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Abstract 

The rise of antibiotic resistance (ABR), the ability of bacteria to resist the activity 

of antibiotics, is a threat to patient care. In the UK, there has been a consistent 

increase in the numbers and proportions of antibiotic resistant infections. Strong 

evidence exists of a link between antibiotic prescribing and ABR, and 

interventions have focused on improved and reduced antibiotic prescribing. 

Urinary tract infection (UTI) is the commonest bacterial community-onset 

infection, and improved prescribing is an important focus for reducing ABR. 

In chapter one I give an overview of ABR in England. I provide a background to 

the clinical presentation, spectrum of disease and microbiological diagnosis of 

UTI, and set out the rationale for the thesis. 

In chapter two I describe the data sources used for the studies presented in 

chapters 3, 4 and 6. 

In chapter three I present a retrospective cohort study using linked primary care, 

secondary care and microbiology data investigating the risk factors for 

hospitalisation (urinary infection-related and all-cause) following consultation for 

community-onset lower UTI (COLUTI) in primary care. 

In chapter four I present a retrospective cohort study using linked primary care, 

secondary care and microbiology data from patients treated for culture-

confirmed COLUTI. I investigate the effect of discordant antibiotic treatment 

(treatment to which the urine culture organism was resistant) on urinary 

infection-related hospital admission and reconsultation in primary care. 

In chapter five I present a systematic review of the risk factors for community-

onset Escherichia coli bloodstream infection. 

In chapter six I present a retrospective cohort study of patients admitted to 

hospital with community-onset Gram-negative bloodstream infection, examining 

the effect of discordant empirical antibiotic therapy on in-hospital death and ICU 

admission. 
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In chapter seven I summarise my research findings, discuss the limitations of 

the thesis, highlight the practice and policy implications and suggest future 

research priorities. 
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Impact Statement 

The findings of the research presented in this thesis has potential impact on 

individual patient care, wider antibiotic prescribing policy, diagnostics 

development and future research. My cohort study on adverse outcomes 

following consultation for community-onset lower urinary tract infection 

(COLUTI) found that urinary infection-related hospital admission (UHA) was 

rare, and that decisions by prescribing clinicians in East London primary care to 

not treat some patients with antibiotics were generally safe. It also found that a 

policy of delaying or avoiding antibiotic treatment may be safely trialled in low 

risk patients: those under the age of 55, without risk factors for complicated 

urinary tract infection, or the co-morbidities diabetes mellitus or faecal 

incontinence. My cohort study of the impact of discordant antibiotic treatment in 

patients with culture-confirmed COLUTI found that whilst the outcome was rare, 

discordant treatment was associate with an increased odds of UHA, and 

strongly associated with increased odds of reconsultation and subsequent 

antibiotic prescription. This suggests that rapid diagnostics, particularly 

technologies which include antibiotic susceptibility information, would be of 

particular benefit in this patient population in terms of reducing the risk adverse 

outcomes, inconvenience to patients and use of primary care resources, as well 

as overall antibiotic consumption. 

My systemic review of the risk factors for Escherichia coli bacteraemia found 

that there is a paucity of evidence around risk factors for this community-onset 

infection which is increasing both in terms of rates and in terms of the proportion 

of antibiotic resistant isolates. I found moderate evidence of an association with 

increasing age and female sex, low evidence for an association with diabetes 

mellitus and very low evidence for an association with the other risk factors 

reported on including urinary tract infection, urinary catheterization, urinary 

incontinence, healthcare associated infection, malignancy, chronic kidney 

disease and coronary heart disease and congestive heart failure. Given the lack 

of evidence, there is an urgent need for research using high quality community 

data including microbiology data in order to address this question. My cohort 

study on outcomes following hospital admission with community-onset 

bacteraemia due to Escherichia coli, Klebsiella pneumoniae and Pseudomonas 
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aeruginosa found that discordant empirical antibiotic therapy was not 

associated with increased odds of in-hospital death or ICU admission, 

suggesting that the broadening of empiric antibiotic therapy is not necessary in 

a setting where therapy can be tailored once blood culture results are available. 

Illness severity was associated with increased odds of both outcomes, 

suggesting that early warning scoring systems that identify these patients early 

and institute supportive management are of great benefit. 
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1 Introduction 

1.1 Abstract 

Antibiotic resistance, the ability of bacteria to resist the activity of one or more 

antibiotics, is a global threat to individual patient care and healthcare systems 

alike. There is strong evidence of a link between antibiotic prescribing and 

resistance, and consequently efforts have been focused on improving 

prescribing and reducing inappropriate antibiotic use. Urinary tract infections 

(UTIs) are a common cause of antibiotic prescribing in UK primary care, and 

reductions in prescribing for this infection, if feasible, would contribute to a large 

overall reduction in antibiotic consumption. In this chapter I give a background 

to antibiotic resistance globally and in the UK, and the clinical presentation, 

spectrum of disease and microbiological diagnosis of UTI. I set out the rationale 

for the research questions addressed in this thesis, around the risk of adverse 

outcomes following community-onset UTI and identifying potential areas for 

improved and reduced antibiotic prescribing for this infection. 

1.2 Antibiotic Resistance in the UK 

Antimicrobial resistance (AMR) refers to ability of microorganisms to resist the 

action of drugs we use to treat infections, and includes bacteria, viruses and fungi. 

Antibiotic resistance (ABR) refers to this resistance in bacterial species only, and I 

will mainly be using this term in this thesis as it deals with bacterial infections. The 

development of AMR is a natural – and to a certain extent – inevitable 

phenomenon. The rate at which resistance occurs and the extent to which it 

spreads can, however, be modified by human behaviour such as management of 

hygiene, sanitation, infection control policy and antibiotic consumption(1).  

Whilst numerous studies have been carried out worldwide documenting the 

adverse effects on morbidity, mortality, hospital length of stay and increased 

healthcare costs caused by ABR, the first comprehensive assessment of the 

global burden of ABR was recently published(2). The authors estimated deaths 

and disability-adjused life-years attributable to ABR (based on comparison to a 

scenario where all ABR infections were replaced with ones which were antibiotic-

sensitive). They also estimated death  associated with ABR (based on 

comparison to a scenario where all ABR infections were replaced with no 
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infection). This was done for  23 pathogens and 88 pathogen-drug combinations 

in 204 countries and territories in 2019. Data was obtained from a wide range of 

sources including systematic literature reviews, hospital systems, surveillance 

systems, and included 471 million individual records of bacterial isolates and 7585 

study-location-years. They used predictive statistical modelling to produce 

estimates of ABR burden for all locations, including those without data, and found 

an estimated 4.95 million (3.62-6.57) deaths associated with ABR in 2019, 

including 1.27 million (95% uncertainty interval 0.911-1.71) deaths attributable to 

ABR. The leading pathogen for deaths associated with ABR was Escherichia coli, 

the commonest cause of urinary tract infections and bloodstream infections in the 

UK and elsewhere. 

The first UK 5 year Antimicrobial Resistance Strategy 2013 to 2018 was published 

by the UK Department of Health and the Department for Environment, Food and 

Rural Affairs in 2013 and outlined a number of actions to slow the development 

and spread of AMR, with a particular focus on antibiotics(3). This 5 year strategy 

was updated in 2019, which focused on tackling AMR in three key ways: reducing 

the need for, and unintentional exposure to antimicrobials; optimising the use of 

antimicrobials; and investing in innovation, supply and access(4). The plan also 

included specific targets relevant to this thesis, including: halving healthcare 

associated Gram-negative bloodstream infections; reducing the number of 

specific drug-resistant infections in people by 10% by 2025; and reducing UK 

antimicrobial use in humans by 15% by 2024. 

Numerous studies have shown that historically, up to 50% of antibiotic 

prescriptions are inappropriate, and data from the European Antimicrobial 

Resistance Surveillance Network (EARS-Net) show that levels of ABR at country 

level correspond with antibiotic consumption in both hospital and community 

settings(5–7). Because ABR limits the available treatment options, infections are 

associated with negative patient outcomes in terms of morbidity and mortality, and 

increased healthcare costs(8–10). Exposure to antibiotics in primary care has also 

been shown to double the risk of resistance in respiratory and urinary bacteria for 

up to 12 months after treatment(11,12). In England, primary care accounts for 

71% of all antibiotic prescriptions(13). There has been a significant reduction in 

antibiotic prescribing in the UK in the last 5 years, driven in large part by 

reductions in primary care (-12.2%) and dental practices (-19.5%). However, the 
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same period has seen a small increase in other settings (+1.7 in hospital 

outpatients, 13.4% in hospital inpatients and +28.7% in other community settings), 

and rates of antibiotic resistant infections in the UK have been consistently rising. 

1.2.1 Gram-Negative Bacterial Infections 

Urinary tract infections (UTIs) are mainly caused by Gram-negative bacteria, 

and the UK has seen a sustained increase in the incidence of infections due to 

key Gram-negative bacterial species over the last 5 years, as well as an 

increase in the proportion of resistant isolates. Escherichia coli (E. coli) is the 

commonest cause of UTI, and is also the commonest cause of bloodstream 

infection (BSI, arguably the most severe outcome in UTI) in the UK. E. coli BSI 

incidence increased from 68.3 cases per 100,000 population in 2015 to 77.5 

cases per 100,000 population in 2019 (a 14% increase)(13). This represents a 

28% increase from the first year of mandatory surveillance of E. coli BSI (April 

2012 to March 2013), when the incidence was 60.4 per 100,000. An increase in 

incidence has also been seen in BSI with Klebsiella pneumoniae (K. 

pneumoniae), another common urinary pathogen, from 9.5 cases per 100,000 

to 13.2 per 100,000 population between 2015 and 2019 (a 39% increase). This 

represents a 71% increase from 7.7 cases per 100,000 population in 2009(13). 

The proportion of resistant isolates has also consistently increased. The 

estimated total of BSIs caused by pathogens that are resistant to one or more 

key antibiotics rose from 13671 in 2015 to 18110 in 2019, representing an 

increase of 32% . The most marked increase in resistance was seen in Gram-

negative bacteria, with numbers remaining relatively stable for Gram-positive 

bacteria (Enterococcus spp, S. aureus, S. pneumoniae), Figure 1.1. 
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Figure 1.1. Proportion of bloodstream infections, by causative species, 

resistant to one or more key antibiotic combination; England 2015 

to 2019. From English Surveillance Programme for Antimicrobial 

Utilisation and Resistance (ESPAUR) Report 2019 to 2020(13). K. 

oxytoca – Klebsiella oxytoca; S. aureus – Staphylococcus aureus; 

S. pneumoniae – Streptococcus pneumoniae. 

The proportion of isolates resistant to particular key antibiotics has also 

increased consistently for both E. coli and K. pneumoniae. The period 2015-

2019 saw increases in proportions of isolates resistant to ciprofloxacin from 

18% to 20%, and co-amoxiclav from 42% to 44% for E. coli. For K. pneumonia, 

the proportion of resistant isolates increased from 9% to 16% for ciprofloxacin, 

10% to 16% for 3
rd

 generation cephalosporins and 27% to 32% for co-

amoxiclav, Figure 1.2. 
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Figure 1.2. Proportion of E. Coli, K. Pneumoniae and K. Oxytoca BSI 

Resistant to Key Antibiotics, England, 2015 to 2019.  from English 

Surveillance Programme for Antimicrobial Utilisation and 

Resistance (ESPAUR) Report 2019 to 2020(13) 

1.2.2 Resistance Mechanisms in Gram-Negative Bacteria 

β-lactam antibiotics are a class of broad-spectrum antibiotics, all of which 

contain a β-lactam ring in their molecular structures. They include penicillin and 

its derivatives, cephalosporins, monobactams and carbapenems. These 

antibiotics are the mainstay of treatment for severe bacterial infections, and 

increasing resistance towards them is of concern. One of the most important 

resistance mechanisms of the bacterial family Enterobacterales (a group which 

includes many of the most common Gram-negative bacteria such as E. coli and 

Klebsiella pneumoniae) is based on plasmid-mediated production of enzymes 

which hydrolyse the beta lactam ring, thus rendering these antibiotics ineffective. 

This resistance is caused by an increasing number of different point mutations 

variants of classical broad-spectrum β-lactamases (ESBLs), and are known as 

extended-spectrum β-lactamases (ESBLs). There are a number of groups, the 

first described being TEM and SHV, and other groups including OXA, PER and 

CTX-M described more recently. ESBL infections have increased rapidly, in 

large part due to the spread of CTX-M(14,15). Other resistance mechanisms 

include AmpC β-lactamases, which are mainly chromosomal and are found in 

Enterobacter spp, Serratia spp, Citrobacter freundii, Acinetobacter spp, Proteus 

vulgaris, Providencia spp and Morganella morganii. They can also be acquired 

by species such as E.coli and K. pneumoniae via plasmids. 
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Carbapenems are the only β-lactam antibiotics with proven efficacy in severe 

infections due to ESBL-producing and AmpC β-lactamase producing bacteria 

and have long been considered the last-line therapy for resistant infections. 

Resistance to carbapenems can occur due to efflux pumps (for example in P. 

aeruginosa), outer membrane porin loss (leading to impermeability to the 

carbapenem) or be enzyme-mediated due to the production of 

carbapenemases, which are β-lactamases capable of inactivating carbapenems 

and other β-lactam antibiotics. National surveillance in the UK indicates that 

carbapenem resistance in the UK is rare, with >98% of E. coli and Klebsiella 

pneumoniae blood culture isolates phenotypically sensitive to carbapenems, but 

the number of isolates with confirmed resistance to carbapenems has increased 

year on year(16). Increasing prevalence in other countries is also an alarming 

phenomenon: European surveillance has shown that the percentage of invasive 

Klebsiella pneumoniae isolates resistant to carbapenems in 2017 was 29.7% in 

Italy and 64.7% in Greece(17). Figure 1.3 shows the mechanisms leading to 

carbapenem resistance in Enterobacterales. 

 

Figure 1.3. Mechanisms of carbapenem resistance in  

Enterobacterales. From Eichenberger et al.(18) 

Resistance to other antibiotic classes occurs in a variety of ways. 

Aminoglycoside resistance occurs through reduced uptake or decreased cell 

permeability, altered ribosome binding sites or enzymatic modification. 

Resistance to fluoroquinolones occurs through a range of mechanisms, the 
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most common of which is due to a mutation in one or more of the genes that 

encode the primary and secondary targets of these drugs, the type II 

topoisomerases (gyrA, gyrB, parC and parE)(19), Figure 1.4. 

 

Figure 1.4. Mechanisms of antibiotic resistance in Acinetobacter 

 baumanii. From Eichenberger et al.(18) 

1.2.3 Antimicrobial Stewardship Programmes 

Antimicrobial stewardship is the concept of judicious antibiotic use in order to 

limit the rise of ABR: using targeted antibiotic therapy in a timely manner only 

when it is necessary, and avoiding unnecessary antibiotic treatment when it is 

not. Optimising antibiotic prescribing through the development and 

implementation of antimicrobial stewardship (AMS) programmes was one of the 

7 main areas for action in the UK 5 year AMR strategy 2013 to 2018, and the 

focus on improved prescribing and reducing antibiotic use overall was reiterated 

in the 2019 update(3,4). AMS programmes are a set of co-ordinated 

interventions designed to improve and monitor the appropriate use of 

antimicrobial agents by promoting the optimal regimen. The main objective of 

these programmes is to achieve the best clinical outcomes related to 

antimicrobial use, whilst minimising toxicity and other adverse events, thereby 

limiting the selective pressure on bacterial populations that drives the 

emergence of resistant strains(20). 
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AMS interventions include, but are not restricted to, the development of 

guidelines for treatment of common infections and empiric regimens based on 

local microbiology surveillance, as well as continuing monitoring and audit of 

antibiotic usage. Education is a key component, with feedback of this usage to 

the prescribing clinicians. AMS programmes can involve a number of different 

interventions which are broadly termed persuasive (advising physicians how to 

prescribe or providing feedback on prescriptions) and restrictive (limiting 

prescriptions by formulary restriction of antibiotics or requiring prior approval 

from infection specialists). There is a large evidence base to support the use of 

AMS programmes in both primary and secondary care(21,22). 

AMS programmes are ideally locally-led, in response to data on local resistance 

patterns. However, broader policies have also been shown to be very effective. 

The period 2015 to 2019 saw a significant decrease in cefalexin use, with a 

25.3% decrease in primary care. This was likely due to the NHS Outcomes 

Framework (a set of indicators developed by the Department of Health and 

Social Care to monitor the health outcomes of adults and children in England) 

indicator of the number of co-amoxiclav, cephalosporins and quinolones as a 

percentage of the total number of selected antibiotics prescribed in primary 

care(23). Similarly, the overall consumption of sulphonamides and trimethoprim 

decreased by 42.7% across all settings between 2015 and 2019, in line with the 

National Institute for Health and Care Excellence (NICE) guideline 

recommending nitrofurantoin instead of trimethoprim as first-line treatment for 

lower uncomplicated UTI in adults since 2014(24,25). It may also have been 

related to the NHS England Quality Premium 2017/18 and 2018/19 targets (the 

Quality Premium scheme incentivises CCGs to improve patient health 

outcomes), aimed at reducing the trimethoprim/nitrofurantoin ratio and later 

reducing trimethoprim use for patients over the age of 70(26). 

1.3 Urinary Tract Infections 

1.3.1 Clinical Presentation and Spectrum of Disease 

Urinary tract infections (UTIs) are one of the commonest indications for 

antibiotic prescriptions both in primary and secondary care. It has been 

estimated that the average person consults their GP 5.5 times per year and that 

1-3% of all GP consultations are for UTI symptoms(27,28). Whilst UTIs occur in 
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both genders and all age groups, they are most common in women: it is 

estimated that 1 in 3 women will have had a UTI requiring antibiotics by the time 

they are 24 years of age, and that 50% of women will experience at least one 

urinary tract infection in their lifetime(29,30). Unnecessary antibiotic use is a 

particular issue in older patients, with estimates around 40-50% reported(31). 

UTI is a broad term indicating infection in any part of the urinary tract, from the 

distal urethra to the kidneys. A number of definitions are commonly used, with 

the term “lower” UTI (or bacterial cystitis) signifying infection of the urethra and 

bladder, and “upper” UTI signifying infections that have ascended to the ureters 

and kidneys (pyelonephritis), Figure 1.5. UTIs are also commonly described as 

“uncomplicated” if they occur in a non-pregnant female with a structurally and 

functionally normal urogenital tract, and “complicated” if they occur in pregnant 

women, men, or in structurally or functionally abnormal renal tract. 

 

Figure 1.5. Graphical representation of the urinary tract. 

Symptoms of UTI include dysuria (pain on passing urine), frequency (the need 

to pass urine more often), lower abdominal pain, haematuria (blood in the 

urine), fever and flank pain in the context of pyelonephritis. The spectrum of 

disease ranges from urethritis and uncomplicated lower UTI, to prostatitis, 

pyonephrosis (an infected kidney with an obstructed ureter), perinephric 

abscess (abscess formation around the kidney), sepsis and bloodstream 

infection. Like most community infections, cases at the severe end of the 

clinical spectrum are significantly rarer than milder disease. Presenting 
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features in young children and the elderly may be atypical and non-specific, 

and include nausea and vomiting, confusion, new urinary incontinence or 

urinary retention. 

1.3.2 Complicated UTI 

There are a wide variety of factors which relate to complicated UTI, Table 1.1. 

The commonest causal determinant of infection is the interference of normal 

voiding of urine from the bladder, leading to urinary stasis and subsequent 

bacterial overgrowth. Other risk factors for infection include the persistence of 

bacteria in biofilm on renal stones or indwelling devices, and the introduction 

of bacteria through instrumentation. Risk and duration of infection varies by 

abnormality: development of bacteriuria is ubiquitous with long term 

catheterisation, whereas infection complicating obstruction from a renal stone 

may be transient and relieved by stone removal(32). Catheter-associated UTI 

is one of the commonest healthcare associated infections in the UK and 

elsewhere, and risk factors for infection include duration of catheterisation, 

female sex and neurological disability(33–37). 
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Table 1.1. Structural and functional abnormalities of the genitourinary tract 

associated with complicated urinary tract infection.  

Adapted from Nicolle et al(32). 

Mechanism of infection Diagnosis 

Obstruction Ureteric or urethral strictures 

 Tumours of the urinary tract 

 Urolithiasis 

 Prostatic hypertrophy 

 Diverticulae 

 Pelvicalyceal obstruction 

 Renal cysts 

 Congenital abnormalities 

Instrumentation Indwelling urethral catheter 

 Intermittent catheterisation 

 Ureteric stent 

 Nephrostomy tube 

 Urological procedures 

Impaired voiding Neurogenic bladder 

 Cystocoele  

 Vesicoureteral reflux 

 Ileal conduit 

Metabolic abnormalities Nephrocalcinosis 

 Medullary sponge kidney 

 Renal failure 

 

1.3.3 Recurrent UTI 

Recurrent UTI in adults is currently defined in the UK as 2 or more UTIs in 6 

months, or 3 or more UTIs in 12 months. They can occur in healthy young 

women, even in the absence of anatomical or functional abnormalities, and risk 

factors include sexual intercourse, the use of spermicidal contraception, having 

had a first UTI at an early age and maternal history of UTIs(38). Recurrent UTI 

is common: a prospective study of 179 women aged 17-82 UTI followed up for 

12 months after an index episode of community-onset E. coli lower UTI found 

that 44% of the patients overall (53% in women >55 and 36% in women ≤55) 

had a recurrence, defined as another episode of UTI >1 month after the first. A 
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history of UTI was associated with an increased risk of recurrence (OR 6.8, 

95% CI 1.5-30.6) as compared to no history of UTI on univariate logistic 

regression(39). Whilst risk factors for recurrent UTI in young women are mainly 

behavioural, recurrent UTI in postmenopausal women is more frequently 

associated with anatomical or functional abnormalities that impair bladder 

emptying. 

It is thought that the majority of recurrent UTIs are caused by reinfection with a 

bacterial strain resident in the bowel flora. A prospective study of 23 women 

with recurrent UTI, and 35 with first episode UTI investigated the E. coli strains 

isolated on urine culture and rectal swabs with chromosomal restriction 

fragment length polymorphism (RFLP) analysis using pulsed field gel 

electrophoresis(40). Participants were all healthy, non-pregnant, sexually active 

women aged 18-42 years of age and history of recurrent UTI was defined as 2 

episodes of infection in the previous 12 months. The authors found that 30/44 

(approximately 68%) of recurrent UTIs were due to a strain which had been 

identified in the same individual at an earlier date, including several infections 

that occurred several months apart and in the context of antibiotic treatment 

which resulted in resolution of symptoms. They also found that the infecting 

strain persisted in the faecal flora of these patients, even when it was 

eradicated from the urinary tract, suggesting that reinfection occurs due to 

strains from a reservoir in the gut. Recurrent lower UTI is rare in men, and there 

is a paucity of studies on this clinical entity. 

A number of non-antibiotic treatments have been investigated with regards to 

preventing recurrent UTI, including topical oestrogen, D-mannose, cranberry 

products and probiotics. A systematic review of 9 studies including 3345 post-

menopausal women found that in 2 studies vaginal oestrogen as compared to 

placebo reduced the number of women with recurrences of UTI, with risk ratios 

of 0.25 (95% CI 0.13 to 0.50) and 0.64 (95% CI 0.47 to 0.86)(41). There is 

evidence from a randomised controlled trial of 308 non-pregnant women aged 

20-79 that daily D-mannose can reduce recurrence of UTI in the 6 month 

period following treatment for acute UTI as compared to no treatment (RR 

0.24, 95% CI 0.15-0.39)(42). However, there was no difference between D-

mannose and nitrofurantoin prophylaxis. There is inconclusive evidence around 
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the benefit of probiotics and cranberry products in preventing recurrent UTI(43–

47). 

NICE guidelines for management of recurrent UTI suggest a trial of hygiene 

measures (such as post-coital voiding) and self-care (such as D-mannose and 

cranberry products), with antibiotic prophylaxis reserved for cases where there 

is no improvement. Topical oestrogen can be tried in post-menopausal women, 

taking into account a number of factors including the severity and frequency of 

symptoms, the risk of complications, the benefits for other symptoms (e.g. 

vaginal dryness), possible adverse effects (breast tenderness and vaginal 

bleeding), the unknown long-term endometrial safety profile, and the patient’s 

preferences for treatment. In the absence of improvement with non-antibiotic 

measures, single dose antibiotic prophylaxis is recommended if there is an 

identifiable trigger for recurrence e.g. sexual intercourse. In the absence of an 

identifiable trigger and with no improvement with self-care measures, a trial of 

daily antibiotic prophylaxis is recommended. For adults >16 years first choice is 

low dose trimethoprim or nitrofurantoin, and second choice low dose amoxicillin 

or cefalexin. In children >3 months the same antibiotic choices are 

recommended, but they should only be prescribed under specialist advice. 

Specialist referral is also recommended for pregnant women, men or children 

aged <16 with recurrent UTI. 

Recurrent UTI causes significant morbidity, in addition to reduced productivity 

and increased antibiotic consumption. A multinational, multicentre, prospective 

observational study of 575 patients aged >18 with recurrent UTI was carried out 

to investigate the impact of recurrent UTI on quality of life (48). The primary 

outcome was the relationship between the number of infective episodes and the 

Hospital Anxiety and Depression scale (HAD, a self-assessment scale 

developed and validated for detecting depression and anxiety in the setting of a 

hospital outpatient clinic(49)). Scores were recorded at day 0 and day 180, and 

a majority of patients (94.5%) received non-antibiotic prophylaxis with an OM-

89, an immunostimulant containing bacterial extracts of E. coli which has been 

recommended in the European Association of Urology guidelines. At baseline, 

the HAD scores revealed that 32% of patients exhibited mild, 27.7% moderate 

and 2.2% severe levels of depression. The mean number of urinary episodes 

reduced from 2.7 (SD=1.2) on day 0 to 1.1 (SD=1.1) on day 180, showing a 
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decrease of 59.3% from baseline (p <0.001). There was also a reduction in 

scores for depression and anxiety, with a 31% reduction in patients reporting 

mild to severe depression, and the authors posited a correlation between the 

reduction in UTI frequency and reduction in depressive symptoms. 

1.3.4 Asymptomatic Bacteriuria 

Asymptomatic bacteriuria (ASB) is defined as the presence of bacteria in the 

urine in the absence of other signs or symptoms of urinary tract infection. It is a 

common finding in healthy women, and in men and women with abnormalities 

of the genitourinary tract(50). For women, two consecutive voided specimens 

are generally recommended, but for men a single specimen is adequate. 

Prevalence estimates range from 1-5% for healthy young women to up to 16% 

in healthy elderly women in the community, Table 1.2. Whilst rare in men 

younger than 60 years old, prevalence of up to 19% in elderly men in the 

community has been reported. Bacteriuria in the context of a long term catheter 

is ubiquitous, as biofilm formation on the surface of the catheter predisposes to 

this. 

Table 1.2. Prevalence of asymptomatic bacteriuria in  

different populations. Adapted from Nicolle et al.(51) 

Patient group Proportion with bacteriuria 

Healthy, pre-menopausal women 1.0% - 5.0% 

Pregnant women 1.9% - 9.5% 

Postmenopausal women (50-70 years) 2.8% - 8.6% 

Diabetic women 9.0% - 27.0% 

Diabetic men 0.7% - 11.0% 

Elderly women in community 10.8% - 16.0% 

Elderly men in community 3.6% - 19.0% 

Elderly women in long term care 25.0% - 50.0% 

Elderly men in long term care 15.0% - 40.0% 

Spinal cord injury 50.0% 

Chronic indwelling catheter 100% 

 

Whilst usually benign, ASB has been found to be associated with adverse 

outcomes in pregnant women and patients who undergo urological procedures 
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that cause mucosal trauma, and for this reason treatment of ASB is 

recommended only in these patient groups. A systematic review of the benefits 

and harms of treatment of ASB included 50 studies involving 7088 patients(52). 

A meta-analysis of 11 Randomised Controlled Trials (RCTs) involving 2002 

pregnant women with ASB found antibiotic treatment to reduce the number of 

symptomatic UTIs (RR 0.22, 95% CI 0.12-0.40, very low quality evidence due to 

very serious risk of bias and serious inconsistency) compared with placebo or 

no treatment. Data from 8 RCTs involving 1689 pregnant women showed 

antibiotic treatment to reduce the risk of a low birthweight infant (RR 0.58, 95% 

CI 0.36-0.94, very low quality evidence due to very serious risk of bias and 

serious inconsistency). Data from 4 RCTs involving 854 pregnant women 

showed antibiotic treatment to reduce the risk of preterm delivery (RR 0.34, 

95% CI 0.18-0.66, low quality evidence due to very serious risk of bias). A 

single trial of higher methodological quality however, found that in women with 

an uncomplicated singleton pregnancy, untreated ASB was not associated with 

preterm birth. Untreated ASB was however associated with pyelonephritis, but 

as the absolute risk of pyelonephritis in untreated ASB is low, the authors 

questioned the value of the routine screen and treat policy for ASB in 

pregnancy(53). This is in contrast to other studies, which have estimated that 

20-40% of pregnant women with untreated ASB will develop pyelonephritis(54). 

No evidence of benefit was seen in patients with diabetes mellitus, recurrent 

UTI, postmenopausal women, elderly institutionalised patients, renal transplant 

patients, or patients due for joint replacement surgery. 

Preliminary studies have investigated the role of “bacterial interference” – the use 

of bacteria of low virulence to compete with and prevent colonisation and infection 

with more virulent strains – as a means of preventing UTI(55). Both E. coli and 

Lactobacillus spp. have been evaluated as agents, with E. coli evaluated by direct 

bladder inoculation or insertion of a coated urinary catheter, and Lactobacillus spp 

as a vaginal suppository or an oral drink. Whilst there has been some evidence of 

positive results, it is limited by small sample sizes and methodological limitations. 

Additionally, whilst potentially of use in a population with spinal cord injuries and 

long term indwelling urinary catheters, direct inoculation of the bladder is not a 

practical intervention in the majority of patients. 
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1.3.5 Microbiological Diagnosis of UTI 

Uncomplicated UTIs are most commonly caused by a single bacterial species, 

the most common of which is E. coli both in the UK and worldwide, accounting 

for ~70% of isolates(56). Only a subset of serotypes of E. coli frequently cause 

UTI, with certain virulence factors specifically favouring the development of 

asymptomatic bacteriuria, cystitis or pyelonephritis(57). Other species include: 

● Proteus mirabilis: common in young boys and men. Associated with renal 

tract calculi and other abnormalities. 

● Staphylococcus saprophyticus: adheres to uroepithelial cells with better 

affinity than other coagulase-negative staphylococci or Staphylococcus 

aureus. Frequently seen in young women with UTI. 

● Streptococci: rarely cause uncomplicated UTI, apart from Lancefield Group 

B streptococci and enterococci. 

● Klebsiella species 

● Other Enterobacterales 

In a healthy urinary tract, other coagulase-negative staphylococci are usually 

considered contaminants washed off the perineum during sampling. Yeasts, 

most commonly Candida species are also frequently contaminants, although 

they can be associated with indwelling urinary catheters. 

Complicated UTI can be caused by a wider range of organisms, and are more 

frequently associated with increased antimicrobial resistance. E. coli is the most 

common organism also in complicated UTI, but other organisms include 

Klebsiella species, Enterobacter species, other Proteus species, enterococci 

and Pseudomonas aeruginosa (most commonly catheter-associated). 

Staphylococcus aureus, a common contaminant from perineal flora, can rarely 

cause infection, but this is frequently as a secondary infection associated with 

bacteraemia, surgery or catheterisation(58). 

Specimen Collection 
Suprapubic aspiration (involving needle aspiration of the bladder above the pubic 

symphysis) is the gold standard for urine sample collection, as it avoids 

contamination of samples with bacteria from the distal urethra. It is however rarely 

clinically indicated, and is infrequently used as it is invasive and impractical(59). 
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Collection using a single catheter (straight catheter or in-out catheter technique) is 

considered the next best technique, but is again infrequently used due to being 

invasive and impractical, as well as having the potential effect of introducing 

bacteria into the bladder. The commonest method of urine sample collection from 

adults is the mid-stream urine (MSU) sample, which has the advantage of being 

non-invasive, cheap and possible to carry out in the majority of clinical settings. 

Bacterial culture results from mid-stream urine specimens correlate relatively well 

with those collected via suprapubic aspiration or an in-out catheter(60). Collection 

of urine from the mid-stream, after the first part of the urine has passed into the 

toilet, hopes to reduce the risk of the urine sample being contaminated by 

commensals in the distal urethra. This can be difficult to achieve in young children, 

elderly patients, and patients with other impairments. 

Specimen Transportation 
A number of studies have shown that delays in transportation have an adverse 

effect on the quality of urine samples, leading to higher colony counts and false-

positive results(61–63). For this reason, it is recommended that samples be 

processed within 2-4 hours of being taken. Refrigeration of samples, or the use 

of additives such as boric acid can prevent such overgrowth and increases the 

maximum time for transport to the laboratory to up to 96 hours(64). 

Urine Microscopy 
Laboratory investigation of urine commonly involves microscopy, or an 

alternative method of measuring cellular components. This is carried out to 

identify the presence of: 

● White blood cells (WBC): significant pyuria is indicative of infection in a 

patient with concomitant bacteriuria and symptoms of UTI. Significant pyuria 

is defined as ≥10
7 
WBC/L (10

4
 WBC/mL), but higher levels are frequently 

seen in healthy asymptomatic women(65). It has been suggested that a 

level of >10
8
 WBC/L (>10

5
 WBC/mL) may be more useful in discriminating 

infection(58). 

● Red blood cells (RBC): the presence of 1-2 RBCs in a high power field is 

not considered abnormal, but the presence of blood in the urine 

(haematuria) can signify a range of pathologies in the genitourinary tract. 

Whilst it can be seen in cystitis, it is rarely seen in other infective syndromes 
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and is generally a marker of non-infective pathology. Menstruation can also 

cause apparent haematuria. 

● Casts: these are cylindrical protein mouldings formed in the renal tubules 

and suggest renal pathology, but are not helpful in distinguishing aetiology. 

● Crystals: these are associated with the formation of calculi in the renal tract 

and may be asymptomatic. 

● Squamous epithelial cells: these are a marker of the degree of 

contamination of a sample from the skin around the perineal region. 

Microscopy is frequently carried out in a semi-automated fashion, using a range 

of commercially available urine analysers. These will rapidly screen samples 

and can identify samples that are negative for key cellular components and 

therefore do not require culture. Laboratories will set their own cut-off values for 

cellular components with the aim of maximising clinical sensitivity in different 

patient groups. Urine samples from certain groups, such as children, pregnant 

women and immunocompromised patients, may be cultured regardless of 

screening result because of the increased risk of infection and atypical 

presentation in these populations(58). Available technologies for automated 

microscopy include flow cytometry, particle recognition systems and 

microscopic urine sediment analysis. 

Bacterial Urine Culture 
Because the majority of community-onset UTIs are caused by organisms which 

are aerobic (capable of growing in the presence of oxygen) and facultatively 

anaerobic (capable of growing in the presence or absence of oxygen), routine 

cultures will usually be plated onto blood or MacConkey’s agar and selective 

media are not necessary. Identification of bacteria traditionally relies on 

recognition of colony morphology and a series of biochemical tests. Recently, 

matrix-assisted laser desorption ionization–time of flight mass spectrometry 

(MALDI-TOF MS) has emerged as a new technology for species identification, 

and is rapid and reliable. It relies on a soft ionisation technique used in mass 

spectrometry, allowing the analysis of biomolecules (such as DNA, ribosomal 

proteins, peptide and sugars) and large organic molecules (such as polymers, 

dendrimers and other macromolecules), and is well suited for routine clinical 

microbiology work due to its speed and simplicity of sample preparation(66). 

Various chromogenic media have also been developed: these include 
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chromogenic enzyme substrates targeting microbial enzymes which target 

pathogens with high specificity, and have significant benefits related to reduced 

labour time and lower use of reagents, Figure 1.6(67). 

  

 

Figure 1.6. Image of CHROMagar
TM 

Orientation chromogenic agar for 

identification of uropathogens. From CHROMagar website(68). 

The presence of ≥10
5 
colony forming units (cfu) per millilitre of urine is the 

traditional criterion for defining significant bacteriuria. This was established for 

women with acute pyelonephritis or women with multiple samples of ASB by Kass 

in the 1950s, but has since been applied to other patient populations(69,70). Many 

laboratories now opt to use lower colony counts as a criterion when reporting 

results, depending on the causative organism and patient population. In 

symptomatic patients with pure growths of a known uropathogen, counts of 10
3
 

cfu/ml may be considered relevant, and in samples obtained by suprapubic 

aspiration, bacterial counts as low as 10
2 
cfu/ml may be considered relevant. 

Antimicrobial Resistance Testing 
Different laboratories will decide on which antimicrobials to routinely test urine 

cultures for phenotypic resistance against, but it is recommended that they 

adhere to the UK Standards for microbiology investigation (UK SMI), published 

by Public Health England, and the majority of NHS microbiology laboratories do 

so(58). These standards are regularly updated and recommend selective and 

restrictive reporting of antimicrobials in order to support antimicrobial 

stewardship, with the recommendation that deviation in reporting should be 

carried in consultation with local stewardship groups, Table 1.3. 
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Table 1.3. Recommended phenotypic resistance testing for urine cultures, from UK  

Standards of Microbiological Investigation: Investigation of urine, PHE 2019(58). 

Bacteria 

Examples of agents to be included 
within primary test panel 
(recommended agents in bold 
depending on clinical presentation) 

Examples of agents to be considered 
for supplementary testing 
(recommended agents in bold 
depending on clinical presentation) 

Notes 

Enterobacterales 

Ampicillin (or amoxicillin) 
Cefpodoxime1 

Nitrofurantoin2 

Trimethoprim 

Amikacin 
Cefalexin 
Cefotaxime (or Ceftriaxone) 
Ceftazidime 
Ciprofloxacin (or Norfloxacin) 
Coamoxiclav3 

Ertapenem 
Fosfomycin 
Gentamicin 
Mecillinam 
Meropenem (or Imipenem) 
Piperacillin/ Tazobactam 
Temocillin 
Aztreonam 

1. Cefpodoxime resistant organisms 
should be tested for the presence 
of ESBLs and screened for 
reduced susceptibility to 
carbapenems 

2. Nitrofurantoin for uncomplicated 
UTI only 

3. Co-amoxiclav resistant organisms 
should be tested at a local level for 
sensitivity to an indicator 
carbapenem 

Pseudomonas aeruginosa and 
Acinetobacter spp. 

Ceftazidime (for P. aeruginosa only) 
Ciprofloxacin 
Gentamicin 
Meropenem (or Imipenem) 
Piperacillin/Tazobactam4 

Amikacin 
Colistin  

4. Tazobactam should not be tested 
or reported for Acinetobacter spp. 

Staphylococcus saprophyticus 
Cefoxitin5 (or Oxacillin) 
Nitrofurantoin (uncomplicated UTI 
only) Trimethoprim 

Ciprofloxacin (or Norfloxacin) 
Gentamicin 
Penicillin 
Vancomycin  

5. Report as flucloxacillin 
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Bacteria 

Examples of agents to be included 
within primary test panel 
(recommended agents in bold 
depending on clinical presentation) 

Examples of agents to be considered 
for supplementary testing 
(recommended agents in bold 
depending on clinical presentation) 

Notes 

Group B beta-haemolytic 
Streptococci 

Nitrofurantoin2 

Penicillin 
Trimethoprim  

Clindamycin 2. Nitrofurantoin for uncomplicated 
UTI only 

Enterococcus spp. Ampicillin (or Amoxicillin) 
Nitrofurantoin2 

Teicoplanin 
Vancomycin 

2. Nitrofurantoin for uncomplicated 
UTI only 
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1.3.6 Management of Lower UTI in Primary are 

NHS guidance recommends self-help measures in cases of mild symptoms of 

lower UTI or cystitis: over the counter analgesia, increased fluid intake, 

avoidance of sexual intercourse(71). It is noted that whilst some patients find 

agents such as cranberry juice, sodium bicarbonate and potassium citrate 

(available over the counter) helpful for relieving symptoms, there is not much 

evidence to support their efficacy. The guidance recommends that patients see 

their GP if they are unsure of the diagnosis, if their symptoms are severe or 

don’t improve within 3 days, they suffer from recurrent cystitis or if they belong 

to particular patient groups (pregnant women, men and children). 

GPs diagnose UTI based on symptoms, signs and in some cases near patient tests 

such as urine dipsticks. These are commercially available strips which can detect the 

presence of blood, leukocyte esterase, nitrate and protein, and give a colorimetric 

measurement. They have been found to be most useful in excluding infection, with 

the absence of all four markers in one study giving a negative predictive value of 

98.3%, a sensitivity of 98.3% and a specificity of 19.2%(72). However, a systematic 

review of 30 studies, with 23 included in a meta-analysis found significant variability 

in test performance, felt by the authors to represent different prevalence of UTI, or 

pre-test probability of the infection in the studied population(73). 

PHE updated their guidance in 2018 in order to improve management of UTI in 

primary care(74). Key changes from previous guidance includes the use of three 

indicators: dysuria, new nocturia and cloudy urine (rather than any of these three) 

in order to increase diagnostic certainty of UTI. The avoidance of urine dipstick 

testing in patients over the age of 65 and catheterised individuals is also 

recommended, due to the prevalence of asymptomatic bacteriuria and catheter 

colonisation with bacteria. The guidance includes flowcharts with separate 

guidance for women <65 years; men and women ≥65 years and individuals with 

urinary catheters; and children <16 years. In all cases, signs of upper UTI and/or 

sepsis should prompt further investigation and onward referral to secondary care. 

PHE guidelines recommend sending urine cultures in the following situations: 

● Pregnant women, men and children aged <16 

● Patients >65 years old if symptomatic and antibiotics are prescribed 
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● Suspected pyelonephritis or sepsis 

● Failed antibiotic treatment or persistent symptoms 

● Recurrent UTI 

● When prescribing an antibiotic in someone with a urinary catheter 

● Risks of antibiotic resistance including: abnormalities of the genitourinary 

tract, renal impairment, care home residents, hospitalisation for >7 days in 

the last 6 months, recent travel to a country with increased resistance and a 

previously antibiotic resistant UTI. 

Even if UTI is felt to be likely, a “watch and wait” approach with a backup 

antibiotic prescription (so the patient can collect an antibiotic if they feel it is 

necessary) is recommended as an option in non-pregnant women without an 

indwelling urinary catheter. Studies have shown that a proportion of women are 

willing to delay antibiotic treatment, however there is little data to show how 

frequently this actually occurs in practice(75). A household survey of 2424 

women aged ≥16 years in England in 2014 found that of the 37% (95% CI 35.1-

38.9) who reported ever having a UTI, 95% (95% CI 93.6% to 96.4%) consulted 

a health professional of any kind for their symptoms and 65% (95% CI 61.7% to 

68.3%) contacted their GP surgery. Of these, 74% were prescribed an 

antibiotic, with delayed prescribing (4%) and standby prescriptions (2%) being 

rare(76). A more recent online prospective community cohort study of the 

general population in England (2018-2019) of 873 individuals with 23,111 

person-weeks follow-up however found that in 87 urinary tract infection 

syndromes (out of a total of 1422 infection syndromes of all types), 41.4% 

resulted in an antibiotic prescription (35.6% from a GP)(77). 

As urine cultures are not routinely sent in all patients, and due to the time taken 

for culture results to be available when they are sent, antibiotic management of 

lower UTI in primary care is frequently empirical. Empirical antibiotic therapy is 

aimed at covering the most likely urinary pathogens, and often tailored 

according to local resistance data. The National Institute for Health and Care 

Excellence (NICE) publishes guidelines for treatment, Table 1.4, and frequently 

hospital microbiology departments may provide guidelines for their local areas. 

In all cases nitrofurantoin is recommended only if renal function allows (eGFR 

≥45 ml/minute). Second line treatments are recommended if no improvement in 
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lower UTI symptoms after treatment with first line for at least 48 hours, or if first 

line not suitable for other reasons (e.g. impaired renal or hepatic function). 

Table 1.4. NICE guidelines for antimicrobial prescribing for lower UTI(78) 

Patient group 1st line 2nd line1 

Non-pregnant 
women aged 
≥16 years 

Nitrofurantoin2 100mg twice daily 
for 3 days OR 
Trimethoprim (if low risk of 
resistance) 200mg twice daily for 3 
days 

Nitrofurantoin2 (if not used as 1st 
line) 100mg twice daily OR 
Pivmecillinam 400mg initially then 
200mg three times daily for 3 days 
OR 
Fosfomycin as a single 3g sachet 

Pregnant 
women aged 
≥12 years 

Nitrofurantoin2 (to be avoided at 
term) 100mg twice daily for 7 days 

Amoxicillin (only if culture results 
available and susceptible) 500mg 
three times daily for 7 days OR 
Cefalexin 500mg twice daily for 7 
days OR 
Alternate antibiotic in consultation 
with local microbiologist 

Children >3 
months 
(dosed by 
weight) 

Trimethoprim (if low risk of 
antibiotic resistance) for 3 days 
OR 
Nitrofurantoin2 for 3 days 

Nitrofurantoin2 (if not used as 1st 
line) for 2 days OR 
Amoxicillin (if culture results 
available and susceptible) for 3 
days OR 
Cefalexin for 3 days 

Men aged ≥16 
years 

Trimethoprim 200mg twice daily 
for 7 days OR 
Nitrofurantoin2 100mg twice daily 
for 7 days 

Consider alternative diagnoses 
and follow recommendations in the 
NICE antimicrobial prescribing 
guidelines on acute pyelonephritis 
or acute prostatitis, basing 
antibiotic choice on recent culture 
and susceptibility results 

1. 2nd line recommended if no improvement in lower UTI symptoms after 

treatment with 1st line for at least 48 hours, or if first line not suitable for 

other reasons (e.g. impaired renal or hepatic function) 

2. If eGFR ≥45 ml/minute 

1.3.7 Evidence Related to Non-Antibiotic Treatment of UTI 

A number of recent studies have trialled non-antibiotic strategies for lower UTI. 

A randomised, double-blind, non-inferiority trial carried out in 17 general 

practices in Switzerland included 253 women aged 18-70 years with 

uncomplicated lower UTI. Treatment with norfloxacin (n = 120) was compared 
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to treatment with the non-steroidal anti-inflammatory (NSAID) diclofenac (n = 

133)(79). All participants were given an open label package of fosfomycin to be 

taken as a rescue antibiotic after completion of the study drug on day 3 if 

symptoms persisted. The authors found that a lower proportion of women 

treated with diclofenac had symptom resolution at day 3 as compared to those 

treated with norfloxacin (risk difference 27%, 95% CI 15-38), and that the 

median time to symptom resolution was 2 days for the norfloxacin group and 4 

days for the diclofenac group. Symptom resolution at 10 days, however, was 

not statistically different in each treatment group. 118/120 (98%) of women in 

the norfloxacin group used antibiotics up to day 30 (including norfloxacin and 

fosfomycin), but only 82/133 (68%) in the diclofenac group did so, meaning 

women treated with diclofenac were 37% less likely to receive antibiotics in this 

time period. A total of 6/133 (5%) of women in the diclofenac group and 0/120 in 

the antibiotic group developed pyelonephritis (defined as the occurrence of loin 

pain and fever leading to an unplanned outpatient visit), p 0.03. The authors 

concluded that whilst diclofenac treatment reduced antibiotic use, it was inferior 

to norfloxacin for symptom relief and was likely to be associated with an 

increased risk of pyelonephritis. 

Another double-blind randomised multi-centre comparative effectiveness trial 

included 494 women aged 18-65 with uncomplicated lower UTI compared 

treatment from 42 general practices in northern Germany. Treatment with 

fosfomycin (n = 246) was compared to treatment with the NSAID ibuprofen (n = 

248) for 3 days(80). All women were advised to see their GP if symptoms 

persisted or worsened, in which case they were treated as per clinical need. The 

authors found that although 21.2% more women in the ibuprofen group than the 

fosfomycin group received antibiotics in the follow-up period, the total number 

receiving antibiotics in this group was 64.7% lower. The symptom burden was 

greater in the ibuprofen group, with 56% of women in the fosfomycin group vs 

39% in the ibuprofen group symptom free at day 4 (p <0.001). At day 7 these 

rates increased to 82% for the fosfomycin group and 70% for the ibuprofen 

group. There were 5 cases of pyelonephritis in the ibuprofen group and 1 in the 

fosfomycin group (p 0.12), and it was noted that women with pyelonephritis had a 

higher symptom score on average than those that did not. The authors concluded 
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that treatment with ibuprofen reduced overall antibiotic use and that two thirds of 

the ibuprofen group recovered without antibiotics, but that this was at the cost of 

a higher burden of symptoms and more cases of pyelonephritis. It has been 

suggested that NSAIDs may be causative in the higher numbers of pyelonephritis 

in these studies, as they have been associated with prolonged illness or 

complications in respiratory infections(81). 

A meta-analysis of randomised controlled trials comparing antibiotics to placebo 

in the treatment of women with uncomplicated lower UTI included 5 studies. 

The authors found that clinical success (defined as complete resolution or 

improvement in symptoms of dysuria, frequency or urgency of urination at the 

first evaluation at the end of treatment) was more likely on women treated with 

antibiotics versus those treated with placebo (4 RCTs including 1062 patients), 

with an odds ratio of 4.81 (95% CI 2.51-9.21). No difference was found between 

the treatment arms in with regards to the development of pyelonephritis 

however, and adverse events (defined as any adverse event reported by the 

study participants during the study period) were more likely to occur in women 

treated with antibiotics than those treated with placebo(82). 

Observational studies in older adults have shown conflicting results around the 

safety of withholding or delaying antibiotic treatment for UTI. Gharbi et al. carried 

out a retrospective population based cohort study of 157,264 patients aged 65 or 

over with at least one diagnosis of suspected or confirmed lower UTI from 

November 2007 to May 2015 using data from the Clinical Practice Research 

Datalink (primary care records linked to secondary care and death records in 

England)(83). Patients were divided into immediate antibiotics (antibiotic 

prescribed on the day of consultation), deferred antibiotics (antibiotic prescribed 

within 7 days of the consultation but not on the day of consultation, and in the 

absence of complication or hospital admission) and no antibiotics (no antibiotic 

prescribed within 7 days of the consultation or if a complication occurred before 

an antibiotic was prescribed). On multivariable logistic regression analysis of the 

risk of bloodstream infection (BSI) within the 60 days following the UTI 

consultation adjusted for age, sex, IMD quintile, Charlson comorbidity index 

score, year of UTI, admission to hospital in 30 days prior to diagnosis and 

recurrent UTIs, the authors found an increased odds in the deferred antibiotics 
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and no antibiotics groups (adj OR 7.12, 95% CI 6.22-8.14 and 8.08, 95% CI 

7.12-9.16, respectively). A number of concerns have been raised around the 

methodology of this study, however, with significant differences noted in the 

treatment groups. Those in the deferred and no antibiotics groups were older, 

had twice the proportion of patients with an indwelling urinary catheter, and 

greater proportions of patients with antibiotic exposure or hospital admission in 

the 30 days prior to the UTI consultation. The no prescription group was also 

likely to include a greater proportion of higher risk patients, including those seen 

out of hours or during home visits (which could mean no electronic antibiotic 

prescription was recorded), and those who were approaching the end of life and 

where decisions had been made to not pursue active treatment(84). 

A second study reanalysed the relationship between the timing of antibiotic 

prescribing for UTI and the risk of BSI in the 60 days following a consultation 

using the same dataset and aiming to address the methodological issues raised 

above(85). A strict definition of UTI was used in order to restrict episodes to 

those originating in the community and exclude ongoing episodes. Episodes 

were also excluded if hospital admission, A&E attendance, referral to specialist 

care or death were recorded on the same day, or if the linked HES record 

showed that the patient was an inpatient on the day the consultation was 

recorded in primary care. Additionally, they combined the delayed and no 

prescription groups, given that delayed prescriptions are not well recorded in 

primary care. The cohort included 147,334 patients with 280,462 distinct 

episodes of lower UTI. On multivariable analysis adjusted for patient 

demographics, year of consultation, comorbidities, smoking status, recent 

hospitalisations, recent A&E attendances, recent antibiotic prescribing and 

home visits, the authors found no evidence that delaying or withholding 

antibiotic treatment was associated with increased odds of BSI in the 60 days 

following a UTI consultation (adj OR 1.13, 95% CI 0.97-1.32, p 0.105). 

1.4 Conclusions 

Urinary tract infections are the commonest bacterial community-onset 

infections and result in a significant number of primary care consultations and 

antibiotic prescriptions. They are most frequently caused by Gram-negative 
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bacteria, in which levels of antibiotic resistance are rising consistently, and the 

spectrum of disease ranges from uncomplicated lower UTI (cystitis) to urinary 

sepsis with or without bloodstream infection. The inability to reliably rule out a 

diagnosis of UTI, and concerns about ascending infection, mean that GPs have 

traditionally had a low threshold for prescribing antibiotics for UTI symptoms. 

Improvements and reduction in antibiotic prescribing for community-onset UTI 

would have a significant impact on overall antibiotic consumption, and slow the 

increase of antibiotic resistance. However, doing so safely requires data on 

which patients are most at risk of adverse outcomes, and the effect that 

antibiotic resistance and different treatment strategies have on those 

outcomes. 

Community studies of respiratory and gastrointestinal infection have shown a 

very large “clinical iceberg of disease”, with most cases of laboratory confirmed 

infection not consulting in primary care. This suggests that many mild 

infections can be self-managed without antibiotics. We do not, however, have 

comparable information on the natural history of community-onset UTIs. 

