. This highlights the 

real need for new antibiotics or more effective means of treatment in order to properly clear 

the bladder of harmful pathogens and break the cycle. This also demonstrates the importance 

of responsible antibiotic usage, which was an underpinning argument for undertaking this 

study. Reduction of unsuccessful antibiotic treatment could help eliminate one of the arms of 

the proposed model of perpetual colonisation within these patients outlined in Figure 58. 

Where possible antibiotic stewardship should be adopted as a meant to prevent unnecessary 

spread of resistances within the population 3,18. A possible solution would be the use of short 

high-dose courses of a combination of antibiotics together. This could provide an avenue for 

future treatment, as not only would it minimise antibiotic resistance formatio n due to long 

treatment courses, but it may be more efficient at killing the wide range of bacteria, likely 

with different resistances, that appear to reside within the bladders of these patients. 

By segmenting the patients’ sample scored into the different age brackets an unexpected 

observation was made. There appeared to be an increase in the total scores up to the ages of 

75-79, after which they appeared to reduce. This observation could suggest that there is a 

possible genetic component responsible. Whereby some patients are better able to cope with 

the disturbances within their urinary tract. Genetic links to UTIs are being heavily researched 

and are a clear direction for future analysis in this project. Peripheral blood samples were 

collected from each of the study patients at baseline. From these genomic DNA has begun to 

be isolated. The aim will be to complete sequence analysis upon this in order to look for 

previously reported single nucleotide polymorphisms (SNPs) which are knowns to influence 

UTI susceptibility and prognosis. Several SNPs have been described in the literature which 

can cause an increased risk of infection susceptibility, for example SNPs in different TLR 

genes 130. For example, the Leu392X SNP in the ligand-binding domain of TLR5 has been 

shown to lead to an increase risk of recurrent UTIs 232. The Asp299Gly SNP in the TLR4 

gene has been shown to improve the cytokine response to lipopolysaccharide (LPS) 233. This 

polymorphism has been suggested to have a protective effect against recurrent cystitis 232. 

Future work will be to identify which patients, if any, possess some of these reported SNPS. 

As these genetic changes could potentially help explain some of the bacterial and host 

conclusions drawn from this study. 
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This clinical study has shown the feasibility of running a highly demanding longitudinal 

study on elderly patients with ABU. Detailed analysis of the bacterial and host responses has 

not been able to identify reliable biomarkers which could predict periods of symptoms. 

However, the data has revealed a large number of trends and observations within this patient 

group, specifically bringing into question the efficacy of treatment in these patients. The data 

shown provides evidence of shortfalls in the current antibiotic treatments being given to these 

patients. Suggesting that better treatment options are strongly needed in order to minimise the 

development of antibiotic resistance. This project has revealed the huge variability between 

the bladders of these patients highlighting the difficulties there would be in long-term 

monitoring and patient-guided management based on urinary information. The decision to 

focus on E. coli was originally supported by the literature. However, the vast polymicrobial 

colonisation of these patients, suggests that multiple pathogens must be the focus of future 

analysis in order to accurately deduce trends and monitor changes within the bladder in this 

age group. Moving forward other pathogens will need to be analysed in detail to better 

understand the bladder environment, as well as host-DNA analysis to assess what role 

genetics may be playing in the observations seen here. This study has provided a fascinating 

and detailed insight into the dynamic nature of the bladder environment in older people over 

time. Allowing for some unique and often unexpected observations to be made, as well as 

opening up several interesting avenues of future research. 
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Chapter 10. Appendices 

Appendix 1. Strains used for MLST sequence alignment. Taken from McNally et al (2013) 90. 

 

  