Because they are a bacterial infection, and a majority of respiratory and 

gastrointestinal infections are viral in origin, the dogma has been that 

antibiotics are needed for treatment. However, recent evidence suggests that a 

proportion of lower UTIs are self-limiting, and studies have trialled withholding 

or delaying antibiotic treatment for UTI, and found that this can be an 

acceptable alternative in certain patients. 

Below, I outline a potential clinical iceberg of disease for UTI, Figure 1.7. Each 

step up the pyramid represents an escalation in clinical severity, and a need for 

escalation in care, which is correspondingly increasingly rare. Each step also 

provides the opportunity for antibiotic stewardship interventions that may reduce 

ABR. In this thesis I describe a series of studies (shown on the left in Figure 

1.7) which investigate the epidemiology of community-onset UTI, in order to 

identify areas where stewardship interventions will have the greatest impact in 

terms of patient benefit and safety. Three of the studies described in this thesis 

are cohort studies using electronic health records (EHRs), with linked primary 

care, secondary care and microbiology data. The inclusion of microbiology is a 

novel element which allows me to investigate the impact of ABR on patient 
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outcomes in a way that has not previously been done using EHR data. The 

datasets were chosen because of the possibility of linking microbiology data, 

and because they represent an ethnically diverse and socioeconomically 

deprived population which has not be well represented in other studies to date. 

On considering the advantages and disadvantages of different study designs, I 

considered a cohort study design most suitable to answer my study questions. I 

was not evaluating an intervention, and therefore a clinical trial was not 

appropriate. I was keen to identify a number of risk factors for adverse 

outcomes (hospitalisation and reconsultation) following consultation for 

community-onset lower UTI, and to assess the effect of antibiotic resistance on 

these outcomes, which would not have been possible using a cross-sectional 

design. I was also keen to examine the effect of ABR on outcomes of patients 

admitted to hospital with community-onset Gram-negative bloodstream 

infections. Cohort study designs were preferable to case-control in order to 

answer my study questions, due to the challenges in selecting appropriate 

controls without selection bias. A case-control study design would also not have 

made it possible to assess the absolute risk of the adverse outcomes I was 

examining.  

The ideal cohort study to address my research questions would include a 

representative sample from the general population with data on demographics, 

co-morbidities, primary care consultations, secondary care admissions, 

antibiotic prescriptions and microbiology. Patients presenting with UTI would be 

identified according to a standard case definition, with details of their clinical 

presentation measured using standard data collection forms, investigations 

standardised and follow up set at predetermined timepoints. Such a study 

would be methodologically strong, but likely to be too expensive to be feasible. 

EHRs are an excellent data source for examining rare outcomes such as those I 

describe above, and offer an achievable alternative to this ideal study. They do, 

however, have a number of limitations. The data recorded is documented in 

brief clinical encounters, and not designed for use in research. Large datasets 

give a great deal of statistical power and reduce the possibility of my results 

being due to chance, but may also attribute statistical significance to potentially 

trivial differences. Whilst there may be a low risk of recall bias in records that 
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are completed contemporaneously, selection bias may have been introduced 

through my inclusion and exclusion criteria. For example, I may have missed 

some true UTI consultations, and included some consultations that were 

actually due to a different infection or clinical problem. UTI consultations where 

a urine culture was sent or an antibiotic was prescribed may be more likely to 

be recorded, and therefore included in my cohort.  

Clinical information generally, and diagnosis and management of UTI 

specifically, is not recorded in a standardised way and different clinicians may 

have different treatment thresholds and levels of recording, leading to potential 

misclassification bias. Similarly, co-morbidities may be variably recorded and I 

acknowledge that there is a risk of residual confounding. A significant limitation 

is the lack of information on symptom and illness severity in data extracted from 

diagnostic codes, leading to risk of confounding by indication. I have attempted 

to mitigate the above factors by using a broad range of methods to identify both 

UTI consultations and co-morbidities (as outlined in Chapter 2), and by using 

previously published Read code lists where possible. In my cohort study in 

chapter 6 I was able to include illness severity scores which strengthen my 

findings. I have also reported my findings using the REporting of studies 

Conducted using Observational Routinely-collected Data (RECORD) 

guidelines(86). 

In chapter 2, I describe the data sources for my three cohort studies, and give a 

background to the study participant population. In chapter 3, I present a novel 

cohort study of patients in East London using linked primary, secondary and 

microbiology data to investigate the risk factors for adverse outcomes following 

an episode of community-onset lower UTI in primary care. In chapter 4, I 

present a cohort study using the same patient cohort as in chapter 3, but 

restricted to those patients with culture-confirmed UTI. I investigate the effect of 

discordant antibiotic treatment (antibiotic treatment to which the organism on 

urine culture is resistant) on adverse outcomes following an episode of 

community-onset UTI in primary care. In chapter 5, I present a systematic 

review of the risk factors for community-onset Escherichia coli bacteraemia 

(bloodstream infection). In chapter 6, I present a cohort study of patients 

admitted to a Birmingham hospital with bloodstream infection due to 
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Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa, in 

which I investigate the effect of discordant empirical antibiotic therapy on 

adverse patient outcomes. In chapter 7, I summarise the main findings of my 

thesis and discuss the policy implications. I also outline the limitations of the 

studies presented and explore opportunities for future research. 

 

Figure 1.7. The clinical iceberg of UTI. BSI – bloodstream infection 

(bacteraemia); ECB – Escherichia coli bacteraemia;  

GNB – Gram-negative bacteraemia 
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2 Data Sources 

2.1 Description of Chapter Contents 

In this chapter I give a brief background to primary and secondary care services 

in England as this interface is relevant to the management of infection, 

prescribing of antimicrobials and collection of data used in this thesis. I also 

describe the data sources used for the retrospective cohort studies reported on 

in chapters 3, 4 and 6. 

The aim of the studies described in chapters 3 and 4 was to examine the risk 

factors for adverse outcomes (infection-related hospital admission, all-cause 

hospital admission and primary care reconsultation) following consultation for 

lower UTI in primary care. In order to do this, I created a dataset which included 

primary care data including consultations, demographics and co-morbidities, 

secondary care data on hospital admissions and microbiology data on positive 

urine and blood cultures. The aim of the study described in chapter 6 was to 

examine the relationship between empirical antibiotic therapy and adverse 

outcomes following admission to hospital with community-onset Gram-negative 

bloodstream infection. I order to do this I created a dataset which included 

secondary care data on hospital admissions, demographics, co-morbidities, 

clinical severity and microbiology data on blood and urine cultures, including 

urine cultures sent from the community in the preceding 30 days. 

2.2 Primary Care in England 

Primary care services in the UK provide the entry point to the National Health 

Service (NHS), and include general practice, community pharmacy, dental and 

optometry services. Healthcare services are procured through the process of 

commissioning, which is the ongoing process of planning, agreeing and 

monitoring of services. In the NHS this is carried out by Clinical Commissioning 

Groups (CCGs) as well as NHS England. NHS England sets the overall strategy 

and priorities for the NHS, as well as commissioning certain specialised 

services and public health services. CCGs are clinically-led statutory NHS 

bodies, which are usually groups of general practices, who are responsible for 

the planning and commissioning of health care services for their local area. 
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They commission a wide range of services, including community care, elective 

hospital services, urgent and emergency care, as well as mental health services 

for their population. CCGs are responsible for approximately 60% of the NHS 

budget, and there are currently 195 CCGs in England. 

General Practitioners (GPs) are the first point of contact with the NHS for most 

patients in the UK, and approximately 98% of the population is registered with a 

GP. The Royal College of General Practitioners defines GPs as: 

“personal doctors, primarily responsible for the provision of comprehensive and 

continuing generalist care to every individual seeking medical care irrespective 

of age, sex and state of health”. 

In 2017, it was estimated that there were a total of 7361 general practices in 

England, with over 58 million GP registered patients(87,88). GPs provide a 

range of services, including consultations for new or existing health conditions 

(an estimated 90% of all healthcare contacts take place in general practice), 

prescriptions, minor surgery, onward specialist referral to secondary care, 

screening and immunisation, management of long-term conditions and health 

promotion. Every general practice is responsible for the care of patients who 

have registered with them. Practices vary in size from single-handed GPs to 

practices with multiple partners, with the average number of patients per 

practice estimated at 7653 in 2017(87). 

2.3 Secondary and Tertiary Care in England 

Secondary care in the UK, sometimes referred to as “hospital and community 

care”, includes both elective (planned) services and emergency hospital care. 

Tertiary care refers to highly specialised treatments such as neurosurgery and 

transplant surgery, and secure forensic mental health services. Hospital 

services can be accessed via a referral from a GP, or through presentation to 

an Emergency Department (ED) or Accident and Emergency (A&E) department 

of a hospital. As of April 2020 there were 217 NHS providers of secondary and 

tertiary care in England: 147 foundation trusts and 70 NHS trusts(89). NHS 

trusts are public sector bodies established by parliamentary order by the 

secretary of state for health to provide healthcare services to the NHS. They are 
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accountable to the secretary of state and are expected to become foundation 

trusts in due course. Foundation trusts are trusts where the decision making 

has been devolved from central government to local communities. If approved, 

foundation trusts have greater freedom then NHS trusts to work with local 

communities and tailor their services around local needs(90). Many NHS trusts 

and foundation trusts also have laboratories which provide diagnostic services 

to primary care. 

2.4 Microbiology Services in England 

All hospitals and general practices in the UK have access to a microbiology 

laboratory service. Many hospitals will have a laboratory on-site which is funded 

by the NHS trust, but increasingly several hospitals are served by one larger 

laboratory. Most medical microbiology laboratories in the UK are run by medical 

(or clinical) microbiologists, who have a primary or secondary medical 

qualification and a speciality qualification in microbiology. The laboratories are 

staffed by biomedical scientists known as Medical Laboratory Scientific Officers 

(MLSOs) who may be trained to MSc level or above. Each individual laboratory 

will decide on their own Standard Operating Procedure (SOP) for processing 

and reporting microbiological specimens. 

Public Health England (PHE) provides specialist and reference microbiology 

services to NHS laboratories, and also publishes the UK Standards for 

microbiology investigation (UK SMI), a collection of clinical bacteriology/virology 

standards and quality guidance notes, comprising approximately 100 

documents. It is not mandatory for PHE or NHS laboratories to adhere to these 

standards, but they are encouraged to do so in order that good practice can be 

maintained across the country. 

2.5 East London Dataset 

The retrospective cohort studies reported on in chapters 3 and 4 use data from 

a primary care database of East London general practices which was 

developed and is managed by the Clinical Effectiveness Group (CEG), which is 

part of Queen Mary University of London. This group uses primary care 

electronic healthcare records to obtain non-identifiable patient information in 
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order to help plan and improve healthcare services. CEG collaborates with a 

number of partner organisations: City & Hackney, Newham and Tower Hamlets 

Clinical Commissioning Groups (CCGs) and local authority public health teams, 

Queen Mary University of London and University College London Partners 

researchers, the local General Practice provider Federations, Barts Health Trust 

and the Commissioning Support Unit. 

The database contains primary care data on patients registered at General 

Practices in the three CCGs City & Hackney, Newham and Tower Hamlets, and 

currently has a registered population of approximately 1.2 million individuals. As 

general practice serves as the first point of contact in the UK healthcare system, 

and the vast majority of the population is registered with a GP, this database 

provides a very complete population sample. General practices (as data 

controllers) opt into the database, but individual patients can opt out. CEG (as 

data processor) has the written consent of all practices in the study area to use 

pseudonymised patient data for audit and research for patient benefit. The 

researchers adhere to the data protection principles of the Data Protection Act 

2018, and all data is managed according to UK NHS information governance 

requirements.  

The database has been used to facilitate a number of research projects aiming at 

improving the effective delivery of primary care in an ethnically diverse, inner city 

environment(91–93). The primary care data can be deterministically linked to 

Secondary Uses Services (SUS) data (secondary care data) from Barts Health. 

SUS data is managed by NHS Digital and is the single comprehensive repository 

for healthcare data in England. 

The data from the CEG database is extracted centrally from the web-enabled 

record system Egton Medical Information Services (EMIS), which is used by all 

the contributing practices. All primary care consultations and prescriptions are 

recorded using this software, which includes agreed data-entry templates that 

ensure data entry and coding is consistent. Prescriptions are recorded 

electronically, so this data is highly complete. Consultation data, which is 

recorded using Read codes (the standard clinical terminology used in general 

practice in the UK), may be less complete. A number of Read codes are related 
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to the Quality and Outcomes Framework (QOF), which is a voluntary annual 

reward and incentive programme for all GP surgeries in England, and so data 

on these may be recorded more consistently. Microbiology data is not fed back 

from the associated laboratories in coded form, and is reliant on clinicians 

entering it manually. A novel element in my studies is linking this primary and 

secondary care data to microbiology data from Barts Health in order to combine 

data on primary care consultations and prescribing, hospital admissions, 

microbiological outcomes and antibiotic resistance. 

2.5.1 Background to East London Population 

Data for my studies included patients in Tower Hamlets and Newham, which 

represent an ethnically diverse and relatively deprived urban population. Data 

from the 2011 census shows that the population for Tower Hamlets was 254,100, 

and the population for Newham was 308,000, on the census day. The populations 

of Tower Hamlets and Newham are younger than the England average, with a 

greater proportion of the population in the 0-9 and 20-40 years age brackets than 

the overall population, and a smaller proportion of the population in the 45+ age 

groups. The age distribution is shown in figures 2.1 and 2.2 below. 
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Figure 2.1. Age distribution of resident population of Tower Hamlets  

in 2018. From Local Authority Health Profiles,  

Public Health England Fingertips(94). 
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Figure 2.2. Age distribution of resident population of Newham in 2018.  

From Local Authority Health Profiles,  

Public Health England Fingertips(94). 

Overall, London is less deprived when compared to other parts of England. 

However, measures of deprivation in 2015 found that the most deprived areas 

within London are in Inner London, including Tower Hamlets. The Index of 

Multiple Deprivation (IMD) score is the official measure of relative deprivation 

for small areas (known as Lower Super Output Areas, LSOAs) in England. This 

index ranks every small area of England from 1 (least deprived area) to 32844 

(most deprived area), and these numbers can then be ranked into deciles or 

quintiles. IMD combines information from 7 different domains in order to provide 

an overall measure of deprivation. The domains used (with the associated 

weight given to each domain in brackets) are: 
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● Income deprivation (22.5%) 

● Employment deprivation (22.5%) 

● Education, skills and training deprivation (13.5%) 

● Health deprivation and disability (13.5%) 

● Crime (9.3%) 

● Barriers to housing and services (9.3%) 

● Living environment deprivation (9.3%) 

Almost a quarter of LSOAs in Tower Hamlets are among the most deprived 

10% of England, representing the highest proportion in London. Income 

deprivation affecting older people is also more prevalent in Inner London, with 4 

out of the 10 LSOAs with the highest rates found in Tower Hamlets, and one in 

Newham. Altogether, Tower Hamlets has 24 LSOAs in the top 1% of 

deprivation in England(95). 

The participants in my studies also come from a population which is more 

ethnically diverse than the England average. Data from the 2011 census shows 

that Tower Hamlets and Newham were among the areas with the lowest 

proportion of White British inhabitants in England and Wales, with 31.2% and 

16.7% respectively, as shown in table 2.1. 
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Table 2.1. Local authorities with the highest and lowest proportion of White British, 

Any Other White and Indian ethnic groups (from ONS, 2011(96) 

England and Wales, 2011 

Percentages 

  White British Any Other White Indian 

Total    80.5   4.4   2.5 

Highest 
proportions 

Redcar & 
Cleveland 97.6 Kensington & 

Chelsea 28.9 Leicester 28.3 

  Allerdale 97.6 Westminster  24.1 Harrow  26.4 

  Staffordshire 
Moorland 97.5 Haringey  23.0 Hounslow  19.0 

  Blaenau 
Gwent 97.3 Hammersmith & 

Fulham  19.6 Brent  18.6 

  Copeland  97.3 Camden  19 Oadby & 
Wigston 17.7 

Lowest 
proportions Newham  16.7 Redcar & 

Cleveland  0.6 Isles of Scilly  0.0 

  Brent  18.0 Torfaen  0.6 Torridge  0.1 

  Ealing  30.4 Knowsley  0.7 Rydale  0.1 

  Harrow 30.9 South Tyneside 0.7 Redcar & 
Cleveland  0.1 

  Tower 
Hamlets  31.2 South 

Staffordshire  0.7 Purbeck  0.1 

       

Source: Office for National Statistics 

       

Notes: 

1. These groups are the largest ethnic groups in England and Wales. 
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2.5.2 Microbiology Services at Barts Health 

The microbiology department at Barts Health is part of one of the largest 

pathology departments in the UK which provides diagnostic services for 

hospitals including The Royal London, St Bartholomew’s, Whipps Cross, 

Newham and Mile End, as well as GPs and referrals from the London region 

and wider regions. This laboratory is the main diagnostic laboratory for the 

practices with which study participants were registered, and most hospital 

admissions are likely to have been to hospitals also covered by this service. 

Handling of urine specimens at Barts Health 
The SOP for handling of urine specimens at Barts Health was the same 

throughout the study period. Whilst a wide range of urine samples may be sent 

to the laboratory, the principle is that only midstream urine samples, catheter 

specimens or suprapubic aspirated urine samples should be accepted for 

bacterial culture. Samples with a pure growth of ≥ 105 organisms are generally 

considered significant, but in samples with large numbers of white blood cells a 

lower, or mixed colony count may be considered relevant. This relevance 

depends on the age and/or type of sample and the quality of the specimen, 

factors which are generally ascertained by the presence or absence of epithelial 

cells. Cellular elements are quantified by flow cytometry for the majority of urine 

samples, or by inverted microscopy on un-concentrated urine samples in 

microtitre trays. Bacterial counts and identification of the most common 

organisms are performed by inoculation on Chromogenic UTI agar.  

Microscopy 
The majority of urine specimens undergo automated microscopy using a 

Sysmex UF1000 analyser. Samples that are unsuitable for processing on the 

UF1000 include those described as “frank pus”, “gross blood”, those containing 

visible particulate matter or mucous, and those containing gross amounts of 

crystals or amorphous debris. These samples are processed manually. 

Samples are examined using the x20 objective on the Olympus CK2 

microscope and the presence of the following is documented (please refer to 

chapter 1 for the significance of each): 

● White blood cells 
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● Red blood cells 

● Organisms 

● Epithelial cells 

● Casts 

● Crystals 

Table 2.2. Microscopy, cell count and quantification 

Cells Count per field (x20 objective) Report 

WBC / RBC 

<10 - 

10 – 150  + 

150 – 1000  ++ 

>1000 +++ 

Epithelial cells 

<10 + 

10 – 50 ++ 

>50 +++ 

Casts (in un-spun sample) 

1 – 5  + 

5 – 20  ++ 

>20 +++ 

 

Culture 
The majority of samples are also cultured in an automated manner using a 

Biomerieux PREVI Isola, which identifies microscopy positive samples and 

samples them onto chromogenic UTI agar plates. Samples rejected by the 

PREVI but still requiring cultures are sampled manually onto chromogenic 

agar plates. Chromogenic agar plates are read after a minimum of 18 hours 

incubation and read as per Table 2.3 for manual reporting and table 2.4 for 

automated reporting. Organisms identified on Chromogenic UTI agar: 

Pink – E. coli 

Blue – Coliforms, Enterococcus/other streptococci 

Brown – Proteus spp 

Green – Pseudomonas aeruginosa 
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Cream/white/yellow – MRSA, coagulase-negative staphylococci, 

Staphylococcus saprophyticus, yeasts and some coliforms e.g. Acinetobacter 

baumanii 

Pink – Staphylococcus saprophyticus 

Table 2.3. Interpretation of colony quantification and reporting (manual method) 

Number of colonies CFU/ml Interpretation 

1 - 10 103 Not significant 

11 - 100 104 Can be significant in paediatric patients 

>100 105 Significant 

 

Table 2.4. Interpretation of colony quantification and reporting  

(PREVI Isola automated method) 

Number of colonies CFU/ml Interpretation 

1 - 10 102 Not significant 

11 - 100 103 Not significant 

101 - 1000 104 Can be significant in paediatric patients 

>1000  ≥105 Significant 

 

Table 2.5 shows the workflow for further work given different interpretations. 
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Table 2.5. Interpretation for further work on urine samples 

Colony count Site  Microscopy Organisms Report/Further work 

< 105 cfu/ml MSU/CSU ≤ + WBC -/+/- No growth or 
No significant growth 

MSU ≥ + WBC + Pure growth of 
a pathogen 

Identification and 
sensitivities  

MSU/CSU 
(prostatitis 
or urethritis) 

≥ + WBC Pure growth of a 
pathogen 

Identification and 
sensitivities 

≥ 2 organisms 

Mixed growth (if renal 
or urology and 
dominant organism 
perform ID and 
sensitivities but 
suppress and add 
comment) 

Suprapubic aspirate Any organisms  Identification and 
sensitivities 

>105 cfu/ml MSU/CSU +/- WBC Pure growth of a 
pathogen 

Identification and 
sensitivities  

≥2 organisms 

Mixed growth (if renal 
or urology and 
dominant organism 
perform ID and 
sensitivities but 
suppress and add 
comment) 

≥ ++ WBC ≤2 organisms Identification and 
sensitivities 

>2 organisms 

Mixed growth (if renal 
or urology and 
dominant organism 
perform ID and 
sensitivities but 
suppress and add 
comment) 

≥ 1 day old MSU 
++ WBC present 

Pure growth of a 
pathogen 

Identification and 
sensitivities  

≥2 organisms Mixed growth 

Suprapubic aspirate  Any organisms Identification and 
sensitivities  

>105 cfu/ml in 
mixed culture 

MSU ≥+ / ++ WBC Org 1: in significant 
numbers with other 
organisms <105 

Identification and 
sensitivities 
Comment 
“Predominant in 
mixed culture” 
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Phenotypic Sensitivity Testing 
For general urines, phenotypic resistance testing is carried out for the following 

antibiotics 1st line antibiotics. 2nd line antibiotics are set up if there is sensitivity 

to <3 antibiotics on 1st line, or if the isolate is resistant to cefpodoxime. 

1st line: 

● Ampicillin 

● Cefalexin 

● Gentamicin 

● Ciprofloxacin 

● Nitrofurantoin 

● Trimethoprim 

● Augmentin (Co-amoxiclav) 

● Cefpodoxime 

2nd line: 

● Ertapenem 

● Fosfomycin 

● Amikacin 

● Mecillinam 

● Meropenem 

● Temocillin 

● Piperacillin/tazobactam 

For general urines, if an enhanced inhibition zone is seen between the 

cefpodoxime and augmentin (co-amoxiclav) disc, known as the “keyhole” sign 

which is an indicator of ESBL production, the isolate is reported as ESBL+ and 2nd 

line sensitivities are set up. If cefpodoxime is resistant and no keyhole is seen, 

further testing for ESBL and AmpC β-lactamase detection is set up as follows. 4 

discs are used: cefotaxime 30ug; cefotaxime 30ug + clavulanic acid; cefotaxime 

30ug and cloxacillin; cefotaxime 30ug, clavulanic acid and cloxacillin. The zones 

diameters are read and entered into an algorithm on the Winpath system which 

determines the presence of ESBL, AmpC β-lactamase or both, using the rules 

shown in Figure 2.4. Intermediate or resistance to meropenem, ertapenem, 
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piperacillin/tazobactam or temocillin, or a combination of the above, is considered 

a presumptive carbapenem-resistant organism. These organisms are reported as 

such and the isolate sent to the PHE reference laboratory for further testing. 

 

Figure 2.3. Interpretation rules for detection of ESBL, and AmpC β-lactamase 

production. From Barts Health Antibiotic Sensitivity SOP, June 2017. 
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Pseudomonas spp are tested against: 

● Ciprofloxacin 

● Ceftazidime 

● Piperacillin/tazobactam 

● Gentamicin 

● Amikacin 

● Imipenem 

Beta-haemolytic streptococci are tested against: 

● Penicillin 

● Clindamycin 

● Erythromycin 

● Tetracycline 

● Trimethoprim/sulphamethoxazole (septrin) 

Enterococci and beta-haemolytic streptococci resistant to the antibiotics above 

are tested for: 

● Ampicillin 

● Vancomycin 

● Gentamicin 

● Tigecyline 

● Linezolid 

● Teicoplanin 

2.5.3 Identification of Eligible Cohort and Linkage 

I aimed to include patients who presented to their GP with symptoms and signs of 

UTI, and did this by identifying patients in the CEG database with Read codes that 

indicated this, and patients with positive urine cultures from Barts health 

microbiology data. The Read code list was broad and included codes indicating 

consultation, symptoms or signs of UTI, as shown in table 2.2. I developed this list 

to identify eligible patients by performing a word search in the Read code dictionary 

using the terms “urine” and “urinary”. I reviewed the list and manually excluded 

unwanted codes, but the list for eligible patients was kept deliberately broad in 
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order to capture as many consultations as possible. Participants were eligible for 

study inclusion if they had a Read code from the list, or a positive urine culture from 

Barts Health at any time during the study period 01/04/2012 – 31/03/2017. 

Table 2.6. Read code list for identification of study  

participants from CEG Database 

Read code Description 

1AG..00 Recurrent urinary tract infections 

1J4..00 Suspected UTI 

K15..00 Cystitis 

K150.00 Acute cystitis 

K15z.00 Cystitis NOS 

K190.00 Urinary tract infection, site not specified 

K190.11 Recurrent urinary tract infection 

K190100 Pyuria, site not specified 

K190200 Postoperative urinary tract infection 

K190300 Recurrent urinary tract infection 

K190311 Recurrent UTI 

K190400 Chronic urinary tract infection 

K190500 Urinary tract infection 

K190z00 Urinary tract infection, site not specified NOS 

SP07700 Infect + inflam react due pros dev, implt+graft in urinary… 

SP07Q00 Catheter associated urinary tract infection 

SP07Q11 CAUTI – catheter associated urinary tract infection 

K15y.00 Other specified cystitis 

K152.00 Other chronic cystitis 

K152y00 Chronic cystitis unspecified 

K155.00  Recurrent cystitis 

K15yz00 Other cystitis NOS 

1AZ6000 Mild lower urinary tract symptoms 

1AZ6100 Moderate lower urinary tract syptoms 

1AZ6.00 Lower urinary tract symptoms 

Kyu5100 [X] Other cystitis 

L1666 Urinary tract infection following delivery 

L1668 Urinary tract infection complicating pregnancy 
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Read code Description 

L177 Infections of bladder in pregnancy 

46X0.00 Urine nitrite positive 

46X2.00 Urine dipstick for nitrite 

46U3.00 Urine culture – E. coli 

46U..00 Urine culture 

46U3.11 Urine culture – Escherich.coli 

46U7.00 Urine culture – Pseudomonas 

46U2.00 Urine culture – mixed growth 

46U4.00 Urine culture – Proteus 

46U8.00 Urine culture – Bacteria OS 

46U6.00 Urine culture – Staph. Albus 

46U5.00 Urine culture – Str. faecalis 

4617 MSU = abnormal 

 

Pseudonymisation of data was carried out using the OpenPseudonymiser 

(OpenP) software, an open source standalone windows desktop application 

developed by the University of Nottingham(97). OpenP allows creation of a 

pseudo ID (called the “digest”) from the NHS number, allowing record linkage to 

be undertaken without disclosure of patient identifiable data. OpenP was used 

to create a pseudo ID from the NHS number of patients in the CEG database 

that had a Read code from the list below during the study period, by a team of 

data scientists at CEG. The same software was used to create a pseudo ID 

from the patient NHS number of all patients with a positive urine or blood culture 

at Barts Health during the study, by an NHS Senior Biomedical Scientist, David 

Ball. This microbiology data was then saved onto an encrypted memory stick 

with the pseudo ID, but without the NHS number or any other identifiable data. I 

collected this encrypted memory stick from Barts microbiology department and 

delivered it to a data scientist at CEG, and the microbiology data was 

deterministically linked to the database using the pseudo ID. This linkage was 

carried out under guidance by the CEG led for Information Governance, Dr 

Kambiz Boomla.  

Demographic data, inpatient data, comorbidity data and prescription data were 

then extracted for all patients in the database who had either a Read code for UTI 
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as per the code list, or a positive urine culture from Barts Health during the study 

period. Linked blood culture data was used to identify infection or sepsis related 

hospital admissions, as described in chapter 3. The data was uploaded in CSV 

files to the UCL Data Safe Haven (DSH), a service which provides a secure 

solution for storage, handling and analysis of identifiable data, on 18/12/18. The 

DSH has been certified to the ISO27001 information security standard and 

conforms to NHS Digital’s Information Governance Toolkit. A schematic of the 

data included in the East London dataset is shown in Figure 2.5. 

 

Figure 2.4. Schematic of data included in East London dataset. 

2.5.4 Types of Data in East London Dataset 

Demographic Data 
Demographic data included the following data fields: pseudo ID, CCG, date 

registered at practice, date left practice, sex, Lower Layer Super Output Area 

2011 (LSOA, derived from postcode prior to data transfer, used to map to IMD 

score), Read code for country of birth, date Read code for country of birth 

recorded, Read code for death, date Read code for death recorded, month and 

year of birth and ethnicity group. 

Secondary care data

Secondary Uses Data:
• Admission and discharge date
• ICD-codes for admissions

Microbiology data

• Patients with positive urine cultures identified from 
Barts Health Microbiology data

• Positive blood culture data also extracted to identify 
patients with infection-related hospital admission 

Primary care data

Patients presenting to primary care with symptoms/signs of 
a lower UTI identified in EMIS web data from:
• Read codes
• Prescriptions 
• Tests for UTI

Demographic and comorbidity data also extracted for these 
patients

De-identified linked data uploaded to UCL Data Safe 
Haven for analysis

Deterministically 
linked in CEG 
database by CEG 
data analyst

Deterministically linked 
using pseudo ID created 
from NHS number by CEG 
data analyst and NHS 
Biomedical Scientist

Data Safe 
Haven
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Consultation Data 
UTI consultation data included the following fields: pseudo ID, Read code and 

date Read code recorded. 

Inpatient Data 
Inpatient data included the following fields: pseudo ID, admission date, 

discharge date, primary ICD code, secondary ICD code and tertiary ICD code. 

Comorbidities Data 
Comorbidities were identified through Read codes shown in Table 2.3 below. 

Some of these codes, as indicated in the table, signify clinical domains linked to 

QOF. Structural abnormalities of the genitourinary tract were identified using the 

Read code list in table 2.4. I developed this list by performing a word search in 

the Read code dictionary using the terms: “urinary”, “bladder”, “kidney”, “renal”, 

“ureter”, “ureteric”, “urethra”, “urethral”, “nephrostomy”, “stent”, “calculus” and 

“obstruction”. I reviewed this list manually and excluded irrelevant codes. The 

data fields for comorbidity Read code data included: pseudo ID, Read code and 

Read code date. The Read code date was the earliest ever recorded date for all 

comorbidities apart from urinary catheters, where each recorded date was 

included. 

In addition to Read codes from consultations, urinary catheters, urinary 

incontinence and faecal incontinence were also identified through prescriptions 

for devices and maintenance products as per Table 2.5. The data fields for this 

data included: pseudo ID, device type, device quantity, issue date and BNF 

chapter. 
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Table 2.7. Read codes used to identify comorbidities in East London dataset 

Comorbidity Read codes Excluded Read codes Date Notes 

QOF Conditions     

Asthma  H33%, H3120,H3B,173A H333, 21262, 212G  Earliest ever Asthma resolved 
excluded 

Atrial fibrillation & flutter G573% 212R  Earliest ever Atrial fibrillation 
resolved excluded 

Cancer B0%, B1%, B2%, B3, B30%, B31%, B32%, B34%, 
B35%,B36, B3y, B3z, B4%, B5%, B6%, Byu0, Byu1%, 
Buy2%, Byu3%, Byu4, Byu40, Byu41, Byu5%, Byu6%, 
Byu7%, Byu8%, Byu9%, ByuA%,ByuB%, ByuC%, 
ByuD%, ByuE%, K1323, K01w1, 68W24, C184 

B677 Earliest ever  

Chronic kidney disease 1Z12,1Z13, 1Z14, 1Z15, 1Z16, 1Z1B, 1Z1C, 1Z1D, 1Z1E, 
1Z1F, 1Z1G, 1Z1H, 1Z1J, 1Z1K, 1Z1L, 1Z1T, 1Z1V, 
1Z1W, 1Z1X, 1Z1Y,1Z1Z, 1Z1a, 1Z1b, 1Z1c, 1Z1d, 1Z1e, 
1Z1f,K053, K054, K055 

 Earliest ever  

COPD H3, H31%, H32%, H36, H37, H38, H39, H3A, H3B, H3y, 
H3z, H4640, H4641, H5832, Hyu30, Hyu31 

H3101, H31y0, H3122, 
2126F 

Earliest ever COPD resolved 
excluded 

Dementia Eu02%, E00%, Eu01%, E02y1, E012%, Eu00%, E041, 
Eu041, F110, F111, F112, F116, F118, F21y2, A411%, 
A410, Eu107, F11x7 

 Earliest ever  

Depression E0013, E0021, E112%, E113%, E118, E11y2, E11z2, 
E130, E135, E2003, E291, E2B, E2B1, Eu204, Eu251, 
Eu32%, Eu33%, Eu341, Eu412 

Eu32A, Eu32B, Eu329, 212S Earliest ever Depression resolved 
excluded 
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Comorbidity Read codes Excluded Read codes Date Notes 

Diabetes (T1 & T2) C10, C109J, C109K, C10C, C10D, C10E%, C10F%, 
C10G%, C10H%, C10M%, 
C10N%, PKyP, C10P%, C10Q 

C10F8, 21263, 212H  Earliest ever Diabetes resolved 
codes excluded if 
appearing after the 
latest diagnostic code 

Epilepsy  F25, F250%, F251%, F252, F253, F254%, F255%, F257. 
F25B, F25C, F25D, F25E, F25F, F25X, F25y%, F25z, 
F1321, SC200 

F2501, F2504, F2511, 
F2516, F25y4, 21260, 212J 

Earliest ever Epilepsy resolved 
excluded 

Heart failure  G58%, G1yz1, 662f, 662g, 662h,662i, I50% Heart failure  Earliest ever  

Hypertension  G2, G20%, G24%, G25%, G26, G28, G2y, G2z, Gyu2, 
Gyu20 

21261, 212K  Earliest ever Hypertension resolved 
excluded 

Learning Disabilities  E3%, Eu7%, Eu814, Eu815, Eu816, Eu817, Eu81z, 
Eu818, 918e 

 Earliest ever  

Mental Health  E10%, E110%, E111%, E1124, E1134, E114%, E115%, 
E116%, E117%, E11y%, E11z, E11z0, E11zz, E12% , 
E13%, E2122, Eu2%, Eu30% , Eu31% , Eu323, Eu328, 
Eu333, Eu329, Eu32A 

E11y2, E135 Earliest ever  

Obesity 22K5, 22K7, 22KC, 22KD, 22KE  Earliest ever  

Osteoporosis N330%, N3312, N3313,N3314, N3315, N3316, N3318, 
N3319, N331A,N331B, N331H, N331J, N331K,N331M, 
NyuB0, NyuB1,NyuB2, NyuB8, N3746 

N3308, N3309 Earliest ever  

Peripheral Arterial 
Disease 

G73, G734, G73y, G73z%, Gyu74 G73z1 Earliest ever  



 

 

70 

Comorbidity Read codes Excluded Read codes Date Notes 

Palliative Care 1Z01, 2JE, 8BA2, 8BAP, 8BAS, 8BAT, 8BAe, 8BJ1, 
8CM1%, 8CM4, 8CME, 8H6A, 8H7L, 8H7g, 8HH7, 8IEE, 
9EB5, 9Ng7, ZV57C, 8CMQ, 9NgD, 9G8, 9c0P, 9c0N, 
8CMW3, 9K9, 9367, 9c0L0, 9c0M, 9NNd, 8CMb, 8CMg, 
8B2a, 9NNf0, 38QH, 38QK, 2Jf, 2Jg 

8CM15 Earliest ever  

Stroke/TIA  G61%, G63y0,G63y1, G64%, G66%, G6760, G6W, G6X, 
Gyu62, Gyu63, Gyu64, Gyu65,Gyu66, Gyu6F, Gyu6G, 
ZV12D, Fyu55, G65% 

G617 , G669 , G655 Earliest ever  

Other conditions     

Urinary catheters 8156%, 66K9%, 7B241, 7B2B1, 7B2B2, 7B2B5, 7B2B7, 
7B2B8, 7B2By, 7B2C1, 7B2C2, 7B2C9, 81, 8B3v, 8D74, 
8E98, SP031, SP033, ZV536, ZV53A, ZV53E, ZV658 

 Any between 
01/04/12 – 
31/03/17 

 

Multiple sclerosis F204, F203, F202, F20%, F206, F207, F208, 1JA3  Earliest ever  

Parkinson’s F12%  Earliest ever  

Urinary incontinence R0831, Kyu5A, 1A230, 16F0, 1593, 1A24, K198, 317A, 
R0832, 16F%, 7B421, 679H%, 3940, 1A23, 1A24, 1A26, 
3940, 3941, 39H, 39H0, 679H, 7B312, 7B312, 7B338, 
7B33C, 7B421, 8C14, 8D7, 8D71, 8D7Z, 8E97, 8E970, 
8H7w, 8HR6, 8HTX, 9Nl8, K586, R083, R083z 

 Earliest ever  

Faecal incontinence 16F0, R0761, 773Dy, 16F%, 773D, 3930%, 19E3%, 3931, 
3930, R076, R076z 

 Earliest ever  

Structural abnormalities 
urinary tract 

See structural abnormalities code list in table 2.4. below  Earliest ever Any of these codes 

HIV 43C3, A788%, A789%, Zv01A, AyuC  Earliest ever  
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Table 2.8. Read codes used to identify structural  

abnormalities in East London dataset 

Read code Description 

124L FH: Malignant neoplasm of urinary bladder 

12F1 FH: Polycystic kidney 

14D6 H/O: urethral stricture 

1AH0 Incomplete emptying of bladder 

4G6 O/E - ureteric calculus 

4G7 O/E - urethral calculus 

7B Transplantation of kidney 

7B0 Autotransplant of kidney 

7B01 Total nephrectomy 

7B013 Heminephrectomy for horseshoe kidney 

7B015 Transplant nephrectomy 

7B02 Partial nephrectomy 

7B020 Heminephrectomy for duplex kidney 

7B021 Division of isthmus of horseshoe kidney 

7B033 Rovsing’s operation for polycystic kidney 

7B04 Open repair of kidney 

7B043 Plication of kidney 

7B045 Plication and pyeloplasty of kidney 

7B04y Other specified open repair of kidney 

7B050 Unspecified open removal of calculus from kidney 

7B051 Nephrostomy 

7B052 Closure of nephrostomy 

7B05y Other specified incision of kidney 

7B06 Other open operations on kidney 

7B06y Other specified other open operation on kidney 

7B070 Nephroscopy and ultrasound lithotripsy of renal calculus 

7B071 Nephroscopy & electrohydraulic lithotripsy of renal calculus 

7B072 Nephroscopy and laser lithotripsy of renal calculus 

7B08 Other therapeutic endoscopic operations on kidney 

7B080 Endoscopic extirpation of lesion of kidney 

7B082 Endoscopic de-roofing of multiple cysts of kidney 

7B083 Endoscopic cryoablation of lesion of kidney 

7B084 Endos endolum balloon rupt sten pelviureteric junct kidney 

7B093 Diag endosc retrograde exam kidney and biopsy lesion kidney 

7B0A Percutaneous puncture of kidney 
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Read code Description 

7B0A4 Percutaneous nephrostomy 

7B0A8 Percutaneous radiofrequency ablation of lesion of kidney 

7B0Ay Other specified percutaneous puncture of kidney 

7B0C Other operations on kidney 

7B0C1 Maintenance of nephrostomy tube 

7B0Cy Other specified other operation on kidney 

7B0F Interventions associated with transplantation of kidney 

7B0Fy OS interventions associated with transplantation of kidney 

7B0y Other specified operations on kidney 

7B11 Urinary diversion 

7B111 Unspecified other urinary intestinal diversion 

7B112 Revision of urinary diversion 

7B11B Insertion of subcutaneous urinary diversion stent 

7B11y Other specified urinary diversion 

7B122 Ureteric reimplantation after urinary diversion 

7B130 Anastomosis of ureter to bladder 

7B131 Boari flap anastomosis of ureter to bladder 

7B170 Nephroscopic laser lithotripsy of ureteric calculus 

7B173 Nephroscopic insertion of ureteric stent 

7B18 Ureteroscopic operations for ureteric calculus 

7B180 Ureteroscopic laser lithotripsy of ureteric calculus 

7B183 Ureteroscopic insertion of ureteric stent 

7B184 Ureteroscopic removal of ureteric stent 

7B192 Cystoscopic extraction of ureteric calculus 

7B193 Cystoscopic catheter drainage for ureteric calculus 

7B194 Cystoscopic dilation of ureter for drainage of calculus 

7B19y Other specified cystoscopic removal of ureteric calculus 

7B1A1 Endoscopic insertion of ureteric stent 

7B1A2 Endoscopic removal of ureteric stent 

7B1A4 Endoscopic replacement of ureteric stent 

7B1E5 Percutaneous removal of ureteric stent 

7B1F% Therapeutic endoscopic operations on urinary diversion 

7B1F0 Endoscopic extraction of calculus of urinary diversion 

7B20 Total excision of bladder 

7B20y Other specified total excision of bladder 

7B21 Partial excision of bladder 

7B210 Diverticulectomy of bladder 
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Read code Description 

7B21y Other specified partial excision of bladder 

7B22 Enlargement or replacement of bladder 

7B227 Ileal augmentation of bladder 

7B22y Other specified enlargement of bladder 

7B23 Other repair of bladder 

7B234 Closure of exstrophy of bladder 

7B23y Other specified other repair of bladder 

7B24 Open drainage of bladder 

7B241 Cystostomy and insertion of suprapubic catheter 

7B24y Other specified open drainage of bladder 

7B25 Open operations on contents of bladder 

7B26 Other open operations on bladder 

7B262 Open transection of bladder 

7B26y Other specified other open operation on bladder 

7B274 Rigid cystoscopic diathermy of lesion of bladder 

7B282 Other endoscopic overdistension of bladder 

7B284 Cystoscopic hydrostatic distension of bladder 

7B286 Endoscopic hydrostatic distension of bladder 

7B29 Other therapeutic cystoscopy 

7B293 Endoscopic removal of blood clot from bladder 

7B2B0 Urethral irrigation of bladder 

7B2C Other operations on bladder 

7B2Cy Other specified other operation on bladder 

7B2D Operations on bladder 

7B2D0 Suprapubic aspiration of bladder 

7B2Dy Other specified operations on bladder 

7B2y Other specified operations on bladder 

7B30 Combin abdominal & vaginal ops support outlet female bladder 

7B300 Abdominoperineal suspension of urethra 

7B31 Abdominal operations to support outlet of female bladder 

7B311 Retropubic suspension of bladder neck 

7B32 Vaginal operations to support outlet of female bladder 

7B320 Vaginal buttressing of urethra 

7B33 Other open operations on outlet of female bladder 

7B334 Insertion of sphincter around female bladder neck 

7B33y Other specified open operation on outlet of female bladder 

7B34 Therapeutic endoscopic operations outlet of female bladder 
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Read code Description 

7B343 Endoscopic uroplastic injection outlet of female bladder 

7B35 Other operations on outlet of female bladder 

7B351 Dilation of outlet of female bladder 

7B35y Other specified other operation on outlet of female bladder 

7B38 Other open operations on outlet of male bladder 

7B38y Other specified open operation on outlet of male bladder 

7B39 Endoscopic resection of outlet of male bladder or prostate 

7B3A Other therapeutic endoscopy on outlet of male bladder 

7B3A0 Endoscopic external sphincterotomy of male bladder 

7B3A3 Endoscopic uroplastic injection outlet of male bladder 

7B3B5 Endoscopic insertion of prostatic stent 

7B3B7 Endoscopic removal of prostatic stent 

7B3B8 Endoscopic change of prostatic stent 

7B3C Other operations on prostate or male bladder outlet 

7B3D0 Endoscopic insertion of prostatic stent 

7B3D1 Endoscopic removal of prostatic stent 

7B3F Open operations on outlet of male bladder 

7B40 Excision of urethra 

7B40y Other specified excision of urethra 

7B41 Repair of urethra 

7B410 Other hypospadias repair 

7B413 Unspecified reconstruction of urethra 

7B414 Pull through of urethra 

7B41y Other specified repair of urethra 

7B42 Other open operations on urethra 

7B421 Insertion of bulbar urethral prosthesis 

7B424 Open extraction of calculus from urethra 

7B42y Other specified open operation on urethra 

7B43 Therapeutic endoscopy of urethra 

7B433 Endoscopic urethral dilatation 

7B434 Endoscopic insertion of urethral stent 

7B436 Endoscopic removal of urethral stent 

7B43y Other specified therapeutic endoscopy of urethra 

7B440 Diagnostic urethroscopy and biopsy 

7B45 Other operations on urethra 

7B452 Calibration of urethra 

7B455 Balloon dilatation of urethra 
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Read code Description 

7B45y Other specified other operation on urethra 

7B463 Dilatation of urethral meatus 

7B48% Diagnostic endoscopic examination of urinary diversion 

7By Other specified transplantation of kidney 

7L1D0 Donation of kidney 

B49 Malignant neoplasm of urinary bladder 

B490 Malignant neoplasm of trigone of urinary bladder 

B491 Malignant neoplasm of dome of urinary bladder 

B492 Malignant neoplasm of lateral wall of urinary bladder 

B493 Malignant neoplasm of anterior wall of urinary bladder 

B494 Malignant neoplasm of posterior wall of urinary bladder 

B498 Local recurrence of malignant tumour of urinary bladder 

B49y Malignant neoplasm of other site of urinary bladder 

B49y0 Malignant neoplasm, overlapping lesion of bladder 

B4A3 Malignant neoplasm of urethra 

B580 Secondary malignant neoplasm of kidney 

B5811 Secondary malignant neoplasm of bladder 

B5812 Secondary malignant neoplasm of urethra 

B7D0 Benign neoplasm of renal parenchyma 

B7D3 Benign neoplasm of bladder 

B7Dy0 Benign neoplasm of urethra 

B917 Neoplasm of uncertain behaviour of bladder 

B91z1 Neoplasm of uncertain behaviour of kidney 

BA04 Neoplasm of unspecified nature of bladder 

BBLJ [M]Clear cell sarcoma of kidney 

F2461 Cauda equina syndrome with cord bladder 

K070 Atrophy of kidney 

K09 Atrophy of kidney 

K090 Unilateral small kidney 

K113 Hydronephrosis with ureteropelvic junction obstruction 

K120 Calculus of kidney 

K130 Nephroptosis 

K131 Hypertrophy of kidney 

K1310 Compensatory hypertrophy of single kidney 

K132 Acquired cyst of kidney 

K134 Other ureteric obstruction 

K137 Vesicoureteric reflux 
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Read code Description 

K138 Vascular disorders of kidney 

K13y1 Adhesions of kidney 

K13z0 Non-functioning kidney 

K14 Lower urinary tract calculus 

K1400 Calculus in diverticulum of bladder 

K1401 Other calculus in bladder 

K141 Calculus in urethra 

K1511 Panmural fibrosis of bladder 

K15y3 Malakoplakia of bladder 

K16 Other disorders of bladder 

K160 Bladder neck obstruction 

K163 Diverticulum of bladder 

K164 Atony of bladder 

K165 Other functional disorder of bladder 

K1652 Bladder outflow obstruction 

K1654 Unstable bladder 

K168 Amyloid of bladder 

K16V0 Neuropathic bladder 

K16V1 Overactive bladder 

K16y0 Calcified bladder 

K16y1 Contracted bladder 

K16y4 Irritable bladder 

K16y5 Trabeculation of bladder 

K16y7 Squamous metaplasia of bladder 

K16y8 Functional disorder of bladder 

K18 Urethral stricture 

K180 Infective urethral stricture 

K181 Traumatic urethral stricture 

K182 Postoperative urethral stricture 

K18y Other urethral stricture 

K50y0 Endometriosis of the bladder 

Kyu52 [X]Other neuromuscular dysfunction of bladder 

Kyu53 [X]Other specified disorders of bladder 

Kyu56 [X]Other urethral stricture 

Kyu57 [X]Other specified disorders of urethra 

PD02 Congenital absence of kidney 

PD021 Unilateral congenital absence of kidney 
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Read code Description 

PD03 Hypoplasia of kidney 

PD04 Dysplasia of kidney 

PD1 Congenital cystic kidney disease 

PD11 Polycystic kidney disease 

PD110 Polycystic kidneys, infantile type 

PD111 Polycystic kidneys, adult type 

PD121 Medullary cystic disease, adult type 

PD13 Multicystic renal dysplasia 

PD30 Accessory kidney 

PD31 Congenital calculus of kidney 

PD32 Congenital displaced kidney 

PD33 Discoid kidney 

PD35 Ectopic kidney 

PD37 Giant kidney 

PD38 Horseshoe kidney 

PD39 Hyperplasia of kidney 

PD3A Lobulation of kidney 

PD3B Malrotation of kidney 

PD3D Enlarged kidney 

PD3E Cake kidney 

PD3F Bifid kidney 

PD47 Congenital vesico-uretero-renal reflux 

PD5 Exstrophy of urinary bladder 

PD50 Ectopic bladder 

PD60 Congenital bladder neck obstruction 

PD61 Congenital obstruction of urethra 

PD610 Atresia of anterior urethra 

PD611 Stenosis of anterior urethra 

PD62 Congenital urethral valvular stricture 

PD63 Congenital urinary meatus stricture 

PD64 Congenital vesicourethral orifice stricture 

PD66 Impervious urethra 

PD8 Congenital abnormality of the kidney 

PD80 Duplex kidney 

PDy0 Congenital absence of bladder 

PDy2 Accessory bladder 

PDy3 Accessory urethra 
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Read code Description 

PDy8 Congenital prolapse of urethra 

PDy9 Double urethra 

PDz0 Unspecified anomaly of kidney 

PDz2 Unspecified anomaly of bladder 

PDz3 Unspecified anomaly of urethra 

Pyu73 [X]Other specified congenital malformations of kidney 

Pyu75 [X]Other congenital malformations of bladder and urethra 

S76 Injury to kidney 

S760 Closed injury of kidney 

S7700 Closed injury of bladder 

S7701 Closed injury of urethra 

S7710 Open injury of bladder 

S7711 Open injury of urethra 

S777 Injury of bladder 

S778 Injury of urethra 

SP038 Blocked ureteric stent 

SP08P Stenosis of vein of transplanted kidney 

ZV105 [V]Personal history of malignant neoplasm of urinary organ 

ZV130 [V]Personal history of urinary system disorder 

ZV446 [V]Has other artificial opening of urinary tract 

ZV556 [V]Attention to other artificial opening of urinary tract 

ZV6G5 [V]Acquired absence of kidney 

 

Table 2.9. List of devices prescribed for identification of urinary  

catheters, urinary incontinence and faecal incontinence 

Product 

prescribed  BNF chapter Additional text search terms 

Catheters 

prescribed 

21.2 Catheters Astra Tech Lofric Hydro-Kit II Nelaton catheter, container 

+ bag female 12ch, 9851200 

Astra Tech Lofric Hydro-Kit II Nelaton catheter, container 

+ bag male 14ch, 9831400 

Astra Tech Lofric Nelaton Catheter, female 10 ch, 

941000 

Astra Tech Lofric Nelaton Catheter, female 15 cm 10 ch, 

981000 

Astra Tech Lofric Nelaton Catheter, male 16 ch, 901600 
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Product 

prescribed  BNF chapter Additional text search terms 

  Astra Tech Lofric Primo Nelaton Catheter (female 20cm) 

16 ch, 4131625 

Astra Tech Lofric Primo Nelaton catheter (male) 14ch, 

9601400 

Astra Tech Lofric Primo Nelaton catheter (male) 16ch, 

9601600 

Bard Uriplan 10 Cm Inlet Tube Leg Bag 500 ml, d5m 

Coloplast Simpla Catheter Valve T180 

LoFric catheter female 12Ch 4031225 20cm (Astra Tech 

Ltd) 

LoFric catheter male 14Ch 901400 (Astra Tech Ltd) 

Lofric Nelaton Catheter, Male 16 ch, 901600 

LoFric Primo catheter male 16Ch 9601600 (Astra Tech 

Ltd) 

Uriplan sterile leg bag D5M 500ml bag, 10cm inlet tube 

(Bard Ltd) 

Catheter 

maintenance 

products 

21.13 Catheter 

maintenance 

solutions 

Optiflo G Catheter Solution Citric Acid (Suby G) 3.23%, 

50ml 

Optiflo S Catheter Solution Saline 0.9 %, 100 ml 

Sodium Chloride Bladder Irrigation 0.9 %, 1 litre 

Solution G Catheter Maintenance Solution 50 ml sachet 

Incontinence 

Products 

22. 

Incontinence 

appliances 

Attends Incontinence Pads Normal +, 60cm x 60cm 

Suprapubic 

Appliances 

21.5. 

Suprapubic 

appliances 

 

Urostomy 

bags 

23.96. 

Urostomy bags 

 

Urostomy 

sets 

23.98. 

Urostomy sets 

 

 

Antibiotic Prescription Data 
All antibiotic prescriptions for eligible participants issued during the study period 

were extracted, as per table 2.6. The fields in this data included: pseudo ID, 

drug name, dose, quantity and issue date. 
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Table 2.10. List of antibiotics extracted for the cohort 

Antibacterial drugs 

by chapter BNF chapter Additional text search terms 

Penicillins 5.1.1. Penicillins Ampicillin Paediatric Suspension 125 mg/1.25 ml 

Ampicillin Syrup 125 mg/5 ml 

Ampiclox Neonatal Suspension  

Augmentin Tablets  

Co-Amoxiclav Tablets 

Flucloxacillin Oral Suspension 125 mg/5 ml 

Flucloxacillin Syrup 125 mg/5 ml 

Flucloxacillin Syrup 250 mg/5 ml 

FLUCLOXACILLIN susp 125mg/5ml 

Penicillin V Capsules 250 mg 

Penicillin V Elixir 62.5 mg/5 ml 

Penicillin Vk Tablets 250 mg 

Phenoxymethylpenicillin Capsules 250 mg 

Phenoxymethylpenicillin Paediatric Syrup 125 

mg/5 ml 

Phenoxymethylpenicillin Suspension 125 mg/5 

ml 

Phenoxymethylpenicillin Syrup 125 mg/5 ml 

Phenoxymethylpenicillin Syrup 250 mg/5 ml 

Phenoxymethylpenicillin Potassium Tablets 250 

mg 

Cephalosporins/ 

Beta-Lactams 

5.1.2. 

Cephalosporins 

and other Beta-

lactams 

Cefradine Syrup 125 mg/5 ml 

Distaclor Capsules 250 mg 

Tetracyclines 5.1.3. 

Tetracyclines 

Doxycycline Tablets 100 mg 

Oxytetracycline Mixture 125 mg/5 ml 

Oxytetracycline Hydrochloride Capsules 250 mg 

Tetracycline 250mg tablets (Actavis UK Ltd) 

Tetracycline Hydrochloride Ointment 3 % 

Aminoglycosides 5.1.4. 

Aminoglycosides 

Gentamicin Ear Drops 0.3 % 

Gentamicin Eye Drops 0.3 % 

Gentamicin Eye Ointment 0.3 % 

Genticin Eye Ointment 0.3 % 

Genticin Eye-Drops 0.3 % 

Genticin Hc Cream 

Macrolides 5.1.5. Macrolides Erythromycin Paediatric Suspension 125 mg/5 ml 

Erythromycin Sugar free suspension 125mg/5ml 

Erythromycin Sugar Free Suspension 250mg/5ml 

Erythromycin Suspension 250 mg/5 ml 

Erythromycin Suspension 500 mg/5 ml 
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Antibacterial drugs 

by chapter BNF chapter Additional text search terms 

Erythromycin Tablets 250 mg 

Erythromycin Tablets 500 mg 

Erythromycin Topical Solution  

Erythromycin Ethyl Succinate Mixture 125 mg/5 

ml 

erythromycin suspension 250mg/5ml 

Erythroped Granules Forte 500 mg/sachet 

Erythroped P.I. Suspension 125 mg/5 ml 

Erythroped Suspension 250 mg/5 ml 

Clindamycin/ 

Lincomycin 

5.1.6. 

Clindamycin and 

Lincomycin 

 

Other antibacterials 5.1.7. Some 

other 

antibacterials 

Colistin Sulphate Powder 1g vial 

Fucidin H Gel 

Fusidic Acid Ointment 2 % 

Sulfonamides/ 

Trimethoprim 

5.1.8. 

Sulfonamides 

and trimethoprim 

Bactrim Paediatric Syrup  

Co-Trimoxazole Dispersible Tablets 480 mg 

Co-Trimoxazole Drapsules 480 mg 

Co-Trimoxazole Paediatric Suspension 240 mg/5 

ml 

Trimethoprim Tablets 300 mg 

Trimopan Suspension 50 mg/5 ml 

Antituberculosis 

Drugs 

5.1.9. 

Antituberculosis 

drugs 

 

Antileprotic Drugs 5.1.10. 

Antileprotic drugs 

 

Metronidazole/ 

Tinidazole/ 

Ornidazole 

5.1.11. 

Metronidazole, 

Tinidazole & 

Ornidazole 

 

Quinolones 5.1.12. 

Quinolones 

 

Urinary-Tract 

Infections 

5.1.13. Urinary-

Tract Infections 

 

 

Microbiology Data 
Microbiology data from Bart’s Health included the following fields for both urine 

and blood cultures: pseudo ID, sample date, organism and phenotypic antibiotic 

sensitivity data. 



 

82 

2.6 University Hospital Birmingham Dataset 

The retrospective cohort study reported on in chapter 5 uses data collected 

routinely from adult patients admitted to Queen Elizabeth Hospital Birmingham 

(QEHB) with community-onset Gram-negative bacteraemia. QEHB, part of 

University Hospitals Birmingham NHS Foundation Trust, is one of the largest 

teaching hospital trusts in England, serving the region of Birmingham treating 

approximately 1.3 million people yearly. The hospital provides a range of services 

including secondary care to its local population in Birmingham, as well as regional 

and national services. It has the largest solid organ transplantation programme in 

Europe, being a national specialist centre for liver, heart and lung transplantation, 

and the largest renal transplant programme in the United Kingdom. The trust has 

well-established electronic healthcare records, including electronic prescribing. 

2.6.1 Background to Birmingham population 

Birmingham is a major city in England’s West Midlands region, with an 

estimated population of 1,141,400 in 2018. The age distribution is younger than 

the England average, with a greater proportion of the population in the age 

group 0-40 years, and a smaller proportion of the population in the age group 

40+ years, as shown in Figure 2.6. 
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Figure 2.5. Age distribution of resident population of Birmingham  

in 2018. From Local Authority Health Profiles,  

Public Health England Fingertips(94) 

IMD 2015 found that Birmingham ranked the 6th highest of all English local 

authorities, in terms of proportions of highly deprived areas (39.6% of 

Birmingham). The West Midlands is also the second most ethnically diverse 

region in England and Wales (after London), with a higher than average 

percentage of minority ethnic groups: 4.1% Pakistani, 3.9% Indian, 1.5% 

Caribbean, and a lower than average White ethnic group at 82.7% and White 

British at 79.2% at the time of the last census in 2011(96). 
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2.6.2 Types of data in Birmingham dataset 

All data was extracted form electronic health records by Dr Martin Gill, 

Consultant Microbiologist at QEHB. Patients >18 years of age admitted to QEHB 

within +/- 1 day of a positive blood culture with Escherichia coli, Klebsiella 

pneumoniae and Pseudomonas aeruginosa being received in the laboratory 

during the study period 01/09/2011-01/01/2018 were eligible for inclusion. 

Demographic and Admission Data 
This was extracted from the Patient Administration System (PAS) and included 

the fields: unique study ID, spellkey (unique identifier for each admission per 

patient), age at admission (in years), sex, ethnicity, admission date, discharge 

date, death during admission (binary variable: yes/no), IMD score (derived from 

postcode prior to data transfer), ICD-10 codes. 

Antibiotic Prescription Data 
Antibiotic prescription data was extracted from the electronic prescribing system 

at QEHB and included the fields: unique study ID, spellkey, admission date, 

discharge, date, scriptkey (unique identifier for a prescription), specialty under 

which patient was admitted, antimicrobial name, prescription start date, 

prescription end date, mode of delivery (e.g. regular, one-off), dosage, units, 

frequency of delivery and route of administration. 

Standardised Early Warning Scores 
The multi-parameter physiological trigger system used at QEHB during the 

study period was the Standardised Early Warning Scoring System (SEWS), 

which includes the parameters respiratory rate, oxygen saturations, systolic 

blood pressure, heart rate and level of responsiveness. SEWS for the period -1 

to +30 days from admission were extracted from the electronic prescribing 

system at QEHB. The fields included: unique study ID, spellkey, admission 

date, discharge date, SEWS score, date and time of SEWS score recorded. 

ICU Data 
ICU admission data was extracted from PAS and included the fields: unique 

study ID, spellkey, admission date, discharge date, ICU admission date, ICU 
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discharge date, ICU ward code and death during ICU admission (binary 

variable: yes/no). 

Blood Culture Data 
Organisms cultured from blood were identified and susceptibility tested using 

Vitek 2 (bioMérieux) using its Advanced Expert System current at the time, to 

designate susceptibility categories. This data included the fields: unique study 

ID, spellkey, admission date, blood culture sample date, organism name, 

unique laboratory key for each specimen and phenotypic sensitivity data. 

Other Microbiology Data 
All other positive microbiology submitted at QEHB, community hospitals Mosely 

Hall Hospital (MHH) and West Heath Hospital (WHH), and GP surgeries within a 

date of -30 to +2 days of the admission start date was also extracted for patients 

eligible for study inclusion. The fields included: unique study ID, spellkey, unique 

laboratory key for each specimen, source (QEHB/MHH/WHH/GP surgery), 

specimen type (e.g. blood, urine, bile), specimen site (e.g. central, peripheral, 

bag), specimen date, organism name and phenotypic sensitivity data. 

The study was registered as an audit with QEHB in August 2018 (registration 

number CARMS-13820) and formal ethical approval was not sought. De-

identified data was transferred to the UCL Data Safe Haven between 18/10/18 

and 07/11/18, where it was stored and analysed. 
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3 Predicting Adverse Outcomes in  
Community-Onset Lower UTI 

3.1 Abstract 

Objectives 
Community-onset UTI is common problem which accounts for a large proportion 

of antibiotic prescriptions in primary care. Reducing antibiotic prescribing is a 

major focus for reducing rates of antibiotic resistance, but assessment of the 

risk factors for adverse infection-related outcomes in patients with UTI is 

necessary in order to aid prescribing decisions. The objective of this study was 

to assess the risk factors for urinary infection-related hospital admission and all-

cause hospital admission in the 30 days following an episode of community-

onset UTI in primary care. 

Methods 
This was a cohort study using routinely collected linked primary care, secondary 

care and microbiology data from patients in East London Primary Care who 

presented with community-onset UTI during the period 1 April 2012 to 30 March 

2017. The cohort was identified through Read codes for symptoms, diagnoses 

and tests for UTI, as well as prescriptions for UTI-specific antibiotics and 

positive urine cultures. The primary outcome was urinary-infection related 

hospital admission (UHA) in the 30 days following a consultation for UTI in 

primary care. The secondary outcome was all-cause hospital admission (AHA) 

in the same time period. I estimated the numbers and proportions of patients 

with each outcome, and the odds of each outcome in relation to demographic 

factors, previous antibiotic exposure and comorbidities. 

Results 
169524 community-onset lower UTI episodes in 86561 patients were included 

in the study. UHA in the 30 days following a UTI episode occurred in 

1336/169524 episodes (0.8%, 95% CI 0.7-0.8), and AHA occurred in 

6516/169524 episodes (3.8%, 95% CI 3.8-3.9). The majority of episodes 

(77.9%) occurred in female patients, but there was no association between 

female sex and UHA and they had a lower odds of AHA as compared to males 

(adj OR 0.75, 95% CI 0.71-0.80, p <0.001). As compared to age group 16-34, 
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an increased odds of UHA was seen only in patients aged 55-74 (adj OR 1.56, 

95% CI 1.27-1.93, p <0.001) and 75+ years (adj OR 3.44, 95% CI 2.73-4.34, p 

<0.001). Other risk factors associated with increased odds of UHA were 

structural abnormalities (adj OR 1.20, 95% CI 1.01-1.43, p 0.038), CKD (adj OR 

1.54, 95% CI 1.30-1.83, p <0.001), a urinary catheter in the last 6 months (adj 

OR 2.17, 95% CI 1.65-2.87, p <0.001), prior antibiotic exposure (adj OR 1.29, 

95% CI 1.13-1.46, p <0.001 for 1-2 courses in the last 6 months), recurrent UTI 

(adj OR 1.37, 95% CI 1.19-1.57, p <0.001), faecal incontinence (adj OR 1.49, 

95% CI 1.14-1.96, p 0.004) and diabetes mellitus (adj OR 1.38, 95% CI 1.20-

1.59, p <0.001). 

Conclusions 
UHA following community-onset lower UTI is rare. Reductions in antibiotic 

prescribing may be best focused at patients aged <55 years without risk factors 

for complicated UTI, a history of recurrent UTI, DM or faecal incontinence. This 

patient population accounts for a significant proportion of UTI episodes, 

suggesting significant potential for antibiotic reduction. Further research 

investigating the impact of antibiotic resistance and treatment failure is 

warranted, and I will address this in my cohort study in chapter 4. 

3.2 Study Rationale and Introduction 

Urinary tract infections (UTIs) are one of the commonest indications for 

antibiotic prescriptions both in primary and secondary care, and improvement to 

antibiotic prescribing for these infections would likely have a large impact on 

overall antibiotic use and therefore rates of antibiotic resistance (ABR). It has 

been estimated that the average person consults their GP 5.5 times per year 

and that 1-3% of all GP consultations are for UTI symptoms(27,28). Whilst UTIs 

occur in both genders and all age groups, they are most common in women: it 

is estimated that 1 in 3 women will have had a UTI requiring antibiotics by the 

time they are 24 years of age, and that 50% of women will experience at least 

one urinary tract infection in their lifetime(29,30). 

Whilst symptomatic relief is of great importance to both patients and clinicians, 

fear of resulting complications from UTI – notably pyelonephritis, urinary sepsis 
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and bloodstream infection – are an important driver in antibiotic prescribing(98–

100). Whilst rare, fear of these outcomes coupled with the inability to reliably 

rule out a diagnosis of UTI in primary care have likely resulted in GPs 

traditionally having a low threshold for prescribing antibiotics for UTI symptoms. 

Given that a proportion of UTIs are self-limiting, in addition to increases in ABR 

and antibiotic side-effects, avoidance of antibiotic treatment may be preferable 

in certain patients. Recent evidence shows that a proportion of women are 

willing to delay antibiotic treatment, as has been done successfully with 

respiratory infections in primary care(75). Such an approach would likely have a 

large impact on antibiotic consumption in primary care, but data on the 

outcomes in patients presenting to primary care with UTI symptoms is 

necessary to inform its potential feasibility, acceptability to patients and 

clinicians, and safety. A number of trials have examined the safety of 

withholding antibiotics for UTI in younger women, but these studies have not 

included older age groups (80,101,102). Because severe outcomes following 

lower UTI are rare, large datasets are needed to investigate them. A recently 

published study using electronic health records found that the probability of 

sepsis was higher following consultations for UTI than for respiratory tract or 

skin infections, and that the risk of sepsis was higher among older adults (103). 

Other analyses of large datasets using electronic health records have found 

conflicting results in older adults (83,85). 

Research in this area to date has been hampered by the lack of joined up 

information across primary and secondary care, and the lack of microbiology 

data. In this chapter I describe the use of a large independent primary care 

dataset with robust linkage to secondary care data and microbiology data in 

order to get an accurate estimate of the risk of adverse outcomes of 

hospitalisation and reconsultation following consultation for UTI in primary care 

in patients aged 16 and over. The results may inform the ongoing debate about 

the safety of delaying prescribing for suspected UTI in primary care. In chapter 

4, I go on to examine the effect of treatment failure due to ABR outcomes by 

limiting the cohort to those with culture-confirmed UTI. 
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3.3 Methods 

3.3.1 Aims and objectives 

The aim of this study was to investigate the frequency of urinary infection-

related and all-cause hospitalisation in the 30 days following an episode of UTI 

in primary care, and to identify risk factors associated with increased risk of 

these outcomes. 

Objectives: 

1. To estimate the proportion of patients who are admitted to hospital for a 

urinary infection-related reason in the 30 days following a consultation for 

community-onset UTI in primary care, and to identify factors associated with 

admission 

2. To estimate the proportion of patients who are admitted to hospital for any 

cause in the 30 days following a consultation for community-onset UTI in 

primary care, and to identify risk factors associated with admission 

3.3.2 Study Design and Setting 

This was a cohort study of patients who presented to East London Primary care 

between 01/04/2012-31/03/2017, with linked primary and secondary care data. 

3.3.3 Inclusion and Exclusion Criteria 

Patients registered at the approximately 100 GP surgeries across 2 CCGs in 

East London from the period 01/04/2012-31/03/2017 who consulted their GP 

with community-onset UTI were eligible for study inclusion. Consultations for 

community-onset UTI were identified through Read codes for UTI diagnoses, 

symptoms and tests, prescriptions for UTI-specific antibiotics and positive urine 

cultures with relevant organisms), as described in detail in chapter 2. Patients 

were included in the study provided they had data available for sex, age and 

IMD score. Patients who had been registered for less than 12 months prior to 

their first episode were excluded, as were those with less than 30 days follow 

up data following their episode (unless death occurred within that 30-day 

period). Patients who were admitted to hospital on the day of their episode were 

excluded as this was considered a presentation to secondary, rather than 
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primary care. As I was interested in community-onset UTI, patients who had 

been discharged from hospital in the 30 days prior to their consultation in 

primary care were also excluded. Patients could have multiple episodes of UTI, 

and entered the cohort at the start of their first episode of UTI. They left the 

cohort at the earliest of these three dates: death, change of practice or end of 

the study period. 

3.3.4 Data Sources and Handling 

I created the cohort using data extracted from the CEG database as per the 

data specification outlined in chapter 2. Eligible patients were those registered 

with the approximately 100 GP surgeries across 2 CCGs in East London (Tower 

Hamlets and Newham), who had a GP consultation for UTI during the study 

period 01/04/2012-31/03/2017, with the inclusion and exclusion criteria 

described above. CSV files containing data on read codes for UTI 

consultations, Read codes for comorbidities, Read codes and prescriptions for 

devices, inpatient admission data, antibiotic prescriptions and demographic 

data (sex, month and year of birth, IMD score and ethnicity) for this eligible 

cohort were uploaded to the UCL Data Safe Haven for secure storage and 

analysis. 

Identification of UTI Consultations through READ Codes 
Consultations for UTI were identified using a modified version of the Read code 

lists used in previous similar studies(83,85). The list includes codes for 

suspected UTI, confirmed UTI, UTI symptoms and UTI tests that are indicative 

of a consultation for UTI. Due to the variations in investigation and management 

of patients presenting with UTI symptoms mentioned in the introduction, this list 

aimed to capture as many consultations as possible. 

Identification of UTI Consultations through Prescriptions 
A recent study of antibiotic prescriptions in primary care found that the first-line 

antibiotics used to treat UTI, nitrofurantoin and trimethoprim, were frequently 

unlinked to a diagnostic code (44.7% and 37.4% of prescriptions 

respectively)(104). I therefore also identified UTI consultations through 

prescriptions of antibiotics that are primarily used to treat UTI in primary care – 
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trimethoprim, nitrofurantoin, fosfomycin and pivmecillinam. Other antibiotics 

such as amoxicillin, co-amoxiclav and co-trimoxazole were not included as 

these are frequently used to treat infections other than UTI. Trimethoprim can 

also be used to treat other infections, such as respiratory tract infections and 

skin and soft tissue infections, but such use is infrequent in primary care 

(personal communication with GP). Trimethoprim prescriptions were included if 

they met the treatment equivalent of 200mg twice daily for 7 days, and 

nitrofurantoin if they met the treatment equivalent of 100mg twice daily for 7 

days (the maximum duration for treatment of lower UTI). 

Identification of UTI Consultations through Positive Urine Cultures 
UTI consultations were identified through positive urine cultures with relevant 

organisms, as shown in Table 3.1. I created this list by reviewing all the 

organisms identified on urine culture in the cohort, identifying those which were 

relevant as urinary pathogens, and excluding those commonly considered 

contaminants. These were mainly Gram-negative bacteria, with the exception of 

Staphylococcus saprophyticus, Group B streptococcus and enterococci. As I 

was interested in bacterial UTI, Candida species and other yeasts were also 

excluded. Similarly, whist Staphylococcus aureus can be isolated from urine 

cultures, this organism was excluded because it most commonly represents 

contamination, or seeding in the urine from Staphylococcus aureus bacteraemia 

which is not usually of a urinary source. As I was interested in community-onset 

UTI, urine cultures sent during an inpatient admission were excluded. As I was 

interested in lower UTI, urine cultures that were sent within +/- 3 days of a Read 

code for upper UTI, as shown in Table 3.2, were also excluded. The same list of 

organisms was used to identify relevant organisms isolated on blood culture in 

order to identify urinary-related hospital admissions, as described below. 
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Table 3.1. Organisms, species and descriptions included in urine cultures 

Organism / species / description 

Acinetobacter spp 

Citrobacter spp 

Enterobacter spp 

Enterococcus spp 

Escherichia coli 

Gram-negative rods 

Group B streptococcus 

Klebsiella spp 

Morganella spp 

Organism of the coliform group 

Proteus spp 

Pseudomonas spp 

Serratia spp 

Staphylococcus saprophyticus 

 

Table 3.2. Read codes for upper UTI used to exclude  

urine cultures if recorded within +/- 3 days of sample 

Read code Description 

K10000 Chronic pyelonephritis 

K100000 Chronic pyelonephritis without medullary necrosis 

K100100 Chronic pyelonephritis with medullary necrosis 

K100400 Nonobstructive reflux-associated chronic pyelonephritis 

K100500 Chronic obstructive pyelonephritis 

K100600 Calculous pyelonephritis 

K100z00 Chronic pyelonephritis NOS 

K10100 Acute pyelonephritis 

K101000 Acute pyelonephritis without medullary necrosis 

K101z00 Acute pyelonephritis NOS 

K10400 Xanthogranulomatous pyelonephritis 

K10y00 Pyelonephritis and pyonephrosis unspecified 

K10y000 Pyelonephritis unspecified 

K10y300 Pyelonephritis in diseases EC 
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Read code Description 

K10yz00 Unspecified pyelonephritis NOS 

K100200 Chronic pyelitis 

K10y400 Pyelitis in diseases EC 

K101200 Acute pyelitis 

K10y100 Pyelitis unspecified 

K102000 Renal abscess 

K10200 Renal and perinephric abscess 

K102100 Perinephric abscess 

K102z00 Renal and perinephric abscess NOS 

K10..00 Infections of kidney 

K10z00 Infection of kidney NOS 

K1011 Renal infections 

K1000 Infections of kidney 

K10z00 Infection of kidney NOS 

K21300 Prostatocystitis 

K10y200 Pyonephrosis unspecified 

K10500 Chronic infective interstitial nephritis 

 

Definition of UTI episodes 
Consultations were ordered by patient identifier and date, and a 30-day 

washout period was used to identify new episodes, so that any consultations 

within that period were considered part of the same episode. The start of the 

episode was considered as the first consultation date. Any consultations outside 

of the 30 day washout period were considered a new episode. For example, a 

code for a urine test on day 1 followed by a Read code and prescription for 

trimethoprim on day 6 would be considered as the same episode. Any 

consultation which occurred within the washout period from a later consultation 

within the same episode was considered an ongoing episode and excluded 

from the analysis, as per Figure 3.1. 
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Figure 3.1. Definition of UTI episodes (adapted from Shallcross et al.)(85) 

In both panels the 1st UTI code represents the start of a new UTI episode (first 

episode). The 2nd UTI code occurs within 30 days and is therefore considered to 

be part of the first episode. The 3rd UTI code occurs more than 30 days after the 

start of the 1st episode and is classified as (A) a new episode (because the last 

evidence of UTI was recorded more than 30 days earlier); (B) an ongoing 

episode because the last evidence of UTI (2nd UTI code) was recorded less 

than 30 days before, and is excluded from the analysis. 
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Definition of Antibiotic Treatment for UTI Episodes 
In order to define antibiotic treatment, I manually reviewed all antibiotic 

prescriptions issued to the cohort during the study period. The following 

antibiotics and antibiotic classes were included as treatment antibiotics: 

trimethoprim, nitrofurantoin, amoxicillin, co-amoxiclav, fosfomycin, 

pivmecillinam, ciprofloxacin, levofloxacin, piperacillin-tazobactam, linezolid, all 

cephalosporins, gentamicin, amikacin and all carbapenems. Episodes were 

considered treated if the patient was prescribed one of these antibiotics within 

+/- 7 days of the episode start date, and not treated if not. 

Definition of Co-Morbidities 
A number of comorbidities have been shown to increased risk of UTI or 

increased risk of adverse outcomes. UTI in the presence of structural 

abnormalities of the renal tract or a functionally abnormal renal tract are by 

definition complicated infections, as are those in men and pregnant women. 

Indwelling urinary catheters are associated with increased risk of UTI, and 

catheter associated UTI (CAUTI) is one of the commonest healthcare-

associated infections worldwide(37,105). Diabetes mellitus (DM), urinary 

incontinence, cancer, heart failure and hypertension were identified as potential 

risk factors for community-onset Escherichia coli bacteraemia in my systematic 

review described in chapter 5(106–109). A number of studies have found an 

association between obesity and UTI(110–112). 

Pregnancy was identified through a Read code indicating an infection in 

pregnancy (L1668: Urinary tract infection complicating pregnancy), but as this 

Read code was only recorded on 16 occasions, these episodes were excluded 

and a variable for pregnancy was not included in the analysis. The 

comorbidities described above were identified through the Read codes shown 

in chapter 2 as the first date they were recorded. Comorbidities were 

considered present at the time of the episode if the date they were recorded 

preceded the date of the UTI episode. With regards to obesity, whilst weight can 

fluctuate, I considered the study period to not be long enough to allow for 

significant changes in weight. Urinary incontinence, faecal incontinence and 

urinary catheters were also identified through prescriptions for devices as 

shown in chapter 2, in addition to Read codes. A catheter was considered 



 

96 

present if the Read code for the episode indicated CAUTI, or if there was a 

Read code or device code for a catheter recorded in the 6 months preceding 

the UTI episode. 

Definition of Recurrent UTI 
Recurrent UTI was identified in 3 ways: 

● A Read code for recurrent UTI (as shown in Table 3.3) 

● A prescription for prophylactic nitrofurantoin or trimethoprim (defined as a 

dose of 100mg daily for each drug for a duration of greater than 28 days) 

● 2 UTI consultations in 6 months, or 3 consultations in 12 months 

A patient was considered to have a history of recurrent UTI if their UTI episode 

occurred in the 12 months following any of the above definitions, up to and 

including the date of their episode. 

Table 3.3. Read codes for recurrent UTI 

Read code Description 

1AG..00 Recurrent urinary tract infections 

K190.11 Recurrent urinary tract infection 

K190300 Recurrent urinary tract infection 

K190311 Recurrent UTI 

K190400 Chronic urinary tract infection 

K152z00 Other chronic cystitis NOS 

K152.00 Other chronic cystitis 

K152y00 Chronic cystitis unspecified 

K155.00 Recurrent cystitis 

K100.00 Chronic pyelonephritis 

K100000 Chronic pyelonephritis without medullary necrosis 

K100100 Chronic pyelonephritis with medullary necrosis 

K100400 Nonobstructive reflux-associated chronic pyelonephritis 

K100500 Chronic obstructive pyelonephritis 

K100600 Calculous pyelonephritis 

K100z00 Chronic pyelonephritis NOS 

K100200 Chronic pyelitis 

K105.00 Chronic infective interstitial nephritis 
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Definition of Previous Antibiotic Use 
All systemic antibiotic prescriptions for all patients, extracted as per chapter 2, 

were analysed for prescriptions recorded in the period from 7 days before to 6 

months before each episode. Prescriptions issued on the same day were 

counted as the same treatment course, and further prescriptions on a later date 

were counted as separate treatment courses. 

Definition of Season 
Season of the year has been shown to be associated with UTI, with a peak in 

consultation incidence seen in autumn and increased incidence of Escherichia 

coli bacteraemia in summer (113–115). UTI episodes were classified into 

season depending on the months in which they occurred: 

Spring: March, April or May 

Summer: June, July or August 

Autumn: September, October or November 

Winter: December, January or February 

Definition of Outcomes 
Urinary infection-related hospital admission (UHA) in the 30 days following a 

UTI episode was defined using the ICD code list shown in Table 3.3 (adapted 

from Shallcross et al.) and included ICD codes for lower UTI, upper UTI, 

bloodstream infection or sepsis. An admission was considered UHA if the 

primary or secondary (in position 2) ICD code for that admission was included in 

this list, or if the patient had a positive urine or blood culture with a relevant 

organism (as per Table 3.1) within 2 days of admission. Multiple admissions in 

the 30 days following a consultation were aggregated and if any of them were 

considered UHA, the UTI episode was given the outcome UHA. For blood 

cultures, only organisms which are commonly associated with a urinary source 

were included. In the same way as with urine cultures, the list of organisms 

identified on culture was reviewed, and relevant organisms identified. As such, 

Staphylococcus aureus and Streptococcus pneumoniae were excluded, as they 

are common causes of bacteraemia but not considered urinary pathogens. 
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Similarly, all coagulase-negative Staphylococci (apart from Staphylococcus 

saprophyticus) were excluded as they tend to represent contamination or 

bloodstream infections associated with indwelling vascular catheters. 

All cause hospital admission (AHA) in the 30 days following a UTI episode was 

defined as admission to hospital in that time period regardless of ICD-10 code, 

apart from codes relating to routine care and not emergency admission, 

contraceptive care, antenatal care and delivery. This entailed excluding codes 

from chapters XV (Pregnancy, childbirth and the puerperium) and XXI (Factors 

influencing health status and contact with health services) of ICD-10 Version 

2010(116). 

Table 3.4. List of ICD codes identifying urinary or sepsis related admission 

 ICD-10 code Description 

Lower UTI N30.0 Acute cystitis 

 N30.9 Cystitis, unspecified 

 N30.8 Other cystitis 

 N39.0 Urinary tract infection, site not specified 

Upper UTI N10 Acute tubulo-interstitial nephritis 

 N12 Tubulo-interstitial nephritis, not specified as acute or 

chronic 

 N13.6 Pyonephrosis 

 N15.1 Renal and perinephric abscess 

 N15.8 Other specified renal tubulo-interstitial diseases 

 N15.9 Renal tubulo-interstitial disease, unspecified 

 N16.0 Renal tubulo-interstitial disorders in infectious and 

parasitic diseases classified elsewhere 

 N28.8 Other specified disorders of kidney and ureter 

 N34.0 Urethral abscess 

 N34.1 Nonspecific urethritis 

 N34.2 Other urethritis 

 N34.3 Urethral syndrome, unspecified 

 N41.0 Acute prostatitis 

 N41.1 Chronic prostatitis 

 N41.2 Abscess of prostate 
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 ICD-10 code Description 

 N41.3 Prostatocystitis 

 N41.8 Other inflammatory diseases of prostate 

 N41.9 Inflammatory disease of prostate, unspecified 

 N11.0 Nonobstructive reflux-associated chronic pyelonephritis 

 N11.1 Chronic obstructive pyelonephritis 

 N11.8 Other chronic tubulo-interstitial nephritis 

 N11.9 Chronic tubulo-interstitial nephritis, unspecified 

Sepsis/other R57.2 Septic shock 

 R65.1 Systemic Inflammatory Response Syndrome of infectious 

origin with organ failure 

 R65.0 Systemic Inflammatory Response Syndrome of infectious 

origin without organ failure 

 A40.1 Sepsis due to streptococcus, group B 

 A41.5 Sepsis due to other Gram-negative organisms 

 A41.8 Other specified sepsis 

 A41.9 Sepsis, unspecified 

 A49.9 Bacterial infection, unspecified - Bacteraemia NOS 

 B96.1 Klebsiella pneumoniae [K. pneumoniae] as the cause for 

diseases classified to other chapters 

 B96.2 Escherichia coli [E. coli] as the cause for diseases 

classified to other chapters 

 B96.4 Proteus (mirabilis) (morganii) as the cause for diseases 

classified to other chapters 

 B96.5 Pseudomonas (aeruginosa) as the cause for diseases 

classified to other chapters 

 R65.0 Severe sepsis without septic shock 

  R65.1 Severe sepsis with septic shock 

 

3.3.5 Outcomes 

Outcomes: 

Primary Outcome 
Proportion of episodes resulting in UHA in the 30 days following an episode of 

community-onset lower UTI in primary care 
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Secondary Outcomes 
Odds of UHA in the 30 days following an episode of community-onset lower UTI 

in primary care 

Proportion of episodes resulting in AHA in the 30 days following an episode of 

community-onset lower UTI in primary care 

Odds of AHA in the 30 days following an episode of community-onset lower UTI 

in primary care. 

3.3.6 Putative risk factors 

The putative risk factors were: 

1. Non-treatment within +/-7 days of episode start 

2. Demographic variables (age, sex, ethnic group, IMD quintile) 

3. Risk factors for complicated UTI: structural abnormalities of the renal tract, 

chronic kidney disease (CKD), urinary catheterisation 

4. Recurrent UTI 

5. Other comorbidities: cancer, diabetes mellitus (DM), heart failure, 

hypertension, urinary incontinence, faecal incontinence and obesity 

6. Prior antibiotic treatment courses in preceding 6 months 

7. Season of the year. 

3.3.7 Statistical Analysis 

Descriptive statistics were used to summarise the clinical and demographic 

characteristics of individual participants in the cohort and UTI episodes. Age 

was reported as the median with interquartile range (IQR), and as a categorical 

variable in years defined as: 16-34, 35-54, 55-74 and 75+, with 16-34 years 

used as the baseline. Comorbidities were defined as binary variables (present 

or not present at the time of the episode) as described above. Previous 

antibiotic treatment was coded as a categorical variable: 0, 1-2 courses or ≥3 

courses. IMD score was categorised as quintiles from 1 (least deprived) to 5 

(most deprived). Ethnic group was categorised as White (including British, Irish 

and any other White background), Black (including African, Caribbean and any 

other Black background), Asian (including Bangladeshi, Indian, Pakistani, any 
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other Asian background and Chinese), Mixed and Other (including White and 

Asian, White and Black African, White and Black Caribbean, any other mixed 

background, any other ethnic group) and Unknown (where data on ethnic group 

was missing). 

I report summary statistics of the study cohort. For the purposes of describing 

the demographic characteristics of the patients, age was determined as age at 

first episode during the study period and categorised into groups. For episodes, 

age was reported as age at time of episode. Continuous variables were 

summarized using median and interquartile range (IQR), and categorical 

variables using absolute numbers and proportions. I estimated crude 

associations (odds ratios [ORs]) between each included variable and the 

outcomes using generalised estimating equations (GEEs) with a logit link and 

an exchangeable correlation structure to account for multiple UTI episodes per 

patient. Huber-White sandwich estimators were used to calculate 95% 

confidence intervals (95% CI). A final multivariable adjusted model was fitted, 

including all predictors with a p-value < 0.1 in the univariable analysis. Age was 

included in the multivariable model as a categorical variable, as I felt this would 

be most informative in terms of assessing risk and making prescribing decisions 

in a primary care setting. All data cleaning and analyses were performed using 

the statistical software R version 3.6.1 for Windows. Generalized estimating 

equations were fitted using geepack (version 1.2-1). All raw data and code for 

data cleaning and analysis is stored securely in the UCL Data Safe Haven. 

Data was processed in accordance with the CEG ethical framework as outlined 

on page 46. The NHS Health Research Authority toolkit (http://www.hra-

decisiontools.org.uk/ethics/) identified that Research Ethics Approval was not 

required for this study as all data was pseudonymised and presented in 

aggregate form. HRA approval was received on 25/01/18 (IRAS project ID 

226836; REC reference 18/HRA/0502). 

The methods and results are presented in accordance with the Reporting of 

studies Conducted using Observational Routinely-collected Data (RECORD) 

guidelines(86). The RECORD checklist is shown in Table A1 in the appendix. 
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3.4 Results 

3.4.1 UTI Consultations and Episodes 

A flow chart of the creation of the cohort is shown in Figure 3.2. After excluding 

patients with missing demographic data, 601550 consultations for UTI in 

141038 patients were identified through Read codes, antibiotic prescriptions 

and positive urine cultures. Of these consultations, 438189 (72.8%) were 

identified from Read codes, 86030 (14.3%) from trimethoprim prescriptions, 

45221 (7.5%) from nitrofurantoin prescriptions, 121 (<0.1%) from fosfomycin 

prescriptions, 37 (<0.1%) from pivmecillinam prescriptions and 31952 (5.3%) 

from positive urine cultures. 

After creating distinct UTI episodes and excluding patients registered for less 

than 12 months prior to their episode (96370), patients discharged from hospital 

in the 30 days prior to their episode (10919), patients admitted to hospital on 

the day of their episode (1523) and patients with less than 30 days follow up 

after their episode (3648), a total of 169524 episodes (in 86561 patients) were 

included in the study. 
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Figure 3.2. Flowchart of creation of cohort 

The demographic characteristics of the excluded episodes are shown in Table 

A2 in the appendix. The excluded cohort had a smaller proportion of male 

individuals, a smaller proportion of older individuals and a smaller proportion of 

individuals in IMD quintile 5 (most deprived). 

3.4.2 Read Codes Identified 

The numbers and proportions of Read codes identified are shown in Table 3.5. 

The most commonly recorded Read code was “Urine culture”, which accounted for 

271757 (62.0%, 95% CI 61.9-62.2) of codes; followed by “Suspected UTI” with 

94804 (21.6%, 95% CI 21.5-21.8) codes; “Urinary tract infection, site not specified” 
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with 34194 (7.8%, 95% CI 7.7-7.9) codes and “Recurrent urinary tract infection” 

with 12671 (2.9%, 95% CI 2.8-2.9) codes. When the numbers of these Read codes 

recorded over time was examined, there was an increase over time of the Read 

code for urine culture, but those for suspected UTI, urinary tract infection and 

recurrent urinary tract infection remained stable, as shown in Figure 3.3. 

Table 3.5. Read codes identified in cohort 

Read code Description Number 

Proportion, 

 % (95% CI) 

46U..00 Urine culture 271757 62 (61.9-62.2) 

1J4..00 Suspected UTI 94804 21.6 (21.5-21.8) 

K190.00 Urinary tract infection, site not specified 34194 7.8 (7.7-7.9) 

K190300 Recurrent urinary tract infection 12671 2.9 (2.8-2.9) 

46X0.00 Urine nitrite positive 9036 2.1 (2-2.1) 

K15..00 Cystitis 4298 1 (1-1) 

1AZ6000 Mild lower urinary tract symptoms 3169 0.7 (0.7-0.7) 

K190500 Urinary tract infection 1346 0.3 (0.3-0.3) 

K150.00 Acute cystitis 1157 0.3 (0.2-0.3) 

K190.11 Recurrent urinary tract infection 1075 0.2 (0.2-0.3) 

46X2.00 Urine dipstick for nitrite 929 0.2 (0.2-0.2) 

46U3.00 Urine culture - E. Coli 848 0.2 (0.2-0.2) 

4617000 MSU = abnormal 742 0.2 (0.2-0.2) 

K190z00 Urinary tract infection, site not specified NOS 486 0.1 (0.1-0.1) 

46U2.00 Urine culture - mixed growth 481 0.1 (0.1-0.1) 

K155.00 Recurrent cystitis 467 0.1 (0.1-0.1) 

K15z.00 Cystitis NOS 225 0.1 (0-0.1) 

1AG..00 Recurrent urinary tract infections 149 <0.1 

1AZ6100 Moderate lower urinary tract symptoms 95 <0.1 

46U8.00 Urine culture - Bacteria OS 59 <0.1 

K152y00 Chronic cystitis unspecified 53 <0.1 

46U7.00 Urine culture - Pseudomonas 39 <0.1 

K190100 Pyuria, site not specified 23 <0.1 

46U4.00 Urine culture - Proteus 17 <0.1 

SP07Q00 Catheter associated urinary tract infection 14 <0.1 

K152.00 Other chronic cystitis 13 <0.1 

K190400 Chronic urinary tract infection 12 <0.1 

L166800 Urinary tract infection complicating pregnancy 10 <0.1 

K190311 Recurrent UTI 9 <0.1 
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Read code Description Number 

Proportion, 

 % (95% CI) 

Kyu5100 [X]Other cystitis 4 <0.1 

K190200 Post operative urinary tract infection 2 <0.1 

46U5.00 Urine culture - Str. faecalis 2 <0.1 

L166600 Urinary tract infection following delivery 2 <0.1 

46U6.00 Urine culture - Staph. albus 1 <0.1 

Table 3.7. 1 Read codes identified in cohort 

 

Figure 3.3. Read codes over time during study period 

3.4.3 Prescriptions Identified 

I calculated the numbers of antibiotic prescriptions per month for the most 

commonly prescribed antibiotics for UTI, trimethoprim and nitrofurantoin, Figure 

3.4. Whilst numbers of prescriptions for trimethoprim increased initially, they 

reached a plateau around mid-2013, whereas prescriptions for nitrofurantoin 

increased steadily during the study period. 
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Figure 3.4. Prescriptions for trimethoprim and  

nitrofurantoin during the study period 

3.4.4 Organisms Identified on Urine Culture 

As a proportion of urine cultures had more than one organism isolated, a 

total of 35838 organisms were identified on urine culture. The numbers and 

proportions of organisms isolated on urine culture are shown in Table 3.6. 

The most common organism was Escherichia coli, which accounted for 

23108 (64.5%, 95% CI 64.0-65.0) of organisms. On examining the number 

of urine cultures samples received over time, there was an increase in the 

number of samples received during the study period, as shown in Figure 

3.5. 

Table 3.6. Organisms identified on urine culture 

Organism/description Number  Proportion, % (95% CI) 

Total organisms/description 35838 100 

Escherichia coli 23108 64.5 (64-65) 

Organism of the coliform group 5384 15 (14.7-15.4) 

Enterococcus species 3570 10 (9.7-10.3) 

Proteus species 1269 3.5 (3.4-3.7) 

Pseudomonas species 808 2.3 (2.1-2.4) 

Group B Streptococcus 439 1.2 (1.1-1.3) 
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Organism/description Number  Proportion, % (95% CI) 

Staphylococcus saprophyticus 315 0.9 (0.8-1) 

Klebsiella pneumoniae 223 0.6 (0.5-0.7) 

Enterobacter cloacae 130 0.4 (0.3-0.4) 

Acinetobacter species 74 0.2 (0.2-0.3) 

Enterococcus faecalis 73 0.2 (0.2-0.3) 

Serratia marcescens 63 0.2 (0.1-0.2) 

Morganella morganii 58 0.2 (0.1-0.2) 

Acinetobacter baumannii 56 0.2 (0.1-0.2) 

Pseudomonas aeruginosa 50 0.1 (0.1-0.2) 

Enterobacter aerogenes 41 0.1 (0.1-0.2) 

Proteus mirabilis 33 0.1 (0.1-0.1) 

Acinetobacter lwoffii 26 0.1 (0-0.1) 

Citrobacter freundii 20 0.1 (0-0.1) 

Pseudomonas putida 15 <0.1 

Citrobacter koserii 15 <0.1 

Enterococcus faecium 12 <0.1 

Klebsiella oxytoca 12 <0.1 

Proteus vulgaris 8 <0.1 

Pseudomonas aeruginosa mucoid 8 <0.1 

Enterobacter species 8 <0.1 

Serratia liquefaciens 5 <0.1 

Pseudomonas fluorescens 4 <0.1 

Vancomycin-resistant Enterococci 3 <0.1 

Enterobacter cloacae complex 3 <0.1 

Gram-negative rods 1 <0.1 

Citrobacter species 1 <0.1 

Enterobacter kobei 1 <0.1 

Pseudomonas stutzeri 1 <0.1 
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Figure 3.5. Urine culture submission over time during study period 

3.4.5 Descriptive Characteristics of Patients in Cohort 

The descriptive characteristics of patients included in the cohort are shown in 

Table 3.7. Of 86561 patients included in the study cohort, 62435 (72.1%) were 

female. The median age of patients at first episode was 42 years (IQR 31-59). 

The age group with the greatest proportion of patients was 16-34 years with 

32985 patients (38.1%), followed by 35-54 years with 30040 patients (34.7%), 

55-74 years with 16422 patients (19.0%) and 75+ years with 7114 patients 

(8.2%). The cohort were socially deprived relative to the England population, 

with 45404 patients (52.5%) in IMD quintile 5 (most deprived), 33838 (39.1%) in 

quintile 4, 4549 (5.3%) in quintile 3, 2140 (2.5%) in quintile 2 and 630 (0.7%) in 

quintile 1 (least deprived). The largest ethnic group was Asian, with 38621 

patients (44.6%), followed by White with 31104 patients (35.9%), Black with 

11257 patients (13.0%), Mixed and other with 2993 patients (3.5%) and 

Unknown with 2586 (3.0%). This represents a more ethnically diverse 

population than England as a whole, where the proportions are 86.0% for 

White, 7.5% for Asian/Asian British and 3.3% for Black/African/Caribbean/Black 

British in 2011(96). 43467 patients (50.2%) had only 1 episode of UTI during 

the study period, 19546 patients (22.6%) had 2 episodes, 9707 patients 

(11.2%) had 3 episodes, 9915 patients (11.5%) had 4-6 episodes, 2924 

patients (3.4%) had 7-10 episodes and 1002 patients (1.2%) had >10 episodes. 
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Table 3.7. Descriptive characteristics of cohort patients 

Characteristic Number Proportion (%) 95% CI 

Total patients 86561 100  

Male 24126 27.9 27.6-28.2 

Female 62435 72.1 71.8-72.4 

Age (continuous) Median 42 IQR 31-59  

Age (categorical)    

16-34 32985 38.1 37.8-38.4 

35-54 30040 34.7 34.4-35 

55-74 16422 19 18.7-19.2 

75+ 7114 8.2 8-8.4 

IMD quintile    

1 (least deprived) 630 0.7 0.7-0.8 

2 2140 2.5 2.4-2.6 

3 4549 5.3 5.1-5.4 

4 33838 39.1 38.8-39.4 

5 (most deprived) 45404 52.5 52.1-52.8 

Ethnicity    

White 31104 35.9 35.6-36.3 

Black 11257 13 12.8-13.2 

Asian 38621 44.6 44.3-44.9 

Mixed & other 2993 3.5 3.3-3.6 

Unknown 2586 3 2.9-3.1 

Number of episodes    

1 43467 50.2 49.9-50.5 

2 19546 22.6 22.3-22.9 

3 9707 11.2 11-11.4 

4-6 9915 11.5 11.2-11.7 

7-10 2924 3.4 3.3-3.5 

>10 1002 1.2 1.1-1.2 

 

3.4.6 Descriptive Characteristics of Episodes in Cohort 

The majority (132094/169524; 77.9%) of UTI episodes occurred in female 

patients, Table 3.10. The median age at time of UTI episode was slightly higher 
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than the individual-level cohort at 43 years (IQR 31-60). 76437 episodes (45.1%) 

were not treated within +/- 7 days of the episode start date. Comorbidities which 

relate to complicated UTI were recorded at the time of the episode in the 

following number of episodes: 12818 (7.6%) for structural abnormalities, 11836 

(7.0%) for CKD and 2289 (1.4%) for urinary catheters. 33285 episodes (19.6%) 

occurred in patients with recurrent UTI. 105459 episodes (62.2%) had no 

antibiotic prescriptions in the preceding 6 months, 49738 (29.3%) of episodes 

had 1-2 prescriptions and 14327 (8.5%) had ≥3 prescriptions. 

Other comorbidities recorded at the time included: 18841 (11.1%) for urinary 

incontinence, 2630 (1.6%) for faecal incontinence, 4353 (2.6%) for obesity, 

6503 (3.8%) for cancer, 27671 (16.3%) for diabetes mellitus, 2866 (1.7%) for 

heart failure and 43492 (25.7%) for hypertension. The largest proportion of 

episodes occurred in autumn with 45977 episodes (27.1%), followed by winter 

with 43247 episodes (25.5%), summer with 41629 episodes (24.6%) and spring 

with 38671 episodes (22.8%). 

The primary outcome of urinary infection-related hospital admission (UHA) in 

the 30 days following a UTI episode occurred in 1336 (0.8%) episodes. All-

cause hospital admission (AHA) occurred in 6516 (3.8%) episodes, and 

reconsultation occurred in 6481 (3.8%, 95% CI 3.7-3.9) of episodes. As a 

proportion of all 6516 admissions during the study period, UHA accounted for 

20.5% of admissions. As a proportion of all UHA, microbiologically confirmed 

UHA accounted for 9.2%. Admissions during the study period are illustrated in 

Figure 3.6. 
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Table 3.8. Descriptive characteristics of UTI episodes 

Characteristic Number Proportion (%) 95% CI 

Total episodes 169524 100  

Male 37430 22.1 21.9-22.3 

Female 132094 77.9 77.7-78.1 

Age (continuous) Median 43 IQR 31-60  

Age (categorical)    

16-34 56187 33.1 32.9-33.4 

35-54 59471 35.1 34.9-35.3 

55-74 35694 21.1 20.9-21.3 

75+ 18172 10.7 10.6-10.9 

IMD quintile    

1 (least deprived) 1031 0.6 0.6-0.6 

2 3759 2.2 2.1-2.3 

3 8285 4.9 4.8-5 

4 63831 37.7 37.4-37.9 

5 (most deprived) 92618 54.6 54.4-54.9 

Ethnicity    

White 60212 35.5 35.3-35.7 

Black 20136 11.9 11.7-12 

Asian 79631 47 46.7-47.2 

Mixed & other 5283 3.1 3-3.2 

Unknown 4262 2.5 2.4-2.6 

Not treated within +/- 7 

days 

76437 45.1 44.9-45.3 

Risk factors for cUTI
1    

Structural abnormalities 12818 7.6 7.4-7.7 

CKD 11836 7 6.9-7.1 

Urinary catheter 2289 1.4 1.3-1.4 

Antibiotics last 6 months    

None 105459 62.2 62-62.4 

1-2 courses 49738 29.3 29.1-29.6 

≥3 courses 14327 8.5 8.3-8.6 

Other risk factors    

Recurrent UTI 33285 19.6 19.4-19.8 

UI 18841 11.1 11-11.3 
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Characteristic Number Proportion (%) 95% CI 

FI 2630 1.6 1.5-1.6 

Obesity 4353 2.6 2.5-2.6 

Cancer 6503 3.8 3.7-3.9 

DM 27671 16.3 16.1-16.5 

Heart failure 2866 1.7 1.6-1.8 

Hypertension 43492 25.7 25.4-25.9 

Season    

Spring 38671 22.8 22.6-23 

Summer 41629 24.6 24.4-24.8 

Autumn 45977 27.1 26.9-27.3 

Winter 43247 25.5 25.3-25.7 

Outcomes    

UHA 1336 0.8 0.7-0.8 

Micro confirmed 123 0.1 0.1-0.1 

AHA 6516 3.8 3.8-3.9 

1. cUTI – complicated UTI 

 

Figure 3.6. Admissions during the study period 
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AHA: all cause hospital admissions, UHA: urinary infection-related hospital 

admissions 

For females, there was a peak in the crude number of UTI episodes between 

the ages of 20-40 years, as illustrated in Figure 3.7. The crude number of 

episodes was much lower for males, and there was a small steady increase in 

episodes between the ages of 20-55 years. UTI episodes defined as recurrent 

UTI in females similarly showed a peak between the ages of 20-40 years, 

followed by a smaller peak in females aged 70-80 years, as shown in Figure 

3.8. For males, recurrent UTI episodes increased in number, albeit less 

markedly than in females, from about 20-55 years of age, with another smaller 

peak between 70-80 years. On examining the proportion of UTI episodes that 

were defined as recurrent UTI however, the proportion rose steadily with age for 

both males and females. The proportion of episodes defined as recurrent UTI 

was consistently higher for females than for males until about age 90 years, 

when the proportion became higher for males, Figure 3.9. 

 

Figure 3.7. Number of episodes by age for males and females 
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Figure 3.8. Number of recurrent UTI episodes by age for males and females 

 

Figure 3.9. Proportion of recurrent UTI episodes by age for males and females 

3.4.7 Treatment Versus Non-Treatment within +/- 7 Days 

When comparing the proportions of episodes that were treated within +/- 7 days 

versus non-treated, a smaller proportion of males (37.7%) and a larger proportion 

of females (59.8%) were treated, Table 3.11. The proportion of episodes that were 

treated increased with age, with 51.2% of episodes in those aged 16-34 years 

being treated, and 62.9% in those aged 75+ being treated. The proportion of 

episodes that were treated also increased with increasing levels of deprivation, 

with 43.2% of episodes in patients in IMD quintile 1 (least deprived) being treated, 
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and 54.6% of episodes in patients in IMD quintile 5 (most deprived) being treated. 