Strain Sequence Type BAPS Cluster Pathotype Accession Number

E. coli  CE10 62 8 K1 ExPEC NC_017646

E. coli  DH1 –ECDH1 1,060 5 K12 CP001637.1

E. coli  ME8659 1,060 5 K12 AP012030.1

E. coli  DH10B 1,060 5 K12 NC_010473.1

E. coli  W3110 10 5 K12 AC000091

E. coli  MG1655 10 5 K12 U00096.2

E. coli  BW2952 10 5 K12 CP001396.1

E. coli  P12b 10 5 K12 NC_017663.1

E. coli  H10407 48 5 ETEC FN649414

E. coli  UMNK88 100 5 K88 CP002729.1

E. coli  REL606 93 5 B CP000819.1

E. coli  BL21 DE3 93 5 B CP001509.3

E. coli  ATCC9637 1,079 3 W CP002185.1

E. coli  SE11 156 3 Human commensal AP009240.1

E. coli  E23477A 1,132 3 ETEC CP000800.1

E. coli  IAI1 1,128 3 O:8 CU928160.2

E. coli  55989 678 1 EAEC CU928145.2

E. coli  C227_11 678 1 O104 AFRH00000000

E. coli  12009 17 1 O103 EHEC AP010958.1

E. coli  11128 16 3 O111 EHEC AP010960.1

E. coli  11368 21 3 O26 EHEC AP010953.1

E. coli  ATCC8739 1,120 5 K12 CP000946.1

E. coli  HS 46 7 Human commensal CP000802.1

E. coli  CB9615 335 9 O55 EHEC CP001846.1

E. coli  EDL933 11 9 O157 EHEC AE005174.2

E. coli  Sakai 11 9 O157 EHEC BA000007.2

E. coli  TW14359 11 9 O157 EHEC CP001368.1

E. coli  EC4115 11 9 O157 EHEC NC_011353.1

E. coli  XuZhou21 11 9 O157 EHEC NC_017906.1

E. coli  RM12579 335 9 O55 EHEC NC_017656.1

E. coli  O42 414 6 EAEC FN554766.1

E. coli  UMNO26 597 6 O:7 ExPEC CU928163.2

E. coli  SMS35 354 8 Multidrug resistant CP000970.1

E. coli  E2348/69 15 4 O127 EPEC FM180568.1

E. coli  UTI18 131a 4 ExPEC ERP001095

E. coli  EC958 131b 4 ExPEC CAFL01000001

E. coli  NA114 131c 4 ExPEC CP002797.1

E. coli  P2U 131d 4 ExPEC ERX159100

E. coli  P5U 131d 4 ExPEC ERX159106
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Appendix 1. continued 90. 

  

Strain Sequence Type BAPS Cluster Pathotype Accession Number

E. coli  P2B 131d 4 ExPEC ERX159099

E. coli  UTI24 131a 4 ExPEC ERP001095

E. coli  UTI32 131a 4 ExPEC ERP001095

E. coli  UTI62 131a 4 ExPEC ERP001095

E. coli  UTI188 131a 4 ExPEC ERP001095

E. coli  UTI226 131a 4 ExPEC ERP001095

E. coli  UTI306 131a 4 ExPEC ERP001095

E. coli  UTI423 131a 4 ExPEC ERP001095

E. coli  UTI587 131a 4 ExPEC ERP001095

E. coli  SE15 131a 4 Human commensal AP009378.1

E. coli  LF82 135 4 AIEC NC_011993.1

E. coli  IHE3034 95 4 ST95 ExPEC CP001969.1

E. coli  UTI89 95 4 ST95 ExPEC CP000243.1

E. coli  S88 95 4 O45 ExPEC CU928161.2

E. coli  APEC01 95 4 APEC CP000468.1

E. coli  UM146 643 4 AIEC CP002167.1

E. coli  536 127 4 O6 ExPEC CP000247.1

E. coli  LF82 135 4 AIEC CU651637.1

E. coli  NRG857c 135 4 AIEC CP001855.1

E. coli  ED1a 452 4 O81 CU928162.2

ABU83972 73 4 Asymptomatic CP001671

E. coli  CFT073 73 4 ExPEC AE014075.1

E. coli  Di14 73 4 ExPEC CP002212.1

E. coli  Di12 73 4 ExPEC CP002211.1
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Appendix 2. Patient consent form used in the study 
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Appendix 2. continued 
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Appendix 3. Patient case report form (CRF) used in the study 
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Appendix 3. continued 

 

 



215 

 

Appendix 3. continued 
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Appendix 3. continued 
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Appendix 4. Patient questionnaire used in the study 
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Appendix 4. continued 
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Appendix 5. All cytokine 

measurements which fell 

within the ELISA assay range 

shown as raw concentrations  

(green) and the 

corresponding values after 

being adjusted for urinary 

creatinine (purple). All values  

sorted from highest to lowes t 

by the raw concentration data 

(green). Creatinine 

adjustments were done by 

multiplying the assayed 

protein concentration with 

the concentration of urinary 

creatinine measured. 
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Appendix 6. All cytokine 

measurements which fell 

within the ELISA assay 

range shown as raw 

concentrations (green) 

and the corresponding  

values after being  

adjusted to the healthy 

controls (purple). All  

values sorted from 

highest to lowest by the 

raw concentration data 

(green). Healthy averages  

were calculated by taking  

the mean of all  

concentrations of each 

individual protein within 

all healthy urine samples . 