The greatest proportion of treated episodes occurred in patients of White ethnicity 

(59.3%) and the lowest in patients of Black ethnicity (50.4%). The proportion of 

episodes that were treated for patients with risk factors for complicated UTI were 

58.5% for structural abnormalities, 61.1 for CKD and 73.6% for the presence of a 

urinary catheter in the past 6 months. There was no difference in the proportion of 

episodes with no antibiotic courses in the previous 6 months that were treated 

compared to not treated. However, the proportion of treated episodes increased 

with increasing numbers of prior antibiotic courses, with 72.6% of episodes with 

≥3 prior courses being treated. The proportion of episodes that were treated 

among patients with each of the examined comorbidities was higher than those 

not treated. On examining the outcomes, 75.3% of episodes resulting in UHA 

were treated, and 61.9% of episodes resulting in AHA were treated. 
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Table 3.9. Treated versus non-treated episodes 

Characteristic All episodes, N Treated, N Treated,% (95% CI) Not treated, N Not treated,% (95% CI) p value1 

Male 37430 14121 37.7 (37.2-38.2) 23309 62.3 (61.8-62.8) <0.001 

Female 132094 78966 59.8 (59.5-60) 53128 40.2 (40-40.5) <0.001 

Age group       

16-34  56187 28786 51.2 (50.8-51.6) 27401 48.8 (48.4-49.2) <0.001 

35-54 59471 32336 54.4 (54-54.8) 27135 45.6 (45.2-46) <0.001 

55-74  35694 20531 57.5 (57-58) 15163 42.5 (42-43) <0.001 

75+ 18172 11434 62.9 (62.2-63.6) 6738 37.1 (36.4-37.8) <0.001 

IMD quintile       

1 (least deprived) 1031 445 43.2 (40.1-46.3) 586 56.8 (53.7-59.9) <0.001 

2 3759 1846 49.1 (47.5-50.7) 1913 50.9 (49.3-52.5) 0.128 

3 8285 4276 51.6 (50.5-52.7) 4009 48.4 (47.3-49.5) <0.001 

4 63831 35958 56.3 (55.9-56.7) 27873 43.7 (43.3-44.1) <0.001 

5 (most deprived) 92618 50562 54.6 (54.3-54.9) 42056 45.4 (45.1-45.7) <0.001 

Ethnic group       

White 60212 35696 59.3 (58.9-59.7) 24516 40.7 (40.3-41.1) <0.001 

Black 20136 10158 50.4 (49.8-51.1) 9978 49.6 (48.9-50.2) 0.074 

Asian 79631 42217 53 (52.7-53.4) 37414 47 (46.6-47.3) <0.001 

Mixed & other 5283 2778 52.6 (51.2-53.9) 2505 47.4 (46.1-48.8) <0.001 
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Characteristic All episodes, N Treated, N Treated,% (95% CI) Not treated, N Not treated,% (95% CI) p value1 

Unknown 4262 2238 52.5 (51-54) 2024 47.5 (46-49) <0.001 

Risk factors for cUTI2       

Structural abnormalities 12818 7495 58.5 (57.6-59.3) 5323 41.5 (40.7-42.4) <0.001 

CKD 11836 7235 61.1 (60.2-62) 4601 38.9 (38-39.8) <0.001 

Urinary catheter 2289 1685 73.6 (71.7-75.4) 604 26.4 (24.6-28.3) <0.001 

Antibiotics last 6m       

0 courses 105459 52581 49.9 (49.6-50.2) 52878 50.1 (49.8-50.4) 0.197 

1-2 courses 49738 30111 60.5 (60.1-61) 19627 39.5 (39-39.9) <0.001 

>=3 courses 14327 10395 72.6 (71.8-73.3) 3932 27.4 (26.7-28.2) <0.001 

Other risk factors       

Recurrent UTI 33285 21733 65.3 (64.8-65.8) 11552 34.7 (34.2-35.2) <0.001 

UI 18841 11741 62.3 (61.6-63) 7100 37.7 (37-38.4) <0.001 

FI 2630 1717 65.3 (63.4-67.1) 913 34.7 (32.9-36.6) <0.001 

Obesity 4353 2548 58.5 (57.1-60) 1805 41.5 (40-42.9) <0.001 

Cancer 6503 4022 61.8 (60.7-63) 2481 38.2 (37-39.3) <0.001 

DM 27671 16212 58.6 (58-59.2) 11459 41.4 (40.8-42) <0.001 

Heart failure 2866 1733 60.5 (58.6-62.3) 1133 39.5 (37.7-41.4) <0.001 

Hypertension 43492 25318 58.2 (57.7-58.7) 18174 41.8 (41.3-42.3) <0.001 

Season        
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Characteristic All episodes, N Treated, N Treated,% (95% CI) Not treated, N Not treated,% (95% CI) p value1 

Spring 38671 20859 53.9 (53.4-54.4) 17812 46.1 (45.6-46.6) <0.001 

Summer 41629 23174 55.7 (55.2-56.1) 18455 44.3 (43.9-44.8) <0.001 

Autumn 45977 25417 55.3 (54.8-55.7) 20560 44.7 (44.3-45.2) <0.001 

Winter 43247 23637 54.7 (54.2-55.1) 19610 45.3 (44.9-45.8) <0.001 

Outcomes        

UHA 1336 1006 75.3 (72.9-77.6) 330 24.7 (22.4-27.1) <0.001 

AHA 6516 4031 61.9 (60.7-63) 2485 38.1 (37-39.3) <0.001 

1. χ2 test of proportions between treated and non-treated episodes 

2. cUTI – complicated UTI 

 



 

119 

3.4.8 Risk of Urinary Infection-Related Hospital Admission in the 30 Days 
Following an Episode of Community-Onset UTI in Primary Care 

The outcome of UHA occurred in 1336/169524 episodes (0.8%, 95% CI 0.7-

0.8) during the study period. I calculated the proportion of episodes per month 

that resulted in UHA over time, and found that this varied from a minimum of 

0.4% (95% CI 0.2-0.8) to a maximum of 1.3% (95% CI 1.0-1.8), Figure 3.10. 

 

Figure 3.10. Proportion of episodes resulting in UHA over time 

In identifying admissions in the 30 days following a UTI episode, a total of 

16413 ICD-10 codes (8694 primary and 7719 secondary) were recorded. The 

most commonly recorded UHA ICD-10 code was “Urinary tract infection, site 

not specified”, recorded in 828 cases (9.5%, 95% CI 8.9-10.2) as a primary 

code and 277 cases (3.6%, 95% CI 3.2-4.0) as a secondary code. The 

numbers and proportions of UHA primary and secondary ICD codes is shown 

in Table 3.10. 
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Table 3.10. ICD-10 codes for UHA 

ICD-10 code Description Primary, N Primary, % (95% CI) Secondary, N Secondary, % (95% CI) 

Total   8694 100 7719 100 

N390 Urinary tract infection, site not specified 828 9.5 (8.9-10.2) 277 3.6 (3.2-4) 

N10 Acute tubulo-interstitial nephritis 172 2 (1.7-2.3) 10 0.1 (0.1-0.2) 

N12 Tubulo-interstitial nephritis, not specified as acute or 
chronic 

163 1.9 (1.6-2.2) 15 0.2 (0.1-0.3) 

A419 Sepsis, unspecified 32 0.4 (0.3-0.5) 13 0.2 (0.1-0.3) 

N309 Cystitis, unspecified 22 0.3 (0.2-0.4) 8 0.1 (0-0.2) 

N308 Other cystitis 16 0.2 (0.1-0.3) 7 0.1 (0-0.2) 

A415 Sepsis due to other Gram-negative organisms 14 0.2 (0.1-0.3) 4 0.1 (0-0.1) 

N136 Pyonephrosis 14 0.2 (0.1-0.3) 9 0.1 (0.1-0.2) 

N119 Chronic tubulo-interstitial nephritis, unspecified 7 0.1 (0-0.2) 2 <0.1 

N288 Other specified disorders of kidney and ureter 4 <0.1 6 0.1 (0-0.2) 

N411 Chronic prostatitis 4 <0.1 4 0.1 (0-0.1) 

N151 Renal and perinephric abscess 4 <0.1 5 0.1 (0-0.2) 

N410 Acute prostatitis 3 <0.1 2 <0.1 

N300 Acute cystitis 3 <0.1 1 <0.1 

A418 Other specified sepsis 3 <0.1 0 0 

A499 Bacterial infection, unspecified - Bacteraemia NOS 2 <0.1 2 <0.1 
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ICD-10 code Description Primary, N Primary, % (95% CI) Secondary, N Secondary, % (95% CI) 

N419 Inflammatory disease of prostate, unspecified 2 <0.1 2 <0.1 

N342 Other urethritis 1 <0.1 0 0 

N110 Nonobstructive reflux-associated chronic pyelonephritis 1 <0.1 0 0 

R572 Septic shock 1 <0.1 10 0.1 (0.1-0.2) 

N159 Renal tubulo-interstitial disease, unspecified 1 <0.1 0 0 

B964 Proteus (mirabilis) (morganii) as the cause for diseases 
classified to other chapters 

0 0 12 0.2 (0.1-0.3) 

B962 Escherichia coli [E. coli] as the cause for diseases 
classified to other chapters 

0 0 309 4 (3.6-4.5) 

B965 Pseudomonas (aeruginosa) as the cause for diseases 
classified to other chapters 

0 0 28 0.4 (0.2-0.5) 

B961 Klebsiella pneumoniae [K. pneumoniae] as the cause for 
diseases classified to other chapters 

0 0 10 0.1 (0.1-0.2) 

N160 Renal tubulo-interstitial disorders in infectious and 
parasitic diseases classified elsewhere 

0 0 2 <0.1 

N412 Abscess of prostate 0 0 1 <0.1 
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Univariable Analysis 
The results of univariable analysis of odds of UHA in the 30 days following an 

episode of UTI are shown in Table 3.11. Female sex was associated with 

reduced odds of UHA as compared to male sex (OR 0.83, 95% CI 0.73-0.94, p 

0.004). Each one year increase in age at time of episode was associated with 

increased odds of UHA (OR 1.04, 95% CI 1.04-1.04, p <0.001). Expressed as a 

categorical variable, all older age groups had increased odds of UHA as 

compared to 16-43 years, with odds ratios of 1.21 (95% CI 1.01-1.45, p 0.042) 

for 35-54 years, 2.32 (95% CI 1.94-2.77, p <0.001) for 55-74 years and 6.83 

(95% CI 5.79-8.06, p <0.001) for 75+ years. When compared to individuals in 

IMD quintile 1 (least deprived), individuals in quintiles 2-5 did not have an 

increased odds of UHA. By comparison with individuals of White ethnicity, all 

other ethnic groups had reduced odds of UHA, with odds ratios of 0.52 (95% CI 

0.42-0.65, p <0.001) for Black, 0.74 (95% CI 0.65-0.83, p <0.001) for Asian, 

0.55 (95% CI 0.37-0.22, p <0.001) for Mixed and other. 

Non-treatment within +/- 7 days of the episode start date was associated with 

reduced odds of UHA as compared to treatment (OR 0.41, 95% CI 0.36-0.46, p 

<0.001). Comorbidities associated with complicated UTI were associated with 

an increased odds of UHA as compared to the absence of those comorbidities, 

with an odds ratio of 2.08 (95% CI 1.76-2.45, p <0.001) for structural 

abnormalities, 4.25 (95% CI 3.71-4.86, p <0.001) for CKD and 5.08 (95% CI 

3.92-6.57, p <0.001) for a urinary catheter in the last 6 months. A history of 

recurrent UTI was associated with an increased odds of UHA as compared to 

not having a history of recurrent UTI (OR 2.09, 95% CI 1.85-2.37, p <0.001). 

Systemic antibiotics in the 6 months preceding the UTI episode was associated 

with increased odds of UHA as compared to no preceding antibiotics, with an 

odds ratio of 1.66 (95% CI 1.47-1.88, p <0.001) for 1-2 prescriptions and an 

odds ratio of 3.09 (95% CI 2.63-3.62, p <0.001) for ≥3 prescriptions. 

Other comorbidities associated with increased odds of UHA compared to not 

having these comorbidities were: urinary incontinence (OR 2.13, 95% CI 1.84-

2.46, p <0.001), faecal incontinence (OR 4.0, 95% CI 3.11-5.15, p <0.001), 

cancer (OR 2.31, 95% CI 1.89-2.84, p <0.001), DM (OR 2.49, 95% CI 2.20-

2.82, p <0.001), heart failure (OR 3.97, 95% CI 3.13-5.04, p <0.001) and 
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hypertension (OR 2.80, 95% CI 2.50-3.13, p <0.001). Obesity was not 

associated with an increased odds of UHA as compared to not being obese, 

and when compared to episodes in spring, there was no association between 

episodes in other seasons and UHA. 

Table 3.11. Univariable analysis of odds of UHA 

Characteristic UHA, N UHA, % (95 % CI) OR (95% CI) p value 

Male 343 0.9 (0.8-1) 1  

Female 993 0.8 (0.7-0.8) 0.83 (0.73-0.94) 0.004 

Age (continuous)1   1.04 (1.04-1.04) <0.001 

Age (categorical)     

16-34 227 0.4 (0.4-0.5) 1  

35-54 298 0.5 (0.4-0.6) 1.21 (1.01-1.45) 0.042 

55-74 329 0.9 (0.8-1) 2.32 (1.94-2.77) <0.001 

75 482 2.7 (2.4-2.9) 6.83 (5.79-8.06) <0.001 

IMD quintile     

1 (least deprived) 5 0.5 (0.2-1.2) 1  

2 21 0.6 (0.4-0.9) 1.25 (0.42-3.75) 0.685 

3 45 0.5 (0.4-0.7) 1.23 (0.43-3.49) 0.698 

4 486 0.8 (0.7-0.8) 1.69 (0.62-4.62) 0.305 

5 (most deprived) 779 0.8 (0.8-0.9) 1.88 (0.69-5.13) 0.217 

Ethnicity     

White 595 1 (0.9-1.1) 1  

Black 104 0.5 (0.4-0.6) 0.52 (0.42-0.65) <0.001 

Asian 578 0.7 (0.7-0.8) 0.74 (0.65-0.83) <0.001 

Mixed & other 28 0.5 (0.4-0.8) 0.55 (0.37-0.82) 0.003 

Unknown 31 0.7 (0.5-1) 0.72 (0.5-1.05) 0.084 

Treatment within 
+/- 7 days 

    

Treated 1006 1.1 (1-1.1) 1  

Not treated 330 0.4 (0.4-0.5) 0.41 (0.36-0.46) <0.001 

Risk factors for 
cUTI2 

    

No structural 
abnormalities 

1143 0.7 (0.7-0.8) 1  

Structural 
abnormalities 

193 1.5 (1.3-1.7) 2.08 (1.76-2.45) <0.001 
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Characteristic UHA, N UHA, % (95 % CI) OR (95% CI) p value 

No CKD 1022 0.6 (0.6-0.7) 1  

CKD 314 2.7 (2.4-3) 4.25 (3.71-4.86) <0.001 

No urinary catheter 1249 0.7 (0.7-0.8) 1  

Urinary catheter 87 3.8 (3.1-4.7) 5.08 (3.92-6.57) <0.001 

Antibiotics last 6m     

No courses 595 0.6 (0.5-0.6) 1  

1-2 courses 472 0.9 (0.9-1) 1.66 (1.47-1.88) <0.001 

≥3 courses 269 1.9 (1.7-2.1) 3.09 (2.63-3.62) <0.001 

Other risk factors     

Non-treatment 
within 7 days 

    

No recurrent UTI 871 0.6 (0.6-0.7) 1  

Recurrent UTI 465 1.4 (1.3-1.5) 2.09 (1.85-2.37) <0.001 

No UI 1059 0.7 (0.7-0.7) 1  

UI 277 1.5 (1.3-1.7) 2.13 (1.84-2.46) <0.001 

No FI 1257 0.8 (0.7-0.8) 1  

FI 79 3 (2.4-3.7) 4 (3.11-5.15) <0.001 

No obesity 1297 0.8 (0.7-0.8) 1  

Obesity 39 0.9 (0.6-1.2) 1.15 (0.82-1.59) 0.417 

No heart failure 1254 0.8 (0.7-0.8) 1  

Heart failure 82 2.9 (2.3-3.6) 3.97 (3.13-5.04) <0.001 

No hypertension 687 0.5 (0.5-0.6) 1  

Hypertension 649 1.5 (1.4-1.6) 2.8 (2.5-3.13) <0.001 

No cancer 1227 0.8 (0.7-0.8) 1  

Cancer 109 1.7 (1.4-2) 2.31 (1.89-2.84) <0.001 

No DM 905 0.6 (0.6-0.7) 1  

DM 431 1.6 (1.4-1.7) 2.49 (2.2-2.82) <0.001 

Season      

Spring 295 0.8 (0.7-0.9) 1  

Summer 360 0.9 (0.8-1) 1.15 (0.97-1.35) 0.099 

Autumn 382 0.8 (0.8-0.9) 1.11 (0.95-1.3) 0.193 

Winter 299 0.7 (0.6-0.8) 0.91 (0.77-1.08) 0.266 

1. Odds ratio is approximation of each one year increase in age 

2. cUTI – complicated UTI 
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Multivariable Analysis 
In multivariable analysis adjusting for age, sex, treatment and all variables 

associated with the outcome on univariable analysis, female sex was not 

associated with odds of UHA as compared to male, Table 3.12. Expressed as a 

categorical variable, age groups 55-74 years and 75+ years had increased odds 

of UHA as compared to age 16-34 years, with adjusted odds ratios of 1.49 

(95% CI 1.21-1.84, p <0.001) and 3.24 (95% CI 2.57-4.08, p <0.001) 

respectively. When compared to individuals with White ethnicity, individuals of 

Black ethnicity had a lower odds of UHA (adj OR 0.68, 95% CI 0.55-0.85, p 

<0.001). There was no association with other ethnic groups and UHA. 

Non-treatment within +/- 7 days was associated with reduced odds of UHA (adj 

OR 0.48, 95% CI 0.42-0.55, p <0.001). Systemic antibiotics in the previous 6 

months was associated with increased odds of UHA when compared to no 

antibiotics, with adjusted odds ratios of 1.23 (95% CI 1.08-1.4, p 0.002) for 1-2 

courses and 1.38 (95% CI 1.15-1.65, p <0.001) for ≥3 courses. 

Comorbidities associated with complicated UTI were associated with increased 

odds of UHA, with adjusted odds ratios of 1.19 (95% CI 1.0-1.41, p 0.051) for 

structural abnormalities, 1.55 (95% CI 1.31-1.84, p <0.001) for CKD and 2.01 

(95% CI 1.53-2.66, p <0.001) for a urinary catheter recorded in the preceding 6 

months. Recurrent UTI was associated with increased odds of UHA as 

compared to no recurrent UTI (adj OR 1.33, 95% CI 1.16-1.53 p <0.001). The 

following comorbidities were all associated with increased odds of UHA on 

multivariable analysis: faecal incontinence (adj OR 1.47 95% CI 1.12-1.93, p 

0.005) and DM (adj OR 1.37, 95% CI 1.19-1.58, p <0.001). There was no 

association between UHA and urinary incontinence, cancer, heart failure, 

hypertension or season of the year on multivariable analysis. The forest plot in 

Figure 3.10. shows the risk factors associated with UHA. 
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Table 3.12. Multivariable analysis of odds of UHA (all variables included in the 
model shown) 

Characteristic Adjusted OR p value 

Male 1  

Female 0.91 (0.79-1.04) 0.167 

Age (categorical)   

16-34 1  

35-54 1.06 (0.88-1.28) 0.545 

55-74 1.49 (1.21-1.84) <0.001 

75 3.24 (2.57-4.08) <0.001 

Ethnicity    

White 1  

Black 0.68 (0.55-0.85) <0.001 

Asian 1.0 (0.88-1.14) 0.946 

Mixed & other 0.91 (0.61-1.35) 0.627 

Unknown 1.17 (0.80-1.73) 0.417 

Treatment   

Treated within 7 days 1  

Not treated within 7 days 0.48 (0.42-0.55) <0.001 

Antibiotics last 6m   

0 courses 1  

1-2 courses 1.23 (1.08-1.4) 0.002 

≥3 courses 1.38 (1.15-1.65) <0.001 

Risk factors for cUTI   

Absence of risk factor 1  

Structural abnormalities 1.19 (1.0-1.41) 0.051 

CKD 1.55 (1.31-1.84) <0.001 

Urinary catheter 2.01 (1.53-2.66) <0.001 

Other risk factors   

Absence of risk factor 1  

Recurrent UTI 1.33 (1.16-1.53) <0.001 

UI 1.11 (0.94-1.3) 0.208 

FI 1.47 (1.12-1.93) 0.005 

Heart failure 1.22 (0.95-1.58) 0.125 

Hypertension 1.14 (0.98-1.33) 0.091 

Cancer 0.98 (0.79-1.21) 0.825 
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Characteristic Adjusted OR p value 

DM 1.37 (1.19-1.58) <0.001 

Season   

Spring 1  

Summer 1.11 (0.95-1.3) 0.173 

Autumn 1.09 (0.93-1.27) 0.273 

Winter 0.89 (0.75-1.04) 0.144 

 

 

Figure 3.11. Forest plot of multivariable analysis of odds of UHA 

3.4.9 Risk of All-Cause Hospital Admission in the  
30 Days Following an Episode of Community-Onset UTI 

The outcome of all-cause hospital admission (AHA) occurred in in 6516 

episodes (3.8%, 95% CI 3.8-3.9) during the study period. The most commonly 

recorded non-urinary or infection related ICD-10 codes came from the chapter 

“Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere 

classified”, recorded in 1738 cases (20.0%, 95% CI 19.2-20.9) as a primary 

code and 1202 cases (15.6%, 95% CI 14.8-16.4) as a secondary code. This 

chapter includes ill-defined conditions from several body systems which have 

not been classified to other chapters. The second most frequently recorded 
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primary ICD-10 codes were from the chapter of digestive system disorders 

(1102 codes, 12.7%, 95% CI 12.0-13.4). The third most frequently recorded 

primary ICD-10 codes were from the chapter of genitourinary system disorders 

(1083 codes, 12.5%, 95% CI 11.8-13.2). The numbers and proportions of non-

urinary or infection related primary and secondary ICD codes is shown in Table 

3.13. 

Table 3.13. Non-urinary or infection related ICD-10 codes recorded, by chapter 

ICD-10 chapter Primary, N 
Primary, % 
(95% CI) Secondary, N 

Secondary, % 
(95% CI) 

Total codes 8694  7719  

Symptoms/signs and 
abnormal 
laboratory/clinical 
findings 

1738 20 (19.2-20.9) 1202 15.6 (14.8-16.4) 

Digestive system 1102 12.7 (12-13.4) 655 8.5 (7.9-9.1) 

Genitourinary system 1083 12.5 (11.8-
13.2) 

852 11 (10.4-11.8) 

Respiratory system 649 7.5 (6.9-8) 557 7.2 (6.7-7.8) 

Malignancy/ 
Haematology 

645 7.4 (6.9-8) 385 5 (4.5-5.5) 

Musculoskeletal 528 6.1 (5.6-6.6) 318 4.1 (3.7-4.6) 

Circulatory system 491 5.6 (5.2-6.2) 1056 13.7 (12.9-14.5) 

Injuries/poisoning 449 5.2 (4.7-5.7) 118 1.5 (1.3-1.8) 

Endocrinology 228 2.6 (2.3-3) 648 8.4 (7.8-9) 

Infections 201 2.3 (2-2.7) 234 3 (2.7-3.4) 

Eye/ear 176 2 (1.7-2.3) 68 0.9 (0.7-1.1) 

Nervous system 152 1.7 (1.5-2.1) 189 2.4 (2.1-2.8) 

Psychiatry 111 1.3 (1.1-1.5) 338 4.4 (3.9-4.9) 

Skin/subcutaneous 
tissue 

104 1.2 (1-1.5) 68 0.9 (0.7-1.1) 

Congenital 
malformations/chromos
omal abnormalities 

10 0.1 (0.1-0.2) 13 0.2 (0.1-0.3) 

External causes 0 0 384 5 (4.5-5.5) 

Codes for special 
purposes 

0 0 10 0.1 (0.1-0.2) 

Conditions originating in 
perinatal period 

0 0 1 0 (0-0.1) 
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Univariable Analysis 
Univariable analysis of the risk of AHA is shown in Table 3.14. Female sex was 

associated with a lower odds of AHA (OR 0.60, 95% CI 0.57-0.64, p <0.001) 

when compared to male sex. Age (expressed as a continuous variable) was 

associated with an increased odds of AHA for each additional year of age (OR 

1.04, 95% CI 1.04-1.04, p <0.001). Expressed as a categorical variable, all 

older age groups were associated with an increased odds of AHA as compared 

to 16-34 years, with odds ratios of 1.88 (95% CI 1.72-2.04, p <0.001) for 35-54 

years, 3.86 (95% CI 3.55-4.20, p <0.001) for 55-74 years and 7.31 (95% CI 

6.70-7.96, p <0.001) for 75+ years. 

IMD quintiles 3-5 were all associated with an increased odds of AHA when 

compared to quintile 1 (least deprived), with odds ratios of 2.18 (95% CI 1.29-

3.71, p 0.004) for quintile 3, 2.45 (95% CI 1.46-4.1, p <0.001) for quintile 4 and 

2.61 (95% CI 1.56-4.36, p <0.001) for quintile 5. When compared to individuals 

of White ethnicity, all other ethnic groups had a lower odds of AHA, with a odds 

ratios of 0.66 (95% CI 0.60-0.72, p <0.001) for Black, 0.66 (95% CI 0.63-0.70, p 

<0.001) for Asian, 0.55 (95% CI 0.46-0.66, p <0.001) for Mixed and other and 

0.48 (95% CI 0.40-0.59, p <0.001) for Unknown. 

Non-treatment within +/- 7 days was associated with reduced odds of AHA as 

compared to treatment (OR 0.76, 95% CI 0.72-0.80, p <0.001). Comorbidities 

associated with complicated UTI were associated with increased odds of AHA, 

with odds ratios of 2.24 (95% CI 2.07-2.42, p <0.001) for structural 

abnormalities, 3.43 (95% CI 3.20-3.68, p <0.001) for CKD and 3.76 (95% CI 

3.25-4.36, p <0.001) for a urinary catheter recorded in the preceding 6 months. 

Recurrent UTI was associated with an increased odds of AHA as compared to 

no recurrent UTI (OR 1.50, 95% CI 1.42-1.60, p <0.001). Systemic antibiotics in 

the preceding 6 months was associated with an increased odds of AHA as 

compared to no preceding antibiotics, with an odds ratio of 1.50 (95% CI 1.42-

1.59, p <0.001) for 1-2 prescriptions and an odds ratio of 2.55 (95% CI 2.36-

2.75, p <0.001) for ≥3 prescriptions. 

The following comorbidities were all associated with increased odds of AHA: 

urinary incontinence (OR 2.08, 95% CI 1.94-2.23, p <0.001), faecal 
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incontinence (OR 3.08, 95% CI 2.67-3.55, p <0.001), obesity (OR 1.41, 95% CI 

1.21-1.64, p <0.001), cancer (OR 3.06, 95% CI 2.79-3.36, p <0.001), DM (OR 

2.30, 95% CI 2.17-2.44, p <0.001), heart failure (OR 3.89, 95% CI 3.45-4.39, p 

<0.001) and hypertension (OR 2.69, 95% CI 2.55-2.84, p <0.001). When 

compared to episodes in spring, there was no association between episodes in 

other seasons and AHA. 

Table 3.14. Univariable analysis of the odds of AHA 

Characteristic AHA, N AHA, % (95% CI) OR p value 

Male 2052 5.5 (5.3-5.7) 1  

Female 4464 3.4 (3.3-3.5) 0.6 (0.57-0.64) <0.001 

Age (continuous)   1.04 (1.04-1.04) <0.001 

Age (categorical)     

16-34 886 1.6 (1.5-1.7) 1  

35-54 1736 2.9 (2.8-3.1) 1.88 (1.72-2.04) <0.001 

55-74 2043 5.7 (5.5-6) 3.86 (3.55-4.2) <0.001 

75 1851 10.2 (9.8-10.6) 7.31 (6.7-7.96) <0.001 

IMD quintile     

1 (least deprived) 17 1.6 (1-2.7) 1  

2 98 2.6 (2.1-3.2) 1.64 (0.94-2.84) 0.082 

3 278 3.4 (3-3.8) 2.18 (1.29-3.71) 0.004 

4 2417 3.8 (3.6-3.9) 2.45 (1.46-4.1) <0.001 

5 (most deprived) 3706 4 (3.9-4.1) 2.61 (1.56-4.36) <0.001 

Ethnicity     

White 2963 4.9 (4.8-5.1) 1  

Black 656 3.3 (3-3.5) 0.66 (0.6-0.72) <0.001 

Asian 2646 3.3 (3.2-3.5) 0.66 (0.63-0.7) <0.001 

Mixed & other 144 2.7 (2.3-3.2) 0.55 (0.46-0.66) <0.001 

Unknown 107 2.5 (2.1-3) 0.48 (0.4-0.59) <0.001 

Treatment within +/- 7 
days 

    

Treated 4031 4.3 (4.2-4.5) 1  

Not treated 2485 3.3 (3.1-3.4) 0.76 (0.72-0.80) <0.001 

Risk factors for cUTI     

No structural 
abnormalities 

5540 3.5 (3.4-3.6) 1  
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Characteristic AHA, N AHA, % (95% CI) OR p value 

Structural abnormalities 976 7.6 (7.2-8.1) 2.24 (2.07-2.42) <0.001 

No CKD 5281 3.3 (3.3-3.4) 1  

CKD 1235 10.4 (9.9-11) 3.43 (3.2-3.68) <0.001 

No urinary catheter 6209 3.7 (3.6-3.8) 1  

Urinary catheter 307 13.4 (12.1-14.9) 3.76 (3.25-4.36) <0.001 

Antibiotics last 6m     

No courses 3174 3 (2.9-3.1) 1  

1-2 courses 2231 4.5 (4.3-4.7) 1.5 (1.42-1.59) <0.001 

≥3 courses 1111 7.8 (7.3-8.2) 2.55 (2.36-2.75) <0.001 

Other risk factors     

No recurrent UTI 4743 3.5 (3.4-3.6) 1  

Recurrent UTI 1773 5.3 (5.1-5.6) 1.5 (1.42-1.6) <0.001 

No UI 5215 3.5 (3.4-3.6) 1  

UI 1301 6.9 (6.5-7.3) 2.08 (1.94-2.23) <0.001 

No FI 6227 3.7 (3.6-3.8) 1  

FI 289 11 (9.8-12.3) 3.08 (2.67-3.55) <0.001 

No obesity 6287 3.8 (3.7-3.9) 1  

Obesity 229 5.3 (4.6-6) 1.41 (1.21-1.64) <0.001 

No heart failure 6150 3.7 (3.6-3.8) 1  

Heart failure 366 12.8 (11.6-14.1) 3.89 (3.45-4.39) <0.001 

No hypertension 3482 2.8 (2.7-2.9) 1  

Hypertension 3034 7 (6.7-7.2) 2.69 (2.55-2.84) <0.001 

No cancer 5864 3.6 (3.5-3.7) 1  

Cancer 652 10 (9.3-10.8) 3.06 (2.79-3.36) <0.001 

No DM 4572 3.2 (3.1-3.3) 1  

DM 1944 7 (6.7-7.3) 2.3 (2.17-2.44) <0.001 

Season     

Spring 1430 3.7 (3.5-3.9) 1  

Summer 1633 3.9 (3.7-4.1) 1.06 (0.99-1.15) 0.099 

Autumn 1787 3.9 (3.7-4.1) 1.07 (0.99-1.15) 0.077 

Winter 1666 3.9 (3.7-4) 1.05 (0.98-1.13) 0.172 
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Multivariable Analysis 
In multivariable analysis adjusting for age, sex, treatment and all variables 

associated with the outcome on univariable analysis, female sex was 

associated with a reduced odds of AHA as compared to male, adjusted odds 

ratio 0.75 (95% CI 0.71-0.80, p <0.001), Table 3.15. Expressed as a categorical 

variable, all older groups had increased odds of AHA as compared to age group 

16-34 years, with adjusted odds ratios of 1.62 (95% CI 1.48-1.77, p <0.001) for 

35-54 years, 2.47 (95% CI 2.24-2.72, p <0.001) for 55-74 years and 3.53 (95% 

CI 3.15-3.95, p <0.001) for 75+ years. 

As compared to IMD quintile 1 (least deprived), quintiles 3-5 were all associated 

with increased odds of AHA, with adjusted odds ratios of 1.95 (95% CI 1.15-

3.30, p 0.013) for quintile 3, 1.97 (95% CI 1.18-3.29, p 0.01) for quintile 4 and 

2.05 (95% CI 1.23-3.42, p 0.006) for quintile 5. As compared to individuals of 

White ethnicity, the following ethnicities had a lower odds of AHA: Black (adj OR 

0.74, 95% CI 0.67-0.81, p <0.001), Asian (adj OR 0.83, 95% CI 0.78-0.88, p 

<0.001) and Mixed & Other (adj OR 0.81, 95% CI 0.67-0.97, p 0.02). 

Comorbidities associated with complicated UTI were also associated with 

increased odds of AHA, with adjusted odds ratios of 1.30 (95% CI 1.19-1.41, p 

<0.001) for structural abnormalities, 1.35 (95% CI 1.24-1.46, p <0.001) for CKD 

and 1.68 (95% CI 1.43-1.96, p <0.001) for a urinary catheter recorded in the 

preceding 6 months. Recurrent UTI was not associated with an increased odds 

of AHA as compared to no recurrent UTI. Systemic antibiotics in the preceding 

6 months were associated with an increased odds of AHA as compared to no 

preceding antibiotics, with adjusted odds ratios of 1.28 (95% CI 1.20-1.35, p 

<0.001) for 1-2 prescriptions and 1.56 (95% CI 1.43-1.70, p <0.001) for ≥3 

prescriptions. 

Other comorbidities associated with increased odds of AHA were: urinary 

incontinence (adj OR 1.24, 95% CI 1.14-1.33, p <0.001), faecal incontinence 

(adj OR 1.27 (95% CI 1.10-1.48, p 0.001), obesity (adj OR 1.19, 95% CI 1.02-

1.38, p 0.026), cancer (adj OR 1.39, 95% CI 1.26-1.54, p <0.001), DM (adj OR 

1.26, 95% CI 1.18-1.35, p <0.001), heart failure (adj OR 1.37, 95% CI 1.21-

1.56, p <0.001) and hypertension (adj OR 1.13, 95% CI 1.05-1.21, p <0.001). 
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Compared to episodes in spring, episodes in other seasons were not 

associated with AHA. The forest plot in Figure 3.11 shows the risk factors for 

AHA. 

Table 3.15. Multivariable analysis of the odds of AHA (all variables included in 
the model shown) 

Characteristic Adjusted OR (95% CI) p value 

Male 1  

Female 0.73 (0.68-0.77) <0.001 

Age (categorical)   

16-34 1  

35-54 1.61 (1.47-1.75) <0.001 

55-74 2.45 (2.22-2.7) <0.001 

75 3.47 (3.09-3.89) <0.001 

IMD quintile   

1 (least deprived) 1  

2 1.48 (0.86-2.58) 0.16 

3 1.93 (1.14-3.26) 0.015 

4 1.93 (1.15-3.22) 0.012 

5 (most deprived) 2.02 (1.21-3.37) 0.007 

Ethnicity    

White 1  

Black 0.75 (0.68-0.82) <0.001 

Asian 0.83 (0.78-0.89) <0.001 

Mixed & other 0.81 (0.68-0.97) 0.025 

Unknown 0.84 (0.69-1.02) 0.079 

Treatment within +/- 7 days   

Treated 1  

Not treated 0.84 (0.79-0.89) <0.001 

Risk factors for cUTI   

Absence of risk factor 1  

Structural abnormalities 1.29 (1.19-1.41) <0.001 

CKD 1.35 (1.24-1.47) <0.001 

Urinary catheter 1.64 (1.4-1.91) <0.001 

Antibiotics last 6m   

0 courses 1  
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Characteristic Adjusted OR (95% CI) p value 

1-2 courses 1.26 (1.19-1.34) <0.001 

≥3 courses 1.52 (1.4-1.66) <0.001 

Other risk factors   

Absence of risk factor 1  

Recurrent UTI 1.03 (0.96-1.1) 0.404 

UI 1.24 (1.15-1.33) <0.001 

FI 1.27 (1.09-1.47) 0.002 

Obesity 1.19 (1.02-1.39) 0.025 

Heart failure 1.37 (1.21-1.56) <0.001 

Hypertension 1.13 (1.06-1.21) <0.001 

Cancer 1.39 (1.26-1.54) <0.001 

DM 1.26 (1.17-1.34) <0.001 

Season   

Spring 1  

Summer 1.04 (0.97-1.12) 0.239 

Autumn 1.05 (0.98-1.13) 0.144 

Winter 1.03 (0.96-1.11) 0.421 

 

 

Figure 3.12. Forest plot of multivariable analysis of odds of AHA 
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3.5 Discussion 

In this study of 169524 community-onset lower UTI episodes in 86561 patients 

using routinely collected data, the primary outcome of UHA in the 30 days 

following a UTI episode occurred in 1336/169524 episodes (0.8%, 95% CI 0.7-

0.8), and AHA occurred in 6516/169524 episodes (3.8%, 95% CI 3.8-3.9). The 

majority of episodes (77.9%) occurred in female patients, but there was no 

association between female sex and UHA and they had a lower odds of AHA as 

compared to males, Table 3.16. As compared to age group 16-34, all older 

ages had increased odds of AHA, but increased odds of UHA was seen only in 

patients aged 55+. Non-treatment within +/- 7 days was associated with 

reduced odds of both UHA and AHA as compared to treatment. Risk factors 

associated with complicated UTI were associated with increased odds of both 

UHA and AHA. Prior antibiotic treatment in the last 6 months was associated 

with increased odds of both outcomes, but recurrent UTI was only associated 

with increased odds of UHA. Of the other comorbidities examined, all were 

associated with increased odds of AHA, but only faecal incontinence and DM 

were associated with increased odds of UHA. 
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Table 3.16. Variables associated with each outcome on multivariable analysis 

Variable UHA AHA 

Female versus male No association Reduced odds 

Age group (as compared to 
16-34 years) 

Increased odds in 55+ year 
groups 

Increased odds in all older 
age groups 

IMD quintile versus 1 
(least deprived) 

No association on 
univariable analysis 

Increased odds in quintiles 
3-5 (most deprived) 

Ethnic group versus White Reduced odds for Black Reduced odds for Black, 
Asian and Mixed & Other 
individuals 

Non-treatment within +/- 7 
days versus treatment 

Reduced odds Reduced odds 

Structural abnormalities Increased odds (p 0.051) Increased odds 

CKD Increased odds Increased odds 

Urinary catheter Increased odds Increased odds 

Recurrent UTI Increased odds No association 

Prior antibiotic exposure 
versus none 

Increased odds Increased odds  

Urinary incontinence No association  Increased odds 

Faecal incontinence Increased odds Increased odds 

Obesity No association on 
univariable analysis 

Increased odds 

Heart failure No association Increased odds 

Hypertension No association Increased odds 

DM Increased odds Increased odds 

Cancer No association Increased odds 

Season versus spring No association No association 

 

Strengths and limitations 

The strengths of this study are that it included a large cohort of patients with 

individual level data on primary care consultations, antibiotic prescriptions, 

culture-confirmed UTIs and hospital admissions, allowing me to investigate the 

risk factors associated with adverse outcomes, including hospital admission, 

following a consultation for UTI in primary care. Recognising that coding for 

clinical consultations is not always complete, I used a wide range of indicators 

to capture UTI consultations, including Read codes and common tests for UTI 
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using published Read code lists, as well as prescription data for UTI specific 

antibiotics. The presence of urinary catheters is not well recorded in routinely 

collected clinical data. There were very few Read codes for catheter-associated 

UTI, and there is no ICD-10 code for this condition. The use of codes for 

prescriptions of catheter maintenance products allowed me to identify infections 

that were likely catheter-associated. The findings may be useful for local 

planning of services in East London or other urban, ethnically diverse and 

socioeconomically deprived settings. 

The limitations of this study are common to many studies using routinely 

collected data. The data is collected in short consultations with a focus on 

clinical care and so will not include a full clinical history. I used prescription data 

on UTI-specific antibiotics to identify consultations – whilst nitrofurantoin, 

pivmecillinam and fosfomycin are not used to treat other infections, trimethoprim 

can be used to treat respiratory tract and skin and soft tissue infections. Whilst it 

is rare for trimethoprim to be used for these infections in primary care, it is 

possible that I identified a consultation for another type of infection as a UTI, 

leading to misclassification bias. Similarly, codes for UTI tests could have 

included consultations where UTI was considered, but felt to be unlikely, or 

consultations where a positive urine culture was felt to represent asymptomatic 

bacteriuria rather than UTI.  

My data did not include antibiotic prescriptions in secondary care. Whilst I 

aimed to include only community-onset cases by excluding those discharged 

from hospital in the last 30 days, I will not have captured attendances or 

prescriptions from urgent care centres or A&E (which did not result in 

admission) and so a proportion of patients may not have had healthcare-

associated infection. There were systematic differences between the treated 

and non-treated patient populations, with non-treated patients tending to be 

younger, less co-morbid and having had less prior antibiotic exposure than 

those who were treated. The fact that non-treatment was not associated with 

increased risk of UHA may therefore simply reflect a healthier patient population 

or other uncaptured variables such as severity of symptoms or illness at 

presentation, which is difficult to assess in routinely collected data. 
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Whilst I attempted to include a number of confounding variables, there is likely 

to be residual confounding for a number of reasons. There is evidence that 

asymptomatic bacteriuria and symptomatic UTI in pregnancy is associated with 

increased risk of pyelonephritis (52). I identified very few codes related to UTI in 

pregnancy and was therefore unable to examine this as a risk factor, however, it 

is likely that my cohort did include an unknown proportion of pregnant women. 

The large number of episodes in women aged <55 years may be a reflection 

that symptomatic UTI is common in this age group, but may also include a 

number of urine samples sent in the course of routine antenatal care. 

Additionally, a proportion of ICD-10 codes for AHA were related to disorders of 

the genitourinary system (12.5% primary, 11% secondary). I used a broad 

definition of UTI consultations, including Read codes for diagnoses, tests and 

symptoms of UTI, as well as antibiotics prescribed specifically for UTI and 

positive urine cultures to identify my eligible cohort, and this raises the 

suggestion that in a proportion of patients the initial consultation in primary care 

may have been related to the genitourinary system but not specifically infection 

related. Similarly, a number of episodes may have been representing 

asymptomatic bacteriuria rather than symptomatic UTI. 

Whilst I was able to identify some catheter-associated infections, a major 

limitation to this study was the lack of recording of catheter-associated urinary 

tract infections (CAUTI). Very few Read codes for CAUTI were identified, and 

there is no ICD code for CAUTI despite it being the commonest healthcare 

associated infection. Similarly, urine cultures sent to the laboratory frequently do 

not specify the urine specimen type. I identified catheters through prescriptions 

for devices and accessories for urinary catheters prescribed in the 6 months 

preceding the episode, but I expect that there were a number of CAUTIs in my 

cohort that I have not been able to capture.  

The population from which this data is derived is an urban, ethnically diverse 

and socioeconomically deprived cohort, and so the data may not be 

generalisable to other settings. 

Comparison with other studies 
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These results suggests that whilst the 16-34 and 35-54 years age groups 

accounted for the largest proportion of UTI episodes (33.1% and 35.1% 

respectively), this did not translate into a greater risk of UHA. This is in keeping 

with data on Escherichia coli bacteraemia (ECB), which shows that apart from a 

spike in the 0-1 years age group, incidence increases with age and is highest in 

patients aged ≥85 years (117,118). It is also supported by the results of a cohort 

study using electronic health records of all patients at 706 general practices, 

with 66.2 million person-years of follow up from 2002 to 2017 and 35244 first 

episodes of sepsis, where the risk of sepsis following a consultation for infection 

was found to be highly age dependent. While the number needed to treat (NNT) 

to avoid an episode of sepsis was 6517 (95% CI 4779-9522) for men and 

13926 (95% CI 10044-21273) for women aged 25-34, it was 262 (95% CI 236-

293) for men and 385 (95% CI 352-421) for women aged >85 years(103). Older 

age groups, however, are also at higher risk of toxicity from antibiotic treatment 

and complications such as Clostridium difficile infection, and prescribing 

decisions in older patients must be carefully considered. 

There was some evidence of an association between ethnicity and hospital 

admission, with Black individuals having reduced odds of UHA as compared to 

White, and Black, Asian and Mixed & Other individuals having reduced odds of 

AHA. Whilst useful as a descriptive characteristic of the cohort, ethnicity, and 

any related risk attributed to it, is difficult to interpret as it may be related to a 

range of factors including genetic predisposition, differential antibiotic resistance 

rates, barriers to accessing care or wider socioeconomic deprivation. Odds of 

AHA was increased with increase socioeconomic deprivation, but I found no 

association between deprivation and UHA, which is out of keeping with other 

studies in UTI and other infections(85,119). The cohort represented a very 

deprived population, with 92.3% of patients in quintile 4 or 5, which may have 

affected the results for the rare outcome of UHA. 

Non-treatment within +/-7 days was associated with reduced odds of both UHA 

and AHA. Despite the differences in patient population discussed earlier, this 

finding reassuringly suggests that decisions by prescribing clinicians in East 

London primary care not to treat patients consulting for UTI did not lead to 

increased risk of adverse outcomes. A number of trials have examined the 
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safety of withholding antibiotics for UTI in younger women, but more studies are 

needed to assess the safety of this approach in other patient populations 

(80,101,102). Current PHE guidelines recommend that a “watch and wait” 

approach with a backup antibiotic can be considered for likely UTI in non-

pregnant women aged <65, without a history of recurrent UTI or a urinary 

catheter(120). A delayed antibiotic approach has been successfully used to 

reduce antibiotic use for respiratory tract infections in primary care, with the 

majority of studies using a definition of delay to mean >48 hours from the 

consultation(121). The 7-day window I used for treated patients in this cohort 

means that I will have included those patients treated immediately, those issued 

a delayed prescription, and those who were prescribed an antibiotic in a 

subsequent consultation within 7 days. 

Structural abnormalities, the presence of a urinary catheter and CKD were all 

associated with complicated UTI, and their association with UHA is not 

surprising. For structural abnormalities, the most common predisposing factor to 

infection is the interference of normal voiding, and resulting reduction in 

bacteria being flushed from the genitourinary tract(32). Other factors may 

include stasis of urine and subsequent bacterial overgrowth in cysts, or biofilm 

formation on renal stones. Bacteriuria is almost ubiquitous in patients with 

indwelling catheters, and a study using electronic health records of 47926 

patients who had 61047 catheterisations in an urban academic health system of 

over 2500 beds found that approximately 12% of patients who have an 

indwelling urinary catheter for 30 days will develop a CAUTI(37). They also 

found female sex, age <18 years, stroke, paraplegia and duration of 

catheterisation to be risk factors for developing CAUTI. 

CAUTI is one of the commonest healthcare-associated infections worldwide 

(34,122,123). A number of interventions have been introduced around catheter 

management and care in order to reduce the risk of infection, but it is likely that 

this is an area where further improvements can be made. The Catheter 

Passport, developed by NHS Improvement, includes patient information on daily 

catheter care and hygiene and symptoms that might indicate a catheter-

associated UTI, as well as information for clinical staff on the reason for the 
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catheter and a section for recording catheter changes, traumatic removals and 

infections(124). 

In addition to their risk of complicated UTI due to functional abnormality of the 

renal tract, patients with CKD may be at risk of infection-related admission due 

to vaccine hyporesponsiveness, immunosuppressive therapy, uraemia, dialysis 

access complications and the dialysis procedure itself. A matched cohort study 

in primary care using CPRD data linked to Hospital Episodes Statistics (HES) 

data in 242349 matched pairs of patients found that patients with CKD had 

higher relative risk of hospital admission with UTI than patients without CKD. On 

multivariable analysis adjusted for ethnicity, socioeconomic status, smoking 

status, body mass index and a number of comorbidities, they found an adjusted 

hazard ratio of 1.27 (95% CI 1.23-1.32) in patients ≥75 years and 1.71 (95% CI 

1.61-1.81) in patients >75 years(125). 

Antibiotic treatment in the last 6 months was associated with both outcomes. 

Prior antibiotic use has been associated with increased odds of antibiotic 

resistance and therefore potential treatment failure, as well as risk of 

ECB(108,126). A cohort study of 425 women aged 18-40 years at a staff-model 

health management organisation in the USA found the relative risk of 

developing a UTI was 6.40 (95% CI 2.43-16.84, p <0.001) for women who had 

received antibiotic therapy for a UTI in the previous 15-28 days as compared to 

those that had not, and 3.82 (95% CI 1.95-7.45, p <0.001) for those who had 

received antibiotic therapy for a reason other than UTI(127). Previous antibiotic 

treatment may also be a marker of other comorbidity, for example chronic 

obstructive pulmonary disease, which has been shown to be associated with a 

3-fold increased rate of antibiotic prescribing as compared to the general 

population in primary care(128). A history of recurrent UTI was associated with 

UHA but not AHA, suggesting that this risk factor is more infection-specific and 

less of a marker of generalised frailty. I have been unable to find any studies 

investigating the relationship between recurrent UTI and severe outcomes such 

as hospitalisation. 

All other examined comorbidities were associated with increased odds of AHA, 

but only faecal incontinence and DM were associated with increased odds of 
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UHA. Faecal incontinence is associated with increased risk of UTI due to 

colonisation of the urethra with faecal flora, and the increased risk of UHA may 

be related to general frailty. A number of studies have shown DM to be a risk 

factor for asymptomatic bacteriuria, symptomatic UTI, pyelonephritis and 

ECB(107,108,129–132), and this study supports these findings. Patients with 

DM may be predisposed to UTI for a number of reasons. A number of 

immunological impairments that may predispose to infection have been found in 

patients with DM, including impairment of cytokine production, leukocyte 

recruitment inhibition, defects in pathogen recognition, and neutrophil, 

macrophage and natural killer cell dysfunction(133). They are at risk of 

neuropathy, which may lead to impaired bladder emptying and urinary stasis, 

and glycosuria may serve as a growth medium for urinary pathogens(134). 

I found no association between season of the year and UHA or AHA. A study of 

UTI consultations and antibiotic prescriptions using data from a nationally 

representative UK database of primary care electronic health records, The 

Health Improvement Network (THIN), found a September to November peak in 

UTI consultation incidence for ages 14-69, but no seasonality found in older age 

groups(115). The authors also noted that a decrease in consultations for UTI in 

primary care was accompanied by an increase in hospital admissions for UTI, 

although this was not seen in comparable datasets. The greatest proportion of 

episodes in my cohort occurred in autumn (27.1%, 95% CI 26.9-27.3), but there 

was no evidence that this translated into increased odds of UHA. 

This study adds to the literature on the risk of adverse outcomes following 

consultation for lower UTI in primary care, and suggests that the outcome of 

UHA following community-onset lower UTI is rare. Importantly, non-treatment 

was not associated with increased odds of UHA, suggesting that the decisions 

made by prescribing clinicians in East London primary care to not prescribe an 

antibiotic in patients consulting for UTI are largely appropriate and safe. My 

findings suggest that trial strategies of avoidance or delay of antibiotic treatment 

may be safely targeted at low risk groups including patients aged <55 years, 

without risk factors for complicated UTI, a history of recurrent UTI or prior 

antibiotic exposure, and without the comorbidities of faecal incontinence and 

DM. As this group of patients accounts for a significant proportion of UTI 
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episodes in primary care, there may be considerable potential for reductions in 

antibiotic use. Further research is needed into the acceptability of such 

strategies, as the avoidance of hospitalisation is likely not to be the only 

consideration in prescribing decisions. 

It is not possible to ascertain from this study the extent to which treatment 

failure due to antibiotic resistance to the treatment antibiotic (discordant 

treatment) contributes to the risk of UHA. My study in chapter 4, using a subset 

of this cohort who were treated for culture-confirmed UTI, will examine the 

outcome of UHA in relation to discordant antibiotic treatment in order to address 

this question. 

Box 3.1 Key Points from Chapter 3 

● Females and patients aged <55 years accounted for the greatest proportion 

of consultations, but these groups did not have increased odds of UHA 
● Non-treatment within +/- 7 days was not associated with increased odds of 

UHA, suggesting that decisions not to treat patients consulting for UTI in 

primary care were largely safe 
● Interventions related to avoidance or delay of prescribing for community-

onset UTI should in the first instance be focused on patients <55 years 

without risk factors for complicated UTI, a history of recurrent UTI, prior 

antibiotic exposure, diabetes mellitus or faecal incontinence. 
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4 Assessing the Impact of Discordant Antibiotic Treatment 
on Adverse Outcomes in Community-Onset UTI 

4.1 Abstract 

Objectives 
Assessment of the impact of treatment failure as a result of antibiotic resistance 

on adverse outcomes in community-onset UTI has to date been hampered by 

the lack of microbiology data in routinely collected primary and secondary care 

data. The objective of this study was to investigate the relationship between 

discordant antibiotic treatment (treatment with an antibiotic to which the 

organism isolated on urine culture is resistant) and risk of urinary infection-

related hospital admission in the 30 days following an episode of community-

onset UTI in primary care. 

Methods 
This was a cohort study using routinely collected linked primary care, secondary 

care and microbiology data from patients in East London who were treated in 

primary care for an episode of culture-confirmed community-onset UTI during 

the period 1 April 2012 to 30 March 2017. Antibiotic treatment within +/- 3 days 

of the positive urine culture was examined and was considered concordant if 

the patient was treated with an antibiotic to which the organism isolated was 

sensitive and discordant if the patient was treated with an antibiotic to which the 

organism was resistant.  

The primary outcome was the proportion of patients in each treatment group 

who experienced urinary infection-related hospital admission (UHA) in the 30 

days following an episode. The secondary outcomes were the proportion of 

patients who experienced reconsultation for UTI in the 30 days following an 

episode, and the odds of UHA and reconsultation with discordant treatment, 

adjusting for sex, age, risk factors for complicated UTI, previous antibiotic 

treatment, recurrent UTI and comorbidities.  

Results 
11963 culture-confirmed community-onset UTI episodes in 8324 patients were 

included in the study. UHA occurred in 212/10277 concordant episodes (2.1%, 
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95% CI 1.8-2.4) and 88/1686 discordant episodes (5.2%, 95% CI 4.2-6.4). 

Reconsultation occurred in 3961 concordant episodes (38.5%, 95% CI 37.6-

39.5) and 1472 discordant episodes (87.3%, 95% CI 85.6-88.8), with the 

majority of reconsultations (75.4%, 95% CI 74.2-76.6) resulting in a further 

antibiotic prescription. Discordant antibiotic treatment as compared to 

concordant treatment was found to be associated with increased odds of UHA 

(adj OR 2.31, 95% CI 1.77-3.0, p <0.001) and reconsultation (adj OR 11.25, 

95% CI 9.66-13.11, p <0.001) on multivariable analysis adjusted for sex, age, 

risk factors for complicated UTI, previous antibiotic treatment, recurrent UTI and 

comorbidities. Of other factors examined, only chronic kidney disease and 

diabetes mellitus were independently associated with increased odds of UHA. 

Conclusions 
These results suggest that whilst the outcome is rare, discordant treatment is 

associated with increased risk of urinary infection-related hospital admission in 

patients treated for culture-confirmed community-onset UTI. Discordant 

treatment was also strongly associated with increased risk of reconsultation, 

possibly because the urine culture result alerted the clinician to the fact that the 

treatment was discordant. Reconsultation occurred frequently in this patient 

population and was associated with a further antibiotic prescription in the 

majority of cases. In patients who are at higher risk of antibiotic resistance, 

rapid diagnostic tests which report on antibiotic sensitivity testing are likely to be 

beneficial in reducing the risk of adverse sequelae following lower UTI, as well 

as reducing inconvenience to patients, use of primary care resources and 

further antibiotic exposure. 

4.2 Study Rationale and Introduction 

Urinary tract infections (UTIs) are one of the commonest indications for 

antibiotic prescriptions in primary care, and adverse outcomes include 

pyelonephritis, urinary sepsis and bacteraemia. Treatment failure in UTI may 

also lead to repeat consultations, using up primary care resources and causing 

inconvenience, lost days of work and potential loss of income for patients. The 

most common causative organism in UTIs is Escherichia coli (E. coli), and rates 

of E. coli bacteraemia (ECB) have been consistently increasing in England, with 
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the majority having a urinary source(24,117,135). Routine surveillance has 

shown that rates of antibiotic resistance (ABR) in both urine culture and blood 

culture isolates is increasing(24). We do not, however, have an accurate 

estimate of the impact of treatment failure as a result of antibiotic resistance on 

adverse outcomes following UTI. 

Studies have shown that the odds of antibiotic resistant isolates in urine 

cultures are higher in patients with previous exposure to antibiotics, and that 

this effect can last up to 12 months(11,126). Whilst studies of treatment failure 

in lower UTI have been carried out, the majority have used repeat prescriptions 

of antibiotics as a proxy marker of failure, in the absence of microbiological data 

on resistance(136,137). This means that non-UTI conditions may have been 

included in the case definitions, and that it has not been possible to examine 

the degree to which antibiotic resistance contributes to treatment failure. 

Because adverse outcomes following lower UTI are rare, large datasets are 

needed to investigate them. Public Health England (PHE) carries out mandatory 

surveillance of bloodstream infections with Escherichia coli and other key 

organisms. Approximately 98% of hospital microbiology laboratories in England 

voluntarily report data on routine antimicrobial susceptibility testing to their 

national laboratory surveillance system [Second Generation Surveillance 

System (SGSS)], the results of which informs antibiotic prescribing guidance. 

Whilst this surveillance data includes patient demographics, its utility for 

research is limited by a lack of data on individual patients’ prior exposure to 

antibiotics. Similarly, routinely collected primary care data does not commonly 

include microbiology results. Our understanding of the relationship between 

antibiotic exposure, the development of antibiotic resistance and its relationship 

to clinical outcomes has therefore been hampered thus far by the fact that 

routinely collected prescribing data and resistance data are largely held in 

separate datasets.  

The aim of this study was to use a dataset of linked primary care, secondary 

care and microbiology data in order to investigate the effect of discordant 

antibiotic treatment (treatment to which the organism on urine culture was 

resistant) on the frequency of adverse outcomes (hospitalisation and primary 
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care reconsultation) in the 30 days following an episode of culture-confirmed 

community-onset lower UTI in primary care. 

4.3 Methods 

4.3.1 Objectives 

1. To estimate the proportion of patients with concordant treatment (where the 
organism cultured was sensitive to the antibiotic prescribed) and discordant 

treatment (where the organism cultured was resistant to the antibiotic 

prescribed) who experience urinary infection-related hospital admission or 

reconsultation for UTI in the 30 days following their UTI episode 

2. To estimate the effect of discordant treatment on the above outcomes, 

adjusting for demographic factors, prior antibiotic exposure and comorbidity. 

4.3.2 Study Design and Setting 

This was a cohort study of patients with culture-confirmed UTI who presented to 

East London Primary care between 01/04/2012-30/03/2017, using linked 

primary care, secondary care and microbiology data. 

4.3.3 Inclusion and Exclusion Criteria 

Patients were eligible for inclusion if they were registered at the approximately 

100 GP surgeries across 2 CCGs in East London and had a urine sample which 

was culture-positive for a urinary pathogen (as per Table 4.1) submitted from 

primary care during the period 01/04/2012-31/03/2017.  

The following exclusion criteria were applied:  

- No record of age, sex or Index of Multiple Deprivation (IMD) score 

- Urine samples submitted during an inpatient admission 

- Read code indicating upper UTI recorded within +/-3 days from urine 

sample 

- Patient registered for <12 months before urine sample 

- Patient had <30 days follow up data following the urine sample (unless 

death occurred within that 30-day period) 
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- Patient discharged from hospital in the 30 days prior to their urine 

sample.  

Patients entered the cohort at the start of their first episode of UTI and left the 

cohort at the earliest of these three dates: death, change of practice or end of 

the study period.  
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Table 4.1. List of organisms for which positive urine cultures were included 

Organism / species / description 

Acinetobacter spp 

Citrobacter spp 

Enterobacter spp 

Enterococcus spp 

Escherichia coli 

Gram-negative rods 

Group B streptococcus 

Klebsiella spp 

Morganella spp 

Organism of the coliform group 

Proteus spp 

Pseudomonas spp 

Serratia spp 

Staphylococcus saprophyticus 

 

4.3.4 Data Sources and Handling 

I created the cohort using data extracted from the CEG database as per the 

data specification outlined in chapter 2, using the inclusion and exclusion 

criteria described above. 

Definition of UTI Episodes 
Urine cultures were ordered by patient identifier and date, and a 30-day 

washout period was used to identify new episodes, so that any consultations 

within that period were considered part of the same episode. The start of the 

episode was considered as the first urine culture sample date. Any urine culture 

sent outside of the 30 day washout period was considered a new episode. If a 

repeat urine culture, Read code for UTI or antibiotic used to treat UTI (see 

antibiotic treatment definition below) was recorded within the washout period of 

an episode, the episode was defined as having the reconsultation outcome. In 

this case the reconsultation urine culture was excluded from the analysis, 

Figure 4.1. Patients could contribute more than one UTI episode to the analysis. 

Read codes were not used to identify UTI episodes, but in order to examine 
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which Read codes were associated with the UTI episodes, any codes recorded 

within +/- 7 days of the episode were recorded. 

 

 

Figure 4.1. Definition of UTI episodes (adapted from Shallcross et al.)(85) 

In both panels the 1st urine culture represents the start of a new UTI episode 

(first episode). The 2nd urine culture is classified as (A) a new episode (because 

it occurs outside the washout period of the previous culture); (B) a 

reconsultation because it occurs within the washout period of the previous 

culture. In panel B, the 1st episode is given the outcome of reconsultation and 

the 2nd urine culture is excluded from the analysis. A Read code for UTI or 
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prescription of an antibiotic to treat UTI also results in a reconsultation outcome 

for the 1st episode. 

Definition of Antibiotic Treatment for UTI Episodes 
In order to define antibiotics used for UTI treatment, I reviewed the antibiotic 

prescriptions issued to the cohort during the study period. Nitrofurantoin and 

trimethoprim were included as treatment antibiotics, as these are recommended 

by current UK guidelines(78). The following antibiotics and antibiotic classes 

were also included as treatment antibiotics, based on my clinical knowledge of 

those frequently used to treat UTI and those with activity against common 

urinary pathogens: amoxicillin, co-amoxiclav, fosfomycin, pivmecillinam, 

ciprofloxacin, levofloxacin, piperacillin-tazobactam, linezolid, septrin (co-

trimoxazole), all cephalosporins, gentamicin, amikacin and all carbapenems. 

Definition of Previous Antibiotic Use 
All systemic antibiotics were included in creating the variable for previous 

antibiotic use, and this list therefore included all the antibiotics and classes 

above, in addition to all other penicillins, macrolides, glycopeptides, 

sulphonamides, imidazoles, TB medications, tetracylines and other quinolones. 

All systemic antibiotic prescriptions for all patients, extracted as per chapter 2, 

were analysed for prescriptions recorded in the period from 3 days before to 6 

months before each episode. Prescriptions issued on the same day were 

counted as the same treatment course, and further prescriptions on a later date 

were counted as separate treatment courses. 

Definition of Discordance 
As described in chapter 2, first line antibiotics tested for on positive urine 

cultures at Barts Health during the study period were: 

Ampicillin (amoxicillin), cefalexin, gentamicin, ciprofloxacin, nitrofurantoin, 

trimethoprim, augmentin (co-amoxiclav), and cefpodoxime (also used as 

indicator antibiotic for ESBL-producing organisms). 

Phenotypic antibiotic sensitivity data was reviewed for each episode. Treatment 

antibiotic was matched to phenotypic sensitivity with a treatment window of +/- 3 

days. Treatment was considered concordant if the episode was treated with at 
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least one antibiotic to which the organism was sensitive in the treatment 

window, and discordant if the episode was treated only with antibiotics to which 

the organism was resistant or intermediately resistant. In the case of multiple 

treatment antibiotics, only one of the antibiotics needed to be concordant for the 

episode to be considered concordant. Where more than one organism was 

isolated on the urine culture, phenotypic resistance was aggregated to the most 

resistant phenotype and treatment antibiotic was matched on this phenotype for 

the sample. 

Where sensitivity data was not available the following rules were used: 

● Sensitivity to co-amoxiclav was inferred from sensitivity to amoxicillin 

● Sensitivity to levofloxacin was inferred from sensitivity to ciprofloxacin 

● Sensitivity and resistance to other 1st generation cephalosporins was 

inferred from sensitivity and resistance to cefalexin 

● Sensitivity to 2nd and 3rd generation cephalosporins was inferred from 

sensitivity to cefalexin 

● Resistance to 1st generation cephalosporins was inferred from resistance to 

2nd and 3rd generation cephalosporins 

● Resistance to 2nd generation cephalosporins was inferred from resistance to 

3rd generation cephalosporins(138). 

Samples where there was no sensitivity data on the treatment antibiotic, and 

sensitivity could not be inferred from other phenotypic sensitivity results, were 

excluded. For samples where Enterobacterales were isolated, binary variables 

were created indicating if the urine culture was resistant to amoxicillin, co-

amoxiclav, trimethoprim, nitrofurantoin, gentamicin, ciprofloxacin, any 

carbapenems or positive for ESBL as reported by the laboratory (as described 

in chapter 2). For this purpose, all carbapenems tested (meropenem, imipenem, 

doripenem) were grouped together. 

Definition of Outcomes 
The outcome of urinary infection-related admission (UHA) was defined in the 

same way as in chapter 3. Briefly, admissions with an ICD codes for lower UTI, 

upper UTI, bloodstream infection or sepsis (as per table 3.4, page 98) recorded 
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in the 1st or 2nd position were considered UHA. Admissions were also 

considered UHA if the patient had a positive urine or blood culture with a 

relevant organism (as per Table 3.1) within 2 days of admission. The outcome 

of reconsultation was defined as per Figure 4.1. 

Putative risk factors were defined in the same way as in chapter 3 and were 

considered present if a Read code had been recorded at any time prior to the 

episode. 

4.3.5 Outcomes 

Outcomes: 

Primary Outcome 
Proportion of episodes resulting in UHA in each treatment group (concordant 

and discordant). 

Secondary Outcomes 
Proportion of episodes resulting in reconsultation in each treatment group. 

Odds of UHA with discordant treatment, adjusting for demographic variables 

and comorbidity. 

Odds of reconsultation with discordant treatment, adjusting for demographic 

variables and comorbidity. 

4.3.6 Variables 

Main variable of interest: 

Discordant versus concordant antibiotic treatment 

Possible confounders: 

1. Demographic variables (age, sex, ethnicity, IMD score) 

2. Risk factors for complicated UTI: structural abnormalities of the renal tract, 

chronic kidney disease (CKD), presence of a urinary catheter in the past 6 

months 

3. Recurrent UTI 
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4. Other comorbidities: cancer, diabetes mellitus (DM), heart failure, 

hypertension, urinary incontinence, faecal incontinence and obesity 

5. Prior antibiotic exposure in preceding 6 months 

6. Season of the year 

4.3.7 Statistical Analysis 

Descriptive statistics were used to summarise the clinical and demographic 

characteristics of individual participants in the cohort and UTI episodes. Age 

was reported as the median with interquartile range (IQR), and as a categorical 

variable in years defined as: 16-34, 35-54, 55-74 and 75+, with 16-34 as the 

baseline. Comorbidities were defined as binary variables (present or not present 

at the time of the episode) as described in chapter 3. Previous antibiotic 

treatment was coded as a categorical variable: 0, 1-2 courses or ≥3 courses in 

the previous 6 months. IMD score was categorised as quintiles from 1 (least 

deprived) to 5 (most deprived). Ethnic group was categorised as White 

(including British, Irish and any other White background), Black (including 

African, Caribbean and any other Black background), Asian (including 

Bangladeshi, Indian, Pakistani, any other Asian background and Chinese), 

Mixed and other (including White and Asian, White and Black African, White 

and Black Caribbean, any other mixed background, any other ethnic group) and 

Unknown (where data on ethnic group was missing). 

Differences between exposure groups were assessed using Wilcoxon rank-sum 

tests for continuous variables and χ2 tests for categorical variables. I estimated 

crude associations (odds ratios [ORs]) between each included variable and the 

outcomes using generalised estimating equations (GEEs) with a logit link and 

an exchangeable correlation structure to account for multiple UTI episodes per 

patient. Huber-White sandwich estimators were used to calculate 95% 

confidence intervals (95% CI). A final multivariable adjusted model was fitted, 

including all predictors with a p-value < 0.1 in the univariable analysis in 

addition to age category, sex and discordant treatment, which were included a 

priori. I also carried out a sensitivity analysis with age included as a continuous 

variable. 
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Because UTI in males are considered complicated infections (see chapter 1, 

page 22), and because there is evidence that older patients may be at higher 

risk of sepsis from UTI (chapter 1, page 39), I investigated if the effect of 

discordant treatment on the primary outcome of UHA differed by age (as a 

continuous and categorical variable) or sex. I ran models for odds of UHA with 

discordant treatment adjusted for age and sex, with and without an interaction 

term between age and sex.  I looked for a significant Wald p value for the 

interaction coefficients, and used the  Quasi Information Criterion (uQIC) to 

assess the fit of each model, with a lower number indicating a better fit. All data 

cleaning and analyses were performed using the statistical software R version 

3.6.1 for Windows. Generalized estimating equations were fitted using geepack 

(version 1.2-1). The raw data and code for data cleaning and analysis is 

securely stored in the UCL Data Safe Haven. 

Data was processed in accordance with the CEG ethical framework as outlined 

on page 46. The NHS Health Research Authority toolkit (http://www.hra-

decisiontools.org.uk/ethics/) identified that Research Ethics Approval was not 

required for this study as all data was pseudonymised and presented in 

aggregate form. HRA approval was received on 25/01/18 (IRAS project ID 

226836; REC reference 18/HRA/0502). 

The methods and results are presented in accordance with the Reporting of 

studies Conducted using Observational Routinely-collected Data (RECORD) 

guidelines(86). The RECORD checklist is shown in Table A3 in the appendix. 

 

4.4 Results 

4.4.1 Creation of Cohort 

47363 urine cultures with relevant organisms were sent from patients aged >16 

in the CEG database during the study period. 11963 samples were eligible for 

the analysis having excluded 35400 for the following reasons (Figure 4.2): 

missing registration date and/or IMD score (479), patient not registered for 12 

months prior to the episode (13026), less than 30 days follow up after the 

episode (731), sample sent during an inpatient admission (9418), patient 
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discharged from hospital in the 30 days prior to the episode (2351), Read code 

for upper UTI recorded within +/-3 days of the urine sample (147), 

reconsultation episode (1889), no antibiotic prescribed within +/- 3 days (6820), 

phenotypic sensitivity data not available for treatment antibiotic and not possible 

to infer from other sensitivity results (539).    

 

Figure 4.2. Flowchart of creation of cohort 

4.4.2 Descriptive Characteristics of Culture Cohort 

Of the 8324 patients included in the culture cohort, 7164 (86.1%, 95% CI 85.3-

86.8) were female, Table 4.2. The median age at first episode was 53 (IQR 35-

71), which was significantly older than in the main cohort described in chapter 3 

(median age 42, IQR 31-59). There was significant socioeconomic deprivation, 

with 4705 patients (56.5%, 95% CI 55.4-57.6) in IMD quintile 5 (most deprived) 

and 2933 patients (35.2%, 95% CI 34.2-36.3) in quintile 4. The majority of 
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patients were of White (3787 patients, 45.5%, 95% CI 44.4-46.6) or Asian (3378 

patients, 40.6%, 95% CI 39.5-41.6) ethnicity, and the majority of patients had 

only 1 episode of UTI during the study period (5286 patients, 63.5%, 95% CI 

62.5-64.5). 

In comparison with patients in the main cohort  described in chapter 3, there 

was a greater proportion of female patients in the culture cohort, and a greater 

proportion of patients aged ≥55 years, Table 4.2. There were greater levels of 

deprivation in the culture cohort as compared to the main cohort, with a larger 

proportion of patients in quintile 5 (most deprived) and a smaller proportion of 

patients in quintile 1 (least deprived). The ethnicity of patients was also 

different, with the largest ethnic group being White in the culture cohort, 

compared to Asian in the main cohort, and smaller proportions of patients in all 

other ethnic groups. The majority of patients in both cohorts had only one 

episode of UTI during the study period.  
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Table 4.2. Descriptive characteristics of culture cohort patients and main cohort patients 

Characteristic CC1, N CC1, % (95% CI) MC1, N MC1, % (95% CI) p value2 

Total patients 8324 100 86561 100  

Male 1160 13.9 (13.2-14.7) 24126 27.9 (27.6-28.2) <0.001 

Female 7164 86.1 (85.3-86.8) 62435 72.1 (71.8-72.4) <0.001 

Age (continuous) Median 53 IQR 35-71 Median 42 IQR 31-59  

Age (categorical)      

16-34 2373 28.5 (27.5-29.5) 32985 38.1 (37.8-38.4) <0.001 

35-54 2406 28.9 (27.9-29.9) 30040 34.7 (34.4-35) <0.001 

55-74 2132 25.6 (24.7-26.6) 16422 19 (18.7-19.2) <0.001 

75 1413 17 (16.2-17.8) 7114 8.2 (8-8.4) <0.001 

IMD quintile      

1 (least deprived) 40 0.5 (0.3-0.7) 630 0.7 (0.7-0.8) 0.012 

2 191 2.3 (2-2.6) 2140 2.5 (2.4-2.6) 0.335 

3 455 5.5 (5-6) 4549 5.3 (5.1-5.4) 0.426 

4 2933 35.2 (34.2-36.3) 33838 39.1 (38.8-39.4) <0.001 

5 (most deprived) 4705 56.5 (55.4-57.6) 45404 52.5 (52.1-52.8) <0.001 

Ethnic group      

White 3787 45.5 (44.4-46.6) 31104 35.9 (35.6-36.3) <0.001 

Black 743 8.9 (8.3-9.6) 11257 13 (12.8-13.2) <0.001 
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Characteristic CC1, N CC1, % (95% CI) MC1, N MC1, % (95% CI) p value2 

Asian 3378 40.6 (39.5-41.6) 38621 44.6 (44.3-44.9) <0.001 

Mixed & other 234 2.8 (2.5-3.2) 2993 3.5 (3.3-3.6) 0.002 

Unknown 182 2.2 (1.9-2.5) 2586 3 (2.9-3.1) <0.001 

Number of episodes      

1 5286 63.5 (62.5-64.5) 43467 50.2 (49.9-50.5) <0.001 

2 1682 20.2 (19.4-21.1) 19546 22.6 (22.3-22.9) <0.001 

3 660 7.9 (7.4-8.5) 9707 11.2 (11-11.4) <0.001 

4-6 530 6.4 (5.9-6.9) 9915 11.5 (11.2-11.7) <0.001 

7-10 137 1.6 (1.4-1.9) 2924 3.4 (3.3-3.5) <0.001 

>10 29 0.3 (0.2-0.5) 1002 1.2 (1.1-1.2) <0.001 

1. CC – culture cohort; MC – main cohort 
2. χ2 tests for categorical variables and Wilcoxon rank-sum tests for continuous variables 
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4.4.3 Descriptive Characteristics of Culture Cohort Episodes 

10356/11963 episodes occurred in female patients (86.6%, 95% CI 85.9-87.2), 

Table 4.3. Median age at time of episode was 54 (IQR 35-72), which was 

significantly older than that in the main cohort (median 43, IQR 31-60). 2072 

episodes occurred in patients with recurrent UTI (17.3%, 95% CI 16.6-18.0), 

which was a smaller proportion than that seen in the main cohort. The 

proportion of episodes which had no antibiotic courses in the prior 6 months 

was smaller in the culture cohort than the main cohort (43.3% compared to 

62.2% in the main cohort), and the proportion with ≥3 courses was greater 

(20.2% as compared to 8.5%). The proportion of episodes with risk factors for 

complicated UTI was greater in the culture cohort than the main cohort: 11.4% 

vs 7.6% for structural abnormalities, 13.4% vs 7.0% for CKD and 3.9% vs 1.4% 

for a urinary catheter recorded in the last 6 months. 

The numbers and proportions of other comorbidities were: 2214 (18.5%, 95% 

CI 17.8-19.2) for urinary incontinence, 374 (3.1%, 95% CI 2.8-3.5) for faecal 

incontinence, 324 (2.7%, 95% CI 2.5-3.0) for obesity, 2800 (23.4%, 95% CI 

22.7-24.2) for DM, 394 (3.3%, 95% CI 3.0-3.6) for heart failure, 4338 (36.3%, 

95% CI 35.4-37.1) for hypertension. These proportions were all greater than 

those seen in the main cohort apart from obesity, where there was no significant 

difference. 3020 episodes (25.2%, 95% CI 24.5-26.0) occurred in summer, 

3157 (26.4%, 95% CI 25.6-27.2) in autumn, 3095 (25.9%, 95% CI 25.1-26.7) in 

winter and 2691 (22.5%, 95% CI 21.8-23.3) in spring. There was no significant 

difference between the proportion of episodes in the two cohorts occurring in 

different seasons of the year. The primary outcome of urinary infection-related 

hospital admission (UHA) occurred in 300 episodes in the culture cohort (2.5%, 

95% CI 2.2-2.8), which was a greater proportion than episodes resulting in UHA 

in the main cohort (1336 episodes, 0.8%, 95% CI 0.7-0.8). 
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Table 4.3. Descriptive characteristics of culture cohort episodes compared to main cohort episodes 

Characteristic CC1, N CC1, % (95% CI) MC1, N MC1, % (95% CI) p value2 

Total episodes      

Male 1607 13.4 (12.8-14.1) 37430 22.1 (21.9-22.3) <0.001 

Female 10356 86.6 (85.9-87.2) 132094 77.9 (77.7-78.1) <0.001 

Age (continuous) Median 54 IQR 35-72 Median 43 IQR 31-60 <0.001 

Age (categorical)      

16-34 2849 23.8 (23.1-24.6) 56187 33.1 (32.9-33.4) <0.001 

35-54 3274 27.4 (26.6-28.2) 59471 35.1 (34.9-35.3) <0.001 

55-74 3368 28.2 (27.4-29) 35694 21.1 (20.9-21.3) <0.001 

75 2472 20.7 (19.9-21.4) 18172 10.7 (10.6-10.9) <0.001 

IMD quintile      

1 (least deprived) 60 0.5 (0.4-0.6) 1031 0.6 (0.6-0.6) 0.162 

2 295 2.5 (2.2-2.8) 3759 2.2 (2.1-2.3) 0.081 

3 592 4.9 (4.6-5.4) 8285 4.9 (4.8-5) 0.78 

4 4100 34.3 (33.4-35.1) 63831 37.7 (37.4-37.9) <0.001 

5 (most deprived) 6916 57.8 (56.9-58.7) 92618 54.6 (54.4-54.9) <0.001 

Ethnicity      

White 5796 48.4 (47.6-49.3) 60212 35.5 (35.3-35.7) <0.001 

Black 902 7.5 (7.1-8) 20136 11.9 (11.7-12) <0.001 



 

 

162 

Characteristic CC1, N CC1, % (95% CI) MC1, N MC1, % (95% CI) p value2 

Asian 4742 39.6 (38.8-40.5) 79631 47 (46.7-47.2) <0.001 

Mixed & other 296 2.5 (2.2-2.8) 5283 3.1 (3-3.2) <0.001 

Unknown 227 1.9 (1.7-2.2) 4262 2.5 (2.4-2.6) <0.001 

Risk factors for cUTI      

Structural abnormalities 1360 11.4 (10.8-12) 12818 7.6 (7.4-7.7) <0.001 

CKD 1609 13.4 (12.8-14.1) 11836 7 (6.9-7.1) <0.001 

Urinary catheter 470 3.9 (3.6-4.3) 2289 1.4 (1.3-1.4) <0.001 

Recurrent UTI 2072 17.3 (16.6-18) 33285 19.6 (19.4-19.8) <0.001 

Antibiotics last 6m      

0 courses 5175 43.3 (42.4-44.2) 105459 62.2 (62-62.4) <0.001 

1-2 courses 4368 36.5 (35.7-37.4) 49738 29.3 (29.1-29.6) <0.001 

≥3 courses 2420 20.2 (19.5-21) 14327 8.5 (8.3-8.6) <0.001 

Other risk factors      

UI 2214 18.5 (17.8-19.2) 18841 11.1 (11-11.3) <0.001 

FI 374 3.1 (2.8-3.5) 2630 1.6 (1.5-1.6) <0.001 

Obesity 324 2.7 (2.4-3) 4353 2.6 (2.5-2.6) 0.364 

Heart failure 394 3.3 (3-3.6) 2866 1.7 (1.6-1.8) <0.001 

Hypertension 4338 36.3 (35.4-37.1) 43492 25.7 (25.4-25.9) <0.001 

Cancer 877 7.3 (6.9-7.8) 6503 3.8 (3.7-3.9) <0.001 
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Characteristic CC1, N CC1, % (95% CI) MC1, N MC1, % (95% CI) p value2 

DM 2800 23.4 (22.7-24.2) 27671 16.3 (16.1-16.5) <0.001 

Season      

Spring 2691 22.5 (21.8-23.3) 38671 22.8 (22.6-23) 0.431 

Summer 3020 25.2 (24.5-26) 41629 24.6 (24.4-24.8) 0.093 

Autumn 3157 26.4 (25.6-27.2) 45977 27.1 (26.9-27.3) 0.084 

Winter 3095 25.9 (25.1-26.7) 43247 25.5 (25.3-25.7) 0.388 

Primary outcome      

UHA 300 2.5 (2.2-2.8) 1336 0.8 (0.7-0.8) <0.001 

1. CC – culture cohort; MC – main cohort 

2. χ2 tests for categorical variables and Wilcoxon rank-sum tests for continuous variables 

3. cUTI – complicated UTI 
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Read Codes Recorded 

A Read code was recorded within +/- 7 days of the episode in 11922 (99.7 %) 

of episodes. As each episode could have more than one Read code associated 

with it, there were a total of 40106 Read codes recorded. The most commonly 

recorded Read code was “Urine culture”, recorded on 12606 occasions (31.4%, 

95% CI 31.0-31.9), followed by “Urine microscopy: yeasts”, recorded on 11398 

occasions (28.4%, 95% CI 28.0-28.9). Read codes recorded on more than 20 

occasions are shown in Table 4.4. 

Table 4.4. Table of Read codes associated with episodes 

Read code N recorded 
Proportion of Read codes 
recorded, % (95% CI) Description  

Total 40106 100  

46U..00 12606 31.4 (31-31.9) Urine culture 

46H5.00 11398 28.4 (28-28.9) Urine microscopy: yeasts 

1J4..00 6230 15.5 (15.2-15.9) Suspected UTI 

K190.00 3153 7.9 (7.6-8.1) Urinary tract infection, site 

not specified 

46X0.00 1225 3.1 (2.9-3.2) Urine nitrite positive 

1A55.00 849 2.1 (2-2.3) Dysuria 

K1903.00 836 2.1 (1.9-2.2) Recurrent urinary tract 

infection 

46X10.00 688 1.7 (1.6-1.8) Urine nitrite 

4697 486 1.2 (1.1-1.3) Urine blood test = +++ 

4696 420 1 (1-1.2) Urine blood test = ++ 

4695 376 0.9 (0.8-1) Urine blood test = + 

K197 142 0.4 (0.3-0.4) Haematuria 

1AC2 137 0.3 (0.3-0.4) Polyuria 

4693000 129 0.3 (0.3-0.4) Urine: trace non-haemol. 

blood 

K15..00 113 0.3 (0.2-0.3) Cystitis 

1A12000 105 0.3 (0.2-0.3) Frequency of micturition 

46X2.00 103 0.3 (0.2-0.3) Urine dipstick for nitrite 

1A1.300 101 0.3 (0.2-0.3) Nocturia 

1A10000 99 0.2 (0.2-0.3) Micturition frequency 
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Read code N recorded 
Proportion of Read codes 
recorded, % (95% CI) Description  

1A45.00 87 0.2 (0.2-0.3) Blood in urine - 

haematuria 

46U3.00 77 0.2 (0.2-0.2) Urine culture - E. Coli 

K190.11 74 0.2 (0.1-0.2) Recurrent urinary tract 

infection 

4694 63 0.2 (0.1-0.2) Urine: trace haemolysed 

blood 

4698 59 0.1 (0.1-0.2) Urine dipstick for blood 

K150.00 43 0.1 (0.1-0.1) Acute cystitis 

1A00000 41 0.1 (0.1-0.1) Genitourinary symptoms 

K197300 39 0.1 (0.1-0.1) Frank haematuria 

4617000 33 0.1 (0.1-0.1) MSU = abnormal 

K190500 33 0.1 (0.1-0.1) Urinary tract infection 

K197200 29 0.1 (0-0.1) Microscopic haematuria 

R081000 29 0.1 (0-0.1) [D]Dysuria 

K190z00 28 0.1 (0-0.1) Urinary tract infection, site 

not specified NOS 

1AZ.00 28 0.1 (0-0.1) Genitourinary symptoms 

NOS 

K101000 26 0.1 (0-0.1) Acute pyelonephritis 

1A44.00 26 0.1 (0-0.1) Urine looks cloudy 

4627 23 0.1 (0-0.1) Urine: cloudy 

 

Antibiotics Prescribed Within +/- 3 Days of a UTI Episode 

On matching the list of treatment antibiotics (antibiotics with activity against 

common uropathogens, as per page 147) to the culture cohort, a total of 14755 

antibiotic prescriptions were recorded within +/- 3 days of the episode during the 

study period, Table 4.5. Of these, the most commonly prescribed antibiotic or 

antibiotic was trimethoprim with 4951 courses (33.6%, 95% CI 32.8-34.3), 

followed by nitrofurantoin with 3502 courses (23.7%, 95% CI 23.1-24.4), 

cefalexin with 2552 courses (17.3%, 95% CI 16.7-17.9), amoxicillin with 2319 

courses (15.7%, 95% CI 15.1-16.3), co-amoxiclav with 1034 courses (7.0%, 

95% CI 6.6-7.4), ciprofloxacin with 370 courses (2.5%, 95% CI 2.3-2.8). 

Antibiotics which had fewer than 10 treatment courses prescribed within +/- 3 
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days of a UTI episode were: septrin, fosfomycin, cefuroxime, cefadroxil, 

pivmecillinam, and cefradine. 

Table 4.5. Table of antibiotics prescribed within +/- 3 days of UTI episode 

Treatment antibiotic Number of courses 
Proportion of total 
courses,% (95% CI) 

Total prescriptions 14755 100 

Trimethoprim  4951 33.6 (32.8-34.3) 

Nitrofurantoin  3502 23.7 (23.1-24.4) 

Cefalexin  2552 17.3 (16.7-17.9) 

Amoxicillin  2319 15.7 (15.1-16.3) 

Co-amoxiclav  1034 7 (6.6-7.4) 

Ciprofloxacin  370 2.5 (2.3-2.8) 

Septrin  9 0.1 (0-0.1) 

Fosfomycin 8 0.1 (0-0.1) 

Cefuroxime  5 <0.1 

Cefadroxil  2 <0.1 

Pivmecillinam  2 <0.1 

Cefradine  1 <0.1 

 

I calculated the number of episodes treated with each antibiotic or antibiotic class 

as a proportion of all treated episodes over time, and found that the proportion of 

episodes treated with cephalosporins decreased consistently during the study 

period, and the proportion of episodes treated with nitrofurantoin increased, 

Figure 4.3. The proportion of other antibiotic and antibiotic classes prescribed for 

UTI episodes remained relatively stable during the study period. 
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Figure 4.3. Antibiotics prescribed over time 

Antibiotics Prescribed to the Cohort in the 6 Months Preceding a UTI 
Episode 

A total of 24431 antibiotic prescriptions were recorded in the 6 months prior to 

the episodes in the cohort, Table 4.6. Penicillins were the most commonly 

prescribed antibiotic class, with 6542 prescriptions (26.8%, 95% CI 26.2-27.3), 

followed by trimethoprim with 5882 prescriptions (24.1%, 95% CI 23.5-24.6), 

nitrofurantoin with 4931 prescriptions (20.2%, 95% CI 19.7-20.7), 

cephalosporins with 3955 prescriptions (16.2%, 95% CI 15.7-16.7), macrolides 

with 1254 prescriptions (5.1%, 95% CI 4.9-5.4) and quinolones with 784 

prescriptions (3.2%, 95% CI 3.0-3.4). 

Table 4.6. Antibiotics prescribed to cohort in the 6 months preceding episodes 

Antibiotic name/group Number of prescriptions 
Proportion of prescriptions, % 
(95% CI) 

Total 24431 100 

Penicillins  6542 26.8 (26.2-27.3) 

Trimethoprim  5882 24.1 (23.5-24.6) 

Nitrofurantoin  4931 20.2 (19.7-20.7) 

Cephalosporins  3955 16.2 (15.7-16.7) 

Macrolides  1254 5.1 (4.9-5.4) 

Quinolones  784 3.2 (3-3.4) 

Tetracyclines  501 2.1 (1.9-2.2) 
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Antibiotic name/group Number of prescriptions 
Proportion of prescriptions, % 
(95% CI) 

Imidazoles  286 1.2 (1-1.3) 

Tuberculosis treatment  178 0.7 (0.6-0.8) 

Sulphonamides  101 0.4 (0.3-0.5) 

Fosfomycin  14 0.1 (0-0.1) 

Aminoglycosides  3 0 (0-0) 

 

Organisms and Resistance Phenotypes 

A total of 12016 organisms were isolated in the episodes included in the study, 

shown to species level in Table 4.7. Of these, the majority (8600, 71.6%, 95% 

CI 70.8-72.4) were Escherichia coli (E. coli), followed by 1810 unspecified 

coliforms (15.1%, 95% CI 14.4-15.7), 607 Enterococcus spp (5.1%, 95% CI 4.7-

5.5), 474 Proteus spp (3.9%, 95% CI 3.6-4.3), 160 Staphylococcus 

saprophyticus (1.3%, 95% CI 1.1-1.16), 97 Pseudomonas spp (0.8%, 95% CI 

0.7-1.0), 81 Group B streptococcus (0.7%, 95% CI 0.5-0.8) and 64 Klebsiella 

spp (0.5%, 0.4-0.7). 

Table 4.7. Organisms/species isolated on urine culture 

Organism/species Isolates, N Proportion of total isolates, % (95% CI) 

Total  12016 100 

Escherichia coli 8600 71.6 (70.8-72.4) 

Organism of the coliform group 1810 15.1 (14.4-15.7) 

Enterococcus spp 607 5.1 (4.7-5.5) 

Proteus spp 474 3.9 (3.6-4.3) 

Staphylococcus saprophyticus 160 1.3 (1.1-1.6) 

Pseudomonas spp 97 0.8 (0.7-1) 

Group B Streptococcus 81 0.7 (0.5-0.8) 

Klebsiella spp 64 0.5 (0.4-0.7) 

Enterobacter spp 49 0.4 (0.3-0.5) 

Acinetobacter spp 34 0.3 (0.2-0.4) 

Morganella morganii 16 0.1 (0.1-0.2) 

Serratia spp 16 0.1 (0.1-0.2) 

Citrobacter spp 8 0.1 (0-0.1) 
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I calculated the proportion of isolates resistant to key antibiotics for E. coli, 

unspecified coliforms, Proteus spp and Klebsiella spp. For E. coli, the proportion 

of resistant isolates over the study period was 56.7% for amoxicillin (95% CI 

55.7-57.8), 40.1% for trimethoprim (95% CI 39.1-41.2), 16.7% for ciprofloxacin 

(95% CI 15.9-17.5), 7.0% for ESBL positivity (95% CI 6.5-7.6), 6.0% for co-

amoxiclav (95% CI 5.5-6.5), 4.3% for gentamicin (95% CI 3.9-4.8), 3.1% for 

nitrofurantoin (95% CI 2.8-3.5) and 0.1% for carbapenems (95% CI 0.0-0.1), 

Figure 4.4. I also calculated the proportion of E. coli isolates resistant to each of 

these antibiotics over time, and found that this remained relatively stable over 

the study period, Figure 4.5. 

 

Figure 4.4. Proportion of E. coli isolates resistant to key antibiotics 
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Figure 4.5. Proportion of E. coli isolates resistant to key antibiotics over time 

For unspecified coliforms, the proportion of resistant isolates was 83.0% for 

amoxicillin (95% CI 81.2-84.7), 20.7% for nitrofurantoin (95% CI 18.8-22.6), 

17.8% for trimethoprim (95% CI 16.1-19.6), 8.9% for co-amoxiclav (95% CI 7.6-

10.3), 2.7% for ciprofloxacin (95% CI 2.0-3.6), 0.6% for gentamicin (95% CI 0.3-

1.1), 0.2% for ESBL (95% CI 0.1-0.5) and 0.0% for carbapenems (95% CI 0.0-

0.3), Figure 4.6. For Proteus spp, the proportion of resistant isolates was 39.9% 

for trimethoprim (95% CI 35.5-44.5), 30.6% for amoxicillin (95% CI 26.5-35.0), 

7.4% for co-amoxiclav (95% CI 5.3-10.2), 7.8% for ciprofloxacin (95% CI 5.6-

10.7), 4.0% for gentamicin (95% CI 2.5-6.3), 0.4% for carbapenems (95% CI 

0.1-1.7) and 0.0% for ESBL (95% CI 0.0-1.0), Figure 4.7. For Klebsiella spp, the 

proportion of resistant isolates was 75.0% for trimethoprim (95% CI 62.3-84.6), 

53.1% for ESBL positivity (95% CI 40.3-65.5), 50.0% for ciprofloxacin (95% CI 

38.1-61.9), 39.1% for nitrofurantoin (95% CI 27.4-52.1), 34.4% for co-amoxiclav 

(95% CI 23.2-47.4), 20.3% for gentamicin (95% CI 11.7-32.6) and 1.6% for 

carbapenems (95% CI 0.1-9.5), Figure 4.8. 
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Figure 4.6. Proportion of unspecified coliform isolates resistant to key antibiotics 

 

Figure 4.7. Proportion of Proteus spp isolates resistant to key antibiotics 
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Figure 4.8. Proportion of Klebsiella spp isolates resistant to key antibiotics 

ICD-10 Codes Identified 

A total of 1231 primary ICD-10 codes and 1132 secondary ICD-10 codes in 

position 2 were recorded in the 30 days following an episode of community-

onset UTI during the study period, Table 4.8. Of codes considered urinary 

infection-related, the most frequently recorded primary ICD-10 code was 

“Urinary tract infection, site not specified”, recorded in 212 admissions (17.2% 

of all primary ICD-10 codes, 95% CI 15.2-19.5), followed by “Tubulo-interstitial 

nephritis, not specified” in 39 admissions (3.2%, 95% CI 2.3-4.3), “Acute tubulo-

interstitial nephritis” in 33 admissions (2.7%, 95% CI 1.9-3.8) and “Cystitis, 

unspecified” in 7 admissions (0.6%, 95% CI 0.2-1.2), Table 4.8. The most 

commonly recorded urinary or infection-related secondary ICD-10 code was 

“Escherichia coli [E. coli] as the cause for diseases classified to other chapters”, 

in 118 admissions (10.4% of all secondary ICD-10 codes, 95% CI 8.7-12.4), 

followed by “Urinary tract infection, site not specified” in 64 admissions (5.7%, 

95% CI 4.4-7.2).  
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Table 4.8. ICD-10 codes for UHA 

ICD-10 code Description Primary, N Primary,% (95% CI) Secondary, N Secondary, % (95% CI) 

Total   1231 100 1132 100 

N390 Urinary tract infection, site not specified 212 17.2 (15.2-19.5) 64 5.7 (4.4-7.2) 

N12 Tubulo-interstitial nephritis, not specified as 
acute or chronic 

39 3.2 (2.3-4.3) 0  

N10 Acute tubulo-interstitial nephritis 33 2.7 (1.9-3.8) 5 0.4 (0.2-1.1) 

N309 Cystitis, unspecified 7 0.6 (0.2-1.2) 0  

N308 Other cystitis 7 0.6 (0.2-1.2) 3 0.3 (0.1-0.8) 

A419 Sepsis, unspecified 5 0.4 (0.1-1) 2 0.2 (0-0.7) 

N136 Pyonephrosis 5 0.4 (0.1-1) 5 0.4 (0.2-1.1) 

A415 Sepsis due to other Gram-negative organisms 5 0.4 (0.1-1) 2 0.2 (0-0.7) 

N119 Chronic tubulo-interstitial nephritis, unspecified 3 0.2 (0.1-0.8) 0  

N151 Renal and perinephric abscess 3 0.2 (0.1-0.8) 3 0.3 (0.1-0.8) 

A418 Other specified sepsis 2 0.2 (0-0.7) 0  

N288 Other specified disorders of kidney and ureter 1 0.1 (0-0.5) 1 0.1 (0-0.6) 

B962 Escherichia coli [E. coli] as the cause for 
diseases classified to other chapters 

0  118 10.4 (8.7-12.4) 

N410 Acute prostatitis 0  1 0.1 (0-0.6) 

B965 Pseudomonas (aeruginosa) as the cause for 
diseases classified to other chapters 

0  6 0.5 (0.2-1.2) 
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ICD-10 code Description Primary, N Primary,% (95% CI) Secondary, N Secondary, % (95% CI) 

B964 Proteus (mirabilis) (morganii) as the cause for 
diseases classified to other chapters 

0  7 0.6 (0.3-1.3) 

B961 Klebsiella pneumoniae [K. pneumoniae] as the 
cause for diseases classified to other chapters 

0  4 0.4 (0.1-1) 

R572 Septic shock 0  2 0.2 (0-0.7) 
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4.4.4 Concordant vs Discordant Treatment 

10277/11963 episodes (85.9%, 95% CI 85.3-86.5) had concordant treatment 

and 1686 had discordant treatment (14.1%, 95% CI 13.5-14.7), Table 4.9. 

Table 4.9. Number and proportion of episodes by treatment type 

Treatment Episodes, N Episodes, % (95% Ci) 

Concordant  10277 85.9 (85.3-86.5) 

Discordant  1686 14.1 (13.5-14.7) 

 

Comparing concordant to discordant treatment, there was no difference in the 

proportions of men and women, Table 4.10. The proportion of patients receiving 

discordant treatment was higher in the following groups: age 75+ years, IMD 

quintile 4, Asian ethnicity, CKD, the presence of a urinary catheter (p 0.054), 

recurrent UTI, ≥3 antibiotic courses in the last 6 months, urinary incontinence (p 

0.054), heart failure, hypertension, DM and episodes in spring. Factors 

associated with concordant treatment were age ≤54 years, White ethnicity and 

no previous antibiotics in the preceding 6 months. 
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Table 4.10. Concordant versus discordant episodes 

Characteristic Concordant, N Concordant,% (95% CI) Discordant, N Discordant, % (95% CI) p value1 

Total episodes 10277  1686   

Male 1363 13.3 (12.6-13.9) 244 14.5 (12.8-16.3) 0.19 

Female 8914 86.7 (86.1-87.4) 1442 85.5 (83.7-87.2) 0.19 

Age (categorical)      

16-34 2518 24.5 (23.7-25.3) 331 19.6 (17.8-21.6) <0.001 

35-54 2865 27.9 (27-28.8) 409 24.3 (22.2-26.4) 0.002 

55-74 2871 27.9 (27.1-28.8) 497 29.5 (27.3-31.7) 0.202 

75 2023 19.7 (18.9-20.5) 449 26.6 (24.5-28.8) <0.001 

IMD quintile      

1 (least deprived) 53 0.5 (0.4-0.7) 7 0.4 (0.2-0.9) 0.722 

2 256 2.5 (2.2-2.8) 39 2.3 (1.7-3.2) 0.725 

3 510 5 (4.6-5.4) 82 4.9 (3.9-6) 0.91 

4 3477 33.8 (32.9-34.8) 623 37 (34.7-39.3) 0.013 

5 (most deprived) 5981 58.2 (57.2-59.2) 935 55.5 (53-57.8) 0.037 

Ethnicity      

White 5102 49.6 (48.7-50.6) 694 41.2 (38.8-43.6) <0.001 

Black 770 7.5 (7-8) 132 7.8 (6.6-9.2) 0.663 

Asian 3954 38.5 (37.5-39.4) 788 46.7 (44.3-49.2) <0.001 
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Characteristic Concordant, N Concordant,% (95% CI) Discordant, N Discordant, % (95% CI) p value1 

Mixed & other 249 2.4 (2.1-2.7) 47 2.8 (2.1-3.7) 0.418 

Unknown 202 2 (1.7-2.3) 25 1.5 (1-2.2) 0.211 

Risk factors for cUTI      

Structural abnormalities 1165 11.3 (10.7-12) 195 11.6 (10.1-13.2) 0.815 

CKD 1293 12.6 (11.9-13.2) 316 18.7 (16.9-20.7) <0.001 

Urinary catheter 389 3.8 (3.4-4.2) 81 4.8 (3.9-6) 0.054 

Antibiotics last 6m      

None 4512 43.9 (42.9-44.9) 663 39.3 (37-41.7) <0.001 

1-2 3775 36.7 (35.8-37.7) 593 35.2 (32.9-37.5) 0.228 

≥3 1990 19.4 (18.6-20.1) 430 25.5 (23.5-27.7) <0.001 

Other risk factors      

Recurrent UTI 1745 17 (16.3-17.7) 327 19.4 (17.5-21.4) 0.017 

UI 1873 18.2 (17.5-19) 341 20.2 (18.3-22.2) 0.054 

FI 313 3 (2.7-3.4) 61 3.6 (2.8-4.7) 0.239 

Obesity 271 2.6 (2.3-3) 53 3.1 (2.4-4.1) 0.268 

Heart failure 300 2.9 (2.6-3.3) 94 5.6 (4.6-6.8) <0.001 

Hypertension 3620 35.2 (34.3-36.2) 718 42.6 (40.2-45) <0.001 

Cancer 735 7.2 (6.7-7.7) 142 8.4 (7.2-9.9) 0.071 

DM 2313 22.5 (21.7-23.3) 487 28.9 (26.7-31.1) <0.001 
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Characteristic Concordant, N Concordant,% (95% CI) Discordant, N Discordant, % (95% CI) p value1 

Season      

Spring 2277 22.2 (21.4-23) 414 24.6 (22.5-26.7) 0.031 

Summer 2599 25.3 (24.5-26.1) 421 25 (22.9-27.1) 0.803 

Autumn 2721 26.5 (25.6-27.3) 436 25.9 (23.8-28) 0.615 

Winter 2680 26.1 (25.2-26.9) 415 24.6 (22.6-26.8) 0.214 

Outcomes      

UHA 212 2.1 (1.8-2.4) 88 5.2 (4.2-6.4) <0.001 

Reconsultation 3961 38.5 (37.6-39.5) 1472 87.3 (85.6-88.8) <0.001 

1. Χ2 Test of Proportions between Concordant and Discordant Episodes 
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I calculated the number of discordant treatment episodes per month over time, 

and found that this increased overall during the study period, Figure 4.9. On 

calculating the proportion of discordant treatment episodes by month over time, I 

found that this varied from a minimum of 6.0% per month (95% CI 2.9-11.4) to a 

maximum of 20.8% (95% CI 14.9-28.1), but did not see an increasing trend 

during the study period, Figure 4.10. On calculating the proportion of discordant 

treatment episodes by age group and sex, I found that the highest proportion of 

discordant episodes was seen in age group 75+ years for both men and women, 

followed by 35-54 years for men and 55-74 years for women, Figure 4.11. 

 

Figure 4.9. Number of discordant episodes over time 

 

Figure 4.10. Proportion of episodes that were discordant over time 
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Figure 4.11. Discordant episodes by age (absolute numbers on bars) 

Outcomes by Treatment Type 
UHA occurred in 212/10277 concordant episodes (2.1%, 95% CI 1.8-2.4) and 

88/1686 discordant episodes (5.2%, 95% CI 4.2-6.4), Table 4.11. 

Reconsultation occurred in 3961/10277 concordant episodes (38.5%, 95% CI 

37.6-39.5) and 1472/1686 discordant episodes (87.3%, 95% CI 85.6-88.8).
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Table 4.11. Outcomes by concordant or discordant treatment 

Outcome Concordant, N Concordant, % (95% CI) Discordant, N Discordant, % (95% CI) p value1 

Total episodes 10277  1686   

UHA 212 2.1 (1.8-2.4) 88 5.2 (4.2-6.4) <0.001 

Reconsultation 3961 38.5 (37.6-39.5) 1472 87.3 (85.6-88.8) <0.001 

1. Chi-squared test of proportion between concordant and discordant episodes 
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4.4.5 Risk of UHA in the 30 Days Following an Episode of Culture-
Confirmed Community-Onset UTI in Primary Care 

UHA occurred in 300/11963 episodes (2.5%, 95% CI 2.2-2.8). On calculating 

the proportion of episodes per month that resulted in UHA, this ranged from a 

minimum of 0.5% (95% CI 0.0-3.3) to a maximum of 5.0% (95% CI 2.4-10.0), 

with no clear evidence of an increasing or decreasing trend, Figure 4.12. 

 

Figure 4.12. Episodes resulting in UHA over time 

On investigating for an interaction between age category and sex on the effect 

of discordant treatment and odds of UHA, the Wald p values for the interaction 

terms were not significant and the QICu value was lower for the models without 

an interaction term, so no interaction term was included in the multivariable 

model, Table 4.12. 
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Table 4.12. Table of GEEs of odds of UHA adjusting for an interaction between 
age and sex 

Model OR (95% CI) QICu 

Age in years, continuous1 1.02 (1.01-1.03)  

Age, categorical   

16-34 1  

35-54 1.63 (1.1-2.41)  

55-74 1.62 (1.1-2.38)  

75+ 3.21 (2.23-4.62)  

Male sex 1  

Female sex 0.44 (0.34-0.58)  

Concordant treatment 1  

Discordant treatment 2.61 (2.02-3.37)  

Discordant treatment + Age (categorical) + Sex  2710.98 

Discordant treatment + Age (categorical)*Sex  2715.68 

Discordant treatment + Age (continuous) + Sex  2708.18 

Discordant treatment + Age (continuous)*Sex  2710.20 

1. Odds ratio approximates the odds ratio for a one unit increase in age 

2. *Indicates an interaction term between the two variables 

Univariable Analysis 

Compared to concordant antibiotic treatment, discordant treatment was 

associated with increased odds of UHA (OR 2.61, 95% CI 2.02-3.37, p <0.001), 

Table 4.13. 

Female sex was associated with a reduced odds of UHA as compared to male 

(OR 0.44, 95% CI 0.34-0.58, p <0.001). Expressed as a continuous variable, 

each 1 year increase in age was associated with an increased odds of UHA 

(OR 1.01, 95% CI 1.01-1.03, p <0.001). Expressed as a categorical variable, as 

compared to the 16-34 years age group, all older age groups had an increased 

odds of UHA. The odds ratios were 1.63 (95% CI 1.1-2.41, p 0.015) for 35-54 

years, 1.62 (95% CI 1.1-2.38, p 0.015) for 55-74 years and 3.21 (95% CI 2.23-

4.62, p <0.001) for 75+ years. There was no association between UHA and IMD 

quintiles 2-5 as compared to IMD quintile 1 (least deprived). As compared to 

individuals of White ethnicity, there was no association between UHA and other 

ethnic groups. 
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Comorbidities associated with complicated UTI were all associated with 

increased odds of UHA, with odds ratios of 1.45 (95% CI 1.06-1.99, p 0.022) for 

structural abnormalities, 2.51 (95% CI 1.92-3.28, p <0.001) for CKD and 1.96 

(95% CI 1.25-3.09, p 0.004) for the presence of a urinary catheter in the last 6 

months. Recurrent UTI was associated with increased odds of UHA as 

compared to no history of recurrent UTI (OR 1.4, 95% CI 1.05-1.86, p 0.022). 

Previous antibiotic treatment in the previous 6 months was also associated with 

increased odds of UHA as compared to no previous antibiotic treatment only for 

≥3 courses, with an odds ratio of 1.52 (95% CI 1.14-2.03, p 0.004). 