This average was then 

subtracted from the raw 

values. 
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Figure Comparison P-value N Statistical Test 

Figure 47 Patients vs Healthy controls < 0.0001 405 Unpaired t test 

Figure 48A Male vs. Female 0.0012 360 Unpaired t test 

Figure 48B 

65-69 vs. 70-74 > 0.9999 

360 
One-way 

ANOVA 

65-69 vs. 75-79 < 0.0001 

65-69 vs. 80-84 > 0.9999 

65-69 vs. 85-89 > 0.9999 

70-74 vs. 75-79 0.0004 

70-74 vs. 80-84 > 0.9999 

70-74 vs. 85-89 > 0.9999 

75-79 vs. 80-84 0.0108 

75-79 vs. 85-89 0.0226 

80-84 vs. 85-89 > 0.9999 

Figure 48C Non-diabetic vs. Diabetic 0.3662 360 Unpaired t test 

Figure 48D 

None vs. Mild > 0.9999 

360 
One-way 
ANOVA 

None vs. Moderate > 0.9999 

None vs. Severe > 0.9999 

Mild vs. Moderate > 0.9999 

Mild vs. Severe > 0.9999 

Moderate vs. Severe > 0.9999 

Figure 49A 
No Self-declared UTI vs Self-declared 
UTI 

< 0.0001 360 Unpaired t test 

Figure 49B 
Antibiotic treatment vs No antibiotic 

treatment 
0.3045 360 Unpaired t test 

Figure 49C 
Positive urine sample vs No positive 
urine sample 

0.0017 
 

360 Unpaired t test 

Figure 49D Positive vs Negative HCP outcome < 0.0001 360 Unpaired t test 

Figure 50A E. coli presence vs No E. coli presence < 0.0001 360 Unpaired t test 

Figure 50B 
Diagnostic E. coli presence vs Non-

Diagnostic E. coli presence 
< 0.0001 360 Unpaired t test 

Figure 50C 

0 vs. <105 CFU/ml E. coli 0.0042 

360 
One-way 
ANOVA 

0 vs. >105 CFU/ml E. coli < 0.0001 

<105 vs. >105 CFU/ml E. coli < 0.0001 

Figure 50D Motile vs Non-Motile 0.0014 184 Unpaired t test 

 

Appendix 7. Statistical analysis outcomes for total score analyses. 
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Appendix 8. Average cytokine concentrations split by females and males. No significant differences were 

seen between the sexes for any of the measured cytokines.  
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Appendix 9. Patient profile for UTI100. All study analysis combined. Green indicates a negative result and 

purple is a positive result. A blue filled box indicates it was not applicable, as the patient was male. N: 

Nitrofurantoin.  
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Appendix 10. Patient profile for UTI115. All study analysis combined. Green indicates a negative result 

and purple is a positive result. C: Cephalexin, T: Trimethoprim.  
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Appendix 11. Patient profile for UTI138. All study analysis combined. Green indicates a negative result 

and purple is a positive result.  
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Appendix 12. Patient profile for UTI139. All study analysis combined. Green indicates a negative result 

and purple is a positive result. C: Cephalexin, A: Amoxycillin.  
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Appendix 13. Patient profile for UTI218. All study analysis combined. Green indicates a negative result 

and purple is a positive result. T: Trimethoprim.  
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Appendix 14. Patient profile for UTI236. All study analys is combined. Green indicates a negative result 

and purple is a positive result. N: Nitrofurantoin, P: Pivmecillinam hydrochloride.  
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Appendix 15. Patient profile for UTI266. All study analysis combined. Green indicates a negative result 

and purple is a positive result. A blue filled box indicates it was not applicable, as the patient was male. T: 