Urinary incontinence, obesity and cancer were not associated with UHA, but the 

following comorbidities were all associated with increased odds of UHA as 

compared to the absence of the comorbidity: faecal incontinence (OR 1.7, 95% 

CI 0.96-3.01, p 0.068), heart failure (OR 2.85, 95% CI 1.84-4.4, p <0.001), 

hypertension (OR 2.02, 95% CI 1.6-2.56, p <0.001) and DM (OR 2.29, 95% CI 

1.8-2.92, p <0.001). As compared to episodes in spring, there was no 

association between episodes in other seasons and UHA.
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Table 4.13. Univariable analysis of the odds of UHA 

Characteristic UHA, N UHA, % (95% CI) OR p value 

Antibiotic treatment     

Concordant treatment 212 2.1 (1.8-2.4) 1  

Discordant treatment 88 5.2 (4.2-6.4) 2.61 (2.02-3.37) <0.001 

Male 75 4.7 (3.7-5.8) 1  

Female 225 2.2 (1.9-2.5) 0.44 (0.34-0.58) <0.001 

Age (continuous)1   1.02 (1.01-1.03) <0.001 

Age (categorical)     

16-34 41 1.4 (1-2) 1  

35-54 75 2.3 (1.8-2.9) 1.63 (1.1-2.41) 0.015 

55-74 76 2.3 (1.8-2.8) 1.62 (1.1-2.38) 0.015 

75 108 4.4 (3.6-5.3) 3.21 (2.23-4.62) <0.001 

IMD quintile     

1 (least deprived) 2 3.3 (0.6-12.5) 1  

2 6 2 (0.8-4.6) 0.6 (0.11-3.11) 0.541 

3 15 2.5 (1.5-4.2) 0.71 (0.15-3.25) 0.658 

4 102 2.5 (2-3) 0.7 (0.16-2.97) 0.624 

5 (most deprived) 175 2.5 (2.2-2.9) 0.7 (0.16-2.96) 0.625 

Ethnicity     

White 142 2.4 (2.1-2.9) 1  
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Characteristic UHA, N UHA, % (95% CI) OR p value 

Black 17 1.9 (1.1-3.1) 0.77 (0.47-1.29) 0.327 

Asian 127 2.7 (2.2-3.2) 1.08 (0.84-1.39) 0.538 

Mixed & other 5 1.7 (0.6-4.1) 0.69 (0.28-1.69) 0.414 

Unknown 9 4 (1.9-7.6) 1.62 (0.83-3.19) 0.158 

Risk factors for complicated UTI     

No structural abnormalities 254 2.4 (2.1-2.7) 1  

Structural abnormalities 46 3.4 (2.5-4.5) 1.45 (1.06-1.99) 0.022 

No CKD 219 2.1 (1.9-2.4) 1  

CKD 81 5 (4-6.2) 2.51 (1.92-3.28) <0.001 

No urinary catheter 278 2.4 (2.1-2.7) 1  

Urinary catheter 22 4.7 (3-7.1) 1.96 (1.25-3.09) 0.004 

Antibiotics last 6m     

0 courses 114 2.2 (1.8-2.7) 1  

1-2 courses 104 2.4 (2-2.9) 1.08 (0.83-1.42) 0.559 

≥3 courses 82 3.4 (2.7-4.2) 1.52 (1.14-2.03) 0.004 

Other risk factors     

No recurrent UTI 232 2.3 (2.1-2.7) 1  

Recurrent UTI 68 3.3 (2.6-4.2) 1.4 (1.05-1.86) 0.022 

No UI 234 2.4 (2.1-2.7) 1  

UI 66 3 (2.3-3.8) 1.23 (0.91-1.65) 0.173 
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Characteristic UHA, N UHA, % (95% CI) OR p value 

No FI 285 2.5 (2.2-2.8) 1  

FI 15 4 (2.3-6.7) 1.7 (0.96-3.01) 0.068 

No obesity 293 2.5 (2.2-2.8) 1  

Obesity 7 2.2 (0.9-4.6) 0.85 (0.4-1.78) 0.664 

No heart failure 275 2.4 (2.1-2.7) 1  

Heart failure 25 6.3 (4.2-9.3) 2.85 (1.84-4.4) <0.001 

No hypertension 142 1.9 (1.6-2.2) 1  

Hypertension 158 3.6 (3.1-4.3) 2.02 (1.6-2.56) <0.001 

No cancer 278 2.5 (2.2-2.8) 1  

Cancer 22 2.5 (1.6-3.8) 1.04 (0.66-1.64) 0.864 

No DM 178 1.9 (1.7-2.3) 1  

DM 122 4.4 (3.6-5.2) 2.29 (1.8-2.92) <0.001 

Season     

Spring 68 2.5 (2-3.2) 1  

Summer 80 2.6 (2.1-3.3) 1.04 (0.75-1.46) 0.805 

Autumn 86 2.7 (2.2-3.4) 1.08 (0.78-1.49) 0.634 

Winter 66 2.1 (1.7-2.7) 0.84 (0.59-1.18) 0.312 

1. Odds ratio approximates the odds ratio for a one unit increase in age 
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Multivariable Analysis 

Discordant antibiotic treatment was associated with increased odds of UHA as 

compared to concordant treatment (adj OR 2.31, 95% CI 1.77-3.0, p <0.001) on 

multivariable analysis adjusted for age, sex, and all comorbidities associated 

with the outcome on univariable analysis, Table 4.14. This suggests that 

discordant antibiotic treatment for COLUTI contributes to subsequent urinary 

infection-related hospital admission. 

The odds ratios for the other risk factors included in the model should be 

interpreted as direct controlled effects. Female sex was associated with 

reduced odds of UHA as compared to male, (adj OR 0.58, 95% CI 0.43-0.78, p 

<0.001). As compared to age group 16-34 years, there was no association 

between UHA and other age groups on multivariable analysis. Of comorbidities 

associated with complicated UTI, only CKD was associated with increased odds 

of UHA (adj OR 1.51, 95% CI 1.07-2.13, p 0.018). Previous antibiotic treatment 

as compared to none, and a history of recurrent UTI as compared to no history 

were not associated with UHA on multivariable analysis. Of other comorbidities 

examined, only DM was associated with increased odds of UHA (adj OR 1.68, 

95% CI 1.26-2.23, p <0.001). Multivariable analysis of the odds of UHA is 

shown in Figure 4.13. 

I carried out a sensitivity analysis with age included as a continuous variable in 

the multivariable analysis, and this did not change the results, Table A4 

(appendix). 
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Table 4.14. Multivariable analysis of the odds of UHA 

Characteristic Adj OR (95% CI) p value 

Antibiotic treatment1   

Concordant  1  

Discordant 2.31 (1.77-3) <0.001 

Male  1  

Female2 0.58 (0.43-0.78) <0.001 

Age (categorical)2   

16-34 1  

35-54 1.3 (0.87-1.94) 0.208 

55-74 0.86 (0.54-1.36) 0.514 

75 1.31 (0.8-2.12) 0.282 

Risk factors for complicated UTI2   

Absence of risk factor 1  

Structural abnormalities 1.09 (0.77-1.54) 0.63 

CKD 1.51 (1.07-2.13) 0.018 

Urinary catheter 1.21 (0.73-2.01) 0.455 

Antibiotics last 6m2   

0 courses 1  

1-2 0.98 (0.75-1.29) 0.885 

≥3 1.06 (0.77-1.46) 0.732 

Other risk factors2   

Absence of risk factor 1  

Recurrent UTI 1.16 (0.84-1.61) 0.364 

FI 1.13 (0.62-2.07) 0.694 

Heart failure 1.41 (0.86-2.3) 0.175 

Hypertension 1.23 (0.89-1.69) 0.213 

DM 1.68 (1.26-2.23) <0.001 

1. Total effect 

2. Controlled direct effect 
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Figure 4.13. Forest plot of risk factors for UHA on multivariable analysis 

4.4.6 Risk of Reconsultation in the 30 Days Following an Episode of 
Community-Onset UTI in Primary Care 

Reconsultation occurred in 5433/11963 episodes (45.4%, 95% CI 44.5-46.3). 

The majority (4098, 75.4%, 95% CI 74.2-76.6) of these reconsultations involved 

an antibiotic prescription. A large proportion (40.5%, 95% CI 39.0-42.1) of these 

antibiotic prescriptions were prescribed between 4-7 days after the episode 

start, Figure 4.14. 

 

Figure 4.14. Timing of reconsultation antibiotic prescriptions 
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Univariable Analysis of Odds of Reconsultation 

Compared to concordant antibiotic treatment, discordant treatment was 

associated with increased odds of reconsultation, with an odds ratio of 10.2 

(95% CI 8.88-11.71, p <0.001), Table 4.15. Women had reduced odds of 

reconsultation as compared to men, with an odds ratio of 0.67 (95% CI 0.6-

0.75, p <0.001). Expressed as a continuous variable, each 1 year increase in 

age was associated with increased odds of reconsultation (OR 1.01, 95% CI 

1.01-1.01, p <0.001). Expressed as a categorical variable, all older age groups 

had increased odds of reconsultation as compared to age 16-34 years, with 

odds ratios of 1.22 (95% CI 1.1-1.36, p <0.001) for 35-54 years, 1.72 (95% CI 

1.55-1.92, p <0 001) for 55-74 years and 1.77 (95% CI 1.57-1.99, p <0.001) for 

75+ years. As compared to individuals in quintile 1 (least deprived), being in 

other IMD quintiles was associated with reduced odds of reconsultation. 

Adjusted odds ratios were 0.55 (95% CI 0.28-1.06, p 0.073) for quintile 2, 0.45 

(95% CI 0.24-0.84, p 0.012) for quintile 3, 0.52 (95% CI 0.28-0.96, p 0.037) for 

quintile 4 and 0.54 (95% CI 0.29-0.99, p 0.047). Compared to individuals of 

White ethnicity, individuals of Black ethnicity (OR 0.82, 95% CI 0.71-0.95, p 

0.009) and unknown ethnicity (OR 0.69, 95% CI 0.53-0.91, p 0.01) had reduced 

odds of reconsultation, but there was no association with the other ethnic 

groups. 

Risk factors for complicated UTI were all associated with increased odds of 

reconsultation, with odds ratios of 1.72 (95% CI 1.52-1.94, p <0.001) for 

structural abnormalities, 1.43 (95% CI 1.28-1.6, p <0.001) for CKD and 1.83 

(95% CI 1.49-2.25, p <0.001) for a urinary catheter in the past 6 months. 

Previous antibiotic use was associated with increased odds of reconsultation, 

with odds ratios of {|CL4|}1.23 (95% CI 1.14-1.34, p <0.001) for 1-2 courses and 

2.47 (95% CI 2.22-2.74, p <0.001) for ≥3 courses. There was no evidence of an 

association between reconsultation and obesity, but there was increased odds 

of reconsultation with all of the other examined risk factors as compared to the 

absence of the risk factor: OR 1.92 (95% CI 1.74-2.12, p <0.001) for recurrent 

UTI, 1.38 (95% CI 1.25-1.53, p <0.001) for urinary incontinence, 1.66 (95% CI 

1.32-2.1, p <0.001) for faecal incontinence, 1.52 (95% CI 1.23-1.87, p <0.001) 

for heart failure, 1.47 (95% CI 1.36-1.59, p <0.001) for hypertension, 1.33 (95% 



 

192 

CI 1.15-1.55, p <0.001) for cancer and 1.32 (95% CI 1.2-1.45, p <0.001) for 

DM. As compared to episodes in spring, there was no evidence of an 

association between reconsultation and episodes in other seasons of the year. 



 

 

193 

Table 4.15. Univariable analysis of odds of reconsultation 

Characteristic Recons, N Recons, % (95% CI) OR p value 

Antibiotic treatment      

Concordant 3961 38.5 (37.6-39.5) 1  

Discordant  1472 87.3 (85.6-88.8) 10.2 (8.88-11.71) <0.001 

Male 860 53.5 (51-56) 1  

Female 4573 44.2 (43.2-45.1) 0.67 (0.6-0.75) <0.001 

Age (continuous)1   1.01 (1-1.01) <0.001 

Age (categorical)     

16-34 1049 36.8 (35.1-38.6) 1  

35-54 1380 42.2 (40.5-43.9) 1.22 (1.1-1.36) <0.001 

55-74 1716 51 (49.2-52.7) 1.72 (1.55-1.92) <0.001 

75+ 1288 52.1 (50.1-54.1) 1.77 (1.57-1.99) <0.001 

IMD quintile     

1 (least deprived) 35 58.3 (44.9-70.7) 1  

2 140 47.5 (41.7-53.3) 0.55 (0.28-1.06) 0.073 

3 239 40.4 (36.4-44.5) 0.45 (0.24-0.84) 0.012 

4 1857 45.3 (43.8-46.8) 0.52 (0.28-0.96) 0.037 

5 (most deprived) 3162 45.7 (44.5-46.9) 0.54 (0.29-0.99) 0.047 

Ethnicity     

White 2682 46.3 (45-47.6) 1  
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Characteristic Recons, N Recons, % (95% CI) OR p value 

Black 364 40.4 (37.1-43.6) 0.82 (0.71-0.95) 0.009 

Asian 2181 46 (44.6-47.4) 1 (0.92-1.09) 0.971 

Mixed & other 123 41.6 (35.9-47.4) 0.88 (0.69-1.13) 0.315 

Unknown 83 36.6 (30.4-43.2) 0.69 (0.53-0.91) 0.01 

Risk factors for complicated UTI     

No structural abnormalities 4648 43.8 (42.9-44.8) 1  

Structural abnormalities 785 57.7 (55-60.4) 1.72 (1.52-1.94) <0.001 

No CKD 4570 44.1 (43.2-45.1) 1  

CKD 863 53.6 (51.2-56.1) 1.43 (1.28-1.6) <0.001 

No urinary catheter 5142 44.7 (43.8-45.7) 1  

Urinary catheter 291 61.9 (57.3-66.3) 1.83 (1.49-2.25) <0.001 

Antibiotics last 6m     

0 courses 1993 38.5 (37.2-39.9) 1  

1-2 courses 1903 43.6 (42.1-45.1) 1.23 (1.14-1.34) <0.001 

≥3 courses 1537 63.5 (61.6-65.4) 2.47 (2.22-2.74) <0.001 

Other risk factors     

No recurrent UTI 4164 42.1 (41.1-43.1) 1  

Recurrent UTI 1269 61.2 (59.1-63.3) 1.92 (1.74-2.12) <0.001 

No UI 4266 43.8 (42.8-44.8) 1  

UI 1167 52.7 (50.6-54.8) 1.38 (1.25-1.53) <0.001 
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Characteristic Recons, N Recons, % (95% CI) OR p value 

No FI 5211 45 (44.1-45.9) 1  

FI 222 59.4 (54.2-64.3) 1.66 (1.32-2.1) <0.001 

No obesity 5277 45.3 (44.4-46.2) 1  

Obesity 156 48.1 (42.6-53.7) 1.15 (0.92-1.44) 0.229 

No heart failure 5211 45 (44.1-46) 1  

Heart failure 222 56.3 (51.3-61.3) 1.52 (1.23-1.87) <0.001 

No hypertension 3184 41.8 (40.6-42.9) 1  

Hypertension 2249 51.8 (50.3-53.3) 1.47 (1.36-1.59) <0.001 

No cancer 4984 45 (44-45.9) 1  

Cancer 449 51.2 (47.8-54.5) 1.33 (1.15-1.55) <0.001 

No DM 3995 43.6 (42.6-44.6) 1  

DM 1438 51.4 (49.5-53.2) 1.32 (1.2-1.45) <0.001 

Season     

Spring 1235 45.9 (44-47.8) 1  

Summer 1408 44.6 (42.9-46.4) 0.93 (0.84-1.03) 0.178 

Autumn 1401 46.4 (44.6-48.2) 1 (0.91-1.11) 0.945 

Winter 1389 44.9 (43.1-46.7) 0.95 (0.85-1.05) 0.291 

1. Odds ratio approximates the odds ratio for a one unit increase in age  
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Multivariable Analysis 

Discordant treatment was associated with increased odds of reconsultation on 

multivariable analysis adjusted for age, sex and all variables associated with the 

outcome on univariable analysis (adj OR 11.25, 95% CI 9.66-13.11, p <0.001), 

Table 4.16. This suggests that discordant antibiotic treatment contributes to 

repeat consultations in primary care. 

The odds ratios for the other risk factors included in the model should be 

interpreted as direct controlled effects. Women had reduced odds of 

reconsultation as compared to men on multivariable analysis (adj OR 0.76, 95% 

CI 0.67-0.86,p <0.001). As compared to age group 16-34 years, individuals 

aged 55-74 had increased odds of reconsultation (adj OR 1.3, 95% CI 1.13-

1.49, p <0.001), and there was evidence of increased odds of reconsultation for 

those in age group 75+ years (adj OR 1.17, 95% CI 0.99-1.38, p 0.067). As 

compared to individuals of White ethnicity, individuals of Black ethnicity had 

reduced odds of reconsultation (adj OR 0.85, 95% CI 0.72-1, 0.045) but there 

was no association with other ethnic groups. Individuals in IMD quintiles 3-5 all 

had reduced odds of reconsultation as compared to those in IMD quintile 1 

(least deprived), with adjusted odds ratios of 0.4 (95% CI 0.19-0.82, p 0.012) for 

quintile 3, 0.42 (95% CI 0.21-0.85, p 0.016) for quintile 4 and 0.45 (95% CI 

0.22-0.91, p 0.026) for quintile 5 (most deprived). There was also some 

evidence of reduced odds of reconsultation for individuals in quintile 2 (adj OR 

0.49, 95% CI 0.23-1.04, p 0.063). 

Of risk factors for complicated UTI, only the presence of structural abnormalities 

was associated with reconsultation as compared to no structural abnormalities 

(adj OR 1.38, 95% CI 1.21-1.58, p <0.001). Antibiotics in preceding 6 months 

were associated with increased odds of reconsultation as compared to no 

antibiotics, with adjusted odds ratios of 1.14 (95% CI 1.04-1.24, p 0.005) for 1-2 

courses and 1.94 (95% CI 1.72-2.19, p <0.001) for ≥3 courses. Of other risk 

factors examined, recurrent UTI (adj OR 1.49, 95% CI 1.32-1.68, p <0.001) and 

hypertension (adj OR 1.13, 95% CI 1.01-1.26, p 0.038) were associated with 

increased odds of reconsultation as compared to no history of these risk factors. 

There was also evidence of increased odds of reconsultation with urinary 
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incontinence (adj OR 1.11, 95% CI 0.99-1.25, p 0.07). Multivariable analysis of 

the odds of reconsultation is shown in Figure 4.15. 

Table 4.16. Multivariable analysis of odds of reconsultation 

Characteristic Adj OR (95% CI) p value 

Antibiotic treatment1   

Concordant 1  

Discordant 11.25 (9.66-13.11) <0.001 

Male 1  

Female2 0.76 (0.67-0.86) <0.001 

Age (categorical)2   

16-34 1  

35-54 1.08 (0.96-1.21) 0.205 

55-74 1.3 (1.13-1.49) <0.001 

75 1.17 (0.99-1.38) 0.067 

IMD quintile2   

1 (least deprived) 1  

2 0.49 (0.23-1.04) 0.063 

3 0.4 (0.19-0.82) 0.012 

4 0.42 (0.21-0.85) 0.016 

5 (most deprived) 0.45 (0.22-0.91) 0.026 

Ethnicity2   

White 1  

Black 0.85 (0.72-1) 0.045 

Asian 1.03 (0.94-1.13) 0.558 

Mixed & other 0.98 (0.75-1.27) 0.853 

Unknown 0.82 (0.61-1.10) 0.189 

Risk factors for cUTI2   

Absence of risk factor 1  

Structural abnormalities 1.38 (1.21-1.58) <0.001 

CKD 1 (0.87-1.15) 0.955 

Urinary catheter 1.14 (0.9-1.44) 0.282 

Antibiotics last 6m2   

0 courses 1  

1-2 courses 1.14 (1.04-1.24) 0.005 

≥3 courses 1.94 (1.72-2.19) <0.001 
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Characteristic Adj OR (95% CI) p value 

Other risk factors2   

Absence of risk factor 1  

Recurrent UTI 1.49 (1.32-1.68) <0.001 

UI 1.11 (0.99-1.25) 0.07 

FI 1.1 (0.85-1.41) 0.482 

Heart failure 1.0 (0.85-1.41) 0.99 

Hypertension 1.13 (1.01-1.26) 0.038 

Cancer 0.98 (0.83-1.16) 0.813 

DM 0.95 (0.85-1.07) 0.382 

1. Total effect 

2. Direct controlled effect 

 

Figure 4.15. Forest plot of risk factors associated with reconsultation 

4.5 Discussion 

In this study of 11963 culture-confirmed community-onset UTI episodes in 8325 

patients using linked routinely collected data, discordant antibiotic treatment as 

compared to concordant treatment was rare, but was found to be associated 

with increased odds of both UHA and reconsultation, Table 4.17. Women had 

reduced odds of UHA as compared to men, and CKD and DM were both 

associated with increased odds of UHA as compared to the absence of these 

conditions. Women, individuals of Black ethnicity (as compared to White) and 

those in IMD quintiles 3-5 (as compared to 1) had reduced odds of 
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reconsultation. Conditions associated with increased odds of reconsultation (as 

compared to the absence of the condition) were structural abnormalities, 

recurrent UTI, previous antibiotic treatment in the last 6 months and 

hypertension. 

Table 4.17. Variables associated with each outcome on multivariable analysis 

Variable UHA Reconsultation 

Discordant treatment 
versus concordant1 

Increased odds Increased odds 

Female versus male2  
 

Reduced odds  Reduced odds 

Age group (as compared 
to 16-34)2 

No association Increased odds in 55+ 

IMD quintile versus 1 
(least deprived)2 

No association on 
univariable analysis 

Reduced odds in quintiles 3-
5 

Ethnic group versus 
White2 

No association on 
univariable analysis 

Reduced odds in Black 
individuals 

Structural abnormalities2 
 

No association Increased odds  

CKD2 
 

Increased odds No association 

Urinary catheter2 

 
No association No association  

Recurrent UTI2 
 

No association Increased odds 

Previous antibiotic treatment 
last 6 months2 

No association Increased odds 

Urinary incontinence2 No association on 
univariable analysis 

No association 

Faecal incontinence2 
 

No association No association  

Obesity2 No association on 
univariable analysis 

No association 

Heart failure2 
 

No association No association  

Hypertension2 

 
No association Increased odds 

DM2 
 

Increased odds  No association 
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Variable UHA Reconsultation 

Cancer2 No association on 
univariable analysis 

No association 

Season2 No association on 
univariable analysis 

No association on 
univariable analysis 

1. Total effect 

2. Direct controlled effect 
 

Strengths and limitations 

This large dataset of routinely collected linked primary care, secondary care and 

microbiology data, with individual patient level data on demographic variables, 

comorbidities, prescriptions and antibiotic resistance phenotype on urine culture 

allowed me to investigate the question of the effect of discordant antibiotic 

treatment on adverse outcomes in patients treated for culture-confirmed 

COLUTI in a way that has previously not been done. 

Limitations to the study include those described in chapter 3, which are 

common to studies using routinely collected data, where the data is collected in 

short consultations with a focus on clinical care and does not include a full 

clinical history. Bias may have been introduced for a number of reasons. I 

included treated episodes with urine cultures positive for organisms considered 

urinary pathogens, on the assumption that a urine culture would only be sent if 

the patient presented with symptoms of a UTI. However, it is possible that a 

proportion of the samples represent asymptomatic bacteriuria, and/or that the 

patient was prescribed an antibiotic for a different indication. I attempted to 

mitigate this by investigating the Read codes associated with the episodes, but 

the majority of these simply recorded that a urine culture had been sent, 

highlighting the challenges of using data recorded for the purposes of clinical 

care and not research.  

My cohort did not include data on inpatient prescriptions, or data on 

attendances or prescriptions from urgent care centres (UCC) or A&E (which did 

not result in admission). It is therefore possible that a proportion of patients 

attended one of these settings, and that I have underestimated the proportion of 

episodes with the outcome of reconsultation. If they received an antibiotic to 
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which the culture was resistant in primary care, but subsequently one to which 

the culture was sensitive  at an UCC or A&E, I may have misclassified the 

episode as discordant.  

Whilst I adjusted for a number of confounding variables, there is likely to be 

residual confounding. As I did not adjust for previous hospital contact apart from 

hospital admission, some patients may not have been strictly community-onset. 

I recorded previous antibiotic exposure as treatment courses rather than 

individual prescriptions, and also did not separate these by class or spectrum of 

bacteria covered, which may be of relevance in terms of subsequent ABR 

infections and therefore risk of discordant treatment. I did not have data on 

severity of symptoms, as this is not well recorded in electronic health records. 

I attempted to capture CAUTI through a combination of Read codes for CAUTI 

and prescriptions for devices and accessories to urinary catheters in the 6 

months preceding the episode, but it is likely that I was not able to capture all 

CAUTI. Whilst I had phenotypic resistance data on urine cultures, I did not have 

data on the source of the urine culture, and a positive urine culture in a 

catheterised patient in the absence of symptoms is likely to represent 

colonisation rather than infection. I did not have data on other indwelling 

devices such as vascular catheters, which may be used for haemodialysis in 

patients with CKD, and which may predispose patients to infection-related 

hospital admission. I did not have data on pregnancy, a known risk factor for 

upper UTI, and was not able to include this as a variable in my analysis. It is 

likely therefore, that a number of samples represent those sent during routine 

antenatal care. However, since asymptomatic bacteriuria in pregnancy is 

treated as UTI, these results should apply also to this population.  

My cohort included only culture confirmed cases. Because primary care 

guidelines suggest only sending urine cultures in cases of complicated UTI, 

treatment failure or where antibiotic resistance is suspected, my cohort is likely 

not to be representative of the overall primary care population with community-

onset UTI, and the results are therefore not generalisable. Additionally, my 

cohort had a higher proportion of antibiotic resistant isolates on urine culture as 

compared to national surveillance data on community urine samples for adults 
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in 2017. For E. coli, the proportion of isolates resistant to trimethoprim was 

40.1% (compared to 34% from surveillance data), the proportion resistant to 

nitrofurantoin was 3.1% (compared to 2.7%) and the proportion resistant to 

ciprofloxacin was 16.7% (compared to 12%)(139).  

Comparison with other studies 

Whilst the majority of patients received concordant antibiotic treatment, 

discordant treatment was associated with increased odds of UHA, suggesting 

that discordant treatment may be a significant factor in adverse outcomes 

following community-onset lower UTI (COLUTI). In the absence of 

microbiological data, previous studies using routinely collected data in COLUTI 

have used re-prescription of antibiotics as a proxy for treatment failure 

(136,137,140–142). These studies, however, did not examine hospitalisation as 

a result of treatment failure, an important factor in prescribing decisions. A 

prospective cohort study of 497 women presenting to primary care with 

uncomplicated COLUTI treated with trimethoprim found that those with 

trimethoprim-resistant isolates had longer median time to symptom resolution (7 

versus 4 days), more frequent reconsultation  (36% versus 4% in the first week) 

and were more likely to have significant bacteriuria at 1 month (42% versus 

20%)(143). This study however had a small sample size of relatively young 

women (median age 39, IQR 24-53) and did not examine hospitalisation or 

resistance to any other antibiotics. I have not found any other studies 

specifically looking at outcomes following discordant antibiotic treatment for 

COLUTI. 

A significant proportion (45.4% overall) of the patients in this study had a 

reconsultation in the 30 days following their episode, with the majority (75.4%) 

of reconsultations resulting in an additional antibiotic prescription. Discordant 

treatment was associated with increased odds of reconsultation, suggesting 

that it has consequences not only for hospitalisation, but also contributes to  

inconvenience to patients, increased use of primary care resources and 

increased antibiotic exposure. However, 38.5% of concordant episodes also 

resulted in a reconsultation, indicating that treatment failure due to ABR may be 

only one of many reasons for patients to have a repeat consultation.  
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Women accounted for the majority of episodes, but had reduced odds of UHA 

as compared to men. This is in keeping with national surveillance on E. coli 

bacteraemia,  which has consistently shown that rates are greater among men 

than women, particularly in older age groups. National surveillance, however, 

has shown an exception to this trend in the age group 15-44 years, where the 

rate is higher for women than men (22.1 versus 6.9 per 100,000 

population)(118). In contrast to my findings in chapter 3, older age was not 

associated with increased odds of UHA on multivariable analysis adjusting for 

discordant treatment and comorbidity. As described in chapter 3, large scale 

studies have found that the risk of sepsis increases with increasing age, but 

these studies have not included microbiological data and have therefore not 

been able to adjust for discordant treatment(103). I found that patients aged 

<55 were more likely to receive concordant treatment, but that patients aged 

75+ were more likely  to receive discordant treatment. The proportion of 

discordant treatment episodes was also highest in the 75+ age group for both 

men and women.  

Of comorbidities associated with complicated UTI only CKD was associated 

with increased odds of UHA. This is in keeping with the findings of a 

retrospective cohort study using linked health record data from 795,484 patients 

aged ≥65 years from 393 general practices in England between 2010-2016. 

Compared to an estimated glomerular filtration rate (eGFR) of >60 

ml/minute/1.73m2, patients with an eGFR of <15 ml/minute/1.73m2 had a 

greater odds of hospitalisation for UTI (adj OR 1.68, 95% CI 1.01-2.82, p 

<0.001) and sepsis(144). Of the other comorbidities examined, only DM, for 

which prevalence was high in this cohort, was associated with increased odds 

of UHA, supporting my findings in chapter 3 and other studies that have found 

diabetic patients to be at risk of infection-related adverse outcomes following 

UTI(106–108,130–132).  

In keeping with other studies on urinary isolates and national surveillance data, 

E. coli  accounted for the large majority of organisms cultured (71.6%, 95% CI 

70.8-72.4). Resistance to trimethoprim in E. coli was high, at 40.1% as 

compared to 3.1% for nitrofurantoin. UK guidance has moved away from 

trimethoprim as treatment for UTI due to increasing rates of resistance, and 
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since 2014 nitrofurantoin has been recommended as 1st line unless a different 

agent is recommended due to local resistance patterns(25). This change was 

reflected in the prescribing patterns, with the proportion of episodes treated with 

nitrofurantoin increasing steadily throughout the study period. As my study only 

includes data up until 2017, more recent trends related to greater use of 

nitrofurantoin may have been missed. The proportion of cephalosporins 

prescribed also steadily decreased throughout the study period, in keeping with 

a focus on the reduction of broad spectrum antibiotic use and the NHS 

Outcomes Framework indicator of the number of co-amoxiclav, cephalosporins 

and quinolones as a percentage of the total number of selected antibiotics 

prescribed in primary care(23). Reassuringly, this change in prescribing 

patterns did not result in an increased proportion of discordant treatment 

episodes during the study period. The proportion of ESBL positive isolates 

remained stable over time, however, suggesting that antibiotic prescriptions in 

settings other than primary care as well as other routes of acquiring resistance 

(e.g. travel or household transmission) may also contribute to the development 

of ESBL. 

Women had reduced odds of reconsultation as compared to men, and patients 

aged >55 years has increased odds of reconsultation as compared to those 

aged 16-34 years. These findings are supported by a cohort study of 494675 

UTIs in 300354 patients using routinely collected data from the ResearchOne 

database in England, which examined re-prescription of antibiotics 4-28 days 

following a diagnosis of lower UTI (identified using diagnostic codes). They 

found reduced odds of antibiotic re-prescription in women compared to men (adj 

OR 0.77, 95% CI 0.73-0.80) and increased odds of antibiotic re-prescription in 

patients aged ≥80 years as compared to those <10 years (adj OR 2.62, 95% CI 

2.34-2.94) on multivariable analysis adjusted for gender, age, ethnicity, 

calendar year, prior antibiotic use, comorbidities and initial antibiotic 

prescribed(140).  

Similar to my study findings, this study also found that patients of Black ethnicity 

had reduced odds of antibiotic re-prescription as compared to White individuals 

(adj OR 0.61, 95% CI 0.45-0.83). The reasons for this finding is not clear, but it 

may be more related to consulting behaviour or barriers to accessing care than 
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an increased risk of treatment failure in White individuals. The authors did not 

examine recurrent UTI, but did also find increased odds of antibiotic re-

prescription with previous antibiotic use as compared to none in the past year 

(adj OR 1.37, 95% CI 1.29-1.46 for a prescription recorded between 3-6 months 

prior to episode). Overall, this study found a significantly lower proportion of 

antibiotic re-prescriptions than those seen in my study, likely related to the fact 

that my study included only treated culture-confirmed UTI rather than all 

consultations for UTI, as well as the unique nature of my study population (see 

chapter 2). 

The delay between sample collection and antibiotic susceptibility testing (AST) 

results following bacterial culture is a barrier to targeted antibiotic therapy for 

UTI. Rapid diagnostic testing to date has focused on detection of bacteriuria. 

Urine dipstick tests, which rely on the detection of leucocytes (indicating 

inflammation) and nitrite (produced by nitrate-reducing bacteria) have been 

available for many years, but have a poor positive predictive value and are not 

recommended for use in patients >65 years(120,145). Newer technologies such 

as lateral flow immunoassay tests and point of care tests which utilise 

enzymatic activity associated with bacterial metabolism may be more accurate 

in detecting bacteriuria than dipstick tests(146,147). However, such tests 

similarly would likely not be recommended for use in older populations due to 

the prevalence of asymptomatic bacteriuria, and they do not provide information 

on AST results. Near-patient tests which report on AST are been developed, 

and it is possible that these could be of use in the subset of patients where 

treatment for UTI is felt to be clinically indicated and a urine culture is being sent 

because previous antibiotic treatment has failed or resistance is felt to be likely 

(148,149). This could potentially reduce discordant treatment in this patient 

population. Further studies should examine the cost-effectiveness of such an 

approach, which may be of particular benefit in older patients who are at higher 

risk of toxicity from broad-spectrum antibiotics, and in whom initial discordant 

treatment may lead to further antibiotic exposure in subsequent reconsultations.  

This study adds to the literature on patient outcomes following discordant 

treatment, which has been shown to be associated with adverse outcomes in 

hospital settings. To my knowledge, this is the first large scale study using 
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linked primary care, secondary care and microbiology data to investigate the 

relationship between discordant treatment for community-onset lower UTI and 

adverse outcomes such as hospitalisation and reconsultation. Reassuringly, the 

majority of patients received concordant treatment. Discordant treatment was 

however associated with increased risk of both UHA and reconsultation. This 

suggests that individual patient management could be improved with near 

patient rapid diagnostics, or risk stratification based on prior antibiotic exposure 

which may be of particular benefit in older patients(150).  

In this chapter I examined the effect of discordant antibiotic treatment of 

COLUTI on urinary infection-related hospital admission and reconsultation in 

primary care. In the next chapter I report on a systematic review aiming to 

identify the wider risk factors for community-onset Escherichia coli bacteraemia 

(bloodstream infection). 

Box 4.1 Key Points from Chapter 4 

● The majority of patients received concordant treatment 

● Discordant treatment was however associated with increased odds of both 

UHA and reconsultation 

● There was a sustained reduction in prescription of cephalosporins and an 

increase in prescriptions of nitrofurantoin over the study period, but no 

increase in the proportion of discordant episodes 

● Women accounted for most episodes, but did not have increased odds of 

UHA or reconsultation as compared to men on multivariable analysis 

● CKD and DM were both associated with increased odds of UHA on 

multivariable analysis 

● Older age was not associated with increased odds of UHA on multivariable 

analysis, but patients aged >55 had increased odds of reconsultation (with 

the majority of reconsultations resulting in a further antibiotic prescription) 
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5 Systematic Review of Risk Factors for  
Community-Onset Escherichia Coli Bacteraemia 

5.1 Abstract 

Objectives 

Rates of Escherichia coli bacteraemia (ECB) have been consistently increasing 

in the UK across both sexes and all age groups. This trend is worrying given the 

significant mortality associated with this infection. I carried out a systematic 

review of the literature on risk factors for community-onset ECB (COECB) in 

order to inform interventions in primary and secondary care to reduce its 

incidence. 

Methods 

In order to identify relevant papers, I developed a search strategy and carried 

this out in the electronic Medline, Embase, Web of Science/Scopus and 

Cochrane databases. I carried out screening of full-texts against a set of 

inclusion criteria and extracted data on a broad range of reported risk factors in 

accordance with PRISMA guidelines. 

Results 

4 studies were included in the review, and all used a case control design to assess 

risk factors. Risk factors reported on included age, sex, urinary tract infection, 

urinary catheterization, urinary incontinence, diabetes mellitus (DM), healthcare 

associated infection, malignancy, chronic kidney disease, congestive heart failure, 

and coronary heart disease without heart failure. A formal meta-analysis was not 

possible due to the small number of studies and their heterogeneity, and the 

results are presented as a narrative synthesis. Due to methodological limitations, 

different comparator groups and differing definitions, the evidence was limited. 

Conclusions 

My findings highlight the paucity of evidence around risk factors for COECB. 

There was moderate evidence of an association with increasing age and female 

sex and odds of COECB, low evidence for an association with DM and very low 

evidence for urinary tract infection, urinary catheterisation or incontinence and 
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healthcare associated infection. Future research should aim to address this 

question using high quality community data including microbiology data. 

5.2 Introduction and Study Rationale 

Escherichia coli (E. coli) is the commonest organism to be isolated in blood 

cultures in the UK and elsewhere in Europe(117,151,152). E. coli bacteraemia 

(ECB) has been consistently increasing across all age groups. Cases overall 

have increased by 28% from the first year of mandatory surveillance in 2013, 

when the rate was 60.4 per 100,000 population, to 77.5 in 2019(13). Data show 

that in the UK, rates of antibiotic resistance (ABR) in ECB are also increasing, 

due to both an increase in rates and an increase in resistant isolates (8,9,153). 

Surveillance data shows that E. coli accounts for 50% of all bloodstream 

infections (BSI), but 73% of antibiotic resistant BSI (153). This is a worrying 

phenomenon, as antibiotic resistance in E. coli and other Enterobacterales 

species makes invasive infections progressively more difficult to treat(154), and 

increases empirical prescribing of broad-spectrum antibiotics, which further 

select for drug-resistant strains. 

Rates of ECB are highest in young children and the elderly, and have been 

shown to vary with the seasons, in a way which has not been identified in other 

bloodstream infections, such as those with methicillin-resistant Staphylococcus 

aureus, which was the focus of major public health concern a few years 

ago(113,155). Whilst an infection in any part of the body has the potential to 

cause a bloodstream infection, the majority (approximately 50%) of ECB are 

from a urinary source (117,156). Other sources include an infection in the 

gastrointestinal or biliary tract, and less commonly respiratory tract infection. A 

small proportion of ECB also has an unidentified source (117). 

The risk factors for ECB are not well described. Data suggests that most ECB is 

of community-onset, with a number of studies estimating the proportion of ECB 

originating in the community to range from 68.3-76.1% (117,118,156–158). For 

this reason, it has been argued that there is limited scope for preventative 

strategies. Recent studies, however, show that up to 50% of community-onset 

ECB (COECB) is healthcare associated, with patients having had contact with 

hospital or outpatient services (117,158,159). This potentially increases the 
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scope for interventions that could reduce their incidence, for example by 

targeting antibiotic prescribing policies in both primary and secondary and 

primary care, and urinary catheter management protocols. To the best of my 

knowledge, no systematic reviews have investigated the risk factors for 

COECB, and there is an urgent need for evidence-based interventions that 

address the drivers associated with this infection. 

5.3 Aims and Objectives 

The aim of this review was therefore to provide a systematic synthesis of the 

available published evidence on the risk factors for developing COECB in 

patients of all ages in high income countries (as defined by the World Bank), in 

order to inform the design of interventions in both community and hospital 

settings to reduce COECB. 

5.4 Methods 

I wrote the study protocol in accordance with the recommendations by the 

Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols 

(PRISMA-P) 2015 (160). It was registered on the PROSPERO website 

(registration number CRD42018104402) and was published online on 

19/08/2018 (161). 

5.4.1 Eligibility criteria 

Study Designs 

Observational and experimental primary research studies were eligible for 

inclusion. The following study designs were considered: cohort, case-control 

and cross-sectional studies; randomised and non-randomised, controlled and 

non-controlled trials; reviews and meta-analyses (as a means of identifying the 

source studies). Only studies which included a comparator group who did not 

have COECB were included. Case reports, case series, opinion papers, letters 

to the editor, policy papers, conference proceedings, comments and study 

protocols without baseline data were excluded. 
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Participants 

I included participants of all ages who were admitted to hospital with COECB, 

defined as a blood culture positive for E. coli within 72 hours of admission to hospital. 

Exposures 

There were no restrictions on the types of exposures (risk factors) considered in the 

primary studies, and studies were considered provided they included quantitative 

data on the risk factors for COECB. Potential risk factors included clinical features, 

demographic characteristics, dehydration, presence of a urinary catheter, prior 

hospital contact, prior antibiotic usage and all reported co-morbidities. 

Comparators 

As I wanted to understand which interventions might prevent an E. coli infection 

developing into bacteraemia, the main comparator group was considered to be 

participants with community-onset E. coli infection that did not lead to 

bacteraemia. However, as I was aiming to include a broad range of studies, and 

the literature was limited, comparator groups also included participants with 

hospital-acquired ECB and participants with community-onset bacteraemia due 

to other organism(s). The changes to the original protocol are shown in Table 

5.1. 

Table 5.1. Differences between protocol and review 

Review section Protocol Review 

Comparators I aimed for the main 
comparator considered to be 
participants without 
bacteraemia. However, as 
we were aiming to include a 
broad range of studies, 
comparator groups also 
included participants with 
hospital-acquired ECB and 
participants with community-
acquired bacteraemia due to 
another organism(s). 

In order to be able to 
comment on risk factors I 
included only studies where 
the comparator group 
included participants without 
bacteraemia, and those with 
community-acquired 
bacteraemia due to another 
organism(s). 

Outcome measures I aimed for the outcome to 
be community-acquired 
ECB, as defined by a blood 
culture which was positive 
for E. coli within +/- 1 day of 
admission to hospital. 

On screening of articles, I 
found that the vast majority 
of studies defined 
community-acquired ECB by 
a blood culture positive for 
E. coli ≤48 hours from 
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Review section Protocol Review 
admission (with one study 
using a ≤72 hours cut-off). 
We therefore extended our 
definition to ≤72 hours. 

 

Outcome Measures 

The primary outcome was COECB, as defined by a blood culture which was 

positive for E. coli within 72 hours of admission to hospital. 

Follow-Up Period 

There was no restriction by duration of follow-up. 

Setting 

Only studies carried out in high income countries (as defined by the World 

Bank) were included. 

Language 

Only studies published in English were included. 

5.4.2 Information Sources 

The following databases were searched from the start of records to 24th 

September 2018: Medline (from 1966), Embase (from 1947), Web of 

Science/Scopus (from 2004) and the Cochrane database (from 1993). Each 

database was searched separately, and the search strategy first developed in 

Medline was adapted to each database interface as appropriate. Relevant 

studies from the reference lists of the eligible studies identified through the 

electronic searches were also included. 

5.4.3 Search Strategy 

The literature search used the following terms (with synonyms and closely 

related words): “Escherichia coli” AND “bacteraemia” AND “community-

acquired infections”. The searches were not limited by study design but were 

limited to those undertaken in high-income countries (as defined by the World 

Bank) and published in English. The search strategies are outlined in Tables 

5.2-4. 
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Table 5.2. Ovid (Medline and Embase) search strategy 

Search concept Search terms 

Escherichia coli 1. Escherichia coli/ 

2. E* adj coli.mp 

3. 1 or 2 

Bacteraemia 4. BACTEREMIA/ 

5. Bacter*mia.mp 

6. (bloodstream adj3 infection*).mp 

7. Blood-borne Pathogens/ 

8. Septic*mia.mp 

9. Blood* adj3 (pathogen* or infection* or 
bacteri* or microbe* or microbial*).mp 

10. Blood Culture/ 

11. (blood adj culture).mp 

12. 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 

Community-acquired infections 13. Community-Acquired Infections/ 

14. (community*acquired adj infection*).mp 

15. (community*acquired adj5 
healthcare*associated).mp 

16. Primary Health Care/ 

17. (primary adj (health*care or care).mp 

18. General Practice/ 

19. (general adj practice).mp 

20. Family Practice/ 

21. (family adj practice).mp 

22. 13 or 14 or 15 or 16 or 17 or 18 or 19 or 
20 or 21 

23. 3 and 12 and 22 
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Table 5.3. Web of Science search strategy 

Search concept Search terms Search field 

Escherichia coli “Escherichia coli” Topic 

“Escherichia coli” Title 

1 or 2  

Bacteraemia   

Bacter*mia Topic  

Bacter*mia Title 

“Blood$borne pathogen*” Topic 

“Blood$borne pathogen*” Title 

Septic*mia Topic 

Septic*mia Title 

“Blood culture” Topic 

“Blood culture” Title 

4 or 5 or 6 or 7 or 8 or 9 or 
10 or 11 

 

Community-acquired 
infections 

“Community-acquired 
infection$” 

Topic 

3 and 12 and 14  

 

Table 5.4. Cochrane Database search strategy 

Search concept Search terms 

Escherichia coli Escherichia coli 

Community-acquired infections Community acquired infection 

Bacteraemia Bacteraemia 

 1 and 2 and 3 

 

5.4.4 Study Selection 

Studies were screened for eligibility independently by two reviewers, Anna 

Aryee (AA) and Suvi Härmälä (SH). The search results were uploaded into the 

Mendeley reference management software, and duplicate records were 

removed. The study records were then uploaded into DistillerSR, a web-based 

systematic review management software. 
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5.4.5 Data Collection Process 

Data was extracted from the reports using specifically designed data extraction 

forms, which were piloted prior to use. Data was extracted independently and in 

duplicate by two reviewers (AA and SH). Study authors were contacted directly 

in cases needing clarification. 

5.4.6 Data Items 

Data was extracted for the following variables in each study: 

● Study characteristics (design, location, year of recruitment) 

● Study participants: inclusion and exclusion criteria, method of 

recruitment/selection, study population characteristics (age, gender, 

socioeconomic group, co-morbidities, residential/nursing home resident) 

● Identified exposures (risk factors) e.g. urinary catheter use, interventional 

procedures, dehydration, prior admissions to hospital, prior/recurrent UTI, 

pregnancy 

● Bacteraemia data: date of blood culture in relation to admission, source of 

bacteraemia if available (urinary, GI/biliary, respiratory, cardiovascular, 

unknown/unspecified) 

5.4.7 Risk of Bias in Individual Studies 

The Newcastle-Ottowa scale for assessment of quality of included studies was 

used to assess bias in individual studies. 

5.4.8 Summary Measures 

The principal summary measures were odds ratios for ECB. The use of meta-

analysis for synthesising results was considered dependent on the number of 

studies and study heterogeneity. 

5.4.9 Synthesis of Results 

I present the results as a narrative synthesis. I did not carry out a meta-analysis 

due to the small number of studies and their heterogeneity. 
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5.4.10 Risk of Bias across Studies 

I used the GRADE (Grading of Recommendation, Assessment, Development 

and Evaluation) framework was used to assess risk of bias across studies 

(162). 

5.4.11 Additional Analyses 

I did not carry out any additional analyses. 

5.5 Results 

5.5.1 Study Selection 

445 studies were identified through the database searches, of which 51 were 

excluded as duplicate records. 394 records underwent title and abstract 

screening and 174 were excluded as not relevant. 221 full-text articles were 

then assessed for eligibility, with 216 excluded for the following reasons: 

ineligible study type (25), not undertaken in a high income country (7), not 

reported in English (18), did not report on risk factors (7), did not report the 

eligible outcome (21), undertaken in specialist patient group (1, HIV-positive), 

no control group without COECB (138). 4 studies were included in the final 

analysis, as shown in Figure 5.1. 
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Figure 5.1. Study selection process for systematic review of risk factors for 

community-onset Escherichia coli bacteraemia. Adapted from 

Moher D et al, The PRISMA Group (2009). Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses: The PRISMA 

Statement. PLoS Medicine 67: e1000097. 

5.5.2 Study Characteristics 

Jackson et al. performed a retrospective cohort study with a nested case control 

study in 950 patients ≥65 years of age with COECB using administrative data 

from western Washington State, USA (106). 211 case patients were defined as 

Group Health Cooperative (GHC, a staff-model health maintenance 
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organisation with approximately 400,000 members) members ≥65 years of age 

who had an episode of COECB between 1 January 1998 and 31 December 

2001. Community onset was defined as ECB from a blood sample obtained £2 

days from admission. Case patients were categorised according to age group, 

sex and index year of the ECB episode. Controls were age-group and sex-

matched members of the GHC population who were enrolled within a year of 

the last day of the case patient’s ECB bacteraemia episode, and had at least 1 

outpatient episode or hospitalisation during that year. 3 control patients per 

case were then randomly sampled from the corresponding population of eligible 

control subjects (total of 769 patients). The primary risk factor analysis was 

restricted to cases of ECB classified as being due to a urinary or unknown 

source, and excluded those known to be due to a different source (181 cases). 

Kang et al. undertook a case-control study in South Korea to identify risk factors 

for community-onset Enterobacter bacteraemia in patients admitted to the 

emergency department. Data was extracted from a database of bacteraemia 

from a nationwide surveillance study on 53 case patients with community-onset 

Enterobacter bacteraemia and 882 control patients with COECB (109). 

Community-onset was defined as infections diagnosed within the first 72 hours 

of hospitalisation. 

Park et al. undertook a case-control study (with 2 controls per case) 

investigating risk factors for ESBL-producing ECB at a hospital in South Korea 

(108). Cases were defined as episodes of community-onset bacteraemia 

caused by ESBL-producing E. coli, with community onset defined as a positive 

blood culture obtained at the time of hospital admission or <48 hours after 

hospitalisation. They used 2 control groups: group 1 was patients with 

community-onset bacteraemia caused by non-ESBL-producing E. coli, and 

group 2 was patients with community-onset bacteraemia with organisms other 

than E. coli (COB), diagnosed during the same month as the corresponding 

case patient. They defined bacteraemia episodes as healthcare associated in 

the following situations: 1) The patient had received intravenous therapy, wound 

care or nursing care at home or in a day hospital in the 30 days prior to the 

episode, including urinary or digestive tract endoscopy or other invasive 
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procedures; 2) The patient attended a hospital or haemodialysis clinic in the 30 

days prior to the episode; 3) The patient was hospitalised for >2 days in an 

acute care hospital or the patient resided in a nursing home or long-term care 

facility in the year preceding the episode. In other situations, the episodes were 

considered to be strictly community associated. 

Thomsen et al. carried out a population based case-control study in North 

Jutland, Denmark, in order to examine DM as a risk factor for E. coli and other 

enterobacterial bacteraemia (107). Cases were aged >15 with a first admission 

for monomicrobial enterobacterial bacteraemia, and were identified from the 

North Jutland County Bacteraemia Registry. 10 control subjects who were 

matched by sex, year of birth and residence (Jutland County) for each case 

were selected from the population by electronic linkage with the Danish Central 

Population Registry. Community-onset was defined as the infection being 

“present or incubating at the time of admission” but no further detail was given. 

The authors were contacted for data on ECB specifically, but they were unable 

to provide this as the data was deleted ten years after the study was 

undertaken, as per Danish regulations. 

The main characteristics of the studies and study participants are shown in 

Table 5.5. 
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Table 5.5. Characteristics of included studies 
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Jackson 
et al. 

USA Retrospective 
cohort study with 
nested case-
control 

1998 – 2001 Microbiology 
database 

Cases: pts ≥65 
years of age with 
COECB from 
known urinary or 
unknown source 
Controls: pts ≥65 
years of age 
without COECB 

181 cases 
769 controls 

Age, sex, DM, CHF, 
CAD without CHF, 
COPD, asthma, 
cancer, 
immunosuppressive 
therapy, alcohol 
abuse, CKD, urinary 
tract obstruction, 
vascular catheter, 
urinary 
catheterisation or 
incontinence, 
oestrogen therapy 

What are the risk 
factors for COECB 
in patients aged 
≥65 years who 
have at least one 
hospital record? 
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Kang  
et al. 

South 
Korea 

Case-control 
(unmatched) 

2006 – 2007, 
2008 – 2009 

Emergency 
department 

Cases: pts with 
Enterobacter 
bacteraemia 
Controls: pts with 
COECB 

882 cases 
53 controls 

Age, sex, HCA 
infection, severe 
sepsis, cephalosporin 
resistance, 
malignancy, liver 
disease, 
cardiovascular 
disease, neurological 
disease, CKD, DM, 
neutropaenia, recent 
surgery, 
corticosteroid use, 
immunosuppressant 
use, urinary catheter, 
tube insertion 

What are the risk 
factors for COECB 
compared to 
Enterobacter 
bacteraemia in 
patients attending 
the emergency 
department in 
South Korea? 

Park  
et al. 

South 
Korea 

Case-control 2005 – 2010 Microbiology 
database 

Cases: pts with 
ESBL-producing 
COECB 
Controls: pts with 
community-onset 
bacteraemia with 
other organisms 

50 cases 
100 controls 

Age, sex, HCA 
bacteraemia, 
cerebrovascular 
event, DM, 
malignancy, 
transplant, COPD, 
CHF, liver cirrhosis, 
CKD, obstructive 

What are the risk 
factors for ESBL-
producing COECB 
compared to 
community-onset 
bacteraemia with 
other organisms 
(COB)? 
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urinary tract disease, 
obstructive biliary 
tract disease, 
vascular catheter, 
urinary catheter, 
recent antibiotics 

Thomsen 
et al. 

Denmark Case-control 1992 – 2001 Bacteraemia 
database and 
civil registry 

Cases: pts >15 
years of age with 
community-onset 
bacteraemia due 
to 
Enterobacteriacea
e (including E. 
coli) 
Controls: pts from 
civil registry 

1317 cases 
13170 
controls 

Age, sex, DM, 
Charlson 
Comorbidity Index 
score 

Are diabetic 
patients at 
increased risk of 
community onset 
bacteraemia, and 
is DM associated 
with a poorer 
prognosis? 

 

COECB – community-onset Escherichia coli bacteraemia; CAD – coronary artery disease; CHF – congestive heart failure; CKD – chronic 

kidney disease; COPD – chronic obstructive pulmonary disease; DM – diabetes mellitus; HCA – healthcare associated; HD – 

haemodialysis 
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5.5.3 Risk of Bias within Studies 

Bias was assessed using the Newcastle-Ottowa scale and is shown in table 5.6. 

The quality of evidence was generally high, with all studies scoring 8 (out of a 

maximum of 9). 

Table 5.6. Newcastle-Ottowa scale for assessment of quality of evidence 

Quality 
assessment 
criteria Acceptable(*) Jackson Kang Park Thomsen 

Selection 

Is the case 
definition 
adequate? 

Yes, with 
independent 
validation 

* * * * 

Representativene
ss of the cases? 

Consecutive or 
obviously 
representative 
series of cases 

 *  * 

Selection of 
controls 

Community 
controls 

* * * * 

Definition of 
controls? 

No community-
onset ECB 

* * *  

Comparability 

Study controls for 
age/sex 

Yes *  * * 

Study controls for 
at least 3 
additional factors 

HCAI, 
pneumonia, tube 
insertion, urinary 
tract infection, 
urinary catheter, 
urinary 
incontinence, 
cancer, renal 
failure, CHF, 
CAD, Diabetes, 
transplant, COPD, 
source, recent 
antibiotics, 
Charlson 
comorbidity score 

* * * * 
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Quality 
assessment 
criteria Acceptable(*) Jackson Kang Park Thomsen 

Exposure 

Ascertainment of 
exposure? 

Yes * * * * 

Same method of 
ascertainment of 
cases/controls? 

Yes * * * * 

Non-response 
rate? 

Same for both 
groups 

* * * * 

Overall Quality Score (Maximum = 
9) 

8 8 8 8 

 

5.5.4 Synthesis of results 

Due to the heterogeneity of the studies, a formal meta-analysis was not 

possible. A number of risk factors for COECB were reported on, and these are 

described in the narrative synthesis below. 

Age 
All 4 studies investigated the relationship between increasing age and risk of 

COECB. 3/4 studies found evidence of increased risk of COECB with increasing 

age. Jackson et al. found that the overall incidence of COECB increased with 

age. They only included patients aged ³65 years and did not report on the 

mean or median age of their cohort. In the cohort study where their case-control 

was nested, they found that the overall incidence of COECB increased with 

age, from 97 cases/100,000 person-years in patients aged 65-69 years of age 

to 452 cases/100,000 person-years in patients ≥85 years of age.  

Kang et al. found a higher mean age in patients with COECB as compared to 

those with community-onset Enterobacter bacteraemia (EB). They reported the 

age of patients with COECB as a mean of 64.1 (± standard deviation 16.7), as 

compared to a mean of 58.1 (± standard deviation 22.2) in patients with 

community-onset EB. They did not report on odds ratios for COECB as 

compared to EB in relation to age. Park et al. similarly found a higher median 

age in patients with COECB (70, range 32-86) as compared to patients with 

COB (66.5, range 22-95).  
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Thomsen et al. did not find evidence of increased risk of COECB with 

increasing age in patients with DM as compared to those without. They found 

that the relative risk of enterobacterial bacteraemia generally (not E. coli 

specifically) when stratified by age group, sex and comorbidity level was highest 

for adults aged 15-39 years and 40-64 years (adjusted OR 6.6, 95% CI 1.6-28.0 

and adjusted OR 5.8, 95% CI 3.7-9.0 respectively). This compares to an 

adjusted odds ratio of 2.5 (95% CI 1.9-3.3) for both age groups 65-79 years and 

≥80 years. Whilst these results are for enterobacterial bacteraemia generally, 

the causative bacteria was E. coli in 83% of diabetic subjects and 80% of non-

diabetic subjects, and so this likely mirrors the results for E. coli alone. 

Sex 

All 4 studies investigated the relationship between sex and risk of COECB. 4/4 

studies found that women were at increased risk of COECB as compared to 

men. Jackson et al. found a higher incidence ratio for women overall as 

compared to men. They reported that the proportion of men was 62/181 

(34.2%) for patients with COECB and 265/769 (34.5%) for patients without 

COECB. They calculated the incidence of COECB in women as compared to 

men by age group (65-69, 70-74, 75-79, 80-84 and ≥85 years of age) and found 

an incidence rate ratio of 1.96 (95% CI 1.13-1.69) in the 65-69 age group, and 

1.38 (95% CI 1.02-1.87) in women overall. 

Kang et al. found a higher proportion of women in their patients with COECB as 

compared to those with EB. They reported that the proportion of men was 

328/882 (37.2%) for COECB and 30/53 (56.6%) for EB, but they did not report 

on odds ratios for COECB as compared to EB in relation to sex. Park et al. 

found the proportion of men was 12/50 (24%) for COECB as compared to 

55/100 (55%) for COB. On multivariate analysis adjusted for recent use of 

antibiotics, DM, chronic kidney disease, obstructive urinary tract disease, 

malignancy and other indwelling devices, the odds ratio for COECB as 

compared to COB was 10.8 (95% CI 3.2-36.8) for women as compared to men. 

Thomsen et al. did not report on the proportion of men as compared to women. 

They found that relative risk of enterobacterial bacteraemia in patients with DM 
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as compared to those without DM when stratified by age group, sex and 

comorbidity level was higher for women than for men (adjusted OR 3.4, 95% CI 

2.7-4.2 and adjusted OR 2.3, 95% CI 1.8-3.1 respectively). 

Urinary tract infection 
All 4 studies investigated the relationship between urinary source and COECB. 

4/4 studies found urinary sources to be the most common of COECB. Jackson 

et al. found that for their 211 case patients, 150 (71%) had an identified urinary 

source (defined as isolation of E. coli from urine, or a clinical diagnosis of 

urosepsis, pyelonephritis or prostatitis). The authors restricted their risk factor 

analysis to cases who had COECB from a known urinary or unknown source 

(they made the assumption many bacteraemic infections classified as unknown 

following review of medical records are in fact urinary), and excluded those with 

a known other source (primarily biliary or pneumonia). For this reason, this 

study could only comment on risk factors for urinary source COECB. 

Kang et al. found that the urinary tract was the source of infection in 347/882 

patients (39.3%) with COECB, as compared to 7/53 patients (18.9%) with 

Enterobacter bacteraemia. On multivariate analysis adjusting for age, sex, 

healthcare associated infection, cephalosporin resistance, solid tumour, 

neutropaenia, immunosuppressant use, indwelling catheter, tube insertion (not 

defined) and source of infection they found that prior urinary tract infection was 

less likely to be the source of infection in Enterobacter bacteraemia than in 

COECB (OR 0.43, 95% CI 0.21-0.87). 

Park et al. found that the urinary tract was the source of COECB in 68% of the 

ESBL-producing group, and in 73% of the non ESBL-producing group of 

patients. They did not report on the proportion of urinary source bacteraemias 

among patients with COB (control group 2). They also found that the urinary 

tract was more frequently the source of infection for ESBL-producing COECB 

which were community associated as compared to those which were healthcare 

associated (18/21, 85.7% vs 16/29, 55.2%, respectively; OR 4.9, 95% CI 1.2-

2.0, p 0.022). 



 

226 

Thomsen et al. found a urinary tract focus of infection in 68% of diabetic and 

59% of non-diabetic patients with enterobacterial bacteraemia (83% of which 

were due to E. coli). They found that the relative risk of enterobacterial 

bacteraemia associated with DM was higher for patients who had bacteraemia 

with a urinary source (OR 3.4, 95% CI 2.7-4.2) than for patients with non-urinary 

source (OR 2.2, 95% CI 1.6-2.9). 

Urinary catheterisation and urinary incontinence 
3 studies investigated the association between urinary catheterisation or urinary 

incontinence and COECB. 1/3 studies found an increased risk of COECB with 

urinary catheterisation. Jackson et al. restricted their risk factor analysis to 

cases with urinary or unknown source COECB, and calculated the odds of 

COECB for men and women separately. Among male case patients, 62.9% 

were reported to have either an indwelling catheter, or urinary 

catheterisation/incontinence in the 2 months preceding the index date. Urinary 

catheterisation was uncommon in women (2.5% of cases), and an indwelling 

catheter at the index date was not present in any of the control subjects. 

In men, the authors carried out multivariate analysis of the odds of COECB, 

adjusted for urinary catheterization or incontinence (no other variables were 

selected for the final model). They found that an indwelling catheter at the index 

date was associated with an increased odds of COECB as compared to no 

urinary catheterization (adjusted OR 77.40, 95% CI 9.50-630.33, p <0.001). 

Urinary catheterization within 2 months preceding the index date was also 

associated with an increased odds of COECB as compared to no 

catheterization (adj OR 6.39, 95% CI 1.75-23.34, p 0.005). Urinary incontinence 

without known catheterisation within 2 months preceding the index date, as 

compared to no urinary incontinence, was associate with an increased odds of 

COECB in men (adjusted OR 6.78, 95% CI 2.43-18.97, p <0.001). 

In women, they carried out multivariate analysis adjusted for cancer, chronic 

renal failure, congestive heart failure (CHF), coronary artery disease without 

CHF, immunosuppressive therapy and oral oestrogen therapy found that urinary 

catheterisation within 2 months preceding the index date was not associated 

with an increased odds of COECB as compared to no catheterisation (OR 3.91, 
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95% CI 0.69-21.98) on multivariate analysis. The risk factor of an indwelling 

catheter at the index date was not examined in women as there were no female 

control patients who were catheterised. Urinary incontinence in women without 

known catheterisation within 2 months preceding the index date was associated 

with an increased odds of COECB as compared to no urinary incontinence (OR 

2.85, 95% CI 1.51-5.38). The authors noted that community-based surveys 

indicate that at least 30% of women ≥65 years of age suffer from incontinence, 

but that a minority seek medical care for the condition, and so their detected 

rate of incontinence in female control subjects (9%) was likely to be an 

underestimate. 

Kang et al. found that 9/53 (17%) of patients with Enterobacter bacteraemia had 

an indwelling urinary catheter, as compared to 76/882 (8.6%) of patients with 

COECB (p 0.040). Park et al. did not find a significant association on univariate 

analysis between recent urinary catheterisation (defined as within the preceding 

30 days) and the odds of COECB (ESBL-producing) as compared to COB 

(control group 2), OR 2.5, 95% CI 0.8-8.0. 

Diabetes Mellitus (DM) 
3 studies examined diabetes mellitus (DM) as a risk factor for COECB. 3/3 studies 

found DM to be a risk factor for COECB. Jackson et al. found in their cohort study 

that the incidence rate ratio of COECB associated with DM varied by age group. A 

statistically significant association between DM and higher risk of ECB was only 

found in women aged 65-69 (IRR 2.93, 95% CI 1.20-7.11), women overall (IRR 

1.38, 95% CI 1.02-1.87), and men 80-84 years of age (IRR 5.83, 95% CI 1.46-

23.30). Their risk factor analysis was restricted to those with urinary source 

COECB, and in women they found that DM was associated with an increased odds 

of COECB in an age-adjusted model (OR 2.42; 95% CI 1.40-4.17), but this variable 

was not selected for the final multivariate model. 

Park et al. found on multivariate analysis adjusted for recent antibiotic use, 

chronic kidney disease, female gender, obstructive urinary tract diseases, 

malignancy and indwelling devices that the odds of pre-existing diabetes were 

2-fold greater in individuals who developed ESBL-producing COECB compared 
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to individuals who developed COB (adjusted OR 2.4, 95% CI 0.9-5.8), although 

this was not statistically significant (p = 0.066). 

In their population-based study including healthy controls, Thomsen et al. 

reported a three-fold increased odds in COECB in diabetics versus non-

diabetics (adjusted OR 3.0, 95% CI 2.5-3.6), which was higher than that seen in 

Klebsiella species bacteraemia (OR 2.2, 95% CI 1.3-3.7). 

Healthcare Associated Infection 
3 studies commented on healthcare associated infection as a risk factor for 

COECB. 3/3 studies found that healthcare associated infection was associated 

with increased risk of COECB. Jackson et al. reported that the proportion of men 

with an indwelling venous or arterial device was 3/62 (0.05%) for patients with 

COECB and 2/265 (0.008%) for patients without. For women, the proportion with 

an indwelling device was 6/119 (0.05%) for patients with COECB and 0/504 (0%) 

for patients without. 

Kang et al. found on multivariate analysis that healthcare associated infection 

was more likely in Enterobacter bacteraemia than COECB (adj OR 1.51, 95% 

CI 1.11- 2.04). However, the definition of healthcare associated infection in this 

study was not specified. 

On multivariate analysis adjusted for DM, chronic kidney disease, female 

gender, obstructive urinary tract disease, malignancy and other devices Park et 

al. found an increased odds of COECB (ESBL-producing) as compared to COB 

with antibiotic use in the preceding 3 months (OR 3.9, 95% CI 1.3-11.5). 

Other Factors 
Several authors reported on a range of chronic diseases, which are 

summarised below. Among women, Jackson et al. carried out multivariate 

analysis of the odds of COECB from a urinary source, as compared to no 

COECB (in a population with at least one hospitalisation or outpatient 

attendance in the index year), adjusted for immunosuppressive therapy, oral 

oestrogen therapy, urinary catheterisation in the last 2 months and urinary 

incontinence. They found cancer (OR 14.63, 95% CI 4.73-45.24), chronic renal 

failure (OR 25.72, 95% CI 2.49-264.80), congestive heart failure (OR 8.81, 95% 
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CI 4.65-16.71) and coronary artery disease without congestive heart failure (OR 

2.32, 95% CI 1.16-4.62) were independently associated with an increased risk 

of COECB. Immunosuppressive therapy, defined from information recorded in 

the paper medical record within 1 year preceding the index date, was not 

associated with an increased risk of COECB (adjusted OR 5.63, 95% CI 0.71-

44.18) in the same analysis. 

Kang et al. found on multivariate analysis adjusted for bacteraemia source, tube 

insertion (not defined) and healthcare associated infection that pneumonia was 

more likely to be a source in Enterobacter bacteraemia than in COECB (OR 

5.36, 95% CI 2.08-13.84). On univariate analysis, Park et al. identified 

malignancy (OR 2.4, 95% CI 1.1-5.5) and chronic kidney disease (OR 4.04, 

95% CI 1.6-10.56) as risk factors for COECB as compared to COB. 

5.5.5 Risk of Bias across Studies 

Risk of bias was assessed using the GRADE framework (162). The certainty of 

the evidence for each outcome is shown in Tables A5-10 in the appendix. A 

summary of the findings is shown in Table 5.7. 

 

 

 

 

 

 

 



 

230 

Table 5.7. Summary of findings of systematic review of the risk factors for 
COECB 

Outcome  Effect 

Number of 
participants 
(studies) 

Certainty in  
the evidence 

Age Increasing age 
increases risk of 
COECB 

2035 (3) Moderate1 

Sex Female sex 
increases risk of 
COECB 

16522 (4) Moderate1 

Urinary tract infection 
(UTI) 

UTI increases risk of 
COECB 

16522 (4) Very low2 

Urinary 
catheterisation or 
incontinence 

Urinary 
catheterisation or 
incontinence 
increases risk of 
COECB 

2035 (3) Very low3 

DM Pre-existing DM 
increases risk of 
COECB 

15587 (3) Low4 

Healthcare 
associated infection 

Healthcare 
associated infection 
increases risk of 
COECB 

2035 (3) Very low5 

1. Upgraded from low due to large effect 
2. Downgraded from low due to serious methodological limitations and indirectness 
3. Downgraded from low due to serious methodological limitations and inconsistency 

4. Remains at low - large effect size but serious methodological limitations 

5. Downgraded from low due to serious methodological limitations and 

indirectness 

5.5.6 Additional Analyses 

As a meta-analysis was not possible, I did not carry out any additional analyses. 

5.6 Discussion 

5.6.1 Summary of Evidence 

I was only able to include 4 studies in the review, with marked heterogeneity 

around included participants, comparator groups and outcomes reported. As a 

result, I am not able to directly address my research question of identifying the 
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risk factors for COECB. There was moderate certainty evidence across the 

studies that the burden of disease appears to be in older age groups and in 

females, which concords with national surveillance data (118). There was 

consistent evidence across all 4 studies that urinary tract infection is the most 

common source of COECB, but indirectness in the evidence hampers the ability 

to draw firm conclusions about the relative risk of urinary tract infections as a 

risk factor for COECB as compared to other infection sources. There was 

evidence from 1 study that urinary catheterisation and urinary incontinence 

without catheterisation is a risk factor for COECB, but these findings were 

inconsistent with the findings of 2 other studies reporting on these variables, 

and as a result the certainty in the evidence is very low. There was low certainty 

evidence of increased risk of COECB in patients with DM as compared to those 

without. There was also very low certainty evidence of increased risk of COECB 

with healthcare associated infection, due to methodological limitations and 

indirectness in the 3 studies that reported on this. 

5.6.2 Strengths and Limitations 

This review has several strengths. It was carried out following established 

guidelines and a prospectively specified protocol, and is reported in accordance 

with the PRISMA guidelines (163). It employed a comprehensive search 

strategy across several databases. In order to reduce the risk of missing 

relevant studies and data and to increase the objectivity of the review, studies 

were screened, and data was extracted by two independent reviewers. I also 

did not place any restriction on the exposures considered in the primary studies, 

in order to maximise the chance of identifying risk factors. A number of risk 

factors for COECB were identified in this review, including urinary tract infection, 

urinary catheterisation, diabetes mellitus, healthcare associated infection and 

conditions such as malignancy and chronic kidney disease. 

The main limitations were the low number of published studies in this area and 

the fact that most were case control rather than cohort studies, preventing 

understanding of absolute risks.  Whilst I wanted to restrict to studies with 

control groups including community-onset E. coli infections, the low number of 

studies prevented this and the selection of controls had an important influence 
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on the questions that could be answered. Notably, none of the studies looked at 

differences in management of community E. coli infection that might influence 

risk of progression to invasive bacteraemia, possibly because the datasets 

utilised did not include this information. Heterogeneity of the studies precluded 

a formal meta-analysis. Additionally, the limited number of studies and 

heterogeneity in study methodology, mainly the differing comparator 

populations, placed limitations on the quality of evidence and conclusions that 

could be drawn. Publication bias and restriction on publication language to 

English may mean that I missed some relevant studies. One of the most 

significant limitations was that the vast majority of studies identified did not have 

a control group without COECB, which meant that it was not possible to 

comment on risk factors for COECB. 

2 of the studies were community based, but one of these selected its controls 

from a population who had had at least one outpatient visit or hospitalisation 

during the index year. Depending on the definition used, these may represent a 

population where an infection would be considered healthcare associated. This 

study also specifically excluded care home residents, who may be among the 

most at risk of COECB, particularly in countries such as the UK. The studies 

were carried out in the USA, Denmark and South Korea and may for that 

reason also not be applicable to the UK population. All analyses of risk factors 

were of case control design and had relatively small sample sizes. 

5.6.3 Conclusions and Implications for Policy and Future Research 

My review highlights the paucity of published studies which allow for 

identification of risk factors for COECB, and more research is urgently needed 

to identify opportunities for risk modification. Given the large and increasing 

numbers of COECB, even modest risk factor modification could lead to 

significant reductions in morbidity and mortality. High quality data from 

community settings, including microbiological and treatment data, is needed, 

but is difficult to access due to limited testing for UTI in primary care settings 

and separation of primary care, secondary care and microbiological databases. 

Given the increase in incidence of COECB with age, focus on the elderly 

population is of paramount importance. PHE has guidance on the management 
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of UTI specifically for those aged ≥65, given the particular diagnostic difficulties 

in this age group due to increased rates of asymptomatic bacteriuria (120). A 

quality improvement project carried out in 4 care homes with the highest 

incidence of UTI admission to hospital in East Berkshire CCG found that the 

introduction of 7 structured drink rounds per day accompanied by staff training 

and raised awareness of UTI led to a 58% reduction in UTIs requiring antibiotics 

and a 36% reduction in UTIs requiring hospital admission, suggesting a cheap 

and simple intervention that could be more widely rolled out in care homes 

(164). Whilst the burden of disease is in females, national surveillance shows 

that the incidence rate of ECB generally, rather than community-onset 

specifically, is higher in males than females, with a male-to-female rate ratio of 

0.4 (95% CI 0.4-0.5) between April 2020 and March 2021. Future research 

studies should aim to examine this trend further. 

My findings provide some support the ongoing focus on improvements in the 

management of urinary tract infections and catheter care, given the large 

proportion of COECB which has a urinary source. The TARGET (Treat 

Antibiotics Responsibly, Guidance, Education, Tools) Toolkit was developed by 

a number of stakeholders including Public Health England, the Royal College of 

General Practitioners and the Department of Health, and includes a range of 

resources that can be used to support prescribers’ and patients’ responsible 

antibiotic use. There are UTI-specific resources aimed at reducing Gram-

negative bloodstream infections and inappropriate prescribing in at risk groups, 

including diagnostic algorithms and patient advice leaflets. NHS Improvement 

has also developed tools to support consistency around management and 

removal of urinary catheters. The catheter passport includes patient information 

on daily catheter care and hygiene and symptoms that might indicate a 

catheter-associated UTI, as well as information for clinical staff on the reason 

for the catheter and a section for recording catheter changes, traumatic 

removals and infections. A direct association between urinary catheters and 

COECB was however less clear from my results, and suggests that further 

research into bacteraemic and non-bacteraemic urinary tract infections, 

accounting for catheter use, is warranted. Whilst the evidence suggests that the 



 

234 

majority of COECB is of urinary source, it is still not clear which strategies might 

be effective in preventing the progression to bacteraemia. 

At present, there are no specific guidelines around patients with diabetes and 

this should be a focus for future work. The results also suggest more research 

is needed to inform condition-specific guidelines for patients with congestive 

heart failure, coronary artery disease, renal disease and malignancy. 

In this chapter I found that there is a paucity of evidence around the risk factors 

for developing COECB. In the next chapter, I examine the outcomes of patients 

admitted to hospital with COECB and bacteraemia with other key Gram-

negative organisms, and how these relate to empirical antibiotic therapy.  

Box 5.1 Key Points from Chapter 5 

● Rates of community-onset Escherichia coli bacteraemia (COECB), and the 

proportion of resistant isolates, are increasing 

● There is a lack of data around risk factors for this infection which is 

hampering our efforts to reduce rates 

● There is evidence that most COECB is of urinary source, but a lack of 

evidence around the progression from urinary tract infection to bacteraemia 

● There is some evidence that older age, female sex and diabetes mellitus 

are associated with increased odds of COECB 

● Prevention and management of UTI in the elderly, and improved catheter 

care should be a focus for clinicians and public health policy. 
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6 The Relationship between Clinical Outcomes and 
Empirical Antibiotic Therapy in Patients with Community-
Onset Gram-Negative Bloodstream Infections 

6.1 Abstract 

Objectives 
Antibiotic-resistant Gram-negative bacteraemias are increasing in incidence. 

The aim of this study was to investigate the impact of empirical antibiotic 

therapy on clinical outcomes. 

Methods 
This was an observational 6-year retrospective cohort study using routinely 

collected linked secondary care and microbiology data from patients at a large 

teaching hospital in Birmingham with community-onset Escherichia coli 

bacteraemia (ECB), Klebsiella pneumoniae bacteraemia (KPB) and 

Pseudomonas aeruginosa bacteraemia (PsAB) between 1 September 2011 and 

1 January 2018. In hospital empirical antibiotic therapy was considered 

concordant if the organism was sensitive in vitro to the antibiotic used to treat 

the patient, and discordant if resistant. I estimated the association between 

concordant versus discordant empirical antibiotic therapy on the odds of in-

hospital death and ICU admission for KPB and ECB. 

Results 
Of 1376 patients, 1103 (79.9%) had ECB, 189 (13.7%) KPB and 88 (6.4%) 

PsAB. Discordant therapy was not associated with increased odds of in-hospital 

death or intensive care unit (ICU) admission on multivariable analysis adjusted 

for age, sex, deprivation, ethnicity, co-morbidity, severity of illness or source of 

bacteraemia. For ECB, severe illness and non-urinary source were associated 

with increased odds of both outcomes (OR of in-hospital death for non-urinary 

source 3.21, 95% CI 1.73-5.97). For KPB, discordant therapy was associated 

with in-hospital death on univariable but not multivariable analysis. Illness 

severity was associated with increased odds of both outcomes. 
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Conclusions 
These findings suggest broadening of in-hospital empirical antibiotic therapy for 

low-risk patients with community-onset ECB is not warranted. However, the 

potentially significant increased risk of in-hospital death with discordant 

treatment for KPB warrants further study, as empirical treatment is necessarily 

given before the causative organism is identified. Future research should focus 

on the relationship between patient outcomes, clinical/demographic factors, 

infection focus, and causative organism and resistance profile. 

6.2 Study Rationale and Introduction 

In chapter 4 I looked at the importance of discordant prescribing for UTI in the 

community and the influence on hospital admission from UTI – I found 

discordance to lead to an important increase in risk, but that hospitalisation was 

rare regardless of discordance and discordance only accounted for a small 

proportion of hospital admissions from UTI.  In this chapter I focus on whether 

discordant secondary care prescribing  affects the likelihood of in-hospital death 

and ICU admission in those admitted with community onset Gram-negative 

bacteraemia (GNB).  

Reducing the rates of GNB and antibiotic resistance (ABR) are public health 

priorities, with a major focus on reducing antibiotic prescribing given the 

undeniable link between prescribing and ABR. As mentioned in my introduction, 

despite reductions in total antibiotic consumption, rates of antibiotic-resistant 

GNB continue to rise due to a year-on-year increase in incidence, as well as 

increases in the proportions of resistant isolates (153). 

The importance of timely broad-spectrum empirical antibiotic therapy in severe 

infections is emphasised by initiatives such as the Surviving Sepsis campaign, 

but there is also a focus on reducing broad-spectrum antibiotics as a means of 

combating ABR: these two aims should not be seen as in opposition (165–167). 

Evidence regarding the effect on clinical outcomes of concordant versus 

discordant empirical antibiotic therapy is conflicting. Studies examining 

outcomes in ECB have shown a wide range of case fatality rates (8% - 41.5%), 

and discrepant results on the effect of discordant antibiotic therapy on mortality 

and length of stay (168–173). 
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Studies showing an association between discordant antibiotic therapy 

(treatment with an antibiotic to which the organisms is resistant) and increased 

mortality in GNB have largely been in critical care settings, and the results may 

not be generalisable to all patients with community-onset GNB. This notion is 

supported by findings from a systematic review, which highlighted 

methodological limitations of studies assessing mortality risk associated with 

antibiotic treatment in bloodstream infections, and the importance of controlling 

for disease severity(174). Source of bacteraemia has also been posited as an 

important predictor of patient outcomes, with several studies finding lower 

mortality in patients with an urinary compared with non-urinary source ECB 

(168,175–177). 

6.3 Methods 

6.3.1 Aims and Objective 

The aim of this study was to investigate the relationship between in-hospital 

concordant versus discordant empirical antibiotic therapy on the clinical 

outcomes of adult patients with community-onset GNB, adjusting for 

demographic and clinical factors including severity of illness and source of 

bacteraemia, in order to support empirical prescribing decisions. 

6.3.2 Study Design and Setting 

This was a retrospective cohort study using data collected routinely from adult 

patients admitted to Queen Elizabeth Hospital Birmingham (QEHB) with 

community-onset bacteraemia due to Escherichia coli, Klebsiella pneumoniae 

and Pseudomonas aeruginosa. QEHB, part of University Hospitals Birmingham 

NHS Foundation Trust, is one of the largest teaching hospital trusts in England, 

treating approximately 1.3 million people every year. The trust has well-

established electronic healthcare records, including electronic prescribing, 

severity of illness scores, data on co-morbidities and microbiology results, 

making it particularly well suited to answer the research question. 

In order to include adults with community-onset GNB, patients >18 years of age 

admitted to QEHB within +/- 1 day of a positive blood culture with the three 
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above mentioned organisms being received in the laboratory during the study 

period 01/09/2011-01/01/2018 were eligible for inclusion 

6.3.3 Inclusion and Exclusion Criteria 

Patients were included in the study if they had antibiotic prescription data available 

+/-1 day from admission, as this indicated empirical antibiotic therapy and also 

captured patients treated in the emergency department prior to admission. 

For patients with multiple admissions during the study period, I selected only the 

first admission and excluded subsequent admissions from the analysis and then 

included only the first blood culture specimen per patient. Patients with 

polymicrobial bacteraemia were excluded. For specimens with multiple 

antibiotic phenotypic variants of the same species, the susceptibilities were 

aggregated and defined as the most resistant phenotype found for that 

organism. Patients entered the study on the date of admission and exited on 

the date of death or discharge. 

6.3.4 Data Sources and Handling 

All data was extracted from electronic health records as described in chapter 2. 

De-identified data was transferred to the UCL Data Safe haven where it was 

stored securely. Microbiology data included all blood cultures positive for 

Escherichia coli, Klebsiella pneumoniae or Pseudomonas aeruginosa received 

in the microbiology laboratory at QEHB during the study period, including 

antibiotic susceptibilities. Organisms were identified and susceptibility tested 

using Vitek 2 (bioMérieux) using its Advanced Expert System current at the 

time, to designate susceptibility categories. Data on positive urine cultures 

submitted from patients at QEHB, community hospitals Mosely Hall Hospital 

and West Heath Hospital, and GP surgeries within a date of -30 to +2 days of 

the admission start date were also extracted in order to identify urinary source 

bacteraemias. The source was classified as urinary if either the primary or 

secondary ICD-10 code for the admission indicated this, as per the list in Table 

6.1, and/or the patient had a positive urine culture within -30 to +2 days from 

admission where the organism matched that isolated on blood culture. 
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Table 6.1. List of ICD-10 codes used to identify urinary source bacteraemia 

ICD-10 code Description 

N10 Acute tubulo-interstitial nephritis 

N11.0-9 Chronic tubulo-interstitial nephritis 

N12 Tubulo-interstitial nephritis, not specified as acute or chronic 

N13.6 Pyonephrosis 

N15.1 Renal and perinephric abscess 

N30.0-9 Cystitis 

N34.0 Urethral abscess 

N39.0 Urinary tract infection, site not specified 

N41.0-9 Inflammatory diseases of prostate 

 

Admission data was extracted from the Patient Administration System (PAS). 

Index of Multiple Deprivation (IMD) score data, based on patient postcode, was 

also extracted from PAS, in addition to data on age, sex, ethnicity and ICD-10 

codes. Co-morbidities were identified through ICD-10 codes and classified 

using the updated Charlson Comorbidity Index (uCCI)(178,179). Antibiotic 

prescription data and illness severity data in the form of standardised early 

warning scores (SEWS, the multi-parameter physiological trigger system used 

at QEHB during the study period) at admission were extracted from the 

electronic prescribing system at QEHB. 

Empirical antibiotic treatment was considered concordant if the patient was treated 

intravenously with an antibiotic to which the bacteraemia organism was 

phenotypically sensitive, and discordant if they were treated with an antibiotic to 

which it was phenotypically resistant or intermediately resistant. Oral/enteral 

antibiotic treatment was considered discordant even if the organism was 

phenotypically sensitive, unless the antibiotic prescribed was ciprofloxacin, as a 

number of studies have found oral therapy to be equivalent to intravenous (180–

182). 
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6.3.5 Outcomes 

The primary outcome was in-hospital death, and secondary outcome was ICU 

admission. 

6.3.6 Variables 

The main variable of interest was discordant empirical antibiotic therapy as 

compared to concordant. 

Potential confounders were: 

● Demographic variables (age, sex, ethnicity, and IMD quintile) 

● uCCI category 

● SEWS category 

● Source of bacteraemia (urinary versus non-urinary) 

6.3.7 Statistical Analysis 

Descriptive statistics were used to summarise the clinical and demographic 

characteristics of individual participants in the cohort. Age was reported as the 

median with interquartile range (IQR), and as a categorical variable in years 

defined as: 18-40, 41-60, 61-80 and >80 years. Ethnic group was categorised 

as White, Black, Asian and Mixed & Other. uCCI scores were categorised as 

low (uCCI score 0-3) or high (uCCI score ≥4) (183). SEWS scores were 

categorised as low (0-3), mid-level (4-5, the trigger for medical review), and 

critical (≥6, indicating critical illness) (184). IMD score was categorised into 

quintiles from 1 (least deprived) to 5 (most deprived). A complete case analysis 

was chosen given the quality of data available was high, with <3% missing data 

across demographic variables. 

I report summary statistics of the study cohort. Continuous variables were 

summarized using median and interquartile range (IQR), and categorical 

variables using absolute numbers and proportions. For ECB and KPB, I 

estimated crude associations (odds ratios) between each of the covariates and 

the outcomes using the Mantel-Haenszel method. A final multivariable logistic 

regression model was fitted including all predictors with a p-value <0.2 in the 

univariate analysis, in addition to the variables for age (defined as a continuous 
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variable), sex, discordant treatment and urinary source, which were included a 

priori. A formal power calculation was not undertaken, as the study was based 

on the available population in the dataset. Regression modelling was done 

using STATA 15. All raw data and code for data cleaning and analysis is 

securely stored in the UCL Data Safe Haven. 

The methods and results are presented in accordance with the Reporting of 

studies Conducted using Observational Routinely-collected Data (RECORD) 

guidelines(86). The RECORD checklist is shown in Table A11 in the appendix. 

6.4 Results 

1660 patients aged >18 years were admitted to QEHB with a blood culture 

which was positive for Escherichia coli, Klebsiella pneumoniae or Pseudomonas 

aeruginosa during the study period 01/09/11-01/01/18. 30 of these patients 

were excluded due to polymicrobial bacteraemia. A further 254 patients were 

excluded due to missing demographic or clinical data: 46 missing IMD score, 5 

missing Charlson Comorbidity score (due to no ICD-10 code recorded), 75 

missing SEWS score, 121 missing prescription data within the timeframe +/- 1 

day of admission and 7 missing phenotypic sensitivity data on blood culture. 

1376 patients and bacteraemia episodes were included in the cohort, Figure 

6.1. 
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Figure 6.1. Study inclusion flow chart 

A total of 652 patients were found to have urinary source bacteraemia. Of 

these, 557 had a primary or secondary ICD-10 code indicating urinary infection, 

330 had a positive urine culture where the organism matched that isolated on 

blood culture, and 235 patients had both, Figure 6.2. 
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Figure 6.2. Urinary source bacteraemia in the cohort 

6.4.1 Descriptive Characteristics of the Cohort 

1376 patients were included in the study, with a median age in years of 72 (IQR 

58-83), Table 6.2. 723 (52.5%, 95% CI 49.9-55.2) patients were female and 653 

(47.5%, 95% CI 44.8-50.1) were male. The age group with the most patients 

was 61-80 years, with 590 patients (42.9%, 95% CI 40.3-45.5), followed by >80 

with 414 patients (30.1%, 95% CI 27.7-32.6), 41-60 with 270 patients (19.6%, 

95% CI 17.6-21.8) and 18-40 years with 102 (7.4%, 95% CI 6.1-9.0). The ethnic 

group with the most patients was White with 1045 patients (75.9%, 95% CI 

73.6-78.2), followed by Asian with 189 patients (13.7%, 95% CI 12.0-15.7), 

Mixed & Other with 81 patients (5.9%, 95% CI 4.7-7.3) and Black with 61 

patients (4.4%, 95% CI 3.4-5.7). The cohort represented a population which 

was deprived in comparison to the UK average, with 562 (40.8%, 95% CI 38.2-

43.5) patients in quintile 5 (most deprived). 338 patients (24.6%, 95% CI 22.3-

26.9) were in quintile 4, 287 patients (20.9%, 95% CI 18.8-23.1) were in quintile 

3, 114 patients (8.3%, 95% CI 6.9-9.9) were in quintile 2, and 75 patients (5.5%, 

95% CI 4.3-6.8) were in quintile 1 (least deprived). 

1099 patients had ECB (79.9%, 95% CI 77.6-81.9), 189 (13.7%, 95% CI 12.0-15.7) 

had Klebsiella pneumoniae bacteraemia (KPB) and 88 (6.4%, 95% CI 5.2-7.9) had 
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Pseudomonas aeruginosa bacteraemia (PsAB). The majority of patients (1177, 

85.5%, 95% CI 83.5-87.3) had concordant antibiotic treatment. 650 patients (47.2%, 

95% CI 44.6-49.9) had a urinary source. The majority of patients were categorised 

as having a low uCCI score (1340 patients, 97.4%, 95% CI 96.4-98.1). SEWS score 

on admission was low in 878 patients (63.8%, 95% CI 61.2-66.3), mid-level in 306 

patients (22.2%, 95% CI 20.1-24.5) and critical in 192 patients (14.0%, 95% CI 12.2-

15.9). The outcome of in-hospital death occurred in 81 patients (5.9%, 95% CI 4.7-

7.3) and ICU admission in 79 patients (5.7%, 95% CI 4.6-7.1). 

6.4.2 Descriptive Characteristics by Organism 

A larger proportion of women had ECB (55.8%, 95% CI 52.8-58.7), but this 

trend was reversed for KPB and PsAB, where women accounted for 40.2% 

(95% CI 33.2-47.6) and 38.6% (95% CI 28.6-49.7) of patients respectively, 

Table 6.3. There was a greater proportion of patients aged 61-80 years with 

KPB and PsAB than ECB, and a smaller proportion of patients aged >80. The 

proportions of patients in each ethnic group and IMD quintile did not vary 

statistically when comparing KPB to ECB. When comparing patients with PsAB 

to those with ECB, the only variation was a greater proportion of patients in IMD 

quintile 2 in patients with PsAB than those with ECB (14.8% vs 8.0%). 

Patients were more likely to have urinary source bacteraemia with ECB than 

with KPB or PsAB. The proportion of patients with urinary source bacteraemia 

was 51.4% for ECB (95% CI 48.4-54.4), 34.9% for KPB (95% CI 28.2-42.2) and 

21.6% for PsAB (95% CI 13.8-31.9). Patients with KPB were also more ill on 

admission than those with ECB, with a smaller proportion of patients with a low 

SEWS (55.6% vs 65.4%) and a larger proportion of patients with a mid-level 

SEWS (28.0% vs 21.1%). The proportion of patients who had in-hospital death 

was greater for PsAB than ECB (12.5% vs 5.4%). 

There was no statistically significant difference between the proportion of 

patients who received concordant treatment for ECB (86.2%, 95% CI 84.0-88.1) 

and KPB (87.8%, 95% CI 82.1-92.0), but a lower proportion of patients with 

PsAB received concordant treatment (72.7%, 95% CI 62.0-81.4). 
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Table 6.2. Baseline characteristics of patients admitted to QEHB with Gram-
negative bacteraemia 

Characteristic  
All organisms N 
(%) 

ECB 
N (%) 

KPB 
N (%) 

PsAB 
N (%) 

Total 1380 (100.0) 1103 (100.0) 189 (100.0) 88 (100.0) 

Male gender 656 (47.5) 489 (44.3) 113 (59.8) 54 (61.4) 

Urinary source 652 (47.3) 567 (51.4) 66 (34.9) 19 (21.6) 

Discordant antibiotic 
treatment 

202 (14.6) 155 (14.1) 23 (12.2) 24 (27.3) 

Age group     

18-40 102 (7.4) 79 (7.2) 17 (9.0) 6 (6.8) 

41-60 271 (19.6) 202 (18.3) 40 (21.2) 29 (33.0) 

61-80 591 (42.8) 459 (41.6) 97 (51.3) 35 (39.8) 

>80 416 (30.1) 363 (32.9) 35 (18.5) 18 (20.5) 

Ethnicity     

White1 1048 (75.9) 843 (76.4) 132 (69.8) 73 (83.0) 

Black2 62 (4.5) 46 (4.2) 13 (6.9) 3 (3.4) 

Asian3 189 (13.7) 151 (13.7) 30 (15.9) 8 (9.1) 

Mixed & Other4 81 (5.9) 63 (5.7) 14 (7.4) 4 (4.6) 

IMD quintile     

1 75 (5.4) 57 (5.2) 12 (6.4) 6 (6.8) 

2 114 (8.3) 88 (8.0) 13 (6.9) 13 (14.8) 

3 288 (20.9) 237 (21.5) 36 (19.1) 15 (17.1) 

4 340 (24.6) 273 (24.8) 43 (22.8) 24 (27.3) 

5 563 (40.8) 448 (40.6) 85 (45.0) 30 (34.1) 

uCCI     

Low 1334 (97.4) 1074 (97.4) 183 (96.8) 87 (98.9) 

High 36 (2.6) 29 (2.6) 6 (3.2) 1 (1.1) 

SEWS category     

Low 880 (63.8) 721 (65.4) 105 (55.6) 54 (61.4) 

Mid 307 (22.3) 233 (21.1) 53 (28.0) 21 (23.9) 

Critical 193 (14.0) 149 (13.5) 31 (16.4) 13 (14.8) 

1. Includes White British, Irish and any other White background 
2. Includes Black and Black British – African, Caribbean and any other Black background 

3. Includes Asian and Asian British – Bangladeshi, Indian, Pakistani and any other Asian 

background 
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4. Includes Mixed – White and Black African, White and Black Caribbean, White and Asian, 

any other mixed background, Chinese, not stated and any other ethnic group 

 

6.4.3 Antibiotic Prescriptions 

A total of 1669 individual antibiotic prescriptions were administered to the cohort 

during the study period. 1106 (80.1%) patients were treated with a single 

antibiotic, 259 (18.8%) were treated with 2 and 15 (1.1%) were treated with 3 

antibiotics. Among patients treated with more than one antibiotic, there were 

only 31 prescriptions for aminoglycosides (27 gentamicin, 4 amikacin), with the 

majority of prescriptions (79.0%) being for beta lactams in combination with 

each other. 1512 (90.6%) of prescriptions were intravenous and 157 (9.4%) 

were oral. Of oral antibiotics, 81 (51.6%) were for ciprofloxacin, 52 (33.1%) 

were for co-amoxiclav, 17 (10.8%) were for amoxicillin and 7 (4.5%) were for 

cefalexin. The most commonly prescribed empirical antibiotic was 

piperacillin/tazobactam (53.9% of prescriptions), followed by meropenem 

(22.6%) and co-amoxiclav (11.8%). Considered individually, the antibiotic most 

likely to be discordant was co-amoxiclav (22.8%, 45/197 prescriptions). The 

most commonly prescribed antibiotics are shown in the context of QEHB 

treatment guidelines in Table 6.3. 
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Table 6.3. Frequency of discordant empirical treatment by antibiotic as per 
QEHB guidelines 

Antibiotic 

Proportion 
discordant,  
% (N total 
prescriptions) Example indications QEHB guidelines 

Meropenem 1.6 (377) Severe sepsis associated with biliary/intra-abdominal 
or UTI, or of unknown cause1  

Amikacin 0.0 (5) Severe sepsis associated with biliary/intra-abdominal 
or UTI, or of unknown cause (penicillin allergy)1 

Piperacillin/ 
tazobactam 

14.2 (899) Acute cholangitis/ cholecystitis/ diverticulitis/ peritonitis 
/intra-abdominal sepsis/complicated 
UTI/pyelonephritis/UTI in catheterised patient 

Ciprofloxacin 15.5 (123) Acute cholangitis/cholecystitis/diverticulitis (penicillin 
allergy)2, Peritonitis/intra-abdominal sepsis (penicillin 
allergy)3 

Co-amoxiclav  22.8 (197) Community acquired pneumonia, severe4 

1. In combination with vancomycin 

2. In combination with metronidazole 

3. In combination with metronidazole and gentamicin 

4. In combination with clarithromycin 

6.4.4 Risk Factors for in-Hospital Death 

Univariable Analysis 
Univariable and multivariable analyses were carried out for ECB and KPB only, 

due to small numbers for PsAB. For ECB, discordant treatment as compared to 

concordant was not associated with in-hospital death, Table 6.4. 

Age (expressed as a continuous variable, odds ratio an approximation of each 

one year increase), female sex as compared to male, and high uCCI score as 

compared to high were also not associated with in-hospital death. Non-urinary 

source as compared to urinary was associated with an increased odds of in-

hospital death (OR 3.37, 95% CI 1.85-6.16, p <0.001). Higher SEWS on 

admission was also associated with increased odds of in-hospital death when 

compared to a low score, with an odds ratio of 5.96 (95% CI 2.93-12.13, p 

<0.001) for mid-level and 10.46 (95% CI 5.05-21.66, p <0.001) for critical. 
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For KPB, discordant treatment as compared to concordant was associated with 

an increased odds of in-hospital death (OR 4.78, 95% CI 1.25-18.33, p 0.012).  

Each one year increase in age, female sex as compared to male, non-urinary 

source as compared to urinary, and higher SEWS as compared to low were not 

associated with odds of in-hospital death on univariable analysis.  

Table 6.4. Univariable analysis of odds of in-hospital death 

Characteristic Death, N(%) Death, OR (95% CI) p value 

All organisms    

Concordant treatment 60 (5.4) 1  

Discordant treatment 11 (6.2) 1.16 (0.60-2.25) 0.67 

Age (continuous)1  1.01 (1.00-1.02) 0.12 

Male  39 (6.5) 1  

Female 32 (4.6) 0.70 (0.43-1.14) 0.15 

uCCI low 68 (5.4) 1  

uCCI high 3 (8.6) 1.64 (0.49-5.49) 0.42 

Urinary source 17 (2.7) 1  

Non-urinary source 54 (8.2) 3.23 (1.85-5.67) <0.001 

SEWS low 17 (2.1) 1  

SEWS mid 29 (10.1) 5.37 (2.87-10.03) <0.001 

SEWS critical 25 (13.9) 7.68 (3.98-14.81) <0.001 

ECB    

Concordant treatment 53 (5.6) 1  

Discordant treatment 7 (4.5) 0.80 (0.36-1.79) 0.58 

Age (continuous)1  1.01 (1.00-1.03) 0.16 

Male  31 (6.3) 1  

Female 29 (4.7) 0.73 (0.43-1.23) 0.24 

uCCI low 57 (5.3) 1.00  

uCCI high 3 (10.3) 2.05 (0.60-7.01) 0.24 

Urinary source 15 (2.7) 1  

Non-urinary source 45 (8.4) 3.37 (1.85-6.16) <0.001 

SEWS low 13 (1.8) 1  

SEWS mid 23 (9.9) 5.96 (2.93-12.13) <0.001 

SEWS critical 24 (16.1) 10.46 (5.05-21.66) <0.001 

KPB    

Concordant treatment 7 (4.2) 1  
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Characteristic Death, N(%) Death, OR (95% CI) p value 

Discordant treatment 4 (17.4) 4.78 (1.25-18.33) 0.012 

Age (continuous)1  1.01 (0.98-1.05) 0.47 

Male  8 (7.1) 1  

Female  3 (4.0) 0.54 (0.14-2.12) 0.37 

uCCI low 11 (6.0)   

uCCI high 0 (0.0) No deaths in KP  

Urinary source 2 (3.0) 1  

Non-urinary source 9 (7.3) 2.53 (0.52-12.17) 0.23 

SEWS low 4 (3.8) 1  

SEWS mid 6 (11.3) 3.22 (0.85-12.19) 0.07 

SEWS critical 1 (3.2) 0.84 (0.09-7.88) 0.88 
1. Odds ratio approximates the odds ratio for a one unit increase in age 

Multivariable Analysis 
On multivariable analysis there was no significant association between 

discordant antibiotic therapy and risk of in-hospital death after controlling for 

age, sex, severity of illness and source of infection (adj OR 1.46, 95% CI 0.73-

2.92), Table 6.5. For ECB the adj OR was 1.10 (95% CI 0.47-2.58) and for KPB 

the adj OR was 4.03 (95% CI 0.96-16.86, p 0.06).  This suggests that 

discordant treatment is not an important driver of death for ECB, but may be an 

important factor for KPB.   

The odds ratios for the other risk factors included in the model should be 

interpreted as direct controlled effects. Increased age was found on 

multivariable analysis to be associated with increased odds of in-hospital death 

when all organisms were analysed together (adj OR 1.02, 95% CI 1.00-1.03, p 

0.038), but no association was seen for ECB and KPB separately. 

For ECB, age, female sex as compared to male and discordant treatment as 

compared to concordant was not associated with in-hospital death. Non-urinary 

source ECB was associated with increased odds of in-hospital death as 

compared to urinary source (adjusted OR 3.21, 95% CI 1.73-5.97, p <0.001). 

Illness severity on admission was also associated with increased odds of in-

hospital death with adjusted odds ratios of 6.37 (95% CI 3.13-12.97, p <0.001) 
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for mid-level SEWS and 10.65 (95% CI 5.22-21.74, p <0.001) for critical SEWS 

as compared to low. 

For KPB, there was no association between age and female sex as compared 

to male on multivariable analysis. The adjusted ORs for critical level SEWS as 

compared to low was 0.80 (95% CI 0.08-7.63), and for non-urinary source as 

compared to urinary was 2.76 (95% CI 0.56-13.73), suggesting that the study 

may have lacked precision to detect an effect for these variables.  

Table 6.5. Multivariable analysis of the odds of in-hospital death 

Characteristic Death, N(%) Death, Adj OR (95% CI) p value 

All organisms    

Concordant treatment 60 (5.4) 1  

Discordant treatment 11 (6.2) 1.46 (0.73-2.92) 0.29 

Age (continuous)1  1.02 (1.00-1.03) 0.038 

Male 39 (6.5) 1  

Female 32 (4.6) 0.80 (0.48-1.32) 0.38 

uCCI low 68 (5.4)   

uCCI high 3 (8.6)   

Urinary source 17 (2.7) 1  

Non-urinary source 54 (8.2) 3.03 (1.71-5.38) <0.001 

SEWS low 17 (2.1) 1  

SEWS mid 29 (10.1) 5.76 (3.08-10.78) <0.001 

SEWS critical 25 (13.9) 7.85 (4.10-15.04) <0.001 

ECB    

Concordant treatment 53 (5.6) 1  

Discordant treatment 7 (4.5) 1.10 (0.47-2.58) 0.83 

Age (continuous)1  1.02 (1.00-1.03) 0.08 

Male 31 (6.3) 1  

Female  29 (4.7) 0.85 (0.49-1.48) 0.57 

uCCI low 57 (5.3)   

uCCI high 3 (10.3)   

Urinary source 15 (2.7) 1  

Non-urinary source 45 (8.4) 3.21 (1.73-5.97) <0.001 

SEWS low 13 (1.8) 1  

SEWS mid 23 (9.9) 6.37 (3.13-12.97) <0.001 



 

251 

Characteristic Death, N(%) Death, Adj OR (95% CI) p value 

SEWS critical 24 (16.1) 10.65 (5.22-21.74) <0.001 

KPB    

Concordant treatment 7 (4.2) 1  

Discordant treatment 4 (17.4) 4.03 (0.96-16.86) 0.06 

Age (continuous)1  1.03 (0.98-1.07) 0.25 

Male 8 (7.1)   

Female 3 (4.0) 0.61 (0.15-2.53) 0.50 

uCCI low 11 (6.0)   

uCCI high 0 (0.0)   

Urinary source 2 (3.0) 1  

Non-urinary source 9 (7.3) 2.76 (0.56-13.73) 0.22 

SEWS low 4 (3.8) 1  

SEWS mid 6 (11.3) 2.74 (0.67-11.16) 0.16 

SEWS critical 1 (3.2) 0.80 (0.08-7.63) 0.85 

1. Odds ratio approximates the odds ratio for a one unit increase in age 

6.4.5 Risk factors for ICU Admission 

Univariable Analysis 
For ECB, discordant treatment as compared to concordant was not associated 

with ICU admission on univariable analysis, Table 6.6. Increased age was 

associated with a decreased odds of ICU admission. Female sex as compared 

to male and low uCCI category as compared to high were not associated with 

ICU admission. Non-urinary source as compared to urinary was associated with 

increased odds of ICU admission (OR 2.20, 95% CI 1.25-3.88, p 0.005). Illness 

severity on admission was also associated with increased odds of ICU 

admission for ECB, with odds ratios of 3.01 (95% CI 1.42-6.36, p 0.002) for mid-

level SEWS and 10.89 (95% CI 5.48-21.63, p <0.001) for critical SEWS as 

compared to low. 

For KPB, there was no association between discordant treatment as compared 

to concordant and ICU admission on univariable analysis. Age, female sex as 

compared to male, high uCCI score as compared to low, and non-urinary 

source as compared to urinary were also not associated with ICU admission. 

The only variable associated with ICU admission for KPB was illness severity 
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on admission, with odds ratios of 3.84 (95% CI 1.05-14.11, p 0.03) for mid-level 

and 7.36 (95% CI 1.87-28.98, p <0.001) for critical SEWS as compared to low. 