Trimethoprim.  
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Appendix 16. Patient profile for UT337. All study analysis combined. Green indicates a negative result and 

purple is a positive result. T: Trimethoprim, C: Cephalexin.  
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Appendix 17. Patient profile for UTI343. All study analysis combined. Green indicates a negative result 

and purple is a positive result. C: Cephalexin, T: Trimethoprim  
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Appendix 18. Patient profile for UTI365. All study analysis combined. Green indicates a negative result 

and purple is a positive result. T: Trimethoprim.  
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Appendix 19. Patient profile for UTI376. All study analysis combined. Green indicates a negative result 

and purple is a positive result. A blue filled box indicates it was not applicable, as the patient was male.  
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Appendix 20. Patient profile for UTI383. All study analysis combined. Green indicates a negative result 

and purple is a positive result. MH: Methenamine hippurate.  
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Appendix 21. Patient profile for UTI414. All study analysis combined. Green indicates a negative result 

and purple is a positive result. C: Cephalexin.  
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Appendix 22. Patient profile for UTI468. All study analysis combined. Green indicates a negative result 

and purple is a positive result. A blue filled box indicates it was not applicable, as the patient was male. N: 

Nitrofurantoin.  
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Appendix 23. Patient profile for UTI524. All study analysis combined. Green indicates a negative result 

and purple is a positive result. N: Nitrofurantoin, T: Trimethoprim.  
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Appendix 24. Patient profile for UTI531. All study analysis combined. Green indicates a negative result 

and purple is a positive result.  
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Appendix 25. Patient profile for UTI536. All study analysis combined. Green indicates a negative result 

and purple is a positive result. T: Trimethoprim.  
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Appendix 26. Patient profile for UTI562. All study analysis combined. Green indicates a negative result 

and purple is a positive result. T: Trimethoprim.  
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Appendix 27. Patient profile for UTI569. All study analysis combined. Green indicates a negative result 

and purple is a positive result. N: Nitrofurantoin.  
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Appendix 28. Patient profile for UTI675. All study analysis combined. Green indicates a negative result 

and purple is a positive result. N: Nitrofurantoin.  
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Appendix 29. Patient profile for UTI726. All study analysis combined. Green indicates a negative result 

and purple is a positive result. N: Nitrofurantoin, T: Trimethoprim.  
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Appendix 30. Patient profile for UTI755. All study analysis combined. Green indicates a negative result 

and purple is a positive result. A blue filled box indicates it was not applicable, as the patient was male. N: 

Nitrofurantoin.  
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Appendix 31. Patient profile for UTI781. All study analysis combined. Green indicates a negative result 

and purple is a positive result.  
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Appendix 32. Patient profile for UTI834. All study analysis combined. Green indicates a negative result 

and purple is a positive result.  
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Appendix 33. Patient profile for UTI840. All study analysis combined. Green indicates a negative result 

and purple is a positive result. N: Nitrofurantoin.  
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Appendix 34. Patient profile for UTI891. All study analysis combined. Green indicates a negative result 

and purple is a positive result.  
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Appendix 35. Patient profile for UTI899. All study analysis combined. Green indicates a negative result 

and purple is a positive result. T: Trimethoprim.  
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Appendix 36. Patient profile for UTI924. All study analysis combined. Green indicates a negative result 

and purple is a positive result.  
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Appendix 37. Patient profile for UTI966. All study analysis combined. Green indicates a negative resul t 

and purple is a positive result. A blue filled box indicates it was not applicable, as the patient was male. N: 

Nitrofurantoin.  
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Appendix 38. Patient profile for UTI974. All study analysis combined. Green indicates a negative result 

and purple is a positive result. A blue filled box indicates it was not applicable, as the patient was male. 
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Appendix 39. IL-4 concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation.  
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Appendix 40. IL-5 concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation. 
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Appendix 41. IL-6 concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation.  
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Appendix 42. IL-8 concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation. 
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Appendix 43. IL-10 concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation.  
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Appendix 44. IL-12 p70 concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation.  
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Appendix 45. IL-17 concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation. 
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Appendix 46. TNFα concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation. 



261 

 

 

 

Appendix 47. IFNγ concentrations compared to E. coli load, HCP outcome and periods of antibiotic 

treatment. ‘Full E. coli load’ indicates samples containing diagnostic levels of E. coli. ‘HCP outcome’ shows  

if the dipstick returned a positive result for both nitrites and leukocytes. ‘Self-declared’ indicates where 

patients felt they had a UTI at the time of sampling from the questionnaire. A filled box in the ‘treated’ 

row indicates if the patients’ received antibiotic treatment within 3 days of the study donation.  
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