Table 6.6. Univariable analysis of odds of ICU admission 

Patient characteristics ICU, N(%) ICU, OR (95% CI) p value 

All organisms    

Concordant treatment 68 (6.1) 1  

Discordant treatment 7 (3.9) 0.63 (0.28-1.39) 0.25 

Age (continuous)1  0.97 (0.96-0.98) <0.001 

Male  42 (7.0) 1  

Female  33 (4.8) 0.67 (0.42-1.07) 0.09 

uCCI low 71 (5.7) 1  

uCCI high 4 (11.4) 2.16 (0.74-6.28) 0.15 

Urinary source 25 (4.0) 1  

Non-urinary source 50 (7.6) 2.00 (1.22-3.27) 0.005 

SEWS low 19 (2.3) 1  

SEWS mid 21 (7.3) 3.37 (1.77-6.39) <0.001 

SEWS critical 35 (19.4) 10.25 (5.56-18.92) <0.001 

E. coli    

Concordant treatment 52 (5.5) 1  

Discordant treatment 5 (3.2) 0.57 (0.23-1.46) 0.24 

Age (continuous)1  0.97 (0.96-0.99) <0.001 

Male  32 (6.5) 1  

Female  25 (4.1) 0.61 (0.35-1.04) 0.07 

uCCI low 54 (5.0) 1  

uCCI high 3 (10.3) 2.18 (0.64-7.44) 0.20 

Urinary source 19 (3.4) 1  

Non-urinary source 38 (7.1) 2.20(1.25-3.88) 0.005 

SEWS low 15 (2.1) 1  

SEWS mid 14 (6.0) 3.01 (1.42-6.36) 0.002 

SEWS critical 28 (18.8) 10.89 (5.48-21.63) <0.001 

KP    

Concordant treatment 16 (9.6) 1  

Discordant treatment 2 (8.7) 0.89 (0.19-4.18) 0.89 

Age (continuous) 1  0.98 (0.95-1.01) 0.12 

Male  10 (8.9) 1  
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Patient characteristics ICU, N(%) ICU, OR (95% CI) p value 

Female  8 (10.5) 1.21 (0.45-3.23) 0.70 

uCCI low 17 (9.3) 1  

uCCI high 1 (16.7) 1.95 (0.21-17.84) 0.55 

Urinary source 6 (9.1) 1  

Non-urinary source 12 (9.8) 1.08 (0.39-3.03) 0.88 

SEWS low 4 (3.8) 1  

SEWS mid 7 (13.2) 3.84 (1.05-14.11) 0.03 

SEWS critical 7 (22.6) 7.36 (1.87-28.98) <0.001 

1. Odds ratio approximates the odds ratio for a one unit increase in age 

Multivariable Analysis 
On multivariable analysis there was no significant association between 

discordant antibiotic therapy and ICU admission after controlling for age, sex, 

severity of illness and source of infection (adj OR 0.80, 95% CI 0.35-1.83), 

Table 6.7. For ECB the adj OR was 0.80 (95% CI 0.30-2.14) and for KPB the 

adj OR was 0.75 (95% CI 0.15-3.78). This suggests that discordant treatment is 

not an important driver of ICU admission for ECB or KPB.   

The odds ratios for the other risk factors included in the model should be 

interpreted as direct controlled effects. For ECB, each one year increase in age 

was associated with decreased odds of ICU admission for (adj OR 0.97, 95% CI 

0.96-0.99, p <0.001), and there was no association between female sex as 

compared to male. Non-urinary source as compared to urinary was associated with 

increased odds of ICU admission (adjusted OR 1.99, 95% CI 1.08-3.65). Increased 

illness severity on admission was also associated with increased odds of ICU 

admission for ECB on multivariable analysis, with adjusted odds ratios of 2.38 (95% 

CI 1.11-5.12, p <0.026) for mid-level and 11.33 (95% CI 5.79-22.17, p <0.001) for 

critical SEWS as compared to low. 

For KPB, there was no association between age, female sex as compared to male, 

or non-urinary source as compared to urinary and ICU admission on multivariable 

analysis. The only factor found to be associated with ICU admission for KPB was 

increased illness severity on admission, with adjusted odds ratios of 3.69 (95% CI 
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1.01-13.56, p 0.049) for mid-level SEWS and 7.22 (95% CI 1.93-27.02, p 0.003) for 

critical SEWS as compared to low. 

Table 6.7. Multivariable analysis of odds of ICU admission 

Patient characteristics ICU, N(%) ICU, Adj OR(95% CI) p value 

All organisms    

Concordant treatment 68 (6.1) 1  

Discordant treatment 7 (3.9) 0.80 (0.35-1.83) 0.59 

Age (continuous)1  0.97 (0.96-0.99) <0.001 

Male  42 (7.0) 1  

Female  33 (4.8) 0.68 (0.41-1.12) 0.13 

uCCI low 71 (5.7)   

uCCI high 4 (11.4)   

Urinary source 25 (4.0) 1  

Non-urinary source 50 (7.6) 1.74 (1.03-2.93) 0.040 

SEWS low 19 (2.3) 1  

SEWS mid 21 (7.3) 2.75 (1.44-5.27) 0.002 

SEWS critical 35 (19.4) 10.25 (5.65-18.61) <0.001 

E. coli    

Concordant treatment 52 (5.5) 1  

Discordant treatment 5 (3.2) 0.80 (0.30-2.14) 0.65 

Age (continuous)1  0.97 (0.96-0.99) <0.001 

Male  32 (6.5) 1  

Female  25 (4.1) 0.62 (0.35-1.11) 0.11 

uCCI low 54 (5.0)   

uCCI high 3 (10.3)   

Urinary source 19 (3.4) 1  

Non-urinary source 38 (7.1) 1.99 (1.08-3.65) 0.026 

SEWS low 15 (2.1) 1  

SEWS mid 14 (6.0) 2.38 (1.11-5.12) 0.026 

SEWS critical 28 (18.8) 11.33 (5.79-22.17) <0.001 

KP    

Concordant treatment 16 (9.6) 1  

Discordant treatment 2 (8.7) 0.75 (0.15-3.78) 0.73 

Age (continuous) 1  0.98 (0.96-1.01) 0.20 

Male  10 (8.9) 1  
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Patient characteristics ICU, N(%) ICU, Adj OR(95% CI) p value 

Female  8 (10.5) 1.16 (0.41-3.25) 0.78 

uCCI low 17 (9.3)   

uCCI high 1 (16.7)   

Urinary source 6 (9.1) 1  

Non-urinary source 12 (9.8) 0.86 (0.29-2.53) 0.78 

SEWS low 4 (3.8) 1  

SEWS mid 7 (13.2) 3.69 (1.01-13.56) 0.049 

SEWS critical 7 (22.6) 7.22 (1.93-27.02) 0.003 
1. Odds ratio approximates the odds ratio for a one unit increase in age 

6.5 Discussion 

My findings suggest that discordant empirical therapy is not associated with 

increased odds of in-hospital death for ECB, but that it may be a significant risk 

factor for KPB. I found no evidence that discordant empirical therapy is 

associated with increased odds of ICU admission for either ECB or KPB. For 

ECB, increased illness severity and non-urinary source were associated with an 

increased odds of in-hospital death and ICU admission. For KPB, only 

increased illness severity was associated with an increased odds of ICU 

admission.  

Strengths and limitations 

A major strength of this study is that I had a large high-quality data set (>1300 

bacteraemias) including patient-level data on demographics, admissions, 

prescriptions and microbiology including resistance data. I was therefore able to 

examine the relationship between clinical outcomes and treatment concordance 

by organism, adjusting for the effects age, sex, illness severity and infection 

source. This study adds to the literature on clinical outcomes in patients with 

GNB in the context of rising incidence and antibiotic resistance rates. 

The limitations of this study include the small numbers of cases for KPB. This 

limited power to detect a significant association between discordant treatment 

and in-hospital mortality on multivariable analysis despite finding one on 

univariable analysis (adjusted OR 4.03, 95% CI 0.96-16.86, p 0.06). These small 

numbers also increase the risk that my findings for KPB were due to chance. The 
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recently introduced mandatory surveillance of KPB in the UK may give insight 

into incidence and trends of antibiotic resistance, and provide data for larger 

studies that may inform treatment guidelines.  

I identified patients with urinary source bacteraemia using ICD-10 codes and 

positive urine cultures within -30 to +2 days of admission. There is therefore the 

risk of bias as I may have misclassified as non-urinary source patients without a 

urine culture, those with cultures sent outside this timeframe, or those with 

negative urine cultures. I had no data on events preceding admission, including 

antibiotic prescribing. I was therefore unable to identify which admissions were 

healthcare-associated, meaning that there is likely to be residual confounding. 

This was a single site study and the results may not be generalisable to other 

settings. 

Comparison with other studies 

My findings are supported by a multi-centre prospective evaluation of empiric 

antibiotic therapy and outcome in GNB in 10 English hospitals (679 adult 

patients). They found that discordant empirical antibiotic therapy was not 

associated with all-cause mortality at 7 (adjusted OR 0.82, 95% CI 0.35-1.94, p 

0.66) or 30 days (adjusted OR 0.92, 95% CI 0.50-1.66, p 0.77)(171), and that 

illness severity was an independent predictor of mortality. However, outcomes 

were not reported by causative organism. A retrospective cohort study of 213 

ECB and 203 KPB episodes from a tertiary hospital in the U.S.A. also found no 

association between discordant empiric antimicrobial therapy and in-hospital 

mortality for both organisms combined (HR 1.03, 95% CI 0.60-1.78) or each 

organism separately(173). 

By contrast, a study of 1640 patients with community-onset bacteraemia (all 

organisms) admitted to a tertiary hospital in Spain found increased odds of death 

with discordant empirical antibiotic treatment (OR 2.0, 95% CI 1.22-3.33, p 0.006) 

(169). This study also did not report outcomes by causative organism. Ortega et 

al. conducted an analysis of 4758 ECB episodes at a tertiary hospital in Spain 

and found discordant empirical antibiotic therapy to be associated with an 

increased odds of 30-day mortality (OR 4.83, 95% CI 3.48-6.71, p <0.001). This 
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study period was over a decade ago (data collected between 1991-2007) and in 

a setting with higher rates of antibiotic resistance than the UK(15). The reported 

fluoroquinolone resistance was 27% of isolates, compared to 18.9% ciprofloxacin 

resistance in our study. Additionally, 29% of ECB in this study was nosocomial. 

Similar to our study however, they found increased mortality in non-urinary 

source bacteraemias (pneumonia and intra-abdominal infection). A number of 

other studies that have shown a detrimental effect with discordant empirical 

antibiotic have largely been carried out in patients with severe sepsis and septic 

shock, who may not be representative of all patients with bacteraemia 

(170,185,186). 

I defined concordance of empirical treatment based on antibiotics prescribed +/-

1 day from admission, in keeping with other studies. An explanation for my 

findings may be that patients categorised as “discordant” were subsequently 

treated with concordant antibiotics. Alternatively, in-vitro resistance may not 

necessarily correlate with clinical outcomes. As there is some evidence that oral 

treatment may be equivalent to intravenous for severe infections, I carried out a 

sensitivity analysis where all antibiotics (including oral antibiotics other than 

ciprofloxacin) were classified as concordant or discordant based on in vitro 

susceptibility alone, and this analysis did not change the results. 

This study highlights a number of issues around prescribing for GNB. For ECB, 

illness severity and non-urinary source were associated with increased odds of 

both in-hospital death and ICU admission. This highlights the importance of 

prompt clinical assessment and management of adverse physiology, and the 

potential use of these parameters, which are assessed at admission, to guide 

empirical prescribing decisions. As discordant treatment was not associated 

with adverse outcomes, the results suggest that broadening of empirical 

antibiotic therapy for low-risk community-onset bacteraemia is not warranted, in 

keeping with antimicrobial stewardship messages. Future research should aim 

to further investigate the relationship between patient outcomes, clinical and 

demographic factors, infection focus, causative organism and resistance profile, 

particularly for KPB, and explore how this information can be used to risk stratify 

patients and optimise antibiotic use. 
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Box 6.1 Key Points from Chapter 6 

For patients with community-onset Escherichia coli bacteraemia: 

● Discordant empirical antibiotic therapy was not found to be associated with 

odds of in-hospital death or ICU admission 

● Non-urinary source of bacteraemia and illness severity on admission were 

both associated with increased odds of in-hospital death and ICU admission 

For patients with community-onset Klebsiella pneumoniae bacteraemia: 

● Numbers were small and discordant treatment was associated with increased 

odds of in-hospital death on univariable but not multivariable analysis 

● Illness severity was associated with increased odds of ICU admission 
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7 Key Research Findings and Recommendations for Policy, 
Practice and Future Research 

7.1 Description of Chapter Contents 

In this chapter I give an overview of the key research findings of my thesis. I 

also set out the limitations of the thesis and give suggestions for practice, policy 

and future areas of research. 

7.2 Overview of Key Research Findings 

7.2.1 I found no significantly increased risk of adverse outcomes in UTI 
patients who were not treated with antibiotics by their GP. Trial of 
non-treatment or delayed treatment is safe in low risk patients. 

One of the main objectives of this thesis was to identify risk factors for adverse 

outcomes following community-onset lower UTI (COLUTI), in order to identify 

stewardship interventions that could improve and reduce prescribing for this 

infection. I found that urinary infection-related hospital admission (UHA) was rare 

following consultation for COLUTI. Patients not treated with an antibiotic within 

+/-7 days of their consultation did not have increased odds of UHA, suggesting 

that decisions by prescribing clinicians in East London primary care not to treat 

following a consultation are generally appropriate and safe. My findings also 

suggest that trial strategies of avoidance or delay of antibiotic treatment may be 

safely targeted at low risk groups: patients aged <55 years without risk factors 

for complicated UTI, a history of recurrent UTI or prior antibiotic exposure, and 

without the comorbidities of diabetes mellitus (DM) and faecal incontinence. 

7.2.2 Discordant antibiotic therapy is a risk factor for adverse outcomes 
in treated culture-confirmed COLUTI. 

Whilst the outcome was rare and the majority of patients received concordant 

treatment, discordant antibiotic treatment was independently associated with 

increased odds of UHA in the 30 days following a treated culture-confirmed 

COLUTI. Discordant treatment was also associated with increased odds of 

reconsultation and subsequent antibiotic prescription, which occurred in a large 

proportion of episodes. Of comorbidities examined, only DM and chronic kidney 

disease (CKD) were independently associated with increased odds of UHA. 
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This suggests that in a limited patient population, rapid diagnostic tests with 

antibiotic susceptibility data or risk stratification based on prior antibiotic 

exposure may be of great benefit in terms of reducing the risk of subsequent 

hospital admission, avoiding patient inconvenience and pressure on primary 

care resources, as well as reducing overall antibiotic consumption. 

7.2.3 Older age, female sex, diabetes mellitus and urinary catheterisation 
are risk Factors for Escherichia Coli bacteraemia, but the quality of 
evidence is poor.  

Rates of COECB have been consistently rising in the UK, and the proportion of 

antibiotic resistant isolates is also increasing. The UK has set ambitious targets 

to halve health-care associated Gram-negative bloodstream infections, and 

recent studies have shown that up to 50% of COECB is healthcare associated. 

My systematic review identified a number of risk factors for community-onset 

Escherichia coli bacteraemia (COECB). There was moderate evidence of an 

association with increasing age and female sex and odds of COECB, low 

evidence for an association with DM and very low evidence for the other risk 

factors (urinary tract infection, urinary catheterization, urinary incontinence, and 

healthcare-associated infection). The lack of high quality evidence on risk 

factors for this significant community infection is a barrier to developing 

interventions to combat it.  

7.2.4 Severity of illness and source of infection are more predictive of 
adverse outcomes than discordant empirical  
antibiotic therapy in Gram-negative bacteraemia although 
discordant treatment may be important for Klebsiella pneumoniae 
bacteraemia. 

Discordant empirical antibiotic treatment was not associated with increased odds 

of in-hospital death for COECB, but there was some evidence of an association 

for KPB (p=0.06). Discordant empirical antibiotic treatment was not associated 

with increased odds of ICU admission for either organism. For COECB, non-

urinary source was associated with increased odds of in-hospital death and ICU 

admission. For both organisms, increased illness severity was independently 

associated with increased odds of both in-hospital death and ICU admission. This 

suggests that in a setting where antibiotic treatment can be tailored to eventual 
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blood culture results, the broadening of in-hospital empirical antibiotic therapy for 

low risk patients with suspected GNB of urinary source is not warranted, despite 

rising rates of ABR. However, the potential signal of increased risk of in-hospital 

death with discordant treatment for KPB warrants further study, as empirical 

treatment is necessarily given before the causative pathogen is identified. 

Overall, prompt identification of severely ill patients and early institution of 

supportive measures is likely to be of greater benefit than broadening empirical 

antibiotic therapy. 

7.3 Strengths and Limitations of the Thesis 

The strength of this thesis is that I have used a variety of datasets to investigate 

the epidemiology of community-onset UTI, including novel linkage of primary 

care, secondary care and microbiology data. The most important limitations 

relate to the use of routinely collected data, and the generalisability of my 

findings given the specific patient populations included. I summarise the most 

important strengths and limitations of each study below. 

7.3.1 Cohort study in chapter 3 

A major strength of this study was the linkage of primary care, secondary care 

and microbiology data in order to create a large cohort of patients with 

individual level data, allowing me to investigate the risk factors associated with 

adverse outcomes, including hospital admission, following a consultation for UTI 

in primary care. I used a broad range of indicators to capture UTI consultations, 

and included prescriptions for devices and maintenance products in order to 

identify comorbidities that may be less well recorded (urinary catheters and 

urinary incontinence). 

The limitations of this study are common to many studies using routinely 

collected data. The data is collected in short consultations with a focus on 

clinical care and so will not include a full clinical history. Because of this, I would 

not have captured the nuances of a clinical consultation where a GP may have 

sent a urine culture but felt that a UTI was clinically unlikely or felt that a positive 

culture represented asymptomatic bacteriuria. Because I only had microbiology 

data for a proportion of the cohort, I could not comment on how antibiotic 



 

262 

resistance related to the outcomes. Whilst a broad inclusion criteria meant I 

maximised the UTI episodes I could capture, it is also likely that I included some 

consultations that were due to genitourinary symptoms but were not infection 

related. 

The likelihood that I did not capture all CAUTI and was not able to include 

pregnancy as a variable are also major limitations. CAUTI was infrequently 

coded in primary care, and there does not currently exist an ICD-10 code for 

CAUTI. Similarly, urine culture samples frequently do not specify the source, so 

the proportion of catheter bag samples is unknown. I identified very few codes 

related to UTI in pregnancy and was therefore unable to examine this as a risk 

factor, however, it is likely that my cohort did include an unknown proportion of 

pregnant women and may have included samples sent in the course of routine 

antenatal care.  

There were systematic differences between the patient population who were 

treated within +/-7 days and those who were not, suggesting that the reduced 

odds of UHA seen with non-treatment is likely to be due to a younger and 

healthier population. There is also limited generalisability of the results, given 

the ethnically diverse and relatively deprived cohort. 

7.3.2 Cohort study in chapter 4 

In this study I used the same cohort as in chapter 4, but limited it to those with 

culture-confirmed UTI. In this way I was able to use a large dataset with patient-

level information on demographic variables and comorbidities to investigate the 

effect of discordant antibiotic therapy on adverse outcomes following UTI in a 

way that has not been previously done. 

Limitations to the study include those described in 7.3.1 above, which are 

common to studies using routinely collected data, as well as identification of 

CAUTI and pregnancy and limited generalisability. Because of limited clinical 

information, it is likely that a proportion of the samples I included represented 

asymptomatic bacteriuria rather than clinical UTI. Whilst I had a complete 

primary and secondary care dataset, I did not have data on prescriptions that 

occurred outside those settings, such as urgent care centres, and may have 
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misclassified some episodes as not treated for that reason. Because I included 

only culture-confirmed cases and guidelines suggest only sending urine 

cultures in specific circumstances (including higher risk of antibiotic resistance), 

my results are not generalisable to all community-onset UTI. My cohort also had 

higher proportions of antibiotic resistant isolates than those seen in national 

surveillance data. 

7.3.3 Systematic review in chapter 5 

This strengths of this review included the fact that it was carried out following 

established guidelines and a prospectively specified protocol, was reported in 

accordance with the PRISMA guidelines, employed a comprehensive search 

strategy across several databases, and studies were screened, and data was 

extracted, by two independent reviewers. 

The major limitation was the fact that the limited number of studies and 

heterogeneity in study methodology made it difficult for me to answer my 

research question. Additionally, none of the studies examined antibiotic 

treatment preceding COECB, a factor which is likely to be of great importance in 

the progression from infection to bacteraemia. Two of the studies were 

community based, but one of these selected its controls from a population with 

healthcare contact and excluded care home residents, who may be among the 

most at risk of COECB. The generalisability of the studies to the UK population 

is limited, as they were all carried out in countries other than the UK. 

7.3.4 Cohort study in chapter 6 

A major strength of this study is that I had a large high-quality data set (>1300 

bacteraemias) including patient-level data on demographics, admissions, 

prescriptions and microbiology including resistance data. I was therefore able to 

examine the relationship between clinical outcomes and treatment concordance 

by organism, adjusting for the effects age, sex, illness severity and infection 

source. 

The main limitation of the study is that it was single site, and the results may 

therefore not be generalisable to other settings. There were also small numbers 
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of cases for Klebsiella pneumoniae bacteraemia, meaning that I was 

underpowered to detect an association between discordant treatment and in-

hospital mortality on multivariable analysis despite finding one on univariable 

analysis. I had no data on events preceding hospital admission and was 

therefore unable to comment on healthcare-associated infection, and I may 

have misclassified some bacteraemias as non-urinary source due to my 

inclusion criteria. 

7.4 Recommendations for policy, practice and future research 

My findings suggest that the policy of taking a watchful waiting approach in low 

risk patients, as recommended by PHE guidelines, is safe and appropriate. 

However, care must be taken in patients with increased risk of resistance as they 

are more likely to receive discordant treatment and are therefore at risk of adverse 

outcomes. Identifying these patients may not always be a simple task for primary 

care clinicians, and simple algorithms to be used in consultations may be of 

benefit. Improvements of the management of UTI, particularly in older women who 

may be at increased risk following the menopause, should be a priority. Similarly, 

improved catheter management through the use of initiatives such as the Catheter 

Passport should be more widespread. Specific guidance for patients with DM may 

lead to earlier detection of UTI and improved outcomes. Prescribing clinicians in 

the emergency department can feel reassured that even in the face of rising rates 

of resistance, the broadening of empirical antibiotic therapy for low risk patients 

presenting with suspected Gram-negative bacteraemia of urinary source is not 

warranted in a setting where treatment can be tailored to blood culture results.  

Recent studies, using molecular detection methods, have questioned the dogma 

that urine is sterile and suggested the presence of a urinary microbiome much like 

that which has been more fully described in the gastrointestinal tract(187). 

Similarly, whilst the heaviest burden of symptomatic UTI is in young women, the 

prevalence of bacteriuria rises with increasing age(188). The correlation between 

bacteriuria and UTI symptoms is thus unclear, and a better understanding of the 

relationship between urinary symptoms, microbiological diagnosis and the 

population-level burden of these infections would help to identify individuals for 

whom a strategy of self-care or delayed prescriptions might be appropriate, and 
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inform prescribing guidance in this area. It would also help to define treatment 

thresholds and reduce prescribing of antibiotics in asymptomatic bacteriuria, the 

presence of which has been suggested as a protective factor against symptomatic 

infection, and the treatment of which has been shown not to be of benefit(50,189). 

My findings suggest that larger scale trials of delay or avoidance of antibiotic 

therapy in low risk patients could be carried out. Alternative symptomatic relief to 

non-steroidal anti-inflammatory medications should be considered given the 

concern that these medications may be harmful in the setting of acute infections, 

as has been shown in studies of respiratory tract infections(81,190–192). 

Antibiotic prophylaxis has been shown to improve quality of life in patients with 

recurrent UTI. However, this strategy also drives ABR and there is a need to 

consider alternative strategies, particularly given that ongoing or repeated antibiotic 

therapy is associated with toxicity and the risk of Clostridium difficile colitis. Given 

the fact that recurrent UTI is often caused by reinfection by a colonising strain from 

the individual’s gut flora, there is an ongoing clinical trial evaluating faecal 

microbiota transplant as a treatment for recurrent UTI in patients with multi-drug 

resistant organisms (https://clinicaltrials.gov/ct2/show/NCT03367910). A 

systematic review and meta-analysis of randomised controlled trials examining 

non-antibiotic prophylaxis found that the oral immunostimulant E. coli vaccine OM-

89 had a good safety profile and decreased the rate of UTI recurrence (4 trials, 

sample size 891, RR 0.61, 95% CI 0.48-0.78), and further trials are warranted in 

the face of increasing ABR(193). 

Whilst we have some understanding of which factors lead to patients reaching 

the top of the “clinical iceberg” and being admitted to hospital with bloodstream 

infection, the host-pathogen interplay leading to this outcome is still unclear. 

Bacterial virulence factors are clearly of importance, and the wider availability of 

genomic sequencing may deepen our understanding of which strains are most 

harmful to patients, in addition to which patients may be at most risk of 

acquiring them. The proportionally largest increase in rates of ECB in England 

between 2012 and 2020 has been seen in children aged <1 year old, both male 

and female, and investigating the reasons for this should be a focus of research 

in future(155). 
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What I have learned during this PhD 

As a trainee in infectious diseases and microbiology with an interest in ABR, I 

was keen to undertake a PhD which would identify potential stewardship 

interventions in the management of UTI whilst being safe for patients. Having 

no prior formal training in epidemiology or coding, I have found it a steep 

learning curve. Added to that, interruptions to research for a return to clinical 

work and home schooling due to the COVID-19 pandemic, the curve has at 

times felt like a cliff face! I have learned a huge amount about the practicalities 

and pitfalls of conducting research studies, both in my PhD and through other 

studies I have been involved in. I have learned how to formulate a research 

question, how to write more clearly and succinctly, how to manage several 

studies with different timescales, how to systematically analyse large scale 

datasets and how to work successfully with colleagues across a range of 

different disciplines. I have had the pleasure of working with supportive 

supervisors and many excellent collaborators these past few years, and I hope 

that I will have the opportunity to work with them again in future. 
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Appendices 

Letter of HRA approval for studies in chapters 3 and 4 
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Table A 1. RECORD checklist for cohort study in chapter 3 

 

Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Title and abstract  

 1 (a) Indicate the study’s design with a 

commonly used term in the title or the 

abstract (b) Provide in the abstract an 

informative and balanced summary of 

what was done and what was found 

86-87 RECORD 1.1: The type of data used should be 

specified in the title or abstract. When possible, 

the name of the databases used should be 

included. 

RECORD 1.2: If applicable, the geographic region 

and timeframe within which the study took place 
should be reported in the title or abstract. 

RECORD 1.3: If linkage between databases was 

conducted for the study, this should be clearly 

stated in the title or abstract. 

86 

 

 

86 

 

 

86 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Introduction 

Background 

rationale 

2 Explain the scientific background and 

rationale for the investigation being 

reported 

87-88   

Objectives 3 State specific objectives, including any 

prespecified hypotheses 

89   

Methods 

Study Design 4 Present key elements of study design 

early in the paper 

89   

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 

recruitment, exposure, follow-up, and 

data collection 

89-101   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Participants 6 (a) Cohort study - Give the eligibility 

criteria, and the sources and methods of 

selection of participants. Describe 

methods of follow-up 

 

89-101 RECORD 6.1: The methods of study population 

selection (such as codes or algorithms used to 

identify subjects) should be listed in detail. If this 

is not possible, an explanation should be 

provided.  

RECORD 6.2: Any validation studies of the codes 
or algorithms used to select the population should 

be referenced. If validation was conducted for this 

study and not published elsewhere, detailed 

methods and results should be provided. 

RECORD 6.3: If the study involved linkage of 

databases, consider use of a flow diagram or 

other graphical display to demonstrate the data 

linkage process, including the number of 
individuals with linked data at each stage. 

63-81 

 

 

 

 

90 

Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and 

95-100 RECORD 7.1: A complete list of codes and 

algorithms used to classify exposures, outcomes, 

63-81 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

effect modifiers. Give diagnostic criteria, 

if applicable. 

confounders, and effect modifiers should be 

provided. If these cannot be reported, an 

explanation should be provided. 

95-100 

 

Data sources/ 

measurement 

8 For each variable of interest, give 

sources of data and details of methods 

of assessment (measurement). 

Describe comparability of assessment 
methods if there is more than one group 

90-101   

Bias 9 Describe any efforts to address potential 

sources of bias 

136-138   

Study size 10 Explain how the study size was arrived 

at 

   

Quantitative 

variables 

11 Explain how quantitative variables were 

handled in the analyses. If applicable, 

100-101   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

describe which groupings were chosen, 

and why 

Statistical 

methods 

12 (a) Describe all statistical methods, 

including those used to control for 

confounding 

(b) Describe any methods used to 

examine subgroups and interactions 

(c) Explain how missing data were 

addressed 

(d) Cohort study - If applicable, explain 

how loss to follow-up was addressed 

 (e) Describe any sensitivity analyses 

100-101    
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Data access 

and cleaning 

methods 

 ..  RECORD 12.1: Authors should describe the 

extent to which the investigators had access to 

the database population used to create the study 

population. 

RECORD 12.2: Authors should provide 

information on the data cleaning methods used in 
the study. 

65-66 

 

 

101 

Linkage  ..  RECORD 12.3: State whether the study included 

person-level, institutional-level, or other data 

linkage across two or more databases. The 

methods of linkage and methods of linkage quality 

evaluation should be provided. 

63-66 

Results 

Participants 13 (a) Report the numbers of individuals at 

each stage of the study (e.g., numbers 

potentially eligible, examined for 

103 RECORD 13.1: Describe in detail the selection of 

the persons included in the study (i.e., study 

population selection) including filtering based on 

103 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

eligibility, confirmed eligible, included in 

the study, completing follow-up, and 

analysed) 

(b) Give reasons for non-participation at 

each stage. 

(c) Consider use of a flow diagram 

data quality, data availability and linkage. The 

selection of included persons can be described in 

the text and/or by means of the study flow 

diagram. 

Descriptive data 14 (a) Give characteristics of study 
participants (e.g., demographic, clinical, 

social) and information on exposures 

and potential confounders 

(b) Indicate the number of participants 

with missing data for each variable of 

interest 

(c) Cohort study - summarise follow-up 

time (e.g., average and total amount) 

111-112   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Outcome data 15 Cohort study - Report numbers of 

outcome events or summary measures 

over time 

112   

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted 

estimates and their precision (e.g., 95% 

confidence interval). Make clear which 
confounders were adjusted for and why 

they were included 

(b) Report category boundaries when 

continuous variables were categorized 

(c) If relevant, consider translating 

estimates of relative risk into absolute 

risk for a meaningful time period 

122-134   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Other analyses 17 Report other analyses done—e.g., 

analyses of subgroups and interactions, 

and sensitivity analyses 

   

Discussion 

Key results 18 Summarise key results with reference to 

study objectives 

135-136   

Limitations 19 Discuss limitations of the study, taking 

into account sources of potential bias or 
imprecision. Discuss both direction and 

magnitude of any potential bias 

136-138 RECORD 19.1: Discuss the implications of using 

data that were not created or collected to answer 
the specific research question(s). Include 

discussion of misclassification bias, unmeasured 

confounding, missing data, and changing eligibility 

over time, as they pertain to the study being 

reported. 

136-138 

Interpretation 20 Give a cautious overall interpretation of 

results considering objectives, 

limitations, multiplicity of analyses, 

139-143   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

results from similar studies, and other 

relevant evidence 

Generalisability 21 Discuss the generalisability (external 

validity) of the study results 

138   

Other Information 

Funding 22 Give the source of funding and the role 

of the funders for the present study and, 

if applicable, for the original study on 
which the present article is based 

   

Accessibility of 

protocol, raw 

data, and 

programming 

code 

 ..  RECORD 22.1: Authors should provide 

information on how to access any supplemental 

information such as the study protocol, raw data, 

or programming code. 

101 
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Table A 2. Demographic characteristics of included versus excluded episodes 

Characteristic Included, N Included, %  (95% CI) Excluded, N Excluded, % (95% CI) p value1 

Total episodes 169524 100 112120 100  

Male  37430 22.1 (21.9-22.3) 21679 19.3 (19.1-19.6) <0.001 

Female 132094 77.9 (77.7-78.1) 90441 80.7 (80.4-80.9) <0.001 

Age (continuous) Median 43 IQR 31-60 Median 32 IQR 26-47 <0.001 

Age group      

16-34  56187 33.1 (32.9-33.4) 63834 56.9 (56.6-57.2) <0.001 

35-55 59471 35.1 (34.9-35.3) 26702 23.8 (23.6-24.1) <0.001 

56-75 35694 21.1 (20.9-21.3) 12957 11.6 (11.4-11.7) <0.001 

75+ 18172 10.7 (10.6-10.9) 8627 7.7 (7.5-7.9) <0.001 

IMD quintile      

1 (least deprived) 1031 0.6 (0.6-0.6) 811 0.7 (0.7-0.8) <0.001 

2 3759 2.2 (2.1-2.3) 3154 2.8 (2.7-2.9) <0.001 

3 8285 4.9 (4.8-5) 6649 5.9 (5.8-6.1) <0.001 

4 63831 37.7 (37.4-37.9) 43558 38.8 (38.6-39.1) <0.001 

5 (most deprived) 92618 54.6 (54.4-54.9) 57948 51.7 (51.4-52) <0.001 

Ethnicity      

White 60212 35.5 (35.3-35.7) 45390 40.5 (40.2-40.8) <0.001 

Black 20136 11.9 (11.7-12) 11497 10.3 (10.1-10.4) <0.001 
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Characteristic Included, N Included, %  (95% CI) Excluded, N Excluded, % (95% CI) p value1 

Asian 79631 47 (46.7-47.2) 45946 41 (40.7-41.3) <0.001 

Mixed & Other 5283 3.1 (3.0-3.2) 5099 4.5 (4.4-4.7) <0.001 

Unknown 4262 2.5 (2.4-2.6) 4188 3.7 (3.6-3.8) <0.001 

1. Chi-squared test of proportion for categorical variables, t-test for continuous variables 
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Table A 3. RECORD checklist for cohort study in chapter 4 

 

Item 

No. STROBE items 

Location in thesis 

where items are 

reported RECORD items 

Location in thesis 

where items are 

reported 

Title and abstract  

 1 (a) Indicate the study’s design with a 

commonly used term in the title or the 
abstract (b) Provide in the abstract an 

informative and balanced summary of 

what was done and what was found 

144-145 RECORD 1.1: The type of data used should 

be specified in the title or abstract. When 
possible, the name of the databases used 

should be included. 

RECORD 1.2: If applicable, the geographic 

region and timeframe within which the study 

took place should be reported in the title or 

abstract. 

RECORD 1.3: If linkage between databases 
was conducted for the study, this should be 

clearly stated in the title or abstract. 

144 

 

 

144 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Introduction 

Background 

rationale 

2 Explain the scientific background and 

rationale for the investigation being 

reported 

145-146   

Objectives 3 State specific objectives, including any 

prespecified hypotheses 

147   

Methods 

Study Design 4 Present key elements of study design 

early in the paper 

147   

Setting 5 Describe the setting, locations, and 
relevant dates, including periods of 

recruitment, exposure, follow-up, and 

data collection 

147-153   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Participants 6 (a) Cohort study - Give the eligibility 

criteria, and the sources and methods of 

selection of participants. Describe 

methods of follow-up 

(b) Cohort study - For matched studies, 

give matching criteria and number of 
exposed and unexposed 

 

89-101 RECORD 6.1: The methods of study 

population selection (such as codes or 

algorithms used to identify subjects) should 

be listed in detail. If this is not possible, an 

explanation should be provided.  

RECORD 6.2: Any validation studies of the 
codes or algorithms used to select the 

population should be referenced. If validation 

was conducted for this study and not 

published elsewhere, detailed methods and 

results should be provided. 

RECORD 6.3: If the study involved linkage of 

databases, consider use of a flow diagram or 

other graphical display to demonstrate the 
data linkage process, including the number of 

individuals with linked data at each stage. 

63-81 

 

 

 

90 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if 

applicable. 

151-154 RECORD 7.1: A complete list of codes and 

algorithms used to classify exposures, 

outcomes, confounders, and effect modifiers 

should be provided. If these cannot be 

reported, an explanation should be provided. 

63-81 

Data sources/ 

measurement 

8 For each variable of interest, give sources 

of data and details of methods of 
assessment (measurement). 

Describe comparability of assessment 

methods if there is more than one group 

149-153   

Bias 9 Describe any efforts to address potential 

sources of bias 

200-201   

Study size 10 Explain how the study size was arrived at    
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Quantitative 

variables 

11 Explain how quantitative variables were 

handled in the analyses. If applicable, 

describe which groupings were chosen, 

and why 

154-155   

Statistical 

methods 

12 (a) Describe all statistical methods, 

including those used to control for 

confounding 

(b) Describe any methods used to 

examine subgroups and interactions 

(c) Explain how missing data were 

addressed 

(d) Cohort study - If applicable, explain 

how loss to follow-up was addressed 

 (e) Describe any sensitivity analyses 

154-155    
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Data access and 

cleaning methods 

 ..  RECORD 12.1: Authors should describe the 

extent to which the investigators had access 

to the database population used to create the 

study population. 

RECORD 12.2: Authors should provide 

information on the data cleaning methods 
used in the study. 

65-66 

 

 

155 

Linkage  ..  RECORD 12.3: State whether the study 

included person-level, institutional-level, or 

other data linkage across two or more 

databases. The methods of linkage and 

methods of linkage quality evaluation should 

be provided. 

63-66 

Results 

Participants 13 (a) Report the numbers of individuals at 

each stage of the study (e.g., numbers 

156 RECORD 13.1: Describe in detail the 

selection of the persons included in the study 

156 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

potentially eligible, examined for 

eligibility, confirmed eligible, included in 

the study, completing follow-up, and 

analysed) 

(b) Give reasons for non-participation at 

each stage. 

(c) Consider use of a flow diagram 

(i.e., study population selection) including 

filtering based on data quality, data 

availability and linkage. The selection of 

included persons can be described in the text 

and/or by means of the study flow diagram. 

Descriptive data 14 (a) Give characteristics of study 

participants (e.g., demographic, clinical, 

social) and information on exposures and 

potential confounders 

(b) Indicate the number of participants 

with missing data for each variable of 

interest 

161-163   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

(c) Cohort study - summarise follow-up 

time (e.g., average and total amount) 

Outcome data 15 Cohort study - Report numbers of 

outcome events or summary measures 

over time 

163, 181   

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted 

estimates and their precision (e.g., 95% 
confidence interval). Make clear which 

confounders were adjusted for and why 

they were included 

(b) Report category boundaries when 

continuous variables were categorized 

183-198   
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

(c) If relevant, consider translating 

estimates of relative risk into absolute risk 

for a meaningful time period 

Other analyses 17 Report other analyses done—e.g., 

analyses of subgroups and interactions, 

and sensitivity analyses 

188, 316   

Discussion 

Key results 18 Summarise key results with reference to 
study objectives 

198-199   

Limitations 19 Discuss limitations of the study, taking 

into account sources of potential bias or 

imprecision. Discuss both direction and 

magnitude of any potential bias 

200-201 RECORD 19.1: Discuss the implications of 

using data that were not created or collected 

to answer the specific research question(s). 

Include discussion of misclassification bias, 

unmeasured confounding, missing data, and 

200-201 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

changing eligibility over time, as they pertain 

to the study being reported. 

Interpretation 20 Give a cautious overall interpretation of 

results considering objectives, limitations, 

multiplicity of analyses, results from 

similar studies, and other relevant 

evidence 

202-206   

Generalisability 21 Discuss the generalisability (external 
validity) of the study results 

201   

Other Information 

Funding 22 Give the source of funding and the role of 

the funders for the present study and, if 

applicable, for the original study on which 

the present article is based 
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Item 

No. STROBE items 

Location in thesis 
where items are 

reported RECORD items 

Location in thesis 
where items are 

reported 

Accessibility of 

protocol, raw 

data, and 

programming 

code 

 ..  RECORD 22.1: Authors should provide 

information on how to access any 

supplemental information such as the study 

protocol, raw data, or programming code. 

155 
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Table A 4. Multivariable analysis of odds of UHA with age as a continuous 
variable (sensitivity analysis) 

Characteristic Adj OR (95% CI) p value 

Antibiotic treatment1   

Concordant  1  

Discordant  2.31 (1.78-3.01) <0.001 

Male sex 1  

Female sex2 0.59 (0.44-0.79) <0.001 

Age (continuous)3 1.01 (1-1.01) 0.211 

Risk factors for cUTI2   

Absence of risk factor 1  

Structural abnormalities 1.06 (0.75-1.5) 0.736 

CKD 1.52 (1.1-2.11) 0.012 

Catheter last 6m 1.19 (0.72-1.98) 0.491 

Antibiotic exposure last 6m2   

0 courses 1  

1-2 courses 0.97 (0.74-1.27) 0.826 

≥3 courses 1.04 (0.75-1.43) 0.818 

Other risk factors2   

Recurrent UTI 1.16 (0.84-1.6) 0.374 

Faecal incontinence 1.13 (0.62-2.06) 0.684 

Heart failure 1.44 (0.89-2.33) 0.138 

Hypertension 1.12 (0.82-1.52) 0.486 

DM 1.59 (1.2-2.09) 0.001 

1. Total effect 
2. Direct controlled effect 
3. Odds ratio approximates to  
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Table A 5. Rating the certainty in evidence of age as a risk factor for COECB 

GRADE domains Certainty 
Concerns about certainty 
domains 

Methodological limitations of 
the studies 

All studies examining risk 
factors were case-control 
studies where the 
representativeness of the 
population is in question. 1 
study (108) had a relatively 
small sample size (50 cases, 
100 controls) I judged the 
evidence to have serious 
methodological limitations. 

Serious 

Indirectness All 4 studies reported on the 
outcome and provided direct 
evidence to the clinical 
question at hand. The 
outcome was assessed 
using different outcome 
measures in different 
studies. I judged the 
evidence to have not serious 
indirectness. 

Not serious 

Imprecision The total number of patients 
included in all the studies 
was 16,522. I judged the 
evidence to have not serious 
imprecision. 

Not serious 

Inconsistency  The direction and magnitude 
of effect was generally 
consistent. 3/4 studies 
showed an increased risk of 
COECB with increasing age. 
I judged the evidence to 
have not serious 
inconsistency. 

Not serious 

Publication bias I did not strongly suspect 
publication bias because 
both negative and positive 
effects were published, and 
the search for studies was 
comprehensive. 

Not suspected 
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Table A 6. Rating the certainty in evidence of sex as a risk factor for COECB 

GRADE domains Certainty 
Concerns about certainty 
domains 

Methodological limitations of 
the studies 

All studies examining risk 
factors were case-control 
studies where the 
representativeness of the 
population is in question. 1 
study (108) had a relatively 
small sample size (50 cases, 
100 controls) I judged the 
evidence to have serious 
methodological limitations. 

Serious 

Indirectness 3/4 studies reported on the 
outcome and provided direct 
evidence to the clinical 
question at hand. The 
outcome was assessed 
using different outcome 
measures in different 
studies. I judged the 
evidence to have not serious 
indirectness. 

Not serious 

Imprecision The total number of patients 
included in all the studies 
was 16,522. I judged the 
evidence to have not serious 
imprecision. 

Not serious 

Inconsistency  The direction and magnitude 
of effect was generally 
consistent. All studies found 
an increased proportion of 
women, as well as increased 
odds, of COECB in women 
as compared to men 
(although this varied by 
age). All studies also 
showed an increased risk of 
COECB with increasing age. 
I judged the evidence to 
have not serious 
inconsistency. 

Not serious 

Publication bias I did not strongly suspect 
publication bias because 
both negative and positive 
effects were published, and 
the search for studies was 
comprehensive. 

Not suspected 
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Table A 7. Rating the certainty in evidence of UTI as a risk factor for COECB 

GRADE domains Certainty 
Concerns about certainty 
domains 

Methodological limitations of 
the studies 

All studies examining risk 
factors were case-control 
studies where the 
representativeness of the 
population is in question. 1 
study (108) had a relatively 
small sample size (50 cases, 
100 controls) I judged the 
evidence to have serious 
methodological limitations. 

Serious 

Indirectness 3 studies reported on the 
outcome but only 1 provided 
direct evidence to the clinical 
question at hand. The 
outcome was assessed using 
different comparators and 
outcome measures in different 
studies. I judged the evidence 
to have serious indirectness. 

Serious 

Imprecision The total number of patients 
included in all the studies 
was 16,522. I judged the 
evidence to have not serious 
imprecision. 

Not serious 

Inconsistency The direction and magnitude 
of effect was generally 
consistent despite 
indirectness. The proportion 
of COECB with a urinary 
infection source was 
generally higher than 
comparators and, where 
reported, outcome 
measures indicated an 
increased risk of COECB 
with UTI. I judged the 
evidence to have not serious 
inconsistency. 

Not serious 

Publication bias I did not strongly suspect 
publication bias because 
both negative and positive 
effects were published, and 
the search for studies was 
comprehensive. 

Not suspected 
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Table A 8. Rating the certainty in evidence of urinary catheterisation and 
urinary incontinence as risk factors for COECB 

GRADE domains Certainty 
Concerns about certainty 
domains 

Methodological limitations of 
the studies 

All studies examining risk 
factors were case-control 
studies where the 
representativeness of the 
population is in question. 1 
study (108) had a relatively 
small sample size (50 cases, 
100 controls) I judged the 
evidence to have serious 
methodological limitations. 

Serious 

Indirectness 3 studies reported on the 
outcome and all provided direct 
evidence to the clinical 
question at hand. The outcome 
was assessed using 
proportions or odds ratios. I 
judged the evidence to have 
not serious indirectness. 

Not serious 

Imprecision The total number of patients 
included in all the studies was 
2035. I judged the evidence to 
have not serious imprecision. 

Not serious 

Inconsistency  The direction of the effect was 
inconsistent. I judged the 
evidence to have serious 
inconsistency. 

Serious 

Publication bias I did not strongly suspect 
publication bias because both 
negative and positive effects 
were published, and the search 
for studies was comprehensive. 

Not suspected 
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Table A 9. Rating the certainty in evidence of DM as a risk factor for COECB 

GRADE domains Certainty 
Concerns about certainty 
domains 

Methodological 
limitations of the 
studies 

All studies examining risk factors 
were case-control studies where 
the representativeness of the 
population is in question. 1 study 
(108) had a relatively small 
sample size (50 cases, 100 
controls) I judged the evidence to 
have serious methodological 
limitations. 

Serious 

Indirectness 3 studies reported on the outcome 
and all provided direct evidence to 
the clinical question at hand 
(107,108,129). The outcome was 
assessed using odds ratios, but the 
comparator group was different 
across studies. I judged the 
evidence to have borderline 
indirectness. 

Borderline 

Imprecision The total number of patients 
included in all the studies was 
15,587. I judged the evidence to 
have not serious imprecision. 

Not serious 

Inconsistency  The size and direction of the effect 
was consistent, although 
statistically not significant in 1 
study (108). I judged the evidence 
to have not serious inconsistency. 

Not serious 

Publication bias I did not strongly suspect 
publication bias because both 
negative and positive effects were 
published, and the search for 
studies was comprehensive. 

Not suspected 

 

 

 

 



 

320 

Table A 10. Rating the certainty in evidence of healthcare associated infection 
as a risk factor for COECB 

GRADE domains Certainty 
Concerns about certainty 
domains 

Methodological limitations of 
the studies 

All studies examining risk 
factors were case-control 
studies where the 
representativeness of the 
population is in question. 1 
study (108) had a relatively 
small sample size (50 cases, 
100 controls) I judged the 
evidence to have serious 
methodological limitations. 

Serious 

Indirectness 3 studies reported on the 
outcome and all provided direct 
evidence to the clinical question 
at hand. The outcome was 
assessed using proportions and 
odds ratios, but the comparator 
group was different across 
studies. There was also 
variability in the variables 
included as healthcare 
associated infection. I judged 
the evidence to have serious 
indirectness. 

Serious 

Imprecision The total number of patients 
included in all the studies was 
2035. I judged the evidence to 
have not serious imprecision. 

Not serious 

Inconsistency  In the 2 studies that reported 
odds ratios, the size and 
direction of the effect was 
consistent. I judged the 
evidence to have not serious 
inconsistency. 

Not serious 

Publication bias I did not strongly suspect 
publication bias because the 
search for studies was 
comprehensive. 

Not suspected 
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Table A 11. RECORD checklist for cohort study in chapter 6 

 

Item 

No. STROBE items 

Location in thesis 

where items are 

reported RECORD items 

Location in thesis 

where items are 

reported 

Title and abstract  

 1 (a) Indicate the study’s design with a 

commonly used term in the title or the 

abstract (b) Provide in the abstract an 

informative and balanced summary of 

what was done and what was found 

235-236 RECORD 1.1: The type of data used should 

be specified in the title or abstract. When 

possible, the name of the databases used 

should be included. 

RECORD 1.2: If applicable, the geographic 

region and timeframe within which the study 

took place should be reported in the title or 

abstract. 

RECORD 1.3: If linkage between databases 

was conducted for the study, this should be 

clearly stated in the title or abstract. 

235-236 

 

 

235 

Introduction 
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Background 

rationale 

2 Explain the scientific background and 

rationale for the investigation being 

reported 

236-237   

Objectives 3 State specific objectives, including any 

prespecified hypotheses 

237   

Methods 

Study Design 4 Present key elements of study design 

early in the paper 

237   

Setting 5 Describe the setting, locations, and 

relevant dates, including periods of 

recruitment, exposure, follow-up, and 

data collection 

237-239   

Participants 6 (a) Cohort study - Give the eligibility 

criteria, and the sources and methods of 

selection of participants. Describe 

methods of follow-up 

 

237-239 RECORD 6.1: The methods of study 

population selection (such as codes or 

algorithms used to identify subjects) should 

be listed in detail. If this is not possible, an 

explanation should be provided.  

82-85, 239 
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(b) Cohort study - For matched studies, 

give matching criteria and number of 

exposed and unexposed 

RECORD 6.2: Any validation studies of the 

codes or algorithms used to select the 

population should be referenced. If validation 

was conducted for this study and not 

published elsewhere, detailed methods and 

results should be provided. 

RECORD 6.3: If the study involved linkage of 

databases, consider use of a flow diagram or 

other graphical display to demonstrate the 

data linkage process, including the number of 

individuals with linked data at each stage. 

Variables 7 Clearly define all outcomes, exposures, 

predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if 

applicable. 

238-240 RECORD 7.1: A complete list of codes and 

algorithms used to classify exposures, 

outcomes, confounders, and effect modifiers 

should be provided. If these cannot be 

reported, an explanation should be provided. 

239 

Data sources/ 

measurement 

8 For each variable of interest, give sources 

of data and details of methods of 

assessment (measurement). 

238-240   
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Describe comparability of assessment 

methods if there is more than one group 

Bias 9 Describe any efforts to address potential 

sources of bias 

254-255   

Study size 10 Explain how the study size was arrived at    

Quantitative 

variables 

11 Explain how quantitative variables were 

handled in the analyses. If applicable, 

describe which groupings were chosen, 

and why 

240-241   

Statistical 

methods 

12 (a) Describe all statistical methods, 

including those used to control for 

confounding 

(b) Describe any methods used to 

examine subgroups and interactions 

(c) Explain how missing data were 

addressed 

240-241    
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(d) Cohort study - If applicable, explain 

how loss to follow-up was addressed 

 (e) Describe any sensitivity analyses 

Data access and 

cleaning methods 

 ..  RECORD 12.1: Authors should describe the 

extent to which the investigators had access 

to the database population used to create the 

study population. 

RECORD 12.2: Authors should provide 

information on the data cleaning methods 

used in the study. 

238 

 

 

240 

Linkage  ..  RECORD 12.3: State whether the study 

included person-level, institutional-level, or 

other data linkage across two or more 

databases. The methods of linkage and 

methods of linkage quality evaluation should 

be provided. 

238 

Results 
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Participants 13 (a) Report the numbers of individuals at 

each stage of the study (e.g., numbers 

potentially eligible, examined for 

eligibility, confirmed eligible, included in 

the study, completing follow-up, and 

analysed) 

(b) Give reasons for non-participation at 

each stage. 

(c) Consider use of a flow diagram 

241 RECORD 13.1: Describe in detail the 

selection of the persons included in the study 

(i.e., study population selection) including 

filtering based on data quality, data 

availability and linkage. The selection of 

included persons can be described in the text 

and/or by means of the study flow diagram. 

241 

Descriptive data 14 (a) Give characteristics of study 

participants (e.g., demographic, clinical, 

social) and information on exposures and 

potential confounders 

(b) Indicate the number of participants 

with missing data for each variable of 

interest 

(c) Cohort study - summarise follow-up 

time (e.g., average and total amount) 

243-244   
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Outcome data 15 Cohort study - Report numbers of 

outcome events or summary measures 

over time 

247   

Main results 16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted 

estimates and their precision (e.g., 95% 

confidence interval). Make clear which 

confounders were adjusted for and why 

they were included 

(b) Report category boundaries when 

continuous variables were categorized 

(c) If relevant, consider translating 

estimates of relative risk into absolute risk 

for a meaningful time period 

246-254   

Other analyses 17 Report other analyses done—e.g., 

analyses of subgroups and interactions, 

and sensitivity analyses 

   

Discussion 
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Key results 18 Summarise key results with reference to 

study objectives 

254   

Limitations 19 Discuss limitations of the study, taking 

into account sources of potential bias or 

imprecision. Discuss both direction and 

magnitude of any potential bias 

254-255 RECORD 19.1: Discuss the implications of 

using data that were not created or collected 

to answer the specific research question(s). 

Include discussion of misclassification bias, 

unmeasured confounding, missing data, and 

changing eligibility over time, as they pertain 

to the study being reported. 

255 

Interpretation 20 Give a cautious overall interpretation of 

results considering objectives, limitations, 

multiplicity of analyses, results from 

similar studies, and other relevant 

evidence 

255-256   

Generalisability 21 Discuss the generalisability (external 

validity) of the study results 

255   

Other Information 

Funding 22 Give the source of funding and the role of 

the funders for the present study and, if 
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applicable, for the original study on which 

the present article is based 

Accessibility of 

protocol, raw 

data, and 

programming 

code 

 ..  RECORD 22.1: Authors should provide 

information on how to access any 

supplemental information such as the study 

protocol, raw data, or programming code. 

241 

 


